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Lab-Volt License Agreement

By using the software in this package, you are agreeing to
become bound by the terms of this License Agreement,
Limited Warranty, and Disclaimer.

This License Agreement constitutes the complete
agreement between you and Lab-Volt. If you do not agree
to the terms of this agreement, do not use the software.
Promptly return theFACET. Resources on Multimedia
(CD-ROM) compact discs and all other materials that are
part of Lab-Volt'sFACET. product within ten days to
Lab-Volt for a full refund or credit.

1. License Grant. In consideration of payment of the license
fee, which is part of the price you paid for this Lab-Volt
product, Lab-Volt, as Licensor, grants to you, the Licensee, a
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CD-ROM software with the correspondingFACET. Lab-Volt
reserves all rights not expressly granted to the Licensee.

2. Ownership. As the Licensee, you own the physical media
on which the CD-ROM is originally or subsequently recorded
or fixed, but Lab-Volt retains title to and ownership of the
software programs recorded on the original compact disc and
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program of Lab-Volt's CD-ROM or any portion or copy of it.

3. Copy Restrictions. The CD-ROM software and the
accompanying materials are copyrighted and contain
proprietary information and trade secrets of Lab-Volt.
Unauthorized copying of the CD-ROM even if modified,
merged, or included with other software or with written
materials is expressly forbidden. You may be held legally
responsible for any infringement of Lab-Volt's intellectual
property rights that is caused or encouraged by your failure to
abide by the terms of this agreement. You may make copies
of the CD-ROM solely for backup purposes provided the
copyright notice is reproduced in its entirety on the backup
copy.

4. Permitted Uses. This CD-ROM, Instructor's Guide, and all
accompanying documentation is licensed to you, the
Licensee, and may not be transferred to any third party for
any length of time without the prior written consent of Lab-
Volt. You may not modify, adapt, translate, reverse engineer,
decompile, disassemble, or create derivative works based on
the Lab-Volt product without the prior written permission of
Lab-Volt. Written materials provided to you may not be
modified, adapted, translated, or used to create derivative
works without the prior written consent of Lab-Volt.

5. Termination. This agreement is effective until terminated.
It will terminate automatically without notice from Lab-Volt
if you fail to comply with any provisions contained herein.
Upon termination you shall destroy the written materials,
Lab-Volt's CD-ROM software, and all copies of them, in part
or in whole, including modified copies, if any.

6. Registration. Lab-Volt may from time to time update the
CD-ROM. Updates can be made available to you only if a
properly signed registration card is filed with Lab-Volt or an
authorized registration card recipient.

7. Miscellaneous. This agreement is governed by the laws of
the State of New Jersey.

Limited Warranty and Disclaimer

This CD-ROM software has been designed to assure correct
operation when used in the manner and within the limits
described in this Instructor's Guide. As a highly advanced
software product, it is quite complex; thus, it is possible that if
it is used in hardware configurations with characteristics other
than those specified in this Instructor's Guide or in
environments with nonspecified, unusual, or extensive other
software products, problems may be encountered by a user. In
such cases, Lab-Volt will make reasonable efforts to assist the
user to properly operate the CD-ROM but without
guaranteeing its proper performance in any hardware or
software environment other than as described in this
Instructor's Guide.

This CD-ROM software is warranted to conform to the
descriptions of its functions and performance as outlined in
this Instructor's Guide. Upon proper notification and within a
period of one year from the date of installation and/or
customer acceptance, Lab-Volt, at its sole and exclusive
option, will remedy any nonconformity or replace any
defective compact disc free of charge. Any substantial
revisions of this product, made for purposes of correcting
software deficiencies within the warranty period, will be
made available, also on a licensed basis, to registered owners
free of charge. Warranty support for this product is limited, in
all cases, to software errors. Errors caused by hardware
malfunctions or the use of nonspecified hardware or other
software are not covered.

LICENSOR MAKES NO OTHER WARRANTIES OF ANY KIND
CONCERNING THIS PRODUCT, INCLUDING WARRANTIES
OR MERCHANTABILITY OR OF FITNESS FOR A
PARTICULAR PURPOSE. LICENSOR DISCLAIMS ALL
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LICENSOR FOR DAMAGES, INCLUDING BUT NOT LIMITED
TO SPECIAL OR CONSEQUENTIAL DAMAGES ARISING OUT
OF OR IN CONNECTION WITH THE USE OF THE SOFTWARE
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P.O. Box 686

Farmingdale, NJ 07727

Attention: Program Development

Phone: (732) 938-2000 or (800) LAB-VOLT

Fax: (732) 774-8573

Technical Support: (800) 522-4436

Technical Support E-Mail: techsupport@Ilabvolt.com



Table of Contents

Unit 1 — Introduction to Transistor AMPTIErS.........ccoiiiiiiii e 1
Exercise 1 — Circuit Location and IdentifiCation ............cccoceiiieriiiieieiie e 3
Exercise 2 — Multistage Amplifier INtrodUCTION .........ccooviiiiiieiice e 5

Unit 2 — CommON BaSe CIFCUIT.......cciiiiiiieieieiie et 7
Exercise 1 — Common Base Circuit DC Operation............ccccceiveieeieeiieeieeieseesie e sve e 10
Exercise 2 — Common Base Circuit AC OPEeration............cccvevveieeiieiiese e seesie e se e 12

Unit 3 — Common EMITEEN CIrCUIT........coviiiiiiiieeee e 15
Exercise 1 — Common Emitter Circuit DC OPeration ............cccoevererinininiieenenese s 18
Exercise 2 — Common Emitter Circuit AC OPEration .........cccevverierieneniesieeseenie e see e e s 20

Unit 4 — Common ColleCtOr CIFCUIT ........coviiiiiiiicieee e 23
Exercise 1 — Common Collector Circuit DC Operation...........cccccevevueiieeieeiesiese e se e 26
Exercise 2 — Common Collector Circuit AC OPeration...........cccevvevveiieeieeresiese e se e 28

Unit 5 — Bias Stabilization ............ccoiiiiiiii e 31
Exercise 1 — Temperature Effect on FIXed Bias..........cccueiirieiiiiieniiisesieeeeee s 34
Exercise 2 — Temperature Effect on Voltage DiVIder...........cccooveveiieiieii i 36

Unit 6 — Transistor Specification SNeet.............ccooi i 39
Exercise 1 — Transistor Parameters Familiarization.............ccoocoevveiiiiiiinnieeec e 41
Exercise 2 — Using the Transistor Specification SNeet .............ccccocvvviiiniiiiieneie e 42

UNIT7 = RC COUPIING ...ttt eneas 45
EXErCiSe 1 — DC OPEIALION .....oiviiiiiiiiieiieieie sttt et bbbt enes 47
Exercise 2 — AC Voltage Gain and Phase..........ccoouiiiiiiiiiiis s 48
EXercise 3 — FreqUENCY RESPONSE. ......ucuiiieieeiesieerieesiesiee e aseesteesae e steeae e sreesesseesseeneesneeneas 50

Unit 8 — Transformer COUPIING ......ccviiiiie ettt reeae e 53
EXErcise 1 — DC OPEIALION ......ccviiviiiieeie ettt ste et re e s e st sreesbe e e s aeesaeeneenrs 55
EXErCiSe 2 — AC OPEIALION .....ocuiiiiiiiiiiiieiesie sttt sttt sb b beereeneenes 57
EXercise 3 — FreqUENCY RESPONSE. ......ccuiiieiieiie ittt ete st e ste e steeste e steeste e sreene e e sneeeesneennas 59

UNIT 9 — DIFECT COUPIING. ..ottt bttt bbbt eneas 61
Exercise 1 — Direct-Coupled Amplifier DC OPEration...........ccccereririreninieeienene e 63
Exercise 2 — Direct-Coupled Amplifier AC OPeration...........ccccuevveveereeiesieesnerieseeseese e 65
Exercise 3 — Direct-Coupled Amp Frequency RESPONSE..........cccvieriririnieieeeieee e 66



Appendix A — Safety



Introduction

This Student Workbook provides a unit-by-unit outline of the Fault Assisted Circuits for
Electronics Training (F.A.C.E.T.) curriculum.

The following information is included together with space to take notes as you move through the
curriculum.

The unit objective

Unit fundamentals

A list of new terms and words for the unit
Equipment required for the unit

The exercise objectives

Exercise discussion

Exercise notes

® & 6 6 O O o

The Appendix includes safety information.






Transistor Amplifier Circuits Unit 1 — Introduction to Transistor Amplifiers

UNIT 1 — INTRODUCTION TO TRANSISTOR AMPLIFIERS

UNIT OBJECTIVE

At the completion of this unit, you will be able to identify, connect, and operate circuit blocks
and their major components on the TRANSISTOR AMPLIFIER CIRCUITS circuit board.

UNIT FUNDAMENTALS

This unit describes the circuit blocks on the TRANSISTOR AMPLIFIER CIRCUITS circuit
board and presents some background on transistor amplifiers.
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SIGNAL
EMITTER

COMMON COLLECTOR (EMITTER FOLLOWER) CIRCUIT

Transistor amplifiers are grouped into one of three basic circuit configurations depending on
which transistor element is common to input and output signal circuits.

1. Common base
2. Common emitter
3. Common collector

Each circuit configuration has its own characteristics and, therefore, its own applications.
Multistage transistor amplifiers include more than one transistor. The output of the first stage is
connected (coupled) to the input of the second stage. The output of the second stage is coupled to
the input of the third stage, and so forth.

The three methods of coupling amplifier stages on the TRANSISTOR AMPLIFIER CIRCUITS
circuit board are RC coupling, transformer coupling, and direct coupling.
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NEW TERMS AND WORDS

Multistage - an amplifier circuit that uses more than one active component (transistor).

active component - a circuit component that controls gain or directs current flow.

gain - the amount by which an amplifier increases signal voltage, current, or power; expressed as
a ratio of the output to input value.

distortion - undesired change to a signal waveform.

EQUIPMENT REQUIRED
F.A.C.E.T. base unit
Multimeter

Oscilloscope, dual trace

Generator, sine wave
TRANSISTOR AMPLIFIER CIRCUITS circuit board

NOTES




Transistor Amplifier Circuits Unit 1 — Introduction to Transistor Amplifiers

Exercise 1 — Circuit Location and Identification

EXERCISE OBJECTIVE

When you have completed this exercise, you will be able to locate and identify the functional
circuit blocks on the TRANSISTOR AMPLIFIER CIRCUITS circuit board. You will observe
the operation of two basic amplifier circuits by using an oscilloscope.

DISCUSSION

e Amplifiers are circuits that increase the voltage, current, or power of an input signal.

e An amplifier consists of an active circuit component and a source of power.

e Transistors are the active components used on this circuit board. The power source is the
external power supply.

e Five amplifier circuit blocks, which can be configured for seven different circuits, are present
on the TRANSISTOR AMPLIFIER CIRCUITS circuit board.

e The five amplifier circuit blocks are the:

COMMON BASE / EMITTER circuit block

RC COUPLING/TRANSFORMER COUPLING circuit block
COMMON COLLECTOR circuit block

BIAS STABILIZATION circuit block

DIRECT COUPLING circuit block

e Potentiometer R4 is the load resistor on the COMMON COLLECTOR circuit block.

e The BIAS STABILIZATION circuit block does not use a sine wave generator, instead, it
uses a positive, variable, dc power supply. In addition, this circuit block has a resistor,
labeled HEATER which is located near the transistor, that is powered by a separate dc power
supply.

e The RC COUPLING/TRANSFORMER COUPLING and the DIRECT COUPLING circuit
blocks include components that are used to demonstrate two-stage amplification.

e All transistors on the TRANSISTOR AMPLIFIER CIRCUITS circuit board are NPN except
for the second stage PNP transistor on the DIRECT COUPLING circuit block.
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NOTES




Transistor Amplifier Circuits Unit 1 — Introduction to Transistor Amplifiers

Exercise 2 — Multistage Amplifier Introduction

EXERCISE OBJECTIVE

When you have completed this exercise, you will have observed the operation of a two-stage
transistor amplifier circuit. You will view your results on an oscilloscope.

DISCUSSION

Multistage transistor amplifiers utilize multiple transistors to produce voltage, current, or
power gains greater than those provided by a single transistor.

Multistage transistor amplifiers are identified by the method used to couple the signal
between amplifier stages.

Resistor-capacitor (RC) coupling uses a resistor to develop an output signal and a capacitor
to pass the signal from the output of one stage to another.

Transformer coupling uses a transformer to couple signals between the primary and the
secondary side of the coil.

In multistage amplifiers, capacitors are used to isolate the dc bias levels and simplify the
design.

All amplifiers are designed for a specific frequency range and an input/output signal
amplitude range.

An input signal that is too large or outside the frequency range of an amplifier will produce a
distorted output signal.
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NOTES




Transistor Amplifier Circuits Unit 2 — Common Base Circuit

UNIT 2 — COMMON BASE CIRCUIT

UNIT OBJECTIVE

At the completion of this unit, you will be able to demonstrate the operation of the common base
transistor amplifier circuit by using calculated and measured circuit conditions.

UNIT FUNDAMENTALS

AC AC
INPUT I (NP I, OUTPUT
| —= E C —=
/’ﬁ\\hJ/ | - -
Rp B RL
-1 IE.J7 v |
T T

s !

The base terminal is common to the input and output signals in the common base (CB) transistor
circuit. The ac output signal of a common base (CB) circuit is in phase with the input signal.

For a PNP or NPN transistor to function normally in any type of amplifier circuit, the base-
emitter junction is forward biased, and the base-collector junction is reversed biased.

I (mA)
E L0 I

L | |
Az H.4 F.6 H.8 1.8
Vg (VOLTS)

The emitter current (Ig) increases very rapidly after the transistor is forward biased [base-emitter
voltage (VgE) of about 0.6 Vdc].
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Proper biasing of a CB transistor circuit can be provided by a connection between the base
terminal and a voltage divider circuit across a single dc power supply.

NEW TERMS AND WORDS
active region - the region on the transistor load line between the saturation point and the cutoff
point.

Q-point (quiescent point) - the dc steady state operating point set by the dc bias conditions.
cutoff point - the point on the load line where the collector current is essentially zero.
saturation point - the point on the load line where the collector current is maximum.

EQUIPMENT REQUIRED

F.A.C.E.T. base unit

Multimeter

Oscilloscope, dual trace

Generator, sine wave

TRANSISTOR AMPLIFIER CIRCUITS circuit board
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NOTES




Transistor Amplifier Circuits Unit 2 — Common Base Circuit

Exercise 1 — Common Base Circuit DC Operation

EXERCISE OBJECTIVE

When you have completed this exercise, you will be able to determine the dc operating
conditions of a common base (CB) transistor circuit by using a typical CB circuit. You will
verify your results with a multimeter.

DISCUSSION

In common base amplifier circuits the base terminal is common to both the input and output
signals.

The voltage divider network provides the fixed dc base voltage required to forward bias the
base-emitter junction of the transistor.

The voltage divider equation can be used to calculate the base voltage (V).

Vge, base-emitter voltage, of a forward biased silicon transistor is approximately 0.6 V.

The emitter voltage (V) is the difference between the base voltage and the base-emitter
voltage. Ve=Vg- Vge

Ohm’s law is used to calculate both emitter current (Ig) and collector current (Ic).

Collector current can be found in two other ways: First the collector current is approximately
equal to the emitter current. Second the collector current is the difference between the emitter
current and the base current. lc=lg—1Ig

Transistor characteristic curves and dc load lines are used to determine the Q (quiescent)
point, dc-point, or operating point of the transistor circuit.

Saturation occurs when the base-collector voltage is zero.

10
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NOTES
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Transistor Amplifier Circuits Unit 2 — Common Base Circuit

Exercise 2 — Common Base Circuit AC Operation

EXERCISE OBJECTIVE

When you have completed this exercise, you will be able to determine ac operating
characteristics of a common base (CB) amplifier by using a typical CB circuit. You will verify
your results with a multimeter and an oscilloscope.

DISCUSSION

The sine wave generator provides the ac input signal.

Ac signals at the base are shorted to ground by capacitor C2.

The ac output signal is between capacitor C3 (located at the collector of Q1) and ground.
The input impedance of the common base configuration is very low while the output
impedance is very high.

Low input impedance causes loading of the input signal.

The high ratio of output to input impedance creates a circuit with high gains.

Common base transistor circuits are used in applications which require high output gains.
The ac output signal is in phase with the input signal.

Voltage gain of the common base circuit is the ratio of the output voltage to the input
voltage, or the ratio of the load and input impedance.

12
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NOTES
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Transistor Amplifier Circuits Unit 3 — Common Emitter Circuit

UNIT 3 — COMMON EMITTER CIRCUIT

UNIT OBJECTIVE

At the completion of this unit, you will be able to demonstrate the operation of a common emitter
transistor amplifier circuit by using calculated and measured circuit conditions.

UNIT FUNDAMENTALS

-
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R
= 1 oo
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- o + [ SUPPLY
—— POLER

q— SUPPLY

v

The emitter terminal is common to the input and output signals of the common emitter (CE)
transistor circuit.

/_\n._/
R
2 L DC
— POWER
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The ac output signal of a CE circuit is 180° out of phase with the ac input signal.
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Transistor Amplifier Circuits

Unit 3 — Common Emitter Circuit
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After a base-emitter voltage (Vgg) of about 0.6 Vdc, the base current (Ig) increases very

rapidly.
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The transistor circuit ac and dc load lines intersect at the Q-point on the collector current

characteristic curves.
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A voltage divider circuit uses a single dc power supply to provide a constant base terminal
voltage for the CE transistor. The CE circuit has high current, voltage, and power gains. The

input and output impedances are high.
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NEW TERMS AND WORDS
beta - the symbol used for the ratio of the dc collector current to the dc base current.

EQUIPMENT REQUIRED
F.A.C.E.T. base unit
Multimeter

Oscilloscope, dual trace

Generator, sine wave
TRANSISTOR AMPLIFIER CIRCUITS circuit board

NOTES

17



Transistor Amplifier Circuits Unit 3 — Common Emitter Circuit

Exercise 1 — Common Emitter Circuit DC Operation

EXERCISE OBJECTIVE

When you have completed this exercise, you will be able to determine the dc operating
conditions of a common emitter (CE) transistor circuit by using a typical CE circuit. You will
verify your results with a multimeter and calculations.

DISCUSSION

The emitter terminal is common to both the input and output signals.

Base voltage (Vg) can be calculated from the voltage divider equation.

Ohm’s law is used to calculate the emitter current (Ig).

The emitter current and collector current (Ic) are nearly equal. The exact collector current can
be found by subtracting the base current from the emitter current.

Current gain is the ratio of dc collector current to base current. Dc current gain is represented
by beta (Bqc) or hee and usually ranges in value between 10 and 500.

Design criteria for a common emitter circuit specifies a collector voltage (V¢) about halfway
between the power supply voltage (V) and the emitter voltage (Vg).

The saturation point occurs when the collector-emitter voltage (Vcg) is zero and collector
current is maximum (lgsam).

Cuffoff occurs when collector current is approximately zero.

The area on a transistor characteristic curve between saturation and cutoff is called the active
region.

The Q-point of a transistor is determined by its dc bias conditions. Q-point is the where the
dc load line intersects the base current, collector current, and the collector-emitter voltage
curves.

The ideal location of the Q-point is at the midpoint of the dc load line.

18
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NOTES
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Transistor Amplifier Circuits Unit 3 — Common Emitter Circuit

Exercise 2 — Common Emitter Circuit AC Operation

EXERCISE OBJECTIVE

When you have completed this exercise, you will be able to determine the ac operating
characteristics of a common emitter (CE) amplifier by using a typical CE transistor circuit. You
will verify your results with a multimeter and an oscilloscope.

DISCUSSION

The ac input signal is provided by the sine wave generator. The ac output signal is taken
between the collector terminal and ground. The parallel resistance of R4 and R6 is the load.
The ac output voltage is larger and 180° out of phase with the input signal.

As base voltage increases, base current increases, this results in an increase in the collector
and emitter currents.

The voltage gain of a common emitter circuit is the ratio of the ac output voltage to the ac
input voltage. Av = -Vo/Vi (where the negative sign indicates that there is a 180° phase
shift.)

The gain of a CE circuit where an emitter resistor is not bypassed by a capacitor is equal to
the ratio of the collector load (R\) to the emitter resistor (R5). Av = -R,/R5
Connecting the Q-point with the Icisam point and drawing a line to the X-axis provides the
value of the ac cutoff voltage and the ac load line.

Large ac input signals, which are so large that the peak output voltage exceeds the maximum
allowed by the cutoff point, cause clipping at the output.

The optimum Q-point is at the center of the ac load line.

20
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NOTES

21



Transistor Amplifier Circuits Unit 3 — Common Emitter Circuit

22



Transistor Amplifier Circuits Unit 4 — Common Collector Circuit

UNIT 4 — COMMON COLLECTOR CIRCUIT

UNIT OBJECTIVE

At the completion of this unit, you will be able to demonstrate the operation of a common
collector transistor amplifier circuit by using calculated and measured circuit conditions.

UNIT FUNDAMENTALS

D
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D
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The collector terminal is common to the input and output signals of the common collector (CC)
transistor circuit.

FOWER
T SUPPLY

D
— PFOWER
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The ac output signal of a CC circuit is in phase with the input signal.
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The CC transistor circuit base and collector current characteristic curves are similar to the CE
circuit curves.

23
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F1
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A CC transistor voltage divider circuit biases the base terminal with a single dc power supply.
The CC circuit has a voltage gain less than 1.0 and has current gains between 10 and 500.

High input impedance and low output impedance make the CC transistor circuit desirable for
applications between a high impedance source and a low impedance load.

NEW TERMS AND WORDS
None

EQUIPMENT REQUIRED

F.A.C.E.T. base unit

Multimeter

Oscilloscope, dual trace

Generator, sine wave

TRANSISTOR AMPLIFIER CIRCUITS circuit board

24
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NOTES
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Transistor Amplifier Circuits Unit 4 — Common Collector Circuit

Exercise 1 — Common Collector Circuit DC Operation

EXERCISE OBJECTIVE

When you have completed this exercise, you will be able to determine the dc operating
conditions of a common collector (CC) transistor circuit by using a typical CC circuit. You will
verify your results with a multimeter and with calculations.

DISCUSSION

In common collector transistor circuits the collector terminal is common to both the input and
the output signals.

Since no collector resistor is present the collector voltage (Vc) equals the dc power supply
voltage (Va).

Base voltage (Vp) is calculated using the voltage divider equation.

Emitter voltage (Ve) is about 0.6 VVdc less than the base voltage when the transistor is
operating normally.

Ohm’s law is used to calculate the emitter current (Ig).

Collector current (Ic) is the emitter current minus the base current.

The dc load line passes through the saturation point, Q-point, and the cutoff point.

Cutoff occurs when Ve is equal to the supply voltage and I equals 0 mA.

Saturation occurs when Ve equals 0 Vdc and the Ic is at maximum value.

26
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NOTES
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Exercise 2 — Common Collector Circuit AC Operation

EXERCISE OBJECTIVE
When you have completed this exercise, you will be able to determine ac operating

characteristics of a common collector (CC) amplifier by using a typical CC transistor circuit.
You will verify your results with a multimeter and an oscilloscope.

DISCUSSION

e The ac input is provided by a sine wave generator.

e The ac output is taken between the emitter terminal and ground.

e Voltage gain of the common collector transistor circuit is the ratio of the ac output voltage to
the ac input voltage. The voltage gain is always less than one.

e The input and output signal are in phase.

e The common collector transistor circuit is also called an emitter follower because the output
signal follows the input signal.

e Input impedance (Zi) is equal to the combined parallel resistance of R1, R2, and  x (R3 +
re’). Since B x (R3 + re’) is more than 100 times as large as R1 in parallel with R2, this
parallel combination equals the input impedance.

e This circuit block allows the student to measure output impedance (Zo) by connecting
potentiometer R4 in parallel with R3 and adjusting R4 until the output signal is half that of
the original.

28
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NOTES
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Transistor Amplifier Circuits Unit 5 — Bias Stabilization

UNIT 5 — BIAS STABILIZATION

UNIT OBJECTIVE

At the completion of this unit, you will be able to demonstrate the effect of a temperature
increase on transistor bias by using typical transistor amplifier bias circuits.

UNIT FUNDAMENTALS

Vg = 6 Vdo

0

Transistor bias refers to the dc operating conditions: the base, collector, and emitter dc voltages
and currents.

Vg = 6 Vo

F1
3.3k
OR Rz

47 Jk

Transistor bias depends on the dc voltage supply and on the values and configuration of the
circuit resistors.

The Q-point of the load line is determined by the transistor bias. Transistors are heat-sensitive
devices. A change in transistor temperature can adversely affect the output signal quality.

31
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Va =6 Vde

If a circuit is not designed to overcome the effects of temperature change, the location of the Q-
point can move toward the saturation or cut-off points causing signal distortion.

6 Vdc

HEATER

Bl
T
Vs

A transistor amplifier circuit with a base voltage divider and an emitter resistor fixes the bias
voltage levels and, therefore, has good bias temperature stability. The stability factor (S) is a
measure of a transistor circuit's bias stability with changes in temperature.

NEW TERMS AND WORDS

collector leakage current (ICBO) - current caused by the reverse bias voltage between the
collector and the base. ICBO increases with temperature.

EQUIPMENT REQUIRED

F.A.C.E.T. base unit

Multimeter

Clock

TRANSISTOR AMPLIFIER CIRCUITS circuit board
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Transistor Amplifier Circuits Unit 5 — Bias Stabilization

Exercise 1 — Temperature Effect on Fixed Bias

EXERCISE OBJECTIVE

When you have completed this exercise, you will be able to describe the effect of temperature on
a fixed bias circuit by using a typical transistor circuit. You will verify your results with a
multimeter, a clock, and calculations.

DISCUSSION

Increased transistor temperature creates an increase in the value of beta (B, current gain) and
the collector leakage current (Icgo).

Collector leakage current (Icgo) is caused by the reverse bias voltage. Icgo IS measured from
the base to the collector with the emitter open.

Collector leakage current is normally in the nanoampere range, but doubles with every 10° C
increase.

In a fixed bias circuit, changes in beta have the greatest effect on the collector current.
Large temperature increases can cause collector current to reach the saturation point or create
a thermal runaway condition that could damage the transistor.

A measure of transistor temperature stability is referred to as the stability factor (S). The
stability factor is a ratio of the change in collector current to the change in collector leakage
current.

Stability factors can range in value from one to as high as beta. A low stability factor
indicates a temperature stable transistor. Values less than 10 are considered good.

Fixed bias, or simple bias, circuits have poor temperature stability. The stability factor is
equal to beta.

In a fixed bias circuit, increased temperature causes Vge to decrease resulting in an increase
of both the voltage drop across R3 and the base current.

Base current increase cause an increase in collector current. Increases in beta and collector
leakage current compound the collector current increase.

Fixed bias circuits are usually used for transistor circuits that provide a switching function.
The circuit operates at saturation and cutoff.
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Transistor Amplifier Circuits Unit 5 — Bias Stabilization

Exercise 2 — Temperature Effect on Voltage Divider

EXERCISE OBJECTIVE

When you have completed this exercise, you will be able to describe the temperature effects on a
voltage divider bias circuit by using a typical transistor circuit. You will verify your results with
a multimeter, a clock, and calculations.

DISCUSSION

e The collector current is almost independent of beta in a voltage divider bias circuit. Therefore
when beta changes with temperature, it has little effect on circuit bias.

e When the resistors in the voltage divider network are selected correctly, the base voltage is
essentially constant. Constant base voltage and the feedback from the emitter resistor give the
voltage divider bias circuit good temperature stability.

e Increasing temperatures cause an increase in the collector and emitter currents. Larger
emitter currents increase the emitter voltage which opposes and slightly increases base
voltage. A slight increase in base voltage creates a decrease in base current thus
counteracting the collector and emitter current increase.

e Feedback is the effect on the base voltage caused by the increase in emitter voltage.

e The larger the emitter resistance the better the temperature stability of the circuit.

e Too large an emitter resistor will limit the voltage gain of the circuit and bring the Q-point
closer to the saturation point, limiting the ac signal operating range.

e The stability factor (S) of the voltage divider bias circuit is approximately equal to the ratio
of R4 to R7. A stability factor of ten or less is desirable.
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Transistor Amplifier Circuits Unit 6 — Transistor Specification Sheet

UNIT 6 — TRANSISTOR SPECIFICATION SHEET

UNIT OBJECTIVE

At the completion of this unit, you will be able to cite transistor parameters by using a transistor
specification sheet.

UNIT FUNDAMENTALS

A transistor parameter is a physical or an electrical property whose value determines the
characteristics or behavior of the transistor. The transistor specification (data) sheet summarizes
all the transistor parameters and technical data that the manufacturer considers important for the
user. The user should refer to the specification sheet when selecting a transistor for a specific
circuit application.

A typical transistor specification sheet contains:

1. A listing of the manufacturer's transistor identification numbers and transistor casing types.
2. Maximum ratings.

3. Electrical characteristics.

4. Characteristic curves.

5. Mechanical features.

Some important transistor parameters include:
1. Current gain (hpg).

2. Maximum power dissipation (Pp).

3. Saturation voltages (VCE(sat) and VBE(sat) are measures of conductivity).
4. Collector leakage (cutoff) current (IcBO)-

5. Breakdown voltage (V(BR)CEO. V(BR)CBO: V(BR)EBO)-:

6. Switching characteristics.
7. Noise (NF).

Transistor specification sheets are contained in the manufacturer's technical information book.
Such books usually cover the family of devices to which a transistor belongs.

NEW TERMS AND WORDS
None

EQUIPMENT REQUIRED

F.A.C.E.T. base unit
TRANSISTOR AMPLIFIER CIRCUITS circuit board
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Transistor Amplifier Circuits Unit 6 — Transistor Specification Sheet

Exercise 1 — Transistor Parameters Familiarization

EXERCISE OBJECTIVE
When you have completed this exercise, you will be familiar with several transistor parameter

symbols. You will verify your knowledge with a list of common transistor parameter symbols
and meanings.

DISCUSSION

e Several frequently used transistor parameter symbols and their meanings are presented to the
students.

The symbols are composed of letters which appear in the name or definition of the parameter.
Capital letter subscripts are sometimes used to denote dc or maximum values.

Lower case subscript letters usually represent ac (dynamic, rms, or instantaneous) values.
Terminal junctions are indicated by subscripts in the abbreviation of the parameter.

NOTES
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Transistor Amplifier Circuits Unit 6 — Transistor Specification Sheet

Exercise 2 — Using the Transistor Specification Sheet

EXERCISE OBJECTIVE

When you have completed this exercise, you will be able to locate maximum ratings, dc
characteristics, and operating parameters by using a typical transistor specification sheet. You
will verify your results by successfully completing all tasks.

DISCUSSION

Manufacturer’s of transistors publish technical manuals which include the transistor
specification (data) sheets.
The manual usually contains an alphanumeric index indicating the page number where data
on a specific transistor is located.
Manuals, also, include information to help select the correct transistor for the application and
tables that compare specific transistor performance for general design or applications
groupings.
Specification sheets include sections for maximum ratings, electrical characteristics, and
characteristic curves.
Included in the data sheet are the transistor identification numbers, casing types, applications,
transistor configuration, and material.
Maximum ratings section provides operating parameters when a transistor is at its maximum
rating.
The Electrical Characteristics section consists of the following categories that provide
maximum and minimum parameter values required for circuit design.

Off characteristics

On characteristics

Small-signal characteristics

Switching Characteristics
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Transistor Amplifier Circuits Unit 7 — RC Coupling

UNIT 7 — RC COUPLING

UNIT OBJECTIVE

At the completion of this unit, you will be able to demonstrate the operation of a two-stage RC-
coupled amplifier by using measured circuit conditions.

UNIT FUNDAMENTALS
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I

I

QUTPUT i INPUT

INPUT AMPLIFIER | SIGMNAL I SIGMNAL AMPLIFIER OUTPUT
! =]
i

STGNAL— 1 o= 5 —= SIGNAL

Two amplifiers are cascaded when the output of the first amplifier is connected to the input of
the second amplifier. In a cascaded system, the first amplifier is called the first stage. The second
amplifier is called the second stage. Cascaded amplifiers achieve an overall gain higher than that
possible with one amplifier.
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When a capacitor and one or more resistors connect the output of the first stage to the input of
the second stage, the amplifiers are RC (resistance-capacitance) coupled. With common-emitter
circuits, each amplifier inverts the input signal so that the output of the second stage is in phase
with the input of the first stage. The manner in which gain varies with the frequency of the input
signal is called frequency response.
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NEW TERMS AND WORDS

cascaded - when the output of the first stage is connected to the input of the second stage.
frequency response - the manner in which gain varies with the frequency of the input signal.
bandwidth - the range of signal frequencies over which the gain is relatively constant.

EQUIPMENT REQUIRED
F.A.C.E.T. base unit
Multimeter

Oscilloscope, dual trace

Generator, sine wave
TRANSISTOR AMPLIFIER CIRCUITS circuit board

NOTES
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Transistor Amplifier Circuits Unit 7 — RC Coupling

Exercise 1 — DC Operation

EXERCISE OBJECTIVE
When you have completed this exercise, you will be able to determine the dc operating

conditions of an RC-coupled amplifier by using measured values. You will verify your results
with a multimeter.

DISCUSSION
e This RC coupling circuit consists of two cascaded common emitter NPN amplifiers (Q1 and

Q2).

e The output of the first transistor is connected to the input (base) of the second transistor
through the coupling capacitor C2.

e The coupling capacitor blocks the dc collector current of Q1 from entering the base of Q2.
The coupling capacitor prevents dc interaction and shifting of both transistor Q-points.

e RC stands for resistance-capacitance.

e Both transistors have the identical voltage divider circuit and the same component values;
therefore, the dc bias for each transistor is essentially the same.

NOTES
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Transistor Amplifier Circuits Unit 7 — RC Coupling

Exercise 2 — AC Voltage Gain and Phase

EXERCISE OBJECTIVE
When you have completed this exercise, you will be able to determine the ac voltage gain and

the input/output phase relationship of an RC-coupled amplifier by using measured and calculated
values. You will verify your results with a multimeter and an oscilloscope.

DISCUSSION

e The sine wave input is applied to the base of the first amplifier.

e The output of the first amplifier depends on the ac output load resistance of Q1. Since C2
passes ac signals, the ac load resistance (Ri1) consists of the parallel combination R3, R4,
R8, and the Q2  x (R10 + r').

e Q2px(R10 +r') is large and may be eliminated from the calculation.

e The first amplifier has a voltage gain (Av1) which is the ratio of the output to input signal
(Vo1/Vi1). The gain has a negative sign since this stage inverts.

e The ratio of load resistance to the emitter resistance approximates the voltage gain of the first
amplifier.

Avi = -Ri1/Rs
e The ac output load resistance of Q2 is equal to the value of the collector resistor (R9).
e Voltage gain of the second amplifier is expressed using this equation:
Av2 = Vool Viz = —R12/R10 = —Ro/R1g
e Overall circuit gain is the product of the amplifier gain.
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Transistor Amplifier Circuits Unit 7 — RC Coupling

Exercise 3 — Frequency Response

EXERCISE OBJECTIVE
When you have completed this exercise, you will be able to determine the frequency response of

an RC-coupled amplifier by using measured values. You will verify your results with a
multimeter and an oscilloscope.

DISCUSSION

e Amplifier gain varies as the input signal frequency varies. This behavior is referred to as the
frequency response.

e The amplifier circuit used in this exercise experiences decreases in gain at frequencies below
20 Hz and above 100 kHz.

e The bandwidth of an amplifier is the range of input signal frequencies over which the
amplifier gain remains constant.

e Ingeneral, a 15% decrease in amplifier gain indicates that the amplifier is at the end of its
bandwidth range.

e Frequency response curves for audio amplifiers should be relatively flat between 20 Hz and
20 kHz.

e The coupling capacitor value may affect frequency response (at the lower frequencies) of the
amplifier.

e Upper limit frequency bandwidth is affected by the frequency-dependent transistor
parameters and the stray capacitance of circuit elements.
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Transistor Amplifier Circuits Unit 8 — Transformer Coupling

UNIT 8 — TRANSFORMER COUPLING

UNIT OBJECTIVE

At the completion of this unit, you will be able to demonstrate the operation of a transformer-
coupled two-stage amplifier by using measured circuit conditions.

UNIT FUNDAMENTALS
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When a transformer connects the output of the first-stage amplifier to the input of the second-
stage amplifier, the amplifiers are transformer-coupled. The transformer matches the high output
impedance of the first-stage amplifier (Q1) with the low input impedance of the second-stage
amplifier (Q2). A transformer-coupled amplifier uses less power than an RC-coupled amplifier
does because the dc voltage drop across a transformer winding is less than that of a collector
resistor, permitting a smaller dc supply voltage.
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The frequency response of a transformer-coupled amplifier is normally poorer than that of an
RC-coupled amplifier.
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Unit 8 — Transformer Coupling

NEW TERMS AND WORDS
None

EQUIPMENT REQUIRED
F.A.C.E.T. base unit
Multimeter

Oscilloscope, dual trace

Generator, sine wave
TRANSISTOR AMPLIFIER CIRCUITS circuit board

NOTES
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Transistor Amplifier Circuits Unit 8 — Transformer Coupling

Exercise 1 — DC Operation

EXERCISE OBJECTIVE

When you have completed this exercise, you will be able to determine the dc operating
conditions of a transformer-coupled two-stage amplifier by using measured values. You will
verify your results with a multimeter.

DISCUSSION
e The transformer-coupled amplifier circuit consists of two NPN common emitter amplifiers

(Q1 and Q2).

e The transformer T1 has its primary winding connected between the power supply and the
collector terminal of the first stage amplifier.

e The secondary winding of the transformer is connected to the base terminal of the second-
stage amplifier and to ground through a dc current-blocking capacitor (C3).

e Transformer (T1) blocks dc current flow between the two amplifier stages. This isolates the
dc bias for each stage.

e Transformers are circuit devices used for ac signals only.

e Resistor R7, which is connected in parallel with the transformer secondary winding,
maintains the impedance specification of this coil.

e The amplifiers have identical voltage divider circuits and emitter resistors causing Vg and Vg
of each transistor to have about the same value.

e The resistance of the primary winding is small; therefore, the collector voltage of the first
stage (Vc1) is slightly less than the dc supply voltage (Va).

e The second stage of the amplifier has a collector resistor (R9) which produces a collector
voltage (Vc2) of about 9 Vdc.
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Transistor Amplifier Circuits Unit 8 — Transformer Coupling

Exercise 2 — AC Operation

EXERCISE OBJECTIVE

When you have completed this exercise, you will be able to determine the ac voltage gain,
impedance matching, and input/output phase relationship of a transformer-coupled amplifier by
using measured and calculated values. You will verify your results with a multimeter and an
oscilloscope.

DISCUSSION

The ac input signal to the base of the first amplifier stage is provided by the sine wave
generator.
Transformer T1 has its primary connected between the power supply and the collector of the
first stage amplifier.
The secondary is connected to the base of the second-stage amplifier and to ground through a
dc blocking capacitor (C3).
The transformer provides impedance matching between the low impedance of the second-
stage base circuit and the high impedance of the first stage collector output.
The primary winding impedance (Zp) is represented as: Zp = Zs X (Np/Ns)?

where Zs is the impedance of the secondary

Np/Ns is the turns ratio of the transformer

The impedance of the second-stage base circuit is equal to the parallel combination of R7,
R8, and B x (r. + R10).
The turns ration of this transformer is 1.96.
The ac peak-to-peak voltage between the primary and secondary coils is reduced (stepped
down) by the transformer. The reduction is proportional to the turns ratio.
The dot on the bottom of the primary and the dot on the top of the secondary indicate that the
signals at these points are in phase.
The voltage gain of the first-stage is equal to the ratio of the output voltage to the input
voltage. Au=—-Va/Vis Note: The negative sign indicates a phase inversion.
The ac output signals of each amplifier are measured from their respective bases.
The first stage output signal is smaller than the first stage collector signal because the
transformer steps down the signal.
The collector resistor R9 is the ac output load of Q2.
The voltage gain of the amplifier’s second stage can be expressed by any of the following

equations: Ay =-VlVi
sz = —RLZ/R].O
A, = -R9/R10

The overall amplifier gain is the product of the gains of the individual amplifier stages.
The output signal of stage 2 is not quite in phase with the input signal of stage 1. This is
caused by the inductive reactance of the transformer.

The ac cutoff of V. is higher than the dc supply voltage because of the transformer action.
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Transistor Amplifier Circuits Unit 8 — Transformer Coupling

Exercise 3 — Frequency Response

EXERCISE OBJECTIVE
When you have completed this exercise, you will be able to determine the frequency response of

a transformer-coupled amplifier by using measured values. You will verify your results with a
multimeter and an oscilloscope.

DISCUSSION

e Voltage gain can be expressed using a logarithmic scale, the unit of logarithmic voltage gain
is decibels (dB).

e This equation is used to convert voltage gain into its logarithmic equivalent:

Avgs = 20 logio (Vo/Vi) = 20 logio (Av)

e Decibels are used because human hearing has a logarithmic response.

e Doubling the decibel level is the equivalent to a tenfold increase in arithmetic gain.

e Voltage gain in dBs is plotted against the frequency of the input signal, the resulting curve is
referred to as the frequency response.

e Transformer-coupled amplifiers have a poorer frequency response than RC-coupled
amplifiers. This occurs because the transformer frequency response is limited in comparison
to an RC coupling circuit.

e The transformer used on the TRANSISTOR AMPLIFIER CIRCUITS circuit board has a
frequency response spec of +2 dB between 200 Hz and 10 KHz.
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Transistor Amplifier Circuits Unit 9 — Direct Coupling

UNIT 9 — DIRECT COUPLING

UNIT OBJECTIVE

At the completion of this unit, you will be able to demonstrate the operation of a direct-coupled,
two-stage amplifier by using measured circuit conditions.

UNIT FUNDAMENTALS

When the output of the first-stage amplifier (Q1) is directly connected to the input of the second-
stage amplifier (Q2), the amplifiers are direct coupled.

The frequency response at low frequencies is very good for direct-coupled amplifiers. The dc
conditions of each amplifier stage are not isolated. A direct-coupled amplifier is temperature
sensitive and requires stabilizing circuits to minimize drifting of the dc bias.

NEW TERMS AND WORDS
None

EQUIPMENT REQUIRED
F.A.C.E.T. base unit
Multimeter

Oscilloscope, dual trace

Generator, sine wave
TRANSISTOR AMPLIFIER CIRCUITS circuit board
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Transistor Amplifier Circuits Unit 9 — Direct Coupling

Exercise 1 — Direct-Coupled Amplifier DC Operation

EXERCISE OBJECTIVE

When you have completed this exercise, you will be able to determine the dc operating
conditions of a direct-coupled, two-stage amplifier by using measured values. You will verify
your results with a multimeter.

DISCUSSION

e The direct-coupled two-stage amplifier circuit consists of two transistors configured as
common emitters. The first stage, Q1, uses an NPN transistor and the second stage, Q2, uses
a PNP transistor.

e The output of Q1 (the collector) connects directly into the input of Q2 (the base). The
collector voltage of Q1 is equal to the base voltage of Q2. (Vc1 = Vgy)

e The emitter voltage (Vg2) is about 0.6 VVdc more positive than the base voltage (Vg2) when
the base-emitter junction of Q2 is forward biased.

e The collector voltage (V) is less positive than the base voltage (Vs;) since the base-
collector junction is normally reverse biased.

e The first stage has a voltage divider network to set the dc bias. The collector voltage of this
stage sets the base voltage of the second stage.

e The second stage does not use a voltage divider to establish the dc bias; the resulting bias is
more sensitive to temperature changes.

e The emitter resistor in the second stage generates feedback that counteracts dc bias drift due
to temperature. But, it is not as effective as voltage divider bias.
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Transistor Amplifier Circuits Unit 9 — Direct Coupling

Exercise 2 — Direct-Coupled Amplifier AC Operation

EXERCISE OBJECTIVE

When you have completed this exercise, you will be able to determine the ac voltage gain and
the input/output phase relationship of a direct-coupled amplifier by using measured and
calculated values. You will verify your results with a multimeter and an oscilloscope.

DISCUSSION

The sine wave generator provides the input signal. The signal enters the base of the first-
stage amplifier.
Input and output signal are in phase because each common emitter inverts the signal.
The voltage gain of Q1 is found with these equations:

Avl = —V01/Vi1 = —R4/R5
The voltage gain of Q2 is expressed by any of these equations:

sz = —VQZ/ViZ = —RL2/R6 =-R7/R6
The overall circuit voltage gain is the product of the two amplifier gains.

NOTES
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Exercise 3 — Direct-Coupled Amp Frequency Response

EXERCISE OBJECTIVE

When you have completed this exercise, you will be able to determine the frequency response of
a direct-coupled amplifier by using measured values. You will verify your results with a
multimeter and an oscilloscope.

DISCUSSION

The bandwidth of a direct-coupled amplifier can extend to frequencies below 5 Hz.
Direct-coupled amplifier frequency response is good at low frequencies because of the lack
of a capacitor in the connection path.

Amplifier gain is reduced at low frequencies because of capacitive reactance.

The high frequency bandwidth limit is limited by frequency-dependent amplifier parameters
and stray circuit capacitance.

RC-coupled amplifiers have a capacitive reactance large enough to reduce gain at frequencies
below 50 Hz.

Transformer-coupled amplifiers have reduced gain at lower frequencies because of the
transformer characteristics.

NOTES
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APPENDIX A — SAFETY

Safety is everyone’s responsibility. All must cooperate to create the safest possible working
environment. Students must be reminded of the potential for harm, given common sense safety
rules, and instructed to follow the electrical safety rules.

Any environment can be hazardous when it is unfamiliar. TheFACET. computer-based
laboratory may be a new environment to some students. Instruct students in the proper use of
theFACET. equipment and explain what behavior is expected of them in this laboratory. It is up
to the instructor to provide the necessary introduction to the learning environment and the
equipment. This task will prevent injury to both student and equipment.

The voltage and current used in theFACET. Computer-Based Laboratory are, in themselves,
harmless to the normal, healthy person. However, an electrical shock coming as a surprise will
be uncomfortable and may cause a reaction that could create injury. The students should be made
aware of the following electrical safety rules.

1. Turn off the power before working on a circuit.

Always confirm that the circuit is wired correctly before turning on the power. If required,

have your instructor check your circuit wiring.

Perform the experiments as you are instructed: do not deviate from the documentation.

Never touch “live” wires with your bare hands or with tools.

Always hold test leads by their insulated areas.

Be aware that some components can become very hot during operation. (However, this is not

a normal condition for yourFACET. course equipment.) Always allow time for the

components to cool before proceeding to touch or remove them from the circuit.

7. Do not work without supervision. Be sure someone is nearby to shut off the power and
provide first aid in case of an accident.

8. Remove power cords by the plug, not by pulling on the cord. Check for cracked or broken
insulation on the cord.
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