
For all those 'innovative, unique, interesting;hard t0 f¡nd products

Cat. No Description

2405-7 Express0ard to Serial

2402-7 Expressoard to G¡gabit LAN

2401-7 Expresscard t0 eSATA - 2 Port

2403-7 Express0ard t0 Firewire (1 3944)

2404-7 Express0ard to F¡rew¡re & USB Combo

2457-7 PCle to Express0ard Adapter

2408-7 USB to Express0ard Adapter

2407-7 Expresscard into PCI\4C|A Slot Adapter

Price

$1 39

$1 19

$1 19

$1 29

$l 3s

$1 os

$1 2s
s79

Price

$129

$1 49

$389

What's New?

1008265-7 W¡relessVGAAdapter (802.119 based)

17115-7 LGA775 Motheröoard w¡th ISA Sl0ts
15156-7 USB to VGA Adapter

lemperature Logg¡ng

Itlglbl Micruscopes /.-.,.
9626-7 USB Microscope Basic

3ô85-7 USB Microscope wih Microtouch

3686-7 USB Microscope wih Microtouch Trigger

3687-7 USB Microsæpe PlllS wiür Mæsurement
3688-7 USB tHicroscope with Micmtouch & Measure

Cat. No.

2729-7
2685-7
2920-7
2529-7
2853-7
2907-7
23025-7

Price

$ss
$35
$5s
$45s
$249
$560
s45

Descr¡ption

USB to Parallel - DB25

USB to Parallel - Centronics

USB to RS422l485 4 Port Car2Z025
USB to 5.1 Sound Adapter

liãHiåi:,jffiüìri:i5g"

Price

$3s
$4s
$ee
$1 39

$8s
$1 29

$349

cat11334ì_=
Cat 1 1 323

1 1333-7 5 Port 10/100

11334-7 I Port 10/100

11323-7 16 Port 10/100

11324-7 24 Port 10/100

11435-7 5 Port Gigabit

11436-7 8 Port G¡gabit

11535-7 16 Port
cutrrsz+Q

Cat. No. Descripti0n Cat 23000 Price
23000-7 $39
23001-7 $39
23002-7 Toslin $118
23006-7 , tU,
23005-7 , tU,
23007-7 $52

Not sure what product you need? Call us today for friendly advice!
1800625777 www.mgram.com.au ask@mgram.com.au

3655-7 USB EPROM Programmer $4gg
1 1 68-7 Car PC l 2v - l Ghz 51 2Mb 80Gb WinXP câr 1 1 6R $1 659
3527-7 USB 2,0AnalogTVTuner&Video Capture ltF $119

Cat. No. Description Price

3102-7 Passlhrough $149
2726-7 $269
2737-7 $269
6741-7 FrontAccess $99
2874-7 IDE HD with Hot Swap $569
2959-7 lndependent RAID Server - Dual SATA HD with Hot Swap $599
1248-7 Windows CE Based Terminal with Wyse Emulatio $699
1171-7 7" Touchscreen LCD - 1 2v DC - $470

1173-7 8" Touchscreen LCD - 12v DC uat 3102 
$s79

15141-7 USB Macro Stick - 16 Key Programmable $199
to PCMCIA for W¡reless Broa bit-"æ'' 

ar2874 
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All prices subject to change without notice For current pricing
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World Band AM/FM/SW PLL Radio Receive¡
The amazing features of this great rad¡o include
phase-locked loop (PLL) for rock solid frequency
stability, AM band, FM band (stereo), and three
short-wave bands covering 'l7l I kHz to 29999kH2.
See website for full deta¡ls
. Local/DX switch
. l/F output
. Requires 4 x D Batteries

Bluetooth Rear Vision Minor LCD Monito¡
This 7" TFT monitor can be connected to an in-car DVD player and also
used with your Bluetooth phone for hands-free communication. You
can even Gonnect it to a reversing camera. The high reflect¡vity of the
device allows you to use ¡t as a regular rear vision miror when not in
use as a monitor.
. 2 composite v¡deo inputs
. Bu¡lt-in caller lD
. Remote control ¡ncluded
. Works with our wired

reversing cameras, available
separately

Adjustable Holesaws
An excellent cutter designed to cut
plaster board and ce¡ling tiles.
Features calibrated hole size
adjustment. Two sizes available:
fD-2520:621o 177mm
ÍD-2522: 1 58 to 264mm
Note: Drill not included

Watch Foxtel All Over The House
Hassle-free sharing of audio and video signals all
over the house w¡thout the
inconvenience and
cost of running
wires. This powerful
5.8GHz sender will
ensure crystãl clear
recept¡on.
. Nol ACA approved
.5.8GHz operat¡on
. Extra receivers

Ref Silicon Ch¡p February 2008
Th¡s excellent kit uses a standard PIR to safely turn
on 240VAC mâins device(s) such as secur¡ty systems,
decorative light¡ng, fountain pumps or even

The'on'period is
adjustable. Kit supplied
w¡th case, screen printed
PCB, and all electronic

High End t2 Volt Jump Staner w¡th L¡ght
This rugged and powerful
jump starter is fitted with
a long lasting 17Ah
battery, extra-long
cables, work light, and
battery test button.
lncludes charger.
380mm high.

Mini M'A'S'H Helicopter
This tiny, infrared remote controlled hel¡copter ¡s
ready-to-fly and will zip around your home
or offìce for up to I minutes on a

fun to fly and is ideal
for indoor use.
. hst 20 minute charge \\ll
. Helicopter l35mm long t'
. Requires 6 x AA batteries
. Suitable for Syrs+
Was $29.95

Other models also available Portable 3.5" Digital LCD Television
Catch local digital TV broadcasts with this
excellent hand held LCD colour digital TV. lt has
crystal clear reception ând great audio quality.
Supplied with rechargeable battery, plugpach
headphones, and AV lead included.
. Resolution: 480 x 234 pixels
. A/V decoding: MPEG2
. Dimensions: 135[L] x 85(H) x 3o[DJmm
Was 5299.00

o incred¡ble GDs with over 1000 classic proiects
from the pages 0f Scient¡fic Amer¡can,z1

cover¡ng every f ¡eld of science...
Arguably THE most IMPORTANT collection of
scientif,rc projects ever put together!
This is version 3, Super Science Fair Edition
from the pages of Scientific American.
As well as speciflc project material, the CDs
contain hints and tips by experienced
amateur scientists, details on building
science apparatus, a large database
of chemicals and so much more.

'rlffiln Au lla
lll P&P: $11112.00,

Elsrilrrrû $rur8.00

"A must for every sciencê student, science
teacher, science lab . . . or simply for those
with &n enquiring mind . . :'
Just a tiny selection of the incredible range of projects:

. Build a seismograph to study eafthquakes. Make soap bubbles that lastfor months.
Monitorthe health of local streams. Preserve biological specimens. Build a carbon

dioxide laser. Grow bacteria cultures safely at home. Build a ripple tank to study wave
phenomena. Discover how plants grow in low gravity. Do strange experiments with
sound . Use a hot wire to study the crystal structure of steel . Extract and purify DNA

in your kitchen.Create a laser hologram. Study variable stars like a pro. lnvestigate

vonexes in water. Cultivate slime moulds . Study the flight efficiency of soaring birds

. How to make an Electret. Construct fluid lenses . Raise butterflies as experimental

animals. Study the physics of spinning tops. Build an apparatus for studying chaotic

systems. Detect metals in air, liquids, or solids. Photograph an ant's brain and

nervous system . Use magnets to make fluids into solids. Measure the metabolism of

an insect. . . . âr'ìd many, many more (a thousand more, in fact!)

2004. . . or read on line at siliconchip.com.au

\\

\

INCLUDES
BONUS SCIENCEsoE
tIB RY!

See the V2 review in

* Please have your credil card handy! # Don't forget lo include your name, address, phone no and credit card details. ^ You will be prompted lor required information

Thele's also a handy order form inside this issue (see Str¡cor'¡ Cnp Booltshop pages).

BY MAIL:# ¡-õ-1

fiåiäJf,i'',on, I r I

IIERE'S IIOlil TO OTTDER YOUR COPY:
BY PH0NE:-
(02) 9939 3295

9-4 Mon-Fri

BY FAX:#
'(02) 9939 2648

24 Hours 7 Days

BY EMAIL:#

silchip@siliconchio.com.au
24 Hours 7 Days

www.sr I rconcn ro.com.au
TELEPHONE. 1800 022888 INTERNET. www.iaycar.com.au A



Do You Eat, Breathe and Sleep TECH
for full-time and part-time positions all over Australia & New Zealand

Jaycar Electronics is a rapidly growing, Australian
owned, international retailer with more than 39 stores in
Australia and New Zealand. 0ur aggressive expansion
programme has resulted in the need for dedicated
ind¡v¡duals to ioin our team to assist us in achieving our
goals.

We pride ourselves 0n the technical knowledge of our
staff. Do y0u th¡nk that the following statements desc¡ibe
you? Please put a tick in the boxes that do:

D Knowledge of electronics, paft¡culatly at component level.
E Assemble proiects of k¡ts yourselffor car, computer, aud¡0, etc.
tr Have empathy with others who have lhe sEme interest as y0u.
E May have worked ¡n some reta¡l already Inot obligatory).
E Have energy, enthusiasm and a personality fhat enioys

helping people.
D Appreciates an oppoftunity l0r future advancement.
! Have an eye for dela¡1.

se

Send to:
Relail 0perations Manager - Jaycar Electron¡cs Pty Ltd
P.0. Box 6424 Silverwater NSW 1811

Email: iobs@iaycarcom.au

Jaycar Electronics is an equal oppo]tun¡ty employer and
act¡vely pr0motes staff from w¡thin the organisation.

Fgtrar
RFMA RF Modules Australia

Low Power Wireless

BIMl -151 .300-10
VHF FM Transceiver

ln Stock NOW!
Range:Skm+

Power: 100mW
Data rate 1Okbps

Also: '151 .275 & 151.6MH2

Applications:
Rural

Utilities

lndustrial

Commercial

Government

Meter Reading

B¡M2A-433-64

33mmx23mmx4mm

RADIOMETRIX: Low Power, L¡cence Exempt Radio Modules
RF Modules Australia, P,O. Box 1957 Launceston, TAS., 7250.

Ph : 03-6331-6789. Email : sales@fmodules.com.au. Web: rfmodules,com,au

HI.FI SPEAKER REPAIRS

Specialising in UK, US and Danish brands.

Speakerbits are yourvintage, rare and c'ollectable speaker

repair experts. Foam surrounds,voice coils, complete

recone kits and more. 0rigínal 0EM partsforScan-Speah

Dynaudio,Tannoy, JBl. ElectroVoice and others!

tel' 03 9647 7000 wtuw.speakerbits.t;ant

D0sNt OaD olnt ült'Al,oc ÄT
www. i i net. net. aul-wolcom
woRtDuuiltE EtEcTR0f{¡G GoMPoilEltTS

P0 Box 631, Hillarys, ltA 6923
Ph: (08) 9307 7305 Fax (08) 3307 7309

Emall: worcom@iinet. net.au

Board Manufacture
48-Hour service * Higþ quality * Low prices
ã\ I oßtoanvouantiw t't
\\ artrvo* desi$rifrequí¡ed,l,¿Artwork design ifrequired 7

Ð Calllor obligationfree quote,.l t

ANT PCBS, POBox 448, Avalon 21

RETAIL MANAGER: PERTH STORE
Altronics is a dynamic national company involved in retailing and

wholesaling a wide range of electronic equipment to the trade and
enthusiast markets.

We are searching for a motivated manager to join our Perth team. The successful applicant will
have several years experience in retail, preferably with management experience and a

background in the electronics industry.

Excellent communicat¡on and customer service skills are essential. This is a hands-on position
which involves serving customers, processing orders, merchandise control and supervision of

our retail team. A generous salary and bonus scheme will be provided.

To register your interest, forward your resume to Dean Stephens
via email at: dean.stephens6raltronics.com.au

,l tT tOn rc ) líi iï,;i .:;t-iååt',:, 77 7 rnrerner: wrryw ¿ |,ro,, c: c,,, .,u
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HowTo Get Into DigitalTV
Analog TV transmissions are on the way out. Here's a look at what you'll need
to receive all the new digital transmlsslons on an anai,log TV - by AIan Hughes

14 Review:TevionTEV8200 HD Set-Top Box
Got an analog TV set? You need an HD Set Top Box! - by Leo Simpson

22 How To Solder Surface Mount Devices
Here's how to solder SMD parts using simple tools - by Jim Rowe

46 PICAXEVSM: It'sTime to Play; Pt.3
Using some of the'virtual instrumentation'included with the software, from a
simple voltmeter to an advanced t2C protocot debugger - by Ctive Seager

72 The l2G Bus: A Quick Primer
Mystified by the t2C bus communications protocol? Read this - by Jim Rowe

82 Electric Flight
Battery-powered aircraft creates aviation history - by Ross Tester

Publisher's Letter
Mailbag
Order Form

96 Ask Silicon Chip
99 Notes & Errata

102 Market Centre

To Get lnto Digital
TV-Pages9&14.

12V-24V High-Current DC Motor
Speed Controller 7 Page 30.30

58

78

12V-24V High-Current DC Motor Speed Controller, Pt.1
It's rated at up to 404 continuous, features automatic soft start & has good
speed regulation under load - by Mauro Grassi

A DigitalVFO with LCD Graphics Display
This digitalVFO uses a recycled Nokia cellular phone LCD to display analog
and digital frequency readouts - by Andrew Woodfield, ZL2PD

A Low-Cost PC-tg-l2C lnterface For Debugging
Tracking down bugs in l2C circuits can be tricky.This pC ¡nlertacõtets you take
advantage of the free Philips/NXP "URD" debugging program - by Jim Rowe

One-Pulse-Per Second Driver For Quartz Clocks
Convert a low-cost quartz clock to GPS accuracy - by Jim Rowe

Serviceman's Log
Foxing out a Foxtel installation - by the TV Serviceman

Circuit Notebook
(1)TV Field-Strength Meter; (2) Alternator Controller For Charging Deep Cycle
Batteries; (3) Emergency Light Uses 3W White LED; Ø) PICAXE Light Box
Countdown Timer; (5) lmpedance Bridge Measures AtThree Frequencies;
(6) Simple Mosfet Tester; (7) PC Cooling-Fan Driver

Vintage Radio
The batteries used to power vintage radios - by Rodney Champness

91

40

67

84

2
4

57

DigitalVFO
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PuilisneF's letter
High-definition TV in limbo
until the Olympics

This month, we highlight the end of analog televi-
sion broadcasting (planned for December 2009) and
outline what you can do to pick up the High-Definition
TV broadcasts that are now available. In brief, if you
want to keep watching "free-to-air" TV, you have three
options. The first and most expensive is to purchase
an HD TV either LCD or plasma display. The second is
to buy an HD personal video recorder (PVR) and hook
that up to your analog TV set and third, the cheapest option, is to purchase an
HD set top box (STB) and hook that up to your analog TV.

We would recommend one of the latter two options to most peopÌe because
they will save a lot of money. Most people have two or more quite useable
analog TV sets in their home and they should be capable of giving many more
years of service. So there is no hurry to go and buy the latest HDTV. Remember
that whatever HDTV set you buy now will be much cheaper in a year or two
and that is particularly important to the majority of people who make most of
these purchases on credit and then take years to pay them off. Better to save
your dollars now and then buy a bigger and better HDTV set for cash in a few
years'time.

People may wonder why they should buy a high-definition PVR or STB when
they only have an analog set with a picture quality that is well below the state
of the art. Why not just wait until the end of analog broadcasting and then get a
PVR, STB or whatever? There are several reasons. The first is that the networks
are now broadcasting some programs only in HD format and a standard definition
STB will not pick them up. Second, an HD STB will provide a composite video
output to allow an old analog TV to show the program, even though the picture
quality wili no better than if you watched a DVD through the same set.

In spite of the above, it has to be said that the cument seÌection of HDTV pro-
grams is very limited and generally not worth watching. Most of the time, the
programs on the HDTV channels are identical to the standard definition (SD)
programs on the same networks. The only networks that bother to put out useful
programs are the ABC and SBS. (By the way, all those people who reckon that
they cannot pick up SBS will have no problems when they go over to digital
reception - see next month's issue).

Maly documentaries on SBS and ABC are magnificent on the big screen
and they are even better in HDTV with fil more visual impact than on a small
screen.

As far as commercial network programming is concerned, the quality of alÌ
digitaÌ programs, whether standard definition or high definition is generally
woeful, unless you are interested in sport. Even then, while the video might be
good, especially on a really big screen or projector, some of the commentary can
be utterly banal. In fact, in my own home, the comment which applies to most
commercial network programming is that it probably causes brain damage!

In truth, while some programs are very good, most digitaÌ TV air space is wasted
and probably will remain so until the Beijing Olympics in August this year.

Leo Simpson

ELNEC IC PROGRAMMERS

CLEVERSCOPE
USB OSCILLOSCOPES

2 x 10OMSa/s 1Obit inputs + trigger
100MHz bandwidth
8 x digital inputs
4M samples/input I

Sig-gen + spectrum anatyser
Windows 98/Me/NT/2klXP

IMAGECRAFT C GOMPILERS
ANSI C compilers, Windows IDE

AVR, TMS43O, ARMT/ARMg
68HC08, 68HC11, 68HC12

GRANTRONICS PTY LTD
www. g rantron ics.com. au

More fiequent updatæ - every 2.5 sec0nds!
More alarm settings - over 70 parameters!

More highs, lows and graphs - over 80 in all!

With the Vantage Pro2 Weather Station
you get incredibly detailed information on:

Wind - direciion and strength
Rainfall - current, recent patterns etc.

Temperature - current, wind chill, etc.

Barometlic pressure - current and trends
Humidity & dewpoinl - current and 24 hrs

And your own local lorecasl. You'll be

m0re accurate than the weather bureau!

Available in wired or wireless models
(wireless transmission up to 300m!)

ECOI¡IIÃTCII
lln¡t 5, ll Southf0r[ llus K¡lsyth, llic 313l

Iel: l03l StEl t0{0 fax l03l Stßl t0ã0
www.dau¡s¡nstruments.com.au

VIDEO.AUDIO.PC
distribution amps - splitters

digital standards conveders - tbc's
switchers - cables - adaptors
genlockers - scan converters
bulk vga cable - wallplates

DVSsc & DVSSS
High Performance
Video / S-Video
and Audlo Splitters

Come to the
sPecialists"' @

Ouesl Elætronics' Pty Ljmited abn 83 0O3 501 282 t/â Ouestronix

Pr0ducts, Spec¡als & Pr¡c€list at wwwquestronix.com.au
lax (02) ß41 2795 phone (02) 4343 1970

em a i I : qu eslav @ questt on ix. com. a u

www. dontf on¡cs,c0m has 300 selected
hardware and software products avail-
ablefrom over 40 world wide manufactur-
ers, and authors.

Olimex Development Boards & Tools:
ARM, AVR, MAXQ, MSP43O and PIC.

Atmel Programmers And Compilers:
STK500, Codevision C, Bascom AVR,
FED AVIDICY Pro, MikroElektronika Basic
and Pascal, Flash File support, and boot
loaders.

PlCmicro Programmers And Compilers:
microEngineering Labs USB programmers,
adapters, and Basic Compilers, DIY (Kit-

srus) USB programmers, MikroElektronika
Basic, Pascal, DSpic Pascal Compilers,
CCS C, FED C, Hi-Tech C, MikroElektronika
C, disassembler and hex tools.

CAN: Lawicell CANUSB, CAN232

FTDI: USB Family of lC 's. FT232RL,
FT2452RL, also BL and others.

4DSystems LCD/Graphics: Add VGA
monitor, oTOLED LCDtoyourmicro. Simple
Serial l/F.

Heaps And Heaps Of USB Products:
TTL, RS-232, RS-485, modules, cables,

analyzers, CRO's.

Popular Easysync USB To RS-232
Cable: Works when the others fail. Only
one recommended by CBUS. Money back
guarantee.

www.dontronics-shop. com

flon

S You get rcsults
c-o ru r R o r s-faSler Wilh lhe

wotld's
o 12IlO: 400m4 ou

protected inputs
o LCD,5 buttons,
o No soldering req
o Easy to program, ;'

excellent tutorials
o Powerfut, versatite tttltXiïl"li

Developer's Kit S193 incJudes programing cable & sofnvare

Made in Australia - enthusiastic users world-wide

llo ruu ìaue wiruless
Ielelinl has wireless solut¡ons!

lf you want the right 'wireless' ingredients for a
successful project recipe, THINK Telelink! Don't
want to be confused by wireless gobbledegook
and confusing buzz words? TALK lo Telelink!

We will give you honest advice so that you
can make the right purchase decision for

your OEM low power w¡reless requirements,
Browse our website for more information about
our products. lf you have any questions speak
with a Telelink Communications representative

It lblelinl re

filt1o'o'o'o'

.tElEllnl(-Gom-au
Jæl tl¡¡|ry -læl@t!l!ll¡1,!¡n.il

¡r Hll En flil ffi¡ ü HZI llt ¡¡l

and passive components for industry,
hobbyist and amateur projects includ-
ing Drew Diamond. 27 The Mall, South
Croydon, Melbourne. (03) 9723 3860.
electronicworld @ optusnet.com.au

WANTED: EARLY HIFIS, AMPLIFIERS,

www. s i I iconch i p. com. au

Speakers, Turntables, Valves, Books,
Quad, Leak, Pye, Lowther, Ortofon,
SME, Western Electr¡c, Altec, Marantz,
Mclntosh, Tannoy, Goodmans, Whar-
fedale, radio and wireless. Collector/
Hobbyist will pay cash. (07) 5471 1062.
johnmurt@ highprofile.com.au

Sn.rcoN C¡lp siliconchip.com.au MABCH 2OOB 103
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I to Ooot< your classified ad, email the text to silicon@siliconchip.com.au and I
I include your credit card details, or fax (02) 9939 2648, or post to Silicon Chip I
i Classifieds, PO Box 139, Collaroy, NSW, Australia2}97. 

I

! enctoseO is my cheque/money order for $ or please debit my 
!

I fl Visa CarO fl Master Card I
tl
¡ Card No. I
tl
I Signature Card expiry date / I
t. I
I Name 

I
I street I
tl
I Suburb/town Postcode I
II
¡ Phone: Fax: Email: I
L--rrrrrrr-rrrrrrrrrr . - J

FacÌ0ry aul0mallon
Access control and sec

Time recording system
Hospital aulomalion
PLC instrumenl conlrol

mope inf0rmal¡ofr. call. Îax. emarl 0r v¡s¡t 0urTRI'õYIs
Tel: 11428 2tl2 Z¿2 fax:, B 5iÆ4 1275

E¡mil: sales@rrsys.co¡n.au

FOR SALE

MicroByte Electronics: PIC Micros

- Development Board - Development
tools & Components. Phone:(03) 9378
4288. info@ microbyte.com.au; www.
microbyte.com.au

PCBs MADE, ONE OR MANY. Any
format, hobbyists welcome. Sesame
Electronics Phone (02) 9593 1025.
sesame@sesame.com.au
www.sesame.com.au

RCS RADIO/DESIGN is at 41 Arlewis

St, Chester Hill 2162, NSW Australia
and has all the published PC boards
from SC, EA, ETl, HE, AEM & others. Ph
(02) e738 0330.
sa les @ rcsradio.com.au
www.rcsradio.com.au

12V Batteries, <6mths use. 5, 7, 9Nh,
$1 per A/h. Ongoing availability. Pickup
only, Highbury, SA.
petria@adam.com.au

LEDs! I NOW HAVE good stocks of
Nichia superbright oval LEDs, as well
as Smm Agilent (HP) LEDs. These
are fantastic, bright brand-name qual-

ity LEDs at Chinese LED prices! Also
Osram sudace mount range and other
NOS standard and superbright brand
name LEDs from just a few cents each.
Also Cree X-Lamps, 5 and 10 watt power
LEDs, LED drivers, kits and all sorts of
other stuff. www.ledsales.com.au

KIT ASSEMBLY

KEITH RIPPON KIT ASSEMBLY &
REPAIR:
- Australia & New Zealand
. Small production runs.
Phone Keith 0409 662794.
keith.rippon @ gmail.com

WANTED

CUSTOMERS: Truscotts Electronic
World - large range of semiconductors

ON-LINE
IN-STOCK

6 Sarich Way, Technology Park, BENTLEY WA, ô102
Ph. : 08 9470 1177. Fax:08 9470 28/,4

com.au/meanwell

omDutl onicsrCorporatlon Ltd

E

mft&@mw
Do you have a good circuit idea? lf so, skelch it oul, write a brief description of ils op-

eralion & send it to üs. Provided your idea is workable & otiginal, we'll publish il in Circuit
Notebook & you'll make some rnriney. We pay up to $100 for a good circuit idea ot you

could win some t€sl gear. Silicon Chip Publications, P0 Box 139, Collaroy, NSW 2097.

1.O2 StLtco¡rt Cutp www. s i I iconch ip. co m. au

itSCOPe UsB Mixed sienol oscilloscope

Bitscope Desisns Ë:, [3:ì 31:,23?ZZ www. bíts coPe. com

Inventing the future requires a lot of test gear...

..,or a BitScope

BS100U Mixed Signal Storage Scope & Analyzer
lnnovations in modern electronics engineering are leading the new wave of
inventions that promise clean and energy efficient technologies that will
change the way we live.

It's a sophisticated world mixing digital logic, complex analog signals and

high speed events. To make sense of it all you need to see exactly what's
going on in real-time.

BS100U combines analog and digital capture and analysis in one cost
effective test and measurement package to give you the tools you need to
navigate this exciting new frontier.

Standard 1tW2OpF BNC inputs Smart POD Connector Opto-isolated USB 2.0 12VDC with low power modes

BitScope DSO Software for Windows and Linux
BS100U includes BitScope DSO the fast and
intuitive multichannel test and measurement
software for your PC or notebook.

Capture deep buffer one-shots, display waveforms
and spectra real-time or capture mixed signal data
to disk. Comprehensive integration means you can
view analog and logic signals in many different
ways all at the click of a button.

The software may also be used stand-alone to
share data with colleagues, students or customers.

Waveforms may be exported as podable image
files or live captures replayed on another PC as if a
BS1 00U was locally connected.
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Bigger battery for Prius
not viable

That bigger battery in the Prius
[Srr,tcoN Csrp, February 2008) did
not increase its "carbon economy", It
just transferred the emissions from the
car's tailpipe to the power plant's. -And
it has increased the mass of batteries
that have to be replaced periodically,
making the car's lifetime carbon foot-
print worse.

Ithas been suggested seriousiy, with
numbers to prove it, thatbecause of the
limited life of the batteries, a hybrid
like the Prius isn't any greener over its
lifetime than the same car powered by
a turbo diesel.

Gordon Drennan,
Burton, SA.

Keep those microcontroller
projects coming

I have been a reader of Stltcoru
Cmp lrom day one. You are without
a doubt a world-class publication,
both by presentation and by quality
of projects. Just as a whole generation
of technical people enjoy the warm
glow ofvalves, another generation cut

Versatile 4-channel
mixer fix

After building the Versatile 4-
Channel Mixer project (SucoN CHIe,

June 2OO7) and not being able to get
it working, I noticed in the "Notes
and Errata" section of a recent is-
sue that the published PC board
design was incorréct in the region
of CONI-CONa. The suggested fix
was to reverse the metal contacts of
these sockets.

This was no easy task as these
sockets are obviously not mea¡t to be
taken apart! The stubborn little beg-
gars bluntly refused to come out of
the plastic mounting. However, two
days and sore fingers and thumbs
later, I managed to complete the task

their teeth on combinational logic. In
your wisdom you have moved with
the times and have introduced micro-
controller projects. I believe you have
built a lifeline for your publication by
doing this.

By virtue of the kind of knowledge
you share in your projects I for one
have found a very satisfying career as
a PIC programmer. I started out by at-
tempting projects in Sucoru Cup and
Elektor magazine, undertook some
more advanced study, including learn-
ing to program in 'C', and then went
in search of a job that allowed me to
apply these skills,

My point is that it all started fiom be-
ing able to access the basic knowledge
in a structured and non-threatening
way through Sntcox Cnp. For the sake
of the future, please keep pushing mi-
crocontrolÌer technology or what ever
replaces it in your publication. You
have shown the tenacity to survive
in a very difficult market by having
content and presentation that appeals
to many. Long may it continue.

Mark Weir,
Tauranga, NZ.

and install them on the board. My
perseverance paid off, as the mixer
is now working perfectly.

A couple of tips for people who
also purchased the early version of
the kit: I bought four completely new
sockets and swapped the contacts
over on them rather than attempting
to alter the desoldered ones.

Secondly, two of the new ones had
the number "3" onthe ulder surface,
while the other two had the number
"4" on the bottom. Although they
were identical, for some unknown
reason the ones with number "4" on
them were much more co-operative
than those with the number "3".

George Green,
Wollongong, NSW.

Ultrasonic
leak tester

On page 97 of the November 2007
issue, your correspondent is asking
about an ultrasonic device to detect air
leaks on vehicles with air brakes.

WhiÌe such a device would probably
have advantages, I have found that a
very effective method for detecting air
leaks on truck air brakes is to "paint
on" soapy water, using a small paint
brush to suspect areas (pipe
and connections etc).

Even when you can hear air leaks
be difficult to pinpointthey can

but soapy water makes the job easier.
Peter Bell,
Glenorchy, Tas.

What is MPG?
Upon seeing the front cover of your

Ìatest issue (February 2008), I couldn't
believe what I was seeing! Miles? GaI-
lons? Who in ,\ustralia still uses the
"old-fashioned" Imperial units? We
don't! And how long has Australia
been metric? One thing I do remember
is that when I was going to tech some
thirty years ago, we students would
lose marks if our drawings did not
use "metric".

I showed your magazine to my (eld-
erÌy) mother who stiÌl does not fully
understand decimal currency! She
was as shocked as I was when she saw
the references to miles and gallons. If
you continue to publish magazines
with "old-fashioned" measurements
on the front cover, you will lose me,
as a reader, forever!

T. Robinson,
Woodend, Vic.

Imperial units no longer
used in Australia

I have browsed the February 2008
issue ald am amazed that SLICON CHIP
would use units that are no longer
applicable in Australia. Australian ve-
hicles have metric speedometers. Fuel
is purchased by the litre (or multiples

StucoN Cutp siliconchip.com.au

Rf¡BOT BUI[DER'S COOKBOOK
By Owen Bishop Published 2007
lntroducing, through hands-on project work, the
mechanics, electronics and programming involved
in practical robot design and construction. The use

of the PIC microcontroller throughout provides
a painless introduction to programming. lt's
a book for f¡rst-time robot builders, advanced

robot builders and those studying at higher
educat¡on levels in this fascinating field.
Has companion website to download
programs. 374 pages in paperback

AC MACHIIIE$ ey Jim Lowe Published 2006
Applicable to Australian trades-level courses including NE10 AC

Machines, NE1 2 Synchronous Machines and the AC part of
NE30 Electric Motor Control and Protect¡on. Brings together
up-to-date aspects of the field, covering polyphase induction
motors, single-phase motors, synchron0us mach¡nes

and polyphase motor starting 160 pages in paperback.

HAiIDS.Oil ZIGBEE

1{EWitES GUTDE T0 TEtEVrSr0l{
AIID VIDEO TECHIIOTOGY
By KF lbrahim 4th Edition (Published 2007)
It's back! This very popular book now in a new
edition provides a full and comprehensive coverage
of video and television technology including the
latest developments - HDW and DVD. lt starts with
fundamentals so is ideal for students but covers in-
depth technologies such as blu ray, DLP, Digital W,
etc so ¡s also perfect for engineers. The new edition
has a number of useful appendices covering a wide
variety of subjects. 600+ pages in paperback

.e\

THE PRACTICAT GUIDE
Tfl SATELIITE TV

By Garry Cratt - 6th Edition 2007
We've had other satellite TV books in the past but they have

all had a lot of useless (to this part ofthe world) overseas
stuff. This one is written in Australia, for Australian condi-

tions by one of Australia's foremost satellite W experts.
lf there is anything you wanted to know about setling up

a satellite TV system, (including what you can't do!) it's
sure to be covered in this 1 76-page paperback book

ZigEee
15.4

By Fred Eady, Published 2007
We asked our Zigbee guru, Telelink's Jack Chomley, to com-
ment on this book and he said 'wow! This one is right up to
date". A lot of it is pretty in-depth but, according to Jack, if
you want to learn all about Zigbee you'd go a long way to find
a better reference than this one. 336 pages in paperpback.

RAD|0. TV AllD H0BBIES April 1939 to March 1965
- Every art¡cle t0 enioy once aga¡n on lMl-R0M!

This remarkable archival collection spans nearly three decades of
Australia's own "Radio and Hobbies"/Radio W and Hobbies". Every
article has been scanned into PDF format - ready to read at your
leisure on your c0mputer (obviously, a computer DVD-R0M reader
is required along with Acrobat Reader 6 or later). For history buffs,

worth its we¡ght in gold. For vintage radio enthusiasts, what
could be betÌer? For anyone inlerested in electronics, this is

one which you llfUSThave in your collection!
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Pmctical Variable Speed Drives and
Power Electronics
by Malcolm Barnes. lst Ed, Feb 2003.
An essential reference for engineers and anyone who wishes
to design or use variable speed drives for induction motors.

As reviewed in SlLlCON CHIP September 2003. 288 pages.

SELF 01{ AUDIfl
by Douglas Self 2nd Edition 2006
The very latest from the renowned audio design guru. A

collection of 35 classic magæine articles offering a depend-
able methodology for designing audio power amplifiers in

a way that improves performance at every point without
significantly increasing cost. lncludes compressors/limiters,
hybrid bipolar/FET amps, electronic switching and more.
474 pages in paperback. 

!!

AUDIO POWER AMPTIFIER DESIGII
HA]|DBOOK by Douglas Self 4th Edition 2006
Beduced in pilce lrom previous edilion! From one of the

world's most respected audio authorities. New 4th edition is

more comprehensive than ever - now with new chapters on

Class D amplifiers and DC servos. Now even bigger - 465

pages in paperback. See ìhe review in Septenber 2006

Essential reading for electronics designers and students
alike. lt will answer questions about core analog theory and

design principles as well as offering practical design ideas.

Many of the circuits taken from lan Hickman's

articles. 294 pages in soft cover.

Power Supply Gookbook
by Marty Brown. 2nd edition 2001.

Serviceman should
stop blaming himself

I always read the "Serviceman's
Log" with much interest, as I can
relate to many of the headaches
he has to endure. In particúlar, the
coÌumn in the December 2007 issue
of Sucott CHr piqued my interest,
since I can comment flrst-hand on
the mystery of diode D10, as fol-
lows.

The TinySwitch series of ICs are
designed for off-line flyback power
supplies. The flyback topology, al-
though relatively inexpensive, suf-
fers from very high voltage stresses
on the main power switch. The
stresses are not only the rectified
and reflected voltages but also any
additional voltage spikes caused by
the transformer's leakage induct-
ance. If unchecked, these spikes
will destroy the 700V Mosfet located
inside the IC,

To tame the voltage, an RCD (re-
sistor-capacitor-diode) snubber is
employed, as described in the IC's
datasheets and application notes.
Unfortunately, OEMs are always
badgering power supply malufac-
turers to reduce costs. One of the
ways to shave a few pennies off is to

thereoÐ and distance is measured in
kilometres (the base unit being the
metre). L/100km appears to be the
standard unit for fuel economy.

I do realise there is something magi-
cal about the figure "100".

Ray Smith,
Hoppers Crossing, NSW.

Comment: you are the second to com-
ment on the 100mpg headline but as
you con see from the afiicle, the Prius
rcadout is in mpg and in ctny case,
100mpg sounds far more impressive
than 2.825/10okm (the actual equiva-
Ient to 100mpg). In fact, in the past we
have had readers comment that such

figures are meaningless to them.

Hydrogen for solar power
Why do all the comparisons of "di-

rect" solar energy vs coal/hydroelec-
tric conclude that solar is not suitable
for base load power? As a direct to
grid power source, this is true enough.
However, using solar power to electro-
lyse water to gain hydrogen which can

replace such an RCD snubber with a

TralZorb, a surge protectorbased on
a discrete avalanche diode.

Although this works and appears
to be a reliable solution, the truth
is that these diodes were never de-
signed for repetitive avalanche duty
and thus create junction hotspots.
The diode may start leaking, caus-
ing the symptoms described, until it
eventually fails completely.

I know this first-hand since the
company I used to work for (a power
supply manufacturer) got hit with
a couple of product recalls for the
same reason. The problem was that
Power Integrations (the IC vendor)
had actually suggested this very
approach in their older application
notes, now revised with the RCD
clamp.

So please teII the poor Service-
man to stop blaming himself, It
was not his fault but rather a poor
design solution. If he can make the
supply work with the RCD clamP,
then leave it that way. Be sure to
properly insulate all the exposed
Ieads, as some pretty high voltages
will be present.

Fernando Garcia,
Brownsville, Texas, USA.

then be 'burnt' directly in a gas turbine
is already a proven technology. The
efficiency of the solar panels is not
really an issue; more panels would
make up the difference.

With all the land that is salt-affected
and becoming useless for anything
but sunlight collection, this could be
an income stream for those farmers
so affected. And if the panels were
made to let through the light frequen-
cies they cannot convert to electron
release, would the land underneath the
panels still be usable for grazinglcrop
production?

That is assuming that the alternative
method of producing hydrogen using
ceramic/direct hydrogen conversion
proves not to be more efficient. See

http : //www.unsw. edu. au/news/p ad/
articles/2 004/aug/Solar-hydrogen.
html

Hydrogen could also be stored,
piped and used for power generation
inside the metropolitan areas as easily
as natural gas is today, The benefits

issue' 
AUDro EtEcTRor{rcs

i By John Linsley Hood, Second edition 1999
I For anyone involved in designing, adapting and using analog

and digital audio equipment. Covers tape recordino, tuners
and receivers, preamplifiers, voltage amplifiers, audio power

amplifiers, compact disc technology & digital audio, test &

measurement, loudspeaker crossover systems, power sup-
plies and noise reduction systems. 375 pages in soft cover.

AI{ATOG ELEGTROIIICS
By lan Hickman. 2nd edition 1999.Microcontroller Proiects in G for the

8051 by Dogan lbrahim. Published 2000.
Through graded projects introduces the fundamentals of
microelectronics, the 8051 family, programming in C and
the use of a C compiler. Provides an interesting, enjoy-
able and easily mastered alternative to more theoretical
textbooks.178 pages in paperback.

0p Amps for Everyone
Edited by Ron Mancini Published 2003
Compiled by Texas lnstruments, this is the closest thing
to a "bible" on op amps. This is an engineer's reference
with lots of theory, plenty of maths and riqht up-to-
the-minute with modern devices. Not cheap but
worth every cenT.478 pages, soft covers.

ETECTRIC MOTORS Af{D DRIVES
By Austin Hughes - Third edition 2006
Brand new edition of this amazingly popular book. lntended
for non-specialist users of electr¡c motors and drives, filling
the gap between academic texts and general "handbooks".

Explores all of the widely-used modern types of motor and
drive including conventional & brushless DC, induction
motors, steppers, servos, synchronous and reluctance.
384 pages, soft cover

PRACTICAT RF HAI{DBOOK
by lan Hickman NEW 4TH EDlTl0N 2006

The latest guide to RF design for engineers, techn¡cians, stu-
dents and enthusiasts. Covers key topics in RF: analog design
principles,transmission lines, couplers, transformers, ampli-

fiers, oscillators, modulation, transmitters and receivers,
propagation & antennas. 279 pages in paperback.

AilAtoG TECH]ilQUES WITH
DIGITAT I]ITERFACII{G
by T H Wilmshurst- Published 2001

RF CIRCUIT DESIGl{
by Chris Bowick, Second Edition, 2007.
A new edition of the classic RF circuit design book. RF

circuit design is now more impoftant that ever in the
wireless world in which we live. ln most of the wireless
devices that we use there is an RF component - this
book tells how to design and integrate in a very
practical fashion. 256 pages in paperback.

Covers all the analog electronics needed in a wide range of
higher education proqrams: first degrees in electron¡c engi-
neering, experimental science course, MSc electronics and

electronics units for HNDs. Suppofted by numerous worked
examples and experimental exercises. 312 pages paperback.

An easy-to-follow, step-by-step text for a wide variety of
power supplies. All described in simple language. Anyone

with a basic knowledge of electronics can create a very com-
plicated power supply design. 265 pages in paperback.

P0WER SUPP. A to Z
ya Maniktala. Published 2006.

and practical aspects of controlling
electromagnetic interference in

power supplies. lncludes flow-charts
for building DC-DC converters and their

magnetic components under typical
wide-inpul supply conditions.
503 pages in hard cover.
CD-R0M included.

DVD PTAYERS AilD DRIVES
by K.F. lbrahim. Published 2003.
A guide to DVD technology and applications, with particular

focus on design issues and pitfalls, maintenance and repair

ldeal for engineers, technicians, students of consumer

electronics and sales and installation staff. As reviewed in

Silicon Chip February 2004. 319 pages in paperback.

PIC lil PRAGTICE by D w smith
New 2nd Edition - published 2006
Based on popular short courses on the PlC, for
professionals, students and teachers. Can be used

at a variety of levels. An ideal introduction to the
world of microcontrollers. 255 pages in paperback.

PIC MIGROCOI{TROITER -
PERSO]{AL II{TRODUGTORY COURSE
By John Morton NEW: 3rd edition 2005,
A unique and practical guide to gettino up and running

with the PlC. lt assumes no knowledge of microcontrollers

- ideal introduction for students, teachers, technicians

and electron¡cs enthusiasfs. Revised 3rd edition focuses

entirely on re-programmable flash PlCs such as 16F54,

16F84 12F508 and12F675.226 pages in paperback.

Atmel's AVR, from
JED in Australia

JED has designed a range of
single board computers and
modules as a way of using the
AVR without SMT board design

The AVR570 module (above) is a way of
using an ATmega128 CPU on a user base
board wilhout having to lay out the intricate,
sudace-mounted surrounds ofthe CPU, and
then having to manufacture your board on
an SMT robot line. lnstead you simply layoui
a square for four 0. 1 " spaced socket strips
and plug in our pre-tested module. The
module has the crystal, resetter, AVR-ISP
programming header (and an optional JTAG

ICE pad), as well as programming signal
switching. For a little extra, we load a DS1 305
RTC, crystal and Li battery undernealh,
which uses SPI and Port G.
See JED's www site for a datasheet.

AVR573 $ingle Board GomPutet

This board uses the AVR570 module and
adds 20 An /Dig. inpuis, 12 FET outputs, LCD/

'Kbd, 2xRS232, 1xRS485, 1 -Wire, power reg.

etc. See www.iedmicro.com'au/avr.htm

$330 PC-PB0M Programmer
This programmer plugs into a PC printer
port and reads, writes and edits any 28 ot
32-pin PROM. Comes with plug-pack, cable
and software.

Also available is a multi-PBOM UV eraser
with timer, anda32132 PLCC converter.

JED Microprocessors PtY ttd
173 Boronia Bd, Boronia, Victoria, 3155

Ph. 03 9762 3588, Fax 03 9762 5499

www.iednicro.com.au
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Mailbag: continued
JOIN THE TECHNOLOGY

AGE NOW
with

PICAXE

Developed as a teaching tobl,
the PICAXE is a low-cost "brain"

for almost any project

Easy to use and understand,
professionals & hobbyists can
be productive within minutes.
Free software development

system and low-cost in-circuit
programming.

Variety of hardware, project
boards and kits to suit your

application.
Digital, analog, serial RS232,

1-WirerM, and l2C facilities.
PC connectivig.

Applications include:
Datalogging

,Robotics
Measurement & ínstruments

Motor & lighting control
Farming & agriculture

lnternet server
Wireless links
Colour sensing

Fun games

of such a scheme are probably lower
power transmission losses and less
visual pollution, a more disbursed
power generation system [greater
disaster tolerance plus lower losses in
power transmission) plus 'base load'
generation becomes less of an issue.
Schemes such as off-peak hot water
would not be required to soak up the
spinning reserve power generation as
gas turbines are basically best used for
full load/turned off systems,

And why are trees seen as the only
way to recapture carbon from the
atmosphere? Surely faster and denser
growing plalts such as sug¿rr cane
would make more sense, Grow the
cane, process the cane and remove
the Sugar and bury the flbre pulp. The
sugar can be used to make fuel for use
in a co-generation system orbe used as

a source of hy.drogen for fuel cells.
As seems to be so common these

days, whenever something is proposed
by a government department or some
group or other, it seems that the pro-
ponents have a vested interest in their
proposals.

Ron Powell,
Minchinbury, NSW.

Comment: some recent proposals for
solar powerinvolve the use of molten
salt as the heat storage and transfer
medium to run steam-powered gen-
erators, This would probably be more
efficient and practical than any elec-
trolysis scheme.

Comment on Atten
oscilloscope review

I enjoyed reading the review of the
,\TTEN ADS7062C low-cost colour
digital storage oscilloscope in the
Fêbruary 2008 issue supplied by our
company for your evaluation, It was
refreshing to see that the reviewer re-
ally knew how to drive a DSO,

There was one minor point however
that could easilybe missed. The oscil-
loscope is supplied with switched x1l
x10 probes. It is possible to manually
adjust the setting on the sensitivity to
correct the readout on the screen for
different probe attenuation settings,
The scope actually operates from
2mV/div to 5V/div, This is displayed
when set for use with an "x1" probe.

It can even be set to work with a x100
probe.

In the case of the review it must
have been set for a x10 probe. In case
any of your readers got the wrong im-
pression or understood they could put
in signals of +0oV directly at 5OV/div
without a x10 probe, I just thought I
had better point out the true scope
performance. As mentioned several
times in the article, it's the same as
other more expensive scopes.

Charles Holtom,
Managing Director,
Trio Smartcal Pty Ltd.
www.biosm cal.coni.au

Valve radio of
considerable interest

I found the article by Keith Walters
on building a 3-valve radio [snlcox
Cme, January 2008) from everyday
materials of considerable interest.

I have made valve shields using the
tin-plate from tin cans. Just cut a suit-
able piece of tin-plate, wrap it around a
piece of dowel a little smaller than the
diameter of a valve and let it spring out
to suitthe valve size. Maybe you could
solder the edge ofthe shield or leave it
as is, and solder awire from the shield
to the chassis as Keith did.

Keith could haie even used 6BLB
valves all the way through the set, as
the 6BLB or 6UB make quite an accept-
able audio output valve.

Rodney Champness,
Mooroopna, Vic.

Energy efficiency
is just a marketing tool

I have been following some of
the debate and articles on energy in
your magazine. Our electricity usage
equates to about $30 amonth, up some-
what because of the equipment I use
for my research. Our energy effrciency
is achieved without double-glazing,
we use quite a few incandescent lights
and we have no insulation in either
roof or walls. Instead, we employ
principles of microclimate, ventila-
tion, daylight, etc.

I am doubtful that efforts to pro-
mote energy efficiency in homes and
workplaces will have any overall ben-
eficial effect; just as energy efficiency

(operating system) and work in the
background.

As you can see, it can be done, yet
the solution is not ideal, mainly be-
cause polling is an inefficient way to
implement your application.

Laptop recording
& software

I was interested in the article on PC
recording (Srltcott CHip, November
2OO7) as I am aboutto buy anewlaptop
computer for audiovisual work. You
mention the audio testing software
"Rightmark Analyser'i but how would
I test a new computer before purchase,
to see if it is suitable?

What are the preferred specs for a
Iaptop? Few of them appeil to be me-
dia-orientated with AV sockets fitted.
My old Pentium 400 had a separate
Pinnacle sound card in one of the
motherboard slots - this had a full set
of RCA in/out connectors on the rear
metal bracket.

I have spoken to four different
computer suppliers and they say that
any late model should do but can't
be sure. They're a bit vague, refer me
to someone else or don't reply. Even
a consultant who specialises in re-
cording has not replied. Yet I've seen
concerts being recorded straight into
laptop computers.

Enquiries to the PC user group for
technical specs are for members only.
So maybe I should join then investigate
this recording aspect. (P. S., Albert
Park, Vic).
o Anysalesmanwilltellyouthat ony
laptop will do the job but like anything
else (cars, stereo systems, washing
machines), some are better than oth-
ers. Some laptops have sound quality

which is atrocious (hum and noise,
poor frequency response etc) while
others are exemplary - it aÌl depends
on the manufacturer and the model.

Generally, cheap laptops have cheap
and dirty sound circuitry but a high
price is not always a guarantee of
high quality. However, there are a
number of ways of making sure you
get a good one:
(1) Take a copy ofthe analyser program
with you and ask to test it before you
buy it, Most places will allow this a¡d
if they don't then try (2) below.
(2) Make sure you get a "money back
guarantee if returned within X days"
deal and simply purchase the laptop,
Take it home and analyse it. If it's no
good, take it back and demand one
that works properly or you want a
refund.
(3) In the unlikely event that both of
the above are not possible, then get a
high-quality music sampler CD that
you know intimately and a set of high-
quality headphones - the best you can

get, even if you just borrow them. Play
the CD and listen to it on a known
system of high quality. Then try it on
the laptop in question,

Ifyou have good ears, then it should
be readily apparent if the laptop is
not up to spec - if you don't, then the
whole matter is rather moot anyway.
Chances are that if the manufacturer

-has gone to the trouble of designing
a good audio playback stage in the
laptop, then the recording section will
also be good.

As to what constitutes good specifl-
cations, just compare its performalce
with that of high-quality ampliflers:
2O-2OkJJz within +1 or 2dB; less than
0.1% distortion; -70d8 hum and
noise or better. There is no need to go
overboard on specifications. The main
thing is that the finished result sounds
good. Apoor quality laptop wiII soon
reveal itself in this regard because
results will simply not be pleasing to
the ear, even when everything else is
done correctly. sc

Distributed in Australia by

Microzed Computers
Pty Limited

Phone 1300 735 420
Fax 1300 735 421

www.m¡crozed.com.au
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PIR Sensor Triggered Mains Switch, February 2008: the O11 output men-
tioned in the text on pages 58 and 59 and on the circuit should be the O10
output.

Multi-Message Voice Recorder, December 2007: the resistor from pin 7 of
the HKB2B should be 47kQ and the parts list should show nine 47kQ resis-
tors and only one 10kQ.

UHF Remote Mains Switch Transmitter, February 2008: Transistor Q1 is
aBC327 (PNP) as listed in the parts list. The circuit labelling is incorrect.
In addition, the parts list should have 5 10kÇ) resistors not 4.

Electricity Saving Box, November 2OO7: the formula published in Fig.6
(page 26) should read: 0' = tan-1 (r,r (L - azcLz - CR2))/R = 59.98o which
leads to cos(e') = 0.5.

SlLlcoN Cnte magazine regularly describes projects which employ a mains power supply or produce high voltage.
All such projects should be considered dangerous or even lethal if not used safely.

Readers are warned that high voltage wiring should be carried out according to the instructions in the articles.
When working on these projects use extreme care to ensure that you do not accidentally come into contact with
mains AC voltages or high voltage DC. lf you are not confident about working with projects employing mains voltages
or other high voltages, you are advised not to attempt work on them. Silicon Chip Publications Pty Ltd disclaims
any liability for damages should anyone be killed or injured while working on a proiect or circu¡t described in any
issue of SlLlcoN Cnte magazine. Devices or circuits described in SrLrcoN Cnre may be covered by patents. Strcol'¡
CHIP d¡sclaims any liability for the infringement of such patents by the manufacturing or selling of any such equip-
ment. SILICON CHIP also disclaims any liability for projects which are used in such a way as to infringe relevant
government regulations and by-laws.

Advertisers are warned that they are responsible for the content of all advertisements and that they must con-
form to theTrade Practices Act1974 or as subsequently amended and to any governmental regulations which are
applicable.
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I have a question regarding con-
ventional (non-rechargeable) batter-
ies versus rechargeable batteries. Just
taking stardard "over the counter"
cells as an example (AAA, AA, C &
D), rechargeable cells always come
with a mÂh rating, whereas conven-
tional batteries (heavy duty, alkaline,
etc) do not. Iknowrechargeable cells
are 7.2Y a¡d conventional batteries
are 1.5V. But what I'm not clear on
is which type of battery would pro-
duce the highest short-term peak
current?

Obviously, if the i¡ternal resist-
ances were identical, then L.5V
would "push" more current into a
given load than 1.2V but is it that
simple? Are the internal resistances
similar in each type of battery?

Why don't conventional batter-
ies have an mAh rating and why do
some toys say not to use rechargeable
batteries? In my case I am looking at
modifying a launch controller for
model rocketry clustering. Launch
controllers in rocketry are used to
supply current to a Nichrome wire

igniter-head, which in turn ignites
the rocket motor. When clustering
(ie, igniting more tlan one rocket
motor simuLtaneouslyJ, it is essentia-I
that the controller provides a high
current for a short period (1-3 sec-
onds), otherwise the situation could
arise where one or more motors
may not ignite before lift-offoccurs,
which could lead to serious damage
to both the rocket and the pocket, to
say nothing of the potential hazard
to spectators!

This leads to my final question:
for a given number of cells (most
controllers hold four AA cells),
would the best solution be alka-
lines, rechargeables or the "newer"
non-rechargeable Lithium cells?
Any assistance would be greatly
appreciated.
o Non-rechargeable cells and bat-
teries do not have their capacity
stated because it really depends on
how you use them.

If used for a short time each day,
they will provide more capacity
tha¡ if used continuously. The cur-

rent draw also changes the available
capacity.

Rechargeable cells state the ca-
pacity because this information is
needed to be able to recharge them
and their capacity is fairly consistent
over a wide range of applications.

Some toys cannot be used with
rechargeable cells because they are
voltage sensitive and may not work
well with the lower voltage availabìe
from rechargeables. Rechargeables
can also damage toys with motors
because high current delivered to
a stalled motor can burn it out. In
general, rechargeables can deliver
higher currents than non-recharge-
able cells.

The current available from a cell
depends gn the chemistry and the
manufacturer. Generally, Nicad cells
can déliver the most cu¡rent but
these days NiMH cells can deliver
high currents as well.

In general, ifyou have any device
which can accept rechargeable cells
and you use it a lot, then rechargea-
bles are the better proposition.

@meffi@&W

Circuit board/components checked
OK. Any assistance wouldbe appreci-
ated. [R. R., via email).
o It appears there is a problem with
the LM317, To destroythe adjustment
trimpot and IC1 would suggest that
there is a high current flow in the ad-
just terminal or the output is somehow
shorting to the drain of the Mosfet.
Check that the Mosfet is isolated from
the box and that the regulator tab is not
shorting to the case with the securing
screw'

Digital instrument
display for fire truck

I want to use the Digital Instrument
Display (Sn rcoN Cme, August & Sep-
tember 2003) to convert the analog
temperature display on the engine
of a fire brigade truck belonging to a
volunteer brigade, so that I cal provide
a remote idiot light at the rear of the
appliance to shut down the engine
in the event of an over-temperature
condition. The problem is that the
vehicle is 24V.

Could you please advise on the

98 Sntco¡,¡ Cntp

mods required to run the display from
24V? (1. C., Mt. Dandenong, Vic).
o Change zener diode ZD1. lo 3OY
rating and the 100pF capacitor at the
input to REG1 to 35V, Change the 1kO
resistor at the collector of Q6 to a 2.2kÇ)
0,5W resistor and make sure C1 and
C2 are 35V.

Serial I/O controller
kit is a slave

I am really keen to build the Serial
I/O Controller kit but there's one ques-
tion that has been plaguing my mind
for months now. Is there any way to
interface this card with a computer
and have the card control functions
of software on the computer?

What I am trying to achieve is find-
ing a method of utilising this card to
run batch files on my computer to do
automated tasks should a condition
change onthe card's inputs. Is this pos-
sible? If so, whatmodifrcations would
I have to make. (J. H., via email).
o The Serial I/O Controllerpublished
in the November 2005 issue is a slave
device. This means that it sits and

waits for commands from the host
PC. Once it receives a command, it
executes it, and optionally sends data
back to the PC. It does not initiate data
transfers with the PC,

The set of commands that are avail-
able are explained on page 78 of the
November 2005 issue. For the applica-
tion that you have in mind, a simple C
program could be written that will run
on the host PC. It would continuously
monitor some condition, by periodi-
cally sending commands to the Serial
I/O Controller, and it would analyse
the received data, It would then take
action, such as executing another pro-
gram, if some condition is met.

In other words, the application you
have in mind can be implemented but
you will have to:
(1) Write a C program (or equivalent in
some other high level language) to poII
the Serial I/O Controller periodically
and analyse its output;
(2) This program must run on the host
PC and must be always running - the
host PC will have to be on for a start.
(3) This program will preferably
be loaded automatically by the OS

More on the
Peter Seligman articles

After reading the Peter Seligman
articles and the response by Dave
Waplington (SntcoN Crm, Febru-
ary 2008) and Peter's subsequent
comments, I need to add a couple
of points.

First, it is likely that within the
next 10 years we will see geo-seques-
tration of carbon dioxide commence
in Australia and obviously, the CO2
will be sourced from power stations,
not moving vehicles, The argument
that the electric vehicle just shifts
the source of emissions may have
to be revised, as it actually shifts
the emissions to where they can be
more easily contained.

Secondly, Peter Seligman says
LPG and natural gas are similar
and makes comparisons between
LPG vehicles and natural gas power
stations. Natural gas burnt in the
power stations is mostly methane
(CH4) whereas LPGis mainly amix-
ture of propane ard butane (C3Hs
& C4H1o), These are derived from
t]re condensate of the raw natural
gas and comprise about 5% of its
volume, Petrol is about equivalent
to octane [CsHrs) or higher, and
usually also contains branched and
cyclic hydrocarbons.

in tralsport not turn the tide of
increased consumption.

I was disappointedbut not surprised
to read ofthe debacle regarding incgn-
descent lights in Australia. Here in NZ
we have an equally stupid new law
requiring double-glazing.

The reality is, I strongly suggest,
that energy conservation will simply
end up as a marketing tool. In other
words, "more product" is the underly-
ing philosophy, backed up by the iron
hand of legislation.

Stephen Butcher,
Carterton, NZ.

Energy saving can be illusory
Following on from the topics on

energy savings, there was a recent
story on 'Today Tonight' covering the
dangers of leaving devices on stand-by
power. In particular, this story targeted
TVs whichwhen Ieft on standbyhave a
high risk of starting fires, In the story, a

It is clear that the higher the mo-
lecular weight of the hydrocarbon
fuel, the higher is the proportion of
carbon, so that while CO2 emissions
from burning methane are about half
those from petrol or diesel, those
from LPG are only slightly better. A
rough calculation I did when work-
ing on this subject at Mitsubishi
indicated a CO2 reduction of about
'l.O-'1.5o/o. This is not to be sneezed
at but is not in the same league as

natural gas.
It is possible to convert vehicles to

run on natural gas but filling stations
are scarce. I understand that there is
only one here in,tdelaide. About 20
years ago, the gas supply company
SAGASCO (now taken over by Ori-
gin Energy) was experimenting with
a small home compressor which
could recharge a CNG vehicle ta¡rk
fromthe gas mains. The compressors
were madeby Sulzer of Switzerland
but SAGASCO didn'tpushthe idea,
perhaps because of the road tax
problem.

They reported that their CNG ve-
hicles such as Falcon utes and vans
had reasonably good driveability but
somewhat reduced power ald range
compared to LPG.

David Inkster,
Meadows, SA.

brief mentionwas made about a device
called the "Power Genie" developed
by Electronic System Integrators Pty
Ltd and used to switch off devices at
a single point - see http://www.pow-
ergenie.com.

I have looked at the site on the
Power Genie with some interest and
I am left wondering, They are selling
this product on the idea that it turns
devices off centrally, yet looking at
its operation, it is constantly plugged
into power and you have a control-
ling device to turn it on (ie, you have
to leave it on standby to then operate
by remote), So in effect, it's a product
sold onreducing and savingpower and
also turning off devices on stand-by,
yet this device itself seems to need to
be on standby.

What is the benefit of sûch a device
over, say, a power-board with a switch
to turn off everything?'

Perhaps the true workings of this
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in the world. . .

you can too

"TIte best speaker*
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Mailbag: continued

Electric vehicles
not yet available

Recently i decided to seII my
Toyota sedan and to make a serious
attempt to import an electric vehi-
cle, In Cape Tor,rm, this proved to
be practically impossible and afte¡
several months, I gave up.

Even if it had been possible to
import one, I wonder whether any-
one would have been capable of
servicing and repairing it. Instead, I
imported a Bajaj Pickup from hrdia, a
successor of the original 1948 Vespa
Ape, which is serviced andrepaired
locally. So far, fuel efficiency is
3lh00km. Compare this with 5.6-
1sli 100km for a typical sedan.

Not only that but it is very usefuI
and great fun if one isn't deterred
by a top speed of about 60km/h! So
here is someone who aspired to an
electric vehicle but the times did not
yet favour it.

Thomas Scarborough,
Cape Town, South Africa.

device could be covered in an article
in Sucotl Crup. This could then flow
onto a project on something better
which you could position anywhere
and centrally turn a number of devices
off (and where the device itself does
not need to be controlled by another
device to turn on).

I am beginning to find that this
whole issue about saving energy and
the environment is becoming a big
'con' on society, with everyone get-
ting on the bandwagon and using it
as either a political grab or as a means
of sucking more hard-earned income
from individual consumers. If the
world governments really wanted to
improve the environment, then the
first point of the agenda is to release
our reliance on oil ald fossil fuels.

I was dumbfounded by a report
which said that we should be taxed
to force new 'green' technologies.
http ://www.news. com. au/business/
story/O,2363 6,2242 ttzt-462,00.html

Flavio Spedalieri,
Frenchs Forest, NSW.

Comment: Stuco¡rt Cw has produced

Comment: itwould certainlybe eco-
nomical but we like the protection
of a real motor vehicle with lots of
airbags and structural crush protec-
tion - which means that we might
be able to have a major collision
and stilL come through relatively
unscathed.

two projects which are relevant: (L) the
PowerUp in luly 2003 and the USB
Power Switch in the November 2004
issue. See also the Remote Controlled
Mains Switch in this issue. It can be
used in conjunction with a poweF
board.

Efficiency question on Signature
Series loudspeakers

There appears to be an error in the
sensitivity of the Signature Series Kit
Loudspeaker article, I have no doubt
that these are effrcient speakers and I
know the tweeter is capable of the ef-
ficiency quoted, however the woofer
is not,

The speakers are reported to have
an effrciency of 92,5dB/1m/1w This
is not possible as the drivers only
have an efficiency of aadBi rm l2.B3V
(or -B7dB/LrnlLW with a 6-ohm
minimum impedance), so for the 260
series speakers with parallel drivers,
the woofers will have a sensitivity of
-godB l t ml tW or -93d8 l lrî1 2.83V.

Although the 2.83V measurernent
is more realistic for normal use, as

almost all amplifiers are voltage con-
trolled, quoting it as a 1W flgure is still
misrepresentation. Having said that,
the realistic flgure of 90dB/1m/1W is
still very respectable and I commend
you and Russell Storey on a very
well-designed speaker. There would
be very few commercial speakers that
will come close to the level of the
Signature Series.

Chris Lister,
Brisbane, Qld.

Russell Storey comments: the 260
Ribbon Speaker wls measured using
an LMS Speaker Analyser which is
calibrated in true SPL dB (speaker
prcssute level). A BùK laboratory rcf-
erence microphone pressurc calibra-
tor @ 94 SPL dB is used to calibrate
the microphone and LMS Speaker
Analyser mezsurement system be-

fore any measuîement is made. A
constant amplitude sinewave sweep
set to 2.83V RMS across the speaker
terminals is used as a rcference point
only. The microphone distance is set
to one metre, centred on the tweeter
axis, Up to 40 different readings are
taken over a period of two hours and
then averaged.

The 260 sensitivity is quoted at
92.5d8 SPL under all of the above
conditions and is on overage over the
400H2 to 1}kIIz region,

Ambient temperature is the mo st im-
portantfactor in measuring any loud-
speaker system; this was set at 22"C.
SPL dB of any tuansducer [speaker)
canvaryby as much as +SdB to +6dB
in the ambient temperature range
from B -3 5 "C. Other factors that change
trans duc er me asure me nt rc adings arc
humidity, barometric ptessure and the
effect they have on the microphone
capsule, transducer motor (magnet)
system, voice coiL, compliance of
the cone and spider materials and
heating losses in component in the
CTOSSOVET,

Measuring any loudspeaker trans-
ducer or speaker system's rcsponse
and specifications is like measufing a
"sponge with apair of metal callipers".
Every time you measure the sponge
diameter you will get a different set
of readings.

Russell Storey,
Súones Sound Studio.
http ://www. stonessoundstudio.
com.au/ sc

EþffiembtuA[ffi
I went to a Jaycar store with the

intent of purchasing your electronic
tachometer. The salespeople allowed
me to read the directions/informa-
tion that accompanies this kit but it
was not obvious if I could use the
tachometer because the salespeople
and the article were vague about
how the tacho picks up the signal
from the coil,

I want to use it with a Suzuki
DR650 motorbike. As far as I know
it has electronic ignition because
everything does these days. It has
no engine management system and
I doubt that it has electrical connec-
tions for adding a tacho,

,{ny help would be appreciated, I
don't want to pay about $60 and not
be able to use it. (R. 8., via email).
o The tachometer detects rpm sig-
nal either f¡om the ignition coil or
from the ignition pickup sensor, In
cars, the sensor is usually a reluctor,
HalI Effect device, optical pick-up

or points. With a motorcycle, things
are different ald often the ignition
is a very basic Capacitor Discharge
Ignition (CDÐ that comprises ahigh
voltage magneto coil and a magneto
pickup. The high voltage is used
to charge a capacitor which is ul-
timately dumped into the coil by a

signal from the magneto pickup. A
small electronic circuit comprising
the capacitor and an SCR is used to
dump the capacitor's charge,

The tachometer can generally be
used if it connects to the magneto
pickup. Although the tachometer
has been used on these CDI motor-
cycle ignition systems we ca¡rnot
guarantee that it will work with all
motorcycles. The tachometer will
not operate on the coil side because
of the short firing pulse from CDI
ignitions.

Note that most motorcycles aI-
ready include a tachometer as stand-
ard equipment.

He!ping to put yoLr in Control

Controllers
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Ph: 03 9782 5882

www.ocea n controls. com.atl
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r, PT100 RTD and J
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xel Controller Card
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I relays, I digital
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quality SSR's
4-32VDC, 80-

il and Panel
Heatsinks for

vices? I presume the transistors I have
are genuine On Semiconductor as they
have a circle printed with "ON". (N,

J,, via email).
a Yes, these are ideal substitutes.

Offset problem in
Studio 350 amplifier

I have constructed two Studio 350
amplifier modules [SntcoN Crm, Janu-
ary/February 2004) from kits supplied
by Altronics. For each kit, adjusting
VR1 never brings the output to 0V;
rather it adjusts between 120mV to
10mV from one extreme to another.
Curiously, one kit stays positive with
respect to ground [+12OmV to +1OmV
over VR1's range) and the other stays
negative (-10mV to -120mV). With
VR1 in its centre, the offset is about
+3SmV in both cases. VR2 adjusts the
idle current just fine,

I have not yet tried removing the
4700 set-up resistors and applying
a signal, as I am not particularly
keen on using something that hasn't
passed its tests, I have checked all the
voltages against those printed on the
schematic in the article and they're
all within about 20%, although some
only barely.

siliconchip.com.au

The power rails measure 72,5Y
rather than exactly 70V and I have not
yet hooked up both amplifier modules
at the same time, I am considering
swapping the 2SA10B4 transistors
fromthe long-tailedpair in case t}rey're
poorly matched enough to cause this
issue. [M,I., via email).
o This is a question of input transis-
tor matching, Try swapping in some
different input transistors to see if
you can get a better match. However,
if you can get the output offset down
to 10mV that really is good enough

- far better than most amplifiers. it is
really only important if you are driv-
ing a transformer-coupled loudspeaker
such as an electrostatic.

Short circuit in
NiMH charger

I recently built the NiMH Charger
from the September 2007 issue. It
made all the settings/adjustments OK
with the trimpots but when I connect
batteries (2 xAA)for charging, the volt-
age regulator (LM3171, trimpot VR6
and IC1 all overheat and fail. The DC
power supply is rated for 22Y @ 3A.

My previous Nicad charger projects
from Suco¡l Crm are still going strong,
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ASK SILICON CHIP

Query on
PC board layout

Looking at the power supply PC
board for the Studio Series Preampli-
fier (Sn tcoru CHIp, October 2005), why
do the tracks from REG1 & REG2 go to
the external terminals first and then
back to D5 and D7? Why don't D5 and
D7 connect directly to REGI & REG2,
as shown in Fig.10 on page 31? (J. E.,
Silverwater, NSW),
o This is an interesting question,
j. E,, and it highlights the fact that
many aspects of the topology of our
PC board designs never get a mention
in the articles - we simply don't have
the space.

In this case, notice that diodes D5 &
D7 are in paraÌÌel with the 100f) sense
resistors for the adjustable regulators
and it is the connections of the 100Q
resistors which are important, not the
diodes. By connecting the 100Ç) resis-
tors to the output terminals in the way
depicted, any small voltage loss in the
copper tracks from the OUT pins of the
regulators to the external connectors is

automatically compensated for.
This is a small point, admittedly, but

it does improve the circuit perform-
ance. And since the diodes need to
be in parallel with the 100C) resistors,
they are connected to the same PC
tracks. Normally of course, the diodes
do nothing.

Puzzlement with
kit assembly

I recently bought a kit for the 20W
Class-A Amplifier from Altronics in
Auburn and have so far put everything
together quite easily. However, there
are a couple of anomalies which I hope
you might throw some light on.

First, the power amplifier circuit
shows a 15OnF 25OVAC capacitor and
this is also printed on the amplifier
boards (near the inductor), The one
supplied with the kit is marked 15OnF
but 1-00VAC Vishay. Is this a problem?
The hole centres suit the (smaller?)
supplied cap, so I've installed it, as-

suming it will be OK. Can you please
advise?

Second, could you please explain
how to use the tiny little links LK1,
2, 3 & 4 on the preamplifier board
(SrrtcoN CHII, AugusT2oOT, page 20)?
AII four supplied in the kit appear
identical. I've not encountered this
type of component before and don't
understand from the instructions
exactly how they're meant to fit or in
fact, exactly what they do,

The instructions mention the head-
ers have pins but those supplied do
not, just a little sliding socket which
can be pushed out. Is LK2 on top
while LK1 is underneath? Similarly,
is LK3 on top and LK4 below? Your
help would be greatly appreciated, as

I don't understa¡rd tìe instructions. On
page 18 of the August edition, links
are mentioned and the photo on page
21 shows what looks like a gold pin
sticking up fiom underneath, (K. P,,

via email).
o The 100VAC capacitor is fine, You
install the four 2-pin headers as shown
on the PC board. Then, the link itself
is the little top sliding section - this
shorts the two pins of the header
together.

Defective brownout
protection

A while back I built the Appliance
Energy Meter (SIrtcoN CHF, |uly &
August 2004). Ibuilt it with the added
brownout protection but the device
doesn't seem to restore to normal func-
tion once battery operation has been
activated. I have just disconnected the
battery and it seems a waste not to use
the relay. (,t.R,, via email).
¡ Make sure the 9V battery is an
alkaline type and is fresh. Standard
9V batteries do not seem to be able to
supply the necessary current.

Better transistors for
the class-A amplifier

For the 20W Class-A Ampli-
fier, is it possible to use MIL1302A &
MJL32B1A transistors instead of the
specified M1L21.1.53 & MJL21194 de-

I bought a High-Energy Ignition
kit (SIucoN CHIP, December 2oo5
& January 2006) for use in a 1939
Packard which is running a 6V nega-
tive-earth system, Can you tell me
if it is suitable for this a¡rd if so, is
there anything special I need to do
to make it run?

I built the kit but have had prob-
lems with the engine cutting out
after about 10 minutes. This has hap-
pened three times, coincidentally
cutting out after running around 10
minutes each time. I have LK1 in the
normal position, LK2 in the 0.Sms
position and LK3 in normal, I have
also tried it in the point's position.

Are there any bench and in-car
tests I can perform which will help
verify that the circuitry is OK? (S.

L,, via email).

o This ignition system was not
speciflcally designed for 6V but
it should work with minor circuit
changes. In particular, the 100Q 5W
resistor for the base of transistor Q1
should be 47o- 5W instead. Insuf-
ficient base current for Q1 when
using the 100f1 resistor (at 6Vl may
be the cause of the cutting out. We
also recommend using a 47fJ 5W
resistor for the points' resistor.

One possible problem could be
that the collector is arcing across to
the case. Check that Q1's collector
(the metal tab) is isolated correctly,
using the washer and bush. Check
that there are no sharp protrusions
that may puncture the washer. The
hole in the box must be chamfered
so there are no sharp edges that can
cause an arc-over.

t 7ou mieht have seen adverts on

Y th. Seien &Tennetwork slating
I that lheir new High Definitioñ

(HD) TV programs are now available.
New Zealand is also converting, with
HD Digital on air in allmajorpopulation
centres, ready for the start ofthe Beijing
Olympics on Bth August 2008.

Perhaps you have been thinking that
you will be able to get the new HD
programs with your existing standard
definition (SD) set-top box (STB) or
SD digital tuner, Well, think again, It
doesn't work that way,

If you want to see HD programs, you
will need an HD tuner, even if your
present display cannot show them in
the needle-sharp focus of HD.

siliconchip.com.au

In Australia there are HD and SD

receivers. SD programming will
eventually die out with the advent of
HD-only programming but an HD STB
can produce an SD signal for analog
receivers. So even ifyou decide to stay
witl your present analog TV set, it will
still be possible to watch all the new
high-definition fiee-to-air programs,
provided that you have an HD STB,

The clock is definitely ticking on
analog TV broadcasts, Senator Conroy,
the Minister for Broadband, Commu-
nications and the Digital Economy,
has set the switch-off date for metro-
politan analog TV as December 2009,
with all analog transmissions to cease
by 201-3.

So there is no escaping it, if You
want fiee-to-air TV programs in the
near future, you ale going to have
to "go digital" and realistically, that
means "go HD".

But why wait? Why not enjoy all the
advantages that HD TV has to offer,
right now? The main advantages are
more programs, much better picture
and sound quality and no ghosting.

If you want to watch HD programs,
you must obtain:
1) A wide screen TV which incorPo-

rates an HD tuner or
2) An HD Set Top Box (STB) which

will receive digital signals and con-
vert them into a form a conventional
receiver can display or a standard

Perhaps you are blistf"ily unawere of ft -
but the Ãustralian Government plans to progressively switch off
all analog TV transmitters, starting in less than two years_time.
And High Definition digital TV progroms ore now being shown
on "free to uir" commercial, ABC and SBS TV. Those programs
are not available vio Standsrd Definition digital tuners or set-
top boxes. So whet do you need to do?
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video recorder cal record via its
AV inputs or

3) An HD Personal Video Recorder
(PVRI. This device will receive
digital signals and display on a con-
ventional or wide-screen display
(and/or record them if you wish).
And while it might seem obvious,

you need a suitable antenna to receive
the digital signals. Your existing an-
tenna may not be good enough,

If you live in a home unit, your
building's Master Antenna Television
(MATV) system will need upgrading
to pass the channels used by digital
TV.

The cheapest and best way to do this
is for all residents to obtain either a
STB or PVR first. They may notreceive
all stations at this stage. Then get the
body corporate/building owner to
upgrade the MATV system to digital
channels. The installation should be
made according to Australian Stand-
ard 451367: 2OO7.

The cheapest option is to install
STBs near the antenna instead of
retuning the channel amplifiers. One

STB will be required for each digital
channel. The STBs will be used to
convert the digital signals back to
standard definition analog.

However, this approach will pre-
vent you seeing High Definition
signals and multi-channel sound on
your expensive new TV, And it will
probably prevent you seeing the new
HD and the supplementary channels
aìready available. See

If you live in a free-standing home
or dual-occupancy dwelling, you will
need to check to see if you get reli-
able digital reception, particularly in
the rain.

Check that the picture does not
break up into little squares, the sound
notgo off and on orthatthe "no signal"
sign appears.

If any of these things occur, then
you require an antenna designed for
digital reception (not "digital-ready")
in your viewing area. The antenna
cabling may also need replacing. We
hope to have more to say on digital
antennas next month.

HD set-top boxes are getting cheaper
all the time. Over the Christmas
period, Aldi stores had an HD STB
available on special at just $99 (down
from $119) while Coles supermarkets
have had.them even cheaper at $79.
You could also pick one up on eBay
for less than $50 (but watch those
postage charges!).

At the same time, we have seen
standard deflnition (SD) STBs on sale
for as little as $35.

However, in view of the above re-
marks aboutHD programming, we see
little point in buying an SD STB. In
fact, we forecast that once the general
public understands their limitations,
SD STBs will shortly disappear from
the market.

PVRs are also becoming cheaperby
the day and they are a very good option
if you want to record a HD program
at a particular time while you watch
another HD [or SD) program, This is
easy with most PVRs since they usu-
ally have two inbuilt tuners.

PVRs are similar to a VCR but with
some distinct advantages. The first of
these is the Electronic Program Guide
(EPG), This is where the broadcaster
sends out via their transmissions the
names of all programs to be shown for
the coming week. You cal then select
the programs you wish to record by
name, No more worrying about start
and stop tirnes, channel number etc.

Another advantage is Time Slip re-
cording, which enables you to pause
the program you are watching, while
the recording process continues. You
can then start playing where you
left off while the recording is being
completed.

Since the recordings are made on a
very large hard disk (typically 160G8
or 250G8), there is no waiting for a
tape to wind to the right place; it is
just like playing a DVD.

will be strained if the lead wires are
accidentally pulled.

The way to do this is as follows.
First, cut a small rectangle from an old
PC boa¡d, making it exactly the same
size as the clock PC board (so that it
will slide into same case slot). That
done, cut a 3mm hole into the side of
the movement case near the board slot,
then bring the ends of the lead wires
in through the hole a¡d solder them
to two pads on the new "termination
board". Finally, solder the coil wires
to these same pads and reflt the back
to the clock movement.

The driver module itself can be
mounted next to the clock module.

In our case, the module was attached
to the wooden dial 'plate'using a pair
of 6Gx gmm self-tapping screws, with
an M3 nut and flat washer under each
to act as spacers.

GPS reference connections
As mentioned above, a length of

2-pair telephone extension cable is
used to connect the driver module to
the GPS Frequency Reference. To do
this, we suggest fitting an extra DB-9
socket on the rear panel of the GPS
Frequency Reference, just above the
holes for the GPS 1Hz ard phase error
pulse outputs - see photo at left.

That done, use three short lengths

of hook-up wire to make the connec-
tions inside the unit to three of the
pins on this added socket. One lead
goes from the socket to the main board
ground, another to the +L2V line and
the third wire to the rear of the "GPS
1Hz" output socket.

Now flt a matching DB-9 plug to the
end of the cable from the clock driver
module. Be sure to connect the leads
to the correct pins on this plug, to mate
with those on the new DB-9 socket.

It's now just a matter of testing it out.
Connect the DB-9 plug to the socket,
apply power and check that the clock
immediately starts ticking. Its second
hand should step in time with the
flashes from the "GPS 1Hz" LED on
the GPS Frequency Reference.

All that remains when you get to
this stage is to set the clock movement
to the current local time. If you want
the second hand to read correctly as

well, the easiest way to do this is to
first unplug the clock connection from
the rear of the GPS Frequency Refer-
ence when the seconds hand is in the
12 o'clock position,

That done, set the minutes and
hours hands manually for the start of
the next minute and then, as soon as

the UTC seconds display on the Fre-
quency Reference's LCD reaches "59",
plug the connection back in again to
restart the clock.

If you time this reconnection cor-
rectly, the clock will now display local
time accurately (to the second) - and
will continue to do so as long as GPS
1Hz pulses keep arriving, SG

The driver board can be connected to the GPS Frequency Reference via a length
of z-pair telephone cable fitted with a DB-9 plug. This can plug into a matching
DB-9 socket mounted on the rear panel, just above the "GPS 1Hz" output socket,
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Here's the rear view of the STB above. At left is the standard coax antenna input and loop output sockets. Alongside is the
coaxial (digital audio) and S-video socket, followed by the I Pb and Pr component video sockets (labelled HD OUT), The
next three sockets are component video (yellow) and L/R audio (white and red). Immediately alongside this is a D-socket
for use with a VGA computer monitor. The next four sockets are the interesting ones: DVI out (for projectors, etc), the
HDMI output we've discussed in the text; a USB socket for USB devices and finally, the optical, or TOSlink audio socket.

Melbourne
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Fax 03 9889 0715

Brisbane
Tel 07 3275 2183
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Tlüs Tevion brand HD STB was on sale earlier this year for less tbai
(see the review in this issue). And we've seen them for 950 or less
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ICld or pin 3 of ICla will pulse low,
depending on the current state of
flipflop IC2a.

This causes either IC3 or IC4 to
trigger, pulsing its output pin to the
+5V level for the duration ofthe pulse
(about 100ms) and hence driving a

pulse of current through the stepper
motor coil in one direction or the
other. The next pulse (about 900ms
later) then triggers the other 555
output driver, resulting in a current
pulse through the coil in the opposite
direction.

Power for the circuit can be derived
from any 12V DC source, including
the 12V DC rail used to power the
GPS Frequency Reference, This is ap-
plied to a low-power regulator (REG1)
which delivers a +5V rail to power
the circuit.

The two 47pF capacitors and the
100nF capacitor provide supply de-
coupling and filtering.

Building the module
All of the driver module circuitry is

mounted on a small PC board coded
04103081 and measuring just 46 x
3Bmm. This is smaÌl enough to mount
in the back of most wall-type quartz
clocks, alongside the movement.

Fig.3 shows the assembly details.
No particular order need be followed
but we suggest that you install the
wire link first, followed by PC stakes
at the five external wiring points. The
two resistors and the capacitors can
then go in. Take care to ensure ihat the
two 47pF electrolytics are orientated
correctly.

That done, you can instali regulator
R-EG1 andthen complete the assembly
by soldering in the four ICs. Be sure
to orientate the ICs as shown on Fig.3
(ie, with pin 1 at lower left) and be
careful not to get IC1 (40938) and IC2
(40138) mixed up.

The two terminal pins on the left
marked CC1 and CC2 are used to termi-
nate the leads from the clock's stepper
motor coil (see below). In addition,
you have to make three connections
to the GPS Frequency Reference - ie,

+12V GND and the 1Hz GPS pulses,
A ìength of 2-pair telephone cable can
be used for these connections.

Modifying the movement
It's not difficult to modify the quartz

clock movement so that it can be
driven by this module, The first step is
to remove the back and then the clock's
PC board. The latter usually fits into a

slot at one end of the movement's case.
If the battery contacts are attached
directly io the PC board, these can be
removed as well.

As you are removing the PC board,
you'll find that there are two fine wires
from the stepper motor coil soldered to
it. These two wires must be carefully
desoldered from the board, after which
the board can be discarded.

The next step is to connect a short
length of light-duty 2-core cable (eg,

a 200mm length of rainbow cable)
between the coil wires and the CC1
& CC2 terminals on the driver board.
This should be done in such a way that
neither the joints nor the coil wires

There are many
ways to "skin a cat"
- some better than
others. Ifyou have
the option, the best
is to use an HDMI
cable to connect
a personal video
recorder to the TV
- especially if it is
an HD type.

Subtitling for the hard of hearing's
data is also recorded along with the
program so you can choose whether
you display subtitles on playback or
not.

HDMI or component video?
HD STBs and PVRs should be con-

nected to your TV set or projector by
HDMI or component video cables.
HDMI stands for "high definition
multimedia interface ".

But which one should you use?
HDMI or "component video"?

HDMI has the following advan-
tages:

¡ It can carry the three colour sig-
nals and up to eight channels ofsound

Better

Best

on a single cable.
o It can tell the display what type of

signals is being sent so that the display
can automatically adjust,

. It can convey control commands
for other devices. So for example, a

single remote control can be used to
control the PVR, etc.

o It can carry the High Definition
Copy Protection (HDCP) signals.
There is talk of onÌy outputting Full
Definition (rgzo x 1080p) signals to
the HDMI output only. This will par-
ticularly affect High Definition DVDs
such as BlueRay and may actually be a
drawback in the future, as far as most
users are concerned, since HDCP is a
copy prevention method.

FROM GPS

FREQUENCY
REFERENCE jl

1 PPS

GND

+12Y

Fig.3: install the parts on the PC board as shown in this layout diagram and the photo at right, Take care with
component orientation when installing the ICs and the electrolytic capacitors.

a piece ofscrap PC board as shown in the above photo (see

text). These pads also terminate the leads from the driver
board. The photo at right shows the completed driver
module mounted in the back of the clock case.

Antenna input
High Definition

Antenna input

HDMI or
Component
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For the complete "home theatre"
experience, you'll need a 5.1-

channel amplifier along with
the DVD and PVR. While the
subwoofer is shown centre
rear in this diagram, it can in
fact go just about anywhere
as low frequency sound is, for
all intents and purposes, non-
directional.

Y, Pb and Pr signals.
The sharpness of the image will be

controlled by the resolution of the
display but the accuracy ofthe colour
should be a little better using HDMI
compared to component video.

In essence, your ultimate picture
quality will depend more on the reso-
lution a¡rd video conversion processes
inside your video monitor or projector
than on whether you have selected
a component video or HDMI cable
connection,

HDMI uses only one cable
HDMI does have the convenience

of only using one cable connection in-
stead of three in the case of component
video (plus an extra two for the Ieft
and right audio channelsl but when
you consider that component video
cables are always moulded together
to give one flat "cable", albeit with
three RCA connectors at each end, the
advantage is small.

Nor is there much advantage if you
are using a video projector since you
don't have to worry about connecting
audio cables (although you do have to
connect separate audio cables to the
amplifier).

HDMI cables are not normally
included when you purchase HD
equipment and have to.be purchased
separately - and they are also more
expensive than equivalent high qual-
ity component video cables, In fact,
they are very expensive for lengths
between 'L}-21rn. Cheap HDMI cables
can be a problem at lengths above 5m,
with the most frequent symptom being
"sparkles" in the picture followed by
complete dropout.

For HDMI cables longer than 10-
15m, you may need an HDMI repeater
such as the one sold by laycar EIec-
tronics (Cat AC-1698 at $79.95). This
is powered by a plugpack,

HDMI cables also present problems
for installers, This is because you pres-
ently cannot buy HDMI cable and then
fit it with connectors - you must buy
the complete cable with connectors fit-
ted at each end, This can make it very
diffrcult to pull such a cable through
wall cavities without damage.

Long component video leads can
also be a problem, especially if they
use cheap cable. The result is picture
blurring.

For projectors, component connec-
tions are an alternative to the high
cost of HDMI. However, blurring of

ó- rcrb
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This means that using the 1Hz
pulses from the GPS Frequency Refer-
ence to drive such a clockmovement is
quite easy. All we have to do is provide
a simple driver circuit which accepts
the 1Hz GPS pulses and in turn applies
brief current pulses to the stepper mo-
tor coil in the same alternate-polarity
manner as the normal clock electron-
ics. And that's exactly what we do in
this project.

Circuit details
Refer now to Fig.2 for the complete

circuit details. It can basically be di
vided into two logical sections.

The first section comprises the
NAND gates of IC1 and flipflop IC2a.
This section separates the stream of
1Hz pulses coming from the GPS Fre-
quency Reference into two streams of
alternating 'odd' and 'even' pulses,

The second section comprises 555

Fig.2: the circuit uses NA,ND gates ICla-ICld and D-type flipflop IC2a to
separate the incoming 1Hz pulses into alternating "odd" and "even" pulse
streams. These pulse streams then drive IC3 & IC4 which in turn drive the
clock coil.

Q-bar outputs (pins 1 & 2 respectively)
toggle back and forth in complemen-
tary fashion, in response to the incom-
ing pulses,

IC2a's Q output is fed to pin 13 of
IC1d, while its Q-bar output goes to
pin 2 of IC1a. As a result, ICld and
ICla separate the 1Hz pulses into two
alternating streams, each controlled
by the toggling outputs of IC2a. The
'odd' tHz pulses (inverted) emerge
from pin 11 of IC1d, while the 'even'
pulses falso invertedJ emerge from
pin 3 of IC1a,

These two separated pulse streams
are then used to trigger 555 timers IC3
& IC4 which are used here simply as

inverting drivers. As you can see, the
clock's stepper motor coil is connected
between their two pin 3 outputs via a
390Q current limiting resistor.

During the gaps betweentlre pulses,
both IC3 and IC4 are in their 'off'
state, with their pin 3 outputs both
switched low. As a result no current
flows through the stepper motor coil.
However, each time a pulse arrives
at IClb's pin 6 input, either pin 11 of
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which only has one bit change at a
time in the channel So if interference
is picked up, ali channels receive it
and it is ignored,

At the same time, it employs "Dif-
ferential Signalling" whereby when a
"1" is being sent one wire of the pair
goes to +250mV while the other goes
-250mV with respect to earth, They
reverse when a "0" is being sent. This
gives noise immunity, Error correction
is also applied to the sound and control
signals (but not to the colour signals).

The signals are sent as identifiable
packets, so the same wires are used
for picture and sound.

An HD colour signal consists of a
Iuminarce (Y) signal. It shows as a
black, grey and white signal in sharp
detail. The picture is then "coloured
in", by using a Pr signal which colours
it either red or aqua, or a Pb signal
which colours it blue or yellow. The
green and purple colours can be de-
rived from the above three signals.

Component video is not much dif-
ferent, with the analog colour informa-
tion also split three ways: luminance
(the "Y" or green channel, represent-
ing the total brightness of the imageJ;
Red minus Luminance (the "Pr" or red
channel); and Blue minus Luminance
(the "Pb" or blue channel),

The horizontal and vertical sync
pulses are delivered on the Y chan-
nel. The video display calculates the
values of red, green andblue from the

ffi I PPS OlllGK IIRIUER

timers IC3 & iC4. These drive the step-
per motor coil using the two separated
pulse streams.

In greater detail, the incoming
1Hz pulses are first fed through IClb
which is connected as an inverting
input buffer. Note that pin 6 of IClb
is tied to ground via a 100kO resistor
to prevent it from 'floating high'if the
input cable is disconnected from the
Frequency Reference.

IClb's output appears at pin 4 and is
fed in two directions - to pin I of IClc
and to the clock input (pin 3) of IC2a.
IClc simply re-inverts the signal and
its pin 10 output is then fed to pin 12
of ICld and to pin 1 of IC1a.

IC2a is one half of a 40138 dual
D-type flipflop (the second flipflop in
the IC is not used here), As shown, its
Q-bar output is connected back to the
D input, so the flipflop is configured
in toggle mode, As a result, its Q and

Front

Parts Lflst

1 PC board, code 04103081,46
x 38mm

5 PC board terminal pins

Semiconductors
1 40938 quad CMOS Schmitt

NAND (rC1)
1 40138 dual CMOS flipflop

(rc2)
2 555 timers (lC3,lC4)
1 78L05 low-power 5V regulator

(REG1)

Gapacitors
2 47¡tF 16V RB electrolytic
1 100nF monolithic ceramic

(code 104 or 100n)
2 10nF monolithic ceramic

(code 103 or 10n)

Resistors (0.25W, 1%)
1 100ko
1 390ç¿
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Front 1\
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Rear {

. The signals are not converted into
analog. This is an advantage because
the display will have to digitise com-
ponent signals, so that the image can
be stored for display. Thus digital to
analog and an analog to digital conver-
sions are eliminated,

. Finally, it allows the transfer of the
xvYCC colour signals to the display.
This gives a greater range of strong col-
ours, ifthey are present on the disc.

But in spite of the above, there is
presently no clear-cut advantage for
HDMI over "component video", While
HDMI is a digital format, it does not
have error correction and therefore
long cable runs can be more problem-
atical, with possible signal dropouts,
than the analog "component video"
connection.

To explain, both HDMI and analog
component video deliver signals as
three discrete colour components,
together with sync information which
allows the TV or projector to produce
the video display.

HDMI delivers these via three data
channels in a format called TMDS
(Transition Minimised Differential
Signalling). The TMDS format basi-
cally involves a blue charnel to which
horizontal a¡rd vertical sync are added
and separate green and red channels.

TMDS involves two schemes to
minimise noise and interference.
"Transition Minimised" refers to the
conversion ofthe signal to Grey code,

1.2 Stttco¡rt Cnrp
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tr No. Value 4-Band Gode (1%) 5-Band Gode (1%)
tr 1 100kO brown black yellow brown brown black black orange brown
tr 1 390f) orange white brown brown orange white black black brown
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applying the pulses to the stator coil
with alternate poÌarity, as shown in
the diagram.

Basically, 'odd' pulses are appiied
with one polarity, while'even' pulses
are applied with the opposite polarity.
As a result, the rotor clicks around
through an angle equivalent to the
distance between its permanent mag-
net poles each second - see Fig.L. The
geartrain steps down these 1-second
jumps to drive the clock hands!

the vertical edges in the picture wiÌl
occur ifthey are too long.

If you have insufficient HDMI
inputs then you can use component
inputs, but also feed the sound into
the display as well.

The other option is to use a home
theatre amplifier to do all switching,
provided it can delay the sound for
the delay in the display.

In practice, we think that the de-
cision whether to use a component
video or HDMI connection will
depend on how many HDMI inputs
your TV or proiector has. At present,
video projectors come with only one
HDMI input and many HD TVs are
the same. So if you have several HD
video sources (eg, HD STB, PVR and
DVD), you will probably end up using
a mixture of component video and
HDMI cables.

The most recent "upmarket" HDMI
plasma and LCD HD sets may have two
or three HDMI inputs so there is less
of a problem with these models.

If you have one of these, it is best
to feed all sources to the display, then
take the sound from the display. This
also has the advantage of avoiding
problems with "lip sync" whereby

the video is delayed with respect to
the sound.

By the way, using S-video or com-
posite video cables for HD connections
is really a waste of time and money, un-
less you are using an analog TV set.

What about Surround Sound?
If you want to get the complete ex-

perience, then you also need a home
theatre amplifier and all the necessary
loudspeakers. Ifyou purchase an HD
STB or PVR, it will have a coax or
optical output which can be fed to the
Dolby decoder in your home theatre
receiver.

However, consider that unless you
frequently watch "action" movies,
there is no real need for surround
sound; your TV's inbuilt speakers will
be quite adequate for the purpose.

Even if you do watch the occasional
"action" movie, a good quality stereo
pair of speakers and your existing
system amplifier can stiÌl give a very
satisfactory aural result.

In fact, if you have a limitedbudget,
as most people do, then our advice is
to buy the biggest HD set (or choose
a HD video projector) and leave the
decision about a surround system to

a later date - if everl
If you do decide to go for the full

home theatre experience with mul-
tiple speakers, go for the best home
theatre receiver you can afford. It will
also solve any problems with switch-
ing of HD signaÌ sources.

Most plasma and LCD TVs have
stereo sound systems but manY have
relatively poor sound due to restricted
speaker sizes.

HD programs are broadcast with the
option of two sound systems. The first
of these is MPEG2 which is stereo only.
The second is ,\C-3 or Dolby Digital
5.1 which carries six channels: left,
centre and right front, as well as left
and right rear.

The 0.1 is the low frequency chan-
nel which is normally fed to an active
subwoofer. Typically, when broadcast
AC-3 has a greater dynamic range than
MPEG2.

A composite video cable is next, with its three RCA plugs (yellow is video, red is right
audio ãnd white is left audio). Finally, the cable at far right is a combination componenl
video/audio cable - the green plug is Y, blue is Pb and red is Pr. This cable can also
handle composite video (yellow) and stereo audio (red and white)'

A selection of some of the cables you're likely to come across.
At left is an S-Video cable, while to its right is an HDMI cable,

(o) Bosic Stepper Motor - At Rest
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interesting, especially as it's surpris-
ingly simple in construction.

In most cases, the motor is similar
to the arrangement shown in Fig.1. As
can be seen, it has a multi-poÌe perma-
nent magnet rotor which is fiee to ro-
tate inside a circular gap in a soft-iron
stator. The latter has two pole pieces
which are driven by a single coil,

The trick is to get this very simple
motor to rotate in 1-second steps, all
in the same direction, That's done by

(c) After Next'Even' Seconds Pulse

Fig.l: a clock stepper motor uses a multi-pole permanent magnet rotor which
rotates inside a ciicular gap in a soft-iron stator. It's made to step in the same
direction by reversing the polarity ofthe current pulse at each step.

(b) After First 'Odd' Seconds Pulse

Want a real speed
controller kit?

lf you need to control
12 or 24 volt DC
motors and
want a
speed
controller
that will easily
handle 30 amps,
then this is the kit for you.

This controller allows you to vary the
speed of DC motors from 0 to 100%. lt
is also ideal for controlling loads such
as incandescent/halogen lamps and
heating elements.

This kit makes a great controller for
use on small electric vehicle projects,
such as electrically assisted bikes and
go-cads. We have tested it to over 30
amps without problems-it barely gets
warml ltem code: SPEEDCON.

We also have solar maximiser kits,
Luxeon LEDs, and lots of interesting
products and publications.

Go to shop.ata.org.au or call
us on (03)9639 1500.

IIEXT MOIITH:
ln part 2 of this feature, we'll l00k at

some 0f the traps for young players in
HDTV reception - for example, is your

0ld anal0g TV antenna suitable lor dig-
ital? The answer is . . . probably not!
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fìot an anal0g IU set?
Y0u't'G g0ing t0 nGed
an Hll set I0[ B0lt!
If you currently have an analog TV set or a digital
projector and don't want to change it, you will need a
high definition set top box to watch HD TV broadcasts -
now and more importantly in the future.

By LEO SIMPSON

Sflmp[o add"om boamü mmo wlruh tho @PS ffioquoncv

This simple add-on module for the GPS-
Based Frequency Reference is designed
to drive the escapement coil of a low-cost
quartz clock movement. It uses the LHz GPS
pulses available at the rear of the Frequency
Reference so that the clock can display local
time with GPS-based accuracy.

Wt+:f,"kîi{{,:"';åî:
store. This is one of the cheapest HD
STBs currentÌy available and has aÌl the
features that you are likely to want.

With a recommended retail price of
$119 (including GST) and occasionaìly
available on special at 999, the Tevion
HD STB is hard to go past. It is quite a
bit larger than typical SD STBs and is
quite heavy to boot.

Its front panel has six pushbuttons to
control the various on-screen menus, to
select channels and control voÌume. But
after the initìal setup, there is no need
to ever use the front panel controls.

The rear panel is of more interest
because the number of video output
connections is irnpressive, In fact, the
array of connectors on the rear paneì.
is likely to be quite daunting for any
non-technical user.

It has the standard male and femaLe
coax connectors for the antenna input
fly lead and an output to VCR, TV or
whatever. To connect an anaÌog TV,
there are RCA sockets for composite
video and L & R stereo audio, S-video
and component video.

Most analog TV sets will just use
the composite video output (yelÌow
socket) and the left/right stereo outputs
(red a white). If your set only has a

mono input, use the Ieft audio (white)
output.

In the (these days most unÌikely)
event that your analog set does not
have audio/video (A/V) inputs, you
wiÌl need an RF modulator to connect
to the standard antenna input. Both
Altronics and Jaycar Electronics have
suitable RF modulators.

For connection to home theatre re-
ceivers, there are two digital outputs,
one via a SPDIF coax (RCA) socket
and one via a TOSLINK (opticaÌ) con-
nector.

Having the two options is good since
you may find that one of the digital
inputs in your home theatre receiver

The TV Channel Manager screen shows the channels
that are available together with a preview of the channel
selected, in this case ABC HDTV. Note the availability of
the D44 data signal channels,

1.4 Stuco¡rt Cutp

This screen is a program guide showing what is available
over most parts of Sydney, including the D44 Datacast
channels. The latter include weather, federal parliament, a
TV buying channel, a Christian channel and so on,

siliconchip.com.au

TF YOU BUILT the GPS-Based Fre-
lquency Reference described in the
March-May 2007 issues, you'Ìl know
that it provides a continuous readout
of "Universal Time Coordinated"
(UTC) on its LCD. This time is derived
directly from the GPS satellite system
and is therefore very accurate.

In practice, it's not all that difficult
to mentally convert UTC into local
time, In most cases, you simply add
or subtract a certain number of hours,
depending on the nominal longitude
of your local time zone and, of course,
your time of year. For example to
convert UTC into Eastern Australian
Standard Time, you simply add fO
hours, or 11 hours during the sum-
mer months when we're on "Summer
Time" (daylight saving). So 05:15:00
UTC becomes 15 :15:00 (3 :1spm) EÄST,

siliconchip.com.au

or in summer 16:15:00 (4:15pm).
That's all well and good but most

people would find a direct readout of
their local time a littÌe more useful.
And that's where this project comes
in. It uses the lpps (one pulse per
secondJ output from the GPS system
to drive a quaÌtz wall clock. ,A.ll you
have to do is set the display for Ìocal
time at the start, after which the clock
wiÌÌ be accurateiy controÌled via the
GPS seconds pulses.

It turns out to be very easy to inter-
face the GPS Frequency Reference to
a standard 'analog' quartz clock move-
ment. First, you have to remove the ex-
isting circuitry from the clock (usually
just a chip and a crystal on a tiny PC
board) and bring out the connections
to the clock's escapement coil. That
done, the coil can be pulsed instead by

the little driver module described here.
This driver module is small enough to
fit inside the clock (next to the move-
ment) and gets its power from the GPS
Frequency Reference, along with the
1Hz (1pps) pulses.

How it works
If you remove the back from a

standard 'analog' quartz clock move-
ment and take a look inside, you'll
find a small PC board with a single IC
chip and a tiny quartz crystal (usu-
ally 32.76BkHz). This drives a simpÌe
stepper motor coupled to a muÌti-stage
reduction geartrain,

Inside the IC there's an oscillator
stage which uses the crystal to gener-
ate the 32.7ïBkIHz'clock' pulses plus
a counter chain which divides these
pulses down to 1Hz (one per second).
These 1Hz pulses are then used to
drive the movement's stepper motor
so that it gives an increment of rota-
tion every second. The geartrain then
steps down these increments in the
motor spindle's rotation to drive the
spindles for tlre clock's second, minute
and hour hands.

The stepper motor is basically the
interface between the electronic and
mechanical sections of the clockmove-
ment. ,\nd that makes the motor quite

By JIM R0WE
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Photo Gallery: AWA Empire State Radiolette

A mains power supply or a DC-to-
DC inverter supply can also be used to
power non-portabÌe battery-operated
valve radios. This shouldbe relatively
straightforward, as space is notusually
a problem in such sets.

90 stLtcoN cutp

In practice, a mains supply can
eitherbe designed specifically for par-
ticula¡receiver or designedto supply a

range of voltages to suitmany different
receivers from the 1920s to the 1960s.
The same goes for DC-to-DC inverters.

is already in use and so you can use
the alternative,

In case you were wondering, SPDIF
stands for Sony/Philips Digital Inter-
face. TOSLINKis aregistered trademark
of Toshiba Corporation and hence the
origin of the name:TOShiba-LINK.

For connectionto aPC, there is aDVI
socket. For connection to a PC moni-
tor, you can use the VGA RGB/HV D
socket, together with the L & R audio
outputs.

For connection to an LCD or DLP
video projector, you can use the com-
ponent video or HDMI digital outputs.
Of course most good projectors will
also take composite video, S-video or
RGB/HV inputs but if you want high-
definition pictures, you need to use the
component video or HDMI signals.

Setting up the Tevion TEVB200 is
straightforward. First, you need to
select the video output which you
have connected to your TV, projector
or whatever.

To do this, you press the FUNC but-
ton on the remote control twice within
four seconds and this brings up a four-
dash display on the STB's fiont panel
readout. You then press one of the
coloured buttons to select the output:
RED for PAL (ie, analog TV); GREEN for
VGA;YELLOW for Component Video
and BLUE for DVI/HDMI mode. You
can also use the Left/Right buttons to
select the video resolution you want
such as 1080i (interlace), 720p (pro-
gressive scan) and so on,

For best picture from a video pro-
jector, it is desirable to set the STB's
output video resolution to the "na-
tive" video resolution ofthe projector,
although most of the better projectors
wiII do a pretty good job of scaling
the signal to suit. Most HD projec-
tors will also automatically recognise
interlaced or progressive scan signals.

Once you have set the video output,
you can ignore the front panel display

of the STB, as it wil
display all the information you want
via the video screen.

The next step is to get the STB to
scan all the available chalnels, You can
do this manually but it is far quicker
and easier to just let the STB get on
with it. Afterwards you can decide
to get rid of channels you don't want,
rename them, change their order or
whatever.

Most portables use 1.5V 7.5V or 9V on
the fllaments, while the HT require-
ment is usually either 67.5V or 90V.

Obtaining a battery eliminator
So where do you obtain a suitable

mains-powered battery eliminator to
run a vintage radio? Well, I currently
have a suitable design on the drawing
board to be published later in the year,
This unit will supply filamentvoltages
of t.4, 2, 3, 4,5 & 6V at 1A or so and
7.5-9V at S0mA.Itwill also supplyHT
voltages ranging ftom 22.5V to 135V
and there will be a good selection of
bias voltages as well.

Suitable DC-to-DC inverters were
rather thin on the ground until Tony
Maher of the Historical Radio Soci-
ety of Australia (HRSAI designed a

number units in 2001. His first item
was designed to replace a 467 battery,
It flts into the same space as the bat-
tery and is powered by four nicad or
NiMH cells.

He has since added a 2V supply for
sets using 2V valves and is about to
publish a 90V version ofhis 467 bal-
tery-size d supply in Ra di o Wave s (lhe
HRSA in-house magazine). SG

Inside view ofthe Tevion TEVB2OO: note the large and complex PC boards and
the large number SMDs and electrolytic capacitors. The electros look as though
they might have been hit by a mini-tornado, don't they?
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Initially though, just let the STB do
it, It will then come up with a display
of all the channels available in your
location, together with their signal
strength and quality.

It is here that a¡r STB can demon-
strate surprisingly good results, In
my setup I have a 4-bay UHF antenna
with direct line of sight to Sydney's
North Head (Mosman/Manly) transla-
tor and it gives good reception of the
existing analog stations (ABC, SBS,
7, I & 10),

The Tevion picked up the equivalent
digital channels as you would expect,
plus a brace of digital datacast chan-
nels (D44) which are available only
in Sydney at the time of urriting. I
certainly did not expect to pickup the
D44 channels - they must be coming
in from the side of the UHF array. (For
a signal coverage map, see wwwdba.

Datacast coverage map.jpg
As well, it also picked up the Prime

andWIN digital andHD channels from
Wollongong, about BSkm to the south
of rny location on Sydney's northern
beaches.

These latter channels do come and
go at my location and it is possible
that the intermittent reception was
a case of summer-time tropospheric
"ducting".

Sufftce to saytìatthere is no equiva-
lent DX (ie, long distance) reception
of UHF analog channels from Wollon-
gong and SBS and ABC digital signals
didn't make it either.

The really good point about digital
TV reception is that, provided the STB
cal pick up the signal, the picture is

rock steady with no sign of ghosting
or noise. Even ifyou have pretty good
analog TV reception, the transition to
digital is arevelation, with the picture
quality the same as obtained from a
standard definition DVD, depending
on your video signal connection and
the quality of your monitor,

The Tevion STB has two further
benefrts when the signal strength mo-
mentarily dips, as it may do on the
weaker signals,Instead of the annoying
random pixellation of the picture, the
whole picture freezes and then a panel
may be displayed with the message
"No signal". Furthermore, there are no
loud zaps or cracks from the speakers
as the sound drops out. Instead, the
sound is muted, without any clicks,
Nor are there any clicks when the
sound is restored,

Having written that, I noted than
when watching weak HD broadcasts
the picture does sometimes also suffer
from momentary freezing and pixella-
tion. Still, it is not as severe as I have
noted on other (SD) STBs.

For my checks I connected the Te-
vion to a-n older Panasonic 68cm ana-
Iog TV (TC-6BP22AJ and a Panasonic
4E700 LCD projector. On the analog
TV via the composite video connec-
tion, I had the satisfaction of seeing
HD TV broadcasts without problems,
although the picture quality was no
better than noise-free PAL, as you
would expect.

Via the Panasonic projector and
the component video connection, the
pictures are first class, even on stald-
ard definition. In fact, I must admit,
after watching the very large pictures

available via an HD LCD projector, I
still have problems coming to grips
with the excellent picture quality - it
still seems too good to be true. For one
who has experienced the limitations of
black and white and then PAL colour
TV reception, the results from digital
TV are a revelation, as noted above.

In spite of that, it must be said that
the picture quality fiom most of the
supposed HD programs is apparently
no different from that of SD broad-
casts.

You only have to see the outsta¡rd-
ing quality of the so-called "HD loops"
broadcast by some of the commercial
networks to see the dramatic difference
with true HD.

I should also note thatthe Panasonic
4E700 is not a "true HD" prol'ector,
True HD requires a picture resolution
of 1920 x 1080 pixels or better.

Aspect ratio
Another point of interest with the

Tevion is that you can select the picture
aspect ratio to be shown on your TV
set or display. You have three choices,
4:3, 16:9 or Panscan.

This is perhaps the biggest disad-
vantage of watching digital TV on
an analog set with a 4:3 picture tube;
no matter which aspect ratio setting
you choose, the results are less thal
optimum.

If you choose 16:9, you wiII have
black strips at top and bottom of the
picture, just as you do, for example,
with current analogbroadcasts of ABC
a¡rd SBS news programs.If you choose
4:3, you get a 4:3 picture, within a black
rectangle - not very satisfying.

an impossible task, For example, 216
batteries are still used in many tran-
sistor receivers and myriads of other
electronic devices. They can often
be used in transistor receivers where
much larger batteries were originally
specified.

Of course, the life of the 216 willbe
noticeably less than the battery it is
replacing. T};le 276P was a commonly
used battery but is rarely seen these
days, However, WES Components
in Ashfield NSW have 276 batteries
with adaptors to convert them to the
276P type.

Alternatively, you can oftenuse sev-
eral AAA, AA, C or D cells in multiple
cell battery holders if a 21.6 or a 276
battery is not appropriate,

Battery-powered console, table and
mantel radios that used 2V accumu-
lators and three 458 dry batteries in
series a¡e a different story, as suitable
batteries are no longer made, However,
such sets can be operated from a mains
power supply that's been designed to
deliver the necessary DC rails at the
required current.

Another way of powering such sets
is via DC-to-DC inverters. These are
typically designed to work from a 6V
or L2Y lead-acid battery. This method
is closer to the original method of
supplying power, as the receiver is
independent of the mains.

Valve portable receivers
Valve portable receivers provide a

much greater challenge, Certainly, a
mains type power supply will do the
job but this means that the set can no
longer be used as a portable.

A cumbersome method of supplying
the HT voltage is to string together tlre
requisite number of 21.6 batteries, Ten
9V batteries in series to supply 90V
does look a bit odd though! Similarly,
alkaline D cells can supply the fiIa-
ment voltage quite easily.

A better method of supplying the HT
rail is to use a DC-to-DC inverter that
will fit inside the receiver. However,
this can be quite a challenge with the
small miniature receivers of the late
1940s, although the full-sized porta-
bles shouldn't pose too many prob-
lems. The filament supply can still be
supplied by heavy-duty alkaline cells,
withthe inverter supplying justthe HT
requirements of the receiver.

Supplying bias to battery sets is
comparatively easy as no current is
usually drawn fiom these supplies.

siliconchip.com.au

Voltage Gomments

Tapped bias battery

x250 1.5V 30 x'F cells; companion to the older and larger 470

Battery for series-wired portable set filaments; uses 6 x 'F' cells

Trans dio Batteriês

9V 2x276P batteries in parallel, 62 x 50 x 180mm

470

286

733

On changing channels, you get this electronic program
guide for a few seconds. Lately, though, we have noticed
increasing instances of "no information" .

Typical Eveready Battery Types For Ualve & Transistor Radios

Bias battery tapped at -1.5, -3, -6 & -9V

Large 45V battery, newer type; 126 x 100 x 148mm

57x52x90mm

2364

2 x7.5V

9V

9V

x-71 1.5V 1x'F cell

3V 2 x 'E' cells cycle battery

1.5V Small general-purpose cell

1.5V Medium general-purpose cell

6 1.bV LargerteleÞhone & general purpose cell; 17-304h capacity, depending

Conposlle Batteries

759 't.sv & 90V

Sometimes, the original batteries in Basically, it's just a matter of using
30-50 year old receivers still supply suitable small batteries to do the job
nearly the correct bias voltage (they IAAA or 216-size batteries may suit
will not supply any current thoughJ. individual receivers).
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valied in cost from about 17 16 ($1..75)

to about €5l1116 ($11. 15). At that time
the average weekly wage was about
f.4/1.O1- ($S.OO¡, so they were quite
expensive.

The use of 2V lead-acid cells de-
clined quite rapidly when 1.4V fila-
ment valves were introduced, replac-
ing those with zV filaments, However,
6V (and occasionally 4V) lead-acid
batteries remained in use with vibra-
tor-powered receivers until around
the mid 1950s.

Battery life
Most radio batteries were rated for

a 2O-hour discharge rate, In practice,
a typical 5-valve receiver using 2V
valves draws 72OmA. This meant
that a fully-charged 25,\h cell wouìd
need recharging after about 35 hours,
whereas a 1304h cell would operate
for about 180 hours.

Similarly, vibrator-powered radios
with efËcient power supplies typically
drew around tA from a 6V battery.
Thatmakes the maths simple - a 60,\h
battery would last around 60 hours
and a l6OAhbatterywould last around
160 hours.

,\s with lead-acid batteries, dry bat-
tery life depends on the battery capac-

ity, the current drawn and the amount
of time that current is drawn during
each listening session, In practice,
the battery life in transistor receivers
varies from around 30 hours for a 9V
216 battery to about 300 hours for a
276Pballery and up to 1000 hours for
a 286 (as quoted by Kriesler for one of
their sets).

In typical valve portable receivers,
the life of a 1 .5V 745 battery allied with
a pair of 45V 482 batteries was usually
somewhere around 3oo hours. The
Australial "miniature " p ortables used
two 950 cells to provide the filament
current and a 467 67 .5Y battery to sup-
ply the HT current. In operation, the
two 950 cells would last around 30-40
hours, while the 467 HTbatterywould
probably last up to twice as long,

By the way, if a restorer aimed to
power the filaments of such a set from
"D" cells, a pair of alkaline cells would
give up to 150 hours before dropping
to the cut-off voltage of 1V.

The much larger dry battery packs
designed for household receivers
would have lasted much longer than
I]ne 7451482 combination, In fact,
some combinations may have had an
operational life of around 1000 hours
or more. However, I have no means of
being entirely sure of these figures (or
the other figures quoted above), as I
haven't actually put this to the test.

Battery receiver power
Providing battery power for early

portable transistor receivers is not

And if you chose panscan, the whole
screen area is frIled but inevitably, you
Iose the sides ofthe broadcast picture.
Oh, well.,,never mind.

As an aside, the commercial net-
works have yet to standardise their
program and advertising content and
the aspect ratio can vary between
16:9, 4:3, letter-box and so on. It is
also very annoying for people with 4:3
sets when watching sports - the 16:9
format means that sport scores often
cannot be seen.

AIso on the negative side, sound
quality appears to be only average and
there is a fair amount of high frequency
"fti,zzle" and a low level tone which
is probably related to the switchmode
power supply.

You have two choices for sound
quality by the way, although the modes
are limited: stereo (MPEGI/2) via the
audio outputs or Dolby AC-3 via the
SPDIF connection. Presumably, the
AC-3 mode would be free of high-fre-
quency ftizzIe but we did not test it,
The remote control provides 2O-level
adjustment and muting,

Incidentally, all the screen shots of
the Tevion STB shown in this article
were taken with a 6-megapixel digital
camera (Fuji I'inepix S6500fd) from
the Panasonic analog TV mentioned
above,

One of the problems with taking
these shots was the strobing effect
between the TV scan rate and the cam-
era's picture update, together with the
inevitable Moire patterns evident be-
cause of the interference between the
camera's CCD pixel structure and the
vertical slot makeup of the TV screen
(perhaps this might have been reduced
if the shots were taken at maximum flle
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size), A consequence ofthe strobing is
a tendency to get a light band through
the centre of the picture, in spite of
using a slow shutter speed of Llts
second. So while some of the various
off-screen shots may look fairly poor,
the actual picture quality was gener-
ally very good, as already noted.

Incidentally, all of these picture
problems could have been avoided if
I had taken the screen shots using the
Panasonic projector, particularly if its
"freeze frame" feature was used, But
this would have defeated the purpose,
as I wanted to show what is displayed
on a typical analog TV set.

Interestingly, I found that the Aspect
Ratio selection from the Tevion STB
over-ruled the aspect ratio control on
the Palasonic projector - not sure why
that happens.

One aspect of digital TV that is
not well-known is that digital radio
services are available from ABC and
SBS. AIso available in rural a¡eas is
the Mytalk datacasting service, See

Finally, the Tevion offers the abil-
ity to view subtitles via teletext and it
has a selection of simple video games

- perish the thought!

Inside the box
A look inside the box shows the

Tevion HD STB is far more complex
than typical standard definition STBs.
It has a large main PC board which is
packed with surface mount devices
and a surprising number of electrol¡ic
capacitors. I have to say that QC in as-

sembly was a bit lacking: the electros
are soldered in every-which-way but
vertical!

The switchmode power supplY
board is also quite large, again with
a number of electrolytic capacitors'
Interestingly, while the Tevion is
double-insulated, it is fitted with a

three-core mains cord and moulded
3-pin plug,

Power consumption of the Tevion
is listed as 20W. We measured Power
consumption at 14W, droPPing to
12W on standby. Why the small droP?
Surely, standby power should onlY
be a watt or two? This means that the
Tevion should be switched off at the
power socket when not in use. All set-
tings are saved in non-volatile memory
when the power is off.

A USB socket on the rear panel is
included for software upgrades and
interestingly, the operating system is
Linux. The main chip is an ATI Xilleon
x210H,

Conclusion
If you don't intend purchasing an

HD TV set in the near future, You
should consider purchasing an HD
STB such as this Tevion TEVB200.

For a relatively small outlay, you
will get the immediate benefits of
muchbetter picture quality and a great
range of TV programs,

Sure, it's not perfect and its standby
power use is on the high side but the
pictures outweigh the drawbacks.

And to save power, all you have
to do is turn it [and anything else
that goes to "standby" with a remote
control) off at the power point. Our
recent series of articles on power us-
age showed just how wasteful standby
power is - and how much (power AND
$$$) you can save with the simple step
of turning things off! sc

The rear view of the Tevion TEVS200 shows a comprehensive array of video and digital ou':I ut connectors, Note that DVI
and HDMI connectors are included; essential if you are to get the best picture from LCD and DLP projectors'
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problems in dry cells, only 9V of HT
was used from two 4.5V batteries.

The Australian army also initially
had probÌems with dry batteries in
their transceivers in the tropics dur-
ing WWII. However, they were abÌe
to reduce the probJ.ems by completely
sealing the batteries in wax. Of course,
cost was not of prime concern in that
instance,

Dry batteries have changed enor-
mously over the years and today's
batteries are considerably better than
those used during the early vaÌve
radio era. In particuÌar, the layer type
method of construction was a major
advalce in packaging and was coupled
with good insulation techniques and
economy of manufacture. The sub-
miniature overseas-made HT batteries,
the Australian 490P & 482 types and
transistor receiver batteries such as

The 2761, 2362, 251.0, 2364,216 and
286, etc, all used this very efficient
construction method.

When Australian manufacture of
transistor radios ceased, most of the
"specials" for the Australian receiv-
ers quickly became hard to get and
in some cases disappeared from the
market. The 276P "evolved" and be-
came a lower grade battery. The layer
construction was dispensed with and
six "C" cells in a holder were incorpo-
rated in its place, This was abackward
step, as the contacts in the holder
didn't always make good contact and
the eiectrical capacity of the battery
was reduced.

By contrast, Ìarge low-voltage dry
batteries did not depart from the origi-
nal concept of wiring multiple A, C, D,
E & F cells in parallel (I've never found
any reference to a "8" cell). An advan-
tage here was that insulation was not
a problem with such low voltages. We
are all familiar with the "C" and "D"
cell sizes and the ",A." was basically a
littie brother to the "C" cell, Batteries
such as the X250 arrd 745 1.5V types
used the "F" cell.

Towards the end of the valve era,

siliconchip.com.au

A collection of
Stanmor dry
batteries. There
was nothing
fancy about the
packaging used
for these units.

portable receivers often used a com-
bined low-tension (LT) and HT battery
in the one case. Apparentì.y, the HT
sections were of layer construction
while the LT sections were built using
"D" , "8' or "F " cells.

One such battery was the 759 which
supplied 1.5V and 90V. This was suit-
able for household sets but was too big
for portables, Another battery pack for
use in rural areas was made by Ev-
eready and contained one X250 1.5V
battery and two 47O 22.5/4SVbatteries.

Although they were not all in the same
case, they were all supplied together
in the same deÌivery carton.

Of course, using an "all in one"
meant that if one section failed, the
whole battery had to be replaced.

Lead-acid batteries were predomin-
antly used for supplying valve heaters
and for powering vibrator HT power
supplies. In practice, 2V celÌs varied
from 25,\h capacity to 1304h, while
6V batteries varied between 60Ah
and 16O,A.h in capacity. In 1937, these

A Clyde 2V lead-acid cell (circa
1930s-40s) is shown. here, togetlier
with a Leclanche cell at the front
and two Edison cells at right.
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'l 2V Auto lmpact Wrench
Electrically loosen or tighten a tyre's wheel nuts without the strain and
inconvenience of your standard socket wrench. Easy to operate, simply
plug into the car's c¡garette lighter socket, or connect directly to the car's
battery. Supplìed complete with a storage case, car battery adaptor lead,
4 wheel nut sockets, a hub-cap remover tool and a spare fuse. T 4BA5

Temperature Controlled Soldering Station
Ouality soldering station, slim 48W soldering pencil, 1 ómm
long-life plated tip and cleaning sponge. Adjustable 150"C - 450'C
temperature with front panel metering. T22oo

Screw Cap M205 Fuseholder Screw Cap 3AG Fuseholder Fingerproof 3AG Fuseholder Fingerproof M205 Fuseholder
Low cost and popular panel mount Our most popular and used panel 3AGsize tubular glass fuse holder Safety Holder, Genuine fingerproof,
M205 glass fuse holder with screw mounting 3AG glass tube fuse with internal safety switch Ouality type: M205 (20 x 5mm), panel mount:
cap in the same style asP 7902. holder. Rated at 104. Required Bussman production model with 104 lnsulation, resistance: 10MOhm
Ratedatl0Amax. P7e18 'l35mmmountinghole P7902 flushfacefitt¡ng. p791ó 

8#oOUOamountinghole:13.5mm.

Marushin Made in Japan
Ouality Single Pole
Minature Push Button
Switch Normally Closed
Rating: 125VAC 1A Mounting:
threaded bush. Overall size:
28.1 x95mm.Clearance:
'17.5mm Cut out:
7lmm. Mo' '

MS-313.

i'hr

Marushin Made in
Japan Quality Single
Pole Minature Push
Button Switch Normally
Open Rating: 125V AC 14,
Mounting:Threaded bush,
Overall Size: 28.1x9.5mm,
Clearance: 17.5mm, Cut

Miniature Toggle
Switch
240V AC/24 Threaded
Bush Popular model found
in '101 and more different
projects and uses. Grab
a handful and save a
bundle today. 40% off!
P7 654

Medium Size
Toggle Switch
DPDT 125V AC/óA
Solder tags. Another
very popular sized
model in this month's
special at half
the price.
P7

12-Core Rainbow Cable
Fantastic value - even lower
costing than single core light
duty hook up wire per metre!
Uses 0.127mm
wire strands for

ffe;;;rflexìbil¡ty. $llm
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the instructions on many of these
batteries indicate that it should not
be attempted. Perhaps this is because
people may endeavour to recharge the
cells at too high a rate which could
cause them to explode. You have been
warned!

During in the 1960s and 1970s,
Astor and AWA also made some
portable-cum-car radio transistorised
receivers that used rechargeable nicad
AA cells. These sets were rather ad-
vanced for their time and they were
fairly expensive.

Secondary cell problems
A disadvantage of early lead-acid

secondary batteries was that it was
necessary to keep an eye on the charg-
ing procedure. This involved using
hydrometer to check the charge condi-
tion of each unsealed lead-acid cell.

A high-discharge ceII tester was also
commonly used with car batteries,

During this procedure, it was very
important not to smoke or create any
sparks. This was to prevent the hy-
drogen gas given off during charging
from exploding, It's a warning that's
still valid today.

Early valve radios
Early valve radios commonly used

the 201 orthe later 20lAtriodevalves.
These required filament voltages of 5A
at 1A and 5V at 0.254 respectively.

In practice, these valves were
commonly run from a 6V lead-acid
battery with a rheostat in series with
the fllaments to reduce the applied
voltage to 5V,

By contrast, the high-tension (HT)
voltage for the 20L & 2014 varied
from around 225V to about 135V

depending on the valve's function in
the circuit, The HT current drain was
usually less than 25m,\ for the entire
receiver.

In the early days, miniature lead-
acid batteries were sometimes made
up to supply the HT requirements of
such receivers. lust imagine a bank of
60 cells supplying 120V to a receiver,
then imagine having to checkthe elec-
trolyte in each of these cells eachtime
they had to be charged! That would
really have been fun!

Ihave only ever seen one example of
these miniature batteries so I suspect
that they weren't all that popular,

An alternative involved using a bank
of dry cells to provide the necessary
HT voltage ald current for the receiver.
For a 135V HT rail, this involved con-
necting 90 cells in series.

It's worth noting here that dry ceII
manufacturers standardised on the
size of the cells used in their batteries
at an early stage, For the HT batter-
ies, they used A-size cells which are
smaller thal C-size cells. We don't
see them around these days but one
is shown in the lead photo, standing
alongside the cyclindrical No.6 cell.

Dry cell deficiencies
Unfortunately, early dry cells did

have some deficiencies. First, the in-
sulation used between the cells in a
battery was commonly cardboard and
in a moist environment this became
slightly conductive. As a result, the
batteries would discharge and go flat
over a period of several months, a
problem that was particularly evident
in hot, humid areas.

In addition, some early dry cells had
a "breather" vent and the moisture in
the paste-type electrolyte evaporated
over a period of several months. As
a result, early dry cells had a rather
limited shelf life.

The earliest Traeger pedal radios (for
the Flying Doctor Service) were com-
monly used in tropical areas and in an
endeavour to overcome the discharge

Eveready made a wide range of dry batteries for valve radios, the larger "8"
units shown here delivering 45V. Diamond also made a range of dry batteries,
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lamp and ùrrn on the kettle at the same time. Simple
and easy DIY installation. Easily expandable. Ló02ó

300mm Stainless Steel Ruler
H¡r dened slair¡less steel, non reflective
surface fo' easy r eading, double sided
rretr ic,/inch ¡rlrotographically etched
blade, lifetinre w.rr ranty
against faLrlty nraterrrls
TóI 15

/J

¡

3+r
Stainless Steel Pocket
Workshop Pliers
Handy around tlrc house or outdoors,
tlrfo cls iero pliers, provides lirrife,
screwdriver, {ile, bottle

tflï::lËil ' $$ss

fr_-{l

Hobby Mini Vice
Sttrrdy and lightrveight, lhis nrei¡l Vice
fits easily to a rvorkbenclr or table Lr¡r

to a thìckness of appror 30nrm Made
lrom altrnriniLtnr alloy
{or strength and
duraLrilìty, its jaws

arc ó0nrnr rvide and
open to a nrax of
50mrìì TJ7-17

Spring-Loaded Nippers
These ¡rolished steel nÌpper s have a

hìgh quality finish, are captive
sprirrg loacled, and h.¡ve conrfortable
coated h.¡ndlcs lor ease
of use Dragonal
Nipper '1 15rrnt

Llrrregtrlated line.ar style DC porver
ad.r¡rtor supplit"d rvitll ¡ 2 lrnnr
plrrg (centr e tip posrtive) ldeol for

¡ror t.rble TVs, r¡dios etc l\,la5 li

_€.,wTl
Surge Protector Twin Pack
Sur gc ¡rr otection for a nr.ilns
ou Ilet antl phone,i fax

t'":ü1' r2E'u
I 
ji:il':" J'i"' fi îi,î? rrwwiu

Home USB Charger
ldeal for charging USB powered
devices lvhen .r conlpriter is rìot
avail¡l¡le Perlect for iPods ancl other
MP3 pl.ryers, PDAs, etr: High efficic'ncy,
irìter ndtiorìal voltaqe operation, 5V
750rnA outpt¡t M9'.)-l:

Lab Power Supply 'l 3.8V DC 234
This solidly built switch mode porve.r
sup.ply provides well regul.rtecì l-ì 8V
DC LrLrlput witlr a 234 currer¡t

m:li:l ârr' tSS
hiqlr-cLrr rent loads in enginecrittg
and serVicing Jpplications o1755

EM
Solar Rio Colour
Flow Ught
lncredible value for
úle enthusiæt Solar
powered, with intemal
NiCd batteries and light
sensing circuity. Pull h
apart for tfie great
components, or put
it to use in your
garden in its
intended lighting
application. M73ó9
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TOOVA
Uninterruptible Power Supply Lab Power Supply 3-30V DC 2OAmp
Provides bac,k-up mains power iiuriñq a This efficient switch-mode power supply provides adjustable 3V to 30V DC outPut,
blackout, giving you time to shut down 20A maximum continuous cunent, low ripple and noìse ouþut, and a compact case

your PC. lñternal rechargeable battery with an integral cooling fan. A fixed 1 3.8V output switch c¿n be selected to over-ride
lurge protection for ó rnains outlets ãnd the fiont pañel voltage selection, allowing simple powering of high power car audiy2r
a phone line. lncludes USB cable and and rad¡o transmitting equipment. Featu s large LED fiont-panel metering and f {6
po*.r."n"g".entsoft\ilare. M7ó78 heavy-dutybananato.k b. olz¿s I tY

$40
ÈCond¡t¡onsapply.Seein-storefordetails. 
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designed to power valve radio sets came in all
The units shown here are now all obsolete.

1800. However, practical cells did not
become available until about 1880.

As stated above, secondary cells are
rechargeable and include lead-acid
car batteries and the nickel-cadmium
(nicad) and nickel-metal hydride
(NiMH) cells now used in many
electronic devices, Because they are
rechargeable, they can significantly
reduce long-term battery costs in many
applications, Early secondary cells
include Plante cells, Faure cells and
alkaline cells, with quite a few varia-
tions on a theme,

During the early 20th century, sec-
ondary cells were classified accord-
ing to their construction as follows:
lead sulphuric acid cells, Iead-zinc
cells, lead-copper cells and alkaline
zincate cells. The lead-acid ceII is
now the main secondary cell used in
the automotive industry, while NiFe
cells (nickel and iron electrodesl and,
more recently, nickel cadmium cells
are the main aÌkaline-based electrolyte
secondary cells commonly in use,

Maintenance
Rather than being discarded, early

primary cells were refurbished. The
elements that were used up in the
chemical reactions were replaced,
after which the cell was again ready
foruse, However, this was amessy and
quite often expensive exercise. Fur-
thermore, the chemicals couldbe quite
corrosive, so care was essential.

siliconchip.com.au

Almost without exception, primary
cells now are thrown away when they
become exhausted, Chinese "D" cells
may cost from 25 cents upwards while
high-quality alkaline cells may cost in
the region of $2.00 each but will give
superior service,

It's also interesting to note that
some attempts were made to recharge
primary cells back in the 1950s and
early 1960s. During that era, anumbet
of portable radio manufacturers in-
stalled a "re-activation" circuit into
their radios, When the portable was
connected to the mains, the set would
work directly off the mains and the
supply circuitry would also be used
to "recharge" the installed dry
batteries.

In practice, various pro-
tocols had to be followed to
recharge the batteries and the
number of recharges the batter-
ies could successfully take was
decidedly vague. Usually, the
instructions were not to use the
batteries in the set to the point
of being completely discharged
before plugging the set into the
mains again. Even four to flve
semi-successful "recharges" was
considered good value, as the batteries
wer-e quite expensive,

HMV recommended that the batter-
ies in their sets be "re-activated" for
six hours for every hour of operation.
They believed that a set was typically

used for around two hours a day, so
an overnight charge would be the most
convenient way of doing this.

However, HMV also inferredthatthe
batteries mustbe reactivated as soon as

possible after any discharge, otherwise
recharging would not be successful.
Apparently, using the batteries on
successive days without reactivation
would make later attempts futile,

I have no idea as to whether this idea
would work with today's dry cells,
including alkaline types, However,

- 
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'$200
4-óhr charging cradle with auto
cut-off plus carry case. T48ó8

lab Power Supply 0-30V 2.5 p Digital Display
Laboratory grade linear style power supply with 0-30V adustable
ouÞut and an adjustable constant curent setting from 0A to
2.54 at all selectable ouþut voltages. Features separate voltage
and curent metering, overload protection and highL/lovn cunent
fiont panel terminals. Solidly built chassis, measures 150mm (W)
x 235mm (D, ìnc knobs) x 'l45mm (H, inc feet). 01770
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A lead-free 1.0mm solder alloy
containing flux for general electroniG
work where earlier lead-based solders
cannot be used. This solder is 99.3%
tin and 0.7% copper. Recommended
for use with iron-clad or nickel-clad
soldering iron tips. 1009 roll. N2ó30

containing flux for Eeneral electronics
work. This solder is 99.3% tin and
0.7% copper. Recommended for use
wÍth iron-clad or nickel-clad soldering
iron tips. 13 grams solder in handy
dispensertube. N1ó33

I Lead Free Solder / LtË+. r4
' and Dispenser '

Promotion from 27lO2lO8 to 25lO3lO8
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grind to a halt withoutbatteries. With-
out them, there would be no iPods, no
mobile phones, no handheld remote
controls, no torches, no hearing aids,
no battery-powered radios, no cordless
mice or keyboards and no cordless
telephones, to name just some of the
equipment we now take for granted.
Even worse, we would have to hand-
cralk our cars to start them if we didn't
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have batteries to do the job for us!
Batteries were used to power many

early valve radio receivers, particu-
larly in areas where mains power was
unavailabÌe, These batteries consisted
of both primary fnon-rechargeable)
and secondary (rechargeable) types. A
primary battery is one that uses up its
chemicals in an irreversible reaction
and is disposed of after use [ie, after it
has gone "flat"). By contrast, second-
ary batteries can be recharged because

the chemical reactions that take place
inside them are reversible.

Prímary cells
Many types of primary cells had

been developed by ihe early 20th
century. These included the Fuller
bichromate cell, Edison cell, Grenet
Bichromate cell, Bunsen cell, Daniell
cell, Gravity cell, Daniell gravity celÌ,
Grove cell, Poggendorff cell, silver
chloride cell, air depolarised cells
and last but not least, Leclanche cells.
Many of these cells were a variation
on a theme and all were an attempt to
provide electrical energy in an eco-
nomical and convenient way.

Because quite corrosive chemical
solutions were used in many of these
cells, considerable care was necessary
when handling them. In fact, none of
these cells were convenient to use in
radios in their originaÌ format. How-
ever, the Leclanche cell was eventually
modified to give us the now familiar
"dry cell". This is now the most com-
mon primary cell used in portable
radios.

Typically, a Leclanche dry cell has a
positive carbon pole contained in a po-
rous container filled with manganese
dioxide which acts as a depolariser
(the depolariser is used to remove the
hydrogen gas that is developed on the
carbon poleJ. This assembly stands in a
container of ammonium chloride paste
which also includes a negative zinc
pole. It produces an output voltage of
nominally 1,5V.

One of the accompanying photos
shows three glass-encased cells. The
front one is an early Leclanche cell.
However, we are more familiar with
the normal torch cell in the same pho-
tograph, which is basically a refined
version of the Leclanche cell and is
much easier to use.

Secondary cells
By contrast with primary cells,

secondary cells are a more recent
development which occurred around
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Low Loss OFC Speaker
Cable
Fig 8 OFC Speaker Cable High
conductivity, very low loss Oxygen
Free Copper cable with þarallel fìg
8 flex. Suitable for high/medium
to high power installations - 1ó8
conductors x 0.l2mm. W201ó

Fig. I OFC Speaker Cable
Super Low Loss OFC Fig 8 Speakèr
Cable High conductivity, heavy
duty, super low loss, 315 strands x
0.'12 OFC cable. Suitable for high
to very high power installationssluorm 

irli,iåiå:.12*"
that is flexible despite its thickness.
w2017

Large
Aluminium
Framed Tool
Case
lncludes removable
tool holder, 5
padded internal
dividers, lockable
latches with 2 keys,
plus â strong c:¿rry

handle. Approx
45óx32óx148mm.
Tools/accessories
¡npicture not
supplied. ræso
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tthlþr
2009 Butane Gas
Highly fìltered butane
gas to power up your
blowtorches and
soldering irons.
Supplied with a gas
adaptor nozle.
2009 can. N1092

Economv Pencil
Blovrtoréh
Great for heatshrink
tubing, silver soldeç
gold, silveri brazing or
glass work. Sûong metal
body, adjustable flame
size, fits easily in your
pocket and is powered
by bulane gas (not
included). rt¡ao

ó0W Hot Melt Glue Gun
A handy ó0 watt mains-powered
glue gun which features an
adjusøble wire stand and comes
complete in a cary case and ó
glue sticks. T1418

PSI-1 00K Butane
Soldering lron Kit
Pro grade butane tool with
self ignition, stainless steel
complete with a range of h
quality iron-plated tips and
solid plastic case. T1398

Medium
Breadboard Kit
This breadboard kit
provides a fast way
to prototype your
circuit designs. 12ó0
terminal holes with
quality plated contacts.
It's mounted on an
aluminium base-plate
with non-slip feet and
holes for binding posts.
Complete with a good
selection of jumper
wires and binding
posts. H4040

Silicon Chip Magazine
Save 50% off the cover price when you
buy your copy each month from your local
Dick Smith Electronics store. Limited
stocks per month. Offer extended to
April 2008 issue. May not be available
at DSE Franschise or Reseller stores. B5o2o

Terms and conditions: Offeß st¿¡27/02lOB and end 25103/08 or while stocl<s last.
No rainchecks. No layby. Offers may not be available in æme reseller or franch¡æ stores.
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And while huge reseach budgets in the battery field are
currently producing exciting results (see the feature in
the next issue of Sucox CHr), they are still a J.ong way
behind the internal combustion engine.

Moreover, with current and even foreseeable techlology,
battery power can only result in propeller-driven aircraft
with all their current disadvantages over jet aircraft.

But this flight demonstrates that electric flight is pos-
sible.

The Times of London reported that Sonex, a leading US
manufacturer of kit aircraft, is about to fly a 5Ohp electric
plane that can carry two people at z20lrrîl}r for up to an
hour before recharge.

This puts the aircraft right into the recreational pilot
market where modest-performing, light sport aircraft are
in demand,

The Times also reported that NASA and Boeing are
currently researching hydrogen-fed fuel cells which wiII
drive high performance and high power electric motors,
capable of powering much larger aircraft for much longer
flights,You may already be familiar with

the simpler SMDs like resistor5, ca-
pacitors, diodes ald transistors. Some
of these are shown in Fig.1, Note that

,,. they're aII shown twice actual sizq, ,;-
for clarity.

We've used these in various projects
published in the last few years, and
shown how they canbe soldered onto
a PC board: use a soldering iron with
a fine conical or'flattened conical'tip

and very fine (0. 71mm ODJ resin-cored
wire solder,

Figs,2 & 3 show how thi,s is done.
The basic idea is to hold the chip cir:

device in place wh,ile you tack-sol'-
der one or.two of its leads'to hold it'
in position. This then allows you to::

solder all of the leads to their pads in'
the usual way.

It needs to be done carefully and
fairly quickly, so ytiu don't damage-

Some technical data:
Aircraft:
- "ELECTRA" registration no F-WMDJ :

- One-seater
- Kit construction, in wood and fabrics
- Wing span:9m
- Length :7m
- Weight of the aircraft without batteries: 134k9
- Maximum weight for take off : 265k9
- Cruise speed :90km/h
- Special ground-adjustable propeller from ARPLAST

Electrical:
- Motor: 18kW disk brush type
- Batteries: Lithium - Polymer
- Totalweight of batteries:47k9
- Quick charge:45 minutes

hesÍtaté'fo buÍld proi ects
:ces (SMDs) becquse they're

ol'dering such tÌny parts to a PC
board. But Ít,can he:dons:¿ ,li.rrr,Rqwe shaws us how. . .

not
as-
for

ines
, and reflow soldering ovens.

. technology marches on, it's becoming
necessary for everyone to get used to
working with SMDs.

3.5" Smoll TFT LCD

5.ó" small lFT LCD

f Full Colour TFT LCD
/ NTSC & PAL Compatible
,/ VVith Pictune Quolify Control
,/ DV 12V Oparotion
I Simple Wir¿ Horness Conn¿clion

V¡deo 4 STrii fmerge Recording tJn *1Ðiiort Ðeleel

{ 2Video Ch fnput
.f NT5C & PAL
/ Alorm output
/ Trigger input
/ 5D cord
/ On Boord Flosh
,t IPG & AVf file formof

/ Reol firne clock
J Dote & time stomp
Í PIP, OSD
,/ With keyboord
I RCA connections
I DC input (9V to 12V)
/ Kit ovailoble

'120ó'cHlP'120ó'cHlP'0805'cHlP
RESISTOR CAPACITOR RESISTOR

5

.o 13

+

[ ]-r.3
JO.5

I
'0805'cHtP
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Fig.l: a selection of common SMD components, shown here twice full size
(if we showed them normal size they'd be hard to see in some cases!)

Earlier
successes...

Electric
Ultraliqht
I flKe

On August 25lh 2007, the ultralight trike called "Elec-
tron Libre" (it means "free electron"!), powered by a 20hp
electric brush motor and supported by APAME and ACV
Aéro Service, performed a22minuhe flight in calm atmos-
phere conditions from Aspres sur Buëch airfield (Alpen).
New powerful LIPO batteries allow such a performance.
Of course the trike is almost noiseless. Flight with electric
motor is now possible and affordable by all.
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fllwo days before Christmas, a light aircraft took off
I from the Aspres sur Brec airfield near Gap in the

I Fr"rr"h High alps and flew for more than sokm
without using a drop of petrol or avgas.

It was the first flight of a fixed-wing, piloted plane
powered only by battery and electric motor. The plane,
named the "Electra", was a single-seater Souricette wood-
and-fabric aircraft, built from a kit and modified for the
purpose. It was'fitted with a British-made 2Shp electric
motor [of the type used in golf cartsJ and eekg of lithium-
polymer batteries,

With test pilot Christian Vandamme at the controls, it
flew a course through The Alps for 48 minutes.

While electric-powered flight has been achieved before,
it was either with ultralights, powered hang gliders or pi-
lotless drones. In fact, SucoN CsIp featured such a flight
more than fifteen years ago - in the October 1991 issue.

And US inventor PauI MacCready, who developed the
first man-powered plane, the Gossamer Albatross, has
aÌso pioneered electric-motor-powered microlights and
ultralights, including a flight over the English Channel
in 1981.

However, a fixed-wing, conventional
plane (one with an airworthiness cer-
tificate) flying with only battery power
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has until now been a dream.
A group founded to promote electric/green flight, the

French "APAME" group, (rough translation Association
for Promotion of Electric Aircraft), was behind the project,
in collaboration with ACV Aero Services, Pegase, Capen-
ergies and Onera,

President of APAME, Anne Levrand, saidthatthe flight
showed that non-polluting, quiet, light aviation was with-
in reach, "Fuel cost per hour of the Electravia was around
one Euro, compared with about 60 Euro for an equivalent
petrol-driven aircraft," she said. "The motor andbatteries
will cost between ten and fifteen thousand Euro, roughly
the same as current small petrol engines."

However, this comparison has started fierce debate
amongst green and aviation groups, who maintain that
when you take the cost and environmental impact of the
batteries into account (especially the lithium) and then
look at factors such as performance, petrol still wins
hands-down.

The debate highlights one of the major hurdles in elec-
tric-powered anything -but most importaltly aircraft - the

weight and weight-to-power ratio of the
batteries. Typically, batteries produce
|usl2"/" of the energy of the same mass
of petrol.

either the SMD or the PC pads by
overheating. You also need to make
sure you don't apply too much solder,
which can cause fine solder "bridges"
to short between pads or tracks.

If you do get solder bridges, they
can be removed by applying the end
of some fine de-soldering braid to the
top of the "bridge" and briefly apply-
ing the tip of your soldering iron to
the top of the braid, so the end of the
braid heats up to the solder's melting
point and'sucks up'the excess solder
by capillary action,

OK, so what is the real problem
with SMDs?

Um, it's the large SMDs with ump-
teen dozen closely spaced pins.

Fine-pitch ICs
More and more VLSI (very large-

scale integration) devices now come
in SMD packages like that shown op-
posite and those in Fig,4 - quad flat
packs (QFPs) with anywhere between
about 44 and 208 leads.

The lead pitch can be as fine as
0.4mm - less than 16% the pitch of
O.'1"l2.54mrn used in most familiar
'dual in line'IC packages.

The width of the leads can also
be as fine as 0.18mm (that's right
- only 1B0pm!), so the actual spaces
between the leads can be as small as
O.22mrn/22o¡tm.

Now it is possible (just!) to solder
a 44-lead MQFP device with 0.8mm
pitch leads like that shown in Fig.4
using a fine-tipped soldering iron and
the technique shown on the right in
Fig.3,

That's providing you are extremely
careful, have a very steady hand and
don't mind having to use the soldering
braid to remove the almost-inevitable
solder bridges. Ifyou cal do this con-
sistently, you are a champion!

The real problem arises when it

Close-up view of a 44-lead MQFP
device with O.Bmm pitch (lead
spacing), after being reflow soldered
using a low cost snack oven.
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Fig.2: the basic steps involved in manually soldering smaller SMDs like
those shown in Fig.l, using a fine-tipped soldering iron and very fine resin-
cored wire solder. The steps for resistors and capacitors (left) are much the
same as those for SOT, SOD and SOIC devices (right).
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Fig.3: manual soldering of SMD ICs with lead pitches of 0.Bmm or more
can be done in the same way if you're VERY careful but be prepared for the
accidental creation ofsolder bridges between leads - and having to remove
them using solder wick. As you can see there's not much difference in
approach between 'gull wing' and 'f-lead' devices.
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comes to devices with lead pitches
of 0.4mm or o,Smm, like the 100-lead
LQFP device shown in Fig,4. These
packages are not even suitable for
automated wave soldering, let alone
manual soldering, The leads and gaps
between them are just too narrow.

The onlywayto solderthese devices
is by reflow soldering. This process
involves applying solder paste to all
of the tiny pads on the board (using a
laser-cut stencil ald squeegee system),
then placing the SMDs accurately in
position on the board. The boards are
then placed on a conveyor belt and
passed through an 'IR reflow oven' at
a controlled rate, using infrared radi-
ant heating.

Inside the oven they move through
areas with temperatures set for pre-
heating, followed by a 'ramp up' to
above the melting point of solder and
then a 'ramp down' to well below
the melting point. This is known
as a 'reflow soldering profile',

Using this approach, SMDs
with a lead pitch of 0,4mm
can be soldered to boards
safely and with a high degree
of reliability, at the same time
as all of the other SMD com-
ponents.

The main drawback is
that a commercial IR reflow
oven is very expensive (many
thousands of dollars) and thus
beyond the reach of enthusiasts
and even marry small manu-
facturers,

Getting laser-cut solder paste
stencils made from your PC
board CAD flIe is not cheap
either,
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So the challenge is to flnd a much
cheaper way of soldering these fine-
pitch SMDs into PC boards, Luckily,
there is a way!

About solder paste
Solder paste is available from the

better electronics stores. It consists of
tiny spheres (<sopm in diameter) of
tin-lead solder (63% tin, 37o/o lead),
suspended in a water-soluble paste
or gel of flux,

It's typically sold in fairly large plas-
tic syringes, holding about B0 grams
of solder paste. This is actually far
too much for the average enthusiast,
because the ingredients in the flux
apparently have a shelf life of only six
months after manufacture, even when
stored in a refiigerator. Yet B0g ofpaste
is enough to solder many hundreds

- even thousands - of SMDs,
So while solder paste is available,

it's a pity that it isn't sold in much
smaìler quantities - say 5g or 10g,

This would mean a lot less wast-
a8e.

By the way, when you buy sol-
der paste, make sure you store it
in a refrigerator so you'll at least
maintain its six-month working
Iife. And if you store it in a fridge
that is also used to store food (of
coursel), place the syringe in an
air-tight container because both
the solder spheres and the flux
apparently give off toxic fumes.

: Applying the paste
. As mentioned earlier, large-

' scale manufacturers use laset-
cut stencils and a squeegee

amount of solder paste to every pad
on the PC board where an SMD lead
or contact area is to be soldered.

This is shown in the upper two dia-
grams of Fig.5. This technique simply
it isn't practical for small manufactur-
ers or enthusiasts.

A much simpler approach involves
applying a thin 'stripe' of paste along
the pads for the SMD leads, as shown
in the lowest diagram in Fig.5,

The stripe of paste is only a milli-
metre or so wide a¡rd can be applied
using a fine brush, a very narrow roller
applicator or a fine spatula with a 1mm
wide tip,

You'd think that applying a continu-
ous stripe of solder paste in this way
would be 'asking for trouble' for it to

tor used to mate with the PC
printer port.

Fig.3 shows the parts layout.
Install the single wire link
frrst, then install the resistors,
the four diodes and the two
capacitors. Be sure to orien-
tate the diodes and the 10pF
electrolytic capacitor exactly
as shown.

Follow these parts with the
two Mosfets (Q1 & Q2) and
the IC, again taking care to
ensure they go in the right way
around. The assembly can then
be completed by fitting the D2 5
connector (CON1), the IDC
header (CON2) and the 4-way
DIP switch,

Take care when installing
CON2 - the slot in its body
goes towards the bottom edge
of the PC board.

Note that switches 51 & 52
are part of a 4-way DIP switch,
withthe othertwo switches not
used, If you happen to have a
2-way DIP switch, this could
be used simply by fitting it in
the two righthand positions
(nearer the 3,3kQ resistors).

The 10-way IDC header
(CON2) provides the interface to the supply rail on the board.
I2C circuit under test. This allows you If you're going to be using the pull-
to make up a test lead cable from a upresistorsontheinterface,you'llalso
250mm length of ribbon cable which need to connect the +3,3V lead to the
is litted with a 10-way IDC socket at positive rail of the chips connected
one end to mate with the header. Each to the I2C bus - and close interface

Fig.3 (right): install the parts on
the PC board as shown on this
layout diagram and in the above
photo. Each pair ofexternal
leads from the Lo-way cable ca¡r
be terrninated in a small "EZ-
hook" test clip as shown in the
lead photo.

pair of wires in the cable can then be
terminated in a small "EZ-hook" test
clip to make the connections to the PC
board being tested.

Putting it to use
There's not a great deal involved

in using the interface, apart from
connecting the IzC leads from CON2
to the appropriate points on the PC
board you're debugging. This means
connecting the SCL and SDA leads
to the same lines on the board to be
tested, the ground lead to the board's
ground and the +5V lead to a suitable

switches 51 and S2, of course,
On the other side of the interface,

all that's needed is to plug CON1 into
a printer port connector on a suitable
PC, either directly or via a short D25M-
D25F extension cable if necessary, Af-
ter that, it's simply a matter of running
the URD program and using it to check
and/or modify the contents of the I2C
subaddress registers inside the chips
on the board you're working on.

Obtaining the URD program
To make it easier for you to get

the NXP/Philips URD312 debugging

SDA scL

program, we are posting a coPY of
URDS12,EXE on the StlIcoN CulP
website (www.siliconchip.com.au).
If you download this and execute it,
you'Il fînd that it wiII install on most
PCs runningWingB, WinMe, Win2000
and WinXP. When it installs, it also
loads the driver it needs for com-
municating with the interface via the
printer port.

I had no difficulty installing and
running the URD program on a ma-
chine running Wing8 but it did have
a problem talking to the printer port
when I installed it on a machine run-
ning WinXP / SP 2, Istill haven't sorted
out that particular problem at the time
of writing this article but it may be
part of the tighter security enforced
by WinXP when the SP2 patches are
applied. sc

tlrq:g.096

TO PC PRINTER PORI

IEAD
WIDTH
0.38mm

1

44{fAD METRIC AUAD FIAT PACK (MAFP}

AIT DIMENSIONS IN MI]IJMETRES

ffi
1

l OO{EAD LOW PROFIIT QUAD FLqT PACK
(LOFPt 00,/SOT407-l l

(BOTH DEVICES SHOWN 2x ACTUAL SIZE)

Fig.4: the key dimensions of a 44-lead MQFP device compared with those
for a 1.00-lead LQFP device - both shown twice actual size for clarity. You
can see why the fine-pitch devices can't be soldered in manually or even by
wave soldering.

APPLYING SOIDER PASTE USING A
STENCIL AND SAUEEGEE

AFTER STENCIT IS REMOVED

LOW COST ATTERNATIVE: MANUAL
APPUCATION OF SOTDER PASTE 'STRIPE'

Fig.S: for reflow soldering, large-
scale ma¡ufacturers apply solder
paste to the board pads using a
squeegee and a very thin stencil,
laser cut from the PC board CAD
file (top), This leaves the paste
neatly on the pads (centre) but
this is not feasible for enthusiasts.
Luckily for fine-pitch SMDs, a very
thin paste stripe (bottom) is almost
as good.

THIN SOTDER PASTE

STRIPE OVER PADS

RæMGOI]OÜGOdæ

tr No. Value 4-Band Gode (1%) 5-Band Gode (1%)

tr 2 100kO brown black yellow brown brown black black orange brown

tr 1 l OkO brown black orange brown brown black black red brown

tr 2 3.3kO orange orange red brown orange orange black brown brown

tr 2 1000 brown black brown brown brown black black black brown
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Farts Lflsll

1 PC board, code 04203081,55
x 61mm

1 male D25 connector, 90'PC-
mount (CON1) (Jaycar PP-
08.43; Altronics P-3220)

1 10-pin (5 x 2) vertical IDC
header,- PC-mount (Jaycar
PP-1 100; AlÌronics P-5010)

1 1O-way IDC socket (Jaycar PS-
0984; Altronics P-531 0)

1 250mm length of 1O-way'
rainbow cable

5 EZ-hook test clips, 40mm long
1 4-way DIL slider switch (S1,52)
1 14-pin lC socket

Semiconductors
1 40118 CMOS quad NAND

gate (lC1)
2 2N7000 N-channel Mosfets

(Q1,Q2)
4 1 N4148 diodes (D1-D4)

Gapacitors
1 1O¡rF 16V RB electrolytic
1 100nF monolithic ceramic

Resistors (0.25t1f 1%)
2 100ko 2 3.3ka
1 10ko 2 100ç¿

the SDA line data back to pin 11 via a

single inverter.
So that's the basic idea of the way

the interface works. Let's now take a

look at the full circuit which is shown
in Fig.2.

Circuit details
,A.s shown in Fig.2, two low-cost

2N7000 N-channel Mosfets (Q1 & Q2)
are used as the SCL and SDA pull-
down transistors. Inverter stages IClc
& ICld [part of a 40118 quad CMOS
NAND gate) are used for interfacing
the SCL line, while ICla is used to
interface the SDA line, The fourth gate
(IC1b) is unused.

Most of the rest of the circuitry is
used to protect Mosfets Q1 & Q2 from
possible damage due to electrostatic
charge build-up on the printer port
lines when the interface is not con-
nected to a PC. That's the reason for the
100kO resistors connected fiom each
Mosfet gate to ground and for diodes
D1-D4, The latter prevent each gate
from being taken more negative than
ground or more positive than the +5V
rail which is used to power IC1.

The 10pF capacitor on the +5V line
provides supply line filtering, while
the 10kQ resistor ensures that pin 12

of the printer port is pulled high, This
is a requirement of the URD program
which expects to find a logic high on
this pin of the printer port (originally
used for monitoring the "Out of pa-
per" line),

Switches 51 & 52 can be used to
switch in two 3.3kQ pull-up resistors
on the SCL & SDA lines respectively.
This is necessary if the IzC bus lines
on the PC board being tested don't
already have pull-up resistors.

Note that the interface line ma¡ked
"+3.3V" must be connected to the
+3,3V line supplying power to the
I2C chips on the board being tested,
so the interface pull-ups cal function
correctly.

As indicated, the interface pull-ups
aren't needed if the board being tested
is aìready provided with pull-ups of its
ov¡n. In that case, 51 and 52 are simpÌy
Ieft open (and the interface's +3.3V
Iead doesn't need to be connected to
anything).

Building it
Building the interface is very straight-

forward, as all the parts are mounted
on'a small PC board coded o42o3o\1,
and measuring 55 x 61mm. These
parts include the male D25 connec-

Above: a closeup view showing a thin 'stripe' of solder paste applied manually
to the pads for one side of a 100-lead LQFP device, with the tiny solder spheres
just visible. This stripe is a tad uneven in thickness - a little too thick near the
left end, and a little too thin towards the centre.
Below: closeup of the same board after the device had been reflow soldered
using a snack oven. Despite the 0.5mm lead pitch, there were no solder bridges.

form bridges between pads, during the
reflow soldering process.

Howeverthe secret of this approach
is to make the paste stripe very THIN
- only about 100pm wide or two solder
spheres thick,

If it's no thicker than this, the result
is that surface tension and capillary
action causes the solder spheres to
'pull themselves together' into the
gaps between each SMD lead and its
board pad, when they melt during the
reflow soldering.

Most of the solder spheres in the
paste between the pads get sucked
into the molten solder directly under
each SMD lead, leaving very few to
form bridges.

Not too thick, not too thin
If you make the paste stripe too

siliconchip.com.au

thick, there WILL be enough spheres
Ieft in the gaps between pads to form
bridges,

On the other hand, if you make the
stripe too thin, there will be insuf-
ficient spheres to pull together and
form a good bond between each SMD
Iead and its pad underneath.

So erring in this direction results in
'missing joints' after the reflow solder-

ing process - not easy to repair!
So the most important thing about

this manual approach to applying the
solder paste is to take your time and
care in making the stripe as even in
width as you can.

It's easiest to do this with the board
under a magnifier lamp or even a

low-power steieo microscope with
illumination.

I've also found that a very thin and
nanow-tipped (about 1mm) spatula
seems to make it easier to apply and
even.up the paste stripe, although a
verynarrow'applicator wheel' (Imade
one myself) was almost as good, and
easier than a fine brush.

Whatever you use, the main ingre-
dient is time and patience - applying
solder paste is a bit like trying to
spread microscopic caviar evenly on
a sheet of glass,

In fact, since you have plenty of
paste, do a few dry runs on a sheet of
PCB copper laminate,

Placing the SMDs
Once the solder paste has been ap-

plied to the board, you can place your
flne-pitch SMD(s) in position, with
their leads over the board pads ready
for the reflow soldering process.

Large-scale manufacturers use a

pick and place machine to place all of
the components on the board in one
pass - not just the fi.ne-pitch SMDs
but everything else as well. Then all
parts can be soldered to the board
in a single pass through the reflow
oven. But that's not really feasible if
you're placing all of the components
manually.

Our method is to place the flne-pitch
ICs on your board first, then do their
reflow soldering. After the board Öools
down you can then inspectthe results
ard if all is well you can proceed to
solder in all of the rest of the compo-
nents one by one, using the frne-tipped
soldering iron approach illustrated in
Figs.2 & 3,

You may be wondering how accu-

The business end of a 'mini spatula' made by the author for applying a stripe of
solder paste on pads for fine pitch SMDs. It's shown here about 3x actual size'
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Fig.6: The shaded pink area shows the reflow soldering temperature profile
limits recommended by SMD manufacturers, The solid black curve shows
the measured temperature plot achieved by the author using a low cost
snack oven on'BAKE'.
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So depending on the location of
your fine-pitch SMDs on the board,
the reflow operation can easily resuÌt
in a ring of scorching on the underside
of the board. The result is a totally
unusable board and the SMDs won't
be able to be salvaged either.

Get an old frypan
If you decide to try the frypan ap-

proach, plea se don' t use a fryp an that
is also usedfor cookingfood.

The fumes given off by solder paste
during the reflow process are quite
toxic and are likely to be absorbed by
the frypan metalwork and/or Teflon
coating. So the toxins may well be
transferred into any food cooked in
the frypan afterwards.

Buy a cheap frypan specifically for
the job, and mark it clearly'NOT TO
BE USED FOR FOOD COOKING'.

Because of the toxic fumes given off
during reflow soldering, it's also very
desirable to do it in a well-ventilated
area - preferably outdoors. This ap-
plies regardless of whether you use a

frypan or some other heating device.
Having read the references on the

web about reflow soldering using a
frypan, I decided to try it but with a

slightly different approach.
I bought a cheap frypan, then did a

few experiments with it, To try getting
around the board scorching problem,
I cut a'heat spreader'plate from 4mm
thick aluminium sheet, and placed
this in the centre of the frypan with
my test board sitting on it.

This did seem to make the heating
fairly even but there was still a major
problem.

Even with the frypan's thermostat
set for maximum, the temperature on
the top ofthe PC board never reached
the melting point of solder (183'C), let
alone the 215'level that is necessary
to ensure good reflow.

Presumably the small air gap be-
tween the bottom of the frypan and
my spreader plate added too much
thermal resistance. So I removed the
spreader plate and tried again, with
the board placed directly on the bot-
tom of the fiypan.

This time the temperature on the
top ofthe board did reach about 21,0"C
and reflow took place, but when it
all cooled down I discovered that
the underside of the board had been
scorched in a number of areas that
had been directÌy over the circular
heating element,

Fortunatelv, before tearing out the
last few strands of my hair, I decided
to seek help from the support people
at NXP (formerly Philips Semicon-
ductors) - not only because the chip
concerned happened to be one oftheirs
but because it was Philips that devel-
oped IzC in the first place. After all, if
anyone should be expert at solving 12C

problems, it should be NXP,
As it turned out, they were very

helpful. An NXP support engineer
promptly sent me an email suggesting
severaL things to try. Then, when that
didn't fix things, hé suggested I try ana-
lysing the problem using a debugging
program running on a PC. Not only
that but he also sent me a copy of the
Iatest version of their ftee IzC debug-
ging program (called "URD"), which
they developed quite a few years ago.
The current version turned out to be
v3.1.2,which comes as a self-instaÌÌing
package called URD312.exe (more on
this later).

Along with the program, he also sent
a device data register set-up file for the
video processing chip I was working
with, so the URD program could com-
municate with it sooner, And iast but
by no means least, he sent me a PDF
file with the circuit of the originaÌ PC
printer port/I2C interface card that the
URD program was designed to work
with, so I could build one up for the
troubleshooting.

That's pretty good support from
the other side of the world, clon't you
think?

As it happened, the original inter-
face used a 74LS05 chip that I didn't
have, so I decided to update the circuit
to use devices that are readily avail-
able nowadays. And that's the project
described here - it uses a 40118 quad
NAND gate, a couple of Mosfets and
not much else.

How it works
Like the original NXP/Philips inter-

face, this unit is designed to allow the
URD program to communicate with an

soundlabs
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rately you have to place the fine-pitch
IC packages in position, before reflow
soldering.

The answer is placed FAIRLY ac-
curately but not fanatically so. The
main thing is to make sure that every
device lead is over its corresponding
PC board pad, and cÌoser to that pad
than it is to any other pads nearby.

If you achieve that, when the solder
spheres in the paste melt and coagu-
late during the reflow process, surface
tension and capillary forces in the
molten solder will automatically'pull'
all ofthe leads into position centrally
over their pads.

So the idea is to carefully lower the
IC package (orientated correctly, of
course) into position using a'vacuum
pickup tool' or simila¡, and then nudge
it gently into the correct position us-
ing a fine jewelÌer's screwdriver or
'pick tool'.

Again, it's easiest to do this under a
magnifier lamp or stereo microscope,
preferably one where you can rotate
the board and IC until you're huppy
that all leads are over their pads on
the board.

Once all of the fine-pitch SMDs have
been placed carefully in this way, your
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board will be ready for reflow solder-
ing. Be very careful not to bump or jar
it, because the SMDs could easily be
jolted out of position,

Reflow soldering
Now how do we do the actual reflow

soldering? Ifyou use an online search
engine to track down info on reflow
soldering, you'll find that quite a few
have tried doing it with an electric
frypan or skillet.

The basic idea is to place the PC
board in the centre of the frypan, ap-
piying power until the solder paste
clearly melts and flows under each
SMD lead, thenturn off the power and
allow it all to cool down.

This can work - but there is a big
risk of scorching the underside of the
PC board; inevitably the underside
of the board must be raised to a tem-
perature considerably higher than the
melting point of solder.

This board-overheating problem
tends to be made worse because the
heating eLement in the underside of
most frypans is circular in shape. This
produces uneven heating of the PC
board, with a cooler region in the cen-
tre surrounded by a 'ring of heat'.

www.so u n d la bsgro u p. co m. a u
MABCH 2OOB 7S

fi lopF

PUUUPS +
ç'--" !t
J- PUuUPS l? -.,.^,-

12 I 3.3k

lCl: 401 I B

.q*c, toll ti0sl tPI-t28 lilIERtAct tfln lltBUGGlllB
Fig.2: the complete circuit for the LPT to IzC interface, It's based on Mosfets
QL & Q2, a 40118 quad NAND gate (IC1a, IClc & ICld) and just a few other
parts. Diodes DL-D4 are there tô protect the Mosfets,

IzC bus on a deveiopment board via
the PC's paraÌÌel printer port (LPT).
The basic arrangement of the circuit
is shown in Fig.1.

In operation, the URD program
sends out the SCL pulses in inverted
form via pin L7 of the printer port
(originalÌy used for the SEL-bar line).
So the interface uses this printer port
line to control Mosfet Q2, which is
used to pull down ihe SCL line of the
I2C bus.

Conversely, the URD program moni-
tors the IzC bus SCL pulses via pin L5
of the printer port, which was origi-
nally used for monitoring the printer's
Error-bar line. As a result, the interface

Component Speci
. Speaker drivers - tweeters to 18" subwoofers - plus kits
. Capacitors, term¡nals, wire, coils and parts

: d;:' -#f
. Much more onl¡ne or phone (02) 4627-8766

feeds back the SCL line status to pin 15

via a pair of inverters which function
as a non-inverting buffer.

Similarly, the URD program sends
out data to the SDA line (in inverted
form) via pin I of the printer port,
originally used to send parallel data
bit z to the printer. The interface uses
this printer port line to control Mosfet
Q1, which is used to pull down the
SDA line of the IzC bus.

Finally, the URD program receives
data from the SDA line (again in in-
verted form) via pin 11 of the printer
port, which was originally used for
monitoring the printer's Busy/Ready-
bar line. So, in the interface, we feed

alists
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So reflow soldering with a frypan is
just not worth the risk,

Using a snack oven
Another el-cheapo refl ow technique

that you'll come across on the web
involves the use of a small electric
'snack' or toaster oven. Almost all of
these use a pair of heating elements,
one atthe top of the oven compartment
and the other at the bottom.

Whatever you're going to heat up
in the oven goes on a tray supported
by a wire mesh 'drawer' in the centre,
which is linked to the oven door so
it slides in or out when the door is
closed or opened.

Often there's a switch which al-
lows you to select either the top ele-
ment ('GRILL') or the bottom element
('REHEAT') or both at the same time
('BAKE'). Each element draws about
325 watts, so the oven uses about
650W when both are used together,
Since the reflow operation only in-
volves drawing this power for five
or six minutes at most, this isn't a

problem,
The main advantage of using this

kind of snack oven for reflow soidering
is that the heating is done by infiared
radiation, on the top of the board as

weÌì as fiom beÌow, just like a'proper'
IR reflow oven. The main difference is
that your board stays fixed in the oven
during the whole process, rather than
moving through different temp erature
regions on a conveyor belt.

This means that you have to arrange
for the reflow temperature profile to
be provided in some other way. This
turns out to be easier than you would
think.

I decided to try the snack oven
approach for myself, So I bought
a Kambrook KOT-150 snack oven
which cost the magnificent sum of
$29.95. This has no thermostat, just
an electromechanical timer and the
element selector switch. But the lack
of a thermostat is not a problem and
the timer didn't turn out to be all that
necessary either.

My first test with the snack oven
was to clamp a thermocouple tempera-
ture probe onto a test board, which
was then placed in the small pressed
tinpÌate tray that came with the oven.
The tray was then placed on the oven's
sliding mesh drawer and the oven door
closed carefully so the thermocouple
lead could exit through a small gap at
the top ofthe door.

siliconchip.com.au

The oven was set to BAKE (both
elements on) and the timer knob set
to apply power for about 10 minutes,
I then proceeded to take temperature
measurements every 15 seconds.

The resulting temperature charac-
teristic turned out to be very close to
the solid black curve in Fig.6, which
also shows (shaded pink areal the
reflow temperature profile limits for

fine-pitch SMD IC packages tecom-
mended by larger chip manufacturers
like NXP/Philips.

As you can see, the warm-up char-
acteristic is nicely within the recom-
mended limits. By turning off the
power to the snack oven when the
temperature on the top of the board
just reached 205"C, the board tempera-
ture coasted up nicely to a peak at 215"

By JIM R0WE

A [@w=@@st [PT=t@=P@
fl mte ffie@@ fior debug,gfimg
Tracking down problems in circuits which are progr_ammed via an IzC
bus canbe tricky and time-consuming, unless you take advanta_ge gt a
debugging progfam running on a PC. Here's a low-cost, e_aqy-to-build
printei põrt tol2C interface designed to work with th e PhilipsÆ.JXP
debugging program URD3 L2.exe.
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Fig.1.: the basic
arrangement for
the LPT to IzC
interface. Mosfets
Q1 & Q2 pull down
the SCL & SDA
lines for outgoing
signals from the
port, while the
inverters interface
the incoming SCL
& SDA signals from
the circuit under
test.

TUST RECENTLY, I was trying lo
I n nlrtt a pro ject *iri"n ur", u .o Jpl"
ól video-processing JCs that are pro-
grammed via the I2C bus. However, I
strucktrouble with one chip. For some
reason, it wasn't responding correctly
to the set-up data I was sending to it
from the project's microcontroller,
even after I had been through my con-
trol program umpteen times searching
for bugs (or programming errors).

Even when I wrote a test program
and captured the IzC bus activity with
my digital scope, I still couldn't track
down the source of the trouble.
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and then began to coast down again. It
dropped down below the 183"C solder
melting point temperature about 6.5
minutes after switch-on, so after wait-
ing about one more minute,I carefully
opened the door and drawer to allow
cooling to occur more rapidly.

When the test board had cooled
right down, I took it out of the tray and
checked underneath to see if there had
been any scorching. There was none
at all - even the silk screening on the
underside of the board showed no
discolouration.

Trial run
Thus encouraged, I decided to carry

out a reflow soldering test on another
PC board. This was prepared with sol-
der paste stripes around the pads for a

fine-pitch IC and then an SMD device
was carefuIly placed over these pads.
Then I made my first mistake,

In an effort to make the process a
little more controlled, I drilled four
3mm holes in the oven's tinplate tray,
so the board could be fastened into it
using four M3 machine screws and
nuts. One of the screws was also used
to attach the clamp for the thermocou-
ple probe, to hold the probe securely
in position with its bead in contact
with the board's top copper close to
the SMD chip.

The board and tray were carefully

placed on the oven's mesh drawer and
the oven door gently closed so they
slid smoothly inside. Then power was
applied to the oven again, measuring
the top-of-board temperature every 15
seconds as before. All went well, with
exactly the same temperature profile
as before. But just as the temperature
reached about 200"C (just before I

would turn off the powerJ there was a
'PING' sound - apparently the tinplate
tray had been under stress as a result
of the boa¡d being bolted inside and
the stress was relieved suddenlywhen
the temperature reached 200o.

Having turned off the power as

soon as the temperature reached
205",I waited impatiently while the

the slave that there are no more bytes
to be read back.

Finally it sets up the Stop condi-
tion (P) as before, to release control
of the bus.

The sequence of events when the
master device wants to read back a
number of data bytes from consecu-
tive slave subaddresses is very similar.
This is shown in Fig,a[e),

Here the master sets the Start con-
dition (S) and sends the slave device
address first as before, followed by an
R/W-bar bit of zero for writing. Then,
when the slave acknowledges, it sends
the starting subaddress and waits for
the slave to acknowledge again. Itthen
sets a repeat start (Sr) condition and
again sends the slave device address,
followed by an R/W-bar bit of one to in-
dicate that datawill nowbe read from
the slave rather than written to it. After
acknowledging (,â.), the slave then
sends back the flrst byte of data from
the specifled starting subaddress.

When the master acknowledges
that it has received this first data byte
by pulling the SDA line down (ÂJ,
the slave continues to increment its
internal subaddress pointer ald send
back data bytes from consecutive
subaddresses, This continues until
the master acknowledges the last byte
it wishes to receive in the current
transfer, by leaving the SDA line high
during the ninth clock pulse (ie, A-barl
rather than by pulling it down as for
the earlier bytes. This again signals
the slave that no more bytes are to be
sent back,

Finally, as before, the last step is for
the master to set up the Stop condition
(P) and release control of the bus.

Other bus events
We have now looked at virtually all

of the events that take place on a basic
"single master/multiple slaves" I2C
interface bus. As most common appli-
cations are of this type, you shouldn't
have muchtrouble with them if you've
kept up so far.

There are also other kinds of IzC bus
events like "clock synchronisation",
"arbitration" and "clock stretching"
butthese mainly come into the picture
with more complex multi-master sys-
tems - like f O-bit addressing. For the
most part, you won't need to worry
about them, so I'm not going to try
explaining them here.

If you do need to find out more about
them, they're covered quite well in
NXP's IzC Bus Specification a¡rd User
Manual, which can be downloaded
fiom the NXP website (www.nxp.
com/acrobat download/usermanu-
als/IJMtozoa-3.pdfl.

I2C bus speeds
When Philips first developed the IzC

bus, it was only intended for low-speed
operation - up to 100kb/s fkilobits per
second). However, over the years, the
IzC specification has been revised and
expanded and nowadays there are a

total of four different allowable bus
speed modes.

The original o-10Okb/s mode is now
known as "Standard Mode", while the
other three modes are designated "Fast
Mode" (0-400kb/s), "Fast Mode Plus"
(0-1Mb/sl and "High Speed Mode"
(0-3.aMb/s).

Table 1 shows the most important
electrical characteristics of the three
speed modes in common use.

If devices are to be used on an IzC
bus running in one of the higher speed
modes, they must be given SDA and
SCL driver and buffer stages capable
of working at those higher speeds. On
the other hand, a device which does
have higher speed drivers and buff-
ers can always be used on an I2C bus
operating in Standard Mode. In fact,
this backwards compatibility is part
of the I2C specification.

Debugging & troubleshooting
Debugging and troubleshooting of

I2C bus circuits can often be done by
monitoring bus activity using a dual-
trace oscilloscope, with one trace

watching the SCL line and the other
the SDA line, If the scope is arranged
to trigger on a negative-going edge on
the SDA line, it will trigger for each
Start condition,

However, for tracking down more
subtle problems, it may be necessary
to use an IzC debugging program run-
ning on a PC, linked into the bus via
a suitable hardware interface adaptor,
This type of program usually allows
you to do things like reading data from
slave device subaddress registers, or
writing data into them to program
device operation "on the run".

There are various IzC debugging
programs currently available, many of
them designed to work with their own
USB-I2C hardware interface. These
combined software a¡rd hardware pack-
ages can be fairly pricey though - up to
hundreds of dollars in some cases.

Fortunately, for quite a few years
now, Philips/NXP has made avail-
able a freeware debugging program of
their own, called "URD" - short for
"Universal Register Debugger", The
currentversion of this isv3.L2, which
can run on any version of Windows
up to Windows XP. It comes as a self-
installing file called URD3 1 2.EXE and
when it installs, it also unpacks two
PDF files.

These PDF files provide a User
Manual for the program (URDUser.pdf)
and a reference manual (URDLang.pdf)
for its programming language, which
seems to be derived from Microsoft's
Visual Basic for Applications.

Hardware interface
URD v3.12 is compatible with a

very simple hardware interface which
connects to one of the PC's parallel
printer ports and comes with a driver
for this type of interface. Elsewhere in
this issue, you'll flnd a simple LPT/IzC
interface ofthis type described, so you
can build one up yourself to use with
the URD program. Togethertheymake
a much cheaper alternative to com-
mercial I2C debugging packages. sc

It's not elegant but it works: an SMD chip baking oven, made by the author
by converting a disçarded blower heater. The reflector part ofthe heater was
flattened and bent into a small rectangular oven shape, then re-attached to the
front of the blower heater element (just visible through the opened front door),

Ten Tips for successful DIY reflow soldering of SMDs
I . Store your solder poste in o seqled contoiner in the fridge, to prolong its useful life.

2. Toke core io opply the solder poste in o 'shipe' olong he centre of the SMD leod pods on the PC boord, with the shipe no

more lhon obout i .5mm wide ond (most imporlont) very thin - no more thon obout 100¡rm, or two solder spheres. As even
in thickness os you con moke il, olso - no lumps or voids...

3. Use q smoll snock oven br reflow soldering. Clomp the PC boord on the top of q flol heot diffusion/support plote mode
from 4mm thick oluminium sheet, soy 220 x l40mm in size (to fit combrtobly in the snock oven). Also monitrcr the

temperoture on the icp of the boord neor one of the SMDs, using o thermocouple probe connected to o digiÌol thermometer.

4. Ploce the on the boord corefull¡ with oll leqds os neor os possible to their corresponding boord
pod. You ql obout this t{rough: the chips will outo.locotre during reflow, providing eoch leod is closer
to its own pods on either side.

5. Ploce the boqrd ond its support plote on the oven's slideout drower very corefull¡ so os not tc bump or iolt the SMDs from
their positions. Then corefully close the oven door so they slide smoothly into he oven - ogoin without iorring.

ó. Use both the upper ond lower heoting elemenls o[ the oven br reHow solder heoting. This is usuolly ochieved by selecting

the BAKE setling. Using both elements gives more even heoling, closer to thol in o proper lR refow oven.

7. Switch on the oven, monitoring the temperoture on the top of boord using the thennocouple probe ond digitol thermometer.

The temperoture should rise foìrly smoothly, reoching the melting point of fin/leod solder (183'C) in iust under
five minutes. Toke core not to bump or ior the oven ofter this.

8. As soon os the temperoture reoches obout 205'C, turn off the oven power without bumping onything. The bmperoture will
conlinue rising, ic reqch o peok ot oround 215-220'C.lt should then begin folling ogoin.

9. Woit until the Þmperoture drops below the melting point of solder - soy down to obout 'l ó5'C. Then it should be sob tc
open the oven door so dre drower qnd its conlents slides out, to speed up fu*her cooling.

10. When the boord hqs cooled down to oround room temperoture, remove it from the support plote ond check the solder

ioints on oll SMD leods with on illuminqted mognifier or stereo microscope. lf there ore ony solder bridges, these con be cut

owoy using the fip of o hobby knib or 'sucked' off using desoldering broid qnd o fine+ipped soldering iron.

! uosGcffimgD@g-Eeredfl
ffiürrfr,äGe?pies 

0f slHcoil cHlP safe w¡rh rhese 
I

Available Aust, only. Price: $A13.95 plus $7 p&p per order (¡ncludes GST). Just

(02) 9939 3295 and quote your cred¡t card number.
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Poromeler Stondordrnode Fosl'mode Fostmode Plus

SCL clock frequency r100kb/s 0-400]<b/s 0-l Mb/s

SCL clock low time 4.7ys min 1.3ps min 0.5¡-rs min

SCL clock high time 4.0¡rs min O.ó¡rs min 0.2óps min

Setup time, S or Sr condifion 4.7ps min 0.óps min 0.2ó¡rs'min

Hold time, S or Sr condiilon 4.0¡rs min O.óps min 0.2ó¡rs min

Dotn selup time 250ns min l00ns min 50ns min

Doto volid time 3.45¡rs mox 0.9¡rs mox 0.45ps mox

Acknowledge dotu volid time 3.45¡rs mox 0.9¡rs mox 0.45ps mox

Rise time, SCL or SDA sigs I ¡rs mox 300ns mox I 20ns mox

Foll time, SCL or SDA sigs 300ns mox 300ns mox I 20ns mox

Setup lime, sìcp (P) condition 4.0¡rs min O.ó¡rs min 0.2óps min

Busfreetime, P-Scond's 4.7ps min L3¡rs min 0.5¡rs min

low level ouþut cunent 3mA min 3mA min 20mA min

Ouput low volh (3mA sinkl 0.4V mox 0.4V mox 0.4V mox

High level vohs, SDA or SCL Vdd + 0.5V mox Vdd + 0.5V mox Vdd + 0.5V mox

Shunt C, SDA or SCL lines 400pF mox 400pF mox 550pF mox

Copocibnce br eoch l/O pin I OpF mox 1 OpF mox 1 OpF mox

acknowledges the request by pulling
the SDA line low [A) for the ninth
clock pulse. Then when the master
sends out a further eight clock pulses
on the SCL line, the slave toggles the
SDA line to transmit the databits back
to the master.

Now comes the second change. Al-
though it's the master that now has to
acknowledge that it has received the
data byte from the slave, it doesn't do
this by pulling the SDA line down on
the ninth clock pulse as before for a

normal acknowledge (A)' Instead, it
leaves it high for a not-acknowledge
(A-bar). Can you guess whY? It's be-
cause this is the only way the master
can indicate to the slave that the
transfer is ending and no further data
bytes need be sent.

Finally, the master ends the se-

quence as before by setting the Stop
(P) condiiion and releasing the bus
lines.

Remember that in both Fig'a(a) and
Fig.a[b), all the clock pulses on the SCL

line are provided by the master device,
It also sets the Start and Stop condi-
tions, specifies the slave address and
specifies whether the data byte is to be

written to the slave or read from it,

Device subaddresses
Although each device connected to

an IzC bus has a single main address,

Z6 StLtCO¡rt Cutp

the I2C specifi.cation does allow it to
have multiple secondary or subad-
dresses. This canbe very useful where
a device such as an audio or video
processor chip needs to have manY
registers or latches to store its various
control parameters, or in the case of a
memory device, to store the data,

Since a complete secondbYte canbe
used to specify the device subaddress,
this means that a complex device can
have as many as 256 subaddresses (28)'

This may sound like more thal enough
but some very complex video process-
ing chips do need over 180 different
subaddress registers to store their set-

up parameters and status bYtes. 
_

Fãrtunately, devices which do have
multiple subaddresses usually have an
additibnal handy feature: a subaddress
"pointer" register which automatically
increments after each data byte write
orread operation. This allows amaster
device to w¡ite a string of data bytes
into successive subaddress registers,
or read data b¡es back ftom them, in
a single multi-byte operation. All it
needs to do is speci{y the starting sub-
address first and then send or receive
the data bytes one after the other.

Multi-byte transfers
Fig. (c) shows the sequence of oP-

erations involved for a master device
to write a number of data bYtes into

successive subaddresses in a slave
device. As you can see, the sequence
begins as before with the master setting
upthe Start condition (S), followedby
the main address of the slave device
which is to receive the data, Plus an
R/W-bar bit of zero to indicate a data
write.

When the addressed sLave device
acknowledges (A), the master then
sends a second byte sPecifYing the
starting subaddress. Then, after the
slave acknowledges again, the master
simply begins sending the data bytes
themselves, one after the other, The
slave acknowledges the receiPt of
each databyte and saves them in con-
secutive subaddress registers, starting
with the subaddress specified by the
master,

Finally, after the last data bYte has

been sent ald acknowledged, the mas-

ter sets up the Stop condition (P) and
releases control ofthe bus. As before,
all the clock pulses on the SCL line are
ob

c
b
ferences - see Fig.a(d).

As before, the master sets uP the
Start condition (S) and sends the main
slave address plus an R/W-bar bit of
zero to indicate a write. Then, when
the slave acknowledges, the master
again sends a second byte specifying
the slave subaddress and waits for the
slave to acknowledge.

But now things take a different
course, because the master now has to
set what is known as a "repeat start"
condition (SrJ, to signal that it is still
controlling thebus (note: arepeat start
condition is virtually the same as a

normal Start condition except that
it does not follow a Stop condition),
It then sends the main slave address
again but this time with an R/W-bar bit
oi " r " to indicate that it wishes to read
a byte rather than write one.

,A.fter the slave acknowledges this
repeated slave address byte, it then
sends back the data bYte from the

specified subaddress, toggling the
SDA line as before in sYnchronism
with the SCL clock Pulses ftom the
master. Following the last databit, the
master must acknowledge, of course,
but if this is the one and only byte to
be read back the master does so not by
pulting the SDA line low for a normal
ãcknowledge butby leaving ithigh for
a NACK (A-bar). This is to indicate to

temperature peaked again and crept
downwards once more. Once it had
dropped to about 165' I carefullY
op"nãd the door, so the drawer and
tray slid outwards.

Thenl examinedthe SMD chiP with
a magnifying glass, only to discover
that itress relief 'ping' at 200' had
caused the SMD chiP to be jolted out
of position. The reflow soldering had
actually occurred quite nicelybut with
the chip and its leads in the wrong
position. Botherl

However, the overall result still
confi.rmed that the snack oven was
quite suitable for reflow soldering.
So I decided to make a much sturdier
PC board support plate, to replace the
flimsy tinplate traY.

The new Plate was a 220 x 140mm
k aluminium
ie drilled near
rd hold-down

clamp screws.
The holes were countersunk un-

derneath so countersink-head screws
could be used to hold dor,rm the board,

drawer.

'{nother board was PrePared with
solder paste and a fine-pitch SMD chip
placed carefully in position. Then the
Ëoard was clamped to the toP of the
new support plate, the thermocouple
probe fitted and the complete assem-

bly placed inside the oven.
This time everything went reallY

well. There were no 'pings', the solder
reflowed nicely and when it all cooled
down again a board inspection showed
that the SMD chip had settled itself in
the correct position and-was nicely
soldered. And there were no solder
bridges!

So we are able to report that reflow
soldering of fine-pitch SMD chips can
be done successfuIly using a low-cost
snack oven like the Kambrook KOT-
150 shown in the Pictures.

Listed on the page oPPosite are the
ten important 'rules of thumb' when
it comes to using a snack oven for
successfuI reflow soldering of fine-
pitch SMD chips, If you follow these
iules carefully, success is almost
guaranteed.

Finally, what about using a "fan-
forced" snack oven? Nof a good idea!
That fan could easilY blow the SMDs
out of position.
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Footnote: About MSL rating
lf you're going t0 be using reflow sol-

dering for SMDs in plastic packages, you

should know a bit about the way these

devices are rated ¡n terms of MSL or
'moisture sensitivity level'.

Basically, it has been discovered that

SMDs in plastic packages have atendency

to absorb moislure when they're stored in

typical 'shop f lo0r' or worksh0p conditi0ns

for any significant period 0f time. The

degree of moisture absorption depends

on a variety of factors -- including the

size of the device package, the number 0f

leads and the relative humidity level in the

storage environment.
The problem is that when SMDs are

heated up during reflow soldering, this

absorbed m0¡sture tends to turn into

steam, and build up sufficient pressure t0

cause cracking and other damage inside

the package. lt can easily damage the chip

inside and/or its bonding wires, even if

n0 cracks are vis¡ble on the outside of

the package.

To minimise the risk of this kind of

damage during reflow soldering, chip

manufacturers nowadays bake most
plastic-package SMDs (especially those

in fine-pitch packages) for many hours at

125'C in a very dry and inert atmosphere,

to drive out any moisture. Then they are

sealed in hermetic packaging ('dry packs')'

and the idea is that they should be left in

this packaging until just before they're

subiected to reflow soldering.

Now because this last-minute unpacking

isn't practical even for big manufacturers

and in any case isn't really necessary for
s0me devices, semic0nductor industry

standards bodies like JEDEC (formerly the

Joint Electron Device Engineering Council)

have established a system whereby each

device is given a rating to show how

long it can be safely left out of its her-

metic packaging in a typical 30'C/60%RH
workshop or factory environment' before

reflow soldering. There are eight 0f these

MSL rating levels, ranging from MSL 1 for
packages which are deemed impervious

to moislure uP to MSL 6 for Packages

which are very sensitive to moisture and

must be reflow soldered within no more

than six hours after being removed from

their dry packs.

You'll find this MSL rating printed 0n

the dry packs of most SMD devices in

pl d certainlY for lhose

in es (which are almost

al L 2 or higher). Table

2 cance of the various

MSL levels.

So what do you do if you want to reflow

solder an SMD with an MSL level of 2 or

higher, if you know has been out of its
hermetic packaging for longer than its

rated safe time? 0r if it hasn't been out

for that long, but subiected to very high

relative humiditY?
The good news is that it can be restored

so it can be safely reflow soldered, by

baking for about 24 hours at a controlled

temperature of between 115-125'C' This

can be done in a small fan driven hot-air

oven, provided the device is placed in a

small metal box to ensure even heating.

The box should also have some small vents

to allow the escape of any moisture that is

released during the baking.

I made up a small baking oven bY con-

vert¡ng a fan-type room heater that had

been dumped at council cleanup time.

The fan motor, fan and heating element

were all in perfect working order, as was

its thermostat switch.
So all I had to do was remove these

components and conveft the heater case

into a recirculating-air oven. Then the

'works'were re-installed and the thermo-

stat tweaked to cycle lhe oven temperature

around 118'C, which produced a rough

but quite serviceable DIY baking oven for
plastic package SMDs.

JEDEC MOISTURE SENSITMil tEVEt (MStl RATINGS

Sob exposure time ot <= 3O"C/6O%RH before reflow soldering

I week ('ló8 hours)
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Want to control a really big DC motor? This circuit can
handle 72Y ot zaV DC motãrs at currents up to 4OA.

S = START CONDITION

A = ACKNOWIEDGE (SDA LOWI

P = STOP CONDITION

ol
WRIÏE

f 
FR.M MA'TER To srAVE 

I 
FR.M srAVE To MASTER

Fis.4(o!: MASTER WRITING A SINGLE DATA BYIE TO A SIAVE DEVICE

r=1 1

READ A = NOT ACKNOWT.EDGE (SDA

Fis.4(bl: MASTER READING A SINGLE DATA BYIE FROM A SIAVE DEVICE

Fig.4(cI: MASTER WRITING MULTIPLE DATA BYTES TO SIAVE DEVICE SUBADDRESSES (IN SEAUENCEI

This 12V or 24V high-current DC Motor Speed Controller is rated
at up to 40,{ (continuous) and is suitable for heavy-duty motor
applications. All control tasks are monitored by 

" 
microcontroller

and as a result, the list of features is extensive.

Sr = REPEAT START CONDITION
rJ

READ
1

A = NOT ACKNOWTTDGE (SDA

rfrHls COMPLETELY NEW speed
I controller is based on a PIC16FBB

microcontroller. This micro provides
all the fancy features such as bat-
tery monitoring, soft-start and speed
regulation. It also monitors the speed
setting potentiometer and drives a
a-digit display board which includes
two pushbuttons.

The a-digit displayboard is optional
but we strongly recommend that you
build it, even if you only use it for
the initial set-up. It unlocks the full
features of the speed controller and
allows aÌl settings to be adjusted, The
microcontroller will detect whether

30 StLtcoN Cutp

the display board is connected and if
not, the speed controller wilÌ support
only the basic functions. In this sim-
pÌe mode, it will function as a simple
speed regulated controller with auto-
matic soft-start and with the speed be-
ing directly controlled by a pot (VR1).
,{il the other settings will be the initial
defaults or as last set (with the display
board connected).

When connected, the a-digit display
allows you to monitor the speed and
the input voltage (useful when running
from a battery). It also enables you to
navigate through the various menus
to adjust the settings,

The circuit can run ftor¡l1.2Y or 24Y
batteries and can drive motors (or re-
sistive loads) up to 40-A, Furthermore,
this is our first DC speed controller
(except for out train controllers) incor-
porating speed regulation under load.
In other words, a given motor speed is
maintained, regardless of whether the
motor is driving a heavy load or not,

Monitoring the back-EMF
In speed controllers which do not

have good speed regulation (ie, the vast
majority of designs), the more a motor
is Ìoaded, the more it slows down. In
order to provide speed regulation, the

Fig.4(d): MASTER READING A SINGLE DATA BYTE FROM A SIAVE DEVICE SUBADDRESS

Sr = REPEAT START CONDIT|ON

A = NoT AcKNo*,loo, rsDA H'GH)

Fis.4(e): MASTER READING MULTIPLE DATA BYIES FROM SLAVE DEVICE SUBADDRESSES (lN SEAUENCE)

ZÐIT SLAVE DEVICE ADDRESS 88IT SLAVE SUBADDRESS (STARTING}

ZÐIT SIAVE DEVICE ADDRESS

7ÐIT SIAVE DEVICE ADDRESS

ZÐIT SI,AVE DEVICE ADDRESS 83IT SLAVE SUBADDRESS (STARTING)

ZÐIT SI,AVE DEVICE ADDRESS
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BUS START {DATA EXCHANGE sroP sus
rDrE coNDrnoN &ACKNOWIEDGEI CONDITION lDtE

Fis.3(o): BASIC l2C DATA EXCHANGE SEAUENCE

scr ls HIGH SCt lS tOW

Fig.3(b): DATA (ADDRESSI BIT TRANSFER

each device as having two addresses
on the I2C bus - one address for writ-
ing data to it and the other for reading
ftom it. For example, a device might
have al effective write address of say

42h [01000010 binary) and a read
address of 43h (o1oooo11). This is
really the same device address, with
only the final read/write bit changing
in value.

By the way, the current IzC specifica-
tion also provides for 1O-bit extended
device addressing as an alternative to
the 7-bit addressing scheme. However
10-bit device addressing is apparently
not used much yet.

Single byte transfers
To make basic I2C operation a little

clearer, let's now take a look at Fig.4(a)'
This shows the sequence of operations
involved in amaster device taking con-
trol ofthe bus, addressing a particular
slave device and then writing a single
byte of data to that device.

As you cart see, the sequence begins
with the master setting up the Start
condition (S) and then sending the
7-bit address of the slave it wants to
receive the data. lt then follows with
zero in the eighth bit (R/W-bar) posi-
tion to indicate that it wants to "write "

or send the data.
If that particular slave device is

present
cept the
pullingt
master s

edge) clockpulse. None of the devices
on the bus with other addresses will
respond.

Following this acknowledgement,
the master then sends out the eight bits
of the data byte itself, after which the
slave device must respond again with
an acknowledge bit. Once the master
detects this second acknowledge, it
sets the Stop condition (P) to signify
the end ofthe transfer and release the
bus lines.

Reading a single data bYte from a
slave device is very similar' Fig.+(b)
shows the details, Here the master
device again sets up the Start condition
[S) and sends out the 7-bit address for
the slave device it wants to read the
byte from, Now comes the first dif-
férence, because in this case it sends

out a '1' for the eighth RiW-bar bit, to
indicate that it wants to read back a

data byte from the slave,
Ifthe addressed slave is present and

ready to sendback the databyte, it then

if the speed tends to drop, more power
is fed to the motor and vice versa'

The frequency of the Pulse width
modulation can be set from 4BBHz fo
7B12Hz. This is a useful feature since

different motors will have differ-
ent frequency responses, as well
as different resonant frequencies.
This is important to reduce the
audible brzzing ftom the Pulse
width modulation, as these fre-
quencies are well within the
range ofhearing.

By now you're probablY won-
dering how the microcontroller

monitors the back-EMF of the mo-
tor, considering that the motor is

continuously driven with pulse-width
modulated DC. The answer is that the
micro periodically turns off the PWM
signal to the motor for iust enough time
for the back-EMF to stabilise, This
"window" needs to be wide enough
to ensure that we are measuring back-
EMF and not the spike generatedby the
Iast PWM pulse. On the other hand, we
don't want the window so wide that
the maximum power to the motor is
significantly reduced or that the motor
noticeably sIows,

The compromise value is that the
motor is monitored for 200Ps everY
7.4ms (ie, about 135 times a second),
as shown in the scoPe diagrams in
this article. As a result, the fact that
we do monitor the back-EMF around
135 times a second means that the
power applied to the motor is slightly
less than the theoreticaL maximum,
although this effect is negligible.

Â low-battery alarm is also incorpo-
rated to warn when the battery level
drops below a preset value. This is
especially useful for applications like
electric wheelchairs.

There are also eight memorY sPeed

settings. All settings are persistent,
meaning they are retained in non-
volatile memory.

Soft start
When the motor is switched off,

perhaps by an external switch in series

with one of its terminals, the voltage
at the drain of the Mosfets will be
0V [this is due to the voltage divider
used to scale the back-EMF voltage
to within the operating range of the
microcontroller). The microcontroller
converts this analog value to a digital
value using an on-board ADC (analog-

to-digital converter).
The fi.rmware detects this 0V con-

Good speed regulat¡on u¡

load

Automatic soft-start and fast
switch-off

Eight memory settings

4-digit 7-segment disPlaY

Variable frequencY for Pulse
width modulation (PWM)

Battery level meter

Low-battery alarm

Persistent settings & defaults

Rated up to 40A continuous
current
12-24V DC inPut voltage

dition and sets the duty cycle of the
PWM to 0%. This ensures that when
the motor is switched in, its speed will
inctease gradually fiom the stationary
state to the desired speed setting.

Turn-on curtents for motors can be

very high and it is desirable to reduce
these surge currents as much as pos-
sible. That is why the automatic soft-
start feature has been incorporated into
the firmware. It will ensure that the
motor is brought uP to the set sPeed

gradually.

Fast switch-off feature
Another feature that has been in-

corporated into the fi.rmware is the
so-ãalled "Fast-off" feature, This
means that the dutY cYcle of the PW
modulation is setto 0% (turning off the
motor) whenever the selected speed
setting of the pot goes to 0%. Rather
than decreasing the speed gradually,
setting the pot to its lowest setting
turns the motor off immediatelY.

This design also incorPorates our
extensive experience with previous
speed controllers featured in Sntcox
CHrp, As a result, it uses four high-
current Mosfets to do the switching
(pulse width modulation), uses very
wide tracks on the PC board and heavy-
duty (a0A) terminal blocks to carry the
heavy curtents.

User interface
Two pushbuttons oh the disPIaY

board are used to navigate through
the menus, while the Pot is used both
to vary the speed and to vary certain
settings,

a
a
a

a
a
a
a

Fis.3(c): DATA IADDRESS) B\TE TRANSFER WITH ACKNOWTEDGE

L----

ACKNOWIEDGE
BY RECÊMNG

DEMCE

usefuI for devices like EEPROMs and
other memories, where You might
want to have a number of them on the
same bus. Each device can be given
its own unique address to Prevent
confusion.

Because the IzC address code uses

seven bits, tlis means that in theory
you shouldbe able to have amaximum
of 1,28 [27) devices connected to the
same bus, However, as Part of the
IzC specification, 16 of the possible
address codes are reserved for either
special or future purposes, so in prac-
tiìe you can only have a maximum of
112 different chips on the same bus,
That's still more than enough to handle
the vast maiority of situations.

By the way, since the read/write bit
effectively forms the eighth bit of the
address byte, it's quite valid to regard

it wants to communicate with. It also
specifles whether it wants to write data
to the device or read back data from
it. Basically, the first seven bits of this
flrstb¡e form the actual slave address,
while the eighth bit specifies aread [t)
or a write (0) operation.

This addressing scheme is Part of
the IzC bus specification and devices
designed to communicate via the
IzC bus are given unique addresses
(licensed to the chip maker bY NXP,

the current name for Philips Semicon-
ductors). In some cases the address is
built right inside the chip and can't
be changed, while in others it can be

set to one of a number of addresses
in a range allocated to that device, by
tying one or mote of its other pins to
Iogic high or low.

The latter arrangement is especially

74 StLtcoN CøtP

circuit must monitor the back-EMF
of the motor, since this parameter is
directly proportional to its speed.

As aresult, ournew speed controller
monitors the back-EMF of the motor,
"Back-EMF " is the voltage generated
by any motor to oPPose the current
through the windings, EMF stands for
"electromotive force" and is an obso-
lete term for voltage. Back-EMF is di-
rectly proportional to the motor speed
and so by monitoring this parameter,
we have a means of controlling and
maintaining the motor sPeed.

In practice, the main control looP
of the microcontroller tries to match

power Mosfets that control the motor
is gradually increased, In other words,

síl¡conch¡p.com.au
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3081,

ìrm¡nal

-,.c1

-, r-rT toggle switch (S1)
1 504 sAG fuse (F1) (Jaycar

sF1 976)
1 604 sAG fuseholder (Jaycar

s22065)
1 12-way pin header (Altronics

P-5502)
'1 200mm length 16-way rainbow

cable
1 PC-mount minipiezo beeper

(Jaycar 483459 or equivatent)
1 220¡tH inductor (L1) Jaycar

LF1276 or equivalent)
1 1OkO 16mm PC-mount linear

single-gang pot (VR1)
1 500Ç) horizontaltrimpot (VR2)

Semiconductors
1 PlCl 6F88-l/P microcontrotter

programmed with 091 03084.
hex (lC1)

'1 MC34063 switchmode DC-DC
converter (lC2)

1 B,C327 PNP transistor (Q1)
3 8C337 NPN transistors (Q2-Q4)
4 lRF1405 N-channel Mosfets

(O5-O8) (Jaycar zT 2468)
1 1N4004 diode (D1)
1 1N5819 Schottky diode (D2)
2 MBR20100CT 204 diodes

(JaycarZR1039) OR
1 40EPF06PBF 404 ultra{ast

diode (Farnell 91 0-1 s60) (Dg)
5 1N4745 16V 1W zener diodes

(zD1-ZDs)
2 1 N5364BG 33V 5W zener

diodes (ZD6-ZD7) (Farnel I

955-821 7)

The two pushbuttons are sensitive
to two types of presses, short and long.
A short press is of the order of half a
second or less while a long press is
one around one second.

To change a setting, a long press
is usually needed. This prevents
unwanted changes to the settings,
which are stored in EEPROM and thus
recalled at the next switch on,

Because of the capabilities offer-
ed by the PIC microcontroller, we

32 Stuco¡tt Catp

1 3mm red LED (LED1)

Capacitors
1 2200¡tF 50V low-ESR

electrolytic (Altronics R-6207)
1 470¡tF 'l6V electrolytic
1 100pF 63V electrolytic
1 'l00pF 25V electrolytic
1 1O¡rF 25V electrolytic
3 4.7¡tF 16V electrolytic
1 220nF 100V MKT polyester
1 100nF 100V MKT polyester
3100nF monolithic
1 470pF ceramic

Resistors (0.25W, 1%)
100c¿
56C¿

22A lW
4 15O
31c)

Ilisplay Board
1 PC board, code 09103082,

73mm x 58mm
1 SPST PC-mount momentary-

contact switch, yellow (Jaycar
SP07 22; Altronics S- 1 097) (S2)

1 SPST PC-mount momentary-
contact switch, red (Jaycar
SP0720; Altronics S-1095) (S3)

'1 16-pin DIP lC socket (optional)
1 100nF monolithic capacitor

Semiconductors
1 74HC595 shift register (lC3)
4B,C337 NPN transistors

(oe-o12)
4 7-segment common cathode

red LED displays (Jaycar
2D1855; Altronics Z-0190 )

Resistors 10.25W, 1'/ol
4 470A
I 39c¿

have been able to incorporate a large
number of features into the firmware,
as described in the separate palel later
in this article.

Circuit description
The circuit for the speed controller

is shor,rm in Fig.1. As n6ted previously,
it can work wilh 12Y or 24V batteries
but has been optimised for operation
at 24Y. Within the circuit itself, there
are two separate voltage rails: +bV for

the microcontroller and +16V for driv-
ing the gates of the Mosfets. Both are
derived fìom the +24V input supply.

The main input supply is filteredby
a 2200¡t"F low ESR capacitor, to mini-
mise high-voltage transients which
can be produced by the inductance
of the battery connecting leads. This
capacitor is absolutely vital to the
proper operation ofthe speed control-
Ier at high currents.

51 is the power switch and diode
D1 protects the low-power part of
the circuit (IC1 & IC2) from reverse
polarity. A22f2 lWresistor, a 33V 5W
zener diode (ZD7) anda100pF capaci-
tor also protect the MC34063 IC fiom
transients on the supply rail,

The filtered supply is then fed to
the MC34063 [IC2) which operates
in a standard step-down converter
configuration to provide the +5V rail.
Three 1Q resistors between pins 6 & 7
are used to set the maximum switch-
ing current, The output voltage is set
by the voltage divider associated with
trimpot VR2,

Only about 200mÂ is ever drar,rm
from this supply and most of this is
used to drive the display.

IC1 is the heart of the circuit and is
the popular PIC16FB8 microcontrol-
Ier which incorporates a number of
peripheral functions. Of these, the
timers, hardware PWM (pulse width
modulation) ald three ADC inputs
are used.

The three ADC inputs used are at
pins 1, 2 & 1,8, As these need to be
within the 0-5V ralge, voltage dividers
consisting of33kQ and 4.7kO resistors
are used to scale both the input voltage
rail (which could be as high as 29V)
and the back-EMF fiom the motor, to
be fed to the ADC inputs at pins 1 &
18, The ADCs convert the monitored
voltages to 1O-bit values.

The +16V rail is used as the gate
drive supply for the Mosfets and is
derived from the 24V supply via a
1kO resistor and a 16V 1W zener
diode (ZD1), Bypassing of this rail
is particularly importart and is ac-
complished using 100pF and 100nF
capacitors neat ZDL and adjacent to
the transistors Q1 & Q2.

If the battery supply is to be 12V
the 1kQ resistor feeding ZD1 should
be reduced to 100,Q, In this case, the
supply will actually be between 12V
and 14V (depending on the actual bat-
tery voltageJ; still enough to provide
adequate gate drive for the Mosfets and

pin inside each chip can be identical
to that connected to the SDA pins.
However, if only one device is to act as
the master, it only needs an open-drain
Mosfet connected to the SCL pin (as

shown in Fig.1) because itwill always
be providing the SCL clock pulses.
Conversely, when other devices are
only being used as slaves, they only
need the Schmitt trigger inverter to
"receive" the SCL clock pulses.

The next thing to note is that al-
though Fig,1 only shows a master
device with a single slave device, the
IzC bus can be used to connect one or
more masters to many slave devices
- as many as LL2 different devices in
fact, These slawe devices are simply
connected to the SCL and SDA lines
in "daisy chain" fashion, as shown
in Fig.2.

Starting and stopping
Before al I2C data transfer operation

or sequence can take place, the master
device must check to make sure that
the bus is idle; ie, both the SCL and
SDAlines mustbe atlogic high.If so, it
then takes control of the bus by pulling
down the SDA line while leaving the
SCL line high.

This is described as setting up a
"Start condition" ald announces to
all other devices on the bus that a data
transfer is about to take place, The Start
condition can be seen on the left in
the SCL and SDA waveforms shown
in Fig.3(a).

We'll look at the actual data tra¡rs-
fer operations in more detail shortly.
For the moment, Iet's look at the way
the master device signals the end of a
data transfer sequence, by setting up
a "Stop condition",

As shown on the right of Fig.S(a),
this is simply the reverse of the Start
condition. The master device releases
control of the SCL line frrst, so that it
goes high, then it releases the SDA
line so this also goes high (ie, after
the SCL line goes high), Both lines
are then high, thus returning the bus
to the idle condition.

So this is the basic format of an I2C
data transfer sequence: Start condi-
tion, the data tra¡rsfer itself and then
the Stop condition - aII under the
control of the master device.

Now let's look more closely at the
fine details.

Data transfer
The master device controls all data

siliconchip.com.au

FIG.I: BASIC MASTER-SIAVE I2C INTERFACE

SLAVE DEVICE 1 SLAVE DEVICE 2

IIG.2: I2C BUS WITH ONE MASTER, I'IINV SLAVES

2 33kO
2 4.7kO
1 3.6kO
6 1kO
2 470c)

transfer on the IzC bus, as this is the
device that toggles the SCL line to
produce clock pulses - one positive
pulse for each data bit, as shown in
Fig.3(b). The data bits themselves are
conveyed on the SDA line, which must
be stable when the SCL line is high,
All logic level changes on the SDA
line must occur between clockpulses,
when the SCL line is low.

Basically, all data is sent over the I2C
bus this way, as serial eight-bit bytes
with the most significant bit (MSBI
first. This is shown in Fig,3(c), which
also shows the next important thing
you need to know about I2C operation:
after each data byte is sent, the receiv-
ing device musf "Acknowledge" that
it has been received.

This is normally done by the re-
ceiver pulling down the SDA line
while the master device provides a
ninth clock pulse on the SCL line.
Which device pulls dor,r¡n the SDA line
to acknowledge reception depends on
the direction of data transfer: if the
master is sending data to a slave, the

slave device must acknowledge. On
the other hand, if a slave is sending
data to the master, the master itself
must acknowledge.

In other words not only is acknowl-
edging mandatory after each byte but
it is the receiving device which must
do the acknowledging. As noted above,
the acknowledge is usually done by
pulling the SDA line low during the
ninth clock pulse, known as "ACK",
but there are some situations where
the receiving device acknowledges
by leaving the SDA line high. This is
knonm as "ACK-bar" a¡rd we'll look at
it more closely soon.

Addressing
By now you're probably wondering

how the IzC master device can selec-
tively communicate with one particu-
lar slave device when there may be a
number of slaves on the bus. That's
easy: the first data byte sent out by the
master after it grabs the bus and sets
up the Start condition is an address
byte, specifying which slave device
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Developed by Phitips over ?S vrgrs ago, the Izc bus is now
ã weil-ästabÍished ätandard for low tõ medium-speed data
communication between ICs. However, its basic operation

still isn't well understood, except by people in the chip design
business. Here's a quick prinier io briñg you up to speed'
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in consumer gear such as cai radios,
stereo systems and TV sets, PhiliPs
developed a low-cost interfacing tech-
nique for allowing the various ICs

in a svstem to exchange data at a

Iow to medium sPeed. TheY called
it the "Inter-Integrated Circuit" or
"I-squared-C" (I2C) bus and it rapidly
became very widely used for data com-
munication between ICs in aÌl kinds
of equipment.

These days, tzC is found not just in
consumer audio and video gear but in
computer and industrial equipment
as well. In fact, it's now used in over
1000 ICs, made bY more than 50 dif-
ferent companies worldwide. So it's
well worth knowing how this verY
versatile bus works,

IzC is usually described as a 2-wire
synchronous serial bus, although
sirictly speaking it's a 3-wire bus
because the PC board's ground line
is also an essential part of the com-
munications link. The two nominal
wires or "lines" are the data or SDA
Iine and the clock or SCL line' Both
ofthese lines are regarded as bidirec-
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tional and to allow this they are both
used in wired-OR or "open drain/open
collector" mode.

This means that both lines are con-
nected to the PC board's positive sup-
ply rail only via pull-up resistors and
ãan only be pulled down to logic low
for ground potential) by the circuitry
inside the chips connected to the bus
lines. So strictly speaking, any chip
connected to the SDA or SCL lines

but if none of the
lines are Pulled
resistors. This is
bus" condition,

incidentally.
In its most basic form, IzC is used

for "master-slave" communication
- where one device takes control of
the bus as the master, to send data
to or request data from another de-

vice acting as the slave. It's true that
because both the SDÂ and SCL lines
are bidirectional, any device on the
bus can initiate a data transfer as the
master and similarly, any device can
play the role of the slave.

So the IzC bus can oPerate as a
multi-master bus and in fact its of-
ficial specification provides for bus

contention and resolution situations,
where two devices try to take control
of the bus at the same time' However,
in most common aPPlications, there
is a single master device (usually a
microcontroller) and the rest of the

devices are used as slaves' These slave
devices may be digital tuning chips,
controlled-gain amplifier or filter
chips, video switching or processing
chiþs, EEPROM memories and LCD
panels, etc.

Fig.1 shows the basic master-slave
IzC interface circuit' As shown, there
are really three lines between the
master and slave chiPs: SCL, SDA and
ground. The external puìl-up resistors

[Rp) provide the onlY connections
beiweìn the SCL and SDA lines and

be
the
en-

drain Mosfets connected internally
to their SDA Pins' SimilarlY, both
chips can monitor the logic levels on

the SDA line, via the Schmitt trigger
inverters which are also connected to
their SDA pins.

The circuitry connected to the SCL

siliconchip.com.au siliconchip.com.au
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Simple Mosfet
tester

This simple tester checks both
N-channel and P-channel Mosfets. It
checks for shorts betr,veen gate, drain
and source and also distinguishes
between N and P-channel Mosfets.

IC1 is configured as an astable
multivibrator to run at about 2Hz,
as determined by the components at
pins 2, 6 &7.1C2, another 555 timer,
is used simply as an inverter. Hence
the two pin 3 outputs of IC1 & IC2
are in anti-phase.

These two pin 3 outputs are fed
out via 330Q resistors and LEDs 1 &

2, paralleìed with diodes D1 & Dz.
From there, the anti-phase signals
are connected to the Mosfet under
test via a 3-pole 4-position rotary
switch. The three sr,r'itch wipers
are connected to terminals labelled
"gate", "drain" and "source".

The switch settings correspond to
the following tests: Test L checks for
a short between the gate and source.
If a short exists, alternating current
paths are provided via LED1 and
LED2 (ie, the LEDs alternately turn
on and ofÐ. Test 2 checks for a short
between the gate and drain. If there
is no short, no LEDs will light.

Test 3 provides a positive bias to

the gate, while the drain and source
are connected to the LEDs. If the
Mosfet is N-channel, both LEDl and
LED2 r,r'ill blink. If the Mosfet is P-
channel, only LED2 will blink.

Test 4 provides a negative bias to
the gate, while the drain and source
are connected to the LEDs. If the
Mosfet is P-channel, both LEDl and
LED2 will blink. If the Mosfet is N-
channel, only LEDl will blink.

If the Mosfet's drain and source are
shorted, both LEDl & LED2 will flash
in tests 3 and 4, for both N-channel
and P-channel Mosfets.

Henry Bowman,
Parsons, Tennessee. (9451

PC cooling
fan driver

This circuit can be used to control
a fan in a computer or equipment
cabinet, It's based on an LM35 ana-
log temperature sensor which has
an output voltage that's directly
proportional to temperature in oC.

Its output signal is fed to a C,\3130
op amp (IC2J which is connected as
a comparator.

IC2 switches on the fan via transis-
tors Q1 & Q2 vvhen the air tempera-
ture is above that set by VR1. LED1
lights whenever the fan is running.

Power for the circuit comes f¡om
the +5V and +12V rails in a PC and
can be derived from a spare 4-pin

supply connector (use a Y-adaptor if
necessary). The red wire is +5V, yel-
low is +12V and the two black wires

are the common/ground leads.
T. K. Hareendran,
Kerala,India. (935)

ensure minimum heat dissipation (low
on-resistance).

The PWM output of ihe PICI6FBB
(adjusted by firmware) appears at pin
6 and drives transistor Q3 which then
drives complementary transistors Q1
& Q2. Q1, Q2 & Q3 thus provide buff-
ering and voltage level translation for
IC1's PWM output to drive the gates of
Mosfets Q5-QB via 15Q resistors.

Note that these resistors need to be
relatively low in value (ie, 15Ç)) in
order to ensure quick charging and
discharging of the gate capacitances.
That's because the gate capacitance
of these Mosfets can be quite high, of
the order of s0oo-t0,00opF each. Ifthe
gate charging time is too long, the Mos-
fets will spend too much time between
the on and off states and this wilÌ lead
to much higher heat dissipation.

In fact, the gate voltage transitions
need to be very fast, ofthe order of 1¡rs
or less, This has been accomplished,
as shown by the oscilloscope screen
grab of Fig.4.

The specified Mosfets are from
International Rectifi er, iype IRF1405.
This is a 55V 169,A. N-channel Hexfet
with an exceptionally low on-resist-
ance (Rds) of 5.3 milliohms (5,3mQ)
typical. Their pulse current rating is
a stupendous 6804.

The IRF 1405 is specifically intended
for automotive use, in applications
such as electric power steering, anti-

34 StucoN Cntp

lock braking systems (ABS), power
windows and so on and is therefore
ideal for this speed control applica-
tion.

Why four Mosfets?
In fact, since the ratings of this Mos-

fet are so high, you might think that
just one device on its own would be
enough to handle the 40,A. rating of this
speed controller project. So why are
we using four Mosfets in parailel?

As always, real world use brings us
down to earth. For a start, we are using
these Mosfets without heatsinks, apart
from the vestigial heatsink effect of
their being bolted to and connected to
the copper side ofthe PC board - not
much heatsink benefit there. Their
thermal characteristic is 62'C per watt
fjunction to ambient), assuming that
are mounted in free air (which they
are not),

Assuming an ambient temperature
of 25'C and an on-resistance of 1,OmQ
(conservative), we can approximate
the temperature of the Mosfets at
their highest operating current (10,{
per Mosfet for a total of 40,t), At 10,\
and 10mÇ¿ on-resistance, the power
dissipated is: 102 x.01 = 1W

This means that the temperature of
the case will be approximately: 25 +
62 x'1. = B7"C

This means that at full current, the
Mosfets will be very hot to the touch.

Careful: they will burn you. Our meas-
urements produced a top temperature
of around 77"C after a test period of
half an hour.

In practice, even with much higher
ambient temperatures, the Mosfets
shouÌd not get quite this hot because
in "real world" operation, the speed
control is not likely to be providing
full power to the motor on a continu-
ons basis. Af 24V and 404, the motor
would have 960W applied (ie, more
tha¡r 1HP) and this equates to relatively
high power operation.

Protection
Zener diodesZD2-ZDï are included

to protect the Mosfets from excessive
gate voltages. In normal circuit opera-
tion, these zener diodes do nothing.

Additional protection for the drains
of the paralleled Mosfets is provided
by 33V 5W zener diode ZD6, in paral-
iel with a 100nF capacitor. The zener
is there to clip any residual voltage
transients which get past fÌne 22OO¡I"F
low-ESR input filter capacitor.

The Mosfets are further protected by
fast-recovery diode D3 and its parallel
22OnF capacitor. These parts are wired
across the motor terminals and are
used to suppress the high back-EMF
spikes caused by the armature induct-
ance when the motor is switched off
by the Mosfets.

These components are crucial to

siliconchip.com.au siliconchip.com.au MARCH 2OOB 77
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drive during this time is 0V.

the operation of the speed controller.
Without them, the high voltages Sener-
ated can and probably would destroy
the Mosfets,

Other protection measures
As already mentioned, diode D1

provides reverse polarity protec-
iion for microcontroller iC1 and the
switchmode supply (IC2l. Zener diode
ZD1, is self-protecting in the case of

siliconchip.com.au

reverse supply conn
if the supply is rev
be a heavy conduct
recovery diode D3
substrate diodes in the four Power
Mosfets. If you are lucky, the 50,{ fuse
will blow before the Mosfets are dam-
aged but there is no guarantee ofthis.
SO DON'T REVERSE THE BÂITERY
CONNECTIONS!

In a similar vein, if the outPuts are

shorted while power is applied, high
current will flow through the Mosfets,

Again, if you are luckY, the 50,t fuse

*ili blo* before the Mosfets go up in
smoke. In reality, the 504 fuse is there
to stop a firel SO DON'T SHORT THE
OUTPUTS TO THE MOTOR'

If the motor is under heavY load and

becomes stalled, high currents will
flow in its armature' DePending on

the motor's rating, this may or may not

C:t¡l RllS lu- ev
lJ:fD Haxiniln Jl-0V
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This view shows the fully
assembled main board. The
assembly details are in next

Fig.7: the yellow trace shows the voltage waveform at the drain
of the Mosfets, the purple trace shows the voltage waveform at
the gates and the cyan traóe shows the voltage waveform at the
PWM output of the microcontroller, Note that transistors Q1-Q3
provide voltage translation by stepping up the 5V output from
the microcontroller to 12-16V. This higher voltage is needed to
ensure that the Mosfets are fullv turned on.

month's issue,

that the microcontroller is reset only
at power-on.

Finally, the rest of the outputs of
the microcontroÌler, namely pins 7-1 7,
are used to drive the optional display
board.

Display board
Fig,2 shows the optional display

board circuit. It connects to the main
board via 12-pin header CON1 and a
ribbon cable.

The display board consists of two
pushbuttons, four 7-segment displays
which are multiplexed by the firm-
ware, four transistors and some resis-
tors, as well as a 74HC595 shiftregister
[rc3).

Pins L & 2 of \2-way connector
CON2 supply +5V to the display board.
Pin 3 is connected to a digital input

of the microcontroller and is pulled
high by a 1kO resistor on the main
board, Conversely, it is pulled low by
the display board. This is used by the
microcontroÌler to detect whether the
display board is connected or not.

P\ns 4-7 of CON1 are used to drive
the transistors Q9-Q12 on the display
board. These transistors switch the
7-segment display cathodes.

Pins B-10 of CON1 are respectively
the CLK, DATA a¡rd OUTPUT ENABLE
lines and these go to the 74HC595 shift
register (IC3). The microcontroller
drives these lines to load a new B-bit
value into the shift register. The out-
puts ofthe shift register are connected
across the four 7-segment displays and
drive the anodes.

Finally, pins 11 & L2 arc connected
to pushbuttons switches 52 & S3 on the
displayboard. They are also connected
to digital inputs on the microcontrol-
ler (which have internal pull-ups
enabledJ and these inputs are used to
monitor I he pushbuttòns.

Next month, we will cover the
construction and troubleshooting of
the speed controller. In the meantime,
take a look at the "Software Features &
Set-up" panel on the facing page.

blow the fuse. If the fuse does notblow
during stall conditions of the motor,
the Mosfets should survive although
they may get very hot.

Warning btzzer
If the circuit is overloaded, the

battery voltage shouÌd drop to the
point where the warning buzzer will
sound.

LED1 a¡rd its 4700 current limiting
resistor are switched by a high level
on the output of pin 3 of the micro-
controller. This is configured as a
simple digital output. It also turns on
Q4 and the piezo beeper. This output
is controlled by the flrmware and can
be disabled.

A 1kO pulÌ-up resistor is used on
pin 4 (reset) of the PIC16FBS-I/P. This
ties the reset pin high which means

DISPI
FND5OO

8C337, 8C557

DISP2

FND5OO

interval to indicate that the timer is
ready. Pin 10 goes high to turn on
LED1 when the timer is counting
down, The same output also drives
transistor Q3 to operate the power re-
lay to switch the lamps on an off,

The details of the 240VAC mains
wiring cal be the same as for the
Light Box Controller in the Nor¡em-
bet 2OO7 issue of StrtcoN CHtp.

The software (Countdownl.bas)
will be available from the SIlIcoN
Cmp website.

CliffWylie,
Leumeah, NSW. ($50)

PICAXE light box
countdown timer

This PICAXE countdown timer
uses two 7-segment displays to
provide a maximum light box ex-
posure time of 99 seconds. Three
pushbutton switches are used to set
the time (Up/Down) and to start the
exposure (Run).

A default time of 3o seconds is
loaded the first time the software
is run and after that the micro (IC1)
stores the last time that was used,
ready for the next run. The last used

I N¿004. _______ n _
AK

setting is saved when the power is
turned off.

Four outputs from the PICAXE
drive a 4511 BCD to 7-segment
decoder (IC2). This drives the two
7-segment displays together with
transistors Q1 & Q2 which drive the
display's common cathodes.

The timing is controlled by 'for
next loops' a¡d the 'pause' com-
mand. The timer counts down
from the selected time in seconds,
to zero.

There are two LEDs. Pin 11 drives
LED2 (green) to flash at a 1-second

REGI h43r7 DI
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Alternator controller for
charging deep cycle batteries

determined by the 1MÇ) resistor be-
tween pins 3 & 7, At this point, the
generating system calbe shut dol,rm,
as the best diesel efftciency can only
be achieved if the engine is running
almost fully loaded.

The battery bank should be equal-
ised several times a year. This is
achieved by setting the cut-out volt-
age much higher than normal, usu-
ally around 15V and charging the
batteries to this level. This will cause
gassing in the cells which helps to
mix the electrolyte which otherwise
tends to settle into layers ofvarying
acidic density. Any load connected
to the battery bank should be discon-
nected during this procedure.

D. Edwards,
Taylorville, NZ.

This controller is used for charg-
ing a bank of deep-cycle lead acid
batteries from a 12V alternator
driven by a Lister diesel motor. It
provides three modes of charging:
a hefty initial buìk charge, a pulse
width modulated float charge to
settle the voltage level and, when
required, an adjustable high-voltage
equalising charge. This latter mode
is also useful to reactivate the sul-
phated batteries.

The heart of the circuit is an LM-
311 comparator (ICL) and its refer-
ence voltage at pin 3 is providedby a
78L05 voltage regulator, The battery
voltage is monitored during charging

by a resistive divider which includes
trimpot VR1. Its wiper is connected
to the non-inverting input (pin 2) of
the LM311. If the battery is below
the set reference voltage level, the
alternator fieÌd current is supplied
by transistors Q1 & Q2, setting the
alternator at its maximum charge
current.

When the set level is attained,
nominally 13.8V to 14,2V, the
circuit will switch to PWM mode,
pulsing current into the battery
bank at whatever rate is required to
keep equilibrium, This pulse width
modulation [PWM) is a function of
the hysteresis of the comparator, as/

tTl HE .STRIICTLIRE oI the firmware
I lor the DC Motor Speed Cont¡ol-

ler is shown overleaf in Fig.B, The
transitions between the various
menus are made using the switches
on the display board and are indi-
cated with labelled arrows.

There are four possible switch
presses, either Short or Long and
either the Left (L) or Right (R). Thus,
for example, "Short R" refers to a

short press of the right pushbut-
ton.

Main menu
The Main menu is as shown in

Menu l-. It consists of the letter 'P'
(for "percentage") and three digits
with a decimal point indicating the

range 00.0% to 99,9%. The percent-
age value indicates the fraction of
full speed the motor is currently
running at.

In this mode, the motor's speed
can be adjusted by varying the pot.
The letter 'P' will flash while the
motor's speed increases or decreases
to the new setting. When the current
speed reaches the speed set by the
pot, the letter 'P' will stop flashing
and there will be a short beep (if
enabled).

Since there is a small periodic
window when the pulse width mod-
ulation is turned off by the firmware
in order to read the back-EMF, at fulÌ
speed the reading will not indicate
99.S% butwill achieve its maximum
at around 98% or so.

Monitoring the input voltage
From the Main menu, press "Short

R" once and you will be taken to the
display shor,rm in Menu 2. It consists
of a 'b' (for "battery") followed by
three digits with a decimal point in-
dicating a level from 00.0V to 99,9V
to monitor the battery. For good
voltage accuracy, it is important that
the +5V supply rail be precisely set
using trimpot VR2.

In practice, with the supply rail
to the microcontroller set at 5V the
level will not register any higher
than around 40.1V, This is because
the voltage divider used to derive

the voltage reading consists of 33kÇ)
and 4.7Q resistors. The relatively
high series resistance of 3 7. 7kC) was
chosen to avoid damaging the input
of IC1 if the input voltage goes any
higher than around 40V.

To go back to the Main menu, ei-
ther press "Short L" or press "Long
R". If you press "Long L", you will
set the low-battery alarm level to
91.6% of the current voltage input
level [and then return to the Main
menu). This is a shorthand way to
set the low-battery alarm level when
you know that the batteries are fuIly
charged.

For a typicaÌ 12V battery, they are
fully charged at around 13.8V (with
charger connected) and should not
be discharged beyond ttV.

Press "Short R" to go to the low-
battery alarm level menu.

Setting the Iow-battety alarm
From the Main menu, press "Short

R" twice. You will be taken to the
Ìow-battery alarm level menu as

shown in Menu 3.
It consists of an 'A (for "alarm")

followed by tlree digits which in-
dicate a level between 00.0V and
41.6V. This will show the current
setting of the low-battery alarm or
rather, the voltage level below which
the alarm will sound (if enabledJ.

Whenever the input voltage is
below this level, the display will
flash (with increasing frequency as

the voltage drops) while if the alarm
sound is enabled, there will be a

flash from LED1 and a beep.
To set the low-battery alarm level

. . . continued next page

Emergency light
uses 3w white LED

This simple emergency light is
based on one 3-watt white power
LED. 1.2V AC is applied to a bridge
rectifier and a 10O¡rF filter capacitor
to feed an LM317 voltage regr.rlator.
This is arranged to deliver 7.5V DC
via diode D1 to charge a 6V 4Ah
SLA battery. Diode D1 limits the
maximum battery voltage to 6,9V

ald also prevents reverse current
flow from the battery.

555 timer IC1 functions as an op-
tical comparator and switch. LDR1
is the light-sensing element. When
light intensity is high, LDR1's resist-
ance is low and as a result, the high
level output from pin 3 will turn on
transistor Q1 a¡rd disable the LM317
driving LED1 (in reality, it reduces
the output of the LM317lo 1.25V).

When the Iight intensity is low,

LDR1's resistance is high, the 555's
output switches low and the LM317
is enabled to drive LED1.

(Editor's note: this circuit has no
provision to prevent over-discharge
of the SLA battery if it is left to run
for an extended period. Discharging
a¡ SLA battery below 1.BV per cell
(ie, s.aV for a 6V SLA battery) will

T. K. Hareendran,
Kerala,India. ($35)

1l0T A REPRII|T - Gompletely tE[rproiects - the result of
two yearc reseafch & development
o Learn how engine management systems work

a Build projects to control nitrous, fuel injection and turbo boost systems

o Switch devices on and otf on the basis of signal frequency, temperature and voltage

o Build test instruments to check fuel injector duty cycle, fuel mixture and brake and
coolant temperatures

Mail order prices: Aust. $422.50 (incl. GST & P&P); 0ye¡seæ $426.00 uia airnail.

Order by phoning (02) 9939 3295 & quoting your cred¡t card number; 0r fax the details
to (021 9939 2648; or ma¡l yr¡ur order w¡th Gheque oÌ cred¡t card deta¡ls to Silicon
Chip Publications, P0 Box 139, Gollatoy, llSlIU 2097.

6B StLtco¡rt Cntp siliconchip.com.au siliconchip.com.au MARCH 2OOB 37



press "Long L". The 'A will start
flashing and then the low-battery
alarm level can be modifred by ad-
justing the pot setting. To turn the
alarm off completely, simply set the
level to oo.oV.

When you have reached the re-
quired level, simply press any but-
ton ald the level will be recorded
(and stored in EEPROM). Then there
will be a beep (if enabledJ and you
will be taken to the Main menu.

Note that the motor will be turned
off automatically when setting the
low-battery alarm level.

$etting the PWM frequency
From tlre Main menu, press "Short

R" three times. You will be taken
to the frequency menu as shown in
Menu 4.

This consists of an 'F' (for "fre-
quency") followed by three digits
with a decimal point indicating a
levelbetween 0.4BkHz a¡d z.BtkHz.
This is the current PWM frequency.
As the frequency increases, the
resolution of the PWM setting de-
creases,

At O,4BkHz (actually 4BBHz) the
resolution is 10 bits. This decreases
to sixbits at7B1.2Hz. Thus, the reso-
lution is at worst six bits or 64 levels
and at best 10 bits or 1024 levels.

While in this menu, press "Long
L" and you will be able to set the
frequency. The 'F'will start flashing
and then the frequency will be modi-
fied according to the pot setting.

When you have reached the re-
quired frequency, simply press any
button and the level will be recorded
and stored in EEPROM. Then there
will be a beep (if enabled) and you
will be taken to the Main menu.

Note that the motor will be auto-
matically turned off when setting
the frequency.

Enabling & disabling
audible cues

From the Main menu, press "Long
L". You will be taken to the set-
tings menu as shor,rm in Menu B. It
consists of 'Â (for alarm) followed
by either'0' or'1' (0 = disable, 1 =

enable) arrd a 'b' (for beep) followed
againby either'0'or'1' (0 = disable,
1 = enable). In this menu, pressing
"Short L" will toggle the alarm set-
ting (enable/disable) and pressing
"Short R" will toggle the beep setting
(enable/disable).

When the alarm setting is disabled,
there wiII be no beeping when the
input voltage falls below the alarm
level. There will still be a warning
flashing on the display, however.
To disable the latter, simply set the
alarm level to 00.0V. When the beep
setting is disabled, audible beeps
emitted by the firmware at certain
points (as when setting certain val-
ues or when the desired speed is
reached) will be blocked.

If you do not want any beeping
from the piezo btvzer, simply set
'A to 0 and'b'to 0. In this menu,
pressing "Long L" will take you to
the Reset Menu, as explained below
Pressing "Long R" will take you back
to tlle Main menu.

Reset menu
Fromthe Mainmenu, press "Long

L" twice. You will be taken to the
Reset Menu as shown in Menu 9.

It consists of the letters 'CL (for
"clear"J followed by two digits and
a decimal point of the form X.X,

The X.X represents the current
version of the firmware, which
for this release stands at 3.0. It is
possible that future releases of the
firmware will add new features or
refinements to critical sections of
the code.

While in this menu, press "Short
L", "Short R" or "Long R" to go back
to the Main menu,

Note, however, that pressing
"Long L" will reset all settings to
the default values and the speed
controller will lock until power is
turned off. When a power-on reset
next occurs, the default values for
the frequency, low-battery level
alarm and audible beeps will be
restored.

This feature is useful for initialis-
ing the firmware variables and for
making sure that you begin fiom a

knov¡n state, Most of the time, it will
not be used.

Memory speed mode
From the Main menu, press "Short

L" to enter memory mode. The dis-
play will be as shown in Menu 6.

It consists of the letter 'C' (for
"constart") followed by a digit from
1-B (indicating one of the eight avail-
able memories), in turn followedby
two dashes.

Now adjusting the pot will select
one of the- eight memories. When
the pot becomes stable for a short
period, the speed of the motor will
be set according to the current value
of that memory.

The displaywill change as shown
in Menu 7. This display still con-
sists of the letter 'C' followed by the
number of the memory but it will
then have a decimal point followed
by two digits representing the speed
percentage lrom 00% to 99% (the
first two letters will flash until the
set speed is reached).

Adjusting the pot will now change
the selected memory and the speed
setting will be recalled from one
of the eight stored memory speed
settings (after a short beep, if ena-
bled),

To go back to normal mode, where
the motor speed is controlled di-
rectly by the pot, simply press any
key, long or short.

Setting the memory
To set one of the eight memory

speed values you press "Long R"
fiom the Main menu. The display
will change as shown in Menu 5. It
consists of the letter 'C' (for "con-
stant") followed by a digit from 1-B
(indicating one of eight memory
settings) and two dashes.

Now adjusting the pot will select
one of the eight memory settings to
store the current value of the speed
of the motor.

When the pot becomes stable for
a short period, the speed of the mo-
tor will be stored at that particular
memory. This can be recalled later
by entering memory mode, as ex-
plained in the previous section.

There will be a short beep (if ena-
bled), indicating that the value has
been stored and you will be taken
back to the Main menu. sc

TV field
strength meter

This TV field strength meter is
based on a tuner module salvaged
from an old Sharp TV although
the circuit can be adapted to most
VHF/UHF tuner modules used in
TVs and VCRs. The pin assignments
are usually stamped on the cover of
the tuner module or may be found
on the bottom of the PC board.

The Sharp tuner is al older model
digital tune¡ with a 75-ohminputfor
VHF and a 300-ohm input for UHF.
Modern tuners now have a single
75-ohm input for the VHF & UHF

bands. OId VCRs can be picked up
cheaply at flea markets and at kerb-
side rubbish collection times,

The IF (intermediate frequency)
pin produces a 45MHz signal (in the
USA) and the IF output level varies
with the incoming signal level. In
fact, the frequency of the IF signal
doesn't matter as it's simply rectified
by diodes D1. & D2. Tbimpot VR3
provides a sensitivity adjustment
for the meter.

The circuit is powered by a
transformer with 8V and 30V AC
secondary windings. The 8V AC is
rectified by bridge BR1 and filtered
to provide the nominal 12V DC rail

+12Y

OPTIONAL MOD FOR MORE SENSIMTY

for the tuner module while the 30V
AC is rectified by bridge BR2 and fed
to potentiometer VR1 is to provide
a tuning voltage range of o-3ov DC.
Potentiometer VR1 is connected to
the AGC input to serve as a gain
control.

If you need more gain to'obtain
reasonable deflection of the me-
ter, transistor Q1 can be added, as

shown.
As presented, the circuitwill give

a useful indication of TV signal
strength and can be used as an aid
for best antenna orientation.

Henry Bowman,
Parsons, Tennessee. ($50)

TI

I
I
I
I
I

As you can see, we pay good money
for each of the "Circuit NotebooK'items
published in Srucoru CHrp. But there are
four more reasons to send in your circuit
idea. Each month, the best contribu-
tion published will entitle the author to
choose the prize: an LCR40 LCR meter,
a DCA55 Semiconductor Component
Analyser, an ESR60 Equivalent Series
Resistance Analyser or an SCR100

Thyristor & Triac Analyser, with the
compliments of Peak Electronic Design
Ltd - see www.peakelec.co.uk

You can either email your idea to
silchip @siliconchip.com.au or post it to
PO Box 139, Collaroy, NSW 2097.

fnteresting circuit ideas which we have checked but not built and tested. Contributions from
readers are welcome and will be paid for at standard rates.
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SERVICEM'SLOG
Foxing out a Foxtel installation

Fixing TV reception problems in units
can be a real problem, especially if other
technicians have been involved and you
don't know what they've done. It also
doesn't help if you're told that the fault is in
equipment that doesn't even exist.

I recently received a handwritten
work order from the malaging agents
of a block of 12 units, stating that the
antenna amplifler in the basement
needed urgent replacement. Accord-
ing to the order, it was ruining all the
Foxtel reception.

Now Ihadneverbeen to this address
before and knew nothing about it. I
tried phoning tlle agents but tlre man
in charge wasn't available. In the end,

I decided that as I had been contracted
to do the job, I might as well see what
I could do.

When I arrived, I discovered that the
blockwas a securitybuilding to which
I had no access except to the basement,
Inside, I could find no sign at all of a
distribution amplifier, nor any trace
of one ever having being there. There
was, however, a Foxtel amplifier.

The distribution amplifier was prob-
ably up in the roof (which would make
more sense), so I drove to the manag-

ing agent and obtained the key, Back
at the units, I finally got into the roof
area but there was no amplifier there
either. There was, however, ample
evidence to show that there used to be
one because there was an empty box
for one and there were cable fittings
for one to be installed. Fortunately, I
managed to talk to a long-time resident
of the blockwho was pretty cluey and
he told me that there used to be an am-
plifier there but it had been removed
many years ago.

He also told me that what was now
in place at the units was a Foxtel Sat-
ellite System that had beien installed
privately except for the dish and LNB
which had been fitted by Foxtel, It
had been running successfully for a
few years but had failed about two
months earlier a¡rd several previous
techniciars had called but had failed
to frx the problem.

Now the story I had previously been
given had a certain ring of truth about
it, as it is not uncommon for a distribu-
tion amplifier to interfere with Foxtel
tralsmissions. That's because most
technicials invariably run Îree-to-air
transmissions and Foxtel on the same
line through this amplifier. ,A. faultyDC
power supply canthus introduce hum
bars into the distribution amplifler
and severely affect the Foxtel signal,
sometimes to the extent that it prevents
the decoder from working at all.

tor has now been added to the PC board
layout shown in Figure B and 9.

Constructing the DDS/microproces-
sor PC board can start with the instal-
lation ofthe resistors and capacitors.
Then proceed to add the jumpers
and the various through-PC board
connections if your board does not
have plated-through holes. Mount
the microprocessor socket (I strongly
recommend using a "machine sctew"
IC socket for non-plated tìrough PC
boards), the LM393, crystal oscillator
and crystal.

The LM393 does not need a socket.
Complete the board by soldering in the
DDS chip and the ERA-4 MMIC,

The optical encoder should be
added next. Although you can use a
commercial model, Imade my optical
encoder foom parts salvaged from an
old PC mechalical-type mouse. It's
not a diffrcult task - there are enough
bits inside an old mouse for two such
encoders.

It is possible to monitor the two
output pins of the LM393 interface to
confirm correct quadrature waveforms
using an oscilloscope (See Fig.12J
while rotating the encoder.

If you test without the microproces-
sor installed, which is best, you will
need to add temporary pullup resis-
tors on each open-collector compara-
tor output. Any value from 4,7kQ to
100kO works fine for testing, Remove
these once encoder testing is complete,
Fig.L2 shows the ideal waveforms. Ac-
tual outputs have less perfect shapes,
with variable width and timing but
still do the job.

The LCD module and pushbuttons
are mounted on the solder side of the
PC board. This allows the board to be
mounted at the ideal dista¡rce Irom
the front panel for display visibility
and for the buttons to be depressed
tbrough a Lexan or similar flexible
keypad/panel.

Since my workshop facilities
doesn't run to Lexal production facili-
ties, I made a workable flexible front
palel from transparent plastic stick-on
fllm from the local stationery shop and
a laser-printed paper panel overlay,

Unfortunately, -y panel layout is
too long to be printed here but it can
be downloaded from my website (see

references) or from www. siliconchip.
com.au.

The film is layered over the paper
onboth sides ald provides protection
for the display while allowing the

siliconchip.com.au
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Items Govered This Month

o Foxtel satellite system

o TCLTFWT6BO3 76cm wide-
screen CRTTV

. Toshiba 42WP48A plasmaTV

¡ TCL 132M6147 LCDTV set

o Dell Latitude D600 notebook
computer

. Ford Falcon XE electrical
problems
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Pafis List - DDS UFO

1 double-sided PC board, 150 x 50mm, coded 06103081 (see text)
1 digital display ex Nokia 3310 cellular phone (see text)
1 surplus mechanical (ball{ype) mouse for optical encoder parts (con-

taining 1 LED and 2 phototransistors - see text)
1 8.866MH2 crystal (X1)
6 PC mounting SPST pushbutton switches

Semiconductors
LM3e3 (rC1)
AT89C4051 microcontroller (lC2)
80MHz oscillator (lC3)
ADe850 (rC4)
ERA4 (rC5)
7805 5V positive voltage regulator (REG1)

1 LMSlTLZvoltage regulator (REG2)
3 1 N4148 silicon signal diodes (D1 -3)
1 yellow LED
1 green LED

Capacitors
1 1O¡rF 16V PC electrolytic
3 1OpF 10V PC electrolytic
1 4.7pF 10V PC electrolytic
1 1¡rF 10V PC electrolytic
7 100nF polyester (code 0.1, 100n or 104)
1 150pF polyester (code 150p or '151)

2 100pF polyester or ceramic (code 100p or 101)
1 33pF ceramic (code 33p or 33)
2 22pF ceramic (code 22p or 22)
1 10pF ceramic (code 10p or 10)

lnductors
1 390nH (11) (13T 33SWG ENCU on T25-10 toroidal former)
1 330nH (12) (12T 33SWG ENCU on T25-10 toroidalformer)
4100pH (RFC1-4)

Resistors (all 0.25W, 1%)
1 22kA 12 10kO 1 3.9kO
1 470A 2 3300 1 120c¿

1 1kO
1 100ç)

1 560c¿
1 56c)

the surplus plastic away with a sharp
knife, being careful not to disturb the
plastic around the display itself. This
is essential to maintain slight compres-
sion on the metallic springs which
press onto the conductive tracks on
the LCD glass.

The display is then wired to the
pads on the PC board. I was tempted
to lay the PC board out to permit the
display to be directly mounted on it
but the current method offers a little
more flexibility. However, it does re-
quire some delicate soldering of wire
jumpers between the spring metal
connections on the rear ofthe display
and the PC board.

I kept everything in place with a
few dabs of hot glue and the display
assembly was mounted a few millime-
tres off the PC board with three further
strategic dabs ofhotglue. This sounds
crude - but it's unseen and the glue
forms a very rigid arrangement which
can be easily adjusted with a little heat
from a soldering iron.

The display is extremely light, and
the resulting mounting is very robust.
There is also space beneath the LCD for
the addition of backlighting, perhaps
using some diffused LEDs, if desired,
although the current PC board layout
does not allow for component wir-
i.g'

By the way, don't be tempted to re-
move the white plastic material ftom
the rear of the LCD. This improves dis-
play contrast and aids backlighting. I
tried some green LEDs for backlighting
and they worked very well, so I may
add these to the final transceiver.

An extra pullup resistor [10kQ) can
be seen in Fig.5 mounted next to the
inter-PC board wiring on the top side
of the keyboard/display PC board.
This was causedby aminor change in
pin connections when going from my
Veroboard and wirewrap prototype to
the final PC board version. This resis-

However, in this insta¡ce, there was
no distribution amplifier and unfortu-
nately, I am not all that familiar with
the Foxtel satellite system. For start-
ers, I don't know the satellite channel
plan or what sort of levels to expect,
nor do I have the correct signal level
measuring equipment,

Fortunately, I managed to borrow
the correct meter fiom a colleague
although I wasn't initially all that con-
fident as to how to drive it. However,
having familiarised myself with the
gear, I checked the signal level output
from the Foxtel amplifier to be 75d8,
which is not enough for a 12-outlet
building, As aresult, Ipickedup anew
Foxtel satellite amplifier (identical to
the original unit) from my wholesaler,
along with a generic spare and an 1BV
power supply.

I connected the brand new Foxtel
amplifier, only to find it was DOA
(dead on arrival) - faulty straight out
of the box! I then fitted the new generic
ampÌifier and set its output for 100d8.
That done, I went to one customer's
unit and measured 70dB at his outlet
which is perfect for Foxtel. But there
was still no Foxtel.

Foxtel use horizontal and vertical
polarisation in their systems, con-
trolled by the power supply, íe, 1'2Y

= vertical and tsV = horizontal. The
question was, which one was being
used? I tried the 1BV power supply I
had with me but no go, so I went back
to my friendly wholesaler and picked
up a 12V power supply. It made no
difference so I left the original 1BV
power suppÌy in place.

Foxtel also uses two local oscillator

fiequencies - LL3GHz and'J.O.7GHz

- to match the appropriate LNB, so
that was the next thing to look at. I
managed to get the locked Foxtel se-
curity code (set-up menu 0611) to get
into the service menu and changed
the local oscillator from 11.3GHz to
LO.7GHz

At last - perfect pictures ! It was then
just a matter of going around to all the
other FoxteÌ owners and readjusting
their menus in the same way.

When the job was completed (all in
the same day), I had time to reflect on
what had probably happened. When
the original fault occurred, there was
a lot of miscommunication as to what
the problem was and too many differ-
ent technicians got involved.

The cause was actually the Foxtel
amplifler but a previous technician
had changed the LNB on the dish
for one with a different local oscilla-
tor ftequency and didn't replace the
original when he found it made it
worse - probably because he was told
to jusi change it and didn't have time
to check the resuÌt.

TCL widescreen TV
Tim O'Brian (not his real name) has

a TCL TFW76BO3 76cm widescreen
CRT TVwhichis about 1B months old,
Unfortunately, it was now cutting off
after just a few minutes of operation,

TCL (Thomson China LtdJ is the
largest manufacturer of TV sets in the
world and also makes sets for maly
other brands such as NEC, etc. TCL is
their own brand name and the sets are
sold with a 3-year warranty, And so,
as the local service agent, off I went to

Tim's address atunit 231123 Mary Stto
do an in-home warranty repair.

I was not familiar with Mary St,
which turned out to be a very long
street with a lot of home units. Any-
way, I soon found number 123 but I
couldn't find unit 23 (the units were
very poorly labelled). I phoned Tim on
the mobile and spoke to his mother,
whose English was not too good, and
explained my predicament.

Unfortunately, our communications
weren't the best so I asked her to come
outside and look out for me or at least
describe some kind of landmark. Even
so, I still couldn't find her or the unit,
so I queried the street address and
neatest cross street.

She kept telling me "unit 231123
Mary St" but the nealest cross street
she nominated was nowhere to be
seen. In the end, I got back into the
car and cruised up and down until
I reached the cross street but I still
couldn't find 123.

It took a long time, interspersed withparts and reduce the dimensions by
about 40%. While the present design
uses a double sided PC board, the
top side of the board is left unetched,
forming a continuous copper ground.
This allows the PC board to be etched
in typical home workshops with ease
as if it was a single sided PC board.
That's the method I used for the ver-
sion pictured.

While I've used standard compo-
nents as far as possible, construction
is not for the faint-hearted. The DDS
chip, for example, is a 28 pin SMD
device with very close pin spacing.
The display connections are also chal-
lenging. Time and care allows both
to be soldered into place but it does
require a good soldering iron with a

fine tip, steady hands, patience and
good eyesight.

I'd suggest building the keyboard/

64 StLtcoN Catp

display PC board first, Install the
jumpers first, the resistors, then the
buttons, arrd finally mount the display.
The Nokia 3310 display is supplied
mounted on a plastic keypad frame
assembly complete with speaker.

Prise out the speaker - it's just
pressed into a rubber ring - and trim
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some fairly terse phone calls, to work
out what was happening. It turned out
that the street address was actually 1-
3 (1 to 3) and its entrance was in the
cross street. Once that had been sorted
out, I had to negotiate the fuIl-security
lift which required a card to operate it
before I was finally let into Tim's place
on the third floor,

When I saw the set, I knew that
this was just going to be "one of those
days", It was, of course, situated in
an entertainment centre in the corner
with pitiful access. What's more, the
set weighed more than I do - which
is a lot these days!

On the plus side, the fault just might
have been due to another symptom I
hadn't been told about, namely retrace
Iines on the screen,

My first step was to remove the back
and swing it around while dodging
both the baby and the dog who were
trying to eat my tools. I then carefuIly
readjusted the flyback transformer
screen control until there were no
more lines and waited 15 minutes to
see if the set switched off. It didn't and
I then managed to put the back on the
TV and replace it in thè entertainment
cabinet without leaving either the baby
or the dog inside,

After completing the necessary
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paperwork, I left, confident that the
repair had been completed satisfacto-
rily. But of course, that wasn't to be the
end ofit. A few days later, Tim phoned
back and said that while it was now
taking longer, the set was still cutting
out. Drat!

There was nothing for it but to go
backto "123".

This time, I went armed with a new
flyback transformer and a video output
IC (TDA6107AIF/N1) which isn't even
shown on the circuit diagram fit just
shows discrete transistorsJ. Fortu-
nately, I didn't get lost this time and
even better, the baby and dog were in
other rooms.

Anyway, I removed the chassis,
replaced both items and checked
and resoldered a few possible dry
joints, That done, I adjusted both the
horizontal and vertical focus pots and
the screen controls very slowÌy and
deliberately.

Äfter an hour or so, I was finally
finished and was demonstrating the
set when it went off all by itself. I was
ropeable and completely bamboozled
by the whole turn of events.

Now I couldn't even switch the
set back on and prior to it going off, I
couldn't change the stations with the
remote control. Fortunately, yours
truly had caused the problem and there
was a simple solution, I had brought
along a spare service remote control to
help with the adjustments and it was
in an open carrier bag into which I had
just put my University multimeter.
The heavy multimeter was pressing
against the remote control's pushbut-
tons, causing the random results I was
experiencing!

Aaaarghh!! After a job like that, you
need a stiff drink and a lie down!

Toshiba plasma TV
I was recently called to a Toshiba

a2WP4BAplasma set that had been in
heavy-duty use at a club. The barman
had phoned to say it was dead and
asked if I could fix it straight away be-
cause of the sport. I asked him if there
was any clue beforehand that the set
was about to fail and he replied that
there was absolutely nothing.

Apparently it had been working one
minute and was "dead" the next.

When I called, I could see that there

was no power and so the set had to go
to the workshop. Back at the ranch, I
took the back off and a few quick meas-
urements showed that the power sup-
ply - a Sanken PKG-4000 PDC20360

- was dead.
I have seen a few of these power

supplies before and have sometimes
found the white wirewound resistors
to be faulty for no apparent reason.
There is no circuit for the power sup-
ply as it is considered unrepairable.
The PC board is mounted on a sheet
of aluminium using over 30 screws
and 12 plastic mounting clips to hold
it in place,

In this case, R26 [10f] 5W) was
open circuit so I replaced it. However,
when I switched the set on, it was
still dead.

It was then that I noticed that IC1
arrd Rsz (r.sO) had blown so badly
that I couldn't read what the device
type numbers were. The IC was obvi-
ously part of the standby power sup-
ply, judgingbythe size of the chopper
transformer - probably one of those
B-pin Mosfet and control ICs.

That was as far as I was allowed to
go. The club then told me the set had
actually been killed during a thun-
derstorm (great - now they tell melJ
Anyway, a new power supply was
ordered and the $900 repair charged
to the insurance company,

If the service manual had shown
more detail on the power supply, the
repair would have cost much less
than that,

TCL warranty iob
I had a brand new TCL L32M6147

LCD TV come inunderwarrantywith
intermittent no sound when hot.

I thought that this would be a

straightforward repair. However, after
fooling around for some time with
vibration tests, I finally nailed the
problem by applying freezer to the
main microprocessor.

This large-scale surface-mount IC is
not designed to be replaced and so a
new main board had to be ordered to
fix the problem,

Dell notebook
I was recently asked to repair a

friend's DeII Latitude D600 notebook,
His problem was that the computer
would not run from the battery, nor
would it even charge the battery,

A quick check of the BIOS indicated
that there was provision for two bat-

oscillator I could buy locally.
The DDS output is filtered using a

5th order elliptical low pass fllter with
acutofffrequency of about 35MHz. The
output from the filter is then amplified
wiih a ERA-4 surface mount MMIC.
This gives a output level of about 1V
peak-to-peak or +13dBm into 50Q ftom
the VFO, ideal for diode mixers. Since
the DDS output level follows a sinx/x
envelope, the output reduces to 0,BV
peak-to-peak by 30MHz, This 2dB
rolloffis oflittle concern in transceiver
applications but should be borne in
mind if this software is used for signal
generator applications.

The B0MHz DDS oscillator is the ref-
erence for the VFO's output frequency,
By contrast, the microprocessor crystal
is a nominal gMHz crystal and, as

noted earlier, its exact frequency is
not critical. Since output frequency
accuracy and stability depends on the
BOMHz DDS oscillator [and few of these
have any external frequency adjust-
ments available), any users requiring
absolute output frequency accuracy can
make the simple frequency alignment
adjustments within the software.

I found my VFO was accurate to a
few hundred Hertz and quite adequate
for my uses,

The Nokia 3310 LCD module re-
quires a 3.3V supply. While some 8051
chips will operate on the same 3V sup-
ply, the BOMHz oscillator demands a
5V supply, The decision was therefore
made to run both a 5V (for micro and
oscillator) and a 3,3V rail for the LCD.
It's a slight additional complexity but
makes the design easier to convert to
other types of 8051 chips should this
prove desirable.

The interfacebetweentheÄTBSC405 1

and the display, necess¿üy due to the
different supply rails on these parts, is
handled with three cheap isolating di-
odes, If you are able to purchase some
3.3V clock oscillators (a standard part
but one I couldn't buy locally), you can
easily modify the entire VFO for single
supply rail operation.

The microprocessor interface for
the LCD module uses fewer control
lines than suggested in many refer-
ences. Most suggest the need for five
lines, including a reset line from the
microprocessor, Careful reading of
the datasheet revealed that the chip
select (CS) line can be permanently
tied to ground at the cost of a little
more current.

The VFO's MMIC amplifier is fairly
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greedy, drawing around 65m4, so the
modest constant 5mA consumed by
the always-on LCD turned out to be of
little concern. The datasheet also sug-
gested the possibility of using a resis-
tor-cap acitor reset arrangement (1 0kÇ)
and +.zpfJ, and that saved a further I/O
pin. As a result, there is an additional
delay of a hundred milliseconds or so
at power-up, just to be sure the display
has resetbutthis is of little importance
in overall operation.

The main dial knob uses connects to
an optical encoder, This is interfaced
to the microprocessor with an LM393

comparator to ensure clean rising and
falling quadrature signals. The use of
an optical encoder delivers improved
long term reliability and allows users
to setup tìe mechanics of the dial knob
to suit individual taste.

Construction
The VFO can be built either as a

single PC board measuring about 150
x 50 x 15mm (wxhxd) or in a sand-
wiched two-PC board configuration
measuring 100 x 50 x 25mm (wxhxd).
Those wanting a smaller version can
convert the current layout to use SMD
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Figs.10 & 11: here's the full size artwork for both sides of the PC board with the
top (ground plane) at right. We imagine most constructors will not bother etching
a second layer (if they can!) but will simply remove the top-side copper around
the holes with a small twist drill (eg, 5mm). It's tedious but easy enough to do
holding the drill in your fingers, putting the tip in the hole and twisting. The
smaller holes in the ground plane are for the components which solder to both
sides ofthe board - these should not be opened out.
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Fig,B: component overlay for the top (ground plane) side. Here the two parts of the
PC board are shown still connected; the links (shown in green) are only required if
you split the board and "sandwich" it.

ist, using just four chips (excluding
the regulators): the microprocessor,
the optical encoder interface chip, the
DDS, and the RF amplifier chip.

This avoids the approach used in
a number of other designs which re-
quires a microprocessor dedicated to
the encoder and display and a second
processor dedicated to the DDS.

The microprocessor is also operated
at a very leisurely BMHz. I actually
used a PAL TV colour-burst crystal
of B.B66MHz but any crystal from B

To L2i|l}Jz will likely work fine. The
top speed for this micro is 24MHz, so
clearly nothing much is being pushed
hard in this design.

This might suggest that the 8051 is
significantly more efficient than other
B-bit microprocessors used in similar
designs,

My software is all written in hand-
coded assembler, often far more effi-

cient than higher level languages and
the code possibly also makes a little
better use of interrupts.

This approach allows the optical
encoder [the main tuning control) to
be very rapidly read without causing
any measurable delays in the main
DDS and display routines despite the
fairly intensive data transfers required
by the Nokia 3310 LCD whenever it is
being updaied.

Interrupt-driven routines tend to
be a little more complex to write but
are necessaÌy here to handle rapid
updating of the digital display and
the analog dial graphics, while also
reading the dial and checking for any
pressed buttons,

These functions can add up to quite
a lot of work for this modest 8051
microprocessor to manage but it is
made possible by minimal mainline
software functions and a relatively
fast background interrupt cycle. This
interrupt cycle is focused on reading
the encoder, the most time-critical
function,

When power is applied to the VFO,
the microprocessor begins by initial-
izing the LCD module. These feature
a brief animated set of graphics which
illustrate some of the flexibility of the
display and makes use of some spare
ROM space. The BOC4051 then ini-
tialises the DDS VFO to the bottom of
the BOm band in receive mode, with
an offset assuming an IF of B,467MHz,
and with RIT freceiver incremental
tuning) turned off.

These parameters are all set by the
software, and are very easy to change
to suit other applications and user
preferences. These settings are all
very clearly highlighted in the source
code.

The DDS requires a 40-bit serial
word transfer from the microprocessor.
As the encoder is rotated, the DDS fre-
quency is updated, the new frequency
displayed and the dial graphics dy-
namically changed according to the
direction of tuning knob rotation.

The eo-bit word sent to the DDS is
calculated from a series of predeter-
mined lookup values, one for each
digit in the 7-digit frequency of the
VFO, the values depending on the
DDS clock used.

In this case, they assume an BOMHz
clock, the highest frequency crystal

Fig.9: soldering that SMD-mount chip
requires a steady hand and a fine iron
(see the SMD article in this issue!)

teries but only one was installed. After checking to see
that the machine's existing 11.1V Li-Ion battery wasn't
on the factory recall list, I decided to get a new one on
eBay. I also ordered anew 7.2Y CMOS backup battery for
good measure.

When these new batteries were installed, not a lot had
changed. The computer continued to run correctly from
the PA-12 +19.5V,\C adaptor but not fiom either the new
battery or the old battery. The BIOS (which I upgraded
to ver. ,A.16 from AB) still reported two batteries and that
one was charging but the old battery always measured 0V
while substituting the new one gave an indication oT74o/o
charged. Neither value changed at any time.

Obviously there was something fishy about the battery
charging system within the computer but was it a hardware
problem or a software problem?

The main battery has a 9-pin connector. Pins 1 & 2 are
the +11.1V rail, while pins 6, B & I are the negative rail.
Pins 3, 4 & 5 measured +5V and pin 7 measured +3,26V,

I downloaded the service manual lrom the web and
stripped the notebook right down to just the motherboard
to see if I could find anything wrong. I then examined
and measured the voltages around the power supply
very carefully but I couldn't find any clues. There were
no blown fuses, burnt resistors or even hot components
- all looked perfect, Most of the charging is controlled via
surface-mounted switching ICs.

I didn't have the user's guide but I did discover the 5-
green LED charge gauge which confirmed that there was no
charge in either battery, despite what the BIOS displayed.
I then trawled the web but could find nothing, so I went
to the Dell website and asked for help via email, quoting
my service tag number.

I really wasn't expecting very much but I was subse-
quently very pleasantly surprised when a gorgeous chick
phoned me up and told me they would send a technician
round the very next day to change the motherboard.

I was still very cynical, expecting some monstrous
catch, but lo and behold, a technician did rock up the
next day and replaced the motherboard under warranty
- all done in a tenth of the time it took me to dismantle
the notebook in the first place, Not only that, it was all
free and under warranty.

The new battery still would not work even though the
BIOS said it was 74"/" charged. However, the original
completeÌy discharged battery now did work and really
started to charge, continuing to do so until it was at 100%.
Furthermore, it ran the notebook quite satisfactorily.

My friend was delighted and both of us were mightily
impressed with Dell's customer service, They have really
put the meaning back into those oft-misused words.

So why does the BIOS indicate two batteries? Well,
there's provision to install a second main battery in the
space that's normally reserved for a floppy disk drive, As
for the new battery, I sent it back for a refund.

Falcon electrical problems
Finally, here is an interesting story concerning some

strange electrical faults in an old XE Ford Falcon. It was
sent in by R. S. of Hoppers Crossing, Victoria and I'll let
him tell it in his own words:

An acquaintance's youngest son, Brett, requested my
assistance to solve some electrical problems that he was
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experiencing with his aging XE Falcon sedan (late 1984
model). This vehicle had originally been purchased new
by his late grandfather, so its service history was well
known,

The were several symptoms that concerned Brett, First
of all, the speedometer tended to react to the flashing of
the turn indicator, which was very strange indeed. In
addition, the righthand indicator lamp was permanently
illuminated, unless the indicator switch was set to activate
the righthand blinkers. And when the righthand blinkers
were activated, the indicator lamp turned off when the
front and rear globes illuminated.

Another strange fault was that the temperature gauge
swung from the low end of the scale to the high end in
a most alarming manner. This was so bad that Brett had
disconnected the sender wire in the engine bay to prevent
possible damage to the gauge.

Another problem was that the air-conditioning (a/c)
fan was intermittent, as was the a/c compressor clutch
which only worked if the fan worked. This problem had
been apparent for some time but had not previously been
investigated. It was open to conjecture as to whether it
was related to the other problems.

Due to rain, it was great day to work indoors and so I
suggested that we meet at his parent's house, where the
garage/workshop has a pit - useful should it be necessary
to work underneath the vehicle. In my opinion, a pit is
more of a requirement than an ensuite when designing
and building a house!

Anyway, we examined the circuit diagram in the work-
shop manual and soon determined that the vehicle was

new syslem
circuit design,
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a base Falcon which had been fitted
with air-conditioning on the produc-
tion line. At this stage, I was favouring
an earthing problem as the common
cause of alÌ the symptoms. As a result,
I tracked down a common earth point
on the diagram for all the dashboard
wiring.

-A.ccording to the manual, it was
Iocated on the lefthand side of the
vehicle. This was eventually found
after removing the glovebox and a kick
panel and appeared to be in good order.
Furthermore, a quick check with a

DMM found just a millivolt or so across
the connection when everything was
powered up,

Brett then advised me that turning
on the headlights (either low or high
beam but not the parking lights) would
cause the fan to operate. This really
was strange. He had also noticed that
there was a single cÌicking sound just
before the fan began to rotate.

Brett also advised me that "hitting"
the car reasonably firmly in the vicin-
ity of the click would also activate the
fan. And that in turn led us to a plug-in

44 StucoN C¡ilp

30,A' relay. This relay is used to control
the fan and I suspected that it might
have an intermittent fault.

The relay was pulled from its socket
and its coil resistance checked. This
turned out to be about 87Ç) which is
normal. The relay was then checked
by connecting it to a L2V DC suppÌy
and this showed that the relay was
operating correctly.

In addition, its normally open (NO)
contacts had almost no resistance
when cÌosed.

My next step was to bridge the
matching NO connections in the sock-
et and this showed that the fan was in
perfect working order on the full speed
setting. However, it didnot function on
the low or medium-speed settings and
I suspected a faulty high-wattage series
resistor as one was indicated on the
diagram. I wasn't too concerned about
this at this stage, though - finding and
testing the resistor could wait until the
intermittent electrical problem had
been solved.

I went back to the circuit diagram
and traced the wiring to the relay coil.

This led me to a separate diagram relat-
ing to the a/c control which showed
that the feed was directly from the
switched side of the ignition switch.
More precisely, it came from a con-
nection on the high side of the fuse

safeguarding the supply lead
to the fan,

Checking the coil
control voltage gave me

my first real clue to the
problem. It ranged

from 3V to a maxi-
mum of 1oV. No
wonder the relay
wasn't operating
correctlyl

Next, I reinsert-
ed the relay as it had

passed all the necessary
tests. It was then that I happened

to lightly touch the thermal overload
breaker that serves the headlight cir-
cuit and, for a ftaction of a second, the
fan roared into life.

The headÌight's thermal interrupter
unit is located towards the bottom of
the fuse block. However, the fuse block
shown in the diagram was different to
that fitted to the vehicle, I took another
Look at the diagrams we had discarded
and found that the more upmarket
models (Fairmont, etc) were fitted
with the fuse block I was looking at
in this vehicle.

This also showed that the control
signal for the relay came from the iow
side of a 20,A' fuse labelled 'acc', just to
the left of the thermal overloadbreaker,
Touching this fuse very lightÌy imme-
diately brought the fan to life.

I felt around the back of the fuse
block and moved the connecting wire,
to see if it was loose. It wasn't loose
but the slightest movement caused the
fan to run so I removed the fuse and
found that it was intermittently going
open circuit.

Carefuily dismantling this 3AG fuse
showed that ihe soldered connection
between the fuse element and the end
cap was the probÌem. I replaced the
fuse with a new one and no amount
of wiggìing, tapping, banging or acti-
vation of the headlight switch would
cause the fan relay to switch off. What's
more, with the engine running, the
a/c compressor clutch now worked
reliably as well,

I was al.so surprised to find that the
low and medium-speed fan settings
also now worked. So by replacing just
one fuse, I had fixed the intermittent
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Fig.6: there are two ways to construct ' .á
the DDS VFO - cut the board and "sandwich" the
two sections as shown here, or leave the board intact
[the tracks for the two sections are provided). As you can
see from this photo, the component side of the PC board(s)
is a groundplane, formed by using double-sided PC board blank.

bands, The LCD modules the current
operating frequency and mode of the
VFO. A key feature of this design is
an analog-style graphics-driven dial
displayed on the LCD which sweeps
up and down just like a conventional
mechanical dial whiie tuning the
VFO,

The VFO also features two in-
dependent VFOs, a programmable
receiver IF offset capability, full RIT,
and VFO locking.

AII of this software is handled
within a single 20-pin low cost Atmel
B gC405 1 microprocessor.

The DDS drivers within the micro-
processor are quite compact, but much
of the space within.the 4Kbytes of flash
program memory is actually required
for lookup tables to handle the Nokia
3310 LCD.

Unlike sta¡rdard 2 line x 20 character
alphanumeric displays, all of the infor-
mation displayed has to be generated,
dotby dot, by the BgC4051 microproc-
essor, Each and every character, every
graphical feature, all resides witlin the
4K of program memory.

The VFO code itself amounts to
less tha¡r 1.5Kbytes, the balance taken
up by the graphics tables, There is

also some room in the
progr¿rm memory to

permit other build-
ers to add features

to suitindividual

fan and a/c operation problems and the lower fan speed
problems as well.

Indicator problems
That left the righthand indicator lamp problem. It was

still lighting when the control was in the middle of its
travel (ie, neither the right nor Ieft indicator selected).

So was there a problem with the control switch unit?
There are three connector blocks associated with the
electrical controls on the steering column, so I discon-
nected them aII. Re-connecting the ignition/power circuit
th.en caused the fault to reappear. That meant that the
indicator selector, the high/low beam circuit, the horn
circuit and their switches were OK.

There was nothing for it now but to remove the in-
strument module. That done, I probed the flying socket
for voltage on the connection serving t}re repeater light,
This showed that the connection was at 0V with the
indicators in the off position, which is correct.

Moving the indicator to the righthand position then
showed a pulsing 0-12V DC voltage at this point, at the
lrequency ofthe flash rate (about one pulse per second).
Again this was correct and Brett advised that he had also
checked this but double-checking never hurts,

That meant that the problem with the indicator lamp
was in the instrument cluster itself. Undoing six screws
gave us access to the circuit board which was now closely
inspected. We didn'thave a circuit diagramfortheboard,
so I began to trace the now-tarnished copper tracks from
the plug pins to the repeater globe, then through the globe
and on towards the base of the temperature gauge. As
mentioned, this gauge had been indicating a problem,
so it was somehow connected to the fault.

I went back to the plug and observed that a nearby
copper track had been Very hot in the recent past. To get
a better view, I undid the three screws that secured the
economy gauge to the circuitboard (this economy gauge
is simply a mechanical vacuum gauge sensing the air
pressure in the inlet manifold), Once this gauge was out,
I could now see that this track had become detached from
the board surface due to the excess localised heat.

A closer examination revealed four or five small black
marks [about the diameter of a pin], which had been
hidden behind the vacuum gauge mounting point. What
had caused these? The answer came when I looked at
the back of the vacuum gauge mounting,

This showed that two flat-headed screws had vibrated
Ioose a¡rd were now capable of touching two adjacent
copper tracks on the PC board. These screws were both
threaded into the brass block of the vacuum gauge,
thereby forming a complete current path between the
two tracks and shorting them out

The fix was simple. First the two screws were retight-
ened a¡rd, for insurance, sealed in position with a drop
of nail polish (a beautiful shade of pink), The floating
track was then removed and the break bridged using a
short length of tinned copper wire,

,\nd that fixed all the remaining problems. The indica-
tor lamp now operated correctly and both the speedo and
temperature gauge remained steady, with no tendency to
flick in sympathy with the indicator signal. After that, it
was just a matter of reassembling the instrument panel
and the old Ford was ready for the road once more. SC
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At right is the
optical encoder,

made from a surplus
mechanical mouse

Analos Devices website at www.ana-
log.com are highly recommended,

The most significant problems with
DDS oscillators are noise and spurious
emissions, These can be minimised by
using D/A converters with relatively
long digital words, Many DDS devices
are limited to 10-bit words but newer
devices more often use 12-bit or L4-
bit words.

This DDS VFO uses an Analog De-
vices,{D9850 chip whichuses a 10-bit
D/4. This delivers a spurious emission
level of -5odB.

Frequencies are selected using 32
bits of a 40 bit tuning word, allowing
better than 0.03H2 frequency steps

60 SUCON CHIP

with the BOMHz DDS clock used in
this design. The balance of the 40 bit
word is used for phase and control
functions.

Since this level of resolution ex-
ceeds most requirements, many DDS
VF O designs use a larger step size. In
this VFO design, the user can select
10H2, 100H2 ot LVJJz steps to give
three tuning rates - glow, medium
and fast.

Functionality
The DDS VFO covers all amateur

radio bands between 160m and 10m
in 10H2, 'l.OOHz or lkHz increments,
and will happily tune outside of these

requirements.
The code uses no special features of

the ATB9C4051 and so it may be used
with almost any 8051-type processor
possessing adequate memory.

One option might be the addition
of country-specific frequencies, for
example, not currently supported by
the present VFO software. To that end,
the fully commented source code is
available from my website, as well as

the Intel hex file for direct program-
ming of blank microprocessors,

The Design
In contrast to other designs, this

DDS VFO design is almost minimal-
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In the third part of our PICAKE vSM tutorials Clive Seager
tqlks us through using some of the 'virtuol instrumentotìon'
included with the software - from a simple voltmeter to an
advanced I2C protocol debugger!

t ftervou
A .r.,,,ïil

L l-í.ur u *
for testing purposes. This article assumes you have worked
through the tutorials in parts '1. and 2 of this series, so are
familiar with drawing circuits in the VSM software.

Voltmeter and Ammeter
Voltage and current can be measured in two separate

ways. As an example, open the 'high command.dsn' sam-
ple file from the lsamples/picaxe/commands folder, You
will then need to use the 'File>Save As' menu to save
with a different filename so you can experiment and save
modifications to it.

Fig.1 shows the circuit with a traditional voltmeter con-
nected across the LED. When run, the voltmeter will show
the voltage when the LED switches on and off.

An ammeter can be added by deleting the wire be-
tween the resistor and PICAXE pin, Right click and select
Place>Virtual InstrumenÞDC Á.mmeter. Once dropped,
right click on the ammeter symbol and edit the properties
'Display Range' from amps to milliamps. Then draw the

$helrPÉgm

lÉ_
Il¡ia
Nlt
b¡'
Nl@
¡üd

Fig.1: simple LED circuit
with voltrneter attached.

Fig,2: virfual aurmeter
added to the circuit.
Remember to change to
mr{, range!

two wires back in as sho'vrm in Fig.2.
When run you will now have a display of both current

and voltage. If you change any of the other component
properties - eg, (changing the 'Forward Voltage' of the LED
from 2V to 2.5V or the resistor foom 3300 io 270Q) you
will see corresponding changes in the current.

The second, sÌightly simpler way of measuring voltage
and current is to just add probes onto any component pin
or wire. To do this, right click, select place and then either
the voltage or cunent probes (see Fig.3). Once the simula-
tion is run, the probes will show the current or voltage at
the probe position.

Oscilloscope
On occasions you may wish to trace the voltage or a

signaÌ over a period of time. This is when the virtual oscil-
loscope is ofuse

Open the 'infrain.command dsn' sample file and re-save
with a different filename. This uses a'simulated' IR LED
and IR receiver (eg, equivalent to the TSOP4B40). Two

t0

by Andrew Woodfield
ZLZPD

Operator interface
Let's not forget the operator inter-

face.
Practically aÌl existing designs use a

sta¡dard 2 line x 20 character alphanu-
meric display. An earlier popular de-
sign used high current seven segment
LED displays. The size ofboth ofthese
displays and the limited information
presented to the operator didn't seem
ideal to me,

They certainly weren't well suited
for the small HF transceiver I've also
been building.

This led to another delay while I
looked for alternative displays and a
series of experiments with some small
cheap, graphical LCD modules,

These monochrome LCDs were
used in many older cellular phones,
as well as in some current low cost
entry-level models,

I built several small projects us-
ing one of the most commonly used

graphical LCDs, the Nokia 3310 LCD
module. This LCD turned out to be
very useful - It offers a 84 x 48 pixel
display with a visible area of about
35mm x 25 mm.

DDS Oscillators
Direct digital synthesis (DDS) is a

digital metho d to generate waveforms,
usually sine waves.

In contrast to the more common
phase locked loop [PLL) approach
which uses a voltage controlled os-
cillator, digital dividers and a phase
detector to generate frequencies in
defined steps, data stored in an in-
ternal DDS chip table is passed to a
digital to analog (D/A) converter at a
specific clockrate. If the table contains
values equivalent to the amplitude
of a sine wave, then a sinewave at a
frequency reÌated to the clock rate will
be produced.

One such basic DDS is illustrated
in Fig.3.

By changing the clock speed, a wide
range of sinewave frequencies can be
generated. Ifthe clock is fast enough,
frequencies can readily be generated
across wide ranges, and at sub-Hz
increments.

The completely digital nature of the
DDS oscillator and its ability to gener-
ate veryfine frequency increments are
the main advantages over PLLs.

In practice, a DDS device uses the
arrangement shown in Fig.4. The tun-
ing word, which is usually 32 or 48
bits wide, is used to modify a phase
accumulator. This outputs a 14-16 bit
word for onward signal generation.

With this approach and with a
32-bit tuning word, it is possible to
generate more than 4 billion specific
frequencies.

Fig.2: the readout, from a Nokia
cellular phone, is capable of
displaying simple graphics . , .

Fig.5: and here it's shown mounted on the back of the PC board, along with the six
control switches, There are minor differences to the correct layout shown in Fig,B.

Fig.3r basic Direct Digital Synthesis system,

PHASE ACCUMUIÂTOR

24-48

¡. Fig, : a typical Direct Digital Slmthesis system.

Formore information onDDS chips,
the introductory documents on the
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went. I was just too busy with work
and family to devote any time to the
project.

In addition, I couldn't locate a suit-
able design to build. Practically all
existing designs use one of the PIC
microprocessor family. Others use
several PIC microprocessors; yet oth-
ers use a further large bunch of ICs to
interface dispiays and keypad func-
tions. With my microprocessor devel-
opment tools all focused on the 8051
family - and being fundamentally of

a contrary nature - I was determined
to use an 8051 chip in my DDS VFO
rather than mess about gearing up for
another microprocessor, and keep the
chip count minimal.

Underlying this was a feeling that
if I wrote my own software, I could
customise it to suit my precise require-
ments and be better placed to develop
one or two other DDS-based projects I
have in mind. Of course, that naively
assumes I'll find the time to complete
those new designs.

TUNE

Fig,l: the promise of things to come? The DDS VFO with its cellular phone "readout" mounted inside an HF transceiver
the author is currently working on , , .
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Fig.3: right-click the mouse to add voltage and current
probes.

channels ofthe oscilloscope are connected across the LED
output and the receiver output.

When run, the oscilloscope display panel will appear
on screen, showing the trace from the two channels. As
can be seen from Fig.S the top LED trace clearly shows
the modulating signal, while the receiver trace shows the
demodulated inverted output! The virtual oscilloscope
includes all controls that you would expect to find on a

Fig. : two PICAXE chips communicating via a simulated
infrared link.

Fig.5: virtual oscilloscope trace.

siliconchip.com.au

real device, and so the position, timebase etc can alÌ be
adjusted as you require.

Serial Terminal
This time take a look at the 'sertxd command.dsn' sample

file, This demonstrates the'Virtual Terminal'which acts as

an RS232 serial terminal for testing programs with serial
data. When run, the serial data output from the PICAXE
chip is displayed on screen within the terminal window,

As with all serial systems, you do need to set the baud
rate and polarity of the terminal to match the PICAXE set-
tings (+800,n,8,1 [inverted polarityl in this caseJ. This is
carried out by right-clicking on the terminal symbol and
selecting'Edit Properties'.

COMPIM
While we are talking about serial communication it

is also worth mentioning the COMPIM (COM Physical
Interface Model). This 'symbol' acts as a link between the

Fig.7: remember to set the serial baud rate and other
parameters, or you will see conupt characters on screen!

This DDS VFO uses a widely ovailable recycled Nokia
cellulqr phone LCD to disploy onalog and digital frequency
readouts, text, and VFO status messøges

or several years, I've wanted
to build my own DDS (Direct
Digital Synthesis) VFO fVariable

Frequency OsciÌlator).
Analog Devices makes one of the

most popular ranges of DDS chips
which digitally generate precise sine
waves covering frequencies from
practically "DC to daylight"; well, up
to many hundreds of MHz.

Some time ago I managed to obtain
several samples but, for some time
afterwards, that was as far as things
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simulator and the real serial port of the computer. This,
amazingly, allows connection of real serial devices to a

simulated PICAXE chip!
As an example you could connect a serial GPS module

to the serial port of the computer and then have the simu-
lated PICAXE chip parse the NMEA serial data stream!
The 'COMPIM demo.dsn'file demonstrates the COMPIM
feature.

Signal Generator
. The Signal Generator is demonstrated via the 'count

command.dsn'fiIe. When this simulation is runthe Signal
Generator control panel is displayed on screen. First make
sure the generator is outputting a square wave (sawtooth,
triangular and sine are also available) of around bV and
then try adjusting the frequency. The change in frequency
should result in a different 'count command' value dis-
played on the serial terminal.

An alternate, simpler, way of applying test signals to
a wire is to just drop a generator probe onto the wire (as

Fig.10: I2C debugger analysing data written to a 24LC16B
EEPROM

but fortunately the technicalities of the protocols are taken
care of automatically in the PICAXE system, via use, as an
example, of the writeiZc and readi2c commands.

Those interested in studying these protocols further may
be interested in the function of the IzC and spi debugger
instruments. For instance, the writei2c command.dsn' file
demonstrates how the 'IzC debugger' instrument is con-
nected to the I2C bus,

When the simulation is run the details of each I2C trans-
action - start signal (S), address (AO), data pulses, ack
pulses (A), nack pulses (N), stop signals (PJ etc - are clearly
listed in sequence on screen. This makes it an invaluable

learning tool for those interested in understanding these
protocols.

Summary
The software also contains a few other instruments such

as a logic analyser - have a play with them! Using 'virtual
simulated'instruments will neverbe quite the same experi-
ence as twiddling dials on real-life bench-top models but
using these simulations is still a worthwhile process.

PICAXE VSM incorporates an impressive array of virtual
instruments - and you certainly wouldn't be able to buy
a new oscilloscope, signaÌ generator or IzC debugger for
anything like the price of a VSM licencel-> tl
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SPI and IzC debuggers
SPI and IzC are two different communication protocols

used to link ICs together. The protocols are quite complex
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Fig,9: virtual signal generator.
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Prices valid unt¡l March 31st 2008
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USB DisitalIU Sticlt

Z.4hllz Ba[y Monitor with LGD

Scleen & lR Goloul Cameta

PIC Based Water Tank
level Melet Kil
Ref Silicon Chip November 2007
Thìs P|C-based unit uses a pressure sensor to
monitor water level and will display tank level via an

RGB LED at the press of a button The kit can be

expanded to include and optional wireless remote
display panel that can mon¡tor up to ten separate
tanks (KC 5461 ) or you can

add a wlreless remote
controlled maìns power
switch {KC-5462) to control
remote wâter pumps Kit
includes electronic
components, case, screen

UHF Bemote Gonlrolled Mains Switch
Ref Silicon Chip February 2008
Commercial remote control mains switches are

available but these are generally limited to a range
of less than 20m This UHF system will operate
up to 200m and is perfect for remote poweÍ
control systems etc The switch can be act¡vated
using the included hand heid controller or our
KC-5461 water tank level sensor base station K¡t

supplied with case, screen e
printed PCB, RF modules o

Ielemetry Base Station
for Waler Tank level Metet
Ref Silicon Chip January 2008
Thìs Base Station ¡s intended for use with the
telemetry version of the KC-5460 water tank level
meter lt has an inbuÌlt 433MHz wìreless receiver
and can handle data transmìssions from up to 1 0

level meters and display the results on a

2-line 32 character LCD module

components, case,
screen prìnted

printed PCB and
pressure sensor

The DVR is fitted with a 250G8 hard drive,
can accommodate up to 4 cameras with
power derived f rom the DVR and wìll allow
you to record and view up to 4 cameras
simultaneously Package includes the DVR
with 1 dome and 1 outdoor lR camera wìth
bracket, mounting hardware,
power supply, 'l4m of cable,
software, USB interface lead
and user manual Additìonal
cameras sold separately
Was $949

! panel included

:'Requìres 1 xAAbattery
'. luyrs+

153 dìfferent S3g.g5
e^Pe,,,,,u,,rr

:âii:,',:" .r ro^ C€
require only a 9V battery
or no Þower at all

Learn about mechanical &
electr¡cal construction

motorcycle Everything's
included, even tools to put ì1

all together The instructions
are excellent, with colour photos

and a deta¡led parts list S12.95

. Suitable for ages 10+ (contains small parts)

. Measures: 210(L) x 147(W) x 56(H)mm

301 Piece Solar Conslrucl¡on K¡t
Build a solar-powered motorcycle, a front-end
loader or whatever else your imagination can come
up with All parts, fasteners and tools are included
as well as an illustrated ¡nstruction booklet with

SAUE
$250

SensalionalUalue DMM
Excellent budget dig¡tal multimeter
packed with features
. 3 5 Digit
. 12 5mm high LCD
. Transìstor test
. Diode test
. 10 Amp current
. Plug-in leads

ACÆG Gurtent Clamp Melet
ldeal for car stereo ìnstallations and

electrical trades people

. Continuity Buzzer

. Carry case included

. 4000 count
Was $139.95

OM-l564 Mini AC/DC Current Clamp Meter with
Non-contact Voltage Sensor available separately
Was $99.95 Now $79.95 Save $20.00

$198.00 $148.00

$139,95
$99.95
$59.95 $44.95

Gomputer Connecl Auto Range DMM
With the abil¡ty to analyse and store ìnformation on
your home or notebook computer, th¡s meter
is ideally suited to laboratory or fieldwork
The software features data logg¡ng, with
information displayed on a graph or simple l

l¡st When record¡ng, you have the option of ,

recording continuously or ¡n preset time
gaps Min/maVavg information can also be

displayed The information can be exported
to spreadsheet programs such as

Excel for further analysis
. 3 7 Digit
. Diode Test
. 10 Amp AC
o Data Hold

& DC current

. Software included
Was $39.95

lP67 Harsh Environment
Cat lll DMM

ilt 600v 4000 Count 204 Cur¡ent. TrueRMS, RS232

OM-1462 , Cat lV 600V
OM-1541 Cat lV 600V
OM-1539 Gat lll 600V 4000 Count

See our website or ask in-store for full

$29.95

Set up your own weather channel or connect to
your computer for storage and analysis The indoor
receiver measures the ìndoor temperature,
hum¡dity, atmospheric pressure and
receives weather data from the
outdoor thermometeÊtransmitter
sensor, wind sensor, and rain gauge
The receiver unit has USB interface
output allowing datâ to be uploaded
ro a PC or laptop and a AV

This popular 2 4GHz wireless surveillance system
has a specially designed ìndoor Hi-res colour
CMOS camera and hand-held LCD monitor, that
enables you to monitor your home, children or
elderly residents even when it gets daik You can

l¡nk the monitor to a VCR to record what the
camera captures or link it to a ry that has the
'Picture-in-Picture' feature to keep an eye on the
baby while you watch your favourite TV show
. 2 4 incl't colour TFT-LCD screen
. Can work with up to 4 cameras
. 10 iR LED illuminator
. Hi-Res colour CMOS camera
o 4 channel select¡on
. Low power consumption
.2xPSUincluded
. Monitor measures 65(L) x1 1O(H)x

oM-1539 I OM-1541

SAUE
$20

. Compatible with Windows XP, ME and Vista
o Wìndows only - not suitable for Mac
. Antenna, cable and software included

:iiiå:i,3'^,-ä,IZ'n' !r-rree-ro-airDrv ttlf-
. Software with t¡me shifting

and scheduled recording

Watch high definition digital W on your desktop or
laptop PC for the same cost as a standard defin¡t¡on
set-top box Simpìe to set up and use, just connect
the USB stick, plug in the antenna, install the

Mains Adaptor 12VAC2A
Unregulated, 7 plugs
incl uded

$29.e5

A PA system in a box 3 channels with
balanced and unbalanced inputs, RCA inputs
for an auxiliary source The ideal small PA for
schools, sports organisations, churches,
weddings, conferences or solo acts
. '12' speaker
o 2 channel equaliser
. Line level RCA inputs
. Tough moulded

enclosure
. Balanced and

unbalanced line outs
. 200WRMS power

output
. Dimensions: 600(H) x

410(W) x 32s(D)mm

Christchurch Ph (03) 379 lóó2
Dunedin ?h (03\ 471 f934
Glenfield Ph (09) 444 4ó28
Hamilton Ph (07) 84ó 0177
Manukau Ph (09) Zó3 ó241
Newmarket Ph (09) 377 ó421
Palmerston Nth Ph (06) 353 824ó
Wellinston Ph (04) 801 9005
Freecall Orders Ph 0800 452 9227

Silveruat€r Ph (02) 9741 8557
Sydney City Ph (02) 9267 1614
Taren Point Ph (02) 9531 7033
Tweed Heads Ph (07) 5524 ó5óó

Coburg Ph (03) 9384 l8l I

rankston Ph (03) 9781 4100
eelong

Sunshine Ph (03) 9310 80óó

Aspley Ph(07)38ó30099 m
Cairns Ph (07) 4041 ó747 Maddington Ph (08) 9493 4300

Albury
Alerandria
Bânkstown
Blacktown
Bondi Junction
Brookvale
Campbelltown
Erina
Gore Hill
Hornsby
Newcastle
Parramatta
Penrith
Rydalmere

Ph (02) ó02r ó788
Ph (021 9699 4699,
Ph (02) 9709 28
Ph (02) eó78 9
Ph (02) 93ó9 3
Ph (02) e90s 4
Ph (02) 4ó20 7
Ph (02) 43ós 3
Ph (02) 9439 47
Ph (02) 947ó ó22r
Ph (02) 49ó5 3799
Ph (02) 9ó83 3377
Ph (02) 472 r 8337
Ph (02) 883r 3r5r

lpswich Ph (07) 3282 5800
Maroochydore Ph (07) 5479 351 I

Mermaid Beach Ph (07) 552ó ó722
Townsville ?h (07) 4772 5022
Underwood Ph (07) 3841 4888

Adelaide Ph (08) 8231 7355
Clovell¡r Park Ph (08) 827ó ó901

YOUR

Iugtrar

This wireless video system s¡mply
spiices ìnto the car's reversing lìght
cable lt is automatically activated
when you select reverse and gives
you a clear vìew behind your vehicle
The camera is waterproof and can be

mounted outside the vehicle
. Specifications:
o 2 4" wireless colour LCD screen
. Colour CMOS camera
. 110" Camera viewing angle

:c0m,auoRDER FREE cArl.' 1 800 022 888



38 Ghannel l.5W UHt
Pocket TranseeiYel

llual Stage lead-Acid Battcry tloal Ghargers200 Watl Wind Turbine
Genelators

0ynamo Powered Splash
Proof Hadio with IED forch 5 Uolt 3400mAh li-ion

Battery Paclr

LED Safety Band

Prafessional Grade
0utdou Garden [ighting

Mini Digital Gamera Keyring

Dynamo Wind up IED Torch

BC Solar Pond Pump

Jumbo Display lndoo utdoor
Ihemometer with Memory

Eclipse Lithium 9U
t200mAh Batteries

7 TED D¡U¡ns Tolch
12 Uolt Battefl Chalging Regulators l0r Solal Panels

,t

lithium hon Batteries

Wealher Slal¡on w¡lh W¡reless Sensors and OooÉell
Easy to ¡nstall - no wires, no fuss Displays full clock and 

-==

Ghildren's Weather Station
Observe, learn and forecast the weather
station is designed especially for children
. Shows wind direction

This fully functional weather

. Measures wind speed in kph & mph

. Indicates relative humidity
o Measures temperature ìn

Fahrenheit & Celsius degrees
. Measures rainfall in inches & centimetres
. No batteries required
Suitable for children Syrs+ Was $49.95

Be Your own Wealhelman
Anyone with a interest in the weather will
love this station It has an unbeatable range
of features, it is great value, and best of all

has no need for messy wìring The system
meôsures and d¡spiays inside and outside
temperature, air pressure, rainfall, humidity,
wind speed, direction, and chill faclor

Fully automatic switchmode battery chargers that will efficiently charge h¡gh capacity sealed
and unsealed lead acid batteries then properly maintain them Just connect and forget
Specif ications:

. Wâttage: 85W '160W 160W

. Equaliser Charge: 14 4V +l- 0 1V 1 4 4V +l 0 1 V 28 8Y +/-0 2Y

. Floating Charge 13 8V +l 0 1V 13 8V +/- 0 1V 21 6V +LO 2V

. Dimensions WxHxD: 168 x 72 x 45mm 162 x 96 x 48mm 168 x 96 x 48mm

. Weight: 6509 8509 B50g

e4. 
lvlu* cr,r.n,, ffi#, ur" ',^,***, uro ffi#n ur. Æ

. AC input: 11O|22OVAC switchable 47 63Hz
o Efficiency: >85%

This high-quality l¡ght-weight
UHF transceiver is ideal for
use in many professional and
leisure activities
. 1.5W output
. Up to 8km range
. Hi/lo power setting

These units are quite massive and ruggedly built
They will generate 200 watts at wind speeds as low
as 8 metres per second They will deliver useful
power at a gentle 3 metre/sec breeze or give up to
300W at hígher wind velocities
There are two units available: one for 12V systems
and another for 24V systems The 1 2V unit has a
'l6V output and the 24V models has a 28V output
which will charge an appropriate battery bank
Specìf ications:
. Rated Power: 200 watts
. Max Power: 300 watts
. Output Voltage: 12V model: 16V

24V mode|28V
. Output Current at Rated Power:

l2Vmodel: 16664
24V model: 8 334

. Turbine Start Speed: 3m/s

. Max Wind Speed: 40m/s

. Rotor Dia: 2 1 metres

. No of Blades: 3

. Recommended
Minimum Tower Height: 4 5 metres
. Shipping box d¡mensions:

Box 1: 7 4 x 44 x 26cm (weight 50kg)
Box 2: 154 x 24 x 13cm (weight 30kg)

. Total shipping weight: 80kg

Lithium lron (Li Fe) batteries pack 5 - 6 six times
the capacìty of ordinary alkaline celìs and gìve a

40-60o/o cost saving when comparing energy
delivered to price paid
. 58-2364 1500mAh AAA twin pack
. 38-2366 '1200m4h AA twin pack
. Ten year storage life
. 4 x battery pacl. also avarlable
Note: These are not rechargeable

Was $34.9s

z4

Compact, portable, splash proof 90 seconds
winding gives 20 minutes operat¡on Has
provision for battery operation if desired

Take this back-up battery pack with you and charge
your dig¡tal devices when you are away from
home or office Suìtable for many devices
includlng iPod:, PSP3 and mobiie phones The pack
ìs charged via USB and includes 7 output adaptor
plugs to suit the most popular digital devices

alåftt:
NOTE: iPodo and phone not íncluded

Excellent for outdoor activities
. Requires 2 x AAA batteries
. Weatherproof and digitally

controlled
. Brightness levels 100% &

Mini Head Torch with 6 Super l*llsli?It
!lãojr"''"avairabre $14.95

Ouality Die Cêst low voitage outdoor garden lighting range
Each fitting ìs die cast, powder coated and mo¡sture sealed
with neoprene gaskets The spectacular range
can be powered by '12 volt halogen lamps or a
professional 24V for large installations where
voltage drops would normally be a problem
Garden Flood Light
. Size {length including spike) 310mm
. Dia at globe 75mm
Cat. SL-2770 Was S 1 4.95 Now $ 1 3.45

ij*i,jl',ffiffi,:,-i;";:::;,,. I
Cat. SL-2780 Was $ 16.95 Now $ 1 5.25

""r,,,U,

o Size '100(H) x 96(dia) mm excluding bracket and spike
Cat. SL-2774 Was 914.95 Now 913.45
Wall Mount Step Lighr
This light will mount on a wall, and is

ideal for lighting a path, or steps
. Size 100(dia) x 50(D)mm
Cat. SL-2778 Was $9.95 Now $8.95
Pathway llluminator

Pagoda Light
. S¡ze 300(H)mm excluding spike
. Dia 140mm
Cat. SL-2784 Was $ 1 9.95 Now $ 1 7.95

Great gift idea for campers or

Approximately
130mm long
Was $ 19.9s

Essentìal for smoke detectors,
wireless alarms, garage
remotes etc Very dependable
For the sake of your family f it
your smoke detector with
Lithium batter¡es
Note: These are not
rechargeable

This thermometer has one
LCD that shows both the
insìde and outside
temperatures
simultaneously lt wif I record
the minimum and maximum
temperatures that are
reached The outside
temperature sensor is

waterproof and is on 3
metres of very thin cable, which helps when
putt¡ng through a window seal Has a tilting bail
for standing as well as a screw hole for wall
mountlng.
. Reads both "F/'C, selectable with switch
. Measuring range: -39 9"C to 49 9'C
. -39 8"F Io 122"F
. Size: 110(H) x 100(W) xZZlD)mm
. Operates with AM battery (supplied)

Everything you need to get a basic solar setup off
the ground All the components needed are
included in the kit: 5 watt solar panel encapsulated
in tempered glass, 7Ah SLA battery and 2 x 12V
5W energy saving fluorescent iights The battery ¡s

housed in a sturdy metal

so ¡t's

Uses lêtest solar

used a night and
no running costs
Turns on/off via
¡-emote controi
. Squirts 50mm

high
. 2 bright LEDs
. 350mm (Dia )

Was $69.95

Great value! Wide variety of sizes!
On electrical specifications alone, these quality
polycrystalline panels not only stand up to the
name brand solar panels but also feature good
efficiency and panel size to power rat¡ng ratios
They also feature tempered glass protection for
harsh environments, and ¡ntegrated waterproof
junction boxes with cable glands that are
amongst the best we've ever seen

Cat Was Now
zM-9071 $99.95 $89.95
zM-9073 $149 $134.10
zM-9074 $239 $21s.10
zM-9076 $s49 $494.10
zM-9078 $699 $629.10
zM-9079 $10s0 s945

about how it works

Learn all about this green
energy source, and the
mechanics of wind
generators lt is supplied in
kit form, so you get to
assemble the whole thing
before you start learn¡ng

Always have a camera with you!
. 100k pixets f;. Takes up to 80 photos

(20 Hi-Fes)
. Use as a web cam ,-.':
o lncludes easy-to-use I

tw¿retcable 
Y?

$14.95

This torch is waterproof
to 30m, and is very
light and small lt
features 7 high
brightness Japanese
made white
LEDs There is a
rubber hand grip and rubber head
which incorporates the rotary on/off
switch, as wel¡ as a lanvard
was $1e.eb $14.95

Maintain your battery system ¡n peak condition w¡th one of our solar
with a range of features to suit various installations

charge
Traffic and other
from afar
. Four red LEDs
. Adjustable

30mm wide
Velcro band

. Flashing or steady lighting mode

. Visibie up to around 300m
Was $9.95

h¿zards can see you coming

TELEPHONE> 1 8OO 022 888TELEPHONE> 1 8OO 022 888
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Memories on Shcw - 12"
Electrenic Photo Frame

UGA to Ul¡IEO Gonuerter NAS lleuice u¡ith Built-[n
Biltorrent Glient

Multi-]{etwork Cable ïestet
with Pin out ¡nd¡catol

3.5" H0l¡ Enclas¡¡re with PG

Button Bae¡(-Up [EIl Globes for Uehicles

l20A Auto Cireuit Brealters

Better. More rechnic", Iûgtrill' S

Pro Gomluter ïool Kil

7" TtT Touch Screen U6A
Monitot

Wireless I'lelworldng

6 JAgtrAF Befter. More rechnica
. 

FOR INFORMATION AND ORDEBING

Auto SauinssEconomy Gar Alam

MP3 Player Gassette Adaptor

An economy alarm that has many of the
advanced features you would normally only
expect to find on more expensive systems
Fantastic value
o lncludes
. Electronic black box controller
o Shock sensor

¡ Wiring
looms

VolPorVoiceoverInternetProtocol isamethodfo[takinganaloguesignalsandturningthemintodigital datathatcanbetransmittedoverthelnternet Perhapsthe
biggest incentìves of VolP forthe home users are price and flexibility Wilh VolP, you can make a call from anywhere you have broadband connectivity and by usrng

some of the free VolP software available you can bypass the phone company all together Both phones compatible with Skype, MSN, Yahoo Messenge¡
Xten, Dialpad, MediaRing, and Net2Phone

USB Wireless Phone
. Also use as handset for MSN and

Yahoo fvlessenger's voice service
. Plugs into computer USB port
. Echo eliminating technology
. 30m range

USING A YOIP HANDSET

o
a

.' tQLaptop 
I

a
a

'o
Broadband Router O ¡O

USB UolP Phone wilh ICD &
llands Free
. Plugs straight to a spare USB port on

your computer
. Mobile phone design and crystal clear

sound quality
. Hands Free Function

Wíde range of speakers
available for a mult¡tude
of home or car audio
projects

HOME AUDIO
6" Polycone Woofel
o Nom impedance: 8 ohms
o Power handling: 30WRMS
Was $24.95

8" f200mml Papet Cone
Wnnfer

ô.5" Illiuel
ls capable of astounding bass extension
It will deliver incredibly deep bass that matches
bigger sìzed woofers ¡n a good enclosure desìgn
Suitable for Hi-Fl or home theatre applications
e Nominal impedance: I ohms
. Power handling: 60WRN/S
. Sens¡tìv¡ty: 85dB 2 83V at 1m

CAR AUDIO
4" l(eYlaíIlome nileeter
Goaxial Car Sleakers
New and improved I These Kevlar@ cones are
now paired with soft dome tweeters that provide
cleaner and crisp sounds wh¡le maintarning
natural and smooth balance The i2dB octave
crossover are now integrated into the speâker
. Nominal impedance: 4 ohms
. Power handling capacìty: 40WRlMS
. Dimensions: A 102 B 90 C 47

Î:i3,iffi,ffi

o Power Handling 40WRN4S

Was $29.95 Now $24.95 Save S5.O0
Car Voltage Meter/ln-Out Thermometer/Clock
Cat. XC-01 16
Was $39.95 Now $29.95 Save $10.O0
Car Voltage Meter with Clock & Stopwatch
- "^ -118

2 Farad Capacitor
with Coloured LED Display
Cat. RU-6751
Was$149.00 Now$129.00
Save $20.00
1 Farad Capacitor
with coloured LED Display
Cat. RU-6752
Was $99.95 Now $89.95
Save 910.00
Digital Tachometer
Cat. OM-1448
Was $69.95 Now $59.95
Save $ 10.00
Alcohol Breath Tester Key Chain
Cat. OM-7293
Was $39.95 Now $29.95
Save $ 1 0.00
iPod'Car Charger
Cat. MB-3650
Was 919.95 Now $14.95
Save $5.00
Auto Current Tester
Cat. OP-2251

qu-6752

oM-r448

t1ü
95 Now $24.95
.00

Use your TV as a

computer monitor.
Great for watching al
DVD movies, PC
qaming, presentations,
educational applications or
lnternet vlewing on TV.
. No software required
Was S99.95

Display your digital photos or videos with an MP3
file for background music if you like The files can

be loaded via a compatible memory card or via a

USB cable (avaìlable separately) You can control
the display for individual images, a slide show or
thumbna¡ls with the remote or w¡th the built-in
kevs A huge 12 1' screen size for maximum
impact
. Supports SM, SD, XD, MS & MMC Cards ¿ SAUE 9ls20¿-t1^/J.

Lets you play your favourite
lvlP3 tracks on any
car cassette

sound quality!
. Built-ìn 3 7V

250mAh
battery

. Supports
SD, mini
SD and Ml\¡lC cards

Was $69.95
Everything you would expect from a modern
network attached storage devìce and more!
lncludes a built-in BitTorrent client that can be

used to download and share files over the
BitTorrent network w¡thout the need to have
your computer turned on
o Hard drive not included

Thìs tough aluminium enclosure
provides 480Mbps US82 0
high speed data transfer ::
with hot swappable,
plug and play
. Su¡ts most 3 5" -¡-

o One button backup
software for PCs included" d drive not included

33;5J* 
ncruded $9'95

ldeal replacements for your vehicles ìncandescent
lamps . 12 volt
Note: Only suitable for show or off road use
19 x White for car stop/tail lamp ZD-031 1

1 9 x Red for car stop/tail lamp ZD-0316
19 x Yellow for car ¡ndicators ZD-0311
1 9 x White for car ind¡cators ZD-0319
19 x Redforcartail (bayonette) lamp ZD-0318

Ref: High Performance Electron¡c Proiects for
Cars - Silicon Chip Publications.

Speedo Goneclor Mlrll
When you modify your
gearbox. diff ratio or
change to a large ¿

circumf erence
tyre, it may result in
an inaccurate
speedometer This kit alters the speedometer signal
up or down from 0% to 99% of the original signal
W¡th this improved model, the input setup selection
can be automatically selected and it also features an

LED indicator to show when the input signal is

being received Kit supp¡ied with PC

with overlay and all electronic
components with clear Engl¡sh

i nstructions,

Economy Adiustable
Iemperature Switch
lf you don't need the dìsplay, or the huge
operational range of the Hìgh Range

temperature up to 245"C, and it can be configured
to trigger with rising or falling temperature lt has

adjustable hysteresis (the difference between
on/off temp) which is a great feature many other
un¡ts do not possess lt can be used lo operate
cooling fans on a radiator or amplifier, over-temp
warning lights or alarms, and much more The
small temperature sensor reacts quickly to temp
changes Kit supplied with PCB

NTC Thermistor, & all electron¡c
components $2s.95

This mult¡-network cable tester is designed to
quickly test UTP/STP/Coaxial/Modular network
cables by manually or automatically scanning the
wires for continuity, ¡ncorrect wiring and
polarisation lt will sequence each connection and

indicate the connectìons via two 9-way LED bar
graphs Cables can be checked before or after
installation by using the Remote Terminator
(included) This ingenious cable tester also allows
ground- testing of shielded twisted/pa¡r cables
. Main Unit: 104 x 62 x 26mm
(LxWxD) rtÉ'tt*

. Active Terminator: 100 x
30 x 25mm (LxWxD)

. Requires 1 x 9V battery

. Note: Not suitable for Live

Boolr
This book covers both the MAC and PC

envìronments and will help you set up your
wireless network l¡ke the
Pros lt includes hints on
network security and how to
prevent outside attack
. Soft cover
. 560 pages

Bouler
This router allows communication
with up to four wireless and
networked computers lt

A range of wireless networking cards to su¡t all

computers and provisions
Common specif ications:
. IEEE 802 119 wìreless network compatible

lnteroperation with IEEE 802 11b 11Mbps networks
. 64 I 128 Bit WEP encryption
. 54Mbps high speed transfer rate
.40 - 100m indoor range
o 1 00 - 300m outdoor range
. Low power consumption
. Plug and Play compatible
. Compatible with Win9SSE/2000/lVElXP

More homes and offices are being networked without wires.
Here's the affordable way to be part of the trend.

USB 2.0 Wireless Network Adaptot

PCMCIA Wireless Network Adaptorffi a ---\
includes support for
WAN, web based and
remote management,
auto detect¡on and
configuration of lSP, built
in firewall, and more!
. Static and dynamic

routrng
. VPN pass through
Was $129.95

These circuit breakers feature a 3 digit LED

voltage display so you can keep an eye on the
battery's conditìon, a status LED which will
illuminate only when there is a complete
connection High quality screw down connections

sz-6002
Accepts: '1 x 0 gauge in

1 x 0gaugeout
Power Handling: 120 Amps
Dimensions: 45(H) x 100(W) x 4

Was $39.95

sz-6004
Accepts: lx4gauge¡n

2xBgaugeout
Power Handling: 2 x 60 AmPs
DimensÌons: 45(H) x100(W) x

The ideal kit for the computer service professional

I ncludes
. 3 solder aid lools
. Chrome vanadium

screwdrivers
. Cr¡mping tool
. Shifting spanner
and much more!
See our website
or catalogue for full listing
Was $78.95

TELEPHONb 18()O 022 888 INTERNET>
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"" ¡lreduces failure to high thermal
Three models available

: 3i.333? ;3ii ìii";fl"i trïTJyffif,.t
. CT-2009 25mm High Perform

Tweeter

ff eslonse Bibbon l\ueeler
Ribbon tweeters are renowned for their
smooth, natural response Fast transient
response, neodymrum magnet,
Kapton voice coil
. Nominal impedance: 6 ohms
. Power handling: 10 WRMS
. Sens¡tivity: 92 dB 283mV @ 1m
. Recommended crossover

frequency: >2\OOHz

user codes, delays and alarm duration
Specif ications:
. Operating voltage: 16.SVDC
. Entry delay: 1 5 - 90 seconds
. Exit delay: 60 seconds
. Alarm duration: 3 - 5 minutes or unlimited
. Alarm outputs: 12VDC,2 5A
. Dimensions: Control panel - 168(W) x 168(H) x

78{D)mm
. Keypad - 117(W) x 1 17(H) x 27{D) mm
. Suitable backup battery: 12V, I 2Ah

av¿ilable separately SB-2486
. Suitable 17VAC plugpack: l\AP-3022

Due Mid March

8 protectron zones and 2 zones for panic and duress alarms Designed for
home and office protect¡on, the system gives local alarm warnings Supplied
with one alarm control panel and one master control keypad Programmable

references and expianatory
graphs lncludes new
tutorials on woofer design,
curv¡linear vents, a brand
new chapter on transmission iine
enclosures, CAD software, in car sound
and 2 fully documented speaker designs
Will teach you all you need to know to
design, construct and test loudspeakers for
your home stereo, home theatre and car
. 233 pages
. Softcover
Was $69.95

The sixrh edition
of this world
famous
loudspeaker
design "Bible' as
used by
man ufactu rers
and amateurs
alike! Totally
updated and
revised chapters,
signif ica ntly
more chapter
footnote

AV-Gad Brako Glass Breakage Sensor Cat. LA-5550 S59 00
Detects shock srgnal and glass breakrng for a false
alarm-free glass break detector
Eyespy 11 PIF with Auto Temp Compensat¡on Cat LA-5532 S49.95
lncreased performance rn warm tentperatures and
reduced false alarms rn cold temperatures
Plastic S¡ren Cover Cat. LA-5112 S19 95
Bust proof and protects an external siren speaker from tampering
Has pre drilled holes for strobe mounttng and an ¡nternal speaker bracket
12 Volt Photoelectr¡c Smoke Detector Cat LA-5045 519.95
Thrs un t rs rdeaf for permanent wtflng in boats, caravans or motorhomes etc
Filted wrth N O & N C contacts to tÍgger an external alarm
Dual lnfra-Red & Microwave Mot¡on Detector Cat. LA-5039 S79 95
Thrs dual techno ogy sensor provrdes the htghest detection reliabi ity bV combtntng
both lB and mrcrowave motion detecÌors in one compact ând attractive untt
NO & NC Reed Switch and Magnet Cat LA-5070 $6.25
You have both types of contacts on the one unit Normally
ooen (NO) ard normally ctosed {NC) per paI
Flush Mount Piezo Siren Cat. LA-5257 S12.95
Modern day replacement for the tradittonal top hat screamer Mounts flush in the ceiling
making rt less noticeable Output: 108d8 @ 1m 4Tmmdia

DESIGN
Cookbook

SAUE
$20

Build Your Own Crossovers
These 2 and 3 way crossover
pr¡nted circuit boards have
been designed as a versatile
method of building your own
customised crossover that w¡ll suil
JUst aboul any speaker system They can be used on 4 or
8 ohm speakers, and even with a combination of both
They can be wiredto give a max of 12dB peroctave, or
by leaving some components out, they could be 6dB or a

combìnation of both Full instructions on how to select the
various components for different crossover frequencies
are included, as well as an
attenuation tabie for tweeters

8" Speaker Surround Kit CF-2791 S19.95
. 2 x 8 inch rubber surrounds
. 'l0ml bottle of special glue
10" Speaker Surround K¡t CF-2792 $29.95
.2 x 10 inch rubber surrounds
. 10ml bottle of special glue
l2" Speaker Surround Kit CF-2793 $39.95
. 2 x 12 inch rubber surrounds
. 10ml bottle of special glue

. For reliable, quality ¡nstallations . Fit either C or CS mount lens
' Feature Auto-lr¡s output for an Auto-lris lens, which adjusts to widely changing lighting conditions
' Top and bottom mounting threads for fitting on a standard mounting b¡acket or indoor/outdoor enclosure
. Use specified regulated 12VDC plugpacks: MP-3011 - $17.9b o¡ MP-3032 - S24.95
. Connections: 2.1mmlD/S.5mmOD DC power socket, RCA audio socket and BNC video socket

(ff@D Y

Day/l¡ishl Camera with Sony Super plo Style - H|-RBS Exlliew HAD
HAo CCo Sensot Colour GC0 Gamera

SONY SONY

Full range of professional
surveillance DVRs 4, 8 & 16 channel

with 250G8 HDD From $499

Essential for multi driver speaker systems
2 WAY SPEAI(EB CROSSOUERS

Cat. CX-2614 $10.5o
Cat. CX-2612 $ 16.95
Cat, CX-2513 $10.50

3 WAY SPEAKER CRI)SSflVERS

800-5000H2 6dB Cat. CX-2615 $16.50
700-53500H2 12dB Cat. CX-2618 $34.95
1200-5000H2 12dB Cat. CX-2621 $57.50

Accessories to finish off your Speakers
SPEAKER EOUIPMENf TINIilGS
Speaker Cabinet SpikesCat. HS-8002 $10.95
. Pack of 4 for 1 speaker box only

Cat. HS-8022 $4.95
. Rubber strap is reinforced with steel
.-Total length 255mm x 27mm

Cat. HS-8010 S9.95
0(L)mm

r grip & spring retu

Silver Cat.HS-8015 $13.95ea
Black Cat. HS-8O16 S13.95ea
Flared Speaker Box Cat. CX-2688 $4.95
. Flared to minimise air turbulence

Angled Sub-woofer Cat, CX-2685 $14.95
. Angled at 30" to use in confined spaces

Grey Speaker Carpet Cat. CF-2757 $19.95
.Size1mx14mx2mm
Black Speaker Carpet Cat. CF-2755
.Size1mx18mx3mm
Spray.on ContactAdhesive Cat. NA-1504 $14.95
¡ 4009 . Great for laying speaker carpet inlon
speaker cabinets

Grille Cloth 1.5 x 1m Cat. CF-2752 $17.50
. Protects expensive drivers
. Allows all sound to get through

Speaker Sealant 2m Cal. CF-2762 $5.45
. Gets airtight seals between drivers and cabinets

These speaker stands are made of
tough, steel construction, featuring
three strong tubular supports and cân
be filled with dry sand and/or lead shot
w¡th a suitable sealant applied to the
base to prevent leakage Produce a

cleaner, more lively sound from your
exrstrng speakers
. Dimensions:
. Base Plare - 280(D) x 21O(W)mm
. Speakei Plate - 210(D) x 170(W)mm
. Height: 400mm
¡ Black in colour ¡ Sold as a pair

This is a good looking, no-nonsense stereo

rated at a

generous 1 00
WaIts RMS
per channel
and will form
the heart of an impressive stereo
. Inputs for Mìc, Tape, Tuner,

AV1, AV2, CD, Phono
. Approx 420mm wide

QC-3310

QC-3309

QC-330i

QC-381 0

QC-3300

QC-330r

QC-3298

500x582 380 005 1/100,000 >48d8 120m4 630q 118x62x50 56900 Cat. tr,4p-3011

Colour SonyHAD 500x582 I 350 0.3 t/100,000 >48d8 180mA 6309 1l8x62x50 $149.00 Cat Mp-3011
Colour SonyHRSuperHAD 752x582 520 O:S l/toO,OOO >48d8 160m4 2909 118x62x50 $24900 Cat.Mp-3011

1 Colour Panasonic HR 753 x 582 480 1 1/'100,000 >48d8 l00mA 2509 1'17 x 60 x 50 : 5199.00 Cat. Mp-301 I
lcolour-SonysuperHAD 500x582 380 0.1 'll110,000 >48d8 250m4/3w 610g 130x60x51 $199.00 Cat.Mp-3032
colour SonyHRsuperHAD 152x587 410 0.2 1/110,000 >48d8 290mA/35w 6109 'r30x60x51 l!_l19rg0 cat.Mp-30t
Colour SonyExv¡ewHAD 500x582 380 0.05 1/110,000 >48d8 295m4/5W 6109 130x60x51 524900 Car.Mp-3032
Colour Sony ExView HAD HR 752 x582 410 0.07 1/1'10,000 >48d8 295m4/5W 610q 130x60x51 : $299.00 Cat. tvtp-3032

ïheremin Synthesiser Kil
The Theremin is a

weird musical l-
instrument that was
rnvented early last century
but ¡s still used today The
Beach Boys classic h¡t
"GoodVibrations' -==::,
featured a Theremin r':-:ir,l

By moving your hand
between the antenna
and the metal plate, you
create strange sound effects like in those scary
movies Kit includes a machined, silk screened, and
pre-drilled case, circuit board, all electronic
components and clear English instructions

Three Slage FM Iransmitler
This is a Three-Stage radio trânsmitter that is so
stable you could use it as your personal radio
station and b¡oadcast all over you house Great for
experiments ¡n audio transmission lt includes a

microphone but you can transmit other material as
well Includes a mic, PCB with
overlay and all other parts
. Requires 9V batlery

One of the most
useful and versatile
audio tools available,
thís Dl Box is
indispensable in
providing easy
interfacing and
connection between a

variety of audio equipment in litl]lilÌ?lît
numerous applications Slg.g5. Perfect ior all iive sound, permanenr

installations - club, church and practice PA
systems, monitor systems, home and project
recording studios, karaoke and DJ sound systems

. Êugged, roadworthy, all-steel construction will
give years of contlnuous reliability

EtiE, H .
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maximum efficiency, how to identify
potentiai entry potnts for thieves, ustng
sensors and switches plus basic cabling and
installat¡on lf you're looking to purchase and
¡nstall an alarm for the first
time, this guide is

essentiâl reading A4 8 pages

Systems Book
lnstaliing home security can
be a daunting task bul this
guide will almost certa¡nly
save you time and
frustrat¡on It clearly explains
how to plan positioning of
motion detectors for

lnstalling Home Securily
This compact trônsm¡tter simply plugs
Ìnline with an ordinary security
camera and turns it into a wireless
unit which can broadcast on one of
four standard channels The transmitter
operates wrth all cameras that have a BNC
signal socket and uses the camera's existing power
supply, ¡ring.
. Powe

anten
. Meas (D)mm

These rugged
hish
performance
TFT monitors
afe purpose-
buìlt for
demanding
security
applications
and feature a

toughened
screen to
pIevent
damage The
monitors will
accept VGA, S-Video, or --I '-
composite video input
and have lnterlaced to
Progressive scan.
. Up to '1280 line resolution
. Acceprs VESA 100 mounting
. Don't confuse with cheaper non-protected LCD

Allows up to frve pairs
of stereo speakers

individually turned on or off in any
combination Also features a separate
headphone socket

to any HiFi f.,,
system. Each pair '' -

of speakers cay be

env¡ronments lt has
an effective range of
2 - 8 metres, so it is

suitable for most entry
points lncludes mains
plugpack
. Optional counter also available

INTERNET> www.jaycar.com,au TELEPHONE> 1 8OO 022 888 INTERNET> wwwjaycar,com.au
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"" ¡lreduces failure to high thermal
Three models available

: 3i.333? ;3ii ìii";fl"i trïTJyffif,.t
. CT-2009 25mm High Perform

Tweeter

ff eslonse Bibbon l\ueeler
Ribbon tweeters are renowned for their
smooth, natural response Fast transient
response, neodymrum magnet,
Kapton voice coil
. Nominal impedance: 6 ohms
. Power handling: 10 WRMS
. Sens¡tivity: 92 dB 283mV @ 1m
. Recommended crossover

frequency: >2\OOHz

user codes, delays and alarm duration
Specif ications:
. Operating voltage: 16.SVDC
. Entry delay: 1 5 - 90 seconds
. Exit delay: 60 seconds
. Alarm duration: 3 - 5 minutes or unlimited
. Alarm outputs: 12VDC,2 5A
. Dimensions: Control panel - 168(W) x 168(H) x

78{D)mm
. Keypad - 117(W) x 1 17(H) x 27{D) mm
. Suitable backup battery: 12V, I 2Ah

av¿ilable separately SB-2486
. Suitable 17VAC plugpack: l\AP-3022

Due Mid March

8 protectron zones and 2 zones for panic and duress alarms Designed for
home and office protect¡on, the system gives local alarm warnings Supplied
with one alarm control panel and one master control keypad Programmable

references and expianatory
graphs lncludes new
tutorials on woofer design,
curv¡linear vents, a brand
new chapter on transmission iine
enclosures, CAD software, in car sound
and 2 fully documented speaker designs
Will teach you all you need to know to
design, construct and test loudspeakers for
your home stereo, home theatre and car
. 233 pages
. Softcover
Was $69.95

The sixrh edition
of this world
famous
loudspeaker
design "Bible' as
used by
man ufactu rers
and amateurs
alike! Totally
updated and
revised chapters,
signif ica ntly
more chapter
footnote

AV-Gad Brako Glass Breakage Sensor Cat. LA-5550 S59 00
Detects shock srgnal and glass breakrng for a false
alarm-free glass break detector
Eyespy 11 PIF with Auto Temp Compensat¡on Cat LA-5532 S49.95
lncreased performance rn warm tentperatures and
reduced false alarms rn cold temperatures
Plastic S¡ren Cover Cat. LA-5112 S19 95
Bust proof and protects an external siren speaker from tampering
Has pre drilled holes for strobe mounttng and an ¡nternal speaker bracket
12 Volt Photoelectr¡c Smoke Detector Cat LA-5045 519.95
Thrs un t rs rdeaf for permanent wtflng in boats, caravans or motorhomes etc
Filted wrth N O & N C contacts to tÍgger an external alarm
Dual lnfra-Red & Microwave Mot¡on Detector Cat. LA-5039 S79 95
Thrs dual techno ogy sensor provrdes the htghest detection reliabi ity bV combtntng
both lB and mrcrowave motion detecÌors in one compact ând attractive untt
NO & NC Reed Switch and Magnet Cat LA-5070 $6.25
You have both types of contacts on the one unit Normally
ooen (NO) ard normally ctosed {NC) per paI
Flush Mount Piezo Siren Cat. LA-5257 S12.95
Modern day replacement for the tradittonal top hat screamer Mounts flush in the ceiling
making rt less noticeable Output: 108d8 @ 1m 4Tmmdia

DESIGN
Cookbook

SAUE
$20

Build Your Own Crossovers
These 2 and 3 way crossover
pr¡nted circuit boards have
been designed as a versatile
method of building your own
customised crossover that w¡ll suil
JUst aboul any speaker system They can be used on 4 or
8 ohm speakers, and even with a combination of both
They can be wiredto give a max of 12dB peroctave, or
by leaving some components out, they could be 6dB or a

combìnation of both Full instructions on how to select the
various components for different crossover frequencies
are included, as well as an
attenuation tabie for tweeters

8" Speaker Surround Kit CF-2791 S19.95
. 2 x 8 inch rubber surrounds
. 'l0ml bottle of special glue
10" Speaker Surround K¡t CF-2792 $29.95
.2 x 10 inch rubber surrounds
. 10ml bottle of special glue
l2" Speaker Surround Kit CF-2793 $39.95
. 2 x 12 inch rubber surrounds
. 10ml bottle of special glue

. For reliable, quality ¡nstallations . Fit either C or CS mount lens
' Feature Auto-lr¡s output for an Auto-lris lens, which adjusts to widely changing lighting conditions
' Top and bottom mounting threads for fitting on a standard mounting b¡acket or indoor/outdoor enclosure
. Use specified regulated 12VDC plugpacks: MP-3011 - $17.9b o¡ MP-3032 - S24.95
. Connections: 2.1mmlD/S.5mmOD DC power socket, RCA audio socket and BNC video socket

(ff@D Y

Day/l¡ishl Camera with Sony Super plo Style - H|-RBS Exlliew HAD
HAo CCo Sensot Colour GC0 Gamera

SONY SONY

Full range of professional
surveillance DVRs 4, 8 & 16 channel

with 250G8 HDD From $499

Essential for multi driver speaker systems
2 WAY SPEAI(EB CROSSOUERS

Cat. CX-2614 $10.5o
Cat. CX-2612 $ 16.95
Cat, CX-2513 $10.50

3 WAY SPEAKER CRI)SSflVERS

800-5000H2 6dB Cat. CX-2615 $16.50
700-53500H2 12dB Cat. CX-2618 $34.95
1200-5000H2 12dB Cat. CX-2621 $57.50

Accessories to finish off your Speakers
SPEAKER EOUIPMENf TINIilGS
Speaker Cabinet SpikesCat. HS-8002 $10.95
. Pack of 4 for 1 speaker box only

Cat. HS-8022 $4.95
. Rubber strap is reinforced with steel
.-Total length 255mm x 27mm

Cat. HS-8010 S9.95
0(L)mm

r grip & spring retu

Silver Cat.HS-8015 $13.95ea
Black Cat. HS-8O16 S13.95ea
Flared Speaker Box Cat. CX-2688 $4.95
. Flared to minimise air turbulence

Angled Sub-woofer Cat, CX-2685 $14.95
. Angled at 30" to use in confined spaces

Grey Speaker Carpet Cat. CF-2757 $19.95
.Size1mx14mx2mm
Black Speaker Carpet Cat. CF-2755
.Size1mx18mx3mm
Spray.on ContactAdhesive Cat. NA-1504 $14.95
¡ 4009 . Great for laying speaker carpet inlon
speaker cabinets

Grille Cloth 1.5 x 1m Cat. CF-2752 $17.50
. Protects expensive drivers
. Allows all sound to get through

Speaker Sealant 2m Cal. CF-2762 $5.45
. Gets airtight seals between drivers and cabinets

These speaker stands are made of
tough, steel construction, featuring
three strong tubular supports and cân
be filled with dry sand and/or lead shot
w¡th a suitable sealant applied to the
base to prevent leakage Produce a

cleaner, more lively sound from your
exrstrng speakers
. Dimensions:
. Base Plare - 280(D) x 21O(W)mm
. Speakei Plate - 210(D) x 170(W)mm
. Height: 400mm
¡ Black in colour ¡ Sold as a pair

This is a good looking, no-nonsense stereo

rated at a

generous 1 00
WaIts RMS
per channel
and will form
the heart of an impressive stereo
. Inputs for Mìc, Tape, Tuner,

AV1, AV2, CD, Phono
. Approx 420mm wide

QC-3310

QC-3309

QC-330i

QC-381 0

QC-3300

QC-330r

QC-3298

500x582 380 005 1/100,000 >48d8 120m4 630q 118x62x50 56900 Cat. tr,4p-3011

Colour SonyHAD 500x582 I 350 0.3 t/100,000 >48d8 180mA 6309 1l8x62x50 $149.00 Cat Mp-3011
Colour SonyHRSuperHAD 752x582 520 O:S l/toO,OOO >48d8 160m4 2909 118x62x50 $24900 Cat.Mp-3011

1 Colour Panasonic HR 753 x 582 480 1 1/'100,000 >48d8 l00mA 2509 1'17 x 60 x 50 : 5199.00 Cat. Mp-301 I
lcolour-SonysuperHAD 500x582 380 0.1 'll110,000 >48d8 250m4/3w 610g 130x60x51 $199.00 Cat.Mp-3032
colour SonyHRsuperHAD 152x587 410 0.2 1/110,000 >48d8 290mA/35w 6109 'r30x60x51 l!_l19rg0 cat.Mp-30t
Colour SonyExv¡ewHAD 500x582 380 0.05 1/110,000 >48d8 295m4/5W 6109 130x60x51 524900 Car.Mp-3032
Colour Sony ExView HAD HR 752 x582 410 0.07 1/1'10,000 >48d8 295m4/5W 610q 130x60x51 : $299.00 Cat. tvtp-3032

ïheremin Synthesiser Kil
The Theremin is a

weird musical l-
instrument that was
rnvented early last century
but ¡s still used today The
Beach Boys classic h¡t
"GoodVibrations' -==::,
featured a Theremin r':-:ir,l

By moving your hand
between the antenna
and the metal plate, you
create strange sound effects like in those scary
movies Kit includes a machined, silk screened, and
pre-drilled case, circuit board, all electronic
components and clear English instructions

Three Slage FM Iransmitler
This is a Three-Stage radio trânsmitter that is so
stable you could use it as your personal radio
station and b¡oadcast all over you house Great for
experiments ¡n audio transmission lt includes a

microphone but you can transmit other material as
well Includes a mic, PCB with
overlay and all other parts
. Requires 9V batlery

One of the most
useful and versatile
audio tools available,
thís Dl Box is
indispensable in
providing easy
interfacing and
connection between a

variety of audio equipment in litl]lilÌ?lît
numerous applications Slg.g5. Perfect ior all iive sound, permanenr

installations - club, church and practice PA
systems, monitor systems, home and project
recording studios, karaoke and DJ sound systems

. Êugged, roadworthy, all-steel construction will
give years of contlnuous reliability
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maximum efficiency, how to identify
potentiai entry potnts for thieves, ustng
sensors and switches plus basic cabling and
installat¡on lf you're looking to purchase and
¡nstall an alarm for the first
time, this guide is

essentiâl reading A4 8 pages

Systems Book
lnstaliing home security can
be a daunting task bul this
guide will almost certa¡nly
save you time and
frustrat¡on It clearly explains
how to plan positioning of
motion detectors for

lnstalling Home Securily
This compact trônsm¡tter simply plugs
Ìnline with an ordinary security
camera and turns it into a wireless
unit which can broadcast on one of
four standard channels The transmitter
operates wrth all cameras that have a BNC
signal socket and uses the camera's existing power
supply, ¡ring.
. Powe

anten
. Meas (D)mm

These rugged
hish
performance
TFT monitors
afe purpose-
buìlt for
demanding
security
applications
and feature a

toughened
screen to
pIevent
damage The
monitors will
accept VGA, S-Video, or --I '-
composite video input
and have lnterlaced to
Progressive scan.
. Up to '1280 line resolution
. Acceprs VESA 100 mounting
. Don't confuse with cheaper non-protected LCD

Allows up to frve pairs
of stereo speakers

individually turned on or off in any
combination Also features a separate
headphone socket

to any HiFi f.,,
system. Each pair '' -

of speakers cay be

env¡ronments lt has
an effective range of
2 - 8 metres, so it is

suitable for most entry
points lncludes mains
plugpack
. Optional counter also available

INTERNET> www.jaycar.com,au TELEPHONE> 1 8OO 022 888 INTERNET> wwwjaycar,com.au
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Memories on Shcw - 12"
Electrenic Photo Frame
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7" TtT Touch Screen U6A
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Wireless I'lelworldng
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FOR INFORMATION AND ORDEBING

Auto SauinssEconomy Gar Alam

MP3 Player Gassette Adaptor

An economy alarm that has many of the
advanced features you would normally only
expect to find on more expensive systems
Fantastic value
o lncludes
. Electronic black box controller
o Shock sensor

¡ Wiring
looms

VolPorVoiceoverInternetProtocol isamethodfo[takinganaloguesignalsandturningthemintodigital datathatcanbetransmittedoverthelnternet Perhapsthe
biggest incentìves of VolP forthe home users are price and flexibility Wilh VolP, you can make a call from anywhere you have broadband connectivity and by usrng

some of the free VolP software available you can bypass the phone company all together Both phones compatible with Skype, MSN, Yahoo Messenge¡
Xten, Dialpad, MediaRing, and Net2Phone

USB Wireless Phone
. Also use as handset for MSN and

Yahoo fvlessenger's voice service
. Plugs into computer USB port
. Echo eliminating technology
. 30m range

USING A YOIP HANDSET

o
a

.' tQLaptop 
I

a
a

'o
Broadband Router O ¡O

USB UolP Phone wilh ICD &
llands Free
. Plugs straight to a spare USB port on

your computer
. Mobile phone design and crystal clear

sound quality
. Hands Free Function

Wíde range of speakers
available for a mult¡tude
of home or car audio
projects

HOME AUDIO
6" Polycone Woofel
o Nom impedance: 8 ohms
o Power handling: 30WRMS
Was $24.95

8" f200mml Papet Cone
Wnnfer

ô.5" Illiuel
ls capable of astounding bass extension
It will deliver incredibly deep bass that matches
bigger sìzed woofers ¡n a good enclosure desìgn
Suitable for Hi-Fl or home theatre applications
e Nominal impedance: I ohms
. Power handling: 60WRN/S
. Sens¡tìv¡ty: 85dB 2 83V at 1m

CAR AUDIO
4" l(eYlaíIlome nileeter
Goaxial Car Sleakers
New and improved I These Kevlar@ cones are
now paired with soft dome tweeters that provide
cleaner and crisp sounds wh¡le maintarning
natural and smooth balance The i2dB octave
crossover are now integrated into the speâker
. Nominal impedance: 4 ohms
. Power handling capacìty: 40WRlMS
. Dimensions: A 102 B 90 C 47

Î:i3,iffi,ffi

o Power Handling 40WRN4S

Was $29.95 Now $24.95 Save S5.O0
Car Voltage Meter/ln-Out Thermometer/Clock
Cat. XC-01 16
Was $39.95 Now $29.95 Save $10.O0
Car Voltage Meter with Clock & Stopwatch
- "^ -118

2 Farad Capacitor
with Coloured LED Display
Cat. RU-6751
Was$149.00 Now$129.00
Save $20.00
1 Farad Capacitor
with coloured LED Display
Cat. RU-6752
Was $99.95 Now $89.95
Save 910.00
Digital Tachometer
Cat. OM-1448
Was $69.95 Now $59.95
Save $ 10.00
Alcohol Breath Tester Key Chain
Cat. OM-7293
Was $39.95 Now $29.95
Save $ 1 0.00
iPod'Car Charger
Cat. MB-3650
Was 919.95 Now $14.95
Save $5.00
Auto Current Tester
Cat. OP-2251

qu-6752

oM-r448

t1ü
95 Now $24.95
.00

Use your TV as a

computer monitor.
Great for watching al
DVD movies, PC
qaming, presentations,
educational applications or
lnternet vlewing on TV.
. No software required
Was S99.95

Display your digital photos or videos with an MP3
file for background music if you like The files can

be loaded via a compatible memory card or via a

USB cable (avaìlable separately) You can control
the display for individual images, a slide show or
thumbna¡ls with the remote or w¡th the built-in
kevs A huge 12 1' screen size for maximum
impact
. Supports SM, SD, XD, MS & MMC Cards ¿ SAUE 9ls20¿-t1^/J.

Lets you play your favourite
lvlP3 tracks on any
car cassette

sound quality!
. Built-ìn 3 7V

250mAh
battery

. Supports
SD, mini
SD and Ml\¡lC cards

Was $69.95
Everything you would expect from a modern
network attached storage devìce and more!
lncludes a built-in BitTorrent client that can be

used to download and share files over the
BitTorrent network w¡thout the need to have
your computer turned on
o Hard drive not included

Thìs tough aluminium enclosure
provides 480Mbps US82 0
high speed data transfer ::
with hot swappable,
plug and play
. Su¡ts most 3 5" -¡-

o One button backup
software for PCs included" d drive not included

33;5J* 
ncruded $9'95

ldeal replacements for your vehicles ìncandescent
lamps . 12 volt
Note: Only suitable for show or off road use
19 x White for car stop/tail lamp ZD-031 1

1 9 x Red for car stop/tail lamp ZD-0316
19 x Yellow for car ¡ndicators ZD-0311
1 9 x White for car ind¡cators ZD-0319
19 x Redforcartail (bayonette) lamp ZD-0318

Ref: High Performance Electron¡c Proiects for
Cars - Silicon Chip Publications.

Speedo Goneclor Mlrll
When you modify your
gearbox. diff ratio or
change to a large ¿

circumf erence
tyre, it may result in
an inaccurate
speedometer This kit alters the speedometer signal
up or down from 0% to 99% of the original signal
W¡th this improved model, the input setup selection
can be automatically selected and it also features an

LED indicator to show when the input signal is

being received Kit supp¡ied with PC

with overlay and all electronic
components with clear Engl¡sh

i nstructions,

Economy Adiustable
Iemperature Switch
lf you don't need the dìsplay, or the huge
operational range of the Hìgh Range

temperature up to 245"C, and it can be configured
to trigger with rising or falling temperature lt has

adjustable hysteresis (the difference between
on/off temp) which is a great feature many other
un¡ts do not possess lt can be used lo operate
cooling fans on a radiator or amplifier, over-temp
warning lights or alarms, and much more The
small temperature sensor reacts quickly to temp
changes Kit supplied with PCB

NTC Thermistor, & all electron¡c
components $2s.95

This mult¡-network cable tester is designed to
quickly test UTP/STP/Coaxial/Modular network
cables by manually or automatically scanning the
wires for continuity, ¡ncorrect wiring and
polarisation lt will sequence each connection and

indicate the connectìons via two 9-way LED bar
graphs Cables can be checked before or after
installation by using the Remote Terminator
(included) This ingenious cable tester also allows
ground- testing of shielded twisted/pa¡r cables
. Main Unit: 104 x 62 x 26mm
(LxWxD) rtÉ'tt*

. Active Terminator: 100 x
30 x 25mm (LxWxD)

. Requires 1 x 9V battery

. Note: Not suitable for Live

Boolr
This book covers both the MAC and PC

envìronments and will help you set up your
wireless network l¡ke the
Pros lt includes hints on
network security and how to
prevent outside attack
. Soft cover
. 560 pages

Bouler
This router allows communication
with up to four wireless and
networked computers lt

A range of wireless networking cards to su¡t all

computers and provisions
Common specif ications:
. IEEE 802 119 wìreless network compatible

lnteroperation with IEEE 802 11b 11Mbps networks
. 64 I 128 Bit WEP encryption
. 54Mbps high speed transfer rate
.40 - 100m indoor range
o 1 00 - 300m outdoor range
. Low power consumption
. Plug and Play compatible
. Compatible with Win9SSE/2000/lVElXP

More homes and offices are being networked without wires.
Here's the affordable way to be part of the trend.

USB 2.0 Wireless Network Adaptot

PCMCIA Wireless Network Adaptorffi a ---\
includes support for
WAN, web based and
remote management,
auto detect¡on and
configuration of lSP, built
in firewall, and more!
. Static and dynamic

routrng
. VPN pass through
Was $129.95

These circuit breakers feature a 3 digit LED

voltage display so you can keep an eye on the
battery's conditìon, a status LED which will
illuminate only when there is a complete
connection High quality screw down connections

sz-6002
Accepts: '1 x 0 gauge in

1 x 0gaugeout
Power Handling: 120 Amps
Dimensions: 45(H) x 100(W) x 4

Was $39.95

sz-6004
Accepts: lx4gauge¡n

2xBgaugeout
Power Handling: 2 x 60 AmPs
DimensÌons: 45(H) x100(W) x

The ideal kit for the computer service professional

I ncludes
. 3 solder aid lools
. Chrome vanadium

screwdrivers
. Cr¡mping tool
. Shifting spanner
and much more!
See our website
or catalogue for full listing
Was $78.95

TELEPHONb 18()O 022 888 INTERNET>



38 Ghannel l.5W UHt
Pocket TranseeiYel

llual Stage lead-Acid Battcry tloal Ghargers200 Watl Wind Turbine
Genelators

0ynamo Powered Splash
Proof Hadio with IED forch 5 Uolt 3400mAh li-ion

Battery Paclr

LED Safety Band

Prafessional Grade
0utdou Garden [ighting

Mini Digital Gamera Keyring

Dynamo Wind up IED Torch

BC Solar Pond Pump

Jumbo Display lndoo utdoor
Ihemometer with Memory

Eclipse Lithium 9U
t200mAh Batteries

7 TED D¡U¡ns Tolch
12 Uolt Battefl Chalging Regulators l0r Solal Panels

,t

lithium hon Batteries

Wealher Slal¡on w¡lh W¡reless Sensors and OooÉell
Easy to ¡nstall - no wires, no fuss Displays full clock and 

-==

Ghildren's Weather Station
Observe, learn and forecast the weather
station is designed especially for children
. Shows wind direction

This fully functional weather

. Measures wind speed in kph & mph

. Indicates relative humidity
o Measures temperature ìn

Fahrenheit & Celsius degrees
. Measures rainfall in inches & centimetres
. No batteries required
Suitable for children Syrs+ Was $49.95

Be Your own Wealhelman
Anyone with a interest in the weather will
love this station It has an unbeatable range
of features, it is great value, and best of all

has no need for messy wìring The system
meôsures and d¡spiays inside and outside
temperature, air pressure, rainfall, humidity,
wind speed, direction, and chill faclor

Fully automatic switchmode battery chargers that will efficiently charge h¡gh capacity sealed
and unsealed lead acid batteries then properly maintain them Just connect and forget
Specif ications:

. Wâttage: 85W '160W 160W

. Equaliser Charge: 14 4V +l- 0 1V 1 4 4V +l 0 1 V 28 8Y +/-0 2Y

. Floating Charge 13 8V +l 0 1V 13 8V +/- 0 1V 21 6V +LO 2V

. Dimensions WxHxD: 168 x 72 x 45mm 162 x 96 x 48mm 168 x 96 x 48mm

. Weight: 6509 8509 B50g

e4. 
lvlu* cr,r.n,, ffi#, ur" ',^,***, uro ffi#n ur. Æ

. AC input: 11O|22OVAC switchable 47 63Hz
o Efficiency: >85%

This high-quality l¡ght-weight
UHF transceiver is ideal for
use in many professional and
leisure activities
. 1.5W output
. Up to 8km range
. Hi/lo power setting

These units are quite massive and ruggedly built
They will generate 200 watts at wind speeds as low
as 8 metres per second They will deliver useful
power at a gentle 3 metre/sec breeze or give up to
300W at hígher wind velocities
There are two units available: one for 12V systems
and another for 24V systems The 1 2V unit has a
'l6V output and the 24V models has a 28V output
which will charge an appropriate battery bank
Specìf ications:
. Rated Power: 200 watts
. Max Power: 300 watts
. Output Voltage: 12V model: 16V

24V mode|28V
. Output Current at Rated Power:

l2Vmodel: 16664
24V model: 8 334

. Turbine Start Speed: 3m/s

. Max Wind Speed: 40m/s

. Rotor Dia: 2 1 metres

. No of Blades: 3

. Recommended
Minimum Tower Height: 4 5 metres
. Shipping box d¡mensions:

Box 1: 7 4 x 44 x 26cm (weight 50kg)
Box 2: 154 x 24 x 13cm (weight 30kg)

. Total shipping weight: 80kg

Lithium lron (Li Fe) batteries pack 5 - 6 six times
the capacìty of ordinary alkaline celìs and gìve a

40-60o/o cost saving when comparing energy
delivered to price paid
. 58-2364 1500mAh AAA twin pack
. 38-2366 '1200m4h AA twin pack
. Ten year storage life
. 4 x battery pacl. also avarlable
Note: These are not rechargeable

Was $34.9s

z4

Compact, portable, splash proof 90 seconds
winding gives 20 minutes operat¡on Has
provision for battery operation if desired

Take this back-up battery pack with you and charge
your dig¡tal devices when you are away from
home or office Suìtable for many devices
includlng iPod:, PSP3 and mobiie phones The pack
ìs charged via USB and includes 7 output adaptor
plugs to suit the most popular digital devices

alåftt:
NOTE: iPodo and phone not íncluded

Excellent for outdoor activities
. Requires 2 x AAA batteries
. Weatherproof and digitally

controlled
. Brightness levels 100% &

Mini Head Torch with 6 Super l*llsli?It
!lãojr"''"avairabre $14.95

Ouality Die Cêst low voitage outdoor garden lighting range
Each fitting ìs die cast, powder coated and mo¡sture sealed
with neoprene gaskets The spectacular range
can be powered by '12 volt halogen lamps or a
professional 24V for large installations where
voltage drops would normally be a problem
Garden Flood Light
. Size {length including spike) 310mm
. Dia at globe 75mm
Cat. SL-2770 Was S 1 4.95 Now $ 1 3.45

ij*i,jl',ffiffi,:,-i;";:::;,,. I
Cat. SL-2780 Was $ 16.95 Now $ 1 5.25

""r,,,U,

o Size '100(H) x 96(dia) mm excluding bracket and spike
Cat. SL-2774 Was 914.95 Now 913.45
Wall Mount Step Lighr
This light will mount on a wall, and is

ideal for lighting a path, or steps
. Size 100(dia) x 50(D)mm
Cat. SL-2778 Was $9.95 Now $8.95
Pathway llluminator

Pagoda Light
. S¡ze 300(H)mm excluding spike
. Dia 140mm
Cat. SL-2784 Was $ 1 9.95 Now $ 1 7.95

Great gift idea for campers or

Approximately
130mm long
Was $ 19.9s

Essentìal for smoke detectors,
wireless alarms, garage
remotes etc Very dependable
For the sake of your family f it
your smoke detector with
Lithium batter¡es
Note: These are not
rechargeable

This thermometer has one
LCD that shows both the
insìde and outside
temperatures
simultaneously lt wif I record
the minimum and maximum
temperatures that are
reached The outside
temperature sensor is

waterproof and is on 3
metres of very thin cable, which helps when
putt¡ng through a window seal Has a tilting bail
for standing as well as a screw hole for wall
mountlng.
. Reads both "F/'C, selectable with switch
. Measuring range: -39 9"C to 49 9'C
. -39 8"F Io 122"F
. Size: 110(H) x 100(W) xZZlD)mm
. Operates with AM battery (supplied)

Everything you need to get a basic solar setup off
the ground All the components needed are
included in the kit: 5 watt solar panel encapsulated
in tempered glass, 7Ah SLA battery and 2 x 12V
5W energy saving fluorescent iights The battery ¡s

housed in a sturdy metal

so ¡t's

Uses lêtest solar

used a night and
no running costs
Turns on/off via
¡-emote controi
. Squirts 50mm

high
. 2 bright LEDs
. 350mm (Dia )

Was $69.95

Great value! Wide variety of sizes!
On electrical specifications alone, these quality
polycrystalline panels not only stand up to the
name brand solar panels but also feature good
efficiency and panel size to power rat¡ng ratios
They also feature tempered glass protection for
harsh environments, and ¡ntegrated waterproof
junction boxes with cable glands that are
amongst the best we've ever seen

Cat Was Now
zM-9071 $99.95 $89.95
zM-9073 $149 $134.10
zM-9074 $239 $21s.10
zM-9076 $s49 $494.10
zM-9078 $699 $629.10
zM-9079 $10s0 s945

about how it works

Learn all about this green
energy source, and the
mechanics of wind
generators lt is supplied in
kit form, so you get to
assemble the whole thing
before you start learn¡ng

Always have a camera with you!
. 100k pixets f;. Takes up to 80 photos

(20 Hi-Fes)
. Use as a web cam ,-.':
o lncludes easy-to-use I

tw¿retcable 
Y?

$14.95

This torch is waterproof
to 30m, and is very
light and small lt
features 7 high
brightness Japanese
made white
LEDs There is a
rubber hand grip and rubber head
which incorporates the rotary on/off
switch, as wel¡ as a lanvard
was $1e.eb $14.95

Maintain your battery system ¡n peak condition w¡th one of our solar
with a range of features to suit various installations

charge
Traffic and other
from afar
. Four red LEDs
. Adjustable

30mm wide
Velcro band

. Flashing or steady lighting mode

. Visibie up to around 300m
Was $9.95

h¿zards can see you coming

TELEPHONE> 1 8OO 022 888TELEPHONE> 1 8OO 022 888
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llU[ Gamem l(it

Wealher Slalion wilh Witeless
Sensors, Gom[ulel lnterface & IU (lul

200W PA Gombo Amp/Speaker

S aue on D¡gilal Multimeters

Mains Adaptor l2uAc 2A
Untegulated

ìTEW

I Better. More Technical
Prices valid unt¡l March 31st 2008
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USB DisitalIU Sticlt

Z.4hllz Ba[y Monitor with LGD

Scleen & lR Goloul Cameta

PIC Based Water Tank
level Melet Kil
Ref Silicon Chip November 2007
Thìs P|C-based unit uses a pressure sensor to
monitor water level and will display tank level via an

RGB LED at the press of a button The kit can be

expanded to include and optional wireless remote
display panel that can mon¡tor up to ten separate
tanks (KC 5461 ) or you can

add a wlreless remote
controlled maìns power
switch {KC-5462) to control
remote wâter pumps Kit
includes electronic
components, case, screen

UHF Bemote Gonlrolled Mains Switch
Ref Silicon Chip February 2008
Commercial remote control mains switches are

available but these are generally limited to a range
of less than 20m This UHF system will operate
up to 200m and is perfect for remote poweÍ
control systems etc The switch can be act¡vated
using the included hand heid controller or our
KC-5461 water tank level sensor base station K¡t

supplied with case, screen e
printed PCB, RF modules o

Ielemetry Base Station
for Waler Tank level Metet
Ref Silicon Chip January 2008
Thìs Base Station ¡s intended for use with the
telemetry version of the KC-5460 water tank level
meter lt has an inbuÌlt 433MHz wìreless receiver
and can handle data transmìssions from up to 1 0

level meters and display the results on a

2-line 32 character LCD module

components, case,
screen prìnted

printed PCB and
pressure sensor

The DVR is fitted with a 250G8 hard drive,
can accommodate up to 4 cameras with
power derived f rom the DVR and wìll allow
you to record and view up to 4 cameras
simultaneously Package includes the DVR
with 1 dome and 1 outdoor lR camera wìth
bracket, mounting hardware,
power supply, 'l4m of cable,
software, USB interface lead
and user manual Additìonal
cameras sold separately
Was $949

! panel included

:'Requìres 1 xAAbattery
'. luyrs+

153 dìfferent S3g.g5
e^Pe,,,,,u,,rr

:âii:,',:" .r ro^ C€
require only a 9V battery
or no Þower at all

Learn about mechanical &
electr¡cal construction

motorcycle Everything's
included, even tools to put ì1

all together The instructions
are excellent, with colour photos

and a deta¡led parts list S12.95

. Suitable for ages 10+ (contains small parts)

. Measures: 210(L) x 147(W) x 56(H)mm

301 Piece Solar Conslrucl¡on K¡t
Build a solar-powered motorcycle, a front-end
loader or whatever else your imagination can come
up with All parts, fasteners and tools are included
as well as an illustrated ¡nstruction booklet with

SAUE
$250

SensalionalUalue DMM
Excellent budget dig¡tal multimeter
packed with features
. 3 5 Digit
. 12 5mm high LCD
. Transìstor test
. Diode test
. 10 Amp current
. Plug-in leads

ACÆG Gurtent Clamp Melet
ldeal for car stereo ìnstallations and

electrical trades people

. Continuity Buzzer

. Carry case included

. 4000 count
Was $139.95

OM-l564 Mini AC/DC Current Clamp Meter with
Non-contact Voltage Sensor available separately
Was $99.95 Now $79.95 Save $20.00

$198.00 $148.00

$139,95
$99.95
$59.95 $44.95

Gomputer Connecl Auto Range DMM
With the abil¡ty to analyse and store ìnformation on
your home or notebook computer, th¡s meter
is ideally suited to laboratory or fieldwork
The software features data logg¡ng, with
information displayed on a graph or simple l

l¡st When record¡ng, you have the option of ,

recording continuously or ¡n preset time
gaps Min/maVavg information can also be

displayed The information can be exported
to spreadsheet programs such as

Excel for further analysis
. 3 7 Digit
. Diode Test
. 10 Amp AC
o Data Hold

& DC current

. Software included
Was $39.95

lP67 Harsh Environment
Cat lll DMM

ilt 600v 4000 Count 204 Cur¡ent. TrueRMS, RS232

OM-1462 , Cat lV 600V
OM-1541 Cat lV 600V
OM-1539 Gat lll 600V 4000 Count

See our website or ask in-store for full

$29.95

Set up your own weather channel or connect to
your computer for storage and analysis The indoor
receiver measures the ìndoor temperature,
hum¡dity, atmospheric pressure and
receives weather data from the
outdoor thermometeÊtransmitter
sensor, wind sensor, and rain gauge
The receiver unit has USB interface
output allowing datâ to be uploaded
ro a PC or laptop and a AV

This popular 2 4GHz wireless surveillance system
has a specially designed ìndoor Hi-res colour
CMOS camera and hand-held LCD monitor, that
enables you to monitor your home, children or
elderly residents even when it gets daik You can

l¡nk the monitor to a VCR to record what the
camera captures or link it to a ry that has the
'Picture-in-Picture' feature to keep an eye on the
baby while you watch your favourite TV show
. 2 4 incl't colour TFT-LCD screen
. Can work with up to 4 cameras
. 10 iR LED illuminator
. Hi-Res colour CMOS camera
o 4 channel select¡on
. Low power consumption
.2xPSUincluded
. Monitor measures 65(L) x1 1O(H)x

oM-1539 I OM-1541

SAUE
$20

. Compatible with Windows XP, ME and Vista
o Wìndows only - not suitable for Mac
. Antenna, cable and software included

:iiiå:i,3'^,-ä,IZ'n' !r-rree-ro-airDrv ttlf-
. Software with t¡me shifting

and scheduled recording

Watch high definition digital W on your desktop or
laptop PC for the same cost as a standard defin¡t¡on
set-top box Simpìe to set up and use, just connect
the USB stick, plug in the antenna, install the

Mains Adaptor 12VAC2A
Unregulated, 7 plugs
incl uded

$29.e5

A PA system in a box 3 channels with
balanced and unbalanced inputs, RCA inputs
for an auxiliary source The ideal small PA for
schools, sports organisations, churches,
weddings, conferences or solo acts
. '12' speaker
o 2 channel equaliser
. Line level RCA inputs
. Tough moulded

enclosure
. Balanced and

unbalanced line outs
. 200WRMS power

output
. Dimensions: 600(H) x

410(W) x 32s(D)mm
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Iugtrar

This wireless video system s¡mply
spiices ìnto the car's reversing lìght
cable lt is automatically activated
when you select reverse and gives
you a clear vìew behind your vehicle
The camera is waterproof and can be

mounted outside the vehicle
. Specifications:
o 2 4" wireless colour LCD screen
. Colour CMOS camera
. 110" Camera viewing angle

:c0m,auoRDER FREE cArl.' 1 800 022 888



simulator and the real serial port of the computer. This,
amazingly, allows connection of real serial devices to a

simulated PICAXE chip!
As an example you could connect a serial GPS module

to the serial port of the computer and then have the simu-
lated PICAXE chip parse the NMEA serial data stream!
The 'COMPIM demo.dsn'file demonstrates the COMPIM
feature.

Signal Generator
. The Signal Generator is demonstrated via the 'count

command.dsn'fiIe. When this simulation is runthe Signal
Generator control panel is displayed on screen. First make
sure the generator is outputting a square wave (sawtooth,
triangular and sine are also available) of around bV and
then try adjusting the frequency. The change in frequency
should result in a different 'count command' value dis-
played on the serial terminal.

An alternate, simpler, way of applying test signals to
a wire is to just drop a generator probe onto the wire (as

Fig.10: I2C debugger analysing data written to a 24LC16B
EEPROM

but fortunately the technicalities of the protocols are taken
care of automatically in the PICAXE system, via use, as an
example, of the writeiZc and readi2c commands.

Those interested in studying these protocols further may
be interested in the function of the IzC and spi debugger
instruments. For instance, the writei2c command.dsn' file
demonstrates how the 'IzC debugger' instrument is con-
nected to the I2C bus,

When the simulation is run the details of each I2C trans-
action - start signal (S), address (AO), data pulses, ack
pulses (A), nack pulses (N), stop signals (PJ etc - are clearly
listed in sequence on screen. This makes it an invaluable

learning tool for those interested in understanding these
protocols.

Summary
The software also contains a few other instruments such

as a logic analyser - have a play with them! Using 'virtual
simulated'instruments will neverbe quite the same experi-
ence as twiddling dials on real-life bench-top models but
using these simulations is still a worthwhile process.

PICAXE VSM incorporates an impressive array of virtual
instruments - and you certainly wouldn't be able to buy
a new oscilloscope, signaÌ generator or IzC debugger for
anything like the price of a VSM licencel-> tl

siliconchip.com.
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Fig.B: demonstration of the COMPIM feature,

with the voÌtage and current probes), This is carried out
by right-clicking and selecting Place>Generator.

SPI and IzC debuggers
SPI and IzC are two different communication protocols

used to link ICs together. The protocols are quite complex

s =ê ãÈ 3::i r +{<t r

Fig,9: virtual signal generator.
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went. I was just too busy with work
and family to devote any time to the
project.

In addition, I couldn't locate a suit-
able design to build. Practically all
existing designs use one of the PIC
microprocessor family. Others use
several PIC microprocessors; yet oth-
ers use a further large bunch of ICs to
interface dispiays and keypad func-
tions. With my microprocessor devel-
opment tools all focused on the 8051
family - and being fundamentally of

a contrary nature - I was determined
to use an 8051 chip in my DDS VFO
rather than mess about gearing up for
another microprocessor, and keep the
chip count minimal.

Underlying this was a feeling that
if I wrote my own software, I could
customise it to suit my precise require-
ments and be better placed to develop
one or two other DDS-based projects I
have in mind. Of course, that naively
assumes I'll find the time to complete
those new designs.

TUNE

Fig,l: the promise of things to come? The DDS VFO with its cellular phone "readout" mounted inside an HF transceiver
the author is currently working on , , .
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Fig.3: right-click the mouse to add voltage and current
probes.

channels ofthe oscilloscope are connected across the LED
output and the receiver output.

When run, the oscilloscope display panel will appear
on screen, showing the trace from the two channels. As
can be seen from Fig.S the top LED trace clearly shows
the modulating signal, while the receiver trace shows the
demodulated inverted output! The virtual oscilloscope
includes all controls that you would expect to find on a

Fig. : two PICAXE chips communicating via a simulated
infrared link.

Fig.5: virtual oscilloscope trace.

siliconchip.com.au

real device, and so the position, timebase etc can alÌ be
adjusted as you require.

Serial Terminal
This time take a look at the 'sertxd command.dsn' sample

file, This demonstrates the'Virtual Terminal'which acts as

an RS232 serial terminal for testing programs with serial
data. When run, the serial data output from the PICAXE
chip is displayed on screen within the terminal window,

As with all serial systems, you do need to set the baud
rate and polarity of the terminal to match the PICAXE set-
tings (+800,n,8,1 [inverted polarityl in this caseJ. This is
carried out by right-clicking on the terminal symbol and
selecting'Edit Properties'.

COMPIM
While we are talking about serial communication it

is also worth mentioning the COMPIM (COM Physical
Interface Model). This 'symbol' acts as a link between the

Fig.7: remember to set the serial baud rate and other
parameters, or you will see conupt characters on screen!

This DDS VFO uses a widely ovailable recycled Nokia
cellulqr phone LCD to disploy onalog and digital frequency
readouts, text, and VFO status messøges

or several years, I've wanted
to build my own DDS (Direct
Digital Synthesis) VFO fVariable

Frequency OsciÌlator).
Analog Devices makes one of the

most popular ranges of DDS chips
which digitally generate precise sine
waves covering frequencies from
practically "DC to daylight"; well, up
to many hundreds of MHz.

Some time ago I managed to obtain
several samples but, for some time
afterwards, that was as far as things
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In the third part of our PICAKE vSM tutorials Clive Seager
tqlks us through using some of the 'virtuol instrumentotìon'
included with the software - from a simple voltmeter to an
advanced I2C protocol debugger!

t ftervou
A .r.,,,ïil

L l-í.ur u *
for testing purposes. This article assumes you have worked
through the tutorials in parts '1. and 2 of this series, so are
familiar with drawing circuits in the VSM software.

Voltmeter and Ammeter
Voltage and current can be measured in two separate

ways. As an example, open the 'high command.dsn' sam-
ple file from the lsamples/picaxe/commands folder, You
will then need to use the 'File>Save As' menu to save
with a different filename so you can experiment and save
modifications to it.

Fig.1 shows the circuit with a traditional voltmeter con-
nected across the LED. When run, the voltmeter will show
the voltage when the LED switches on and off.

An ammeter can be added by deleting the wire be-
tween the resistor and PICAXE pin, Right click and select
Place>Virtual InstrumenÞDC Á.mmeter. Once dropped,
right click on the ammeter symbol and edit the properties
'Display Range' from amps to milliamps. Then draw the

$helrPÉgm

lÉ_
Il¡ia
Nlt
b¡'
Nl@
¡üd

Fig.1: simple LED circuit
with voltrneter attached.

Fig,2: virfual aurmeter
added to the circuit.
Remember to change to
mr{, range!

two wires back in as sho'vrm in Fig.2.
When run you will now have a display of both current

and voltage. If you change any of the other component
properties - eg, (changing the 'Forward Voltage' of the LED
from 2V to 2.5V or the resistor foom 3300 io 270Q) you
will see corresponding changes in the current.

The second, sÌightly simpler way of measuring voltage
and current is to just add probes onto any component pin
or wire. To do this, right click, select place and then either
the voltage or cunent probes (see Fig.3). Once the simula-
tion is run, the probes will show the current or voltage at
the probe position.

Oscilloscope
On occasions you may wish to trace the voltage or a

signaÌ over a period of time. This is when the virtual oscil-
loscope is ofuse

Open the 'infrain.command dsn' sample file and re-save
with a different filename. This uses a'simulated' IR LED
and IR receiver (eg, equivalent to the TSOP4B40). Two

t0

by Andrew Woodfield
ZLZPD

Operator interface
Let's not forget the operator inter-

face.
Practically aÌl existing designs use a

sta¡dard 2 line x 20 character alphanu-
meric display. An earlier popular de-
sign used high current seven segment
LED displays. The size ofboth ofthese
displays and the limited information
presented to the operator didn't seem
ideal to me,

They certainly weren't well suited
for the small HF transceiver I've also
been building.

This led to another delay while I
looked for alternative displays and a
series of experiments with some small
cheap, graphical LCD modules,

These monochrome LCDs were
used in many older cellular phones,
as well as in some current low cost
entry-level models,

I built several small projects us-
ing one of the most commonly used

graphical LCDs, the Nokia 3310 LCD
module. This LCD turned out to be
very useful - It offers a 84 x 48 pixel
display with a visible area of about
35mm x 25 mm.

DDS Oscillators
Direct digital synthesis (DDS) is a

digital metho d to generate waveforms,
usually sine waves.

In contrast to the more common
phase locked loop [PLL) approach
which uses a voltage controlled os-
cillator, digital dividers and a phase
detector to generate frequencies in
defined steps, data stored in an in-
ternal DDS chip table is passed to a
digital to analog (D/A) converter at a
specific clockrate. If the table contains
values equivalent to the amplitude
of a sine wave, then a sinewave at a
frequency reÌated to the clock rate will
be produced.

One such basic DDS is illustrated
in Fig.3.

By changing the clock speed, a wide
range of sinewave frequencies can be
generated. Ifthe clock is fast enough,
frequencies can readily be generated
across wide ranges, and at sub-Hz
increments.

The completely digital nature of the
DDS oscillator and its ability to gener-
ate veryfine frequency increments are
the main advantages over PLLs.

In practice, a DDS device uses the
arrangement shown in Fig.4. The tun-
ing word, which is usually 32 or 48
bits wide, is used to modify a phase
accumulator. This outputs a 14-16 bit
word for onward signal generation.

With this approach and with a
32-bit tuning word, it is possible to
generate more than 4 billion specific
frequencies.

Fig.2: the readout, from a Nokia
cellular phone, is capable of
displaying simple graphics . , .

Fig.5: and here it's shown mounted on the back of the PC board, along with the six
control switches, There are minor differences to the correct layout shown in Fig,B.

Fig.3r basic Direct Digital Synthesis system,

PHASE ACCUMUIÂTOR

24-48

¡. Fig, : a typical Direct Digital Slmthesis system.

Formore information onDDS chips,
the introductory documents on the
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Fig.6: there are two ways to construct ' .á
the DDS VFO - cut the board and "sandwich" the
two sections as shown here, or leave the board intact
[the tracks for the two sections are provided). As you can
see from this photo, the component side of the PC board(s)
is a groundplane, formed by using double-sided PC board blank.

bands, The LCD modules the current
operating frequency and mode of the
VFO. A key feature of this design is
an analog-style graphics-driven dial
displayed on the LCD which sweeps
up and down just like a conventional
mechanical dial whiie tuning the
VFO,

The VFO also features two in-
dependent VFOs, a programmable
receiver IF offset capability, full RIT,
and VFO locking.

AII of this software is handled
within a single 20-pin low cost Atmel
B gC405 1 microprocessor.

The DDS drivers within the micro-
processor are quite compact, but much
of the space within.the 4Kbytes of flash
program memory is actually required
for lookup tables to handle the Nokia
3310 LCD.

Unlike sta¡rdard 2 line x 20 character
alphanumeric displays, all of the infor-
mation displayed has to be generated,
dotby dot, by the BgC4051 microproc-
essor, Each and every character, every
graphical feature, all resides witlin the
4K of program memory.

The VFO code itself amounts to
less tha¡r 1.5Kbytes, the balance taken
up by the graphics tables, There is

also some room in the
progr¿rm memory to

permit other build-
ers to add features

to suitindividual

fan and a/c operation problems and the lower fan speed
problems as well.

Indicator problems
That left the righthand indicator lamp problem. It was

still lighting when the control was in the middle of its
travel (ie, neither the right nor Ieft indicator selected).

So was there a problem with the control switch unit?
There are three connector blocks associated with the
electrical controls on the steering column, so I discon-
nected them aII. Re-connecting the ignition/power circuit
th.en caused the fault to reappear. That meant that the
indicator selector, the high/low beam circuit, the horn
circuit and their switches were OK.

There was nothing for it now but to remove the in-
strument module. That done, I probed the flying socket
for voltage on the connection serving t}re repeater light,
This showed that the connection was at 0V with the
indicators in the off position, which is correct.

Moving the indicator to the righthand position then
showed a pulsing 0-12V DC voltage at this point, at the
lrequency ofthe flash rate (about one pulse per second).
Again this was correct and Brett advised that he had also
checked this but double-checking never hurts,

That meant that the problem with the indicator lamp
was in the instrument cluster itself. Undoing six screws
gave us access to the circuit board which was now closely
inspected. We didn'thave a circuit diagramfortheboard,
so I began to trace the now-tarnished copper tracks from
the plug pins to the repeater globe, then through the globe
and on towards the base of the temperature gauge. As
mentioned, this gauge had been indicating a problem,
so it was somehow connected to the fault.

I went back to the plug and observed that a nearby
copper track had been Very hot in the recent past. To get
a better view, I undid the three screws that secured the
economy gauge to the circuitboard (this economy gauge
is simply a mechanical vacuum gauge sensing the air
pressure in the inlet manifold), Once this gauge was out,
I could now see that this track had become detached from
the board surface due to the excess localised heat.

A closer examination revealed four or five small black
marks [about the diameter of a pin], which had been
hidden behind the vacuum gauge mounting point. What
had caused these? The answer came when I looked at
the back of the vacuum gauge mounting,

This showed that two flat-headed screws had vibrated
Ioose a¡rd were now capable of touching two adjacent
copper tracks on the PC board. These screws were both
threaded into the brass block of the vacuum gauge,
thereby forming a complete current path between the
two tracks and shorting them out

The fix was simple. First the two screws were retight-
ened a¡rd, for insurance, sealed in position with a drop
of nail polish (a beautiful shade of pink), The floating
track was then removed and the break bridged using a
short length of tinned copper wire,

,\nd that fixed all the remaining problems. The indica-
tor lamp now operated correctly and both the speedo and
temperature gauge remained steady, with no tendency to
flick in sympathy with the indicator signal. After that, it
was just a matter of reassembling the instrument panel
and the old Ford was ready for the road once more. SC
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At right is the
optical encoder,

made from a surplus
mechanical mouse

Analos Devices website at www.ana-
log.com are highly recommended,

The most significant problems with
DDS oscillators are noise and spurious
emissions, These can be minimised by
using D/A converters with relatively
long digital words, Many DDS devices
are limited to 10-bit words but newer
devices more often use 12-bit or L4-
bit words.

This DDS VFO uses an Analog De-
vices,{D9850 chip whichuses a 10-bit
D/4. This delivers a spurious emission
level of -5odB.

Frequencies are selected using 32
bits of a 40 bit tuning word, allowing
better than 0.03H2 frequency steps

60 SUCON CHIP

with the BOMHz DDS clock used in
this design. The balance of the 40 bit
word is used for phase and control
functions.

Since this level of resolution ex-
ceeds most requirements, many DDS
VF O designs use a larger step size. In
this VFO design, the user can select
10H2, 100H2 ot LVJJz steps to give
three tuning rates - glow, medium
and fast.

Functionality
The DDS VFO covers all amateur

radio bands between 160m and 10m
in 10H2, 'l.OOHz or lkHz increments,
and will happily tune outside of these

requirements.
The code uses no special features of

the ATB9C4051 and so it may be used
with almost any 8051-type processor
possessing adequate memory.

One option might be the addition
of country-specific frequencies, for
example, not currently supported by
the present VFO software. To that end,
the fully commented source code is
available from my website, as well as

the Intel hex file for direct program-
ming of blank microprocessors,

The Design
In contrast to other designs, this

DDS VFO design is almost minimal-
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a base Falcon which had been fitted
with air-conditioning on the produc-
tion line. At this stage, I was favouring
an earthing problem as the common
cause of alÌ the symptoms. As a result,
I tracked down a common earth point
on the diagram for all the dashboard
wiring.

-A.ccording to the manual, it was
Iocated on the lefthand side of the
vehicle. This was eventually found
after removing the glovebox and a kick
panel and appeared to be in good order.
Furthermore, a quick check with a

DMM found just a millivolt or so across
the connection when everything was
powered up,

Brett then advised me that turning
on the headlights (either low or high
beam but not the parking lights) would
cause the fan to operate. This really
was strange. He had also noticed that
there was a single cÌicking sound just
before the fan began to rotate.

Brett also advised me that "hitting"
the car reasonably firmly in the vicin-
ity of the click would also activate the
fan. And that in turn led us to a plug-in

44 StucoN C¡ilp

30,A' relay. This relay is used to control
the fan and I suspected that it might
have an intermittent fault.

The relay was pulled from its socket
and its coil resistance checked. This
turned out to be about 87Ç) which is
normal. The relay was then checked
by connecting it to a L2V DC suppÌy
and this showed that the relay was
operating correctly.

In addition, its normally open (NO)
contacts had almost no resistance
when cÌosed.

My next step was to bridge the
matching NO connections in the sock-
et and this showed that the fan was in
perfect working order on the full speed
setting. However, it didnot function on
the low or medium-speed settings and
I suspected a faulty high-wattage series
resistor as one was indicated on the
diagram. I wasn't too concerned about
this at this stage, though - finding and
testing the resistor could wait until the
intermittent electrical problem had
been solved.

I went back to the circuit diagram
and traced the wiring to the relay coil.

This led me to a separate diagram relat-
ing to the a/c control which showed
that the feed was directly from the
switched side of the ignition switch.
More precisely, it came from a con-
nection on the high side of the fuse

safeguarding the supply lead
to the fan,

Checking the coil
control voltage gave me

my first real clue to the
problem. It ranged

from 3V to a maxi-
mum of 1oV. No
wonder the relay
wasn't operating
correctlyl

Next, I reinsert-
ed the relay as it had

passed all the necessary
tests. It was then that I happened

to lightly touch the thermal overload
breaker that serves the headlight cir-
cuit and, for a ftaction of a second, the
fan roared into life.

The headÌight's thermal interrupter
unit is located towards the bottom of
the fuse block. However, the fuse block
shown in the diagram was different to
that fitted to the vehicle, I took another
Look at the diagrams we had discarded
and found that the more upmarket
models (Fairmont, etc) were fitted
with the fuse block I was looking at
in this vehicle.

This also showed that the control
signal for the relay came from the iow
side of a 20,A' fuse labelled 'acc', just to
the left of the thermal overloadbreaker,
Touching this fuse very lightÌy imme-
diately brought the fan to life.

I felt around the back of the fuse
block and moved the connecting wire,
to see if it was loose. It wasn't loose
but the slightest movement caused the
fan to run so I removed the fuse and
found that it was intermittently going
open circuit.

Carefuily dismantling this 3AG fuse
showed that ihe soldered connection
between the fuse element and the end
cap was the probÌem. I replaced the
fuse with a new one and no amount
of wiggìing, tapping, banging or acti-
vation of the headlight switch would
cause the fan relay to switch off. What's
more, with the engine running, the
a/c compressor clutch now worked
reliably as well,

I was al.so surprised to find that the
low and medium-speed fan settings
also now worked. So by replacing just
one fuse, I had fixed the intermittent
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l2v Dc rN

IN TO
PIN 5

Fig,B: component overlay for the top (ground plane) side. Here the two parts of the
PC board are shown still connected; the links (shown in green) are only required if
you split the board and "sandwich" it.

ist, using just four chips (excluding
the regulators): the microprocessor,
the optical encoder interface chip, the
DDS, and the RF amplifier chip.

This avoids the approach used in
a number of other designs which re-
quires a microprocessor dedicated to
the encoder and display and a second
processor dedicated to the DDS.

The microprocessor is also operated
at a very leisurely BMHz. I actually
used a PAL TV colour-burst crystal
of B.B66MHz but any crystal from B

To L2i|l}Jz will likely work fine. The
top speed for this micro is 24MHz, so
clearly nothing much is being pushed
hard in this design.

This might suggest that the 8051 is
significantly more efficient than other
B-bit microprocessors used in similar
designs,

My software is all written in hand-
coded assembler, often far more effi-

cient than higher level languages and
the code possibly also makes a little
better use of interrupts.

This approach allows the optical
encoder [the main tuning control) to
be very rapidly read without causing
any measurable delays in the main
DDS and display routines despite the
fairly intensive data transfers required
by the Nokia 3310 LCD whenever it is
being updaied.

Interrupt-driven routines tend to
be a little more complex to write but
are necessaÌy here to handle rapid
updating of the digital display and
the analog dial graphics, while also
reading the dial and checking for any
pressed buttons,

These functions can add up to quite
a lot of work for this modest 8051
microprocessor to manage but it is
made possible by minimal mainline
software functions and a relatively
fast background interrupt cycle. This
interrupt cycle is focused on reading
the encoder, the most time-critical
function,

When power is applied to the VFO,
the microprocessor begins by initial-
izing the LCD module. These feature
a brief animated set of graphics which
illustrate some of the flexibility of the
display and makes use of some spare
ROM space. The BOC4051 then ini-
tialises the DDS VFO to the bottom of
the BOm band in receive mode, with
an offset assuming an IF of B,467MHz,
and with RIT freceiver incremental
tuning) turned off.

These parameters are all set by the
software, and are very easy to change
to suit other applications and user
preferences. These settings are all
very clearly highlighted in the source
code.

The DDS requires a 40-bit serial
word transfer from the microprocessor.
As the encoder is rotated, the DDS fre-
quency is updated, the new frequency
displayed and the dial graphics dy-
namically changed according to the
direction of tuning knob rotation.

The eo-bit word sent to the DDS is
calculated from a series of predeter-
mined lookup values, one for each
digit in the 7-digit frequency of the
VFO, the values depending on the
DDS clock used.

In this case, they assume an BOMHz
clock, the highest frequency crystal

Fig.9: soldering that SMD-mount chip
requires a steady hand and a fine iron
(see the SMD article in this issue!)

teries but only one was installed. After checking to see
that the machine's existing 11.1V Li-Ion battery wasn't
on the factory recall list, I decided to get a new one on
eBay. I also ordered anew 7.2Y CMOS backup battery for
good measure.

When these new batteries were installed, not a lot had
changed. The computer continued to run correctly from
the PA-12 +19.5V,\C adaptor but not fiom either the new
battery or the old battery. The BIOS (which I upgraded
to ver. ,A.16 from AB) still reported two batteries and that
one was charging but the old battery always measured 0V
while substituting the new one gave an indication oT74o/o
charged. Neither value changed at any time.

Obviously there was something fishy about the battery
charging system within the computer but was it a hardware
problem or a software problem?

The main battery has a 9-pin connector. Pins 1 & 2 are
the +11.1V rail, while pins 6, B & I are the negative rail.
Pins 3, 4 & 5 measured +5V and pin 7 measured +3,26V,

I downloaded the service manual lrom the web and
stripped the notebook right down to just the motherboard
to see if I could find anything wrong. I then examined
and measured the voltages around the power supply
very carefully but I couldn't find any clues. There were
no blown fuses, burnt resistors or even hot components
- all looked perfect, Most of the charging is controlled via
surface-mounted switching ICs.

I didn't have the user's guide but I did discover the 5-
green LED charge gauge which confirmed that there was no
charge in either battery, despite what the BIOS displayed.
I then trawled the web but could find nothing, so I went
to the Dell website and asked for help via email, quoting
my service tag number.

I really wasn't expecting very much but I was subse-
quently very pleasantly surprised when a gorgeous chick
phoned me up and told me they would send a technician
round the very next day to change the motherboard.

I was still very cynical, expecting some monstrous
catch, but lo and behold, a technician did rock up the
next day and replaced the motherboard under warranty
- all done in a tenth of the time it took me to dismantle
the notebook in the first place, Not only that, it was all
free and under warranty.

The new battery still would not work even though the
BIOS said it was 74"/" charged. However, the original
completeÌy discharged battery now did work and really
started to charge, continuing to do so until it was at 100%.
Furthermore, it ran the notebook quite satisfactorily.

My friend was delighted and both of us were mightily
impressed with Dell's customer service, They have really
put the meaning back into those oft-misused words.

So why does the BIOS indicate two batteries? Well,
there's provision to install a second main battery in the
space that's normally reserved for a floppy disk drive, As
for the new battery, I sent it back for a refund.

Falcon electrical problems
Finally, here is an interesting story concerning some

strange electrical faults in an old XE Ford Falcon. It was
sent in by R. S. of Hoppers Crossing, Victoria and I'll let
him tell it in his own words:

An acquaintance's youngest son, Brett, requested my
assistance to solve some electrical problems that he was
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experiencing with his aging XE Falcon sedan (late 1984
model). This vehicle had originally been purchased new
by his late grandfather, so its service history was well
known,

The were several symptoms that concerned Brett, First
of all, the speedometer tended to react to the flashing of
the turn indicator, which was very strange indeed. In
addition, the righthand indicator lamp was permanently
illuminated, unless the indicator switch was set to activate
the righthand blinkers. And when the righthand blinkers
were activated, the indicator lamp turned off when the
front and rear globes illuminated.

Another strange fault was that the temperature gauge
swung from the low end of the scale to the high end in
a most alarming manner. This was so bad that Brett had
disconnected the sender wire in the engine bay to prevent
possible damage to the gauge.

Another problem was that the air-conditioning (a/c)
fan was intermittent, as was the a/c compressor clutch
which only worked if the fan worked. This problem had
been apparent for some time but had not previously been
investigated. It was open to conjecture as to whether it
was related to the other problems.

Due to rain, it was great day to work indoors and so I
suggested that we meet at his parent's house, where the
garage/workshop has a pit - useful should it be necessary
to work underneath the vehicle. In my opinion, a pit is
more of a requirement than an ensuite when designing
and building a house!

Anyway, we examined the circuit diagram in the work-
shop manual and soon determined that the vehicle was

new syslem
circuit design,

GAD/ CAM in one Gomplete

Check it out to see how many you still have.

lf your magazine has not turned up by the
first week of the month, contact us at

silchip@siliconchip.com.au

Your magazine address sheet shows when
your curre¡l ¡qþgç1þtion expires.

Clslrde Ki-dl
:,/1ô aoÉÉnut Street
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some fairly terse phone calls, to work
out what was happening. It turned out
that the street address was actually 1-
3 (1 to 3) and its entrance was in the
cross street. Once that had been sorted
out, I had to negotiate the fuIl-security
lift which required a card to operate it
before I was finally let into Tim's place
on the third floor,

When I saw the set, I knew that
this was just going to be "one of those
days", It was, of course, situated in
an entertainment centre in the corner
with pitiful access. What's more, the
set weighed more than I do - which
is a lot these days!

On the plus side, the fault just might
have been due to another symptom I
hadn't been told about, namely retrace
Iines on the screen,

My first step was to remove the back
and swing it around while dodging
both the baby and the dog who were
trying to eat my tools. I then carefuIly
readjusted the flyback transformer
screen control until there were no
more lines and waited 15 minutes to
see if the set switched off. It didn't and
I then managed to put the back on the
TV and replace it in thè entertainment
cabinet without leaving either the baby
or the dog inside,

After completing the necessary
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paperwork, I left, confident that the
repair had been completed satisfacto-
rily. But of course, that wasn't to be the
end ofit. A few days later, Tim phoned
back and said that while it was now
taking longer, the set was still cutting
out. Drat!

There was nothing for it but to go
backto "123".

This time, I went armed with a new
flyback transformer and a video output
IC (TDA6107AIF/N1) which isn't even
shown on the circuit diagram fit just
shows discrete transistorsJ. Fortu-
nately, I didn't get lost this time and
even better, the baby and dog were in
other rooms.

Anyway, I removed the chassis,
replaced both items and checked
and resoldered a few possible dry
joints, That done, I adjusted both the
horizontal and vertical focus pots and
the screen controls very slowÌy and
deliberately.

Äfter an hour or so, I was finally
finished and was demonstrating the
set when it went off all by itself. I was
ropeable and completely bamboozled
by the whole turn of events.

Now I couldn't even switch the
set back on and prior to it going off, I
couldn't change the stations with the
remote control. Fortunately, yours
truly had caused the problem and there
was a simple solution, I had brought
along a spare service remote control to
help with the adjustments and it was
in an open carrier bag into which I had
just put my University multimeter.
The heavy multimeter was pressing
against the remote control's pushbut-
tons, causing the random results I was
experiencing!

Aaaarghh!! After a job like that, you
need a stiff drink and a lie down!

Toshiba plasma TV
I was recently called to a Toshiba

a2WP4BAplasma set that had been in
heavy-duty use at a club. The barman
had phoned to say it was dead and
asked if I could fix it straight away be-
cause of the sport. I asked him if there
was any clue beforehand that the set
was about to fail and he replied that
there was absolutely nothing.

Apparently it had been working one
minute and was "dead" the next.

When I called, I could see that there

was no power and so the set had to go
to the workshop. Back at the ranch, I
took the back off and a few quick meas-
urements showed that the power sup-
ply - a Sanken PKG-4000 PDC20360

- was dead.
I have seen a few of these power

supplies before and have sometimes
found the white wirewound resistors
to be faulty for no apparent reason.
There is no circuit for the power sup-
ply as it is considered unrepairable.
The PC board is mounted on a sheet
of aluminium using over 30 screws
and 12 plastic mounting clips to hold
it in place,

In this case, R26 [10f] 5W) was
open circuit so I replaced it. However,
when I switched the set on, it was
still dead.

It was then that I noticed that IC1
arrd Rsz (r.sO) had blown so badly
that I couldn't read what the device
type numbers were. The IC was obvi-
ously part of the standby power sup-
ply, judgingbythe size of the chopper
transformer - probably one of those
B-pin Mosfet and control ICs.

That was as far as I was allowed to
go. The club then told me the set had
actually been killed during a thun-
derstorm (great - now they tell melJ
Anyway, a new power supply was
ordered and the $900 repair charged
to the insurance company,

If the service manual had shown
more detail on the power supply, the
repair would have cost much less
than that,

TCL warranty iob
I had a brand new TCL L32M6147

LCD TV come inunderwarrantywith
intermittent no sound when hot.

I thought that this would be a

straightforward repair. However, after
fooling around for some time with
vibration tests, I finally nailed the
problem by applying freezer to the
main microprocessor.

This large-scale surface-mount IC is
not designed to be replaced and so a
new main board had to be ordered to
fix the problem,

Dell notebook
I was recently asked to repair a

friend's DeII Latitude D600 notebook,
His problem was that the computer
would not run from the battery, nor
would it even charge the battery,

A quick check of the BIOS indicated
that there was provision for two bat-

oscillator I could buy locally.
The DDS output is filtered using a

5th order elliptical low pass fllter with
acutofffrequency of about 35MHz. The
output from the filter is then amplified
wiih a ERA-4 surface mount MMIC.
This gives a output level of about 1V
peak-to-peak or +13dBm into 50Q ftom
the VFO, ideal for diode mixers. Since
the DDS output level follows a sinx/x
envelope, the output reduces to 0,BV
peak-to-peak by 30MHz, This 2dB
rolloffis oflittle concern in transceiver
applications but should be borne in
mind if this software is used for signal
generator applications.

The B0MHz DDS oscillator is the ref-
erence for the VFO's output frequency,
By contrast, the microprocessor crystal
is a nominal gMHz crystal and, as

noted earlier, its exact frequency is
not critical. Since output frequency
accuracy and stability depends on the
BOMHz DDS oscillator [and few of these
have any external frequency adjust-
ments available), any users requiring
absolute output frequency accuracy can
make the simple frequency alignment
adjustments within the software.

I found my VFO was accurate to a
few hundred Hertz and quite adequate
for my uses,

The Nokia 3310 LCD module re-
quires a 3.3V supply. While some 8051
chips will operate on the same 3V sup-
ply, the BOMHz oscillator demands a
5V supply, The decision was therefore
made to run both a 5V (for micro and
oscillator) and a 3,3V rail for the LCD.
It's a slight additional complexity but
makes the design easier to convert to
other types of 8051 chips should this
prove desirable.

The interfacebetweentheÄTBSC405 1

and the display, necess¿üy due to the
different supply rails on these parts, is
handled with three cheap isolating di-
odes, If you are able to purchase some
3.3V clock oscillators (a standard part
but one I couldn't buy locally), you can
easily modify the entire VFO for single
supply rail operation.

The microprocessor interface for
the LCD module uses fewer control
lines than suggested in many refer-
ences. Most suggest the need for five
lines, including a reset line from the
microprocessor, Careful reading of
the datasheet revealed that the chip
select (CS) line can be permanently
tied to ground at the cost of a little
more current.

The VFO's MMIC amplifier is fairly

siliconchip.com.au

greedy, drawing around 65m4, so the
modest constant 5mA consumed by
the always-on LCD turned out to be of
little concern. The datasheet also sug-
gested the possibility of using a resis-
tor-cap acitor reset arrangement (1 0kÇ)
and +.zpfJ, and that saved a further I/O
pin. As a result, there is an additional
delay of a hundred milliseconds or so
at power-up, just to be sure the display
has resetbutthis is of little importance
in overall operation.

The main dial knob uses connects to
an optical encoder, This is interfaced
to the microprocessor with an LM393

comparator to ensure clean rising and
falling quadrature signals. The use of
an optical encoder delivers improved
long term reliability and allows users
to setup tìe mechanics of the dial knob
to suit individual taste.

Construction
The VFO can be built either as a

single PC board measuring about 150
x 50 x 15mm (wxhxd) or in a sand-
wiched two-PC board configuration
measuring 100 x 50 x 25mm (wxhxd).
Those wanting a smaller version can
convert the current layout to use SMD
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Figs.10 & 11: here's the full size artwork for both sides of the PC board with the
top (ground plane) at right. We imagine most constructors will not bother etching
a second layer (if they can!) but will simply remove the top-side copper around
the holes with a small twist drill (eg, 5mm). It's tedious but easy enough to do
holding the drill in your fingers, putting the tip in the hole and twisting. The
smaller holes in the ground plane are for the components which solder to both
sides ofthe board - these should not be opened out.
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Pafis List - DDS UFO

1 double-sided PC board, 150 x 50mm, coded 06103081 (see text)
1 digital display ex Nokia 3310 cellular phone (see text)
1 surplus mechanical (ball{ype) mouse for optical encoder parts (con-

taining 1 LED and 2 phototransistors - see text)
1 8.866MH2 crystal (X1)
6 PC mounting SPST pushbutton switches

Semiconductors
LM3e3 (rC1)
AT89C4051 microcontroller (lC2)
80MHz oscillator (lC3)
ADe850 (rC4)
ERA4 (rC5)
7805 5V positive voltage regulator (REG1)

1 LMSlTLZvoltage regulator (REG2)
3 1 N4148 silicon signal diodes (D1 -3)
1 yellow LED
1 green LED

Capacitors
1 1O¡rF 16V PC electrolytic
3 1OpF 10V PC electrolytic
1 4.7pF 10V PC electrolytic
1 1¡rF 10V PC electrolytic
7 100nF polyester (code 0.1, 100n or 104)
1 150pF polyester (code 150p or '151)

2 100pF polyester or ceramic (code 100p or 101)
1 33pF ceramic (code 33p or 33)
2 22pF ceramic (code 22p or 22)
1 10pF ceramic (code 10p or 10)

lnductors
1 390nH (11) (13T 33SWG ENCU on T25-10 toroidal former)
1 330nH (12) (12T 33SWG ENCU on T25-10 toroidalformer)
4100pH (RFC1-4)

Resistors (all 0.25W, 1%)
1 22kA 12 10kO 1 3.9kO
1 470A 2 3300 1 120c¿

1 1kO
1 100ç)

1 560c¿
1 56c)

the surplus plastic away with a sharp
knife, being careful not to disturb the
plastic around the display itself. This
is essential to maintain slight compres-
sion on the metallic springs which
press onto the conductive tracks on
the LCD glass.

The display is then wired to the
pads on the PC board. I was tempted
to lay the PC board out to permit the
display to be directly mounted on it
but the current method offers a little
more flexibility. However, it does re-
quire some delicate soldering of wire
jumpers between the spring metal
connections on the rear ofthe display
and the PC board.

I kept everything in place with a
few dabs of hot glue and the display
assembly was mounted a few millime-
tres off the PC board with three further
strategic dabs ofhotglue. This sounds
crude - but it's unseen and the glue
forms a very rigid arrangement which
can be easily adjusted with a little heat
from a soldering iron.

The display is extremely light, and
the resulting mounting is very robust.
There is also space beneath the LCD for
the addition of backlighting, perhaps
using some diffused LEDs, if desired,
although the current PC board layout
does not allow for component wir-
i.g'

By the way, don't be tempted to re-
move the white plastic material ftom
the rear of the LCD. This improves dis-
play contrast and aids backlighting. I
tried some green LEDs for backlighting
and they worked very well, so I may
add these to the final transceiver.

An extra pullup resistor [10kQ) can
be seen in Fig.5 mounted next to the
inter-PC board wiring on the top side
of the keyboard/display PC board.
This was causedby aminor change in
pin connections when going from my
Veroboard and wirewrap prototype to
the final PC board version. This resis-

However, in this insta¡ce, there was
no distribution amplifier and unfortu-
nately, I am not all that familiar with
the Foxtel satellite system. For start-
ers, I don't know the satellite channel
plan or what sort of levels to expect,
nor do I have the correct signal level
measuring equipment,

Fortunately, I managed to borrow
the correct meter fiom a colleague
although I wasn't initially all that con-
fident as to how to drive it. However,
having familiarised myself with the
gear, I checked the signal level output
from the Foxtel amplifier to be 75d8,
which is not enough for a 12-outlet
building, As aresult, Ipickedup anew
Foxtel satellite amplifier (identical to
the original unit) from my wholesaler,
along with a generic spare and an 1BV
power supply.

I connected the brand new Foxtel
amplifier, only to find it was DOA
(dead on arrival) - faulty straight out
of the box! I then fitted the new generic
ampÌifier and set its output for 100d8.
That done, I went to one customer's
unit and measured 70dB at his outlet
which is perfect for Foxtel. But there
was still no Foxtel.

Foxtel use horizontal and vertical
polarisation in their systems, con-
trolled by the power supply, íe, 1'2Y

= vertical and tsV = horizontal. The
question was, which one was being
used? I tried the 1BV power supply I
had with me but no go, so I went back
to my friendly wholesaler and picked
up a 12V power supply. It made no
difference so I left the original 1BV
power suppÌy in place.

Foxtel also uses two local oscillator

fiequencies - LL3GHz and'J.O.7GHz

- to match the appropriate LNB, so
that was the next thing to look at. I
managed to get the locked Foxtel se-
curity code (set-up menu 0611) to get
into the service menu and changed
the local oscillator from 11.3GHz to
LO.7GHz

At last - perfect pictures ! It was then
just a matter of going around to all the
other FoxteÌ owners and readjusting
their menus in the same way.

When the job was completed (all in
the same day), I had time to reflect on
what had probably happened. When
the original fault occurred, there was
a lot of miscommunication as to what
the problem was and too many differ-
ent technicians got involved.

The cause was actually the Foxtel
amplifler but a previous technician
had changed the LNB on the dish
for one with a different local oscilla-
tor ftequency and didn't replace the
original when he found it made it
worse - probably because he was told
to jusi change it and didn't have time
to check the resuÌt.

TCL widescreen TV
Tim O'Brian (not his real name) has

a TCL TFW76BO3 76cm widescreen
CRT TVwhichis about 1B months old,
Unfortunately, it was now cutting off
after just a few minutes of operation,

TCL (Thomson China LtdJ is the
largest manufacturer of TV sets in the
world and also makes sets for maly
other brands such as NEC, etc. TCL is
their own brand name and the sets are
sold with a 3-year warranty, And so,
as the local service agent, off I went to

Tim's address atunit 231123 Mary Stto
do an in-home warranty repair.

I was not familiar with Mary St,
which turned out to be a very long
street with a lot of home units. Any-
way, I soon found number 123 but I
couldn't find unit 23 (the units were
very poorly labelled). I phoned Tim on
the mobile and spoke to his mother,
whose English was not too good, and
explained my predicament.

Unfortunately, our communications
weren't the best so I asked her to come
outside and look out for me or at least
describe some kind of landmark. Even
so, I still couldn't find her or the unit,
so I queried the street address and
neatest cross street.

She kept telling me "unit 231123
Mary St" but the nealest cross street
she nominated was nowhere to be
seen. In the end, I got back into the
car and cruised up and down until
I reached the cross street but I still
couldn't find 123.

It took a long time, interspersed withparts and reduce the dimensions by
about 40%. While the present design
uses a double sided PC board, the
top side of the board is left unetched,
forming a continuous copper ground.
This allows the PC board to be etched
in typical home workshops with ease
as if it was a single sided PC board.
That's the method I used for the ver-
sion pictured.

While I've used standard compo-
nents as far as possible, construction
is not for the faint-hearted. The DDS
chip, for example, is a 28 pin SMD
device with very close pin spacing.
The display connections are also chal-
lenging. Time and care allows both
to be soldered into place but it does
require a good soldering iron with a

fine tip, steady hands, patience and
good eyesight.

I'd suggest building the keyboard/
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display PC board first, Install the
jumpers first, the resistors, then the
buttons, arrd finally mount the display.
The Nokia 3310 display is supplied
mounted on a plastic keypad frame
assembly complete with speaker.

Prise out the speaker - it's just
pressed into a rubber ring - and trim
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SERVICEM'SLOG
Foxing out a Foxtel installation

Fixing TV reception problems in units
can be a real problem, especially if other
technicians have been involved and you
don't know what they've done. It also
doesn't help if you're told that the fault is in
equipment that doesn't even exist.

I recently received a handwritten
work order from the malaging agents
of a block of 12 units, stating that the
antenna amplifler in the basement
needed urgent replacement. Accord-
ing to the order, it was ruining all the
Foxtel reception.

Now Ihadneverbeen to this address
before and knew nothing about it. I
tried phoning tlle agents but tlre man
in charge wasn't available. In the end,

I decided that as I had been contracted
to do the job, I might as well see what
I could do.

When I arrived, I discovered that the
blockwas a securitybuilding to which
I had no access except to the basement,
Inside, I could find no sign at all of a
distribution amplifier, nor any trace
of one ever having being there. There
was, however, a Foxtel amplifier.

The distribution amplifier was prob-
ably up in the roof (which would make
more sense), so I drove to the manag-

ing agent and obtained the key, Back
at the units, I finally got into the roof
area but there was no amplifier there
either. There was, however, ample
evidence to show that there used to be
one because there was an empty box
for one and there were cable fittings
for one to be installed. Fortunately, I
managed to talk to a long-time resident
of the blockwho was pretty cluey and
he told me that there used to be an am-
plifier there but it had been removed
many years ago.

He also told me that what was now
in place at the units was a Foxtel Sat-
ellite System that had beien installed
privately except for the dish and LNB
which had been fitted by Foxtel, It
had been running successfully for a
few years but had failed about two
months earlier a¡rd several previous
techniciars had called but had failed
to frx the problem.

Now the story I had previously been
given had a certain ring of truth about
it, as it is not uncommon for a distribu-
tion amplifier to interfere with Foxtel
tralsmissions. That's because most
technicials invariably run Îree-to-air
transmissions and Foxtel on the same
line through this amplifier. ,A. faultyDC
power supply canthus introduce hum
bars into the distribution amplifler
and severely affect the Foxtel signal,
sometimes to the extent that it prevents
the decoder from working at all.

tor has now been added to the PC board
layout shown in Figure B and 9.

Constructing the DDS/microproces-
sor PC board can start with the instal-
lation ofthe resistors and capacitors.
Then proceed to add the jumpers
and the various through-PC board
connections if your board does not
have plated-through holes. Mount
the microprocessor socket (I strongly
recommend using a "machine sctew"
IC socket for non-plated tìrough PC
boards), the LM393, crystal oscillator
and crystal.

The LM393 does not need a socket.
Complete the board by soldering in the
DDS chip and the ERA-4 MMIC,

The optical encoder should be
added next. Although you can use a
commercial model, Imade my optical
encoder foom parts salvaged from an
old PC mechalical-type mouse. It's
not a diffrcult task - there are enough
bits inside an old mouse for two such
encoders.

It is possible to monitor the two
output pins of the LM393 interface to
confirm correct quadrature waveforms
using an oscilloscope (See Fig.12J
while rotating the encoder.

If you test without the microproces-
sor installed, which is best, you will
need to add temporary pullup resis-
tors on each open-collector compara-
tor output. Any value from 4,7kQ to
100kO works fine for testing, Remove
these once encoder testing is complete,
Fig.L2 shows the ideal waveforms. Ac-
tual outputs have less perfect shapes,
with variable width and timing but
still do the job.

The LCD module and pushbuttons
are mounted on the solder side of the
PC board. This allows the board to be
mounted at the ideal dista¡rce Irom
the front panel for display visibility
and for the buttons to be depressed
tbrough a Lexan or similar flexible
keypad/panel.

Since my workshop facilities
doesn't run to Lexal production facili-
ties, I made a workable flexible front
palel from transparent plastic stick-on
fllm from the local stationery shop and
a laser-printed paper panel overlay,

Unfortunately, -y panel layout is
too long to be printed here but it can
be downloaded from my website (see

references) or from www. siliconchip.
com.au.

The film is layered over the paper
onboth sides ald provides protection
for the display while allowing the
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Items Govered This Month

o Foxtel satellite system

o TCLTFWT6BO3 76cm wide-
screen CRTTV

. Toshiba 42WP48A plasmaTV

¡ TCL 132M6147 LCDTV set

o Dell Latitude D600 notebook
computer

. Ford Falcon XE electrical
problems
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press "Long L". The 'A will start
flashing and then the low-battery
alarm level can be modifred by ad-
justing the pot setting. To turn the
alarm off completely, simply set the
level to oo.oV.

When you have reached the re-
quired level, simply press any but-
ton ald the level will be recorded
(and stored in EEPROM). Then there
will be a beep (if enabledJ and you
will be taken to the Main menu.

Note that the motor will be turned
off automatically when setting the
low-battery alarm level.

$etting the PWM frequency
From tlre Main menu, press "Short

R" three times. You will be taken
to the frequency menu as shown in
Menu 4.

This consists of an 'F' (for "fre-
quency") followed by three digits
with a decimal point indicating a
levelbetween 0.4BkHz a¡d z.BtkHz.
This is the current PWM frequency.
As the frequency increases, the
resolution of the PWM setting de-
creases,

At O,4BkHz (actually 4BBHz) the
resolution is 10 bits. This decreases
to sixbits at7B1.2Hz. Thus, the reso-
lution is at worst six bits or 64 levels
and at best 10 bits or 1024 levels.

While in this menu, press "Long
L" and you will be able to set the
frequency. The 'F'will start flashing
and then the frequency will be modi-
fied according to the pot setting.

When you have reached the re-
quired frequency, simply press any
button and the level will be recorded
and stored in EEPROM. Then there
will be a beep (if enabled) and you
will be taken to the Main menu.

Note that the motor will be auto-
matically turned off when setting
the frequency.

Enabling & disabling
audible cues

From the Main menu, press "Long
L". You will be taken to the set-
tings menu as shor,rm in Menu B. It
consists of 'Â (for alarm) followed
by either'0' or'1' (0 = disable, 1 =

enable) arrd a 'b' (for beep) followed
againby either'0'or'1' (0 = disable,
1 = enable). In this menu, pressing
"Short L" will toggle the alarm set-
ting (enable/disable) and pressing
"Short R" will toggle the beep setting
(enable/disable).

When the alarm setting is disabled,
there wiII be no beeping when the
input voltage falls below the alarm
level. There will still be a warning
flashing on the display, however.
To disable the latter, simply set the
alarm level to 00.0V. When the beep
setting is disabled, audible beeps
emitted by the firmware at certain
points (as when setting certain val-
ues or when the desired speed is
reached) will be blocked.

If you do not want any beeping
from the piezo btvzer, simply set
'A to 0 and'b'to 0. In this menu,
pressing "Long L" will take you to
the Reset Menu, as explained below
Pressing "Long R" will take you back
to tlle Main menu.

Reset menu
Fromthe Mainmenu, press "Long

L" twice. You will be taken to the
Reset Menu as shown in Menu 9.

It consists of the letters 'CL (for
"clear"J followed by two digits and
a decimal point of the form X.X,

The X.X represents the current
version of the firmware, which
for this release stands at 3.0. It is
possible that future releases of the
firmware will add new features or
refinements to critical sections of
the code.

While in this menu, press "Short
L", "Short R" or "Long R" to go back
to the Main menu,

Note, however, that pressing
"Long L" will reset all settings to
the default values and the speed
controller will lock until power is
turned off. When a power-on reset
next occurs, the default values for
the frequency, low-battery level
alarm and audible beeps will be
restored.

This feature is useful for initialis-
ing the firmware variables and for
making sure that you begin fiom a

knov¡n state, Most of the time, it will
not be used.

Memory speed mode
From the Main menu, press "Short

L" to enter memory mode. The dis-
play will be as shown in Menu 6.

It consists of the letter 'C' (for
"constart") followed by a digit from
1-B (indicating one of the eight avail-
able memories), in turn followedby
two dashes.

Now adjusting the pot will select
one of the- eight memories. When
the pot becomes stable for a short
period, the speed of the motor will
be set according to the current value
of that memory.

The displaywill change as shown
in Menu 7. This display still con-
sists of the letter 'C' followed by the
number of the memory but it will
then have a decimal point followed
by two digits representing the speed
percentage lrom 00% to 99% (the
first two letters will flash until the
set speed is reached).

Adjusting the pot will now change
the selected memory and the speed
setting will be recalled from one
of the eight stored memory speed
settings (after a short beep, if ena-
bled),

To go back to normal mode, where
the motor speed is controlled di-
rectly by the pot, simply press any
key, long or short.

Setting the memory
To set one of the eight memory

speed values you press "Long R"
fiom the Main menu. The display
will change as shown in Menu 5. It
consists of the letter 'C' (for "con-
stant") followed by a digit from 1-B
(indicating one of eight memory
settings) and two dashes.

Now adjusting the pot will select
one of the eight memory settings to
store the current value of the speed
of the motor.

When the pot becomes stable for
a short period, the speed of the mo-
tor will be stored at that particular
memory. This can be recalled later
by entering memory mode, as ex-
plained in the previous section.

There will be a short beep (if ena-
bled), indicating that the value has
been stored and you will be taken
back to the Main menu. sc

TV field
strength meter

This TV field strength meter is
based on a tuner module salvaged
from an old Sharp TV although
the circuit can be adapted to most
VHF/UHF tuner modules used in
TVs and VCRs. The pin assignments
are usually stamped on the cover of
the tuner module or may be found
on the bottom of the PC board.

The Sharp tuner is al older model
digital tune¡ with a 75-ohminputfor
VHF and a 300-ohm input for UHF.
Modern tuners now have a single
75-ohm input for the VHF & UHF

bands. OId VCRs can be picked up
cheaply at flea markets and at kerb-
side rubbish collection times,

The IF (intermediate frequency)
pin produces a 45MHz signal (in the
USA) and the IF output level varies
with the incoming signal level. In
fact, the frequency of the IF signal
doesn't matter as it's simply rectified
by diodes D1. & D2. Tbimpot VR3
provides a sensitivity adjustment
for the meter.

The circuit is powered by a
transformer with 8V and 30V AC
secondary windings. The 8V AC is
rectified by bridge BR1 and filtered
to provide the nominal 12V DC rail

+12Y

OPTIONAL MOD FOR MORE SENSIMTY

for the tuner module while the 30V
AC is rectified by bridge BR2 and fed
to potentiometer VR1 is to provide
a tuning voltage range of o-3ov DC.
Potentiometer VR1 is connected to
the AGC input to serve as a gain
control.

If you need more gain to'obtain
reasonable deflection of the me-
ter, transistor Q1 can be added, as

shown.
As presented, the circuitwill give

a useful indication of TV signal
strength and can be used as an aid
for best antenna orientation.

Henry Bowman,
Parsons, Tennessee. ($50)

TI
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As you can see, we pay good money
for each of the "Circuit NotebooK'items
published in Srucoru CHrp. But there are
four more reasons to send in your circuit
idea. Each month, the best contribu-
tion published will entitle the author to
choose the prize: an LCR40 LCR meter,
a DCA55 Semiconductor Component
Analyser, an ESR60 Equivalent Series
Resistance Analyser or an SCR100

Thyristor & Triac Analyser, with the
compliments of Peak Electronic Design
Ltd - see www.peakelec.co.uk

You can either email your idea to
silchip @siliconchip.com.au or post it to
PO Box 139, Collaroy, NSW 2097.

fnteresting circuit ideas which we have checked but not built and tested. Contributions from
readers are welcome and will be paid for at standard rates.
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Alternator controller for
charging deep cycle batteries

determined by the 1MÇ) resistor be-
tween pins 3 & 7, At this point, the
generating system calbe shut dol,rm,
as the best diesel efftciency can only
be achieved if the engine is running
almost fully loaded.

The battery bank should be equal-
ised several times a year. This is
achieved by setting the cut-out volt-
age much higher than normal, usu-
ally around 15V and charging the
batteries to this level. This will cause
gassing in the cells which helps to
mix the electrolyte which otherwise
tends to settle into layers ofvarying
acidic density. Any load connected
to the battery bank should be discon-
nected during this procedure.

D. Edwards,
Taylorville, NZ.

This controller is used for charg-
ing a bank of deep-cycle lead acid
batteries from a 12V alternator
driven by a Lister diesel motor. It
provides three modes of charging:
a hefty initial buìk charge, a pulse
width modulated float charge to
settle the voltage level and, when
required, an adjustable high-voltage
equalising charge. This latter mode
is also useful to reactivate the sul-
phated batteries.

The heart of the circuit is an LM-
311 comparator (ICL) and its refer-
ence voltage at pin 3 is providedby a
78L05 voltage regulator, The battery
voltage is monitored during charging

by a resistive divider which includes
trimpot VR1. Its wiper is connected
to the non-inverting input (pin 2) of
the LM311. If the battery is below
the set reference voltage level, the
alternator fieÌd current is supplied
by transistors Q1 & Q2, setting the
alternator at its maximum charge
current.

When the set level is attained,
nominally 13.8V to 14,2V, the
circuit will switch to PWM mode,
pulsing current into the battery
bank at whatever rate is required to
keep equilibrium, This pulse width
modulation [PWM) is a function of
the hysteresis of the comparator, as/

tTl HE .STRIICTLIRE oI the firmware
I lor the DC Motor Speed Cont¡ol-

ler is shown overleaf in Fig.B, The
transitions between the various
menus are made using the switches
on the display board and are indi-
cated with labelled arrows.

There are four possible switch
presses, either Short or Long and
either the Left (L) or Right (R). Thus,
for example, "Short R" refers to a

short press of the right pushbut-
ton.

Main menu
The Main menu is as shown in

Menu l-. It consists of the letter 'P'
(for "percentage") and three digits
with a decimal point indicating the

range 00.0% to 99,9%. The percent-
age value indicates the fraction of
full speed the motor is currently
running at.

In this mode, the motor's speed
can be adjusted by varying the pot.
The letter 'P' will flash while the
motor's speed increases or decreases
to the new setting. When the current
speed reaches the speed set by the
pot, the letter 'P' will stop flashing
and there will be a short beep (if
enabled).

Since there is a small periodic
window when the pulse width mod-
ulation is turned off by the firmware
in order to read the back-EMF, at fulÌ
speed the reading will not indicate
99.S% butwill achieve its maximum
at around 98% or so.

Monitoring the input voltage
From the Main menu, press "Short

R" once and you will be taken to the
display shor,rm in Menu 2. It consists
of a 'b' (for "battery") followed by
three digits with a decimal point in-
dicating a level from 00.0V to 99,9V
to monitor the battery. For good
voltage accuracy, it is important that
the +5V supply rail be precisely set
using trimpot VR2.

In practice, with the supply rail
to the microcontroller set at 5V the
level will not register any higher
than around 40.1V, This is because
the voltage divider used to derive

the voltage reading consists of 33kÇ)
and 4.7Q resistors. The relatively
high series resistance of 3 7. 7kC) was
chosen to avoid damaging the input
of IC1 if the input voltage goes any
higher than around 40V.

To go back to the Main menu, ei-
ther press "Short L" or press "Long
R". If you press "Long L", you will
set the low-battery alarm level to
91.6% of the current voltage input
level [and then return to the Main
menu). This is a shorthand way to
set the low-battery alarm level when
you know that the batteries are fuIly
charged.

For a typicaÌ 12V battery, they are
fully charged at around 13.8V (with
charger connected) and should not
be discharged beyond ttV.

Press "Short R" to go to the low-
battery alarm level menu.

Setting the Iow-battety alarm
From the Main menu, press "Short

R" twice. You will be taken to the
Ìow-battery alarm level menu as

shown in Menu 3.
It consists of an 'A (for "alarm")

followed by tlree digits which in-
dicate a level between 00.0V and
41.6V. This will show the current
setting of the low-battery alarm or
rather, the voltage level below which
the alarm will sound (if enabledJ.

Whenever the input voltage is
below this level, the display will
flash (with increasing frequency as

the voltage drops) while if the alarm
sound is enabled, there will be a

flash from LED1 and a beep.
To set the low-battery alarm level

. . . continued next page

Emergency light
uses 3w white LED

This simple emergency light is
based on one 3-watt white power
LED. 1.2V AC is applied to a bridge
rectifier and a 10O¡rF filter capacitor
to feed an LM317 voltage regr.rlator.
This is arranged to deliver 7.5V DC
via diode D1 to charge a 6V 4Ah
SLA battery. Diode D1 limits the
maximum battery voltage to 6,9V

ald also prevents reverse current
flow from the battery.

555 timer IC1 functions as an op-
tical comparator and switch. LDR1
is the light-sensing element. When
light intensity is high, LDR1's resist-
ance is low and as a result, the high
level output from pin 3 will turn on
transistor Q1 a¡rd disable the LM317
driving LED1 (in reality, it reduces
the output of the LM317lo 1.25V).

When the Iight intensity is low,

LDR1's resistance is high, the 555's
output switches low and the LM317
is enabled to drive LED1.

(Editor's note: this circuit has no
provision to prevent over-discharge
of the SLA battery if it is left to run
for an extended period. Discharging
a¡ SLA battery below 1.BV per cell
(ie, s.aV for a 6V SLA battery) will

T. K. Hareendran,
Kerala,India. ($35)

1l0T A REPRII|T - Gompletely tE[rproiects - the result of
two yearc reseafch & development
o Learn how engine management systems work

a Build projects to control nitrous, fuel injection and turbo boost systems

o Switch devices on and otf on the basis of signal frequency, temperature and voltage

o Build test instruments to check fuel injector duty cycle, fuel mixture and brake and
coolant temperatures

Mail order prices: Aust. $422.50 (incl. GST & P&P); 0ye¡seæ $426.00 uia airnail.

Order by phoning (02) 9939 3295 & quoting your cred¡t card number; 0r fax the details
to (021 9939 2648; or ma¡l yr¡ur order w¡th Gheque oÌ cred¡t card deta¡ls to Silicon
Chip Publications, P0 Box 139, Gollatoy, llSlIU 2097.
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This view shows the fully
assembled main board. The
assembly details are in next

Fig.7: the yellow trace shows the voltage waveform at the drain
of the Mosfets, the purple trace shows the voltage waveform at
the gates and the cyan traóe shows the voltage waveform at the
PWM output of the microcontroller, Note that transistors Q1-Q3
provide voltage translation by stepping up the 5V output from
the microcontroller to 12-16V. This higher voltage is needed to
ensure that the Mosfets are fullv turned on.

month's issue,

that the microcontroller is reset only
at power-on.

Finally, the rest of the outputs of
the microcontroÌler, namely pins 7-1 7,
are used to drive the optional display
board.

Display board
Fig,2 shows the optional display

board circuit. It connects to the main
board via 12-pin header CON1 and a
ribbon cable.

The display board consists of two
pushbuttons, four 7-segment displays
which are multiplexed by the firm-
ware, four transistors and some resis-
tors, as well as a 74HC595 shiftregister
[rc3).

Pins L & 2 of \2-way connector
CON2 supply +5V to the display board.
Pin 3 is connected to a digital input

of the microcontroller and is pulled
high by a 1kO resistor on the main
board, Conversely, it is pulled low by
the display board. This is used by the
microcontroÌler to detect whether the
display board is connected or not.

P\ns 4-7 of CON1 are used to drive
the transistors Q9-Q12 on the display
board. These transistors switch the
7-segment display cathodes.

Pins B-10 of CON1 are respectively
the CLK, DATA a¡rd OUTPUT ENABLE
lines and these go to the 74HC595 shift
register (IC3). The microcontroller
drives these lines to load a new B-bit
value into the shift register. The out-
puts ofthe shift register are connected
across the four 7-segment displays and
drive the anodes.

Finally, pins 11 & L2 arc connected
to pushbuttons switches 52 & S3 on the
displayboard. They are also connected
to digital inputs on the microcontrol-
ler (which have internal pull-ups
enabledJ and these inputs are used to
monitor I he pushbuttòns.

Next month, we will cover the
construction and troubleshooting of
the speed controller. In the meantime,
take a look at the "Software Features &
Set-up" panel on the facing page.

blow the fuse. If the fuse does notblow
during stall conditions of the motor,
the Mosfets should survive although
they may get very hot.

Warning btzzer
If the circuit is overloaded, the

battery voltage shouÌd drop to the
point where the warning buzzer will
sound.

LED1 a¡rd its 4700 current limiting
resistor are switched by a high level
on the output of pin 3 of the micro-
controller. This is configured as a
simple digital output. It also turns on
Q4 and the piezo beeper. This output
is controlled by the flrmware and can
be disabled.

A 1kO pulÌ-up resistor is used on
pin 4 (reset) of the PIC16FBS-I/P. This
ties the reset pin high which means

DISPI
FND5OO

8C337, 8C557

DISP2

FND5OO

interval to indicate that the timer is
ready. Pin 10 goes high to turn on
LED1 when the timer is counting
down, The same output also drives
transistor Q3 to operate the power re-
lay to switch the lamps on an off,

The details of the 240VAC mains
wiring cal be the same as for the
Light Box Controller in the Nor¡em-
bet 2OO7 issue of StrtcoN CHtp.

The software (Countdownl.bas)
will be available from the SIlIcoN
Cmp website.

CliffWylie,
Leumeah, NSW. ($50)

PICAXE light box
countdown timer

This PICAXE countdown timer
uses two 7-segment displays to
provide a maximum light box ex-
posure time of 99 seconds. Three
pushbutton switches are used to set
the time (Up/Down) and to start the
exposure (Run).

A default time of 3o seconds is
loaded the first time the software
is run and after that the micro (IC1)
stores the last time that was used,
ready for the next run. The last used

I N¿004. _______ n _
AK

setting is saved when the power is
turned off.

Four outputs from the PICAXE
drive a 4511 BCD to 7-segment
decoder (IC2). This drives the two
7-segment displays together with
transistors Q1 & Q2 which drive the
display's common cathodes.

The timing is controlled by 'for
next loops' a¡d the 'pause' com-
mand. The timer counts down
from the selected time in seconds,
to zero.

There are two LEDs. Pin 11 drives
LED2 (green) to flash at a 1-second

REGI h43r7 DI
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drive during this time is 0V.

the operation of the speed controller.
Without them, the high voltages Sener-
ated can and probably would destroy
the Mosfets,

Other protection measures
As already mentioned, diode D1

provides reverse polarity protec-
iion for microcontroller iC1 and the
switchmode supply (IC2l. Zener diode
ZD1, is self-protecting in the case of

siliconchip.com.au

reverse supply conn
if the supply is rev
be a heavy conduct
recovery diode D3
substrate diodes in the four Power
Mosfets. If you are lucky, the 50,{ fuse
will blow before the Mosfets are dam-
aged but there is no guarantee ofthis.
SO DON'T REVERSE THE BÂITERY
CONNECTIONS!

In a similar vein, if the outPuts are

shorted while power is applied, high
current will flow through the Mosfets,

Again, if you are luckY, the 50,t fuse

*ili blo* before the Mosfets go up in
smoke. In reality, the 504 fuse is there
to stop a firel SO DON'T SHORT THE
OUTPUTS TO THE MOTOR'

If the motor is under heavY load and

becomes stalled, high currents will
flow in its armature' DePending on

the motor's rating, this may or may not

C:t¡l RllS lu- ev
lJ:fD Haxiniln Jl-0V
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Fig'2: the display circuit interfaces to the microcontroller & uses a 74HC595 shift register (IC3) & transistors Qg-
Q1'2 to drive four 7-segment LED displays. Switches 52 & 53 are used to control the ãisplay & for software set-up,
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BATTERY I

1

T

Simple Mosfet
tester

This simple tester checks both
N-channel and P-channel Mosfets. It
checks for shorts betr,veen gate, drain
and source and also distinguishes
between N and P-channel Mosfets.

IC1 is configured as an astable
multivibrator to run at about 2Hz,
as determined by the components at
pins 2, 6 &7.1C2, another 555 timer,
is used simply as an inverter. Hence
the two pin 3 outputs of IC1 & IC2
are in anti-phase.

These two pin 3 outputs are fed
out via 330Q resistors and LEDs 1 &

2, paralleìed with diodes D1 & Dz.
From there, the anti-phase signals
are connected to the Mosfet under
test via a 3-pole 4-position rotary
switch. The three sr,r'itch wipers
are connected to terminals labelled
"gate", "drain" and "source".

The switch settings correspond to
the following tests: Test L checks for
a short between the gate and source.
If a short exists, alternating current
paths are provided via LED1 and
LED2 (ie, the LEDs alternately turn
on and ofÐ. Test 2 checks for a short
between the gate and drain. If there
is no short, no LEDs will light.

Test 3 provides a positive bias to

the gate, while the drain and source
are connected to the LEDs. If the
Mosfet is N-channel, both LEDl and
LED2 r,r'ill blink. If the Mosfet is P-
channel, only LED2 will blink.

Test 4 provides a negative bias to
the gate, while the drain and source
are connected to the LEDs. If the
Mosfet is P-channel, both LEDl and
LED2 will blink. If the Mosfet is N-
channel, only LEDl will blink.

If the Mosfet's drain and source are
shorted, both LEDl & LED2 will flash
in tests 3 and 4, for both N-channel
and P-channel Mosfets.

Henry Bowman,
Parsons, Tennessee. (9451

PC cooling
fan driver

This circuit can be used to control
a fan in a computer or equipment
cabinet, It's based on an LM35 ana-
log temperature sensor which has
an output voltage that's directly
proportional to temperature in oC.

Its output signal is fed to a C,\3130
op amp (IC2J which is connected as
a comparator.

IC2 switches on the fan via transis-
tors Q1 & Q2 vvhen the air tempera-
ture is above that set by VR1. LED1
lights whenever the fan is running.

Power for the circuit comes f¡om
the +5V and +12V rails in a PC and
can be derived from a spare 4-pin

supply connector (use a Y-adaptor if
necessary). The red wire is +5V, yel-
low is +12V and the two black wires

are the common/ground leads.
T. K. Hareendran,
Kerala,India. (935)

ensure minimum heat dissipation (low
on-resistance).

The PWM output of ihe PICI6FBB
(adjusted by firmware) appears at pin
6 and drives transistor Q3 which then
drives complementary transistors Q1
& Q2. Q1, Q2 & Q3 thus provide buff-
ering and voltage level translation for
IC1's PWM output to drive the gates of
Mosfets Q5-QB via 15Q resistors.

Note that these resistors need to be
relatively low in value (ie, 15Ç)) in
order to ensure quick charging and
discharging of the gate capacitances.
That's because the gate capacitance
of these Mosfets can be quite high, of
the order of s0oo-t0,00opF each. Ifthe
gate charging time is too long, the Mos-
fets will spend too much time between
the on and off states and this wilÌ lead
to much higher heat dissipation.

In fact, the gate voltage transitions
need to be very fast, ofthe order of 1¡rs
or less, This has been accomplished,
as shown by the oscilloscope screen
grab of Fig.4.

The specified Mosfets are from
International Rectifi er, iype IRF1405.
This is a 55V 169,A. N-channel Hexfet
with an exceptionally low on-resist-
ance (Rds) of 5.3 milliohms (5,3mQ)
typical. Their pulse current rating is
a stupendous 6804.

The IRF 1405 is specifically intended
for automotive use, in applications
such as electric power steering, anti-

34 StucoN Cntp

lock braking systems (ABS), power
windows and so on and is therefore
ideal for this speed control applica-
tion.

Why four Mosfets?
In fact, since the ratings of this Mos-

fet are so high, you might think that
just one device on its own would be
enough to handle the 40,A. rating of this
speed controller project. So why are
we using four Mosfets in parailel?

As always, real world use brings us
down to earth. For a start, we are using
these Mosfets without heatsinks, apart
from the vestigial heatsink effect of
their being bolted to and connected to
the copper side ofthe PC board - not
much heatsink benefit there. Their
thermal characteristic is 62'C per watt
fjunction to ambient), assuming that
are mounted in free air (which they
are not),

Assuming an ambient temperature
of 25'C and an on-resistance of 1,OmQ
(conservative), we can approximate
the temperature of the Mosfets at
their highest operating current (10,{
per Mosfet for a total of 40,t), At 10,\
and 10mÇ¿ on-resistance, the power
dissipated is: 102 x.01 = 1W

This means that the temperature of
the case will be approximately: 25 +
62 x'1. = B7"C

This means that at full current, the
Mosfets will be very hot to the touch.

Careful: they will burn you. Our meas-
urements produced a top temperature
of around 77"C after a test period of
half an hour.

In practice, even with much higher
ambient temperatures, the Mosfets
shouÌd not get quite this hot because
in "real world" operation, the speed
control is not likely to be providing
full power to the motor on a continu-
ons basis. Af 24V and 404, the motor
would have 960W applied (ie, more
tha¡r 1HP) and this equates to relatively
high power operation.

Protection
Zener diodesZD2-ZDï are included

to protect the Mosfets from excessive
gate voltages. In normal circuit opera-
tion, these zener diodes do nothing.

Additional protection for the drains
of the paralleled Mosfets is provided
by 33V 5W zener diode ZD6, in paral-
iel with a 100nF capacitor. The zener
is there to clip any residual voltage
transients which get past fÌne 22OO¡I"F
low-ESR input filter capacitor.

The Mosfets are further protected by
fast-recovery diode D3 and its parallel
22OnF capacitor. These parts are wired
across the motor terminals and are
used to suppress the high back-EMF
spikes caused by the armature induct-
ance when the motor is switched off
by the Mosfets.

These components are crucial to
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Developed by Phitips over ?S vrgrs ago, the Izc bus is now
ã weil-ästabÍished ätandard for low tõ medium-speed data
communication between ICs. However, its basic operation

still isn't well understood, except by people in the chip design
business. Here's a quick prinier io briñg you up to speed'
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in consumer gear such as cai radios,
stereo systems and TV sets, PhiliPs
developed a low-cost interfacing tech-
nique for allowing the various ICs

in a svstem to exchange data at a

Iow to medium sPeed. TheY called
it the "Inter-Integrated Circuit" or
"I-squared-C" (I2C) bus and it rapidly
became very widely used for data com-
munication between ICs in aÌl kinds
of equipment.

These days, tzC is found not just in
consumer audio and video gear but in
computer and industrial equipment
as well. In fact, it's now used in over
1000 ICs, made bY more than 50 dif-
ferent companies worldwide. So it's
well worth knowing how this verY
versatile bus works,

IzC is usually described as a 2-wire
synchronous serial bus, although
sirictly speaking it's a 3-wire bus
because the PC board's ground line
is also an essential part of the com-
munications link. The two nominal
wires or "lines" are the data or SDA
Iine and the clock or SCL line' Both
ofthese lines are regarded as bidirec-

72 stttcoN cntp

tional and to allow this they are both
used in wired-OR or "open drain/open
collector" mode.

This means that both lines are con-
nected to the PC board's positive sup-
ply rail only via pull-up resistors and
ãan only be pulled down to logic low
for ground potential) by the circuitry
inside the chips connected to the bus
lines. So strictly speaking, any chip
connected to the SDA or SCL lines

but if none of the
lines are Pulled
resistors. This is
bus" condition,

incidentally.
In its most basic form, IzC is used

for "master-slave" communication
- where one device takes control of
the bus as the master, to send data
to or request data from another de-

vice acting as the slave. It's true that
because both the SDÂ and SCL lines
are bidirectional, any device on the
bus can initiate a data transfer as the
master and similarly, any device can
play the role of the slave.

So the IzC bus can oPerate as a
multi-master bus and in fact its of-
ficial specification provides for bus

contention and resolution situations,
where two devices try to take control
of the bus at the same time' However,
in most common aPPlications, there
is a single master device (usually a
microcontroller) and the rest of the

devices are used as slaves' These slave
devices may be digital tuning chips,
controlled-gain amplifier or filter
chips, video switching or processing
chiþs, EEPROM memories and LCD
panels, etc.

Fig.1 shows the basic master-slave
IzC interface circuit' As shown, there
are really three lines between the
master and slave chiPs: SCL, SDA and
ground. The external puìl-up resistors

[Rp) provide the onlY connections
beiweìn the SCL and SDA lines and

be
the
en-

drain Mosfets connected internally
to their SDA Pins' SimilarlY, both
chips can monitor the logic levels on

the SDA line, via the Schmitt trigger
inverters which are also connected to
their SDA pins.

The circuitry connected to the SCL

siliconchip.com.au siliconchip.com.au
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3081,

ìrm¡nal

-,.c1

-, r-rT toggle switch (S1)
1 504 sAG fuse (F1) (Jaycar

sF1 976)
1 604 sAG fuseholder (Jaycar

s22065)
1 12-way pin header (Altronics

P-5502)
'1 200mm length 16-way rainbow

cable
1 PC-mount minipiezo beeper

(Jaycar 483459 or equivatent)
1 220¡tH inductor (L1) Jaycar

LF1276 or equivalent)
1 1OkO 16mm PC-mount linear

single-gang pot (VR1)
1 500Ç) horizontaltrimpot (VR2)

Semiconductors
1 PlCl 6F88-l/P microcontrotter

programmed with 091 03084.
hex (lC1)

'1 MC34063 switchmode DC-DC
converter (lC2)

1 B,C327 PNP transistor (Q1)
3 8C337 NPN transistors (Q2-Q4)
4 lRF1405 N-channel Mosfets

(O5-O8) (Jaycar zT 2468)
1 1N4004 diode (D1)
1 1N5819 Schottky diode (D2)
2 MBR20100CT 204 diodes

(JaycarZR1039) OR
1 40EPF06PBF 404 ultra{ast

diode (Farnell 91 0-1 s60) (Dg)
5 1N4745 16V 1W zener diodes

(zD1-ZDs)
2 1 N5364BG 33V 5W zener

diodes (ZD6-ZD7) (Farnel I

955-821 7)

The two pushbuttons are sensitive
to two types of presses, short and long.
A short press is of the order of half a
second or less while a long press is
one around one second.

To change a setting, a long press
is usually needed. This prevents
unwanted changes to the settings,
which are stored in EEPROM and thus
recalled at the next switch on,

Because of the capabilities offer-
ed by the PIC microcontroller, we

32 Stuco¡tt Catp

1 3mm red LED (LED1)

Capacitors
1 2200¡tF 50V low-ESR

electrolytic (Altronics R-6207)
1 470¡tF 'l6V electrolytic
1 100pF 63V electrolytic
1 'l00pF 25V electrolytic
1 1O¡rF 25V electrolytic
3 4.7¡tF 16V electrolytic
1 220nF 100V MKT polyester
1 100nF 100V MKT polyester
3100nF monolithic
1 470pF ceramic

Resistors (0.25W, 1%)
100c¿
56C¿

22A lW
4 15O
31c)

Ilisplay Board
1 PC board, code 09103082,

73mm x 58mm
1 SPST PC-mount momentary-

contact switch, yellow (Jaycar
SP07 22; Altronics S- 1 097) (S2)

1 SPST PC-mount momentary-
contact switch, red (Jaycar
SP0720; Altronics S-1095) (S3)

'1 16-pin DIP lC socket (optional)
1 100nF monolithic capacitor

Semiconductors
1 74HC595 shift register (lC3)
4B,C337 NPN transistors

(oe-o12)
4 7-segment common cathode

red LED displays (Jaycar
2D1855; Altronics Z-0190 )

Resistors 10.25W, 1'/ol
4 470A
I 39c¿

have been able to incorporate a large
number of features into the firmware,
as described in the separate palel later
in this article.

Circuit description
The circuit for the speed controller

is shor,rm in Fig.1. As n6ted previously,
it can work wilh 12Y or 24V batteries
but has been optimised for operation
at 24Y. Within the circuit itself, there
are two separate voltage rails: +bV for

the microcontroller and +16V for driv-
ing the gates of the Mosfets. Both are
derived fìom the +24V input supply.

The main input supply is filteredby
a 2200¡t"F low ESR capacitor, to mini-
mise high-voltage transients which
can be produced by the inductance
of the battery connecting leads. This
capacitor is absolutely vital to the
proper operation ofthe speed control-
Ier at high currents.

51 is the power switch and diode
D1 protects the low-power part of
the circuit (IC1 & IC2) from reverse
polarity. A22f2 lWresistor, a 33V 5W
zener diode (ZD7) anda100pF capaci-
tor also protect the MC34063 IC fiom
transients on the supply rail,

The filtered supply is then fed to
the MC34063 [IC2) which operates
in a standard step-down converter
configuration to provide the +5V rail.
Three 1Q resistors between pins 6 & 7
are used to set the maximum switch-
ing current, The output voltage is set
by the voltage divider associated with
trimpot VR2,

Only about 200mÂ is ever drar,rm
from this supply and most of this is
used to drive the display.

IC1 is the heart of the circuit and is
the popular PIC16FB8 microcontrol-
Ier which incorporates a number of
peripheral functions. Of these, the
timers, hardware PWM (pulse width
modulation) ald three ADC inputs
are used.

The three ADC inputs used are at
pins 1, 2 & 1,8, As these need to be
within the 0-5V ralge, voltage dividers
consisting of33kQ and 4.7kO resistors
are used to scale both the input voltage
rail (which could be as high as 29V)
and the back-EMF fiom the motor, to
be fed to the ADC inputs at pins 1 &
18, The ADCs convert the monitored
voltages to 1O-bit values.

The +16V rail is used as the gate
drive supply for the Mosfets and is
derived from the 24V supply via a
1kO resistor and a 16V 1W zener
diode (ZD1), Bypassing of this rail
is particularly importart and is ac-
complished using 100pF and 100nF
capacitors neat ZDL and adjacent to
the transistors Q1 & Q2.

If the battery supply is to be 12V
the 1kQ resistor feeding ZD1 should
be reduced to 100,Q, In this case, the
supply will actually be between 12V
and 14V (depending on the actual bat-
tery voltageJ; still enough to provide
adequate gate drive for the Mosfets and

pin inside each chip can be identical
to that connected to the SDA pins.
However, if only one device is to act as
the master, it only needs an open-drain
Mosfet connected to the SCL pin (as

shown in Fig.1) because itwill always
be providing the SCL clock pulses.
Conversely, when other devices are
only being used as slaves, they only
need the Schmitt trigger inverter to
"receive" the SCL clock pulses.

The next thing to note is that al-
though Fig,1 only shows a master
device with a single slave device, the
IzC bus can be used to connect one or
more masters to many slave devices
- as many as LL2 different devices in
fact, These slawe devices are simply
connected to the SCL and SDA lines
in "daisy chain" fashion, as shown
in Fig.2.

Starting and stopping
Before al I2C data transfer operation

or sequence can take place, the master
device must check to make sure that
the bus is idle; ie, both the SCL and
SDAlines mustbe atlogic high.If so, it
then takes control of the bus by pulling
down the SDA line while leaving the
SCL line high.

This is described as setting up a
"Start condition" ald announces to
all other devices on the bus that a data
transfer is about to take place, The Start
condition can be seen on the left in
the SCL and SDA waveforms shown
in Fig.3(a).

We'll look at the actual data tra¡rs-
fer operations in more detail shortly.
For the moment, Iet's look at the way
the master device signals the end of a
data transfer sequence, by setting up
a "Stop condition",

As shown on the right of Fig.S(a),
this is simply the reverse of the Start
condition. The master device releases
control of the SCL line frrst, so that it
goes high, then it releases the SDA
line so this also goes high (ie, after
the SCL line goes high), Both lines
are then high, thus returning the bus
to the idle condition.

So this is the basic format of an I2C
data transfer sequence: Start condi-
tion, the data tra¡rsfer itself and then
the Stop condition - aII under the
control of the master device.

Now let's look more closely at the
fine details.

Data transfer
The master device controls all data

siliconchip.com.au

FIG.I: BASIC MASTER-SIAVE I2C INTERFACE

SLAVE DEVICE 1 SLAVE DEVICE 2

IIG.2: I2C BUS WITH ONE MASTER, I'IINV SLAVES

2 33kO
2 4.7kO
1 3.6kO
6 1kO
2 470c)

transfer on the IzC bus, as this is the
device that toggles the SCL line to
produce clock pulses - one positive
pulse for each data bit, as shown in
Fig.3(b). The data bits themselves are
conveyed on the SDA line, which must
be stable when the SCL line is high,
All logic level changes on the SDA
line must occur between clockpulses,
when the SCL line is low.

Basically, all data is sent over the I2C
bus this way, as serial eight-bit bytes
with the most significant bit (MSBI
first. This is shown in Fig,3(c), which
also shows the next important thing
you need to know about I2C operation:
after each data byte is sent, the receiv-
ing device musf "Acknowledge" that
it has been received.

This is normally done by the re-
ceiver pulling down the SDA line
while the master device provides a
ninth clock pulse on the SCL line.
Which device pulls dor,r¡n the SDA line
to acknowledge reception depends on
the direction of data transfer: if the
master is sending data to a slave, the

slave device must acknowledge. On
the other hand, if a slave is sending
data to the master, the master itself
must acknowledge.

In other words not only is acknowl-
edging mandatory after each byte but
it is the receiving device which must
do the acknowledging. As noted above,
the acknowledge is usually done by
pulling the SDA line low during the
ninth clock pulse, known as "ACK",
but there are some situations where
the receiving device acknowledges
by leaving the SDA line high. This is
knonm as "ACK-bar" a¡rd we'll look at
it more closely soon.

Addressing
By now you're probably wondering

how the IzC master device can selec-
tively communicate with one particu-
lar slave device when there may be a
number of slaves on the bus. That's
easy: the first data byte sent out by the
master after it grabs the bus and sets
up the Start condition is an address
byte, specifying which slave device
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Fis.3(o): BASIC l2C DATA EXCHANGE SEAUENCE

scr ls HIGH SCt lS tOW

Fig.3(b): DATA (ADDRESSI BIT TRANSFER

each device as having two addresses
on the I2C bus - one address for writ-
ing data to it and the other for reading
ftom it. For example, a device might
have al effective write address of say

42h [01000010 binary) and a read
address of 43h (o1oooo11). This is
really the same device address, with
only the final read/write bit changing
in value.

By the way, the current IzC specifica-
tion also provides for 1O-bit extended
device addressing as an alternative to
the 7-bit addressing scheme. However
10-bit device addressing is apparently
not used much yet.

Single byte transfers
To make basic I2C operation a little

clearer, let's now take a look at Fig.4(a)'
This shows the sequence of operations
involved in amaster device taking con-
trol ofthe bus, addressing a particular
slave device and then writing a single
byte of data to that device.

As you cart see, the sequence begins
with the master setting up the Start
condition (S) and then sending the
7-bit address of the slave it wants to
receive the data. lt then follows with
zero in the eighth bit (R/W-bar) posi-
tion to indicate that it wants to "write "

or send the data.
If that particular slave device is

present
cept the
pullingt
master s

edge) clockpulse. None of the devices
on the bus with other addresses will
respond.

Following this acknowledgement,
the master then sends out the eight bits
of the data byte itself, after which the
slave device must respond again with
an acknowledge bit. Once the master
detects this second acknowledge, it
sets the Stop condition (P) to signify
the end ofthe transfer and release the
bus lines.

Reading a single data bYte from a
slave device is very similar' Fig.+(b)
shows the details, Here the master
device again sets up the Start condition
[S) and sends out the 7-bit address for
the slave device it wants to read the
byte from, Now comes the first dif-
férence, because in this case it sends

out a '1' for the eighth RiW-bar bit, to
indicate that it wants to read back a

data byte from the slave,
Ifthe addressed slave is present and

ready to sendback the databyte, it then

if the speed tends to drop, more power
is fed to the motor and vice versa'

The frequency of the Pulse width
modulation can be set from 4BBHz fo
7B12Hz. This is a useful feature since

different motors will have differ-
ent frequency responses, as well
as different resonant frequencies.
This is important to reduce the
audible brzzing ftom the Pulse
width modulation, as these fre-
quencies are well within the
range ofhearing.

By now you're probablY won-
dering how the microcontroller

monitors the back-EMF of the mo-
tor, considering that the motor is

continuously driven with pulse-width
modulated DC. The answer is that the
micro periodically turns off the PWM
signal to the motor for iust enough time
for the back-EMF to stabilise, This
"window" needs to be wide enough
to ensure that we are measuring back-
EMF and not the spike generatedby the
Iast PWM pulse. On the other hand, we
don't want the window so wide that
the maximum power to the motor is
significantly reduced or that the motor
noticeably sIows,

The compromise value is that the
motor is monitored for 200Ps everY
7.4ms (ie, about 135 times a second),
as shown in the scoPe diagrams in
this article. As a result, the fact that
we do monitor the back-EMF around
135 times a second means that the
power applied to the motor is slightly
less than the theoreticaL maximum,
although this effect is negligible.

Â low-battery alarm is also incorpo-
rated to warn when the battery level
drops below a preset value. This is
especially useful for applications like
electric wheelchairs.

There are also eight memorY sPeed

settings. All settings are persistent,
meaning they are retained in non-
volatile memory.

Soft start
When the motor is switched off,

perhaps by an external switch in series

with one of its terminals, the voltage
at the drain of the Mosfets will be
0V [this is due to the voltage divider
used to scale the back-EMF voltage
to within the operating range of the
microcontroller). The microcontroller
converts this analog value to a digital
value using an on-board ADC (analog-

to-digital converter).
The fi.rmware detects this 0V con-

Good speed regulat¡on u¡

load

Automatic soft-start and fast
switch-off

Eight memory settings

4-digit 7-segment disPlaY

Variable frequencY for Pulse
width modulation (PWM)

Battery level meter

Low-battery alarm

Persistent settings & defaults

Rated up to 40A continuous
current
12-24V DC inPut voltage

dition and sets the duty cycle of the
PWM to 0%. This ensures that when
the motor is switched in, its speed will
inctease gradually fiom the stationary
state to the desired speed setting.

Turn-on curtents for motors can be

very high and it is desirable to reduce
these surge currents as much as pos-
sible. That is why the automatic soft-
start feature has been incorporated into
the firmware. It will ensure that the
motor is brought uP to the set sPeed

gradually.

Fast switch-off feature
Another feature that has been in-

corporated into the fi.rmware is the
so-ãalled "Fast-off" feature, This
means that the dutY cYcle of the PW
modulation is setto 0% (turning off the
motor) whenever the selected speed
setting of the pot goes to 0%. Rather
than decreasing the speed gradually,
setting the pot to its lowest setting
turns the motor off immediatelY.

This design also incorPorates our
extensive experience with previous
speed controllers featured in Sntcox
CHrp, As a result, it uses four high-
current Mosfets to do the switching
(pulse width modulation), uses very
wide tracks on the PC board and heavy-
duty (a0A) terminal blocks to carry the
heavy curtents.

User interface
Two pushbuttons oh the disPIaY

board are used to navigate through
the menus, while the Pot is used both
to vary the speed and to vary certain
settings,

a
a
a

a
a
a
a

Fis.3(c): DATA IADDRESS) B\TE TRANSFER WITH ACKNOWTEDGE

L----

ACKNOWIEDGE
BY RECÊMNG

DEMCE

usefuI for devices like EEPROMs and
other memories, where You might
want to have a number of them on the
same bus. Each device can be given
its own unique address to Prevent
confusion.

Because the IzC address code uses

seven bits, tlis means that in theory
you shouldbe able to have amaximum
of 1,28 [27) devices connected to the
same bus, However, as Part of the
IzC specification, 16 of the possible
address codes are reserved for either
special or future purposes, so in prac-
tiìe you can only have a maximum of
112 different chips on the same bus,
That's still more than enough to handle
the vast maiority of situations.

By the way, since the read/write bit
effectively forms the eighth bit of the
address byte, it's quite valid to regard

it wants to communicate with. It also
specifles whether it wants to write data
to the device or read back data from
it. Basically, the first seven bits of this
flrstb¡e form the actual slave address,
while the eighth bit specifies aread [t)
or a write (0) operation.

This addressing scheme is Part of
the IzC bus specification and devices
designed to communicate via the
IzC bus are given unique addresses
(licensed to the chip maker bY NXP,

the current name for Philips Semicon-
ductors). In some cases the address is
built right inside the chip and can't
be changed, while in others it can be

set to one of a number of addresses
in a range allocated to that device, by
tying one or mote of its other pins to
Iogic high or low.

The latter arrangement is especially
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circuit must monitor the back-EMF
of the motor, since this parameter is
directly proportional to its speed.

As aresult, ournew speed controller
monitors the back-EMF of the motor,
"Back-EMF " is the voltage generated
by any motor to oPPose the current
through the windings, EMF stands for
"electromotive force" and is an obso-
lete term for voltage. Back-EMF is di-
rectly proportional to the motor speed
and so by monitoring this parameter,
we have a means of controlling and
maintaining the motor sPeed.

In practice, the main control looP
of the microcontroller tries to match

power Mosfets that control the motor
is gradually increased, In other words,

síl¡conch¡p.com.au
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Want to control a really big DC motor? This circuit can
handle 72Y ot zaV DC motãrs at currents up to 4OA.

S = START CONDITION

A = ACKNOWIEDGE (SDA LOWI

P = STOP CONDITION

ol
WRIÏE

f 
FR.M MA'TER To srAVE 

I 
FR.M srAVE To MASTER

Fis.4(o!: MASTER WRITING A SINGLE DATA BYIE TO A SIAVE DEVICE

r=1 1

READ A = NOT ACKNOWT.EDGE (SDA

Fis.4(bl: MASTER READING A SINGLE DATA BYIE FROM A SIAVE DEVICE

Fig.4(cI: MASTER WRITING MULTIPLE DATA BYTES TO SIAVE DEVICE SUBADDRESSES (IN SEAUENCEI

This 12V or 24V high-current DC Motor Speed Controller is rated
at up to 40,{ (continuous) and is suitable for heavy-duty motor
applications. All control tasks are monitored by 

" 
microcontroller

and as a result, the list of features is extensive.

Sr = REPEAT START CONDITION
rJ

READ
1

A = NOT ACKNOWTTDGE (SDA

rfrHls COMPLETELY NEW speed
I controller is based on a PIC16FBB

microcontroller. This micro provides
all the fancy features such as bat-
tery monitoring, soft-start and speed
regulation. It also monitors the speed
setting potentiometer and drives a
a-digit display board which includes
two pushbuttons.

The a-digit displayboard is optional
but we strongly recommend that you
build it, even if you only use it for
the initial set-up. It unlocks the full
features of the speed controller and
allows aÌl settings to be adjusted, The
microcontroller will detect whether

30 StLtcoN Cutp

the display board is connected and if
not, the speed controller wilÌ support
only the basic functions. In this sim-
pÌe mode, it will function as a simple
speed regulated controller with auto-
matic soft-start and with the speed be-
ing directly controlled by a pot (VR1).
,{il the other settings will be the initial
defaults or as last set (with the display
board connected).

When connected, the a-digit display
allows you to monitor the speed and
the input voltage (useful when running
from a battery). It also enables you to
navigate through the various menus
to adjust the settings,

The circuit can run ftor¡l1.2Y or 24Y
batteries and can drive motors (or re-
sistive loads) up to 40-A, Furthermore,
this is our first DC speed controller
(except for out train controllers) incor-
porating speed regulation under load.
In other words, a given motor speed is
maintained, regardless of whether the
motor is driving a heavy load or not,

Monitoring the back-EMF
In speed controllers which do not

have good speed regulation (ie, the vast
majority of designs), the more a motor
is Ìoaded, the more it slows down. In
order to provide speed regulation, the

Fig.4(d): MASTER READING A SINGLE DATA BYTE FROM A SIAVE DEVICE SUBADDRESS

Sr = REPEAT START CONDIT|ON

A = NoT AcKNo*,loo, rsDA H'GH)

Fis.4(e): MASTER READING MULTIPLE DATA BYIES FROM SLAVE DEVICE SUBADDRESSES (lN SEAUENCE)

ZÐIT SLAVE DEVICE ADDRESS 88IT SLAVE SUBADDRESS (STARTING}

ZÐIT SIAVE DEVICE ADDRESS

7ÐIT SIAVE DEVICE ADDRESS

ZÐIT SI,AVE DEVICE ADDRESS 83IT SLAVE SUBADDRESS (STARTING)

ZÐIT SI,AVE DEVICE ADDRESS
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Poromeler Stondordrnode Fosl'mode Fostmode Plus

SCL clock frequency r100kb/s 0-400]<b/s 0-l Mb/s

SCL clock low time 4.7ys min 1.3ps min 0.5¡-rs min

SCL clock high time 4.0¡rs min O.ó¡rs min 0.2óps min

Setup time, S or Sr condifion 4.7ps min 0.óps min 0.2ó¡rs'min

Hold time, S or Sr condiilon 4.0¡rs min O.óps min 0.2ó¡rs min

Dotn selup time 250ns min l00ns min 50ns min

Doto volid time 3.45¡rs mox 0.9¡rs mox 0.45ps mox

Acknowledge dotu volid time 3.45¡rs mox 0.9¡rs mox 0.45ps mox

Rise time, SCL or SDA sigs I ¡rs mox 300ns mox I 20ns mox

Foll time, SCL or SDA sigs 300ns mox 300ns mox I 20ns mox

Setup lime, sìcp (P) condition 4.0¡rs min O.ó¡rs min 0.2óps min

Busfreetime, P-Scond's 4.7ps min L3¡rs min 0.5¡rs min

low level ouþut cunent 3mA min 3mA min 20mA min

Ouput low volh (3mA sinkl 0.4V mox 0.4V mox 0.4V mox

High level vohs, SDA or SCL Vdd + 0.5V mox Vdd + 0.5V mox Vdd + 0.5V mox

Shunt C, SDA or SCL lines 400pF mox 400pF mox 550pF mox

Copocibnce br eoch l/O pin I OpF mox 1 OpF mox 1 OpF mox

acknowledges the request by pulling
the SDA line low [A) for the ninth
clock pulse. Then when the master
sends out a further eight clock pulses
on the SCL line, the slave toggles the
SDA line to transmit the databits back
to the master.

Now comes the second change. Al-
though it's the master that now has to
acknowledge that it has received the
data byte from the slave, it doesn't do
this by pulling the SDA line down on
the ninth clock pulse as before for a

normal acknowledge (A)' Instead, it
leaves it high for a not-acknowledge
(A-bar). Can you guess whY? It's be-
cause this is the only way the master
can indicate to the slave that the
transfer is ending and no further data
bytes need be sent.

Finally, the master ends the se-

quence as before by setting the Stop
(P) condiiion and releasing the bus
lines.

Remember that in both Fig'a(a) and
Fig.a[b), all the clock pulses on the SCL

line are provided by the master device,
It also sets the Start and Stop condi-
tions, specifies the slave address and
specifies whether the data byte is to be

written to the slave or read from it,

Device subaddresses
Although each device connected to

an IzC bus has a single main address,

Z6 StLtCO¡rt Cutp

the I2C specifi.cation does allow it to
have multiple secondary or subad-
dresses. This canbe very useful where
a device such as an audio or video
processor chip needs to have manY
registers or latches to store its various
control parameters, or in the case of a
memory device, to store the data,

Since a complete secondbYte canbe
used to specify the device subaddress,
this means that a complex device can
have as many as 256 subaddresses (28)'

This may sound like more thal enough
but some very complex video process-
ing chips do need over 180 different
subaddress registers to store their set-

up parameters and status bYtes. 
_

Fãrtunately, devices which do have
multiple subaddresses usually have an
additibnal handy feature: a subaddress
"pointer" register which automatically
increments after each data byte write
orread operation. This allows amaster
device to w¡ite a string of data bytes
into successive subaddress registers,
or read data b¡es back ftom them, in
a single multi-byte operation. All it
needs to do is speci{y the starting sub-
address first and then send or receive
the data bytes one after the other.

Multi-byte transfers
Fig. (c) shows the sequence of oP-

erations involved for a master device
to write a number of data bYtes into

successive subaddresses in a slave
device. As you can see, the sequence
begins as before with the master setting
upthe Start condition (S), followedby
the main address of the slave device
which is to receive the data, Plus an
R/W-bar bit of zero to indicate a data
write.

When the addressed sLave device
acknowledges (A), the master then
sends a second byte sPecifYing the
starting subaddress. Then, after the
slave acknowledges again, the master
simply begins sending the data bytes
themselves, one after the other, The
slave acknowledges the receiPt of
each databyte and saves them in con-
secutive subaddress registers, starting
with the subaddress specified by the
master,

Finally, after the last data bYte has

been sent ald acknowledged, the mas-

ter sets up the Stop condition (P) and
releases control ofthe bus. As before,
all the clock pulses on the SCL line are
ob

c
b
ferences - see Fig.a(d).

As before, the master sets uP the
Start condition (S) and sends the main
slave address plus an R/W-bar bit of
zero to indicate a write. Then, when
the slave acknowledges, the master
again sends a second byte specifying
the slave subaddress and waits for the
slave to acknowledge.

But now things take a different
course, because the master now has to
set what is known as a "repeat start"
condition (SrJ, to signal that it is still
controlling thebus (note: arepeat start
condition is virtually the same as a

normal Start condition except that
it does not follow a Stop condition),
It then sends the main slave address
again but this time with an R/W-bar bit
oi " r " to indicate that it wishes to read
a byte rather than write one.

,A.fter the slave acknowledges this
repeated slave address byte, it then
sends back the data bYte from the

specified subaddress, toggling the
SDA line as before in sYnchronism
with the SCL clock Pulses ftom the
master. Following the last databit, the
master must acknowledge, of course,
but if this is the one and only byte to
be read back the master does so not by
pulting the SDA line low for a normal
ãcknowledge butby leaving ithigh for
a NACK (A-bar). This is to indicate to

temperature peaked again and crept
downwards once more. Once it had
dropped to about 165' I carefullY
op"nãd the door, so the drawer and
tray slid outwards.

Thenl examinedthe SMD chiP with
a magnifying glass, only to discover
that itress relief 'ping' at 200' had
caused the SMD chiP to be jolted out
of position. The reflow soldering had
actually occurred quite nicelybut with
the chip and its leads in the wrong
position. Botherl

However, the overall result still
confi.rmed that the snack oven was
quite suitable for reflow soldering.
So I decided to make a much sturdier
PC board support plate, to replace the
flimsy tinplate traY.

The new Plate was a 220 x 140mm
k aluminium
ie drilled near
rd hold-down

clamp screws.
The holes were countersunk un-

derneath so countersink-head screws
could be used to hold dor,rm the board,

drawer.

'{nother board was PrePared with
solder paste and a fine-pitch SMD chip
placed carefully in position. Then the
Ëoard was clamped to the toP of the
new support plate, the thermocouple
probe fitted and the complete assem-

bly placed inside the oven.
This time everything went reallY

well. There were no 'pings', the solder
reflowed nicely and when it all cooled
down again a board inspection showed
that the SMD chip had settled itself in
the correct position and-was nicely
soldered. And there were no solder
bridges!

So we are able to report that reflow
soldering of fine-pitch SMD chips can
be done successfuIly using a low-cost
snack oven like the Kambrook KOT-
150 shown in the Pictures.

Listed on the page oPPosite are the
ten important 'rules of thumb' when
it comes to using a snack oven for
successfuI reflow soldering of fine-
pitch SMD chips, If you follow these
iules carefully, success is almost
guaranteed.

Finally, what about using a "fan-
forced" snack oven? Nof a good idea!
That fan could easilY blow the SMDs
out of position.

siliconchip.com.au

Footnote: About MSL rating
lf you're going t0 be using reflow sol-

dering for SMDs in plastic packages, you

should know a bit about the way these

devices are rated ¡n terms of MSL or
'moisture sensitivity level'.

Basically, it has been discovered that

SMDs in plastic packages have atendency

to absorb moislure when they're stored in

typical 'shop f lo0r' or worksh0p conditi0ns

for any significant period 0f time. The

degree of moisture absorption depends

on a variety of factors -- including the

size of the device package, the number 0f

leads and the relative humidity level in the

storage environment.
The problem is that when SMDs are

heated up during reflow soldering, this

absorbed m0¡sture tends to turn into

steam, and build up sufficient pressure t0

cause cracking and other damage inside

the package. lt can easily damage the chip

inside and/or its bonding wires, even if

n0 cracks are vis¡ble on the outside of

the package.

To minimise the risk of this kind of

damage during reflow soldering, chip

manufacturers nowadays bake most
plastic-package SMDs (especially those

in fine-pitch packages) for many hours at

125'C in a very dry and inert atmosphere,

to drive out any moisture. Then they are

sealed in hermetic packaging ('dry packs')'

and the idea is that they should be left in

this packaging until just before they're

subiected to reflow soldering.

Now because this last-minute unpacking

isn't practical even for big manufacturers

and in any case isn't really necessary for
s0me devices, semic0nductor industry

standards bodies like JEDEC (formerly the

Joint Electron Device Engineering Council)

have established a system whereby each

device is given a rating to show how

long it can be safely left out of its her-

metic packaging in a typical 30'C/60%RH
workshop or factory environment' before

reflow soldering. There are eight 0f these

MSL rating levels, ranging from MSL 1 for
packages which are deemed impervious

to moislure uP to MSL 6 for Packages

which are very sensitive to moisture and

must be reflow soldered within no more

than six hours after being removed from

their dry packs.

You'll find this MSL rating printed 0n

the dry packs of most SMD devices in

pl d certainlY for lhose

in es (which are almost

al L 2 or higher). Table

2 cance of the various

MSL levels.

So what do you do if you want to reflow

solder an SMD with an MSL level of 2 or

higher, if you know has been out of its
hermetic packaging for longer than its

rated safe time? 0r if it hasn't been out

for that long, but subiected to very high

relative humiditY?
The good news is that it can be restored

so it can be safely reflow soldered, by

baking for about 24 hours at a controlled

temperature of between 115-125'C' This

can be done in a small fan driven hot-air

oven, provided the device is placed in a

small metal box to ensure even heating.

The box should also have some small vents

to allow the escape of any moisture that is

released during the baking.

I made up a small baking oven bY con-

vert¡ng a fan-type room heater that had

been dumped at council cleanup time.

The fan motor, fan and heating element

were all in perfect working order, as was

its thermostat switch.
So all I had to do was remove these

components and conveft the heater case

into a recirculating-air oven. Then the

'works'were re-installed and the thermo-

stat tweaked to cycle lhe oven temperature

around 118'C, which produced a rough

but quite serviceable DIY baking oven for
plastic package SMDs.

JEDEC MOISTURE SENSITMil tEVEt (MStl RATINGS

Sob exposure time ot <= 3O"C/6O%RH before reflow soldering

I week ('ló8 hours)
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and then began to coast down again. It
dropped down below the 183"C solder
melting point temperature about 6.5
minutes after switch-on, so after wait-
ing about one more minute,I carefully
opened the door and drawer to allow
cooling to occur more rapidly.

When the test board had cooled
right down, I took it out of the tray and
checked underneath to see if there had
been any scorching. There was none
at all - even the silk screening on the
underside of the board showed no
discolouration.

Trial run
Thus encouraged, I decided to carry

out a reflow soldering test on another
PC board. This was prepared with sol-
der paste stripes around the pads for a

fine-pitch IC and then an SMD device
was carefuIly placed over these pads.
Then I made my first mistake,

In an effort to make the process a
little more controlled, I drilled four
3mm holes in the oven's tinplate tray,
so the board could be fastened into it
using four M3 machine screws and
nuts. One of the screws was also used
to attach the clamp for the thermocou-
ple probe, to hold the probe securely
in position with its bead in contact
with the board's top copper close to
the SMD chip.

The board and tray were carefully

placed on the oven's mesh drawer and
the oven door gently closed so they
slid smoothly inside. Then power was
applied to the oven again, measuring
the top-of-board temperature every 15
seconds as before. All went well, with
exactly the same temperature profile
as before. But just as the temperature
reached about 200"C (just before I

would turn off the powerJ there was a
'PING' sound - apparently the tinplate
tray had been under stress as a result
of the boa¡d being bolted inside and
the stress was relieved suddenlywhen
the temperature reached 200o.

Having turned off the power as

soon as the temperature reached
205",I waited impatiently while the

the slave that there are no more bytes
to be read back.

Finally it sets up the Stop condi-
tion (P) as before, to release control
of the bus.

The sequence of events when the
master device wants to read back a
number of data bytes from consecu-
tive slave subaddresses is very similar.
This is shown in Fig,a[e),

Here the master sets the Start con-
dition (S) and sends the slave device
address first as before, followed by an
R/W-bar bit of zero for writing. Then,
when the slave acknowledges, it sends
the starting subaddress and waits for
the slave to acknowledge again. Itthen
sets a repeat start (Sr) condition and
again sends the slave device address,
followed by an R/W-bar bit of one to in-
dicate that datawill nowbe read from
the slave rather than written to it. After
acknowledging (,â.), the slave then
sends back the flrst byte of data from
the specifled starting subaddress.

When the master acknowledges
that it has received this first data byte
by pulling the SDA line down (ÂJ,
the slave continues to increment its
internal subaddress pointer ald send
back data bytes from consecutive
subaddresses, This continues until
the master acknowledges the last byte
it wishes to receive in the current
transfer, by leaving the SDA line high
during the ninth clock pulse (ie, A-barl
rather than by pulling it down as for
the earlier bytes. This again signals
the slave that no more bytes are to be
sent back,

Finally, as before, the last step is for
the master to set up the Stop condition
(P) and release control of the bus.

Other bus events
We have now looked at virtually all

of the events that take place on a basic
"single master/multiple slaves" I2C
interface bus. As most common appli-
cations are of this type, you shouldn't
have muchtrouble with them if you've
kept up so far.

There are also other kinds of IzC bus
events like "clock synchronisation",
"arbitration" and "clock stretching"
butthese mainly come into the picture
with more complex multi-master sys-
tems - like f O-bit addressing. For the
most part, you won't need to worry
about them, so I'm not going to try
explaining them here.

If you do need to find out more about
them, they're covered quite well in
NXP's IzC Bus Specification a¡rd User
Manual, which can be downloaded
fiom the NXP website (www.nxp.
com/acrobat download/usermanu-
als/IJMtozoa-3.pdfl.

I2C bus speeds
When Philips first developed the IzC

bus, it was only intended for low-speed
operation - up to 100kb/s fkilobits per
second). However, over the years, the
IzC specification has been revised and
expanded and nowadays there are a

total of four different allowable bus
speed modes.

The original o-10Okb/s mode is now
known as "Standard Mode", while the
other three modes are designated "Fast
Mode" (0-400kb/s), "Fast Mode Plus"
(0-1Mb/sl and "High Speed Mode"
(0-3.aMb/s).

Table 1 shows the most important
electrical characteristics of the three
speed modes in common use.

If devices are to be used on an IzC
bus running in one of the higher speed
modes, they must be given SDA and
SCL driver and buffer stages capable
of working at those higher speeds. On
the other hand, a device which does
have higher speed drivers and buff-
ers can always be used on an I2C bus
operating in Standard Mode. In fact,
this backwards compatibility is part
of the I2C specification.

Debugging & troubleshooting
Debugging and troubleshooting of

I2C bus circuits can often be done by
monitoring bus activity using a dual-
trace oscilloscope, with one trace

watching the SCL line and the other
the SDA line, If the scope is arranged
to trigger on a negative-going edge on
the SDA line, it will trigger for each
Start condition,

However, for tracking down more
subtle problems, it may be necessary
to use an IzC debugging program run-
ning on a PC, linked into the bus via
a suitable hardware interface adaptor,
This type of program usually allows
you to do things like reading data from
slave device subaddress registers, or
writing data into them to program
device operation "on the run".

There are various IzC debugging
programs currently available, many of
them designed to work with their own
USB-I2C hardware interface. These
combined software a¡rd hardware pack-
ages can be fairly pricey though - up to
hundreds of dollars in some cases.

Fortunately, for quite a few years
now, Philips/NXP has made avail-
able a freeware debugging program of
their own, called "URD" - short for
"Universal Register Debugger", The
currentversion of this isv3.L2, which
can run on any version of Windows
up to Windows XP. It comes as a self-
installing file called URD3 1 2.EXE and
when it installs, it also unpacks two
PDF files.

These PDF files provide a User
Manual for the program (URDUser.pdf)
and a reference manual (URDLang.pdf)
for its programming language, which
seems to be derived from Microsoft's
Visual Basic for Applications.

Hardware interface
URD v3.12 is compatible with a

very simple hardware interface which
connects to one of the PC's parallel
printer ports and comes with a driver
for this type of interface. Elsewhere in
this issue, you'll flnd a simple LPT/IzC
interface ofthis type described, so you
can build one up yourself to use with
the URD program. Togethertheymake
a much cheaper alternative to com-
mercial I2C debugging packages. sc

It's not elegant but it works: an SMD chip baking oven, made by the author
by converting a disçarded blower heater. The reflector part ofthe heater was
flattened and bent into a small rectangular oven shape, then re-attached to the
front of the blower heater element (just visible through the opened front door),

Ten Tips for successful DIY reflow soldering of SMDs
I . Store your solder poste in o seqled contoiner in the fridge, to prolong its useful life.

2. Toke core io opply the solder poste in o 'shipe' olong he centre of the SMD leod pods on the PC boord, with the shipe no

more lhon obout i .5mm wide ond (most imporlont) very thin - no more thon obout 100¡rm, or two solder spheres. As even
in thickness os you con moke il, olso - no lumps or voids...

3. Use q smoll snock oven br reflow soldering. Clomp the PC boord on the top of q flol heot diffusion/support plote mode
from 4mm thick oluminium sheet, soy 220 x l40mm in size (to fit combrtobly in the snock oven). Also monitrcr the

temperoture on the icp of the boord neor one of the SMDs, using o thermocouple probe connected to o digiÌol thermometer.

4. Ploce the on the boord corefull¡ with oll leqds os neor os possible to their corresponding boord
pod. You ql obout this t{rough: the chips will outo.locotre during reflow, providing eoch leod is closer
to its own pods on either side.

5. Ploce the boqrd ond its support plote on the oven's slideout drower very corefull¡ so os not tc bump or iolt the SMDs from
their positions. Then corefully close the oven door so they slide smoothly into he oven - ogoin without iorring.

ó. Use both the upper ond lower heoting elemenls o[ the oven br reHow solder heoting. This is usuolly ochieved by selecting

the BAKE setling. Using both elements gives more even heoling, closer to thol in o proper lR refow oven.

7. Switch on the oven, monitoring the temperoture on the top of boord using the thennocouple probe ond digitol thermometer.

The temperoture should rise foìrly smoothly, reoching the melting point of fin/leod solder (183'C) in iust under
five minutes. Toke core not to bump or ior the oven ofter this.

8. As soon os the temperoture reoches obout 205'C, turn off the oven power without bumping onything. The bmperoture will
conlinue rising, ic reqch o peok ot oround 215-220'C.lt should then begin folling ogoin.

9. Woit until the Þmperoture drops below the melting point of solder - soy down to obout 'l ó5'C. Then it should be sob tc
open the oven door so dre drower qnd its conlents slides out, to speed up fu*her cooling.

10. When the boord hqs cooled down to oround room temperoture, remove it from the support plote ond check the solder

ioints on oll SMD leods with on illuminqted mognifier or stereo microscope. lf there ore ony solder bridges, these con be cut

owoy using the fip of o hobby knib or 'sucked' off using desoldering broid qnd o fine+ipped soldering iron.

! uosGcffimgD@g-Eeredfl
ffiürrfr,äGe?pies 

0f slHcoil cHlP safe w¡rh rhese 
I

Available Aust, only. Price: $A13.95 plus $7 p&p per order (¡ncludes GST). Just

(02) 9939 3295 and quote your cred¡t card number.
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So reflow soldering with a frypan is
just not worth the risk,

Using a snack oven
Another el-cheapo refl ow technique

that you'll come across on the web
involves the use of a small electric
'snack' or toaster oven. Almost all of
these use a pair of heating elements,
one atthe top of the oven compartment
and the other at the bottom.

Whatever you're going to heat up
in the oven goes on a tray supported
by a wire mesh 'drawer' in the centre,
which is linked to the oven door so
it slides in or out when the door is
closed or opened.

Often there's a switch which al-
lows you to select either the top ele-
ment ('GRILL') or the bottom element
('REHEAT') or both at the same time
('BAKE'). Each element draws about
325 watts, so the oven uses about
650W when both are used together,
Since the reflow operation only in-
volves drawing this power for five
or six minutes at most, this isn't a

problem,
The main advantage of using this

kind of snack oven for reflow soidering
is that the heating is done by infiared
radiation, on the top of the board as

weÌì as fiom beÌow, just like a'proper'
IR reflow oven. The main difference is
that your board stays fixed in the oven
during the whole process, rather than
moving through different temp erature
regions on a conveyor belt.

This means that you have to arrange
for the reflow temperature profile to
be provided in some other way. This
turns out to be easier than you would
think.

I decided to try the snack oven
approach for myself, So I bought
a Kambrook KOT-150 snack oven
which cost the magnificent sum of
$29.95. This has no thermostat, just
an electromechanical timer and the
element selector switch. But the lack
of a thermostat is not a problem and
the timer didn't turn out to be all that
necessary either.

My first test with the snack oven
was to clamp a thermocouple tempera-
ture probe onto a test board, which
was then placed in the small pressed
tinpÌate tray that came with the oven.
The tray was then placed on the oven's
sliding mesh drawer and the oven door
closed carefully so the thermocouple
lead could exit through a small gap at
the top ofthe door.

siliconchip.com.au

The oven was set to BAKE (both
elements on) and the timer knob set
to apply power for about 10 minutes,
I then proceeded to take temperature
measurements every 15 seconds.

The resulting temperature charac-
teristic turned out to be very close to
the solid black curve in Fig.6, which
also shows (shaded pink areal the
reflow temperature profile limits for

fine-pitch SMD IC packages tecom-
mended by larger chip manufacturers
like NXP/Philips.

As you can see, the warm-up char-
acteristic is nicely within the recom-
mended limits. By turning off the
power to the snack oven when the
temperature on the top of the board
just reached 205"C, the board tempera-
ture coasted up nicely to a peak at 215"

By JIM R0WE

A [@w=@@st [PT=t@=P@
fl mte ffie@@ fior debug,gfimg
Tracking down problems in circuits which are progr_ammed via an IzC
bus canbe tricky and time-consuming, unless you take advanta_ge gt a
debugging progfam running on a PC. Here's a low-cost, e_aqy-to-build
printei põrt tol2C interface designed to work with th e PhilipsÆ.JXP
debugging program URD3 L2.exe.

TOrc
PRINTER PORÏ

(DB25M)

SCL INo

o

o

o
o

re
17 scLouT í+

il

9 SDA OUt

alt+
I8.25 GROUND REruRN

scL 
ì

I

To f2c
BUS ON

rc BOARD
SDA BETNG

TESTED

I

I

oNo J

Fig.1.: the basic
arrangement for
the LPT to IzC
interface. Mosfets
Q1 & Q2 pull down
the SCL & SDA
lines for outgoing
signals from the
port, while the
inverters interface
the incoming SCL
& SDA signals from
the circuit under
test.

TUST RECENTLY, I was trying lo
I n nlrtt a pro ject *iri"n ur", u .o Jpl"
ól video-processing JCs that are pro-
grammed via the I2C bus. However, I
strucktrouble with one chip. For some
reason, it wasn't responding correctly
to the set-up data I was sending to it
from the project's microcontroller,
even after I had been through my con-
trol program umpteen times searching
for bugs (or programming errors).

Even when I wrote a test program
and captured the IzC bus activity with
my digital scope, I still couldn't track
down the source of the trouble.
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Fig.6: The shaded pink area shows the reflow soldering temperature profile
limits recommended by SMD manufacturers, The solid black curve shows
the measured temperature plot achieved by the author using a low cost
snack oven on'BAKE'.
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So depending on the location of
your fine-pitch SMDs on the board,
the reflow operation can easily resuÌt
in a ring of scorching on the underside
of the board. The result is a totally
unusable board and the SMDs won't
be able to be salvaged either.

Get an old frypan
If you decide to try the frypan ap-

proach, plea se don' t use a fryp an that
is also usedfor cookingfood.

The fumes given off by solder paste
during the reflow process are quite
toxic and are likely to be absorbed by
the frypan metalwork and/or Teflon
coating. So the toxins may well be
transferred into any food cooked in
the frypan afterwards.

Buy a cheap frypan specifically for
the job, and mark it clearly'NOT TO
BE USED FOR FOOD COOKING'.

Because of the toxic fumes given off
during reflow soldering, it's also very
desirable to do it in a well-ventilated
area - preferably outdoors. This ap-
plies regardless of whether you use a

frypan or some other heating device.
Having read the references on the

web about reflow soldering using a
frypan, I decided to try it but with a

slightly different approach.
I bought a cheap frypan, then did a

few experiments with it, To try getting
around the board scorching problem,
I cut a'heat spreader'plate from 4mm
thick aluminium sheet, and placed
this in the centre of the frypan with
my test board sitting on it.

This did seem to make the heating
fairly even but there was still a major
problem.

Even with the frypan's thermostat
set for maximum, the temperature on
the top ofthe PC board never reached
the melting point of solder (183'C), let
alone the 215'level that is necessary
to ensure good reflow.

Presumably the small air gap be-
tween the bottom of the frypan and
my spreader plate added too much
thermal resistance. So I removed the
spreader plate and tried again, with
the board placed directly on the bot-
tom of the fiypan.

This time the temperature on the
top ofthe board did reach about 21,0"C
and reflow took place, but when it
all cooled down I discovered that
the underside of the board had been
scorched in a number of areas that
had been directÌy over the circular
heating element,

Fortunatelv, before tearing out the
last few strands of my hair, I decided
to seek help from the support people
at NXP (formerly Philips Semicon-
ductors) - not only because the chip
concerned happened to be one oftheirs
but because it was Philips that devel-
oped IzC in the first place. After all, if
anyone should be expert at solving 12C

problems, it should be NXP,
As it turned out, they were very

helpful. An NXP support engineer
promptly sent me an email suggesting
severaL things to try. Then, when that
didn't fix things, hé suggested I try ana-
lysing the problem using a debugging
program running on a PC. Not only
that but he also sent me a copy of the
Iatest version of their ftee IzC debug-
ging program (called "URD"), which
they developed quite a few years ago.
The current version turned out to be
v3.1.2,which comes as a self-instaÌÌing
package called URD312.exe (more on
this later).

Along with the program, he also sent
a device data register set-up file for the
video processing chip I was working
with, so the URD program could com-
municate with it sooner, And iast but
by no means least, he sent me a PDF
file with the circuit of the originaÌ PC
printer port/I2C interface card that the
URD program was designed to work
with, so I could build one up for the
troubleshooting.

That's pretty good support from
the other side of the world, clon't you
think?

As it happened, the original inter-
face used a 74LS05 chip that I didn't
have, so I decided to update the circuit
to use devices that are readily avail-
able nowadays. And that's the project
described here - it uses a 40118 quad
NAND gate, a couple of Mosfets and
not much else.

How it works
Like the original NXP/Philips inter-

face, this unit is designed to allow the
URD program to communicate with an

soundlabs

siliconchip.com.au

Dl -04: lN4l48

-

The Audio

TO PRINTER

PORT OF PC
DB-25M

t2
r0k

?

23

24

25

rately you have to place the fine-pitch
IC packages in position, before reflow
soldering.

The answer is placed FAIRLY ac-
curately but not fanatically so. The
main thing is to make sure that every
device lead is over its corresponding
PC board pad, and cÌoser to that pad
than it is to any other pads nearby.

If you achieve that, when the solder
spheres in the paste melt and coagu-
late during the reflow process, surface
tension and capillary forces in the
molten solder will automatically'pull'
all ofthe leads into position centrally
over their pads.

So the idea is to carefully lower the
IC package (orientated correctly, of
course) into position using a'vacuum
pickup tool' or simila¡, and then nudge
it gently into the correct position us-
ing a fine jewelÌer's screwdriver or
'pick tool'.

Again, it's easiest to do this under a
magnifier lamp or stereo microscope,
preferably one where you can rotate
the board and IC until you're huppy
that all leads are over their pads on
the board.

Once all of the fine-pitch SMDs have
been placed carefully in this way, your
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board will be ready for reflow solder-
ing. Be very careful not to bump or jar
it, because the SMDs could easily be
jolted out of position,

Reflow soldering
Now how do we do the actual reflow

soldering? Ifyou use an online search
engine to track down info on reflow
soldering, you'll find that quite a few
have tried doing it with an electric
frypan or skillet.

The basic idea is to place the PC
board in the centre of the frypan, ap-
piying power until the solder paste
clearly melts and flows under each
SMD lead, thenturn off the power and
allow it all to cool down.

This can work - but there is a big
risk of scorching the underside of the
PC board; inevitably the underside
of the board must be raised to a tem-
perature considerably higher than the
melting point of solder.

This board-overheating problem
tends to be made worse because the
heating eLement in the underside of
most frypans is circular in shape. This
produces uneven heating of the PC
board, with a cooler region in the cen-
tre surrounded by a 'ring of heat'.
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Fig.2: the complete circuit for the LPT to IzC interface, It's based on Mosfets
QL & Q2, a 40118 quad NAND gate (IC1a, IClc & ICld) and just a few other
parts. Diodes DL-D4 are there tô protect the Mosfets,

IzC bus on a deveiopment board via
the PC's paraÌÌel printer port (LPT).
The basic arrangement of the circuit
is shown in Fig.1.

In operation, the URD program
sends out the SCL pulses in inverted
form via pin L7 of the printer port
(originalÌy used for the SEL-bar line).
So the interface uses this printer port
line to control Mosfet Q2, which is
used to pull down ihe SCL line of the
I2C bus.

Conversely, the URD program moni-
tors the IzC bus SCL pulses via pin L5
of the printer port, which was origi-
nally used for monitoring the printer's
Error-bar line. As a result, the interface

Component Speci
. Speaker drivers - tweeters to 18" subwoofers - plus kits
. Capacitors, term¡nals, wire, coils and parts

: d;:' -#f
. Much more onl¡ne or phone (02) 4627-8766

feeds back the SCL line status to pin 15

via a pair of inverters which function
as a non-inverting buffer.

Similarly, the URD program sends
out data to the SDA line (in inverted
form) via pin I of the printer port,
originally used to send parallel data
bit z to the printer. The interface uses
this printer port line to control Mosfet
Q1, which is used to pull down the
SDA line of the IzC bus.

Finally, the URD program receives
data from the SDA line (again in in-
verted form) via pin 11 of the printer
port, which was originally used for
monitoring the printer's Busy/Ready-
bar line. So, in the interface, we feed

alists
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Farts Lflsll

1 PC board, code 04203081,55
x 61mm

1 male D25 connector, 90'PC-
mount (CON1) (Jaycar PP-
08.43; Altronics P-3220)

1 10-pin (5 x 2) vertical IDC
header,- PC-mount (Jaycar
PP-1 100; AlÌronics P-5010)

1 1O-way IDC socket (Jaycar PS-
0984; Altronics P-531 0)

1 250mm length of 1O-way'
rainbow cable

5 EZ-hook test clips, 40mm long
1 4-way DIL slider switch (S1,52)
1 14-pin lC socket

Semiconductors
1 40118 CMOS quad NAND

gate (lC1)
2 2N7000 N-channel Mosfets

(Q1,Q2)
4 1 N4148 diodes (D1-D4)

Gapacitors
1 1O¡rF 16V RB electrolytic
1 100nF monolithic ceramic

Resistors (0.25t1f 1%)
2 100ko 2 3.3ka
1 10ko 2 100ç¿

the SDA line data back to pin 11 via a

single inverter.
So that's the basic idea of the way

the interface works. Let's now take a

look at the full circuit which is shown
in Fig.2.

Circuit details
,A.s shown in Fig.2, two low-cost

2N7000 N-channel Mosfets (Q1 & Q2)
are used as the SCL and SDA pull-
down transistors. Inverter stages IClc
& ICld [part of a 40118 quad CMOS
NAND gate) are used for interfacing
the SCL line, while ICla is used to
interface the SDA line, The fourth gate
(IC1b) is unused.

Most of the rest of the circuitry is
used to protect Mosfets Q1 & Q2 from
possible damage due to electrostatic
charge build-up on the printer port
lines when the interface is not con-
nected to a PC. That's the reason for the
100kO resistors connected fiom each
Mosfet gate to ground and for diodes
D1-D4, The latter prevent each gate
from being taken more negative than
ground or more positive than the +5V
rail which is used to power IC1.

The 10pF capacitor on the +5V line
provides supply line filtering, while
the 10kQ resistor ensures that pin 12

of the printer port is pulled high, This
is a requirement of the URD program
which expects to find a logic high on
this pin of the printer port (originally
used for monitoring the "Out of pa-
per" line),

Switches 51 & 52 can be used to
switch in two 3.3kQ pull-up resistors
on the SCL & SDA lines respectively.
This is necessary if the IzC bus lines
on the PC board being tested don't
already have pull-up resistors.

Note that the interface line ma¡ked
"+3.3V" must be connected to the
+3,3V line supplying power to the
I2C chips on the board being tested,
so the interface pull-ups cal function
correctly.

As indicated, the interface pull-ups
aren't needed if the board being tested
is aìready provided with pull-ups of its
ov¡n. In that case, 51 and 52 are simpÌy
Ieft open (and the interface's +3.3V
Iead doesn't need to be connected to
anything).

Building it
Building the interface is very straight-

forward, as all the parts are mounted
on'a small PC board coded o42o3o\1,
and measuring 55 x 61mm. These
parts include the male D25 connec-

Above: a closeup view showing a thin 'stripe' of solder paste applied manually
to the pads for one side of a 100-lead LQFP device, with the tiny solder spheres
just visible. This stripe is a tad uneven in thickness - a little too thick near the
left end, and a little too thin towards the centre.
Below: closeup of the same board after the device had been reflow soldered
using a snack oven. Despite the 0.5mm lead pitch, there were no solder bridges.

form bridges between pads, during the
reflow soldering process.

Howeverthe secret of this approach
is to make the paste stripe very THIN
- only about 100pm wide or two solder
spheres thick,

If it's no thicker than this, the result
is that surface tension and capillary
action causes the solder spheres to
'pull themselves together' into the
gaps between each SMD lead and its
board pad, when they melt during the
reflow soldering.

Most of the solder spheres in the
paste between the pads get sucked
into the molten solder directly under
each SMD lead, leaving very few to
form bridges.

Not too thick, not too thin
If you make the paste stripe too

siliconchip.com.au

thick, there WILL be enough spheres
Ieft in the gaps between pads to form
bridges,

On the other hand, if you make the
stripe too thin, there will be insuf-
ficient spheres to pull together and
form a good bond between each SMD
Iead and its pad underneath.

So erring in this direction results in
'missing joints' after the reflow solder-

ing process - not easy to repair!
So the most important thing about

this manual approach to applying the
solder paste is to take your time and
care in making the stripe as even in
width as you can.

It's easiest to do this with the board
under a magnifier lamp or even a

low-power steieo microscope with
illumination.

I've also found that a very thin and
nanow-tipped (about 1mm) spatula
seems to make it easier to apply and
even.up the paste stripe, although a
verynarrow'applicator wheel' (Imade
one myself) was almost as good, and
easier than a fine brush.

Whatever you use, the main ingre-
dient is time and patience - applying
solder paste is a bit like trying to
spread microscopic caviar evenly on
a sheet of glass,

In fact, since you have plenty of
paste, do a few dry runs on a sheet of
PCB copper laminate,

Placing the SMDs
Once the solder paste has been ap-

plied to the board, you can place your
flne-pitch SMD(s) in position, with
their leads over the board pads ready
for the reflow soldering process.

Large-scale manufacturers use a

pick and place machine to place all of
the components on the board in one
pass - not just the fi.ne-pitch SMDs
but everything else as well. Then all
parts can be soldered to the board
in a single pass through the reflow
oven. But that's not really feasible if
you're placing all of the components
manually.

Our method is to place the flne-pitch
ICs on your board first, then do their
reflow soldering. After the board Öools
down you can then inspectthe results
ard if all is well you can proceed to
solder in all of the rest of the compo-
nents one by one, using the frne-tipped
soldering iron approach illustrated in
Figs.2 & 3,

You may be wondering how accu-

The business end of a 'mini spatula' made by the author for applying a stripe of
solder paste on pads for fine pitch SMDs. It's shown here about 3x actual size'
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comes to devices with lead pitches
of 0.4mm or o,Smm, like the 100-lead
LQFP device shown in Fig,4. These
packages are not even suitable for
automated wave soldering, let alone
manual soldering, The leads and gaps
between them are just too narrow.

The onlywayto solderthese devices
is by reflow soldering. This process
involves applying solder paste to all
of the tiny pads on the board (using a
laser-cut stencil ald squeegee system),
then placing the SMDs accurately in
position on the board. The boards are
then placed on a conveyor belt and
passed through an 'IR reflow oven' at
a controlled rate, using infrared radi-
ant heating.

Inside the oven they move through
areas with temperatures set for pre-
heating, followed by a 'ramp up' to
above the melting point of solder and
then a 'ramp down' to well below
the melting point. This is known
as a 'reflow soldering profile',

Using this approach, SMDs
with a lead pitch of 0,4mm
can be soldered to boards
safely and with a high degree
of reliability, at the same time
as all of the other SMD com-
ponents.

The main drawback is
that a commercial IR reflow
oven is very expensive (many
thousands of dollars) and thus
beyond the reach of enthusiasts
and even marry small manu-
facturers,

Getting laser-cut solder paste
stencils made from your PC
board CAD flIe is not cheap
either,
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So the challenge is to flnd a much
cheaper way of soldering these fine-
pitch SMDs into PC boards, Luckily,
there is a way!

About solder paste
Solder paste is available from the

better electronics stores. It consists of
tiny spheres (<sopm in diameter) of
tin-lead solder (63% tin, 37o/o lead),
suspended in a water-soluble paste
or gel of flux,

It's typically sold in fairly large plas-
tic syringes, holding about B0 grams
of solder paste. This is actually far
too much for the average enthusiast,
because the ingredients in the flux
apparently have a shelf life of only six
months after manufacture, even when
stored in a refiigerator. Yet B0g ofpaste
is enough to solder many hundreds

- even thousands - of SMDs,
So while solder paste is available,

it's a pity that it isn't sold in much
smaìler quantities - say 5g or 10g,

This would mean a lot less wast-
a8e.

By the way, when you buy sol-
der paste, make sure you store it
in a refrigerator so you'll at least
maintain its six-month working
Iife. And if you store it in a fridge
that is also used to store food (of
coursel), place the syringe in an
air-tight container because both
the solder spheres and the flux
apparently give off toxic fumes.

: Applying the paste
. As mentioned earlier, large-

' scale manufacturers use laset-
cut stencils and a squeegee

amount of solder paste to every pad
on the PC board where an SMD lead
or contact area is to be soldered.

This is shown in the upper two dia-
grams of Fig.5. This technique simply
it isn't practical for small manufactur-
ers or enthusiasts.

A much simpler approach involves
applying a thin 'stripe' of paste along
the pads for the SMD leads, as shown
in the lowest diagram in Fig.5,

The stripe of paste is only a milli-
metre or so wide a¡rd can be applied
using a fine brush, a very narrow roller
applicator or a fine spatula with a 1mm
wide tip,

You'd think that applying a continu-
ous stripe of solder paste in this way
would be 'asking for trouble' for it to

tor used to mate with the PC
printer port.

Fig.3 shows the parts layout.
Install the single wire link
frrst, then install the resistors,
the four diodes and the two
capacitors. Be sure to orien-
tate the diodes and the 10pF
electrolytic capacitor exactly
as shown.

Follow these parts with the
two Mosfets (Q1 & Q2) and
the IC, again taking care to
ensure they go in the right way
around. The assembly can then
be completed by fitting the D2 5
connector (CON1), the IDC
header (CON2) and the 4-way
DIP switch,

Take care when installing
CON2 - the slot in its body
goes towards the bottom edge
of the PC board.

Note that switches 51 & 52
are part of a 4-way DIP switch,
withthe othertwo switches not
used, If you happen to have a
2-way DIP switch, this could
be used simply by fitting it in
the two righthand positions
(nearer the 3,3kQ resistors).

The 10-way IDC header
(CON2) provides the interface to the supply rail on the board.
I2C circuit under test. This allows you If you're going to be using the pull-
to make up a test lead cable from a upresistorsontheinterface,you'llalso
250mm length of ribbon cable which need to connect the +3,3V lead to the
is litted with a 10-way IDC socket at positive rail of the chips connected
one end to mate with the header. Each to the I2C bus - and close interface

Fig.3 (right): install the parts on
the PC board as shown on this
layout diagram and in the above
photo. Each pair ofexternal
leads from the Lo-way cable ca¡r
be terrninated in a small "EZ-
hook" test clip as shown in the
lead photo.

pair of wires in the cable can then be
terminated in a small "EZ-hook" test
clip to make the connections to the PC
board being tested.

Putting it to use
There's not a great deal involved

in using the interface, apart from
connecting the IzC leads from CON2
to the appropriate points on the PC
board you're debugging. This means
connecting the SCL and SDA leads
to the same lines on the board to be
tested, the ground lead to the board's
ground and the +5V lead to a suitable

switches 51 and S2, of course,
On the other side of the interface,

all that's needed is to plug CON1 into
a printer port connector on a suitable
PC, either directly or via a short D25M-
D25F extension cable if necessary, Af-
ter that, it's simply a matter of running
the URD program and using it to check
and/or modify the contents of the I2C
subaddress registers inside the chips
on the board you're working on.

Obtaining the URD program
To make it easier for you to get

the NXP/Philips URD312 debugging

SDA scL

program, we are posting a coPY of
URDS12,EXE on the StlIcoN CulP
website (www.siliconchip.com.au).
If you download this and execute it,
you'Il fînd that it wiII install on most
PCs runningWingB, WinMe, Win2000
and WinXP. When it installs, it also
loads the driver it needs for com-
municating with the interface via the
printer port.

I had no difficulty installing and
running the URD program on a ma-
chine running Wing8 but it did have
a problem talking to the printer port
when I installed it on a machine run-
ning WinXP / SP 2, Istill haven't sorted
out that particular problem at the time
of writing this article but it may be
part of the tighter security enforced
by WinXP when the SP2 patches are
applied. sc

tlrq:g.096

TO PC PRINTER PORI

IEAD
WIDTH
0.38mm

1

44{fAD METRIC AUAD FIAT PACK (MAFP}

AIT DIMENSIONS IN MI]IJMETRES

ffi
1

l OO{EAD LOW PROFIIT QUAD FLqT PACK
(LOFPt 00,/SOT407-l l

(BOTH DEVICES SHOWN 2x ACTUAL SIZE)

Fig.4: the key dimensions of a 44-lead MQFP device compared with those
for a 1.00-lead LQFP device - both shown twice actual size for clarity. You
can see why the fine-pitch devices can't be soldered in manually or even by
wave soldering.

APPLYING SOIDER PASTE USING A
STENCIL AND SAUEEGEE

AFTER STENCIT IS REMOVED

LOW COST ATTERNATIVE: MANUAL
APPUCATION OF SOTDER PASTE 'STRIPE'

Fig.S: for reflow soldering, large-
scale ma¡ufacturers apply solder
paste to the board pads using a
squeegee and a very thin stencil,
laser cut from the PC board CAD
file (top), This leaves the paste
neatly on the pads (centre) but
this is not feasible for enthusiasts.
Luckily for fine-pitch SMDs, a very
thin paste stripe (bottom) is almost
as good.

THIN SOTDER PASTE

STRIPE OVER PADS

RæMGOI]OÜGOdæ

tr No. Value 4-Band Gode (1%) 5-Band Gode (1%)

tr 2 100kO brown black yellow brown brown black black orange brown

tr 1 l OkO brown black orange brown brown black black red brown

tr 2 3.3kO orange orange red brown orange orange black brown brown

tr 2 1000 brown black brown brown brown black black black brown
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fllwo days before Christmas, a light aircraft took off
I from the Aspres sur Brec airfield near Gap in the

I Fr"rr"h High alps and flew for more than sokm
without using a drop of petrol or avgas.

It was the first flight of a fixed-wing, piloted plane
powered only by battery and electric motor. The plane,
named the "Electra", was a single-seater Souricette wood-
and-fabric aircraft, built from a kit and modified for the
purpose. It was'fitted with a British-made 2Shp electric
motor [of the type used in golf cartsJ and eekg of lithium-
polymer batteries,

With test pilot Christian Vandamme at the controls, it
flew a course through The Alps for 48 minutes.

While electric-powered flight has been achieved before,
it was either with ultralights, powered hang gliders or pi-
lotless drones. In fact, SucoN CsIp featured such a flight
more than fifteen years ago - in the October 1991 issue.

And US inventor PauI MacCready, who developed the
first man-powered plane, the Gossamer Albatross, has
aÌso pioneered electric-motor-powered microlights and
ultralights, including a flight over the English Channel
in 1981.

However, a fixed-wing, conventional
plane (one with an airworthiness cer-
tificate) flying with only battery power

82 StucoN Catp

has until now been a dream.
A group founded to promote electric/green flight, the

French "APAME" group, (rough translation Association
for Promotion of Electric Aircraft), was behind the project,
in collaboration with ACV Aero Services, Pegase, Capen-
ergies and Onera,

President of APAME, Anne Levrand, saidthatthe flight
showed that non-polluting, quiet, light aviation was with-
in reach, "Fuel cost per hour of the Electravia was around
one Euro, compared with about 60 Euro for an equivalent
petrol-driven aircraft," she said. "The motor andbatteries
will cost between ten and fifteen thousand Euro, roughly
the same as current small petrol engines."

However, this comparison has started fierce debate
amongst green and aviation groups, who maintain that
when you take the cost and environmental impact of the
batteries into account (especially the lithium) and then
look at factors such as performance, petrol still wins
hands-down.

The debate highlights one of the major hurdles in elec-
tric-powered anything -but most importaltly aircraft - the

weight and weight-to-power ratio of the
batteries. Typically, batteries produce
|usl2"/" of the energy of the same mass
of petrol.

either the SMD or the PC pads by
overheating. You also need to make
sure you don't apply too much solder,
which can cause fine solder "bridges"
to short between pads or tracks.

If you do get solder bridges, they
can be removed by applying the end
of some fine de-soldering braid to the
top of the "bridge" and briefly apply-
ing the tip of your soldering iron to
the top of the braid, so the end of the
braid heats up to the solder's melting
point and'sucks up'the excess solder
by capillary action,

OK, so what is the real problem
with SMDs?

Um, it's the large SMDs with ump-
teen dozen closely spaced pins.

Fine-pitch ICs
More and more VLSI (very large-

scale integration) devices now come
in SMD packages like that shown op-
posite and those in Fig,4 - quad flat
packs (QFPs) with anywhere between
about 44 and 208 leads.

The lead pitch can be as fine as
0.4mm - less than 16% the pitch of
O.'1"l2.54mrn used in most familiar
'dual in line'IC packages.

The width of the leads can also
be as fine as 0.18mm (that's right
- only 1B0pm!), so the actual spaces
between the leads can be as small as
O.22mrn/22o¡tm.

Now it is possible (just!) to solder
a 44-lead MQFP device with 0.8mm
pitch leads like that shown in Fig.4
using a fine-tipped soldering iron and
the technique shown on the right in
Fig.3,

That's providing you are extremely
careful, have a very steady hand and
don't mind having to use the soldering
braid to remove the almost-inevitable
solder bridges. Ifyou cal do this con-
sistently, you are a champion!

The real problem arises when it

Close-up view of a 44-lead MQFP
device with O.Bmm pitch (lead
spacing), after being reflow soldered
using a low cost snack oven.
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UPPER TIP OF SOIDERING IRON TIP

Holdins SOI, SOD, SOIC
or simihr senr-kpndr¡dor daice

¡n phce wh¡h tcking one ln

Pln or mns on olher sirh of daice
nørv sol&led ro pods in normolwqy

O *,"'..*.1'#iig Pln on first fü æ-soHerod,
oilh€rs solderêd in normolwuy

Fig.2: the basic steps involved in manually soldering smaller SMDs like
those shown in Fig.l, using a fine-tipped soldering iron and very fine resin-
cored wire solder. The steps for resistors and capacitors (left) are much the
same as those for SOT, SOD and SOIC devices (right).

COPPER TRACK

O-'ffi#.Í'TlåilrW

"Powere SOIDERING IRON TIP

Oppocic diqgpnol pin d
device now tock-solderod in some

wuy, þ locole oll pins on thir pods.

o

Opposic diogþnol pin of
now lqc*-soldered in some

vry, lo locoie oll pins on their pods.

til:t'focfed' ¡¡ins now ¡Èsoldeæd,
others ¡oHered in nonnol uøy.

/ñ F¡¡st'lucl<ed' ¡ins now resoldercd,
Ct othêrs þfder€d in normol rvuy.

Fig.3: manual soldering of SMD ICs with lead pitches of 0.Bmm or more
can be done in the same way if you're VERY careful but be prepared for the
accidental creation ofsolder bridges between leads - and having to remove
them using solder wick. As you can see there's not much difference in
approach between 'gull wing' and 'f-lead' devices.

FINE (0.71mm ODI
RESIN CORE SO1DER RESIN CORE SOIDER

hyROSSffiSm
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And while huge reseach budgets in the battery field are
currently producing exciting results (see the feature in
the next issue of Sucox CHr), they are still a J.ong way
behind the internal combustion engine.

Moreover, with current and even foreseeable techlology,
battery power can only result in propeller-driven aircraft
with all their current disadvantages over jet aircraft.

But this flight demonstrates that electric flight is pos-
sible.

The Times of London reported that Sonex, a leading US
manufacturer of kit aircraft, is about to fly a 5Ohp electric
plane that can carry two people at z20lrrîl}r for up to an
hour before recharge.

This puts the aircraft right into the recreational pilot
market where modest-performing, light sport aircraft are
in demand,

The Times also reported that NASA and Boeing are
currently researching hydrogen-fed fuel cells which wiII
drive high performance and high power electric motors,
capable of powering much larger aircraft for much longer
flights,You may already be familiar with

the simpler SMDs like resistor5, ca-
pacitors, diodes ald transistors. Some
of these are shown in Fig.1, Note that

,,. they're aII shown twice actual sizq, ,;-
for clarity.

We've used these in various projects
published in the last few years, and
shown how they canbe soldered onto
a PC board: use a soldering iron with
a fine conical or'flattened conical'tip

and very fine (0. 71mm ODJ resin-cored
wire solder,

Figs,2 & 3 show how thi,s is done.
The basic idea is to hold the chip cir:

device in place wh,ile you tack-sol'-
der one or.two of its leads'to hold it'
in position. This then allows you to::

solder all of the leads to their pads in'
the usual way.

It needs to be done carefully and
fairly quickly, so ytiu don't damage-

Some technical data:
Aircraft:
- "ELECTRA" registration no F-WMDJ :

- One-seater
- Kit construction, in wood and fabrics
- Wing span:9m
- Length :7m
- Weight of the aircraft without batteries: 134k9
- Maximum weight for take off : 265k9
- Cruise speed :90km/h
- Special ground-adjustable propeller from ARPLAST

Electrical:
- Motor: 18kW disk brush type
- Batteries: Lithium - Polymer
- Totalweight of batteries:47k9
- Quick charge:45 minutes

hesÍtaté'fo buÍld proi ects
:ces (SMDs) becquse they're

ol'dering such tÌny parts to a PC
board. But Ít,can he:dons:¿ ,li.rrr,Rqwe shaws us how. . .

not
as-
for

ines
, and reflow soldering ovens.

. technology marches on, it's becoming
necessary for everyone to get used to
working with SMDs.

3.5" Smoll TFT LCD

5.ó" small lFT LCD

f Full Colour TFT LCD
/ NTSC & PAL Compatible
,/ VVith Pictune Quolify Control
,/ DV 12V Oparotion
I Simple Wir¿ Horness Conn¿clion

V¡deo 4 STrii fmerge Recording tJn *1Ðiiort Ðeleel

{ 2Video Ch fnput
.f NT5C & PAL
/ Alorm output
/ Trigger input
/ 5D cord
/ On Boord Flosh
,t IPG & AVf file formof

/ Reol firne clock
J Dote & time stomp
Í PIP, OSD
,/ With keyboord
I RCA connections
I DC input (9V to 12V)
/ Kit ovailoble

'120ó'cHlP'120ó'cHlP'0805'cHlP
RESISTOR CAPACITOR RESISTOR

5

.o 13

+

[ ]-r.3
JO.5

I
'0805'cHtP
CAPACITOR

Fig.l: a selection of common SMD components, shown here twice full size
(if we showed them normal size they'd be hard to see in some cases!)

Earlier
successes...

Electric
Ultraliqht
I flKe

On August 25lh 2007, the ultralight trike called "Elec-
tron Libre" (it means "free electron"!), powered by a 20hp
electric brush motor and supported by APAME and ACV
Aéro Service, performed a22minuhe flight in calm atmos-
phere conditions from Aspres sur Buëch airfield (Alpen).
New powerful LIPO batteries allow such a performance.
Of course the trike is almost noiseless. Flight with electric
motor is now possible and affordable by all.

22 StttcoN Can MARCH 2OOB



WÏli.i,'",,hr,åiï:ïïà0"ïå"":l
grind to a halt withoutbatteries. With-
out them, there would be no iPods, no
mobile phones, no handheld remote
controls, no torches, no hearing aids,
no battery-powered radios, no cordless
mice or keyboards and no cordless
telephones, to name just some of the
equipment we now take for granted.
Even worse, we would have to hand-
cralk our cars to start them if we didn't
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have batteries to do the job for us!
Batteries were used to power many

early valve radio receivers, particu-
larly in areas where mains power was
unavailabÌe, These batteries consisted
of both primary fnon-rechargeable)
and secondary (rechargeable) types. A
primary battery is one that uses up its
chemicals in an irreversible reaction
and is disposed of after use [ie, after it
has gone "flat"). By contrast, second-
ary batteries can be recharged because

the chemical reactions that take place
inside them are reversible.

Prímary cells
Many types of primary cells had

been developed by ihe early 20th
century. These included the Fuller
bichromate cell, Edison cell, Grenet
Bichromate cell, Bunsen cell, Daniell
cell, Gravity cell, Daniell gravity celÌ,
Grove cell, Poggendorff cell, silver
chloride cell, air depolarised cells
and last but not least, Leclanche cells.
Many of these cells were a variation
on a theme and all were an attempt to
provide electrical energy in an eco-
nomical and convenient way.

Because quite corrosive chemical
solutions were used in many of these
cells, considerable care was necessary
when handling them. In fact, none of
these cells were convenient to use in
radios in their originaÌ format. How-
ever, the Leclanche cell was eventually
modified to give us the now familiar
"dry cell". This is now the most com-
mon primary cell used in portable
radios.

Typically, a Leclanche dry cell has a
positive carbon pole contained in a po-
rous container filled with manganese
dioxide which acts as a depolariser
(the depolariser is used to remove the
hydrogen gas that is developed on the
carbon poleJ. This assembly stands in a
container of ammonium chloride paste
which also includes a negative zinc
pole. It produces an output voltage of
nominally 1,5V.

One of the accompanying photos
shows three glass-encased cells. The
front one is an early Leclanche cell.
However, we are more familiar with
the normal torch cell in the same pho-
tograph, which is basically a refined
version of the Leclanche cell and is
much easier to use.

Secondary cells
By contrast with primary cells,

secondary cells are a more recent
development which occurred around
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Low Loss OFC Speaker
Cable
Fig 8 OFC Speaker Cable High
conductivity, very low loss Oxygen
Free Copper cable with þarallel fìg
8 flex. Suitable for high/medium
to high power installations - 1ó8
conductors x 0.l2mm. W201ó

Fig. I OFC Speaker Cable
Super Low Loss OFC Fig 8 Speakèr
Cable High conductivity, heavy
duty, super low loss, 315 strands x
0.'12 OFC cable. Suitable for high
to very high power installationssluorm 

irli,iåiå:.12*"
that is flexible despite its thickness.
w2017

Large
Aluminium
Framed Tool
Case
lncludes removable
tool holder, 5
padded internal
dividers, lockable
latches with 2 keys,
plus â strong c:¿rry

handle. Approx
45óx32óx148mm.
Tools/accessories
¡npicture not
supplied. ræso
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tthlþr
2009 Butane Gas
Highly fìltered butane
gas to power up your
blowtorches and
soldering irons.
Supplied with a gas
adaptor nozle.
2009 can. N1092

Economv Pencil
Blovrtoréh
Great for heatshrink
tubing, silver soldeç
gold, silveri brazing or
glass work. Sûong metal
body, adjustable flame
size, fits easily in your
pocket and is powered
by bulane gas (not
included). rt¡ao

ó0W Hot Melt Glue Gun
A handy ó0 watt mains-powered
glue gun which features an
adjusøble wire stand and comes
complete in a cary case and ó
glue sticks. T1418

PSI-1 00K Butane
Soldering lron Kit
Pro grade butane tool with
self ignition, stainless steel
complete with a range of h
quality iron-plated tips and
solid plastic case. T1398

Medium
Breadboard Kit
This breadboard kit
provides a fast way
to prototype your
circuit designs. 12ó0
terminal holes with
quality plated contacts.
It's mounted on an
aluminium base-plate
with non-slip feet and
holes for binding posts.
Complete with a good
selection of jumper
wires and binding
posts. H4040

Silicon Chip Magazine
Save 50% off the cover price when you
buy your copy each month from your local
Dick Smith Electronics store. Limited
stocks per month. Offer extended to
April 2008 issue. May not be available
at DSE Franschise or Reseller stores. B5o2o

Terms and conditions: Offeß st¿¡27/02lOB and end 25103/08 or while stocl<s last.
No rainchecks. No layby. Offers may not be available in æme reseller or franch¡æ stores.
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designed to power valve radio sets came in all
The units shown here are now all obsolete.

1800. However, practical cells did not
become available until about 1880.

As stated above, secondary cells are
rechargeable and include lead-acid
car batteries and the nickel-cadmium
(nicad) and nickel-metal hydride
(NiMH) cells now used in many
electronic devices, Because they are
rechargeable, they can significantly
reduce long-term battery costs in many
applications, Early secondary cells
include Plante cells, Faure cells and
alkaline cells, with quite a few varia-
tions on a theme,

During the early 20th century, sec-
ondary cells were classified accord-
ing to their construction as follows:
lead sulphuric acid cells, Iead-zinc
cells, lead-copper cells and alkaline
zincate cells. The lead-acid ceII is
now the main secondary cell used in
the automotive industry, while NiFe
cells (nickel and iron electrodesl and,
more recently, nickel cadmium cells
are the main aÌkaline-based electrolyte
secondary cells commonly in use,

Maintenance
Rather than being discarded, early

primary cells were refurbished. The
elements that were used up in the
chemical reactions were replaced,
after which the cell was again ready
foruse, However, this was amessy and
quite often expensive exercise. Fur-
thermore, the chemicals couldbe quite
corrosive, so care was essential.

siliconchip.com.au

Almost without exception, primary
cells now are thrown away when they
become exhausted, Chinese "D" cells
may cost from 25 cents upwards while
high-quality alkaline cells may cost in
the region of $2.00 each but will give
superior service,

It's also interesting to note that
some attempts were made to recharge
primary cells back in the 1950s and
early 1960s. During that era, anumbet
of portable radio manufacturers in-
stalled a "re-activation" circuit into
their radios, When the portable was
connected to the mains, the set would
work directly off the mains and the
supply circuitry would also be used
to "recharge" the installed dry
batteries.

In practice, various pro-
tocols had to be followed to
recharge the batteries and the
number of recharges the batter-
ies could successfully take was
decidedly vague. Usually, the
instructions were not to use the
batteries in the set to the point
of being completely discharged
before plugging the set into the
mains again. Even four to flve
semi-successful "recharges" was
considered good value, as the batteries
wer-e quite expensive,

HMV recommended that the batter-
ies in their sets be "re-activated" for
six hours for every hour of operation.
They believed that a set was typically

used for around two hours a day, so
an overnight charge would be the most
convenient way of doing this.

However, HMV also inferredthatthe
batteries mustbe reactivated as soon as

possible after any discharge, otherwise
recharging would not be successful.
Apparently, using the batteries on
successive days without reactivation
would make later attempts futile,

I have no idea as to whether this idea
would work with today's dry cells,
including alkaline types, However,

- 
.i:a{I

iit':\,By

i-.
liv.

'$200
4-óhr charging cradle with auto
cut-off plus carry case. T48ó8

lab Power Supply 0-30V 2.5 p Digital Display
Laboratory grade linear style power supply with 0-30V adustable
ouÞut and an adjustable constant curent setting from 0A to
2.54 at all selectable ouþut voltages. Features separate voltage
and curent metering, overload protection and highL/lovn cunent
fiont panel terminals. Solidly built chassis, measures 150mm (W)
x 235mm (D, ìnc knobs) x 'l45mm (H, inc feet). 01770
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A lead-free 1.0mm solder alloy
containing flux for general electroniG
work where earlier lead-based solders
cannot be used. This solder is 99.3%
tin and 0.7% copper. Recommended
for use with iron-clad or nickel-clad
soldering iron tips. 1009 roll. N2ó30

containing flux for Eeneral electronics
work. This solder is 99.3% tin and
0.7% copper. Recommended for use
wÍth iron-clad or nickel-clad soldering
iron tips. 13 grams solder in handy
dispensertube. N1ó33

I Lead Free Solder / LtË+. r4
' and Dispenser '

Promotion from 27lO2lO8 to 25lO3lO8
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the instructions on many of these
batteries indicate that it should not
be attempted. Perhaps this is because
people may endeavour to recharge the
cells at too high a rate which could
cause them to explode. You have been
warned!

During in the 1960s and 1970s,
Astor and AWA also made some
portable-cum-car radio transistorised
receivers that used rechargeable nicad
AA cells. These sets were rather ad-
vanced for their time and they were
fairly expensive.

Secondary cell problems
A disadvantage of early lead-acid

secondary batteries was that it was
necessary to keep an eye on the charg-
ing procedure. This involved using
hydrometer to check the charge condi-
tion of each unsealed lead-acid cell.

A high-discharge ceII tester was also
commonly used with car batteries,

During this procedure, it was very
important not to smoke or create any
sparks. This was to prevent the hy-
drogen gas given off during charging
from exploding, It's a warning that's
still valid today.

Early valve radios
Early valve radios commonly used

the 201 orthe later 20lAtriodevalves.
These required filament voltages of 5A
at 1A and 5V at 0.254 respectively.

In practice, these valves were
commonly run from a 6V lead-acid
battery with a rheostat in series with
the fllaments to reduce the applied
voltage to 5V,

By contrast, the high-tension (HT)
voltage for the 20L & 2014 varied
from around 225V to about 135V

depending on the valve's function in
the circuit, The HT current drain was
usually less than 25m,\ for the entire
receiver.

In the early days, miniature lead-
acid batteries were sometimes made
up to supply the HT requirements of
such receivers. lust imagine a bank of
60 cells supplying 120V to a receiver,
then imagine having to checkthe elec-
trolyte in each of these cells eachtime
they had to be charged! That would
really have been fun!

Ihave only ever seen one example of
these miniature batteries so I suspect
that they weren't all that popular,

An alternative involved using a bank
of dry cells to provide the necessary
HT voltage ald current for the receiver.
For a 135V HT rail, this involved con-
necting 90 cells in series.

It's worth noting here that dry ceII
manufacturers standardised on the
size of the cells used in their batteries
at an early stage, For the HT batter-
ies, they used A-size cells which are
smaller thal C-size cells. We don't
see them around these days but one
is shown in the lead photo, standing
alongside the cyclindrical No.6 cell.

Dry cell deficiencies
Unfortunately, early dry cells did

have some deficiencies. First, the in-
sulation used between the cells in a
battery was commonly cardboard and
in a moist environment this became
slightly conductive. As a result, the
batteries would discharge and go flat
over a period of several months, a
problem that was particularly evident
in hot, humid areas.

In addition, some early dry cells had
a "breather" vent and the moisture in
the paste-type electrolyte evaporated
over a period of several months. As
a result, early dry cells had a rather
limited shelf life.

The earliest Traeger pedal radios (for
the Flying Doctor Service) were com-
monly used in tropical areas and in an
endeavour to overcome the discharge

Eveready made a wide range of dry batteries for valve radios, the larger "8"
units shown here delivering 45V. Diamond also made a range of dry batteries,
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lamp and ùrrn on the kettle at the same time. Simple
and easy DIY installation. Easily expandable. Ló02ó

300mm Stainless Steel Ruler
H¡r dened slair¡less steel, non reflective
surface fo' easy r eading, double sided
rretr ic,/inch ¡rlrotographically etched
blade, lifetinre w.rr ranty
against faLrlty nraterrrls
TóI 15
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3+r
Stainless Steel Pocket
Workshop Pliers
Handy around tlrc house or outdoors,
tlrfo cls iero pliers, provides lirrife,
screwdriver, {ile, bottle
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Hobby Mini Vice
Sttrrdy and lightrveight, lhis nrei¡l Vice
fits easily to a rvorkbenclr or table Lr¡r

to a thìckness of appror 30nrm Made
lrom altrnriniLtnr alloy
{or strength and
duraLrilìty, its jaws

arc ó0nrnr rvide and
open to a nrax of
50mrìì TJ7-17

Spring-Loaded Nippers
These ¡rolished steel nÌpper s have a

hìgh quality finish, are captive
sprirrg loacled, and h.¡ve conrfortable
coated h.¡ndlcs lor ease
of use Dragonal
Nipper '1 15rrnt

Llrrregtrlated line.ar style DC porver
ad.r¡rtor supplit"d rvitll ¡ 2 lrnnr
plrrg (centr e tip posrtive) ldeol for

¡ror t.rble TVs, r¡dios etc l\,la5 li
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Surge Protector Twin Pack
Sur gc ¡rr otection for a nr.ilns
ou Ilet antl phone,i fax
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Home USB Charger
ldeal for charging USB powered
devices lvhen .r conlpriter is rìot
avail¡l¡le Perlect for iPods ancl other
MP3 pl.ryers, PDAs, etr: High efficic'ncy,
irìter ndtiorìal voltaqe operation, 5V
750rnA outpt¡t M9'.)-l:

Lab Power Supply 'l 3.8V DC 234
This solidly built switch mode porve.r
sup.ply provides well regul.rtecì l-ì 8V
DC LrLrlput witlr a 234 currer¡t

m:li:l ârr' tSS
hiqlr-cLrr rent loads in enginecrittg
and serVicing Jpplications o1755

EM
Solar Rio Colour
Flow Ught
lncredible value for
úle enthusiæt Solar
powered, with intemal
NiCd batteries and light
sensing circuity. Pull h
apart for tfie great
components, or put
it to use in your
garden in its
intended lighting
application. M73ó9
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TOOVA
Uninterruptible Power Supply Lab Power Supply 3-30V DC 2OAmp
Provides bac,k-up mains power iiuriñq a This efficient switch-mode power supply provides adjustable 3V to 30V DC outPut,
blackout, giving you time to shut down 20A maximum continuous cunent, low ripple and noìse ouþut, and a compact case

your PC. lñternal rechargeable battery with an integral cooling fan. A fixed 1 3.8V output switch c¿n be selected to over-ride
lurge protection for ó rnains outlets ãnd the fiont pañel voltage selection, allowing simple powering of high power car audiy2r
a phone line. lncludes USB cable and and rad¡o transmitting equipment. Featu s large LED fiont-panel metering and f {6
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problems in dry cells, only 9V of HT
was used from two 4.5V batteries.

The Australian army also initially
had probÌems with dry batteries in
their transceivers in the tropics dur-
ing WWII. However, they were abÌe
to reduce the probJ.ems by completely
sealing the batteries in wax. Of course,
cost was not of prime concern in that
instance,

Dry batteries have changed enor-
mously over the years and today's
batteries are considerably better than
those used during the early vaÌve
radio era. In particuÌar, the layer type
method of construction was a major
advalce in packaging and was coupled
with good insulation techniques and
economy of manufacture. The sub-
miniature overseas-made HT batteries,
the Australian 490P & 482 types and
transistor receiver batteries such as

The 2761, 2362, 251.0, 2364,216 and
286, etc, all used this very efficient
construction method.

When Australian manufacture of
transistor radios ceased, most of the
"specials" for the Australian receiv-
ers quickly became hard to get and
in some cases disappeared from the
market. The 276P "evolved" and be-
came a lower grade battery. The layer
construction was dispensed with and
six "C" cells in a holder were incorpo-
rated in its place, This was abackward
step, as the contacts in the holder
didn't always make good contact and
the eiectrical capacity of the battery
was reduced.

By contrast, Ìarge low-voltage dry
batteries did not depart from the origi-
nal concept of wiring multiple A, C, D,
E & F cells in parallel (I've never found
any reference to a "8" cell). An advan-
tage here was that insulation was not
a problem with such low voltages. We
are all familiar with the "C" and "D"
cell sizes and the ",A." was basically a
littie brother to the "C" cell, Batteries
such as the X250 arrd 745 1.5V types
used the "F" cell.

Towards the end of the valve era,
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A collection of
Stanmor dry
batteries. There
was nothing
fancy about the
packaging used
for these units.

portable receivers often used a com-
bined low-tension (LT) and HT battery
in the one case. Apparentì.y, the HT
sections were of layer construction
while the LT sections were built using
"D" , "8' or "F " cells.

One such battery was the 759 which
supplied 1.5V and 90V. This was suit-
able for household sets but was too big
for portables, Another battery pack for
use in rural areas was made by Ev-
eready and contained one X250 1.5V
battery and two 47O 22.5/4SVbatteries.

Although they were not all in the same
case, they were all supplied together
in the same deÌivery carton.

Of course, using an "all in one"
meant that if one section failed, the
whole battery had to be replaced.

Lead-acid batteries were predomin-
antly used for supplying valve heaters
and for powering vibrator HT power
supplies. In practice, 2V celÌs varied
from 25,\h capacity to 1304h, while
6V batteries varied between 60Ah
and 16O,A.h in capacity. In 1937, these

A Clyde 2V lead-acid cell (circa
1930s-40s) is shown. here, togetlier
with a Leclanche cell at the front
and two Edison cells at right.

dse, com o

'l 2V Auto lmpact Wrench
Electrically loosen or tighten a tyre's wheel nuts without the strain and
inconvenience of your standard socket wrench. Easy to operate, simply
plug into the car's c¡garette lighter socket, or connect directly to the car's
battery. Supplìed complete with a storage case, car battery adaptor lead,
4 wheel nut sockets, a hub-cap remover tool and a spare fuse. T 4BA5

Temperature Controlled Soldering Station
Ouality soldering station, slim 48W soldering pencil, 1 ómm
long-life plated tip and cleaning sponge. Adjustable 150"C - 450'C
temperature with front panel metering. T22oo

Screw Cap M205 Fuseholder Screw Cap 3AG Fuseholder Fingerproof 3AG Fuseholder Fingerproof M205 Fuseholder
Low cost and popular panel mount Our most popular and used panel 3AGsize tubular glass fuse holder Safety Holder, Genuine fingerproof,
M205 glass fuse holder with screw mounting 3AG glass tube fuse with internal safety switch Ouality type: M205 (20 x 5mm), panel mount:
cap in the same style asP 7902. holder. Rated at 104. Required Bussman production model with 104 lnsulation, resistance: 10MOhm
Ratedatl0Amax. P7e18 'l35mmmountinghole P7902 flushfacefitt¡ng. p791ó 

8#oOUOamountinghole:13.5mm.

Marushin Made in Japan
Ouality Single Pole
Minature Push Button
Switch Normally Closed
Rating: 125VAC 1A Mounting:
threaded bush. Overall size:
28.1 x95mm.Clearance:
'17.5mm Cut out:
7lmm. Mo' '

MS-313.

i'hr

Marushin Made in
Japan Quality Single
Pole Minature Push
Button Switch Normally
Open Rating: 125V AC 14,
Mounting:Threaded bush,
Overall Size: 28.1x9.5mm,
Clearance: 17.5mm, Cut

Miniature Toggle
Switch
240V AC/24 Threaded
Bush Popular model found
in '101 and more different
projects and uses. Grab
a handful and save a
bundle today. 40% off!
P7 654

Medium Size
Toggle Switch
DPDT 125V AC/óA
Solder tags. Another
very popular sized
model in this month's
special at half
the price.
P7

12-Core Rainbow Cable
Fantastic value - even lower
costing than single core light
duty hook up wire per metre!
Uses 0.127mm
wire strands for

ffe;;;rflexìbil¡ty. $llm
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valied in cost from about 17 16 ($1..75)

to about €5l1116 ($11. 15). At that time
the average weekly wage was about
f.4/1.O1- ($S.OO¡, so they were quite
expensive.

The use of 2V lead-acid cells de-
clined quite rapidly when 1.4V fila-
ment valves were introduced, replac-
ing those with zV filaments, However,
6V (and occasionally 4V) lead-acid
batteries remained in use with vibra-
tor-powered receivers until around
the mid 1950s.

Battery life
Most radio batteries were rated for

a 2O-hour discharge rate, In practice,
a typical 5-valve receiver using 2V
valves draws 72OmA. This meant
that a fully-charged 25,\h cell wouìd
need recharging after about 35 hours,
whereas a 1304h cell would operate
for about 180 hours.

Similarly, vibrator-powered radios
with efËcient power supplies typically
drew around tA from a 6V battery.
Thatmakes the maths simple - a 60,\h
battery would last around 60 hours
and a l6OAhbatterywould last around
160 hours.

,\s with lead-acid batteries, dry bat-
tery life depends on the battery capac-

ity, the current drawn and the amount
of time that current is drawn during
each listening session, In practice,
the battery life in transistor receivers
varies from around 30 hours for a 9V
216 battery to about 300 hours for a
276Pballery and up to 1000 hours for
a 286 (as quoted by Kriesler for one of
their sets).

In typical valve portable receivers,
the life of a 1 .5V 745 battery allied with
a pair of 45V 482 batteries was usually
somewhere around 3oo hours. The
Australial "miniature " p ortables used
two 950 cells to provide the filament
current and a 467 67 .5Y battery to sup-
ply the HT current. In operation, the
two 950 cells would last around 30-40
hours, while the 467 HTbatterywould
probably last up to twice as long,

By the way, if a restorer aimed to
power the filaments of such a set from
"D" cells, a pair of alkaline cells would
give up to 150 hours before dropping
to the cut-off voltage of 1V.

The much larger dry battery packs
designed for household receivers
would have lasted much longer than
I]ne 7451482 combination, In fact,
some combinations may have had an
operational life of around 1000 hours
or more. However, I have no means of
being entirely sure of these figures (or
the other figures quoted above), as I
haven't actually put this to the test.

Battery receiver power
Providing battery power for early

portable transistor receivers is not

And if you chose panscan, the whole
screen area is frIled but inevitably, you
Iose the sides ofthe broadcast picture.
Oh, well.,,never mind.

As an aside, the commercial net-
works have yet to standardise their
program and advertising content and
the aspect ratio can vary between
16:9, 4:3, letter-box and so on. It is
also very annoying for people with 4:3
sets when watching sports - the 16:9
format means that sport scores often
cannot be seen.

AIso on the negative side, sound
quality appears to be only average and
there is a fair amount of high frequency
"fti,zzle" and a low level tone which
is probably related to the switchmode
power supply.

You have two choices for sound
quality by the way, although the modes
are limited: stereo (MPEGI/2) via the
audio outputs or Dolby AC-3 via the
SPDIF connection. Presumably, the
AC-3 mode would be free of high-fre-
quency ftizzIe but we did not test it,
The remote control provides 2O-level
adjustment and muting,

Incidentally, all the screen shots of
the Tevion STB shown in this article
were taken with a 6-megapixel digital
camera (Fuji I'inepix S6500fd) from
the Panasonic analog TV mentioned
above,

One of the problems with taking
these shots was the strobing effect
between the TV scan rate and the cam-
era's picture update, together with the
inevitable Moire patterns evident be-
cause of the interference between the
camera's CCD pixel structure and the
vertical slot makeup of the TV screen
(perhaps this might have been reduced
if the shots were taken at maximum flle
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size), A consequence ofthe strobing is
a tendency to get a light band through
the centre of the picture, in spite of
using a slow shutter speed of Llts
second. So while some of the various
off-screen shots may look fairly poor,
the actual picture quality was gener-
ally very good, as already noted.

Incidentally, all of these picture
problems could have been avoided if
I had taken the screen shots using the
Panasonic projector, particularly if its
"freeze frame" feature was used, But
this would have defeated the purpose,
as I wanted to show what is displayed
on a typical analog TV set.

Interestingly, I found that the Aspect
Ratio selection from the Tevion STB
over-ruled the aspect ratio control on
the Palasonic projector - not sure why
that happens.

One aspect of digital TV that is
not well-known is that digital radio
services are available from ABC and
SBS. AIso available in rural a¡eas is
the Mytalk datacasting service, See

Finally, the Tevion offers the abil-
ity to view subtitles via teletext and it
has a selection of simple video games

- perish the thought!

Inside the box
A look inside the box shows the

Tevion HD STB is far more complex
than typical standard definition STBs.
It has a large main PC board which is
packed with surface mount devices
and a surprising number of electrol¡ic
capacitors. I have to say that QC in as-

sembly was a bit lacking: the electros
are soldered in every-which-way but
vertical!

The switchmode power supplY
board is also quite large, again with
a number of electrolytic capacitors'
Interestingly, while the Tevion is
double-insulated, it is fitted with a

three-core mains cord and moulded
3-pin plug,

Power consumption of the Tevion
is listed as 20W. We measured Power
consumption at 14W, droPPing to
12W on standby. Why the small droP?
Surely, standby power should onlY
be a watt or two? This means that the
Tevion should be switched off at the
power socket when not in use. All set-
tings are saved in non-volatile memory
when the power is off.

A USB socket on the rear panel is
included for software upgrades and
interestingly, the operating system is
Linux. The main chip is an ATI Xilleon
x210H,

Conclusion
If you don't intend purchasing an

HD TV set in the near future, You
should consider purchasing an HD
STB such as this Tevion TEVB200.

For a relatively small outlay, you
will get the immediate benefits of
muchbetter picture quality and a great
range of TV programs,

Sure, it's not perfect and its standby
power use is on the high side but the
pictures outweigh the drawbacks.

And to save power, all you have
to do is turn it [and anything else
that goes to "standby" with a remote
control) off at the power point. Our
recent series of articles on power us-
age showed just how wasteful standby
power is - and how much (power AND
$$$) you can save with the simple step
of turning things off! sc

The rear view of the Tevion TEVS200 shows a comprehensive array of video and digital ou':I ut connectors, Note that DVI
and HDMI connectors are included; essential if you are to get the best picture from LCD and DLP projectors'
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Initially though, just let the STB do
it, It will then come up with a display
of all the channels available in your
location, together with their signal
strength and quality.

It is here that a¡r STB can demon-
strate surprisingly good results, In
my setup I have a 4-bay UHF antenna
with direct line of sight to Sydney's
North Head (Mosman/Manly) transla-
tor and it gives good reception of the
existing analog stations (ABC, SBS,
7, I & 10),

The Tevion picked up the equivalent
digital channels as you would expect,
plus a brace of digital datacast chan-
nels (D44) which are available only
in Sydney at the time of urriting. I
certainly did not expect to pickup the
D44 channels - they must be coming
in from the side of the UHF array. (For
a signal coverage map, see wwwdba.

Datacast coverage map.jpg
As well, it also picked up the Prime

andWIN digital andHD channels from
Wollongong, about BSkm to the south
of rny location on Sydney's northern
beaches.

These latter channels do come and
go at my location and it is possible
that the intermittent reception was
a case of summer-time tropospheric
"ducting".

Sufftce to saytìatthere is no equiva-
lent DX (ie, long distance) reception
of UHF analog channels from Wollon-
gong and SBS and ABC digital signals
didn't make it either.

The really good point about digital
TV reception is that, provided the STB
cal pick up the signal, the picture is

rock steady with no sign of ghosting
or noise. Even ifyou have pretty good
analog TV reception, the transition to
digital is arevelation, with the picture
quality the same as obtained from a
standard definition DVD, depending
on your video signal connection and
the quality of your monitor,

The Tevion STB has two further
benefrts when the signal strength mo-
mentarily dips, as it may do on the
weaker signals,Instead of the annoying
random pixellation of the picture, the
whole picture freezes and then a panel
may be displayed with the message
"No signal". Furthermore, there are no
loud zaps or cracks from the speakers
as the sound drops out. Instead, the
sound is muted, without any clicks,
Nor are there any clicks when the
sound is restored,

Having written that, I noted than
when watching weak HD broadcasts
the picture does sometimes also suffer
from momentary freezing and pixella-
tion. Still, it is not as severe as I have
noted on other (SD) STBs.

For my checks I connected the Te-
vion to a-n older Panasonic 68cm ana-
Iog TV (TC-6BP22AJ and a Panasonic
4E700 LCD projector. On the analog
TV via the composite video connec-
tion, I had the satisfaction of seeing
HD TV broadcasts without problems,
although the picture quality was no
better than noise-free PAL, as you
would expect.

Via the Panasonic projector and
the component video connection, the
pictures are first class, even on stald-
ard definition. In fact, I must admit,
after watching the very large pictures

available via an HD LCD projector, I
still have problems coming to grips
with the excellent picture quality - it
still seems too good to be true. For one
who has experienced the limitations of
black and white and then PAL colour
TV reception, the results from digital
TV are a revelation, as noted above.

In spite of that, it must be said that
the picture quality fiom most of the
supposed HD programs is apparently
no different from that of SD broad-
casts.

You only have to see the outsta¡rd-
ing quality of the so-called "HD loops"
broadcast by some of the commercial
networks to see the dramatic difference
with true HD.

I should also note thatthe Panasonic
4E700 is not a "true HD" prol'ector,
True HD requires a picture resolution
of 1920 x 1080 pixels or better.

Aspect ratio
Another point of interest with the

Tevion is that you can select the picture
aspect ratio to be shown on your TV
set or display. You have three choices,
4:3, 16:9 or Panscan.

This is perhaps the biggest disad-
vantage of watching digital TV on
an analog set with a 4:3 picture tube;
no matter which aspect ratio setting
you choose, the results are less thal
optimum.

If you choose 16:9, you wiII have
black strips at top and bottom of the
picture, just as you do, for example,
with current analogbroadcasts of ABC
a¡rd SBS news programs.If you choose
4:3, you get a 4:3 picture, within a black
rectangle - not very satisfying.

an impossible task, For example, 216
batteries are still used in many tran-
sistor receivers and myriads of other
electronic devices. They can often
be used in transistor receivers where
much larger batteries were originally
specified.

Of course, the life of the 216 willbe
noticeably less than the battery it is
replacing. T};le 276P was a commonly
used battery but is rarely seen these
days, However, WES Components
in Ashfield NSW have 276 batteries
with adaptors to convert them to the
276P type.

Alternatively, you can oftenuse sev-
eral AAA, AA, C or D cells in multiple
cell battery holders if a 21.6 or a 276
battery is not appropriate,

Battery-powered console, table and
mantel radios that used 2V accumu-
lators and three 458 dry batteries in
series a¡e a different story, as suitable
batteries are no longer made, However,
such sets can be operated from a mains
power supply that's been designed to
deliver the necessary DC rails at the
required current.

Another way of powering such sets
is via DC-to-DC inverters. These are
typically designed to work from a 6V
or L2Y lead-acid battery. This method
is closer to the original method of
supplying power, as the receiver is
independent of the mains.

Valve portable receivers
Valve portable receivers provide a

much greater challenge, Certainly, a
mains type power supply will do the
job but this means that the set can no
longer be used as a portable.

A cumbersome method of supplying
the HT voltage is to string together tlre
requisite number of 21.6 batteries, Ten
9V batteries in series to supply 90V
does look a bit odd though! Similarly,
alkaline D cells can supply the fiIa-
ment voltage quite easily.

A better method of supplying the HT
rail is to use a DC-to-DC inverter that
will fit inside the receiver. However,
this can be quite a challenge with the
small miniature receivers of the late
1940s, although the full-sized porta-
bles shouldn't pose too many prob-
lems. The filament supply can still be
supplied by heavy-duty alkaline cells,
withthe inverter supplying justthe HT
requirements of the receiver.

Supplying bias to battery sets is
comparatively easy as no current is
usually drawn fiom these supplies.

siliconchip.com.au

Voltage Gomments

Tapped bias battery

x250 1.5V 30 x'F cells; companion to the older and larger 470

Battery for series-wired portable set filaments; uses 6 x 'F' cells

Trans dio Batteriês

9V 2x276P batteries in parallel, 62 x 50 x 180mm

470

286

733

On changing channels, you get this electronic program
guide for a few seconds. Lately, though, we have noticed
increasing instances of "no information" .

Typical Eveready Battery Types For Ualve & Transistor Radios

Bias battery tapped at -1.5, -3, -6 & -9V

Large 45V battery, newer type; 126 x 100 x 148mm

57x52x90mm

2364

2 x7.5V

9V

9V

x-71 1.5V 1x'F cell

3V 2 x 'E' cells cycle battery

1.5V Small general-purpose cell

1.5V Medium general-purpose cell

6 1.bV LargerteleÞhone & general purpose cell; 17-304h capacity, depending

Conposlle Batteries

759 't.sv & 90V

Sometimes, the original batteries in Basically, it's just a matter of using
30-50 year old receivers still supply suitable small batteries to do the job
nearly the correct bias voltage (they IAAA or 216-size batteries may suit
will not supply any current thoughJ. individual receivers).
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Photo Gallery: AWA Empire State Radiolette

A mains power supply or a DC-to-
DC inverter supply can also be used to
power non-portabÌe battery-operated
valve radios. This shouldbe relatively
straightforward, as space is notusually
a problem in such sets.

90 stLtcoN cutp

In practice, a mains supply can
eitherbe designed specifically for par-
ticula¡receiver or designedto supply a

range of voltages to suitmany different
receivers from the 1920s to the 1960s.
The same goes for DC-to-DC inverters.

is already in use and so you can use
the alternative,

In case you were wondering, SPDIF
stands for Sony/Philips Digital Inter-
face. TOSLINKis aregistered trademark
of Toshiba Corporation and hence the
origin of the name:TOShiba-LINK.

For connectionto aPC, there is aDVI
socket. For connection to a PC moni-
tor, you can use the VGA RGB/HV D
socket, together with the L & R audio
outputs.

For connection to an LCD or DLP
video projector, you can use the com-
ponent video or HDMI digital outputs.
Of course most good projectors will
also take composite video, S-video or
RGB/HV inputs but if you want high-
definition pictures, you need to use the
component video or HDMI signals.

Setting up the Tevion TEVB200 is
straightforward. First, you need to
select the video output which you
have connected to your TV, projector
or whatever.

To do this, you press the FUNC but-
ton on the remote control twice within
four seconds and this brings up a four-
dash display on the STB's fiont panel
readout. You then press one of the
coloured buttons to select the output:
RED for PAL (ie, analog TV); GREEN for
VGA;YELLOW for Component Video
and BLUE for DVI/HDMI mode. You
can also use the Left/Right buttons to
select the video resolution you want
such as 1080i (interlace), 720p (pro-
gressive scan) and so on,

For best picture from a video pro-
jector, it is desirable to set the STB's
output video resolution to the "na-
tive" video resolution ofthe projector,
although most of the better projectors
wiII do a pretty good job of scaling
the signal to suit. Most HD projec-
tors will also automatically recognise
interlaced or progressive scan signals.

Once you have set the video output,
you can ignore the front panel display

of the STB, as it wil
display all the information you want
via the video screen.

The next step is to get the STB to
scan all the available chalnels, You can
do this manually but it is far quicker
and easier to just let the STB get on
with it. Afterwards you can decide
to get rid of channels you don't want,
rename them, change their order or
whatever.

Most portables use 1.5V 7.5V or 9V on
the fllaments, while the HT require-
ment is usually either 67.5V or 90V.

Obtaining a battery eliminator
So where do you obtain a suitable

mains-powered battery eliminator to
run a vintage radio? Well, I currently
have a suitable design on the drawing
board to be published later in the year,
This unit will supply filamentvoltages
of t.4, 2, 3, 4,5 & 6V at 1A or so and
7.5-9V at S0mA.Itwill also supplyHT
voltages ranging ftom 22.5V to 135V
and there will be a good selection of
bias voltages as well.

Suitable DC-to-DC inverters were
rather thin on the ground until Tony
Maher of the Historical Radio Soci-
ety of Australia (HRSAI designed a

number units in 2001. His first item
was designed to replace a 467 battery,
It flts into the same space as the bat-
tery and is powered by four nicad or
NiMH cells.

He has since added a 2V supply for
sets using 2V valves and is about to
publish a 90V version ofhis 467 bal-
tery-size d supply in Ra di o Wave s (lhe
HRSA in-house magazine). SG

Inside view ofthe Tevion TEVB2OO: note the large and complex PC boards and
the large number SMDs and electrolytic capacitors. The electros look as though
they might have been hit by a mini-tornado, don't they?
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fìot an anal0g IU set?
Y0u't'G g0ing t0 nGed
an Hll set I0[ B0lt!
If you currently have an analog TV set or a digital
projector and don't want to change it, you will need a
high definition set top box to watch HD TV broadcasts -
now and more importantly in the future.

By LEO SIMPSON

Sflmp[o add"om boamü mmo wlruh tho @PS ffioquoncv

This simple add-on module for the GPS-
Based Frequency Reference is designed
to drive the escapement coil of a low-cost
quartz clock movement. It uses the LHz GPS
pulses available at the rear of the Frequency
Reference so that the clock can display local
time with GPS-based accuracy.

Wt+:f,"kîi{{,:"';åî:
store. This is one of the cheapest HD
STBs currentÌy available and has aÌl the
features that you are likely to want.

With a recommended retail price of
$119 (including GST) and occasionaìly
available on special at 999, the Tevion
HD STB is hard to go past. It is quite a
bit larger than typical SD STBs and is
quite heavy to boot.

Its front panel has six pushbuttons to
control the various on-screen menus, to
select channels and control voÌume. But
after the initìal setup, there is no need
to ever use the front panel controls.

The rear panel is of more interest
because the number of video output
connections is irnpressive, In fact, the
array of connectors on the rear paneì.
is likely to be quite daunting for any
non-technical user.

It has the standard male and femaLe
coax connectors for the antenna input
fly lead and an output to VCR, TV or
whatever. To connect an anaÌog TV,
there are RCA sockets for composite
video and L & R stereo audio, S-video
and component video.

Most analog TV sets will just use
the composite video output (yelÌow
socket) and the left/right stereo outputs
(red a white). If your set only has a

mono input, use the Ieft audio (white)
output.

In the (these days most unÌikely)
event that your analog set does not
have audio/video (A/V) inputs, you
wiÌl need an RF modulator to connect
to the standard antenna input. Both
Altronics and Jaycar Electronics have
suitable RF modulators.

For connection to home theatre re-
ceivers, there are two digital outputs,
one via a SPDIF coax (RCA) socket
and one via a TOSLINK (opticaÌ) con-
nector.

Having the two options is good since
you may find that one of the digital
inputs in your home theatre receiver

The TV Channel Manager screen shows the channels
that are available together with a preview of the channel
selected, in this case ABC HDTV. Note the availability of
the D44 data signal channels,

1.4 Stuco¡rt Cutp

This screen is a program guide showing what is available
over most parts of Sydney, including the D44 Datacast
channels. The latter include weather, federal parliament, a
TV buying channel, a Christian channel and so on,

siliconchip.com.au

TF YOU BUILT the GPS-Based Fre-
lquency Reference described in the
March-May 2007 issues, you'Ìl know
that it provides a continuous readout
of "Universal Time Coordinated"
(UTC) on its LCD. This time is derived
directly from the GPS satellite system
and is therefore very accurate.

In practice, it's not all that difficult
to mentally convert UTC into local
time, In most cases, you simply add
or subtract a certain number of hours,
depending on the nominal longitude
of your local time zone and, of course,
your time of year. For example to
convert UTC into Eastern Australian
Standard Time, you simply add fO
hours, or 11 hours during the sum-
mer months when we're on "Summer
Time" (daylight saving). So 05:15:00
UTC becomes 15 :15:00 (3 :1spm) EÄST,

siliconchip.com.au

or in summer 16:15:00 (4:15pm).
That's all well and good but most

people would find a direct readout of
their local time a littÌe more useful.
And that's where this project comes
in. It uses the lpps (one pulse per
secondJ output from the GPS system
to drive a quaÌtz wall clock. ,A.ll you
have to do is set the display for Ìocal
time at the start, after which the clock
wiÌÌ be accurateiy controÌled via the
GPS seconds pulses.

It turns out to be very easy to inter-
face the GPS Frequency Reference to
a standard 'analog' quartz clock move-
ment. First, you have to remove the ex-
isting circuitry from the clock (usually
just a chip and a crystal on a tiny PC
board) and bring out the connections
to the clock's escapement coil. That
done, the coil can be pulsed instead by

the little driver module described here.
This driver module is small enough to
fit inside the clock (next to the move-
ment) and gets its power from the GPS
Frequency Reference, along with the
1Hz (1pps) pulses.

How it works
If you remove the back from a

standard 'analog' quartz clock move-
ment and take a look inside, you'll
find a small PC board with a single IC
chip and a tiny quartz crystal (usu-
ally 32.76BkHz). This drives a simpÌe
stepper motor coupled to a muÌti-stage
reduction geartrain,

Inside the IC there's an oscillator
stage which uses the crystal to gener-
ate the 32.7ïBkIHz'clock' pulses plus
a counter chain which divides these
pulses down to 1Hz (one per second).
These 1Hz pulses are then used to
drive the movement's stepper motor
so that it gives an increment of rota-
tion every second. The geartrain then
steps down these increments in the
motor spindle's rotation to drive the
spindles for tlre clock's second, minute
and hour hands.

The stepper motor is basically the
interface between the electronic and
mechanical sections of the clockmove-
ment. ,\nd that makes the motor quite

By JIM R0WE
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MUTTIPOIT
PERMANENT MAGNEÍ

ROTORWITH
PINION GEAR

applying the pulses to the stator coil
with alternate poÌarity, as shown in
the diagram.

Basically, 'odd' pulses are appiied
with one polarity, while'even' pulses
are applied with the opposite polarity.
As a result, the rotor clicks around
through an angle equivalent to the
distance between its permanent mag-
net poles each second - see Fig.L. The
geartrain steps down these 1-second
jumps to drive the clock hands!

the vertical edges in the picture wiÌl
occur ifthey are too long.

If you have insufficient HDMI
inputs then you can use component
inputs, but also feed the sound into
the display as well.

The other option is to use a home
theatre amplifier to do all switching,
provided it can delay the sound for
the delay in the display.

In practice, we think that the de-
cision whether to use a component
video or HDMI connection will
depend on how many HDMI inputs
your TV or proiector has. At present,
video projectors come with only one
HDMI input and many HD TVs are
the same. So if you have several HD
video sources (eg, HD STB, PVR and
DVD), you will probably end up using
a mixture of component video and
HDMI cables.

The most recent "upmarket" HDMI
plasma and LCD HD sets may have two
or three HDMI inputs so there is less
of a problem with these models.

If you have one of these, it is best
to feed all sources to the display, then
take the sound from the display. This
also has the advantage of avoiding
problems with "lip sync" whereby

the video is delayed with respect to
the sound.

By the way, using S-video or com-
posite video cables for HD connections
is really a waste of time and money, un-
less you are using an analog TV set.

What about Surround Sound?
If you want to get the complete ex-

perience, then you also need a home
theatre amplifier and all the necessary
loudspeakers. Ifyou purchase an HD
STB or PVR, it will have a coax or
optical output which can be fed to the
Dolby decoder in your home theatre
receiver.

However, consider that unless you
frequently watch "action" movies,
there is no real need for surround
sound; your TV's inbuilt speakers will
be quite adequate for the purpose.

Even if you do watch the occasional
"action" movie, a good quality stereo
pair of speakers and your existing
system amplifier can stiÌl give a very
satisfactory aural result.

In fact, if you have a limitedbudget,
as most people do, then our advice is
to buy the biggest HD set (or choose
a HD video projector) and leave the
decision about a surround system to

a later date - if everl
If you do decide to go for the full

home theatre experience with mul-
tiple speakers, go for the best home
theatre receiver you can afford. It will
also solve any problems with switch-
ing of HD signaÌ sources.

Most plasma and LCD TVs have
stereo sound systems but manY have
relatively poor sound due to restricted
speaker sizes.

HD programs are broadcast with the
option of two sound systems. The first
of these is MPEG2 which is stereo only.
The second is ,\C-3 or Dolby Digital
5.1 which carries six channels: left,
centre and right front, as well as left
and right rear.

The 0.1 is the low frequency chan-
nel which is normally fed to an active
subwoofer. Typically, when broadcast
AC-3 has a greater dynamic range than
MPEG2.

A composite video cable is next, with its three RCA plugs (yellow is video, red is right
audio ãnd white is left audio). Finally, the cable at far right is a combination componenl
video/audio cable - the green plug is Y, blue is Pb and red is Pr. This cable can also
handle composite video (yellow) and stereo audio (red and white)'

A selection of some of the cables you're likely to come across.
At left is an S-Video cable, while to its right is an HDMI cable,

(o) Bosic Stepper Motor - At Rest

Jl_'
MAGNETIC

FLUX IN
STATOR DURING

PUISE

MAGNETIC
FIUX IN

SIATOR DURING
PUISE

interesting, especially as it's surpris-
ingly simple in construction.

In most cases, the motor is similar
to the arrangement shown in Fig.1. As
can be seen, it has a multi-poÌe perma-
nent magnet rotor which is fiee to ro-
tate inside a circular gap in a soft-iron
stator. The latter has two pole pieces
which are driven by a single coil,

The trick is to get this very simple
motor to rotate in 1-second steps, all
in the same direction, That's done by

(c) After Next'Even' Seconds Pulse

Fig.l: a clock stepper motor uses a multi-pole permanent magnet rotor which
rotates inside a ciicular gap in a soft-iron stator. It's made to step in the same
direction by reversing the polarity ofthe current pulse at each step.

(b) After First 'Odd' Seconds Pulse

Want a real speed
controller kit?

lf you need to control
12 or 24 volt DC
motors and
want a
speed
controller
that will easily
handle 30 amps,
then this is the kit for you.

This controller allows you to vary the
speed of DC motors from 0 to 100%. lt
is also ideal for controlling loads such
as incandescent/halogen lamps and
heating elements.

This kit makes a great controller for
use on small electric vehicle projects,
such as electrically assisted bikes and
go-cads. We have tested it to over 30
amps without problems-it barely gets
warml ltem code: SPEEDCON.

We also have solar maximiser kits,
Luxeon LEDs, and lots of interesting
products and publications.

Go to shop.ata.org.au or call
us on (03)9639 1500.

IIEXT MOIITH:
ln part 2 of this feature, we'll l00k at

some 0f the traps for young players in
HDTV reception - for example, is your

0ld anal0g TV antenna suitable lor dig-
ital? The answer is . . . probably not!
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For the complete "home theatre"
experience, you'll need a 5.1-

channel amplifier along with
the DVD and PVR. While the
subwoofer is shown centre
rear in this diagram, it can in
fact go just about anywhere
as low frequency sound is, for
all intents and purposes, non-
directional.

Y, Pb and Pr signals.
The sharpness of the image will be

controlled by the resolution of the
display but the accuracy ofthe colour
should be a little better using HDMI
compared to component video.

In essence, your ultimate picture
quality will depend more on the reso-
lution a¡rd video conversion processes
inside your video monitor or projector
than on whether you have selected
a component video or HDMI cable
connection,

HDMI uses only one cable
HDMI does have the convenience

of only using one cable connection in-
stead of three in the case of component
video (plus an extra two for the Ieft
and right audio channelsl but when
you consider that component video
cables are always moulded together
to give one flat "cable", albeit with
three RCA connectors at each end, the
advantage is small.

Nor is there much advantage if you
are using a video projector since you
don't have to worry about connecting
audio cables (although you do have to
connect separate audio cables to the
amplifier).

HDMI cables are not normally
included when you purchase HD
equipment and have to.be purchased
separately - and they are also more
expensive than equivalent high qual-
ity component video cables, In fact,
they are very expensive for lengths
between 'L}-21rn. Cheap HDMI cables
can be a problem at lengths above 5m,
with the most frequent symptom being
"sparkles" in the picture followed by
complete dropout.

For HDMI cables longer than 10-
15m, you may need an HDMI repeater
such as the one sold by laycar EIec-
tronics (Cat AC-1698 at $79.95). This
is powered by a plugpack,

HDMI cables also present problems
for installers, This is because you pres-
ently cannot buy HDMI cable and then
fit it with connectors - you must buy
the complete cable with connectors fit-
ted at each end, This can make it very
diffrcult to pull such a cable through
wall cavities without damage.

Long component video leads can
also be a problem, especially if they
use cheap cable. The result is picture
blurring.

For projectors, component connec-
tions are an alternative to the high
cost of HDMI. However, blurring of

ó- rcrb
r 00k
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This means that using the 1Hz
pulses from the GPS Frequency Refer-
ence to drive such a clockmovement is
quite easy. All we have to do is provide
a simple driver circuit which accepts
the 1Hz GPS pulses and in turn applies
brief current pulses to the stepper mo-
tor coil in the same alternate-polarity
manner as the normal clock electron-
ics. And that's exactly what we do in
this project.

Circuit details
Refer now to Fig.2 for the complete

circuit details. It can basically be di
vided into two logical sections.

The first section comprises the
NAND gates of IC1 and flipflop IC2a.
This section separates the stream of
1Hz pulses coming from the GPS Fre-
quency Reference into two streams of
alternating 'odd' and 'even' pulses,

The second section comprises 555

Fig.2: the circuit uses NA,ND gates ICla-ICld and D-type flipflop IC2a to
separate the incoming 1Hz pulses into alternating "odd" and "even" pulse
streams. These pulse streams then drive IC3 & IC4 which in turn drive the
clock coil.

Q-bar outputs (pins 1 & 2 respectively)
toggle back and forth in complemen-
tary fashion, in response to the incom-
ing pulses,

IC2a's Q output is fed to pin 13 of
IC1d, while its Q-bar output goes to
pin 2 of IC1a. As a result, ICld and
ICla separate the 1Hz pulses into two
alternating streams, each controlled
by the toggling outputs of IC2a. The
'odd' tHz pulses (inverted) emerge
from pin 11 of IC1d, while the 'even'
pulses falso invertedJ emerge from
pin 3 of IC1a,

These two separated pulse streams
are then used to trigger 555 timers IC3
& IC4 which are used here simply as

inverting drivers. As you can see, the
clock's stepper motor coil is connected
between their two pin 3 outputs via a
390Q current limiting resistor.

During the gaps betweentlre pulses,
both IC3 and IC4 are in their 'off'
state, with their pin 3 outputs both
switched low. As a result no current
flows through the stepper motor coil.
However, each time a pulse arrives
at IClb's pin 6 input, either pin 11 of
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which only has one bit change at a
time in the channel So if interference
is picked up, ali channels receive it
and it is ignored,

At the same time, it employs "Dif-
ferential Signalling" whereby when a
"1" is being sent one wire of the pair
goes to +250mV while the other goes
-250mV with respect to earth, They
reverse when a "0" is being sent. This
gives noise immunity, Error correction
is also applied to the sound and control
signals (but not to the colour signals).

The signals are sent as identifiable
packets, so the same wires are used
for picture and sound.

An HD colour signal consists of a
Iuminarce (Y) signal. It shows as a
black, grey and white signal in sharp
detail. The picture is then "coloured
in", by using a Pr signal which colours
it either red or aqua, or a Pb signal
which colours it blue or yellow. The
green and purple colours can be de-
rived from the above three signals.

Component video is not much dif-
ferent, with the analog colour informa-
tion also split three ways: luminance
(the "Y" or green channel, represent-
ing the total brightness of the imageJ;
Red minus Luminance (the "Pr" or red
channel); and Blue minus Luminance
(the "Pb" or blue channel),

The horizontal and vertical sync
pulses are delivered on the Y chan-
nel. The video display calculates the
values of red, green andblue from the

ffi I PPS OlllGK IIRIUER

timers IC3 & iC4. These drive the step-
per motor coil using the two separated
pulse streams.

In greater detail, the incoming
1Hz pulses are first fed through IClb
which is connected as an inverting
input buffer. Note that pin 6 of IClb
is tied to ground via a 100kO resistor
to prevent it from 'floating high'if the
input cable is disconnected from the
Frequency Reference.

IClb's output appears at pin 4 and is
fed in two directions - to pin I of IClc
and to the clock input (pin 3) of IC2a.
IClc simply re-inverts the signal and
its pin 10 output is then fed to pin 12
of ICld and to pin 1 of IC1a.

IC2a is one half of a 40138 dual
D-type flipflop (the second flipflop in
the IC is not used here), As shown, its
Q-bar output is connected back to the
D input, so the flipflop is configured
in toggle mode, As a result, its Q and

Front

Parts Lflst

1 PC board, code 04103081,46
x 38mm

5 PC board terminal pins

Semiconductors
1 40938 quad CMOS Schmitt

NAND (rC1)
1 40138 dual CMOS flipflop

(rc2)
2 555 timers (lC3,lC4)
1 78L05 low-power 5V regulator

(REG1)

Gapacitors
2 47¡tF 16V RB electrolytic
1 100nF monolithic ceramic

(code 104 or 100n)
2 10nF monolithic ceramic

(code 103 or 10n)

Resistors (0.25W, 1%)
1 100ko
1 390ç¿

l€fr r
Front 1\

Lefr
Rear {

. The signals are not converted into
analog. This is an advantage because
the display will have to digitise com-
ponent signals, so that the image can
be stored for display. Thus digital to
analog and an analog to digital conver-
sions are eliminated,

. Finally, it allows the transfer of the
xvYCC colour signals to the display.
This gives a greater range of strong col-
ours, ifthey are present on the disc.

But in spite of the above, there is
presently no clear-cut advantage for
HDMI over "component video", While
HDMI is a digital format, it does not
have error correction and therefore
long cable runs can be more problem-
atical, with possible signal dropouts,
than the analog "component video"
connection.

To explain, both HDMI and analog
component video deliver signals as
three discrete colour components,
together with sync information which
allows the TV or projector to produce
the video display.

HDMI delivers these via three data
channels in a format called TMDS
(Transition Minimised Differential
Signalling). The TMDS format basi-
cally involves a blue charnel to which
horizontal a¡rd vertical sync are added
and separate green and red channels.

TMDS involves two schemes to
minimise noise and interference.
"Transition Minimised" refers to the
conversion ofthe signal to Grey code,

1.2 Stttco¡rt Cnrp

Sub

Ræffi@[our@dæ
tr No. Value 4-Band Gode (1%) 5-Band Gode (1%)
tr 1 100kO brown black yellow brown brown black black orange brown
tr 1 390f) orange white brown brown orange white black black brown
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ICld or pin 3 of ICla will pulse low,
depending on the current state of
flipflop IC2a.

This causes either IC3 or IC4 to
trigger, pulsing its output pin to the
+5V level for the duration ofthe pulse
(about 100ms) and hence driving a

pulse of current through the stepper
motor coil in one direction or the
other. The next pulse (about 900ms
later) then triggers the other 555
output driver, resulting in a current
pulse through the coil in the opposite
direction.

Power for the circuit can be derived
from any 12V DC source, including
the 12V DC rail used to power the
GPS Frequency Reference, This is ap-
plied to a low-power regulator (REG1)
which delivers a +5V rail to power
the circuit.

The two 47pF capacitors and the
100nF capacitor provide supply de-
coupling and filtering.

Building the module
All of the driver module circuitry is

mounted on a small PC board coded
04103081 and measuring just 46 x
3Bmm. This is smaÌl enough to mount
in the back of most wall-type quartz
clocks, alongside the movement.

Fig.3 shows the assembly details.
No particular order need be followed
but we suggest that you install the
wire link first, followed by PC stakes
at the five external wiring points. The
two resistors and the capacitors can
then go in. Take care to ensure ihat the
two 47pF electrolytics are orientated
correctly.

That done, you can instali regulator
R-EG1 andthen complete the assembly
by soldering in the four ICs. Be sure
to orientate the ICs as shown on Fig.3
(ie, with pin 1 at lower left) and be
careful not to get IC1 (40938) and IC2
(40138) mixed up.

The two terminal pins on the left
marked CC1 and CC2 are used to termi-
nate the leads from the clock's stepper
motor coil (see below). In addition,
you have to make three connections
to the GPS Frequency Reference - ie,

+12V GND and the 1Hz GPS pulses,
A ìength of 2-pair telephone cable can
be used for these connections.

Modifying the movement
It's not difficult to modify the quartz

clock movement so that it can be
driven by this module, The first step is
to remove the back and then the clock's
PC board. The latter usually fits into a

slot at one end of the movement's case.
If the battery contacts are attached
directly io the PC board, these can be
removed as well.

As you are removing the PC board,
you'll find that there are two fine wires
from the stepper motor coil soldered to
it. These two wires must be carefully
desoldered from the board, after which
the board can be discarded.

The next step is to connect a short
length of light-duty 2-core cable (eg,

a 200mm length of rainbow cable)
between the coil wires and the CC1
& CC2 terminals on the driver board.
This should be done in such a way that
neither the joints nor the coil wires

There are many
ways to "skin a cat"
- some better than
others. Ifyou have
the option, the best
is to use an HDMI
cable to connect
a personal video
recorder to the TV
- especially if it is
an HD type.

Subtitling for the hard of hearing's
data is also recorded along with the
program so you can choose whether
you display subtitles on playback or
not.

HDMI or component video?
HD STBs and PVRs should be con-

nected to your TV set or projector by
HDMI or component video cables.
HDMI stands for "high definition
multimedia interface ".

But which one should you use?
HDMI or "component video"?

HDMI has the following advan-
tages:

¡ It can carry the three colour sig-
nals and up to eight channels ofsound

Better

Best

on a single cable.
o It can tell the display what type of

signals is being sent so that the display
can automatically adjust,

. It can convey control commands
for other devices. So for example, a

single remote control can be used to
control the PVR, etc.

o It can carry the High Definition
Copy Protection (HDCP) signals.
There is talk of onÌy outputting Full
Definition (rgzo x 1080p) signals to
the HDMI output only. This will par-
ticularly affect High Definition DVDs
such as BlueRay and may actually be a
drawback in the future, as far as most
users are concerned, since HDCP is a
copy prevention method.

FROM GPS

FREQUENCY
REFERENCE jl

1 PPS

GND

+12Y

Fig.3: install the parts on the PC board as shown in this layout diagram and the photo at right, Take care with
component orientation when installing the ICs and the electrolytic capacitors.

a piece ofscrap PC board as shown in the above photo (see

text). These pads also terminate the leads from the driver
board. The photo at right shows the completed driver
module mounted in the back of the clock case.

Antenna input
High Definition

Antenna input

HDMI or
Component
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video recorder cal record via its
AV inputs or

3) An HD Personal Video Recorder
(PVRI. This device will receive
digital signals and display on a con-
ventional or wide-screen display
(and/or record them if you wish).
And while it might seem obvious,

you need a suitable antenna to receive
the digital signals. Your existing an-
tenna may not be good enough,

If you live in a home unit, your
building's Master Antenna Television
(MATV) system will need upgrading
to pass the channels used by digital
TV.

The cheapest and best way to do this
is for all residents to obtain either a
STB or PVR first. They may notreceive
all stations at this stage. Then get the
body corporate/building owner to
upgrade the MATV system to digital
channels. The installation should be
made according to Australian Stand-
ard 451367: 2OO7.

The cheapest option is to install
STBs near the antenna instead of
retuning the channel amplifiers. One

STB will be required for each digital
channel. The STBs will be used to
convert the digital signals back to
standard definition analog.

However, this approach will pre-
vent you seeing High Definition
signals and multi-channel sound on
your expensive new TV, And it will
probably prevent you seeing the new
HD and the supplementary channels
aìready available. See

If you live in a free-standing home
or dual-occupancy dwelling, you will
need to check to see if you get reli-
able digital reception, particularly in
the rain.

Check that the picture does not
break up into little squares, the sound
notgo off and on orthatthe "no signal"
sign appears.

If any of these things occur, then
you require an antenna designed for
digital reception (not "digital-ready")
in your viewing area. The antenna
cabling may also need replacing. We
hope to have more to say on digital
antennas next month.

HD set-top boxes are getting cheaper
all the time. Over the Christmas
period, Aldi stores had an HD STB
available on special at just $99 (down
from $119) while Coles supermarkets
have had.them even cheaper at $79.
You could also pick one up on eBay
for less than $50 (but watch those
postage charges!).

At the same time, we have seen
standard deflnition (SD) STBs on sale
for as little as $35.

However, in view of the above re-
marks aboutHD programming, we see
little point in buying an SD STB. In
fact, we forecast that once the general
public understands their limitations,
SD STBs will shortly disappear from
the market.

PVRs are also becoming cheaperby
the day and they are a very good option
if you want to record a HD program
at a particular time while you watch
another HD [or SD) program, This is
easy with most PVRs since they usu-
ally have two inbuilt tuners.

PVRs are similar to a VCR but with
some distinct advantages. The first of
these is the Electronic Program Guide
(EPG), This is where the broadcaster
sends out via their transmissions the
names of all programs to be shown for
the coming week. You cal then select
the programs you wish to record by
name, No more worrying about start
and stop tirnes, channel number etc.

Another advantage is Time Slip re-
cording, which enables you to pause
the program you are watching, while
the recording process continues. You
can then start playing where you
left off while the recording is being
completed.

Since the recordings are made on a
very large hard disk (typically 160G8
or 250G8), there is no waiting for a
tape to wind to the right place; it is
just like playing a DVD.

will be strained if the lead wires are
accidentally pulled.

The way to do this is as follows.
First, cut a small rectangle from an old
PC boa¡d, making it exactly the same
size as the clock PC board (so that it
will slide into same case slot). That
done, cut a 3mm hole into the side of
the movement case near the board slot,
then bring the ends of the lead wires
in through the hole a¡d solder them
to two pads on the new "termination
board". Finally, solder the coil wires
to these same pads and reflt the back
to the clock movement.

The driver module itself can be
mounted next to the clock module.

In our case, the module was attached
to the wooden dial 'plate'using a pair
of 6Gx gmm self-tapping screws, with
an M3 nut and flat washer under each
to act as spacers.

GPS reference connections
As mentioned above, a length of

2-pair telephone extension cable is
used to connect the driver module to
the GPS Frequency Reference. To do
this, we suggest fitting an extra DB-9
socket on the rear panel of the GPS
Frequency Reference, just above the
holes for the GPS 1Hz ard phase error
pulse outputs - see photo at left.

That done, use three short lengths

of hook-up wire to make the connec-
tions inside the unit to three of the
pins on this added socket. One lead
goes from the socket to the main board
ground, another to the +L2V line and
the third wire to the rear of the "GPS
1Hz" output socket.

Now flt a matching DB-9 plug to the
end of the cable from the clock driver
module. Be sure to connect the leads
to the correct pins on this plug, to mate
with those on the new DB-9 socket.

It's now just a matter of testing it out.
Connect the DB-9 plug to the socket,
apply power and check that the clock
immediately starts ticking. Its second
hand should step in time with the
flashes from the "GPS 1Hz" LED on
the GPS Frequency Reference.

All that remains when you get to
this stage is to set the clock movement
to the current local time. If you want
the second hand to read correctly as

well, the easiest way to do this is to
first unplug the clock connection from
the rear of the GPS Frequency Refer-
ence when the seconds hand is in the
12 o'clock position,

That done, set the minutes and
hours hands manually for the start of
the next minute and then, as soon as

the UTC seconds display on the Fre-
quency Reference's LCD reaches "59",
plug the connection back in again to
restart the clock.

If you time this reconnection cor-
rectly, the clock will now display local
time accurately (to the second) - and
will continue to do so as long as GPS
1Hz pulses keep arriving, SG

The driver board can be connected to the GPS Frequency Reference via a length
of z-pair telephone cable fitted with a DB-9 plug. This can plug into a matching
DB-9 socket mounted on the rear panel, just above the "GPS 1Hz" output socket,
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Here's the rear view of the STB above. At left is the standard coax antenna input and loop output sockets. Alongside is the
coaxial (digital audio) and S-video socket, followed by the I Pb and Pr component video sockets (labelled HD OUT), The
next three sockets are component video (yellow) and L/R audio (white and red). Immediately alongside this is a D-socket
for use with a VGA computer monitor. The next four sockets are the interesting ones: DVI out (for projectors, etc), the
HDMI output we've discussed in the text; a USB socket for USB devices and finally, the optical, or TOSlink audio socket.
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ASK SILICON CHIP

Query on
PC board layout

Looking at the power supply PC
board for the Studio Series Preampli-
fier (Sn tcoru CHIp, October 2005), why
do the tracks from REG1 & REG2 go to
the external terminals first and then
back to D5 and D7? Why don't D5 and
D7 connect directly to REGI & REG2,
as shown in Fig.10 on page 31? (J. E.,
Silverwater, NSW),
o This is an interesting question,
j. E,, and it highlights the fact that
many aspects of the topology of our
PC board designs never get a mention
in the articles - we simply don't have
the space.

In this case, notice that diodes D5 &
D7 are in paraÌÌel with the 100f) sense
resistors for the adjustable regulators
and it is the connections of the 100Q
resistors which are important, not the
diodes. By connecting the 100Ç) resis-
tors to the output terminals in the way
depicted, any small voltage loss in the
copper tracks from the OUT pins of the
regulators to the external connectors is

automatically compensated for.
This is a small point, admittedly, but

it does improve the circuit perform-
ance. And since the diodes need to
be in parallel with the 100C) resistors,
they are connected to the same PC
tracks. Normally of course, the diodes
do nothing.

Puzzlement with
kit assembly

I recently bought a kit for the 20W
Class-A Amplifier from Altronics in
Auburn and have so far put everything
together quite easily. However, there
are a couple of anomalies which I hope
you might throw some light on.

First, the power amplifier circuit
shows a 15OnF 25OVAC capacitor and
this is also printed on the amplifier
boards (near the inductor), The one
supplied with the kit is marked 15OnF
but 1-00VAC Vishay. Is this a problem?
The hole centres suit the (smaller?)
supplied cap, so I've installed it, as-

suming it will be OK. Can you please
advise?

Second, could you please explain
how to use the tiny little links LK1,
2, 3 & 4 on the preamplifier board
(SrrtcoN CHII, AugusT2oOT, page 20)?
AII four supplied in the kit appear
identical. I've not encountered this
type of component before and don't
understand from the instructions
exactly how they're meant to fit or in
fact, exactly what they do,

The instructions mention the head-
ers have pins but those supplied do
not, just a little sliding socket which
can be pushed out. Is LK2 on top
while LK1 is underneath? Similarly,
is LK3 on top and LK4 below? Your
help would be greatly appreciated, as

I don't understa¡rd tìe instructions. On
page 18 of the August edition, links
are mentioned and the photo on page
21 shows what looks like a gold pin
sticking up fiom underneath, (K. P,,

via email).
o The 100VAC capacitor is fine, You
install the four 2-pin headers as shown
on the PC board. Then, the link itself
is the little top sliding section - this
shorts the two pins of the header
together.

Defective brownout
protection

A while back I built the Appliance
Energy Meter (SIrtcoN CHF, |uly &
August 2004). Ibuilt it with the added
brownout protection but the device
doesn't seem to restore to normal func-
tion once battery operation has been
activated. I have just disconnected the
battery and it seems a waste not to use
the relay. (,t.R,, via email).
¡ Make sure the 9V battery is an
alkaline type and is fresh. Standard
9V batteries do not seem to be able to
supply the necessary current.

Better transistors for
the class-A amplifier

For the 20W Class-A Ampli-
fier, is it possible to use MIL1302A &
MJL32B1A transistors instead of the
specified M1L21.1.53 & MJL21194 de-

I bought a High-Energy Ignition
kit (SIucoN CHIP, December 2oo5
& January 2006) for use in a 1939
Packard which is running a 6V nega-
tive-earth system, Can you tell me
if it is suitable for this a¡rd if so, is
there anything special I need to do
to make it run?

I built the kit but have had prob-
lems with the engine cutting out
after about 10 minutes. This has hap-
pened three times, coincidentally
cutting out after running around 10
minutes each time. I have LK1 in the
normal position, LK2 in the 0.Sms
position and LK3 in normal, I have
also tried it in the point's position.

Are there any bench and in-car
tests I can perform which will help
verify that the circuitry is OK? (S.

L,, via email).

o This ignition system was not
speciflcally designed for 6V but
it should work with minor circuit
changes. In particular, the 100Q 5W
resistor for the base of transistor Q1
should be 47o- 5W instead. Insuf-
ficient base current for Q1 when
using the 100f1 resistor (at 6Vl may
be the cause of the cutting out. We
also recommend using a 47fJ 5W
resistor for the points' resistor.

One possible problem could be
that the collector is arcing across to
the case. Check that Q1's collector
(the metal tab) is isolated correctly,
using the washer and bush. Check
that there are no sharp protrusions
that may puncture the washer. The
hole in the box must be chamfered
so there are no sharp edges that can
cause an arc-over.

t 7ou mieht have seen adverts on

Y th. Seien &Tennetwork slating
I that lheir new High Definitioñ

(HD) TV programs are now available.
New Zealand is also converting, with
HD Digital on air in allmajorpopulation
centres, ready for the start ofthe Beijing
Olympics on Bth August 2008.

Perhaps you have been thinking that
you will be able to get the new HD
programs with your existing standard
definition (SD) set-top box (STB) or
SD digital tuner, Well, think again, It
doesn't work that way,

If you want to see HD programs, you
will need an HD tuner, even if your
present display cannot show them in
the needle-sharp focus of HD.

siliconchip.com.au

In Australia there are HD and SD

receivers. SD programming will
eventually die out with the advent of
HD-only programming but an HD STB
can produce an SD signal for analog
receivers. So even ifyou decide to stay
witl your present analog TV set, it will
still be possible to watch all the new
high-definition fiee-to-air programs,
provided that you have an HD STB,

The clock is definitely ticking on
analog TV broadcasts, Senator Conroy,
the Minister for Broadband, Commu-
nications and the Digital Economy,
has set the switch-off date for metro-
politan analog TV as December 2009,
with all analog transmissions to cease
by 201-3.

So there is no escaping it, if You
want fiee-to-air TV programs in the
near future, you ale going to have
to "go digital" and realistically, that
means "go HD".

But why wait? Why not enjoy all the
advantages that HD TV has to offer,
right now? The main advantages are
more programs, much better picture
and sound quality and no ghosting.

If you want to watch HD programs,
you must obtain:
1) A wide screen TV which incorPo-

rates an HD tuner or
2) An HD Set Top Box (STB) which

will receive digital signals and con-
vert them into a form a conventional
receiver can display or a standard

Perhaps you are blistf"ily unawere of ft -
but the Ãustralian Government plans to progressively switch off
all analog TV transmitters, starting in less than two years_time.
And High Definition digital TV progroms ore now being shown
on "free to uir" commercial, ABC and SBS TV. Those programs
are not available vio Standsrd Definition digital tuners or set-
top boxes. So whet do you need to do?
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Mailbag: continued

Electric vehicles
not yet available

Recently i decided to seII my
Toyota sedan and to make a serious
attempt to import an electric vehi-
cle, In Cape Tor,rm, this proved to
be practically impossible and afte¡
several months, I gave up.

Even if it had been possible to
import one, I wonder whether any-
one would have been capable of
servicing and repairing it. Instead, I
imported a Bajaj Pickup from hrdia, a
successor of the original 1948 Vespa
Ape, which is serviced andrepaired
locally. So far, fuel efficiency is
3lh00km. Compare this with 5.6-
1sli 100km for a typical sedan.

Not only that but it is very usefuI
and great fun if one isn't deterred
by a top speed of about 60km/h! So
here is someone who aspired to an
electric vehicle but the times did not
yet favour it.

Thomas Scarborough,
Cape Town, South Africa.

device could be covered in an article
in Sucotl Crup. This could then flow
onto a project on something better
which you could position anywhere
and centrally turn a number of devices
off (and where the device itself does
not need to be controlled by another
device to turn on).

I am beginning to find that this
whole issue about saving energy and
the environment is becoming a big
'con' on society, with everyone get-
ting on the bandwagon and using it
as either a political grab or as a means
of sucking more hard-earned income
from individual consumers. If the
world governments really wanted to
improve the environment, then the
first point of the agenda is to release
our reliance on oil ald fossil fuels.

I was dumbfounded by a report
which said that we should be taxed
to force new 'green' technologies.
http ://www.news. com. au/business/
story/O,2363 6,2242 ttzt-462,00.html

Flavio Spedalieri,
Frenchs Forest, NSW.

Comment: Stuco¡rt Cw has produced

Comment: itwould certainlybe eco-
nomical but we like the protection
of a real motor vehicle with lots of
airbags and structural crush protec-
tion - which means that we might
be able to have a major collision
and stilL come through relatively
unscathed.

two projects which are relevant: (L) the
PowerUp in luly 2003 and the USB
Power Switch in the November 2004
issue. See also the Remote Controlled
Mains Switch in this issue. It can be
used in conjunction with a poweF
board.

Efficiency question on Signature
Series loudspeakers

There appears to be an error in the
sensitivity of the Signature Series Kit
Loudspeaker article, I have no doubt
that these are effrcient speakers and I
know the tweeter is capable of the ef-
ficiency quoted, however the woofer
is not,

The speakers are reported to have
an effrciency of 92,5dB/1m/1w This
is not possible as the drivers only
have an efficiency of aadBi rm l2.B3V
(or -B7dB/LrnlLW with a 6-ohm
minimum impedance), so for the 260
series speakers with parallel drivers,
the woofers will have a sensitivity of
-godB l t ml tW or -93d8 l lrî1 2.83V.

Although the 2.83V measurernent
is more realistic for normal use, as

almost all amplifiers are voltage con-
trolled, quoting it as a 1W flgure is still
misrepresentation. Having said that,
the realistic flgure of 90dB/1m/1W is
still very respectable and I commend
you and Russell Storey on a very
well-designed speaker. There would
be very few commercial speakers that
will come close to the level of the
Signature Series.

Chris Lister,
Brisbane, Qld.

Russell Storey comments: the 260
Ribbon Speaker wls measured using
an LMS Speaker Analyser which is
calibrated in true SPL dB (speaker
prcssute level). A BùK laboratory rcf-
erence microphone pressurc calibra-
tor @ 94 SPL dB is used to calibrate
the microphone and LMS Speaker
Analyser mezsurement system be-

fore any measuîement is made. A
constant amplitude sinewave sweep
set to 2.83V RMS across the speaker
terminals is used as a rcference point
only. The microphone distance is set
to one metre, centred on the tweeter
axis, Up to 40 different readings are
taken over a period of two hours and
then averaged.

The 260 sensitivity is quoted at
92.5d8 SPL under all of the above
conditions and is on overage over the
400H2 to 1}kIIz region,

Ambient temperature is the mo st im-
portantfactor in measuring any loud-
speaker system; this was set at 22"C.
SPL dB of any tuansducer [speaker)
canvaryby as much as +SdB to +6dB
in the ambient temperature range
from B -3 5 "C. Other factors that change
trans duc er me asure me nt rc adings arc
humidity, barometric ptessure and the
effect they have on the microphone
capsule, transducer motor (magnet)
system, voice coiL, compliance of
the cone and spider materials and
heating losses in component in the
CTOSSOVET,

Measuring any loudspeaker trans-
ducer or speaker system's rcsponse
and specifications is like measufing a
"sponge with apair of metal callipers".
Every time you measure the sponge
diameter you will get a different set
of readings.

Russell Storey,
Súones Sound Studio.
http ://www. stonessoundstudio.
com.au/ sc

EþffiembtuA[ffi
I went to a Jaycar store with the

intent of purchasing your electronic
tachometer. The salespeople allowed
me to read the directions/informa-
tion that accompanies this kit but it
was not obvious if I could use the
tachometer because the salespeople
and the article were vague about
how the tacho picks up the signal
from the coil,

I want to use it with a Suzuki
DR650 motorbike. As far as I know
it has electronic ignition because
everything does these days. It has
no engine management system and
I doubt that it has electrical connec-
tions for adding a tacho,

,{ny help would be appreciated, I
don't want to pay about $60 and not
be able to use it. (R. 8., via email).
o The tachometer detects rpm sig-
nal either f¡om the ignition coil or
from the ignition pickup sensor, In
cars, the sensor is usually a reluctor,
HalI Effect device, optical pick-up

or points. With a motorcycle, things
are different ald often the ignition
is a very basic Capacitor Discharge
Ignition (CDÐ that comprises ahigh
voltage magneto coil and a magneto
pickup. The high voltage is used
to charge a capacitor which is ul-
timately dumped into the coil by a

signal from the magneto pickup. A
small electronic circuit comprising
the capacitor and an SCR is used to
dump the capacitor's charge,

The tachometer can generally be
used if it connects to the magneto
pickup. Although the tachometer
has been used on these CDI motor-
cycle ignition systems we ca¡rnot
guarantee that it will work with all
motorcycles. The tachometer will
not operate on the coil side because
of the short firing pulse from CDI
ignitions.

Note that most motorcycles aI-
ready include a tachometer as stand-
ard equipment.

He!ping to put yoLr in Control

Controllers

Contact Ocean Controls
Ph: 03 9782 5882

www.ocea n controls. com.atl

of Controllers for

r, PT100 RTD and J

h a 2m waterproof NTC
to get you up and running

-20m4 and pulse for SSR

$17s+GST

I/O Controller
KTA-220 allows
to control real

, 2 Analog inputs and a PWM
Multiple modules can be con-

to a single PC. $135 +GST

A-108 is a Serial

relay outputs, 4
lated Inputs $112.5O+GST

xel Controller Card
thE PICAXE 28X

I relays, I digital

Programmed in
$129.5O+GST

quality SSR's
4-32VDC, 80-

il and Panel
Heatsinks for

vices? I presume the transistors I have
are genuine On Semiconductor as they
have a circle printed with "ON". (N,

J,, via email).
a Yes, these are ideal substitutes.

Offset problem in
Studio 350 amplifier

I have constructed two Studio 350
amplifier modules [SntcoN Crm, Janu-
ary/February 2004) from kits supplied
by Altronics. For each kit, adjusting
VR1 never brings the output to 0V;
rather it adjusts between 120mV to
10mV from one extreme to another.
Curiously, one kit stays positive with
respect to ground [+12OmV to +1OmV
over VR1's range) and the other stays
negative (-10mV to -120mV). With
VR1 in its centre, the offset is about
+3SmV in both cases. VR2 adjusts the
idle current just fine,

I have not yet tried removing the
4700 set-up resistors and applying
a signal, as I am not particularly
keen on using something that hasn't
passed its tests, I have checked all the
voltages against those printed on the
schematic in the article and they're
all within about 20%, although some
only barely.

siliconchip.com.au

The power rails measure 72,5Y
rather than exactly 70V and I have not
yet hooked up both amplifier modules
at the same time, I am considering
swapping the 2SA10B4 transistors
fromthe long-tailedpair in case t}rey're
poorly matched enough to cause this
issue. [M,I., via email).
o This is a question of input transis-
tor matching, Try swapping in some
different input transistors to see if
you can get a better match. However,
if you can get the output offset down
to 10mV that really is good enough

- far better than most amplifiers. it is
really only important if you are driv-
ing a transformer-coupled loudspeaker
such as an electrostatic.

Short circuit in
NiMH charger

I recently built the NiMH Charger
from the September 2007 issue. It
made all the settings/adjustments OK
with the trimpots but when I connect
batteries (2 xAA)for charging, the volt-
age regulator (LM3171, trimpot VR6
and IC1 all overheat and fail. The DC
power supply is rated for 22Y @ 3A.

My previous Nicad charger projects
from Suco¡l Crm are still going strong,
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I have a question regarding con-
ventional (non-rechargeable) batter-
ies versus rechargeable batteries. Just
taking stardard "over the counter"
cells as an example (AAA, AA, C &
D), rechargeable cells always come
with a mÂh rating, whereas conven-
tional batteries (heavy duty, alkaline,
etc) do not. Iknowrechargeable cells
are 7.2Y a¡d conventional batteries
are 1.5V. But what I'm not clear on
is which type of battery would pro-
duce the highest short-term peak
current?

Obviously, if the i¡ternal resist-
ances were identical, then L.5V
would "push" more current into a
given load than 1.2V but is it that
simple? Are the internal resistances
similar in each type of battery?

Why don't conventional batter-
ies have an mAh rating and why do
some toys say not to use rechargeable
batteries? In my case I am looking at
modifying a launch controller for
model rocketry clustering. Launch
controllers in rocketry are used to
supply current to a Nichrome wire

igniter-head, which in turn ignites
the rocket motor. When clustering
(ie, igniting more tlan one rocket
motor simuLtaneouslyJ, it is essentia-I
that the controller provides a high
current for a short period (1-3 sec-
onds), otherwise the situation could
arise where one or more motors
may not ignite before lift-offoccurs,
which could lead to serious damage
to both the rocket and the pocket, to
say nothing of the potential hazard
to spectators!

This leads to my final question:
for a given number of cells (most
controllers hold four AA cells),
would the best solution be alka-
lines, rechargeables or the "newer"
non-rechargeable Lithium cells?
Any assistance would be greatly
appreciated.
o Non-rechargeable cells and bat-
teries do not have their capacity
stated because it really depends on
how you use them.

If used for a short time each day,
they will provide more capacity
tha¡ if used continuously. The cur-

rent draw also changes the available
capacity.

Rechargeable cells state the ca-
pacity because this information is
needed to be able to recharge them
and their capacity is fairly consistent
over a wide range of applications.

Some toys cannot be used with
rechargeable cells because they are
voltage sensitive and may not work
well with the lower voltage availabìe
from rechargeables. Rechargeables
can also damage toys with motors
because high current delivered to
a stalled motor can burn it out. In
general, rechargeables can deliver
higher currents than non-recharge-
able cells.

The current available from a cell
depends gn the chemistry and the
manufacturer. Generally, Nicad cells
can déliver the most cu¡rent but
these days NiMH cells can deliver
high currents as well.

In general, ifyou have any device
which can accept rechargeable cells
and you use it a lot, then rechargea-
bles are the better proposition.

@meffi@&W

Circuit board/components checked
OK. Any assistance wouldbe appreci-
ated. [R. R., via email).
o It appears there is a problem with
the LM317, To destroythe adjustment
trimpot and IC1 would suggest that
there is a high current flow in the ad-
just terminal or the output is somehow
shorting to the drain of the Mosfet.
Check that the Mosfet is isolated from
the box and that the regulator tab is not
shorting to the case with the securing
screw'

Digital instrument
display for fire truck

I want to use the Digital Instrument
Display (Sn rcoN Cme, August & Sep-
tember 2003) to convert the analog
temperature display on the engine
of a fire brigade truck belonging to a
volunteer brigade, so that I cal provide
a remote idiot light at the rear of the
appliance to shut down the engine
in the event of an over-temperature
condition. The problem is that the
vehicle is 24V.

Could you please advise on the

98 Sntco¡,¡ Cntp

mods required to run the display from
24V? (1. C., Mt. Dandenong, Vic).
o Change zener diode ZD1. lo 3OY
rating and the 100pF capacitor at the
input to REG1 to 35V, Change the 1kO
resistor at the collector of Q6 to a 2.2kÇ)
0,5W resistor and make sure C1 and
C2 are 35V.

Serial I/O controller
kit is a slave

I am really keen to build the Serial
I/O Controller kit but there's one ques-
tion that has been plaguing my mind
for months now. Is there any way to
interface this card with a computer
and have the card control functions
of software on the computer?

What I am trying to achieve is find-
ing a method of utilising this card to
run batch files on my computer to do
automated tasks should a condition
change onthe card's inputs. Is this pos-
sible? If so, whatmodifrcations would
I have to make. (J. H., via email).
o The Serial I/O Controllerpublished
in the November 2005 issue is a slave
device. This means that it sits and

waits for commands from the host
PC. Once it receives a command, it
executes it, and optionally sends data
back to the PC. It does not initiate data
transfers with the PC,

The set of commands that are avail-
able are explained on page 78 of the
November 2005 issue. For the applica-
tion that you have in mind, a simple C
program could be written that will run
on the host PC. It would continuously
monitor some condition, by periodi-
cally sending commands to the Serial
I/O Controller, and it would analyse
the received data, It would then take
action, such as executing another pro-
gram, if some condition is met.

In other words, the application you
have in mind can be implemented but
you will have to:
(1) Write a C program (or equivalent in
some other high level language) to poII
the Serial I/O Controller periodically
and analyse its output;
(2) This program must run on the host
PC and must be always running - the
host PC will have to be on for a start.
(3) This program will preferably
be loaded automatically by the OS

More on the
Peter Seligman articles

After reading the Peter Seligman
articles and the response by Dave
Waplington (SntcoN Crm, Febru-
ary 2008) and Peter's subsequent
comments, I need to add a couple
of points.

First, it is likely that within the
next 10 years we will see geo-seques-
tration of carbon dioxide commence
in Australia and obviously, the CO2
will be sourced from power stations,
not moving vehicles, The argument
that the electric vehicle just shifts
the source of emissions may have
to be revised, as it actually shifts
the emissions to where they can be
more easily contained.

Secondly, Peter Seligman says
LPG and natural gas are similar
and makes comparisons between
LPG vehicles and natural gas power
stations. Natural gas burnt in the
power stations is mostly methane
(CH4) whereas LPGis mainly amix-
ture of propane ard butane (C3Hs
& C4H1o), These are derived from
t]re condensate of the raw natural
gas and comprise about 5% of its
volume, Petrol is about equivalent
to octane [CsHrs) or higher, and
usually also contains branched and
cyclic hydrocarbons.

in tralsport not turn the tide of
increased consumption.

I was disappointedbut not surprised
to read ofthe debacle regarding incgn-
descent lights in Australia. Here in NZ
we have an equally stupid new law
requiring double-glazing.

The reality is, I strongly suggest,
that energy conservation will simply
end up as a marketing tool. In other
words, "more product" is the underly-
ing philosophy, backed up by the iron
hand of legislation.

Stephen Butcher,
Carterton, NZ.

Energy saving can be illusory
Following on from the topics on

energy savings, there was a recent
story on 'Today Tonight' covering the
dangers of leaving devices on stand-by
power. In particular, this story targeted
TVs whichwhen Ieft on standbyhave a
high risk of starting fires, In the story, a

It is clear that the higher the mo-
lecular weight of the hydrocarbon
fuel, the higher is the proportion of
carbon, so that while CO2 emissions
from burning methane are about half
those from petrol or diesel, those
from LPG are only slightly better. A
rough calculation I did when work-
ing on this subject at Mitsubishi
indicated a CO2 reduction of about
'l.O-'1.5o/o. This is not to be sneezed
at but is not in the same league as

natural gas.
It is possible to convert vehicles to

run on natural gas but filling stations
are scarce. I understand that there is
only one here in,tdelaide. About 20
years ago, the gas supply company
SAGASCO (now taken over by Ori-
gin Energy) was experimenting with
a small home compressor which
could recharge a CNG vehicle ta¡rk
fromthe gas mains. The compressors
were madeby Sulzer of Switzerland
but SAGASCO didn'tpushthe idea,
perhaps because of the road tax
problem.

They reported that their CNG ve-
hicles such as Falcon utes and vans
had reasonably good driveability but
somewhat reduced power ald range
compared to LPG.

David Inkster,
Meadows, SA.

brief mentionwas made about a device
called the "Power Genie" developed
by Electronic System Integrators Pty
Ltd and used to switch off devices at
a single point - see http://www.pow-
ergenie.com.

I have looked at the site on the
Power Genie with some interest and
I am left wondering, They are selling
this product on the idea that it turns
devices off centrally, yet looking at
its operation, it is constantly plugged
into power and you have a control-
ling device to turn it on (ie, you have
to leave it on standby to then operate
by remote), So in effect, it's a product
sold onreducing and savingpower and
also turning off devices on stand-by,
yet this device itself seems to need to
be on standby.

What is the benefit of sûch a device
over, say, a power-board with a switch
to turn off everything?'

Perhaps the true workings of this
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of such a scheme are probably lower
power transmission losses and less
visual pollution, a more disbursed
power generation system [greater
disaster tolerance plus lower losses in
power transmission) plus 'base load'
generation becomes less of an issue.
Schemes such as off-peak hot water
would not be required to soak up the
spinning reserve power generation as
gas turbines are basically best used for
full load/turned off systems,

And why are trees seen as the only
way to recapture carbon from the
atmosphere? Surely faster and denser
growing plalts such as sug¿rr cane
would make more sense, Grow the
cane, process the cane and remove
the Sugar and bury the flbre pulp. The
sugar can be used to make fuel for use
in a co-generation system orbe used as

a source of hy.drogen for fuel cells.
As seems to be so common these

days, whenever something is proposed
by a government department or some
group or other, it seems that the pro-
ponents have a vested interest in their
proposals.

Ron Powell,
Minchinbury, NSW.

Comment: some recent proposals for
solar powerinvolve the use of molten
salt as the heat storage and transfer
medium to run steam-powered gen-
erators, This would probably be more
efficient and practical than any elec-
trolysis scheme.

Comment on Atten
oscilloscope review

I enjoyed reading the review of the
,\TTEN ADS7062C low-cost colour
digital storage oscilloscope in the
Fêbruary 2008 issue supplied by our
company for your evaluation, It was
refreshing to see that the reviewer re-
ally knew how to drive a DSO,

There was one minor point however
that could easilybe missed. The oscil-
loscope is supplied with switched x1l
x10 probes. It is possible to manually
adjust the setting on the sensitivity to
correct the readout on the screen for
different probe attenuation settings,
The scope actually operates from
2mV/div to 5V/div, This is displayed
when set for use with an "x1" probe.

It can even be set to work with a x100
probe.

In the case of the review it must
have been set for a x10 probe. In case
any of your readers got the wrong im-
pression or understood they could put
in signals of +0oV directly at 5OV/div
without a x10 probe, I just thought I
had better point out the true scope
performance. As mentioned several
times in the article, it's the same as
other more expensive scopes.

Charles Holtom,
Managing Director,
Trio Smartcal Pty Ltd.
www.biosm cal.coni.au

Valve radio of
considerable interest

I found the article by Keith Walters
on building a 3-valve radio [snlcox
Cme, January 2008) from everyday
materials of considerable interest.

I have made valve shields using the
tin-plate from tin cans. Just cut a suit-
able piece of tin-plate, wrap it around a
piece of dowel a little smaller than the
diameter of a valve and let it spring out
to suitthe valve size. Maybe you could
solder the edge ofthe shield or leave it
as is, and solder awire from the shield
to the chassis as Keith did.

Keith could haie even used 6BLB
valves all the way through the set, as
the 6BLB or 6UB make quite an accept-
able audio output valve.

Rodney Champness,
Mooroopna, Vic.

Energy efficiency
is just a marketing tool

I have been following some of
the debate and articles on energy in
your magazine. Our electricity usage
equates to about $30 amonth, up some-
what because of the equipment I use
for my research. Our energy effrciency
is achieved without double-glazing,
we use quite a few incandescent lights
and we have no insulation in either
roof or walls. Instead, we employ
principles of microclimate, ventila-
tion, daylight, etc.

I am doubtful that efforts to pro-
mote energy efficiency in homes and
workplaces will have any overall ben-
eficial effect; just as energy efficiency

(operating system) and work in the
background.

As you can see, it can be done, yet
the solution is not ideal, mainly be-
cause polling is an inefficient way to
implement your application.

Laptop recording
& software

I was interested in the article on PC
recording (Srltcott CHip, November
2OO7) as I am aboutto buy anewlaptop
computer for audiovisual work. You
mention the audio testing software
"Rightmark Analyser'i but how would
I test a new computer before purchase,
to see if it is suitable?

What are the preferred specs for a
Iaptop? Few of them appeil to be me-
dia-orientated with AV sockets fitted.
My old Pentium 400 had a separate
Pinnacle sound card in one of the
motherboard slots - this had a full set
of RCA in/out connectors on the rear
metal bracket.

I have spoken to four different
computer suppliers and they say that
any late model should do but can't
be sure. They're a bit vague, refer me
to someone else or don't reply. Even
a consultant who specialises in re-
cording has not replied. Yet I've seen
concerts being recorded straight into
laptop computers.

Enquiries to the PC user group for
technical specs are for members only.
So maybe I should join then investigate
this recording aspect. (P. S., Albert
Park, Vic).
o Anysalesmanwilltellyouthat ony
laptop will do the job but like anything
else (cars, stereo systems, washing
machines), some are better than oth-
ers. Some laptops have sound quality

which is atrocious (hum and noise,
poor frequency response etc) while
others are exemplary - it aÌl depends
on the manufacturer and the model.

Generally, cheap laptops have cheap
and dirty sound circuitry but a high
price is not always a guarantee of
high quality. However, there are a
number of ways of making sure you
get a good one:
(1) Take a copy ofthe analyser program
with you and ask to test it before you
buy it, Most places will allow this a¡d
if they don't then try (2) below.
(2) Make sure you get a "money back
guarantee if returned within X days"
deal and simply purchase the laptop,
Take it home and analyse it. If it's no
good, take it back and demand one
that works properly or you want a
refund.
(3) In the unlikely event that both of
the above are not possible, then get a
high-quality music sampler CD that
you know intimately and a set of high-
quality headphones - the best you can

get, even if you just borrow them. Play
the CD and listen to it on a known
system of high quality. Then try it on
the laptop in question,

Ifyou have good ears, then it should
be readily apparent if the laptop is
not up to spec - if you don't, then the
whole matter is rather moot anyway.
Chances are that if the manufacturer

-has gone to the trouble of designing
a good audio playback stage in the
laptop, then the recording section will
also be good.

As to what constitutes good specifl-
cations, just compare its performalce
with that of high-quality ampliflers:
2O-2OkJJz within +1 or 2dB; less than
0.1% distortion; -70d8 hum and
noise or better. There is no need to go
overboard on specifications. The main
thing is that the finished result sounds
good. Apoor quality laptop wiII soon
reveal itself in this regard because
results will simply not be pleasing to
the ear, even when everything else is
done correctly. sc

Distributed in Australia by
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PIR Sensor Triggered Mains Switch, February 2008: the O11 output men-
tioned in the text on pages 58 and 59 and on the circuit should be the O10
output.

Multi-Message Voice Recorder, December 2007: the resistor from pin 7 of
the HKB2B should be 47kQ and the parts list should show nine 47kQ resis-
tors and only one 10kQ.

UHF Remote Mains Switch Transmitter, February 2008: Transistor Q1 is
aBC327 (PNP) as listed in the parts list. The circuit labelling is incorrect.
In addition, the parts list should have 5 10kÇ) resistors not 4.

Electricity Saving Box, November 2OO7: the formula published in Fig.6
(page 26) should read: 0' = tan-1 (r,r (L - azcLz - CR2))/R = 59.98o which
leads to cos(e') = 0.5.

SlLlcoN Cnte magazine regularly describes projects which employ a mains power supply or produce high voltage.
All such projects should be considered dangerous or even lethal if not used safely.

Readers are warned that high voltage wiring should be carried out according to the instructions in the articles.
When working on these projects use extreme care to ensure that you do not accidentally come into contact with
mains AC voltages or high voltage DC. lf you are not confident about working with projects employing mains voltages
or other high voltages, you are advised not to attempt work on them. Silicon Chip Publications Pty Ltd disclaims
any liability for damages should anyone be killed or injured while working on a proiect or circu¡t described in any
issue of SlLlcoN Cnte magazine. Devices or circuits described in SrLrcoN Cnre may be covered by patents. Strcol'¡
CHIP d¡sclaims any liability for the infringement of such patents by the manufacturing or selling of any such equip-
ment. SILICON CHIP also disclaims any liability for projects which are used in such a way as to infringe relevant
government regulations and by-laws.

Advertisers are warned that they are responsible for the content of all advertisements and that they must con-
form to theTrade Practices Act1974 or as subsequently amended and to any governmental regulations which are
applicable.
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Pmctical Variable Speed Drives and
Power Electronics
by Malcolm Barnes. lst Ed, Feb 2003.
An essential reference for engineers and anyone who wishes
to design or use variable speed drives for induction motors.

As reviewed in SlLlCON CHIP September 2003. 288 pages.

SELF 01{ AUDIfl
by Douglas Self 2nd Edition 2006
The very latest from the renowned audio design guru. A

collection of 35 classic magæine articles offering a depend-
able methodology for designing audio power amplifiers in

a way that improves performance at every point without
significantly increasing cost. lncludes compressors/limiters,
hybrid bipolar/FET amps, electronic switching and more.
474 pages in paperback. 

!!

AUDIO POWER AMPTIFIER DESIGII
HA]|DBOOK by Douglas Self 4th Edition 2006
Beduced in pilce lrom previous edilion! From one of the

world's most respected audio authorities. New 4th edition is

more comprehensive than ever - now with new chapters on

Class D amplifiers and DC servos. Now even bigger - 465

pages in paperback. See ìhe review in Septenber 2006

Essential reading for electronics designers and students
alike. lt will answer questions about core analog theory and

design principles as well as offering practical design ideas.

Many of the circuits taken from lan Hickman's

articles. 294 pages in soft cover.

Power Supply Gookbook
by Marty Brown. 2nd edition 2001.

Serviceman should
stop blaming himself

I always read the "Serviceman's
Log" with much interest, as I can
relate to many of the headaches
he has to endure. In particúlar, the
coÌumn in the December 2007 issue
of Sucott CHr piqued my interest,
since I can comment flrst-hand on
the mystery of diode D10, as fol-
lows.

The TinySwitch series of ICs are
designed for off-line flyback power
supplies. The flyback topology, al-
though relatively inexpensive, suf-
fers from very high voltage stresses
on the main power switch. The
stresses are not only the rectified
and reflected voltages but also any
additional voltage spikes caused by
the transformer's leakage induct-
ance. If unchecked, these spikes
will destroy the 700V Mosfet located
inside the IC,

To tame the voltage, an RCD (re-
sistor-capacitor-diode) snubber is
employed, as described in the IC's
datasheets and application notes.
Unfortunately, OEMs are always
badgering power supply malufac-
turers to reduce costs. One of the
ways to shave a few pennies off is to

thereoÐ and distance is measured in
kilometres (the base unit being the
metre). L/100km appears to be the
standard unit for fuel economy.

I do realise there is something magi-
cal about the figure "100".

Ray Smith,
Hoppers Crossing, NSW.

Comment: you are the second to com-
ment on the 100mpg headline but as
you con see from the afiicle, the Prius
rcadout is in mpg and in ctny case,
100mpg sounds far more impressive
than 2.825/10okm (the actual equiva-
Ient to 100mpg). In fact, in the past we
have had readers comment that such

figures are meaningless to them.

Hydrogen for solar power
Why do all the comparisons of "di-

rect" solar energy vs coal/hydroelec-
tric conclude that solar is not suitable
for base load power? As a direct to
grid power source, this is true enough.
However, using solar power to electro-
lyse water to gain hydrogen which can

replace such an RCD snubber with a

TralZorb, a surge protectorbased on
a discrete avalanche diode.

Although this works and appears
to be a reliable solution, the truth
is that these diodes were never de-
signed for repetitive avalanche duty
and thus create junction hotspots.
The diode may start leaking, caus-
ing the symptoms described, until it
eventually fails completely.

I know this first-hand since the
company I used to work for (a power
supply manufacturer) got hit with
a couple of product recalls for the
same reason. The problem was that
Power Integrations (the IC vendor)
had actually suggested this very
approach in their older application
notes, now revised with the RCD
clamp.

So please teII the poor Service-
man to stop blaming himself, It
was not his fault but rather a poor
design solution. If he can make the
supply work with the RCD clamP,
then leave it that way. Be sure to
properly insulate all the exposed
Ieads, as some pretty high voltages
will be present.

Fernando Garcia,
Brownsville, Texas, USA.

then be 'burnt' directly in a gas turbine
is already a proven technology. The
efficiency of the solar panels is not
really an issue; more panels would
make up the difference.

With all the land that is salt-affected
and becoming useless for anything
but sunlight collection, this could be
an income stream for those farmers
so affected. And if the panels were
made to let through the light frequen-
cies they cannot convert to electron
release, would the land underneath the
panels still be usable for grazinglcrop
production?

That is assuming that the alternative
method of producing hydrogen using
ceramic/direct hydrogen conversion
proves not to be more efficient. See

http : //www.unsw. edu. au/news/p ad/
articles/2 004/aug/Solar-hydrogen.
html

Hydrogen could also be stored,
piped and used for power generation
inside the metropolitan areas as easily
as natural gas is today, The benefits

issue' 
AUDro EtEcTRor{rcs

i By John Linsley Hood, Second edition 1999
I For anyone involved in designing, adapting and using analog

and digital audio equipment. Covers tape recordino, tuners
and receivers, preamplifiers, voltage amplifiers, audio power

amplifiers, compact disc technology & digital audio, test &

measurement, loudspeaker crossover systems, power sup-
plies and noise reduction systems. 375 pages in soft cover.

AI{ATOG ELEGTROIIICS
By lan Hickman. 2nd edition 1999.Microcontroller Proiects in G for the

8051 by Dogan lbrahim. Published 2000.
Through graded projects introduces the fundamentals of
microelectronics, the 8051 family, programming in C and
the use of a C compiler. Provides an interesting, enjoy-
able and easily mastered alternative to more theoretical
textbooks.178 pages in paperback.

0p Amps for Everyone
Edited by Ron Mancini Published 2003
Compiled by Texas lnstruments, this is the closest thing
to a "bible" on op amps. This is an engineer's reference
with lots of theory, plenty of maths and riqht up-to-
the-minute with modern devices. Not cheap but
worth every cenT.478 pages, soft covers.

ETECTRIC MOTORS Af{D DRIVES
By Austin Hughes - Third edition 2006
Brand new edition of this amazingly popular book. lntended
for non-specialist users of electr¡c motors and drives, filling
the gap between academic texts and general "handbooks".

Explores all of the widely-used modern types of motor and
drive including conventional & brushless DC, induction
motors, steppers, servos, synchronous and reluctance.
384 pages, soft cover

PRACTICAT RF HAI{DBOOK
by lan Hickman NEW 4TH EDlTl0N 2006

The latest guide to RF design for engineers, techn¡cians, stu-
dents and enthusiasts. Covers key topics in RF: analog design
principles,transmission lines, couplers, transformers, ampli-

fiers, oscillators, modulation, transmitters and receivers,
propagation & antennas. 279 pages in paperback.

AilAtoG TECH]ilQUES WITH
DIGITAT I]ITERFACII{G
by T H Wilmshurst- Published 2001

RF CIRCUIT DESIGl{
by Chris Bowick, Second Edition, 2007.
A new edition of the classic RF circuit design book. RF

circuit design is now more impoftant that ever in the
wireless world in which we live. ln most of the wireless
devices that we use there is an RF component - this
book tells how to design and integrate in a very
practical fashion. 256 pages in paperback.

Covers all the analog electronics needed in a wide range of
higher education proqrams: first degrees in electron¡c engi-
neering, experimental science course, MSc electronics and

electronics units for HNDs. Suppofted by numerous worked
examples and experimental exercises. 312 pages paperback.

An easy-to-follow, step-by-step text for a wide variety of
power supplies. All described in simple language. Anyone

with a basic knowledge of electronics can create a very com-
plicated power supply design. 265 pages in paperback.

P0WER SUPP. A to Z
ya Maniktala. Published 2006.

and practical aspects of controlling
electromagnetic interference in

power supplies. lncludes flow-charts
for building DC-DC converters and their

magnetic components under typical
wide-inpul supply conditions.
503 pages in hard cover.
CD-R0M included.

DVD PTAYERS AilD DRIVES
by K.F. lbrahim. Published 2003.
A guide to DVD technology and applications, with particular

focus on design issues and pitfalls, maintenance and repair

ldeal for engineers, technicians, students of consumer

electronics and sales and installation staff. As reviewed in

Silicon Chip February 2004. 319 pages in paperback.

PIC lil PRAGTICE by D w smith
New 2nd Edition - published 2006
Based on popular short courses on the PlC, for
professionals, students and teachers. Can be used

at a variety of levels. An ideal introduction to the
world of microcontrollers. 255 pages in paperback.

PIC MIGROCOI{TROITER -
PERSO]{AL II{TRODUGTORY COURSE
By John Morton NEW: 3rd edition 2005,
A unique and practical guide to gettino up and running

with the PlC. lt assumes no knowledge of microcontrollers

- ideal introduction for students, teachers, technicians

and electron¡cs enthusiasfs. Revised 3rd edition focuses

entirely on re-programmable flash PlCs such as 16F54,

16F84 12F508 and12F675.226 pages in paperback.

Atmel's AVR, from
JED in Australia

JED has designed a range of
single board computers and
modules as a way of using the
AVR without SMT board design

The AVR570 module (above) is a way of
using an ATmega128 CPU on a user base
board wilhout having to lay out the intricate,
sudace-mounted surrounds ofthe CPU, and
then having to manufacture your board on
an SMT robot line. lnstead you simply layoui
a square for four 0. 1 " spaced socket strips
and plug in our pre-tested module. The
module has the crystal, resetter, AVR-ISP
programming header (and an optional JTAG

ICE pad), as well as programming signal
switching. For a little extra, we load a DS1 305
RTC, crystal and Li battery undernealh,
which uses SPI and Port G.
See JED's www site for a datasheet.

AVR573 $ingle Board GomPutet

This board uses the AVR570 module and
adds 20 An /Dig. inpuis, 12 FET outputs, LCD/

'Kbd, 2xRS232, 1xRS485, 1 -Wire, power reg.

etc. See www.iedmicro.com'au/avr.htm

$330 PC-PB0M Programmer
This programmer plugs into a PC printer
port and reads, writes and edits any 28 ot
32-pin PROM. Comes with plug-pack, cable
and software.

Also available is a multi-PBOM UV eraser
with timer, anda32132 PLCC converter.

JED Microprocessors PtY ttd
173 Boronia Bd, Boronia, Victoria, 3155

Ph. 03 9762 3588, Fax 03 9762 5499

www.iednicro.com.au
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to "Ask Srucor.r Csrp" and "Circuit Notebook".

Bigger battery for Prius
not viable

That bigger battery in the Prius
[Srr,tcoN Csrp, February 2008) did
not increase its "carbon economy", It
just transferred the emissions from the
car's tailpipe to the power plant's. -And
it has increased the mass of batteries
that have to be replaced periodically,
making the car's lifetime carbon foot-
print worse.

Ithas been suggested seriousiy, with
numbers to prove it, thatbecause of the
limited life of the batteries, a hybrid
like the Prius isn't any greener over its
lifetime than the same car powered by
a turbo diesel.

Gordon Drennan,
Burton, SA.

Keep those microcontroller
projects coming

I have been a reader of Stltcoru
Cmp lrom day one. You are without
a doubt a world-class publication,
both by presentation and by quality
of projects. Just as a whole generation
of technical people enjoy the warm
glow ofvalves, another generation cut

Versatile 4-channel
mixer fix

After building the Versatile 4-
Channel Mixer project (SucoN CHIe,

June 2OO7) and not being able to get
it working, I noticed in the "Notes
and Errata" section of a recent is-
sue that the published PC board
design was incorréct in the region
of CONI-CONa. The suggested fix
was to reverse the metal contacts of
these sockets.

This was no easy task as these
sockets are obviously not mea¡t to be
taken apart! The stubborn little beg-
gars bluntly refused to come out of
the plastic mounting. However, two
days and sore fingers and thumbs
later, I managed to complete the task

their teeth on combinational logic. In
your wisdom you have moved with
the times and have introduced micro-
controller projects. I believe you have
built a lifeline for your publication by
doing this.

By virtue of the kind of knowledge
you share in your projects I for one
have found a very satisfying career as
a PIC programmer. I started out by at-
tempting projects in Sucoru Cup and
Elektor magazine, undertook some
more advanced study, including learn-
ing to program in 'C', and then went
in search of a job that allowed me to
apply these skills,

My point is that it all started fiom be-
ing able to access the basic knowledge
in a structured and non-threatening
way through Sntcox Cnp. For the sake
of the future, please keep pushing mi-
crocontrolÌer technology or what ever
replaces it in your publication. You
have shown the tenacity to survive
in a very difficult market by having
content and presentation that appeals
to many. Long may it continue.

Mark Weir,
Tauranga, NZ.

and install them on the board. My
perseverance paid off, as the mixer
is now working perfectly.

A couple of tips for people who
also purchased the early version of
the kit: I bought four completely new
sockets and swapped the contacts
over on them rather than attempting
to alter the desoldered ones.

Secondly, two of the new ones had
the number "3" onthe ulder surface,
while the other two had the number
"4" on the bottom. Although they
were identical, for some unknown
reason the ones with number "4" on
them were much more co-operative
than those with the number "3".

George Green,
Wollongong, NSW.

Ultrasonic
leak tester

On page 97 of the November 2007
issue, your correspondent is asking
about an ultrasonic device to detect air
leaks on vehicles with air brakes.

WhiÌe such a device would probably
have advantages, I have found that a
very effective method for detecting air
leaks on truck air brakes is to "paint
on" soapy water, using a small paint
brush to suspect areas (pipe
and connections etc).

Even when you can hear air leaks
be difficult to pinpointthey can

but soapy water makes the job easier.
Peter Bell,
Glenorchy, Tas.

What is MPG?
Upon seeing the front cover of your

Ìatest issue (February 2008), I couldn't
believe what I was seeing! Miles? GaI-
lons? Who in ,\ustralia still uses the
"old-fashioned" Imperial units? We
don't! And how long has Australia
been metric? One thing I do remember
is that when I was going to tech some
thirty years ago, we students would
lose marks if our drawings did not
use "metric".

I showed your magazine to my (eld-
erÌy) mother who stiÌl does not fully
understand decimal currency! She
was as shocked as I was when she saw
the references to miles and gallons. If
you continue to publish magazines
with "old-fashioned" measurements
on the front cover, you will lose me,
as a reader, forever!

T. Robinson,
Woodend, Vic.

Imperial units no longer
used in Australia

I have browsed the February 2008
issue ald am amazed that SLICON CHIP
would use units that are no longer
applicable in Australia. Australian ve-
hicles have metric speedometers. Fuel
is purchased by the litre (or multiples

StucoN Cutp siliconchip.com.au

Rf¡BOT BUI[DER'S COOKBOOK
By Owen Bishop Published 2007
lntroducing, through hands-on project work, the
mechanics, electronics and programming involved
in practical robot design and construction. The use

of the PIC microcontroller throughout provides
a painless introduction to programming. lt's
a book for f¡rst-time robot builders, advanced

robot builders and those studying at higher
educat¡on levels in this fascinating field.
Has companion website to download
programs. 374 pages in paperback

AC MACHIIIE$ ey Jim Lowe Published 2006
Applicable to Australian trades-level courses including NE10 AC

Machines, NE1 2 Synchronous Machines and the AC part of
NE30 Electric Motor Control and Protect¡on. Brings together
up-to-date aspects of the field, covering polyphase induction
motors, single-phase motors, synchron0us mach¡nes

and polyphase motor starting 160 pages in paperback.

HAiIDS.Oil ZIGBEE

1{EWitES GUTDE T0 TEtEVrSr0l{
AIID VIDEO TECHIIOTOGY
By KF lbrahim 4th Edition (Published 2007)
It's back! This very popular book now in a new
edition provides a full and comprehensive coverage
of video and television technology including the
latest developments - HDW and DVD. lt starts with
fundamentals so is ideal for students but covers in-
depth technologies such as blu ray, DLP, Digital W,
etc so ¡s also perfect for engineers. The new edition
has a number of useful appendices covering a wide
variety of subjects. 600+ pages in paperback

.e\

THE PRACTICAT GUIDE
Tfl SATELIITE TV

By Garry Cratt - 6th Edition 2007
We've had other satellite TV books in the past but they have

all had a lot of useless (to this part ofthe world) overseas
stuff. This one is written in Australia, for Australian condi-

tions by one of Australia's foremost satellite W experts.
lf there is anything you wanted to know about setling up

a satellite TV system, (including what you can't do!) it's
sure to be covered in this 1 76-page paperback book

ZigEee
15.4

By Fred Eady, Published 2007
We asked our Zigbee guru, Telelink's Jack Chomley, to com-
ment on this book and he said 'wow! This one is right up to
date". A lot of it is pretty in-depth but, according to Jack, if
you want to learn all about Zigbee you'd go a long way to find
a better reference than this one. 336 pages in paperpback.

RAD|0. TV AllD H0BBIES April 1939 to March 1965
- Every art¡cle t0 enioy once aga¡n on lMl-R0M!

This remarkable archival collection spans nearly three decades of
Australia's own "Radio and Hobbies"/Radio W and Hobbies". Every
article has been scanned into PDF format - ready to read at your
leisure on your c0mputer (obviously, a computer DVD-R0M reader
is required along with Acrobat Reader 6 or later). For history buffs,

worth its we¡ght in gold. For vintage radio enthusiasts, what
could be betÌer? For anyone inlerested in electronics, this is

one which you llfUSThave in your collection!

N0TE: ALL PRICES ABE PLUS P&P - SEE BEL0W. TAX tNVgtCE - S¡L¡CON CHlp pUBLICATI9NS ¡s¡r ¿s oos zos qso

AC MACHTNES .. $66 oo

AMATEUR SCIENTIST CD . .. ... ., $62 OO

ANALOG CIRCUIT TECHNIOUES WDIGITAL INT . $88 OO

ANALOG ELECTRONICS ....$1OO.OO

ûilil
trili
ü
Dilil
u
ütili
üiltilt
Eilitil

Your Name

Add ress

PLEASE PRINT

AUDIO POWER AI\4PLIFIER DESIGN . ,,.,,. .$87 OO

DVD PLAYERS AND DRIVES $85 OO

ELECTRIC I\4OTORS AND DRIVES . .,.. $55 OO

HANDS-ONZIGBEE ,...$9650
INTERFACING WITH C ..,,.,,

M'CONTROLLER PROJECTS IN C FOR 8051 $81 00

NEWNES GUIDE TO TELEVISION AND VIDEO TECHNOLOGY $60 50

OP AMPS FOR EVERYONE $137 OO

Prc rN PRACTTCE ,..,... .,, $60 00

PIC MICROCONTROLLER - PERSONAL INTRO COURSE $52 OO

POWER SUPPLY COOKBOOK .. $109 OO

PRACTICAL GUIDE TO SATELLITE TV (6Ih ed¡Iion) $49 OO

PRACTICAL RF HANDBOOK $80 OO

PRACT. VARIABLE SPEED DRIVES/POWER ELECI .$94 OO

RADIO, TV AND HOBBIES ON DVD-ROM $62 OO

RF CIRCUIT DESIGN $67 OO

ROBOT BUILDER'S COOKBOOK . S63 Ot)

SELF 0N AUDIO (2nd- eciition) $S3 00

SWITCHING POWER SUPPLIES A-Z (inc CD-R0M) , . , ..,...,.... $106 00

VIDEO SCRAMBLING/DESCRAMBLING , ,, ..,....S95.00

Payment details;

f Cheque/Money Order enclosed 0B

Charge my credit card - f Visa Card

B00KTOTAL: S ..... PLIJSP&P: S

Postcode

Ema

Daytrme Phone No. (_)

No.

Signa

fl MasterCard

Card expiry date

ORDER TOTAL$

.ALL TITLES SUBJECT TO AVAILABILITY. PRICES VALID FOR MONTH OF MAGAZINE ISSUE ONLY ALL PRICES INCLUDE GST
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FOR A IO'É D¡IGOUIÎ OT0tf!
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I to Ooot< your classified ad, email the text to silicon@siliconchip.com.au and I
I include your credit card details, or fax (02) 9939 2648, or post to Silicon Chip I
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FacÌ0ry aul0mallon
Access control and sec

Time recording system
Hospital aulomalion
PLC instrumenl conlrol

mope inf0rmal¡ofr. call. Îax. emarl 0r v¡s¡t 0urTRI'õYIs
Tel: 11428 2tl2 Z¿2 fax:, B 5iÆ4 1275

E¡mil: sales@rrsys.co¡n.au

FOR SALE

MicroByte Electronics: PIC Micros

- Development Board - Development
tools & Components. Phone:(03) 9378
4288. info@ microbyte.com.au; www.
microbyte.com.au

PCBs MADE, ONE OR MANY. Any
format, hobbyists welcome. Sesame
Electronics Phone (02) 9593 1025.
sesame@sesame.com.au
www.sesame.com.au

RCS RADIO/DESIGN is at 41 Arlewis

St, Chester Hill 2162, NSW Australia
and has all the published PC boards
from SC, EA, ETl, HE, AEM & others. Ph
(02) e738 0330.
sa les @ rcsradio.com.au
www.rcsradio.com.au

12V Batteries, <6mths use. 5, 7, 9Nh,
$1 per A/h. Ongoing availability. Pickup
only, Highbury, SA.
petria@adam.com.au

LEDs! I NOW HAVE good stocks of
Nichia superbright oval LEDs, as well
as Smm Agilent (HP) LEDs. These
are fantastic, bright brand-name qual-

ity LEDs at Chinese LED prices! Also
Osram sudace mount range and other
NOS standard and superbright brand
name LEDs from just a few cents each.
Also Cree X-Lamps, 5 and 10 watt power
LEDs, LED drivers, kits and all sorts of
other stuff. www.ledsales.com.au

KIT ASSEMBLY

KEITH RIPPON KIT ASSEMBLY &
REPAIR:
- Australia & New Zealand
. Small production runs.
Phone Keith 0409 662794.
keith.rippon @ gmail.com

WANTED

CUSTOMERS: Truscotts Electronic
World - large range of semiconductors

ON-LINE
IN-STOCK

6 Sarich Way, Technology Park, BENTLEY WA, ô102
Ph. : 08 9470 1177. Fax:08 9470 28/,4

com.au/meanwell

omDutl onicsrCorporatlon Ltd

E

mft&@mw
Do you have a good circuit idea? lf so, skelch it oul, write a brief description of ils op-

eralion & send it to üs. Provided your idea is workable & otiginal, we'll publish il in Circuit
Notebook & you'll make some rnriney. We pay up to $100 for a good circuit idea ot you

could win some t€sl gear. Silicon Chip Publications, P0 Box 139, Collaroy, NSW 2097.

1.O2 StLtco¡rt Cutp www. s i I iconch ip. co m. au

itSCOPe UsB Mixed sienol oscilloscope

Bitscope Desisns Ë:, [3:ì 31:,23?ZZ www. bíts coPe. com

Inventing the future requires a lot of test gear...

..,or a BitScope

BS100U Mixed Signal Storage Scope & Analyzer
lnnovations in modern electronics engineering are leading the new wave of
inventions that promise clean and energy efficient technologies that will
change the way we live.

It's a sophisticated world mixing digital logic, complex analog signals and

high speed events. To make sense of it all you need to see exactly what's
going on in real-time.

BS100U combines analog and digital capture and analysis in one cost
effective test and measurement package to give you the tools you need to
navigate this exciting new frontier.

Standard 1tW2OpF BNC inputs Smart POD Connector Opto-isolated USB 2.0 12VDC with low power modes

BitScope DSO Software for Windows and Linux
BS100U includes BitScope DSO the fast and
intuitive multichannel test and measurement
software for your PC or notebook.

Capture deep buffer one-shots, display waveforms
and spectra real-time or capture mixed signal data
to disk. Comprehensive integration means you can
view analog and logic signals in many different
ways all at the click of a button.

The software may also be used stand-alone to
share data with colleagues, students or customers.

Waveforms may be exported as podable image
files or live captures replayed on another PC as if a
BS1 00U was locally connected.
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PuilisneF's letter
High-definition TV in limbo
until the Olympics

This month, we highlight the end of analog televi-
sion broadcasting (planned for December 2009) and
outline what you can do to pick up the High-Definition
TV broadcasts that are now available. In brief, if you
want to keep watching "free-to-air" TV, you have three
options. The first and most expensive is to purchase
an HD TV either LCD or plasma display. The second is
to buy an HD personal video recorder (PVR) and hook
that up to your analog TV set and third, the cheapest option, is to purchase an
HD set top box (STB) and hook that up to your analog TV.

We would recommend one of the latter two options to most peopÌe because
they will save a lot of money. Most people have two or more quite useable
analog TV sets in their home and they should be capable of giving many more
years of service. So there is no hurry to go and buy the latest HDTV. Remember
that whatever HDTV set you buy now will be much cheaper in a year or two
and that is particularly important to the majority of people who make most of
these purchases on credit and then take years to pay them off. Better to save
your dollars now and then buy a bigger and better HDTV set for cash in a few
years'time.

People may wonder why they should buy a high-definition PVR or STB when
they only have an analog set with a picture quality that is well below the state
of the art. Why not just wait until the end of analog broadcasting and then get a
PVR, STB or whatever? There are several reasons. The first is that the networks
are now broadcasting some programs only in HD format and a standard definition
STB will not pick them up. Second, an HD STB will provide a composite video
output to allow an old analog TV to show the program, even though the picture
quality wili no better than if you watched a DVD through the same set.

In spite of the above, it has to be said that the cument seÌection of HDTV pro-
grams is very limited and generally not worth watching. Most of the time, the
programs on the HDTV channels are identical to the standard definition (SD)
programs on the same networks. The only networks that bother to put out useful
programs are the ABC and SBS. (By the way, all those people who reckon that
they cannot pick up SBS will have no problems when they go over to digital
reception - see next month's issue).

Maly documentaries on SBS and ABC are magnificent on the big screen
and they are even better in HDTV with fil more visual impact than on a small
screen.

As far as commercial network programming is concerned, the quality of alÌ
digitaÌ programs, whether standard definition or high definition is generally
woeful, unless you are interested in sport. Even then, while the video might be
good, especially on a really big screen or projector, some of the commentary can
be utterly banal. In fact, in my own home, the comment which applies to most
commercial network programming is that it probably causes brain damage!

In truth, while some programs are very good, most digitaÌ TV air space is wasted
and probably will remain so until the Beijing Olympics in August this year.

Leo Simpson

ELNEC IC PROGRAMMERS

CLEVERSCOPE
USB OSCILLOSCOPES

2 x 10OMSa/s 1Obit inputs + trigger
100MHz bandwidth
8 x digital inputs
4M samples/input I

Sig-gen + spectrum anatyser
Windows 98/Me/NT/2klXP

IMAGECRAFT C GOMPILERS
ANSI C compilers, Windows IDE

AVR, TMS43O, ARMT/ARMg
68HC08, 68HC11, 68HC12

GRANTRONICS PTY LTD
www. g rantron ics.com. au

More fiequent updatæ - every 2.5 sec0nds!
More alarm settings - over 70 parameters!

More highs, lows and graphs - over 80 in all!

With the Vantage Pro2 Weather Station
you get incredibly detailed information on:

Wind - direciion and strength
Rainfall - current, recent patterns etc.

Temperature - current, wind chill, etc.

Barometlic pressure - current and trends
Humidity & dewpoinl - current and 24 hrs

And your own local lorecasl. You'll be

m0re accurate than the weather bureau!

Available in wired or wireless models
(wireless transmission up to 300m!)

ECOI¡IIÃTCII
lln¡t 5, ll Southf0r[ llus K¡lsyth, llic 313l

Iel: l03l StEl t0{0 fax l03l Stßl t0ã0
www.dau¡s¡nstruments.com.au

VIDEO.AUDIO.PC
distribution amps - splitters

digital standards conveders - tbc's
switchers - cables - adaptors
genlockers - scan converters
bulk vga cable - wallplates

DVSsc & DVSSS
High Performance
Video / S-Video
and Audlo Splitters

Come to the
sPecialists"' @

Ouesl Elætronics' Pty Ljmited abn 83 0O3 501 282 t/â Ouestronix

Pr0ducts, Spec¡als & Pr¡c€list at wwwquestronix.com.au
lax (02) ß41 2795 phone (02) 4343 1970

em a i I : qu eslav @ questt on ix. com. a u

www. dontf on¡cs,c0m has 300 selected
hardware and software products avail-
ablefrom over 40 world wide manufactur-
ers, and authors.

Olimex Development Boards & Tools:
ARM, AVR, MAXQ, MSP43O and PIC.

Atmel Programmers And Compilers:
STK500, Codevision C, Bascom AVR,
FED AVIDICY Pro, MikroElektronika Basic
and Pascal, Flash File support, and boot
loaders.

PlCmicro Programmers And Compilers:
microEngineering Labs USB programmers,
adapters, and Basic Compilers, DIY (Kit-

srus) USB programmers, MikroElektronika
Basic, Pascal, DSpic Pascal Compilers,
CCS C, FED C, Hi-Tech C, MikroElektronika
C, disassembler and hex tools.

CAN: Lawicell CANUSB, CAN232

FTDI: USB Family of lC 's. FT232RL,
FT2452RL, also BL and others.

4DSystems LCD/Graphics: Add VGA
monitor, oTOLED LCDtoyourmicro. Simple
Serial l/F.

Heaps And Heaps Of USB Products:
TTL, RS-232, RS-485, modules, cables,

analyzers, CRO's.

Popular Easysync USB To RS-232
Cable: Works when the others fail. Only
one recommended by CBUS. Money back
guarantee.

www.dontronics-shop. com

flon

S You get rcsults
c-o ru r R o r s-faSler Wilh lhe

wotld's
o 12IlO: 400m4 ou

protected inputs
o LCD,5 buttons,
o No soldering req
o Easy to program, ;'

excellent tutorials
o Powerfut, versatite tttltXiïl"li

Developer's Kit S193 incJudes programing cable & sofnvare

Made in Australia - enthusiastic users world-wide

llo ruu ìaue wiruless
Ielelinl has wireless solut¡ons!

lf you want the right 'wireless' ingredients for a
successful project recipe, THINK Telelink! Don't
want to be confused by wireless gobbledegook
and confusing buzz words? TALK lo Telelink!

We will give you honest advice so that you
can make the right purchase decision for

your OEM low power w¡reless requirements,
Browse our website for more information about
our products. lf you have any questions speak
with a Telelink Communications representative

It lblelinl re

filt1o'o'o'o'

.tElEllnl(-Gom-au
Jæl tl¡¡|ry -læl@t!l!ll¡1,!¡n.il

¡r Hll En flil ffi¡ ü HZI llt ¡¡l

and passive components for industry,
hobbyist and amateur projects includ-
ing Drew Diamond. 27 The Mall, South
Croydon, Melbourne. (03) 9723 3860.
electronicworld @ optusnet.com.au

WANTED: EARLY HIFIS, AMPLIFIERS,

www. s i I iconch i p. com. au

Speakers, Turntables, Valves, Books,
Quad, Leak, Pye, Lowther, Ortofon,
SME, Western Electr¡c, Altec, Marantz,
Mclntosh, Tannoy, Goodmans, Whar-
fedale, radio and wireless. Collector/
Hobbyist will pay cash. (07) 5471 1062.
johnmurt@ highprofile.com.au
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Do You Eat, Breathe and Sleep TECH
for full-time and part-time positions all over Australia & New Zealand

Jaycar Electronics is a rapidly growing, Australian
owned, international retailer with more than 39 stores in
Australia and New Zealand. 0ur aggressive expansion
programme has resulted in the need for dedicated
ind¡v¡duals to ioin our team to assist us in achieving our
goals.

We pride ourselves 0n the technical knowledge of our
staff. Do y0u th¡nk that the following statements desc¡ibe
you? Please put a tick in the boxes that do:

D Knowledge of electronics, paft¡culatly at component level.
E Assemble proiects of k¡ts yourselffor car, computer, aud¡0, etc.
tr Have empathy with others who have lhe sEme interest as y0u.
E May have worked ¡n some reta¡l already Inot obligatory).
E Have energy, enthusiasm and a personality fhat enioys

helping people.
D Appreciates an oppoftunity l0r future advancement.
! Have an eye for dela¡1.

se

Send to:
Relail 0perations Manager - Jaycar Electron¡cs Pty Ltd
P.0. Box 6424 Silverwater NSW 1811

Email: iobs@iaycarcom.au

Jaycar Electronics is an equal oppo]tun¡ty employer and
act¡vely pr0motes staff from w¡thin the organisation.

Fgtrar
RFMA RF Modules Australia

Low Power Wireless

BIMl -151 .300-10
VHF FM Transceiver

ln Stock NOW!
Range:Skm+

Power: 100mW
Data rate 1Okbps

Also: '151 .275 & 151.6MH2

Applications:
Rural

Utilities

lndustrial

Commercial

Government

Meter Reading

B¡M2A-433-64

33mmx23mmx4mm

RADIOMETRIX: Low Power, L¡cence Exempt Radio Modules
RF Modules Australia, P,O. Box 1957 Launceston, TAS., 7250.

Ph : 03-6331-6789. Email : sales@fmodules.com.au. Web: rfmodules,com,au

HI.FI SPEAKER REPAIRS

Specialising in UK, US and Danish brands.

Speakerbits are yourvintage, rare and c'ollectable speaker

repair experts. Foam surrounds,voice coils, complete

recone kits and more. 0rigínal 0EM partsforScan-Speah

Dynaudio,Tannoy, JBl. ElectroVoice and others!

tel' 03 9647 7000 wtuw.speakerbits.t;ant

D0sNt OaD olnt ült'Al,oc ÄT
www. i i net. net. aul-wolcom
woRtDuuiltE EtEcTR0f{¡G GoMPoilEltTS

P0 Box 631, Hillarys, ltA 6923
Ph: (08) 9307 7305 Fax (08) 3307 7309

Emall: worcom@iinet. net.au

Board Manufacture
48-Hour service * Higþ quality * Low prices
ã\ I oßtoanvouantiw t't
\\ artrvo* desi$rifrequí¡ed,l,¿Artwork design ifrequired 7

Ð Calllor obligationfree quote,.l t

ANT PCBS, POBox 448, Avalon 21

RETAIL MANAGER: PERTH STORE
Altronics is a dynamic national company involved in retailing and

wholesaling a wide range of electronic equipment to the trade and
enthusiast markets.

We are searching for a motivated manager to join our Perth team. The successful applicant will
have several years experience in retail, preferably with management experience and a

background in the electronics industry.

Excellent communicat¡on and customer service skills are essential. This is a hands-on position
which involves serving customers, processing orders, merchandise control and supervision of

our retail team. A generous salary and bonus scheme will be provided.

To register your interest, forward your resume to Dean Stephens
via email at: dean.stephens6raltronics.com.au

,l tT tOn rc ) líi iï,;i .:;t-iååt',:, 77 7 rnrerner: wrryw ¿ |,ro,, c: c,,, .,u
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HowTo Get Into DigitalTV
Analog TV transmissions are on the way out. Here's a look at what you'll need
to receive all the new digital transmlsslons on an anai,log TV - by AIan Hughes

14 Review:TevionTEV8200 HD Set-Top Box
Got an analog TV set? You need an HD Set Top Box! - by Leo Simpson

22 How To Solder Surface Mount Devices
Here's how to solder SMD parts using simple tools - by Jim Rowe

46 PICAXEVSM: It'sTime to Play; Pt.3
Using some of the'virtual instrumentation'included with the software, from a
simple voltmeter to an advanced t2C protocot debugger - by Ctive Seager

72 The l2G Bus: A Quick Primer
Mystified by the t2C bus communications protocol? Read this - by Jim Rowe

82 Electric Flight
Battery-powered aircraft creates aviation history - by Ross Tester

Publisher's Letter
Mailbag
Order Form

96 Ask Silicon Chip
99 Notes & Errata

102 Market Centre

To Get lnto Digital
TV-Pages9&14.

12V-24V High-Current DC Motor
Speed Controller 7 Page 30.30

58

78

12V-24V High-Current DC Motor Speed Controller, Pt.1
It's rated at up to 404 continuous, features automatic soft start & has good
speed regulation under load - by Mauro Grassi

A DigitalVFO with LCD Graphics Display
This digitalVFO uses a recycled Nokia cellular phone LCD to display analog
and digital frequency readouts - by Andrew Woodfield, ZL2PD

A Low-Cost PC-tg-l2C lnterface For Debugging
Tracking down bugs in l2C circuits can be tricky.This pC ¡nlertacõtets you take
advantage of the free Philips/NXP "URD" debugging program - by Jim Rowe

One-Pulse-Per Second Driver For Quartz Clocks
Convert a low-cost quartz clock to GPS accuracy - by Jim Rowe

Serviceman's Log
Foxing out a Foxtel installation - by the TV Serviceman

Circuit Notebook
(1)TV Field-Strength Meter; (2) Alternator Controller For Charging Deep Cycle
Batteries; (3) Emergency Light Uses 3W White LED; Ø) PICAXE Light Box
Countdown Timer; (5) lmpedance Bridge Measures AtThree Frequencies;
(6) Simple Mosfet Tester; (7) PC Cooling-Fan Driver

Vintage Radio
The batteries used to power vintage radios - by Rodney Champness

91

40

67

84

2
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World Band AM/FM/SW PLL Radio Receive¡
The amazing features of this great rad¡o include
phase-locked loop (PLL) for rock solid frequency
stability, AM band, FM band (stereo), and three
short-wave bands covering 'l7l I kHz to 29999kH2.
See website for full deta¡ls
. Local/DX switch
. l/F output
. Requires 4 x D Batteries

Bluetooth Rear Vision Minor LCD Monito¡
This 7" TFT monitor can be connected to an in-car DVD player and also
used with your Bluetooth phone for hands-free communication. You
can even Gonnect it to a reversing camera. The high reflect¡vity of the
device allows you to use ¡t as a regular rear vision miror when not in
use as a monitor.
. 2 composite v¡deo inputs
. Bu¡lt-in caller lD
. Remote control ¡ncluded
. Works with our wired

reversing cameras, available
separately

Adjustable Holesaws
An excellent cutter designed to cut
plaster board and ce¡ling tiles.
Features calibrated hole size
adjustment. Two sizes available:
fD-2520:621o 177mm
ÍD-2522: 1 58 to 264mm
Note: Drill not included

Watch Foxtel All Over The House
Hassle-free sharing of audio and video signals all
over the house w¡thout the
inconvenience and
cost of running
wires. This powerful
5.8GHz sender will
ensure crystãl clear
recept¡on.
. Nol ACA approved
.5.8GHz operat¡on
. Extra receivers

Ref Silicon Ch¡p February 2008
Th¡s excellent kit uses a standard PIR to safely turn
on 240VAC mâins device(s) such as secur¡ty systems,
decorative light¡ng, fountain pumps or even

The'on'period is
adjustable. Kit supplied
w¡th case, screen printed
PCB, and all electronic

High End t2 Volt Jump Staner w¡th L¡ght
This rugged and powerful
jump starter is fitted with
a long lasting 17Ah
battery, extra-long
cables, work light, and
battery test button.
lncludes charger.
380mm high.

Mini M'A'S'H Helicopter
This tiny, infrared remote controlled hel¡copter ¡s
ready-to-fly and will zip around your home
or offìce for up to I minutes on a

fun to fly and is ideal
for indoor use.
. hst 20 minute charge \\ll
. Helicopter l35mm long t'
. Requires 6 x AA batteries
. Suitable for Syrs+
Was $29.95

Other models also available Portable 3.5" Digital LCD Television
Catch local digital TV broadcasts with this
excellent hand held LCD colour digital TV. lt has
crystal clear reception ând great audio quality.
Supplied with rechargeable battery, plugpach
headphones, and AV lead included.
. Resolution: 480 x 234 pixels
. A/V decoding: MPEG2
. Dimensions: 135[L] x 85(H) x 3o[DJmm
Was 5299.00

o incred¡ble GDs with over 1000 classic proiects
from the pages 0f Scient¡fic Amer¡can,z1

cover¡ng every f ¡eld of science...
Arguably THE most IMPORTANT collection of
scientif,rc projects ever put together!
This is version 3, Super Science Fair Edition
from the pages of Scientific American.
As well as speciflc project material, the CDs
contain hints and tips by experienced
amateur scientists, details on building
science apparatus, a large database
of chemicals and so much more.

'rlffiln Au lla
lll P&P: $11112.00,

Elsrilrrrû $rur8.00

"A must for every sciencê student, science
teacher, science lab . . . or simply for those
with &n enquiring mind . . :'
Just a tiny selection of the incredible range of projects:

. Build a seismograph to study eafthquakes. Make soap bubbles that lastfor months.
Monitorthe health of local streams. Preserve biological specimens. Build a carbon

dioxide laser. Grow bacteria cultures safely at home. Build a ripple tank to study wave
phenomena. Discover how plants grow in low gravity. Do strange experiments with
sound . Use a hot wire to study the crystal structure of steel . Extract and purify DNA

in your kitchen.Create a laser hologram. Study variable stars like a pro. lnvestigate

vonexes in water. Cultivate slime moulds . Study the flight efficiency of soaring birds

. How to make an Electret. Construct fluid lenses . Raise butterflies as experimental

animals. Study the physics of spinning tops. Build an apparatus for studying chaotic

systems. Detect metals in air, liquids, or solids. Photograph an ant's brain and

nervous system . Use magnets to make fluids into solids. Measure the metabolism of

an insect. . . . âr'ìd many, many more (a thousand more, in fact!)

2004. . . or read on line at siliconchip.com.au

\\

\

INCLUDES
BONUS SCIENCEsoE
tIB RY!

See the V2 review in

* Please have your credil card handy! # Don't forget lo include your name, address, phone no and credit card details. ^ You will be prompted lor required information

Thele's also a handy order form inside this issue (see Str¡cor'¡ Cnp Booltshop pages).

BY MAIL:# ¡-õ-1

fiåiäJf,i'',on, I r I

IIERE'S IIOlil TO OTTDER YOUR COPY:
BY PH0NE:-
(02) 9939 3295

9-4 Mon-Fri

BY FAX:#
'(02) 9939 2648

24 Hours 7 Days

BY EMAIL:#

silchip@siliconchio.com.au
24 Hours 7 Days

www.sr I rconcn ro.com.au
TELEPHONE. 1800 022888 INTERNET. www.iaycar.com.au A



For all those 'innovative, unique, interesting;hard t0 f¡nd products

Cat. No Description

2405-7 Express0ard to Serial

2402-7 Expressoard to G¡gabit LAN

2401-7 Expresscard t0 eSATA - 2 Port

2403-7 Express0ard t0 Firewire (1 3944)

2404-7 Express0ard to F¡rew¡re & USB Combo

2457-7 PCle to Express0ard Adapter

2408-7 USB to Express0ard Adapter

2407-7 Expresscard into PCI\4C|A Slot Adapter

Price

$1 39

$1 19

$1 19

$1 29

$l 3s

$1 os

$1 2s
s79

Price

$129

$1 49

$389

What's New?

1008265-7 W¡relessVGAAdapter (802.119 based)

17115-7 LGA775 Motheröoard w¡th ISA Sl0ts
15156-7 USB to VGA Adapter

lemperature Logg¡ng

Itlglbl Micruscopes /.-.,.
9626-7 USB Microscope Basic

3ô85-7 USB Microscope wih Microtouch

3686-7 USB Microscope wih Microtouch Trigger

3687-7 USB Microsæpe PlllS wiür Mæsurement
3688-7 USB tHicroscope with Micmtouch & Measure

Cat. No.

2729-7
2685-7
2920-7
2529-7
2853-7
2907-7
23025-7

Price

$ss
$35
$5s
$45s
$249
$560
s45

Descr¡ption

USB to Parallel - DB25

USB to Parallel - Centronics

USB to RS422l485 4 Port Car2Z025
USB to 5.1 Sound Adapter

liãHiåi:,jffiüìri:i5g"

Price

$3s
$4s
$ee
$1 39

$8s
$1 29

$349

cat11334ì_=
Cat 1 1 323

1 1333-7 5 Port 10/100

11334-7 I Port 10/100

11323-7 16 Port 10/100

11324-7 24 Port 10/100

11435-7 5 Port Gigabit

11436-7 8 Port G¡gabit

11535-7 16 Port
cutrrsz+Q

Cat. No. Descripti0n Cat 23000 Price
23000-7 $39
23001-7 $39
23002-7 Toslin $118
23006-7 , tU,
23005-7 , tU,
23007-7 $52

Not sure what product you need? Call us today for friendly advice!
1800625777 www.mgram.com.au ask@mgram.com.au

3655-7 USB EPROM Programmer $4gg
1 1 68-7 Car PC l 2v - l Ghz 51 2Mb 80Gb WinXP câr 1 1 6R $1 659
3527-7 USB 2,0AnalogTVTuner&Video Capture ltF $119

Cat. No. Description Price

3102-7 Passlhrough $149
2726-7 $269
2737-7 $269
6741-7 FrontAccess $99
2874-7 IDE HD with Hot Swap $569
2959-7 lndependent RAID Server - Dual SATA HD with Hot Swap $599
1248-7 Windows CE Based Terminal with Wyse Emulatio $699
1171-7 7" Touchscreen LCD - 1 2v DC - $470

1173-7 8" Touchscreen LCD - 12v DC uat 3102 
$s79

15141-7 USB Macro Stick - 16 Key Programmable $199
to PCMCIA for W¡reless Broa bit-"æ'' 

ar2874 

I
\
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o

All prices subject to change without notice For current pricing
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