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Projects and Circuits

ISOLATING HIGH VOLTAGE PROBE FOR OSCILLOSCOPES

by Jim Rowe & Nicholas Vinen

Build this superb, low-cost project that will allow you to use your oscilloscope to
observe and measure AC mains and other high voltage waveforms

HIGH-ENERGY MULTI-SPARK CDI FOR PERFORMANCE

CARS - PART 2

by John Clarke

Assembly details for six different versions to suit your car’s trigger source

THE CURRAWONG STEREO 10W VALVE AMPLIFIER - PART 3

by Nicholas Vinen

Complete this superb Hi-Fi valve amplifier with an optional remote volume
control, an acrylic cover and the setting-up procedure

Series and Features

TECHNO TALK by Mark Nelson
Many new cars are hopelessly unsafe!

PRACTICALLY SPEAKING by Robert Penfold
Dealing with static-sensitive components

NET WORK by Alan Winstanley
Getting the picture... Android on the big screen... POP music
Get Windows 10 — get gone!

CIRCUIT SURGERY by lan Bell
Darlington impedance

PIC n’ MIX by Mike O’Keeffe
PICmas Tree

AUDIO OUT by Jake Rothman
Audio filter building block

MAX’S COOL BEANS by Max The Magnificent
Colourful chronography... But it's got no hands!
Cunning coding tips and tricks

ELECTRONIC BUILDING BLOCKS by Julian Edgar
Budget Voltage Switch
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Solutions for Home, Education & indusiry Since 1993

Quasar Electronics Limited
PO Box 6935, Bishops Stortford

Tel: 01279 467799
Fax: 01279 267799

E-mail: sales@quasarelectronics.co.uk
Web: www.quasarelectronics.co.uk

01279

Card

Sales Line

Up to 0.5Kg gross weight): UK Standard 3-7
Day Delivery - £3.95; UK Mainland Next Day Delivery - £8.95; Europe (EU)

We accept all major credit/debit cards. Make PO’s payable to
Quasar Electronics Limited.
Please visit our'online shop now for full details of over:1000 electronic R N
kits, projects, modules and publications. Discounts for bulk quantities. Electron soro
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Ho! Ho! Ho! Christmas 2015 is on it's way but

PDONT IPANICYY

% We have some fantastic gift ideas for young (and older) enquiring minds
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Electronic
Project Labs

30 in ONE Project Lab
£24.95 (Code EPL030)

130 in ONE Project Lab
£55.96 (Code EPL130)

300 in ONE Project Lab
£79.95 (Code EPL300)

500 in ONE Project Lab

£1789.95 (Code EPL500)

Robot Sensor 20 Lab
£25.95 (Code EPLR20)

Digital Recording
Laboratory
£35.95 (Code EPLDR)

Solderless

Projects

AM-FM Radio Kit
£14.95 (Code ERKAF)

Short Wave Kit
£14.95 (Code ERKSW)

Crystal Radio Kit
£11.95 (Code ERKC)

Electronic Bell Kit
£11.95 (Code EAKEB)

Electronic Motor Kit
£11.95 (Code EAKEM)

Generator Kit
£11.95 (Code EAKEG)

Room Alarm Kit
£4.95 (Code EAKRA)

Hand Held Metal
Detector (Assembled)
£7.95 (Code ELMDX?7)

Metal Detector Kit
£8.95 (Code ELMD)

Mechanical
Motorised
Wooden Kits

Automech Kit
£15.95 (Code C21-605)

Coptermech Kit
£15.95 (Code C21-604)

Trainmech Kit
£15.95 (Code C21-606)

Robomech Kit
£15.95 (Code C21-603)

Tyrannomech Kit
£15.95 (Code C21-601)

Festive Fun
Electronic
Project Kits

Musical LED Jingle
Bells Kit
£21.95 (Code 1176KT)

Flashing
LED
Christmas
Tree Kit
£4.62
(Code
MK100)

Riding Santa Kit
£13.14 (Code MK116)

60 LED Multi-Effect LED
Star Kit
£11.94 (Code MK170)

See website for

even more
great gift ideas!




Sound LED Star Kit
£10.74 (Code MK172)

LED Roulette Kit
£11.46 (Code MK119)

Robot Kits

Robotic Arm Kit
£41.81 (Code C9895)

Crawling Bug Kit with Case
£14.34 (Code MK165)

Crawling Bug Kit
£11.94 (Code MK129)

Running Microbot Kit
£8.34 (Code MK127)

Solar Bug Kit
£9.06 (Code MK185)

Tools &

Equipment

Soldering Set
£12.95 (Code 749.939)

Hobby Tool Set
£20.16 (Code 749.300)

20 Piece Electronics
Tool Set
£34.96 (Code 710.368)

Rectangular llluminated
Bench Top Magnifier
£45.12 (Code 700.015)

48W LED Soldering
Station
£54.24 (Code 703.100)

gpochdl

Advanced Personal
Scope, 2 x 240MS/s -
Probes, Cables, Battery
Pack, PSU & User
Manual Included
£263.72 (Code APS230)

0-20V, 2A Regulated
Bench Power Supply
£65.28 (Code 650.673)

Hobby Test Meter
£7.67 (Code 600.006)

Digital Clamp Meter
£11.96 (Code DMC616)

Helping Hands Tool
£4.01 (Code 710.165)

Universal Battery
Tester
£3.17 (Code 690.393)

More Projects

& Gadgets

Soldering Starter Pack
(inc. 2 electronic kits &
soldering tools)

£26.32 (Code EDU03)

The Elecironic Kit Specialists Since 1993

Solar Energy
Experimenter Kit
£15.42 (Code EDU02)

Digital Echo
Chamber Kit
£10.74 (Code MK182)

Oscilloscope Tutor
Project
£17.40 (Code EDU06)

One Chip AM Radio Kit
£16.96 (Code 3063KT)

Stereo Valve Amplifier
Kit (Chrome Version)
£908.68 (Code K4040)

Pocket Beta & Gamma
Radioactivity Monitor
£149.95 (Code VM200)

Credit
Card
Sales

01279
467
799

MP3 Jukebox Module
£14.34 (Code VM202)

USB Tutor Project
£54.24 (Code EDU05)

USB 3D LED Cube Kit
£20.34 (Code MK193)

Classic TV Tennis
Game with Analogue
Bats Kit

£15.54 (Code MK191)

3x5Amp RGB LED
Controller (+RS232) Kit
£24.95 (Code 8191KT)

This is a very
small selection
from our huge
range of elec-

tronic kits &
projects. Please
see website for
full details.




UK readers you can

on every

issue of EPE

How would you like to pay £3.59 instead of £4.40 for your copy of EPE ?
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Well you can - just take out a one year subscription and save
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'MINI' 10W CLASS-D AUDIO AMPLIFIER

an issue, or over the year.

You can even save £1.08 an issue if you subscribe for two years - a total saving of
Overseas rates also represent exceptional value.

You also:

* Avoid any cover price increase for the duration of your subscription
* Get your magazine delivered to your door each month
* Ensure your copy, even if the newsagents sell out

Order by phone or fax with a credit card or by post with a cheque or postal order, or buy online from www.

epemag.com (go to the Online Shop).

SUBSCRIPTION PRICES

Subscriptions for delivery direct to any address in
the UK: 6 months £23.50, 12 months £43.00, two
years £79.50; Europe Airmail: 6 months £27.00,
12 months £50.00, 24 months £95.00; Rest Of The
World Airmail: 6 months £37.00, 12 months £70.00,
24 months £135.00.

Cheques or bank drafts (in £ sterling only) payable
to Everyday Practical Electronics and sent to
EPE Subs. Dept., Wimborne Publishing Ltd., 113
Lynwood Drive, Merley, Wimborne, Dorset, BH21
1UU. Tel: 01202 880299. Fax: 01202 843233.
Email: subs@wimborne.co.uk. Also via the Web at:
www.epemag.com.

Subscriptions start with the next available issue.
We accept MasterCard, Maestro or Visa. (For past
issues see the Back Issues page.)

ONLINE SUBSCRIPTIONS

Online subscriptions, for reading the magazine via
the Internet, £19.99 for one year, visit www.epemag.
com for more details.

SUBSCRIPTION ORDER
FORM

O 6 Months: UK £23.50, Europe £27.00 (Airmail), Rest Of The
World £37.00 (Airmail)
[ 1 Year: UK £43.00, Europe £50.00 (Airmail), Rest Of The
World £70.00 (Airmail)
O 2 Years: UK £79.50, Europe £95.00 (Airmail), Rest Of The
World £135.00 (Airmail)

To: Everyday Practical Electronics,
Wimborne Publishing Ltd., 113 Lynwood Drive, Merley,
Wimborne, Dorset BH21 1UU
Tel: 01202 880299 Fax: 01202 843233
E-mail: subs@epemag.wimborne.co.uk

I enclose payment of £ (cheque/PO in £ sterling
only), payable to Everyday Practical Electronics

[ Please charge my Visa/Mastercard/Maestro

My card NUMDET IS: ....cuiiiiiiiiiii e
Please print clearly, and check that you have the number correct

Signature

Card Security Code Valid From Date
(The last 3 digits on or just under the signature strip)

Card Ex. Date Maestro Issue No. ..............

Tel. |:||:||:|
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Post code

Subscriptions can only start with
the next available issue.
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Honey,

| shrunk the GPS

MikroElektronika

DEVELOPMENT TOOLS I COMPILERS | BOOKS

Nano GPS click,
carrying the world’s
smallest GPS module
with an integrated
antenna

GET IT NOW

www.mikroe.com/click



USB PIC Programmer

A PICKit™2 Development Programmer. Kits
Features on board sockets for many types Boards

of PIC® wucontrollers. Also provided is an Shields .
ICSP connector, to program your Accessories
onboard device. USB Powered.

L
£40.15 Offical Arduino Dealer.
Quote: EPEUSBP Inc Delivery- & VAT Call for best prices

Ardvino Starter Kit £69.90 2.4GHz Frequency Counter
Official Starter kit including 170 | | De“ve:y, & VAT 0.0THz to 2.4GHz

page Book, Uno Board Rev3, 8 Digit LED Display

Breadboard, Components and Gate Time: 100ms to 10s

cables. Everything to get you 2 Channel Operating mode
going with 15 Projects to Power Supply: 110-220Vac 5W

control the physical world!. Quote: EPE24G
£81.00
Quote: EPEARDSK Inc Delivery* & VAT

= 2

Velleman LAB1 & LAB2 Bench Instruments

3in1 bench equipment, all you need in a single unit.
LABT1- Multimeter, Power Supply & Soldering Station ~ LAB2 - Oscilloscope, Function Generator
& PSU

£109.20 £146.22

Quote: EPEBLABI Quote: EPEBLAB2

£77.62 Over 1100 Components

" Breadhoard & Components Starter Pack «0%?
A High Quality Large Breadboard with binding posts, a Q“ ¢£\
- 140 piece Jump Wire Kit and 6 Component Packs with °¢? °¢Q
‘ over 1100 components. Quote: EPEBCS
30V 5A Programmable PSU Build your own Oscilloscope
Dual LED (Voltage & Current) Displays A new self assembly kit, ideal for education and way to visualise
Course & Fine V /A Adjustment signals. Features: Markers, Frequency, dB, True RMS readouts
- 5 Programmable Memories Timebase range:

PC Link via USB 10us-500ms/division (15 steps)
or RS$232 Input sensitvity:
Output: 0-30Vdc 100mV-5V/division (6 steps)
0-5A Max Input voltage: 30Vpp
Max Sample Rate:
Quote: EPEPSU 1ms/s repetitive signal,

100ks/s real time signal
£99.90 Dim: 80 x 115 x 40mm
Inc Delivery+ & VAT £ 50. 1 o
Inc Delivery* & VAT

Quote: EPESCOPE

ESR Electronic Components Lid Prices INCLUDE Delivery* & VAT.
25 Tel: ° I 9‘ 25 1 4363 Station R:ﬂd, *Delivery to any UK Mainland address,

please call for delivery options for
chg °I 9' 2522296 Cullercoais, TYﬂe & Highland & Island, Northern Ireland,

sales@esr.co.uk Wear. NE30 4PQ Ireland, Isle of Man, Isle of Wight &

Channel Islands




EDITORIAL

Editorial Offices:

EVERYDAY PRACTICAL ELECTRONICS
EDITORIAL Wimborne Publishing Ltd., 113 Lynwood
Drive, Merley, Wimborne, Dorset, BH21 1UU
Phone: 01202 880299. Fax: 01202 843233.

Email: fay.kearn@wimborne.co.uk

Website: www.epemag.com

See notes on Readers’ Technical Enquiries below
— we regret technical enquiries cannot be answered
over the telephone.

Advertisement Offices:

Everyday Practical Electronics Advertisements
113 Lynwood Drive, Merley, Wimborne, Dorset,
BH21 1UU

Phone: 01202 880299 Fax: 01202 843233
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Advertising and
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READERS’ TECHNICAL ENQUIRIES

Email: fay.kearn@wimborne.co.uk

We are unable to offer any advice on the use, purchase,
repair or modification of commercial equipment or the
incorporation or modification of designs published
in the magazine. We regret that we cannot provide
data or answer queries on articles or projects that are
more than five years’ old. Letters requiring a personal
reply must be accompanied by a stamped self-
addressed envelope or a self-addressed envelope and
international reply coupons. We are not able to answer
technical queries on the phone.

PROJECTS AND CIRCUITS

All reasonable precautions are taken to ensure that
the advice and data given to readers is reliable. We
cannot, however, guarantee it and we cannot accept
legal responsibility for it.

A number of projects and circuits published in
EPE employ voltages that can be lethal. You should
not build, test, modify or renovate any item of mains-
powered equipment unless you fully understand the
safety aspects involved and you use an RCD adaptor.

COMPONENT SUPPLIES
We do not supply electronic components or kits for
building the projects featured, these can be supplied
by advertisers.

We advise readers to check that all parts are still
available before commencing any project in a back-
dated issue.

ADVERTISEMENTS

Although the proprietors and staff of EVERYDAY
PRACTICAL ELECTRONICS take reasonable
precautions to protect the interests of readers by
ensuring as far as practicable that advertisements are
bona fide, the magazine and its publishers cannot give
any undertakings in respect of statements or claims
made by advertisers, whether these advertisements
are printed as part of the magazine, or in inserts.

The Publishers regret that under no circumstances
will the magazine accept liability for non-receipt of
goods ordered, or for late delivery, or for faults in
manufacture.

TRANSMITTERS/BUGS/TELEPHONE
EQUIPMENT

We advise readers that certain items of radio
transmitting and telephone equipment which may
be advertised in our pages cannot be legally used in
the UK. Readers should check the law before buying
any transmitting or telephone equipment, as a fine,
confiscation of equipment and/or imprisonment can
result from illegal use or ownership. The laws vary from
country to country; readers should check local laws.
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Currawong amplifier

I hope you have been enjoying the series on the Currawong Valve
Amplifier — do read the final installment in this issue, which includes a
very handy remote control for the volume. On the same topic, a reader has
alerted us to supply issues with the comprehensive kit from Altronics.
The website currently says ‘out of stock’, so we contacted Altronics

and got the following positive response: ‘I can confirm we will be doing
another run of the kit, but not until early 2016 due to problems with
transformer availability with our supplier. Your readers should be able
to place a backorder with us until stock arrives if they wish to do so.” So,
hopefully, a little patience will be rewarded.

Snake impedance

I have mentioned the ‘webcomic’ xkcd.com before — it’s good fun, free and
nice to see something online that manages to combine both science and
technology with subtle humour. This week’s strip amused me and will
you too I hope: http://xked.com/1604 — do note that with xkcd you always
get a little ‘extra’ if you let you mouse hover over the comic.

Season’s greetings

In the last issue — December 2015 — I looked forward to 2016 and

thanked our loyal and hardworking contributors. Such are the vagaries

of the publishing year that the January issue actually comes out before
Christmas, so in this issue I would like to sign off with a big “Thank

You'’ to you, our loyal readers. Everyone at Wimborne Publishing truly
appreciates your support for EPE, your questions, letters, emails, tips,
ideas and of course your enormous contribution to our online forum, Chat
Zone, all of which help us to produce the best magazine we can.

Now, all that’s left for me to do is wish you all a very Happy Christmas
and an enjoyable, electronics-filled New Year.

WQ



A roundup of the latest Everyday News
from the world of
electronics
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4K TV rush to market compromises standards - report by Barry Fox

fter listening to the day’s

speakers, I have to tell you I am
scared’ admitted Howard Saycell,
CEQO, RETRA — The Radio, Electrical
and Television Retailers’ Association
— the UK CE dealers’ trade body. He
was speaking at the end of the day-
long Ultra HD Conference sponsored
by satellite operator SES Astra and
held at the HQ of the UK’s Digital
Television Group.

4K not futureproof

‘I am scared for retailers, custom-
ers and investors. When our cus-
tomers buy a 4K Ultra HD set they
think they are getting something
futureproof. But now I know they
are not.

‘I run RETRA’s legal help line and
we tell dealers and manufacturers to
treat customers fairly’ Saycell con-
tinued. ‘Everything on their web-
sites must be laid out clearly to say
what goods will do. I see here the
prospect of class actions. We don’t
want to be like VW. We have a mas-
sive communications job.’

During the day-long conference a
succession of high-level industry
speakers had detailed the lack of
standards for 4K UHD and the high
volumes of 4K UHD product already
being sold without anyone having
any idea of how it will work with
future products and services.

Nick Simon of market analysts
GIK, reported that the UK now leads
Europe in UHD, with half a million
sets sold three quarters of the way
through the year. In 2017 he expects
sales to reach three million.

‘With HD TV it was all sorted out
before anyone had the chance to
buy’ said Andy Quested, Head of
Technology, BBC. ‘With UHD, it is
all happening incredibly fast — too
fast — and we are washing our dirty
laundry in public’.

8

Stephan Heimbecher, Head of
Innovations & Standards, Sky
Deutschland reminded that his
channel had been working on 4K or
‘Beyond HD’ since 2011, and was
now able to handle live UHD, end
to end. ‘In 2011 we didn’t think
standards would take this long, and
they look likely to keep us busy for
a few more years. There are a hun-
dred and one things to be done, and
the consumer is already confused.’

ASA consumer ‘support’?

So who is protecting the consumer
from this confusion? Certainly not
the UK ASA (Advertising Standards
Authority).

4K Ultra HD TV offers the potential for
stunning images, but have the standards
been thought through properly?

In mid-2014, Japanese company
Sharp claimed its new range of TV
sets was ‘the only Full High-Defini-
tion TV on the market that plays 4K
content through HDMI, playing both
native 4K content and also upscal-
ing a Full High-Definition source
or lower-resolution source to 4K’.
Sharp also claimed to ‘display 2.5
times as many sub-pixels for a high-
er than Full HD resolution’.

I queried the claims but got no useful
answers from Sharp, so requested the
ASA to ask Sharp. I argued that only
a skilled engineer can be expected to
understand and evaluate the techni-
calities of colour sub-pixellation.

It took a full 16 months of behind-
the-scenes argument with the ASA
before Sharp finally withdrew its
web-page promotion. During that
time, the promotion continued and
I was gagged by confidentiality de-
mands from the ASA.

And when the ASA finally pub-
lished a note on Sharp’s climb-down
it referred only to an ‘informally re-
solved case’ concerning ‘leisure’
and did not identify the advert con-
tent, or period of time the case was
under consideration — see: www.
asa.org.uk/Rulings/Adjudications.
aspx?date=30/09/2015#2

Poor consumer protection

ASA Chief Executive Guy Parker
says the length of time taken to re-
solve the case was ‘unusual... but
the claims related to technical mat-
ters, and we had to give them careful
consideration, including consulting
with third parties. The case got to
the point where, having updated
our recommendation, we were faced
with the option of entering into an-
other round of correspondence with
the advertiser, with the attendant
use of resources and the possibility
of the case taking even longer, or of
accepting the assurance they had of-
fered that the claims would not be
repeated and closing it. On balance,
and taking into account the nature
of the ad and its impact, we decided
on the latter.’

Because the notice posted by the
ASA does not identify the subject as
a 2K/4K TV, any member of the pub-
lic who bought a TV on the strength
of the offending adverts and has
become disappointed in their pur-
chase cannot now know that those
adverts were withdrawn after a com-
plaint — or know how long it took
to resolve. So class actions will be
harder to bring.

Everyday Practical Electronics, January 2016



IBM breakthrough with carbon nanotube transistors

IBM’s nanotube transistors — IBM Research

BMResearch hasannounced amajor

engineering breakthrough that
could accelerate carbon nanotubes
replacing silicon transistors to power
future computing technologies.

IBM scientists have demonstrated
a new way to shrink transistor con-
tacts without reducing performance
of carbon nanotube devices, open-
ing a pathway to dramatically faster,
smaller and more powerful computer
chips beyond the capabilities of tra-
ditional semiconductors.

Beating the silicon bottleneck

IBM’s breakthrough overcomes a
major hurdle that silicon and any
semiconductor transistor technolo-
gies face when scaling down. In any
transistor, two things scale: the chan-
nel and its two contacts. As devices
become smaller, increased contact
resistance for carbon nanotubes has
hindered performance gains — until
now. IBM researchers had to forego
traditional contact schemes and in-
vented a metallurgical process akin
to microscopic welding that chemi-
cally binds the metal atoms to the
carbon atoms at the ends of nano-
tubes. This ‘end-bonded contact
scheme’ allows the contacts to be
shrunken down to below 10 nano-
meters without deteriorating perfor-
mance of the carbon nanotube de-
vices. These results could overcome

contact resistance challenges all the
way to the 1.8 nanometer node — four
technology generations away.

Carbon nanotube chips could
greatly improve the capabilities of
high-performance computers, en-
abling ‘big data’ to be analysed
faster, increasing the power and bat-
tery life of mobile devices and the
Internet of Things, and allowing
cloud data centers to deliver services
more efficiently and economically.

Silicon transistors have been made
smaller year after year, but they are
approaching physical limits. With
Moore’s Law running out of steam,
shrinking the size of the transistor —
including the channels and contacts —
without compromising performance
has been a vexing challenge troubling
researchers for decades.

IBM has previously shown that
carbon nanotube transistors can
operate as excellent switches at
channel dimensions of less than
ten nanometers — the equivalent to
10,000 times thinner than a strand
of human hair and less than half the
size of today’s leading silicon tech-
nology. IBM’s new contact approach
overcomes the other major hurdle
in incorporating carbon nanotubes
into semiconductor devices, which
could result in smaller chips with
greater performance and lower pow-
er consumption.

Vero Technologies’
stylish new enclosure

ero Technologies has launched a

new range of SoftStyle modular
moulded enclosures made from a
flame-retardant polycarbonate, which
allows translucent mouldings and
offers better UV stability than ABS
or other materials. The top features
a clear frosted finish, so internal
indicators are easily visible. The plan
size is 220 wide x 230mm deep and
there are three standard heights: 35,
70 and 105mm, achieved with one or
two 35mm high side infill panels.

No visible fixings ensure a clean
uncluttered appearance. Six PCB
standoffs are provided in both top
and base, and brass inserts and ma-
chine screws enable repeated open-
ing and closings.

Details from: www.verotl.com/en/
category/polycarbonate-enclosures

Bye bye Betamax

Bowing — somewhat late in the day
— to the inevitable, Sony is to stop
selling Betamax video tapes. Sony
launched Betamax before its arch
rival JVC produced the VHS format,
but failed to capture the market.
Despite being acknowledged as a
superior product it was relegated to
the much smaller professional arena,
becoming a byword for technical
superiority undermined by inferior
business strategy.

New colours brighten

ew red or blue anodised finishes

for the 1455 family of extruded
aluminium instrument cases from
Hammond Electronics will allow
designers and hobbyists to make their
products stand out from the crowd
without going to the time and expense
of specifying custom finishes.

The extensive 1455 family consists
of 22 sizes from the compact 60 x 45
x 25mm to the largest 220 x 165 x
52mm size. All sizes are now avail-
able in a durable red or blue anodised
finish in addition to the original clear
and black anodised options.

The 1455 is designed to house
PCBs mounted horizontally into

Hammond’s enclosures

internal slots in the body of the case,
or as an enclosure for any small
electronic, electrical or pneumatic
instrument. All sizes, apart from
the smallest ones have a removable
slide cover on the case body to allow
access to the PCB when it is in situ.
The 14 largest sizes are designed to
accept a standard 100 x 160mm or
100 x 220mm Eurocard. The entire
1455 range is supplied complete
with fixings and self-adhesive rub-
ber feet; flange brackets that enable
the unit to be mounted directly to a
shelf or wall are also available as an
optional accessory. For more details:
www.hammondmfg.com/1455.htm
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Many new cars are
hopelessly unsafe!

fechnolalk

Mark Nelson

With the advent of the ‘connected car’, new models are a prime target for hackers. Chips that falsify
emissions suddenly look trivial against what terrorist and ransom merchants can do to your next set of
wheels, as Mark Nelson now explains.

HY ARE NEW CARS LIKE THE

smart utility meters in your home
or the Internet of Things? ‘Simples’ —
because cars are becoming IT systems,
and IT systems are hackable. And why
is that? Most of their suppliers have not
carried out adequate ‘due diligence’. In
other words, the manufacturers have
not made a comprehensive appraisal
of how their products might cause
harm and/or financial loss to end users
or their property. In the worst-case
scenario, this oversight or lack of vision
could bankrupt the firms that make
these devices, leaving them unable to
fully compensate all users.

The high price of negligence

If that sounds ludicrously melo-
dramatic, it’s not. As I write this article,
newspapers are claiming that it is
entirely possible that Volkswagen will
be forced to buy back cars fitted with
emissions-rigging software. A lawyer
in Seattle has filed a suit against VW
seeking full restitution for owners of
nearly 70,000 affected cars in the state
of California, while a law professor at
the University of Southern California
states that under federal law, the
482,000 compromised cars cannot be
driven legally anywhere in the US. As
for forcing manufacturers to buy back
the defective cars, a legal precedent
was created in early 2015 when Fiat
Chrysler agreed to make buy-back
offers to owners of more than half a
million pick-up trucks because they
had defective steering parts that were
not rectified, even after models were
recalled. It’s clear that manufacturers
could be crippled financially if
anything like this comes to pass. (Just
imagine the cost of fitting devices to
1.2 million vehicles in the UK for
intentionally subverting the emissions-
testing regime.)

Those are just some of the real
financial hazards facing automotive
companies, and combining that with
our recent review of the vulnerabilities
of smart meters and the Internet of
Things, and you have the main topic of
this article — how and why your next
car might be lethally unsafe to drive
— and vitally, what the automobile
industry is doing to avert disaster for
you and its shareholders.

The threat defined

An organisation with a good
understanding of the extent of
the threat is British consultancy

Automotive Knowledge Associates. Its
managing director, lan Dickie, explains
succinctly: ‘The modern vehicle is
effectively a computer on wheels. It
is heavily controlled by software and
embedded devices and increasingly
connected to the Internet in order to
take benefit from a growing number of
infotainment and safety applications.
Just like any other computer connected
to the web, the modern car is capable of
being hacked.’

Control functions (brakes,
steering, throttle control) that were
traditionally governed mechanically,
will increasingly be carried out by an
ECU (engine control units) and EMS
(engine management system) along
wires or fibre optic cables. These are
linked to a stack of sensors, actuators
and, increasingly to the Internet
(whether intentionally or not).

Who, why and how?

But who would wish to hack cars and
why would they wish to? Terrorism is
one extreme reason, explains Dickie.
Benign and malicious demonstrations
of vehicles driven off the road by
well-intentioned whistle-blowers or
criminals prove that it is possible for
determined, well-resourced terrorists
to make vehicles crash. Attacks of this
kind, says Dickie, would be fiendishly
difficult to carry out, but regardless
of how many fatalities resulted, it is
likely that thousands of people would
be fearful of using their vehicles for
a time and the resulting disruption
and economic damage could be
significant. He continues, ‘There is
also a concern that malware of any
kind, even that created for ‘sport’ by
hackers could enter the vehicle via
the infotainment system (in-car Wi-Fi)
and work their way into safety-critical
systems, whether intended or not.
While there are good reasons to worry
about the vehicle safety implications
of car hacking, history suggests that
the connected car has more to fear
from good old-fashioned theft and
extortion. Picture the scene. You
return to your vehicle on a cold, dark
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evening. Your electronic key will not
open the doors or start the ignition.
You receive an SMS from the criminal
gang who have hacked the vehicle,
demanding an electronic payment of
EUR 100 to unlock the vehicle.’

Time for action
Anarticlein industry magazine EE Times
made the encouraging observation that
current attack vectors (methods) have
one thing in common: they do not scale,
since they have to be custom-made for
each and every case. For this reason,
they will remain a matter for government
agencies, secret services or similarly
well-armed organisations. However,
this may be only a temporary respite,
since the elements of the connected car
will soon become generic, as cars are
integrated into cloud architectures and
become a part of the Internet of Things.
Having a wireless interface makes the
vehicles inherently vulnerable to large-
scale attacks. The danger increases as
the ‘business model’ for the connected
car calls for devices that access internal
control units to read out data from
the internal systems and eventually
also write new content into them. As
Ian Dickie points out, the automotive
industry has a lot of ground to cover,
but not much time to establish a secure
basis for the era of the connected car.
Following an international conference
on car security held last autumn in
Dresden, Germany, EE Times reported
a note of qualified optimism. ‘“The
good news is that other industries
have been to this point before,” stated
Dominik Wee, partner at the McKinsey
consultancy. Further good news,
according to Wee, is that 83 per cent of
manufacturers are aware of the threat.
The less good news is that most of them
haven’t a clue yet what to do — only
41 per cent of the respondents have
cybersecurity teams up and running.
Wee’s solution for the auto industry is
to adopt the tiered security approach
used in the IT industry — however,
firewalls are only part of the solution
and further research is clearly needed.
One thing is absolutely certain: any
motor vehicle that defies the control
of its driver could have perilous
consequences, not only for those
onboard, but also for the manufacturer.
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connected to the 3-phase 400VAC
mains (415VAC with 240VAC mains).

It’s true that 100:1 passive probes
are available, and these can be used to
extend a scope’s upper voltage limit to
a nominal 500V/division or 5kVp-p.
But this type of probe does nothing to
solve the main problem: where do you
connect the probe’s earth clip?

With most modern scopes having at
least two input channels, there is usu-
ally only one way around this problem.

That’s to use two 100:1 divider
probes, one for each input channel,
and remove the earth

Constructional Project

The differential probe connects to the circuit being tested using a pair of
standard multimeter probes, alligator clip leads or similar. The output
signal is optically isolated and connects to the oscilloscope (or other
test instrument) via a BNC lead. Three different attenuation factors are
available; 10:1, 100:1 or 500:1, to suit the voltages being measured. The
higher attenuation settings offer the best bandwidth, up to 1MHz.

mode, the resulting waveform may not
be a true portrayal because the scope’s
common-mode rejection may not be
adequate when measuring high volt-
age circuits.

The best way of solving all of these
problems is to use a special probe with
full high-voltage isolation built in, like
the one we’re describing in this article.

By the way, we know that this type
of probe is available commercially. But
the cheapest we could find was about
£200 and they rapidly move up into
the four-digit price range.

We estimate you should be able to
build this new design for less than £50.

The new probe
Unlike other scope probes, this one is
not meant to be held in the hand but
sits on the bench — with its insulated
inputleads running to the circuit under
test and its output connected to one
input channel of the scope via a BNC-
to-BNC cable.

It’s housed in a small ABS instru-
ment box measuring 150mm long,
80mm wide and 30mm high.

lead and clip from
both probes.

Then the two
channels are used in
differential mode, to
display and measure
the voltage differ-
ence between the
two tips. But unless
the scope provides a
differential (subtrac-
tion) mode (Ch1-Ch2
or Ch2-Ch1) display,
it is not possible to
achieve meaningful
measurements.

Even if the scope
offers a differential

Linearity

Residual noise

Power supply

Division ranges
Input resistance

Bandwidth (see Fig.3)

Input-output isolation resistance
Maximum working isolation voltage
Isolation test voltage

Maximum transient I/0 voltage

Typical operating current drain

An isolating high voltage probe for oscilloscopes, providing three voltage-division ranges.
+500 (optionally, +200), =100, =10

2.0MQ]| | ~10pF
+0.05%

>10GQ (500V)

1.4kV peak (1kV RMS)
2.1kV peak (60 seconds)
8KkV peak (10 seconds)
2 x 9V alkaline batteries

10:1 range: DC to 500kHz (+0.5dB)

100:1 range: DC to 1MHz (+1dB)

500:1 range: DC to 900kHz (+0.2,—-1dB)
typically 1.4mV RMS, 2.5mV peak-to-peak

6.0mA from battery 1, 1.0mA from battery 2

All of the probe’s
circuitry, including
the two 9V alkaline
batteries it uses for
power, is housed
inside the box.
The input leads
plug into insulated
‘banana’ sockets
at one end of the
box, while the BNC
output connector
emerges from the
other end.

On the top of
the box are the two
main controls: a
small rocker switch
to turn the probe’s
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Constructional Project

Vecl Vec2
LINEAR ANALOG
OPTOCOUPLER
O +
Vi Ic1 LN
13 /0
Iﬁl g Iro2 —0
FEEDBACKPN 2
PHOTODIODE Vour
) ) [
[N
INPUT CIRCUIT OUTPUT CIRCUIT
GROUND GROUND
Fig.1: the simplified probe circuit. Op amp IC1 drives an LED in the opto-
coupler with feedback from one of the photodiodes. IC2 generates the output
signal from an identical, isolated photodiode. Note that Ipp; ~ Ipp,.

power on and off, and a rotary switch
used to select one of three voltage
division ranges: +500, +100 and +10.

The important point to grasp is that
inside the box, there’s a high-voltage

The only difference between these
‘identical twin’ photodiodes is that
while one of them is located on the
far side of the device’s internal voltaic
isolation barrier (just like the output

photodiode or transistor in a conven-
tional optocoupler), the otheris located
back on the same side as the LED itself.

This allows the second photodi-
ode to be used to provide linearising
feedback, as a ‘proxy’ for the isolated
output photodiode.

The close matching of the two pho-
todiodes means that when the LED
is passing a current I and emitting
radiation to both photodiodes, the
current Ippy passed by the feedback
photodiode will have a value very
close to that of the current Ipp, passed
by the isolated output photodiode.
By passing current Ipp, through resis-
tor R1 to produce a voltage propor-
tional to the LED current I, we can use
the resulting voltage to provide input
amplifier IC1 with negative feedback.
This linearises the operation of the
input circuitry in converting input
voltage Vyy into LED current Iy and

‘galvanicisolation barrier’ between the '
input and output circuitry. 10pF

This allows the input leads to be +0 il
connected to circuits operating at many el 17 62k EE
hundreds of volts above (or below) ?':‘:gi‘ . ?'?'P'.f 5.?2.': 1 1N57']3} G
earth, despite the fact that the probe’s 500V | 500v 500V 62k§5
output is directly connected to the WL | kAl (Bt L v
earthed input of a scope —and without 10pF 1]05%5\’; m 56kE 108G,
causing any distress or damage. 500V T %o °

In fact, the isolation barrier inside INPUT l i o :

. . SOCKETS 220pF IFER 16k +500
the probe is able to withstand a peak (1nf) (0T 1:200 K - LM6132BIN.|-
‘working’ voltage of 1414V, or 2100V D2 69 ) !
for up to one minute (60 second), or | | g P OkS 7l % INPUT AMPLRER/BUFFER [
as high as 8000V peak for transients 4 AL (10K T USE VALUES IN BLUE
of less than 10 seconds in duration. (1nf) apm ‘t‘("F“ FOR 200:1 MAXIMUM
. . . nF) = DIVISION RATIO -

Andifyou’recuriousabouttheisola- | | g 20k= ™ OMT EXTRA
tion resistance between the inputs and -0 (ind | CAPACITOR FOR 500:1 §§ 200k
the output, this is more than 10GQ (10 CON2
gigaohms or 10,000MQ). i1, 1c2 v

BC549
How it works %%, sm A & = INPUT SIDE GROUND
The probe achieves this impressive E C 1
performance because of a very special D1-D4
component: a high-linearity analogue | e ON/OFF —
A K S2a

optocoupler. =

Understanding what this is and how MAXIMUM INPUT VOLTAGES INPUT
it works is the key to understanding pDC+ 4G, CONI TO CONT) S0k HATSUPY g
how the probe works as a whole, as A JhlI0cL

) RANGE MAXIMUM VOLTS 1
we’ll see shortly. ™

For now, refer to Fig.1, which shows 10 SO BT H BAT?I\E/RY]
abasic linear analogue isolation ampli- +100 |  800Vp-p (280V RMS) - 10OuF )
fier based on one of these devices. 200 | 800V peak (560V RMS) 165 100nF 22 2

The linear analogue optocoupler is +500 | £1414V peak (1000V RMS)*
like a Conve_ntional digital optocm_lpler, T B e T
except that it has two PIN photodiodes VOLTAGE RATINGS OF OPTO1 & $2
sensing the infrared (IR) radiation emit-
ted by the high performance AlGaAs
LED. The two photodiodes are very | |SOLATING HIGH VOLTAGE PROBE FOR SCOPES
closely matched in terms of their opti-
cal sensitivity and linearity.
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Constructional Project

hence the IR radiation passing over +3
the isolation barrier. +2|
Since the output photodiode’s cur- 3, 100:1
rent Ipp, is virtually the same as Ipp;, <= e LT
we are then able to use resistor R2to & © 001 \
convert this current back into a voltage é -1 10:1\
Vout which is also directly propor- g' ol e ke 0
tional to V. < T1TF3 —
(IC2 is then used to buffer Voyp, to S ™ T3] 3
ensure that any load connected to the & -4 5 90 %
output does not upset this linearity.) & -5 iy d 8
In fact, the resulting linear relation- 5 L 180 &
. o =
ship between Voyt and Viy turns out £ R c
to be very close to the ratio of R2toR1, = -7 B ﬁ
multiplied by the optocoupler’s ‘trans- % -8 “ 270 @
fer gain’ K3 (where K3 =Ippy/Ippq). So: & 4 } o
Vout/Vin = K3.(R2/R1) -10 350

10 20 50 100 200 500 1k 2k

5k 10k 20k 50k 100k 200k 500k 1M

Because of the close matching between Frequency (Hz)

their twin photodiodes, most linear

analogue optocouplers have a transfer ~ Fig.3: frequency response of the probe for each attenuation setting. The response
gain K3 of very close to unity (1.0); is flattest at 500:1, but there is slightly more bandwidth at 100:1. The output/input
within a few percent. signal phase shift for each setting is shown dashed, using the right y-axis.

Reproduced by arrangement

I
l

g with SILICON CHIP
| 2 magazine 2015.
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E
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Fig.2: the complete probe circuit. The voltage being monitored is attenuated by
a resistor/capacitor ladder and the selected tap connects to input pin 3 of IC1
via rotary switch S1. IC1b and IC2b provide half-supply rails to allow signals
with bidirectional voltage swings to be probed.
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Thus, the overall gain of the basic
linear isolation amplifier of Fig.1 sim-
plifies down to:

A =Vouyr/ViNn = (R2/R1)

It also turns out that we can compen-
sate for any small deviation of the
optocoupler’s K3 away from unity,
simply by ‘tweaking’ the value of R2.

So the overall gain of the isolation
amplifier can be adjusted to be exactly
unity, or whatever other figure we
want it to be. Thus, we achieve linear
analogue voltage gain while at the
same time passing over a high voltage
isolation barrier.

Performance

We tested our prototype by measuring
signals under a number of different
circumstances. The ‘litmus test’ was
connecting the probe across the motor
of a drill plugged into our 230V/10A
Speed Controller For Universal Motors
(February-March 2015).

The result is shown in Scopel. This
is gratifying, as it gives a clear picture
of the voltage across the load, despite
the fact that it’s floating at mains po-
tential and with the fast rise/fall times
displayed correctly. In fact, this result
is almost identical to what we get with
a commercial differential probe.

With its ~1MHz bandwidth, our
probe can be used to view signals with
a higher switching frequency than this.
For example, it could be used to view
a floating MOSFET gate drive.

We did try it out connected across
the output of an induction motor speed
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Scopel: the voltage across a drill powered by our 230V/10A Speed Controller for
Universal Motors, showing a rectified mains waveform chopped at about 1kHz. The
spikes are generated by the circuit; they are not measurement artefacts.

controller, which has a much higher
switching frequency, 36kHz.

While we were able to get a reason-
able picture of the output waveform
(Scope3 shows it ‘zoomed out’), the
bandwidth of our probe is a little too
low to show the very short pulses as a
square wave. The voltage rise and fall
times are simply too fast.

The full probe circuit

Now refer to the full circuit of Fig.2. The
specific linear analogue optocoupler
device we’re using is the HCNR201,
made by US firm Avago Technologies.
This has very impressive features:

* Low non-linearity: <0.01%

* Transfer gain: 1.00 +5%

* Wide bandwidth: >1MHz

* Isolation: UL 5000V RMS for one
minute

* Maximum working voltage: 1414V
peak

* 1/Otestvoltage: 2121V peak for 60s

* 1/O transient over-voltage: 8000V
for 10s

The IR LED of optocoupler OPTO1 is
driven by op amp ICla via transistor
Q1. The transistor is used as an emitter
follower to provide the required cur-
rent drive for the optocoupler’s LED,
since IC1 is a low-power device with
low-current drive capability.

The output photodiode of OPTO1
is connected to the non-inverting

16

input (pin 3) of output amplifier IC2a,
in exactly the same way as shown in
Fig.1. Trimpot VR1 with its series
180kQ resistor takes the place of R2
in Fig.1, with VR1 allowing the exact
value of R2 to be adjusted to set the
overall gain of the probe to unity.

At the probe’s front-end circuitry,
the 200kQresistor connected between

pin 2 of IC1a and the input circuit’s
negative rail is the equivalent of feed-
back resistor R1 in Fig.1.

You can see that the anode of
OPTO1’s feedback photodiode (pin
4) also connects to the 200kQ resistor,
as in Fig.1.

Note that the value of the 330Q
current-limiting resistor is important,
since its ratio with the 200kQ resis-
tor sets the current gain of the opto-
coupler and this affects the open-loop
bandwidth of the surrounding circuit
(ie,including IC1a). Increasing this re-
sistor value reduces output overshoot,
but also reduces overall bandwidth.

The 4.7pF capacitor also has an
effect on bandwidth (in combination
with the 330Qresistor) and is required
for the circuit to be stable, due to the
phase shiftinherent in the DC feedback
path via the opto-coupler.

Input voltage divider
The non-inverting input of IC1a (pin
3) is connected to input connectors
CON1 and CON2 via a switched volt-
age divider, to provide the probe’s
three division ranges.

The switching is done by S1a, one
pole of a 4-pole, 3-position rotary
switch (the other poles are unused).
The input divider is arranged so that
it provides a fixed input resistance of
2MQ on all three ranges.

Scope2: a 1kHz scope compensation square wave as measured using the differential
probe onits 10:1 setting. There are briefovershoot spikes at each edge, but otherwise
the shape is square with no ringing or distortion.
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Note the series of ca-
pacitors that has been con-
nected in parallel with the
dividerresistors. These are
required for a number of
reasons.

First, they swamp the
input capacitance of IC1a
(exacerbated by the capaci-
tance of D1 and D2), which
would otherwise form a
low-pass RC filter with
the resistive divider net-
work, seriously limiting
the available bandwidth.

They also keep the AC
impedance ‘seen’ by IC1a
low, minimising noise and
RF/hum pick-up.

An extra 10pF capacitor
placed across the top 620kQ
resistor in the divider pro-
vides some extra compen-
sation to cancel out the
input capacitance of IC1a.

Regarding the voltage
ratings of these compo-
nents, 90% of the volt-
age applied across inputs
CON1 and CON2 appears
across the top three resis-
tors and parallel capacitor.
Given the 1414V peak
rating of the device, the
resistors must therefore be
able to handle at least 500V
and the 10pF capacitor,
1.5kV. Similarly, the 100pF
capacitor sees 9% of the
total voltage and thus must
be rated for at least 150V.

9V BATTERY

(FORYCIRCUMRYON!
INRUISIDE@H
ISOIATTONEARRIER)

|m
| 9VBATTERY
= B ERICREUMRYON!
M OURUr SDECE
u NI SOVATION[EARRIER),
Ll
u ---------- OORF ADIUST GAl
> T80k
Igl AT + OUTPUT TO
U= Rl SCOPE
3 DI 100nF
T TN < ©
LIM6132
NOTE: A PIECE
OF 0.8mm THICK
PRESSBOARD

R STRAIN USED TO PROVIDE EXTRA
BATTERY 1 RELIEF ISOLATION BETWEEN INPUT
AND OUTPUT CIRCUITRY

Diodes D1 and D2 pro- Fig.4 (top): the component overlay, which matches the near-same-size photo of the early proto-
vide over-voltage protec- type PCB (above). Note that the PCB is double-sided —- make sure you solder the components to the
tion for IC1a, ensuring that correct side! S2 is not yet soldered in place in the photo, but is shown in situ above.

£ - TIN THESE ENDS
\i ONLY
P

@ CUT 4 x 50mm LONG PIECES OF

(SIDE VIEW)
WHITE DOT w

HOOKUP WIRE, STRIPPING INSULATION @ IDENTIFY THE SWITCH

4mm FROM ONE END & 37mm FROM

THE OTHER END & LEAVING 9mm OF

INSULATION ON EACH WIRE. TIN THE
SHORT BARED ENDS OF ALL FOUR WIRES

LUGS TO WHICH THE
'WIRES WILL BE SOLDERED,
ON BOTH SIDES OF
THE SWITCH

(END VIEW) (END VIEW)

MAKE SOLDER —»-_
JOINTS SMALL
AND SMOOTH

HEATSHRINK
SLEEVES

I*H.S*
1 1 1 1

@ SOLDER THE SHORT END OF EACH
WIRE TO A SWITCH LUG, MAKING
EACH JOINT SMALL & SMOOTH. THEN
SPLAY EACH PAIR OF LEADS OUTWARDS
TO SPACE THEM 11.5mm APART

@ CUT 4 x 1Tmm LONG PIECES OF 3mm
DIAMETER HEATSHRINK TUBING AND
SLIP OVER EACH WIRE & SWITCH LUG.
THEN SHRINK THEM IN TIGHTLY USING
AHOT AIR GUN OR THE SHANK OF
A SOLDERING IRON.

Fig.5: follow these steps in soldering leads to, then securing, S2 to the PCB.
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Scope3: the voltage across two outputs of an induction motor speed controller
with an incandescent lamp as a load. The scope performs a sort of averaging when
zoomed out like this, revealing the PWM-modulated sinewave shape.

input pin 3 cannot swing higher than
0.4V above the input circuit’s positive
supply rail (V1+) or lower than 0.4V
below its negative rail (V1-). This
prevents IC1 from damage should you
accidentally connect the probe inputs
to high voltages when switch S1 is
switched to the low voltage (+10) range.
The 100Qresistor at IC2a’s output iso-
lates this buffer from any cable capaci-
tance or input capacitance of the scope.
We’ve also added a 1nF capacitor
to form an RC low-pass filter here, to
compensate for a peak in the frequency
response of the circuit surrounding
the opto-coupler just below 1MHz (ie,
its roll-off point). This gives a flatter
frequency response (Fig.3).

HAMMOND
MANUFACTURING«

b

Enclosures
for the hobbyist

Raspberry Pi specific
Arduino specific
plastic

die-cast aluminium

+ 44 1256 812812 » sales@hammondmfg
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many designs and sizes

Note that we’ve also shown some
alternative divider component
values in the circuit. If used, these
change the +500 range to +200. This
results in a better signal-to-noise
ratio but with a more limited input
voltage range before saturation (see
table in Fig.2).

Note also that the resulting 800V
peak rating is sufficient for working
with even 3-phase mains.

Power supply

It is important that the input and out-
put circuits of the probe are operated
from separate power supplies, since
they are on opposite sides of the isola-
tion barrier.

So, each section operates from its
own 9V alkaline battery, with the input
section running from battery 1 and the
output section from battery 2.

We are using op amps 1C1b and IC2b
as buffers to give each supply its own
half-supply ‘reference ground’. The
buffers are very similar, in each case
using a resistive divider to establish a
battery ‘centre tap’, with the ICs con-
nected as voltage followers to provide
the necessary current capability. (The
150Q resistors and 100pF capacitors
are to ensure that the voltage followers
remain stable.)

In the case of the input circuitry,
the purpose of IC1b is to establish a
‘reference ground’ voltage level for
the negative input connector CON2,
so that when there is no input to the
probe the non-inverting input of IC1a
is biased midway between the V1+and
V1-rails. This allows the input circuit
to operate the IR LED inside OPTO1
at close to ‘half brightness’, while
also allowing IC1a to cope with the
maximum possible AC voltage swing.

On the output side, IC2b is again
there to provide a half-supply reference
ground, for the output connector CON3.
And by making the exact reference
voltage variable using trimpot VR2, we
allow cancelling of any output offset
voltage that might be caused by differ-
ences between the photodiodes inside
OPTOL1 at the quiescent current level.

Although the two supplies are on
opposite sides of the probe’s isolation
barrier, we switch them on and off in
tandem using S2a and S2b, the two
poles ofa 250V AC-rated rocker switch.

Typical mains-rated switches of
this type are rated to withstand 1000V
RMS, which just happens to be exactly
what OPTOL1 is able to withstand.

et * www.hammondmfg.com

. . S —
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To be safe, we've added some extra
insulation between the leads connect-
ing to the switch (as we’ll explain soon).

Diodes D3 and D4 are connected to
the switch such that they are reverse-
biased normally and thus do not
affect circuit performance at all. But
if a battery happens to be connected
backwards while S2 is on (easy enough
to do, at least briefly), the diode will
limit the voltage applied to IC1 or
IC2 to no more than —1V, protecting it
from damage.

LED1 is fitted to make it harder to
forget to turn the unit off when you’ve
finished using it. As it’s a high-bright-
ness blue LED, it only requires 100pA
to operate, so it doesn’t add much to
the battery drain during operation.

Building the probe

As mentioned earlier, all of the com-
ponents and circuitry of the probe are
built into a small ABS instrument case
measuring 150 x 80 x 30mm.

In fact, everything except the two 9V
batteries, on/off switch S2 and input
jacks CON1 and CON2 is mounted on
a single PCB measuring 122 x 70mm
and coded 04108141. The board has
cutouts on each side to provide spaces
for the two 9V batteries, as you can
see from the overlay diagram of Fig.4.

On/off switch S2 mounts on the
top of the case on the centre line and
about 1/3 of the distance up from the
output end, with short insulated and
splayed leads connecting its lugs to
the matching pads on the PCB.

The two insulated input jacks —
CON1 and CON2 —mount in the input
end panel of the case with their con-
nection lugs wired to the matching
pads on that end of the PCB.

Output BNC connector CON3 is
mounted directly onto the PCB at the
centre of the output end, with trimpots
VR1 and VR2 spaced equally on either
side. The trimpots are then easily
adjusted using a small screwdriver
or alignment tool, through matching
holes in that end of the case.

To wire up the probe PCB, fit the
components in the usual order: first
the resistors (including VR1 and
VR2), followed by the four diodes, the
smaller capacitors and the six 100pF
electrolytics — taking care to fit the
diodes and electrolytics with the cor-
rect polarity. Take care not to get the
two types of diode mixed up.

Next, mount transistor Q1, fol-
lowed by the range switch S1, after
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1 4-pole 3-position rotary switch, (S1)
1 knob to suit S1, <25mm diameter

1 PCB-BNC socket (CON3)
1 6mm-long untapped spacer
1 15mm-long M3 tapped nylon spacer

1 6mm-long M3 machine screw

4 3.5mm ID flat washers

2 9V alkaline batteries

2 battery snap leads to suit
4 PCB terminal pins

Semiconductors

1 BC549 NPN transistor (Q1)

1 3mm blue LED (LED1)

2 1N5711 Schottky diodes (D1,D2)
2 1N4004 1A diodes (D3,D4)

Parts List — Isolating High Voltage Prohe

for Oscilloscopes
1 PCB, available from the EPE PCB Service, coded 04108141, 70 x 122mm
1 ABS instrument box, 150 x 80 x 30mm

1 DPDT, 250V AC-rated rocker switch, single hole mounting (S2)
2 banana sockets, fully insulated, 1 red, 1 black (CON1, CON2)

1 15mm-long M3 nylon machine screw (cut from a 25mm-long screw)

2 16.5mm-long untapped spacers (cut from 25mm-long spacers)
2 25mm-long 6G or 7G countersunk self tapping screws

1100 x 26mm piece of 0.8mm Presshoard or Presspahn/Elephantide sheet

1 LM6132AIN/BIN dual high-speed op amp (IC1) [element14 order code 9493980]
1 TLE2022CPE4 dual low-current op amp (IC2) [element14 order code 1234686]
1 HCNR201-050E high-speed linear optocoupler (OPTO1) [Digi-Key 516-2379-5-ND]

Capacitors

6 100uF 10V/16V PC electrolytic

4 100nF multilayer monolithic ceramic
1 4.7nF 50V disc ceramic

2 1nF 50V disc ceramic

1 220pF 50V disc ceramic

Changes for 200:1 option:

1 100pF 150V* disc ceramic

* Delete 220pF and 4.7nF ceramic
capacitor

 Add three more 1nF ceramic capacitors

¢ Delete 16kQ2 and two 2kQ resistors

 Add two more 10k<2 resistors

2 10pF 1.5kV* disc ceramic
1 4.7pF COG/NPO disc ceramic

*7.62mm lead spacing; 3kV types suitable
Resistors (1% metal film 1/4W unless specified)

2 620kQ 500V 1% 1/2W 1 560k 500V 1% 1/2W (eg, Vishay HVR37)
1200k 1180k 262kQ  256kQ 1 16kQ
410k 22.0kQ 1330 2150Q 1100Q

1 50k multi-turn horizontal adjustable trimpot (VR1)
1 2kQ multi-turn horizontal adjustable trimpot (VR2)

cutting its spindle at a distance of
12mm from the end of the threaded
ferrule. Then fit the switch to the
PCB, taking care to use the orientation
shown in Fig.4. Next, fit IC1 and IC2,
again making sure you orient each
one as shown.

The next component to be added
to the PCB is the HCNR201 linear
analogue optocoupler (OPTO1).

Although it comes in an 8-pin DIL
package, it has wider pin spacing than
usual: 0.4-inch (10.16mm) rather than
0.3-inch or 7.62mm. It’s fitted to the
PCB with the ‘notch’ end towards
the top.
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After this, fit BNC output connector
CON3 at the right centre of the PCB, mid-
way between trimpots VR1 and VR2,
followed by the four PCB terminal pins
used to make the connections between
the two battery snap leads and the PCB.

Two of these pins are soldered into
the pads just below the cutout for bat-
tery 1 at upper left, while the other
two go just to the left of the cutout at
lower right, for battery 2. You can see
these quite clearly in Fig.4.

Mount LED1 with the bottom of its
lens 20mm from the top of the PCB.
This will be with virtually the full
lead length.
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15mm LONG M3 NYLON SCREW
(CUT FROM ONE 25mm LONG) S AN

EPOXY FILLET SPACER

Sil

P
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15mm LONG M3
TAPPED NYLON SPACER 1\

PRESSBOARD s2
ISOLATION
BARRIER —

— U [

(BOITOM OFBOX]

OFF/ON

1C20)

16.5mm LONG UNTAPPED SPACERS
(CUT FROM 25mm LONG)

2x 3.5mm ID FLAT
1\ WASHERS ON EACH SCREW

Fig.6: how it all fits into the case, as if looking through the side. Opposite is a photo of the completed unit.

Finally, cut the two battery snap
leads themselves to about 45-50mm
long (measured from the snap) and
strip back about 5mm of the insulation
from the wire ends.

Thread the wires through the stress
relief holes provided on the PCB and
solder them to the terminal pins, again
as shown in Fig.4.

Your probe PCB assembly should
now be complete, and can be placed
aside while you prepare the box.

Preparing the box
There are no holes to be drilled in the
bottom half of the case. All the holes
are drilled/reamed in the top half and
in the two removable end panels. But,
as there are only nine holes in all, this
shouldn’t be a problem. The size and
location of all of the holes are shown
in a drilling guide PDF, which can be
downloaded from: epemag.com
After drilling the smaller holes and
reaming the larger holes to size, use a
jeweller’s file or a sharp hobby knife to
remove any burrs left around each hole
on both the inside and the outside.
To make a ‘dress’ front panel for the
probe you can make a photocopy of our
artwork in Fig.8 (or download it from:
epemag.com) and then laminate it in a
plastic sleeve for protection. After this,
it can be trimmed to size and attached
to the top of the case using double-
sided adhesive tape. Then cut holes in
the dress panel for fitting the top PCB
mounting screw, S2 and the control
spindle for S1, using a sharp hobby knife
and guided by the holes you have already
cut and reamed in the case underneath.

Making the isolation barrier
Before you begin fitting everything
into the case, you need to prepare the
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isolation barrier which will provide
additional isolation between the input
and output circuitry and their batteries.

The barrier is cut from a 100 x 26mm
rectangle of 0.8mm-thick pressboard
sheet (similar to Presspahn Elephan-
tide), using the upper diagram of Fig.7
as a guide, and then bent up as shown
in the lower diagram.

Preparing S2

The next step is to prepare on/off
switch S2 by fitting it with the four
well-insulated wires which will con-
nect it to the PCB. As you can see from
Fig 5.1 this needs four 50mm lengths
of insulated wire, each with the insu-
lation stripped by 4mm from one end
but 37mm from the other end. (The
long bared ends are to make assembly
easier later.)

We are using the two centre lugs and
those at the ends opposite to the white
dot on thered rocker actuator at the top
of S2, as shown on the left in Fig 5.2.

After soldering the short ends of the
four wires to these switch lugs, each
pair of wires is splayed away from the
other pair as shown Fig 5.3, so that the
pairs are spaced about 11.5mm apart.

Then cut four 11mm-long lengths of
3mm diameter heatshrink tubing, and
push each of these sleeves up one of
the wires as far as it will go — that is,
over the switch lug and the solder joint
and until its top end is hard against the
rear of the switch body (see Fig 5.4).

After this, use a hot air gun or the
hot shank of your soldering iron to
shrink each of the sleeves firmly into
position around the wires and switch
lugs. Then your ‘S2 switch assembly’
should be complete, and ready to be
fitted into place in the 18mm hole on
the top of the case.

This is done by unscrewing the large
plasticnut, and then passing the switch
and its splayed wires down into the
box via the 18mm hole. Then screw
the nut back on again inside the box,
to hold it in position.

But before you tighten the nut com-
pletely, make sure that the switch is
positioned so that the white dot on its
rocker actuator is positioned on the
right, directly in line with the ‘ON’
label of the dress front panel.

Next, cut the two 25mm untapped
spacers down to a length of 16.5mm,
using a jeweller’s saw and smooth off
the cut ends using a small file.

Then fasten them temporarily to the
two mounting spacers moulded into
the inside of the top of the case (at the
output end), using the two 25mm-long
countersink-head self-tapping screws
with about five or six small flat wash-
ers under each screw head as packing,
so the screws don’t enter the moulded
spacers very far — just enough to hold
the 16.5mm spacers in place.

Then pass a 15mm-long nylon M3
screw (cut from a 25mm-long screw)
down through the central hole near
the input end of the case front panel,
slip the 6mm untapped spacer up over
the end of the screw and fit an M3
nut — screwing it up to hold the 6mm
spacer firmly against the underside of
the front panel.

You should now be almost ready to
apply a fillet of epoxy cement around
the top end of each of the three spacers,
to hold them in place securely.

But there’s one more thing to do
first: fit the Pressboard isolation bar-
rier into the top half of the case. Its
26mm-high ‘L section’ should be
over on the side ready to slip into the
cutout for battery 2, with the 20mm-
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Take note of the order of assembly in the text, especially the Presspahn isolation barrier (arrowed) which wraps around the
lower battery and sits across the middle of the PCB, as indicated by the red dotted line. This is all necessary to ensure good
isolation between the battery and PCB and between the two poles of the power switch.

high section with its cutouts for S2
and OPTO1 passing ‘east-west’ and
aligned centrally between the contacts
at the rear of S2.

Once you’re happy that it’s in the
correct position, it can be secured
there using a few small dabs of epoxy
adhesive between the barrier and the
inside of the case top.

Then, while you have the epoxy ce-
ment mixed up, cement the spacers to
the case top as well.

When the cement has had time to
cure, you can unscrew both of the
25mm long self-tappers and remove all
but two of the washers on each, ready
to secure the PCB shortly.

At the same time you can unscrew
the 15mm M3 screw and its nut holding
the 6mm spacer in place, and you’ll be
ready for final assembly.

Final assembly

The next step is to attach the 15mm-
long M3 tapped spacer to the PCB (at
top centre), using a 6mm-long M3
screw passing up from underneath. It’s
agood idea to tighten this screw firmly
(but not too firmly) using a screwdriver,
with the spacer held by a small spanner
or nut driver.

After this, mount the two input
connectors CON1 and CON2 into the
input end panel of the case, with the
red one on the right as viewed from
behind the panel. Tighten their nuts to
secure them in place, and then solder
a short length of tinned copper wire to
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the rear lug of each connector.

Then, with the centre axis of the
two connectors positioned about 6mm
above the top end of the PCB, solder
each wire to its matching pad on the
PCB. These pads are provided with a
centre hole, so you can pass each wire
down through the hole before soldering.

Next, fit the output end panel of the
case over the shank of CONS3, after
removing its nut. Then screw the nut
back on again, to complete the PCB-
and-end panels assembly.

By now you should be ready to fit
this completed board assembly up into
the top half of the case, by introducing
it so that each of the two end panels
slips into the matching slots in the ends
of the case half. The four wires from
S2 pass down through their matching

holes in the PCB and the shaft and
threaded ferrule of rotary switch S1
pass up through their matching hole
in the top of the case.

When the assembly can’t be pushed
in any further, you should be able to
secure it all together by screwing the
two self-tapping screws back into the
matching holes of the mounting spacers
moulded into that end of the case top,
and also by passing the 15mm-long ny-
lon screw down through the matching
hole in the centre of the input end of the
case top, so it passes down through the
6mm untapped spacer and can then be
screwed into the top of the 15mm-long
M3 tapped spacer.

If you found this description some-
what confusing, examine Fig.6. This
shows what you’ll be working towards.
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MATERIAL: 0.8mm THICK PRESSBOARD/PRESSPAHN ELEPHANTIDE SHEET

Fig.7: here’s how to cut and
fold the sheet of insulation
material. It forms a physical
barrier between the input and
output sides.
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Fig 8: same-size front panel artwork - photocopy this
(or download it from epemag.com) and glue it to your
box before inserting S2.

When the PCB assembly is secured in place as shown
in Fig.6, you’ll be able to fit switch S1’s spindle with its
control knob. Of course you’ll also need to solder the wires
from S2 to their pads on the PCB, after which you can cut
off their excess lengths.

All that remains now is to attach each 9V battery to its
snap connector, and then lower it into its waiting ‘slot’ at
the side of the PCB.

The final assembly step is to fit the bottom of the case
and fasten it in place with the four 20mm-long countersink
head M3 screws supplied with it. However, just before you
do this, you’ll need to cut off the two PCB mounting spacers
moulded into the bottom of the case at the output end.

Thisisbecause ifleft in situ, they’ll interfere with the heads
of the mounting screws on the underside of the PCB. It’s not
hard to cut off these spacers with a pair of sharp side cutters.

After these ‘minor trimming’ jobs, you should find that
the bottom of the case will mesh nicely with the PCB-and-
top assembly, allowing you to fit the four screws holding
it all together.
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Set-up and calibration

There isn’t much involved in setting up and calibrating the
probe. The first step is to connect a DMM (set to read DC
volts, on its 2V range) to the probe’s output connector CON3
using a cable ending in a BNC plug. Now turn range switch
S1to the /500’ position, and also plug two input leads into
CON1 and CONZ2. Connect their far ends together to make
sure the probe definitely has ‘zero input’.

Next, turn on the probe’s power switch S2, and you’ll
probably see the DMM reading move to a value slightly
above or below 0V. The idea now is to adjust trimpot VR2
(Offset Adjust) in one direction or the other with a small
screwdriver or alignment tool, to bring the reading as close
as possible to 0V.

This is the initial setting for VR2. However, it may have to
be readjusted by a small amount after you have performed
the second step — calibration.

To calibrate the probe, the simplest approach is as fol-
lows. First connect its output (at CON3) to an input of your
scope or DSO, using a reasonably short BNC-to-BNC cable.
You can adjust the scope’s input sensitivity to, say, 1V
per division and if it has a switch or option for setting its
calibration to allow for a probe’s division ratio, set this to
the 10:1 position. (This should change the effective input
sensitivity to 10V/division.)

Next turn the probe’s range switch S1 to the /10 position
(fully clockwise) and connect the probe’s input leads to a
source of moderately low voltage AC.

This can be from an audio generator set to provide a sine-
wave at about 1kHz with an output level of say 10V RMS
(= 28.8Vp-p) or a square wave or function generator set to
provide a square wave of again 1kHz at about 20 — 25Vp-p.

Or if you don’t have access to either kind of generator,
you could use a step-down transformer with a known (ie,
measured) secondary voltage of around 12-15V RMS (=
34 —42.4Vp-p).

When you now turn on the probe’s on/off switch (S2),
you should see the waveform from your signal source on
the scope’s display. Its frequency and amplitude should
also be displayed if your scope has this facility built in, as
most do nowadays.

Now the odds are that while the frequency reading
will be correct (either 1kHz or 50Hz as the case may be),
the amplitude reading will probably be a little higher or
lower than the known level of the signal being fed into
the probe.

So what’s needed now is to adjust the probe’s ‘Gain
Calibrate’ trimpot VR1 in one direction or the other using
a small screwdriver or alignment tool, to bring the reading
as close as possible to the correct value.

After doing this calibration step, it’s a good idea to go
back and repeat the first ‘Offset Adjust’ step — especially if
you had to turn VR1 quite a few turns to achieve calibration.

This is done quite easily, simply by removing the probe’s
input leads from your source of AC and connecting them
together. Then after turning the range switch to /500, you
can reconnect the probe’s output to your DMM and check
what reading you get.

If it has moved slightly away from the ‘OV’ mark, it’s
simply a matter of adjusting trimpot VR2 to bring it back
again. Then your probe will be set up, calibrated and
ready for use.
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Weardale Electronics CONTACT INFO:

T: +44 (0) 1388 818502

Suppliers of: E: stevewheatley52@gmail.com]|
Electronic Components/Electrical Parts 10 Mount Pleasant Close
Custom Designed Top Quality Instrument Leads gt‘:g?g’l‘f”
Weardadle Computer_ Part§ & Peripherals Callers Strictly by
= Electronics Kits & Modules Appointment only.
_— - - Pp y.
aelimenanme . Audio Leads & Adaptors UK VAT Registered
Website and Catalogue coming soon..  Allprices include VAT @ 20%
BARGAIN COMPONENT PACKS EMAIL OR SEND YOUR ORDER CUSTOM DESIGNED GUITAR
78LO5 PACK OF 10 £1 Payment - Paypal, Cheque or Postal Order. & INSTRUMENT LEADS MADE TO|
IN4007 PACK OF 30 £1 P+P £3.50 (max) per order RM 1st Class. YOUR OWN SPECIFICATIONS
GL5516 LDR PACK OF 5 £1 All components are branded or Top Quality. Guitar Leads
NES555P+SKTS PACK OF 5 £1 “LIKE” on Facebook for s/h bargains/offers. Microphone leads
5mm UB WHITE LED PACK OF 50 £1 . i
https://www.facebook.com/weardaleelectronics Patch leads

ASS TRIMPOTS PACK OF 10 £2
4017BE + SKTS PACK OF 3 £1.50
BTA12-600TW PACK OF 4 £3.00
CD4013BE PACK OF 5 £1.50
2N2222A PACK OF 15 £1
10cm x 16cm STRIPBOARD £3.50
PP3 BATT CLIP HQ PK OF 3 £1
10A10 DIODES PACK OF 5 £1
PCB RELAY 12VDC COIL PACK/4 £2
7 SEG LED DISPLAY RED PACKI/5 £1
GL5549 PHOTO RESISTOR PACK/4 £1
THERMISTOR 10K0 PACK OF 4 £1

IN4148 DIODE PACK OF 50 £1 ALL LEADS GUARANTEED
LM324N QUAD OP AMP PACK/5 £1 > / Email me for details and free
LM317T V/IREG PACK OF 3 £1 - | quotaﬁons.

VISIT THE EBAY WEARDALE ELECTRONICS SHOP FOR LATEST ITEMS.
LEAVE A PAYPAL NOTE WITH YOUR PAYMENT STATING “EPEMAGAD1”

Speaker leads
Audio interconnects
Adaptors etc etc

TOP QUALITY CABLE & PARTS
Van Damme Cable
Sommer Spirit Cable

Klotz cable
Neutrik Connectors
Amphenol Connectors

AND GET 10% OFF YOUR TOTAL ORDER VALUE.
http://stores.ebay.co.uk/weardaleelectronics

Hobbyists: Vero supports you!

Prototyping boards, terminal pins, test points and enclosures

All UK manufactured: see our complete range at verotl.com

Veroboard - the original, and still the best

« Stripboard, square pad board and many other designs
- Many different sizes

- www.verotl.com/en/category/veroboard

Test points and terminal pins
« PTH and SMT test points
« Many different terminal pin designs
- www.verotl.com/en/category/test-points
Plastic enclosures
« Small, hand-held and desktop designs
« IP rated water and dust protection
« Solid and translucent colours
 www.verotl.com/en/category/plastic-enclosures
Call 01489 776933 or mail sales@verotech.co.uk to discuss your project.
Order standard products ex stock online at verotl.com. o\m
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Pay by credit card or PayPal
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Fig.5: follow this PCB layout diagram if your car’s distributor has a reluctor pick-up. Be sure to install the three SMD
ICs (IC1-IC3) first and note that capacitor C1 must be chosen to suit the number of engine cylinders. Alternatively, leave
out C1 and change the adjacent 4.7nF capacitor to 15nF if you wish to disable the multi-spark feature.

pin gently, without disturbing the IC.
The flux paste should help ‘suck’ the
solder onto that pin and pad.

Now check the IC’s alignment. If it’s
out, reheat the joint and gently nudge
it into place. Once the alignment is
good, use the same technique to solder
the diagonally-opposite pin.

It’s then just a matter of soldering
theremaining IC pins and cleaning up
any bridges using solder wick. Refresh
the joints on the first two pins you sol-
dered, too. Adding no-clean flux paste
is recommended for both procedures;
when soldering the pins, it reduces
the chance of bad joints.

Finally, clean off any excess flux
using an appropriate solvent (meths
will do in a pinch) and check the
joints under magnification to ensure
that solder has flowed properly onto
every pin and pad.

Once the ICs are in place, the
through-hole parts can be installed,
starting with the resistors, diodes
and zener diodes. Table 1 shows the
resistor colour codes, but you should
also check each one with a multimeter
before fitting it to the PCB.

Be sure to orient the diodes and
zener diodes as shown on Figs.5 and
6. The zener diode type numbers are
shown in the parts list.

MOSFETs Q1-Q4 are next on the list.
These must all be installed so that the
tops of their metal tabs are 20-25mm
above the PCB. The easiest way to do
that is to first loosely fit all the devices
in place, then rest the board upside
down on 20-25mm-high supports (one
at either end). The MOSFET devices
can then be pushed down so that their
tabs rest against the bench-top and
their leads soldered.

Once these parts are in, you can install
the capacitors. Note that the electrolytic
types must be oriented with the correct
polarity (ie, negative lead towards the
top edge of the PCB in each case). Note
also that the 4700pF and 100pF capaci-
tors must be low-ESR types.

Multi-turn trimpot VR1 can now be
fitted. It goes in with its screw adjust-
ment end towards the bottom edge of
the PCB (ie, towards Q7).

Transformer winding

Fig.7 shows the transformer details.
It’s made up by first installing three
windings on an ETD29 13-pin bobbin:
a 240-turn secondary winding and
two primary windings. The bobbin is
then fitted to two N87 ferrite cores to
complete the assembly.

The secondary winding goes on
first and is wound using 240 turns of
0.25mm-diameter enamelled copper
wire (ECW), about 20m long. The first
step is to scrape away about 10mm of
the insulation from one end using a
sharp hobby knife. This end is then
soldered to pin 10 (S1) on the 7-pin
side of the bobbin (see Fig.7).

The next step is to wind on four 60-
turn layers. Begin by winding the wire
clockwise, with the turns placed side-
by-side, until the first 60-turn layer is
completed. The winding should end

(WainingEelHiighRvolitage!

CON2 while power is applied.

four MOSFETs.

This circuit produces an output voltage of up to 300V DC to drive the coil
primary and is capable of delivering a severe (or even fatal) electric shock.
DO NOT TOUCH any part of the circuit or the output leads to the coil from

To ensure safety, the PCB assembly must be housed in the recommended
diecast case. This case also provides the necessary heatsinking for the
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(C) ENGINE MANAGEMENT TRIGGERING

Fig.6(a)-(e): here’s how to mount the parts on the input
section of the PCB to suit other ignition trigger types. It’s
just a matter of choosing the layout to match your car’s
ignition trigger and then mounting the remainder of the
parts as shown on Fig.5. Note that the 100Q2 5W resistor
used in the points triggering version should be secured
to the PCB using neutral-cure silicone, to prevent it from
vibrating and fracturing its leads and/or solder joints.
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up near the edge of the bobbin on the
opposite side to the S1 start pin.
Cover this winding with a single
layer of insulation tape, taking care
to also cover the start of the wire as it
comes down from the bobbin pin. The
next 60-turn layer can then be wound
on in the same clockwise direction,
again with the wires close-wound and
laid side-by side. Cover this winding
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with another single layer of tape, then
complete the other two 60-turn layers
in exactly the same manner, finishing
with another layer of tape.

The end of the winding is now
trimmed, stripped of insulation and
soldered to pin 8 (F1), as shown. As
before, make sure that the wire end is
covered with a layer of insulation tape
as it exits from the bobbin to connect

to the pin. The idea is to make sure
that the secondary winding will be
electrically isolated from the primary
windings.

The primary windings are wound
using two separate 600mm lengths
of 1mm ECW. Start by scraping about
10mm of insulation from one end of
each wire, then wrap and solder them
to pins 13 and 12 on the bobbin.
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This inside view shows the completed High-Energy Multi-Spark CDI with the parts installed for a reluctor pick-up
trigger (see Fig.5). Be sure to use heavy-duty automotive cable for the external wiring connections.

®

FIRST WIND THE SECONDARY,
USING 0.25mm ENAMELLED
COPPER WIRE: FOUR 60-TURN
LAYERS, STARTING FROM PIN 10
AND ENDING AT PIN 8.
PLACE ONE LAYER OF PLASTIC
INSULATING TAPE OVER
EACH LAYER.

60 TURNS
EACH LAYER N

)

ETD29 FORMER
UNDERSIDE (PIN SIDE) VIEW

THEN WIND THE PRIMARIES,
USING EIGHT TURNS OF 1mm
ENAMELLED COPPER WIRE FOR
EACH (WOUND TOGETHER —
LE., BIFILAR FASHION).
TERMINATE THE START WIRES
AT PINS 13 & 12 AND THE
FINISH WIRES AT PINS 2 & 1.

(8 TURNS EACH)

ETD29 FORMER
UNDERSIDE (PIN SIDE) VIEW

Fig.7: the winding details for transformer T1. The secondary is wound first using four 60-turn layers of 0.25mm-diam-
eter enamelled copper wire (ECW), starting and finishing at pins 10 and 8. The primary is then wound on using eight
bifilar turns of 1mm-diameter ECW, starting at pins 13 and 12 and finishing at pins 2 and 1 respectively.

The two primary windings are now
wound on together (ie, bifilar wound).
It’s just a matter of winding on eight
turns and then connecting the wire
ends to pins 1 and 2. Note that the
wire that starts at S1 (pin 13) must
connect to F1 (pin 2), while the wire
from S2 (pin 12) must connect to F2
(pin 1).

You can identify the windings using
amultimeter. There should be close to
0Q between S1 and F1 and close to 0Q
between S2 and F2. Conversely, there
should be high impedance (>1MQ)

between S1 and S2, and between
the two primary windings and the
secondary.

Once the primary has been com-
pleted, cover this winding with a
single layer of insulation tape cut
to fit the inside width of the bobbin.
It’s then just a matter of sliding the
two ferrite cores into the bobbin and
securing them in place using the sup-
plied clips.

The transformer assembly can now
be installed on the PCB. It can only
go in one way, since one side of the
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bobbin has six pins while the other has
seven. Be sure to push the transformer
all the way down onto the board before
soldering its pins.

The PCB assembly can now be
completed by soldering long lengths
of heavy-duty automotive cable to
the PCB wiring points for the +12V
supply, trigger inputs, coil connec-
tions and tacho connection. The
chassis connection (near the coil con-
nections) goes to a solder lug that’s
secured to the case, so this lead can
be kept short.
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Fig.8: the mounting details for
MOSFETs Q1-Q4. The metal tab
of each device must be insulated
from the case using an insulating
bush and silicone washer. Do the
mounting screws up firmly, then
use a DMM to make sure each tab
is indeed insulated from the case.

Preparing the case

The completed PCB assembly is
housed in a diecast metal case measur-
ing 119 x 94 x 57mm. This has to have
a number of holes drilled in order to
mount the PCB, secure the tabs of Q1-
Q4 and fit cable glands.

Start the case preparation by drilling
the PCB mounting holes. To do this,
first place the PCB assembly inside
the case and mark out the four corner
holes in the base. That done, remove
the PCB, drill these holes out to 3mm
diameter and remove any burrs using
an oversize drill. These holes should
then be countersunk on the outside
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1MQ
680kQ
270kQ
180kQ
56kQ
47kQ
33kQ
13kQ
10kQ
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[ableydResistordColounCodes]

of the case, to accept M3 countersink
head screws.

Next, secure four M3 x 9mm tapped
spacers to the PCB mounting holes
using M3 x 6mm pan-head screws,
reposition the PCB inside the case and
mark out the tab mounting hole posi-
tions for Q1-Q4. Drill these out to 3mm
diameter and lightly countersink them
using an oversize drill to remove any
sharp edges on the holes. This step is
vital to prevent the insulating washers
that fit between the MOSFET tabs and
the case from being punctured.

Next, drill a 3mm hole in the side
of the case so that the earth solder lug
can be attached. This lug can then be
installed using an M3 x 6mm machine
screw, nut and shakeproof washer.

Holes are also required in the left-
hand and righthand ends of the case to
accept the two specified cable glands.
These two 15mm-diameter holes
should be located 15mm down from
the top of the case and 50mm in from
the rear. You can drill the cable gland
holes in one step using a 15mm Irwin
Speedbor drill.

Alternatively, use a small pilot drill
to start the holes, then carefully enlarge
them to size using a tapered reamer.
Remove any sharp edges and metal
swarf using a rat-tail file.

Once all the holes have been drilled,
install the PCB in the case and secure
the spacers to the base using four M3
x 6mm countersink-head screws fed
up through the base. MOSFETs Q1-Q4
can then be fastened to the sides of the
case, as shown in Fig.8. In each case,
this involves using a silicone washer
and insulating bush to electrically

4-Band Code (1%)

brown black green brown
blue grey yellow brown

red violet yellow brown
brown grey yellow brown
green blue orange brown
yellow violet orange brown
orange orange orange brown
brown orange orange brown
brown black orange brown
grey red red brown

yellow violet red brown

red red red brown

red red black brown

brown black black brown

isolate the device tabs from the case.
Secure each tab assembly to the case
using an M3 x 10mm machine screw
and nut. You can also fit a shakeproof
washer if you wish.

Now check that the tab of each
device is indeed electrically isolated
from the case. That’s done simply by
measuring the resistance between the
case and each MOSFET tab using a
multimeter. Each device should give
a very-high-ohms reading, although
the reading may initially be low and
then quickly increase as the capacitors
charge up via the multimeter’s leads.

A permanent low-ohms reading
means there is a short between the tab
of that particular device and the case. If
that happens, undo the assembly, clear
the fault (eg, metal swarf or a sharp
edge on the mounting hole) and replace
the silicone washer with a new one.

Finally, trim and solder the chassis
wire to the earth lug and attach it to
the side of the case.

The +12V lead should be fed through
the left cable gland along with the trig-
ger wires. The two ignition coil wires
should pass through the right hand
cable gland. Be sure to use heavy-duty
automotive cable for all these connec-
tions, and lace the wiring securely to
ensure reliability.

Note that running the +12V lead
through the same clamp as the ignition

Value pF Value IEC Code EIA Code
100nF 0.1pF 100n 104
4.7nF .0047uF 4n7 472
inF 0.001pF in 102

5-Band Code (1%)

brown black black yellow brown
blue grey black orange brown
red violet black orange brown
brown grey black orange brown
green blue black red brown
yellow violet black red brown
orange orange black red brown
brown orange black red brown
brown black black red brown
grey red black brown brown
yellow violet black brown brown
red red black brown brown

red red black gold brown
brown black black gold brown

J
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coil would induce high voltage spikes
into the +12V supply, so don’t do this.

Testing

If possible, use a current-regulated
power supply to initially test the DC-
DC converter in the Multi-Spark CDI
unit. And here a word of warning: this
inverter produces around 300V DC,
so don’t touch any part of the circuit
while it is operating. For the same
reason, it’s important not to touch the
output wires to the coil.

Before applying power, it’s a good
idea to fit the lid on the box. Electro-
lytic capacitors have a nasty habit of
exploding if they are installed with
reverse polarity, so this simple step
will protect your eyes. At the very
least, wear eye protection if you intend
operating the unit with the lid off.

If everything is OK when power
is applied, then power off again and
remove the lid. VR1 now has to be
adjusted to set the converter’s output to
300V. To do this, connect amultimeter
between the chassis and test point TP1,
then reapply power and adjust VR1 for
a 300V DC reading (be careful not to
touch any part of the circuit).

For areluctor pick-up, VR2 has tobe
adjusted so that the pick-up sensitivity
is correct. That’s done as follows:

1) Connect the reluctor to the CDI.

2) Turn VR2’s adjustment screw anti-
clockwise by 10 turns, then adjust
this screw clockwise until Q7’s col-
lector drops to OV.

3) Turn VR2’s adjustment screw anti-
clockwise so that Q7’s collector just
goes to about 5V, then adjust VR2
anticlockwise by two more turns
(this ensures that Q7 is not prone
to switching on and off with no
reluctor signal).

Installation

Be sure to mount the CDI case in a
splash-proof location where air flows
over it and make sure that it is well
away from the exhaust side of the
engine. It can be secured inside the
engine bay using self-tapping screws
or you could use brackets. Make sure
that the case is well-earthed to the
vehicle chassis.

Once it’s in place, connect the
positive supply lead to the +12V igni-
tion line and the trigger input to the
ignition pick-up. The coil leads go to
either side of the ignition coil primary.
Disconnect any other wires that are

Constructional Project

This view shows how MOSFETs Q3 and Q4 are secured to the case for heat-sink-
ing. Make sure that their case mounting holes are free of any metal swarf before
installing the insulating washers and mounting screws. MOSFETs Q1 and Q2 are

mounted in similar fashion (see Fig.8).
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Fig.9: the front panel artwork can be downloaded from the EPE website, printed
out and sandwiched between the case lid and a perspex sheet. Use neutral cure

silicone to secure the perspex in place.

part of the original ignition system.
The tacho signal leads runs direct to
the tachometer (again, disconnect the
existing signal lead).

Note that a reluctor coil pick-up
must be connected with the correct
polarity in order to give the correct
spark timing. This is best determined
by testing the engine. If it doesn't fire,
reverse the leads and try again.

You may find that with the Multi-
Spark CDI installed, the spark timing
is a little advanced, due to the CDI’s
fast rise time. If so, you may need to
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retard the static timing slightly to pre-
vent pinging or a slightly rough idle.

Note that it’s always a good idea
to turn the ignition on for one or two
seconds before actually cranking the
engine. This will allow IC3’s 100uF
filter capacitor to fully charge and give
the inverter circuit sufficient time to
generate its 300V DC output.

Once it’s all working, use neutral
cure silicone to seal the lip of the case,
the cable glands and any mounting
screws. This will ensure that the case
is watertight and ensure reliability.
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CURRAWONG REMOTE VOLUME CONTROL
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Fig.12: the circuit for the add-on remote volume control. The infrared signal is received by infrared receiver IRD1 and
passes to microcontroller IC2, which decodes it and uses Q10-Q13 to drive the pot motor in the required direction. Power

comes from the main board.

feedback voltage is adjusted using pot
VR3 and goes through a low-pass RC
filter (18kQ/100nF) before being fed
to analogue input AN3 on IC2. IC2
can thus detect the increase in current
when the pot hits one of its end-stops.
This feedback is used for the mute
function. When mute is pressed, the
motor is driven anti-clockwise until
the pot hits its minimum end-stop.
IC2 detects the increase in current and
shuts the motor off once minimum
volume has been reached. If mute is
then pressed again and LK?7 is in the
high position, the motor is driven
clockwise for the same time as it took
to reach the end-stop, thus returning
the pot to the original volume level.
For this to work, VR3 must be ad-
justed correctly. If it’s set too high, the
motor may stop prematurely, but if set
too low, the motor may not stop once
minimum volume has been reached.
In this design, IC2 flashes an ac-
knowledge LED to indicate when a

valid remote control command is
received. We have used output RA2 to
drive NPN transistor Q14, which pulls
the cathodes of small-signal diodes
D7 and D8 low in acknowledgement.
These go to either end of red/green
LED1 on the main board via pin header
CON11. As aresult, when a command
is received, LED1 is shorted out and
so it flashes off briefly. This avoids the
need for an extra LED to be fitted for
the remote control function.

PIC microcontroller IC2 uses 4MHz
crystal X1 for time-keeping. This
is required as the remote control
commands are sent at a particular
frequency and the micro needs to be
able to ‘lock on’ to these commands to
properly decode them.

Multiple input option

We are using a 10-pin header CON13,
which enables the possibility of fitting
multiple inputs to the Currawong and
having remote-controlled switching.
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This would require the main Cur-
rawong board to be built into a larger
case with enough room for the extra
inputs and the relay board required.
In the standard Currawong design,
(ie, no input switching), we just con-
nect 10kQ pull-up resistors from pins
7 and 8 (+5V) to pin pairs 1/2, 3/4
and 5/6 as shown so that the unit will

iiansformergbolt

eanthingEAWARNING?

Note that the mounting bolts for
the mains transformers T1 and T2
must not be separately earthed (ie,
via earth leads) if the amplifier is
mounted in a metal chassis. That’s
because running earth leads to
them would result in a shorted turn
on each transformer and this would
immediately blow the fuse in the
IEC socket.

33



Constructional Project

%
CONT3" oL
(L)
e e\
tlcz PIC16F884/P
e
4MHz "
sCO22pF ¥ NN
k T N EEER

CONT2*
i3 SEE TETr

5ol ”D

Se ) = Q10 o570 e (o)

F Q122Q13 00 e (0|7

@,, D D DD 4148 |00
o] 4148 (O

Sl Tormin1as V4p7e

.".o
E gl VR3 O
100nFeCe Tk

* SEE TEXT
IRD1

* ON BACK OF PCB

RESISIORS =

SEAets N,

VIOUINT ©N
BACK OF PCB

Fig.13: follow this parts layout diagram to build the remote volume control PCB.
This sits just below the main board, so the available component height is limited. As
a result, motor header CON12 and crystal X1 (if full height) must be fitted at right
angles on the underside of the PCB (not on top as shown in the photo). In addition,
the electrolytic capacitors should be pushed all the way down to the board before
soldering or else bent over so that they will later clear the main board assembly.

function without the input switching
board connected.

Power for the remote control unit
is derived from the Currawong’s un-
filtered low-voltage DC rail of around
15V via pins 1 and 4 of CON11. This
supply goes through a low-pass RC
filter (22Q/100pF) before being fed to
a standard 5V regulator, REG2.

The 5V output from REG2 is used to
power the micro and the motor, but is
further filtered using a 100Q resistor
and 100pF capacitor for infrared re-
ceiver IRD1 (plus an extra 1uF ceramic
bypass capacitor) in order to prevent
motor hash from interfering with in-
frared command reception.

Remote PCB assembly

The remote control PCB is available
from the EPE PCB Service, coded
01111144. The parts layoutis shown in
Fig.13. Start by fitting the two diodes,
cathode stripe to the left, then follow
with the resistors. You can check

Tablef33Resistor{colouricodes

their striped bands against the resistor
colour code table (Table 3). However,
it’s also a good idea to measure them
with a DMM because the colours can
be hard to read clearly.

Note that while most of the resistors
are laid flat in the traditional manner,
the three 10kQ resistors soldered to the
pads for CON13 will need to be fitted
vertically, with two leads sharing one
of the holes. We used mini 0.25W re-
sistors here, since they fit more easily.

Solder the IC socket in place next,
with its notched end to the left, fol-
lowed by REG2. Prepare the regulator
by first bending its leads down through
90° about 6mm from the tab, then at-
tach the tab to the PCB using an M3 x
6mm machine screw and nut. Make
sure the screw is done up tightly before
soldering and trimming the leads.

The ceramic capacitors can go in
next; their polarity does not matter. You
will be left with a 1pF type to be sol-
dered across the motor terminals later.

Follow with the small-signal transis-
tors, taking care to avoid getting the
three types mixed up. Crank their leads
outtofitthe PCB padsusingsmall pliers.
If you have a low-profile 4MHz crys-
tal, this can be fitted to the top of the
board, as shown in Fig.13. Otherwise,
you will need to cover the metal can
with a short length of 10mm diameter
heatshrink tubing, shrink it down,
bend the leads through 90° and fit it to
the underside of the board so that it’s
laying horizontally under PIC micro
IC2. In this case, solder its leads on
the top side of the board.

Note that in our photos, X1 is shown
bent over to the left, but this was found
to interfere with the mains power
switch when the board was in place,
so we later moved it to the underside
and bent it in the other direction, as
described above.

The right-angle polarised header
for the motor is also mounted on the
underside of the board, with its pins
facing the righthand edge, for the same
reason (again, shown differently in the
photo). Solder its pins on the top side.

The 3-pin header for LK7 and 4-pin
header socket CON11 are fitted as
usual, to the top side of the board.
Put the shorting block over LK7 in the
position shown for mute return or fit
itin the alternative position to disable
mute return.

Trimpot VR1 is a vertical type, so
that it can be accessed once the remote
control board has been plugged into the
main board. You will need to bend its
rear pin out slightly to fit the mounting
pads. The three electrolytic capacitors
can then go in, with their longer (posi-
tive) leads oriented as shown.

[[ablela]Capacitorcodes;

Value pF Value IEC Code EIA Code
1uF 1uF 1u0 105
100nF 0.1pF  100n 104
22pF NA 22p 22

J

| No. Value 4-Band Code (1%) 5-Band Code (1%)

| 1 18kQ brown grey orange brown brown grey black red brown

| 5 10kQ brown black orange brown brown black black red brown

| 4 1kQ brown black red brown brown black black brown brown
| 1 100Q brown black brown brown brown black black black brown
| 1 220 red red black brown red red black gold brown

| 1 10Q brown black black brown brown black black gold brown
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The infrared receiver is fitted with
its leads bent so that the bottom of the
receiver is level with the PCB, but it
is spaced about 6.5mm away from the
bottom of the board — see photo. You
will need to bend its leads backwards
close to the body of the receiver, then
crank them up, then bend them back
down again about 8mm behind the
body of the receiver to fit through the
holes on the PCB.

The final adjustment to make the
infrared receiver ‘look’ through its
front panel hole will be done later,
when the board is fitted.

You can now finish the remote PCB
assembly by plugging microcontroller
IC2 into its socket, with pin 1 at left.

Installing the remote PCB

Solder a 4-pin male header to the
underside of the main PCB, at bottom-
right, to match up with the female
header socket (CON11) on the remote
board. While you're at it, feed the leads
oftheremaining 1uF ceramic capacitor
through the holes in the two terminals
on the back of the pot motor and solder
them in place. Trim off any excess lead.

Now you will need to make up the
lead for the pot motor. Start by cutting
a length of light-duty figure-8 cable so
that it will reach from the rear of the
pot over to the right-angle pin header
on the remote board. Be a little gener-
ous, keeping in mind the orientation
of the plug and the fact that you will
need some slack in order to plug it in.

Strip and separate the wires at both
ends of this cable and crimp both wires
at one end into two polarised header
pins. We like to solder the wires after
crimping (being careful not to get any
solder outside of the crimp section) so
that they can’t pull out.

Next, push the pins into the po-
larised block using a small jeweller’s
screwdriver. They should click into
place. If they won’t go in, don’t force
them; you may need to pull them out
and straighten the ‘springy’ section
before they will go in properly.

Now solder the other ends of the
lead to the pot motor terminals (or to
the capacitor leads which are already
soldered to them). Unfortunately,
there’s no good way to figure out the
polarity so you’ll just have to pick one
and then reverse the connection if it’s
wrong but we’ll get to that later.

Next, insert an M3 x 6mm machine
screw through the sole mounting hole
on the remote control board, head
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The remote volume control PCB is
attached to a single mounting point
under the main PCB (see text).

on the underside, with a shakeproof
washer under the screw head. Place a
nylon washer on top and then screw
it into an M3 x 9mm tapped spacer.
Do it up nice and tight.

Plug the remote board into the
4-pin header on the main board, then
use another M3 machine screw and a
flat washer to hold it in place via the
provided mounting hole on the main
board. Finally, plug the polarised
header from the motorised pot into
CON11 on the bottom of the remote
board and you are ready to test it.

Note that the pot motor lead should
not be able to reach the mains switch
which, in any case, should be com-
pletely covered in heatshrink tubing.

The next step is to drill a 4mm-
diameter hole in the front panel for
the IR receiver. This 4mm hole should
be positioned exactly 27mm to the
left of the power LED (LED1). Having

done that, leave the front panel off for
the moment, so that you can set VR1
correctly and if necessary, swap the
motor polarity.

Initial power up and testing
When we left off last month, we had
built the PCB and plinth, wired up the
power supply and mounted the PCB
in place. Now it’s time to power it up
without the valves in place and check
that the power supply is working.
Start by popping the fuseholder
out of the mains input socket using
a flat-bladed screwdriver, then fit the
fuse (plus a spare) and re-install it.
Leave LK4 and LK5 off the board for
now. From now on until the top cover
is fitted, be careful to avoid putting
either of your hands near any of the
components on the top of the board
— touch the assembly using insulated
probes only.

output transformers).

WARNING! HIGH VOLTAGES

High AC and DC voltages are present in this amplifier. In particular, mains
voltages (230V AC) are present on the IEC socket and the primary side
of the mains transformers (including the wiring to the power switch). In
addition, the transformer secondaries together provide a 114V AC output
and the power supply produces an HT voltage in excess of 300V DC,
which is present on various parts of the amplifier circuit (including the

Do not touch any part of the amplifier or power supply circuitry when
power is applied — you could get a severe or even fatal electric shock.

The blue LEDs in the circuit indicate when high voltages are present.
If they are lit, the power supply and various parts on the amplifier board
are potentially dangerous. The completed amplifier must be fitted with
perspex covers — as described in Part 3 this month - to ensure safety.
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Partsilist:ACurrawongiRemotelControl

1 double-sided PCB, available
from the EPE PCB Service,
coded 01111144, 50 x 50mm

1 4-pin header, 2.54mm pitch
(CON10)

1 4-pin female header, 2.54mm
pitch (CON11)

1 1kQ mini vertical trimpot (VR1)

1 4MHz crystal, HC-49 (low-profile
if possible*) (X1)

1 3-pin header, 2.54mm pitch, with
shorting block (LK7)

1 18-pin DIL IC socket

1 2-pin right-angle polarised
header

1 2-pin polarised header plug with
crimp pins

1 200mm length light-duty figure-8
cable

1 9mm tapped nylon spacer

3 M3 x 6mm machine screws

1 M3 nut

1 3mm ID shakeproof washer

1 3mm ID flat washer

1 3mm ID nylon flat washer

1 universal remote control

1 PIC16F88-I/P programmed with
0111114A.HEX (IC2)

1 infrared receiver (IRD1)

1 7805 5V linear regulator (REG2)

2 BC327 PNP transistors
(Q10,Q12)

2 BC337 NPN transistors
(Q11,Q13)

1 BC547 NPN transistor (Q14)

2 1N4148 signal diodes (D7,D8)

3 100uF 16V electrolytic

2 1pF monolithic multi-layer ceramic

3 100nF monolithic multi-layer
ceramic

2 22pF disc ceramic

1 18kQ 1 100Q
5 10kQ 1220
4 1kQ 110Q

* If using a full-height can crystal,
add 1 x 20mm length of 10mm-
diameter heatshrink tubing

Now set your DMM to DC volts (with
a range that goes up to at least 300V),
plug in the mains cord, switch on and
observe the LEDs. The four blue LEDs
adjacent to output transformers T3
and T4 (LEDs3-6) should immediately
light. Blue LED2, next to the head-
phone socket should remain off and
LED1 (power) should be red.

If your amplifier doesn’t display this
behaviour, switch off immediately and
wait for the HT voltage to drop to a safe
level before troubleshooting. This can
be monitored by connecting the nega-
tive probe of your DMM to one of the
valve socket mounting screws and the
positive to the cathode (striped end)
of D1. Wait for it to drop below 40V
before touching the board and to 10V
before doing any soldering or other
work on the board.

Assuming blue LEDs3-6 are work-
ing properly, these indicate the state of
the HT rail. They will be glow brightly
when dangerous voltages are present
and dim significantly once the HT
capacitors have discharged to a safe
level. Note that they will continue to
produce a small amount of light for a
long time after switch-off, but will be
quite dim by the time the HT rail drops
below 10V or so.
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If these LEDs do not light up, one or
more could be installed with the wrong
polarity or might be faulty. Once the
HT has discharged, you can connect a
current-limited voltage source across
each LED to check them. Some (but not
all) multimeters can light blue LEDs
when set on diode test mode.

If LEDs3-6 are working but LED1
does not come on, this points to a
possible fault in the low-voltage AC
wiring, the regulator section or a prob-
lem with IC1 or Q5-Q8 and associated
components. Check these areas, start-
ing by measuring the voltage between
pins 4 and 5 (the two topmost pins) of
one of the 9-pin valve sockets, which
should be stable at just above 12V and
proceed from there.

On the other hand, if LED2 is on,
that suggests a fault in Q9 or its base
resistor or a short circuit in that section
of the board.

Assuming that you get the correct
LEDs lighting, LED1 should turn green
about 20 seconds after switch-on. Dur-
ing this time, you can check that the
various voltage rails are correct.

First, measure the DC voltage be-
tween pins 4 and 5 of the 9-pin valve
sockets as mentioned above and check
that you get close to 12.3V. You can

also confirm that there isn’t too much
ripple on the regulated supply by
measuring the AC voltage between
these pins; it should be below 100mV.

Now check the unfiltered HT supply
voltage, between the cathode of D1
and one of the valve socket mounting
screws. You should get a reading close
to 320V.

The filtered HT voltage can be meas-
ured between pin 3 of any 8-pin valve
socket and one of the earthed mount-
ing screws. Pin 3 is the pin closest to
you, on the right — see Fig.6 in Part
2 last month. This should give a low
reading (a few volts) initially while
LED1 is red and then it should shoot
up to 318V or so (ie, a couple of volts
below the unfiltered HT rail) as soon
as LED1 turns green.

The other filtered HT rails can also
be checked, at pins 1 and 6 of each
9-pin valve socket (lower-right and
upper-left respectively). With the
valves not yet fitted, these should all
be pretty close to the main filtered
HT rail at around 318V, although
they will rise more slowly after LED1
turns green.

Testing the remote board

If you have fitted the remote control
board, this is a good time to test it
now that you have determined that
the power supply is working properly.
First, set your remote control to one of
the supported codes. For the Altronics
A1012, this is either 023 or 089. For
the Jaycar AR1719, use 97948 (Philips
02 CJ 412 TV).

Now aim the remote control at the
receiver and hold down the volume up
or volume down button. You should
see the acknowledge LED (LED1) flash
and the pot shaft rotate.

If nothing happens and you have
definitely programmed the remote
for the correct code then that suggests
either a fault on the remote control
board or an improperly programmed
PIC micro. Check that the board’s 4-pin
header (CON11)is plugged in correctly
to the main board and that there is
around 15V between pins 1 and 4.

If the pot rotates in the wrong di-
rection, you will need to switch off
and reverse the motor connections
(once the HT rail has discharged suf-
ficiently). This can be done by using
a fine flat-bladed screwdriver to press
in the retention tabs on the polarised
header pins, then sliding the pins out
of the housing (while holding the tabs
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down) and refitting them so that they
are swapped around.

Once you have the pot motor rotat-
ing correctly, press the mute button
and check that the pot rotates to the
fully anti-clockwise position and
stops. Ifit doesn’t stop, turn VR1 clock-
wise until it does. If it only rotates part
of the way, turn VR1 anticlockwise
until it mutes properly.

Ideally, VR1 should be set about
mid-way between the too-low and
too-high positions, to avoid later mal-
functions if the pot shaft’s mechanical
resistance increases slightly.

Note that you may need to manually
rotate VR1 clockwise to about half-way
(or use the volume up button) before
the mute function can be tested. Once it
has been set up, you can refit the front
panel and if necessary, bend the leads
of IRD1 and LEDs1and2 so that they
line up with their respective holes.

Fitting the valves

Assuming that the voltages check out,
switch off the power and wait for the
HT capacitors to discharge, then plug
in all the valves. The sockets will
probably be very stiff the first time
they are fitted; a small amount of
contact cleaner on the pins can help
ease them in.

Don’t push them too hard; you will
need to wiggle them in and it’s bet-
ter to push down on the octal valves
by holding the base rather than the
envelope. The 12AX7s have no base
but they should require less insertion
force anyway.

The glass envelopes are pretty strong
but they can be broken with enough
force and there’s also the possibility
of the glue holding the envelope to
the base giving way. So slowly wiggle
the valves in. After the first couple of
insertions, the sockets will loosen up
and fitting/removing the valves will
be a lot easier.

This may seem obvious, but we
should point out that V5-V8 will get
very hot during operation and you
should not touch them! Even brief
contact can result in a painful burn.
Consider that with the glass envelopes
and about 25W dissipation, they are
similar to an incandescent light bulb
— ie, they get very hot!

Now, while we have provided a
minimal output load on the PCB
(~470Q per channel), it’s still a good
idea to hook up a ‘proper’ dummy
load until you’re ready to connect

Constructional Project

This is the laser-cut clear acrylic top cover for the main PCB assembly (the
white colour is a reflection). Not shown are the front cover and the four pieces
that are attached as shield plates to guard the output transformer connections.
Acknowledgements: we’d like to thank Ada Lim and the people at Sydney
hackerspace ‘Robots and Dinosaurs’ for their help with the laser cutter.

some speakers, to prevent flash-over
due to excessive voltage when the am-
plifier is lightly loaded. A couple of
10Q 5W resistors connected across the
speaker terminals will do, although
any value in the range of 3.9-100Q is
acceptable.

Turn the volume control right down
initially. If you have an oscilloscope
and signal generator, you can feed sine-
wave signals into the inputs, power the
unit up, advance the volume control
and check the shape of the output
waveforms on each channel. Other-
wise, all you can really do is hook up
a signal source (eg, a CD player) and
some speakers and listen to it.

Note that there won’t be much
output (if any) until several seconds
after HT has been applied (ie, LED1
has turned green), as it takes time for
the various bias voltages in the circuit
to stabilise. And it takes several more
seconds until the amplifier can deliver
a significant portion of its rated power.
The warm-up is complete and the full
~10W/channel is available around 10
minutes after switch-on.

Before that, you'll probably run into
clippingat 8-9W per channel. It simply
takes that long for the valves to reach
operating temperature.

Assuming it appears to be working
normally, switch off, turn the volume
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control back down and fit shorting
blocks to LK4 and LK5 to enable global
feedback. This dramatically lowers
distortion, from around 0.5-1% down
to 0.05-0.1% (ie, by at least an order
of magnitude) so we definitely recom-
mend operating the amplifier with
these links in.

Now switch the amplifier back on,
slowly turn the volume back up and
check that it’s still working properly.
If you get a high-pitched squeal, you
may have wired the output transform-
ers improperly, turning the negative
feedback into positive feedback and
causing oscillation. You’ll have to
switch off and check the transformer
wiring and feedback components (re-
sistors/capacitors).

Making the top cover
The top cover is vital since contact
with some of the components during
operation could be lethal. We’ve de-
signed a clear acrylic top cover to suit
the plinth as described last month, so
you can still see all the circuitry while
keeping it safe. It also helps to keep
dust and dirt off the board (although
not entirely, since there are cooling
slots cut into it).

Technically, acrylic plastic is poly-
methyl methacrylate and is sold (with
some variations in the formulation)
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INSULATE ALL TRANSFORMER
TERMINALS WITH A
LAYER OF HEATSHRINK TUBING

— AGEMLUIG SHIELD

A PLATES

SN

NEUTRAL-CURE SILICONE

The two shield plates for each output transformer are glued together at right angles
and then glued at right angles to the main cover. Some neutral-cure silicone is also
used to provide further protection and to help hold the acrylic shield plates in place.

Another close-up view of the output
transformer shield. Don’t leave this
shield out - the transformer terminals
operate at 308V DC so it’s an important
safety feature.

under several brand names, including
Plexiglas, Perspex and Lucite.

The cover panel may be included
in kits — but do check, especially the
Altronics kit (K5528) — or you can pur-
chase it direct from: www.siliconchip.
com.au/Shop/7/2877. Alternatively,
if you have access to a laser cutter
with a bed of at least 300 x 300mm,
you could cut it yourself. The cutting
file is available on the EPE website in
various formats including DXF, SVG
and PDF as a free download.

We used a laser cutter with a 50W
CO, laser and found that we got good
results cutting the 3mm acrylic using
two passes at 50% power.
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Once you have your cover, check
which way around it goes (the cut-
outs are not symmetrical), then slip it
over the top of the assembly to make
sure that it fits in place and that the
plinth mounting holes are not too far
out of their expected positions. Leave
the protective film on for the time be-
ing. If you’re using valves with large
envelopes (eg, KT66s) then you may
have to remove them in order to fit
the cover. 6L6s can be left in place.
Push it down until it sits on top of the
low-profile 39uF capacitors.

If it won’t go all the way down,
chances are you haven’t positioned
transformers T3 and T4 in the middle
of their mounting locations. It’s pos-
sible to carefully loosen their mount-
ing screws, just enough to move the
transformers, then tighten them again
without having to remove the board.

Now remove the cover and peel the
protective film off the five pieces to be
glued. These all have crenellated edges
(like a castle rampart, with a series of
square protrusions). While super glue
(cyanoacrylate) is suitable for gluing
acrylic, we recommend that you use
a proper, solvent-based adhesive, as
this will give a much stronger bond.

We used SciGrip Weld-On 16, fast-
setting ‘clear, medium-bodied solvent
cement’. This states on the label that
it’s suited for butyrate, polycarbonate,
styrene and acrylics. You are unlikely
to find this type of adhesive in a hard-
ware store, but should be able to get it
from a plastics supplier.

This forms a strong bond quickly
so you only have about 30 seconds
to mate the pieces and ensure that
they are square before it’s too stiff to
manipulate. Full strength is achieved
after about 24 hours. The bond is clear
but you don’t want to get excess ad-
hesive on the material as it will affect
the surface finish and you definitely
don’t want to drip it on the cover. It
tends to get a bit ‘stringy’ (sort of like
melted mozzarella) after coming in
contact with the acrylic.

In fact, to give yourself the best
chance of getting a clean-looking bond,
we’d recommend squeezing some of
the adhesive out onto a smooth piece
of timber or metal (not plastic!) and
using a small paintbrush (hair, not
nylon) to apply it to the acrylic. This
makes it easier to control how much
you are applying compared to using
the tube directly. You’ll also need a
clean rag on hand.

Start by gluing the two pairs of
transformer shield plates together.
Before applying any adhesive, figure
out which surfaces will be in contact
(they are on two faces). That done,
apply a thin layer of adhesive to all
those surfaces, then press the two
pieces together. Make sure that they
are at a 90° angle and that the tabs are
fully inserted into the slots. Wipe off
any excess adhesive and be careful not
to get it on areas of the acrylic away
from the join.

You can then lay the part on its
side to cure. Do the same for the other
identical piece. Note that while there
are two different orientations in which
these pieces can be glued together, it
doesn’t matter which way you do it as
they are symmetrical.

Once you’ve done those, you can
move onto gluing the front and top
sections together. This is amuch larger
join but the technique is basically the
same. However, the orientation does
matter in this case - be sure to glue
the front section on such that when the
cover is in place, it hangs down rather
than sticks up. Acrylic adhesive is
very strong, so if you get it wrong, you
probably won’t be to get them apart
again without breaking something.

Again, it’s important to make sure
that the sections are at right angles
and pushed fully together to get a neat
result. You will need to peel away the
protective film from the top cover near
the front but it’s a good idea to leave
it in place on the rest of the panel

Everyday Practical Electronics, January 2016



This view shows the amplifier
with the acrylic cover in
place. It provides an attractive
finish while protecting against
dangerous voltages. Note that
the output valves get hot, so
be sure to place the amplifier
away from young children
and where there is plenty of
ventilation.

Reproduced by arrangement
with SILICON CHIP
magazine 2015.
www.siliconchip.com.au

Beforefswitchingfon

Check that the IEC socket’s earth
pin is connected to all exposed
metalwork.

o Check the isolation between the
live and earth pins and neutral
and earth pins of the IEC socket.

o Check the output transformer
and mains switch insulation. The
output transformer terminals
must be fully insulated with a
double layer of heatshrink.

o Don’t touch any parts if the unit
is being tested without the cover.

o Be sure to fit the cover when
testing is complete.

. v

to protect it during gluing. The best
way to do this is to peel back the film
around the area to be joined and then
use a pair of scissors to cut a strip of
it away, so the rest can be laid back
down on the surface.

Once you’ve joined those parts,
leave it for a few minutes and it should
then be strong enough to allow you to
glue the two transformer cover pieces
prepared earlier into the crenellated
sections at the front of the transformer
cut-outs. Glue the pieces in so that the
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horizontal pieces at the top project out
over the cut-out areas in the top cover
below (ie, not pointing towards the
front of the panel).

Fitting the top cover

While full strength won’t be achieved
for 24 hours, the joins should be strong
enough after about 10 minutes to al-
low you to (carefully) fit the cover to
the amplifier. Again, if using KT66s
or other valves with envelopes larger
than the 6L6s, remove them first.

Lower the cover until it’s resting
on top of the five low-profile capaci-
tors. Take care to avoid touching the
underside as this may leave visible
fingerprints. If you do get fingerprints,
polish them off with a soft cloth.

You may need to push down on it
gently but firmly to get it to go all the
way down. If it won’t go, re-check the
positioning of T3 and T4 and move
them slightly if necessary.

You can then mark out the seven
mounting hole positions around the
perimeter of the cover and drill 2mm
pilot holes a few millimetres deep in
each location. You can remove the
cover to do this if you want to (which
makes it easier to remove the result-
ing wood particles) — however, it isn’t
strictly necessary.
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Next, peel the protective film off
seven of the small doughnut-shaped
laser-cut pieces. Once you’ve cleared
the area around each hole, slip these
‘doughnut’ spacers under the cover
and push them into place (eg, using a
screwdriver). You can then feed a 4G
x 12mm self-tapping screw in from the
top and do it up until the top panel is
resting on the spacer. You may want
to do up all seven screws loosely and
then slightly adjust the top cover po-
sition before making them all tight to
hold it in place.

All that’s left now is to squeeze a
small bead of neutral-cure silicone
sealant into the gap at the upper-left
corner of each output transformer.
This helps hold the acrylic covers in
place and also prevents small fingers
or other objects from being pushed
into this gap (see photo). The easiest
way to do this is to cut a thin strip of
plastic from a take-away container lid
or similar, place a bead of silicone on
the end and use it like a trowel to push
itinto the gap and wipe off any excess.

Once it has all dried you can plug
the valves back into their sockets and
the amplifier is ready to go! Note that
the output valves get hot in operation
so be sure to place the amplifier where
there is plenty of ventilation.
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Dealing with static-sensitive components

EN I first became interested
in electronics, some electronic
projects were based on valves,

or ‘tubes’ as they are called in the US.
Protecting components from high voltages
was not an issue, since many of them
required a few hundred volts in order to
work properly! Back then, semiconductors
could certainly be damaged by relatively
low voltages, but they were not considered
to be at risk from static charges in the
environment. They were mostly made
from germanium rather than silicon, and
overheating when soldering them into the
circuit was the main problem.

Things are certainly very different these
days, and modern semiconductors are far
more tolerant of high temperatures. It is
still possible to damage semiconductors
with excessive heat when soldering them
to a circuit board, but the widespread use
of semiconductor holders has made this
largely academic. The holder is soldered
in place on the circuit board, and the

semiconductor is simply plugged into the
holder.

In charge
Although static electricity was originally
not considered too hazardous to
semiconductors, it is very much to the
fore these days, and probably represents
the main source of problems with
modern components. If you buy any
semiconductor, regardless of its type, it
will almost certainly be supplied in some
form of anti-static packaging. There is
probably a degree of overkill here, with
components that were once considered to
be free from risk being treated in the same
way as the most vulnerable components.
So why are some semiconductors more at
risk from static charges than others?

Problems with components being zapped
by static charges first became a major
problem with the introduction of various
devices that used MOS (metal-oxide
semiconductor) technology. These are
based on the MOS version of field-effect
transistors, or MOSFETSs as they are usually
called. Bipolar transistors have low input
impedances at the base terminal, and in
use, a small but significant current flows
at the input of the device. The voltage at
the base of a transistor varies very little in
normal use, and it is the current flow that
is of greater significance.

The gate terminal is the MOSFET
equivalent to the base terminal of a
‘conventional’ bipolar transistor. The
input impedance of a MOSFET is
extremely high, and only a minute input
current flows. In fact, the input current is
so low that it cannot be measured using an
ordinary test meter. The input impedance
is usually a few million megohms. In
normal, use the input voltage to the gate
of a MOSFET varies much more than
the input voltage at the base of a bipolar

transistor. However, with the exception
of some high power devices, the input
voltage is still no more than a few volts.

Semiconductors are often tolerant of high
currents for brief periods, but they tend
to be easily damaged by even the most
transient high voltages. Static charges
in the environment are not normally a
problem with conventional transistors,
because they are quenched by the flow of
current into the component. Charges are
leaked away through the device without
ever building up to anything significant.

However, due to their incredibly high
input impedances, MOSFETs do not
have this form of inbuilt protection.
Static charges can build up between the
gate and the other terminals, possibly
reaching a high enough level to damage
the component. It is important to bear in
mind that the actual voltage need to zap
a MOS device does not necessarily need
to be particularly high. In some cases a
potential of around 50V is sufficient to
damage a component. There is no need to
have a static charge of a few hundred volts
or more, complete with crackling sounds
and sparks flying. A MOS device can be
zapped with no obvious sign of anything
amiss. It will simply fail to work for no
apparent reason.

Minority group
Any semiconductor device can be
damaged by very large static charges,
and it is presumably for this reason that
even the hardiest of semiconductors are
often supplied in some form of anti-static
packing. Alternatively, it might just be a
matter of economics, with it being more
cost-effective to use the same packing
for all semiconductors, regardless of
whether they need protection from static
charges. Anyway, unless a device is
definitely known not to be a MOS type, if
it is supplied in anti-static packing then
it should be regarded as a vulnerable
component and be treated accordingly.
Although MOS devices were very much
in a minority for some years after their
introduction, it is probably fair to say that
the majority of semiconductors used in
modern electronics fall into this category.
MOS technology is not so extensive
for discrete transistors and diodes.
Conventional transistors and MOSFETs
have different circuit symbols, so you
should always know which type you are
using. There is another type of discrete
field-effect transistor in the form of the
junction gate type, which are often called
the JFET’ (or occasionally JUGFET’).
While these have high input impedances
that are typically in the realms of a few
hundred megohms, they are generally
deemed slightly less at risk than MOSFETs.
MOS technology has gradually found
its way into linear integrated circuits
such as audio amplifiers and operational
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amplifiers. Although at one time
linear devices could be regarded
as safe from static charges, this
is no longer the case, and many
operational amplifiers have MOS
input stages. Logic integrated
circuits used to be divided into
the ‘safe’ 74 series TTL devices,
and the vulnerable 4000 series
CMOS  (complementary MQOS)
types. However, various improved
families of TTL devices have been
introduced over the years, most of
which are actually based on CMOS
technology. Apart from the original
devices and the 74LS (low-power
Schottky) components, it is best
to regard all 74 series devices as
vulnerable to static charges.

These days, practically all digital
chips are MOS based, including
microprocessors, microcontrollers,
and their support chips, memory
devices, and specialist devices
such as digital clocks and signal
processors. Even things such as
sensors can be based on MOS
technology, or include MOS
components. When a project uses
components that are vulnerable
to static charges, they should be
clearly identified as such in the
article. Component catalogues often
indicate the devices that can be
easily damaged by static charges,
and this information should always
be clearly shown in data sheets.
The data sheet for virtually any
semiconductor component can be
found on the Internet by entering
the type number and ‘data sheet’
into a search engine. If in any doubt,
always take a ‘better safe than sorry’
approach, and proceed on the basis
that a device is vulnerable to static
charges.

Sent packing

MOS devices are supplied in
some form of anti-static packing,
and they should be invulnerable
to static charges while they are in
this packaging. Anti-static packing
comes in various forms, such as
conductive foam, blister packs,
plastic tubes, and conductive plastic
bags. Some common examples of
anti-static packing are shown in

Fig.1. Three types of anti-static packaging. The bag and the tube insulate the devices
within from static charges, whereas the conductive foam effectively short-circuits all the
pins together so that no significant voltage can exist between them

Fig.1. There are two basic approaches to
preventing damage by static charges.

One method provides protection by
short-circuiting all the pins or leads of the
components together. Strictly speaking
this does not actually keep high voltages
at bay, but this method works because it
is not a high voltage per se that causes the
damage. Damage occurs when there is a
high voltage between two pins or leads
of a component, resulting in some of the
semiconductor junctions being ‘blown’.
No significant voltage differences can be
produced between pins or leads if they
are electrically connected. Conductive
foam wuses this method to protect
devices. The alternative approach is to
insulate components from static charges.
Blister packs often use a combination of
the two methods, with metal foil on the
cardboard back connecting the pins, and
the plastic blister providing insulation
from the outside world.

Careful handling

An initial precaution is to leave devices
in their anti-static packaging until it is
time to install them on the circuit board.
It is tempting to remove the components
from their packing to examine them,
but this is something that should
definitely be avoided. With most types
of protective packing you can see the
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components inside well enough to
determine whether the right parts
have been supplied. The packaging
sometimes has warning notices which
suggest that the components will be
zapped unless they are dealt with
using expensive anti-static equipment.
Fortunately, this is not really the case,
and some simple precautions and
inexpensive equipment will suffice.
An obvious precaution is to keep
components well away from any
know or likely sources of static
charges. You will presumably be
all too aware of any large sources of
static charges in your home. Keep
semiconductors well away from them,
and do not build electronic projects
anywhere near them. At one time,
clothing was often a common source
of static charges. However, these
days, manmade fibres are normally
mixed with natural fibres, and this
has largely eliminated the problem.
Of course, if you have any clothes that
show any tendency to produce static
electricity, do not wear them when
dealing with semiconductors.
Another obvious precaution is to
handle vulnerable components as
little as possible when it is time to
fit them onto the circuit board. Try
to hold components via their bodies,




Fig.2. An anti-static wristband, complete with its lead and
mains earth plug. For safety reasons there is a resistance of
several megohms between the wristband and the plug

and avoid touching the pins or leadout wires any more than
is really necessary. Use holders for all integrated circuits,
and not just MOS types. In addition to reducing the risk
from static charges, using a holder avoids the possibility of
overheating components when soldering them to the circuit
board. It also makes it easy to correct matters if a component
is accidentally fitted the wrong way around. Removing a
device from a holder and reinstalling it correctly is quite
straightforward. Even if you have the right tools, desoldering
multi-pin components from a circuit board can easily result
in damage to the components and (or) the board. Integrated
circuits should not be plugged into their holders until the
circuit board and any wiring has been completed.

Down to earth

These simple procedures will suffice when dealing with
inexpensive chips such as most CMOS logic types, but
further measures are worthwhile when dealing with
more expensive devices. There is certainly no shortage of
equipment that can help to keep static charges at bay, and
prevent expensive chips from being zapped. While most
of this equipment is highly desirable, much of it is not
particularly cheap. For professional users who will use it
on a daily basis, no doubt this equipment represents good
value for money. Unfortunately, it is not a realistic option
for most amateur users. The equipment would probably
cost more than the total value of the components it would
be used to protect.

On the other hand, there are some relatively inexpensive
items of anti-static equipment that are well worth having,
even if they will only receive occasional use. An earthing
wristband is probably the most popular and most-cost-
effective item of anti-static equipment. This is comprised
of the wristband itself, a mains plug that provides ONLY
an earth connection, and a lead to connect the two (Fig.2).
The lead is sometimes terminated in a crocodile clip rather
than the mains plug (Fig.3). The crocodile clip is connected
to the earthed chassis of a piece of electronic equipment.
Either way, the equipment connects the user to the mains
earth so that static charges leak away to earth instead of
building up in their body.

Equipment of this type is potentially very dangerous. If
the earth lead should become ‘live’ it would probably be
impossible for the user to remove the wristband, and the
lead therefore includes a high value series resistor. This
ensures that that the current flow would be far too low to
cause any injury if anything should go seriously wrong. The
resistor does not prevent any static charges from rapidly
leaking to earth. A simple alternative to using a wristband is

Fig.3. This anti-static wristband has a crocodile clip lead rather
than a mains earth plug. It is primarily intended for use when
building and servicing PCs, but it is usable when building
electronic projects

to periodically touch something that is earthed. This could
perhaps be the 0V output of a bench power supply unit.
This is a less reliable way of doing things, but it should
remove any charge from your body well before dangerous
voltages can build up.

Mat finish

An earthing mat is another useful item of equipment that can
be obtained relatively cheaply (Fig.4). It is a mat made from
a conductive material, or from plastic that has a conductive
coating on one side. It is used on the workbench, and it is
earthed in the same way as an anti-static wristband. The
circuit board and any components or tools placed on the
mat are earthed, and free from static charges. In fact, the
presence of an earthed mat more or less guarantees that
there can be no build-up of static charges in the user’s body,
or anything within the vicinity of the mat.

It is not difficult to improvise an anti-static earthing mat,
and something like a piece of aluminium foil glued to a
piece of plywood, or some aluminium sheet should do the
job well enough. A homemade mat can be earthed via a plug
and lead of the type sold for use with anti-static wristbands.
However, it is possible to buy anti-static mats for a few
pounds each, so the DIY approach is less worthwhile than
was once the case.

Fig.4. Part of a large anti-static work mat, complete with the
earthing lead and clip. It rolls up for easy storage, but is less
than completely flat in use.
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Getting the picture

ORE trials with the Ucam 247 HD1080p Wireless
M IP camera (featured in Net Work, December 2015)
revealed that the number of files stored on the
NAS hovered at exactly 10,000. After changing Guest
permissions on the Synology NAS, the camera was no
longer storing countless (42,000+) images that needed to
be trimmed manually using (for example) the AutoDelete
program I mentioned last month. It was speculated that
the 10K limit related just to the camera’s internal SD card
storage, but in fact it was now behaving as I originally
anticipated — limiting the archive to 10,000 photos on the
NAS instead of building up an endless heap of them.
Objects like passing cars, trees swaying in the wind or
birds could generate unwanted snapshots which could
quickly hit the 10,000 image ceiling, allowing maybe
a few days’ worth of files to be stored at most. Some
experimentation might be needed to get the balance right:

e Juggling the capture of multiple images against their
resolution (hi-res image files take longer to travel, and
a slow network might miss some snapshots)

e Network speed (faster rates allow more images to be
captured in the allotted time)

e Motion detection coverage (too broad, and too many
false triggers might result).

Despite trying all sorts of different permissions and user
setups, I could not overcome this 10,000 limit. It would be
ideal if captured images could be protected by the stand-
alone NAS, without Windows running on a PC to manage
the job. Could they be backed up automatically somehow?

The Synology NAS offers just a few compatible apps to
backup files onto cloud storage, including HiDrive. The
attractive, paid-for cloud service from the German ISP Strato
was first examined in Net Work, March 2012. Packages start
at under £7 a month for 100GB of storage. I like the fact that
it can be configured to appear as a ‘normal’ Windows drive,
and both public and private folders can be set up online.
HiDrive is also Mac and Linux compatible and has apps for
Android, iPad and Windows Phone users. Even without a
Synology NAS, HiDrive is a cloud service that techie users
will probably appreciate. A free 5GB HiDrive service is also
offered (not compatible with the Synology app), and overall
it’s an interesting package that is independent of big names
like Google and Microsoft. At the time of writing, archiving
IP camera images this way has not yet been tested by the
author, but no problems are expected.

The Ucam 247 is also compatible with ‘Cammy’, a paid-
for subscription service for hosting IP camera images and
alerting owners of any ‘hits’. This is probably the most
hassle-free option for many Ucam users and is worth
trialling, mindful of the running costs.

Android on the big screen
A compatible web browser with Quicktime is needed to view
this camera’s live video on a desktop, but it can also stream
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Fig.1. This £20 Android Mini PC dongle turns an HDMI TV
into a fully-fledged Android computer with Wi-Fi, Bluetooth
and USB

lower-resolution video via an app on a smartphone or tablet.
The Ucam 247Live Android app works well over Wi-Fi, and
the camera’s microphone is extremely sensitive. Using a
mobile app or my desktop web browser meant I could finally
keep an eye on the front of the building. Then I hit upon the
idea of viewing the video stream on a Smart TV as well!

In my case, the Samsung TV’s web browser was
incompatible, so the camera image could not be accessed via
its IP address. Undeterred, I noted my TV had a spare HDMI
input, so I decided to try converting it into a fully-fledged
Android computer capable (I hoped) of running the Ucam
Android app. eBay turned up a likely-looking Android ‘Mini
PC’ HDMI TV dongle from China for well under £20 ($30)
— see Fig.1. Measuring just 90 x 30 x 20mm, the diminutive
dongle runs Android 4.2.2 and — hard to believe — has about
1GB of RAM, 802.11n Wi-Fi and Bluetooth, USB ports
and a MicroSD slot (32GB max.). It has native support for
common audio and video files, and a handy HDMI extension
lead (included) enabled connection to an HDMI port buried
behind the TV. The cheap 5V mains adaptor (US two prong)
was replaced with a higher quality one.

So, was a cheap and cheerful HDMI TV dongle like this
too good to be true? After powering up, it soon booted
into an Android home screen. (Think of older-generation
Android tablets from two to three years ago, but still
perfectly acceptable today.) Next, I found that it would
not pair with a cheap Bluetooth keyboard and trackpad.
Bluetooth version compatibility has long been an issue
with mobile phones, sat navs and laptops, so instead I tried
a legacy £1 Bluetooth dongle on the Android USB port and
miraculously the Android screen responded to my inputs.

The Android-powered TV found a nearby Devolo wireless
access point and soon I was downloading apps, browsing the
web, checking Gmail and Google Calendar, all on the 40-inch
TV screen. The Ucam Android app was downloaded and I
briefly hit a problem: a cryptic message stated that Ucam
247 ‘cannot run as Google Play Services is not supported
by the [Android] device’, even though I knew Google Play
was installed and working properly. My heart sank, but then
everything suddenly burst into life — the Ucam247 Live
app added the IP camera (Fig.2) and I could now see the
camera video clearly on full-screen TV, along with sound.
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Fig.2. Viewing the Ucam IP camera video with the Ucam
Android app on a 40-inch TV

Separately, I installed Firefox and Chrome web browsers for
Android and happily, I could now log into the camera’s IP
address and view the camera online that way, although not
at full screen (Fig.3 and Fig.4). (In Chrome, I had to ‘Request
the Desktop Site’ before it would work.) I could also log in
and check the camera settings if I wanted to.

Checking around, I must admit the Android HDMI TV
dongle exceeded all expectations and worked extremely
well; it found various network drives and its media player
was soon blasting out MP3 music and MPEG videos hosted
on my NAS. Not all Play Store apps worked with this
version of Android, but even so, adding an Android TV
dongle like this is a very cute way of getting more from an
HDMI TV screen or monitor, or adding some useful Google
apps, even if only to surf or check mail. For such a trivial
cost it’s definitely a cheap way of upgrading an HDMI
screen. Shop around for a cheap Bluetooth keyboard and be
prepared to experiment a little — it’s worth it!

Fig.3. Downloading the Firefox web browser onto the Android
dongle using Google Play Store

Fig.4. The IP camera video feed and setup screens could then
be accessed using its IP address in the browser
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Fig.5. Intel Compute Stick is a fan-cooled
Windows 8/10 HDMI TV and monitor
dongle

Windows users might like
the Intel Compute Stick,
which offers Windows 8.1
/' W10 or Ubuntu 14.04
LTS on a fan-cooled (!) HDMI
dongle with Wi-Fi, Bluetooth
and USB — but at £80 ($120) it’s
four times more expensive than the
Android device tested here — see Fig.5.

POP music

Readers would expect an Internet columnist to rave about
life on the cloud, but I manage my very busy email the
same as ever — offline, using good old (and free) Eudora, a
program that still offers lightning-fast mail search, multi-
threaded mail collection (perfect for my dozen POP3 email
boxes) and powerful filtering options. File attachments and
mailboxes are stored safely on a local disk and backed up
to a NAS using the fast and dependable program Macrium
Reflect every night.

The last iteration of Eudora V7.1 for Windows is still
downloadable from www.eudorafags.com and a Eudora
mail list server is busy with users’ chatter. Apart from some
minor well-documented cajoling being needed, Eudora runs
well in Windows XP through to Windows 10. Its power and
usefulness more than compensate for its quirkiness, which
includes not forwarding HTML-based emails very well, nor
displaying MS Office ‘smart quotes’ due to the only character
set (ISO 8859-1) that Eudora fully understands; hence some
inbound email is occasionally sprinkled with UTF-8 strings
such as: ‘as 14 ™ve been awaiting the clientd ™s feedback’
in place of apostrophes. Eudora also nags me once a week
about trusting Gmail secure certificates. However, no one
has ever complained that they can’t read my email, which
Eudora drafts in Times New Roman — but I always see it on-
screen as Verdana, which is fine by me!

In November 2015’s Net Work 1 asked readers how they
manage their own email in today’s cloud-connected world.
Dave (G4UGM) wrote that he pays for a Microsoft Office
365 Home subscription from Microsoft, which costs about
£8.00 a month or £80/year. Five licences for Office are
included, also offering Access and Publisher and 5 x 1TB
of Cloud Storage. The cost is less than paying DropBox
for much less storage, and about the same as 1TB of cloud
space from Google, Dave says.

These costs represent very good value if you are happy to
be locked into an open-ended subscription, and doubtless I
am heading inexorably that way too. Dave told me, ‘for those
who have moved to Windows 10 that comes with ‘Modern’
apps for Mail and Calendar, these both talk to Hotmail /
live.com / outlook.com and are probably OK for lighter
modules.” He also suggested the interesting-looking eM
Client, available free for personal use from www.emclient.
com. Unless you are committed to using Microsoft Office,
I suppose users will likely adopt Gmail or Outlook.com by
default. Also consider downloading Windows Live Mail
software as part of Windows Essentials 2012, free from http:/
windows.microsoft.com/en-gb/windows-live/essentials.

One thing is becoming very clear: email is now a
commodity service with little to distinguish between key
players as they jostle to outdo each other. Today’s users
want to sync mail across phones or tablets while on the go,
and who cares if it’s managed out on the cloud somewhere?
I'm in no doubt that offline programs like Eudora will
gradually become too unrewarding and tiresome to use,
especially when ISPs change their mail systems to the point
that email software is finally rendered incompatible. Until
then, Eudora is a key member of the staff here at Net Work,
and I've just stuck it onto a brand-new machine.

Get Windows 10 - get gone!
One nearby PC on my home network still runs Windows XP,
along with all the security worries that it brings. I spotted an
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Asus desktop PC on the High Street for a knockdown price
— one that I reckoned I could not build a Windows 8.1 PC
for — and I was soon heading home with it tucked under
my arm. Setting it up, I was struck by how desktop PCs
are evolving: wireless 802.11ac networking is now built
in, making PCle Wi-Fi cards and USB dongles things of
the past. Bluetooth is built in too, and this Asus PC is fuel-
efficient with a low-voltage laptop-style switched-mode
adaptor hooked on a power cord. HDMI video is standard,
but DVI is nowhere to be seen, so a Startech HDMI-DVI
adaptor sourced off Amazon ensured it would work with
the year-old LCD monitor that I had in mind.

It was straightforward to connect the PC onto my home
Wi-Fi — admittedly, Windows 8.1 made this task simple,
marred only by its flat and featureless 2D GUI, which has
not grown on me by one iota. Next, Avast Antivirus was
installed before the torrent of endless Windows 8 updates
arrived, taking six hours in total. Firefox followed and
email was next, and the afore-mentioned Eudora 7
dropped straight in without a hitch. Browser Favorites
(Bookmarks) were easily imported and the sprightly new
machine was soon humming along on the network. A
critical task is to create a Restore image which needed
a branded 32GB USB3 memory stick that one can only
hope will not be corrupted or zapped by ESD over time.

It wasn’t long before the beguiling ‘Get Windows 10’
nag screen put in an appearance. Opinions vary wildly,
but many PC users have taken the plunge recently with
few regrets. However, for those who still find Windows
7 more productive, the leap to the flat, tiled, blocky and
counter-intuitive Metro-style GUI is proving one step too
far, at least for now. Regular Net Work reader Dr Stephen
Alsop agrees, he says: ‘I enjoyed your November 2015
column and you expressed my exact same problems and
frustration following upgrading(?) to Windows 10. I have
updated my four machines and I have never come across
a more amateurish user interface. It really is a backward
step. I had the same problems of simplistic, basic, poorly
coloured windows and you could not tell which was
the active one; window positions being lost between
sessions, a hopeless Start menu, Outlook not sending
emails, etc...

‘Trecommend the following utilities to get Windows 10
as near to W7 as possible, as without them I would have
reverted back to Windows 7:

e  WinaeroTweaker [winaero.com] — set coloured
window bars and much more, I like this app

e Ultimate Windows Tweaker 3 — you can tweak
everything, but it can upset a few settings, so do
a system backup before using any of these. [Now
Version 4, from TheWindowsClub.com — ARW)|

e C(lassic Start Menu and ShellFolderFix are excellent
to set the start menu and for saving folder and icon
positions like they should be.’

Thank you for those tips — with ‘Get Windows 10’
becoming an irritation on my existing Windows 7
machine, I set about disabling this unwanted feature
altogether. Microsoft disguises it under the cryptic
name of ‘GWX’, so if you can temporarily end the
nagging by disabling GWX.exe in Task Manager. It’s
Windows Update KB3035583 that results in the Get
Windows 10 icon (see: https:/support.microsoft.
com/en-us/kb/3035583) and it can be uninstalled via
Control Panel/ Systemand Security/ W ndows
Update/ Installed Updates. However, it will
simply be downloaded again unless you also find and
tick the option to permanently ‘hide’ it, as Microsoft
classes it as an ‘Important Update’. After uninstalling
and rebooting, the GWX icon disappeared for good.

That’s all for this month. It’s my pleasure to offer all
readers compliments of the Christmas season and I look
forward to bringing you more Internet developments
in the New Year. You can email me at alan@epemag.
demon.co.uk
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Low cost

* 10 MHz to 200 MHz bandwidth
* 100 MS to 1 GS/s sampling

¢ 8 bit resolution (12 bit enhanced)
* 8 to 48 kS buffer memory

* USB powered

* Prices from $129 €99 £79

MSO

* 2 or 4 analog channels
+ 16 digital
* 50 to 200 MHz bandwidth
* 8 bit resolution (12 bit enhanced)
* 64 to 512 MS buffer memory
* USB or AC adaptor powered
* Prices from $819 €659 £499

Eight channels

* 20 MHz bandwidth

* 80 MS/s sampling

* 12 bit resolution (16 bit enhanced)
* 256 MS buffer memory

* USB powered

* Just $2305 €1845 £1395

Flexible resolution

* 8,12, 14, 15 & 16 bits
all in one device
* 60 to 200 MHz bandwidth
* 250 MS/s to 1 GS/s sampling
* 8 to 512 MS buffer memory
* USB or AC adaptor powered
* Prices from $1155 €929 £699

2 GS memory

* 250 MHz to 1 GHz bandwidth

* 5 GS/s sampling

* 8 bit resolution (12 bit enhanced)
* 256 MS to 2 GS buffer memory

* AC adaptor powered

* Prices from $3295 €2645 £1995

20 GHz sampling

* DC to 20 GHz bandwidth
* 17.5 ps rise time
* 16 bit, 60 dB dynamic range
* AC adaptor powered
* Sig. gen, CDR, diff. TDR/TDT
* Prices from
$14,995 €12,035 £9,085

Full software included as standard with serial bus decoding and analysis

(CAN, LIN, RS232, 12C, 12§, SPI, FlexRay), segmented memory, mask

testing, spectrum analysis, and software development kit (SDK) all as
standard, with free software updates. Five years warranty real time

oscilloscopes, 2 years warranty sampling oscilloscopes.

www.picotech.com/PS447
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ECENTLY, frequent contributor
lost posted the following question
to the EPE Chat Zone forum: ‘While
looking for help with high-gain, high-
input-impedance  discreet-transistor
voltage amplifiers, I came across
an article which recommended the
use of Darlington transistors. These,
the article said, have high input
impedance. It’s not clear to me why
that might be, and even if it’s true,
biasing arrangements will ruin it.
What did I miss?’
Later, after another frequent
contributor, james, posted some
useful simulation examples and
there was some discussion of circuit
configurations, lost added: ‘The article
I referred to had a grounded emitter,
a 10k collector resistor and was
biased by 100k from collector to base
and was declared to have high input
impedance. I stared at that for a while
thinking, “if that’s high Z-in there’s
something I don’t know”.”

The simple answer is lost is correct
to point out that biasing arrangements
may have an impact on circuit input
impedance — and the particular
circuit he describes has low input
impedance. However, the Darlington
configuration does provide higher
impedance than a single transistor,
but the right circuit must be used to
exploit this. In this article we will look
at the basics of Darlington transistors
and similar arrangements, and then
discuss Darlington input impedance,
the actual circuit lost mentions and
transistor amplifier input impedance.

Fig.1 shows both NPN and PNP
Darlington circuits. In the Darlington
configuration, one transistor is used
to directly drive another, resulting
in a sort of ‘super transistor’ with
very high current gain (up to tens or
even hundreds of thousands) and — of
particular interest to lost — high input
impedance. The Darlington is not the
same as a ‘superbeta transistor’, which

c Cc
B B
Q1 Q1
Q2 Q2
E E
a) NPN Darlington b) PNP Darlington

Fig.1. The Darlington configuration
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Darlington impedance

is a high-gain single transistor, achieved
through fabrication means, particularly
the use of a very narrow base region. At
the risk of causing confusion the term
‘superbeta pair’ is sometimes used
for the Darlington configuration. We
are talking about ‘beta’ here because
p is used as the symbol for transistor
current gain (ratio of collector current
to base current).

The Darlington pair behaves like
a single transistor, but with twice
the value of Vj; (ie, it has a higher
switch-on voltage) and a current gain
approximately equal to the product
of the gains of the two transistors.
The input resistance is increased by
a factor comparable with the gain
of the transistors. This is the input
impedance of the compound transistor
itself, the circuit in which it is used is
another matter, as we will see later.

Darlington transistors (and similar
arrangements, described later) are
used in power switching applications,
power amplifier output stages,
voltage regulators and some types of
sensing applications — particularly
in optocouplers (the Darlington
arrangement can be used to increase
the gain of a phototransistor). They
can also be used in the input and gain
stages of amplifiers.

Applications and issues

Darlington transistors in a single
package (including arrays of multiple
Darlingtons) are readily available from
a number manufactures, and have
been around since the 1970s. These
are mainly aimed at power handling
and switching applications and may
contain additional components to
facilitate this. A typical example
is given in Fig.2, which shows the
equivalent circuit of the TIP120. This
device includes a protection diode
and a couple of resistors. The resistors
act as pull-downs to make sure the
transistor is off when required — this
is particularly important if the drive
circuitishigh impedance when it is off.
Note that the presence of the resistors
means that devices of this type do not
have high input impedance and are
not suitable for all applications.

In high power applications, the
first transistor (Q1) makes sure that
the power transistor (Q2) receives
sufficient base current to fully turn on.
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A high power transistor may require
significant base current, which would
not be readily available from the
controlling circuit’s output (eg, a logic
output) if it were connected directly.
Darlington pairs are very useful for
switching high power loads from logic
outputs — however, a word of caution is
needed here because one disadvantage
of the Darlington pair is that the
configuration can be rather slow in
switching. The problem is due to the
fact that the first transistor cannot
switch the second one off quickly — it
goes open circuit leaving charge in the
base of the second transistor, which
takes time to shift. Connecting a resistor
from the base of the second transistor
to ground alleviates this problem (see
R2 in the circuit in Fig.2).

In addition to the Darlington requiring
double the switch-on voltage of a single
transistor, and possibly exhibiting slow
switching, there are other potential
issues. First, all semiconductors suffer
from leakage currents, and any leakage
from the first transistor in a Darlington
pair will be amplified by the second,
meaning that total leakage effects may
be quite large. Again, the R2 (Fig.2) base
resistor helps — it is selected to ensure
that its voltage drop when the first
transistor’s leakage current is flowing
through it is such that the second
transistor will not turn on.

Another issue with the Darlington is
the collector-emitter saturation voltage
— the voltage across the transistor
when it is fully switched on. For a
single transistor, this is about 0.1V to
0.3V (smaller than the typical Vj; of
0.6 to 0.7V). For the Darlington pair
the saturation voltage is significantly
larger, being equal to Vyj of the second
transistor plus the saturation voltage of

R1 R2
~8kQ =0.12kQ £

Fig.2. Example Darlington power
transistor internal circuitry. This is the
TIP120 from the Fairchild datasheet
(fairchildsemi.com)
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the first transistor. This is important in
power switching applications because
it results in greater dissipation due
to the larger voltage drop across the
device when it is on. In amplifiers, the
signal may start clipping sooner than
with a single transistor.

The Sziklai pair
Fig.3 shows a similar configuration
to the Darlington, which is known
as a Sziklai pair. One of the main
features of this alternative compound
transistor is that it only requires a
single Vp voltage to turn on. This
gives the Sziklai pair the advantage of
being able to be ‘plugged in’ in place
of a single transistor. Furthermore, the
lower effective V; makes it far easier
to use in low-voltage circuits. This is
an important concern in IC design,
where only a small number of Vg
drops can be stacked before all the
headroom of the supply is used up.
The PNP Sziklai pair has played
a role in IC design for a long time,
particularly in  essentially NPN
processes that allowed fabrication of
good NPN transistors, but which only
provided low-gain PNP transistors.
The compound transistor provides a
means of obtaining a high-gain PNP in
these technologies.

a) NPN Sziklai b) PNP Sziklai

Fig.3. The Sziklai pair, or complementary
feedback pair configuration

The Sziklai pair is typically biased
using a resistor, as shown in Fig.4. R1 is
selected so that most of the current in Q1
flows through R1 rather than the base of
Q2. This means that the quiescent (no
signal) current in Q1 is well defined
and does not depend on the gain of Q2
and its collector current. The collector
current of Q1 (I;,) is approximately
Vie/R1 if we assume that Q2 has a high
enough gain for I, to be significantly
smaller than I;. Typically, we want
Q1 to have a quiescent current about
one tenth of that for Q2; so, given this
assumption, and given that we probably
choose I, as a key design parameter, we
get R1=10Vy,/I,, where, as usual, Vg,
would typically be between 0.6 and
0.7V.

A typical use of the Sziklai pair
is in audio power amplifier output
stages, where it is considered by
many to deliver better performance
in terms of thermal stability and
large signal non-linearity due to the
feedback effects within the transistors
pairs (this configuration is also called
a ‘complementary feedback pair’),
although these effects are reduced at
high frequencies.
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Q1 Q2

Fig.4. Sziklai pair with bias resistor

Small-signal models
Returning to lost’s posting — why
does a Darlington have high input
impedance? We can show this is the
case using a small-signal model of
the Darlington circuit, comprising a
simple model of the two individual
transistors. The single transistor model
is shown in Fig.5. This represents the
transistor’s response to a low-level
signal varying around a particular
operating (bias) point. The actual bias
currents and voltages are not included
in the model (hence the term ‘small
signal’); however, the bias conditions
set the values of the model parameters.
The small-signal model is linearised
to make it easier to work with than
the exponential (non-linear) equations
which are required if large signal
ranges are to be accounted for. This
is why we can represent the base-to-
emitter connection as a resistance (as
shown in Fig.5) rather than a forward-
biased diode (which it really is). In the
model, r,, represents the resistance of
the base-emitter PN junction (diode)
at the particular operating point at
which we have biased the transistor.
Diode resistance varies with current —
specifically the resistance is inversely
proportional to current — the higher
the current in the diode, the lower its
resistance. We see this in the diode
current-voltage characteristic — the
curve gets steeper (lower resistance)
as the applied voltage and hence
operating point current increases.
Thus, both r,, (input resistance)
and r, output resistance decrease in
proportion to increased collector bias
current. For each transistor in a circuit
design we typically choose a collector
operating pointbased on considerations
such as the current at which the
transistor performs best, load drive
requirements and power constraints.
For the Darlington pair, setting the bias
current in one transistor determines the
current in the other — they are directly
related because the emitter current of
the first transistor is the base current of

lp

B O—3p— O C

.00 3

EO O E

Fig.5. Small-signal model of the bipolar
transistorin common-emitter configuration

the second. The current in the second
transistor’s collector is f3,-times larger
than the collector current in the first
transistor, where 3, is the current gain
of the second transistor. This means
that the input and output resistances
of the first transistor are j,-times larger
than those of the second transistor; for
example, I,y = fB1pe.

The variation of 8 with bias current
is not so straightforward. For each
transistor there will be a collector
current at which § is maximised. So,
note that if the two transistors are both
the same then it is unlikely that they
can both be at the optimal collector
current. For our purposes we can just
assume two different  values.

Fig.6. Small-signal model of the Darlington
pair

Darlington impedance

We <can find an approximate
expression for the input impedance
of the Darlington transistor using
the equivalent circuit in Fig.6. This
uses two copies of the model in
Fig.5 connected in the Darlington
configuration. To simplify things we
will ignore the output resistance of the
first transistor. We then have an input
current of i, and voltage at the input
equal to the sum of the drops across
I and ry,,. The current in ry,, is i,
so the voltage across it is iy,r,,.- The
current in ry, is i, + f1,, so the voltage
across it is (1+ f5,)r,,i,,. The voltage at
the input is the sum of these:

Vin = IpiFber + (14 B pealny
If we divide the input voltage by

the input current we get the input
resistance, which is:

lin =V /iin =Ther (1+ 51)rb92

Prev1ogsly, we noted Mer = Bilbezs SO
the resistance can be written:

Min = ﬁ1rbe2 +(1+ ﬂl)rbez

Assume f, is much larger than 1 (it
is typically 50 to 200), then we can
ignore the 1 in (1+ f3,), so we arrive at
approximate input resistance of:

Min = zﬁlrbez
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Thus, compared to a single transistor running at the
same bias collector current as the second transistor in
the Darlington configuration, the Darlington pair has
significantly larger input impedance.

Shunt feedback amplifier

Now that we have covered the background of the Darlington
transistor, we move on to look at lost’s circuit, or more
accurately, the one from the article to which he refers
(unfortunately, he does not reference or link the article, so
we do not know any further details). A schematic based on
lost’s written description is shown in Fig.7b. This circuit
is a standard amplifier circuit, known as a shunt feedback
amplifier, which is usually built using a single transistor,
as shown in Fig.7a. The resistor R acts as both a feedback
resistor and supplies bias current to the transistor.

A key thing we should note is that the shunt feedback
amplifier is fundamentally a trans-impedance amplifier —
that is, it has an input of current and an output of voltage.
Because the circuit has a current input, its input impedance
is ideally zero — obviously not the high impedance that
lost is looking for! If we assume the transistor (single or
Darlington) and collector resistor, R, in Fig.7 form a perfect
voltage amplifier, then the whole circuit is equivalent to
an op amp trans-impedance amplifier, see Fig.8. This is
illustrated in Fig.9, where the schematic of Fig.8 has been
redrawn to show how Fig.7b corresponds to Fig.8.

VCC VCC
o 0 o e}
R, R,
Re 1§k é Re 13ké
+—0O Out 0 Out
QL QL

1N Ot 1N Ot Q2

o 4 o o o}
a) —l— b) —l—

Fig.7. Shunt feedback amplifier (a) single transistor (b) Darlington
version

We can make a voltage amplifier from the trans-impedance
circuits in Fig.7 and Fig.8 simply by adding an input resistor.
Starting from the circuit in Fig.8, this gives us the well-known
op amp inverting amplifier configuration shown in Fig.10.
The voltage gain is —R/R,,. If the ‘op amp’, whether it is really
just the transistor and R, or an actual op amp, has a high
voltage gain then its inverting input will stay close to 0V. The
inverting input then behaves like a ground connection — called
a virtual earth. With this assumption it is straightforward to
find that the input impedance is equal to R, (this resistance is
connected directly from the input to the virtual earth).

Simulation
We can simulate the circuit in Fig.7b to confirm the above
arguments. With R; = 100kQ, choosing R,, = 10kQ should

o VOul

Fig.9. Correspondence between circuits in figures 7b and 8

Ry

ch!

Fig.10. Inverting op amp amplifier. Gain
R: /R, input impedance R,,

A plot of the gain from 10Hz to 100kHz for both circuits
is shown in Fig.12, in which a linear gain scale rather than
the usual decibels is used. A plot of the input resistance
(input voltage divided by input current) over the same
range is shown in Fig.13. These results show that for both
circuits the gain is close to 10 and the input resistance
close to 10kQ. The gain is less than ten because the open-
loop voltage gain of the transistor plus R (our pseudo
op amp) is not particularly large, so the approximation
of the gain to Ry/R;, is not particularly good. The input
resistance is a little larger than 10kQ because this shunt
feedback amplifier is not ideal — it does not have zero
input resistance. The coupling capacitor also contributes
impedance at low frequencies.

We can also perform a transient simulation and look at
the output waveforms. An example is shown in Fig.14. Here
we see the Darlington version of the circuit clipping the
waveform below about 0.7V, whereas the single-transistor
version is not clipping the signal at levels below 0.4V.
This problem with the Darlington circuit is due to its large
saturation voltage, which we discussed earlier.

give a gain of 10 and an input impedance
of 10kQ. The circuit in Fig.11 was used
for an LTSpice simulation. Both the g
single transistor and Darlington versions
were simulated.

;tran 35m
.ac dec 20 10 100k

In

100y

SINE(0 80 1K)
AC 1m

vee vee
RC_D RC_S
10K 10K
RF_D RF_S
W | out s

Cl  RinD

QLD
2N2222

Q2_s
INZ222

Fig.8. Op amp trans-impedance amplifier.
Gain is — R,, input impedance ideally zero
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Fig.11. LTSpice simulation schematic for investigating lost’s circuit
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Fig.12. Gain of circuits in Fig.11 against frequency. Darlington green
trace, single transistor yellow trace

Fig.13. Input resistance of circuits in Fig.11 against frequency.
Darlington green trace, single transistor yellow trace

Fig.14. Output waveform for the circuits in Fig.11. Darlington green
trace (exhibiting clipping), single transistor yellow trace

Biasing

Our investigation of this circuit indicates that it does not have high
input impedance and does not really make good use of the Darlington
transistor. We can do better by using a Darlington in place of the single
transistor amplifier with potential divider bias, as shown in Fig.15.
Similarly, we can also use the Darlington in an emitter-follower
circuit, although, of course, the voltage grain is unity. In both cases,
the bias resistors will dominate the input impedance.

The rule of thumb for the circuit in Fig.15 (and the emitter
follower biased in the same way) is that R1 and R2 should carry at
least ten times the base current required by the transistor, so that
the base bias voltage is sufficiently ‘stiff’. Here we can gain some
advantage from a Darlington in that the resistors can be much
larger due to the lower base current demand (assuming the same
collector current bias). However, they still appear in parallel with
the input and reduce the total input impedance compared to that
of the Darlington itself.

Bootstrapping
The problem with the bias resistors dominating the input impedance
can be overcome using bootstrapped biasing. This is illustrated in
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Fig.16, again for a single transistor, but a Darlington
could be used too. The circuit in Fig.16 is the same as
that in Fig.15, but with the bootstrap components Ry
and Gy added (the same approach can also be used with
an emitter follower). As far as DC is concerned, there
is little difference between the two circuits as long as
R3 is small enough for the voltage drop due to the bias
current flowing through it to be relatively insignificant
(the bias current is small, so this is not too challenging).

For AC — that is, for the signals we are amplifying —
the circuit in Fig.16 is significantly different from that
in Fig.15 due to the feedback provided by capacitor
Cg, which is connected to the transistor’s emitter. The
voltage here follows the input signal with close to
unity gain, although the DC levels are different with
the emitter being at a voltage one Vy; drop (two for a
Darlington) below the DC level at the base. This means

(e, o

C2

Fig.15.  Single-transistor — amplifier
with potential divider bias. Using
a Darlington in place of the single
transistor allows larger values of R1
and R2 to be used, increasing input
impedance

(e,

Fig.16. Bootstrap biasing

that, as far as the signal is concerned, the same voltage
occurs at both sides of R;. The very small signal
voltage drop across Ry implies that very little signal
current flows through it; so it has very high impedance
as far signals are concerned. If the gain of the circuit
from the input to the emitter were exactly unity, then
Ry would have infinite impedance to signals. Thus
Ry, under the influence of the feedback from Cj,
effectively isolates the signal from the bias resistors.
The bias resistors no longer contribute (so much) to
the input impedance, which now depends more on the
transistor and potentially facilitates the exploitation of
the high input impedance of the Darlington.

The preceding discussion shows that the
Darlington transistor has high input impedance, but
appropriate circuit design is required to fully exploit
this. We have not looked at all the possibilities; for
example, another approach is to use a Darlington
in a differential pair circuit. To make a single input
amplifier we can just ground one of the inputs. In
all cases, the Sziklai pair may provide superior
performance to the Darlington.
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Multiplexing versus Charlieplexing

Why use multiplexing or Charlieplexing? Charlieplexing
works well when we want to limit the number of components
we want to use in a circuit. With multiplexing, we would
need FETs in order to drive each row or column. We would
also need to use twice as many resistors and a lot more wires
across the board. However, this would allow us to turn on all
of the LEDs at one time. Here lies the main disadvantage of
Charlieplexing — we can only turn on one LED at a time (as
well as encountering the aforementioned ghosting).

The Charlieplexing software

There are a few different ways to control the LEDs. I could
use look up tables and or arrays, but I'm going to keep
it really simple. To start off, I create a function called
LEDBLI NK. In this function I want to control eight GPIOs, so
I send the values of eight ports to the function. Since I want
to swap between inputs and outputs, and between high and
low, T'use 0, 1, and 2 as a way to set each LED. 0 sets the port
as a low output. 1 sets the port as a high output and 2 sets
the port as a high impedance input. This gives us the three
states mentioned earlier. Then we replicate this for each of
our ports and that’s it, we’re done.

voi d LEDBLI NK (unsigned int portl,

unsi gned int port?2,
unsi gned int port3,
unsi gned int port4,
unsi gned int portb5,
unsi gned int port6,
unsi gned int port7,

unsi gned int port8) {

/* Check each val ue and set LED

* accordingly

If port is 0, set |low

If port is 1, set high

If port is 2, set as input

* (Hi gh | npedance)
*/

if(portl == 0) {
TRISChits. TRI SC4 =
LATCbi ts. LATC4A = 0O;

} elseif (portl == 1) {
TRI SChits. TRI SC4 = 0;
LATChi ts. LATCA = 1;

} else if (portl == 2) {

0;

second, so we need to make sure we're switching faster than
that. We have 56 LEDs, that we need to switch on and off
more than 60 times per second, that’s a frequency of 3360Hz
(56 x 60). The reciprocal of this frequency (1/f) gives us our
time delay, which is about 0.3ms (1/3360 = 2.97 x 0.0001).
We need to make sure we’re faster than that. In fact, our
function del ayns cannot operate this quickly, so we need
a new function that will allow us to delay in microseconds
instead of milliseconds. This new function is: del ayus.

while(1) {
LEDBLI NK(2, 2, 2,2,2,2,1,0);
del ayns(| ed_del ay) ;

}

The software is the easiest part of the project and can be
downloaded from the EPE website.

How to build it

This is the hardest part! Starting off with the power supply,
I've used a PP3 connector and a 9V battery to power the
circuit. Of course other options are viable. We’re looking
to use around 3.3V to power our diodes and circuit since
this is what our PIC is driven by. You could use two 1.5V
batteries or a coin cell battery. To regulate down from 9V to
3.3V, I used an ST Microelectronics 1L.D1117V33C, which
accepts up to 15V on the input and outputs 3.3V. We’ll also
need a 100nF decoupling capacitor between the input and
ground, as well as a 10pF capacitor between the output and
ground. Ceramic capacitors should suffice for both of these.
See Fig.2 for a diagram of how these are connected.

Components list

1 off LD1117V33C (IC1)

1 off 100nF capacitor (C1)

1 off 10uF capacitor (C2)

2 off 100Q resistors (R1, R2)

1 off 9V Battery

1 off PP3 connector

2 off Yellow LEDs

2 off Red LEDs

4 off Green LEDs

2 off AC LEDs (MCL236PURGW)

32 off Dual LEDs (MCL239YGW/MCL239AGW/
MCL239PURGW)

1 off Veroboard (26 holes across and 26 holes down)

TRI SCbits. TRISC4 = 1;
}

}

RAO
We call our LEDBLI NK function inside RAL
our main whi | e loop. This sets port 1
to port 6 as high impedance inputs, sets
port 7 as output high and port 8 as output
low. This turns on just one of the LEDs in
the matrix. Then we add a delay between
each LED change and we can blink our

RA2

Iml»lw [N}

RA3

I\l

RAS

del ayns(| ed_del ay) call inside the
LEDBLI NK function to simplify our code, A ez
as well as saving memory. A res
Now there are 56 different variations

that we can use to control each LED

PICKIT INTERFACE

RA7/0SC1
LEDs. It would be better to place the 200 R asioscl

PIC18F27J13 MODULE RC4

RB7
RB6
RBS

RB4
RB3
RB2

O +9V
O 0V

RB1
RBO

NI eI N
rIN o s jo]o N =

3v3

GND
RC7
RC6

RC5

individually. There’s also nothing to say
we can’t turn on more than one LED at a

time, but that would make it much more

complicated. Instead, what we can do is

change the delay time between switching

oo [ [ EN

the LEDs. We don’t need to turn the LEDs
on all the time, we can get away with
switching them so fast that we can’t tell

the difference. The human eye samples
the images it sees around sixty times per
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Power supply considerations

I've added the power supply connectors and wires to our
breadboard as seen in the Fig.2. To make it sit up off the
table, I could have used screws or standoffs, but I figured
it looks better with LEDs and they are a handy power
indicator. I've attached two red LEDs and two yellow LEDs
as standoffs at the bottom of my breadboard as well as four
green LEDs above. These are all standard, off-the-shelf,
round 5mm LEDs and two 100 series resistors (in parallel)
for current limiting. Note that in keeping with the project’s
philosophy of minimising components I have paralleled
each set of four LEDs, both running off the two paralleled
current-limiting resistors so effectively all eight LEDs are
in parallel). This does mean I cannot control the individual
currents through each LED, so there will likely be some
variation in brightness — typically a red or yellow LED has a
lower forward voltage drop than a green (or blue) LED, and
will end up being a little brighter.

Building the tree

For the tree, Multicomp have a series of three-legged dual
LEDs with the common cathode in the centre. They come
in YELLOW/GREEN, ORANGE/GREEN and in RED/GREEN
combinations (MLC239 range). These are a great way to
reduce the number of wires and components in total.
It’s also very easy to vertically stack them on top of each
other. See Fig.3 for our stacking arrangement. We have
four stacked three high, eight stacked two high and four on
their own. As the build process is a little complicated, I've
itemised the instructions below.

1) In order to stack them in this arrangement, the two
outer pins of each diode are soldered to the two
outer pins of the diodes below.

2) The centre pins of the bottom diodes are soldered
into the Veroboard.

3) The centre pin of the second diode up is bent at
a right angle towards the centre of the tree and
we add a wire connection to its associated wire
number.

4) The centre pin of the third diode up is bent at a
right angle again towards the centre of the tree and
we add a wire connection to its associated wire
number.

I've designed the easiest way to wire up the Veroboard, with
the minimum wiring. Fig.4 shows all of our cutting and
wiring. Numbering the instructions again, we get:

1) See Fig.4 for where to cut the Veroboard. Each red
line represents a cut in the Verboard copper tracks.
This isolates each connection. You should use a
sharp craft knife to carefully cut the copper track.

2) Fig.4 also shows our wiring. Now this looks like a
proper rats nest and it will take some time and care
to get it all working. I have made it easier by colour
coding the wiring connections and you should
definitely add the alphanumeric coordinates to
your board to help you navigate the 676 holes on
the board! We can add an eight-row header to our
board in the black outlined area. This is numbered
for each specific colour (excluding the larger outer
LEDs). This header allows us to connect up our
PIC to control our LEDs.

3) For the wiring, start with pin number 1, which is
grey. Add all of the wires on the copper side of the
board. You will need to solder wire on the copper
side of the board, so where it crosses tracks ensure
you use insulated wire. Then move through each
number following the wiring in the diagram. This
will ensure nothing is missed.

4) Fig.4 also shows the top (component) side of our
Veroboard, where you need to add just the eight
wires shown.

5) Next add the LD1117 regulator. Note that pin 1
(left most) is ground. The centre pin is our 3.3V

7 5

Optional
extra LEDs 2 Y
| L o L
8
TN //--\\I|?—--\\I|?—--\\ 7
[) o o [<)
6 3 3 3
o \\ // = .-_>I-T-|\\ /’—-1 -—»I—T—|\\ ?—-1 i \\ // =
[<) [<) [<) <)

7 5 2 2
e Hrre T He T Hreh
NN N 4 | # N |
o o (o)} o (o)} o [o)Ne} o o
1 8 21 4 2 4 1 56 1 7

b i
e

TR R R R
) ) ) )
7 5 2 5
bt s e b
(e}
8 8

4 N R N N
(0] [e)e] o (0] o o o o
5 6 6 4 7 1 3 3 6 4
—>|TI<— —>|T|<—
N R4 Y| A N N %
[} d d 5
7 5 4 1
—pe¢— e e e
N | N | | # N
(0] o o o
3 8 4 8 4 6 5 1 6 7 2 g
e e e
[ N | 1[ N | I | M N | W 1
o o o o
5] 6 8 3 4 51 3 8 5 6 7

Fig.3. LED wiring diagram

output. Pin 3 is our 9V input (right most). You can
see the connection of the 100nF capacitor between
ground and 9V, and the 10pF capacitor between
3.3V and ground.

6) Add the two Red LEDs and two yellow LEDs on
the bottom side of the board in each corner. Add
the four Green LEDs to the top of the Veroboard
as shown. Don’t forget the anode pin of the
diode (positive and longest leg of diode) must be
connected to the positive rail. I've added a plus
sign on each of these LEDs to help make this easier.
Add the two 100Q paralleled current-limiting
resistors as seen in the diagram. Once we apply
power, these eight LEDs should all power on.

Now that we’ve wired up the Veroboard, it’s time to build
our tree.

Note that in Fig.4, I've stacked up the diodes three high for
the four centre columns, the next outer row is two high, the
last outer row is one single dual LED. Also notice that the
centre pin on the columns may be different as well. Match
the numbers at the bottom of each column to the mapping
in Fig.4, which shows the pin mapping for the easiest
Veroboard mapping.

Taking a look at both Fig.3 and Fig.4, we need to start pairing
up our numbers and see where everything goes. Starting with
centre columns, the three-stacked assembly, we start with
our first column numbered 1,8,2. In our colour coding, this
equates to grey, dark green and lilac (light purple). Looking
at Fig.4, we can see this is on the right hand side (the LD1117
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Fig.4. Veroboard mapping — not the easiest
diagram to follow! We recommend you download
a high resolution PDF of this image form the EPE
website

side). We place the diode through the Veroboard
and solder on the bottom side. The centre pins
for the second and third diodes up still need to
be connected. We can do this by adding a wire to
these and connecting them through our Veroboard
to connection 7 (yellow) for the second tier and
connection 6 (red) for the third tier.

Our next three-stack is 1,4,2, which is grey,
purple, lilac. Looking at Fig.4, this is just to the
left of our first set of diodes. Continuing around
like this, we can add all of our paired LEDs and
build up our tree. Just a last note on this, there
are four sets of two stacked high diodes, which
are placed diagonally on the board. These are
wired up in the same way.

As a little extra, the final two LED pairs at
the top of the centre columns are Multicomp’s
2-pin dual LEDs. These LEDs are wired with
two diodes in parallel and in opposite directions
to each other. If a high is seen on one side, one
colour is visible, when a high is seen on the
other side, a different colour is seen. See the two
LEDs at the top in Fig.3.
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Once we’ve completed the centre columns, we can move
onto our next outer row and the last outer row.

You may have noticed that in Fig.3 we actually have
68 diodes in total. When building the tree I found using
only the 56 LEDs leaves the tree unbalanced. These
optional 12 diodes are not completely necessary and can
be left unconnected. If used, they will be lit at the same
time as other diodes, but I found these make the tree more
aesthetically pleasing. I've highlighted the 12 extra diodes
in red on Fig.3.

Last, but not least, connect up the GPIO pins to the LED
Veroboard as shown in Fig.2. The Veroboard connection
numbering (1-8) is matched to the LED pin numbering in
Fig.3.

Once, we’ve connected up all the LEDs and wired up our
LPLC board to our LED PICmas Veroboard, we can program
it and have our little festive light show.

Future improvements

I like to finish off any little project with ideas about
what I could do better and faster. I like the method of
Charlieplexing; it allows me to control lots of LEDs with
minimal components. Since we have a lot more GPIOs on
our PIC, I'd like to have used a lot more LEDs and ‘gone
much larger’. It would also be better to spread out the
LEDs better. Also, as we’'ve seen above, the wiring is a
nightmare. It wouldn’t take much to design a small little
PCB for this, which would make our little tree look a lot
more professional and easier to build.

Next month

Next month, I'm going to take a look at managing software
development with open source tools. This will include
looking at various software development packages and
repositories like; Git, GitHub, BitBucket, Google Code, as
well as bug trackers like Trac, JIRA and BugZilla. Until next
time, Happy Christmas and a Happy New Year.

Not all of Mike’s technology tinkering and
discussion makes it to print. You can follow
the rest of it on Twitter at @MikePOKeeffe,

up on EPE Chat Zone as mikepokeeffe and
from his blog at mikepokeeffe.blogspot.com

Fig.5. Finished PICmas Tree
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LAMBDA GENESYS
LAMBDA GENESYS
HP34401A
HP33120A
HP53131A
HP53131A
HP54600B

IFR 2025

Marconi 29558
R&S APN62
Fluke/Philips PM3092
HP3325A
HP3561A
HP6032A
HP6622A
HP6624A
HP6632B
HP6644A
HP6654A
HP8341A
HP83731A
HP8484A
HP8560A
HP8560E
HP8563A
HP8566B
HP8662A

Marconi 2022E
Marconi 2024
Marconi 2030
Marconi 2305
Marconi 2440
Marconi 2945
Marconi 2955
Marconi 2955A
Marconi 6200
Marconi 6200A
Marconi 62008
Marconi 6960B with

56

PSU GEN100-15 100V 15A Boxed As New
PSU GEN50-30 50V 30A

Digital Multimeter 6.5 digit

Function Generator 100 microHZ-15MHZ
Universal Counter 3GHZ Boxed unused
Universal Counter 225MHZ

Digital Oscilloscope 100MHZ 20MS/S

Signal Generator 9kHz - 2.51GHZ Opt 04/11
Radio Communications Test Set

Syn Function Generator 1HZ-260KHZ
Oscilloscope 2+2 Channel 200MHZ Delay etc
Synthesised Function Generator

Dynamic Signal Analyser

PSU 0-60V 0-50A 1000W

PSU 0-20V 4A Twice or 0-50V 2A Twice

PSU 4 Outputs

PSU 0-20V 0-5A

PSU 0-60V 3.5A

PSU 0-60V 0-9A

Synthesised Sweep Generator 10MHZ-20GHZ
Synthesised Signal Generator 1-20GHZ

Power Sensor 0.01-18GHZ 3nW-10uW
Spectrum Analyser Synthesised 50HZ - 2.9GHZ
Spectrum Analyser Synthesised 30HZ - 2.9GHZ
Spectrum Analyser Synthesised 9KHZ-22GHZ
Spectrum Analsyer 100HZ-22GHZ

RF Generator 10KHZ - 1280MHZ

Synthesised AM/FM Signal Generator 10KHZ-1.01GHZ
Synthesised Signal Generator 9KHZ-2.4GHZ
Synthesised Signal Generator 10KHZ-1.35GHZ
Modulation Meter

Counter 20GHZ

Communications Test Set Various Options
Radio Communications Test Set

Radio Communications Test Set

Microwave Test Set

Microwave Test Set 10MHZ-20GHZ

Microwave Test Set

6910 Power Meter

£325
£325
£275-£325
£260-£300
£500
£350
from £75
£900
£800
£195
£250
£195
£650
£750
£350
£350
£195
£400
£500
£2,000
£1,800
£75
£1,250
£1,750
£2,250
£1,200
£750
£325
£800
£750
£250
£295
£2,500
£595
£725
£1,500
£1,950
£2,300
£295

Tektronix TDS3012
Tektronix 2430A
Tektronix 24658
Cirrus CL254
Farnell AP60/50
Farnell H60/50
Farnell B30/10
Farnell B30/20
Farnell XA35/2T
Farnell LF1

Racal 1991

Racal 2101

Racal 9300

Racal 9300B

Black Star Orion
Black Star 1325
Ferrograph RTS2
Fluke 97

Fluke 99B
Gigatronics 7100
Panasonic VP7705A
Panasonic VP8401B
Pendulum CNT90
Seaward Nova
Solartron 7150
Solartron 7150 Plus
Solatron 7075
Solatron 1253
Tasakago TM035-2
Thurlby PL320QMD
Thurlby TG210

Oscilloscope 2 Channel 100MHZ 1.25GS/S
Oscilloscope Dual Trace 150MHZ 100MS/S
Oscilloscope 4 Channel 400MHZ

Sound Level Meter with Calibrator

PSU 0-60V 0-50A 1KW Switch Mode

PSU 0-60V 0-50A

PSU 30V 10A Variable No Meters

PSU 30V 20A Variable No Meters

PSU 0-35V 0-2A Twice Digital

Sine/sq Oscillator 10HZ-1MHZ
Counter/Timer 160MHZ 9 Digit

Counter 20GHZ LED

True RMS Millivoltmeter 5HZ-20MHZ etc
As 9300

Colour Bar Generator RGB & Video
Counter Timer 1.3GHZ

Test Set

Scopemeter 2 Channel 50MHZ 25MS/S
Scopemeter 2 Channel 100MHZ 5GS/S
Synthesised Signal Generator 10MHZ-20GHZ
Wow & Flutter Meter

TV Signal Generator Multi Outputs

Timer Counter Analyser 20GHZ

PAT Tester

6 1/2 Digit DMM True RMS |IEEE

as 7150 plus Temp Measurement

DMM 7 1/2 Digit

Gain Phase Analyser 1mHZ-20KHZ

PSU 0-35V 0-2A 2 Meters

PSU 0-30V 0-2A Twice

Function Generator 0.002-2MHZ TTL etc Kenwood Badged

STEWART OF READING
17AKing Street, Mortimer, near Reading, RG7 3RS

Telephone: 0118 933 1111 Fax: 0118 9331275
USED ELECTRONIC TEST EQUIPMENT
Check website www.stewart-of-reading.co.uk

£450
£350
£600
£40
£195
£500
£45
£75
£75
£45
£150
£295
£45
£75
£30
£60
£50
£75
£125
£1,950
£60
£75
£750
£95
£65
£75
£60
£600
£30
£160-£200
£65

the need for a mating header.

JTAG Connector Plugs Directly into PCB!!

No Header! No Brainer!

Our patented range of Plug-of-Nails™ spring-pin cables plug directly
into a tiny footprint of pads and locating holes in your PCB, eliminating
Save Cost & Space on Every PCB!!

Solutions for: PIC . dsPIC . ARM . MSP430 . Atmel . Generic JTAG . Altera
Xilinx . BDM . C2000 . SPY-BI-WIRE . SP1/ lIC . Altium Mini-HDMI . & More

www.PlugOfNails.com

Tag-Connector footprints as small as 0.02 sq. inch (0.13 sq cm)
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Audio filter building block

We take a one-month detour from
volume controls this month and deal
with another common audio building
block, the filter. Filters are widely
used in audio/music systems — tone
controls, rumble filters, bass boosters,
multi-way loudspeakers and synthe-
sisers; the list is long.

The purpose of this article is to enable
a filter-design beginner to make their
own audio building block using the
popular Sallen-Key active design. Al-
though many other design options are
available — some of which will be cov-
ered in future articles —the Sallen-Key
is a good, tried-and-tested place to
start. I am providing a simple PCB
design for readers to use (download
from the EPE website) and constructed
examples are shown throughout.

Passive filters, high-pass / low-pass
Before we get into the nuts and bolts of
active filters it is worth remembering
that there are plenty of useful passive
designs, by which I mean they require
no power source and simply provide
frequency-dependent attenuation. An
example is a two-way loudspeaker

2.24F

: :
o

8Q) Bass 8Q Tweeter

Fig.1. High-pass filter capacitor to protect
tweeter, possibly the simplest audio filter
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cheapest systems,
this is just a ca-

pacitor feeding the

tweeter to filter out
the bass (Fig.1) —it’s

the simplest form
of high-pass filter. &

In standard 8Q sys-
tems, this is normal-
ly a 2.2pF to 4.7pF
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capacitor. In slight-

ly more expensive
units, an inductor
will be used to filter
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Normalised frequency

any treble going into
the bass unit, as
shown in Fig.2 —this
inductor acts as a low-pass filter.

Filter order

Filters with a single coil or capacitor
will roll-off at 6dB per an octave, with
the level halving for a doubling of
the frequency. Such filters are called
‘first-order’, from their mathematical
characteristic. (Generally speaking, for
active or passive filters, the number of
reactive components — capacitors or
inductors — in the filter gives you its
‘order’.) Fig.3. Shows the effect of in-
creasing the order from first to fourth.
Essentially, the higher the order the
greater the attenuation with frequency.

1.2mH

Tweeter
+
0.18mH
Bass At Air core [
+

Fig.2. Passive inductor to provide low-pass
filtering for bass unit

Fig.4. Second-order passive crossover in Ce-
lestion DL4 loudspeaker system
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Fig.3. Graph showing different slopes of first- to fourth-order high-
pass filters — the corner frequency is taken to be -3dB

Fig.5. Contrast between passive inductor used
in loudspeakers and parts to make an active
filter crossover

In a further elaboration (Fig.4) an ad-
ditional capacitor and inductor will be
used, giving a 12dB/oct or second-or-
der roll-off. Most consumer speakers
don’t go beyond this order, but some
BBC monitor and KEF speakers used
third or even fourth-order filter net-
works. A more complex crossover
allows a flatter frequency response to
be obtained.

Cut-off frequency

The ‘cut-off’ or ‘corner’ frequency
of an audio filter is normally taken
to be the point at which the level
has dropped by 3dB, equivalent to
falling to 0.707 of its input value. If
it is necessary to have no significant

AUDIO OUT
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C1

Unity-gain amp / buffer

Fig.6. Low-pass Sallen-Key — the ratio between
capacitors sets the damping, which deter-
mines the type of filter (Bessel, Butterworth or
Chebyshev). Resistors are usually equal value

Unity-gain amp / buffer

C1 C2
+
O
Re -

Fig.7. High-pass Sallen-Key - the ratio between
the resistors set the damping, which deter-
mines the type of filter. Capacitors are normally
equal value

attenuation at a particular frequency
it is necessary to move the corner
frequency beyond the frequency in
question. If we take the maximum
acceptable attenuation to be 1dB, this
would equate to around 700Hz for a
1kHz-corner-frequency low-pass filter
or 1.4kHz in the case of a 1kHz-cor-
ner-frequency high-pass filter.

Active filters

There are two major problems with
passive filters; first, the cost of induc-
tors. Large lumps of ferrite wound
with copper wire are expensive. It
was trying to avoid inductors for
filters below 30Hz that inspired RP
Sallen and EL Key’s seminal filter
design paper in March 1955 (available
from the IEE). (Of course, their circuit
originally used valve cathode follow-
ers —not the easier-to-use op amps we
employ today.) At current prices, one
loudspeaker crossover inductor costs
around £3, which would buy you
several chips and a handful of small
resistors and capacitors, illustrated in
Fig.5. A more serious problem with
magnetic-cored inductors is distor-
tion from hysteresis and saturation.
This is where the active filter really
scores —it needs no inductors, just re-
sistors and capacitors. Making a filter
in this way would normally be very
lossy, but the low-cost gain available
with active devices, such as transis-
tors and especially op amps, can com-
pensate for this with the judicious use

of positive feedback. The distortion is
also normally an order of magnitude
below that of inductor-based filters.

Sallen-Key

The classic active filter circuit, the
Sallen-Key topology, used a unity-gain
amplifier or buffer stage with a passive
RC network, plus another RC network
fed from the output to provide a bit
of positive feedback. This design can
provide low-pass and high-pass filters
— shown, respectively in Fig.6 and 7.

Classic curves

Sallen-Key filters are usually designed
to work with three different classes of
filters based on different mathemati-
cal designs that prioritise flatness of
response or phase preservation, or a
balance between the two. They are
called: ‘Bessel’, ‘Butterworth’ and ‘Che-
byshev’.The Bessel is less effective as
a filter, having a less sharp function,
but it has no overshoot or ringing. The
Chebyshev, which has the fastest roll-
off, is usually designed to have ripple
of +1dB or +3dB in the passband. These
two filters are rarely used in audio work
and we won’t cover them in this article.
That leaves the Butterworth, which is
normally used in audio designs since
it has the flattest passband, while still
providing rapid roll-off. This is espe-
cially important to provide protection
for tweeters. All the subsequent designs
in this article are strictly Butterworth.
(Bessel and Chebyshev are excellent fil-
ter topologies, and definitely have their
place in electronics —just not in audio.)

Equal-component design

From a design point of view, the eas-
iest type of Sallen-Key filter is the
‘equal-component’ or ‘voltage-con-
trolled voltage-source’ filter, thankfully
abbreviated to the VCVS filter. This is
easy to design since both pairs of ca-
pacitors are equal, as are the resistors.
The unity-gain buffer of the original
Sallen-Key isreplaced with an amplifier
with modest gain.

The equal-component Sallen-Key is
shown in Fig.8. We have two sets of
calculations to make. We need to de-
termine the filtering resistors (R1 and
R2) and capacitors (C1 and C2), and we
need to calculate the non-inverting op
amp gain (set by R3 and R4).

Before we go any further, a note about
values for R1 and R2. In theory, the al-
gebra will let us use any value of resist-
ance, but in practice values should be
restricted to between 4.7kQ and 100kQ.
A safe value for audio work is typically
around10kQ. Much lower than this, and
distortion increases due to loading. The
popular TL071 op amp starts distorting

badly when feeding loads below around
3kQ. (However, the 5532 op amp (an
audio favourite) can drive 600Q2.) Above
10kQ, Johnson noise starts to become
significant and increases with resist-
ance. Many text books suggest 100kQ,
which keeps the capacitor values low
for cost saving. But, 100kQis a bit ‘hissy’
for good quality work, and since capac-
itors have got smaller and cheaper we’ll
stick with 10kQ.

Designing an equal-value, low-pass
second-order Butterworth filter
Now, after all that waffle let’s design our
first filter! All we need to do is follow
four easy steps.

Step 1 - definition

Let’s assume we want a low-pass,
second-order Butterworth filter with a
corner frequency of 1kHz. Remember
that since this is an equal-value filter we
cansay theR1=R2=RandC1=C2=C.

Step 2-choose R, the filter resistors
We’ll start off with the 10kQ recom-
mended above. If this produces un-
wieldy capacitor values (see Step 3)
then we can always change this choice,
but in the audio range of frequencies it
is likely to be a pretty safe choice. So,
R1=R2=R=10kQ

Step 3 - calculate capacitor C values
The corner frequency f,, filter resistor
R and capacitor C values are simply

l Low-pass filter

—0

Note that in each circuit the
capacitors have the same
value and the resitors have
the same value.

R3 and R4 set the filter gain.

R High-pass filter

WV

Fig.8. Equal-component Sallen-Key filters
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Fig.9. 1kHz Butterworth equal-component
low-pass filter

Fig.10. Assembled PCB for Butterworth equal
component low-pass filter

related with the following easy-to-use
equation:

£,=1/(2nRC)

This is easily manipulated to give val-
ues for C as follows:

C=1/2nf.R)

To calculate our capacitor value we just
drop in our values for R and f, thus:

C=1/(2x3.14x1000x10000)= 5.9x10-°F
This is 15.9nF, and the nearest E12
available value is 15nF.

Step 4 - set the gain of the op amp
We said that the op amp has ‘modest’
gain, but how modest? The actual cal-
culations can be a little involved, so
you will have to take my word for it
when I'say the gain for all second-order,
equal-value Butterworth filters should
be 1.586 — or as near as possible giv-
en available resistor values. This is a
standard non-inverting op amp, so the
gain, k is set by:

k=1.586 = 1+R3/R4
Let’s make R4 = 2.2kQ (to avoid load-

ing) and find the correct value for R3.
Rearranging to find R3 we have:

11kQ

15nF 15nF

!

>

11kQ 2.2kQ

Fig.11. 1kHz Butterworth equal-component
high-pass filter

Fig.12. Assembled PCB for equal-component,
high-pass filter. Note the board takes stand-
ard 5mm box polyester capacitors if needed

R3=(k=1)xR4 = (1.586—1)x2200 = 1289Q
The nearest preferred value is 1.3kQ,
which gives us a gain of 1.591, which
is very close to our target of 1.586.

Designing an equal-value, high-pass
second-order Butterworth filter
Now let’s try our hand at designing a
high-pass filter.

Step 1 - definition

Let’s assume that this time we want an
equal-value, high-pass, second-order
Butterworth filter with a corner fre-
quency of 1kHz.

Well, in fact we can skip the rest of the
steps since we have already designed
it! The design values for an equal-value,
high-pass Butterworth filter at a given
corner frequency are identical to those
of the low-pass filter—all you have to do
is swap the positions of the Rs and Cs.
Fig.9-12 show 1kHz Butterworth low/
high-pass filters and their respective
assembled PCBs.

Design notes

In audio designs we keep the gain
resistors fairly low to minimise noise.
However, some designers will be con-
cerned about DC off-sets caused by
op amp input currents, so they try to
ensure that the total resistances ‘seen’
by the inverting and non-inverting op
amp inputs are the same, or at least
very similar.

Cascading Sallen-Key filters
Connecting one second-order filter
after another will give a fourth-order
response. These filters are popular in
high power public address systems.
Just as with the second-order filters,
all the Rs and Cs are equal. However,
to obtain a proper Butterworth re-
sponse the gains of both sections have
to be independently designed. For an
equal-value Butterworth fourth-order
the first section should have gain of
1.152 and the second section has a
gain of 2.235, as shown in Fig.13.
Using the 2.2kQ lower arm feedback
resistor as before the resulting resistor
values are 330Q and 2.7kQ respective-
ly. The total gain of this system is 2.58
or 8.2dB. I have built several active
crossovers with this basic topology. A
nice advantage of this design is that
the corner frequency can simply be
changed by plugging in DIL headers
populated with four capacitors. This
technique was used for an active
loudspeaker crossover design in Ben
Duncan’s Hi-Fi News and Record
Review article of Feb 1981.

Second stage

!

Fig.13. Practical fourth-order 1kHz low-pass Butterworth filter
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gain (dB)

Frequency (linear)

Fig.14. Worst-case deviations from ideal re-
sponse due to component tolerances, from
The Art of Electronics

It is important to put the higher-gain
section second for maximum head-
room, as opposed to lowest noise. In
audio, work a fourth-order Butterworth
filter is considered about the limit be-
fore the sound begins to sound artificial
and coloured. However, if you fancy de-
signing a sixth- or eighth-order monster
of a filter, then the cascaded gains are:
1.068, 1.586, 2.483 and 1.038, 1.337,
1.889, 2.610respectively. Fun to try, but
perhaps not the best for high fidelity!

Occasionally, a third-order filter is
required. This can be made by put-
ting a passive RC filter in front of a
second-order Sallen-Key. The imped-
ance of the RC filter must be at least
ten-times lower than the input im-
pedance of the second-order section
to minimise interaction. The gain on
the active filter must be upped to 2.

Band-pass filters

Audio band-pass filters normally pass
a range of frequencies rather than
picking out just one, so cascading a
high-pass and low-pass filter is usually
used. In this case, there are two corner
frequencies and the pass band curve
is flat topped rather than a peak — for
example, a filter for the mid-range
speaker in a PA system. This would
involve a fourth-order high-pass
followed by a fourth-order low-pass,
using a total of four op amps.

Component selection
The Sallen-Key configuration is
sensitive to component values,
since there are a lot of interactions
and some positive feedback, which
multiply errors. The effect is higher
for the equal component version.
Component tolerances of 5% can give
worst case variations of +7dB on the
curve (Fig.14) according to the graph
published in The Art of Electronics
(Figure 5.12, page 271, 2nd edition).
It is easier to design using the more
accurate (and expensive) E24 value
range of capacitors. Odd value resis-
tors are not a problem, since E96 1%
values are easily available, such as

the MSR25 series from Element 14.
It’s also physically easier and cheaper
to combine resistors than capacitors
to optimise or tweak values.

Acceptable consumer audio circuits
usually use 5% polyester capacitors
with 1% metal-film resistors. Upgrad-
ing the capacitors to 1 or 2.5% poly-
styrene or polypropylene capacitors
brings it up to a professional level.
Interestingly, Doug Self discovered
that the capacitor distortion of the
non-bootstrapped capacitor (C2 in
Fig.6 and C2 in Fig.7) in the Sal-
len-Key is more significant because
it has a higher voltage across it.

Back to the unity-gain Sallen-Key
We introduced the Sallen-Key topolo-
gy as an active filter with a unity-gain
buffer, but then adopted a design with
some gain. We did this largely to start
off with an ultra-simple route to filter
design. However, this gain can be a
problem in audio systems — you need
to take care that it doesn’t sap too
much headroom or boost hiss. Also,
it can be tricky if you want to switch a
filter in and out, since the volume will
be louder with the filter switched in.
So, while it is clear that the unity-gain
approach has advantages, the problem
is that it is more complicated to de-
sign. How much more complicated?
Fortunately, not much — but you do
need to be careful that all the Rs and
Cs don’t get muddled up.

Designing a unity-gain, low-pass
second-order Butterworth filter
We can follow the four steps we used
for the equal-value version, but with
a tweak to steps 3 and 4.

Step 1 - definition

Let’s assume we want a low-pass,
unity-gain, second-order Butterworth
filter with a corner frequency of 1kHz.

Step 2-choose R, the filter resistors
Although this is not an equal-value
design, for a low-pass filter we can
still make R1 = R2 = R and we’ll stick
with the 10kQ recommended earlier.
So,R1 =R2 =R = 10kQ

Step 3 - calculate capacitor C values
This is where we diverge from the
earlier design algorithm. We start off
as before using the corner frequency
equation to find a value for C, which
will be 15nF. Now, however, we need
to scale this value for both C1 and
C2. Again, the mathematics to deter-
mine the scaling can be unpleasant,
so please just it take on trust that the
two scale factors are 1.414 for C1, and
0.707 for C2 — this gives:

Fig.15. Unity-gain Sallen-Key 1kHz low-pass
Butterworth filter

Fig.16. Assembled unity-gain 1kHz Butter-
worth low-pass filter. Note link on PCB to
make op amp into buffer

C1=15.9 x 1.414 = 22.5nF
C2 =15.9 x 0.707 = 11.21nF

The nearest E24 capacitor values are
22nF and 11nF, as shown in Fig.15.
A completed PCB is in Fig.16. Do re-
member when using nearest values it
isnecessary to check the response for
deviations. The Sallen-Key configura-
tion amplifies the effect of component
tolerances and deviations.

Step 4 - set the gain of the op amp
This is the easy bit — the gain is one
and no calculations are needed since
the gain-setting resistors are replaced
with a short and open circuit.

Designing a unity-gain, high-pass
second-order Butterworth filter
The question now is have we automat-
ically designed the high-pass equiv-
alent as we did with the equal-value
filter. The short answer is ‘no’, but not
much more work is needed.

To derive the high-pass circuit we
have to transpose the position of the
capacitors and resistors — as before.
This time the capacitors are equal, but
the resistors have to be scaled to set
the damping. R1 is scaled by 0.707
and R2 is scaled by 1.414.

A good choice of capacitor would
be 15nF and for a corner frequency of
1kHz, the resistor value is calculated
tobe R=11kQ, resultingin R1 = 7.5kQ
and R2 =15.6kQ. (These values would
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R2
7.5kQ
c2 Unity-gain amp / buffer
15nF
I +
C1l O
15nF R2
15ka >

Fig.17. Unity-gain Sallen-Key 1kHz Butter-
worth high-pass filter

actually result in a corner frequency
of 0.96kHz, but that is close enough
to 1kHz.) The final circuit is shown
in Fig.17 and the completed PCB in
Fig.18.

Fig.18. Assembled unity-gain high-pass filter
PCB. Note PCB can accommodate big polysty-
rene capacitors needed for high accuracy

Practical circuit
and PCB

components

*Frequency-determining

Fig.19 shows a gen-
eral, second-order
Sallen-Key circuit
for equal-value and
unity-gain designs. | _
The simple PCB | 1o
layout and com-
ponent layout are
shown in Fig.20.
Note that if a 5534
op amp is used, a
22pF stability ca-

22%

R2

R3
R3, R4 are the gain-
setting resistors

Link R2 for
unity gain

pacitor will have to
be soldered across
pins 5 and 8. The
filtering components, which can ei-
ther be resistors or capacitors are dual
outline and denoted by Z1 to Z4. Large
axial polystyrene capacitors can be
accommodated.

Resistor R1 is necessary to provide
a DC path to ground to prevent it
going off-set in the low-pass filter
configuration. R2, which can be 47Q
to 100Q is needed to stop oscillation
when feeding capacitive loads, such
as screened leads.

Design aids

Naturally, the Internet is awash with
advice and it is well worth looking
out for online calculators to check
calculations and aid design. One that
I particularly like and use for most fil-
ters is available at: sim.okawa-denshi.
jp/en — but do watch out, overuse of
these tools can make you lazy —always
check their answers!

Fig.20. PCB component overlay for universal
Sallen-Key board. Note Z designation for
frequency-determining components. It will
accommodate the four variations given here.
Unity-gain or equal-component versions of a
low-pass or high-pass, second-order Butter-
worth filter

Fig.19. Circuit for universal Sallen-Key board
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PolLabs

For more information or
software download please visit

www.poscope.com/efe

Connect, Control

PoKeys is a succesful story about versatile
and extremely powerful controller.

Save your time with fast connectivity and
easy configuration of advanced features.

Enjoy rare moments in life while PoKeys is
taking care over your house or garden.

Take a break while PoKeys is controlling
stepper motors in your CNC or 3D printer.

Let PoKeys make your imagination come
true.

Drive

Safest and most efficient force for your
motors.

Measure

Do you need a really powerful and
portable oscilloscope that will save your
time, money and make your life with
measurements easier?

PoScopeMega1+ is lowest power
consumption USB oscilloscope, function
generator and logic analyzer all-in-one

available on the market.
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Max’s Cooll

Colourful chronography

A few months ago, my chum Duane Benson sent me a
60-element NeoPixel ring, along with a custom Ardui-
no-compatible circuit board he’d created. Actually, this
ring is composed of four 15-element quadrants soldered
together (Adafruit part #1768 — http://bit.ly/1IMRBegP),
but let’s not quibble here. As soon as I powered this
little scamp up, it was apparent it was functioning as a
clock. As T always say, ‘Show me a flashing LED and I'll
show you a man drooling,’” so you can only imagine the
effect 60 of the little rascals had on my nervous system.

I really liked Duane’s initial choice of colors and the
overall look-and-feel of his clock, but it wasn’t long be-
fore I began to think about how I might go about en-
hancing the effect. For example, instead of having the
‘seconds’ indicator advancing around the clock at a
stately pace (‘Thousand-one, thousand-two, thousand-
three, ..."), we could have it race all the way around the
circle until it returned to its current origin, at which
point it could ‘knock’ the previous instantiation into
the next element.

Adafruit offer 24-element and 12-element rings, both
of which lend themselves to clock-type projects. The
thing is that a bunch of us decided to have a competi-
tion to see who could use different colours and effects
to create the most fun, interesting, and intuitive rep-
resentation of a clock. The prime goal is that anyone
seeing this for the first time would immediately say to
themselves: a) ‘That is a clock,” and b) ‘The time is...".

We decided that we should all use one each of 60-, 24-,
and 12-element rings, but after that the implementation
was up to each person. Also, additional points will be

Fig 1. 3D views of base (top) and face (bottom)

Beans

By Max The Magnificent

awarded for any enhanced capabilities, presentation,
and so forth. Of course this is a lot of effort when you
consider that the only prize is bragging rights, but we
are engineers — this is what we do!

But it’s got no hands!

An engineer in my office, Ivan Cowie, decided to join
the competition, and he’s augmented his clock with
speech recognition and synthesis capabilities. Another
friend — Steve Manley in the UK — has come up with a
really tasty colour scheme. Unfortunately, when Steve
took his prototype into his office to show it to his col-
leagues, the tea lady was less than enthused, saying: ‘It
doesn’t look much like a clock — it doesn’t even have
any hands!’

Well, you can’t argue with facts like that, so when
Steve returned home he used a 3D drawing package to
create a base-plate to hold the three rings and a face-
plate to channel the light from the LEDs to generate the
impression of having hands. Steve was kind enough to
share these files with me, and I had my own versions
printed using the service offered by shapeways.com

Do you recall my Bodacious Acoustic Diagnostic As-
toundingly Superior Spectromatic (BADASS) display
project (http://bit.ly/115ncTc)? Well, one of the things
I've done is to take the audio spectrum analyser card
design I created for that project and added one to my
Cunning Chronograph, see Fig 2, where we see the little
beauty in its music-display mode.

And speaking of beauty, what do you think about my
cabinet? This was created by my carpenter friend, Bob,
including the hand-carved Celtic knot on the ring sur-
rounding the LEDs. Bob has a friend who applied the
silver gilding to the knot, and I have to say that the re-
sulting effect looks amazingly tasty.

I'm also going to add a 9-DOF (degrees of freedom)
MEMS sensor, featuring a 3-axis accelerometer, a 3-axis
gyroscope, and a 3-axis magnetometer. The idea is that
if you pick the six-sided cabinet up and place it on a dif-
ferent face, the clock display will slowly rotate back to
its home position. Furthermore, if you lay the clock on
its back, it will transition into being a compass. (Ironi-
cally, the one mode I've not really started working on
yet is the time-keeping function!)

Cunning coding tips and tricks

Now, before we go any further, I should remind you
that 'm a hardware designer by trade — I only dip my
toes and dabble in the software waters. Software guys
and gals will probably roll their eyes in amusement and
derision at the coding tips and tricks I'm going to talk
about. By comparison, hardware-centric folks may well
find these concepts to be capriciously cunning.

Just to set the scene, and for the sake of simplicity, let’s
assume we're working with an 8-element ring, as illus-
trated in Fig.3. We can visualise this as being instanti-
ated as ring[8], with eight elements numbered from 0 to
7 ('ve shown element 0 as being darker only to provide
a point of reference).
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Fig 2. The Cunning Chronograph in music-display mode

As you may recall from my previous articles on us-
ing WS2812-based NeoPixels (see EPE July, Aug, and
Oct 2015), we call the set Pi xel Col or () function to
define the R, G, and B (red, green, and blue) values of
each pixel in the Arduino’s memory, and then we call

the show() function to stream these values out of the
Arduino into the NeoPixel ring.

Let’s start with a really simple example. What we want
to do is have a single red pixel racing clockwise around
the ring. In order to do this, we need to turn one pixel
on and turn the previous pixel off. As a starting point,
consider what would happen if we were to call the fol-
lowing snippet of code over and over again:

for (i =0, i <8; i++)
ring. set Pi xel Col or (i, 255, 0, 0);
ring. setPi xel Color((i-1),0,0,0);
ring. show();
del ay(100);

The idea is that we light up pixel i (where 255, 0, 0
means the red sub-pixel is fully on and the green and
blue sub-pixels are off) and we turn off pixel i —1. The

What we want What we get

-

-
|

=

i—1 (binary) i—1 (binary)

00000111
00000000
00000001
00000010
00000011
00000100
00000101
00000110

|
AN

11111111
00000000
00000001
00000010
00000011
00000100
00000101
00000110

~No b wWNE O
OO WNE O-N
O wWNE O

Fig 4. It’s the end conditions that can nobble you
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Fig 3. An 8-element ring

only problem is that this isn’t going to
work because of one of the end condi-
tions (it’s usually the end conditions
that nobble you when you’re least ex-
pecting it). In order to understand the
problem, consider the table shown be-
low in Fig.4.

In this case, we run into issues when
we light up elementi = 0 and try to
turn off element i —1. What we want
to do in this case is turn off element
7, which is 00000111 in binary. However, when i =
0, then i -1 = -1, which is 11111111 in binary. (If
you aren’t sure where this 11111111 value came from,
Google ‘two’s complement’; for our purposes here,
you’ll just have to take my word for it — have I ever lied
to you before?)

Now, we could modify our snippet of code to add a
test along the lines of, If i = 0 then turn off ele-
ment 7, otherwise turn off element i-1,butl
find this to be a tad awkward and aesthetically unpleas-
ing. As an alternative, we can use the & bitwise AND
operator (http://bit.ly/1WLBpJS) as illustrated in the fol-
lowing code snippet:

for (i =0, i <8; i++) {
ri ng. set Pi xel Col or (i, 255,0,0);
ring.setPixel Color(((i-1) & 0x7),0,0,0);
ring. show);
del ay(100);

}

In this case, 0x7 is the hexadecimal equivalent of
00000111 in binary. When i -1 = 11111111 and we
perform a bitwise AND with 00000111, we end up with
00000111 (decimal 7), which is what we wanted in the
first place. By comparison, when i -1 = 00000000
through to 00000110 (decimal 0 through to 6), the bit-
wise AND has no effect, which is also what we want.

What about if we wish the active element to rotate
anticlockwise around the ring? In fact, the above code
snippet works for that case also, but I'll leave you to
draw out the table and prove that this works to your
own satisfaction.

Now, the above may seem to be rather trivial, but it
will provide a great starting point for the discussions
that are to come in my next column on this topic. Until
then, have a good one!

Any comments or questions? — please feel free
to send me an email at: max@CliveMaxfield.com
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EPE IS PLEASED TO BE ABLE TO OFFER YOU THESE

ELECTRONICS CD-ROMS

From
£49.00

/

TINA Design Suite V10 is a powerful yet affordable software package for analysing, designing
and real time testing analogue, digital, MCU, and mixed electronic circuits and their PCB
layouts. You can also analyse RF, communication, optoelectronic circuits, test and debug
microcontroller applications.

Enter and analyse any circuit up to 100 nodes (student), or 200 with the Basic (Hobbyist)
version within minutes with TINA's easy-to-use schematic editor. Enhance your schematics
by adding text and graphics. Choose components from the large library containing more than
10,000 manufacturer models. Analyse your circuit through more than 20 different analysis
modes or with 10 high tech virtual instruments.

Present your results in TINA's sophisticated diagram windows, on virtual instruments, or in
the live interactive mode where you can even edit your circuit during operation.

Customise presentations using TINA’s advanced drawing tools to control text, fonts, axes,
line width, colour and layout. You can create and print documents directly inside TINA or cut
and paste your results into your favourite word procesing or DTP package.

TINA includes the following Virtual Instruments: Oscilloscope, Function Generator,
Multimeter, Signal Analyser/Bode Plotter, Network Analyser, Spectrum Analyser, Logic
Analyser, Digital Signal Generator, XY Recorder.

TINA Design Suite V10

Analogue, Digital, Symbolic, RF, MCU and Mixed-Mode Circuit
Simulation and PCB Design with TINA

This offer gives you a CD-ROM — the software will need registering (FREE) with Designsoft
(TINA), details are given within the package.

Get TINA Basic V10 (Hobbyist) for £129 or Student V10 version for £49
Prices include VAT and UK postage

+ get a 1 year free subscription for TINACloud the breakthrough cloud version of TINA which you can run on most
operating systems and computers, including PCs, Macs, thin clients iPads and other tablets — even on many smart
phones, smart TVs and e-book readers.

To order please either fill out and return the order form, or call us on 01202 880299

Alternatively you can order via our secure online shop at: WWw.epemag.com

ELECTRONICS TEACH-
IN 2

ELECTRONICS TEACH-IN 2 CD-ROM

USING PIC MICROCONTROLLERS A PRACTICAL
INTRODUCTION

This Teach-In series of articles was originally published
in EPE in 2008 and, following demand from readers, has
now been collected together in the Electronics Teach-In 2
CD-ROM.

The series is aimed at those using PIC microcontrollers
for the first time. Each part of the series includes breadboard
layouts to aid understanding and a simple programmer
project is provided.

Also included are 29 PIC N’ Mix articles, also
republished from EPE. These provide a host of practical
programming and interfacing information, mainly for
those that have already got to grips with using PIC
microcontrollers. An extra four part beginners guide to
using the C programing language for PIC microcontrollers
is also included.

The CD-ROM also contains all of the software for the
Teach-In 2 series and PIC N’ Mix articles, plus a range
of items from Microchip — the manufacturers of the PIC
microcontrollers. The material has been compiled by
Wimborne Publishing Ltd. with the assistance of Microchip
Technology Inc.

Order code ETI2 CD-ROM £9.50

CD-ROM

ELECTRONICS TEACH-

IN3

ELECTRONICS TEACH-IN 3 CD-ROM

The three sections of this CD-ROM cover a very wide range of
subjects that will interest everyone involved in electronics, from
hobbyists and students to professionals. The first 80-odd pages
of Teach-In 3 are dedicated to Circuit Surgery, the regular EPE
clinic dealing with readers’ queries on circuit design problems
— from voltage regulation to using SPICE circuit simulation
software.

The second section — Practically Speaking — covers the
practical aspects of electronics construction. Again, a whole
range of subjects, from soldering to avoiding problems with
static electricity and indentifying components, are covered.
Finally, our collection of Ingenuity Unlimited circuits provides
over 40 circuit designs submitted by the readers of EPE.

The CD-ROM also contains the complete Electronics
Teach-In 1 book, which provides a broad-based introduction
to electronics in PDF form, plus interactive quizzes to test your
knowledge, TINA circuit simulation software (a limited version —
plus a specially written TINA Tutorial).

The Teach-In 1 series covers everything from Electric Current
through to Microprocessors and Microcontrollers and each part
includes demonstration circuits to build on breadboards or to

simulate on your PC.
Order code ETI3 CD-ROM s3]

CD-ROM

ELECTRONICS TEACH-IN BUNDLE -

ECIAL BUNDLE PRICE £14 FOR PARTS 1,2 & 3

CD-ROMs

Order code ETIBUNDLE

Bundle Price £14.00

ELECTRONICS TEACH-

IN4

ELECTRONICS TEACH-IN 4 CD-ROM

A Broad-Based Introduction to Electronics.

The Teach-In 4 CD-ROM covers three of the most important
electronics units that are currently studied in many schools
and colleges. These include, Edexcel BTEC level 2 awards
and the electronics units of the new Diploma in Engineering,
Level 2.

The CD-ROM also contains the full Modern Electronics
Manual, worth £29.95. The Manual contains over 800 pag-
es of electronics theory, projects, data, assembly instruc-
tions and web links.

A package of exceptional value that will appeal to all those
interested in learning about electronics or brushing up on
their theory, be they hobbyists, students or professionals.

Order code ETI4 CD-ROM [EsReE]

CD-ROM
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PICmicro TUTORIALS AND PROGRAMMING

HARDWARE

PICmicro Multiprogrammer Board
and Development Board

Suitable for use with the three software packages

listed below

This flexible PICmicro microcontroller programmer board and
combination board allows students and professional engineers
to learn how to program PICmicro microcontrollers as well as
program a range of 8, 18, 28 and 40 pin devices from the 12, 16
and 18 series PICmicro ranges. For experienced programmers
all programming software is included in the MLoader utility that
is free to download when you buy the multiprogrammer board.
For those who want to learn, choose one or all of the packages

below to use with the hardware.

e Makes it easier to develop PICmicro projects

e Supports low cost Flash-programmable PICmicro devices

e Fully featured integrated displays — 16 individual LEDs, quad
7-segment display and alphanumeric LCD display

e Supports PICmicro microcontrollers with A/D converters

e Fully protected expansion bus for project work

e USB programmable

e Compatible with the E-blocks range of accessories

£167 including VAT and postage, supplied with USB cable

SOFTWARE

ASSEMBLY FOR PICmicro
V5

(Formerly PICtutor)

Assembly for PICmicro microcontrollers V3.0
(previously known as PICtutor) by John Becker
contains a complete course in programming the
PIC16F84 PICmicro microcontroller from Arizona
Microchip. It starts with fundamental concepts
and extends up to complex programs including
watchdog timers, interrupts and sleep modes.

The CD makes use of the latest simulation
techniques which provide a superb tool for
learning: the Virtual PICmicro microcontroller, this
is a simulation tool that allows users to write and
execute MPASM assembler code for the PIC16F84
microcontroller on-screen. Using this you can
actually see what happens inside the PICmicro
MCU as each instruction is executed, which
enhances understanding.

e Comprehensive instruction through 45 tutorial
sections e Includes Vlab, a Virtual PICmicro
microcontroller: a fully functioning simulator e
Tests, exercises and projects covering a wide
range of PICmicro MCU applications e Includes
MPLAB assembler e Visual representation of a
PICmicro showing architecture and functions e
Expert system for code entry helps first time users
e Shows data flow and fetch execute cycle and has
challenges (washing machine, lift, crossroads etc.)
o Imports MPASM files.

and free to download programming software

‘C’ FOR 16 Series PICmicro

Version 5

The C for PICmicro microcontrollers CD-ROM is
designed for students and professionals who need
to learn how to program embedded microcontrollers
in C. The CD-ROM contains a course as well as all
the software tools needed to create Hex code for a
wide range of PICmicro devices — including a full
C compiler for a wide range of PICmicro devices.

Although the course focuses on the use of the
PICmicro microcontrollers, this CD-ROM will
provide a good grounding in C programming for
any microcontroller.

e Complete course in C as well as C
programming for PICmicro microcontrollers e
Highly interactive course e Virtual C PICmicro
improves understanding e Includes a C compiler
for a wide range of PICmicro devices e Includes
full Integrated Development Environment e
Includes MPLAB software ® Compatible with most
PICmicro programmers e Includes a compiler for
all the PICmicro devices.

PRICES

Prices for each of the CD-ROMs above are:
(Order form on next page)

(UK and EU customers add VAT to ‘plus VAT’ prices)

Minimum system requirements for these
items: Pentium PC running, 2000, ME,
XP; CD-ROM drive; 64MB RAM; 10MB

hard disk space.
Flowcode will run on XP or later
operating systems

Hobbyist/Student. . ......

FLOWCODE FOR
PICmicro V6

Flowcode is a very high level language programming
system based on flowcharts. Flowcode allows you
to design and simulate complex systems in a matter
of minutes. A powerful language that uses macros
to facilitate the control of devices like 7-segment
displays, motor controllers and LCDs. The use
of macros allows you to control these devices
without getting bogged down in understanding the
programming. When used in conjunction with the
development board this provides a seamless solution
that allows you to program chips in minutes.

e Requires no programming experience
e Allows complex PICmicro applications to be
designed quickly
e Uses international standard flow chart symbols
e Full on-screen simulation allows debugging and
speeds up the development process.
e Facilitates learning via a full suite of
demonstration tutorials
e Produces ASM code for a range of 18, 28 and
40-pin devices
e 16-bit arithmetic strings and string manipulation
e Pulse width modulation
e 12C.
Please note: Due to popular demand, Flowcode
PICmicro, AVR, DSPIC, PIC24 & ARM V6 are now
available as a download. Please include your email
address and a username (of your choice) on your
order. A unique download code will then be emailed
to you. If you require the CDROM as a back-up then
please add an extra £14 to the price.

...................... £58.80 inc VAT

Professional (Schools/HE/FE/Industry)............ £150 plus VAT
Professional 10 user (Network Licence) ........... £499 plus VAT
Site LiCence .. ... ... £999 plus VAT
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Flowcode (choose PIC, AVR, ARM, dsPIC, PIC24) ...£94.80 plus VAT
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CIRCUIT WIZARD

Circuit Wizard is a revolutionary software system that
combines circuit design, PCB design, simulation and
CAD/CAM manufacture in one complete package.
Two versions are available, Standard or Professional.

By integrating the entire design process, Circuit Wizard provides
you with all the tools necessary to produce an electronics project
from start to finish — even including on-screen testing of the PCB
prior to construction!

* Circuit diagram design with component library (500 components
Standard, 1500 components Professional) * Virtual instruments

(4 Standard, 7 professional) # On-screen animation * Interactive
circuit diagram simulation * True analogue/digital simulation
* Simulation of component destruction *#PCB Layout *Interactive
PCB layout simulation * Automatic PCB routing * Gerber export
* Multi-level zoom (25% to 1000%) * Multiple undo and redo
* Copy and paste to other software * Multiple document support

This software can be used with the Jump Start and
Teach-In 2011 series (and the Teach-In 4 book).

Standard £61.25 inc. VAT. Professional £75 plus VAT.

GECSEIEFECTRONICS]

Suitable for any student who is serious about studying and
who wants to achieve the best grade possible. Each program’s
clear, patient and structured delivery will aid understanding of
electronics and assist in developing a confident approach to
answering GCSE questions. The CD-ROM will be invaluable to
anyone studying electronics, not just GCSE students.

* Contains comprehensive teaching material to cover
the National Curriculum syllabus * Regular exercises
reinforce the teaching points * Retains student interest
with high quality animation and graphics * Stimulates
learning through interactive exercises * Provides sample
examination ques-tions with model solutions * Authored
by practising teachers * Covers all UK examination board
syllabuses * Caters for all levels of ability * Useful for self-
tuition and revision

SUBJECTS COVERED

Electric Circuits — Logic Gates — Capacitors & Inductors — Relays
— Transistors — Electric Transducers — Operational Amplifiers —
Radio Circuits — Test Instruments

Over 100 different sections under the above headings

£12.50 inc. VAT and P&P

CD-ROM ORDER FORM

) Version required:
O Assembly for PICmicro V5 O Hobbyist/Student

[ ‘C’ for 16 Series PICmicro V5 [ professional
[ Professional 10 user
O Site licence

Please send me:

Note: The software on each version is the same, only the licence for use varies.

Minimum system requirements for these CD-

ROMs: Pentium PC, CD-ROM drive, 32MB
RAM, 10MB hard disk space. Windows 2000/

ME/XP, mouse, sound card, web browser.

ORDERING
ALL PRICES INCLUDE UK

POSTAGE

O Flowcode for PICmicro V6 (DOWNLOAD ONLY)
O Flowcode for AVR V6 (DOWNLOAD ONLY)

O Flowcode for ARM V6 (DOWNLOAD ONLY)

O Flowcode for dsPIC V6 (DOWNLOAD ONLY)

O Flowcode for PIC24 V6 (DOWNLOAD ONLY)

Standard/Student/Basic (Hobbyist)
Version price includes postage to most
countries in the world
EU residents outside the UK add £5 for
airmail postage per order

O PICmicro Multiprogrammer Board and Development Board V4 (hardware)

Professional, Multiple User and Site

O Circuit Wizard — Standard

License Versions — overseas readers add
£5 to the basic price of each order for airmail

[ Circuit Wizard — Professional - L
O GCSE Electronics S _T_g:gn_:: g postage (do not agd VAT unless you live in an
. . . . O Teach-In 4 EU (European Union) country, then add VAT
[ 144} O TINA Design Suite V10 Basic (Hobbyist) 0 Teach-In Bundle at 20% or provide your official VAT registration
O TINA Design Suite V10 (Student) number).
FUILNEME: .« . o e e e e e 1 Send your order to:
1 Direct Book Service
1 Wimborne Publishing Ltd
AArESS: . .o ] 113 Lynwood Drive, Merley,
...................... Postcode:.................Tel No: Wimborne, Dorset BH21 1UU
1 To order by phone ring
SIgNALUIe: . o o "
9 1 01202 880299. Fax: 01202 843233
O I enclose cheque/PO in £ sterling payable to WIMBORNE PUBLISHING LTDfor£. ... . ... ] Goods are normally sent within seven days
| I?“’Iease charge my Visa/Masterc?ard/Maestro: £ : E-mail: orders@wimborne.co.uk
Valid From: .......... Card expirydate: . ............ 1 Online shop:
CardNO: . ..o Maestro Issue No. ........ ! ]
Card Security Code . . ........ (The last 3 digits on or just under the signature strip) : WWW. ep em ag .com
W OEE NN NN NN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN B B B B W W W o wm wm owm om o
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ELECTRONIC BUILDING BLOCKS

QUIBK AND EASY
CONSTRUCTION

GCGREAT RESULTS ON
A LOW BUDGET

BUDGET VOLTAGE SWITCH

Large complex projects are fun, but
they take time and can be expensive.
Sometimes you just want a quick result
at low cost. That’s where this series of
Electronic Building Blocks fits in. We
use ‘cheap as chips’ components bought
online to get you where you want to
be... FAST! These projects range from
around £15 to under a fiver... bargains!

Budget voltage switch

Here is an amazingly cheap voltage
switch that activates a relay when the
input voltage reaches the required lev-
el. Switching in response to a signal is a
simple, but incredibly useful electronic
function we all need to implement on a
regular basis — use this quick and easy
route with minimal fuss.

The switch is usually available
through eBay (do a search under ‘DC
12V Dual Wire Actuation Type Pho-
toswitch Sensor Relay Module’ — but
see the sourcing note below). The
module should cost you less than £5
delivered to your UK letter box.

Overview

So what do you get in the post? As
described above, the device is sold as
a photo-switch — it switches a relay on
the basis of different light levels. The

module comes with
a light sensor that
can be easily remote
mounted. In fact, it’s
a perfect module for
switching on lights
when it gets dark.
But hold on, what’s
this got to do with a
voltage switch? The
trick is this: if you un-
plug the light sensor
and instead feed a var-
iable voltage to one of
the exposed pins, the
module then becomes
a universal voltage
switch, suitable for
monitoring voltages
in the range of about
0.5 — 5V. The module

is powered by 12V.

Testing
We suggest that you first test the module
as a light switch — just to make sure
everything is working as it should.
Fig.1 shows the module as it comes
from the supplier.

First off, remove the link (arrowed in
Fig.2) and place it in a secure place —
it’s easy to lose it.

Fig.1. The voltage switch — cheap, useful and fun to use

Next, connect +12V and ground wires
(Fig.3). Switch on power and the red
LED should light, indicating that the
module is powered-up.

Now shade the light sensor and the
green LED (arrowed in Fig.4) should
light and the relay click. Adjust the
pot and you will be able to adjust the
light level at which the relay operates.

Fig.2. First remove the supplied link
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Fig.3. Power supply connections

Fig.4. Green indicator LED
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Fig.5. Signal input connection

Voltage switch

Carefully unplug the light sensor. Cut away part of the con-
nector housing for the light sensor so that you can solder
directly to the pins (Fig.5). Solder your input signal wire to
the pin furthest from the power connections, as shown here
by the arrowed brown wire. This is the wire that connects
to whatever voltage source you are sensing.

Rotating the pot in Fig.6 anti-clockwise increases the
voltage at which the module switches. When the pot is
adjusted correctly for the application, a dab of varnish
can be used to hold it in the chosen position.

The relay terminals are configured (from, top to bottom):
Normally Open (NO), Common, Normally Closed (NC). If
the link (Fig.7) is placed as arrowed (that’s the link you put
aside earlier), 12V is fed to the Common relay terminal. This
makes wiring much simpler when you want to operate a
low current load like a buzzer or lamp.

Fig.8 (top) shows the module configured to turn on a
light when the monitored voltage exceeds the pre-set
level. (Note the green LED is on). Fig 8 (bottom) shows the
module configured to turn on a light when the monitored
voltage is below the pre-set level. (Note how the green
LED is now off.)

Conclusion
Cheap, simple and effective — that’s our voltage switch!

Sourcing

We normally recommend eBay for this kind of device,
but as luck would have it, just as we were going to press
the original seller ran out of devices. The item was listing
number 191589051309, and more may well be in stock
by the time you
read this. Have a
search using ‘DC
12V Dual Wire Ac-
tuation Type Pho-
toswitch Sensor
Relay Module’. A
virtually identical
part is listing num-
ber 291574999759.
However, if eBay
fails to provide the
part do remember
that a bit of Google
research will show
that there are plen-
ty of other sourc-
es — for example:
http://tinyurl.com/
pza9ypy. Prices
vary from under a
fiver to a little over
a tenner, so do shop
around.

Fig.8. (top) Module turns light on for input
above pre-set level (bottom) or on for input
below a pre-set level — note the green LED
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Fig.6. Use this pot to set the switching level

Fig.7. Set Common relay connection to 12V

Next month

Next month, another great electronic module — one that can
be used to pulse an output. It is widely adjustable, with
both the ‘on’ and ‘off’ times able to be set separately. Better
still, it uses a relay output that is able to drive high current
loads (up to 10 amps). All this is in our next Electronic
Building Block article.

Next month — Pulsing Timer Module

supplier?
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Basic printed circuit boards for most recent EPE constructional projects are
available from the PCB Service, see list. These are fabricated in glass fibre, and
are drilled and roller tinned, but all holes are a standard size. They are not silk-
screened, nor do they have solder resist. Double-sided boards are NOT plated
through hole and will require ‘vias’ and some components soldering to both
sides. NOTE: PCBs from the July 2013 issue with eight digit codes have silk
screen overlays and, where applicable, are double-sided, plated through-hole,
with solder masks, they are similar to the photos in the relevent project articles.

All prices include VAT and postage and packing. Add £2 per board
for airmail outside of Europe. Remittances should be sent to The PCB
Service, Everyday Practical Electronics, Wimborne Publishing
Ltd., 113 Lynwood Drive, Merley, Wimborne, Dorset BH21 1UU.
Tel: 01202 880299; Fax 01202 843233; Email: orders@epemag.wimborne.co.uk.
On-line Shop: www.epemag.com. Cheques should be crossed and made payable
to Everyday Practical Electronics (Payment in £ sterling only).

NOTE: While 95% of our boards are held in stock and are dispatched within
seven days of receipt of order, please allow a maximum of 28 days for
delivery — overseas readers allow extra if ordered by surface mail.

Back numbers or photocopies of articles are available if required — see the
Back Issues page for details. WE DO NOT SUPPLY KITS OR COMPONENTS
FOR OUR PROJECTS.

PROJECT TITLE ORDER CODE ~ COST

OCT'14
SIDRADIO — Main PCB

— Front & Rear Panel Set

06109131 = £24.75
06109132
06109133 B19.35

Hi-Fi Stereo Headphone Amplifier — Part 1 01309111 = £16.65

NOV '14
GPS Tracker 05112131 = £13.15
DEC'14
PortaPAL-D —Main PCB 01111131
— Microphone Input 01111132 » £33.94
— Guitar Input 01111133
Electronic Bellbird 08112131  £11.53
JAN 15
“Tiny Tim” Stereo Amplifier 01309111 = £16.65
— Power supply 18110131 = £11.80
FEB'15
Audio Delay For PA Systems 01110131 = £13.42
Teach-In 2015 — Part 1 Pre-Amp 905 £9.83
MARCH '15
Stereo Echo & Reverb Unit 01110131 = £13.42

Super Smooth, Full-range, 10A/230V Speed
Controller for Universal Motors

APRIL'15

A Rubidium Frequency Standard For A Song
USB/RS-232C Interface

10102141  £11.80

04105141 £8.02
07103141 £7.48

Teach-In 2015 — Part 3 906 £8.75
MAY '15

Deluxe Fan Speed Controller 10104141 = £10.72
RGB LED Strip Driver 16105141  £8.56
Low-cost Precision 10V DC Reference For

Checking DMMs 04104141 = £7.48
JUNE 15

Burp Charge Your Batteries 14103141  £13.40
Teach-In 2015 — Part 5 907 £8.55
JULY 15

L-0-0-0-n-g Gating Times For The 12-Digit

High-Resolution Counter 04106141 £11.55

Threshold Voltage Switch 99106141 £10.15
Touch-Screen Digital Audio Recorder — Part 2 01105141 = £13.70
AUG 15
Nirvana Valve Simulator — Main PCB 01106141 = £15.05
— Front Panel 01106142 = £8.30
TempMasterMK3 21108141 = £12.00
Teach-In 2015 — Part 7 908 £8.75
SEPT'15
Opto-Theremin — Part 1
— Main Theremin 23108141 @ £14.25

— Volume Control Board 23108142 @ £6.95
Mini-D Stereo 10W/Channel Class-D

Audio Amplifier 01110141 = £7.45

PROJECT TITLE ORDER CODE

COST

Wideband, Active Differential Oscilloscope Probe
—Main PCB

04107141
— Screening PCB £11.80

04107142

0CT'15

Digital Effects Processor For Guitars
And Musical Instruments 01110131 | £16.40

Courtesy LED Lights Delay For Cars 05109141 | £8.55

Teach-In 2015 — Part 9 909 £10.70

NOV '15
The Currawong — Part 1

— Main Board 01111141 | £47.20
— Front Panel 01111142 }
— Rear Panel 01111143 =R

48V Dual Phantom Power Supply 18112141 | £9.37
Programmable Mains Timer With Remote Switching
— Main Board

— Front Panel

19112141 | £11.80
19112142 | £16.40

DEC'15

TDR Dongle For Oscilloscopes

High-Energy Multi-Spark CDI For
Performance Cars

04112141 | £7.20

05112141 | £11.80

JAN'16
Isolating High Voltage Probe For Oscilloscopes
The Currawong — Part 3

04108141 |£11.80

— Remote Control Board 01111144 | £6.95

\J >

* See NOTE left regarding PCBs with eight digit codes *
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Please check price and availability in the latest issue.
Alarge number of older boards are listed on, and can be ordered from, our website.

Boards can only be supplied on a payment with order basis.

Where available, software programs for EPE Projects can be downloaded free
from the Library on our website, accessible via our home page at:
www.epemag.com

PCB MASTERS

PCB masters for boards published from the March ’06 issue onwards are
available in PDF format free to subscribers — email fay.kearn@wimborne.
co.uk stating which masters you would like.

(" EPE PRINTED CIRCUIT BOARD SERVICE )
Order Code Project Quantity Price

to:

Everyday Practical
Electronics

CardNO. ...
ValidFrom ............. ExpiryDate ............
Card Security No. ....... Maestro Issue No. .. ....
SIgNature . .. ...

Note: You can also order PCBs by phone, Fax or Email or via the
Shop on our website on a secure server:

\_ http://www.epemag.com Y
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GLASSIFIED

ADVERTISEMENTS

If you want your advertisements to be seen by the largest readership at the most economical price our
classified page offers excellent value. The rate for semi-display space is £10 (+VAT) per centimetre high,
with a minimum height of 2-5cm. All semi-display adverts have a width of 5.5cm. The prepaid rate for
classified adverts is 40p (+VAT) per word (minimum 12 words).

All cheques, postal orders, etc., to be made payable to Everyday Practical Electronics. VAT must be added.
Advertisements, together with remittance, should be sent to Everyday Practical Electronics Advertisements,
113 Lynwood Drive, Merley, Wimborne, Dorset, BH21 1UU. Phone: 01202 880299. Fax: 01202 843233.
Email: stewart.kearn@wimborne.co.uk. For rates and information on display and classified advertising
please contact our Advertisement Manager, Stewart Kearn as above.

Everyday Practical
Electronics reaches more
UK readers than any
other UK monthly hobby
electronics magazine,

our sales figures prove it.

We have been the leading

monthly magazine in this
market for the last
twenty-six years.

OPTOISOLATORS ETC

For full range Visit Section 14

www.partridgeelectronics.co.uk

CANTERBURY WINDINGS
UK manufacturer of toroidal transformers
(10VA to 3kVA)

All transformers made to order. No design fees.
No minimum order.

www.canterburywindings.co.uk
01227 450810

VALVES AND ALLIED COMPONENTS IN
STOCK. Phone for free list. Valves, books
and magazines wanted. Geoff Davies
(Radio), tel. 01788 574774.

PIC DEVELOPMENT KITS, DTMF kits and
modules, CTCSS Encoder and Decoder/
Display kits. Visit www.cstech.co.uk

BOWOOD ELECTRONICS LTD
Suppliers of Electronic Components

www.bowood-electronics.co.uk

Unit 10, Boythorpe Business Park, Dock Walk, Chesterfield,
Derbyshire S40 2QR. Sales: 01246 200 222

Send large letter stamp for Catalogue

MISCELLANEOUS

KITS, TOOLS, COMPONENTS. S.A.E.
Catalogue. SIR-KIT ELECTRONICS, 52
Severn Road, Clacton, CO15 3RB, http://
sir-kit.webs.com

EXTENSIVE LIST of IC’s available. Tran-
sistor list available shortly. Please contact
Dennis, tel. 0191 2520361

ALLENDALE ELECTRONICS ...........
BETALAYOUT......................
CRICKLEWOOD ELECTRONICS ... ... ..
DIGI-KEY. ..o
ESR ELECTRONIC COMPONENTS ... ...
HAMMOND ELECTRONICS Ltd . . ... ...

MICROCHIP .. ...
MIKROELEKTRONIKA . .. ... ot
NIGELS COMPUTER REPAIRS . ... ... ...
PCBCART. ... .o
PEAK ELECTRONIC DESIGN ... ........
PICO TECHNOLOGY ................

ADVERTISERS INDEX

e 31 POLABSD.O.O. . ...

Everyday Practical Electronics, January 2016

.............................. 61
QUASARELECTRONICS .. ..o 2/3

.............. 69 STEWARTOFREADING ............................56
......... Cover (i)  TAG-CONNECT ............ ... iiiie.... 56
............... 6 VEROTECHNOLOGIES ........... ... 23
.............. 18  WEARDALE ELECTRONICS. ......................... 23
.............. 72
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Content may be subject to change
6-Digit Retro Nixie Clock — Part 1
Revel in the retro glow of this cool Nixie Clock! It may look like something out

of the 1960s, but this is a modern design utilising a 32-bit microprocessor and
(optionally) a GPS receiver module to always give you accurate time and date, automatically
determined by your location. We've also added a date display function, a 7-day alarm and more!

CGA-to-VGA Video Converter

Do you have an old — well, actually an ‘ancient’ — Amiga, Commodore 128, Microbee, Apple

or Tandy CoCo 3 computer that you would like to fire up again? Sure, it will be a nostalgia trip
but you may not have a suitable CGA monitor — they were obsolete years ago! This CGA-to-VGA
Video Converter from Microbee Technology will allow you to use any recent model LCD or CRT
monitor that has a VGA input

Spark Energy Meter

This meter closely estimates the energy delivered to actual sparks in the ignition system under test,
using either a CDI or MDI system. It’s portable and battery-powered, has a low-battery indicator
and can be connected to a working engine one spark plug at a time. Alternatively, it can be used
to bench test an ignition system. The perfect accompaniment to our recent Multi-spark CDI
project!

PLUS!

All your favourite regular columns from Audio Out and Circuit Surgery to Electronic Building
Blocks, PIC n” Mix and Net Work.

FEBRUARY “16 ISSUE ON SALE 7 JANUARY 2016

PANEL-PNOL

! ! ’ Beta LAYOUT

Custom Front Panels

IAnd Saturday 9:30am to Sp

Digital printing
E: sales@jpgelectronics.com

W: www.jpgelectronics.com
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microchipDIRECT offers access to the world's largest inventory of Microchip products
and the most comprehensive online resource for pricing and support directly from
Microchip Technology. We invite you as a valued Microchip customer to experience our
service 24 hours a day, 7 days per week.

Visit www.microchipDIRECT.com and enjoy the confidence and convenience of buying
from microchipDIRECT and take advantage of the following features:

» Direct stock from factory » Long-term orders and scheduling

» Direct customer service » Programming and value add services
» Secure ordering > Ability to adjust open orders

» Volume pricing > Ship to your sites globally

» Credit lines » Online order status and notifications

@ MICROCHIP

www.microchipDIRECT.com

The Microchip name and logo, the Microchip logo are registered trademarks of Microchip Technology Incorporated in the U.S.A. and other countries. All other trademarks are the property of their registered owners.
© 2015 Microchip Technology Inc. All rights reserved. DS40001752B. MEC2010Eng04/15






