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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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1
p 4

0 4KC

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
Diodes
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

N P B
N
N °N~PN P

P N o | p e L F
] ° N v, |

N P P w

SN .
N w e
N N N\ |

. N
~MINORITY CARRIERS - \

[ — MAJORITY CARRIERS —

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.
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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 1-33

———,

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.

, TYPICAL CAPACITANCE
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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,

1-13
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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.

N P
N P N e N P N
N P v P
P N P N
PN P
2 N N
P
P
NN N e
L A N U
/ / \
L MINORITY CARRIERS—
L -MAJORITY CARRIERS A
Figure 1-49
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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.

TYPICAL REVERSE VOLTAGE
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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

'World Radio Histol
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COLLINS

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 percent of rated power that is available decreases
at a linear rate.
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Figure 1-58

Some of the uses of the conventional diode were ex-
amined next. Figure 1-58 shows the diode being used
as a bilateral limiter which causes clipping of the wave
shape equally in the positive and negative direction.
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Figure 1-59

Figure 1-59 indicates the use of a diodeas a rectifier
and how it can be stacked with another to increase the
total voltage-handling capabilities. It was explained
that the ballast capacitors are necessary around each
diode to ensure thatboth diodesaccept anequal amount
of the voltage drop through their series resistance.
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Figure 1-60

The diode also can be used as a switching device as
shown in figure 1-60.

When the diode is forward biased, it displays a low
resistance and allows the signal to pass: when the
diode is backed biased by the source, it actsasa
very high resistance and does not allow the signal to
pass. Therefore, the diode can be used as an elec-
tronically controlled switch.

The curve and circuit of figure 1-61 are associated
with the device called a Shockley diode.

The curve indicates that the Shockley diode has a
negative resistance region of operation.

If the diode is operated in this negative resistance
region, as shown in the circuit, the signals shown in
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wave shape ‘“‘A’’ and “B’’ result. This is due to the
charging of CpthroughRj, andthenthe subsequent dis-
charging of Cp through CR] along with the current
from Rj.

The diode also may be used as an electronically
variable capacitor,

Figure 1-62 shows an example of the typical capaci-
tance versus reverse voltage of a diode and a typical
circuit where the diode may be used. This type of
diode is called a varicap. By varying the back bias
on this diode it was found that that the capacitance
of this circuit will also vary, increasing ordecreasing
the frequency of resonance.
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Section 1 Work Problems

Some of the following problems are arranged so that you may conveniently underscore the correct words, or
fill in the blanks, or answer thought questions in your own words.

1.

D T s W

8.
9.

What are majority carriers?

What are minority carriers?

(Majority or Minority) carriers cause current to flow in a reverse-biased diode.
A high current flows in a reverse-biased diode. (True or False)
A junction diode is a three-terminal device. (True or False)

A diode is said to be biased if the polarity of the supply voltage is opposite to that’ of the
type of material.

. The proper method of checking a diode is to apply a high d-c voltage to it and measure the voltage drop.

(True or False)

A diode is said to be biased if the polarity of the supply matches the type of material.

As temperature increases, the number of minority carriers (increases or decreases).

10. The current carriers in a forward-biased diode are (minority or majority) carriers.

11. Using the curve shown in figure 1-24 for 25°C, find the resistance for germanium and silicon diodes at the

12.

RESISTANCE (OHMS)

following currents and voltages:

Ge Si
A. 0.15 voit B A. C.6 volt
B. 1 mill B. 0.8 voit R
C. 2 mills S C. 2 mills S
D. 0.25 volt D. 1.0 volt I
E. 0.3 volt E. 1.2 volts
Plot the values found in problem 11 for germanium and silicon diodes on the graphs provided in figure 1-63.
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13. The two basic differences between a zener diode and a regular diode are ____
capabilities and . _ knee,
14. The sudden increase in current at the zener point is due to the _ ___ bonds.
15. If the current is increased through a zener diode at a linear rate, the resistance (decreases or increases) at

16.

17,

18.

19.

20.

215

22.

23.

24,

25.

a (linear or nonlinear) rate.

Draw a picture showing the structure of a back-to-back zener diode.

If a diode is rated at 10 watts at 25°C, how much wattage would it be capable of dissipating at 100°C? Use

figure 1-31 as a reference.

The back-to-front resistance ratio of a diode should be atleast _ to _if
the diode is to be considered good.

Why are two or more diodes sometimes placed in series in rectifier circuits?

In figure 1-39 if the capacitance of Cj is increased, what will happen to wave shape ‘““B’’?

If you intend to use a varicap in a circuit that displays a curve like that shown in figure 1-41A and the
maximum change available in the bias voltage is 2 volts, at what point on the curve should the varicap be
biased to obtain the maximum change in capacitance ?

The Shockley diode is a element device.

Before using a voltohmmeter to check a diode, what precautions should you take ?

what basically causes the semiconductor dicde to be more efficient than a tube?

A zener diode may be operated in the forward-biased region as a regular diode with no damage. (True or
False)

When you have reviewed all the material in chapter 1 and answered the preceding problems to the best of your
ability, you are ready to proceed to the next tape-slide presentation where the answers to the above problems
will be given and explained.
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transistor l)iasing and configurations

Introduction.

Chapter 2 presents adiscussiononbiasingatransistor
and the three basic configurations. This portion of
chapter 2 consists of an introduction to the three-
element device, the transistor. The polarity of bias
necessary for normaloperationis shown and explained,
and the ratios of each of the currents found in a
transistor are discussed. Additionally, the common
base configurationisdiscussed indetail, with computa-
tions for voltage gain, resistancegain, power gain, and
phase shift,

Transistor Biasing.

It can be shown that the transistor, a three-element
device, is exactly the same as a back-to-back zener
in construction. In figure 2-1, the transistor is shown
asapieceof ““P’’,apiece of ““N”’, and a piece of ‘‘P’'type
material. The difference between this device and a
back-to-back zener is in the additional lead connected
to the “N’’ type material labeled ‘B’

Figure 2-1

These three blocks of material make up two PN
junctiors. Note that if a battery were connected, as
shown in figure 2-2, from pin E to pin B with a
positive on E and a negative on B, this portion would
act as a forward-biased diode, and a large current

would flow, If a battery were connected, as shown in fig-
ure 2-3, from pin Bto pin C with the positive terminalof
the battery connectedto pin Bandthe negative terminal
to pin C, this portionwould act as a back-biased diode,
and very small amount of current would flow,
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By combining figure 2-3 and figare 2-2, the transistor
with normal bias is obtained as shown in figure 2-4.
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Figure 2-4

The ““E" stands for emitter, the ‘‘B’’ stands for base,
and the ““C’'' stands for collector. Notice that an
additional current is shown flowing from the collector
to the emitter. This current is called collector cur-
rent and is labeled ‘“I¢’'. When a small amount of
base current, calledlp, is causedto flowfrom the base
to the emitter, a large amount of current flows from the
collector to the emitter. This basic fact is the reason
that a transistor can be used as an amplifier. The
collector current, IC, and the base current, Ig, combine
in the base region and fcrm what 1s called the emitter
current. The emitter current labeled ““Ig’’ is co.0l
to the internal base current, Ig, plus the collec:
current, I~. Ig is the total current flowing in ti.
circuit. A differentiation is made between the external
base current, Ig, and the internal base current, as the
external base current may not be equal tothe internal
base current. This will be explained in the following
material. Note that no reverse curre~tis shownflow-
ing in figure 2-4.

Figure 2-5 shows that if reverse current, called
Icpo, is present it will be flowing in the opposite
direction of the external base current, Ig. It is im-
possible to have current flowing in two directions in
the same wire at the same time. Does the reverse
current, Icgo. exist then? If it does exist, where is
it going? The first question can be answered by
examining figure 2-6, which shows that it does exist
and can be measured by opening the emitter lead. The
reverse current, [~p, means current from collector
to the base with the emitter open.
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Figure 2-5

The question may come up then, ‘‘Does this current
exist only with the emitter open?’”’ No, this current
exists atall times. Remember it is due to minority
carriers which are present at all times and increase
in quantity as the temperature increases. Asshownin
figure 2-7, this current is trying to flow in the direc-
tion opposite to the external base current, Ig.
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Figure 2-6

It is apparent then that the current flowing in the base
lead must be the algebraic sum of the reverse current,
IcBor and the base current, Ig, that would flow if no
Icpo existed. This algebraic sum is calledthe exter-
nal Ig and usually flows in the directionshown for Ig,
since Ig is normally much larger than IcBo:
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The fact still remains that minority carriers are
carrying current into the base region, andthis current
must go someplace, as it cannot continue to enter the
base region without leaving the base region.
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Figure 2-8

Figure 2-8 shows thatthis current, although trying to
flow against the external base current, Ig, as shown by
the dotted line, actually continues ontowardthe emitter
adding to Ig internally. Therefore, the reverse cur-
rent, [cgp, adds to the internallpg, andthe internal Ig
is the combination of a portion of the Ig that would
normally flow with no Icgo plus Icpo. Statedanother
way, the internal Ig is equal to the external Ig and
IcBo. In a bias arrangement, like that shown in fig-
ure 2-8, where the voltage across the junction must be
constant due to the battery tied across it, the internal
base current, Ig, will remain constant, andthe external
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Ig will decrease as the reverse current, ICBQ, in-
creases. This must be true, because if the internal
Ig were to increase or decrease, the voltage across
the base-emitter junction would have to increase or
decrease respectively. This cannot happen witha con-
stant voltage source, a battery inthis case, tied across
the base-emitter junction. If the voltage across the
junction remains constant, thenthe current throughthe
junction must remain constant, and if Irggaddsto the
internal Ip, then the external Ig must decrease as
Icpo increases. You may ask the question, “Why
doesn’t the collector current, I, add to the internal
emitter current, Ig ?’
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Figure 2-9

The answer to this, as is shown in figure 2-9, is
that the collector current, Ic, is due to majority
carriers in the collector region which then are
necessarily minority carriers in the base region
since the base is made of opposite type material.
The reverse current, Icpo: on the other hand, is
due to minority carriers in the collector region
which then are necessarily majority carriers in the
base region. Since the base current, Ig, is due to
majority carriers in the base region, only reverse
current, Icgp, which is due to carriers which are
majority type when injected into the base, can add
to base current IR.

The current .a the collector lead is called I¢, and
Ic contains Icpp. Because Icpgp is flowing in the
same direction as the majority carrier current in
the collector, it adds to the majority carrier current,
and the collector current, Ic, will increase as the
reverse current, Icgg. increases. The emitter cur-
rent, Ig, will also increase as Icpp increases.
Hereafter I will be referred to as the total current
flowing in the collector lead, including ICcBQ, and Ig
will be the total current flowing in the emitter lead
and will be equal to the total collector current, Ic,
including the reverse current, Icgp, and the base
current, Ig. The effects of Icgp on an operating
circuit will be explained in detail in the chapter on
bias stabilization.

2-3



CHAPTER 2
Transistor Biasing and Configurations

4——— SAME AS PLATE—*

Ic 4 Ic
DIRECTION DIRECTION
OF FLOW OF FLOW

SAME AS SAME AS
GRID GRID

Ig
DIRECTION
OF FLOW

B
DIRECTION N\
OF FLOW

<+— SAME AS CATHODE—

PNP NPN
A B

SAME AS
COLLECTOR

SAME AS
BASE

TRIODE TUBE SAME AS
¢ EMITTER
Figure 2-10

Observe figure 2-10 which shows the transistor symbol
and a comparisonof the different parts of the transistor
to the triode tube.

Figure 2-10A shows the symbol for a PNPtransistor.
The lead with the arrow labeled ““E’’ is the emitter
lead. The lead labeled ““*B’’ that is connected onto
the large flat area is called the base lead, and the
lead laveled ‘“‘C’’ is called the collector lead.

The direction that the arrow on the emitter is pointing
is important as it indicates the type of transistor, PNP
or NPN. If the arrow points toward the base, it is a
PNP. Figure 2-10B is the symbol for an NPNtransis-
tor. Again the emitter is the lead with the arrow.
The base lead connects to the large flat area, and the
collector is labeled‘‘C.”” Inthis case, though, thearrow
is pointing away from the base region. If the arrow
points toward the base, the tramsistor is a PNP; if
the arrow points away from the base, the transistor
is an NPN. Currentflowineachcaseisalways against
the arrow. This means that current flow in a PNP is
from the collector tothe emitter, while the current flow
in an NPN is from the emitter to the collector. The
transistor operates similar to the triode tube shown
in figure 2-10C.

The emitter of a transistor compares to the cathode
of a tube and acts much the same, while the collector
of a transistor is much the same as the plate of a
tube. The emitter of a transistor maybe considereda
cathode, while the base may be considered the grid,
and the collector may be thought of as the plate of a
triode.

2-4

So far all the transistors have been shown biased
with two batteries. Note the transistor in figure
2-11A which obtains bias from one source. Ground
is 'applied at the junction of Ry and Rj, while B-
is connected to the junction of Rg and Rjp. The
transistor is a PNP because the arrow points toward
the base.

Transistor Currents.

INPUT QUTPUT B+

>_

Re R_ OUTPUT

B(-)

NORMALLY CALLED INPUT
Voc =VOLTAGE OF

= THE COLLECTOR

SUPPLY
PNP
COMMON BASE GROUNDED GRID
(cB) TRIODE
A B
Figure 2-11

Because the ordinary transistor hasthree leads, there
are three possible ways of connecting it in a circuit.
These are common base, or grounded base; common
emitter, or grounded emitter; and common collector,
or grounded collector. The transistor showninfigure
2-11A is connected in a common base, CB, configura-
tion. Why? Because the base is a-c groundedthrough
Cy and is common to the input and the output. The
input comes in on the emitter, andthe output is off the
collector. The only item which can be common to
both the input and output isthethirditem, which is the
base that is a-c¢ grounded through C;. This compares
directly to the grounded-grid triode circuit shown in
figure 2-11B.

Examine the circuit to see if it is biased correctly.
A method of determining the polarity of bias ona
transistor is to determine the type of transistor,
in this case, a PNP; and, as shown in figure 2-12, to
write in the letters ‘“P-N-P’’ on the back side of the
symbol.

As shown in figure 2-13, starting at the emitter, using
the same polarity as the emitter material indicates,
which in this case is ““P’’ for positive, mark in the
polarities. In this example we have a positive on the
emitter to negative on the base,and a positive on the
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base tn negative on the collector. Notice that the
polarities go in series.

It appears that two batteries are desired to be con-
nected in series and that the polarity of the terminal
of the battery connected to the emitter matches the
material. Inthis case, with ‘‘P’’ type emitter material,
the positive terminal of a battery should connect to
this point. In series from the emitter, the polarity
goes positive, negative, positive, negative. This is
the bias that can be expected across a PNP-type
transistor. This rule, of matching the polarity of
the bias to the emitter material, holds true for NPN

START HERE
AND MATCH

INPUT OUTPUT
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as well as the PNP, as will be shown shortly.
Examine this PNP common base,CB,circuit to see if
it has the correct bias. Instead of two batteries, a
voltage divider consisting of Ry and Ry is used.
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ce

Figure 2-14

Figure 2-14 indicates that current flow in this circuit
flows from B- through Rg, through Ry, to ground.
Note that the polarities across each resistor match
the polarity of the bias desired for the transistor.
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Figure 2-13

Figure 2-15 shows the bias for an NPN, As can be
seen, it is the same as the PNP, with the bias polarities
and current reversed,
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Figure 2-16

An examination of figure 2-16 will show that the bias
of figures 2-14 and 2-15 are correct.

In series with the base-emitter junction is Rg,
the emitter resistance. The voltage across Rg is
dependent upon the voltage on the base, soit cannot be
greater than the base voltage and must be of the same
polarity. If the voltage across Rg is greater than the
voltage on the base due to the collector current, I,
then the transistor will be backed biased and there
will be no I; therefore, this condition is impossible.
The emitter current is dependent upon the current
flowing in the base. The current flow is from the
base to the emitter through Rg to ground, in parallel
with Rq. This transistor is connected properly for
forward bias of the base-emitter portion.

IIIIII|IIIII|II|I|IIIIIIIIIIIIIIII|IIIIII!IIIIIIIIIIIIIIIIIII 5
c

POLARITIES
= MATCH +
Rg l \ R

i

- cj cB -20v

Figure 2-17
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Examine the back-biasedsection, or the base-collector
junction in figure 2-17,

The base-collector junction plus Rj, is inparallel with
Ry. Therefore, the polarity across Ry will be across
the base-to-collector junction, or the base will be
positive withrespecttothe collector, andthe transistor
will be biased correctly.

leelc+1g = Ig 1.592% TO 99% OF 1

Ie

I¢
NI —————s

lg=1% TO 8%
OF It

— el c8 -20v

Figure 2-18

Figure 2-18 illustrates the different current flows in
a transistor and the ratios of one to another. As
previously stated, the current in the collector lead is
called I~. The current in the base lead is called I,
and the current in the emitter lead is called Ig. As
shown in the upper left-hand corner of figure 2-18,
Ig is equal to Ic + Ig. This means that Ig is the
total current flowing in the circuit. As shown in the
upper right-hand cporner of figure 2-18, I~ is equal to
between 92 and 99 percent of I, or Ig. In the middle
of the diagram it is shown that Ig consists of the rest
of the total current which will be 1 to 8 percent
of Iy or Ig. This means that 92 to 99 percent of the
current, Ig or I, flowing in the emitter comes from
the collector, and only 1 to 8 percent comes from the
base.

Note the use of the term ‘““Ip or Ig’’. This is to
emphasize that Ig is equal to the total current flowing
in the circuit.

Transistor Circuit Characteristics

Now that you have been introduced to biasand current
flow, let us take a general look at some of the
characteristics exhibited by the different transistor
circuits.
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Since transistors are current rather than voltage
devices, when we speak of gain we are interested in
ratios between two currents. Alpha represents the
ratio of delta I, divided by delta Iy, where delta I,
is the change in collector current for a change in the
emitter current, delta I,. In short, alpha is the for-
ward short circuit current gain for the common base
configuration,

Notice that lowercase subscript letters are used to
indicate emitter and collector currents, while all
previous subscripts were capital letters. By con-
vention, capital letter subscripts indicate d-c¢, or
quiescent functions, while lowercase subscripts are
used to indicate an a-c, or operating function,

Alpha is sometimes found in transistor manuals or
characteristic data charts. However, it is usually
found as hy,. The ‘“h’’ stands for hybrid parameters.
Hybrid parameters were developed and are used by
transistor manufacturers to indicate the values of the
internal elements of transistors. The subscript <’
stands fer forward current transfer ratio, and the
subscript ¢“b’’ indicates a common base configuration.
Therefore, h'fb inits entirety reads ‘‘hybrid parameter,
forward current transfer ratio of a common base
configuration.’’

The value of alpha is a function of the transistor
and is not dependent upon the value of the circuit
components in any way.

Figure 2-19 illustrates a computation to find alpha,
We assume a signal input that will cause a change
in the emitter current, I,, of 1 mill. A corres-
ponding change of 0.95 mill will occur inthe collector
current, I,. Alpha in this case isequalto0.95 divided
by 1 which equals 0.95. Alpha can never be greater
than 1. This becomes obvious when you recall that
there must be a certain amount of base current,
I, flowing before any collector will flow.
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The collector current, I., is dependent upon the base
current, I[,. In this case, with an alpha of 0.95,
0.05 mill of base current change, delta I, occurs
for a 1-mill change in the emitter current anda
0.95-mill change in the collector current. As pre-
viously stated the common base configuration com-
pares exactly with the grounded-grid tube circuit.
Keep this in mind when examining the following
diagrams to see what the common base configuration
will do.

VOLTAGE WAVEFORMS

’ AN
[-7= a1¢ oF IMA = ]
[ €0 | Tlru-a1c oF 9smal

GIVEN: a =.95
hip =100 OHMS

Rg X hyy

Reg+ hyp

hip & 25 TO 100 OHMS

IF Re § 10X hyp THEN Ry & by,
R; 8100 OHMS

R o

Figure 2-20

Figure 2-20 shows the computations for input resist-
ance of a common base configuration, The input
signal on the emitter sees the parallel resistance of
RE, andthe base-emitter resistance, h;y,, inseries with
the a-c impedance of C; to ground. hy, is another
hybrid parameter found in the transistor manual.
Again the ‘‘h’’ indicates hybrid parameter. The
‘i’ indicates input resistance, while the ‘b’’ indicates
common base configuration. In its entirety hib indi-
cates, ‘“hybrid parameter, input resistance of a com-
mon base configuration.” Generally hy, can be found
in the data charts supplied by the manufacturer or
in a transistor manual.

The nominal range of values for hj, is from 25
to 100 ohms. Assume that hib is equal to 100 ohms
in this case, and that C; is an a-c¢ short. Assuming
this, the input resistance is equal to the parallel
values of Rg and hy,. If Rg is equal to, or greater
than, 10 times hj,, then Rg may be disregarded and
the resistance-in, Rj, is approximately equal to hy.
In this case Rp is equal to 10 times h;y,, because
Rp is 1K, while hy, is equal to 100 ohms. There-
fore, disregarding RE' Ry is approximately equal
to 100 ohms.
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Common Base Configarations.
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Figure 2-21

Now examine figure 2-21 for computations of the
voltage-in and the voltage-out. The voltage-in, Vi,
is equal to the change in the input current, in this
case delta I,, times R;. With a change in the
emitter current, delta Ie, equal to one mill and
R; equal to 100 ohms, the input voltage is equal to
1 mill times 100 ohms, or 100 millivolts. The voltage-
out, though, is equal to thechange in the collector
current, delta I,, times RL. Witha 0.95-mill change
in the collector current, and a value for Ry, of 10K,
this equals 0.95 mill times 10K whichequals9.5 volts.
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Figure 2-22
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An examination of figure 2-22 will show that this is
a voltage gain, A,. The voltage gain ofany device is
equal to the voltage output divided by the voltage-in. In
this case the voltage-out was 9.5 volts, while the
voltage-in was 100 millivolts which, when the decimal
is moved over, equals 0.1 volt. Therefore, the voltage
gain, Ay, of this circuit is equal to 9.5 divided by
0.1, or A, is equal to 95. This may seem odd, as
there was actually a current gain of less than 1.

How can there be a voltage gain without a current
gain? This is possible because there is a resistance
gain, AR. Ap is equal to the resistance-out, Ry, or
Rjpad, divided by the resistance-in, Rj,. Inthis case,
this is 10,000 divided by 100 or a resistance gain, Ag,
of 100. An interesting point to remember is that the
current gain times the resistance gain always equals
the voltage gain. As shown in the computations, the
resistance gain, Ap, which is 100 ohms, times the
current gain of 0.95 equals the voltage gain, Ay,
originally computed to be 95.
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Figure 2-23

In figure 2-23, the computations for power gain are
shown, To obtain power gain, first compute the
power-in, P;,.. The power-in is equal to the change in
the voltage-in, delta V, , times the change in the
current-in, delta I,. The change in the voltage-in
of 0.1 volt times the change in the emitter current of
1 mill equals 0.1 milliwatt, Therefore, the power-in
equals 0.1 milliwatt. The power-out is equal to the
change in the voltage-out, deita Vout» times the change
in the current-out, delta I,. This is 9.5 times 0.95
mill which equals 9.025 milliwatts, and the power-~
out is equal to 9.025 milliwatts. The power gain, A _,
of this stage is equal to the power-out divided by the
power-in. Therefore, 9.025 divided by 0.1 equals the
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power gain, Ap, which equals 90.25. A quicker and
easier method of finding this is shown directly below
and is similar to the short method of finding voltage
gain. Current gain, alpha, squared times resistance
gain, AR' equals the power gain, Ap, 0.95 squared
equals 0.9025. 0.9025 times the resistance gain of
100 equals a power gain, Ap, of 90.25. This is the
same as that previously.found by the long and devious
method.

Examine the circuit to see if a phase shift occurs. A
positive incoming signal increases the current from the
base to emitter, I, andanincrease in current from the
base to the emitter will increase the current in the
collector, I,. A greater current flowing from B-
through the transistor will cause a greater dropacross
R; . Therefore, the collector voltage goes toward
ground, which in this case isgoingina positive direc-
tion, and no phase shift occurs across the emitter-to-
collector junction.

The grounded-grid triode circuit also has no phase
shift, a current gain of less than one, good voltage
gain, and a power gain. It has just been shown that
the CB transistor configuration displays these same
characteristics, and the grounded-grid tube can be
replaced with a common base configurationtransistor
circuit, and it will perform in exactly the same
manner as if it were a tube circuit. This will be
true whether it is a PNP or an NPN, The only
difference is in the direction of current flow.

Review.

Review the material just covered. To begin with, it
was found that the transistor isathree-element device
as shown in figure 2-24.

Figure 2-24
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These three blocks of material make up two PN
junctions, and the transistor has three leads which
are labeled ‘‘emitter’’, ‘‘base’’, and ‘‘collector’’.
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Figure 2-25

The normal bias for a transistor is to have the base
emitter forward biased while having the base to col-
lector back biased. The currents flowing ina transis-
tor are labeled “IB” for base current, “IE” for
emitter current, and “Ic” for collector current.

If a transistor is connected as shown in figure 2-25,
the transistor is said to be biased correctly.
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In addition to the currents shown flowing in figure
2-25, it was also found that an additional current
called IcBO, as shown in figure 2-26, tried to flow
against the external Ig.

Icgp means, ‘““‘current from the collector to base
with the emitter open,”” and can only be measured
with the emitter lead open. It was also found that
Icpo: although trying to flow against the external
Ig, actually adds on to the internal I and becomes
part of the internal IB' This means that the inter-
nal Ip is equal to the external Ig plus Icgp. Also
remember that I~ is the total current flowing in
the collector lead and, therefore, contains ICBO'
Also Ig is the total current flowing in the emitter
and, as such, consists of I~ plus the internal Ig, and
is the total flowing in the circuit.
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Figure 2-27

The transistor compares with the triode tube compo-
nent for component as shown in figure 2-27, The base
of a transistor is the same as the grid of a triode,
the collector of the transistor is the same as the
plate of a triode, and the emitter of the transistor
is the same as the cathode. The lead with the arrow-
head is the emitter lead of a transistor and always
points against the direction of current flow.

If the transistor is a PNP, the arrow points toward
the base of the transistor symbol; if the transistor
is an NPN, the arrow points away from the base on
the transistor symbol.

2-10
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Figure 2-28 shows that a single power source and a
voltage-dividing network can be usedtobiasatransis-
tor. The method for obtaining the correct bias polarity
across the transistor also is explained. Remember,
match the polarity of the emitter, and go in series
from the emitter towardthe collector toobtainthe cor-
rect bias polarity. If the bias polarity is correct
across Ry and Ry, the polarities will match as shown
in figure 2-28.
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Figure 2-29

Reexamine the circuit shown in figure 2-29. This
diagram indicates the ratios of the different currents
found in a transistor. The collector current, IC, nor-
mally is 92 to 99 percent of the total current, I.. or
Ip. The base current, Ig, normally is 1to 8 percent of
IT or Ig. Ig is the total current flowing in the circuit
and is equal to I~ plus Ig.
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An examination of an NPN-type transistor, as in fig-
ure 2-30, points out that biasing is the same for NPN
or a PNP, and only the direction of current is different.
This is alsotrue of all of the currents found in a trans-
istor and the ratios of these different currents.
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Figure 2-31

The ratio of the change in the collector current to
the change in the emitter current is labeled ‘‘alpha’’
as shown in figure 2-31. Alpha is also sometimes

found as the Greek letter alpha which looks like one
half of an infinity sign or as a small letter ‘“a’’ or as
the hybrid parameter, hg,. Alpha is equal to delta I,
divided by delta I,. For the transistor under discus-
sion, alpha equals 0.95. Also withanalpha of 0.95. the

CHAPTER2
Transistor Biasing and Configurations

change in Iy is equal to 0.05 milliampere for a
1-mill change in the emitter current and a 0.95-mill
change in the collector current.
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Figure 2-32

Figure 2-32 shows computations for current gain.
In this case witha change inlg of one mill, alpha times
I, equals a change in the collector current of 0.95
mill, Additionally, the input resistance, Rj, was found
to be equal to the parallel resistance of Rg and hy,.
If RE is equal to or greater than 10 times hjb, then Rj
is equal to hjb. Remember. hjp means, ‘‘hybrid
parameter, input resistance of a commonbase configu-
ration.’’
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Figure 2-33
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A further examination of the diagram, as shown in
figure 2-33, points out that the voltage-in can be
computed by multiplying the change in the emitter
current, delta I, times the resistance-in, Rj. Also
the voltage-out may be computed by multiplying the
change in the collector current, delta I» times Ry .
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Vout =Al¢ XR_ =95MA X I0K
Vout = 9.5V

Figure 2-34

The voltage gain can be computed as shown in figure
2-34. The voltage gain, Ay, is equal to the voltage-
out divided by the voltage-in. The common base
configuration has a voltage gain even through there
is no current gain. This is due to the resistance
gain, Ap. A faster method of_ computing voltage gain,
Ay, is to multiply the resistance gain, Ap, times the
current gain, alpha.
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VOLTAGE WAVEFORMS

*AIf OF IMA  ™riL=Alc OF .95MA
IN ouTt

o:]
GIVEN:a =.95 Vouyr 9.5V
hip =100 OHMS VEiVN 0V 9
Ao R 10,000
-~ R"R;, 100
oz —EZib Ay=AgX ALPHA=100 % .95=95
R+ hjp

PINAVINXAT4z OV XIMA |
hip & 25 TO 100 OHMS PN =0.1 MW |

IF Rg $10Xhjp, THEN R{Zhjp Poyt=AVoyt X Alc=9.5% 95MA|
R; =100 OHMS | Poyt *9.025 MW
VinzOLo X Ri=IMA X100 OHMS |, Pour  8.975 ... \
VIN=100 MV | PN Ol

Vout =AI¢ xR =.95MA X 10K |Ap=(ALPHA) X AR *.95% X100
Vourt = 9.5V = 9025 x 100 = 90.25

Figure 2-35

As shown in figure 2-35 the power gain, Ap, is equal
to the power-out divided by the power-in, Rather than
computing the power-in and power-out to find the
power gain of a circuit, it is possible to multiply
the square of the current gain, alpha, times the resis-
tance gain, Ap, to obtain the same result. Notice
that the common base configuration displays no phase
shift from the emitter to the collector, and that a
positive input signal causes a positive output signal.

Although the discussion of the common base amplifier
is based upon a PNP-type transistor, all of the
computations and currents are the same for an NPN,
except that the direction of current flowandthe polarity
of the biases are reversed.
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Section 2 Work Problems

Some of the following problems are arranged so that you may conveniently underscore the correct words, or fill

in the blanks, or answer thought questions in your own words. Disregard the value of R1 for all computations
of input resistance.

1.

. If a transistor is operating normally, the base-

. Internal I is equal to_

. Ig is equal to

If an NPN transistor isoperating normally ina circuit, what polarity of voltage would you expect to find on
the collector in respect to the emitter?

junction may be considered a forward-

biased diode.

. List all of the currents found in a transistor in the order of decreasing magnitude. Start with the highest

magnitude,
A,

B.

C.
D.

. Icpp (increases or decreases) as temperature decreases.

. If Ig decreases, I (increases or decreases),

. The CB configuration comparestothe triode circuit.

. If the voltage on the emitter of a transistor is negative in respect to the base and the transistor is conducting,

then the transistor must be (a PNP or an NPN),

10. For all of the following parts, refer to the diagram in figure 2-35 and use the following values. Disregard

the value of Rp in all computations.

Alpha = 0.98 Ro = 10K
hjp = 50 ohms Ry = 5K
Rl = 1K Nle = 0.5 ma
RE = 1K
A. FindAl,
B. Find Ry
C. Find AR
D. Find A,
E. Find Ap

When you have read and studied all of the first half of chapter 2, and answered all the preceding questions to

the best of your ability, you are ready to proceed to the next tape-slide presentation where the answers to
the above problems will be given and explained.
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Introduction.

Section 3 of the tape-slide presentation consists of
the second half of chapter 2, the chapter on biasiug
and the three basic transistor configurations. During
this portion, the common emitter and collector con-
figurations will be discussed in detail., Computations
will be shown for power gain, voltage gain, current
gain, resistance gain, and phase shift.

Common Emitter Configuration.

The tube circuit most commercially used is known
as the grounded cathode.

(f Vee + 20V

—

OUT
ouT
AL
IN IN
> >
I
=
I e
) 1 T
' (o5 '/I.;‘ Rgé _L_ 1L V
L * B
=
CE GROUNDED
COMMON EMITTER CATHODE
A B
Figure 2-36

Examine a circuit similar tothisthatistransistorized.
In figure 2-36, a transistor is shown connected in
what is called a common emitter, CE, configuration.
The common emitter amplifier compares exactly with
the grounded cathode triode tube. It obtains its name,
common emitter, because the emitter is common to
the input and the output signals. The feedback resis-
tor, Rg, compensates for temperature changes at the
collector-base junction. Rg will nullify variations
in the d-c operating point causedby these temperature
variations. Because C, is large enough to act as an
a-c short, the effect of both Ry and C; may be
disregarded when calculating gain,

Examine figure 2-37 to see if the biasing is correct.
Applying the rules of correct biasing, first determine
the type of transistor. The transistor is an NPN in-
dicated by the fact that the emitter arrow points
away from the base. Next mark the letters ‘““N-P-N"’
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i Vee + 20V

x

—AMA

[
),;

COMMON EMITTER
A

Figure 2-37

on the back side of the transistor diagram as is
shown in figure 2-37.

Then, as in figure 2-38, starting at the emitter and
using the polarity of the emitter, in this case it being
“N"’ type (““N”’ for negative), mark inthe polarities of
the bias. Going in series from the emitter towardthe
collector, on the front of the transistor diagram, the
polarities required across this transistor to bias it
correctly are negative, positive, negative, positive.

chc + 20V
r -
R § Ry
‘ ouT

$

CE
COMMON EMITTER
A

Figure 2-38
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chc +20V

ouT

S

Rg

™
— I_
_CE

COMMON EMITTER
A

Figure 2-39

An examination of figure 2-39 will show that this
polarity is available for the base-emitter junction.
The current flow in the external circuit is from ground
through Rj1, through Rg, developing a voltage from
bottom to top which will be negative to positive across
R1 and negative to positive across Rg, as is shown.
The junction of Ry and R2 is shown connected to the
base of the transistor, while the bottom of Ry is
connected to ground. Therefore, the base is positive
in respect to ground and the base-emitter junction is
forward biased.

ivcc + 20V

S

CE
COMMON EMITTER
A

Figure 2-40

Observe the base-collector junction bias as shown
in figure 2-40. The base-collector junction plus
Ry, is in parallel with Ry, and the polarity of the
voltage across Rg appears across the base-collector
junction as shown.

Vee 20V

Figure 2-41

An examination cof figure 2-41 will show that these
polarities must exist across the junctions with this
biasing arrangement. The transistor is shownhereas
two resistances. One resistance representsthebase-
emitter junction and is a low resistance. The other
resistance representing the base-to-collector junction
is a high resistance. Since neither the base-to-
collector junction or the base-to-emitter junction
ever exhibit an infinite impedance, the transistor may
be considered as two resistances representing base-
emitter junction and the base-collector junction for
biasing purposes. The current flow must be from the
emitter to the base, negative to positive, respectively,
and from the base tothe collector, negative to positive,
respectively, and continuing negative to positive
through Ry, to B+.

The transistor will be correctly biased, as shown in
figure 2-42, whenever two resistances are connected
between B+ and ground, with the junction of the two
connected to the base if no resistor is in shunt with
the transistor from the emitter to the top or bottom
of RL'

Let us examine the common emitter, CE, configura-
tion for current gain, input resistance, resistance
gain, voltage-in and voltage-out, voltage gain, power
gain, and phase shift.

Figure 2-43 shows the computations that can be used
to find the current gain, Aj, in a common emitter
configuration,
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CE
COMMON EMITTER
A

Figure 2-42

Recall that the symbol for alpha was used to repre-
sent the ratio of delta I, divided by delta I, which
gave us the forward current gain in a common base
configuration. In a corresponding manner, the sym-
bol beta is used to represent the ratio of delta I,
the charge in collector current, divided by delta
I;,, the change in base current. This ratio gives us
the forward current gain in a common emitter
configuration:

Whereas alpha values are always less than 1, beta
values will always be larger than 1.

Since the common emitter configuration is encountered
more frequently than the other two configurations,
beta is found more often than alpha in transistor
data specifications. It generally appears as a hybrid

Al A
GIVEN a =95 A= UT Ie

AI|N AIb
A= =22 =19
Vee +20V 0
Q? A =BETA=B
_Alc
B = AIb‘IQ
Al =BxI,
0UT>>
S AL-95MA
£ AL:imA

CE CONFIGURATION

Figure 2-43
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parameter, hfe' which means ‘‘forwardcurrenttrans-
fer ratio of a transistor in a common emitter con-
figuration.”” Beta also can be computed directly from
the characteristic curves for the transistor.

Notice neither alpha nor beta, the ratios of currents
from input to output, in a common base or common
emitter circuit consider the value of Ry, in their
equations. So therefore, an output off the collector is
called a constant current source. This means that
no matter what the value of Ry, the collector current
will be constant for a constant base current. The base
current, I, is not dependent upon Ry .

GIVEN: B=I19 hig={8+1)xh;
hip= 100 hig= (1941} X100 32K
IF RS 10Xh;q THEN R;g& hyg
Rie= 2K
pr hie
ALSO: hip= gy
cc+20V
N+
p 10K
oK -, our
=l wr=Ale
IN ™ = 95MA
= 05MA Y
H— 4 \/)\ )
Rie )\ =X
INPUT (4 Mie 4
RESISTANCE R, Al
OF A 1K ¢ ’m‘
COMMON |y ;
EMITTER + +30UF

Figure 2-44

Recall that when we figured the input resistance, Rj,
of the common base configuration we found that R;
is equal to h;p, the base-emitter resistance, when
Rg is equal to, or greater than, 10 times hy,.

In the comimon emitter configuration, as shown in
figure 2-44, the input resistance of the circuit, Ry,
is the parallel resistance of Ry and hj,. The hybrid
parameter, hj., is the input resistance of a common
emitter circuit. When hjy, is given, h;, can be found
by multiplying beta plus 1 times hj,p. Sometimes the
transistor manual will give hj, rather than h;, then
hjb can be found by dividing hj, by beta plus 1.

As shown in figure 2-44, h,, is equal to 19 plus 1 times
100 which equals 2K. In computing the value of Rje»
if Ry is equal to or greater than 10 times hj., then
Rje is approximately equal to h;,. This is not true,
in this case, as Ry is equal to one half of h;,, and the
parallel resistance of these two values must be com-
puted to find the actual input resistance as seen by
a circuitdriving this stage. Since we are notinterested
in the losses incurredbetween interstage coupling, and
are only interested in the impedance that delta I, sees,
we will assume that for purposes of this discussion Rje
is approximately equal to hie or 2K. This is the
impedance delta I;; would see.

2-17




CHAPTER 2
Transistor Biasing and Configurations

GIVEN: 8:=19 hie= (B +)%hp
=100 hie= ("9 +1)1X100= 2K
IF Ry310%h;, THEN Rj = hy,
Rie® 2K
hlo
A_SO hip=gyy
?Vee+20V [A !Rc 10K =51
: ¢ D J
Rz R
10K 0KE  r
R Ve e
> + Oﬂ“.
Rie 1
INPUT |+ Die I
RESISTANCE /R, N
OF A 1K ¢ S’IKE
COMMON |+ 1
EMITTER Lo $40UF
Figure 2-45

Figure 2-45, shows the computations for the re-
sistance gain, A,, of a common emitter amplifier,
AR.is equal to the output resistance, Ry, divided by
the input impedance, Rj. Ry is equal to 10K, while
Ri is equal to 2K. Therefore, AR is equal to 5.
Notice that this value is much smaller than that
found for the common base configuration, This is
due to the higher input impedance of a common
emitter amplifier.

GIVEN. B=19 hig=(B+1}xhy,
=100 hie= (1S +1)X100 = 2K
IF R)5 10%h;y THEN Rjg& h;,
Rig= 2%

AL S0

?Vcc*‘zov

.
+ +

Rz 2 Ry
3 10K
oK out

Al w=A1:

__Fie
h""?&l

Ro 10K _

RER, " 2K
AV = D1pXR o= OSMAX2K
AViNEOIVOLT
AVOUT :AICXRL
= 95MA X 10K

L JC 05»u\=-9~‘>""A AVoyr =9.5VOLTS
Rie T 1 f

INPUT |+ Pie 4
RESISTANCE LR
She
Cy

OF A TIK 21K

COMMON |4
EMITTER o 4OUF

Figure 2-46

The voltages in and out can be computed as shown

in figure 2-46. The change
2-18

in the voltage-in equals

delta I, times R;,. Delta L is equal to 0.05 mill,
and Rj, is found to be equal to 2K ohms. Therefore,
the change in the voltage input is equal to 0.05 mill
times 2K, or 0.1 volt. The change in the voltage-out
can be computed by multiplying delta I, times Ry.
Delta I, equals 0.95 mill and Ry equals 10K ohms.
Therefore, the change in the voltage-out is equal to
0.95 mill times 10K ohms, or 9.5 volts.

GIVEN: B=19 hie= (B+)Xhyp
hip = 100 hie=(19+) %100 = 2K
IF R(S 10Xh;, THEN R;y % hy,
R|C:2K
ALSO hjp=amie
La-FY|
Wee +20V Ro 10K
. — A= "k *®
R | R, AV = AIpXR;e= OSMAX2K
10K 10K AViN=OIVOLT
- out N
—»  AVoyr=AOI¢xR
bl Al = 95MAX 10K
e _L=.05N1A:95MA AVgur =9 5VOLTS
. ' AV, .
Rie ™ T Av=—°UT=9_'2=g5
INPUT |+ Pie J AV O1
RESISTANCE |R, [ éés' Ay 95
OF A FIK ALSO: Ay =AgX 8=5%19:95
COMMON |+ ¢ ikl Ll |

EMITTER i oty

Figure 2-47

This represents a voltage gain, Ay, as shown in
figure 2-47. Ay is equal to the change inthe voltage-
out divided by the change in the voltage-in. The
change in the voltage-out was equal to 9.5 voits
while the change in the voltage-in was equal to 0.1
volt. Therefore, the voltage gain, Ay, is equal to
9.5 over 0.1 which equals a voltage gain of approxi-
mately 95. Also as was found in the case ofa
common base amplifier, the voltage gain, A, can be
computed by multiplying the resistance gain, AR,
times beta. This means that 5 times 19 should equal
the voltage gain obtained above, and it does. Notice
that the voltage gain obtained in this case is equal
to the voltage gain obtained in the common base
configuration. Actually the gain of this configuration
should be slightly smaller by about one or two,
since the common base configuration always has a
slightly higher voltage gain. This error is due to the
inexact equations used, and is close enough in actual
circuit work.

Now examine figure 2-48 for computations of the
power gain. The power-in is approximately equal
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GIVEN: B:=19 he=(B+)xhyy
np =100 hie={1941)X 100 = 2K
IF RS 10%h;y THEN R;y h;,
Rie & 2K
h
ALSO- h;.,=81'|
TVee +20V R, 10K
- AR:?.=_2K =5
R> RL AViN=O1,XR;e= O5MA X 2K
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hd Py 005 MW
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. Pour , 9025
Ae Pin = 005
Ap = 1805

|
|ALSO: Ap=Ag X B2=5xI92= 5x 361+ 1805|

Figure 2-48

to the change in the base current times the change in
the voltage-in. The change in the base currentis 0.05
mill, and from previous computations it was found
that the voltage-in is equal to 0.1 volt. 0.05 mill
times 0.1 volt equals 0.005 milliwatt giving power-
in as approximately equal to 0.005 milliwatt. The
power-out is approxXimately equal to the change in the
collector current times the change in the collector
voltage. The change in the collector current was 0.95
mill, and the change in the collector voltage for this
current change was found to be 9.5 volts. 0.95 mill
times 9.5 volits equals a power-out of 9.025 milliwatts.
The power gain, Ap, is equal to the power-out over
the power-in. Power-out is found to be 9.025 milli-
watts and the power-in was 0.005 milliwatt. Power
gain is therefore equal to 9.025 divided by 0.005.
This equals a power gain of 1805.

Also the power gain, Ap, may be found by multiplying
the resistance gain, AR, times beta squared. The
resistance gain is 5 while beta is 19. 19 squared is
equal to 361. Therefore, 5 times 361 equals the
power gain of 1805.

The common emitter amplifier does have a phase
shift between the base and the collector as shown in
figure 2-49. Assume that a positive signal is inserted
to cause the 0.05-mill change in the base current,
delta I,. The positive incoming signal increases the
base current by delta Ib, because it comes in on ‘P’
type material. A positive on ‘“P’’ type material
increases the current. A positive on “P’’ type
material always increases the conduction of the
device. The increase in the base current by delta
I, causes an increase in the collector current by
delta I.
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GIVEN: 8:19 ne=(B+)xhy
mp=100 hig=(19+1)X 100 = 2K
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Figure 2-49

The increase in I, will cause a greater voltage
drop across Rp, and the collector of the transistor
will go more negative. If the collector goes more
negative, there is a 180-degree phase shift between
the base and the collector because a positive input
causes a negative output. This is also true in tubes
where the signal on the plate is 180 degrees out
of phase with the signal on the grid. All transistors,
whether PNP or NPN, will have a phase shift of
180 degrees from the base to the collector.

Each of the parameters that have been discussed in
the common emniitter configuration compare with the
parameters that would be found in the grounded
cathode tube circuit. In other words, there is a phase
shift of 180 degrees from irput to output, a voltage
gain, a power gain, a current gain, and a medium
input impedance to a high output impedance.

Common Collector Configuration.

So far the discussion has covered the grounded base
and grounded emitter configurations. The grounded
collector configuration is shown in figure 2-50. This
is called the common collector configuration, and it
compares to the grounded plate tube configuration,
better known as the cathode follower. The common
collector configuration of the transistor also isknown
as an emitter follower, Either name is correct. The
common ccllector configuration obtains its name
because the collector is common to both the input and
the output.

2-19
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L__T I-

Vee +20v B-
EMITTER FOLLOWER CATHODE FOLLOWER
OR OR
GROUNDED COLLECTOR GROUNDED PLATE

(CC) CONFIGURATION
CONFIGURATION (B)
(A)
Figure 2-50

Before examining the common co:lector configuration
for circuit-operating parameters, examine figure 2-51
for the correct biasing. First, determine the type of
transistor. The arrow is pointing toward the base,
so therefore, this is a PNP-type transistor. Write
these letters on the back side of the transistor
diagram.

Vee —20V
i(vcc = AC GROUND)

ouT

cC
NORMAL BIAS

Figure 2-51

Then, starting at the emitter, as showninfigure 2-52,
apply the same polarity that the material indicates
(“‘P’" for positive), and going toward the collector go

2-20

positive, negative, positive, negative in series. This
is the polarity of the bias necessary for correct
biasing of the transistor.

Vee —20V
(Vec = AC GROUND)

IN

>

ouT

Re

L .

—_

ccC
NORMAL BIAS

Figure 2-52

The next step is to examine the biasing arrangement
of figure 2-53 to see if the correct polarity is availa-
ble for base-emitter bias. Current flow in this cir-
cuit is from B- to ground, down through R2' down
through Rj. This develops a negative to positive from
top to bottom on each of these resistors, applying a
negative at the top of Ry to a positive at the bottom

Vee —20V
Q@ (Vee = AC GROUND)

cC
NORMAL BIAS

Figure 2-53
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of Ry. Ry is in parallel with the base-emitter re-
sistance plus Rg. This must apply a forward bias to
the base-emitter junction. If there is no current in
the emitter, then there will be a forward-biased con-
dition across the base-emitter. This is because Rg
will have no voltage drop across it. As soon as a
forward-bias condition occurs, there will be some
voltage dropped across Rg, but since the current
in the emitter is dependent upon the current in the
base, the voltage drop across RE is negative at the
top, to positive at the bottom, and can never be more
negative at the top than the voltage at the junction

of R1 and RZ'

Vee —20V
TVCC: AC GROUND)

on

;

NORMAL BIAS

Figure 2-54

Figure 2-54 indicates that the correct polarity of
bias is across the base collector junction also. This
must be true, because the polarity across Rg matches
the polarity desired across the transistor.

The biasing arrangement for the common base, the
common emitter, and the common collector configura-
tion has been shown the same in every case, and in
every case the transistor is found to be forward
biased.

If only one supply is used, this biasing arrangement,

will always cause the transistor to be forward
biased.

The only method that may be used to bias off a tran-
sistor with one supply is to bypass the transistor
from collector to emitter with another resistor as
shown in figure 2-55. The biasing arrangement of
figure 2-55 consists of two resistance voltage di-
viders. One voltage divider consists of Ry and Ry,
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IVCC—ZOV

\
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|||—0
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THE ONLY METHOD
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TRANSISTOR WITH
ONE “B" SUPPLY

Figure 2-55

while the other consists of Reg and Rg. Because of the
value picked for Ry and R2, the voltage at the junction
of R1 and Rp which is called Vgp, meaning voltage
of the base supply, is equal to a minus 1 volt.

Due to the values picked for Rg and Ry, the voltage at
the junction of Rg and Rg, Vgg,equals minus 2 volts.
This places a negative 2 volts on the emitter and a
negative 1 volt on the base of the transistor. This
places a negative to positive from the emitter to the
base, respectively, and would back bias the transistor
by 1volt. Thevoltage across the base-emitter junction
of a transistor is called Vg, meaning voltage from
the base to the emitter.

GIVEN: a =.95 A - Blour_Bly 1
SIGNAL IN =AIp=05MA |“ic” AT Al, 05
A =20
Vee =20V A = GAMMA(y)=G

GAMMA=B+1=19+1=20
Gxlg=1Ig¢

Figure 2-56
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Computations for current gain in a common collector
configuration are shown in figure 2-56. If using the
same type of transistor as in the previous configura-
tion, alpha will be equal to 0.95. Assume a signal
input that will cause a change in the base current,
delta Ij,, of 0.05 milliampere. The current gain of the
common collector, Aj., is equal to the change in the
current-out divided by the change in the current-
in. This means that A;. is equal todeltal, divided by
delta Ij. With a change of 0.05 milliampere in Iy,
the emitter current, I, will change 1 milliampere.
0.05 into 1 equals a current gain, Aj., of 20. Aj, is
called gamma. The Greek letter for gamma is shown
but is seldom used, instead the letter ‘‘G’’ is used.
Gamma also is equal to beta plus 1. For an alpha
of 0.95 it isfound thatbeta isequal to 19, so therefore,
19 plus 1 equals gamma, which equals 20. Gamma
times Ig equals Ig.

GIVEN: a = .95 _Alout_AOle |
SIGNAL IN=Al,=05MA  A'C* AT, "% AT, 05
Aic = 20
Vee -20V A = GAMMA(y)= G

GAMMA =B +1=19+1=20
GxIg=Ig

DISREGARDING hj, AND Ry
Ri&(B +)X Re=(I19+)xIK
R, = 20K

Figure 2-57

Now examine figure 2-57 for computations of the
input resistance of the common collector configuration.

The input resistance of a common collector configura-
tion consists of the parallel resistance of Rj in
parallel with hj, plus beta plus 1 times Rg. Although
a good portion of the input signal from another stage
would be lost through Ry, we are only interested in
the position of the signal which reaches the base of
the transistor, so therefore, Ry will be disregarded.
In the common collector configuration, hje may be
disregarded in computations of the input resistance
without causing a large error in the computations.
Disregarding hje and R}, Rj¢ is then approximately
equal to beta plus 1 times RE. This is equal to 19
plus 1 times 1K, or Rj¢ is approximately equal
to 20K ohms.

In figure 2-58, computations for the voltage gain of
a common collector configuration are shown. The
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GIVEN: a = .95 . _Alour_ Ale |
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Aic = 20
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VIN® | VOLT
VOUTE Al XRg =IMA XIK|
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Ay = W= T 1.0
Av' 1.0 J

Figure 2-58

voltage-in is equal to delta I times R, This equals
0.05 times 20K, and is approximately equal to 1 volt.
The voltage-out is approximately equal to delta I
times RE. Therefore 1 mill times 1K equals 1
volt. The voltage gain, Av' equals the voltage-out
divided by the voltage-in. This could be 1 divided
by 1 for a voltage gain, A, of 1. In reality the
voltage gain of a common col‘lector configuration is
always slightly less than one. The error, in this
case, results from disregarding the value of hie‘

GIVEN:0=.95 . _Alour_ Ale |
SIGNAL IN:=AIp=05MA AiC*ZT "% A7 08
Aic =20

AIC = GAMMA(y) = G
GAMMA =B+ 1=19+ =20
GxIg=Ig
DISREGARDING h;s AND Ry
R,y =(B +1)X Rg=(19+1)XIK
R, & 20K

VINZAIp X R,=.05% 20K
Vi ¥ VOLT

VOUTS Al XRe = IMA XIK
VouT & | VOLT

Vee -20V

USING h\e DISREGARDING Ry
hie = (B+1) Xhjp =20% 100
hie = 2K
Ri={B+I)Rg +h;, = (20 xIK) + 2K|
R;= 22K

ouT

R Ale=IMA
b

Figure 2-59
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Figure 2-59 shows the computations for R;. using
hje. hje is equal to beta plus 1 times hjp. hjp is
given as 100 ohms. Therefore, hj, is equal to 20
times 100, or 2K. Rj. is equal to beta plus 1 times
RE plus hje. Therefore, Rj. isequal to the quantity 20
times 1K plus 2K, or 22K. Notice that this is 2K
Ohms greater than that obtained when hj. was
disregarded.

GIVEN: a * .95 JAloyr Ale 1
SIGNAL IN=AIp=0SMA  AlC® ZT " " A7, " 55
Aic =20
Vee -20V Aic = GAMMA(y)= G
GAMMA*B+1319+1520
GxIgslg

DISREGARDING hjg AND R|
Rj& (B +1)x Rg= (19 +)xIK
R & 20K
VIN¥AIpXRis.05% 20K
VIN &1 VOLT
VouTt & Al X Rg =IMA xIK
VouTt 1 VOLT

Vout_ |
Av = ViN T
Ay= 1.0

USING h|, DISREGARDING R
hig = (B +1) X hjp =20 % 100
hig = 2K
Ri=(B+)Rg +hjg (20 XIK) + 2K
Ri=22K

I-V|N= AlpxRj= 05x 22K

=10

Viy =110
Vour = Als X Rg= IMA X IK
Vourt =1 VOLT
IA SYour 1
Vivie 110
LAv=.909

Figure 2-60

Using this value for R, figure 2-60 shows the
computations for the voltage gain. The voltage-in is
still equal to delta Iy times Rj;. In this case though
Rjc is equal to 22K ohms, and the voltage-in is then
equal to 0.05 times 22K. The voltage-in is now
equal to 1.1 volt. The voltage-out is still equal to
deita I, times Rg. Either delta I, or Re changes
from the previous computations, so the voltage-out
is still equal to 1 volt. The voltage gain, Ay, can
then be computed as the voltage-out divided by the
voltage -in. The voltage-out is 1 volt, while the
voltage-in was 1.1 volt. This results in a voltage
gain, Ay.of 0.909. Note the voltage gain ofa common
collector contiguration is less than 1, but, in this
case, the error involved by disregarding hje is neg-
ligible and results in an error of only 10 percent.

As shown in figure 2-61, the voltage gain may be
computed by first finding the resistance gain.

The resistance gain of any circuit is equal to the
output resistance, R, divided by the input resistance,
Rj. The actual input resistance, as found in figure
2-60, is 22K. The output resistance, on the other
hand, is equal to Rg, which has a value of 1K. 1K
divided by 22K equals 0.045. The voltage gain, Ay,
is equal to gamma times AR. Gamma is equal to
beta plus 1. therefore gamma is equal to 20,
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GIVEN: B=i9
hie® 2K

VCC' +20 FROM AVm' -V

Ay=GXAg=20 X 045|
A,=.90 |

4

i 4

— ATy =IMA

Figure 2-61

20 times 0.045 approximately equals the voltage gain,

Ay, of 0.909 previously obtained in figure 2-60.
GIVEN: B=19
hig® 2K
Veec= +20 FROM 2""‘ :v-lv
F16.2-60 out
i Rio & 22K

ApsDo . 1K | 548

o R 22K
E Ay :GXAg=20%.045
§ Ay .90

R =

10K

1

[‘ Pin= Alp X AV;y= OSMAX |
Pin* -O5MW |
POUT = Al. X VouTt x|MAX 0.9
PouT % 0.9 MW
. Pour 09

Py 05

Apg = 18
ALSO
Apc = Apx GZ:.045%x202 |

=.045X400:.18

Apc

ouT
— L = AT4=IMA
NPN
cc
Figure 2-62

Figure 2-62 shows the computations for power gain.
The power-inis equal to the change in the base current,
delta I, times the change in the voltage-in. Delta
I, is equal to 0.05 milliampere, while the voltage-in
was found tc be equaltolvolt., 0.05 milliampere times
1 volt equals a power-in of 0.05 milliwatt. The
power-out, on the other hand, is equal to delta I,
times the voltage-out. The power-out therefore is
equal to 1 milliampere times 0.9 volt, or the power-
out is equal to 0.9 milliwatt.
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The power gain of a common collector, Apcs can then
be computed by dividing the power-out by the power-
in. The power gain isthenequalto0.9divided by 0.05.
This common collector configuration, therefore, hasa
power gain of 18. The power gain, Apc, also can be
computed by multiplying the resistance gain, AR,
times gamma squared. Therefore, the power gain
is equal to 0.045 times 20 squared, or 0.045 times
400 which equals 18, the power gain obtained
previously.

GIVEN: B=19
hie = 2K

BV -V
Vecs +20 FROM AQLT,_,V

i F16.2-48) 007«

Ro _ IK
Ag =D,
R*R, 22k " 043
Ay *6XAg:20x.045
Av-.90

PiN*AlpX AV)y=0S5SMAX |
Py *-05MW

Poyt =4l X Voyr ¥IMAX 0.9
Poyt =0.9MW

T

P 09

out 0

Apg* o =T

4 Py 05
R, Apc = 18

ALSO

Apc * ApXx 62+.045%x202
=.045x400+18

ouT

= [Lr=ale=1vM4

Figure 2-63

Figure 2-63 points out that there is no phase shift
from the base to the emitter as in a common emitter
configuration.

Due to the following action ot the emitter, if a
negative is inserted on the base, the voltage on the
emitter will go in a negative direction also. This
can be explained by the fact that a negative on the
base causes a decrease in current. If a negative
signal is inserted on ‘‘P’’ type material, it will
always cause a decrease in current. A decrease
in current through the base emitter causesadecrease
in current from the collector to the emiitter and a
decreasing current through Rg from bottom to top.
This causes a less negative to positive voltage drop
across Rp, and the voltage across RE goes ina
negative direction. Therefore, there is no phase
shift in the output.

There is no phase shift from the base to the emitter
because the base to the emitter is nothing more than
a forward-biased diode. Figure 2-64 also shows why
the voltage gain is always very nearly 1. The base-
to-emitter voltage for germaniun:, Ge, and silicon,
Si, is shown plotted at the bottom of the graph.
Emitter current for each of thedifferentbase voltages
is plotted along the left-hand side of the graph. It
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EMITTER CURRENT- MILLIAMPERES

D | -0 | -02 , -03 Ge
| i 1 \ 1 f
BASE TO EMITTER v0LquE—QOLT§

]
0O 02 04 06 08 10 12 si

Figure 2-64

takes approximately 0.15 volt for germanium and 0.6
volt for silicon before any appreciable amount of
emitter current will flow. After this pointthe current
will increase by alargeamount foravery small change
in the base in the emitter voltage. A general state-
ment is sometimes made that the maximum expected
voltage drop across the base emitter of a transistor
will be 0.25 volt for germanium and 1volt for silicon.
Figure 2-64 bears this out, as the current will be
somewhere off the top of the graph if the voltage from
base to emitter is equal to 0.25 volt for germanium
or 1 volt for silicon.

Vee
"X" INDICATES EMITTER

Figure 2-65
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CHAPTER 2
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At times alpha is given and beta is the quantity that
is desired. To find beta, use the equation, as shown in
figure 2-68, beta is equal to alpha divided by 1 minus
alpha. Using the value for alpha just found, 0.95,
then beta is equal to 0.95 divided by 1 minus 0.95.
Subtracting 0.95 from 1 leaves 0.05, and 0.05 into
0.95 equals a beta of 19, which was the beta originally
used.

MUY
s\ﬁ\\\\j\gﬁg‘i?‘x'nu\\\\\\‘.‘ TN \.

Figure 2-69

Sometimes gamma is the quantity desired. Gammais
equal to beta plus 1. As has been shown, with a beta
of 19, gamma then is equal to 19 plus 1 which is a
gamma of 20.

When the circuit is connected into a configuration so
that the signal is being fed in on the base, the ratio
or the quantity which is the most important for the
technician is beta. While if the signal is being fed
in on the emitter, the ratio that will be the most
important for the technician to know is alpha. Most
transistor manuals give beta for the transistor, and
if the circuit demands that you know alpha, itis
necessary to convert from beta to alpha. Gamma is,
of course, beta plus 1.

Review.

Let us reexamine the common emitter configuration
as shown in figure 2-70. The input resistance of a
common emitter amplifier is equal to the parallel
resistance of Ry and hje. Also hje is equal to beta
plus 1 times hjp,.

2-26

GIVEN: B:=19 hie=(B+Nxhy,
hip=100 hie= {19+1)X 100 = 2K
IF Ry 10%Nh,g THEN Rg h;g
Rie = 2K

h
ALSO: h.b=3—f|

Vec+20V R
cc Ane—2 10K o
: . R, 2K

Rz*g R AViy=AlpxR, = O5MAX2K
el 10K AV, 0.IVOLT
{J’L:AID‘ - —.I AVoyt =AIXRL
= 0SMA [’-’ =Al] = 95MAX 10K
'ﬁ» - Q JAVy7=9.5VOLTS
: nes Je Qo 95
INPUT | M B AV Ol
RESISTANCEéR, 5 Ay 95
cgn:MAoN il $6 ALSO:Ay=AgxB=5x19:95
* — : A I
EMITTER L Y‘40UF Pin& Al,x AV =.05MA X0
Pins .005SMW
Pout = ATgx AVe
= 95MAX 9.5

Pout &9.025MW

Pout ., 9.025
Ap= (Al
P P 005
Ap = 1805

ALSO- Ap=Agx B2=5x192= 5x 361=1805

Figure 2-70

The voltage gain, Ay, may be computed either by
{inding the values of the voltage-in and the voltage-
out and dividing the voltage-out by the voltage-in, or
by multiplying the resistance gain, AR, times
beta.

The power gain can be computed by obtaining the
power-in and the power-out and dividing the power-
out by the power-in, or by multiplying the resistance
gain, AR, times beta squared. The common emitter
amplifier has a resistance gain, voltage gain, power
gain, and a phase shift.

GIVEN: a = .95 . AIOUT‘ Ale |

SIGNAL IN=AIp=05MA  AiC*ZT 5 * 77, " 58
Aic =20
Ve -20V Ai¢ * GAMMA(y) = G
GAMMA=B+1=19+ (=20
GxlIg=Ig

DISREGARDING hjs AND R;
R &(B+N)xRe=(19+1)XIK
R; & 20K
VINZAIpXR;2.05% 20K

VINE | VOLT
VouT& Al XRg=IMA XIK
Voyt & | VOLT
- Your 1
Ay = v ST
Ay = 1.0

USING h;, DISREGARDING R
hie = (B+1)xhjp 220X 100
hie = 2K
Ri=(B+I)Rg +hiy 2(20 XIK} + 2K
R = 22K
Vin=AIpXRj = 05% 22K 1
ViIN=LIO
Vout = AI= X Rg = IMA X IK

Vour = | VOLT
Ay = Your_
v ViN LIO
Ay =.909
Figure 2-71
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As shown in figure 2-71, the currentgainof a comron
collector or emitter follower amplifier is equal to
gamma., Gamma is equal to beta plus 1. The resis-
tance-in and the voltage gain may be computed disre-
garding hje or by using hje. The error involved in
disregarding hje is only 1 percentinthiscase. There-
fore, hje may be disregarded in the computations of
input resistance of the common collector or emitter
follower configuration. The voltage gain of a comnon
collector is always less than 1 but very near 1.

GIVEN: B9
hiy = 2K
Vees +20 FROM 2\\1'"' v
FIG.2-4g| 2Your *-IV
i Ris 22K

R 1K
Ag=—0 . JK
"R iy .045
Ay =G XAg=20x.045
Av = .90

iy

LI sar
Al =.05MA

Pin=AlpX AV * O5MA X |
Pin®05MW

Pout *Alg X Voyr ¥IMAX 0.9
Poutr #0.9MW

Pour . 0.9
Apcla—ﬁag

IN
Apc * 18

Apc *Apx 625.045x20°2
*.045%400+18

ouT

[r=a1,=1m4]

Figure 2-72

Figure 2-72 shows that the voltage gain also may
be computed by first finding the resistance gain,
AR. The voltage gain, Ay, then is equal to gamma
times the resistance gain, AR. Although the common
emitter amplifier has a voltage gain of less than 1,
it does have a power gain. This may be found either
by computing the power-in and the power-out and then
dividing the power-out by the power-in, or by multi-
plying the resistance gain, AR, times gamma squared.
The emitter follower has no phase shift between
the input and the output.

Because there is no phase shift between the input
and the output and the configuration has a voltage
gain close to 1, the stage iscalled an emitter follower
because the emitter follows the base.

Now let us see what we have learned during this chapter.
As shown in figure 2-73, the three configurations,
common base, CB; common emitter, CE; and common
collector or emitter follower, CC, were discussed.
It was found that the collector current in an NPN
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TneN cc
COMMON COLLECTOR
| EMITTER FOLLOWER

NPN CB|PNP

COMMON BASE COMMON EMITTER

Figure 2-73

flowed from the emitter to the collector, while in a PNP
the collector current flowed from the collector to the
emitter. It was also found tnat for correct polarity
of bias, the polarity of bias across the base-emitter
must match the type of material. A configuration
gets its name, common base, common emitter, or
common collector, from the item that is common to
the input and the output. In other words, in the
common base configuration, the base is tied either
to a d-c or a-c ground; while in the common emitter,
the emitter is tied to either an a-cor d-c¢ ground; and
in the common collector, the collector is tied to
either an a-c or d-¢ ground.

NPN CB PNP e
oM : C ;
 COMMON Bast | COMMON EMITTER oyl ree ol L owe
Ry (R Ryl=h, LOW (Re)he=Beny, (R )=(Bellihy +Re)

25100 0HMS MED (B+1)Rg +h,, HIGHEST

Figure 2-74
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Figure 2-74 shows a comparison of the input resis-
tance of the three configurations. The input resis-
tance of a common base, called Rjp, is approximately
equal to hjj, and is usually between 25 and 100 ohms.
The input resistance of a conmmmon emitter, called
Rje, is approximately equal to hjo. This quantity is
equal to beta plus 1 times hjj,. The input resistance
of a common collector, called Rj., is equal to beta
plus 1 times the quantity hj}, plus RE, or is equal to
beta plus 1 times Rg plus the quantity hje.

Therefore, the common collector has the highest
input impedance, and the common base has the lowest
input impedance.

a—
Hesessen

N
ol
RI
’I 1 '::.E
A'] Is
-
. 4 -
. - + + +
5 - 5
NPN
NPN CB ONF . .
COMMON COLLECTOR
COMMON BASE COMMON EMITTER e ™ eR
N 5 (R,)=(Bo1)ib, +Re) OR
. MED (B+)Rg +h,, HIGHEST
Rour (Ro)  |(Rgp} HIGHEST Rye) HIGH (Rye) LOW
Figure 2-75

In figure 2-75, the output resistances of the thrc
configurations are compared. The output resistances
of a common base, called Ry, are said to be the
highest. The reason for this is that Ry, is paralleled
by the resistances from the collector to the emitter
and Rg. The total resistances from collector to
emitter plus Rg do not affect R, greatly,and there-
fore normally are disregarded in computations of the
output resistance.

The output resistance of a common emitter ampli-
fier, called Ry is listed as high. This means that
it is not as high as a common base but is very near
it. This is because the output resistance istheparal-
lel value of It} and the collector to the emitter
resistance. The value of Rp is not included in this
because it is bypassed by Cy. Therefore, the output
resistance, Rgye, of a common emitter amplifier will
be slightly lower than the output resistance of a
common base amplifier. The outjut resistance of a

2-28

common collector or emitter follower is labeled
‘“‘Rye’’ and is usually very low. The reason for this
is that the output resistance is the parallel value
of Rg and the collector to the emitter resistance.
The collector to the emitter resistance normally is
quite high, while the value of Rg usually is kept low,
and Rg therefore determines the value of the output
resistance. This means that the common collector
or emitter follower configuration normally has the
lowest output impedance, while the common base has
the highest output impedance.
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SRR R2
- : ; —J
NPN CBTPNP CE r’j&':MON CONIECIon
COMMON BASE ~ ~COMMON EMITTER | GUlti, L e
R RyIZh,, (R JZh, (BN, (R )=Belllhg +Re) OR
| 25-100 oHMs MED | (B+Rg +h,, HIGHEST
Rour (Ro)  [Rop) HIGHEST (Rye) HIGHEST Ry} LOW

POWER GAN(A Y(A,,) HIGH [(Ape) HIGHEST (Ape) LOW

Figure 2-76

Figure 2-76 shows a comparison of the power gain
of the three configurations, common base, common
emitter, and common collector. The power gain of a
common base configuration, called Apb' was found
to be high. The power gain of the common emitter
configuration, called A, ., was found to be highest.
This was due to the fact that both a resistance gain
and a current gain occurred in the common emitter,
while in the common base configuration only a re-
sistance gain occurred. The common collector was
found to have the lowest power gain, called A,
because it had a resistance loss that thoroug}lly
compensated the current gain. It also had a slight
voltage loss. This points out the fact that the re-
sistance gain of a stage is quite important as far as
power is concerned.

Figure 2-77 shows a comparison of the voltage gain,
Ay. The voltage gain, Ayp, of the common base was
found to be the highest: the voltage gain, Aye, of the
common emitter was found to be high: and the voltage
gain, Ayc, of a common collector was found tobe less
than 1. In actual computations it was found that the
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NPN 8 PNP
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” : Beny (R I=(Bsllny o Re)
L) HIGHEST
VOLTAGE
GAIN (&,) (A} HIGHEST (A,e) HIGH {A,c) LESS THAN ONE
Figure 2-77

common base and the common emitter had the same
voltage gain, but it was pointed out that the common
emitter always has a voltage gain slightly smaller
than the common base and that the error involved
was due to the approximate equations used.

v
It
R2 -
§ NPN
X
MEI BHIRg +h , HIGHEST
N ‘o) \ 5 AN ONE
CURRENT (A,5) ALPHA (A JHIGH, BETA = "B (A, JHIGHEST, GAMMA
GAIN (a)) <| LOW 'y =G=(Be)=l

Figure 2-78
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Figure 2-78 shows that the common collector has
the highest current gain, Aj.. The current gain of a
common collector or emitter follower is called gamma
and is equaltobetaplus 1; therefore, it must always be
equal to or greater than 1. The common emitter
amplifier has the next highest current gain, Aje.
The current gain of the common emitter amplifier
is called beta, and beta is always greater than 1.
The common base amplifier has the lowest current
gain, Ajp. The current gain of the common base
amplifier is equal to alpha, and alpha is always less
than 1.

V20V Ve -20v Vee
{
- ) E - —t gc -
NV .ig R R 2
e |'e o
5 2 {QPE
H oz
-
; A Ie
R :Re :R2
+ +
.. —.—
NPN
NPN CB| PNP £ .
COMMON COLLECTOR
cgmou BiSE . com@u EMITTER _EMITTER FOLLOWER
Ry (R) Rylxh, LOW (Rg)zh, =(B+1hy (Ry)=(B+l)h, +Re) OR
25~100 OHMS MED _(B+)Rg +h,, HIGHEST
Rout (Ro}  1(Rgy) HIGHEST (Rye) HIGH IRy LOW
POWER GAIN(4,)[(A,y) HIGH (Ape) HIGHEST (Age) LOW
VOLTAGE )

GAIN (A,)  (A,p) HIGHEST {Ay) HIGH I{A,c) LESS THAN ONE
CURRENT (Ap) ALPHA ="a"= (A JHIGH,BETA ="B" (A, JHIGHEST, GAMMA =
GAIN (A,) <l LY y =6=(B+l}=>I

VOLTAGE
PHASE SHIF T | NONE - BO° | NONE -
Figure 2-79

Figure 2-79, shows that only the common emitter
amplifier has a voltage phase shift. There is no
phase shift in the common base or common collector
configurations, but there is a 180-degree phase shift
in a common emitter amplifier.
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Section 3 Work Problems

Some of the following problems are arranged so that you may conveniently underscore the correct words, or fill
in the blanks, or answer thought questions in your own words. Disregard the value of Ry for all computations
of input resistance.

115

List the three configurations in the order of decreasing value.

AoAy B. Ay

. Only the (CE, CB, or CC) configuration has a phase shift.

what polarity of signal would it be necessary to inject on the base of a PNP to decrease conduction?

. What polarity of signal would it be necessary to inject on the emitter of an NPN to cause an increase in

conduction?

. What effect does increasing the value of Ry in a common emitter amplifier have on the following:

A, Voltage gain?

B. Current gain?

C. Input resistance?

. What effect does increasing the value of Rf, in a common emitter amplifier have on the following:

A. Voitage gain?

B. Current gain?

C. Input resistance?

. If hyy, is equal to 75 ohms and beta equals 57, what will h;, equal? (Show your work.)

2-31



CHAPTER 2
Transistor Biasing and Configurations

8. Figure 2-80 is (a PNP or an NPN) common (base, emitter, or collector) configuration.

T, QUTPUT

>

INPUT

+30V

Figure 2-80

9. If the polarity of the supply in figure 2-80 were reversed, what type of transistor would be necessary to
replace Q17

10. The phase of the signal at the output of figure 2-81 is (in phase or out of phase) with the signal at the input.

-

> A

AAA
A A
AMN—
A A

7

—"N—9¢

A AS

'_-
-, . i
114 I ) —t f Jw
| 2 R 3 : : g 2 I
Cr + e 9 . . . S
ouT $ = $ g $ 3 g : 3
& +— < ]
4

— |

? $ g § 3 3

4 - > - o o - « -

OVee
“X" INDICATES EMITTER

Figure 2-81

11. Substituting the values given here for those in figure 2-43, solve for Aj, Rj, Ay, and Ap. Disregard the
value of Ry in all computations. (Show your work.)

R; = 10K C1 = 40 mfd which = a-c short
Ro = 50K Alpha = 0.995

R; = 5K hjp = 50 ohms

RE:: 3K
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. Find A,

. Find R;

. Find Ay

. Find Ap

CHAPTER 2

Transistor Biasing and Configurations

12. Substituting the values given here for those in figure 2-56, solve for A;, R, Ay, and Ap. Disregard the

value of R; and hy,. (Show your work.)

Ry = 5K
Ry = 20K
Rg - 2K

. Find Al

Find R;

. Find A,

. Find AP

Beta = 60
hyy, = 25 ohms

As soon as you have answered each of the above questions to the best of your ability, you are ready to proceed
to section 4 of the tape-slide presentation, where the work problems will be reviewed and the correct answers

given,
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Introduction.

Chapter 3 contains a detailed discussion on bias
stabilization, the effects of temperature upon the
transistor and its operating parameters.

The first half of chapter 3 discusses the bias stabili-
zation of the base-emitter junction. Also included in
the first half of chapter 3 is a detailed discussion of
the computations for the quiescent base current, col-
lector current, emitter current, base voltage, emitter
voltage, and collector voltage.

D-C Computations.

Because bias stabilization is a problem, an entire
chapter is devoted to it.

e

Figure 3-1

Figure 3-1 shows a common emitter PNP-type circuit.
Notice that the values of R2 and R] are quite low.
Also notice that only a very small portion of the
total current flowing through R2 and R1 flows in the
base of the transistor.

The question might arise, ‘'Is this circuit correctly
biased ?”’ Applying the rules to determine the correct
biasing of a transistor, first determine the type of

chapter

bias stabilization

(T
Y

Figure 3-2

transistor. Because the arrow is pointing toward the
base region, this transistor is a PNP transistor.
Next, write in the letters ' P-N-P’’ on the back side
of the transistor symbol as shown in figure 3-2.

Rz
200

i—e

Figure 3-3
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After determining the type of transistor and writing
in the letters on the back side of the transistor
symbol, mark the polarities cof the bias desired
across the transistor onthe front side of the transistor
symbol as shown in figure 3-3. Starting at the
emitter and matching the polarity of the bias with the
type of material, positive in this case to match the
P’ type material, go in series toward the cadlector,
positive, negative, positive, negative, as indicated in
figure 3-3.

Vcc =20V

N D
%\ + I [}

..‘\ 47»

\\Y
Mlmmm TN

e

Figure 3-4

As can be seen in figure 3-4, the polarities of the
voltages, dropped across Ry and Rj, match the
polarities desired for correct biasing of the transistor.
Therefore, this transistor is biased correctly and the
transistor is turned on to some extent,

GIVEN: B=19, hje = 2K AT 25°C
Vgg = VOLTAGE OF THE
BASE SUPPLY
Vpg =VOLTAGE OF THE
BASE TO EMITTER

NN
T

R <
2 2| vee m0.2v
b
Ree

Figure 3-5

3-2

Now examine figure 3-5. Several new terms areused
here and should be defined before continuing further,
Vgp indicates the voltage of the base supply. This
voltage could be from a second source or from a
voltage-dividing network similar to the one shown
here. In any case, it is the voltage supplied to the
base circuit but is not necessarily the voltage on
the base. Vg is the voltage of the base-to-emitter
junction. This is the voltage that is found from the
base to the emitter of a transistor. Rgp, another
new term, is the resistance from the base to the
emitter of a transistor and can be equal to either
hje or hj,. depending upon which lead of the transistor
receives the input signal. Because the signal is
being inserted on the base lead of the transistor in
this case, Rgg is equal to hj,. Rgg changes as a
function of temperature. As temperature increases,
RpE decreases. If thevoltage, Vgg., is known and the
resistance, Rgp, is also known, the current, Ig, can
be computed. With no resistance., Ry, in series with
the emitter, the voltage from base to emitter, VBg,
must be equal to Vgp. Vgp can be computed by
assuming that the base lead is an open, and also
assuming that the resistance network, R) and R2,
determines the voltage at the base, In figure 3-5,
VBB would be approximately equal to 0.2 volt.

GIVEN: B=19, hig = 2K AT 25°C | AT 25°C ]
Vgg = VOLTAGE OF THE | Vgg * Vgg* 0.2V

BASE SUPPLY
Rgg * h,e = 2K AT 25°C
Vgg = VOLTAGE OF THE LD

BASE TO EMITTER | 1g-228 0.2,
Vee —20V he 2K
Ip= 0.1 MA
Ic=BXIp=19%0.IMA |
Ic= 1.9MA

S |

Figure 3-6

Examine figure 3-6 for computations of the base
current and collector current at 25°C, The voltage
from base to emitter, Vgg,is equalto the voltage of
the base supply, Vgpg. which equals 0.2 volt. The
transistor manual states that at 25°C the resistance
from base to emitter, hje, is equal to 2K. Ig can be
computed by dividing the voltage of the base supply,
Vpp. by the resistance from base to emitter, RBE
or hje. As previously stated, the voltage of the base
supply is equal to 0.2 volt, while hje is equal to 2K.
Therefore, Ig equals 0.2 divided by 2K, or approxi-
mately 0.1 milliampere. The collector current, Ic,
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can be computed by multiplying beta times Ig. Beta
is given as being equal to 19. Therefore, 19 times
0.1 milliampere equals the collector current, Ic, of
approximately 1.9 milliamperes.

GIVEN: B=19, hjg = 2K AT 25°C AT 25°C

Vgp = VOLTAGE OF THE
BASE SUPPLY

Vge = VOLTAGE OF THE
BASE TO EMITTER

Vgg * Vg * 0.2V

Rgg = hjg = 2K AT 25°C
V

1,-Vee 402,
hie 2K

Ip & 0.1 MA
Ry Ic=BXIgaxi9X0.IMA
200 Ic S1.9MA

D>~ [Ve =Vec (I X Ry)
«(~20) - (1.9MA X IK)

Ve =(-20)-(1.9V)

Ve 2-18.1V

T

Ry
2 Vpg 0.2V
+ Ree
2K AT 25°C

hie

Figure 3-7

Once the collector current is known, the collector
voltage, V¢, can be computed as shown in figure 3-7,
Ve is equal to Voo minus the quantity I times
Ry,. Therefore, VC is equal to the quantity minus
20 volts, minus the quantity 1.9 milliamperes times
1K. 1.9 milliamperes times 1K is equal to 1.9 volts.
Ve then is equal to a minus 20 volts minus 1.9
volts. By subtracting 1.9 volts from a minus 20
volts, the quiescent collector voltage, V, is found
to be equal to a minus 18.1 volts,

GIVEN: B=19, hjg= 2K AT 25°C AT 25°C

Vgp = VOLTAGE OF THE
BASE SUPPLY

Vgg = VOLTAGE OF THE
BASE TO EMITTER

Ve = Vpg = 0.2V

Rge = hie = 2K AT 25°C
v

Ve Loz,
hjo 2K

Ip % 0.1 MA

Ic=BXIg 19X 0.1MA

Ic = 1.9MA

D— Ve = Ve I X Ry)
{~20) - (1.9MA X IK)

Ve ¥ (-20)-(1.9V)

Vpp = 0.2V

— D

Vgg =Vga=0.2V
Rpe = hig=IK AT 50°C

-Vee 02
Vpg % 0.2V 8 h;,, IK
+ Ig® 0.2MA
Ree I¢=BxI ¥{IX20MA
2K AT 25°C 1c23.8MA

hie

- —J

Figure 3-8
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If the temperature of the junctionweretobe increased
to 50°C, as in figure 3-8, then hj, would decrease.
Assuming that h;, decreased to 1K then the base
current, Ig, would change. Ig is equal to VBE,
which is still 0.2 volt divided by hje. This is app-
roximately equal to 0.2 divided by 1K, and Igis
approximately equal to 0.2 milliampere, The col-
lector current, I-, is equal to beta times Ig and
can be found by multiplying 19 times 0.2 milliampere.
The value for I~ at 50°C then is found to be equal
to 3.8 milliamperes.

GIVEN: B=19, hjg = 2K AT 25°C AT 25°C
Vgp = VOLTAGE OF THE Vge = Vgg = 0.2V

BASE SUPPLY R = hie = 2K AT 25°C
Vag * VOLTAGE OF THE £
Ves 0.2 |

BASE TO EMITTER
hie 2K

Ip % 0.1 MA
Ic=BxIgai9%0.IMA
Ic o 1.9MA
D— Ve = Vee (I X R)
«(-20) - (1.9IMA X 1K}
Ve = (-20)-(1.9V)
Ve -18.1V
AT 50°C
VBE = VBB & 0.2V
Rpe = hie = IK AT 50°C
Ves _ 0.2
T
IB < 0.2MA
Ree Ic=BxIga19X20MA
2K AT 25°C Ic & 3.8MA
Ve=Vec=(Ig %R )
& (-20)-(3.8MAX|K)
Ve (—20)~3.8)
VeE16.2v

Ig=

R2
200
3

Vpg & 0.2V

2 Vpg % 0.2V

hie

Figure 3-9

The voltage on the collector, V¢, then can be calcu-
lated as shown in figure 3-9. V¢ is equal to Voo
minus the quantity Ic times Ry. This means that
the voltage on the collector is equal to a minus 20
volts, minus the quantity 3.8 milliamperes times
1K, or minus 20 volts minus the quantity 3.8.
Therefore, V- is approximately equal to a minus
16.2 volts.

Notice that there is no change in Vg even though
RBE decreases to one half its original value, This
is due to the fact that R; is less than one tenth the
base-emitter resistance, and even though there is a
change in the resistance of the base-emitter junction,
it will not affect the voltage at the base. The resis-
tance of the base-emitter junction decreases as the
temperature of the transistor is increased, because
the base-emitter junction has a negative temperature
coefficient, Any forward-biased diode has a negative
temperature coefficient, As temperature increases,
there is a decrease in resistance. As the resistance
decreases to 1K at 50°C, and the voltage VBE remains
constant, the current from the base to the emitter,
Ig, increases to approximately 1.2 mills, This in-
crease in the base-emitter current increases the
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collector current, I~, as a product of beta, to approxi-
mately 3.8 mills. This causes the quiescent collector
voltage, Vo, to change to approximately minus 16.2
volts and represents a change of almost 2 volts.
This is undesirable since, if the collector current,
Ic, increase is due only to temperature, then the
output voltage change is due only to temperature. If
the junction temperature were to change at a 60-cycle
rate with this bias arrangement, the output voltage
would vary at a 60-cycle rate with no signal-in.
This is an undesirable effect of transistors and must
be compensated for. The base-emitter resistance of
a transistor decreases at a rate so that the voltage
from the base to t'.c emitter, Vg, must decrease at
approximately 2 millivolts per degrees centigrade
of increase in temperature to maintain a constant
current through the base-emitter.

|
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Figure 3-10

Figure 3-10 shows a plot of the variations in the
collector current, 1o, due only totemperature. The
curve is plotted for a value of Ry of zero, and a
parallel value of Rjp and Rp equal to zero also.
Although in the circuit previously shown, Rg, the
parallel value of R] and R2, was not equal to zero,
it was near zero.

Note that at a minus 25°C, the collector current is ap-
proximately 0.5 mill, while at 75°C the collector cur-
rent is approximately 2 mills. This represents a
1.5-mill change in the collector current. This change
in the collector current is caused because the voltage
on the base, Vg, did not decrease as the resistance,
RpBE. decreased. As stated previsouly, for ideal cir-
cuit operation, the voltage from base to emitter,Vpg,
should decrease at approximately 2 millivolts per de-
gree centigrade of increase in temperature,

3-4

Temperature Stabilization of the Base-Emitter

Junction with Resistors.

One solution to the problem of temperature stabili-
zation would be to insert a large amount of resistance
in series with Ig to cause the base current, Ig, to be
relatively constant even if the base-emitter resist-
ance were to change. This could be done, as shown in
figure 3-11, by increasing the value of Ry and Rj.

Figure 3-11

If R were to be 10 times the d-c Rj, of the tran-
sistor, then almost all of the current flowing
through Rg would also flow through the base emitter.
Any change in the base-emitter resistance will have
very little effect upon the total resistance that the
power supplies see to ground.

(I
Y

PNP
CE

Figure 3-12
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Before examining this circuit for the operating
parameters, check to see if the circuit is biased
correctly, The first step in determining whether the
transistor is biased correctly is to determinethetype
of transistor. Because the arrow of the transistor, in
figure 3-12, is pointing toward the base symbol, the
transistor must be a PNP transistor. These letters
are then marked in on the back side of the transistor
symbol as shown in figure 3-12.

Figure 3-13

The next step, as shown in figure 3-13, is to mark
the polarity of the bias desired for the transistor
on the front side of the transistor symbol. To do
this, start at the emitter and match the polarity of
the voltage at that point with the polarity indicated
by the type of material. Because the transistorunder
discussion is a PNP, the emitteris ‘‘P’’ type material.
Therefore, the polarity of voltage desired at the
emitter is positive., From the emitter, the voltages
should go in series, positive, negative, positive,
negative, as shown.

After determining the polarity of bias required by
the transistor for correct biasing, determine whether
these polarities are available from thebiasing cireuit.
As shown in figure 3-14, the polarity of the voltage
dropped across Rg matches the polarity desired
across the base-to-collector junction., Also, the po-
larity of the voltage dropped across R matches the
polarity of the voltagedesired acrossthebase-emitter
junction,

CHAPTER 3
Bias Stabilization

Figure 3-14

The transistor, shown in figure 3-15, is assumed
to have a beta equal to 20 and a base-emitter resis-
tance, hje, equal to 2K ohms at 25°C. Ig can be
found by assuming that no current flows through
Ry and that the entire current flowing through Rg
is also flowing in the base. In other words, the cur-
rent through Rg is equal to Ig. If Ry is large com-
pared to the base-emitter resistance, the voltage at
the base becomes dependent upon Rpgp, and any
change in the value of Rgg will have a very little
effect on the current in the circuit. Therefore, Ig
will remain relatively constant, causing I to remain
relatively constant. Of course, if the current, Ig,
remains relatively constant and the base emitter re-
sistance decreases, Vggp Wwiil decrease. Ideally it

GIVEN: B=20 [TEMP NO. | AT 25°C
hie= 2K | RpE®2K=hie
AT 25°C | Vee -20
| g —=— 38 ————
OVee -20V | Rz+Rgg 40K +2K

Ic* BXxIg=20x 476 MA

Ig.476 MA
l Ic& 9.52 MA

Yo
R,—
20K
+
=
PNP
CE

Figure 3-15
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would decrease at the rate of 2 millivolts per
degree centigrade of increase in temperature. The
ideal condition cannot happen as it is a foregone
conclusion that the current in the circuit, Ig, will
increase as the over-all circuit resistancedecreases.

This slight increase in base current, though, can
usually be disregarded as it w:1l cause only a negli-
gible change in V. This can be shown by examining
the operating parameters of the circuits at two
different temperatures. At 25°C, the base current,
Ig. can be calculated by dividing the collector supply
voltage by the total resistance of R2 plus Rgg. For
the circuit under discussion, Ig, is equal to a minus
20 divided by the quantity 40K plus 2K. Ig is then
equal to 0.476 milliampere. To find I¢ it is only
necessary to multiply beta times IB, because beta is
the ratio of I¢c to IB and beta times IB equals IC.
Therefore, 20 times 0.476 milliampere is Ic and
is equal to 9.52 milliamperes.

GIVEN: B=20 TEMP NO. | AT 25°C
hie = 2K Rpe = 2K =hy
AT 25°C Inz _Vvec . _ =20
OVee -20V e Rz2+Rgg 40K +2K
Igx 476 MA
Ic = BXIg=x 20X 476 MA
Ic= 9.52 MA

VRL*I¢ X R &9.52MA X IK

> [VaLm 9.52V
Vc=*Vee = VerL = 20 =(9.52V
[Vc = -10.4BV

=N

Figure 3-16

I¢ is flowing through Ry, and because the value of
R1, is known, the voltage drop across R], may be
found as shown in figure 3-16. In this case, this
voltage is equal to 9.52 milliamperes times 1K, or
VR, is equal to 9.52 volts. This is the voltage
drop across Rp,. To obtain Vi, subtract Vg from
Vee- Subtracting 9.52 volts from a minus 20 volts
gives the collector voltage, Vo, of a minus 10.48
volts. Now the original problem was thatastempera-
ture increases, the voltage from the base to the emitter
must decrease at 2 millivolts per degree centigrade
to maintain a constant current from the base to the
emitter. By increasingthe value of Ry to 40K, the volt-
age at the junction of R1 and R2 becomes depend-
ent upon the resistance from the base to the
emitter.

3-6

GIVEN: B=20 TEMP NO. | AT 25°C
hee = 2K Rpg X 2K=h,g

AT 25°C Vee . =20

OVee ~20V Te® R vRec - 20K+ 2K
Igs 476 MA
Ic= BX Ig= 20X 476 MA
Ic= 9.52 MA
VRL=Ic XRL & 9.52MA XIK

§>> VRLE 9.52V

Vc=Vee - VRL = -20 -(9.52V)
Vc = =10.48vV
[TEMP NO. 2 AT S0°C 1
Rge & IK =h;, |
‘ In s Vce . 20V |
R2+ Rge 40K+ IK
Ip& .4BBMA
’ Ic*8x Ig& 20 X.4BBMA
| Ic=9.76MA ]

\( RBE |
2K AT 25°C}
hle _‘

Figure 3-17

If the resistance of the base to emitter were to
decrease to 1K ohm, as in figure 3-17, the voltage
from the base to the emitter would also decrease,
and the current through the entire system of Rg
and thebase-emitter resistance would remainapproxi-
mately constant over a wide range of change in the
base-emitter resistance. Assume that the base-
emitter resistance changedfrom 2K ohms to 1K ohm.
This is a decrease in the base-emitter resistance of
one half. Using the first method of biasing, the
current through the base emitter wouldalmostdouble.
In the method that is now being examined, a total
circuit resistance change of 1K ohm, out of the total
resistance of R2 plus the base-emitter resistance of
42K, exists. At temperature number 2, 50°C, it is
found that there is 41K ohms of total resistance.
This results in a base current, Ig, of 0.488 milli-
ampere., To find 1o, it is only necessary to multiply
beta times Ig, because beta is the ratio of I¢ to Ig
and beta times 1B equals Ic. Therefore, Ip is equal
to 20 times 0.488 milliamperes, which equals a
value for I- of approximately 9.76 milliamperes.

Once the value of I is known, the voltage drop across
Ry, can be found as shown in figure 3-18. The voltage
drop across Ry, VRL., is equal to Ic times Rp.
Multiplying 9.76 milliamperes times 1K gives a
value of 9.76 volts for V. Remember, this is
only the voltage drop across Ry,. By subtracting the
value of VRpy from VCC' the value of the collector-to-
ground voltage can be found. Subtracting 9.76 from the
collector supply voltage of a minus 20 volts results in a
value for V¢ of a minus 10.24 volts. Notice that the
collector voltage change in these two conditions is
very minor. The total difference inthe collector volt-
age from 25°C to 50°C is 0.24 volt. Therefore, the
base-emitter resistance change did not cause an
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GIVEN: B=20 TEMP NO. | AT 25°C

his = 2K Rge 2 2K=hg
AT 25°C Vee ~-20
QVee -20V

~ R2+Rgg 40K +2K
Ig& .476 MA
Ic = BXIg= 20X 476 MA
Ic& 9.52 MA
VgL =Ic XR_ = 9,52MA X IK
40K > Ve 9.52V
Vg = Vee - VRL = —20 -(9.52V)
Vg = -10.48V
TEMP NO, 2 AT 50°C
Rge S 1K =hjq
_Vec __20V
Rz + Rge 40K+ IK
Ig& .488 MA
Ic=BX1Ig& 20X 488MA
Ic=9.76 MA
[VR =1c X R % 976MAXIK |
VgL= 976V
Ve = Voo Vp = - 20-(9.76V)
|V = -10.24V

Ig&

20K 2K AT 25°C}
Pie

Figure 3-18

appreciable change inthe collector voltage. The base-
emitter resistance change is said tobe ‘‘swamped’’ by
Ry, because the high value of R, causes any change
in the base-emitter resistance to be very minor com-
pared to the total resistance in series with Ig.

To approximate the value of Ig, when hje is unknown
and Rjp is greater than 10 times the expected input
impedance of the transistor, it is allowable to assume
that Ry is an open and the base to the emitter voltage
equals zero volt. For the circuit shown, this means
that the entire voltage, Vo, isdroppedacross R2 and
that the current flowingthrough Ryisthebase current.
This will give a value of 0.5 milliampere for Ig.
The error involved inusingthis valuefor Ig will cause
iess than 0.5 volt error in V. This methodis allow-
able for rough approximations, because the voltage
from base to emitter usually is quite smalland is ap-
proximately 0.2 volt for germanium and 0.8 volt for
silicon. Therefore, disregarding this quantity does not
cause a large error inthe computations. Also,if Ry is
greater than 10 times the input resistance of the
transistor, only a fractional amount of the current
flowing through Ry flows through Ry, and this current
may be disregarded without causing a large error in
the computations.

Although increasing the value of Ry did stabilizethe
base-emitter junction for temperature changes, a
better method of doing this would be to place a
resistor in the emitter of the transistor, anddecrease
the value of R] and Rg to small values of resistances
as shown in figure 3-19. The reason that this isa
better method will be explained during the discussion
on bias stabilization due to IcBO. When a resistor
is placed inthe emitter of a common emitter amplifier,
it is usually bypassed by a capacitor to prevent
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R.‘% ¢, L
100 40MFD ~T™
+ ®
L

Figure 3-19

degeneration of the signal. Before discussing the
effect of R on bias stabilization of the base-
emitter junction, first examine the circuit to see
if the correct polarities of bias have been applied
to the transistor,

Ry Cy
100 >4 40MFD
A T
he
Figure 3-20

The first step in determining the correct bias for the
transistor is to determine the type of transistor. As
shown in figure 3-20, the emitter lead arrow is
pointing toward thebaseregion, Therefore,thetrans-
istor must be a PNP, Write these letters in on
the back side of the transistor symbol as shown in
figure 3-20.
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R ¢

100 40MFD T
i t

Figure 2-21

The next step, as shown in figure 3-21, isto mark
the correct polarity of bias that is desired for normal
operation of the transistor on the front side of the
transistor svmbol. To do this, start at the emitter
and match the polarity of the bias to the type of
material. In figure 3-21 the emitter is ‘““P’’ type
material. Therefore, the polarity of the voltage atthe
emitter should be positive, and the polarities should
goin series fromthispoint, positive, negative, positive,
negative, from the emitter to the collector as shown
in figure 3-21.

Ry Cy
100 40MFD
+ +
Figure 3-22
3-8

After determining the correct polarity of bias for the
transistor, check the circuit supplying the bias polari-
ties. As shown in figure 3-22, the polarity of voltage
drop across R2 matches the polarity of voltage desired
across the base-collector junction, and the base-
collector junctionis biased correctly. Additionally the
voltage drop across Ry matches the polarity of voltage
desired across the base-emitter junction. Therefore,
the transistor in this circuit is biased correctly.

i Vge =20V

2> R; AT THE BASE—
Nie

UPON THE TRANSISTOR hje 2K AT 25°C
AS THE R, AT THE BASE hie = IK AT 50°C

NOTE: Vgg IS NOT DEPENDENT [G.VEN; B =20 ]
1S > I0XR,

AT 25° C
Ri AT THE BASE [(B+1)xRg] +hig AT

25°C OR, 21x2K +2K= 44K

Figure 3-23

To compensate for changes in the base-emitter
resistance due to temperature changes, it is necessary
to place a high resistance in series with the base-
current path. In the previous circuit this was done
by increasing the values of R2 and Rj. This also can
be done,as shown in figure 3-23, by placing a resistor
in the emitter lead of the transistor as shown.
If the value of R were 2K ohms, the resistance
looking into the base then would be beta plus 1
times Rp plus the resistance from base to the
emitter, hje; or in this case, at 25°C, Rj is equal to
20 plus 1 times 2K, a total of 42K ohms plus the
2K ohms base-emitter resistance, hje. This is a
total of 44K ohms resistance from the base to
ground.

Therefore, if the base-emitter resistance were to
decrease by 1K ohm, as in figure 3-24, due to the
temperature increasing to 50°C, the total resistance
change would be from 44K to 43K ohms., This would
cause the current, through the circuit, to remain
almost constant even though the resistance of the
base-emitter decreased by one half. Also, if the
base-to- emitter resistancedecreasesastemperature
increases, more voltage will be dropped across
Rg, and less voltage will be dropped across the
base-emitter junction. This decrease in Vgyg is what
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Figure 3-24

we wereoriginally tryingto achieve, As waspreviously
stated, when Rg is used for this purpose, it normally
is bypassed with a capacitor to prevent degeneration
on a-c signals, and is known as an emitter swamping
resistor.

TEMPERATURE °C

TME90-104

Figure 3-25

In figure 3-25, curve ‘‘C’’ shows alargeimprovement
in the bias stabilization of the transistor if RE is
increased to 2K, and RpB, the parallel resistance of
R1 and Rg, is maintained near zero asin the previous
figure. Although there is still some change in the
collector current for a change in temperature, this
change is not as great as the change that occurred in
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curve ‘‘B’”” when Rg was equal to zero and Rp, the
parallel resistance of R} and Ry, was near zero.
Increasing the value of Rg to 2K insteadof increasing
the value of R2 does a slightly better job of bias
stabilization.

Vee =20V

B=20
hie=2K AT 26°C g, ",
hie =IK AT 50°C 300
Ri=44K AT 25°C sy
R; =4 3K AT 50°C '88

! -2

R)
100
0 4our="|‘
=
[ AT 25°C 7
1g= B8 _ 5 _ ‘
8" 7R; a4k
1g® 114MA |
1c=BX1g@20% 114 MA
|Ic=228MA |

Figure 3-26

This can be shown by computing the quiescent opera-
ting voltages and currents of the transistor at dif-
ferent values of hj, which change as a function of
temperature. Figure 3-26 shows the computationsfor
Ig and IC at 25°C. The information that beta of this
transistor is equal to 20 and that hj, is equal to 2K
at 25°C and 1K at 50°C is obtained from figure 3-24.
Also, R; is equal to 44K at 25°C and 43K at 50°C.
The voltage of the base supply, VBB, is equal
to 5 volts due to the voltage-dividing network, R}
and Rg. Ig then can be computed by dividing Vgp
by the value of Rj at 25°C. The value of Rj at 25°C
was found in figure 3-24 to be equal to 44K. There-~
fore, IR is equal to 5 volts, the value of Vgpg, divided
by 44K, Ig is then approximately equal to 0.114
milliampere. Because beta is the ratio of Ic to
1B, beta times IB equals Ic. Ic then is equal to 20
times 0.114 milliampere or 2.28 milliamperes.

Once the collector current is known, the collector
voltage may be calculated, as indicated in figure
3-27, by finding the voltage drop across R}, and
subtracting this from the collector supply. The voltage
drop across Ry, VRL., can be found by multiplying
the collector current times the resistance of Rj.
For this circuit, VR, is equal to 2.28 milliamperes
times 1K. This equals 2.28 volts for the voltage drop
across Rp. Subtracting this quantity from a Vg of
minus 20 volts, the quiescent voltage, V¢, is found
to be equal to minus 17.72 volts. This is the value
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Ve - 20V

B=20
hie=2K AT 25°C g, "}
hjg = IK AT 50°C aoo*:
Rj=44K AT 25°C
R;=43K AT 50°C B8

: >

1005
1
lg—vBB__5
B=R, 44K
Ige.H4MA
IcmBXIgx 20X I14MA
Ic=2.2B8MA
[ VR =T¢ xR =2.28MAXIK]
VRL=2 28V

| Ve=Vcc~VRL=20-2.28V)|
| Ve=-17.72voLTS

Figure 3-27

of the quiescent operating currents and voltages at
25°C. At 25°C, hje has a value of 2K ohms. Examine
the circuit for a worst case condition, where the
value of hje is decreased to zero.

Vee 20V

8:=20 _
hje=2K AT 25°C R,

hje = 1K ATS0°C 300,
Rj=44K AT 25°C
Rj=43K AT 50°C

Vgg SV
.9

AT 25°C [ASSUMING h;q4= 0
Vee s v
lg=przd_ BB ___ 5
8°R 44K lglr=m
t
:9“;:“1": ) Ig=.lISMA
12-2 ZGBMA O-114MA 1 <Bxigr20% 1I9MA J
Ve IcXR =2 28Maxik —~ [c=2-38WA
VRL= 2.28V

Ve=Voc-Vr=-20+(2.28V)
Ve=-IT.72VOLTS

Figure 3-28

In figure 3-28, the computations for a worst case
condition, where hje is equal to zero, is shown for
Ig and I-. With hj, equal to zero, Rj is then equal
to 42K. The voltage at the base, VBB, is still equal
to 5, so IR, is equal to 5 divided by 42K. Therefore,
I is equal to 0.119 milliampere. Ic can now be
computed by multiplying beta, which is 20 for this
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transistor, times 0.119 milliampere, the base current
just computed. Ic, therefore, is equal to 2.38 milli-
amperes,

Now that the collector current has been calculated,
the voltage drop across Ry, can be found, as shown in
figure 3-29, by multiplying this collector currenttimes
the value of Ry,. 2.38 milliamperes times 1K equals
2.38 volts. Therefore, the voltage drop across Rp,
VRL, is equal to 2.38 volts. Remember this is not the
collector voltage but is the amount of voltage dropped
across Ry, and to find the collector voltage subtract
VRL from V. Subtracting 2.38 from a minus 20
volts gives Ve a value of negative 17.62 volts.

Vgg - 20V

820 o
hie=2K AT 25°C  R2 3
hie= 1K AT 50°C ]
R;=44K AT 25°C Vgg=3V
R;=43K AT 50°C —)>—4

R|—:
1007
+
AT 25°C ASSUMING h 4= 0
lg-te8 5 lg-ER . 5
B R, “ 44K 8°R, “ 42K
Ig®.1H4MA Ig=.119MA
Ic: BXIg™ 20X 14MA Ic= BxIg=20%.11I9MA
Ic=2.28MA Ic=2.38MA
VaL*IcXR=2.2BMAXIK [V = IcXR| = 2 38MAXIK
VRL=2.28V VL= 238V
Vo= VocVRL="20(2.28V) Ve = Voo - Vi = -20-(2.38)
Vce-IT.72VOLTS Ve = -IT82V
Figure 3-29

By comparing the value obtained here with that
obtained for the circuit at 25°C, it can be seen that
under worst case conditions, where hj, would be de-
creased to zero ohm, the change in the collector
voltage would only be 0.1 volt. Itis ratherimprobable
that hje wouldeverdecreasetozero. A morepractical
outlook would be to compute the value of the quiescent
operating voltages and currents at 50°C where hje
is equal 1K.

In figure 3-30 the computations for the quiescent
base current and collector current are given for the
circuit at 50°C using a value of 1K for hje. At 50°C
Ri will be equal to 43K. Therefore, Ig is equal to
5 divided by 43K. Dividing 5 by 43K gives a value of
approximately 0.116 milliampere for Ig. Therefore,
20 times 0.116 milliampere equals I¢, which equals
2.32 milliamperes.
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8:20
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+
=
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lpetB8 5 1g-2B8, 5 1g- 288 5 _

B R, "4k B8 R, T 92K B"R; 43K
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Ic=8xIp & 20X.114MA I¢ =BXIg =20X.1I9MA | [..xIg=20% IEMA
Ic=2.28MA Ic=2.38MA 1c72.32MA J
VRL=IcXR=2.2BMAXIK Vo *IcXR( =2 38MAXIK
VRL=2.28V VRL*2.38V
Vg =Veo- VR #-20-(2.28V) V¢ =V o=V = -20-(2.38)

Vc=-I7.72VOLTS Ve = -17.62V

Figure 3-30

The voltage across Ry, can be found, as shown in
figure 3-31, by multiplying Ic times Rp. VRL then
equals 2.32 milliamperes times 1K, Therefore, VR,
equals 2.32 volts. By subtracting VRy, fromVcc. the
voltage on the collector, VC, canbefound. Subtracting
2.32 volts from the collector supply of a minus 20
volts leaves a minus 17.68 volts. Therefore, the
collector voltage, V¢, is equal to a minus 17.68 volts
at 50°C, assuming that hje equals 1K, Compare this
with the value obtained for V¢ at 25°C. As you can
see, there is only 0.04 volt difference. Thisindicates
that the base-emitter junction is relatively well
stabilized.

Vee - 20V
B:20 Rt
. o 2 3
hies2K AT 25°C  J2
hie=IK A~ 50°C +

Ri=44K AT 25°C Vgge 8V
R;=43K AT 50°C  —3)>—

R
100
+
AT 28°C ASSUMING h,,=0 AT 50°C USING h;,
lg-aB8 5 Tp-B8, 5 Ig-vB8 . 5 _
BER; T44K B°Ry “42K B8R, 43K
1g=.I14MA Ig=.lI9MA Ig=.116MA
Ic=BXIg % 20%.H4MA Ic =BXIg=20X.II9MA  Ic=BxIg-20x.116MA
Ic=2.28MA 1.=2.38MA 1c=2.32MA
VRL=IcXR= 228MAXIK V= IoXR = 2.38MAXIK Vg =1 xR 2. 3MAXIK
V= 2.28V VaL=2.38V VRL=2.32V
Ve *Veg-VRi: -2042.28V) Ve = Vo= V= ~20-(2.38) | Ve=Vp o~V = -20-(2.32)
Vc=-17.72VOLTS Ve= -IT62V Ve:-17.68V

Figure 3-31
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An emitter swamping resistor can only minimize the
effect of base-emitter resistance changing. A more
effective way of temperature stabilizing the base-
emitter junction is to cause the voltage atthe junction
of R] and R2 to decrease at the same rate desired, or
in other words, approximately 2 millivolts per degrees
centigrade,

Temperature Stabilization of the Base-Emitter
Junction with Thermistors.

Temperature stabilization can be accomplished, as
shown in figure 3-32, by replacing Ry witha thermistor
having a negative temperature coefficient. A negative
temperature coefficient thermistor will decrease its
resistance astemperature increases. Thedecreasein
value of RT; will decrease the voltage across the
base-emitter junction, and if the right value of ther-
mistor is chosen, the voltage can be caused to de-
crease at the same rate that the base-emitter resis-
tance, h;,, decreasesoveralimited range of operation.

Vec -20V

ﬂ;llllllllll

THERMISTOR J_
NEGATIVE =
TEMP
COEFFICIENT
PNP
CE
Figure 3-32

Another method, shown in figure 3-33, is to replace
Rp with a positive temperature coefficient thermistor,
A positive temperature coefficient thermistor has the
property of increasing its resistance as temperature
increases. An increase in resistance of RT2 will
cause more voltage drop across RT2, less across
Ry, decreasing VBE again.

A positive temperature thermistor also could be
used in the emitter circuit as shown in figure 3-34.
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THERMISTOR Vee =20V
POS. TEMP
COEFFICIENT 1

iy

Figure 3-33

If Rg is replaced with a positive temperature co-
efficient thermistor, the total resistance from baseto
ground will remainconstant if thethermistor increases
its resistance bythe same amount that the base emitter
decreases resistance, thereby maintaining the base-
emitter current constant,

Ve - 20V

2K

R
2K

PNP
CE
Rrg =POS TEMP COEFFICIENT
THERMISTOR

Figure 3-34

Figure 3-35 shows another methodofusing a negative
temperature coefficient thermistor. RT3 is tied be-
tween Vec and the emitter. As temperature in-
creases, the voltage onthe emitter willincreasedue to
the decrease in resistance of RT3. This will cause
the voltage across the base emitter, Vgg,todecrease.

3-12
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CE
RT3 = NEGATIVE TEMP
COEFFICIENT THERMISTOR

Figure 3-35

Thermistors will only operate over a limited range.
If you intend to operate a circuit from 25°C to 50°C,
it is very probable that you can obtain a thermistor
which will track the base-emitter resistance change
over this range.

COLLECTOR CURRENT (MA)

C IDEAL CURRENT

S S— t T T T —T Y
-7 -50 -25 o 25 50 75 100 2%

TEMPERATURE °C TM690-108

Figure 3-36

Figure 36, shows two curves, One curve is a plot of
the collector current versus temperature variations
with no stabilization. The other curve isaplotof col-
lector current variations with the circuit thermistor
stabilized, Note the thermistor provides a large im-
provement over no stabilization, and it is also an




improvement over the emitter swamping resistor.
Also notice the thermistor does not track the
temperature variations of the base-emitter junc-
tion exactly. This is apparent becausethe curveofthe
thermistor-stabilized circuit varies above and below
the ideal current. Note also that the stabilization is
only good for approximately minus 25°C to plus 75°C,
Below a minus 25°C the collector current decreases
rather rapidly. Also, above 75°C the thermistor-
stabilized circuit has an increase in collector current
that is not returning to the ideal current line. It is
apparent then that thermistor stabilization, though an
improvement over emitter swamping stabilization, is
not the best in temperature stabilization of the base-
emitter junction.

Temperature Stabilization of the Base-Emitter

Junction with Diodes.

Vec-20V

Figure 3-37

A thermistor, as used in place of Ry, is nothing more
than a negative temperature coefficient device. The
base-emitter junction is a negative temperature
coefficient device which is simply a forward-biased
diode.

In figure 3-37 R; has been replaced with a forward-
biased diode. The base-emitter junctionof the transis-
tor is a forward-biased diode, and it has a negative
temperature coefficient. If a diode can be found which
has the same characteristics as the base-emitter
junction, the same temperature coefficient will be
presentonbothdevices. Asthetemperature increases,
the diode replacing Ry will decrease its resistance
at the same rate that the resistance of the base-
emitter junction decreases, thereby decreasing the
voltage at the correct rate over the entire range of
operation.
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It is possible, therefore, to temperature stabilize the
base-emitter junction of a transistor by placing in
the emitter an emitter swamping resistor that has a
value, when multiplied times beta plus 1, greater
than 10 times the resistance from base to emitter;
by causing R2 to be a very large resistor and R] to
be 10 times the input resistance of the transistor;
by using either negative temperature thermistors in
place of R] or R3 or positivetemperaturethermistors
in place of R2 or RE; or by substituting a forward-
biased diode in place of Rj.

SINGLE DIODE
STABILIZED

IDEAL
CURRENT

COLLECTOR CURRENT (MA)
o
1

pmm————e o = | Ep——

r T T 1 T
=75 -50 -25 o 25 50 75 100 125

TEMPERATURE °C TME90-111

Figure 3-38

Figure 3-38 shows that diode stabilizationofthe base-
emitter junction is by far the best. Notice that by
using the single diode for stabilization, the collector
current is almost exactly constant from below a minus
75°C to approximately plus 50°C, If this graph was
extended to absolute zero, you would find that the
collector current would be constant with the single
diode stabilization down to approximately a plus 20
degree absolute., Zero degree absolute is 450 degrees
below zero centigrade. This indicates that the single
diode stabilization is very good at any temperature be-
low plus 50°C. The reason that the single diode
does not stabilize the collector current after approx-
imately 50°C will be discussed in the next tape-slide
presentation.

Some of you might be wondering how you can apply
the materiai that is being presented in this course
to your daily work, as it is rather impractical to
open a transistor manual and find the specifications of
every transistor in the circuit on which you might
be working. By the time that you look up the
specifications for these transistors and make the
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COMPUTATIONS FOR I
8 Ve WITH BETA
UNKNOWN

ASSUME Vpg = O VOLTS

THEN Vgg = Vgp

VRe _ 5 i

Tes g, 2«
[T 2.5MA
ASSUME ALPHA =10
THEN T.=Ig

[Fc@ 2.5MA

Figure 3-39

computations for the quiescent and operating parame-
ters of the circuit, someone else will have fixed
the malfunction in the circuit. The answer to this is
that there are many shortcuts that can be used
which will provide the information necessary to locate
a malfunction in a shorter period of time, Shortcuts
for finding the operating parameters, Aj, Ay, Ap. and
Rj of any circuit were shown in sections 2 and 3 of
the tape-slide presentation. Additional shortcuts for
finding the quiescent circuit parameters, such as Ig.
Ic, and V¢, have been shown throughout this section
of the tape-slide presentation. Another shortcut is
shown in figure 3-39, In figure 3-39, the computations
for the approximate values of I¢c and V¢ are shown
for a circuit where neither beta or hjo are known for
the transistor. This method is quite practical for
actual circuit work, First the voltage of the base
supply, VBB, can be computed roughly by rounding off
the values of Ry and Ry. In this case no rounding off
is necessary, and Vgp is equal to 5 volts. Be-
cause the base emitter is nothing more thana
forward-biased diode, and never has a very large
voltage drop across it, the voltage from the base to
the emitter, Vgg. can be assumedto beapproximately
equal to zero volt. If the voltage drop across the
base-emitter is equal to zero volt, then the voltage
drop across the emitter resistance, Ry, is equal to
VBB. Once the voltage dropped across the emitter
resistance, RE, is known, the value for the emitter
current, Ig, can be found by dividing the voltage drop
across the emitter resistance, VRE., by the value of
the emitter resistance., In this case Ig would be
approximately equal to 5 divided by 2K. Therefore,
I is approximately equal to 2.5 milliamperes. Alpha
is usually a value between 0.92 and 0.999, so for
approximations, alpha may be assumed to be equal
to 1. If alpha equals 1, then Ic equals Ig, and IC is
approximately equal to 2.5 milliamperes, This is
true because alpha is the ratio of collector current to
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emitter current, and alpha times Ig equals Ic. The
value obtained for Ic will be slightly higher than it
actually is due to the assumption that VBE is equal
to zero and that alpha equals 1.

COMPUTATIONS FOR I
8 Vc WITH BETA
UNKNOWN

ASSUME Vgg = O VOLTS
THEN Vgg = Vgp

Ig = 2.5MA

ASSUME ALPHA =10
THEN Ic=1I¢

Ic%2.5MA
[VaL™ I¢ X R & 2.5MAXIK]
VR =25 VOLTS
Ve=Vee = VR ® -20-(2.5)
Ve x-iT75
ACTUAL V. FROM

FIG 3-27
USING h, =-17.72 VOLTS
[ERROR =22 VOLTS

Figure 3-40

Examine figure 3-40 to see how much effectthe error
in I will have upon the collector voltage, Vc. The
voltage drop across VR, can be computed by multi-
plying Ic times Ry,. Therefore, VR, isapproximately
equal to 2.5 milliamperes times 1K, or 2.5 volts.
Subtracting this voltage from the collector supply,
Vee, of a minus 20 volts will give V¢, the collector
voltage. 2.5 volts subtracted from a minus 20 volts
leaves a value for Vc of approximately a minus
17.5 volts. Now the actual voltage on the collector,
Ve, as obtained from figure 3-27 where a beta of
20 was used along with the value of hje, is a minus
17.72 volts, The total error involved betweenusingthe
values of beta and hje and the method shown here is
0.22 volt. This assuredly is close enough in actual
circuit work to tell whether thetransistor isoperating
properly.

If you will force yourself to apply these approximate
equations in your actual work for a short period of
time, you will soon find that you are doing this
automatically and that it is saving you time,

Review.

Review the material covered during this portionofthe
transistor course. The first circuit that was examined
is shown in figure 3-41. It stated that if the parallel
value of Ry and R2 was small compared to the value
of the resistance from the basetothe emitter, then the
voltage at the junction of R] and Rg was not dependent
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GIVEN: B=19, hig = 2K AT 25°C AT 25°C
Vgg = VOLTAGE OF THE Vge = Vgg = 0.2V
BASE SUPPLY
Rge * hig = 2K AT 25°C
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Vee -20V B he 2K
Ig %0.1 MA
Ry . RL Io=BXIga 19X 0. IMA
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Ig = [Ve=Vec-IcxRY
Vgg ¥ 0.2V " = %(-20) - (1.9MA X |K)
S N E Ve =(~20)=(1.9V)
- PSS Ve =-18.1V
NS
R, &
2 2|l vggmo.2v
1 Ree
2K AT 25°C
hie
Figure 3-41

upon the transistor and could be found by assuming
that the base lead wasopen. Thevoltage at the junction
of Ry and Ry is called Vgg and is the voltage of the
base supply. The method for determining the quiescent
Ig, Ic, and V¢ was shown, and V¢, the voltage at
the collector, was found to be approximately equal to
minus 18,1 volts at 25°C.

GIVEN: B=19, hj = 2K AT 25°C AT 25°C
Vgp * VOL™AGE OF THE
BASE SUPPLY
Vgg = VOLTAGE OF THE

BASE TO EMITTER

Vge = VBB=O'2V
Rgg = hje = 2K AT 25°C
Ves _ 0.2 _
B he Y2k °
Ig & 0.1 MA
Ic=BxIgxi9x0.IMA
I & 1.9MA
=) Vo= Vec il XRY)
= 2(-20) - (1.IMA X 1K)
Ve & (-20)-(1.9V)
Ve a-18.1V
AT 50°C
+ VBE =VBB=0'2V
- Rgg = hig = IK AT 50°C
v
R s ' 1y - 88 0.2
>|[ vegg m0.2v hie 1K

R2
200

e

Vgg & 0.2V

9

* Ree - Ic=BxIgm 9% 20MA
2K AT 25°C Io & 3.8MA
| L hle VC=VCC—(ICXRL)
L ®(-20)—(3.8MAXIK)
I Ve ¥(-20)-(3.8)
= Ve-16.2V
—_

Figure 3-42

The quiescent operating voltages and currents were
again coniputed at a temperature of 50°C, where hje
was equal to 1K as shown in figure 3-42, It was found
that with this bias arrangement, Ig increased from
0.1 milliampere to 0.2 milliampere, The increase in
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Ig caused the collector current, Ic, to increase as
a function of beta to approximately 3.8 milliamperes.
This increase in the collector current caused a de-
crease in the collector voltage, V¢, toapproximately a
minus 16.2 volts. This represented approximately a
2-volt change in the collector voltage fora 25°C change
in the operating temperature.

—%5 -50 -25 o] 25 50 75 100 125

TEMPERATURE °C TM690-104

The fact that this is an undesirable effect of the
transistor, that must be compensated for, is shown
by the curve shown in figure 3-43. As can be seen,
with Rg equal to zero and the base resistance, Rp,
which equals the parallel values of R] and R2 equal
to approximately zero, the ccllector current changes
by a large amount for a given change in temperature,

Voo -20V

B=20
hijg* 2K AT 26°C g, -
hig= IK AT 50°C 300,
R, =44K AT 25°C
Ry =43K AT 50°C

VBB =5V
>

R
100
a

AT 25°C
In=VoB 5

B R, 44K
Ig.[14MA

I¢=BXIga 20%.114MA
Ic=2.28MA
[VRL= I XR =2.28MAXIK]
[VeL=2.28V
[vc=vcc-vm_=-2o-(2.2av)
V =-17.72VOLTS

Figure 3-44
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It was found that increasing the value of R2 or RE,
as shown in figure 3-44, would increase the total
resistance inseries withthe base current, Ig. Compu-
tations for the quiescent currents and voltages of this
circuit were shown at 25°C; it was found that with a
value of 2K for hje, V¢ was equalto minus 17.72 volts.

Vec-20v

8:20
h,e*2K AT 25°C  Rp
hie: 1K AT 50°C 300,
R;*44K AT z5:c Vag 5V
R =43K AT 50°C —>>—
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Ic*BxIg @ 20X.114MA I¢ = BXIg=20%.I19MA
Ic=2.28MA Ic=2.38MA
VRL=1cXR 22.28MAXIK [VR = I X R =2.38MAXIK
VpL®2.28V VRL*2.38V
W =VecVRL=-20-(2.28V)| Ve = V. - Vg =-20-(2.38)
Ve =-17.72VOLTS Vo= -17.62V
Figure 3-45

The quiescent operating currents and voltages were
then refigured assuming a worst case condition, as
shown in figure 3-45, where hjp was equal to zero.
Under these conditions it was found that there was a
very slight change in the base current and collector
current, and the collector voltage was found to be
equal to a minus 17.62 volts. This represented a
change in the collector voltage of 0.1 volt under
worst case conditions.

Vec-20V
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he=2K AT 25°C Ry . R =
. 300 K3 =
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Figure 3-46
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A more realistic value of 1K was then used for hje,
and the quiescent currents and voltages were then
computed for 50°C. The change in Ig from the 25°C
figure was found to be very slight. Thischange was
also apparent in I, but again it was only by a very
small amount. The change in Ic caused a change in
Ve, but this change alsowas veryslight. The value for
Ve at 50°C was found to be equal to a minus 17.68
volts. This represented a change of 0.04 volt in the
collector voltage for a change of 25°C.

COLLECTOR CURRENT (MA)

75 -50 -25 0 25 50 75 100 125

TEMPERATURE °C TME90-104

Figure 3-47

Figure 3-47 shows that increasing the value of Rg to
2K chms and maintaining a low value of base resis-
tance will cause the collector current to be much
closer to the ideal current than if the resistanceof the
emitter is zero, and the resistanceofthebaseis also
zero or low. It canbe seen, though, that this is not the
final answer to the bias stabilization problem, as the
collector current still varies as a function of
temperature.

It was explained that the bias stabilization problem
could be somewhat rectified by substitutinga thermis-
tor with a negative temperature coefficient for Ry, as
shown in figure 3-48. When a negative temperature
coefficient thermistor is used as RTj, it will cause
the voltage at the base of the transistor to decrease
as the temperature increases.

A positive temperature coefficient thermistor could
be used in place of R2 as shown in figure 3-49.
A positive temperature coefficient thermistor
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Figure 3-48

substituted for Rg wili provide the same function as
a negative temperature coefficient thermistor sub-
stituted for Rq.

THERMISTOR Ve =20V
POS. TEMP (o]
COEFFICIENT 1
T Ry =
IK =
RT2+ + = >
+1.P E
24 e) =
— =
+ =

Figure 3-49

Figure 3-50 shows that a positive temperature coeffi-
cient thermistor can alsobeusedinplaceof Rg. Used
as shown it will increase its resistance, ideally, at the
same rate that hje decreases.
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Rrg =P0OS TEMP COEFFICIENT
THERMISTOR

Figure 3-50

A negative temperature coefficient thermistor, RT3,
also can be used to temperature stabilize a tran-
sistor as shown in figure 3-51. As the temperature
increases, the resistanceof RT3 willdecrease, causing
the voltage at the emitter of the transistorto go toward
thebase potential. This in effect decreases VBE, and
if the correct value of RT3 is chosen. the decrease in
voltage, from base to emitter, will be at a rate of
2 millivolts per degrees centigrade.

Vee=20V
i
Ry
: )
b 7y
/s

PNP
CE
RT3 = NEGATIVE TEMP
COEFFICIENT THERMISTOR

Figure 3-51

Figure 3-52 shows the curves of a circuit that is
not stabilized and also of one that is thermistor
stabilized. Although the thermistor-stabilized circuit
comes closer to the ideal current, it can be seen that
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Figure 3-52

the thermistor-stabilized circuit is still not the final
answer for extremely good stabilization. The reason
for this is that thetemperature curveof the thermistor
can not be matched to the temperature curve of the
transistor; therefore, it does not accurately track the
change in the resistance from base to emitter. This
causes the collector current to vary above and below
the ideal current as temperature is increased,

Veg—20V

Figure 3-53
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As you well know the base-emitter junction of a
transistor has a negative temperature coefficient and
is nothing more than a forward-biased diode. As
shown in figure 3-53, a forward-biased diode may
be substituted for Ry to provide bias stabilization of
the circuit. If the temperature coefficient of the diode
used for compensating the transistor andthetempera-
ture coefficient of the transistor are matched, the
transistor is well stabilized from a plus 50°C down to
almost absolute zero. This apparently is the method
that must be used if temperature stabilization of the
transistor is critical.

COMPUTATIONS FOR I
8 Vo WITH BETA
UNKNOWN

ASSUME Vgg = 0 VOLTS
THEN Vg = Vg

VRe , 5
Te*Re "2k
Ig=2.5MA

ASSUME ALPHA =10
THEN Ic= 1

Ic%2.5MA
[VaL= I¢ X R & 2.5MAXIK]

VgL= 2.5 VOLTS
Vc = Vcc - VRL ® -20-(2.5)

Ve -i7.5
ACTUAL V; FROM
FIG 3-27
USING h, ==I7.72 VOLTS
|ERROR .22 VOLTS ]
Figure 3-54

It was also shown, as in figure 3-54, that there are
many shortcuts that can be used to approximate the
quiescent and operating parameters of th¢ *ransistor
circuit. You are urged to use these sl -—tcuts to
find the approximate values in the actuwl circuits
on which you are working.
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Section 4 Work Problems

Some of the following problems are arranged so that you may conveniently underseore the correct word, or
fill in the blanks, or answer thought questions in your own words. Disregard the value of Rj for all compu-
tations of input resistance.

1. For good bias stabilization, it is desirable to maintain the value of Ry and Rg low and maintain Re = 0,
(True or False)

2, The best method of stabilizing the base-emittter junction of a transistor is to use a
in place of Ry.

3. The voltage drop across Ry, is known as Vi, (True or False)

4. The base-emitter junction displays a temperature characteristic.

5. The value of hj, (may or may not) be disregarded in approximating the value of the quiescent Ig when
RE = 0 and R1 = 10 X hje.

6. The value of Rg (may or may not) be disregarded in approximating the value of the quiescent Ig when
hje = 5K, beta = 40, RE = 500 ohms, and VBB is constant.

7. A thermistor that displays a negative temperature coefficient will (increase or decrease) in resistance as
the temperature decreases.

8. What coefficient of thermistor would be necessary to replace Ry to obtain bias stabilization? (Positive or
Negative)

9. What would be the quiescent collector voltage, V¢, of figure 3-27 at 25°C if Ry, was increased to 5K and
all other values remained the same?

10. The capacitor, C1. bypassing Ry, in figure 3-27, provides what function?

11. When a resistor is placed in the emitter of a transistor for the sole purpose of providing temperature
stabilization, it is called an resistor.

12. Substituting the values given here for those in figure 3-9, find VBE. Ic. and V¢ at 25°C. (Show your work.)

Veoe = -30 volts hje = 2K at 25°C
R1 = 10 ohms Beta = 25
R2 = 740 ohms Ry, = 2K

A, Find VBE

B. Find I

C. Find VC

13. Using the values in problem 12, find VBE, Ic, and V¢ at 50°C if hj, equals K1 at 50°C. (Show your work.)
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B. Find IC

C. Find V¢

14. Substituting the values given here for those in figure 3-40 and using the method of approximating, find
VRE» I¢» and Vo (beta and h;je unknown),

Vee = 24 volts Rg - 2K
Rl 2.3K Ry, 1.5K
Ro 5.8K

A. Find VRE

B. Find I

C. Find VC

As soon as you have answered the above questions to the best of your ability, you are ready to proceed to
section 5 of the tape-slide presentation, where the work problems will be reviewed and the correct answers
given,
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Introduction.

This is the fifth and last section of the tape-slide
presentation. This portion of the tape-slide pre-
sentation consists of a detailed discussion of bias
stabilization of the base-collector junction, a dis-
cussion of the different stability factors, a dis-
cussion on different types of biasing, and a discussion
on how to interpret the values found in a transistor
manual.

In the first half of chapter 3, the bias stabilization
of the base-emitter junction was discussed, but there
has been no discussion of bias stabilization of the
base-collector junction.

1.25
|
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|
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=
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|
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TEMPERATURE °C
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Figure 3-55

Figure 3-55 shows the plot of the reverse current,
Icpo» at differenttemperatures in degrees centigrade.

Notice that the increase in IcpQ is very slight
until approximately 50°C. At this point, Icgo begins
to increase rather rapidly with any increase in
temperature. Therefore, ICBO becomes a problem in
bias stabilization any time that the transistor is to be
operated at temperatures greater than 50°C.

Review of the Effects of I(IB()’

Let us review the material that has been presented
previously concerning ICBQ. As showninfigure 3-56,
IcBO can only be measured withthe emitter lead open,
or with the base lead open. This current, called
IcBo. is the leakage current of a back-biased diode.
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Figure 3-56

As shown in figure 3-57, when the transistor is
connected properly, with the base emitter forward
biased and the base collector backed biased, Icgg
tries to flow in the opposite direction of Ig. But
as we well krnow it is impossible for current to flow in
two directions at the same time through the same wire.

L i
glllJJJJlllJﬂlJlll.llllrwllll.é
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3 Icpo ? E

Ip E
EXTERNAL =]
[ =

=

Wi TOGTNR

Figure-3-57

Actually, Icgp, though opposing the external Ig, adds
on to the internal Ig. The internal IB is the com-
bination of Icgp and a portion of the Ig. Stated
another way, the internal Ig is equal to the external

Ip and ICcBO-
3-21
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If the values of R] and R2 are made very large,
as in figure 3-59, then the external Ip becomes a
relatively constant current. Ifthis external Igisequal
to 0.5 milliampere and Icgp is equal to 0.1 milli-
ampere, then the internal Ig will be equal to 0.6
milliampere as shown in figure 3-59. Remember, the
internal Ig is equal to the external Ig plus Icpo-

EXTERNAL _\
Ig= SMA

g

INTERNAL
Ig=.6MA

=1

Vgg CONSTANT CURRENT
SOURCE

Vee DEPENDENT ON Icgg

Figure 3-59

If the temperature of the transistor inthis circuit were
to be increased to some temperature greater than
50°C, the value of ICBO would increase appreciably
as shown in figure 3-60. If the external base current
does not decrease with this increase in temperature,
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EXTERNAL
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Vgs CONSTANT CURRENT
SOURCE

Vge DEPENDENT ON Icgg

Figure 3-60

then the internal base current is going to increase as
a function of an increase in Icgp. This increase in
IcBo is equal to 0.4 milliampere. Therefore, the
internal Ig will increase by 0.4 milliampere as
shown. During a previous discussion of bias stabili-
zation of the base-emitter junction, it was found that
any change in Ig will result in a large change in the
collector current. Remember, for good stability of
the base-emitter junction, the base-emitter voltage
must decrease at a rate of approximately 2 millivolts
per degrees centigrade of increase in temperature.
As IcBo begins to increase, it causes a greater
current to flow through hje. This increasing current
through hje is going to increase the voltage drop
across hje. Therefore, the voltage from base to
emitter, Vgp, becomes dependent upon Icpp when-
ever a circuit is biased as shown here. This effect
would be extremely appreciable at junction tem-
peratures greater than 50°C where Icpp begins to
increase rather rapidly.

Temperature Stabilization of the Base-Collector
Junction with Resistors.

This problem could be corrected, as shown in figure
3-61, by decreasing the values of R1 and R2 to such
an extent that the voltage at the base becomes depen-
dent upon the value of Ry and R rather than the
transistor. In figure 3-61, the external Ig is equal
to 0.4 milliampere, while the internal Ig is equal to
0.5 milliampere due to an Icpp of 0.1 milliampere.
The resultant of the external base current and the
collector leakage current is called the internal
base current and flows through the resistance
called hje.
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Figure 3-61

If the temperature of the junction should increase,
then the value of Icgp will also increase as shown in
figure 3-62; but, with this method of biasing, the
voltage across the base-emitter junction is not depend-
ent upon the transistor, but rather upon the values of
R; and Ry. This means that, if the value of Icgo
would be increased to 0.5 milliampere, as shown in
figure 3-62, there would be no external base current.
This is true because the internal base current,
which is now equal to Ipgp, is flowing through the
resistance of hje. This will develop a voltage across
the base-emitter junction. If the voltage developedby
IcBo across the base-emitter junction is equal to the
voltage at the junction of Ry and Rp, there will be

Ve - 20V
\ =
] =
-L - E
ar3 (=
200 p—
+ =
Ig=Icpo g =
1 NO EXTERNAL gt =
1g FLOW =
INTERNAL Tg =
FLOW DUE TO =
e —
Icgo ONLY =
=
- SMA =
R =
2 G =
R E

Vgg CONSTANT VOLTAGE SOURCE
Vge NOT DEPENDENT ON I gg

Figure 3-62
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no external base current. The voltage from the base to
the emitter, Vg, is not dependent upon the value
of ICBO' because as Ipogp increased, the external
base current decreased, maintaining the voltage from
the base to the emitter at a constant potential. If
Icpp were to increase to a value greater than 0.5
milliampere, then it would try to develop a voltage
across the base-emitter junction greater than the
voltage found at the junction of R1 and Rp. When
this occurs, a certain portion of Icgpo Wwill flow
from the base, to the junction of Ry and Ry, in the
opposite direction of normal base current. The volt-
age from base to emitter at this time would still
be approximately equal to the original Vgg and not
dependent upon IcgQ.

LLECTOR CURRENT (MA)

T T
=75 =50 -2% o 25 50 75 100 125

TEMPERATURE °C TME90-104

Figure 3-63

It is apparent then that for good bias stability of both
the base-emi‘ter junction and the base-collector
junction, the value of Rg should be made large, and
the value of Ry and Ry should be made as small as
possible as shown in curve ““C”’ of figure 3-63.
If the value of RE is made small and the value of
R1 and Rg is large, the circuit will be very unstable
as shown in curve ‘“A’”’ of figure 3-63. It is not

desirable to keep the value of both Rg and Rp low as
shown in curve ““B”’ of figure 3-63.

For good stabilization of the entire circuit, including
Icpo and the base-emitter resistance, Vgg, it is
desirable to keep the value of Ry and R2 small
and the value of Rg large. Stated another way, it
is beneficial to keep the base resistance low and
the emitter resistance high for good bias
stabilization,
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Temperature Stabilization of the Base-Collector
Junection with Diodes.

T2

]

100 200

C| _ CR| R

40 T~ 2 o
Ve -20V

Figure 3-64

|Il—

Another method of compensating for the effect of
Ico is shown in figure 3-64. You will notice that
we are again using a PNP type transistor, but that
transformer coupling is used in the input and output.
T functions as the input load, while Ty functions as
the output load. The same type of biasing exists,
with the voltage dividing network, Ry and Rop, pro-
viding bias to the transistor.

Figure 3-65
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Examine figure 3-65 to see if the correct bias
polarity exists. Using the rule to determine the
correct biasing, first determine the type of transistor,
which in this case, is a PNP. The arrow is pointing
toward the base. Then write the letters ‘“P-N-P’’,
as in figure 3-65, on the back side of the transistor
symbol.
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o |

R3 R2
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Figure 3-66

Now starting at the emitter, match the polarity of the
emitter with the polarity of the battery as is shown in
figure 3-66. In this case, the emitter being ““P’’ type
material, start with a positive. Going toward the col-
lector, go in series, positive, negative, positive, nega-
tive, as shown This is the bias desired for the
transistor.

C .
40

[
|

CR,

Figure 3-67
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Examine figure 3-67 to see if this exists., To find the
polarity of the bias across the junctions,for biasing
purposes, we can assume that R3, Tq.and T9 are zero
ohm. Ry and R2 make up a voltage-dividing network
from B- to ground. Current is flowing from B-
through Rg and Rp creating the polarities shown.

3t

T

it

Figure 3-68

This will provide the correct polarity of bias for the
base-emitter junction as shown in figure 3-68. The
junction of Ry and Rg is again attached to the base of
the transistor through Rg and Tq. So Ry is in
parallel with R3, T1. and the base-emitterresistance.
The polarity of the voltage across Rjp is nega-
tive at the top to positive at the bottom. This
will cause the correct polarity to exist across the
base emitter,

Figure 3-69
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At the same time, as indicated in figure 3-69, R2 is
attached from the base to cellector and is in parallel
with Rg, Ty, and the base-collector resistanceand T2.
Therefore, we have the correct bias polarity acrossthe
base-collector junction.

All that is necessary, when R3 and Tj are placed in
the circuit, is toincrease the value of Rj or decrease
the value of Rgo to compensate for the voltage drop
across Rz and T to obtainthe correct biasing for the
transistor.

ot

I||IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII!IIIIIIIE
(Roaaq)

BELOW 50°C

Figure 3-70

Examine figure 3-70 for bias stabilization. Small
values are still being used for Ry and Ry, 2 ohms for
Ry and 200 ohms for R2. Notice that CRj is a back-
biased diode and is connected to the base,

The base-to-collector junction is also a back-biased
diode. Assume that the temperature is at some low
value and that a negligible amount of leakage current,
Icgp. is flowing. If the collector-to-base junction,
a back-biased diode, is not leaking, then the diode,
CRy. will not be leaking appreciably and serves no
function in the circuit at this time.

As temperature increases to above 50°C, the base
collector starts to leak as shown in figure 3-71. If
we canobtainadiode which has approximately the same
characteristics, it will conduct an equal amount at
about 50°C, Remember, if the current through the
base emitter, externally, remains constant and Icgo
increases, there will be an increase in the total
current flowing from the base to the emitter, and I
will increase as a function of beta times this
increase.
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Figure 3-71

In this case, as Icgp begins to increase, CR] begins
to leak also, and it will leak off a current that is
equal to the current which is being supplied by the
collector in the form of Icgp. The current that flows
through R3 down through CR] causes a negative-to-
positive voltage dropacross R3as shown, This causes
the base to go more positive, or less negative, de-
creasing the voltage drop across the base-emitter
junction, Vgg. of the transistor and temperature
compensating the circuit for Icgo.
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Figure 3-72

If the temperature of the junction would be increased
even further, untilthe value of Iogp equalsthe original
external base current, there would be no éxternal base
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current flowing inthe circuit as shown in figure 3-72,
Instead the diode CRj is now leaking a current which
is equal to the original external base current, and
the internal base current is now being furnished by
Icpg. The circuit is still stabilized because the
value of the internal base current has not changed even
though Icgp has increased appreciably.
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Figure 3-73

During the previous discussion, the bias stability of
the base-emitter junction was disregarded. If a
thermistor, RT 1, wasused in place of Ry, as in figure
3-73, and the thermistor had a negative temperature
coefficient, then the circuit would be stabilized for
both base-emitter resistance changes and base-
collector resistance changes,

Duodiode Stabilization.

A better method of stabilizing the base~emitter junction
along with the base collector junctionis shownin figure
3-74. Notice that diode CRg is biased in the forward-
biased direction, as shown before in the first section of
chapter 3. A forward-biased diode hasa negative tem-
perature coefficient, and therefore, as the resistance of
the base emitter decreases, the resistance of the diode
CRy will decrease also, decreasing Vgyg at a rate of
approximately 2 millivolts per degrees centigrade.
When the point is reached where Icpp begins to
increase rapidly, CR] will also begin to leak,as was
found before, compensating the circuit for Icgo. This
is known as duodiode stabilization, and although it is
not very commonly used, it doesthroughly compensate
for both base-emitter and Icso changes,
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As shown in figure 3-75 the duodiode, or double-
diode, stabilized circuit is extremely stable over a
very wide temperature range, and any circuit utilizing
this method of stabilization will have little or no
variations in the collector currentduetotemperature.
Curve “‘B’ is the single-diode stabilized circuit dis-
cussed in the first section of chapter 3. The single-
diode stabilized circuit did not have any compensation
for changes in I-pn; therefore, the collector current
began to increase very sharply at approximately a
plus 50°C due to changes in Icpp at this time. Curve
‘A’ is the curve of a nonstabilized circuit. Notice
the double-diode stabilized circuit provides a large
improvement over the nonstabilized circuit of curve

SINGLE DIODE
STABILIZED

IDEAL
CURRENT

COLLECTOR CURRENT (MA)
o
1

DOUBLE DIODE
STABILIZED

T T T T T —

r T T
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Figure 3-75
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““A’’, Although the double-diode stabilized circuit is
very stable over a wide range of temperature, it is
seldom used due to the problemsand costsinvolved in
matching the biasing diodes to the transistor. The
most common method of bias stabilization that you
will find in circuits will be an emitter swamping
resistor and possibly a thermistor, either positive
or negative temperature coefficient. The negative
temperature coefficient seems to be used more often.
The reason for this is that a wider range of values
are available in the negative temperature coefficient
thermistors.

Sometimes a transistor is used to stabilize another
transistor. This may be done because another tran-
sistor is nothing more than two diodes back to back,
and either portion may be used instead of the diodes
that were used in a previous circuit.

Voltage Feedback Stabilization.

R
Vee + 20V 2K
O———AMN—————
R2
40K

- VY >

&
Y @
R
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s
Figure 3-76
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Another method that is sometimes used for bias
stabilization of both Rgg and Icgp is shown in figure
3-76. Instead of returning R2 to Ve the top side
of Ry is returned to the collector of the transistor.

Examine figure 3-77 to see if the correct bias exists
in this circuit. Applying the first rule for correct
biasing, first determine the type of transistor in use.
Because the arrow is pointing away from the base
section, this transistor is an NPN type transistor,
Now write the letters for the transistor on the back
side of the diagram. Then starting at the emitter
match the polarity, negative in this case to match
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RL
Vce + 20V 2K
O AN

Rz
40K

s H>—

5K

Re
40UFj N 1K

NPN
CE

Figure 3-77

N’ material, and go in series, negative to positive,
negative to positive, This is the bias polarity that is
desired for this transistor.

RL
Vee + 20V 2K
O AN
R2
40K
A4

5K

NPN
CE

Figure 3-78

Now examine figure 3-78 to see if the correct bias
polarity is available from the biasing network, The
biasing network consists of Ry, Rg, and Rp,. Current
is flowing through the voltage divider from bottom to
top towardthe plus 20-volt collector supply, developing
a negative to positive from bottom to top of Ry and
negative to positive from left to right of Rg.
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RL
Vee + 20V N 2K

R, §
5K

figure 3-79

The base-emitter junction, therefore, has the correct
bias as indicated in figure 3-79, because the voltage
drop across Rj is also felt across the base-emitter
junction, and this is the polarity of bias required to
forward bias the base-emitter junction.

RL
Vee + 20V . 2K _

> 4

+
R §
5K

Figure 3-80

The voltage drop across Ry, as shown in figure 3-80,
also is felt across the base-collector junction. This
correctly biases the base-collector junction, and the
transistor is biased correctly.
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Figure 3-81

Now examine figure 3-81 for anexplanationof how this
circuit works. The collector current, I¢, flows from
the emitter to the collector and through Rp,. Addi-
tionally, the bias current which flows through Ry and Ro
also flows through Rjp,. This biasing arrangement is
very similar to previous biasing arrangements that we
have examined. Thedifferenceherelies inthe factthat
the voltage to the voltage-dividing network, consisting
of R] and Ry, is dependent upon theamount of current
which is flowing in the collector, because a greater
collector current will cause a larger drop across
Rip, which, in turn, would decrease the voltage available
to the base biasing network consisting of Ry and Ry.

RL
Vce + 20V + 2K

DC
DEGENERATIVE @—(0—
PATH +
n ;’

T

Figure 3-82
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Assume -now that the temperature of the transistor
were to increase. If this would happen, the collector
current, I-, would try to increase. Increasing the
collector current would increase the voltage drop
across Rp,. This would cause the bottom side of
Rp, to go in a more negativedirection. This negative-
going signal will be degeneratively coupled back from
the collector to the base as shown in figure 3-82.
More negative ona ‘“‘P’’ type material will try to cut
off the transistor, decreasing Ic. Therefore, even
though Ic tries to increase due to a temperature
change, the transistor is stabilized by degeneration
through Ro; no change occurs in the collector current.
This is called voltage feedback stabilization or self-
bias. If R2 is a very large value resistor, we would
find that the degeneration to the signal would be quite
small, while degeneration by d-cor due totemperature
changes would be large, temperature stabilizing the
collector of this transistor. If the value of R2 and R}
is small, you would find that there also would be de-
generation of the signal due tothe feedback through Ry
from the collector to the base. In this method of bias
stabilization, Rg is usually quite large. This will not
deteriorate Icpp stabilization of the transistor,
because whether it is Icgo which causes an increase
in the collector current, or the base-emitter resistance
change causing an increase in the collector current,
both changes will be felt back through R2 to the base
of the transistor and provide a fairly good bias
stabilization. This is called voltage feedback stabili-
zation in contrast to the emitter stabilization some-
times called current feedback.

Methods of Biasing.

Vee—20V RL
- 2K ¢
* DAL =
50—
R

= i

BETA =19 =
VOLTAGE TYPE BIASING
R, ®(BETA+I)XRg PNP
R;, & 20 X 2K CE
Rix & 40K
Figure 3-83

The two major ways of biasing a transistorare called
voltage biasing and current biasing. Figure 3-83 is
a sample of voltage biasing. The input resistance at
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the base of the transistor, Rjz, is approximately
equal to beta plus 1 times Rg. With beta being equal
to 19, the input resistance is equal to 20 times 2Kor
a value of 40K.

BETA = 19 =
= (BETAs xR VOLTAGE TYPE BIASING
R, 220 X 2K CE :—:l MUST BE LESS THAN %
s oK 2K 15 L wHiCH Is LESS
40K "20 1
i0
Figure 3-84

To have voltage-type biasing, as in figure 3-84, the
value of R; must be less than one tenth the value of
the input resistance at the base of the transistor.

In other words, with small values of R and Rg, as
shown in figure 3-84, this ratio is equal to 2K divided
by 40K which equals one twentieth. This is less than
one tenth, so the circuit_is using voltage-type biasing.
Low values of Ry and Ry do not necessarily indicate
voltage-type biasing, but it is generally true.

[BETA 19 b

h|b'25 OHMS

hl. *(BETA+1} X hlb

hjo = 20 X 25 OHMS

hje =500 OHMS

Rie=h; +[(BETA+)
X Re]

R, = 500 +(20 X 0)

[Rix 500 OHMS

CE
CURRENT BIASED

Figure 3-85
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Figure 3-85 shows a circuit that is using current-
type biasing. The input resistance at the base of the
transistor, Rjy, can be foundas shown. By multiplying
beta plus 1 times hj}, the value for hje is found to be
equal to 500 ohms. The input resistance is thenequal
to hje plus the quantity beta plus 1 times Rg. This
results in a value of 500 plus 20 times zero, because
RE is equal to zero ohm. Therefore, the input
resistance of the base is equal to 500 ohms.

BETA=19

hip=25 OHMS

hie =(BETA 41} x hyy

hie = 20 25 OHMS

hie =500 OHMS

Rix *hie+ [BETA +1)
xRE]

Rj, =500+ (20x 0}

Rix =500 OHMS

—R| -
— MUST BE

Rix 10

GREATER THAN —

[
20,000 s 400
500 [

WHICH IS GREATER

THAN I_IO_

CURRENT BIASED

Figure 3-86

In current-type biasing, shown infigure 3-86, the value
of Ry must be ten times the value of the input resist-
ance at the baseof thetransistor. The ratioof R} over
Rjx in this particular circuit then is equal to 20,000
over 500, whichequals400overl. Thisisgreater than
10 to 1, so the circuit must be current biased.

For values of Ry to Rjy that fall somewhere between
that required for voltage-type biasing and current-
type biasing, the circuit must be considered a com-
bination of current- and voltage-type biasing. In this
case, the parallel value of R} and Rjx must be deter-
mined and then the circuit treated as a voltage-type
bias network to determine the quiescent operating
voltages and currents.

If the circuit has been determined to be a current-
biased circuit, as in figure 3-87, the base current may
be determined, asindicated, by considering Rjanopen
and the voltage across Rg equal to V(. Alsoassume
that the voltage from the base to the emitter is equal
to zero and that the current through Rp is equal to
the base current, Ig. Once the base current has been
found in a circuit, the collector current, emitter
current, and collector voltage may be found as
previously shown.

[World Radio Histol



™ CONSIDER
OPEN

PNP
CE

METHOD FOR DETERMINING BIAS

IN A CURRENT BIASED CIRCUIT

Figure 3-87

Figure 3-88 shows part of the method for determining
bias current ina voltage-biased circuit. The first step
in determining the quiescent currents is toassume that
the base lead is open and that the voltage at the base,
Vgpg. is determined by R] and Rg entirely.

Vec—20V R,
o
l 2K
® AAA—
R;£
2K
+ :
CONSIDER 9

OPEN

B -

- -Ves
R g Ci Re
2"% 40UF 2K
PNP
CE

PARTIAL METHOD FOR DETERMINING
BIAS CURRENT IN A VOLTAGE BIASED CIRCUIT

Figure 3-88

Now assume that the voltage from base to emitter
VgEg is equaltozeroandthatthe entire Vgp is dropped
across Ry as shown in figure 3-89. This means that
VRE is approximately equal to Vgg, which is deter-
mined by Ry and Rg. Dividing Vgp by Rg will give
an approximate value of Ig, the emitter current.
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PNP Re
CE

PARTIAL METHOD FOR DETERMINING
BIAS CURRENT IN A VOLTAGE BIASED CIRCUIT

Figure 3-89

Normally in this type of circuit Iy, the base current,
is not an important factor for the technician to know,
so it is not determined. It could be determined by
dividing the emitter current by gamma. To find the
collector current, it is only necessary to multiply
the approximate value of Ig by alpha. If alpha is
unknown, alpha may be assumed to be equal to 1.
In this case, the value of the collector current would
be equal to the emitter current.

Stability Equations.

L R DEAL * O
V" Alcge  Re v PEALC
AIE RZ*GXRE
Sq*—ta 2 _"_"E |DEAL O
¢ Avge hig '
SV Alggg ® (SiRe *+ RL)2Si, IDEAL = 0

Figure 3-90
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When discussing the bias stabilization of a circuit,
it is sometimes helpful to explain the stability of the
circuit by the use of one of the stability factors of
which there are three: Sj, S,, and Sy,

Si indicates the rate of change of Ig as a function of
Icpo- Se indicates the rate of change of Ig asa
function of Vgg. S, is equal to the change in the
collector voltage as a function of the change in the
cutoff current, Iorgg. The stability factors, S, and
Sy, are not generally used. Sg is not generally used
because the low value of Sj obtained with an emitter
resistor automatically causes the low value of Se.
Sy will be low, which is desirable if the value of Ry,
plus Rg is small. S; is the stability factor most
commonly used. Sj is equal to R; divided by REg
plus 1. Sj, for good stability, should be equalto 10 or
less. Consequently, R, over R must equal 9 or
less. If it does, we can assume that the circuit is
fairly well stabilized and will operate over a nominal
range of temperatures without creating a large change
in collector current.

NPN
s ;__2_..¢| CE
" 1000 BIAS STABILITY OF
S;=1.002 A VOLTAGE BIASED CIRCUIT
S;< 10
Figure 3-91

Examine a few circuits, and determine the stability
factors of these circuits.

For the first problem in bias stability of a circuit, use
the values that would indicate voltage-type biasing of
the trancistor. As indicated in figure 3-91, Ry equals
200 ohms, R; equals 2 ohms, and assume the value of
Rg as 1K. Using the stability equation, Sj is equal to
Rj over Rg plus 1, thenS;is equal to 2 over 1000 plus
1, or 1.002. As previously stated, for good tempera-
ture stability, S; should be less than 10. Thisis equal
to less than 10, which indicates a very good stability.
The smaller the value of S the greater the stability,
but S; can never be less than 1.
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Vee-20V

R
- 2K 4
AAA-

2000 CE
S = +|
o BIAS STABILITY OF
Sja@+| A CURRENT BIASED CIRCUIT
S, >10
Figure 3-92

Observe figure 3-92 whichisa current-biased PNP CE
amplifier. This is indicated by the large values of R]
and Ry, and in this case complete absence of RE.
Using these values, we now have a stability factor S;
which is equal to 1 plusRj over Rg or 200 over zero.
This is an Sj of infinity. This is not the best stability
factor. To increase the stability to 10, it would be
necessary to increase the value of Rg from zero to
2K which would then necessitate changing the value of
Rg to maintain the correct bias. This showsthatcur-
rent biasing is not very stable. As a general rule,
it can be said that the circuit is well stabilized
if Sj, or the ratio of Ry to Rp, is less than 10.

Vce +20V
O

R|2
5K <
. Cy Re
4our’-’-\ 1K
LI = NPN
Rz CE
si= -4%+I

BIAS STABILITY OF

S A VOLTAGE FEEDBACK CIRCUIT

Si = 1.05

Figure 3-93
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In figure 3-93, Sj in a circuit of this type can be
figured by the ratio of Rf, over Ro plus 1, and should
be 10.0 or less for good bias stability. In this case
Sj is equal to 2 divided by 40 plus 1 for a value of
1.05. Sj can be useful to you, the technician, if the
change in Icgo over a given temperature range is
known. The change in Icgp times S; is equal to the
change in the emitter current, delta I, for the same
change in temperature.

In other words, if the change in IcBQ over a given
range of temperature was equal to 10 microamperes
and S; was equal to 10, there would be a 100-micro-
ampere change in the emitter current for the same
range of temperatures.

Icgo increases exponentially withtemperature, doub-
ling in value every 8° to 10°C. A typical value of
Icpo in a germanium transistor is about 5 micro-
amperes at 25°C. If a temperature were to increase
to 75°C, however, IcBp would increase to nearly
160 microamperes. In other words, over a change of
50°C, the cutoff current doubles 5 times.

IDLE CURRENT
100 MA

BETA:19
h =400 OHMS,

|
Ig /
.5 MA

Al |, WASTE CURRENT
2 99.5 MA
9
PNP
CE
FIGURE 3 94
Figure 3-94

The question might arise, “Why not use the voltage
method of biasing, rather than the current method of
biasing ?”’ The voltage method is more stable. The
answer to this lies in the amount of idle current
pulled by the circuit. If Ry equals 200 ohms and Rj
equals 2 ohms, as in figure 3-94, the circuit is pulling
100 mills of which we are only using 0.5 mill. In
other words, 99.5 mills of current is being wasted, and
the circuit is inefficient to that extent.

This system would be rather impractical if this circuit
were going to be operated off batteries. If it were
being operated off a power supply with an unlimited
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source of power, then this circuit could be used, and
it would be very practical.

Of course, if the equipment is going to be operated
at one temperature and one temperature only, bias
stability is not important; but if it is going to be
operated over a range of temperatures, the normal
range that we would find in a temperate climate,
from 30° below to 100° above 0°F, then we do need
bias stabilization.

Fransistor Mannal Interpretation.

}MAXIMUM RATINGS‘ ELECTRICAL PARAMETERS
— — $- —

JEDEC PC Mw Bvce MIN MIN  MIN MAX.

NO TYPE USE ‘9 25°C BVCe™ IcMA  TueC | hte—hre™ @ICMA  faraMC GsDB Icolual Vea
2N612  PNP AF 180 -20 -130 @S 96aT 1 6T 37 -25  -20
2N6I3 PNP AFOUT| {80 -20 -200 83 97aT ' 83T 32 -23 -20
2N6(4  PNP IF 128 -1 -150 83 ‘ asT s 37T 267 3 20
2N6IS  PNP IF 125 -13  -150 88 7ST s ST 34T -6 -20
2N8I6  PNP IF | 1282 -1z 150 es | 237 s 9T 207 6 ~1s
2N6I7 PNP OSC | 123 -2 -150 es | usT s 73T 30T & -3
2N818 PNP PWR 43w -80% 34 90 60" ~1A SKC -3ma 60
2N622 NPN SI AF | 400 50® 30 160 | esTs s 3 341 1 30
2N624 PNP RF { 00 -20 -0 w00 0 2 a2s 20T -30 30

- - -
2N623 NPN Sw 23w 30 100 T 20" s0 100 -40
2N631 PNP AFOUT | 170 -20 =-30 8% ts0T 10 121 33T -28 20
2N€32 PNP AF OUT| 130 —24 —-30 8% 1DoT 10 1T 237 -23 -20
- —_— -
2N633 PNP AF OUT| 130 -30 -30 83 | &OT 0 8T 25T -25 20
2N834 NPN Sw 130 20 300 83 3® 200 s s s
2N634A NPN SW | 150 20 300 8% | 40° 10 s 6 23
Figure 3-95

It sometimes becomes necessary to refer to a tran-
sistor manual to determine the specifications for the
transistor. The specifications, as shown in the tran-
sistor manual, are not written as alpha, beta, or
gamma, and there are a number of things given which
we have not discussed. In figure 3-95, you see a
typical page out of a transistor manual.

On the left-hand side of the page, as shown in figure
3-96, isa number which corresponds to the type of the
transistor. This is labeled ‘“JEDEC’’. These initials
stand for Joint Electron Devices Engineering Council.
All transistors of any individual type, for instance the
2N612, no matter who manufactures them, have the
same general specifications. A type is given directly
to the right of the JEDEC number. The 2N612 is
listed as a PNP.
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In the next column, as indicated by figure 3-97, is
USE. Under the USE column may be listed whether
the transistor is normally used as an i-f, switching,
r-f transistor, or whatever it happens to be. The
2N612 is listed as an audio-frequency transistor.
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Figure 3-97

The next major breakdown, as indicated by figure
3-98, is MAXIMUM RATING; this is the maximum
power, voltage, current, and temperature that this
transistor can withstand. Under PEAK COLLECTOR
POWER (P.myw) is the peak power the collector can
dissipate in milliwatts at 25°C. For the 2N612, this
is 180 milliwatts.
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Figure 3-98

Continuing to the right, as shown in figure 3-99,is
a column indicating breakdown voltage collector to
emitter, BV e, Or breakdown voltage collector to base,
BV.p. I the quantity listed is collector to base, it
will have an asterisk alongside it. The 2N612
lists a minus 20 and it does not have an asterisk, so
this is the breakdown voltage from the collector to
emitter, BV.,, or the maximum voltage this tran-
sistor can withstand without breaking down. The
minus sign indicates that the voltage on the col-
lector is minus in respect to the emitter.

MAXIMUM RATINGS

2 “M\\\
\ \\\\\\ ::‘:\
i %\\ e

\\ \\\ \\\| \ \\\ X \\\\

\\ \\\ \ \ \\
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Figure 3-99

'World Radio Histol



= v o
%2 thhmm ST £ a5
= N rtth.mpafmtl
g~ Sgoe fofo 2
a2 aggpsoe 5
oo sath PR
O n i5 85455857
n S5555783 %8
\lt.l ttttttt ged
; lnodet. 8z reW v
m smnnmb i @mnmnmm 9
. g ; e | l
mmgm&.lpt @ lﬂhufunaﬂm MmSeuT @
5 @ o 8 w T aao o bt :
= 0 Ss v 0 o o 5 0 teIde :
..lan..a +~ Sae n.lethdm.m .n..T s& oen.. 4
I h.wocr nuwr = o =g ; S....S_bna
ooooooooo @ NS g=s_-= 3%.ilm2 S
i e unL Oap leleaf.u %) =] pres} eo;
3 | ; l o= = 0 S ] o wn? < o
5 e 858 < g £2<2 A= EQ r.niizatB
hlme)wagevym...a Czsthe £ mceahdltlc
preny) = = R o= =] o~ & & .IWFTnnOa.n...I.
+~ Soga ;.. =2 Py N..n
] Q o) “ 0 = o008 R S.h..Cn.. npmo. 85
0o 9yom 88 g .wi.ﬂhe.at g EFEE: sied
H i - onew 03 ~oag oo ®
atAtSMQOC — o n = w0 = dhw IeIB V- 0 Y
= =598 = ax.ncmnti wtoCbmair
: | STt nnnn . 5 ,layhald 5 © 9= IS =R )
- = - [ae) SearCt = %3 yf.lwp
= = =0 w o+ 8 > CE--ha E
.1au.WS. ) ) —_ g Sy -0 ke = On,m
0 s 3-8 o % = o] Sae i g g Sntude.lsa
a w0 =22 08 =) > > 8 L 57T teED S e
hg.m i ) tmnﬂelauen Lsmiﬂu$Mr
TQnamhc i 2 @gmanthQW QMeu.cm =
nte eeeeee Gy — = (]
- wm a....S.n.u WTCl .mwcu.mmhre rTlmdM 2m
T.lm ra I...Had.ﬂ.a ﬁf.b ; - =135
Mammmmmmumom mmm%r 3283 2428 355 ~
< 9 2578 .29 R I e Tyt e
mmm$MwEr&M%m tmmnmtlctw mbmm .pgb
aaammeuauH ooo 38 g 0° ncc&osmlu
foe] =0 % oua v Ad= CRLTOR] : 3 :
i 55 7iMMn udam “ 05 B
_ co.sifE2 B 0 £
- LY : onnnCPc )
23 . 05°%68 5 SEEECEES S
ed%ﬂeo mﬂw FEEE 1k
e = A :
iy — ethC.l 2% %lt
@) ' o ==l p= = : - B
o waOP = 23 222
da ol 83 1
eS O hsm llm m
rmMne%hn Tldea1Utd
eeeeeeeee n
2 g fwpEl c
g5 e
g N = =
mwgmmdmm
= 225,85 F
E22E8 a2 uub.m.uuQ.
N\m\w : ] - O
= Ch.l.lﬂ.lz > 5
\.“...“.. o8 Wnt bw.ld
“\\\&.u‘ - nr .IO. lem thm.w
— =) 3 2
== 3 Sggag” ke
:\&N S th 22+ OMeh
\“n“\“m.\‘\.\ s = ; £§ ! d
- p ea (=3}
[} o . 5 s e i
=— = mOdrnmt ; ,
M“\& =] 5= 0 & n@ i
— 5 T2 5wg 5 Q o
= o Sw20o°2 : p.wos
“‘\\ Iz, - = Pl 4 o o o
: 2o 85 = — SlSN
\nq\\““\ﬂ g ,53 8% ] an.lz
.\% —_ 3 “0 x ed am\uu.
\“ n.W.b < = g e \hrme
.“N.“\\l\\“ lfShmamW S I&F....nl
=223 Ymthre | 4
v\\\“ ER- pren) = X dle.!
I i = = 8
..“\3\\& Cdm‘mrnTT <9 “th
22222 5l : i
s 223 EELEID it
===z EEREY: i
ZEs=E em.u p " am r.mw 3
y g3 8
- Y jeas
hSW tTM.M mhva
TalwiS.T.l.em =F
o @ m$mF
5§57
=R e I 5
mmwo
o
; o
Fe S &

Histo

'World Radio



CHAPTER 3
Bias Stabilization

|

\\\\\\ i ELECTR'C PARAMETERS
el T

sei\:'k‘e;:\";'\\\\\'h\\\\\\;:;“\'u\\\\\ \W\
Fu

2 \\\\\\\\\\\
l“‘\\\\\\\ }
A \\\\\
il \\\\\\\\\

MIN  MAX.
GeDB ICO(ua) @ VCB

\:f*:":@i:‘:%;i\\\\\

= e e
g
———

===
s
——
===

!

—_——

ity h\hl
u || Ii n||n
n mu ulll
\n\\\mu \
n l.l\ll n
ilibinini
UGLIT
rfufuly \
u\l]llll\ll\ll
il

%
f_,«;—'*
ey |
=
_
—_—
'—ﬁ
_____

—_—
=

>—1
==

o

==
—_—
_—
=
—_—
—_—

===

—_—
—_—

=
= ===

\i\\\

Figure 3-103

\

the negative indicates it is flowing into the transistor.
The very next column lists the voltage collector
to base, V¢p, at which Icpp was measured.

Review.
Ro
40K
EXTERNAL
Ig 5MA
R, INTERNAL
10K

Ig=IMA

Vgg CONSTANT CURRENT
SOURCE

Vge DEPENDENT ON Icgg

Figure 3-104

Now let ys review some of the material that we have
covered during this section of the tape-slide pre-
sentation. It was found, as indicated by figure 3-104,
that if the external base current would remain constant,
then any change in the value of Icgg would cause a
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change in the voltage from base to emitter, VBEg.
Therefore, the voltage from the base to the emitter
becomes dependent upon the value of I~pq in this
case. Any increase inthe value of Ioggwouldincrease
the value of Vgg. It was pointed out that this was
not desirable, as any increase in the voltage from base
to emitter would cause an increase in the internal
base current which, in turn, would cause ah increase
in the collector current.

VCC -20Vv
é

Ig=Iceo ﬁ’—
NO EXTERNAL e (.‘

Ig FLOW

+
x>
\
\

INTERNAL Ig
FLOW DUE TO
Icgo ONLY

- 5MA

/

!

/

et

M
+
—AAN
D
)I
=2
4+ X m

»-

<imm

e

Vgg CONSTANT VOLTAGE SOURCE
Vge NOT DEPENDENT ON Icgg

Figure 3-105

Figure 3-105 shows one method of combating the
changes in Icpp- By decreasing the size of Ry and
Rg, the voltage at the base of the transistor is no
longer dependent upon the value of [cgp, but rather
upon the values of Rj and Ryp. Therefore, as Icpgo
increases the external base current will decrease;
this maintains the internal base current at a constant
value. If the internal base current remains constant,
the voltage from base to emitter will remain constant
also, and VBE will not be dependent upon the value
of Icgp- U the value of the internal base current does
not change as a function of Icpqp. the collector
current, Ic, will not change as a functionof Icgp. This
was true even if the value of Icpp increased to a
value which is equal to the original Ig.

Reexamine the curves for temperature stabilizing a
transistor as shown in figure 3-106. This diagram
readily points out the fact that for good bias stabili-
zation the emitter resistance, RE, must be kept as
large as possible, while Rg, the combined parallel
resistance of R; and Ry, must be kept as low as
possible. This is shown in curve “‘C,”” while curve
““A’’ shows the approximate reverse of this condition
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Figure 3-106

and indicates that for a slight change in the temperature
of the junction the collector current would increase
appreciably. Curve ‘‘B’’ shows a condition where
Rg is equal to zero, and Rp is equal to zero. As
can be seen, decreasing the value of Rg to zero ohm
does improve the temperature stabilization of the
transistor, but as pointedout by curve ‘“C,’”” increasing
the value of Rg provides a very large improvement
in the bias stabilization of this circuit.

Icso
h"/’/’/’/’/’/’/" T,
A
T _EXIERNAC T ) 2umnmn
A E e

WG

¢, L

40T CR,

o—

Vee—20V
ABOVE 50° C
D‘BDE DUAL DIODE
_—L = LIEAKAGE = STABILIZATION

Figure 3-107

Figure 3-107 shows a circuit that was found to be
very well stabilized. This circuit is known as a duo-
diode stabilized circuit. The function of CRy, whichis
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a back-biased diode, is to prevent any change‘s in the
value of the internal base current as a function of
ICBO' On the other hand CRZ, a forward-biased
diode, provides temperature stabilization of the inter-
nal base current as a function of the base-emitter
resistance changes.

~ 5 A
z 1
=
- 4
& SINGLE DIODE
o o/ STABILIZED
x <
3 N
o 31 ¥ )
g $
I
S o, o
“ o IDEAL
3 2 CURRENT
= - — -— — e —
BN — o
¢ DOUBLE DIODE
STABILIZED
— A e I B E—

f T T T 1
=75 ~-50 -25 (o} 25 50 75 100 125

TEMPERATURE °C TME90-11!

Figure 3-108

Although the duodiode stabilized circuit is very stable
over a wide range of temperatures, as shownby figure
3-108, the statement was made that the duodiode
stabilized circuit is seldomused. This isbecauseitis
difficult to find diodes with the correct temperature
coefficient to match the individual transistor, and the
cost of a circuit of this variety is prohibitive unless
bias stabilization is necessary over an extremely wide
range of temperatures.

Ry
Vcc + 20V + 2K

Figure 3-109
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Figure 3-109 shows another method for compensating
the transistor circuit for both the effects of Icgp and
changes in Rgg. This circuit is known as the voltage
feedback method of biasing in contrast to circuits
using an emitter swamping resistor, which are called
current feedback type circuits, This method of stabili-
zation works upon the principles of a d-cdegenerative
path from the collector tothe base. Thea-c signal was
not degenerated in this circuit 10 any appreciable
amount because nf the relatively large size of
Ro.

o =
Alegg  Re

+1, IDEAL = 0O

Alg  Rp+GXRg

Se % Ape % o IDEAL* 0
Aveg
Sy ATcao = (S;Rg + R ) 2S;, IDEAL = O

Figure 3-110

Three stability factors are shown in figure 3-110.
These three stability factors are §;, S,, and Sy.
Of the three stability factors, it was found that Sj is
the stability factor most commonly used because of its
simplicity, and the fact that if Sj has a low value Se
and Sy will also have alow value. Tofind Sj, it is only
necessary to divide Ry by Rg andadd 1 to the quantity
found. For ideal conditions Sj should be equalto zero,
but under actual circuit operations can never be less
than 1.

The stability factor, Sj, was computed for a voltage-
biased circuit as shown in figure 3-111. As we found
previously, with low values of R] and R2 anda
relatively high value for Ry, the stability factor of this
particularcircuitis equalto 1.002. This results in an
Si of less than 10, so the circuit is said to be well
stabilized.
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VCC’ 20V

RL

CE
S = ——+1
771000 BIAS STABILITY OF
S;=1.002 A VOLTAGE BIASED CIRCUIT
S.< 10

Figure 3-111

The stability factor, Sj, was also shownfora current-
biased circuit similar to that shown in figure 3-112.
If the value of R1 is made very large and no emitter
resistance is in the circuit, the stability factor then
is equal to infinity plus 1. This results in an Sj of
much greater than 10. This indicates that for good
stability it is a better practice to use voltage bias
rather than current bias.

Vec- 20V

e PNP
<000 +1 °f
! o] BIAS STABILITY OF
Sz +| A CURRENT BIASED CIRCUIT
S; >10

Figure 3-112
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CHAPTER 3
Bias Stabilization

Section 3 Work Problems

Some of the following problems are arranged so that you may conveniently underscore the correct word, or
fill in the blanks, or answer thought questions in your own words. Disregard the value of Ry for all compu-
tations of input resistance.

1. IcBo adds to the external Ig. (True or False)

2. For good bias stability, it is desirable to keep the value of large and the value of
and small.
3. If the change in is known, the change in the can be found by

mulfiplying S; times the change in ___
4. Increasing the value of Rg of a circuit will cause the value of Sj to (increase or decrease).
5. Substituting the values given here for those in figure 3-84, find the quiescent VRE. I, and V. Also find

Si and the change in Vg, and V¢ due to the increase of Icpoyfrom 50°C to 75°C. Assume hje constant
and use approximate equations. Assume alpha = 1. (Show your work.)

Ico at 50°C = 0.005 MA Rg = 5K

Icgo at 75°C = 0.150 MA Ry, = 1.5K
Disregard hje Rg = 1K

R1 = 2.5K Vee = -30 volts

A. Find VRg at 50°C. Disregard Icgo-

B. Find I¢ at 50°C. Disregard Icgo-

C. Find Vi at 50°C. Disregard Icgo-

D. Find §j.

E. Find the change in Ic due to the change in Icpo-

F. Find the change in V¢ due to the change in Icg(.

As soon as you have completed theabove problems to the best of your ability, check your answers with those in
appendix A. Each question counts ten points. A passing score is 75 percent. If your score is below or near
75 percent, it would be advisable to reread the second half of chapter 3.

When you have completed the course, please fill out the critique form found at the end of appendix A, and mail it

to Collins Radio Company, Training Supervisor, Product Support Division Training Department, 321 Third
Street S.E., Cedar Rapids, Iowa.
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appendix a

supplementary data

Answers to Section 1 Work Problems.

What are majority carriers?

Current carriers in a forward-biased diode.

What are minority carriers?

Current carriers in a back-biased diode.

(Majority or Minority) carriers cause current to flow in a reverse-biased diode.
A high current flows in a reverse-biased diode. (True or False)

A junction diode is a three-terminal device. (True or False)

A diode is said to be__back biased if the polarity of the supply voltage is opposite to that of the type of
materal,

The proper method of checking a diode is to apply a high d-c voltage to it and measure the voltage drop.
(True or False)

A dioce is said to be_forward biased if the polarity of the supply matches the type of material.
As temperature increases, the number of minority carriers (increases or decreases).
The eurrent carriers in a forward-biased diode are (minority or majority) carriers.

Using the curve shown in figure 1-24 for 25°C, find the resistance for germanium and silicon diodes at the
following currents and voltages. Your answers should be within 10 percent of those given below.

A. 0.15 volt 500 ohms A. 0.6 volt 2K ohms
B. 1 mill 200 ohms B. 0.8 volt 800 ochms
C. 2 mills 115 ohms C. 2 mills 455 ohms
D. 0.25 volt 83 ohms D. 1.0 volt 333 ohms
E. 0.3 volt 46 ohms E. 1.2 volts 180 ohms
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12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.
A-2

Plot the values found in problem 11 for germanium and silicon diodes on the graphs provided in figure
1-63. Figures A-1 and A-2, below, illustrate the solution. Compare this with the plots you made on
figure 1-63.

1200[- —T T TT
| | | I
1000 [— T '- T
2 2 ' T
b 800 |—+ —t— -
o T T 71T
¢ “
: 2o T T )
2 o [
. 2 00—t + 1
L [T 1]
200 +— — +
" - T
1 l G L3 O 0 1 . I i NS N N U W
15 2 25 9 35 2 4 6 8 10 1.2 14
FORWARD VOLTAGE FORWARD VOLTAGE
A 15V 500 OHMS 0 .25V=830HMS A 6V:2K 0 V=333 OHMS
B IMA= 200 OHMS= 2V E .3V=460HMS B 8V=800 OHMS E 1.2V:180 OHMS
C 2MA=115 OHMS= 23V C 2MA=4550HMS
Figure A-1 Figure A-2

The two basic differences between a zener diode and a regular diode are the power handling capabilities
and the sharpness of the high-voltage knee.

The sudden increase in current at the zener point is due to the breaking of atomic bonds.

If the current is increased tarough a zener diode at a linear rate, the resistance (decreases or increases)
at a (linear or nonlinear) rate.

Draw a picture showing the structure of a back-to-back zener diode.

Refer to figure 1-29.

If a diode is rated at 10 watts at 25°C, how much wattage would it be capable of dissipating at 100°C ?
Use figure 1-31 as a reference.

5 watts.

The back-to-front resistance ratio of a diode should be at least_20 to_1 if the diode is to be considered
good.

Why are two or more diodes sometimes placed in series in rectifter circuits?

To increase the voltage-handling capabilities,

In figure 1-39 if the capacitance of Cy is increased, what will happen to wave shape “B’’?
The frequency of repetitior of wave shape ‘“B’’ will decrease, or the pulses shown in the wave shape will
be spaced at wider intervals.

If you mtend to use a varicap i a circuit that displays a curve like that shown in figure 1-41A and the
maximum change available in the bias voltage is 2 volts, at what point on the curve should the varicap be
biased to obtain the maximun change n capacitance ?

1 volt.

The Shockley diode 1s a four-element device.

'World Radio Histol
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24.

25.

APPENDIX A
Supplementary Data

Before using a voltohmmeter to check a diode, what precautions should you take ?

A. Check the polarity of the voltage present on the ohmmeter leads.
B. Use the lowest voltage available on the highest scale, in that order.

What basically causes the semiconductor diode to be more efficient than a tube ?
The diode does not have filaments -- less power wasted.

A zener diode may be operated in the forward-biased region as a regular diode with no damage. (True
or False)

Answers to Section 2 Work Problems.

113

10.

If an NPN transistor is operating normally ina circuit, what polarity of voltage would you expect to find on
the collector in respect to the emitter ?

The collector normally is positive in respect to the emitter.

If a transistor is operating normally, the base-emitter junction may be considered a forward-biased
diode.

List all of the currents found in a transistor in the order of decreasing magnitude. Start with the highest
magnitude.

A, Ig IE
B. I¢ IC
Internal Ig
C. IB OR o
External IB

Internal g is equal to external Ig + ICBO'

ICBO (increases or decreases) as temperature decreases.
Ig is equal to IB + IC'
If 1g decreases, IC (increases or decreases).

The CB configuration compares to the grounded-grid triode circuit.

If the voltage on the emitter of a transistor is negative is respec: to the base and the transistor is con-
ducting. then the transistor must be (a PNP or an NPN).

For all of the following parts, refer to the diagram in figure 2-35 and use the following values. Dis-
regard the value of RE in all computations.

Alpha =0.98 Rz = 10K
hjp = 50 ohms Ry =5K
Rl = 1K AIe =0.5 ma
Rg = 1K
A. Find AlL.

Al. =alpha x Al = 0.98 x 0.5 ma = 0.490 ma
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B. Find R;.
RE + hib
Ri =——  but RE >10 x hj, .. Ry = hib = 50 ohms
REg x hjp
C. Find AR-
R, 5000
Ag=—=—=100
Rj 50
D. Find Ay.

Vout 245 2450

Av= =98

Vin 25x10-3 25
Vin =4Q1le x R{ = 0.5 ma x 50 = 25 mv
Vout =Q1; x Ry, = 0.490 ma x 5K = 2.45 volts

or = AR x alpha = 100 x 0.98 = 98
E. Find Ap

Pout 1.2 x 1073 o

Ap = =
P, 12.5x10-6

Pin =Vi, xAlg =25 mv x 0.5 ma = 12.5 uw
Pout = Vout xAl, =2.45x0.49 ma = 1.2 mw

or = alpha? x AR = 0.982 x 100 = .96 x 100 = 96

Answers to Section 3 Work Problems.

1. List the three configurations in the order of decreasing value.

A. A; Common collector B. A, Common base
Common emitter Common emitter
Common base Common collector

C. A, Common emitter D. R; Common collector
Common base Common emitter
Comnion collector Common base

2. Only the (CE, CB, or CC) configuration has a phase shift.

3. What polarity of signal would it be necessary to inject on the base of a PNP to decrease conduction?

Positive

4. What polarity of signal would it be necessary to inject on the emitter of an NPN to cause an increase in
conduction?

Negative

A-4
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What effect does increasing the value of RE in a common emitter amplifier have on the following:

A. Voltage gain?

No efiect

B. Current gain?

No effect

C. Input resistance?

No effect

What effect does increasing the value of Ry in a common emitter amplifier have on the following:

A. Voltage gain?

Increase

B. Current gain?

No effect

C. Input resistance?

No effect

If hjy, is equal to 75 ohms and beta equals 57, what will hj, equal?

hje = (beta + 1) X hj, = (57 +1) x 75 = 4350 ohms
Figure 2-80 is (a PNP or an NPN) common (base, emitter, or collector) configuration.

If the polarity of the supply in figure 2-80 were reversed, what type of transistor would be necessary to
replace Q17?

An NPN

The phase of the signal at the output of figure 2-81 is (in phase or out of phase) with the signal at the
input.

Substituting the values given here for those in figure 2-43, solve for Aj, Rj, Ay, and Ap.  sregard the
value of Ry in all computations.

R; =10K C1 = 40 mfd which = a-c short
Rg = 50K Alpha = 0.995
Ry, = 5K hijp = 50 ohms
Rg = 3K
A. Find Aj.

alpha 0.995
Ay = = =199
l-alpha 1-0.995

B. Find R;.

Rj = (beta + 1) x (RE + hjp) = (199 + 1) x (0 + 50) = 200 x 50 = 10K ohms
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C. Find A,.
Vout
Av =
Vin
R, 5K
AR == ——= 0.5
Rj 10K

or = Ag X Aj = 0.5 x 199 = 99.5

D. Find AP.
Pout
Ap =
P

in
or = Aj® x Ag = 1992 x 0.5 = 19,800.5

12. Substituting the values given here for those in figure 2-56, solve for Aj, Rl. Ay, and AP' Disregard the
value of Ry and hy,.

Ry = 5K Beta = 60
Ro = 20K hjp = 25 ohms
Rg = 2K

A. Find Aj.

Aj =gamma =beta + 1 =60 +1 =61
B. Find R;.

Rj = gamma x (hj, + Rg) = 61 x (25 + 2000) = 123,535 ohm
C. Find A,

Vout

Vin
Ry 2000

AR = —— = 0016
R; 123K

or = AR X A; = 0.016 x 61 = 0.976

D. Find AP.
Pout

Ap =
Pin

or = Ag x A2 = 0.016 x 612 = 59.536

Answers to Section -+ Work Problems.

1. For good bias stabilization, it is desirable to maintain the value of Rl and R2 low and maintain R, = 0.
(True or False)

2. The best method of stabilizing the base-emitter junction of a transistor is to use a_diode in place of Rj.

A-6
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The voltage drop across Ry, is known as V. (True or False)
The base-emitter junction displays a negative temperature characteristic.

The value of hje (may or may not) be disregarded in approximating the value of the quiescent Ig when
Rg =0 and R, = 10 Xhie'

The value of Rg (may or may not) be disregarded in approximating the value of the quiescent Ig when
hje = 5K, beta = 40, Ry = 500 ohms, and Vgg is constant.

A thermistor that displays a negative temperature coefficient will (increase or decrease) in resistance as
the temperature decreases.

What coefficient of thermistor would be necessary to replace Rq to obtain bias stabilization? (Positive
or Negative)

What would be the quiescent collector voltage, Voo of figure 3-27 at 25°C if R was increased to 5K and
all other values remained the same?

I = 2.28 ma

VRL = Ic x Ry =2.28 x 5K = 11.4 volts

Ve =Vee - VgL = -20 volts -11.4 volts = -8.6 volts
The capacitor, Cy, bypassing Rg, in figure 3-27, provides what function?
Prevents degeneration of the a-c voltage.

When a resistor is placed in the emitter of a transistor for the sole purpose of providing temperature
stabilizaticon, it is called an emitter swamping resistor.

Substituting the values given here for those in figure 3-9, find VBE® IC' and V _, at 25°C.

C

VCC = -30 volts his = 2K at 25°C

R1 =10 ohms Beta = 25

Ro = 740 ohms Ry =2K

A%
CcC
Vgg =] ——— | x Rl = 0.4 volt
Ry + Ro
B. Find I¢.

IczbetaxIB=25x0.2=5ma

B =——=——=0.2 ma
hie 2K
C. Find VC'

Ve =Vee - VRL = -30 -10 = -20 volts

VRL = Ic x Ry, = 5 ma x 2K = 10 volts
Using the values in problem 12, find Vgp, IC' and VC at 50°C if hie equals K1 at 50°C.
A. Find Vgg.

Same as 12A - 0.4 volt
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B. Find Ic.

Ic =beta x Ig =25x 0.4 =10 ma

Vgg 0.4
B=——=—= 0.4 ma
hije 1K
C. Find VC.

VC = VCC - VRL = ‘30 —20 = ‘10 volts
VRL =I¢c x RL =10 ma x 2K = 20 volts

14. Substituting the values given here for those in figure 3-40 and using the method of approximating, find
VRE: IC' and VC (teta and hie unknown).

VCC = 24 volts Rg = 2K
Ry = 2.3K Ry =1.5K
Ro = 5.8K

A. Find VRE.

VRE = Vg assuning hj, = 0

xRy =| — | x22K = 6 volts

1]

VBB

B. Find I¢.
Ic =alpha xIg =1x3=3ma

VRE 6 volts

Ig= ——=———=3ma
Rg 2K
C. Find VC.
Vc =Vee - VRL = 24 - 4.5 = -19.5 volts

VRL =Ic xR = 3 ma x 1.5K = 4.5 volts

Answers to Section 5 Work Problems.

1. Icpp adds to the external Ig. (True or False)

2. For good bias stability, it is desirable to keep the value of RE large and the value of R; and R2
small.

3. I the change in ICcBO is known, the change in the emitter current can be found by multiplying Sj times
the change in IcBo .

4. Increasing the value of R of a circuit will cause the value of Sj to (increase or decrease).
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Substituting the values given here for those in figure 3-84, find the quiescent VRE, Ic,and VC. Also,
find Si and the change in V¢,and V¢ due to the increase of Icgg,from 50°C to 75°C. Assume hje constant
and use approximate equations. Assume alpha = 1.

IcBo at 50°C = 0.005 ma R2 = 5K
Ico at 75°C = 0.150 ma ) Ry = 1.5k
Disregard hje Rp -1k
LTSS Vee = -30 volts
Vcc“3ov
Rz
5K
+
NN\
7/

PNP

Figure A-3

A. Find VR at 50°C. Disregard ICpQ.

Vey - —CC xR0 x 2.5K
Ry + Ry 2.5K + 5K

VBB -10 volts

VBE 0

Therefore VRg ¥ Vgpg
VRE = -10 volts

B. Find Ic at 50°C. Disregard Icgg.

Assume alpha =1
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C. Find Ve at 50°C. Disregard IcRo-
Vc =Vee - VRL
VRL =I¢c x RL =10 ma x 1.5K
VRL = 15 volts
Ve = -30 - (15)
Ve = -15 volts
D. FindS;
R
Si = _1 + 1 - z'ﬁ +1
RE 1K
Si =3.5
E.
AIC = Sl X Acho
Alepo = 0.150 me - 0.005 ma
Alopo = 0.145 ma
Al =3.5x%0.145 ma
Alg = 0.5075 ma
F.
AV, - Ale x Ry,
AVe = 0.5075 ma x 1.5K
AV = 0.76125 volts
Definitions.
Ajp
Ajc
Aje
A-10

IE = I¢
IE:V_RE_: = 10_

Rg 1K
Ig =10 ma

Therefore I =10 ma

Find the change in I¢ due to the change in IcBO-

Find the change in V. due to the change in Iebho.

Current gain of a common base circuit.

Current gain of a common collector circuit.

. Current gain of a common emitter circuit,
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Power gain.

Resistance gain of a common base circuit.
Resistance gain of a common collector circuit.
Resistance gain of a common emitter circuit.
Voltage gain of a common base circuit.
Voltage gain of a common collector circuit.

Voltage gain of a common emitter circuit.

. Quiescent {d-c) base current.

. Quiescent (d-c) collector current.

Minority carrier current of the collector.

. Quiescent (d-c) emitter current.
. Operating (a-c) base current,

- Operating (a-c) collector current.

. Operating (a-c) emitter current.

Forward current transfer ratio of a transistor ina
common base configuration.

Forward current transfer ratio of a transistor ina
common collector configuration.

Forward current transfer ratio of a transistor ina
common emitter configuration.

. Input resistance of a transistor in a common base

configuration.

Input resistance of a transistor in a common
collector configuration,

Input resistance of a transistor ina common emitter
configuration.

. Output conductance of a transistor ina commonbase

configuration,
Output conductance of a transistor in a common
collector configuration.

Output conductance of a transistor in a common
emitter configuration,

Reverse voltage transfer ratio of a transistor in a

common base configuration.

Reverse voltage transfer ratio of a transistor ina
common collector configuration,

Reverse voltage ratio of a transistor in a common
emitter configuration.

Resistance base to emitter,

Input impedance of a common base.
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Ric

Rie

Equations.

B
Alpha - A =h =
g fb 1+B
A
Beta = B = = —
Bte = T—%

Gamma - Grhfc‘.B+1

_Ry+[hje + (GxRp) ]

R:. =
ie Ry thie + (G x RE)]

Ric E Rie

Rp ¥ ————
1 Rg x hjp
Ajo = Beta

Ajc ¥ Gamma

A-12

. Input impedance of a common collector.
. Input impedance of a common emitter.

. Output resistance of a common base.

. Output resistance of a common collector.
. Output resistance of a common emitter.
. Voltage at the base.

. Voitage of the base supply.

. Voltage base to emitter.

. Collector voltage.

. Voltage collector to base.

. Voltage of the collector supply.

. Voltage collector to emitter.

. Voltage across Rj.

. Voltage across Ra.

. Voltage across Rg.

. Voltage across Ry,



Ajp = Alpha
Vout
Aye = Beta x AR =
Vin
\'
Aye = Gamma x Ag out
Vin
\'
out
AVb . Alpha X AR =
Vin
R
AR out
Rip
2 Pout
Ape = Beta® X AR
Pin
P
Apc Gamma? x Ay out
Pip
P
A, - Alpha? x Ag - 24t
pb P
in
hje = Gamma x hjp

Hje

Gamma

I B x Ig = Alpha x Ig

R
S - 41 Should be less than 10.

S; x Icgg = &Ic  Due to temperature.
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Lowercase letters always indicate a-c conditions, while uppercase letters indicate d-c conditions.

Servicing Transistor Circuits.

1.

GENERAL.

Servicing procedures and test equipments that have been used in the past with other types of electronic
equipment, for the most part, may be used with transistor circuits. Some special precautions which must

be observed are listed below,

TEST EQUIPMENT,

Damage to transistors by test equipment usually is the result of accidentally applying too much current

or voltage to the transistor elements.

Common causes of damage from test equipment are as follows.
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A.

TRANSFORMERLESS POWER SUPPLIES,.

Test equipment with transformerless power supply is one source of potentially damaging current.
This type of test equipment can be used by employing an isolation transformer in the power line.

LINE FILTER.

It is still possible to damage transistors from line current if the test equipment is equipped with a line
filter even though the test equipment has a power transformer in the power supply. This filter may
act as a voltage divider and apply 55 volts a-c to the transistor. To eliminate trouble from this
situation, connect a ground wire from the chassis of the test equipment to the chassis of equipment
under test before making any other connections.

LOW SENSITIVITY MULTIMETERS.

Another cause of transistor damage is a multimeter that requires excessive current for adequate
indication. Multimeters that have sensitivities of less than 5000 ohms per volt should not be used.
A multimeter with lower sensitivity will draw too much current through many types of transistors
and damage them. Use of 20,000-ohm-per-volt meters or vacuum-tube voltmeters is recommended.
Check the ohmmeter circuits (even those in vtvms) on all scales with an external, low resistance
milliammeter in series with the ohmmeter leads. If the ohmmeter draws more than 1 milliampere
on any range, this range cannot be used safely on small transistors.

3. ELECTRIC SOLDERING IRON,

The following are possible causes of transistor damage from soldering iron.

A. LEAKAGE CURRENT.

Electric soldering irons may damage transistors through leakage current. To check a soldering iron
for leakage current, connect an a-c voltmeter betweenthetop of the iron and a ground connection
(water pipe or line ground), allow the iron to heat, then check for a-c voltage with the meter.
Reverse the plug in the a-c receptacle, and again check for voltage. If there is any indication on the
meter, isolate the iron from the a-c line with a transformer. The iron may be used without the
isolation transformer if the iron is plugged in and brought to temperature, then unplugged for the
soldering operation. It is also possible to use a ground wire between the tip of the iron and the
chassis of the equipment being repaired to prevent damage from leakage current.

IRON SIZE.

Light-duty soldering irons of 20- to 25-watt capacity are adequate for transistor work and shouldbe
used. If it is necessary to use a heavier duty iron, wrap a piece of number 10 copper wire around
the tip of the iron and make it extend beyond the tip of the iron. Tin the end of the piece of copper
wire, and use it as the soldering tip.

4. SERVICING PRACTICES.

A.

HEAT SINK WHEN SOLDERING.

When installing or removing a soldered-in transistor, grasp the lead to which heat is being applied
between the solder joint and the transistor with long-nosed pliers to bleed off some of the heat that
conducts into the transistor from the soldering iron. Make sure that the wires that are being soldered
to transistor terminals are pretinned properly so thatthe connection can be made quickly. Excessive
heat will damage a transistor permanently.

REMOVAL OF TRANSISTORS FROM OPERATING CIRCUITS.

Never remove or replace a plug-in transistor when the supply voltage is turned on. Transients
thus produced may damage the transistor or others remaining in the circuit. If a transistor is to be
evaluated in an external test circuit, be sure that no more voltage is applied to the transistor than
normally is used in the circuit from which it came.
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C. PLUG-IN TRANSISTORS.

When servicing equipment that uses plug-in transistors, itis good practice to remove the transistors
from their sockets and reinsert them to break down any film of corrosion or dirt that may
have formed.

D. RESISTANCE MEASUREMENTS IN TRANSISTOR CIRCUITS.

When measuring resistances of circuits containing transistors or mineral diodes, remember that
these components are polarity and voltage conscious. Any capacitors used in transistor circuits
usually are of large values (especially in audio, servo, or power circuits) and take time to charge
when an ohmmeter is connected to a circuit in which they appear. Thus any reading obtained is
subject to error if the capacitor is not allowed time to charge fully. In some cases, it may be best
to isolate the components in question and measure them individually.

E. POWER TRANSISTOR HEAT SINKS,

In some cases, power transistors are mounted on heat sinks that are designed to carry heataway from
them. In some power circuits, the transistor also must be irsulated from ground. This insulating is
done by means of insulating washers made of fiber and mica. When replacing transistors mounted in
this manner, be sure that the insulating washers are replaced in proper order. Before installing the
mica washers, treat them with a film of silicone fluid (Collins part number 005-0273-00 or equivalent).
This treatment helps in the transfer of heat. After the transistor is mounted and before making any
connections to it, check from the case to ground with an chmmeter to see that the insulation is
effective.

F. TEST PRODS.

Test prods should be clean and sharp. Because many of the resistors used in transistorized equip-
ments have low values, any additional resistance produced by a dirty test prod will make a good
resistor appear to be out of tolerance.

In miniaturized equipment, the clearance between socket terminals, wires, and other components
usually is very small. It is a good practice to cover all of the exposed tip of the test prod, except about
1/8 inch, with plastic tape or other insulation,

TROUBLE SHOOTING.

The wusual irouble-shooting practices apply to transistors. Be sure that equipment and tools meet the
requirements outlined in the above paragraphs. It is recommended that transistor testers be used to
evaluate the transistor.

If a transistor tester is not available, a good ohmmeter may be used for testing. Be sure the chmmeter
meets the requirements as set forth inthe above paragraph on test equipment. To check a PNP transistor,
connect the positive lead of the ohmmeter to the base and the negative lead to the emitter. (The red lead
is not necessarily the positive lead on all ohmmeters.) Generally, a resistance reading of 50,000 ochms
or more should be obtained. Connect the negative lead to the collector; again a reading of 50,000 ohms or
more shculd be obtained. Reconnect the circuit with the negative lead of the chmmeter to the base.

With the positive lead connected to the emitter, a value of resistance in the order of 500 ochms or less
should be obtained. Likewise, with the positive lead connected to the collector, a value of 500 ohms or
less should be obtained.

Similar tests made on an NPN transistor produce results as follows: with the negative chmmeter lead
connected to the base, the value of resistance between the base and the emitter and between the base and
the collector should be high. With the positive lead on the ohmmeter connected to the base, the value of
resistance between the base and the collector should be low. If the readings do not check out as indicated,
the transistor probably is defective and should be replaced.

CAUTION: IF A DEFECTIVE TRANSISTOR IS FOUND, MAKE SURE THAT THE CIRCUIT IS IN GOOD
OPERATING ORDER BEFORE INSERTING THE REPLACEMENT TRANSISTOR. IF A SHORT
CIRCUIT EXISTS IN THE CIRCUIT, PLUGGING IN ANOTHER TRANSISTOR MOST LIKELY
WILL RESULT IN ANOTHER BURNED OUT TRANSISTOR. DO NOT DEPEND UPON FUSES
TO PROTECT TRANSISTORS.

A-15
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Make sure that the value of the bias resistors in series with the various transistor elements are as shown
in the schematic diagram. The transistor is very sensitive to improper bias voltages. Therefore, a short
or open circuit in the bias resistors may damage the transistor. For this reason, do not trouble shoot by
shorting various points in the circuit to ground and listening for clicks,

Summary.

Because this is anew methodof training on a relatively new electronic device, please submit your comments by
filling out the following critique form and mailing it to the address indicated.

This particular course discussed the two-element device, the diode, and the three-element device, the transis-
tor. Both devices were discussed only in the basic configuration, and no mention was made of semiconductor
physics or special semiconductordevices. If sufficient interest is expressed by these critique forms, additional
courses could be generated covering semiconductor physics, unijunction transistors, SCR’s, tunnel diodes, pulse
circuitry, oscillators, and audio and r-f amplifiers. In addition, any of these subjects could be treated from a
design outlook, discussing the design parameters and details and equations necessary to correctly design opera-
tion and single and multistage circuits. The course that you have just completed was written to a technician’s
level and is not intended to explain design procedures, but only the general procedures for determining whata
transistor or diode circuit that has been designed by someone else will do.

If you feel there is a needfor any of the courses that are mentioned here, or any that are not mentioned that you
would like to have presented in this manner, please indicate this.



Course (Iritique Form

Was the course too long ?

COMMENT:

Was the course too short?

COMMENT:

Was the material covered in enough detail ?

COMMENT:

Was the material covered in too much detail ?

COMMENT:

Were there enough illustrations ?

COMMENT:

Were there too many illustrations ?

COMMENT:

Were the illustrations legible ?

COMMENT:

Were the tests sufficient ?

COMMENT:

Were the tests too difficult ?

COMMENT:

Were the tests too easy?

COMMENT:

YES

YES

YES

YES

YES

YES

YES

YES

YES

YES

NO

NO

NO

NO

NO

NO

NO

NO

NO

NO

APPFENDIX A
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Was the written material sufficient ?

COMMENT:

Was the written material too detailed?

COMMENT:

Was the written material supplied in enough detail ?

COMMENT:

Was the tape presentation slow enough ?

COMMENT:

Was the tape presentation fast enough?

COMMENT:

Were there enough slides?

COMMENT:

Were there too many slides ?

COMMENT:

Were the slides presented for a long enough time irterval?

COMMENT:

Were the slides presented for too long a time interval ?

COMMENT:

Were the slides legible?

COMMENT:

Was there too much material on each slide ?

COMMENT ?

YES

YES

YES

YES

YES

YES

YES

YES

YES

YES

YES

NO

NO

NO

NO

NO

NO

NO

NO

NO

NO

NO



Did the colored slides improve the course over black
and white ?

COMMENT:

Was the presentation interesting ?

COMMENT:

Did the course hold your attention?

COMMENT:

Was the material presented in an orderly manner ?

COMMENT:

Were there any areas of the presentation that
were not clear ?

COMMENT:

How long did it take you to do the homework and work problems for each section?

Section 1 _
Section 2
Section 3
Section 4 _

Section 5

In vour opinion thetraining manual was

Poor Fair Good Excellent

COMMENT:

In your opinion, the tape-slide presentation was

Poor Fair Good Excellent

COMMENT:

YES

YES

YES

YES

YES

NO

NO

NO

NO

NO

Outstanding

Outstanding

APPENDIX A
Supplementary Data

In your opinion, the entire course, tape-slide presentation and training manual, was

Poor Fair Good Excellent

Outstanding
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A-20

Circle any of the following courses that you would like to see as a tape-slide presentation.

Semiconductor Physics Pulse Circuits
Tunnel Diodes A-F Amplifiers
SCR’s Oscillators
Unijunction Transistors R-F Amplifiers
Design techniques on: Others:

If you noted any errors, please list them below. Use additional sheets if necessary.

General comments on the course. Use additional sheets if necessary.

Send this critique form and any commentsto COLLINS RADIO COMPANY
Training Supervisor
Product Support Division Training Department
321 Third Street S.E.
Cedar Rapids, Iowa



Page
1-13
1-18

2-5

2-8

2-12

3-13

A-5

ERRATA SHEET

FUNDAMENTALS OF SEMICONDUCTORS

Figure/Paragraph

1-41
1-62
2-15

2-23

2-35

Right Column, Para. 2

Question 11

Question 14A

Corrections
C1 should be 60 ufd
C1 should be 60 ufd
+
VCC should be +20v

Ap should be equal to 9.025 - 90. 25
0.1

Ap should be equal to 9.025 = 90. 25
0.1

Zero degree absolute is 4509 below
zero fahrenheit
disregard the value

=24 X 2K = 6 volts
8K

This manual is designed to be used with the slide/tape transistor program which is
available from the Sales Department in Cedar Rapids.
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