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Basketball Board wins the development
prize in 1998’s YEDA

The winners of the 1998 Young Electronic Designer Awards
received their presentations from His Royal Highness the
Duke of York on 29th June at a celebration dinner in
Manchester, attended by 200 guests.

The Awards, now in their 13th year, are intended to
recognise (and encourage) young designers working with
modern technology. Contestants must think through and
design a solution to an everyday problem they have identified,
and build a working prototype.

Prizewinning projects this year inciude a smali, low-cost
fridge alarm that wams if the door is left open, a black box
flight recorded for modei aircraft and an slectronic location
device that can be fitted to maritime lifelackets.

The winners are:

The Duke of York's Award for the most imaginative concept:
Richard Paget of Bolton School: a modei aircraft flight data
recorder ("black box™}.

The Cable and Wireless Prize for the most
commercially viable project:

Joint: Edith Butterfield of St. Margaret's Senlor Schoa!,
Midhurst: a fridge alarm; Andrew Mact achlan of King Edwards
School, Birmingham: a portable basketball scoreboard.

The IEE Award for the best new entrant to YEDA:

Tom Maxwell-Wood, Zoe Spenser, Ashley Buck and Alex
Dodkin of The Blue School, Wells, Somerset: A maritime
rescue aid {location finder).

Senior category (18-25 years): First: Andrew MaclLachlan,
King Edwards School (see above). Second: Chris Tanner,
Kingswood School, Bath: an intruder-activated light switching
system. Third: Owen Dannatt, Bancroft's School, Woodford
Green, Essex: a swimming poal timing clock. Highty
commended: Anthony Dearden, St. Anselm’s College,

Intermediate category (15-17 years): First: Richard Paget,
Bofton School (see above). Second: Edith Butterfield, St.
Margaret's Senior Schoot {see above). Third: Tom Maxwell-
Wood, Zoe Spenser, Ashley Buck and Alex Dodkin of The

Birkenhead: a guitar leaming aid. Leon Hughes, Brunel Blue School (see above). Highly Commended: Lars
University: a vertigoe surveiliance system. Shaun O"Mahony, . .

Leeds Grammar School: a robotic lighting effect device. Martin
Peek, Brunel University: a pacer pro rally navigation aid.

Blackmore, Sevenoaks School: an atheletes' track timer;
Michael Leslie, Kingussie High School: a CD storage device;
John Wyilie, David Kelnar, Ramsay Waller and Johathan
Scott, Merchiston Castle School, Edinburgh: Hamlet, a
computensed theatre lighting system.

Junior category (under 15 years): First: Martin Rosinski,
Coates Endowed Middle School, Ponteland, Northumberiand:
a side wind waming device for lorries. Second: James
Keigher and Richard Levien, Radley College, Oxfordshire; a
karaoke machine. Highly commended: Welby McRoberts,
Merchiston Castle School, Edinburgh: an electronic maze;
Alastalr Lynch, Merchiston Castle Schooi, Edinburgh: a
remote phone ringer; Valerie Diederichs and Lucy Palariet,
Godolphin & Latymer School, London: a bus stop indicator.
For more information about YEDA's annual awards, contact
The Yeda Trust, 60 Lower St., Pulborough, W. Sussex RH20
2BW. Tel 01798 874767 Fax 01798 873550 Email
postmaster@yeda.compulink.co.uk
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Hitachi H8.3644F low power
microcontroller with onboard flash

Hitachi's new HB/3644F is a new, low cost 8-bit microcontrolier
with an impressive speed/power ratio. At 10MHz the device
can carry out a 16-bit add in 400ns, while consuming only
5mA. For the lowest power consumption, it can run at 32kHz,
requiring only 10uA. At such fow current consumption, a pair of
AA cells should last almost for their sheif-life.

The HB/3644F contains 32k of on-board flash memory,
permitting in-circuit programming. The chi aiso includes 1k of
statlc ram, a 16-bit timer (with four input capture and two
output compare registers), three 8-bit timers, a watchdog
timer, an eight-channel 8-bit a to d converter, 53 /O pins, a
UART and a synchronous serial port.

To optimise the power versus speed equation, the
processor can control its own clock speed using the
programmable clock presecaler.

The EVB3644F evaluation kit includes an evaluation board
with a socketed H8/3644F running at 10MHz, a flash
programming board, and a Windows flash memory
programming interface. Software tools include a GNU C

compiler, flash programming software and HD! Windos
source level debugger. The H8/3644F is available either in.a
64 pin SDIP or a QFP package.

For more information contact Vince Pitt, Hitachi Europe
Ltd., Whitebrook Park, Lower Cockham Rd., Maidenhead,
Bertsk SL6 8YA. Tel 01628 585163 Fax 01628 585160,

Card-size hard drive set to increase the

capacity of notebook computers

IBM has released the world's highest capacity hard disk
for notebook computers. The 2.5-inch (12.5mm) Travelstar
6GT holds 6.4 gigabytes, which is around three times as
much information as the average notebook hard drive
currently contains.

The 6GT is the first notebock computer to come onto
the market with IBM’s Giant Magnetoresistive (GMR) head.
The storage space of more than 4 billion bits per square
inch outstrips the previous record (also heid by 1BM) by
more than a billion bits per square Inch. The GMR head is
small enough to fit on the tip of a pencil and has achieved
more than 11 billion bits per square inch in lab tests.

The technology allows a higher density of data to be
stored on a smaller disk. Disks of this type can hold larger
programs and graphics images and other data important
to business users, web designers and other data-intensive
applications.

The Travelstar 6GT, true to its name, has been
ruggedised for everyday mobile use and also comes ina
5.4 gigabyte model.

Dell Computer Corporation as well as IBM itseif are
planning to use the drive in the Inspiron, Latitude and
ThinkPad notebooks this year.

For more information about the Travelstar drives,
contact 01795 568525 or IBM’s mass storage website
www.ibm.com/storage
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Maplin joins the RSGB
Maplin Electronics has signed up as a member of the
Radio Society of Great Britain. The RSGB and Maplin
believe that membarship will allow “closer links to be
forged” between the popular component supplier and
the UK representative of licensed Radio Amateurs. “The
RSGB and Maplin will be working together to provide
more information to customers about amateur radio and
the equipment needed, with the aim of broadening the
hobby,” said an RSGB spokeswoman.

Customers at Maplin shops can pick up free, specially
prepared RSGB information packs.

For more information and store locations,
concact Maplin on 01702 554002,

T Guthbeptson Laird Group

Instruments and Test Equipment

European Space Talk Continues
The European Community and the European Space
Agency (ESA) have approved a joint initiative to work
together more closely to develop Europe’s space
programmes.

The resolution calls for the European Community
and the Director General of ESA to invoive each other
more closely in defining actlon plans, particularly for
satellite telecomms, Earth observation and navigation
systems.

At a party in Brussels to cetebrate to mark the 25th
anniversary of the European Space Conference, UK
Space Minister John Battle and Beigian Space Minister
Yvan Ylieff announced the resolution.

Mr. Battle said: “I am delighted that the UK has
played a key role in securing agreement to this
resolution, which has the active support of all member
states of both bodies.” ESA’s ruling Council is holding
a two-day meeting in Brussels to coincide with the
above celebration, during which it will also discuss
ways of reducing the ESA's overhead costs.

MODMODMODMODMODMOD

In the 18-Channel Remote Control Systerm (ET issue 9 1998)
the 18-key encoder transmitter IC, IC1 BL9148, is also £8.00

Test and Measurement catalogue

The new 56-page CL {Cuthbertson Laird Group) test
and measurement catalogue from Professional
instrument Distributors (PID) contains a wide cross-
section of test equipment including insulation,
continuity, RCD, loop and earth testers, analysers,
monitors, recorders, loggers and power supplies in the
Energy and Power section, digital and analogue
multimeters with a DMM setection chart, temperature,
humidity and velocity, light and sound, voltage
detection, tachometers and stoboscopes, gas
detection and analysis, test leads and tool kits in the
Safety and Environmental sections, cable and fault
location, HV testers, test and oil test sets, signal
sources, oscilloscopes and time and frequency meters
among many others in the general electrical and
electronic section.

The colour catalogue Is available free from
Quiswood Ltd., 01756 799737 or from PIC, 3
Brackenley Court, Embsay, North Yorks BD23 6PX.

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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Three new USB microcontroller

families from Cypress Semiconductor
Cypress Semiconductor has added three microchip families
to its line of Universal Serial Bus (USB) microcontollers. The
devices are designed for standalone USB hub applications,
hubs integrated into keyboards and monitors, and individual
peripherals such as modems.

The Cypress microcontroller line was developed
specifically for USB applications, rather than using general-
purpose architecture with functions not needed by the USB.
The devices integrate various technologies, including SRAM,
eprom and a high-perfermance RISC processor.

The CY7CE6x0¢ family is designed for USB keyuboards
with integrated hubs. Hubs increase the number of
peripherals that can be attached to a PC by splitting one line
into many. A USB keyboard/hub connects directly into one of
the PC's USB ports, and then provides four cther ports
through which further peripherals can be connected. The
CY7C6600¢ devices ¢an also offer up to 8KB or eprom and
up to 39 general-purpese VOs.

The CY7C65xxx family is designed for standalone hub
applications, and hubs integrated into monitors. They provide
7- and 4-port hubs, an 12C interface for external
communications, and up to 22 general-purpose |/Cs.

The CY7C64xxx family addresses high-speed peripheral
applications such as USB modems, providing up to 36

general purpose I/Os, 12C capability and up to 8KB of eprom.

The Cypress USB microcontrollers contain a buit-in
watchdeg timer that needs no external timer circuitry. They
offer internal clock doubling from a 6-MHz crystal to insure
low electromagnetic interference. They also have a zero-
power “instant on” capability to reduce power consumption
by 70 percent while providing full asynchronous response.

Cypress's high-speed USB Developer's Kit costs £310

Compact LCD panel meter from Vann

Draper

vann Draper Electronics® PM-128 3.5-digit LCD panel
meter is a compact high performance module suitable for
applications from prototyping to production runs. The
circuit of the meter is based on a surface mount 7106 ic
using dua! slope integration. The high contrast display
includes annunciators for over range, decimal point (with
selectable decimal point position) and polarity, with
accuracy better than .05 percent with a reading rate up to
%3 per second.

The meter measures 68 x 44mm with 13mm character
height and includes a removable front panel bezel and full
instructions.

For more information contact Vann Draper
Electronics Tel 0116 2771400,

with debug, USB source cede, reference designs and
documentation.

For more information contact Paul Mayes, Cypress
Semiconductor (UK) Ltd., Gate House, Fretherne Road,
Welwyn Garden City, Herts AL8 6NS. Tel 01707 338888
Fax 01707 338811 Web www.cypress.com

Year 2000 BIOS Fix

American Megatrends Inc. have developed a hardware card to
ensure that the PC BIOS is not aciversely affected by the
potential Year 2000 change-of-date problem. The Year 2000
Enabler changes the systern BIOS code so that the BIOS will |
read the time and date correctly. According to AMI, The Year ‘
2000 BIOS Enabiler card works on any major system BIOS.
The card is designed to occupy a spare slot and integrate
seamiessly into the boot-up sequence once installed.

AMI also warn that correcting the BIOS will not address
any Y2000 problems relating to software, peripherals and |
other parts of the computer system, which must be
addressed individually.

The cne-off price for the card is £57.95, including the
Y2000 test disietie

For further information in the UK phone 01293 882288
Fax 01293 886550. A catalogue is also available.
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Schools solar systems get lift-off

In a damp, cloudy British July this year, Energy minister
John Battle activated the first of 100 sclar panel systems
due to be installed in UK schools and colleges. The
photovoltaic cell systems are being- installed under the
Governments Foresight Scholar programme, designed to
promote scientific and technical research and
development. A further 16 schools have been cleared to fit
solar systems.

The initial installation at the Cardinal Hinsley school in
Willesden, West London, is a canopy of cells intended to
provide enough energy to power a suite of computers in
the school’s science building. The package also includes a

Version 2.20 of Ivex WinBoard released
with extras

The PC solution has released CAD package WinBoard 2.20,

replacing V2.1. The new version, according to The PC Solution,

includes many refinements and useful features, including the
abifity to launch the Specctra autorouter without having to
leave WinBoard. A new version of the Specctra Interface
automatically installs with WinBoard 2.20.

A second addition is the ability to launch vex View directly
from WinBoard 2.20 and open Gerber files from inside
WinBoard to view all selected objects before outputting.

A further useful addition is an electrical design rule check
(EDRC) which allows the designer to check for violations of the
net properties such as net isolation (spacing). The EDRC wil
check each net according to netlist stored values specific to
that net, whereas typical mechanical design rule checking
(MDRC) only checks global spacing violations.

EDRC properties are required for the proper

computer and information, giving access to the Internet
and acting as the centre of a network. The schools taking
part in the scheme wili be demonstration sites for
photovoltaic (PV) technology as well as teaching.

John Battle told the school: “The Government is
considering how to meet 10 percent of electricity needs
from renewable sources by 2010, which will be a four to
five-fold increase on the current level. | have been
impressed by the enthusiasm of the students | have seen
here today for all aspects of sustainable energy, guided
and supported by staff.”

He added: "May the sun shine on all ot you.”
time for the summer vacations.

- Just in

modules (Part Reference) on a board file; a Hotkey to go off-
grid quickly when routing; a hotkey to reset the origin
bookmark; the option to tum off auto-pan to prevent automatic
scroliing; the ability to disable the netlist compile. The reference
manual and users guide has been revised.

The unlimited pin capacity version of WinBoard is still onty
£395. Registered customers can purchase a new WinBoard
version 2.20 for the update price of £35.

Free demo versions of Ivex WinDraft and WinBoard can be
downloaded from The PC Solution Website at
www.thepesol.demon.co.uk. These demos are fully functional
programs limited to an 100-pin capacity, and can be used as a
viewer to view any size of design. Both programs run on
Windows 95/98 and NT.

For more information contact The PC Solution, 2a
High Road, Leyton, London E15 2BP. Tel 0181 926 1161
Fax 0818 926 1160. Email info@thepcsol.demon.co.uk.

operation of the circuit. MDRC properties are
required for the manufacturing process. Different
board makers apply different tolerances according
to what they are capable of achieving, so that
MDRC rules wilt change from manufacturer to
manufacturer. The WinBoard PCB layout program
already includes over 60 advanced MDRC checks
to ensure the board has been laid out to foundry
specifications.

WinBoard's Real-Time DRC will now display the
reason why an object cannot be placed in a location
if a violation has occurred. Real-Time DRC can be
run while routing the board, allowing designers to fix
violations as they happen; alternatively Real-Time
DCR can be tumed off and the vioiation check
carried out after layout.

Some of the further additions to WinBoard 2.20
include the ability of generate Drill symbols

WnBoad - [Board C:MVEXAPROJINTS TZBHD]
i j*' Edt Plece Took LM DRC  iities Wirdow
——3 [

ﬁ uﬁlﬂu E .'

corresponding to drill holes on the board; re-number
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8 CAVANS WAY,
BINLEY INDUSTRIAL ESTATE,
COVENTRY CV3 2SF
Tel: 01203 650702
Fax: 01203 650773
Mobile: 0860 400683

(Premises shuated 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 Duat CRANNG! ..o cesiin v s s smewsbammma psseiecan

Gould OS 245A/250/255/300/3000/3351/4000

Hewlett Packard 180A/180C/181A/182C - rom £200
Hewlett Packard 1740A, 17414, 1T44A. 100MHZ dual ch crierreen..iTOM £350
Hewlett Packard 541000 - 1GHz Di

Hewlett Packard 54200A - 50MHz Digitizing....
Hewlett Packard 54201 A — 300MHz Digitixi
Hitachi VESOF — 60MHz Dual Channal .......,
Hitachi V152F/V302B/vV302F/V353F/V550B/V650
Intron 2020 - 20MHz Digital Storage (NEW).
Iwatgu SS 5710/SS 5702 — 20MHz.
Kikusul COS 6100 — 100MHz. § C f
Kikusul 5100 — 100MHz — Dual Channei
Meguro — MSC 12704 — 20MHz Dig‘!al Slorage (NEW)
Nicolet 310 ~ LF. D.5.0. wilh twin Di T
Nicolet 3081 - LF. D.S.0.. o
Lecroy 94504 ~ 300MH2/400 Ms/s D. $.0.2¢ch £2250
Philips PM 3211/PM 3212/PM 3214/PM 32!7/PM 3234PM 3240/PM 3243/PM 3244/PM 3261/
PM 3262/PM 3263/PM 3540... renrenndrOm €125
Philips PM 32654 — 400MHz ‘Dual Channel
Philips PM 3335 — 50 MHz/20M&/5 D.8.0. 2 ch .
Philips PM 2055 — 50 MHz DUAL Timebase ..
Tektronix 434 — 25MHz = 2 Channel Ana&ogue Stnrnge
Tektronix 454 — 150MHz — 2 Channel ..
Tektronix 468 — 100MHz D.5.0...
Tektronix 2218 - 60MHz Dual Channel ...
Tektronlx 2221 - 60MHz Digiat Storage 2 Channel..
Tektronix 2215 — 60MHZ Dual race ...
Tektronix 2235 — 100MHz Dua) trace
Tektronlx 2335 — Dual race 100MHz (ponabie).
Tektronix 2225 — 50MHz dual ch
Tektronlx 2440 — 300 MH2/500 Ma/s D.S. O 2 Ch
Tektronix 455 — S5OMHZ Dual ChaNNEL. ....ve e ceee
Tektronix 464/466 — 100MHZ An storaga
Tektronix 485/4658 — 100MHZ dual ch
Tektronix 475/475A — 200MHz/250MHz Dual Channal
Tektronix 485 - 350MHz — 2 channel.......
Tektronix 5403 « B0MHz — 2 or 4 Channel
Tektronix 7313, 7603, 7613, 7623, 7633, 100MH2 4 ¢
Tekironix 7704 — 250MHz 4 h.........
Tektronix 7904 — SOOMHZ .........
Trio CS-1022 - 20MHz - Dual Channel S
Other scopes avallable loo

SPECIAL OFFER |
HITACHI V212 — 20MHZ DUAL TRACE €180
HITACH! V222 = 20 MHZ DUAL TRAGE + ALTERNATE MAGNIFY .....ovooooriocecesionee .£200

SPECTRUM ANAL

Advantesi 41338 — 10KHz — 20GHz (BOGHz with external mlxers) + Ext. Keyboard..
Advantest 41318 — 10KHz - 3.5GHz b
Ando ACB211 — S m Analyser 1. 2
Anritsu MSE108 — 10KHz2 = 2GHz - {Minl}
Anritsu MS341A + MS34018 - (10Hz —
Anritsu MS628 — 10KHZ — 1700MHz .
Avcom PSA65 S — 1000MHz — pormbl
Hewlett Packard 35804 — 5Hz-50K|
Hewlett Packard 182T with 8559A(10MH1 Z21GHz
Hewlett Packard 35601 A = Spactrum Analyser Int
Mewlett Packard 3562A Dual Channel Dynamic Sig. Anaiyser. >
Hewtett Packard 3562A Dual Channel Dynamic Sig. Analyser.....
Hewlett Packard 853 A + B558B — 0.1 to 1500MHz
Hewlett Rackard 1827 + 85588 - 0.1 to 1500MHz
Hewlatt Packard B754A — Network Analyser 4-1300MHz....
Hewlett Packard 8591A — 9KHz ~ 1.8GHz.
Hewlett Packard 8594E — 9KHz — 2.9GHz.
Hewlett Packard 3582A — 0,02Hz — 25.6KHz {dual ch)
Hewlett Packard 3585A —20Mz ~ 40MHZ
Hewtstl Packard B754A (opt. H26) — 4M
IFA 7750 10KHz — 1GHZ .
Marcon| 2370 - 110MHz.
#arconi 2371 - 30KHZ - 2000MHZ
Meguio MSA 4301 — 1-300GHZ (AS NEW)
Meguro MSA 4912 — 1-1GH2 (AS NEW)
Polrad 8411 — 10MHz — 1BGHZ.........

0 0.1 = 1300MHz

.Irom £350

Hewlett Packard 435A or B Power Meter (with 8481A/8484A)..
Hewlstt Packard 4279A - 1MHz G-V Meter..

Hewlett Packard 49484 - (TIMS) Trnnsmlsscon m'palrmenl MiSe
Hewlett Packard 4872A — Lan Protocol Analy

..from £750

Hewlett Packard 53144 — (NEW) 100MHz Universal Countel
Howilett Packard 5316A — Unwersal Counter (JEEE) ..
Hewlett Packard 5183 —~ Wavelorm Recorder
Hewleft Packard 5238A Frequency Counter T00MHZ
Hewlett Packard 5370A — 100MHZ Universal Timer/Counter
Hewlett Packard 53844 — 225 MHz Frequency Counter

Hewlett Packard 5385A Freguency Counter — 1GHz — (HPIB‘) with OPTS 001/00@004005 £
Hewlett Packard 6253A Power Supply 20V — 3A Twin ..
Hewlett Packard 6255A Power supply 40V — 1.5A Twm
Hewlett Packard 2668 Power Supply 40V — 5A..,
Hewlett Packard 62718 Power supply 60V —3A ..
Hewlett Packard 6622A — Power Supply, Dual O/P .
Hewlett Packard 66234 - Powar Supply, Triple O/P
Hewlett Packard 6652A - Power Supply (0 — 20V, 0 — 25A
Hewlatt Packard 62648 — Power Supply {0 — 20V, 0 — 25A).
Hewlett Packard 7475A — 6 Pen Plotter.
Hewlett Packard 7550A — 8 Pen Plotter AVAd ...

{ HEWLETT PACKARD 6261B

Power Supply 20V-50A €450 Discount for Quantities

Hewlett Packard 83555A — Millimater — Wava source Module 33-50GHZ ..-....omem: v remenisirens
Hewlatt Packard BO15A ~ 50MHz Puise Generator
Hewlett Packard BA0SA - Vector Voitmeter
Hewiett Packard 8165A — S0MHz P rammabie S;gna! ‘Source
Mewlett Packard B3508 — Sweep Oscillator Mainirame (various Plug-ins avallabie) extra .......
Hewlett Packard 8152A — Optical Average Power Meter...
Hewlett Packard 51588 - Optical Attenuator (OPTS 002 s 011)
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Data on the

Airwaves

Digital Audio Broadcasting (DAB) radio is gathering in the wings, waiting to burst
on the scene. Historically, it may be a step forward for radio broadcasting,
especially for those with car radios, but data by radio has been developing for
years to build up to this point.

Mike Bedford

he date - 12th December 1901. The place -
Signal Hill, Newfoundland, Canada. History was
about to be made. Present at this site
overlooking the Atlantic Ocean was Gugielmo
Marconi, and stretching out above him was 400
feet of wire held aloft by a massive kite. As the pre-arranged
time approached, Marceni turned on his receiving equipment
and listened intently. Then, through the noise of the static,
the letter “S” in Morse Code could be heard - faint and
distorted but quite clearly. That signal had criginated over
2,000 miles away in Poldhu, Cornwall, Great Britain, and the
world received the news in awe - this was the first time a
wireless signal had been transmitted across the Atlantic.
The date - 27th September 1995. The place - the radio
theatre, Broadcasting House, London, Great Britain. Another
bit of radio history was about to be made. Present on this
occasion was Liz Forgan, then Managing Director of
Network Radio at the BBC. The event was the official launch
of Digital Audio Broadcasting (DAB}, making the UK - and
Sweden, whose service was launched on the same day - the
first countries in the world to have a digital radio service.

contact 123 options 2 help & quit

A muitimedia DAB demonstration by the BBC. This is not to say
that the BBC will be broadcasting pages like these - but it is
technically possible with the right equipment to receive the data

A quit

If the second event was not quite sc momentous as the
first, it was still a mitestone In the history of radio
transmission, and the two events are more intimately
connected than first impressions might suggest. The
world's first radio transmissions used Morse Code, the
world's first code for data transmission. With the launch of
DAB, radio transmission comes full circle. Instead of the
familiar analogue amplitude or frequency modulated
carrier, DAB transmits data. Certainly, much of that data is
used to reconstitute an audio signal in the receiver, but the
basic material being transmitted is essentially the same as
it was in Marconi's day: strings of data.

1998 was expected to be the year of DAB in the UK,
and may be yet. Despite the launch in 1995, it will only be
accessible to the majority of the UK in 1998. Without a
doubt, DAB is going to be heavily hyped: the BBC have
started advertising it on their TV channels.

So although this article has been prompted by the
launch of DAB, it will cover the subject of data
transmission by radio much more broadly. Although data
radio should be seen as a progression, this Is not a
historical feature - virtually all the techniques descirbed
here are in use today.
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Morse Code

If you're not a radio amateur - and quite possibly if you are -
Morse Code probably conjures up an archaic image of a
Telegraph operator in a Wells Fargo office by a railroad in the
Nevada desert late last century. And atthough the use of Morse
Code seems to be in terminal decline, it hasn't yet been totaily
ousted. Furthermore, Morse Code can introduce a number of
concepts which we shall build on as we look at more
advanced methods of data transmission.

The one thing that everyone remembers about Morse Code
is that it signals each letter as a combination of short and long
signals, often called dots and dashes in recognition of the
notation used to write the code down. Originally, Morse was
used for transmitting signals by telegraph - that is, by wire -
but in radio transmission, dots and dashes are signalfled by the
presence of a carrier (the “mark” state), and the gaps by the
absence of a carrier (the "space” statg). This most basic
modulation method of data transmission is usually called on-off
keying.

| have included figure 1 because we can learn some
interesting facts about It just by taking a look at the information
presented. First of all, dots are a single time unit, and dashes
are three time units. Dots and dashes within a letter are
separated by a single time unit space, and letters are
terminated by a three-unit space. Clearly different letters and
figures are of different lengths. The letter E, at four units long
(including the following three-unit space) is the shortest, and of
the letters, J, Q and Y are the longest at 16 units. The Morse
symbols were chosen very deliberately. You probably know that
E Is the most common letter in the English language,
accounting for around 10 percent of all letters, but you may not
have known that J is the least frequent at significantly less than
1 percent. Q and Y are not particularty common, either. This
system of assigning short codes tc common letters may mean
that some rare letters have very long codes, but it is a good
way of improving transmission efficiency. In fact, this is the
technique used in Huffman encoding, one of the first methcds
devised for compressing ascii computer data. In Morse, taking
into account the frequency of the various letters, the average
length of Morse characters in plain English text is about 8 bits.

This compares favourably with the length of ascii text, once
start and stop bits have been added.

The Morse character set issmuch more limited than ascii (no
lower case characters, no accented characters, limited
punctuation and so on), but Morse was designed to be
transmitted by hand and (normally) read aurally. Had it not
been necessary to make the code user friendly and relatively
insensitive to poor sending, it could have been made much
more efficient: for instance, dashes need oniy have been twice
as long as dots. Later on, we'll look at bandwidth
considerations. For now, remember that Morse is about the
most efficient in this respect. The catch is - as we'll see - that
this Is a direct consequence of it being just about the slowest
form of communication imaginable.

And what of Morse today? Certalnly it is still used by radio
amateurs, and the proven ability to transmit and receive Morse-
is still an international requirement for obtaining an amateur
radio licence for the short-wave bands. In professional
communications, Morse is still used for ship-to-shore
communication in some counties, athough it was phased out
in the UK at the beginning of this year.

The radio teleprinter

if we exclude Morse which - although it is occasionally
transmitted and received by computer - was designed as a
manual system, data transmission is, by and large, automated.
Although some advanced methods today Involve variable-
length codes, traditionally, automation has required the use of
fixed length symbols. Since Morse’s variable length proved an
advantage, going to a fixed length code must seem a
retrograde step. However, considering that early automated
data transmisslion was based on electro-mechanical
equipment, it's ¢lear that using variable-length symbols would
have been almost impossibly complicated. This legacy remains
with us: by far the most common coding system in today's
computers, ascii, is a fixed length code.

But ascii wasn't the first such code. The first widely adopted
code was Baudot, and the equipment used to generate and
decode it was the teleprinter. This is like an electric typewtiter
that transmits codes for the characters typed on the keyboard
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Figure 2: on-off keying (Morse) contrasted with frequency shift
keying (Baudot) and audio frequency shift keying (Baudot). The
frequencies are no typical, and have been chosen to stress the
differences.

and prints out the characters corresponding to the codes
received. The Baudot Code, otherwise known as the Murray
Code, is a five bit code, so it is more efficient than Morse, even
though it is fixed-length. Nevertheless, it still only copes with a
iimited character set containing upper case letters onty. But if
you've done the binary calculation, you've probably figured out
that a five-bit code allows only 32 different characters,
insufficent even for 26 letters and 10 figures, This apparent
anomaly is explained by the fact that two characters are
assigned to each code - normally one fetter and one figure or
punctuation - and special "shift" codes are used to switch
between letters and figures. Some codes are also assigned to
control functions such as carriage return, line feed, and bell,

Much could be said for the use of teleprinters over land-
lines, but our main interest here is radio teletype, also called
RTTY.

Although Baudot Code could be transmitted, like Morse, by
on-off keying, it is actually almost always transmitted by
frequency shift keying. Here, the carrier is modulated (using
AM, FM or SSB) with one audio tone to Indicate mark - the
binary ones in the cede - and a different audio tone for space -
the binary zeros. Strictly speaking, what I've just described is
audio frequency shift keying, and is far more common than the
alternative method of shifting the carrier frequency. In the case
of SSB modulation, however, audio frequency shift keying
produces what is essentially a frequency shifted carrier.
Compared to on-off keying, frequency shift keying (of either

type) is much less susceptible to Interference, and in fact offers
a 6dB improvement in signal to noise ratio. On-off keying is
contrasted with frequency shift keying and audio frequency
shift keying in figure 2. The relative frequencies used in this
diagram, however, are not typical - I've picked them purely to
make the diagram easy to read. In particular, the carrier
frequencies are much too low compared to the modulating
frequencies, and the freguency shift is much too great for FSK.

Until quite recently, and certainly for short-wave data
transmission, frequency shift keying was the normal
transmission mode. Certainly it's used for many other coding
schemes. But there is an interesting twist here. Frequency shift
keying is one of the techniques used by modem manufacturers
to provide a means of transmitting data on a communication
channel meant specifically for speech. In particular (and unlike
Morse), RTTY is normally transmitted and received on
equipment designed for AM, FM or SSB speech transmission,

DAB is the exact opposite. As we'll see later, DAB involves
encoding an audio signal such that it can be transmitted as a
data stream on a communication channel devised for data.

Cne negative aspect of RTTY is the speed at which codes
are sent. In the light of today’s 56K modems, typical RTTY
speeds of 50, 75 or 110 baud - up to 1,000 times slower than
state of the art telephone modems - seem positively pedestrian,
This is partly a resutt of its electro-magnetic origins. However,
it's also due to the difficulty of data transmission on short-wave.
As we'll see shortly, this can be improved by modem data
transmission modes, but short-wave data transmission will
never be fast. And despite the fact that Baudot Code is well
past its “best before” date, it's still in widespread use. If you
tune around the short-wave bands, you are likely to come
across far more commercial RTTY than Morse.

SITOR
Although it's much less of a problem in the VHF and UHF

bands where much of our broadcasting, local mobile
communications, and satellite communication takes place,
data transmission on the short-wave bands is problematic.
Some of the main difficutties are selective fading, electrical
noise, and interference from other stations. If a burst of static
coincldes with the transmission of a character by RTTY, it will
probably cause the received signal to be misinterpreted. In
plaln speech, an odd wrong letter can usually be corrected by
looking at the context, atthough this may be more of a problem
on a very poor link which results in a high error rate. However,
when a "letters” or “figures” control code is corrupted, all the
characters up to the next control code will be misinterpreted.
When transmitting coded groups of letters - not uncommon -
one wrong character can be disastrous: there's no possibility of
spotting and cormecting such an error manually.

The coding system called SITOR (Simplex Teleprinter Over
Radio) commercially and AMTOR by radio amateurs takes a
first step to addressing this drawback. There are two different
SITOR modes; first, let's take a look at aspects of SITOR which
apply to both modes.

Transmitting Station !S]I|M| .lTlOIRI . TIIOIRI .|'-[RIA| .L”lminl .lD]'[O_I - K:: Character

LA [ SRS

el o
roconno s NN (| R (| (GRS - . -

L Labo o Aot lato i ot
. -

Figure 3: a diagram of a typical SITOR mode A transmission, showing the ACK and NAK codes used for error correcting
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SITOR uses a 7-bit
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validity of received

characters. Interference

would be likely to
transform a valid SITOR
character into cne which the receiver recognises as invalid.
However, of far more use is a means of aliowing an incorrect
character to be corrected at the receiver. The two SITOR modes
go about this in different ways.

Mode B is used for broadcasting, that is, multiple receiving
stations which are not equipped to transmit back to the
originating station. The error comecting scheme in mode Bis
primitive in the extreme - each character is transmitted twice.
Bearing in mind that the commonty used speed is 100 baud, it's
clear that the end resuit is slow. However, there is more to it. if
both occurrences of a letter were to be transmitted one after the
other, there's a good chance that a burst of static would wipe
out, perhaps, three or four characters, taking out a repeated
character along with the original. In SITOR mode B, however, the
two data streams are separated by four characters. So, for
example, a message starting “SITOR” would be transmitted as
“21212121S111TSOIRT.." (The characters shown
as “2" and *1" are simply phasing signals which are used to
synchronise transmitting and receiving stations at the start ofa
message.)

This methad is generally known as a forward error correction
scheme (FEC), but in mode A, an alternative method called
automatic repeat request (ARQ) is used. An ARQ scheme is

EIAE Digital Radio

You may recognise this demonstration screen from the BBC's
‘Perfect Day' advertisement

Figure 4: different applications of "data rate” and “baud rate”

unusual as it can only work between a pair of stations both
equipped for transmission and reception. In general terms, the
originating station sends a block of characters and then
switches back to receive and awaits a response from the
receiving station. The receiving station responds with either an
acknowledge code (ACK) or a negative acknowledge code
(NAK) depending on whether the block consisted solely of valid
characters or whether it contained a corrupted character. If the
originating station receives an ACK code, it transmits the next
block of characters. If a NAK code is received, the originating
station re-transmits the cormupted block. In mode A, the blocks
are three characters long and the criteria for deciding whether a
character is valid is whether it corresponds to the 4M/3S
pattemn. The final bit of sophistication in mode A is that #t allows
for the ACK or NAK code to become corrupted. if an ACK or
NAK code isn't received following the transmission of a block,
the originating station sends a block consisting of special repeat
characters (RQ) which requests the receiving station to re-send
the ACK or NAK code. A typical SITOR mode A transmission is
shown diagrammatically as figure 3.

As with RTTY, SITOR is sent by frequency shift keying at a
jow baud rate and its use is virtually restricted to the short-wave
bands. Commercially, SITOR is about the most sophisticated
data transmission scheme used on the short-wave bands,
although radio amateurs use various other modes which aim to
improve on speed and/or resilience to interference. For example,
extensions to AMTOR have been introduced to facilitate the
transmission of lower case characters, allowing short-wave
AMTOR links to be used for packet radio as an aftemative to a
satellite link for inter-continental traffic. Generally, however,
sophisticated technigues tend to be restricted to the higher
frequency bands where propagation characteristics are more
reliable.

Packet radio

With a more sophisticated error detection and correction
scheme than the ones we've seen so far, higher speed data
transmission can be achieved, even on the noisy short-wave
bands. Packet radio Is used on short-wave at 300 bits per
second, but this is really a sensible limit. But when the more
sophisticated protocal of packet radio is combined with the
quister conditions on the VHF and UHF bands where packet
radio is mainly used, 9600 baud communication Is quite feasible:

ELECTRONICS TODAY INTERNATIONAL VOLUME 27 ISSUE 10




Unlike most of the other methods of data transmission
we've looked at so far, packet radio is used for e-mail and
bulletin board type applications. As such, it's a common
requirement to transmit digital images, data files and computer
executable files and here, of course, no corruption of the data
can be tolerated. So messages are sent in blocks - otherwise
called frames or packets - of up to 256 bytes, each frame
having a 16-bit cyclic redundancy checksum. We won't go into
all the details; suffice It to say that it's extremely unlikely that a
frame will be corrupted in such a way that it still has a valid
checksum. This is not the case, of course, with SITOR, where
it's not improbable that a character will be corrupted into
another character stili valld within SITOR rules. Like SITOR
mode A, however, packet radio uses an ARQ scheme of error
correction in which the receiving station requests re-
transmission, as necessary, until a frame is received intact. In
fact, amateur packet radio uses a protocol called AX.25 which
is based closely on the X.25 computer networking protocct.

There's another big difference between packet radio and all
the other schemes we've seen so far. Like data on an Ethernet
LAN, all packet radio frames include the addresses of the
originating station and the destination. It's possible for multiple
stations to share a single radio channel, greatly increasing the
channeal’s capacity. If a station needs to transmit, it listens on
the channel, only transmitting when it hears that it is clear. The
first frame is then sent, after which the station listens for an
acknowledgement. As soon as it's been confirmed that this
first frame has arrived at its destination, the transmitting station
prepares to send the next frame by walting for the channel to
become free once more. In the meantime, other stations will
probably have sent frames. Clearly, therefore, frames which
constitute a single message could well be separated by frames
originating from and destined to other stations using the same
channel. 1t's the job of the receiving station to reassemble a
message from these isolated frames.

In the main, packet radio is used by the amateur radio
community. Thousands of mailoox and repeater stations -
mostly on the VHF and UHF bands - are scattered around the
world. These act as a giobal network allowing, for example,
someone to send a message to the other side of the world by

transmitting it to a local station using low powered transmitting
equipment. This is now seen as very similar to sending internet
e-mail by connecting to a local service provider. Indeed, a
major commercial use of packet radio is to provide wireless
Internet connections.

Modulation and bandwidth

So far, we've seen a number of mechanisms for transmitting
data by radio and, with the exception of Morse Code, all have
used frequency shift keying (FSK) or audio frequency shift
keying (AFSK). |et's consider the fimitations of frequency shift
keying, and investigate some of the alternative modulation
methods which can be used.

Before we start, though, let's clarify some of the
terminology; specificaily, a couple of terms which are frequently
confused - baud rate and data rate. Baud rate is defined as
the number of symbols - or signal transitions - transmitted per
second. Data rate is the rate at which information is
transmitted. When is the baud rate the same as the data rate
and when do they differ?

A common method of encoding data is for twe different
signal states (which could be amplitude fevels, frequencies, or
phases) to represent binary zeros and ones. In this case, a
symbol represents a single bit ; in other words, signal
transitions can take place for every bit. In this case baud and
data rate are same thing: a 1200bps data stream wouid be
transmitted at 1200 baud. An afternative coding scheme
involves assigning different signal states (once agaln,
amplitude, frequency, phase, or a combination of these) to
muttiple bits. So for example, four signal states could represent
the four combinations of two bits (00, 01, 10 and 11) or eight
signal states couid represent the eight combination of three
bits {000, 001, 010, 011, 100, 101, 110, and 111). In this
case, the data rate and the baud rate are clearly different. For
example, with pairs of bits, a 1200 baud signal could carry
data at 2400bps. These concepts are illustrated in figure 4.

Let's turn our attention to the bandwidth required to carry a
signal at a given baud rate. For a given baud rate, the
maximum signal frequency is half this figure in Hertz. So if
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Figure 6: A common technique of summarising the amplitude and phase combinations Is with a constellation diagram in which each
combination is a vector, the length of which is the amplitude and the angle, the phase. Constellation diagrams using a vector with length
= amplitude and angle = phase, for typical QPSK, 16QAM and 64QAM systems. The constellation of a four-state amplitude modulated

signal is also shown for reference.

we're transmitting at baseband - that is, if we're transmitting
down a length of wire and don't need to modulate the signal -
this is the bandwidth of the slgnal. However, once we generate
a modulated signal for transmission by radio, the bandwidth
increases. What happens when a carrier is on-off keyed (o, for
that matter, phase shift keyed)? If you're familiar with
modulation methods, you'll know that the signal will spread on
either side of the carrier, the width of these two “sidebands”
being equal to the maximum frequency of the modulating
signal. However, a square wave at a given frequency doesn't
just contain that frequency: it is rich in harmonics, that is, it
contains muttiples of the fundamental frequency. So the
modulated signal ends up with multiple lobes on either side of
the carrier frequency corresponding to the second, third, fourth
harmonics, and so on. In theory, the signal will be infinitely wide
but in practice, the amount of power in the higher harmonics
will be negligible, and beyond a certain point they can be
ignored. With slow baud rates, this increasing bandwidth due
to harmonics is often accepted since the signal will still be
comparatively narrow. As the baud rate increases, however,
the problem of harmonics has to be addressed. This is done
by filtering the input waveform so that abrupt changes don't
cceur. This Is an important technique in high baud rate
modulation methods. Virtually all but the fundamental
frequency is eliminated and the width of each sideband is the
maximum modulating frequency. In other words, the complete
signal has a bandwidth in Hertz which is equal to the baud
rate. Parts a and b of figure 5 contrast the spectra of on-off
keying with an unfitered and a fittered input waveform.

FSK can be thought of as two on/off keyed signals with
slightly different frequencies, each of which has sidebands, the
width of which are equal to the keying frequency. We'll assume
that the input waveform has been suitably fitered as described
above and so the resultant frequency spectrum is shown in
figure 5¢, Clearly, the bandwidth of an FSK signal is given by
the following formula:

B = 2F + Af

where F is the maximum keying frequency and Af is the
frequency shift, that is, the difference between the two
frequencies. As the minimum allowabie frequency shift is equal
1o the keying frequency, and the maximum signal frequency is
half the baud rate, we can see that the minimum bandwidth of
an FSK signal is one and a half times the baud rate. For

example, a 1.8kHz channel permits a maximum baud rate of
1200 baud, and a 15kHz channel_alllows up to about 9600
baud.

For satellite communication in the microwave bands, where
bandwidth is plentiful, high rates of data transmisslon are
achieved using high bandwidth signais. In the lower frequency
bands, however, bandwidth limits the baud rate and the
technique of coding multiple bits intc a single symbol is
employed. Typically, phase, amplitude, or a combination is
used. Common schemes are QPSK - Quadrature Phase Shift
Keying, 16QAM, 64QAM, and even 256 QAM - 16, 64 and
266 Quadrature Amplitude Modulation in which 16, 64, or 256
combinations of phase and amplitude are used. A common
technique of summarising the amplitude and phase
combinations is with a consteliation diagram in which each
combination is a vector, the length of which is the amplitude
and the angle, the phase. Constellation diagrams for typical
QPSK, 16QAM and 64QAM systems are contrasted in figure
8. For reference, the consteliation of a four-state amplitude
modulated signal is also shown, although this is not a common
technique. However, this technigue of cramming more
Information into a given bandwidth by increasing the number of
bits per symbol can't go on forever. In simple terms, this is
because it becomes increasingly difficult to differentiate
between ever smaller differences in phase and/or amplitude,
especially in poor signal-to-noise ratio conditions. The
information carrying capacity of any communication channel ks
given by the well-known equation:

bps = Blog*{1+s/n)

where B is the bandwidth, and s/n is the signal to noise ratio.
Telephone modems have already reached this limit, and 56k
modems exceed it. This apparently impossible achievement is
made possible by data compression. Data compression is,
therefore, an Increasingly important weapon in the data
transmission arsenal.

Spread spectrum
Having spent some time looking at ways of cramming more
information into a given bandwidth, let's now take a look at a
technigue which appears to do just the opposite - spread
spectrum.

First of all, modulate a carrier with the data in cne of the
ways already described. Now, phase modulate the resulting
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signal at a much higher baud rate using a repeating pseudo-
random binary sequence. The end result is a high bandwidth
signal occupying much more space than the original signal.
This is called the direct sequence method of spread spectrum,
and must seem a strange approach to the unfamiliar. Why
deliberately increase the bandwidth having gone to so much
trouble to keep it down? Before justifying the use of spread
spectrum, let's briefly describe another common approach,
frequency hopping.

in frequency hopping, the carrier frequency is shifted at a
high frequency in a pseudo-random seguence. Once again
the result is a signal which has an artificially high bandwidth.

The original driving force behind spread spectrum
techniques was military. Spread spectrum signals are hard to
jam and also hard for unauthorised parties to intercept. Unless
a receiving station has the binary sequence used to spread the
signal, the signal can't be recovered, and unless you have a
high power, high bandwidth transmitter, the same binary
sequence would be needed to jam a spread spectrum signal.

Today, however, there are many commercial applications of
spread spectrum - wireless LANSs, digital cellular networks,
GPS for example. Spread spectrums are often described as
“noise like” and this gives them some unique properties. Since
spread spectrums have a high bandwidth, so long as the
transmitter power remains the same, the signal has a much
lower power density. In other words, there is a comparatively
small amount of power on any one frequency. As a result,
although a spread spectrum signal will contribute slightly to the
background noise received by a narrow band receiver, this, like
atmospheric noise, will rarely be disastrous. Interestingly, the
converse also holds true - a spread spectrum receiver won't
be unduly affected by a narrow band signal within its
passband. What this means, of course, is that spread

GRUNDIG

A Grundig DAB screen display showing a map transmitted map

spectrum and conventional narrow band signals can co-exist
on the same frequencies.

Furthermore, multiple spread spectrum signals can operate
on the same freguencies, so Iong as the codes used to spread
the signal have been chosen such that each signal has a low
correlation to the others. All this is particularly important to un-
licensed operation such as wireless LANS, for example.
Generally, the regulatory authorities will only permit unlicensed
use of the radio spectrum where nen-interference with other
users can be guaranteed.

RDS

Let’s turn our attention for a moment back to the benefits of
data communication by radio to the man in the street. Data by
radio first offered consumer benefits in the early 80s in the form
of Radio Data Service (RDS). RDS can be thought of as the
radio equivalent of Teletext on TV. Both allow a small amount of
data to be transmitted alongside a signal which is
predominantly analcgue. if your car radio is comparatively
modern, then you probably use RDS, even though you might
not be aware of its official name nor, for that matter how it
works.

RDS involves the transmission of data at 1185.5bps by phase
modulation of a 57kHz sub-carrier on the normal FM signal.
This data includes a code which identifies the station, the type
of program being transmitted (such as sport, news, classical
music etc.), the time and date, and even information such as
the title of a track, the phone number to call for additional
information and so on.

What this means to the user - depending on the facilities
the radio manufacturer has built In - is that the name of the
station will be displayed on the radio, the radio will re-tune to
another signal carrying the same station if you drive out of
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range, the radio will automatically switch to any local station
carrying a traffic report or that accurate time and date can be
shown. And afthough it wouldn't make sense for a car radio,
on home tuners all the additional textual information can be
displayed.

DAB
We introduced thls article by mentioning the launch of DAB in

the UK. Now's the time to see what it will offer and how it
works. First, let's run through the features and benefits.

A good place to start Is with the supplementary data that
will travel with DAB. This builds on the foundations laid by RDS
but goes much further. RDS has various ID codes which the
receiver can act on, and short text messages which can be
displayed. With DAB, the sky's the limit. The BBC have already
demonstrated multimedia content by DAB, and there is talk of
distributing HTML pages, maps for navigation purposes-and
even still pictures by radic. Exactly what each broadcaster
supplies remains to be seen, but the potential is there.

But this Is lcing on the cake. The BBC point out that
despite all the talk of multimedia, DAB is not a rival to
television, and that the primary focus is quality sound
broadcasting. High quality sound is being promoted as one of
the major benefit of DAB.

This improved quality takes two forms. First of all, uniike FM
radio with its 15kHz maximum audio frequency, digital radio will
offer what it calls CD guality, that is, audio up to 20kHz.
Secondly, in common with all robust digital transmission
schemes, the signal will be relatively immune to interference
and fading caused by reflections off buildings. There is a limit
to the immunity, but DAB will stand up for much longer than
analogue radio.

The other main benefit of DAB is extended programme
choice. The BBC, for example, are planning to supplement the
existing national radio stations - all five of them - with BBC 5
Live Sports Plus, BBC World Service {currently only available
on short wave) and BBC Parliament. What other services arrive
will depend on the avallability and take-up of DAB receivers,
but there is also talk of BBC Now, BBC 5 Live News Plus, and
BBC Music Plus. The commercial broadcasters have also been
guaranteed frequency space, so we ¢an expect to see more
choice here too.

One benefit particularty important for car radios is that it will
no longer be necessary to re-tune as you drive around the
company. A single frequency will carry a given radio station
wherever you might be.

How does DAB make all this possible? One of the main
technical benefits of digitising an audio signal and transmitting
it as binary samples is that it is far more bandwidth efficient.
This is not always true - with uncompressed data, an audio
signal sampled at an acceptable frequency and word length
will need a much greater bandwidth than the original analogue
signal. But the digital signal gains over the analogue because
there is plenty of scope for data compressicn. Once the signal
has been compressed, it needs much less bandwidth than an
analogue signal and multipte radio stations can be time-division
multiplexed into a single radio channel no wider than those
currently used for FM broadcasting. As with digital TV, a
number of these so-called muitiplexes are being licensed, one
for BBC national services, one for commercial national radio.
four for BBC and commercial local radio, and one is still to be
allocated. So the increased bandwidth efficiency Is responsible
both for the increased programme choice and the improved
audio quality.

A Panasonic RDS tuner showing a simple digital text display

With analogue broadcasting, it would have been necessary
to use yet more of the crowded bands in order to move to
higher fidelity sound. With data compression, it's proved
possible to increase the audio frequency response while
reducing the bandwidth.

The small catch is that this has only been possible at the
expense of a lossy compression scheme {that is, one that
doesn’t allow the exact binary values to be recovered) called
MUSICAM. The aim of this form of compression is to discard
information that the human ear won't notice is missing but, as
always, there is'debate among hifi purists as to whether the
compression truly is transparent.

The other advantages of DAB - specifically its relative
immunity to interference and fading and the fact that re-tuning
is not necessary - all relate to the modulation method
employed. Like digital TV, the modulation method is COFDM -
Coded Orthoganal Frequency Division Multiplexing. Here, a
large number of separate carriers are used, with the signal
multiplexed between them in a pseudo-random sequence. The
modulation scheme on each of these carriers will be any of the
common ones such as 64-QAM. This has similarities to spread
spectrum and some advantages, such as immunity to
interference from conventional narrow band signals also apply.
It also permits multiple transmitters to carry the same program
on a single frequency without constructive and destructive
interference causing problems as it would with an FM or AM
signal. This means that it's no longer necessary to allocate a
number of ¢hannels to a single radio station.

Hands on
As the year goes on, it's llkely that we will be bombarded with

advertisements tempting you to join the DAB revolution.
Already a number of manufacturers have released products.
Initially, the main offerings will be car radios. Later, home
tuners, some of which will be able to take advantage of the
muiti-media content, will appear. These mass market products,
but the most exciting DAB development for the more
technically minded will be DAB expansion cards for the PC.
And here, of course, multi-media will be the major selling point.

if you find the idea of data transmission by radio a
fascinating one, you can do far more than play around with
consumer products. Throughout the short-wave bands,
hundreds of Morse, RTTY, SIMTOR, AMTOR, Packet and other
types of data transmissions can be found, originating both
from commercial radios and radic amateurs. To transmit data,
you'll need an amateur radio licence, but to receive these
transmissions, all you need is a communications receiver, an
interface unit and a PC with the appropriate software. You'll
find many suppliers of this type of equipment advertising In the
amateur radio magazines.
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The second of two parts on using the I2C bus: the eeprom programmer.

ast month we looked at some routines to

drive the 12C bus. This month we'll use the

routines to make an 8-pin 12C bus eeprom

programmer and reader. The project
demonstrates the techniques which can be used to
make a complete and flexible utility for working with
these devices.

Microchip (and others) manufacture 12C eeproms in a range
of sizes. In this article we shall construct a programmer for the
24L.C65 (and compatible devices), which is an 8K x 8 memory
suitable for data logging applications. For simpie storage of
configuration vanables, smaller devices are probably more
suitable, however all the devices are driven in similar faghion.

Driving the 24LC65

Figure 1 shows the pinout of the eeprom. The SCL and SDA
pins are for the 12C bus, the address pins AQ, A1, and A2 are
connected to ground or Vdd. When the device is addressed
these bits are used as part of the 12C address selector to
choose the particular device. By using these pins it is possible
to use up to eight devices on a single 12C bus, allowing up to
64K of eeprom to be addressed on a two-wire bus.

Thinking back to last month's article, the first byte transferred
on the 12C bus is the control byte which selects the specific
chip to be addressed. Figure 2 shows the control byte for the
241.CB5. Note that the bottom three bits of the address within
the control byte for the 24LC65 are the address bits which
match the pins on the
device.

The 24L.C65 has a
number of modes to
access the memory array.

AOE Echc
Mz 24L.CB5 ZINC

A2 E [7]scL We will not go into all
these modes in this article,
Vss [4] [8]sDA but will simply consider the

Byte Write, Random Read,
and Current Address
{sequential) Read modes.

Figure 1: 241.C65 8K x 8 eeprom

Byte write.

This mode allows a single byte of data to be written to any
address in the memory. The control byte is written first
with the R/W bit set to 0 to indicate a write, followed by
the address which is transmitted as two byte transfers to
the eeprom, the most significant byte of the address is
written first, followed by the least significant byte. As in all
other transfers the data is written Most Significant Bit first.
The final byte written is the data byte. At the end of each
of the four bytes written the 24LC85 generates an
acknowiedge bit. After all four bytes have been written the
master device generates a stop state and the 24LC65
initiates an internal write cycle. The time taken to write the
data is guaranteed not to exceed 5ms, so the master may
either wait for this time to allow the data write to
complete, or it may continuously poll the device sending
control bytes until the 24L.C65 acknowledges, which
indicates the end of the write cycle. The Byte write cycle is
shown in figure 3.

¢C CONTROL BYTE

- |
START ‘
STATE | ADDRESS OF SLAVE DEVICE (RAW] Ack

= e B - i
L - MASTER TO SLAVE —

SLAVE TO MASTER

T

24L.C65 CONTROL BYTE

10| 1] 0 |A2| Al| AD|RW| Ack

)
i._ 25LC65 __plg 25L065

DEVICE ADDRESS
ADDRESS PINS

Figure 2: the control byte for the 24L.C65
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Figure 4: read current address cycle

Read current address - sequential reads.
To read a byte from the eeprom, the same control byte is used
but with the R/W bit set to 1. Following the acknowledge bit
from the 24L.C65, the master sends an additional eight clocks
to the 24LC65, and the 24LC8S then clocks out the requested
byte. Following the last bit sent by the 24L.C65, the master
may either send an acknowledge bit, or will not acknowledge.
If the master acknowledges, then the 24LC65 increments the
current address, and the master may then send a further eight
clocks to read the next byte, this allows the entire contents of
the memory to be read rapidly. The read cycle is illustrated in
figure 4.

Random read

A random read is performed by setting the current address as
if & write cycle were to be undertaken. However following the
lower byte of the address ancther start condition is generated
by the master, this is followed by a control byte to read the
current address, and then the contents of the supplied address
may be read. Figure § shows the random read cycle. Note
that the random read cycle takes 5-byte transfers on the 12C
bus, and using the routines shown last month this can be as
much as 500us. Therefore, wherever possible the random read
shouid only be used when absolutely necessary, otherwise,
use sequential reads which take only one byte transfer per byte
read.

Other modes.

The other write mode which is also very useful Is the page
write mode which allows up to 64 bytes to be written
simultaneously, and so can increase write speed by up to 64
times. In similar fashion to the sequential read the master
continues to send up to 64 data bytes before the stop state,
and when the stop is received all 64 data bytes are written to
the memory simultaneously. This mode is not shown further in

this article as the code required to drive it would occupy too
much space.

It is possible to program internal security bits to prevent
further writes to the eeprom array.

The 24LC65 device has two eeprom areas internally, one
has the capability for considerably more write operations than
the other. This is known as the high endurance memory. There
is also a mode available to re-map the high endurance memory
internally.

Eeprom Programmer.

The eeprom programmer is based on the circuit shown in the
first part of this series of articles. The circuit is shown again in
figure 6, and the full construction detzils may be found in the
first part. If you intend simply to make the programmer, PL3
can be omitted, and Veroboard-style construction may be
used. Note that the circuit includes a space for the 24LC65 in
IC2, the address bits in this circuit are all set to 0, and this
socket Is also pin compatible with other eeprom devices such
as the 24LC16.

The programmer uses & simple serial protocof to
communicate to the PC. This is Hlustrated in figure 7. There are
four commands sent from the PC to the programmer. The first
reads from & random address and leaves the programmer in a
state to read the next byte sequentially; the second command
reads the next byte sequentially; the third command writes a
byte to a supplied address. Finally therefore is a simple
command which forces the programmer to retum & ‘K’
character, this confirms that the pregrammer is present.

PIC code

The code will use the serial routines from the first article, and
the 12C routines from last month's article. As usual, the routines
will be available on the net, or from the author. The sertal and
12C routines should be combined and assembled successfully
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Figure 5: 24LC65 random read cycle
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Figure 6: the PIC general purpose card - circuit

before adding any of this month's routines. This is
straightforward: use the 12C routines from last month as a
master, and change the serial initialisation routine from part 1
intc a subroutine which should be called as part of the 12C
initialisation. The start of the program should now look like
listing 1. Also, add three new variables - AddrLo, AddrHi, and
Dataval. These will hold information received on the serial port.
Now there are four routines which interface to the serial
eeprom, shown in listing 2. Of thase only three routines are
called by applications. These routines call the function in last
month's article which writes or reads a byte to the [2C bus.
This function is called with two entry points - WritellCStart and

WritellCNoStart. See last month's article for full detalls on this
function. The four interface routines are described below:

eewrtadd. This routine writes the address part of a random
read or write request. When called, the address is held in FSR.
A start bit state is written to the bus, the control byte Is written,
and then the upper and lower address bytes, note that there is
no stop state written after the control and address bytes to
allow for the following read or write informaticn.

eereadrand. This routine reads a single byte from a supplied
address. The address is stored in memory with the lower byte

COMMAND BYTE PARAMETERS RETURNS | NOTES

A ADDRESS LOW BYTE AT SUPPUED READS FROM ADDRESS SUPPLIED,

ADDRESS HIGH ADDRESS ACKNOWLEDGES INTERNALLY TO ALLOW
FURTHER SEQUENTIAL READS

B | NONE | BYTE AT NEXT ADDRESS SEQUENTIAL READ

c ADDRESS LOW ACKNOWLEDGEMENT (K WRITES BYTE TO SUPPLIED ADDRESS
ADDRESS HIGH CHARAGTERS) AFTER 10mS
DATA BYTE 1 |

D ‘ NONE ) |  CONFIRMS PROGRAMMER PRESENT

Figure 7: the serial protocol used by the programmer
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of the address held first,
the value in FSR points
to the memory file where
the address is held. The
routine calls eewrtadd to
write the address, it then
writes a control byte to
the 24L.C65 with the
read bit set, finally it
reads the byte from the

—————



eeprom, Note that
the bus is left in an
acknowledged state,
s0 that seguential
reads may follow this
routine, The returned
value is held in both
temp4, and in the W
register.

eereadnext. This
routing performs a
sequential read from
the eeprom, and
returns the next byte
read in both temp4,
and in the W register.
The eeprom
automatically
increments the
address, so this
routine is useful for
rapid repeated reads
to the eeprom.

Figure 8: the component layout of the
PIC card

eewrite. This routine writes a byte to any address in eeprom.
The address is stored in memory with the lower byte of the
address held first, the value in FSR points to the memory file
where the address is held. The routine calls eewrtadd to write
the address. it then writes a control byte to the 24LC65 with
the write bit set, and finally it writes the byte which is held in
memory writeval to the eeprom. Note that there is no attempt
to verify the acknowledge bit after the write, the calling routine
should wait for 10ms {for safety), or may pell the acknowiedge
bit.

Finally, listing 4 shows the main application loop which waits.
for incoming serlal bytes, decodes them, and then runs the
appropriate routine.

Listing 1: Eeprom Programmer code initialisation

; Start by org'ing code
org 0 ; Restart vector
goto start

; Interrupt service routine.

org 4

W * arkwk * " w

: This is the start up code which sets up the devicer

start’ ROMPAGEOQ- : Set page 0.n the process

RAMPAGEO

moviw Offh

mowwf picio ; Set clock bit high
RAMPAGE1

hef picio,scl ;-Drive clock bit

RAMPAGEO

moviw Oah : Drive a stop bit, no acknowledg
ment

movwf temp3 ; Terminate a pending read

call WritellICNoStart

call Serlnit

Listing 2:Eeprom interface routines

e rrw - "t v

: This is the IIC interface stuff, optimised for eeprom
- access. These routines only operate with the 24LC65

; Read a random byte from eeprom - address in FSR return in
tempd & w

eereadrand call eewrtadd ; set write address

moviw 4

movwf temp3 : read, ack & start bit
moviw 0A1h ; Address of 24L.C65

bsf picio,scl : drive clock high for start

call WritellCStart  ; Write, ack & start bit
: Read next byte from eeprom return In temp4 & w

eereadnext bsf STATUS,RPC  ; Read from data line

bsf picio,sda ; Data TRIS driver to read
bef STATUS,RPO

moviw Och

movwf temp3 ; Read, Ack, No start or stop

call WritellCNoStart ; read byte
retee  moviw temp4 ; Result in temp4-
return

: Wrrite a byte tc eeprom, address in FSR, byte in writeval

call eewrtadd
moviw 6
movwf temp3
movfw writeval
goto WritellCNoStart ; No start bit

cewrite

: Acknowledge & stop bit

: Write address part of read or write algerithm. This
: routine leaves the address written in temp (L} and temp1 (H)

eewrtadd moviw O

movwf temp ; save the lower address
Incf FSR : Now the upper byte
moviw O

movwf temp1 . Upper address in temp1
call quikstop : Set bus to stop state
moviw 4

movwf temp3 ; ack & start bit

moviw 0ACh ; control byte

call WritellCStart  ; write start & control byte
movfw temp1 ; address upper

call WritellCNoStart

movfw temp

goto WritellCNoStart ; ack, no start bit
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PC application program

To use the programmer from the PC we shall examine a very
simple Qbasic program which allows the eeprom to be read or a
file to be programmed to it. Qbasic is supplied as part of DOS,

Owing to lack of space for listings the program Is minima! and
can be much improved, it is presented here with just the essential

features for reading and writing eeproms. Listing 3 shows the
Basic program, press key 1 to read the first 256 bytes of the
eeprom, press 2 to read the next 256 bytes (sequentially}, and

press 3 to write a file. Note that the file is presented as a series of
bytes in ascii decimal, one byte per line, the first byte is written to

address 0, the second byte to address 1 etc. Thers is littie
commenting in the file, or within this article, the program is qulte
straightforward and Qbasic has comprehensive on-line help.

Listing 3 - BASIC programmer -application

DECLARE SUB WiteFile ()

DECLARE FUNCTION NeatHex$ (xI, places))

DECLARE SUB waitkey ()

DECLARE SUB Read?256 ()

DECLARE SUB ReadFirst {

DECLARE SUB ReadNext (Numl)

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

DIM SHARED Address

WHILE 1
CLS
PRINT "EEPROM Programmer”: PRINT
PRINT “1-Read 1st 256 bytes of EEPROM”"
PRINT "2-Read sequentially - next 256 bytes of EEPROM”
PRINT “3-Write file to EEPROM"

a$ = " WHILE a$ = *": a$ = INKEYS: WEND
IF (&$ = “1") THEN ReadFirst
IF (a$ = *2") THEN Read256
IF (a$ = "3") THEN WriteFile
IF (ASC(a$) = 27) THEN STOP
WEND

FUNCTION NeatHex$ (x, places)
a$ = HEX$(X)
WHILE LEN(a$) < places: a$ = "0" + a$: WEND
PRINT a$; “ *;

END FUNCTION

SUB Read256
CLs
FORi=1TO 16
PRINT (NeatHex$(Address, 4)); “: *; : ReadNext (16): PRINT
NEXT
waitkey
END SUB

SUB ReadFirst
Address = 1
PRINT #1, "A"; CHR$(0); CHRS{0);
WHILE LOC(1) < 1: WEND
CLS
PRINT “0000 : *; NeatHex$(ASC{INPUTS(LOC(1), #1)), 2);
ReadNext (15)
PRINT
FORj=1TO 15

PRINT NeatHex$(Address, 4); “: *; : ReadNext (16): PRINT
NEXT
waitkey
END SUB

SUB ReadNext (Num)
FORI=1TO Num
PRINT #1, “B";
WHILE LOC(1) < 1: WEND
PRINT NeatHex$(ASCINPUTS(LOC(1), #1)), 2),
Address = Address + 1
NEXT
END SUB

SUB waitkey
PRINT ; PRINT “Press a key to continue”
WHILE INKEYS = “": WEND

END SUB

SUB WiriteFile
Address = 0
CLS
PRINT “Enter filename >"; : INPUT f$
OPEN f$ FOR INPUT AS #2
DO WHILE NOT EQF{2)
LINE INPUT 42, a$
IF a$ <> " THEN
IF (ASC(a$) >= 48) AND (ASC(a$) <= 57) THEN
% = VAL(2%)

PRINT #1, "C"; CHR${Address MOD 256); CHR$(INT(Address

/ 256)); CHR$(x);
WHILE LOC(1) < 1: WEND
IF INPUTS(LOC(1), #1) <> “K" THEN PRINT "Error on
Receive”
PRINT “Programmed “; NeatHex®(x, 2); " to *;
NeatHex$(Address, 4)
Address = Address + 1
END IF
ENDIF
LOOP
CLOSE #2
waitkey
END SUB

Listing 4: Application main routine

Application call Receive ; Walt for a command

ExecCmd movwi temp
movwf temp1
moviw LASTCOMM+1
subwf temp,w
skpnc
goto Application  ; Out of range - back to
main koop

moviw ‘A

subwf temp,f

btfsc temp,7

goto Applicatioh. ; Out:of range = back 1o
main loop

moviw CommTab>>8 ; Find command routine

movwi PCLATH
moviw temp
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: Commands

addiw CommTab
call Getval
movwf PCL

; A - Random Read
: B - Read Sequential
; C - Write byte to address

;D - Retum K

GetVal
CommTab

LASTCOMM

CommOK

org Ox100

mowwf PCL
rettw CommA
retiw CommB
rettw CommC
rettw CommD
equ 'D’
moviw ‘K'

call Txw
retum

; Do a random read

+

CommA

call Receive
mowwf AddriLo
call Receive
mowvwf AddrH|
moviw AddriLo
mowwf FSR

call eereadrand
call Txw

goto Application

: Do a sequential read.

CommB
; Write to eeprom

CommC

call eereadnext
call Txw
goto Application

call Receive
movwf AddrLo
call Receive
movwf AddrHi
call Receive
movwf DataVal

movwf writeval

moviw Addri.o
mowwf FSR

call eewrite
DELAY ,10000
moviw 'K’

call Txw

goto Application

; Simply return a K character

CommD

call CommOK
goto Application

. Address
. Address

; Data
; Data to be written

R205

Capacitors

c1 10u
100n
47u
22p

100u

onductors
~ PIC 16C58 or 16C84
2aprom

On using 12C eeproms

Note that the circuit application has a brown out reset circuit,
This was originally inserted because the beard was intended
for use as the basis of the ET| PIC Basic series. In this
application the eeprom is nearly always being read, and
glitchey /O lines during power down caused corruption of the
eeprom. It is recommended that such a circuit should always
be used. -

Even with a brown-out clrcutt it is possible for corruption
and failure to occur if the power supply disappears during a
write operation. In important applications it is recommended
that eeprom data should be protected with a checksum, or by
writing data three times - a vote being taken to decide on the
correct data.

There are a number of other eeprom devices with i2C
interfaces which may be used, they are similar, and can be
driven with [ittle change to the application program.
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It is (theoretically) possible for a well planned computer upgrade to run smoothly -
though it cannot be relied upon. One without all the facts can be a real nuisance.

Andrew Armstrong

n order to make an upgrade to your PC a practical
proposition, you need to decide on the purpose of
the upgrade, both for the immediate and the more
distant future. For example: do you see the
upgrade a means to get another year or two of
use out of otherwise obsolete hardware? Or do you want to
allow, as afar as it possible, for more upgrades in the future?

In the first case, it is only rational to spend very modest
sums of money. If the performance you want can only be
achieved with quite a bit of expense, and yet the computer is
still in a “dead end” situation, where the next upgrade will
mean throwing most of it away, then it might be better to
spend more now in order to minimise the likely cost over a
two-year period. Of course, this is easier said than done,
because we are still only guessing what the standards might
be in a couple of years time.

Two years ago, | would have expected that CD-RW
(Rewriteable CD) would have been all but obsolete, with dva
(digital versatile disc, formerly known as digital video disc)
taking over from CD technology. But reality has not kept pace
with my preconcepticns, and the use of CD-RW is still
increasing. Problems over setting standards in dvd have been
part of the reason. Users are realising that several competing
variations on a standard can be bad news for the pecple who
are trying to buy something tc last, Write Once CD media can
cost as little as £70.00 per hundred discs in some places at
time of writing.

So, while it seems reasonable to fit a new CD-RW drive
right now, if you can find a dvd drive which also reads the CD-
RW format, that may be a viable choice. However, you may
want to stick to a drive that can write to CD-RW media, as
these can also be read by ordinary CD-ROM drives. in that
way, it is possible to back up 650MB of files and use them on
any other computer which runs a CD-ROM drive and the
appropriate software to manipulate the files. This could be
helpful for teleworkers who occasionally need to spend a day
working in the office.

When dvd is more widely fitted to new machines, | suspect
it will be the preferred format, but it is no use having your
waork on a dvd if the only readers avallable on site are for CD-
ROM. .

It is also possible to use CD-RW as a backup, using a
utility which formats the disc to around 580MB and treats it as
a high speed, high capacity floppy. This format cannot be read
without the right utility, so it is mainty useful for keeping
running backups.

You do keep offboard backups, don't you? It is vital to
back up anything which you can't afford to lose before making
any changes to a PC, particularly large changes like replacing
the processor or the metherboard.

Socket 7 or Slot 1?

From one point of view, an upgrade to a siot 1 motherboard is
not so much an upgrade as building a new computer. This is
because most slot 1 motherboards are not the standard AT
style, but the new standard ATX style. {(Robert discussed this in
part one of this series.) The main differences are the mounting,
which is stronger, using screws instead of plastic clips, and the
connectors from the power supply. The different connectors
prevent the wrong supply voltage being fed to the
motherbeard.

For this reason, a new (and more expensive) case is
needed, as well as the motherboard and processor. Oh yes,
and the old memory may no longer be of any use, because
many of the new boards use dimms {dual infine mMemory
modules) instead of 72 pin simms. Some can support both,
and some use simms only, but you may not find a
motherboard which does this and also supports whatever
other functions you need.

There are a few slot 1 motherboards available for the AT
case, probably because of demand from upgraders, but bear
several factors in mind if you consider this approach. First of
all, the ATX power supply is specified to a high leve! of
efficiency, and supplies the 3.3V needed by the Pentium Il
while AT style boards must generate this voltage on board. The
bus speeds available from this type of card are not the right
specification to support the fastest Pentium Il processors
correctly, whereas some of the ATX motherboards will support
the 100MHz bus speed.

it is also worth noticing that faster socket 7 processors are
available, so that a socket 7 motherboard and, for example, a
266MHz processor from one of Intel’s competitors might be
better value than an AT style slot 1 motherboard.

The choice of a slot 1 motherboard can allow further
upgrades in the future without the need to replace the
motherboard. In particular, if you get a board with the BX
chipset (I believe this is only available in the ATX style), which
can run with a 100MHz bus speed, it should be able to
support processors up to 400 or perhaps 450MHz when these
become affordable. Quite likely the 450MHz processor will be
perceived as “baby’s first computer” in a couple of years.

In any case, you can still use the rest of the computer, If, for
example, you upgraded the hard disc only last year, that is
likely to be large enough for your purposes for some time to
come. Equally, graphics and sound cards, CD-ROM and other
drives can all work with the upgraded system.

A tale of several upgrades

A recent upgrade decision tc purchase a new motherboard
and case, and to use a 266MHz Pentium 4, was based on the
foliowing reasoning:
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The following upgrade would almost certainly have to be to'a
slot 1 motherboard, partly because Intel is likely to stop
manufacturing socket 7 processors, and past experience has
shown that much of the market will fall intc line with intel in the
long run. There are also performance advantages to the socket
1 approach, two of which are related to the cache (see below).
In addition, the socket 7 system is unlikely to jump to a much
higher performance in the future than it has now. The
processor speed may increase, but the motherboard will
increasingly limit the overall performance.

The final straw came when | tried to do bandpass filtering
on an image to remove a regular moire pattem without
degrading the resclution unnecessarily. When it had reached
13 percent after 30 minutes it became clear that the machine
couid not do this task In a practical manner. My current
motherboard could only support a processor up to 166MHz,
and it was already running a 150MHz. A new motherboard was
needed, so | chose an ATX socket 1 motherboard with
100MHz bus capability.

Photo 1 shows the motherboard resting on top of its
packaging. The support bracket for the processor has been
fitted, but no other assembly has been done. The support
bracket is retained by four screws, which are supported by two
small brackets beneath the board. | found, on this sample, that
the locating pegs of one of the brackets would not fit into the
holes in the pcb without the application of what | deemed
excessive force, so | very carefully took a little of the plating
from the inside of the holes, assiduously avoiding getting any
fiings on the pcb. Then it fitted. The alternative solution, of
locating it and tightening the screws, pulled it off true rather
than pulling the mountings into place, which was highly
undesirable, so there was no reasonable alternative to using a
file.

Fitting the cpu cooler is fiddly. The only way that worked
was to slacken off the mounting screws as far as they would
go, fit the locating pegs of the heatsink into the holes in the
cpu module, and then tighten the retaining screws (visible
either side of the fan in photo 2). In this picture the cpu cooler
is shown fitted to the Pentium 2 processor.

The tower case was an advance over the previous one
{purchased some years ago) in several
ways. One advantage was that the
motherboard mounting plate could be
removed from the case completely.
Another was that the metalwork had
sprung contact fingers all around to keep
interference inside the case. It has made
radio reception in the vicinity of my
computer much easler, so it does make a
difference.

Photo 3 shows the motherboard
mounted on the pullout panel, while
Photo 4 shows detail of the contact
fingers connecting to the USB port, part
of the general design for EMC. Most
modern cases are likely to have this sort
of design, but people upgrading older
machines may wish to consider whether
a new case may be justified for EMC
reasons. Certainly, those interested in
amateur radio may find it worthwhile.

The rest of the upgrade went easily,
until the time came to make the network

card. Windows 98, left to itself, puts both items on to IRQS5,
according to the device manager. (To find the device manager,
choose settings from the start menu, then click on control
panel. When the control panel opens double click on System,
and then click the device manager tab.)

The device manager assured me that one of the valid
settings for the sound card was IRQS, but it didn't work. At
least the network card did work at that point. Eventually,
documentation downloaded from the manufacturer's website
told me that the card would not work on IRQ8, but would work
on IRQ11, which it happily shares with another device. | had to
set up the card manually and ignore Windows' dire warnings
that it could not set up the card automatically to assure correct
functioning.

The upgraded machine is fast and works well. The use of
an AGP graphics card has speeded up the display to some
extent, and just as importantly freed a PCI expansion slot for
future additions. All | need now is a T1 line to connect to the
interet, a CO writer, and a fortune to pay for it.

While all this was in progress, | took a break to go to the
Woburn Amateur Radio Rally. There | bought 64M of 10ns
dimm for £45, cheaper than | have seen it elsewhere. | was
told that memory prices are set to rise again. If this turns out to
be true, then it'might be a good idea not to wait toe long
before carrying out a planned memory upgrade.

Ancther upgrade, carried out recently for a friend, was
Intended simply to be the addition of a larger hard disc and
upgrade to Windows 98, but it turmed into a nightmare.

Before | took the case apart, | had no doubts that the
machine would be able to use the planned 4.3GB hard disc. It
was already using a 1GB disc in LBA mode (necessary to
address more than about 500MB directly). Early motherboards,
unable to use LBA mode, would require a disc manager on the
disc to permit it to be read. The motherboard would interface
with the disc as if it was approximately 500MB, while the disc
manager, loaded on the first part of the disc, would control
access to the rest of the space.

Once that barrier is past, there Is not another one between
1GB and well above 4.3GB.

card work at the same time as the’'sound  The Stot 1 motherboard
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The CPU cooler mouned on the Pentium Il CPU module

However, the motherboard auto-recognised the disc as
82MB, and stubbormly prevented me from entering the
parameters manually. | used another machine to search the
internet for a bios upgrade, in the hope that would make it
work, but to no avail. Close examination of the motherboard
showed me why: the bios was not upgradeable by means of a
flash memory writer. |t was on UV erasable prom, and the
chances of finding a more up to date eprom available looked
slim. Perhaps the motherboard could not cope with an Ultra
DMA drive, it should ignore the Ultra DMA capability and treat
the drive as LBA, but it may have been too old for this
capabllity to be present in the bios software. There was no
straightforward way of telling in advance, and this can be one
of the problems.

As an interim solution, we tried installing Windows 98 on
the existing hard disc, in the hope of gaining an extra 200MB
by use of FAT32. Unfortunately the motherboard wouid not
permit Windows 98 to boot, except intc safe mode.

Eventually we fitted a new motherboard, and a new
processor, going from a 100MHz ‘586 made by Cyrix to a
200MHz ‘686 from IBM. The new motherboard recognised the
disk, and runs the applications visibly faster, as we hoped and
expected. The operating system was Installed without any
objections from the motherboard, and the owner has just sent
me an email message saying that all his applications are
reinstalled and running correctly. The data, of course, is on the
old hard disc, now configured as a slave drive.

What Is cache for?

Processor speeds increase year by year, but actual computer
speeds do not increase pro-rata. The reason s, of course, that
other parts of the machine do not speed up by the same
proportion. The processor sits idle for part of the time, and its
speed is not an advantage to the user.

One way to minimise the time when the processor is not
dolng anything useful is to use cache memory. A small and
very fast cache, the level 1 cache, is on the processor itself.
This cannot be very large because the semiconductor
processing technology needed to make fast ram at a low cost
and on a small chip area is quite different from that required to
make fast processors. For this reason, the level 1 cache is
supplemented by a much larger level 2 cache, This memory is

separate from the main processor, and the faster it
communicates with the processor, the faster the system as a
whale can work. In socket 7 systems the level 2 cache is on
the motherboard.

Dis¢ information is also cached in main memory, which really
represents a third level of cache. A disc cache keeps recently
used hard disc data in the system memory, and when the
processor requests data the cache manager provides it from this
source if it is available. The hard disc, which is much slower than
memory, is only accessed if the data is not in main memory.

When the processor needs information from main memory, it
first checks to see if it is in level 1 or level 2 cache before waiting
for data from main mermory. Therefore sufficient cache memory
is essential for good performance with faster processors.

Advantages of the Pentium Il type of processor include the
provision of Level 2 cache right next to the processor, (on the
plug-in module) so that it can be operated faster than if it were
separated by a length of track on a pcb.

There Is another cache-related advantage: Socket 7
motherboards handle the memory caching, and in many cases
the cache can only address up to 64MB of memory. (Cache
actually consists of cache ram and tag ram, which stores the
location of the data in the cache. Many socket 7 boards only
have enough tag ram to store 64MB worth of addresses.)
Adding memory above the 64MB limit can actually be slightly
detrimental to some applications, because of the extra delay
imposed by the lack of caching. However, later socket 7
boards are more likely to have enough tag ram to cache up to
0.5GB properly, and in any case the &rger memory would
prove an advantage wheri working on large files, for example
when edlting bitmap images of tens of megabytes using a
photograph editing program.

The issue is 2 complex one, because applications are not
necessarily addressed at the physical memory location at
which they reside, but may be mapped over the 4GB of
address space available. The physical memory is remapped
transparently to the application, but this does make it very
unclear whether a particular application will have its executable
stored in a piece of physical memory which is cached or not.

What is clear is that increasing memory above 64MB on a
socket 7 board is moving into the region of diminishing returns.
With slot 1 {and Pentium pro) motherboards, the cache
addressing is handled on the processor module, and this
B64MB limitation does not apply.

Conclusion: If you expect to want to make use of over
64MB of memory in the next couple of years, an older socket
7 motherboard may not be ideal.

Blos upgrades

When the computer boots, the blos program starts, This has
to do tasks like reading the hard disk, and must therefore be
able to use the protocol required by modem hard discs.

@B:Sometimes the bios may be unsuitable for the required

function, or it may have a bug. In such cases, If the bios Is on
flash memory rather than on eprom, then it may be possible to
upgrade it to a later version written for that specific make and
model of motherboard.

However, if you upgrade to the wrong bios, your computer
may not boot. This will mean that you cannot easily install the
correct bios, and put you in a real corner!

Nevertheless, there are occasions when upgrading the bios is
a sensible thing to do. For example, the current blos may not
make proper provision to boot to a PnP (Plug and Play)
operating system such as Windows 98, or may not be able to
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recognise some modern hard discs correctly at all.

If you think that you do need to upgrade the bios, first try
Wim’s bios page http://Awww.ping.be/bios/ (linked from the ETI
website) to help you to [dentify the motherboard, and to help
you find a source of an upgraded bios if such exists.

Before you actually upgrade the blos, go through the setup
and write down the settings. When you have run the upgrade,
you can restore any which may have changed. You may also
need to auto recognise the hard discs again.

Tip: Using the AMI bios flasher, t have received the error
message that the file | want to install does not exist. | have
always run this program from a bootable floppy disc, with which
| booted the machine to DOS mode. When | copied the data file
to the hard disc, and polnted the flasher program to that, it
worked correctly. This has happened twice, on the same type
of motherboard, and may not affect your hardware. if you do
see this error message you could try the same solutlon.

Partitioning revisited

How you partition your hard disc is partly a matter of personal
taste, but there are constraints on the number of practical
cholices. If your cperating system is Windows 95 upgrade
version, then it will not support hard disc partitions above
approximately 2.1GB. With partltions this size, you will have a
cluster size of 32K, which means that a 1-byte file will still use
up 32K of the disc. Temporary files, windows shortcuts and the
like are all small files which exist in great profuston on the hard
disc, and it Is easy to end up with a nominal 1GB of data filing
a 2.5GB drive.

FAT32 reduces the partition size to 4K, and can support
partitions of up to approximately 8MB. At the time of writing,
4.3GB discs seem to be the largest that you ¢an buy before
the price per megabyte rises alarmingly, so FAT32 is Ideat for
this. The question is, do you want to use FAT32, which is
incompatible with DOS (except for the DOS which comes with
FAT32 versions of Windows), or do you prefer to waste the
space and retain the ability to boot from (say} a DOS 6 disc to
run a game, while stilt being able to access the hard disc?
The good thing about large partitions is that you are less likely
to find that you have enough reom on the hard disc for a large
file you want to save, but not enough room in any partition.

The motherboard mounted on the removable panel

Large graphics files can do this to youl A single partition orra
large disc can be inefficient or impossible uniess you use
FAT32, in which case some compatibility with older DOS
games is lost. One answer is to partition most of the disc as a
single FAT32 partition, leaving a smalf partition to use with DOS
games. The small partition will be FAT 16 anyway, because
Windows will not use FAT32 for partitions so small that it is of
no benefit.

If you choose one large partition for your hard disc, then a
well designed directory structure can make it as easy to
navigate as a setup with several partitions. Conversely, if you
choose multiple partitions, it may be worth having a utifity
which can repartition discs without having to reformat and tose
all the data. Partition Magic is one which | have used
successfully in the past.

Copying your installation

If you are happy with the software installation you have at
present, but are running out of hard disc space, then it will be
easlest for you to simply copy the whole installation to a new
hard disc of a larger size. Subsequently the old hard disc can
be used to store large scans, sound files, or anything else
which is not convenlent to save on the boot drive.

There are utilities which allow you to do this, such as
Partition Magic, and a related program which just copies a
drive. Howaver, if you only want a copy of the softwars and
data, basically a booting duplicate of your boot drive on a
larger hard disc, then the following procedure could be useful

to you:

1) Install your new, blank hard drive as a slave. lt is necessary
to leave the boot drive, whose systern you wish to transfer,
installed as the master disc. in some cases it may be
necessary to reset the configuration links to be “master disc
with slave present” instead of “master disc - no slave”. Most
discs dc not have such a setting, but if you have difficulty in
making the computer recognise the hard disc, then it is worth
searching for this link to see if {a) it exists and (b) therefore
needs resetting correctly.

2) Format the new hard drive (using FDISK and FORMAT, for
Instancey}.

3) From a DOS window inslde Windows 95, type the foliowing
command:

XCOPY CA*.* DI\.* /s/c/h/el/rik

Notes: If you get a “switch not recognized” error, you have
probably made a typing error. To find out what these switches
do, type xcopy /? from a DCS window. The command above
assumes that your new hard drive was assigned the letter D:\.
Choose “yes” when asked to overwrite any files.

4) When copying is finished, turn off the computer, open it up,
and reconfigure so that the new hard drive is the Primary
Master drive.

5) Boot to the Wing5 startup disk. Using FDISK (or other such
utility), and set the Primary Partition on the new drive as Active.
6) Eject the Startup disk and reboot. If Windows35 does not
boot from the hard drive, put the startup disk back in and boot
to it. At the A: prormpt, type:

SYS C:

This will recopy the system files to the new hard drive.
7) Rebcot to the hard drive. It should boot to WindowsS5-
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Windows 98 upgrade?

My own take on Windows is that there is more software for
desktop computers to run under Windows than other
operating systems, so most people need the most effective
Windows setup possible, If you are running Windows 95,
will Windows 98 be more useful to you?

There are several variants of Windows 95. You may or
may not have support for FAT32, and for USB (the Universal
Serial Bus, covered in ETI 1997 No. 7). If your copy of
Windows 95 does not support FAT32, then your only route
to FAT32 is to upgrade to Windows 98. There were never
any upgrade versions of Windows 95 which supported
FAT32 - the cnly copies which did were only sold with
hardware. This would often mean a new computer, but a
new hard disk and motherboard was normally assumed to
qualify.

Some versions of Windows95 do support USB, but it is
reported that Windows 98 supports it more effectively. After
a long time during which USB peripherals were not available
because they were not supported, they are now gradually
becoming available. Digital loudspeakers are among the
first, which could be good because sound cards have
arguably wasted more time than any other add-on, owing to
widespread compatibility problems.

If you do upgrade to Windows98, the quickest way to do
it may be to run setup to install it over your present system.
This can work well, but if you have run Windows 95 for a
long time, perhaps since 1995, the registry is likely to
contain a number of entries which are no longer valid, and
there may be many files on the hard disc which are no
longer needed. Unfortunately it is almost impossible to
identify and remove these manually.

If you think this is the case, you might consider doing a
clean install. To do this, you must first, clearly, back up
anything on the hard disc that you want to keep: Then
make sure that you have all your installation disks for the
software applications that you will need to re-install, and
also check that you haven't lost any of the CD-ROM
security codes for software that came on CD-ROM. This is
the point at which your filing system will be tested to its
limits! Think carefully about whether this is a wise move or
not.

Installation of a new system can reconfigure hardware
settings which you were perfectly happy with. It is prudent
to open control panel, system, and device manager, then
note the IRQ and address settings of items which have a
reputation for compatibility problems, such as sound or
network cards (or, of course, anything which caused
problems when you installed it). To see the settings, it may
be necessary to check the manual configuration box under
resources tab, when viewing the properties of the device.

Sometimes software is security protected by limiting the
number of times it can be reinstalled. If this is the case, you
should uninstall it back to the original installation dlscs first.
(I would think twice about purchasing such software, as
disk corruptions can happen repeatedly if you are unlucky,
and you could lose your last possible installation.)

When you are sure you can re-install everything you
need, the next step is to make a bootable floppy disc. To
do this from Windows 95 you open control panel, then
add/remove programs, and select the startup disc tab.

If you want to use any partitlon larger than 2.1GB, you
will either need to be running a FAT32 version of Windows
95 already, or you will need to install Windows 98 over the

current installation, make a Windows 98 startup disc, and
then format the hard disc and reinstall 10 a clean partition.

When you reach this stage, re-boot the machine from the
startup disc and check that you can access the cdrom
drive. If you can, then it Is safe to run fdisk to repartition the
hard disc, or just run format if the partiticning suits your
requirements. If you cannot, it may be necessary to copy
the CD-ROM driver from your hard disk to replace the
generic one loaded by Windows 98 {| have only seen this
problem once, and it was for a very obscure type of CD-
ROM drive).

Then run setup in the normal way, and after that reinstall
your applications, and then the data.

If there are any hardware problems which you did not
have previously, open the control panel, then doubie click
on the system icon, and look at the device manager. Check
that the obvious suspects, such as sound and network
cards, are set to use the correct IRQ, addresses etc. and
change them to the settings you wrote down earlier if there
is any discrepancy. In some cases, even to see the settings
requires you to check the manual configuration box under
the resources tab. Bon't forget to uncheck it if the
automatic setup was satisfactory.

Everything should now be in proper working order.

We have tried to cover the subject of upgrades fully, but
inevitably with new systems, questions will arise which none
of us have seen before. iIf you run into a problem not
mentioned in this serles, and solve it we would appreciate
an email telling us what you did. If, on the other hand, you
cannot solve the problem, send an email and our experts
will see if they have any suggestions. No promises - the
variations that computers can throw up, if not infinite, can
be very idiosyncratic.

Tell me if you would like to see a follow up to this series
in a few months, if there are new questions which we are
able to answer.

Equally, would you like a short series on constructing
your own web site?

Email us at eti@aaelectron.co.uk with your comments
and queries. It may take a little while to get back due to
pressure of editorial deadlines, but we are interested in your
views.

Note the contact fingers grounding the-shield over the USB ports
{tower right)
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A PC-Controlled
Sine \Wave Generator

Mark Roberts

This audio project plugs into the PC printer port to provide an accurate audlo generator.

he accompanying Softmark software generates

the on-screen display and allows straightforward BRTa AR Tk

adjustment of the generator settings. v -

The project consists of a small number of parts " l 'L l 'L 'L

{which helps to keep the cost down). The DB25 T I T T‘" lT*
generator consists of one ic and a crystal oscillator. There is no @
need for an external power supply. ° :

The project is designed first and foremost for modem and : ) Al
other telecommunications applications that need low-cost, o ; ': e ez Ve *:‘2—" R2
accurate generation of precise test tones. 3 ¢ gis:zi ourjle 0 B1
: o HenasLe o~ NC e
The circuit o | iR,
The ML2037, IC2 [check this against his letters] uses direct digital z—c 14}Go T i
synthesisers and has been designed to generate sine signals % ot panoft ':—-L-
' whose full scale amplitude can be set to 0.5 Vpp, 1.0 Vpp, 1.5 3 R ! BT
Vpp or 2.0 Vpp, and frequency from 2Hz to 84kHz. The sine 120R
wave output is derived from an external crystal. Frequency is .
programmed by a 16-bit data word. The relation between the = |
output and the crystal is given by the following equation: IC1 pamaf2
ano
|
DS2401  aubem

Figure 1: the clrcuit of the sinewave generator

fout = fxtal x DATA/2A23. The sinewave is available at pin 10 of
IC2 (figure 1).

The sine wave is available at IC2 pin 10 (figure 1).

Interfacing
The timing of seriat data input SDATAIN, the serial clock (SCLK)
and the enable input -SENABLE is shown in figure 2,

The serial data word on
1 SDATA is clocked into the 16-bit
shift register on falling ecges of

SCLK. The LSB is shifted first.
sc -/_\_FLf \ / \ —\ \__/_-\ j_\_ The data that has been shifted is
loaded into the 16-bit data latch

e ) on the falling edge of SENABLE.
S x x X x : x x X The device was tested to
J\.g operate with a cable of about
- 1.5m in length,
o ——
S ENABLE _/ / / ‘ Construction
[ —— The Sine Wave Generator is built

on a printed circuit board. The
component layout is shown in
Figure 2: the timing of the serial clock, serial data input and the enable input figure 3. DS2401 is used as a
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Q000 ~
° [--X- T -T-1-1-1-]

F

Figure 3: the component layout
detector to see if the PCB is connected to the printer port (in
case of errors or discontinuities the software automatically runs ~ Compiete hardware and software: assembled £33 + £3

in Demo mode), and also that the hardware project is built as postage; unassembled £28 + £3 postage.
designed.

One reason for this solution is that if other PC-based Cheques must be made out to Softmark and sent to:
devices running under the same software were in use, such as
oscilloscopes, power supplies, voltmeters and so on, the -Softmark, PO Box 1609, Hornsby NSW 2077, Australia
software would automatically detect which device was Tel/Fax {Australia) +61 2 9482 1565

connected and start the appropriate program.

-
The software o
The software comes on three 3.5-in disks and runs in Win3.1x,
Windows 95 and Windows NT. To install it, run setup.exe on
the first disk and follow the on-screen instructions.

Moy
-.J.llpt s
b

Kit and parts ey
Capacitors

E 4
.
-
€
*
Some of the parts (including the software) for this project are ‘
specialised and only available from the author, Parts can be - C1,C2,C3 100 < e
bought as a kit or separately. Prices are listed below. Local C4,C5 10u ele
constructors who wish to enquire about other currencies should 7, i i
contact Softmark. 4 Semiconductors
l Ic1 DS2401 DALLAS code-
Software kit: three disks with the DS2401. (Software runs a\{ﬁi::ble :";? he auth
g 5 . wi no in demo |
uMnLdze(;SV;h;gc;;Ns 3.1/Windows95/WindowsNT E;ggg a difterent DS2401. =
; ML2037 (Microlinear}
PCB £4.00 “al 4.194304 crystal e
4194304 crystal £2.00 . . il
BNC+DB25 connector £3.00 . ' scellaneous
Postage per order £3.00 ; DB23M male connector
LPT2 card (option} £6.00 . “B1”  Coax BNC connector

e ik il

croLinear 1997 data book

s s

ications:

.

i &
p (05 Vpp, 1 Vpp, 1.5 Vpp, 2
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New Features
S
Pinswap/Gateswap Optimizer
Background Regeneration of Power Planes
Enhanced Autorouting with Tidy Pass
full Control of Schematic Appearance
Extensive Now Component Libraries

AR
S5 gy O

PR S et

e RS

=

L g

NEW Version IV-

nln,r"-'?'n -2 e o N LR T TS Frmr— P - Am -; ﬁ:;t: -~ "’A’,
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Pt gy Par Fiietia s T n A carA nliaan
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e

uces attractive schematics like you ses in the magazines.
Pﬂ'@s uu& ERC reports. ®Hierarchical Design. ®Full
s Including bus pins, ®Extensive
libraries. ®Advanced Property Management.
i Mraﬁon with simulation and PCB design.

*;s?y**s&*ﬁt%a

NEW Version IV

®Automatic Component Placement. ®Rip-Up & Retry
Autcrouter with tidy pass. ®Pinswap/Gateswap Optimizer &
Backannctation. ®32 bit high resolution database. ®Full
DRC and Connectivity Checking. ®Shape based gridiess
power planes. ®Gerber and DXF Import capabillty.

m & Linear Analogue Simulation, ®Event driven
tion with modeiling language. ®Partitoned
atic arge designs with multiple analogue & digital
otians !Gfapht displayed directly on the schematic.
A T AT T (VA6

SOFTWARE A gD WithYit sEriptipse ,é] 5
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EWW January 1997

Write, phone or fax for your free demo disk, or ask about our full svaluation kit.
Teol: 01756 753440. Fax: 01756 752857. EMAIL: info@labeentsr.co.uk

53.55 Main St, Grassington. BD23 5AA. WWW: htipJ//www. laboenter.co.uk
iy Cnenn ,n"‘ R alalalian Vel ‘nv'n ‘n— 2rvy~'nne ‘—nm i ,N'N‘N o tn

pent mgtieens falalal r’nn e rione L ooy Zeptaee A~ el el At

n VI\_* e ,4,. vy N o .'-v- B Y AT A el o




DISTANCE
LEARNING COURSES in:

Analogue and Digital Electronic
Circuits, Fibres & Opto-Electronics
Programmabie Logic Controllers
Mechanics and Mechanisms
Mathematics

Courses to suit beginners

and those wishing to update

their knowledge and practical skills
Courses are delivered

as self-contained kits

No travelling or college attendance
Learning is at your own pace
Courses may have

BTEC Certification and Tutoring

For information contact:

NCT Enterprises {(Quote ref: ETi)

Barnfield Technology Centre

Enterprise Way, Luton LU3 4BU

Telephone 01582 569757 » Fax 01582 492928

SuppHlers of Quality Electronic

O O

8¢

Pointers £16 >

B/W Board Camera £40

BAW Caped Camera £50

Calour Board Camera £95

Colour Cased Camera £125

Date & Time Module £45 CCD

4 Channel Switcher £50 Cameras

Post & Packing £2.50 me £40
Nonuts Limited
2 Chase Cottages, New Road,
Aldham, Essex CO6 3JQT
Tel. 01206 213322 Fax 01376 561373

Surplus Electronic Goodles Purcha

B

SUBSCRIBE & SAVE
WITH ELECTRONICS
DIRECT

Our subscription deals just get better and better - now
you can save almost £20 if you subscribe today!

ALLY
L1E0
WPPU J

ETE, code: 0215

Hectronics Today Internalional - The Praject Magazine for all
Hectronics Comstructors.

The single source quide fa electronis for foday and tomorraw,
packed with numerous profects for enthusiosts of all ablities.
The deloiled features and up-to-the-minule news items keep ll
readers fully informed of the lates), excting developments in
this ever changing hobby, whikst the equipment reviews ensure
that you akways know exoctly whal fo buy.

15 issues for the price of 13

UK: NOW ONLY £35.75 YOU SAVE £5.50

Evrope: £43.42, Overseus: £47.84, USA: $79.00

30 isswes for the price of 26

UK: NOW ONLY £71.50 YOU SAVE £13.75

Furope: £86.84, Overseas: £95.68, USA: $158.00.

1 AND THE
#nn.:un RADIO;

FLECTROMIC 4.2

Werdgames, Jeker and Disy

ACORN ARCHIMEDES WORLD, code: 0215
In the constantly chenging world of IT, it is vital fo keep
abreast of all the lotest trends and developments. Of course,
this is eusier soid thn done. However, you (AN keep fully
inloemed by reoding Acorn Archimedes World, Britoin's most
respected computing magazine devoted to ol Awrn 37-bit
RISC 05 systems. The wide ranging editerial brings you in-
depth hordware ond softwore reviews, evoluotes niew producs
and forecasts what vall happen next, and indudes a dedicated
educotional section. Fach issve also comes with a free cover-
mounted disc, offen conlaining complete, usable programs os
well as workoble and ployable demos

15 issues for the price of 13

UK: NOW ONLY £51.35 YOU SAVE £7.90

Eurape: £60.45 Overseas: £66.56, USA: $109.00°
31 issves lor the price of 26

UK: NOW ONLY £102.70 YOU SAVE £19.75
Europe: £120.90, Overseas: £133.12. USA: $218.00

REMEMBER, i's alwoys cheaper to subscribe- and you avoid fulure cover price increnses! :
All savings are based upon buying the same number of issues from your newsagent, UK only,

Keep your favourite magozines in mint condition in one of
our sturdy binders.

Each binder will hold up to 13 issues. |
Code: bind 02

£7.50 U.K. £8.00 Overseas
BINDERS AVAILBALE
@ 1l @ ARCHIMEDES WORLD
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’Electronics Direct’ is the One Stop Shop for all your
computing, electronics and amateur radio needs from
Nexus Direct. We are offering some sensational deals on
Subscriptions, Books & Reader Offers - all available direct
by mail order. Remember, all our prices indude postage
and packing - so there are no hidden extras to add! You
<an order by phone, fax or use the coupon.

SAVINGS ON BOOKS

AN INTRODUCTION TO ROBOTICS.

A foscinating ond unique baok that breaks new graund by exploring the
extiling world of ohotics in a clear ond cancise woy, Both the thearelicel ord
practicol aspects are presented in an uncomplicated fashion using everyday
English, which makes this on idesl book for the omateut.

Divided inta two sections, the first port explatas how ond why robots work end
are controlled, while the second shows you how to make o simple two legged
humancid robol thot can he pragrammed fo wolk. There ore o compliated
formulas or equations o grapple with or incomprehensible circuit diagroms to
decipher - this robot can be built on your kilchen table and can be run from
any nersonal computer! All you need ore model aeroplane servas, o contralier,
o power supgly and some plywood - and all parts are easily ovoilable in the UK
and the USA_ This is o hook that will be of inferest ta modellers ond everyone
with o fascination for things mechonicol ond electranic.

Code: NB299
ONLY £11.95 UK

AN INTROBUCTION TO

ROBOTICS
' A
! 1
k i -
% ‘I 1

&

£12.95 Overseos

ETI BOOK OF ELECTRONICS

This is the perlect hook for beginners, offering o dlear and cancise introduction
B 1o both the theories and principles of electronics. Ench chopter olso aftows you
o put this theoty into practice with an easy lo fellow projedt o moke, including
a loudspeaker divider, confinuity Vester, ‘brown-gut” alarm, freezing alorm,
loudspeaker, mini-omplifier ond o burglor ofarm.

Cede: NB214

ONLY £12.95 UK £13.95 Overseas

SCANN ERS.E'n
B(())('):K
ELECTRONICS

DoE Brarsiaw

Putting Scanners into Practice

Peter Rousa

SCANNERS 3 - PUTTING SCANNERS

INTO PRACTICE

This is the fourth revised and completely updaled edition of Scanners, the complete
YHF /UHF radio listeners guide, contoining everything you need to know to pul
your sconner fo belter use. There is o grent deal more informetion than ever
before: on frequenty listing: in parficulor, actuol frequencies used By coostal
siotions, itfields and the emergency serviees. Also induded for the first time & o
section on the HF {short wave) band g5 momy scanners now cover his ronge.

Code: NB217
ONLY £11.95 UK

| SCANNERS 2 INTERNATIONAL

The companion book fo ‘Scanners’ provides even more information on the use
8 of YHF ond UHF communication hands, ond gives deloils on how to construct
| accessories fo improve the performance of sconning cquipment. The book is

internafionol in its scope and contains frequency ollocotions for oll three i1}
regions, including tountry-hy-country variations.
(ode: NB216
B OHLY £11.95 UK
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£12.95 Overseos

£12.95 Overseas

AR

Please order all your goods using the coupon
below ensuring you Fill in all sections
OR simply use our order hotline. Thank you.
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METHOD OF PAYMENT
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Mastercard/Visa/AMEX account
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Patrick Gueulle

ou can use a PC to lcok at what is encoded
onto the mysterious dark stripes of, say, loyalty
cards, or even credit cards.

Magnetic or “magstripe” cards are very
standardised items, with only a few exceptions
like some of the old fashioned phonecards (The
Jerseycard or the now obsolete Marcurycard). Figure 1
shows how the ISO 7810 and ISO 7811 standards
precisely define the position and contents of three “tracks”
on the magnetic stripe located 0.2283 in from the upper
edge of the plastic card.

This stripe is similar to an audic cr video tape, half an Inch
wide, but is recorded in a completely different way.

A magnetic card only contains bits (cnes and zeros)
instead of analogue data. Numeric characters are encoded
as groups of five bits (a nibble of data and a parity bit), but
alphanumeric characters use an ascii-like seven bits code
(six bits of data and a parity bit).

Track Ne2, the most widely used, is recorded at a
"density” of 75 bits per inch (bpi}, but because of the
mandatory leading and trailing zeroes, its useful content is

PARC D’EXPOSITIONS DE -
_PARIS NORD VILLEPINTE

Visual inspection of a chemically treated magnetic track, showing
the “flux reversals” at 75 bpi

only 40 x 5-bit characters and not the easy-to-calculate
physical maximum of 50.

Track Ne1 is normally encoded at 210 bpi and
accommodates up to 79 x 7-bit alphanumeric characters. |
believe the name (IATA) is something to do with airline

ticketing applications.

Track No3 is seldom used,

i)l

is07810 /iso7811

INFORMATION CONTENT -\

& despfte its huge capacity of

0.223" g RECORDING DENSITY  CHARACTER CONFIGURATION ;
oy & B {BITS PEA WCH) (INCLUDING PARITY BIT)  INCLUDING CONTROL CHARACTERS) 107 numeric characters at 210
0110° TRACK{ IATA Y 21058 7 BITS PER CHARACTER 73 ALPHANUMERIC CHARACTERS bpi (535 bits, more than can be
0.110" TRACK2 ABA 7589 5 BITS PER CHARACTER 40 NUMERIC CHARACTERS stored in most low-end chip
010" TRACK3 THAIFT § BTS PER CHARACTER 107 ALPHANUMERIC CHARACTERS cards). Each bit is recorded by

means of magnetic flux
reversals, as shown in figure
2

The tracks are evenly
populated, flke recording tape,
with small, aligned magnetic
domains whose polarity can be
switched, during the recording
process, from “north-south” to
J "south-north” and vice versa.

Adjacent N-S or S-N poles
mutually neutralise themselves,

12,125"

3.375"

but N-N or S-S combinations

Iy

—» determine so-called “flux
reversals”, acting like very tiny

Figure 1: The three tracks of an ISO magnetic card

permanent magnets.
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Purpose-made chermicals or films can be used for a visual
inspection of the flux reversals (see photograph), but
electromagnetic reading is by far the commonest way of
reading magnetic cards.

As the stripe is swiped along a magnetic head, each flux
reversal generates a slight voltage pulse of the corresponding
polarity. Quite simple electronic circuits (amplifiers and flip-
flops) can convert such pulses into clean logic levels (the
“shaped signal”).

Extracting the data is a much more complex matter, since
sach and every bit is coded In the so-called "F/2F” format.
Flgure 3 shows how a “zero” is coded as a single flux
reversal, and a “one" as two consecutive flux reversals. This
is a very robust encoding scheme, and allows the card
sweeping speed to vary widely during the reading process.

Much more intricate circults are required to decode the F/2F
message into strings of ascii characters reliably. PC-compatible
readers often make use of an embedded microcontroller and
are interfaced through either a RS-232 port or a keyboard
input.

Interfacing a TTL reader
TTL readers are much cheaper than RS-232 ones, and can be
bought at around £10 (The BAR-31 model from Bull Electrical
of Hove, Sussex is a perfect example). Figure 4 describes the
signals present on the /CLOCK and /DATA lines, a valid (out
logically inverted) bit being available on the /DATA line at every
trailing edge of the /ACLOCK signal.

A third line (/CARD PRESENT) is usually driven low as long
as a properly encoded card is being swept into the reader. The
two remaining wires of most TTL readers are, obviously, the

The BAR-31 reader hardware

ground (GND) and the + 5 voits supply (Vcc). Interfacing such
a reader 1o a PC is quite straightforward on the hardware side.
Figure S shows that the games port or joystick connector
lends itself ideally to such an application, thanks to the + 5
voits and the four logic inputs available here.

Please note, however, that the “/CARD PRESENT" line of
the reader can remain unconnected (N.C.), because the
software will easily derive the same information from the clock
signal. Connecting a BAR-31 rader to the games port is just a
matter of replacing its connector, or adapting a male DB-15 to
an extension cord, since the original cable is rather short. The
colours indicated for the wires are oniy valid for the BAR-31,
and would probably be different on readers from another
source. Make sure a wiring diagram is supplied, and check the
wiring with that.

In any case, it is

FLUX REVERSAL

relatively easy to identify
the five wires of virtually
any TTL reader with just

NO FLUX REVERSAL

+—— !4- +—— | — | <) e
8[s NS NN S‘N s|s N|S N|N SN s|s N‘iN TRACK
| i | |

a multimeter and an
oscilloscope. One will
generally need to open

AV

the case to locate the
ground and supply wires

{connected to wide

i | | T
W HEAD SIGNAL tracks on the internal PC
[ board, and to one or
e \ more electrolytic
4 capacitors).
SHAPED SIGNAL
1 ; , With the reader being
‘ | connected to a (possibly
f current-limited) 5-voit
power supply, swiping a
Figure 2: Reading a magnetic track
SHAPED SIGNAL
ey «—2F o |
DECODED Ff2F
1 0 1 § 1 0 0 1
|
N{N S|S N|N S{S NN S!S N|N S|S N|N S|S N|N S| S TRACK

Figure 3: Decoding an F/2F signal
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card through the slot should locate the /CARD
PRESENT wire {a steady logic level), the /CLOCK
signal (short regular pulses) and the /DATA output (an
irmegular rectanguiar signal). Some readers come with
extra wires, either for signalling lamps or for a second
or even a third track.

Most easily available readers only read track N2, but
we will soon discover that simple tricks can be tried for
the reading of the other ones, especially track N'1.

The software

Because of the potentially unstable and often over-fast
manual sweeping of the card, the decoding process is
highly time-critical. On 386 computers running at 25
MHz or faster, the Turbc-Pascal program listed here
will work fine, but only under MS-DOS (please
completely exit Windows before running it).

MAG2.PAS should be compiled into an executable
MAG2.EXE, then used in conjunction with the BAR-31 for the
reading of track N'2. By the way, two other (and much longer)
programs, MAG1.PAS and MAG3.PAS were developed for the.
reading of tracks N1 and N3 respectively, provided that the
available reader does support them.

The BAR-31 can be temporarily modified for the track Nt
by inserting a smalt plastic ramp, exactly 3.3-mm thick, at the
bottom of its slot. Reading track N'3 woutd actually involve
cutting 3.3 mm off the card.

Once run, the program waits (forever) for a card being
swept (in the direction of the arrowl), and may hang if the card
is blank or defective. If this happens, please sweep a known-
as-good card in order to terminate the execution.

Our real examples show that the scftware displays the

SHIGWASIGETS 3 3][ANR (] PILIPALIIY

18 NUNDETD 2489001 U8 Kymudeoy 1800 Jo
1$2U1] 01 FowaTt 30 Hum nOA PIE) ploT) Jul Wit
SSV.JLA Nanes(] ersde v 51 gy pron) AL

H1

JPN

ATV ¥ UM TR Ty T SIIGNE QI EEROGY o0
T MO ANV T I0Q O NSV (3 DBV TR arCA SN A8 0L IWE.
STV SSIVETE N0 TTIVI 600

An “American Magnetics” dual-track reader

contents of the track twice. First, as the raw binary data
encoded on the card, including all leading and trailing zeroes
(the reader hardware needs them for synchronisation
purpcses). Then, as the ascii string obtained when matching all
significant groups of bits against the ANSI 5-bits code of
figure 6, all leading and trailing zeroes being timmed off. The
first group of 5 bits after the leading zeroes should be 11010,
the “start flag”. Sixteen other combinations should be found
later, the remaining 16 corresponding to parity errors, as the
total number of bits in a character must always be odd.

Ten combinations are used to code the 0 to 8 figures, 3 are
“specials”, a “field separator” is available (10110), and an “end
flag” (11111) marks the end of the data stream. However, a
last group of five bits is usually added between the “end flag”
and the trailing zeroes. It is an

CLOCK ’ ‘
L ]

“LRC” (Longitudinal Redundancy
Check) used to verify the integrity
of the data. Most times, the
decoding process will run very
smocthly, but problems may
cceur with damaged cards or
when the ¢ard is not correctly

ik TRE

DECODED BITS 0

swiped. Should the program
hang during the decoding

Figure 4: The /CLOCK and /DATA signals from a card reader

BAR-31 iso-2 CARD READER
CARD PRESENT CLOCK GND DATA Vce
o- o h—_—
T;saovm GREEN BLACK YEL |RED
N.C.

|
POEOO®O OO
OO0

DB15 JOYSTICK CONNECTOR

0 1 process, hit any key to terminate
and, if you wish, examine the
binary dump to pinpoint the fault.

DATABITS _ PARMY
bl b2 b3 b4 bS CHARACTER | FUNCTION
0 O e ¥ 0 (oh) Data
Y 1 {ih) Data
TR (0 (0o, 2 (2nh) Data
1 1 0 - #0 3 (3h) Data
0 (0] 859 0 0 4 (4h) Data
1 0 t 10 } 5 (5h) Data
0 1 U 401 6 (6h) Data
7 e TSm0 7 (7h) Data
0 = ===t 1 0 8 (Bh) Data
1 0 0 1 1 9 (9h) Data
of v ol © (Ah} Special
a0t . (Bh) Start Flag
0 0 1 1 1 < (Ch) Special
1 M 2. o = (Dh) Field Separator
=1 11" -0 > (Eh) Special
et g ? (Fh) End Flag

Figure 5: Interfacing a BAR-31 reader to the games port of the PC

Figure 6: The 5 bits numeric ANSI code
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00000000000110100110111001001000000100001001000000100001000011000001101000010000
10000111001000010110110011101100000100001000010000100001110010000101101100110000
10000100001000010000100001000010000100001111111101000000000000000000000000000000

;6340040001 60003069=0000030690000000007;

is0-2

000000100001 01010000100000010000001001000101011010000001000000100000010011001000
00010001101001001100101110100001000000100000010000001000000100110010000001000110
1001001100000010000001000000100000010000001 0000001000000100000010000001001111100
10100010000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000002000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000

%634004000160003069=0000030690000000007%

Figure 7: The contents of a TESCO Ciubcard

00000000000001101100000100001110010010010000111000100111111000000000000000000066\\

00000000000000000000000000000000000000000C00000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000

;003417471

{ 00000000000000000000000000000000000000000000000000000101000111100111010111101001
01010114001101000110101010010111100100001110111000101101101001100000001000000100
000010000001 00000010000001000000100000010000001000000100000010000001000000100000
01111110011001000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000C000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000

%GUELLE/P.MR 73

Figure 8: The contents of a P&0O Motorpoints card

00000000000000001101010000000010100000001101100000110000000010000100100100000000
10110110000000010000100001000010000100010100001010110101000010000100100011010000
10000100001101011000010000101011010111100101011111110101000000000000000000000000

:1020=0100410610000081550046000611557575

is0-2

/35660000000000000000000000000000000000000000000000000000000010100011000011100001
10000100000010000101011011011110011101000110110010110101110100101001111010101011
01110001011011000010100110116100010100101011110011101111000100001000010011010010
1010101000001 1010010011001011001001100010101001011010101001110101010001100101011
11001111001000000100110010011000100000100000010000001000000100000010000001000000
10000001000000100000010000001000000100000010000001000000100000010000001000000100
00001 000000100000010000001000000100000010000001000000100000010000001000000100000
0100000010011001001100010111001111001001111100100000000000000000000000

%AA004MSBFKEYJ[T#R+E]NC(RISBDTH4T57B4G30SCOOOOOO0000OOOOOOOOOOOOOOOOOSCGB?!

Figure 9: The contents of a “"Premier Points” card

ELECTRONICS TODAY INTERNATIONAL VOLUME 27 ISSUE 10

37

/65600000000000000000OOOOO000000000000000000000010100010110100110010000101010006:\\

- iso-1 2

iso-2  /

- iso-1  /

A iso-1

Some practical
examples

The tracks on a credit card
roughly contain the same
information as the cnes
*ambossed” into the plastic
(card number, cardholder's
name, expiration date, and a few
encrypted data). It can be used
to make sure that both sets of
data match, in other words that
the card is "good”, without
erased or wom spots.

Loyalty cards of all kinds are
much more interesting to
explors, many different schemes
being in use. Many of them are
merely “ID" (identification) cards,
all the value data being stored in
the central computer of their
issuer. The card is only used, at
the point of sale level, to grant
access to the data bank, either
on-line or off-line.

A well-known example is the
Tesco Clubcard, with exactly the
same numbers being recorded
on tracks 1 and 2, and
embossed on the plastic card
itself (figure 7). A similar
principle applies to P&O Ferries
MCTORPOINTS cards (figure
8), but the alphanumeric
capabilities of track N'1 are used
to store the name of the
cardholder.

Premier Points ARGOS and
BP cards, for instance, seem to
make use of a much more
complicated scheme, possibly
with the points being stored on
the card itself. The data are
obviously encrypted, and a copy
of them is likely to be kept safe
in a cenfral computer.

Here is a clue: should you
wish to try to work out the
contants of figure 9, this card
actually carries 5 points. In fact,
such a system is the direct
competitor of smart cards. The
main difference is that magnetic
cards can be freely read and, to
some extent, written with more
basic equipment.

In contrast, smart cards can
be fully protected, in whole or
part, against reading or writing
without the appropriate access
code. They are, however, much
more expensive and do require
specific point of sale terminals.

The battle is not over, it is
only just beginningt



CLuUBCARD

b34%004% 000LLOOCO30%4

Example: a Tesco Clubcard

Software

A diskette containing the source and
executable forms of all three programs
can be ordered from the me. Just send
a strong SAE and a blank formatted
disk, along with a £5 banknote, to:

Patrick Gueulle

PO Box 279

76055 Le Havre Cedex
France

Of course, readers in France may send a
cheque for 50 FRF.

Magnetic card reader:
Turbo Pascal listing

program mag?z,
uses crt;
var t: array{1..240] of byte;
e,ilk,v: byte;
procedure shape;
begin
clrscr;
sound(880);delay(500);nosound;
for k:=1 to 240 do
begin
tk]:=t{k] and 16;
if t{k]=0 then tfk]:=1;
if tfik]=16 then t[k]:=0;
write(t[K]);
end;
writeln;writeln;
end;
procedure read;
begin
for k:=1 to 240 do
begin
repeat
e:=port{13];
until e and 32 = 0,
tikl:=e;

Example: a P&0O Motorpoints card

repeat
until port{513] and 32 = 32;
end;
end;
procedure decode;
begin
ji=0;
repeat
I=i+1;
until keypressed
or({tfj]=1 )and(t[j+1]=1)and(t[jt2]=0)and(t[j+
3)=1)and(t[j+4}=0));
repeat
=0
fori:=0to 4 do
begin
WS
vi= v+ ti+);
end;
if v = 26 then write(";');
if v = 22 then write('=");
if v = 31 then write{'?");
if v =11 then write(*:’);
if v=7 then write('<’);

Reader assembly

BYRNB ISP A7 B

BAR-31 from Bull Electrical,

premiercard

Exampie: a BP Premiercard

if v = 14 then write('>");
if v=1 then write('0');
If v = 16 then write('1");
if v=28 then write('2");
if v = 25 then write('3’);
if v=4 then write{'4");
if v =21 then write('5’);
if v =13 then write('6");
if v = 28 then write('7");
if v=2 then write('8");
if v = 19 then write('9");
fi=j+5;
until keypressed or (>235);
end:;
begin
clrscr;
writein('PLEASE SWIPE THE CARD');
read;
shape;
decode;
writeln;writeln;
end.

{* Copyright (¢) 1998 Patrick Gueulle *)

TELL THEM YOU SAW IT HERE...

Readers: Please mention m when replying to advertisements
To advertise in ETI, call Mark Colyer on 01322 660070
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lus always
anted for cash!

THE AMAZING TELEBOX

Converts your colour monhor Into a QUALITY COLOUR TV

TV SOUND &
VIDEQ TUNER

CABLE COMPATIBLE

o TELEBOX is an attractive lully cased mains powered unit, con-
all sloctronics ready to plug Into a host of video monitors
makers such as z!ICRO ITEC, ATARI, SANYO, SONY,
DORE, PHILIPS, TATUNG, AMSTRAD ete. The composite
output will also plug directly into most video recorders, allowin,
aption of TV channeis not normally recelvable on most te
pn recsivers® {TELEBOX MB). Push button controls on the front
rel abow recs%tlon of 8 fully tuneable 'off air' UHF ¢olour television
nels. TELEBOX MB covers virtually all 1elevision frequencies
and UHF inciuding the HYPERBAND as used by most cable
sperators. A composite video output is located on the rear pane!
direct connection to most makes of monitor or deskion Computer
geo systems. For complete compatibility - even for monitors with-
sound - an inlegral 4 watt audio amplifier and low level Hi Fi
w80 output are provided as standard.
ELEBOX ST for composite video input type monitors
ELEBOX STL as ST but fitted with hlemspeaker £39.50
BOX MB Multiband VHFAJHF/Cab! rband luner  £69.95
or cverseas PAL versions state 5.5 or 6 mHz sound specification.
cable / hypsrband signal reception Telebox MB should be con-
g 1o a cable type service. Shipping on all Teleboxe's, code {B}

State of the art PAL (UK spec) UHF TV tuner module
B with composite 1V pp video & NICAM hi fi stereo sound
‘oulpuls. Micro electronics all on one small PCB only 73 x
60 x 52 mm enable full software control via a simple 2 wire link
1o any |BM type compuler. Supplied compiste with simpls working
progrem and documentation. Hequires +12V & + 5V DC to opevale.

RAND NEW - Order as MY00.  Only £49.95 code (B)

FLOPPY DISK DRIVES 2!2" - 14"

lassive purchases of standard 5%° and 3%" drives enables us to
present prime product at industry beating low prices! All units (unless
wated) are BRAND NEW or removed from often brand new equig-
went and are fully tested, aligned and shipped lo you with a tull 80
@y guarantae. Call for over 2000 unlisted drives for spares or repair.

L,

%° Panasonic JU3B3/4 720K or equivalent RFE €24.85(B

* Mitsublshl ME355C-L. 1.4 Meg. Laptops only £25.95(B

* Mitsubishl MF355C-D. 1.4 Meg. Non fapt £18.65(B

* Teac FD-S5GFR 1.2 Me'? {for 1BM pe's) RF £18.95(B

* Teac FD-55F-03-U) 720K 40/80 {for BBC's etc) RFE  £29.95(B

* BRAND NEW Mitsubishl MF5018 360K £22.95(B
abia top casa with integral PSU for HH 5%" Flopp or HD £29.85(B
Shugart 804/801 8° SS refurbished & tested £210.00(E
Shugart 810 8" SS HH Brand New £195.00(E
Shugart 851 B double sided returbished & tested £260.00(E
Mitsubishl M2894-63 doubie sided NEW 95.00(E
" Mitsublshl M2896-63-02U DS slmling NEW 95.00(E
Dual B° cased drives with integral power supply 2 Mb 99.00(E

HARD DISK DRIVES
% TOSHIBA.{19 mm H ) MK210TMAN 2,16 Gb. New  £189.00

2% TOSH.{12.5 mm H) MK1002MAV 1.1 Gb laptop. New £115.00
2%’ 10 3" conversion kit for Pc's, complete with connectors £12.55
%" FUJ FK-308-26 20mb MFM I/F RFE £50.9!
3%* CONNER CP3024 20 mb IDE UF {or aquiv.} RFE

3%* CONNER CP3044 40mb IDE UF {or squiv.} RFE

%" AODIME RO3057S 45mb SCSI I/F {Mac & Acom)

%" QUANTUM 40S Prodrive 42mb SCSI I/F, New RFE

%" WESTERN DIGITAL 850mb IDE I/F New

53 MINISCRIBE 3425 20mb MFM UF (or equiv.) RFE

£%' SEAGATE ST-238R 30 mb RLL UF Refurb

£%° CDC 94205-51 40mb HH MFM LUF RFE tested
%" HP 97548 850 Mb SCSI RFE tasted

%" HP C3010 2 Gbyte SCSI diftfarential RFE tested
& NEC D224€ 85 Mb SMD interface. New

"  FUJITSUM2322K 160Mb SMD I/F RFE tested .
B FUJITSU M23g2K 2 Gb SMO UF RFE tested £345.00
Many other drives in stock - Shilpping on all drives /s code (D,

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 OR SEE OUR WEBSITE

VIDEO MONITOR SPECIALS
One of the highest specification

* monitors you will ever see -
At this price - Don’t miss it!!

Mitsubishl FA3415%T2'|.§L 14" SVGA Mutttsync colour monitor with fine
ot

specihcation. Fully guaranteed, suppiied in EXCEL-
LENT ithe used condiion.

Order a8
TH & Swivel Base £475 Only £119 TS5
VGA cabile for 1IBM PC Included. y L £
External cables for other types of computers CALL
As New - Ex Demo

17" 0.280 SVGA Mitsublshi Diamond Pro monitors

Surplus always
wanted for cash!

19" 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 Enclosures Lid. Units feature
designer, smoked acrylic ockable front door,
full height lockable half louvered back door
and louvered removable side panels. Fully
adjustable Intemal fbong struts, ready punched
for any configuration of egutpment mounting
plus ready mounted integral 12 way 13 amp
socket switched mains distribution strip make
these racks some of the most versatiie we
have ever sold. Racks may be stacked side by side and therefore
require only two side panels to stand singly or in multiple bays.
Overall dimenslons are: 77%" H x 32%" D x 22" W, Order as:

OPT Rack 1 Complete with removable side panets. £345.00 (G)
op P245.00 (G

Ovér 1000 racks, shelves, accessories
19" 22" _& 24" wide 3 to 46 U high.
Available from stock !!.

| 32U - High Quality - All steel RakCab I

Full muitisync etc. Full 90 day guarantee. £325.00 (E)

Made by Eurocraft Encicsures Lid to the highest possibie spec,

Just in - Microvitec 20° VGA (800 x 600 res.} colour monttors.
Good SH conditlon - from £269 - CALL for Into

PHILIPS HCS35 (same style as CMBB33)} altractively styled 14°
colour monitor wit GB snd standard composite 15.625
Khz video Inputs wia SCART socket and separate phono jacks.
Integral audio powsr amp and speaker for all audio visusl uses.
Will connect direct to Amiga and Atari BBC computers. Ideal for all
video monitoring / security applications with dlrect connection
to most colour cameras. High auafity with many features such as
front concealed'ﬂap conirols, VCR comrection button etc. Good
used condition - fully tested - guaranteed

Dimensions: W14° x H12%" x 15%" D. Only £99

PHILIPS HCS31 Ultra compact 9" colour video monitor with stan-
dard composhe 15.625 Khz video input via SCART socket. Ideal
for all monitoring / security appiications. High quality, ax-equipment
fully tested & guaranteed (possible minor screen bums). In attrac-
tive square black plastic case measuring W10° x H10" x 13%" D.

240 V AC mains powered. omy £79.00 o

KME 10" 15M10009 high definition colour monitars with 0.28° dot
plch. Su{perb clarity end modern styling. :
QOperates from ang 15.625 khz sync RGB video
source, with RGB analog and compasiie sync
such as Atarl, Commodore Amiga, Acorn i
A;Ehimedes & BBC. Measures only 131¢" x 12° x
11*. Good used condition. omy €125 (5

20" 22" and 26" AV SPECIALS
Superbly mada UK manufacture. PIL all 50iid state coiour monitors,
complete with composite videc & optlons! sound input. Attractive
teak style case. Perfect for Schools, Shaps, Disco, Ciubs, eteln
EXCELLENT Fittle used condition with full 80 day guarantee.

20"...£135 22°...£155 26"...£185(m

DC POWER SUPPLIES

Virtaally every type of power
suppl; You can imagine.Over

10,000 Power Supplles Ex Stock

Call or see our web slie.

LOW COST PC

Always over 1000 PC's from stock.
1000"s ¢of spares and accessories.
Call or see our web site for Info.

TEST EQUIPMENT & SPECIAL INTEREST ITEMS

MITS. AFAIMASETKL 14" Industrial spec SVGA monitors  £245
W 1o 400 kW - 400 Hz 3 phase power sources - ex stock £POA
I1BM 8230 Type 1, Token fing basa unit driver £760
Wayne Kerr RA200 Audio fraquency response analyser £2500
IBM 53F5501 Token Ring ICS 20 port kobe modules £750
18M MAU Token ring distribution panel 8228-23-5050N £95
AIM 501 Low distortion Oscillalor 9Hz to 330Khz, IEEE £550
ALLGON 8360.11805-1880 MHz hybrid power combiners £250
Trend DSA 274 Dala Analyser with G703(2M) 64 Vo £POA
Marconl 6310 Programmabis 2 to 22 GHz sweep generator £6500
‘Marconl 2022C 10KHz-1GHz RF signal gsnerator £1550
‘Marconi 2030 opt 03 10KHz2-1.3 GHz signal generator,New £5150
HP1650B Logic Analyser £3750

'HP3781A Pattern generator & HP3782A Error Ootector  EPOA
HP6621A Dual Programmable GPIB PSU 0-7V 180 watts  £1800

HP6264 Rack mount variable 0-20V @ 20A metered PSU £675
HPS4121A DC to 22 GHz four channal test sel £POA
HP8130A opt 020 300 MHZ pulse rator, GPIB aic £8500
HP A1, AO 8 pen HPGL high speed drum plottars - from £950
EG+G Brookdeal 95035C Precision lock in amp £650
View Eng. Mod 1200 computarised inspection system £POA
Sony DXC-3000A High quality CCD colour TV camera £1100
Keithloy 580 CV capacitor / voitage analyser £POA
Racal ICR40 dual 40 channel voice recorder system £3750

 Fiskars 45KVA 3 ph On Line UPS - New batteries £9500

ICI R5030UV34 Cleanline ultrasonic cleaning system

“Slann Tally MTE4S High speed line printer £2200
Intel SBC 488/133SE Muttibus 436 system. BMb Ram £945
 Sismang K4400 64KD 1o 140Mb demux anatyser £2050

Open Mon

LONDO

Dept ET, 32 Bliggin Way

Upper Norwood

Al prices for UK Mainiand, UK customers add 17.5% VAT 10 TOTAL

Universites
EsT | /B)-£5.50, (CheEB.
28 |and unless smied
YEARS | shock. Discounts for

intel SBC 488/125C08 Enhanced Multibus (MSA) NEW £1450
Zata 3220-05 AD 4 pen HPGL fast drum plotters £1150
Nikon HEX=11 {Ephiphot) exposura control unit £4450

Motorola VME Bus Boards & Components List. SAE / CALL £POA

THeo 0-18 vdc linear, metered 30 amp bench PSU. New £550
Fujitsu M3041R 600 LPM band printe: £1950
Fujitsu M3041D 600 LPM printer with network interface £1250
Perkin Elmer 298B Infrared specirophotometer A £500
Perkin Eimer 597 Infmrelc—!g?odvommer €3500
VG Electronics 1035 TELETEXT ing Margin Meter  £3750

tBand 80 ocutput high spec 2u rack mount Video VOA's £485

onlc SD 1S0H 18 channel digal Hybrid chart recorder  £1995
Taylor Hobson Tallysurf amplifier / recorder £750
ADC 5B200 Carbon dioxide gas dstecter / monitor £1450
System Video 1152 PAL waveform monitor £485
ANRITSU 9654A Optical DC-2.5G/h waveform monitor £5,650

ANRTSU M3200181 0.8-1.7 uM optical spectrum analyser EPOA
ANRFITSU ML83A optical powar meter £990

ANRFTSU Fitre og)tic chracateristic test sat £POA
VISION ENGINEERING TS3 Dynascopic microscope £1859
A&S FTDZ Dual sound unit £650
R&S SBUF-E1 Vision moedulator £775

WILTRON 8830B 12.4 / 20GHz RF sweep genarator £5750
TEK 2445 150 MHz 4 trace oscllioscope £1250
TEK 2465 300 Mhz 300 MHz oscilloscope rack mount £1955
TEK 1502 Portabla TOR (time domain refiectometer) £600

PHILIPS PW1730/10 68KV XRAY generator & accessories EPOA
CLAUDE LYONS 12A 240V l'ﬂ%b phase auto. vol. regs £325
15¥ 3 phasa autc. volt. regs

CLAUDE LYONS 100A 240/4

DISTEL on the web Il - Over 16,000,000 items from stock - www.distel.co.uk

rack featuras all steel construction with removable
side, front and back doors. Front and back doors are
hinged for easy access and all are lockable with
five sacure 5 lever barrael locks. The front door
i$ constructed of double walled steel with a 5%
'designer style' smoked acrylic front panel to
enable status indicators to be seen through the

nel, yet remain unobtrusive. Intarnally the rack
gaturas fully slotted reinforcad verticat fixin
members to take the heaviest of 19” rack §
squi M. The two movable vertical fixing struts
$extras available) are pre punched for standard
cage nuls’. A meins distribution panel internal-
ty mounted to the bottom rear, providas B x [EC 3 §
pin Euro sockets and 1 x 13 amp 3 pin switched S&§
utility socket. COverall ventilation is provided by
fully louvered back door and doublé skinned top section
with top and side louvres. The top panel may be ramoved for fitling
of Integral fans 1o the sub plate etc. Othar features inciude: fitted
castors and floor levalers, prapunchad ulility panel at lowes rear for
cable / connector access etc. Supplied in excellent, slightly used
condition with keys. Colour Royal blue. External dimensions
mm=1625H x 6250 x 603 W. [ 64" Hx 25" D x 23%" W }

Sold at LESS than a third of makers price !If

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

BATTERY SCOOP - 50% off !!

A special bulk purchase from a cancelled export order brings you
the most amazing savings on these ultra high spec 12v DC 14 Ah
rachargeable batieries. Made by Hawker Energy Ltd, typs SB516
featuring pure lead plates which offer a far superior sheif & guaran-
teed 15 year service life. Fully BT & BS6280 approved. Supplied
BRAND NEW and boxed. Oimensions 200 wide, 137 high, 77 deep,
M6 bolt terminals, Fully guaranteed. Current makers price over £70

sach \Qur Price £35 each « or 4 for £99m
RELAYS - 200,000 FROM STOCK

Save ££££'s by choosing your next relay from our Masglive
stocks covering types such as - Military, Octsl, Cradie,
Hermetically Sealad, Contactors, TIme Deiay, Read, Mercury
Watted, Soild State, Printed Circult Mounting, CALL US WITH
YOUR NEEDS. Many obsolate types from stock. Save ££E£'s

LOW COST RAM & CPU’S

INTEL 'ABOVE' Memory Expanston Board. Full length PC-XT
and PC-AT compatible card with 2 Mbytes of memory on board.
Card is fully seiectable for Expanded or Extended (286 processor
and above) memory. Full deta and driver disks supplied. RFE
Fu!:z tested and guaranteed. Windows compatible. 9.95

Half lsngth 8 bit memory upgrade cards for PC AT XT expands
memory either 256k or 512k in 64k steps. May also be used to fill

in RAM above 640k DOS limit. Complete with data,

Order as: XT RAM UG. 256k. £34.95 or 512k £39.95

£8.50

SIMM
1MB x 9 SIMM 9 chip 120ns ont

y
1MBx9 SIMM3chip80ns£10.50 or 70ns £11.95
{MBx 8 SIMM 9 chip80dns £10.50 or 7ons  E11.75
4 MB 70 ns 72 pin SIMM_-with parity- Only £35.00

£19.95 mNYEL X686 CPU £59.00

PULL RANGE OF S EX STOCK - CALL FOR £5¥
MOTOROLA 25 Mhz 68040 {(XC68040RC25M) CPU'S £59.00
shipping charges for RAM / CPU upgradses is code B

SOFTWARE SPECIALS

NT4 WorkStation, complete with service pack 3
and licence - OEM ’pac.kag d.

Special Price ONLY £99.00
Microsoft - Windows for Workgroupe 3.11 & DOS 6.22. Slzpphed
an 3" disks with licence & concise documentation. 39.95
DOS 5.0 on 3%" disks with concise books c/w QBasic . £14.95
Wordpaerfect 8 for DOS supplied on 3%" disks with manua! £24.95

shipping charges for software is code B

- Fri 9.00 - 5:30 Open Mon - Sat 9:00 - 5:30
215 Whitehorse Lane
South Norwood

On 68A Bus Route
. Thomton Heath &
Salhurst Park SR Rall Stations

N SE19 3XF

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

order amount. Minmum order £10. Bona Fide account orders

ALL T ENQUIRIES

018167394414

FAX 0181 679 1927

DISTEL®

acoaptad from
days clearance. Cartage chal

Local - MM actount Cheques over £100 are subjed to 10

50, (D=£12.00, (E}=£15.00, (F=L18.00, (GECALL. Alow 6 cays for shipping - faster CALL.  AF goods supplied 1o cur 1 of Sala
guanntead for 90 days. Al guarankses 0N A fEtUM 10 basa basis. All rghts reserved to chanps prices / specifications without notice. Orters subject 10
volume, Top CASH prices paid for surphus goods. All radernanks, tradsnames etc acknowiedged. © Display Electronics 1968, A0E 0608



PC Controliable 4-Line
2ot Matrix Dispiay

Scroll multi coloured text through this large matrix display. The built in
programmable controller can provide some spectacular effects.

Robert Coward

his project in three parts describes the building of a
professional-guality 24-character by 4-fine dot matrix
LED display system. The display is fully PC
controflable via an RS232 serial port. It is based on
three QEDDSY008 display modules. These were a
surplus part, and they are available ready buitt from myself or from
Greenweld Electronics (telephone 01703 236 363), part number
XB877. See the end of this article. Together with the control board
design described here, and suitable power supplies, they form a
large display system costing a fraction of the price of an equivalent
commercial unit.

The LED displays can show the full ascii character set in red,
green and yellow, and are very bright at full contrast. The entire
dispiay can be dimmed almost to extinction under software
control, allowing impressive fade effects. Other effects such as
scrolls and wipes can be achieved using PC software commands.
Two independent “flash clocks” allow individual words or letters to
be flashed at different rates, adding to the visual impact of the
display, The size of the characters means that the display should
be readily visible up to 20 fest away, making it excellent for
advertising and presentations.

This is a fairly large project, even though the display panel
comes ready assembled. As a mains project with some high
wattage power supply capability, it can be hazardous if not
treated carefully, and for this reason | do not recommend it
for inexperienced designers. Some of the components, such
as the power supplies, are not strictly specified, so you will have to
make some decisions in choosing these items, though some
advice is given later in this article.

The first part of this project gives an overview of the system
components, and detailed information on constructing the control
board. The second part will cover choosing suitable power
supplies, making cable assemblies, and assembling a working
system. The final part will describe how to manufacture a suitable
enclosure and assemble the system within i,

< el

® PC control interface

® Full ascii character set in red, green
£

* Dim, fade, scroll and wipe effects under
- control 3

Two independent “flash clocks” allow words or

Figure 1: the circuit of the QUICC-10M controller board

Anatomy of the display panel

Each QEDDS008 display panel is a seff-contained subsystem
based on a HD64180 processar, It is designed to form a tilein a
larger system {up to 15 panels, though this project - you may be
relieved to hear - only uses three), and communicates to the
outside world via a 26-way IDC connector, supporting an RS422
serial protocol at 12500 baud. On-board links select the tile
number and other operating parameters, aliowing up to three
panels to be daisychained along one ribbon cable. All panels
receive the same software commands, and work out what to
display from their tile select links.

Four PCBs make up a working display panel; two identical
display modules plug into the main processor board, and a mosfet
transistor card plugs on the back. The latter provides drive to the
seven rows for each colour, making a total of 14 transistors.
Column drives are provided via a number of ULN2003 transistor
arrays on the main board, which are fed from a giant shift register
formed from 74HCT595 devices; the row drive data is also loaded
into this shift register. The processor scans each row in tumn,
illuminating the appropriate column LEDs, and repeats this
operation for the red and green colours. The entire scan cycle is
repeated so that a red or green display is formed by scanning the
appropriate colour twice, whereas yellow is achieved by alternating
them; this way the yellow intensity is similar to the red and green
intensity.

The LEDs are scanned at a rapid rate and at very high peak
currents (circa 150mA); this runs them extremely efficiently,
achieving high intensity for only 4mA approximate average current.
The contrast is altered via pulse width modulation under processor
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Figure 2: the QUICC-IDM component layout

control; this can be altered independently for red and green on a
row by row basis, though the current firmware only allows the
overall display contrast to be altered by software.

The processor subsystem consists of the HD64180 high
integration CPU, 32K eprom and 16K ram, though unfortunatety
only half of the eprom is addressable in the existing design.
Communication with the outside world is provided via a number of
RS422 drivers and receivers; the panels can “talk back™ to.the PC
if required, though the existing firmware onfy supports this in
debug mode. There is also a special watchdog output, which is
fed from a monostable on the transistor card; this is triggered by
the row drive signals, so it only indicates a healthy status if all the
row drivers are scanning cormectly, and the display has power. It is
designed to protect the system against a shorted row drive
transistor or other fault which could resutt in excessive currents
flowing (possibly damaging the display), by indicating the fault to a
control circuit which would then shut the power down.

The watchdog signal is fed to the outside world via one of
three link-selectable channels on the RS422 cable. This allows up
to three panels to share the same catle. The processor reset is
also controlled via an R§422 input from the ribbon cable, and this
is used to put the system into a low power standby mode when
not in use.

The display firmware accepts a simple set of software
commands to display characters, set colour/flashing attributes and
change the overall contrast. These are covered in detall in the
documentation that comes with the PC driver software.
Characters are sent as straight ascii codes, which closely match
the PC character set for codes below 128. The full range of PC-
compatible accented characters are also supported, along with
special graphics and kanji characters which do not correspond to
PC characters, but can stili be displayed by sending the
appropriate ascii codes. Attributes define the colour (red, green or
yellow) and one of two flash modes for each character.

Two “flash clocks” are also fed to the display, and are
continually scanned by the firmware. Any characters with one of
the flash aftributes set will be extinguished when the
comesponding flash clock is in the “off” state. In this project, the
flash clocks are driven in antiphase by defautt {though can be
adjusted via special commands to the control board - see later),
resulting in alternate flashing of characters with the corresponding
attributes set.

Each display panel requires three power supply rails: 8V at
approx. 300mA for the logic, 24V at approx. 20mA for the
transistor drives and 8V at up to 5A for the LED drives. This latter
supply is the most tricky to provide, as the current censumption
can vary from almost nothing to approximately 15A for a three
panel system, nuling out a supply with significant minimum load
constraints. For safety, it also needs to be logic controlled, so that
it can be shut down in the event of a fault. More details on

24 %4 line
Fully PC Controllable

choosing a suitable supply are given in the second
part of this project.

Note that since the display panels are ready buiilt,
and the design belongs to the original manufacturer,
a detailed descniption of the pane! circuit and
firmware is not included. Connection and
configuration information is provided later in this
article.

The PC Software

To drive the displays from a PC, you will require
specialised software. For DOS-based systems, |
have written QDSL. (QEDD3008 Dispiay Script
Language), which allows you to quickly display
messages and various special effects using a simple but flexible
scripting language. The advantage of DOS software in this context
is that you can get away with an extremely cheap and low power
PC; a 286 system with only 640K base memory shouid be fine.
Script files can be edited with an ordinary text editor, and are fairy
intuitive once you have understood the basic concepts.

For a more user-friendly approach, you can used Windows-
based WInDSL, written by a friend of mine, Huw Walters. This
offers a full wysiwyg interface, and works like a proper word
processor, even allowing you to paste in text from other Windows
applications. While it does not yet offer the full feature set of
QDSL, it is much more stylish and pleasant to use, and can
output QDSL scripts, so you can still use a low performance DOS
PC when actually running the system. You can, however, run the
scripts directly from WinDSL if your PC is adequately powered,

Finally, there is IDMUTIL, a DOS-based utility program that
allows you to fully test and configure the QUICC-IDM controi
board. More details on using this program are given later in this
article. The latest releases of these pregrams can be downloaded
from Huw Walters' web site, on
http.//www.realspace.demon.co.uk.

QUICC-IDM Control Board

The original display system was not specifically designed for PC
control, though it runs at a baud rate very similar to what a PC can
achieve (12500 baud as opposed to 12800 baud). ft
communicates via RS422 rather than RS232, and there are other
signals that need to be managed, such as the flash clocks and
display reset. For safety, the display power supply needs to be
shut down in the event of a fault, so some form of protection
circuit is necessary. Hence the extra control and interface circuitry
that is needed.

Originally, | undertook the design of a simple control board,
which was basicaity an RS232 to RS422 converter, with a
monoestable circuit to start the power supply and provide
automatic power down facilities. This was called QUICC
(QEDDYCO8 Universal Interface and Control Circuit), and a
significant number have been sold to date via Greenweld, but
stocks are now almost exhausted, and that design is being
discontinued.

While the basic QUICC design was effective, it had some
shortcomings, and was not particularly flexible or configurable for
different operating environments. Therefore, | undertook the design
of a more elegant and sophisticated board called QUICC-IDM
{inteligent Display Manager). This is based on a PIC16C84 {or
PIC16F84) microcontroller, ang provides significantly enhanced
features, such as programmable timers, fault diagnosis,
configurable flash clocks and software-controllable power-up and
power-down. The PIC firmware contains a full software UART,
allowing it to accept a number of PC commands, and provide
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Figure 1: the circuit of the QUICC-10M controller board
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2.5GHz frequency counter
for £99 inc vat & delivery

Features
10Hz - 2.5GHz frequency

8 digit LCD display

Auto power off

Period measurement

Data hold, relative

Merory, min/max/average

3 input ranges

4 gate times per range
Optional rf antenna available

Vann Draper is cffering the FC2500 2.5GHz frequency counter to readers of Electronic s Today

Intematicnal at a special discount price.

The FC2500 normally sells at an already low price of £116.33 but is available to readers of ETI at

only £99 fully inclusive of vat & delivery.

An optional telescopic antenna for rf measurement is available for Just £6.95 fully inclusive.

The FC2500 is supplied complete with operating 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.
Altematively tel 0116 2771400, fax 0116 2773945, emall sales @ vanndraper.co.uk

Frequencysange

Display

Measurements

Gate times
Sensitivity

Frequency accuracy
Power requirement

10Hz - 2 5GHz
8 digit 0.5" liquid crystal display
Frequency, period, data hold, relative, memory, min/max.ave

4 gate times per range

Key Specifications

76MHz - 2.5GHz <50mV
+/- 4PPM + 1d
4 x 1.5V AA batteries (not supplied), or 9V 300mA adapter

-

Vann Draper Electronics Ltd
The test & measurement specialists
www.vanndraper.co.uk

Use this coupon for your order
Please supply me:

e FC2500 frequency counter(s) at £99 inc vat & del
... AT-20 antenna(s) at £6.95 inc vat & del
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Te! No:
Total £

Cheques payable to Vann Draper Electronics Ltd
of 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 1o the country. Please telephone,
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information via response messages. The board also has an
optional opto-isotated relay dnve circult to facilitate the iogic
control of the display power supply:

The rest of this month's article is given over to a description if
this board, and full constructional details are provided. While PCB
foil patterns are provided in this magazine, | recommend that you
buy a ready-made board from Greenweld or myself, since this is a
double-sided board. The ready-made board is a high quality, silk
screened, double sided plated through hole beard. (See the end
of this article.)

The circuit
The full circut diagram is given in figure 1, and a component
layout diagram in figure 2.

The PC serial port is connected to 9-way male D-type CONNI,
and the RS232 signals processed by IC3, a MAX233 dual
transceiver. This has on-board charge pumps, so does not need
external capacitors. The PL7 links allow the serial connector to be
configured as DTE (requiring a reversed or “null modem” cable}, or
DCE (requiring a straight through cable). For DTE, pins 1,2 and 3,
4 and 9, 10 and 11, 12 are shorted, and for DCE the shorting
links are moved to the other four pairs of pins, The recommended
setting is for DTE, as this is nommally associated with a male
connector. Note that you can of course plug gender reversers into
the D type, but you cannot replace it with a female one (the pinout
would not match). Apart from the RX and TX signals, DTR from
the PC is used to drive the flash clocks to the panels, and DSR is
used to indicate the display PSU status. Other handshake lines
are unused, and RTS is connected to CTS to allow PC terminal
programs to work. ]

Meanwhile, the dispiay panel nbbon cable is connected to 26-

way IDC plug PL1, and received RS422 signals are processed by
IC1, a 34C86 CMOS quad line receiver. Note that this device has
fail-safe inputs, and will read a logic high for disconnected or
inactive inputs; the cheaper bipolar 3486 equivalent does not have
this feature, and must not be used. Transmitted RS422 signals are
processed by G2, a 34C87 CMOS quad line driver. The cheaper
3487 bipolar part can be used instead, but at the expense of
significantty higher power consumption.

Signals received by the display panels are RX data (PL1 pins 3
and 4}, display reset (pins 23 and 24), and the two flash clocks
{(pins 11, 12 and 15, 16). The PL8 links are provided to allow you
to preset the flash clock polarity (or selectively disable the flash
clocks alttogether), but since the PIC offers software configurability,
they are generally left at their defauit settings (pins 1, 2 and 3, 4
shorted for flash 1, and pins 8, 10 and 11, 12 shorted for flash 2},

Signals transmitted by the display panels are TX data (PL1 pins
5 and 6}, watchdog 1 (pins 1 and 2), watchdog 2 (pins 17 and 18}
and watchdog 3 (phs 21 and 22). When you come to configure
the display panels (described in part 2), you will find that each
panel can output its watchdog signal on one of these three
channels. The recommended setup is for the watchdog to
correspend to the panel number, which makes fault diagnosis
much easier.

At its simplest level, the board acts as an RS232 to RS422
converter, and transmitted data from the PC Is fed directly from
IC3 pin 3 to IC2 pin 1. Received data from the panels is fed from
IC1 pin 13 {via switch SW1h) to IC3 pin 2, but this time via AND
gate IC5a; this is necessary to allow the PIC comms to be gated
in, Note that switch SW1h allows the received panel comms to be
disabled for debugging or fault finding use (this was not present
on earty issues of the QUICC-IDM board),
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PIC microcontroller

The heart of the system is the PIC microcontroller, IC6. This
receives data from the PC via pin 6, and transmits it to the PC via
pin 12, which feeds into the other input of IC5a. Thus the PIC
receives all data transmitted from the PC (including that to the
panels, which it ignores), and can transmit back to the PC, but
only while the display panels are not transmitting. This is not a
problem in practice, since the existing panel firmware does not
transmit at all, except during debugging, and any new firmware
would be designed to transmit only in respense to a direct PG
command. This is the way the PIC itself works, in that it only
transmits a status message back to the PC in response to a valid
PC command.

The PIC controls the display power supply via pin 2, feeding
into common emitter stage Q1. This in tum provides a drive to the
PSU logic control signal via PL2, suitable for the original 8V
supplies that came with the display system, or any other PSU with
an opto-isclated Tnput control. Afternatively, you can use the cpto-
isolator drive circuit formed by IC4, either by connecting directly to
the output pins via PL6, or using the output drive transistor Q3,
also connected via PL6. Part 2 of this article contains more details
on controling PSUs via this circuit.

The PSU control signal also illuminates LED3, indicating that
the system is running, and is fed to IC3 pin 1, which in tum
generates the DSR signal to the PC. This allows the PC software
to directly monitor the PSU status, to check that the system is
running correctly, and fag an error if it shuts down unexpectedly.
in this case, the PSU software would usually interrogate the PIC
for turther details regarding the fautt.

The PIC also controls the reset to the display panels from pin
1, and this is fed to IC2 pin 7 which in tum generates the RS422
signal on pins 5 and 6. This signal is asserted low while the
system is in standby mode, in order to blank the display panels
cleanly (ctherwise they would fade out while the PSU voltage
decayed away), and minimise thelr power consumption from the
logic supply {typically 25 percent saving compared to when the
panels are running but blank). It therefore illuminates standby
LED2, via common emitter driver stage Q2; the transistor is
required to prevent the LED from pulling the PIC cutput voltage
out of tolerance.

The PIC reads the DTR signal from the PC, via pin 11 (from pin
20 of IC3). This is nomally toggled by the PC software when the
system is running, to provide the flash clocks to the display, and to
kick the PIC's internal standby timer to prevent it going into
standby mode, The PIC generates the two flash clocks on pins 17
and 18, which are converted to RS422 by IC2. Normally, the PIC
will simply set them to follow the PC DTR signal, so that they will
run in antiphase, but intemal dividers can be set up on software
command, so that the clocks can run at entirety different rates,
with varying mark-space ratio.

Switch SW1d feseds directly into pin 10 of the PIC, and is used
to enable or disable standby mode. Because this is a common
function, it is also brought out to the outside world via PL4 pins 3
and 4, so that an extemal switch can be connected. The PIC also
directly drives LED4 (system booting) and LED1 (fault indication);
reslstor R24 converts the open collector to a logic level for
monitoring via TP7. Note that link PL10 is provided so that LED4
can be disabled if, for example, it drainsitoo much current for the
in-circuit programming to work (see below).

Watchdog signals

In order to provide fautt monitoring capability, the three display
watchdogs are fed to the PIC pins 7, 8 and 9, via AND gates
IC5a, IC5b and IC5d respectively (note that the watchdogs are

shown out of order on the circuit diagram - this made the layout
simpler). They also pass through switches SWia to SWic,
allowing the watchdogs to be selectively disabled for fault finding.
The other inputs to the AND gates are fed from config switches
SWie to SW1g, the other side of which are directly connected to
the reset line from pin 1 of the PIC. This reset line also feeds into
the enable signal on IC1, which will tri-state its outputs when it Is
asserted low. The net result is that the PIC monitors the display
watchdogs when the panels are out of reset, but reads the config
switches when they are In reset, effectively doubling the amount of
1/ available. In practice, the PIC only reads the switches when it
starts up, so needs to be resst or power cycled in order to pick up
changed settings.

Note that an intrinsic feature cf the fail-safe nature of the
34C86 part (IC1) is that watchdogs for disconnected or absent
display panels will read “good", indicating a panel being present.
This Is a deliberate aspect of the design, so that less than three
panels can be used with the board without having to manually
disable the watchdog signals; forcing the user to disable the
watchdogs for absent displays could be a hazard in the eventuality
of more panels being added at a later date, as they may forget to
re-enabie them. The downside of this design is that certain panel
fautts, such as an absent 5V supply, will not be plcked up, but
these are not dangerous faults. Any single fault compromising the
safety of the systemn, such as a shorted 8V supply or failed row
drive transistor, will be detected. Since the PIC also uses the
watchdogs to report the number of panels fitted to the PC, the PC
software could check for a specific number of panels, and report
an error if less were discovered (this would provide close to 100
percent fault coverage).

Clocks and reset

The PIC is driven by a 4MHz clock, derived from XTAL1. This may
be a crystal or ceramic resonator; if using the former, then
capacitors C2 and C3 are typically chosen to be 33pF.
Afternatively, if using a resonator, they are typically 47pF. Note that
you can use a three-terminal resonator, in which case the
capacitors are nct required.

Though the PIC has an intemal power-on reset circut, this is
not adequate for slowly rising supply voftages, and provides no
protection against brown-out conditions. Therefore, the board
contains an external power-on reset circuit, consisting of C4, R16
and D2. A manuai reset Is available via button SW2, also brought
to the outside world via PL4 pins 1.and 2. R15 protects the button
from discharge currents from C4, while R19 protects the PIC
MCLR input from noise spikes. D2 ensures the capacitor is
discharged as the supply voftage falls.

An optional brown-out protection circuit can also be fitted (this
was not present on early issues of the QUICC-IDM board), based
around IC7, a DS1233-10 Econo-Reset davice {this must be a
DS1233 device, not a DS1233A or DS1233M device). This will put
the systemn in reset whenever the supply voltage drops below 4.5V
(other tolerances are available, but this 10 percent tolerance
device is recommended because the PIC can work down to
4,0V). Link PLS is present to allow the device to be disconnected
when the in-circuit programming feature is used (see below), as
the high voltages present on the PIC MCLR pin would otherwise
damage it (D5 attempts to provide some protection if this is done
inadvertently).

Miscellaneous

The board provides full in-circuit programming capability via PL5,
More details on using this facility are given at the end of part 3 of
this project, but it basically allows you to program the device in-
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situ using any commercial or home-brew programmer that
supports the modern serial programming protocol. When using
the facility, 12.75V is applied via PL5 pin 4 to the PIC's MCLR pin,
s0 link PL9 must be opened to protect IC7 and allow
programming to take place. Programming clock and data signals
are applied via PLS pins 2 and 3, respectively. The ground
connection should be made via PLS pin 5, but you would not
normadly connect to the supply voltage on pin 1. Note that LED4
will illuminate during programming, acting as a handy
prograrmming indicator, but could present too much of & curent
drain for some prograrnmers to work. In this case, it can be
disabled via PL10.

The PIC firnware has three configurable timers stored in
internal eeprom. These can be adjusted via software commands
from the PC. The Standby timer determines how long the system
waits before going into standby mode since the last toggle of
DTR, or the.last “wake up" message sent from the PC. The two
other timers are concerned with booting the system from standby
mode:

When the system receives a "wake up” message from the PC
{or the standby switch is open), the PIC attempts to perform a
Clean startup of the displays (to prevent their “sign on” message
appearing). Firstly, it takes the dispiays cut of reset, extinguishing
LED2 (Standby) and iluminating LED4 (Boot). It then waits for the
Boot timer interval, giving the PC software a chance to blank the
display data, and switches on the PSU, iluminating LED3 (Run).
then waits for the PSU Overtide timer interval before extinguishing
. ED4 and beginning to monitor the dispiay watchdogs. The PSU
Override timer therefore gives the PSU time to reach full output,
and defaults to 300ms; it may need to be lengthened for
particularly slow PSUs. The Boot timer defaults to 400ms, bt can
be lengthened if required to prevent the PSU from being turned on
too rapidly after previously being turned off (especially if the PSU is
being switched at its mains input - some PSUs do not like short
interruptions to ther mains supply).

Construction

A PCB layout diagram is shown in figure 2. This is identical to the
sik screen on ready made PCBs. The ready made board is &
double sided plated through-hole design, so if you are
manufacturing your own non plated-through board, you must
ensure that all through-board connections are made by soidering
on both sides of the PCB. Via holes will have to be soldered via
pins or small wire links, and some components, such as IC
sockets, will have to be carefully chosen so that you can get
access to soider the component side of the PCB.

Assuming you are using a ready made board, construction is
very straightforward. The board has small pads, so you need a
reasonably fine scidering iron and good soldering skifls, You
should also note that piated through boards are far more difficutt
to desolder than single sided ones, so comecting mistakes could
be difficult and expensive, especially with multi-pin components
such as ic sockets, | strongly recommend that you do not try to
solder ics directly to the board, as replacement in the case of
malfunction will then be impractical.

For this project, the board will be mounted in a case, with the
LEDs and some switches brought out to a separate control panel
via flying leads. Thus the five LED positions should be fitted with 2-
way Molex headers, pin 1 to the anode connection on the left (the
plastic polarisation 1ab toward the front of the board), sc that the
LEDs can be mounted remote from the board. It is also a good
idea 1o use two 2-way Molex headers for PL4, rather than one 4-
way one, so that the Standby and Reset switches can be
individually piugged into the board. Note that the Standby switch

is in paraliel with SW1d (position 4 on the DIL switch), so this will
have to be ieft open circuit for the external switch to wark;
afternatively, you could cut off pins 4 and 13 from the DIL switch
package (and file them down to ensure they don't short to the
board) before soldering k to the board. Note that the other DIL
switch positions are not brought to the outside world, as they are
for testing and debugging purposes only.

i you do not envisage changing the hardware flash clock
configuration (it can be programmed in software via commands to
the PIC, anyway}, you can simply use four wire links for PLB,
linking pins 1,2 and 3,4 and 9,10 and 11,12. Also, most
programmiers will have no trouble driving (LED4, so PL10 can be
replaced by a wire link if desired. And if you always wart a fixed
configuration for the PC comms, then PL7 can be replaced with
wire finks (see circutt description for configuration details).

If using a crystat for XTAL1, then the metal can shouid be
anchored o the board by soldering it to one of the square pads
on the topside of the boarg; this is best done before C2 and C3
are fitted. For crystals, C2 and C3 are typically 33pF, but check
with your crystal manutacturer if in doubt. if using a 2-pin ceramic
resonator, these capacitors are typically 47pF, though again this
may depend on the specific device being used. For the most cost
effective solution, use a 3-pin resonator, and dispense with C2
and C3 altogether. Note that the XTAL1 pads are deliberately very
small, to prevent short circuits to the underside of the crystal body
(however, it is still best to use an insulating washer if possible), so
you shouid take axtra care when soldering them.

If you never intend to use the in-circuit programming facility,
then you can dispense with PL5 and replace PLI with a wire link.
D5 can also be omitted, and C4 reduced down to approximately
220nF, since it no longer has to provide power-on reset when PLY
is open. Altermatively, if full brown-out protection is not required,
you can simply omit 1IG7, D5 and PLS.

The optional opto/relay drive circuit 1C4, Q8, R7, R8 and D4 is
highly dependent on the sort of power supply being used, and
can be omitted aitogether if one of the original 8V supplies {or
another supply compatible with the drive from PL2) is being used.
Part 2 of this project gives details on cheosing a suitable PSU, so
ftiis best fo wait until the choice has been made before
constructing this part of the circuit.

When mounting PL1, it shouid be secured to the board using
M2.5 screws before soidering the pins, to prevert the solder joints
being stressed. This also applies to CONNT, if it is not a snap-in
design. For snap-in D types, solder the retaining lugs as.weil as
the data pins to provide additional mechanical strength.

IC sockets are recommended for all devices, including the
optoisolator IC4 {note that 6-pin optos shouid be fitted to the right
hand side, with PCB pads 1 and 8 unconnected). Also, there are
a number of test points provided, but you don't have to fit them
all. To facilitate testing, fitting supply and ground points TP1-TP4 is
recommended.

Note that IC7 must be a DS1233-10 (or at a pinch D51233-5).
The DS1233A and DS1233M devices cannot be used, as the
former is for 3.3V systems, and the iafter has a completely different
pinout. As the dewvice is physically small, the part number may be
difficult to see, so check it very carefully before fitting it to the board.

In order to see what the board is doing, you really need to
connect LEDs to the five Molex connectors along the front of the
board (LED1 to LEDS). To save time and effort, you might as wel
make up the LED assembiies that will go into the final systemn.
These are basically 30cm lengths of lightweight twisted pair wires,
with the LED soldered at one end (use insulating sleeving on the
joints), and a 2-way Molex header on the other. Make sure that pin
1 of the connector goes to the LED anode.
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For the proposed system, | recommend that you use high
brightness water clear LEDs, as they look very smart through
the clear freznel lenses that | also recommend. In order to
identify which colour is which, you could make the anode wire
match the LED colour (use grey or a different shade ofgreen for
the second green LED). The cathode wire can be ancther
colour.such as black. Once the assemblies are complete, plug
them into the appropriate connectors, as follows:

LEDS (Power) - green
LED4 (Boot) - orange
LED3 (Run) - green
LED2 (Standby} - yellow
LED1 (Fault) - red

You will need to power the board in order to test it, so you
should make up a twisted pair cable assembly to plug into PL3.
In erder to minimise voltage drops, you should use moderately
thick wire, and terminate it in a 3 way Molex header, with +5V
going to pin 1 and OV to pin 2. Pin 3 is left unconnected. The
cable assembly should ba approximatety 50cm long, and the
wire colours should be red for 5V and black for OV.

Assuming you have configured the board as DTE, you will
need a serial cable in order to test the board with a PC. Such a
cable can be bought commercially, as a 9 way female - 9 way
fermale reversed or *null modem” cable. it may aiso be called an
“AT data transfer cable”, because it can be used to connect
two PCs together. !f you want to make up your own reversed
cable, the following connections are required:

RX pin 2- TXpin 3
TX pin 3 - RX pin 2
DTR pin 4 - DSR pin 6
GND pin 5 - GND pin 6
DSR pin 6 - DTR pin 4

If using the board as DCE, simply use a cable with the above
pins wired one to one between the two connectors.

Testing the board

Once assembly is complete, it is a good idea to take time
check carefully that alt polarised components are the right way
round, and that alt soider joints are socund, with no bridges or
splashes. It is also advisable to use a multimeter to check that
the supply rails are not shorted. Finally, ensure that DIL switch
position 4 (SBY) is open, and alf others are closed.

Next, apply power to the board, preferably from a cument
limited supply set to nc more than 100mA (unless you have
used a bipolar device for 1G2, where the limit should be more
like 200mA), If the power consumption rises above
approximately 80mA (150mA for bipolar IC2), then there is a
fault, and you should turn off and re-check the board for
assembly faults.

Assuming everything is OK, you can do some basic testing:
LEDS5 {Power) should be lit, and when the reset button is
pushed, LED2 (Standby) should light briefly, then go out and
LED4 (Boot) should light. Shortly after this, LED3 (Run} should
light, and shortly after that LED4 (Boot) should extinguish. LED3
{Run) should remain lit, and LED? {Fauli) should not light at all.

if you have observed this operation, then the PIC is basically
functioning, though there could obviously be faults in the PC
and display panel communications. To test the PC interface,
you should connect the board to a COM port, and run the
[DMUTIL program {use the /2 option to use COM2}. The

program should indicate the presence of the board, and display
a block of information regarding the timer settings and switch
configuration (you can use the /v option to obtain more detailed
information). If the software fails to detect the board, then you
should check the cable and connections, and faifing this U3
and the PIC itself (UB).

The three configuration switches SW1e to SWig (labelled
C1 to C3) are only read by the PIC after reset or power-on, and
with the current PIC firmware, control the following:

Switch C1 - Force QUICC compatibility mode (when open). The
PIC wilt start the system whenever DTR is toggled by the PC,
rather than when it receives a specific start-up command. This
makes the board behave like the simple first generation QUICC
board.

Switch C2 - Force “dumb”™ mode (when open). The PIC wili no
longer send any responses to the PG {so it will think the board
is not present), but will still act on PC commands. if there is
something wrong with this switch, or connection to the PIC, the
board will not be detected by IDMUTIL.

Switch C3 - Wrrite protect eeprom memoary {when open), Any
attempts to adjust the timers will fail, because the PIC will not
update the stored settings in its non-volatile eeprom memory.

You can check the operation of these switches by changing
them, and resetting the PIC afterwards. As long as switch C2 is
closed, IDMUTIL wilt report whether any of the switches
{including the Standby switch} are open. IDMUTIL can aisc be
used to test LED1 (Faul) via the /t option, as long as you are
using the latest firmware (1.06 and above).

Further testing of the board can be done once you have
assembled a proper system, and this is covered in pant 2 of this
project next month.

Hardware

The Display Panels can be purchased from myself or
Greenweld Electronics as surplus items, and currently cost £15
each inclusive. Some units suffered minor damage while being
removed from the original system, sc it is a good idea to
request panels in good condition. t have aiso found
manufacturing faults in a few of them, including unsoldered
joints, an eprom leg bent under the device, and a reversed
polarity reset capacitor that was causing the panel to shut
down intermittently. It is a good idea to inspect each pane!
carefully for this type of fault before using it in this system.

The double-sided Controller PCB cumently costs £40: the
price includes the pre-programmed PIC (not copy protected),
and a disk containing all the PC software, documentation, and
the PIC hex files. The PIC source code is not included, though
you can buy it directly from myself - please enquire. If you
intend to make your own board, | can supply the PIC and
software for £20. If you wish to obtain display panels and/or
QUICC-IDM controller PCBs from myself, please write to: R. A.
Coward, 22 Alexandra Park, Queen Alexandra Road, High
Wycombe, Bucks HP11 2HJ or email enquiries to
rcoward@dev.madge.com. Service by mail order only; please
do not telephone or call. Please make cheques payable to R A.
Coward and add £9 postage and packaging to any order that
includes, or £5 if you are only buying boards and software.
Display panels have not been inspected or tested. While | would
attempt to ship the order as quickly as possible cnce payment
has been received, please allow up to 28 days for delivery.
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Resistors
R1,3-5,16,22-24 . t
RO-13, 17-18 P —————
R2, R14 et =

.

SIT S14Yd

R15, R19 -
R20-21 : .
R6
R7-8 - w ependant ext)

* . "‘- e a
Semiconductors . pou g e i
ic1 4C86 line receiver (F; .
IC2 34C87 quad RS422 line driver (Farnell 406-
Ic3 MAX233 dual RS232 transceiver (Farr
IC4 4N32 opto isolator (swteig" .
IC5 74HC08 quad 2 input AND gate--ﬂ"
Ic6é PIC16C84 PIC micro (pre-programmed)
Ic7 DS1233-10 econo-reset 10 percent
an BC182L NPN transistor B i .
a2, Q3 BC212L PNP transistor (see text for Q3 -y
D1,03,D4,05 1N4007 1A rectifier d:o.da(saemn ~ T A
D2 1N4148 signal diode o ————————

-

i A

External LEDs (water clear, high brightness): et -
LED1 Red 5mm LED (eg R$ 260-9485)

100uF electrolytic capacitor 16V

33pF or 47pF ceramic capacitor (see text)
2u2 tantalum capacitor 10V

10-100nF polyester or ceramic capacitor

2144 or 2145 1mm dia. Veropin (see text)
e R Shorting links for headers

20-way DIL socket

18-way DIL socket

16-way DIL socket

14-way DIL socket

M2.5 screws and nuts
‘H;_f ~ 4MHz crystal or rescnator (see text)

~ 8-way dil switch (Farnell 145-432)

~ click switch (Farnell 151-143)

-u-t E e
i X
pnap o .

|
a F *F@ﬁﬁycombe, Bucks HP1t1 2HJ. Email:
i RS RS
- ‘:."I}'

pton, SO15 SUO. Tel 01703 236363 Fax 01703 236307.

LED2 Yellow 5mm LED (eg RS 260-9508) o
LED4 Amber/Orange 5mm LED (eg RS 260- 951\4, B s —
LED3, LED5 Green 5mm LED (eg RS247-1678) b
B i
Connectors B
J1 9-way male right angled D type {Farnell 150-750)
PL1 26-way right angled IDC header (Farnell 249-245) e ‘:“'
PL2, PL4a+b, PL9 2-way Molex header {PL4 in 2 parts) {Farnelf 143-138)
LED1-LEDS 2-way Molex header (see text) (Farnell 143-139) e
PL3 3-way Molex header {Farnelt 143-140) m
- PLS 5-way Molex header (Farnell 146-698) b
PL6 6-way Molex header (Farnell 143-142) o
PL7, PL8 Dual 8-way pin header (Farnell 672-063) ol
PL10 2-way pin header/wire link (see notes) -
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~ Tracking Filter

'éf;lecfo Unit

am always reluctant to claim that anything is new,
particularly when dealing with guitar effects, but
this tracking filter effect is certainly one that | have
not encountered previously. its primary effect is to
fiter the guitar so that it has a much more pure
sound. It does not quite filter the signal to the point where a
sinewave is obtalned, but it comes quite close to achieving
this! The purity of the sound, together with a slight tremolo
effect as the filter initially locks onto each note from the guitar,
gives a weird and wonderful effect. Although there is no slide
from one note to the next, the sound is reminiscent of a
Theramin, or a synthesiser set up to give that sort of effect.
The unit has a second mode of operation which “notch”
filtering. This results in the fundamental frequency disappearing
as the filter locks onto each note from the guitar. To my ears at
any rate, the “notch” effect is less musical than the lowpass
type, but others might not agree.

Keeping track

Repetitive waveforms consist of a fundamental frequency plus
harmonics {multiples) of that frequency. A sinewave is a tone
where harmonics are totally absent, giving this type of
waveform its characteristically pure sound. With all other
repetitive waveforms at least one harmonic is present, and with
many waveforms there are numerous strong harmonics.
Harmonics tend to be strongest with waveforms that have fast
leading and/or tralling edges, such as squarewaves and pulse
types. In the world of analogue sound synthesis it is quite
normal to use filtering to modify one waveform and produce

This unusual guitar effect reminiscent
of a Theramin uses a phase locked loop
and switched capacitor filter to track
changes in the guitar’s pitch.

Robert Penfold

V.C.0. cv <

PHASE
COMPARATOR

LOWPASS
FILTER

another. For example, applying heavy lowpass filtering to a
squarewave type can produce something approximating to a
triangular signal.

This type of sound manipulation is easy with an analogue
synthesiser because both the tone generators and the filters
are voltage controlled. With some simple adjustments of the
synthesiser's controls the filter will automatically track the tone
generator. This ensures that the effect remains constant over a
wide range of pitches. Matters are more difficult when this type
of filtering is applied tc a guitar, because there is no easy way
of making the filter track changes in the guitar's pitch. Without
accurate tracking neither the “notch” nor the lowpass fitter
effects are usable over a range of more than a few semitones.
Although there is no way of producing a really simple tracking
fitter, a circuit of this type does not need to be particularly
complex either. Tracking filters are actually quite common in
test equipment and communications.

Phased locked loop

There are purely analogue approaches to the problem, but
most circuits of this type are based on a phase-locked foop
(PLL). A phase-locked loop uses the arrangement shown in the
block diagram of figure 1. The basic action of the circult is to
maintaln the output of the voltage-controlied oscillator (VCO) at
the same frequency has the input signal, and also in phase
with that signal. The output of the VCO and the input signal are
applied to the inputs of a phase comparator. The output signal
from the phase comparator consists of a pulse stream, and
these pulses are smoothed by a lowpass filter to produce the
control voltage for the VCO. If the VCO lags behind the input
signal in phase of frequency, the output voltage from the
lowpass filter goes much higher. Conversety, the output voltage

x m L l =
ST 3 P T % e e

1

(@ ®
iy, i

Figure 1: the simple arrangement used in a phase-locked loop

Figure 2: (a) conventional C-R low-pass filter and (b} the switched
capacitor equivalent
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from the lowpass filter goes much lower if the output from the
VCO leads the input signal in terms of phase, or is at a higher
frequency. This locks the phase and frequency of the VCO to
the input signal by means of a conventicnal negative feedback
action.

On the face of it, this is all very clever but does not help to
produce a tracking filter. However, together with some
additional circuftry a phase-locked locp can provide an
extremely effective tracking filter. The other main ingredient is a
switched capacitor filter. A conventional C-R lowpass filter uses
the arrangement shown In figure 2a, and the switched
capacitor equivalent of this is shown in figure 2b. In a practical
switched capacitor filter the switch Is an electronic type and a
clock oscillator controls it. In the C-R version of the fiter the
resistor limits the rate at which current and flow into and out of
the capacitor. If the input voltage changes slowly the signal
across the capacitor is virtually the same as the input signal,
but at higher frequencies the capacitor cannot charge and
discharge fast enough to accurately track the input potential.
The higher the input frequency, the lower the output amplitude
will be for a given input level. The ultimate attenuation rate for a
single stage filter is just six decibels per octave, which means
that each doubling of the input frequency halves the circuit’s
gan.

The switched capacitor filter operates in a similar fashion. If
the input voltage rises, C1 charges to this new potential when
the switch is set to the left, and discharges into C2 when the
switch Is set to the opposite position. If the input potential falls,
C1 charges from C2 when the switch is in the right hand
position, and discharges into the input circuit when SW1 is set
to the left. In the practical filter the value of C1 Is made very
much lower than that of C2, and it therefore takes several
switch cycles for the output voltage to respond to changes in
the input potential. Like the resistor in a C-R filter, the switch
and the capacitor restrict the rate at which current can flow
between the input and output of the fitter. The crucial factor In
this case is that the faster the switch is operated the higher the
cut-off frequency of the filter. The ratio of the clock frequency
to the cut-off remains constant over a wide frequency range. In
practical switched capacitor filters the circuit values are
normally arranged to give a ratio between the clock frequency
and cut-off frequency that is either 50 to 1 or 100 to 1.

Getting it together

The block diagram of figure 3 shows how a phase-locked
loop and a switched capacitor filter are used to produce the
tracking filter used in this effects unit. A phase-locked loop
is very good at handling input signais that contain
substantial amounts of noise. However, it Is still necessary
to produce a reasonably “clean” input signal if the circuit is
to lock quickly and reliably onto the input signal. Guitars
represent awkward signal sources for this type ot thing due
to the strong harmonlc content of their output signals, and
the changes that occur during the course of each note.
Some signal conditioning Is therefore required ahead of the
phase-locked loop.

The first stage is simply a preamplifier with a preset gain
control. This stage merely acts as a buffer when the unit is
used with high-output pick-ups, but with low-output types it is
used to boost the signal by a factor of about 10. The next
stage provides further voltage gain, together with a substantial
amount of lowpass filtering. Although only a single stage filter
is used, the cut-off frequency is set guite low so that the
harmonics on most input signals are severely attenuated. The
signal is then appiled to a trigger circuit that provides a (mcre
or less) squarewave output signal.

Unaided, the phase-locked loop will provide a clock signal
for the switched capaciter fitter that is equal to the input
fregquency. In this case, we require a clock frequency that Is
one hundred times input frequency, and this is achleved by
including two divide by 10 circuits between the output of the
VCO and the input of the phase comparator. The phase-
locked loop still operates in much the same way as normal,
but 1t is the signal at the output of the divider chain that is
kept in phase with the input signal. This provides the required
clock signal from the output of the VCO, at one hundred times
the input frequency. This is used as the clock signal for a four-
stage switched capacitor filter that can operate in the lowpass
and “notch” modes. A bandpass output is also available, but
is not used in this case as it provides much the same effect as
the one avallable at the lowpass output. The output signal
from a switched capacitor filter is stepped type that is
effectively modulated slightly by the clock signal. A lowpass
filter at the output of the unit removes the stepping to produce
a “clean” output signal.

GAIN
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INPUT o0———— PREAMPLIFIER

FILTER I
AMPLIFIER VRLE L

P.LL DIVIDE 8Y 10 l—-& DIVIDE BY 10
; —

SWITCHED MODE ELECTRONIC LOWPASS NOuT
b— CAP. FILTER SWEH | FLTER g OUTPUT
T —— T
]

+
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Figure 3: the block diagram for the Tracking Filter Effects Unit
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mwpagenbckpm(umaﬂbmmnmnmh
D lead to plug inlo tha compuier ang peb ping tor composite
video in and oul. When na video Ingut 1§ connected the
rormal computer display i shown on the Compasite vided ol
when the video gt 1§ a3deq ths whte areas of The ecreen
ara meplaced by the videc kmage. The pct i powsred from the
-computel, £19.96

WATCH SLIDES ON TV

i diaty' aviomatic side viewer with bull I hgh
quality colour tv Camera, compoate Ve output with & BNC
flug. In very good condition with hew signs of use £108.00

Board camerss ol with 512x382 Dhisls 4.4x3.3mm sensor

mquite 10 to 12vic power supply 47MIR size BCx38x2Tmm
with @ s 1ad l6as {ghved the same illuminaton b5 & small
torch would) £30.00+vat = £53.75

JOMP 2 39x32IMM sy CAMEN with & fukd 100ue PN
hole lens 1F hidng Datnd 8 very smail hows. £57-vel =
£86.98

A0MC size 36x38x26mm cameta for 'C’ mount lens this grves
& much clearer picture than with the Jmal ignses £64.79

standand 'C mourt e F1.6 16mm for 40MC £26.43val &
£31.08

waterproo! camers with stylsh Wl A swivel cass
£92.78 « vat & £109.00 or 10+ £80.32 « vat « £104.85

DTAIC Hand neid transistor Bristyus R 1alls you which jead I8
the Dase, ™e colkector and smiiter and I i is NEN of PNP or
fandly. HMA20 hand Hakd MOSFET anatyser identihes pate
drain and source end i P or N channet  DTAXD & HMAZ0
£30.34 efch DCASO componend analyser with id rasdout
Identties transistors mostets cicoes & LEDs isac connections.
£89.95

Speaker cabinets 2 wily SDaakar sysiems win motorola
Twadiers

speaner dia 1 1 5
POwS rating 0WRMS  17TEWRMS  100WAMS
impedance Bohm Sohm Bohm
fraquancy 40hz-20khz  45hZ-20khz  GONZ-20KhI
TWAM) 0708 dl 9208
size In mm S00n720W340 4S0XBAONIAS 315x460x230
weight 21.1%g 16,8k 7.4kg
price aach lor black
viryl costing. £139.08 co0.09 £54.54
grey teh coating  £159.97 e 084.99

(™ = not normaly I stock slow 1 week for deliviry)
Powset ampiifers 16" rack mount with gain controls.

STA150 2x150Wrme (dohm oad) 14kg £202 11
STA00 2x190Wrme (4chm losd) T1kg £339.00
STAROO 2x430Wrms (4ohm bad] 1549 £585.00

cabie tias 1p sach £5.95 per 1000 £40.50 pe« 10.000
Rechargable Battaret

AA(HPT} S00mAH £0.99
AA S00MAM with sokier tag £138
AR B50mAK £1.75
C{HP11} 1 24K 220
C 2AH with solder 1843 £2.60
D{HP2} 1.2AH £2.50
D 4AH with solder age £4.05
FP3 8.4V 110mAH i4.95

A72AA with solkter tags £1.55

Sub C with solder tags 2.5
AAA (HP10) 160mAH EL.78
113 AA with tage (DMIOSCTV) 7ot

Nicksl Matal Hydryde Ak celts high cADaCy WIth N0 MBMOryY.
It charged at 100ma and ceacharged o! 250ma o 4sd
1300mAH capacty owat capacty for high cacharge rafes)
£2.08
Special ofars Dleass check for Evasability
stick of 4 42 ¥ 18mm nicad tanenes 17immaxi@mm dia with
Ted & siack ‘sads 4.8v £3.95
5 button ce8 BY 2B0mAN tattery with wires (Varta 5x250DK)
£2.45
Orbitel 565 battery pack 12v 1.80AH contams 10 sub C ceks
with 30ice" 1age (e 5126 MOst commonly used In corchind.
screworvers and drils 22 die X 42mm tal)n in sasy to crack
open mnd was manutactured B 1694, £8.77 eech of 110.50
per box of 148C1 box 190%108x50mm with sion (o housd &
pob the g containa an edge Connaciar (12 way Smm pach)
ad $craw 1erTinals 10 connect In wires and 5 #8CH In cabia
blanks £2.05
7 segment common ancde led dispiay 12mm £0.35
Gas FET ow waikage current S8873 £12.98 each £9.93 10+
7 .85 100+BCS47A tanmistor 20 for £1.00
SLe52 UMF Limmng smpliier LC 10 surtace mounting
packEQe with dats sheet £1.95
DC-0C convertor Agkabity model V12P5 12v In Sv 200ma
vt 300 Input 10 CUEDUL Inchsbon with data £4.94 each of
pach of 10 £39.50
Alpan  AB2903-C wrpe steppng motor 14y 7.5 step 27ohm
88mm dia body 8. 3mm shaft £5.55 o £200.00 for ¢ box of 33
Polyester capRcfion box type 22.5mm lesd pich Q.9
250vac t8p sach 14p 100+ 99 10001l 250Vdc 20p
ohch, 150 1004,10p 1000+Polypropylene 1ull 400vac (Wima
MKP10) 27.5mm pich 32@Ixt7mm case 7Sp each 60p
100+Philips 123 series wolid BTN Gxa! eads It 10v
& 221 AQv 40p sach, 25p 100+ Sodd carbon re#iston vary
\ow Inductenos el for AT circuits 27ohm 2W, 88ohm 2W
250 sach 15p sach 100+ we have g range of 0 25w 05w 1w
@ 2w $0li CRIBON resHON DHase send SAE for Bet MX(180
| mudtimetdr 17 ranges 1000vde 750vac 2hchm 200mA
trangtsos Hie v and 1.8v befiery st £9.95 Hand neid
ulTamOniC remote control £3.04
CV2488 gas relay 30 N 10mm dis with 3 wire fermmals will
aisc work &8 8 neon light 20p each of £8.50 par 100 Verbatm
used on N machings g
prnting presses elc 1 i00KS Bkt @ NOAT cassena wath & slot
ol il of e top £4.95 sach (£3.75 100+)
Heatsni tute £0.95
HV3-2405-E5 5-24v BOMA reguiator ic 18-264vac Input B pin
DiL package £3.49 sach {100+ 2.28)

2 BIOOLCTS a0vertiaac are new and used Lnless Othenwiss
staied wide renge of CMOS TTL 74MC 74F Linear
Transistors kits rechargabiy battense capaciion (ools eic
ahlways i sock

Pase 80 §1.95 towerds PAP (orders from the Scotish
Highlands, Nortrern inpana Isie of hisn. ise of Wight and
overssas may be subject 10 highe: PAP for heavy tems)

vat Inchuoed I el

JPG Eectronics 278-270 Chatsworth Road Chesterielc 540
281

.
Mastarcara’Vas Orders (01248) 211202 fax 550959

JPG ELECTRONICS

CROWNHILL ASSOCIATES LIMITED

The Oid Bakery, New Barns Road,

Eily Cambs. CB4 7PW
Tel: +44 (0)1353 666709 Fax: +44 (0) 1353 666710

Low cost professional quality Smart Card Systems

CHIPDRIVE EXTERN
irtelligent programmer for Smart Cards using the International Standard
T=0 or Tm1 protocols also Memory and Secure Mamory ueing 12C, 2-wire &
3-wire imerfaces

Supplind with softwars to read and write to most popular
secure sman cards , Inc GSM, PAY PHONE and

ACCESS CONTROL cards.
T=0 or Tm1 @ 3.578MHz £69 + VAT
£7.50 P&P

|AS232 @ 2600 -11500 bps
internal Supply / Ni-MH
! Size: 100x70x80 mm
|'Welght 860 Gram
Supplied with CardServer AP for easy
development of SmanCard Applications
using Visual Basic, Delphi or C++
Supplied with Sample Memory cards &
Secure Smart cards

CE

Compliart

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

Physicai protection
agalnst unautfo-
Hred tampering with
the card is provided
through the following
scheme:

Chip Drive Intern
3.5" floppy bay version of the CHIPDRIVE.
Applications are avallable to provide SmartCard con-
trofled 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.dit ﬂ £85+ €5 P&P + VA
£= e

—
NEW CHIPDRIVE - micro

Fully Compatible with TOOLBOX for
application davalopment. Featuring the
same functionality as Chip Drive Extemn
but in a small neat low cost package,
similar in size to a smart card. Supplied
with cardserver.dil A

£65 + £5 P&P

The microprocessar
and memory are created as a sin-
gle chip. This ensures there are no
data paths that can bé monitored
or probed. This chip is connected
to a thin circult board 8nd gncap-
sulated with an epoxy. The
~modgule” is then giued within a well
mifled Into the plastic card. This
prohibits physical access to the

If you need Valves/Tubes or RF

Power Transistors

etc. ...then try us!

We have vast stocks, widespread sources
and 35 years specialist experience in meeting our
customers requirements,

TR R
] g
¥ I 2
4
tg

= SR oy oy W

Tuned to the needs

i g i 8 ff g T N B g Ay S
" 4

P d ‘
A & ' 3

Faradid Fr s v Sl gl i A5 g il

of the Radio Amateur

Chelme: Valve Company, 130 New London Road
Chelmsiord, Essex CM2 ORG. England

Tel: 44-01245-355296/265865

Fax: 44-01245-490064

+ VAT microprocassor and provides &
more durable medium than mag-

natic siripe cards.

ChipDrive Devefoper Kit
micro, sample cards and Tooibox
£99.95 + PAP + VAT

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

The microprocassor opsrates
under control of a “built In" pro-
gram called an operaling sys-
tem. A sarial interface — which
makes it impossible to access
the memory diractly — is
empioyed to communicate with
the card. An ISO (internationai
Standards Organization) proto-
col Is used to exchange com-
mands and data with the card.

%xOBrOO

Finally, Holograms, signature
stripes, photas, etc can be
applied lo the card for adaitional
securlty. And the card can be
custom printed with your artwork.

Crownhlil can supply OPEN
ARCHITECTURE cards, that
will afiow you, the end user to
create your own operafling Sys-
tam, to gontrol access to the
EEprom memory of up to
64Kbits (8Kbytes) Im siZe.
Crownhill have off the shell
operating systems for Control
access. Electronic purse and
Portable Documant applica-
tions. Others can be written 1o
your specification.

Driver and application software is available for
the CHIPDRIVE family of terminals Including
the command set DLL tor Windows 3.11/88/NT,
easy to use 16 and 32 Bit DLLs with just one
function call to the "CardServer”, a powerful
Background task which relleves the appfication
programmer from device and card administra-
tlon. Featuring automatic protocel and card
typa detection. Allowing sevaral applications to
access one terminal dependent on the type of
card inserted. Supplied on CO AOM containing
cardserver.dll, applications and source code
examples. .

£29.95 + £5 P&P + var

SMARTCARDS Available from Stock:

GemPlus, Atmel, Xicor, Slemans, SGS Crownhill and more.......
SLEA442,4432,4418,4428,4404. AT88SCxx, AT24c01-16.

| GPM103,GFM1K,2K,4K,GPM416 Phone Cards, Loyalty Cards

T SOLUTION

Crownhiil can offer a broad range of smart cards from just £1.00. and
Smart Card sockets for Just £1.45 ea. PIC Microchip based Smart Cards
now avallabie at just £4.50 ea........ DEVELOP YOUR OWN SMART CARD |
Crownhlili can supply over 150 different types of IC from more than 12
silicon suppliers, which can all be Incorporated Into amart card format.
Some cards are available from stock, most are manufactured to the
customers’ specification.
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Figure 4: the circuit of the Tracking Filter Effects Unit

In practice there is a slight flaw with this arrangement in that it
works very well when a reasonably strong input signal is present,
but it gives unpredictable results when there is little or no input
signal. What tends to happen is that the VCO drops to a low
frequency as the input signal drops below a usable level, giving
slight but noticeable audio tones and noises on the output, The
easiest solution to this problem is to include a simple noise gate
action in the circuit. An electronic switch is Included between the
output of the switched capacitor filter and the input of the lowpass
fiter. The control signal for the electronic switch is generated by first
ampiifying the input signal, and then rectifying and smoothing it to
produce a DC output level that is oughly proportional to the
strength of the input signal. This voltage is used to operate a simple
trigger circuit. if the input level is high enough, the output voltage
from the smoothing circuit will activate the trigger circuit, which wil
then tum on the electronic switch. When the input signal drops
below a certain threshold level, there is an inadequate voltage to
cperate the trigger circuit, and the glectronic switch is turned off.

Figure 5: The circuit of the switched capacitor filter

This gives the required noise gate action, and the gain control in
the amplifier stage enables a suitable threshold level to be set.

The clrcuit

The main circuit diagram for the tracking filter effects unit appears
in figure 4, and the circuit for the switched capacitor filter is
shown in figure 5. Starting with the main circuit, IC1a is used in
the preamplifier stage and operates as a straightforward non-
inverting mode amplifier. It provides an input impedance of about
50k, which is a good match for most guitar pickups. The voltage
gain varles from the unity with RV1 at minimum resistance to
about 46 times with this preset at maximum value. Output levels
tend to vary substantially from one guitar to another, but the gain
range available from RV1 should enable the unit to work well with
any normal electric guitar, IC1b is used in the amplfier/ffitter stage,
and it operates in the inverting mode. The lowpass fittering is
obtained by including C6 in the negative feedback loop, At low
audio frequencies, IC1b has clesed loop valtage gain of about 25
times, but at high frequencies C6 produces increased feedback
and reduces the gain of the circuit.

IC2 acts as a conventional inverting trigger circuit. R8 and RS
bias the non-inverting input to about one-third of the supply
potential, which is lower than the (approximatety) half supply cutput
voitage from IC1b. Under standby conditions the output of IC2
therefore goes low, but on negative output half cycles from IC1b
the input voltage goes below one-thind of the supply voltage and
the output triggers to the high state. Although the input signal to
the trigger will normally be to some extent clipped, and will always
be heavily fittered, it will almost certainly contain some imegularities.
R10 Is therefore used to provide a substantial amount of hysteresis
in an attempt to further combat these imegularities,

The phase-locked loop is based on the CMOS 40468E low-
power phase-tocked koop chip ({C3). The timing components for
the VCO are resistor R11 and capacitor C7. The only other discrete
components that are required are those in the single stage lowpass
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Figure 6: the component layout for the stripboard

fiter. THese are R12 and C8, but there is an additional resistor in
the filter (R13). This resistor serves no cbvious purpose, and it
would seem to do nothing more than increase the ripple level on
the output of the fitter. Without this resistor the phase-locked loop
works well with a noise-free input signal, but in real-world
applications the circuit does not lock reliably onto the input sigral.
Instead, it overshoots slightly one way then the other. The practical
result in this application is a strong tremcio effect on the output
signal. Including R13 in the circuit avoids this cvershoot problem,
and ensures that the circutt locks onto the input signal quite rapidly.
A slight tremolo effect is generated at the beginning of each note,
but this does not significantly detract from the effect, and if anything
probably enhances it slightly.

The 4046BE phase-locked loop is rather unusual In that it has
two phase comparators. The one that has its cutput at pin two
provides normal operation with the VCO operating at its centre
frequency with no input signa. In this case it is the other phase
comparator that is utilised, and this has its output at pin 13. Under
standby conditions this comparator allows the output frequency to
drop to the paint where the VCO cuts off. This second comparator
has the advantage of enabling the phase-locked locp to operate
over a much wider freguency range, which is important in an
application of this type where the input frequency can vary over
several octaves. 1IC4 and IC5 are CMOS 401 7BE one of 10
decoders, but in this application they are both used as simple
divide by 10 circuits. They are driven by the output of the VCO at
pin four of IC 3, and the divided by 100 signal is fed to the phase
comparator inputs at pin 3.

The amplifier at the input of the noise gate is based on ICB,
which is a non-inverting mode circuit. its voltage galn can be
varied from unity with RV2 at minimum resistance to just under
ten times with this control at maximum resistance. This enables
the threshold level to be set high enough to remove the
unwanted noises, but low enough to give a reasonable sustain

characteristic to the output signal. Capacitor C9 couples the
output of IC6 to a simple half wave rectifier and smoothing
circuit based on D1 and D2. Due to the low source impedance
the smoothing circuit has a very fast attacked time, and the
gate therefore opens almost instantly when a new note is
played. In order to produce a property smoothed output signal
the decay time must be much longer, but it is still kept
reasonably short so that the gate responds quickly when the
output from the guitar decays to a low level. IC7 is used in the
trigger circuit, which is a conventional non-inverting type. The
hysteresis provided by R19 helps to avoid instability when the
output voltage from the smoothing circuit is close to the
threshold levei.

The etectronic switch in the gate circuit is one of the four
CMOS analogue switches in IC8. No connections are made to
the other three switches. The output of IC8 is coupled to a
third order lowpass fitter that has IC9 as the buffer amplifier.
With the clock circuit operating at 100 times the input
frequency, the clock frequency will be at the upper end of the
audio range when low notes are played on the guitar. The cut-
off frequency of the lowpass filter therefore has to be set quite
Jow so that audible breakthrough of the clock signal is
avoided. The cut-off frequency of the fitter is at approximately
2.5 kHz. It Is important that the gate circuit does not introduce
large switching glitches. It effectively forms a simple “hold”
circuit in conjunction with the lowpass fitter, and this helps to
avoid “click” sounds as the gate switches on and off. SW2
enables all the fittering to be bypassed, and acts as the effect
infout control.

Turning now to the switched capagitor filter, this is based on
the MF10CN dual switched capagcitor filter chip (IC10). This has
four filtter stages used in two second order state-variable filters.
The lowpass filtering Is obtained by using the two filters in
series, giving an attenuation rate of 24dB per octave. The
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notch filtering is provided by the first state-variable fiter, and
the second filter is unused In this mode, Mode switch SW3
selects the required output signal. The MF10CN is primarlly
designed for use with dual (+/-) 5-volt supplies, but it can alsc
work with a single supply rail if some of its inputs are biased to

half the supply voltage. R23 and R24 provide this bias potential.

The MF10CN can cperate with the clock signal at 50 or 100
times the cut-off frequency, and In this case the 100 to 1 mode
is selected by connecting pin 12 to the mid-supply bias circuit.
This mode keeps the clock frequency as high as possible,
which helps to avoid audible clock breakthrough at the output.

The current consumption of the circuit is typicaily about 15
to 17 miliamps. Althcugh the MF10CN s designed for
operation with a 10-volt supply, it actuaily operates quite well
from a S-voit battery. Due to the fairly high current
consumption it is best to use a “high-power" PP3 size battery,
or six AA cells In a helder. AA cells represent the cheaper
means of powering the unit,

Construction
The component layout for the stripboard appears in figure 6,
and the breaks in the copper strips on the underside of the
board are shown in figure 7. The board measures 62 holes by
39 strips, which is a standard size in which stripboard is soid.
Construction of the board is largely straightforward, but with a
board of this size It is essential to proceed carefully if errors are
to be avoided. The three mounting holes in the board are
about 3.2 millimetres in diameter, and they will accept 6BA or
metric M3 bolts. The MF10CN, CA3140E, and 4000 series
CMOS devices are all vulnerable to static charges, and require
the standard anti-static handling precautions. It is probabty
best to fit all the Integrated circuits into holders rather than
soldering them direct to the board, but 1t is essential to use
holders for the MOS devices. A number of link-wires are
requlred, and these are made from 24 swg enamelled copper
wire. It is advisable to insulate the longer links with PVC
sleeving so that there is no risk of any accidental short clrcuits.
Provided the polyester capacitors have 7,5 milimetre (0.3 inch)
lead spacing they should fit into this layout quite easily. C7 should
either be a Mylar capacitor or a polyester type having 2.5 milimetre
{0.1 inch) lead spacing. In order to keep the layout reasonably
compact ft has been necessary to use vertical mounting for a few

- of the resistors. This method is somewnhat less strong and reliable

than horizontal mounting, but it should be perfectly adequate
provided the component leads are cut very short. Connect single-
sided solder pins to the board at the points where connections will
eventually be made to the sockets, controls, and battery, "Tin" the
tops of these pins with a generous amount of solder.

The circuit board is slightly too large to permit the unit to be
buitt as a small foot-pedal untt, but 4 can be housed in a medium
size aluminium box or an instrument case. | would not
recommend using a plastic case for this type of project. A steel
instrument case with an aluminium front panel is used to house

5

Figure 7: the underside view of the stripboard
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Figure 8: details of the hard wiring (use in conjunction with figure 6)

the prototype. This is tough, but aiso gives a very neat
appearance. If the unit will be powered from an AA battery pack,
make sure that you choose a case that can accommodate
everything. A PP3 size battery will fit into practically any nook or
cranny, but six AA cells in a holder require more space than you
would think. if SW2 and (or) SW3 ars to be foot operated, they
must be reasonably tough pushbutton switches mounted on the
top panet of the case. They can be either momentary action or
sucoessive operation switches, depending on the method of
control you desire. The other controls and the sockets are
mounted on the front panel of the case. The general layout is not
critical, but try to have the sockets reasonably well spaced from
the controls. Jack plugs are quite large, and it is and with
inadequate spacing the controls might be difficutt to use once
leads have been connected to the sockets. The circuit board is
mounted on the base panel, and spacers about 6 milimetres or
longer are used on the mounting bolts to keep the connections on
the underside of the board well clear of the metal case.

To complete the unit, add the hard wiring (figure 8). This
offers nothing out of the ordinary, except that C16 is wired
between SW2 and SK2, and is not on the circuit board. There
should be no difficulty here provided the ends of its leadout
wires are "tinned” with solder prior to wiring it intc position. 1t Is
advisable to use a screened lead 1o connect SK1 to the clrcuit
board. This should minimise any stray pickup of the clock
signal at the input of the circuit.

Adjustment and use

The unit connects between the guitar and the guitar amplifier using
standard screened jack leads. Start with RV1 and RV2 at roughly
central settings. With SW2 set to the “Out” position, adjust RV1 for
the highest resistance (most clockwise setting) that does not resutt
in any clipping and noticeable distortion on the output signa. With
low output guitars there will be a significant amount of voltage gain
through the unit, and the volume control of the guitar amplifier will
have to be backed-off accordingly. Next switch in the effect using
SW2 (either mode will do). With RV2 set fully counter-clockwise

there will probably be a lack of sustain from the guitar, and it might
be difficult to get much output at all. Advancing RV2 in a clockwise
direction should improve matters, but do nct advance it so far that
notes sustain beyond the point where the phase-locked loop locks
reliably If RV2 is given a suitable setting when playing a high note,
good results should be obtalned on all other notes,

Obviously the unit can only track one frequency at a time,
which means that your playing has to be strictly one note at a
time. The more “cleanly” you play the notes, the more quickly and
reliably the unit will track from note to note. If there is a tendency
for the fitter to jump an octave high on some notes, Increasing the
value of C6 to about 33n should cure the probiem. However, this
will reduce the ability of the unit to sustain high notes (making it
necessary to readjust Rv2), so do not make C6 any higher in
value than is really necessary.

R19
R20,21,22
RV1
RV2

Capacitors
c1,17,19 Ou
c2,4,11,18 1u 50V radial
C3,16 10u 25V rad
c5 4u7 50V radial
15n polyester
in Mylar
470n polyester
2u2
33n polyester
47n polyester
3n3 polyester
100n ceramic

nductors

.
‘
s
'
,3.
>
i
J
n
i
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Ionising Radiation
and
Ionisation Chambers

Douglas Clarkson

While the techniques for measuring levels of ionising radiation have multiplied
considerably, the core of accurate dosimetry remains with the various types of
ionisation chamber.

hus the series of National and International
standards relating to dosimetry of ionising
radiation specifically relate to the performance
of ionisation chambers of standard design
within known fields of ionising radiation.

It is easier to maintain the physical characteristics of an
ionisation chamber than, for example, a solid state
detector incorporating a semiconductor whose properties
could change with exposure to radiation.

In the interaction of electromagnetic radiation with the
human body, there are levels of photon energy that can
Induce ionisation in, for example, air and tissue, and
photon energles which are not energetic enough to do so,
Generally the threshold of photon energy for ionisation is
around 5 to 25 eV (electron volts). The fact that ionising
radiation can induce cellular damage and in particular can
damage DNA that makes the accurate measurement of
ionising radiation so important.

it is not widely appreciated that even though non-
ionising radiation such as ultra viotet does not actually
induce ionisation, these photons still have enough energy
to degrade DNA in living cells by the direct coupling of
energy to the individual chemicat bonds within strands of
DNA. Fortunately, the effect normally only takes place in
the very superficial fayers of skin.

The early days

One of the most basic items of eguipment used to monitor
levels of ionising radiation was the gold leaf electroscope
(figure 1}. Initially a nylon rod would be charged up with a
piece of fabric and the rod brought into contact with the
upper plate of the unit. This would cause a charge of
opposite polarity to be induced on the inner conductive
plate, which was in turn connected to a suspended gold
leaf whose two halves would move apart as a measure of
the initial charge content of the device.

As ionising radiation entered the enclosure, charges
would begin to neutralise the field inside the electroscope
and the angular separation of the leaf would decrease with
time. The activity of the source would be retated to the

rate at which the angle of separation of the two gold
leaves decreased. The early quantitative measurements on
radioactivity took place on equipment such as this. These
devices were still in use at Glasgow University in
undergraduate laboratories in the late 1860s.

The modern challenge

Using modest constructional care and operational
amplifiers of high guality as regards leakage current, it is
possible, in theory, to make an ionisation chamber to
detect ionising radiation of the order of background levels.
Some of the theory of ionisation chambers is helpful in
order to appreciate the challenge of detection and the
usefulness of such techniques in investigating the
environment.

At its most basic, an ionisation chamber can be
represented in figure 2. Where ionising radiation
generates ion pairs in air, the established electric field will
tend to sweep the charges onto the plates of the chamber.
The generalised response of the chamber as a function of
electric field strength is summarised in figure 3. On the
first plateau at around a field strength of 100 V/cm almost
all of the ion pairs being generated will be collected. At
higher field strengths current

@® The threshold of photon energy capable of inducing
ionisation in, air and tissue, is around 5 to 25 eV

® The fact that ionising radiation can damage tissue
and DNA makes accurate measurement of ionising
radiation Important

@  Early quantitative measurements on radioactivity took
place using gold leaf electroscopes. These were stili
in use in undergraduate {abs in the late 1960s

@® High guality op-amps make it possibly, in theory, to
detect naturally-occurring background levels of
ionising radiation
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Figure 1: the basic structure of gold leaf electroscope

Multiplication takes place as electrons pick up sufficient
energy to cause secondary ionisation of the gas. This is the
mode of operation of the proportional counter. At even
higher levels of field strength, however, avalanche
breakdown takes place as utilised in the Geiger-Muiler
tube. With the chamber functicning as an ionisation
chamber or as a proportional counter, the output signal of
effectively collected charge is proportional to the incident
level of ionisation activity. In the Geiger-Muller mode,
however, the information has been degraded to that of
counts and the relative contribution of each initiatory pulse
of radlation is largely iost. Figure 4 summarises the typical
relative response of different types of radiation detection as
a function of photon energy.

Detection modes

The basic options for measuring the output of an ionisation
chamber are to integrate its charge or to produce a direct
readout of radiation activity at any time. The specific
circuits are shown in figure 5a (direct) and figure 5b
(integration).

PLATES OF CHAMBER

CURRENT
MEASUREMENT

?I_ VOLTAGE

Figure 2: the basic design of fonisation chamber

Where, for example, the radiation output of an x-ray set
is being determined, the integration mode will be selected
since essentially the system will be integrating only for the
time during which the x-ray set is activated.

One of the earliest measurements of levels of radiation
was that of exposure, defined in units of Roentgen and
equivalent to the amount of radiation that would produce
2.568 x 10 Coulombs of charge per kg of air under
standard conditions. This is also equivalent to 1.61 x 10*
ion pairs per kg, equivalent to 0.00869 J/kg of air. The
advantage of measuring exposure was the ability to
measure the relative 'activity’ of radiation through the
mechanism of air ionisation.

The Radiation Absorbed Dose relates to the actual
energy absorbed (in Joules) per kg by a specific medium.
The unit of absorbed dose is that of the Gray. Working from
the definition of the Roentgen, an exposure of 1 Roentgen
in air will deposit 0.008690 J/kg, which is equivalent to an
absorbed dose of 0.00869 Gy in air.

Dose equivalent
The dose equivalent in units of Sievert is given by :

dose equivalent = absorbed dose (Gy) x Q x N

where Q is the quality factor which reflects the ability of the
particular type of radiation to initiate tissue damage. For the
present N is assigned a value of 1 and reflects the possible
effect of dose rate or system of fractionation of the radiation
into smaller doses of radiation.

For x-rays, gamma rays

PROPORTIONAL

COUNTING
IONISATION

CHAMBER

CHAMBER
CURRENT

and electrons the value of Q
is unity and for alpha
particles Q has a value of
20.

The key property of an
ionisation chamber will be its
current sensitivity. The
detection of ionisation
currents of the order of
femto-amps (107
associated with detection
levels of the order of
background levels is a
severe limitation. When an
ionisation chamber is used

AVALANCHE
REGION

ELECTRIC FIELD STRENGTH

to measure the activity of an
x-ray exposure, the peak

Figure 3: response of ionisation chamber as a function of established electric field. At increasing field
value the chamber enters a region of proportional counting followed by an avalanche region as used

in Geiger-Muller configuration

current will be many
thousand times that of
background.
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The absorbed dose in dry air Is given by:
Da = Qm/dv
where:

Q is the charge of sither sign produced in the chamber
d is the density of air
m is the energy in Joules requlred to release 1 Coulomb of

charge (33.97 J/C)

It is important initlally to determine the typical equivalent
current produced in the chamber at a given rate of
absorbed dose such as 1 micro Gray per hour for a range
of sizes of ionisation chamber.

The ionisation current, I, Is given by:

!= DadV0.000001/m 3600 A

where Da is the value of rate of absorbed dose in Micro
Gray per hour.

Assuming a nominal value of density of 1.2 kg/m3,
figure 6 indicates the value of maximum current -
assuming all released charge is in fact collected - for a
range of values of absorbed dose rate and size of
chamber. This approach provides a useful way of
predicting the sensitivity of an ionisation chamber,
although each chamber has to be individually calibrated
against known input radlation field parameters.

With a lower Imit of absorbed dose due to background
radiation of 0.1 micro Gy per hour, it is only with relatively
targe chambers of capacity several litres and above that
detection of background levels is possible using even ultra
low bias current operational amplifiers,

Recombination Factors

Figure 7 indicates the typical variation of the ratio of collected
current to produced current as a function of ionisation
chamber potential. It is not possible, however, within the
functlon of the ionisation chamber, to produce total collection
by increasing the field strength, since with increased field
strength free electrons acquire sufficient kinetic energy during'
their mean free path to ionise the next atom encountered -
which is the effect exploited in proportional counters.

2.0

ION CHAMBER

RELATIVE RESPONSE
o
i

£y - - . .G-MTUBE
II .
A =
Py SCINTILLATION
" CQUNTER (Na §)

L I
0.1 1.0 10.0
PHOTON ENERGY (MeV)

Figure 4: a summary of the response of different types of
radiation detector as a function of photon energy

In terms of recombination, two main types can be
distinguished. In initial or columnar recombination,
ion/electron recombination can take place where
recombination takes place in relation to a specific charged
particle track. This effect is primarily taking place due to the
initial proximity of the charged species. In what Is known as
general or volume recombination, the effect Is one of
interaction between the opposing charge species as they
make their way to the respective electrodes. This form of
recombination has a component of dose rate dependence,
since the greater the number of charge species per unit
volume the greater the chance of recombination taking place.

There Is also an influence if the radiation is pulsed or
continuous.

The mobility of electrons Is typically 1000 cm/sec per
V/em and that of a negative/positive ion around 1 cm/sec
per V/cm. If the electron can be pravented from forming
negative ions by attracting a neutral gas molecule, then
the electron can be swept out of the chamber rapidly -
thus preventing recombination from taking place. Some
degree of attaching of electrons to gas molecules will take
place in air which contains the gases oxygen and water
vapour which are described as electronegative. Improved
performance can be achieved by using pure forms of
nitrogen and carbon dioxide or argon and helium which
are non electronegative.
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Figure 5a: the basic design of charge integration circuit

Figure 5b: the basic design of current to voltage converter circuit
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Figure 6: calculated values of maximum collected current for
‘perfect’ ionisation chambers of different volume as a function of
absorbed dose rate in micro Gy per hour

Energy can be considered to be lost by a charged
particle as it produces ion pairs and also by the
mechanism of producing excitation of the energy levels of
the atoms/ions. It is relevant, however, to refer to the
mean anergy typically in electron volts (eV) of a charged
particle to produce an ion pair. This is given by the energy
of the particle divided by the mean number of ion pairs
produced,

In the example of helium, approximately 60 percent of
initial particle energy is required to produce ionisation, 20
percent into excitation of electrons and 20 percent into
heating the gas without further excitation or lonisatlon. in
air a typical value or around 34 eV Is used as a working
value. For an electric field in excess of 50 V/cm, the
collected charge will be approximately in excess of 70
percent.

Gamma Ray Interactions

The dose of background radiation which it is hoped to be
detected by the ionisation chamber will originate from a
range of sources. The main contribution will be that of
gamma rays which lose their energy by the principal
means of the Compton effect and the photoelectric effect.
The Compton effect is essentially a *billiard ball’ interagtion
between the incoming photon of the gamma ray and a
notionally ‘unbounded, stationary® electron in a target
atom. The reaction for the Compton effect requires that
both energy and momentum are conserved. The outcome
of the interaction results in the production of an electron
with kinetic energy which is subsequently lost by collislons
within the absorbing medium.

At each Compton interaction a fraction of the energy of the
gamma ray will be lost. The problem for the ionisation
chamber is that the flight of the gamma ray from its point of
onigin to its final end point will be quite random and will take
place with a volume typically larger than that of the chamber.

The maximum energy which is transferred to the
electron varies with incident energy and angle of scatter of
the gamma ray. In general, Compton scattering can input
large fraction of energy to the electron for large incident
photon energies for a given scattering angle.

For a photon energy around 100 keV, however, values of
energy transferred to electrons would be at most of the
order of a few tens of keV. An electron receiving 10 keV
would be able to produce a total of around 300 electron
pairs if all the energy was transtated into lon pair production.

Photoelectric effect

In the photoelectric effect a different mechanism is
involved in the transfer of energy to the electron. In this
case the electroh is assumed to be bound within the
target atom with a given value of so called binding energy.
The electron prbceeds to absorb all of the energy of the
photon and is ejected from the atom with the energy of
the photon less that of the binding energy. For carbon, the
Compton effect‘ takes over from the photoelectric effect at
around 70 keV.

As the charged particle (electron) proceeds through the
absorbing medium, the electron can interact with the
target medium in @ number of ways. In so called 'soft’
collisions where the electron passes some distance from
an atom, the coulomb field of the electron will tend to
impart energy to the whole atom - resulting on occasions
in the ejection of a valence electron.

About half of the energy of charged particles will be
absorbed in this way. When the charged particle interacts
with the atom directly, and approaches within an order of
magnitude of the atomic diameter, a direct impact with an
electron can take place - resulting in the emission of a
delta ray.

On the track of a charged particle these can be seen as
spurs on the main track of the pérticle. Although these
collisions are much less fregdent, a comparable amount of
energy is dissipated in this way, since a large proportion of
energy is lost in such a *hard’ collision. The resulting ‘hole’
in the electron structure of the atom will be filled by
raleasing of energy in the atom - resulting in the
production of characteristic x-rays of the absorbing
material.

1.0

Q' = Q AT SATURATICN

f=Q'Q

o 1 | i ey I |
0 1 2 3 4 5 8 7
POTENTIAL (ARBITRARY UNITS)

Figure 7: typical variation of the ratio of collected current to
produced current as a function of ionisation chamber potential
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Sources of natural
radiation

The ionising component of
cosmic radiation produces
at sea level an average
dose rate of 0.03 micro Sv
per hour. This cosmic
radiatlon originates within
and outside our own
galaxy and with a variable
component of lower energy
species from the sun. A
value of around 0.05
micro-Gray per hour would
be typical of the absorbed
dose rate from this

B
koL
Sa -

component. This
component increases with
altitude as the air gets
thinner.

Gamma background from the ground principally
originates from potassium 40, uranium 238 and thorium
series in ratio 35 percent, 25 percent and 40 percent
respectively. There is generally slightly more activity at
ground level than on the first floor of a house. Typical
exterior absorbed dose rates will be around Q.05 micro-
Gray per hour.

The total absorbed dose rate corresponding to
background conditions will be around 0.1 micro-Gray per
hour for ‘average' conditions.

Figure 8: option of cut out
windows on the surfaces of the
ionisation chamber surfaces

Constructing the chamber
At the heart of everything is the ionisation chamber. The

temptation is to make its volume as large as possible so
that as large as possible a baseline ionisation current can
be established. We could also make the physical structure
of the flat electrode areas as ‘transparent’ as possible to
radiation. In terms of detecting gamma rays, little
absorption is going to take place through cardboard,
though beta rays may suffer some absorption. Alpha
particles are going to be stopped by even short
thicknesses of most materials. Also, if the electric field in
the collecting cavity is too low, then the efficiency of
collection of charge will be corraspondingly low. A

Figure 9: an area of foil should be cut away from areas where
pillars are placed. Also a section should be available for securing
with a crocodile clip

and does not bend as readily as cardboard. It is available
up to sizes 100 by 75 cm. Slots can be cut out of its area
to improve the ‘window’ access to beta radiation though
no more than about 50 percent of the available area
should be cut away with a design as indicated in figure 8,

Aluminium foil is an excellent material to use for the
electrode on each side of the ionisation chamber. The foil
thickness available today, howaever, is astonishingly thin,
which is a disadvantage for ensuring a crinkle free
electrode surface and an advantage in providing low
absorption to beta radiation. Glue such as PVA can be
used to apply to the board surface to attach the foil -
taking care that it is applied as evenly and thinly as
possible. Readily available ‘glue sticks’ can also be used.
Alternatively, the aluminium foil can wholly or in part be
secured around its exterior by insulating tape. This allows
the foil to be tensioned over the surface in which it is
brought in contact.

nominal one-centimetre gap with a voltage of |
around 100 V will give the electric field required of
100 V/cm to achieve reasonable charge collection
efficiency. A 2-centimetre gap would give a reduced
collection efficiency though there could be a gain in
overall sensitivity.

One small unit was constructed from two
sections of plastic used to locate an air extraction
tube - providing an area 15 by 15 cms with an
central aperture of diameter 10 cms. The total
volume of the chamber is approximately 200 cm?. It
is useful to walk round large Do-It-Yourself stores to
see what novel use such mass produced items can
be put to. This small chamber was tested with some
low activity Cobait 60 sources, but would generally
be struggling to detect background rates of activty.

Fibreboard, available in art shops, is also a useful
medium with which to work to make the larger |

i;b =J PO v. CONNECT TO PROPER
5 - - = === CIRCUIT NODE, DEPENDING

exmmm@) .  CONNECT TO PROPER
8. smmmmsEE CRe|yT NODE, DEPENDING

) ON CIRCUIT CONFIGURATION

a) DIP PACKAGE

V=

1 ON CIRCUIT CONFIGURATION
b) SOIC PACKAGE

parallel plate chambers. it is fairly light, being
essentially foam-filled, though it has good rigidity

Figure 10:a) standard connection configurations: b} corresponding board
layouts for input guard for OPA129
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Figure 11 : circuit diagram of the ionisation chamber and
associated electronics

The foil should be cut away from the corners where
separate pillars will be placed to keep the plates apart as
shown in figure 9. Connection to the foil surface itself is
readily undertaken using crocodile clips. The structure can
also be made to stand vertically with suitable support on
one side and with a single distance piece separating the
two sections.

A key component of the design is to minimise the
leakage current across the two sides of the chamber. Even
if, say, a value of impedance of 10000 megohms is present
acrass the gap of the chamber of 100 V, a current of 10 nA
would flow - several orders or magnitude larger than
activity levels it is required to measure. Thus the practical
problems of minimising such leakage current are very real
and at the heart of developing of a usable system.

For a small chamber, then support piliars of dry cork
some 10 mm by 4 mm in cross section and 10 mm high
are adeguate. Small sections of polythene film can also be
introduced at the opposite ends of the pillars. Scme trial
and error is required to stabilise the system and minimise
the leakage currents.

The battery supply

It is simpler to use a battery supply which will provide
around 100 V for the gap in the ionisation chamber. This
involves using eight of the V23A 12 V batteries. This is the
battery commonly used to power car alarm control
devices. It is a relatively expensive exercise, however, to
buy all eight batteries at once.

While small individual battery holders are available for
this battery, there appears not to be a readily available unit
that will hold eight such cells. The next best thing is to
take a fiat 4 x AA call holder and carefully cut it in half at
right angles as it were to each battery axis, separate the
two halves by an additional 0.5 ¢m or thereabouts and
glue the two sections to a section of stout card or plastic.
When completed, this will provide a fairly compact power
source for the field of the chamber. Ensure that there is
sufficient tension in the springs of the battery holder to
secure the batteries in place.

Take care not to touch the 100 V output iines of the
battery at the same time - especlally with wet handsl!

Figure 12: initial results with low activity Cobalt-60 sources tor
250 ml capacity parallel plate chamber (open to air)

The circuit

The DIFET technology introduced by Burr-Brown provides
a range of relatively low cost operational amplifiers which
have very low bias currents. The OPA129P, for example,
which is available from RS/Electromail, has an input bias
current between + 30 fA and - 30 fA. For a bias current as
low as this value, the onus is on the circuit designer to
avoid introducing spurious input current into the ampilifier.
Observe static precautions in handling the OPA12F.

In particular leakage currents can be increased on
account of factors including leakage in test socket,
unclean package, humidity or dew point condensation and
circuit contamination from fingerprints or anti-static
treatment chemicals. So called triboelectric charge (static
electricity generated by friction) can be a troublesome
source of noise from input cables.

Figure 10a indicates the standard connection
configurations and figure 10b the corresponding board
layouts for input guard.

The actual circuit diagram of the ionisation chamber is
indicated in figure 11. Note that pin 8 should be
connected to pin 1 and 4. As the operational amplifier
functions, pin 2 Is maintained very close tc ground
potential and In turn defines the potential of the chamber
surface to which this is connected. The other side of the
chamber is kept at a relative negative voltage, with the
direction of the electric field pointing downwards - in thg
direction in which a positive charge would move. it is
generally more practical to use the circuit as an integratoy
device than with a high value load rasistance.

We have included a PGB layout adapted for a surface:
mount ic option as well as the dil configuration. Please
note - if you use a surface mount chip, the chip is
soldered to the copper side of the board, as given. You
then have the option of mounting the other components
on the non-copper side (as normal) or mounting them on
the copper side and top-soldering. None of the remaining
components need to be specifically orientated.

The values of R1 and R2 weare 100 k ohms to prevent
short circuit of the battery should the eiectrodes of the
chamber touch each other. R3 is simply a load resistance
of 10 kohms. C is nominaily of value 680 pF. Use a high
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Figure 13: the component layout of the ionisation chamber. This is
the dil version. The surface mount version is the same, but the ic
must be mounted on the copper side of the board (see text)

quality polypropylene type.
In its key measurement role, the voltage across the

capacitance is given by:
V=0QC

where Q is the charge and C is the value of &apacitance.
Where this voltage is changing,

dv/dt = WG

for C = 680 pF and | = 10-13 A the change in voltage is of
the order of 10 mV per minute. This voltage can readily be
measured by attaching a DVM across the output of the unit.

The challenge of measurement is to reduce leakage
currents to a minimum so that real effects of ionisation can
be detected. This can be offset by constructing a chamber
large enough - in excess of say 10 litres capacity.

Initial measurements

Using a simple Vercboard assembly without guard rings on
the amplifier chip as recormmended, initial values of activity
were noted with some low intensity Cobalt-60 sources -
each of activity around 250 kBq (disintegrations per
second). Initial resuits are indicated in figure 12,

With a 680 pF capacitance in place in integration mode,
the calculated corresponding voltage change is
approximate 0.3 mV/min at level of 1 micro Gy/hour. The
actual level of *background’ drift measured is some 30
times this value and must be due to additional ieakage
factors In the notionally simple circuit implemented without
guard rings on the OP 129P.

The calculated fevel of sensitivity of the detector of 1
mV/minute corresponds approximately to an activity of 3.3
micro Gy per hour. A single source placed over the
chamber provides a change in rate of 40 mV/min
correspending to a calculated absorbed dose of 138.6
micro Gy per hour. The actual chamber geometry, however,

and ampilifier configuration could very well be distorting the
chamber sensitivity by an order of magnitude.

The approach to measuring background levels lies in
achieving collection volumes in excess of 10 litres -
essentially by using large surface area chambers but with
electric fields not below 50 V/cm and with carefully use of
ring guards on the OP 12S9F. For essential safety, it is
sensible to maintain excitation potentials below 100 V and
to incorporate current limitation reslstors.

Overview
The approach outlined has been to outline something of
the science behind ionisation chambers and also of the
various units which relate to ionising radiation. The actual
process of beginning to understand these terms and
factors stems very much from seeking to make
measurements and with added incentive to learn if the
measurement system is part of this leaning process.

While calibrated ionisation chamber systems to
measure levels of ionising radiation with high certainty are
of necessity of specialist design and expensive to
manufacture, the fundamentals of these systems can be
replicated with very basic components and the skill of a
keen experimenter. It is also the case that a good deal of
patience is required to develop an effective ionisation
chamber - one of good sensitivity and low leakage current
from non-radiation induced sources.

Also, the NRPB document (see references) is an
extremely useful source of information about radioactivity
from all manner of sources in the UK.
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PRACTICALL

By Terry Balbirnie

This month and next we shall look at some technigues which may
come in handy when using potentiometers in your own designs.

Frequent use

There are basically two types of potentiometer. One is operated by a
control knob outside the case. This type is used when frequent
adjustments need to be made to a circutt, for example, as a volume
control on a sterec system. The other type is a preset (sometimes
called a timmer). This is a miniature potentiometer mounted on the
printed circut board and only used wihen setting-up the circutt
inttially. After that, it is usually left alone unlkess changes need to be
made. Both horizontal and vertical-mounting presets are available in
a range of values from abeout 100 ohms to over one megohm. The
photograph shows a horizontal preset in a circutt.

Presets are useful in circuits to allow for component tolerances.
For exampie, when making a design based on a 555 timer. Herg, a
capacitor charges through a known resistance. The voltage across
the capacitor rises, and when it reaches a certain value, the circuit
times out. However, the capacitor value is not usually known to an
accuracy greater than 5 percent. This means that if you calculate
the resistor value needed for a given period, it will probably nct give
the comrect resutt. By including a preset, it may be timmed at the
end to provide the timing required. Normally you would make the
calculation as for a fixed resistor, and then double it. You would now
choose the nearest stock value. This will give the “correct”
adjustment near the centre of the track.

Range narrowing

Look at the 1k potentiometer connected across the 9V supply: In
figure 1a, the sliding contact is at the bottom of the track so the
voltage appearing between the OV line and the slider is OV. When it
is at the top, as in figure 1b, it is +9V. Smooth changes from O to
+9V are therefore possible. However, there are times when the
potentiometer only needs to adjust the voltage over part of the
range. For example, you might require it to run from, say, 3V to 4V.
This type of range-nanmowing is easy to achieve using a fixed resistor
or resistors connected in series with the potentiometer.

Look at the arrangement in figure 2a. Since the value of the
fixed resistor, R1, is the same as that of the potentiometer, there will
be +4 5V at the top end of it. The potentiometer will then allow
adjustments between +4.5V and 9V. The fixed resistor could be
placed instead as shown in figure 2b. Now the voltage at the
bottorn end of it is 4.5V so the potentiometer allows adjustments
between O and 4.5\,

+V
IN:
§: E +V
R R
| 2k2
=t IN iN ZTX500
+3V
N
——o +9v =
1K Figure 1a il
Of course, the fixed resistor does not
ov need to have the same value as that of
Figure 1b the potentiometer. If it had a value of 2

kilohms in figure 2b, the total resistance
would be 3k and the voltage at the bottom end of R1 would be
one third of 9V - that is, 3V. In this case the sliding contact will
allow adjustment from O to 3V only.

Figure 3 shows & potentiometer with two fixed resistors,
R1 and R2, - one above and one below it. Suppose these both
have the same value as the potentiometer - 1k? There will be
+3V at the top end of R2 and +6V at the bottom end of R1.
The potentiometer will therefore aliow an adjustment between
3V and 6V. Again, the choice of values of the fixed resistors
can be used to tailor the range to suit the application.

[

o +9V +9v

I
1k

R1
1k

K
d o RANGE +4.5v

TO+9V

Figure 2a

R1

1K o RANGE 0V

TO +4.5V

v
Figure 2b

There is no point in allowing
a potentiometer to cover a
range much greater than
required. In fact, this will make it
difficutt to adjust. This is
because srnall movements of
the sliding contact will cause
large changes. Narmowing the
range of adjustment makes it
easier to get the setting rnght.

—0+8V

R1
1k
1k| [l———° RANGE +3V
@ TO +8V
R2
1k
o OV

Figure 3

Next month, | will lock at the
resuit of a fixed resistor
connected in paraliel with a
potentiometer.
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Figure 1: various ways of switching an LED from a timer output

The timing circuits described in the first three parts of this
series can be used to drive one of several different types
of display:

Real-time clock: Displays the time as seen on the Town
Hall clock, or any the living-room wall. The display can be
a dial or a digital format. Electronic clocks and watches of
this kind can be bought for less than the cost of
components, so | am not going to say any more about
them here.

‘ﬁ\-}/sﬁaﬂ 4 - Displaying time

Owen Bishop

Elapsed time clock: Measure the interval between clock
start and clock stop. These are available as analogue or
digital stopwatches, but you can find novel applications for
them that manufacturers have not thought of (yet)
Triggering them electronically is part of the fun,

Process timers: Run for a pre-set period before
indicating that time is up. Range from the hourglass used
for timing sermons to the digital timers in microwave ovens
which revert to real-time when the cooking is finished.
There are always new applications for this kind of clock.

Process timers

I have described two ways of setting the period length.
The simpler way is to use a monostable based on the 555
or simitar ic and let it run for a single period. Monostables
are suitable for relatively short periods of microseconds up
to 5 or 10 minutes, but they are inaccurate for longer
periods owing to the wide tolerances and poor stability of
large-value capacitors. For longer periods, of minutes,
hours, or days, use an astable, preferably one based on a
crystal, and count its pulses.

For a visual display (I will look at audible and other
indicators later in this series) LEDs have much in their
favour. An LED can be ON while the timer is running and
OFF at the end of the period, or vice versa. Or the timer
can have one LED for each purpose.

If the circuit is

TO +8V: IC1 PINt2

ICZ PIN 14
TO GV IC1 PINS 3=-7,10:
IC2 PIN7

based on a 555 or
similar ic it has more
than enough current
output to drive an
LED directly. In
figure 1a the LED
comas on when the
output of the ic is
high, that Is, during
the timed period. In
figure 1b the LED
comes on when the
output is low, that
is, when the ic is
waiting to be
triggered, and also
after the period is

Figure 2: a circuit for driving the display of a process timer. Pin 13 = Q

ended.
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Unfortunately we cannct connect both figure 1a and
figure 1b to the same output, as this would put the LEDs
in serles. Current flows through both of them and they are
both lit at the same time. In this case, or when the timer
output does not have enough current to drive an LED
directly (for example, the output comes from a logic gate),
we use a transistor switch, The way to turn the LED on
when output is high is shown in figure 2, with an npn
transistor. For the reverse action with a pnp transistor, see
figure 1c.

If the timing circuit is an astable followed by a counting
chain, the approach is slightly different. Its output
alternates between high and low. We need to reset the
counter when we begin timing and arrange that an LED
comes on and stays on at the end.

As an example, take figure 2, which is a 1-minute
process timer, It is driven by a 1-Hz clock (the 555 astable
or the crystal clock) followed by the ‘divide by 60 chain'.
The output terminal of the chain is connected to the IN
terminal, pin 11 of IC1. The output of the chain runs at
1/60 Hz, so it changes state every 30s. The chain has a
reset line, which is held low by a resistor but can be made
high by pressing a button. The RESET input in figure 2 is
connected to this line. IC1 is a D-type flip-flop with Its
inverter (Q-bar) output fed back to its data input. This
makes the flip-flop act as a divide-by-2 counter. its Q
output changes state at 1/120 Hz. In other words, its
output goes high when It is reset and stays high for 60s.
This is the baslis of the 1-minute timing perfod.

The LEDs are controlied by a set-reset flip-flop built
from two cross-connected NOR gates (IC2b and iC2c¢).
The inputs of this flip-flop are normally low and it is
triggered to change state by a high pulse to one of the
inputs. The seguence of timing is as follows:

1: Pressing the button resets both dividers in the chain,
the flip-flop IC1, and alsc the set-reset flip-flop of IC2. This
makes the chain output high. Also the output of gate IC2¢c
goes high, turning on Q1 and lighting the 'RUNNING' LED,
D1.

2: Counting proceeds. After 30s the output of the chain
goes low, but IC1 is unaffected by a low-going edge so
there is no change In the remainder of the circuit.

3: After a further 30 s the output of the chain goes high.
This makes the output of IC1 go low, which triggers the
pulse generator consisting two NOR gates, 1C2a and 1C2d
(4001). This generator normally has a low output but now
produces a short high pulse. This sets the set-reset flip-
flop. The output of gate IC2c goes low and that of IC2b
goes high. The ‘RUNNING' LED goes off and the ‘TIME
UP' LED goes on.

4: Once the set-reset flip-flop has been set, any further
changes in the counting chain or IC1 have no effect on it.
The ‘TIME UP’ button stays lit, until the reset button is
pressed and timing begins again.

The circuit of figure 2 can be used for process timers of
other intervals. For example, adding another 'divide-by-60
chain* produces a 1 ¢ycle per hour signal from the chaln
and glves a 1-hour process timer. For other periods, build
a chain that has an output period of the required length,
and feed its output to the circuit of figure 2.

Practical process timer
If you are starting from scratch, you can assemble the

whole system on one circuit board. First buitd the basic 1-
Hz clock {555 or crystal version), then the ‘divide by’ chain
or chains, as described in previous parts of this series.
Add the circuit of figure 2, installing either one or both of
the transistor switches and LEDs. The ZTX300 transistors
are capable of switching up to 500 mA each so there is no
need to limit yourself to LEDs. They can switch filament
lamps, small DC motors, solenoids, or relays. Relays can
be used for switching other devices. This circuit is the
basis of a system for process and timing control. Use it in
darkroom photography, model railways, home security
systems, or many other applications.

Figure 3 shows the stripboard layout. This does not
include a reset button because we are assuming that you
will be connecting the ‘RST' pin at H11 to the reset pin on
the board of the divide-by-60 chain. However, if you are
using this circuit with timing circuits that do not have a
reset button, solder a 1-kilohm pull-up resistor between

: TiME UP l RUNNING

+3v

ov

Figure 3: stripboard layout of the process timer of figure 2
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Figure 4: a process timer with up to 10 LEDs in its display.
D1 - D9 are at top right.

A12 and H12. Solder the resetting push-button between
the 'RST’ pin at H11 and the O V line. The diagram shows
two indicator LEDs. You may decide that you do not want
both of these, in which case, omit it together with its
transistor and two resistors.

When assembling this circuit you will notice that
although the circuit diagram has many connections, there
seem to be very few on the stripboard. This is because it
uses the copper strips between and beneath the ics for
making many of the connections. Check the stripbcard
layout diagrams carefully and cut the strips only where
shown. Note that there are several places where solder
bridges are used to join pins In adjacent strips. All of these
are important.

C2 is the decoupling capacitor for the supply lines.
Counters are particularly prone to operate incorrectly if
spikes resulting from the sudden switching of currents as
the ics and gates change state are present. When you
have built up a system from several ics, you may find that
although the parts of the system operate correctly
separately, there is erratic behaviour when the whole
system is joined. This depends a lot on how the various
parts are laid out with respect to each other. If you
experience this trouble, one of the first cures to try is to
wire in some decoupling

of a dividing chain. Press and release the reset button.
The output of the chain goes high and so does pin 10 of
IC2. Pin 4 of IC2 and pin 13 of IC1 are both low. D1 Is on,
and D2 is off. If you are using a divide-by-60 chain, its
output goes low atter 30 seconds, but there are no other
changes. At 80 s the output of the chain goes high, and
so does pin 13 of IC1. The flip-flop of IC2 changes state,
D1 goes off and D2 comes on. Let the circuit run for a few
more minutes; pin 13 of IC1 continues to change state
every 60s, but there is no further change in 1IC2 and the
LEDs.

Multiple LED display

Figure 4 shows a circuit for driving up to 10 LEDs,
switching them on one at a time. The LEDs could be the
10 units of a bar-graph display or 10 separate LEDs
mounted in a circle, so that a spot of light moves round
the circle once for every 10 input counts. The circuit is
based on the 4017 i¢, used in the divide-by-60 chain. in
the chain It functioned just as a divide-by-10 stage. Here
we use the 10 individual outputs that are normally low but
go high one at a time {from O to 9) each time the input
rises from low to high.

This circuit has features of both & process timer and an
elapsed time c¢lock, much depending on how the display is
set out. If, for example, we feed this ¢ircuit from a clock
with a period of 1 minute, the count is Incremented at the
beginning of each minute. it takes 10 minutes for the
display to go through its complete cycle. This gives a
process timer for timing a sequence of processes each
Jasting a few minutes, the total not exceeding 10 minutes.

The LEDs are each driven by a transistor, only one of
which is shown in figure 4. Use individual transistors or
two arrays of transistors in a dil package such as the
CA3082. As only one LED is on at a time, a single current-
limiting resistar R10 can be used.

Elapsed time clocks

An elapsed time clock needs a numeric display, normally
LED or LCD. The LED display uses the popular 7-segment
devices, which come in a range of sizes and colours. LEDs
are best in low light conditions and may be impossible to
read in bright suniight. LCD displays are more easily read

capacitors. Use 22 nF to
100 nF polyester or ceramic

. : +9Vo——
disc capacitors and solder

them between the positive

16

and OV rails. Locate them
close to sensitive devices,
such as counter ics. In
addition, it is often a good
idea to solder a single 10uF
capacitor between the
power lines at the point
where the power supply is

IC1
4026

10

13

IC2

4026

11

m - o O 0 O o

connected to the board. Tis
RST o

o - a o 0 o L

a = o o 0O O O

This can be very helpful if
high-current devices such as

vVo—o—4

motors or relays are being
switched.
When assembly is

MSD

complete, test the circuit by
connacting It tc the output

Figure 5: an elapsed-time timer with a two-digit display
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in bright light. Although in theory it is possible to add a
back-light so that the display can be read in the dark, In
practice the designer is nearly always so mean with back-
light wattage that the display is readable only with great
difficulty. We will look at LED displays this month and leave
LCDs until another part.

Figure 5 shows one of the simplest versions of an LED
display. The 4026 is a decade counter/divider. Instead of
producing the usual 4-bit decade outputs from 0000 to
1001, this ic decodes them to produce the outputs
needed to drive a 7-segment display. This saves a great
deal of wiring. The fact that the device can drive low-
current LED and LCD displays directly, without transistor
switches, means a big saving in additional components.
However, this ic does not do some things, such as
'leading zero suppression’. Its counting sequence is
displayed as 00, 01, 02, 03 etc, instead of O, 1, 2, and 3.
On the other hand, it puts 'tails’ on the sixes and nines,
whlch some decoder Igcs do not do.

Probably the most versatile and popular display driver is
the 4511. This is a driver only, not a counter, so you need
to feed it with the cutput from a reguiar decade counter ic.
This needs four ics for a two-digit display like the one in
figure 5. Features include display blanking (for leading zero
suppression), lamp test (all LEDs come on), and latching,
so that the display can be held for reading even though
the output is changlng. It needs a current-limiting resistor
on all seven segments of the display. Although the 4511
has many useful features, we decided that the 4026 has
all that is essential for a simply constructed elapsed-time
clock.

Practical elapsed-time clock

If the circuit of figure 5 is fed with a 1-Hz signal from the
astable or crystal clock, it counts from zero to 99 seconds
before repeating. It can be reset to zero at any stage by
pressing the reset button. If it is fed from the divide-by-60
chain, it counts minutes instead. It could also work in tens
of minutes, hours or even longer periods.

270R

2Kk2 I I
P
Q1 I I

4026

Figure 6: using a transistor to switch an LED segment

The 4026 ic produces outputs that are high when the
LED segment is to be lit. We use a common-cathode
display in which the cathodes of all the segments connect
to a common line connected to the OV rail. You may want to
adapt the design for larger displays than our 7.5 mm low-
current devices (there is room on the board). If so, you may
need to use have each segment driven by a transistor. Then
you should use a cormmon anode display, and connect each
segment as shown In figure 6.

The stripboard layout (figure 7} has room for up to three
counters and displays, counting to 999. You need have only
one or two of each, and make the board shorter. There are
quite a lot of wired connections. Rather than make the
drawing confusing by showing all the wires, we have
marked their ends a to g to correspond with the segments.
Note that the ic for the first digit, the least significant digit
(LSD) is on the left of that for the second digit, the most
significant digit (MSD), but the displays are the other way
round. Get the connections the right length so that the
assembly is tidy. Take care to make all connections correctly
- if these are wrong it will soon show up as a set of strange
symbols when counting begins. As before, a 100nF
decoupling capacitor (C1) is advisable.

The circuit has a reset input intended for connecting to
the reset pin of a counter chain. If you drive this circuit

directly from a 1-Hz

AST

generator, which does
not have a reset input,
solder a 1k pull-up
resistor between A20

and C20. Solder the
resetting push-button
between the 'RST' pin at
C11 and the QV line.

In the prototype we
found that the ic did not

get unduly hot when the
circuit was run at V.

With other displays

s s WD o o
* o ek e e

taking slightly more
current you may find it
necessary to reduce the
power supply to, say, 6
V.,

Timing starts when
the button is pressed
and released. Ways of
starting and stopping the

Figure 7: stripboard layout of the elapsed-time timer of figure 5
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ETI can supply printed circuit boards for most of our  units you are ordering. Make cheques/POs/money

current projects - see the list below for boards orders, in £ sterling only, payable to Nexus Special
available. For recent boards not listed, check the interest Limited. Please allow 28 days for delivery.
constructional article for an alternative supplier. Acce orders may be made on 01442 266551

Services).

Please 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 form

if sending a credit card number. Overse tomers _'
please add postage appropriate to thear of

Only boards list@d here are available from our
PCB Service. For past issues of magazines, or
binders, please see'page 74 or contact Readers
Services fo '

Name and issue of pro E/398/3 £5.64
ange Capacitor Meter E/398/4 £6.77
ETI PCH Satvice {ssull MID! Drum Pads E/398/5 £5.64
lonisation&i
ETl issue 2 1998
Smartcam maig d E/298/1 £5.09
o-sensor board £/208/2 £5.09
-am boards 9882 £7.00
hadMode InternalPbwer Stipply E/298 £7.87
Bupboatd E E/208/3 . £5.64
i o rvice issue 8 1998 ] :
PIC Electronics Security Switch A6 .08 mrol C e Desk-Top Unit E/0198/1 B.99
PIC Multiplexed LED Display E p Main Section E/0198/2 87
PIC Non-multiplexed LED Display 98/3 /
Easy Parker
Tiny Traffic Lights cher - main board  E/1397/1 £5.8

Q Meter cher - relay board E/1397/2 £6..

E/1397/3 £9.54

- ——— - o = = e e e T T DA = S O o -

Please supply:
l(Z)uanti'(y Project Unit Order Code Price Total price

Surface Mount Logic Probe

Mains Monitor
Aquaprobe
ETlissue 6 1988

PIC Development Board
Signal Generator
Headlight Delay Unit
6-Interval Games Timer

ETl issye § 1998
UHF Transmitter (DS)
UHF Transmitter Enc
UHF Receiver Front
UHF Receiver IF st
Fridge Thermometer

Prices are inclusive of post and packing in the UK. Overseas Post and
Packing (if applicable): Add £1 per unit

N TRy o= L) A g e S e C AL

AVR Controller E/508/6 E
27C16 Eprom Programmer E/598/7 £7.87 : :
Guardian Light E/504/9 £6.22 } 1 enclose payment of £ ......e.sesvieennen.. (Cheque/PO/money order in £ Il:
ET1 Issus 4 1996 j Sterfing only) to: ‘

[ ; [ [
LED Voltmeter E/498/1 £5.64 : PCB Service, READERSl SERVICES DEPARTMENT, Nexus Special Interests Ltd., .F
BB Ranger Contro! Board E/498/2 £6.22 : Nexus House, Azajea Drive, Swanley, Kent BRS 8HU :
BB Ranger Score Board E/498/3 £22 .39 1 :f
emosemerwmanen mesen w4 LIUIUIO0OOOOOOON
Tic Tac Toe E/498/5 £8.44 : =

B TS —"r. i
ETl issue 3 1998 i 1

1 1
Medium Wave Loop E/398/1 £5.64 | Card expiry date: ... ¥
AA Cell Eliminator E/398/2 £7.32 : "

L 4

ELECTRONICS TODAY INTERNATIONAL VOLUME 27 ISSUE 10
68




ET! Issue 12 1997

PC Phonecard Reader: ITT Cannon only E/1297/1 £6.22
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 beard E/1297/5 £5.09
Medium Wave Receiver - PSU board  E/1297/6 £6.77
ETl Issue 11 1997

Total Harmonic Distortion Meter E/1197/1 £13.43
Alphanumeric Morse Touchkey E/1197/2 £5.09
ET] Issue 10 1997

The iQ Tester E/1097/1 £5.64
Fake Flasher E/1097/2 £5.09
DC Motors (Part 2) E/1097/3 £6.77
Valve Tester - Main Board E/1097/4 £21.22
Valve Tester - Socket Board E/1097/5 £5.09
Valve Tester - Heater Regulator E/1097/6 £5.09
All three Valve Tester boards E/1097/4/5/6 £30.30
The 1Q Tester (previously E/897/2 E/1097/7 £5.64
ET! Issue 9 1997

Eprom Emulator E/997/1 £16.49
The Power Supply E/997/2 £5.09
Electronic Door Chimes E/997/3 £5.09
Digital Power Supply E/997/4 £10.11
ETI Issue 8 1997

The Brake Light Tester E/897/t £5.09
DC Motors {3 experimental boards)

DC Motors: The first Controt Unit E/897/3 £5.09
DC Motors: The 4046 Circuit E/897/4 £5.09
DC Motors: The Crystal Drive Circuit  E/897/5 £5.09
All three DC Motors boards E/897/3/4/5 £11.50

ET1 Issue 7 1997

Eprommer: main board (double sided) E797/1 £13.32
Eprommer: PSU board E797/2 £5.64
Eprommer: personality modules {double sided): E797/3

Any ONE module board; £5.09; two modules: £7.90; three modules:
£11.85; four modules; £15.80: five modules: £19.75; All six modules:
£23.70

Please speciy which Eprom modules you require. Modules are for 2716,
2732, 2764, 27128, 27256 or 27512. One order code/overseas postal
charge applies whether a selection or all six personalty module boards are
ordered.

Are Your Lights On?
Peak Reading VU Meter

E/797/4
E/797/5

£5.09
£5.09

Terms of trade

Terms strictly payment with order. We cannot supply credit
orders, but will supply a proforma invoice if requested.
Proforma orders will not be processed until payment is
received. All boards are manufactured from the foils that
appear in the ETI Foils Pages for the appropriate issue. Please
check that our foils are suitable for the component packages
you intend to use before ordering as we cannot supply
modified boards or replace boards that have been modified or
soldered. Boards are only supplied in the listed units. Sorry, we
cannot break units. Prices and stock may be altered without
prior notice. Prices and stock listed in this issue supersede
prices and stock appearing in any previous issue. ETI, Nexus
Special Interests and their representatives shall not be liable for
any loss or damage suffered howsoever arising out of or in
connection with the supply of printed circuit boards or other
goods or services by ETI, Nexus Special Interests or their
representatives other than to supply goods or services offered
or refund the purchaser any money paid in respect of goods
not supplied.
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PIC & AVR Microcontroller Programmers
PIC Serial - Handles newer PIC devices in a 40 pin multi-width ZIF socket.
16C55X, 16C6X, 16CTX, 16C8x, 16F8X, 12C508, 12C509, PIC 14000 ete.
Also In-Circuit programming. Price : £4G/kit, or £45 built & tested.
PIC Introductory - Programs 8 & 18 pin devices : 16C55X, 16C61, 16C62X,
16C71, 16C71X, 16C8X, 16F8X, 12C508, and 12C509 etc. Price £20/kit.
AVR - Programs all current DIP devices in a 40 pin ZIF, Price : £35/kit £40
built & tested.

Note : All our programmers operate on a PC, using a standard RS232 serial
interface (COM1, 2, 3, or 4). No hard to handle parallel cable swapping !

All programmers are supplied with instructions, Windows 3.1/95/98/NT and
programming software for the AVR or PIC.

AVR, PIC, & HC11 Windows Based Development:

Simulator allows assembly and simulation of your AVR, PIC or HC11 projects
in cne Windows program. |ncorporate muttiple files, view hetp file
information directly from the code, edit within project, build and track esors
directly in the source, then simulate. Simulator allows 3 breakpoint types,
follow code in the source window, set breakpoints directly in code. Run
programs, or single step, or step over subroutines. Loglc Analyser Display |
Track variable values and trace for display on the Trace Analyser. input
stimuli include clocks, direct values and asynchronous serial data.
Profile your program - examine frequently called routines which are timed and
use the information to optimise out bottie necks. PIC Version Simulates up to
50 times faster than MPSIM |

Cost £20.00. Please specify Windows 3.1, or Windows ‘85 (32 bit} and

PIC BASIC
FED's PIC BASIC products - straightforward, capable, powerful,
rapid deveiopment. Operating in a Windows Development Environment
our modules need no assembler or UV eraser to program your PIC's, and
operate from a serial link to your PC. The 16C74 module features - 8k
EEPROM, up to 2000 lines of BASIC, 27 fines of programmable 1O, 8 AD
inputs, Interrupt driven seriat RS232 interface, Peripheral I'C bus interface,
LCD display driver routines, up to 178 bytes for variables and stack,
extendible with opticnal external RAM and all the standard 16C74 features.
16C57 version still available - ask for detaiis.

COMPILER HALF PREVIOUS PRICE !I- The FED PIC BASIC compiler for
the 16C74. It produces hex code to program your 16C74 directly with no
need for external EEPROM. Compatible with the EEPROM versions of PIC
16C74 BASIC moduies - deveiop on an EEPROM based module then
compile and program your PIC chips directly.

16C74 Module Kit {8k EEPROM, 4MHz) £35.00, Pre-bulit £42.00

16C74 Module Kit {8k EEPROM, 20MHz) £40 .00, Pre-built £46.00

Compiler - £30.00

either AVR, PIC, or HC11 version

Coming Soon....

PIC BASIC - surface mount modules and updated development
system, watch for detalis !

AVR & PIC devices

PIC1SC74/JW Erasable 20MHz  £18.00 PIC16C558 £5.00
PIC16C74A-04P aMHz £8.00  PIC16CT4A-20P 20MHz £10.00
PIC16F84-04P aMHz £6.00 PIC12C508-04P 4MKHz £1.80
AVR Ring for details

60 Walkford Road, Christchurch, Dorset, BH23 5QG.
http//dspace.dial pipex.com/robin.abbott/FED

A Forest Electronic Developments
PN
=" 01425-274068 (Voice/Fax)

Prices are inclusive, Add £3.00 for P&P and
handling to each order. Cheques/POs
payabie to Forest Electronic Developments,
or phone with credit card details.
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Send your requirements to:

Semi disptay: (minimum 3cms)

01322 660070

ETi Classified Department, Nexus, Nexus House,
Azalea Drive, Swanley, Kent BR3 8HY
Lineage: 85p pef word (+VAT) (minlmum 20 words)

£12.50 + VAT per single column centimetre

Ring for information on series bookings/discounts.

All advartisements 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
TnArr\Jt FORMERS
I OUTPUT 0-2AGOV e
Price  P&P

PANEL MOUNTING
0.5(VA 25 amp max £33.00 06,00 (£45.83 inc V:R
TKVA 5 amp i £A5.25  €1.00 {£61.38 inc v

0.5KVA 25 amp max
1KVA 5§ amp max
2KVA 10 amp max
VA 15 amp max
SKVA 25 amo max

TOKVA 45 amp max
6KVA 3 PHASE Star
Bury direct from the Imporers. Keenes! nthe
COMPREHENSIVE RANGE OF
TRANSFCAMERS-LTHSOLATION & AUTO
{110-240v Auro transfer edber cased with American socket snd
mans laad of frame Avgdabia for immedats

S00VA ISOLATION TRANSFORMER
Now aurad, surpis 'C Cors’ ropcastiens wih lop izl and s
connecions. M0V AC Py $-0-100- 1B-120V & Soresn See W 105K
Suw #1951 155 1 135mm Price £38 00 Car E7.00 (£49:84 mcl}

RANGE OF XENON FLASHTUBES
Write/Phone your enqulres

ULTRA VIOLET BLACK LIGHT BLUE
FLUORESCENT TUBES
Af 40 wall £14,00 (cakers anly} (£15.45 Nt VAT)
27t 20 wal £9.00 {cakers anly} {£10 58 Nt VAT)

12w 8 wall £4.80 + 75p pdp (£8.52 inc VAT
9m 8 wall E3.98 + 50p pAo (524 inec VAT)
B 4 walt £3.98 » 50p php (E5.24 inc VAT)

400 WATT BLACK LIGHT BLUE UV LAMP
GES Men:ufy \obouv Iamp suftable for use
'F. Batas

E39 95 \NCL PAP & VAT

12V D.C. BILGE PUMPS
500 GPY 157 haad 3 armp £19.98
1750 GPH 150 head 9 amp £34.55
Ao now avanacke 24V D.C. 1780 GPH 154 head 5 amp £35.55
A designac 1o be wsed subimerged. PRICES INCLUOE PAP & VAT

SUPER HY-LIGHT STROBE KIT
Deaiged (of Disco, Theatrical uses alg,
Aporon 18 joulbe. Adustabic #beod E50.00 « £3.00 pap
(6228 Inc VAT)
Case snd refector £24.00 + £3.00 pap (£31.73 Inc VAT)
SAE for further detais including My-Lgnl and in-
austrial Strobe Ky

SKVA ISOLATION TRANSFCRMER
As New Ex-equipment fulty shrouded Line Nowse

Suppress:on, Ultra isolation Transiomer with terminar
covers and Knock-out cable entries. Prenary 1207240V
Seconcary 12(0/240V 50/60 Hr. 005 pF Capacitance

Size L.37 x W.15 x H.16cm Wesght 42 Kilos. PRICE

£120.00 «VAT
a-warshouss Carmage on requesi

24V DC SIEMENS CONTACTOR
Type 3THBO22 DB 2 x NO and 2 x NC 230V AC 10A
contacts Scraw of Din Rad foung. Size H 120 X W 45 x
0.75mm. Brang New Price £7.63 incl. PAP sng VAT,

240V AC WESTOOL SOLENIODS
TTZ Mod 1 Ral. 1 MAX stroke 1/4 in. Base mounting 1/2in.
stroke 5ibs pull approx. TTS Mod 1 Rat. 2 Max stroke 178
in. Franl mounting 1/2in. Front mounting 1/2 in. stroke
15Ibs Pull aporos. Pnumuu VAT, YT2 £5 88, TT8
£8.81. SERIES 400 £7.

AXIAL COOLING FAN
230V AC 120mm square x 38mm 3 blace 10 watt Low
Noise fan. Pnce £7.29 incl. PAP and VAT, Other voltages
and sizes avadable from slock. Pleass telephone your
enguines.

INSTRUMENT CASE
Brang new Manut Dy Imnol |31 x H18 x 19em ceep.
Aenmbbfrmmmarpamlfuemnamnbfyd
componants, Grey ficgh complate with case feat
PRICE £18.45 INCL. P&P VAT 2 oft £28.20 Inciuswve.

DIE CAST ALUMINIUM BOX
with imamat PCB guides Intemal size 265 x 165 x
50mm ceep. Prce £9.93 ind p&p & VAT. 2 ol £17.80
inel

230V AC SYNCHRONOUS GEARED MOTORS
Brand new Ovoid Gearbox Crouzel type motors
H 65mm x W 55mm x D 35mm 4mm die shatt x
10mm long. 6 APM anti cw £9.99 incl p&p & VAT.
20 APM anti cw Depth 40mm £11,168 incl pdp 4 VAT,

SOUID STATE EMT UNFT
Input 230240V AT, Output approx 15KV. Producing Ormm
spark. Bult-n 10 sec fmer. Easily modded lor 20sec, 30
S8 t0 continuous. Designed lor baier igniion. Dozens of
uses in the heid of phacs and Glactronics. 8 sUPpIG.
necn or argon tubes akc. Prce less case
£0.50 + £2.40 p&p (£12.81 Inc VAT) NMS

EPROM ERASURE KIT
Build your own EPROM ERASURE lor a fraction of tho
prce of & made-up Uit kit of pans less case includes 12in
8 watt 2537 Angst Tube Baliast und, pair of bi-pin leads,
NeON INICATOr, OOl Switch, salety mwcroswilch and
cireuit £15.00 + £2.00 pAp (£10.98 inc VAT)

WASHING MACHINE WATER PUMP
Branomﬂ)vm fan cooled. Can be usod lor a variety
of purposes. knisl 1%in_ outle! 1. dia. Price inciudes pip &
VAT, £11.20 sach or 2 for C20.50 nousive

0181-995 1560

ACCOUNT CUSTOMERS MIN, ORDER £10

SCIENTIFIC

SW 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 RAVEN
RD LONDON E18 1HW

FAX 0181 559 1114

TRANSFORMERS

| Variable Voltage
Technology Ltd

TRANSFORMERS

For valve and transistor circuits
HT Filament chokes high & low voltage;
Standard and custom design
large and small quantities
Unit 24E, Samuel Whites Estate, Medina
Road, Cowes, lsle of Wight PO31 7LP

Tel 01983 280532 Fax 01983 280593

PRINTED CIRCUIT BOARDS

SERVICE TRADING CO

57 BFIIDGMAN FlOAIJf CHISWIC

LONDON W4 5BB
FAX 0181-995 0549

Ampie
Parxing Space

PRINTED CIRCUIT BOARDS
DESIGNED & MANUFACTURED
« PROTOTYPE QR PRODUCTION QUANTITIES
« FAST TURNROUND AVAILABLE
+ PCBa DESIGNED FROM CIRCUIT DIAGRAMS
« ALMOST ALL COMPUTER FILES ACCEPTED
EasyPC / Ares / VuTrax / CadStar
Gerbar / HPGL { IDraw and many others.
*ASSEMBLY & TEST AVAILA|
TE E HONE 01232 738897

FAX - 11232 738897
Ema - agar & sganel.co

UR'}osni?ﬂgo oS Benar B Hax

Broadcast

FM TRANSMITTERS & ACCESSORIES

Equipment hire and R.S.L. consultation service

VISA

ouse

FM radio kits, Prebudt kits, Cuslom buill and Prolessional
FM troadcast equipment. In use by broadcasters worldwida.
Wa also ship workdwide and aocept major credit cards.,

All equipment is fully guaranteed for 12 months.

call tor your free brochure.
PHONE / FAX: 0181 2880192 G

TRANSMITTERS , AMPUFIERS, STEREO, R.D.S.. ANTENNAS & MUCH MORE
1 WATT LC.D. PLL TRANSMITTER

availabla

check out our products ontine
www.broadcast-warehouse.com

HOBBY, COLLEGE, HOSPTAL AND PROFESSIONAL RADIO

ONLY £84.99 [ KIT FORM }
o e

‘To Advertise in the next available issue of ETI

call Mark Colyer

01322 660070
Remember classified get results fast

ELECTRONICS TODAY INTERNATIONAL VOLUME 27 ISSUE 10

ELECTRONIC PLANS,
designs, solar and
generators, high voltage teslas,
surveillance devices, pyrotechnics
and com-puter graphics tablet. 150
Erojects. For catalogue, SAE to
lancentre Publications, Unit 7,
Old Wharf

Dymock Road,
Herefordshire, HR8 2HS.

QUARTZ CRYSTALS

QUARTZ CRYSTALS 100 KHz -
100 MHZ at low cost. Full list
available and technical advice.
Q-Electronic Design Associates.
Tel: 0181-391-0545. Fax: 0181-
391-5258.

Estate,
Ledbury,

Industrial

ELECTRONIC

MANUFACTURING

\

: . LTD sTevENAGE
Protessional Sub-Gantract Manufacturing
and Suppliers to ths Electronics Industry.

Phone Steve on (01438) 360406 or tax
details ot your requirements to us on
(01438) 352742,

EQT LTD.. UNIT 5, First Floor, Caxton Point,
Bsssemar Drive, Stevenage HERTS SG1 2XT

CLASSIFIEDS
GET
RESULTS
FAST
CALL

MARK
NOW
ON
01322 660070




STEVENAGE

Professional Sub-Contract Manufacturing & Suppliers to the
Electronics Industry

Do you have a requirement for any of the following services:

PCB Assembly (Conventional and  Product Design/Consultation BASIC Stamps- Scenix -
Surface Mount) Full Procurement Service ® Re-Programmable @ Fastest 8-bit micro
gave I&tHaEnd .Soide:ing ECBI Test 85 “Bum gu‘l"viFacilfitig‘s @ BASIC language @ 50MIPS
omplete Equipmen nclosure Design & Manufacture :

Manufactureq PCB Artwork Manufacture o e S O askatpagy
Device Programmmg from hand Circuits Drawn Professionally ® 8 or 16 /O lines ® 18/28 pins
written shts or PC 3%" d Kit Procurement & Supply @ SPI/DTMF @ PIC16C5x
Cable Harness Assembly/loom Component Sales @ Fast development pin replacement
Manufacture Refurbishment a speciality
Card Cage and Module Wiring Top Quality Work at Reasonable
Full Inspection Rates Serial LCDs
Phone Steve on {01438) 360406 or fax details of your requlrements to us ® R5232 Serial interface

n (01438) 352742 ® 2x16 to 4x40

QT .TD, UNIT §, First Floor, Caxton Point, Bessemer Drive, Stevanage HERTS SG1 2XT ® Simple 3-pin connection

@ Integral Keypad option Roboti
@ Large Numerics option AHaYES

ADVERTISERS INDEX oo nathlele Sl

3-Axis Machine ® Walking Insect

’ @ Stamp 2 based
A e e T2 Labcgnter Elecironics ............... K1 & Ole PO
Ambyrltd...ooo e e RNERINS . cs st ...0BC ® 3-Axis movement 3
Broadcast Warehouse.............72  Milford Instruments................73 ® Stepper drive o
([l o Wit s o WS (] 5] 0 SO A s« 32 : :\;;0;1 ;‘ESOIUtIOn Servo Controller
Crown Hill Associates .............51 No. One Systems................72 s @ Control up 3
Display Electronics................ 39 Plancentre Publications............72 ,‘;;3 S
3 - =< o] ®RS232 IR Decoder

EPT Educaticnal Software ......IFC  Scientific Wire Co...................72 Commands >

. Uses any remote
EQT e 73 Stewarts of Reading ..............IBC @ 7 digital outputs
Farest Electronics ...............69 Tenet ........ .9 @ Toggle/momentary
CTEGH st LT T e A 1 1] T O SN | @ Re-Programmable
J.J. Components ................43 S

All adverts must be prepaid.
Cheques payable to:
Nexus Media Ltd.

N UEPERE . e o T NN AN R T 3 T e
RS ettt L A LT e g et el
[BEdme 1 2 NehR o G i R P e e =
20 words lineage
.............................................. £1 9.97 t
ST TS ISy R ) & 2 - | P RS e L Ll SN s e
[DIETE L i s o e T et LR e -
PLEASE DEBIT MY ACCESS/BARCLAY CARD No. 3x1

ARSI IRE e R £44.06

vat
BPIRY DANE . . RN i s - 2n e tyran

FOR SALE COMPONENTS PLANS OTHER—PLEASE STATE
Please ring the reguired heading.

ELECTRONIC TODAY INTERNATIONAL
CLASSIFIED ADVERTISEMENT DEPARTMENT,
NEXUS HOUSE, AZALEA DRIVE, SWANLEY, KENT BR8 8HU
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westem world is :
technological developrment.

It is a sad fact that few if any of those who
rule Britain have a scientific education, so
they are often behing in understanding what
is happening. Take the proposal madie by the
Eurcpean Commission to tax data transfer
on the Internet. A “bit tax™ is probably
unworkable. i it did work, it would simply
hand more of the benefits of Internet trade
over to other geographical regions. Since
phone conversations are also digital, the tax
would also presumably add to the cost of
phone calls as well.

Make sure of your copy of
ELECTRONICS TODAY ”ﬂ'm

Complate this coupon and hand it fo your newsagent

Please order me a copy of EFf every month

r any civilian to use
legal in Britain. In the
use the available

h rtant Shannon's law
gfficient use of
even power density
channel. Techniques
il probably involve
g which, while not
sLich, will not be easy to
thout the specific decoding

& contortions used to get working pgp

ryption software out of the USA is another
amusing case of bureaucratic confusion. It
was ruled illegal to export source code or
compiled software, despite the fact that the
mathematics of the encryption is known over
a wide area of the world, but for some
reason it was not ilegal to camy out a book
containing the code. This was scanned,
cptically character recognised, and put on a
web server not in the USA.

Quite likely the issue of encryption will
cease to be of great political interest,
commiunications wil nommally be reliable and
as secure as necessary, and some other item
which the government of the day does not
understand will be the new big concem.

Reserve me a copy D Deliver it to my home D

FTlis distributed 10 newsogents wholesoierslw Comog Mogmn!! Mbrkemg- Tmhhde Rand Wes! Droyton, Wﬂesex ,UBT 7CE.

Tel: 01895 444055 Fax: 01895 433602
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HOW DOES YOUR EQUIPMENT MEASURE UP? AT STEWART OF READING THERE’S ALWAYS ‘SCOPE’ FOR IMPROVEMENT!

| SUMMER SALE

PHLIPS PMINT Thes reatyiga
Dhral Teen SOMMY Dy very good

THIS IS THE BEST CHEAP SCCPE YOU WILL EVER BUY!!

H ;,' L €200
- .f--&g

Goutd 051100 Buat Trace J0MH2 Delay, Yery Brght
Supped wit manual & 2 probes.

TEKTRONIX 2215 - Dual Trace SLMKZ

E’“: !L; mﬂ;ﬁ,
. o5
| 0'&4&1‘“ @

PHILIPS PMI296A Dual Trace 40CWMHZ Dust TB Deiay Cursars IBEE £2250
FLUKE PM3062 2¢2Ch s00MHZ [elay TB Cursors 2950
TEKTRON(X 2455 4 Ch D0MHZ Sweep Cursors efc

TEKTRONIX 2345/24454 4 Ch 1 Cefay SIIEE‘F from Cursors e £1CW
TEKTROHIX TAS85 Dusl Trace: 100MHZ Delay Gursors 0900

TEKTRONIX 2235 Dual Trace 100MHZ Delay Sweepy 700
TWATSU SS5711 4 O 10OMHZ Delay Swecp £550
PHELIPS 3065 2+1 b SOUHZ Delay Duall8 £475
GOULD 05300 Dl Trace 20HHZ £160

WARCONI 2019 Syn AMFM Sarial Gon BOKHZ- 1040MH2 £120
MARCON| 2017 Praasac Lock SMPM Sl Gen I0KHZ- 100482 £4500

P L W

Can You Believe 1t - A 1GHz
Generator for only

| P, 665408 AWM Sepa

SO0KHZ-10248HZ - Ak Opdcn
H.P. 36404 AMPU Signal Gen SO0KMZ-S12MHZ £250
FARNELL PSGS20 Syn Al$M S‘Gln 10-520487 Portatie £450
MARCONI 5311 Programmatie Swoco Gan 10MHZ- 20GHZ E4500
PHILIPS PN5198 Programmatie Syn Fune Gen . 1MZ-50MH2 £1500
PHILIPS PNS192 Programmable Syn Fune Gan 0. 1MMZ-20HH2 E1000
HP. 23254 Sym Fuxcnon Gbo 29MHZ £950
PHILIPS PHS134 Swees Fuic Gen .001H2-20WH7 £300
PHILIPS PH5%32 Sweep Func Gen 0.1HZ-2MHZ £200

|

=

METROHM - 34 - 500V Battery
Megoar (a uselul back-up for faull
fnqulCompteﬂemBanenes&

CLASSIC AVD METER
A Dl AVD DATIE 3112 digit
Comgplele with Batteries and Leads
oy G

SCLARTRON 7045 - 4.5 Dig. Bench

Y

SOUARTRON TI51 GAIM 61/20igk IEEE mo o=
]S’OL;F;FSHONHSQ DMM 61/20ipUEEE

BRAND NEW OSCILLOSCOPES ~NEVER USED LIMITED STOCK

NEW & HARDLY USED

- = == -
s e FETS wn -—_1__5_13:!';1
» e 5 == i -t g
< Qe X _wrt T QA
PANASONC VPATTTA FUAM SGAAL GENERATOR
DHG 3850 DRGITAL STORAGE DN

100KHZ-00MHZ: F3 0 - 100KHZ: Oud -1008-3998 A 0-80%: 32 Preset
Memory,

Haheid LCO.D 2Chnnel SMS'S. At rernge 4 dgil Dayte) Despray Frequency & Output, |
DAMMTapad quancy Courtir Batery Oparation or Lised £450 Un-lised £750
enemws»m-xmnunm RS2

Comaes i Rlack Campng Pauch corpiate wih 2 scope KENWOOD FLIBCA WOW/FLUTTER METER
ombes; DM ieads: Manis D 001 Frag IHZT 1KHT
FOR ONLY T600 Hus'mmwg Fiers:
Diggtas Dusplay r 1pm 4 digit Frizg Courder
{G01MHZ-9.900KHZOOIKHE -55KHZ |
€400
POWER SUPPLY MODEL HSP301(
0-20Voks: 010 Amps
Curren Limbng. 2 Metess
Used £160

Probes & Marval
AWATING VALUE AT £400

— i OTA 20 100V 300V in 12 Rages
T_Jﬁ-q tha Trace eV v} %
i ,_4::1‘ e Used £160 Un-lsed £125 |
. GOODWILL GFC 80105 i 1
At Miag TV Tng e Uni.sed § bomsd suppiied with 2 probes FREQUENCY COUNTER Range
& Marai tas THZ — 120MHZ B Dyt 15my
= = AMS Sansinity Un-Uged £75
FARNELY 368 00) e F ANALOGUE  MULTIMETER Model HCZBOTR  AG/DC
10K - 1GHZ w ;b Volls: DCCurrent 10Amps: 17 Ranges: Conlinully |
AmfFm Syrihesaec H Buzrer, Transsior Tester Un-Used £15 [
Sl;na sﬂ”" STEREQ AUDIO BALANCE to UNBALANCED CONYERTOR
et EED ves G 1 For Car Radin Serveong Un-Jsed 140
FiHEL T = e | FARMELL LA Sine ! Sq Ccils 1
Sophisticatet Aubomatic Moduiabun Mater 10HZ e e B 75
DG fLooks stk 1 ows PSGHIN0) e oy
Un-lsea @ POWER SUPPLES
- — FARNELL APHOAD 0- 1000l & Amcs A Pargig tow
FARNELL M60/5 D40Vt 0-28hmps
waaj g WAYNE KERR AMM255 FARMELL TSVTOM2 TV, Shmps ot H0Arps o206
— 3 Autormase Modulaton wesar FARNELL L12-90C [-12'028 0-100 a7
WG AWTH 1 SUHZ - 26HZ 12 Dt FARELL LT0-2 630k, G-Lires fmee a8
- -y Un-Used @ FARNELL LT20-1 C-32oks. C-4hrmon Temcw 13
wau:v nmmm m!mﬁml’wlm Whmot 275
03008, 324 PB Digi <150
DUNMY LOAD ¥ Type S0oim 75 Walts Liber et s S, tD
Yo Mars evttng Transmer 307A Cased 13 Ao Pug & Socket A dem 100

STEWART of READING

110 WYKEHAM ROAD, READING, BERKS. RGE 1PL

Telephone: (0118) 9268041, Fax: (0118) 9351696
Callers Weicome & am - 5.30 pm Monday fe Friday (other imes by arrangame

VISA
—

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

Electronics CAD

for Windows 95, 98 and NT

L e al ad

i o5

EIs \p.-ﬁwmﬁh!
QOverseas dealer enquiries welcome

» True Windows graphical user interface

¢ Multi-sheet Schematics - Projects.

e Full links-to our Analogue, Digital and
Electromagnetic Simulators.

s Impressive, high speed, gridless,
shape-based autorouter options.

» Design rule and connectivity checks.

¢ Full Windows outputs.

e Gerber, Excellon and DXF outputs.

» Free technical support! No dongles or
maintenance contracts.

» Trade up allowance from other products.

+ New entry level version available.

» New demo’ available - please call!

Number One Systems

Ref: ETI, Harding Way, St.lves,
Cambridgeshire, PE17 4WR,
United Kingdom
Tel: 01480 461778 Fax: 01480 494042
International: +44 1480 461778/494042

J Gttt pa

email: sales@numberone com
http://www.numberone.com




INAAPLIN

ELECTRONICS

Order your catalogue now
on 01702 554000
or visit and collect from one
of our 48 stores nationwide.
You can also purchase your
catalogue from your local |
Maplin store, WH Smith and |
John Menzies,

THE NEW
CATALOGUE

better selection and service

Telephone 01702 554000 with your enquiry

The catalogue costs just £3.99 plus p+p* and the CD Rom is available at Just £4 95 plus p+p* including free datasheet CD Rom.

+(Add 50p for P&P). Orders outside the UK please send £8.99 or 21 IRCs for Airmail in Europe of surface mail outside Europe. Send £16,04 or 37 IRCs for Armalil outside Europe 107
Map#in Electionics, PO Box 777, Rayleigh, Essex, England, $56 8LU. Prices include VAT and are subject 1o change. Al items subject to availability. E+OE. WHEN ORDERING PLEASE QUOTE PRIORITY CODE MAO91
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