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MILITARY CIA:M.10.MM MATERIALS

The military-developed curriculum materials in this°6ourse
package were selected by the National Center for Research in
Vocational:Education Military Curriculum Project for dissem-
ination to the six regional Curriculum Coordination Centers and
other instructional materials agencies. The purpose of
disseminating these courses was to make curriculum materials
cbvelopedby the military mare accessible to vocational
educators in the civilian setting.

4 course materialwere acquii-ed, evaluated by project
staff and practitioeters in the field, and prepared for
dissemination. Materials which were specific to the military
were deleted, copyrighted materials were either omitted ofappro-
val for their use was obtained. 'I4ese course packages contain
curriculum resource materials whi can be adapted to support
vocational 'instruction: and curriculum development.
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Military )
CurriCulum Materials
Dissemination Is . . .

i

What Materials
Are Available?

L.._._i___....._._..j L ,
;

'.an activity to increase the accessibility of
inilitary.developed curriculum materials4o
vocational and technical educators. .. i

.,
This project, funded'by the U.S. Office of
Education, includes the identification and
acquisition of curriculum materials in print
form from the Coast 'Guard, Air Farce,
Army, Marine Corps and Navy.

Access to military curriculum materials is
provided through a "Joint Memorandum of
Understanding" between the U.S. Office of ,
Education and the Department of Defense.

The acquired materials are reviewed by staff
. .110 subject matter specialists, and courses

deemed applicable. to vocational and tech-
nical education are selected for dissemination.

The National Cent(' r Research in
Vocational Education is the U.S. Office of

--Edticition's designated representative to
acquire the materials and conduct the project

. activities.

Project Staff:

Wesley E. Budke, Ph.D., Director
National Center Clearinghouse

Shirley A. Chase, Ph.D.
'Project Director

Lute 4

4

One hundred twenty courses on microfiche
(tpiiteen in paper form) and -descriptions of
each have been provided to the vocational
Curriculum Coordination Centers, and other
instructional materials agencies for dissemi-
nation.

programmedCourse materials include gf?gramrned
instruction, curriculum outlines, instructor
guides, student workbooks and technical
manuals.

The 120 courses represent the 'following
sixteen vocational subject areas:

Agriculture
Aviation
Building,&

Construction
Trades

Clerical

CommunicationsCommunications
Drafting
Electronics
Engine Mechanics

Food Service
Health
Heating & Air
Conditioning

Machine Shop
Management &

..SuPerltision__
Meteorology &

Navigation
Photography
Public Service

The number of courses and the subject areas
representednwill expand as additional mate
vials with application to vocational and
technical education are identified and selected
Mr dissemination.

*

r

How Can These
Materials Be Obtained?
L.-_,......:,..1....,:.L.....:...J

\
Contact the Curriculum Coordination Center
in your region for information on,obtaining
materials (e.g., availability and cost). They
will respond to your requesVdirectly or refer
you to an instructional materials agency
closer to you.

CURRICULUM COORDINATION CENTERS

EAST CENTRAL
Rebecca S.-Douglass

Director
100 North First Street

e Springfield, IL 62777
217/782-0759

MIDWEST
Robert Patton
Director
1515 West Sixth Ave. -
Stillwater, OK 74704
4051377.2000

NORTHEAST
Joseph F. Kelly, Ph.D.
Director

.

225 West State Street
Trienton. NJ 08625
609/2926562

NORTHWEST
William Daniels
Director
Building 17
Airdust dal Park
Olympia, WA 98504
206/7510879

SOUTHEAST
James F. Shill, Ph.D.
Director
Mississippi-State-University

Drawer DX
Mississippi State. MS 39762
601/325.2510

WESTERN
Lawrence F. H. Zane, Ph.D.
Director
1776 University Ave.
Honolulu, HI 96822
808/948.7834
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The National Center
Mission Statement

The National Center for fiesearch in
Vocational Education's mission is to increase
the ability of diverse agencies, institutions,
and organizations to solve educational prob-
lems relating to individual career planning;
preparation, and progression.' The National
Center fulfills its Mission by:

Generating knowledge through research

Developing educational programs and
products

Evaluating individual program needs
and outcomes

Installing educational programs and
products

Operating information systems and
services

Conducting leadership development and
training programs

FOR FURTHER INFORMATION ABOUT
Military Curriculum Materials

WRITE OR CALL
Program Information Office
The National Center for Research in Vocational

Education
The Ohio State University
1960 Kenny Road, -Columbus, Ohio 43210
Telephone: 614/486.3655 or Toll Free 800/

848.4816 within the continental U.S.
iexcePtOhio)

Military. Curriculum
Materials for

Vocational and
Technical Education

1110-rr.rNien Fiekd

Crntnr for flrn^arch
:n VecrYtininl Eflucatipn
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OVERVIEW
BASIC ELECTRICITY AND ELECTRONICS

.MODULE THIRTY ONE

RF, IF., and:Video Amplifier

Thirty One

In this module-you will learn about different types of.amplifiers that operate

at frequencies above and below the ..audio frequency range. You will
.

determine

the characteristics of these amplifiers and study their operation. You will

learn new terms and definitions, and you will apply your knowledge of basic

amplifiers and electronics to troubleshobt them.

This module has been divided into AO!' lessons.:

Lesson 1 RF, IF, and Video Amplifier Characteristics

Lesson 2 RF AmplifVrs

Lesson 3 IF Amplifiers

Lesson 4 Video Amplifiers

2
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BASIC ELECTRICITY AND ELECTRONICS

MODULE THIRTY ONE

LESSON 1,

RF, IF, AND.VIDEO AMPLIFIER CHARACTERISTICS

'JULY 1980
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OVERVIE6
LESSON 1

RF, IF, and Video Amplifier Characteristics

In this lesson you will be introduced to different types of amplifiers that

operate at frequencies above and below the audio frequency range. You will

become familiar with some important operating characteristics of these
amplifiers. You will learn to use amplifier frequency response curves.
You also will-earn how to find amplifier gain by using decibel conversion

charts and graphs.

The learning objectives of this lesson are:

TERMINAL 3NECTIVE(S): 1

31.1.52 When the student completes this lesson, (s)he will be able to
IDENTIFY basic operating characteristics of RF, IF, and video

amplifiers to include selecting definitions of terms, determining
amplifier frequency response curve values, and determining
amplifier voltage and power decibel gain, by selecting state-
ments or values from a choice of four. 100% accuracy is required:

ENABLING OBJECTIVE(S):

When the student completes this lesson, (s)he will be able to

31.1.52.1 DEFINE the general characteristics of an amplifier,to include
center frequency (fo), cutoff frequency (fco),.frequency responses
and bandWidth, which are shown in a frequency response curve, by

..... selecting the correct definition from a choice of four. 100%
accuracy is required.

31.1.52.2 DETERMINE the frequency response characteristics of an amplifier,
givelfits frequency response curve, by selecting the correct
statement from.a choice of four. 100% accuracy is required.

31.1.52..3 DEFINE the term "selectivity" as it applies to RF, IF, and video
amplifiers by Selecting the correct definition from a choice of
four. 100% accuracy is required.

31.1.52.4 IDENTIFY the general operating characteristics of RF, IF, and
-video 'amplifiers, including frequency range, selectivity,, and
tuning, by selecting the correct statement from a choice of four.
100% iccuracy is required.

I
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Overview

31.1.52.5

Thirty One-1'

CONVERT given amplifier voltage and power gain ratios to decibels
(dB), and vie versa, given a decibel conversion chart/graph, by

correct value(s) from a set of four choides. 100%

accuracy is required.
selecting t

31.1.52.6 DETERMINE total gain and output levels (in terms of voltage,
power, or decibels) for a given single of cascaded amplifier
circuit when provided a decibel conversion chart/graph and input
data, by selecting the correct value(s)' from a set of fou-
choices. 100% accuracy is required.

t

O
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BEFORE/YOU START THIS LESSON, READ THE LESSON LEARNING OBJECTIAS'AND PREVIEW 4

THE LIST OF STUDY RE5OURCES%ON THE NEXT PAGB.
1
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Study Resources ThirtrOne-1 ,

LIST OF STilDi'IREtOURCES

.1 -LESSON 1

RF; IF, and Video*AmplTfierpharaCteristics

To learn the materialin,this lesson, you have,the option dahoOsino,'
according to your experience and preferences, any or all orthe following
study resources:

Written lessOnpreseniation in:

Module Booklet:

Summary'
Programmed Instruction

. Narrative

Student's Guide:'

Summary
Progress Check

Additibnal Material(s):

35 mm sound/slide Thirty One-1 DRF, 1001411d Video Amplifier

i

Characteristics"

Enrichment Material(s):
-___

46-_,

NAVSHIPS 0967-000-0120 "Electronic Circuits" its Installation
and'f:Ma.fntenance_,Bnok (HMO Naval Ship Engineering enterT-VaiFTWOF,
11.7.: U.S. Government Printing Office 1965.

Iti

YOU MAY UU ANY, OR ALL, RESOURCES LISTED ABOVE, laLunilit THE LEARNING
CENTER INSTRUCTOR; HOWEVER, ALL MATERIALS LISTED ARE NOT NECESSARILY'REQUIRED
TO ACHIEVE LESSON OBJECTIVES. THE PROGRESS CHECK MAY BE TAKEN AT AMY,TIME.

6

V



Summary Thirty-One-I

C

SUMMARY
'LESSON I

RF, IF, and Video Amplifier Charjcteristics

RF, IF, and video amplifiers are important in communication and radar electronic

equipment. Two major categories of information in a hasic transmit- receive
,system are audio signals (20 He t° 20;000 Hz) and video signals (0 Hz to 6
MHz). Amplifiers you have studied were in the audio frequency response range
and were,designed to amplify about 'equally well any signal within that range.

This leison describes some important operating characteristics .of amplifiers.
Recall that frequency response is expressed as two numbers, the upper Fco
(cut-off frequency) and lower Fco, while bandwidth is expressed as the differ-
ence between them. The amplitude of an output signal has its maximum (100%)
gain ,at the center, or resonant frequency (Fo). The upper and lower Fcos, or
half-power points, define the two frequencies at which the output voltage
amplitudes are reduced to 70.7% of the maximunf gain.

These aMplitler characteristics care be presented in a frequency response curve
as shown in Figure 1.

Feo LOWER
.9V

70./9
.7V

Fc9 UPPER
I 1 I

VOLTAGE AMPLIFIER OL7PU7
.59-
.111 I I

I

.3W I

.2W IMMt to
I

I
I

OMNI MAIM 211141 3A101/ MARI 51110 BMNZ MHz

FREOUENCY -

Figure 1

FRZVUENCY RESPO1SE CURVE
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Summary Thirty One-I

In this example; the voltage output at Fn. equals .1 olt input X gain of I0,.
or I volt. Therefore voltage output at the half-power points equals .707
volts, The .frequency response is 3, MHz to 4 MHz and the bandwidth I MHz.
Signal amplification outside of the'frequency response is normally considered
as an unusable output.

RE amplifiers have about any frequency response characteristic and bandwidth
within the frequency range 30 kHt to 300 GHz 0 is giga and means 1I P).. They
are either untuned producing A broad bandwidth, or variable tuned proapcing a
narrow bandWidth over chosen center frequencies. The amplifier's selectivity
separatel and amplifies 'a chosen signal and excludes most others._ .

IF amplifiers are basically fixed-tuned RE amplifiers with a relatively narrow
bandwidth. The frequency range is similar to RE amplifiers. Video amplifiers
are untuned with a frequency response from about '0 Hz to near 6 MHz-and are
useful in amplifying square or sawtooth wave forms.

44

In electronics, a measurement unit called the decibel (dB') is used to simplify
solving such problems. as combining amplifier gains (i.e., the ratio of output
over input). ,Veltage and power gains can be converted toequivalent decibel
alues by the use of charts and/or graph.; as shown in Figure 2.
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DECIBEL CHART/GRAPH
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ion of Figure 2 shows that voltage and power ratios convert to different
values.
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Summary Thirty One-1

'A typical problem which involves combining decibels is to find the total
circuit voltage gain of several amplifiers connected in series, or "cascade",

_ás shown in Figure 3.

INPUT

dB= 20 'dB= G

10 AVOLTAGE GAIN) X 2 (VOLTAGE GAIN) a 20 (VOLTAGE GAIN)

20 dB, (VOLTAGE GAIN) + 6 .dB (VOLTAGE GAIN) = 26 dB (VOLTAGE GAIN)

TOTAL VOLTAGE GAIN = 20

TOTAL dB GAIN = 26 dB

t

Figure 3

CASCADED VOLTAGE AMPLIFIERS--VOLTAGE AND DECIBEL GAIN

in the example, the total circuit -voltage gain equals th'e product of the
individual amplifier voltage gains or 20 as shown. If the individual -amplifier
voltage gains are first converted to their decibel values, the total circuit
voltage gain equals' the sum of the individual amplifier dB gains. The
identical procedure of copyeati.10_41ini. to decibels and summing decibels can
be used to find total circuit output power gain.

Another common decibel application is to find an amplifier voltage or power
.output signal, given the input signal and decibel gain. A diagram of a simple

. problem is show in Figure 4.

INPUT

4 1 MILLIVOLT

OUTPUT =? VOLTS

Figure 4 .

.VOLTAGE 0:1TPUT VS INPUT USING OECIBLES

9
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Summary Thirty One-

In this example, the dB. gain is converted back to a voltage gain of inn. The
product of 100 X 1 millivolt input 'equals the output, or 100 millivolts. The
same procedure is-followed to find an amplifier output signal, given the input
signal and decibel power gain.

AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. IF YOU ANSWER ALL
SELF-TEST ITEMS CORRECTLY, YOU MAY TAKE THE LESSON TEST. IF YOU INCORRECTLY
ANSWER ONLY A FEW OF THE PROGRESS CHECK, QUESTIONS, THE CORRECT ANSWER PAGE
WILL REFER YOU TO THE, APPROPRIATE PAGES, PARAGRAPHS, OR FRAMES SO THAT YOU
CAN RESTUDY THE PARTS OF THIS LESSON YOU ARE'HAVING DIFFICULTY WITH IF YOU

FEEL THAT YOU HAVE FAILED TO UNDERSTAND ALL, OR MOST, OF THE LESSON, SELECT
AND USE ANOTHER WRITTEN MEDIUM OF INSTRUCTION. AUDIO/VISUAL MATERIALS (IF
APPLICABLE), OR CONSULTATION WITH THE LEARNING CENTER INSTRUCTOR, UNTIL YOU CAN
ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY.

ft
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P.I. Thirty One-1

PROGRAMMED' INSTRUCTION
LESSON 1

RF, IF, and Video AmpliNfPhr Characteristics

TEST FRAMES ARE 8, 16, AND 24. PROCEED -TO TEST FRAME,8 FIRST AND SEE

IF YOU CAN ANSWER THE QUESTION. FOLLOW DIRECTIONS GIVEN AFTER THE TEST

FRAME.

1. Radio Frequ'ency (RF), Intermediate Frequency (IF), and Video

amplifiers are used in communication and radar equipments. Before you

. can understand some of the more important characteristics of ampli-

fiers, you need to know how they function in electronic equipment.

Figure :1

TRANSMIT-RECEIVE SYSTEM

4 '

A basic transmit-receive system is shown in Figure 1. Information such
e'

as spoken words may be sent, or transmitted, between two points using

radio waves.,. A transmitter generates highly amplified radio frequency
/,

1

energy containing the information so that it may be sent over long

/

'11

-18
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P.I. TOirty One-1

distances. This radio frequency energy may be greatly weakened by the

time it is picked up by'a receiver. The receiver, then amplifies the

desired radio frequency signals and converts them into the original informa-

tion thatwas transmitted.

Radio frequency signals must be - at both transmitter and receiver .

so that communication may take place-over long distances.
.........

amplified

(2) Two major categories of information transmitted in a system are audio

(sound) and video (image) signals. Examplei of these are shown in Figure 2.

Audio Information Video Information

Voice Television Pictures

. Music Radar

Code

Figure 2

ELECTRONICINFORMATIOH

Audio signals contain frequencies in the :.ange of the human ear, and range

from about 20 Hz to 20,000 Hz. Video.signals contain frequencies required

to convey images, and range from abouts0 Hz to 6 MHz. These two frequency

ranges will have.an importanteffect on the amplifiercircuits used to send

and receive these signals.

12 19



P.I. Thirty One-1

Audio signals contain frequencies in the range'of Hz to

Hz, while video signals contain frequencies in the range of

Hz a MHz.

4
20, 20.,000 0, 6

(E) Amplifiers must be able to amplify the highest and lowest_ frequencies
------

contained in the audio or video signals or a loss of information may ?'

result. The amplifigoyoll-itudied in earlier modules were designed to

amplify signils in the audio range (20 Hz to 26,000 Hz). This means

that those amplifiers had a frequency response of 20 Hz to 20,000 Hz,

and therefore could amplify just about equally well any signal in that

frequency range.

An amplifier designed to amplify audio.signals"has a

in the range of 20 Hz to 20,000 Hz.

frequency response

....

(A]) Now you will apply some of the terms you have learned to determine

some important operating characteristics of amplifiers. Recall that in

your study of resonance you learned that bandwidth is the lower Fco

13-

20
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PI :Thirty One-1

(cut-off frequency) subtracted from the upperfco. The basic difference

between frequency response and bandwidth is that frequency response is

always expressed as two numbers which are the upper Fco and lower Fco,

while bandwidth is expressed as the frequency difference between tb'

upper and lower Fco's.

Bandwidth is the subtracted from the

lower Fco, upper Fco

(E) Generally speaking, an amplifier has an output signal that is

unchanged from the input signal except for amplitude and phase. The

amplitude of the output signal is maximum for a particular amplifier at

the center, or risonant, frequency (Fo). This amplitude at Fo is equal

to the amplifier input voltage at Fo multiplied by the amplifier gain.

. For example:

Amplifier Fo = 3 MH4

Amplifier gain = 5

Amplifier input at Fo = 2 V

Amplifier output at Fo = amplifier -input x gain

= 10 V

:If the amplifier gain is 10 and the input is .5 V at the center frequency
4

of the amplifier, the output voltage is

5 volts

14
21
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Thirty One-1

G) If our input frequency varies either above or below the center

frequency of the amplifier, the signal will still be amplified,, but to a

lesser amount than Fo. Figure 3 shows the amplitude of the output

voltages at various frequencies of the inllut voltage.

too LOWER fco UPPER

100% E;;;;;7P

70.7%

OUTPUT
VOLTAGE

-0

FREQUENCY --EN. o

Figure

FREQUENCY RESPO SE CURVE'

'Notice that at the center frequency` the amplitude of the output voltage

is at 100%. This means that the input voltake at Fo is amplified the

'maximuM amount for the amplifier. You can see` that the amplfude of

output voltages are lower when the input frequency is either higher or

lower than Fo. You'also can easily find the two points where the

0

15
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P. I. Thirty One -1

amplitude of the output voltage is' only 76.7% as high as the amplitude
. t -

at Fo. These two 70.7% points, also called half-power points, define

the upper and lower Fco's for the amplifier.

tf the input siglal frequency is increased above the 'Center frequency

of the amplifier until the output voltage falls to 70.7% of maximum,

the amplifier is operating at its upper Fco. If the frequency is

decreased below the center freqUency until the output falls to 76.7% of

maximum, the'amplifier is operating at its lower Fco.

The two frequency points at which the amplitudes of the output voltages

of an amplifier are 70.7% of the maximum amplitude at Fo, are called the

and the

upper Fco, lower Fco

1

16
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®The amplifier characteristics you have
...

frequeny response curve as shown in Figure -4.

toles..
AV.
.11V

.7V-0-
OUTPUT .ev.
VOLTAM

.3V.
.4V

4v-

1

Feo LOWER

.70 71/

Thirty One-1

covered can be presented in a

Is

8 I FC4 USPOER
s i I
I I

l
1

t
s

s
I 1 SMPLIFIER OUTPUT"I I a° .
8 1

I
0, 1101t le

1 1

I 1

'0 I I
0 -, i .OWN sums 2s4148 314148 ''''414041 ISMIls IlkiSts TIRO

S.
..,

FREQUENCY .41.

Figure 4

FREQUENCY RESPONSE CURVE

/
Frequency response curves will be common in your study of electronics.

Figure 4 shows,, a frequency response curve for an .amplifier with an

input.of .1 volt and a gain of id. The frequencies of the input

voltage are divided along the horizontal (or X) axis. The amplifier

output voltages are divided along the vertical (or Y) axis. The curve

of the "amplifier output shows the output voltagei which go with di f -,

ferent frequencies of the input voltage. Recall the the maximum

output for amplifiers 1 gain X input voltage at Fo: In this example,
i.

the maximum output =JO x..r volt, or 1 volt. Now you can see that the
.

upper and )over Fco's, or half-power points, are located at the fre-

quency points on the.esponse curve at which the output voltage is only

.70a% of the output voltage atithe center frequency. In this example,

70.7% of the maximum output voltage = .707 X 1 volt, .or .707 volts.

4
17
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P.I. Thirty One-1

V

Upper and lower Fco's are found first by locating the .707 volt division

point on the vertical axis, and by readiqg across until the two points on

the response curve are found. Then read down from those points on the curve

and identify the two frequency division points on the horizontal axis.

These are the lower and upper Fco's for the amplifier, and are located at 3

"MHz and at 4 MHz. Recall that the bandwidth is the difference between the

upper. and lower Fco's. Therefore, for this example, the bandwidth 2:

4 MHz - 3 MHz, or 1 MHz. You will notice that the amplifier may still

amplify signals outside its bandwidth. However anything less than 70.7t of

full gain is normally considered to be an unusable output.

18
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P.ae, Thirty One-I

lh Figive 5 below, the shaded area represents the of the amplifier.

bandwidth
r

p 4

r
I

I

I

1.4V

OUTPUT 1.2V
VOLTAGE

-1:0V

,

. Mr iMb ay 4w.

.8V

.8V

.4V

.2

OV
OMHz 2MHz 4MHz 8MHz 8MHz 10MHz 12MHz 14144

FREQUENCY 11P

s.

-.Figure 5

FREQUENCY RESPONSE CURVE
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Thirty One-1

(i) THIS IS A TEST FRAME. ANSWER THE TEST QUESTIONS AND COMPARE YOUR ANSWERS

WITH THE ANSWERS GIVEN AT THE, TOP OF THE PAGE FOLLOWING THE TEST QUESTIONS.

REFER TO FIGURE 6. STUDY THE FREQUENCY RESPONSE CURVE FOR AN AMPLIFIER WITH'

A GAIN OF 5 AND AN INPUT 'VOLTAGE OF .4 VOLTS, IN ORDER TO ANSWER THE QUESTIONS

THAT FOLLOW.

2.0,
1.8V-

1.8V-

1.4V
OUTPUT 1.2V

VOLTAGE
1.01/1

.811

.4V

.2V

.

OV

OMHz 2MHz 4MHz 8MHz 8MHz 10MHz 12MHz 14MHz

-Figure 6

I. The upper Fco for tills amplifier is

2. The. lower Fco for this amplifier is

3. The output voltage for this amplifier at the center frequency is

4. The bandwidth for this amplifier.is

5. The output voltage at the half-power points is

COMPARE YOUR ANSWERS WITH THE CORRECT ANSWERS GIVEN ON THE TOP OF THE

NEXT PAGE.

27
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1. 8 MHz

2. 6 MHz

3. 2 volts

4. 2 MHz

5. 1.414 volts, or approximately 1.4 volts

IF ALL YOUR ANSWERS MATCH, GO ON TO TESTFRAME 16. OTHERWISE, GO

BACK TO FRAME 1 AND TAKE THE PROGRAMMED SEQUENCE BEFORE TAKING TEST

FRAME 8 AGAIN.

(E) The amplifiers you have studied had a frequency response of 20 Hz

to 20,000 Hz. Other types of amplifiers may have frequency responses

above or below this level. Radio frequency (RF) amplifiers amplify any

signals within the frequency range from 30 kHz to 3nn GHz (G is pro-

nounced Giga and means 109). These amplifiers may have just about

any frequency response characteristics and bandwidth within this

frequency range.

A circuit which amplifies a frequency or band of frequencies between 30

kHz and 300 GHz can be called a/an
6

amplifier.

radio frequency or RF

The bandwidth of an RF amplifier, as with any amplifier, must be

broad enough to amplify the lowest to the highest information frequen-

cies contained in the signal. For example, an Rf .amplifier ina

radiOri.iieiver designed to reproduce voice frequency

28
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radio transmissions would have a minimum bandwidth of about 3000 Hz.

In contrast to this, an RF amplifier in a television set would have a

minimum bandwidth of about 6 MHz to pass frequencies required for

,picture information transfer.

no response required .

An important term related to bandwidth size is tuning. Recall that

an amplifier is designed to operate within a certain frequency, range.

Untuned RF amplifiers are used to amplify RF signals over a relatively

wide bandwidth within their frequency range. Therefore untuned RE

amplifiers will amplify about equally well any frequencies within their

frequency range.

What type of RE amplifier will amplify RE signals over a relatively
.- ....... .

wide bandwidth within their frequency range?

a. tuned

b. untuned

b. untuned

MM
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P.I. Thirty One-1

(2 On the othen hand, tuned amplifiers are used to amplify RF signals

over a relatively narrow bandwidth within- their frequency range. In

most cases, tuning is variable so you may choose any desired frequency

within the frequency range to be amplified. This meansthat with tuned

RF amplifiers you. -pick a desired frequency and the amplifiers, due to

the narrow bandwidth, will amplify that frequency and exclude most

Others. This ability to separate wanted from unwanted signals is

called selectivity. Both tuned and untuned RF amplifiers find many

applications in radio, television, radar; and communication equipment.

The ability for. tuned RI amplifiers to amplify a desired signal and

exclude most others is called

selectivity

-Intermediate frequency (IF) amplifiers are special types of tuned

RF .mplifiers. A major difference is that IF amplifiers are usually

tuned to a fixed frequency wherea-s-RF_amplifiers can he tuned.to

different frequencies within their, frequency ranges.

IF amplifiers usually have

a. fixed

b. variable

a. fixed

tuning.

23
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(4) The bandwidth of IF amplifiers, just as in tuned RF amplifiers,

must be wide enough to amplify, or pass, the lowest to highest informa-

tion frequencies contained in the signal at or above. the 70.7% power

points. Also, the bandwidth must be narrow enough so that unwanted

frequency signals will be eliminated. Now recall that bandwidth

represents the range of signals we want to amplify. We can say that IF.
-

amplifiers provide large amounts of amplificat4o4 over a relatively

narrow bandwidth. This means that IF amplifiers are designed to pass

desired signals that ,are relatively close to their center frequencies.

Of course some equipment IF amplifier bandwidths may be wider than others

because of the particular type of information to be amplified. Figure 7

shows a list of common IF amplifier center frequencies, the range of

bandwidths, and typical electronic equipment applications. The band-

width and amplification characteristics of IF amplifiers make them

important in the selectivity, sensitivity and gain of superhetero-

dyne type receivers.

ft

4

IF (center frequency) Ranoe of Bandwidths Application

455 kHz 2.5-20 kHz

4.5 MHz 100 kHz

10.7 MHz 16.-200 kHz

30 MHz 1-10 MHz

45 MHz 3-5 MHz

60 MHz 1-10 MHz

FM/AM Broadcast
and Communication
receivers

Television audio

FM/AM Broadcast and
Communication
receivers

Military and Commer-
cial Radar

Television Picture-Video
IF

Military and Commercial
Radar

Figure 7

COMMON IF AMPLIFIER CHARACTERISTICS AND APPLICATIONS

24
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IF amplifiers are usually designed

bandwidth relative to their center

a. narrow

b. broad

Thirty One-1

to pass signals over a

frequency.

a. narrow
.<

lfi Video amplifiers are untuned and usually have a frequency response

from about 0 Hz (DC),to near 6 MHz. They are used in equipments that
$

require amplification of waveforms that contain high and low frequency

information such as square or sawtooth waves. Some equipments- that use'

video amplifiers are radar, television and oscilloscopes. A common

element in all of these is the visual disptay of information.
....... ...+

no response required

-25
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THIS IS A TEST FRAME. COMPLETE THE TEST QUESTIONS AND THEN

COMPARE YOUR ANSWERS WITH THE CORRECT ANSWERS GIVEN AT THE TOP OF THE

PAGE FOLLOWING THE QUESTIONS.

1. RF amplifiers usually amplify signals in the frequency range
\h

from

a. 0 Hz to 20 Hz

b. 0 Hz to 20 kHz

c. 20 Hz to 20 kHz

d. 30 kHz to 300 GHz

2. Untuned RF amplifiers are used to amplify over a

bandwidth.

0 a. narrow

b. wide

c. 'relative

4



P.I. Thirty One-1

3. The ability of an amplifier to separate wanted from unwanted input

signals is called

a. selectivity

b. amplification

c. bandwidth

d. sensitivity

4. IF amplifiers usually have

a. variable tuning, wide bandwidth

b. variable tuning, narrow bandwidth

c. fixed tuning, low ga4n

d. fixed tuning, high gain

_27
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1. d. 30 kHz to 300 Gift

2. b. wide

3. a. select ivi ty

4.' d. fixed tuning, high gain

dm

Thirty One -1.

IF ALL YOUR ANSWERS MATCH GO ON TO TEST FRAME'24 OTHERWISE, GO BACK TO

FRAME 9 AND TAKE THE PROGRAMMED SEQUENCE BEFORE TAKING TEST FRAME 16

AGAIN.

.

Often in eleCtronics you will work with voltage and Ower gains

(and losses). .A commo9,way to express gain (and loss) is the ratio of

output, where output and input are expressed either in voltage or
input

power.. For example, if In amplifier has an output voltage of 1 volt with

an 'input voltage of .2 volts, then the gain is 1 volt output, or 5.

.2 volts-input
Therefore, we can say,that the output voltage is 5 times greater than

the input voltage, or that the ratio of output voltage to input voltage

is 5 to i.

A common way to express amplifier gain is

a. input x output

b. input/output

c. output/input

c. output/input

29

36



.

.1.

fp

I.

..,

P.1. Thirty One-1

For now we will talk only about gain. Often it is useful to know

what is the combined voltage ot'power gain of several amplifiers

working together; You will learn how to do this a little later on.
C

But in order to make a point, let'us just mention that the answer

requires multiplying voltage or power gain ratios. This multiplication

can be a very clumsy procedure, and is- unnecessary. A unit of measurement

exists which changes the gain ratios into other numbers which can be

simply added-to find the answer. As you know, additionis easier than

multiplication. The unit we use is related to the bel, named after the

--"to inventor of the telephone, Alexander Graham Bell. However, in electron-
- -

N,

ics, the bel often is too large to use in many applications. Therefore,

we actually use the unit called the decibel which 'is one-tenth (1/10)

of a bel. The decibel is expressed as the letters "dB".

A unit of measurement in electronics which is an exptession of the
.

power or voltage ratio is called the .

decibel (or dB)

i

I

4.,

e
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Thirty One-1

Voltage and power ratios, or gains, can be easily converted to

their equivalent decibel 1c1B) value by the use of charts and/or graphs.

Figure 8 shows a typical dB chart and graph.

11111.1.t1.P.
11 Anti OM 11116.%

Po oktl.
1..41,1

1 0 0 6 ' : i
1.0t .0S t 12
112 1 I 4

I .14 $ : If
2.D 6 0
21 S 01
44 0 1.33
2I 9 :91
3.16 10 :6

1.

10 70 WO
17.30 2$ 31622

31.6 3.1 :(14 :-
lot. 1e 10 Ow

10.000 SO 100,00 .046
11.600 96 i.00coa.ows
100.000 100 10.00O 00C "436

Figuret8

DECIBEL CHAR /GRAPH

To use the dB chart, first notice that v ltage ratios convert to

different decibels than do power ratios. For example, a voltage ratio

of 2.0 (that is, output voltage is 2 times greater than input voltage)

Converts to 6 dB. ,;'A ,power ratio of. 2.0 converts to only 3 dB. The

mathematical reason for-the difference will not be mentioned. Just

remember to read down the correct column on the chart in order to

.

31 31:,
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P.!. Thirty One-1

find the voltage or power ratio you want to convert, and then read

across to find the decibel unit. To use thedB graph, first find the

power or voltage ratio you want to convert along the division points of
st

the vertical, or "Y" axis. Then read across until you find the. inter-

section point with the "power" or "voltage" diagonal line, depending

on whether you are converting a power or a voltage ratio. Then read

down from 'that point to the decibel unit along the division points of

the horizontal, or "X" axis. For example, a voltage ratio of 100

converts to a decibel unit-of 40. A power ratio of 100 converts to a

decibel unit of 20.

Using either the dB chart or dB graph in Figure 8, find the decibel

conversions foi. the following voltage and power ratios:

a. voltage ratios = 10, 2.5, 200

b. power ratios = 10, 2.07-30Q.

a. 20 dB, 8 dB, approximately 46 dB

b. 10 dB, 3 dB, approximately 25 dB

(E) Now that you can convert gain ratios to decibels, let's see now

useful decibels are in solving some typical problems. A common-problem

is to find out what is the total voltage gain in a circuit containing

more than one amplifier. Figure 9 shows a diagram of a circuit contain- .

ing two amplifie'rs connected in series, or ''cascaded ".

32 39
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VOLTAGE

GAIN =2

r

;Flirty One-1

10 (VOLTAGE GAIN) X 2 (VOLTAGE GAIN) s 20 (VOLTAGE GAIN)

Figure 9 -

CASCADED VOLTAGE AMPLIFIERS - VOLTAGE GAIN

TOTAL OUTPUT
VOLTAGE GAIN
r- 20

r
The voltage gain ratio (VG in Figure 9) for the first amplifier is 10

and for the second amplifier is 2.

This arrangement gives a total circuit voltage gain equal to the

product of the individual amplifier voltage gains, or in this casea

INPUT

'gain of 20. Now decibels could also be used to express this gain.

4

Figure 10111shoWs the'sam4 stet; up including the decibel conversions for

the voltage gain of each amplifier.

TOTAL VOLTAGE GAIN = 20

G AJN = 2 TOTAL dB GAIN 20 dB

dB= 20 de= 0

10 (VOLTAGE GAIN) X 2 (VOLTAGE GAIN) x 20 (VOLTAGE GAIN)

20 dB (VOLTAGE GAIN) 4. 6 db (VOLTAGE GAIN) 26 dB (VOLTAGE GAIN)

Figure 10 a,

CASCADED VOLTAGE AMPLIFIERS -.VOLTAGE AND DECIBEL GAIN

4 33
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P.I. Thirty ,One -1

As an exercise use Figure 11 and verify that voltage gain ratios

of 10.and 2 Convert to dB gains of 20 and 6 respectively. Now the

punch line is that the total circuit voltage gain in decibels equals

the sum of the individual amplifier voltage'gains in decibels, or 26

dB.

Use Figure 11 again and verify that the total ci%yit voltage gain ratio,

of 20 converts to a total circuit voltage gain of 26 dB.

t 4.1, !Ai.I
:LAIR, IsCo ii{ I:

s . .. s
Its 7:o,

I o
I ni. f:
L l2 '. 2,
:2. 2 1 ,
A 41 ;
1 5 4 :
t :I
: v s 4 .
2 4 7 ( .

2 i it
2 o 34
3 $1. t.

.2162it 62 IS
to 20 t;
17 76. 25 31622
31 .

Int- ..
' S. . S. ! Z... .

...
.

I 00 Qt. 1. OW, (.7,
311.1 . To I : 00.!_r.

SO. Olo 30 10 00. CO,
21, 630 A. 1, Ob.. 000 VA.

10o 000 10t 10. O'r 000.03^

Figure 11

DECIBEL CHART/GRAPH
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The total circuit'voitage gain in decibels for the.two cascaded amPli-

fiers shown in Figure 12 is

,INPUT

dB.

Figure 12

? dB OUTPUT

25 dB

(E1) You shave learned to convert voltage gain ratios and power gain

'ratios to decibels u§ing charts and graphs. You have also learnedto

. use decibels to find the total voltage gain in some simple circuits.

Now let's try a problem in which you will be combining power gain

ratios instead of voltage gaip ratios. The procedure is.the same. The

only difference is that power gain ratios convert to different decibel

numbers than do voltage gain ratios. The decibel conversion chart and

graph are repeated in Figure 13.

1

, 35
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RATIO DECIUELS
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DECIBEL CHART/GRAPH

20 IC 60
9660111.9

so so

Figure 14 shows a diagram of a circuit containing two cascaded amplifiers.

INPUT>1-1,-
POWER

GAIN 10
POWER

GAIN 2
TOTAL POWER GAIN= 20
TOTAL dB POWER GAIN = 13 dB

10 (POWER GAIN) X 2 (POWER GAIN) = 20 (POWER GAIN)
10 dB (POWER GAIN) +3 dB (POWER GAIN) = t3 da. (POWER GAIN)

Figure 14 \

CASCADED POWER AMPLIFIERS - POWER AND DECIBEL GAIN

The power gain ratio inelKigure 14 fnr the first amplifier is 10, and for

the second amplifier is 2. The total circuit power gait equals the product

of the individual amplifier power gains, or in this case a slain of 20. You

will notice that decibels can, also ple used to express

37 44
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this gain. Figure 14 alio shows that the decibel conversions for the

power gain ratios of 10 and 2 are 10 dB and 3 dB respectively. 'As an

exercise, verify the decibel conversions by using Figure 13. Remember

to read down the "power ratio" column on the dB chart; or read across

to the "power gain" didgonal line- on the dB graph. As you can see, the .

total circuit,power gain An decibels equals the sum of the individual

amplifier power gains. in decibels, or 13 dB. Use 'Figure 13 again and

verify that the total circuit power gain ratio of 20 converts to a

total circuit power gain'of13 dB.

The total circuit power gain in decibels for the two cascaded amplifiers

shbwn in Figure 15 is

INPUT

dB.

a

Figure 15

? dB..

15 dB

...

t

305

. N.

.0,
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P.I. Thirty: One-1

You have learned to convert voltage and power gain ratios to

decibels, and to combine decibels to find the total voltage and power

gain in some simple circuits. One other type of problem is quite

common. Suppose you are given an amplifier input, in terms of voltage

or'power, and are Iiso gifien the amplifier voltage orAwer gain

expressed in decibels. Your problem is to find the amplifier voltage

output or power output. To make it easy, let's first solve a problem

for voltage output. Figure 16 shows a diagram of a typical problem

involving voltage output.
1110

INPUT OUTPUT VOLTAGE =? VOLTS
'1 MILLIVOLT

VOKTAGE GAIN= 40 dB

Figure 16

VOLTAGE OUTPUT VS INPUT USING DECIBELS

39
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This amplifier has an input signal of 1 millivolt RMS, and a 40 dB

-voltage gain. What is the voltage output? The'answer is easy to find

by using the dB gain chart or graph shown in Figure 17.
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DECIBEL CHART/GRAPH

so

First find the 40 dB entry down the middle column of the dB chart. Now

read across to your left and find the voltage ratio related to 40 d4,

ifl this example equals 100. Now recall that a voltage ratio of

100 means that the ratio voltage output u100% Therefore, a little simple
voltage input

. math shows you that voltage output =.100 X voltage input. In this-example,

voltage output equals TOO times 1 millivolt, or 100 millivolts. You can

also solve this problem by using,.the dB graph. First find the 40 dB entry

along the horizontal axis. They read up until you find the "voltage gain"

diagonal line. Finally, read across to your left from that point and read'

the ratio value ,(that is, 100) found on the_vertical axis.

An amplifier has an input signal of 2 millivolts and a '20 dB voltage

gain. Using the dB chart or graph in Figure 17,'the voltage'output is

al0

20 milliyplts output

40 4 7
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A similar problem looking for power output is shown in Figure 18.

INPUT

10 MILLIWATTS

OUTPUT POWER = ? WATTS

P.G. = POWER GAIN = 30 dB

Figure 18

POWER OUTPUT VS INPUT USING DECIBELS

This amplifier has ail input signal of 10 milliwatts and a power gain of

30 dB. What is the output power? Again the solution is easy. First

find the 30 dB value on the dB chart of the dB graph in Figure 17. If you

use the dB chart, read across to your right to find the power ratio,
. !

which in this example equals 1000. If you -use the dB graph, read up

until you find the "power ,gain" diagonal line, and then read across to

your left to find the ratio value on the vertical axis. ilq, now know

that the ratio of output to input is 1000. Therefore the power output

equals 1000 x 10 millwatts or Mom mil liwatts. However, since

"milli" is the metric prefix for the ratio 1/1000, the most correct way

to state the power output would be 10 watts, which is 10,900 divided by

1000.

An amplifier has an input signal of 5.milliwatts and a 20 dB power

gain. ,Using the dB chart or graph in Figure' 17, the power output is

500 milliwatts (or .5- wattiT output

41
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P.I. Thirty fne-I

%(ii) THIS IS A TEST FRAME. ANSWER THE TEST QUESTIONS ANO COMPARE YOUR ANSWERS

WITH THE ANSWERS GIVEN AT THE TOP'OF THE PAGE FOLLOWING THE TEST QUESTIONS.

WHERE NEEDED USE THE DECIBEL CHART/GRAPH SHOWN IN FIGURE 19 TO FIND YOUR ANSWERS.
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DECIBEL CHART/GRAPH

30 40
OS Met 1.S

so S O

1. A voltage ratio of 100 converts to the same dB value as does a

power ratio of 100.

a: true
false

2. A voltage ratio of 1.40 converts to dB.

3. A power ratio of 4.0 converts to dB.

4. AmPlifiers A and R are wired in series (that is, cascaded) in a

circuit. Amplifier A has a voltage q(1111 of 30 dB. Amplifier 11 has a
`

'voltage gain of '10 dB. The total circuit amplifier gain. is dB.

0
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5. Amplifiers A and B are wired in series (cascade) in a circuit.

Amplifier A has a voltage gain ratio of 100. Amplifier B has a voltage

gain ratio of 2: The total circuit amplifier gain is

dB.

6. An amplifier has an input power of 10 mil liwatts and a power gain

of 3 dB. The output power for this amplifier is milliwatts.

t

P
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P.I. Thirty One-1

1. b. false

2. approximately 3 dB

3. 6 dB

4. 40 dB

5. 46 dB

6. 20.mi11 iwatts output

IF YOUR ANSWERS MATCH THE CORRECT ANSWERS YOU HAVE'COMPLETED THE PROGRAMMED
INSTRUCTION FOR LESSON 1, MODULE THIRTY ONE. OTHERWISE GO BACK TO FRAME 17
AND TAKE THE PROGRAMMED SEQUENCE BEFORE TAKING TEST FRAME 24 AGAIN. 4

AT THIS POINT, YOU MAY TAKE THE LESSOR PROGRESS CHECK. IF YOU ANSWER AL:.
SELF-TEST ITEMS CORRECTLY, PROCEED TO THE LESSON TEST. IF YOU INCOGcCTLY
ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS, THE CORRECT ANSWER PAGE
WILL REFER YOU TO THE APPROPRIATE PAGES, PARAGRAPHS, OR FRAMES sn THAT YOU
CAN RESTUDY THE PARTS OP THIS LESSON YOU ARE HAVING DIFFICULTY WITH. IF YOU
FEEL THAT YOU HAVE FAILED TO UNDERSTAND ALL, OR MOST, OF THE LESSON, SELECT
AND USE ANOTHER WRITTEN MEDIUM OF INSTRUCTION, AUDIO/VISUAL MATERIALS (IF
APPLICABLE), OR CONSULTATION WITH THE LEARNING CENTER INSTRUCTOR, UNTIL YOU CAN
ANSWER ALL SELF -TEST. ITEMS ON THE PROGRESS CHECK CORRECTLY.
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Narrative. Thirty One-1

NARRATIVE

LESSON 1

RF, IF; and Video AmpliAjer Characteristics

RF, IF, and video amplifiers have important functions in communication
and radar electronic equipment. An application in communication s
shown in the basic transmit-receive system diagram in Figure 1.

4.

6

Figure 1

TRANSMIT-RECEIVE SYSTEM

f

Information such as spoken words may be transmitted between two relatively
distant points' using highly amplified radio frequency energy waves containing
the information. A receiver then amplifies the desired radio frequency
signals and converts them into the original information that was transmitted.

Two major categories of information transmitted in'a system are audio and
video signals. Examples of these are shown in Figure 2.

-Audio Information Video Information

Voice Television Pictues
Music , . Radar
Code _

cigt;re 2

ELECTMIC INFORMATION

0

4653



)

Narrative Thirty One-1

This lesson describes some important operating characteristics of amplifiers.
In your study of resonance you learned that frequency response is expressed
as two numbers, the upper Fco (cut -off frequency) and lower Fco, while

. ba\ndwidth is expressed as the-frequency difference between these two
numbers. For example, an amplifier is said to have a frequency response from

MHz to 9 MHz but a bandwidth of ,1 MHz. Within theiriOency response of an
amplifier, the amplitude of the output signal is at maximum (or 100%) at the
center, or resonant frequency (Fo).-. The maximum amplitude at Fo equals the
amplifier input voltage at Fo multiplied by the amplifier gain. For example:

Amplifier 'Fo = 3 MHz

Amplifier ga;n = 5

Amplifier input at Fo = 2 V

Amplifier output at Fo = amplifier input x gain = 10 V.

Audi,o signals contain frequencies ranging from about 20 Hz to 20,000
Hz. lideo\signals contain frequencies ranging from about O'Hz to 6
MH;L. These two frequency ranges have an important effect on the
amOtifier,.circuits in transmitters and receivers. Amplifiers you
nave studied, in earlier modules were in,the audio frequency 'response
range, and wereLaesigned to amplify about equally well any signal
within that range. Amplifiers will still amplify input signals\
above and below the center frequency, but at less than maximum gain. 4

Figure 3. shows an amplitude curve of output voltages at various
input frequencies around Fo.

too LOWER fco UPPER V-

a

ot /

100%

70.7%

111 4,

OUTPUT
VOLTAGE

0

FREQUENCY 11!. 10

Figure 3

FREQUENCY RESPONSEr RVE
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Narrative Thirty One-1

The amplitude of the output voltage is at max mum (100%) at Fo, but is
reduced to 70.7%-of maximum at the upper and Niter Fco, or half-power
points. The half-power points indicate the two frequencies at which
the amplitudes of the output voltages are 70.7% of the maximum amplitude
at Fo.

These amplifier characteristics-can be presented in a freq4ricy response
curve as shown in Figure 4,

1.0V

.

**-
7V

OUTPUT Av.
VOLTAGE

ASV.

*V.

0

COF LOWER

.70 7V

coF UPPER

-r
OWN N4Hr 2MNs 31iNg 0YYNs Slims slogs nAms

FREQUENCY

Figure 4

FREQUENCY RESPONSE CURVE

Such curves wr,i1T be common in your study of electronics. In this
example, the maximum voltage output at Fo equals .1 volt input X a
gain of 10, or 1 volt. The output voltage at the half-power points
equals .707 volts. The two input frequencies which produce this
output voltage are 3 MHz and 4 MHz. Therefore, the frequency response
for this amplifier is 3 MHz to 4 MHz and the bandwidth is 1 MHz. Any
signal amplification outside of the frequency response is normally
considered an unusable output.
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Narrativ,e Thirty One-1

Radio frequency amplifiers may have just about any frequency response
characteristic and bandwidth within the frequency range from 30 kHz
to 300 GHz (6 is pronounced gigs and means 109). Untuned RF amplifiers
'amplify RF signals over a relatively wide bandwidth, whereas tuned RF
amplifiers amplify RF signals over a relatively narrow bandwidth. Tuning
of RF amplifiers is variable which allows you to choose the frequency to
be amplifted.within the frequency range. The amplifier selectivity will
amplify the chosen signal and exclude most others.

Intermediate frequency (IF) amplifiers are basically tuned RF
with fixed rather than variable tuning. IF amplifiers in AM receivers have
a relatively narrow bandwidth, which means that they are designed to pass
desired signals that are relatively close to their center frequencies. The
center intermediate frequency has a wide range of possibilities, but each IF
amplifier has a relatively narrow bandwidth when compared to its own center
frequency.

Figure 5 showsa list of common IF amplifier center frequencies, the
range of bandwidths, and typical electronic equipment applications.
The bandwidth and amplificatton characteristics of IF amplifiers make them
important in the selectivity, sensitivity, and gain of superheterodyne type
receivers.

IF (center frequency) Range of Bandwidths Application

455 kHz. 2:5-20 kHz FM/AM Broadcast
& Communication
receivers

4.5 MHz 100 kHz Television audio

10.7 MHz 10-200 kHz FM/AM Broadcast
and Communication
receivers

30 MHz

45 MHz

60MHz

1-10 MHZ

3-5 MHz

1-10 MHz

Figure 5

".Mil.itary and

Commercial Radar

Television Picture-
Vibeo IF

Military and
Commercial Radar

COMMON IF AMPLIIIER CHARACTERISTICS AND APPLICATIONS

P
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Narrative Thirty One-1

Video amplifiers, are untuned and usually have a frequency response from

about 0 Hz (DC) to near 6 MHz. They are used in equipment that require
amplification of waveforms that contain high and low frequency information
such as square or sawtooth waves. Some equipments that use video amplifiers
are radar, ,television and oscilloscopes.

One common way to express voltage or power amplifier gain is the ratio of

output divided by input. As an example, 1 volt output divided by .2 volts
input equals a gain of 5. Often it is useful to know the combined voltage
or power gain of several amplifiers in a circuit. In electronics, the 1
procedure for combining gains is greatly simplified by.first'converting
'each amplifier gain 'to a measurement unit called the decibel (dB). The

decibel equals 1/10 of a bel. The basic unit is named after Alexander
Graham Bell, and is called a "bel".

Voltage and power ratios, or gains, can be easily converted to.their
equivalent decibel (dB) value by-the useof charts and/or gra5hs. Figure 6

shows alypical dB chart and graph.
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Figure 6

DECIBEL CHART/GRAPH

Note that voltage ratios and power ratios convert to different decibel
values. To use the dB chart, locate the voltage or power gain you wish to
convert under the "voltage ratio" or "power ratio" column, and read across
to the decibel value in the center. To use the dB graph, first locate the
gain ratio along the vertical axis, and read across to the correct diagonal
line. Then read down to the decibel value on the horizontal axis. For

example, a voltage gain of 100 converts to 40 dB and a power gain'of 100
converts to 20 dE.
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Narrative Thirty One -1

Figure 2 shows a diagram of a circuit'containing two amplifiers connected in
series, or "cascaded". That is, the collector (plate) of the first stage is
connected to the base (grid) of the second stage.

INPUT

dB= 20 dB= G

10 (VOLTAGE GAIN) X 2 (VOLTAGE GAIN) * 20 (V OLTAGE GAIN)

'120 dB (VpLTAGE,GAIN) 4. 6 dB (VOLTAGE GAIN) = 26 dB (VOLTAGE GAIN)

TOTAL VOLTAGE GAIN = 20

TOTAL dB-GAIN J 26 dB

Figure 7

CASCADED VOLTAGE AMPLIFIERS VOLTAGE AND DECIBEL GAIN

The voltage gains shown in Figure 7 are 10 and 2, respectively. The total"
circuit. output voltage gain equals the roduct of the. individual amplifier
voltage gains, or 20 in this example. the individual amplifier voltage
gains are first converted to their-decibel values of 20 dB and 6 dB using .

the decibel charts/graphs, the total circuit output voltage gain in dB
aquals the sum of the individual amplifier dB' voltage gains, or 26 1B. the

decibil chaFf7graph verifies that:the total voltage gain .ratio- of 20 converts
to 26.dB.

elw

The same procedure is used to find the total power gain in cascaded circuits
as shown in Figure 8.

1NPUT>-I"
POWER

GAIN 10

POWER TOTAL POWER GAIN= 20
GAIN 2 r TOTAL de POWER GAIN =13 dB

10 (POWER GAIN) X 2 (POWER GAIN): 20 (POWER GAIN)

10 .019 (POWER GAIN) +3 de (POWER GAIN) = i3 de (POWER GAIN)

Figure 8

CASCADED POWER AMPLIFIERS-POWER AND DECIBEL GAIN.
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Narrative Thirty One-1

The power gains (PG in Figure 8) are 1D and 2, respectively. The total
circuit output power gain equals the roduct of the ir1dividual amplifier
gains (i.e., 20), or the sum of the in ividual amplifier dB gains (i.e.,
13 dB). Figure 6 again iTfies that the total power gain ratio of 20
converts to 13 dB.

Acather,common application of decibels is to find amplifier voltage
or power output siglnal levels, given the input signal and decibel gain.
Figure g shows a 4Aagram of a typical problem involving voltage output.

INPUT

1 MILLIVOLT

OUTPUT =? VOLTS

V.G.= VOLTAGE GAIR=40 dB

Figure g

VOLTAGE OUTPUT VS INPUT USING DECIBELS

This amplifier has an input signal of 1 millivolt RMS, and a 40 dB voltage
gain. Referring to the dB chart or graph in Figure 10, 40 dB converts back
to a voltage ratio of 100.. ThiS gain of 100 means that the output signal is
100 times greater than the input signal. Therefore, the voltage output
equals 1 millivolt X 100, or 100 millivolts.
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Narrative Thirty One -1'

Figure 11 shows e similar problem involving power output.

INPUT

10 IULLIWATTS

OUTPUT POWER =? WATTS

P.G. = POWER GAIN = 30 d8

Figure II

POWER OUTPUT VS INPUT USING DECIBELS

This amplifier has an input signal of 10 mitliwatts, and a 30 dB power gain.
Again referring to the dB chart or graph in Figure 10, 30 dB converts back
to a power ratio, of'1000. The power output equals 10 milliwatts X 1000, or
10,000 milliwatts,j)r 10 watts.

That sum up dB for this lesson. Of course.there are other applications for
dBs in electronics. You will learn more about these additional uses as you
continue your study of electronics. GOodluck:

AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. IF YOU ANSWER ALL
"SELF-TEST ITEMS CORRECTLY, YOU MAY TAKE THE LESSON TEST. IF YOU INCORRECTLY
ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS, THE CORRECT ANSWER PAGE
WILL REFER YOU TO THE APPROPRIATE PAGES, PARAGRAPHS, OR FRAMES SO THAT YOU
CAN RESTUDY THE PARTS OF THIS LESSON YOU ARE HAVING DIFFICULTY WITH. IF YOU
FEEL THAT YOU HAVEFAILED TO UNDERSTAND ALL, OR MOST, OF THE LESSON, SELECT
AND USE ANOTHER. WRITTEN MEDIUM' OF INSTRUCTION. AUDIO/VISUAL MATERIALS (IF
APPLIC4BLE), OR CONSULTATION WITH THE LEARNING CENTER INSTRUCTOR, UNTIL YOU CAN
ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY.
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Overview

i

. OVERVIEW
LESSON 2

RF Amplifiers

Thirty One-2 °

In this lesson you will learn the functions of RF amplifier components, '

and some important, operating characteristics of RF amplifiers. You will be
be to look at RF amplifier diagrams and identify the types and functions

of transformer couplings. You will understand how important the resonant
circuit property called "IQ" is to amplifier operation. You will become

familiar with the function of neutralization components. You will learn the
differences in operationtreen the classes of amplifiefs. You will

understand how thr tank c Cult flywheel effect shapes amplifier output
waveforms. You will become acquainted with the functions of the sweep
frequency generator, and .you will determine amplifier frequency response
curve characteristics using test equipment.

The learning objectives of this lesson are:

TERMINAL OBJECTIVE(S):

31.2.53 When the student completesthis lesson (s)he will be be to
IDENTIFY the component functions and operating characteristics of
RF amplifier circuits, including types of input and output
transformer coupling, factors affecting and affected by Q in
resonant circuits, response characteristics of different classes.
of amplifier operation, and one method for testing the frequency
response of an amplifier, by selectino statements from a''choice
of four. lnfr! accuracy is reouired.

ENABLING OBJECTIVE(S):

When' the student completes this lesson, (s)he will be able to:

31.2.53.1 IDENTIFY the components which accomplish tuning in a tuned,
transformer-coupled RF amplifier circuit, givena schematic
diagram, by selecting the.correct component(s) from a set of four
choices. 100% accuracy is required.

31.2.53.2 IDENTIFY the type of tuning (single, ganged, capacitive, inductive)
used in a tuned, transformer-coupled RF amplifier eircuit,given
a schematic diagram, by selecting the correct type from a choice
of four. 100% accuracy is required.

31.2.53.3 IDENTIFY or CALCULATE the effect-of changes in inductive reactance,
capacitive reactance, or resistance on the Q of a coil or tank
circuit, by selecting the correct statement or value from a
choice of four. 100% accuracy is required.
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31.2.53.4

Thirty One-

IDENTIFY or CALCULATE,the effect of changes in Q on the bandwidth

of a tank circuit, by selecting the correct statement or value

from a choice of four. 100% accuracy is required.

31.2.53.5 IDENTIFY the effect of loading on the Q of a tank circuit by

selecting the correct statement from a choice of four. 100%

accuracy is required.

IDENTIFY the function of components and circuit operation (including

neutralization of oscillation) in a tuned RF amplifier circuit by

selecting the correct statement from a choice of four. 100%

accuracy is required.

IDENTIFY the conduction time, operation, output waveforms, and

relative efficiency of class A, B, AB, and C amplifiers by selecting

the correct amplifier class, waveform, or statement from a choice

of four. 100% accuraq is reqUired.

31.2.53.6

. 31.2.53.7

31.2.53.8 IDENTIFY the effect of adding tuned tanks tatransistor outputs

(flywheel effect) on class AB, B, and C RF amplifier circuits by

selecting the correct statement from a choice of four.. 100%

accuracy is required.

'31.2.53.9 IDENTIFY the sweep frequency generator method of testing the

frequency response of an amplifier by selecting,the correct

statement from a choice of four. 100% accuracy is required.

31.2.53.10 MEASURE and COMPARE frequency response curve characteristics of

an RF amplifier, given a training device; circuit boards, test

2111 ,
: ,

equipment and proper tools, schematic diagrams, and a job program

containing references for comparison. Recorded data must be

within limits stated in-the job program.

O

A

1

BEFORE kOU START THIS LESSON, READ THE LESSON LEARNING OBJECTIVES AND PREVIEW

THE LIST OF STUDY RESOURCES ON THE NEXT PAGE.
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Study Resources

LIST OF STUDY RESOURCES
LESSON 2

RF Amplifiers

Thirty One-2

To learn the material in this lesson, you have the option of choosing,
according to your experience and preferences, any or all of the. following
study resources.

Written Lesson presentation in:

Module Booklet:

Summary
Programmed Initruction
Narrative

Student's Guide:

Summary
Progress .Check

Telonic 1232A Sweep Generator I.S.
Job Program Thirty-2 "RF AMlilifiers,and the Sweep Frequency Generator"

Additional Material(s):/-

Enrichment Material(s):

NAVSHIP 0967-000-0120 "Electronic Circuits" Electronics Installation
and Maintenance Book (EIMB) Naval Ship Engineering Center, Washington,
Er.: U.S. Government Printing Office 1965.

NAVSHIP 0967-LP-000-0130 "Tist Methods andtOractices"Electronics
Installation and Maintenance Book (EIMB) Naval Ship fngineering Center,
Washington, 077: U.S. Government Pr.:nting Offite 1970.

YOU MAY USE ANY, OR ALL, RTSOURCES LISTED ABOVE,- INCLUDING THE LEARNING
CENTER INSTRUCTOR; HOWEVER, ALL MATERIALS LISTED ARE NOT NECESSARILY REQUIREn
TO ACHIEVE LESSON OBJECTIVES. THE PROGRESS CHECK MAY BE TAKEN AT ANY TIME
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Summary.

SUMMARY.

LESSON 2

Thirty One-2.

RF Amplifiers

hmplifiers are called RF amplifiers only because they have untuned o'
tuned input and output coupling with a frequency response in the
RF range. Tuned coupling is more common because we .-.re usually interest- 4
ed in the RF amplifier's selectivity when we tun, to a specific station
ors a radio receiver.

Transfurmers can be made into tuned parallel resonant coupling circuits
by Placing a capacitor across either or both windings. An example
using tuned coupling transformers in a basic amplifier circuit is shown
in Figure 1.

411.1.1 .111Mr mINIm Mile

INPUT

C3

TUNING
4WD 41Mr

Qi

Figure 1

TUNED RF. AMPLIFIER

+Vcc

If all the resonant circuits are tuned to the same frequency, the,
signal. input to Q1 and signal output from T2 will be maximum at that
Fo.

-4
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Summary ,Thirty One-2

Amplifier selectivity is directly related to the number of circuits tuned to
;ne same frequency in the amplifier's signal path. This relationship is
stw. in Figure 2.

RESONANT FREQUENCY

ONE TUNED CIRCUIT

TWO TUNED nun
THREE TUNED CIRCUITS

FREQUENCY P.

Figure 2

RF AMPLIFIER FREQUENCY RESPONSE CURVES

The input and output couplinuanks-tah be variable tuned at the same time
if the capacitors or indueteVs are connected together, or "ganged". Figure
3 shows a circuit with ganged variable capacitors.

INPUT
TUNING

Figure 3

GANGED CAPACITIVE TUNING

60
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+VCC
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Summary Thirty One-2-

Capacitors maybe ganged by gears, pulleys, and. most often by a common
shaft.

. .

Figure.4 shows schematics and a pictorial view of an individual induc-
tive tuned RF transformer.

POWDERED IRON ALUMINIUM.
TUNING CORES SCREENING

PRIMARY
COIL

CAN

DAKELITE
--FORMER

AND RASE

SECONDARY
COIL -

. CONNECTING
PINS

Figure 4

INDUCTIVE TONED RE TRANSFORMER

-
PA1Ca 'TUNING
CApaciyOR

the primary and secondary windings can be independently .tuned. The
entire unit is completely enclosed within a metallic shield. This
device is very .common in radio receivers and transmitters.

Transformer coupling is inefficient for higher RF signals. To get
- around this problem,t:le modified coupling circuit in Figure 5 retains

the selectivity advantages of.the parallel resonant Circuit. Ca
provides additional coupling between Ll and L2.

t'

-0

C2

0

Figure 5

-A:APACITIVE COUPLED TUNED. TANKS;
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Summary Thirty One-2

The Q of,an inductor, tank, or loaded circuit expresses the relationships
betiieen inductive reactance (XL), capacitive reactance (XC), and
resistance (R). The Value Q, br quality, represents the ratio of
'=energy stored/energy used". Figure 6 shows the inductor equivalent
for XL and Rc (coil resistance).

XL: 500 .n.

Rc = '204

Figure 6

. INDUCTOR EQUIVALENT

The formula for Q of a coil is Qcoil g XL divided by Rc,or 25 in the example.

Figure 7 shows a simple LC tank circuit.

XL = 500 11

20 11

figui4 7

TANK CIRCUIT

Xc r. 500 II

. .

In the tank, bott; XL and XC are equivalent expressions for energy
stored. Thereft:re, the formula for Q of the tark is Qtank g XL (or XC)
aivided by Rc, or 25 in the example.
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Summary Thirty One-2

bandwidth can be determined by the formula BW = Fo divided by Q tank.
The relationship between the Q of a'tank and bandwidth ca,n be seen in
the tank circuit diagram and tank frequency response curve in Figure 8.

1000 kHz

UPPER Fo=

+Yee

,.

Figure 8

I V

.707V

1

k I

1 1 I

s' 4J______

!Me ..mmmll. MIIIMM MM.

LOWER Feo = IMO kHz

980 kHz
,
46.

TANK Q vs BANDWIDTH

0 FREQUENCY ---14 Fo 6-13W= 40 kHz..--41.

The figure shows a 40 kHz bandwidth. You can calculate the bandwidth
by plugging the circuit diagram values into the formula for Q and .

'bandwidth. In the example, Q equals. 25, and bandwidth equals 1000 kHz
divided by Q, or 40 kHz". The steep sides, or skirts, on the frequency
response curve indicate that the Q of the tank produces high selectivity.
If the coil resistance in the tank increases while XL, XC,.and Fo
remain constant, the Q wc.td lower and the bandwidth would widen. Coil

. resistance can be increased by winding coils of the same-XL with
smaller diameter wire.

Figure 9 shows a loaded'circuit which includes a tank, switch, and
parallel load (Rp).. _

XL
500A

Re
5n

Figure 9

LOADED CIRCUIT

63
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p = 510.
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suiiilitary Thirty One-2

When the switch is open, the Q of the unloaded tank is expresied by the
favnliar ratio XL (or XC) divided by Rc, or 100 in the example. When

tne switch is closed, the Q of the loader tank circuit is Q ckt = Rp
o Divided uy XL (or XC), or 10 in the example. The Q of the circuit will

:e lower when a load is placed on a tank than the Q of the tank without

4 load.. In wideband RE amplifiers, 'swamping" resistors sometimes are
placed across tank circuits to purposely lower the Q of the circuit and
widen the oandwidth.

Figure 16 shows a typical RF amplifier input stage in a broadcast band
radio receiver.

INPUT

-

/L1 L2

TUNING

Figure 1U

TYPICAL TUNED RF AMPLIFIER

VCC

K2 and k3 form a voltage divider to provide forward bias for Q1. C3

places the bottom of L2 at RE ground potential and ensures all signal
development is across L2. TI is a step -down transformer with the low
impedance winding L2 connected to the base of QI. This impedance match
provides for maximum energy transfer between the antenna and base of
ql, and also preserves the Q of the LI-CI tank.

;rte se:ec..tvity of ter* _Z-C2 are preserved in a limilar :inner:
The technique of sapping L3 provides a goad impedance match between the
collector of Q1 and tank L3-C2. Therefore maximum energy transfer occurs
between the output of Q1 and the input to the following stage. Notthat
Vbb and VCC are often one and the same source.

In Figure 10, tank L1 -C1 selects one of the many frequencies received by
the antenna. The signal then is coupled to L2, fed into the base of QI,
amplified, and coupled by T2 to the next stage.
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4

N

Figure 11 shows one of: the many different ways the..amplifier circuits .

inligure 10 can be drawn.

INPUT

OUTPUT

..111 111 .11"

TUNING

Figure 11

TUNED RF AMPLIFIER

41CHASSIS GROUND

(inc minor difference is that the tank L3-C2 in Figure 11 is grounded on
one side-allowing easy attachment of the capacitor frame to the chassis.

Transistors in tuned RF amplifiers have an internal regenerative
feedback circuit which may cause oscillation at the higher frequencies.'
This internal regenerative feedback path is shown in the shaded area
of Figure 12.

Figure 12

TRANSISTOR INTERNAL FEEDBACK
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Swmaary Thirty One-2

We can neutralize this internal feedback, and orevent oscillation, by connec-
ting an external feedback circuit which produces a voltage equal in amplitude
and onposite in polarity to the internal feedback voltage. Figure 13 shows
two types of amplifier neutralization circuits, each labeled Cn.

+Vcc

OUTPUT

Woe

Figure 13

TYPICAL NEUTRALIZING CIRCUITS

RF amplifiers are designed totake into consideration any "stray
reactances" .at high frequencies caused by the position of wires and .

components in relation to the chassis. The capacitances Co and Cin in

Figure 14 are examples of stray reactances.

+VBB+1/BB

off

Figure 14

STRAY REACTANCES IN RF AMPLIFIER CIRCUIT
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SUMMary Thirty One-2

You must be neat and cautious when you repair a circuit so that replaced
components will be positioned as they were before repair. Otherwise
you may cause a frequency change or oscillation.in the amplifier.

Anplifiers can be biased to operate either Class A, B, AB,.or C.
Figure lb shows the signal input, transistor conduction waveform and
time, and signal output for one cycle in Class A and Class B .common emitter
(CE) amplifiers with resistive loads.

Eia OV

1

360° ---11.1

IC

CONDUCTIONTIME -4

360° ---oJ

Figure 15

CLASS A OPERATION

E out vcs

I

. 1

I 1

t 1 -o 1

oV Ix- a.- o --- I VCC,

1

1

I 1

1

1

4.11111 MM. OPIM

360

'I

I CONDUCTION .,;(,.; ,4,;,1
I

I

I TIME --Po
1

I I i 1 I

r 360° el r.-- 360° ----1 1-0 360° --0-1
INPUT COLLECTOR OUTPUT

CURRENT
.

Figure 15

CLASS B OPERATION

In Class A amplifiers, the forward bias is set high enough so that the
transistor conducts over the entire input cycle. In Class B amplifiers,
the bias is set near zero which causes the transistor to conduct for
about half the input cycle. This produces a clipped, or distorted,
output signal. The reduced conduction time makes Class B amplifters,!:

more efficient than Class A amplifiers.
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I

Figure 16 .shows the operation for Class A8 and Class C amplifiers with
resistive' loads. .

.4

In'Class AB amplifierst,the bias is set to 'cause the transistor to
conduct for between lsou and 3600 of the input cycle. Class AB amplifiers

hdve less output distortiun, but lower efficiency, than Class 8 amplifiers.
....______.

1 IC 1
1

1 1
VCC-. 1 111

Thirty One-2

i

OV

1

1

. 1

1

I-' 360° --1-1

OM= wIN11.

I

1

1

0
CONDUCTION
TIME ---0. 3:000100.0We
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I
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L-- 360°--0J

INPUT COLLECTOR
CURRENT

Figure 16

CLASS AS OPERATION
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CLASS C OPERATIONS

In Class C amplifiers, the reverse bias causes the transistor to conduct
for about 120° of the input cycle.
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Class C amplifiers have the_greatest output signal distortion, but the
greatest efficiency of the four operating classes. Figure 17:shows an
application of a Class C amplifier circuit.

Ein

Figure 17

CLASS C RF AMPLIFIER

The actual output wave in Figure 17 is not the expected clipped wave
which is characteristic of Class C RF amplifier circuits. The flywheel
effect of the tank produces" a damped sine wave output signal for each current
pulse from the transistor. In Class C RF amplifier circuits, the tank
receives the current pulse as shown in Figure 18. .

E IN TO AMPLIFIER

AI PULSE TO TANK A A
...

E OUT FROM TANK

ir

Figure 18

TANK OUTPUT FROM CLASS C AMPLIFIER OPERATION
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The repeated current pulses change the damped output wave (shown by the
dotted line) to resemble the reasonably good sine-wave (shown by the
- solid. line). The flywheel effect is often used in Class AB, B, and C
RF/IF amplifiers to provide a non-distorted sine wave output,

Amplifier efficiency is inversely related to the amount of operating
power, and therefore, the amount of operating current. Class C ampli-
fiers are the most efficient, and are used in applications which
require large amounts of output power such as the final output amplifier
of a ratio transmitter.

One method to, test an amplifier's frequency response is to inject each
frequency value from a standard signal generator into an amplifier, and
then graph each output signal as displayed on an oscilloscope. A more
efficient and accurate test method is to use a sweep frequency generator
as input to the amplifier,'and xhen directly observe the frequency
response curve output on the ogcilloscope. The sweep frequency genera-
tor produces a variable FM signal that sweeps back and forth over a
.section of the frequency spectrum.

Figure 19 shows a typical sweep frequency generator/oscilloscope
set-up,

/SWEEP
FREQUENCY
GENERATOR

. ... .

VARIABLE R F

SWEEP VOLTAGE

FiguiT 19 -

FREQUENCY SWEEP

O'SCOPE

The variable frequency signals from the generator are fed to the
vertical input (Y) terminal of'the oscilloscope. The CRT produces a
rectangular display which,is 'a combination of the sine waves from the
input frequencies, and is often called a "frequency sweep". The
generator also produces a horizontal sweep sawtooth wave output that
is synchronized with the variable frequency output signal. The
horizontal sweep output is connected to the X terminal of the oscillo-
scope. Since the oscilloscope inputs are synchronized, the CRT display
is based on frequency and not on time.
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A typical CRT display is shown in Figure 20.

MHz
MARKER PIPS

11011111.11

Figure 20

FREQUENCY SWEEP WITH MARKERS

In the figure, the frequency marker pips show a sweep of 5 MHz on.
either side of an Fo of 5 MHz.

Fi'gure 21 shows a typical sweep frequency generator test set-up.

SWEEP
FREQUENCY
GENERATOR

VARIABLE
RF

O'SCOPE

Figure 21

SW:EP FREQUENCY GENERATOR METHOD
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In switch position 41, the CRT displays insert A. '.In switch position
thekrectifier-filter demodulator converts the CRT display, to the

frequency response curve in insert B.'

You will have the opportunity to use the-sweep frequency generator` in
the job program for this lesson. With this device, you will measure
the frequency response of an RP, amplifier in the NIDA trainer.

AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS ChECK. IF YOU ANSWER ALL
SELF-TEST ITEMS CORRECTLY, YOU MAY TAKE THE JOB PROGRAM. IF YOU INCORRECTLY
ANSWER ONLY A FEW OF TNE PROGRESS CHECK QUESTIONS, THE CORRECT, ANSWER PAGE
WILL REFER YOU TO THE APPROPRIATE PAGES, PARAGRAPHS, OR FRAMES SO THAT YOU
CAN RESTUDY THE PARTS OF THIS LESSON YOU ARE HAVING DIFFICULTY WITH. IF YOU
FEEL THAT YOU HAVE FAILED TO UNDERS?AND ALL, OR MOST, OF THE LESSON, SELECT
id) USE ANOTHER WRITTEN MEDIUM OF INSTRUCTION, AUDIO/VISUAL MATERIALS (IF
APPLICABLE), OR CONSULTATION WITH THE LEARNING CENTER INSTRUCTOR, UNTIL YOU CAN
ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK CORRFCTLY.

1
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PROGRAMMED ,INSTRUCTION
LESSON 2

RF Amplifiers

TEST FRAMES ARE 6, 11, 20, 29, 36 AND41.\PROCEEDTO TEST FRAME 6 FIRST

AND SEE IF YOU CAN ANSWER THE QUESTIONS. FOLLOW DIRECTIONS GIVEN AFTER

THE TEST FRAME.

(I) You know that radio frequency (RF) amplifiers are circuits commonly

used in most electronic equipments. Som4quip1ent examples are, radios,

television sets, and radars. All the information you learned about basic

amplifiers can be applied to, these circuits. For example, you can still

use PNP or NPN transistors in arty of the three basis configurations:

Common Emitter, Common Collector, or Common Base. In this lesson you

will take a closer look at the operation of the input, conversion, and

output sections of RF amplifier circuits.

40.......

no -esponse required

@ You recall that the bandwidth of amplifiers must be wide enough to

pass the highest information frequency.in the signal. For example, video

information requires a bandwidth of about 6 MHz, and audic information

requires a bandwidth of about 5 kHz. Now amplifiers are called RF

amplifiers only because they have a frequency response within the radio

frequency .range. The same basic amplifier can be set up to amplify .

whatever frequency response we desire: We change the frequency response

by modifying the input and output coilpling.

.73
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In amplifiers, we modify the input and output,

desired frequency responses.

to achieve

coupling

(1) We may use tuned or untuned coupling circuits in amplifiers. Tuned

coupling circuits are far more common, and will be covered later on in

this lesson. For now, look at Figure 1 and see if you remember this type

of circuit from your study of basic amplifiers.

Figure 1

BASIC RE AMPLIFIER

+Vcc

The coupling devices Ti and. T2 'are untuned, air-core transformers; They

will pass a wide band of radio frequencies. This would make the ampl,i:

Fier in Figure 1 an untuned RF amplifier.

The RE amplifier in Figure 1 is (tuned/untuned) which allows it to pass a

(wide/narrow) band of radio frequencies.

a. tuned, narrow

b. tuned, wide

c. untuned, narrow

d. untuned, wide

74
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d. untuned, wide

(2) When we amplify RF signaU, as in a radio receiver, we also are

concerned with selectivity. In other words, we want to amplify only the

frequency of the .radio station that we

actually two coupled inductors,we can

select. Since a transformer is

put a capacitor across either or

both windings, as shown,in Figure 2, to make the coupling circuit

selective.

a.

1E DbE Dc
Figure.2.

TUNED TRANSFORMER COUPLING

The capacitors parallel to the windings in 2 make the transformer

a parallel resonant circuit.

r

The capacitors in transformers a, b, and c, of Figure make these

circuits

a. parallel capacitive

b. parallel resonant

c. series resonant.

%untuned

b. parallel resonant
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0 If we put these transformers into our basic amplifier, we have the

circuit shown in Figure 3.

Figure 3

TUNED RF AMPLIFIER

4
Our basic amplifier now has an input and an output that are toned to .

specific frequencies. If both resonant circuits are tuned to the same

frequency, the input signal level to Ql and the output signal level from

T2 will be maximum at that resonant frequency (Fo). At frequencies above

or below the resonant frequency, these tuned circuits will develop less

than Maximum voltage to be coupled through transformer action. a

Which transforMer(s) in Figure 3 is/are tuned?

a. input only

b. output only

c. both input and output

d. neither input nor output

c. both.input and output

83
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(E) THIS IS A TEST FRAME. COMPLETE THE TEST QUESTIONS AND THEN COMPARE

YOUR ANSWERS WITH THE CORRECT ANSWERS GIVEN AT THE TOP OF THE PAGE

FOLLOWING THE QUESTIONS.

Study the diagram below to answer question 1.

k

+VBB

Q1

+Vcc

'Figure 4

1. Which. components tif this circuit make t a tuned RF amplifier?

a. Cl and .C2

b. Vgg and VCC

c. R1 and C3

d. Q1 and T1

2. RF amplifiers achieve desired frequency response characteristics by

the selection of the proper

a. transistors

b. coupling circuits

c. configura,tion (CB - CC - CE)

d. bias

'77
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1. a. Cl and C2

2. b. coupling circuits

IF YOUR ANSWERS MATCH THE COTT ANSWERS YOU MAY GO TO TEST FRAME.11,

OTHERWISE GO BACK TO FRAME 1 AND TAKE THE PROGRAMMED. SEQUENCE BEFORE -

TAKING TEST FRAME 6 AGAIN.

(2) When we addiore resonant circuits

signal path of ari RF Amplifier, we get

more selectivity). Figure 5 shows the

tuned circuits and frequency response.

RESONANT FREQUENCY

tuned to the same frequency in the

a narrower bandwidth (that is,

relationship between the number of

ONE TUNED CIRCUIT

TWO TUNED CIRCUITS

THREE TUNED CIRCUITS

, FREQUENCY fp

Figure 5

RF AMPLIFIER FREQUENCY RESPONSE CURVES

Adding sore resonant circuits tuned to the same. frequency increases the

of an RF amplifier.

selectivity

86
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(E) You know.thatW can amplify a desired frequency in an amplifier by

making the input and output coupling circ.its parallel resonant. We then

have a frequency selective .amplifier. However, our amplifier is now

tuned to only one. frequency. If we desire another frequency: we must

retune both the input and output coupling circuits. The problem is how

do we retune Without physically replacing components? Also, how can we

tune the input coupling at the same time as the output coupling?

Figure6 shows a diagramof one solution to the problem.

\\

INPUT -

Ti

+Ve8

. Figure 6

GANGED CAPACITIVE TUNING

0

OUTPUT

-0

-In-this circuit, the two tuned sections, or !tans", are both tuned for

high selectivity. Some circuits may have only one tankv but this decreases

anrlifier selectivity.. In the diagran,the arrows throuqh.CI and (.2 0104i)

th.!Z ttle-capacitors are variable. The dotted line connecting them,means

they also are mechanically connected toaether, or."ganqed".
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Capacitors may be ganged in any one of several ways such as by gears or by

pulleys. They are most often ganged by p common shaft as shown in Figure

7.

TWO INDIVIDUAL SECTIONS -EACH SECTION

IS AN INDIVIDUAL CAPACITOR AND ADJUSTS

THE FREQUENCY OF ONE TUNED CIRCUIT

COMMON SHAFT

Figure 7

TWO SECTION -AIR VARIABLE CAPACITOR

In Figure 7, a(1/2)section variable capacitor is ganged using a

(shaft /pulley.

2, shaft

. G) Figure 8 shows another way to retune, at, the same time, both the

input and output
,

coupling circuits in an amplifier.

3 TUNING

/ /

Ri

Qi C2

.11,
.1M1

Figure 8

+ Vce

GAN" D INDUCTIVE TUNING

In the diagram, the arrows through the windings in T1 and T2 mean that the

inductors are variable.
81
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Inductively tuned RF/Irtransformers are in common use in electronic

equipment. Figure 9 shows two schematics, and a pictorial view of an

individual inductive tuned RF transformer.

Thirty One-2

..... ,... .,..1, .1.,.. ....,

OR CANC

r

POWDERED IRON
TUNING CORES

Figure

PRIMARY
COIL -

SECONDARY
COIL

. CONNECTING
PINS

INDUCTIVE TUNED RF RANSFORMER

ALUMINIUM
SCREENING
CAN

BAKELITE
FORMER
AND BASE

SILVERED-
MICA TUNING
CAPACITOR

In both schematics, notice that' the capa itors are fixed. The pririary

and secondary windings are each single tuned by moving the powdered iron

cores inside the transformer coils with special non-metallic tuning wands

(see pictorial). The upper core tunes the primary winding, and the lower

core tunes the secondary winding. The entire unit is completely enclosed

within a metallic shield or can to prevent stray electromagnetic fields

from affecting the tuned circuits.

82
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The components which are variable in Figure 8 are the

a. capacitors

b. 'transformers

c. inductors

d. transistors

Thirty One-2

c. inductors

We have been talking about tuned transformer coupling, which is

very, good for many applications. However, the transformer's efficiency

is considerably reduced when we try to couple signals at the higher RF

frequencies. To get around thi=s problem, we can tr...e a coupling circuit

like the one shown in Figure 10.

igure 10

CAPACITIVE COUPLED TUNED TANKS

The coupling is done by capacitor C3. This type of coupling circuit

allows us to.keep the selectivity advantages of the parallel resonant

circuit.

. -

In Figure 10, coupling is done by component

83

96
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(E) THIS IS A TEST FRAME. COMPLETE THE TEST QUESTIONS AND COMPARE YOUR

ANSRS WITH THE CnRRECT ANSWERS GIVEN AT THE TOP OF THE PAGE FOLLOWING

THE QUESTIONS. .

1. If resonant circuit's tuned to the same frequency are added to an

amplifier, the bandwidth will

a. remain the same

b. become wider

c. become narrower

USE THE DIAGRAM BELOW TO ANSWER QUESTION 2.

Figure 11

2. The RF amplifier circuit in the diagram has
tuning.

'a. ganged capacitive,

b. ganged inductive

c. single capacitive

d. single inductive

91
84
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USE THE DIAGRAM BELOW TO ANSWER QUESTIONS 3 AND 4.

3. The RF transformer has

a. capacitive

b. inductive

4. The tuning in the primary and secondary-is

a. single

b. ganged

Figure 12

tuning.

92
85
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I. c. become narrower

2. b. ganged inductive

3. c. inductive

4. a. single

rt

IF YOUR ANSWERS MATCH THE CORRECT ANSWERS YOU MAY GO TO TEST FRAME 20.

OTHERWISE GO BACK TO FRAME 7 AND 'TAKE' THE PROGRAMMED SEQUENCE BEFORE

TAKING TEST FRAME 11 AGAIN.

(E) You have learned about inductive reactance (XL) and capacitive

reactance (XC), and how they are related in a resonant circuit. You also

are familiar with resistance (R). You now will learn some important new

applications of these properties.

In electronics, it is useful to express in measurable values the relation-

ships between properties of circu..s. For example, you are familiar with

out 1P.A
"gain" which is a measure of the ratio of input - Because a resonant,

circuit is so common in electronic equipment, it is often useful t(

express the property called "Q" of a resonant circuit and its components.

energy stored
c.1,Now Q, or quality, represents the ratio of energy used 11 ou

see in this ratio that Q becomes larger as the amount of energy stored

becomes larger, or as the amount of energy used becomes smaller.

The letter "Q" in G .anant circuit represents:

a. energy stored times ever, used

b. energy stored minus energy used

energy used
c. energy stored

d.
energy stored
energy used 93
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d. energy stored divided by energy used

(E) In this lesson, we are concerned with the Q of the /inductor (or

coil), the tank, and a loaded circuit. 'First we will talk about the Q of

a coil.

You know that all wire has resistance. Since inductors are made by

winding wires on a form, inductors have resistance. Therefore, inductors

have two oppositions to AC current flow, inductive reactance (XL) and coil

resistance (Rc). The Q of a coil is expressed as the ratio of inductive

reactance (energy stored) to coil resistance (energy used). The formula

XL

is Qcoil = Rc' Figure 13 shows the inductor equivalent for the two

components XL and Rc.

XL: 500 IL
--rrY191..asAmmo 0

RC 201L

Figure 13

INDUCTOR EQUIVALENT

500 ohms

In Figure 13, XL equals 500 ohms and Rc equals 20 ohms. The Q equals 20 ohms

or 25. A Q of 25 simplyjndicates that this coil has a 25 to 1 ratio of

reactance to resistance. The Q figure is useful in comparing one coil or

inductance with another.

Si
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The Q of a coil is the ratio of to

XL to Rc, (or inductive reactance to coil resistance)

(14 ) We now will talk about the Q of a tank in which 'the coil is a

component. Figure 14 shows a simple tank.

Figure 14

TANK CIRCUIT

= 5001E

In Figure 14, the tank is a resonant circuit containing a coil (L) and a

capacitor (C). Within these two components, XL is the inductive reactance

of the coil, XC is the capacitive reactance of the capacitor, and Rc is

the resistance of the coil. Energy is stored in the magnetic and electric

fields of the coil and capacitor. Energy is used in the form of heat

caused by resistance. Now in a resonant circuit, the inductive reactance

equals the capacitive reactance. Liirefore XC can replace XL in the

,expression for. Q. We can define the Q of this tank .as the ratio of inductive

or capacitive reactance to the coil resistance. The formula is

Qtank = s :' or XC

Rc Rc

500 ohms
The tank in Figure 14 has a Q equal to XL or.

RERc c
, which equals 20 ohms-'

or 25.

88
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What is the Q of a tank with Rc equal to 10 ohms and IL equal to 100 ohms?

10

Resonant circuits in electronics are seldom found in the isolated

situation we have just Used to present the principles of Q. Tanks are

found in circuits connected to other components aid devices. These

external co onents and devices load the tank and affect the tank circuit.

We will to k about some of these affects in a later frame. Nov: we are

interested in some useful applications of Q.

/An important application of Q in a tank circuit is the relatiobship

between the Q of a tank and bandwidth (BW). You remember that a narrow

bandwidth is related to good selectivity, or the ability to select a
1"--

desired frequency and reject others. We can say that a high Q tank has a

narrow bandwidth, and therefore, produces good selectivity. The rel9 i46-

ship-between bandwidth and Q of tne tank is expressed in the formula

Fo

Bandwidth (BW) You can see .from this formula that as Q of

the.tank increases, the bandwidth around the resonant frequency (Fo)

becomes narrower.

The relationship between bandwidth, Fo, and Qtank is expressed in wh.,n

formula?

a.. BW Stank
Fo

b. Bv Fo

Qtank

c. 8W r- Fo x Qtank

d. .BW = Fo Qtank

89
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.
b. Bw Fo

Qtank

'INPUT

Figure 15 shows both a diagram of a tank circuit, and the frequency

response curve for the tank.

XL
500.(1

RC
20 SI

I -7,

.70 IV

OUTPUT

+Vcc

0
0 FREQUENCY _4 F6 = 40 k Hz

1000t.kHz

UPPER No=
LOWER Fco =

1020 kHz
980 kHz

Figure 15

TANK Q VS BANDWIDTH

In Figure 15, the has a iesonant frequency (Fo) of 1000 kHz, a

frequency response of 980 kHz to 1020 kHz, and a bandw,idth of 40 kHz.

Now you can calculte the bandwidth by plugging values into the formulas

for both Q'and bandwidth. From Figure 5, Q'of the tank equals XL (or XC)

Rc
or 500 ohms, or U. SinceFo equals 1000 kHz, the bandwidth equals

Fo
ohms

kHz

Qiank'
or ' or 40 kHz. In Figure 15, notice that the

frequency response curve at the upper and lower Fco points has steep

sides, Or skifts. :-Tit+s indicates that the Q of this tank produces high

selectivity.
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A tank circuit with an Fo of500 kHz and a Q of 10'has a bandwidth equal

tOs

50 kHz

Now let's examine the tank circuit. diagram and frequency response

curve shown in Figure 16.

INPUT
X

500.a

RC

50 ft

+Vet

IV

.707V
OUTPUT

.7.
LOWER CO:

950. k Hz

IOW kHz

UPPER Fco
1050 kHz

I
3 1

I

I, I

4

0
0 FREQUENCY Fo

14-13W-01
100 kHz

Figure 16

TANK Q VS BANDWIDTH

The only value difference on the tank diagrams between Figures 15 and 16

is that the coil resistance (Rc) is increased from 20 ohms to 50 ohms.

The Q of the tank in Figure 16 now equais 500 ohms, or 10. Since Fo
50 ohms

still equals 1000 kHz, the bandwidth now equals 1000 kHz, or 100 kHz. You
10

can see that Q changes as resistance changes. It is obvious from the

previous examples that an increase.in the resistance in series with a

tank produces a decrease in Q, and also a wider bandwidth.

WesitAande in tank circuits is related to the resistance of the coil wire

and any other series resistance. The resistale of the coil ell be

determined by the diameter of the wire used to make it. Thus coilA with

91' 98
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-the same inductive - reactance (XL) but made with larger wire, Should have

a smaller resistance, and higher Q. Coils with the same XL but made with

smaller wire, should have a larger resistance, and.a_lower Q. t.

In a tank; an increase in Rc produces (an increase/a decrease) in Q of

the tank.

a decreSte

(E) You have learned to apply Q to tank circuits. Now you will learn to

apply Q to a loaded circuit in which the. tank is a part. Figure 17 Shows

a loaded circuit which includes a tank, a switch, and a parallel load.

{Rp}.

p

XL
500 A

Xc

Rc 50011

SWITCH

5.11

Figure 17'

L04005 CIRCUIT Q

ps 51(011

it

The resonant tank in Figure 17 relates Q to a practical circuit. The Q

of the tank with the switch open -is calculated by a method with which jeu-

are familiar, and equals 500 ohms, ar 100. However, when the switch
5 ohms

is closed, the tank will deliver energyto the parallel load which is

.
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expressed as the parallel resistance, Rp. Now the tank is not isolated

any more,' but becomes part. of the total loaded circuit. Therefore, when

the switch is closed, we are interested in the Q of the circuit. The

important "point is that the Q of the circuit will be lower when a load is

placed on a tank than the Q of the tank without a load.

When a load is placed on a tank, the Q of the circuit will be (higher/lower)

than the Q of the unloaded tank.

A

lower

..----"

(E) Figure 18 again shOWs the loaded tank circuit from Figure 17.

XL
50 OIL

R e
511

.

.

SWITCH
S---

Figure 18

LOADED CIRCUIT Q

Rp = SK 11

4

The formula for the Q of the loaded tank circuit is expressed as Qckt = oror 132!
. YL YC

This formula is different fror the formula for 0 o4 a tank. !1.1 Figtire

18, XL equals XC which equals 500 ohms, and Rp-- equals- 5.kilohmi. The Q
.

of the circuit with the switch closed equals 5 kilohms, or 10.
SWOT-WE-

93
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Remember that the 0 of the tank with the switch oben equals 100.

Therefore, you can see that the loaded tank circuit has a lower Q, and

a wider bandwidth, than the unloSded.tank,circuit.. In wideband RF

amplifiers, resistors sometimes are placed across tank circuits to-

widen the 'Andwidth. Resistors that are used to lower the Q of the

circuit and widen bandwidth are called "swamping" resistors. rn narrow-

band RF amplifiers, circuits, are designed to preserve the Q of the

'tank.

In a tank circuit, resistors may be placed in parallel in order to

(increase/decrease) the bandwidth.

O

increase

(E) THIS IS A TEST FRAME. CDMPLETE THE TEST ClibESTIONSAND COMPARE YOUR

ANSWERS WITH THE CORRECT ANSWERS GIVEN AT THE TOP OF THE PAGE FOLLOWING THE

QUESTIONS.

I. In an inductor, XC is 2000 ohms and Rc is 50 ohms. The Q of the

coil is

2. .Coil A has a Q of 10 and coil B has a Q of 20.- Each coil is used

stn bdifferent tank circuit with the same Fo. Which tank circuit has

the wider bandwidth?

a. tanks circuit using coil A -

b. tank circuit using coil B

101' 94
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3. Complete the formula: Qtank =

a. Rc

b. Rc x RL

ec. XL--
TrE

d. XL + RL
Rc

Thirty One-2

4. In a'tank, the.To is 5 MHz and the Q is 100. The bandwidth is

5. The loaded tank has a Q and bandwidth

an unloaded tank.

a. lower, wider

b. lower, narrower

c. higher,' wider

0. higher, narrower

. -95

102



P.I. Thirty One-2

I. 40

2. a. tank circuit using coil A

3. c. XL /Rc

4. 50 kHz

5. a. lower, wider

IF YOUR ANSWERS MATCH THE CORRECT ANSWERS YOU MAY GO TO TEST FRAME 29.

OTHERWISE, GO BACK TO FRAME 12 AND TAKE THE PROGRAMMED SEQUENCE BEFORE

TAKING TEST FRAME 20 AGAIN.

(E) The circuit shown in Figure 19-is a typical RF amplifier inputt stage

in a broadcast band radio receiver.

TUNING

L2

3

,
R2'

INPUT

I

Qi

C4 1

7

+VCC

+ V813
I CONVERSION I OUTPUT

Figure.19

TYPICAL TUNED RF AMPLIFIER

You are familiar with the biasing and stabilizing components, and with

the ganged capacitive tuning. You will now lecomefamiliar with the

function of components not already discussed..

96

x43.



P.I. Thirty One-2

In Figure 19, R2 and R$ form a voltage divider to provide forward, bias

for Q1. C3 places the bottom of L2 at RF ground potential and ensures'

all signal development is across L2. T1 is a step-down transformer with

the low impedance winding L2 connected to the base of Ql. This impedance

match provides for maximum energy transfer between the antenna and base

of Ql, and also preserves the Q of the LI,C1 tank.

Maximum energy transfer between-antenna and the base of Q1 is provided by

the low :impedance winding of .

LL

In Figure 19, both the Q and selectivity Of ti-litank 13-C2 are

preserved in a similar manner. The collector of QI is connected to a tap

on L3. This technique provides a good impedance match between the
.

collector of Q1 and the ,tank L3-C2. Therefore maximum energy transfer

occurs between the output of Q1 and the input to the following stage. Of

/
course R1 and C4 make up toe familiar/emitter stabilization resistor and

bypass capacitor. 'fou should note that VBB and Vcc often are one and the

same source.

\

In Figure 19,, the Q and selectivity of tank L3 -C2 are preserved by a I

connection between the of Q1 and a on L3.

I
I

collector; to i

IV
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Now let's trace a signal through the entire amplifier, shown again

in Figure 20, to see how it operates.

TUNING

INPUT
+V881

CONVERSION j OUTPUT

C4.

I

7

+vcc

Figure 20

.TYPICAL TUNED RF AMPLIFIER

First, a number of received frequencies are present as an input to the

antenna pircuit. When we tune L1 -C1 to the frequency we wanf, that

frequency will be developed by the tank. since the tank,is tuned, it

will develop maximum voltage at that frequency only. The signal'it then

coupled by transformer action to L2. Our desired frequency is fed into

the base of Q1 and amplified. This amplified signal is.then passed to

the next amplifier through the coupling transformer T2. We achieve

additional selectivity by tuning the primary of T2 in tank L3-C2.

Therefore, we tan'say that this RF amplifier has a relatively narrow

bandwidth.

It

105"
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In Figure 20, the tuned signal is coupled to L2 by

Thirty One-2

transformer action

Look carefully at Figure 21 and compare it to Figure 20.

INPUT

VC C

/.. flo O.. 41 :
TUNING

C2

Figure 21 4

TUNED RF AMPLIFIER

0
L4

OUTPUTPIE

T2
diiCHASSIS GROUND

The circuit in Figure 21 is another way of drawing the circuit in Figure

20. At first glance they may appear different to you. After some study,'

you should see the similarities. Often In your electronics career, you

will see what first appears to be a strange circuit. However,. on closer,

examination, it' will be juit a different way of drawing a common circuit.
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One minor difference between the tio circuit's is that the tank L3 -C2 in

Figure 20 is.grounded on one ide. The circuit. arrangement as drawn in

Figure 21 providesan'eay/Way to place tank capacitor C2 on chassis

ground. Chassis ground connections can be an advantage with large,

variable, air capacitors which have large metal frames for easy

chassis mounting. This technique also reduces hand-capacity effects

when tuning the capacitor.

How are identical circuits in different diagrams drawn?

a. always the same,

b. sometimes differently

b. sometimes differently

25 RF amplifis may have some osinor problems. One,problem that

Sometimes occurs with RF amplifiers is that they may tend to oscillate.

This tendency increases as the amplified frequency increases. You may

easily understand this principle if you recall your study of basic 4

oscillators (Module 22). There you learned that an oscillator,is nothing.

. more than an amplifier, a tuned tank, and a regenerative feedback circuit'

connected asin Figurve 22.

Figure 22

BASIC OSCILLATOR CIRCUIT
101
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Now we will gOod.look at the schematic diagram of an RF' amplifier

circuit shown in Fi9ure.23.

A
r 7 'r 1

d
i

0 I

INPUT I

o L_

+VIO

B

L .
IMID mak. .10m IMID MY. .

÷VCC

Figure 23

RF AMPLIFIER SECTIONS

1
o

1 .

OUTPUT

-0

In.the figure,.the outlined area "A".is the tank circuit. The,outlined

area "B" is the amplifier circuit. Aeive added a regenerative feedback

we would have an RF oscillator:

Figure 23, the section misstpg that would Rake the diagram an RF

oicillator is the regenerative

I, feedback

Transistors in tuned0 amplifiers have.a built in, or internal,

feedback circuit which can cause oscillation problems. The feedback'is

caused by the design of the transistor. Figure 24 shows the way the

transistor looks electrically when it is amplifying a signal.

109 "2



I

P!. Thirty One-2

Figure 24

TRANSISTOR INTERNAL FEEDBACK

The shaded area on side "A" represents. some of the-internal resistances
u*

and.capacitances of an operating transistor. Side "B° represents the

transistor diagram as you normally see it. The internal feedback is

caused den part of the signal at the collector is passed the base of

the transistor. The result is that the tuned RF amplifier tends to

oscillate near the resonant ,frequency of the tuned tank.

Transistors have a built in circuit which makes them tend to

oscillate in RF amplifiers.

feedback
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(2) Wiwant an RF amplifier to amplify rather than to oscillate. To

prevent oscillation, we can supply another feedback circuit which is

external to the transistor. If this feedbadk is exactly equal in voltage

and opposite in polarity to the internal feedback, the two feedbacks will

cancel each other. No oscillations will occur because we have neutralized

the amplifieesiendenc34 to oscillate. The circuits in Figure 25 show

two ways an amplifier. can.be.neutralized. The negtralization component

is labelled Cn.

+Vcc .

is

Figure 25

TYPICAL NEUTRALIZING CIRCUITS

A transistor's internal feedback can be cancelled by adding a

component.

neutralization (or neutralizing)

104
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At high frequencies, even a straight piece of wire has some of the

characteristics of an inductor or capacitor. When an engineer designs

anRFamplifier, he takes these "stray reactances" into consideration.

The major concern for you to remember when working with RF circuits is

"neatness and caution". Wires should not be physically moved.' A

repaired circuit should be made to look *as nearly as possible like the

original circuit.. Just moving a wire a. small amount may-change the Fo

of an amplifier by several kHz or make it oscillate. An example of the

effect of stray reactance is shown in the amplifier circuit in Figure

26.

+VBS. "+ Vas

Li

INPUT Co Cier
1

4
I +VCC

R6 k

OUTPUT

+Vcc

Figure 26

STRAY.REACTANCES IN RF AMPLIFIER CIRCUIT

The capacitances (Co and Cin) shown with dotted lines represent the

0

accumulation of 'reactances due to the position of wires and components in

relation to the chassis. These stray capacitive reactances are shown

across the signal pdth.and directly influence amplifier gain.

If you move wires or components in an RF amplifier-circuit, you may cause

stray to change the Fo of the amplifier or make it oscillate.

reactances
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(ED THIS IS A TEST FRAME. COMPLETE THE TEST QUESTIONS AND THEN COMPARE

YOUR ANSWERS WITH THE CORRECT ANSWERS GIVEN AT THE TOP OF THE PAGE

FOLLOWING THE QUESTIONS.

USE THE DIAGRAM BELOW OF A TYPICAL TUNED RF AMPLIFIER CIRCUIT TO ANSWER

QUESTIONS I AND 2.

TUNING

+VEIB

Figure 27

L3 L4

43
GOUTPUT

2

VCC

1. Which component places the bottom of L2 at RF ground potential?.

a. R2

b. R3

c. C3

d. T1

2. The tap on L3 provides a good impedance match between the collector

of QI and

a.

b.

c.

d.

C2

L3-C2

RI

L4

PI 3
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3. A common RF amplifier circuit may be drawn ways).

a. one

b. two

c. five

d. many

4. Neutralization components are placed in RF amplifier circuits to

a. reduce heat buildup in circuits

. b. prevent amplifiers from becoming oscillators

c. increase the Q of coupling transformers

d. increase the bandwidth of resonant tanks

5. You can best eliminate the effect of stray reactances during circuit

repair by

a. adding compensating reactances to the circuit

b. shielding replaced components

c. retuning any affected LCcompanents

d. replacing components as they were before removal

og.

107 114
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1. c. C3

2. b. stank L3-C2
. .

3. d. many

4. b. prevent' amplifiers from becoming oscillators

5. d. eeplacing compontntt as they were before removal

IF ALL YOUK ANSWERS MATCH GO TO TEST FRAME 36. OTHERWISE, GO BACK TO

FRAME 21 AND TAKE THE PROGRAMMED SEQUENCE BEFORE TAKING TEST'FRAME 29

AWN.

You have learnedthat amplifiers car; be biased to.opirate either

Class A or Class B. We will now continue our discussion about clasies of

amplifier operation. Figure 28 shows the operation of Class A amplifiers.

Ein OV

4.

360°.0.1

CONDUCTION
TIME -.-11.

A

366°

Figure 28

CI ASS A OPERATION

E out vcE

41,

1

I 1

1-4-- 360°

Ili ti figure, the left diagraM labelled °Ein° is the input signal

vult ye waveform for one cycle, or 360 °. The center diagram labelle °1c"

include's both the collecar'currAnt waveform and a.bar chart of transistor

108
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'.conduction time. The right diagram labelled "E out" is the amplified

output voltage waveform... The output waveforms are from a CE transistor

amplifier using a collector load resistor. In Class A amplifiers, the

transistor conducts for the entire duration of the input cycle, or

360°. 4

In the center diagram of Figure 28, the bar chart shows the duration of

time the transistor 'conducts during one cycle of the input signal. This

tame diagram also shows that Class A amplifiers have forward bias, and

therefore will conduct even-When no input signal is present. An important

feature of Class A amplifiers is that the bias is set high enough so that

conduction will occur over the entire input cycle. Not ice that the

output signal is 1800 out of phase with the input signal. This is a

typical output from common emitter amplifiers.

Class A amplifiers conduct for jpart/a111 of the input cycle.

all

109
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Eigure.29,shows t e operation-of Classi amplifiers.

F 360°
INPUT

CONDUCTION
TIME OP

1

360°---.1
COLLECTOR

CURRENT

Figure 29

CLASS B OPERATION .

VCC

Thirty One-2

r--- 360° el
OUTPUT

In Class B amplifiers, the transistor conducts for half the duration of

the input cycle, or 180°. In the center diagram of Figure 29, the bar

chart, shows that the transistor conducts for half of the cycle. Notice

that Class B amplifiers have near zero bas which causes the transistor

to cut off.

In Figure 29, the out:ut waveform is clipped for 180° due to no transistor

conduction. Therefore,. the clipped output signals of Class B amplifiers

are distorted when compared to -the output signals of Class A amplifiers.

However, Class B amplifiers are more efficient due to the reduced conduction
...

time we will discuss, more about. efficiency tria later fru*.

Class B amplifiers conduct for. (half/all) of the input cydle.--
. .

TO f,

117
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A third class of amplifier combines the best features of both clast

A and B amplifiers, and is Class AB. Figure 30 shows the operation of

Class AB amplifiers.
1 IC I 1

1
I

1
vcc

0 V

-1

I.

I. 360° .--1 1. 3600-1-1
:...INPUT .

.
COLLECTOR

Figure 30 ..

CLASS AB OPERATION

0

CONDUCTION
TIM E

oeio3 0 - C
c.o.* o.c.3

1

1 1

1-4 360° PA
OUTPUT

In Class AB.amplifiers, the transistor conducts for a longer duration

than in Class lidamplifierss but for a shorter'duration than Class A amplifiers.

In the center diagram of Figure 30, the bar chart shows that the transistor

-conducts for one complete half - cycle, and for parts of the other half-cycle.

Notice that the bias in Class AB amplifiers-is set to cause the transistor

to cutofflfor less than half of the input Cycle.' The.output-waveforM'in

Figure 3U is.clipped off slightly, and 'is less distorted than for Class B

amplifiers. The efficiency of:Class AB amplifiers is between Class A and

Class B amplifiers.

Class AB amplifiers. conduct for

a. all

b. half

c. between half wand

d. less than half

of the input cycle.

c. 'between half and all.

III
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The concluding_class of amplifier biasing is Class C. Figure 31

shows the operation of `Class C amplifiers.

V

1

1

360°
1

INPUT

IC

'0

, CONDUCTION.
---TIME

1

VCCI

L.___ 360°--0-1

COLLECTOR
CURRENT

Figure 31

CLASS C OPERATION

1

re--360°
-6-1

OUTPUT

In Class C amplifiers, the transistor conducts for the shortest duration

of the-four amplifier classes;_ In the center diagram of Figure 31, the

bar chart shows that the transistor conducts for.less than a half of the

input cycle, or about 120°. Class C amplifiers are reverse biased which

causes the transistor to cutoff for over half of the input cyCle. The

output waveform in Figure 31 is the most distorted of. all amplifier

classes. However, Class.0 amplifiers are also the most efficient because

they conduct for the shortest time duration.

4

The transistor in Class amplifiers conducts for less than half of

in input cycle.

r
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ODIt doesn't look like the voltage and current outputs of Class C

amplifiers would do much good, does it? Now kt's look at: an actual

circuit in Figure 32, and see how Class C bias is used.

Eln

4

Figure 32

CLASS C RF AMPLIFIER

In the figure'yeu can see the reverse bias on 0 as -VBB. Therefore,

you would expect the output signal to resemble class C as .shown in Figure

31. However, as shown in Figure 32 the output signal actually looks-like

an. amplified version of the sine-wave input signal.

The reason for the modification becomes clear when you apply some facts

you already know. Remember that when you put a pulse into a tank, the

flywheel effect causes the tank to oscillate for a short. time., The tank's

output resembles the "damped" sine wave shown in'figure 33.

PULSE + TANK = DAMPED OUTPUT WAVE

Figure 33

FLYWHEEL EFFECT

113
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The outpu frequency will be the resonant frequency of the tank. In a

Crass C amplifier, the tank will get a current pulse from the transistor

collector one time for each'input cycle. You just learned that these

pulses occur above the transistor cutoff, near an:input signal peak.

Figure 34 shows the effect of Class C amplifier operation on tank output.

E 1N TO AMPLIFIER

PULSE TO TANK

E OUT FROM TANK

A

Figure.34

TANK OUTPUT FROM CLASS C AMPLIFIER OPERATION

In Figure 34, the first current pulse starts the tank oscillating. If

there were no more pulses, the tank flywhee1 effect would make the tank

output resemble the dotted lines. However, thg4tal be another pulse

on the next cycle when th-e transistor conducts. Therefore, the next

current pulse will Make the tank output actually resemble a reasonably

-good sine wave as shown by the solid lihe. The flywheel effect is often

used in Class,AB, 8 and C RF/IF amplifiers to provide a non-distorted

sine wave output.

In Class C amplifiers, the output from a resonant tank resembles a good 4

sine wave oecause of the tank's effect.

flywheel

14:

21
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Ws will now continue our. discussion on efficiency of the amplifier

operatk classes. Efficiency relates to the amount -of AC power output

comparbd to the DC input power of an amplifier. Amplifiers which
F.
YP

req6iie mote DC power to produce -the same AC output power are less

efficient. You_khow that power-equals "current x voltage." Therefore,.

amplifier:, which require-more oper:.ting current need2more power, and

dbless.efficient;Class A amplifiers have a continuous current Clow

through their transistors, and are.the least efficient toOperate.-

Both Class AB and d amplifiers use less current and power than Class A

amplifiers, and are more efficient to operate. Class C amplifiers use

the least amount of current anci.00wer, and are the most efficientto

.operate. Because of their efficiency, Class C amplifiers are' used in

applications where large amounts of output power are required, such as

the final output ampiifier of a radio transmitter. A large amount of
la

power is produced because the transistor is not conducting for most of

the output waveform, and the tank'supplies the output voltage and

current.

Class amplifiers use the least amount of operating power.

C

THIS IS A TEST FRAME. CCIPLETE THE TEST WESTIONS AND WHEN

COMPAREAOUR ANSWERS WITH THE CORRECT ANSWERS GIVEN AT INE: TOP OF THE /

PAGE FOLLUWING*THkiVESTIONS.

4
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USE THE DIAGRAMS BELOW SHOWING THE INPUT AND OUTPUT WAVEFORMS OF FOUR

AMPLIFIER CLASSES OF OPERATION TO ANSWER QUESTIONS I THROUGH 4.

Ein OV

1

ELI OV

2.

r 360°

Ir

E in OV

3.

Ein OV

4,

1

360°

.1=11 mow .IM

H 360° 0-1

360°

c

0

CONDUCTION
TIME No

r»-- 360° si

E out

IC

Eout

CONDUCTION
TIME

is

0

CONDUCTION
TIME --III,-

IC

360°-1.-

d
360°--0-1

1

CONDUCTION Ir :% 4oev.pope aoiee4*ee
PV°gTIME --O s ocr ooco a :oeo a o

360° 6.1
1,23Figure 35.

116
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I. Diagram 1 shows the operation of class amplifiers..

a. A

b. B

c. C

d. AB

2. Diagram 2 shows the operation of class amplifiers.

a. A 1

b. B

c. C

d. AB .

3. Diagram 3 shows the operation of class amplifiers.

a. A

0. B

c. C

d. AB

4. The least efficient class of amplifier operation is class

a. A

b. B

c. . C

d.* AB

5. Current flows through the transistor during the entire input cycle in

class amplifiers.

a. A

b. B

c. C

d. AB

117
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1. b. B

2. c. C

3. d. AS

4. a. A

5. a. A

IF ALL YOUR ANSWERS MTCH GO ON TO TEST FRAME 41. OTHERWISE, GO BACK TO

FRAJIE 30 AND TAKE THE PROGRAMMED SEQUENCE BEFORE TAKING TEST FRAME 36

MAIN.
r

In the first lesson in this module, you learned that amplifiers must

amplify signals in the'audio or video freqUency range. Therefore, you

must be.able to'determine whether an amplifier is actually amplifying the

required frequencies. We now will discuss a method to test the frequency'.

response of any amplifier. Figure 36 shows a diagram of one test method.

SIGNAL

GENERATOR

SCOPE 0
U

P

V4RT.

Figure 36

NAHUM. FREQUENCY RESPONSE CURVE

FREQUENCY
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The test equipment includes a.standard signal generator and an oscilloscope.

To perform the test, you first set the signal generator to exact frequency

values within the frequency range of thtest amplifier. The amplifier's

output is then measured-on the oscilloicope. In Figure 36, the height of

the vertical line on the oscilloscope's CRT shows the-Amplitude of the

output from the amplifier at one test frequency. You can plot a graph of

the vertical lines for all test frequencies as shown in the figure. You

then get a frequency response curve by connecting the top of the vertical

lines on the graph witWT smooth curve.

In Figure 36, the image of the oscilloscope represents the

of the signal output at any input frequency.

/ amplitude

The test-method previously described is slow work. It is also

inaccurate because you guessed At the shape of the curve between test:

f lquencies when you drew the graph. A far better test method is to use

a pieceof.test equipment called a sweep frequency generator. A sweep

frequency generator is a special type of frequency-generator. It is

capable of producing an output signal that varies back and forth over a

section of the frequency spectrum. For example, it can be set to generate

a frequenCy band from 5 to 15 MHz. This means that the svieep frequency

generator would produce all frequencies within the 5-15 MHz 'range, but

not at the same time. Rather, the generator,"sweeps" across the frequency

spectrum like a broom sweeps across the floor. The changing frequency

119 126
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sioal 1$ often called a frequency modulated (FM) signal which is so

popular in high fidelity radio broadcast.

hue sweep frequency generator produces a sawtooth voltage waveform output

and an RE output which varies at d Sch./WOO rate. the sawtooth voltage

waveform is fed to an internal RF oscillator and controls its frequency.

The most negative portion of the sawtooth causes the output from the

oscillator to be at its lowest frequency. As the sawtooth goes positive, the

frequency of the oscillator increases. At the most positive portion of the
.

sawtooth the oscillator will produce its highest frequency. Thus the output

of the sweep frequency generator "sweeps" across the frequency spectrum at a

sawtooth rate.

Figure 37 shows a typical sweep frequency, generator/oscilloscope set-

up.

.

SWEEP
FREQUENCY
GENERATOR

O'SCOPE

SWEEP VOLTAGE

Figure 37

FREQUENCY SWEEP

In the figure, the variable frequency signals from the generator are fed

to the vertical input (Y) terminal of the oscilloscope. The CRT produces

a rectangular display which is a combination of the sine waves from the

many input frequenciei.

120
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-ActUally, the display would show each sine wave if the output frequency

of the sweep generator were slow enough. An important point to remember

is that the display produced from the sweep generator is different from

the normal scppe display you have studied. The display from the sweep

generator is based on frequency instead of on time, and is often called a

"f requency weep".

4 .-

The rectangular display on an oscilloscope produced by the input from a

sweep frequency generator is based on (time/frequency).

frequency

(E) Figure 38 again'shows thg sweep frequency generator/oscilloscope

set-up.

SWEEP
FREQUENCY
GENERATOR

O'S\COPE

SWEEP VOLTAGE

Figure 38

FREQUENCY SWEEP

You recall that variable radio frequencies (RF) are ,input into the Y

terminal of the oscilloscope. The CRT displays the amplitude of all

(--"
frequencies within the range you have chosen. We now will briefly

discuss how the horizontal frequency sweep is produced.

)

The sweep generator has circuits which generate a linear sweep signal:

Tnis output is called a sawtooth sweep voltage.
.

121
k 128
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The sweep generator is designed so that the sawtooth horizontal sweep

voltage also determines thivariable radio frequency (RF) output

signal. In Figure 38, the sweep generator's horizontal sweep (sawtooth

wave) uutput is connected to the Wizontal plates of the oscilloscope

through the X terminal. Since the inputs to the oscilloscope's X and Y

terminals are synchronized, the CRT display will be based on frequency,

and not on time. A typical dfsplay is shown in Figure 39.

*.

MHz
MARKER PIPS

1011Vtir
Figure 39

FREQUENR SWEEP WITH MARKERS

Tne pips on the frequency sweep in Figure 39 are the result of marker

frequencies added to.the variable radio frequency signal. Technicians

use markers to set the desired limits on the variable frequency signal

coming from the sweep generator. A wide range of marker frequencies is

usually available to allow precise settings of the sweep. generator

variable frequency output about a center frequency. In the example in

Figure 39, the sweep generator is sweeping frequencies from 0 to about

1U MHZ. In, other words, the seep is 5 MHz each side of the center
frequency of 5 MHz.

629
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. -
In a sweep- generator, a sawtooth sweep voltage generates the

on the CRT. c

Thirty One-2

horizontal sweep

(E) Nowlet's use the sweep-frequency generator to test the frequency

response curve of an amplifier. Figure 40 shows a typical test set-up.

. SWEEP
FREQUENCY
GENERATOR

O'SCOPE

MEP FREQUENCY GENERATOR METHOD

In this test method, the sweep generator is used to produce a band of

frequencies that varies back and forth over the amplifier's frequency

range. The amplifier will then amplify the variable input frequencies

according to its ability at .Any point in the frequency spectrum. The

result of this amplification is shown in insert A of- Figure 40. Although

this display does provide some indication of the amplifier's response, it

is not-the smooth curve desired.

'in the figure, notice d two-position switch. In position #1 as shown, you

get the display in insert A. If the switch is placed in .r.Jsition#2, you

get:the desired smooth frequenCy response curve (shown in-B). The rectifier-

filter

123
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combination placed in the circuit is called a "demodulator". This test

method permits direct observation of amplifier frequency response curve.

You will have the opportunity to use the sweep frequency generator in the

job program for this lesson. With this device, you will measure the

frequency response of an RF amplifier in the NIDA trainer.

The test method using a sweep frequency generator allows you to directly

observe the frequency of amplifiers.

response curves

THIS IS A TEST FRAME. COMPLETE THE TEST QUESTIONS AND THEN COMPARE
.

-

YOUR ANSWERS WITH THE CORRECT ANSWERS GIVEN AT THE TOP-OF THE PAGE

.FOLLOWING THE QUESTIONS.

I. A characteristic of a sweep frequency generator is a

frequency output.

a. single

1). variable

2. Which test equipment allows you to directly observe an amplifier's

frequency response curve?

a. YOM

b. DVM

c. sweep frequency generator

d. 'standard RF signal generator

3. The marker pips on a sweep signal generator display are ,used to indicate

div(sions of

a. time

b. frequency

c. amplitude'

ild31
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1. D. variable

2. c. sweep frequency generator

3. b. frequency

f IF YOUR ANSWERS MATCH THE CORRECT ANSWERS YOU HAVE COMPLETED THE PROGRAMMED
INSTRUCTION FOR LESSON 2, MODULE 31. CONGRATULATIONS: OTHERWISE GO BACK TO
RAW 37 AND TAKE THE-PROGRAMMED SEQUENCE BEFORE TAKING TEST FRAME 41
AGAIN.

AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. IF YOU ANSWER ALL
SELF-TEST ITEMS CORRECTLY, PROCEED TO THE JOB PROGRAM. IF YOU INCORRECTLY
ANSWER ONLY A FEW Df THE PROGRESS CHECK QUESTIONS, THE CORRECT ANSWER PAGE
WILL REFERYOU TO THE APPROPRIATE PAGES, PARAGRAPHS, DR FRAMES SO THAT YOU
CAN RESTUDY THE PARTS OF THIS LESSON YOU ARE HAVING DIFFICULTY WITH. IF YOU
FEEL THAT YOU HAVE FAILED TO UNDERSTAND ALL, OR MOST, OF THE' LESSON, SELECT
AND USE ANUTHERWRITTEN MEDIUM OF INSTRUCTION, AUDIO/VISUAL MATERIALS (IF
APPLICABLE), OR CONSULTATION WITH THE LEARNING CENTER INSTRUCTOR, UNTIL YOU CAN
ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS-CHECK CORRECTLY.
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NARkATIVE

LESSON 2

RF Amplifiers

Radio frequency (RF) amplifiers are circuits commonly used in electronic
piiu including radios, television sets, and radars. All, the

information you learned about basic amplifiers can be applied to these
circuits. You can still use PNP or tPN transistors in any of the three
configurations: common emitter, common collector, or common base,

*Amplifiers are called RF amplifiers only because they have a - frequency

response within the radio frequency range. The frequency response is
determined by modifying the input and output coupling which maybe
tuned or untuned. Tuned coupling is more common, and will:Ili-cbvered
later,in this lesson.

An untuned basic RF amplifier diagram is*shawn in Figure I.

TI

Figure 1

BASIC AMPLIFIER

The coupling circuits T1 and T2 are untuned, aircore transformers
which pass a wide band of radio frequencies.

When amplifying RF signals, as in a. radio receiver, you want to amplify
only the frequency of the desired radio station. Therefore, you are

concerned with the amplifierls,selectivity. Since a transformer. is actually

two coupled inductors, you.can put a capacitor across either or both windings,

as shown inligure 2, to make the-coupling circuit selecti e.
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*Figure 2.

- TUNED TRANSFORMER COUPLING

Thirty One-2

C.

The capacitors parallel to the windings in Figure 2 make the transformer
a parallel resonant circuit.

Placing the coupling transformers from Figure.2.into the amplifier of
Figure 1, will produce the tuned amplifier shown in Figure 3.

Ti

ic3

INPUT

+V88 Figure 3

TUNED RF AMPLIFIER

+Vcc

The amplifier in Figure 3 has input and an output that are tuned to

specific frequencies, If all the resonant circuits are tuned.to the
same frequency, the input signet level to Q1 and the output signal
level from T2 will be maximum at that resonant frequency (Fo). At

frequencies above or below Fo, these tuned circuits will develop less
than maximum voltage to be couplidthrough transformer action. If more

resonant circuits tuned to the same frequency are added in the signal
path of An RF amplifier, the result is a narrower bandwidth (that is,

1281 35
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wore selectivity).' Figure 4 shows the relationship between the number
of tuned circuits and frequency response.

RESONANT PREOUENCY

"ONE TUNED CIRCUIT

Two. TUNED CIRCUITS

THREE -TUNED CIRCUITS

FREQUENCY-6-

Figure 4 .

RF AMPLIFIER FREQUENCY RESPONSE CURVES

We have Shown amplifiers tuned one frequency.. The Problem how to
retune bath the input and'-utput coupling circditsAat the same' time?
Figure 5 shgds a diagram of one solution.

TUNING

I

Ill CI T2

C3

t

Qi

Figure 5

GANGED CAPACTIVE TUNING

+Vcc

OUTPUT

In Fitpe 5, the. two tuned sections, or "tanks ", are path tuned which
provides high- selectivity. The arrows through Cl end C2 mean that the
capacitors areNvariable. The dotted line means they are mechanically

4
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connected together, or "ganged ". Capacitors may be ganged by gears, by
pulleys, and most often by a common shaft as shown in Figure 6.

t.

TWO INDIVIDUAL SECTIONS-EACH SECTION

IS AN INDANDUAL CAPACITOR AND ADJUSTS

THE FREQUENCY OF ONE TUNED CIRCUIT

COMMON SHAFT

Figure 6

TWO SECTION-AIR 'VARIABLE CAPACITOR

Another method to retune both input and output coupling circuits is
shown in Fiore 7.

TUNING
4. ob. .11.

-0

OUTPUT

+VB$

Figure 7

GANGED INDUCTIVE TUNING
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In Figure 7, the arrows through the windings in Ti and 72 mean that the
inductors are variable, and the dotted line means they also are ganged.

Figure 8 shows two schematics-and a pictorial view of an individual inductive
tuned RF transformer.

10- ii

co_i_T_Ht
...

OR
}CAN

Figure 8

POWDERED IRON
TUNING CORES,

PRIMARY
COIL

SECONDARY
COIL

ALUMINIUM

SCREENING

BAKELITE
----FORMER

AND BASE

CONNECTING
PINS

INDUCTIVE TUNED RF TRANSFORMER

SICVEREO -
MICA TUNING
CAPACITOR

. .

...) In the figure, the primary and secondary windings are each tuned by moving
the powdered iron cores inside the transformer coils with special non-metallic
tuning.wands. The entire unit is completely enclosed within a metallic
shield or can to prevent stray electromagnetic fields from effecting the
tuned circuits.

Transformer coupling has many applications. However, transformer coupling
efficiency is considerably reduced at higher radio frequencies. Figure 9
shows a coupling method which gets around this problem.

Figure 9

CAPACITIVE COUPLED TUNED TANKS
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Coupling capacitor C3 provides low reactance path 10 thr sOnal and tlins
retains tree selectivity advantages of the double-tuned parallel resonant
coupling circuit.

In electronics, it is useful to express in measurable values the relatioriships
between such resonant circuit properties as inductive reactance (XL),
capacitive reactance (XC), and resistance (R). One important property
derived from these relationships is called "Q", or quality, of a resonant
circuit. The value Q represents the ratio of energy stored/energy used. In

this lessm we are concerned with the Q of the inductor (or coil), the.
tank, and a loaded resonant circuit.

Inductors Have internal resistance since they are made of wtre. Therefore,
two oppositions to AC current flow in inductors are XL and coil resistance
(Rc). The Q of a coil' is expressed as the ratio of XL (energy stored) to 'Rc'
(energy used).- The formula is: Q coil = XL divided by Rc.

Figure 10 shows a diagram of the inductor equivalent for XL and Rc.

XL= 500 A
O eVYY1--wmAr--0

RC : 201E

Figure 10

INDUCTOR EQUIVALENT

by apptying the formula for Q of a coil, Qequals 500 ohms divided by 20
uhms, or 25. The Q is useful in comparing one coil or inductance with
another.
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01.

The Q of k tank is very similar to the Q of a coil. .Figure II shows a
simple tank.

Figure 11

'TANK CIRCUIT

Xe = 50011

The tank is a basic LC resonant circuit with the properties of XL, XC,
and Rc. Energy is stored in the magnetic and electric fields of the
coil and capacitor. Energy is used or dissipated in the form of heat
due to resistance. In a resonant circuit, the capacitive reactance
equals the inductive reactance. Therefore, XC can replace XL in the
expression for Q. The formula is Q tank = XL (or XC) divided by Rc.
The Q of the tank in Figure 11 equals 500 ohms (capacitive or inductive"
reactance) divided by 20 ohms, or 25.

An important application of the Q of a tank is the relationship between
Q and bandwidth (BW). The formula for bandwidth is BW = Fo divided by
Q tank. 'The formula indicates that as the Q of a tank increases, the
bandwidth about a.center frequency becomes narrower. A high Q tank has
a narrow_bandwidth, and therefore produces good selectivity (rejects
adjacent frequencies).

The relationship between the Q of a tank and bandwidth can be shown
using the tank circuit diagram and related tank frequency response
curve in Figure 12.

1-__Illie IV

500A
XL( .

.

OUTPUT

11. Omma Er

707V 980 kHz 'fb.
LOWER Po =

2 II

Re I 50011

0 0

Figure 12

TANK Q vs BANDWIDTH

1000 kHz

UPPER Pco=1020 kHz

0 FREQUENCY; IsBW: 40 kHz
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In the figure, the tank has a 40 kHz bandwidth. You can calculate the
bandwidth by plugging the circuit diagram values into the formula for .

both Q and bandwidth. The Q of the tank equils XL (or XC) divided by
Rc or 500 ohms divided by 20 ohms, or 25. The bandwidth equals Fo

divided by Q tank, or 1000 kHz divided by 25, or 40 kHz. In the
figure, the frequency response curve at the.upper and lower Fco points
has steep Ades, or skirts. This indicates that the Q of this tank
produtes high selectivity.

If Rc is increased in the circuit shown in Figure 12 from 20 ohms to 50
ohms, the tank circuit diagram and tank frequency resonse curve are as
shown in Figure 13.

kL
50041

RC

,5on

xc
5001E

1V
LOWER Fco

kHz;91.9 z ;a
'-

OUTPUT 707V
-1..'

1 I I 1

o
i `.

.4-
0 FREQUENCY R..

14- BW -*I
100kHz

MINIM

1000 kHz

UPPER Fco =1050 kHz

11ipb

Figure 13

TANK Q vs BANDWIDTH

By applying the formulas, the Q of the tank in Figure 13 equals 10, and

the .bandwidth equals 100 kHz. The increase in Rc has produced a tank'
with a lower Q and a wider bandwidth.

Resistance in tank circuits is related to the resistance of the coil
wire aed any other series resistance. Coils with the same XL made with
larger diameter wire should have smaller resistance, and higher Q, than
coils made with similar diameter wires*.
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We now will apply Q to a loaded resonant circuit in which the tank is a
part. Figure 14 shows a loaded circuit which includes a tank, switch
and parallel load (Rp).

SWITCH

Figure 14

LOADED TANK CIRCUIT Q

Rpat 5K II

In the Figure, the tank is unloaded when the switch is optn. The Q of
the unloaded tank equals the familiar XL (or XC) divided y Rc, or 100.
The tank is loaded when the switch is closed, and delivers energy to
the parallel resistance,.4. The important point is that the Q of the
circuit will be lower when a load is piat7ed c a tank than the Q of the
tank without a Mir

The formula for the Q of a loaded tank circuit is Q ckt = Rp divided by
XL, or Rp divided'by XC. In Figure 14, XL equals XC which equals 500
ohms, and Rp equals 5 K ohms. the Q of the circuit equals 5 K ohms
divided by 500 ohms, or 10. Since the Q of the unloaded tank was 100,
the loaded tank circuit has a lower Q, and a wider bandwidth, than the
unloaded tank. In wideband RF amplifiers; "swamping" resistors sometimes
are placed across tank circuits to purposely lower the Q of the circuit
and widen the bandwidth.
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Figure 15 shows a typical RF amplifier input stage in a broadcast
band radio receiver.

/
/

I L3 L4

L

Li L2 ,,

d ,

_,

,
,

,

I

Ti i I C4 I

, -
R21

I

R3 1
I I

I
.

I

TUN LING

+VBB
INPUT I CONVERSION I OUTPUT

VC C

T2

Figure 15

TYPICAL TUNED RF AMPLIFIER

The function of the circuit components will now be discussed. In

Figure 15, R2 and R3 form a voltage divider from VBB to ground to
provide forward bias for Ql. C3'places the bottom of L2 at RF ground
potential and enst.res all signal development is across L2. T1 is a

step-down transformer with the low impedance winding L2 connected to
the base of Ql. This impedance match provides for maximum energy
transfer between the antenna and base of Ql, and also preserves the.Q
of the.L1-C1 tank.

Both the Q and selectivity of the tank L3 -C2 are preserved in a similar
manner.. The technique of tapping 13 provides a good impedance match
between the collector of Q1 and the tank L3 -C2. Therefore maximum
energy transfer occurs between the output of Q1 and the input to the
following stage. The components RI and C4 make up the emitter stabiliza-
tion resistor and bypass capacitor. Not that VBB and VCC often
are one and the same source.

In Figure 15, tank 1.1-C1 is tuned to select one of the many frequencies
received by the antenna. This signal is transformer coupled by T1 into
the base of Ql. The amplified signal is coupled by T2 to the next
amplifier. We achieve additional selectivity by tuning the tank in the
primary circuit of 12. .
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There are many different ways to draw circuits. Figure 16 shows
another way to draw the RF amplifier circuit shown in' Figure 15.

R2

Li

INPUT

C4

QI
L4

Ti
R

OUTPUT

m .. ..,b ..,b m I1Mi

'TUNING

Figure 16

TUNED RF AMPLIFIER

T2
-4CHASSIS GROUND

One minor difference betwqen the two diagrams Is that the tank L3-C2 in
Figure 16 is grounded on one side thus allowing one side of the capaci-
tor to be attached directly to the chassis.

RF amplifiers sometimes tend to oscillate as the amplified frequency
increases. Transistors in tuned RF amplifiers have an internal regenera-
tive' feedback circuit which may have caused this oscillation. The
shaded area in Figure 17 represents the internal regenerative feedback path
of an operating transistor.

Figure 17

TRANSISTOR INTERNAL FEEDBACK
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We can neutralize this oscillatiOn by connecting an external feedback'
circuit which is exactly, equal In voltage and opposite in polarity to
the internal feedback. figure 1:8 shows two ways an amplifier can be
neutralized. The neutralization circuit is labelled Cn.

/c;'`

+Vcc

Figure 18

TYPICAL NEUTRALIZING CIRCUITS

RF amplifiers are designed to take, into consideration any " stray
reactances" which may result at high frequencies. An example of the

effect of stray reactances is\shown in Figure 19.'

Figure 19

STRAY REACTANCES IN RF AMPLIFIER CIRCUIT

The capacitancei Co and Cin represent the accumulation of reactances
due to the position of wires and components in relation to the chassis.-

. When you reflair a circuit, you must be neat and cautious so that
replaced components will be.positioned as they were before repair.

Otherwise you may cause a frequency change or oscillation in the
amplifier.
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Amplifiers can be biased to operate either Class A, Clasy II, Class AS,
or Class C. Figure 20 shows Class A amplifier operation.

.1

i I

I I

1-0-- 360° 0.3

INPUT

IC

01

CONDUCTION
TIME

Lam. 3600

COLLECTOR
CURRENT

Figure 20

CLASS A OPERATION

vcz

I I

I-4 360 °---,..I

OUTPUT

In the figure, the left diagram is the input signal voltage for one
cycle. The center diagram includes both the collector current waveform
and a bar chart of the transistor conduction time. The right diagram
is the amplifier output voltage waveform from a CE transistor amplifier
using a collector'load resistor. In Class A amplifiers, the transistor
conducts for the entire duration of the input cycle. The forward bias
is set high enough so that conduction will occur over the entire input
cycle. The amplified output waveform is a non-distorted image of the
input waveform.
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Figure 21 shows Class B amplifier operation.

OV
1

1

1

1
1+

36d°

INPUT

IC

Thirty One-2

1

0 . VCC

CONDUCTION
TIME --sp. I

3600---.1

COLLECTOR
CURRENT

Figure 21

CLASS B OPERATION

OUTPUT

In Class B amplifiers, the transistor conducts for half,the duration of the
input cycle. The bias is set near zero which causes the transistor to cut
off and to produce a clipped, or distorted, output signal. Class B amplifiers
are more efficient than Class A amplifiers due to the reduced conduct4vo time.

Figut;e 22 shows Class AB amplifier operation.

OV

l*

1 1

360°

INPUT

IR ic

CONDUCTION
TIME ----

I.

1
1

I VCC

1

d
Ls 360°-0-1

COLLECTOR
CURRENT

Figure 22

CLASS AB OPERATION

1
I -

I. 1
. ,

1-.1.360°

OUTPUT

In Class AB amplifiers, the transistor conducts between 180° and 360° of the
input cycle. The conduction time is greater than for Class B, and less Von
for Class A amplifiers. The bias in Class AB amplifiers is set to cause, the
transistor to cut off for less than half of the input cycle. Class AB
amplifiers have less output distortion than Class B amplifiers, but also are
less efficient than Class B amplifiers due to the increased conduction

time. -5
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Figure 23 shoWs Class C amplifier operation.

In Class C amplifiers, the transistor conducts for about 11200 of the

input cycle.- The reverse bias causes the transistor to-cut off for

over half of the input cycle. Class C amplifiers have the greatest

output signal distortion, but are the most efficient .to operate because .

they have the shortest conduction time.

Figure 24 shows an 'application of a Class C amplifier circuit.

Figure 24-
,

CLASS .0 RF AMPLIFIER
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Ihe reverse bids 04 Q4 is shown as -V88. The,expected output wave
is shown in Fiyire 23, and the actual output wave is shown in Figure
24. The modified output'wave is caused byithe flywheel effect of the
tank. A single pulse put into a tank produces the "damped" sine wave
shown in Figure 25.

1

PULSE + TANK = OAMPED. OUTPUT WAVE

Figure 25

FLYWHEEL EFFECT

In class C operation, the tank will get a current pulse from the
transistor collector one time for each input cycle as shown in Figure
2u;

IN TO AMPLIFIER

I PULSE TO TANK --A

E OUT FROM TANK

Figure 26

1.

TANK OUTPUT FROM. CLASS C AMPLIFIER OPERATION

The repeated current pulses change the damped output wave (shown by the
dotted line) .to resemble the reasonably good sine Wave (shown by the solid
line). The flywheel effect is often used in Class AR. B, and C RF/IF
amplifiers to provide a non-distorted sine wave output,

Amplifier efficiency.ihereases as the 'amount of DC operating power decreases.
Since operatihg'power is directly related to operating current, the.efficiencY
of each amplifier class is affected by the transistor conduction time. .2°

Class A amplifiers have continuous transistor conduction, and are the least
efficient to operate: Class C amplifiers are the most efficient to operee,,
and are used in applications which require large amounts of output power

such ds the final output amplifier of a radio transmitter.

143
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One method to test the frequency response of an amplifier includes a
standard signal generator and an oscil.loscope as shown in Figure 27.

SIGNAL

GENERATOR

3

Figure 27

SCOPE 0
U

ZRT.

MANUAL FREQUENCY RESPONSE CURVE

0 - \-/
FREQUENCY 61.-

The signal generator is manually set to exact frequency values.
theheight of the vertical line on the CRT shows the amplitude of the -

amplifier's output signal at one test frequency. You get a frequency
response curve by drawing a smooth curve connecting the top of each
line, for a number of different input test frequencies.

A more efficient and accurate method to test the frequency response of
an amplifier is to use a sweep frequency generator. It,produces a
frequency modulated (FM) signal that varies back and forth, or sweeps,

over a section of the frequency spectrum. Figure 28 shows a typical
sweep frequency generator/oscilloscope set up.

SWEEP
FREQUENCY
GENERATOR

Figure 28

FREQUENCY SWEEP

O1SCOPE

oThe variable frequehcy signals from the generator are fed-to the
vertical input (Y) terminal of the oscillwoope. The CRT produces a
rectangular display which is a combination of the sine waves from the
many input frequencies. 'The display,f7rom the sweep.generator.is ba'ed
on frequency rather than onetime, and is often called a "frequency lt
sweep".
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A second generator output is called a sawtooth sweep voltage. The
sweep generator is designed so that the sawtooth horizontal sweep
voltage also generates the variable frequency output signal. In Figure
28, the sweep generator's horizontal sweep (sawtooth wave) output is
connected to the horizontal Rlatei of the oscilloscope through the X
.terminal.

,Since the inputs to theoscilloscope'sX and Y terminals are synchronized,
the CRT display will be based onlrequency, and not on time. Typical

display is shown in Figure 29.
1 MHz

MARKER PIPS

Figure 29

FREQUENCY SWEEP WITH MARKERS

The pips on the freqUency, sweep are the result of marker frequencies
added to the sweep frequency signal. A wide range of marker frequencies
are usually available to allow precise control of the sweep generator
output frequency. In Figure 29, the sweep is 5 MHz each side of the
center frequency of 5 MHz.

1!15
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Figure 30 shows a typical sweep frequency generator test set-up.

SWEEP
FREQUENCY
GENERATOR

VARIABLE

citeoPE

SWEEP
VOLTAGE

Figure 30

SWEEP FREQUENCY GENERATOR METHOD

The sweep frequency generator sweeps a band of frequencieover the
amplifier's. frequency range; When the switch is in position #1, as
shown in Figure 30, the amplifier'soutput resembles insert A on the.
CRT. When the switch is in position #2, the rectifier - filter demodu-
lator is placed into the circuit and converts the amplifier output to
resemble insert B on the CRT. This test method permits direct observa-
tion of amplifier frequency response curves.

You will have the opportunity to use the sweep frequency generator-in
the job program for this lesson. With this device, you will measure
the frequency response of an RF amplifier in the NIDA trainer. .

AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS. CHECK. IF YOU ANSWER ALL
SELF-TEST ITEMS CORRECTLY, PROCEED TO THE JOB PROGRAM. IF You INCORRECTLY.
ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS, THE CnRPECT ANSWER PAGE
WILL REFER YR' TO THE APPROPRIATE PAGES, PARAGRAPHS, OR FRAMES Sn THAT YOU
CAN RESTUDY_ THE PARTS OF THIS LESSON YOU ARE HAVING DIFFICULTY WITH. IF
YOU iFEEL THAT YOU HAVE FAILED TO UNDERSTAND ALL, OR MOST, OF THIS LESSOM,

/ SELECT AND USE ANOTHER WRITTEN MEDIUM OF INSTRUCTION, AUDIO/VISUAL MATERIALS
.(IF APPLICABLE), OR CONSULTATION WITH THE LEARNIMG CENTEPINSTRUCTOR, UNTIL. YOU
CAN ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY.
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OVERVIEW
LESSON 3

IF Amplifiers

In this lesson youi will learn some important operating characteristics of
IF amplifiers. Y5i0 will learn how synchronous and stagger tuning relate to

IF amplifier fre uency response. You will be able to identify the function
of IF amplifier components' using schematic diagrams. You will find,out how
do amplifier becomes overdriven, and how gain control circuits prevent over-
driviny by changing transistor forward bias. You ill learn how a built-in
"S" meter on a superheterodyne receiver can help/you locate.a faulty receiver
stage. You will determine IF amplifier frequency response curve characteris-
tics, and troubleshoot.an IF amplifier using test equipment.

The learning objective* of this lesson are:

TERMINAL OBJECTIVE(S):

31.3.54 'When the student completes this lesson, (s'} he will be able to TROUBLE-
SHOOT and IDENTIFY' faulty components and/or circuit malfunctions
in solid state IF amplifiers when given a training device,
prefaulted circuit board, necessary test equipment, schematic
diagram and instructions. 100% accuracy is required.

ENABLING OBJECTIVE(S):

When the student' completes this lesson, (s)he will be able to:

31.3.54.1 IDENTIFY the functton of IF amplifier circuits in a superheterodyne
receiver by selecting the correct statement from a choie of
four. 100% accuracy is required.

31.3.54.2 IDENTIFY the functions, characteristics and applications of,
synchronous and stagger tuned IF amplifier circuits by selecting
the correct statement from a choice of four. 100% accuracy is
required.

31.3.54.3 IDENTIFY the function of components and circuit operation of a
common-emitter IF amplifier *tage, given a schematic diagram, by.
selecting the correct statement from a choice of four. 100%
accuracy is required.

31.3.54.4 IDENTIFY the output signal characteristics of an overdriven
amplifier by selecting the correct statement from a choice of
four. 100% accuracy is required.
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31.3.54.*

31.3.54.6

31.3.*4.7

IDENTIFY the gain characteristics of a transistor biased in the
,linear and non-linear operating regions by selecting the correct
statement frorea.choice of four. 100% accuracy is required.

IDENTIFY the functions of an AGC circuit by selecting the correct
statement from a choice of four. 100% accuracy is required.

IDENTIFY the components, component functions, and circuit operation
of an AGC circuit, given a schematic diagram, by selecting the
correct list or statement from a choice of four. 100% accuracy
is requi red.

31.3.54.d IDENTIFY the faulty stage(s) in a superheterodyne receiver, given
a block diagram showing °S" meter location and failure symptoms,
by selecting thi.cor-ect fault from a choice of four. 100%
accuracy is required.

31.3.54.9 MEASURE and COMPARE frequency response and gain characteristics
of IF amplifier circuits given a training device, circuit boards,
test equipMent and"propertools, schematic diagrams, and a job
program.containing reference data for comparison. Recorded data ,

must be within limits: stated in the job program.

31.3.54.10 IDENTIFY the faulty component or circuit malfunction in a given
'IF amplifier circuitgiven a schematic diagram and failure
symptoms; by selecting the correct fault from a choice of four.
100% accuracy is required.*

*This objective is considered met upon successful completion of
the terminal objective.

'BEFORE YOU START THIS LESSON, READ THE LES'.,ON LEARNING OBJECTIVES AND PREVIEW
THE LIST OF STUDY RESOURCES ON THE NEXT PAGE.
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LIST OF STUDY RESOURCES
LESSON 3

IF Amplifiers

To learn the material in. this lesson, you have the option of choosing.
according to your experience and preferences, any or all of the following
study resources.

Written Lesson presentation in:

Module Booklet:

Summary

Programmed Instruction
Narrative

Student's Guide'

Summary
Progress Check
Job Program Thirty-3 "IF Amplifiers"
Fault Analysis I.S.
Performance Test I.S:

Additional material(s):

Enrichment material(s):

AVNAVSHIP U967-0UO-U120 "Electronic Circuits" Electronics Installation and
Maintenance Hook (UPC Naval Ship Engineering
U.S. Government Printing Office 1965.

YOU mAYTUSE ANY, OR ALL, RESOURCES LISTEDABOVE, INCLUDING THE LEARNING
CENTER INSTRUCTOR; HOWEVER, ALL MATERIALS LISTED ARE NOT NECESSARILY
REQuIREU TO ACHIEVE LESSON OBJECTIVES. THE PROGRESS CHECK MAY BE TAKEN AT

ANY TIME.
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SUMMARY
LESSON 3

IF Amplifiers

Thirty One-3

IF amplifiers are commonly found in both receivers and transmitters- IF

amplifiers provide the required signal gain .and selectivity in superhetero-
dyne receivers such as radio,,television, and radar.

hn IF amplifier is basically a tuned, high gain, fixed frequency RF ampli-
fier with transformer.toupling. Ideally, the IF amplifier will ,select and
070piify with constant gain only the desired signal containing. all the
information neeoed for good signal reproduction. Therefore, the 'dui IF
amelifier should have the rectangular frequency response curve shown in
Figure I.

0
u

U

--1 !ANWIOTH 110

0 i So

Sic

FREQUENCY -41.
Figure I

IDEAL IF RESPONSE CURVE
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Summary

An actual IF amplifier with tuned-primary transformer coupling bps a

frequency response curve which more closely resembles Figure 2.

Thirty One

T

0 FREQUENCY

TUNED

U
T

Figvre 2

-ow FREQUENCY

SINGLE TUNED TRANSFORMER COUPLING

There are ways to make the frequency response curve'of an IF amplifier
resemble the ideal curve and thus improve amplifier operation. One method

is to tune all circuits in the signal path to the same frequency, or
synchronous tune. 'A tuned circuit may be added to the secondary of.the

transformer coupling in Figure 2. If the two tuned tanks are synchronous
tuned to the IF center frequency, the resulting frequency response curve
.is shown in Figure 3.

LI L2

Figure 3

0
U

P

t 10

FREQUENCY -

BitilDWIDTH

SYNCHRONOUS DOUBLE-TUNED TRANSFORMER COUPLING

In tie figure, the bandwidth has become narrower and' selectivity has
increased.

Synchronous tuning may cause the bandwidth to become too narrow to properly
amplify all of the desired signal. For. example, television and radar

signals require relatively broad bandwidth amplification.
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One method to increase the 'bandwidth of an IF amplifier is to tune each
tuned coupling circuit to a slightly different frequency, or stagger tune.
The resulting frequency response curve for an amplifier with three stagger-
Wried circuits is shown in Figure 4.

()

U
ir

U
T

t
0

Hi-BANDWIDTH
fx f, f OVERALL RESPONSE

FREQUENCY

Figure '4

STAGGER-TUNED RESPONSE CURVE

You can see that stagger tuning resonant coupling circuits widens
,amplifier,bandwidth. L

Synchronous and stagger ,tuning an be applied to the operation of a
typical common4mitter IF amplifier stage shown in Figure 5.

OUTPUT
INPUT

Figure 5

TYPICAL COMMON-EMITFER IF STAGE

This circuit contains two single-tuned interstage coupling transformers.
T1 and T2 can be synchronous slug-tuned to'provide a narrow bandwidth
amplifier, with good selectivity. T1 and T2 can also be stagger tuned to

increase amplifier, bandwidth. Proper 'tuning in a string of F amplifiers
will produce just about any gain and selectivity required in the receivr.
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The NIDA trainer IF amplifier stage is shown in Figure 6.

+Vee

JYVANYLE. INPUT Rs 4

CO

e

Figure 6

NIDA IF AMPLIFIER

The input signal is applied to coupling transformer Tl. The tap on Ti
provides an impedance match with the collector circuit in the previous
stage. This type of transformer is often enclosed.in an aluminum
.shield to prevent unwanted coupling to nearby wires and transformers.
Inductive tuning is done by a tuning slug. The step-down secondary on
TI provides a low impedance' match to the QI base circuit. RI and R2
provide forward bias to Ql.

pecoupling'capacitor .C5 ensures all signal voltage is developed across the
secondary ofT1, and does, not enter the power supply.

In'the QI collector circuit, the output tank in coupling transformer T2 is
tuned to the operating, center frequency of 10.714Hz. C4 and R4 are decou-
'piing cdmponents"which act to ensure that all signal voltage is developed

. across the tank, and does not enter the power source. R5 re4ces the
_tendencyfor'strong signals to forward bias the collector-base junction of
Qlowhich might 'cause oscillations,

IF amplifiers are usually cascaded to perform their function in a receiver
or transmitter. As the number of cascaded amplifiers increases, the gain
may becomehigh enough to cause ohd or more amplifier stages to be wierdriven.
Severe'signal distortion would result as the design capabilities of the cir-
cuit and power supply would be exceeded. Therefore, some type of gain control
is needed.

I
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Summary Thirty One-3

The amount of forward bias on the transistor's. base- emitter junction (V
BE

aflects the.. static operating level of the transistor which, in turn,
affects the:amount of gain. The transistor produces a reasonably constant
gain within-a certain bias range called the linear cperating region for the
transistor. When the forward bias is significantly above or below the
lintar region, the transistor.is operating in the non-linear operating
regiOns. In these regions, the transistor produces lower yain and, with
lArge Signals, possible distortion.

The relationship between bias, conduction, and gain are found in the
transistor characteristic curve in Figure 7.

I c

NONUNEAR LINEAR NON-LINEAR
REGION REGION REGION

OUTPUTS

1C

R N F

FORWARD
BIAS

VBE

Figure 7

TRANSISTOR CHARACTERISTIC CURVE

The curve is used to determine the amount of gain related to bias and
conduction levels for a given input signal. Figure 7 shows examples of
three identical input signals applied to a transistor at bias levels .

within each of the regions. The amplitudes of the input signals are Shown
above the region labels. The differences in the resulting output amplitudes
demonstrate that gain is reduced by applying forward bias either in the
"R" region (reverse bias gain control) or in the "F" region (forward bias
gain control). You should note that distortion in the non-linear regions
is minimized with small signal levels.

156

163



.1

.

-*,
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A manual method of controlling transistor gain can be shown for the NICIA
trainer IF amplifier stage in Figure 8.

+We

RI
R3 r .27-1

I

I QI I

.

I

I

OUTPUT

:
41.

T7I
CI I I

0 INPUT R5 _o

\

Figure 8

)

MANUAL IP GAIN CONTROL

.

C

In the figure, forward bias is provided by R1, R2, and R6. As the arm of
R6 is moved upward, a more positive voltage is placed on the base of Q1
which reduces the'forward bias on Ql. if.the arm of R6 is moved upward
high enough reverse bias (lain control will result.

t'

0.

.
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Summary Thirty One-3

- An automatic gain control ,(AGC) circuit provides a more constant output
from the audio or video eq ipment in which it is used.' Figure 9 shows the
addition of an AGC circuit to the IF amplifier stage in Figure 8.

AUTOMATIC GAIN CONTROL (AGC)

The AGC components provide an automatic reverse bias gain control over
previous RF and IF amplifier stages. The AGC voltage in a receiver is
usually tied to an AGC "bus" which provides feedback to previous stages on
the same bus.

In the figure, C7 couples a part of the IF output signal to CR1. This
leaves a rectified small positive average DC voltage at the junction.of
CR1, C7, ana R7. This small positive voltage decreases toward zero as the
amplitude of the IF signal increases enough in strength. R6 and R7 form a
voltage divider between Vccand.the AGC output voltage. As the positive
voltage at the CRI, C7, and R7 junction decreases (but never becomes
negative), the AGC output.voltage becomes less positive. This lowers the
AGC bias voltage on the bus and reduces the gain of previous stages. R8
and C6 filter the,AGC voltageto produce a smooth DC level.

You will be using the "S" meter in the NIDA trainer as .part of the Job
Program for this lesson. The meter is often used in superheterodyne receivers
to indicate the strength t orecei,ed signals, and to help center-tune they

vireceiver. Calibration,for i

S
si

meters can be in "S" units, decibels, or
some other numerical scale units. In the NIDA trainer, calibration is on a

scale from 0 to 10. The "S" meter on the NIDA trainer is found in the

second IF amplifier stage.
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iivatt iu 1114W, %Ircit cc4.44.nects in tne N:2 trainer.

+Vcc

Figure 10

IF AMPLIFIER STAGE WITH "S" METER

For the meter circuit to operate, part' of the IF signal is tapped off the
W1 collector circuit. The pulsating -WC voltage across the half-wave
rectifier CR1 is applied to dropping resistor R6, and meter Ml. The meter
pointer indicates the average DC voltage level across CR1.

Technicians often use the "S" meter as a piece of bulit-in test equipment
(biTE) to aid in troubleshooting. When a signal is tuned in an "S" meter
deflection indicates that receiver circuit problems are likely to be
located in stages following the meter. If no deflection occurs, receiver
problems are likely to be located in stages somewhere leading up to and
includinu'the meter circuit.

AT TnIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. IF YOU ANSWER ALL
SELF-TEST ITEMS CORRECTLY, PROCEED TO THE JOB PROGRAM. IF YOU INCORRECTLY
ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS, THE CORRECT ANSWER PAGE
WILL REFER YOU TO THE APPROPRIATE PAGES, PARAGRAPHS, OR FRAMES SO THAT YOU
CAH RESTUDY THE PARTS OF THIS LESSON YOU ARE HAVING DIFFICULTY WITH. IF

YOU FEEL THAT YOU HAVE FAILED TO UNDERSTAND ALL OR MOST, OF THE LESSON,
SELECT AND USE ANOTHER WRITTEN MEDIUM OF INSTRUCTION, AUDIO/VISUAL MATERIALS
(IF APPLICABLE), OR CONSULTATION WITH THE LEARNING CENTER INSTRUCTOR, UNTIL YOU
CAN ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY.
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PROGRAMMED INSTRUCTIGN
LESSON 3

IF Amplifiers

Thirty One-3

4

TLST FRAMES ARE 7, 14, 24, and 28. PROCEED TO TEST FRAME 7 AND SEE IF YOU
CAN ANSWER THE QUESTIONS. FOLLOW THE DIRECTIONS. GIVEN AFTER THE TEST
FRAME.

IF amplifiers are common circuits found in both receivers and trans-

Otters. You- now will learn some operating characteristics of IF ampli-

fiers in superheterodyne receivers. Most modern radio, television, and

radar receivers are of the superheterodyne type. You have worked with this

type of receiver in Module 18e Catic Troubleshooting Technioues, and Module

19, Troubleshooting the Amplifier Stage in a Radio Receiver. In a super-

heterodyne receiver, the incoming signal is mixed, or heterodyned, with a

signal produced by a local oscillator. this hAxing action produces a

continuous fixed frequency output signal called the Intermediate Frequency,

or IF. The It: contains all the information of the original antenna signal.

All superheterodyne receivers must amplify these IF signals. Therefore,

IF amplifiers are used to.provide whatever signal gain and selectivity are

required in a receiver.
4-

An IF signal is produced when an incoming signal is

with a local oscillator' signal.

heterodyned (or mixed)

160
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(Z) An IF amplifier is basically a tuned, high gain, RF amplifier with

transformer coupling. You recall that one difference between RF and IF

amplifiers is that IF amplifiers are tuned to a'fixel frequency. The

input siyndl into an IF amplifier has been converted to a fixed frequency

by the converter stage in the receiver.- Once an IF amplifier has been

tuned to a center frequency at or near the fixed input frequency, no

more rttuniny is necessary.

IF amplifiers are basically RF amplifiers with (fixed/variable) tuning.

04,

fixed

(Z) IF amplifiers commonly use tuned transformer coupling. In the previous

lesson, you leaned that amplifier coupling is important in determining

dmplifier bandwidth and selectivity. Now let's look at a praCtical situa-

tion which sliows how coupling affects amplifier operation.

161
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Suppose you tune in your favorite rock - station at.790 kHz on the AM radio

dial. In order to get good Sound reproduction, your radio receiver will

be tubed to select,a center fre,quency of 790 kHz with a 10 kHz bandwidth as .

shown in Figure 1.

0

T
p
U
T

0IBANDWIDTH
10 k Hz

4-
0 7/0 kHz 780 kHz 710 kHz 800 kHz WO kHz

FREQUENCY Sx fo fy

Figure 1: IDEAL RECEIVER FREQUENCY RESPONSE CURVE

Ideally, your radio receiver should select and amplify only the signal

which contains the necessary information, and completely reject all other

signals. To do this, an ideal receiver would need the rectangular.frequency

response curve shown in Figure 1.. In the figure, the flat top indicates

.

that the receiver should Have constant gain within the 10 kHz bandwidth.

The.vertical sides at Fx and Fy indicate that frequencies on eithet1 side of

these. points would not be amplified.

In figure 1, theflat top shows that the ideal receiver has constant

within the bandwidth around a selected Fo.

gain (or amplitude)

I
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. .

. TheThe converted input signal into an IF amplifier in your radio receiver

contains all the original information needed for good sound reproduction.

Tfr:refore, the ideal IF amplifier should have the rectangular frequency

response curve shown in Figure 2.

BANWIDTH 4

T
P
u

o

0 foD 1

fx f'y

Figure 2 .

IDEAL IF RESPONSE CURVE

FREWENCY

Notice that the shape of the response curve in Figure 2 is the same as for

the ideal receiver response curve inFigure 1. Therefore, the ideal IF

amplifier should have constant gain within its bandwidth, and no gain.

eyond the bandwidth limits as Fx and Fy as shown in Figure 2.
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As you have learned, an actual IF amplifier with tuned transformer coupling

has a frequency response curve which more closely rOsembies Figure 3.

BANDWIDTH

ED.
0 1FREQUENCY

U
T

t FREQUENCY

Figure 3

TYPICAL FREQUENCY RESPONSE CURVE

The sloped sides indicate that the gain does not stay constant within the

bandwidth, and that some amplification occurs beyond the limits of the

bandwidth.

The frequency response curve of an IF amplifier has.(vertical/sloped) sides

which indicate that (no/some) amplification occurs beyond the bandwidth

limits.

sloped, some

(!) There are ways to make the frequency response curve of an IF amplifier

resemble the ideal curve in order to improve amplifier operation. You

recall that amplifier selectivity increases as more resonant circuits tuned

to,the same frequency are added in the signal path. Figure 4 shows a

coupling circuit with a tuned primary, LI, and related amplifier frequency

0 FREQUENCY

TUNED
response curve. BANDWIDTH

0 T

FREQUENCY

Ll L2

. Figure 4

SINGLE-TUNED TRANSFORMER COUPLING FREQUENCY RESPONSE CURVE
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A tuned circuit sway be dddeq to the secondary, L2, as shown in Figure 5.

0
U

U
T

t0 to .

FREQUENCY ---.

BANDWIDTH

Figure 5

DOUBLE-TUNED TRANSFORMER,COUPLING FREQUENCY RESPONSE CURVE

Both primary and secondary can be tuned to the same frequency. This is

called synchronous tuning. Synchronous tuning occurs when all tuned

circuits in the signal path are tuned to the same frequency. If the two

tuned tanks are synchronous tuned to the IF center frequency, the resulting

frequency response curve is shown in Figure 5. Notice that the sides are

relatively steep and the bandwidth has become narrower. This indicates

good selectivity.

The selectivity of an amplifier increases if resonant circuits are added in

tne signal path and tuned to the IF center frequency.

synchronous

u. You know how tiC increase amplifier selectivity. However, as selectivity

increases, the fandwidth becomes more and more narrow. If the bandwidth

becomes too narrow, part of the desired signal may not receive enough

amplification and the result will be a distorted (z.tput (sound, picture,

etc.) For example, a 1..elevision or radar signal has a very broad band-

width. Radar and TV receivers use IF amplifiers which must have a wide

enough bandwidtn to receive Sand amplify this brolIpg signal.
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One method to "ncrease the bandwidth of an IF amplifier is to use stagger

tuning. In stagger tuning, each tuned coupling circuit is tuned to a

slightly different frequency. The resulting amplifier frequency response

curve for an amplifier with three stagger-tuned circuits is shown in Figure

6. a

0 1-4- El A NO WIDTH--0-1
OVERALL RESPONSE

U
T

t
0

FREQUENCY ----4.

Figure 6

STAGGER-TUNED RESPONSE CURVE

I4 the figure, the curve now has a fairly flat top which indicates that the

gain is at a relatively constant level across the bandwidth. The sides of

I the

/see

are sloped, however the shape resembles the ideal response. You

can see that adding and tuning resonant coupling circuits affect amplifier

bandwidth and selectivity.

One way to widen the bandwidth of an IF amplifier is to -tune the

resonant coupling circuits.

stagger

16g
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(2) THIS IS A TEST FRAME. COMPLETE THE TEST QUESTIONS AND THEN COMPARE

YOUR ANSWERS WITH THE CORRECT ANSWERS GIVEN AT THE TOP OF THE PAGE FOLLOW-

ING THE QUESTIONS.
.......

1. Tne flat -top part of the frequency curve for an ideal IF amplifier

indicates

a. good selectivity

b. constant gain

c. narrow bandwidth

d. amplifier efficiency

2. Synchronous tuning of an IF amplifier

a. widens the bandwidth

, b. increases the center frequency

c. heterodynes the input signal

d. increases selectivity

3. The bandwidth of an IF amplifier is widened by

a. stagger tuning

b. synchronous tuning

c. adding tuned circuits in the signal path

. d. increasing selectivity

.167
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1. b. constant gain

4. 0. increases selectivity

3. a. stagger tuning

iF YUUk ANSWERS MATCH THE CORRECT ANSWERS YOU ipAY GO TO TEST FRAME 14.

.0THERWISL GO BACK TO FRAME 1 AND TAKE THE PR6GRAMMED SEQUENCE BEFORE TAKING

ToT RAKE 7 AGAIN.

Now let's look at the diagram of a typical common-emitter IF amplifier

stage shown in Figure 7. 1

.

OUTPUT

Figure 7

TYPICAL COMMON-EMITTER IF STAGE

MIW
=1.

You recall that single-tuned transformer coupling has only one tuned tank,

and that double-tuned transformer coupling has two tuned tanks. Double-

tuned transformers are quite common in IF stages when a narrow bandwidth is

uesired. However, the bandwidth requirements for the circuit in Figure 7

are best provided by the single-tuned tanks. In the figure, neutralization

components have not been included. You will find that neutralization

coh.ounents are often added to amplifiers operating at high intermediate

frequencies.
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Ian Figure 7, the coupling circuits are Iljnale/doublel - tuned, and the

ampltfier has (some/na neutralization components.

lirTgreTTio

q) You have learned how both synchronous and staggertuningimprove

amplifier operation. Let'l apply this knowledge to tne operation of the

coupling components in the common-emitter IF amplifier stage shown again in

Figure 8.

Figure 8

TYPICAL COMMON-EMITTER IF STAGE

In the figure. Cl tunes the primary of T1. and C2 tunes the primary of 12.

If a narrow bandwidth amplifier is desired, Cfand_e2 can be tuned to the

same frequency, or synchronous tuned. If a wide bandwidth amplifier is

desired, C1 and C2 can be tuned to a slightly different frequency, or

stagger tuned.

If C1 andC2 in Figure 8 are 4tagger tuned, the IF amplifier bandwidth will ,

became Iwider /narrower).

wider
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(E) The overall amplification of a receiver can be increased by using a

string of IF amplifier stages. Just about any frequency response charac-

teristic;. can be achieved by properly tuning the various stages. An IF

amplifier therefore accomplishes two major functions in any receivir. It
-4

estaulishes gain, and controli bandwidth which affects selectivity.

Two frOdency respons, characteristics affected by tuning IF amplifier

and

gain, oAndwidth or selectivity)-

You are familiar with the circuit diagram of a typical IF amplifier. .

Now let's look at the IF amplifier circuit that yop will study on the NIDA

trainer. The circuit is shown in Figure 9.

1

Figure 9

NIDA IF AMPLIFIER

171
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At first glance, this circuit may ,appear totally different to you from the

typical common-emitter IF amplifier stage you have been,studying which is

shown again in Figure 10.

4

Figure 10

TYPICAL COMMON-EMITTER IF STAGE

However, on closer inspection, you will see that the diagrams in Figures 9

and 10 arebaSically the same common-Imitter IF amplifier circuit. The

types of coupling transformers at T1 and 12 are different between the

figures (inductive vs capaeitive tuning). Also, the VCC source voltage is

a 'lied to the emitter in Figure 9, whereas it is applied to the collector

in Figure 10. However, these differences do not change the circuit opera-

tion or the function of the components.

The NIDA IF amplifier circuit shown in Figure 9 is basically differentafrom

the typical common-emitter IF amplifier circuit shown in Figure 10.

a. true

b. false

b-.raTs e
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Let's take another luuk at the NIOA IF amplifier circuit in Figure 11,

and check out the operation of the base-emitter circuit components.

+Vac

FTT

4AAPW/411-- INPUT

k

R3

C2 I

OUTPUT

C5

R5

Figure 11

NIDA IF AMPLIFIER

- -J

Tae input signal is applied to the first IF transformer, TI. Notice that

TI is a single-tunea transformer with a tap on the primary. This tap

provides an impedance match with the collector circuit in the previoi

stage. This type of transformer is often enclosed in an aluminum shield to

prevent unwanted coupling to nearby wires and transformers. Inductive

tuning is done by a tuning slug. TI has a stepdown secondary to provide a

low impedance match to the base circuit of QI. Forward bias is provided to

QI by Ri and R2 to establish Class A operation. Decoupling capacitor C5

ensures all signal voltage is developed across theAtecondary of TI.

Emitter stabilization IF provided by R3 and C3.

Which components in' Figure II provide forward bias to QI?

R1_, R2

NV
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. Now we will cover the operation of the collector circuit components in

the NIDA IF amplifier circuit,

1 OUTPUT

I 1 I

-AVOW-- INPUT t
R5

Figure 12

NIDA IF AMPLIFIER .

Ire Figure 12, 12 is a single -tuned transformer. The primary. of 12 and

C2 make up the output tank circuit'whifh acts as the collector load for

Q1. This ,tank is. tuned 'to the center operating frequer.zy of the IF'amplifier

which is 10.7 MHz. rC4 and R4 acts as adecoupling circuit to ensure that

all signal voltage is developed across the tank; and therefore does not
.

enter the power supply. IRSis the main - reason whyldditiOnal neutraliza-

tion is not required in this circuit. Wreduce: the tendency for the

collector-base junction of Q1 to become forward biased on strong signals.

Such forward bias"could'produ'ce enough positive feedback to cause oiciltation.

Which component in F-i gu re 12. reduces the passibili ty .af *ampl asci 11 a-

tian? (

174



a

H.I. Thirty One-3

(ED THIS IS A TEST FRAME. COMPLETE THE TEST QUEStfONS AND THEN COMPARE

YOUR ANSWERS WITH THE CORRECT ANSWERS GIVEN AT THE TOP OF THE PAGE FOLLOW-.

ING THCQUESTIONS.

USE THE DIAGRAM BELOW OF AN I AMPLIFIER CIRCUIT TO ANSWER QUESTIONS 1 THRU

4.
+VCC

Fig4re 13

1. It the inductive coupling circuits are stagger, tuned, the amplifier's

bandwidth would

a. remain the same

b. become wider

c. become narrower

ca.

175
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2. The transformers T1 and 12 are each

a. double-tuned

b. sinyle-tuned

J. Tl nds a step -down secondary in order to

d nekrize the effect of stray reactances

change the Fo of the tank in Tl

c. provide emitter stabilization to Ql

d. provide an impedance match.with Ql

4. R5 is used to reduce, the possibility of amplifier

a. oscillation

b. degeneration

cr neutralization

di Aecoupling

176
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.11=114
1. b. become wider

2. b. single-tuned

3. d. provide an impedance match with Q1

4. a. oscillation

A

IF YOUR ANSWERS MATCH THE CORRECT ANSWERSYOU MAY GO TO TEST FRAME 24.

OTHERWISE GO BACK TO FRAME 8 AND TAKE THE PRdtRAMMED SEQUENCt BEFORE TAKING

TEST FRAME 14 'AGAIN.

IF amplifiers are usually found connected together in series to

perform their function in a receiver or transmitter. In other words, the

outpfit from one IF amplifier stage becomes the input into the next stage.

You recall from your study of chalocibels that amplifiers connected in series,

or cascaded, can prodUce a very high total gain. An example of three

cascaded. amplifiers is shown_ in- Figure 14.

4

Figure 14

HIGH, GAIN IF AMPLIFIERS
.

Each amplifier in the figure has a 20 dB gain. Therefdfe, the total gain

is the sum of the dR gains for each amplifier, or 60 d8. You can Use the

OUTPUT

familiar dB chart Ad-graph, shown in Figure 15, to find the voltage ratio .

conversion forfa 60 dE gain.

r77

.

4
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Figure 15

dB CHART/GRANI

0 0 70 X *0
Ott .0113

30 03

From the chart, you find that 60 dB converts o a voltage ratio of 1000.

This means that the output signal from the thi d amplifier is 1000 times

. greater than the input signal into the first a plifier. For example, a one

'millivolt input produces a total output signal amplitude of 1 volt.

Several cascaded amplifiers produce a voltage gain of 100. This means that

an input signal of 2 millivolts produces a total output signal of

.2 volt or---(.'f01--Taillivo t)

. 178
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4
(E) Suppose that several, cascaded IF amplifiers haveea normal operating

input siynal of one millivolt into the first stage, and a total voltage

'gain of IUOU. If a relatively strong input signal of one volt were Oplied,

you miyht think that the total output would equal 1000 volts. Of course

tnis large an output signal will not happen becaute it exceeds the design

capability of the circuits and power supply. However, severe limitingx.or

.

clippiny, of the signal would occur and produce unwanted distortion. Each

IF amplifier stage has a normal operating input signal .voltage. If this

voltage is, exceeded enough'to taus:. clipping of the output signal, the

amplifier stage is said to be overdriven.

An IF amplifier is when the input Ognal voltage is high
. .

enouyh to cause clipping of the output signal.

overdriven

)
186
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02) Some type of gain control is needed to avoid overdriving an IF ampli-

' fier. To understand how the gain of an IF amplifier may be controlled, we

first must examine the effect of bias on transistor amplification. You

recall that transistors require a certain amount operating DC current to

function. The amount of forward bias on the trans'stor's base-emitter

junction OBE) affects the level of operating DC current in the transistor.

As an example, Figure 16 shows the effect of forward bias on transistor

operation in a Class A amplifier.

IC

STATIC OPERATING
DC CRRENT

0

CONDUCTION
TIME -10. AEMMX*Mg

t.

360° Awl

Figure 16

CLASS A AMPLIFIER OPERATION

You remember that Class A amplifiers conduct even when no signal is'present.

This is called the transistor's static operating level, and is shown by the

dotted line in Figure 16. When the transistor receives an input signal,,

the transistor produces.a current waveform that varies about this static

operating level. This waveform. is shown by the sine wave in the figure.

If the forward bias is. changed, the static operating level of the transistor

is changed.

The amount of affects the static operating level of
.

the: transistor.

forward bias
., 4-S-
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The amount of transistor gain is related to the transistor's static

uperatiny level. Since the static operating level is affected by the

awuunt of forward bias, gain is also affected by the amount of, forward

,-.

bias. within.a certain range oft bias levels, the transistor produces d

.
i

reasonably constant gain. This range.ts called the linear operating

region for the transistor. When the forward bias is significantly above or

uelow tne linear region, the transistor is operating in what are called the

"non- linear" operating regions. A transistor operating in the non-linear

operating regions produces lower gain, and possible distortion.

k transistor produces reasonably constant gain when conduqt,Ing within the .

(linear/non-linear) operating regions.

linear

I
V

>
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The relationship between bias, conduction, and gain are found in the

transistor characteristic curve in Figure 17.

NON-UNEAR 1.1i1EAR NON-LINEAR

"R N F

Figure 17

VBE

4.4

TRANSISTOR CHARACTERISTIC CURVE

4

Tne horizontal axis (V8E) is the amount of forward bias applied to the

transistor. The vertical axis (lc) is the amount of collector current.

The curve is used to determine the amount of transistor output, or gain,

related to bias and conduction levels fu, a given input signal.

In the figure, a transistor biased at any point within the linear operating

region "N" will produce maximum -0Th. If the 6fis is reduced to any point

within the non-linear operating region "R", the transistor will produce

less gain. The transistor also will produce less gain if the bias is

increased to any point within the non-linear operating region "F". The

dashed lines in the figure represent specific bias points in the "R", "N",

and °F" regions. The heights of the dashed lines represent the static

operdting,levels fur d tra. or at these specific points.

lice transistor characteristic curve is used to determine the ,mount of

transistor related to specific bias and conduction levels.

din tur out or'
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0 Figure 18 shows examples of three identical input signals applied to a

transistor at bias levels within the "R", "N", and "F" regions.

NON-UNEAR LINEAR NON-LINEAR

REGION REGION REGION

rcd

OUTPUTS
I I

1

-
L-rI'

e VSE
R N F

FORWARD 8145

Figure i8

TRANSISTOR CHARACTERISTIC CURVE

in.the figure, the amplitudes of the input signals are shown above the

regidn, labels. The vertical lines extend from the input signal amplitude

limits to the points,where they meet the characteristic curve. The hori-

zontal lines represent the upper and lower amplitude limits of the transis-

tur-oufput--sigffals:- Notice the difference .in-the---chrtput--ampl itudes

the three regiLAs. It is now obvious-that the gains related to bias levels

within the non-linear operating regions are smaller than gains within the

linear operating regions. Therefore, amplifier gains can be reduced by

applying forward bias at levels within either the "R" or "F" regions: The

technique of reducing gain by applying forward bias in the "R" region is

, called reverse-biai gain control. The technique of reducing gain by

-. applying forward bias in the "F" region is tilled forward bias gain control.

In reverse bias gain control, the transistor bias is set at a level (below/

A122111 the bias levels which produce maximum gain.

below

183
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01])
Now that you know the principle for controlling transistor gain,

lets's apply Our knowledge to the components in a typical IF amplifier

circuit. Figure 19 shows the,familiar 1F amplifier stage from the N1DA

trainer.
+Vet

F!gre 19

MANUAL 1F GAIN CONTROL

In the figure, the one addition to the diagram is potentiometer R6..

Forward bias is provided by components R1, R2, and R6. As you can see, the

amoiint of forward bias can be manually controlled by varying R6. When the

arm of R6 is in the bbttom position, the forward bias in circuit is in

the normal linear operating' region. Transistor gain is aL a maximum in

this region. However, as the arm:of R6 is moved upward, a more positiv:

voltage is placed on the base ofQ1. This positive voltage .roduces the

forward bias s-on Q1. If the.arm"of R6' is moved upward high enough, the

reduced level of forward bias would enter a non-linear operating region.

In this region, the transistor would produce less gain. You can see that

manual operation of R6 is an.example of reverse bias gain control.

185
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In Figure'19,' manual operation of.potentiometer R6 provides

an control to the IF amplifier circuit.

reverse was

(E) Manual gain control might e fine if there are a lot df extra people

with nothing to do but run* around adjusting "pots" to compensate for weak

and strong RF and IF amplifier signals. Happily, there is an automatic

*gain control (AGC) circuit which does the job quite nicely. AGC provides a

more constant output from the IF amplifier stages, and from the audiopr'

video equipmentin which AGC is used. .

A

, 4

v. 11.
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Fiyure 2U shows the IF amplifier stage from Figure 19 with the addition of
. +Vcc

*..

the AUC components.

R3 2. 1

1

a.

ri,1 I

OUTPUT

.
-JVVAr

INPUT
1

I

R5
.. ..1

/. CT \
.. 4. / \ .

..

15 / CRI

R/
. 1

/' 6'

Rs 1REVERSE 0NW--
AGC BUS q.- -. ... ..-.. .-

Figure 20

AUTOMATIC GAIN CONTROL (AGC)

.
.

In the fiyure,the'additional components are located withip the oval, and

are labeled CRI, C6, C71R6,.R7. and RE. The AGC coMOonents provide, an

automatic reverse bias gain control over RF and IF amplifier stages which

are previous to this stayer As the signal level within the stage in

Piyure 2u starts to overdrive_the'amplifier, a reduced positive AGC

voltage is automatically fed back to limit the gain ofprevious stages.

This will care a reduction in the signal level.input to this stage, and

prevent overdriving. The AGC voltage in a receiver is usually tied to a
.

. . , .

common intereonnecting line, sometimes called an AGC "bus". This AGC bus

prolides feedback from the AGC circuit to previous stages on the same

Uus.

In Figure *2U, the Components provide a reduced bias
,

voltage which is fed back .to previous amplifier stages:

, r87
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AUL

Now,that you knowthe purpose of AGC circuit components, let's see how

they function in an IF amplifier. Figure 21 shows the IF amplifier with

AGL components added.

+V=

REVERSE

AGC BUS

Figure 21

AUTOMATIC GAIN CONTROL (AGC)

In the figure, the IF output signal from Q1 is.felt across the output.

coupling tank(C2-T2 primary). C7 is a small value capatitor that couples

a sample-of the IF output signal to the AGC diode CR1. CR1 has a static .

operating level of about +.7 DCV. This diode rectifiei the IF signal ane

leaves a small positive voltage at the junction of &I, When

the IF signal increases enough in amplitude, the DC voltage across CR1

reoucei..

188
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1

+Vcc
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R1 1

['TT
J

OUTPUT

CT
+Vcc

1

REVERSE Re
AGC BUS

R6

C6

fa

Figure 21

AUTOMATIC GAIN CONTROL (AGC)

This reduced voltage approaches zero,"but is never negative. In

other words, as the IF output signal gettstronger, the voitage'at the

junction gets smaller. Now R7 ana R8 form a voltage divider between +VCC

dthe AGC output voltage. Therefore, the AGC output is a small p&tive

OC voltage. As the voltage at the junction of CRI, C7,. and R7 decreases,

the AGC output voltage also decreases. This lowers the bias voltage on the

AGC bus, thus reducing the'gain of previdus stages. R8 and C6 provide

filtering of ,the AGC voltage to produce a smooth DC level.

4

When the voltage decreases At the junction of CR1, C7, and R7 in Figure 21,

the AGC output voltage becomes

a. less positive

b. more positive

c. less negative

cosi tive
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0:14) THIS IS A TEST FRAME. *COMPLETE THE TEST QUESTIONS AND THEN COMPARE

YOUR ANSWERS 114 THE CORRECT ANSWERS GIVEN AT THE TOP OF THE PAGE FOLLOW-

ING THE QUESTIONS.

1. The purpose of IF amplifier gain control is to

a. improve selectiiity

b. tune coupling tanks

c. prevent overdriving

d. limit the number of cascaded stages

b

2. The IF amplifier produces gain within the

linear operating region.

a. fairly constant

b. relatively small
P

)

3. In reverse bias gain control, the amount of forward bias applied to an

IF amplifier is in the operating region of the

amplifier.
.....

a. normal linear

b. upper non-linear

c. lower non-linear
a. .

act_.

4
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USE THE DIAGRAM BELOW OF AN IF AMPLIFIER ANSWER QUESTIONS 4 AND 5.

+vcc

4. By moving the am of the potentiometer upward, forward bias on Q1

a. remains the same

b. Is reduced

c. is increased

,..

NtItik5. By moving the arm of the potentiometer upw .pigh enough, what function

is performed?

V

a. forward bias gain control

b. reverse bias gain control

c. increased selectivity

d. decreased selectiiity
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USE THE.DIAGRAM BELOW OF AN.IF AMPLIFIER TO ANSWER QUtSTIONS 6 THROUGH 8.-

! OUTPUT

CT
+vcc

REVERSE Re
VyNe-AGC BUS

Figure 23

6. Which six labeled components are part of the AGC circuit?

7. Asthe IF amplifier output signal level becomes weaker, the AGC output

level becomes more

a. rectified

b. negative

c. affective

d. positive

8. The AGC circuit affects the gain of

a. previous amplifier stages

b. this amplifier stage

c. the following amplifier stages

192*
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1. c. prevent overdriving

Z. a. fairly constant

3. c. lower non-linear

4. b. is reduced

u. reverse bias gain control

u. Ckl, Cb, C7 ,k6, R7, R8

7. d. positive

d. a. previous amplifier stages

IF YOUR ANSWERS MATCH THE CORRECT ANSWERS YOU MAY GO TO TEST FRAME 28.

UTHLRWISE GO BACK TO FRAME 15 AND TAKE DX PROGRAMMED SEQUENCE BEFORE .

ThKING TEST FRAME 24 AGAIN.

(E) You will be wurking with the NIDA trainer as part of the job program

activity for this lesson. You will need to use the built-in meter on the

trainer. Figure 24 shows the meter location on the block diagram of the

NIUA trainer.
./

AUDIO
AMP

L - -
L A

Figure 24

. BLOCK DIAGRAM OF NIDA TRANSCEIVER TRAINER
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16;am in the figure is similar to that of a typical superhetero-
.

receiver. Many communication-type receivers use some method to

indicate the strength of received signals. This indicator is usually

called an "S" meter and is calibrated in either "S "-units, decibels, or

some other numerical scale,units. In.the NIDA trainer, the scale units

range from 0 to_10. The meter is used to indicate the relative strength of

received signals, and is helpful for center-tuning the receiver'to

desired signal. You probably have seen a similar type ofmeter on a CB

transceiver or hi-fi set.

A function,o'f an "S" meter in a transceiver is to indicate the

a. voltage output from power supply

b. relative strength of received signals

-
c. current output from power supply

d. amount of transistor collector current

D. relative strength of received signals

.194
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.et* look at the operation of an "S" meter in a circuit. Figure 25

snows the components for the "S" meter circuit in the NIDA trainer IF

amplifier stage.
+vcc

Figure 25

IF AMPLIFIER STAGE WITH "S" METER

In the figdre, the meter circuit components are labelled M1, CR1, C6, and -

Kb. Fur the meter circuit to operate, a small part of the IF output signal

is tapped off the q1 collector circuit. This IF signal is fed to the

half-wave rectifier CR1 which, in this case, eliminates the negative

iilternations of the cycle. The pulsating +DC across CR1 is applied to the

meter dropping resistor R6, and then is fed tote meterMl. The meter

1.

pointer indicates the Ayerage DC level of volt ge across CR1. Therefore,

us th*e IF signal amplitude increases, Ml will show a greater difiection,

or movement, of the pointer- across the .scale.

AS the IF signal amplitude increases, the pointer on the "S" meter in

Figure 24 will show movement across the scale.

a. greater

b. nu

c. lesser
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a. greater

(:) Technicians often use the "S" meter as a piece of built-in test-equip-

ment (BITE) to aid in troubleshooting.

9
N7

AUDIO
AMP

Figure 26

BLOCK DIAGRAM OF SUPERHETERODYNE RECEIVER

Using Figure 26, when a signal is tined in, a meter deflection indicates

that all circuits prior to and including'the meter are functioning. Any

receiver circuit problems are then located in stages following the meter.

If no meter deflection occurs, receiver circuit problems are then liocated

in circuits leading up to and including the meter. This is true wherever

an "S" meter might be located in a receiver. Therefore, an "S" meter is a

definite aid in isolating a faulty receiver stage.

An "Su meter on a radio receiver shoWs' no deflection as you tune across the

dial. This indicates that the receiver has circuit problems in stages

llopfore/aitqfl the meter.

..1 ..
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THIS IS °A TEST FR . COMPLETE THE TEST QUESTIONS AND THEM COMPARE

YOUR ANSWER WITH.TH?CORRECTrANSWER GIVEN AT THE TOP OF THE PAGE FOLLOWING t

THE QUESTION.

USE THE BLOCK DIAGRPJ4 BELOW OF A RAG O RFOLIVER TO ANSWER QUESTION 1.

r V

e

..,

,

L A G C -I

Figure 26
fe

1

1. You
.
shotice that the "S" meter on your radio receiver deflects as you -

tune across the receiving range. However, there is no audio output. .Using

the block diagram, you suspect, a fault in either the

"a: RF amelifier, mixer-

,b. IF amplifier, oscillator

c. audio amplifier, detector

d. mixer, oscillator

197
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1. c. audio amplifier, detector

IF YOUR ANSWER MATCHES THE CORRECT ANSWER YOU HAVE COMPLETED LESSON 3,
mUNEE 31. CONGRATULATIONS! OTHERWISE GO BACK TO FRAME 25 AND TAKE THE
PROuRAmau SEQUENCE BEFORE TAKING TEST FRAME 28, AGAIN.

AT THIS POINT,- YUU MAY TAKE THE.LESSON.PROGRESS CHECK. IF YOU ANSWER ALL
SELF-TEST ITEMS CORRECTLY, PROCEED TO IHE'JO8 PROGRAM. IF YOU INCORRECTLY
AnwER .OULY A FEW` OF THE PROGRESS'CHECKAUESTIONS,.THE CORRECT ANSWER PAGE
WILL REFER YOU TO'THE APPROPRIATE AGES, PXRAGRAPHS5 OR FRAMES SO THAT YOU
CAN RESTUDY THE MOS OF THIS USSON YOU ARE. HAVING DIFFICULTY .WITH. IF

YOu.FEEL THAT YOU HAVE FAILED TO UNDERSTAND ALL, OR MOST, OF THE LESSON,
SELECT AND USE-ANOTHER WRITTEN. MEDIUM'OFINSTRUCTION, AUDIO/VISUAL MATERIAL'S
(IFOPLICABLE), OR CONSULTATION WITH THE"LEARNING CENTER INSTRUCTOR, UNTIL YOU
CAN ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK'CORRECTLY.

fri

.
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NARRATIVE
LESSON 3

IF Amplifiers

IF amplifiers are commonly found in both receivers and transmitters.
Most modern radio, television, and.radar receivers are of the superhetero-
dyne type which yoti have studied in Module 18, Basic' Troubleshooting
Techniques, and Module 19, Troubleshooting the rari-ffer Stage in a Radio
Receiver. In this type of receiver, the iraiing signa i s mixed, 67--
heterodyned, with a local oscillator to produce a continuous fixed
frequency output called the Intermediate Frequency, or IF. IF amplifiers
are used to provide the required signal gain and selectivity in the
receiver

An IF amplifier is basically a tuned, high gain, RF amplifier with
transformer coupling. IF amplifiers are tuned to a fixed frequency. The
input signal into the IF amplifier has been converted to a fixed frequency
by earlier receiver circuits. Once the IF ampi-iffier is tuned to a center
frequency at or near this fixed input frequency, no more tuning is
necessary.

-

;.,

IF amplifier transformer coupling is important in d termining amplifier
bandwidth and selectivity. The converted input sig al into an IF amplifier,
contafhs all the information needed for good,skInal eproduction.

.

Ideally, the IF amplifier will select and amplify with constantAain only
the desqed sigrial and completely reject all others'falling outside the.
bandwidth limits. Therefore, the ideal IF amplifide-hOUld have the I
rectangular frequency response curve shown in Figure 1.

-

0

P

t

j FREQUENCY.11

Figure 1
lb

13 ANIVIDTH [0-

1

0 fo

fx fy

IDEAL IF RESPONSE CURVE

k Note the straight sides which indicate ideal selectivity, and 'the flat

60 which indicates constant amplification within the bandwidth..,
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An actual IF amplifier with tuned-primary transformer Coupling has a

frequency response curve which more closelyresembles,Oligure 2.--"

./

Figure 2

BANDWIDTH

TUNED
0 FREQUENCY

T
P
U
T

1. FREQUENCY

SINGLE TUNED TRANSFORMER COUPLING

k..
are ways to make the frequency response curve of an IF amplltler

resemble the ideal curve and thus improve amplifier operation. For
example, a tuned circuit may be added to the secondary of the transformer
shown in Figure 2., Both primary. and secondary then can' be tuned to the
same frequency, or synchronous tuned. If the two tuned tanks are
synchronous tuned to the IF center frequency, the resulting frequency
response curve is shown An Figure 3.

C2

0
U

U

L I L2 t,0 fo
L. FREQUENCY. ,

r
1

Figure.-3

SYNCHRONOUS DOUBLE TUNED TRANSFORMER COUPLING-

11 200
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Synchronous tuning-occurs when all tuned circuits in the signal path are

tuned to tJe same frequency. In Figure 3, notice that synchronous tuning
has caused-the bandwidth to become narrower and selectivity to increase.

'As amplifier selectivity increases, bandwidth becomes narrower.. However,
if the bandwidth becomes too narrow, part of some desired signals may not
receive proper amplification. For example, a television or radar signal
requires a relatively broad bandwidth to pass all the information contain-
ed in the signal. One method to:increase the bandwidth of an IF amplifier
is to use stagger itling. In stagger tuning, each tuned coupling circuit
is tuned to a slightly_ Y different frequency. The resulting frequency
response curve tor an amplifier with three stagger-tuned circuits is j

shown'in Figure 4.

El ANDWIDTH-01
fx f OVERALL aRESPONSE

FREQUENCY --410

figure 4

STAGGER TUNED RESPONSE CURVE

.1

. 0

In the figure, the curve has a fairly flat top indicating relatively
constant gain within the bandwidth. Also, the sides of the curve are
sloped. The curve in the figure resembles the ideal curve. You can see

that adding and tuning resonant coupling circuits affect amplifier
bandwidth and selectivity.
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"Let's apply the methods of synchronous and stagger tuning to the operation
of

a
typical common-emitter IF amplifier stage shown in Figure 5.

e

Figure 5

TYPICAL COMMON-EMITTER IF STAGE

St

eAs

This particuT rcuit requires a:bandwidth best provided' by the single-
tuned tanks s shown. However, double-tuned coupling circuits are also
common. Neu ralizatioil components are not-included in the figure.
However, the often are added to amplifiers operating at higtointermediate
frequencies. In 'the Figure, both CI and C2 can be synchronous tuned to.

--provide a narrow bandwidth' amplifier with good selectivity. If a ...Wider

bandwidth amplifier is desired, CI and C2 can lbe stagger tuned. Stagger:
tuning tends to decrease the selectivity for the particular stage to
which the method is applie1. However, proper tuning in a string of IF
amplifiers will produce just About any gain, bandwith, or selectivity
requiredAn the receiver..

The common-emitter IF amplifier stage described above, end shown in
Figure 5; is very similar to the NIDA trainer IF amplifier stage you
will be 'studying.

202
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Figure 6 shows the Nit/A.1F amplifier stage diagram.

+Vec

Figure 6

NIDA IF AMPLIF/ER

One minor difference between lhe two IF amplifiers is that the circuit in
Figure 6 has tuned inductive coupling instead of tuned capacitive coupling.
Another minor difference is that the Vcc source voltage in Figure6 is
applied terthe emitter rather than to the collector of Ql. These differ-
ences change neither the circuit operation nor the component functions.

The Input signal is applied tcsingletuned transformer TI which couples
the signal into the base-emitter circuit of Ql.. The tap .on T1 0

provides an impedance match with the collector circuit in the previous
stage. This type of transformer is often enclosed ir, an aluminum shield
to prevent unwanted coupling to nearby wires and transformers. Inductive
tuning l's done'by a tuning slug. Ti has a step -down secondary to provide
a low:impedance match tosthe Q1 base circuit. Ri and_R2 provide forward
bias to Q1 fOr Clasi A operation (about .6. V). Decoupling capacitor C5
ensures all signal voltage is developed across thd secondary of Ti.

In the collector circuit of 0, T2.is a single-tuned transformer. The
output tank .(T2 primary -C2) 4s the main load for QI. The tank is tuned .

to the operating center frequency of this IF amplifier which is 10.7 MHz.
R4 and C4 are decoupling components which act to ensure that all signal
voltage is developed across the tank, and does not enter the power
source. R5 is the main reason why additional- neutralization is not
required in this circuit. R5 reduces the tendency for the collector -base
junction of Q1 to become forward biased on strong signals and cause

oscillation.
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IF amplifiers are usually connected together in series, or cascaded, to
perform their function in a receiver or transmitter. As the number of
cascaded amplifiers increases, the main gain may become very high. An
amplifier stage can become overdriven when the normal operating input
signal voltage level is exCiiaiaindugh tocause clipping, or distortion,
of the output signal: Therefore, some type.of gain control is 'needed to
avoid overdriving an IF amplifier.

An example of a high gain IF amplifitr is shown in Figure 7.

T1 T2 T3 T4

L

Figure 7

HIM GAIN IF AMPLIFIERS

Each amplifier in the figure has a 20 dB gain. The total gain of the

three stages is the ,hum of the individual dB gains, or 60 dB. You'can
use the familiar dB chart and graph, shown in Figure 8, to find the
voltage ratio conversion for a 60 dB gain.

204

211

0

7



Narrative

cll. TMA:
KM,

° 7%.14 Lk
DECIPLI.s liA T10

10 01 1S
11K 03 1 124
1 12 1 1 2E.
1.2C 2 I if
1.0 3 2.0
I SI 2 1:
i -10 7. ) la
2 0 f. 0
2 4 7 S 01`'11 rrr
2.4 9 7 94
3 1 1t, IIN

S02 AS 31.02
10 20 100
17.70 2.5 910.22

21.0 2, 100'-
100 A 10 930 --
V*. 3. 400,500

1000 . 00 _..-----. I . 000,000
V 01 :2 10 000 000

10.000 10 100.000,000
51. 600' 90 1.000. 000.000

loo.00t lop 10.000.000.000

Thirty One-3

14111uulltrii WO:6mi;
UNFFMN
Mi#1111 1111111M111111/111

11TH II111II!1IIII1D11BII11

PAItgZI::;;; ; 2

0,111111111MUIDUMI

1

Sri 1a111H11111
llii;;;;;111;hikal upli

r,:irl11111111111111111111111111IM

KC'S( LS

Figure 8

dB CHART/GRAPH

FroWthe-chart, 60 dE converts to a voltage ratio of 1000. Therefore, the
total output signal from .the- cascaded amplifiers is 1000 times greater than
the initial input signal. If the normal input signal is 1 mV: the total
output signal is IV. Now if a relatively high initial input signal of IV
were applied, you might expect.a 1000 V total output signal.- However, the
design capabilities of the:circuit and power supply would be exceeded.
Severe signal clipping, or distortion, would otcur as tOle cascaded amplifiert
become overdriven. Some type of -gain control is needed.

Amplifier gain is* related to the transistor's static operating level. The
static operating level is the amount of DC current needed by the transistor
'in order-to function as an amplifier. 'The amount of forward bias on the ;

transistor's base-emitter junction (VBE) affects the ,static operating level,
and therefore, affcts transistor gain. The transistor produces a reasonably
constant -gain within a certain range of bits levels. This range is.called.
thelinear operating region for the transistor. When the forward bias is,
significantly above or below the linear region, the transistor is operating
in whatare called the non-linear operating' regions. In these regions,

.-the transistor produces lower gain, and possible disortion:- Small signal
levelt tend to minimize the distortion produced in these non-lineir operating
regions.
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The relationship between bias, conduction, and, gain are found in the
transistor characteristic curve in Figure 9.

NON-LINEAR LINEAR NON-L1NEAR

R N F

FORWARD

BIAS

VBE

Figure 9

TRANSISTOR CHARACTERISTIC CURVE

The curve is used to determine the amount of transistor output, or gain,
related to bias and conduction levels for a given input signal. In the
fiOrer'a transistorpased at any pOint within the linear. .operating
region "N" produces OlaimuT gain. __A transistor biased at-zany points
within the non-linear operating regions "V and "F" produces less gain.
The heights of the dashed lines represent 'the static operating levels for
.a transistor at specific points within theoperating regions.
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Figure 10 shows examples of three identical input signals applied to a
transistor at bias levels within each of the three regions.

NOININEAR LINEAR NON,LINEAR
REGION REGION REG N

Ic

Lj

R N F

FORWARD

BIAS

VBE

OUTPUTS

Figure 10

TRANSISTOR CHARACTERISTIC CURVE

In the.figure the amplitudes of the input signals are shown above the
region labels. (Note the low amplitude signals). The vertical lines
extend from the input signal'amplittee limits to the points where they
meet the characteristic curve? The horizontal lines represent the upper,
and lower amplitude limits of the transistor output signals. Notice the
difference in the output amplitudes between the three regions. It is now

obvious that the -gains 'related to bias levels within the non- linear
operating regions are smaller than gains within the linear operating
region. Therefore, amplifier gains, can be reduced by applying forward
bias at levels within either the "R" or"F" regions. Application of.

forward bias in the-"R" region is calledreversect bias Pi .coptrol, and
in the "F" regfon is called forward bias gain control.
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Let's apply amanual method of controlling transistor gain in an IF
amplifier. Figure 11 shows the NIDA trainer IF amplifier stage with the
addition of potentiometer. R6: t

+Vcc

Figure 11

MANUAL IF GAIN.CONTROL

Forward bias is provided by components R1, R2, and R6. When the arm of
R6 is in the bottom position, the forward bias is in the normal linear
operating region. Transistor gain is at a maximum. However, as the arm
of R6 is moved upward, a more positive voltage is placed on the base of
Q1 wnich reduces the forward bias on Ql. If the arm of R6 is moved-
upward high enough, the forward bias-would be reduced to a non-linear
operating region causing less transistor gain. This manual .procedure is
an example'of reverse bias gain control.

Now let's apply an automatic method of controlling transistor gain'
in an IF amplifier. Theautomatic gain control (AGC) circuit provides a
more constant output from the audio or video equipment in which AGC is
used. Figure 12 shows the addition of an AGC circuit to the IF amplifier
stage in Figure 11.
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Figure 12

AUTOMATIC GAIN CONTROL (AGO-

In.the figure, 'the AGC components are located within 'the oval, and are
labeled CR1. C6'; C7, R6, R7, and R8. The AGC components provide an
automatic reverse bias gain control over RF and IF amplifier stages which
are. previous to this stage. As the signal level within the stage starts
to overdrive the amplifier, a reduced positive AGC voltage is fed back to
limit the gain of previous stages. This causes a reduced signal level
input to this stage, and prevents overdriving. The AGC voltage in'a
receiver is usually tied to a common interconnecting line called an AGC
"bus". The AGC bus provides feedback from the AGC circuit.to previous RF
or IF stages on the same bus.

The function of the AGC components in the amplifier awill be explained.

In Figure 12, the IF output signal from Q1 is felt across the output
coupling tank (C2-T2 primary). C7 couples.a part of the IF output signal
.to-the_AGC diode CRI. CR1 rectifies this signal and leaves a small
positive average DC voltage level at'the junction of CR1, C7, and R7. .

This positive voltage level decreases'toward zero as the amplitude of the
IF signal increases enough in strength. Now R7 and R8 form a voltage
divider.between + Yu and the AGC output voltage. Therefore, the AGC
output is a small positive DC voltage. As the positive voltage at the
junction of CR1,.C7, and R7 decreases (but never becomes negative),.the
'ACC output voltage becomes-less positive. This loWerS the AGC bias
voltage on. the bus and reduces the gain of previous stages connected to
the bus. R8 and C6 filter the AGC voltage to produce a smooth DC level.
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V

You will be using a built-in DS" meter in the NIDA trainer as part of the
Job Program for this lesson. Many superheterodyne communication-type
receivers, such as the NIDA "trainer, use an "S" meter to indicate the .

strength of received signals. The "S" meter also is helpful' for center-
tuning the receiver to desired signals. CB transceivers and hi-fi sets
often use "S" meters. Calibration for the "S" meter is in either "S"
units, decibels, or some other numerical scale units.' In the NIDA trainer,
the "S" meter calibration is on a scale from 0 to 10. The "S" meter circuit

. in the NIDA trainer is found in the second IF amplifier stage. Figure 13.
shows the bock diagram of the NIDA trainer which represents a typical ,

superheterodyne receiver.

*

r
FREO
CONV

L__----0
L AGC J 4.

Figure 13

BLOCK DIAGRAM OF NIDA TRANSCEIVER TRAINER
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.t%

Figure 14 shows the components of the "S" meter circuit in the NI8A,
- thiner.

tIF
+V=

Figure 14

IF AMPLIFIER STAGE,WITH "S" METER '

In the figure, the meter circuit components are labeled MI, C01,.C6 and
K6. For the meter'dircuit to operate, part'of the IF output signal is
tapped off -the Q1 collector circuit. The half-wave rectifier CRI elimates
the negative alternations -of the IF signal. The pulsating +DC across CR1
is applied to the dropping resistor R6 and the meter.M1.

- The meter pointer indicates tne average voltage DC level across CR1. As

the IF signal amplitude increases; the meter pointer will have Idoreater
-deflection across the scale. Fral

4

Technicians often use the "S" meter as a piece of built-in test equipment
(BITE) to aid in troubleshooting. .When a signal is tuned in, a deflection
on the "S" meter usually indicates that receiver circuit problems are
located in stages following the meter. If no deflection occurs, there
are receiver circuit problems somewhere in stages leading up to and'.
including the meter. The "S." meter is a definite aid in Isolating a
faulty receiver stage.

ALMS POINT, YOU MAY TAKE THE LESSON PROGRESS CVCK. IF YOU ANSWER.: LL .

SELF-TEST ITEMS CORRECTLY, POCEED TO THE JOB PROGRAM. IF YOU INCORRECTLY
ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIDNS,THE CORRECT ANSWER PAGE

.WILL=. EFER1OU TO THE -APPROPRIATE PAGES,- PARAGRAPHS, OR FRAMES SQ THAT Y00.

.CLAN AESTUDY THE PARTS OF.THIS LESSON YOU.ARE HAVING DIFFICULTY WITH. IF

YOU. FEEL.THAT.YOU HAVE FAILED TO UNDERSTAND ALL; OR MOST, OF THE LESSON,
SELECT AND USE ANOTHER WRITTEN MEDIUM OF INSTRUCTION, AUDIO/V1SUAL.MATERIALS .

(IF ARPLICABLE),.OR CONSULTATION WITH THE LEARNING CENTER INSTRUCTOR., UNTIL YOU
CA ANSWER ALL SELF -TEST ITEMS ON THE PROGRESS CHECK CORRECTLY.

211

7218.



I.
r

BASIC ELECTRICITY AND ELECTRONICS

MODULE THIRTY ONE

LESSON. 4

VIDEO AMPLIFIERS

JULY 1980

J. t 212.

219

I



...

Overview Thirty One-4
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OVERVIEW
LESSON 4.

Video Amplifiers

In this lesson you will learn some important operating characteristics of
video amplifiers. You will be able to identify the reasons why basic RC
coupled amplifiers have losses in gain at low and high frequencies. You
will find out what components are added to RC coupled, amplifiers to improve
their frequency response, and allow them to operate as video amplifiers.
You will be able to identify the function of components in video amplifier
circuits using schematic diagrams. You will determine video amplifier fre-
quency response curve characteristics, and troubleshoot a video amplifiel
using test equipment.

The learning objectives of this lesson are as follows:

TERNINAL OBJECTIVE(t):

.31.4:55 When the student complete this lesson (s)he will be able to
TROUBLESHOOT and IDENTIFY faulty components and/or circuit
malfunctions in solid state video amplifiers when given a
training device, prefaulted circuit board, necessary test
equipment, schematic diagram and instructions. '100% accuracy is
required.

ENABLING OBJECTIVE(S):

When the student complete this lesson (s)he will be able to:

31.4.55.1 IDENTIFY the causes of low frequency response losses in a basic
RF coupled amplifier circuit by selecting the correct statement
from a choice of four. 100% accuracy is required.

'31.4.55.2 IDENTIFY the components which accomplish low frequency compensation
in an AC equivalent video amplifier circuit, given a schematic
diagram, by selecting the correct list.of components from a
choice of four. 100% accuracy is required.

31.4.55.3 IDENTIFY the causes of high frequency response losses in a basic
RC coupled amplifier circuit by selecting the correct statement
from 'a choice of four. 100% accuracy is required.

31.4.55.4 IDENTIFY the components which accomplish high frequency compensa-
tion an AC equivalent video amplifier circuit, given a
schematic diagram, by selecting the correct list of components
from a choice of four. 100% accuracy is required.
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31.4.55.5 IDENTIFY the function of components that improve frequency
response in a video amplifier circuit, given a schematic diagram,
by selecting the correct statement from a cooice of four. 100%
accuracy is required.

31.4.:6,6" IDENTIFY the frequency response deficiency (high or low) indicated
by output waveforms from a video amplifier, given illustration
of output waveforms, by selecting the.correct indication from a
choice of four. 100% accuracy is required.

131.4.55.7 MEASURE AND COMPARE frequency response and gain. characteristics
of video- amplifier circuits given a training device, circuit
boards, test equipment and proper tools, schematic diagrams, and
a job program containing references for comparison. Recorded
data must be within limits stated in the job program.

31.4.55.8 IDENTIFY the faulty component or circuit malfunction 'in a given
video amplifier circuit, given a, schematic diagram and failure
symptoms, by selecting the correct fault from a choice of four.
10U% accuracy is required*.

Footnote *This objective is considered met upon. successful completion
of the terminal objective.

BEFORE YOU START THIS LESSON, READ THE LESSON LEARNING OBJECTIVES AND PREVIEW

THE LIST OF STUDY RESOURCES ON THE NEXT PAGE.
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LIST OF STUDY RESOURCES
LESSON 4

Video Amplifiers

Tu learn the materials in this lesson, you have the option of choosi.ig,

according to Our experience and preferences, any or all of the'foilowing

study resources.

Written Lesson presentation

Module Booklet:

Summary
Programmed Instruction
Narrative

Student's Guide:.

Summary
Progress Check
Job Program Thirty-4 "Video Amplifiers"

Fault Analysis (Paper Troubleshooting)
Perkrmance Test I.S.

Additional Material(s):

Enrichment material(s):

NAVSHIP 0967-UOO-0120 "Electronic Circuits" Electronics Installation and
maintenance Book (EIMB) Naval Ship. Engineering Center, Washington, D.C..
U.S. Government Prinri-n-g-Office_1965.

YOU MAY USE ANY, UK ALL, RESOURCES LISTED ABOVE, INCLUDING THE LEARNING
CENTER INSTRUCTOR; HOWEVER, ALL MATERIALS LISTED ARE NDT NECESSARILY
REQUIRED TO ACHIEVE LESSON OBJECTIVES: THE PROGRESS CHECK MAY BE TAKEN AT
ANY TIME.
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SUMMARY
Lesson 4

Video Amplifiers

Any electronic equipment producing a visual display on a CRT requires the use
of video amplifiers. The ideal video amplifier should have a frequency
response curve resembling Figure 1.

C. t
.707

U

P.

BANDWIDTH

HALF-POWER LEVEL

0Hz FREQUENCY 6MHz

FIGURE 1

IDEAL VIDEO AMPLIFIER RESPONSE CURVE

Figure 2 shows the typical response curves for actual transformer-coupled and
resistance-capacitive (RC) coupled amplifiers.

TRANSFORMER COUPLING

, U

0

10 100 1K 10K 100K

Frequency
(a)

0
RC COUPLING

T

FIGURE 2

10 100 1K 10X 100K

Frequency

(b)

AMPLIFIER RESPONSE CURVES'

Although RC coupled amplifiers provide the wider bandwidth, hey fall short of
the wide bandwidth requirements of widen amplifiers.
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Summary Thirty One-4

Figure 3 can be referenced to show what limits RC amplifier low frequency
response.

r

I

FIGURE 3

AC EQUIVALENT4C COUPLED AMPLIFIER

At low frequencies, the capacitive reactance (Xc) of Cc is relatively high
causing some signal voltage to drop across Cc instead of across RL. Thus,
lets voltage is felt across RI which reduces overall amplifier gain at low
frequencies.

One method to partially, compensate for low frequency response loss is to.use a
larger value coupling capacitor. Amore effective method is to add the RC
network shown in Figure 4.

CC

INPUT

0- 10 61'J

OUTPUT

FIGURE 4

AC EQUIVALENT - LOW FREQUENCY COMPENSATION CIRCUIT
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At low frequencies, the Xc of Cl is large enough so that Cl acts as an open.
Therefore, the RC network has an impedance equal to Rl. This makes the total
load impedance for QI equal to RL + RI, which increases amplifier gain by
compensating for the Cc voltage drop. At high frequencies, Cl acts to short
the RC network, which returns the gain from QI to that produced by RL alone.
Another method for amplifying low frequencies uses DC coupling (direct
'coupling) between stages. This method' will be discussed in Module 34.

Figure 5 shoos what limits video amplifier high frequency response.

INPUT

O

RL

oiNc0

Cc

FIGURE 5

AC EQUIVALENT - STRAY CAPACITANCE

The input and output stray capacitances Co and Ci have low reactances at high
frequencies, and shunt the signal to round. These stray capacitances result
from the close n.pacing betWeen wires, foils, components, and the input/output
capacity of actfve devices.
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One method to compensate for high frequency signal loss is to place an induCtor

in parallel with Co and Ci as shown in Figure 6.

INPUT

0

t-
1

C° 'I' R
r-Ci

I

1 I

---1 1

1

1 1

1 1

1 1

i 1

----4 _.L.

FIGURE 6 >

"SHUNT" HIGH FREQUENCY COMPENSATION (AC EQUIVALENT)

0

At high frequencies, Co, Ci and Ll form a parallel resonant circuit which, at
resonance, develops an increased output impedance from Ql. This type of high
frequency compensation is called shunt compensation, or shunt peaking. The
shunt compensation circuit has a wide bandwidtho and an Fo above the frequency
response of the uncompensated amplifier circuit.

Z19
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Shunt type compensation may not improve the high frequency response of video
amplifiers enough for some applications. The circuit can be further improved
by adding an inductor in series with the signal path and Ci as shown in Figure
7.

INPUT

0

FIGURE 7

"SERIES" HIGH FREQUENCY COMPENSATION (AC EQUIVALENT)

0

At high frequencies, the combination L2 - Ci forms a series resonant circuit
to the signal path. At resonance, the impedance in this LC circuit is at a
minWorli and the voltage across the reactive components are at a maximum.
Tnerefure, the voltage developed by Ci is maximum at Fo and will be felt
across R1 And fed, to the base of Q2. This method of increasing amplifier gain
j.4 called series compensation, or series peaking. 'If the value of L2 is
Loosen properly, the Fo of the series compensation circuit will occur above
the frequency response of the shunt compensation circuit. This will further
increcse the amplifier's frequency response.
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Figure 8 shows the frequency response curve. via vdeo amplifjer with Combined
low and high frequency compensation added.

0
U

fiSHUNT foSERIESSHE

/' i 1
1

. / 1... \ . I ,

/4-- ORIGINAL 'x! I / II

t

, 1 . / 1.. ,
1 1

6MHzFREQUENCY 0-

FIGURE 8

COMPENSATED VIDEO AMPLIFItR.RESPONSE

This fully comunsated Re coupled video amplifier his a frequency response
from about 30 Hz to 6 MHz.

Figure 9 shows the schematic diagram of a two -stage video amplifier as found
lin the NIDA trainer. A description of component functions now follows.

vcc

R4 I RH 470A
470A

R7

C5 R5
4700A R12 3300n

7500A,

L3
LI ,

'p
!pH

RI 7500A
H R8

L2 C2 mon 14 C4

_--1 IA 01 160 50pfd
RI0

..... 2
39pH

100E.0fd1
CI R3

1

R2 150011

2N2222A

R9

50A

R13

2112222A4 100pfd 50A

INPUT R6 1KA 1500A
OUTPUT

T Klpfd
C3

Oa
1KA

1 i

FIGURE 9

2-STAGE VIDEO AMPLIFIER-ACTUAL CIRCUIT
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Class A forward bias is provided for Q1 by Wand R2, and .for Q2 by R8 and R9.
R7 completes the voltage divider from Vac with these networks. Emitttr'
stabilization is provided by R6 and R13. R13. is bypassed by C3 to prevent
degeneration and.loss of gain. R6' is not bypassed ..to improve 'low and high,

,frequency response at the cost of some gain.

The interstage video signal' coupling Cl, C2, and C4 have large values to
improve low frequency response. The R4-05 and R11-C6 ,decoupling components .

separate the signal path from_the DC power supply,, and prevent the amplifier
from becoming an oscillator. The shunt high .frequency peaking coils Ll and 13

'are connected to the normal collector load resistors R5.and:R12. The series
high frequency peaking coils are 12 and 14.

R10 acts to reduce. the Q, and broaden the bandwidth, of. the t2-C2 series
compensation network. JO acts to perform a similar function in'a prev-ious
amplifier stage.

The frequency response for a video amplifier can be measured using a sweep
frequency generator as shown in the test set-up in Figure 10.

SWEEP GENERATOR .

li

FIGURE 10

O'SCOPE

VIDEO AMPLIFIER FREQUENCY RESPONSE TETT

If t4kgenerator is set to sweep from 0 Hz to 10 MHz,, the output signal from a
test amplifier would resemble the display on the oscilloscope shown in the
figure. A technician can troubleshoot theiyideo, amplifier by comparing the
actual frequency response curve with the expected normal frequency response
curve. Deficiencies in either high or low frequency responses indicate which
components may be faulty.

22.2
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Summary Thirty One-4

The frequency response for a video amplifier also can be measured 'using a
square wave generator as shown in th'e test set-up in Figure 11.

SQUARE WAVE GENERATOR

FIGURE 11.

SQUARE WAVE-AMPLIFIER TEST'

O'SCOPE

Accurate reproduction of the square wave indicates good frequency response in
a video amplifier. Any distortion of the square wave indicates a problem in
frequency response. -

In theory, a square'wave is the result of combining a fundamintal sine wave
frequency with an infinite number of odd-numbered harmonic frequencies. In

practice, a video amplifier which accurately reproduces a square wave Is
capable of amplifying a fundamental frequency and at least the first 10
odd-numberg_banmonics. The display produced by a video amplifier with good
and poor-frequency responses are shown in Figure 12.

4.

GOOD

FREQUENCY RESPONSE POOR NIGH FREQUENCY POOR LOW FREQUENCY

FIGURE 12

SQUARE WAVE DISPLAYS AND FREQUENCY RE PONSE

2
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You will have the opportunity to operate and troubleshoot a video amplifier in
the Job Program for this lesson.

AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. IF YOU ANSWER ALL
SELF-TEST ITEMS CORRECTLY, PROCEED TO THE JOB PROGRAM. IF YOU INCORRECTLY
ANSvkR ONLY A FEW. OF THE PROGRESS CHECK QUESTIONS, THE CORRECT ANSWER PAGE
WILL REFER YOU TO THE APPROPRIAT PAGES, PARAGRAPHS, OR FRAMES SO THAT YOU
CAN RESTUDY THE PARTS OF THIS LESSON YOU ARE HAVING DIFFICULTY WITH. IF

YOU FEEL THAT YOU HAVE FAILED TO UNDERSTAND ALL, OR MOST, OF THE LESSON,
. SELECT AND USE ANOTHER WRITTEN MEDIUM OF INSTRUCTION, AUDIO/VISUAL MATERIALS
(IF APPLICABLE), OR CONSULTATION WITH THE LEARNING CENTER INSTROCTOR,UNTIL.YOU
CAN ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY.
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.PROGRAMMED .INSTRUCTION
LESSON 4

Video Amplifiers

Thirty One-4

TEST FRAMES ARE 8, 16, 21, and 28. PROCEED TO TEST FRAME 8 AND SEE

YOU CAN ANSWER THE QUESTIONS. FOLLOW THE DIRECTIONS GIVEN AFTER THE TEST

FRAME.

Most electrInic equipment that has a cathode-ray tube (CRT) display',

requires video amplifiers. The picture tube in a television set and

the screen on ,an oscilloscope are two good examples of CRTs. Both,

of these eleatronic.equipments'.also utilize vidWathplifiers.

Video amplifiers, like any other amplifier; must be able to amplify

all the information contained in the input signal. -The frequency

range of video information signals is 0; or a few Hertz, to about 6

MHz. As yog can. see, video' amplifiers are required to amplify a wide

range of frequencies. Now the ideal video amplifier should be able

to amplify with constant gen all signals within the video frequency

ran§t.- Therefore, the bandWidth of a video amplifier,must be as wide

as the frequency range. The bandwidth and response curve for the'ideal

video amplifier are shown in Figure 1.
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t

0 JOT
u

P

U

BANDWIDTH -II,
HALF-POWER LEVEL

0Hz FREQUENCY 6MHz

0
Figure 1

IDEAL VIDEO AMPLIFIER RESPONSE CURVE

In the figure you can see the same rectangular shaped frequency response

curve used in the previous lesson to show the ideal frequency response

for an IF amplifier. The difference between the amplifiers is that in

the case of a yideo amplifier, raw information in the frequency range

between 0 and 6 MHz' is being amplified, while in the case of IF and RF

amplifiers, a radio frequency carrier signal containing the video informa-

tion is being amplified. For example, an RF amplifier for a channel 2

television signal' would have a frequency response of 56 to 62 MHz and a

bandwidth:of 6 MHz.

AA video amplifier_hasa (wide/narrow) frequency response from about 0 Hz

to about' .

.1110.11 IMILkm.

Alec 6 as

\
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You might wonder whether the audio amplifiers you have studied can be

modified to produce the wide bandwidth required of video amplifiers. As

you know, bandwidth is related to the types of coupling used in ampli,

fiers. Two types of coupling you have studied are transformer coupling

and resistive capacitive (RC) coupling. The frequency response of a

typical transformer, coupled amplifier is similar to Figure 2a, and the

frequency response for a typical RC coupled amplifier is similar to

Figure 2b.

1
0

T
u

TRANSFORMER COUPLING

, , , 1

i
0

u
T

1E1

T

RC COUPLING

/
, i 1-

T

U N
.

10 100 IK I0K 100K 10 (00 1K 10K 100K

Frequency '41. Frequency --0.
(a) (b)

Figure 2

AMPLIFIER RESPONSE CURVES

It is obvious that neither type of coupling meets the,frequency response

requirements of video amplifiers. However, the frequency response of RC

coupled amplifiers come closer to what is required than do the frequency

- response of transformer coupled amplifiers.

In Figure 2, the typical RC coupled amplifier has a (narrower/wider)

bandwidth than does the typical transformer coupled amplifier.

wider

1
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How can the bandwidth of RC toppled amplifiers be made wide enough to

cover the low and high frequencies needed in video amplifiers? To answer

this question, you must learn what limits the frequency response of RC

coupling. First, let's discus(what limits amplification at low frequen-

cies. Look at Figure 3 which shows a simplified diagram of an RC coup-

led, two stage amplifier. The bias voltages and some components are

omitted for clarity.

Figure 3

AC EQUIVALENT-PC COUPLED AMPLIFIER

In the figure, the output of Qi is developed by. RI, and then coupled

through Cc to be developed across Rl. 'Since RI and Cc are in parallel

with RL, any voltagb developed by RL will be divided between Ri and Cc:

The voltage dropped across Ri and Cc is related to the resistance and

reactancearespectively, of these two components. You know that the

resistance of Ri is constant. However the reactance of Cc changes with

the applied frequency. As freq2ency decreases, the capacitive reactance

(Xc) increases. As the reactance of.Cc increases at low frequencies. the

signal voltage divider,. Cc and RI. has more voltage dropped across Cc and

less across RI, Now the voltage dropped across RI is the voltage fed to

the base of Q2, Therefore; at low frequencies, less voltage is fed tc Q2

than at higher frequencies and the overall low frequency respapse of the

amplifier decreases.
228
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In Figure 3, when the input signal frequency is low, the reactance of\
c is (low/high) and the voltage fed to the base of Q2 is (low/high). .

&

hic1h,low

Now that you know why the RC coupled amplifier doesn't anglify low

frequency signals, what can"be done about it? Refer to Figure 4 which is

the same as Figure 3.

Figure 4

AC EQUIVALENT-RC COUPLED AMPLIFIER

If Cc has a large capacitance, its reactance (Xc) at low frgquencies

will decrease. The decreased low frequency reactance will cause Cc

to drop less signal voltage. Therefore, more signal voltage will be

developed across RI and be fed into the base of Q2, increasing the low

frequency gain. However, the circuit will become unstable if tne value of

Cc is increased beyond a certain point. This limits the value of Cc, and

thus RC coupled amplifiers cannot amplify very low frequencies, e.g. O

Hz.
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To partially compensate for poor low frequency response in Figure 4, a

(larger/smaller) value coupling capacitor can be used.

laryer

since the coupling capacitor's increased capacitance only partially

wakes up for low frequency losses, more compensation is needed. Figure 5

shows the same diagram as in Figure 4 with the addition of low frequency

compensation components.

INPUT

CC

I R2

j CI
R

----

OUTPUT

Figure 5

AC EQUIVALENT - LOW FREQUENCY COMPENSATION CIRCUIT

As you know, the gain of a transistor amplifier is directly related

to the value of the collector load resistance. If a means could be

devised -to increase the size of the load resistance.at the low frequencies

only, then the loss ofigain due to the coupling capacitor cquA be.

compensated for.

230



.....
T=4*:

Thirty One-4

In figure 6, the collector load for QI at low frequencies equals the

resistance of plus the resistance of

111, RL

The effect of low frequency compensation on the overall circuit

frequency response is shown in Figure 7.

LOW FREQUENCY

COMPENSATION

FREQUENCY -«-

Figure 7

LOW FREQUENCY COMPENSATION RESPONSE

ORIGINAL

Notice that the low frequency end of the curve has been extended beyond

the original uncompensated, curve. You can see that adding pariellel PC

components in the collector circuit and Making Cc-as large as possible

improves the response at the low end. but not at the high end. However,

the improved response still is not taken down to the zero frequency

point.
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it type of amplifier circuit using direct coupling (DC) between stages may

be used to improve the frequency response down to 0 Hz. In fact, this

type of coupling is becoming very common with the latest state-of-the-art

devices such as Integrated circuits. ,pirect coupled amplifier stages

were used in Mo0dule 30 power supply circuits and will be found again in

module 34, Integrated Circuits.

The addition of a_parallel RC circuit in the collector /circuit of an RC

coupled amplifier improves (high/lowOrequency response.

low
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THIS IS A TEST FRAME. COMPLETE THE TEST QUEST -IONS AND THEN COMPARE

YOUR ANSWERS WITH THE CORRECT ANSWERS GIVEN AT THE TOP OF THE PAGE

FOLLOWING THE 'QUESTIONS.

1. The frequency response and bandwidth of the ideal video amplifier

most closely approximates and

4. U - 20 kHz, 20 kHz

b. 0 - 600 kHz, 500 kHz

c. 0 - 2 MHz, 2 MHz

A. g MR. F 1041:

USE THE DIAGRAM BELOW OFAN AC EQUIVALENT, TWO-STAGE AMPLIFIER CIRCUIT TO

ANSWER QUESTIONS 2 AND 3.

INPUT
0

Figure 8

2. At low input frequencies, the-reactance of Cc (decreases/increases),

causing a (larger/smaller) voltage drop across Cc.

3. The amplifier's frequency response may be improved somewhat at

frequencies' by, the capacitance of Cc.

a. low, decreasing

b. high, decreasing

c. low, increasing

d. high, increasino
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USE THE DIAGRAM BELOW OF AN AC:EQUIVALENT, TWO-STAGE AMPLIFIER CIRCUIT TO

ANSWER QUESTIONS 4 AND 5.

CC

INPUT

L_____ -_J

Figure 9

.4e At high input frequencies. tt.e R1-C1 parallel circuit can be consid-

ered to be (a short/an open).

5.. The R1-C1 parallel circuit has the effect of increasing the gain of

Q1 at frequenciei.

4. all

b. low -

c. high
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I. d. 0-b MHz, 6 MHz

2. increases, laryer

3. c. low, increasing

4. a short

b. b. low

IF YOUR ANSWERS MATCH THE CORRECT ANSWERS YOU MAY GO TO TEST FRAME 16.

OTHERWISE., GO BACK TO FRAME 1 AND TAKE THE PROGRAMMED SEQUENCE BEFORE

TiKINt TEST 'FRAME 8 AGAIN.

You km:it* how to improve gain at low frequencies in video amplifiers.

How you will find out what limits gain at high frequencies, and what

can lie done about it. \

Any transistor circuit at{ high frequencies will have a definite amount of

stray capacitance in both the input and output. 'These stray capacitances

can be caused by any number of things. One major cause is the wiring of

the circuit: M wire or printed circuit foil can act as one plate of a

capacitor when close to another wire or foil which can act as the other.

plate. Another reason for the capacitance is the transistor itself,

since each junction has capacity associated with it. These stray capaci-

tances are not components, as such. However, they affect the circuitlas

if.tiley were actual components. Therefore, they can be drawn into the

simplified AC equivalent amr0fiericircnit as shown in Figure 10.
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'TACO

Thirty One4

Figure 10

AC EQUIVALENT - STRAY CAPACITANCE

0

In he figure Co represents stray output capacitarice and Ci represents

stray input capacitance. The value of these equivalent capacitors is

very small (that is, in the picofarad range).

In Figure 10, Co and Ci represent at the input and outputAmsam.r.row. .1.11#mamr

of amplifiers.

a...
equivalent capacitances or words to that effect.,

238
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(E) Now do stray capacitors limit gain at high frequencies? Refer to the

amplifier ciFcuit shown in Figure 11.

?

O

INPUT

0

Figure 11

AC EQUIVALENT - STRAY CAPACITANCE

In the figure, Co is in parallel with the output of 0 and Ci.is in

parallel with the input to Q2. You know that the reactances of Co

andiCi are lot' at high frequencies. Therefore, at high frequencies.
,

Co and Ci act as signal shorts to ground. Thit causes- the outRir

signal from Q1 and the input signal to Q2 to be shunted to ground.

When this occurs, the high frequency signals a*.e effectively shorted

out and lost.

In Figure 11, the (high /low} reactances of Co and Ci shunt the high

signal frequencies to ground.

O

low

244
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Now that you know why a standard audio amplifier has poor high

frequency response, what can be done to improve it? Since it is not

possible to remove Co and Ci, they must be compensated for in some

,:ay. An inductor cabe added in parallel with Co and Ci to improve

high frequency gain of the amplifier. Such a set-up is shown in Figure 12.

o,

INPUT

0

Cc

. 1

CCOI t I I

i ;

t 1

t I 1...._ 1- A _.L.
CO? ...r... C

I. -;I

I I

Figure 12

"SHUNT" HIGH FREQUENCY COMPENSATION (AC EQUIVALENT)

0

How does the added inductor Ll improve high frequency gain? Well, if
6

Ll is the proper value, Co, Ci, and Ll will form a parallel resonant

circuit at thellitfrequencies where the frequency response would

normall4drop. Cc will not affect the operation of this parallel resonant

circuit' because Cc has a very large capacitance., and appears as a short at
t

high frequencies.

Now as the frequency applied to the circuit containing Ll increases;..

the impedance represented by the inductor-resistor combination (1.1-111.).

increases also. This increased collector load impedance causes the gain of

240 240
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tne transistor amplifier to. increase. With careful selection of L1,. the

rise in gain can be made to compensate for the roll-off in gain that

would have occurred without Ll. Now as the frequency applied to the

amplifier increases further, the parallel resonance frequency for

L1 -Cu /Ci will be reached. The gain of this parallel resonant rircuit is

maximum and further increases amplifier gain. At'frequencies above the

resonant point, amplifier gain will decrease rapidly. Since Ll is in

parallel with Co and Ci (that is "shunts" the input and output equivalent

capacitors), this type of compensation is called shunt compensation, or

shunt peaking.

In figure 12, Ll (increases/decreases) the gain and6output of Ql at

thigh/low) frequencies.

Increases, high

24.1
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Figure 13 shows how shunt compensation improves video amplifier

. frequency,response.

0

T

0
U.

T
P

U

T

ORIGINAL

F0 SHUNT COMPENSATION

RESONANCE CURVE

(U)

.

FREQUENCY --ow

SHUNT

COMPENSATED

(b)

# FREQUENCY

Figure 13

SHUNT HIGH FREQUENCY RESPONSE CURVES

In Figure 13a, the dashed lines show the frequency response curve for

the toned shunt, compensation circuit. Notice that the center frequent

cy (Fo), is at a-point higher than the frequency response of the original

video amplifier. Also notice that the shunt compensation resonance curve

Nis a wide bandwidth. The wide bandwidth occurs because the circuit

resistahte lowers the circuit Q, which increases the bandwidth (using the

formula BW=Fo/Q). In Figure 13b, the overall frequency response curve

for the Oideo amplifier is shown. This curve is thP. result of combining

the original video amplifier curve and the shunt compensation, or shunt

peaking,-resonance curve.

242'.
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The shunt compensation resonant circuit has a relatively (high/low)

Fa, and a (narrow/wide) bandwidth.

P

high, wide

f i

243
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Shunt type compensation has improved the high frequency response of

the basic video amplifier. However, the improved frequency response

still may not be high enough for some applications. Fortunately,

there is another way to improve the high frequency response of a video

amplifier. This is done by adding an inductor in series with the signal

path and Ci as shown in Figure 14.

cc

c. -T
T

a

Figure 14

"SERIES" HIGH FREQUENCY COMPENSATED (AC EQUIVALENT)

0

How does the added inductor L2 improve high frequency gain? Well, L2

is-in series with both Cc and the small equivalent capacitor Ci. As'

you know, Cc appears as a short at high frequencies: Now if Ll is

the proper value, the combination L2 and Ci form a series resonant

circuit to the signal path at hill frequencies. You recall that impedance

in a series resonant cirri; decreases to a minimum at resonance. There-

fore, the series resonant circuit composed of L2 and Ci provides a low

impedance path to the signal path from Qi to Q2.

24a
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In addition, a fundamental property of series resonant circuitsis.

the increase in voltage across the reactive components. In this case,

the reactive components are L2 and Ci. This allows the voltage across

L2 and Li to be a maximum at -the resonant frequency. Since Ci is in

parallel with R1, any voltage developed by Ci Will be felt across R1 and

fed to the base of Q2. This method increases amplifier gain, at the

previous roll-off point and is called series compensation, or series

peakiny.

In figure 14, the '.2-Ci circuit at resonance (maximizes/minimizes)

tne impedance between Q1 and Q2 and (increases /decreases) the voltage .

applied to Q2.

minimizes, increases

v

TY. ,245
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Figure 15 shows how series compensation further improves the video

.0amplifier's frequency response.

0
U

T

P
U

T

ORIGINAL 1-11F SHUNT

cREQUENCY

Figure 15

SERIES

1-iteCOMPENSMON.
. \

\
\

fo fo
SHUNT SERIES

. SERIES HIGH FREQUENCY COMPENSATION RESPONSE

In the' figure, the dashed lines show the,frequency response curve for the

tuned series.compensation circuit. Proper design of this circuit will

make the series peaking center frequency occur above the frequency

response of the combined originarvideo amplifier and shunt compensation

circuits. The input voltage to the second amplifier stage will increase

within the bandwidth of the series compensation circuit and.cause a

6poost" in the high frequency response.

A series compensation circuit extends an amplifier's response at (low /high)

frequencies.

high

.246
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Figure 16 shows the result of combining RC low,frequency compensation

and both shunt -and series high frequency compensation, to the original

video amplifier.

0

P .

fa SHUNT fa SERIES
1

I

I

t1

//
/

0%
/ \

I
/
/ '

I

1

I

0

1

FREQUENCY --------0-

Figure 16

COMPENSATED VIDEO AMPLIFIER RESPONSE

6MHz

AS you study Figure 16,you can see the total effect of frequencycomOen-

sationAlow and high) by the solid line frequency response curve. The

dotted lines indicate the original response curve before compensation is

applied. The dashed lines indicate_ the individual resonance curves for

shunt and series high frequency compensations The overall improvement is
. .

significant; and extends the frequency response of the video amplifier

from &wilt 30 Hz to 6 MHz. -

A Idea amplifier's high frequency response is improved by adding both

and compensation circuits.

shunt, series
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THIS IS A TEST FRAME. COMPLETE THE TEST QUESTIONS AND THEN COMPARE

YOUR ANSWERS WITH THE. CORRECT ANSWERS GIVEN AT THE TOP OF THE PAGE

FOLLOWING THE QUESTIONS.

1. The frequency response of a video amplifier is limited at high

frequencies by the

a. value of the coupling capacitor

'b. stray capacitance

USE THE DIAGRAM BELOW OF AN AC EQUIVALENT, TWO-STAGE VIDEO AMPLIFIER TO

ANSWER QUESTION 2.

TNCO

Figure 17

2. At high frequencies, the reactances of Co and Ci are (low/high)

causing them to. act as kshorts/opeKs) to ground.

24E
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USE THE DIAGRAM BELOW OF AN AC EQUIVALENT, TWO STAGE VIDEO AMPLIFIER TO

ANSWER QUESTIONS 3 AND -4.

INPUT

0

:,.

Figure 18.

0

3. The high frequency of this amplifier has been ,improved by a method

called

a. series compensation"

b. shunt peaking

c. capacitive bypassing I

4. At high frequencies, Ll increases the

a. capacitances of Co and Ci

b. resistance of R1

- c: output impedanci of QI

d. center frequency of Q2

249
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USENE DIAGRAM BELOW OF AN AC EQUIVALENT, TWO-STAGE VIDEO AMPLIFIER TO

ANSWER QUESTIONS 5, 6, AND 7.

Figure 19

5. Components L2-Ci form a (parallel /series) resonant circuit at

Alow/ftigh) frequencies.

6. At resonance,, the purpose of L2-Ci is to (decrease/increase) the

impedance between Q2 and Q2, and ttl ;decrease/increase) the voltage

developed acro:is Cl.

7. In order to improve the amplifier's frequency response, the L2-Ci

circuit should be tuned to a frequency which is

amplifier's high frequency half-povIer point.

a. above

b. at

c. below

250
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1. b. stray capacitanie

2. low, shorts
, .

3. 6. shunt peaking
.

4. c. output impedance'of DI

---...

5. series, high

6. decrease, increase

......_.1
7. a. above

IF YOUR ANSWERS MATCH THE CORRECT ANSW4S YOU MAY GO TO TEST FRAME 21.

OTHERWI4E, GO BACK TO FRAME.9 AND TAKE THE PROGRAMMED SEQUENCE BEFORE

TAKING TEST'FRAME 16 AGAIN.

)

You have learned how to improve the frequency response of vide6

ampli fiers at low and hibh frequenties by adding low frequency, shlinti
.

. and series compensation circuits. Figure 20 shows an AC equivalent

diagram of a video amplifier which includes all three types of compensi-

tion circuits.

spi.a*,

Figure 20
....

FULLY COMPENSATED VIDEO AMPLIFIER-EQUIVALENT CIRCUIT

252
.
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In the figure, low frequency compensation is provided by R2-C1. At-high

frequencies, Li provides shunt peaking and L2 provides series peaking to

extend the high frequency respbnse. These added -inductors 'ave little

effect on low frequency response since inductors. have low reactance et

low frequencies.

In Figure 20, low frequency compensation is provided by components

a. Ll and L2

b. L2 .and Cc

c. R3 and Cc

a. R2 and Cl

KZ and Cl

1 as

---.
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Jp until now in this lesson, the high and low frequency compensation

circu,have Peen shown in equivalent circuit form. Now let's place

'..nem ib are atual video amplifier circuit with biasing components present.

Hyure 21 she .s wo-stage video aroplifier circuit from the HIDA trainer.

RI

Cl

10-==-1

1"P"
INPUT

R2

R4
RII .$1OA

ROA
RT

4TOM
C5 = R5

1500A

LI
IN

12 C2

1 161111 50pfd0
2N2222A

R3

5011.

1500ft R6 I Ka

R12

13
R8

,- 1pH

0(1

RIO
39pH

L4 't C4EL.

5011

n,4 2

112222A
100 pfd

R9

2

INA

3300.11

150011

Figure 21

TWO-STAGE VIDEO AMPLIFIER-ACTUAL CIRCUIT
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toth stages use a common-emitter circuit arrangement. In the figure,

interstage coupTThg 3?-lhe video signal i^ provided by capacitors CI, C2,

and 64. These 'capacitor.; have large values and'help to improve the low

frequency response. In the collector circuits, you will find the shunt

nigh frequency peaking coils Ll and L3. These are connected to the

normal collector load, resistors R5 and R12, respectively. The series

high frequency coils are L2 and L4. The output video signal from each

stay passes through these two coils. As you know, shunt peaking coils

resonate with the output (CO) and input (Ci) equivalent capacitances,

while the-series peaking coils resonate with the input capacity. These

capacitances normally arelbt shown on a circuit schematic diagram since

the physical,capacitors do nut exist. However, the effects of the

capacitances definitely exist!

If Figure 21, the two components which provide high frequency series

peaking are and

LZ, L4

26o
255'.
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Al

Let's -take another look at the two-stage video amplifier circuit

shown in Figure 22 and examine the components which provide forward bias

and emitter stabilization.

Vcc.

R4

41011
R7

410011

RR

R12

ROA

C5=
R5 330011

150011

LI 1

118

. RI moon lri 12 C2 410011

Cl R3 RIO

t 100pfd 5011
Qi 16//11 50pfd

R9

,--f Al 2112222A 50f1

R2 1500ft
111FUT as IKA 1500ft

13
11,11

14 C4

11

(--
2n22A
2 r 100pfd

R13
C3

OUTPUT.

ioof,

Figure 22,

NO -STAGE ':VIDEO AMPLIFIER- ACTUAL CIRCUIT

the figure, R1 and R2 provide Class A forward bias for Q1 as do. R8 and

R9 for Q2. Both of these forward bias networks are connected to R7 to

complete the voltage divider from Vcc. 'R6 and.R13 provide emitter

stabillzation for the transistors. Notice that R13 has a .bypass capacitor

C3, whereas R6 does not. The unbypassed emitter in the first stage

improves the low and high frequency response at the cost of some gain.

The bypassed emitter 1! the secone'stage prevents signal degeneration and

loss of gain.

256 261
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In Fitire 22, Class A forward bias for Q2 is provided by components

and , and emitter stabilization for QI is provided by

component .

R8, K9, K6

4

I, 262257

MP
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Now let's examine the function of the remaining components in the

two-stage video amplifier circuit shown in Figure 23.

RI

CI

I"Pfd
INPUT

R2

vcc

R4

VOA

C5 :I: R5

1500ft

RT

410011

T5M1

R3

50ft

15001L

LI
11111

L2 C2

01 161111 50pfd
2112222A

Re IKA

R8

4T000

RIO

5011

R9

150011
,

R11 ROA

R12

L3

R13

Figure 23

4-

TWO-STAGE VIDEO AMPLIFIED- ACTUAL CIRCUIT
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THIS IS A TEST, FRAME. COMPLETE IHE TEST QUESTIONS AND THEN COMPARE

YOUR ANSWERS WITH THE CORRECT ANSWERSJGIVEN AT THE TOP OF THE PAGE

FOLLOWING THE QUESTIONS.

USE THE bIAGRAM BELOW BELOW OF A TWO-STAGE VIDEO AMPLIFIER CIRCUIT TO

ANSWER QUESTIONS I THROUGH B.

CI

.--1
100pfd

INPUT
R2

R4

47011

C5 a: R5

150011
r-

750011

R3

soft

150011

RT

470011

11
ipH

12 C2

IN 160 5004

2N2222A

R11 47011

R12
330011

8

13 111H

OA 14 C4

50ft

110 02 32PH 141
R10

R9

2N2222A

C3
OUTPUT

IMO&
:1:!0pfd I

R6 IRA

Figure 24

1. The two components which provide series high frequency peaking are

and

264 259
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2. R7 acts as a voltage divider between Vcc and-which component networks?

a. shunt compensation

b. forward bias

c. coupling

d. decoupling

3. Emitter stabilization is performed by which two resistors?

4. The purpose of the R11-C6 network in'the second stage is to

a. decouple the signal from the power supply.

b. improve the high frequency response.

c. stabilize the forward bias to Q2.

d. increase the output impedan of Q2.

260
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In the collector circuits, R4-05 and R11-C6 provide decoupling of the

video signal. leach decoupling network provides the signal with a low

impedance path to ground at the junction of the resistor and capacitor.

This low impedance path serves to separate the signal from the DC power

supply, and keeps signal-related components out of the power supply. If

the signal voltage entered the power supply and caused variations in Vcc,

the amplifier could oscillate instead of amplify.

RN is in series with the signal path and the 12-Ci series high frequency

compensation network. R10 acts to reduce the Q of this network and

broaden its bandwidth. R3 also is in series with the signal path. It

performs the same.ty! of function as R10 on the series compensation

network which would be located in a previous stage.

V/I.n Figure 23, R4-05 and R11-C6 act to prevent the amplifier from (decoupling/

Oscillating), and RIO acts to (narrow/broaden) the bandwidth of the

series 4pensation network.

oscillating, broaden

J
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1. L2, L4

2. b. forward bias

3. R6, R13

4. a. decouple the signal from the power supply

IF ALE YOUR ANSWERS MATCH GO ON TO TEST FRAME 28. OTHERWISE:GO BACK TO

FRAME 17 AND TAKE THE PROGRAMMED SEQUENCE BEFORE TAKING TEST FRAME 21

AGAIN.

You know the frequency response curve and component operation of the

basic video amplifier. Now let's look at two methods for measuring the

frequency response of a video amplifier circuit. These methods are

useful in troubleshooting circuit problems.

The first method uses the sweep frequency generator. You should recall

fro the previous lesson that a sweep frequency generator provides a wide

range of output frequencies. Figure 25 shows an equipment set-up for

measuring frequency response using the sweep frequency generator.

SWEEP GENERATOR DEMOD 0' SCOPE

Y
-0

Figure 25.

SWEEP FREQUENCY GENERATOR FREQUENCY RESPONSE TEST`
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If you set the generator to sweep from 0 Hz to I0 MHz and apply this

signal to a video amplifier, you get a frequency response curve as shown

on the CRT of the oscilloscope. The video amplifier will amplify each '

frequency according to its ability. The display on the CRT is an.accurate

--- indication of the video amplifier's frequency response curve.

In Figure 25, the display on the oscilloscope is the video amplifier's

frequency response curve

. 268
263
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A technician can use the sweep frequency generatdr to test a video

amplifier by comparing the actual frequency response curve to the normal,

or expected, curve. As an example, Figure 26 shows both actual and

normal frequency response curves for a test video amplifier.

t

0
U

P

C FREQUENCY -a-

Figure 26

/I/ .ACTUAL VS NORMAL FREQUENCY RESPONSE

In the figure, you can see that the actual Curve (shown by the solid

line) displays less gain at low frequencies than indicated by the normal

curve (shown by the dotted line). The technician would suspect some

problem in low frequency response components. He then would check the

.coupling capacitors and low frequency RC network components for defects.

The display in Figure 26 was produced by injecting a signal from a

generator into a test video amplifier.

sweep generator
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The second bethod for measuring the frequency. response of a video

amplifier circuit uses the square wave generator. This test method is

less accurate than the one.previously described, but is effective in

trouolesKooting. Figure 27 shows an equipment set-up for measuring

frequency response using the square wave generator.

=FL
,10

SQUARE WAVE GENERATOR

VIDEO

AMP

Vok

0' SCOPE

Figure 27

SQUARE-WAVE UNERATUR FREQUENCY RESPONSE TEST

This type of signal generator produces square shaped waveforms which are

the input into a test video amplifier.as shown in the figure. If the CRT

on the oscilloscope accurately displays the square wave, the video amplifier

is functignifiy properly. Any distortion of the square wave signal indi-

cates a lack in the frequency response for the video amplifier.

In'Figure Z7, the displays dfi the oscilloscope indicates'that the test

video amplifier

d. is functioning properly

o. has a lack in frequency resprw.se

a. is functioning properly

26e70
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No doubt the question in your mind is "how does an amplifier's

frequency response relate to its ability to accurately reproduce a square

wave?" The answer requires a brief discussion about what frequencies make

up a square wave. In theory, a square wave is the result of combining a
1

basic sine wave frequency with an 4nfinite number of frequencies that are

mulViples of that frequency. The basic frequency is celled the fundamental

frequency, and the multiple frequencies are all called the harmonics. In a

square wave, the only harmonics we are interested in are the odd-numberedinterested

harmonics. For example, if the fundamental frequency is 10 kHz, the third

harmonic equals 3 times 10 kHz, or 30 kHz. The fifth harmonic of 10 kHz equals

5 times 10 kHz, or 50 kHz. The square wave related to the fundamental frequency

of 10 kHz it the waveform that results from combining 10 kHz with a large

quantity of odd-numbered harmonic frequencies.

A square wave is produced by combining a frequency with many

of its odd-numbered frequencies. t

fundamental, harmonic

266
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Figure 28 shows the effect of combining a typictl fundamental

.

frequency with its third and fifth harmoni..s.

FUNDAMENTAL
3rd HARMONIC

5th HARMONIC

RESULTANT

Figure 28

'COMPOSITION OF SQUARE WAVE

The left side of the figure shows the individual waveforms for the

fundamental frequency, and for the 6ird.and fifth harmonics. The right

side shows the combination of these frequencies. Notice that the figure

closely resembles a square wave when Only three frequencies are combined.

In actual practice, an almost perfect looking square wave is produced by

combininga fundamental frequency with all the odd-numbered harmonics up

through the 21st harmonic. Another way to say this is that a square wave

is tne combination of a fundamental and its first 1U odd - numbered har-

monics.

A guod square wave can be prOduced by combining a fundamental frequency.

with the first 1U (even/odd)-numbered harmonics.

odo
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;low that you know the, composition of a square wave, let's see how

it relates to the frequency response of a video amplifier. If a video

amplifier can accurately reproduce a square wave signal, then it can

amplify the signal's fundamental frequency and at least the first 10

. `odd-numbered harmonics. Thus any distortion of the square wave signal

indicates that the 4deo amplifier is not amplifying some of thr frequencies

which compose the square wave. The type of distortion produced by the

amplifier relates to those frequencies which are not properly amplified.

Figure 29 shows examples of good and distorted square wave reproductions.

GOOD FREQUENCY RESPONSE POOR HIGH FREQUENCY POOR LOW FREQUENCY
RESPONSE RESPONSE

Figure 29

SQUARE WAVE DISPLAY AND FREQUENCY RESPONSE

A video amplifier which produces the left waveform in the figure has a

good frequency response. If it produces the center waveform, there are

problems in the high frequency response. If it produces the right

waveform, there are problems in the low frequency response. You will be

using the square wave generator in the Job Program for this lesson to

troubleshoot a video amplifier.

R.
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The square wave display from a test amplifier appears as Figure 30

below.

7

41.

I

Figure 30

This indiCates that the video amplifier's frequency oesponse is poor

at frequencies.

low
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THE., IS A TLST 1-KAME. COMPLETE THE TEST QUESTIONS AND THEN AMPARE

YUUk ANSWERS GIVEN AT THE TOP.OF THE PAGE FOLLOWING THE QUESTIONS.

USE THE FIGURE BELOW TO ANSWER QUESTION 1.

VE
AMP

Figure 31

. t
-.,

O
Y
0

O' SCOPE

4 YoW.dre using this set-up to test the frequency response for a video

amplifier. In order to produce the display on the oscilloscope, the

input signal to the amplifier comes from a piece of test equipment

called

USE THE FIGURE BELOW TO At:SWER QUESTION 2.

Figure 32

O'SCOPE

Z. You are using this set-up to test the frequency response for a video

amplifier. In order to produce the display on the oscilloscope, the

input sihail to .pie ar4plifier cones from a piece of test equipment

called a .

rp-
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USE THE FIGUBELOW TO ANSWER QUESTION 3.

Figure 33

C.

3. A test video amplifter with poor high frequency response will

reproduce a square wave that resembles which waveform?

a. a

b.

C. c
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1. square wave generator

2. sweep frequency generator

3. b. b

IF YOUR ANSWERS MATCH THE CORRECT ANSWERS YOU HAVE COMPLETED LESSON 4,

mUOULL 31. CONGRATULATIONS! IF YOUR ANSWERS DO NOT MATCH GO BACK TO FRAME
22 ANU TAKE THE PROGRAMMED SEQUENCE BEFORE TAKING TEST FRAME 28 AGAIN.

AT THIS PULNT, YOU MAY TAKE THE LESSON PROGRESS CHECK. IF YOU ANSWER ALL

SELF-TEST ITEMS CORRECTLY, PPOCEED TO THE JOB PROGRAM. IF YOU INCORRECTLY

ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS, THE CORRECT ANSWER PAGE
WILL REFER YUU TU THE APPROPRIATE PAGES, PARAGRAPHS, OR FRAMES SO THAT YOU
LAN RESTUDY THE PARTS OF THIS LESSON YOU ARE' HAVING DIFFICULTY WITH. IF

Yin FELL THAT YOU HAVE FAILEC TO UNDERSTAND ALL, OR MOST, OF THE LESSON,

SLLEa AN& USE ANOTHER WRITTE MEDIUM OF INSTRUCTION, AUDIO /VISUAL MATERIALS

(IF APPLICABLE), OR CONSULTATIO% WITH THE LEARNING CENTER INSTRUCTOR, UNTIL YOU

LAN AI' SwER ALL SELF-TEST ITEi.:S ON THE ?REGRESS CORRE5TLY..
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k
f LESSON 4

Video Amplifiers

host electronic equipment that produces a visual display on a Cathode Ray
Tube (CRT) requires the use of video amplifiers- Examples of this type of
equipment include radars, television sets, and oscilloscopes.

To amplify the typei of signals used to produce visual displays,,a video
amplifier must have a frequency response that will allow it to amplify a
frequency 'from 0, or a few Hertz, to about 5,or 6 MHz. The ideal video
amplifier should be able to,amplify all these frequencies with equal gain, so
its bandwidth must be as wide as its frequency - response..

The frequency response curve for an ideal video amplifier is shown in Figure

0 .10T
U

U

BANDWIDTH ow

OHi stEOUENCY 6MHz

FIGURE 1

IDEAL VIDEO AMPLIFIER RESPONSE CURVE

HALF-POWER LEVEL

Amplifiers you have studied will not reproduce the low and high frequencies
required of video amplifiers. Figure 2 shows the typical response curves for
actual transformer coupled and resistance-capacitance (RC) coupled amplifiers.

f fTRANSFORMER COUPLING RC COUPLING ..*.

0
11

11

T T
P

0

UU

P

T 1 1 1

10 100 1K 10K 1001(

Frequen(b) cy 0-
10 100 1K 10K 100K

Frequency 4.0'
(0) .

FIGURE 2

. AMPLIFIER RESPONSE'CURVES
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..ns you can see, amplifiers with RC coupling provide a slightly wider bandwidth.
However, even these amplifiers fall short of the wide bandwidth requirements
fpr vidco amplifiers.

Fiure 3 can be used ,ta show what limits the low frequency response of RC
coupled amplifiers.

FIGURE-'.3

AC EQUIVALEfj-RC COUPLED AMPLIFIER

The circuit in Figure 3 is a simplified schematic. of an RC coupled, two-stage
amplifier, with bias voltages anc some components omitted for clarity. In the

figure, the output of QI is developed by RL.. Therefore, the signal voltage
fed to the input (base) of Q2 is equal to he voltage across RL minus any
signal voltage dropped by Cc. When the input frequency decreases, the voltage
dropped across COaill increase due to the increased capacitive reactance
(Xc). This leaves' less--7571-F-felt across RI and the base of Q2, thus
reducing the overall gain at lowfrequeneies.

One metnod to compensate*for this loss of gain is to increase the value of the
coupling capacitor (Cc) An order to lower. its impedance 'at low frequencies.
However, i- the couplir capacitor value is tot large, the circuit becomes
unstable G. -+ would not work at all. Fer:unatel, there is an Cher way to
compensate. for lois of low frequency gain as shown in the simplified circuit
of Figure 4.
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OUTPUT

INPUT.

L.M alnl, mlw I

FIGURE 4

AC EQUIVALENT - LOW FREQUENCY COMPENSATION CIRCUIT

I

In the figure, Cl and R1 have been added. At low frequencies, the Xc of
Cl is large enough so that G1 acts as an open. Thus the parallel circuit
CI-K1 has an impedance equal to the the resistance of Rl. The load for
QI then would equal the sum of resistances RL and Ri at low frequencies.
This larger collector load impedance increases the gain, or output
voltage, from the amplifier at these low frequencies. The increased

gain makes up for the voltage loss caused by Cc. At hit,. frequencies,

the C.1 -K1 circuit does not affect circuit gain because the reactance of
Cl decreases, and effectively shorts out Rl. .Therefore, the gain from Q1
returns to that produced by RL alone.

The effect of low frequency compensation on the overall circuit frequency
response is shown in Figure 5.

=FREQUENCY
,../.COMPENSATION

'"'

FREQUENCY ---'4111'

flGURE 5

- LOW FREQUENCY COMPENSATION RESPONSE

I
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In the figure, you will notice that the low frequency end of the curve has
been extended beyond the original uncompensated curve. Although the technique
of adding a parallel RC network in the collector circuit improves the low
frequency response, it does not extend the response to the zero frequency
point. A type of- amplifier coupling called DC (direct coupling) does notuse
a capacitor between stages. You may remember this type of amplifier from the
lesson on transistor voltage regulators, Module 30-2. A DC amplifier extends
the low frequency response down to 0 Hz and is extensively used in integrated
circuits. You will study more about integrated circuits in Module 34.

Figure 6 can be used to show what limits high frequency response of video
amplifiers.

02

OUTPUT

INPUT

FIGURE 6

AC EQUIVALEET - STRAY CAPACIT NCE

/

In any transistor circuit; there is a definite amount of stray capacitance
present in both the inputand-Output stages. Thit is due to a number of
factors including proximity of wires, active device input/output capacity,
printed circuit board foils., etc. The input stray capacitance (Ci) and output
stray capacitance (Co) can-be drawn into the basic circuit as shown in Figure
6. The values of these equivalent capacitors are in the picofarad range. At

high frequencies, Co and Ci have low impedances and act as. signal shorts to
ground. The stray capacity shunts the signal to ground and prevents ,them from
being fully amplified.

Since it is not possible to physically remove Co and Ci, they must be compensat-
ed for in-some way. .
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One method to compensate for high frequency signal loss is to place an
inductor of the proper value in parallel with Co and Ci as shown in
Figure 7.

FIGURE 7

"SHUNT" HIGH FREQUENCY COMPENSATION (AC EQUIVALENT)

In the figure., Co, Ci, and Ll form a parallel resonant circuit at high freq
ties where the frequency response would normally drop. Cc will not affect
operation 'of this resonant circuit since Cc appears as a short at high freqPikies.

In the amplifier, the addition of Ll increases the output impedance of QI a
;)(:high frequencies because impedance in the parallel resonant circuit increase

at resonance. With this increased output impedance, the gain of the amplifier
increases at high frequencies thus compensating for the losses that would '*
occur without Ll. -Since Ll is in parallel ("shunts" the input and output t4,
capacitance), this type of compensation is called s!nint compensation, or slitnt
peaking,
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Figure 8 shows how shunt compensation improves RC coupled amplifier high
frequency response.

0
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''' -.\ Are RESONANCE CURVE
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. \. \/. \. .
FREQUENCY

SHUNT

COMPENSATED

(1))

FREQUENCY -0-

FIGURE 8

.SHUNT HIGH FREQUENCY RESPONSE CURVES

In Figure 8a, notice that the resonant. curve of the shunt compensation circuit
is higher in frequency than the original RC coupled amplifier curve. The wide

bandwidth of the shunt compensation circuit occurs because the collector load
(RL) lowers the resonant circuit Q and increases the bandwidth (using the
formula BW = Fo/Q). In Figure 8b, the overall frequency response curve is
obtained by combining the original curve and the shunt compensation curve.
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_Shunt type compensation has improved the high frequency r ..sponse of the basic

video amplifier. However, this response still may not be high enough for some

applications. The circuit can be further improved by adding an inductor in
series with the signal path and Ci as shown in Figure 9.

FIGURE 9

"SERIES" HIGH FREQUENCY COMPENSATION (AC EQUIVALENT)

Series high frequency compensation uses the principle of series resonance to
improve high frequency response. In the figure, 12 is in series with both Cc
and Ci. Since Cc acts as a short at high frequencies, the combination of 12
and Ci form a series resonant circuit to the signal path if the value of 12 is
properly chosen.'Yoi recall that the voltage across a coil and capacitor in
series is maximum at resonance because impedance is at a minimum. Therefore,
the voltage developed by Ci is maximum at Fo and will be felt across RI and
fed to the base of Q2. This method of'lincreasing amplifier gain is called
series compensation, or series peaking.
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Figure 10 shows how series compensation further improves video amplifier
frequency response.

0
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fo flo
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SERIES

SERIES HIGH FREQUENCY COMPENSATIM RESPONSE

In the figure, proper design of the resonant series compensation circuit will
place its Fo above the frequency respOnse of the combined original RC amplifier
and shunt compensation circuits. The input voltage to the second amplifier
stage in Figure'9 will receive i'Dboose.when the signal frequency occurs
within the bandwidth of the series compensation circuit.

Figure 11 shows the result of combining Kt.. low frequency compensation and both
shunt and series high fFequency compensations to the original video amplifier.
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e \ 1I % e \,_

FREQUENCY

FIGURE 11

COMPENSATED VIDEO AMPLIFIER RESPONSE

6MHz

As you can see, the total improvement (shown by the solid line) is significant.
The frequency response for the fully compensated video amplifier is about 30
Hz to 6 MHz.
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Figure 12 shows a simplified diagram of a fully compensated video amplifier.

FIGURE 12

COMPENSATED VIDEO AMPLIFILR-EQUIVALENT CIRCUIT

Low frequency compensation is provided by the R2-C1 circuit. High frequency
compensation is provided by both Ll (shunt peaking) and by 12 (series peaking)

Now that the high )nd low frequency compensation circuits have been presented
in equivalent circuit form, let's place them into a real circuit. Figure 13

shows the schematic diagram of a two-stage vireo amplifier as found in the
NIDA trainer.
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FIGURE 13

2-STAGE VIUEU AMPLIFIER-ACTUAL CIRCUIT

The functions of components in this circuit now will be discussed. R1 and R2
provide Class A forward bias for Ql, as do R8 and R9 for Q2. Both of these
networks are connected to R7 to complete the voltage divider from Vcc. R6 and
R13 provide emitter :,tabilization. In the second stage, R13 is bypassed by C3
to prevent degeneration a!td lbss of.gain. Notice that R6 is not:bypassed.
This unbypassed emitter in the first stage provides improvement to the low and
high frequency response at the expense of some gain.

4S
282

c



Narrative Thirty One-4

Interstaye coupling of the video signal is provided by Cl, C2, and C4. These
capacitors have large values and help improve the low frequency response. In

the collector circuits, 'the R4-05 and R1-1-C6 networks provide decouplinj of
tne video signal.' Uecoupling is a term that imitates the signal sees a low
impedance.path tn ground at the junction of the resistor and capacitor. This
low impedance path serves to separae the signal path from the DC power
supply, and is necessary to keep ) ignal cumponents out of the supply. If the

signal voltage suuld cause variations in Vcc, the amplifier could oscillate
instead of amplify.

Also in the collec;or circuits, you find the shunt high frequency peaking
coils Ll and US together with the norma' collector load resistors R5 and R12.
The output video signal from each stage passes through the series high frequency
peaking coils CZ and 1.4. Of course, the series and shunt peaking coils
resonate with the output (Co) and input (Ci) capacities which are not normally
shown on a circuit schematic diagram.

R3 and R1U are in series with the signal path. R10 acts to reduce the Q of
the 1.2-0 series compensation network and to broaden its bandwidth. R3 acts
to perfurm a similar function in a previous amplifier stage.

'44,low let's look at two methods for measuring the frequency response'for a .i'.deo

amplifier. The first method uses a sweep frequency generator. The test set
up is shown in, Figure 14.

SWEEP GENERATOR

VIDE

AMP

O

DEMOD

FIGURE 14

O'SCOPE

VIDEO AMPLIFIER FREQUENCY RESPONSE TEST

Recal; that a sweep frequency generator provides a wide band of ouput frequen-
cies. The generptor can be set up to sweep from 0 Hz to 104Hz, and this
sil;nal can be applied to a video amplifier. The output frequency response
cLrve from the amplifier would resemble the display on the oscilloscope in
iigure 14. This display would accurate,,, indicate the amplifier's ability to
ahiplify each frequency.
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As an example of a,test situation, assume the frequency response curve shown
in Figure 15 is produced on the CRT of an oscilloscope.

t

0
U

T
P
U

T

NORMAL

.e.e"

0 FREQUENCY

FIGURE15

ACTUAL VS NORMAL FREQUENCY RESPONSE

In the figure, a technician can determine faulty components in the video
amplifier circuit by comparing the actual frequency response.curve (solid
line) with the.expected normal curve (dotted line). In this example, the
actual curve indicates some defect in the low frequency response components of
the amplifier.. The technician would then proceed to check the coupling
capacitors and low frequency RC netwbrk parts as likely suspects.

The second method for determining video amplifier frequency response uses a
square wave generator. This type of generator produces sqdare shaped waveforms
particularly suitable for testing frequency response. 'However, this method is
less accurate than the meths:id using the sweep generator. Figure 16 shows the
test set-up for measuring vides!) amplifier frequency.response with a square
wave generator.

SQUARE WAVE GENERATOR

FIGURE 16

SQUARE WAVE-AMPLIFIER TEST

0'SCOPE)

If a video, amplifier can accurately reproduce a square wave input signal, it
has a good frequency response. Any distortion 'of the square wave indicates a

problem in the amplifier.
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Tne selationship between ficequency response and the ability to reproduce a
square wave is dueto the types of frequencies which make-u0 a square wave.
In theory, a square wave isthe result of combining a fundamental sine wave
frequency with an infinite number of odd-numbered harmonic frequencies. A
harmonic is Just a multiple,of the fundamental frequency. For.example, the
third harmonic for a fundamental frequency of 10 kHz is 30 kHz, and the fifth
harmonic is 50 kHz. .

Figure 17'illustrates the composition of a square wave made by cnmbining a
typical fundamental frequency with its third and fifth harmonic's.

FUNDAMENTAL
3rd HARMONIC .

5th HARMONIC

FIGURE 17

COMPOSITLON OF SWARC.WAVE

.

In the figure, the individual frequency waveforms are on the left, and the
'combination waveform is on the right. Notice that a fairly good square wave
results. In actual -practice, the combination of a fundamental frequency.and
tne first 10 odd-numbered harmonics produces an excellent square wave.
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Now if a video amplifier can accurately reproduce a square wave signal, then
it is capable,of.amplifying the fundamental frequency ind at least the first
10 odd - :numbered harmonics. Thus, any,distortion of the square wave. signal is
a direct indicator of a lack in frequency response. Examples of this situation
are shown in Figure 18. ,9"

9.

GOOD FREQUENCY RESONSE- POOR HIGH FREQUENCY POOR LOW.FREQUENCY
RESPONSE RESPONSE

FIGURE18

SQUARE WAVE DISPLAYS ANO FREQUENCY RESPONSE

In the figure, a video amplifier with a good frequency response reproduces the
square wave on the left. An amplifier which reproduces the center waveform
has poor high frequency response. The waveform on the right indicates poor
low frequency response. This test method.is simple and provides information
suitable for troubleshooting video amplifier circuits. You will be given the
opportunity to operate and trdubleshoot a video, amplifier in the Job Program
for this lesson. - 4.

AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. IF YOU ANSWER ALL
SELF-TEST ITEMS CORRECTLY,, PROCEED TO THE JOB PROGRAM. IF YOU INCORRECTLY
ANSWER ONLY A. FEW OF THE PROGRESS CHECK QUESTIONS, THE CORRECT ANSWER PAGE
WILL REFER YOU TO THE APPROPRIATE PAGES, PARAGRAPHS, OR FRAMES SO THAT YOU
CAN RESTUDY THE PARTS OF THIS LESSON YOU ARE HAVING DIFFICULTY WITH. IF

YOU FEEL THAT YOU HAVE FAILED TO UNDERSTAND ALL, OR MOST, OF THE LESSON,
SELECT'AND USE ANOTHER WRITT MEDIUM OF INSTRUCTION. AUD(O/VISUAL MATERIAIC
(IF APPLICABLE), Oft CONSMATI N WITH THE LEARNING CENTER INSTRUCTOR, UNTIL YOU
CAN ANSWER ALL SELF-TEST IT ON THE PROGRESS CHECK CORRECTLY.
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