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Motional feedback based on the 
position of the speaker cone has its 
drawbacks. Wouldn't it make sense 
to derive feedback from the 
pressure inside the cabinet? John 
Watkinson tackles the issue on 
page 698. 

If you use CAD regularly and 
you're plagued by frequent system 
crashes, Linux may be the answer 
to your problems. Take a look at 
Rod Cooper's review on page 666. 

The "ultimate wireless Lego robot"-
according to Motorola at least. This 
and more top news stories, starting 
on page 652. 
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It's official - work isn't fun any more 

Staff are spending ever more 'working time 
surfing Web pages that have nothing to do 

with work—and nearly half waste over three 
hours a week of their employers' time in this 
way. 
But if you thought sex was the most popular 

subject that they 'research' in company time, 
you'd be utterly wrong. So what's the key 
attraction? Why, finding a better job! 
That's the verdict of a recent survey by 

Vault.com, which found that nearly 40 per cent 
of personal Internet use at work was related to 
looking for a better position. It speaks volumes 
of course and points to the dissatisfaction that 
many employees feel today. 
According to one survey, some 85 per cent of 

the American workforce is disenchanted with 
their job or career and figures are most likely 
similar in other industrialised countries. 
In a recent US News &World Report survey, 

people were asked how happy they were with 
their lives. The three areas where people were 
overwhelmingly dissatisfied were jobs, finances, 
and leisure time. For most people finances are 
inextricably linked with a job, while 
discontentment with the job influences one's 
leisure time. 
Many people feel underpaid and overworked, 

often finding themselves dwelling over work 
issues when they're supposed to be relaxing. So 
the source of most dissatisfaction is the job. 
That's bad news because unhappy, stressed-out 

employees do not make productive workers. 
According to Linda Rosenstock, director of the 
National Institute of Occupational Safety and 
Health, people who are stressed at work cost 
companies more money, suffering more heart 
disease, increased injury risk and other kinds of 
medical problems. 
The causes are all too familiar — heavy 

workload; long hours; no decision-making 
power; poor social environment; conflicting or 
uncertain job expectations; job insecurity; or lack 
of growth opportunities. 
Specific reasons are not hard to find; a MORI 

poll conducted for telecomms vendor Mitel cites 
aggravation on the way to and from work as the 
most annoying aspect of the job (41 per cent of 
employees), closely followed by workplace 
politics (37 per cent) and constant interruptions 
(33 Per cent). 
No fewer than 42 per cent would seriously 

consider changing jobs to avoid these 
distractions. Over a quarter would accept a salary 
cut just to have the freedom of working in peace. 
With so much evidence of dissatisfaction with 

workplace conditions, one might imagine that 
employers in the electronics, communications and 

IT industries would take the problem seriously 
now. 
Of course, this disharmony may be entirely 

intentional — part of the grand plan. That's 
because people reportedly work harder when 
they're feeling rotten. 
Studies by psychologists from the University of 

Alberta reveal that cheerful folk waste time 
maintaining their happy moods, while their fed-up 
workmates just get on with the job. 
Four groups of people were observed building 

circuit boards on a production line. While the 
cheerless characters worked no faster, they made 
half as many mistakes as their more jovial 
colleagues. Drawing on long-established 
distraction theories, the explanation is that 
disenchanted people lose themselves in work to 
take their minds off their miseries. 
Working yourself to distraction is hardly the 

solution, though. Tom Welsh, the self-styled 
premier authority on new solutions for career 
satisfaction and owner of the delightfully named 
website www.workhappy.com, declares that 
unfulfilled workers are probably in the wrong 
profession, pursuing unsuitable careers that make 
their lives miserable. 
Working longer hours is not the answer either. 

Already 44 per cent of Americans call themselves 
workaholics, well over 100 million, working an 
average of 47 hours a week. Within Europe it's 
British workers who work the longest hours. 

In the electronics industry the problem is 
particularly subtle and deep. One report tells of a 
software engineer who was "too busy" to drive 
some distance to Workaholics Anonymous 
meetings for help with his addiction. In 
desperation he set up an Internet chapter of the 
organisation and now airs his grievances on line 
with the other workaholics who attend these 
digital meetings. 
According to Tom 'Work Happy' Welch, the 

solution lies in discovering who you really are, 
identifying what you want out of your job and 
your life, and learning how to achieve it. You can 
love your work, gain control over your future, 
earn more money, and live a happier, healthier 
life. All it takes is a little planning and some 
focused action. 
That may be, but employers could do their bit as 

well, instilling pride in work well done, also 
keeping employees informed and acknowledging 
the value of their individual contribution. 
Since time immemorial managers who express 

personal interest in their employees have always 
managed to get more output. But even this lesson 
seems to have been forgotten. Perhaps they are 
"too busy" as well. 

Andrew Emmerson 
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Microchip combines PIC 
microcontroller with DSP 
At last Microchip. makers of the 
popular PICmicro range of 
microcontrollers, has revealed 
details of its forthcoming dsPIC 
DSP-microcontroller combination. 

PIC with DSP — performance 

The chip 
30Mip/s 
94 instructions 
11 addressing modes 
up to 4 Mbytes x 24 flash 
up to 32K x 16 ram 

DSP engine 
16-bit by 16-bit multiplier 
40-bit adder 
two 40-bit saturating accumulators 
40-bit bi-directional barrel shifter 

Peripherals 
fault-tolerant oscillator 
up to 8 capture and 8 compare functions 
dedicated motor control/power conversion 
PWM 
Quadrature Encoder Interface 
Interfaces for 
RS-485, UART, I2C, SPI, AC97, CAN, I2S 
up to five 16-bit timers 
watchdog timer 
up to 80 I/0 bi-directional ports 
10-bit high-speed simultaneous sampling a-to-d 
converters 
12-bit AID converters. 

It will be a single-instruction 
stream non-pipelined modified 
Harvard machine with a I6-bit data 
RISC core and 16-bit DSP engine. 
The instruction set architecture 

has been designed, 'to be highly 
efficient for C compilers and 
RTOSs,' said Microchip. Towards 
this vectored exception processing 
supporting eight user-prioritised, 
fixed latency, interrupts and seven 
traps, is included. 
Applications foreseen include 

motor control. Internet-connected 
appliances, automotive products. 

power supply management and 
speech recognition. 
Microchip claims dsPIC will be 

supported by its own tools, 
application specific libraries and 
third-party tools. Devices are 
planned in packages with from 28 to 
100 pins and will operate from 2.5 
to 5.5V with a variety of power 
saving modes. 
The company's 0.5pm flash 

process will be used. Beta sampling 
is planned for the fourth quarter of 
2001 with volume production in 
2002. 

Electronic ink display inventor 
teams with Philips 
E Ink, inventor of a display 
technology that relies on the 
electrostatic attraction of tiny 
coloured particles in a liquid, has 
revealed yet another prototype. This 
time it is with Philips Components. 
The announcement comes only four 

months after E Ink agreed to develop 
and commercialise active-matrix 
electronic ink displays. The 
prototypes use a I3cm sheet of E 
Ink's electronic ink with Philips' 
active matrix backplanes and drivers. 
The modules can display 

monochrome and grey-scale images 
with a resolution of 80dpi. The 
partners intend to be selling high-
resolution electronic ink displays for 
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smart hand-held devices in 2003. 
Unlike LCDs, E Ink's displays do 

not need polarisers and have a high 
contrast ratio and a wide viewing 
angle. The company already has ties 
with IBM (Electronics World, July 
2001), and has shown a simple 
coloured prototype. 

Snake sensors detect changes 
down to 0.001°C 
Poisonous snakes could be the inspiration behind a new 
generation of infra-red imagers if the University of Texas has 
anything to do with it. 
Crotalines, better known as pit vipers, have unusual 'pit 

organs' that the snakes use to locate warm-blooded prey. 
The nerve-rich depression is located in front of the snake's eye 

and harbours heat-sensors so sensitive the snake can detect a 
mouse several metres away. 
Researchers say the viper's sensing system responds to 

temperature changes "much less than one-thousandth of a degree 
centigrade". 
Man-made sensors with a similar sensitivity apparently need 

cooling to —200°C. 
The picture shows researcher Dmitriy Protsenko (left), and 

Professor John Pearce collecting images using a thermographic 
camera as part of the research programme. 
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UPDATE UPDATE 

Fuel cells deliver up to 3kW and run on 
any hydrocarbon fuel 
Fuel cells developed by German firm 
NovArs look set to go into pilot 
production. 
NovArs' US technology backer 

Manhatten Scientifics aims to start 
pilot production of fuel cells aimed at 
portable electronics such as power 
tools, home generators and lap-top 
computers. 
The cells are based on a proton 

exchange membrane (PEM), which 
can extract hydrogen from almost 
any hydrocarbon fuel. 
Power outputs range from 2W to 

3kW, the firm said. Energy density is 
around 115W/1, several times higher 
than lead acid batteries. 

Manhatten has contracts to produce 
fuel cells for motorbike manufacturer 
Aprilia, vacuum cleaner maker 
Electrolux and the US Army. 

The firm is discussing building a 
small production line with several 
companies, it said, which could be 
based in the US, Europe orlapan. 

Light-emitting plastics a step closer to production 
Cambridge Display Technology 
(CDT) has signed a deal with Tokki 
to co-develop production equipment 
for light-emitting polymer (LEP) 
displays. 
CDT LEPs are one of the two 

technologies vying for space in the 
plastic semiconductor displays 
market, which has yet to develop. 
Many predict that plastic displays 

New package options for 
smaller circuit boards 
Texas Instruments has developed a family of packages 
for simple logic chips which can cut circuit board 
footprints by 70 per cent, compared with its previous 
packaging. 
Called NanoStar. the 5- and 8-pin packages are 

aimed at single and dual logic gates, often used in 
products such as mobile phones, laptops, MP3 players 
and other hand-held equipment. 

Until now TI has used the 5-pin SC-70 package for 
single gate logic. NanoStar has a footprint of 1.4 by 
0.9mm, or 1.26mm2, 
which means it uses 70 
per cent less board 
space than SC-70. Its 
height is 0.5mm. 
Connection to the 

PCB is via eutectic 
solder balls — the 
mixture of metals in the 
balls melt and solidify 
at the same 
temperature. Thermal 
properties are improved 
compared with the SC-
70 packages, TI said. 

CND 

will dominate the front of mobile 
phones and personal organisers in the 
next few years. Organic light-
emitting diodes, or OLEDs, from 
Kodak and its licensees are the other 
technology — which seems to be 
slightly ahead in the race to market at 
the moment. 
The CDT-Tokki agreement covers 

the next generation of Tokki's 
volume manufacturing physical 
vapour-deposition (PVD) and 
encapsulation technology. 
Development work will include 

looking for encapsulation techniques 
to reduce cost and improve display 
life. 
CDT has purchased a 355mm 

ToIcici PVD machine to be installed at 
its pilot development line, currently 
under construction in Godmarichester 
near Cambridge. This facility is 
expected to come on line in early 
2002. 
Nissei Sangyo will be Tokki's 

exclusive distributor for equipment 
developed in the deal. 
LEP displays took another step 

towards production recently when 
Osram Opto Semiconductors (Osram 
OS) brought forward production 
plans for LEP displays. 

It was due to start manufacture in 
2002, but in a statement said it, 
"expects to bring a commercial LEP 
display manufacturing plant in 
Penang, Malaysia on stream during 
2001." 
According to Osram OS, which is a 

joint venture between Osram (51 per 
cent) and Infineon, it already has an 
LEP pilot line in San Jose. 

Its licence allows Osram to 

manufacture and sell LEP displays up 
to 1/4 VGA pixel format with rights 
to license higher information content 
in the future. 
The right to manufacture lighting 

devices is also permitted by the 
licence. 
Osram said it will initially develop 

OEM LEP products for mobile, 
cellular and automotive applications. 

SM power 
inductors for small 

PSUs 
Surface-mount power inductors 
aimed at shielding in lap-top 
computers and other handheld 
equipment and mobile products 
have been introduced by US 
firm Coilcraft. The inductors 
have a footprint of 3.7 by 
3.7mm, and a height of just 
2.6mm. Components in the 
1008PS series have inductances 
ranging from 1 to 1000µ11 and 
saturation currents up to 3A. A 
designer's kit is available from 
order.coilcraft.com. 

Bipolar transistor achieves 210GHz 
IBM Microelectronics has developed a 
silicon germanium heterojunction 
bipolar transistor (HBT) running at 
210GHz. 
The move marks a big step forward, 

which could extend silicon's reach to 
the 40Gbit/s communications market 
and beyond. 
IBM exceeded 200GHz by taking its 

0.18µm SiGe process, which runs at up 
to 130GHz, and reducing the vertical 
thickness of the transistor's base. 
With a cut-off frequency (fT) of 

210GHz, IBM's transistor is not only 
75 per cent faster than its own previous 
devices, it is significantly faster than 
any other published SiGe transistor. 
Hitachi, for example, last year detailed 
a 0.2pm SiGe HBT with an fT of 
76GHz. 
Other materials, such as indium 

phosphide, are being touted for high 
speed conuns applications due to 
higher performance, but they are more 
expensive to manufacture. IBM claims 
its HBT, compared to a similar speed 
InP device, uses 20 per cent less 
current — around 1mA. 
What's interesting is that IBM's 

process differs little from other 
companies' devices. HBTs are built on 
a 0.18µm BiCMOS process with an 
emitter area of 0.2xlµm. 
The major difference comes with the 

thickness of the base region. Although 
grown epitaxially like most HBTs, the 
base has an undisclosed thickness. This 
reduces the transit time of electrons 
across the base, which directly affects 
the cut-off frequency. 
Furthermore the amount of 

germanium in the base is graded, from 
almost none at the base-emitter 
junction to between 20 to 30 per cent at 
the base-collector junction. This brings 

Insulation 

Simplified heterojunction transistor 

Emitter 

SiGe base 
region 

Base 

n+ 

Collector 

Deep trench 
isolation 

into question the device's claim to be 
an HBT at all. 
"There is a small percentage of 

germanium at the base-emitter 
junction, so there is a heterojunction 
effect, seen in an increase of the 
current gain," said Seshandri 
Subbanna, senior engineering manager 
for analogue and mixed signal at IBM. 
"The main heterojunction is at the 
collector-base junction." 
Subanna's engineers expect to have 

manufactured simple circuits based on 
the HBTs by the end of the year. 

• In a separate announcement, IBM 
said it will add 'strained silicon' to its 
CMOS manufacturing within two 
years, a process it claims will increase 
switching speeds by 35 per cent. 
"The limiting factor for switching 

speeds is the mobility of electrons and 
holes," said Helmut Schettler from 

IBM. Strained silicon increases 
electron mobility by 70 per cent, he 
said. 
Strained silicon is made by growing 
a silicon layer on top of a lattice with a 
slightly larger inter-atom spacing. This 
is often a 75/25 silicon/germanium 
layer giving a one per cent expansion. 

If the top layer of silicon is fairly 
thin, as it is in a fet's channel, then the 
silicon retains the spacing of the 
substrate and is said to be strained. 
Even a one per cent larger lattice 

increases degeneracy of the silicon's 
conduction band, trapping electrons 
and reducing the scattering of free 
electrons in the lattice. This increases 
mobility. 
IBM has completed some test 

structures using strained silicon and 
expects to have it in production by 
2003. "It's a question of getting a 
reliable process," Schettler said. 

This simplified 
HBT shows its 
vertical structure. 
Deep trench 
isolation protects 
individual 
transistors, while 
a shallow trench 
separates the 
base-emitter 
junction from the 
collector 
connection. 

Java makes robot clap 
The JavaOne Developers Conference in San 
Francisco saw the emergence of the 
"Ultimate Wireless Lego Robot", or so 
Motorola claimed. 
Together with Flashline, Motorola 

assembled the robot to demonstrate their 
wireless data technology. 
Users remotely sent commands from a 

Motorola i5Osx phone through the Internet to 
the robot, which will dance, clap its hands, 
wag its tail, and move around in response. 
Both the handset and the application use 

Java 12ME, one he smaller versions of Java a(et 
aimed at port le applications. The Internet 
connection is ' lways-on' and the software is 
bolted together from re-usable modules. 
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UPDATE THE OSCILLOSCOPE IS MOVING ON... 

First products using Indium phosphide 
semis available next year 
Indium phosphide, one of the new 
breed of high-performance compound 
semiconductors, is set to appear next 
year in a commercial product. 
TRW, with partner Hitachi, will 

introduce InP devices into mobile 
phone handsets in 2002. 
InP is an exotic material, until 

recently confined to laboratories, but 
its phenomenal speed is tempting 
manufacturers to bring it into the 
open. 

I nP applications - according to TRW 
• mobile phone handset power amplifiers 
• digital and microwave ICs for satellite payloads 
• 40 and 80Gbit/s optical network components 
• integrated fibre-optic receivers 
• Ku-band to above-V-band LNAs, VCOs and PAs 
• components for 'last mile' broadband access 
• 60GHz wireless picocells 
• 94GHz wireless links. 

"TRW's baseline InP HEMT [high 
electron mobility transistor] process 
with 65 per cent indium in the 
channel yields devices with an !, of 
300GHz and an f„,„, of 450GHz. InP 
HEMTs exhibit higher gain than 
GaAs HEMTs, as well as a lower 
noise figure and better PAE [power-
added efficiency]," claimed the 
company in a paper last year. 
And TRW has made an InP static 

frequency divider that operates at 
least 80.1GHz - way over the head 
of silicon. In fact, it could have been 

faster but TRW's test gear ran out of 
steam. 
Direct integration of optical 

components is another possibility 
with InP. Devices such as LEDs, 
lasers, and photodiodes operating in 
the 1.3-1.55 gm (optical fibre) region 
may be made alongside HEMTs and 
HBTs (heterojunction bipolar 
transistors). 
These speed, efficiency and 

versatility advantages have been 
more than offset by cost, yield, and 
reliability problems, as well as lack 
of high quality large-diameter InP 
substrates - which are fragile and 
brittle when you can get them. 
According to TRW, InP shares 

many of these problems with GaAs 
and the company introduced a high-

volume commercial GaAs HBT 
process in 1993 when others thought 
it was years away. 

Its InP process is modelled on a 
111171 descendent of its original GaAs 
process. Steps transferred include 
substrate supply (75mm now, 
100mm in development), epitaxy 
(molecular beam), yield and backside 
processes. 

It claims process yields equivalent 
to those of GaAs HBT processes on 
its space-qualified 75mm InP 
process. The 100mm process will be 
for commercial and space 
applications. 

Reliability is high, says the 
company, with MTTF (mean-time-
to-failure) values of 107 to le hours 
for devices at 125°C ambient. 

Mini mouse is world's smallest 
This is the smallest manual input device in the world, claims its maker 
InControl Systems. 
Called Piccolo Point, this is a force sensitive mini-joystick - shown in 

the picture combined with push-buttons to make a mouse. 
It is aimed at wireless and hand-held products and is under 4mm thick 

with a 14 by 18.5mm footprint - including 
connector - and with a predicted life of ten 
million operations. 
The company also offers a custom 

microcontroller that emulates a serial or PS/2 
mouse and works with standard mouse drivers. 
or the user can exploit unused resources in an 
existing microcontroller to support pointing. 
Piccolo Point is available from Diamond 

Electronics. 

Diagonal routeing promises faster chips with lower power consumption 
A consortium of companies has set up an 
initiative to promote diagonal routeing 
inside ICs, a technique that could increase 
speeds, cut power drain and improve yield. 
Called the X Architecture, the technique 

rotates the fourth and fifth metal layers 
through 45°. Standard chips are arranged 

with metal layers in the so-called 
Manhattan layout, alternately running 
horizontally and vertically. 
While using diagonal lines is hardly new, 

the idea of devoting two whole layers to 
45° lines is a bold move. 
This simple change to the orientation of 

two metal layers could reduce the length of 
any single interconnect by up to 30 per 
cent. 
An entire cross-section of the industry 

from EDA firm Simplex, through a number 
of mask and equipment makers, to 
semiconductor manufacturers 
STMicroelectronics and Toshiba are 
promoting the move. 
In fact Toshiba and Simplex claim to 

have been working on a production system 
for over two years. 
"As we developed the technology that 

enables the X Architecture, we worked 
closely with our partner Toshiba over 

several years to prove the manufacturability 
of this new architecture," said Aki 
Fujimura, president and CEO of Simplex. 
On typical chip designs, the firms reckon 

the total interconnect length is cut by 20 per 
cent. Consequently performance increases 
by 10 per cent and power dissipation drops 
by a fifth. 
Perhaps even more significant is the 

claim that the process could increase the 
number of dies per wafer by 30 per cent. 
"In today's era of five-plus metal-layer 

designs, the advantages of using diagonal 
lines are tremendous in terms of chip 
performance, as well as area," said Dr 
Kenji Yoshida, v-p of engineering at 
Japan's. Semiconductor Technology 
Academic Research Center. 
Using metal layers four and five means 

that existing library cells and intellectual 
property blocks are unaffected as they use 
lower metal layers. 
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II II 

Roger Thorric gives a brief history of bar codes and 
the organisations that issue bar-code numbers. He 
details the most common bar-code format used in 
retailing, and provides information on how to 
decode the stripes using a low-cost bar-code wand, 
PIC microcontroller and software. 

1
. here are many different bar-

coding schemes in operation, 
but for retail products the 
EAN-13 system is used. 

Products that are only sold in one 
store — i.e. own label goods — or 
require weighing and labelling in-
store are not part of this scheme. 
An EAN-13 bar code allows for 

unique product identification using 
thirteen numbers. Bar codes found on 
food and household products do not 
include the price or product 
description. This information is 
obtained from the computer system 
that the scanning equipment is 
connected to. 

Bar-code numbering 
In the UK, the organisation that 
allocates company prefix numbers is 
called e-centre. This is the trading 
name of the Association for 
Standards and Practices in Electronic 
Trade — EAN UK Ltd. It was 
launched on 7 October 1998 with the 
merger of the Article Number 
Association and the Electronic 
Commerce Association. 

Article Number Association, or 
ANA, was the UK authority for 
company prefix numbers and 
established in 1976. The Electronic 
Commerce Association was formed 
in 1987, originally as the ED! 
Association, but in 1996 it broadened 
its activities to incorporate electronic 
commerce. 
ANA was a founder member of the 

European Article Numbering, or 
EAN, Association formed in 
February 1977 with its headquarters 
based in Brussels. The name was 
changed in 1992 to EAN 
International to indicate that its 
activities are no longer confined to 
Europe. 
EAN International is represented in 

99 countries by local offices. It was 
founded to create a compatible bar-
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coding system based on the North 
American bar-coding system known 
as Universal Product Code, or UPC. 

UPC format 
The UPC coded bar code was adopted 
by the North American retail industry 
in 1973. American Uniform Code 
Council (UCC) administers the 
allocation of UPC numbers. 
A UPC number is a twelve digit 

number with the first digit being a 
number-system character. The 
following table shows what each 
system number represents. 

0 UPC retail number 
1 reserved 
2 items that need to weighed 

in-store 
3 drugs and health related 

products 
4 used for in-store labelling 
5 coupons 
6 UPC retail number 
7 UPC retail number 
8 reserved 
9 reserved 

After this number, there follows a 
five-digit company number — 
allocated by UCC — and a five-digit 
product number, assigned by the 
company. This provides 100000 
companies the ability to number 
100000 products for each system 
number. 
The last digit is a check digit. At 

present, UPC numbers 1. 8, 9 have 
not been allocated giving scope for 
additional 300000 company-prefix 
numbers. 

EAN format 
EAN-13 is a thirteen number group 
structured in a sjmilar way to UPC 
number. However there is no system 
number. This is replaced by a country 
prefix. Following the country prefix, 
there is a unique company prefix, 
product number and a check digit. 
This check digit ensures that the bar 
code has been correctly scanned. 
The country prefix is the first two 

or three digits of the bar-code 
number. 
For the UK, the country prefix is 

50, Fig. 1. If a bar code starts with 50, 
this does not necessarily mean that 
the UK is the country of origin for the 
product though. 
Unlike UPC, the EAN scheme has 

the company prefix and product 
numbers of variable length. Varying 
the length of the company prefix 
makes for a more efficient use of the 
numbers. If a company only needs to 
number 100 products then they are 
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provided with a longer company 
prefix than a company needing to 
number 10000 products. 
Each nine-digit company-prefix 

number can be used to create up to 
1000 different product numbers. 
Eight digit prefix numbers can be 
used to create up to 10000 numbers 
and seven digit prefix numbers can be 
used to create up to 100000 numbers. 
The company allocates the individual 
product numbers — not the 
organisation that allocated the 
company prefix. 

Coupon code 
Two prefixes have been reserved for 
use on EAN coded redemption 
coupons. Prefix 98 is used for a 
coupon that might cross national 
boundaries and prefix 99 is reserved 
for national coupons. 
For example 99 YYYY NNN VVV 
C comprises YYYY, which is the 
coupon issuer number, NNN the 
coupon reference number, VVV the 
redemption value and C is the check 
digit. 
The redemption value range of the 

coupon is from 1p (VVV = 001) to 
£9.98 (VVV = 998); the decimal 
point is fixed. For values greater than 
£9.98 the code 999 is used and the 
redemption value entered at the 
checkout. Coupons that offer free 
goods are encoded by VVV=000. 
Coupon numbers may be re-issued 
after 36 months has lapsed. 

ISBN book codes 
The International Standard Book 
Number (ISBN) is a unique ten-digit 
number allocated to every book by its 
publisher. The ISBN system was in 
use before the EAN-13 numbering 
system was adopted. 
An ISBN code consists of four 

parts. The first part indicates the 
language or country of origin and can 
be a one, two or three digit number. 
For example, a 0 or 1 number indi-
cates the book is written in the 
English language. The number 2 is 
for books in the French language, 3 
for books in the German language, 4 
for books published in Japanese. The 
second part indicates the publisher 
and the third part the book number 
allocated by the publisher. The size of 
each field is not fixed and the last 
digit is the check digit. 
ISBN codes are represented in the 

EAN/UCC-13 coding scheme by 
adding a 978 prefix. The final digit is 
the EAN/UCC calculated check digit 
and not the original ISBN check digit. 
Check digits in the ISBN system 

use a different algorithm. It is 

Fig. 1. List of European countn.preiht codes. 

Austria 
Belgium and Luxembourg 
Denmark 
Finland 
France 
Germany 
Greece 
Ireland 
Italy 
Netherlands 
Norway 
Portugal 
Spain 
Sweden 
Switzerland 
United Kingdom 

90 and 91 
54 
57 
64 

30 to 37 
400 to 440 
520 
539 

80 to 83 
87 
70 

560 
84 
73 
76 

50 

possible that the original ISBN book 
number — and possibly the associated 
ISBN bar code — will also be printed 
near the EAN/UCC-13 bar code. If 
the original ISBN number is printed, 
the different fields can be separated 
by hyphens. 

Fig. 2. Bar code 'Table A', top, 

and the same table converted 

to a number, below. 

[0] 

[1] 

[2] 

(31 
[4] 

[5] 
[6] 

[7] 

[8] 
[9] 

0001101 

0011001 

0010011 
0111101 

0100011 

0110001 
0101111 

0111011 
0110111 

0001011 

= 13 

= 25 
= 19 
= 61 

= 35 

= 49 

= 47 

= 59 

= 55 
= 11 

0= 

1. Ain". 

2. 

0 0 0 Oi l 

4. 

5. 1 

0 0 0 0 0  
6=  

7= 0 0110 0 O. 

8. 0 0 0110 0  

9. I_p oj o 

Fig. 3. Bar code 'Table 

8', top, and its related 
numbers, below. 

0100111 

0110011 

0011011 

0100001 
0011101 

0111001 

0000101 
0010001 

0001001 
0010111 

= 39 

= 51 
= 27 

= 33 

= 29 

= 57 
= 5 

= 17 

= 9 

= 23 



6. 

7. 

a. 

Fig. 4. Encoding of the first 
number of the bar code. 

O AAAAAA 
1 AABABB 
2 AABBAB 
3 AABBBA 
4 ABAABB 
5 ABBAAB 
6 ABBBAA 
7 ABABAB 
8 ABABBA 
9 ABBABA 

Next to the bar code there may also 
be an additional five-number bar 
code. If this bar code is the book's 
price, then it will begin with a 0 for 
the price in pounds and 5 for the price 
in US dollars. A code of 90000 
indicates that the book has no 
suggested retail price. Any other 
number beginning with 9 is used 
internally by the publishers. 
The 978 number scheme is also 

used to identify computer CD-ROM 
software used for education or 
reference - including catalogues on 

dal ° 0 0 0  

• 0 0 010 0  

I 

0 010 0 0  

d 
9. omicil 

Fig. 5. Bar code 
'Table C', top, and 
decoded numbers, 
below. 

[0] 
[1] 
[2] 
[3] 
[4] 

[5] 
[6] 
[7] 
[8] 
[9] 

1110010 = 114 
1100110 = 102 
1101100 = 108 
1000010 = 66 
1011100 = 92 
1001110 = 78 
1010000 = 80 
1000100 = 68 
1001000 = 72 
1110100 = 116 

CD. Music CDs or games CDs are 
not included in the 978 numbering 
scheme and use a normal EAN/UCC-
13 number. 

ISSN periodical codes 
A system used to identify serial 
publications, such Is newspapers and 
magazines, is called the International 
Standard Serial Numbering, or ISSN, 
scheme. An ISSN number is coded in 
the EAN/UCC-13 scheme with a 977 
prefix. These EAN/UCC-I3 bar codes 
can also have a separate two digit 
extension code. 
For daily publications the number is 

977 SSSSSSS PD C WW. Here, 977 
is the ISSN prefix number and 
SSSSSSS the ISSN number. Letter P 
indicates change of price. It is 
increased in value by one each time 
the price rises. The 'D' indicates the 
day of the week - week starts 
Monday - while C is the EAN/UCC 
check digit. Finally. WW is the week 
number represented by a separate two 
digit symbol. 
For weekly publications the number 

is 977 SSSSSSS PP C WW. In this 
case, 977 is the ISSN prefix number 
and SSSSSSS the ISSN number. The 
'PP' indicates change of price. rising 
by one for each price increase. Letter 
C represents the EAN/UCC check 
digit while WW represnts the week 
number as a separate two digit 
symbol. 
For monthly publications this 

additional two-digit bar code 
indicates the month. 

UPC in Europe 
Products identified with UPC bar 
codes have been scanned without any 
problem in Europe. The twelve-digit 
UPC number can be processed by 
preceding the number with 0 to make 
it EAN-13 compatible. 
However, the reverse has not 

always been true in that some 
European suppliers have had to obtain 
UPC numbers if their product was to 
be sold in North America. The 
problem is not with the scanner 
equipment but incompatibility due to 
many American retail computer 
database systems not being able to 
handle the extra digit, or the variable 
length product and company number. 

UPC future 
The Uniform Code Council organisa-
tion is expected to use all of its 
company prefix numbers by the year 
2005. Consequently the UCC has 
established the 1 January 2005 for all 
retailers to accept the EAN-13 code, 
as well as the UPC code, at the point 

of sale terminals. 
This date was agreed in May 1997 

at a joint meeting between the UCC 
and EAN International. UCC 
acquired country prefixes 10, 11, 12 
and 13 from EAN International. After 
the 1 January 2005, thirteen digit 
EAN-I3 numbers will, for the first 
time, be allocated by the UCC. 
There is no ambiguity between the 

EAN and UCC numbers. The existing 
twelve-digit UPC number is not being 
replaced by EAN-13, but adopting the 
EAN-13 format allows for expansion 
and a global numbering system. 

UK bar codes 
If you look at a typical EAN-13 bar 
code number, the 5 (first number of 
the UK 50 country prefix) is shown 
on the left before the guide bars. The 
first country prefix number is not 
directly incorporated as bar stripes 
but is encoded by the choice of which 
characters are taken from Fig. 2 or 
Fig. 3 for a given position. These are 
often referred to as Table A and Table 
B. 
For example, UK bar code use the 

sequence 'ABBAAB' to signify the 
number 5. Fig. 4. The first number to 
be coded (0) is taken from Fig. 2. The 
second and third numbers use Fig. 3, 
and so on. Similarly the table 
sequence 'ABBABA' is used to 
denote the number 9 - used for 
magazines and books. 
Only twelve numbers are actually 

encoded in the bar-code stripes. The 
last six numbers are taken from Fig. 5 
(i.e. Table C). Definitions in this table 
are the reverse of those in Fig. 3. 
Each number definition is unique so 

there are no duplicate patterns. 

Bar-code forms 
EAN/UCC-13 uses proportional 
coding with four different widths. 
When printed, this is more space 
efficient than coding the number in 
binary. There are no inter-character 
gaps - spaces are part of each number 
definition. 

In addition to the bar-coded twelve 
numbers, there are two guide charac-
ters and a centre character. These 
guide bars may be extended below 
the rest of the bar code. 
To increase scanning reliability, not 

all the possible character 
permutations are used. The maximum 
black or space width is four and there 
are always two sets of bars and two 
sets of spaces per number. Overall, 
there is virtually an equal number of 
bars to spaces per bar-code number. 
Bar-code definitions on the left side 

of the centre guide bar all start with a 

space and end with a bar. With bar 
codes on the right the converse is true 
starting with a bar and ending with a 
space. A blank area - referred to as 
the 'quiet zone' - must appear before 
and after the bar code. Bar-code 
scanners use this zone to determine 
the exact beginning and end of the bar 
code. 

Bar-code wand 
Quality bar-code wands are often 
manufactured with a metal barrel: 
cheaper wands tend to be made of 
plastic. These wands look like a large 
pen. At one end there will be a small 
lens and at the other end a lead. 
The wand must be able to 

distinguish between the bar-code bars 
and the gap between the bars. To do 
this, most hand-held wands use 
several red light emitting diodes that 
are used to illuminate the bar code 
with visible red light and a photocell 
light detector in the centre of these 
leds. The light detector converts the 
reflected optical signal into a digital 
signal that is then fed to the 
microcontroller. 
The printed bar should absorb the 

light, while the background reflects 
the light back to the wand detector, 
the detector responds to this intensity 
change. A return signal above a 
certain threshold will produce a logic 
0 and below this threshold will 
produce a logic I. Consequently as 
the wand is moved across the bar 
code the background produces a logic 
'0' and a bar is logic '1'. 
Place the wand to the left of the bar 

code in the blank area just before the 
bar code. The wand is held like a pen 
and a straight line is lightly drawn 
across the entire bar code. If it does 
not scan the first,time then do not 
press down harder the second time as 
this makes no difference. 

Initially it may take a few attempts 
to scan a bar code before the correct 
position and speed are found. 

Wedge 
Having scanned a bar code for data 
capture, the information needs to be 
input into application program. This 
data transfer is often achieved using a 
keyboard 'wedge'. 
There are two versions of the wedge 
- hardware and software. With the 
hardware wedge, the keyboard from 
the PC is plugged into the wedge, as 
is the bar-code scanner. The wedge is 
then plugged into the PC keyboard 
port. Whenever a bar code is scanned 
the wedge sends this data to the PC as 
if the bar-code number was entered 
using the keyboard. 

Fig. 6. Block diagram of bar-code reader, together with the complete circuit, apart from the 
power supply and wand. 

Host 
computer 

Serial data 

CNi 

Bar-code wand 

Component list for bar-code decoder 
ICi PIC 16F877 
IC2 74LS14 
C1 10pF 

1nF 
15pF 

R1.3 470i2 
lki2 

X1 20MHz crystal 

C2 
C3,4 

R2 

CN, serial connection 
CN2 wand connection 

+5V 

OV 

+5V 

1.c2  

From CN2 o T212 

(wand) 

1 2 3 4 5 

0 0 0 0 0 
00 001 
9 8 7 6 

• 

IC , 

VDD OSC1 

mclr 
OSC2 

Vss 

CCP1 

CCP2 

PIC 
16F877 

CCP1pCCP2 

OFJ2 

+5V 
OV 

Power wiring list. 
+5V PIC pin 1 
+5V PIC pin 11 
+5V PIC pin 32 
+5V wand pin 9 
+5V 74LS14 pin 14 

OV 
OV 
OV 
OV 

PIC pin 12 
PIC pin 31 
wand pin 7 
74LS14 pin 7 

C, 
 II-

X1 

C4 
R1 

OV 

IC2 R 3 

(serial data) 

Connector CN1 - a 9-pin 5 4 3 2 1 
'D' type - feeds serial 
data from the PIC to the 
host computer, with 
serial data on pin 2, and 
ground on pin 5. 

0 0 0 0 0 
0 0 0 0 j 

6 7 8 9 

Feeding serial data 
from the wand to 
the pic, 9-pin 'D' 
socket CN2 has 
ground on pin 7, the 
wand signal on pin 
2 and +5V on pin 9. 

A software wedge is used with a 
lap-top computer or portable terminal 
where there is no external keyboard 
port. The bar-code scanner is 
connected to the serial or usb port. 
Software reads the data from the bar-
code scanner; converts and sends this 
information to the keyboard buffer. 
The bar-code data then appears in the 
application program as if it was 
entered using the keyboard. 
Any program that expects bar-code 

numbers to be entered manually via 
the keyboard can be used with a 
suitable wedge without any need for 
the program to be modified. 

Wand connections 
An external five-volt power supply 
will be required to power the wand 
and PIC circuit. A wand requires 
about 40mA continuous current. 

Bar-code colours 
Bar codes do not have to be printed in black on 
white but this is usually the easiest - and safest - 
print option. Red, yellow, and white are suitable 
background colours as they will reflect the scanner 
light. Blue, green, dark brown and violet can be used 
for the printed bar as they appear black under the red 
scanner light. 
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Black 
bar\ 

Bar code 

Wand oip 
signal 

Black width 

-• • White width 

Black width CCP I timer value - CCP2 timer value 

White width = CCP2 timer value - CCP1 timer value 

Fig. 7. Using capture register and 
timer values to calculate bar widths. 

Fig. 8. 
HyperTerminal, 
which is part of 
Windows 95/98, 
can be used to 
display numbers 
received through 
the RS232 port. 
Among the bar 
codes displayed 
here is a German 
code (40) found on 
a soft drinks plastic 
bottle 

Usually, only three wand connec-
tions are required. The connections 
are power, i.e. +5V, and ground, and 
signal output. These connectors are 
usually a 9-pin 'D', but other connec-
tors are possible. Most bar-code 
wands have an open-collector data 
output, in which case a pull-up 
resistor, R2, is required. 
Wand output connects directly to 

the 16F877 PIC, which converts the 
TL signal from the wand into bar-
code widths. These different bar-code 
widths are converted by the PIC 
software into a series of numbers and 
transmitted via a ttl buffer to the 
serial port of the computer, Fig. 6. 

Timing-bar widths 
Using the microcontroller's 16-bit 
timer, namely timer 1, the bar-code 
width can be calculated. Timer 1 is in 
counter mode and is free running. The 
20MHz clock is internally divided by 
four and the prescaler is also set to 
divide by four, therefore the clock to 
the timer is running at 1.25MHz. 
The bar-code wand output, Fig. 6, 

file Edit Mien call Itansfer Help 

Dlel M31 DIT31 

Bar-code trivia 
In 1967 the Association of American Railroad selected a bar-code 
identification system to keep track of the rolling stock. The first test of 
the system was in 1961. 
Each carriage was given a four-digit number to identify which 

railroad owned it and a six-digit identity number. These bar-code 
stripes were placed on the side of the rolling stock using reflective 
material. 
This was the first attempt at an industrial application of bar-code 

technology, previous systems have all been associated with retailing. 
It took until the mid 1970's before the majority of the rolling stock 
had these bar codes. However for cost and other reasons the system 
was abandoned in the late 1970s. 
Also in 1967, RCA installed one of the first retail scanning systems 

at a store in Cincinnati. A set of concentric circular bars and spaces of 
varying widths represented the product number. These bar codes 
were not pre-printed on the product but these labels were put on 
each item by the store. Retail industry recognised the advantages of 
this technology to speed up the check-out process and for inventory 
control but this could only be achieved with industry wide standards. 

In 1970 the US Supermarket Ad Hoc Committee was formed and 
the result was the Universal Grocery Products Identification Code. 
Three years later the UPC (Uniform Product Code) numbering system 
using linear bar-code symbols was adopted. 
On 26th June 1974 at a super-market in Troy, Ohio the first retail 

product with a UPC bar code was scanned using one of the first bar-
code scanners installed. The scanner was manufactured by National 
Cash Register Company — now known as NCR — and the product was 
a packet of Wrigley's chewing gum. 
For those that do not have a 16F877 programmer I can supply a 

programmed PIC for £20, this includes the Windows 95/98 software. 
PIC and MPLAB are registered trademarks of Microchip Technology 

Incorporated, USA. 
Windows 95/98 is a registered trademark of the Microsoft 

Corporation. 

connects to both capture pins on the 
PIC 16F877. Register CCP1 is 
triggered on the black to white 
transitions (logic 1—>0) and CCP2 is 
triggered on a white to black 
transition (logic 0—)1). 
Whenever there is a rising or falling 

edge generated by the bar-code wand 
output then timer 1 value is read. 
Timer 1 is not reset when its value 

is read, when it reaches its maximum 
value of FFFF 16 it starts counting up 

5000113001371 
Missing guide bar 
8713407001441 
406080000xxxx — check sum error 
Missing guide bar 
4060800002242 
9770959833066 
9780122061318 
5000113001371 
9770142023076 
5000136019414 

11 

Connected 00 06 46 

from zero. This does not pose any 
problems if the two timer readings are 
either side of this timer event as the 
width calculation is done using 
unsigned 16-bit integer arithmetic. 

Calculating bar widths 
The program wags until the bar-code 
wand detector output goes low and 
the start of the quiet zone is assumed. 
PIC programming times the width of 
the first black bar (guide bar). This 
value is used as the initial reference 
value for black bars (width= I). 
Next the width of the first white bar 
— i.e. the gap between guide bars — is 
measured. This will be used as the 
initial reference value for white bars 
(width=1). The second black guide 
bar is timed and the average taken of 
both black guide bar values by adding 
both results and dividing by 2. 
Software will 'time out' after 

approximately 20ms of inactivity 
after the start of scan. If this happens, 
a suitable error message is appended 
to the numbers already scanned in. 
Black and white width values are 

calculated independently of each 
other. The width value is used as the 
basis of comparisons for all following 
width timing calculations. In theory. 
the black and white width values 

should be the same but having them 
separate reduces any problems caused 
by variation in the quality of bar-code 
printing. 

If the timer width of a subsequent 
single width is less than the reference 
value then the reference width 
becomes this new value. Whatever 
number is encoded in the stripes there 
will always be the two middle single 
width guide bars for reference. If the 
width=2 reference value is different 
from a scanned bar, then this new 
value is divided by 2 and made the 
new single-width reference value. 
This ensures that if the speed at which 
the wand is moving across the bar 
code changes, then the subsequent 
measurements will still be accurate. 
There will be some variation in 
scanning speed as a constant speed 
across the whole bar code is very 
unlikely. 

If the bar width time value is less 
then 150% of the appropriate 
reference value then bar width is one. 
If the timed bar is between 150% and 
250% of the reference value then bar 
width is two. If the bar width is 
between 250% and 350% of the 
reference value then bar width is set 
to three. If the bar width is greater 
than 350% of the reference value then 
bar width is four. 

Bar width into binary 
The various bar-code widths are 
measured and converted into a binary 
sequence according to the bar width. 
This sequence should begin with 

Calculating the check digit 
Here is an illustration of how the simple formulas needed for calculating the EAN/UPC 
check digit are used. 

Example: calculate the check digit (C) for the EAN/UCC-13 number: 

501234576421C 

Starling on the left side of the number add together all alternate even numbers: 

0+2+4+7+4+1=18 

Multiply the result by three: 

18x3=54 

Add together the remaining odd numbers: 

5+1+3+5+6+2=22 

Add both results together: 

54+22=76 

The check digit is the smallest decimal number which, when added to the previous result, 
produces a number divisible by 10 

76+C=80 
C=80-76 
C=4 

The full number is 5012345764214 

'101', which represents black, white. 
black single width guide bar and is 
checked by the software. If it is 
missing then an error message is sent 
to the PC and the rest of the scan is 
ignored as the software does not have 
a valid reference value. 
Likewise, the software checks that 

the middle guide bars are also pre-
sent. If they are not, then the error 
message is sent. These guide bars are 
not part of the bar-code number and 
are subsequently ignored by the 
software. 

PC software 
I have produced Windows 95/98/N1E software that 
has the ability to check that a EAN/UCC-13 bar-
code number is valid. It also determines which 
country allocated the bar code from the country pre-
fix number. Bar-code numbers can be typed in from 
the keyboard, as well as being scanned. 
The software can also generate EAN/UCC-13 

bar codes. The resulting bit maps can be copied 
to the clipboard and pasted into another 
application. 
The software includes a simple text-based user 

defined database. If the bar-code number matches 
a bar code within the database then text 
information contained in the database is 
displayed. This helps demonstrate how bar codes 
can be used for inventory or asset tracking 
systems. 

If you are interested in this software, please write 
to me, Roger Thomas, at 24 Slave Hill, Haddenham, 
Aylesbury, Buckinghamshire HP17 8AZ. I can also 
supply a pre-programmed PIC 16F877 for £20. This 
price includes the Windows software. 

Converting bar binary into 
numbers 
As already established, each bar-code 
number is uniquely defined using, in 
effect, a seven-bit binary definition. 
Each bar-code number binary defini-
tion is converted into a number. 
The scanned bar code starts off as a 

binary number and is also converted 
to its equivalent number. The appro-
priate table is searched, looking for a 
numeric match for each number. For 
example. if the first bar-code 

Bat code wand made' 111111E1 

911 7 

II II II II 
8 0 1 2 2 0 6 1 3 1 

Books (ISBN) 

9780122061318 Academic Press - Electronics 

Out I Paste I I 

Enter EAN1 3 number 

IZ770959833066 enteg Coral I Coas21 I 

COM1 serial comms port initialised. 

Windows software, available from the author, shown here checking a 
scanned magazine bar code in the database. 
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sequence number is 13 - which it 
will be for a UK bar code - then a 
match is found in table A. Fig. 2, 
and '0' is returned. If there is no 
match then an 'x' is sent indicating 
a scanning error. 
Depending on whether table A or 

B provided the first six numbers this 
also determines the first number, 
which is the country prefix. 
Consequently all numbers have to 
be stored so that the first number 
can be decoded from Fig. 4 and 
transmitted first. 

If one of the first six numbers has 
not scanned properly then the first 
number cannot be derived and an 
'X' is sent as the first number 
Once the bar code is convened 

into a thirteen-digit number, it needs 
to be verified to see if it has been 

scanned correctly. This is done by 
removing the last digit - the check 
digit - and using all the remaining 
numbers to generate a check 
number. If the scanned number 
includes an 'x' then the scanned bar-
code number will automatically fail. 
The algonthmto create this check 

digit is the same one that was 
originally used. Both UPC and 
EAN-13 use the same formula. This 
calculated number is compared with 
the scanned check digit If they are 
the same then this verifies the bar 
code has been scanned correctly; if 
not the bar code is rejected and a 
'check-sum error' message sent to 
the computer. 
Using List 1, programmed into a 

PIC, data is transmitted from the 
microcontroller at 19200 baud. 8-bit 

data and no parity. Although the 
microcontroller has a built-in serial 
port, it is necessary to invert the data 
using a 74LS14 buffer. This 
inversion would normally happen 
when using a serial interface driver 
but as data is flowing one way a 
serial interface driver is not needed. 

Terminal software 
As the output from the PIC micro-
controller is the bar-code number or 
error messages in plain text (ASCII) 
then the Hilgraeve HyperTerminal 
software - supplied with Windows - 
can be used to view this informa-
tion, Fig. 8. Set the HyperTerminal 
properties as 'direct to corn'. Set the 
Port Setting as follows 19200 bib 
per second. 8 data bits, no parity. 1 
stop bit, and no flow control. 

List I. PIC object code for reading bar codes and conveying 
the number via RS232 to a PC. When programmed into a 
flash PIC16F877, this hexadecimal code allows the decoding 
of a EAN/UCC-13 bar code and sends the bar-code number 
to the PC. This PIC code is intended for personal use only, 
any commercial use requires written agreement from the 
author. 
Microchip MPLAB assembler software saves the PIC object 

code in INHX8M format. All numbers are in hexadecimal and 
each line starts with a colon. After the colon each line starts 
with the number of data bytes followed by the address and 
the PIC object code, the last byte is the line checksum. 
Using a text editor, such as Windows Notepad, enter the 

hex data and save the data in a file with a hex extension (for 
example barcode.hex). 

If the PIC programmer is being used in conjunction with the 
Microchip MPLAB software then select the import (import to 
memory) option from the file menu. Find the appropriate 
directory and select the barcode.hex file. To view the hex 
code that will be programmed into the PIC16F877, select 
from the Windows menu the 'Program Memory' option. 
When programming the flash PIC, ensure that the PIC 

configuration options are set to the following - oscillator 
mode is set to HS (high speed), watchdog timer is off and 
power up timer is enabled. 

If you don't relish the thought of typing this in, e-mail 
Poweecumulusmedia.co.uk using the subject heading 'bar 
codes'. 

100000006628423461347234203463346F3464348B 

:100010006534203472346534613464346534723448 

100020002034703472346F346734723461346D3418 

1000300020347734723469347434743465346E34F3 

10004000203462347934203452346F346734653468 

1000500072342034543468346F346D346134733402 

: 100060000A340D3420342D3420346334683465343C 

1000700063346B342034733475346D342034653418 

1000 800072 3472346F3472340A340D344D3469343E 

100090007334733469346E346734203467347534A0 

1000A00069346434653420346234613472340A341F 

1000B0000D3420342D342034743469346D34653477 

1000C00020346F34753474340A340D3425254825B2 

1000D0006B20682866280C1CCO280C111608A0008B 

1000E000A1011C08A002031CA1032008AB002108E9 

1000F000AC002B08A0002C08A1000030A2000130A9 

10010000A30068252008AB002108AC002B08A00044 

100110002C08A1001508A0070318A10A1B08A002BB 

: 10012 000031CA1032008AB002108ACO0B00131087A 

100130000319CO283208A0003308A10OFF30A20034 

: 10014 0000030A002031DA2 010030A102031DA20184 

100150002208A000A1000319BD282B08A0002C082C 

: 10016000A1002008B200210883002B08A0002C0831 

10017000A1002008B4002108135000130BB000B210C 

100180000D1CF2280D101C08A000A1011608A002E9 

10019000031CA1032008AB002108AC002B08A00021 

1001A0002C08A1000030A2000130A300682520081F 

1001B000AB002108AC002B08A0002C08A1001808F4 

1001C000A0070318A10A1508A002031CA103200818 

: 1001D000AB002108ACOOBO 013108013C0318F22843 

1001E000BB0175210C1C0A290C1OBOOA3008023C16 

1001F000031D0A293108143C0318002913E14682283 

100200003E11BE100130B100B201B30113C01BD010D 

100210000C25B00108003208A0003308A10003300B 

10022000A2000030A3008125200886002108B700F5 

100230002B08A0002C08A1003608A2003708A30054 

10024000C62503192529B10174292B08A0002C0803 

10025000A1003608A002031CA1033708A102200850 

10026000B8002108B9000130BAOODF213808A00029 

100270003908A1003208A2003308A300B7250319EA 

1002800052293808A0003908A1003208A002031C36 

10029000A1033308A1022008B8002108B900BA0A56 

1002A000DF2136293A08013C031D5E292B08A000F6 

1002B0002C08A1002008B200210883003A08023C33 

1002C000031D6F292B08A0002C08A1000230A200FA 

: 1002D0000030A3008125200882002108B3003108B6 

1002E000643C03187429B10108003408A0003508E3 

1002F000A1000330A2000030A30081252008B60031 

: 100300002108B7002B08A0002C08A1003608A20085 

100310003708A300C62503198F29B101DE292B0850 

10032000A0002C08A1003608A002031CA103370876 

10033000A1022008B8002108B9000130BA00DF216D 

: 100340003808A0003908A1003408A2003508A3002D 

: 1003500 OB7250319BC293808A0003908A1003408C2 

10036000A002031CA1033508A1022008B80021083F 

10037000B900BAOADF21A0293A08013C031CC829A7 

100380002B08A0002C08A1002008B4002108B5000B 

100390003A08023C031DD9292808A0002C08A10013 

: 1003A0000230A2000030A3008125200884002108FB 

1003B000B5003108643C0318DE29810108003C088F 

1003C000A0000230A1005A25BC003C083B07BC003D 

1003D000B10A3108043C031DF6293C08053C031D05 

1003E000F3293E14F4293E1OBC01672A31080B3C66 

1003F000031DFE29E2222E08C100672A3108123CA3 

: 1004 0000031D062AE2222E08C200672A3108193C81 

10041000031DOE2AE2222E08C300672A3108203C61 

10042000031D162AE2222E08C400672A3108273C41 

10043000031D1E2AE2222E08C500672A31082E3C21 

: 10044000031D262AE2222E08C600672A3108323C04 

10045000031D342A3C08053C0030031DFF3E0319F0 

10046000322A3E1OBC01672A31083A3C031D3C2A5F 

10047000F8232E08C700672A3108413C031D442A8F 

10048000F8232E08C800672A3108483C031D4C2A6F 

: 10049000F8232E08C900672A31084F3C031D542A4F 

1004A000F8232E08CA00672A3108563C031D5C2A2F 

1004B000F8232E08CB00672A31085D3C031D672A0C 

1004C000F8232E08CC0041242E08C0006822080022 

1004D000B10180013E187E2AAD012D08123C031C6B 

1004E0007D2A4630A0000030A1002D08A200A30103 

1004F000D525AE000625ADOA6D2AEO2A3E1D832AC9 

100500005830AE00852A4008AE0006254108AEOOEE 

1005100006254208AE0006254308AE00062544081D 

10052000AE0006254508AE0006254608AE000625A5 

100530004708AE0006254808AE0006254908AE006B 

1005400006254A08AE00062541308AE0006254C08D5 

10055000AE000625BE1CBE2AAD012D080C3C031CB6 

10056000BD2A5930A0000030A1002D08A200A3012F 

10057000D525AE000625ADOAAD2AEO2A3E1DC32AC8 

100580007A30AEO0C42A89242E084CO2031DCF2ADB 

100590000A30AE0006250D3OAE000625E02AAD017A 

1005A0002D08133C0310E02A3230A0000030A100CB 

1005B0002D08A200A301D525AE000625ADOADO2A3C 

1005C0000C2508007830AE003C080D3C031DF12AD4 

1005D0003030AE003D08A0000230A1005A25BD0019 
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s Unto for vo 
If you design vio CAD 
running under Windows, 
the chances are you've 
been frustrated by 
operating system crashes. 
Relatively speaking, Linux 
is very low cost, and 
according to Rod Cooper's 
experiences, it's well worth 
finding out how your 
favourite applications will 
run under it. 

.i. he fact that well-respected com-panies like IBM. Compaq and 
Dell now offer Linux as standard 

on their computers, and that large soft-
ware companies like Oracle and Corel 
are producing applications for Linux 
means that this OS has to be taken seri-
ously. 
Linux is certainly worthy of attention 

by anyone using the PC professionally 
as a tool to do his/her job. One purpose 
of this review is to demonstrate to engi-
neers not only that can you perform 
CAD, but also all the other tasks that 
might be incidental to an engineer's 
job, such as report writing, spread-
sheets, databases etc. 
The review does not attempt to 

describe how to run Linux - neither 
does it explain how Linux came about. 
You get all this information on the 
interne or from a Linux hand-book. 
Linux is a product of the Internet, 

and indeed it would have been impos-
sible for it to reach such a stage of 
prominence without it. If you have no 
Internet access you will be at a disad-
vantage. Alternatively though, there is 
general Linux literature on the market, 
and a few Linux magazines are now 
available. 

Background to Linux 
When I briefly looked at Linux a few 
years ago it was a tough, command-
line operating system with a well-
deserved reputation for being difficult 
to install. It offered all the disadvan-
tages of DOS with very few redeeming 
features. The thing that has changed 
Linux out of all recognition and boost-
ed its popularity is the relatively recent 
addition of Windows-like GUIs. 
Whereas Microsoft is busy trying to 

camouflage the DOS origins of 
Windows 9x, users of Linux are actu-
ally encouraged to step outside the GUI 
and use the command line and gener-
ally get involved in the nuts-and-bolts 
of the Linux system. However, if you 
want to, you can remain to a large 

u 
extent inside the cocoon of the 
Windows-like GUI and ignore this side 
of things. 

Reasons behind a swing to Linux 
Although Linux is inexpensive com-
pared to Windows, this alone is not 
sufficient reason to change over to it. 
The effort needed in the learning curve, 
and the time taken to convert machines 
over to Linux, and the cross-platform 
compatibility question, should make 
you examine your reasons for swap-
ping to Linux most carefully. There are 
possibly many more reasons than those 
I have listed here, but I can see six 
main reasons why anyone should want 
to ditch Windows either partly or whol-
ly, and contemplate taking up Linux. 
These six are as follows; 

I. Reliability. One of the problems 
with Windows is that every release has 
been 'hyped'. The promise has been 
constantly held out to solve the existing 
problems in the newest, latest version, 
but purchasers have been left with a 
vague feeling of disappointment with 
every successive issue. 
What purchasers actually got was 

lots of extra features, which tended to 
obscure the reality - that the basics, in 
particular the lack of reliability and 
security had not been attended to suf-
ficiently. 
A respected writer in a well-known 

IT publication commented recently that 
most of the crashes in Windows were 
caused by the operators themselves. 
This is probably quite correct. He then 
on to say that he only crashed 
Windows once a month. This speaks 
volumes. If an expert crashes once a 
month, what chance have the rest of us 
got? 
Some of these inherent faults have 

been addressed in Windows 2000 - but 
not all. Potential users may be put off 
by the cost of Windows 2000 and the 
incompatibility with current Windows 
9x software. It also demands more PC 

Running Windows applications under Linux 

Using a virtual machine to run Windows is an old idea 

but it works well. It was used in IBM's 052 Warp 

operating system. A copy of Windows 3.1 - called 
naturally enough Win-052 - was included with 0S2 
to cater for those who wanted to continue to use their 
existing Windows 3x applications, but who also 

wanted to use the superior 0S2. 
With 0S2, a virtual DOS machine was created by 

0S2 on which Windows 3.1 ran. This version of 
Windows included the W32s extension for running 

32bit applications. 
There were considerable benefits to doing things this 

way. IBM claimed that 0S2 could run Windows 
applications better than Windows itself - and it did. 

Stability was improved, and there was some crash 

protection. 
There are commercial products that do the same trick 

for Linux and offer the same benefits. The two most 
well-known are VMWare and Win4Lin. 

To use a virtual machine - or VM - you need a copy 
of Windows to install after you have installed the VM. 
The installation of a Linux VM and then Windows is 

very time-consuming and needs to be done carefully. 
I found that installing VMware in particular is not 

user-friendly. If you plan on using it I recommend a 

few months' practice with Linux first. VMware can 
handle Windows 9x, NT and 2000 and costs $299. 

Win4Lin is tailored for Windows 95 and 98 and 

costs $49. 

Using an emulator 
The doppelganger approach has the potential to be the 
best system of all. But unfortunately it is not fully 

developed yet. 
The idea behind Wine is that if an alternative Linux-

based set of APIs - or Application Protocol Interfaces - 
was presented to a Windows application instead of the 
regular Microsoft APIs, then it could be fooled into 

accepting Linux as Windows. 
As far as an application is concerned, an API making 
a call on Linux is just as good as an API making a 
similar call on Windows. This is a variation on the old 
saying that a nod is as good as wink to a blind horse. 

For this technique to work, a full set of Linux APIs is 
required. Here is the snag; the developers have only 

done around 90% of the equivalent Windows APIs. If 
an application needs one of the missing APIs, it is not 

possible to run it successfully. Although I would not 
recommend the current Wine for complete beginners, 

it only needs a basic grasp or Linux to have a go at it. 
Wine is truly the key to the future popularity of 

Linux. It solves the dilemma under discussion com-
pletely. And because it's a non-commercial program, 

it's free. 

resources, and it takes a lot of disk space. 
Not surprisingly, this has resulted in a 
less than complete take-up. 
Microsoft's advertising suggests that 

Windows 2000 is now 50 times more 
reliable than Windows 9x, but how does 
this compare to Linux? 
Bloor Research set up two servers, one 

running NT and the other Linux, and 
ran them under the same conditions for a 
year. Linux was stopped once, due to 
hard disk failure. NT crashed 26 times 
due to memory pr,oblems, a further 8 
times due to file management and yet a 
further 33 times due to other problems. 
Most Windows users will be familiar 
with what these "other problems" were. 
Windows 2000 of course uses the NT 

kernel. This begs an obvious question... 

2. Politics. The political-legal rumpus 
between the USA's Dept of Justice and 
Microsoft has left a bad odour in its 
wake, and the wrangling is still not over. 
Linux is to all intents and purposes free. 

3. Immunity from viruses. If you have 
been the victim of a virus attack via 
Windows, things are never quite the 
same again, especially if it was you who 
exposed your company and colleagues to 
such things as the Love Bug disaster. 

It is easy to become a little paranoid 
about the virus menace. Linux has 
escaped lightly, but this is not, as some 

detractors have stated, due to the lack of 
Linux users. Indeed, Linux is used by 
very many interne servers so it cannot 
be that! These detractors speak in igno-
rance. The fact is that Linux is inherent-
ly virus-resistant. 

4. Low cost. Linux itself - or GNU 
Linux to give it its correct title - is 
essentially free. It is released under the 
'General Public License' by the GNU 
foundation. A copy is also included in 
the handbooks provided with the various 
distributions. Among other things, the 
license attempts to guarantee that Linux 
cannot be easily hijacked by proprietori-
al companies, so it is likely to endure. 
The word "free" in this context is more 
a right to freely receive, modify and dis-
tribute the software than freedom from 
price. You can charge for this service if 
you want. A more accurate description 
for Linux would be "nearly free". 
Although you can download a version of 
Linux from the interne for nothing more 
than the cost of the call, assembling a 
version as good as the commercial ver-
sions is a mammoth task and definitely 
not for a beginner. 

5. Ability to modify. Linux is not only 
nominally free, but includes the source 
code. This applies to many applications 
also, and means that, if you want to 
make modifications for a special usage, 

you can. The scope this offers develop-
ers is immense and is in sharp contrast to 
the world of Windows, where Microsoft 
and the third party application compa-
nies keep their source code a closely 
guarded secret and charge for any devel-
opment assistance. 

6. Fewer chores. I personally don't like 
backing up frequently, or defragmenting 
the hard drive. Defragmenting a HDD 
may seem to some to be a relatively 
unimportant chore which only needs to 
be done once in a while, but as drives 
have got larger and software bloated out 
to match, it has become an ever more 
time-consuming process. 
However, there are some PC activities 

in Windows that demand frequent 
defragmenting so you just can't get away 
from it. Writing CDs with a CD-burner 
is one example. Here, it is advisable to 
defragment before writing to an audio 
CD in order to get a clean recording, 
especially if you want to avoid the 
dreaded buffer under-run. The important 
thing to note here that Linux fragments 
very slowly, being essentially self-
defragmenting, so needs very little atten-
tion in this respect. 

Potential snags to Linux 
I should emphasise before you read this 
section that pointing out some of the 
snags of Linux is not an attempt at deni-
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Mandrake Linux 7 

Produced by the French company MandrakeSoft, 

Mandrake is a well-regarded distribution. 
Despite being on just one CD, this version was a 

complete fully-functional Linux system with a large 
number of applications and utilities. Mandrake Linux is 
one of the versions you can get for £2.50 from The 
Linux Emporium, and as such is ideal for trying out a 
Linux system without committing yourself to buying the 
full distribution. 
Version 7.0 is well worth consideration if you have a 

machine with 32 MB and RAM and do not want to up-
grade with more RAM. It is a compact and useful Linux 
package. 

Version 7.2 - the current version - is much enlarged, 
occupying seven CDs. It exhibits many small but regular 
incremental advances typical of Linux development - 
in contrast to Windows. 
For the beginner the main advantage of version 7.2 is 

provision of the large pool of applications. You will not 
have to supplement your installation by chasing all over 
the Internet for what you want - it's right there for you 
to pick. And if you want to try out voice operation then 
the availability of ViaVoice and StarOffice will certainly 
be of interest. 
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The cascading menu system works in just the same way as Windows 
although the contents may have unfamiliar names. 

grating Linux, merely to present it in a 
'warts and all' style so that a newcomer 
can come to an informed decision. 

Linux nomenclature. Part of the prob-
lem of converting over to Linux is the 
jargon. Initially you will feel as though 
you are in a foreign land and cannot 
speak or understand the language. The 
impact of this should not be under-esti-
mated, but it not an insuperable problem 
by any means. 
No-one should consider themselves 

locked in to the Windows system just 
because the jargon in Linux is different. 
The Linux community seems to revel 

in its own particular brand of jargon. 
Why, for example. does a program for 
zipping files have to be called 'tar'. Why 
not 'LinuxZip'* which most people 
could understand? Does an installing 
program have to be called DrakX instead 
of LinuxInstall or Linstall? 
The recursive acronym is popular. 

GNU stands for Gnu's Not Unix for 
example. The play on words and hidden 
reference is also often used. 'Bash' is not 
some useful program for terminating 
wayward applications, but a popular 
command shell - the equivalent of com-
mand.com in DOS - standing for 
Bourne Again Shell. after the Bourne 
shell in UNIX. 
Similarly, you will be initially per-

plexed to be involved in such things as 
'globbing', 'mounting' and of course 
'unmounting'. 
The jargon is so obtuse and there is so 

much of it. that it is not a bad idea to get 
hold of a Linux glossary and keep it at 
hand during the initial learning process. 
Understandably, Linux aficionados 

tend to be fiercely defensive of the sys-
tem they helped create so nothing is like-
ly to change in this area - you just have 
to go along with it. 

Hardware incompatibility. Linux will 
run on PCs with the 386-type architec-
ture, so almost any PC based on Intel or 
its clones can accommodate it. I tested it 
on an AMD-based PCs and it ran well. I 
say almost any because some recent dis-
tributions of Linux, such as Mandrake 
and SuSe, are optimised for the Pentium 
processor. 

It is still possible to run a version of 
these on an 'old' 486 but you need to be 
aware of the likely snags. 
Although there is no significant prob-

lem with CPUs, there is a problem with 
certain peripherals because not many 
manufacturers write drivers for Linux. 
Windows has by far the largest number 
of drivers attributed to it. 
Some manufacturers even appear to be 

stubbornly ignoring Linux, but this situ-
ation is changing. For example, Lexmark 
has just issued a colour printer driver for 
Linux - the first manufacturer to do so. 
Nevertheless, there are long lists of 

drivers in Linux for printers, monitors, 
video cards etc and a good distribution 
of Linux will install without undue dif-
ficulty on a modern machine with plug-
and-play peripherals, but there are areas 

where care is still needed. 
There is likely to be little or no diffi-

culty with keyboards, mice, CD-
ROMS, hard drives and the like. A 
Linux distribution such as SuSe will 
detect most plug-and-play devices, and 
the latest versions offer USB support. 
But ISA cards have to be manually con-
figured. 
You are unlikely to be completely 

blocked unless you have elderly devices 
or a new peripheral. For example, I came 
unstuck with my relatively new 
Samsung SE 4300, which is a scanner. 
colour printer and fax all in one. No 
driver here - not even on the remote 
horizon. Interestingly, there is no driver 
from Samsung for Windows 2000 either! 
The big exception to the general rule is 

the area of modems, which is a veritable 
mine field. The reason for this is that 
unfortunately many modem manufac-
turers have succumbed to the Wintel 
monopoly and produced so-called 
Winmodems - sometimes called soft 
modems. These have very few compo-
nents on the pcb, and rely on Windows 
software and to a some extent use the 
PC's hardware instead of their own in 
order to function. 

If you have a motherboard with a 
built-in modem, it is almost certain to be 
of this type. The advantage is one of cost 
- a Winmodem is comparatively cheap 
to manufacture because it is. in effect, 
only half a modem. The big snag is that 
the Winmodem takes a slice of the PCs 
resources when operating. 

SuSE Linux 

SuSE Linux has won several awards for the high quality of its 
distribution. It also has much more printed documentation than 
its rivals, in the form of manuals, installation guide etc. 
There are two versions, Personal at £25.99 and Professional at 

£44.99. The Pro version comes on six CDs and includes a 
huge amount of software covering almost everything you would 
want to do with a PC. 

It will consume around 8 GB of hard disk space if you install 
it all. This is more software than most people will ever need, 
but some programs overlap, and some are mutually exclusive, 
so installing it all is unwise even if you have a big enough hard 
disk. 
A DVD is included in the pack as an alternative installation 

medium, SuSE being the first Linux distribution to use this 
format. A floppy boot disk is also included, which is most 
useful if you find you can't boot from the CD-rom. 
The Pro version includes software tools for developers and 

servers, video-conferencing, Java 2. Of course, by providing 
such a vast array, there will be many programs that you won't 
be interested in, but on the other hand there is bound to be 
something for everyone. 
The Personal edition comes on just two CDs. Both 

Personal and Pro include the excellent StarOffice suite. 
SuSE Linux has an easy installation system, extensive 
documentation and a very large collection of Linux 
applications in its CDs. However, having a huge number of 
applications would be no good for the newcomer if he could 
not sort them all out, and it is here that SuSE excels with its 
installiuninstall and indexing system. The RAM requirements 
for running the graphical installer YAST2 may seem high, 
but even entry-level PCs now come with more than is 
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SuSE's equivalent to Windows Explorer. The directory tree should be 
familiar in style if not in content. Some of the files in the Home 
directory are displayed on the right hand side. Note that the panel 
bar has been rolled up to one side to increase usable screen area. 

needed, so this is no longer such an issue. 
The overall impression is that SuSE Linux is a well-presented, 

thoroughly designed and workable OS, and has the best 
selection of Linux applications. 
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At present, Linux cannot work with 
them. All this may change, since 
steps are being taken to remedy this 
situation. It is a good idea to firstly 
to visit the web site www.lin-
modems.org to get the latest infor-
mation and then proceed with the link 
to http://www.o2.net/-gromitkc/html, 
where, fortunately fur beginners, there is 
a list of modems that do and do not work 
with Linux. Be warned this is a very 
long list. 
1 would not delay adopting Linux as an 

OS just because you have a software 
modem and need to replace it. In the 
overall context, replacing the modem is a 
small price to pay for adopting Linux. 
Just remind yourself about Linux's free-
dom from virus attack, for example, and 
the low cost, and the reliability. 

If you decide to replace your modem, 
it is best to check with the sellers that it 
will indeed work with Linux, and that 
you can get a refund if it does not. 

Difficult to use. There is no doubt that 
Linux used to be a computer buffs oper-
ating system. It was created by - and for 
the use of - those with a special interest 
in this field . I doubt if the rest of us 
mortals who use the computer for the 
mundane tasks like CAD, CAM and so 

on were originally taken into considera-
tion. The legacy of all this is that Linux 
is not a system that is as easy to use or as 
intuitive as Windows. But in the long 
term. I do not think this should not both-
er most PC-users who have already mas-
tered Windows. 
As an instance of this, when installing 

new software, there is no friendly 
'Installshield' system. Each application 
in Linux seems to have its own method, 
and this can range from difficult to 
•ghastly. 
To take an example. Acrobat Reader is 

available for both Windows and Linux. 
In Windows, you insert the CD, start 
Explorer, access the file, start it with a 
double click, you read the agreement, 
and it needs just a couple of mouse 
clicks to install it into the chosen direc-
tory, clean and simple. 

In Linux, you need to log in as root, 
mount the CD-ROM, start File Manager, 
access the file linux-ar-405.tar.gz and 
transfer it by drag-and-drop to a tempo-
rary folder on the hard disk, access the 
command line and hence the temporary 
folder, then type the gobbledygook "tar 
zxf linux-ar-405.tar.giz" at the command 
line. You then type "cd 
ILINUXR.install" and press enter. Then 
type "./INSTALL" and press enter to 

start installation. Read the agreement. 
choose the directory, and you are fin-
ished. 

Incompatibilities within I,inux. There 
is broad compatibility between the vari-
ous Linux kernels, and between the dif-
ferent distributions, but there are occa-
sions when this is not true. Linux is 
under continual development so there are 
various kernels in circulation at any one 
time. 

It is possible to up-date them, and this 
can be compared to up-dating Windows 
with a service pack. Kernels with an odd 
number tend to be versions under devel-
opment and the even numbered ones like 
2.2.14 arc the ones to aim for. 

In the short time I spent doing this 
review. I came across two incompatibil-
ities. In one, a device driver, would not 
work because it demanded a kernel ver-
sion earlier than the one I had. The sec-
ond was with a program that would not 
work with the distribution I was using 
with at the time, which happened to be 
Mandrake Linux 7.0. It would, however, 
work with the others. 
Occasionally, one program will not 

work without the presence of another one. 
These situations are called interdepen-
dencies and are frequently encountered. 

ru 
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Corel Linux version 1.2 

Corel Linux is easier to install and slightly more Windows-like 
than its rivals, and for these reasons is popular with newcomers 

to Linux. 
Early releases of Corel-Linux came in for some criticism from 

reviewers because there were a few bugs and some errors of 
judgement about the interface. I am happy to say that these 
appear to have been put right in the second edition of Corel-

Linux. 
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The OS installed smoothly and ran well on both test 

machines. 
It must be pointed out that Corel-Linux is a lean distribution 

compared to SuSE and Mandrake. A typical Corel installation 

takes up about 600MByte, mainly because there are nowhere 
near as many applications provided with this distribution which 
consists of just one CD. Compare this with the six or seven CDs 

of SUSE and Mandrake. On the other hand, Corel Linux does 
not cost as much as these two. 
This does not mean to say Corel have skimped on the basic 

implications needed for smooth running of your system There 

are still plenty of utilities and even a few games 
Although the two other Linux distributions mentioned in this 

article have GUIs that look uncannily like the Windows 
desktop layout at first glance, Corel has gone step further to 
make Linux just a little more Windows-like. 

One thing acting in Corel's favour is the porting of its well-
known and acclaimed Windows programs like Corel 
PhotoPaint, WordPerfect and CorelDraw over to Linux. This is a 
big advantage to those who already use these programs, 
because they can slip from Windows to Linux almost 

effortlessly. 
Incidentally, Corel's PhotoPaint is of offered free. 

Setting up the resolution and refresh rate for large monitors for 
CAD can sometimes be tricky, but this window from Corel Linux 
shows how clear and simple it is with Core! Linux. 

Usually, a distribution will have sorted 
these out for you on installation and 
there is no problem. But sooner or later 
you will come across this snag. Finding 
and then installing the required program 
or file is not easy for the beginner. 
Added to this little difficulty is the pro-

gram that will not work until you delete 
another program already in the system. I 
had this trouble with Wine - the 
Windows emulator. The version from 
Codeweavers that I wanted to use would 
not co-exist with the version that came 
with the distribution and required it to be 
deleted manually before it would even 
attempt installation. A Windows appli-
cation would most likely have up-graded 
automatically in this situation. 
Another trend is that some programs 

are being described as 'Gnome compli-
ant' for use with the Gnome desktop or 
'KDE compliant' for use with KDE, 
implying a split within Linux into two 
camps. How far this trend will go is 
uncertain, and only time will tell. 

Too much choice? 
One would not normally think of a sur-
feit of choice as a snag but as an advan-
tage. In fact, the breadth of choice in 
Linux is often cited as something bene-
ficial by those who promote Linux - 
shades of 'it's not a bug; it's a feature'! 
To give just one example, having two 

very similar desktop GUIs like KDE and 
Gnome for Linux, instead of one highly-
developed one, seems such a waste of 
effort to the outside observer. They do. it 
is true, have a few different features and 
operate in slightly different ways. but 
this is re-inventing the wheel with a 
vengeance. There were good reasons for 
this split effort, and you can discover 
them if you dig about on the Web. 
The excess of choice puts the beginner 

in a quandary. Which one should he or 
she go for? Learning how one desktop 
operates is fair enough - learning how 
two or three work seems like excessive 
effort to a Windows refugee. To include 
two or more desktops when you install 
Linux and invite users to alternate 
between them in order to use different 
features seems slightly crazy to anyone 
but a Linux fanatic - but this is exactly 
what some distributions do. 

Other snags 
There are only a few other snags in 
Linux. For example, you may find no 
undelete feature. If you use the delete 
command it's gone for good. 

If you are in 'root' and this file this 
happens to a system file, then you really 
are in a fix. It would probably mean re-
installing your OS. 
However, this is only true at the time 

of writing. Things are developing so 

quickly in Linux that you may find it has 
been added by the time you read this. 
Other new features are also appearing 
rapidly, so if you require a particular fea-
ture, then you had better check the dis-
tribution you are interested in first. 
Although the KDE and Gnome desk-

tops are well designed, they do not yet 
have the spread of features that 
Windows has. For example, I missed the 
Windows Troubleshooters. 

In Linux, there there is plenty of 
advice on trouble-shooting, but I found 
few graphical tools to help to implement 
it. Linuxers tend to revert to the com-
mand-line. 

Books on Linux 
As for books on Linux, there are hun-
dreds, but locating them is not at all 
easy. I checked the computer book sec-
tion at my local WH Smiths for example 
and although they had dozens of 
Windows books, there was not a single 
one on Linux. 
PC World fared a little better with just 

one small shelf devoted to Linux. My 
local book store (Ottakars) did surpris-
ingly well with a couple of dozen Linux 
books. 

If you want real choice combined with 
short reviews from people who have 
read the books already though, 
Amazon.com is hard to beat. 
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If you are already a Windows user, 
you might look at Penfold's "Linux for 
Windows Users" but this is only a slim 
volume. If you like a graphical approach, 
and want a more substantial book then 
look at Bellomo's "Linux" from IDG . 
Although this is Red-Hat based and 
therefore Gnome-oriented, much of it is 
applicable to other systems. 

Summing up 
Linux at present is not quite as intuitive. 
user-friendly or as GUI-onented as 
Windows, but is not far behind and is 
making rapid progress. 
I would hesitate to recommend it to ad 

members of the PC-owning public as a 
complete replacement for Windows just 
yet. Those of you who use your PC 

mainly as a games machine will be wast-
ing your time; but those who use it to 
surf the Net will benefit from its securi-
ty; engineers will benefit from its stabil-
ity, scalability, flexibility - and everyone 
will benefit from Linux being nearly-
free. 

If you are fully conversant with the 
PC and Windows and appreciate what 
Linux has to offer, and are prepared to 
re-learn a certain amount. I think the 
advantages far outweigh the disadvan-
tages. 

If you are serious about finding an 
alternative to Windows, there is no sig-
nificant reason to procrastinate on adopt-
ing Linux. Whether you can swap over 
partially or in full is to some extent 
dependent on what you do with your PC. 

Windows may not disappear, but it 
would be most unlikely not to wane in 
the face of the Linux onslaught. This is 
not just because Linux is free and 
Windows expensive, but because you 
can in fact run Windows applications on 
Linux. effectively making Windows 
redundant. 
There are various ways you can recy-

cle your present collection of Windows 
applications in a Linux system using a 
virtual machine or a Windows emulator 
like Wine. 
The best way to find out is through 

expenmentation. Try using a caddy sys-
tem l'or your hard drives and have a sep-
arate drive with Linux installed on it. An 
alternative is dual booting, but this can 
be confusing. 

Useful web addresses 

http://www. I nux .com 
http://www.linux.org 
http://www. I inuxemporium.co.uk 
http://www.winehq.com 
http://www.codeweavers.com 
http://www.freshmeat.net 

Two websites giving general and comprehensive information about Linux. 
A good UK source of cheap and sometimes free Linux programs. 

Two sources of information about the Wine project 
A source of Linux applications with a searchable database. 

Professional PCB Layout and Simulation for 
Windows at Computer Store Prices!! 

Ea Edo Y.e. add àeonee OUP, 1.04 %ed.» Me 

ojj  +litlekl  -I -I  opoiftbi 

Windows , 
Graphical User 

Interface 

83N7 22 

8iN2 22 2 

V2 

i0Ora 4 1 Gln Ian Su 

True Windows 32-bit 
application Database 
resolution 001 micron   

tipeet   

True Type Fonts 
2 k 

î 4V) 

Instant cross probing 
from schematic to PCB 

and vice versa 

Places SMDs on both sides 
of board with mixed 

metric I impenal components 

World view 
of design 

From Only 

£9 

• 
Component Preview 

Component Bin — 
C50 . • ¡Sul 
P1.10 9.. 1SCI 
PLO 94/P esci 
02 2a2z22A PSC1 
03 2114331 P SC1 
Ur 764030 010 
1.142 145341 
1.143 1410M 

una. Toe* Sun U4 4 End et 4 9,44 earn sine Wm> 10 Ce Lee 1no E 144,44 Ne Ain 5476 En WY, 63 

For more information on Easy- PC/Easy-SPICE or for a demo copy call 

Number One Systems on ++44 (0)1684 773662 fax ++44 (0)1684 773664 or 

E-mail info@numberone.com 1._ 

Easy-PC for Windows 5 

Easy-PC for Windows delivers world-

beating PCB design performance, with levels 

of quality and pricing that is changing PCB 

Layout forever Call us for a CD or download 

a demo version of this amazing product to be 

convinced. 

A selection from the high value 
feature set... 

• True Windows 32 bit product with Windows Interface 
• Integrated Schematics and Layout as standard 
• Windows drag & drop throughout 
• Multiple documents within display 
• True Type fonts - new in release 5 
• Mouse wheel controlled Zoom In/ Out - new in release 5 
• Multi-level Undo/Redo 
• Integrated standard AutoPlace 
• Optional shape based AutoRouter 
• Full Copper pour with Split Powerplanes 
• Visualisation of inner power-planes - new in release 5 
• Formattable Parts lists / Pick & Place 
• Unlimited signal/powerplane/non-electncal/doc layers 
• Keep In/Out areas for routing 
• Right-hand mouse menu support 
• Full forward and backwards annotation SCM/PCB 
 and so much more! 
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or you can download demo copies from wwvv.numberone.com 
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L 
Code-honni ore 

"1," 

II oto co ro 
lei An has developed a highly secure wireless 
remote-control system based on Microchip's 

Keeloq code-hopping chips. One control receiver 

can recognise up to four transmitters, each with 

four push-buttons. 
IBM 

R
emote control via RF is widely used in 
applications such as remote key entry system, 
alarm systems, gate and garage door openers and 

burglar detection systems. 
Conventional remote control systems offer limited 

security due to two shortcomings: a) the combination of 
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Fig. I. The Keeloq radio-link remote controller contains up to four remote-
control hand sets and one receiver. 

the code they transmit is fixed and, b) the number of 

Table 1 

Pin functions of HCS301 encoder. 

Pin Pin name Description 
1 SO Switch input 0 

2 S1 Switch input 1 

3 S2 Switch input 2 

4 S3 Switch input 3 

5 VSS Ground 

6 PWM Pulse-width modulation (PWM) output 

pin or data pin for programming mode 

7 -LED Cathode connection for directly driving 

-LED during transmission 

8 VDD Positive supply voltage (3 5V to 13V) 

• 

possible code combinations is relatively small. Using 
code grabbing and scanning techniques, an unauthorised 
person can easily override the security measures. 
Microchip's Keeloq hopping code system has two 

outstanding features. The first one is that a 66-bit 
transmission code is used. There are 7.3x10 19 
combinations. This makes code scanning impossible to 
apply. Scanning at a rate of 8 times per second, it would 
take 2.3x101 I years to break the code. 
The second feature is that during its working life, the 

receiver will probably never respond to the same code 
twice. If the remote control is used eight times a day. 22 
years will pass before the receiver responds to the same 
code again. This renders a code grabber useless. 
The present design uses a hopping-code encoder and 

decoder pair, namely the HCS301 and HCS512. In a 
system, up to four transmitters can be acknowledged by 
one receiver. For transmitting and receiving data, a 
UHF FM radio link from Radiometrix is used. 
The system has a communication distance of 150 

metres over open ground and 50 metres in building. 
Figure 1 illustrates the Keeloq remote control system. 

Hopping encoder 
The HCS301. Fig. 2. has four inputs, labelled SO to S3. 
Output PWM provides pulse width modulation and the 
-LED line connects to the cathode of a LED. When the 
HCS301 is activated, the LED illuminates. Pin 
functions are given in Table 1. 
Once there is a change in status in SO to S3 from logic 
0 to 1. the HCS301 produces a 32-bit hopping code - 
i.e. encrypted data - generated by an encryption 
algorithm. It combines this with a 28-bit serial number, 
a 4-button press code and 2 status bits to create a 66-bit 
data stream. The last 34 bits can be either unencrypted 
or encrypted depending on user's setup. The serial data 
stream appears at the PWM pin, Fig. 3. 
An 12-by-16-bit EEPROM inside the HCS301 holds 

an encryption key, device serial number, 
synchronisation counter and a configuration word. They 
are used by the encoder to create the 66-bit serial data. 
Contents of the EEPROM are programmed by a 

Keeloq programmer. The contents are read-protected. 
Programmer software, which runs on a PC, asks users 

to input a 64-bit manufacturer's code and a 28-bit serial 
number. The two codes are then processed by a key-
generation algorithm to create the 64-bit encoder key. 

gme 
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Bit period 
TEw 

The encoder key and the serial number are programmed 
into the EEPROM, in Fig. 4. 
Changes in the transmitted code for each transmission 

are based on a 16-bit synchronisation counter. The 
value in the counter is updated each time a button is 
pressed. 
When the logic status of SO to S3 lines change from 0 

to I, the encoder carries out an operation as shown in 
Fig. 5. The encoder key and synchronisation counter are 
processed by a Keeloq encryption algorithm to generate 
the 32-bit hopping code (encrypted data). Because of 
the complexity of the code-encryption algorithm, a 
change in one bit of the synchronisation value will 
result in a large change in the hopping code. 
The data stream can be transmitted out in four speeds 

Using a basic pulse width of 400ms. representing the 
slow speed, a code transmission period is 108ms and 
the data transmission rate is 833bit/s. If the basic pulse 
width is 100ms - the fastest speed - a complete code 
transmission takes 27ms. 
Flow of the encoder's operation is shown in Fig. 6. 

Decoder details 
The Microchip HCS512, Fig. 7, is a code-hopping 
decoder that is compatible with the HCS301 encoder. 
Table 2 shows its pin functions. 
Before a transmitter can be used with a receiver, it 

must 'learn' the receiver. During learning, the serial 
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Fig. 2. Pin-out of HCS301 four-channel Keeloq encoder and its internal 
functional modules. 
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Fig. 4. During encoder programming a transmitter serial number and a 
manufacturer's code are processed by a key generation engine to generate an 
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of the encoder. 

Fig. 3. The Keeloq encoder produces a serial data stream at its output after 
one of its inputs - SO to 53 - changes status. The serial data contains a 
preamble, a header, a 32-bit encrypted portion and a 34-bit fixed portion. 
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Fig. 5. In normal operation mode, the encoder key and the counter are processed by 
a Keeloq encryption engine to produce .12-bit encrypted data. These 32 bits, together 
with serial number and other information, form the 66 bits waiting for transmission. 

Table 2 

Pin functions of the HCS512 decoder. 
Pin Pin name 
1 -LRNIN 

2 LRNOUT 
3 NC 
4 -MCLR 
5 Ground 
6 SO 
7 S1 
8 S2 
9 S3 
10 Vlow 
11 SLEEP 
12 CLK 

13 DATA 
14 VDD 
15 OSCout 
16 OSCin 
17 NC 
18 RFIN 

Description 
Learn input, to initialise learning 10k12 pull-up 
required 
Learn output to indicate learning in progress 

Master clear 
Ground 
Switch input 0. Source 20mA and drain 25mA 
Switch input 1, Source 20mA and drain 25mA 
Switch input 2. Source 20mA and drain 25mA 
Switch input 3, Source 20mA and drain 25mA 
Transmitter battery low indication output 
Connected to RFIN to allow wake-up from sleep 
Clock in programming mode and in synchronous 
mode 
Data in programming mode and in synchronous mode 
Positive supply voltage (3 5V to 13V) 
Oscillator out 
Oscillator in (4MHz). R=10ki2 and C=10pF 

Serial data input from receiver 

number, synchronisation counter and encoder key of the 
transmitter are stored in the EEPROM of the decoder. 
Up to four transmitters can be 'taught' by one receiver 
decoder. 

Power up 
(a button has been pressed) 

Reset and debounce delay 
(10ms) 
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Fig. 6. Flowchart of the operation of the encoder. 

If a decoder receives a message whose format is valid, 
the serial number is checked. If it is from a transmitter 
that has already been 'taught'. the message is decrypted 
and the decrypted synchronisation counter is checked 
against what is stored for that transmitter. If the counter 
value is verified, the button status is loaded and status 
appears at SO to S3, Fig. 8. 
The decoder features a complex synchronisation 

technique to add security. If the stored counter value for 
a transmitter and the counter value that was just 
decrypted are within 16 of each other, the counter is 
stored and the command is executed. 

If the counter value was not within 16, but is within 
16000, the synchronisation value is stored in a 
temporary location, and the system waits for another 
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Fig. 8. The 31-bit encrypted data 
is decoded by the Keeloq 
decryption engine to reproduce 
a counter value. The decoder 
will check if the serial number 
matches. 

transmission. When the next valid transmission is 
received, it checks the new value with the one in the 
temporary storage. If the two values are sequential, a 
new synchronisation starts up. 

If the counter value was outside 16000, the 
transmitter will not work and must be re-taught. 
Flowchart of the decoder's operation is shown in 

Fig. 9. 

Wireless Tx/Rx pair 
Radiometrix' TX2 and RX2 UHF transmitter2 and 
receiver are used for the wireless link. Fig. 10. The TX2 
is a two-stage SAW-controlled FM UHF transmitter and 
RX2 is a double-conversion FM superhet UHF receiver. 
Both the TX2 and RX2 have two frequency versions: 
418MHz for UK use and 433.92MHz for European use. 
They are type-approved to ETS300-200 and EMC 
conformant to ETS300-683. 
Because the modules are type-approved, provided that 

they are used in the manufacturer's specified conditions 
with an appropriate antenna, the final products do not 
need further approval by radio authorities. 
The transmitter/receiver combination is designed to 

transmit digital data up to 14kbit/s (A version) over a 
distance of 300 metres over open ground. The digital 
signal emanating from transmitter to receiver should 
have a mark-to-space ratio ranging from 20% to 80% 
averaged over 30ms (A version). 
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Fig. 10. Pin-out and physical dimensions of Radiometriz' TX2 and RX2 UHF FM transmitter and 
receiver modules. 
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0.5 mm diamter enamelled copper wire close wound on 3.2mm dia former 

1mm-wide 

track 

 • Pin 2 (RF OUT) 

418MHz: 26 turns, 433MHz: 24 turns 

a. Helical type 

4 to 10cm2 
inside area 

• Pin 2 (RF OUT) 

• Pin 1 (GND) 

Capacitor 1 5 - 5 pF 

b, Loop type 

Fig. 11. Three variants of antenna for the TX2 and RX2 modules. 
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The time between a data transition is from 0.07ms to 
15ms (A version). If an equal mark and space square 
wave is transmitted from the transmitter to the receiver, 
the frequency of the signal should be within 6Hz to 
7kHz (A version). 
The antenna of the transmitter can have three 

versions: the helical type, the loop type and the whip 
type, Fig. 11. The helical option is the smallest. It needs 
to be optimised for the exact wavelength in use. 
The loop antenna consists of a loop of PCB track, 

which is tuned by a variable capacitor. The whip-type 
antenna is a wire, rod, PCB track or combinations. How 
the three types of antenna are constructed and a 
comparison of their performances are given in the 
diagram. 

Circuit of transmitter 
Figure 12 is the circuit diagram of the transmitter. Four 
press-to-make switches are connected to SO to SI of the 
HCS301. 
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Fig. 12. Circuit diagram of the remote control handset. Components SVVI.4 are push-button 

switches. Pressing any one or a combination of them causes the HCS301 to produce encoded 

serial data. 1M 15D50 is a +5V regulator with ON/OFF control. 11 is a socket for programming 

the encoder in-circuit. 

Output —LED connects to the ON/OFF pin of a +5V 
LK115D50 regulator. During a code transmission, the 
LED pin goes low, enabling the regulator to output 
+5V DC to the TX2 transmitter module. 
Two CR2016 3V button cells are used to power up 

the system. The LK115D50 has a dropout voltage of 
0.17V with a sleep mode current of 0.01pA and an 
operating current of 280pA. 
A 16-way DIL pin header is used to connect to a 

Keeloq programmer via a ribbon cable. The antenna 
in the design is a whip-type. 
The complete circuit can be constructed on a single-

sided pcb and housed in a slim box with four buttons, 
Fig. 13. 

Receiver circuitry 
The circuit of the receiver is shown in Fig. 14. Six 
LEDs indicate the logic statuses of SO to S3, learning 
mode and low voltage on the transmitter. Switch SIVI 
is used to set the encoder to enter learning mode. The 
MCP809 supervisory IC generates a reset signal for 
the HCS512. 
A low-power, low-dropout +5V voltage regulator, 

namely a TC55RP5002, is used to produce the +5V 
supply. Connector TP1 is a I6-way DIL header for 
connecting the receiver to a Keeloq programmer via a 
ribbon cable. 
In the prototype, the antenna for the receiver is a 

whip-type. The complete circuit can be constructed on 
a single-sided pcb. Fig. 13. 

Programming the encoder/decoder 
For my design, I used the programmer supplied with 
the Keeloq evaluation kit. This kit is designed to give 
the user the opportunity to evaluate the Keeloq code-
hopping technique quickly and easily without having 
to make a large capital investment. 
All the hardware and software necessary to 

implement a fully functional remote control system is 
contained in the evaluation kit. This kit also 
demonstrates all of the operating modes of the 
HCS301 and HCS501 and other chips. 
Windows-based software included can be used to 

program encoders and decoders. The software 
requires you to input some information. Encoder key, 
configuration information and other user selectable 
information are automatically programmed into the 
encoder's and decoder's EEPROM. 
The programmer can be used for programming the 

HCS chips in-circuit. During programming, the 
current encoder boards and decoder boards should be 
connected to the programmer via a ribbon cable, Fig. 
15. Note that the power supply to the decoder board 
should be disconnected before programming. For the 
transmitter, there is no need to remove batteries 
before programming. 

Using the system 
A full system consists of a receiver and four remote-
control key fobs. The HCS301 encoder and HCS512 
decoder must be programmed first by the Keeloq 
programmer. Note that during encoder programming, 
a slow data rate is selected. Before a remote control 
system can fully operate, all key fobs must be 'taught' 
by the receiver one by one. 

If a remote control is recognised by the receiver, the 
'Learn' LED flashes. The output status of SO to S3 
does not change. 
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Fig. 13. How the 

HCS512 and 

HCS301 are 

connected to the 

Keeloq programmer 

during 

programming. The 

Keeloq programmer 

is supplied by 

Microchip in the 

evaluation kit. 

01 illuminate during 
pressing of keys 

Technical support 

A designer's kit is available from the author. The kit includes PCBs and 
components. Please direct your enquiry to Dr Pei An by e-mail: 
paneintec-group.co.uk or send a stamped s.a.e. to 'Keeloq', Electronics 
World, Anne Boleyn House, 9-13 Ewell Road, Cheam, Surrey SM3 8BZ. 

During learning, the `Learn' process, the switch on 
the receiver is pressed first. The 'Learn' LED should 
illuminate. Next press any button on the remote-
control key fob. The 'Learn' LED turns off. 
Now press any button on the key fob again. The 

'Learn' LED flashes for four seconds or so then turns 
off. This indicates that this particular key fob is 
properly 'taught'. If a button is pressed again, the 
status of SO to S3 will change. 

If the 'Learn' switch is pressed and held for more 
than eight seconds the receiver clears all the records 
in its memory. In this case, the 'Learn' LED 
illuminates and after eight seconds, it turns off. All 
remote control key fobs must be 'taught' again. 
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Fig. 14. Circuit diagram of the receiver. Key press status is output from h. 
Socket h is for in-circuit programming of the decoder. 
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Fig. 15. Both the remote control and the 
receiver circuits can be built on single-sided 
circuit boards. The remote control PCB can be 
made ready to be mounted inside a box 
specially designed as a remote control handset, 
as are the PCBs supplied by the author. 

Expanding the system 
Outputs from the HCS5 12 can drain 25mA and source 
20mA and the voltage level is 0 to 5V. They can drive 
light loads such as relays or LEDs. 
Using relays, power transistors. CMOS, smart 

PROFET. OptoCMOS or optically isolated solid-state 
relays, heavier loads or high voltage loads can be 
controlled 
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Phono preamp for 
the CD era 
I am happy that there has been such 
interest in my circuit. I am somewhat 
surprised though given that it is 2001 and 
digital audio technology has 
overshadowed analogue audio. 
Referring to the August issue, the 

letters from Mr Hall and Mr Tutt were 
greatly appreciated. There seems to be an 
unfortunate decline in civility in public 
discourse. It should be possible to be 
critical without being offensive. While it 
is disappointing to receive criticisms of 
one's work such as Mr Self offered, it 
would discourage me only if the 
criticisms reflected real design problems. 
The phono preamplifier had already 

been in constant use in my system for 
almost one year when the article was 
published so I felt pretty confident that it 
was reliable as well as subjectively 
pleasing. 
Mr Walt Jung gives a good example of 

how to craft a critical response without 
engendering offence. He also is 
absolutely correct. I erred when I stated 
that the design is entirely JI-hl. 
I am astounded that I made this error 

since I taught this very topic before the 
article was written and had specifically 
presented the course textbook material 
from page 690 and figure 13.30 of 
'Microelectronic Circuits' by 
Muhammed II. Rashid. There, it clearly 
indicates that one-half of the diff-amp 
gain comes from the left-hand side of the 
differential amplifier through the current 
mirror. A similar explanation can be 
found in many treatises on op amp 
design, some of which I had also read 
prior to the design of this preamp. 
However, my error in explaining how 

the circuit operates in no way affects 
actual circuit operation. I, like Walt, have 
no problem with signals passing through 
BJTs in properly designed circuits. There 
is, however, almost a cult following for 
all-JFET or all-MOSFET circuitry and it 
had been my intent to have no signal pass 
through a BJT. This can be accomplished, 
by the way, in several different ways 
while retaining the folded-cascode single-
stage op-amp topology. I have played 
around successfully with such 
modifications on breadboard. I did not 
pursue them because they did not 
significantly improve the objective 
performance of the circuit. 

In the same issue, I do not know how 

Mr Schick could conclude from my reply 
to Mr Self that I did not understand AN-
346. My reply was based not only on my 
understanding of AN-346, but also of 
AN-I04, aptly entitled "Noise Specs 
Confusing," which specifically addresses 
noise in a phono preamp. It uses the 
model for the Shure V15, Type Ill 
cartridge that is similar, although not 
identical, to my V I 5xMR. 
Furthermore, William Chater in his 

article "A Mostly MOS Preamp," (The 
Audio Amateur. 1/90) lists the important 
noise sources that would have either the 
Type III or xMR cartridge resistance, 
itself, as the greatest single contributor to 
broadband noise. It was that article that 
prompted my statement that the cartridge 
was the biggest contributor to noise, a 
statement that apparently prompted this 
whole, largely unimportant flurry of 
comments and counter-comments. 
However, it should be allowed by 

anyone discussing this subject that the 
input transistors, the cartridge resistance, 
or the 47k.t.1 resistor can be the biggest 
contributor. This depends upon whether 
or not one wants to factor in weighting 
curves based on hearing characteristics, 
cartridges with greater or lesser induc-
tance and or resistance, particular BJT or 
FET input devices, etc. It also depends 
on whether one is talking about spot noise 
or broadband noise, and if broadband 
noise the specific band. 

In any event, the title of my master's 
thesis was "A Method for the 
Determination of the High-Frequency 
Noise Spectrum of a Radio-Frequency 
Plasma." I probably do not need a 
tutorial on the subject of noise from either 
•Mr Self or Mr Schick. 

Perhaps my statement about PSpice 
inspired Mr Schick's comments. I was 
trying to be modest. I own five books on 
PSpice and have used it extensively for 
the last five years. There is nothing 
magical about PSpice; it does the same 
sort of circuit and network analysis that 
the human would do if the human could 
readily solve the often-unwieldy equa-
tions. While PSpice does occasionally fail 
to converge on a solution, I have found 
this to be unusual. 
Also, I have never seen PSpice do 

anything "strange or unusual." In the 
case of the noise analysis that I did using 
PSpice, it showed the same increasing 
contribution of the 471d2 resistor with 
frequency due to increasing reactance of 
the cartridge inductance that the analysis 

EAS - customer friendly? 
Electronic Articles Surveillance (EAS) systems are 
being used in an increasing number of shops, depart-
ment stores and libraries. 
However, there has been very little discussion 

about the question of whether exposure to electro-
magnetic fields from this equipment might pose a 
health risk - particularly for vulnerable groups such 
as children and expectant mothers. 
According to shops that use EAS, the manufactur-

ers carry out measurements of the electromagnetic 
fields generated by their equipment - under laborato-
ry conditions in which background sources of 
electromagnetic fields are eliminated - but the data is 
not shared with the companies that buy and install 
the equipment. Under these circumstances, one 
wonders whether the right balance is always reached 
between the security benefits of EAS technology and 
the need to limit people's exposure to electromagnet-
ic fields in public areas. 
Are some EAS systems more customer-friendly 

than others? What different technologies are 
involved and what is the strength of the electromag-
netic fields emitted by these devices once they are 
actually installed? 
Can any readers shed light on the subject or 

perhaps suggest which organisations or university 
research departments might have the answers? 
Name and address supplied 

'n AN-104 showed and to which Mr. Self 
alluded. 
While the program failed to predict the 

low-amplitude, high-frequency oscillation 
in the real second stage, a second look at 
PSpice simulation results showed a 
"peaking" in the response at that frequen-
cy. The very same value of capacitance 
that tamed the actual oscillation is the one 
that PSpice simulation showed to be 
required to eliminate the peaking. 
Although 1 designed three successful 

power amplifiers bereft of access to 
PSpice. I would no longer go directly 

Global warming? 
Regarding the solar cell story on page 496 of the July 
2001 issue, on Earth, the solar power incidence per 
square metre is seldom much more than IkW. Per 
square centimetre, this amounts to 100mW. 
I'm amazed that one square centimetre of this new 

solar cell will deliver 10 watts at a temperature of 
1000°C from this. Presumably, this cell needs to be 
placed closer to the sun, or under a focussing device. 
to achieve such figures. 
Michael Edinger 
Via e-mail 
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from paper design to breadboard. With 
PSpice as a design evaluation tool, I 
destroyed not a single component in 
bringing the phono preamp design to 
operation, quite different from the parts 
mortality experience in the evolution of 
my amp designs. I am very impressed 
with this simulation program. If a 
powerful tool is available, it is foolish 
not to utilise it. 
Let me stress again that electrical 

engineering design work is a compro-
mise at every step. In this design, I 
emphasised low noise within the 
constraint of the single-stage op amp 
topology. This emphasis unavoidably 
affected other aspects of the design 
negatively, but still represented a 
reasonable approach. Such emphasis on 
noise was engendered by the (undue) 
emphasis placed upon it by those who 
preceded me. 
My final comment re-addresses the 

remark made by Mr Self in the May 
issue, concerning headroom. If by 
headroom Mr Self means the input level 
at which the output begins to clip 
(overload), then his apparent assertion 

that single-stage designs have an 
inherent headroom advantage is incor-
rect. 

If the second stage in a two-stage 
design has enough gain at 20kHz to 
compensate for the attenuation of the 
inter-stage low-pass filter, then the 
headroom for either approach is the 
same over the entire audio band. This 
assumes that both designs have the same 
stage topology, IkHz gain, power supply 
voltage. and RIAA tracking 

characteristic. 
This is not mere conjecture. I have a 

revised design that increases the 
impedance of the first-stage feedback 
network. This, in turn, allows a re-
partitioning of the gain between the two 
stages. Clipping in the revised version 
occurs just below 10V RMS from 20Hz 
to 20kflz, about as well as one can do in 
a single-ended design with a bipolar 15V 
power supply. It is ultimately the power 
supply voltage that determines headroom 
in any design. 
The two-stage design. by the way, is 

much more likely to accurately track the 
RIAA curve than is the single-stage 
design. That is one reason why many 
designers, including myself, favour the 
two-stage approach. 
Readers who have questions about this 

or other of my designs should feel free to 
contact me at nthagard@eng.fsu.edu. 
Norman Thagard, M.D. 
Bernard F. Sliger Eminent Scholar Chair 
Florida State University 

Water-powered watches 
About ten years ago. I remember there 
being a short craz.e on water powered 
watches. I'm not sure what principle 
these worked on. I guess that certain 
electrodes pick up free electrons but I 
would like to know for certain. 
Any information you could give me 

about this technology would be much 
appreciated. Perhaps someone remembers 
what company made the watches, and 
how to get in touch with them. 

Greville 1 Kirk 
Via e-mail 

Earth leakage issues 

In response to Chris Miller's letter in the July 
2001 edition, entitled "Tracking down earth 
leakage," many items of electrical/electronic 
equipment do incorporate suppression sys-
tems that leak to earth - typically through sup-
pression capacitors connected between L & E 
and N & E. 
The earth leakage is limited by equipment 

safety standards, typically to 3mA. Obviously, 
a number of such devices used on a group of 
circuits protected by a 30mA RCD will cause 
the RCD to trip. 
Certain standards do allow higher values of 

leakage currents, BSEN60950 for example. 
However, special considerations for the 
protective earthing of the circuit feeding to 
this equipment may be required, in accor-
dance with BS7671 (IEE Wiring Regulations, 
16th Edition). 
BS7671 requires the installation designer to 

consider the use of a circuit, and make 
allowance for normal conditions. For standard 
UK socket outlet circuits, those intended to 
supply equipment outdoors require RCD 
protection. 

I understand that some designers consider 
that, for example, an extension lead could be 
used to supply equipment outdoors from any 
downstairs socket, therefore all downstairs 
sockets in a house should be protected by 
RCD: clearly, where final circuits are grouped 
from the same RCD, as in many split con-
sumer units, nuisance tripping will occur from 
time-to-time. This is obviously a case where 
the intended use of the circuits has not been 
fully considered. 
RCD protection is not always required by 

BS7671 for final socket-outlet circuits within 
a domestic dwelling. 

In many cases, it may be better to provide 
specific RCD-protected sockets for outdoor 
use rather than compromise the usefulness of 
the installation as a whole. 

Alternatively, but more costly, is to add 
more 30mA RCDs. It is not generally recom-
mended that settings above 30mA are used. 
where RCD protection is provided for domes-
tic final circuits. Obviously, this does not to 
detract from the fact that RCDs must be used 
where manufacturers stipulate their use. 
Graham Kenyon 
Via e-mail 

Input filter distortion 
It was with interest that I read Dave 
'Umber's intuitive suggestions for low-
pass filter appreciation in letters on page 
637 of the August 2001 issue. 
However. I too despair, for now I do 

not know how I am supposed to have 
implied that a filter-less audio source 
exists. In referring to power amplifiers I 
merely stated - 'No filter, no distortion.' 
Fortunately EW has come to 

everyone's aid by publishing an 
amplifier design incorporating input 
components that cannot cause audible 
degradation either by slew rate limiting, 
or by distorting the leading edges of 
waveforms. See page 578 of the same 
issue. 
With good source equipment, a good 

signal. good loudspeakers and good ears, 
a stereo version of David White's mosfet 
amplifier could be left-right auditioned 
while one channel is fitted with 10k.fl for 
RI, and 220pF for C2 - the values 
originally proposed. 
Apply a re-balanced mono feed and 

use just one loudspeaker to check for 
channel differences in definition, 
sibilants and transients; i.e. reproduced 
realism. 
Both power amplifiers will of course 

retain their excellent 0.01% continuous 
sine wave distortion specifications, as 
measured by equipment that does not 
give a reading until long after the 
asymmetrical leading edge error has 
occurred. (See the red curve computer 
simulation with my last letter on page 
553.) 
But the output of the 101d2+220pF 

filtered channel will be additionally 
distorted by avoidable and on-going 
signal induced multiplicities of those 
same transitory errors. 
1 wonder therefore if any reader might 

volunteer to relieve everyone's despair 
by reporting some good old fashioned 
armchair auditioning. No one will then 
need to make assumptions, nor 'guess' 
whether signal distortion is introduced by 
a filter that acts at inaudible frequencies 
- 85kHz in this amplifier. 
Graham Maynard 
Newtonabbey 
Northern Ireland 

Buck-boost regulator 
Regarding my circuit idea, 'Buck-
boost regulator', on page 628 of the 
August 2001 issue, the two tanta-
lum capacitors are printed as "47" 
which could be misinterpreted. My 
submission did quote 4p7 (4.7pF). 
Also the 35V rating did not appear, 
which has equal significance. 
Henry Maidment 
Salisbury 
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HP3325A SYN Function Generator 21MC./S - COO. 
HP3326A SYN 2CH Function Generator 13MC/S-IEEE - 
(1 8K 
HP3336A-B-C SYN Func/Level Gen 21MC/S - £400-C300 
£500. 
Racal/Dana 9081 SYN S/G AM-FM-PH-5-520MCS - £300. 
Racal/Dana 9082 SYN 5/0 AM-FM-PH-1.5-520MCiS - £400. 
Racal/Dana 9084 SYN S/G AM-FM-PH-.001-104MC/S - £300 

SPECIAL OFFERS 
MARCONI 2019A SYNTHESIZED SIGNAL GENERATORS 
80KC S 1040MC/S - AM-FM - f400 inc instruction book 
tested 
MARCONI 2022E SYNTHESIZED SIGNAL GENERATOR - 
10KCS 1 Dial/ AM-FM - £500 inc. instruction book - 
tested 
R&S APN 62 LF S-g Gen 0 1Hz - 2613 kHz cWr book - £250 

MARCONI 2383 S.ANZ 100Hz - 4.2 GHz. C2K 
H P RF AMP 8349A 2-20 GHz microwave. C2K 
H P RF AMP 8347A 100 kHz - 3GHz £1,500. 
H P 8922 radio communication test sets 
G - H - M. options various. £3.000 • £3.000 each. 
H.P. 4193A VECTOR IMPEDANCE METER • probe kit. 400 
kHz. To 110 ML'S £3,500 

HP 83220A - E OMS UNITS f or above. £1,000 - £1.500. 
WAVETECK SCLUMBERGER 4031 RADIO 
COMMUNICATION TEST SET Internal Spectrum ANZ. 
£1.800 £2.000 
ANRITSU MS555A2 RADIO COMM ANZ To 1000MC/S. 
No C.R tube in this model. £450. 
TEK 2445A - 4CH - 150MLS SCOPE • New X1 • X10-
probe Instruction book £500 each 

ITEMS BOUGHT FROM HM GOVERNMENT BEING SURPLUS PRICE IS EX WORKS SAE FOR ENQUIRIES PHONE FOR APPOINTMENT OR FOR DEMONSTRATION OF ANY ITEMS, AVAILABILITY OR PRICE CHANGE 
VAT AND CARRIAGE EXTRA ITEMS MARKED TESTED HAVE 30 DAY WARRANTY WANTED TEST EQUIPMENT-VALVES PLUGS ANO SOCKETS•SYNCROS-TRANSMITTING AND RECEIVING EQUIPMENT ETC 
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Yes I'd like to subscribe to Electronics World Today! 
'lease enter my subscription for one of the following 

erms. When I subscribe for three years, I pay the price 

or just two years. 

3 years (36 issues) 

1 year (12 issues) 

UK Europe Rest of World 

£72 £103 £123 

£36 £51 £61 

• Detailed circuit diagrams 

• New product news 

• Informative design-orientated explanations 

• CAE software 

If you're not completely satisfied with Electronics World 

within the first 60 days we'll refund your money in full 

- no questions asked. 

Please allow 28 days for delivery of your first issue. 

Cumulus Business Media Limited may use this information for direct marketing 

purposes, from ourselves or other companies. If you do not wish to receive 

direct marketing please write to us at Cumulus Business Media Limited, 

Perrymount Road, Haywards Heath, West Sussex, RH16 3DH. 

Cumulus Business Media Limited, Anne Boleyn House, 
it.jnyilluis 9-13 Ewell Rood, Cheom, Surrey SM3 8BZ, UK 

(Registered No 418991 1) 
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headroom for either approach is the 
same over the entire audio band. This 
assumes that both designs have the same 
stage topology, 'kHz gain, power supply 
voltage, and RIAA tracking 

I enclose a cheque for £ made payable to Electronics World 

Please charge my Visa/Mastercard/American Express/Diners 
Club/Switch/Delta (Please delete as appropriate) 

Card number 

LILJLi 

Expiry date 

I I i Li H I 1 EriE 
(Switch/Delta onto 

/Fr- Valid fromL_JL_.J1LiD Issue no. E 
Signed  Date   

Please invoice me/my company. Purchase Order No. 

Name   

lob title  

Company 

Address   

Tel No.   Fax No. 

E-mail address  

Company VAT registration number  

Return your completed form to: 
Electronics World Subscriptions, Cumulus Business Media Limited, 
Perrymount Road, Hayvvards Heath, West Sussex RH16 3DH 

Fax: +44 (0)1444 445447 

Credit Card Orders - (quoting code 159) 
Tel: +44(0)1444 475662 

••••-••-•••• •• I/ ne,•./b7 1,1,•••••••• 

appreciated. Perhaps someone remembers 
what company made the watches, and 
how to get in touch with them. 

Greville J Kirk 
Via e-mail 

Earth leakage issues 

In response to Chris Miller's letter in the July 
2001 edition, entitled "Tracking down earth 
leakage." many items of electrical/electronic 
equipment do incorporate suppression sys-
tems that leak to earth - typically through sup-
pression capacitors connected between L & E 
and N & E. 
The earth leakage is limited by equipment 

safety standards, typically to 3mA. Obviously, 
a number of such devices used on a group of 
circuits protected by a 30mA RCD will cause 
the RCD to trip. 
Certain standards do allow higher values of 

leakage currents, BSEN60950 for example. 
However, special considerations for the 
protective earthing of the circuit feeding to 
this equipment may be required, in accor-
dance with BS7671 (IEE Wiring Regulations, 
16th Edition). 
BS7671 requires the installation designer to 

consider the use of a circuit, and make 
allowance for normal conditions. For standard 
UK socket outlet circuits, those intended to 
supply equipment outdoors require RCD 
protection. 

I understand that some designers consider 
that, for example, an extension lead could be 
used to supply equipment outdoors from any 
downstairs socket, therefore all downstairs 
sockets in a house should be protected by 
RCD: clearly, where final circuits are grouped 
from the same RCD, as in many split con-
sumer units, nuisance tripping will occur from 
time-to-time. This is obviously a case where 
the intended use of the circuits has not been 
fully considered. 
RCD protection is not always required by 

BS7671 for final socket-outlet circuits within 
a domestic dwelling. 

In many cases, it may be better to provide 
specific RCD-protected sockets for outdoor 
use rather than compromise the usefulness of 
the installation as a whole. 
Alternatively, but more costly. is to add 

more 30mA RCDs. It is not generally recom-
mended that settings above 30mA are used. 
where RCD protection is provided for domes-
tic final circuits. Obviously, this does not to 
detract from the fact that RCDs must be used 
where manufacturers stipulate their use. 
Graham Kenyon 
Via e-mail 

51v, U “......Ux1E, MUhl mug& um tUI •• 

asymmetrical leading edge error has 
occurred. (See the red curve computer 
simulation with my last letter on page 
553.) 
But the output of the 101d2+220pF 

filtered channel will be additionally 
distorted by avoidable and on-going 
signal induced multiplicities of those 
same transitory errors. 
I wonder therefore if any reader might 

volunteer to relieve everyone's despair 
by reporting some good old fashioned 
armchair auditioning. No one will then 
need to make assumptions, nor 'guess' 
whether signal distortion is introduced by 
a filter that acts at inaudible frequencies 
- 85kHz in this amplifier. 
Graham Maynard 
Newtonabbey 
Northern Ireland 

Buck-boost regulator 
Regarding my circuit idea, 'Buck-
boost regulator', on page 628 of the 
August 2001 issue, the two tanta-
lum capacitors are printed as "47" 
which could be misinterpreted. My 
submission did quote 4p7 (4.7pF). 
Also the 35V rating did not appear, 
which has equal significance. 
Henry Maidment 
Salisbury 
Wiltshire 

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

HP11444A Tracking Generator • 5-1300Mc-s - £450. 
HP11444A OPT 059 Tracking Gen • 5.1500Mcis - £650. 
HP35601A Spectrum Ant Interface • £300. 
HP4953A Protocol Anz • 3400. 
HP8970A Noise Figure Meter • 3468 Noise Head £3k 
HP8755A•8•C Scalar Network Anz PI • £250 . MF 180C - 
Heads 11664 Extra • £150 each. 
HP37098 Constellation ANZ £1,000 
FARNELL TVS70MKII PU 0-70V 10 amps - £150 
MARCONI 6500 Network Scaler Anz £500. Heads available 
to 40GHz many types in stock 
Mixers are available forANZs to 60GHz. 
Marconi TF2374 Zero Loss Probe £200. 
Racal/Dana 1250-1261 Unversal Switch Controller . 
200Mc s PI Cards and other types. 
Racal/Dana 9303 True RMS Levelmeter . Head - £450. 
TEKA6902A also A6902B Isolator • £300-C400. 
TEK CT-5 High Current Transformer Probe £250. 
HP Frequency comb generator type 8406 £400. 
HP Sweep Oscillators type 8690 A•B plug-ins from 
20Mc;s to 18GHz also 18-40GHz 
HP Network Analyser type 8407A . 8412A • 8601A - 
100KQ's • 110Mes £500 E1000 
HP 8410-A-8•C Network Analyser 110Mcds to 12 GHz or 18 
GHz plus most other units and displays used in thi 
8411a-8412.8413-8414-8418-8740-8741-8742-

8650. From C1k. 
Raul/Dana 9301A-9302 RF millivolt 
stock £250-£400. 
Racal/Dana Modulation Me 
1 5GHz - C150/£250 - 
Marconi Microwa 
6650PI - 18-2 
£600. ME n 
Gouj s manual • £150 

b er EF3 0.1Hz-100Kca 
ther makes in stock. 

RMS voltmeter £250. 
HP storage normalizer £400 with lead • S 
Marc ni mod meters type TF2304 - £250 - TF2 
Racal/Dana counters-99904-9905-9906-991 
9921-50Mds-3GHz - £100 - £400 - all f 
standards 
HP180TR. HP181T, HP182T r rnfra 
HP432A-435A oi B.4 
60GHz £150 £17 
HP3586A or C selecti 
HP8E222A..13 Sweep ATT £1000.£1250. 
HP86290A•El Sweep Pl. Hz £1000 - £1250. 
HP8620C Mainframe - £250. IEEE £50. 
HP8165A Programmable signal source - 1MHz 50Mc/s 
t' k 
HP3455/3456A Digital voltmeter £400 
HP5370A Universal time interval counter CU. 
HP5335A Universal counter 200Mc/s-C1000. 
TEKTRONIX 577 Curve tracer • adaptors - 
TEKTRONIX 1502/1503 TDR cable tes 
HP86996 Sweep PI VIO oscillator .0 
MF £250 Both £500. 
Dummy Loads & Power att up 102.5 up to 
18GHz microwave parts new and ex e - relays 
attenuators - switches waveguides • Yigs SMA • APC7 
plugs - adaptors etc. qty in stock 
138rIC Items ,n stock ask for list. 
Power Supplies Heavy duty • bench in stock • Fame - HP • 
Weir Thurlby Racal etc Ask for list. Large quantity in 
stock, all types to 400 amp 100Ky 
HP8405A Vector voltmeter • late colour £400. 
HP8508A Vector voltmeter £2500. 

LIGHT AND OPTICAL EQUIPMENT 
Anritsu ML93A & Optical Lead Power 
Anritsu ML938 & Optical Lead Po 
Power Sensors for above M 
Battery Pack MI95A. 
Anritsu MW97A Pulse E 
Pt available MH914C 1. 1 3 • MH91313 0 85 • 
MH925A 1.3 - MH929A 1. SA 1.3GI - MH914C 
1.3SM - £500 • one Pl. 
Anritsu MW98A Time Domain Reflector 
PI available MH914C 1.3 • MH9158 1 3 - MH9138 0 85 - 
MH925A 1.3 - MH'329A 1.55. MH925A 1 3GI MH914C 
1 35M £500 • one Pl. 
Anritsu MZ100A E.0 Converter 
• MG91213 ILD 1 351 Light Source • MG92B ILO 0 851 
Light Source £350. 
Anritsu MI118A 0/E Converter 
•MH922A 08 0/E unit MH923 A1.3 aE unit £350. 
Anritsu ML968 Power Meter & Charger £450 

ahem 
GHz-î75O a 

eads to 

Ring for Latest Reduced Prices on this advert 

Anritsu MN958 var,aose An 1300 £100 
Photo Dyne 1950 XR Continuous An. 1300 - 1500 £100 
Photo Dyne 1800 FA. An £100. 
Cossor-Raytheon 1081 Optical Cable Fault Locator 
0-1000M 0-10kM £200. 
TEK P6701 Optical Converter 700 MOS-850 £250. 
TEK 0E150 Fibre Optic TOR - £750. 
HP81512A Head 150MCS 950-1700 £250. 
HP84801A Fibre Power Sensor 600-1200 £250. 
HP815813 ATT OPT 002.011 1300-1550 £300. 
HP81519A RX DC.400MC/S 550.950 £250. 
STC OFR10 Reflectometer - £250. 
STC OFSK15 Machine jointing • eye m 

MISCELLANEOUS ITEMS 
HP 4261 LCR meter - £650 
HP 4274 FX LCR meter 
HP 3488 Switch C 
HP 75000 VXI 
HP 8322 
use wit 
HP 1 
P 8754A ANZ 4-1 

c ANZs rs s 

DV- M ntity. 
or fo 

Netvvor MG 502A • 

8350 weep 
5.9-12 3 

R 8447A 0.1 
PURER .01-1 400 

0.0 - £400. 
PRE 8447F 0.01-1 

z-13MC/S 
ation Meter Hz 

• RMS Met s. 

Re, ▪ AF Power nad £250-

ARCONI 6950 69608 

ARCONI ez _s£0U 
FX Rs, 250 

CO NICAightinglIONa FCC 

eilkyrr• UNICA 
MA 

-5006 
5010-

20MC/S F 
DM 

al - £300 

og M t250. FG P 
(1 S rog Scann 

MAINFRA 3 
7 A.7104 - 

e Al 1-7Al2 1 7-19. 2.7A24. 
A42-781 1 7892A-

5- D20. 
X 7000 -51-52-S3A- 5.S6- 

S51 S5 

d filch whe 
S/G 
to 50-2600 

SPE UM 
Hz-50k £750. 
al 0.2H1•25.5kHz 
Hz.40MDS - 

0Hz-150 
100H .5 

HP 85688 100 
HP 

erator do 

21A 6623A 
types £P0 

HzI - 
lyzer 15Hz-

Hz OPT 2 - £2, 
Hz-21GHz OPT 1-2-3 

TE • 50kHz-21GHz OPT 1-2 
TEK4928P 50kHz-21GHz - £3,000-£4 
TEK495 100kHz-1.8GHz - £2,000. 
HP 11557A 0.01MC/S -350MC/S - £500 • MF180T o, 180C 
£150 - 182T - £500. 
HP 85588 0 01-1500MCS - £750 - MF180T or 180C - £150 - 
182T • £500. 
HP 8559A 0.01-21GHz - C1.000 - MF180T or 180C - £150 - 
182T £500 
HP 8901A AM FM Modulation ANZ Meter - £800. 
HP 89018 AM FM Modulation ANZ Meter - £1.750 
HP 8903A Audio Analyzer - £1,000. 
HP 89038 Audio Analyzer - £1,500. 

eguency 
socket of a 

EG.50-1 
450 each. 

MARCONI 2370 SPECTRUM A 
- DIGITAL STORAGE - 3 
received from Gov - il s 
POO for basic tests 
pick your o 
five 

LY 

HIGH QUALITY 
r e qty to clear as 

complete or add 
allers preferred - 

- discount on qtys of 

horizontal alloy cooling fins - 

EY - vertical alloy cooling fins - £300. 
DEL BROWN - as above Ifew only1 - £500 

S ILLOSCOPES 
TEK 465.4658 100MCJS • 2 probes - £250-000. 
TEK 466 '00MC./S storage • 2 probes - £200. 
K 475-475A 200MC/S 250MCIS - 2 probes - £300-050 
K 2213-2213A-2215-221 4-2225-22351236-2245 60 

K 2445 ¿ch 1 
2445A 

CiS - probeess__ (£755000 

2 es - £600 
Pr 

2 es - £450 

robes - C550 

-350MCISC/S- -C1C.11,55°50 
. 2430A -150MCS .2 probes - £1.750 

D.S O. 2440 .300MC.'S • 2 probes - £2.000. 
TEK TAS 475-485 100MC/S-20MC/S-4 ch • 2 probes - £900-
£1.1K40A 

• CJS • 2 probes - £300- 

- 100MC/S • 2 probes - £250. 
A - 100MC/S storage • 2 probes - £200 
- 1722A • 1725A 

rge screen - £250. 
e screen - £350 

ng - 000. 
igniting - £500 

digitizing - £1,000. 

AVE COUNTERS - AU. LED READOUT 
1D Autohet 20F41•18GHz - C750 

IP 371 Micro Source Locking - 20Hz•18GHz - 
EIP 451 Micro Pulse Counter - 300MC/S-1 
E Microwave Frequency Cous 

Microwave Frequency 

rowave Sou z z - El 2K. 
ecrowav C/S-26.5GHz - 

Hz - SMA Socket - £800 
z-18Gliz - N Socket - £700 

of 800MC/S-18GHz - £600. 
46A Counter 20Hz-26GHz - £1.2K. 
44A M.c o Counter 20Hz-4.5Glit - £400. 

Et Micro Counter OPT 010-005-46GHz - new in box - 

HP5340A 
HP53 
001 

HP53 
P53 

o Co 
Cou 
O 

r 10H1-18GHz - Nikey - £500. 
.18.24GHz - £800-£1K - OPTS 
e. 

roe Synchronizer - £1.5K. 
11 Digit LED Readout - £400. 

5354A Plugin - IGHz - 
345 • 5355A Plugin with 5356A 18GHz Head - £1K. 

5385A 1GHz 5386A-5386A 3GHz Counter - £1K-E2K. 
Racal/Dana Counter 1991-160MCJS - £200. 
Racal/Dana Counter 1992 1.3GHz - £600. 
Racal/Dana Counter 9921-3GHz - 050. 

SIGNAL GENERATORS 
HP8640A - AM-FM 0.5-512•1024MC/S - £200-£400 
P86408 - Phase locked - AM-FM-0 5-512-1024MCiS - 
50C Cl 2K. Opts 1-2.3 available. 

HP8654A - El AM-FM 10MC/S•520MCIS - £300. 
HP8656A SYN AM-FM 0.1-990MC/S - E900. 
HP86568 SYN AM-FM 0.1-990MC/S - £1.5K. 
HP8657A SYN AM-FM 0.1-1040MC/S - £2K. 
HP8660C SYN AM-FM.PM-0.0t-1300MCS-2600MC/S - £2K. 
HP86600 SYN AM-FM-PM-0.01-1300MCJS 2600MCS - C3K. 
HP8673D SYN AM-FM-PM•0.01-26.5 GHz - £12K. 
HP3312A Function Generator AM-FM 13MCS-Dual - £300 
HP3314A Function Generator AM.FM-VC0.20MCS - £600. 
HP3325A SYN Function Generator 21MCIS - £800 
HP3326A SYN 2CH Function Generator 13MC/S-IEEE - 
£1 4K 
HP3336.1143-C SYN Func/Level Gen 21MC,S - £400-000 
£500 
Racal/Dana 9081 SYN S/G AM•FM-PH-5-520MC/S - £300 
Racal/Dana 9082 SYN S/G AM-FM-PH-1.5-520MC/S - £400. 
Racal/Dana 9084 SYN S/G AM-FM-PH-.001•104MC/S - £300. 

SPECIAL OFFERS 
MARCONI 2019A SYNTHESIZED SIGNAL GENERATORS 
80KCIS-1040MOS - AM-FM - £400 ,nc instruction book - 
tested 
MARCONI 2022E SYNTHESIZED SIGNAL GENERATOR - 
10KCS•1 01GHz AM FM - £500 inc instruction book - 
tested 
R&S APN 62 LP Su Gen 0 tHz - 260 kHz cW book - £250 

MARCONI 2383 S ANZ 100Hz - 4.2 GHz. C2K 
H P RF AMP 8349A 2-20 GHz microwave. £2K. 
HP RF AMP 8347A 100 kHz - 3GHz £1.500. 
H.P. 8922 radio communication test sets 
G - H - M. options various C2,000 £3.000 each 
H.P. 4193A VECTOR IMPEDANCE METER . probe kit. 400 
kHz. To 110 MUS £3.500. 

H P 83220A - E OMS UNITS for above £1,000 • £1,500 
WAVETECK SCLUMBERGER 4031 RADIO 
COMMUNICATION TEST SET Internal Spectrum ANZ 
CI 800 £2,000 
ANRITSU MS555A2 RADIO COMM ANZ To 1000N1C/S. 
No C R tube in this model £450 
TEK 2445A - 4CH - 150MLS SCOPE • New X1 . X10-
probe Instruct,on book £500 each 

ITEMS BOUGHT FROM HM GOVERNMENT BEING SURPLUS PRICE IS EX WORKS SAE FOR ENQUIRIES. PHONE FOR APPOINTMENT OR FOR DEMONSTRATION OF ANY ITEMS, AVAILABILITY OR PRICE CHANGE. 
VAT AND CARRIAGE EXTRA ITEMS MARKED TESTED HAVE 30 DAY WARRANTY WANTED TEST EQUIPMENT-VALVES PLUGS AND SOCKETS-SYNCROS•TRANSMITTING AND RECEIVING EQUIPMENT ETC 
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Designing with 

Dr Patrick 

Gaydecki is a 

Senior Lecturer 

with the 

Department of 

Instrumentation 

and Analytical 

Science at UMIST 

in Manchester. 

Design your own DSP audio filter 
In this fourth and final article on implementing and programming real-time 
digital-signal-processing systems Patrick Gaydecki describes how to 
produce a real-time audio filter based on the simple hardware discussed 

in the June issue. 

F
or those of you who haven't 
seen my previous articles. I 
have been using the 
DSP56002 to help explain 

how to design using DSP chips in 
general. 

In this final article dealing with 
designing and programming DSP 
systems, I will be discussing how to 
configure the DSP56002. In particu-
lar, I will show how to initialise the 
phase-locked loop, the bus-control 
register - which controls memory 
access timing - the synchronous 
serial interface (SSI) for a-to-d and 
d-to-a converter communications and 
the serial communications interface 
(SCI) for communicating with a PC. 
I will also look at how the simple 

system designed in the second article 
can be programmed to respond to 
interrupts, and how you can write 
software for real-time filtering of 
audio signals. 
As discussed earlier, the DSP56002 

has a register-based architecture, in 
common with most other processors 
of this type. Thus, to enable certain 

Design your own digital filter with no knowledge of maths? 

Dr Gaydecki has developed a Windows-based application that allows 
you to design an audio-band filter on your PC and download it to the 
evaluation DSP system described in the second article in the series. If 
we get enough interest, we will look into the viability of producing 

PCBs and making the software available. E-mail 
j.lowe@cunnulusmedia.co.uk with the subject heading 

'Interested in DSP'. 

functions or configure the various 
sub-systems to operate in a particular 
way, appropriate words (bit patterns) 
must be loaded into the associated 
control registers. 

All of the control registers are 
mapped into 'x-data' memory space, 
residing between locations X:SFFDE 
and X:SFFFF. 

Configuring the 
phase-locked loop 
In the design covered in the second 
article, a control pin termed PINIT 
was tied low. This means that after 
reset, the PLL is disabled and the 

Previous articles in this set... 

April 2001 issue - overview of DSP technology. 

June 2001 issue - interfacing a DSP with peripheral chips, features 

details of a simple, working DSP hardware system. 

July 2001 issue - programming and software issues. 

DSP56002 operates at the externally 
applied clock frequency. Hence if 
the clock frequency is 10MHz, the 
device operates at 5 MIPS, since 
each instruction requires two clock 
cycles. 

In order to take advantage of a 
higher MIPS rate, it is necessary to 
multiply the applied clock frequen-
cy; this is done by activating the 
internal PLL. 
The PLL control register (PCTL) 

is a 24-bit register located at address 
X:SFFFD. The bits are arranged as 
in Table 1. 
Bits MFO-MF11 are loaded with a 

bit pattern that determines the 
multiplication factor (MF) applied to 
the clock frequency. A value of 0 
specifies an MF of 1, a value of 1 
gives an MF of 2, a value of 2 gives 
an MF of 3 and so on up to FFF 16, 
which gives an MF of 4096. In 
Motorola parlance, the hexadecimal 
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FROM PC 

TO PC 

AUDIO 
CODEC 

CLOCK 
AND 
RESET 

number FFF 16 would be written as 
SFFF. 
Similarly, bits DFO-DF3 determine 

the division factor (DF). A value of 
0 specifies a DF of 2°, a value of 1 
gives a DF of 21 and so on up to F16, 
which yields a DF of 215. 
The XTLD bit controls the on-chip 

oscillator output, XTAL. If the 
internal oscillator is not used, as in 
the design in question, the bit should 
be set, disabling the XTAL output. 
This minimises RF noise. 
The PSTP bit determines whether 

or not the PLL and the on-chip 
oscillator operate when the 
DSP56002 is in a STOP processing 
state - i.e. suspended. This is 
normally cleared. 
The PEN bit enables or disables 

the PLL. During reset, the logic level 
present on the PINIT pin is loaded 
into the PEN bit. After reset, the 
PINIT pin is ignored. Hence in this 
system, which is typical, the PLL is 
initially deactivated, and must be 
activated by setting PEN to I. 
Bits CODO-COD1 enable or 

disable the CKOUT pin, which is 
synchronised to the internal clock 
when the PLL is enabled. It is 
recommended that if this pin is not 
used, as in this case, it should be 
disabled by setting both bits to I. 
The value held in the CSRC bit 

Outline circuit of DSP hardware suitable for evaluation 
purposes. This diagram is reproduced from the second 
article, which appeared in the lune issue, but this time, 
its interconnections are visible - apologies. Ed. 

GENERAL DATA BUS DDO DD23 

SRD/PC7 
SC2/PC5 

SCK/PC6 
STD/PCB 
EXTAL 

DSP56002 

< M5 RESET, 6 t d 

V CC 

SCLK 6 (d' f?Ó. WR   

, GND 

determines whether the clock signal 
for the core is taken from the output 
of the voltage-controlled oscillator, 
in which case it is logic I. or the 
divider within the PLL, which is 
represented by logic 0. Here it is set 
to O. 
The value held in the CKOS bit 

determines the source of the clock 
signal for the CKOUT pin. When 
CKOS is logic 1, the clock source is 
the output of the voltage-controlled 
oscillator. If CKOS is logic 0, the 
clock source is the divider within the 
PLL. In this case, it it again set to 0. 
As an example, if the externally 

applied clock frequency is 10MHz 
and you want an internal clock of 
60MHz, i.e. an MF of 6 and a DF of 
1, the bit pattern in Table 2 needs to 
be set. 
In hexadecimal, the value in the 

table is I D0005. The instruction: 

MOVEP #$1D005,X:$FFFD 

achieves the desired result of multi-
plying the internal clock frequency 
six times, yielding a processing speed 
of 30MIPS. For more details on the 
PLL, see reference I. 

Access speed of the external 
memory bus 
The DSP56002 can be configured to 

Table 1. Bit functions of the DSP ( hip's PLI. control register. 

Bits Mnemonic 
0-11 MFO-MF11 
12-15 DFO-DF3 
16 XTLD 
17 PSTP 
18 PEN 
19-20 CODO-COD1 
21 CSRC 
22 CKOS 

23 

Description 
Multiplication factor bits 

Division factor bits 

XTLD disable bit 

Processing state bit 

PLL enable bit 

Clock output disable bits 

Chip clock source bit 

CKOU clock source bit 

Reserved, write as zero 

operate with memory chips of various 
speeds by inserting wait states during 
the access cycle of the external 
memory bus. If the WT pin is 
deasserted - i.e. tied to logic high. as 
in this case - then the number of wait 
states inserted is equal to the value 
held in the bus control register 
(BCR), located at X:SEFFE. 
Since the system in question has 

been designed with high-speed RAM 
with an access time of lOns in 
accordance with the full-speed access 
cycle, no wait states are necessary. 
Thus the command: 

MOVEP #0,X:$FFFE 

ensures the external memory bus is 

Table 2. Bit pattern in the PCTL register to obtain a 60MHz internal clock from a 10MHz external clock. 

23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

0 0 0 1 1 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 
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Fig. 1. 
Synchronisation and 

data signals for 
transfer of 

in formation between 
a codec and the SS!. 

Fig. 2. Software 
design interface 

for the Kemo KDF 
reat.time digital 

filter system. 

Framing signal 7 
' Bit clock 

Data in normal 

mode 

Data in 

network mode 

Data 

IS 1 TS 2 IS 3 TS 4 

operating at full speed. For more 
details on bus wait states, see refer-
ence 2. 

Synchronous serial interface 
As discussed in the second article, the 
a-to-d and d-to-a converters normally 
connect to the SSI of the DSP56002. 
Two modes of communication are 

possible. namely 'normal' and 
'network'. In normal mode, one 
datum word is sent by the a-to-d 

converter to the DSP per frame, or to 
the d-to-a converter from the DSP. 
This is the case for a single-channel 
system. 
For a stereo or surround-sound 

system. multiple words are sent 
within a frame. Each word within a 
frame occupies what is termed a time 
slot. Figure 1 shows the signals 
required for normal and network 
mode operation. 
Assume for the time being that the 
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Table 3. With bits set as follows, the DSP56002 operates as a slave with normal-mode polled 
communication and 16-bil resolution. 

CRA bits 0-7 (Pre-scale modulus) set to 0 (only used if DSP is master) 
CRA bits 8-12 (DC) set to 0, since this is equal to the number of words per frame minus 1 
CRA bits 13-14 (WLO-WL1). set to 1 and 0, giving a word length of 16-bits. 
CRA bit 15 (PSR)• set to 0 as this is not needed in slave mode 

CRB bits 0-3: set to 0, as they are not used. 
CRB bits 4-5 set to 0, as external frame and bit clocks are supplied by the ADC 
CRB bit 6 set to O. as the MSB in/out is first and the LSB is last 
CRB bits 7-8 set to 0, as the WL bit clock is used for both TX/RX 
CRB bit 9 set to 1 for synchronous clock control 
CRB bit 10. set to 0 for continuous clock. 
CRB bit 11 set to 0 for normal mode 
CRB bits 12-13 both set to 1 to enable RX and TX 
CRB bits 14-15. Not set here since interrupts are not required, 1.e polled-mode is used. 

a-to-d converter generates the fram-
ing and bit clock signals. These are 
fed both to the DSP56002 and the d-
to-a converter. Again, this is typically 
the case. The DSP56002 is therefore 
said to be operating as a slave device. 

It is important to bear in mind that. 
apart from the mode, data may be 
clocked into and out of the SSI using 
polled or interrupt-driven communi-
cation. For simplicity, I will consider 
a single-channel normal-mode 
system. 
The SS1 starts to read in the datum 

bits when it detects the leading edge 
of the framing signal. Each bit is read 
in synchrony with the bit clock. 
Once a complete word has been 

read, bit 7 in the SS1 status register 
(SSISR) is automatically set to I. 
This is located at X:SFFEE. This bit 
can either be continually tested - i.e. 
polled - or it can be used to trigger an 
interrupt. Either way, once it is set the 
DSP core can read the datum word 
into a core register or memory and 
start processing it. 
To use the SSI for a-to-d and d-to-a 

communication, it must first be 
enabled as a synchronous interface, 
since it has a dual function. It may 
also operate as a general-purpose 110 
port. Thus, the appropriate bits must 
be set in the port C control register 
(PCC), located at X:SFFEI. In this 
case, the upper five bits must be set. 
Next, it must be configured for a 

particular mode by loading the 
appropriate words into the SS1 
control registers A and B (CRA and 
CRB). located at X:SFFEC and 
X:SFFED respectively. The 
DSP56002 can be configured to 
accept data-converter word lengths of 
8, 12, 16 or 24 bits. For normal-mode 
polled communication with I6-bit 
resolution in which the DSP56002 
operates as a slave, bits are set as in 
Table 3. I fence, 

CRA.01000000000000002=4000 16 

and. 

CR8.00110010000000002=3200 16 

Listing 1 contains a code fragment 
that reads data in from the a-to-d 
converter and sends it straight out 
again to the d-to-a converter. Note 
how compact it is. 

Using the SCI receive interrupt 
The listing shows how the system can 
take data from the a-to-d converter 
and then send it to the d-to-a convert-
er. But since no interrupts are 
enabled, it is locked in an endless 
loop until the processor is reset or the 

power removed. 
By enabling the SCI receive 

interrupt, it is possible to communi-
cate with the device through the serial 
port while it is running the program. 
You might want to do this if, for 
example. the program was perform-
ing some additional processing and 
you wanted to change the gain of the 
output data on the fly by sending 
commands through the SCI. 
Principles of SCI interrupts were 
outlined at the end of my third article. 

In order to enable the SCI interrupt, 
you need to do three things. First, set 
up the SCI control register (SCR) to 
generate an interrupt if a character is 
received. Also make sure it is set up 
for a standard protocol (e.g. 8 data 
bits, I start and stop bits). The SCR is 
located at X:SFITO. 
Next, set the interrupt priority level 

in the interrupt priority register (IPR) 
located at X:SFFFF. And finally, 
unmask the interrupt using the mode 
register (MR). 
Without getting bogged down in 

too much detail, the first three 
instructions in the code fragment in 
Listing 2 accomplish these three 
tasks respectively. After this, you 
have the code to read and write a-to-d 
and d-to-a converter data as above. 

If an SCI interrupt occurs, the 
program counter needs to know 
where to look for the interrupt service 
routine, so remember that you also 
need a 

JSR mysub 

instruction located at P:$14. Look 
back at the third article for more 
details on this. After the main code, 
we have a label that indicates the start 
of the interrupt service routine. This 
must end with an 1271 instruction. 
Code for this is in listing 2. 

Putting it all together - simple 
filtering 
One of the most common applications 
of DSP devices is signal filtering. 
They are ideal for this, since digital 
filters really just involve a large 
number of multiplications, additions 
and shifts - operations they are very 
good at doing quickly. 
Although the mathematics behind 

digital filters is beyond the scope of 
these articles, 1 can at least discuss 
the method by which these algorithms 
are implemented. 
Real-time digital filters generally 

corne in two flavours: finite-impulse 
response (FIR) and infinite-impulse 
response (BR). Lees consider the 
first type. With FIR. filters, the 

incoming signal points are multiplied 
by a set of numbers - called taps or 
coefficients - and added together to 
produce one new, filtered. value. This 
process is repeated each time a new 
signal point is acquired. 
The number of coefficients in the 

filter kernel varies widely - anywhere 
between 3 and 1023 is common, 

depending on the filter required. For 
example, a simple five-point running 
mean filter would comprise five taps, 
each of value 0.2. This process is 
formally termed 'convolution'. Many 
textbooks have been dedicated to this 
subject - in particular, how to choose 
the values of the taps to generate a 
particular frequency response. 

Listing 1. Simple a-to-d converter read and d-to-a converter write routine. 
ORG P.S0 

LOOP1 

MOVEP 0$1F0,X;$FFE1 

MOVEP 11$4000,X:SFFEC 
MOVEP *$3200,X:$FFED 

JCLR *7,X:$FFEE,LOOP1 

CLR A 

MOVE X:SFFEF,A1 

MOVE A1,X:$FFEF 

JMP LOOP1 

END 

SSI mode 

; Configure CRA and CRB for 16-bit 
: data, normal mode 

; Walt for 16-bit word from ADC 

; Read data into A 
, Send to DAC 

Listing 2. Code fragment showing enabled SCI receive interrupt. 

MOVEP 

LOOP1 

MOVEP 11$0302,X;SFFF0 
MOVEPM$C000,X:$FFFF 

ANDI $$FC,MR 
4$1FO.X:$FFE1 

MOVEP 4$4000,X:$FFEC 

MOVEP 4$3200,X:$FFED 
JCLR *7,X:$FFEE,LOOP1 

CLR A 

MOVE X:$FFEF.A1 

MOVE AI,X:SFFEF 
JMP LOOP1 

MYSUB MOVEP X!$FFF4,A2 

RTI 

END 

; Set up Sc! and enable receive Interrupt 
; Set Interrupt priority level in /PR 

: Unmask Interrupts an the Mode Register IMR1 
; SS! mode 

: Configure CRA and CRB for 16-bit 
; data, normal mode 

; Wait for 16-bit word from ADC 

; Read data into A 

; Send to DAC 

; Start of interrupt service routine. This reads 
, one character from the SCI 

; Return from subroutine 

Listing 3. Complete algorithm for nine-point running mean filter in real time, incorporating full speed 
memory access and SC1 interrupts. Code length does not change with increased filter length. 

FILL 

MOVEP OS1D005.X.SFFFD 

MOVE? 10,X:$FFFE 

MOVEP 4S0B02,X,$FFF0 

MOVEPM$C000,X:SFFFF 

ANDI U$FC,MR 

MOVE? 11S1F0,X,SFFEI 

MOVEP 4$4000,X.SFFEC 
MOVEP 4$3200,X $FFED 
MOVE 00.1111,A0 

MOVE MO,R0 

DO 89,FILL 

MOVE AO.Y:(RO). 

MOVE MO,R0 

MOVE 40,R4 

MOVE 118,M0 

MOVE INI,M4 

LOOP JCLR 17,X:$FFEE,LOOP ; 

MOVEP X:SFFEF,X0 

CLR A X0,X:(120)4. Y:(R4)+,Y0 
filtering 

REP *8 

MAC XO,YO,A X:(R0)+,X0 Y:(R4).,Y0 
MACR XO,YO,A (ROI -

MOVE A,X:SFFEF 
JMP LOOP 

END 

Set up P. 

Set up address bus: no wait states 

Set up SCI and enable receive interrupt 
Set interrupt priority level in IPR 

Unmask Interrupts in the Mode Register (MR) 

SSI mode 

Configure CRA and CRB for 16-bit 

data, normal mode 

Next 4 instructions load taps into memory 

; Next 4 instructions set up modulo addressing 

Get ADC data 

; Next 4 instructions perform the 

; Output the filtered data to the DAC 
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The convolution expression is given 
in mathematical terms as, 

y[n] = Ehlk]x[n-k] 
• 0 

where x[n] represents the input 
signal, yin] represents the output 
signal, h[k] represents the filter kernel 
and M is the number of taps. 

Digital signal processors perform 
one multiplication, addition and shift 
in one instruction. Hence simple 
arithmetic shows that at 30 MIPS, an 
audio signal sampled at 44.1 kHz 
could be filtered using a kernel 
comprising up to 680 taps. A filter 
with this many taps can be designed 
with a sharpness far beyond what is 
normally possible with analogue 
types. 
To implement filters using the 

DSP56002, a special kind of address-
ing termed modulo addressing is 
used. There's more on this in my 
third article. Code shown in Listing 3 
implements a simple nine-point 
running mean filter. It also sets up the 
PLL, the external memory bus and 

the SCI interrupt, in the manner 
discussed above. 
For more information on filtering 

using the DSP56002, see reference 3. 

Commercial DSP Filters 
There is a huge range of DSP prod-
ucts on the market, intended both for 
the professional engineer and the 
amateur enthusiast. One such system 
is supplied by Kemo Ltd, called the 
KDF, specifically aimed at audio 
bandwidths. 
This product incorporates a 

Windows-based software system for 
designing the filter, and a DSP 
hardware module that executes the 
filter in real-time. No knowledge of 
mathematics is required. Once the 
user is happy with the design, it can 
be sent to the hardware from the same 
package with the click of a button. 
Figure 2 shows the design inter-

face. The nice thing about the system 
is that completely arbitrary filter 
shapes can be specified, either using 
its design facility or by importing 
ASCII text files representing the 
frequency response. 

In summary 
We hope that this series of articles on 
DSP systems design and program-
ming has been a useful introduction 
to the subject. DSP is a truly enor-
mous branch of learning, and one of 
the fastest growing and most impor-
tant technologies of our time. 
Although the learning curve is a 

little steep to start with, the rewards, 
in terms of intellectual satisfaction, 
are well worth the effort. Happy 
experimenting! • 
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Ethernet and Internet 

connectivity demo kit 

An Ethernet and Internet 
demonstration kit from Unique 
Memec includes a TCP/IP stack 
to enable embedded 
connectivity over industrial and 
appliance networks. The kit 
provides tools to explore and 
evaluate Microchip's various 
TCP/IP products. The heart of 
the Microchip Picdem Net kit is 
a demonstration board based on 
the 40-pin PIC 16F877 flash 
microcontroller. TCP/ICP 
firmware is used for the 
network interface. After the 
initial setup of the IP and 
Ethernet address, performed via 
the RS232 port using a standard 
terminal program, engineers can 
choose to access the various 
functions of the board through a 
network or via the Internet. The 
board has Ethernet and RS232 
interfaces. Engineers use a 
standard web browser, such as 
Netscape Navigator, to display 
inputs from the board 
(potentiometers and switches) 
and drive the LCD and control 
LEDs. Status indicators and 
user interface devices, including 

a 16 by 2 LCD indicator and 
LEDs, are provided. The 
PIC I 6F877 device acts as a web 
server with the ability to serve 
HTML web pages. The kit also 
includes Microchip's MPLab 
integrated development 
environment, user's guides, 
category five Ethernet cable, 
DB9 serial cable and universal 
power supply. 
Unique Memec 
Tel: 01296 397396 
www.unique.memec.corn 

Band-three TX for 

digital/analogue TV 

The NM and NW700 from 
Rohde & Schwarz are Band 
three transmitters for analogue 
and digital television. They use 
liquid cooling. The amplifiers 
have an integrated power 
supply, can be serviced during 
operation and are of modular 
design. The firm's real-time TV 
test receiver EFA comes in a 
3HU chassis and can handle all 
terrestrial modulation for the 
US market. Operating in the 
VHF and UHF range, it 
demodulates digital (8VSB), 
analogue (M/NTSC) and US 

cable (ITU-R J83/B) signals. 
Digital formats are analysed in 
real time and demodulated to 
MPeg2 transport streams via 
SMPTE310 or ASI serial 
interfaces. The M/NTSC 
standard is demodulated to 
video and audio baseband. 
Rohde & Schwarz 
Tel: 0049 894129 11765 
wwwunique.memec.corn 

Processors for VoDSL 

gateways 

Texas Instruments has 
announced DSL 
communications processors for 
home and office routers and 
voice over DSL gateways. The 
integrated silicon and software 
chip sets use the firm's 
programmable DSP-based DSL 
physical layer, Telogy Software 
VoDSL products and the same 
broadband access 
communications processor 
architecture as TI's recently 
announced VolP gateway and 
Docsis-ready, voice-over cable 
modems. Providing integrated 
support for wireless and wired 
networking standards, the 
AR5D00, AR5V I 0 and 

AR5V20 help consumers 
network multiple PCs and 
Internet appliances, manage 
multiple Internet accounts and 
have access to entertainment 
and business services such as 
streaming video and audio, real-
time video conferencing and 
virtual private network security. 
The AR5D00 is a chip set for 
home. Soho and SME routers. 
The AR5V10 chip set is for 
integrated access devices, 
residential gateways and Soho 
gateways to deliver up to four 
packetised voice lines and high-
throughput data. The AR5V20 
lets IADs and SME gateways 
support up to eight packetised 
voice channels. They support 
IEEE802.1l, Wi-Fi, Bluetooth, 
Ethernet, IEEE1394, USB. 
Powerline and Home Phone 
Networking Alliance standards. 
All three support Linux turnkey 
communications processor 
software including a TCP/IP 
network stack with network 
management features or the 
VxWorks board support 
package. 
Texas Instruments 
Tel: 01604 663000 
www.tr.corn 

Single-output 48V supply delivers 300W 
Digital Power has announced the EPower 300T single 
output, 48V supply that gives 300W from a 17.3 by 
9.7 by 3.0cm package. Power density is 0.61W/cm3 
and it is for use in telecoms systems:Efficiency is up 
to 85 per cent, achieved by using synchronous 
rectifiers. In this topography, conventional diode 
rectifiers have been replaced by MOSFETs, which are 
turned on and off synchronously with the power 
converter. Each MOSFET behaves like a diode. lettin12 
it conduct in only one direction, but with lower 
forward voltage drop and rectification losses. The 
components for the two main outputs are along each 
side of the chassis to provide cooling without 
additional, separate heat sinks. This also improves 
lengthwise airflow. It incorporates conventional input 
power factor correction and EMI line filtering 
circuitry. The PFC circuit provides a 90 to 250V AC 
universal input, and the design uses surface mount 
components and tantalum capacitors. 
Digital Power 
Tel: 01722 4 13060 
www.greshampower. corn 
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Connector enables 

5.0Gbit/s connection 

Teradyne has announced a six-
row version of its VHDM high-
speed differential connector. It 
will support point-to-point 
backplane connections up to 
5.0Gbit/s. Applications include 
Sonet OC-48, 0C-192 and 0C-
768 systems, 10Gbit/s Ethernet, 
terabit routers, optical 
networking equipment, servers 
and data storage systems. The 
connector uses an orthogonal 
in-line grid rather than a 
staggered grid, allowing for 
traces up to lOmm wide and 
letting traces run through the 
connector without jogs. 
Teradyne 
Tel: 01344 426899 
www teradyne.com 

Analogue output 

photocoupler 

NEC Electronics' PS8601 
eight-pin photocoupler provides 
a maximum supply voltage of 
35V, response of 0.8ps and 
isolation voltage of 5kV rms. 
The single chip photocoupler 
contains a GaAlAs LED on the 
input side and a p-n photodiode 
and amplifier transistor on the 
output side. Applications 

include interface circuits for 
instrumentation, control 
equipment, computer and 
peripheral manufacturing and 
electrical isolation of TV video 
terminals. Allowing voltage 
peaks up to 8kV. it has an 
operating temperature between 
-55 and +100°C. It is available 
in two packages - plastic DIP 
or as the PS8601L in a lead 
bending Gull-wing type for 
surface mount. 
NEC 
Tel: 01908 691133 
www.euk.nec.co.uk 

Gigabit Ethernet core 

for copper and fibre 

LSI Logic has introduced a 
Gigabit Ethernet core for use in 
copper and fibre networks. The 
E1110 core is a 
10/1 00/1000baseT Ethernet 
media access controller. It can 
support applications from 10 to 
1000Mbit/s on one platform and 
suits embedded applications 
including switches, routers, 
servers and desktop computers. 
A programmable 10, 100 and 
1000Mbit/s data rate option 
supports data transfer of Jumbo 
frames up to 10000bytes. 
LSI Logic 
Tel: 00 1 408 433 8000 
www.lsilogic.corn 

IR receiver resists 

the light 

An infra-red receiver module 
with an internal automatic gain 
control to increase immunity 
against light disturbances 
caused by energy-saving lamps 
has been announced by Vishay 
Intertechnology. The 
Telefunken TSOP700 combines 

a photodetector and 
preamplifier in one package. It 
has a 455kHz carrier frequency 
and is for use in multimedia 
products and applications, 
including interactive TV, video 
conferencing systems, game 
controllers, interactive toys, 
wireless keyboards. wireless 
mice and remote controls. The 
receiver can handle up to 
20kbit/s at a transmission 
distance of up to 20m. With an 
internal band filter, it is for 
PCM frequencies and provides 
TM and CMOS compatibility. 
Power consumption is 10mW 
and it can operate from supply 
voltages from 2.7 to 5.5V. 
Rated for temperatures between 
-25 and +85*C. the device 
provides an output current of 
5mA, with a demodulated 
output signal that can be 
directly decoded by a 
microprocessor. It measures 6 
by 8.25 by 5.6mm. Receiver 
start-up time is 50ps and 
receiver data delay time 18ps. 
Vishay 
Tel 00 1 610 644 1300 
www.yishay.corn 

SBC for embedded 

multimedia 

Diamond Point has launched 
the Inside Technology 
786LCD/3.5 single board 
computer in 8.9cm format. 
Incorporating an integrated SiS 
630 chip set with hardware 
accelerated MPeg-2 and DVD 
decoding to support high-end 
embedded multimedia 
applications, the board 
integrates Intel socket 370 
Pentium III and Celeron 
processors and a I28-bit 2D and 
3D hardware accelerated 

graphics controller with up to 
64Mbyte of shared video 
memory. The controller can 
drive flat panel plasma. TFT 
LCD and CRT displays at a 
resolution of 1920 by 1200 in 
16 million colours. Optional 
graphics modules, including 
Panellink, LVDS, 50-pin 
LCDconnect and DVI TV-out 
including CRT2 and S-Video 
composite (Pal and NTSC) are 
available, with a Soundblaster 
Pro 16 compatible virtual AC-3 
surround sound SPDIF 4Mbit/s 
IrDA infra-red communications 
module. For PC/104+ and ISA 
bus access, the board is 
powered by an onboard lithium 
battery. Connection for an 
external battery is also 
provided. A I 0/100baseT Fast 
Ethernet port, two NS I6C550 
RS232 serial ports with 16byte 
Fifo buffer, bidirectional 
Centronics port offering ECP or 
EPP mode and five-channel 
USB port are provided. 
Diamond Point 
Tel: 01634 722390 
www.dpie.corn 

Dual clock oscillator 

has six operational 

modes 
National Semiconductor has 
announced an 8-bit Cop8flash 
microcontroller with multiple 
power save operating modes. 

Smartcard connector avoids PCB redesign 
By encapsulating its L26 smartcard 
connector in a metal casing and 
adding a flexible printed circuit cable, 
FCI has introduced a panel mounted 
smartcard connector that lets OEMs 
upgrade equipment fascias without 
modifying PCB layouts. With its one 
piece construction, the ZOO connector 
comes with a choice of flexible 
printed circuit cables between 58 and 
155mm long. Two connector bodies 
are available, handling card 
penetration depths of 25 and 35mm 
from card edge to panel surface. Card 

detection is via an integral normally 
closed, self-cleaning, wiping blade 
switch. Providing a choice of eight or 
16 sliding contacts, the connector 
meets IS07816 and Afnor LTE93421 
standards. With the option of in-line 
capacitors, the flexible printed circuit 
cable complies with Europe Master 
Visa recommendations on signal 
integrity. The cable termination pitch 
can be either 1 or 1.25mm. 
Digital Power 
Tel: 01722 413060 
www.greshampower.corn 

With two on-chip oscillators and 
six operating modes, the device 
can monitor a system's 
environment, including 
temperature, humidity, voltage, 
current, pressure and power. 
This makes it suitable for 
analogue sensor applications in 
white goods, security systems, 
information appliances and 
mobile phones. It can also be 
used in personal access device 
touch screens and applications 
requiring power management, 
user interface, LCD brightness 
and contrast control, and battery 
charging. It consumes dynamic 
currents at 3.0V from 24pA to 
3.3mA. The product has 32kbyte 
of on-chip flash and a six-
channel, 10-bit a-to-d with an 
input filter path and multiplexer 
output. With its filter path, the 
device's integrated 10-bit 
successive approximation 
analogue-to-digital converter 
lets designers insert external 
circuitry, such as a low-pass 
filter, between the 16 input-
channel analogue multiplexer's 
output and the direct a-to-d 
input. 
National Semiconductor 
Tel: 01870 2402171 
www.national.corn 

8-bit embedded 

applications get 

Ethernet reference 

For embedded applications 
using 8-bit microcontrollers, a 
reference design from Triscend 
allows Ethernet connectivity. 
Based on the company's E5 
configurable system-on-chip 
device, the design uses two 
chips. It combines an 
accelerated 8051 
microcontroller core, capable of 
delivering 10Mips, with 
embedded programmable logic, 
and uses the CS8900A Ethernet 
Mac phy from Cirrus Logic and 
the CMX-Micronet TCP/IP 
stack from CMX Systems. 
Triscend 
Tel: 01628 681565 
www.triscend.com 

Linear address range to 

16Mbyte 

Philips Semiconductors has 
announced the 87C51Mx2 
microcontroller family including 
an 8-bit 80051 supporting up to 

Please quote Electronics World when seeking further information 

Multiport RJ-45 connectors 
Pulse has announced the Pulsejack Harmonica 
family of multiport Ri-45 connectors with 
integrated magnetics. Developed with Tyco 
Electronics, the two-tier-stacked eight, 12 and 
I6-port connectors provide isolation and EMI 
suppression for 10/100baseT computer and 
telecoms networks. The two-by-four eight-port 
J2042H3A, two-by-six 12-port .12045H3B and 

two-by-eight 16-port J2039H3C connectors 
use the firm's Interlock base construction that 
reduces the stresses of human handling of 
subcomponents such as coils, leads and 
connecting wires. 
Pulse 
Tel: 01483 401700 
www.pulseng.corn 

16Mbyte of on-chip linear 
addressable memory for 
communications and consumer 
markets. The microcontrollers 
are based on the firm's 51Mx 
core, claimed to combine an 
increase in on-chip program and 
data memory with high-level C 
language performance. Binary 
object code compatibility is 
maintained, so engineers can 
reuse existing 80051 codes. The 
architecture also retains 80051 
bus compatibility to allow reuse 
of peripherals and Asics. The 
51Mx's 23-bit linear address 
supports up to 16Mbyte of on or 
off-chip program and data 
memory. The program counter 
is extended to 23-bit and the 
stack pointer to I6-bit. A 23-bit 
extended data pointer, with two 
24-bit universal pointers using 
existing general purpose 
registers, creates a 16Mbyte 
linear address range for C 
compilers. The 87C51MC2 
comes with 96kbyte of OTP 
memory and 3kbyte of RAM 
and the 87C51MB2 with 
64kbyte of OTP and 2kbyte of 
RAM. Both operate with supply 

voltages from 2.7 to 5.5V and 
run at up to 24MHz (5V) with a 
typical instruction cycle time of 
250ns. 
Philips Semiconductor 
Tel. 00 31 40 272 2091 
www.serniconductorphilips.corn 

Audio d-to-a converter 

for CD players 

Wolfson's stereo digital-
analogue conversion technology 
is at the heart of two CD players 
from Rega Research. Sounds 
from the Rega Planet 2000 and 
Jupiter models depend on ICs 
based on the WM8716 multi-bit, 
192kHz stereo d-to-a converter 
using a sigma-delta conversion 
technique to improve signal-
noise performance and reduce 
clock jitter effects. 
Wolfson 
Tel 0131 6679386 
www.wollson.com 

Modular DSPs use 

FPGAs 

Hunt Engineering has extended 
its Heron range of modular 

products for DSP with versions 
that use Xilinx FPGAs for DSP 
processing and flexible I/O. 
They let digital radio users 
remove an IF stage from their 
system by digitising directly at 
100MHz and performing digital 
down conversion in the FPGA. 
When fitted to a Heron module 
carrier such as the HEPC8 PCI 
card, they can have their 
program downloaded from the 
PC over the serial bus. This lets 
users program and reprogram 
them as they would with the 
DSP elements of the system. 
There are three modules with 
FPGAs. each 10.16 by 6.35cm. 
The FPGA1 covers Virtex gate 
counts between 50k and 200k 
gates and the FPGA2 Virtex 
devices between 400k and one 
million gates. The 101 combines 
a Spartan II FPGA with 200k 
gates with two channels of 
105MS/s 12-bit AID. Each input 
has a separately controllable 
programmable gain stage. The 
Spartan II FPGAs module 
allows the use of Xilinx 
Webpack development tools. 
The modules that use the Virtex 
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I Visit our website 
[ www.distel.co.uk 

THE ORIGINAL SURPLUS WONDERLAND! 
THIS MONTH'S SELECTION FROM OUR VAST EVER CHANGING STOCKS 

I Surplus always 
wanted for cash! 

NEWPRODUCTS 

Please quote Electronics World when seeking further information 

and Virtex II FPGAs have more 
gate densities and features, but 
require the Foundation, 
Foundation ¡SE or Xilinx 
Simulink System Generator, 
which must be licensed from 
Xilinx. In the licensed software, 
Xilinx includes IP cores for 
DSP for configuring FFTs, 
digital data synthesis, 
correlators and filters. 
Hunt Engineering 
Tel: 01278 760188 
www.hunteng.com 

TFT LCD industrial 
panel PC 
Advanced Modular Computers 
has launched the AMC-5030, a 
38cm TFT LCD panel mount 
PC with a maximum resolution 
of 1024 by 768. Its aluminium 
front panel meets Nema 4 or 
IP65 standards. It can handle 
temperatures up to 50'C and 
non-condensing humidity levels 
up to 85 per cent. The model 
comes with a 90W power 
supply, three drive bays and the 
POS-566 socket seven card 
with processing speeds up to 
100MHz. Onboard features 
include VGA with 2Mbyte 
EDO RAM, audio, 
10/100Mbit/s Ethernet 
controller, digital I/O and one 
disk-on-chip socket. 
Dimensions are 395 by 277 by 
141.2mm. A DynaPro resistive 
touch type screen is an option, 
bypassing requirements for a 
separate keyboard. 
AM Computers 
Tel: 01753 580660 
www.amculc.com 

PWM motor controller 
Toshiba Electronics has 
introduced a PWM three-phase 

brushless motor controller IC 
with an external power FET 
module to produce a sinusoidal 
motor coil current waveform, so 
reducing electrical and acoustic 
noise. Using a dual modulation 
technique, the TB6539F/N can 
generate the sinewave output 
without the need for an 
additional external 
microcontroller. The device 
also has a built-in dead time 
function, which allows safe 
operation of the power FETs in 
push-pull configuration. 
Toshiba Electronics 
Tel: 00 49 211 5296254 
www.toshiba-europe corn 

Multilayer ceramic chip 

capacitors 

MuInlayer ceramic chip 
capacitors have been announced 
by Vishay Intertechnology. The 
Vitramon V.10612 capacitor will 
be used for high-frequency 

decoupling and bypass in laptop 
and desktop computers. Its 
VTOP housing lets designers 
place the capacitors underneath 
ICs. The VJ9743, VJ9742, 
VJ9741 and V19740 each 
measure 0.16 by 0.32cm, with 
maximum thickness options of 
0.051, 0.066, 0.071 and 
0.076cm, respectively. The 
chips can reduce AC noise in 
multi-chip modules. The 
VJO612 has an inductance of 
0.5nH. 
Vishay 
Tel: 001 610 644 1300 
WWW. vishay.com 

Serial EEPROM 

supporting ACR 

A serial EEPROM from Unique 
Memec supports the advanced 
communications riser (ACR) 
special interest group 
specification. Microchip's 
24LCO9 EEPROM provides the 

enumeration memory for next-
generation PC audio modem 
riser cards using a nonstandard 
address that lets the computer 
automatically detect and 
configure riser cards with 
standard plug-and-play 
capability. Each card provides 
intelligent modem, audio and 
network capabilities. The 
system bios of an ACR-
compatible PC can 
communicate with the riser 
card, making it transparent to 
the computer's operating 
system. 
Unique Meaux 
Tel:01296 397396 
WNW. unique.memec.com 

VCO has differential 
buffered output 
Maxim Integrated Products has 
introduced the Max2753 
2.4GHz monolithic VCO with 
differential output. It integrates 

Single and dual-row LCD modules 
Single and dual-row LCDs from Gothic 
Components display up to 32 characters and 
are available in various sizes, formats and 
colour options. The Truly 161 and 162 series 
includes TN and STN character display 
modules for designers creating equipment such 
as test and measurement instruments, pagers, 
personal audio, communication equipment and 
calculators. This range comprises four 16 
character by one line displays, and nine of 16 
character by two lines, with viewing areas 
from 64 to 99mm, and character sizes from 

2.95 to 4.84mm. Displays are available in TN 
black character or STN blue character with 
options of colour polariser, colour 
backlighting, EL or LED. Polarisers come in 
grey. yellow-green or blue, or positive or 
negative, and backlights in blue, amber, 
yellow-green and white. Basic modules are 
available in transmissive, transflective or 
reflective. 
Gothic Computers 
Tel: 0118 978 7848 
www.gothiccomputers.com 

THE AMAZING TELEBOX 

Converts your colour monitor into a (DUALITY COLOUR TV!! 

TV SOUND & 
VIDEO TUNER 
CABLE COMPATIBLE ' 

The TELEBOX e an ermine fury cased mans powered vat, cantering al 
eleceormos ready to plug rito a host of vdeo monitors or AV eitauectert Wadi 
are (r.ed wth a corrçoste video or SCART nput The composte vdeo output 
art a50 dug drectty trio most vdeo recorders, alowng reception of TV char> 
Nis not normally receivable on most television receivers' (TELEBOX 
ka8) Push button controls on the from panel a ow receçœn of 8 fully tuneable 
'off LtHF colour tekwacn channels TELEBOX MB powers ertually al to/wi-
ser fiequenoes VHF and UHF including the HYPERBAND as used by 
neet cable TV operators. Ideal for desktop computer video systems & PIP 
(pcture n peture) setups, For compete compationly even for moneys without 
sound - an ntegral 4 kkett aucto amplifier arid low ioni FM Fi audo output are 
provided as standard Brand new - fug), guaranteed. 
TELEBOX ST for composite video Input type monitors £36.95 
TELEBOX SIL. as ST but fitted with integral speaker £39.50 
TELEBOX NB Multiband VHF/UHF/Cable/Hyperband tuner £69.95 
for overseas PAL versions state 55 or 6 mHz sound specification. 
*Ft), cable / hyperband signal reception Teiebox MB should be con-
nected 1g a cable type service. Shipping on all Telebox's, code (8) 

State of the art PAL (Uf( spec) UHF TV tuner module 
with composite 1V pp video á NICAM hi fi stereo sound 

• outputs. Micro electronics all on one small PCB only 73 x 160 
x 52 mm enable full tuning control via a simple 3 wire link to an 

IBM pc type computer. Supplied complete with simple working pro-
gram and documentation Requires .12V & + 5V DC to operate 

BRAND NEW • Order as MY00. Only £49.95 code (Et) 
See www.disteLco.uk/data_my00.htm for picture + lull details 

FLOPPY DISK DRIVES 2 1/2 " - 8 " 

All units (unless stated) are BRAND NEW or removed from often 
brand new equipment and are fully tested, aligned and shipped to 
you with a full 90 day guarantee Call or see our web site 
www.diefeLco.uk for over 2000 unlisted drives for spares or repair 

355" Mitsubishi MF355C-L. 1.4 Meg Laptops only £25.95(E3 
3W Mitsubishi MF355C-D. 1.4 Meg. Non laptop £18.95(B 
5W Teac FD-55GFR 1.2 Meg (for lam pc's) RFE £18.95(13 
SW Teac FD-55F-03-U 720K 40/80 (for BBC's etc) RFE £29.95(8) 
5W BRAND NEW Mitsubishi MF5018 360K £22.95(8) 
Table top case with integral PSU for Fili 5)4' Floppy / HD £29.95)B) 
a" Shugart 800/801 8' SS refurbished & tested £210.00(E) 
8" Shugart 810 8' SS NH Brand New £195.00(E) 
8" Shugart 851 8' double sided refurbished & tested £260.00(E) 
r Mitsubishi M2894-63 double sided NEW £295.00(E) 
r Mitsubishi M2896-63-02U OS slimane NEW £295.00(E) 
Dual r cased drives with integral power supply 2 Mb £499.00(E) 

HARD DISK DRIVES 2 1/2 " - 14 " 

21,4' TOSHIBA MK1002MAV 1 1Gb laptop(12 5 mm H) New £79.95 
2W TOSHIBA MK.2101MAN 2 16 Gb laptop (19 mm H) New £89.50 
2W TOSHIBA MK4309MAT 4.3Gb laptop (82 mm H) New £105.00 
2W TOSHIBAMK6409MAV 1Gb laptop (12 7 rnm H) NewC190.00 
2W to 3W Conversion kit r Pc's, complete with connectors £14.95 
3W FUJI FK-309-26 20mb MFM I/F RFE £59.95 
3W CONNER CP3024 20 mb IDE :IF or equiv ) RFE £59.95 
3W CONNER CP3044 40 mb IDE I/F or equiv ) RFE £69.00 
3W QUANTUM 40S Prockl ve 42mb SCSI I/F. New RFE £49.00 
5W MINISCRIBE 3425 20mb MFM I/F (or equiv ) RFE £49.95 

. 
5%* SEAGATE ST-238R 30 mb ALL I/F Refurb 
514' CDC 94205 51 40mb NH MFM I/F RFE tested 
5W HP 97548 850 Mb SCSI RFE tested £99.00 
5'4 HP C3010 2 Gbyte SCSI differential RFE tested £195.00 
8' NEC 02246 85 Mb SMD interlace New £199.00 
8' FUJITSU M2322K 160Mb SMD I/F RFE tested £195.00 
8' FUJfTSU M2392K 2 Gb SMD RFE tested 
Many other drives in stock - Stripping on all drives is code (Cl)50 

IC's -TRANSISTORS - DIODES 
OBSOLETE - SHORT SUPPLY - BULK 

10,000,000 items EX STOCK 
For MAJOR SAVINGS 

CALL OR SEE OUR WEB SITE www diet& co uk  

VIDEO MONITOR SPECIALS 

One of the highest specification AAAtmonitors you will ever see-
this price - Don't miss it!! 

Mitsubishi FA3415ETKL 14" SVGA Murdsync co/our monlor ieth 
028 dot pc& tube and resolution of '024 a 768 A 
variety cd nputs akays connecter to a host of otxnput-
ers includng IBM PCs in CGS. EGA, VGA & SVGA 
(nodes, BBC. COMMOOORE trekking Amiga 1200), 
ARCHtMEDES and APPLE Many fe_atees Etdied 
faceplate. text switching and LOW RADIATION MPR 
speCcation Fury g,,,aranteed in EXCELLENT 

used cenclien Order as 
nt &Swivel Base £4.75 Only £119 !-
VGA cable for IBM PC included. 
External cedes for other types of computers available - CALL 

Ex demo 17" 0.28 SVGA Mitsubishi Diamond Pro 

monitors, Full multisync etc. 

Full 90 day guarantee. Only £199.00 (E) 

Just In • Microvitec 20" VGA (800 x 600 res.) colour monitors. 
Good SH condition-from £299 - CALL for Into 

PHILIPS HCS35 (same stye as CM8833) attractively styled 14" 
Colour monitor with bon RGB and standard composite 15.625 
Khz video inputs via SCART socket and separate orlon° tacks 
Integral audio power amp and speaker for all audio visual uses 
Will connect direct to Amiga and Atari BBC computers. Ideal for all 
video monitoring / security applications with direct connection 
to most colour cameras High quality with many features such as 
front concealed flap controls. VCR correction button etc Good 
used condition • fully tested - guaranteed O n ly raa nn 
Dimensions W14' a I-112W x 15W  El 

PHIUPS HCS31 Ultra compact 9' cotour video monitor with stan-
dard composite 15.625 Khz video input via SCART socket Ideal 
for all monitoring / security applications High quality, ex-equipment 
fully tested & guaranteed (possible minor screen bums). in attrac-
tive square black plastic case measuring W10' a H10' x 13W D. 
240 V AC mains powered Only £79.00 (D) 
(ME 10" 15M 10009 high definition colour monitors with 0 28' dot 
pitch Superb clarity and modern styling 
Operates from any 15 625 khz sync AGO video 
source, with AGO analog and composite sync. 
such as Atari, Commodore Amiga. Acorn" 
Archimedes & BBC. Measures only 1314* a 12' x 
11' Good used condition Only £125 (E) 

20" 22" and 26" AV SPECIALS 
Superbly made UK manufacture PIL all sold state colour monitorS, 
complete with composite video & optional sound input. Attractive 
teak style case Perfect for Schools, Shops, Disco, Clubs, etc In 
EXCELLENT little used condition with full 90 day guarantee. 

20"....£135 22"....£155 26"....£185 (F) 
We probably have the largest range of video monitors In 
Europe, All sizes and types from 4> to 42' call for info. 

DC POWER SUPPLIES 

Virtually every type of power 
supply you can imagine. Over 

1 0,0 0 0 Power Supplies Ex Stock 
Call or see our web site. 

TEST EQUIPMENT & SPECIAL INTEREST ITEMS 
'Airs. .1..Fa3445E-rat. 14" Industrial spec SVGA monlors £245 

IBM 8230 Type 1. Token ring base unit driver 
Wayne Kerr RA200 Audio frequency response analyser £2500 

Fi4AwRtN.E403LL kw0-60.V400DCH2035p0hemeAmppows.bewnwircesch Powe-rexSustpozko es £££p97059:5 
FARNELL AP3080 0•30V DC 0 80 Amps, bench Suooy £1850 

£760 

IBM 53E5501 Token Ring ICS 20 port lobe modules 
AIBLMM0ANU Token ring distribution panel 8228-23-5050N £95 
AIM 501 Low distortion Oscillator 9Hz to 330Khz, IEEE £550 

LG  8360.11805-1880 MHz hybrid power combiners £250 
Trend OSA 274 Data Analyser with G703(2M) 64 I/0 ° 
Marconi 6310 Programmable 2 to 22 GHz sweep generator ££6P500A 
Marconi 2022C 10KHz-IGHz RF signal generator £ 
Marconi 2030 opt 03 10KHz-1 3 Ghlz signal generator,New £41959550 
HP16506 Loge Analyser £3750 
HP3781A Pattern generator & HP3782A Error Detector £P0A 
HP6621A Dual Programmable GPIB PSU 0-7 V 160 watts £1800 
HP6264 Rack mount variable 0-20V 0 20A metered PSU £675 
HP54121A DC to 22 GHz four channel test set 
HP8130A opt 020 300 MHz pulse generator. GPIB etc £70900A 
HP Al. AO 8 pen HPGL high speed drum plotters - from £550 
HP DRAFTMASTER 1 8 pen high speed plotter £750 
EG+G Brookdeal 95035C Precision lock in amp £1800 
View Eng. Mod 1200 computerised inspection system f1)0 
Sony DXC-3000A High quality CCD colour TV camera £99A5 
Keithley 590 CV capacitor / voltage analyser ° 
Racal ICR40 dual 40 channel voice recorder system ££3P75A0 
Fiskers 45KVA 3 ph On Line UPS - New batteries £9500 
Emerson AP130 2 5KVA industrial spec UPS £2100 
Mann Tally MT645 High speed line printer £2200 
Intel SBC 486/133SE Munibus 486 system 8Mb Ram £945 
Siemens K4400 64Kb to 140Mb demiux analyser £2950 

HP6030A 0.200V DC 0 17 Amps bench power supply £1950 
Intel SBC 486/125C08 Enhanced Multibus (MSA) New £ £11215500 
Nikon HEX-11 (Eph po iphot) exposure control unit £1450 
PHILIPS PM5519 pro TV signal generator 
Motorola VME Bus Boards & Components List SAE / CALL £P0A 
Trio 0-18 vdc linear, metered 30 amp bench PSU New £550 
Fujitsu M3041R 600 LPM high speed band printer £1950 
Fujitsu M30410 600 LPM printer with network interface £1250 
Perkin Elmer 2998 Infrared spectrophotometer £500 
Perkin Elmer 597 Infrared spectrophotometer £3500 
VG Electronics 1035 TELETEXT Decoding Margin Meter £3250 
LightBand 60 output high spec 2u rack mount Video VDA's £495 
Sekonic SD 150H 18 channel digital Hybrid chart recorder £1995 
B8K 2633 Microphone pre amp 00 

0 
Taylor Hobson Tallysurf amplifier / recorder 

£ ££ 1437550 ADC SS200 Carbon dioxide gas detector / monitor 
BBC AM2W3 PPM Meter (Ernest Turner) + drive electronics £75 
ANRITSU 9654A Optical DC-2.5G/b waveform monitor £5650 
ANRITSU MS900181 0 6-1 7 uM optical spectrum analyser £P0A 
ANRITSU ML93A optical power meter £990 
ANRITSU Fibre optic characteristic test set f POA 
RAS FT132 Dual sound unit £650 
RAS SBUF-E1 Vision modulator £775 
WILTRON 66308 12.4 / 20GHz RF sweep generator 

££51275500 TEK 2445 150 MHz 4 trace oscilloscope 
TEK 2465 300 Mhz 300 MHz oscilloscope rack mount £1955 
TEK TDS380 400Mhz digital mantle o disk drive, FFT etc £2900 
TEK TDS524A 500Mhz digital realtime . colour display etc £5100 
HP3585A Opt 907 20Hz to 40 Mhz spectrum analyser 0 
PHILIPS PW1730/10 60KV XRAY generator accessories £f3P905A 
CLAUDE LYONS 12A 240V single phase auto volt. regs £325 
CLAUDE LYONS 100A 240/415V 3 phase auto vot regs £2900 

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 Ltd. Units feature 
designer, smoked acrylic lockable front deipt, 
full height lockable half louvered back door 
and louvered removable side panels Fully 
adjustable internal fixing struts, ready punched 
for any configuration of equipment mounting 
,plus ready mounted integral 12 way 13 am() 
socket switched mains distribution strip make 
these racks some of the most versatile we 

have ever sold. Racks may be stacked side by side arid therefore 
require only two side panels to stand singly or in multiple bays. 
Overall dimensions are. 7715* H x 32W O x 22' W. Order es: 
OPT Rack 1 Complete with removable side panels. £345.00 (G) 
OPT Rack 2 Rack, Less side panels £245.00 (G)  

Over 1000 racks, shelves, accessories 
19" 22" & 24" wide 3 to 46 U high. 

Available from stock !! 

32U - High Quality - All steel RakCab 
Made by Eurocraft Enclosures Ltd to the highest possible spec, 
rack features 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 secure 5 lever barrel locks. The front door 
is constructed of double walled steel with a 
'designer style' smoked acrylic front panel to 
enable status indicators to be seen through the 
panel, yet remain unobtrusive Internally the rack 
features fully slotted reinforced vertical fixing 
members to take the heaviest of 19" rack 
equipment. The two movable vertical fixing struts 
(extras available) are pre punched for standard 
'cage nuts'. A mains distribution panel internal-
ly mounted to the bottom rear, provides 8 x IEC 3 
pin Euro sockets and 1 x 13 amp 3 pin switched 
utility socket. Overall ventilation is provided by 
fully louvered back door and double skinned top section 
with top and side louvres The top panel may be removed or fitting 
of Integral fans to the sub plate etc Other features include: fitted 
castors and floor levelers, prepunched utility panel at lower rear for 
cable / connector access etc Supplied h excellent. slightly used 
condition with keys Colour Royal blue. External dimensions 
mm.1625H x 6350 x 603 W ( 64" x 25" D x 2314" W 

Sold at LESS than a third of makers price !! 

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

12V BATTERY SCOOP - 60% 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 
rechargeable batteries Made by Hawker Energy Ltd, type SBS15 
featuring pure lead plates which offer a far superior shelf 8 guaran-
teed 15 year service life Fully BT & 856290 approved. Supplied 
BRAND NEW and boxed Dimensions 200 wide, 137 high, 77 deep 
M6 bolt terminals Fully guaranteed Current makers price over £70 

eaChOUr Price £35 each (c) or 4 for £99 (E) 

RELAYS - 200,000 FROM STOCK 
Save LITE 'u by choosing your next relay from our Massive Stocks 
covering types such as Military, Octal, Cradle. Hermetically Sealed, 
Continental, Contactors, Time Delay, Reed. Mercury Wetted, Solid 
State. Printed Circuit Mounting etc , CALL or IN Our web site 
www.distetco.uk for more information Many obsolete types from 
stock Save ETErs 

COLOUR CCD CAMERAS ep, 
Undoubtedly a miracle of modern technology 
our special buying power ! A quality product tea- ,94 
luring a fully cased COLOUR CCD camera at a 

1,(eie 
give away price Unit features lull autolight sensing for 

use in low light .1 high light 
applications. A 10 mm fixed focus 
wide angle lens gives excellent focus 
and resolution from close up to long 
range The composite video output will 
connect to any composite monitor or TV 
(via SCART socket) and most video 
recorders Unit runs from 12V DC so 
ideal for security & portable applica-
tions where mains power not available 

Overall dimensions 66 mm wide x 117 deep x 43 high Supplied 
BRAND NEW & fully guaranteed with user data, 100's of applica-
tions including Security. Home Video, Web TV Web Cams etc. etc 

Web ref = LK33 ONLY £99.00 or 2 for £180.00 (e) 

SOFTWARE SPECIALS 
NT4 WorkStation, complete with service pack 3 
and licence - OEM packaged. ONLY £89.00 (a) 
ENCARTA 95 - =ROM. Not the latest - but et this price I £7.95 
DOS 5.0 on 3W disks with concise books dmi OBase £14.95 
Windows for Workgroupe 3.11+ Dos 6.22 on 3.F disks £55.00 
Worclpertect 6 lOr DOS supplied on 3Y2' disks with manual £24.95 

shipping charges for software is code B 

D1STEL on the web11- Over '16,000,000 items from stock - www.dIstel.co.uk 
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ALL MAIL TO 
Dept ww, 29/35 Osborne Rd 

Thornton Heath 
Surrey CR7 8PD 

Open Mon - Fri 9.00 - 5:30 

LONDON SHOP 
Open Mon - Sat 900 - 5:30 

215 Whitehorse Lane 
South Norwood 
On SSA Bus Route 

Pi Thornton Huth 
Selhurst Perk SR Red Stetions 

DISTEUD1 
Visit our web site 
www.distel.co.uk 
email = admInedletel.co.uk 

ALL tr ENQUIRIES 

0208 653 3333 
FAX 0208 653 8888 

All prices tor UK Marlancl UK customers add 17 5% VAT to TOTAL order amount iiiknimurn eider £10 Bona Fide amount orders acceded from Govenvnent Schools. 
Unnerstes and Local Authontes - mnimurn account order £50. Cheques over £100 are subtract to 10 working days devance. Caniage charges (A£303, (A1),-£4 oo, 
(B).£5 50, (C).£8 50, (CI) £12 50, (D),-£15.03, (61=0800. (F),--£20 CO. 1pk-CALI- Akwapprox 6days for shipprég faster CALL AI goods suppked to Our Slaildafd COnelOrtS 
of Sae and unless stated guaranteed tor 90days. AI guarantees on a return lo base bases AI %tits reserved to ciwrqe prces i specrficatois witeut pror notoe. Oniers suttee 
to stock. Oscar/Its tor ',dune Top CASH pnces part for surpdus goods A1 trademarks. traderames etc Display Eectroncs 1999 E & 0 E. 07/99. 
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the oscillator, tank circuit and a 
matched output buffer in an 
eight-pin µMax package. The 
VCO is compatible with 
integrated transceiver ICs with 
a low IF architecture, which 
typically require an off-chip 
VCO and a differential interface 
to reduce spurious noise. 
Applications include cordless 
phones, HomeRF, Bluetooth 
and other proprietary radios 
operating in the 2.4GHz ISM 
band. Oscillator frequency 
tuning is factory adjusted to 
guaranteed limits from 2400 to 
2500MHz with a +0.4 to +2.4V 
tuning voltage input range. The 
oscillator signal is buffered by a 
differential amplifier-stage to 
provide -8dBm output power. 
This buffer stage also isolates 
the oscillator from load 
impedance variations. Oscillator 
phase noise is typically 
-130dBc/Hz at 4MHz offset. 
The VCO operates from a +2.7 
to +5.5V supply. Internal 
regulation of the oscillator 
supply voltage eliminates the 
need for a dedicated external 
low dropout regulator. The 
VCO consumes 8.6mA of 
current. In shutdown mode, the 
current is reduced to 0.2pA. An 
evaluation kit is available. 
Maxim 
Tel: 0118 930 3388 
www.maxim-ic.com 

Signal integrity tool 
suits optical PCBs 
Ansoft has released version 3.7 
of its PCB/MCM signal 
integrity tool for PCB needs in 
optical networks, memory 
interfaces and multi-gigabit 
transmission systems. The 3D 
extraction engine lets designers 
address problems such as power 
and ground bounce, 
simultaneous switching output 
noise and parasitic extraction 
(R, L, C, G) for any 3D 
structure on the PCB. It has 
interfaces that let it 
automatically read-in and 
characterise an entire PCB or 
MCM designed in Cadence's 
Allegro or Mentor Graphics' 
Boardstation. During the 
analysis, the designer can 
choose whether to analyse 
particular structures and nets in 
full 3D or a mixture of 2D and 
3D. Any type of non-ideal 
power or ground plane (partial 

LCD driver-IC tester 
Advantest's LCD driver test system 
is designed for the testing devices 
such as thin film transistor (TFT) 
drivers, and chips that integrate both 
a controller and a LCD driver. The 
T6371 can simultaneously test a 
maximum of either two TFT drivers 
or four chips that contain a controller 
and a LCD driver. It can also be used 
to perform voltage measurements of 
drivers with a maximum of 128 pins 
and capable of digital testing at up to 
125MHz. For testing multiple-pin 
ICs, the unit can measure LCDs that 
have a maximum of 1,280 pins. The 
system also employs a per-pin 
comparator architecture, which 
enables the user to perform high-
speed function testing. The system's 
testing station can simultaneously 
measure up to four such devices. 
Advantest 
Tel: 0049 8999 312129 
www.advantest.de 

plane, split plane, random holed 
or meshed plane) can be 
analysed. It can also analyse 
single-chip, few chip or multi-
chip (system-on-package) 
designs from Cadence's 
Advanced Package Designer. 
The software uses the partial 
element equivalent circuit 
method to produce a distributed 
3D model. This method lets the 
tool create accurate models of 
high-speed traces such as 
differential pairs and source-
synchronous data lines. The 
distributed nature of the model 
allows the effect of each 
individual interconnect 
structure - including the effect 
of the non-ideal ground planes - 
on the signal to be seen in 
Spice. 
Ansoft 
Tel: 020 8891 6106 
www.ansoft.com 

PCI-X & PCI analyser 
and exerciser 
Acal Electronics has introduced 
the PBT-615 state analyser for 
PCI-X and PCI bus. Made by 
VMetro, it is a single-slot PCI 
card that contains a logic 
analyser and optional exerciser. 
The unit can capture and trigger 
on all bus activity in 32 and 
64-bit PCI-X and PCI bus 

motherboards through a PCI 
expansion slot at speeds up to 
100MHz. By equipping it with 
an optional piggyback module 
with a 500MHz timing analyser 
and a PCI-X anomaly trigger 
unit, it can automatically detect 
PCI-X protocol or timing 
violations. The analyser part 
provides non-intrusive and 
stand-alone operation as seen 
from the host computer to be 
analysed. This is possible 
because it is equipped with its 
own processor communications 
ports (RS232 and USB) and 
firmware in flash PROMs. The 
analyser can be operated from a 
PC running VMetro's graphical 
user interface, Busview for 
Windows, from a standard Ascii 
terminal, or using a terminal 
emulator on a PC or Unix 
workstation. The protocol-
sensitive sampling of bus cycles 
for state analysis means the bus 
analysers know the bus protocol 
of the target bus to ensure that 
sampling takes place at the right 
moments. This gives a trace that 
includes many types of bus 
activity, such as arbitration, 
interrupts and cache cycles, and 
ensures that the bus is not 
sampled at unimportant times. 
Acal Electronics 
Tel: 01252 858585 
www.acalelec.co.uk 

Oscillator requires one 
resistor 
The Linear Technology 
LTC 1799 is a SOT23 packaged 
oscillator IC that generates any 
frequency from IkHz to 
30MHz. The frequency can be 
set within ±2.5 per cent by 
adding a 1 per cent resistor or 
±I.6 per cent with a 0.1 per cent 
resistor. There is no need for a 
crystal, ceramic resonator, 
capacitor or external reference 
clock. Accuracy is maintained 
over all supply and temperature 
variations, drifting typically less 
than 0.004 per cent per °C and 
0.05 per cent per volt. 
Maximum supply current at 5V 
for a 10MHz output is 2.4mA 
from -50 to +85°C. 
Applications include localised 
clocks, synchronisation of 
switching power supplies and 
driving switched capacitor 
filters. 
Linear Technology 
Tel: 01276 677676 
www.linear-tech.com 

Materials absorb 
microwaves 
Two flexible, absorbent EMI 
materials have been introduced 
by Murata. The EAIO prevents 
abnormal oscillation in high 
frequency modules and 
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AM/FM synthesised signal 

generator 80MHz-1 040KHz 

NOW ONLY £400 
HP 3312A Fun Gen 0.1H2-13MHz.. £300 
AM/FM Sweep/Tn/Gate/BurSt etc. H.P. 3310A Full 
Gen 0 005Hz-5MHz  .£125 
Sine/So/In/Ramp/Pulse FARNELL LFM4 Sine/Sg 
Oscillator ..........   £125 
Low distortion TTLOutput Amplitude Meter hi P 
545A Logic Probe with 546A Logic Pulser £90 
and 547A Current Tracer 
FLUKE 77 Mulhmeter 3',S digit Handheld . £60 
FLUKE 77 Senes 11 . £70 
HEME 1000 LCD Clamp Meter 0-1000A In 
Carrying Case £60 

RACAL 9008 
AUTOMATIC 1111CM 

MODULATION 
METER  AM/FM 
1.5MHz-2GHz ONLY 

H P 8494A Attenuator DC-4GHz 0-1141B 
NISMA £250 
HP 8492A Attenuator DC-18GHz 0-6dB 
APC7 £95 
MANY OTHER ATTENUATORS, LOADS. 

COUPLERS etc AVAILABLE 

DATRON 1061 HIGH QUALITY 57, 
DIGIT BENCH MULTIMETER 
True RMS/4 wire Res/Currer4b 

Convertor/IEEE  

11'5 
£200 
(50 

SinuSo Mete, Caney oersted Mans 001 s5powd) 
FARRELL LEI Owe So Osonalor 10117.11d117 £75 
RATAI ;AIM 934W LCR Dalabudge ()pits: Auto £7TX1 

STILL AVAILABLE • PREVIOUSLY 

ADVERTISED WITH PHOTOS 
HARCT.th 89aC ,Z01 . , 5.-as Vesse-c,t 
un.d  
Ustrl ISO 
MARC>, 8938 - Sie Seen 
MARCONI 2610 *rue RUS Vortmeter kaorangin 5141-
25ASH: £195 
GOULD J38 Sone/S0 Oso 10Hr-10061g Low distomon 

£751125 
AV011.1k6 m Our Ready Case, with tam etc£ 060 
Others Ants from ESO 
GOODWILL GFC80106 Peg Courts, 1Hz-1201.1Hz 
Unused £75 
GOODWILL GVT42? Dow Ch AC Makermirter (100-0125 
lOrniir-300V in 12 Ranges Frio 1014z-lWe 
SOLARTRON 7150 1)1AM 6µ digit /rue RUS - IEEE 

RAcALLARTuR: 7;50 101 vallnus £00 ninnts f95-fl 50 SO  

93005Hz-2044Hz usenet to Wee, 10v-316v £95 
93C08 Version . £150 
9301/9302 RF Version to 1 5Gliz from 0200-0300 
HIGH OLIALIT'f RUM COUNTERS 
9904 Universal 1111« COuntr, 504042 ISO 
9916 Counter. 10Hz-52(MHz£ 075 
9918 Counter. 10Hz-560•Allz. 9-491 
ract%Et.l. AfirM255 iummaiie. ',red v,,,, 

• • 

£400 

CLASSIC AVOMETER DA 116 
DIGITAL 3.5 DIGIT 
COMPLETE WITH BATTERIES 
ANO LEADS 

ONLY 

SOLARTRON 7045 BENCH 
NIULTIMETER 

4Y, digit BRIGHT 

LED WITH LEADS i._,... 

ONLY ED 

Its SO CHEAP YOU SHOULD HAVE IT AS A SPAR 

HUHIR ON TRACKER Made 1000 
H P 53150 Unwersai Counter 1GH7 2-01 
5t 1 90`..14 701.7 4 .1; 7.1 PMS 

£12 
£80 
£7 
(50 

TIME 1051 Low Ohm Res Box 
0.01 ohm to 1M Ohm in (ID 
0.01 ohm steps. Unused 

Al& 
STEWART of READING 

110 WYKEHAM ROAD, REA 
Teephone (0118) 9268041 

Callers welcome 9am-5 30pm Monday to 

DING, BERKS RG6 1PL 
Fax (01 18) 9351696 

Friday (Other times by arrangement) 

V1S 

SCOPE FOR IMPROVEMENT 
GOULD OS 300 OSCILLOSCOPE 

DUAL TRACE 20MHz 
- TESTED WITH MANUAL 

FOR THE FIRST TIME EVER ONLY 

ITS SO CHEAP YOU SHOULD 

REPLACE THAT OLD SCOPE 
£95 

VA 00070 2022E SynMeseed AJAFM SI Gm 
01GM LCD Dew( ec 

HP 8657A Simmosed 2186H4 So Ger 
HP 6551A Syneseseo 100eu 1 DICAlriz Sç Gen 
MP 86588 Setts« laseStiCalis S.; Ge 
HP11656.4 Sensed 10341:43.3teir S.; Gen 
H P 8640A WAN 503441-10241044 Sg Gen 
H P 11640A MORI 5CCI&N-512taz Sig Gen 
PherPS P145328 ICON41-160611trwth 20651HZ S.; Gen Fla 
Casa EEE £550 
RACAL 9881 swe end Sg Gm 552Ceakiz (250 
HP 3325A Synn Fircton Gen 21W/ (603 
MARCONI 650D arçartule Marta 
HP 42756 LCR Meir tarialOrils £2750 
MP 89038 UM. Amerser r000 
WAYNE 501860245 Inescrarce Miler 11000 
H P t2A Rise Generate 5011H4 It250 
DATRCN New Wet/roar 5,474 Co 10651051A, in 

ho- OXFD3C0 
IsARCOP3 2400 Resercy Carew 20Gier 01000 
HP53508 Reowricy Carta 200444 
HP 53420 1014.18Glitz %worm Cower MOO 
Bte Pcorwarew Type 4366 (330 
HP 11662D Dui Drub» Caper Mt-1MM (1600 
HP Ouil Deesove Cade Seez.leCiriz £1250 
TEKTRONIX P61098 Probe 1011111: Reset UnAir4 £60 
TEKTFOMX P611:64 ROO 250fts %cox 1.3-usee £55 
FARNEL181112003 4,e3 lard We 4GP/ UnuSed £950 
VAPC'esi 13M Uoc ̂ re, SO3lilttIEWir Iron £750 

t5251750 

I4C00 
t2(00 
£1350 
£95 
£402 
£250 

ROHDE & SCHWARZ APN U 
SYNTHESISED 1Hz-26004e 
SIGNAL GENERATOR BALANCED, (CID 
UN-BALANCED OUTPUT. LCD DISPLAY 

H P 60128 DC PSU 11-60v 0-50A 1000W £1000 
FARRELL AP6CV50 11KW Autoranging £1000 
FARRELL 1460150 0-60V. 0-50A £750 
FARRELL H611/25 0-60V. 0-25A £400 
Power Supply HPS3010 0-30V. 0-108 £140 
FARRELL L30-2 0-30V. 0-2A £80 
FARRELL L30-1 0-30V, 0-1A £60 
Many other Power Supplies available 
Isolating Transformer 240V In/Out 51X1 VA £40 

PORTABLE APPLIANCE TES R 
MEGOER PAT2 Only £180 

SPECTRUM ANALYSERS 
ADVANTEST R326IA 9kHz.2 60Hz Sy,- £4000 
EATON/AILTECH 7s7 0.001-220Hz £2500 
TEKTRONIX 492 50KHz• 18GHz £1507 
M.P. 8558E1 wth Mari ham. 100kliz.1 500MHz (125C 
HP 853A (Deg Frame) with 8559A 100.cHz-2IGH2 

£275; 
H.P 3580A Audio Analyser 5F12.50kHz As nen 

£1000 
Wvicom 2382 I 00H2-40£0.4Hz Fat Rescarten (200: 
8 & K 2033R &gnat Analyser £1500 
HP182 vnth 8557 10kHz-3503.4Flz £50C 
MARCONI 2370 30Hz-110141•44 from £500 
HP141 Systems 8553 lkHz.110MH2 hen £500 
8554 5006(Hz-125014Hz from £7se 8555 10MHz-
186Hz from £100C 

UNUSED OSCILLOSCOPES 
TEKTRONIX TAS4AS ¿CII 7oDe.titz etc £900 
HP546008 Due Trace 10014Hz 201.4/S £900 
TEKTRONIX THS720A Duel Trace L C.D 100MHz 5C014 

£90C 
TEKTRONIX THS 720P as THS 720A, scat' 
measufwnent E1300 
TEKTRONIX INS 710 Dual Tram 801.4 2510.46/5 £75C 
HITACHI VC6523 Dual Trace, 2034Hz 201.15/S Delay 
Curly. etc . 

OSCILLOSCOPES 
PHILIPS PM3092 2.2 Ch 200MHz Delay etc 
£800 As new £950 
PHILIPS PM30132 2.2 Ch 100MHz Delay etc 
£700 As new   £800 
TEK 1A5465 Dual Trace 100MHz. Delay  1800 
TEK 24658 4 Ch 400MHz Delay Curs£1250 
TEK 2465 4 Ch 300MHz Delay Curs £00 
TEK 2445/A/8 4Ch 150MHz Delay etc £500-£900 
TEK 468 Dig Storage Dual 100MHz Delay £450 
TEK 466 Analogue Storage Dual 100MHz £250 
TEK 485 Dual Trace 350MHz Delay £600 
TEK 475 Dual Trace 200 MHz Delay £400 
TEK 4658 Dual Trace 100MHz Delay £325 
PHILIPS P50321/Dual Trace 50MHz Delay 

r250-1300 
GOULD 0S1100 Dual Trace 30MHz Delay £200 
HAMEG HM303 4 Dual Trace 30MHz £325 
HAMEG HM303 Dual Trace 30MHz £300 
HAMEG FIM203.7 Dual Trace 20MH? 1250 
FARNELI DTV20 Dual Trace 2010/ 1180 
MANY OTHER OSCILLOSCOPES AVAILABLE 

RACAL RECEIVER RA1772 
50KHz-30MHz, 
LEO rlispIdy Baracaltv working £250 

USED EQUIPMENT - GUARANTEED. Manuals supplied 
This :s VERY SMALL SAMPLE OF STOCK SAE or telephone tor lists Please check availability before 

Ordering CARRIAGE all units E16 VAT to be added to total of goods and Carriage 

E IRE IF \0.114 ON' Kt 1'1 11 IND 

WATCH SLIDES ON TV 
MAKE VIDEOS OF 
YOUR SLIDES 
DIGITISE YOUR 
SLIDES 
(using a video capture card) 

Liesgang automatic siide viewer voth butt lo mgh (panty colour TV camera it has 
a composite video output to a phono plug (SCART & BNC adaptors are available) They 
are in very good condition with few signs of use. For further details see www diary co uk 
  £91 91. vat = £108.00 

Board cameras all with 512x582 pixels 8.5mm 1/3 rich sensor and composite video out 
All need to be housed in your own enclosure and have fragile exposed surface mount 
parts They all require a power supply ot between 10 and 12v DC 15OrnA 

47MIR size 60x36x27mm with 6 infra red LEDs (gives the same illumination as a small 
torch but is not visible to the human eye) ..... f37 00 • vat = £43 48 

30MP size 32x32x14mm spy camera with a fixed focus pin hole lens for hiding behind a 
very small hole £35.00 • vat = £41 13 

40MC size 39x38x27mm camera for C• mount lens these give a much sharper image 
than with the smaller lenses .. .. £32.00 • vat = £37 60 

Economy C mount lenses all fixed focus 8 fixed ins 

VSL1220F 12mm F1.6 12x15 degrees viewing angle . .£15.97 • vat, £18.76 

VSL4022F 4mm F1.22 63x47 degrees viewing angle   f17 65 • vat = £20.74 

VSL6022F 6mm F1.22 42x32 degrees viewing angle ...119 05 • vat = 122 38 

VSL8020F 8mm F1 22 32x24 degrees viewing angle £19 RO • vat= £2338 

Better quality C Mount lenses 

VSL161 4F 16mm F1 6 30x24 degrees viewing angle . . £26.43 . vat = £31 06 

VW181 3M 8mm F1.3 with ins 56x42 degrees viewing angle £77.45 y vat = £91 00 

1206 surface mount resistors El2 values 10 ohm to 1M ohm 100 of 1 value £1 00 . vat 
1000 of 1 value £5 00 • vat 

866 battery pack originally intended to be used with an orbitel 
mobile telephone it contains 10 1 6Ah sub C battenes 
(42x22dia the size usually used in cordless screwdrivers etc ) 
the pack is new and unused and can be broken open quite 
easily  £7 46.vat f 8 77 

Please add 1 66 • vat = It 95 postage A packing per order 

JPG ELECTRONICS 
276-278 Chatsworth Road, Chesterfield, S40 2BH. 

Tel 01246 211202 Fax 01246 550959 MastercardNisa/Switch 
Callers welcome 9.30 a. M to 5 30 p ni Monday to Saturday 

FRUSTRATED!  
Looking for ICs TRANSISTORS 
A phone call to us could get a 
result. We offer an extensive 
range and with a World-wide 
database at our fingertips, we are able 
to source even more. We specialise in 
devices with the following prefix 
(to name but a few). 

2N 2SA 2SB 2SC 2SD 2P 2SJ 2SK 3N 3SK 4N 6N 17 40 AD 
ADC AN AM AY BA BC BD BDT BDV BDW BDX BF 
BFR BFS BFT BFW BFX BFY BLY BLX BS BR BRX BRY BS 
BSS BSV BSW BSX BT BTA BIB BRW BU BUK BUT BUV 
BUW BUX BUY BUZ CA CD DX CXA DAC DG DM DS 
DTA DTC GL GM HA HCF HD FIEF ICL ICM IRF J KA 
KLA L LA LB LC LD LF LM M M5M MA MAB MAX MB 
MC MDA J MIE MJF MM MN MPS MPSA MPSH MPSU 
MRF NJM NE OM OP PA PAL PIC PN RC S SAA SAB 
SAD SAJ SAS SDA SG SI SL SN SO STA STK SIR STRD 
STRM STRS SV1 T TA TAA TAG IBA TC TCA TDA TDB 
TEA TIC TIP Tin TEA TL TLC TMP TMS TPU U UA 
UAA UC UDN ULN UNI UPA UPC UPD VN X XR Z ZN 
ZTX + many others 

We can also offer equivalents (at customers' risk). 
We also stock a full range of other electronic components. 
Mail, phone, Fax, Credit Card orders & callers welcome. 

VISA Connect 

Cricklewood Electronics Ltd 
40-42 Cricklewood Broadway, London NW2 3ET 

Tel: 020 8452 0161 Fax: 020 8208 1441 
rinvw.cricklewoodelectronics.co.uk 

E-mail: salesiïcricklewoodelectronics.com 
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suppresses interference between 
circuits. The EA20 has high-p, 
high-loss characteristics for 
suppression over a wide band in 
digital products. Both 
microwave absorbers cover 0.1 
to 20GHz and can be introduced 
at any stage in the sequence 
from design to delivery. The 
silicon-based materials are 
flexible and can be held in place 
with adhesive tape. Thicknesses 
available are from 0.2 to 
2.7mm. The thickness depends 
on the frequency to be 
suppressed. Custom sizes can 
be supplied. 
Murata 
Tel: 01252 811666 
www.murata.co.uk 

Connector with 
0.6mm pitch 
Harwin's latest range of surface 
mount ultra-fine pitch 
connectors. called the MP6 
connector series is a 0.6mm 
pitch board mounting connector 
provide stacking heights of 
3mm, 4mm and 5mm between 
boards. They are available with 
up to 100 contact positions, 
polarised to prevent mis-mating 
and equipped with locating pegs 
for accurate PCB placement. 
Metal latching clips are 
available upon request if 
additional strain relief is 
required. The housings are 
manufactured from glass filled 
LCP and have a UL94V-0 
flammability rating. The 
housing has a minimum 
insulation resistance of 100m1 
and dielectric withstanding 
voltage of 200V AC. Standard 
packaging is tape and reel 

•_._ 
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format on on 330mm reels using 
embossed carrier tape with 
removable pick and place pads 
for automatic placement. 
Harwin 
Tel: 023 9237 0451 
www.harwin.con, 

Full duplex OC-48 ATM 
OAM processor 
Vitesse Semiconductor has 
announced the Monitor 4.8 
manager for operations. 
administration and maintenance 
(OAM) network traffic at OC-
48 data rates. This IC provides 
ATM layer functions for OAM 
and protection switching cell 
processing. Throughput is 
4.8Gbit/s with 512k individual 
connection flows (256k full 
duplex flows) in VC, VP, 
VP/VC or VPNC switch 
configurations. For use with the 
firm's Pacemaker 2.4, a traffic 
management and SAR device, 
the IC is for line card ATM cell 
and packet processing. When 
used with the firm's IQ2000 

further information 

network processor, switch 
fabric components and framer-
mapper devices, the family 
provides system designers with 
an end-to-end chip level 
product for next generation 
Internet infrastructure 
equipment. It is a silicon 
implementation of the ITU 
1.630 protection switching 
standard, and provides per 
connection activation and 
deactivation of OAM flows 
with performance and fault 
monitoring on all 256k 
connections independently. It 
interfaces with the outside 
world via four independent 
standard Utopia ports and a 32-
bit 66MHz PCI interface for 
connection to a host CPU. 
Vitesse Semiconductor 
Tel: 001 310 937 1594 
www.vitesse.com. 

Supervisors monitor 
down to 300mV 
Two dual voltage supervisor 
ICs for monitoring power 
supplies down to 300mV have 
been developed by Micrel 
Semiconductor. Available in the 
firm's Ittybitty S0T23-5 
packaging, the MIC2774 and 
MIC2777 have a choice of 
preprogrammed voltage options 
and quiescent currents. One of 
the monitoring inputs is user-
adjustable and the other is 
preprogrammed at the factory. 
Options accommodate standard 
logic supply voltages. Power 
supply current is 3.5A. The 
MIC2777 has active-high and 
active-low reset outputs; 
manual reset capability can be 
achieved by adding an external 

reset switch. The MIC2774 has 
a standard pin out with a 
dedicated manual reset input 
and a choice of active-high, 
active-low or open-drain active-
low reset outputs. They are 
made on a BiCMOS process. 
Micrel Semiconductor 
Tel: 01635 524455 
www.mtcrel. corn. 

512kbit flash with 
random read 

STMicroelectronics has 
announced a 512kbit flash 
memory device with sequential 
and random read operation, 
page mode programming, sector 
and bulk erase modes, and a 
20MHz SPI-compatible serial 
bus. 
Like its I Mbit predecessor. the 
non-volatile field-
programmable 512kbit (64k by 
8 bit) M25P05 is targeted at 
applications for the storing of 
code and blocks of data in 
industrial, consumer and 
telecoms products, says the 
supplier. The flash chip 
contains two sectors of 256 
pages each. Because one page is 
128 bytes wide, the entire 
memory can be viewed as 512 
pages or 65 536 bytes. The 
memory's page program 
instruction writes one to 128 
bytes at a time. The memory 
can be erased at once using a 
bulk erase instruction. 
Alternatively, one sector at a 
time can be erased using a 
sector erase instruction. There is 
a 26ms full memory read 
operation at 2.7V; 3ms (typical) 
for 128-byte page 
programming; and 256kbyte 

Press-fit connectors for D-sub and 2mm 
Northern Connectors offers press-fit connectors including 
the Harting DIN41612 and the Harbus 64 range. In 
addition, the distributor will provide press-fit products for 
both: D-Sub straight and right angle IDC boxed headers, 
hard metric 2mm connectors, and SCSI as well as BNC 
connectors. 
To achieve the packing densities required. back-panel PC 

boards are in the form of multilayer boards which use 
press-fit termination. The press-fit pins are inserted and 
adapt to the hole within the PC board. Electrical contact is 
made solely by pressure and cold welding of contact 
surfaces within the insertion zones. 
Northern Connectors 
Tel: 01744 815001 
www.northern.connectors.corn 

ELECTRONICS WORLD September 2001 

Passive 
Component--

- 

• 

PASSIVE COMPONENTS 
FOR CIRCUIT DESIGN 
Passive Components for 
Circuit Design is a unique 
introduction to this key area 
of analog electronics 
designed for technician 
engineers and anyone 
involved in circuit design. 
The coverage encompasses 
all component types capable 
of power amplification: 
resistors, capacitors, 
transformers, solenoids, 
motors and transducers. The 
behaviour of the components 
is explored along with the 
different types available and 
the principles of circuit 
design. Tolerances, stability, 
variation with temperature, 
reliability and manufacturing 
standards are all covered. 
Reading this book will 
improve your skills in 
component selection and 
analog circuit design. These 
are essential skills not only 
for the analog designer, but 
for all circuit designers, 
professional or amateur. 
Contents: Preface; 

Fundamentals; Fixed 
resistors; Variable resistors, 
potentiometers and diodes; 
Capacitors; Inductors and 
inductive components, 
Inductive devices; 
Transducing components; 
SMT; Hardware; Index 
Readership: Technician 

engineers, circuit designers, 
advanced hobbyists 
Pages: 304pp 
Price: UK £22.00 
Europe £24.00 
ROW £26.00 
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ELECTRONIC PROJECTS PROJECTS 
FROM THE NEXT 
DIMENSION 
For years paranormal 
scientists have explored the 
detection and documentation 
of spirits, auras, ESP, 
hypnosis, and many more 
phenomena through 
electronics. Electronic 
Projects from the Next 
Dimension provides useful 
information on building 
practical circuits and 
projects, and applying the 
knowledge to unique 
experiments in the 
paranormal field. The author 
writes about dozens of 
inexpensive projects to help 
electronics hobbyists search 
for and document their own 
answers about instrumental 
transcommunication (ITC), 
the electronic voice 
phenomenon (EVP), and 
paranormal experiments 
involving ESP, auras, and 
Kirlian photography. 
Although paranormal 

studies are considered 
esoteric, Electronic Projects 
from the Next Dimension 
teaches the technical skills 
needed to make devices that 
can be used in many 
different kinds of 
experiments. Each section 
indicates how the circuit can 
be used in paranormal 
experiments with suggestions 
about procedures and how 
to analyze the results. 
Contents: White noise 

generators for use in 
instrumental 
transcommunication (ITC) 
and electronic voice 
phenomenon (EVP) 
experiments; Practical 
circuits for image 
experimentation, such as o 

wireless sparkling image 
generator, horizontal bar 
generator, brontophic sound, 
magnetic field generator, 
high-voltage generators 
(Kirlion Machine's I & II); 
Paranormal skills 
experiments with 
temperature change, 
polygraph, electro-shock, 
random number generation, 
UFO detection, and ghost-
finding. 
Readership: Hobbyists, 
Electronics Enthusiasts 
Pages: 256pp 
Price: UK £22.00 
Europe £24.00 
ROW £26.00 

How to order 

Book Title 

BASIC AC CIRCUITS 
This is the step-by-step 
approach for beginners This 
self-paced individualized 
learning tool covers 
concepts, terms, and the 
mathematics required to 
understand AC circuit 
problems. It has been 
designed to improve analysis 
techniques for prediction and 
control development. 
Readership: Beginners 

meeting AC circuits for the 
first time: students; 
technicians 
Pages: 921pp 
Price: UK £27.00 
Europe £29.00 
ROW £31.00 

I nterfa cing-e C 

INTERFACING 
WITH C 
A practical and 
painless way of 
becoming an expert C 
programme New 
edition also covers 
C++ and the Windows 
environment Get up to 
speed with the 
essential maths needed 
for C without having 
to buy a university 
maths text! 
Price: UK £18.00 
Europe £20.00 
ROW £22.00 

Post your completed order form to:-

Jackie Lowe, Cumulus Business Media, 
Anne Boleyn House, 9-13 Ewell Road, 
Cheam, Surrey, 5M3 8BZ 

Fax your order form to 020 8643 8952 
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Credit Card No: Expiry Date: 
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Please quote Electronics World when seeking further information 

sector and 512kbyte erase 
operations of Is and 2s 
(typical), respectively. 
Allowing either random or 
sequential read operations, the 
serial memory reduces the 
number of instructions needed 
compared to a parallel 
architecture, simplifying 
development. The four-wire 
SPI-compatible serial interface 
clocks at a top rate of 20MHz. 
STMicroelectronics 
Tel: 01628 890800 
www.st.corn 

Surface-mount 
DC-to-DC converters for 
100A 
Vicor has introduced a surface 
mount interface accessory, 
called SurfMate, which is 
designed for use with pin-
compatible 2nd generation 
DC-to-DC converters and 
accessory modules. According 
to the supplier this will allow 
designers and assemblers to 
surface mount high-density 
DC-to-DC converters with 
current ratings up to 100A. It 
uses a pair of surface mounted 
headers that contain sockets to 
accept the input and output pins 
of the converter module. The 
header assembly is compatible 
with any thickness PCB. does 
not increase the module 
mounting height above the 
board, and is available for all 
three standard module sizes - 
Maxi, Mini, and Micro (full, 
half and quarter brick 
DC-to-DC converters). The 
interfaces are packaged in 
standard recyclable JEDEC 
trays for use with automated 
pick and place equipment and 
are compatible with standard 
reflow solder operations. After 

b 9 6 

One-phase 'green' fan 
The Green Motor fan range from 
Sunon has been awarded IS014001. 
The range includes axial fans from 17 
by 17 by 8mm frame size to 120 by 
120 by 38mm, and microblowers 
from 35 by 35 by 4.8mm to 45 by 45 
by 9mm. They use a one phase full-
wave winding mechanism to reduce 
material waste, increase torque and 
reduce failure rate during production. 
The motor bobbin, which protects the 
coil, is produced from a high-temper-
ature resistant, non-flammable and 
insulating engineering thermoplastic. 
This lets the fan motor be operated at 
an ambient temperature up to 90°C. 
Sunon 
Tel: 0031 1461 54515 
www.sunon.fr 

reflow, the modules are inserted 
into the sockets. 
Vicor 
Tel: 01276 678222 
www.vicr-europe.corn 

Power switch IC 
supports USB wake-up 

USB power switch ICs offering 
advanced configuration and 
power interface (ACM) wake-
up capabilities are available 
from Micrel Semiconductor. 
MIC2010 series devices include 
four dual-channel protected 
Mosfet switches optimised for 
universal serial bus (USB) 
wake-up capabilities supported 
by ACPI for desktop PCs. 
When the PC is active, these 
devices will guarantee 500mA 
continuous output current per 
channel as required by USB. 
When the PC is placed in the 
ACPI S3 sleep state, the outputs 
are switched to the 5V standby 
supply available in ATX style 
power supplies. In this state, the 
continuous output current is 
reduced to 100mA, or to a user-
adjustable value. This reduction 
protects the smaller current 
capacity of the standby supply 
in case of short-circuit faults. 
When the PC is returned to the 
active SO state, the outputs are 
switched to the 5V main supply. 
The four devices include the 
MIC2010, MIC2012, MIC2070 
and MIC2072. The MIC2010 
offers adjustable auxiliary 

current limiting for more 
precise control, whereas the 
MIC2012 has preset current 
limits for the auxiliary mode. 
The MIC2070 and MIC2072 
provide a circuit breaker 
function that latches the 

output(s) off when an over 
current condition is detected, 
reducing power consumption 
during a fault. 
Micro! Semiconductor 
Tel: 020 7823 3224 
www.micrel.corn 

Modular compact PCI backplane 
Schroff has introduced a modular CompactPCI backplane with 
a power supply interface for industrial and telecoms users. The 
various modules can be combined into a system whose 
flexibility allows the construction of prototypes and short-
production-run models. The backplane consists of modular 
backplanes, power piggybacks and one or more power 
backplanes. The modular backplanes comply with revision 3.0 
of the CompactPCI core specification. Models with three to 
eight slots are available in 3 or 6U formats. The five and 
seven-slot versions are bridgeable. All can be abutted without 
losing a slot width. The piggyback board, which is plugged 
directly into the rear of the backplane, is used for connecting 
each power supply. This board contains an ATX connector, 
various universal supply terminals for M4 eyelets (power 
bugs) and three drive connectors. The board both enables 
power to be fed to the backplane from various sources, and 
serves as a central node for power distribution in the system. 
Micrel Semiconductor 
Tel: 020 7823 3224 
www.micrel.corn 
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TiePieScope HS801 PORTABLE MOST 

ABRITARY WAVEFORM GENERATOR-

STORAGE OSCILLOSCOPE-
SPECTRUM ANALYZER-

MULTIMETER-
TRANSIENT RECORDER-

The HS801: the first 100 Mega samples 
per second measuring instrument that 
consists of a MOST (Multimeter, 
Oscilloscope, Spectrum analyzer and 
Transient recorder) and an AVVG (abritary 
waveform generator). This new MOST 
portable and compact measuring 
instrument can solve almost every 
measurement problem. With the 
integrated AVVG you can generate every 
signal you want. 

The versatile software has a user-defined 
toolbar with which over 50 instrument 
settings quick and easy can be 
accessed. An intelligent auto setup 
allows the inexperienced user to perform 
measurements immediately. Through the 
use of a setting file, the user has the 
possibility to save an instrument setup 
and recall it at a later moment. The setup 
time of the instrument is hereby reduced 
to a minimum. 

When a quick indication of the input 
signal is required, a simple click on the 
auto setup button will immediately give a 
good overview of the signal. The auto 
setup function ensures a proper setup of 
the time base, the trigger levels and the 
input sensitivities. 

•«1»m111.1111.11M»  
CIRCLE NO. 119 ON REPLY CARO 

• The sophisticated cursor read outs have 
21 possible read outs. Besides the usual 
read outs, like voltage and time, also 
quantities like rise time and frequency 
are displayed. 

• Measured signals and instrument 
settings can be saved on disk.This 
enables the creation of a library of 
measured signals. Text balloons can be 
added to a signal, for special comments. 
The (colour) print outs can be supplied 
with three common text lines (e.g. 
company info) en three lines with 
measurement specific information. 

• The HS801 has an 8 bit resolution and a 
maximum sampling speed of 100 MHz. 
The input range is 0.1 volt full scale to 80 
volt full scale. The record length is 
32K/64K samples. The AVVG has a 10 bit 
resolution and a sample speed of 25 
MHz.The HS801 is connected to the 
parallel printer port of a computer. 

• The minimum system requirement is a 
PC with a 486 processor and 8 Mbyte 
RAM available. The software runs in 
Windows 3.xx / 95 / 98 or Windows NT 
and DOS 3.3 or higher. 

• TiePie engineering (UK), 28 Stephenson 
Road, Industrial Estate, St. Ives, 
Cambridgeshire, PE17 4VVJ. UK 
Tel 01480-460028; Fax: 01480-460340 

TiePie engineering (NL). 
Koperslagersstraat 37, 8601 VVL SNEEK 
The Netherlands 
Tel: +31 515 415 416; Fax+31 515 418 819 

Web: http://www.tiepie.n1 



R
egular Speakers' Corner reader John 
Cole, from Devon, recently wrote in 
with a suggestion for improving 
bass response. John wondered why 

the idea wasn't used in practice. He wrote as 
follows: 

"At 100Hz the wavelength is three 
metres, at 50Hz six, so to a reasonable 
approximation, a normal sized speak-
er is a point source that simply sucks 
and blows air. The material of the 
speaker has a constant volume, so 
where is the change of volume to 
accommodate that air? Clearly it's the 
change in volume of the air being 
compressed and rarefied in the box. 
That must be true even for a vented 
enclosure, as long as the vent and the 
driver are close together in wave-
length terms. Inside the box there's 
essentially a single pressure, since 
again the space is small compared to a 
wavelength, and to a good approxi-
mation its change is proportional to 
the change in volume, being a fraction 
of atmospheric pressure. 
The next step is obvious. Mount a 

pressure-sensitive microphone or - in 
these days when piezo-resistive devices 
are commonplace - a fast acting pres-
sure sensor within the box and use 
feedback to constrain its output to fol-
low the signal input at bass frequen-
cies. Unlike motional feedback, that 

A reader came up with the idea of 
reducing woofer distortion by using 

motional feedback derived from 

pressure changes inside the cabinet, 

as opposed to voice-coil position. 

"So why is no one using it?" he 

ask 

BASS 
'Mine 2 

measures the coil position. this scheme 
uses a readily available linear trans-
ducer and doesn't require the cone to 
remain rigid as it strains against the 
internal pressure. Tell me please, why 
will it not work?" 

I like questions like this because to answer 
properly requires a wide range of technolo-
gies to be considered. Let's start with the 
acoustics. 

It is absolutely true that the average-sized 
speaker can be considered a point source that 
sucks and blows at low frequencies. The radi-
ation is proportional to the volume velocity 
of the diaphragm. 
However, the pressure in the box isn't, 

unless the box has infinite volume. Figure 1 
shows a finite box with a moving diaphragm. 
It assumed that the diaphragm is ideal, such 
that it moves an equal amount inwards and 
outwards due to a sinusoidal drive signal. 
However, this does not result in a sinusoidal 
pressure waveform in the box. Figure 1 
shows why. 

If it is assumed that the diaphragm dis-
placement is 10 percent of the static volume 
of the box, then when the diaphragm moves 
in, the volume falls to 0.9 of the static vol-
ume, so that the pressure goes up to 
1/0.9=1.1111 times static. However, when 
the diaphragm moves out, the volume 
increases to 1.1 times static, so the pressure 
falls to 1/1.1 = 0.909 times static. 
Figure 1 b) shows that in the resultant pres-

(a) 

(b) 
Diaphragm in 

Vda 9 
P=1/0 9.1 Ill 

State 
v=1 0 
P=1 0 

Diaphragm out 
V.1 1 

P=I/1 1=0 909 

Fig. 1. Illustration a) represents diaphragms 
in a sealed box while b) indicates pressure 
resulting from 10% volume change. 
Drawing c) shows how the pressure 
waveform is distorted. 

sure waveform, the positive peak would be 
11 percent bigger than static whereas the neg-
ative peak would be 9 percent smaller than 
static. Figure 1c) shows the pressure/volume 
relationship, which is not linear. If the loud-
speaker were to be servoed such that the box 

pressure was sinusoidal, the radiation would 
not be sinusoidal and the result would be har-
monic distortion. 
The assumptions made about this technique 

applying to reflex speakers are only true in 
the steady state condition, when the speaker 
has been emitting a sine wave for some time. 
In that case there will be a single pressure in 
the box which would be a sine wave distort-
ed by the mechanism above. 
However, there is more to sound repro-

duction than steady state. The time domain is 
more important. To take an analogy, a car 
that could do 150mile/h wouldn't be useful if 
it took two hours to reach that speed. 

In the case of audio, sine waves don't carry 
any information because they have no band-
width. Information in audio is carried in tran-
sients and it is important to reproduce them 
accurately. This requires linear-phase loud-
speakers. 
Reflex speakers simply cannot reproduce 

transients because the delays involved in 
establishing port resonances - and their sub-
sequent decay - destroy phase linearity. In 
the light of modern active speaker technolo-
gy, reflex speakers are inaccurate and obso-
lete. 

Feedback won't fix it 
The other point worth making in regard to 
this query is that it is all too easy to suggest 
'fixing' a problem by putting feedback 

around something. In the same way that most 
speaker designers have a fixation with fre-
quency response, it seems that most elec-
tronics engineers have a fixation with nega-
tive feedback as a universal solution. 
Unfortunately it's not that simple. 
When considering a loudspeaker drive unit 

in a box, Fig. 2 shows that it is a resonant 
system having a fundamental frequency 
within the audio band. The phase response 
below this resonance is 180° out from the 
phase response above. 
The question then is do we want negative 

feedback above the resonant frequency 
which becomes positive feedback below, or 
vice versa? Of course neither of these 
approaches would work; they would be 
unstable. In order to use negative feedback 
around a loudspeaker, it is necessary to con-
struct a compensating circuit that has the 
inverse phase characteristic to the drive unit 
and incorporate it in the feedback loop. 
Doing this is not a trivial matter. 
The other problem with negative feedback 

is that it only works when there is some loop 
gain left. This means that the operating band-
width and power output of negative feedback 
systems must be significantly less than the 
open loop characteristics. 

A very precise donkey 
Feedback may lincarise and extend band-
width at small amplitudes, but as amplitude 

+90°' 

o 
Resonant 
treguancy 

-90 

Fig. 2. Phase characteristic of woofer around 
resonance makes feedback difficult to 
stabilise. 

increases, the system may just go open loop. 
You can't make a racehorse by putting feed-
back round a donkey. Instead you get a slow-
er but very precise donkey. 
These restrictions do not apply so much to 

fecdforward because there is no requirement 
for loop gain - because there is no loop. In 
such a way we have arrived at another reason 
why Mr Cole's idea and other active tech-
nologies are seen so infrequently: the number 
of loudspeaker designers who can coherently 
explain the difference between feedback and 
feedforward is very small indeed. 
You don't generally need those skills to 

take commoditised drive units from Taiwan 
and fit an MDF box around them. Worrying 
about phase linearity would cut into the time 
taken polishing the veneer. • 

Valve Radio and 
Audio Repair 
A practical manual for collectors, owners, 

dealers and service engineers • Essential 

information for all radio and audio enthusiasts 

This book is not only an essential read for every 
professional working with antique radio and 
gramophone equipment, but also dealers, 
collectors and valve technology enthusiasts the 
world over. The emphasis is firmly on the 
practicalities of repairing and restoring, so technical 
content is kept to a minimum, and always 
explained in a way that can be followed by readers with no background in 
electronics. Those who have a good grounding in electronics, but wish to learn 
more about the practical aspects, will benefit from the emphasis given to hands-on 
repair work, covering mechanical as well as electrical aspects of servicing. Repair 
techniques are also illustrated throughout. 
This book is an expanded and updated version of Chas Miller's classic Practical 
Handbook of Valve Radio Repair. Full coverage of valve amplifiers will add to its 
appeal to all audio enthusiasts who appreciate the sound quality of valve 
equipment. 

lU Pules: MN Isms MN INV 
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• • Pree .ncludes dellvely and potion • • 
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RF DESIGN 

Designing 
radio receivers II  

Joe Carr discusses 
receiver design from the 
ground up. This second 
article looks at elements 
of the superheterodyne 

I
n the first article of this set I looked at the various 
receiver architectures on the market, ending with the 
superheterodyne. This month I will be covering the 

various circuits within the superheterodyne receiver, 
starting a discussion of receiver performance parameters. 

Front-end circuits 
The principal task of the front-end and frequency-
translator sections of the receiver in Fig. 1 is to select the 
signal and convert it to the intermediate frequency. In 
many radio receivers though, there may be additional 
functions. 
In some cases - but not all - an RF amplifier will be 

used ahead of the mixer. Typically, these amplifiers have a 
gain of 3 to 10dB, with 5 to 6dB being very common. The 

tuning for the RF amplifier is sometimes a broad band-
pass fixed frequency filter that admits an entire band. In 
other cases, it is a narrow band, but variable frequency, 
tuned circuit. 

Intermediate-frequency amplifier 
The IF amplifier is responsible for providing most of the 
gain in the receiver, as well as the narrowest band-pass 
filtering. It is a high gain, often multi-staged, tuned-radio-
frequency amplifier with a single frequency. 
For example, one HF shortwave receiver block diagram 

lists 120dB of gain from antenna terminals to audio output. 
Of these, 85dB come from the 8.83MHz IF amplifier chain. 

In the example of Fig. 1, the receiver is a single conver-
sion design, so there is only one IF amplifier section. 

Antenna 

V 

A 

RF tuned 
circuit 

Fig. 1. Elements of 
the most widely used 
receiver topology - 
the superheterodyne. 
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RF 
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Output 4--
Output 
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Ripple 
filter 

H 

IF tuned 
circuit 

Rectifier 

4— Detector 
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RF 

amplifier 
Mixer 
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Mixer  e. 2nd IF 
No 2 amplifier 

Local 
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Detector 

Fig. 2. Basic 
double-conversion 
receiver. It first 
converts the IF to a 
high intermediate 
frequency, and 
then down converts 
it to a lower 
intermediate 
frequency. 

Detector stage 
The detector demodulates the RF signal, and recovers 
whatever audio - or other information - is to be heard by 
the listener. 

In a straight AM receiver, the detector will be an ordi-
nary half-wave rectifier and ripple filter. In this case it is 
called an envelope detector. 

In other detectors - notably double sideband suppressed 
carrier (DSBSC), single-sideband suppressed carrier 
(SSBSC or SSB), or continuous wave (CW or Morse 
telegraphy), a second local oscillator is heterodyned with 
the IF signal. This is usually called a beat frequency 
oscillator (BFO) and it operates near the intermediate 
frequency. 
The resultant difference signal is the recovered audio. 

That type of detector is called a product detector. Many 
AM receivers today have a sophisticated synchronous 
detector, rather than the simple envelope detector. 

Amplifying the audio signal 
Audio amplifiers are used to finish the signal processing. 
They boost the output of the detector to a usable level to 
drive a loudspeaker or set of earphones. 
Audio amplifiers are sometimes used to provide addi-

tional filtering. It is quite common to find narrow band 
filters to restrict audio bandwidth, or notch filters to 
eliminate interfering signals that make it through the IF 
amplifiers intact. 

Double and triple-conversion receivers 
Double and triple-conversion receivers are designed to 
take advantage of two aspects of radio design. The first is 
the fact that a high intermediate frequency will yield 
superior image performance, and the second is that it is 
easier to get high gain and bandwidth limiting filter 
characteristics at low frequencies. 
Figure 2 shows a basic double-conversion receiver. It 

first converts the IF to a high intermediaterequency, and 
then down converts it to a lower IF. 
The particular frequencies selected for the first and 

second IF depend on the application. In high-frequency 
shortwave receivers, the first IF will be in the order of 
50MHz to gain the advantages of a high intermediate 
frequency - namely better image response. The second IF 
will be 10.7 MHz, 9MHz, 8.83MHz or 455kFlz depending 
on the design. 

In the VHF/UHF bands the high IF may be 10.7MHz, 
50MHz or 70MHz, whereas the second IF will be 
I0.7MHz or 455kHz, depending on the design. 

Direct-conversion receivers 
The direct conversion receiver (DCR) is a sub-set of the 
superheterodyne in which the intermediate frequency is 
equal to the base-band frequencies. It converts radio 
signals directly to audio, rather than to an IF. 
The local oscillator on the direct-conversion receiver is 

tuned to either the RF signal, or to a certain offset that 

depends on the tone that you wish to listen to in CW 
reception. The result is direct audio conversion in the DCR 
receiver. 

Receiver performance factors 
There are three basic areas of receiver performance that 
must be considered. Although interrelated, they are 
sufficiently different to merit individual consideration: 
noise, static attributes and dynamic attributes. I will look 
at all of these areas. But first let's look at the units of 
measure that we will use. 

Input signal voltage. Input signal level, when specified as 
a voltage, is typically stated in either microvolts (pV) or 
nanovolts (nV). The volt is simply too large a unit for 
practical use on radio receivers. Signal input voltage - or 
sometimes power level - is often used as part of the 
sensitivity specification, or as a test condition for measur-
ing certain other performance parameters. 
There are two forms of signal voltage that are used for 

input voltage specification: source voltage VEmp and 
potential difference VpD, as illustrated in Fig. 3. The 
source voltage ValF is the open-terminal, i.e. no load, 
voltage of the signal generator or source. Potential 
difference, 4 0, is the voltage that appears across the 
receiver antenna terminals with the load connected. The 
load is the receiver antenna input impedance, Rm. 

Fig. 3. Two forms of signal 
voltage are used for input 
voltage specification, namely 
source voltage VEA4F and 
potential difference Vpu. 

When Rs=R,„, the preferred 'matched impedances' case 
in radio receiver systems, the value of VpD is one-half 
VEAfF. This can be seen in Fig. 3 by noting that Rs and Rin 
form a voltage divider network driven by V Emp, and with 
40 as the output. This is, 

VpD = VDo-RIN  

R (1) s 

It requires only a little algebra to convert signal levels 
from one unit of measure to another. See the end of the 
panel entitled 'Special units'. This job is sometimes 
necessary when a receiver manufacturer mixes methods in 
the same specifications sheet. In the case of dBm and 
dBp V, OdBp V is 1p V Veto-, or a VpD of 0.5p V, applied 
across son, so the power dissipated is 5x10-15 watts, or 
-113dBm. 

Noise considerations 
A radio receiver must detect signals in the presence of 
noise. The signal-to-noise ratio, or SNR, is the key here 
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because a signal must be above the noise level before it 
can be successfully detected and used. 
Noise comes in a number of different guises, but for sake 

of this discussion we can divide them into two classes: 
sources external to the receiver and sources internal to the 
receiver. 
There is little one can do about the external noise 

sources, for they consist of natural and man-made electro-
magnetic signals that fall within the pass-band of the • 
receiver. Figure 4a) shows an approximation of the 
external noise situation from the middle of the AM broad-
cast band to the low end of the VHF region. A somewhat 
different view, which captures the severe noise situation 
seen by receivers, is shown in Fig. 4b). 
One must select a receiver that can cope with external 

dBµV 
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+15 

+10 

10 
Frequency (MHz) 
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100 1000 
FREQUENCY (MHz) 
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rain is noise' 
here above 
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Fig. 4. In (a) is an approximation of the external noise situation from the middle 
of the AM broadcast band to the low end of the VHF region. A somewhat 
different view, which captures the severe noise situation seen by receivers, is 
shown in (b). 

noise sources - especially if the noise sources are strong. 
Some natural external noise sources are extraterrestrial. 

For example, if you aim a Yagi beam antenna at the 
eastern horizon prior to sunrise, a distinct rise of noise 
level occurs as the Sun slips above the horizon. This is 
especially so in the VHF region - the 150-152MHz band is 
used to measure solar flux. 
The reverse occurs in the west at sunset, but it is less 

dramatic because atmospheric ionisation decays much 
slower than it is generated. 
The receiver's internal noise sources are determined by 

the design of the receiver. Ideal receivers produce no noise 
of their own. Output from the ideal receiver would contain 
only the noise that was present at the input along with the 
radio signal. But real receiver circuits produce a certain 
level of internal noise of their own. 
Even a simple fixed-value resistor is noisy. Figure 5a) 

shows the equivalent circuit for an ideal, noise free 
resistor, while Fig. 5b) shows a practical real-world 
resistor. 
The noise in the real-world resistor is represented in Fig. 

5b) by a noise voltage source, V„, in series with the ideal, 
noise free resistance, R. At any temperature above 
absolute zero - i.e. OK or about -273°C - electrons in any 
material are in constant random motion. 
Because of the inherent randomness of that motion, 

however, there is no detectable current in any one 
direction. In other words, electron drift in any single 
direction is cancelled over even short time periods by 
equal drift in the opposite direction. 
Electron motions are therefore statistically de-correlated. 

There is, however, a continuous series of random current 
pulses generated in the material, and those pulses are seen 
by the outside world as noise signals. 

If a perfectly shielded 50i2 resistor is connected across 
the antenna input terminals of a radio receiver, the noise 
level at the receiver output will increase by a predictable 
amount over the short-circuit noise level. Noise signals of 
this type are called by several names: thermal agitation 
noise, thermal noise, or Johnson noise. This type of noise 
is also called 'white noise' because it has a•very broadband 
- nearly Gaussian - spectral density. 
The thermal noise spectrum is dominated by mid-

frequencies - of 104 to 105Hz - and is essentially flat. The 
term 'white noise' is a metaphor developed from white 
light, which is composed of all visible colour frequencies. 
The expression for such noise is: 

V, = 4IBJ? (4) 

Here, VN is the noise potential in volts, K is Boltzmann's 
constant (1.38x10-23 J/K) and T is the temperature in 
kelvins, normally set to 290 or 300K by convention. Also, 
R is the resistance in ohms and B is the bandwidth in hertz. 
Table 1 and Fig. 6 show noise values for a 5012 resistor 

at various bandwidths out to 5IcHz and 10kHz, 
respectively. Because different bandwidths are used for 
different reception modes, it is common practice to delete 
the bandwidth factor in equation 4 and write it in the form: 

V, = 44i--"R V/ rffi (5) 

(a) 
RI 

(0) 

Fig. 5. Even a simple fixed-value resistor is noisy. The 
equivalent circuit for an ideal, noise free resistor is shown 
in (a), while (b) shows a practical real-world resistor. 
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Fig. 6. Noise values for a 50i2 resistor at various frequencies. 

Table I. Noise values for a 5OS) 
resistor at various frequencies. 

BW (Hz) 

500 

1000 

1500 

2000 

2500 

3000 

3500 

4000 

4500 

5000 

5500 

6000 

6500 

7000 

7500 

8000 

8500 

9000 

9500 

10000 

Noise voltage x 

E-08 

1 

1.41 

1.73 

2 

2.24 

2.45 

2.65 

2.83 

3 

3.16 

3.32 

3.46 

3.61 

3.74 

3.87 

4 

4.12 

4.24 

4.36 

4.47 

With equation 5, you can find the noise voltage for any 
particular bandwidth by taking its square root and 
multiplying it by the equation. This equation is 
essentially the solution of the previous equation 
normalised for a 1Hz bandwidth. 

Signal-to-noise ratio 
Receivers are evaluated for quality on the basis of signal-
to-noise ratio, also known as S/N or `SNR', and some-
times denoted S„. 
The goal of the designer is to enhance the SNR as 

much as possible. Ultimately, the minimum signal level 
detectable at the output of an amplifier or radio receiver 
is that level which appears just above the noise floor 
level. Therefore, the lower the system noise floor, the 
smaller the minimum allowable signal. 

Noise factor, noise figure and noise temperature. The 
noise performance of a receiver or amplifier can be 
defined in three different, but related, ways: noise factor 
(F„), noise figure (NF) and equivalent noise temperature 
(Te); these properties are definable as a simple ratio, 
decibel ratio or Kelvin temperature, respectively. 

Noise factor (F„). For components such as resistors, the 
noise factor is the ratio of the noise produced by a real 
resistor to the simple thermal noise of an ideal resistor. 
The noise factor of a radio receiver - or any system - is 
the ratio of output noise power, P„,, to input noise 
power, P„„ 

F 
N "N: T.290K 

(6) 

In order to make comparisons easier the noise factor is 
usually measured at the standard temperature T,, of 290K 
- standardised room temperature - although in some 
countries 299K or 300K are commonly used. The 
differences are negligible. 

It is also possible to define noise factor FN in terms of 
the output and input signal-to-noise ratios: 

S 
= 
SNO 

Here, SN1 is the input signal-to-noise ratio and 5N0 is the 
output signal-to-noise ratio. 

 1 

(7) 

Noise figure (NF). The noise figure is frequently used to 
measure the receiver's 'goodness,' i.e. its departure from 
`idealness.' Thus, it is a figure of merit. The noise figure is 
the noise factor converted to decibel notation: 

NF=10log(FN) 

Here, NF is the noise figure in decibels, FN is the noise 
factor and log refers to base-10 logarithm. 

(8) 

Noise temperature (7'1). The noise 'temperature' is a 
means for specifying noise in terms of an equivalent noise 
temperature. That is, the noise level that would be pro-
duced by a matching resistor - 50Q for example - at that 
temperature, expressed in kelvins. 
Evaluating the noise equations shows that the noise 

power is directly proportional to temperature in kelvins. It 
also shows that noise power collapses to zero at the 
temperature of absolute zero (OK). 

Note that the equivalent noise temperature T. is not the 
physical temperature of the amplifier, but rather a 
theoretical construct that is an equivalent temperature that 
produces that amount of noise power in a resistor. The 
noise temperature is related to the noise factor by: 

Te=(FN-1)T, (9) 

Al A2 

Gain = 01 GAIN = 02 

A3 

GAIN = 03 

NOISE FACTOR. = F1 NOISE FACTOR. = F2 

Fig. 7. Each stage in the cascade chain 
amplifies both signals and noise from 
previous stages, and also contributes some 
additional noise of its own. 

NOISE FACTOR. = F3 

AN 

GAIN . 
4-

NOISE FACTOR. = F4 
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and to noise figure by, 

T. = KT„ log-i[Z] -1 (10) 

Noise temperature is often specified specified for receivers and 
amplifiers in combination with, or in lieu of the noise figure. 

Noise in cascade amplifiers 
A noise signal is seen by any amplifier following the noise source as 
a valid input signal. 
Each stage in the cascade chain. Fig. 7, amplifies both signals and 

noise from previous stages, and also contributes some additional 
noise of its own. Thus, in a cascade amplifier the final stage sees an 
input signal that consists of the original signal and noise amplified 
by each successive stage plus the noise contributed by earlier stages. 
The overall noise factor for a cascade amplifier can be calculated 

from Friis' noise equation, 

F, - + F2 + + + F." 
G, G,G, G,G,...G, 

Here, FN is the overall noise factor of N stages in cascade, F1 is the 
noise factor of stage 1, F2 is the noise factor of stage 2. FN is the 

(11) 

noise factor of the nth stage. Gi is the gain of stage 1. G2 is the gain 
of stage 2 and GN_I is the gain of stage (N-1). 
As you can see from Friis' equation, the noise factor of the entire 

cascade chain is dominated by the noise contribution of the first 
stage or two. High-gain, multi-stage RF amplifiers typically use a 
low-noise amplifier, or LNA, circuit for the first stage or two in the 
cascade chain. Thus, you will find an LNA at the feed point of a 
satellite receiver's dish antenna, and possibly another one at the 
input of the receiver module itself. Other amplifiers in the chain 
might be more modest without harming system performance. 
The matter of signal-to-noise ratio (S/N) is sometimes treated in 

different ways that each attempt to crank some reality into the 
process. The signal-plus-noise-to-noise ratio (S+N/N) is found quite 
often. As the ratios get higher, the S/N and S+N/N converge (only 
about 0.5dB difference at ratios as little as 1(kIB). Still another variant 
is the SINAD (signal-plus-noise-plus-distortion-to-noise) ratio. 
The SINAD measurement takes into account most of the factors 

that can deteriorate reception. • 

The next article in this set will look at the receiver noise floor and the 
static measures of receiver importance, such as sensitivity and 
selectivity. 

Antennas and propagation for wireless 
communication systems 
How to pay 
Antennas and propagation for wireless communication 

systems 

_I I enclose a cheque/bank draft for £ 
(payable to Cumulus Business Media) 

Please charge my credit/charge card 
J Mastercard J American Express J Visa J Diners Club 

Credit Card No: Expiry Date: 

Signature of Cardholder 

Cardholder's statement address: (please use capitals) 

Name 

Address 

Post Code Tel 

Post your completed order form to:-
Jackie Lowe, Cumulus Business Media, Anne Boleyn 
House, 9-13 Ewell Road Cheam, Surrey, SM3 8BZ 

UK Price: £42.50 Europe £45.00 ROW £47.50 

Price includes delivery 

This will be a vital source of 
information on the basic concepts 
and specific applications of 
antennas and propagation to 
wireless systems, covering 
terrestrial and satellite radio 
systems in both mobile and fixed 
contexts. Antennas and 
propagation are the key factors 
influencing the robustness and 
quality of the wireless communication channel and 
this book includes: 
• Illustrations of the significance and effect of the 
wireless propagation channel 
• Overview of the fundamental electromagnetic 
principles underlying propagation and antennas 
• Basic concepts of antennas and their application 
to specific wireless systems 
• Propagation measurement, modelling and 
prediction for fixed links, macrocells, microcells, 
picocells and megacells 
Narrowband and wideband channel modelling 

and the effect of the channel on communication 
system performance 
• Methods that overcome and transform channel 
impairments to enhance performance using 
diversity, adaptive antennas and equalisers 
It will be essential reading for wireless 
communication engineers as well as for students at 
postgraduate or senior undergraduate levels. 
Distinctive features of this book are: 
• Examples of real world practical system problems 
of communication system design and operation 
• Extensive worked examples 
• End of chapter questions 
• Topical and relevant information for and about 
the wireless communication industry 
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Electronics World reader offer: 
xl , x10 switchable 
oscilloscope probes, 
only £21.74 a pair, 
fully inclusive* 
*Additional pairs as part of the same order, only 
£19.24 each pair. 

Please supply the following: 

Probes 

Total 

Name 

Address 

Postcode Telephone 

Method of payment (please circle) 

Cheques should be made payable to 

Cumulus Business Media 

Access/Mastercard/Visa/Cheque/PO 

Credit card no 

Card expiry date Signed 

Please allow up to 28 days for delivery 

Seen on sale for £20 each, these high-
quality oscilloscope probe sets comprise: 

• two xl, x10 switchable probe bodies 
• two insulating tips 
• two IC tips and two sprung hooks 
• trimming tools 

There's also two BNC adaptors for using the 
cables as 1.5m-long BNC-to-BNC links. 
Each probe has its own storage wallet. 
To order your pair of probes, send the 

coupon together with £21.74 
UK/Europe to Probe Offer, Jackie Lowe, 
Cumulus Business Media, Anne Boleyn 
House, 9-13 Ewell Road, Cheam, 

Surrey, SM3 8BZ 
Readers outside Europe, please add 

£2.50 to your order. 

Specifications 

Switch position 1 
Bandwidth 
Input resistance 
Input capacitance 
Working voltage 

Switch position 2 
Bandwidth 
Rise time 
Input resistance 
1MS2 
Input capacitance 
Compensation range 
Working voltage 

DC to 10MHz 
1MS2 - i.e. oscilloscope i/p 
40pF+oscilloscope capacitance 
600V DC or pk-pk AC 

DC to 150MHz 
2.4ns 
10Mil ±1% if oscilloscope is 

12pF if oscilloscope i/p is 20pF 
10-60pF 
600V DC or pk-pk AC 

Switch position 'Ref' 
Probe tip grounded via 9MiI, scope i/p grounded 
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Fact: most circuit ideas sent to Electronics World get published 
The best circuit ideas are ones that save time or money, or stimulate the thought process. This includes the odd solution looking for a 

problem - provided it has a degree of ingenuity. 

Your submissions are ludged mainly on their originality and usefulness. Interesting modifications to existing circuits are strong contenders 

too - provided that you clearly acknowledge the circuit you have modified. Never send us anything that you believe has been published 

before though. 

Don't forget to say why you think your idea is worthy. 

Clear hand-written notes on paper are a minimum requirement disks with separate drawing and text files in a popular form are best - 

but please label the disk clearly. 

Send your ideas to: Jackie Lowe, Cumulus Business Media, Anne Boleyn House, 9-13 Ewell Road, Cheam, Surrey SM3 8BZ 

Stable go/no-go voltage indicator 
The following circuit gives instant indication if a voltage 

is between two pre-set limit values or if it falls outside 
the limits. It has a temperature-stable internal voltage 
reference and so its accuracy is essentially determined by 
the stability of the external resistors RI, R2, R3 and R4. 
At the core of the circuit is the TL4301, which behaves 

like a switch with an elevated trigger threshold. A 
simplified circuit below depicts the behaviour. When the 
trigger voltage is above 2.5V, the device is on. When the 
trigger voltage is below 2.5V, it is off. 

In the basic circuit, the trigger voltage presented to pin 3, 
is determined by the ratio of RI/R3 and R2/R4. 
When the measured voltage V is below the lower limit 

determined by the values of Ri. Ri T1 and the LED will be 
off. When voltage Vis above the lower limit but smaller 
than the upper limit, T1 will be on and the LED will light. 
The voltage is within the limit conditions. When V is 
above both limits, T2 is also on and the LED is 
extinguished. Accuracy of the circuit is independent of 
supply voltage. 

£75 winner 

For go/no-go measurements on low impedance voltages 
- for example a check on power supply rail voltages, etc. - 
the LED can be powered from the voltage being measured. 
The only inaccuracy this will introduce is any drop in the 
voltage under test due to supplying the current for the 
LED. If the impedance is low and there is sufficient 
current available, this should be negligible. 
The value of Ri+R2 etc., can be calculated to set a 

particular threshold voltage by, 

v„„„, =  + R3)  ,,  
R 3 

2.5(R, + R4)  

R4 

The table gives some useful values for common voltages. 
John Rowe 
Tai Po 
Hong Kong 
F35 

v ein,' Waif — 

R3, R4 Vlower limit Vupper limit R1 R2 

17V 19V 58k 66k (all 10k(.2) 

14.25 15.75 47k 53k 

12.5 14 40k 46k 

11.4 12.6 35k 40.6k 

9.5 12 28k 38k 

4.75 5.25 9k 11k 

4.5 7.0 8k 18k 

Application 

LNB H voltage 

15V regulator 

LNB V voltage 

12V regulator 

Scan pin 8 (4x3) 
5V regulator 

Scan pin 8 (16x9) 

q. 

An optical audio isolator 

Achallenge recently arose to transfer audio across a 
high-voltage boundary without using transformers 

or capacitors, or RF of any kind. Initial tests with 
photovoltaic isolators, such as the PVI5100 indicated 
that audio transfer was just about possible, but signals 
heard on common low-impedance headphones were 
very weak and distorted. So I developed the active 
circuit shown in Fig. I. 

It makes use of a matched pair of MCT2E single-
transistor opto-couplers, which have a current-transfer-
ratio of approximately 100%. The output side is 
powered from a pair of 1.5V cells. On the input side, it 
is essential to bias the LEDs in the couplers with about 
IV, provided by R2, Di, D2 and R3, D3, D4, These are 
fed from another pair of 1.5V cells. 
Resistors R2 and R3 are chosen so that a standing 

current of about 600pA flows through the output 
transistors, thus eliminating crossover distortion. 
When a signal is applied via RI, a linear transfer is 

obtained, and the frequency response extends from 
below 100Hz to above 10kHz. Note that the circuit is 
essentially current-driven, and RI may need to be 
altered to suit your hi-fi amplifier. 
To power-down, it is necessary to disconnect the cells 

on the input side only, since the output ones then suffer 
less than 100nA transistor leakage current only. 
For stereo, the batteries are shared between the two 

channels. In certain airliners, the audio to headphones is 
literally 'piped', but transfer through air was outside the 
scope of this wager! 
CID Catt 
Cambridge 
F46 

DPST 

N2 

R2 R3 =910R 

N, N2 = MCT2E 
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SE-15 

DI - D4 = 1N4148 

B, - 134 = MN 1500 (AA cell) 

1  

1  

1 
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Photo copies of Electronics World articles from back 
issues are available at a flat rate of £3.50 per 
article, £1 per circuit idea, excluding postage. 

Hard copy Electronics World index 
Indexes on paper for volumes 100,101, and 102 
are available at £2 each, excluding postage. 

Hard copies and floppy-disk 
databases both available 
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Emergency light and alarm 
This emergency light and alarm is powered by two AA 
I Ni-Cd batteries and features four switchable options. 
The circuit is permanently plugged into a mains socket 

and Ni-Cd batteries are trickle-charged. When a power 
outage occurs, the lamp automatically illuminates. 
Instead of illuminating a lamp, an alarm sounder can be 
chosen. 
When power is restored, the lamp or the alarm is 

switched off. A switch provides a 'latch-up' function, in 
order to extend lamp or alarm operation even when 
power is restored. 
Circuit operation is as follows. Mains voltage is 

reduced to about 12V DC at the 10pF capacitor's 
terminals, by means of the reactance of the 330nF 400V 
capacitor and the diode bridge. Thus avoids the use of a 
mains transformer. 
Trickle-charging current for the battery is provided by 

the series 390n resistor, diode and the green LED that 
also monitors the presence of mains supply and correct 
battery charging. 

BC327 and BC337 transistors form a self-latching 
pair that start operating when a power outage occurs. 
In this case, BC547 biasing becomes positive, so this 
transistor turns on the self-latching pair. 

If SW3 is set as shown in the circuit diagram, the 
lamp illuminates via SW2, which is normally closed; if 
set the other way. a square wave audio frequency 
generator formed by the rightmost couple of 
transistors and related components is activated, 
driving the loudspeaker. 

If SW1 is left open, when mains supply is restored 
the lamp or the alarm continue to operate. They can be 
disabled by opening the main on-off switch SW2. 

If SW1 is closed, restoration of the mains supply 
terminates lamp or alarm operation, by applying a 
positive bias to the base of the p-n-p transistor. 
Flavio Dellepiane 
Genoa 
Italy 
F48 

Slow diode as fast spike suppressor 

One of the most accommodating features of 'flyback' - also 
known as 'boost' - switch mode is that the primary-to-

secondary flyback voltage is proportional to the turns ratio under 
any load condition. Voltage is therefore easily regulated by sensing 
the primary voltage. 
One upset though is that spikes rise to the clamp or snubber 

voltage due in the main to stray inductance. The solution is 

generally to sample after a slight delay to let things settle down. 
This works well, especially with dedicated management hardware, 
but is not ideal for minimalist design. 
Disregarding the tenet, 'don't let slow diodes anywhere near 

switchers,' if the feedback is via a I N4000 series or similar slow 
diode, spikes are blocked, in effect delaying sampling. A nominal 
resistance load is of course required but this is high and may by 
default be that of the input resistance of the control elements. 
Maximum switching speed is not specified for such devices, but 
a slow diode can be relied on to be slow. Inhibiting of spikes and 
fast transients is pretty efficient. This 'wheeze has been found to 
be reliable, accurate, repeatable and economical. Sometimes it pays 
to think laterally. and application is of course not limited to this 
example. One could envisage a cheaper - and perhaps more 
effective - alternative to, say, data line filters. 
Andy Robertson 
Girvan 
Ayrshire 
F51 

SPandora's dr 
Unique and atmospheric music recorded in the early 1900s — the days before 78s. 

Use this coupon to order your copy of l  
Pandora's drums 

Please send me CD(s) at £11.99 each 
including VAT plus £1.50 carriage per order, for 
which I enclose: 

Cheque 

Credit card details —I tick as appropriate 

Name 

Address 

Phone number 

Total amount 

Make cheques payable to Cumulus Business Media 
Or. please debit my credit card. 

Card type (MasterNisa) 

Card No 

Expiry date 

Please mail this coupon to Electronics World. together with 
payment Alternatively fax credit card details with order on 
020 8643 8952. 
Address orders and all correspondence relating to this order to 
Pandora's drums. Electronics World. Cumulus Business Media, 
Anne Boleyn House, 9-13 Ewell Road. Cheam. Surrey. SM3 8BZ 

£11.99 
Available exclusively from 

Electronics World 

21 tracks - 72 minutes of 

recordings made between 
1900 and 1929. These 
electronically derived 
reproductions are no worse 
than - and in many cases 
better than - reproductions 
of early 78rev/min 
recordings - some are 
stunning... 

All tracks on this CD were recorded 

on DAT from cylinders produced in 

the early 1900s. Considering the 

age of the cylinders, and the 

recording techniques available at 

the time, these tracks are of 

remarkable quality, having been 

carefully replayed using modern 

electronic technology by historian 

Joe Pengelly. 

Track 
1 Washington Post March, Band, 1909 
2 Good Old Summertime The American Quartet 1904 
3 Marriage Bells, Bells & xylophone duet, Burckhardt & Daab with 

orchestra, 1913 
4. The Volunteer Organist. Peter Dawson, 1913 

5. Dialogue For Three, Flute, Oboe and Clarinet, 1913 
6. The Toymaker's Dream, Foxtrot, vocal, B.A. Rolfe and his orchestra, 

1929 
7 As I Sat Upon My Dear Old Mother's Knee. Will Oakland, 1913 

8 Light As A Feather, Bells solo, Charles Daab with orchestra, 1912 

9 On Her Pic-Pic-Piccolo. Billy Williams, 1913 
10 Polka Des English's, Artist unknown, 1900 
11 Somebody's Coming To My House, Walter Van Brunt, 1913 
12 Bonny Scotland Medley, Xylophone solo, Charles Daab with 

orchestra, 1914 
13 Dom' the Raccoon. Billy Murray, 1929 
14 Luce Mia! Francesco Daddi, 1913 

15 The Olio Minstrel, 2nd part, 1913 
16 Peg 0' My Heart, Walter Van Brunt, 1913 

17 Auf Dem Mississippi, Johann Strauss orchestra, 1913 

18 I'm Looking For A Sweetheart And I Think You'll Do, Ada Jones & 
Billy Murray, 1913 

19 Intermezzo. Violin solo, Stroud Haxton, 1910 

20 A Juanita, Abrego and Picazo, 1913 
21 All Alone, Ada Jones, 1911 

Total playing time 72.09 

21 tracks - 72 minutes of music 
Published by Electrones VVoriel Al recordings reproduced by Joe Pengelly 
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Analogue interface circuit for a PC's parallel port 
The bi-directional parallel interface, 

or LPT port, of an IBM PC 
compatible can be used for many 
applications. 
One such application is to interface 

with the analogue world. This 
requires a-to-d and d-to-a converters, 
as shown. With this circuit, a PC can 
be used to sense an analogue voltage 
or output an analogue voltage each 
with 8-bit resolution. It uses an 
ADC0804LCN and a 
DAC0800LCN. 
The D-to-A converter connects to 

the data lines of the port and is 

QuickBasic program for recording and display a-to-d 
converter input. 
SCREEN 12 

10 h = 0 

CLS 

FOR y = 0 TO 640 

h = h + I 

OUT E.H37A, 8 

OUT E.H37A, 0 

OUT &H37A, 8 

xl = INP(&H37A) 

xl = (xl AND 7) XOR 3 

x2 = INP(&H379) 

x2 = (x2 AND 248) XOR 128 

x = x/+x2 

= x/25.5 - 5 

PSET (h, 240 - 240 * y / 5) 

NEXT y 

GOTO 10 

Quicklitasic program for generating sinusoidal output. 
10 FOR i = 0 TO 360 

pi = 3.14 

x = 127 • SIN(pi • i/180) + 128 

OUT &H378, cibrr(x) 
NEXT i 

GOTO 10 

configured to give ±5V output with 
the use of operational amplifier 741. 
The a-to-d converter is configured to 
accept 0 to +5V input. 
Offset voltage of the a-to-d 

converter can be adjusted by the 
100i2 potentiometer. It is set in the 
middle for OV offset. An a-to-d start 
of conversion cycle can be started by 
sending H-4,41 at its pin I, CS. 
The circuit can be operated from 

the PC's power supply. However, 
-12V is not available directly from 
the PC's power supply, so a separate 
supply must be used. 
Simple test programs written in 

QuickBasic are shown. Addresses of 
data, status and control ports of the 
LPT1 are 378 16, 379 16 and 37A 16 
respectively. A start-of-conversion 
cycle for the A-to-D converter is 
achieved by sending H--->L—ffl to bit 
3 of the control port. After the 
conversion, data is available at the 
control and status port. 

Data bits 0 to 2 are available at the 
address 37A 16, while data bits 3 to 7 
are available at the address 379 16. Bit 
data is extracted using an AND 
operation. Bit 0 and I of the control 
port and bit 7 of the status port are 
inverted. 

In the first program shown, the 
XOR operation is used to correct this 
inherent inversion. Data output of 
control and status port are combined 
to get the converted output. 
Converted output is then scaled to 
display it on the screen. 
A listing for generating a sinusoidal 

analogue voltage is shown in the 
second listing. Any data sent at the 
data port of the LPT I is converted 
into analogue voltage between +5V 
and -5V. This simple circuit can be 
used for many applications. 
M Tariq lqbal 
Rawalpindi 
Pakistan 
F40 

Mains voltage detector 
This simple tester was developed to check for open circuit bulbs on 
1 Christmas tree lights. It is also useful for detecting live mains cables. By 
running the probe over an insulated cable the LED will illuminate when mains 
is present. If built on stnptioard the gate/probe should be low capacitance to the 
surrounding copper. The battery can be permanently connected. 
R A J Humphrey 
Abingdon 
Oxfordshire 
F41 

Simple circuit detects live 
wires. 

Probe: 30mm 

insulated 

solid core 

wire 

LED 

(F41) 

3V 

Lithium 

cell 

Tri = ZVN3306A (RS 655-543) 

12V DC motor controller outputs PWM 
This pwm controller provides speed control from zero to 

maximum angular velocity for any motor up to 250W. 
It provides a smooth, progressive control, for drills, kiddie 
cars, golf trolleys, models, robots, etc. 
Below 71d1 of control potentiometer resistance, Tr3 and 

Tr4 conduct, turning the Tr! _2 constant current sink and 
/CI 'on'. A small potential across C3 causes Schmitt 
trigger /CI to oscillate with a very short 'on' period. 
Transistor Tr-5's base is thus toggled about its emitter 
potential, and its collector current is amplified by 
Darlington Tr6 to drive two 25A output transistors. 
The control potentiometer track may be physically cut at 

30° below maximum resistance to guarantee an 
electronically 'off' setting. 
As the potentiometer resistance is further reduced, the 

voltage across C3 and thus the /CI conduction period, 

increases. At minimum resistance, /CI, and thus the output 
transistors, latch fully 'on'. An antilogarithmic 
potentiometer has produced very smooth and gradual 
clockwise power control, although ordinary 101d2 log pots 
suit direct twist grip or pedal control. 
All components fit in a 100 by 75 by 30mm alloy box; 

clip the power resistors and transistors to it. Fit additional 
output devices in parallel to increase power drive. 
A 20:1 motor gearbox ratio with golf-trolley sized 

wheels should keep speed on the footpath legal. A 24Ah 
battery and 180W motor easily does the round on hilly 
golf courses. 
Graham Maynard 
Newtonabbey 
Northern Ireland 
F49 

Minimal audio oscillators 

These two oscillators took inspiration from the circuit ideas in the 
August 2000 issue. One was a telephone earpiece oscillator by 

D.M. Bridgen and the other a ceramic oscillator by C. J. D Catto. 
Using reverse-biased n-p-n transistors it is possible to design 

basic oscillators with just three components. The earpiece 
oscillator operates between 8 and I6V with a frequency of 1800Hz 
at 12V. 
The ceramic oscillator exploits its intrinsic capacitance and 

operates between 9.5 and 20V with a frequency of 1000Hz. This 

latter oscillator draws very little power despite a sound level 
comparable to the earpiece oscillator. 
You may try other n-p-n transistors. although I found that not all 

of them would oscillate. The base lead is normally left 
unconnected but it could be used to modulate the generated sound. 
Dom Di Mario 
Milan 
Italy 
F44 

Simple sounders use 
parasitic effects in 
transistors. 
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Restoring I 
Baird's Image' • 
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Donald F McLean 

1 

Hugh Mobberley reviews 
Don McLean's recent book on the 
work of Baird. 

estoring 
aird's 
age 

November this year will mark 
the 65th anniversary of what 
is commonly regarded as the 

start of BBC Television in 1936. 
However, most of us are unaware that 
BBC Television started with regular 
scheduled broadcasting over four years 
before — in August 1932 — on the 30-
line television system developed by 
John Logic Baird in the late 1920s. 
Why is this so rarely mentioned? 

Part of it may be to do with the sheer 
complexity of television's 
development: the story has been over-
simplified to maintain the general 

public's attention. Part of it may also 
be to do with Baird's reputation, which 
steadily declined into the 1960s. Most 
likely though, it has to do with the 
sheer scale of the technological 
development of high definition 
television overshadowing all the earlier 
pioneering work. 
So says a new book by Donald 

McLean, 'Restoring Baird's image.' 
published by the Institution of 
Electrical Engineers. This book makes 
an authoritative case for changing our 
thinking on early television in Britain, 
from the work of Baird all the way to 
the start of the 1936 high-definition 
service. 
The author's credentials come from 

his unique restoration of several 
contemporary videodisc recordings 
made of 30-line television. These 
discs, covering the years 1927 to 1935, 
provide new reference points for the 
pioneering achievements of Baird and 
the quality of television programming 
in those early days. No images from 
these discs have previously been seen, 
with the later recordings of BBC TV 

Baird's early concept for a videodisc 
player and display. This would have 
been an alternative money-earner for 
Baird - if it had worked. 

entirely unknown until the late-1990s. 
The author's work of restoring these 

discs forms the core of the book. 
Written in terms that a layman can 
easily follow, the story of the 
restoration reads like an archeological 
dig or a forensic analysis from a 
detective story. The book allows us to 
share with the author his genuine 
excitement in seeing, for the first time, 
video images of Baird's well-known 
'Stookie Bill' ventriloquist's dummy 
from 1927. of the high-kicking 
Paramount Astoria Girls from 1933 
and of the contralto, Betty Bolton. 
Historical images from the dawn of 

television are one thing, but the book 
goes one major step further. Embedded 
in the distortion and revealed by 
computer-based signal analysis, are the 
telltale signs of the type of camera and 
equipment that Baird used and the 
reasons why the recordings were 
unsuccessful. 

It would be a mistake to judge this 
book solely on the restoration of the 
early videodiscs. The double meaning 
of the book's title, 'Restoring Baird's 
Image' covers both the literal 
restoration of video recordings and the 
figurative restoration of not only the 
image and stature of Baird but also of 
the engineering achievements of the 
30-line Baird era. What makes this 
book a fascinating read is its historical 
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coverage of the first decade of 
television. 
Written in a conversational style, 

the book opens up this complex 
period in television's early history. 
The book goes a long way to help 
the reader appreciate the 
significance of these recordings and 
the era in which they were made. 

It starts by taking us on an 
objective introduction to television's 
early history, identifying 
mechanically scanned television as 
another valid form of imaging that is 
of far more use today than it has 
ever been. A chapter on the 
development of videodisc and 
videotape recording - a rare sight in 
any television history book - 
describes how the 30-line recordings 
happen to be made 25 years before 
videotape and nearly 50 years 
before the videodisc player. 
The achievements in the 30-line 

TV broadcast period before 1936 
are quite a revelation. After sixty 
years of believing that no video 
recording of 30-line BBC TV 
existed, several discs turned up 
around five years ago. These video 
recordings were made on domestic 
aluminium disc audio recorders 
from 'off-air' broadcasts. 
Akin to finding the proverbial 

needle in a haystack, the author has 
identified one of the discs as being a 
television special - the world's first 
television revue — transmitted by the 
BBC on 21st April 1933. Together 
with the other recordings, the book 
convincingly presents the evidence 
that 30-line BBC TV was in no way 
amateur, but was as professional and 
professionally produced as the later 
405-line service became. 
The book closes with a critical eye 

turned to the historians and 
documentary makers who have 
modified the history of television 
over the years. What separates this 
book from others covering the same 
period is its uniqueness and 
originality — it has both a new story 
to tell and illustrates an old story in 
a new and entirely authoritative 
way. Support from the leading 
experts on Baird, Ray Herbert and 
on videotape recording Martin 
Salter, assures the book's historical 
accuracy. 
There are some 150 figures in the 

book. including 60 previously 
unpublished historic photographs 
and over 120 30-line images — the 
largest collection in any one 
publication. This is a TV historian's 
delight providing a refreshing 'new 
look' history in both words and 
pictures. The book's well-kept 

A visit to the author's 
website at 
http://www.dfm.dircon.co.uk 
reveals many of the restored 
video clips from the 
videodiscs which it was not 
possible to include in his 
book. 

secret is that the author has 
painstakingly cleaned up the historic 
photographs, removing crease 
marks, scratches, dust specks and 
mould. 
The rarity of many of these 

pictures together with the high 
quality of restoration and 
reproduction makes this, for just the 
photographs alone, an attractive 
book to buy. 
To quote from the Foreword, John 

Trenouth of the National Museum 
of Photography Film and 
Television, describes the author's 
work is "an outstanding example of 
industrial archaeology." 
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One of the book's hidden secrets: 
not content with restoring the early 

videodiscs, the author has also 
restored all the historical 
photographs in the book. 

A copy of Restoring Baird's Image 

can be obtained by sending a 

cheque for 

UK Price £32.00 Europe £34.00 

ROW £36.00 

To Jackie Lowe, Cumulus Business 

Media, Anne Boleyn House, 9.13 

Ewell Rood, Cheam, Surrey, SM3 

8BZ 

Cheques should be made payable 

to Cumulus Business Media 

Restoring " 
Baird's Irnait 

Donald I McLean td. 

John Logic Baird 



£1110 voucher winner 
Winners! 
The third winning entry from our ZXF36L01 design competition, announced in the March 2001 
issue. All three winners will be receiving a voucher, redeemable at Farnell Electronic Components. 
Winner David Flatt receives a voucher for £500, the runners up, Mike Button and S. Vijayan 
Pillai, will receive vouchers of £100 each. 
Many thanks to all of you who entered. We hope to publish some of those entries in the near 

future. All entrants will receive a cheque covering the cost of the Zetex development system. 
For more details on the ZXF36L01 filter/mixer, take a look at the March 2001 issue. 

Receiving multi-band 
Pulsed ultrasonics 
When receiving ultrasonic signals, band limiting helps reduce 

noise problems. With a wideband receiver, multiple bands are 

normally used, ramping up the number of components 

needed. £100 Farnell voucher winners S. Vijayan Pillai and 

S. Subash have devised a method for reducing the number of 

components using the mixer and oscillator features of the 

ZXF36L01 at the front-end of an ultrasonic receiver. 

In an ultrasonic system, where a pulsed transmission of narrow band signal is involved, band-limiting the 
received signal reduces noise problems. Normally, 

band limiting is achieved by splitting the band right from 
the hydrophone level. This involves more hardware and 
sensors. 
Wide-band hydrophones with built-in amplifiers are 

available covering 2 to 80kHz. One example is a wide-
band ultrasonic sonar system whose useful range extends 
from 2 to 80kHz. 

In the scheme described here, a ZXF36L01 does the 
band sampling. As a result, only one sensor and one 
a-to-d conversion are necessary. 
Output from this system is in band-serial, bit-parallel 

form. The expected signal has a minimum pulse duration 

Mixer 

LO 

BPF 

Control 

of 5ms. Band processing in time is done for 2 to 85kHz, 
as shown in the Table. 
Band sampling is done at every 0.5ms. The first 1.5ms 

is used for the lowest band and is separately processed. 
Since the converted band is limited to 19kHz, the 
sampling frequency of 64kHz is sufficient. A multi-
channel processing scheme can be applied to the digital 
signal, Fig. 1. 
Both mixer and band-pass filter can be realised using 

one ZXF36L01. An outline of the implementation is 
shown in Fig. 2. 
For: 

F0=14kHz, R= I C=1000pF 

select R1 and R, for a Q of 1.4. These components are 

ADC - 
Multi-channel 
processing 

Fig. 1. Using the ZXF36L01 as a mixer and local 
oscillator in this way reduces the number of 
components needed for a multi-band sonar 
receiver. 

+5V 
• 

•—'VVV\r—•  

Fig. 2. 2. Block 
schematic of the 

multi-band 
ultrasonic pulse 

receiver. 
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Clock 
multiplexer 

A-to-D 

AD7820 

Analog Devices 

RIG 

PROM address and control 
generation using counter 

2MHz crystal 

oscillator 

Launched this year, the ZXF36L01 is a 

versatile high-Q band-pass filter 

requiring a minimum of external 

components. In addition to the variable-

Q analogue filter there is also a mixer 

block, making the device suitable for a 

wide range of applications. 

A designer's kit is available from 

Farnell and you can find full data on the 

device on Zetex's web site 

http://www.zetex.com/pdf/ics/zxf361 

01.pdf. 

OMPETITION 
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Fig. 3. Circuit of the multi-band receiver. Clocked by the 2MHz 
oscillator, the three left-most 163 counters produce a 
constantly incrementing address for the 57C191 PROM. This 
PROM is programmed in such a way that different frequencies 
appear on the data lines as the address increments. The set of 
frequencies feed a 1.51 eight-input multiplexer that selects one 
of the eight frequencies, depending on the three-bit address on 
Al to A I. Output from the multiplexer feeds the filter chip's 
local oscillator input. The filler's output then passes to the a-to-
d converter, resulting in a constantly updated eight-bit word 
representing each of the eight band-pass frequencies in turn. 

shwon in Fig. 3. Since the local-oscillator clock is direct 
TrL output, use a value of I ki2 for R„„„,.. 
Chose R_attn depending up on the signal input. 

Table. Band processing in time for 2 to 80kHz. 

Time Band LO Band shifted Filter Filter Qeff 
(ms) (kHz) (kHz) to (kHz) 
0-0.5 2-10 X 2-10 X X 
0.5-1 10-20 1 9-19 14 1.4 
1-1.5 20-30 11 9-19 14 2.5 
1.5-2 30-40 21 9-19 14 3.5 
2-2.5 40-50 31 9-19 14 4.5 
2.5-3 50-60 41 9-19 14 5.5 
3-3.5 60-70 51 9-19 14 6.5 
3.5-4 70-80 61 9-19 14 7.5 

PROM frequency synthesiser 
The PROM is a WS57C191B. This is a standard 24pin 
DIP slim package manufactured by Waferscale 
Integration. Inc. It is used as a frequency synthesiser. 
An address is fed to the PROM once per microsecond 

and the three interlinked 74163 counters are cleared at 
every 1000us. They cycle from 0 to 1000, addressing 
1000 unique locations in the PROM. 

If, for example. I kHz at pin 9 of the PROM is needed, 
logic zero is stored in the first 

I 000000  
= 500 

2 x1000 

locations and then logic one to next 500 locations at the 
LSB (output 00) bit position of the PROM. 
Similarly if IlkHz is needed at pin 10, store logic zero 

for the first, 
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locations, logic one in the next 46 locations, logic zero in the 
next 45 locations, logic one in the next 46 locations, and so on 
until 1000 locations are filled at the 01 output bit position of 
the PROM. 
Other frequencies can be created at outputs 02 to 07 of the 

PROM in the same way. At the 07 bit position, the frequency 
to be generated is 64kHz, which is given as a sampling clock 
to the a-to-d converter. • 
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Make sure of your 
copy of 
Electronics World 

ill -

It can be difficult finding a copy of 
Electronics World at local newsagents. 
The number of magazines being 
published keeps increasing, which 
means that newsagents have less shelf 
space for the display of particular titles. 
Specialist magazines in particular get 
crowded out. 

There's a solution to the problem. Most 
newsagents provide "shop-save" and/or 
home-delivery services. There's no 
charge for a shop save. You simply ask 
your newsagent to order a copy for you: 
it will be kept on one side each month 
ready for you to collect. Home-delivered 
copies are ordered in the same way, but 
generally incur a delivery charge. 

A newsagent can order any magazine 
for you, whether or not the shop 
normally stocks it. 
If you buy your copies of Electronics 
World from a newsagent and want to 
make sure you get every issue, just ask 
at the counter. 
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Self on Audio 
Douglas Self 

The cream of 20 years of Electronics World 

articles (focusing on recent material) 

A unique collection of design insights and 

projects - essential for all audio designers, 

amateur and professional alike. 

Scientific electronics based on empirical data 

Douglas Self has been writing for Electronics 

World and Wireless World over the past 20 

years, offering cutting-edge insights into 

scientific methods of electronics design. 

This book is a collection of the essential 

Electronics World articles, covering twenty years 

of amplifier technology but with a very strong 
bias towards more recent material. The articles 

include self-build projects as well as design 

ideas and guidance for the professional audio 

designer. The result is a unique collection of 

design insights and projects - essential for all 

audio designers, whether amateur or 
professional. 

Contents: Introduction; PRE-AMPLIFIERS: An 

advanced preamplifier MRPI; 

High-performance preamp MRP4; Precision 

preamp MRP10; Moving-coil head amp; 

Preamp '96 I; Preamp '96 II; "Overload Matters" 

(RIAA overload); Balanced 

line inputs and outputs, part 1; Balanced line 
inputs and outputs, part 2: 

POWER AMPLIFIERS: FETs less linear than 
BJTs; Distortion in power amplifiers 

1-8; Distortion residuals; Trimodal part 1, 2; 

Load-invariant power amp 
INVAR.DOC; Common-emitter amps; Two-stage 

amplifiers; SPEAKERS: Excess 

speaker currents; Class distinction (amp 
classification); Relay control; 

Power partition diagrams; Audio power analysis. 

ELECTRONICS 
WORLD 

Self 
Áüdio 
DOUGLAS SELF 

Douglas Self has dedicated himself to 

demystifying amplifier design and establishing 

empirical design techniques based on electronic 

design principles and experimental data. His 

rigorous and thoroughly practical approach has 

established him as a leading authority on 

amplifier design. 

Readership: Audio electronics enthusiasts; 

Professional amplifier designers; 

Power amp users 

Paperback 

Pages: 416pp 

UK Price: £26.50 Europe £21.50 ROW £28.50 

Return to Jackie Lowe, Cumulus Business Media 
Anne Boleyn House, 9-13 Ewell Road, Cheam, 
Surrey, SM3 8BZ 

Please supply the following title: 

SELF ON AUDIO 

Name 

Address 

Total 

Postcode 

Telephone 

Method of payment (please circle) 

Mastercard/Visa/Cheque/PO 
Cheques should be mode payable to 
Cumulus Business Media 

Credit card no 

Card expiry date 

Signed 
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ECC82 500 PL504 300 613W6 400 12DW7 15 00 
ECC83 300 PL508 300 613W7 300 12E1 10 00 
ECC85 500 P1509/519 10 00 6BX7GT 7 50 13E1 85 00C 
ECC88 600 PL802 400 6826 300 5728 27 50 
ECC808 15 00 PY500A 300 6C4 200 805 45 00 
ECF80 I 50 PY800/801 1 50 6C88A 300 807 750 
ECH35 3 50 00V02-6 12 00 6DC6G 500 811 A 10 00 
ECH42 350 00V03-10 500 6CL6 300 812A 55 00 
ECH81 300 00V03-20A 10 00 6CG7 7 50 813 27 50 

ECL82 500 00V06-40A 12 00 6CH6 300 833A 85 00 
ECL86 500 U19 800 6cw4 600 866A 20 00 

ECLL800 25 00 UABC80 1 60 6005 17 so 1372A 30 00 
EF37A 3 50 UCH42 5 50 600613 1000 931 A 25 00 
EF39 275 UCL82 200 6166 800 2050A 12 50 
EF40 4 CO UCLf33 200 6107 7 50 5687WB 600 
E186 5 00 UF89 4 00 6GK6 4 oo 5751 6 00 
EF91 200 U141 12 00 6.156 6 oo 5763 800 
EF183/4 200 U184 300 6J5M 400 5814A 500 
EL33 15 00 UY41 400 6J7 300 5842 12 00 

EL34 500 UY85 2 CO 6JB6A 27 50 6072A 600 
EL34G 500 VR105/30 300 6JE6C 27 50 6°80, 600 
6136 500 VR150/30 300 6.158G 27 50 6146. 15 00 
EL41 350 Z759 10 (X) 6K6GT 400 6201 850 
EL84 300 2803U 15 00 6160 15 00 6336A 35 00 
6195 200 2021 350 616GC 17 50 6550A 25 00 
61360 1500 3828 12 CO 6L6WGB 10 00 66838 15 00 
EL509/519 750 4CX2508 45 00 607 3 00 7025 750 
EM34 25 00 5R4GY 7 50 6SA7 300 7027A 26 00 
EM81/4/7 500 5U4G 10 00 65C7 300 7360 26 00 
EN91 750 5U4GB 10 00 6SG7 300 7581A 15 00 
EZ80/E281 500 5V4G 500 6SJ7 300 7586 15 00 

6132 8 50 5Y3GT 2 50 6SK7 300 7587 20 00 
GZ33/37 1500 523 500 6SL7GT 500 Pnces correct wnen 
KT61 1500 524G 600 6SN7GT 750 gang to press 

OPEN TO CALLERS MON-FRI 9AM-4PM. CLOSED SATURDAY 
This is a selection from our stock of over 6,000 types Please enquire for types not listed 

Obsolete items are ow speciality Valves are new mainly original British or American brands 
Terms CWO!min order £10 for credit cards 
P&P 1-3 valves £2 00 4-5 valves £3 00 C 
Add 17 5% VAT to total Including P&P 
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Raedek Electronics Co. 

Unit 12, Avenue Fields Industrial Estate 

Stratford Upon Avon CV37 OHT, United Kingdom 

Telephone: +44 (0) 1789 209294 Fax: +44 (0) 1789 295757 

email: sales@raedek.com www.raedek.com 

Avionics 
Broadcast 
Industrial 
Marine 
Medical 
Military 
Telecoms 
etc . . . 

ABB 
Amperex 
Burle 
EEV 
Eimac 
GE 
ITT 

Marconi 
Motorola 
Mullard 

Thompson 
Toshiba 
etc .. . 

Electron Tubes • R.F. Power Transistors 

Integrated Circuits • Magnetrons 

Cathode Ray Tubes • Microwave Diodes 

Thyristors • Tube Sockets 

Many 1000s of current and obsolete 

manufactured devices in stock 

CIRCLE NO.117 ON REPLY CARO 

Free Guige to Circuit 
DesigilSoldtions 

More electronics professionals choose Electronics 
Workbench than any other circuit design software. 
Find out why in this free guide. 
Call our technical specialists on 01462 480055 for your 
FREE copy. 

ADEPT Adept Scientific plc, 
Amor Way, Letchworth, Hens SG6 1ZA 

-I Tel: 01462 480055 Fax: 01462 480213 Email: ewb@adeptscience.co.uk 
WebStore: www.adeptstore.co.uk Website: www.adeptscience.co.uk 

. writ al,, kluSreritst ',Injurer/ten raiervisoccems 

MUltISIM 2001 
Schematic Capture, Simulation & Programmable Logic 

UltIBOARD 2001 
Powerful PCB Layout 

Jti ROUTE 
Advanced Autorouting & Autoplacement 
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DIRECTIONS 

- 

Put your web address 
in front of 18,298 
electronic fanatics. 

Electronics World 
acknowledge your 
company's needs to 
promote your web 
site, which is why we 
are dedicating 3 
pages in every issue 
to WEB ADDRESSES. 

Linage only will cost 
£150 + vat for a full 
year. 

Linage with colour 
screen shot will cost 
£350 + vat for a full 
year, this will include 
the above plus 3cm 
shot of your web site 
which we can produce 
if required. 

To take up this offer or 
for more information 
call 
Pat Bunce 
Tel 0208 643 6207 

E-mail 
p.bunce@cumulusmedia.co.uk 

ACGUIVISION 
http://www.acquivision.com 

AcquiVision solutions, including XV-
Plotting, Oscilloscopes (with EFT). Data 
Logging and Custom Software, have been 
getting the most from computers since 
1994 Download software. Telephone 
(01903)830502. 

AQUILA VISION 
http://www.aquila-vision.co.uk 
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Aquila Vision specialises in supplying and 
supporting Embedded Microprocessor 
Development products from PICs to 
DSPs. We also stock robotics boards, 
Linux and general interest CD-ROM's. 

ALCATEL COMPONENTS 
http://www.components 
@alcatel.de 

ASHWELL ELECTRONICS 
http://www.ashwell-hq.com 

Ashwell provide technical support for 
Apex Microtechnology op-amps and 
DC/DC'S: Aeroflex. EMP filtered 
connectors; M S Kennedy, Mintech 
obsolescence: NSC Mil/Aero: Teledyne 
Relays and isocom mil/optocouplers 

ARCOM 
http://www.arcomcontrols.conVeW 

A leading international supplier of 
communication and control technology 
to industry, Arcom provides leading 
edge solutions through a 
comprehensive range of market leading 
products. 

A.R.S. 
http://www.ars-surplus-stock.com 

We buy electronic, electrical, computer 
and test equipment. Visit our website or 
e-mail us at infogiars-surplus-stock.corn 
Telephone us on 01271 867285 

BROADERCASTING 
COMMUNICATIONS SYSTEMS 
www.broadercasting.co.uk 

WINRADIO now brings you a complete 
choice in personnel computer controlled 
radio scanning and reception solutions • 
Broadcast • Media • Monitoring • 
Professional Amateur Radio communications 

BEDFORD OPTO 
TECHNOLOGY LTD 
http://www.bot.co.uk 
Optoelectronic products UK design 
development manufacture standard and 
custom. LED bargraphs, circuit board 
indicators, stand offs, 
transmissive/reflective switches, baseefa 
optocouplers tubular and suriacemount, 
pannel mount LED assemblies. 

CONCEPT ELECTRONICS 

http://www.conceptkey.co.uk 

Concept Keyboards are specialists in 
the design and manufacture of 
customer specified membrane panels 
and keyboards, and electronic design. 
Concept's membrane manufacture is 
supported by a full electronic 
production facility to provide a 
complete turnkey keyboard and 
electronics service, fully accredited to 
IS09001. 

CONTROL SOLUTIONS 
www.controlsolutions.co.uk 
Data acquisition and control for 
beginners, hobbyists, and professionals. 
Perform mathematical and logical 
operations on data in real time. Email: 
info#controlsolutions.co.uk. 

COOKE INTERNATIONAL 
http://www.cooke-int.com 

info@cooke-int.com 

Test & Measuring Equipment 
Operating & Service Manuals. 

CROWNHILL ASSOCIATES LTD 
http://www.crownhill.co.uk 

Crownhill supply low cost development 
tools for use with Micro-Controllers and 
Smart Cards. Products include Smart 
Card development tools, Smart cards. 
Micro Development tools and Bespoke 
Design Services 

DANIEL MCBREARTY 
http://www.danmcb.demon.co.0 
k/eng.html 

Experienced engineer based in London. 
specialist in audio and control systems. 
Available for design, project engineering 
or general consultancy. Background of 
high-quality work. 

DESIGNER SYSTEMS CO. 

http://www.designersystems.co. 
uk 

Electronic product design company with 
over a decade of experience promoting 
its own product range and designing 
and manufacturing innovative products 
for client companies/individuals. 

ECM SELECTION 
http:// www.ecmseI.co.uk 

For the pick of the UK s Top High-Tech 
Software and Hardware career opportunities 
- from fresh Grad/PhD to Senior 
Engineer/Manager -- £22.000 - £70,000 

ECM 
SELECTION 

I 

EDWIN PCB DESIGN 
SOFTWARE 
http://www.switteurotech.co.uk 

switt Eurotech supply the best-selling 
EDWin CAD/CAE system for PCB design, 
including schematics, simulation and PCB 
design. Discounts up to 60% for non-
commercial users. 

ELECTRONICS AND 
COMPUTING PRINCIPLES 
http://www.eptsoft.com 

Studying electronics or computing or just 
want to keep up-to-date in an easy and 
enjoyable way, then this fully interactive 
software is for you. 

EQUINOX TECHNOLOGIES 
UK LTD 
http://www.equinox-tech.com 
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Equinox Technologies UK Ltd., specialise 
in development tools for the embedded 
microcontroller market. 

FARADAY TECHNOLOGY LTD 
http://www.faradaytech.co.uk 

Over 17 years experience in the design 
and manufacture of high quality passive 
filters and delay lines. Used in 
Broadcast, Telecommunications, 
Medical. Multimedia, and computer 
industries. Currently exporting 
worldwide 

FIELD ELECTRIC LTD 
http://www.fieldelectric.co.uk 

Field Electric Ltd has been successfully 
trading since 1958 in the re- sale of used 
test & measurement equipment & 
computer hardware. We buy and sell in 
small or bulk quantities and can source 
equipment to particular requirements. 
Visit our web site or call 44 01837 83736. 

FELLER UK 

http://www.feller-at.com 

Feller (UK) Ltd manufacture Fully 
approved cordsets (Moulded mains 
plugs and connectors) and Power 
Supply Cables for all industrial 
Countries to National and International 
Standards 

FLASH DESIGNS LTD 
http://www.flash.co.uk 

Flash supply low cost AVR ISP 
programmers (£39). MINI-ICE starter 
kits (from £69), Portable Easy-ICE 
emulators (from £199). ICE Adapters 
& C compilers for any ATMEL AVR. 

MCS51. Dallas. Hitachi H8 
microcontroller Download FLASH 
NEWS now. Watch out for Special 
Offers'. ARE YOU developing code in 
a Flash? 

GOOT PRODUCTS 
http://www.kieagoolco.uk 

Kiea Trading Company is the sole agent of 
Goot products. We specialise in supplying 
the soldering and desoldertng product 
range manfactured by Goot Japan for the 
UK market. Goot uses advanced 
production technology to manufacture 
high quality soldering iron products for 
industrial, professional and general 
purpose use. 

HSPS LTD 
http://dspace.dial.pipex.com/hsps/ 

FILTER DESIGNER - Advanced analog and 
digital filter design software for the PC - 
Standard and Professional versions.- Free 
download of Evaluation version. 

HTB ELEKTRONIK 
http://www.htb-elektronik.com 

We are selling second-hand test & 
measurement equipment and accessories 
for over 10 years,from all leading 
manufactures. 

LABCENTER 
http://www.labcentre.co.uk 
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Download evaluation versions of our 
unique Proteus VSM mixed mode SPICE 
and CPU simulator, and also the full range 
of Proteus PCB Design products. Register 
the Proteus Lite shareware versions 
online for as little as #20. 

LOW POWER RADIO 
SOLUTIONS 
http://www.lprs.co.uk 

LPRS markets low power radio 
transmitters, receivers and transceiver 
modules manufactured by ourselves, 
Radiometnx, Circuit Designs. ROT and 
Micrel. Applications for telemetry, 
video and remote control. 

ier 
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LEVY/LATHAM GLOBAL 
http://www.levylatham.com 

U.S Military Surplus meters, plug-ins, 
test sets, oscilloscopes, power supplies. 
signal generators, spectrum analyzers and 
radio components from Tektronix, Hewlett 
Packard, Sony, Phillips and morel 

MATRIX MULTIMEDIA LTD 
www.matrixmultimedia.co.uk 

Matrix Multimedia publishes a number of 
highly interactive CD ROMs for learning 
electronics including: Complete 
electronics course. Analogue filter design, 
and PlCmicro(R) microcontroller 
programming (C and assembly). 

NORCALL 
http://www.norcall.co.uk 

Suppliers and repairers of MOBILE RADIO 
equipment 
SALES 
HIRE 
REPAIR 
Huge stocks of used radios and spares 
Pye Philips Simoco 'cam Kenwood 
Standard Cleartone Maxon Yaesu Key 
Midland 
WE CAN PROGRAM ANYTHING 
24hr Service 

OMEGA RESEARCH LTD 
http://www.omega-research .co.uk 

'SMD prototyping adapters. Unique, 
flexible, low cost adapters to allow bench 
working with SM devices. Range suits 
most devices down to 0.5mm pitch ' 

PCA:PHILIP COLLINS & 
ASSOCIATES PTY. LTD 
http://www.pca.cc 

PCA manufactures Radphone 2000DX 
remote control systems for shortwave 
broadcasters and government agencies 
wanting worldwide control of 
communications receivers and 
transceivers from any tone phone. 

POLY-FLEX CIRCUITS LTD 
http://www.polyflex.com 

Design, manufacture and population of 
printed polyester flexible circuits, 
including Flip Chip on Flex providing 
practical, low cost, reliable solutions for 
today's small lightweight products. 

QUASAR ELECTRONICS 
www.quasarelectronics.com 

Over 250 electronic kits, projects and 
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ready built units for hobby. 
educational & industrial applications. 
TEL 01279 306504, FAX: 07092 203496 
or EMAIL. ewsaleseequasarelectronics.com 

OUILLER ELECTRONICS 
http://www.quiller.com 

100+ pages of detailed technical 
information on Schrack Relays, MEC 
Switches, Hirose Connections. 

RADIOMETRIX 
http://www.radiometrix.co.uk 
Radiometrix specialises in the design 
and manufacture of VHF & UHF, RF data 
modules. We offer a broad range of PCB 
mounted miniature transmit, receive and 
transceiver modules for OEM use. 

RADIO-TECH LIMITED 
http://www.radio-tech.co.uk 

Radio modules, modems telemetry, audio 
transmitters, pagers, antenna, remote 
controls and much more All UK designed 
and manufactured 

RALFE ELECTRONICS 
professional test & measurement 

www.ralfe-electronics.co.uk 

RD RESEARCH 
http://www.looking.co.uk/spice 
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Analogue and digital SPICE modelling 
software. Full details available on this site. 
Available on a 30 day evaluation basis 

RS COMPONENTS LTD 

http://rswww.com 
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The award winning on-line service from RS 
- 110,000+ products available 
- Technical data library 
- Stock availability check 
- Integrated on-line purchasing 
Order by 8pm - with you tomorrow. 

SOFTCOPY 
http://www.sottcopy.co.uk 
As a PC data base or hard copy. SoftCopy 
can supply a complete index of 
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Electronics World articles over the past 
ten years Photo copies of articles from 
back issues are also available 

SESCOM. INC. 
http://www.sescom.com 

SESCOM, INC. is a 30-year manufacturer 
of audio 'problem solvers and 
transformers. We also offer easily-
fabricated aluminum enclosures for 
small production runs and prototypes. 

STAFFORDSHIRE 
WIRELESS COMPANY 
http://www.staffs-
wireless.com 

Wireless, communication, test 
equipment, bought and sold for very 
competitive prices visit our web site or 
telephone John on 01889 569928 or 
0973 296461. 

SUPRA AUDIO CABLES 
http://www.jenving.se 

Jenvsng Technology AB is the 
manufacturer of Supra Audio Cables 
OEM productions are also accepted 

TEMWELL CORPORATION 
http://www.temwell.com.tw 

Manufacturer 8 Exporter of Heelical BPF 
Filter, 30 Watts BPF Power Filter and 
Handset/Base Station Duplexers 

TEST EQUIPMENT 
SOLUTIONS 
http://www.TestEquipmentHacom 

TUT tamest 
SOLUTIONS 

Speciaksts in the supe 
• of quality refurbished 

Test Equipment 

Phone: +44 (0)1763 696000 
Email: infoirestEquIpmenti4Q corn 

-41.8r 

Quality second user test equipment with 
full warranty and support. All types of 
equipment from all leading 

manufacturers including general 
purpose communications and industrial 
test 

TELNET 
http://www.telnet.uk.com 

Top quality second-user Test and 
Measurement Equipment 
eMarl telnetkm@msn.com 

TELONIC 
http://www.telonic.uk.com 

arIMIIIMIUMIM11111 up, 

" 

O.UND.0 

ÇELESCO 

•Telonic, specialists in laboratory AC 8 
OC Power Supplies. Electronic AC 8 DC 
Loads. Electrical Safety Testing and 
complete test systems. Plus RF Filters, 
Attenautors. Diesel Engine Smoke 
Measurement, Quartz Crystal 
Microbalances. 
Tel +44 (0) 118 9786911' 

THOSE ENGINEERS LTD 

http://www.spiceage.com 
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Working evaluations of SpiceAge mixed-
mode simulator. Spicycle PCB design 
tools and Superfilter demo (synthesises 
passive, active, digital filters). Tech 
support, sales links and price list. 

THERMOSPEED 
http://www.thermospeed.co.uk 

Temperature and pressure, control and 
nstrumentation. Full on-line purchasing. 
• Overnight ex-stock delivery 
• Create your own hothst 
' Download datasheets 
• Full technical support 

TOTAL ROBOTS 
http://www.totalrobots.co.uk 

Robot Kits and Control Technology 
products, including 00Pic the first 
Object-Oriented Programmable 
Integrated Circuit. Secure on-line 
ordering and fast delivery. 

TRIDENT 
MICROSYSTEMS LTD 
http://wwwindent-uk.co.uk 
Visit the Trident website for details and 
datasheets on their entire LCD and printer 
product range Download data and subscnbe 
for our regularly updated newsleter. 

TOWER HILL 
TECHNICAL SERVICES 
http://www.towerhillaerials.com 

Everything you need for DIY Satellite 8 
TV aerial installation. The one stop 
shop for TV, FM, Satellite. Amateur 
Radio PMR Aerials, Distribution 
Equipment. Cable 8 Accessories. 

TECHNICAL AND 
SCIENTIFIC SUPPLIES 
http://www.technicalscientific.com 

Suppliers of pre-1985 equipment and 
components. 
- Test/Measurement equipment 
- Valves and semiconductors 
- Transducers and pressure gauges 
- Scientific books and catalogues 
- Manuals and data sheets 

VANN DRAPER 
ELECTRONICS LTD 
http://www.vanndraper.co.uk 

Test equipment from Grundig. 
Kenwood, Hitachi, Fluke, Ayo, 
Glassman, Advance in a comprehensive 
site including oscilloscopes. 
multimeters, power supplies, 
generators, counters, soldering, digital 
tv etc. 

VUTRAX PCB DESIGN 
SOFTWARE 
http://www.vutrax.co.uk 

VUTRAX electronic schematic and pcb 
design system for Windows 95. 98 NE, 
NT and 200. Limited Capacity FREE 
version downloads available, all 
upgradeable to various customised 
levels. 

WOOD & DOUGLAS 
http://www.woodanddouglas.co.uk 

Wood 8 Douglas Ltd is the leading 
independent British designer and 
manufacturer of quality radio products 
for International telemetry, data.voice 
video wireless communications. 

WARWICK WIRELESS LTD 
http://wm.radiotelemetry.co.uk 

Free data on Radio Modems, Radio 
Telemetry, Radio Modules and Wireless 
Video systems. The licence exempt 
radios can transmit data from 1 to 20Km 
at baud rates of 19 2Kbaud to 128Kbaud. 
The UK based Company can otter 
customised derivatives of their products 
as well as turnkey RF Systems. 

UK ELECTRICAL DIRECT 

http://www.uked.com 

For a comprehensive on-line directory, 
buyers guide and resource locator for 
the UK Electrical Industry look at this 
site. Many of the companies listed have 
links to their own web sites, making 
this a one-stop shop for a huge amount 
of information. 

UK MAILING LIST GROUP 
http://www.egroups.com/list/uk 
tvrepair 

Following on from the newsgroup 
discussion last month there is a UK 
Email group for TV technicians where 
you can send an Email to everyone in the 
group. There's just over 30 people in the 
group at present. For more details and 
how to register look at the egroup home 
page. Just a general comment though - 
you do have to be careful who you give 
your Email address to so that you can 
avoid 'spamming' - that is getting lots of 
unwanted Email about dubious Russian 
site (amongst others). 

REPAIRWORLD 
http://www.repairworld.com 

Repairworld is a sophisticated US based 
fault report database which is updated bi-
weekly. It operates on a subscription 
basis and describes itself as an 
'affordable solution for all technicians'. 
You can see some samples of the 
material for free. monitors. VCR, DVD 
and Camcorders being of particular 
relevance to UK users. The site also 
provides a 'chat room'. 

Ian Hickman describes a simple opto-electronic link with enough 

bandwidth to carry speech. It was designed so that a group of 

students could make it up in a couple of hours. In its basic form, 

the link's working distance is limited, but it is easily modified for 

building-to-building use - or even further. 

Beginners corner 

An optical speech link 
.r his simple all analogue opto-electronic link conveys speech 

from a transmitter station, via a 
pulse modulated light beam, to a 
receiver, as in Fig. 1. 
At the send end, the output of a 

microphone is amplified, and then 
applied to a pulse generator arranged 
as a modulator. The pulse train output 
of the modulator carries the speech 
signal as variations in mark/space 
(on-off) ratio. This mark/space 
modulated speech signal drives a 
light-emitting diode. 
At the receive end, a photodiode 

detects the light pulses and produces 
a corresponding output - albeit tiny. 
This is amplified by an op-amp, 
connected as a transresistance 
amplifier. It is then further amplified 
by a second inverting op-amp stage. 
Output from the second amplifier is 

applied to a low-pass filter. This filter 
acts as a demodulator, thus 
recovering the original speech signal. 
For convenience, the output was 

monitored on an existing laboratory 
amplifier or 'squawk box' - one of 
those endlessly useful pieces of kit 
that's a must in any electronics 
laboratory. 

The transmitter circuit 
To feed the transmitter, Fig. 2.1 used 
a very ordinary moving-coil 
microphone with an output resistance 
of 2000a. It was connected directly 
to the non-inverting input of an op-
amp, one section of a '1'1.084 quad 
op-amp. 
A single op-amp would of course 

have sufficed. However, a quantity of 
quad op-amps had been made 
available for the students to 
experiment with under the RFEE1 
scheme, described in an earlier 
article. 
With a 10Mil feedback resistor, the 

voltage gain of the op-amp was 
10 000 000÷2000=x5000, or 74dB. 
Open-loop gain of the TL08x series 
devices is typically x200000, and in 
any case not less then the x25000 
minimum figure, so the actual gain is 
very close to the theoretical figure. 
Besides amplifying the signal by 

the stated amount, of course, it also 
amplified the op-amp's input offset 
voltage by the same figure. As it 
happened, the op-amp used had a 
very small offset voltage, but the 
maker's maximum figure for the 
device is 15mV. Such a worst-case 

op-amp would not be usable in the 
circuit as shown, as its output would 
be 'stuck' hard at the level of one or 
other supply rail. 
The speech signal output from the 

op-amp was applied. via 100kf2 
resistor R2, to the pulse 
generator/modulator. This modulator 
used one section of a CD40106 hex 
inverting Schmitt trigger. 
Voltage at the inverter input, pin 1, 

rises as R3 charges Ci up, towards the 
supply voltage V. When the voltage 
reaches the trigger's upper threshold, 
the output at pin 2 switches abruptly 
from lie, to OV (ground). Capacitor 
Ci is then discharged via R4 and Di, 
until the voltage at pin 1 falls to the 
lower threshold. At this point, the 
output switches back to licc, the level 
of the supply at pin 14. and the action 
repeats. 
The result is a pulse train at about 

18kHz, with a mark/space ratio of 
about 2:1. This frequency is barely 
out of the audio range, but certainly 
beyond my hearing - and, 1 suspect, 
beyond that of most if not all of the 
students. 
Fed via R2, the speech signal 

voltage at the output of the op-amp 

-> > 

Fig. 1. Outline of an opto-electronic speech link. Speech from the microphone is amplified then modulated before 
being applied to the transmit LED on the left. Very small signals received via the photodiode feed a transresistance 
amplifier, which in turn feeds a second amplification stage before demodulation. 

722 ELECTRONICS WORLD September 2001 September 2001 ELECTRONICS WORLD 72 3 



BEGINNERS' CORNER BEGINNERS' CORNER 

Fig. 2. Opto-link transmitter circuitry with, from left to right, the microphone and its amplifier, 
the modulator, and finally the transmitter LED together with its buffer/driver. 

affects both the pulse-repetition 
frequency, or prf, and the mark-space 
ratio. When the voltage rises, the pif 
increases and the mark-space ratio 
decreases. When it falls, the prf 
decreases and the mark-space ratio 
increases. The change in frequency is 
immaterial, as far as operation of the 
link is concerned, the useful 
information being carried by the 
mark-space ratio. 
The modulated pulse train is 

applied to another section of the 
CD40106. This device is used as a 
buffer to drive the light emitting 
diode D2, the current being limited by 
series resistor R5. 

At the receiving end 
At the receiver, Fig. 3, the 
photodiode D3 is aligned with the 
transmitter's light emitting diode D2, 
so as to detect the light pulses. These 

are amplified by op-amp /C3a, 
connected as a transresistance 
amplifier. In this configuration, the 
photo-current generated by the diode 
is balanced by the current fed back to 
the inverting input via R7. 
Increasing the value of R7 gives a 

greater output voltage for a given 
amount of light falling on the diode. 
There is a limit to how much R7 can 
be increased though. The self 
capacitance of the photo-diode and 
the op-amp's input capacitance, 
together with R7, form a low-pass 
filter. This filter action limits the 
circuit's frequency response. 
Further gain is provided by /C3b. 

This amounts to 40dB or x100, 
defined by the ratio of R9 to R8. 
Output from /C3b is applied to the 
simple first order low-pass filter 
formed by Rio and C4, the cut-off 
frequency being about 5kHz. This 

+15V 

—15V 

To Lab 
Amplifier 

Fig. 3. Receiver circuitry for the optical speech link. The signal from an ordinary photodiode is 
amplifier in two stages. A simple low-pass filter provides demodulation, final output being the 
original speech signal. This signal is still at a low level so further amplification is needed before a 
loudspeaker can be driven. 

largely smoothes out the 18kHz 
pulses, leaving a waveform whose 
instantaneous value reflects the 
current mark-space ratio, i.e. the 
original speech waveform. This 
signal was then applied to the lab. 
amplifier. 

The ins and outs of 'system 
integration' 
The students worked in two groups. 
One group built up the kit of Fig. 2, 
the other that of Fig. 3. The circuits 
were built up on experimenters' plug-
board, with component leads bent over 
and plugged in wherever convenient. 
I suggested that each circuit block 

be built up and got working in turn, 
rather than connecting up the whole 
circuit, and then trying to get it 
working. Thus in Fig. 2, the pulse 
generator of /C2„ was built first, then 
the /C2b circuitry was added. 
Next, the microphone and IC, were 

connected up, and the resultant offset 
at pin 1 measured. As this was only a 
volt or so, the circuit was deemed to 
work. Adding R2 completed the 
transmitter section. Had the output 
offset been excessive, a capacitor of, 
say, 100nF, would need to be inserted 
at point X. 
Similarly, at the receive end, /C3,, 

and the photo-diode were connected 
up, and operation checked by 
alternately shielding the diode from 
room lights, and flashing a torch at it. 
The /C3b circuitry was then added, 
and then the low-pass filter. 

Finally, with the lab. amplifier 
connected, the operation of the 
system overall was checked. 
Speaking into the microphone at one 
end of the link produced clear and 
distinct speech out of the lab. 
amplifier at the other; indeed, if the 
gain of the lab. amplifier was set too 
high, the system would 'sing round', 
as the microphone was able to 'hear 
itself' from the other end of the link. 
An ordinary high-brightness RED 

diode was used for the transmitter. 
The photo-diode was a standard small 
silicon variety. With the aid of a 
simple lens, the range could be 
increased to the length of two 
laboratory benches. 

Increasing the range 
Various steps are available for 
increasing the range. The most 
obvious is to increase the drive to the 
LED, by reducing the value of R5. 
This is possible, if the other unused 
inverters in the CD40106 are 

connected in parallel with /C2b. 
Brighter LEDs than that used are 

also now available. The other way of 
increasing range is to arrange that 
more of the light emitted by the LED 
falls on the active area of the photo-
diode, as detailed below. 
With a wireless communication 

system, the range is determined by the 
available 'effective radiated power' at 
the transmitter, and the sensitivity at 
the receiver. The effective radiated 
power at the transmitter can be 
increased, in the desired direction of 
communication and at the expense of 
other directions. This can be done 
using a transmitting antenna with 
directional gain. 
Likewise, at the receiver, a further 

improvement can be achieved by 
using a directional antenna aligned 
with the transmitter. 
At frequencies in the HF band, up to 

30MHz, it is difficult to achieve a 
large improvement with directional 
antennas, as they would need to be 
very large. At VHF and UHF 
directional gains of 6 to I5dB are 
possible with Yagi antennas - more 
with antenna arrays. 
At microwave frequencies, where 

dish antennas are used, gains of 
around 40dB can be employed. Even 
higher gains are possible at optical 
frequencies. The equivalent of a 
directional antenna here can be either 
a refractor (a lens), or a reflector. 
Suitable high-quality optics are in 

fact available, for a very modest price, 
now that camcorders have rendered 
8mm cine cameras obsolete. 
Somewhere lurking in a cupboard I 
have a Bolex cine camera with a two-
lens turret (Kern-Paillard normal and 
telephoto). This took over from a Bell 
and Howell camera with a three-lens 
turret (Taylor Hobson normal, 
telephoto and wide angle, also 
lurking). 
The telephoto lenses in particular, 

Yvar 1:2.8 and Serital 1:1.9, offer the 
possibility of spectacular signal gain, 
permitting building-to-building 
communication. The disadvantage is 
that alignment them becomes critical. 
Such communication should be 

possible - even in daylight - thanks to 
the remarkable linearity of silicon 
photodiodes used in the 
photoconductive mode as in Fig. 3, 
rather than photovoltaic mode. 
Simple ac coupling of the photo-

diode amplifier output may be 
adequate to reject the constant 
background output due to daylight. 

When seeking maximum range 
though, a high value feedback resistor 
is involved so the background light 
may saturate the op-amp. 
In this case, the scheme shown in 

Fig. 4 can be used'. This scheme 
rejects the unwanted output. The 
auxiliary op-amp monitors the output, 
and feeds back a current cancelling 
out the large constant photo-diode 
current due to daylight, thus driving 
the average output voltage to zero. 
The feedback is ineffective above a 

certain frequency - around 16Hz with 
the component values shown - and so 
the wanted pulse train carrying the 
desired intelligence is unaffected. • 

Reference 
1. Burr-Brown Application Bulletin 
AB-061. 
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Dr Line user Guide and Help 
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ChipDrive Microh - seriakzet card terminal 

Samples of Smart cards (6 cards) 
Source code examples on CD ROM 

(VB3,4,5,6, Delphi a C) 

Windows API Description, Windows DLL 

Documentation D ROM (PDF format) 

se. 

SIM Card Editor for Mobile Phones 

II. This advanced editor allows the user 
. - ..e to modify, copy and print data held 

::e•-"" •0> on any GSM SIM card. No longer do 
-.--"--,-- you have to battle with 

complicated programming 
sequences on the numeric keypad 
of your mobile phone. Simply 

connect the SIM card READER WRITER to 
your PC, install the easy to use software to: 

• View and Print a detailed card profile 
• Edit, Delete or Add phone book entries 

• Edit, Delete or Add SMS messages 

• PIN administration. Enable and Up-Date PIN1 /2, unlock PIN's, Display 
the error counter for each PIN 

• Archive SIM Card data to hard drive, copy Save arid restore complete 
card data sets. 

• Copy SIM card data from card to card 
• Charge Control, set up charge counter limit, display current charge 

value, setup displayed price per unit. 
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CIRCLE NO. 103 ON REPLY CARO 

'Electronics and Computing 
'95, '98, NT or 2000 Principles V7' 

Interestedj, PIC micro controllers this is re. ledtware for your 
I t i.'ttrnrsus and fontjuitmti PrIes spies V 

Code example 'Contoirig the Ports' 

RAC/ANO • 2 34/ 

ADCONO • 17h. select rout 

ADCON1 • 01h, select ref 

RA3/AN3Ntel • 3 6V 

Voltage Conversion 

755 • RAU/ANO VD() 

279 -•11100101' 

PICO ARC HI Of lief.: 

•et PK* BYTE-ORIENTATED INSTRUCTIONS: MOW 14: Move I. 

Syntax [label] 

The contents of teem 'I' ese moved to destrehon 
If '6 O. destrsetion W (epee( If kr is 1, the 

destination u trIe reisteiTssel d • 1 mused to 

testable register snce status flag Z s attected 

MGVF FSR 

Before Instruchon 
FSR • ABh 

W • FFh 

After In:Ouch's° 

FSR • AEth 

W • ABh 

MOVE Move f. 

Vie 

(Releience 
voltage) • 

f ti• 
PCFG1 PCFGO 

Cargasson orsd Input Solecism 

11100110' 

MOW 

May 'ADCONV rs 100000011' 

Visit www.eptso or telephone for 
full details, inclu a description by 

PrIllprt Pc+nfold 

Electronics and Computing Principles V7 comprises 
more than a thousand main topics. covering AC and DC 
theory, Transistors. Op-Amps. Electrical. Digital techniques, 
Micro processors and Mathematics. PLUS: Components 
and Equipment Picture dictionary, SAQ's. Electronics 
toolbox etc, and more... 

'11 age 
Also included is an enormoudeleamourir of 
interactive technical information about PIC 
micro controllers and the full instruction set. 

Schools, colleges and industry use V7 alongside their own 
programmers enabling students and engineers to play with 
ALL the Byte. Bit and Literal instructions to explore their 
effect. V7 is listed on the Microchip university web site as a 
training resource for PI Cs. 

EE programming software to accompany EPV7 is 
table from the Microchip web site. Details provided. 

MOVF td 

)08h 

RETLW k2 Jade 1 eq. k2 .7 

RETLW k3 Jade 2 e g k3 • 3 

RETLW kn n kn • 7 End a table 

Betas untsucbon W • 0Ih 

After instruction W • 09h 

IRE T LW k Return Liteial to W 

EEFPOM 
Eats 

1)0001101' 

ADD 

'COMX102010010. 

Pers nal user £991,U+VAT 
Education* £299.9T.+VAT 

(• Includes unlimited multi-user site licence.) , 

For beginners our PIC topics start with an int «ye ell 
introduction to the PIC program structure and ic 
operation with a summary of the complete instruction se nd 
code examples. 

PIC16F84 Architecture is shown whereby a context 
description of its action is displayed. Every PIC 
discussed (even the more advanced are expl 
it occurs inside a PIC, we show it in colo t 

PIC16C71 A/D functions are given th 
along with a full explanation of the A/D co 
even the calculations. 

en 

atment, 
receSiN 

A visually attractive set of Windows designee o help you 
quickly and easily get started in the development of your own 
PIC programs. 

More than 80 PIC topics and it's still only 
r-f 4h, rr.1,-%,11e-sr.V7 paillge. 

eptsoft limited. Pump House, Lockram Lane. Witham, Essex. UK. CM8 2BJ. 
Tel: +44 (0)1376 514008. Fax: +44 (0)870 0509660. Email: info@eptsoft.com. 

Switch, Delta, Visa and MasterCard accepted. 
No additional postage or airmail charges. 
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