
Basic Electronics 
#4A 

Get out your drill, pliers and 
soldering iron. This time 
around we're building the 
speed control circuit I showed 

you in last month's segment Actually 
you'll need the drill for more than put-

. ting holes in the chassis and printed 
circuit board because, when you're 
done here you will have a speed control 
which will turn that single speed drill 
into a variable speed model. 

The accompanying photograph 
shows my version of the speed control 
in a small aluminum box about 6 em by 
8 em by 13 em. You just plug the drill 
into the AC socket on the top and plug 
the AC power cord from the box into 
the wall outlet In this article we'll take 
the schematic of the speed control, con
vert it into a printed circuit board layout 
and assemble the parts into a working 
prototype. In the process, we'lllook at 
several ways to make printed circuit 
boards: how to generate the artwork, 
and how to eventually get the pattern 
you designed onto a copper clad board. 

I 

Before we start into any part of this 
project an important warning must be 
made: BE CAREFUL ••• This project 
involves building and testing a circuit 
which connects directly to the 115 volt 
AC power line. TmS IS A 
DANGEROUS VOLTAGE!. Discon
nect the circuit from the AC power 
before soldering or touching the circuit 
board or components. If you must test 
the board while it is powered up make 
sure that no part of your body comes in 
contact with the circuit. A good rule of 
thumb is to test with one hand in your 
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pocket and the other holding the test 
lead. If you have an oscilloscope it 
should be isolated from ground by a 
isolation transformer or proper dif-

115 VAC 60Hz 

AC Receptacle 
Out to Drill Motor 

In last month's segment we quickly 
ran through the operation of this circuit. 
A little later on we'll expand on that a 
bit. You'll also notice, elsewhere in this 

Figure]. VariableMotorSpeedControlSchemaJicwithCo"ections 

ferential measurement techniques must 
be used. DON'T TAKE ANY CHAN
CES! (I don't want to hear about any 
readers going up in smoke ... It's bad for 
the magazine's circulation, not to men
tion yours!) 

First order of business: I must 
apologize for an error in the schematic 
diagram of the motor speed control 
shown in the last segment. The connec
tions to the bridge rectifier were shown 
incorrectly. Figure 1 shows the correct 
version in addition to a couple of other 
changes in circuit components which I 
found necessary (or expedient) when I 
constructed the circuit. 

article, a sidebar where I discuss the 
steps you should follow in the develop
ment of any project. 

Okay, the construction details of this 
project: 

Construction 
Ideally, a speed control for an electric 
drill should be built into the drill itself, 
as it is in the commercially available 
variable speed drills. However, I didn't 
think this was feasible, and even if it 
was possible to fit the circuit inside 
your drill it probably would not be safe. 
The next best situation was to have a 
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small box, (the one I used was larger 
than necessary), with a speed control 
adjustment mounted on it, in line with 
the drill. After fmding a suitable 
aluminum box at Radio Shack I knew 
what the maximum dimensions of my 
circuit board should be. I mounted the 
speed control potentiometer into the 
top, the AC line cord into one end and 
an AC outlet (chassis type) into the 
other end. Having done all this I could 
see what size to make the board and 
how I should position it to avoid any 
problems fitting the external wiring into 
the box. 

From this point I could start the 
process of converting the schematic 
into a working prototype. As always, 
the first step was to breadboard the cir
cuit in order to test it and work out any 
'bugs'. 

I should confess that this circuit is not 
my own design, but one I found in a 
book called "The Encyclopedia of 
Electronics Circuits", by Rudolf F. 
Graf. This book is published by Tab 
Books and contains over 1300 circuits 
categorized into ninety-eight sections. 
It is relatively inexpensive and can be 
very useful for finding circuit ideas and 
innovations. Anyway, the circuit from 
this book, (as usual), required a couple 
of initial modifications to get it working 
on the breadboard. The next step was to 
design a printed circuit board layout. 

I knew the physical sizes and mount
ing types of the components which I 
would be using, and knowing the size of 
the box all of this would go into I could 
lay out my circuit board. One way to do 
this is to lay out the actual components, 
or paper cut outs of the components, 
onto a piece of paper the size of the final 
board, rearranging them until you ob
tain a satisfactory design. Next you 
draw in the locations of the pads which 
the component leads will be soldered to 
and interconnect them. Use pencil be
cause it will probably take a few at
tempts and rearrangements before you 
get it right With a board of this com
plexity you won't need to use jumpers 
(to jump over tracks to make connec
tion to another part of the board); but 
this can happen with more complex 
boards. 

In my case I used a drawing program 
on my computer (PC Paintbrush IV) to 
do the same thing. First, I made up 
drawings of each component I would 
use, and then, using the gadget box I 
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Figure 2. Component Side of PC 

moved them around into the positions I 
wanted. (See Figure 2). Next I drew in 
pads and experimented with intercon
nections until I had what I wanted. Al
though this program is not really ideal 
for this sort of work (there are other 
dedicated PC board design programs), 
it wasn't too difficult to adapt it for this 
purpose. I then took this initial com
ponent layout and got rid of the com
ponents themselves while leaving the 
pads and lines in place. Next I used a 
function of the program to flip the 
layout so that I was looking at the bot
tom view, or solder side of the board. 
From there I re-drew the interconnec-

Figure3.SolderSideofPC Board 

tions as wider traces (Figure 3) and 
finally inverted the whole thing so it 
looked like a negative (Figure 4). 

This gave me a design for the board 
layout but, as we 'U see shortly, I took a 
different route to actually generate the 
printed circuit board. 

Circuits As Art 
Although this circuit is not extremely 
complex I wanted to make a circuit 
board photographically rather than 
using the crude resist pen me~od to 
draw the traces on the copper clad 
board. There are several ways to make 
PC boards. If you are using a negative 

Figure4.NegativeojPrintedCircuit 

photoresist process you must generate a 
photographic negative in which the 
copper traces are transparent. If you are 
using a positive type process the nega
tive must have everything but the cop
per traces transparent. Either way, you 
have to generate a high quality negative 
of the solder side layout which can be 
used in the photographic board etching 
process. First let's talk about various 
ways to get the artwork used in making 
a negative. 

As I mentioned, the ideal method for 
generating artwork for PC boards these 
days is, not surprisingly, with a com
puter. There are all kinds of specialty 
software packages, such as Tango or 
Orcad, which not only allow you to lay 
out the pads and traces on screen, but 
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some places) 
created using 
this method. 
Using a light 
table with a 
grid on top, 
(tenths of an 
inch, yet-
not even 
metric!), and a 
sheet of mylar, 
the pads and 
tape are posi
tioned on the 
mylar in the 
configuration 
required. This 
is all done at 
twice the size 
the board will 
eventually be 
(sometimes at 
four times the 
size for com
plex boards). 
When the 
artwork is 

FigureS.PCBoardlayoutusingPads&Tape.(Thislayoutcontainsa 
mistake. The second and third pads at top left should be 

connected instead of third &fourth). 

fmished, it is 
taken to a 
specialty 
photographic 
shop where 
they produce 
a negative of 
the artwork at 
half its 
original size. 

will do complex things like auto-rout
ing of traces, generation of lists of com
ponents, and lots of other goodies. Once 
you have the layout in memory you can 
print it out, either using a plotter, or a 
laser printer, which can then be used to 
make the negative. Although I had a 
layout, produced with my drawing pro
gram, I decided to use a different 
method to produce my negative for two 
reasons: First, I encountered some dif
ficulties in getting a high quality, cor
rectly sized print out of the Paintbrush 
drawing I created. Second, I wanted to 
show you how it could be done with out 
needing a computer. 

As for those computer circuit design 
programs ... a future article, perhaps ... 

So how did I do it? 
I went back to the old, tried and true 

method using double size tape and pads. 
For years, professionally printed circuit 
boards were (and probably still are in 
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(The negative 
produced is very high quality, and all 
the lines are smooth. No jaggies like on 
most computer generated stuff...) 

Now, all of this might seem compli
cated if you are a beginner but its really 
not all that difficult- just expensive ... ' 
Maybe not even that expensive if you 
ease into it gradually. The artwork sup
plies can add up if you go out to an 
electronic supplier and buy up a com
plete selection of different size pads and 
tape, but if you are careful and only 
purchase the ones you will need, the 
cost can be reduced. Also once you 
have the supplies, they should last you 
a long time, with replacement of just a 
few specific types every so often. The 
light table is just a box with a couple of . 
short fluorescent tubes inside and a 
glass or plexiglass top, slanted on a co~
venient angle so you can work on tt. 
You can easily build one if you decide 

to.go this route. (All in all, though, you 
can see why the computer generated 
artwork approach is better if you have 
hardware already. Software may cost 
you anywhere from one hundred dol
lars, for something basic, up to several 
thousand, for the high tech programs, 
but once you have it you can do a lot 
with it.) 

As for the photographic reduction ... 
just look in the yellow pages under 
graphics or photographics and phone 
around. You will eventually fmd some
one who can do the job. For a negative 
the size of the board in this project it 
cost me about five bucks, (plus the 
GST, of course, which some people say 
stands for ... no, I won't repeat it), but I 
got a deal. It might cost you anywhere 
up to twenty from a commercial s~op. 

So I laid out my artwork, (see Ftgure 
5), had a negative made and then .used 
the negative to produce a board. (Ftgure 
6) I should mention here that (blush) I 

PRO TEL 
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track and soldenng in a 
jumper on another, so 
that's what I did. (Figure 7) 
('By the way, Figure 3 
shows the artwork with the 
correction made so you c~ 
use it without fear.) 

The Board 
As I mentioned I decided 
to use a negative, rather 
than positive, process to 
make my PC board. The 
negative process has been 
around longer, and it hap
pened that I had access to 
the equipment to do it that 
way. As with artwork, 
though, if you do not have 
access to the resources to 

Figure 6. The Finished Printed Circuit Board etch circuit boards, it can be 

made a mistake on the artwork which I 
did not notice until I was mounting the 
components on the finished PC board 
(see the sidebar about prototypes not 
being the finished product). Normally I 
should have re-taped the artwork, had a 
new negative made up as well as a· new 
PC board - but I didn't... The mistake 
was easily corrected by cutting one 

expensive to get into. 
In previous articles I have talked 

about using ferric chloride to etch 
boards that you have made using an 
etch resist pen. This stuff works fairly 
well, especially if you warm it up, but I 
should caution you here that you should 
be careful with it. If you happen to pour 
it down a drain it can eat right through 

the drain pipes. (I probably 
don't need to suggest how 
bad this is for the environ
ment in general.) If you do 
use it, and dispose of it this 
way, make sure that it is well 
flushed out and diluted by a 
quantity of water. (It is 
soluble.) A better solution 
might be to find an alternate 
disposal method. Check with 
your local municipal govern
ment or an environmental 
group; they should know the 
details. 

Back to the PC board ... 

Figure 7. Solder Side of the PC Board with 
Components Soldered in. (The knife shows the track 

thatwascuL Direcdyabove,ajumperwassolderedin. 

It isn't the etchant that is 
the expensive or difficult part 
of getting from the negative 
to finished board. In order to 
use the negative to transfer 
the layout onto the copper 
clad board you must first sen
sitize the board to light One 
way to do this is to use liquid 
photoresist. This is the old 
method where photoresist is 
poured onto the copper clad 
board and spread around·into 
a thin layer using a 
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About Projects 
Let's talk about the process involved 
in putting together this project Even 
though the level of complexity of the 
circuit is relatively simple, the 
design procedure is similar. To some 
extent we have followed this proce
dure in the simpler circuits con
structed in this series, but let's look 
at it again. 

If your main desire is to build a 
motor speed control and you use the 
schematic, component values, and 
circuit board layout shown here you 
will probably end up with a project 
that works. But, let's be honest here: 
how many times does a circuit you 
find in a magazine, or elsewhere, 
work perfectly when you power it up 
after building it. In my experience: 
less than ten percent of the time. 
Why? The reasons are many and 
varied: errors in the schematic (like I 
gave you last month), variations in 
components and tolerances, dif
ferences in construction techniques, 
errors in construction, faulty com
ponents, etcetera ... 

But then, it wouldn't be any fun if 
everything worked perfectly the first 
time ... 

So what about this process? In 
electronics, as in other scientific and 
engineering oriented fields, projects 
are often organized in phases. The 
first phase, after deciding what it is 
you want to build, is to decide what 
your specific needs or requirements 
are. For example, in the motor speed 
control we ask ourselves: "What 
kind of a motor do we want to con
trol? Do we want to control all the 
way from zero . RPM to maximum 
RPM? What are the electrical re
quirements of drill we will control? 
Physically, how large and what 
shape should the speed control be? 
What are the cost considerations? 
What about parts availability?" The 
list could go on, and some of your 
answers may be different than mine. 

After deciding on your require
ments you go to the design phase. In 
this case you may just capitalize on 
the work I have done in designing 
the prototype, or, you may want 
make the circuit physically smaller, 
or able to drive a larger motor. Often, 
during the design phase, you will go 
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Figure8.ASpinnerUsedtoSpreadPiwtoresist 
PlwtocourtesyofNorthernAlbertalnstituteofTechnology(NAIT)Eiectronics. 

centrifugal spinner. (lncidentall y, 
before any kind of photoresist can be 
applied, the copper clad board must be 
cleaned of all oxidization using steel 
wool or sand and a scouring pad.) Fig
ure 8 shows one of these spinners with 
a build-up of photoresist around the 
edge. The photoresist itself is quite 
toxic, requiring careful handling and 
good ventilation. A spray-on type is 
also available, with the same draw
backs. Also, both types are expensive. 
Another way to go is to buy pre-sen
sitized boards wrapped in black, opaque 
plastic which avoids the need to handle 
chemicals. These too, can be expensive. 
It should be noted that all of these sup-

plies are available from electronic sup
. pliers such as Cardinal Electronics or 
Electrosonic. 

Another way, newer, and the way I 
chose to do it, is called a dry laminate 
process. In this process a special, dry 
film is laminated onto a clean, de
oxidized copper clad board using a spe
cial laminator. The dry laminate is light 
sensitive, similar to photoresist but is 
easier and safer to handle. The proce
dure for developing is slightly different 
than for photoresist and uses safer 
chemicals as well. With dry laminate 
photoresist, as with the liquid, once the 
photoresist is on the board the areas 
which you want to remain on the board 

Figure9.ADevelopingUnil 
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back to examine and sometimes 
change your requirements. 

Once you have a design on paper 
it is highly recommended that you go 
to a breadboard stage before you ac
tually try to build the circuit You 
may have supreme confidence in my 
design -and I humbly thank you
but, still, I suggest that you bread
board the circuit first, for the reasons 
mentioned earlier. Breadboarding 
allows you to try the circuit with 
actual components and to make 
quick modifications, if necessary. 
When you are satisfied that the cir
cuit will work, you can then use the 
same components in the prototype. 

I used the word 'prototype' in the 
last paragraph purposely. After 
breadboarding the .circuit, you will 
design (or use my design) and fabri
cate a printed circuit board to mount 
and interconnect the components as 
oil the breadboard. We often hope 
that this first circuit board with 
operate satisfactorily, but unfor
tunately, all too often problem arise, 
even at this stage. That is why we 
call it a prototype. The circuit is a 
one of a kind, test run, which will 
prove whether or not the design will 
work in this final form. If it does, 
great! If not we may have to make 
further modifications to it In the 
case of a home project you may be 
satisfied to make the modifications 
required by some sort of 'kluge' 
repair to the board: adding com
ponents or cutting tracks and adding 
wires. Of course, in a professional or 
manufacturing environment, the 
design would be reworked and sub
sequent prototypes would be con
structed until a finished product was 
obtained. (The truth is that I've 
worked in manufacturing and it's 
surprising how often products come 
out with post-manufacturing fixes 
added to them.) 

I've already alluded to the final 
step in the process which is that of 
testing. Once the prototype is build it 
should be tested against the criterion 
established back in the first step. The 
questions must be answered: Does 
this thing really do what I wanted it 
to do in the frrst place? Does it look 
right? Is it safe? Did the cost fall 

see Projects, Cont' d. on page 23 
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solution for develop
ing. This is a relatively 
harmless chemical 
and the results of the 
developing process 
are at least as good as 
with the older process. 

Figure JO.An Etching Tank Using Ammonium 
Persupphate. 

Figure 9 shows a 
developing machine. 
Basically this is just a 
tank that is plumbed 
with pipes which have 
spray nozzles set to 
spray the entire board 
with developer. In this 
case the board is 
clamped into a sliding 
holder which is slid 
into the developer 
from the side. A 
separate chamber is 
used to wash the 
developer off the 
board with water 

before removing it from 
the machine. 

as pads and traces must be exposed to a 
bright ultraviolet light This is where 
your negative comes in: The negative is 
placed over the sensitized board and 
exposed to the ultraviolet light. Special 
UV fluorescents can be used, and I have 
heard that even direct sunlight will do 
the job if the board is exposed long 
enough. 

The light I used was a zenon type 
light in a special flip-top exposure table. 
This unit uses vacuum to hold the nega
tive firmly in place against the PC 
board. First the board and negative are 
placed on the table and the glass is 
lowered over them. Next, the vacuum is 
turned on, which pulls the negative 
down hard against the PC board. The 
whole top of the unit pivots and is 
turned over so that the board and nega
tive face down at the light which is then 
turned on. A timer shuts the light off in 
about three minutes. 

Now that the board has been exposed 
it must be developed like a photograph. 
Developing the board basically hardens 
the photoresist in the areas where it was 
exposed to light making it impervious 
to the etchant used later. With the old 
type of photoresist the chemicals used 
for developing were pretty strong. 
Another advantage of the dry laminate 
process is that it uses sodium carbonate 
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After the board is 
developed it is ready to be etched. The 
etchant used in this particular system 
was ammonium persulphate. We ~ed 
about the disadvantages of ferric 
chloride before. Ammonium persul
phate has some real advantages: Al
though it is also heated to improve its 
speed of etching it will etch at room 
temperature (albeit slowly). It is also 
more environmentally friendly and 
doesn't attack metals quite as violently 
as ferric chloride. The etching tank 
shown in Figure 10 is a dual unit. You 
will notice the tank on the left filled 
with ammonium persulphate (it is a 
light blue colour and gets darker the 
more copper it has etched off boards). 
The apparatus on top, including a chain 
and sprocket, arrangement, is used to 
move the circuit board holder up and 
down through the sprays of etchant in
side the tank. This ensures that the etch
ing process occurs evenly. It takes only 
a few minutes to etch away all of the 
unwanted copper from the board. (By 
the way, the type of board we did was 
called 'maximum etch' because most of 
the copper was etched away. Minimum 
etch boards are designed to leave as 
much copper on as possible minimizing 
the amount of copper used up, reducing 
etching time and prolonging the life of 
the etchant.) 

The etched board is removed from 
the tank, rinsed in running water and 
immersed in a solution of potassium 
hydroxide, a strong base, which softens 
and dissolves the remaining photoresist 
on the copper pads and traces. This 
chemical is not really necessary if you 
don't mind scouring the photoresist off 
with steel wool or sand but it makes 
things easier. 

At this point you could use the board, 
but one further refmement is helpful. 
From electronic suppliers, you can ob
tain a chemical called 'Cold Immersion 
Tin Plating Solution'. I'm not sure of its 
chemical make-up but when a clean, 
printed circuit board is immersed in it a 
chemical reaction deposits a layer of tin 
onto the traces. Not only does it im
prove the appearance of the board but it 
inhibits any oxidization of the copper 
which would make it difficult to solder 
to later. 
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Fig. II. The Completed Project 

After a couple of minutes of tinning 
the PC board can be trimmed and 
drilled. Drill bits for electronic com-. 
ponent leads are very small and must be 
purchased at electronic suppliers or 
specialty tool suppliers. A Dremel type 
tool, especially with a press attachment, 
is useful here as alignment can be dif
ficult and tiring after a few dozen holes. 

Well, there we have the PC board 
manufacturing process. Hopefully, it 
was of some interest to you. I suspect, 
however, that considering the costs, and 
the amount you might use it, you may 
not rush right out and set up your own 
circuit board manufacturing facility. 
However, as a hobbyist you will still 
want to make PC boards. Let me sug
gest a couple of things: try to find an 
individual or company who has all this 
stuff and will let you use it from time to 
time. Often, a friend who has access to 
this kind of equipment could get the use 
of it on weekends or evening at little or 
no cost to you. Alternately, find a local 
manufacturer of PC boards who will 
make the board from the negative. I 
found one small company, operated by 
one person out of his basement, who 
would make up one board at a time, 
trim, drill, plate, etcetera for fairly 
reasonable prices. If you do decide to 
set up your own facility, start small, and 
above all be careful. Make sure that 
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ventilation is good aild 
stomge is adequate to 
keep chemicals safely 
out of reach of children 
and those not familiar 
with their use. 

Let's continue and 
look at how the printed 
circuit board is used in 
the rest of the project. 

Stuffing The 
Board · 
As I mentioned, I made a 
mistake on the layout of 
the board. When I finally 
noticed this I used a scal
pel type knife to cut the 
unwanted track and then 
soldered in a jumper in 
the right place. Although 
not too cool, it was effec
tive and cheaper than 
starting over. (Who says 
I'm tight?) Next I in
stalled the components 
onto the board, forming 

the leads with needle-nose pliers. I 
mention this because it is a frustrating 
way to form leads, usually resulting in 
oddly shaped leads and a genemlly 
messy board. There are a couple of lead 
bending tools on the market which, 
though made out of cheap plastic, work 
very well. But don't be fooled by the 
material they are made of: they will still 
cost you more than a family outing at 
the Golden Arches. 

Circuit Operation 
Referring back to the schematic in Fig
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within the budget? (Never seems to 
in my case ... ) 

Well, this stuff is just common 
sense, but it might help to ease some 
of the frustration when things go 
wrong, to have a plan of how you 
expect to get a project done. Remem
ber Murphy's Law: Anything that 
can go \yfong, will. But, hey, that's 
where the fun is, right? 0 

with an isolated tab. This is important. 
Although it is possible, even probable 
in retrospect, that the triac need not be 
chassis mounted for heat dissipation at 
all, I did it anyway. Butl was concerned 
that, unless very good quality isolation 
was obtained using insulating 
hardware, a shock hazard might exist. 
To avoid any problem I chose a triac 
with an isolated tab so that no circuit 
voltages would be present on the tab 
which is bolted to the chassis. I also 
made sure that the third prong ground 
wire from the AC line cord was secure
ly connected to the chassis. This en
sures that any voltage contacting the 
chassis would be diverted to ground. 

Figure 11 shows the circuit board 
mounted in the box on short standoffs 
and the wiring to the power triac, poten
tiometer and AC cord and outlet. 

Another difference between the cir
cuit I built and the original schematic 
involved the timing components of the 
relaxation oscillator used to frre the 
triac. Even though the circuit worked 
well in the breadboard stage, I found 
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ure 1, a couple of .....--------......,.-------------.. 
things should be 
pointed out. First, 
the power triac: 

Timing Diagram 

The original 
number of the AC Power 
part used in last waveform 

month's article V\AA; 
was a 2N6347, a 
standard 15 Amp 
triac. I replaced it 

5.1 v 

~~~~:oooooo 
with an SC142E, Capacitor 

which is a 10 Waveform 

Amp version 
(more than 

Firing Pulses 
enough for this 

- .. ,,,, 

/\/\/\/\/\ 

application) in a L-----------------------' 
T0-220 package Figure 12. Phase Contol Waveforms 
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cilloscope you will 
see wavefonns which 
look slightly different, 
especially with 
respect to the full
wave supply to the os
cillator. Figure 12 
shows the same 
timing diagram as 
before but includes 
the actual supply 
wavefonn, as seen 
across the 5.1 volt 
zener diode. You will 
note that whenever the 
UJT frres, the supply 
voltage drops to zero 
for the rest of that 
cycle. This is because, 
as soon as the UJT 
frres, which turns on 
the triac, there is no 
longer any voltage im
pressed across the 
UJT circuit. The 
power triac is con
nected directly across 
the UJT circuit and 

Figure 13.TheCompletedVariableMotorSpeedControl when it turns on it be-
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that the frring time was too long in the 
prototype. This caused the circuit to frre 
erratically at low speeds because the 
capacitor would charge up part way on 
each half cycle, finally reaching the 
frring point at unpredictable times, turn
ing on the triac for a short burst of 
speed. The effect was that, as the pot~n
tiometer was turned counter-clockwise 
(increase of resistance), after a certain 
point the drill would periodically surge 
to a higher speed. I used my oscillo
scope to check the timing of the 
capacitor charge/firing/discharge curve 
and found that it was too slow. After 
experimenting I found that a slightly 
smaller value of capacitance (0.047 J.LF 
instead of 0.1 J.LF) and a resistance of 24 
k ohms in series with the 50 k ohm 
potentiometer gave a satisfactory con
trol range from very slow to, almost, 
full speed output. 

One final comment about the opera
tion of the circuit: In last month's seg
ment I included some timing diagrams 
which showed how the relaxation oscil
lator was used to fire the power triac 
through the opto-triac. These were cor
rect as far as they went but if you end up 
troubleshooting this circuit with an os-
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comes a short- a 
closed switch - which has practically 
no voltage dropped across it. Until the 
cycle ends and the triac turns off, the 
voltage across the frring circuit is zero. 
After the end of the cycle the triac turns 
off and the whole thing starts over 

/ again. 
The important point here is that, 

when testing with an oscilloscope, the 
supply voltage wavefonn (measured 
across the 5.1 volt zener diode) will 
look like a pulse which gets narrower as 
the speed of the drill is increased. 

Conclusion 
In spite of the 'chasing around' required 
to get set up to do photographic printed 
circuit boards, this is not a difficult 
project and the finished product wor~ed 
with a minimum of after-construction 
troubleshooting required. If you try to 
build it you may find that an oscillo
scope would be useful to detennine ex
actly what is going on in the timing and 
frring circuits. In this article I purposely 
described the details - and options -
of many of the steps so that those of you 
who are new to building projects might 
gain some perspective on the process. 
Hopefully this will help you to get 
started ... 

Next time... How about some op 
amps and comparators? See you then. 0 
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