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MARCONI / IFR 2030
Signal Generalor 10KHZ-1.356H2
From £1,000 Depending on options

HP356T0A

FFT Dynamic
Signal Analysar 2
Channel

Unused in original
box

£ POA

HP B5S91E
Spactrum Anphses
AKHZ-1.8GHZ
wilh Trixcking
Generglor £1500
Mo mouldings, no
handie £1250

STEWART of READING
174 King Street. Mortimer, Near
Reading RGT 3RS
Telephone: (0118) 933 1111
Fax: (0118) 933 2375
Sam = 5pm Monday - Friday
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HP33244
Synthesisad Funclion Genarator 21MHZ

HP8591A Spectrum Analyser

IMHZ-1.8GHZ Thohm with Tracking Ganeralor -
Special Offer Price £050

HP8590A Spectrem

Analysar

10KHZ-1.T3GHZ 75 ohm

Special Offer Price. E750

CHECK OUT OUR WEBSITE,
1,000's of items currently in stock
www.stewart-of-reading.co.uk
Extra Special Oscilloscope
offer still on
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Atlas ESIieauile/{xgel Saaal electronic design Itd

SOLATRON 1250
Frequency Response Anplysar
10 uHZ 1o 20MHZ

£ POA

AGILENT E4402B
Spectrum Analyser
100HZ - 3 GHZ with

1 options TDN Tracking
Generatos, 108

Marrow Fles, A4H
GPIE, UKB
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MARCONI 2022E

Synthesized AM/FEM Signal Ganaratoe
10KHZ-1.01GHZ
Special Offer £325

Used Equipment - GUARANTEED
Most Manuals Supplied
Please check availability before
ordering or calling.

Prices plus camiage and VAT

T TV TS ot oG —— :
NDReducedVA"; SR EANK

=

Atlas Star Pack

Atlas DCA and Atlas LCR in Premium Carry Case
Special Offer AND,Reduced,VAT!
Atlas DCA - Model DCA55

Semiconductor Analyser
Identifies type and pinout! Connect any way round.
Measures gain, junction characteristics and more.

Now with premium strong probes!!

Atlas LCR - Model LCR40

Passive Component Analyser
Automatic component identification (inductor, capacitor
or resistor). Auto frequency selection. Measures main
component value and other parameters too such as the DC
resistance of inductors automatically.....

Measure capacitance and ESR!
Capacitance from 1uF to 22,000uF
ESR from 0.01 ohms to 20 ohms
Battery included + Gold plated croc clips

Features our
unique
automatic
discharge
function

Atlas LCR
Reduced VAT,

see description in main offer
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Uniros Aluminium 6 LED Torch
150mm long
2 AA Batteries (included)
Fabric Wrist Strap
Sealed retail pack

< 1
85 inc VA
n\vég 35-\-\IAT)
“;rma\\v £6 ol
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LED Torch - Great Gift!
Special Offer, AND,Reduced,VAT,!

probes!

Peak Electronic/Design Ltd, West:Road House, West: Road,
Buxton, Derbyshire, SKi17 6HF.
tel. 0129870012 www:peakelec.co.uk, sales@peakelee:co.uk
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QUASAR

electronics

The Elecironic Kit Specialists Since 1993

PIC & ATMEL Programmers

We have a wide range of low cost PIC and
ATMEL Programmers. Complete range and
documentation available from our web site.

Programmer Accessories:

40-pin Wide ZIF socket (ZIF40W) £14.95
18Vdc Power supply (PSU010) £18.95
Leads: Parallel (LDC136) £3.95 / Serial
(LDC441) £3.95 / USB (LDC644) £2.95

NEW! USB & Serial Port PIC Programmer
USB/Serial connection.
Header cable for ICSP.

#| Free Windows XP soft-
ware. See website for PICs

Kit Order Code: 3149KT - £49.95
Assembled Order Code: AS3149 - £59.95

NEW! USB 'All-Flash’ PIC Programmer
USB PIC programmer for all
‘Flash’ devices. No external
power supply making it truly
portable. Supplied with box and
Windows XP Software. ZIF
Socket and USB lead not incl.
Assembled Order Code: AS3128 - £49.95
Assembled with ZIF socket Order Code:
AS3128ZIF - £64.95

‘PICALL’ ISP PIC Programmer

Will program virtually all 8
to 40 pin serial-mode AND
parallel-mode (PIC15C
family) PIC microcontrol-
lers. Free Windows soft-
ware. Blank chip auto detect for super fast
bulk programming. Optional ZIF socket.
Assembled Order Code: AS3117 - £29.95
Assembled with ZIF socket Order Code:
AS3117ZIF - £44.95

ATMEL 89xxxx Programmer
Uses serial port and any
standard terminal comms
program. 4 LED’s display
the status. ZIF sockets not
included. Supply: 16Vdc.
Kit Order Code: 3123KT - £27.95
Assembled Order Code: AS3123 - £37.95

Introduction to PIC Programming

Go from complete beginner

to burning a PIC and writing

code in no time! Includes 49

page step-by-step PDF

Tutorial Manual, Program-

ming Hardware (with LED

test section), Win 3.11—XP Programming
Software (Program, Read, Verify & Erase),
and 1rewritable PIC16F84A that you can use
with different code (4 detailed examples pro-
vided for you to learn from). PC parallel port.
Kit Order Code: 3081KT - £16.95
Assembled Order Code: AS3081 - £24.95

Quasar Electronics Limited

PO Box 6935, Bishops Stortford

CM23 4WP, United Kingdom

Tel: 08717 177 168

Fax: 07092 203 496

E-mail: sales@quasarelectronics.com

Web: www.quasarelectronics.com

08717

All prices INCLUDE 15.0% VAT.

Postage & Packing Options (Up to 0.5Kg gross weight): UK Standard 3-7 Day
Delivery - £3.95; UK Mainland Next Day Delivery - £8.95; Europe (EU) -
£6.95; Rest of World - £9.95 (up to 0.5Kg).

=

EUROCARD

!Order online for reduced price UK Postage (from just £1) E

Payment: We accept all major credit/debit cards. Make cheques/PO’s

payable to Quasar Electronics.

Credit Card
Sales

PIC Programmer Board
Low cost PIC programmer
board supporting a wide
range of Microchip® PIC™
microcontrollers. Requires
PC serial port. Windows interface supplied.
Kit Order Code: K8076KT - £39.95

PIC Programmer & Experimenter Board

The PIC Programmer &
Experimenter Board with
test buttons and LED indi-
cators to carry out educa-
tional experiments, such as
the supplied programming examples. In-
cludes a 16F627 Flash Microcontroller that
can be reprogrammed up to 1000 times for
experimenting at will. Software to compile
and program your source code is included.
Kit Order Code: K8048KT - £39.95
Assembled Order Code: VM111 - £59.95

Controllers & Loggers

Here are just a few of the controller and
data acquisition and control units we have.
See website for full details. 12Vdc PSU for
all units: Order Code PSU445 £7.95

USB Experiment Interface Board
5 digital input chan-
nels and 8 digital out-
put channels plus two
analogue inputs and
two analogue outputs
with 8 bit resolution.
Kit Order Code: K8055KT - £38.95
Assembled Order Code: VM110 - £64.95

b5

Rolling Code 4-Channel UHF Remote
State-of-the-Art. High security.
4 channels. Momentary or
latching relay output. Range
up to 40m. Up to 15 Tx’s can
be learnt by one Rx (kit in-
cludes one Tx but more avail-
able separately). 4 indicator LED ’s. Rx: PCB
77x85mm, 12Vdc/6mA (standby). Two & Ten
Channel versions also available.

Kit Order Code: 3180KT - £49.95

Assembled Order Code: AS3180 - £59.95

Computer Temperature Data Logger
Serial port 4-channel tem-
perature logger. °C or °F.
Continuously logs up to 4
separate sensors located
200m+ from board. Wide

range of free software applications for stor-

ing/using data. PCB just 45x45mm. Powered
by PC. Includes one DS1820 sensor.

Kit Order Code: 3145KT - £19.95

Assembled Order Code: AS3145 - £26.95

Additional DS1820 Sensors - £3.95 each

Most items are available in kit form (KT suffix)
or pre-assembled and ready for use (AS prefix)

MasterCard

Please visit our online shop now for full details of over 500 electronic kits,
projects, modules and publications. Discounts for bulk quantities.

177 168

Eledron

4-Ch DTMF Telephone Relay Switcher
Call your phone num-
ber using a DTMF
phone from anywhere
in the world and re-
motely turn on/off any ‘
of the 4 relays as de- [

sired. User settable Security Password, Anti-
Tamper, Rings to Answer, Auto Hang-up and
Lockout. Includes plastic case. 130 x 110 x
30mm. Power: 12Vdc.

Kit Order Code: 3140KT - £74.95
Assembled Order Code: AS3140 - £89.95

8-Ch Serial Port Isolated I/O Relay Module
Computer controlled 8
channel relay board. 5A
mains rated relay outputs
and 4 opto-isolated digital
inputs (for monitoring
switch states, etc). Useful
in a variety of control and i'
sensing applications. Programmed via serial
port (use our new Windows interface, termi-
nal emulator or batch files). Serial cable can
be up to 35m long. Includes plastic case
130x100x30mm. Power: 12Vdc/500mA.

Kit Order Code: 3108KT - £64.95

Assembled Order Code: AS3108 - £79.95

Infrared RC 12-Channel Relay Board

: Control 12 onboard relays with
included infrared remote con-
g trol unit. Toggle or momentary.
15m+ range. 112 x 122mm.
Supply: 12Vdc/0.5A
Kit Order Code: 3142KT - £59.95
Assembled Order Code: AS3142 - £69.95

Audio DTMF Decoder and Display

Detect DTMF tones from
tape recorders, receivers,
two-way radios, etc using
the built-in mic or direct
from the phone line. Char-
acters are displayed on a
16 character display as they are received and
up to 32 numbers can be displayed by scroll-
ing the display. All data written to the LCD is
also sent to a serial output for connection to a
computer. Supply: 9-12V DC (Order Code
PSU445). Main PCB: 55x95mm.

Kit Order Code: 3153KT - £34.95

Assembled Order Code: AS3153 - £44.95

Telephone Call Logger
Stores over 2,500 x 11
digit DTMF numbers with
time and date. Records all
buttons pressed during a
call. No need for any con-
nection to computer during operation but
logged data can be downloaded into a PC via
a serial port and saved to disk. Includes a
plastic case 130x100x30mm. Supply: 9-12V
DC (Order Code PSU445).

Kit Order Code: 3164KT - £54.95

Assembled Order Code: AS3164 - £69.95




Here are a few of the most recent products

added to our range. See website or join our
email Newsletter for all the latest news.

40 Second Message Recorder
Feature packed non-
volatile 40 second multi-
message sound recorderkd
module using a high
quality Winbond sound
recorder IC. Standalone
operation using just six onboard buttons or
use onboard SPI interface. Record using
built-in microphone or external line in. 8-24
Vdc operation. Just change one resistor for
different recording duration/sound quality.
sampling frequency 4-12 kHz.

Kit Order Code: 3188KT - £28.95
Assembled Order Code: AS3188 - £36.95
120 second version also available

Bipolar Stepper Motor Chopper Driver
New bipolar chopper driver
gives better performance
from your stepper motors.
It uses a dual full bridge
motor driver based on SGS
Thompson chips L297 &
L298. Motor current for
each phase is set using an on-board potenti-
ometer. Can handle motor winding currents
of up to 2 Amps per phase. Operates from a
DC supply voltage of 9-36V. All basic motor
controls provided including full or half step-
ping of bipolar steppers and direction control.
Synchroniseable when using multiple drivers.
Perfect for desktop CNC applications.

Kit Order Code: 3187KT - £39.95

Assembled Order Code: AS3187 - £49.95

Shaking Dice

This electronic construction kit
is great fun to build and play '
with. Simply shake and watch it
slowly roll to stop on a random
number. Great fun project.

Kit Order Code: MK150KT - £12. 95

Running MicroBug
This electronic construc-
tion kit is an attractive
bright coloured bug-
shaped miniature robot.
The MicroBug is always hungry for light and
travels toward it!. Great fun robot project.
Kit Order Code: MK127KT - £12.95

Video Signal Cleaner
Digitally cleans the video
signal and removes un-
wanted distortion in video
signal. In addition it stabi-
lises picture quality and
luminance fluctuations.
You will also benefit from improved picture
quality on LCD monitors or projectors.

Kit Order Code: K8036KT - £32.95

Assembled Order Code: VM106 - £49.95

Most items are available in kit form (KT suffix)
or assembled and ready for use (AS prefix).

Motor Speed Controllers

Here are just a few of our controller and
driver modules for AC, DC, Unipolar/Bipolar
stepper motors and servo motors. See
website for full details.

DC Motor Speed Controller (100V/7.5A)
Control the speed of
almost any common
DC motor rated up to
100V/7.5A. Pulse width
modulation output for
maximum motor torque
at all speeds. Supply: 5-15Vdc. Box supplied.
Dimensions (mm): 60Wx100Lx60H.

Kit Order Code: 3067KT - £17.95

Assembled Order Code: AS3067 - £24.95

Computer Controlled / Standalone Unipo-
lar Stepper Motor Driver
Drives any 5-35Vdc 5, 6
or 8-lead unipolar stepper
motor rated up to 6 Amps.
Provides speed and direc-
tion control. Operates in stand-alone or PC-
controlled mode for CNC use. Connect up to
six 3179 driver boards to a single parallel
port. Board supply: 9Vdc. PCB: 80x50mm.
Kit Order Code: 3179KT - £15.95
Assembled Order Code: AS3179 - £22.95

Computer Controlled BI-PoIar Stepper
Motor Driver :

Drive any 5-50Vdc, 5 Amp
bi-polar stepper motor using &
externally supplied 5V lev- &
els for STEP and DIREC-
TION control. Opto-isolated
inputs make it ideal for CNC appllcatlons
using a PC running suitable software. Board
supply: 8-30Vdc. PCB: 75x85mm.

Kit Order Code: 3158KT - £23.95
Assembled Order Code: AS3158 - £33.95

Bidirectional DC Motor Speed Controller
Control the speed of
most common DC
motors (rated up to
32Vdc/10A) in both
the forward and re-
verse direction. The
range of control is from fully OFF to fully ON
in both directions. The direction and speed
are controlled using a single potentiometer.
Screw terminal block for connections.

Kit Order Code: 3166v2KT - £22.95
Assembled Order Code: AS3166v2 - £32.95

A/

AC Motor Speed Controller (700W)
Reliable and simple to

install project that allows

you to adjust the speed of

an electric drill or 230V AC

single phase induction

motor rated up to 700

Watts. Simply turn the potentiometer to adjust
the motors RPM. PCB: 48x65mm. Not suit-
able for use with brushless AC motors.

Kit Order Code: 1074KT - £14.95
Assembled Order Code: AS1074—£20.95

See www.quasarelectronics.com for lots
more motor controllers

Credit
Card
Sales
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QUASAR

electfronics

The Electronic Kit Specialists Since 1993

Electronic Project Labs

Great introduction to the world of electron-
ics. Ideal gift for budding electronics expert!

500-in-1 Electronic Project Lab
Top of the range. Com-
plete self-contained elec-
tronics course. Takes you
from beginner to ‘A’ Level
standard and beyond!
Contains all the hardware
and manuals to assemble
500 projects. You get 3
comprehensive course
books (total 368 pages) - Hardware Entry
Course, Hardware Advanced Course and a
microprocessor based Software Program-
ming Course. Each book has individual circuit
explanations, schematic and connection dia-
grams. Suitable for age 12+.

Order Code EPL500 - £199.95

Also available: 30-in-1 £19.95, 50-in-1
£29.95, 75-in-1 £39.95 £130-in-1 £49.95 &
300-in-1 £84.95 (see website for details)

Tools & Test Equipment

We stock an extensive range of soldering

tools, test equipment, power supplies,
inverters & much more - please visit web-
site to see our full range of products.

Two-Channel USB Pc Oscilloscope
This digital storage oscillo-
scope uses the power of your
PC to visualize electrical sig-
nals. Its high sensitive display
resolution, down to 0.15mV,
combined with a high band- ,,%_
width and a sampling fre-

quency of up to 1GHz are giving this unit all
the power you need.

Order Code: PCSU1000 - £399.95

Personal Scope 10MS/s

The Personal Scope is not a
graphical multimeter but a com-
plete portable oscilloscope at the
size and the cost of a good mul-
timeter. Its high sensitivity - down
to 0.1mV/div - and extended
scope functions make this unit
ideal for hobby, service, automo-
tive and development purposes. Because of
its exceptional value for money, the Personal
Scope is well suited for educational use.
Order Code: HPS10 - £189-85%169.95

See website for more super deals!

www.quasarelectronics.com

Secure Online Ordering Facilities e Full Product Listing, Descriptions & Photos e Kit Documentation & Software Downloads




supplied with specified board components, quality fibreglass tinned PCBs and
May ‘09 have clear English instructions. Watch this space for future featured kits.
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AR SPEED
KG-5448 £28.75 plus postage & packing 3 MKIl KIT

This is an improved version of our popular guitar mixer kit and has & number of =f 4 KC-5441 £29.00 plus
enhancements that make it even more versatile. The input sensitivity of each of Bar X postage & packing

the four channels is adjustable from a few millivolts to over 1V., so you plug in a . If you're into any kind of racing like
range of input signals from a microphone to a line level signal from an CD player

P L ' cars, bikes boats or even the horses,
etc. A headphone amplifier circuit is included for monitoring purposes. A three = — J o ‘
e ) s (i iile mixer that wil 6 from 12VDC. 45mA . . this kit is for you. The electronics are
stage EQ makes this a very versatile mixer that will operate from , 45mA, — . - ¥ mounted in the supplied jify box and

/ Everyday Practical Electronics Magazine has been publishing a series
of popular kits by the acclaimed Silicon Chip Magazine Australia. These
projects are 'bullet proof' and already tested down under. All Jaycar kits are

L ' ) the radar gun assembly can be made
e Kit includes case, PCB with overlay and all electronic components simply with two coffee tins ﬂne%uend - endy e @l

KAS published in EPE Magazine April 2009 / needs 12VDC at only 130mA so you can use a small SLA or
rechargeable =

( D STUDIO 350 HIGH LG
POWER AMPLIFIER KIT 4 ERINRS

KC-5372 £50.75 plus postage & packing and all specified
The Studio 350 power amplifier will electronic
deliver a whopping 350WRMS into . components

4 ohms, or 200WRMS into 8 .
ohms. Using eight 250V EF’ELr .
200W plastic power E - vimzw‘m j

T transistors, it is super quiet, with . i “*—q"
KC-5350 £31.95 plus postage & packing a signal to noise ratio of -125dB(A) at s ey
When running AV cables for your home theatre system, you full 8 ohm power. Harmonic distortion is just
may experience some signal loss over longer runs. This kit will 0.002% & frequency response is almost flat (less than -1dB)
boost your video and audio signals preserving them for the between 15Hz & 60kHz! Kit supplied in short form with PGB &
highest quality transmission to your projector or large screen electronic components. Kit requires heat sink & +/- 70V power ol 4
TV. It boosts composite, S-Video, and stereo audio signals. Kit supply (a suitable supply is described in the instructions). L Y. KC-5389 £8.75 plus
includes case, PCB, silk screened & punched panels and all " postage & packing
electronic components. \“As published in EPE Magazine November 2006 Luxeon high power LEDs are

s .—-"’"gome of the brightest LEDs available in

* QVAC @ 150mA required - Maplin GUOSK £9.99 a “the world. They offer up to 120 lumens per unit,

C .
* As published in EPE Magazine March 2006 "\ and will last up to 100,000 hours! This kit allows you to
\ / power the fantastic 1W, 3W, and 5W Luxeon Star LEDs from
12VDC. This means that you can take advantage of what

KA-1732 £6.00 plus postage & packing these fantastic LEDs have to offer, and use them in your car,

f 3V TO 9V DC TO DC \ This kit uses a handful of components to accurately time boat, or caravan. Kit supplied with PCB, and all electronic
GOMVEBTEB KIT intervals from a few seconds to a whole day. It components.
can switch a number of different output devices &

KC-5391 £4.75 + postage & packing can be powered by a battery or mains plug pack. * As published in EPE Magazine April 2007
Allows you to use regular Ni-Cd

or Ni-MH 1.2V cells, or alkaline ) © The kit includes PCB _ SUPEB BBIGHT 1 WATT
1.5V cells for 9V - o © & all components LED STAR MODULES

applications. .

Using low g Lk * As nublished in ZD-0508 £3.75 ea plus postage & packing

cost, high ke A EPEDW - These LEDs are just as bright as the leading brand but cost a
a0z whole lot less. They are increasingly finding their way into

capacity - September 2007 ! ciee - )
rechargeable cells, this kit will pay for itself in no time. You can L L general and architectural lighting applications and with a

use any 1.2-1.5V cells you desire. Imagine the extra capacity service life of 100,000 hours, wil virtually

you would have using two 9000mAh D cells in replacement of / never need replacing. They provide up
a low capacity 9V cell. to 25 lumens per watt and are

Y KIT avallable in a number of colours.

o Kit supplied with PCB & all electronic components
* As published in EPE Magazine June 2007 /

KC-5392 £6.00 plus postage & packing ZD-0500 - Red  ZD-0506 - Blue
Many modern cars feature a time delay on the ZD-0502 - Amber  ZD-0510 - Warm White
interior light. It still allows you time to \ZD,0504 - Green /

/ 0w VOLTAGE BA"EBY \ buckle up and get organised
- before the light dims and
WARNING KIT finally goes out. This kit « Secure on-line ordering

KG-9000 £3.00 + postage & packing provides that feature for £ / o ALL prices in Pounds Sterling
This circuit monitors any battery voltage between 3-15 volts cars which don't already / L ] o Minimum order ONLY £10
once set. Whenever the voltage falls provide it. It has a soft fade out after a set time has elapsed, -
below a predetermined value a red LED 7 and features much simpler universal wiring than previous
lamp lights up. It does not, however, % = models we have had.
automatically disconnect the battery.
Uses a tiny amount of power from - o Kit supplied with PCB with overlay, and all
the battery being monitored. Could - I ] electronic components
save you embarrassment or a fortune ' /  Suitable for circuits switching ground or +12V or 24VDC
\by avoiding battery damage. ) (car & truck with negative chassis.)

O Q\s published in EPE Magazine Feb 2007

Jaycar
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VOICE KiIT

KC-5431 £13.50 plus postage & packing
Effect and depth controls allow you to vary the voice to
simulate everything from C-3PO to
the hysterical ranting of Daleks.
The kit includes PCB with
overlay, enclosure, speaker
and all components.

* As published in EPE
Magazine August 2008

N
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JACOB'S LADDER HIGH B
TAGE DISPLAY KIT MKiI
KC-5445 £12.50 plus postage
& packing

With this kit and the

> purchase of a 12V
ignition coil (available
from auto stores and
- parts recyclers), create an
awesome rising ladder of noisy sparks that emits
the distinct smell of ozone. This improved circuit is suited to
madern high power ignition coils and will deliver a spectacular
visual display. Inspired by the good doctor's laboratory in the
Frankenstein movie, use this kit for theatre special effects or
just to impress your friends. Kit includes PCB with overlay, pre-
cut wire/ladder and all electronic components.

© 12V automotive ignition coil and case not included
® 12V car battery, 7Ah SLA or >5Amp DC power supply
required and not included

Warning: The Jacobs Ladder Kit uses potentially
\ dangerous voltage.

p

/

RING FLAME 1)
GHTING KIT

KC-5234 £5.00 plus postage & packing

Theatrical productions often call for flaming torches and similar
real flame lighting effects. The problem is that for obvious safety
reasons, most theatres and halls have strict rules regarding the
use of naked flames. Enter The Flickering Flame kit. This lighting
effect uses a single 20W halogen lamp
(the same as those used for

domestic down lights) to mimic its’
namesake. Mounted on a compact
PCB, it operates from 12V DC and
uses just a handful of readily available
components.

!

e Kit includes 20W halogen lamp,
ceramic base socket, PCB with
Koverlay plus electronic components

Order Value
£10 - £49.99

£5 | Max weight 12lb (5kg).

£50 -£99.99 £10 Heavier parcels POA.
£100-£19999 £20 | yuinum order £10

£200 - £499.99 £30 :
£500+ £40

Note: Products are despatched from Australia,
so local customs duty & taxes may apply.
Prices valid until 31/5/09

KC-5423 £11.75 plus
postage & packing
This easy to build kit
emulates the unique
noise made when the
cabin doors on the
Starship Enterprise open
& close. The 'shut' noise is
also duplicated. The sound emulator can be
triggered by switch contacts (normally open)
which means you can use a reed magnet
switch, IR beam or PIR detector to trigger the
unit. Kit includes PCB with overlay, case & all
electronic components with clear English instructions.

.

® Requires 9-12VDC power
* As published in EPE Magazine June 2008

p
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'KC-5475 £21.75 + post & packing

- 1he ever-popular Theremin is better than ever! From
%, piercing shrieks to menacing growls, create your
oy .. OWn eerie science fiction sound effects by
~ simply moving your hand near the
e antenna.
L Now easier to set up
with extra test points for
volume adjustment and
power supply
measurement, it also
runs on AC to avoid the interference switchmode plugpacks
can cause. It's also easier to build with PCB-mounted switches
and pots to reduce wiring to just the hand plate, speaker and
antenna and has the addition of a skew control to vary the

deio tone from distorted to clean.

o 5 -
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KG-9098 £11.75 plus postage & packing

Generate a dazzling laser display using our new laser module
Cat, ST-3115 and ST-3117. Using two speed adjustable motors
that are fitted with mirrors, patterns similar to a spirograph toy
can be projected onto a wall. Great for parties!

e (Operating voltage is 6VDC

* PCB size 100 x 74mm  , sSied

e Kit supplied with screen 4 .,
printed gold-plated
PCB, 2 motors and
mirrors plus all
electronic
components

| aser not included

\

ORDER ON-LINE: www.jaycarelectronics.co.uk

© PHONE: 0800 032 7241*

* FAX: +61 2 8832 3118*

o EMAIL: techstore@jaycarelectronics.co.uk

o POST: P.0. Box 107, Rydalmere NSW 2116 Australia
e ALL PRICING IN POUNDS STERLING

* MINIMUM ORDER ONLY £10

*Australian Eastern Standard Time (Monday - Friday
09.00 to 17.30 GMT + 10 hours only)
Expect 10-14 days for air parcel delivery

POST & PACKING CHARGES Y- )" W% HOW TO ORDER
@5

/

"1\l jaycarelectronics.co.uk

e —
©C CLOCK WA
KIT

CHERS CLOCK N
WITH BLUE
KC-5416 £55.00 + post & packing
This facinating unit consists of an AVR driven clock circuit, and
produces a dazzling display with 60 blue
LEDs around the perimeter. It looks
amazing, and can be seen in
action on our website. Kit
supplied with double sided silk
screened plated through hole
PCB and all board components
as well as the special clock
housing. Red display also
available KC-5404 £37.50 /

¢ OUND
Y KIT
KC-5322 £6.00 plus postage & packing
Following the tremendous success of the original 1997 Sound
Mod kit, this latest version overcomes some of the original's
limitations. With this latest kit you can now use any output from
your car stereo - it is not limited to being exclusively driven by a
subwoofer output, unlike its predecessor. This kit drives any
colour neon tube in the Jaycar range (see website) and has the
option of turning the tube either on or -
off to the beat of the
music. Kit supplied *
with PCB plus all specified
electronic components.

® Requires 12VDC

\_
KIT CONSTRUCTORS )
MANUAL

BI-8200 £0.55 plus

postage & packing SRR\, KIT
A must for amateur constructors. AL E B
Contains much useful information for GUIDE

the more experienced. Huge amounts
of information on construction and
identification of parts.

® 8 pages

Checkout Jaycar’s

extensive range

We have kits & electronic
projects for use in:
e Audio & Video
o Gar & Automotive
o Computer e Lighting
° Power o Test & Meters
¢ Learning & Educational
¢ General Electronics Projects
o Gifts, Gadgets & Just for fun!

For your FREE catalogue log on to:
www.jaycarelectronics.co.uk/catalogue

or check out the range at:
www.jaycarelectronics.co.uk

L)

Jaycar
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STA-121 2 x 110W 1U 4 Input 19" £131.82
STA-500 2 x 200W 2U 19" PA £65.90
STA-800 2 x 400w 2U 19" P

LA-40 Induction Loop amp 40m? £69.70

N oudd
DA-300 2 x 150W 2U 19” PA £81.00
DA-500 2 x 250W 2U 19” PA £100.00
DA-800 2 x 400W 2U 19” PA £131.00
DA-1000 2 x 500W 2U 19” PA £167.50

Powered Mixer

By Behringer

2 x 450W_Amp

8 Mono Channels
2 Stereo Channels

Clip LEDs
Effects Processor

PMP3000 £260.10

Mixing Desk ’
4 Mono Channels _e—
2 Stereo Channels
Effects Processor

2 Aux Sends per channel
USB Audio Interface
48V Phantom power

XENYX 1204FX Mixer £107.10
Powered Speakers

iskytec

40W Studio Monitor

2 way Speakers

Supplied in Pairs

Available in Black |

or White. |
£63.50 per pair

qtx

Moulded Active PA Speakers
Mic or Line level inputs

Top hat'& T
Compression HF Drivers .
Twin amps for main & HF unit

Available in:

107 100W + 50W  £135.00
12” 300W + 100W = £285.75
pair discounts available

Behringer Eurolive

2 way Lightweight Speakers

Mic/Line input

Peak LED & 2 WGBEQ —

Compression HF Drivers

Available in:

12"B212A 450W 125dB £1
15” B215A 450W 126dB  £2
pair discounts available

86.30
15.10

A0 COMPONENTY

3 Band EQ / channel

Dual 7 Band Graphic

ABS Pol)g;ro Plastic construction
mulfl'g_le mount points

Behrins%er sound processors & audio solutions.
FBQ1502 15 Band Stereo graphic equalizer £62.90
FBQ3102 31 Band Stereo graphic equalizer £79.05
DEQ1024 Digital 31 band stereo graphic 96.05
DEQ2496 24Bit EQ / Real Time Analyser  £175.10
FBQ2496 19" 1U Feedback Distroyer £90.10

DSP110  Shark Feedback Distroyer £51.85
AMP800 Compact Headphone Amplifier ~ £28.02

Media Player

Dual SD Card player. Plays MP3 files stored on standard
SD cards (upto 4I\Xb) with all the features normall& found
on CD players. SDJ-1 £112.00

Speaker Cabinets
Wooden cabs for all round PA use

MC-8 97dB 8” 75W £32.00
MC-10 98dB 10” 125W £40.85
MC-12  99dB 12” 200W £65.85
pair discounts available

Moulded Cab with compression
HF Driver, Top hat & Hanging
mounts.

K112 100dB 12”300W £137.95

K115 102dB 15” 400W £161.60
pair discounts available

: watlastra % ’
100V Line Horns ;

Outdoor IP65 rated horn sipeokers

With integral transformer for 100V use.

8" 2%, 5,10 & 15W Tappings £23.93
10” 5,10,15 & 25W Tappings £32.29
12° 3.10',15, 20, 25 & 30W Tappings £3451

Wireless Radio Mic’s

UHF radio mic systems with 16 selectable frequencies.
PLL synthesized diversity system, backlit LCD readout,,
SUp‘flled with carry case. Available as a single hand mic
or dual hand mic. Optional belt pack with head mic.

MP18UHF Single Hand mic UHF system £120.00
MP216UHF  Dual Hand mic UHF system  £188.50
Optional belt pack transmitter & head mic  £53.20

Light weight replacement ' ™
head worn mics, available in  * &
Black or skin coloured. J
Fitted with 3 Pole mini XLR

connectors. & )

HSE-150/SK  Skin coloured £29.89
HSE-150/SW  Black head mic £29.89
HSE-60/SK  Skin coloured (single ear)  £71.95
other styles available see web site for details.

Mic, Speaker & Lighting Stands
L T .
i L]

443-339 Table top Mic stand £5.50

398-023 Boom Mic stand (chrome) £10.00
398-183 Aluminium Speaker Stand £20.00
398-152 Music Stand with sheet holder £10.50
398-611 Heavy duty lighting stand & T bar £34.80

Massive range of

“a

see aur weh site for full details

200-430 8" Pro-music 150W speaker 817.37
200-433 10" Pro-music 200W speaker £20.86
200-436 12" Pro-music 250W speaker £28.96
200-439 15" Pro-music 300W speaker £39.39
200-314 1" Pro-series Tweeter 50W £8.70
200-318 14" Pro-series Tweeter 50W £11.00
MHD-55 Mid-High range Horn 30W £21.83
DMX Control Desk -

16 DMX Channels
8 Built-in Programs
16 recordable

LCD readout

16 Faders

16 Flash Buttons
19" Rack mountable (5U)
Smoke machine control
Mic for sound activated programs

DC-2416 DMX/Midi Control Desk £128.00
LED Lighting

PAR56 LED Can, 153 5mm LEDs, DMX £49.00
PAR56 LED Can, 153 10mm LEDs DMX £46.70
DMX Flood, 257 10mm LEDs DMX £87.75

LED Light Effects

& <

go online to see video’s of these effects

REVO Il 156 LEDs, DMX Moonflower effect £91.00
REVO Il 392 LEDs, DMX Moonflower effect £126.00
Quad Gem 224 LEDs DMX 4 lens effect £110.00

Laser Light Effects

HQ Power 40mW Green DMX Laser Effect  £184.99
QTX 40mW Green/80mW Red Laser  £164.99
Equinox  80mW Red/40mw Green Laser  £195.00
Band Lighting

/Solutian

Popular iColor4, professional
4 channe] DMX flood ||thf with
colour mixer features. Built-in
programs or full DMX.

—_—
2 x iColor4 DMX Effects inc lamps £222.50
2 x iColor4 with colour mixer & foot control  £324.99

Moving Heads
250W Lamp .‘!‘E:‘E
Pan & Tilt —

11 Colors, 14 Gobo’s

Stand alone, master/slave or DMX
Built-in Programs

Sound activated

5 DMX Channels,

also available with 150W HID lamps

2 x iMove 5S Moving Heads £497.50
UV Lighting

Ultra-Violet Lighting effects

400W UV Cannon (no lamp) £58.00
400W UV Lamp (for above) £22.20
2" Fluorescent Fitting & Tube £25.88
4" Fluorescent Fitting & Tube £39.50

Replacement Lamps
We carry one of the widest rqnﬁ@ of ref:)lacemenf lamps
for Disco, Band & Theatre lighting, all from Leading
brands. See our web site for full details.

senik available

H | Prices Exclude Vat @15%.
0191 2514363 Station Road [l -® Carriage £2.50 {less than Tkg)

L Cullercoats £5.50 greater than Tkg or >£30
) & o‘ 91 2522296 'I'yne & Wear . -Chequesg/ Postal ordersgpoyoble to

les@esr.co.uk NE30 4PQ wisA ESR Electronic Components Ltd.

PLEASE ADD CARRIAGE & VAT TO ALL ORDERS
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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 wunder 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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NEWS

A roundup of the latest Everyday
News from the world of
electronics

CX--NE XS

Two-meg broadband

The UK government wants everyone to have two-meg broadband by
2012. A new two-way broadband-by-satellite service from Astra and UK
company Eurosat should help achieve this. Barry Fox reports.

At least 100,000 and probably up to
800,000 homes in the UK are in 1300
‘notspots’. These are areas where there
is no hope of getting broadband by DSL
phone line or cable because homes are too
far from a telephone exchange (5km or
more) or using old and poor quality phone
lines.

“We are only selling to people who
can only get dial-up” says Mike Locke of
Eurosat. “We know where they are. There
is no need to spend a lot of money on TV
adverts. We can target the notspots”.

The service — called Astra2Connect
(A2C) — comes from the 23.5 East slot
vacated by Germany’s Kopernikus
satellite, using Astra 1E and 3A craft.
A2C is already used by around 50,000
homes in 11 European countries. Data
packages range from 256kbps to 2Mbps,

with monthly rental from £20 to £75, after
purchase of the 79cm dish and receiver
modem kit for £300. The dish has a dual
feed, enabling it to get data from 23.5 E
and receive conventional TV from 19.2
East (for mainland Europe) and 28.2 East
(for the UK).

Eurosat charges around £100 for
installation, but DI fitting is possible thanks
to a ‘point and play’ device that connects
between the dish and receiver/modem, and
makes guide sounds in an earpiece as the
correct satellite is found and accurately
sighted. Uplink transmission power is
500mW, and Astra has negotiated a class
licence which means the user does not have
to apply for official permission to transmit.

No software is installed on the PC.
The receiver/modem connects to the PC
by Ethernet cable and is accessed by a
web browser in the same way as a DSL
modem.

This avoids the problems Astra encou-
ntered five years ago with a one-way service
that used a dial-up phone line as the return
link to control satellite downloading, and
required complex control software on the
PC,

A2C has no data caps, but fair use policies
throttle the few users who are downloading
large files, such as movies at peak hours in
the evenings or over weekends. Astra plans
a Voice Over IP service ‘later this year’ to
bring speech calls to parts of Europe which
cannot get a phone line and where there is
no cellphone service. Although the current
service will support Skype, A2C VOIP will
use a dedicated channel for speech.

Latency delays can never be less than
240ms, the round trip between ground and
satellite, plus delays in the communications
hubs, so the service is not recommended
for online gaming, which needs a more
rapid response.

Velleman Scope and
Function Generator

ESR Electronic Components have
introduced the new Velleman PCSGU250
Oscilloscope and Function Generator. It
offers many features, such as a two-channel
scope, spectrum analyser, data recorder,
function generator and bode plotter.

With the function generator you can
create your own waveforms using the
integrated signal wave editor. For automated
measurements, it is even possible to generate
wave sequences, using file or computer
RS232 input.

Oscilloscope bandwidth is DC to 12MHz
with maximum input voltage of 30V (AC and
DC), sensitivity 0.3mV, range from 10mV
to 3V/division. Input coupling: DC, AC
and Ground. Function generator frequency
0.005Hz to 500kHz. PCSGU250 derives its
power supply from the computer USB port.

The Velleman PCSGU250 is supplied with
a comprehensive manual and CD ROM,
with PcLab200-LT software. It includes
Oscilloscope probe, USB connection lead
and BNC to RCA adaptor.

For more details browse, www.esr.co.uk/
velleman/pcsgu250.
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PIC prototyping
board

CS Technology Ltd have just released
a PIC prototyping board in kit form for
40- pin PIC microcontrollers, including the
18F4550 USB version.

The board includes a large prototyping
area, RS232 and USB connectivity, a five-
pin programming header and Microchip
1CD2 compatible connector, together with
selectable on-board 5V regulator and an
LCD display connector.

This new kit adds to their range of
18- and 28-pin PIC prototyping Kits,
CTCSS and DTMF kits.

The complete kit of parts, including
PCB, costs just £14.99. Further details
can be obtained from their website: www.
cstech.co.uk

SchmartBoard’s
regulated power
modules

SchmartBoard has announced the release
of six single voltage regulated power
SchmartModules, which are designed to
offer a quick, easy and inexpensive option
for users to power up their circuits. The
purpose of SchmartBoard’s prototyping
system is to allow users to easily hand solder
components onto SchmartBoards using ‘ez’
technology, which makes soldering any
surface mount component easy.

“SchmartBoard is similar in approach to
software development, but for electronic
circuit prototyping,” says Neal Greenberg,
SchmartBoards VP of sales and marketing.

“In software, one may design the core
code and add popular software blocks
around it rather than rewriting code that
already exists. These SchmartModules
are the equivalent of software blocks
that an engineer would source and glue
to his code. We now have power and 1/0
SchmartModules and will be adding many
more modules over the coming months.”

The Regulated Power Modules come in
1.5V, 1.8V, 2.5V, 3.3V, 5V and 9V. The
suggested retail price for each is $20.

For more information browse, www.
schmartboard.com
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No Doom and Gloom!

Forget the ‘doom and gloom’, say Light
Tape Lta, commenting that their proauct also
called Light Tape, could reduce CO, outout
by 100s of 1000s of tons every year, save
millions of pounds worth of electricity, and
that it is also less expensive to buy; install and
maintain than traditional display lighting.

Light Tape is said to use less than one tenth
of the power and Is half the price of Neon and
Cold Cathode display lighting. It is flexible,
reauces light pollution, produces no waste heat
or infrared light, is fully recyclable, and uses
no gas, glass or mercury. It Is easy to install,
requiring virtually no maintenance compared
to alternative lighting technologies.

It Is also claimed to be the longest and
brightest electroluminescent lamp in the
world and can be supplied in a range of
colours and widths, in lengths up to 3001t
Driven by specially devised power supplies,
it can be used in flashing or steady state
modes in indoor or outdoor applications.
It is made up of metal ribbon coated in
Sylvania phosphor and encapsulated in a
Honeywell laminate.

The company’s web Site at www.
lighttape co.uk includes picture, animation
and video galleries, plus applications.

Parallax Propeller new supplier

Spinvent tell us that they have become
a new UK supplier of the Propeller
microcontroller from Parallax, stocking a
wide and growing selection of Propeller
chips, kits and accessories.

The Propeller microcontroller has
free programming tools and ready-made
software objects for monitors, keyboard,
mice, serial comms, displays, sensors and
more. The Propeller represents many years
of research and development; here’s what
Parallax have to say about it:

“The Propeller chip makes it easy to rapidly
develop embedded applications. Its eight
processors (cogs) can operate simultaneously,
either independently or cooperatively,
sharing common resources through a central
hub. The developer has full control over how
and when each cog is employed; there is no
compiler-driven or operating system-driven
splitting of tasks among multiple cogs. A

Everyday Practical Electronics, May 2009

shared system clock keeps each cog on
the same time reference, allowing for true
deterministic timing and synchronization.
Two programming languages are available:
the easy-to-learn high-level Spin, and
Propeller Assembly which can execute at up
to 160Mips (20Mips per cog).

“Due to its diversity, the Propeller Chip
may be used for many types of applications.
Most users appreciate the overall processing
power and 1/O capabilities. Hobbyists
like the powerful yet easy language,
while robot builders and process control
engineers appreciate the parallel processing
capabilities. Many find the on-board video
generation and easy connection to popular
PC peripherals reduces the need for
additional support components.”

More information and further links on
the Parallax web-site: www.par allax.com.
Spinvent’s site is at www.Spinvent.co.uk

Microchip’s PIC18F87J90
Family

Microchip has announced the PIC-
18F87J90  8-bit direct LCD-drive
microcontrollerwithnanoWatt Technology,
the first 8-bit MCU to include Real-Time
Clock and Calendar and Charge Time
Measurement Unit peripherals, enabling
capacitive touch-sensitive appli-cations or
precise time measurement.

The PIC18F87J90 offers 64- to
128kbyte of Flash and 4kbyte of RAM
and is pin-compatible with PIC18F85J90
devices, providing an easy migration path
across Microchip’s entire LCD-drive
MCU family, simplifying application
upgrades.

The on-board LCD module contains a
software-controlled contrast controller,
providing display boost or dimming to
compensate for environmental variations,
such as lighting or temperature. Microchip’s
unique nanoWatt Technology helps systems
maintain a low power profile, even allowing
the display driver to continue operating
during sleep mode.

The RTCC also operates in sleep mode,
ensuring real-time tracking isn’t impeded
by low-power operation. With this
peripheral set, engineers can quickly and
easily add user interface features such as
capacitive or inductive touch-sensing to
their display applications.

To start designing with the PIC18F87J90
family, customers can use the PICDEM
LCD 2 Demo Board (part no. DM163030 —
$125) incombination with the PIC18F87J90
Plug-in Module (part no. MA1 80025
— $25), which includes capacitive-touch
buttons. Both are available from, www.
microchipdirect.com.

The PIC18F87J90 family is supported
by Microchip’s standard development tool
suite, including the free MPLAB Integrated
Development Environment, MPLAB C
Compiler for PIC18 and the MPLAB ICD
3 in-circuit debugger (part no. DVV164035).
The MPLAB IDE now comes with the free
Segmented Display GUI, making it easier
to generate the code needed to drive LCD
displays.

For further information, visit www.
microchip.com/LCD.
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Do you have trouble understanding what’s being said on the TV?

Do you need the volume cranked up too loud for everyone else? Do
you have a hearing aid as well? If you said yes to any other these
questions, here is your answer: an infrared transmitter and receiver
to let you listen to the TV sound via headphones. That way, you can
listen as loudly as you like, without disturbing anyone else.

T HAPPENS all the time. One of the

older members of the household is
getting a bit deaf and needs the TV
sound turned well up. But then it is
too loud for everyone else. It’s worse
at night when people go to bed, but
one family member wants to watch the
late-night movie — or whatever.

The problem can be even worse if
you have a hearing aid because it also
tends to pick up extraneous noises —
coughs, heater fans, aradio in another
room, toilets flushing, planes flying
overhead, cars and trucks passing in
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the street and people washing up the
dishes, to list just a few irritations.

The real answer is to listen via head-
phones — preferably good ‘surround
your ears’ muff-type headphones,
which not only deliver the wanted
sounds directly to your ears and
hearing aid(s) but also cut back the
competing sounds at the same time. If
you pick theright kind of headphones,
with some acoustic damping in the
earmuffs, they don’t cause your hear-
ing aid(s) to emit feedback and whistle
sounds either.

The result is comfortable listening
at a volume level that’s right for you,
where you can hear and understand
everything that’s being said.

Headphone jack

Some TV sets do have earphone
jacks, so you could simply fit a pair
of stereo headphones with their own
volume control (if necessary), plus a
long cord and plug to mate with the
jack on the TV. But many sets do not
have a headphone jack, and many
that do have it wired so that when
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headphones are plugged in, the speak-
ers are disabled.

That’s fine for you, but no good
for everyone else. In any case, being
hooked up to the TV via a long cable
has its own problems: you can forget
to take ’em off when you get up for a
comfort break or someone else can trip
on the cable when they move about
the room.

Cordless headphones

A much better solution is to use
‘cordless’ headphones, either via a
UHF or infrared link. This means that
you have a transmitter or sender unit
that sits on the top of the TV, plus
a small battery-operated receiver to
drive the headphones at your end.

Of course, IR-linked cordless head-
phones are available commercially
and these can give you some improve-
ment. But there are drawbacks, the
main one being that the receiver unit
is built into the actual earphones

Everyday Practical Electronics, May 2009
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infrared (IR) LEDs.
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Fig.1(a): how the transmitter works. The left and right channel audio
signals are converted to mono, amplified and fed to comparator stage IC5
where they are compared to a 90kHz triangle wave (the sampling signal).
The resulting PWM signal then drives transistor Q1 to pulse a string of
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Fig.1(b): at the receiver, the transmitted signal is picked up by an IR
diode and the resulting current pulses converted to voltage pulses (and
amplified) by IC1b and IC1a. This amplified pulse waveform is then fed
through a limiter and filtered to recover the audio waveform. This is then
fed via volume control VR1 to an audio output amplifier (IC4).

and/or their headband, so it can’t be
used with any other headphones. That
means you're stuck with the ones you
get and in most cases, they are not the
‘surround-your-ears’ muff type. Nor do
they have any acoustic damping.

As a result, you not only have to
throttle back your hearing aid to stop
it from whistling, but also the head-
phones allow quite a lot of competing
sounds to enter as well.

So that’s the reasoning behind the
development of this project — by build-
ing it, you get to choose the best type
of headphones. However, there is one
more feature — it works in mono only.
This has been done deliberately be-
cause stereo sound is a real drawback
to those who have trouble making out
speech from the TV.

This applies particularly to those
films, documentaries and sportcasts
where there is a lot of background mu-
sic or other sounds. By using a mix of
the left and right channels, we cancel

most of these extraneous sounds, mak-
ing the speech much easier to discern.
In addition, we have applied a small
amount of treble boost to the audio
signal, which further improves intel-
ligibility on speech — see Fig.6.

There’s one more bonus with using
mono sound — it also simplifies the
circuit considerably.

How it works

The method of transmission is
simple and effective. Basically, the
signal is transmitted using pulse-
width modulation (or PWM). This
converts the audio signal directly into
a pulse stream of constant frequency,
but with the pulse width varying with
the instantaneous amplitude of the
audio signal.

Fig.1(a) shows the method. First,
the left and right stereo signals are
mixed together to give a mono signal.
This signal is then passed through an
input amplifier stage (IC1b) and then
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sampling signal.

Fig.2: this diagram illustrates how the audio signal that’s fed into the
transmitter is compared to a 90kHz triangular waveform (the sampling
signal) to produce the pulse width modulated (PWM signal). As shown,
the PWM output is high when the audio signal level is higher than the

AUDIO
SIGNAL

-

90kHz
TRIANGULAR
WAVE

PWM
OUTPUT

-~

(AVERAGE
VALUE)

via a four-pole low-pass filter (IC1la
and IC4a), which sharply rolls off the
response just above 12kHz.

This is done for two reasons. First,
if you are partially deaf, signals above
12kHz are not much use anyway. Sec-
ond, it prevents any spurious ‘alias’
signals from being generated during
the digital modulation process —which
is equivalent to digital sampling. We
are using a fairly high sampling fre-
quency of about 90kHz which tends
to reduce aliasing, but the low-pass
filtering is also worthwhile, because
it ensures that virtually no signal fre-
quencies above 15kHz are fed to the
modulator.

Sampling signal

Next, the audio is fed directly to
the non-inverting input of a compara-
tor (IC5) where it is compared with a
90kHz triangular wave ‘sampling’ sig-
nal on the inverting input. This 90kHz
triangular wave signal is generated by
feeding a 180kHz clock signal into a
D-type flip-flop.

This then produces a very sym-
metrical square-wave signal at halfthe
clock frequency, or 90kHz. This 90kHz
signal is buffered and fed through an
active integrator stage, which converts
it into a linear and very symmetrical
triangular wave.

But how does the comparator use
this 90kHz triangular wave to convert
the audio signal into a PWM stream?
To see how this works, take a look at
the waveforms of Fig.2. Here the green
sinewave represents the audio signal
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fed to the positive input of the compa-
rator, while the higher frequency red
triangular wave shows the sampling
signal fed to the comparator’s nega-
tive input.

In operation, the comparator’s out-
putis high when the audio signal level
is higher than the 90kHz sampling
signal. Conversely, the comparator’s
output is low when the sampling sig-
nal’s level is the higher of the two. A
switching transition occurs when ever
the two waveforms cross.

The resulting PWM output wave-
form from the comparator is shown
as the lower black waveform.

Note that the comparator outputisa
stream of 90kHz pulses, with the pulse
widths varying in direct proportion to
the audio signal amplitude. The aver-
age value of the pulse stream is directly
proportional to the instantaneous
value of the incoming audio, as shown
by the dark blue dashed curve.

Referring back to Fig.1, this PWM
pulse stream is fed to a PNP switch-
ing transistor, which drives a string
of IR-emitting LEDs. As a result, the
digitised audio is converted into a
stream of IR light pulses, directed
towards the receiver unit.

Receiver block diagram

The receiver is even simpler than
the transmitter because of the fact that
the average value of the PWM pulse
stream varies in direct proportion to
the audio modulation.

As shown in Fig.1(b), a silicon PIN
photodiode is used to detect the IR

pulse stream from the transmitter. Its
output current is then passed through
a current-to-voltage (I/V) converter
and amplifier stage (IC1b and IC1a)
to boost its level. The resulting pulse
waveform is then fed through a lim-
iter stage (IC2) to produce a stream of
clean, rectangular pulses of constant
amplitude.

Next, the pulses are fed through a
multi-stage low-pass filter (IC3b and
IC3a) toremove all traces of the 90kHz
sampling/modulating signal. This
simply leaves the audio signal which
was carried in the average signal level
of the pulses.

From there, the recovered audio
passes to a volume control pot and
finally to a small audio amplifier (IC4)
to drive the headphones.

Power for the receiver circuit comes
from four AA cells, which can be of ei-
ther alkaline or NiMH rechargeables.

Circuit description

Refer now to the full circuit for the
transmitter — see Fig.3. As shown, the
incoming line level stereo signals are
mixed together using two 47kQ resis-
tors, while trimpot VR1 sets the level.
The resulting mono signal is then fed
to op amp stage IC1b, which operates
with a gain of 23, as set by the 22kQ
and 1kQ feedback resistors.

Next, the signal is passed through
op amps IC1la and IC4a, which form
a 4-pole low-pass filter (or two 2-pole
active filters in cascade, to be more
precise). Together, these roll off the
response above 12kHz. The filtered
signal then emerges from pin 1 of IC4a
and is fed directly to the non-inverting
input of comparator IC5.

The 180kHz ‘twice sampling clock’
signal is generated by IC2b, a 4093B
CMOS Schmitt NAND gate wired
as a simple relaxation oscillator. A
12kQ resistor and 680pF capacitor
set the operating frequency. This is
not particularly critical, although
for best performance it should be
between 160kHz and 200kHz (cor-
responding to a sample frequency of
80 to 100kHz).

Flipflop stage IC3ais used to divide
the clock pulses by two and generate
the symmetrical 90kHz square wave.
Its output at pin 1 is then passed
through Schmitt NAND gates IC2a,
IC2c and IC2d which are connected in
parallel as a buffer. The buffer output
is then coupled via a 100nF capacitor
to op amp IC4b.
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Fig.4: the receiver circuit. Photodiode PD1 picks up the incoming PWM IR signal and IC1b converts the resulting
current pulses to voltage pulses. IC1a then amplifies these voltage pulses, while IC2 is the limiter. The resulting PWM
signal from the limiter is then fed to low-pass filter stages IC3b and IC3a and finally to audio amplifier stage IC4.

AUDIO OUTPUT

IC4b is configured as an active
integrator to convert the 90kHz square-
wave into a linear symmetrical
triangular waveform of the same
frequency. This triangular wave is
then fed directly to the inverting
input of comparator IC5, to sample
and convert the audio signal into the
PWM pulse stream.

IC5’'s PWM output appears at pin
7 and is used to drive transistor Q1
(BC328). This in turn drives series-con-
nected infrared LEDs (LEDs 1 to 3 and
LEDs 5 to 7), along with LED4 (green)
which serves as a ‘power on’ indicator.
The 47Q resistor in series with the LED
string limits the peak pulse current to
around 45mA, resulting in an average
current drain for the complete transmit-
ter circuit of about 25mA.

Transmitter power supply
Power for the transmitter circuit
is derived from a 12V AC or 15V DC
plugpack. This feeds diode bridge D1
to D4, which rectifies the output from
an AC plugpack. Alternatively, the
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bridge rectifier allows a DC plugpack
to be used with either polarity.

The output from the bridge rectifier
is filtered using a 1000uF capacitor
and then fed to 3-terminal voltage
regulator REG1 to produce a 12V DC
supply rail.

Receiver circuit

OK, so much for the transmitter
circuit. Now let’s take a look at the
receiver circuit — see Fig.4.

In operation, the transmitted PWM
infrared signal is picked up by PIN
photodiode PD1 (BP104). This device
produces output current pulses in
response to the incoming IR signals
and these are then fed to the invert-
ing input (pin 6) of op amp IC1b. The
non-inverting input (pin 5) of IC1b is
biased to half-supply (ie, 3V) by two
22kQ resistors connected in series
across the 6V supply rail.

IC1b operates as an active I/V
(current-to-voltage) converter. In
operation, it converts the input cur-
rent pulses to voltage pulses, which

appear at its pin 7 output. These
pulses are then coupled via a 2.2nF
capacitor to op amp stage IC1a, which
operates with a gain of —10. The
resulting amplified output pulses
appear at pin 1 and are fed directly
to pin 3 of IC2.

IC2 is an LM311 comparator and is
used here as the limiter. Note that its
non-inverting input (pin 2) is biased
to half the supply voltage using the
same voltage divider (2 x 22kQ resis-
tors) that’s used to bias IC1a and IC1b.
This ensures that the pulses from IC1a
are compared with a voltage level cor-
responding to their own average DC
level. And that in turn ensures that the
limiter ‘squares up’ the pulse stream
in a symmetrical fashion.

In addition, the 2.2MQ feedback
resistor and the 10kQ resistor in series
with the bias for IC2 together provide a
small amount of positive feedback hys-
teresis, to ensure clean switching.

Because the LM311’s output (pin
7) is an open collector, it must be
provided with a resistive pull-up
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load. This is provided by power-on
indicator LED1, together with its 390Q
series resistor.

The restored PWM pulse stream
appears at pin 7 of IC2 and is then
fed through the receiver’s low-pass
filter circuitry. This comprises pas-
sive 47kQ/180pF and 100kQ/100pF
RC filter stages, voltage follower IC3b,
active low-pass filter stage IC3a and
finally, a 4.7uF coupling capacitor and
a1kQ/10nF passive filter connecting to
the top of volume control VR1.

As a result, the signal appearing
across VR1 is a very clean replica of
the original audio signal fed into the
transmitter unit.

IC4 is the audio amplifier output
stage and is based on an LM386N. It
amplifies the signal from the volume
control (VR1) and drives a stereo
phone jack via a pair of 33Q current
limiting resistors (one to the tip and
one to the ring).

Finally, the receiver is powered
from a 6V battery consisting of four
AA cells connected in series. These
cells can be either standard alkaline
primary cells or rechargeable NiMH
(or NiCad) cells if you prefer. The
average current drain is typically
around 20mA, so even ordinary al-
kaline cells should give at least 80 to
100 hours of listening.

Construction

Building the Infrared Audio Link
is straightforward, with all the parts
mounted on two PC boards — one for
the Transmitter (code 708) and one
for the Receiver (code 709). The two
boards are available as a set from the
EPE PCB Service.

The transmitter board fits inside a
standard low-profile ABS instrument
box measuring 140 x 110 x 35mm,
while the receiver board goes inside
a standard UB3-size box (130 x 68
x 44mm), along with its 4xAA cell
battery pack.

Fig.7 shows the assembly details
for the transmitter unit. Begin by
installing the resistors and diodes
D1 to D4, taking care to ensure that
the latter are all correctly oriented.
An accompanying table shows the
resistor colour codes, but you should
also check each resistor using a digital
multimeter before installing it, just to
make sure.

Next, install the small ceramic and
monolithic capacitors, then install
trimpot VR1, transistor Q1 and the

Everyday Practical Electronics, May 2009
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Fig.5: this screen grab (taken on a LeCroy Wave]Jet 324 oscilloscope) shows three
waveforms. The purple trace at top is the 90kHz ‘sampling’ triangular waveform
(the carrier frequency), as measured at TP2. The yellow trace is the audio

input to the transmitter, in this case a 10kHz sinewave (at TP1). And the red
trace shows the signal across the 47Q resistor at the emitter of Q1 (this signal is
proportional to the current driving the transmitter’s infrared LEDs). As can be
seen, the pulse width of this waveform is modulated by the audio input.

H0

1

gy

0
N

A

4
l Bl 100 0

k & % ik 2k

Fig.6: this graph plots the audio frequency response of the system. Note that a
small amount of treble boost is applied from about 1kHz (rising to a maximum
of 7dB at 8kHz) to improve intelligibility on speech.

electrolytic capacitors. Make sure that
the electrolytics and transistors all go
in the right way around.

Follow these parts with the five ICs.
Be sure to use the correct IC type at

each location and again check that they
are all oriented correctly. IC sockets
were used on the prototype, but we
suggest that you solder the ICs directly
to the PC board.
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Fig.7: install the parts on the transmitter board as shown here, taking care to

ensure that all polarised parts are correctly orientated. Below is a full-size
photo of the assembled PC board.
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CapacitogCodesy({iansy)

Value pF Code IEC Code EIA Code
220nF  0.22uF 220n 224
100nF 0.1uF  100n 104
10nF  0.01uF 10n 103
3.3nF  0.0033uF 3n3 332
2.2nF  0.0022uF 2n2 222
1nF 0.001uF 1nO 102
680pF NA 680p 681
470pF NA 470p 471

. w

Regulator REG1 is next on the list.
As shown, this is fitted with a small
U-shaped heatsink and mounted flat
against the PC board.

The correct procedure here is to first
bend the regulator’s leads down by
90°, about 5mm from the device body
(use a pair of needle-nose pliers to grip
the leads while you bend them). That
done, the regulator and its heatsink
are secured to the PC board using an
M3 x 6mm machine screw, nut and
lock washer.

Mounting the LEDs

As can be seen on Fig.7 and in the
photos, LEDs 1 to 7 are all mounted
with their leads bent down through
90°. This is done so that the LED bodies
later protrude through their matching
holes in the front panel.

In each case, it’s simply a matter of
bending the leads down through 90°
exactly 5mm from the LED’s body,
then installing the LED with its leads
8mm above the PC board (see photo).
Make sure that each LED is correctly
orientated — the anode lead is the
longer of the two.

The easiest way to get the LED lead
spacings correct is to cut two cardboard
templates — one 5mm wide and the
other 8mm wide. The 5mm template
is then used as a lead bending guide,
while the 8mm template is used to cor-
rectly space the LEDs off the board.

The transmitter board assembly can
now be completed by installing the
two RCA phono connectors (CON1
and CON2) and the DC power socket
(CON3).

Receiver board assembly

Fig.8 shows the assembly details for
thereceiver board. Once again, begin by
soldering in the resistors and the small
non-polarised capacitors, then install
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The completed transmitter PC board is installed in a low-profile instrument case and secured using four self-
tapping screws that go into integral mounting posts in the base. We used IC sockets for the prototype, but you
can solder the ICs directly to the PC board.

the larger electrolytics and the ICs.
Note that the large 2200uF electrolytic
capacitor is mounted on its side, with
its leads bent down through 90°.

Note also that the ICs are all differ-
ent, so don’t mix them up. Take care to
ensure they are correctly orientated.

Once the ICs are in, install the
volume pot (VR1), the headphone
socket and power switch S1. Follow
these by installing PC pins at the A
and K positions for PD1 (the BP104
photodiode) and at the power sup-
ply inputs.

The BP104 photodiode can now
be installed by soldering its leads to
its PC pins (see side-view diagram in
Fig.8). Be sure to install this part the
right way around. Its cathode (K) lead
has a small tag, as shown on its pinout
diagram in Fig.4.

ResistodColougEodes)({iransmittel)

=
o

NP WRRPRRRPRRPRERNANDN

Value
2.2MQ
100kQ
47kQ
22kQ
20kQ
12kQ
5.6kQ
4.7kQ
2.4kQ
2.0kQ
1kQ
270Q
47Q

oo ododoodood

4-Band Code (1%)

red red green brown
brown black yellow brown
yellow violet orange brown
red red orange brown

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

red black red brown
brown black red brown
red violet brown brown
yellow violet black brown

5-Band Code (1%)

red red black yellow brown
brown black black orange brown
yellow violet black red brown
red red black red brown

red black black red brown
brown red black red brown
green blue black brown brown
yellow violet black brown brown
red yellow black brown brown
red black black brown brown
brown black black brown brown
red violet black black brown
yellow violet black gold brown
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BP104 CATHODE LEAD

It’s also vital to install this device
with its sensitive front side facing out
from the PC board.

Finally, LED1 can be mounted in
position. This part must be mounted
with 13mm lead lengths, so that it
will later protrude through the lid
of the case. A 13mm wide cardboard
template makes a handy spacer
when mounting this LED. Be sure
to orientate it with its anode (A)
lead (the longer of the two) towards
IC2.

Final assembly - transmitter

The final assembly involves little
more than installing the PC boards
inside their respective cases.

If you are building the unit from
a kit, the transmitter’s front and rear
panels may come pre-drilled (and
with screen-printed lettering). In this
case, it’s just a matter of first slipping
these panels over the LEDs and input
sockets on the PC board. That done,
the entire assembly is then slipped
into the bottom section of the case

Infrared Audio Link
Receiver

Fig.9: these full-size front panel artworks can be photocopied and applied to

the front and rear panels of the transmitter and to the lid of the receiver. Use
wide strips of self-adhesive film to protect them from damage - see text.
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CapacitodCodesy(ReCH)

Value pF Code IEC Code EIA Code
100nF 0.1uF  100n 104
47nF 0.047uF 47n 473
10nF  0.01uF  10n 103
2.2nF  0.0022uF 2n2 222
1nF 0.001uF 1n0 102
470pF NA 470p 471
180pF NA 180p 181
100pF NA 100p 101
15pF NA 15p 15

and secured using four self-tapping
screws that go through the PC board
and into integral matching stand-
offs in the base.

If you are not building from a kit,
then you will have to drill these pan-
els yourself. Fig.10 shows the drill-
ing details. The best approach is to
photocopy these diagrams and then
attach them to the panels so that they
can be used as drilling templates.
Note that hole ‘D’ is the adjustment
access hole for trimpot VR1.

Once the panels have been
drilled, they can be dressed by
attaching the relevant artworks.
These artworks are attached using
double-sided adhesive tape. Once
they are attached, they can be pro-
tected by covering them with clear
self-adhesive film (eg, wide sticky
tape) and the holes cut out with a sharp
utility knife.

Final assembly - receiver

Now for the final assembly of the
receiver. If you're not using a kit, use

Constructional Project

The receiver board is mounted on
the lid of the case on M3 x 14mm
tapped spacers and secured using
M3 x 6mm screws (see text)

Fig.11 as a drilling template and attach
the front panel artwork as described
above.

As shown in the photos, the PC
board is mounted on the underside
of the lid on four M3 x 15mm tapped

spacers. Four M3 x 6mm countersink-
head screws secure the spacers to the
lid, while the PCboard is secured using
four M3 x 6mm pan-head screws.
The power LED (LED1) and toggle
switch (S1) both protrude through

ResistodColouCodesy(Receiven)

=
o

PNNRRPRPRPNRNR MR

Value
2.2MQ
100kQ
47kQ
22kQ
20kQ
10kQ
2.0kQ
1kQ
390Q
100Q
47Q
33Q
10Q

oo doddoddod

4-Band Code (1%)

red red green brown
brown black yellow brown
yellow violet orange brown
red red orange brown

red black orange brown
brown black orange brown
red black red brown
brown black red brown
orange white brown brown
brown black brown brown
yellow violet black brown
orange orange black brown
brown black black brown

5-Band Code (1%)

red red black yellow brown
brown black black orange brown
yellow violet black red brown
red red black red brown

red black black red brown
brown black black red brown
red black black brown brown
brown black black brown brown
orange white black black brown
brown black black black brown
yellow violet black gold brown
orange orange black gold brown
brown black black gold brown
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Here’s another view inside the completed transmitter. Note the lead dress on the infrared LEDs and the green
indicator LED, so that they protrude through their matching holes in the front panel.

The rear panel of the receiver has clearance holes for the two audio input phono sockets, plus access holes for the
‘Set Level’ trimpot and the power socket. Power can come from a 12V AC or 15V DC (regulated) plugpack.

matching holes in the lid. Once the
PCboard is in place, one of the switch
nuts is fitted to the top of the threaded
ferrule, to help hold everything se-
curely together.

The two holes in the side of the box
accept the shaft of the volume control
(VR1) and the collar of the headphone

20

socket (CON1). Another hole at one
end of the box provides the ‘window’
for photodiode PD1.

As shown in the photos, a short
length of PVC conduit was fitted
around this hole, on the end of the
box, to make a light shield ‘hood’. Al-
though not strictly necessary, it does

improve the signal-to-noise ratio of the
link when you are using it in a fairly
large room that’s lit with compact
fluorescent lamps (CFLs) — ie, when
there’s a long link path. CFLs produce
a significant amount of noise at IR
wavelengths and the hood stops most
of this noise from reaching PD1.
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Parts List = Infrared Audie Headphene Link For TV

Transmitter Unit

1 low profile ABS instrument
case, size 140 x 110 x 35mm

%1 PC board, code 708 (Trans.),
size 117 x 102mm

2 PC-mount RCA phono sockets
(CON1, CON2)

1 2.5mm PC-mount DC socket
(CONB)

1 19mm square heatsink, 6073
type

3 8-pin DIL IC sockets (optional)

2 14-pin DIL IC sockets (optional)

1 M3 x 6Bmm machine screw,
pan head

1 M3 nut with star lockwasher

4 self-tapping screws, 4g x 6mm
long

3 PC board terminal pins, 1Imm
diameter

1 50kQ vertical trimpot, 5mm
(VR1)

Semiconductors

1 LM833 low-noise op amp (IC1)

1 4093B quad CMOS Schmitt
NAND (IC2)

1 4013B dual flipflop (IC3)

1 TLO72 dual op amp (IC4)

1 LM311 comparator (IC5)

17812 +12V regulator (REG1)

1 BC328 PNP transistor (Q1)

6 5mm IR LEDs (LED1 to LED3,
LEDS to LED7)

1 3mm green LED (LED4)

4 1N4004 1A diodes (D1-D4)

Capacitors

1 1000uF 25V radial electrolytic
1 220uF 16V radial electrolytic
2 100uF 16V radial electrolytic

1 22uF 16V radial electrolytic

1 220nF metallised polyester

3 100nF metallised polyester

3 100nF multilayer monolithic
ceramic

1 10nF metallised polyester

1 3.3nF metallised polyester

1 2.2nF metallised polyester

1 1nF metallised polyester

2 680pF disc ceramic

1 470pF disc ceramic

Resistors (0.25W 1%)

2 2.2MQ 14.7kQ
2 100kQ2 1 2.4kQ
4 47kQ 1 2.0kQ
2 22kQ 3 1kQ

1 20kQ 1270Q
112kQ 247Q
1 5.6kQ

Receiver unit
1 UB3-size plastic box, size 130
X 68 x 44mm
%1 PC board, code 709 (Rec.),
size 57 x 84mm
1 battery holder, 4 x AA cells
(square)
1 SPDT mini toggle switch (S1)
1 PC-mount 3.5mm stereo jack
socket (CON1)
4 8-pin DIL IC sockets (optional)
1 small knob, push-on (for VR1)
1 15mm length of 16mm OD
PVC tubing (optional)
4 M3 x 6mm machine screws,
countersink head
4 M3 x 6mm machine screws,
pan head
4 M3 x15mm tapped spacers
4 PC board terminal pins, 1mm

1 10kQ log pot, 9mm square
PC-mount (VR1)

Semiconductors

1 LM833 dual low-noise op amp
(IC1)

1 LM311 comparator (IC2)

1 LM358 dual low power op amp
(1C3)

1 LM386N audio amplifier (IC4)

1 BP104 IR sensor diode (PD1)

1 3mm green LED (LED1)

Capacitors

1 2200uF 16V radial electrolytic
1 470uF 16V radial electrolytic
2 220uF 16V radial electrolytic
1 47uF 16V radial electrolytic
1 10uF 16V radial electrolytic
1 4.7uF 25V tag tantalum

1 100nF metallised polyester
1 47nF metallised polyester

2 10nF metallised polyester

1 2.2nF metallised polyester

1 470pF disc ceramic

1 180pF disc ceramic

2 100pF disc ceramic

1 15pF disc ceramic

Resistors (0.25W 1%)

12.2MQ 1 1kQ
4 100kQ 1 390Q
2 22kQ 11002
1 20kQ 247Q
2 10kQ 2 33Q
1 2.0kQ 110Q

Y Printed circuit boards available
as a pair from the EPE PCB
Service

For the prototype, the hood was
made using a 15mm length of 16mm
OD PVC conduit. This was glued to
the box end (concentric with the hole)
using fast-setting epoxy cement.

The battery holder, with its 4 x AA
cells, is mounted at the other end of
the box. This can be held in place us-
ing a strip of electrical insulation tape.
It’s then wedged firmly in position by
the end of the PC board when the lid
goes on.

Note that the lid assembly must be
introduced into the box at an angle, so
VR1’s shaft and the headphone socket
can enter their matching holes. It’s
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then swung down and fastened to the
box using self-tapping screws.

Set-up and adjustment

Getting the transmitter unit going
is straightforward. Basically, it’s just
a matter of connecting the audio
input leads and applying power.
However, if you have an oscilloscope
or a frequency counter, it’s a good
idea to check the frequency of the
clock oscillator before you close up
the case.

This is easiest done by checking
the frequency of the triangular wave
signal at test point TP2 (just behind

IC5). The frequency here should
be between 80kHz and 100kHz. If
it’s well outside this range, then
you’ll need to change the value of
the 680pF oscillator capacitor to
correct it.

The capacitor concerned is easy to
find on the transmitter board —it’s just
to the right of IC2.

In practice, a value of 680pF (as
shown on the circuit) should be suit-
able ifa Motorola MC14093B device is
used for IC2. However, if an ST Micro
4093B is used, this capacitor will prob-
ably have to be reduced to 470pF or
390pF. Conversely, for a Philips 4093B,
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Fig.10 (above): these are the drilling diagrams for the front and rear panels of the transmitter case. They can be
photocopied or downloaded from our website and directly used as drilling templates if required.
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Fig.11: here are the drilling details for the receiver case. It’s important to get all holes in their correct locations, so
that everything lines up correctly when the receiver board is installed.

the capacitor may need to be increased
to 820pF or even 1nF.

The basic idea is that you increase
the capacitor’s value to lower the
clock frequency, and reduce its value
to increase the frequency.
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If you don’t have a frequency coun-
ter, but have a modest uncalibrated
oscilloscope, you can still check and
adjust the clock frequency fairly eas-
ily by using the waveform at TP2 as a
guide. The waveform here should be a

very linear and symmetrical sawtooth,
with a peak-to-peak amplitude of
about 10.5V and only a very tiny ‘pip’
on each positive and negative peak.
If you find that the waveform is
a clean sawtooth, but much lower
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in amplitude than 10.5V p-p, this
means that the clock oscillator’s
frequency is too high. To fix this,
simply increase the value of the
680pF capacitor.

On the other hand, if the waveform
does have an amplitude of 10.5V p-p
or more but is clipped or truncated
rather than being a clean sawtooth,
this means that your clock oscillator’s
frequency is too low. That’s fixed
by reducing the value of the 680pF
capacitor.

If you don’t have a counter or an os-
cilloscope, leave the capacitor’s value
at 680pF and wait to see if the link’s
performance is satisfactory. We’ll dis-
cuss this option shortly.

The receiver unit needs no adjust-
ments; all you have to do to get it going
is to plug in your headphones, switch
iton and point it towards the transmit-
ter. The small green power LED should
light and it’s then simply a matter of
adjusting the volume control for a
comfortable listening level.

Testing the link

To test the link, first connect the left
and right channel audio signal leads to
the transmitter’s inputs. These signals
can come from the stereo line outputs
on your TV. You can also use the line
outputs on your VCR or DVD player,
but only if you are actually using this
equipment.

Note that piggyback RCA phono
socket leads may be required to
make these connections if the audio
outputs are already in use (eg, Jaycar
WA-7090).

Next, use a small screwdriver to ad-
just the ‘Set Level’ trimpot (VR1) at the
rear of the transmitter to mid-position.
That done, position the transmitter
(eg, on top of the TV) so that it faces
towards your viewing position and
apply power. The transmitter’s green
centre LED should immediately light
(assuming an audio signal is being
applied) but the IR LEDs will remain
dark to your eyes.

It’s now just a matter of check-
ing that the link actually works. To
do this, initially set the receiver’s
volume control to minimum, then
plug the headphones in and switch
the receiver on. The receiver’s green
power LED should either blink
briefly (if you're not pointing the
receiver towards the transmitter) or
light steadily if PD1 is able to ‘see’
the infrared signal.
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width modulation (PWM).

Transmitter Unit

Input impedance: 47kQ.
PWM output via six infrared LEDs
Range: about five metres.

of approximately 25mA.

Receiver Unit

of 80 to 100 hours or more.

signal indicator LED.

A cordless audio headphone link for the hard of hearing.
Provides a single channel audio link via infrared (IR) light, using pulse-

Overall frequency response restricted to 20Hz to 12kHz, with a small
amount of treble boost (maximum of 7dB at about 8kHz).

Signal-to-noise ratio approximately 50dB.

Small set-top box accepts line level audio (either mono or stereo) from a
TV receiver, VCR or DVD player, etc.

Power supply: 12V AC or 15V to 18V DC, with an average current drain

A small portable box which responds to the modulated IR light beam
from the transmitter, demodulates the audio and drives a standard pair of
stereo headphones (2 x 32Q impedance).

Power supply: four AA cells (either alkaline or rechargeable NiMH).
Average current drain: approximately 20mA, giving a battery service life

Controls: local volume control and a power on/off switch, plus a power/

The idea now is to place the receiver
in a convenient position so that it gets
an unobstructed ‘view’ of the trans-
mitter. In most cases, it can simply be
positioned on an armrest, an adjacent
coffee table on even on the back of
the sofa.

Now turn up the volume control and
you should be able to clearly hear the
TV sound. If so, your link is finished
and ready for use.

If the sound is overly loud and
distorted, even when the receiver’s
volume control is down near zero,
it’s probable that the audio input
signals from the TV are overload-
ing the transmitter. In that case, try
adjusting trimpot VR1 anticlockwise
using a small screwdriver, to lower
the inputlevel. This should allow you
to remove any audible distortion and
bring the volume down to a comfort-
able level.

If you find that distortion is still
present, even when the audio level
is turned well down, this probably
means that your clock frequency is
either too high or too low. This can
occur if you weren'’t able to previously

check the transmitter’s oscillator fre-
quency —eg, if you don’t have a counter
or an oscilloscope.

In this case, try altering the 680pF
capacitor’s value one way or the other,
to see if the distortion gets better or
worse. If it gets worse, go back the
other way. If it gets better, keep chang-
ing the value in that direction.

In practice, you shouldn’t need to
increase the capacitor value above 1nF
or reduce it below 390pF in order to
remove all audible distortion. EPE

Reproduced by arrangement
with SILICON CHIP
magazine 2009.
www.siliconchip.com.au
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The Maverick
March Of Progress

emember when Motorola was numero

uno in mobile phones? Or when

Epson had the PC printer market so
tightly sewn up that the other manufacturers
emulated Epson protocols? When JVC was
tops in home video (and Philips before that?).
Or when Dynatron was slugging it out with
Bang and Olufsen for the status of most
aspirational brand of hi-fi .

It doesn’t matter whether you do or don’t,
as times change regardless. We can admire
the new winners who thrust their way to the
top of the pile, or ‘mourn’ the mighty that
are fallen. Just ponder a moment: how much
longer can the mighty Microsoft dominate
the software market? Will Maplin retain its
top slot in the home electronics market or go
the way of Tandy?

Will RS and Farnell retain the lion’s share
of the professional supply sector, as they
have done so successfully for the past 30
years or more?

Fraud

Your guess is as good as mine, maybe
better, and we’ll all have to wait and see. But
why do these giants fall from grace? Three
reasons spring to mind: poor management,
disruptive technologies and fraud. We needn’t
dwell long on the last-named, as outright
fraud is a relatively uncommon cause of
collapse in the electronics business.

One | do remember is when Ferranti
International was forced into bankruptcy in
1993, after its disastrous purchase of the
American defence contractor International
Signal and Control. Unwittingly, the 1882-
founded Ferranti company had bought a
near-worthless company involved in illegal
arms sales. Eventually, the co-chairman
of the merged company pleaded guilty to
massive fraud and the company collapsed.
Its semiconductor division survives as the
successful Zetex organisation.

Disruptive technologies are something we
have discussed before. In a nutshell, they are
totally new products and processes that can
ruin some suppliers and make the fortunes
for others. Sometimes these disruptive
technologies can also increase overall
market size without causing substitution of
one purchase for another.

A classic disruptive technology is Skype,
the supplier of voice over Internet Protocol
(\VolIP) software that lets millions of users
make free phone calls over the Internet or
over their mobiles. As Skype co-founder
Niklas ~ Zennstrém  says, “Disruptive
technology is great because it’s a quantum
leap in competitive advantage. You change
the nature of the game and you get the
advantage.”
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Natural victims

Firms without the flexibility to protect their
markets from disruptive technologies are the
natural victims of these newcomers. This
tunnel vision goes side-by-side with poor
management, as Christian Sandstrém knows
only too well. Christian is a PhD candidate
at Chalmers University of Technology in
Gothenburg, Sweden, as well as a public
speaker and consultant. He specialises in
disruptive innovations and how established
firms can manage these challenges.

His expertly presented case studies make
fascinating but somewhat uncomfortable
reading, with wacky titles like Jealous of her
transistor radio (the decline of Grundig) and
more prosaically Why Nortel Networks went
bankrupt. It’s worth reading his insights in
full, but I cannot resist sharing some of his
magical nuggets with you. Many companies
and industries, he explains, encounter
difficulties in achieving the technological
shift from mechanics to electronics, despite
recognizing the threat at an early point.

‘In Switzerland, more than 1000 small
watch manufacturers went out of business
in fifteen years from 1970 to 1985. At the
same time, the number of employees in the
industry decreased from 90,000 to 30,000.
Given that quartz technology was invented
in Switzerland, it is somewhat surprising
that the Swiss had so much trouble handling
the technological shift.

After having sold its electronics division
to General Electric, Olivetti suffered greatly
when electronic calculators came to the
market in the early 1970s. The same thing
happened at camera company Leica. In 1997,
the company launched a digital camera with
75-megapixels and then decided to cut off
digital development.’

He sums up this apparent madness
with the observation that the more crucial
electronics became for the long-term
survival of a company, the less is spent
on it! Yet this strange behaviour takes
place time and time again, in so many
industries. If you would like to read his
individual case studies (and indulge in
schadenfreude) you can visit Christian’s
website at www.christiansandstrom.org/
disruptivestories.php

Subterfuge

A firm that has survived and grown
massively is RS Components. However, its
success has more to do with evolution than
revolution. Over the past forty years it has
transformed itself from an over-the-counter
and mail order business going by the name
of Radiospares. It was notable for its small

jechnolalk

Mark Nelson

printed catalogue punched at top left to hang
on a loop of string from the top of your
workbench.

Today, the company has an international
presence on the web and has broadened
its product range into areas as diverse as
mechanical handling and office stationery.
What’s more, over half its UK business is
carried out over the Internet, eclipsing the
print catalogue and telesales channels.

Another way that RS has changed with
the times is the way it will now do business
with anybody. Well into the 1980s it was
a strictly trade-only supplier and fringe
customers like me had to go to great lengths
to convince the area rep (who interviewed
potential new clients before opening an
account for them) that | was a legitimate
consultant and designer who just happened
to work from home. | got away with this
subterfuge, but not so long afterwards,
RS opened a parallel operation called
Electromail for hobby customers. These
days, RS Components are not so fussy about
who they do business with!

Watch this...

Reverting to intrusive technologies,
what will be the next big thing? One
disruption that might make the big time is
the blossoming of digital photo frames into
something far more functional and fulfilling.
Global sales of these somewhat overpriced
and underperforming devices trebled from
2006 to 2007 and nearly doubled in 2008.

Now that these gadgets are becoming
capable of connecting to the web with
wifi, they are being renamed ‘digital media
frames’ and poised to become the new
‘third screen’ in the home. An article in
trade journal Electronic Engineering Times
Europe states that developers and marketers
of photo frames are already proposing ‘a
dizzying array of variations’.

This includes: akitchen counter top frame,
with digital cookbook and Internet access; a
visual messaging board on the fridge and a
reminder screen on the bedside radio/alarm
clock. Richard Yeh, marketing director of
Samsung Electronics, even believes the
digital picture frame could become “the
centrepiece of the connected home”.

One of the companies jockeying to
exploit the digital picture frame market
for all it’s worth is Kodak, whose product
line manager Jack Rieger concedes that
the still evolving nature of these products
may deter customers. “Consumers first
need to understand what it does and what
it’s capable of doing. The price has to come
down, but we are seeing some activities that
could bring wifi frames to go under $100.”
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Learn About Microcontrollers

P928 PIC Training Course £164

The best place to begin learning about microcontrollers is the PIC16F627A. This
is very simple to use, costs just £1.30, yet is packed full of features including 16
input/output lines, internal oscillator, comparator, serial port, and with two software
changes is a drop in replacement for the PIC16F84.

Our PIC training course starts in the very simplest way. At the heart of our
system are two real books which lie open on your desk while you use your
computer to type in the programme and control the hardware. Start with four
simple programmes. Run the simulator to see how they work. Test them with real
hardware. Follow on with a little theory.....

Our PIC training course consists of our PIC programmer, a 318 page book
teaching the fundamentals of PIC programming, a 262 page book introducing the
C language, and a suite of programmes to run on a PC. The module uses a PIC
to handle the timing, programming and voltage switching. Two ZIF sockets allow
most 8, 18, 28 and 40 pin PICs to be programmed. The programming is performed
at 5 volts, verified with 2 volts or 3 volts and verified again with 5.5 volts to ensure
that the PIC works over its full operating voltage. UK orders include a plugtop
power supply.

P928-V PIC Training & Development Course comprising.....

Enhanced 16C, 16F and 18F PIC programmer module

+ Book Experimenting with PIC Microcontrollers

PH28 Training Course £189

PIC training and Visual C# training combined into one
course. This is the same as the P928 course with an extra
book teaching about serial communication.

The first two books and the programmer module are the
same as the P928. The third book starts with very simple
PC to PIC experiments. We use PC assembler to flash
the LEDs on the programmer module and write text to the
LCD. Then we learn to use Visual C# on the PC. Flash
the LEDs, write text to the LCD, gradually creating more
complex routines until a full digital storage oscilloscope
is created. (Postage & ins UK £10, Europe £20, rest of
world £34).

Assembler Book 2

Experimenting with PIC Microcontrollers Book 2 is an
optional extra. We delve deeper into PIC assembler but
use library routines to keep it simple. We flash LEDs
using the internal oscillator, use the keypad to control
the LEDs, and write to the LCD. We experiment with
simple time delays then use the PICs timer to create a
precise delay. We experiment with the real time library
routines and consider how to use real time to switch
house lights to give the appearance of being at home.
We study the problems of using triacs to switch the lights.
Lounge light on, go to the bathroom, lounge light on, go
to the bathroom, bedroom light on, all lights off. Finally
we consider the problems of using a radio frequency
link for simple control and data exchange, and study the
principles of Manchester encoding. See web site for more
information and prices.

Ordering Information
Our P928 course is supplied with a USB adaptor and USB
lead as standard but can be supplied with a COM port lead
if required. All software referred to in this advertisement
will operate within Windows XP, NT, 2000, Vista etc (For
Windows 98, ME or DOS order P928-BS £159+pp).
Telephone with Visa, Mastercard or Switch, or send
cheque/PO. All prices include VAT if applicable.

+ Book Experimenting with PIC C
+ PIC assembler and C compiler software on CD
+ PIC16F627A, PIC16F88, PIC16F870
and PIC18F2321 test PICs
+ USB adaptor and USB cable. . ......... £164.00
(Postage & insurance UK £10, Europe £18, Rest of world £27)

Experimenting with PIC Microcontrollers
This book introduces PIC programming by jumping straight in with four easy
experiments. The first is explained over seven pages assuming no starting
knowledge of PICs. Then having gained some experience we study the

basic principles of PIC programming, learn about the 8 bit timer, how to
drive the liquid crystal display, create a real time clock, experiment with
the watchdog timer, sleep mode, beeps and music, including a rendition of
Beethoven'’s Fur Elise. Then there are two projects to work through, using a
PIC as a sinewave generator, and monitoring the power taken by domestic
appliances. Then we adapt the experiments to use the PIC16F877 family,
PIC16F84 and PIC18F2321. In the space of 24 experiments, two projects
and 56 exercises we work through from absolute beginner to experienced
engineer level using the most up to date PICs.

Experimenting with PIC C

The second book starts with an easy to understand explanation of how
to write simple PIC programmes in C. Then we begin with four easy
experiments to learn about loops. We use the 8/16 bit timers, write
text and variables to the LCD, use the keypad, produce a siren sound,
a freezer thaw warning device, measure temperatures, drive white
LEDs, control motors, switch mains voltages, and experiment with serial
communication.

Web site:- www.brunningsoftware.co.uk

White LED and Motors

Our PIC training system uses a very practical approach.
Towards the end of the second book circuits need to be built on
the plugboard. The 5 volt supply which is already wired to the
plugboard has a current limit setting which ensures that even the
most severe wiring errors will not be a fire hazard and are very
unlikely to damage PICs or other ICs.

We use a PIC16F627A as a freezer thaw monitor, as a step up
switching regulator to drive 3 ultra bright white LEDs, and to control
the speed of a DC motor with maximum torque still available. A kit
of parts can be purchased (£31) to build the circuits using the white
LEDs and the two motors. See our web site for details.

Mail order address:

Brunning Software

138 The Street, Little Clacton, Clacton-on-sea,
Essex, CO16 9LS. Tel 01255 862308
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Last month, we published the circuit for
our GPS-Based Frequency Reference and
described how it works. This month, we
show you how to build and adjust it.

UILDING the GPS-Based Frequen-

cy Reference is quite straightfor-
ward, since all the parts are mounted
on two PC boards: the main board
measures 143mm x 123mm and is
coded 706, and the smaller display
board, coded 707, measures 145 x
58mm. The circuit boards are available
as a set from the EPE PCB Service. All
wiring between the two boards is via a
short 16-way ribbon cable, fitted with
an IDC line socket at each end (to link
CONG6 and CON9).

Everything fits snugly inside an
ABS plastic instrument case measur-
ing 158 x 155 x 65mm, the display
board is mounted vertically at the
front. As you can see from the dia-
grams and photos, the main board has
a small rectangular extension at front
right for the 10MHz and 1MHz output
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connectors (CON1 and CON2), while
the display board has a matching
rectangular cutout to fit around these
connectors.

In addition, the display board has a
small cutout at upper left, to provide
clearance for the interconnecting cable
between the two boards.

When the case is assembled, out-
put connectors CON1 and CON2 are
accessible via the front panel, while
the remaining connectors are all ac-
cessible via the rear panel. The LCD
and status LEDs are also at the front,
along with the three main control
pushbutton switches (S1 to S3). The
GPS receiver initialisation button (S4)
is operated via a small access hole in
the front panel, along with a similar
access hole for adjusting the display
contrast (via trimpot VR2).

Main board assembly

Fig.6 shows the parts layout on the
main board. Begin construction by in-
stalling the wire links, then install PC
stakes at test points TP1 to TP3 and the
adjacent TPG and GND terminals.

Follow these with the resistors,
diodes and the polyester and ceramic
capacitors. Table 1 shows the resistor
colour codes, but you should also
check them using a DMM, as some
colours can be difficult to read. Note
that the 10kQ and 20kQ resistors in the
resistor ladder DAC (just to the left of
1C12) are mounted in an ‘inverted-V’
layout, to fit them all in. Table 2 shows
the capacitor codes.

Take care to ensure that the diodes
are all correctly oriented and be sure to
use the correct type at each location.

Next, fit the IC sockets, the IDC
header pin connectors CON6 and
CON?7, followed by BNC connectors
CON1 to CON4, power input connec-
tor CON5 and RCA phono connector
CONS.

The finned heatsink for regulator
REG1 is next on the list. Make sure
it’s seated all the way down on the PC
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board, before soldering its mounting ERROR VOITS
pins to the board’s copper pads.
Regulator REG1 is mounted vertically

against the heatsink and is attached el <ONE EORTUE TR Crs
to it using an M3 x 6mm machine ° (INVERTED)
screw (this goes into a tapped hole in ® o o o o
the heatsink). Apply a thin smear of q o
heatsink compound to both the back of p
the regulator and the heatsink surface @ NE
before screwing them together, to en- oz
sure a good thermal bond. Tighten the
mounting screw firmly, then solder the +E8
regulator’s leads to its board pads.
The remaining smaller parts can D6l
now all be installed. These include D7—=

trimpot VR1, trimcap VC2 and quartz
crystals X1 and X2.

Making the mini oven ANNED 10220, 1010, N\ T2 1 5 F 3
The first step in making the oven is Je REGT 7805 QL -\ T~ 1R¢[ 3
to fit the second finned heatsink. Before 5 ™ v % e 5 T S ¢ A)
doing this, however, it needs to have a : ii '“‘ o L ) 1.8 ==
chamfer cut along both inner edges of F < A —_— +@
the two centre fins, to clear the small ‘ % a1 —_— E|C7 74HCA048| =5
flange around the bottom of the crystal ‘ CANISTER :ﬁ,‘g'o’ 100nF
can — see Fig.7. Basically, you need to 8k Jo [SHORTENED) o «- 100nF —
remove enough material so that the outer CON6  TO DISPLAY PCB “ yez 50kHz
fins rest on the top of the PC board. o 216 7800 . E. IC6 74HC73 og i
A small low voltage rotary ‘hobby ! == |2 M ﬁfgo Seb
grinder’ can be used to make these D4 w
chamfers, or you could use a small 4148 100nF §0 E. IC3 | 74HCO4 =[J0oq} E IC5 74HC160 O
dental burr or milling cutter. -d | [[TS= 100nF
After cutting the c_hamfers, apply a PIC16F628A — D
small smear of heatsink compound to o
both sides of the crystal can and to both g=0 E IC4  74HC160 @
sides of the centre slot in the heatsink. 4 i g |k
This ensures a good thermal bond MAIN BOARD
between the two when the heatsink o . 5 5 5
1S fitted. It's now just a matter of slip- Fig.6(a): follow this parts layout diagram when CONI CON2
ping the heatsink into position over building the main PC board and refer also to the IOMLEOU 1
the crystal and soldering its mounting detail drawing (Fig.7) when installing the parts — = $ =
pins to the board pads. for the mini oven (under the film canister). The
Mini-oven heater transistor Q1 isina Garmin GPS 15L mounts on spacers above ICs 9
TO-126 package. As shown, it’s fastened and 12 (see Fig.8) o e
o T LCD1 F ig.ﬁ(_b): assemble
i 5 LCD MODULE & the display PC
Q 2“’ IE- board as shown
15 I l o . here. Switches
---10k o S1 to S3 must be
LEDI LOCK GPS% Hz | e o mounted with
?&S - e their flat sides
2 1 as shown, while
Q4 D & LEDs 1 to 3 should

PN]OO PN 00 sit 11mm above
PN100 + the board surface

VR2 .
TOuF M Note also that the
. . . 10uF capacitor
INIT LCD DISPLAY BOARD must be mounted

FIXPOS ~ ANTHGHT  SATINFO SR flat against the
board (see photo).
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S

This is the fully-assembled main PC
board but with both the Garmin GPS 15L
receiver and the oven cover (ie, the film
canister) removed so that the components
under them are visible. Make sure that all
polarised parts are correctly oriented.

1

to the end of the oven heatsink, again us-
ing an M3 x 6mm machine screw. Smear
both the transistor and heatsink mating
surfaces with heatsink compound before
slipping the transistor into position.

Take care with the orientation of
Q1 — its metal surface goes towards
the heatsink. Don’t forget to solder its
leads to the board after tightening its
mounting screw.

The LM335Z temperature sensor
(IC10) is next on the list — see Figs.6
and 7. It’s in a plastic TO-92 package
and slips easily into place between the
heatsink fins. Before doing this though,
give it a generous coating on both sides
with heatsink compound. That done,
slide it down between the heatsink
fins so that its body sits about 6mm
above the PC board before soldering
its leads to the board.

Assuming you've already fitted var-
icap VC1, its 15pF series capacitor and
the 47kQ isolating resistor, the inside
of the mini oven is now complete. All
that remains is to fit its outer casing.

This casing is made from a 33mm-
diameter plastic film canister (you can
get one from a photo processing store)
and lined with expanded polystyrene
foam sheet about 3mm thick. It’s built
as follows:

(1) Shorten the canister to about 32mm
long, using scissors or a sharp knife.
(2) Cut a 31mm diameter disc from
an expanded polystyrene foam sheet
and push it right down to the bottom
of the canister.

(3) Cut another piece of foam into a
28 x 70mm strip and make a series of
shallow cuts across the strip on one
side, so that it can be rolled lengthwise
into a tubular shape. Fit this inside the
canister to form the wall lining.

T0-220 HEATSINK
(HH-8516 TYPE) —_|

15pF NPO
CERAMIC——

EXPANDED POLYSTYRENE
FOAM LINING CANISTER
FOR THERMAL INSULATION

C

)—‘

HELD DOWN USING

CANISTER COVER

Fig.7: this detail
drawing and the
photo at left show
how the mini-oven
is built. Not shown
here is heater

MINI OVEN COVER
MADE FROM CUT DOWN
35mm FILM CANISTER

/ (UP ENDED)

10MHz CRYSTAL IN
CENTRE SLOT, WITH
HEATSINK COMPOUND

CABLE TIE(S)

ON EACH SIDE transistor Q1,
" MP SEN which is fastened
335Z TEMP SENSOR
IN'SIDE SLOT, WITH to the back of the
HEATSINK COMPOUND  heatsink.

ON BOTH SIDES

BB119 VARICAP

(VC1) N SIDE SLOT

HEATSINK
ATTACHMENT PINS

(HEATER TRANSISTOR Q1 SCREWED TO BACK OF HEATSINK)

TN MAIN PC BOARD

y CHAMFER GROUND IN CENTRE FINS

TO CLEAR FLANGE OF CRYSTAL CASE
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Having lined the canister, the next
step isto ‘up-end’itand lower it down
over the mini-oven components on
the PC board. Note, however, that you
may have to cut a small ‘pocket’ in
one side of the foam liner to clear the
15pF capacitor.

Finally, a long plastic cable tie (or
two shorter cable ties in series) can be
threaded through the adjacent 3mm
holes in the PCboard and tightened to
hold the canister down. The mini-oven
assembly is now complete.

Constructional Project

their bodies sit
capacitor must

Installing the ICs

The next step in the assembly is to
install all the ICs. If you’ve previously
installed IC sockets, then it’s just a
matter of plugging the ICs in, taking
care to ensure they are all correctly
oriented. Be sure to use the correct
device at each location.

Note that most of the ICs are CMOS
devices and are easily damaged by
electrostatic discharge. It’s really just
a matter of taking a couple of precau-
tions: (1) avoid touching the IC pins;

the PC board, as shown here.

A 16-way IDC cable (see Fig.9) is used to connect the
display board to the main board. Take care to ensure
that the three LEDs are correctly oriented and that

11mm above the PC board. The 10uF
be mounted with its body flat against

Value pF code EIA Gode IEC Code
100nF 0.1pF 104 100n
22nF 0.0022uF 222 2n2
1nF 0.001uF 102 1n0
100pF NA 101 100p
33pF NA 33 33p
22pF  NA 22 22p
15pF NA 15 15p
47pF NA 47 4p7

TablepiiaREeSistoiColourlCodes

—‘—‘-bl\)w—‘w—‘—*'\)—‘—‘o(o—‘l\)—‘—‘m?

Value
1MQ
68kQ
47kQ
33kQ
22kQ
20kQ
10kQ
6.8kQ
4.7kQ
3.3kQ
2.2kQ
2kQ
1kQ
680Q2
330Q2
180Q
100Q
68Q
33Q

I I Ay

.

4-Band Code (1%)

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

red black orange brown
brown black orange brown
blue grey red brown

yellow violet red brown
orange orange red brown
red red red brown

red black red brown

brown black red brown

blue grey brown brown
orange orange brown brown
brown grey brown brown
brown black brown brown
blue grey black brown
orange orange black brown

5-Band Code (1%)

brown black black yellow brown
blue grey black red brown

yellow violet black red brown
orange orange black red brown
red red black red brown

red black black red brown

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

red black black brown brown
brown black black brown brown
blue grey black black brown
orange orange black black brown
brown grey black black brown
brown black black black brown
blue grey black gold brown
orange orange black gold brown
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GARMIN GPS 151

M2 NUTS

GPS RECEIVER
MODULE \ /

ANTENNA
SOCKET

\/

WIRES OF MODULE'S
INTERCONNECTION
CABLE (CONNECT TO
10-PIN IDC LINE SOCKET)

15L receiver module.

Fig.9 (right): this diagram shows how to fit the 10-way
IDC line socket to the Garmin GPS 15L’s cable. It also

k 25mm LONG
M2 SCREWS

PN
Fig.8 (above): the mounting details for the Garmin GPS

MINI 8-WAY FLEX X c T \eq—_TOP CLAMP
CONNECTOR FOR NOT USED
IN'GPS 15L
M2 LOCK 16WAY IDC
WASHERS S LINE SOCKET
(CON9 END)
M2 FLAT
WASHERS
THESE WIRES ‘
15mm LONG
M3 TAPPED PR%_?M‘ED |
SPACERS 7O FLEX ‘ ‘I ’ n\ lékYg/Q(Y) ,L?C
: CONNECTOR - Lro
MAIN PC BOARD
10.WAY IDC
LINE SOCKET
[TOP NOT SHOWN { L
I S
PIN NUMBERS— 108785 32 1 EEREEEGIEN  (CON6 END)

shows how to make the 16-way IDC ribbon cable.

and (2) earth yourself while you're
removing them from their packaging
and plugging them in (eg, by periodi-
cally touching an earthed metal object
or by using a wrist strap).

Installing the GPS module

Fig.8 shows the mounting details for
the Garmin GPS 15L receiver module.
This mounts above the main board,
behind the mini-oven assembly and
above IC9, IC12, the resistors in the
ladder DAC and sundry other parts.

As shown in Fig.8, the module is
mounted on three M3 x 15mm tapped
spacers and secured using three M2 x
25mm machine screws, together with
six M2 nuts, six M2 flat washers and
six M2 lockwashers.

Note that the GPS 15L. module has a
very small female MCX connector for
the active antenna lead on one of the
longer sides and an ultra-miniature 8-
way SIL ‘flex’ connector on one end for
all other connections. The module is

JAYCAR

M2 LOCK
QP5516
LcD MODULN‘ WASHERS
M2 FLAT
LN ! WASHERS
------- / M2 NUT
=~ SPACERS

N TUUUUTT Y DIsPLAY
_/ PC BOARD
7x2 PIN HEADER TO
MAKE CONNECTIONS e

Fig.10: the LCD module is secured to
the display board with M2 x 10mm
screws, nuts and flat washers.
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mounted over the main PC board with
its antenna connector facing towards
the front and the flex connector end
on the right (near CON7).

Once the receiver module has been
mounted, shorten all eight wires on
the special interconnecting cable sup-
plied with it (ie, with the tiny 8-way
flex connector at one end) to about
60mm long. Don’t bare their ends
though, because they need to be fitted
to a 10-way IDC line socket to mate
with CON7.

Although IDC sockets are intended for
use with ribbon cable, they can also be
used with separate light-duty hookup
wires of the type used to make the
receiver module’s cable. The idea is to
partly assemble the socket first and then
feed the end of each wire through from
one side, passing it over the teeth of its
connector pin and out the other side.

Fig.9 shows where each wire goes
on the connector. Once all eight wires
have been fitted, the two halves of the
connector are squeezed together firmly
in a small vice to make the insulation
displacement connections. Finally, the
top part of the socket can be fitted if
you wish and a small cable tie or two
used to keep the wires together.

The completed cable can now be
connected between the GPS module’s
connector and CON7.

Display board assembly

Fig.6(b) shows the display board
assembly. Begin by installing the nine
wire links (four under the LCD module),
then install the resistors, trimpot VR2
and the transistors Q2 to Q4. Follow

these with CON9, the 14-way (7 x
2) pin header for the LCD module,
switches S1 to S4 and the 10uF electro-
lytic capacitor. The latter must lie flat
against the PC board - see photo.

Take care when installing switches
S1 to S3. Each switch must be seated
all the way down on the PC board,
with its flat side to the left.

The next step is to fit the three
LEDs (LED1 to LED3). These must
be installed with their bodies exactly
11mm above the board, so that they
later protrude through matching
holes in the front panel. A cardboard
spacer cut to 11mm is the easiest
way to do this — just push each LED
down onto the spacer and solder its
leads.

All that’s left now is the LCD
module. Fig.10 shows the mounting
details. Install the four M2 x 10mm
screws first and secure them using
M2 nuts. That done, place an M2
flat washer on top of each nut. Then
mount the LCD module in position,
making sure it mates correctly with
the header pins.

The module can now be secured in
position using four M2 washers, four
lockwashers and four M2 nuts. That
done, the header pins can be carefully
soldered to the pads on the top of the
LCD module.

Interconnecting cable

You now need to make up a small
ribbon cable assembly to connect the
two PC boards together. This is made
using a 95mm length of 16-way IDC
ribbon cable, fitted with a 16-way IDC
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: SR
LD DD b -

FRONT PANEL

1oI | 65

T ALL DIMENSIONS
IN MILLIMETRES

BOTH PANELS

145 x 58.5

HOLE SIZES:
: 5.0mm DIAM
: 10.0mm DIAM

20.5

1<+—16.5—>1

o
\

K
[S,]
TMmMoOw >

: 3.5mm DIAM
: 12.5mm DIAM
: 10mm DIAM

: 9.0mm DIAM

28 I

E F
"_é ‘ }__ 'EB‘"" the drilling
! 116 ?
i

REAR PANEL

I Fig.11: these
diagrams show

details for the
front and rear
* panels.

line socket at each end — see Fig.9. Note
that the two sockets both face in the
same direction.

Note also that you cannot fit the
usual top cover to the socket at the
display board end, because there
isn’t enough space for it to clear the
front panel. In fact, you may even
need to file about 0.5mm from the top
of the line socket to provide enough
clearance.

You now need to prepare the front
and rear panels of the case by drill-
ing and cutting the various holes.
These are all shown in the panel
cutting diagram — see Fig.11. The
12.5mm diameter hole in the up-
per centre of the rear panel is used
for mounting a BNC female-female
panel adaptor. This is used to bring
out the GPS receiver module’s an-
tenna lead.

Once the panels have been drilled,
they can be dressed by attaching the
front panel artworks (see Fig. 12).
These artworks are attached using
double-sided adhesive tape. Once
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attached, they can be protected by
covering them with clear self-adhe-
sive film (eg, wide sticky tape).

Case assembly

Now for the final assembly. The first
step is to loosely fit the front and rear
panels to the main board. That’s done
by removing the nuts and lockwashers
from BNC connectors CON1 to CON4,
then fitting the panels in place over
these connectors and refitting the nuts
and lockwashers.

Don’t tighten the nuts at this stage
—instead, leave them loose so that the
panels can be adjusted.

Having attached the panels, you
can now lower the entire assembly
into the bottom half of the case,
sliding the front and rear panels
into their matching case slots as you
go. Similarly, the display PC board
slides into the third board slot from
the front. The main board is then
secured to the integral moulded
support pillars using four small self-
tapping screws.

The next step is to fit the cable that
connects the GPS receiver module to
CON?7 on the main board. That done,
fit the 16-way IDC cable between CONG6
on the main board and CON9 on the
display board.

Construction can now be completed
by fitting the BNC-BNC adaptor to the
rear panel and connecting the internal
MCX-BNC antenna cable between this
adapter and the GPS receiver module.
That done, tighten the nuts on the front
and rear panel BNC connectors.

Setup and adjustment

Before doing anything else, you
need to install your active GPS an-
tenna. This must be mounted outside
and as high as possible, so that it gets
an unobstructed ‘view’ of the sky. A
good position should be on the top of
your TV antenna mast, but you may
decide on somewhere else because of
the need to keep the cable length as
short as possible.

The receiver end of the antenna is
fitted with a BNC plug, to mate with
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What the PIG firmware deoes

The main part of this project is the
hardware circuitry which effectively
locks the phase of the main 10MHz
crystal oscillator to the very accurate
1Hz pulses from the GPS receiver
module, as explained in the text.
However, since the GPS receiver
module also provides strings of useful
GPS-derived data every second, along
with the 1Hz pulses, we use a PIC
micro to ‘catch’ these strings of data
and allow selected data items to be
viewed on the LCD.

The GPS data stream is sent in
ASCII sentences at 4800bps, or 480
characters per second. The main part
of the firmware program in the PIC
scans front panel pushbuttons S1to S4
and if none of the buttons are pressed,
it simply waits until a character arrives
from the GPS receiver and is ‘caught’
by the hardware USART module in
the PIC.

When this happens, the PIC
jumps into an interrupt servicing
routine, and after making sure there

weren’t any errors, it reads the
received character from the USART
and then inspects it to see if it has
any special significance — such as
the start or end of a sentence. If it
isn’t one of these special characters,
it simply saves the character in the
next available address in a buffer
area in its data RAM.

However, if the character is a ‘start
of sentence’ character, itdoesn’t save
it. Instead it simply resets the PIC’s
‘pointer’ to the RAM buffer, so that
following characters in the sentence
will be saved from the start of the
buffer.

Onthe other hand, if the character
is an ‘end of sentence’ character,
it jumps to a separate part of the
interrupt routine which analyses or
‘parses’ the sentence in the RAM
buffer to identify which kind of a
sentence it is. It then saves the
wanted data in that sentence into
specific RAM addresses, where they
can be displayed later.

As well as scanning the push-
buttons, the main part of the project
simply displays some of this received
GPS information on the LCD —ie, the
UTC time and date, plus the GPX
receiver’s fix status and the PLL lock
status.

However, if you press switch S1, S2
or S3, the program switches to one
of three alternative display modes,
which allow some of the other GPS
information to be displayed - the
latitude and longitude, the antenna
height above mean sea level, the
number of GPS satellites currently
in view and so on. Each of these
alternative display modes only lasts
for about 20 seconds, after which the
program switches back to the main
time and date display.

Finally, press switch S4, the
program displays a message to
advise that it is sending initialisation
commands to the GPS receiver (and
does just that). It then switches back
to the main display again.

the ‘outside’ section of the rear panel
BNC adaptor. Be sure to fit this plug
without introducing any short cir-
cuits, because this cable carries DC
power up to the active antenna (via
the GPS receiver module), as well as
carrying the GPS signals down to the
receiver. A short circuit could damage
the GPS module.
Once the antenna is in place, ap-
ply power via the DC input socket
A (CONS5). LED2 (PLL Lock) on the
front panel should begin glow-
ing almost immediately and you
should also be able to measure
+5V on the wire link just to
the right of IDC header CON6
(relative to the TPG ground
pin to the left of REG1). The
LCD should also spring to life,
although it will probably be
showing mainly zeroes for the
first 10 to 20 seconds.
After this time, the GPSreceiver
module should have found a ‘fix’
and the display should change to
show the current UTC time and
date, plus a ‘1’ in the upper right-
hand corner to show the fix status.
LED3 on the front panel should also

This view shows the
completed assembly ready ‘
for installation in the case, a
again with the oven cover and
the Garmin GPS 15L module
removed.

32 Everyday Practical Electronics, May 2009



Constructional Project

'M‘HH'IF:W‘!”"“F
WLLLELL L L L L

slides into one of the case slots. Note that the front and rear pane
sockets on the main board before mounting it in the case.

begin to blink once per second, show-
ing the GPS 1Hz pulses, while LED1
should also begin glowing continu-
ously to show the fix status.

LED2 may now either be off or it
may begin to flash, because the PLL
may not be able to lock the phase of
the 10MHz crystal oscillator with the
1Hz GPS pulses as yet.

Adjusting the mini-oven

The next step is to check the status
ofthe mini oven’s temperature control.
First, measure the voltage at test point
TP1 relative to ground pin TPG; this
should measure very close to +3.15V.

Everyday Practical Electronics, May 2009
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The Garmin GPS 15L receiver module is P

mounted on spacers attached to the main )
board (see Fig.8). It sits above ICs 9
and 12 and is connected to the
main board via the 10-way IDC
line socket.
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This view shows the fully-assembled unit, with both the Garmin receiver and the oven cover in place. Note the
internal antenna connection from the Garmin GPS 15L receiver’s socket to the BNC-to-BNC adapter on the rear

panel (see also picture on facing page).

If you’re using your frequency reference in a normal workshop/home
lab environment, there’s probably no need to monitor its performance any
further than glancing at its front panel displays from time to time —to confirm
that its GPS fix and PLL lock status are both OK. However, if you need to
monitor its performance in more detail, this can be done fairly easily using
the DC error voltage fed out via CON8 on the rear panel.

There is a direct relationship between this error voltage and the
instantaneous phase error in the frequency reference’s PLL. In fact, each
19.53mV of this error voltage corresponds to 100ns of phase error. So, if
you have the PLL stabilised at an average phase error of 10us, then the
error voltage will have an average value of 1.953V. And as the phase error
jitters up and down in 100ns increments, the instantaneous error voltage
will similarly vary up and down in 19.53mV increments.

This means that if you monitor the DC error voltage continuously using a
DMM and link the DMM to a PC running a data-logging program, you can
record the frequency reference’s PLL performance over a suitable period
of time. You can then plot the mean value and standard deviation of its
phase lock error. This will give you a much better idea of its medium and
long-term accuracy, as well as the short-term error tolerance.
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You should find a similar voltage
on TP2 (within a couple of tens of
millivolts). This is the voltage across
temperature sensor IC10 and reflects
the temperature inside the mini oven
(3.15V = 315K = 42°C).

If the voltage on TP2 is outside the
range 3.14V to 3.16V, try adjusting
trimpot VR1 in one direction or the
other until the voltage drifts back
inside this range. Don’t adjust the
trimpot setting in large jumps though,
because the temperature changes quite
slowly following each adjustment.

Adjusting the PLL

When you are satisfied that the
voltage at TP2 is stabilising inside the
correct range, you are ready to turn
your attention to setting up the 10MHz
crystal oscillator and the PLL. For this,
you will need to use an oscilloscope
and a frequency counter.
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The rear panel carries BNC sockets for the antenna (top, centre) and for the GPS 1Hz and phase error pulse
outputs (bottom left). It also carries an RCA phono socket for the phase error voltage and provides access to the

DC power socket.

The input of the scope should be
connected to CON4 on the rear panel
of the frequency reference, where it
will be able to monitor the PLL’s phase
error pulses (inverted). By contrast, the
counter’s input should be connected to
CONT1 on the front panel, where it can
measure the 10MHz output signal.

Before you start setting up, see what
frequency reading you are getting on the
counter. It should already be quite close
to 10.000000MHz, although the exact
reading will depend on the calibration
of the counter’s own timebase.

Pulse setting

Now look at the pulse waveform
on the scope. What you should see is
a negative-going rectangular pulse of
5V peak-to-peak, with a width some-
where between Ous and 20us. It may
not be fixed in width, though —in fact,
if the PLL isn’t in lock yet, it may be
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cyclically varying up or down in width
within the 0-20us range.

At this stage, try adjusting trimcap
VC2, which you’ll find just to the front
right of the mini oven. Adjust it using
a small insulated alignment tool and
change its setting by only a very small
amount in one direction or the other.
As you do, watch the pulse waveform
on the scope. If it was cycling back and
forth in width, this cycling will slow
down if you're adjusting the trimmer
capacitor in the right direction.

Conversely, ifit speeds up, turn VC2
back the other way until it does slow
down. If it wasn’t cycling to begin
with, but does so when you adjust
VC2, the same applies — turn it back
the other way.

The objective is to carefully adjust
VC2 until the error pulse width stops
cycling and remains fairly steady at
a width of about 10ps. This setting

corresponds to the PLL being locked
close to the centre of its lock range.
By the way, don’t be worried if the
pulse width still varies up and down
randomly in steps of 100ns (0.1us). This
isnormal and is due to propagation jitter
on the GPS signals, noise, dither in the
PLL as a result of drift in the ‘about-
10MHz’ clock oscillator, and so on.
Once you have achieved this stable
pulse setting, check the reading on the
frequency counter. It should now beread-
ing very close to 10.000000MHz. If you
get areading very close to this, any error
you see is almost certainly due to the
calibration of the counter’s timebase.
The only proviso here is if the coun-
ter reading is stable but very close to
a frequency that’s 200Hz away from
10.000000MHz (ie, 9.999800MHz or
10.000200MHz). In this case, it means
that the PLL is locking quite nicely,
but to one of those other frequencies.
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Fig.12: these full-size artworks can be copied and used to make the front and rear panels.

If you do get a reading very close
to these ‘200Hz-away’ frequencies,
you’ll need to try adjusting VC2 again
until the PLL locks at the correct
frequency.

If you can’t achieve this by adjust-
ing VC2, you will have to replace
the 4.7pF NPO capacitor located just
behind VC2 with a lower or higher
value — depending on which fre-
quency your PLL had been locking
at. For example, if it was locking at
9.999800MHz and VC2 couldn’t bring
it up to 10.000000MHz, replace the
4.7pF capacitor with a 2.2pF capaci-
tor. Alternatively, if it was locking at
10.000200MHz and VC2 couldn’t
bring it down to 10.000000MHz, use
a 6.8pF capacitor.

When your scope shows a reason-
ably stable phase error pulse (with a
width close to 10us) and the counter
displays a reading that’s very close to
10.000000MHz, your GPS-Based Fre-
quency Reference should be set up and
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ready for use. LED1 (GPS FIX) and LED2
(PLLLOCK) should now both be glowing
steadily, while LED3 should continue
to blink reassuringly once per second.
Similarly, the LCD should normally show
UTC time and GPS fix status (Fx1) on
the top line and UTC date and PLL lock
status (PLL: L) on the lower line.

Additional information

Additional GPS information is avail-
able on the LCD for about 20 seconds
if you press one of the three front-
panel buttons. For example, pressing
S1 (LocATION) will display the exact
latitude and longitude of your exter-
nal GPS antenna, while pressing S2
(ANTENNA) will display the antenna’s
height in metres above mean sea level,
plus the number of GPS satellites cur-
rently in view.

Pressing S3 (SAT INFO) displays the
identification number of the main four
satellites in current view, plus the
signal-to-noise ratio of their signals

in dB — giving you a good idea of the
current GPS ‘fix’ quality.

If your LCD readout isn’t very clear,
try adjusting contrast control VR2 us-
ing a small screwdriver through the
hole in the lower centre of the front
panel. This should give you an easy-
to-read display.

Normally, you shouldn’t need to
initialise the GPS receiver module
using switch S4 (accessible via the
second small hole in the front panel).
However, by all means try doing this if
you are unable to set up your frequency
reference as described earlier.

At the very most, this initialising
should only be necessary once, be-
cause the GPS module normally saves
its configuration data in non-volatile
flash memory, where it’s read when-
ever the power is applied.

Reproduced by arrangement
with SILICON CHIP
magazine 2009.
www.siliconchip.com.au
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Adding a serial data
port to the GPS-Based
Frequency Reference

It’s quite easy to add an RS-232C serial
output to the GPS-Based Frequency
Reference, so that the NMEA data stream
from the GPS receiver module can be fed
out to a PC for other purposes.

Following publication of the circuit for the GPS-
Based Frequency Reference, a few readers sent emails
askinghow to add a serial data output port. This would
enable the NMEA data stream coming from the GPS
receiver module to be fed out to a PC — for synchronis-
ing real-time clocks and other purposes.

As it happens, adding such a port is very easy. All
that’s needed is to mount a DB9M connector on the rear
panel in a suitable spot (say above CON3 and CON4)
and connect it to the main board via the simple invert-
ing buffer circuit shown in Fig.1.

As you can see, the circuit uses just two resistors
and one PN100 transistor, so it could be wired on
a postage-stamp sized piece of matrix board and

‘EPE BINDERS

KEEP YOUR MAGAZINES SAFE
- RING US NOW!

This ring binder uses a special
system to allow the issues to be
easily removed and re-inserted
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strip slips over each issue and
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The binders are finished in hard-
wearing royal blue PVC with the
magazine logo in gold on the
spine. They will keep your issues
neat and tidy but allow you to
remove them for use easily.

The price is £7.95 plus £3.50
post and packing. If you order
more than one binder add £1
postage for each binder after

the initial £3.50 postage charge
(overseas readers the postage is
£6.00 each to everywhere except Australia
and Papua New Guinea which costs £10.50 each).
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Everyday Practical Electronics, Wimborne Publishing Ltd, Sequoia
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Fig.1: a serial data output port can be added to the GPS-
Based Frequency Reference using this simple circuit.

supported on the back of the DBIM connector by the
wiring. There are only three connections to be made
between this serial port circuit and the main PC board:
one for the ground connection, one for the +5V line and
the third for the buffered RS-232C GPS receiver’s data
stream available from the output of IC14e (pin 10).
This last signal is also conveniently available via the
wire link on the top of the main board, just to the rear of
IC8 and its 100nF supply bypass capacitor (one of the
two links just to the front of CON7). EPE
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Microstepping
Four-Phase Unipolar
Stepping Motor Driver

By MARK STUART

Achieve smoother motion by increasing the steps

TEPPING MOTORS are used in so
many applications that they are
becoming a common, though usually
hidden, part of everyday life. They are
very simple devices, which rely on
their associated drive circuits to pro-
duce controlled, precise movement.
The simplest drive circuits allow
movement in Full-step mode, where
the motor windings are switched on
and off in sequence, usually turning
in 48 or 200 discrete steps per revolu-
tion. Half-step mode is achieved by
switching the windings alternately
singly and in pairs to achieve 96 or
400 steps per revolution. These drive
modes only use on-off switching of the
motor windings, and so the circuits are
very basic, with just four switching
transistors as output devices.

Microstepping

Microstepping achieves smoother
motion with higher numbers of steps
by driving the windings with variable
current instead of just switching them
on and off. In this way, each step can
be divided by 4, 8 or even 16 parts so
that a 200 step motor can give up to
3,200 steps per revolution.

The circuitry necessary to achieve
this was once complicated and bulky,
and reserved for expensive industrial
drives. Now things are easier, and the
SLA7062M stepper/driver device de-
scribed here combines all of the drive
and control circuits necessary to make
microstepping relatively simple.
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Fig.1: Simplified internal block schematic and functional diagram for the
SLA7062M stepper motor translator/driver IC

Principles

The essential part of microstepping
is controlling the current in the motor
windings. In principle, it could be
achieved by switching in a number
of different resistor values. The re-
sult would be cumbersome, and very
inefficient, but it would nevertheless
produce microsteps.

To achieve current control efficiently,
the SLA7062M uses PWM (pulse width
modulation) control, applying variable

width pulses to set the motor current
to the required values. For sixteenth
step operation, each winding current
can take one of 16 different values,
which are derived from a single exter-
nal reference.

During amicrostep, the current in each
winding is sensed by the voltage drop
across low value resistors in the ‘ground’
side of the output drivers. This is com-
pared with the required value, and the
PWM timing is adjusted accordingly.

Everyday Practical Electronics, May 2009



Constructional Project

Table 1. SLLA7062Mlinput and/logicioutput/pins

takes place on each rising edge of the
Clock input.

Reference voltages

The voltage applied to the REF pin
allows the motor current to be control-
led. This voltage is compared with
the voltage drop across the output
current-sensing resistors to control the
PWM signal.

Values between 0V and 1.5V can be
applied during normal operation. If
this voltage is raised above 2V, then
the circuitis put into Sleep mode, with
the outputs turned off and most of the
internal circuits shut down.

The step logic remains active though,
so that the motor continues normally
when Sleep mode is left. The number
of microsteps can be selected by the
logic level on the M1 and M2 pins, as
shown in Table 2.

Special function

The Sync pin has a spe-
cial function that allows
the two PWM controllers
to be locked together so

that they run at the same

frequency. This function
can reduce the switching
signal noise level when
the motor is in certain
positions, but can also
reduce performance in
other ways.

It is most effective when
both windings are being

Name Pin No. Function Comment

Vgg 16 Output driver supply 10V to 44V

REF 7 Current sense reference 0V tol.5V = operate mode
voltage 2V to Vpp = Sleep mode

Reset 8 Reset for step logic High = reset, Low = run

Clock 10 Step input pulse Steps on low to high edge

Cw/CCW 9 Direction input Sets CW/CCW direction

M2 12 Step mode selector 2 Set 2, 4, 8 or 16 step mode

M1 13 Step mode selector 1

MO 14 Home state indicator output ~ Logic high when in home pos.

Vpp 6 Logic supply +3V to +5.5V

Sync 15 Synchronise PWM control Locks PWM frequencies together

to reduce noise

driven at 70.7% of maxi-
mum current. At other
step positions the wind-
ing current levels differ

As two windings of the motor are
driven at any one time, there are two
independent PWM circuits. All of the
current values are selected by internal
logic that controls the step sequence in
response to simple ‘Step’ and ‘Direc-
tion’ signal inputs.

The SLA7062M

The manufacturer’s data sheet for
the SLA7062M can be found at:

http://www.allegromicro.com/en/
Products/Part Numbers/97060/97060.
pdf

This contains all of the necessary
information about the device and
some very good tables and graphs
showing the stepping sequences and
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the different current levels used in
microstepping.

A simplified internal block sche-
matic and functional diagram of the
device is shown in Fig.1.

Table 1 shows the input connections
and their functions. Vg is the main
power supply pin for the output con-
trol circuits. It must be 10V or more
to ensure adequate gate drive for the
output FETs.

The logic circuits are driven by the
Vpp supply, which can be between
3V and 5.5V. Reset is pulsed high
to set the sequence logic to a known
state after power up. Clock (step) and
CW/CCW (direction) are the inputs
to the control logic circuit. Stepping

substantially and so syn-
chronisation of the PWM
signals is not recommended.

The MO pin provides indication of
when the step sequence is in a ‘home’
state. This is the state where two wind-
ings are driven at 70.7% of maximum
current. It occurs four times during each
complete step sequence. This signal
can be used by the controller to give a
limited amount of information about
the driver.

Table 2. Step mode Control

Input Input Mode
M1 M2
H H Half Step
H L Quarter Step
L H Eighth Step
L L Sixteenth Step
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Components mounted on the topside
of the printed circuit board. Stepper
motor driver IC5 is mounted on the
PCB with its ‘thermal tab’ pointing
away from the top edge of the board

Application circuit

The application circuit described
here allows the device to be con-
nected and used as a stepping motor
driver block, requiring simple inputs
from a computer port or other control-
ler with step and direction outputs.
Control is also provided to turn on
the Sync function, and there is an
output to monitor the M0 home posi-
tion signal.

Allinputs and outputs are opto- iso-
lated so that the high currents, voltages
and fast pulses in the motor control
circuits are separated from the driver
and control signals.

Power supply

The application circuit diagram is
shown in Fig.2. Power from the main
motor supply is applied directly to
the motor winding centre taps, and
also to the driver circuit via polarity
protection diode D1. Capacitor C1
ensures the Vg driver supply is free
of interference and noise. The logic
circuits in the driver are supplied
with 5.1V from Vgg via resistors R7,
R8, shunt regulator Zener diode ZD1
and decoupling capacitor C3.
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1

4
2
1

Two resistors, R7 and R8 have been
used to allow for higher power dissipa-
tion, and to make it easier to use other
resistance values to accommodate
different motor supply voltages. The
combined resistance value should be
chosen to deliver 12mA at the nominal
motor supply voltage.

Reset circuit

A simple reset circuit is provided
by C2 and R10. When power is ap-
plied, C2 pulls the reset pin high for
a short time, setting the driver into
an initial ‘home state’. As C2 charges
via R10 the reset pin is pulled to zero
volts, putting the driver into operat-
ing mode.

In most applications it is necessary
to put the motor into a known ‘home’

Stepping Motor Driver

PC board, code 710, size 56mm x 56mm (available from the EPE PCB
Service or from Magenta Electronics Ltd)

Two-way terminal blocks, 5mm pitch snap together type (TB1 to TB4)
Three-way pin headers, each with one two-way shorting link (PL1, PL2)
Eight-way pin header, 0.1 inch pitch SIL (PL3)

Semiconductors

1
4
1
1
1

SLA7062M stepper motor driver (IC5)

CNY17-3 opto-isolators (IC1 to IC4)

BZX85, 5V1, 400mW Zener diode (ZD1)

1N4001 1A rectifier diode (D1)

surface mount LED, red low current, type 1206 (LED1)

Capacitors

1

—_

1000uF 50V radial electrolytic, 5mm lead pitch (C1)

100nF 63V polyester, 5mm lead pitch (C2)

100uF 10V miniature radial electrolytic (C3)

470uF 50V (minimum) low impedance, motor decoupling, radial elect. — see
text

Resistors (0.6W, 5% metal film, unless stated otherwise)

W= =32 NDNWWO

1Q 2512 surface mount 1W (R1 to R6)

2.2kQ (R7, R8, R23)

4.7kQ (R9, R13, R14)

10kQ (R10, R11)

470Q (R12, R19, R20, R21)

1k (R15)

100Q (R22)

47kQ surface mount, type 1206 (R16 to R18 see text)

Potentiometer

1

5kQ multiturn preset, 0.1 inch pitch in-line leads (VR1)

(Magenta Electronics Ltd., can supply a complete kit of parts for this
project, price £18.76. A special offer (for a limited time) is available for
the complete kit plus a 200 step motor type MD23 (as shown in the
photographs) for £26.96. Prices include VAT, add £3.00 for UK postage.
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Fig.2: Full circuit diagram for the Microstepping Four-Phase Unipolar Stepping
Motor Driver. LED 1, resistors R1 to R6 and R16 to R18 are surface mount types
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position after switch on. This is nor-
mally achieved by driving the motor
slowly until itreaches a sensor of some
kind —usually a microswitch or an op-
tical sensor, or a combination of both.
All motor movement is then made
from that initial reference point.

Step mode control

Two patch areas with jumper links
allow the M1 and M2 pins to be linked
to 5V or OV. Table 2 shows how these
select the step mode.

The output driver FETs have cur-
rent-sensing resistors in their ground
(source) connections. These are R1, R2,
R3, and R4, R5, R6. Surface-mounted
chip resistors have been chosen to
minimise stray inductance and pro-
vide a good means of heatsinking
straight to the circuit board copper
track area.

Using three resistors in parallel al-
lows easy setting of suitable values and
higher power dissipation capability.
Although surface mounted, the size
of these power resistors makes them
relatively easy to solder.

Current adjustment

The voltage on the REF pin (Vggr)
defines the cut off point for the current
control of the output drivers. Resistors
R11,R12 and preset VR1 arein a poten-
tial divider chain, which sets the REF
voltage from the 5.1V logic supply.

Adjusting VR1 allows the value to
vary from OV to 1.5V. This voltage
is compared with the voltage drop
across the current sensing resistors.
The combination of Vgrgr and R1, R2,
R3 and R4, R5, R6 sets the motor cur-
rent levels.

Inputs

Motor drive circuits have high cur-
rent and voltage pulses, and so it is
important to separate them from logic
and controller devices. Using opto-
isolators is a very effective means of
separation, as it removes the ground
connection as well as the signal inputs.
It also has the advantage that input sig-
nals of either polarity can be connected
just by reversing the connections to the
opto-isolator LED inputs.

Three isolated inputs are provided,
CW/CCW (direction), CLOCK (Step),
and Sync. Resistors R13, R9,and R14
hold the driver logic circuit inputs low.
Signals that turn on the opto-isolators
pull the driver logic inputs high.
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The completed circuit board linked to a small 200 step motor. Note the motor decoupling electrolytic capacitor wired
directly between terminal blocks TB3 and TB4. It should have a minimum value of 470uF, see text

Resistors R16, R17 and R18 are op-
tional base pull-down resistors that
can be fitted to increase the turn-off
speed of the opto-isolator phototran-
sistors. When using sixteenth step
driving, the motor needs a high input
clock rate to be driven at speed, and
so adding R16 may be necessary. The
value depends on the type of opto-
isolator fitted, but 47kQ provides a
good compromise — increasing the
speed without reducing the sensitiv-
ity too much.

An LED has been added across
the Clock input to give some useful
indication that there is activity when
fault finding. Logic outputs should be
capable of driving 3mA at 4.5V. Most
circuits can provide suitable levels.

As the inputs are effectively just
LEDs with series resistors it is pos-
sible to connect them for negative or
positive drive signals. The controller
will need to provide the correct signals
polarity to suit.

Output

A single isolated output via IC4
permits monitoring of the MO home
position. The output must be treated
as an ‘open collector’ signal and needs
a load resistor to produce a suitable
voltage output. The resistor can be in
either the emitter or collector circuit
of the output phototransistor, and so
can be arranged to give a positive or
negative going output.
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Motors

The circuit has been tested with a
number of small and medium sized
stepping motors. Only unipolar motors
can be used. These normally have two
centre tapped windings and are con-
nected as shown in Fig. 2. Some motors
have four separate windings which
allow unipolar or bipolar operation by
making appropriate connections.

Setting the required current levels
is achieved by selecting the values of
R1 to R6. Fitting three resistors of the
same value spreads out the heat evenly
for higher current levels. If lower cur-
rent levels are used, only one, or two
resistors need to be fitted.

Power supplies

Although C1 decouples the driver
power Vpg, it is also important to ensure
that the motor supply hasagood low im-
pedance decoupling capacitor connected
close to the driver board. A minimum of
470uF connected directly between TB3
and TB4 where the power is connected
to the circuit board will ensure that the
PWM control runs correctly.

The motor current is controlled by
the PWM circuit and not directly by the
supply voltage. Using a higher voltage
is important because it forces the motor
current to rise more quickly and so al-
lows higher operating speeds and better
acceleration.

Medium and larger size motors,
which are intended to be used with

advanced driver circuits and high
voltages would reach their maximum
rated current if driven at only 4V or
5V from a DC source. This arrange-
ment minimises the winding induct-
ance and allows high current rise
times, which maximise the motor’s
performance.

The SLA7062M has a maximum
voltage rating of 44V and can handle
current up to 3A, with appropriate
heatsinking. The output FETs are
avalanche protected so that they will
handle the normal inductive switching
spikes generated by the motor leakage
inductance. With larger motors, add-
ing fast clamp diodes between the end
of each winding and the motor posi-
tive supply will provide additional
protection.

Construction

A small double-sided circuit board
with plated through holes accom-
modates all of the components, with
terminal blocks for the motor windings
and power connections and a 0.1 inch
pitch pin header for the control signals.
The layout has been carefully thought
out to avoid ground loops by confin-
ing the motor current to large direct
copper areas.

This board is available from the EPE
PCB Service, code 710. Fig. 3. shows the
board component layout and full-size
top and underside copper foil tracks.
Fig.4 indicates the positioning of the
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Fig.3. Stepper motor driver printed circuit board component layout and full size

underside of the board

surface mount resistors on the under-
side of the PCB. For further guidance,
the photographs show the completed
board.

There is provision for a small sur-
face-mounted indicator LED1 on the
top side of the board. Speed-up resis-
tor R16 (a 1206 surface-mounted type)
is necessary for high stepping rates,
but R17 and R18 will not be needed
in most applications.

A heatsink for IC5 will be needed
in most cases. The thermal tab is con-
nected internally to 0V, so insulation
might not be necessary in systems with
negative ground, but in that case make

R2 RS

R3 Ré

EE

sure that a good direct connection
exists between the heatsink and the
circuit negative supply pin.

Testing

As with all construction, begin
testing by thoroughly inspecting the
circuit board assembly for misplaced
components, dry joints, and solder
bridges. A good flux cleanerisuseful as
a clean board is easier to check. Make
sure that the two jumpers are in place
on PL1 and PL2.

Simple tests can be carried out with-
outamotor, using a multimeter to make

[R17]

copper foil masters for the topside and

sure that there is a supply on the Vgp
pin, a 5.1V logic supply and that the
voltage on the REF pin can be adjusted
between 0V and approximately 1.5V.
Temporarily set the REF pin to about
0.3V to provide a low current level for
testing with a motor.

The inputs can be activated in turn
with a battery or power supply, and
the state of the corresponding pins on
IC5 should be seen to change. Once the
basic things are correct, a motor should
be connected and the power applied
through a current-limiting resistor to
prevent damage if there is a fault. A tem-
porary heatsink should be fitted to avoid

Fig.4: Underside diagram of the circuit board showing the positioning of ‘surface mount’ resistors. Speed-up resistor R16 is
necessary for high stepping rates, but R17 and R18 will not be required in most applications. The completed Microstepping
board is shown above. The ‘thermal tab’ of IC5 will probably need a small heatsink attached to it - see text
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Computer
Connections

The driver board opto-isolators are
sensitive enough to be driven directly
from most ‘normal’ computer paral-
lel ports. A standard ‘tower’ system
fitted with a parallel port I/O card,
ran perfectly using 470Q2 resistors
for R19, R20, and R21.

Some computers’ ports have dif-
ferent output driver capability, es-
pecially notebook types, and it was
necessary to reduce the resistors to
1509 to operate correctly from the
built-in port of an IBM Thinkpad.

In applications demanding the high-
est speed, it is better not to overdrive
the opto-isolators, as this will extend
their turn off time, so don't fit lower
value resistors than necessary.

Resistor R23 should be chosen to
match LED1 (if it is fitted), but should
not be less than 47022 to avoid load-
ing the computer too much.

Three outputs used by the driver test
program are bits 0 to 2 of the computer
port 1/O register. Asingle inputis used

for the ‘home’ signal. Note that this
input is Bit 3 of the port control register,
which is one location above the port
I/O address. The ‘home’ signal is con-
nected as an open collector driver and
uses the computer port pull-up resistor
asaload.Avalid‘home’signal is‘active
low’as the driver transistor turns onand
pulls down the input. These connec-
tions are shown in Table 3. Any of the
computer port pins from 18 to 25 can
be used as ground connections.

Table 3/ Computer.connections

The pins chosen for the test
program are arbitrary, any other
combination of I/O pins may be
used. There are sufficient I/O pins
to connect more than one driver to
a single port, provided software can
be written to match!

Always be careful when testing the
board to make sure the computer port
wiring doesn’t come into contact with
the motor supplies. ‘Flying’ wires can
damage an /O port very quickly!

Function Driver PL3 Pin Computer Pin Computer Ref. Computer Address
Clock 1 2 Bit 0 (Data 0) Port Base Address
Direction g 3 Bit 1 (Data 1)
Sync 5 4 Bit 2 (Data 2)
Home 7 15 Bit 3 (Error) Base Address + 1
Ground 2,4,6,8, 18 - 25 Logic Ground
& J

overheating while testing. A small piece
of aluminium should be sufficient.
Take care when connecting a motor
that the correct winding connections are
made. Be sure that the two ends of one
centre-tapped winding goto TB1 and the
other winding to TB2. It doesn’t matter
which way round the two ends of any
one winding are connected, as this will
only alter the direction of rotation (and it
is a convenient way of doing so without
altering the controller logic).
Applyinga signal from a function gen-
erator to the clock input should result in
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motor rotation. Turning on the Direction
inputshould reverse therotation, and the
MO output will be seen to turn on every
time the motor passes a ‘home’ state.

The Sync pin can be energised when
the motor is in a home state and the
result should be a reduction in the
background noise from the motor
caused by the two PWM signals beat-
ing with each other.

If all is well, the motor current can
be increased and the speed raised to
find the limits of performance. Note
that exceeding the rated motor current

can demagnetise and ruin some types
of motor.

Test run software

Some basic driver software is avail-
able from the Magenta Ltd website
(www.magenta2000.co.uk). This is
only a simple program to test and run
the motor at low speeds. Commercial
CNC software compatible with the
microstepper board is available from
many sources. Magenta also supply a
complete kit of parts for this project
— see the Parts List. EPE
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BY JULIAN EDGAR

You've found a ne-eost VCR = now let’s
salvage the good bits

Rather than building a project, this month we’re going to look at the
parts that you can easily obtain from a VCR. ‘Obsolete’ kit like VCRs
is now available for nothing or near-nothing — the one shown here was
picked up at a garage sale for a few pounds - but on kerbside rubbish
collection days they are free! But what good parts are inside? Contrary

to what you might expect, the best bits are mechanical rather than
electronic. Let’s take a look.

It takes very little time to remove the cover (keep
those screws!) and strip out the main circuit boards.
In fact, it’s worth stressing that disassembling a VCR

ne, model is really a quick and easy process - expect to take
tar hi-fi VHS mad(‘ll ] don’t perhapz orilly half an hogrlio do the ]'oll))from start to
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pumber R;f; very ch - }‘:7‘:::'19\? a VCR, the mt(:)r;o to extremes: one go, coming back to the electronic parts later in
reagy ‘;:;awe‘ you 5€€; : on:nts inside. n facltg’ . incred'lble the process. So, with the electronic boards placed
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. : 110 9
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Here’s the inner chassis on its own. At this stage, the
contents of the VCR have already been narrowed down to
just this and the PC boards. Throw the rest away as you

N s Seal .
mterferen:g I?HH bear,

Screws)

Ing
grub tto the.Shaﬂ

remove it - ie, the top and bottom covers, the front cover
and the inner plastic chassis.

The next steps involve pulling this piece of gear apart.
You’ll need a good-quality medium point Phillips head
screwdriver - invariably, some of the screws are tight and
once you start mangling screw heads with a second-rate
screwdriver, it rapidly gets too hard. Put all the screws,
springs and drive belts into plastic containers as you
proceed.

£

Here’s what we have so far. At top left is the disassembled drum assembly. In
the centre at the top are 10 springs (nine extension and one compression), while
below that are 38 machine screws and 44 self-tapping screws. ‘He’s joking’,
you’re saying. ‘Why bother collecting the screws?’ Well, you tell me which local
hardware store has small, plated, Phillips head self-tappers in stock? Or a fine
metric-thread Phillips head machine screw — just what you might need one day
as a replacement in a piece of gear you’re working on!

At top right is a DC brush-type permanent magnet motor, which uses a worm
gear to drive an output shaft. It would make a perfect winch for a model boat,
or it could be used to slowly rotate a display.
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Rat It Before You
Chuck IH!

Whenever you
throw away an old TV (or VCR or wash-
ing machine or dishwasher or printer) do
you always think that surely there must
be some good salvageable components
inside? Well, this column is for you! (And
it's also for people without a lot of dough.)
Each month, we'll use bits and pieces
sourced from discards, sometimes in
mini-projects and other times as anideas
smorgasbord.

And you can contribute as well. If you
have a use for specific parts which can
easily be salvaged from goods commonly
being thrown away, we’d love to hear
from you. Perhaps you use the pressure
switch from a washing machine to con-
trol a pump. Or maybe you salvage the
high-quality bearings fromVCR heads. Or
perhaps you've found how the guts of a
cassette player can be easily turned into
ametal detector. (Well, we made the last
one up, but you getthe idea. . .)

If you have some practical ideas, write
in and t