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Knowledge of the theory of music is not essential to
music appreciation, but to retune a piano this know-
ledge is a requirement. The same general statement
can be made regarding theoryinelectronics, especially
in the theory of semiconductors.
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Figure II

Many new terms are being added to the art of elec-
tronics. A few of these terms, for example, maser,
tunnel diode, zener diode, silicon control rectifier,
and transistor (which is a combination of the words
transfer-resistor), were not in the vocabulary of the
technician even a dozen years ago. Why then so much
urgency now ?

Transistors are used today in practically every type
of equipment, such as computers, servo mechanisins,
telemetering instruments, portable radios, physio-
logical {medical) instruments, and portable television
sets.

The subject of transistors is so important, and the
application is so far reaching, that Collins Radio
Company has prepared a series of assignments on
semiconductors, and transistors in particular.

foreword

I AM USED IN JUST ABOUT
EVERYTHING !!

Figure II1

Diodes and transistors can be used without under-
standing how they work, but to be in a position to
understand new circuitry for them or to recognize
and appreciate new troubles when they occur un-
expectedly, one must have a knowledge of basic semi-
conductor theory. Collins Radio Company includes

HES _EARNING ALL ABOUT

Figure IV



a careful study of the fundamentals of semiconductors
as a prerequisite for many other courses to place
the Collins graduate in a professional position above
and ahead of the ‘‘do-it-yourself’’ technician. A tech-
nician with the basic knowledge is more likely to
recognize, pursue, and capitalize on the unexpected
performance of a new circuit; others blindly follow
the instruction of a leader.

COURSE ON

SEMICONDUCTORS

3 CHAPTERS

Figure V

This course on semiconductors consists of two basic
parts, a tape-slide lecture and a training manual.
The material in the training manual matches the
tape-slide presentation and is basically divided into
three chapters.

CHAPTER 1

Biasing
Forward Currerts

Leakage Currents

P

Figure VI

iv

Chapter 1 is an introduction to the course and semi-
conductors. Additionally, the two-element device, the
diode, is discussed in detail. This includes biasing,
forward currents, leakage currents, and the curves
associated with the Shockley diode and varicaps.
Some uses of each of these types of diodes also are
shown and explained.

CHAPTER 2

Circuit Configurations

Biasing

Computations of:
input resistance
current

voltage
power gain

Circuit Analysis

Figure VII

Chapter 2 covers the three-element device, the tran-
sistor. The three circuit configurations are discussed
in detail. This discussion includes biasing by dif-
ferent methods; computations of input resistance and
current, voltage, and power gain; quiescent operating
voltages and currents; and a comparison of the three
configurations, along with some of the more common
terms and equations wused in transistor circuit
analysis.

CHAPTER 3

B8IAS
Stabilization
Need

Methods of Obtaining

>
b 3

=

Figure VIII
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Chapter 3 presents a discussion on bias stabilization,
explains the need for bias stabilization, the various
methods used to obtain it, and the basic equations
for finding the stability of an unknown circuit. Ad-
ditionally, a discussion is presented on the inter-
pretation of the transistor specifications as found in
a transistor manual.

The course will not be presented in three parts, but
rather in five parts. Each part will consist of a one-
hour tape-slide presentationandtwo hours of individual
study. During the individual study time, you will be
required to reada portion of the manual and work some
sample problems. The answers tothese problems and
a short review of the work will be presented at the
beginning cf the next tape-slide presentation.

In addition to the problems found in the training manual,
an appendix has been added including definitions of
terms, mathematical equations, anda course critique.

D parts

each part consists of

1 hour tape slide

2 hours individual study

Figure IX

v/vi
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Introdnection.

1948

Figure 1-1

The transistor is a relatively new device. It made its
first appearance about 1948. Since that time, as you
well know, it has been widely accepted by industry,
and day by day it is making definite gains into the

Figure 1-2

('haptor 1

diodes

electronic field. The reason for this can be seen
easily by noting figure 1-2.

Figure 1-2 shows the comparative sizes of tran-
sistors and tubes and compares the circuit compo-
nents which are used in transistor circuits with
those used in tube circuits.

DON'T ACT 50

BIG

Figure 1-3

In each case, the transistor component is much
smaller than the tube circuit component. You may
say this is all very fine, but how do transistors
compare as far as tubes and operating circuits are
concerned?

Compare the transistor to the frequency-handling
capability of the tube. The first transistors could
not handle frequencies much higher than 5 mega-
cycles. In 1956, the highest known frequency at which
any transistor was capable of operating was 8 mega-
cycles. There are nowtransistors available which will
operate to 3 gigacycles. A gigacycle is equal to one
kilomegacycle. Although this is not as high in fre-
quency as tubes can be operated, great improvements
in transistor frequency response have been made since
1956.

1-1
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FREQUENCY

Figure 1-4

Also compare the tube with the transistor on power-
handling capabilities. In 1956 the maximum power
that any transistor could carry was approximately
5 watts. Transistors which can handle 250 to 300
watts are now available commercially.

Figure 1-5

One manufacturer recently devised a transistor which
is water cooled and will handle 0.5 kilowatt of power.
This transistor stands approximately three inches
high and is about one inch in diameter and will op-
erate to approximately 8 megacycles. This company
expects, in the near future, to duild a 1l-kilowatt
transistor which will be only slightly larger.

1-2

WATER COOLED
TRANSISTOR

SKwW

3 INCHES HIGH

1 INCH DiA

Figure 1-6

Agreed, tubes will still operate at a higher wattage,
but transistors are constantly being improved. Re-
member, the transistor still occupies a muchsmaller
space so that two or three, or even five, transistors
might occupy the space of one tube, and these five
transistors could well turn out more power than the
one tube for the same space.

MOVE OVER
TUBE!!

WE CAN DO YOUR JOB

AND WE DON'T NEED A LOT OF ROOM

Figure 1-7

Compare the transistor with the tube on lifetime
expectancy. Since the transistor does not have fila-
ments to burn open, it has an average lifetime
approximately eight times that of the tube.

'World Radio Histol



WE STARTED THIS JOB
TOGETHER !

Figure 1-8

Compare the transistor with the tube on efficiency.
The transistor again excels because of the lack of
filaments which normally use up power in the tube.

EFFICIENCY

P

/
£

~

Figure 1-9

Another area in which the transistor excelsis rugged-
ness of construction. Transistors normally are ex-
posed to approximately 20,000 g as a test before
they leave the factory. A transistor can be dropped
on the floor and picked up, with the possibility of it
still being used. Drop a glass envelope tube on the
floor, and see how many pieces you have.

CHAPTER 1
Diodes

RUGGEDNESS

Figure 1-10

The transistor also can be compared pricewise with
the tube, and in this area neither excels nor falls
behind. There are some tubes which cost consid-
erably less than transistors. There are also tran-
sistors which cost less than an equivalent tube.
For instance, the 2N404 sells for 49 cents whole-
sale: an equivalent tube would sell for approximately
$2.45 wholesale. In certain eases, though, the tran-
sistor may be much more expensive than the tube.

PrICE

$100.00

Figure 1-11
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Figure 1-12

Another area of comparison is relative noise. The
transistor is noisier than a tube in the lower frequen-
cies, particularly from approximately 4 to 0 kilo-
cycles. At frequencies higher than 4 kilocycles, the
transistor is either equal to or less than the tube in
noise figure. Remember though thdt a microphonic
transistor is seldom found.

TEMPERATURE

4
™
HIGH TEMpP ‘CP

Y

ROOM TEMP

Figure 1-13

Changes in operating temperatures affect transistors
much more than tubes. The tube normally isoperated
at quite high temperatures due to the heating of the
filaments, while the transistor is operated at room
temperature or at temperatures slightly above room
temperature.

1-4

ABOVE
ROOM TEMP

BELOW
ROOM TEMP

Figure 1-14

This means that any changes in the room temperature
will affect the operation of the transistor. A large
portion of this course will be utilized in explaining
how transistors are temperature stabilized to keep
their operating point constant even though there is
a large change in ambient temperature.

Figure 1-15

Overall, the transistor compares very favorably with
the tube and is, without a doubt, here to stay. To
maintain his job proficiency, the technician must
learn as much as possible about them, or better yet
about all types of semiconductors.
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Diode Biasing.

Let us continue with section 1 which is a discussion
on the basic semiconductor, its uses, nomenclature,
and currents. The first item to discuss is the dicde.

Figure 1-17

The diode is a two-terminal device, as shown in
figure 1-17, which consists of a piece of “P’’ type
material and a piece of ‘“N’’ type material. The
diode has peculiar characteristics which allow it to
conduct very heavily in one direction while conducting
very lightly in the other direction.

In figure 1-18, a potential is applied sothat a positive
is attached to the ‘“‘P’’ type material and a negative
is attached to the ‘“N’’ type material,

CHAPTER 1
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APPROX .2V Ge -
.8V Si 1
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Figure 1-18

The current will flow from the ‘“N’’ type material to
the ““‘P’’ type material and back to the source. This
diode is said to be forward biased, and the current is
very large. The voltage drop across a forward-
biased diode is approximately 0.2 volt for germanium
and 0.8 volt for silicon. This is not the maximum
voltage that can ever be across this diode, but the
voltage normally is small.

Because this voltage drop is very small, it would be
disastrous if a diode were to be connected as shown
in figure 1-18 with a battery greater than 0.2 or 0.8
volt since an excessive amount of current would flow.
To check a diode for this voltage drop, place a resis-
tor in series with the battery for current-limiting
purposes.

— APPROX | TO 500V Si OR Ge
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Figure 1-19
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The diode, shown in figure 1-19, has the positive
terminal of the battery connected to the ‘“N’’ type
material and the negative terminal of the battery to
the ‘“P’’ type material. This diode is said to be
reverse biased, and a very small amount of current
is flowing in the diode. This current is due to the
leakage of the diode. It is sometimes called leak-
age current, reverse current, or minority carrier
current.

_APPROX .2V Ge

[ .8V Si -‘

y - N P *y
0 00 R RO
NE Ic=10MA =
ST — - <@

- 1
— - 1 TO 300V Ge OR Si——
| |
1

i"'l N P .:__*

Bl Ico=IVA

L - 4 R e > P O )
T A |

Figure 1-20

Figure 1-20A is a forward-biased diode, and figure
1-20B is a back-biased diode. A good ruleto remem-
ber in biasing of a diode is that if the polarity of the
potential applied to the diode matches the material,
as in figure 1-20A, the diode is said to be forward
biased, and a large amount of current will flow.

In other words, if the positive terminal of the bat-
tery or source is attached to the ‘“P’’ type material
(P for positive) and the negative terminal of the
source or battery is attached to the ‘‘N’’ type ma-
terial (N for negative), the diode is said to be
forward biased. If the source is connected, as shown
in figure 1-20B, so that the negative terminal of the
battery is attached to the ‘“P’’ type material and the
positive terminal of the battery is attached to the
““N’’ type material, this diode is said to be back
biased. Note that the ‘‘P’’ for positive and “N’’ for
negative on a forward-biased diode matches the
polarity of the source.

1-6
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Figure 1-21

The currents which are flowing in a reverse-biased
diode, or a back-biased diode as it is sometimes
called, are due to minority carriers as shown in
figure 1-21,

Minority carriers are a problem in transistors, and
they are one of the things which cause a transistor
or a diode to become temperature sensitive. In ““P”’
type material, small amounts of ‘“N’’ type carriers
exist. These are in the minority to the ‘“P’’ type
carriers and therefore are called minority carriers.
The same is true of ‘“N’’ type matarial, except that
the minority carriers are small amounts of ‘‘P”’
type carriers. This means that a diode that is back
biased to majority carriers is forward biased to
minority carriers. This is true because the ‘‘N’’
type material acts slightly ‘“‘P’’ and the ‘“‘P’’ type
material acts slightly ‘“N’’. The current that flows,
called leakage current, will be smaller than the
forward current, because the minority carriers do
exist in a minority as shown. Minority carriers will
start to increase in quantity as temperature in-
creases, therefore, they will increase the current
through the device. This will be discussed again in
detail in the transistor portion of the course.

Figure 1-22 shows the symbol that normally is
used with the diode. This diode is said to be for-
ward biased. Notice that the positive terminal of
the battery is connected to the arrowhead of the
symbol, while the negative terminal of the battery
is connected to the bar. Ii this diode is forward
biased, then the arrowhead must be ‘‘P’’ type ma-
terial. This is true in all cases. Also current flow
in forward-biased diodes is always against thc
arrow.

[World Radio Histol
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Figure 1-22

Now examine the operating curve of a diode. The
entire curve of a diode is shown in figure 1-23,
indicating the forward-biased region to the right and
the reverse-biased region to the left. Much can be
said of each region,

T
a 4
- £,_MAJORITY
z $YCARRIERS
w N
o s
« §
=) $
(8]
REVERSE BIAS
IN VOLTS e
PP Gttt FORWARD BIAS —
o IN MILLIVOLTS
!
/! =
{ MINORITY g
\ CARRIERS s
™ 5
\ |
\ CRYSTAL &
\' BREAKDOWN &
\
% }
1
Figure 1-23

First examine the right-hand half of this curve from
the vertical line to the right as shown in figure 1-24.
Notice that it starts increasing gradually; then it
suddenly begins to increase rather rapidly. With an
increase in forward-bias voltage, the collector
current, which is measured in milliamperes, begins

CHAPTER 1
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TYPICAL INSTANTANEOUS FORWARD CHARACTERISTICS
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Figure 1-24

to increase rather rapidly at approximately 0.2 volt
for germanium and 0.8 volt for silicon.

This is said to be the turn-on point of the diode.
Saturation of the diode is reached at approximately
0.35 volt for germanium (Ge) and 1.4 volts for
silicon (Si). At this point, the diode is turned on to
maximum, and it is conducting as hard as it can
without burning up.

Note a slight voltage change will cause the current
to increase rather rapidly once the turn-on point is
reached. This is one of the reasons that semi-
conductors are said to be current-driven devices.
It is rather impractical to try to control the current
through this device by controlling the voltage across
it, because a slight change in voltage will make a
large change in current. It would also be impractical
to try to control the conductionina tube by controlling
the grid current. A tube is said to be voltage driven,
therefore,because it is easier to control with voltage,
while the transistor or diode is easier to control with
current. The alert student may notice that by slightly
changing the collector current of the diode a precise
control of the voltage drop across the diode is
possible.

The curve of a reverse or back-biased diode is shown
in figure 1-25. Notice that the horizontal line is
plotted in volts, while the vertical line is plotted
in microamperes. Just to the left of the zero volt
point, there is a slight .jump in current at approxi-
mately 0.01 volt in the back-biased direction.
This is called the low-voltage knee and is the
point where the diode is said to be cut off. As
the voltage is increased, from this point to
6 volts, notice that the current increases slightly
at a linear rate. This is the leakage or minority
carrier current of the diode. When 6 volts

1-7
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TYPICAL REVERSE VOLTAGE
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Figure 1-25

is reached, notice that the current suddenly increases.
This point is called the high-voltage knee, the zener
point, or the breakdown point. All three names are
used to describe this point, and all are correct.
This sudden increase in current is due to the breaking
of atomic bonds in the diode. This does not damage
the device permanently as long as the maximum
rated reverse current is not exceeded. If the voltage
across the diode is lowered below 6 volts and the
maximum rated current has not been exceeded,
then the atomic bonds will reform.

Notice that once the zener point is reached, no

further increase in voltage is possible without in-
creasing the current by an extremely large amount.

VOLTS REVERSE BIAS
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Figure 1-26
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All diodes display a reverse bias curve which is
similar to that shown in figure 1-25, and some are
made to operate in this region. These diodes are
called zener diodes, reference diodes, or break-
down diodes. What makes them different from a nor-
mal forward-biased diode? The sharpness of this
high-voltage knee is one of the important factors.
A zener, breakdown, or reference diode has a very
sharp high-voltage knee, while a normal diode may
have a very soft knee as shown in figure 1-26.

Another important characteristic of the zener diodes,
reference diodes, or breakdown diodes is that the
junction itself is usually a little larger physically.
Why is this necessary? Inthe forward-biaseddiode, if
one mill is flowing through it at 0.25 volt, the dissi-
pation across the junction will be 0.25 milliwatt. The
zener diode usually is operated at higher voltages.
This was 6 volts as showninfigure1-25. One mill, at
6 volts, would be 6 milliwatts. This is a much higher
wattage; therefore, the zener diode must be capable
of handling this higher wattage.

2]

H

(]

RESISTANCE IN OHMS OR CURRENT IN MA
n

E, VOLTS

Figure 1-27

The zener diode may be used in place of a VR tube
as shown in figure 1-27. A diode which has a break-
down of 5 volts is connected in series with a resistor
of 10K and a source of zero to 40 volts. The current
through the diode will be such that the current through
the resistor, which is in series with it, will drop all
but 5 volts, and the voltage across the diode will be
only 5 volts. An increase in the voltage of the source
will increase the current through the diode, thereby
increasing the voltage drop across the resistor.
The resistance of the diode decreases at a nonlinear
rate as the voltage increases, while the current in-
creases linearly as shown.

'World Radio Histol




Zener diodes may be obtained in many values from
approximately 1 volt up to several hundred volts.

& 0
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- &5 O

COLLINS

Figure 1-28

The symbols for the zener diode are shown in figure
1-28, with the Collins accepted symbol shown at the
bottom. Notice that there are many symbols in use at
this time. All of these indicate a zener diode. The
direction of current flow in a zener diode is the
same as in a back-biased diode, or with the arrow.

SYmMBOL STRUCTURE

CHAPTER 1
Diodes

Another type of diode which you may encounter is
shown in figure 1-29. This diode is known as a back-
to-back zener diode. It has no forward-bias current
in either direction, but instead is simply two zener
diodes connected back to back and will break down and
act as a zener no matter in which direction the po-
larity of this voltage is connected.

40V P/P 20V P/P

Figure 1-30

These are sometimes used as a limiter as shown in
figure 1-30. Rj] is the signal input developing resis-
tor, R2 acts as a series-limiting resistor for the
back-to-back zener CRj, and R3 acts as the output
load. When the back-to-back zener is in operation,
one junction is forward biased while the other junction
is back biased.

TEMPERATURE DERATING CURVE
125 — T —

100

75

50

25

OL 1 _ . 1 J
o]

50 100 150 200 250
AMBIENT TEMPERATURE (°C)

% OF 25°C AVERAGE POWER CAPABILITIES (%)

Figure 1-31
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Figure 1-31 is a graph for the diode which might ex-
plain high failure rates where high ambient tempera-
tures are experienced in the equipment or surrounding
area,

This is a plot of percent of rated current or power
that is available at a temperature above 25°C. 25°C
is the temperature at which all ratings are given. At
100°C, the diode is capable of handling only 50
percent of the rated current or power. This could
be the reason that a circuit has a high rate of diode
failure.
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Figure 1-32

Examine again the entire curve of the diode shown
in figure 1-32. Note again that the forward-biased
current is plotted in milliamperes and the voltage in
millivolts, while the back-biased direction is plotted
in volts and the current in microamperes. Con-
ventional diodes may be used as rectifiers, detectors,
switches, and in any other circuit where a diode tube
might be used. Let us examine a few of these uses.

Figure 1-33 shows a bilateral limiter. A bilaterai
limiter limits the output voltage in both the positive-
and the negative-going direction,

Figure 1-34 shows the diode being usedasa rectifier.
The circuit shown is a bridge rectifier. Note that for
either polarity of input, the currentthrough Ry travels
in the same direction. CR] and CR3 conduct on one
half-cycle of the input, while CR2 and 'CR4 conduct
on the other half-cycle.

1-10
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Figure 1-34

Sometimes in rectifying circuits, there are two or
more diodes connected in series as shown in figure
1-35.

The diodes are connected in this way to increase the
total reverse voltage that the circuit can withstand,
and the capacitors act as a voltage divider to ensure
equal voltage across each diode during the back-
biased condition. This is necessary because most
diodes do not have exactly the same back resistance.
The X, of the capacitors should be about 1 megohm

[World Radio Histol
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Figure 1-35

each at the frequency of operation. If one diode has
a breakdown voltage of 100 volts, two in series
would be able to withstand a total voltage of 200
volts,

B 20V P/P MAX.
SIGNAL .
SOURCE >
CR,
R, Ry
IK 1K
ON + - OFF
$20VDC | e
SOURCE
L
Figure 1-36

Figure 1-36 shows the diode being used as a switch.
When the diode is turned on by source A, the signal
which comes in from source B can get to point C.
The resistance across a forward-biased diode is
approximately 2 ohms, while a reverse-biased diode
resistance is several K ohms.

CHAPTER 1
Diodes
- |
N
P
N
P
MIL
STD
15-1
SYMBOLS FOR STRUCTURE
THE SHOCKLEY OF THE
DIODE SHOCKLEY DIODE
‘Figure 1-37

There are a few cases where 2 device that is called
a diode does not display the characteristics or is not
used in the same manner as the diodes previously
discussed.

One such case is the Shockley diode, the symbol for
which is shown in figure 1-37. The structure of this
device is shown alongside the symbol. As you notice,
it is not a two-element device, but rather a PNPN,
a four-element device. It is called a diode because
it has only two leads.

The curve for the Shockley diode and a typical circuit
are shown in figure 1-38.
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Notice that the current increases only slightly as
the voltage increases from zero volt to point ‘“‘B’’.
After point ‘““B’’, the voltage may decrease and the
current continue to increase. This type of curve is
known as a negative resistance curve. This does not
mean that the resistance becomes less than zero,
but only that a decrease in vcltage would cause an
increase in current; this is the opposite or reverse of
normal.
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Figure 1-39

Take particular notice of points ‘““A’’ and ‘‘B’”’ and
e “30-mill”’ point.

The Shockley diode, CRy, shown has a firing point
of € volts as shown on the plst of the curve. The
operation of this circuit is simple once the basic
principles are understood. After power of +20 volts is
applied, C; starts to charge toward +20 volts through
Rj at an RC rate.

When the voltage across C] reaches 8 volts, the
Shockley diode, CRj, fires or hegins to operate in
the negative resistance region of its curve. When
this happens, the current through CRj can increase
even if the voltage decreases, and C1 begins to dis-
charge trying to supply the current necessary to
maintain the 8-volt charge. In addition, the current
that was previously being supplied to Cy through Ry
is now being supplied to the Shockley diode, CRy. If
the maximum current possible to obtain through Ry
falls somewhere cn the positive resistance curve of
the diode after the 30-mill point, then the diode will
lock up in the on condition.

1-12

In this case the maximum current that can flow
through Rj;, assuming CR; is a short, will be 10
mills. This falls about halfway between the 30-mill
point and point ‘‘B’’ on the negative resistance portion
of the curve. This means that when the Shockley diode,
CRj, first fires there will be two sources of current,
one from the capacitor discharge and the other from
the +20 volts through Ry. This will drive the Shockley
diode, CRyp, to 30 mills for an instant, until capacitor C
has discharged completely. When this happens the
source of current from the capacitor ceases, and
the only source left is from +20 volts through Rj.
As previously stated, the maximum current through
Ry is 10 mills. But at 10 mills the Shockley diocde
must have approximately 5 volts supplied to it to
operate at this current. With 10 mills of current
through Rq, the entire 20 volts is being dropped across
it, and zero voltage is being applied to the Shockley
diode, CRj. CRj has discharged C; to approximately
1 volt so it heals itself and returns to point ‘“‘A’’.
This conforms with the voltage and current available
at this time. As soon as CRj has healed itself and
returned to point ‘“A’’, capacitor C1 begins tocharge,
and the entire procedure repeats itself. Wave shape
“A’ of figure 1-39 is the wave shape that would
occur across CRjy. This signal is coupled through
coupling capacitor Cp and appears as wave shape
‘“‘B’’ across the output load, Rg. Due to the relative
sizes of C1 and Cg2, the effects of C2 on the charging
and discharging of the current is negligible.
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Figure 1-40

In review, reexamine the curve of the Shockley diode
as shown in figure 1-40. Note again that the current
slowly increases from point ‘““A’’ to point ““‘B’’ with
an increase in voltage. When point ‘“B’’ is reached,
the current may increase and the voltage decrease
until the current reaches 30 mills. Note also that
at 10 mills, the maximum current the +20-volt supply
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is capable of supplying through Rj, approximately
5 volts, is necessary to maintain the Shockley fired.
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Figure 1-41

Another interesting curve of the diode is shown in
figure 1-41A.

This is a curve of the diode capacitance against
the reverse voltage. All diodes exhibit this char-
acteristic to some extent, but it is of particular
importance in diodes which are named ‘‘varicaps,’”’
meaning variable capacitor. As the reverse voltage
is increased, the capacitance decreases at a non-
linear rate. A method of remembering that an in-
crease in voltage decreases the capacitance is to
remember that a diode increases leakage current as
reverse voltage is increased, and that as a capacitor
begins to leak, its capacitance begins to decrease.
Figure 1-41B shows a typical circuit that includes
a varicap.

L1, Cp, and CRy act as a resonant tank circuit. Ry,
Rg, and R3 act as a voltage divider allowing the
voltage on the arm of Ry and across CR, to be varia-
ble from +10 volts to zero. U the curve in 1-41A
is assumed to be for this diode, then the capacitance
of the diode will vary from 6 uuf to 1.5 uuf. Because
C1 is 10 times the maximum value of CR; and ca-
pacitors in series act like resistors in parallel,
the total capacitance of the circuit will be variable
from approximately 6 uuf to 1.5 wuuf. This will
cause the frequency of resonance of the circuit to
shift from 1.4 mc to 3.6 mc. This circuit can be
used as the frequency-determining device in a vfo
oscillator.

Time spent in discussing the checking of a diode
may save you time and money in the future. A volt-
ohmmeter similar to that shown in figure 1-42

CHAPTER 1
Diodes

Figure 1-42

usually is sufficient to check a diode, and used cor-
rectly it will give you an accurate assessment of
the quality of the dinde under test and will cause no
damage.

Figure 1-43

The front-to-back ratio (in other words, the back-
biased resistance over the forward-biased resistance)
should be greater than 20 to 1. The back-biased re-
sistance should be 20 times the forward resistance.
Any diode which does not meet these specifications
should be replaced. A word of caution is in order at
this time as point contact diodes should not be tested
in this manner, because they may be damaged by
excessive currents,
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HIGHEST SCALE LOWEST VOLTAGE
LOWEST SCALE HIGHEST VOLTAGE
HIGHEST SCALE HIGHEST VOLTAGE
LOWEST SCALE LOWEST VOLTAGE

."E 22@1 % E=I>R ?
!

Figure 1-44

Before using a voltohmmeter with which you are not
familiar, use another meter to check voltages and
polarities applied to the test leads.

N o %1 @ AREN'T THERE ANY GOOD

CNES IN  HERE

Figure 1-45

Always use the lowest voltage available on the
highest scale, in that order of importance.

Before using a vtvm for resistance measurements
on semiconductors, check known good diodes with it,

as most vtvm give inaccurate resistance on
semiconductors.

This ends the discussion on diodes.

1-14

Review.

Let us review the material covered to this point.

Figure 1-46

It was explained that semiconductors, though not
vetter than the tubes in all cases, did provide an
improvement in size, weight, efficiency, and suscep-
tibility to shock.

LT+

Figure 1-47

It was found that the diode was a two-element device,
as shown in figure 1-47, that consisted of a piece
of “P’ type material and a piece of “N’’ type
material.

'World Radio Histo
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Remember the rules for biasing as pointed out in
figure 1-48.

Figure 1-48A, a forward-biased diode, indicates
that for a forward-biased condition the polarity
of the source must match the polarity of the ma-
terial. Note again that the approximate voltage
drop across the diode is 0.2 volt for germanium and
0.8 volt for silicon. Figure 1-48B indicates that for
a back-biased condition the polarity of the source
must not match the type of material. Note also that
there is a very small amount of current flowing

called Ico.
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As pointed out in figure 1-49, Icg is due to the

minority carriers.
amounts of ‘‘P’’ type carriers in the ““N’’ region

and small amounts of ‘‘N”’

Minority carriers are small

carriers in the “P”’
region. It was pointed out that a diode that is
backed biased to majority carriers is forward biased
to minority carriers. Remember also that minority
carriers increase as temperature increases.
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Figure 1-50

Figure 1-50 shows a symbol for the diode and in-
dicates that the solid bar is ‘“N’’ type material, while
the arrowhead is ‘‘P’’ type material. Rememberalso
that current flows against the arrow in a forward-

biased diode.
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Figure 1-51 illustrates the entire curve of a diode
showing the back-biased region and the forward-
biased region. The right-hand portion of this curve
was discussed first. It is shown in figure 1-52.
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Figure 1-52

Figure 1-52 indicates the typical forward conduction
characteristics of a dicde. The turn-on point for
silicon was found to be 0.8 volt, while the turn-on
point for germanium was found to be 0.2 volt, Silicon
saturates at approximately 1.4 volts, while germanium
saturates at approximately 0.35 volt. It was also
pointed out that the semiconductor is a current-
driven device due to the impracticability of trying to
control the conduction of the device by controlling
the voltage across it.
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Figure 1-53

Figure 1-53 shows the curve of a back-biased diode
and points out the low-voltage knee and the high-
voltage knee. The high-voltage knee is sometimes
called the breakdown point or the zener point. Some
diodes are designed to operate in this back-biased
region, and these diodes are called zener diodes,
reference diodes, or breakdown diodes. The dif-
ferences between a regular diode and a zener diode
are due to the wattage-handling capabilities and the
sharpness of the high-voltage knee. The zener diode
can be used in a circuit similar to that shown in
figure 1-54.
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Figure 1-54

Figure 1-54 indicates that if the current is increased
at a linear rate, the resistance of the diode will de-
crease at a nonlinear rate, and that the voltage across
the zener diode will remain constant for a large
change in the voltage applied. This indicates that a
zener diode could be used in place of a VR tube.

Figure 1-55 shows that many symbols are presently
in use to indicate the zener diode. Collins symbol
for the zener diode is shown at the bottom. Remem-
ber that the direction of current flow through a zener
diode is the same as leakage current in a regular
diode, or with the arrow.

A rather unusual zener diode is shown in its circuit
in figure 1-56.

This diode is known as a back-to-back zener diode.
The back-to-back zener diode has no forward cur-
rent, but is simply two zeners connected back-to-
back. One junction of a back-to-back zener diode is
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Figure 1-55

always forward biased, while the other junction is
backed biased.

The back-to-back diode may be used as a bilateral
limiter as shown in the diagram.

40V P/P 20V P/P

R
10K

Figure 1-56

The problem of diode failure due to high ambient
temperature is explained in figure 1-57.
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Figure 1-57

Figure 1-57 indicates that if temperature increases,
the 