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Publisher'S Lette
 
Everyday solvents 
can be dangerous 

From time to time we all use solvents to clean 
electronic equipment. Maybe it is a case of just clean­
ing smudges and fingerprints off your computer's 
monitor. Possibly you need to clean solder flux off a 
freshly-assembled PC board or you need to degrease 
a metal chassis before it is painted. What solvent you 
use depends on the job and whether any residue can 
be tolerated. 

Is it toxic? Is it inflammable? Can it be used safely 
without gloves or eye protection? Have you thought about this as you use solvents 
in your everyday work? Ifnot, you really should. This topic was brought into sharp 
focus just the other week when our office photocopier had its annual contract 
service. This is a routine job which rolls around with monotonous regularity. We 
don't think about it; the technician arrives, does the job, presents the service form 
to be signed and that is the end of it. 

But on this occasion, within five minutes of the technician arriving, my eyes 
started to sting and I noticed that I had a headache. I asked the technician ifhe was 
using a solvent. Th~ answer was yes. What is it? He didn't know. When pressed, he 
said that it was simply Solvent Bl? What is in it? Again, there was a blank. Then 
Ann Morris, our office manager reported that she too had stinging eyes as well as 
a sore throat. Clearly, there was a problem with this solvent. 

Anyway, to cut to the chase, solvent Bl turned out to be quite toxic. It is also 
known as Sierra Lite. I downloaded two documents: 
hnp://www.sierrachem.com.au/MSDS_SolvenCB1.doc 
hnp://www.totalchemicals.com.au/MSDS/0811_B1_SoIvent_MSDS_Total_Chernicals.pdl 

Reading these should make your hair stand on end! This is a highly toxic solvent 
and classified as a dangerous chemical (Hazchem code 3Y; Poisons schedule 5). It 
should only be used with safety goggles, suitable breathing apparatus and gloves! 
Our service technician had been using it with no protection - just tip a bit on a rag 
and wipe over the photocopier drum and internal parts - no worries. There was 
no warning or any information about it on the container. 

This stuff is also highly flammable and can be explosive and one must "take 
precautions agaillst electricity discharges which may cause fire." And he was using 
it on a photocopier - which uses high electrostatic voltages! 

The more I read through these documents, the more alarmed I became. I phoned 
the managing director of the service company to find out if he knew about this 
solvent Bl, which his staff was routinely using. He didn't have a clue. To be blunt, 
the use of this solvent was putting his whole company operation at risk if anyone, 
a client or his staff, was injured. There are much safer solvents available for this 
job; isopropyl alcohol, for example, although even this is relatively toxic. 

One thing it has highlighted for me is that any service person who comes into 
our premises, whether to service a printer, photocopier, the air-conditioner or 
anything else, will have to advise us about the solvents to be used, any potential 
hazards and so on, before they start the job. 

I suggest you take the same approach. Do you use methylated spirits or Acetone 
(nail polish remover) regularly? What are their hazards? Check them out! What about 
paint thinners or floor degreasers? How about the various adhesives you might be 
using or perhaps heatsink compound? Some adhesives and heatsink compounds 
are very dangerous. 

Even domestic cleaning agents can be quite dangerous, particularly if you are 
using them in confined spaces, as in a shower recess, for example. Be particularly 
careful with agents based on ammonia or bleach khlorine hazard). 

Don't be like our photocopier service technician. For your own health and welfare 
and that of others around you, be fully informed about all the chemicals you use. 
It could save your eyesight or even your life! 

Leo Simpson 
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Letters and emails should contain complete name, address .and daytime phone number, Letters to 
the Editor are submitted on the condition that Silicon Chip Publications Pty Ltd may edit and has the 
right to reproduce in electronic form and communicate these letters. This also applies to submissions 
to "Ask SILICON CHIP" and "Circuit Notebook". 

Electric vehicles 
I have been thinking about the 

Publisher's Letter in the December 
2008 issue of SILICON CHIP, concern­
ing electric vehicles. You may well 
be right ("electric vehicles might be 
a technological dead-end"), unless 
someone comes along with a much 
better battery type, possibly involving 
super capacitors. 

There are two other vehicle types 
which use electric drive with an 
internal-combustion engine as the 
prime source of energy. The first is the 
conventionally-powered submarine. 
From day one, these vessels have had 
an IC engine, a 1Jattery and one or more 
electric motors. There have been tests 
with fuel cells and proposals to use 
a Stirling-cycle engine but the above 
configuration still dominates after over 
100 years. 

A primary factor here, of course, 
and not present to the same degree 
in other vehicle types, is a low noise 
level. Hydraulic systems may never 
cut it in that regard. 

DAB+ clarification 
I would like to congratulate you 

on Alan Hughes' fine DAB+ article 
in the February edition but a few 
items need clarification. 

The page 14 chart is erroneous and 
it does not clarify the Commercial 
and National Broadcasters, namely 
ABC and SBS. It should be amended 
as follows: 

The second type is the railway loco­
motive, There the electric motors run 
directly from the generator driven by 
an IC engine, assuming the locomotive 
is autonomous, meaning it does not 
pick up energy from an overhead wire 
or a third rail. 

Certainly hydraulic transmissions 
have been tried but never caught on. 
I believe there are two factors at work 
here: 
(1) All-electric locomotives are, of 
course, very common. I cannot think 
how there could be an hydraulic 
equiva]ent. If autonomous (as just 
defined) hydraulic locomotives were 
introduced, there would be very little 
equipment commonality, apart from 
the prime mover and some control 
stuff, with conventional locomotive 
types. 
(2) Apart from reason 1, railways are 
very conservative and reluctant to 
embrace new technology, sometimes 
ignoring performance and reliability 
improvements in deference to the 
maintenance headaches which arise, 

sions have been broadcast from the 
TxA site at Willoughby since 2003 
and they are still currently on air. 
For a shorter period in Melbourne, 
Broadcast Australia was conducting 
test transmissions from Mt. Dande­
nong but these ceased in December 
2008. 

When services commence with 
increased radiated power, broad­

in their perception. Electric traction, 
like that of the submarine, has been 
around for over 100 years. 

John Waller, 
Plainfield, CT, USA 

Comment: while it is true that diesel­
hydraulic locomotives were never 
popular in North America they have 
been successful in other parts of the 
world, notably in Europe and Asia. 

GPS needs three 
satellites for fix 

I have just read page 22 of the Janu­
ary 2009 issue where Ross Tester has 
explained how GPS works. Towards 
the end of the article he states that 
"once the signal is received and posi­
tion determined, it can keep accurate 
readings using only one satellite". 

The way this is worded gives the 
impression to the reader that a single 
satellite is enough to maintain a posi­
tion fix which is of course nonsense. 
It may be enough to keep accurate 
time but nothing else useful. If my 
understanding of GPS is wrong, then 
I'd love to hear the details, explaining 
how a single satellite is used obtain 
position information. 

Ingmar Meins, 
Russell, ACT. 

Comment: we agree that the statement 
is wrong. In any case, once a complete 
fix is obtained, there should normally 
be plenty of satellites within view, un­
less the car is driving in an area with 
lots of tall buildings or in a forest. 

City Commercial National Operat§';.' 
casters will have to comply with 
ACMA Technical Planning Guide-

Good tip on Malware 
In your January 2009 edition. the 

Sydney 9A 98 9C TxA . 
Melbourne 9A 98 9C TxA 
Brisbane 9A 98 9C TxA 
Adelaide 98 9C TxA 

Perth 98 9C TxA 
Hobart 

Hobart is yet to be finalised. 
In Sydney, DAB test transmis-
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incarnations, as well as most of the 
other nasties that lurk on the net for 
the unwary. 

I am responsible for the "care and 
feeding" of four computers used by 
our teenage children as well as some 
friends and I have yet to find a spy­
ware/malware issue that this excellent 
program can't solve. 

Richard Enright, 
Moorebank, NSW. 

GPS user operation 
not explained 

The review of the Navman naviga­
tion unit in the January 2009 issue 
missed an important point. How do 
you enter the address you wish to go to? 
The matter of input was not reviewed 
and went on about a few "faults" that 
to me were insignificant. 

I am not SatNav savvy and looked 
for this kind of basic info and it wasn't 
there! 

Wayne Campbell, 
Margaret River, WA. 

Comment: all these SatNav devices 
have much the same method of in­
putting an address using on-screen 
prompts and an on-screen keyboard. 
Generally you only have to tap in the 
first three letters of a suburb or street 
name in order to get a choice of the 
likely names. 

This is hard to depict in magazine 
pictures but easy once you see it dem­
onstrated. 

Electric cars not 
selling in Britain 

Greenies talk big about electric cars. 
I'd buy one, they all say, but those evil 
multinational car/oil companies stop 
anyone from selling them. 

Well, in Britain, where fuel costs 
much more than here and there is a 
huge overcrowded capital, there are 
electric cars from two companies on 
sale, one french, the other the Indian 
one an Adelaide company wanted to 
sell here. Between them they sell about 
200 cars a year. 

Gordon Drennan, 
Burton, SA. 

EVs & nuclear power 
Concerning "EVs & Nuclear Power" 

in the Publisher's Letter (January 
2009), one must agree with the opin­
ions expressed in this article. While 

luv On-line 8 WWW.emOn8.COm.8U 
For our on-line catalogue and manufacturers' datasheets visit our website or 
for a demo cali us on tel 1 800 632 953 or email testinst@emona.com.au 
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PicoScope 

France gets 80% of its power through 
nuclear, our emissions per capita are 
higher than China's because of our 
insistence on coal-fired stations. A 
previous government was worried that 
if we started building nuclear plants, 
we might start a nuclear arms race in 
SE Asia. Now we find the proposed 
Indonesian reactor is situated in an 
earthquake-prone area. 

A similar situation happened in 
Austria. A completed plant was moth­
balled after protests and later a neigh­
bouring country built one on the bor­
der with Austria. 

Other countries license EVs in the 

category of "quadricycle" but we do 
not have such a category. One shop in 
SA will have to send the Indian-built 
Riva car back because such light­
weight vehicles would not survive our 
crash test requirements. 

Any tinkerer can build an electric 
car. California even started to build 
parking stations with solar panels 
where EVs could park in the shade 
whilst being recharged before GM 
"killed the electric car". HO\vever, at 
present our power stations would not 
be able to cope with recharging EVs. 

Dominic Wild, 
Orange Grove, WA. 
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Digital radios will have
 
varying features
 

Thank you for positive digital radio 
articles in SILICON CHIP magazine. Your 
articles outline all of the great DAB+ 
features that are possible but Com­
mercial Radio Australia just wanted 
to clarify that like any product range, 
digital radio receivers will come in 
all shapes, sizes and price ranges and 
have different features. There will 
be entry-level receivers with simple 
scrolling text and others wi.th pause 
and rewind, LCD screens, iPod docks 
and other features. 

For example, while you mention a 
receiver that automatically switches 
between DAB+ and FM many times a 
second, although technically possible, 
there isn't currently such a receiver on 
the market. Obviously, as the digital 
market develops, these features could 

II be possible in the future. 
Also while Commercial Radio Aust­

ralia's 5-state capital commercial radio 
members are all going digital, we don't 
have at this stage the exact number 
of radio stations that will be on-air 
at switch-on. The highly competi­
tive industry players are still keeping 
new station information close to their 
chest. Austereo has announced the 
first Radar digital channel and others 
will announce their new initiatives 
closer to switch on. 

More information is available at 
www.digitalradioplus.com.au 

Joan Warner, 
Chief Executive Officer, 
Commercial Radio Australia, 
Surry Hills, NSW. 

Will DAB+ get to
 
the rural areas?
 

I have read with interest the articles 
on digital radio. It is to be hoped that 
this is not going to be a repeat of the 
digital TV debacle. Minimal cost for 
viewers, oh yeah? - new antenna, 
masthead amplifier, new wiring and 
a set-top box and it stops working 
every time there is even moderate 
rain in the 120km between here and 
the transmitter.' 

I drove across to Perth from central 
NSW about 18 months ago. Apart 
from in the close vicinity of towns, 

~_. -':::-1-" . :I~ 

the only available services on the car 
radio were the AM stations, and in 
long stretches not even those. In my 
area, as an example, the ABC tries to 
cover western plains NSW using FM 
stations. This is fine for those who live 
in the towns provided with transmit­
ters but for those who live out of town 
or in towns without transmitters, you 
are likely to be out of luck. 

Fortunately, there is still the old 
2CR near Orange, which on AM still 
provides good coverage over most of 
western NSW but it does not have local 
programming, Classic FM, JJJ or RN. 

Are we going to see a further dete­
rioration in radio coverage as DAB+ is 
introduced? Although most Austral­
ians live in the major cities, they do 
not spend all their lives there and there 
are quite a few who live away from the 
cities. With the limited coverage that 
can be expected from DAB+, how is 
emergency coverage (as in the recent 
bushfires) to be provided? 

Remember that people's lives may 
depend on being able to receive bul­
letins on small portable receivers, in 
an environment where there may be no 
power and no repeaters working. 

John Denham, 
Elong Elong, NSW. 

In favour of 
hydrogen boosters 

In regard to "hydrogen booster" 
devices for improving fuel economy, 
I would like to see SILICON CHlP do a 
test of the devices. I have read with 
much interest what has been said in 
previous issues. 

I have one of these devices installed 
in my vehicle and I believe that it gives 
a small increase in economy. My ve­
hicle, a 1995 Daihatsu Applause, is a 
small, efficient car. It has a kerb weight 
of 950kg and a 4-cylinder 1.6-litre 
engine which is supposed to produce 
up to 102 BHP. 

Without the booster, I get between 
11-13.5km/1, depending on how hard 
I drive. With the booster, I get 11.5­
14.0km/1. The fuel I normally use is 
95 RON E10 petrol/ethanol blend. I 
switched to high-performance three­
electrode spark plugs before logging 
any fuel usage data. 
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A1500W inverter needs
 
a big battery bank
 

The item on deep-cycle batteries 
in a house system on page 97 of 
the February 2009 issue caught my 
attention. The point about battery 
discharge needs greatly expanding. 

These house systems are always 
bound by the mighty dollar. In K. C. 's 
case, a IS00W inverter and 24V 
battery system have been selected. 
Taking battery voltage drops and 
efficiencies into account means that 
the average DC current required to 
supply lS00W is 7SA. Since it is 
sinewave, then at the peak of the 
waveform it is most likely around 
the 100A mark. Then there is the 
surge capability of the inverter 
which is most likely 2S00W, so the 
peak battery current is around 170A 
- a big ask for a 100Ah battery. 

House loads may neverreach this 
mark but powers in the SOOW to 
800W mark may betypical from time 
to time. Now in battery sizing there 
are a few simple rules that apply. 
The first K. C. has alluded to and that 
is the depth of regular discharges; 
50% in his case. These must be bet­
ter than average batteries because 
the recommended depth of regular 
discharge is only 30%. That makes 
his 100Ah batteries only capable of 
,delivering 30Ah. 

Second, the general rule of thumb 
is that if you have a 100Ah battery 
then the maximum regular average 
current drawn from and "sent into" 
it is Ah/IO. Therefore, for a 100Ah 
battery, the maximum continuous 
load or charge current should only 
be lOA. This may be doubled for 
camping applications. 

It all comes down to life expect­
ancy of the battery. In large systems 
it is even less than this (usually 

When burning fuel in an internal 
combustion engine, not all of the 
energy stored in the fuel is turned 
into useful power. My understand­
ing is that 20% is turned into useful 
power, 20% does not burn at all and 
the rest exits the cylinder as burning 
gas. Inputting a small amount, say, for 
example, two litres/minute of Browns 
gas is claimed to give a more effective 
burning process. 

around 0.7) to take into account the 
higher peak currents due to sine­
wave inverters and ripple in battery 
chargers. 

Therefore, for a IS00W inverter 
on 24V, the minimum battery size 
should be 7S0Ah if the inverter is 
loaded to its maximum. 

Thethird basic rule for battery in­
tegrity is charge them properly! Now 
K. C. has not indicated the specific 
type of lead-acid battery and they 
can vary from brand to brand. In a 
lot of cases, this information can be 
extremely difficult to obtain. Quite 
often even the battery seller doesn't 
know. 

I have gel batteries that you can't 
take over 13.SV These are standby 
batteries, designed to sit on float 
permanently and then deliver lots 
of current for a fairly short time. 
Then there are "Exide Energy Store" 
flooded cells that require nearly 16V 
for 90 minutes, depending on their 
depth of discharge and temperature. 
If you take 10% out, then it's only 
ISV for 30 minutes. Ifyou take 30% 
out, then it's IS.6V for 90 minutes. 

This charging process applies to 
many brands of lead-acid batteries. 
Generally,. flooded type cells require 
an extended high-voltage period of 
charge maybe, once per fortnight to 
once every month or two, depending 
on charging and usage. This is known 
as an "Equalisation Charge". 

All lead-acid batteries may need 
an equalisation charge from time 
to time. Another thing that a lot 
of people don't realise is that it is 
extremely difficult to charge lead 
acid batteries properly if you still 
have the inverter' connected and 
drawing current! 

T. Co Thrum,
 
Para Hills West, SA.
 

In short, more of the energy in 
the fuel is turned into useful power, 
therefore you use less fuel. It is also 
claimed to give you cleaner fumes out 
the exhaust pipe and less engine knock 
(what goes into your engine is claimed 
to be higher octane). The devices are 
claimed to be beneficial to any sort of 
IC engine and are said to do more for 
lower octane fuel. 

High-output hydrogen booster units 

LeCroy 
Vicom presents the LeCroy 
WaveRunner. 

Performance re-imagined! 
LeCroy WaveRunner features: 
• WaveStream™ Fast 

Viewing Mode 
• WaveScan™ Advanced 

Search and Analysis 
• 400 MHz to 2GHz . 

BandWidth 
• Up to 10 GS/s 
• 12.5 Mpts/Ch standard 

memory 
• Big 10.4" LCD Display 
• Small 6" footprint. 

Performance on a budget! 
The Lecroy WaveAce Series 
exceed all expectations of a 
small affordable oscilloscope. 

riel""
 
For the latest information on these 
plus other leading LeCroy products 
call Vicom today on 03 9563 7844 
or visit www.vicom.com.au 
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Lesson learned on 
battery discharge 

I just read the letter entitled 
"Deep-Cycle Batteries Must Not Be 
Heavily Discharged" in Ask SILICON 
CHIP (February Z009). I have been 
through the same thing, ie, bought 
a lZ0Ah deep-cycle battery and 
started to deep-cycle it. A couple 
of months later I had a heavily sul­
phated battery with no capacity. 

I got in touch with some guy from 
"energy matters" and he told me 
ideally I should not discharge below 
about ZO% (80% is better). He also . r.=-=- v gave me some ideas about trying 

r rrrr to restore my battery although he 
Sample price: .' r:'- :.. gave no guarantee that it could be 
USD43.78 plus S&H ... .:' restored. This is what I did. ~ 

First I added some Inox battery 
conditioner to the battery (two bot~ 

nmz,mnwm
and discharge the battery until I was 
getting as high a reading of specific 

nj:t:J:7I.$" 
www.frontpanelexpress.com 

GENERAL CIRClJlTS CO.~ r;rn 

QUALITY PCB &SERVICE 
PROTOTYPE TO PRODUCTION 

instant online quote 

gravity that I was able (maybe 10 
times). 

Then I emptied the battery of acid 
and filled it with distilled water. I 

(15-30 litres a minute) are meant to be 
used in engines that have been modi­
fied to run insanely lean (eg, 19:1) and 
I do not know about these units. r do 
not wish to tinker with my car that 
much! 

I will not dispute the fact that us­
ing electricity to convert water into 
Browns gas is something that will 
make you use more petrol but I believe 
that the benefit from the extra power 
you get from the fuel at the very least 
balances out this extra fuel usage. I 
believe that I am getting a small in­
crease in economy based on my logged 
km/l figures. 

I believe that it is true that some 
unscrupulous persons are trying to can 
people with hydrogen booster devices 
that do not work. They are also trying 
to scam us with poor-quality pirated 
movies, phoney vitamin pills, phoney 
medicines and electronic goods !hat 
have no warranty and that only last 
about a week. 

Why would car companies not 
implement this if it works? Well, I do 

started to charge and discharge with 
the water (perhaps 10 times). You 
can get an amazing amount of charge 
with just water even though you get 
no reading of specific gravity. I think 
the idea is to get the remaining sul­
phate on the plates to dissolve into 
the water. 

Then I filled the battery with 
new battery acid and another dose 
of Inox battery conditioner. At that 
stage the battery would run a 65W 
car headlamp for 13 hours and still 
be holding reasonable voltage. That 
was good enough for me and that 
was about six months ago and so far 
so good. I don't discharge it below 
about 80% andl always make sure it 
is charged again the next.day, either 
by solar or generator. 

Tony Brazzale, 
Lakes Entrance, Vic. 

Comment: measuring specific grav­
ity of battery acid in the cells is 
ultimately the best way of judg­
ing full charge but you cannot do 
this with many lead-acid batteries 
nowadays. . 

not know. I have read a lot of stuff on 
the internet, a lot of it being emotive 
claptrap. The basic remotely reason­
able argument is that car companies 
are in bed with "big oil" and it is 
not in their interests to be more fuel­
efficient as this will upset big oil and 
generally be a drawback to the profits 
of car companies. 

Where car companies are trying to 
be fuel-efficient it is either where it is 
mandated by government or where it 
can be glamorous and with a big pri.ce 
tag (think expensive Toyota Prius ­
"everyone look at me, I'm saving the 
planet"!). A cheap device that could 
go into every car is not glamorous, nor 
can it have a premium slapped on it 
by car companies. Ifhydrogen booster 
technology is any good, car companies 
won't bother unless there is a profit 
to be had. 

The unit I purchased was a "Fuels 
Plus I", which I bought over the in­
ternet for $85. The unit is supposed to 
use 6A at lZV. When I ran a multimeter 
over it I found it was using 3A at lZV. 
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I may have made the mistake of using 
too thin gauge of wire to supply the 
current to the device. The device is 
supposed to produce 2-3litres/minute. 
The device is straight across the bat­
tery, switched on or offby a relay, with 
no regulator or pulsing circuit. The 
unit holds two litres of water which 
is supposed to be good for 1500 litres 
of Browns gas. 

I purchased it hoping for an increase 
of 1km/l in my fuel economy whereas 
I got half that. Even so, I believe that 
it has paid for itself. I guess it is not 
easy to squeeze extra mileage out of a 
lightweight car with a smaH engine. 

Will SILICON CHIP obtain a few differ­
ent models from reputable sources and 

. do a test of the hydrogen booster? 
Alex Rochford, 
Devonport, Tas. 

Comment: we do not think there is any 
point in doing such tests - we simply 
do not believe that boosters can work 
as claimed. 

Such tests would also be very time 
consuming and would need to be done 
with a range of vehicles on a vehicle 
dynamometer. Road tests could not 
be relied upon, because you could 
not depend on drivers using exactly 
the same accelerator settings at par­
ticular points of a trip, for a number 
of comparisons. 

The only way to do it is to put the 
car on a dynamometer and set it for a 
given power output at selected speeds 
with part throttle and then precisely 
measure brake specific fuel consump­
tion (BSFCj with and without the 
booster operating. 

Incidentally, we would be very sur­
prised if your electrolyser produced 
2-3 litres/minute at such a low power 
input. 

Modern cars achieve almost com­
plete combustion of the fuel. The only 
time that unburnt fuel would evel' exit 

the engine is under heavy acceleration 
when the ECU is in "open loop" and 
the catalytic converter is unable to 
burn the residual. 

By the way; your car is not efficient 
bymodern standards. Plentyofcurrent 
small cars with similarly-sized engines 
get much better fuel economy. 

Rural AM stations' 
limited power radiation 

On page 85 in column 2 of the No­
vember 2008 issue, Rodney Champ­
ness asks a question about the reasons 
why city AM stations were able to use 
5kW radiated power, whereas rural 
ones were restricted to 2kW. 

I asked that same question when I 
lived in "the bush" many years ago. I 
was told that advertisers in a tovvn with 
one commercial station (the norm) did 
not want advertisers in the town down 
the road getting free plugs on their 
turf. Limiting dle power naturally fun­
nelled listeners onto the local station 
and it sounded better. 

Of course the listener a bit further 
out from all such stations lost out. But 
then they supposedly had the ABC 
regional network, which did operate 
at higher powers. 2CR at Cumnock 
(Orange) radiated 50kW, while others 
were I think around 10kW. 

Bruce Bowman, 
Ainslie, ACT. 

Honda cylinder 
deactivation does work 

I write in response to the artic1e and 
reader feedback on the Honda cylinder 
deactivation system. While the power 
required to move a car at a set speed 
will be constant regardless of the 
number of cylinders, there can be ef­
ficiency gains by operating the engine 
on fewer cylinders. As mentioned in 
the article and the Editor's comments 
on readers' feedback, the reduction 

AN RIM
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harbuch@optusnet.com.au 
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in "pumping losses" is responsible 
for this. 

When a petrol engine is running 
at low throttle settings, it wastes a 
lot of energy by Sltcking the inlet air 
in through a small throttle opening. 
When the engine is running at higher 
loads. the throttle is more open, so 
there are fewer losses. By shutting 
down a number of cylinders, the re­
maining cylinders will be operating 
at higher load and so require a wider 
throttle opening; hence less losses. 

There are other reasons that running 
fewer cylinders at higher loads can 
improve efficiency. For example, fuel 

The Audio Component Specialists 
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• Capacitors, terminals, wire, coils and parts 
• Specialist electronic audio components 
• Home hifi and car audio 
• Public address and DJ equipment 
• Industrial and commercial audio parts 
• Much more online or phone (02) 4627-8766sound labs 
www.soundlabsgroup.com.au 
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injectors are more accurately able to 
meter fuel when they are running at 
higher loads, which means the engine 
can more accurately run at the most 
efficient air/fuel ratio. 

Chris Lister, 
Brisbane, Qld. 

Good variety in 
February 2009 issue 

I wanted to say how much I enjoyed 
the February 2009 edition of SILI­
CON CHIP. It was nice to see a month 
without a single PIC or micro-based 
project (except the Car Display but 
that was more a PC software guide!) 
but still have interesting and relevant 
projects. 

It reminded me of electronics in the 
late 1980s when I first got interested 
in the subject while liVing in the UK, 
where magazines such as Elektor and 
ETI were full of devices using dis­
crete logic. I think a lot of electronics 
projects now just have a micro and it 
all happens in code. So people don't 
get the fun of debugging logic gates 
and building logic subsystems, or get 
a real grasp for how a circuit actually 
operates. 

Don't get me wrong; I love a micro­
based project but there is something 
about using logic gates and old school 
comparators to do the work. I think it 
is electronics as it used too be - every­
thing open to view and explained. 
I learned a lot from studying such 
circuits and it certainly helped me 

when] finally did get involved with 
micro-based projects. Keep up the 
good work and the variety. 

Bill Coghill, 
Monterey, NSW. 

Brilliant use 
of junk parts 

In defence of SILICON CHIP and that 
controversial microwave oven UV 
light source project (October 2008), I 
thought it was a brilliant use of junk 
parts and would construct it if I ever 
start making PC boards at home. 

I find this kind of article far more 
interesting than the usual "processor 
chip drives LED display" type of thing. 
As I consider myself reasonably liter­
ate, Iwould follow the article's instruc­
tions and use the recommended colour 
codes. I don't see a problem there. 

As for its controversial wiring colour 
codes, let's be realistic here. It's never 
going to be worked on by anyone but 
the author and it is obvious by read­
ing the labels and looking at what the 
green/yellow stripe wires are con­
nected to, that they may be live. 

It is not as if this device has been 
constructed to be sold or given to the 
public. I find it strange so many have 
complained about the unorthodox 
colour codes, when several times 
throughout the article it is clearly 
explained what the correct colours to 
be used are. I know common sense is 
no longer taught but if anyone can't 
follow written instructions and read 

labels, I really question the wisdom of 
them working on anything electrical 
to start with. 

On incandescent bulbs, the $2 shops 
are the place to go for bulb hoarders. 
One shop was selling 30 packs of60W 
bulbs for about $8. I walked out of 
there with more than a lifetime supply, 
Why it is necessary to actually ban the 
sale of incandescent bulbs is a mystery 
when people are already using CFLs 
where they are best used. 

As an amusing exercise, I calculated 
that to have every incandescent lamp 
in my house on at the same time, less 
power would be used than required 
by one air-conditioner, yet there's no 
plan to ban air-conditioners. 

Part of the problem is that politi­
cians are technically ignorant After 
all, our communications minister who 
will see to it that analog TV transmis­
sions are also banned, when there 
is no technical reason to do so, had 
difficulty connecting a digital box to 
his television. (They'd probably turn 
off the analog system even faster if 
they knew it used AM for the picture 
transmission). 

On a final note, it's quite ironic that 
any of my valve black & white televi­
sion sets use less power than a plasma 
display. I wonder how far off linear 
power supplies and valve amplifiers 
are on the "to ban' list Better build that 
class-A amplifier while you can! 

John Hunter, 
Hazelbrook, NSW. 

Comment: you can still purchase a va­
rietyofincandescent lamps from light­
ing stores and lGA supermarkets. SC 

2.5 watts output. Ideal for Shire Councils, 
small to medium Communities 

Inbuilt satellite receiver for ABC & SBS. 
ASl option for other broadcasts. 

RF Power (Australia) 
PO Box 378 Greenwood. WA 6924 
Phone 08 9448 1995 
Fax 08 9448 8140 
Email: sales@rfpower.com.au 
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Last month, we discussed the details of the Advanced Audio 
-Coding (AAC+) used in Digital Radio. This month we discuss how 
the AAC+ data is transmitted and received. The transmissions 
combine data with program content and the entire transmission 
is a multiplexed combination of the many programs. 

ONE OF THE MOST interesting 
features of Digital Radio trans­

mission is that more than one station's 
program content is embedded into a 
single carrier frequency. In fact, up to 
nine different program digital streams 
can be combined into the one transmis­
sion. At the planned introduction * of 
digital broadcasting, there will be up to 
71 radio stations (ABC, SBS and com­
mercial) on 10 DAB+ transmitters. 

Fig.l depicts how the AAC+ en­
coded program and multiplexers com­
bine data from a number of stations. 
Multiplexers can be thought of as ro­
tary switches which continually cycle 
through the available data sources. So 

By ALAN HUGHES 

if tiley are switches, does this mean 
that bits of individual programs are 
missing, as the switch selects other 
program sources? No, that is the beauty 
of switching digital data packets - no 
program data is lost. 

As well as the program digital 
streams, two other types of data are 
multiplexed into the transmission. 
The first, Program Associated Data, 
includes date & time, station identi­
fication & location, and pictures and 
text. 

By contrast, Fast Information Chan­
nel inserts small blocks of data, often 
regardless of the program sources. 
Typical uses are emergency and traf-

TransmIttIng Station Antenna: 
Upconverter to 
transmission 

frequency 

AAC+ audio, PAD~ r-----­
& RS correction :::"'\J Multiplexers

data signals from_
 
other stations :::::?..
 

o 

Fig.I: a DAB+ transmitter uses multiplexers to combine the program digital 
streams from up to nine stations with Program Associated Data and Fast 
Information Channel data. 

fie information, as well as paging and 
conditional access data. 

Error detection 
The effect of corrupted data be­

comes more drastic as compression 
is increased, so some error detection 
and correction will greatly improve the 
listening experience, particularly for 
car and portable reception. This takes 
several forms: 
Cyclic Redundancy Check: this adds 
parity bits which are related to the 
data. This will enable the decoder to 
ignore corrupted data. 
Reed-Solomon Error Correction: for 
every 110 bits, 10 bits are added which 
are mathematically related to the data. 
This will allow up to five bits in error 
to be corrected in the decoder. 
DRM Error Correction: this uses the 
Cyclic Redundancy Check and Reed­
Solomon error correction. Audio 
frames are divided into two. The first 
half, representing the loudest frequen­
cies, has more error correction than the 
second half which is less significant. 
Huffman Codeword reordering is used 
for AAC. 
Camouflage: the data is shuffled in a 
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Parallel data 
from the 
program 

multiplexer 

Fig.Z: block diagram of a COFDM modulator. This results in quadrature 
amplitude modulation (QAM) of the transmitter signal. 

predetermined order, prior to trans­
mission, so that the effect of impulse 
noise is distributed, making the like­
lihood of complete correction greater. 
This makes reception more reliable 
until the noise is continuous. 

COFDM multiple carriers 
In the process of multiplexing, the 

single serial data stream is subjected to 
Coded Orthogonal Frequency Division 
Modulation (COFDM). This is similar 
to taking a serial signal and converting 
it to parallel. So for DAB+, each serial 
pulse becomes 1536 times longer in 
duration. This allows reflected signals 
to be ignored. It also enables Single 
Frequency Networks (multiple trans­
miHers in the same coverage area on 
the same frequency) to be used. 

Fig.2 shows the COFDM process 
while Fig.3 shows the resulting map 
of the modulation. 

The data from the nine program 
sources is used to address a block of 
RAM (random access memory), one 
bit at a time. A 'one' is written into 
that location. For transmission, the 
memory is read so that the column 

value is obtained. This is fed into an 
analog-to-digital converter (DAC). It is 
used to vary the carrier level in a dou­
ble sideband suppressed (DSB) carrier 
modulator. If the value is greater than 
3.5, the carrier will be inverted to make 
the left side of the modulation graph 
in Fig.3. This is called the in-phase 
or "I" axis. 

A second DAC is fed with the row 
data. It is identical to the "I" axis but 
its carrier is delayed by 90 0. This gives 
the Quadrature (Q) axis. Once the out­
puts of the two DSBSC modulators are 
added together, the result is quadrature 
amplitude modulation (QAM). This 
signal consists of a suppressed carrier 
and a set of sidebands. The frequency 
of the sidebands depends on the data 
being modulated. A Fast Fourier 
Transform is applied to this signal to 
generate the many carriers which are 
characteristic of COFDM. 

The suppressed carrier is usually a 
standard intermediate frequency (IF) 
which is the same in every transmitter. 
To get to the allocated transmission 
frequency, a second modulator is used 
to increase the frequency. A high­

~- ------­
/~- ~,~ 

I;;=:-:~~~~
 
/2 Jr.l/- - _ \\. ~ \I _/ \]3( __ [_/ \_\_\_\ 
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Fig.3. this diagram 
shows the quadrature 
amplitude modulation 
(percentage modulation) 
vs phase modulation for 
aCOFDM. 

, / / 4-QAM
e", _. -0 64QAM~ 6 ~"-- 2 1 16QAM

'-- 0 Percentage Modulation 

". / Vs
COlumn ad~~ Phase Modulation 

powered linear amplifier increases the 
power to be applied to the transmitting 
antenna. In the DAB+ case, the antenna 
is vertically polarised. 

Map characteristics 
The modulation map ofFig.3 shows 

percentage modulation versus phase 
modulation. In 4-QAM, there are only 
four phases and so the amplitude is 
always at a maximum from the modu­
lator, as shown by the pink spots on 
the graph. This mode gives the best 
immunity from noise. 

64-QAM can transmit 16 times the 
data rate as 4-QAM. 64-QAM has nine 
amplitude levels over a range of17dB. 
To get the same reliability of the recep­
tion, the radiated power needs to be 
increased by a factor of 50 times. 

As a compromise, the data which 
has the most audible effect can be 
transmitted using 4-QAM and the 
more subtle information transmitted 
at 64-QAM. This is called "hierarchi­
cal" coding. 

Digital radio receivers 
Fig.4 shows the block diagram of a 

digital radio receiver. The blue section 
of the diagram is devoted to the RF and 
IF sections which more or less consti­
tute a conventional radio tuner. The 
mauve or pale blue section is devoted 
to the COFDM demodulator which es­
sential reverses the processes applied 
in the COFDM in the transmiHer. 

In operation, the microprocessor 
displays a list of available stations. 
The listener uses the station select 
switch to select the wanted program 
and the micro takes over from there. 
The antenna signal is filtered to only 
allow the channel you have selected 
to be amplified. The microprocessor 
will tell the tuning section which fre­
quency band and what frequency is to 
be selected. The output of the tuning 
and IF amplifier section is digitised. 

The signal leaves the hardware 
and with the exception of the audio 
amplifiers and loudspeakers, the rest 
is done by the microprocessor and 
some memory. 

Audio directional control is per­
formed in the Parametric Stereo sec­
tion, shown in the pale green section 
of Fig.4. 

The central pair of delays and at­
tenuators is used to steer the sound 
from left to right. There is a fixed delay 
when the sound source is central. The 
outer pair of delays is used to produce 
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Av-Comm's Q4000 DAB+ receiver is the result of over 12 months 
product development and market research. Rather than releasing a non­
compatible DAB receiver which could have been used during early on-air 
test~ng, the company chose to wait until the DAB+ standard was formalised. 

Originally intended to combine the features of DAB+, FM with RDS and 
Internet radio, ~he results of Av-Comm's market research indicated that 
different demographics exist for DAB+ and Internet radio. The result is the 
Q4000 which is a basic VHF only DAB+ receiver. 

The receiver also has a clock and alarm functions with snooze allowing it 
to be used as a bedside clock radio. Priced at $149 (plus P&P), the receiver 
represents an affordable entry point into the world of Digital Radio, The unit 
is capable of running from 6 AA internally-housed batteries but is supplied 
with a 9V regulated DC power supply,
 

For those technically minded, the important specs are:
 

(I) RF Input Frequency Range: I74.928-239.2MHz (2) Sensitivity: -I OOdBm (3) Powersupply 9V DC,800mA 
(4) DAB+ channels: SA/B/C/D, 6A,B,C,D, 7A,B,C,D, 8A,B,D,C, 9A,B,C,D, IOA,N,B,C,D, I IA,B,C,D, 12A,B,C,D,
 
13A,B,C,D,E,F.
 

AV-COmm pty Ltd, 24/9 Powell Rd, .pookvale 2100, 5W, AustNdia 
cpo Box 225 .pookvale 2"00, NSW, Australia) 

Phone: (02) 9939 4377 Fax: (02) 9939 4376 Website:www.avcomm.com.au 

reverberation by feeding the steered 
signal back around the section. The 
duration of the delays and the amount 
offeedback will control the reverbera­
tion time. This adds to the "realism" 
of the sound. 

The demodulation can be done us­
ing mathematics performed by a proc­
essor, however the control microproc­
essor will have to tell the demodulator 
which mode to operate in. 

When the demodulator is operating 
in the COFDM mode, its output will 
be decoded by the AAC+ decoder back 
into AES digital audio. This is then 
converted to stereo analog sound and 
fed into speakers. An HDMI output 
could be used, particularly for 5.1 
channel sound to be fed into a home­
theatre amplifier. 

The microprocessor can also decode 
and send text and images to the display 
screen. In addition, the processor will 
use the station list in the DAB+ or 
DRM signal to check the availability 
of other Signals containing identical 
program and will switch to it if the 
DAB+ or DRM signal contains too 
many errors. 

Fig.4 shows the DRM/FM/AM tun­
ers in a separate block, for simplifica­

. -------- -. --. --1 2MB RAM Statton select . 2' ........·Program Select-~-· Control .- -­t Grey ,,~ Reed-Solomon Super ~ I-Fast lnrt.'tm t!o~ 1.1
Cede, ~ 

I 

..... frame --.. -M.;!ln SeN ce D.at:.a--Rroces50r~•••.•-.--·.:
~' . Error Corrector d t 0 ~ ,I I i Display 

~. Binary ." "'-'---~l~ ~ :;-~:~:~IC ~~~ : t'I..,_ ----' ­.-- Synch<onisation'_.. _'_"__....., .:..- Jf< I fi DAC 
.-L-----. . ~ ..n. 

Loudness Inve'r~ fI ~ 

Level - FFT I or"'- ~eakers. 

-:.;:, ! i !FJl~?-f
 
Decoder DRM+/FM Stereo/AM Tuner' J Lg'.?":'~lt-

Fig.4. block diagram of a DAB+ receiver. The microprocessor controls all functions. 

tion of the diagram. The combined a discussion of the signal format, a 
DAB+/DRM/FM/AM radio only needs comparison of DAB+ and DRM and 
the following modifications over a suggested antennas. SC 
DAB+ only radio: additional firmware, 

STOP PRESS· extra tuning coils, plus varicaps and 
As we went to press on this issue, it was band-switching diodes. A ferrite rod 
announced that industry-wide switch-on or loop antenna is also required for 
to DAB+ will be postponed to August 1st 

the MF band (DRM & AM). rather than May 1st 2009. May 1st will be­
Radioscape® has a DAB+/DRM/ gin the widespread testing of new signals 

FM/AM module available to radio but the ABC will not begin test transmis­
manufacturers. sions until June, with all its stations on air 

Next month, we will conclude with from July 1st, 
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LAST MONTH, we described how 
to resurrect an old laptop using 

Puppy Linux as the operating system. 
Puppy runs fast, even on old hard­
ware, and is just the shot as an OS for 
machines that would otherwise finish 
up in landfill. 

In the course of preparing that ar­

ticle, we decided to resurrect an old 
laptop that had once belonged to the 
daughter of one of the SILICON CHIP staff 
members. This 6-year old machine is 
a Compaq Presario M2000 running an 
AMD Sempron 3000 processor, 512MB 
of RAM and Windows XP. 

Well, it used to run Windows XP 

but somehow this had become kaput. 
It was taking an age to load and had 
become so corrupted that it would 
take several minutes just for the fly-up 
menu to appear after the Start button 
was clicked. 

Cleaning up the disk debris and 
running a registry checker did improve 

file &dil lliew 2earch rools Qocumenl' !::!elp file Edit ~Jew .2sarch Iools Qocuments t:!.eJp 

Fig.1 (above); set the menu timeout value and comment out 
the hiddenmenu line in Ubuntu's /boot/grab/menu.lst 
file if setting up a dual-boot Ubuntu/Puppy system. Fig.2 
(right); how the Puppy boot lines are added to menu.lst. 

./ 

11## timeout sec 
11# Set a timeout, in SEC seconds, before automatically bootlng 
I the default entry 
# (normally the first entry definedl. 
tImeout 7 

INS 

Find Replace.iI' 

In 126. Col 45 

""~ .,...•, 

~...l.Q._hr..n.\\.L2. 6••Zl.:..9..:..qg,n.e r 

Print..Save 
c...J 
New Open 

b menu'!sl X 

..al 

Iff! ## End Defau1.t Optlons ## 
(';;\1 

ti t1.. Puppy Linux Full Install 
root (hdo,2) 
kernel /boot/vmlinu-z root=/dev/sda3 pmedia=atahd nos"" 

I
tl t1.e Ubuntu 8.10, kerne 1. 2.6. 27·ll· genenc 
uui d bac9aOod· db07· 4b9d- 96bf· Ob504ef 704d,3 
'kerne 1. /boot/vmli nuz -2.6.27­ ll· genenc root=W!D=bac9800d· 
dbo7-4b9d 96bf-ObS04ef704d3 ro quiet splash 
Ini t rd /boot;ini trd .1mg- 2.6.27- ll· generic 

IIQuiet 

Ititle Ubuntu 8.10, kernel 2.5,27· 11,. genenc (recovery mode) 
ULil d bac98OOd· dbo7- 4b9d -%bf -ob504ef704d3 

.!kerne1 /boot/vmll nuz - 2.6: 27- 11- genenc root=UUID=bac980od· 
'ldb07-4bgd-96bf ObS04ef704d3 ro slng1.e 
Il,ni t rd .(boot/lm trd. img ­2.6.27- ll- genen c

l',
',': 

:! 
'.: 

J v 

lB 

INS 

FindPaste 

In 126, Col 45 

~ 
Print".­Save 

U 
New Open 

I menu'!st )( 

!I## hl ddenmenu 

1 

1 
# Pretty co lours 
#eolor cyan/blue ",hi te/b1.ue 

.,,' Hldns Shu 'Jfnu by default (press ESC to see the menu) 
# hl ddenmenu 

14 SILICON CHIP sificonchip.com.au 



---

flSSIO: 

I ~Routes .. 1 
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OHCP Client 10: 

Method. IAutomatIc (DHCP) 

\111(&16$5 Wirlille51 S6cuntyllpv4. Sett'rngs 1 

Connection name: [Home WIreless, .,-J 
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Secunty: ~ J 

Password: I................. I 
o show password 

ILau_to_m_a_tlC ~~"~f bytesMTU: 

MQde. 

MAC address: IOO:OF:B5:39;AC:AOI 

Fig.3: setting up a wireless networking profile in Ubuntu 8.1 (Intrepid Ibex) is a breeze using the Network Configuration 
wizard. These three dialog boxes show the basic set-up for a secure connection. 

things somewhat but it was clearly 

l:;ancet Il ~QK I ~1.l1 

beyond redemption. So why not ditch 
Windows altogether and install Linux? 
In fact, why stop at just one flavour 
of Linux? 

Tv cut a long story short, we ended 
up installing both Ubuntu Linux and 
Puppy Linux as a dual-boot set-up. 
Ubuntu was installed first into one 
partition and then Puppy was installed 
into a second partition. Ubuntu's boot 
menu file (lboot/men u.lst) was then 
modified to add Puppy as one of the 
boot options. 

How to you do that? Easy - Puppy 
recognises the Ubuntu install and tells 
you what lines to add to Ubuntu's 
/boot/menu.lst file. While you're at 
it, you also have to comment out the 
hiddenmenu line and change the time­
out entry to suit - eg, seven seconds 
(Fig. 1). 

Wireless networking 
Getting wireless networking going 

in Ubuntu 8.1 (aka Intrepid Ibex) 
proved to be child's play. The laptop 
we were using didn't have a built-in 
wireless adaptor, so we tested it with 
four plug-in adaptors: (1) a Netgear 
WG511 Wireless PC Card; (2) a Netgear 
WG111T USB Adaptor; (3) a Netgear 
WG111v2 USB Adaptor; and (4) a 
Belkin Wireless G USB Adaptor. In 
each case, as soon as the device was 
plugged in, Ubuntu loaded the cor­
rect native driver and the device was 
ready to go. 

siliconchip. com.au 

An extemal USB or 
PC Card wireless 
adaptor will be 
necessary ifyour 
laptop lacks a built­
in adaptor. 

It was then just a matter of setting up 
a wireless networking configuration 
and saving the profile. That's done 
by clicking System -> Preferences -> 
Network Configuration to bring up the 
Network Connections wizard - see 
Fig.3. You then add a wireless profile 
and enter in the necessary details such 
as the broadcast ssm, the mode and 
the security details (use WPA security 
if the driver supports it, otherwise 
use WEP). 

You also need to enter the MAC 
address of the wireless adaptor if you 
are using MAC address filtering. This 

is always a good idea but note that if 
you do use MAC address filtering, you 
will have to create a separate profile 
for each wireless device you intend 
using. 

And that's it. Once the network 
profile has been created, Ubuntu 8.1 
automatically connects to the Inter­
net. What could be easier? - you just 
plug the device in, set up the wireless 
network configuration details and it 
works. 

However, based on personal ex­
perience, wireless networking with 
previous versions of Ubuntu is not 
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lnternet C,mnetllon Wiurd 

~Current setuplstatus··­

no modem detected
 

Available network interfaces.
 

Connect to-

Internet by nelwork or \'1irele_ss LAN 

lnte-rnet. by wlreless GPRS modem .. 

Internet· by 'floanng Penguin' PPPOE 

, Taols 

~----------­

Internet by dialup analog modem ... Iii'! 

DesktopMay---~~------­

V:Jhat. you c.hoose her~ will start immediately 
next time you click the 'connect' icon 

o Pup Dial (modem (lialupi 

o floanng PengLl1n (PPPoEl 

o GPRS Connect
 

(!) Int.ernet Connection Wizard
 

Fig.4: clicking the "Connect" icon 
on the Puppy desktop brings up the 
Internet Connection Wizard. 

quite as simple. For example. none of 
the native drivers for the above-listed 
wireless adaptors worked with Ubuntu 
8.04 (aka Hardy Heron) but they could 
all be made to work by using a utility 
called "Ndiswrapper" and the relevant 
Windows driver for each device. 

As the name suggests, Ndiswrapper 
"wraps" the Windows driver so that it 
can be used under Linux. The proce­
dure is relatively straightforward but 
we won't go into it in detail here be­
cause the latest 8.1 version of Ubuntu 
apparently doesn't need it - at least not 
for the adaptors we tested. 

If you are forced to use Ndiswrap­
per with Ubuntu, then take a look at 

To test or configure it-. click on its button. 

'[;tl!rfacT7 Type 

Ethernet 

https:/!help.ubuntu.comfcommunity/ 
WifiDocslDrivertNdiswrapper, This 
website gives the full step-by-step 
procedure and is easy to follow ~ just 
be sure to blacklist the listed nati:ve 
drivers as instructed. 

Note: this last step is critical and is 
necessary to prevent the native driver 
from loading and interfering with 
Ndiswrapper. 

If it doesn't work, then it may be nec­
essary to blacklist extra drivers - either 
that, or you've got the wrong Windows 
driver for your wireless adaptor. A list 
of drivers that you can try blacklisting 
is shown below (these entries go in 
letc/modprobe.dlblacklist). 

blacklist b43
 
blacklist b431egacy
 
blacklist ssb
 
blacklist rt2500usb
 
blacklist islsm_pci
 
blacklist islsm
 
blacklist islsm_usb
 
blacklist prism2_usb
 
blacklist rtl8187
 
blacklist r8187b
 
blacklist rt73usb
 
blacklist p54usb
 
blacklist ath_pci
 
blacklist ath_hal
 

Note that while Ndiswrapper works 
well in practice it's needed only ifthe 
native driver doesn't do the job. 

Puppy wouldn't play ban 
Getting the wireless networking 

going with Puppy also required some 
coaxing. With each of the three USB 
wireless adaptors, Puppy correctly 
loaded a native driver but things went 

pear-shaped from there. Although each 
USB adaptor could "see" the wireless 
network, it stubbornly refused to con­
nect even though the correct wireless 
profile had been created and loaded in 
Puppy's networking set-up wizard. 

Similarly, Puppy identified and 
loaded a driver for the WG511 PC 
card. But that was as far as it got. In 
that case, the adaptor couldn't even 
"see" the wireless network. 

Doggone it! 

Use Ndiswrapper 
After some trial and error, we 

quickly got all four wireless adaptors 
working with Puppy. Once again, the 
trick is to use the Ndiswrapper utility 
plus the relevant Windows driver for 
the device, 

Unlike Ubuntu, Puppy installs the 
Ndiswrapper utility by default along 
with a GUI, so it's easy to get going. 
Here's how it's done: 
Slep 1: obtain the Windows .inf and 
.sys driver files for the wireless net­
work adaptor, These can either be 
obtained from the installation CD sup­
plied with the device or downloaded 
from the manufacturer's website. 

If necessary, install the driver soft­
ware on a Windows machine to extract 
the .infand .sys files from a .exe install 
file. That done, copy them onto a USB 
flash drive or, better still, into the 
Ihome folder in Puppy. 
Slep 2: run the Internet Connection 
Wizard by clicking the "Connect" icon 
on the desktop to bring up the dialog 
shown in Fig.4, 
Slep 3: click the "Internet By Network 
Or Wireless LAN" button to bring up 
the dialog box shown in Fig.5, then 

x ... 

• rt2S00u<b l1~f 

CJ rt2S00usbsys 

DWEP Key.txt 

Nam~ • IMOdifiiiJ H 
D Conflicting driver blacklist.txt 

D f5d70S0v2dnvers.exe 

D fSd70S0v2_'1ista_1 0.01_0205200 

olD rt25L198sys 

Please select' the driver Information file UNF) 

+~J ~Blo-;;;ovel 

o root 

C'J File System 

New module. unloaded 

Network modules 

If it' appears the driver module for a network adaptor isn't 
loaded. or yOLi want a different one {such as a '\il:/indows 

drj~ier '''''''Ith NdiS'wrapper). click on the 'Load module' button 

Puppy has identified the following network interface on 
your computer, but it stili needs to be configured. 

TMod:i';; TDe"ice description­

8139too po; 

'izard 

-

~ealte.k Semiconductor flTL-813\y. 

Sunday 

09/14/2008 

09/14/2008 

09/13/2008 

09/1312008 

09/13/2008 

09/13/2008 

~r-----' 
""""QK It&ancel 

Fig.5: in this case, no native driver has been loaded for 
wireless networking - just one for the ethernet adaptor. Fig.6: after choosing the Ndiswrapper option, browse to 
Click the Load module button to proceed. Windows .in! driver file location, select it and click OK. 
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New mterfaces 

The following new interface has been fOlmd 

; ~~.' l)/pe Module I O~vice de~criptlon • 

wlanO Wireless ndiswrapper usb: NOIS wrapper ~:i; y I 

Fig.7 (above): this is the dialog that appears if 

New module loaded 

The following new module has been loaded: 

Puppy has identified thefollowlI1g network interfaces on 
your computer. but they still need to be configured. 
To test or configure an intelface. click on its button. 

I ~rface ,I Type Module DevlC~bo~ ----- ­

I ethO -. Ethernet 8139too pC! Realtek SemIConductor RTL·8139 i 
wlanO Wireless ndlswrapper usb NOIS wrapper driver 

r - ­
ethO 

Ndiswrapper and the Windows driver find the 
Network moduleswireless adaptor. Click Save to keep the driver 
If it appears the driver module for a network adaptor isn'tcon-figuration. 
loaded. or you want a different one (such as. a Windows 
driver with Ndiswrapper). click on the 'Load module' button.

Fig.8 (right): once Ndiswrapper is working correctly, the '- - --­
wlanO entry will appear in this dialog. You then click the 
wlanO button to go to the dialog shown in Fig.9. 

click "Load Module" and choose the rectly (see Fig.7). then so far so good the driver once doesn't work. 
"Ndiswrapper" buuon at the next - proceed to Step 7. Step 7: once the driver has associated 
dialog. Be sure to unload and blacklist Step 6: if it doesn't find the adaptor, with the wireless adaptor correctly, 
any existing native WLANO driver unload the driver at the subsequent the dialog shown in Fig.8 will appear. 
when prompted during this procedure prompt, then reload Ndiswrapper and This should now show the wlanO 
(if one has been loaded). the Windows driver and try again. entry with the driver module listed 

Alternatively, if no native driver has This step is apparently necessary as "ndiswrapper", If it does, click the 
loaded, just click on the "None" button to completely unload other drivers, wlanO button and then the Wireless 
at this prompt. to prevent them from conflicting button at the next dialog (Fig.9) to go 
Step 4: follow the prompts to install the with Ndiswrapper and the Windo'ws to the dialog shown in Fig.lO. 
Windows driver. Note that you must driver. Step 8: click the "Scan" button. If it 
select the .in! file to install (Fig. 6), In short, if a native driver has ini­ finds one or more wireless networks, 
Step 5: having loaded the driver, the tially been loaded, you may have to you are in business. Select your net­
wizard will now bring up a dialog go through the Ndiswrapper driver work, then click the "New Profile" 
advising that it is trying to associate installation procedure twice to get button to set-up a wireless networking 
with an interface ..If the driver finds it working. Based on my experience, profile as shown in Fig.lO. 
the wireless interface and loads cor- simply installing Ndiswrapper and STEP 9: Once the profile is completed, 

-- ­
wlanO 

configure network interface wlanO 

OK, let's tlY to configure wlanO. 

Configure Wireless network -- ­ ..... ­ ----. 

Puppy found that wlanO IS a wireless Interface, 
To connect to a Wireless network. you must first set the ;==•..·.=· ,1 
wireless network parameters by clicking on the 'Wireless' LWlreless 
button, then assign an IP address to it. either With DHCP 

l__or Static IP (see below) 

Test Interface • .. _. . 

I You can test If wlanO is connected to a 'live' network 
After you confirm that. you can configure the intelface. 

Configure Interface - ­ -- ­ . 

I 
The eaSiest way to configure the network IS by uSing a DHCP 
server (usually provided by your network) This Will enable ,- ­ _ 
Puppy to query the server at bootup and automatically be 1Auto DHCP 

I aSSigned an IP address The 'dhcpcd' client daemon program 
is launcllea and network access happens automatICally 

If a DHCP server is not available. you Villi have 
to do everything manually by setting a static JP, 
but this script will make It easy. 1­

Fig.9 (above): click the Wireless button in this dialog to 
set up a wireless networking profile. 

Fig.lO (right): to set up the profile, first click the New Profile 
button, then enter in the details as shown here. You then save 
the profile and click the Use This Profile button. 

siliconchip. com. au 

. Puppy Network Wizard 

Please select a network profile to use 
To create a new profile, start by scanning for available 

tl Scan 
networks and seiect the one you would like to configure 
Newly created profiles should be saved In order to be used. 

Load an eXisting profile ." ..._--. ­

Select a profile to load' Ir-H-o-m-e-_-W-i-re-Ie-s-s---: 

Edit profile ~
 

Encryption
 Openr 
Profile IHome_WirelessName' 

ESSID. ITamworth 
J 

Mode G:l Managed 0 Ad hoc; Security: o open 0 Restricted 1 
Key Iec29f005a 177fe625dab60 lfad
 

Frequency' I
 
Channel.
 1,-------------------

IAccess POint I 
. MAC: OO:OF. B5:39:AC:AD 

Use This Pmfile 

I.. 

~slcl Back 
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locking'Do n i'reless N'elwork 
It's surprising just how many unse­

cured wireless networks there are out 
there. Out of the box, most wireless 
modemslrouters are unsecured and 
the owner often has no idea that this 
is the case. As a result, the network 
is wide open and can be accessed by 
other people in the vicinity (eg, your 
neighbours). 

If you don't want others using your 
wireless Internet connection for free, 
there are four steps you should take to 
lock your wireless modem or wireless 
router down: 
STEP 1: change the default user name 
and password that's used to log in to 
your wireless modem via your browser 
in order to set it up. The default user 
names are easy to discover on the net 
or even guess, so why make it easy 
for someone to gain access? 
STEP 2: change the ESSID (ie, the 
name given to the wireless network) 
from the default, then disable "Broad­
cast ESSID". After all, there's no 
point in changing it from the default 

check which native On the left pane are modules that are currently loaded. 
On the right pane is the complete list of blacklisted modules. drivers have been 
If you want to prevent a module from loading. move it to the right blacklisted by 
side. click OK. then reboot. clicking Menu -> 
Note. if you want to find out further information about any module. System -> Boot­
run PupScan (look in t.he. System menu) Manager Configure 

ndiswrapper i ~ Bootup, then 
p~~p~rt~p~ ! 1II,... . clicking "Click 
Ip I Add Here To Blacklist 

A Module". 
parport I' 

sndycm 055 • R' _ emove 
snd_seq_dllmmy _ r-­
"nrl "PO n"" ~ 

click "Save" followed by "Use This 
Profile". IfPuppy subsequently reports 
that it was able to find a live network, 
you then click the Auto DHCP button 
to obtain an IP address. 

That's it - you will now be con­
nected to the Internet. Note, however, 
that Puppy does not automatically 
connect to a wireless network each 
time it starts up. Instead, you have to 
reload the networking profile (select 
the profile, then click "Load", click 
"Use This Profile" and then "Auto 
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if you're then going to broadcast it to 
the world. 
STEP 3: Enable MAC address filtering if 
available, then enter the MAC address 
for your wireless network adaptor into 
the set-up. 

To explain, each wireless adaptor 
is assigned a unique identification 
number when it's manufactured. This 
number is in hexadecimal format and 
is referred to as the "MAC address". By 
enabling MAC filtering in your wireless 
router, you can limit access to those 
wireless adaptors that have the cor­
responding MAC addresses (you can 
enter more than one address). 

To obtain the MAC address of your 
wireless network adaptor, just go to a 
terminal window and type ifconfig -a 
for a Linux system or ipconfig /all on 
a Windows system. This will be listed 
as the Hwaddr in Puppy or as the 
Physical Address in Windows. 

Be sure to use the MAC address 
listed for your wireless adaptor, not 
for your ethernet adaptor. 

Fig.ll: you can 

prlSml_US 
rtl8187 

r8187b 

rt7311sb 
prism54 

p54pci 

rt2500usb 

DHCP" to reacquire an IP address. 
Of course, there is a way to make it 

automatically connect to a particular 
network but let's not go there. 

In practice, the Netgear WG511 & 
WG111T adaptors and the Belkin USB 
wireless daptor all work reliably using 
the Ndiswrapper. In the case of the 
WG511, the p54pci driver had to be 
blacklisted while for the Belkin device 
it was the rt2500usb driver. 

No blacklisting was required for the 
WGll1T, since no native driver was 

Alternatively, if you are using an 
external adaptor, the MAC address will 
be on a label attached to the device. 
STEP 4: Enable either WPA or WEP 
encryption (WPA = Wifi Protected 
Access; WEP = Wired Equivalent Pri­
vacy). Provided your network adaptor 
supports it, WPA is the one to go for 
since WEP is no longer regarded as 
being secure (although it's still better 
than nothing if you have no choice). 

Note that the wi reless router should 
be set up from your laptop or PC 
using a wired (ie, ethernet or USB) 
connection. Don't set it up using an un­
secured wireless connection because 
it's wide open to anyone who may be 
snooping while you're doing so. 

Note that it will also be necessary 
to enter the WPA (or WEP) key into 
the wireless networking profile on 
the laptop, otherwise you will not be 
able to access the wireless router. 
Depending on the operating system, 
you may have to enter the MAC ad­
dress as well. 

~oaded in the first place. By the way, 
the athfmwdl.inf driver was the one 
that worked for my WG111 T, not the 
netwgl1t.infdriverwhich was also on 
the Netgear installation CD. 

WGlllv2 tantrums 
The WG111 v2 loads the Prism 

p54usb driver as its native driver but 
despite correctly blacklisting this, it 
initially stubbornly refused to work 
under Ndiswrapper. It fact, the in­
stalled Windows driver wouldn't even' 
recognise the device. 

A few minutes research on the In­
ternet licked that problem. If you'ye 
got a WGll1v2 and its serial number 
starts with WG72 or WG16, then it's 
really a WGl! 11vl device (despite what 
the label says) and you must use the 
WGlllvl driver. 

So the incorrect driver was being 
used. Downloading and instaHing 
the correct vl driver from the Netgear 
website got it working. 

Troubleshooting 
IfNdiswrapper doesn't work, try us­

ing a different Windows driver. Some 
wireless adaptors come in different 
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A USB wireless adaptor 
can be used if necessary but 
PC card adaptors (eg, the WG511) 
are less vulnerable to damage in 
laptops. 

versions with different chipsets, so 
be careful if downloading drivers off 
the Internet. You must get the correct 
driver for your particular device other­
wise it won't work (see the note about 
the Netgear WG111v2 above). 

For this reason, try to use the driver 
that was supplied on the CD-ROM with 
the wireless adapter. 

Note that you cannot use Windows 
Vista drivers with Ndiswrapper - it's 
limited to Windows XP and Windows 
2000 drivers. 

Ifyou want to check which files have 
been installed under Ndiswrapper, 
take a look at the letclndiswrapper 
folder. The install procedure should 
have copied both the Windows .inf 
and .sys files to a sub-folder. Delete 
the sub-folder if you want to get rid 
of them. 

Blacklisting 
If you want to check which driver 

modules have been blacklisted, click 
Menu -> System -> BootManager 
Configure Bootup. This allows you 
to access the "Module Blacklist Man­
ager" - see Fig.11. The loaded modules 
are listed at left, while the blacklisted 
modules are in the righthand pane. 

To add a module to the blacklist, 
simply select it in the lefthand pane 
and click "Add". Conversely, to 
remove it from the blacklist, select 
it in the righthand pane and click 
"Remove". 

Alternatively, you can directly hand­
fettle the letclrc.dlmodulesconfig file 
in a text editor. The blacklisted files 
go in the SKIPLIST section. Always be 
sure to leave a space between the last 

rxvt '. " 1.lolx 
ij ifconfig -a 
ethO Link encap:Ethernet HWaddr OO:FF:36:00:16:65 

BROADCAST MULTICAST MTU:1500 Metric: 1 
RX packets:O errors:O dropped:O overruns:O frame:O 
TX packets:O errors:O dropped:O overruns:O carrier:O 
collisions:O txqueuelen:1000 
RX bi,Jtes:O (0.0 B) TX bi,Jtes:O (0.0 B)
Interrupt: 18 Base address: Ox6000 

10	 Link eneap:Local Loopback
 
inet addr:127.0.0.1 Mask:255.0.0.0
 
UP LOOPBACK RUN~IING MTU :16436 Metl'ic: 1
 
RX packets:O el'rors:O dropped:O overruns:O frame:O
 
TX packets:O errors:O dropped:O overruns:O earl'ier:O
 
collisions:O txqueuelen:O

RX bi,Jtes:O (0.0 B) TX bi,Jtes:O (0.0 B)
 

wlanO	 Link eneap :Ethernet HWaddr 00:0 F:B5: 39:AC :AD 
inet addr: 192 .168.0 .67 Beast: 192 .168 .0.255 11ask :255 .255 .255.0 
UP BROADCAST RUNNING MULTICAST MTU:1500 Metrie:1 
RX packets:33 errors:O dropped:O overruns:O frame:O 
TX packets :23 errors:O dropped:O overruns:O carr iel':O 
collisions:O txqueuelen:1000 
R,: bi,Jtes:4733 (4.6 KiB) TX bi,Jtes:2872 (2.8 l<iB) 

• I 

Fig.12: the ifconfig -a command can be used to discover the MAC address 
of any network adaptors attached to the machine. It will also display any 
IP addresses that have been assigned. 

" ­rxvt	 1.lclx 

• iweonfig
 
10 no wkeless extens ions.
 

ethO	 no wireless extensions. 

wlanO	 IEEE 802.11g ESSID: "tamworth" 
Mode:Managed Frequenci,J:2.462 GHz Access Point: 00:FE:FC:F3:4C:1F 
Bit Rate=l1 Mb/s Tx-Power:20 dBm Sensitiviti,J=-121 dBm 
RTS thl'=2347 B Fragment thr=2346 B 
Encri,jption kei,J: EC29-F005-A177 -FE62-5DAB-601F -80 Secur i ti,J olode :restricted 
Power ~lanagement :off 
Link Qualiti,j:l00/l00 Signal level:-32 dBm Noise level:-96 dBm 
Rx invalid nwid:O Rx invalid cri,Jpt:O Rx invalid frag:O 
Tx excessive retries:O Invalid misc:O Missed beacon:O 

Fig.13: the iwconfig command gives information on the wireless set-up, 
including the broadcast Essm if connected to a network. 

Several useful Linux command-line utilities can be used to help you get 
your network (either wireless or cable) up and running. They are as follows: 
(1)	 ifconfig -a, (2) iwconfig and (3) Ismod. 

Ifconfig -a is useful for discovering the MAC address of the wireless network 
adaptor and will also list its IP address if one has been picked up (the equivalent 
Windows command is ipconfig /all). By contrast, iwconfig gives informa­
tion on the wireless set-up. It shows the broadcast 10 or ESSIO (provided it's 
connected), the frequency, the bit rate and even the encryption key. 

The third command, Ismod, lists the driver modules that Puppy (or Ubuntu) 
has loaded. Among other things, this is useful for discovering which native 
driver is loading for your wireless adaptor (this driver must be blacklisted if 
you are using Ndiswrapper). 

To run a command in Puppy, simply click the "Console" icon on the desktop 
to open a terminal window, then type the command and press Enter. 

entry and the end quote mark. in a text editor and add bcm43xx 
Finally, if Ndiswrapper stubbornly b43 b431egacy ssb to the end of the 

refuses to work, try blacklisting the SKIPLIST section. Be sure to leave a 
Broadcom drivers in the letclrc.dl space between the final entry and the 
modulesconfig file. Open this file end quote mark. SC 

siliconchip.com.au	 APRIL 2009 19 





~I 

J "".... , 
~~ 

THIS REMOTE CONTROLLED DIMMER will work with 
incandescent and dimmable CFL (compact fluorescent) 

lights, as well as some I2V halogen lights. It can provide 
mood and home-theatre lighting or operate in SLEEP mode 
(eg, in an infant's room) to very gradually fade a lamp. 

This dimmer also has intelligence - it can automatically 
turn off the light after a timeout period ranging from one 
minute to almost a week, ensuring the light is not left on 
if you forget to switch it off. It can also be used to control 
non-dimmable CFLs. In this mode, we simply turn the CFL 
ON and OFF (note: it may not be suitable with some non­
dimmable CFLs which tend to flicker in the "OFF" state). 

Want to individually dim more than one table lamp in 
a room? No problem. You could have up to nine of these 
dimmers in a room independently controllable with the 
same remote. In addition, you can also control two or more 
dimmers simultaneously! 

You can use almost any RCs remote control, because the 
light dimmer can be programmed to learn the command 
codes. Pretty neat, eh? You use the number keys to dim to 
a preset level or the VOL UP and VOL DOWN keys to dim 
up or down in fine increments. Button "0" dims down to 
off, while "9" dims up to fully on. 

In addition, we have attempted to provide just about every 
possible remote control feature in this design. It is quite a 
simple circuit but the microcontroller's program provides 
all these features. 

Circuit description 
The circuit is based around a PIC18F1320 microcontrol­

leI' which controls the Triac and responds to all the remote 
control commands. In addition, there is the infrared decoder 
IDR1, two RGB LEDs, an NPN transistor, two diodes, a zener 
diode, a 10MHz crystal and an inductor and a few resistors 
and capacitors. 

The (very!) intelligent dimmer shown here with 
an infrared remote control. It can be used with 
just about any remote control which uses the Re5 
protocol. You can see the infrared receiver and 
acknowledge LEDs through the "win ow" in the 
front panel. 

I • 

<t-~ I 
I 

~. 

"').. 
, I 

The Triac is connected between the mains Active and 
the lamp via inductor L1. [n conjunction with a 100nF 
2S0VAC capacitor, this inductor provides suppression of 
electromagnetic interference caused by the rapid switching 
of the Triac. 

The micro sends gate pulses to the Triac via NPN transis­
tor Q1 and ultra-fast recovery diode D2. The diode protects 
the transistor from spikes generated when the Triac changes 
state from conducting to non-conducting and vice versa. 

The micro controls the power level fed to the lamps by 
the Triac by varying the timing of the gate pulse during each 
half-cycle of the 230VAC mains waveform. 

If the gate pulse is early in each half cycle, the power 
level will be high (ie, the lamp will be bright). Conversely, 
if the gate pulse comes late in each half-cycle, the power 
level will be low (ie, the lamp will be dim). This method of 
power control is referred to as "phase control". 
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Fig.I: the circuit is based on a PIC18F1320-I!SO microcontroller, a Triac and an IR detector URD1). The two RGB
 
LEDs give the user feedback on the operation and settings.
 

In order to know when in each half cycle to issue the and in series with the lkQ resistor this gives a total imped­
gate trigger pulse, the microcontroller must be properly ance of 5.84kn. Hence the 5V supply can deliver up to 
synchronised to the mains waveform at 50Hz. This is ac­ 23mA. Apart from the current drain of the micro itself and 
complished by a sync pulse taken directly from the neutral IROl, the circuit must supply the gate power to the Triac 
mains connection via a 3.3Mn 1W resistor. The sync signal and drive the two RGB LEOs. These LEOs are connected 
is filtered by a 4. 7nF capacitor which forms a low-pass filter with each of the six cathodes connected to a different I/O 
with the 3.3Mn resistor and synchronisation occurs every pin of the micro, IC1. 
half-cycle of the mains waveform, at a 100Hz rate. The common anodes of the two RGB LEOs are connected 

together and to the 5V rail via a single lkn current limit­
Power supply ing resistor. For this reason, only one LEO (there are three 

You may wonder how the micro can be synchronised within each RGB LEO) is ever lit at anyone time. 
to the mains waveform by connecting it to the Neutral 
side of the mains supply. Isn't this the low-voltage side of 
things? 

Yes it is but the microcontroller is actually tied to the Ac­
tive side of the mains supply. Power for the micro is derived 
from the mains via a lkn 5W resistor and 470nF capacitor. 
The capacitor and resistor act as a current limiting imped­
ance for the associated 5.5V zener diode, Z01. 

The supply circuit works as follows. First, for positive 
half-cycles ofthe 230VAC, current flows via ZOI, the 470nF 
capacitor and lkn 5W resistor. At the same time, the 470flF 
15V electrolytic capacitor is charged up. Then, for negative 
half cycles of the mains, current flows via 01, the 470nF 
capacitor and the lkn resistor. The result is that the 470flF 
capacitor is charged to 5.5V - O.5V = 5V DC. 

The impedance of the 470nF capacitor at 50Hz is 5. nkn 

The LEOs are lit to acknovvledge key presses, to prompt 

Programming The PIC Micro 
If you purchase this project as a kit, the PIC microcontrol­

ler will be pre-programmed. If not, you will need to program 
the PIC with the file 101 0409A.hex before soldering it to 
the PC board. 

To do this, refer to the "PIC Programmer sOle Converter" 
published in the November 2007 issue (page 67) of SILICON 
CHIP. That simple project will allow you to interface the SMD 
PIC to a common PIC programmer with a ZIF socket. The 
PC board for this adaptor is available from RCS Radio. 

Alternatively, SILICON CHIP can supply a programmed 
PIC for $A25 including postage. 

SILICON CHIP siliconchip.com.au 24 



the user for input and to give feedback on current settings. 
We explain the user operation in detail below. 

Signals from the IR remote control are amplified, filtered 
and decoded by the receiver module (IRD1). The lOon resis­
tor and 100pF capacitor are used to decouple Hs 5V supply. 
The data output at pin 1 of IRD1 is connected to pin 10 of 
IC1 and configured as a digital input. 

Construction 
The Intelligent Dimmer is built on a single-sided PC board 

coded 10104091 and measuring 76 x 50mm. It is housed in 
a sturdy polycarbonate case (125 x 85 x 55mm) with a clear 
lid and neoprene lid-sealing gasket. 

The component overlay diagrams for both sides ofthe PC 
board are shown in Fig.3. Note that the circuit diagram and 
Fig.3 both show three components which must initially be 
installed to allow the dimmer to operate at 12VAC. This ena­
bles you to check its operation at a safe low voltage before 
changing these parts to allow it to operate at 230VAC. 

To build the 12VAC version, you simply install a wire 
link in place of the 470nF 250VAC capacitor, a 470!! 5W 
resistor instead ofthe lk!!5W unit and a 10kfi 1W resistor 
instead of the 3.3M!!1W unit. 

Check the PC board for any defects before starting the 
assembly. That done, the next job is to install the pro­
grammed PIC microcontroller on the copper side of the 
board. Note that the microcontroller is a SMD and must be 
the 18F1320-I/SO (in the SOlC 18-pin package). Make sure 
it is oriented correctly. 

You will need a fine-tipped soldering iron to do the job. 
Position the IC over the pads and solder pins 17 & 18 first. 
Then solder pin 9, followed by the remaining pins. 

Be careful not to get solder bridges between adjacent pins. 
If you do, a good way to remove them is to use solder wick 
(Jaycar NS-3026, Altronics T-1210). 

Once the micro is in, flip the board over and install the 
parts on the component (top) side. Start by installing the 
four wire links, plus the link in place of the 470nF 250VAC 
capacitor. Follow these with the seven resistors. Start with 
the smallest and leave the 470n 5W wirewound resistor 
until last. 

Install the diodes next. These are polarised so be sure to 

Parts List - Intelligent Dimmer 

1 PC board, code 10104091, 76 x 50mm 
1 IP65 sealed ABS case with clear lid, 125 x 85 x 

55mm (Jaycar HB-6246, Altronics H-0324) 
1 flush-mount 3-pin mains socket (Jaycar PS-4094, 

Altronics P-8241) 
1 IEC male chassis connector with mounting holes 

(Jaycar PP-4005, Altronics P-8320B) 
1 1OMHz crystal (X1) 
1 47pH 5A inductor (Jaycar LF-1274, Altronics L-6617) 
1 4-way "Dinkle" vertical socket (CON1) (Jaycar HM­

3114, Altronics P-2534) 
1 4-way "Dinkle" screw terminal plug (Jaycar HM-3124, 

Altronics P-2814) 
1 10A IEC mains cord 

Semiconductors 
1 PIC18F1320-I/SO SOIC microcontroller (Farnell 

9762027) programmed with 101 0409A.hex (IC1) 
1 IR receiver (Jaycar ZD-1952, Altronics Z-1611) 
1 BTA16-500 isolated tab Triac (TRIIAC1), Altronics 

Z-1710 - DO NOT substitute 
1 BC337 NPN transistor (01) 
2 RGB 5mm common anode LEDs (LEDs 1 & 2) 
1 1N4004 diode (D1) 
1 UF4004 ultrafast diode (D2) 
1 1N47341W 5.6V zener diode (ZD1) 

Capacitors 
1 470pF 16V electrolytic 
1 lOOIlF 16V electrolytic 
1 470nF (0.47).lF) 250VAC X2 metallised polypropylene 

(Jaycar RG-5240, Altronics R-3132) 
1 1OOnF (0.1 pF) 250VAC X2 metallised polypropylene 

(Jaycar RG-5236, Altronics R-3122) 
1 100nF MKT (code 104, 100n or 0.1) 
1 4.7nF MKT (code 471, 4n7 or 0.0047) 
2 22pF ceramic (code 22p) 

Resistors (0.25W, 1% unless specified)
 
1 3.3Mn 1W 2470n
 
1 10kn 1W* 1 470n 5W wirewound*
 
1 1kn 2100n
 
1 1kn 5W wirewound (* 12V operation only)
 

Miscellaneous
 
3 M3 x 25mm Nylon screws (to secure PC board)
 
2 M3 x 15mm Nylon screws (for IEC connector)
 
3 M3 x 12mm Nylon spacers
 
10M3 Nylon nuts
 
1 1OOmm of 0.7mm-dia. tinned copper wire (for links)
 
1 200mm length 3-core mains flex (250V 10A rating)
 
1 4.8mm red spade connector
 
1 4.8mm blue spade connector
 
1 4.8mm yellow spade connector
 
3 1OOmm cable ties
 

Additional Parts Required For testing
 
1 12V AC 500mA or 1A plugpack
 
1 12V 300mA light globe (Jaycar SL-2656, Altronics
 

S-4047) 
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The "normal" component side of
 
the PC board carries most of the
 
components ...
 

get their orientation correct. The zener 
diode and the IN4004 go in the top 
righthand corner, while the UF4004 
(D2) goes near the Triac. 

Now solder in the BC337 NPN transis­
tor (Q1). It can only go in one way. That 
done, bend the leads of the Triac down by 
90° about 9mm from its body, then install it so 
that it sits horizontally on the PC board (metal tab 
down) as shown in Fig.3 and the photos. Do not substitute 
for the Triac - check its part number carefully. 

The capacitors can now go in. The two larger electrolytic 
capacitors must be oriented correctly. 

The 47pH inductor is next on the list - it sits vertically 
on the PC board. Make sure that the enamel coating on the 
leads is stripped away on the tips prior to soldering. Follow 
with the 4-way socket (CONI) and the 10MHz crystal. 

... however there are four, including 
the microcontroller, mounted on the 
copper side (see enlargement at left). 

Note particularly the orientation of 
CON1 - It must be Installed exactly as 
shown, with Its grooved side towards the 

rlghthand edge of the PC board. 
Now flip the PC board over to the 

copper side again. There are three more 
components to be fitted to this side: the two 

RGB LEDs and the infrared receiver module 
IRD1. 

Start with the two RGB LEDs. These go in with a very 
specific orientation so refer to the component overlay before 
proceeding. Be careful not to use too much heat when you 
solder in the LEDs because excessive heat can easily destroy 
them (or the fine connecting leads inside the RGB LED). 
We recommend using a temperature-controlled soldering 
station set to no more than around 300°C. The RGB LEDs 
sit about 5mm from the PC board and you will need to also 
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PARTS & [RING 0 
OPERAn~T 

LETHAL VOLTAGE 

INSTALL CON 1 
WITH GROOVED 
SIDE AS SHOWN 

• 

•• 
o 

WARNING: All 

85	 • I I • 

(LEFT-HAND END OF BOX) (RIGHT-HAND END OF BOX) 

AlLDlMfNSIONS IN MIWMETRES 

HOLES A: 3.0m'll DIAMETER, 
HOLE B: A.5mm DIAMETER 

55 

Fig.4 (above): the cutouts you will need to make in the case to accommodate the EC mains input connector and the
 
230V mains outlet on the opposite end.
 

~3 x 25m'll NYLON SCREWS---"",	 Fig.5 (left) shows how the PC 
board "hangs" from the case 
lid on M3 x 12mm tapped 
Nylon spacers. Be sure to 
use Nylon screws and nuts to 
secure the assembly 

___ M3 x 12m'll TAPPED NYLON SPACERS ___ 

====================~-PC BOARD 

""----- M3 NYLON NUTS ------ ­
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COMPONENT SIDE OF BOARD THE THREE COMPONENT VALUES IN GREEN & MARKID WI'l}/ AN COPPER SIDE OF BOARD
ASTERISK ('I ARE INSTAllED fOR 12V AC OPERATION 0Mr 

Note: components marlced in blue must be installed fil$t 10 build the low'VO!tage (l2V AC] vel$ion lor testing (see text). After testing, these porls are removed and the altemate 
porls installed lor mains operation. 

Fig.3: the component overlay for both sides of the PCboard. Remember that the low-voltage version (blue components) 
MUST be built first and the module then tested using a 12V AC plugpack. Only if the low-voltage version passes testing 
should you proceed to install the three components needed for mains operation (marked with an asterisk - see text). 

be careful that you don't melt their plastic housing as you 
solder the leads to the copper side. 

Finally, solder in the infrared receiver moduie (IRD1). 
Its mounted with its leads bent down by 90° about 10mm 
from its body. Make sure its domed lens faces upwards, as 
shown in the close-up photo. 

Testing on low voltage 
Your dimmer is now ready for its low-voltage opera­

tion tests. First, connect a 12V light bulb Uaycar SL-2656, 
Altronics S-4047) between the LAMP ACTIVE and LAMP 
NEUTRAL connections on the 4-way screw terminal block 
CON1 (ie, between pins 2 & 3). That done, apply 12VAC 

from a plugpack supply to pins 1 & 4 ofCON1. You can then 
use your remote control to run through the various dimmer 
modes and functions (see features panel). 

Note that the low voltage version may show signs of 
flickering at high-brightness settings because the synchro­
nisation with the zero crossings of the mains will be offset 
by the AC plugpack. This problem should not occur with 
mains operation. 

Converting to mains operation 
Having successfully tested the circuit with a 12V AC 

plugpack and light bulb, you can now disconnect power 
and install the three components for mains operation: 



I!
I
I
I
I
I 
~ 

i! 
\, 

DINKLE CONNECTOR 
(INVERTED) 

i 

MAINS ACTIVE 

lAMP ACTIVE 

lAMP NEUTRAL 

MAINS NEUTRAL 

N 

IEC MAlE 
MAINS INPUT 

(LOWER PART OF CASE) 

Fig.6: this diagram shows the wiring within the case and the lengths of mains-rated 
cable you'll need. Match this with the photograph below and you can't go wrong! 

the 470nF 250VAC X2 capacitor (ie, remove the link), the 
3.3MQ 1W resistor and the lkQ 5W resistor. 

Having done that, the case can then be prepared to accept 
the hardware. We used an IP65 sealed ABS case with clear 
lid and with dimensions of 125 x 85 x 55mm. 

You will need to make two cut-outs in the sides to fit the 
male chassis-mount IEC socket and the 3-pin GPO outlet 
socket. The template is shown in Fig.4. The IEC socket is 
attached using two Nylon M3 x 12mm screws and four nuts. 
The second nut at each location locks the first in place, to 
ensure that the IEC socket cannot possibly come loose. 

SILICON CHIP 

120mm LONG/ ~ 

This dose-up view shows how the GPO 
.outlet socket is wired. Note how the 
wires are secured using cable ties. 

Important: do NOT use metal screws to secure the IEC socket 
(or PC board). Because all the circuitry inside the case will be 
at 230VAC potential we don't want any exposed metalwork on 
the case, so Nylon screws must be used. For the same reason, 
you must house thJs project in the specified plastic case. DO 

OT use a metal case. 
You now need to make the internal connections between 

the IEC input socket, the 4-way "Dinkle" plug connector 
for the PC board and the 3-pin GPO socket. Use 250VAC 
3-core flex for this job. Strip the outer sheath to reveal 
the three coloured wires - brown is for Active, blue is for 
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The Dinlde connector is plugged into CONI as shown here. 
Make sure that its mains Active lead is adjacent to zener 
diode ZDI on the PC board, with the Neutral wires towards 
the Ikn 5W resistor. 

the Neutral and green/yellow is for the Earth connection. 
Be sure to wire the Dlnkle connector plug exactly as shown In 
Flg.6 and the photo below It. 

A ratchet-driven crimping tool is needed to crimp the 
ends of three wires connecting to the male IEC socket 
with the 4.8mm spade lugs. Don't rely on squeezing with 
plier-type (automotive) crimpers, as these wi1l not give safe, 
reliable connections. The connections are shown in Fig.5. 

If you are unable to obtain fully-insulated 4.8mm con­
nectors, then use non-insulated connectors but be sure to 
fully insulate them using 5mm-diameter heatshrink tubing 
after the leads have been crimped. 

Use cable ties to secure the mains wiring as shown in the 
photos. Not-e particularly how the Active, Neutral and Earth 
leads are secured to the GPO outlet socket. In each case, 
the terminals are marked "L" (for Active or Live), "N" for 
Neutral and "E" for Earth. Check the wiring carefully, to 
ensure that each mains wire is run to its correct terminal on 
both the outlet socket and the lEC input connector. 

Drilling the lid 
The next step is to drill the mounting holes in the lid for 

the PC board. Fig.8 shows the mounting hole locations and 
can be used as a drilling template. The front-panel label 
can then be attached. Cover the label with clear film and 
cut out the window before fitting it. It can be affixed to the 
lid using a thin smear of neutral-cure silicone sealant as 

(1) Be sure to use the specified ABS plastic case &note that Nylon 
screws must be used to secure the IEC connector and to secure 
the PC board to the lid (via tapped Nylon spacers). 
(2) Use mains-rated cable for all connections to the IEC mains 
socket and to the flush-mount 3-pin mains outlet socket. 
(3) Use insulated spade connectors to terminate the leads to the 
IEC connector. A ratchet-driven crimping tool is necessary to fit 
these spade connectors and ensure safe, reliable connections. 

Contact your authorised distributor 
for demo or more information. 

TM 
Australia: New Zealand: 
TekMark Australia Ply Ltd NicheCOM 
+6129911 3888 +64 4 232 3233 

TekM.rk www.lekmark.net.au www.nichecom.co.nz 
enquiries@lekmarkgroup.com Teklronix@nichecom.co.nz 
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This view shows the prototype 
before the front panel was fitted. 

Fig.8: this warning WARNING! ALL PARTS 
label should be OPERATE AT LETHAL VOLTAGE. affixed inside the 

DO NOT CONNECT TO MAINS case, eg, to the lid. 
UNLESS ENCLOSED IN CASE. 

the adhesive. Finally, cut out the three PC board mounting 
holes using a sharp knife. 

To improve the presentation in the magazine, we sprayed 
the outside of the case with a cream gloss plastic paint but 
this step is unnecessary for the home constructor. This was 
done before the label was attached and after first removing 
the wiring and the two sockets and masking off the holes 
so that no paint could get inside. The lid was left on but 
the top recess was masked off to leave a clear window for 
the LEDs and IR receiver. 

Ifyou do elect to paint the case, use plastic paint and make 
sure that no paint gets inside as this could compromise its 
insulation properties. 

Mounting the PC board 
The PC board is mounted on the clear lid of the case using 

three M3 x 25mm Nylon screws, three M3 x 12mm Nylon 
spacers and six nuts - see Fig.5. Note again that you must 
use Nylon screws and standoffs to ensure safety. 

Once the board has been mounted, the Dinkle connector 
can be plugged into CONI. As shown in one of the photos, it 
should go in with its screw terminals towards the 470nF 250VAC 
capacitor and with the "Mains Active" wire adjacent to zener diM 
ode ZD1. Check this carefully, then attach the lid to the case. 

Getting it going 
The next step is to use your multimeter (set to a low 

ohms range) to check between the earth pin of the lEC 
connector and the earth pin of the flush-mounting mains 
output socket. You shou~d get a reading of zero ohms here 
(this checks the integrity of the earth connection). 

Before applying power, refer to the warning panel earlier in 
the article. All the circuitry operates at 230VAC and you must 
NOT connect this device to amains wall socket unless It Is fully 
enclosed In its plastic case (Ie, with the lid on). If it's plugged 
in, the circuit could still be live even if the mains switch 
is off at the wall - ie, if Active and Neutral have been 
transposed at the wall socket. You have been warned! 

Provided the lid is fastened down, you can now plug 

Drilling Template 
for Lid Recess 

I 
I 

A A I 

--~-----------------------~-
I I 

16 • '. 67.5 ----------<•." 

AlL DIMENSIONS IN MIWMETRES 

HOLES "A" 3.0mm DIAMETER, COUNTERSINK 

Fig.8: use this diagram as a drilling template for the case 
lid (it fits in the recess in the top of the lid). 

Warning-.all Darts inside operate at high voltage SILICON 
CHIP 
w\'Jw.siliconchip.com.au 

CUTOUT
 
THIS WINDOW
 

BEFORE
 
ATTACHING
 

lABEl 

D· mer 
Intelligent Remote.controlled 1m 

500W 
MAX 

Fig.9: this full-size artwork for the front panel can also be 
downloaded from our website. 

in a lamp and apply mains power to the unit via the lEC 
socket. If you are using a Digitech remote control from 
Jaycar (Cat. AR-1726J, just set it to VCR code 917 and it 
should just work. Check the panel on the following pages 
for information on using other remote controls. 

Reducing standby power 
Although the standby power is relatively low at about 

1W, you may wish to eliminate this by switching power off 
altogether when the dimmer is not in use. The best way to 
do this is with an in-line switch in the mains cord to the 
lEC socket. Suitable inline switches can be obtained from 
Jaycar (PS-4075) or Altronics (P-8237). 

When you turn power off using the switch, the bright­
ness setting level win be restored when you apply power 
next time. 
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Button Name Funclion(s) LED Code 
Recommended Key 
Definitions for the Digitech 
AR-1726 remote (defauIts) 

OK/ADDRESS In normal operation, this button is used to set the 
address (OK/ADDRESS + number). If inside a menu, it 
can be used to exit the menu. 

BBLUE x 2 Press 'OK' 

TOGGLE If light is on, dims it to off. If the light is off, dims it 
up to ful'l brightness. If inside a menu, this is used to 
toggle the sign of the number being entered. 

BBLUE x 1 +TBLUE x 2 (dimming up) or 
TBLUE x 1 + BBLUE x 2 (dimming down) 

Press 'M UTE' 

MODE UP Go up to the next mode. The modes are, in order: 
Normal, ZV, Sleep, Flashing and Security. 

BBLUE x 1 +TBLUE x 1 Press 'Channel Up' 

MODE DOWN Go down to the previous mode. The modes are, in 
order: Normal, ZV, Sleep, Flashing and Security. 

TBLUE x 1 + BBLUE x 1 Press 'Channel Down' 

INFO In normal operation, this button is used to get 
information about the current settings. Press INFO + 
number to get the appropriate setting according to 
Table 3. 

BGREEN x 1 +TBLUE x 1 Press 'STOP' 

MENU In normal operation, this button is used to enter a 
menu to change asetting. Press MENU + number to 
enter the appropriate menu according to Table 2. 

BGREEN x l' +TRED x 1 Press 'MENU' 

UP Dim up finely by 4% BGREEN x 1 Press 'Volume Up' 

DOWN Dim down finely by 4%. BRED x 1 Press 'Volume Down' 

PLAY Recall your favourite brightness level and operating 
mode (you must have previously saved those by using 
the RECORD button). 

BGREEN x 2 Press 'Play' 

RECORD Press to save the current brightness and operating 
mode. You will then be able to recall these settings at 

I any time by pressing PLAY. 

BRED x 2 Press 'Record' 

0 Dim to off. TRED x 1 Press '0' 

1 Dim to 11 % of full brightness. TGREEN x 1 Press '1' 

2 Dim to 22% of full brightness. TGREEN x 2 Press '2' 

3 Dim to 33% of full brightness. TGREEN x3 Press '3' 

4 Dim to 44% of full brightness. TGREEN, x 1 + BBLUE x 1 Press '4' 

5 Dim to 55% of full brightness. BBLUE x 1 Press '5' 

6 Dim to 66% of full brightness. BBLUE x 1 +TGREEN x 1 Press '6' 

7 Dim to 77% of full brightness BBLUE x 1 +TGREEN x 2 Press '7' 

B Dim to BB% of full brightness. BBLUE x 1 + TGREEN x 3 Press 'B' 

9 Dim to full brightness. lGREEN x-1 + BBLUE x 2 Press '9' 

Table 1: a suggested remote control code definition sequence using an RC5 remote control. This assumes you are using the 
Digitech AR·1726 universal remote control (although other universal remotes should be similar and may be used). Note that 
TGREEN denotes the top green LED, TRED the top red LED while BBLUE denotes the bottom blue LED, etc. 

~~ c::J LIID1J 0illJw liD orro TIlliHmQ ----­
The remote control 

We tested the Intelligent Light Dimmer with arange of universal 
infrared remote controls, including the Digitech AR-1726 (Jaycar 
Cat. AR-1726). Set the Digitech remote control to the VCR-917 
code (this is the code for a Philips VCR). This is the default 
(pre-programmed) code in the PIC micro (IC1), so if you use the 
Digitech remote, you don't have to do anything else! 

However, the dimmer can be operated using any RC5 remote 
control, because the control codes can be "learnt". There are 20 
codes that the light dimmer recognises and these are listed in 
Table 1, together with their funcUon. 

If the light dimmer senses infrared activity but it is not one of 
the 20 codes recognised, it will be ignored. However, if the same 
unrecognised code is pressed 10 times consecutively, the light dim­
mer will enter the remote control programming menu that lets you 
define the remote control codes for each of the 20 functions. 

Once this menu is entered (you will see the LEDs flash to indicate 
that the menu is being entered). You will then be prompted, by 

flashing LED codes, to define each of the 20 remote control codes 
used to operate the light dimmer. The LED codes for each command 
are shown in the LED Code column in Table 1. 

So, for example, when you see the LED code for "1" (a single 
nash from the top green LED), you shou'ld press the key on your 
RC5 remote that you want to define for the function that "1" has (in 
this case, it functions both to enter settings and to set the brightness 
to 11 % of full brightness). 

After all 20 remote control codes have been successfully defined, 
they will be stored in EEPROM, so this only needs to be done once. 

User operation 
As noted above, up to 20 keys can be programmed with separate 

functions. For example, the number keys are used to dim to preset 
levels, while the VOL UP and DOWN buttons can dim up and down in 
fine increments. The Channel UP and DOWN keys are used to change 
the operat'ing mode (five modes), the MENU button lets you enter 
one of the 10 menus and the INFO button lets you see the current 
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MENU Number MENU Function 

0 Reset and restore all default settings 

1 Time Out Period (Minutes) 

2 Flash Modulus 

3 Quiescent Level 

4 Address (O=Broadcast) 

5 Limiting Phase 0 (Positive Half Cycle) 

6 Limiting Phase 1 (Negative Half Cycle) 

7 Offset Phase 0 (Positive Half Cycle) 

8 Offset Phase 1 (Negative Half Cycle) 

9 Dimming Delay 

Table 2: the menu options. In each case, you press the 
MENU button followed by the appropriate number to 
choose that menu. Entering a menu is indicated by a 
specific sequence on the two RGB LEDs. You can then use 
other keys to set up the property (see text). In all cases, you 
press OK/ADDRESS to exit the menu. 

INFO Number INFO Function 

0 Firmware Version (HLL=version H.LL) 

1 Time Out Period (Minutes) 

2 Flash Modulus 

3 Mains Frequency (0.1 Hz) 

4 Address (O=Broadcast) 

5 Limiting Phase 0 (Positive Half Cycle) 

6 Limiting Phase 1 (Negative Half Cycle) 

7 Offset Phase 0 (Positive Half Cycle) 

8 Offset Phase 1 (Negative Half Cycle) 

9 Dimming Delay 

Table 3: the information options. In each case, you press 
the INFO button followed by the appropriate number to 
choose that option. The information is then displayed 

I using the two RGB LEDs and can represent decimal 
I' numbers by different sequences of blinks (see text). 

settings and so on. Each time you press a recognised command, 
the two RGB LEOs will flash to acknowledge the command which 
will then be executed. 

When aset dimming level has been reached, there will be an ad­
ditional acknowledgment LED code of the operating mode. 

So, for example, if you press "3", the LED code for "3" will be shown 
and then the dimmer will perform the command that it corresponds 
to. In this case, it will dim the light up or down in brightness so that 
iUs at 33% of full brightness. When that level is reached, the light 
dimmer will issue the LEO code for the current operating mode. 

Number codes 
The red blink indicates zero. One, two and three green blinks indi­

cate, respectively, 1,2, and 3. Ablue blink indicates 5. Fig.1 0shows all 
the number codes, along with the codes for plus and minus. Numbers 
like 128 or -2400 can also be shown. These multi-digit numbers have 

Fig.10: the LED 
acknowledge pattern 
codes for plus and 
minus, along with the 
numbers 0-9. These 
LEDs are clearly visible 
through the window in 
the front panel. 

their digits codes shown in order from left to right. 
When a number is displayed, the sign is displayed first. For 

example, the code to display 128 is (POSITIVE +1 green blink + 
2 green blinks + 1 blue blink +3 green blinks). To display -2400 
however, the code is (NEGATIVE +2 green blinks +1 green blink 
+1 blue blink +1 red blink +1 red blink). 

Once you use the light dimmer, you will quickly become used 
to the LED codes. 

Operating modes 
There are five operating modes. In order, they are: (1) Normal, 

(2) ZV, (3) Sleep, (4) Flashing and (5) Security. You use the Channel 
UP and Channel DOWN buttons to change the mode. 

(1) Normal mode 
Normal mode is the default. In this mode, the light can be 

dimmed over the full range. If the timeout is not disabled, the 
light automatically dims to off if no remote control activity has 
been detected for that period of time. 

The dimming speed can be changed as well (see below). In this 
mode, you can dim the light up or down using the VOL UP &VOL 
DOWN and the number keys. You can also use the TOGGLE key 
to dim up to full brightness or dim down to off. Pressing any of 
the number buttons will dim the light to the preset level of that 
button. For example, pressing 4 will dim to about half brightness 
(actually 44%). Pressing 0 will dim to off and so on. 

conffnuednextpage 

NORMAL MODE Fig.ll: the LED 
acknowledge 
pattern codes for 
the five modes 
plus entering and 

ZV MODE 

SLEEP MODE 
exiting the menu. 

ENTERING MENU 

EXITING MENU 
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Fig.12: the LEO 
acknowledge 
codes for the 
commands. 

Menus and Information 
There are anumber of menus that let you change the default behaviour 

of the light dimmer. To enter menu X(where Xis in the range 0-9), you 
press MENU + X whereas to get information on a setting you enter 
INFO +X. The complete list of menus and information options is given 
in Tables 2 & 3. 

(5) Security mode 
This mode will randomly turn the light on and off at full bl"illiance, 

for a period between five minutes and two hours. This simulates 
someone entering a room and turning alight on then later turning it 
off, making it perfect for giving a home an "occupied" appearance 
even though no-one is at home. 

Both the on time and the off time are random; ie, they are not the 
same. They could be anywhere between (and including) five minutes 
and two hours. 

Multi addressable 
Setting the light dimmer's address is easy. Simply press MENU 

+ 4. To view the address type INFO + 4. The address can be set 
anywhere between 1and 9. Setting it to 0 
(broadcast) disables the address function 
and makes the dimmer respond to remote 
control commands from any address. 

If the address is set to 4 for example, 
the light dimmer will ignore any remote 
control commands (except INFO com­
mands) not addressed to that address. 
This is useful if you want to control two 
light dimmers independently with the 
same remote. You simply set them to 
different addresses. 

Suppose you set dimmer one's address 
to 1and the other to 2. If you want to make 
the first one listen, press OK/ADDRESS + 
1. That sets the current address for all light 
dimmers in range. They then compare 
that address to their set address. If it 
matches, the light dimmer will not ignore 
the received commands. 

Now any subsequent commands will 
be executed by dimmer 1 but ignored by 
dimmer 2. If you now press OK/ADDRESS 
+ 3, assuming there is no other dimmer 

Timeout period 
The timeout period can be set anywhere between 1 minute and 

9999 minutes. Setting it to 0 disables the timeout function. To view 
the current timeout period, go to INFO+1whereas to set the timeout 
period go to MENU+1. 

For example, to set the timeout period to 2 hours, press MENU 
+ 1 (then wait to enter the menu, which is acknowledged by a LED 
sequence - see Fig.11). Then you would type 1 + 2 + 0 + OK/AD­
DRESS (OK/ADDRESS is used to exit the menu). 

To now view the current timeout period type INFO +1. You should 
see the LED code for +120. Table 4 shows some typical timeout 
periods. 

Mains Frequency 
Pressing INFO + 3 gives the current mains frequency in units of 

0.1 Hz. For example, a reading of 495 indicates 49.5Hz. 

COMMAND (Cl ~ ~ \!.:. 
NOT RECOGNISED @J ~xl0 I ~, 

OK/ADDRESS 

TOGGLE TO ON 

TOGGLE TO OFF 

MODE UP 

MODE DOWN 

INFORMATION 

MENU 

DIM UP 
l 

DIM DOWN reI 

PLAY 

RECORD 

If you want to change the rate at which the lamp dims, you 
enter the menu mode, press the 9 button and then enter the 
dimming delay (0 to 9999) and press OK. 

(2) ZV mode 
In ZV (zero voltage) mode, the light is only ON or OFF. This 

may be used for non-dimmable CFLs. You use the same dim­
ming controls as for Normal mode, except that you only need 
to use 0 (fully off) or 1 (fully on). The TOGGLE key still retains 
its former action. 

(3) Sleep mode 
Sleep Mode functions the same as 

Normal Mode except that the light is 
gradually dimmed to off for the dura­
tion of the timeout period (when there 
is no IR activity). 

This is useful, for example, for set· 
ting ababy to sleep. You could set the 
timeout period to 30 minutes, set the 
dimmer to sleep mode and then set the 
initial brightness. 

While the timeout period can be 
anything from 1 minute to 1week, the 
sleep mode function will only work with 
timeout periods between 1minute and 
255 minutes (4.25 hours). 

(4) Flashing mode 
In Flashing mode, the light will flash 

with a 25% duty cycle at a user set 
frequency (see below). This mode is 
useful for ashop front display or some 
form of beacon application. 

TimeoutPeriod Timeout Period Power Consumption 
Digit Code of a 1DOW tight for 
(minutes) the timeout period 

30 Half an Hour 0.05 kWh 
60 1 Hour 0.10 kWh 

120 2 Hours 0.20 kWh 
180 3 Hours 0.30 kWh 
240 4 Hours 0040 kWh 

I360 6 Hours 0.60 kWh 
720 Half aDay 1.20 kWh 
1440 A Day 2040 kWh 
9999 Almost aweek 16.67kWh 
0000 Disabled -

Table 4: a selection of timeout period codes (in minutes) 
and what the timeout period will be. The 4-digit code 
in the left column must be entered when prompted in 
the timeout period menu to set the appropriate timeout 
period. To disable the timeout period function, enter 
a code of '0000'. To enable it, enter the appropriate 
number of minutes. The maximum timeout period is 9999 
minutes, or almost a week. The longer the timeout period, 
the less chance that it will trigger when the light is in use, 
but the less power conservation protection offered. 

34 SILICON GHIP siliconchip.com.au 



TIME 

TIME 

-325V 

-325V -----------­

o , 
I, 
I,, ,,-------,--­, , 
I I 

~~ f--­ --f-------4--­
I , I 

! Offse~OI ! off>e~1) ! 
I-I I-I 

:: I:~ 
OV ~O_~_ _lo._;...,.-......,.-.....L--lo.-....,.-___, 

Fig.13: this explains the meaning of the four advanced settings. 
The offset can be a positive or a negative number, while the 
limiting value is a single unsigned 8-bit number. 

nearby, both will ignore any subsequent commands! 
You can also disable the selective addressing by setting the 

dimmer's address to O. Press MENU +4 to enter the ADDRESS 
merw. Then press 0 + OK/ADDRESS to set the address to 0 and 
make it listen to any address. 

Speed of dimming 
The default value for the dimming delay is 1O. This gives aperiod 

of around five seconds to dim from one extreme to another. 
You can vary the speed of dimming by entering MENU + 9. 

Then enter the number. Possible values range from 0 (fastest) 
to 9999 (extremely slow). 

To set the speed of dimming to take roughly 10 seconds from 
one extreme to another, enter the sequence MENU +9, then wait 
to enter the menu, then enter 2 + 0 + OK/ADDRESS to set the 
dimming delay to 20. At any time, you can press INFO +9 to see 
the set value. The dimming delay will be echoed back to you as 
anumber in LED code. 

Speed of flashing 
In F,lashing mode, the frequency of flashing call be varied by 

entering MENU +2. Wait to enter the menu and then you can enter 
anumber. The higher the number, the sl'ower will be the flashing. 
Avalue of Xgives aflashing frequency of approximately 5/(X+1) 
Hz. So for example, a value of 19 will give a 0.25Hz flashing 
frequency (or aflash roughly every four seconds). 

The default flashing value is 10 giving aflashing rate of 0.45Hz 
(roughly one flash every two seconds). 

Minimum brightness 
You can set the minimum lamp brightness which will apply at 

all times unless the dimmer is switched off by an in-line switch. 
You can set the quiescent level by pressing MENU + 3. You 

will then be able to set the quiescent level with the usual dim­
ming buttons (VOL UP and VOL DOWN and the number keys). 
Once you are happy with the set level, press OK/ADDRESS to 
exit the menu. 

Note that if you are using the light dimmer in the ZV mode or 
flashing mode, the quiescent current level will be ignored. 

Save and recall options 
At any time, you can use the RECORD button to store the 

current brightness and operating mode to non-volatile memory 
(EEPROM). 

When you next press the PLAY button, these settings are 
restored. This can be used to set your favourite brightness level 
to be recalled at any time in one touch. 

Advanced settings 
The firmware of this light dimmer allows fine tuning of the 

Triac response, in terms of four parameters that can be set by 
the user: two limiting values and two offset values (two each for 
each of the two half cycles of the mains waveform). 

Note that you will not normally need to set these values as the 
defaults should be suitable for most incandescent lamps, dim­
mable CFLs and halogen lamps. In the event that you are driving, 
say, adesk halogen lamp, where the 12V power is supplied by a 
transformer (plug pack), the load will not strictly be resistive, as 
the transformer would present an inductive load. 

In this case, this light dimmer allows you to set these four 
parameters to control the triggering of the Triac and to customise 
the dimmer response. 

The limiting values "limitingO" and "limiting1" are 8-bit num­
bers ranging from OxOO to OxFF (hexadecimal). The default values 
are OxFF or 255. 

The brightness level is guaranteed to always be less than or 
equal to the "limitingO" value in the positive half-cycle of the 
mains waveform and less than or equal to the "limiting1" value 
in the negative half-cycle of the mains waveform. 

A brightness level of N corresponds to the limiting value: 
V = 28 x N where N is a digit from 0-9. As a percentage, the 
equation becomes: V= 2.55 x P, where Pis the percentage of full 
brightness. So, for example, abrightness level of 5corresponds 
to the value 140 (or roughly 55% brightness). 

Suppose we want to limit the positive half-cycle brightness to 
around 55% of full brightness. Then we would enter MENU + 5 
(then wait to enter the menu). Then we would type 1 + 4 + 0 + 
OK/ADDRESS. This would set the limiting value for the positive 
half cycle to around 55%. 

This gives you very fine control of the Triac response. 

An example: driVing a 12V halogen desk lamp 
Why would you ever need to change the default values? Sup­

pose you are controlling a desk lamp with a 12V halogen bulb. 
The 12V is derived from a transformer in a plugpack and hence 
presents an inductive load to the light dimmer. 

The inductive load changes the phase relationship and we found 
that by choosing values of limitingO =OxFF and Iimiting1 =OxEO, 
we could prevent the desk lamp from flickering when set to the 
maximum brightness level. 

The flickering occurs because the ~riac triggering is occurring 
before the zero crossing of the mains rather than after. 

The offset setting is asigned 16-bit number (the default value 
is 0) which you can also set (it can range between -32768 to 
32767). The unit is 800ns. So an offset of 1500 indicates atime 
offset of 1.2ms for example. Note that a half cycle of the mains 
(at 100Hz) equates to a 10ms period, or in other words a full 
offset of 12500. se 
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Have you been booked for driving 
through a school zone at well above the 
4okm/h limit? It's easy to do and can be a 
very expensive mistake. Here's a project 
to help you stay out of trouble. It keeps 
track of the time and flashes a warning 
LED during the morning or afternoon 
40km/h time periods. 

40 KM/H ZONES on the roads 
near schools can be a real 
hazard to your wallet and 

your licence. You must remember to 
slow down during the specified morn­
ing and afternoon time periods. It is 
very easy to forget and since many 
of these zones now have fixed radar 
speed cameras, you can be hit with a 
big fine without even knowing it. 

It's true that most school speed 
zones are marked with suitable signs, 
to warn motorists when they are en­
tering and leaving them. But as yet, 
only some of the signs have flashing 
lights to warn when the 40km/h limit 
actually applies. . 

What this project does is keep track 
of the time and it flashes a warning 
LED when the 40km/h speed limit 
applies in school zones. The project 
itself is housed in a small jiffy box 
and is intended to go inside your 
glove box. However, the warning LED 
is con neeted to the main box using a 
short length of figure-8 cable and can 
be mounted in a small hole in the 
lower part of your dashboard or in 
a small bracket mounted just below 
the dash. 

It should be inconspicuous but able 
to attract your attention when it's flash­
ing. The LED flashes brightly enough 
to attract your attention in daylight 
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but not so bright as to dazzle you and 
disturb your driving. 

What it does 
You can think of the project as a 

special kind of alarm clock. It keeps 
the time but it has four "alarm time" 
settings, two for the start and finish of 
the morning 40km/h period and the 
other two for the start and finish of 
the afternoon speed limit period. The 
LED flashes not just at the start of the 
40km/h speed periods but all through 
their duration. 

The heart of the project is a PIC­
16F628A-I/P microcontroller. The pro­
gram inside the PIC is already provid­
ed with the start and finish times of the 
morning and afternoon 40km/h zone 
times common throughout Australia: 
from 08:00 to 09:30 in the morning and 
from 14:30 (2:30PM) to 16:00 (4:00PM) 
in the afternoon. 

Each of these" alarm time" settings 
can be changed ifyou wish but in most 
cases this won't be necessary. 

All you'll normany have to do is 
set the current time and whether or 
not it is "normal" or daylight saving 
time. There's also a button to enable or 
disable the warning LED, so you can 
turn it off for weekends and school 
holidays. These settings are easily 
changed, as we will explain later. 

How it works 
Fig.1 shows the circuit. It consists 

ofthe PIC micro, four 7-segment LED 
displays, 10 pushbuttons, one LED 
and little else. All the real work is 
done by the firmware program inside 
the PIC micro. 

Indeed, most ofthe circuitry is there 
simply to allow you to set the clock's 
time and functions, using the pushbut­
tons and the 7-segment displays. At 
other times the displays are turned 
off, to save energy. 

The four 7-segment displays are 
driven by the PIC micro in multi ­
plexed fashion, with the segments 
driven from port pins RBO-RB6 via 
switching transistors Q1-Q7, while the 
digits are driven from RAO-RA3 via 
transistors Q8-Q11. Switches S1-S9 
are also scanned by the PIC in mul­
tiplex fashion, again using RBO-RB6 
as output lines and RB 7 and RA4 as 
input lines. 

The remaining switch (S10) is 
provided as a Reset button, to allow 
the PIC firmware to be returned to its 
original "factory settings" if it should 
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NOTE: COMPONENTS AND TERMINAL PINS IN RfO ARE RTTEO UNDERNEATH BOARD ON SOCKET STRIP SPACERS 

Fig.2: follow this parts layout diagram and the photo below to assemble 
the School Zone Speed Alert. Note that the three electrolytic capacitors are 
mounted on the back of the PC board. 

Here's a view of the completed PC board assembly. Switch S7 is mounted on 
socket strip spacers so that its button protrudes through the front panel. 

ever become "confused" (or rather, if 
you yourself become confused). 

The PIC has a 4MHz oscillator 
using crystal Xl and the two 22pF 
capacitors. This is necessary so that 
the clock keeps good time - you don't 
want it drifting too much otherwise it 
will not perform its duty correctly ­
\,,'arning you when the school speed 
zones apply! 

The PIC and all its associated cir­

0 No. Value 
0 9 10kn 
0 6 4.7kQ 
0 1 3.9kQ 
0 9 1kn 
0 8 120Q 
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cuitry runs from a regulated 5V supply 
line derived from the battery input via 
a 78L05 low-power 3-terminal regula­
tor (REG1). This allows the project to 
be powered from a 9V alkaline battery 
inside the box or from the vehicle's 
l2V battery (note: an internal9V bat­
tery won't last long, so the vehicle's 
battery is preferable). 

The only change that needs to be 
made when you decide to use a 9V 

lliDJ[tB ~g [ill£~ ~axm ~ 

battery instead ofthe l2V car battery is 
the value ofresistor Rl, ie, the charging 
resistor for the warning LED flashing 
circuit. That's because LEDl is the 
only part of the circuit that operates 
directly from the battery input voltage, 
via polarity protection diode D1. 

The flashing circuitry for LEDl 
works as follows. Resistor Rl allows 
the 47011F capacitor connected to the 
anode of LEDl to charge up to the 
nominal battery voltage, which takes 
a few hundred milliseconds. LEDl 
does not draw current during this time 
because it is controlled by switching 
transistor Q8 and this is normally kept 
off by the PIC. 

When the LED is to be flashed (to 
warn the driver that they are now in 
a 40km/h time zone), the PIC turns 
on Q8 for about lOOms. This allows 
LEDl to conduct through the l20Q 
current-limiting resistor, emitting a 
bright pulse of light and discharging 
the 470!lF capacitor in the process. 

The PIC then turns off Q8 to switch 
off LED1, keeping it off for at least 
900ms to allow the capacitor to re­
charge, ready for the next flash. This 
charging and discharging sequence 
only happens during the 4okm/h zone 
times, with LEDl flashing brightly 
once per second. It's a simple arrange­
ment but one that gives bright flashing 
despite a relatively low average cur­
rent drain. . 

Because switching transistor Q8 is 
shared by both DISPl and LED1, this 
results in LEDl flashing unavoidably 
whenever you are changing the clock's 
settings or functions, ie, whenever 
DISPl is operating. So you'll soon 
notice that LEDl flashes whenever 
settings are being made or changed. 
This might be a bit confusing until you 
get used to it. 

Note that the 7-segment displays 
DISP1-DISP4 do not operate when 
LEDl is flashing during a 40km/h 
zone time. 

Construction 
As you can see from the photos, all 

4-Band Code (1%) 
brown black orange brown 
yellow violet red brown 
orange white red brown 
brown black red brown 
brown red brown brown 

... 
5-Band Code (1%) 
brown black black red brown 
yellow violet black brown brown 
orange white black brown brown 
brown black black brown brown 
brown red black black brown 
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This view shows how the three electrolytic capacitors are mounted. The leads 
to the warning LED and the battery are secured by looping them through a 
cable tie that goes through two holes in the PC board. 

of the circuitry and components used 
in the project (apart from LEDl and 
the battery) are mounted on a small 
PC board. This fits inside a standard 
UB3 size utility box measuring 130 x 
58 x 44mm. If you wish to power the 
unit from a 9V alkaline battery, this 
can be fitted inside the same box and 
under the PC board. 

The PC board is coded EC8291 and 
measures 123 x 51mm. It is double­
sided with plated-through holes, to 
avoid the need for any wire links and 
to also make assembly as straightfor­
ward as possible. 

Fig.2 shows the parts layout on the 
PC board. To build the unit, just fol­
low this diagram, along with the silk­
screening on the board itself, and you 
shouldn't have any problems. 

You can begin assembly by fitting 
the resistors, followed by the 18-pin 
socket for ICl and the four PC board 
terminal pins (two for the battery in­
put and two for the wires from LED1). 
These pins are all fitted on the rear of 
the board, by the way. 

Note that there are pads and holes 
for two further pins next to those for 
LED1. 

We've provided the extra pin loca­
tions to give you the option of having 
pushbutton S7 mounted away from the 
board if you wish, rather than (or as 
well as) having it mounted directly on 
the board. This is because most of the 
time S7 is the only switch that needs 
to be accessed, to enable the warning 
LED for school day driving or disable 
it for weekend/holiday driving. 

Alternatively, you may prefer to 
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have S7 mounted remotely, perhaps 
near LED1, so it can be accessed with­
out needing to open the glove box to 
reach the main unit. 

The next step is to fit the 10 pushbut­
ton switches, with reset switch SlD at 
the lefthand end ofthe board and all of 
the others (except S7, if you prefer to 
have it connected remotely) in a line 
along the front. All ofthe switches ex­
cept S7 mount directly onto the board, 
so that when the board is mounted 
behind the box lid/front panel, their 
actuators do not protrude through 
the matching access holes - prevent­
ing accidental "operation" inside the 
glove box. 

These switches are accessed via a 
ballpoint pen, toothpick or similar sty­
lus, which isn't a problem since they're 
only accessed very occasionally. But 
since 57 will need to be accessed 
more often, it's mounted on four small 
socket-pin standoffs, so that its actua­
tor protrudes through the hole in the 
front panel for easy fingertip use. 

Solder S7's terminals to the pins 
after mounting it, to prevent it from 
coming loose. 

Once the switches are in, install the 
two 22pF disc ceramic capacitors (to 
the right ofIC1) and the 10DnF multi­
layer monolithic (just above pin 1 of 
the IC socket). Then you can fit the 
three electrolytic capacitors but note 
that all three of these are polarised, so 
they need to be orientated as shown in 
Fig.2. Note that all three electrolytic 
capacitors are mounted on the under­
side of the PC board, with their leads 
soldered to the pads on the top of the 

1 UB3 jiffy box, 130 x 68 x 44mm 
1 PC board, code ECB291, 123 

x 61mm 
10 5P5T micro tactile pushbutton 

switches, vertical PC-mount, 
6mm actuator (51-510) 

1 4MHz quartz crystal, HC-49U5 
case (X1) 

1 18-pin IC socket 
4 M3 x 9mm tapped spacers 
4 M3 x 6mm machine screws, 

countersunk head 
4 M3 x 6mm machine screws, 

pan head 
4 1mm diameter PC board pins 
1 4-pin 5lL socket strip (to 

provide the standoffs for 57) 
21m lengths of figure-B cable 
1 3AG in-line fuseholder 
1 3AG SOOmA fuse 
1 cable tie 
1 100mm length 2.Smm-dia. 

heatshrink tubing 

Semiconductors 
1 PIC16F628A-I/P microcontroller, 

programmed (IC1) 
1 78LOS +SV regulator (REG1) 
7 PN200 PNP transistors 

(01-07) 
4 PN 100 NPN transistors 

(08-011 ) 
1 1N4004 diode (D1) 
4 FNDSOO 7-segment common 

cathode LED displays 
(DI5P1-DISP4) 

1 Smm high-intensity LED (LED1) 

Capacitors 
2 470~lF 16V electrolytic 
1 1OO~F 16V electrolytic 
1 1OOnF monolithic ceramic 
2 22pF NPO disc ceramic 

Resistors (O.25W 1%) 
910kn 91 kn 
S 4.7kQ B 120Q 
1 3.9kQ (9V) or 4.7kQ (12V) for R1 

Where To Buy AKit 
The development of this project 
has been sponsored by Jaycar 
Electronics who own the copyright 
of the design and firmware. Kits 
(Cat. KC-S472) will only be avail­
able from Jaycar and its dealers. 

board. This is because they are a little 
too tall to fit in the 9mm space between 
the PC board and the lid, when the two 
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Specifications
 
Flashes a high-brightness LED approximately once per second during the 
40km/h school zone periods (normally 08.00-09:30 and 14:30-16:00). 

User settings: current time, normal & daylight saving time modes, and ability 
to disable the warning LED (eg, at weekends and school holidays, etc). The 
starting and finishing times can also be changed. 

Timekeeping accuracy: close to the frequency accuracy of the quartz 
crystal oscillator; ie, within about 40 parts per million or better than about 
one second in seven hours. 

Current drain: (1) in silent running mode - less than 4mA; (2) in setting 
mode - about 50mA average; (3) in warning mode (LED1 flashing) - about 
5mA average. 

are assembled together. 
The capacitors can either be mount­

ed verically as shown on Fig.3 or 
horizontally (ie, with their leads bent 
through 90°) as shown in the photos. In 
the latter case, secure them in place us­
ing silicone adhesive, to prevent them 
from vibrating and coming adrift. 

After the electrolytics are in place, 
fit the four 7-segment LED displays. 
These go in the upper centre of the 
board. Make sure that you orientate 
each one so that its small circular 
decimal point LED is at lower right ­
otherwise the display won't function 
correctly. 

Next, fit protection diode 01, regu­
lator REGI and all the discrete driver 
transistors (QI-Qll). Orientate all 
these parts as shown in the overlay 
diagram and also take care to place the 
four NPN (PNI00) transistors in the 
positions shown forQ8-Qll, below the 
7-segment displays. The PNP (PN200) 
transistors are used for QI-Q7. 

Now fit crystal Xl. A crystal in an 
HC-49US low-profile case fits on the 
top of the board. It must be installed 
slightly proud of the board, to avoid 
the possibility of its case shorting to 
an adjacent pad. 

Alternatively, if the crystal is in the 
taller HC-49U case, it must be fitted 
on the underside of the board like 
the electrolytic capacitors. In this 
case, use a thin insulating plastic or 

cardboard washer to act as a spacer 
to again make sure that the crystal's 
metal case can't short any of the PC 
board's tracks or pads. 

The final step in the board assembly 
is to plug the pre-programmed PIC 
micro (ICl) into its socket, taking care 
both to orientate it correctly and also to 
plug it in without straining or bending 
any of the pins. Once this is done you 
can attach the board assembly to the 
rear of the box lid, using four M3 x 
9mrn tapped spacers and M3 machine 
screws. Countersink head screws are 
used to attach the spacers to the lid 
while pan-head screws are used to 
attach the PC board to the spacers. 

If you live in a dusty environment, 
you may wish to apply an optional 70 
x 23mm rectangle of thin clear plastic 
film (like photocopier film or lamina­
tor pouch material) to the underside of 
the lid behind the display window (to 
keep out dust). The film can be held! in 
place using glue around the edges. 

Having mounted the board, connect 
the remote warning LED using a length 
of figure-8 cable - see Fig. 3. A second 
length of figure-8 cable is then used to 
connect the board to a 9V or 12V power 
supply. Fit some short lengths of 
2.5mm-diameter heatshrink sleeving 
over the terminations on the PC board, 
to prevent the leads from vibrating a 
breaking the solder connections. 

Note that you will need to drill an 

exit hole in the side of the case for 
these cables. 

Setting up 
To test and set up the unit, first con­

nect a 9V or 12V battery, depending on 
the value chosen for Rl. It should now 
be running, even though you shouldn't 
see anything on either the displays or 
LEDI at this stage. 

Are you currently in daylight sav­
ing or not? If you are, you need to 
press switch S6 with a ballpoint pen 
or toothpick; hold it down for about 
one second. The displays should flash 
the message '~dSon" once and LEDI 
should also flash briefly. If you are 
not currently in daylight saving, you 
don't need to do this operation until 
daylight saving does begin. 

Next, set the current time. This is 
done by first pressing S1, again holding 
it down for a second or so. This causes 
the displays to flash the unit's current 
time setting about once per second. 
As noted above, LEDI will also flash 
briefly along with DISPI. 

The initial reading on the displays 
should be 0001 or 0002, depending on 
how long the unit has been connected 
to the battery and running. When first 
powered up (or reset), it resets to mid­
night, or 00:00. 

The idea now is to use switch S9 
to increment the hours digits to their 
current time value, and then S8 to 
increment the minutes digits to their 
current time value. In both cases, you 
simply hold the switch down and the 
PIC will increment the reading at a rate 
of about once per second. This makes 
it easy to get to the current time values 
and simply release the switch when 
they are reached. 

When you have the current time on 
the displays, press Sl again and hold it 
down for about a second. The displays 
win flash the message" SEt", to show 
that the time has been set. The displays 
and LEDI then turn off. 

Enabling LED1 
The final step is to decide whether 

you want to enable or disable the op­
eration of warning LEDI - which will 
depend on whether it is currently a 
school day or not. If it's not a school 
day and you therefore don't want to 
enable LED1, there's no need to do any­
thing more because when the School 

The PC board is mounted on the back of the 
case lid via M3 x 9mm tapped spacers and 
secured using M3 x 6mm machine screws. 

Zone Speed Alert is powered up (or 
reset), LED1 is disabled by default. 

If it is a school day and you do wish 
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Fig.3: the School Zone Speed Alert is connected to a permanent 12V supply at the fusebox in the vehicle's cabin. Note 
the 500mA inline fuse in series with the positive lead. 

to enable LED1, simply press switch S7 
and hold it down for a second or so. It 
should flash twice briefly, to indicate 
that it has been enabled. 

In most cases, this is all you need to 
do to set up your School Speed Alert. 
Normally, there is no need to worry 
about switches S2-S5, because these 
are only needed if the school crossing 
time zones in your area are different 
from the unit's default time settings 
of 08:00 - 09:30 for the mornings and 
14:30 - 16:00 for the afternoons. 

Only if you are·in an area where the 
times are different from these, 'will you 
need to change the two start and finish 
time settings using switches S2-S5. 
These are used in a very simHar way 
to the current time settings switch (SI) 
and as before, in conjunction with the 
hours incrementing switch S9 and the 
minutes incrementing switch S8. 

You simply press and hold dO'wn 
the appropriate setting button until 
the current setting is shown on the 
displays, then change the setting 
hours and minutes using S9 and S8. 
Then you press the initial setting 
button once again, holding it down 
until the displays flash" SEt" and go 
dark again. 

Installation 
Once set up, the unit can be con­

nected to the vehicle's 12V supply. Use 
figure-8 cable to do this and make the 
connection to a permanent 12V source 
in the fusebox inside the cabin. Be 
sure to include a 500mA inline fuse 
in series with the positive lead (at the 
fusehox end) and take care with the 
polarity ofLED1 - see Fig.3. SC 

Using The School Zone peed Alert 
The School Crossing Alert is intended to be placed in your car's glovebox but with 

the warning LED (LED1) fitted in arecess in the dashboard or on asmall bracket below 
it, so its flashing can attract your attention. 

There's normally nothing to do in terms of operating the unit, apart from enabling. 
the warning LED for driving on school days and disabling it for weekends and school 
holidays. Both operations are done simply by opening up the glove box and pressing 
switch S7, holding it down for a second or so. The LED will flash twice briefly when 
it has been toggled into "warning enabled" mode but it remains off when it has been 
toggled into disabled mode. 

Daylight saving 
The only other operation that needs to be done from time to time is to toggle the unit 

into daylight saving mode when daylight saving begins, or back into "normal time" at 
the end of daylight saving. Both operations are done using switch S6, pressing it and 
holding it down for a second or so. The displays will flash "dSon" when you toggle 
into daylight saving mode, or "dSoF" when you're returning to normal time. 

The firmware inside the PIC has been programmed to keep time with much the Same 
accuracy as anormal quartz clock or watch. As a result, you shouldn't need to correct 
its current time setting very often - once every couple of months, at most. 

Because the timekeeping accuracy of the unit does depend on the frequency accuracy 
of the 4.00MHz crystal though, some units may need the time to be corrected more 
frequently. This is done in exactly the same way as you originally set the time, using 
switch S1, switches S9 and S8 and then S1 again to save the new setting. 

Trimming the crystal 
If your unit turns out to have acrystal whose frequency error is sufficient to require 

more frequent resetting, there is another option. This.involves replacing the 22pF NPO 
ceramic capacitor nearest IC2 on the PC board, with a 6.2-30pF trimmer capacitor 
such as the Jaycar RV-5716 (green). This trimmer should be fitted on the rear of the 
board, to allow it to be adjusted more easily. 

The trimmer will then allow you to set the crystal frequency closer to 4.000MHz, to 
bring the timekeeping into line. It will be easiest to find the right setting forthe trimmer 
by using a frequency counter to monitor the frequency at pin 15 of the PIC. 

If you don't have access to a frequency counter, you will have to set the trimmer 
by trial and error. Run the unit for a few hours, then check the current time setting. 
If it's slow, reduce the trimmer's setting slightly and try again. Conversely, if it's fast, 
increase the trimmer's setting. 
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This simple device allows two computers to share a single USB 
printer or some other USB device, such as an external flash 
drive, memory card reader or scanner. A rotary switch selects 
the PC that you wish to use with the USB device, while two LEDs 
indicate the selected PC.
 

THE MOST COMMON way to share 
.I. a USB printer between two PCs is 

to use one machine as a print server. 
However, that's not always convenient 
because it means that the server PC 
must always be on ifyou want to print 
something. 

That can be a real nuisance if you 
just want to quickly fire up the other 
machine and print something out. 
It also means that the two PCs must 
be networked together, either via a 
hub/router or directly via an ethernet 
crossover cable. 

Another way is to use a dedicated 
USB print server. However, as before, 
this must be connected to an ethernet 

SILICON CHIP 

network, along with the PCs. Such 
devices also need their own power 
supply, generally cost well over $100 
and are overkiU if you just want to 
share a single USB printer between 
two computers for occasional printing 
in a home set-up. 

That's where this simple device 
comes in. It's basically a 2-way switch 
box that lets you manually switch 
your USB printer from one PC to the 
other, as required. The switchi!1g is 
performed using a rotary switch, while 
two LEDs on the front panel indicate 
which PC has been connected to the 
printer. 

This method has several advantages. 

First, you don't need to network your 
two computers. Second, you can 
print from either machine with the 
other turned off. And third, the device 
doesn't need a power supply. 

It's also cheap to build and easy to 
set up - just run standard USB Type 
A to Type B cables from your PCs to 
the USB Switch and connect a third 
cable from the switch to the printer. 
That's it. 

Other devices 
This device is not simply confined 

to switching a USB printer- it can also 
be used to switch other USB devices, 
such as USB flash drives, memory 
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1 PC board, code 07104091, 77 
x 46mm 

1 UB5 plastic utility box, 83 x 54 
x31mm 

1 front panel label, 48 x 77mm 
2 Type B USB sockets, PC-mount 

(CON1, CON2) 
1 Type A USB socket, PC-mount 

(CON3) 
1 PC-mount 4-pole, 3-position 

rotary switch 
1 knob to suit 
4 M3 x 15mm tapped spacers 
4 M3 x 6mm machine screws 
4 M3 x 6mm countersink-head 

,machine screws 
2 3mm red LED (LEDs1 &2) 
1 4700 resistor 

card readers, USB digital picture 
frames and scanners. However, if you 
are switching a USB flash drive, you 
must always be sure to go through the 
"Safely Remove Hardware" procedure 
before switching over, otherwise you 
could lose data. 

Circuit details 
Let's take a look now at the circuit 

- see Fig.l. 
There's not much to it. At the left, 

we have two USB Type B sockets to 
accept the signals from the two PCs 
(PCl & PC2). These are the upstream 
ports and their V+, D- and D+ (data) 
lines are connected to switches Sla­
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(1) 
Sla 

v+I 
I 
I 

GND 

(2) 0 

CON1 
USB TYPE B I Slb 

SOCKET 0 

FROM 
PC2 

CON2
 
USB TYPE B
 

SOCKET
 

LfDS 

1m USB PRINTER SHARE SWITCH A ~ 
Fig.i: the circuit uses switch poles Sia-Sic to select either USB socket 
CONi or CON2 and connect its pins through to CON3. The fourth pole 
(Sid) selects either LEDi or LED2, to indicate which PC has been selected. 

Fig.2: install the parts on the PC board as shown here. Note particularly 
the orientation of switch S1. It's mounted so that the flat side of its shaft 
faces CON3 when the switch is in the centre position. 

SIc respectively, while their GND 
terminals (pin 4) are commoned and 
fed through to pin 4 of USB Ty pe A 
socket CON3. 

Basically Sl is wired as a 4-pole 
3-position switch. However, the centre 
position is unused. That's been done to 
ensure a clean break when switching 
between positions 1 & 2 of each pole, 
so that either a break-before-make or 
a make-before-break switch can be 
used. 

In operation, Sla-Slc simply se­
lect between USB sockets CONI and 
CON2. In position (1), the outputs from 
CONl are selected and fed through to 
the downstream USB output socket 
(CON3). Conversely, in position 2, 
CON2's outputs are selected and fed 
through to CON3. 

Switch pole Sld selects between 

LEDI and LED2, to indicate which 
input socket (and thus which PC) is 
selected. These two LEDs connect 
to the V+ (+5V) lines from CONl & 
CON2 respectively, while the associ­
ated 4700 resistor to ground provides 
current limiting (to about lOrnA). 

As a result, LEDl lights when Sl 
selects position 1 (CON1), while LED2 
lights for position 2 (CON2). 

CON3 is a USB Type A socket. This 
is connected to the USB device (eg, a 
printer) via a standard USB Type A to 
Type B cable. 

Construction 
All the parts for the USB Switch are 

mounted on a small PC board coded 
07104091 and measuring 77 x 46mm. 
This assembly fits inside a standard 
UB5-size plastic utility box, with ree-

APRIL 2009 43 



@ : @
 
1 BIB 1 

-~----~-----~-
~ 1 Y 

I 9 I 9 I 
1 1---,-1 I 
, A I I I A I 

--i--~-i--~--i--
I I I I I 

-t 
14
I 
• 

-t 
I I I 17.75 

--r----~----r-- t 
,-18.25-1-18.25-1 16.5
 

I B : B I
 !
 
-$----:-----~- T 

@ : @ r 
I HOLES A: 3.0mm DIAMETERAll DIMENSIONS if HOLES B: 3.0mm DIAM, CSKIN MIWMETRES 

HOLE C: 9.0mm DIAMETER 

Fig.3: this diagram shows the drilling and cutout details for the lid (left), 
together with the full-size front-panel artwork (right). 

This is the fully-assembled PC board. Be sure to install the rotary switch 
with the flat side of its shaft towards CON3 (at right) when the switch is 
in the centre position. The LED leads are soldered after the board has 
been attached to the lid (see text). 

The PC board is attached to the lid of the case using four M3 x 15mm 
tapped spacers and M3 x 6mm machine screws. 
- . __ 

tangular cutouts at either end to access 
tJle USB sockets. 

Fig.2 shows the parts layout on 
the PC board. Begin the assembly by 
installing the five wire links and the 
47012 resistor. The three USB sockets 
can then be installed. Make sure these 
sit flush against the PC board before 
soldering their pins and don't forget 
to solder the large tabs on either side 
of each socket. 

Switch SI is next. First, cut its shaft 
to 10rnm, then install it on the board 
so that the flat side of the shaft faces 
CON3 when the switch is in the centre 
position. Be sure to push the switch 
all the way down so that it sits flush 
against the board before soldering its 
pins. 

Once the switch is in, fit an M3 x 
15mm tapped spacer to each corner 
mounting position. Secure these using 
M3 x 6mm screws. The board assembly 
is then complete except for the two 
LEDs, which we'll come to shortly. 

Final assembly 
Fig.3 shows the drilling details for 

the case lid. Four 3mm mounting holes 
are required for the PC board, two 3mm 
holes for the LEDs and a single 9mm 
hole for the switch shaft. 

Fig.3 also shows the full-size art­
work for the front-panel label. This can 
either be photocopied or downloaded 
from the SILICON CHIP website and 
printed out. Protect it by covering it 
WitJl clear contac film, then attach it 
to the lid using a thin smear of silicone 
sealant as the adhesive. Wait until the 
silicone dries before cutting out the 
holes using a sharp hobby knife. 

The PC board can now be attached 
to the lid. First, slip the two LEDs into 
position (check their orientation), tpen 
secure the board to the lid using four 
M3 x 6mm countersink-head screws. 
That done. fit the switch nut. then push 
the LEDs through their front-panel 
holes and solder their leads. 

The final step is to make the cutouts 
in the ends of the case for the USB 
sockets. You will need two 12 x 10mm 
cutouts for the type B sockets and a 17 
x 9mm cutout for the type A socket. 
These can be made by first marking out 
their positions, then drilling a series 
of holes around the inside perimeters, 
knocking out the centre pieces and 
filing them to a neat finish. 

That's it - your USB Switch is now 
complete. Attach the lid to the case, fit 

I the knob and it's ready to go. SC 
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~ng an olde pi 11I118?II wort 
Despite the big "R" or even "D" word we hear
 
on the media every night, new plasma and
 

• Samsung lA32R51 B TV LCD sets still seem to be getting cheaper. Most 
• Teac PlH4220SD TV of this is caused by the never-ending supply of 
• Tivoli Audio Music System better, newer or more technology for the dollar. 

Tel PDP-4200BK TV (lG 
PDP42V72462 chassis) 

Logitech Z-10 loudspeakers 

problems the set might have endured. 
As the stakes are so much higher now 
i.n terms of cost, you can easily get 
the scenario that after the quote for a 
new power supply has been accepted 
and it has been fitted, you might find 
that the cost of replacing other faulty 
boards can easily cost the same again 

For example, recently I attended to a 
Samsung LA32R51B which had died. 
The two main electros (821lF 450V) 
in the power supply had become ex­
tremely hot and destroyed themselves. 
The usual reason for this is a failure 
in the mains voltage-doubling circuit, 
causing very high voltage across them. 
These electros do not even have a 

The set cost almost $4000 
in 2005 and a much better re­
placement nm,v sells for about 
$750. The new power supply I 

quoted for cost $470 all up. 
However, the client wasn't 
happy about this price and 
insisted I increase it just 

in case the insurance com­
pany elected to have the 

set repaired rather than 
replaced. Well of course, 
I point blank refused to 

do this so he left rather un­
happy. His problem. 
This is becoming such a 

problem that many service 
companies do not want the 

'PA'R,rcULA'RLY UNWAN'£.D--- AND YOU work. Older 42-inch plasmas 
D£.FINI,£.LY N£.£.D A BIGG£.'R WAGON are particularly unwanted be­,0 'PU, 'H£.M IN ..".. cause they require two people to 
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or more. 

circuit reference. 

• 

• 

customers are often extremely anxious 
to find a way out of their predicament. 
Some are even attempting fraudulent 
insurance claims and are pressuris­
ing us to present quotes that are mis­
leading in the hope of a replacement 
claim. 

Ifa set is dead after a storm I am bla­
tantly asked to inflate the prices even 
higher in order to write the sets off. The 
problem can be worse because if a set's 

power supply is knocked out it 
can mask additional unseen 

If you bought a plasma set over two 
years ago for about $2000, you could 

are supplied (if you are lucky) at an 

now buy a better one for only $1000 
and if you tried to sell it, you would 
probably only get $500 - that's if you 
managed to sell it at aU. If it breaks 
down, most times it can only be re­
paired to board level. Such boards 

inflated two-year-old price and on 
many occasions this can take the 
projected repair price over the $500 
threshold. 

Many of the obscure container load 
fly-by· night brands have gone now so 

Unfortunately this problem is spiralling down 
to my level because the question is always, is it 
.worth fixing? 

OLD£.'R .fZ INCH 'PLASMAS A'R£. 

Items Covered This Month
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pick them up. And you definitely need 
a bigger wagon to put them in. 

n the set was removed from a wall 
bracket you can bet that the original 
desk stand has been tossed out which 
adds more headaches when you are 
servicing the set. 

Resurrection of a Teac 
Recently, I was given a dead 2005 

Teac PLH4220SD. The set had already 
been to at least one rival service 
company who correctly diagnosed 
that the power supply had failed (in 
a storm) and that a replacement was 
expensive and not available for at least 
a month. They did not know if there 
was anything else that might be wrong 
and they were certainly not keen to 
store a 5-year old plasma, which was 
technologically nearly worthless, for 
six weeks or so. 

So the client bought a new one and 

@(WiJ[1J[jf)(l!J@,(£] 

gave me the old one. I discovered that 
it was basically an LG PDP42V72413 
Series 7 with a Sankei power sup­
ply unit. I examined the board very 
carefully outside the set but could 
find nothing WTong. There were no 
obviously failed parts that needed 
replacing. At switch-on you could 
hear the relays click on and off and 
the red Standby LED changed colour 
to blue. 

The remote was working and there 
was a 5V standby voltage available. 
I shorted the relay contacts which 
allowed the primary circuits to be en­
ergised but nothing was coming out of 
the secondary power rails. I unplugged 
and then later replaced the Y sus and 
Z sus boards on the off-chance that 
a feedback pulse was switching the 
set off. 

As a last resort, I decided to replace 
the two control ICs in the primary 
circuit. These were IC Z151 L4981, 
a 20-pin Power Factor Correc.tor, and 
IC Z181 KTA339 P/F, a 14-pin bipolar 
quad voltage comparator. I removed 
the rcs and fitted IC sockets before I 
found out that the ICs are very diffi­
cult to obtain as spare parts. I put the 
b08J:ds back in the set and reassembled 
the set to put aside until I could get 
the parts. 

I switched the set on once more be­
fore putting it away just to make sure 
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and blow me down if the set didn't fire 
up and it has worked perfectly ever 
since! Explain that one! 

Deluxe radio 
Tivoli Audio makes beautiful high­

quality radios. The Music System is 
one of their flagship models which 
also has a CD player built in, all for a 
modest $1200. 

A colleague of mine is a service 
agent and he told me about one that 
came in under warranty. It was stuck 
in standby mode. He removed the 
front panel to find the wafer thin PC 
board behind it was not installed 
properly because one ofthe two lock­
ing screws wasn't centred properly. It 
was plugged into a socket similar to a 
PC RAM socket. 

Thinking this would be an easy fix, 
he removed and refitted it correctly 
and reassembled the front panel and 
tested it again. Unfortunately, that 
made no difference. Being an agent 
meant that he had other units in stock 
that had been repaired and checked, so 
he started swapping the boards over, 
beginning with the front panel. He 
then tried the back panel, the speaker 
and power harness. In fact, just about 
everything. 

Access to some of this is pretty dif­
ficult, especially with the CD player in 
the way, so he unplugged it and 10 and 
behold, the set began to work. . 

He then eX8Jllined the CD player and 
could not fault it until he unplugged 
the snooze button assembly. That was 
when the penny dropped. The snooze 
button is recessed into the top of the 
cabinet and it had jammed in the on 
position, thus confusing the micro­
controller. When he unjammed it the 
system worked perfectly but it topk a 
lot of work to find this simple cause. 

Green spots before the eyes 
One of the most common complaints 

with plasma TVs is that of intermit­
tent green snow, particularly in dark. 
scenes. Being intermittent makes 
diagnosis much harder and it is often 
heat related. Almost all of these sets 
are models that have LG displays 
and boards in varying degrees. This 
covers a wide range of brands and 
models, as LG is one of the largest 
manufacturers. 

The other day I was called out to a 
TCL PDP-4200BK which uses an LG 
PDP42V72462 chassis (series 7). This 
set was mounted on a wall bracket 
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with the cables disappearing into a 
wall cavity to ancillary equipment. I 
was fortunate enough to actually see 
the problem and the client was able to 
help me remove the set so it was face 
down on some blankets on a sideboard 
just below. 

I removed the 50,000 screws that 
held the back on, blessing my elec­
tric screwdriver and happy that they 
weren't Torx head screws like Philips 
use. Once the back was off, I propped 
the set up a little so I could see the 
reflection of the screen on a mirror 
tile I had secreted underneath. I then 
powered the set up and selected a 
channel. 

Unfortunately, in the process of 
moving the set, I noticed that the pic­
ture was now intermittently snowy 
too. I soon found out that the cause 
of this was the coaxial antenna wall 
socket but I couldn't do anything about 
it until I had completed the repair I 
was working on because access to the 
socket was so poor. 

Fortunately, this fault is well known 
and so I wentstraightto VRl (V Setup) 
on the Y sus board. I marked its cur­
rent position with an indelible Texta 
peil before giving it a small twist. This 
was enough to fix the green spots com­
pletely but I had been caught before 
with the intermittent nature of this 
fault. The client and I loosely refit­
ted the back and propped the set up 
against the wall so they could watch 
it again. 

Apart from the intermittent snow 
problem the antenna lead was giving, 
the picture was otherwise blemish 
free. I told the client to watch it over­
night and if it was stU fine the next 
day, I would reinstall it properly and 
fix the antenna connection. Back at 
work the next day I got a telephone call 
from the wife of my client telling me 
I hadn't fixed the set - it was exactly 
as before and I had better bring some 
replacement boards. 

Fortunately when I returned and 
spoke to the husband he could discern 

the difference between the two faults 
and confirmed that the green dots had 
indeed gone but there was still an 
intermittent snow problem. 

Between us, we reassembled the set 
and reinstalled it onto the wall bracket. 
Once this was done, I now only had 
limited space to reach the antenna 
wall socket. It was an HPM type and 
the cover had been painted onto the 
wall. After a lot of very hard work, I 
managed to remove the whole assem­
bly and disassemble it. I then rewired 
it properly and firmly and reinstalled 
it after tightening up the centre and 
outer parts of the coa.;dal socket. 

Once this was done we had a consist­
ently good picture on all channels. 

Had this not worked, I would then 
have checked all the voltages next to 
the corresponding values written on 
the panel for Va and Vs. I would also 
check VR4 and VR3. Finally, I would 
have had to resort to replacing the "Y 
sus kit". 

The Y sus kit consists of the Y sus 
board, the Z sus board and the Control 
board, and is usually only replaced 
when the Y or Z sus board blows up. 
The reason all three are replaced is 
that LG have modified all of them to 
make them more reliable, because 
sometimes a fault on one of them can 
cause the whole lot to self-destruct. 

This is fine for the Series 7 of LG 
sets but not for the other brands which 
use a different control module with 
different plugs and sockets. If you are 
wondering whether to replace these 
modules you must make a note of the 
part numbers. The current ones are: 
~l) Y-sus: 6871QYH036D 
(2) Z-sus: 6871QZH041B 
(3) Control: 6871QCH053G 

The different control modules are 
denoted by their last letter. They are 
priced from $250.00. For most other 
brands, these boards sell for much, 
much more. 

Bedroom indulgence 
One of the shortcomings offlat panel 
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Hi-fi class AS audio 
amplifier. Over 50W 
RMS into 4 or 8n at less 
than 0.1 % THD. 20Hz­

K106 - $50.05 200kHz -3dS, +/-35VDC. 

DC power supply kit for use with K1 06 above. 
Onboard diode bridge and filter capacitors. 
Transformer not supplied. K186 • $26.40 

TVs is the lack of quality sound. Some 
sets have no audio output sockets ex­
cept for an earplug connection. Others 
only have optical. Where possible, it is 
nice to be able to connect the set to a 
surround-sound theatre amplifier but 
these can cost from $500 upwards. A 
simple solution is to use computer 
amplified speakers which start from 
only a few dollars. 

I just got a ne"v Samsung LCD set for 
the bedroom and decided to indulge 
myself by getting some decent COID­

puter speakers. Mrs Serviceman only 
agreed providing: 
(1) They were cheap 
(2) She could have a new dress 
(3) They looked good 
(4) She could have a new dress, and 
(5) They were small. 

There are such a lot of different de­
signs and prices out there these days 
that it is difficult to make a decision, 
so in the meantime I continued to use 
some old JBL speakers. The big prob­
lem with speakers is that you really 
need to try them out before making a 
decision. I note that Apple in the US 
offers such a service of try before buy­
ing. The only trouble is that then you 
are locked into their products. 

In the end, I was taken by a pair of 
Logitech Z-lOs and the clincher was 
the special price; Officeworks had 
them for nearly half price. I was also 
very taken by the Edifier M3200 Salt 

ELECTRONICS SPECIALISTS
 
TO I~DUSTR~ AN~ DEFENCE
 

siliconchip.com.au 

Your imagination, talent and determination will be rewarded with 
challenges, assistance, results and recognition. Email your details to: 

SWITCHMODE POWER SUPPLIES PTY LTD (ABN 54 003 958 030) 
1/37 Leighton Place, Hornsby, NSW 2077. Phone (02) 9476 0300 
email: martin.grlffith@switchmode.com.au webpage: www.swltchmode.com.au 

APRIL 2009 55 

II 



This remarkable collection of PDFs covers every issue of R & H, as it was known from 
the beginning (April 1939 - price sixpence!) right through to the final edition of R, TV & H 
in March 1965, before it disappeared forever with the change of name to EA, 
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war years, 

And speaking of the war years, R & H had some of the best propaganda imaginable! 
Even if you're just an electronics dabbler, there's something here to interest you. 

• Every issue individually archived, by month and year 
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• A must-have for everyone interested in electronics 
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Television .. Video 
Technology 
- by KF Ibrahim 
Afull and comprehensive guide to 
video and TV technology i~cluding 
HDTV & DVD. 

S&05 
OVO Players and
 
Drives - by KF Ibrahim
 
DVD technology and applications ­

ideal for engineers, technicians,
 
students, installation and sal'es
 
staff.
 

S85 

Practical Guide To 
Satellite TV 
- by Garry Crall 
The book written by an Aussie for 
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you need to know. s.,.
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You'll find many more technical 
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and Pepper speakers, the Altec Lans­
ing FX3022 Expressionist Bass with 
built in subs or even the FX2020AA 
Expressionist Classic, not to mention 
La Cie 130811. 

I was pretty lucky because Of­
ficeworks sold out very fast and I got 
one of the last pairs. I unboxed the 
whole thing very carefully and was 
impressed by their beautiful black 
piano finish and also by how heavy 
they were. However, I was somewhat 
disappointed after connecting them 
to the 3.5mm earphone jack socket 
because there was no sound at all. 

I eventually found and read the tiny 
multi-lingual pamphlet which gave 
instructions on operating the speak­
ers. Most of the instructions referred 
to connecting the speakers via a USB 
lead to a PC but I was not using this 
feature. 

After a lot of messing around, it oc­
curred to me that there might actuaHy 
be something wrong with these brand 
new speakers, so to confirm this, I 
connected them to my computer and 

~cm;@ 

loaded the appropriate software. 
The speakers broke out into fantastic 

sound! Not only that but the display on 
the right speaker showed the CD title 
and all its details, plus an analog clock. 
They had all the bells and whistles. 
All the touch controls - volume, bass, 
treble, balance, etc - worked well too. 
Wonderful. 

I unplugged them and moved them 
next door to the LCD TV and plugged 
them in again. Again there was noth­
ing; absolutely nothing. The JBL 
speakers worked fine and I swapped 
the leads over. Next, I tried what I 
thought was a pretty long shot. My PC 
is located near a conventional Sony 
CRT TV which also has a 3.5mm stereo 
jack socket for headphones. It was 
only a small matter of disconnecting 
the PC to the Logitech speakers and 
plugging in this other TV. The sound 
worked. Wow! 

OK, to sum up: the new Logitech 
speakers worked with the PC and the 
old Sony TV but not with the new 
Samsung LCD. The old JBL speakers 
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worked with everything, so why wouldn't the Logitech 
speakers work with the Samsung? 

I looked and looked and touched all the controls 
until the penny dropped. The touch control panel of 
the Logitech has a graphical display of the controls of 
10 different size bars that go from minimum to maxi­
mum. When you plug in the speakers and power them 
up and touch the volume up button, all the bars are 
displayed, denoting full volume. 

Where muggins stuffed up 
Where muggins stuffed up was that these bars were 

OUTLINED. When I kept my finger on the touch control 
for a long time, the bars gradually became SOLID until 
about half-way through when you heard the sound. 

When connected to the PC, the volume level is con­
trolled by the PC as well and so the sound is instantly 
at its default level. When I unplugged them and con­
nected them to the LCD, the volume level defaulted 
to zero, which to a newcomer looks like full volume 
but isn't. When I connected them to the old Sony TV, 
I had not unplugged the power so they were still at the 
PC default and so also worked normally. 

The instruction book was a waste of paper and it is 
a pity that the volume control took such a long time to 
respond to a finger touch. Anyway, they are performing 
well now, though I admit it would have been nicer if 
they had provision for a subwoofer. They were very 
good value for money, though. 

On an unrelated subject, I would have liked to con­
nect these new speakers to myoId Apple Powermac 
G4 but I discovered that they use a very special mini­
digital 2.5mm recessed stereo jack designed only for 
Griffin iFire 400 Powerwave amplifiers for Apple Pro 
Speakers. And guess what - there are no adapters 
available! 

Very inconvenient and very iSad! SC 
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DON'T MOST multimeters already 
have current measurement rang­

es? Well, of course they do. But most 
multimeters, be they a no-name $10 
hardware store throwaway model or 
a $1000 highly-accurate brand-name 
meter, all suffer from two rather an­
noying issues with their current meas­
urement ranges - burden voltage and 
reduced accuracy. 

The biggest problem with current 
measurement r811ges is burden voltage. 
This is the voltage that the internal 
current shunt resistor drops as the 
circuit's current passes through it. 

The burden voltage is typically 
specified in millivolts per Amps (mVI 
A). The value will change for differ­
ent current ranges, so you might have 
lmV/A, lmV/mA and lmVhlA for 
example. 

Normally, you may not give burden 
voltage a second thought, as like many, 
you probably think it's fairly insig­
nificant in most applications. In fact, 
most people would be hard-pressed 
to tell you what the burden voltage of 
their particular multimeter actually 
is. It's usually buried away in the user 
manual, if it's mentioned at all. Next 
time you borrow a colleague's meter, 
ask them what the burden voltage is, 
and watch their reaction! 

At small displayed currents, the 

burden voltage is usually not an issue 
but at larger displayed currents (rela­
tive to full-scale) the burden voltage 
can be very high, even in the order of 
several volts! This can often force you 
to use a higher current range (with a 
lower-value shunt resistor), with sub­
sequent loss of resolution and (often) 
accuracy. 

You may in fact have encountered 
this many times, with your circuit 
either not working or "playing up" 
on too low a current range. That's 
the burden voltage at work, starving 
your circuit of the voltage it needs to 
function correctly. You usually have 
no option but to reluctantly switch 
to a higher current range to lessen 
the effect. 

The problem can also be highlighted 
with the many 4lfz-digit or "10000 
count" meters on the market. In theory, 
they allow you to get an extra digit of 
resolution over a 31/z-digit meter. But 
you may now find yourself trying to 
measure, for example, 990.0f.lA on the 
lmA range with a burden voltage of 
just under 1V. Can your circuit really 
handle a lV drop? 

The burden voltage of a multimeter 
is determined primarily by the shunt 
resistor used for measurement. How­
ever, on the higher current ranges (rnA 
& A) it also includes the protection 

fuse resistance and, to a much lesser 
extent, any switch and test lead contact 
resistance. Some manufacturers will 
specify it as a total or just the shunt 
resistor, or in many cases not mention 
it at all! 

Some meters will specify it as a 
maximum voltage drop only. For 
example, "300mV max". In this case, 
to get the mVIA value, you simply 
divide that voltage by the full-scale 
range current. 

Current measurements 
with low supply rails 

The recent trend toward low-voltage 
microcontrollers and other silicon 
devices (some operating from as low 
as iVaI' less!) has really highlighted 
the need for considering the burden 
voltage when measuring currents. 
3.3V supplies have been widely used 
for a long time now and the trend is 
heading lower. 

A common task these days is to 
measure the accurate "sleep" and op­
erating current of a microcontroller. 
Indeed, with the lower supply voltages 
oftoday's battery-po'wered circuits, ac­
curately measuring the supply current 
has become more critical. 

So the industry has changed but 
digital multimeters haven't really kept 
up with the pace ,"vhen it comes to ac­
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curate current measurement. You may 
think that multimeters are getting more 
"accurate" for less cost but that's only 
part of the story. 

Let's look at how the supply voltage 
can impact your cl.!rrent measurement 
or vice-versa, as the case may be: 

Let's say you want to measure the 
supply current of a chip or circuit 
taking 200mA using a 4000-count 
meter on the 400mA range. This is a 
fairly common scenario and one you 
would think would be pretty easy for 
any multimeter to handle. But maybe 
not ... 

A typical high-end "accurate" multi­
meter win have a "low" lmV/mA 
burden voltage (about as low as it 
gets), so this means the meter will 
drop 200mV across its shunt resistor 
at 200mA. This represents an almost 
tolerable 4% (200mV/SV x 100) of a 
SV supply voltage. 

This may not be a big deal if your 
supply voltage is spot on sV, as your 
chip will get 4.8V and still be within 
spec. But what if it's only 4.8V? Your 
chip or circuit will now be getting 
only 4.6V which may well be below 
its operating specifications. 

This already shows the limitation of 
the current range on a typical multi­
meter. But that's without even consid­
ering how the circuit current can differ 
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JayTech OM-1340 (4.5-digit) 

Protek 506 

Meterman 37XR (10,000
 
count)
 

B&K 390A (4000 count)
 

Fluke 77 series III (3.5-digit)
 

Fluke 77 series IV (6000
 
count)
 

Fluke 79 series III (3.5-digit)
 

Fluke 177/179 Series IV
 
(6000 count)
 

Fluke 27
 

Fluke 80 series V (4.5-digit)
 

Agflent U1251A (4.5-digit)
 

Extech MM570 (500,000
 
count)
 

Fluke 289 (50,000 count)
 

Gossen MetraHit E-XTRA
 
(60,000 count)
 

Fluke 8808A (5.5-digit)
 

$99 

$120 

$175 

$250 

$380 

$400 

$425 

$375 

$430 

$900 

$720 

$680 

$680 

$950 

$1700 

$1100 

$2100 

N/A 

when you lower the rail by 0.2Y. 
Let's now say you need to do the 

same thing on a modern circuit or chip 
with, say, a 1.2V power supply, ie, the 
voltage from a single NiMH cell. That 
same 200mV burden voltage is now a 
whopping 17% (200mV/1.2V x 100) of 
the supply voltage. Your circuit may 
now fail to function correctly and this 
is clearly not acceptable, not to men­
tion inaccurate. 

Think this is only a problem with 
"cheap" meters? Well, think again. The 
Fluke 87-V, probably the most popular 
high-performance meter available, has 
a burden voltage of1.8mV/mA (which 
is still pretty good). So the above num­
bers are even worse - a 360mV drop 
for a 200mA current. 

Sure, you can switch up a current 
range, using the lOA jack, with its 
burden voltage of say 10mV/A, giving 

5mV/mA 0.11mV/).lA 

4.6mVlmA 1mV/!!A 

1mV/mA 1mV/!!A 

10mV/mA 1mV/!!A 

2V max 500mV max 

6 mV/mA N/A 

2mV/mA N/A 

11mV/mA N/A 

2mV/mA N/A 

5.6mV/mA 0.5mV/~ 

1.8mV/mA 0.1mV/!lA 

1mV/mA 0.1mV/~ 

3.3mV/mA 0.15mV/!!A 

1.8mVlmA 0.1mV/~ 

300mV max 150mV max 

1mVlmA 1mV max 

500mV max 15mV max 

300mV max 300mV max· 

you a very nice drop of only 2mY. But 
your display is now showing 0.200 or 
0.20 instead of 200.0 - you've just lost 
a valuable digit or two of resolution. 
The higher lOA current range is likely 
to be much less accurate than the rnA 
range too! 

Let's now take a look at the quoted 
burden voltage of some typical multi­
meters - see Table 1. As shown, things 
can improve a bit with the more ex­
pensive meters, particularly on the 
!!A ranges. But an expensive precision 
meter is by no means a guarantee of a 
low burden voltage. Even many top­
of-the-line bench meters can have un­
acceptable burden voltages for many 
applications. 

It should be noted that while some 
meters will have a fixed burden volt­
age for all rnA ranges, others like 
the Meterman 30XR have individual 
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Fig.l: the circuit is based on ICI, a Maxim MAX4239 ultra-low offset/drift, low-noise precision amplifier. IC3 is a 
voltage monitor while voltage follower stage IC2 provides a virtual ground reference for the circuit. 

specifications for each range; ie, ZmA 
range = 100mV/mA, ZOmA = 13mVI 
mA and ZOOmA = 4.6mVImA. 

Some popular and highly regarded 
meters like the Meterman 37XR and 
Fluke 79 are particularly bad on their 
mA range, an order of magnitude 
worse than some cbeaper meters - so 
beware. Taking the above example 
again, the Meterman 37XR would drop 
a whopping ZV (lOmV x ZOO) on its 
mA range for 200mA. This will not be 
much good when your supply voltage 
is only 3.3V, 5V or even lZV. 

And the 37XR is a relatively ex­
pensive 10000-count meter that is 
supposed to be capable of measuring 
999.9mA on its lA range - which it 
will try to do. But that would be a 
gigantic 10V drop which the meter it­
self cannot even handle, so it's limited 
to a nominal 400mA with a 4V drop 
on that range. Crazy huh? 

By now you should understand that 
burden voltage can be a real hidden 
problem lurking in your meter. What 
is your meter rated at? 

Accuracy 
And the second problem we men­
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tioned? That would be one of accuracy 
or lack of it. Most multimeters have a 
much poorer accuracy specification 
for current than for the DC voltage 
ranges or the "Basic DC Accuracy" as 
it's called. 

The Meterman 37XR, for example, 
is quite an accurate meter at ±O.l % 
(+5 counts) on DC volts and is sold 
and marketed as such. But its current 
accuracy is a not so impressive ±O.5% 
(+10 counts) on DC current and ±1.5% 
for the lOA range. 

An even better example is the Fluke 
27, with ±O.l % (+1 count) DC volts 
accuracy and ±0.75% (+2 counts) 
mA/!1A DC current accuracy. Other 
multimeters are very similar, with a 
factor of five or more between the DC 
volts and DC current accuracy being 
quite typical. 

This issue applies to the AC voltage 
vs AC current ranges as well. Some 
meters can actually have very poor 
AC current accuracy and/or reduced 
AC frequency response compared to 
their AC millivolt range. 

Take the Fluke 27 again as an ex­
ample. Its ACVaccuracy is ±0.5% (+3 
counts) to 2kHz but the AC current 

range is considerably vvorse at ±1.5% 
(+Z counts) to 1kHz. 

J.lCurrent adaptor 
is the solution 

You guessed it, the project presented 
here presents a neat solution to these 
issues. The "~Current" (pronounced 
"micro current") is a simple yet ac­
curate professional grade precision 
amplified current adapter for multi­
meters. It provides up to a loo-fold 
reduction in burden voltage for a given 
current range! 

An additional feature is a nanoamp 
(nA) current range. This gives any 
cheap 3.5-digit multimeter the abil­
ity to resolve O.lnA (lOOpA). On a 
4.5-digit muItimeter it win resolve 
O.OlnA (10pA). And this comes with 
an excellent accuracy of <O.Z%. 

In most cases, ~Current is also able. 
to improve your meter's current range 
accuracy by using your meter's more 
accurate mV DC voltage range to dis­
play the DC or AC current. (Yes, yes, 
we know that AC current is a tautology 
but what else can you call it?) 

For AC, the frequency response 
extends up to 10kHz although the 
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circuit's THD (total harmonic distor­
tion) i'ncreases substantially above 
2kHz. This is still a very respectable 
AC response range, surpassing that of 
many digital multimeters on current 
and voltage ranges. 

Typical accuracy of the IlCurrent 
itself is better than 0.2% on the IlA 
and nA ranges, and 0.5% or better on 
the rnA range. Unfortunately, it is not 
easy to obtain a 0.1 % precision shunt 
resistor for the mA range, as the 10­
milliohm value is too low. 

The burden voltage of the ~LCurrent 

is a fixed lOllVlilA and lOllVInA on the 
lower ranges. It varies on the mA range 
due to the switch resistance but 7011VI 
mA is a nominal upper figure. These 
figures are unmatched by almost any 
meter on the market. 
. So, for example, at a fuB scale of 
say lOOOIlA, that's a maximum burden 
voltage of only 10mY. So measuririg 
the current rail of a I.2V logic supply 
with full-scale resolution would give 
you a worst case drop of around 0.8 %, 
a fairly insignificant figure. 

The output voltage in mV is directly 
proportioniJ.1 to the input current, 
so you can simply read the current 
value from your multimeter's mV DC 
range. 

The IlCurrent thus effectively elimi­
nates burden voltage by making it in­
significant in all but the most extreme 
applications. 

How it works 
A current adapter is basically just 

a shunt resistor with an amplifier. 
But there are a few extra neat features 
to the IlCurrent design to make it as 
professional and handy as possible, 
as we'D see. The full circuit is shown 
in Fig.I. 

The heart of the design is ICl, a 
Maxim MAX4239. This is a special 
"ultra-low offsetldrift, low noise preci­
sion amplifier". As the name suggests, 
it's a pretty high-spec device. The key 
figure in this application is its near­
zero offset voltage. It's not just "low 
offset" like many precision op amps; 
this one has almost no practical offset 
voltage at all. It is typically 0.111V, with 
a maximum figure of 2.51lV over the 
entire temperature range. 

This class of op amps is known as 
an "auto-zero" (or "chopper") ampli­
fier. Maxim is a bit hush-hush on the 
actual internal workings of their par­
ticular device, saying only that "these 
characteristics are achieved through 

siliconchip.com.au 

Vin+ 
Your 

Vin­ , 
I 
I 
I 
I 
I 
I 
I 
I 
I 

;>-----------0-
.. -o--_--3....------i 

[-,+
I .1­

EXTERNAL FEED8ACK 1 .,. 

Auto-Zero Phase A: Null amplifier nulls its own offset 

Fig.2(a): how a basic auto-zero amplifier works. In the first phase, the main 
amplifier (AB) is offset with the voltage stored on capacitor CM2 . The nulling 
amplifier (AA) measures its own offset voltage and stores it on capacitor C1\'!1' 

Yoss
Vin+ 

YOUT 

Vin­ • - - , 
/'­ I 

I 
I 
I 
1 
I 
I 
I 
I 

:1-1* 
1 f 

----~~~~~~~----------------------~ .,. 
Auto-Zero Phase B: Null amplifier nulls the main amplifier offset 

Fig.2(b): in the second phase, the nulling amplifier (AA) measures the input 
difference voltage on AB and stores this value on capacitor CM2 • ready for 

o----......--~' + 

JCM2 

the next cycle. 

a patented auto-zeroing technique 
that samples and cancels the input 
offset and noise of the amplifier. The 
pseudo-random clock frequency var­
ies from 10kHz to 15kHz, reducing 
intermodulation distortion present in 
chopper-stabilized ampUfiers". 

However, we can get a good idea of 
how a basic au to-zero amplifier works 
by referring to Fig.2. 

An auto-zero amplifier is basically 
the combination of a normal op amp 
(AB) with a "nulling" op amp (AA) that 
continually corrects for the DC offset 
voltage of the main amplifier. The de­
vice is driven by an internal clock that 
drives a 2-phase offset process. 

In the first phase, in Fig.2(a], the 
main amplifier (AB) is offset with the 

voltage stored on capacitor CM2' The 
nulling amplifier (AA) measures its 
own offset voltage and stores it on 
capacitor CM1' 

In the second phase, in Fig.2(b), the 
nulling amplifier (AA) measures the 
input difference voltage on AB and 
stores this value on capacitor CM2, 
ready for the next cycle. This process 
continually eliminates the offset volt­
age of the main amplifier. 

A side benefit of this is that it also 
eliminates typical op amp l/fnoise, as 
the low frequency is treated as a slowly 
varying input offset voltage and hence 
gets cancelled out. 

The pseudo-random clock used in 
the MAX4239 also helps to reduce the 
effects of intermodulation distortion as 
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Fig.4: the discharge curves for the 3V lithium battery specified (CR2032), 
using a number of different loads. 

AC signals approach half the chopping 
frequency (10-15KHz). 

This remarkable DC performance 
allows the ).tCunent to have insignifi­
cant output offset error. As a result, 
it will display OV output for a zero 
current input. 

It is also quite a low power device, 
drawing around 600~ with a supply 
voltage specified down to 2.7Y. This 
makes it ideal for operation from a 
single 3V lithium battery. 

The MAX4239 also has a companion 
device, the MAX4238. The only dif­
ference is that the MAX4239 is a high 
bandwidth "decompensated" version 
of the MAX4238. The MAX4239 re­
quires a minimum gain of 10 which we 
have in this circuit, so it's better to use 
the higher bandwidth device. 

If you want to use the MAX4238 
then that is possible without any cir­
cuit changes, only the bandwidth and 
other AC performance measurements 
will differ. 

A fixed gain of 100 is defined by 
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preclSlon resistors R5 and R3+RIL 
These are 0.1 % resistors with negli­
gible temperature drift. 

The 100Q resistor R9 at the output 
of ICl ensures stability. This value 
will be low enough to ensure error-free 
operation with multimeters having 
greater than 100kQ input impedance. 
If for some reason your meter is lower 
than this, than you'll have to lower the 
value of R9 appropriately. 

Current ranges 
There are three current ranges that 

are defined by the shunt resistor on 
each range, together with the gain of 
IC1. 

R2 (10kQ 0.1 %) is the shunt resistor 
for the nA range and is permanently 
connected across the input terminals. 
It gives a burden voltage of 10\lV/nA 
(InA x lOkQ). The other shunt resis­
tors Rl and R8 are disconnected in 
the nA range. R2 is permanently con­
nected, ie, not switched, to ensure that 
the input is not left open-circuit. 

R8 (lOQ 0.1%) is switched in par­
alle~ with R2 in the \lA range by SIb 
which gives a burden voltage of lOllV/ 
~ (lilA x 10Q). R2 contributes a small 
error of less than 0.1 % in this case. It 
can be ignored. 

Rl (10mQ 0.5%) is switched in 
parallel with R2 in the rnA range by 
Slb which gives a (resistor) burden 
voltage of lOIlV/mA (lmA x 10mQ). 
Because Rl is such a [ow value, the 
solder joints and the copper tracks 
of the PC board can contribute large 
errors, so a special purpose-designed 
"shunt" resistor is used. This is a 4-ter­
minal device that includes the 10mQ 
resistor and two "sense" terminals 
connected directly across the resistor 
on the substrate. This eliminates any 
errors caused by solder joint or copper 
track resistance. 

However, because the 10mQ shunt 
resistor is such a small value com­
pared with the resistance of the range 
switch, the switch itself will dominate 
the actual total burden voltage. The 
switch contact resistance is rated at 
70mQ maximum, so the actual burden 
voltage on the rnA range will vary 
ITom unit to unit and will change with 
time, but can be taken as a nominal 
70IlV/mA. 

The maximum current in the rnA 
range is a nominal 300mA, as this is 
the contact rating of the switch. But in 
practice it can be higher than this. 

You will notice that the virtual 
ground is connected to the sense side 
of RL This means that the sense cur­
rents for R2 and R8 also flow through 
this terminal but these currents are 
negligible and so they have virtually 
no effect. 

The switch contacts of Sla select 
which shunt resistor voltage gets fed 
through to op amp ICL 

Power supply 
Any current adapter must be able to 

handle both positive and negative in­
puts and so a dual-polarity power sup­
ply is required. In a battery-powered 
device, this can be achieved in one of 
three ways. 

The first way is by using two or more 
series batteries to a middle "OV" tap. 
This method is convenient but takes 
more space, there are more batteries 
to replace and you can get uneven 
current drain from the batteries, thus 
making true low-battery detection 
more difficul t. 

The second way is by using a single 
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Three current ranges: 
(1) ±0-300mA (70J.!VlmA burden voltage typical) 
(2) ±0-1 OOO~A (1 OJ.!V/uA bu rden voltage) 
(3) ±0-1000nA (10~tV/nA burden voltage) 

Output Voltage Units: 1mV/mA; 1mV/~lA & 1rrrV/nA 

Resolution (nA range): 1OOpA (3.5-digit meter), 1OpA (4.5-digit meter) 

Accuracy (typical): <0.2% on J.!A and nA ranges, <0.5% on mA range 

Output Offset Voltage: negligible on 4.5-digit meter 

Bandwidth: 2kHz nominal (±O.1 dB) 

Temperature Drift: insignificant over normal ambient range 

Noise: < -90dBV 

THD: < -60dB 

Battery: CR2032 lithium coin cell 

Battery Life: >200 hours (LED OFF); >50 hours (LED ON) 
Connection: 4mm banana, screw terminal inputs, standard 19mm spacing 

battery supply and generating a nega­
tive supply using a switched capacitor 
inverter. This is convenient for low 
current applicati.ons but it generates 
noise and requires filtering. Also, 
using a 3V lithium battery means a 
total power supply voltage from 5.4V 
to over 6V. But our MAX4239 can 
only handle a maximum 5.5V sup­
ply voltage, so extra diodes would be 
required. 

The third method involves a "virtual 
ground" split supply circuit and this 
is the technique used in the J.!Current 
circuit. In effect, the two 100kD resis­
tors comprise a voltage divider and 
this is buffered by op amp IC2 which 
is connected as a unity gain voltage 
follower to provide a low impedance 
output. However, the output imped­
ance is increased by the series 100D 
resistor which has been included to 
ensure output stability. 

The output from the 100D resistor 
(RIO) is now the "virtual ground" ref­
erence for the rest of the circuit. This 
ensures that ICI has a ±1.5V supply 
from the battery and the input current 
shunt resistors can now sense current 
in either direction. 

IC2 is an LMV321 general-purpose, 
low-power, low-voltage op amp (es­
sentially a low-voltage version of the 
venerable LM351). The total current 
drain for this portion of the circuit is 
about 145J.!A. 

Low battery detection 
To ensure that what you read on 

your multimeter is accurate, it is im­
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portant to kno"''' if the battery voltage 
is low and thus possibly affecting the 
measurement. IC3, a Texas Instru­
ments TPS3809L30 Supply Voltage 
Supervisor, does this job accurately in 
a single chip. It contains a precision re­
sistor divider, a voltage reference and 
an output circuit with timer (Fig.3). 

If the input voltage on the VDD pin 
drops below 2.64V then the Reset-bar 
output will go low. In our application, 
Reset-bar \,vill be high and thus the 
BATT LED will be on if the battery 
voltage is above 2.64V. Conveniently, 
this is about the "end point" for a 
3V lithium coin cell. The discharge 
diagram for the lithium battery, using 
a number of different loads, is shown 
in Fig.4. 

By using the same type of 2-pole 
3-position switch used for the current 
range selection, we are able to get a 
very handy "battery check" mode 
between the ON and OFF modes, to 
switch in IC3 to light the LED. You c.an 
keep using the J.lCurrent in this mode 
with the LED ON if desired but it does 
use more battery power. 

The in-built timer will take about 
0.2s to light the LED, so it's possible 
to move the power switch through the 
BATT CHECK mode and not have the 
LED light if you are quick enough. 

Output voltage range 
The MAX4239 is capable of swing­

ing its output fairly close to the supply 
rails. Given that the power supply will 
be at least ±1.35V for a working bat­
tery, this means that the output voltage 

1 J.!Current double-sided screen­
printed PC board, 79 x 50mm 

1 UB5 plastic utility box, 83 x 53 
x 28mm 

1 CR2032 3V lithium cell 
1 1060TR CR2032 SMD battery 

holder 
2 miniature 3-position PC­

mount slide switches, C&K 
JS203011 AQN 

1 4mm black banana jack 
1 4mm red banana jack 
1 4mm black binding post 
1 4mm red binding post 

Semiconductors 
1 MAX4239ASA+ S08 op amp 

(IC1 ) 
1 LMV321 AS5X SOT23-5 op 

amp (IC2) 
1 TPS3809L30DBVR SOT23 

voltage monitor (IC3) 
1 LTST-C230GKT 1206 reverse 

green LED 

Capacitors 
3 1OOnF 0805 capacitors 

Resistors 
2 100kD 1% 0805 
1 75kD 0.1 % 0805 
1 24kD 0.1 % 0805 
1 10kD 0.1% 0805 
1 1kD 0.1% 0805 
1 470D 1% 0805 
3 100D 1% 0805 
1 10D 0.1% 0805 
1 LVK12R010DER 10mD 0.5% 

1206 (current sense) 

Wbere To Buy Kits & Parts 
Blank PCboards, kits and fuHy-built 
units are available from the author's 
website at: www.alternatezone. 
com/electronics/ucurrent 

can approach this figure within a few 
millivolts. 

Normally though, the rtCurrent 
will be used with your multimeter's 
mV range which will be typically 
up to a maximum of 999.99mV for a 
10000-count meter. So there is some 
headroom left if you want to push it 
higher for any reason. 

Output units 
The output units are scaled by the 

shunt resistors and gain of ICl to be 
precisely ImV per range unit. So the 

APRIL 2009 63 



a 

o o 

52 

Sl 

o o 
(FRbNT PANEL SIDE) 

Fig.5: install the parts on the PC board as shown here. You will need a soldering iron with a small chisel-point tip to 
solder the SMD devices to the board. along with a pair of fine-pointed tweeters and some fine solder. 

(REAR/COPPER SIDE) 

The top of the PC board forms the 
front panel and is attached to a 

B5-size utility case. 

output will be lmV per rnA, lmV per 
f.lA or lmV per nA. 

This makes it easy and logical to 
directly read on your multimeter's mV 
range. So if you read 100mV on your 
meter, that equates to 100mA, 100pA, 
or 100nA, depending on the range you 
have selected. 

AC performance 
The AC performance is shown in the 

accompanying screen shots (Figs.6 & 7) 
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as measured with an Audio Precision 
analyser wi th a 1V output level on the 
f.lA range. There is little performance 
difference between the ranges. 

The nominal bandwidth is 2kHz, as 
the THD starts to increase exponen­
tially after this. This figure is quite suf­
ficient as most meters have a response 
1kHz on AC current ranges. 

Overloads 
Fuses have been omitted from 

the design to ensure as Iowa total 
burden voltage as possible. Therefore 

you must be careful to ensure that the 
input is not connected directly across 
a supply voltage capable ofproviding 

current that exceeds the selected 
range. Failure to take care here can 
result in a blown shunt resistor. 

Connectors 
The connectors are standard 4mm 

banana plugs, with standard 19mm 
spacing. This allows the use of vari­
ous types of adapters if required. The 
screw-terminal type connectors are 
used for the current input, which is 
convenient for connecting to existing 
wiring without test leads. The top 
screw part can be completely removed 
to enable some short "shrouded"-ba­
nana plug test leads to fit. 

Construction 
Apart from the connectors and mini­

ature slide switches, the entire design 
uses surface-mount components. This 
was done in order to give a profession­
allook and to reduce cost and size by 
using a standard UB5 utility box. The 
double-sided PC board is used as the 
lid and front panel of the box. Its red 
solder mask on the topside provides a 
very elegant and durable appearance. 
The shield plane on the top layer is 
connected to VGND. 

All the SMDs are relatively large 
0805, SO and SOT packages, so solder­
ing is pretty easy using a basic iron. 
Refer to the March 2008 issue of SILI­
CON CHIP for a detailed article on how 
to solder surface-mount components, 
if you are new to this. 

There are a few things that make 
SMD hand-soldering much easier: a 
small chisel point tip (not conical), fine 
multi-core solder (0.56mm or better) 
and a pair of fine-pointed tweezers. 

Start with the three IC packages, 
making sure each one is mounted 
with the correct polarity. Follow these 
with the resistors and capacitors, tak­
ing care not to damage the precision 
resistors with excess heat. 

Applying a small amount of solder 
to one pad first makes it easy to "re­
flow" the component into place while 
you solder the other end. 

Next, solder in the LED. This is a 
special "bottom emitter" LED which 
is effectively soldered in upside down, 
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with the light coming through a hole in 
the board. Be sure to match the polarity 
to the silkscreen. 

Next, solder the battery holder into 
place, ensuring the correct polarity. 
Apply the iron and then solder to the 
topside of the flat pin instead of the 
pad for this part. The solder should 
then reflow easily to the pad under­
neath. 

Now turn the board over and install 
the two miniature slide switches, 
again ensuring correct orientation. If 
you have the vertical switches, then 
the side with the metal indent should 
face to the outside edge of the board. 
Side mount switches should have the 
switch lever towards the middle of 
the board. Ensure that the switches 
are flush with the board and straight, 
then tack one pin down first. Check 
that everything is OK before solder­
ing the rest. 

Finally, install the banana connec­
tors. Unscrew them completely first, 
removing all nuts, washers and solder 
tags. Install them on the topside with 
just the plastic spacers touching the 
topside of the PC board. 

Next, put the solder tag on the 
bottom side and solder it only to the 
smaller adjacent solder pad, then place 
the washer and screws on top and 
tighten. Feel free to add a thread-locker 
and/or glue if desired. 

Testing 
Testing is fairly straightforward. You 

will need a power supply, some suit­
able resistors and your multimeter. 

Insert the battery and switch to 
BATT CHECK mode. The LED should 
light within 0.2s. Switch to ON mode 
and the LED should turn off. 

Measure the DC voltage from the 
negative output connector (VGND) to 
first one then the other side of the bat­
tery in order to check the split supply 
system. You should get approximately 
±1.5V and both values should match 
closely. 

Next, connect the Voltage Output 
terminal to your multimeter and set 
the multimeter to its mV DC range. 
With nothing connected, you should 
get a reading of zero on an three cur­
rent ranges. 

The next step is to select a resistor 
for each range to give you a decent cur­
rent level, eg, around half the meter's 
full scale. For example, for a 5V sup­
ply, use a 47Q I W resistor (I06mA), a 
47kQ resistor (l06IlA) and five 10MQ 

Fig.6: this Audio Precision spectrum plot shows the residual noise of the 
/lCurrent Adaptor circuit. 

~d. Sh..",ltlneolll THD"~ I1IU ""'cnl rln bE molle byu,r"ll barh the Analog Anllyzer .nd lite OSPAudl. AI"Jyfcr 1n THO,N mode ["ee ~; II- r,;lers dloke lilimlled If! the OSPAn.lyJ:e•. Set 
'g"lmil.rrlnge. 

!orwellslonton Imll'iNdeo thl!' OSP lInatyrc' la amiled by IhcA'O ~1J.n.~zation nolte Ind dl,lortIOIlI' QfIbc uen here. 

Fig.7: although largely of academic interest, this Audio Precision plot shows the 
THD vs frequency of the /lCurrent Adaptor at a signal level of IV. 

resistors in series (IOOnA). 
That done, connect the test resis­

tor in series with the supply and the 
Current Input terminals. Ensure that 
you have the correct range selected 
before switching on your supply 
voltage - you don't want to iblow any 
shunt resistors! 

Your meter should read approxi­
mately I06mV (rnA), 106mV (pAl and 
100mV (nA) for the values mentioned. 
You can double-check your values by 
measuring the actual resistor values 
and supp}y voltage and calculating 
the current if desired. 

If these currents match, then your 
llCurrent is ready for operation, as 
the calibration is inherent within the 
precision 0.1 % components used. The 

output value should not differ between 
BATT CHECK and ON modes. 

It might be handy to check the bat­
tery current also. It should be around 
0.7mA with the LED off and around 
3mA with the LED on. Don't forget 
to switch off when you are finished 
measuring. 

The last step simply involves scre,>\'­
ing the PC board onto the box. With 
typical infrequent use, the battery 
should last many years. 

That's all there is to it. You now have 
a precision current measurement tool 
ready for those more demanding ap­
plications. We hope this article has got 
you thinking about the impact burden 
voltage can potentially have on current 
measurements. SC 
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Interesting 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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Automated 
water tank filler 

This circuit has been very useful 
in filling a header tank for a reticu­
lated water supply on a farm. Eight 
troughs are supplied in different 
paddocks where a lack of water 
would have serious consequences 
for the stock. 

In the past, the tank had been filled 
daily by a time clock which was not 
successful. During hot weather, the 
stock would empty the tank on a 
regular basis and then be without 
water for several hours or the tank 
would overflow and flood the area if 
the weather was wet and the cattle 
did not drink much. 

The circuit described has been 
used to maintain the level of water 
in the header tank within prescribed 

limits. It controls a 3HP submersible 
bore pump which has a high starting 
current, necessitating a solid-state 
relay sufficient to take the starting 
load. 

Two Darlington transistors, Ql & 
Q3, in conjunction with Q2 & Q4, are 
connected to the upper and lower 
water sensors in the tank. Q2 & Q4 
have a common 5.6kn load resistor 
and function as a NOR gate. The 
output of the NOR gate drives Q5 
which activates relay RLY1. 

Initially, when the water level 
is low, both sensors will be open­
circuit, the NOR gate output will 
be high and the relay will be turned 
on. This causes the normally closed 
(NC) contacts of the relay to olJen 
and disconnect the lower sensor, 
However, the upper sensor will still 
be open circuit and the NOR gate 

B STATE 
RELAY 

~ ~ 2~~~C: : t 1 
+9V 

BRI W04 250mA 
I . fUSE 

LEDS BC548 

AK~ E 

MPSA65 ~~;)ND 
IN~."","'<~ 

C B°E GND /' 'OUT 

output will be high, keeping the re­
lay closed. The normally open (NO) 
contact of the relay will be closed to 
operate the solid-state relay RLY2 to 
run the pump. 

This state continues until the wa~ 

tel' reaches the top sensor which will 
then drop the output from the NOR 
gate to Ov. The disables relay RLYl 
and the pump is stopped. 

In practice the upper level sensor 
is just below the overflow from the 
tank and the lower sensor about half 
way up the tank. The sensor contacts 
are simply two stainless steel screws 
about 25mm apart and screwed 
through the poly tank walls. The 
wiring junctions on the side of the 
tank are protected by neutral-cure 
silicone sealant. 

Geoff Hitchman, 
Cape Bridgewater, Vic. ($45) 
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contacts (normally open) could then 
be used to connect power in an ex­
ternal circuit or the opening contact 
(normally closed) could disable an 
active circuit. The oscillator (IC1) is 
allowed to run because the relay coil 
(unenergised) holds the reset input 
at pin 4 of rCl at lZV. 

The modified circuit shown here 
operates similarly except that the 
relay is now connected between 
the OV supply rail and the collec­
tor of a PNP transistor that has its 
emitter connected to the +lZV rail. 
This effectively reverses the action 
of the relay. So when the Flexitimer 
is timing out, the selected Q output 
of rcz will be low (0V) and this low 
allows current flow from the emitter 
to the base of Ql, switching it on. 
The collector of Q1 holds the pin 4 

8e328 

~~ 
E e 

lllL----o Ne 
'-------<)COM 

'---------Q NO 

1N4004 
_J.:;:f-===: 

A K 

(reset) of rCl at +lZV, allowing the 
oscillator to run. 

At the end of the timing period, 
the selected Q output of fCZ goes 
high, switching off Ql and pulling 
the reset ofIC1 low via the now un­
energised relay coil. Diode DZ pre­
vents the voltage at the collector of 
Q1 from going more than -0.6V when 
it is turned off, while a lOon resistor 
to rCl's reset input (pin 4) limits cur­
rent flowing from the input. 

The standby power drawn by the 
circuit is now only due to the cur­
rent drawn by rCl and rcz, plus the 
resistance ofR1 and VRl. Preferably 
rCl should be a 7555 or LMC555CN 
(a CMOS 555) to minimise standby 
current. 

John Clarke, 
SILICON CHIP. 
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Modified
 
Flexitimer
 

The Flexitimer originally pub­
lished in the March 1991 issue of 
"Electronics Australia" is still a very 
popular timer and is available from 
Jaycar (Cat. KA-1732). However, it 
does have the drawback that when 
the timer is off there is a constant 
load on the power supply due to 
the relay. This is undesirable when 
operating from a battery. 

This modified Flexitimer circuit 
is arranged so that the relay is ener­
gised during the timer's on period 
and is de-energised when the timer 
period has elapsed. 

The original Flexitimer has the 
relay driven directly from transistor 
Ql so that the relay is off initially 
and is energised and the end of the 
time period. The relay's closing 

I liz••• ".1
 
There are now five great reasons to 

send in your circuit idea for publication 
in SILICON CHIP. We pay for each item 
published or better still, the best item in 
"Circuit Notebook" each month will entitle 
the author to choose one of four prizes: 
(1) an LCR40 LCR meter, (2) a DCA55 
Semiconductor Component Analyser, (3) 
an ESR60 Equivalent Series Resistance 
Analyser or (4) an SCR100 Thyristor & 
Triac Analyser, with the compliments of 

siliconchip.com.BU 

A 

~ 

Peak Electronic Design Ltd. See their 
website at www.peakelec.co.uk. 

So now you have even more reasons 
to send that brilliant circuit in. Send it to 

I 
I

SILICON CHIP and you could be a winner. IYou can either email your idea to sil­ Ichip@siliconchip.com.au or post it to PO 
Box 139, Collaroy, NSW 2097. •

I
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RS232C to current 
loop converter 

I vvas recently reunited with my 
Z650 Mini Computer ("Electronics 
Australia", May 1978) which was 
intended to be used with a Tele­
type ASR33 teleprinter via a ZOmA 
current loop serial interface. The 
teleprinter provided the Z650 with 
a keyboard input and a printer out­
put (before the days of CRT video 
monitors). 

Having donated my teleprinter 
to the local museum, I decided to 
build an RSZ3ZC-to-current-loop 
converter so that I could use a PC as 
the terminal. The circuit consists of 
a send channel fed by TD (Transmit 
Data) and a receive channel, feeding 
RD [Receive Data). The optocouplers 
in each channel electrically isolate 
the two current loops from each 
other and isolate the two computers 
from each other as well. 

The current loop side is relatively 
easy, as the computer supplies all 
the current for both the send and 
receive loops. The RSZ3ZC side of 
the converter is powered by the RTS 
signal line, which is normally high if 
the terminal emulator is configured 
for no hardware handshaking. The 

major design consideration in this 
circuit is that RSZ3ZC signals are 
relatively high impedance, so not 
much current is available from RTS. 
In addition, the maximum voltage 
on RTS may be anywhere between 
+5V and +Z5V. 

To overcome this variability, the 
send optocoupler LED is driven by 
an LM334Z constant current source 
with a 33Q bias resistor to set the 
current to ZmA. The LM334Z has 
a dropout voltage of only about 1V, 
leaving sufficient voltage to drive the 
optocoupler's LED even if the RTS 
signal only swings to +5V. 

In RSZ3ZC, logic 0 is a positive 
voltage while a logic 0 in the current 
loop is represented by no current 
flowing. This inversion is implement­
ed by using Q1 to shunt the send 
optocoupler LED (OPTOZ) when the 
TD signal is high (logic 0). 

The constant current source en­
sures that the same current is drawn 
from RTS regardless of whether the 
send optocoupler LED is on or off, 
thereby preventing the send channel 
of the circuit from influencing the 
RTS voltage available for the receive 
channel of the circuit. It also makes 
the send circuit immune to the vari­
ations in the voltage available from 

the RTS line due to the different 
currents drawn by the receive circuit 
for 0 and 1 signals. 

The circuit feeding the RD line 
uses transistors Q3-Q6 in a push­
pull output stage designed to present 
an impedance to RD as close as pos­
sible to the impedance ofRTS, while 
at the same time drawing minimal 
current from RTS. 

Since there is a brief period during 
signal transitions when both output 
transistors will be on, a low pass 
filter (68Q & 100nF) is included to 
prevent any transients from reaching 
the RD line. The 68Q emitter load re­
sistorfor Q5, together with the 10~F 
capacitor between RTS and ground, 
minimises the impact of switching 
transients on the positive supply. 

Diode D1 acts as a crowbar to pre­
vent negative voltages being applied 
to the RSZ3ZC side of the interface 
in case RTS goes negative. 

The optocouplers used are Cosmo 
K1010. Most othertypes of optocou­
pIer will work in the receive channel 
but the send channel has a relatively 
low input current so a type with a 
current transfer ratio (CTR) greater 
than around 50% is recommended; 
the 4N3x family should work but the 
4NZx family may not. 
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Simple counter uses crystal clock as a readout
 
This circuit uses a cheap quartz 

clock as the counter display. The 
circuit will count to 43,ZOO (60 
seconds x 60 minutes x lZ hours). 
With this capacity, it would be 
capable of counting total attendance 
at most major public events. 

In fact, the total count may be 
increased to nearly ZOO,OOO, with 
asmall loss of accuracy (this is ex­
plained later). 

IC1, a 4017 decade counter, con­
tinually cycles through its QO & Ql 
outputs so that these reverse every 
time that a clock pulse is fed to pin 
14. The paralleled inverters of ICZ 
buffer these complementary pulses. 
ICZc & ICzd are driven directly by 
pin 3 of IC1, '''''hile ICZa & ICzb are 
driven via a 470nF capacitor. This is 
combined with a 330n resistor RZ to 
form a differentiating netvlTork. 

The resultant waveform across 
the clock coil is an alternating pulse 
waveform with a peak value of 4V, 
ie, the pulses are +4V, -4V and so 
on. The 330n resistor (R3}limits the 
coil current. 

ICzf is an oscillator buffered by 
ICZe. This provides a pulse source 
for testing clock operation. It could 
also provide a "fast clock" function 

The circuit does not generate 
negative voltages on RD, so it is not 
entirely RSZ3ZC-compliant but most 
modern computer serial ports will 
interpret voltages below +3V on RD 
as logic 1. By the same token, the 
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of the circuit. 
The count may 

be multiplied by 
moving the con­
nection at pin 4 
(QZ) of ICl to another 
output. If it is moved, for 
example, to pin 10 (Q4), the circuit 
will count to 86,400, with a 50% 
chance that a single count "vill be 
dropped (the final count on the 
clock face, in this case, needs to be 
multiplied by two). 

If the connection to pin 4 is moved 
to pin 11 (Q9), the circuit will count 
to 194,400, with a proportionate loss 
of accuracy (multiply by 4.5). 

The signal applied to the clock 
input (pin14 of IC1) must not ex­
ceed Vdd (positive) or be less than 
Vss (OV). In addition, filtering may 
be required for a turnstile counter 
switch to eliminate contact bounce. 
Use a lkn pullup resistor between 
pins 14 & 16 of ICl if a switch is 
used to activate the counter. A lO011F 
electrolytic capacitor can be con­
nected across the switch for contact 
debouncing. 

Rev Thomas Scarborough, 
Fresnaye, Capetown, 
South Africa. 

circuit interprets any voltage below 
0.6V on TD as a logic 1, so it will 
cope with RSZ3ZC ports that are non­
compliant in the same way. 

Andrew Partridge, 
Toowoomba, Qld. ($60) 

Laser Photo Elec­
tric Sensor 
A through beam 
laser photo electric 
sensor. Can oper­
ate in bright
 
sunlight up to a distance of 20m.
 
IP67. Powe ed from 10-30VDC.
 
$75.00+GST 

Hall Effect De­
vices 
When you wish to 
detect ,agnetic 
devices. Featuring 
an operating fre­
quency up to 5 KHz, long operating 
life, IP67 rating and red LED indica­
tor. From $27.S0+GST 

f!;;'!I'!!'!!!'!'!'----m:q!
ViewPID 
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ware enables ,. -~-_ -J Q 

yo to monitor , ., , -. ­

and record the ,..- ~_.. -~ ..­

perormance of your PID controllers. 
Originally developed for our line of 
N vus PID controllers it can be easily 
adjusted for other manufacturer's 
controllers Price $SO.OO+GST 

Weatherproof Ultra 
Sonic Range Finder. 
Tris weatherproof IP67 
ultrasonic range sensor 
proVides accurate 
readings of 0 to 6.45m 
in 2.5 increments with little or no 
dead zone! Price $17S+GST 

Hi Power Motor 
Driver 
MOSFET H-bridge 
motor driver en­
ables bidirectional 
control of DC 
brushed motor. The little 3.3x2cm 
board supports a 5.5 to 24 V voltage 
ra ge and can deliver a continuous 
15 'A without a heat sink, or 21 A 
with heat sink. From $74.S0+GST 

Sond State Relays 
able to switch 440VAC 
40Amp. DC and AC 
triggered available 
From $42.S0+GST 
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High side 
current monitor 

This circuit is designed to allow a 
microcontrollerwith an ADC (analog­
to-digital converter) to sense current 
flow, although it could be useful in 
other applications, including analog 
circuits. 

The most common method involv­
es passing the current through a 
shunt (resistor) and measuring the 
voltage drop across it. This resistor 
can be either on the high side (Vecl 
or the low side (ground) of the load. 
Sometimes a high-side monitor is 
desirable to avoid causing a shift in 
ground potential as seen by the load. 
The challenge in this case is that the 
voltage developed is relative to the 
positive power supply but that ADCs 
are usually ground-referenced. 

Low-side sensing is simpler but 
high-side sensing only requires a 
few extra components. The LF355A 
op amp is used in this circuit be-

D 

cause it can sense all the way up 
to its positive supply voltage and 
because JFET inputs result in less 
error due to input leakage current. 
The LF355A data sheet contains a 
similar circuit that uses a JFET and 
fewer components but a Mosfet 
should be superior due to a lower 
gate leakage. 

It works as follows: op amp ICI 
drives the gate of P-channel Mosfet 
Ql via a 1OOQ resistor and LEDI. The 
100Q resistor is required because Ql 
has substantial gate capacitance and 
the circuit might be unstable without 
it. Ifusing a larger Mosfet with more 
gate capacitance, you might need 
to increase the value of the resistor 
and the associated 10kQ resistor in 
proportion. Virtually any P-channel 
Mosfet with an on-threshold above 
4V is suitable. 

LEDI is necessary because the on­
threshold ofQl may be so small that 
ICI can't pull its gate sufficiently 
close to Vee to turn it off. You may 

need to experiment a little to deter­
mine whether a red, yellow or green 
LED best matches your Mosfet, as 
the LED forward voltage can vary, 
depending on the colour and type. 

The key point is that most stand­
ard LEDs have a forward voltage in 
the range of 1.8-Z.5V and ICI can 
drive its output to within Z-3V of 
Vee. If LEDI has a forward voltage 
of around ZV, this means rCl can 
drive Ql's gate to within IV of Vee 
in the worst case and this is enough 
to turn off just about any discrete 
P-channel Mosfet. 

To adjust the amplification, change 
the ratio of the Mosfel's source and 
drain resistors (lkQ & 10kQ). Make 
sure that the O.lQ shunt resistor can 
handle the heat that will be gener­
ated at the maximum load current. 

Op amp IC2a is connected as unity 
gain voltage follower to buffer the 
Mosfet's output so that the input 
bias current of the ADC can't affect 
the result. The output of ICZa then 
drives the ADC or other circuitry. 

The circuit should operate start­
ing at around 8Y. This limitation is 
primarily due to ICI. If operating 
close to this limit, ensure Ql has 
a low on-threshold. The circuit as 
shown can operate up to a Vee of 
36V, beyond which rCl and ICZ 
could be damaged. 

The major sources of inaccuracy 
will be the matching of resistors 
Rl, RZ and R3 (use 1% resistors or 
better) and the offset voltage and 
bias currents of rCl and ICZ. ICI 
has provision for the connection of 
a trimpot (R7) to cancel out its offset 
voltage. Adjust R7 to get the output 
as close to 0 as possible with no load. 
You can compensate for amplifica­
tion errors with a scale factor in the 
microcontroller if necessary. 

Editor's note: the LF355A in this 
circuit only has a typical specifica­
tion for the input common mode 
voltage range that is 0.1 V above the 
positive supply. 

The minimum specification input 
common mode voltage range is ±11V 
for a ±15V supply. You may need 
to select a particular LF355A that 
works in the circuit. 0.1 % resistors 
are required for Rl, RZ and R3 for 
60dB accuracy. 

Nicholas Vinen, 
Randwick, NSW. ($40) 
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Electronic 
kaleidoscope 

This toy was made to suit young 
children. A mixture of 40 red, green 
and yellow 3mm LEDs is set in an 8 
x 5 grid, at 0.6-inch spacing (to suit 
Veroboard), in the top of an instru­
ment style case, measuring about 
190 x 135 x 45mm. 

The LEDs are driven in mixed 
groups of four by the 10 outputs of 
a 4017 decade counter. The LEDs are 
wired in random fashion, 'with one 
group of four making a close cluster, 
another zigzagging across the space 
and so on. 

The 4017 counter is clocked by 
a tilt sensor. This comprises a ball 
bearing loose in a vertical brass tube 
8mm diameter and about 20mm 
long. The top end of the tube is sol­
dered to the Veroboard, to provide 
one contact. At the lower end is 
an insulating plug through which 
passes a countersunk head screw. 
This is the second contact. 

As the toy is tilted, the ball rolls 
about and bridges the screw and the 
brass tube so it is subject to lots of 
contact bounce which provides lots 
of random clocking for the counter. 
Although only four LEDs are lit at 
any time, it generally looks as if 

BC5478_ 
K 

A E C 

nearly all are lit, due to persistence 
of vision. 

The tilt sensor hangs down from 
the inside of the top of the box. For 
children who can't hold the box to 
rock it, one rubber foot is fitted in 
the centre of the bottom. Then as the 
box rests on a table it can be easily 
rocked to and fro, making the LEDs 
flash - a merry garden of lights. 

A. J. Lowe,
 
Bardon, Qld. ($35)
 

SWitching Power 
Sup lies - by Sanjaya Maniktala 
Theoretical and practical aspects of 
controlling EMIIn switching power 

supplies. Includes bonus 
CD-ROM. 

There's something to suit every
motor/control master in the 

- -SI~ICON,CHIP'reference,bookshopi 
• see the books hop pages in this issue 

Rabat under's 
Cookbook - by Jim Lowe 
For the first-time builder, advanced 
builder and robotics student. Provides
$&3 a painless explanation

of robot programming. 

r j t. I I 

Electric Motors and AC Machines - by Jim Lowe 
Drives - by Austin Hughes Applicable to Australian trade-level 
Fills the gap between textbooks and courses including NE1 0, NE12 and 
handbooks. Intended for non- parts of NE30. Covers all types of 

specialist users; explores all $&& AC motors.155 of the widely-used motor 
types. 

DVD Players and
Practical Varlabl Driv s ­ by KF Ibrahim 
Speed Drives DVD technology and applications with 
- by Malcolm Barnes U"'~C-t.i~_!... emphasis on design, maintenance 
An essential reference for engineers and repair. lideal for engineers, tech-

and anyone who wishes to nicians, students, instal-
design or use variable lation and sales staff. 
speed drives. 
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The Tektronix MS2024 is a compact mixed-signal oscilloscope 
that is suitable for a wide range of applications or educational 
use. It has four analog and 16 digital inputs, a sampling rate of 
1Gs/s and an operating bandwidth up to 200MHz. It is very easy 
to use and does not take up a lot of valuable bench space. 

THE 4-CHANNEL MS02024 is the top of the Tek2000 
range. Its ability to accept up to 16 digital inputs for 

debugging of logic applications makes it particularly at­
tractive, especially since it is such a compact unit. The 
operating bandwidth of this model is 200MHz and this will 
be more than adequate for most applications, including 
audio, video and general assorted use. 

The high sampiing rate 1GS/s (Gigasampies per second), 
allows a timebase speed of up to 2ns/div. And although 
some oscilloscopes share the sampling rate among the 
available channels, the MS02024 achieves 1GS/s on all 
four channels at all times. 

When you first pick up this scope, it gives two impres­
sions. First, it is quite wide but not very deep at 140mm 

and therefore it won't take up a lot of bench space which 
tends to be at a premium in most labs and workshops. 
The second impression is the wide aspect ratio screen. 
The display is a 7-inch WQVGA (Wide Quarter VGA). A 
wide QVGA screen must have the same vertical resolution 
as a QVGA screen but its aspect ratio will be different to 
the standard 4:3. 

In this case, the display has a resolution of 480 x 234 
pixels giving an aspect ratio close to 2:1. This allows you 
to get a good display showing several cycles of typical 
signals, something that's not possible on a screen of lesser 
width. The LCD also has a simulated phosphor response, 
meaning the intensity of the pixels varies according to the 
time they are on. 
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Fig.1: a screen grab showing a typical menu. You can see 
what the soft buttons running vertically down the side 
of the screen do as their function is clearly indicated 
adjacent to them on the screen. This sub menu gives 
the options for displaying the background grid. The 
intensity of the grid can also be changed using one of 
the general-purpose knobs. The other knob then lets you 
change the intensity of the traces on the screen. 

Fig.3: this is not just a DSO (Digital Storage 
Oscilloscope), it's actually an MSO (a Mixed Signal 
Oscilloscope) as this screen demonstrates. In this shot, 
eight digital channels are recording the activity on the 
driving pins of a static LCD display. The square driving 
signals on the segments can be seen (some are in phase 
and some are out of phase with the backplane drive). 
You can select three different sizes for the digital traces 
and even move them around. 

Fig.2: this shot shows the Wave Inspector feature 
applied to a sinewave. You can see that the display has 
been split and the top window shows you the entire 
recorded wave train. The bigger, bottom window then 
shows the zoomed-in part bracketed out in the top 
window. In each case, you can pan across the record 
and zoom in on it using two concentric knobs. The pan 
knob has a jogging action. 

Fig.4: a sinewave (green trace) at around 4.5kHz is 
shown while above it is the result of the MATHs function 
(red trace) which shows the square of the sinewave. The 
MATHs trace is computed in real time but we found 
the response of the oscilloscope was sluggish with the 
record [ength set to 1Mpts. We therefore changed it 
to 125kpts to speed up the response, especially of the 
MATHs trace rendering. You can also perform the FFT 
using the MATHs features. 

Apart from that. you can vary the persistence of the dots 
for periods ranging from 400ms up to around 10 seconds 
and then to infinite persistence. This would be useful to 
see fine or quickly changing details of the waveform. 

User interface 
The oscilloscope has dedicated vertical sensitivity and 

offset knobs for each of the four analog channels. This 
makes it considerably easier to use than if the controls 
were "doubled" up. Below the sensitivity knobs are the 
four associated BNC sockets which are probe sensing as 
well as being able to work with active probes. However, 
the four 10:1 probes supplied with the scope do not have 
the plugs to enable auto sensing. 

To explain further, "vith probe-sensing inputs, the scope 
automatically changes the vertical sensitivity displayed on 
the screen. So if you select a sensitivity oflV/div and then 
plug in a 10:1 probe, the displayed sensitivity will take the 
probe attenuation into account and change to 10V/div. 

There is an extra BNC connector for the auxiliary trig­
ger input and a rectangular connector for the 16 digital 

siliconchip.com.au 

channels. Around the screen itself is an array of "soft but­
tons" whose function changes according to the displayed 
menus. These are easy to use because their functions are 
indicated next to or above them on the screen, according 
to which menu you are in. A screen grab of a typical menu 
is shown in Fig.l. 

There are two general-purpose knobs with digital click­
ing action referred to as "a" and "b". According to which 
menu you are in, you use these to vary settings. Again, 
their function is clearly indicated on the display. 

The other knobs relate to (1) the trigger level (pushing 
this knob sets the trigger to 50%), (2) the timebase and (3) 
the pan and zoom controls. The latter are two concentric 
knobs. The larger of the two has a jogging action, allowing 
you to pan the waveform, while the smaller one allows 
you to zoom in on the waveform by as much as 10,000 
times! 

Replay & review waveforms 
The pan and zoom features are part of the so-called 

"Wave Inspector" module. A small window appears in the 
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Fig.5: the list of possible measurements is extensive. One 
of the nicer features is that you can take a snapshot of 
all the measurements at the touch of a button. This shot 
shows the result of applying the snapshot to a sinewave 
and we can see that the frequency is around 4.5kHz, the 
DC offset is around -175mV and the RMS amplitude is 
close to 2V. Remember that some of these measurements 
are "equivalent"; for example, frequency is the reciprocal 
of period. 

Fig.6: a screen grab of the OpenChoice PC software. This 
shows a screen grab on the PC, as captured from the 
oscilloscope. The PC is connected to the oscilloscope via 
a USB cable, using the USB device port on the back of the 
MS02024. 

top of the screen showing the entire captured wavetrain. 
You can then use the pan control knob to move forwards 
or backwards in time from the trigger point. But you can 
do even more than that. You can mark points in the record 
and move between them at the touch of a button, and even 
search the record. 

The criterion for a search match is similar to the trigger 
options. You can, for example, search for a rising edge, a 
particular positive pulse width and so on. The difference 
is that it is applied to the captured wavetrain rather than 
the real-time signal. There is one further advantage: once 
the wave train has been captured, you can experiment 
with different searches! 

You may then mark the relevant points where the search 
found the trigger and go back to it or scroll back and forth 
between saved markers. A screen grab showing the Wave 
Inspector is shown in Fig.2. 

Capturing fast glitches 
This oscilloscope has another feature by the odd name 
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of "FilterVu". This allows you to capture glitches in your 
signal while still filtering out unwanted noise. The way it 
works is that two waveforms are displayed superimposed. 
One is a filtered waveform (with reduced noise compo­
nents) while the other captures any glitches. 

This is similar to the "peak-detect" feature in some other 
oscilloscopes and can help in seeing fast glitches in a signal 
that may be the difference between reliable operation of a 
circuit and intermittent failures. 

Trigger options 
Triggering is an integral part of the operation of any oscil­

loscope, as in normal acquisition mode, the oscilloscope 
will only display a waveform once the trigger condition 
is met. Choosing the appropriate trigger can mean the 
difference between capturing detail relevant to you or 
not. So how does the MS02024 measure up in terms of 
triggering options? 

As commonly found in current oscilloscopes, the trigger 
can be AC or DC-coupled or low or high-pass filtered to 
reduce spurious noise. You can select a hold-off period 
from the last trigger point during which the triggering 
is effectively disarmed. The hold-off prevents spurious 
triggering due to level transitions and other artefacts in 
the signal. 

The standard triggering modes of the MS02024 include 
the usual edge and pulse-width triggering modes as well 
as standard video triggering (NTSC, PAL, SECAM). Runt 
triggering allows you trigger when a signal rises above 
a preset threshold voltage but fails to clear the voltage 
threshold subsequently. For edge triggering, you can select 
a rising or falling level and select the threshold voltage. 
For pulse width triggering, you can choose the polarity of 
the pulse (positive or negative), its minimum amplitude 
and width. 

Since this is a mixed-signal oscilloscope, you can ~lso 

trigger on the logic conditions from one or more of the 16 
digital channels. For example, you can choose to trigger 
when one digital input is high while another is low. 

Digital inputs 
We should mention that the 16 digital channels are 

synchronised to the analog waveforms. You can also select 
the voltage threshold for the digital channels. For example, 
you can define a high level to be anything above 2.5V and 
a low level to be below that. . 

The digital threshold voltage can be set arbitrarily or 
chosen from a list of known logic families like TTL or 
3.3V CMOS. The MS02024 comes with an adaptor that 
plugs into the front of the oscilloscope to connect the 16 
digital inputs and they can easily be attached to the leads 
of most ICs. The screen grab of Fig.3 shows some digital 
waveforms on the screen. 

Optional modules 
You can purchase additional modules to enhance the 

features ofthe oscilloscope. For example, there are modules 
to decode serial protocols like 12C, RS232/485, LIN, CAN 
and SPI, as' well as HD TV formats. The serial protocols 
will be especially useful for debugging embedded systems, 
as these typically use a number of serial protocols. 

The MS02024 also includes, for the serial protocols, an 
event table. This is a log of the relevant decoded data in 
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chronological order. The optional modules come as small 
"cards" that plug into ports on the front panel. 

Note that for the modules not installed in your oscil­
~oscope, there is a 30-day free trial, activated when you 
first use it. 

Making measurements 
All the usual measurements you would expect can be 

made, like RMS, frequency and peak-to-peak voltage. In 
fact, the range of measurements is quite comprehensive, 
including rise and fall times, burst width, cycle RMS and 
mean, overshoot, etc. 

One nice feature is that you can take a "snapshot" of 
the waveform in which case all measurements are applied 
to it. This gives you a very easy way of taking the vital 
statistics of a waveform and is shown in Fig.5. 

MATHs features 
The MATHs features of this oscilloscope allow you to 

add, subtract and multiply two waveforms and display 
the result as a separate (red) trace. You can also perform 
the FFT (Fast Fourier Transform) on an input channel, 
which effectively separates the signal into its frequency 
components. 

In Fig.4 we show the result of using the MATHs function 
to compute, in real time, the square of a sinewave. Maths 
waveforms can be created from real-time channel data or 
from previously stored reference waveforms: there are two 

of these and they are stored in non-volatile memory. 
The oscilloscope's response is slow at times. We found 

it especially slow when displaying the MATH trace with 
the full 1Mpts record length but this improved once we 
lowered the record length to 125kpts. 

By the way, updating the firmware is quite easy. You 
simply download the file from the Tektronix website, copy 
it to a USB flash drive and insert the drive into the oscillo­
scope's host USB port on the front panel. The oscilloscope 
then recognises the files and starts the update process. 

USB ports & software 
The MS02024 has a USB host port on the front panel 

for connecting a USB flash drive. You can then use the 
supplied software to save screen grabs and oscilloscope 
settings (you may subsequently restore the settings). 

There is also a USB device port on the back of the os­
cilloscope. This allows you to connect it to a PC and by 
using the supplied data logging software, NI LabView's 
SignaLExpress, you can remotely control the oscilloscope 
and acquire screen grabs directly. Remember that the LAN 
port is not standard, though. 

Available options are Ethernet and GPIB ports, as well 
as a module that plugs in at the back of the oscilloscope 
and provides VGA and LAN connections. 

Conclusion 
The MS02024 is an affordable scope with many features 

found in more expensive models. In particular, the meas­
urement options are comprehensive, the Wave Inspector 
that allows you to pan and zoom the stored waveform is 
the same as used on higher end models. 

The firmware is among the best we have seen. The menus 
are intuitive to use and the logic of the interface is easy to 
learn. The ability to make automatic and custom measure­
ments and to search, zoom in on and play back waveforms 
makes this oscilloscope a desirable debugging tool. 

The MS02024 is supplied with four 200MHz passive 
probes, a 16-channel digital adaptor, manuals NI LabView 
SignalExpress and Open Choice PC software and a 3-year 
warranty.The price is $A9760.00 (ex. GST). The VGA and 
LAN interface is priced at $A749.00 (ex. GST). It can be 
purchased from Tekmark Australia, Suite 302, 18 Orion 
Rd, Lane Cove, NSW 2066. Phone: (02) 9911 3888 or visit: 
www.tekmark.net.au SC 

Analog channels: 
Digital channels: . 
Analog Bandwidth: 
Sampling Rate: 
Memory Depth: 
Vertical Sensitivity: 
Vertical Resolution: 
LCD display: 

Net Weight: 

4 
16 

DC to 200MHz 

1GS/s 
1Mpts 

2mV/div - 5V1div (x1 probe) 
8 bits 
7-inch widescreen QVGA LCD 
(480 x 234 pixels) 

4.08kg 

The MS02024 is supplied with four 200MHz passive probes 
and a 16-channel digital adaptor. 
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By RODNEY CHAMPNESS, VK3UG 

Manufactured in the mid-1930s, the Airzone 
520/550 is an early 5-valve superhet that 
was capable ofgood performance. It was 
housed in a distinctive bakelite cabinet and 
is usually easy to restore to working order. 

0D~0W@
 

By THE MID-1930s, many manufac­
turers were building well-designed 

superheterodyne receivers. This was 
made possible by the development of 
new components. In particular, valves 
specifically designed for the task of fre­
quency conversion had become com­
mon and these considerably improved 
the circuitry around the converterl 
mixer stages. 

Airzone, like many other manufac­
turers, was quick to embrace this step 
forward in valve design, as they made 
it easy to design receivers with greatly 
improved performance. Airzone was 
established in Sydney in 1931 and 
quickly established itself as a manu­
facturer of good-quality domestic 
receivers. 

The company's 520/550 5-valve 
superhet receiver was released in the 
mid 1930s and built on that well­
earned reputation. It is a well-made 
set with distinctive styling and is easy 
to service and align. 

The Airzone 520/550 
Airzone's method of identifying 

their sets was different from that used 
by other manufacturers. Basically, they 
gave the chassis one number and the 
cabinet that housed it another number 
and combined the two together. This 
enabled them to quickly identify both 
the chassis and the cabinet. 

In the case of the Airzone 520/550, 
the number indicated a model 520 
chassis fitted into a model 550 cabinet. 
By contrast, other manufacturers gave 
sets with slight cabinet variations dif­
ferent model numbers, even though 
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"Airzone" A.C. Operated 

RI 

CHASSIS TYPE 520 
I.F.- 456 kC. R6 

Broadcast Mantel Model 550 
RIZ ~ 

Fig.I: the Airzone Model 520/550 is a typical 5-valve superhet from the mid-1930s. The 6A7 functions as a frequency 
converter and is followed by a 6D6 IF amplifier, a 75 detector/audio preamplifier and a 42 audio output stage. 

they used the same chassis. This 
meant that a string of sets with differ­
ent model numbers could, in fact, be 
electrically identical. 

As shown in the photos, an attrac­
tive, tall, brown bakelite cabinet was 
used to house the Airzone 520/550. 
This featured an ivory-coloured es­
cutcheon around the dial and speaker 
cloth. However, the speaker doth in 
this particular receiver looks as though 
it has been replaced so I cannot be sure 
what the original looked like. 

The controls along the lower edge of 
the cabinet are white bakelite and from 
left to rightthey are for volume, tuning 
and tone. As was typical of the mid to 
late 1930s, the power was switched on 
and off at the wall socket. 

For a mantel receiver, the 520/550 is 
quite tall and would also have needed 
quite a wide mantelpiece to safely 
support it. In fact, it could have just as 
easily been called a "table" set rather 
than a "mantel" set. 

The layout inside the set is straight­
forward, with the chassis sitting on 
the bottom of the cabinet. However, 
as shown in the photos, the speaker, 
speaker transformer and filter capaci­
tors are all fitted to an elevated bracket 
assembly that's attached to the chassis, 
with the parts sitting just behind the 
loudspeaker. As a result, the set cannot 
be rested upside down for service and 
instead must be laid on its side. 

A look at the circuit 
The circuit of the 520 chassis is 

typical of better designs from the pre­
octal valve and pre iron-dust core era. 
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It is purely a broadcast-band receiver, 
which simplifies any work needed 
underneath the chassis. Fig.l shows 
the circuit details. 

The antenna input circuit is typical 
of the era, with some top coupling 
between the antenna and the tuned 
winding. However, resonating the 
primary winding to a frequency below 
the broadcast band was not a feature 
of this set, nor was it used in sets from 
other manufacturers at that time. Re­
sistor Rl is there to even the response 
across the broadcast band. 

The first valve in the line-up is a 
6A7. This is the frequency converter 
and it converts the incoming broadcast 
signal to several frequencies, one of 
which is the 456kHz intermediate 
frequency (IF). This is fed to an IF 
amplifier stage based on a 6D6. 

The oscillator tuning circuit in the 
converter stage is a little different to 
most others, as there is no high tension 
(HT) voltage on the feedback winding. 
Note that this circuit uses variable pad­
der C3 to adjust the low-frequency end 
of the tuning instead of the iron-dust 
or ferrite cores used in later sets. 

The IF transformers are air-cored 
and the IF stage is aligned to 456kHz 
using the trimmers across the trans­
former windings. The IF signal is am­
plified by the 6D6 and passed through 
a second IF transformer to the detector 
and AGC diodes in a 75 valve. 

Simple AGC is used so that even 
with just noise being received, a small, 
negative amount of AGC control volt­
age is developed across resistors R8 
& R9. In particular, the top of R8 is 

always negative with respect to the 
bottom of R9 which connects to the 
cathode of the 75. 

Note that the DC return for the detec­
tor and AGC diodes goes to the cath­
ode of the 75. When there is no input 
signal, this means that the AGC line 
will be positive due to the voltage drop 
across RI0, which is around 1.3V. 

Normally, this would be an indi­
cation of either a design fault or a 
component failure. However, that's 
not the case here because both the 
6A7 and 6D6 have cathode bias, with 
the valve cathodes resting at around 
+3V with reference to the chassis. This 
results in a bias of -1. 7V between the 
signal grids and the cathodes of these 
two stages. 

When a strong signal is received, 
the positive voltage on the AGC line 
quickly goes negative to the tune of 
several volts, so the operation of the 
AGC system is quite normal. 

Detected audio 
The detected audio signal from the 

75 has any 456kHz signal filtered out 
by a network consisting of C7, R8 & 
C8. The filtered audio signal is then 
applied to the triode section of the 75 
valve for amplification. 

Any 100Hz hum on the HT line to 
the 75 is filtered out using R12 & Cll. 
The amplified audio is then applied 
to a 42 output stage where it is further 
amplified and fed to the loudspeaker 
via a transformer. In addition, a 
switched tone control system is wired 
between the 42's plate and chassis. 

The power supply is standard for the 
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era, with an 80 acting as a full-wave 
rectifier. This in turn feeds an 8JlF filter 
capacitor (C16) and the field coil ofthe 
dynamic loudspeaker. The HT output 
from the field coil is then further fil­
tered by another 8JlF capacitor (C15). 
This filtered output forms the HT line 
for the remainder of the receiver. 

Restoration 
The chassis is easy to remove - just 

remove the three control knobs, undo 
four screws which pass through the 
bottom of the cabinet and release the 
two clamps that secure the speaker 
against the front of the cabinet. The lat­
ter, by the way, ensure that the speaker 
is held hard against the front of the 
cabinet so that it has a reasonable baffle 
to ensures good sound quality. 

SILTCON CHIP 

Having removed these parts, it's 
then just a matter of sliding the chas­
sis out of the cabinet. In this case, the 
cabinet was still in good order, with 
a good shine present on the bakelite. 
As a result, it required no work other 
than a quick clean-up with some soapy 
water. 

This set had actually been restored 
at some time in the past, before it was 
loaned to me. As a result, I did not 
expect it to require much work. 

A glance under the chassis reveals 
that some of the wiring goes to small 
round tagstrips. In general, the parts 
are well-spaced and so short-circuits 
are unlikely. However, it is necessary 
to move some components aside to 
get at others near the bottom of the 
chassis. 

The paper and electrolytic capaci­
tors had all been replaced by the previ­
ous restorer, as had a number of resis­
tors. In addition, the loudspeaker had 
been repaired using several "blobs" 
of a white silicone compound to fiU 
in the holes. It doesn't look too good 
but it does do the job. An equivalent 
black compound would have looked 
much better but a replacement speaker 
is reaUy the way to go if one can ever 
be found. 

As a safety precaution, a fuse had 
been added to the mains input. How­
ever, this is of doubtful value as it is 
a 3A unit and is therefore unlikely 
to blow before real damage has been 
done to the set. This set draws about 
55W (approximately 0.25A), so a better 
rating for the fuse is 0.5A. This would 
then protect the set in the case of a 
severe fault. 

Cleaning up 
The set had been in storage for quite 

some time, so the first job was to give 
the chassis a good dust out. That done, 
the valves were removed and the chas­
sis cleaned using a kerosene-soaked 
kitchen scourer. This produced a good 
result although it would be necessary 
to completely dismantle the set to re­
turn it to pristine condition, a job that's 
not to be undertaken lightly. 

Two of the valves needed re-gluing 
to their bases. This was done using 
Tarzan's Grip, after which the valve 
pins were cleaned using Inox spray. 
The valves were then refitted in their 
sockets. 

Next, all the moving parts associated 
with the dial mechanism and tuning 
gang were lubricated with light ma­
chine oil. The bearings on the tuning 
gang are hard to get at so I used a smaU 
hypodermio syringe partially filled 
with oil to do the job. 

Electronic work 
Having cleaned the set up, it was 

time to restore the chassis to working 
order. First, the top cap lead to the 
6A7 had perished, so this was replaced 
with a short length of hook-up wire. I 
then looked at the two 8JlF electrolytic 
capacitors on the HT line and found 
that both were encased in black, heat­
shrink tubing. 

The previous restorer had obviously 
replaced these but had used radial lead 
capacitors instead of the original axial 
lead units. As a result, he had con­
verted the rep!acement units to axial 

sillconchip.com.au 82 



types by soldering a length of wire onto 
the negative terminal and extending 
it down the side of each capacitor. He 
had then fitted them with heatshrink 
to hold the leads in place. 

This worked but it was impossible 
to read the capacitor values and rat­
ings. I peeled back the heatshrink and 
found that they were both l011F 450V 
units. These are quite adequate for 
the job, so they were left in place and 
the heatshrink refitted (I always like 
to check the voltage ratings of filter 
capacitors). 

The power cord had also been re­
placed by the previous restorer but 
the installation was rather crude and 
not up to current safety standards. 
The earth had been soldered to the 
chassis and the cord had been tied in 
a knot to secure it which is now il­
legal. These problems were corrected 
by fitting a cable clamp and securely 
bolting the earth lead to the chassis 
via a crimp lug. 

Switching on 
Before plugging a restored set into 

the power socket, it's always wise 
to make a few basic checks. In this 
case, a quick check with a multimeter 
revealed no shorts between the HT 
line and the chassis or from mains to 
chassis. 

The mains wiring was also carefully 
checked. That done, the set was pow­
ered up and the HT line monitored as 
the set warmed up. During this time, 
it's also a good idea to observe the 
valves for any signs of distress, such 
as violet glows or sparks. 

Following switch-on, the HT volt­
age across C16 rose to 400V and then 
quickly settled back to 350V as the 
valves warmed up. The voltage across 
C15 settled down to around 250V, 
so the HT voltages were all quite 
normal. 

Next, I connected an antenna and 
found that stations could be tuned 
in. However, the dial pointer could 
not be tuned all the way to the low­
frequency end of the dial and the 
tuning capacitor was not completely 
closing at this end. 

There is very little space between 
the slide-ru]e dial scale, the dial drum 
and the tuning gang so it was difficult 
to see exactly what the problem was. 
After some experimenting, I found 
that I could manually assist the system 
so that the gang fully closed but that 
didn't really solve the problem. 
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The top of the chassis 
is tightly packed with 
various parts. The 
valves are easy to access 
but the tuning gang and 
dial assembly can only 
be accessed by removing 
the speaker bracket 
assembly. 

With the gang closed, the pointer 
was repositioned so that it sat right 
at the low-frequency end of the dial 
scale. It now correctly moves between 
each end of the dial scale but the tun­
ing gang still doesn't quite close at the 
low-frequency end unless manually 
assisted. This problem was left for 
the owner to solve, as he is a fitter and 
turner by trade. 

[ also found that the set would in­
termittently stop operating at around 
600kHz. This is almost certainly due 
to the stator and rotor plates of the 
tuning gang shorting together at this 
particular spot. 

Unfortunately, the gang is extremely 
difficult to get at, being underneath 
the speaker assembly and behind the 
valves. Even with a headset and a 

torch, I made no headway with this 
problem, despite bending the plates 
slightly in an effort to clear the fault. 

Once again, I'll leave the owner to 
remove the speaker assembly and fix 
this particular problem. 

Alignment 
r had expected the alignment to be 

spot-on but in practice, it was slightly 
out. To correct this, I first connected 
a signal generator via a low-value ca­
pacitor to the antenna lead and tuned 
the receiver to the low-frequency end 
of the dial. I then tuned the genera­
tor across the expected intermediate 
frequency (IF) and it was nominally 
at 456kHz. 

Next, r disconnected the antenna 
from the set and set the generator to 
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This view shows the underside of the chassis before restoration. The paper capacitors had an previously been rep~aced, 

along with the mains cord. The latter required further work, including the installation of a proper cord clamp to secure it 
and securely bolting the earth wire to chassis via a crimp eyelet. 

a low level so that little AGe action 
would occur in the receiver. I then 
tuned the IF transformers by ear and 
was able to noticeably improve the 
performance. You have to be careful 
doing this though, as two of the trim­
mers are connected to the HT line! 

The front-end tuned circuits were 
next on the list. First, I tuned the set 
to the low-frequency end of the dial 
and manually assisted the dial-drive 
system so that the gang completely 
closed. The antenna was then recon­
nected and the output of the signal 
generator attached to the insulated 
antenna wire via a crocodile clip. 

Next, I tuned the generator over the 
500-600kHz range and found that the 
set was not tuning down to 530kHz. 
To correct this, I set the generator on 
the ]ow frequency side of the 100,vest 
frequency the set would tune, then ad­
justed the oscillator padder for maxi­
mum response. This step was then 
repeated, after which the set would 
then tune down to 530kHz. 

SILICON CHIP 

That done, I tuned to the other end 
of the dial and found that the set would 
only go to about 1500kHz. So, using 
much the same technique as used at 
the low-frequency end, I "walked" 
the oscillator higher in frequency by 
adjusting its trimmer so it would tune 
to 1629kHz (a local Italian station). 

In fact, the dial scale indicates that 
the set should tune to somewhere 
between 1600kHz and 1650kHz but 
I don't have any information on the 
manufacturer's exact specification. 

Next, I went back to the low­
frequency end of the dial and read­
justed the padder before repeating the 
procedure at the high-frequency end. 
The dial has a frequency scale as well 
as station indications, which makes 
tuning and alignment just that much 
easier to accomplish. 

Finally, aligning the antenna circuit 
is easy - just tune the receiver to a 
weak station at around 1400kHz and 
adjust the antenna trimmer for best 
performance. 

At the end of these adjustments, 
the set turned in a very good perform­
ance. In fact, it is amongst the best of 
the era. 

Summary 
The Airzone 520/550 is a well-made 

set with good performance and good 
looks. It is somewhat less complicated 
than many similar sets of the era but 
Airzone certainly got the best out of 
the circuit. 

My only areas of criticism are the 
difficulties in accessing the tuning 
gang and the lack of clearance between 
the dial drum, gang and slide-rule 
dial (hence the trouble I had with the 
system jamming at the low-frequency 
end of the dial). Even so, these prob­
lems can be sorted out if someone 
is prepared to spend a few hours on 
the set. 

In summary, this is a radio from 
one of the lesser-known manufactur­
ers and is well worth having in your 
collection. SC 
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Our introductory second-generation UHF data transceiver 
article in October 2008 showed that using a PICAXE 
to drive HopeRF's HM-TR 433MHz programmable data 
transceivers works well. In subsequent months, these 
well-priced units have become very popular! 

FOR THOSE WHO have just come 
in, these Chinese-made UHF FSK 

data transceivers, selling locally for 
-$25 (via MicroZed, the Australian 
PICAXE distributors) offer tempting 
programmable features in a 6-pin SIP 
"one-stop" package. They have been 
found well-suited to more' profes­
sional 433MHz ISM applications. 

Thanks to a quality-fitted antenna 
socket, even the supplied "rubber 

ducky" antenna allows line-of-sight 
(LOS) ranges of up to lkm, ''''ith per­
formance in demanding conditions 
superior to cheap classic individual 
433. 92MHz transmitter/receiver offer­
ings - many of which unfortunately 
have insensitive receivers. 

Conditions in crowded Asian cities 
apparently favour the 433MHz UHF 
band for the likes of s~ow wireless 
utility data from water and electrical 

Fig.l: This simple PICAXE·08M circuit gives half duplex control of the HM­
TR 433MHz data transceiver and has very low hibernation current. 
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meters. Microwave level 2.4GHz data 
links do not have the necessary punch­
through for numerous obstacles and so 
quickly suffer attenuation. 

We focused on the more versatile 
RS232 versions in the initial SILICON 
CHIP article but this month the "bare­
bones" TTL transceiver types will 
be considered. These TTL versions 
offer very low (llA level) supply cur­
rent "sleep" benefits and may also be 
slightly cheaper, as a MAX232 IC is 
not fitted to them. 

However, even before "on-air" data 
transceiver use; initial set-up con­
figuration of these HM-TR/TTL units 
requires logic level conversion and 
inversion. 

Although still referred to as TTL 
(Transistor Transistor Logic), modern 
low-power consumption circuitry is 
now largely CMOS-based and oper­
ates in the logic range of OV to +5V, 
with increasingly +3.3V or even lower 
values emerging. 

Classic RS-232 signals use negative 
voltages (as great as -15Vj to represent 
a logic high, with logic lows covering 
a range to perhaps +15V However, 
many laptops, especially when bat­
tery operated, have much lower serial 
voltages. 

In contrast, TTL assigns 0 to ~ 1V as 
logic low and signals -2-5V as a high. 
True RS232 signal levels are thus far 
too great for TTL electronics and the 
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Solderless prototyping (with the PICAXE-08M in its now standard breadboard 
layout) suits HM-TR evaluation. Add-on transducers, such as a DS18B20 or 
LDR, can easily be monitored as well. Two identical set-ups are needed for half­
duplex operation. 

"high" negative RS232 voltage can't 
be handled at all. 

Consequently, TTL serial data re­
quires logic level conversions when 
presented to an RS232 interface and 
lows and highs a~so must be inverted, 
meaning logic 1 becomes 0 and vice 
versa. 

RS232-TTL level converting circuits 
abound, with TI/Maxim's purpose­
built MAX232 16-pin dual driver/ 
receiver IC long recognised as the 
standard approach (see Fig.2). How­
ever, this high-performance IC can be 
an overkill for pedestrian needs such 
as ours, especially since we're only 
occasionally dealing with a handful 
of settings at 9600 bps. 

As only half the MAX232 is needed 
for the HM-TR/TTL set-up, Maxim's 
8-pin DS275 line-powered RS232 
transceiver IC may appeal instead. 
This derives power from the data 
line itself and provides a lower cost 
and extremely low-power serial port 
interface. 

Of course, such specialised ICs are 
often just the thing that your stockist 
will be fresh out of when you want 
one! 

Rest easy: numerous discrete con­
version "poor man's" workarounds 
have evolved, typically using NPN/ 
PNP transistors or 2N7000 N-FETs. 
The simple 2 x NPN discrete approach 

SILICON CI-fIP 

suggested by a fellow Kiwi has shown 
itself to be very effective and should 
appeal to those on skinflint budgets 
(see Fig.3). 

Inverting the logic sign can be easily 
handled during later PICAXE HopeRF 
TTL communications with T2400 
"true" style signals (which idle high), 
rather than N2400 "inverted" serial. 
PICAXE serial code will then be in the 
form SEROUT 2,T2400,bO. 

Because set-up of the TTL HM-TR's 
may be just an infrequent need, it's 
suggested that a simple dedicated 
programming breadboard be used. 
Final RF PC board circuitry can have a 
6-pin in-line socket fitted for the HM­
TR, allowing the data transceiver to be 
lifted out and configured externally on 
this ibreadboard as needed. 

Such a versatile approach addition­
ally allows lise of new software that's 
on HopeRF's menu. 

The HM-TR setup program (recently 
upgraded to Ver 1.1 and now featuring 
English as the default language), can 
be downloaded from their website 
www.hoperf.com/rCfsk.asp 

Aside from occasional reports of 
these HM-TR modules resetting J;.hem­
se~ves (perhaps due to power supply 
removal during data handling) and 
thus needing reprogramming anyway, 
numerous "cut and try" transceiver 
set-up tweaks are available. 

Transmitter (TX) frequency de­
viation and receiver (RX) bandwidths 
may especially be worth investigating 
- narrow TX and wide RX bandwidths 
have shown merit. Power level attenu­
ations (PA) however may be academic, 
as at only 5mW the maximum TX 
output is hardly going to burn holes 
in the ether! 

Although data can be fed at a 
standard PICAXE 2400 bps, reducing 
the "on air" data transmission rates 
may also improve communications 
under noisy conditions. The mod­
ules transparently handle any speed 
conversions but buffering issues (just 
32 bytes) may arise in some configura­
tions. EXPERIMENT! 

Application 
Naturally these TTL units could 

be just used as a convenient "one 
stop" package for either simple data 
transmission or reception but their 
unified capabilities are better suited 
for something more demanding than 
such simplex work! 

Two transceiver units set up identi­
cally can enter into a half duplex rela­
tionship, much in the classic two-way 
radio, one-at-a-time style of "Hello 1 
this is 2, can you hear me, over". 

Abundant scope exists for consider­
ab~e half-duplex tinkering of course, 
just as in the radio analogy where 
issues such as band watching, time 
scheduling, power supply drain, in­
terference and simultaneous use of 
the channel may arise. 

The introductory example shown 
here, using a popular high-level PIC­
AXE-08M microcontroller, involves 
sending a simple transmitter beacon, 
composed of the usual SEROUT 
ASCII "U" (10101010) wake-up and 
a qualifier ("ttl"). When the PICAXE 
controlled receiver awakens and re­
ceives this, an acknow~edgement is 
sent in return. 

At this point, the units swap roles, 
with the original transmitter (and 
PICAXE) then hibernating at pA 
level currents. It's quite entertaining 
to watch the units talking to each 
other "ping pong" style like this but 
serious data (such as temperatures 
from aDS18B20) could instead be sent 
and verified. 

As the educational PICAXEs have a 
non-timed-out SERIN command, the 
units could hang up awaiting serial 
data. A simple pre-data alert has been 
instigated with the PULSIN command, 
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as this pulse-measuring command 
usefully does time out. 

In the code example shovvn, the 
duration is of trivial interest, as it's the 
complete absence of any pulse that's 
being used to cycle the beacon loop. 
Only when something is detected 
does the program move to SERIN data 
reception. 

Naturally, the approach is not fool­
proof as it stands, since 433MHz 
charmel noise may be interpreted as 
a data signal. 

Scope may exist to define the 
PULSIN variables exactly for the na­
ture of the data. Both units by chance 
may just fall into SERlN at the same 
moment, perhaps if one is moving, 
thus uselessly awaiting signals from 
each other as well. 

Discharging a supply capacitor re­
sistor combination, so that a PICAXE 
reset eventually occurs, may help 
break out of this. A 1pF capacitor and 
1Mn resistor have a time constant 
(CR) of Is, so after five time constants 
(5s) the capacitor wiU be virtually 
discharged - this is explored in a 
case study. 

As well as such explorations, read­
ers' are encouraged to modify the 
example with suitable SLEEP and 
PAUSE commands, in a quest to per­
haps minimise supply current drain. 

The exact approach depends on 

Fig.2: initial TTL transceiver set-up requires logic level conversion, readily 
handled by a standard MAX232. The normal PICAXE 3-wire programming 
lead can be used. 
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COl\ll\land to HM-TRl2 05 00 00
 
Reply from HM-TROD 00 94 AD
 

COl\ll\land to HM-TR:15 05 00 00
 
Reply from HM-TROD 00 33 00
 

level conversion/ II ANTENNA 
inversion can 
also be simply 
achieved with two 
NPN transistors 
such as BC547s. 
Resistor values are 
not critical, with 
typical PICAXE 
"junk box" values 
just used here. 
Refer to the 
resource website 
for a breadboard 
layout. 

'£I 

English 

HopeRF's upgraded 
set-up utility Default now has English 
default and a 
progress panel. 

ON

+i
 

the application, as a battery-powered 
receiver could be hibernating for 
many hours, while a mains-powered 
transmitter (with no battery concerns 
and drawing -30mA) could be sending 
beacons frequently. 

Low duty cycles are typical with 
wireless telemetry in fact, as tempera­
tures, humidity data or water levels 
may only change slowly. Perhaps data 
may even be stored in non-volatile 

Serial at 2400,8,N,1 
with narrow TX 
deviation and wide 
RX bandwidth 
was used but 
experimentation 
is encouraged! 
Slower "on air" 
data rates may give 
greater range. 

memory for "store and forward" bulk 
sending when convenient. 

In such a case, receiver batteries 
may last years (approximating shelf 
life) or a simple solar panel energiser 
could be used. Sf 

Resources, code and case studies are 
hosted at www.plcaxe.orconhosting. 
net.nzlhoperf.htm 
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ASK SILICON CHIP
 
Got a technical problem? Can't understand a piece of jargon or some technical principle? Drop us a line 

and we'll answer your question. Write to: Ask Silicon Chip, PO Box 139, Collaroy Beach, NSW 2097 or 
send an email tosilicon@siliconchio.com.au 

dsPIC programming 
capability 

Is the "Low-Cost Programmer For 
dsPICs & PICs" that appeared in the 
May 2008 issue capable of program­
ming PIC16C745 OTP chips? (]. B., 
Balllarat, Vic). 
• No, the dsPIC Programmer does 
not support the PIC16C745. The main 
reason is that WinPIC (the PC freeware 
program used with the dsPIC program­
mer) does not support it. 

We suggest you look at the PIC­
18F2550 which is pin-far-pin com­
patible with the 16C745, as a suitable 
replacement. It has USB 2.0 rather than 
1.1 and is flash-based (not OTP). It also 
has more memory and better specs all 
round, as it is a newer design. And the 
dsPIC programmer can program most 
of the 18F series. 

Variable boost 
controller 

I purchased the Variable Boost Con­
troller (SILICON CHIP, February 2007) 
to fit to my car but I did not realise it 
needs to see a signal from the ECU. 
My ECU does not control the boost 
solenoid in my car. I was hoping I 

could hook this kit up with +12V and 
it would operate correctly but after 
making it and reading the paperwork, 
it seems I am mistaken. Please let me 
know how to hook this kit up without 
an ECU signal. (c. W., via email). 
• The input signal to the Variable 
Boost Controller can be from the pulse 
width modulated signal that controls 
the boost control solenoid. The Vari­
able Boost Controller intercepts the 
signal. Note that the Variable Boost 
Controller is suited to electronic con­
trollers, not electromechanical. 

Using a fuel mixture 
display on a motorbike 

After reading your November 2008 
edition of SILICON CHIP am I able to do 
the following with the Wideband Fuel 
Display Mixture Kit? 

(a) Use it as a standalone unit to 
tune the carburettor on a motorbike? 
I would add an extension pipe into 
the exhaust and drill a narrow-band 
oxygen sensor into it. 

(b) Use my car's battery and earthing 
point to provide power and earth or 
could I use a battery? And what type? 
Is this possible? 

I have seen some standalone kits for 

I have just completed two 120W 
LD amplifier modules (SILICON CHlP, 
August & September 2008). How­
ever, even with the 47n resistor in 
Q7's emitter I cannot get anywhere 
near 7-10mVacross any of the O.ln 
emitter resistors; mine all read 
around 2.5mV, with 30mV across 
the speaker terminals. 

The rail voltage is ±55.8V and the 
voltage across the diodes (Q10 & Qll 
base) is OK at 2.28\T. All other circuit 
voltages read fine as per the article 
and the modules seem to work OK 
and both modules are exactly the 
same. 

Are there any updates to this 

project? (M. H., Windsor, Canada). 
• The Im,v quiescent current is pos­
sibly due to one of the transistors 
Q12-Q15 having a higher than nor­
mal base-emitter voltage. Although 
since the quiescent current in both 
amplifiers is the same, it is probable 
that with the batch of transistors 
you are using, all devices exhibit a 
slightly higher than normal B-E volt­
age compared to the ones we used. 

You could try a lower emitter 
resistor value for Q7, say, 43Q or 
39n for a HmA or 15mA current 
flow through DQ12-DQ15 and a 
dissipation of 767mW or 846mW 
respectively, in Q7 and Q9. 

$500 which is way too expensive for a 
DIY'er like myself. (J. N., via email). 
• You can use a narrow-band oxygen 
sensor secured to an add-on tailpipe to 
monitor the exhaust for stoichiomet­
ric mixture measurements. A heated 
sensor would be required because 
the tailpipe gases are not sufficiently 
hot enough to bring the sensor up to 
operating temperature. 

You can power the heater for the 
sensor from the bike supply or a sepa­
rate battery but note that the sensor's 
heater may draw 3-4A of current. The 
oxygen sensor ground would connect 
to the display ground whether or not 
you use separate power supplies for 
the sensor and display. 

We are developing a wideband 
sensor controller that will be better, 
for tuning because it will work over 
a wider range of air/fuel mixture and 
be far more accurate. 

Where to buy 
rare earth magnets 

Where can Ibuy rare earth magnets? 
(A. B., North Mackay, Qld). 
• Rare earth magnets are available 
from Jaycar The catalog numbers are 
LM-1652, LM-1622, LM-1618 and LM­
1620. Your closest store to Mackay is 
Townsville (177 Ingham Rd West End) 
or you can buy them via mail order or 
online at www.jaycar.com.au 

Logging water 
tank level 

I have built the Water Tank Level 
Meter with the telemetry display unit 
(SILICON CHIP, November 2007 to Janu­
ary 2008). The unit works very well 
and I would like to take it to the next 
level and have it log onto a PC via a se­
rial interface. Is there an easy way to do 
this or does the PIC require additional 
code to provide a serial output? 

Any help you could give would be 
fantastic as we are keen to track water 
usage. (B. T., Auckland. NZ). 
• The Water Tank Level Meter was 
not designed for data logging. It does 
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I was reading the article on the 
USB-Sensing Power Switch (SILICON 
CHIP, January 2009) and I have a 
query. With most desktop systems, 
the system will boot if it receives a 
valid data stream through either a 
serial port (modeml or a USB port 
(a broadband modem). 

Those machines that connect to 
ADSL modems through a network 
port do not have this problem unless 
the "wake up" option is turned on 
in the mainboard's BIOS. Personally, 
I prefer to switch off my system at 
the wall to prevent a USB startup 
when I am out! 

I have received a great many calls 
regarding systems which start them­
selves up and in each case I have 
found that a valid data stream into 
a USB port has caused the system to 
boot. I also check the mainboard's 
BIOS settings to locate an option to 
prevent this but as yet, I have not 
been able to locate this. For those 
people who do turn off at the wall, 

.it is a good idea and it stops those 

not have a separate output to just send 
data periodically. However, the serial 
output sent to the UHF transmitter 
could be logged if required. This signal 
includes the tank number and identity 
codes, as well as the water level. 

UPS solution for 
momentary blackouts 

I live in North Queensland and we 
have a lot of lightning which often 
causes momentary power fluctuations, 
enough to cause computers to shut 
down. My computer is set to automati­
cally start up again in the event of a 
power failure. 

The problem I experience often is 
that the computer will not start up 
correctly or it hangs part way through 
start up. This requires a power down 
and restart and then all is OK. 

How about a small project to over­
come this problem; something that 
will not allow the computer to restart 
for maybe a five or 10-second delay 
after a power outage? I use a power 
filter but a UPS is over the top for my 
requirements. (G. A., TaIga, Qld). 
• One possibility would be to build 

siliconchip.com.au 

under or over-voltage issues and 
switches the modem off as well. 

This prevents inadvertent boot­
ups and unauthorised access to the 
system from the Internet. So many 
people still have no firewall or anti­
virus protection and this leaves their 
system wide open to abuse, espe­
cially if the system boots itself and 
remains online during unattended 
periods. 

What do you think about this 
or have you not confronted this 
problem yet? (D. S., Maryborough, 
Qld). 
• We have not confronted this 
problem. Presumably the problem 
you describe arises when using 
a modem connected directly to a 
computer using a USB cable. Most 
such modems would also provide 
an Ethernet connection. In that case, 
simply replace the USB connection 
with an Ethernet one. 

As you say, there is an option 
to disable wake up on LAN (when 
using Ethernet) but also because of 

the Brownout Protector (SILICON CHIP, 
December 2008) which will switch off 
the load after a short delay. However, 
a power outage causing a computer 
shut-down is not good as data will be 
lost and the computer may not shut­
down correctly. 

A UPS is really the best answer and 
would not cost much more than the 
Brownout Protector. Have a look at 
Jaycar's 650VA unit (Cat. MP-5200). 

PC board wanted 
for STK086 module 

Recently I picked up a couple of 
STK086 amplifier modules. I have 
noted your comments previously in 
answer to another question about the 
poor performance of these modules 
compared to the SC480, etc. 

Even so, they are an option for a 
quick amplifier, particularly for the 
older person who has trouble solder­
ing small components these days. I 
wanted to ask if in your archives you 
have projects using these and if there 
is a PC board design for a basic unit as 
per the data sheet? (P. E., via email). 
• We have not produced any designs 

the way NAT "vorks on routers. this 
problem cannot occur when using a 
router. Most routers have firewalls 
too and the option to enable MAC 
address filtering. 

[s this a problem with comput­
ers in the shut down ("OFF") state 
waking up or computers in some 
other power-saving state? Does the 
modem have a firewall? The answer 
is to enable it. 

Another option is to turn off the 
modem rather than the computer or 
have the modem controlled by the 
USB Power Sensing Switch. In that 
case. when you shut down your com­
puter, the modem will lose pm,ver 
within the timeout period. prevent­
ing a wake-up event (unless it occurs 
within that time window). 

Most modern operating systems 
like Windows have firewalls too, 
which are by default enabled, so 
apart from it being a nuisance that 
the computers are waking up, se­
curity should, in principle, not be 
compromised. 

based on the STK086. However, we 
did produce a number of designs 
based on the National Semiconduc­
tor LM3786/3886 series devices back 
in 1995. We also featured designs on 
the National Semiconductor LM1875 
20W chip and the Philips TDA1562Q 
bridge amplifier. All of these give bet­
ter performance than the STK086. 

Zener diode 
connection confusion 

I have bought the Jacob's Ladder kit 
(SILICON CHIP, April 2007). I noticed in 
the construction process (I have not 
added the coil yet) that diode ZDl is 
shoV\'l1 incorrectly on the circuit board. 
The 'A' and 'K' seem to be at the wrong 
ends. It caught me out and maybe it 
might catch others out. 

I think that anyone writing in with 
problems with the kit might benefit by 
being informed of this in case they use 
the 'A' and 'K' to position their diodes. 
(D. R., via email). 
• The A & K markings on the zener 
diode are correct. This is a point that 
tricks many people. 

Consider that a zener diode is con-
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With quite simple equipment (see 
links below) a few amateurs may 
have succeeded in observing North 
American street light reflected from 
the Moon's surface. The idea may be 
worth considering by SILICON CHIP. 

Simple equipment and powerful 
PC processing of signals make an 
interesting mix. I suspect York Op­
tical in Melbourne have the optical 
BP filters (or would import and stock 
ones from Edmund Scientific, if a 
project was published). Programs 
to process the audio in the PC and 
to get correct observing times still 
need a little research. (T. L., Wel­
lington, NZ). 
http://www.bluehaze.com.aulmod­
light/modlightrx.htm 
http://www.mgte.comllaser/ 
proof'/o20ot%20civi lization-l.pdf 
• This is an intriguing concept but 
one with which it would be very dif­
ficult to get reliable results. We can­
not see how you could get a reliable 
reflected 120Hz signal anywhere in 
America since the lighting systems 
will be spread over three phases 
and so the strongest signal should 
be at 360Hz. 

The first step in doing any such 

nected so that it has reverse current 
flow, from cathode (K) to anode (A) 
when its voltage rating is exceeded. If 
you reverse the connection of the zener 
diode it will function like a normal 
diode with a voltage drop of about 
0.7V. Thus you win get no supply to 
the 555 timer IC and the ]OQ resistor 
will burn out. 

Running a drill 
from a PC supply 

In December 1998 there was an 
article on converting old PC power 
supplies into handy 13V supplies. I 
constructed a few of these and have 
found them handy for all sorts ofuses. I 
recently tried running a cordless drill/ 
screwdriver from one of these supplies 
but it just shuts down immediately on 
switching on the drill. 

It's a shame that we throw out these 
drills when the Nicads invariably fail 
after a couple of years and! new re­
chargeable sub-C cells cost twice what 

SILICON CHIP 

test would be to see if the whole 
instrumentation set-up was com­
pletely free of 120Hz and 360Hz 
residual signals. This would be very 
difficult since the computer set-up 
shown would be run from mains 
power or a 60Hz inverter. 

Second, it would be necessary to 
ensure that there was no sky pickup 
of light pollution from nearby cities. 
That implies a very remote, dark 
location with very good "seeing" 
and no clouds in the sky. 

Finally, as suggested in the article, 
the best time to do such a test would 
be during an eclipse! 

In Australia (and we presume NZJ, 
most street and building lighting is 
via high-pressure mercury or fluores­
cent lamps. There certainly is high 
and low-pressure sodium discharge 
lighting being used but it is a fairly 
small component. Therefore, using 
the narrow-band sodium optical fil­
ter would make the test impractical 
in the Antipodes. 

In any case, we already know that 
cities cause considerable light poUu­
tion which is wastefully radiated in 
the sky. You only have to note how 
bright it is on a cloudy night! 

a new drill does. The supply will run 
a load of SA at 13.3V which should be 
plenty for the drill. (T. C., via email). 
• It probably does not like the com­
mutated load presented by the brush 
motor. Try a big electro, say 10,0001lF 
25V, at the output of the supply. 

SC480 power 
supply change 

I'm building the power supply for 
the SC480 50W amplifier. I require a 
±12V supply rather than the ±15Vone 
provided. I wish to know how to do 
this. Can I use a 12V zener diode rather 
than the 15V one? (A. P., via email). 
• A 1W zener diode such as a 15V 
type can accept a maximum of66.6mA 
for 1W dissi.pation. GeneraHy you 
would run the zener at 33mA or less 
so that it doesn't run too hot. Simi­
larly, a 12V 1W zener can be run at 
83mA maximum for 1W dissipation 
but generally it would be run at 40mA 
or less. 

For the 40V SC480 supply, the 12V 
zener alternative would draw (40V 
- 12V)/1.1kQ or 25mA. The parallel 
2.2kQ resistors would dissipate about 
343mW each. This is OK. 

Check that the 12V supply is main­
tained when connected to the circuit 
that is powered from this. You can alter 
the two 2.2kn 1W resistor values for 
more current if the supply is not main­
tained at 12V under load. Two 1.8kQ 
1W resistors would allow a maximum 
of 31mA through the zener diode. 

Power supply for 
external DVD drive 

I have an external DVD burner with 
a switchmode power supply with 
outputs of 12V DC at 2A and 5V DC at 
2A. I have had to replace this power 
supply twice. 

Have you described a circuit which 
can be used to power an external DVD 
burner? A normal transformer power 
supply may be more reliable. Would 
such a power supply also be suitable 
for use with an external hard drive? 
(R. M., via email). 
• While a normal transformer power 
supply with linear regulators may be 
more reliable, we have not produced 
such a design. Such a design would 
also be much larger, dissipate a: lot 
more heat from its linear regulators 
and probably be quite a bit more ex­
pensive. We don't think it is worth 
doing as a project. 

TV logo 
blanker wanted 

Is there any possibility of producing 
a circuit for blanking out the extremely 
annoying banners at the bottom of 
TV screens. It would need to have a 
couple of controls to move the blank­
ing pattern (preferably, just a black 
box) around the screen and perhaps 
to change the size of it. A small RF 
generator to allow connection via the 
antenna (eg, channel 34 or whatever) 
would be excellent. (C. R, Tuebingen, 
Germany). 
• We have discussed this topic in the 
past. Such a project would require a 
video fieid store so that the logo blank­
ing signal could be properly mixed 
with the program video signal. You 
could not simply couple a blanker 
signal in via an RF modulator. 

In fact, it is extremely difficult to 
get rid of these semi-transparent logos 
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I just built the Pump Controller 
for a solar hot water system and am 
having a problem with the sensors 
not performing as described. When 
I apply an increase in temperature 
to sensor 2, I get the desired results 
but not from sensor 1. All the com­
ponents check out OK. 

As I understand it, sensor1 is 
installed on the roof panels and sen­
sor2 on the water tank. (N. K., Oak 
Ridge, Tennessee). 

• We presume you mean the Pump 
Controller For Solar Hot Water Sys­
tems which was published in Circuit 
Notebook of the March 2002 issue. 

Both sensor 1 and sensor 2 are 
LM335Z temperature sensors and 
so both should provide the same 
reading at the same temperature. 
With higher temperature on a sen­
sor, the voltage should rise between 
its + and - terminals. If not, make 
sure the - terminal is at ground and 

the + terminal is connected to the 
(nominal) 12V supply via the 8.2kn 
resistor. 

Each trimpot should be set about 
midway. Winding trimpot VR1 or 
VR2 fully clockwise or fully anti­
clockwise will cause the correspond­
ing sensor to operate incorrectly. 

Typically, each sensor should have 
2.98V between its + and - terminals 
at 25°C. Adjust VR1 and VR2 so that 
each sensor reading is correct. 

used by all the TV networks these days. 
Even the networks have problems do­
ing this, as evidenced by the smudged 
logo effect seen on some SBS news 
items where they have evidently been 
sourced from other networks. 

12V to 24VAC 
inverter required 

I'm interested in installing an irriga­
tion system with solenoid valves for 
my fruit trees and vegie patch near my 
water tank. The problem is that there is 
no power there and irrigation systems 
require 24VAC. 

Have you published a 12VDC to 24V 
AC inverter so people can instaJI an 
irrigation system from a basic stand­
aione solar powered system remote 
from their house? (S. L., via email). 
• We have not produced such a 
project and we think there would be 
relatively little demand for it. One way 
would be to use a standard low-power 
12VDC - 240VAC inverter in conjunc­
tion with a step-down transformer 
to obtain 24VAC. Jaycar or Altronics 

Theremin MK2, March 2009: two 
470llF capacitors are used in the 
circuit. The 25V capacitor on the 
parts layout diagram is the one just 
above REC1. 

In addition, the 100kn resistor 
shown connected from the base of 
Q4 to 9V on both the circuit and lay­
out diagrams is incorrect. It should 
be 330kn. This resistor is located 
between the two top earth terminals 
of transformers T3 and T4. 

Finally, the parts list should show 
10 100nF MKT capacitors (not 8). 

Time Delay Photoflash Trigger, 
February 2009: on page 72, the para­
graph on step 17, referring to setting 
links LK1-LK4 should be ignored. 
This paragraph referred to an earlier 
version of the circuit. 

should be able to supply you with 
everything you need. 

Alternatively, have a look at the 

GPS Synchronised Clock, March 
2009: the circuit for experimenting 
with the GPS module (Fig.4) should 
include a 4. 7kn resistor in series be­
tween pin 12 ofthe MAX232 IC and 
pin 3 of the CPS module. In addition, 
there should be a 10kn resistor from 
pin 3 of the CPS module to ground. 
Without these modifications the EM­
408 CPS module may be damaged 
by excessive voltage on pin 3 (serial 
data input). 

Also, the set-up cable for connect­
ing the clock controller to a PC had 
the tip and ring of the phono plug 
swapped compared to the standard 
download cable used by Revolution 
Education. The PC board and cable 
shown in Fig.3 will work correctly 
as described but the cable is not suit­
able for programming PICAXEs. 

solar-powered fountain driver in the 
Circuit Notebook pages of the March 
2009 issue. SC 
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