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The various types of power amplifiers, 
and some important factors to consider 
when designing those circuits, are the 
topics we'll cover in this month's article. 

A TRANSISTOR DELIVERS POWER TO THE 

load or device connected to it. If we're 
looking at a DC amplifier, the power de
livered is, of course, equal to the load 
resistance multiplied by the square of the 
DC current flowing through that load. 

ln the case of an AC amplifier, howev
er, things get a little more complicated. 
Should a full cycle appear across the load, 
the relationship of power to current and 
resistance remains the same as in the DC 
case, but now the .effective current is the 
peak current in the cycle divided by the 
square root of 2. If, on the other hand, 
only one-half of the cycle appears (with 
zero output during the other), the effec
tive current now becomes the peak cur
rent divided by 2 . When more than one
half of a cycle of current flows but there is 
less than a full cycle, the effective current 
in the resistor is somewhere between the 
two. 

The portion of the cycle that appears 
across the output load is determined by 
the class of operation of the amplifier 
being used . Large signal transistor 
power-amplifiers operate in Class-A 
through -H. Most audio and RF circuits , 
however, are designed for Class-A,-AB, 
-B and -C operation. Special con-

siderations are involved when a design 
calls for a circuit to operate in the Class-D 
through -H modes. In this discussion, 
therefore, we will briefly look at the latter 
classes , but concentrate on designs in
volving the four more-popular ones. 

In Class-A circuits , current flows 
through the transistor over the complete 
cycle and bias is set at the center of the 
transistor's load line. In Class-B circuits , 
the current flows only during one half of a 
cycle and the transistor' s bias current is 
set for Ic = 0. In Class-AB operation, cur
rent flows through the transistor during 
one half of the cycle and part of the other 
one. Finally, in Class-C operation, cur
rent flows through the transistor for less 
than one half cycle. 

Class-A amplifiers 
Class-A amplifiers that are designed to 

reproduce low-power signals are usually 
biased at the center of their load line. 
Class-A power amplifiers are also ideally 
biased at that point but some additional 
factors must be considered. For one 
thing, to deliver power, a transistor must 
dissipate power. Despite the size of the 
load, the product of the collector current 
and collector-to-emitter voltage at any 
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point on the load line, must be less than 
the power dissapation rating of the tran
sistor if the device is not to be destroyed. 
That condition will be met if the load line 
for the device is chosen so that it falls 
below the maximum permissible power
dissipation curve of the device. 

Let ' s now look at how that power
dissipation curve is derived and how it is 
used in determining the load line . As an 
example, assume that the circuit we are 
designing uses a transistor that can dis
sipate 10 watts and handle a maximum 
collector current of 1 amp. If you were 
now to calculate the maximum allowable 
voltage for currents of from zero- to one
amp, you would wind up with the data 
shown in Table l. Plotting that data as 
shown in Fig. 1 gives you the maximum 

TABLE 1 

Current (amps) 
0 
0.1 
0.2 
0.4 
0 .5 
0.8 
1 

Voltage (volts) 

100 
50 
25 
20 
12.5 
10 
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FIG. 1-THE MAXIMUM POWER dissipation 
curve for a transistor is plotted here using the 
data from Table 1. 

power-dissipation curve for the device. 
As long as the transistor is biased so that 
its load line falls below that curve, its 
power-dissipation rating will not be ex
ceeded. If you want the transistor to de
liver its maximum rated power, it should 
be biased so that the load line intersects 
the maximum power-dissipation curve at 
just one point-the center of the load line. 

Class-A power amplifiers are often 
used to provide power to a loudspeaker in 
a small radio. But a loudspeaker has a 
relatively low impedance- usually be
tween 4 and 16 ohms. Thus, if it is to 
present a reasonable load to the cojlector 
circuit of a Class-A amplifier its im
pedance must be raised. A transformer, 
such as the one shown in Fig. 2, is ideal 
for that purpose . We briefly discussed 
transformer principals in the article that 
appeared in the December 1982 issue of 
Radio-Electronics. As stated there, the 
impedance of the primary is related to the 
impedance of the secondary by Zp/Zs = 
(Np/N5) 2. Thus, if an amplifier circuit has 
an output impedance of 72 ohms but you 
wish to use the •circuit to drive an 8-ohm 
speaker, you ' ll need an impedance
matching transformer with a turns ratio 
equalto)Zp/Zs = ) 78/8 , or3:1 . 

FIG. 2-A TRANSFORMER is used to alter the 
impedance of the load seen by the transistor. 

When a transformer is used between 
the loudspeaker and transistor in a Class
A amplifier, the maximum efficiency of 
the overall circuit is 50%. That is, the 
maximum sinusoidal power that can be 
delivered to the load is equal to 50% of the 
power that must be supplied by the power 
source and dissipated by the transistor 
when idling. Thus, while a transistor can 
be biased to demand a maximum of 10 
watts from a supply , only 5 watts would 
be delivered to the load over a cycle; the 

remaining power is dissipated by the tran
sistor. 

While that 50% sounds low, in reality 
the efficiency is even 20% to 40% lower 
because of the losses and limits of the 
circuit and transformer. As bad as that is, 
it could be worse . If you attempted to 
place the load directly in the collector 
circuit instead of using a transformer, DC 
power would be dissipated by the load as 
well, limiting the maximum efficiency to 
about 25%. That will still be reduced by 
the same 20% to 40% we mentioned ear
lier, leaving us with an efficiency of about 
20%, if we are lucky. 

Let's now assume that you want to 
design a Class-A amplifier to deliver 4 
watts to an 8-ohm loudspeaker. If a trans
former is used in the circuit as shown in 
Fig. 3-a, the transistor must be capable of 
dissipating about 10 watts. If you use a 
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livering safely. 
The AC load line is determined by the 

impedance reflected into the primary of 
the transformer, but it must pass through 
the quiescent point established by the DC
bias conditions. Because it must vary 
around that point, the collector voltage 
may swing from 0 to double the supply 
voltage, or to 50 volts. Similarly, the 
collector current can vary through a cycle 
from 0 to double the quiescent current, or 
to 0. 8 amps. Consequently , the im
pedance seen by the transistor in the pri
mary winding of the transformer, is (50 
- 0)/(0 .8 - 0) = 62.5 ohms. Because 
the loudspeaker's impedance is 8 ohms, 
the turns ratio of the transformer must 
equal j62.578 = 2. 8: 1. All points on the 
AC load line must, of course, be at or 
below the maximum permissible power 
dissipation curve of the transistor. 
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FIG. 3-A CLASS-A AMPLIFIER is shown in a; the load lines for the circuit are shown in b. 

25-volt power supply, your load lines will 
look like those shown in Fig. 3-b. 

(As mentioned in the December issue 
of Radio-Electronics , when a transfor
mer couples a load to the transistor cir
cuit, the collector sees DC load that con
sists of the winding resistance of the 
transfomer primary along with any other 
resistance in the collector circuit. It also 
sees an AC load due· to the reflection 
through the transformer of the load in the 
secondary. The quiescent operating point 
for the circuit is where those two load 
lines cross.) 

Start the design by drawing the DC 
load line . The slope of that line equals the 
total DC resistance in the collector cir
cuit. In our example, that is assumed to be 
close to 0 as the only element in the col
lector circuit is the primary of the trans
former. The DC load-line is therefore a 
vertical line at V cE equals 25 volts. Be
cause the maximum power the transistor 
can dissipate is 10 watts , the maximum 
current that may flow through the transis
tor with 25 volts applied is 10/25 = 0.4 
amps. Therefore , the Q or quiescent point 
is 25 volts, 0.4 amps . Any bias current 
below that level may have been chosen on 
the DC load line , but the delivered power 
would not have been less than the max
imum that the transistor is capable of de-

Class-B amplifiers 
Since in Class-B operation a transistor 

is biased at the point where the quiescent 
or idling current is equal to zero, in that 
mode of operation current flows during 
just one-half of a cycle . Thus, assuming 
an NPN transistor for example, the only 
time current flows through the device is 
when the positive portion of the cycle is 
applied to its base. No current flows dur
ing the other half of the cycle. A simple 
Class-B amplifier is shown in Fig. 4. 

If you want a Class-B amplifier to re
produce the entire input cycle, two tran
sistors must be used in the circuit. One of 
those reproduces one half of the cycle 
while the other reproduces the second half 
of the cycle. The two halves are recom-
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FIG. 4-IN A CLASS-8 AMPLIFIER, currentflows 
only during one half of a cycle. 



bined across the load to produce an ampli
fied version of the input waveform. Such 
a circuit , called a push-pull amplifier, is 
shown in Fig . 5 . It gets its name from the 
fact that when one transistor conducts, the 
other is off. In Fig. 5, the relative phases 
of the applied signals are shown at the 
bases of the transistors ; the outputs are 
shown along the leads from the col
lectors. Note that the lower device is 
turned on during the first half of each 
cycle while the upper transistor is turned 
on during the second half. 

Considering the transformer circuit in 
Fig . 5 along with the loudspeaker load 
resistance , the impedance reflected from 
the secondary into the primary of the 
transformer is RL 1 = (Np/N5) 2RL, where 
RL and RL 1 are the resistance of the loud
speaker and the impedance reflected back 
from the secondary into the full primary 
winding, respectively , and Np/Ns is the 
ratio of the number of turns in the primary 
winding to the number of turns in the 
secondary winding. From that , it can be 
determined that the impedance each tran
sistor sees, RL1 1

, is equal to RL 1 /4. 
The power required to operate the cir

cuit shown in Fig . 5 over an entire cycle is 
equal to leMA XV ccf l . 57 . The maximum 
power that the circuit can deliver to the 
load is 78.5% of the full-cycle power 
demanded from the supply. Power deliv
ered to the load over the complete cycle, 
is double the maximum instantaneous 
po.wer each transistor dissipates during 
the cycle , or V cclcMAx/2 . 

We noted in our discussion of Class-A 
amplifiers that the load line of a transistor 
must not cross or go above the maximum
power-dissipation curve . That does not 
hold for Class-B operation because the 
transistors conduct for just one-half of 
each cycle and the total power dissipation 
is found by averaging over a complete 
cycle. Considering that, the load line may 
cross the power-dissipation curve , or a 
portion of it may even lie above that 
curve , provided that the average power 
dissipated by the transistor during the 
complete cycle does not exceed the tran
sistor ' s stated maximum power 
dissipation rating . 

The amount of power actually dis
sipated by a transistor, depends upon the 
portion of the maximum output power 
that is actually delivered to the load. 
When the power across the load is 40% of 
the maximum output signal that can be 
supplied by the circuit , maximum power 
is dissipated by the transistor. If the out
put is more or less than 40% of the max
imum , the transistor will demand less 
than the maximum power from the sup
ply. 

To check the temperature rise of the 
output transistors, set the amplifier up so 
that it delivers 40% of the maximum pow
er to tlie load. Allow the circuit to operate 
that way for several hours , then check to 
see if the temperature of the transistor has 
exceeded its upper limit and whether or 
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FIG. 5-IF YOU WANT a Class-B amplifier to reproduce an entire cycle, two transistors must be used in 
a push-pull configuration as shown here. Note thatthe relative phases of the signal at various points in 
the circuit are also shown. 

not the device is still working . 
Although two transistors are used in a 

push-pull circuit , the design revolves 
around one device at a time. The first step 
is to decide how much power, PRL 1 1 , must 
be delivered by the overall circuit. Each 
device, then , must deliver one half of that 
power; the overall circuit is arrived at by 
designing the appropriate circuit for each 
transistor. 

The first step is to select transistors that 
are capable of handling the amount of 
power that they will be called on to dis
sipate . If the supply voltage is V cc, the 
load , RL" , seen by one transistor is V cc2/ 

4PRL 1 1
• The maximum average power 

dissipated by the transistor is found from 
PMAX = V cc2/n 2RL 1 1

• That is , of course , 
the power dissipated when 40% of the 
maximum output is developed at the out
put. Select a transistor that is capable of 
dissipating that power. 

Turning to the transformers, they are 
chosen as discussed in the December 
1982 issue of Radio-Electronics (see 
that issue for a full discussion of the tech
nique). Bear in mind that the impedance 
that must be seen across the entire pri
mary winding of transformer T2 is 4RL" .) 
Thus , if the impedance presented by the 
load to the secondary winding is RL, the 
transformer turns ratio should be equal to 
j 4RL"/RL. Also , the primary must be 
center -tapped. 

Class AB amplifiers 
In Class-A operation , the output tran

sistor is biased at the center of the load 
line , while in Class-B , it is biased at the 
point where no collector current flows 
when the transistor is in the quiescent or 
idling state. In Class-AB operation , the 
transistor is biased to operate at a point 
somewhere between Class-A and Class
B. In that mode, some collector current 
flows when the device is idling . Although 
that decreases the efficiency of the cir
cuit, Class-AB operation is useful where 
good and reliable reproduction of the in
put signal is required. 

As noted in our earlier discussions of 

diodes and transistors, no (or very little) 
conduction takes place through those de
vices unless somewhat more than a 
specific minimum voltage is applied to 
their terminals . Essentially no current 
flows through the base-emitter junction 
of a germanium transistor if less than 
about 0.2 or0 .3 volt is applied. Similarly , 
a minimum of between 0.5 and 0 .7 volt 
must be applied to the junction of a silicon 
device before any current will flow . 

If we rely only on a signal at the input 
of the circuit to turn on a transistor, it will 
not be turned on until that input exceeds 
the required minimum voltage . A sine
wave at the input will therefore be dis
torted after being amplified by a Class-B 
circuit as is shown in Fig . 6. Here, there is 
no signal at the crossover point during the 
time when one transistor bf the push-pull 
pair stops conducting and the second one 
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FIG. 6-CROSSOVER DISTORTION, shown in b, 
occurs because a transistor does not conduct at 
low input-signal levels. 

begins. 
Although that distortion is undesirable , 

it may be acceptable for some applica
tions. But what may be even more critical 
in Class-B operation is that when a tran
sistor is cut off at a rapid rate, large tran
sient voltages develop in the circuit . As a 
result, the transistor may break down. 

To avoid breakdown while minimizing 
distortion , the transistor is biased so that 
some collector current flows when the 
circuit is idling. That current is usually 
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between 10 and 25 rnA, although idling 
current as high as 300 rnA can be used in 
high-power designs . Distortion can be re
duced farther by using a diode in series 
with each emitter load in the transistors of 
the push-pull circuit. That diode rounds 
off the crossover point to a greater degree 
than is possible when only the junction of 
the transistor is in the circuit . 

Class-C amplifiers 
In the Class-C mode of operation, the 

transistor is biased so that it conducts for 
less than one-half of a cycle . To do that 
using an NPN device, the base is biased 
negative with respect to the emitter. As 
the output is obviously in the form of 
pulses , the efficiency in some cases can 
be as high as 85%. 

Although not useful in audio applica
tions , the Class-C amplifier is frequently 
used in RF circuits. A resonant L-C cir
cuit is placed at its output. Each time a 
signal is applied to the amplifier's input, a 
full cycle is generated across the L-C cir
cuit , provided that circuit is tuned for.the 
freqency (or a multiple of the frequency) 
of the signal applied to the amplifier ' s 
input. 

Class-D through Class-H amplifiers 
We could devote quite a bit of space to 

detailing the various other classes of op
eration, and how to design circuits using 
those modes of operation . Because the 
usefulness of those modes is limited 
mainly to special circuits and applica
tions, we will just briefly note what they 
are. Each class is characterized by high 
efficiency and some boast excellent fidel
ity. 

Class-D amplifiers are used to convert 
audio signals to pulses . In some designs , 
up to one-half million of those pulses are 
produced each second. When audio is 
converted to pulses , the width of each 
pulse is related to the instantaneous am
plitude of the audio signal. When repro
duced through an amplifier, the pulses are 
fed to a push-pull circuit. The output from 
the circuit is connected through a resistor 
to a loudspeaker that is shunted by a capa
citor, as shown in Fig . 7. You' II note that 
no transformer is used between the load 
and transistors ; instead, the transistors 
feed the amplified pulse signals directly 

FIG. 7-IN A CLASS·D AMPLIFIER an audio in· 
put is converted to pulses and then reconverted 
to amplified audio. 

to the loudspeaker through resistor R I . 
Resistor R I and capacitor C2 form an 
integrator circuit where the width of each 
pulse determines the voltage developed 
across C2 and hence across the loud
speaker. That converts the pulses baG:k to 
audio , which is output through the 
speaker. 

Class-E, -F, and -G amplifiers are quite 
similar. In each half of the push-pull cir
cuit , two transistors are connected in 
series . When the input signal is low , only 
one of the transistors in each half of the 
push-pull circuit conducts current, while 
no voltage is applied to the remaining 
devices. When the input signal is high , 
the transistors in both halves of the push
pull circu its are turned on. Since all the 
transistors conduct only during the peaks 
in the audio input signal , efficiency is 
quite high . 

Class-H amplifiers use logic circuits in 
an otherwise standard push-pull ampli
fier. Normal or average levels of audio 
are reproduced in the usual Class-AB 
fashion . When input signals are large, 
however, the logic circuit activates the 
power supply to provide high voltages to 
the push-pull transistors. Because the 
supply voltage and hence the power dis
sipation are both low during the greater 
part of the audio cycle , the efficiency of 
the circuit is high. 

The various classes of operation de
scribed here, are not the only means of 
improving distortion and efficiency . 
Biamplification can be added to the list. 
In that arrangement, the entire audio sig
nal is fed to a filter such as the one shown 
in Fig . 8. At its outputs, the audio band
width is split into two bands- a band of 
high frequencies and a band of low 
frequencies-and each is amplified by a 
different push -pull amplifier. Each 
amplifier is designed to reproduce a par
ticular band most efficiently. The cros
sover frequency , f1, is usually chosen to 
be anywhere between 400 and 800Hz. At 
fl , gain has decreased somewhat on the 
low frequency band and increased an 
equal amount on the high frequency band. 
The values of the inductors and capacitors 
in the circuit can be found using the for
mula given in the figure; R is the resist
ance presented to the filter by the input 
circuit of the amplifier. 

FIG. B-USING A FILTER and biamplification, as 
shown here, can improve efficiency and reduce 
distortion. 

VFET's and MOSFETS 
Although bipolar power-amplifiers 

were considered in detail , the power 
FETs-the VFET and MOSFET -are 
now becoming popular. Those devices 
are used in push-pull circuits similar to 
those using bipolar devices. Just as the 
base-emitter current of the bipolar device 
was adjusted for a predetermined idling 
collector current, the gate-source voltage 
of the FET power amplifiers must be ad
justed for a desirable idling drain-current 
level. Power FET circuits may be consid
ered to operate in the Class-AB mode , but 
it is not unusual for the drain current to be 
set to a level as high as 500 rnA . Distor
tion is low because the amplification 
characteristics of those devices are es
sentially linear. 

Solutions to thermal problems 
When a transistor dissipfltes power , it 

gets hot. That heat must be removed from 
the transistor it if is not to overheat and be 
destroyed·. If heat is not removed from a 
bipolar device , its collector current builds 
up. If that build-up is not controlled and 
limited , the current level and power dis
sipated by the device may become ex
cessive and exceed safe levels of opera
tion, resulting in breakdown. Although 
that type of current build-up does not 
occur in the drain circuit of the VFET as 
its temperature rises, the VFET can break 
down if excess heat is not removed from 
the device at a reasonable pace . Here, we 
will describe methods of removing heat 
from the bipolar device . The disscussion, 
of course , also applies to FET's . 

There is a thermal r~sistance that im
pedes the dissipation of heat from the 
junction of the transistor to the surround
ing air. That resistance, called eJA, is in 
units of 0 C/watt. The temperature of the 
junction, T1 , depends upon the tempera
ture of the air; TA, around the transistor 
and the average power, Pctiss. being dis
sipated by the device over a relatively 
short period of time . Those factors are 
related to each other by the equation: 

TJ - TA 
Pctiss = - .8-- (1) 

JA 

The thermal resistance 8 JA consists of 
three thermal resistances . Those are 81c , 
the thermal resistance from the junction to 
the case , 8c5 , the thermal resistance from 
the case to a heat sink , and 85A, the ther
mal resistance from the heat sink to the 
surrounding air. Using those resistances, 
equation I becomes: 

p TJ - TA 
diss = ~8-Jc-..:.8:!..c_s_+~8'--s-A-

continued on page 104 
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continued from page 74 

To keep a transistor from overheating, 
it's usually mounted on a metal surface 
known as a heat sink. Air flows over that 
surface, cooling it. In turn, it cools the 
case of the transistor. The heat sink re
duces the thermal resistance from the case 
to the air, eCA· As 8cA = 8cs + eSA• . 
equation 1 can also be written as: 

TJ - TA 
Pdiss = 8 + 8 

JC CA 

The upper limit of P diss that a transistor 
can tolerate is provided by the man
ufactuer of the device and can be found on 
the device's data sheet. That specification 
is usually given at a particular case tem
perature. The amount of power that the 
device can dissipate safely does not in
crease if the case temperature drops be
low that given in the specifications, but 
does drop if the temperature exceeds it. 
Curves may also be supplied to indicate 
the maximum power that the transistor 
can dissipate at different temperatures . 
When the curve is not made available, the 
manufacturer will supply a derating fac
tor, given in watts/°C. That derating fac
tor indicates how much the power dissipa
tion rating must be reduced for every de
gree the temperature is above that speci
fied in the maximum dissipation rating . 
Most often, the power dissipation is given 
at a case temperature of 25°C. 

Let's look at an example of how to 
select and design a heat sink. Assume that 
the transistor you are using is specified as 
being capable of dissipating 115 watts 
when the case temperature is 25°C. If the 
derating factor is 0.8 wats/°C at a case 
temperature of 90°C, then the power
dissipation capability of the device drops 
to 115 - 60 = 55 watts. Your circuit 
should be designed so that no more than 
55 watts is dissipated by the transistor. 

Using that information, assume that a 
silicon device with a maximum permiss
ible junction temperature of 175°C is 
used. If the temperature of the air is 30°C, 
8JA iS equal to: 

8JA = 175oc - 3ooc = 2 6oC/watt 
55 watts · 

If eJC iS l.25°C/Watt, 8cA = eJA- eJC = 
2.6-1.25 = 1.35°C/watt. 

As 8cA consists of 8cs + eSA• it is de
sirable to make both factors as small as 
possible . 8cs can be made very small by 
putting heat-conducting compound such 
as silicon grease between the case and 
sink. If the case is directly on the sink 
through that grease, 8cs can become as 
low as 0. 1 °C/watt. Frequently, the case 
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must be insulated from the sink with a 
mica washer. Now, 8cA can rise to 0.4°CI 
watt. 

Assume that a mica washer must be 
used. In our example , 8sA becomes 
1.35-0.4 = 0.95°C/watt. It is possible 
to buy sinks with a similar or lower 8sA 
resistance. A makeshift sink can be con
structed from Vs-inch-thick flat alumi
num. If the total area on both surfaces of 
the metal is kept vertical and exposed to 
air, the areas of one side of the sink should 
be at least 750/8sA 2 square inches. 

Some sinks are not merely a flat surface 
but have fins . Those sinks should be 
mounted in a location with good air flow 
and so that the fins are vertical . 

Other important factors 
In addition to case temperature, there 

are many other factors that affect the sur
vival of a transistor. For one thing, over 
its lifetime, the case temperature of a tran
sistor will rise and fall many times. There 
is a limit, however, to the number of 
times that can occur before the device will 
break down. That thermal cycling data is 
supplied by some manufacturers in the 
form of curves relating the power dis
sipated by the transistor, the amount the 
case-temperature rises, and the numbefof 
times this temperature can rise af\d fall, 
before the transistor may break down. A 
proper heat sink can help prevent that 
breakdown. 

Another type of breakdown phenom
enon in bipolar devices is when the base 
loses control of the collector current. De
spite any drops in V CE• the collector cur
rent keeps rising until the transistor is 
destroyed. To minimize that problem, 
select a transistor that will perform up to 
the highest frequency you need in your 
design but not above it and do not use a 
higher collector-emitter voltage than you 
absolutely require. 

One final point: do not ignore the volt
age, current, and power limits set for the 
bipolar or FET device you are using. Do 
not ignore transients--especially if an in
ductor is used in the circuit. Also, remem
ber that the transistor will tolerate a higher 
collector-emitter voltage when the resis
tor shunting the base-emitter circuit of the 
transistor is at its lowest value . So keep 
that resistance small and keep some col
lector current flowing at all times . 

Practical circuits 
The information presented here can be 

used to design many different types of 
power amplifiers. Transformer coupling 
was used in the circuits described in this 
article because the essential operating 
characteristics of the different amplifier 
classes can be most easily described using 
those circuits . Most audio and other pow
er amplifiers, however, do not use trans
former coupling. Next time, we'll discuss 
modern power amplifier circuits, and 
how to keep them from breaking down in 
use. R-E 

PC BOARDS 
continued from page 49 

The reason you 've left the resist on the 
copper is because it saves you the trouble 
of tinning the board to keep the copper 
from oxidizing. The resist protects the 
copper and when you solder to the board , 
it vaporizes. It ' s really similiar to the 
neoprene covering on wire-wrap wire. 
The hot solder will vaporize the resist and 
a good joint will be made, but the copper 
traces will remain untarnished and pro
tected from moisture. 

Making printed-circuit boards is like a 
Jot of things in life-it sounds much har
der than it actually is. If you try to de
scribe everything you have to do when 
you drive a car, that will sound incredibly 
complicated, too. Persevere, and a little 
experience will have you doing perfectly 
what is essentially an easily repeatable 
mechanical process. The trickiest part of 
the whole procedure is the spraying and 
exposing of the copper blank. If you can 
get that down pat, you've got it made. If 
you have difficulty, take a look at Table 1; 
it should help you overcome most of the 
common problems. 

Get used to the idea that you' re going 
to make a mistake somewhere the first 
time you try to make your own boards. 
You'll probably be able to make good 
masks, but the procedure from there to 
etching is a matter of patience and experi
ence. Notice that we do not say that it is 
hard-it isn' t. Once you find a system 
that works, it will always work. And, 
being able to make your own boards gives 
your projects a professional touch, 
regardless of how complex they are. R-E 

COMMERCIAL EDITOR 

continued from page 58 

to the RECORD mode (note that in many 
machines the latter will be done auto
matically for you). At the preset time the 
recorder will start and tape the movie, but 
without the commercials . If you hap
pened to select a color program, the editor 
will delete the first 41/2 to 5 minutes of it, 
then tape the rest without stopping for 
commercials . 

Finally, a few closing words about us
ing the editor. Sometimes, when several 
commercials are shown in sequence, the 
color-burst signal is turned off between 
them. Also, the color burst may some
times be present during those rare black
and-white commercials. Those circum
stances depend on the particular practices 
of the TV station, and may result in the 
recorder starting and stopping several 
times during the commercials. In that 
case, you may see several very brief 
bursts of commercials on playback of 
your tape. That's to be expected, and does 
not indicate that there is anything wrong 
with the editor. R-E 




