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ABSTRACT

This fourth of 10 blocks of student and teacher
materials for a secondary/postsecondary level course in electronic
principles comprises one of a number of military-developed curriculum
packages selected for adaptation to vocational instruction and
curriculum development in a civilian setting. Prerequisites are the
previous blocks. This block on solid state principles contains five
modules covering 72 hours of instruction on PN junctions and diodes
(12 hours}, :iransistors (12), amplifier principles (22},
troubleshooting solid state amplifiers (12}, and selected solid state
devices (14). Printed instructor materials include a plan of
instruction detailing the units of instruction, duration of the
lessons, criterion objectives, and support materials needed. Student
materials include a student text; five guidance packages containing
objectives, assignments, and review exercises for each module; and a
comprehensive programmed text orn solid state devices. A digest of the
modules in the block is provided for students who need only to review
the material. Designed for self- or group—paced instruction, the
material can be adapted for individualized instruction. Additional
print and audiovisual materials are recommended but not provided.
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MITIPARY CURRICULUM MATERIALS

The mil tniry=doeve loped curriculuan matertabs in this oo
pckace were soleocted by thoe Netional Conter for Rescarch in
Vocational Bducation Military Qurriculum Projoect for dissom
ination to the 3ix rogional Curriculum Coorditwation Centers and
othor instructional materials aqencies.  The purpose ol
dinseminating these courses was to make curriculum materials
developed by the military more accessible to vocational
cducators in the civilian sotting,

'The course materials woere aoquired, eovaluated by project
staff and practitioners in the field, and prepared for
dissemination. Materials which were specific to the military
were deleted, copyrighted materials were either amitted or appro-
val for their use was obtained. These course packages contain
curriculun resource materials which can pe adapted to support
vocaticnal instruction and curriculum development.
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Military Curriculum
Materials for
Vocational and

Technical Education

The National Center
Mission Statement
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The National Center for Research in
Vocational Education’s mission is to increase
the ability of diverse agencies, institutions,
and organizations to solve educational prob-
leins relating to individuat career planning,
preparation, and progression.  The National
Center fulfills its mission by:

Information and Field
Services Division
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The National Center for Research
in Vocational Education

Generating knowledge through research

Developing educational programs and
products

Evaluating individual program needs
and outcomes

Installing educational programs and
products

Operating information systems and
senvices

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/
848-4815 within the continental U.S.
{except Ohio} X




Military
Curriculum Materials
Disseminationls ...

A achivity 1o crease the gccessibility of
militiry developed curmculum matenals to
vacatiwonal and techmcal educators.

Thus project, funded by the U.S, Office of
Educdtion, mmcludes the identification and
acqusihion of curnculum matenals in prnt
form from the Coast Guoerd, Air Force,
Army, Manne Corps and Navy.

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

The acquired maternials are reviewed by staff
and subject matter specialiste, and courses
deemed applicable to vocational and tech:
nical education are selected for dissemination.

The National Center for Research in
Vocational Education is the U.S, Office of
Education’s designated representative to
acquire the materials and conduct the project
activities.

Project Staff:

Wegley €. Budke, Ph.D., Director
National Center Clearinghouse

Shirley A, Chase, Ph.D.
Project Director

What Materials
Are Available?

.\: I

One hundred twenty courses on microfiche
ithirteen in paper form) and descriptions of
each have been provided 10 the vocational
Curriculum Coordination Centers and other
instructional matenals agencies for disser-
nation.

Course materials include programmed
instruction, curriculum outlines, instructor
guides, student workbooks and technical
manuals.

The 120 courses represent the following
sixteen vocational subject areas:

Food Service
Health
Heating & Air
Conditioning
Machine Shop
Management &
Supervision
Meteorology &

Agriculture
Aviation
Building &
Construclion
Trades
Clerical
Occupations
Communications
Drafting Navigation
Electronics Photography
Engine Mechanics Public Service

The number of courses and the subject areas
represented will expand as additional mate:
nals with applicaion to vocational and
technical education are identified and selected
for dissemination.

How Can These
Materials Be Obtained?

Contact the Curricutum Coordination Center
in your region for information on obtaining
materials {e.g., availability and costl. They
will respond to your request directly or refer
you to an instructional materials agency

closer to you.

CURRICULUM COORDINATION CENTERS

EAST CENTRAL
Rebecca S. Douglass
Director

100 North First Street
Springfisld, IL 62777
217/7820759

MIDWEST

Robert Fatton
Director

1515 West Sixth Ave.
Stillwater, OK 74704
405/377-2000

NORTHEAST

Joseph F. Kelly, Ph.D.
Director

225 West State Street
Trenton, NJ 08625
609/292-6562

NORTHWEST
Wiltiam Daniels
Director

Building 17
Airdustrial Park
Otympia, WA 08504
206/753-0879

SOUTHEAST

Jamas F. Shill, Ph.D.

Director

Mississippi State University
Drawer OX

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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D PARTMENT OF THF, ALl FORCE PLAN OF INGTRUCTION _AQILAOX)20-]
USAF et of Applled Aerosp Scl (ATC) 20 November 1975
Kcenler Alr Force bana, Misalaoippl 59504

FOREWORD

1. PURPOSE: This publication is the plan of instruction (POI) when the
nages shown on page A are bound into a& single document. The POI pres-
crites the qualitative requirements for Course Number :AQRZ0020-1, Llec-
tronic Principles (Moduler self-paced) in terms of criterion objectives
and teaching steps presented by modules cof instruction and shows duration,
correlation with the training standard, and support materials and
ruldance. When separated into modules of instruction, it becomes Part I
nf the lesson plan. This POI was developed under the provisions of

ATCR 50-5, Instructional System Development, and ATCR 52~7, Flans of
Incztruction and Lesson Flans.

2. OOURSE DESIGN/IESCRIPTION. The instructional design for this course
is Modular Scheduling and Self-Pacing; however, this POI can also be used
for Group Pacing. The zourse trains both non-prior service airmen personnel
and Selected re-enlistees for subsequent entry into the equipment oriented
nhase of basic courses supporting -O03XX, >04XX, 205XX, 07XX, 209XX and
XX AFSCs. Technical Training includes electronic principles, use of
tasic test equipment, safety practices, circuit analysis, soldering,
iLirital techniques, microwave principles, and troubleshooting of basic
circuits. OStudents assigned to any one course will receive trainiwg only
in tnose modules needed to compiement the training program in the equip-
rent ohase. Related training includes traffic safety, commander's calls/
trief1nes and end of course appointments.

THAINING BEQUIPMENT. The number shown in parentneses after equipment
c1aterd as Training Equipment under SUPPORT MATERIALS AND GUIDANCE is toe
nlanced number of studentas assigned to each equipment unit.

.. akbedLCES:  This plan of instruction is based on Course Training
standara KE52-3AQR:0020-1, 27 June 1975 and Course Chart 3AQR30020-1,
27 June 1975.

#CR THE COMMANIDER

g
. HD HCRRE, ToIonel  WSAF

conmander .
tecn Tng Gp Prov, 395 N\,

CPlts  Tech Tng Gp Prov, 353595
LISTIULUTION: Listed on Page A




PLAN OF INSTRUCTION/LESSON PLAN P ART | (Continuction Sheet)

COURSE CONTENT

i. Givon a PN junction dinde characteristic curve, identify
the points of structural breakdownj the operating reglon. CTSs Sa
Menag W

(L) Descrlbe the effects of excessive forward or reverse
Liag on structural treakdown with regard to thermal runaway and
avalanche current.

(2) Identify the normal operating region.

¢+ PFrom a group of PN junction circuit diagrams, select the
arrangement that identifies proper forward bilasj proper reverse
Linne CTSs 5a Meass W

(1) Determine voltage requirements for P=Type and N-Type
matarial to accomplish forwerd and reverse blas on a diode.

‘, Given a circuit diagram of PN junction diodes indicating
direct current paths, select the arrangement that identifies the
! mnfority current; the minority current. CTSs 2a Meass W

{1) Explain forward blasing with respect to majority current

flow.

{2} Explain how reverse biaging results in minority current

' llew.

SUPPORT MATERIAL AND GUIDANCE

b s saent Instructional Materials
ronEPGP=290 PN o Junctions and Diodes
=TT=17, Semiconductor Principles

-

T

el

A o Yitual Aids
T/ _0=2:1, Solid State Principles

Training Methods
| Uicecussion (9 hrs) and/or Programmed Self Instruction
: CTT Assipgnments (5 hrs)

1suructional tuidance
S e o,cific objective assignments to be completed during CTT time in KEP-GP-29.
visCu. . "earriers produced by heat" and "carriers produced by doping". The
| sneener Ls to relate this to a single type of carrier, electron or hole, rather
“ianooosnnrity and majority carrders. In the N type material, holes are produced
[ +. “o1u and electrons are produced by doping. Point out that in "P" type mater—
inl tte minority carriers (electrons) are produced by heat and the majority car-
. r:(holes) are produced by doping. Majority and minority current flow in
i opposite directions.

PLAN OF INSTRUCTION HO
T AORAOONY




PLAN OF INSTRUCTION/LESSON PLLAN PART

—

MNoA i .I;’-;;n'-l_ll\—l-l_\l:m_ CUURSE TITr
Bloctronle Principles

HLUo K Nl 0 ’ MLOCK TITLEY

v S0lld State principlesn

1 COURSE CONTENT

1 Junctions and DModes (Module 29)

l.

A« Liven a PN junction diode characteristle curve and values
af Porward and reverse blas voltage, compute forward bias resistance

compute reverse blas resistance. CTSs 5a Meass W

(1) Use an energy level diagram to identify the valence,
fort. idden and conduction bands of P and N type material.

(") nelate the amount of doping to the number of majority
carriers in both types of semiconductor material.

(.) Explain the effects of heat on current carriers.

(L) Explain junction recombination and electrostatic
field development in P and N material.

(%) Relate depletion region, barrier width and resistance
to electrostatic field development.

(£) Relate changes in temperature to the number of
minority and majority carriers in terms of electron=hole pair
peneration,

(7} Construct a characteristic curve for a P-N junction
diode anc axplain conduction in terms of forward and reverse bias.

; DURATION !
(Honre}

r—- e s |

12
(9/5)

() 1

(-} Calculate forward and reverse resistance using Ohm's
Law.
SUPERVISOR APPROVAL OF LESSON PLAN {PART 1)
T SIGNATURE DATE SIGHNATURE DATE
PLAM OF 1HSTRUCTION N(’). QATE PaAaGE NO.
JAQR30020-1 20 November 1975 1
FoAM N REPLACES ATC FOAMS JIT. MAR 73, AND 770, AUG 72, WHICH WILL BE

ATC AP TS 133 ATC Keesler 8-1028  jge .
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PLAN OF INSTRUCTION/LESSON PLAN PART | (Continuation Sheet)

COURSE CONTENT

e b - e S i JIEE R B R R

¢. Given schematic dlasrams for grounded emitter NPN or PNP (1)
transistors in ntatic configurations indicating direct current paths,
arlect the arroangement Lthalt identifles the proper direct current
paths. CTS: 5b(1) Meas: W
(1) 1dentify the grounded emitter conflguration.
(2) Identify current flow from negative to positive,

(5} Identify electron flow against the arrow.

d. Given a list of statements, select the statement (1)
Lhat describes the forward current transfer ratio (Beta)
for the rrounded emitter configuration. CTS: 5b(1) Meas: W

(1) Explain Beta as the maximum thsoretical current gain
of o frounded emitter configuration.

i (2) GCiven the formula for Beta, explain a change in the output
Ireswlting from a change in the input.

|

| e. Given schematic diagrams for grounded base NPN or PNP .. (1)
transistor configuratiors indicating direct current paths, select

the arrangement that identifies the proper current paths, CTS: 5b(1)

b Meast W
E (1) 1Identify the grounded base configuration.
i (2} Identify current flow from negative to positive.
? () Identify electron flow agzinst the arrow.
Y. uiven a list of statements, select the statement thau (1)

dnserites the forward current transfer ratio (Alpha) for the
srounded base configuration. CTS: 5b(1) Meass W

{1) Explain Alpha as the maximum theoretical currert gain
of a grounded tase configuration.

(2) Given the formula for Alpha, explain a change 2n the output
resulting from & change in the input,

~. Given circuit diagrams for grounded collector NPN or PNP (1)
srancistor in static configurations indicating direct current paths,
~elret the arrangement that identifies the proper direct current
pauns. CTSt 5b(1 Meas: W

——— A A — i

(1) Identify the grounded collector configuration.

ry—

(2) Identify current flow from negative to positive.

AN OF INSTHUCTION NO.

3A0RINO0=1 [ OBRE Mevamhar ch[ RAGE Np.-
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PLAN OF INSTRUCTION/LESION PLAN PART

MAMI |i}_f‘N‘t'tl{ld‘ f‘-lﬂ CONTSE HIrL I
. . Electronic Principles
L o & MUMbT 1 AL r TITH Y
v S0lid State Principlea

| —— AR ey P—— - o

! COURSE CONTENT 5 OURATION

Hira)

- - - s —— e e = = e S

7. Trannistors (Module JO) 12
(9/3)

A sdiven the schematic diagram for o properly biased NPN or (1L.5)
PP trasiotor, determine the effect blas changes have on I’l‘.'.' IB'
[ .. o Il'[*O' CTS: 5b{1) Mcass W

it

(1} Explain the effect ou barrier height and width for
bmatter-itase forward bias.

(7} txplain the effect on barrier height and width for
Callectar-Base reverse blas.

(.} Deseribe current flow with regard to majority and
minority surrent carriers.

(L) Explain the effects of changing bias on a transistor

in terms of barrier height, width, IE' IB' and IC.

{~) Show how heat effects majority and minority carriers.

. , () Explain ICBO in terms of leakage current.

{(7) Describte how a change in junction temperature affects

) .. itven a proup of NP or PNP circuit diagrams, select the {1.5)
, wrunrnest tnat identifies the proper biasing method. CTS: 5b(1)

blimase

! 1) ZEZxplain normal bias on emmiter-base and collector-base

Sunchlionn

?) Explain how proper biasing can be achieved through the
nse of 1 nr 2 power sources.

() GCive examples of properly biascd NPN and PNP transistors.

L SUPERVISOR APPROVAL OF LESSON PLAN (PART 1D)
SIGHATURE DATE SIGM ATURE DATE

PLAN OF INSTAUCTION NO. DATE PAGE MO,

_ _JACR30020-1 1 20 November 1975 | Z

EPLACES A . v . A .
ATC :g::s 133 ATC Keesl#F 601078 :st ;. S AYTC FC?RMS II7. MAR T AND TTO, AUG 71, WHICH WiLL BE

- 18




PLAN OF INSTRUCTION/LESION PLAN PART | (Cuntinuamicn Shuet)

COURSE COMTEHT

( )} Identlfy electron flow against the arrow.
e driven o Llab of statements, select the gstatement that describe:n

thie forward current transfer raotio (Gamma) for the grounded collector
confipuration. CTSt SL(1) Meas: W

(1) txplain Gamma as the maximum theoretical current gain of
1 oerouneed collector configuration.

() Given the formula for Gamma, explain a change in the ovutput
re-mltitgs from a change in the input.

Measirement and Critique (Part 1 of 2 Parts)

A, Measurement test

Test, eritique

SUPPORT MATERIALS AND GUIDANCE

Ctoaent, instructional Materials
L P=i:P=-. 2, Transistors

G P=ST=1%

P11

nodio Vicwal Alds
VR LOw. 3%, Transistor Triodes EConatruction)
T 19~ 5L, Transistor Triodes (Operation)

LeLnene Methods
oot oor (9 brs) and/or Programmed Self Instruction

kl

A53l mments (2 hrs)

Loaltmorhlonal Suidance

;Lvn mtucents specific ol jectives to be covered during CTT time. These

At jentiver are covered in XEP-GP-20 and the digest for Block IV. Discuss the
termz ' tmon! andgrounded" as they apply to transistor amplifier configurations.
faor mec.sde of identifiing the common element of & transistor amplifier. Insure
tnat all students understand biasing principles. Inform students that Part 1

of the measurement test covers modules 29 and 30.

PLaM OF INSTRUCTION NO.

zAGRZ0020-1 °5 November 197§ "%

FORM . -2y NEPLACES ATC FORMS 337TA. MAR 73, AND 770A, AUG 71. WHICH WILL 3E
ATC apr 7 1JIA ATC Keesler 8 0157 UIED. .

ERIC 19

IToxt Provided by ERI




. PLAN OF INSTRUCTION/LESSON PLAN FART |

-

NAME (IE ML TN TOMN CNUNSF TITLE

__ ___HKlectronic Principles

TR TR YT T T [ MLOCK TITLF

1V Solid State Principlea

! COURSE CONTENT

DURATION
(Hauen)

i Amplifier Principles (Module 31)

d.  tiiven the achematic diagram for NPN or PNP common emitter
amplifier configuration and a list of statements, select the state-
ment{s) which deacribe(s) the effect of input signal current and
input siynal voltage changes on current in each element and collector
voltage; of load resistor changes on actual voltage, current, and
power Fain. CTS: 5b(l) Meas: W

(1)} VUsing the chara~teristic curve, achematic diagram,
values of VCC' RL' IE' REB and input amplitude, construct a load
line; detormine the operating pointj compute actual current (AI),
voltayge (AV) and power gain AP).

(2} Describe the changes in A, and A, with variations in
HL noing the characteristic curves and load es.

{-) Explain the effect on impedance matching and the
resulting power gain with changes in RL'

(i) Develop an output waveform resulting from an input.

:» iiven the schematic diagram for NPN or PNP common base
wplifier confippration ind a list of statements, select the state-
«€r* (4} walc: descrite(s) the effect of input signal current and
Lmaut .1 nal voliage changes on current in each element and collecton
. woltarr -y of load resistor changes on actual voltage, current, and
; ower cain.  CTS: 5b(l) Meass W

+1) Hecopnize that common base configuration characteristic
| curv.s Teroresent values of emitter current rather than base current.

22
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COURSE CONTENT

{2) Using the charscteristlc curve, schematic diagram,
values ol V_ ., V.., ' lE' and input amplitude, construct a load
ling; deterﬁine g%ern irg pointj compute actual current, voltage
{ and power rain.

(-) txplaln the changeas in actual voltage, current and
power pain as the load resistance 1a changed.

(1) Develop an output waveform resulting from an input.

¢« iilven the aschematic diagram for NPN or PNP common collector
Pamplifier confijuration and a liat of statementsa, select the state—
ment. (1) which deseribe(s) the effect of input signal current and input
slimal voltage changes on current in each element and emitter voltage;
af load recatstor changes on actual voltage, current, and power gain.
CTS: 51+(1) Meass: W

(1) Explain that characteristic curves are not normally
cupplied for a common collector configuration.

{2) Recognize that changes in RL have similar effects on
current, voltage and power gain for all configurations.

() Using a circuit diagram with values of REE, R, and input
In

voltare, justify 2 gain of less than one for a commo
! econfifuration.

ollector

{4,) Develop ar output waveform resuiting from an input.

H

. uiven a transistor amplifier schematic diagram and a list

¢ tatements, select the statement that describes the cause of
alitade ddstortiony of frequency distortiong of phase distortion.
TSy (1) Meas: W

(1) Dencribe amplitude distjption as it relates to the amount
4 Carward tias.

{2) Identify the relationship of amplitude distortion and
exgcecrive input signal level.

(.) Explain frequency distortion resulting from reactive

Wmronents.

(L) Define phase distortion resulting from resactive componenis.

21
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e. Glven temperature stabllized translstor amplifier schematic {3)
Aiagram, and a 11st of atatements, select the statement(s) that

describe(s) how collector current variatlions are minimized. CTS: 5b(l)
Meags Y

(1) Keview the effects of temperaturc on base—smitter
regintance.

{?) Identify the nmitter resistor as & means of minimiz.ng
vane enurrvent. chanpes with temperaturce changes.

( ) xplain the degenerating properties of emitter resistors
unlenn used with bypass capacitors.

(%) Show the thermistor as a mesns of limiting base current
wit: temperature changes.

(5) Lxplain the opcration of a T-type low pass filter
{(*etwesn collector and base) in redueing degeneration.

() Descrive the use of a forward biased diode in limiting
i etftects of temperature change.

(") Explain how the reverse biased diode presents a high
resistaice to ICBO'

£+ iiven a list of statements, select the statement that describes (2.5)
the capalilities of direct, RC, impedance, and transformer coupling
¢ relitea to frequency and gain. CTSa ﬁb[1! Meast W

1) Identify frequency ranges.,

=4

) IZentify gain relationships throughout the normal operating
rance Lo o Jaur basic types of coupling.

. ) .xplain low frequency loss in RC coupling.,

‘..) Descrite high frequency loss resulting from the following -
o ;3’1‘1‘3 e
(a) Stray
{+) Interelement ]

(¢) Distributed
SUPPORT MATERIALS AND GUIDANCE

oLt Tngbtroctional Materials
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rl -1 10

Aadin Visual Aids

TV 0=223A, Amplifler Principles

TV .O=-.25, Distortion

TV O=41,, Construction »f load Lines
TV O=-h.%, Translstor Stavilization
Wi .0-_58, Transistor Audio Amplifier

Lt raguipment

Amueter Panel LobT (1)

Yoltyw Amplifier Trainer 5960 (1)
LAl tlenerator 4864 (1)
linltimeter (1)

vaeilloscope (1)

Sreaialiys Belhods
bt cuswen (17 hrs) ard/er Programmed Self Instruction
P A Lemments (5 hres)

Snllypie Dnstructor [Heguirements
~afely, fevipment, Supervision (2)

incbivoctional Sujdance

[riure that CTT time assignments are given in KEP-GP-,1 and the Digest for tlock
V. Triscuss the steps used to establish a load line, and show how it is used to
broidict anamplifler’s operation. Have the class perform an exercise and
collivtively plot a lead line on a characteristic curve. Explain the effects of

 ovameber changes on all amplifler configurations. An optional laborator:

crareloe can be performed to reinforce the theoritical concepts that have been

Gloouniae.
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Solid State Principles
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1 COURSE CONTENT

Yo Troul-leshooting Solid State Amplifiers (Module 32)

Js taven a tralner havinge an inoperative transistor voltage
anpliticr clrenlt, schematic diagram, multimetor, signal generator,
and cacllloscupe, determine the faulty component two out of three
times. CTS: la, 2¢, 2L, 5¢ Meas: PC

{1} Review the operation of a common emitter amplifier
circuit incorporating an emitter resistor and bypass capacitor.

(2) Identify the effects of the following troubles:
{a) Open blasing
(b) Open emitter
(¢) Open collector
{d) Open collector load resistor

(e) Shorted collectar to emitter.

]3 DURATION
M aween}

e
(9/5)
(9)
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COURSE COHTENT

SUPTORT MVITRTALS AD GUIDAICH

sutagt, Eyptuucklora) Hatoctals

KiWadp-3l, Troubleahasting Solf! 2Habs F-wlifiom
CoP=uT-1Y

AT RA-110

Tratmdne Fquirment

Amyoter Panel 4657 (1)

Voltage Amplifier Tvaiper 5300 (3)
Multimoter (1)

Simal Genarator 4844 (1)
Qaciloscope (1)

Training Methods

Performance (Y hrs)
CTT Asaignmenta (3 Lrs)

Multiple Instructor Requiremant
Safety, Equipment, Supervision(2

instructional Guidance

Insure CTT time assigmuents are glven in KEP-ST-IV. Stress safety of equipment
and persennsl, by performdnz the laboratory sxereise in an acceptable manner
ant usirg established waintenance techniquea. Discuss the varlables that nay be
sncountared while perforning the laboratory exercise and the importance of
wrruasting instructor aaqlutamey as opposed to misusing the time armdlublas.
Hars %ae ¢laas scan through the :zeveise to scquirs a gonsv+] ldoa of the
procedures bofers aseigning thewm to the tralners,
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A AME OF  NSTRICTOM l COURNSE TITLE

Flect yonic Principles

TALOLR NUMBER BLOCK FITLE

]
}
1V 50lid State Principles (
! COURSE CONTENT 3 DURATION
(Mors
tre Selected Solld Stnate Devices (Module 1373) 14
(11/.)
a,  lFrom a list of statemeirts, select the statement(s) that (2.95)

deascribe(s) the high and low conduction conditions of the Uni-
junctlon Translator, CTS: 5b(2) Meas: W

(1) Describe the basic construction of a unijunction
tranalstor.

(a} N-Type bar and P-Type emi“ter
{(b) P-Type bar and N-Type emitter

(2) Describe the characteristics of the unijunctfon
transistor.

{(a) High conduction betwecen Base 1 and the emitter
with 2 minimum resistance

(b) Low conduction between Base 1 and Base 2

i1 State two uses of the Unijunction Transistor
utilizing a sawtooth generator clrcult as an example.

b, From a 1ist of statements, select the statement{s) that {1)
. e wribe(s) the conduction conditions of a Junction Field Effect
“ransi.cor,  CTS 5b(3) Meas: W

{11 nNeseribe the construction of the Junction Field Fffect]
Transiitor (JFET) and tdentify

(a) the symbols. I

(b) the leada.

{(c) the "P'" Type.

__ SUPERVISDR APPROVAL OF LESSON PLAN {PART 11} ]
| SIGMATURE DATE SIGHATURE OATE
-
FLAN OF (NSTARUVCTION MO. DATE PAGE NO.
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(d) the "N Type

(7} Describe the requirements for proper biasing and the
effects of reverse bias (Gate circult) on the conduction of the JFET.

(b) Lxplain the development of characteristic curves for a
JFET with respect to channel pinch off and breakdown voltage.

c.  Given a schematic diagram of a Junction Field Effect (1)
Tranvistor amplifier in the common source configuration,
determine the effect input voltage changes have on drain current
L 0TS Sb(L) Meas: W :
(1} 1ldentify the schematic diagram of a commcn Source
U JFL.T amplifier.
(2) Lxplain the operation of the JFET amplifier by
¢ Lracing tne ’
\ (a) DC Path for current.
i
i (b) signal path.
l (.} Determine the effects that the input signal has on
© output voltage (Vds) and drain current (Id).
]
.+ flven a list of statements, select the statement(s) that (1)
~ deverliie{.) conduction in enhancement and depletion Metal Oxide
b Cendeondiclor Field Effect Transistor. CTS: 5b(3) Meas: W
1) Jdentify the schematic symbol and leads of the
.etal vkiee Semi-conductor Field Effect Transistor.
(a) Depletion MOSFET
(t:} Enhancement MOSFET
|
(2) Describe the effect on the number of carriers in
' the channel when biasing a depletlon type MOSFET and the
- econduction of current (Id).
() Describe the effect on the nimber of carriers in
the chonnel when blasing an enhahceaont type MOSFET and the
t conduction of current (Id).
i 7
o An oF HO DATE 1 saAGE a0
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COURSE CONTENY 1

- o e R [T P e

. ‘:lven a characteristic curve for a tumnel diode and a (1.5) !
Liat ot vintements, select the statement(s) that correlate(s)

its operation to areas and points on the curve. CTSs 5b(4)
Heas:

(1) Identify the schematic oymbol of a tunnel diode.

(2} Describe the characteristics of a tunnel diode
tu inclu.te

(a) doping.
(L) barrier width end barrier height.

(>} Given a tunnel diode characteristic curve,
identify the

(a)} negative resistance region.
(b} peak point.

(¢} wvalley point.

(d) region where tunneling ogccurs.
(e} normal operating region.

{f) region vhere conventional diode
conduntl n gecurs.

£. "iver a list of statements,select the statement(s) (.5)
Cab o r;ho\%) the effect of a changing bias voltage on the
ﬁapaCitahue of a varactor diode. CTSt 5b(6) Measts W

1

(1} Identify the symbol of the varactor diode.

(2} Telate the N and P material to the plates of a
capacitor.

() Compare the depletion region to the dielectric material of
1 canacitor.

(L) Relate bias voltage and capacitance.
c- rom a list of statements, select the statement(s) that (.5)

ffCC“Luc(s) the operation of a Silicon Controlled Rectifier in terms

uf breacover voltage; high conduction; holding current. CTS: 5b(5)
Meast W

(1) Describc a Silicon Controlled Rectifier in terms of

{a) qgmber of Jjunctions, (p) number of layers.
HL AN OF INSTRUCTION NO. DATE PAGE NO.
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COURSE CONTENT

(2} VUsing a block diagram of an SCR and a schematic
symbol of a battery, determine the bias (forward or reverse)
at ¢ach Junction and current direction.

(3) Using an SCR characteristic curve, describe the
operation ol the SCR in terms of

(a) breakover voltage
(b)Y high conduction
{c) holding current
h. Given a list of statements, select the statement(s)
that describe(s) the effect of gate to cathode potential on
brecakover voltage of a Silicon Controlled Rectifier.

CTS: 5b(5) Meas: W

(1) Using an SCR curve chart and a block diagram of
an 5CR, describe the effects of gate to cathode potential on

(a) minority current carriers in Section 2 in
respect to reverse blas and current flow across the J-2
junceion.

(b) breakover voltage.
(¢) holding current.
i, ¢iven a list of statements, select the statement(s)
that describe(s) the operation of a Zener Diode in terms of

voltace regulaction. CTS: 5b(7) Meas: W

(1) Describe the comatruction of a zener diode in
terms of doping.

(2) Describe the purpose of the zener diode.
(3) Identify the schematic symbol.

(4) Using a zener diode characteristic curve,
Tdentify

(a) forward conduction.
reverse hias break down voltage.

(¢) avalanche current.

29

(d) voltage regulation (Bvp).
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{5) Using a schematic of the zener diode voltage
reguiator, describe the

(a) purpose of the seriecs limiting resistor
in the circuic.

(b) voltage regulation,

j. Given a list of atatements, gelect the ome which describes (.5)
applications of integrated circuits, CTS: 5b(8) Meas: W

(1) List applications of integrated circuilts to include
(a) airborne equipment,
(b) misasile systems.
{¢) computers.
(d) oapacecraft,
(e) portable equipment.
k, Civen a list of atatements, select the one which describes (.5

the physical characteristics of integrated circuits.
CTS: 5b(8) Meas: W

. (1) Descride the construction of integrated circuits
in terms of '

it o ——

{a) components within a chip.
(b) wmonolithic clrcuits,
' (¢} hybrid circuits.
(2) List advantages of integrated circuits.
(a) Size and weight
(b) 1Increased reliabilicy
(¢) Lower cost
(d) cCircuit performance

(e) Power requirements,

U eLan OF iNSTRUCTION No. Darr PAGE NO.
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(3) Describe dlsadvantages of integrated circults.
(a) Low power handling capabilities

(b) Not repairable without replacing
cemplete circult.

7. Related Tralining (identified in:course chart)
. Measurement and Critique (Part 2 of 2 parts)
A. Measurement test
L. Test eritique
SUPPORT MATERIALS AND GUIDANCE
Gtudent Instructional Materials
KUP-GP=35, Selected Solid State Devices

WL P=-ST-IV
Kl P=-110

Audio Vicual Aids
TVK=20-412, Field Effect Transistor
TVE-.0-417, Tunnel Diode Amplifier

Training Methods

Diccucsion (11 brs) and/or Programmed Self Instructlon
. CTT Ascirmments (5 hrs)

Lional Quidance
e ST JJGulflC objectives to be covered during CIT time in KEP-GP-33 and portions
W= L=l Por oleoc s IV. Stress the doping characteriastics of
L .wlected solid state devices. List the solid state devices to be discussed in
Vo omcounde and eite practical applications for each. Since there are numbers of
17fereat sclid ctate devices discussed in this module, and each is supported by
nowiooreical analysis of operation, stress the importance of logical organization
© L oavoid confusion. Inform students that Part 2 of the measurement test covers
! mocules -1 through Z.

'
il
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ELECTRONIC PRINCIPLES (MODULAR SELF-PACED)
MODULES 29-33

DIGEST
These Digests provide a summary for each module in the course. The Digest s designed as

a refresher for students with electronics experience and/or education who do not need to study
any of the other resources in detail,

After reading a Digest, If you feel that you can accomplish the objectives of the Module, take
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MODLULE 20
PN JUNCTIONS AND DIODES

Understanding of the basic structure of an
atom 1is essentlal to the Study of all solld
state devices. Silicon and germanium are the
two basic elements used in their construc-
tion. Figure 29-1 illustrates a single atom
of each element.

The outermost shell of an atom that
contains electrons is the valence shell. Sill-
con and germanium have four valence elec-
trons. When atoms of silicon or germanium
are brought Close together, they will share
their valence electrons. This sharing of

NUCLEUS

ELECTRONS 0

VALENCE ELECTRONS

OUTER ORBIT
M SHELL

VALENCE SHELL

SILICON

ELECTRONS

Vitle e, T P LRI 14 ooliend AT
BONDING and i illuatrated in fipgure 29-79,

The nmaximitm number of electron: that
an atomm Can have in its valence shel) in
eight and because of covalent bonding, ‘b«
valence ghells of stlicom and germantum
appear to be completely tilled.

Another significant fact to consider 1-
the energy positioning of the valence elac-
trons. Electrons have both kinetic and poten-
tial energy. Their kinetlc energy is the
result of their movement In orbit about
the nucleus and thelr potential energy is
the result of belng a specific distance from

NUCL EUS

VALENCE ELECTRONS
QUTER ORBIT

N SHELL

VALENCE SHELL

GERMANIUM REP4-594

Figure 29-1, Pictorlal Diagram of Atoms

REFPJ=588

GERMANIUW

= 7 ATOMS

VALENCE
BONDS

— 4= ELECTRONS

PI'p3-589

B

Figure 29-2. Covalent Bonding of Germanium Atoms

o
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lw. FORBIDDEN
ENERGY

SHELL t/ BANDS

\
1
|
l
{

= NUCLEUS

REP4=597

Figure 28-3, Energy Level Diagram of
an Isolated Atom

the nucleus., Figure 24-3 iliustrates these
facts., The horizontal axs depicts the length
of electron orbit and the vertical axis depicts
the displacement of the electrons from the
nucleus. Electrons in the third shell contain
more energy than those in the second shell.

Figure 29-4A {llustrates two isolated sili-
con atoms Separated so that the electron
orbits do not overlap. In figure 29-4B, the

DISTANCE
REP4=3913

A

distance has been reduced 80 that the electron
orbits of the valence electrons overlap.
This results In the {ormation of a con-
tinuous band of energy throughout the
material. This band of energy is referred
to as the VALENCE BAND. Because of
covalent bonding, the valence bands of sili-
con and germanlum are completely filled
with electrons.

The valence band of sillcon is formed by
the interaction of the M shell electrons.
The next higher shell, the N shell, wtll also
interact between adlacent atoms and form
the conduction band of energy throughout
the material. In germanium, the interaction
will occur between the N and O shells,
forming the valence and conduction energy
bands, respectlvely.

The area between the shells in any atom
is forbidden for electron orbits. That is, an
electron cannot exist in this area. The jnter~
action between the atoms that occurs when
brought close together results in the forma-
tion of the forbidden energy band, and is an
area between the valence and conduction
bands. Because electrical conduction is con-
fined to the valence, forbidden, and conduce
tion energy bands, we will confine our dis-
cussion to these areas.

?N/// F?N;DHCZTP
s\ \VLAI\_..\ ¢E \A;IQ\\\\
A

RGY \ .'

S

o

NUCLEUS

PANNANE
I
i‘@f
NJCLEUS

PEpg-3a3

B

Figure 28-4. Energy Level Diagrams of Silicon Atoms
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SEMI- -
CONDUCTOR CONDUC TOR INSULATOR Figure 20-7. Energy Level Diagram of

a Semiconductor at 25°C

Figure 28-5. Energy Level Diagrams
number that moves is dependent on temper-
ature. In an insulator, there is very little
electron movement due to heat bhecause of
CB  the extremely wide forbidden band.

Figure 29-6 illustrates an energy level
Fp  diagram of silicon at a very low temper=-
ature where there is no movement of valence
electrons across the forbidden band. Tbe
dashes (-} in the valence band indlcate the
presence of valence electrons.

When the temperature 1S increased to 25°

Figure 20-6. Energy Level Diagram of a Celsius (room temperature}, some of the
Semiconductor at a Very Low valence band electrons will plck up this
Temperature thermal energy and move across the forbid-

den band Intoc the conduction band. Figure

Figure 28-5 illustrates the energy band 28-7 depicts this movement. The result is
relationships that exist between conductors, a smwall number of electrons inthe conduction
semiconductors, and insulators. band. Electrons in tie conduction band are
FREE ELECTRONS and available for con-

The width {in eanergy) of the forbidden duction. Another significant point to consider
band 18 relative to the conductivity of a is that for each electron that is elevated
material. Sillcon and germaniurp are semi- into the conduction band, a vacancy is
conductor materials. Before a rpaterial can created in the valence band. The vacancies
enter into electrical conduction, electrons in are referred to as HOLES and are repre-
the valence band must be provided sufficient Sented oun figure 28-7 as O. They are equal
energy to roove thetm intothe conduction band. in magnitude but opposite in polarity to an
This energy can be in the form of heat, electron, The process of elevating an electron
light, or an EMF. In a conductor, there is into the conduction band and creating a hole
sufficient heat energy at room temperature in the valence bhand s referred to as
to readily move valence electrons across ELECTRON-HOLE PAIR GENERATION.
the very narrow forbidden band into the con- "~  Holes and electrons will both respond to
duction band. In a semiconductor, some of an electrostatic field. If an external voltage
the valence electrons will react to heat energy source i# impressed across a piece of silicon

and move into the conduction band. The or germanium, both the holes in the valence

3¢
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Figure 29-8. Energy Level Diagiam of
N-Type Materia) at 25°C

band and the electrons in the conduction
band will enter into electrical conduction.
The holes move toward the negative voltage
and the electrons move toward the positive
voltage. Current flow will be small (micro-
amperes} and is dependent upontemperature,
Increasing temperature wlll increase
electron-hole palr generation and thus
increase current. Because of this charac-
teristic, semlconductor materials exhiblt a
negative temperature coefficient of resls-
tance. Whea tempera‘ure increases, the
resistance of siliton  or germamium
decreases.

The structure and electrical properties of
sgermanium or sjilicon are modified by the
introduction of specific impurities to make
themn useful semiconductor materials. The
process of introducing impurities is called
DOPING., When germanium or silicon is
doped with a pentavalent impurity such as
arsenic, the structure is modified so that
+he humber {concentration) of electron car-
riers in the conduction band i3 increased
without increasing the concentration of hole
carriers in the wvalence band. Four of the
five arsenic valence electrons enter i-°»
covalent bonds with adjacent atoms apd -
fifth valence electron is excluded and appears
in the conduction band of the semiconductor
material, Figure 29-8 shows the result of
adding a pentavalent impurity. The increased
concentration of electron carriers (electrons
have a negative charge) results in the
material being named N-TYPE MATERIAL.

In the N-type material, the electron car-
riers in the conduction band are referred to

__________ VB

MINORITY CARRIER |

ELECTRONS e B
MAJORITY CARRIER £
HOLES 3

000000000
0000O0NCO Oy
200900920080

R R - e

Figure 29-9. Energy Level Diagrm
nf P-Type Material

as the MAJORITY CURRENT CARRIERS.
The valence band holes, by comparison, are

few in number and are referred to as the
MINORITY CURRENT CARRIERS. Baoth
majority and minority carrier concentration
increases with an increase in temperature.

When germanium or silicon is doped with
a triva'ent impurity (such as aluminum)
the structure is modified S0 that the con-
centration of hole carriers in the valence
band is increased without increasing the con-
centration of electron carriers in the con-
duction band. The three valence electrons
of the aluminum impurity enter into covalent
bonds with adjacent atoms. This results it
a deficiency in covalent bonding which pro-
duces a hole carrier in the valence band
of the structure. Figure 29-9 illustrates the
result of adding a trlvalent impurity to a
semiconductor. Because the hole carrier
(holes have positive charges) concentration
has been increased without increasing the
ele~tron carrier concentration, the material
i8 named P-TYPE. In P-type matemnal, the
MAJORITY CURRENT CARRIERS are
the holes and the MINORITY CURRENT
CAPRIERS are the electrons. P=type
material also exhibits a negative tempera-
ture coefficient of resistance. Increasing the
doping in both N- and P-type material
increases the concentration of the majority
current carriers.

Combinations of P~ and N-type materials
are ysed in the construction of solid state
devices., The most basic combination is a
simiple PN junction diode. This device is
manufactured by the chemical joining of a
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Figure 20-10, PN Junction Diode Pictorial
Diagram

plece of N-type material to a plece of P-
type material as illustrated in figure 29-10.

At the moment the P and N materials are
joined, there will be a movement of elec-
trons from the conduction band of the N-
type material into the conduction band of the
P-type material and at the same time there
will be a movement of holes from the valence
band of the P material to the valence band
of the N material. This action is referred
to as JUNCTION RECOMBINATION and will
rontinue until equilibrium is reached.

The result of this diffusion is the forma-
tion of an area at the junction of the P and

N owaraale gt i toaie e, o e
current cirriers, In oadditton, on each sl
af the DN junction there will be o layer oo
tontzed partiries. The Nmaterial witl bocoa,
positively charged wul the P omaterial will
have a negatlve charge at the junrtion.
This lontzation causes the ener¥y bLanas o
the P- and N-type materials to be diapliced
from cach other. That displacement results
froin the fact that when a negative charg:
is applied to any material, it raises all ~f
the energy l.vels of that material and when
a positive charge ts dpplled to a material,
it lowers the energylevels. The disjsfacement
is represented in figure 28-11. The amount
of displacement is called BARRIER HEIGHT
and 18 proportional to the amnunt of doping.
As doping concentrations are increased, the
barrier height increases.

The area in the vicinity of the junction that
has no current carriers (holes and electrons)
is referred to as the DEPLETION REGION
and its width is called BARRIER WIDTH.
The barrier width is invercely proportional
to the doping concentration and willdecr2ase
as doping is Increased. Increased doping
increages the carrier concentration in the
vicinity of the junction and equilibrium is
reached sooner.

N-TYPE

COMDULCTION
BAaND

BARRIER
HEIGHT

00000

FORBIDDEN
BAND

00000d

VELANCE
BAND

BARRIER

wIDTH

Figure 28-11. Energy Level Diagram of Juncticn Barrier Formation
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Figure 28-12. Effect of Forward Bias on Barrier Height, Width, and Junction E Field

After junction recombination occurs, the
depletion region will act as a barrier to
current flow. An external source of EMF
can be applied to the PN junction diode so
that it eitier aids or oppuses the flow of
current through the device. This external
EMF is called BIAS which may be quallfied
as FORWARD or REVERSE. The effect of
FORWARD bias on barrier height and width
is showa 1n figure %9-128,

Forward bias piaces a positive voltage on
the P-type material and a negative voltage
on the N-type material. This bias opposes
the junction E tield and reduces the barrier
height and width. Forward bias, therefore,
reduces the resistance of the PN junction
and allows majority carriers to c¢ross the
junction.

rigure 29-13 shows the resuit of REVERSE
bias being applied to a PN junction diode.
keverse bias places a negative voltage on the
P-type material and a positive voitage on
the N-type material. This btas ajds the
junction E field and increases the barrier
hewght and width. Notice that the majority
carriers in the N and P material are now
aligned with thc forbldden bands of the
adjacent waterial. Thiy prevents majority

carrier current flow. The minority carriers
are now properly aligned for conduction and
will produce a small current (uA) flow when' .
connected in a circuit. A reverse biased PN
junction diode has very high resistance and
a small minority carrier current flow. ..

Figure 28-14 graphically depicts the rela-
tionship of forward and reverse blas voltages
to current flow in a typical PN junction
diode.

In the forward bias portion of the graph,
the resistance of the diode can be computed
using Ohm’s Law. For instance, the resis-
tance at point B would be:

v

50 mA > 60 ohms

E
R-I-

In the reverse bias area, the resistance of
the diode at point ¢ would be;

gov

E
R=1'wwa

= 800 k ochms

The solutions readily ghow that a PN junction
diode offers very little opposition to current
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Figure 20-13. Effect f Reverse Blas on Barvier Height, Width, and .Junction E Field
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higure 29-15, Schemr atic Diagram of a PN Junction Diode Showing Majority and
Minority Current Direction
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Figure 29-16. Physical Appearance of Semiconductc;r Diodes

flow in the forward bias direction and an
extremely high opposition to curren: flow in
the reverse bias direction.

A PN junction diode can be destroyed if
excessive forward or reverse bias voltages
are applied. On the graph in figure 29-14,
operation of the diode beyond peint E will
cause excesslve heat to be generated (Power
= IE). This heat energy will cause an exces-
sive number of electron-hole pairs to be gen-
erated and destroy the semiconductor
matertial. In the reverse bias direction, when
the voltage becomes excessive (point D),
there is sufficient energy supplied to the
covalent bonded electrons to cause them to
break their bonds and reach the conduction
band. This results in avalanche current and
causes structural breakdown.

The schematic symbol for a PN junction
diode is shown in figure 29-15. The lead
connected to the P-type material is called

the ANODE and the lead connected to the
N-type material is the CATHODE. Majority
current direction is from cathode to anode
and minority current direction is from anode
to cathode.

Figure 29-16 shows some typical PN
junction diodes and jdeatifies the cathode
lead. Note the distinctive markings or shape
of this lead.

MODULE 30
TRANSISTORS

Transistors are manufactured by sand-
wiching a thin piece of N type material
between two pieces of P type material or
by sandwiching a thin piece of P type
material bhetween two pieces of N type
material. This results in the formation of
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A. PNP

the PNP and NPN transistor as shown in
tigure 30-1A and B.

Metallic contact points are bonded and
leads are attached to each section. The thin
region is called the base and the other areas
are called the emitter and collector. The
emitter is normallysmaller and more heavily
doped than the collector and the base region
is lightly doped. Note that the arrowhead on
on the schematlic dlagram is on the emitter

CHITTER . B4SE . COLLECTOR-B4
. LECTOR-
€ uwcrion - 8 TSR e ¢

Figure 30-2. Pictorial and Energy Level
Diagram of a Biased NPN Transistor
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FORBIDGEN BAM0

YALENCE 3aMD
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BASE BASE J—m—————

o] p

— e —

' EMITTER

B. NPN ‘EEMITTER

Figure 30-1. Pictorial and Schematic Diagrams of PNP and NPN Transistors REPY=I’.

i
lead and the direction of the arrowhead iden-
tifies the type transistor (NPN or PNP).

Transistors have two PN junctions; the
emitter/base (EB) junction and the collector/
base (CB) junction. For conduction the EB
junction is forward biased and the CB junc-
tion is reverse biased. Figure 30-2 shows ihe
result of forward biasing a NPN transistor,
and figure 30-3 depicts the result of forward
biasing a PNP transistor.

”~

..‘._,_J e — Vooee [N
EMITTER - BASE B COLLECTOR - BASE C
JUNCTION JUNCTION
REP4-130.

Figure 30-3. Pictorial and Energy Level
Diagram of a Biased PNP Transistor
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Figure 30-4. Schematic Symbols for
NPN and PNP Transistors

The forward blas voltage WEE) causes an
injection of majority carriers {rom the
heavily doped emitter region into the thin,
lightly doped base region. Once in the base
region, the injected carriers become
minority carriers. These minority carrieru
in the base are subjected to two forces; one
is the attraction of the VEE forward bias
voltage and the other force ig the extremely
intense ‘E’" field of the CB junction produced
by the large reverse bias voltage (V).

0.2v
FORWARD BIAS

0.3v

BIaS INCRE &35ED

From 92 to 99% of the Injected carriers will
nmiove to the collector. From | to 8% of the
carriers will return to the forward bias
source (Vpp). The current distribution of
transistors 18 as follows:

Emltter Current (Ig) = 100%
Base Current (g} =1 to 8%
Collector Current (lc} = 92 to 90%

The only difference in the operation of the
NPN and PNP transistors is the voltage
polarities and direction of external current
flow. The larger the percentage of transfer

" of majority carriers {rom the emitter region,

through the base region to the collector
region, the more efficient the transistor.
Figure J0-4 indicates the external circult
current direction and the relative magnitudes
of the current for NPN and PNP transistors.

The significant fact that makestransistors
useful in electronics is the effect that small
forward biaa voltage changes have on the
transistor currents. Figure 30-% illustrates
the controlling effect that forward bias volt-
age changes have on transistor currents in
relation to barrier heights and widths for

U.W‘"-\‘ 10
BiasS DECREASED

Figure 30-5. Contralling Effect of Varylng Forward Bias (NPN, Resulting Electron
Flow {center), and Energy Level (bottom)

10
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Flgure 30-6. Controlling Effect of Forward Bias (PNP), Resulting Hole Flow,
(center), and Energy Level Diagram (bottom)

an NPN transistor, Figure 30-6 illustrates The graph shows the extremely nonlinear
the same information for a PNP transistor, relationship that exists.

Figure 30-7 diagrams the forward bias Because of this nonlinear relationship,
voltage relationship with collector current, further discussions about forward bias

14
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Figure 30-7. Nonlinear Characteristics of Emitter-Base Voltage vs Collector Current
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Figure 30-8. Linear Characteristics of
Base Current vs Collector Current

changes will be referred to as bage cu.rent
changes rather than emitter/base voltage
changes. Figure 30-8 shows the linear rela-
tionship between base current and collector
current changes.

Another transistor current that has not
been discussed is the minority current that
Nows across the reverse biased CB junction.
This current is in the orderof microamperes

Ve Yee
1] i

——® ELECTRON CURRENT
~# HOLE CURRENT
REP4-634

Figure 30-9. Icpo in an NPN Transistor

and can not be measured when normal tran-
sistor currents are present. To measurethis
current the forward blas 18 removed and the
current observed as illustrated in figure
r0-9,

The term Icopo is used to identify this
current as the current (I) between the
collector/base (CB) junction with the emitter
lead open {Q). The magnitude of this current
is dependent primarily upon temperature. An
increase in temperature of 8 to 10° Celstus
will double the magnitude of ICEO‘ Changes
in the value of the VCC supply voltage will

B. NPN

REP4-636

Figure 30-10. Bias Polarities and Current Directions
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have little or no effeet on the magnitude «f A tradicior Call D€ vomeeviiod  ad
ICBO‘ . followlng thee basie conligurations:

Figure 30-10 shows biasing possibilities
for NPN and PNP transistors using two i. The Common Ewitter (CE}.
voltage sources,

2. *
Flgure 30-11 1llustrates methods of The Commion Base (CB)

obtaining the same volitage distributions using

a single voltage souree. 3. The Common Colleetor (CC).
> IO 'c
R l
iy r2 MY g
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Figure 30-11. Blasing a Transistor from a Voltage Divider
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Figure 30-12, Transistor Configurations

Figure 30-12 shows these configurations
and their relationships. Notice that the
grounded element is being used as the com-
mon point of reference in each configuration,
thus the terms COMMON or GROUNDED are
used to identify each configuration.

The common (grounded) emitter config-
uration will be discussed first. In this cir-
cuit, the control that base current (Ip)
maintaing over collector current (IC) is

REPI=4 302

Figure 30-13, Static CE Configuration Test
Circuit

called the forward current transfer ratio
and is referred to as BETA W). stated
mathematically as:

A1
B = ¢ with ¥ constant
EIB CE

Th: Greek letter Delta (/A) in the formula
is used to indicate a change., The value of
beta will be different for eachtype transistor
that is manufactured. Figure 30-13 shows a
static CE configuration test circuit and
figure 30-14 shows a family of character-
istic curves for a 2N334 transistor. The
statie circuit is used to develop the charae-
teristic curves. The curves are normally
developed and provided by the manufacturer.
The curves depict the relationship of col-
lector to emitter voltage to collector current
for different values of base current.

Using the characteristic curves for a
2N334 transistor (figure 30-14), the control
that I, exhibits over [. can be computed.
With a constant Vcg 0o 20 V, a 25 uA change
in Ig (from 75 pgA to 100 yA} results ina

-3
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Figure 30-14. CE Characteristic Curve
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Figure 30-15, Static CB Configuration Test
Configuration

change in I_. of 1.I mA {from I.5 mAto
2.6 mA). Thus, the forward current transfer
ratio (BETA) is 44.

In the common {grounded) base configura-
tion, the control that emitter current (Ig)
exhibits over collector current (I-) is called
forward current transfer ratic and is
referred to as ALPHA (Q). It is stated
mathematically as:

a -_--‘,rc— with V. constant.

As with beta, the vatue of alpha differs
with each type transistor. Figure 30-15

shows"a static CB configuration test circuit

I5
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Figure 30-16, CB Characteristic Curves

and figure 30-16 shows a family of charac-
teristlc curves for a 2N334 transistor. The
curves depict the relationship of Vepg to I
for different values of Ig.

Using the characteristic curves for a
9N334 transistor (figure 30-18), the control
that Ig has over I¢ car be computed. With
a constant Vep of 15 V, 2 2 mA change
in Iz (from 1 to 3 mA) results in a change
in I¢ of 1.5 mA (from .95 mA to 2.9 ma),
Thus, the forward current transfer ratio
(alpha) is .975. Note that alpha is less than

one,

In the common (grounded) collector con-
figuration, the control that Ip exerts over
*z 1s called the forward current transfer

ratio and is referred to as GAMMA (f).
It is atated mathematically as:

with VCE constant.

Ol
751,

B

Output characteristic curves are seldom
prepared for the common collector config-
uration, Gamma is computed by calculating
beta, then adding one (l). The formula now

hecomes:
2‘ = B-I- 1

For example, gamma for a 2N334 transistor
would be beta (44) + 1 or 45.
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Figure 31-2. Comm»n Fniitter Amplifier {PNP)

MODULE 31
AMPLIFIER PRINCIPLES

Amplification factor is the ratio of the
output changes to input changes and is called
gain. These changes can be in the form of
current, voltage, or power. The amount of
gain realized in a transistor amplifier is
dependent upon the type of configuration and
the value of eircuit components. Figure 31-1
{llustrates a basic common emitter amplifier
using an NPN transistor. COmponents serve
the following functions:

Q1 - Amplifying device
Ry - Develop cutput gignal
Ry, - Provide bias

Ce- Coupling capacior

On the positive alternation of the input
signal, forward bias is increased, resulting
tn an increase in Ig, Ig, and I.. The voltage
drop across Rp (Egp) will also increase,
causing V¢ (the output voltage) to decrease,

On the negative alternation of the input
signal, forward bias ig decreasad, resuliting
in a decrease in Ig, Ig, and Ic. Epp will
decrease, causing V. to increase. The input
and output voltage waveshapes are 180° out
of phase,

Figure 31-2 is acommon emitter amplifier
using a PNP tranasistor.

The PN P transistor amplitier operates lke
the NPN transistor ampiifier sxcept for the
direction of current and the polarity of the
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Figure J1-3. Transistor Amplifler Circuit

voltages. On the positive alternation of the
input signal, forward bias 18 decreased,
decreasing I, I y and Ig. ERL decreases
and V¢ Fput) becomes more negative.
On the negatlve alternation of the input
signal, Ig, Ic, and lg Increase. Epp in-
creases and V¢ becomes less negative. The
input and output voltage waveshapes are
180° out of phase,

The significance of the above changes is
their magnitude. In the CE configuration, the
output signal voltage, current, and power
changes are larger than the input signal
changes. The family of characteristic curves
will be used to illustrate this fact. Figure
31-3 is a basic transistor amplifier circuilt
with component values and figure 3]1-4 is the
characteristic curves and load line for this
circuit. The load line 18 the lne that extends
from point A to point B and represents the
relationships between VC and IC for specitic
values of Ig. The load line 18 constructed
by considering the two extreme biasing
conditions (cutoff and saturation) for the
transistor. At cutoff, no collector current
will flow and Vo would be the applied volt-
age, or 25 V (point A). At saturation, the
transistor’s resistance i8 zero and collector
current would be 5 mA (point B), Connecting
points A and B result in the load line.

The operating point (1), often referred to
as the QUIESCENT or @ point, isdetermined
by using Ohm’s law:
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Figure 31-4. Load Line for 2N118 Transistor
(Common Emitter Configuration)
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Note polnt Q on figure 3I-4. With an Igof
100 pA, VCE = 12,9 V and IC = 2.3 mA,

Wwith an input signal of 50 yA Pk-Pk base
current will vary from 75 pA to 125 uA
{points C and D). On the positive alternation,
when I_ lncreases from 100 pA to 125 A,
IC increases from 2.5 mA to 3.5 mA and
VC decreases from 12,5 V to 7.5 V. On the
negative alternation, when Ig decreases from
100 pA to 75 uA, Ic decreases from 2.5 ma
to 1.5 mA, and vV~ Increases from 12.3 V
to 17.5 V. Figure 31-5 summarizes this
action.

Actual current gain (Ay) can be computed
using the values cobtained from the load line.
The formula for Aj Is:

Ar s Output current change AIQ -3 - 40
1 * Input current change A Ig's p.A -

Therefore, the 2N118 transistor in the CE
configuration, with a load resistor of 5 k
ohms, will have a current gain of 40. Output
current changes are 40 times greater than
input current changes.
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Tigure 31-5. Load Line Sumnmary

To determine the actual voltage gain (Ay),
the vaiue of the input voltage change (AvgE)
must be first determined. This can be com-
puted by using the formula:

AVBE =AIBxHEB=50qu3kn=.ISV

The voltage gain can now be determined using
_ the formula:

_ Output voltage change AVCE 10

——

Ay = Input voltage change AVBE T15vV

66.6

Therefore a 2N!18 transistor in the CE
configuration, with a Ioad resistor of § k
ohms, has a voltage gain of 66.6. Qutput
voltage changes are 66.6 times greater than
input voltage changes. The power gain (A p)
¢an be determined by using either formula:

Ap = Ai X Av=40x66.6=2666

_ Qutput power _Pout
P * Input power ~ Pin

Output and input power values are determined
using the formulas:

Pout = AVCE xA1C= 10V x 2 mA = 20 mw

Pins= AVBE xAIB = ISV x 50pA = 7.5 uw

Therefore:

20 m'y

. Pout _
- 7.5;1.W

P> Fin = 2866

The 2N118 trangistor in the CE configuration
with a § k ohm load resistor hus 2666 times
more output power than input power.
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Figure 31-0 snows tne circult diagram,
gain values, characteristic curves and load
line for the 2N118 transistor with a2 load
rodistor of 4.2 kohma, Notice that decreaning
the resistive load increancs the slope of the
load iine. Comparing the gain values for this
circuit with the previous clrcuit, you ghould
notice that the size of R; affects amplifier
gain and the siope of the load line. The cur-
rent gain increases with an increase¢ in the |
slope of the load line {decrease R:) and the
voltage gain and decreasing current gain. The
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C. PNP CE Amplifier
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By, caused power galn to decveaae. Power
gain «ill be masxdinum whien the inpadance:
ace maiched. lmpedan - matching will b~
discussed iater in the course.

Figure 31-7 illusirates methods «f
arranging the common emitter amplifier
and shows current direction for NPN and
PNP transistors.

N —)

INPUT

EmIiTTER BYPASS
CaAPACITOR

B. Aliernate Power Connection (NPN)

6.

1

|

>
$(R
3

I
|
b
|
!
'

L
! 1
+ Vee  EMITTER 8YPASS
- CaPACITOR

D. Alternate Circuit (PNP)

Figure 31-7. Comimon Emitter Amplifier
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B. PNP

Figure 31-8, Cotmmon Base Configuration

Figure 31-8 i'lustrates the common
{grounded) base amplifier using NPN and
PNP transistors., It also depicts the input
and output waveshapes. Consider the NPN
cirewlt first, On the positive alternatiou of
the input, forward bias decreases, thus
decreasing Ig, Ip, and 1~. Epy decreases,
increasing the vcollector (V) voltage. On
the negative alternation, forward bias i3
lncreasea, thus increasing Ip, lg, and 1.
Epp increases whilch decreases . In the
PNP circuit, the positive alteraaticon
increases torward blas. Ig, IC' and Ig

- mA

Ic COLLECTOR CURRENT

A

increase and decreases V. The negative
alternation decreases forward bias, thus
decreasing lg, lp and I~ and increasing
Ve. Note that the common base amplifier has
no voltage phase shift between input and
output.

The magnitude of the voltage and current
changes can be analyzed using the character-
istic curves and load line. Refer to figure
71-9 and observe the load line for a 2N117
transistor. (n the common bage configuration
with a load resistance (RL) of 4 k ohms,

LR
T

-

{ it :0_
.i 1 s e =

B3NN D ¥ 0

VC-COLLECTOR VOLTAGE -VOL TS

COMMOMN BASE JUTPUT CHARACTERISTICS
FNR b

B

Figure 31-0. Load Line for 2N117 Transistor (Common Base Configuration)
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the loal llne falls between 20 V (transiator
cut off) ta 1(.: of 3 mA (transistor saturated).

The quiescent {Q) point Ls determined hy
Ohm's law using the value of Rg and
Rpyy in the following formula

- Vee v v,
E HE ¥ REB 3250 + 1756 500
At the Q point [ =1.05mAand Vg = 12,5 v,

Figure 31-10 summarizes the effect of a 2
mA P¢- Pk input signal.

Actual current gain {A4) can be determlned
using the following:

_ output current change _ AIQ. _1.8mA
” ‘input current Change AlE T 2mA

095

Actual current gain for a common base
amplifier is always less than one. A common
base amplifler does produce a voltage gain

(Ayg). To compute the A, the loput voltag.
change must firsl be deteranied ugbug Hd-
formula:

AVEB = AlE XRo = 2wAX1750 - .35
Using this value and the output voltag.

change (AvVep) from figure 31-10, actual
voltage galn can be deter mlned.

_ output voltage change AVCB T.75 ¢

Input voltage change AVEB T sy

22.1

The power gain (Ap} is computed using the
formula;

A pow SVep® Bl 1a5vx1.oma
P~ Pln TAVo x AL T 35V x2mA
| 14.725 mw

Ty 24

AS with the common emitter amalifier, the
gain of the

common base amplifier is

Figure 31-10. Load Line Summary




Gurrut

Qurrur

:
|
'

Figure 31~11. Common Base Amplifiers

depeudent on the value of the load resistor.
Decreasing Ry increases the slope of the
load line, increases A; and decreases Ay.
Power galn is dependent on impedance
matching.

Figure 31-11 illustrates some typical com-
mon base amplifiers and shows current
direction for NPN .and PNP transistors.

Figure 31-12 {ilustrates an NPN and a
PNP common collector amplifier with cur-
rent direction. Resistor Rg is the output
load resistor.

First, we shail analyze the NPN transistor
circuit in figure 31-12A. On the positive
alternation, forward bias increases which
increases Ig, iIg and l¢. The increased 1l
increases the voltage across Rg and causes
the output voitape to approach zero. On the
negative alternation, ig, lg, ic and Epg
decrease and the vulput voltage approaches

‘VEE‘

The PNP transistor circuit decreases in
conduction on the positive alternation causing
the output voltage to approach *VEE' The
negative alternation increases conduction
which results in the outputdecreaslng toward
zero. Because the emitter voltage follows
the input voltage changes, the common col-
lector is often referred to as an EMiITTER
FOLLOWER. The input and output voltage
waveshapes are in phase.

Characteristic curves are not normally
developed for the common collector ampli-
fier. To determing the output voltage amplz~
tude, consider the 1V pK-Pk input applied
to the common collector amplifier in figure
31~13. Assume, for example, that Rggp and
Rg are equal {n resistance and the lnput
signal will be divided equally between them.
Because of this, the output voltage can
never equal the input voitage and the voltage
galn (Av) is always less than one. Current
gamn in the common collector amplifier is
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Figure 31-12. Conumon Collector Configuration

higher than in the common base or comn-
mou emitter amplifiers. (Gammau = [3+ 1).

Iu a common collector amplifier, the output
voltage (VE) 13 always opposing the input
voltage. For instance, when the input to un
NPN amplifier goes positive, forward bias
is ncreased with an accompanying increase
i emitter current and voltage. The increased
cinitter voltage (more positive) will attewnpt
ur reduce the forward bias and oppuse the
action of the input. Tius action i3 refec: ol
to as DEGENERATION. Degeneration is the
process of returning a portion of the oufput
signal buck to the input of an anplifier o

such a manner Lhat it cancels part of the
input sigual, This results ina reduced ampli-
fier gain, hence an A, of less than one in
the common collector amplifier.

increasing the resistive value of the load
resistor (withuu limits) will result in an
increased voluise guin {(approaching one} and
a correspuwnling decrease in current gain.
The power gain is dependent on impedance
miatching., Maxunum power gain is reallzed
wheh inpédanees are matched.

LMSTORTION results when there is an
undesiced chunge . the output waveform
of un plitier. Three (ypes of distortion
are frequency, phase, and amplitude. When
the output of an amplifier is changed so that
its awplitude is no longer proportional to
the amplitude of the input signal, amplitude
distortion is present, Operating an amplifier
in the nonlinear region of the dynamic trans-
fer curve will cause amplitude distortion.
When an amplifier i$ unable to provide equal
amplification for all frequencies applied to
its input, frequency distortion is present.
The primary cause of frequency distortion
iz the reactive vompenents (inductors and
capacitorz} in the amplifier circuitry.

Wien some  frequencies applied to an
muplifier do not receive the same time
delay as other frequencies, then phase
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Figure 31-14, I~ Versus Temperature in
Nonstabilized Circults

distortion is present. Phase distortlon is also
caused by reactive components in the ampli-
fier circuitry.

All semiconductor material is senaitive to
temperature changes. Anincreaseintemper-
ature wiil result in a decrease in the resis-
tance of the material, thus a negative temper-
ature coefficient of resistance. In transis;or
circuitry, the regative temperature coelffi-
cient has a significant eifect on the circuit
operation. Figure 31-14 illustrates: the
changes in output current (I) of an amplifier
resulting from changes in temperature,

In most instances, this change in collector
current can not be tolerated, therefore
temperature staWilizing circuits have been
developed. Collector curremt wvariations

1

Figure 31-16, Placing Emitter at AC Ground

Figure 31-195, Swamping Resistor
Stat tlization

oceur because of emitter/base resistance
(Rgp ) changes and I-pg changes. Rpp
changes will be considered first. Anincreane
in temperature will decrease Rgp,
increasing forward bias which results in an
increage in Ig, IB and 1¢-

The use of an emitter swamping resistor
{figure 31-15) can minimize the change in I,
Increases in temperature result in an
increase in the voltage across Rg (swampling
resistor) which will tend to oppose the
change in forward bias, thus minimizing the
change in Ic. A distinct disadvantage ol the
swamping resistor is that it wili produce
degeneration and reduce amplifier galn. This
can be prevented by using a cupacitor {n
parallel with Rg which has a low reactance
to the input signal frequency. Flsure 31-16
illustrates the use of this capacitor.

*VCC

Ce

EMITTER BYPASS
CAPACITOR

PEP4-412

09
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Figure 31-17. Self-Bias Stabllization

The circuit now compensates for R B
changes caused by temperature without
reducing gain. Figure 31-17 through 31-19
show other methods uséd to minimize I
changes caused by temperature.

In the self-bias stabilizing circuit, temper-
ature increase causes Ic to increase and
VCE to decrease. This decrease ls coupled
back through Rp and decreases forward
bias. The disadvantage of this arrangment
is that R, also couples back part of the
output signal, This degenerative feedback
reduces ampiifier gain. The use of a low
pass fllter, Ry, Rpyg and CF {figure 31-18}
prevents this loss of gain (degeneration),
while providing temperature stabilization.

Figure 31-20 illustrates the stabilizing
effect that the thermistor, the forward biased
diode, and the emitter Swamping resistor
have on collector current. Notice that stabi-
lization decreases rapidly between 50° and
79° Celsius.

Figure 31-18. Self-Bias Stabllizatinn
(w/o AC Degeneration)

27

r}
1

Figure 31-19, Thermistor Stabilization

All circuits previously discussSed com-
pensate only for Rgpg changes. The
decreased stability above 50° 18 the resuilt
of lcpo changes caused by temperature.
Figure 31-21 shows the path for IcBo

COLLECTON CLRn{BT | Al

I|
u

25 0 25

TtustneTuAt *c

Figure 31-20, Ic vs Temperature

Figure 31-21. Flow of I""‘BO
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Figure 211-22. Reverse Biagsed Diocde
Stabilization

The value of Iepo doubles with an 8 to
10 degree Celsiug change in temperature.
At 25° C, Ic o is In the order of micro-
amperes and %as very little effect on I..
Above 50° C, Igpg has become larger and
will result in a noti.eable change in the for-
ward bias voltage across Rp. These {orward
biag changes will be amplifled by the factor
beta ) and will result in a significant
change in Ig. Figure 31-22 shows how a
reverse biased diode can be used to minimize
this change.

REP4=419

Reverse hlased dlode, CRR1, replaces Rg.
The magnitude of minority current through
crl equals Icpo and will change with temp-
erature. Forward bias changes are prevented
and the only change jn I~ 13 the additional
[¢go- 1o other words. CR1l prevents I
(hankes from being amplified by the factor
RBETA.

Additional stabilization can be achieved
using a combination of forward and reverse
blased diodes as illustrated infigure 31-23A.
Figure 31-23B graphically illustrates the
comparison,

Amplifiers are seldom used alone. Nor-
mally two or more of them are connected
to achleve desired gain. When the output of
an amplifier is applied to the input of the
next amplifier, they are sald to be
CASCADED.

There are four basic methods of coupling
the ouitput of one amplifier to the input of
the npext. They are direct, resistive/
capacitive (RC), Impedance andtransformer.
Each type of coupling affects an amplifier’s

abtlity to provide equal amplmcationw -
frequencies,

L 4l
-

-
'y

STABILIZED

IDEAL
- CUR*RENT

el
L

Q
8
=
Q [ FORWARD BIASED DIODE
&
)
=

”

® COLLECTOR CURRENT tmA?

L)
L

OOUBLE DIODE STABILIZED
% S0 75 100 125

TEWMPERATURE °C

i
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Figure 31-23. Double Diode Stabilization Circuit and Graph
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Figure 31-24. Direct Coupling with Frequency Response
Figure 31-24A shows an examble of direct
coupling and figure 31-24B illustrates the
relationship of gain versus frequency for c
this type coupling. ce

The loss of galn at high frequencies is
caused by the interelement and stray capa-
citances. Figure 31-25 shows interelement

- capacitance,

ouTPUT

Figure 31-26A shows an RC coupled ampli-
tier and figure 31-26Bgraphically illustrates
the gain versus frequency relationship.

The loss of gain at the low frequencies is Figure 31-25. Interelement Capacitance
due to the reactance of the coupling of a Transistor
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Figure 31-27. Impedance Coupled Amplifier with Frequency Response Curve
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Figure 31-28, Transformer-Coupled Amplifier with Frequency Response Curve

30 63




capacitors, (C1 and C2). As with direct
coupbing, the loss of galn at high frequencies
14 due tointerelement and stray capacitances.

Figure 31-27 shows an inpedance coupled
amplifier with the frequency response curve.

In impedance coupling, the amplifier load
is an inductor whose reactance 18 dependent
on frequency. Recall that voltage gain is
dependent on the value of the collector load,
As [requency increases, X, Increases along
with the amplifier’s galn. The peak-point on
the response curve imdicates resonance
between the transistor’'s interelement capa-
citance and the inductive load. Above this
trequency, the gain drops off because of the
interelement and stray capacitance.

Figure 31-28 represents transformer
coupling and the response curve.

The loes of gain at low frequencies 18 due
to the low X; of the transtormer windings.
Loss of gain at high frequencies i3 caused
by the circuit capacitances,

TBASE 2

]’BASE 2

MOGDULE 34

SELECTED sS0LID STATE DEVICES

The Unijunction Tranuiutor

The untjunction transistor (1JJT) has twe
conduction conditions and operates similar
to a switch, Figure 33-1 shows the basic
construction and schematic symbols for the
UJT.

When the material between base 1 (Bl)
and base 2 (B2) i8 N type material, the
emltter (E) will be P material. The
opposite 1s true for the P type UJT. The
point where the emitter region 18 attached
to the basic material forms a PN junction.
when the PN junction 18 forward blased,
the UJT is in its high conduction or ON
state. Whea the PN junction 13 reverse
biased, the UJT i3 in its low conduction
or OFF state.

BASE 2 BASE 2
EMITTER EMITTER
© "ID — EMITTER EMITTER
]
l l BASE 1 BASE }
BASE 1 BASE N TYPE P TYPE
A 8 ¢ )
REP4=-814

Figure 33-1, Unijunction Transistor
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Figure 33-2. Pictorlal Diagram of U.JT
Showing Low Conduction (OFF)
Condition

First consider a voltage applled between Bl
and B2 as {llustrated in figure 33-2.

The applied voltage will be distributed
evenly across the N material., The emitter
to Bl junction will be reverse blased because
the voltage at the point where the emitter
material 18 attached to the N material is at
approximately .13 V. The emitter current
at thls time will be zero and the UJT will
be in its low condurtion condltion. This
situation is illustrated as the peak voltage
point (B) on figure 33-3.

{mo}

VOLTAGE
VALLEY
POINT

NEGATIVE RESISTANCE AREA

vOLTAGE
PE AX
POINT

EMITTER CURRENT

EMITTER vOLTAGE
REPI=~§17

Figure 33-3. UJT Characteristic Curve

Figure 33-4 represents the high conduc-
tion (ON) condltion of the UJT.

The 15 volts applled to tlle emitter will
forward blas the emitter-base 1 junction and
a high emitter current will flow. The high
concentration of electrons (carriers) in the
area hetween £ and Bl causes the resisti-
vity of the material to decrease and the
voltage across the N material to be redis-
tributed, as shown. The emitter current
through Rl will drop the emitter voltage
from 15 V to 3 V. Referring to figure 33-3,
the UJT 1s now operating at point C on the
curve.

The area between points B and C on the
curve is referred to as the negative resis-
tance (-R) area because emitter current
increases for a decrease in emitter voltage.
The time for the {JT to change from its
low conduction to its high conductlon con-
ditlon is extremely short and in the order
of nanoseconds (10°%). The UJT 1s utilized
in instances where fast switching 1s required.

= REP4-1229

Figure 33-4. Pictorial Diagram of UJT
Showing High Conduction (ON)
Condition
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Figure 33-%, Plctorial Diagram and Schematic Symbols for JFETS

The Junction Field Effect Transistor (JFET)

The Junction Field Effect Tranaistor
(JFET) i= avallable in N and P types. Figure
33-5A illustrates the basic construction of
an N-type JFET and figure 33-5B shows the
schematic symbol for N- and P-type JFETS.

Connecting 2 voitage hetween the ‘source
and drain as lllustrated in figure 33-8 will

GaTE

GaTE

result in drain current (ID) and a voltage
drop across the bulk N material. The voltage
between points A and B results in areverse-
biased PN junction between the gate and the
N material, and produces a cone-shaped
depletion region between the P-type gate
material and the bulk N material. The deple-
tion region completely surrounds the bulk
materlal., The size of the depletion region
controls the area (calledthe channel), through

BEEI.&‘TION

b
_

=i

Figure 33-6. Conduction in an N-Type JFET
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Figure 33-7, Effect of VDS on ID
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stuch 1y can tiow. In other worda, controt-
ling the size of the depletion region controis
i- Incveusing the drain to source voltage
(Vpg) will increase I, and the size of the
depletion reglon until the depletion region
becomnes so large that it restricta turther
increases in In. At this point, the device
is saturated. This point i3 referred to am
channel pioch-off and further !ncreases in
Vpg will not produce a noticeable increase
in ID‘

The effect of Vg changes is {llustrated
in figure 33-7. Point VB on figure 33-7D
i9 where the breakdown voltage of the PN
junction 18 reached.

The stze of the depletion reglon controls
drain current. Figure 33-8 graphicallyillus-
trates the control that a voltage applled
between the gate and source leads (VGS)
has on Ip. Note the similarity to the charac-
teristic curves for 4 transiator.

The significaat difference is that with the
transistor, thc base current (Ig) controls
conductlon: whereas in the JFET, the gate
to source voltage controls the conduction.
In other woras, the JFET 18 a voltage-
controlled device. Smail changes in Vgg
result in large changes in Ip.

The JFET can be used 1n three basic
configurations. They are the cornmon source,
common gate and common drain. Figure 33-9
illustrates a common scurce amplitier.

Notice that no biasing voltage is required.
On the positive alternation, the reverse bias
at the gate-to-source junction is decreased.
This action decreases the depletion region,
increases the channel size and increases
drain current (Ip). This results in an in-
creased voltage across the load resistor and
a decreased output voltage WDS)- The nega-
tive alternation increases the reverse pias,
increases the depletlon reglon, decreases
In and Ep; and increases the output (Vpg).
The output veltage waveshape is larger than
the input waveshape, and amplification has
occurred, The 1nput and output signal voit-
ages are 180° out of phase. Positive or nega~
tive biasing voltages (VGS) can be useq
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Figure 33-8. N-type JFET Characteristic
Curves

with a JFET to move the operating {(Q)
int,

The Metal Oxlde Semiconductor Field Effect
Transistor (MOSFET)

The construction of an ‘*N’* Channel M=tal
Oxlde Semiconductor Fleld Effect Transistor
(MOSFET) ig illustrated in figure 33-10. The
“P’ chaunel MOS VET uSes an N type substrate,

MOSFETS can be divided into the enhance-

ment and depletlon types. In the depletion
MOSFET, the channel ig heavily doped and

CuUTPUT

[»]

. . KEP4=1210
Figure 33-9. JFE ( Cominun Source Am, 'ifier
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Figure 33-10. Cutaway View of MOSFET
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Figure 33-11. N-cChannel Enhancement Type
MOSFET
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Figure 33-12, N-Channel Depletion Type
MOSFET

produces high drain currents for smalldrain-
to~source voltages. The enhancement type
MOSFET is lightly doped and Ip is small.
Figure 33-11 ard 33-12 illustrate the effect
of Vpg and Vg on the channel and Ip for
N channel enhancement and depletion
MOSFETS. The lightly doped enhancement
type MOSFET has a large depletion region
which restricts channel area and produces
low drain current. The voltage gradient
produced by Vps modifies the channel
width. A positive gate-to-source voltage in-
creases or enchnces the channel. Ipincreases
with an increase in the positive Vg voltage.
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Figure 33-13, MOSFET Symbols

In the heavily doped depletion MOSFET,
the depletion region is small, the channel is
large and there 15 a high drain current. The
voltage gradient produced by Vpg modifles
the channel and the negative gate-to~source
voltage decreases, or depletes the channel
width. decreases with Increages in the
negative Vg voltage.

Figure 33-13 shows the schematic symbois
for MOSFETS,
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Figure 33-15. Energy Level Diagram and
Characteristic Curve for a Tunnel
Diode

The Tunnel Diode

A Tunnel Diode is an extremely heavily
doped PN junction diode., Figure 33-14 shows
the energy level dlagram of anunblased tunnel
diode,

lonization at the jun~tlon caused by junction
recombination results in the displacement
of the energy bands, so that the conduction
band electrons in the N material are at the
same energy level as the valence band holes
in the P material, The depletion region is
extremely thin. Applylng asmall forwardbias
results in the*movement of electrons from the
conduction band of the N material directly
tnto the valence band of the P material. Holes
in the valence band of the P material move
directly into the conduction band of the N
material, The carrters pass through, or tun-
nel under, the forbidden band as they move
across the PN junction, Figure 33-15A depicts
this movement and figure 33-15B graphs the
voltage and current relationship. The current
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Figure 33-16. Energy Level Diagram and Characteristic Curve for a Tunnel Diode

fiow shown on the graph between points 1
and 3, occurs because of this tunneling.

Increasing forward bias changes the rela-
tionship between the energy levels of the N
and P materials. The N material Increases
in energy and the P material decreases. Tie
area on the characteristic curve between
points 2 and 3 is where the following actio.
takes place. Electrons in the N materim
become aligned in energy to the forbidden
band of the P material and the holes in the P
material become the forbidden band of the
N material. This action s 1llustrated in
figure 33-16.

This increase in forward bias will result
in decreased conduction until the majority

FaT PC H-TYPE
1

carriers are all aligned with the forbidden
band and current flow 1s minimum {(point Jon
the curve). Between points 2 and 3 on the
curve, the tunnel diode exhibits a negative
resistance characteristic (~R). As forward
bias 1s further increased, the electrons In
the N material pass into the conduction band
of the P material and the hgles in the P
waterial pass into the valence band of the
N material. This 18 conventional conduction
and it is illustrated in figure 33-17. The
area between points 3 and 4 onthe character-
istic curve represents  conventjonal
conduction.

The Varactor Diode

A capacitor is described astwoconductors
separated by a dielectric. A reverse hiased
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: ' CONQUCTION
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Figure 231 .. Tunnel Diode Energy Level Diagram and Characteristic Curve
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Figure 33-18. Varactor Diode Schematic Syinbol and Charactenstic Curve

junction diode extubats the properties of a wwereases the dJdepletion region (incrcased
capacitor. The N and P muterials becmne distance - D) causing a decrease in capaci-

the conductors scparated by the depletion
reglon (the dielectric). Varying the reverse
bias changes the width of the depletion region,
thus changing the capacitance of the diode.
A diode designed to be uded as a variable
capacitor is called 4 VARACTOR. Recall \he
formula for capacitance: C =K-g— .

Using the formula, the effect of changing the

tance. Couveisely, decreasing reverse bias
inereases vapacitance. Figure 33-18 shows
the: schewatne symbol and characterlstic
curve fur a varactor diode.

the Silicon Controlled F.ectifier

A Silicun Controlled Rectifier (SCR) 1s a
4 layer, 3 Junction device. Figure 33-19 Is

the pictoriul Jduyram and schematic symbol
for the SCH. conduction in the TR can be

reverse hias onh capacitance can be
deterimined. Increasing reverse  bias

ANODE

ANQDE

GaTE

GATE CATHODE

CATHOULE
Ptrg=-837

Figure 33-19. Silicon Controlled fectificr (SCR) Structure and‘Schematic Symbol
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achioved by applying anode to cathode voit-
age and a gate voltage to thia cathode,
After conduction 1a achiaved, the anode to
cathode voltage and the gate lose ¢ontrol
of conductlon. Figure 33-20A iilustrates
how conduction 18 achleved by the appli-
cation of an anode to cathode voltage au.
flgure 33-20B 18 the characteristic curve.

section 1 (S)) of the SCR is more heavily
doped than Sectlon 2 (Sp). Junctions J, and
Jy are torward biased and Jp 18 reverse
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Figure 33-21. Schematic Diagram and
Characteristic Curve for a
Gated SCR

Maned. As the arm of tac pofentlome s
(Lt 15 moved up {moTe posltive), the apr s
to cathode voltawe ia Inereased. The o1l
conduction s the reverse curreat acros -
J2. When the anode-to-cathode voliag:
reaches the breakover voltage (see cury

hnction, J2 %oes into reverse breakdown
wmomentarily, Thig results In the Injection
of electron carrlers from section 3) to 3-.
These electrons, once in Sg, act a8 minority
carriera (electrons In P material) and mnve
easily across the junctlon (J). Once thoy
arrive in §3, they again become majority
carriers and move easily across J,. The
result !a higl conduction and a large voltage
drop across Ry . This 1mmediately reduces
the anode-to-cathode voltage and brings J2
junction out of reversec breakdown. The
SCR remains in high conduction because of
the contlnued lnjection of electron carrlers
from 8) to S5. If the current is allowed
to drop below the ‘+holding current’’ {see
chart), then carrier injectlon into S3 will
not be sufficient to maintain the level of
high conduction. Notice that the anode-to-
cathode voltage remains relatively conatant
for large changes in current. Refer to figure

33=21A and 33-21B to determine the effect

of the voltage on conduction of an SCR.

The applicatlon of a gate voltage will
result in gate current and the injection of
electron carriers from S, and 8, with no
anode-to-cathode voltage applied. The result
is that a significantly smaller amount of
anode-to-cathode voltage js required to
achieve high conduction {see chart), The
gate voltage will determine the breakover
voltage required to achieve high conduction.
The holding current determines when the
SCR will drop out of high conduction.

The Zener Diocde

A zener diode js a PN junction diode
whose doping has bheen increased so that it
can operate in the r~verse breakdown,
avalanche current area of the characteristic
curve without causing structural breakdown.
While operating in the avalanche current
area, the zener diode will maintain a
relatively

constant voltage across 1t for

g
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Figure 33-22. Schematic Symbol and Characteristic Curve for a Zener Diode

a wide range of currents. Figure 73-22
shows the schematic symbol and the char-
acteristic curve for a zener diode, By con-
trolling doping, a zener diode can regulate
voltage wathin the range of 3 to 20 volts
and may be connected in series if a higher
regulated voltage is required.

Integrated Circuits

Integrated circuits are divided into two

the monolithic integratea circuit, all
elements (resistors, trangistors, diodes, and
capacitors are fabricated inseparably within
a continuous piece of material called the
SUBSTRATE. If the substrate is N material,
then controlled amounts of P material will
be doped 1ito the substrate to form the com-
ponents. Metallic contacts are attached o
these areas and leads are connected. An
entire electronic circuit can be manufactured
on a single plece of substrate 40 by 60

categories, HYBRID and MONQLITHIC. In thousandths of an jnch in Size.
3/8!!
DIA,
S A, N 4
)\\\ - 1/4 -~
3
1/4 /
A B c
FLAT PACK IN LINE TG-5
PEr4=645

Figure 33-23, Package Styles tor Integrated Circuits
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Hybebd integraded cireaits hive the pasglyve
components (redglhatory, capacitors) deposited
on a substrate made of glawy, ceramie, or
some other itnsulating material, The active
comuponents {(diodes, transistors) are then
attiached to the substrate. Flgure 33-221
shows some typicai exainples of !ntegrated
clreult packages. One of these tiny packages
1 ay contaln one or several circults and often
flave several hundred components,

43

tntegratel cireatts are sonall in size and
light in welght. They consume very little
power and are highly reltable, This makey
thom  Ldeally sulted for use in abrborne
equipment, misygile systems, computers,
spacecraft, and portable equipnnent, Because
of their construction they are not normally
repalred. For example, 4 monolithle Inte-
grated circuit cannot be repaired and the
entire deviee is replaced.
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INTRODUC TION

John Dardeen, William Shockley, and W, H, ‘Brattain are credited with
having developed the transistor at Bell Telephone Laboratories in June,
1948. Initially the device war referred to am a TRANSFER RESISTOR, hut
soon the name was shortened to transiastor.

Since its introduction the "‘transistor’’ has been constantly improved
until for many uses it is the most efficient and dependable device available
for its field of application. The advantagep are that they do not have fila.
ments which require heating, require lesa power than electron tubes, are
rugged, and have a very low failure rate.

Transistors and associated circuits are especially suited for use in equip-
ments which rnust be miniaturized. This 1s because the components are small
and light., can be operated with light compact power supplies, and are rugged.
This last feature permits simpler, moce compact shock and vibration.isolation
equipment to be used. Also, since the components have a very low failure rate,
less storage space for equipment replacement parts is required.

Because of the continuous advance of solid state technology, semiconductor

devices and circuits are being used more and more, both in military and
commercial electronic equipment.

ii
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INYTRUCTIONS

This atudent workbook 18 a programmed text. When using thia programmed text, you learn
by actlvely responding to each bit of information before proceeding to the next. You are
allowed to proceed at your pwn pace. Don’t ruah, but don’t loaf. THIS 18 NOT A TEST.

fach learning step—consiating of the information, plus an instruction on how you are tn
respond (when needed). and your response—is called a frame. Each frame containa diagonal
Mnes /////////////7///7//. Use a 5 x8 card, or heavy paper you can't see through. as a
mask. Slide the masi down the page until you expose the firat diagonale.

Read the Information and either:

a. fill In the blank(a) in a sentence to complete it correctly,
b. follow the lnstructions in the frame, or
¢. go to the next frame. Some frames don’t requlre a response.

After you respond, slide the mask down to the next solid line which runs across the page.
The correct response appears above that line. Compare your response with the correct one.
If your response 18 Incorrect. reread the informationto see why the correct, printed sasponse

ts really correct. Wrlte that response next to yours, slide the mask down to the next //////,
and gtart the next frame.

Get a mask, slide It to the //////////////////// below and try a practice frame.

1. Maine., Virginia and Florida are coastal states. Massachusetts also borders the Atlantic,
soitls al )

(After You have written your answer, move the paper to the solld line and compare
your response with the correct cne:)

i

coastal state

Since your learning ln every frame usually depends on what you also learned in the preceding
frame, DO NOT SKIP ANY FRAME.

TURN THE PAGE AND BEGIN




I, BASIC ATOMIC THEORY

This lesson teaches basic atomic theory. First. you will learn about the atructure
of mattar. including elements. compounds molecules, andatoms. Then, the atructure
of the atom will be covered.

Quite possibly, you may have already learned some of this material in a prior
course. If 80, thim part of the program la dosigned to et you akip the parts yuu may
already know.

STRUCTURE OF MATTER

. Choose the phrase or phrases in the gecond column that best describe the word in the first

column. U all answers are correct, move on to frame 17; otherwise. proceed with frame
2.

1. compound a. smallest unit of an element
2. atom b. combination ot elementn
3. element c. smallest unit of 2 compoun-
4mnolecule d. made up of atoms
. TN
i. b 2. a K 4 c.d
. Matter is any substance that his mass and occupies gpace. SinCe water has mass and
occupies space, it ig an example of { ).
i
matter
. Stone 18 matter because it has ( } and occupies ).
VRTRraIrrrrrry
mas9 apace

. Wood, wa'er. and oxygen are examples of the three states of matter. The three states ase:
a. ( ) b. ( ) c. ( )
H17117710017117117

a. solid b. liguid . gas

. All matter is composed of elements. Elements cannot be reduced into simpler substances
nor built up from simpler substances. Oxygen cannot be decomposed or made from other
substarces. 80 't is { ).

i1

an element

oI
ro




a. llydr(-nmn 18 almo an element. It too cannot . . . .

7.

T

bha decomposed nor made {rom other substances.

Water 18 made with oxygen and hydrogen. Water (1/18 not) an element

0000001111111

18 not

When elements are combined to form ancther substance, they produce a compound.
Water i3 ( ).

LI

2 compound

9.

The compound water 18 made by combining oxygen and hydrogen. which are (

Iy

elements

. The smallest particle of a compound that retainsall the properties of the compound is a

molecule. A drop of water containa many ( } of water.
i

molecules

. If the compound carbon dioxide was broken down to the smallest particle that could be

identified as carbon dioxide. that particle would be a { )
11117711771711117177

molecule (of carbon dioxide}

. When a molecule of a compound 18 reduced even further, the compound no longer exists.

In its place are the ( ) that were originally combined to form the ¢ompound.
iy

elements

. The smallest ynit of an element that can still be identified as that element 18 called an

atom. Since compounds are made of elements. molecules of compounds are made of
( ) of elements.

I

atomsa




l4. The amallest unita of oxygen and I;;dr(lgn;l_arn { ).
LTI idileiii /i
atomns
5. l_.fuhtl_u-r:l—t:l;ldl_q*nf—:;;ygnl_; I;l’l.l_ti_hi—l‘ydl't]gl;l_'lﬁ_:l.'-l!'(;.nt;l:l';i.)lned, a (-‘ ) Of‘-t‘l;e compoumt water
Iy produced.
LT il iEi il
malecule
16. Choose the phr;a:;e or phrases in the second column that best describe the word in the
first ¢olumn.
1. compound a. smallest unit of an element
2. atom b. combination of elements
3. element c. smallest unjit of a compound
4. molecule d. made up of atoms
iy
1. b 2. a 3. d 4. ¢, d
ATOMIC STRUCTURE
17 “Match the word in the second column with the appropriate word in the first column. I all
answers are correct. move on {0 frame 39; otherwise, proceed with frame 18.
1. electron a. positive
2. proton b. neutral
3. neutron c. negative
4. atom
L1 iiiTiiiniii
l. ¢ 2. a 3. b 4. b
18. Electrons. protons, and neutrons are

the most important parts of an atom.

ln the diagram. the nuzleus, or center
of the atom, is composed of ( ) PROTONS == gg - NEUTRONS

and { ).

LTI T

protons neutrons




. Electrona circle about the nucleus of an
atom In paths called orbits. [n the dia-
gram, label the parts which represent
elactrons.

[117171171111111111

. Electrons and protons have opposite electrical charges. Electrona have a negative
charge. Protons have a ( ) charge.

HIH11171171711117

positive

. The charges of electrons and protons are represented by signs. A positive (+) algn 13
used to denote a proton; an electron is represented by a ( ) aign.

1111111111111711111

negative (-), minus

. The electrical charges of electrons and protons are EQUAL and OPPOJITE. Because of
this, the negative charge of an electron and the positive charge of a proton ( IR

H71ed1170171711717

cancel each other.

. When the electrical charges of an electron and a proton cancel, the resultant charge is
( ).
1177177111117111117

neutral, zero

. A neutron can be thought of as a combination of a proton and an electron; therefore, the
electral charge of a neutron ia { ).

HIHH170871717

neutral, zero




25, Protong are {

- ) and neutrous are { ).

T

prostive neutral

Y6 Because protonn and neutronsg make up the nuclous of an atom, *he overadl charge of the

bucleus 1y ).

e

positive

st e

27. Particles with Uppt)sl{n electrical charges att—r;ct each other. Pa;ii“cles with the aame

electrical charge, then, {

} each other.

LTI 11117

repel

28. Two electrons will {

) each other.

I 1
repel
29. A proton will repel a ( ).
Il it/
protor
30. A proton will attract { ).

L LTy,

an electron

31. The nucleus has a (

) ¢harge.

Eitii1iittiilis

positive
32. The nucleus attracts { ).
FITITEEiEE i
electrons

&R




--'l'! Folectroms anve at & groat apeod by thelr orbita aroand the {

Fovidddealideiini ¢
auecleus

J40 Hecaude of thetr sreat arbdtal apeed, aleetrons TEND to break away. Hut, they are k(q_it
th orbit by the { } of the { ).

PEPvitidd e 1ieiit

attraction e leus

?]-‘Fx_ﬁN\:;i;mtly. the number of electrons in an
dtom s equal to the number of protons
in the nucleus. In the dlagram, the num-
ber In lhe nucleus represents the num-
ber of protons. There should Le { )
arbital electrons.

I 1177771

two

Since oppositc charges cancel cut. an
itom  that as the same nuniber of
protons a.d electrons {s elec’rically

neutral. In the diagram, the atom (is/ls %
not) neutral, /
74

LTI I )

18 not

If an atom has three electrons and three protons, it is el~ctrically {
1111111 117110101717

neutral

Match the word in the second column with the appropriate word in the tirst column.

electron a, positive
. proton b, neutral

neutron ¢. negative
atom

111101777 7100771107

2. a




30. The :)rhitn -l)l aloctrona ‘nay- ha .t‘h-nuuht'ul '.u; llilf‘i‘l-ltf;-url;alla;-li-ill comeentrle ahella arommd

the { ) ot an atom,
T eddidiiilieid
nucleas, center
“‘I(l. Each shiell ban a maximum wanber of ( } that it can hold., T
Hrlltndilifirsiiie
electrons

44, Tae maximumi number of electrons that each shell Féﬁ.ﬁi&"@éﬁ&’é‘upon the
“distance’’ of the shell from the nucleus. Referring to the table listing the *‘electron
structure of atoms’’ (page 11}, what I8 the MAXIMUM nuniber of electrong that can be
held in the {irst shell, which is the one that i8 closest to the nucleus?

FETELIET T T iy et

2

41.b. What i3 the MAXIMUM number of clectrons that can be contained in the second shell
of ans atom? In the third shell? In the fourth shell?

I1PlEEdli i Lifiiiety

8 18 32

41.c. Bascd on this, a general rule can be stated as follows: The first shell can hold up to
( ) electrons, the second shell can hold up to { } electrons; the third
shell can hold up to ( ) electrons; and the fourth shell can hold up to ( )
electrons.

it tiddidiilelii
2 8 18 32

(Although there are atoms with up to 7 shells, these atoms are not important in the
study of transisters.)

41.d. Is it necessary for all of the p_reced.lng shells to be filled before a new shell can be
started?

FEFTEaiitilnatiidd,

No. (In atems having up to 3 shells all the inner shells ARE filled. but this is not
true 1 ulnms having more than 3 shells. The reason for this is believed to be that
the furth-r the distance each shell is from the nucleus, the less influence the nucleus
has ov- © =~ electrans in the shell.)

Ry
[




. Hy sitml}i'n_ﬁ the table © Illuilwt;lli(‘,- another hli]ll;hl'l;int-l:lqlf; 1ar the number of electrons tn
varh shell can be derived. What g the moastimumn humber of electrons that can be
conbtidned i o ahell 1F THAT SHELL 13 THE OUTERMOSY SHELL?

Ll il

a

'Stn“(iylnu the table agaln, what I thn :na;d-mul:ri m_:rnbd:-r of cin_ctr-oiiz_l Eﬁ;il-lrdﬁﬁbe CEE._.
tained IN TIE NEXT TO THE OUTERMOST SI'ELL7?

LEEFELEiEieiieetdfir

18

"Thus. a8 another general rule. it can pe stated that: The OUTERMOST shell of an
atom van hold no more than ( ) electrons and the next to the outermost shelil

can hold no more than ( )} elecirons.

111001t didillldy

8 18

In your own words, state the ryle deflning the MAXIMUM number of electrons that
can be contalned tn each shell (up to 4 shells), and give the EXCEPTIONS to the rule.

LL1011780707177477

The first shell can hold up to2electrona, the second sheli can hold up to 8 electrons.
*ie third sheil can hoid up to 18 electrons. and the fourth shell can hold up to 3Z
€lectrons. But, whenever a shell is the QUTERMOST shell. it can only hold up to 8
electrons and whenever a shell is the NEXT TO THE OUTERMOST shell. it can
unly hold up to 18 electrons. (This will become apparent by studying the table.)

43.b. U the atom had four shells. the third shell could hold { ) electrons.
AL i i, /s

18

43.c. In an atom with only {four shells. the fourth shell could hold up to | } electrons.

e

8

43.d. In an atom with five shells. the fourth shell ¢ould hoid ( } elecyons.

11707700711071117717

18




N _ln an a-tnm wltlt ulx _r;iu‘_-“ll-u.winl;; “fourth _n_lt-;ll (ti_ll..;]:(]"il‘(’;i-(_l-( T ) é-lh”t:trtitls, and the
third shell { ) eloctroma. '

LTI

32 14

In an atom with seven s_r-l-c;-l_is,_ the third-aud [t;urth ghells could atllli unlyho?ci .(-._..v- )
and ( ) electrens, respectively.

LALHEETTTEiiie
18 32

. Although there are some atoms with up

to 7 ahells, this transistor courge ~nlv
covers materlals whose atoms have up
to 4 ghells. Such an atom could have at
the most 38 electrons. List the correct
number of electrons per ahell for the
atom ln the diagram.

LAEIITEEETEiiiiry

a. 2 b. 8 c. 18 d.

. Each shell must be filled to capacity before the pext shell can contain any electrons. if
the first shell 18 incomplete, there {might/cannot) be electrons in the second sheil.

F01117770, 110010111

cannot

. When an atom has 36 electrons, how many protons must it contdin for the atom to be
neutral?

LTI i/

36

. If an atom was electrically neutral and had 18 protons in it3 nucleus. how many electrons
would It have in Ilts first, second. and third shells?

LA i/

first shell: 2 second shell: 8 third shell: 8




SUMMARY

. Mattar ta any zubatance that has nigay
and oceuples space,

2. Matier exists in three states: sold,
liquid, and gas.

3. Elements cannot be decomposed imw
atinpler gubstancea nor built up from simpler
subatances.

4. Compounds contain two0 Or more dif-
terent elements in chemical combtnaton.

5. A molecule 1a the amaliest particle of
a compound that retains all the properties
of the compound.

8. \n atom '8 the smallest part of an
element that can still be ldentifled as that
element.

7. An atom la composed primarlly of elec-
trons, protons. and neutrons.

8. At the center of an atom 8 the nucieus,
which containa protons and neutrons.

9. Electrons clrcle about the nucleus in
paths called orbits.

10. Electzons have a negative electrical
chargs.

11. Protons have a positive electrical
charge.

12. Neutrons are electrically neutrai.

13. The nucleus of an atom has a positive
electrical charge.

i, Like charges repel and oppostte chargon
attract.

15. Electrons tend to break away fromatoms
because of thelr orbital Speed.

16. Electrona are kept in orbit by the attrace-
tion of the nucleus.

17. Normally, the number of electrons in an
atom g equal tO the number of protonsin the
nucleus.

18. An atom with the same number of
protona and electrons 18 electrically neutrai.
If it has more electrons than protons, the
atom haa a negative charge. If there are
more protons than electronsg, the atom has a
positive charge.

19. The orbits of electrons may be thought
of as belng arranged in concentric shells
around the nucleua of an aiom.

20. No atom has more than seven shells,

21. There is 2 maximum number of
electrons for each shell.

22. The firat ahell can hold up to 2 elec-
trons, the second, 8; the third, 18; the
fourth, 32.

23. However, the outermost shell, regard-
less of whether it is the third, fourth. etc..
can hold no more than 8 electrona.

24. The shell npext to the outermost shell
can oniy hold up to 18 electrons.




ILICTRON STRUCTURE OF ATOMS®

ATONIC SHELL ATONIC Shell
NUNBIR ATou T T[T« ]| wunsn ATow T Ta s (e |7
| Hydrogen M I 50 fin Sn PN RRLER: 0l o
2 | Helwm He 2 5 | Antimony S AR
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k) Arsemc As 2| 8|18] 5 [ 7] Lead Pb 2l shwlazlisg) 4
u Selenum Se 218]18) 6 K| Bismuth B 2] 8118[R2[18] 5
5 Brommme Br 2887 7] Potomum  Pg 21 88|32 )|18] 6
% Keybton Kt 2188] 8 ] Astitine At 21 8 13z |18} 7
3 Rubidum R dlalm| sl 86 Radon Rn 2 Bp18{32]18] 8
u Strontiem Sr Sy BT 2 8’ Francium Fr 2l slis(32|18!'8|
» itrum ciR el 9] 2 88 Radum Ra 2| 8{18|32|18) 8¢ 2
4 wcomum I R RSN Rh R el actnwm  Ac Jis[a|R2{is 9] 2
4] Nabium  Nb P IR Bt N P a Tharum Th *lal8132)1191 9] 2
42 Malybdenum Mo NI ANEN 9] Protactum Pz | ¢} 8[18]32|207 9] 2
4 Techetium Te D1 A|IBE] L 92 Utapwm U 2 a3 9] 2
4 Rufl.emum Ry 21 818ji57 1 L] Meptunum Np Jlayig|yn2| 92
45 Rhodium Rh 2] 8{iafjle| 9 Plutomum Py 2 8118132123 93 2
'3 Pailadum P2 21818 0 % Amensciym Am 2l s|1al32|aa| 9] 2
\7 Sdver Ag 2| 2|18|8) 1 % Curum Cm 1) 8|15} 9| 2
48 Ca¢mum Cd 2le|ig|i8] 2 9} Berkeitum Bk 2| 8|{2 | 9| ?
49 ndwum in 2{8li8|ta] 3 9% Caidormum Cf 2| afla(3zf2r) 94 ¢

It pabe 3 w3t 3GIRY A4 m guampir and 3 *0F Compiets There bed scrudily 106 inown Hemanty

Q

ERIC

PAFulToxt Provided by ERIC




Il. BASIC ELECTRON THEORY

In the firat lnsaon, you learnod that atomms are made up of electronsd, protons, and
noutrons and that electrona are In moallon and tend to break away from the atoms.
This lesson will teach You about enorgy levels of electrons according to guantum
theary, and bow electrons can be moved. Then You wlll learw what valence clectron.s
are and how they act lu eleetrical conductors, Insulators, and gemlconductors.

QUANTUM THEORY
The quantum theory states that an =lectron ¢an be moved out of ita shell if enough enerky
(In the form of lght, heat, magnetic flelds, etc.) 13 applied to or lost by tiie electron.

That electron can nove to a | ) that 18 ~loser to or further from the nucleus.

e

shell

. if the electron loses e.. wugh energy, 1t will move to a lower shell. if it gains enough
energy, 1t will movetoa ! ).

I il 11717

higher she.l

. What would have to be done to the elec-
tron shown in the diagram to move it to
the shell Indicated?

Ity

Add enough energy to it.

4, What would have to be done to the elec-~
tron shown in this dlagram to move it to
the shell indicated?

0IEI11180117

Take enough .energy away from it.

J3




3.

T muve an ‘eloctron to a t_il'gﬁ;:“;ﬂéﬁlt;ll_,- (i;onerﬁ'"l;;;l ‘muat he (l'ﬁal:c:;-aa(iﬁlocroasod};
to move It t0 & lower ahell, 1ts energy lovel must be {increased/decroancd).

H11171171741111117,

Increased decreapod

The unlta of anergy contalned by an electron are call_f-_d_..uanta. It we add two quanta of
energy to an electron, it might move to a ( ).

H111717717471111117

higher shell

A certain amount of energ¥ must be added to or taken from an electron’s energy level
for that electron to move out of ita abell. U the energy level does not change enough.
the electron will { B

H111177074116111717

stay in itas shell

Assume 3 quanta must be ADDED to the
electron ahown in the diagram to move
it to the next shell. Indicate the new
positdon of the electron I 2 quanta are
imparted to 1t.

1411111171717

NO CHANGE
N POSITION

If more than enough energy 1s added, the extra energy will have no further effect
uniesa it ls snough to move the electron to a higher shell.

I 3 quanta had to be added to an electron to move it to the next higher shell, and 4
quanta were added to it, would the electron move to the higher shell?

HIT11171711111117

Yes




Tow much of the 4 anta was ;_u:t-ll-;tll.lydtim'tl |l]-( the rlectron?
PELTEEETTEETiiiliidy
K}

What effect did the extra quantum have?

TRl

naone

Assume that u electron in the firgt
shell of an atom has a particular
energy level. Assume further that
2 quanta must be ADDED to the
electron to move it (rom the FIRST
to the SECOND shell, and that 4
quanta must be ADDID to move it
from the FIRST to the THIRD shell,
Indicate the new position of the elec.
tron if J quanta are added toit.

P i

10.b. Whatf the electron were in the third shell and 4 quanta were taken away from it?

JEEEETITealiiiiiiy

The electron would move to the first shell.

11. Since energy must be added to an electron to move it to a highgr shell, the electrons in
the higher shells have (higher/lower) energy levels than those inlthe l~wer shells.
-

o M /

higher

12, Which shell has the highest energy level?
‘ ATt

The outermost or highest shell,




VALENCE ELECTRONS

13. The outarmost shell of an atom im called the valance sheil. Eleetrons in this shall are
known as valence electrons, Since they are in the outermost ashell, valonce atactrons
have the ( } energy levela.

FilTPilEiiiiiiiy

E ]

14. U enougll energy F 18 a added to a valence elet‘lrun 1t will move out of Lin valence shnll
Since there la no next higher shell, this freed valence electron will move out uf the

( ).
HHTE01E01171711177

atom

The tendency of atoms io give up thelr valence electrona depends upi.n a charactor-
latic called ‘‘chemical stabillty.”” An atom ls sald to be stable If 1ta valence shell
la full; that ls, when the valence ahell containa eight valence electrorns. When the
valence shell of an atom is more than half full, the atoin tends to take on elsctrons to
complete 1ts valence ahell. When an atom’ s valence siell 1a leas that hau futl, the
atom tends to give up electrons.

-

15. The less valence electrons there are in the valence sbell. the rasier 1t is t0 fr-e them.
Which atoma would more readily give up thelr valence electrons: atoma with cne valence
electron or atoms with five valcnce electrona?

I11111118071111174¢1

Atoms with one valence electron.

.

16. . + electrons that are freed are called free electrons. When free electrons leave
atc... they can take part in the flow of electric current. Therefore, the tewer the valence
electrons in a material, the easier 1t is tor the material to conduct { }.

011

electric current

17. Since the outermost shell can only have up to 8 electrons, an atom that has 8 valence
electrons ia consldered stable. This means that its valance electrons are difficult to

{ b

Hillalt]11iiliddr iy

free

i r
E




18.4. Clwoose the atom which would more easily release ity valenee electrons.

1111/

2

18.b. Which atom would not easlly give up electrons?

H111111111010111117

1
19. Electric current 1s composed of free electrons that were removed from the ( )
shell,

HHEIT111717

valence

CONDUCTORS, INSULATORS AND SEMICONDUCTORS

20.a. Materials that eagily conduct electric current are called conductors. Conductors
have many ( } electrons.

HHTTEI11111717

free

20.b. The valence shells in the atoms of conductors have nnly a few ( ) electrons.

H1111i1111111117

valence

2)1. Most metals have a large number of free electrons. which makes them good ( ).
Varasarrrrsiisieei

conductors

16

97




22.a.

A material that cannot conduct electric current is called an lngulator. An insulator
hua tew or no ( ).

M1

freo electrons

22.b. The valence shells in the atoms of ingulators have many ( ).
111710171777 11117
valence electrons
23. Glass, rubber, and mica have very few free electrons, and 30 are good ( ).
H117177777777777777
insulators
24.a. Some materiais can provide enough {ree electrons to conduct current, but not enough
to be called good conductors. These materiais are known as semiconduetors. Which
of the following conduets more current?
1. conduetors 2. semiconductora
T
l. conductors
24.b. Which of these conducts more current?
l. insulators 2. semiconductors
g
2. semiconductors
25.a. The manner in which mate\rials conduct eleetrle current can also be described in
terms of resistance,
Conductors offer a (high/low) resistance to current flow.
LTI
low
25.b. Insulators offer a (high/low) resistance to current flow.
i
high
17
(¢

o




Smul-cund_ll.l-cﬂtbi's have (IIIU-I‘l!/lt_.';.‘.‘I)A registance ‘tha'n' _ct_s;tduéi(;rws_.ﬁbut (lﬁa;;e/less] than
insulatorsy,

[771777711000771177

more less

25.'1.1.. ‘Metala uffcl; ;1"( ¥ te current flow.

HI11101777077171777

low registance

V. In ccmtr‘ust to low-resistance materials, high-resistance materials have very few
( ). But the cutermost shells of their atoms have many ( ).

HI17107110117777177

free electrons valence electrons

. Semiconductors are neither good ( ) nor good (

[177177717717717777

conductors insulators

. Very little energy has to be applied to a conductor to free its valence electrong and
cause the flow of ( ).

iA1i11111717117117777

current

. A great deal of energy is needed to cause current flow in

1101117777747717177

insulators

. Semiconductors require more energy for current flow than ( ), but leas than

{ )
I107111071711747117

conductors insulators




. The amount of energy needed to cause
current flow In any material can be CONDUCTION BAND
represented by anenergy-band diagram. -

The conduction band represents the
level of energy that must be reached by
an elactron for it to be freed. There-
fore, it represents the energy level at
which ( } will flow,

FORBIDDEN BANC

VALENCE BAND

LOWER ENERGY BANOS
{THESE LOWER BANDS ARE OF
NO INTERESY IN THE STUDY
OF TRANSISTORS)

ELECTRON ENERGY

L
HIITHT7EE71111777

current

. The valence band in the diagram corresponds to an atom's highest (

T

energy

. The forbldden band represents the amount of energy that must be added to an electron’s

energy level to reach the conduction band. The wider the forbidden band. the ( )
the energy required,

[1177100011071101117

greater. more

. If energy is added to the valence electrons, but the total energy still does not reach the
conduction band, there will be no ( ).

I

current flow

. The width of the forbidden band determines how easily a substance will conduct. The
wider the forbidden band, the ( ) easily a substance conducts.

T 1T

less

. The wider the forbidien band, the greater the energy that must be added to the (
electrons for conduction to take place.

T 171

valence




37, :{11 lnuu-l:ltur would have a wat:ﬁ wl'(-lc ( _ )} band.

AL iiEniil1idl

forbidden

34, The (orbidden band of s;ﬁlcondu::tora i narrower than that of ( ), but wider
than that of { ).

JE1Edtalbiddtiiitles

insulators conductors

In a conductor, the valence and conduction bands overlap so that no {
existy,

Li7iitdifiiiiritiiii

forbidden

The form;‘;,-n band of 2 semiconductor represents less required energy than the forbid.
den band of ( ).

sy,

an insulator

The runduction band of a conductor represents a slight increase of energy above the
( } band.

JIEETEHIIiEiE 177 it

valence

Match the energy level diagrams with the appropriate' Substances,

i y

| neuZTiON BanD CONDUCTION BAND

| CONDLLTION BANT

FCRAICDEN BAMND FORBIODEN BaND

VALENCE BanO

t
b vaLENCE BaND
i «ALENCE BIND

2

insulator

3

a. conductor b. c. semiconductor

LTI il 1]

2. c. 3. a

10}
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The onergy nceded bif an electron to crosa the forbidden hand is expressed in electron
volts. Therefore. the width of the forbidden band can he measured in ( ).

iy

eloctron volts

An electron volt is a unit of ENERGY. One electron volt i3 the ENERGY acquived by
an electron after it has been accelerated through a potential of 1 volt. Do not confuse
an electron volt with a volt, which 18 a unit of electromotive force (EMF).

44,

i, to go from the valence tO the corduction band, an electron must acquire ] electron
volts of energy, then the width of the forbidaen band is ( ).

HI111771711711117

J electron volts

435,

In insulators, at least 4 ev (electron volts) have to be imparted to an electron to move it
from the valence band to the conduction band. Therefore, the width of the forbidden band
in tnaulators i3 ( ) ev or more.

[110111001111171177

4

48.

For semiconductors, from 0.7 ev to 1.1 ev musat be imparted to an electron to move it
from the valence t0 the conduction band. This means that the width of the forbidden

hand in semiconductors 18 at least ( ).
iy
0.7 ev
47. For conductors, as little as 0.01 ev (s needed to move an electron into the { ).
band.
1101711117171171117
conduction
48. I the width of the forbidden band of a substance is between 0.7 ev and 1.1 ev, that

Subagtance 18 ( ).

HI1771777171711117

a semiconductor

a7




SUMMARY

1, Anelectron can be moved to a higher
shell if enough energy 18 applied to tt.

2. an ¢tectron can be moved to a lower
shell tf enough energy 1s lost by it.

3. The units of energy containedby anelec-
tron are called quanta.

4, In the higher shells, the electrons have
higher energy levels.

5. Valence electrons arc in the outermost,
or valence, shell of an atom.

6. Valence electrons have the highest
energy levels.

7. It enough energy is applied to a valence
electron, it can be freed from the atom.

8., The fewer the valence electrons in the
valence shell, the easier it is to {ree them.

9, Free electrons are those which have
been removed from the valence shell.

10. Free electrons take part in electric
current flow.

11, Conductors have a large number of free
electrons.

12. Most metals are good conductors.
13. Insulators have very few {ree electrons.

14. Glass, rubber, and mica are good insu-
lators.

15. Semiconductors are neither good con-
ductors nor good insulators.

16. Very little energy is needed to cause
current flow in conductors.

17. A great deai of energy is needed to
cansge current flow in Insulators.

18, Semlconductors require more energy for
current flow than conductors, but less than
insulators.

19. The amount of cuergy needed to cause
current flow in any material can be repre-
sented by an energy-level diagram.

X
CONDUCTION BAND

FORBIDDEN BAND

4

ELECTRON ENERGY

VALENCE BAND
INSUL ATOR

3
CONDUCTION BAND

FORBICDEN SAND

vaLENCE BAND

SEMICONDUCTOR

CONDUC TION BaND

VALENCE 8aND

CONDUCTOR

20. The wider the forbidden band, the
greater the energy that must be imparted
to an electron in the valence band to raise
lts energy level up to the conduction band.

103




2l. Insulators have a very wide forbidden
bhand.

22. Semiconductors have narrower forbiddan
bands than Insulator’s.

23. Conductors have no forbldden band.

24. Electron energy is expreased ln elec-
tron volta.

25. The width of the forbldden band can be
measured in alectron volta.

268. The width of the forbidden band in insu-
lators is 4 or more electron volta.

27. The width of the {forbidden band in
semlconductors 18 0.7 to 1.1 electron volta.

28. Conductors need as little as 0.0] elec-
tron volts to rajse the energy level of a
valence electron into the conduction band.




. SEMICONDUCTOR THEORY

ln the previous bedsen, you learned how electrons arve freed to produce current
fow, and how gomue matertatys can conduct current more easily than others, You also

learned that semteonductary are pelthey good conductors nor good tnsulators. Thlsg
leggon will cover the gteneture of yemtconductor matevials and will teach yon some
facty about semicondiector characteristics

. Then you will tearn about how certaln

Lpuriticd can be added to semleonductor nitteeialy go that they can condoet current
nore freely,

SEMICONDUCTOHR CHARACTERISTICS

1 The atoms ln a sendeonductor material are arrangedin a CRYSTAL LATTICE structure.
This structure is matntalned by a conditton called COVALENT BONDING: covalent

bonding 15 brought about by the gharing of valence clectrons between two or more
adjacent ( }.

ELECTRON -PAIR BCND
FVALENT GOND

CRYSTAL LATTICE STRUCTURE

[T AL A A

2.

Germanium and silicon are the most commoniy used semiconductors Ln electronics.

Their atoms are arranged in a ( } structure,

If; :I, '’ ’;(,'!,;‘////,f’,';r;/;"’ !;/,/

crystal lattice

PAFulToxt Provided by ERIC




e e i T T ke g

3. The valonce electrons of adjacent germanlum znd silicon semiconductor atoms are
shared to form a common bond. This is knows as { ) bonding.

II1117701710771711777

covalent

Z— Germanium and sl.lléon atoms have four
valence electrons. To form a covaleut
bond, these atoms share their ( ).

COVALENT
BONDS

L1117771171711111177

valence rlectrons

5. This covalent bonding or sharing process effectively gives each atom a total of eight
electrons In its ( ) shell,

LILIIILIIII 17177777

valence, outermost

6. In each atom, four of the shared electrons are its own and four are borrowed from
adjacent ( ).

IIIII11E07 17771717

atoms

7. Since covalent bonding results {n each atom seeing elght electrons in its valence shell,
a semiconductor crystal is (stable/uastable}.

e

stable

8. Because electron sharing forms stable valence rings. pure germanium and pure silicon
might seem to be fairly good (conductors/insulators).

LIIII1210777 777

ingulators

Y
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Mit, because of thermal agltation, the valenee eloctrang ean break thelr {
bon s

crovalent

With thermal eoergy Imparted to them, electrong can move from the valence hand into
the | Y bl

"r'-",-"/;'-"r".-'f.o';."'

conduction

Wheat an electron has moved into the conduction band. It can take part In { Y low,

cr ey PR

L

current

For an electron to take part in current Oow, it must first break the ( J bond and
leave the { } band.

.f":‘.fjrfa;f':.m'p;/- -

'

covalent

The vacancy in the erystal lattice struc-
ture, which Is created by an electron
leaving a covalent bond, is called a
““hole.”’ Therefore, the 1oss of an
electron by anatomcreates a ( 3

HOLE LEFT BY
AN ELECTRON

ARy R

hole

The hole in a covalent bond will be
eliminated if it is fllled with an { )

HOLE "t LEG Re
AN P ELTRONY

electron




1%

The isl‘ec‘troln that fllled tho hole in the _
covalant bond left a hole In another FIRST HOLE NOW BEING

covalent bond. Therefore, both the FFllﬁlEJEAD lf’DYwElﬁEg(];:%N
( ) and the ( ) moved, - .

HOLE LEFT BY ELECTRON
iN MOVING IN DIRECTION
OF ARROW

LI000711000771777

electron hole

At normal temperatures, thermal agitatlon causea electrons to leave thelr covalent
bonds ln a random manner. Therefore, holec are also produced {p a ( ) way.

ILil it iis 7172777

random

The electrons that are released at random, because of thermal agltation, may drift from
covalent bond to covalent bond. Holes aiso ( ) at random.

L1077 0007777727

drift

. Semlconductors have electrons and holes that ( ) about at {

/7 ;’/If’,-’/’,f rid "//,.J'/I/,a’/

arift, move random

19.a. However, under the effects of an elec-

FR
trlcal field, such as the field produced EE ELECTRON‘ VALENCE

by a battery, the free electrons and % 7 ELECTRONS
ths holes will no longer drift ln a ran- P ;

dom manner. _@_ -D--Q)-

i

FREE ELECTRONS

L

{Continuea on next page)




Asstime that a valenee electron from atom 1 acquires suffleient energy {thermally,
or In some other way) to leave the valenee band and move into (he conductlon band.
This FLEE electron, under the Influence of the electric fleld will nwve towards the
positive battery termloal. When a free electron leaves the posltlve slde of the senl-
cotcductor material and enters the external circult, another free electvon enters the
negative glde of the material from the externad eiccult.

-

Nutlee that a vacancy (hole) has been left _@)_ AN (A -1
In the valence band of atom | because one of - ’ ’
Ita valence electrons moved into the conduct-

tion band. Under the Influence of the external

fleld, a VALENCE electron {from atom 2 may —— Z..M”,‘_
acquire enough energy to leave atom 2 and -——

fill the hole in the valence band of atom 1. FREE ELECTRONS

N
Similarly, a valence electron from atom 3 * :.( - (-
may flll the hole in the valence band of atom = :
2, and a valence electron from atom 4 may T '

fill the hole in the valence band of atom 3. !

- +
—

FREE ELECTRONS

P
The vacancy. or hole in the valence band of =

atom 4 may then be {illedby a FREE electron e ‘®_ ‘@_ ﬁ®‘

from the external circuit.

-llllm-*
FRFE ELECTRONS

This discussion described the action of a single electron and hole under the influence
of an externai fleld. ™n an actual Semiconductor crystal, many {ree electrons and
holes would be present to support current Qow.

In a Semiconductor crystai. conduction s by { ) electrons and {
electrons.

///"ff;rfr‘// "';" ;/};#!/ ;f!xf{_;

{ree valence

19.5. The movement of FREE electrons in 2 semlconductor is ldentical to the movement of
{ree electrons In a metallle conductor such as copper. (True/False)

11077070 71077777

True




18 When a valence electron acquires enough cnergy to leave the valence band and enter
the conduction band, it leaves i vacancy inthe valence band cadled a { ).

100 1700710077200077

hole

19.4. The absence of an electron from a normal covalent bond represents a localized
positive charge. Therefore a hole may be considered as a particle simllar to an elec-

tron but having a { } charge.
sisiiiisrsisisdi

positive

19.e. Furthermore, the hole can be THOUGHT OF asg a particle that moves much llke an
electron under the Influence of an eleetrle fleld, BUT IN THE OPPOSITE DIRECTION
to that of an electron. However, itis very lmportant to remember that a hole 18 simply
a CONVENIENT device for describing. . . .

s

the MOVEMENT OF VALENCE ELECTRONS from covalent bond to covalent bond.

19. 1. I the polarity of an eleectric fleld I8
such that free electrons are moving
in the direction of the arrow, indicate
by arrows the direction of hole current

HOLES
flow and valence electron flow.

FREE ELECTRONS

vaLENCE ELECTRONS
|
LTI 1177
FREE ELECTRONS

HOLES

|

VALENCE SLECTRONS

19.g. Since electrons are negative current carrlers, holes may be considered ( )
current carrlers.

sttt

posltive

29




20.

DOPING

Pure germanium and stlicon materials have only a few current carrlers, go that they can
provide oniy a small amount of ( ) flow.

IPP1017 177700777

current

21.

In order to be more useful in electronic circults, the current carrlers in scmlcondt}:tors
must be {increased/decreasged).

i

increased

22

Current carriers in semliconductors can be increased by the additlon of certain Impurl-
tles. Germanium and sillcon have impuriities added to them 3o that the number of free
electrons or { ) 18 increased.

i

holes

23.

Germanium and silicon atoms have ( ) valence electrons.

IPIIPIIII21777 777

fous

24

Each germanium or sllicon atom shares
its valence electrons with ( }
other atoms.

COVALENT
BONDS

i

four

25.

This sharing effcctively gives each atom ( ) valence electrons.

II170717777777777777

elght

30

117




24.

ta l
.

ﬁﬁfﬁh)m with ;fg_ﬁt valeuce electron- tends to be ( o ).
LI1EPI1IPP I P
stable
I any of the atoms which are sharing valence electrons have lesa than elght valence

alectrons, the CRYSTAL LATTICE STRUCTURE will have (a deflclency/an excess) of
electrons,

IIPI1001071017017017

a deficlency

28,

I any of the atoms have more than elght valence electrons, the CRYSTAL LATTICE
STRUCTURE will have {(a deficlency/an excess) of electrons.

LIP7PL1P 1017777717

an excess

20,

If a pentavalent Impurity such as arsenlc, whose atoms have flve valence electrons, s
added to a germanium crystal, each of the arsenic atoms becomes a part of the semi-
conductor ) structure.

i

crystal lattice

30.

In order to maintain covalent bonding of the crystal lattice, oniy four of the flve valence
electrons of the ( ) atom are requlred.

LI077270771107711717

arsenic, lmpurity

3l.a. Because of this, the germanlum crystal

lattice structure will contain an excess EXCESS
( Y ELECTRON

PIIIIIIE 20107000707

electron




/0%

31.h. When a senuconductor material conlains an excesa of electrons it 18 called N-type
material. Doplng a semlconductor material wilh a pentavalent impurity results in
( ) malerial because. . . |

I17177772777770777
N-type

the material contalns an excess of electrons.

32. 1If a trivalent impurity such as Indium, whose atoms conlaln three valence electrons, 1s
added to germanium. each of lhe indlum atoms becomes a part of the semiconductor
( } atructure.

[1117771777772717777

crysial lattice

33. Since an indium atom has oniy three valence elecirons, the covalenl bonds created will
lack { ).

L10717171777272770777

one electron

34.2. This lack of one electron produces a

{ ).

LI 17771/

hole

34.b. Since a hole can be constdered a positive charge, semiconducior malerial thal conlains
an excess of holes 18 called ¢ ) material,

11777770170707777777
P-type

113
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35 An element whose atoma have flve valence electrons lu called a pe tavalent l;i'-l-p_ur_l_t“f.-
Ustng the table glvlag the maximum number of electrons per shell. choase the pentavalent
atom from thode shown.

SHELL II)2|J|4

" MAKIMUM NUMBER | | ‘ )
OF ELECTRONS l ¢ 8 A X

@@

sy

2

36. An element whose atoms have three valence electrons 1s called a trivalent impurity.
Choose the trivalent atom from those given,

TN
D00

| Fe
IR 77

3

37. Elements which provide excess electrons are called donor lmpurities because they
donate excess electrons to the semiconductor. Pentavalent elements such as arsenle,
phosphorus, and antimony are ( }.

I

donor Impurities




d8. The nucleu.'; (_lf“t-l-lé—.p“c;i'ltavﬁle‘nt atﬂm-_ S IE)(C(-'.;SS

exerts only a very weak InCtuence nver . d__- ELECTRON
the axceas ( ).

J1111171071111117717

electron

. At normal room temperature. enough thermal energy is avallable to cause the excess
electron to break away from the { ) atom.

i

donor, pentavalent, lmpurlty

. The free electron then drifts through the ( } structure of the germanium.

HIIIIIEIEIEIIIET Y]

crystal lattice

. Germanium or silicon crystals containing excess electrona, which are negative carriers.
are called (N/P)-type semiconductors.

i

N

. Elements which ¢reate holes are called acceptor impurities. Trivalent elements such as
indium. galium, and boron are ( ).

117017177777

acceptor impurities

. When a trivalent or acceptor impurity
1s added to asemiconductor, adeflciency
of { _ } 18 created.

L1777 7777

electrons




o (0¥

44. Germanlum or silicon crystais with an oxcoess of holas, which are positive carriers, are

called ( }~type memiconductors.
L1777 0777707777777
P
45.a. The effect of creating excess electrons A
In semiconductors can be examined in CONDUCTION
terms of energy-level dlagrams. BAND
without the pentavalent impurity, the E f DRBIDOEN OTey
width of the forbidden band 18 ( ) - BAND
slectron volts. Q
—
LT
z VALENCE
- BAND
PURE GERMANIUM
SEMICONDUCTDR
L1777 7777007777777
0.7
45.b. With the pentavalent impurity, the i
overall width of the forbidden band for
the valence electron 18 ) CUN%EION
elec tron volts. | PG AA Lt gt et
FOONOR ELECTRON
- ODSM{EFDRBIDMN 8AND | VALENCE ELECTRON
$ 7 FORBIODEN BAND
, ELECTROM 07w
r RGY LEVEL :
C NN
meu&{:‘\\
8AND VU
\\\\:\:E;‘ :\‘ s
0OPED GERMANIUM
SEMICONOUCTOR
L1777 7777701177777
0.7

45.c. Oniy four electrons from the pentavalent impurity atom are needed to take part in
covalent bonding, and the fifth electron in the cryatal structure 1s oniy 1008ely bound
to its parent atom (Impurity atom). Therefore, the energy level of the free donor
electron 18 higher than that of the electrons held in covalent bonds, so that the for-
bidden band for donor electrons 13 { ) ev.

I1117077177011771717

0.05

£In




theretore, the effectlve forbldden band 18 reduced from ( Jto( } by
the addition of impurities.

I 11717

0.7 ev 0.05 ev

Creating holes In semiconductors similarly affects the ( ) level distribution.

HIIIEIII7I7 11T 7Y

energy

in P-type material, the trivalsnt impurity effectively decreases the width of the
( ) band.

TP

forbidden

This cecurs becuase the attraction of the holes effectively increanses the energy level
of surrounding ( ).

i

electrons

. This addition ©of a donor or pentavalent impurity to germanium or silicon produces
( )-type semiconductors.

LI1IIIIIIII 11711717

N

. N-type semiconductors have an excess of ( ), which drift treely in the crystal
lattice structure.

i

elactrons

. When an EMF (electrormotive force) energy s applied to an N-type semiconductor, the
free electrons can take part in ( ) flow.

I 1]

current




50.a.

Although N-type semiconductors are made to have no holes, thermal energy causes
someo valence electrons to break their bonds, 1eaving some holes. Then, when enough
energy 12 applied, other ( ) wili be freed to flil these holes.

IILII17107177777

valence clectrons

50.b.

As these valence electrons move from one covalent bond to ancther, they will cause
( ) current to flow.

it

hole

51.a.

But, in N-type material, there are many more free electrona then there are thermally-~
produced holes. Therefore, the electrons In N-type material are called the {majority,
minority) carrlers.

I1IIIEI177017171777
majority
51.b. The holes In N.type material, then, would be calied ( ) carrlers.
II111771171771717777
minority
52.

The additlon of acceptor or trivalent lmpuritlies tc germanlum or silicon produces
( )-type semiconductors.

i

P

53.

P-type semiconductors have a daficlency of valence electrona, which produces an excess
of ( ) in the covalent bonda.

it

holes

54,

When energy 18 applied to a P-type semiconductor, valence electrons will leave thelr
covalent bonds to fill holes. But in dolng 8o, they leave new holes in thelr wake. This
causes an apparent movement of the holes, which 1s kuown as ( ) flow.

i

hole current

37

11%

Io*




545. Althaugh P-type gemiconductors are made to have no free electrons, thermal ancrgy

caudas gomo valence electrons to break their handas

and dritt through the cryatal lattice

structure. Then, when energy 1g applied to the somiconductor, these free electrons form

{ ) current Now.

ey

electron

56.a. Bu_t_. holeg__;;rgd;(.:;ci l:.ay doi)lng are much more

thermal agitation. Thercfore, in P-type materlai,

/I111171171771177177

malorlty

nurnerou_s_than l.:icctruna frecd by
holea are the ( } carrlers

58.b. The milnority carrierr in P-type materiad are (

11501771777777777

electrons




SUMMARY

1. The atoma ln a semiconductor form =
CRYYTAL LATTICE atructure.

2. The crystal lattlce structure !s main-
talned by COVALENT BONLING,

J. Covalent bending 1s the sharing of
valence electrons between adjacent atoms,

4. Germanium and silicon atoms have (our
valance electrons,

5. Covalent bonding effectively gilves each
atom elght valence electrons, making a pure
semiconductor atable.

6. Because of THERMAL AGITATION,
some valence electrons break thelr covalent
bonds and become available for current flow.

7. A HOLE 1s a location In a covalent
bond that has been vacated by a VALENCE
electron.

8 A hole is simply a con>nlent device
for expieasing the niction of vaence elec-
trons.

9. Holes and electrons can move about and
recombine in a random man.<r.

10. Holes and electrons re called
CURRENT CARRIERS. .oles are pusitive
carriers and electronsare negative carrlers,

'1. impurities are added to semiconductors
to Increase the number of current carrlers.
This procesas 18 called DOPING.

12. lmpuritles can be PENTAVALENT or
TRIVALENT elements.

13. Pentavalent atoms tHave flve valence

alectrons.

14. Trivalent atoms have three valence
olectruns.

15. Pentavalent elements, which produce
free electruns, are called DONOR 1lmpu-
rities.

16. Trivalent elementa, which create holes,
are called ACCEPTCR impurities.

17. In terms of energy-level dlagramas,
adding impurities tv semiconductors etfec-
tively decreages the width of the forbidden
band.

18. A P-TYPE semiconductor contains
many holes.

19. A N-TYPE semiconductor contains
many free electrons.

20 The MAJORITY CARRIERS In P-type
material are holes,

21. The majoritycarriersin N-type material
are electrons.

22. In P-type material, thermal agltation
produces a few [ree electrons.

2). In N-type material, thermal agitation
produces a few holes.

24. The MINORITY CARRIERS In P-type
material are electrons.

25. The minority carriersin N-type material
are holes.




IV. SEMICONDUCTOR DIODES

In the previous lesson, you learned about P- and N-type semiconductors, and how
holes and free clectfons can move about in these materials. In thlg lesson, yo wil)
Iearn how a semiconductor ode can e formed by combinlng a P- and an N-type
gemleonduetor, and how thly dlode worky with (ifferent types of blas voltages. Then,
the application of a speclfle type of dlode, know as a Zener (reference) dlode, will
will be ¢avered.

DN CHARACTERISTICS

The trivaleat acceptor Impurlty atoms that are added to P-type semleonductors have
{ ) valence electrons.

i

three

efore the trivalent acceptor atoms are added to a semleonduetor, they are eleetrically
neutral; they have th: same number of ( ) and ).

FIPTTPEIE L7777

electrons protons

Whe1 a pentavalent donor atom becomes part of the semleonductor erystal lattce
dtructure, It glves up an ( ).

AT ar s

electron

When a trivalent aceceptor atom becomes part of the semlconductor structure, It ean
create a hoje In an adiacent semlconductor atom by taklng on an ( } from the
adjacent atom.

Ay

electron

Since the acceptor Impurity atom originaily had the same number of protons and
electrons, the extra electron causes the acceptor atom to become { )} eharged.

i

negatively

6.a.

The sSemlconductor atom that gave up the electron to the impurlty atom takes on a
( ) charge.

LIS 1777

positive




The space left hy the electron ly called a {

J1177777177117077777
hote
6.c. The hole Tepresents the ( ) charge. I
L0770 17707 770077717
positive
7.a. P-type semlconductors, then, have two o ) P

types of charged atoms: negative impu-

rity atoms, and poaitive semlconductor O @ @

atoms (Moles). + + +

in the diagram, a negatlve slgn In a @ @ @
+ + +

circle represents a { )

11777777777777727777

negative atom (lon}

7.b. The positive atoms, or holes, are shown as:
L1700 70177770777777

a plus sign.

7.c. The circles around the negatlve sign indicate that the negative charge is less apt to
move. The majority current carrier, then 18 made up of ( ).

FIITITIF 200070777777

holes
7.d. However, it ls important to keep in mind that TEE OVERALL CHARGE of the P-type
material remains neutral because the negative charge of the acceptor atoms 18 balanced
by the poaltlve charge of the { ) created In the material.

HI771007107707171777

holes
8. The pentavalent donor Impurity atoms that are added to N-type ae;:uconductors have
{ ) valence electronas.

1771 171707000777777

filve

41




g Bef.oré- .l':ilhé_'p-e'ﬁ;ava_ie-ht ;.i(')'nor atoms are added to a éemlconducto", the¥ are also electri-
cally ( ).

LTI 11717

neutral

10. Since the donor impurity atom glves up an electron, the donor atom becomes ( )
charged.

iy

poaitively

. However, the OVERALL CHARGE of the N-type material remains NEUTRAL because
the positive charge of the donor atoms 1s balanced by the negative charge of the ( )
created in the material.

s

free electrons

N-type semiconductors, then, have N
two types of charged particles:
pogitive impurity atoms, and free
electrons.

OIOIO)
U O.OG

are ahown as:

TP 1Y

plus signs in circles

The free plectrons are shown as:

i

negative signa

The circle around the plus 8ign {ndicates that the positive charge 18 less apt to move.
The majority current carrier, then, 1g made up of ( ).

i

electrons

. The majority carriers in P-type matertal are (

i

holen




14,

The ma]orlt} carriers n N-ifbo niatcrlal aro { -

I1177777777777777777

electrons

15.

Although both N- and P-type materials are electrically neutral overall, when they are
‘*jolned’' tngether, there 1s some attraction in the inimediate area of the junction. The
holes on one side of the junction attract some free electrons from the other gide of the
junction. The free electrons cross fram the Naectlion to the P section and fill { )3

11117777747777717777

holes

It i{s convenient to apeak of PN junctlons as being ‘“joined’’ together. Actually,
however. a PN junction can be forined oniy by a chemical process in which the
P-type and the Natype material form a slngle crystal. In fact, a PN junction diode
or a transistor would not work if the junctions were mechanically jolned.

16. Since the N gection was Initlally neutral, loss of some of its electrons leaves it with a
{ ) charge.
LIFEEEEI T 77777
posaitive
17. The positive charge of the N section Increases as the pumber of departed ( }
increases.
/7177771777777777777
electrons
18. Eventually, the positive charge of the N section will be enough to prevent additional
electrons from leaving because of the force of ( ).
JEELEEIIT ]I IS
attraction
19. The P section was Initlally neutral. But, because some of it8 holes have been filled with
electrons from the N sectlon, the P seetion becomes ( ) charged.
[110100017777777777
negatively
20. When additional electrons from the N section attempt to approach the junction, not oniy

are they restrained by the attraction of the positive charge in the N section, but they are
also ( ) by the { ) charge of the P section.

1207727000007 7700077

repelled negative

43




. Because¢ current carrlers have com‘Jined the arei around the junctlon wlll havc an

abeence of { ) and ( ).
LI770ELT 7771177777

holes free electrona

. This area around the junctlon is ca.lled the DEPLETION REGION because o! the lack of
holes and electrons. Choose the diagram which most accurately represents this condition.

0000
otofe: o

P

.00
O101C}(O,

2

P17 7712070717

2

. Because of the depletion region, restraining forces are set up at the (
two sectlonas.

I 77177

junction

. The restralning force present at the junction may be REPRESENTED by a battery. Since
the P aection has a negative charge and the N sectlon a positive charge, 2 battery that
represents these forces would have its negative terminal connected to the { )
gection and itg positive terminal connected to the ( } section.

i




25.a. Chuose the dlagram which correctly representa the restraining force present at the
junction.

HI1777777077777777777

1

25.b. ‘Thia force 13 due to the { ) reglion.

11170 0700771777777

depletion

26. By representing the reatraining forces with a battery, it 13 shown that electrong attempt-
ing to travel from the N section to the P section encounter the opposition of the battery

and are ( ).
L2001077777070701777177
repelled
27. Also, the effective battery at the junction also repelg the ( ) that might come
from the P gection.
717270 70777777777
holes

45
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HIAS

In a PN dlode, the electrons in the N
aectlon have a tendency to mwove over
the junction and combine with ( ).

LIPEE0000000 70070777

holes

29. However, this tendency 19 opposed Ly the resatraining potentlal bullt up across the
( } reglon.

LIIIEIEIIII1071077777

depletion

30. To aid the flow of current through a PN junction diode, an externai battery can be
connected acrosgs the dlode to move the electrons in the N section toward the ( ).

[1070770707717777777

junction, P section

Add a battery to the PN dipde in the
diagram so that the elecirons In the N
section will cross the junction.

JI111001777777777777
P N




32. However, a slgnificant amount of current will not fow uniess the battery potential
exceeds that of the reatraining potential across the ( ).

I1177777777777777777

junction

33. Electrons from the negative terminal
of the battery enter the ( ) P N
section ©f the diode and cause free
electrona to move towardthe ( ). -

t

I1177777777777777777

N junction

34. In the N section, the free glectrons are called the { ) carriers.
I

majority

35. In the P section, the battery potential
must alsc get the holes to overcome P N
the ( } at the junction.

+4+ 4

—

1
I11177177777777777777

restraining potential

38.a. The positive voltage of the battery
causes a ( ) electron to break -
ite bond and leave the P section. = -—

¥

11777777777777777777

valence




The valence eleetron leaves a {

._)- l;l-;l covalent bond.
L2 FL171 70121771747

hale

36.¢. This hole then attracts an electron
from another c¢ovalent bond. leaving
a haole in that bond. This process
contlnues, and the hole apparently
flowa toward the { ).

IIIIIII117177777717

junction

36.d. In the P sectlon. the holes make up the ( } carrier.

e I I

majority

37. when the battery potentlal 1s higher than the restraining potential, free electrona and

holes cross the ( ).

i

junetion

38. After they cross the junction, some of the holes and free electrona (
STy

combine

38.a. When holes and free electrons combine at the junction, they are ‘'loat.”’

Al

However, for each combination that ocecurs, an electron leavea the P section and
enters the ( } battery terminal.

JI711E17177777777777

poaltive




30.b. The electron that leavea thg P scctlon gtarts another ) in inotion toward the
Junetion.
L1777777777777777777
hole
30.c. Also, for each electron-hole combination at the junction. an electron from the negative
battery terminal enters the ( ) section.
L1777777777777777777
N
39.d. This free electron then flows toward the ( ).
L1777077777777777777
junction
38.9. The free slectrona from the N gection that combine with holes in the P gection becOme
valence electrons caught in a covalent bond. They therefore replace the ( )
electrons that leave the ( } section.
L1777777777777117777
valance P
30.{. The free electrons that enter the N section ( ) those that fill holes in the
covalent bonda 1n the P gection.
' L1777077777777777777
replace
40. Free electrons in the N gection are ( ) current carriers.
L1777077777777717777
majority
41. Holes in the P section are ( ) current carriers.
L1777077777777717777
majority
42. Since the free electrons in the N section and the holes in the P gection are replaced as
they flow through the diode, the current is carried by ( ) current carriers.
II712071177771717717
majority
49

iz




. When a dlode 18 blaa_ed g0 that 1t allou;s ma}brlty carriers to flow, 1t 1s gald to be blased
in the FORWARD direction. Forward blas overcomes the ( ) at the junction to
allow current flow,

I 7777

restralning potential

. The restralning potential is more easily overcome with higher { ) blas.

[77707700007777777

forward

. The curve shows that as the forward
blas voltage {8 Lnereased, the forward
current through the PN dlodeis ( ).

!
3
=
&
3

0

FORWARD BIAS. VOLTAGE —=

J101770700700707777777

increased

When the battery potentlal to the diode {8 reversed, the voltage applled to the diode ts
called { ) bias.

1P 7777777

reversge

Add a battery to the diagram showing
reverse blas.

LI 77770777177
P N




47.a. Electrons {rom the negative terminal p N
of the battery epter the { )
section of the diode. -
t IL
T
L1717 777770707077777
P
47b. These electrons flll ( ) In P N
covalent bonds in the P gection.
gty
| |i_
"
L0077 0170000770777
holes
47.c. The negative voltage of the battery P N
repels the electrons from one hole to
another toward the junction. This -
causes the holes to move away from — ++
the ( ).
i}
LITTPEIE0177777
junction
48. The positive voltage of the battery P N
attracts free electrons out of the
( ) section and away from the — -
( )4 — b mand e =t
+ + -
JIT1E70E017070700177 . il
N junction [
51
132




With reverse bias, the holesa in the P gectlon and the free eleclrond in fhe N_u;cllc:n
are attracted (away from/towatd) the junction.

LITidi il

away from

49.b. These majority current carriera cannct ( ) at the junctlon: and majority
curreut cannot { ).

FPIIPLIIIII I 2i7 7

combine flow

. However, you will recall that there are some free electrons in the P gection because of
thermaj agitation. These free elecirons in the P sectlon are ! ) current carriera.

J11210000000000010017

minority

. Alac, there are some licles in the N section because of thermal agitation. These holes In
the N section are { ) current carriers.

JILLI1IP7 700001101707

minority

with reverse bias, the ( ; carrlers uct simlar t¢ the majority carriers with
forward bias.

L7200 0007000717

minoTity

Due tc the battery potential, the mi-
nority carrlers (free electrons in the
P section and holes in the N section)
accumulate at the ( ).

17711117

junction




| 24

52.¢. The negative tarminal of the battery

tends t0 move an electron into and 3 T, L
through the ( } section. r. _ “f .
| ||
L
i
P
82.14. When an electron flows into the P P N
section, a free electron from the P -
section crosses the ( ). r — -1
i
i
junction
52.e. When the free electron crosses the P N
junction, 1t encounters a ( ) AG
in the N section. r- T

11E71707071177171717

hole

52.f. The frae electron tilis the hole. For current to continue to flow, an electron must then
leave the ( ) section, and a new hole must be ( ).

I171777777717777717

N ¢reated, produced




The positive terminal of the battery
tends to pull a4 free electron out of
the N gectlon, and also applies aforce
of (attraction ‘Tepulslon) on the val- r

enee electrons at that end of the N
sectlon.

iy f,,'///////r,»"/////I/,.rr

attraction

The free electron from the P sectl—on
that crossed the Junctlon allowsa free
electron to Bow out of the { )

sectlon. r

e

N

The free electron from the P gectlon
that filled the hole in the N section
became a valence electron. Its energy CONCUCTION BAND
level went down from the conduction
band to the valence band. It therefore
had to glve up { ).

. FDRBIDDEN BAND

ENERGY LEVEL

- VALENCE BAND

N

-

LIP17770077777777777

energy

The energy given up by the electron 18 transmitted through the crystal structure and
alds the positive battery potential to free a ( ) electron at the other end of the
N section.

L17170771707707777777

valence




1

52.k. ‘This produces a (

) there.
LIEEEEEITTTITI T
hole
":2F. _lj_—:r;t hole s filled by another ( ) ulectron.--;l:l;ll;:‘h creates a *_).
TRITTELII177177177
valence hole

S2.m, The hole, then, apparently moves

toward the ( ). : N P ?&— -
" |
1 I'I
LI 7 1077171
junction
— 82.n. At the junction, the proceas continues. A ( } from the P section ¢croases over
to Al a } in the N section.
i
free electron hole

53.a2. The minority carriers are “10at’’ when they combine at the junction.

But for each combination, a free electron left the N section, and a valence electron
was freed to produce a new ).

1117101777 777777

hole

53.b. Also, an eiectren from the negative battery terminal enters the ( )} section for
each combination.

I111717007774771777

P




Sinee the free clectron that enters the P section and the new hole produced in the N

geatton replace the milunorlty carrlers that combined atthe junctton, { } eurrent
flows.
AT RS A ¥ T Y A
mlnority

54. Therefore, current through a dlode connected to reverse blas 1s controlled by {

current carriers.

J’:;’"; Jrl.f L ,’J}J JI’!/!‘: 'J/u/ .

minority

At normal operating temperatures there are much (more ‘less) minority carriers than

majority carrlers.

‘ a’/_,’;,’f.-’ ’:,-‘/Iff‘x"'/'f’f' ’J-‘ 'J" i

leas

5€.

Therefore, minority carrier current i8 much {more/legs) than majority carrlers.

/

;'rr: r,’,-’,",’,-“/r!/, .r;.rrx,r!.;/ /I.r"r,f/

less

57

Reverse bias gives much (more ‘less) dlode current than ( ) bias.
STl ieds

less forward

58.

Since with forward bias majority current flows, and with reverse blas minority current

flows, a PN diode will conduct less current with ( ) blas.
SN 100

reverse

Actually, mlnperity carrier current flow exists whether the diode is reverse blaged
or forward biased. However, with forward bias the majority carrier current flow {s
5o much greater than the mincrity carrier current flow that minority carrier current
flow can usually be lgnored. With reverse bias there is no majority carrier current
flow 8o that mlnerity current is the only current that flows. And, in many cases it is
80 small that It can be Ignored.

Since there are s¢ few minority carriers in a junction diode, the level of the blas
voltage has very little affect on the amount of reverse current that flows. However,
since the NUMBER of minority carriers INCREASES as TEMPERATURE IN-
CRZASES, the amount of reverse current will increase as temperature increases.

56

137
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5Y. Choose the phrases in tho aocond column that match those in the first columa.

1. forward blas

4. low current
2. roverse bias b, majority curroeat
¢. high curreat
d. minority current
I 777777/7
1. b, c. 2. a.,d
80. A comparison of forward and reverase 1{MA)
blas can be made with a diode charac-
teristic curve. The diagram shows that
for equivalent valyes of voltage, forward
bias provides more ( ) than re- voLTS
=-VOLTS +VOLT
verse bias. [REVERSE) — (FORWARD)
[{uA)
J1170771771107777777
current

61. A sharp Increase in current occurs where the forward bias overcomes the restraining
potential at the ( ).

I1107771171717711117

junction

62. Reverse-blas current flow is due to (majortty/minority) carriers.

LI1117717171777217777

minority
83. However, as the value of reverse bias F(Ma)
voltage applled to a PN diode is In-
creased, a point Is reached at which
there ip a sharp increase in reverse ARD
( ). -voLTS +VOLTS
REVERSE
Y

[1171771717717717717

current




4.

This aharp Increase \n reverse current occurs Wht‘;l ﬁ_l-llai'l—;y#e_i;t-:trons, pasging through
the PN junction, galn sutficlent energy to knock off many valence (
crysatal lattlce gtructure.

} bound to the
JIILELESE 2200070

electrons
F;?) 'ETE-TEFEms remul\;'ed_ - frum the ;:r)‘r.‘l_t;lai-:-i_t‘t_l-cg- sirut'ture ha\rt' -the-lr ene-rl{}' l(;\rt'ls r;.ﬂsed
trom the valence band to the ( ) band.
1117777770717711¢717
conduction
886,

The energy levels of several valence electrons may be ralsed to the conduction band
from the energy Ilmparted by the collision of one

)} electron.

II1171777777200777717717

minority
67. with high reverse blas voltages, each valence electron may In turn free several more
electrons, until a considerable { )} results.
JII1777777717 7777777
current

68.

This sharp {ncrease In reverse current Liua)
is cailed avalanche breakdown. Label
the portion of the curve representing

where avalanche breakdown starts. FORWARD
-vQLTS +VOLTS
I
i iidiiii
[ (Ma)
FORWARD
-¥OLTS +VOLTS
AVAL ANCHE
I (pa)
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88. The voltage at which avalanche broak-

down occurs I8 called the breakdown 1tma)
voltage. Label the point indicating the
breakdown voltage. FOHWARD
~VOLTS +VOLTS
J\VQLJ\NC’HE
BRE AKDOWN zm,gsg
TipA)
s diaiidiitidisidis
1 (ma)
BREAKDOWN
VOLTAGE FORwaRO
T VOLTS S‘_‘/ +VOLTS
AVAL ANCHE
BREAKDOWN MREVERSE

1{ud)

70. A high reverse current would damage anordinary diode; but, because of special construc-
tion techniques, certain dlodes are not damaged when the breakdown voltage 18 exceeded

and ( ) occurs.

JI110070007100771717

avalanche breakdown

71.a. This Symbol 18 the schematic repre-
gentation of a diode:

When the digde 1s forward bilased,
electron current flows ‘‘against’’ the
ArTOW!:

When the dicde 13 reverse biased,
. ... electron current flows:

I11177717777777777777

very little, no

50




71.b. DRAW the vatput voltage wavefornt
that wlll appear across load reslstor

RI.. | |
0 VoLl

1

/I'f'j))f}f{,’/,f;f})f}/g,f;

g vOLTS —I—L

DRAw_the output voltage waveform
that will appear across RL.

c»-—-—-_....__H._
0 vOLTS —-r]—

o—

JELIILELPITI0I 007

0 vOLTS

With the voltage polarities Indlcated.
is this diode forward or reverge
blased?
JIISIELI A fr sy

forward

On thia diagram, draw a battery that
wlll reversge blas the dlode.

JIITEIIIII )

-

71.1. Add a diode to this circuit that will

result in the output shown. Draw
polarities (-+) gn the diode. 0 VOLTS

LI7770000777770700 777
o -=‘+

0 vOLTS ~|_|—
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ZENER (REFERENCE) DIODES

. Diodes that are made to operate in the breakdown reginn are calied Zener diodes; they
are almso known as reference diodes, avalanche dlodes, and breakdown diodes. Zener
diodes, then are used In ( ) blaa applications.

i

reverse

. The Zener breakdown region can be used i{n certaln circults for voltage regulating,
clipping, and 1imiting. In the schematic, the Zener dlode ls being used as a ).
R
+ ([
+ 0="\AN ’ o+

QuTRuT | REGULATED
POWER 4 ouTeUT

SUPeLY ZENER VOLTAGE

=

I

voltage regulator

. The cutput voitage i8 also the ( ) voltage for the Zener diode.

I 77777

blas

. The curve gshows that the Zener digde 15
blased by the output voltage inthe center
of the { ) region.

BIAS POINT /
-VOLTS
ZENER
REGION‘I .

T 7777

Zener




76. U the outbut_ or blas -\ir(;l-thaﬁ;ﬂl'ncreases. the current through the diode will {Increase/
decrease)} sharply.

I 7Y

increase

77. This dlode current and the load current flow through the serles { ).

117117711777

resiator (R1}

78. The increase in current will cause an ( } in the voltage drop across R1.

HILIEII 1171

increase

79. A bigger voltage drop across R1 means that the voltage will be decreased to 1t8 normal

value at the ( ).
L7177/
output
80. If the output voltage decreases, the current through the ( ) will decrease.
LI/
dlode
81, Since the current decreases, the voltage drop across the ( ) will decrease.

I

series resistor (R1)

82. Because of the smaller voltage drop acroas the seriea resistor, the voltage will increase

to 1te normal value at the ( ).
L0777
output
83.a. Thus, a Zener dicde used as a voltage regulator tends to maintain a steady output
voltage by varying the ( } through the serles resistor,
i
current
82
143




83.b.
small changes in voltage cause (

A Zener dlode operating with avalanche currenf worka well as a regulaior because
)} changes in current.

LTI 7777

large

SUMMARY

1. When a PN junction diode 18 formed,
some of the electrons in the N sectlon cross
the junction and combine with holea in the
P section.

2. A loss of electrona leaves the N sectlon
with a poaltive charge, which prevents
further electrons from croasing the junction
by the force of attraction.

3. A loas of holes through combination
with electrons Irom the N section leaveas
the P section with a negative charge, which
also prevents further electrons from croas-
ing the junction by the force of repulsion.

4. The area around the junction ls called
the DEPLETION REGION because of the
absence of free electrons and holes.

5. The reatraining force at a junction can
be represented by a battery. Electrons are
repelled by the negative potential and holes
are repelled by the positive potential.

'
ERRE 5
[t L 1
' ]

'

Sleleoloe
etete|ololo

6. FORWARD BIAS of a PN diode allows
the majority carriers to flow. This is ac-
complished with the application of a positive
potential to the P section and a negative
potential to the N sectlon.

7. The negative potential repels electrons
toward the junction and the positive potential
repels holes toward the junction.

8. When the external potential exceeds
that of the restraining potential, electrons
and holes combine at the junction.

9. For each combination, an electron enters

the N section from the negative battery
terminal and an electron reaches the P
section and goes to the poaitive battery
terminal.

10. Current is carrled by electrons in the
N section and by holes in the P section.

11. As the forward bias voltage increases,
the current through the diode increases.

12. A forward-blased dicde 18 biased in the
low resistance direction.

13. Reverse bias inhibits the majority
carriers from flowing. This 18 accomplighed
with the appilcation of a positive potential
to the N gectlon and a negative potential
to the P gectlon,

14. The negatlve potentlal attracts holes
away from the junction and the positive
potentlal attracts electrons away from the
junction, preventing majority carriers from
fiowing.

15. Minority electrons in the P section and
minority holes in the N sectlon are repelled
toward the junction where they combine to
form minority current.
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186. At normal operating temperatures, mi-
nority or reverse current {s very smalil, so
that 4 reverse biassd dlode i{m said to be
blaged In the high resistance direction.

17. if the value of reverse blas voltage is
Increased, a polnt will be reached at which
there 18 a sharp increase Ilnreverse currant.
Thia {8 called AVALANCHE BREAKDOWN.

18. Avalanche breakdown occurs when mi-
nority electrons gain enough energy to free
valence electrons by collision.

19. The voltage at which avalanche break-
down occurs 18 called the BREAKDOWN

VOLTAGE,

20. A Zener (reference) dlode 18 constructed
g0 that the breakdown voltage can be
exceeded without damaging the diode.

21. Once avalanche breakdown occurs, a
small change in voltage causes a compara-
tively large change In current. This charac-~
taristic 18 made use of in voltage regulation.

22. In a typlcal voltage regulator circult, if
the output voltage Increases, the current
through the Zener dlode Increases sharply.
This Increases the voltage drop across a
series resistor, thereby decreasing the out-
put voltage to its normal value. The reverse
action occurs when the output voltage de-
Creasesn.

FILTER 1 I
OUBPUT 4 .
FROM

POWER < X i

SUPPLY ZENER]|DIOOE

REGULATED
QurPyT
vOLTAGE




V. TRANSISTOR FUNDAMENTALS

ln the preceding section, the operation of gemlconductor dickles was expliined. Now,
another element s added to the diode to torm a transistor. 1t is shown how P and N
materiais are comblned in torming PNP and NPNtransistors, and how the schematic
symbols represent thein. Finally, the basie operation of PNP and NPN transistors is
analyzed, with reference to blasing, current flow, gain, and the effects of an Input
signal.

TRANSISTOR CLASSIFICATIONS

1. The two most common trangistors are the PNP and NPN types. There are other clas-
gifications, such ag PNPN and NPNP, but the three.element { ) and { )
are uged moast often.

[1111777777777171717
PNP NPN
2.a. A PNP transistor consists of an extremely thin strip of N-type material between two
relatively wide strips of ( )-type material.
[117777777777111717
P

2.b. An NPN transistor consigtsof . ...

I111777707171171117

a thin strip of P-type material between two wider N-type sections.

3. A low resistance contact is

attached to each ( )} of the N P (N)
tranglstor for circuit connections. P N P
b
,f
b LOW—RESISTANCE CONTACTS
FEiEiiiiiiiiiie/

gection, strip, element

4, The sections of NPN and PNP transistors are joined so that the two similar gections are
(adjacent/ separated).

H117771771011717117

Separated
(Continued on next page)
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Keep in mind an important point that was mentioned In the previous section: junc.
tiona are not physically ‘“jolned’’ or ‘‘butted’’ together,

It 1s convenient to speak of a PN junction as being '‘joined’’ together, but diode or
transistor junctona can be formed only by a chemlical proceas.

5.a, The three basic elements of tranaistors are known aa: (1) emitter, (2} bage, and (3) col-
lector. The base s the center element; it 18 always a ( ) strip of materlal.

1L

thin

3.b. The element that sends the current carriers into the base 18 called the (
LT

emitter

5.c. The element that ultimately collects the current carriers 13 known as the {

L0111

collector

The base 13 always between the { ) and ( ) elementa,
L

emitter collector

This i3 the circuit symbol for a EMITTER —. COLLECTOR
transistor. The element indicated
by an arrow 1s the { }.

1IN

emitter

Lahel the three elements of a
transistor.

LT

EMITTER — COLLECTOR




e

9. The direction of the emitter arrow on tha circuit symbol indicates whether the transistor
is a PNP or NPN type.

PNP NPN
P N -
The arrow always points towards the ( )-type material,
I
N

10, Draw a circuit symbol for an NPN tranaistor,

s

P e N

hi

11. Draw a circuit symbol for 2 PNP transistor.

i

12. Transistors are made 80 that the ( ) and ( ) elements use the same type
of material,

s

emitter collector

13.a. If the emitter {8 P-type material, the collector must be ( J=type material.

T d
o

13.b. If the emitter ia N-type material, the { ) must be P-type material.

T T

base

87

148




1l.c. In the tranuls“&)r repreaented by
the circult saymbol, what material
ig used in the base?

/1011117070000011707

N

14, Draw two translstor circuit symbols: one for the NPN type, and one for the PNP type.
Glve the name of each element and label each element with the type of materlal it uses.

LI101171070000071 17

PNP NPN
EMITTER — COLLECTOR EMITTER . COLLECTOR

P P N N

NPN OPERATION

15. For the transistor to work as an amplifler, it must be connected 80 that It has an input
¢ircuit and an output circuit. The amount of current in the input circuit should control
the amount of current in the ( 1.

[1111111771111111117

output circuit

16.a. In a transistor, the emitter and
base form one junction, and the
base and ( } form another
junction.

EMITTER COLLECTOR

H11100171070711777

collector

) would then be common to both the emitter and collector.

/11171711111711717117

base

149




11,

I the emitter-base section were connected as the input circuit, the { ) mection
would form the output circuit.

171711111117

base-collector

18.a. The amount of current that flows in the base-collector section should be controlled by

the ainount of current that flows in the ( ).

H1117077717171711117

emitter-base section

18.b, Then, if a circuit 18 set up 80 that a aignal voltage will change the emitter-base cur-

rent, the ( ) current would also change.
11117004171111117177
base-collector
19. U the base-collector junction were FORWARD
forward blased, it would conduct CURRENT

current in the low resistance di-
rection. The amount of current that
would flow would depend mostly on
the collector bias battery, REVERSE

.
VLTS =t GRwaRD QLTS

To make the base-collector current
relatively independent of collector
blas, the base.collector junction
should be { ).

REVERSE
CURRENT

1111111104011111111

reverae biased

20,

The emitter-base curreat should not be independent of bias voltage aince it must be
varied by a signal voltage. The emitter-base junction, then. should be ( ).

11117174777111111177

forward blased

21.

The base-collector junction is ( ) blased, and the emitter-base junction is
( ) biaged.

[110E1E17117111717

reverse forward
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5.’.1 hin an NPN triﬁﬂstaf,_ in -oi'_dohr- to
bias the emltter-base junction in
the forward direction, the f[ree N P N
olectrons in the emitter and the |- . _._-. ¢ 4 lo-----
holea {n the baase should be forced DR [P PR
toward the junction,  \_____. ¢ 4 lecc--
The emitter should be connected EMITTER  BASE COLLECTOR
1w the ( ' battery terminal.
i
negative
22.b. The b_a;e; should be connected to the ( ) battery terminal.
LT
positive
23.a. In an NPN gransistor, ln order to
bias the base.collector junctionin N P N
the reverse direction, the (ree [~ R
electrons in the collector andthe | =~ R T
holes In the base must be forced [ ..
{ ) the juncton. oo
EMITTER BASE COLLECTOR
LI
away [rom
23.b. The collector 18 connected to the { ) battery terminal,
LT
positive
23.c. The base ia connected to the ( )} battery terminal.
i

negative

£




24. Show how the blas batteries should
be cunnected to this transistor.

N p N
11117776 071711771117
N P N
- ~it
25. 8ince the emitter-base junction ls
forward biased, the battery needed
in that c'‘rcuit can be { } N P N
than the one uysed with the base-
collector to get the needed current
flow.
i— ik
1111110111777171117
—_ smaller
26.a. The emitter and base are forward EMITTER BASE COLLECTOR
biased. I the emitter and base N P N
had the same amount of current @ |--=-- LIRS LI
carriers, the free electrong from = /1 _ . _ . PO
the emitter would cross the junc- = || |- _-_ .- PO [P
tion and f#H1 ) in the
bage.
_ll i
- { 1 I‘
11111077177117711777
holes
26.b. For each combination that would occur, an electron would c¢ntet the ( } and
leave the ( ).
1111 701771117711777
emitter bage

T

[
rd




26.c. This would produce enuitter-base { ) flow.

LELTEETil il iiiiii

current

Zti-.tl. Hulw(;;rer. “llll_-tiw tr_;;nslstor. tlie base iy doped-.l.ess than th_;_;_m-lit_e-;qand is much thinner

than the emitter. Therefore, there are fewer ( ) in the base than there are
{ ) in the emitter.
FEE7EEETEEriesieisd
holesy free electrons
26.e. -—;\_s ‘a result, MOST of the iree electronsthat cross the junction ( ) combine with
holes.
HEETEEETiTiiiiiils

cantot, do not

26.1. The free electrons from the emitter become (majority/minority) carriers in the base
region.

LTI

minority

26.g. As these minority electrons diffuse through the base, they will he (attracted into/
repelled away from) the collector region by the influence of the cellector battery.

ITTIEETTEIE 2T

attracted into

26.h. In the section on PN junction dlodes, it was shown that under reverse bias conditions,

current is carried by { ) carriers and is very { ).
ITTEI11171171741
minority very low, small
26.1. But. in the case of a transistor, the emitter acts as a continuous source of { )

carriers for the collector junction.

iy

minority

(s

153




28. ).

Therefore. sven though the collector junction is reverse blased, a relatively { )
currant flows.

T
large. high
27.a. To mum up, the em'.er-base EMITTER BASE COLLECTOR
diode 18 ( ) blaged. N P N
..... P e aa
_____ FONIFON [ -
RN I T,
it 'J ll
i
forward
27.b. Many free slectrons cross the junction {rom the { ) to the ( ).
i
emitter base
27.c. Since the base has relatively few { )} to combine with the emitter electrons, only
a few electrons {low out of the { ) to the battery.
LTI
holes base
27.d. The base-collector is ) blased.
i
reverse
27.e. The electron current {lowing out of the collector to the battery would usually be lim-
ited by the few free electrons the base would normally have. But, many { }
from the ( ) have accumulated there.
LT
free electrons emitter
27.1. The | ) in the base cross the junction into the ( ) to allow collector
current to {low. .
LT
iree electrons collector
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éﬂ.l tht of the electronsg that pass tll;.”UIlIHll the collector ()I{I(BINAI.“L.\; -(‘{-;ln(! from the
( ).

CEiie i iiliiliviriei

emitter

28.b. Thercfore, the amount of colléetor current that flows depends on the amount of
{ ).
FEiiEiliileeliediiiy

emitter current

20.a. Orulr_r_.{rili'. with 4 diode biased {n the rme:ir_e:rse direction, the reverse cu;rent is small
because of the ( ) amount of minority carriers.

PEEETTiTE il i tid

low. small

29.6:_]}{ an NPN transistor. free electrons In the base are ( ) carriers.

JETEET it liliisid

minority

Imring operation, most free electrons in the base are supplied by the emitter biased
in the ( ) directic., these ( ) carriers, then. become plentiful in the

{ ).
FEed i Hlditdédiiitle

forward minority

‘As a resuit, collector current, (s relatively ¢

Fltridlitittiletiees

high

Since the collector bias is larger than the emitter bias. the collector demands more
current than the { ) can supply.

PP i1t

emitter

Emitter current. then. controls { ) current.

J1LELIII 0107117717

collector




30.a. 1f the emitter-base blas battery

ia variabla, and the blas voltage N e N
ia increased, emitter current
would ( )
-’
—H -
i
increase
30.b. As a result, collector current would { 1.
i
increase

i, I the emitter-bage bias voltage 1s decreased, both ( ) and { ) current
would go down,

T

emitter collector

32.a, To make the NPN transistor work as an amplifier, a signal input is added in the
emitter circuit, and an output 10ad resistor is added in the collector circuit.
EMITTER _ BASE COLLECTOR

N P N

Ry & OUTPUT

il
4 il
I
The input aignal voltage elther alds or opposes the emitter battery voltage, This varies
the {

} bias.
e
emitter
32.b, When the emitter bias varies, the emijtter { } varies.
e

current




When the emitter current varies, the { ) varies.

11171717171111111717

collector current

. The varying collector current prodﬁces a-val;y'lng (- _ )"El_rc;p a-c-rc;és:“fc;:;‘c‘l ;;;l;;c;-_
RL.

11771171771111111717

voltage

. Although the emitter and collector current variations are almost the same, there isa
relatively large size load resistor in the output circuit. Therefore, the output voltage
variations are { ) than the signal voltage variations.

1111171171

larger, greater

31, Since the output voltage variations are greater than the lnput voltage variations, the
transistor provides a ( ) gain.

117177111711001100017
voitage

R, SIGNAL
., QUTPUT

——i-

When the signal input goes NEGATIVE, it (alds/opp0ses) the bias battery.

11171717111111171717

alds

J4.h. When the signal alds the bias battery, emitter and collector currents go (

I 111




34.c.” The Increased collector-current causes a greater voltage drop across (

J4.d.

1117777771171771771117

load resistor RL,

The signal sutput. then, goes more ( ).

NI aisisiii
negative
J4.e. Since the input and output signal both went more negative, there (1s/1a no) phase rever-
sal in this circut.
TR s N siainii
is no
34.1{. The output phase is (the same as/different from) the input phase.
I
the same as
35.a. The current from the emitter NP N
the base, and throvgh the (). ( ] —
® ]
i i1
TN
collector
35.b. Only about 2 percent of the emitter current goes down through the ( ).
I
base
35.c. About ( ) percent of the emitter current goes through the collector.
I i
98

ine
[




—————— —— - - —— - [P .

. The percentage of emitter olectroﬁ_s that flows through the externai base circuit is
{ ) percent.

11777171771111171717
2

€. The emitter current represents ( ) percent of the current.

111111111111110117

100

. The collector current 18 about { ) percent of the emitter current.

117117717
90

. The emitter current is the input current of the circult, and the collector current is the

( ) current.

LIEI0177111777

output

.b. The current gain of the transistor circuit is computed with:

output current
input current

What i3 a typical current gain for this type of transistor circuit?

IH11171117777111
58

.. There i8 also a resistance gain because the resistance of the emitter-base junction s

much lower than the resistance of the { ) junction.

I

collector-base

output registance
" input resigtance

= ) gain.

I 711777

repistance




36.e. Using Ohm's law, current gain x resistance gain = (

T

voltage

37, Given: (a) Emitter-to-base resistance of 100 ohms,
(b) Collector-to-base resistance of 10,000 ohma,
{c) Assume 98 percent of the current leaving the emitter reachesa the collector.

Find voltage galn.

T 7

10,000

100 - 100

resistance gain =
current gain = .08

voltage gain = 100 x .98 = 98

38. Power galn can also be found by multiplying the voltage gain by the (

LTI T

current

39. Given: (a} Current gain = 08
(b) Voltage gain = 68

Find power galn.

T

power galn = 08 x .08 = 96

PNP OPERATION

40. The PNP transistor works essentially the same as the NPN transistor. However, gince
the emitter, base, and collector in the PNP transistor are made of materials that arc
different from those used in the NPN transistor, different current carriers flow in the
PNP unit. In any event, the amount of current that flows in the base-collector section of
a PNP transistor should also be controlled by the amount of current that flows in the
( ).

T

emitter-base section




. Asn with the NPN i‘.ran_al-atd-r_,_ ﬂ{o_}:_bli}aé'iar;iﬁaa Junction ot f:he PNP trangistor 1= blaged
8o that the output current 1s relatively independent of collector-basge voltage. This means
that the coilector-base junction is ( } blased.

LI

reverse

42. The emitter-base junction of a PNP transistor is blased so that input current i1g easily
varied. In other words. the emitter-bage junction is ( ) blasad.

LI

forward

43.a. In a PNP transistor, to forward P P
biasa the emitter-base junction. et e PR
the holes In the emitter and the e e 4
free electron in the base should PR P,
be forced toward the ).

EMITTER  BaSE COLLECTOR

I

junction

. The negative battery terminal should be connected to the (

LT

base

. The positive battery terminal should be connected to the (

LN

emlitter

.a. To reverse bias the collectoir-base junction. the holes in the collector and the free
electrons in the base should be moved {toward/away trom) the junction.

LI

away from

The collector 15 connected to the ( ) battery terminal.

LT

negative




44.c. The base s connacted to the { ) battery terminal.

I

posaltive

45, Draw a properly blased PNP transistor.

H11101010101010117
EMITTER BASE COLLECTOR

P IN] P

|
1

it fj——r

EMITTER  BASE COLLECTOR
P N P

R EY PO

I IR R EE

P NP S I

——)
The operation of a PNP transistor is very similar to that of an NPN transistor. Since

the emitter-base junction 13 forward blased, emitter holes and free base electrons
(combine/aeparate) at the junction.

1111111111111

combine

. When a combination takes place, an electron entera the { } and leaves the

( ).
H1011011111 1]

base emitter

. This produces emitter-base (majority/minority) current flow.

I

majority




.- . Thh:albaan ia not as thlck nnd'H;;_ﬁsuah\;l-fiud(}]wdm;;Thd ;rl_ll_t_tz;.“'i‘-ilnar;!fure. there are

tewer ( ) in the base than there aroe { ) in the emittor.

[1111100077100711117

free electrons holes

. Ag a result, most of the holea at the junction (
from the base.

[ —— e

) combine with free electrons

LT

do not

. However, the holes at the junction attract valence electrona from the {

1i111111111111111117

base

. When a valence electron from the base 13 freed and combines with a hole from the

emitter, a ( ) 1a produced in the base.

LT

hole

. Thus, holes are effectively transmitted to the base from the (

LT

emitter

. As a result, the number of MINORITY carriers in the basc i3 increased. This allowa

more valence electruns (rom the collector to cross the base-collector junction to fill
holea in the base and, therefore, a (higher/lower} coliector current can flow.

Hitiiiiiiiiiiiggg
higher

. To sum up, the emitter_base junction is { ) biased.

[1101701001010001117

forward

. The base.colector junction is ( ) blased.

11117201001171011007

reverae




. Colleetor-base current 18 imited by the few ( } in the base.

HITIHI171771117

holes

. Howcv;r. th_t;m!orward_au;i-—éﬁt of the e_n:ftte_r-basc pection cauues#é;tra(
be produced In the bage.

111711717171711117717

holes

.e. This allows a higher ( ) current to flow.

[1717777717177711717

collector

. Most of the electrona that flow through the collector combine with holes in the baase that
originally were supplied by the ( ).

11117777171711117777

emitter

3 . Therefore, the amount of collector current that {lows depends on the amount of {

11117777171717771717

emitter current

. Normally, a reverse biased diode produces little reverse current because of relatively
few ( } carriers.

H117774171717171717

minority

.b. In a PNP transistor. minority carriers in the bage are (

iy

holes

. Holes become plentiful in the base hecause they are effectively transmitted from the
( ).

H1711774771711717177

emitter




. -As a reault, collector currﬂeﬁ-tﬂl_n relati\-u;l}-high. nven‘-flll‘(-)‘t‘lkh-it m..( - -)‘:ﬁ;;ent.
s riarainiiiieti

revirse

». Beeause the collector bias is larger than the emitter blas, the collector demands more
current than the { ) can supply.

111111111111171117

emltter

. Tharefore. emltter current controlg ) current.

11777117111717117777

collector

. As with the NPN transistor, the EMITTER BASE COLLECTOR
PNP transistor can be used as
an amplifier by adding a signal p N p
input in the ( ) cireudt,
and 2 load resistor la the { ). INEUT ',\J)

RL

—
H11111011111111117

emitter collector

. The input signal varies the emitter bias, thus varying the emitter {

H111100111101111117

current

. This varies the collector current and producesa a varying ( ) voltage.

i

output

. The output voltage variations are greater than the Input voltage variations because of
che relatively large ( ).

I1111171111111111111

load resiator




L\

51.a. A positive-going Input mignal alde " TEMTTER RAGE COLLECTOR

the torward bias, (increasing/
decreasing) the omitter and col- Y R N P
lsctor currents. ‘_[ 5
INPUT R S oureur
SIGNAL . L SIGNAL
[ :
——
il
increasing

51.b. The increased collector current causes a greater volt;ge drop ACTOSS RL, making the
output signal more ( ).

1T

posltive

51.c. Since the input and output signals go positive simultaneously, they are (in/out of) phase.

11117

in

52.a. Total current flows through the P N P

( ). ; _h -
u

©

LTI

emltter

52.b. About 2 percent of the total current flows through the base; therefore. about 98 percent
of the total current flowa through the ( ).

1T 11T

collector

52.¢. The emitter current 1s the (Input/output) current of the circuit, and the collector cur-

rent ig the ( )} current.
it
input output

85

fen




. Currant galn = ( -)-“t;t-nrrent divided by { ) current,
i

output tnput

. if about 98 percent of the emitter current fﬂma tl-l-rough the— ;ail_éctor. the current gain
is about { ).

i

.pé

.a. The Input resistance i3 (higher/lower) than the output reaiatance.‘

LTI/

lower

output resistance

* i{nput resistance ) gain,

L

resistance

.a. Voitage gain = ( } gain x ) galn.

117

current resistance

. Voltage gain can aiso be expressed as:

_{ ) voltage
Voltage galn = { ) voitage

s

output input

. Power gain = ( ) gain x { ) gain.
LTI T

voltage current




56.a. Given: 1. Emitter-base rosistance = 200 ohmas.
2. Collector.base resistance - §.000 ohma.
3. Asmumo 07 percent of the total current flows through the cullector.

Find voltage gain.
FEEEETTEEEiiiiiel
reslatance gain = ?-';-%i = 45

97
current galn = 106 ~ W7

voltage gain = .97 x 45 = 43.65

56.b. Find power gain.
ittt

power gain = 43.65 x .97 = 42,14

REVIEW

57. 1n the transistor amplifier circuits N P N
you have been studying up to now.
- the base of the transistor is used in C,.D /\/
both the emitter and collector cir-
l

cults. The clreuits are therefore
caiied common { ) eireuits. ___",__"___‘

P N P —

"\

|

T T

base

The common base circult s seldomused in Polaris equipments. However. it is being
taught in this course because you must learn how the common base circuit works

before the other types of circuits can be understood.

j e




38a. Does the commdn base-;;;tpuﬂ_dl: ;Efﬁiﬁ;ﬂp_r-o"{'iho a current gain?
I171771771777777

No. The gain ls about .98. Tha output current changes are slightly leas than the input
current changes. But, 1t 18 still common practice to refer to this as current GAIN.

58.b. Does it provide voltage gain?

1171

Yea, becaune although thare la a slight current loss, the large load reasistor pernute
a greater output voltage varlation. {E = IR)

58.c. Does it provide power gain?

L7

Yea, because the voltage gain l1s much greater than the sklght current loaa. (P = EI)

. In the common-base trangistor circuit, what iind of blasg is used {or the emitter-bass
input circuit?

17171

forward bias

. What kind of bias 1s used for the bage-collector cutput circuit?

Ll i

reverse bias

. When the input signal varies, how doea it affect the emitter-base blas?

I11111717117711111171

It varies the blas; or, alds or opposes it.

. What does this bilas variation do to tha emittar current?

1110007171777

It varies the emitter current.

. How does this atfect the coliector current?

177

The collector current changes in almost the sama way.

169




\(d

84. How doea this changlng collector current produce an a.c output voltage?

1000010011117

It causes & varylng voltage drop across the output load resistor in the collector circuit,

85. How ls voltage galn compuied?

11111110000000011101

output voltage
[aput voltage ’ or current gain x resistance gain

86. How is current gain computed?

T

output (collector current)
input (emitter) current

87. How la power gain computed?

10001100 177177

current gain x voltage gain

88. How much of the emitter current flows out of the bage?

1100171

about 2 percent

80. What 1a the circuit you have been studying called?

I

common base

70. Why 18 it called the common base circuit?

it
Because the base i8 common to boththe input (emitter) and the output (collector) cir-
cuits.
89




. Why do most of the free electrons that go {rom the emitter to the baase continue to the
coliector?

T

Because the base 18 doped less and ims thin, it does not have enough holes to combine
with the electrons; and so the attraction of the collector blas draws them to the col-
lector clreuit.

. Does the common-base transistor circuit cause any signal phase reversal?

[1111000111711117

No

73. In a junction transistor, which section 1s thinnest?

[1101111111107011111

base




SUMMARY

A BNP transtator consista of an ex-
tremely thin strip of N-type muaterial
between two Telatively wide sections of
P-type material,

An NPN transistor consists of an ex-
tremely thin strip of P-type material
between two relatively wide sections of
N-type material.

The three elements of a transistor are.
{1} emitter; (2) base; (3) collector. The
base 1s always the thin strip of ma-
terial between the relatively wide
emitter and collector sections. The base
is also doped less than the other
sections, and So the base has less
carriers.

In the schematic symbols for transis-
tors, the arrow polnts towards the
N-type material.

PNP
EMITTER —. COLLECTOR
{P-MATERIAL) (P-MATERIAL)
N

OASE
{N-MATERIAL)

PNP SYMBOL

NPN
EMITTER — COLLECTOR

{N-mraman i’\_m-mrsamu

i

Bﬂ?E
(P MATERIAL)

NPN SYMBOL

o
~ 1
&0

5.

\lo

In a transistor amplifier, the current
in the input circuit controls the curront
in the output circuit.

The input circuit of the common base
amplifier 15 the emitter-to-base section;
the output circuit is the collector-to-
base section.

Since the emitter-base 15 {orward
biased, input current depends on the
emitter-base voltage. Since the col-
lector-base is reverse blased, output
current is relatively independent of the
collector-base voltage.

FORWARO
CURRENT
E
REVERSE
T
voLTS ~ | FORWARD QLTS

REVERSE
CURRENT

In an NPN transistor, the emitter-base
junction i8 forward biased by connect-
{ing the negative battery terminal to the
emitter and the positive battery ter-
minal to the base. The collector-base
junction is reverse biased by connecting
the positive battery terminal to the col-
lector and the negative battery terminal
to the base.

EMTTER  BASE COLLECTOR
N P N
...... Lol o R
r—-{ ————— PO L.
! _____ -+ + ===

R

Becayse the emitter-base is forward
biased. free electrons from the emitter
eross the junction to fill holes in the
base.

21




10.

12.

13.

14.

For each comblnation, an ulect‘ron from
the battery onters the emlitter awd one
leaves the basc to go to the battery.
This produces emitter-base majority
current flow.

Because the base Ls doped less and is
much thinner than the emitter. there
are fewor holes in the base than there
are f{ree electronn in the emltter.
Therefore. most of the emitter free
electrons do0 not combine with base
holes.

The free electrons that do not combine
with base holes cross the junction into
the collector. For each electron that
croas the collector-base Junction from
the base. an electron leaves the col-
lector to go to the battery.

Since the electrons that flow through
the collector come f{rom the emltter,
the amount of collector current that
flows depends on the amount of emitter
current.

To make a transistor work as an ampli-
fier, a signal input is added in the
emitter circuit and an output load resis-
tor is addec in the collector circuit.

EMITTER  BASE COLLECTOR
N P N
INPUT m) R,
i} i

15.

is8.

The Iinput signal varies the forward
bias, thus varying the emitter current.

When the emitter current varies, the
collector current varies. The varying
collector current produces a varying
voltage drop across the load resistor.

QUTPUY

17.

18.

9.

20,

21.

22.

23.

The relatlvely high value of the load
resiator produces an output voltage
varlation that Is considerably greater
than the signal input voltage.

When a PNP transistor 18 used. the
elunitter-base Ls forward biased by con-
necting the positive battery terminal to
the emitter and the negative battery
termlnal to the base. The collector-
base is reverse biased by connecting
the negative battery terminal to the col-
lector and the posltive battery terminal
to the base.

EMITTER BaSE COLLECTOR
P N P

t e et e] = =t b

LR O R R Y Sl

L
L |

- -

{t il

The emitter-base junction is forward
biased; free base electrons cross the
junction to fill emitter holes.

For each combination, an electron from
the battery enters the base and one
leaves the emitter to go to the battery.
This allows n.ajority current to flow.

Since there are fewer free electrons in
the base than holes in the emitter, most
of the holes in the emitter cannot com-
bine with the free electrons from the
base.

The holes that do not combine with free
electrons attract valence electronsfrom
the base. Thus, many of the emitter
holes are effectively transmitted to the
base.

This provides more base holes to com-
bine with electrons from the collector.
This allows higher current to flow linthe
collector.

173




. Since the electrons that flow through
the collector combine with holes that
are originally supplied by the emitter,
the amount of collector current that
flows depends on the amount of emitter
current.

. The NPN and PNP clreculits just de-

scribed are cailed common-base cir-
cuits, because the base 18 common to
both the input and output.

. The common-base circuit amplifies the

input signal, but doea not change its
phase.

. In the common base clrcuit, the output
{collector) current 18 about 98% of the
input (emitter) current. Current galn is
output current divided by input current.

. resistance gain =

A typical current gain for a cominon.
bage ampilfler ia .98. 1t 18 always leas
than 1 for a common-base amplifier.

. The common-base clrcuit provides re-

sistance, voltage, and power gain.

output resistance
Input resistance

output voltage

. voltage gain = Input voltage = current

gain x resistance gain.

. power gain - current galn x voltage

gain.

. In a Junction transistor, the hage sec-

tion is very thin, so that it has very
few majority and minovity carriers of
its owm.




VIi. TRANSISTOR AMPLIFIERS

The previous tegson covered the basic theory of the transistor, and how it rovides
amplificalion. Thig leggon analyzes in detatt, and compares, the three cammon types
of trangistor cireults: common bage, common emitter, and common collector.

COMMON BASE

O

. Vi —©
l le e ]
NPT R. Rt mTpUT
IJ
o et

-

This tranststor circuit i3 called a { | ) amplifier.

iy

common base

In the common base amplifier, the input signal is applied to the (
JILiEifiiiiiitesed il

emitter

The output signal appears across load resistor Re in the { ) circuit.

FIielil1liiisiieetfi

collector

C_L
‘ 1,
INPUT R,

o—se '

X
1
; =

|1

In an NPN common-base amplifier, a positive going input signal applied to the emitter
{increases/decreases) emitter bias.

Tl 11777

decreases




4b. Decreasod emitter bias reducos emitter and, therefore, () current. T
I 111100041

collector

4.c. With reduced collector current, the drop acrogs the collector load resistor goes

{ ).

I 1T 177 T

down

4.4. This causes the collector voltage, or output, to go up, or in the ( ) direction.

I117EE1TIT101777117

positive

4.e. Therefore, In an NPN common-base amplifier, a positive going input signal produces a
( } going ocutput signal.

111717000071717111117

positive

i VN
NPUT Ry l R qutpyrt
| ;-I—o
1

F —a_

In a PNP common.base amplifier, the collector voltage is | ).

11111717171711711117

negative

5.b. The actual negative voitage that is at the collector depends on how much voltage is
dropped by the ( ) Rc.

Iy

load resistor

oY



. If the 10ad resistor drops less voltage, mora of the coliector bias voltage in applled to
the collector. The collector then would be more ( ).

LELI11e100711717117

negative

. If the load resistor dropped more voltage, the coliector would be ( ]} nagative.
It would go in a ) direction.

LI1110700111011117

lans poesitive

.e. With a PNP common-base amplifier, a positive going input signal applied to the emitter

(Increases/decreases) emitter blaas.

100101177

increaees

. Thie increasas emitter and, therefore, { ) current.

11T

coliector

. With increased collector current, the drop across the coliector load resiator (lncreases/
decreaaes).

[1111177100011111117

increases

. This makes the coliector voltage ( } negative.

11T

less

. The collector voltage, or output, then, goes in a ( ) direction.

[T 111171117

positive

. Therefore, in a PNP common-base amplifier. a positive going input signal produces a
( ) going output signal.

11111

positive




8.a. PNP and NPN amplifier circuits use opposite emitter blas polarities. Therefors, the
same phase input signals affect the emitter bias voitages In both circults differently.

If a signal aide the bias in the NPN, the game signal will { ) the blas in the PNP.
L i
oppose
6.b. However, since the NPN and PNP circults alsog use opposite collector bias polarities,
the same phase input signals will produce ) phase ocutput signals in both circuita.
L i
the same
7. Therefore, in the common-bage ampiifier, there i8 no ( ) reversal between the
input and output signals.
LT i
phase
8. In the common-base ampiifier. output current (Ic) is ( } curreat. Input current
(le) 1o ¢ ) current.
Vi N

0
I
l Re OUTPUT

1H1011007111117

collector emitter

9.a. Current gain in a common base circult is output current divided by input current.

The output current is the { ) current, and the input curreat is the { )
current. *
ML
collector emitter

8.b. Therefore, the formuia for gain can also be written as . . ., .

LTI

collector current

n-s=
gal emitter current




9.c. The symbul {ov collector cuavvent 18 { J.I

HlTiTieilifiilili

Ic

B.d. The symbol (or l"-l'l'liit(‘r t‘lll'l‘!‘t-l-t-lﬂ ( ).

HEEFTTEal il

le
9.0, Th:; symbol for CUIRENT GAIN in 2 common base (irc_lt;zt ié(ﬂalph;) Uai-ﬂ:;the SYM-
BO1.5, the formula for alpha can also be written as . . . .

nu

Ic
@ fe

10. Given. emitter current {fe) = 12 MA
collector current (I¢) = 11.4 MA

Find a.. o,

FEIITEL I etidiiiieii

In the common-base amplifier. Ic is originally supplied by le: and Ic 18 always slightly
1les8 than le. Therefore, the formutla for alpha (1) shows that the current gain of a com-
mon-base amplifier is always less than { ).

LTI iTl it

1. unity

The current gain is less than 1 because part of the emitter current enters the base and
does not reach the { ).

LTETETITEE it

collector

Although the current gain is less than 1. the common base circuit provides a resistance
gain because the output resistance is much { } than the input resistance.

LTIl

higher




4. E + IR,

The high RESISTANCE galn, together with a CURKRENT gain of close to 1, results lna
( } galn.

L7100 180711

voltage

5. P+~ EL

Since there is a VOLTAGE galn, and a CURRENT gain closge to 1, the circuit also pro-

videa a ( ) gain.
LITITELE1181077117
power
lg. E = IR
P=1°R
Basically, the voltage and power galns are due to the ( ) galn.
I 1711117
resistance

- 17. There (3 a resistance galn because the cutput resistance is much higher than the
( ).

L1111l

iaput resistance

18. The input resistance of the common base circuit is usually between 30 and 100 ohms.
Therefore, the output resistance must be much { } than this.

L0771y

higher

19.a. The output resistance of the common base circuit 13 generally about 1 or 2 megohmas.
However, if a load resistor of this size were used, an unusually large collector battery
would be needed. The value of *he load resistor, then, is ( ) than the output
resistance.

I 10118011171/

smaller, less

1546




19.b. The size of the load realstor, though, ia atill much greater than the clrcuit's (
registance.

17117

input

COMMON EMITTER

|

4||— +i—

The transistor clrcudt show 18 called a { ) amplitier.

[I111111701100001717

common emitter

21, In the common emitter amplifier, the input signal is applied to the (

1H00111111117777

basge

22. The output signal appears across the 10ad resistor Re in the { ) eireuit,

L1110011707111717

collector

23.a. In the NPN common emittsr amplifier, a positive going input signal (increases/
decreases) base-emitter blas.

[I117100111701401717

increanes




\

. Alding the torward blas (increases/decreases) the collsctor current through the load
ronistor.

H1HHH10110011011717

increanes

.¢. Increased collector current results in a larger voltage drop acrosa the load reaistor.
This causes the collector voltage, or output to go down, or in a { )} directiou.

10710011011807110107

negative

. In the common emitter amplifier, then, apositive going input signal causes a {
going output signal.

H1111111111110110077

negative

. Therefore, in the common emitter circuit therc {i8/18 not) a 180" phase reveraal be-
tween the Input and output signais.

111110111110111117

is

. Since PNP and NPN common emitter circuits use opposite base-smitter bias polarities,
a certain phase Input signal has opposite effects on the base-emitter biag In these cir-
cuits. However, gince these circuits also use opposite collector blas polarities, the phase
of the ocutput signal in both eircuita i { ).

1H11011017101110107

the same

. In the common emitter amplifier, the current in the Input circuit 18 { } current.

— ",_[. _{EEZ:S'TF:iL___._.
. 1.1 o,

i

I

base




- ¢ T — i e - — o — e —— e e cn—

. Tane current 1y very smaldl in comparlson to ( Jor{ ) currents.

LLEELEi i dditiiey

cniitter collector

. The output current Ly the ) current.

ey

cullector

. Cullectur current 18 much greater than { J current.

LT EEE iy

bhase, input

. Current galn =

output current
fuput current

Therefore. the common emitter circuit produces a considerable {

i

current

. The symbol for collector current is ( .

FLTIEREEE1E1E

Ic

. The symbol for base current i8 ( ).
I i e/

b

. The symbol for current gain in a common emitter circult s ﬁ {beta). Using the SYM-
BOLS. the formula for beta can be writtenas . . . .

Lrllidiiiilizeliiiy

1
8-k

.a. What is the formula for alpha? Use the symbols.
HTITEETEiTiiii




3l1.b. The formulas for alpha and beta might at [irat seem to be the same hecausge they both

divide output current by input current. Are they actually the samu?

HI11171117111177

No.

31.c. What is the difference between alpha and beta?

11111407171111111177

To {ind aipha, the input current 1a emitter current; but to find beta, the Lnput current
18 base current.

32,

Since the emitter current is the total current in the transistor circuit, find the collector
current {Ic) and then Mnd /S in 2 common emitter circuit that has an emitter current {le)
of 5 MA and a base current (Ib) of 0.1 MA,

[71117711177117711¢7
b4+ Ic =1e
Ie - Ib=1Ic
Ic =5 -.1 =49 MA

33.

The base.emitter junction is { ) bias.d,

HI11117171711111117

forward

34.

Therefore, the input circuit is biased in the forward or { ) resistance direction.

11111717174711111117

low

35.

The base-collector junction is { ) blagsed.

[117017171117111177

reversge

36,

Therefore, the output circuit is biaged in the ( ) resiatance direction.

11117174171111111717

high




17, Bestdeos having a Wgh current galn. 2 cummon amitter alao has a {

I11170707070010110717

resiatance

38. with high current and resistance gatny, the commun emitter will have a large (
gain.

A111117711771807107

vultage

49. Glven: input reaistaace = 2,000 ochms
outﬁat resistance = 10,000 chms
= 49

Find voltare galn.

L i 1100177114

10,000 _

2,000
voltage Zaln = current €ain x resistance gain = 49 x 5 = 245

resistance galn =

. P = El

Since the common emitter circult has high surrent and voltage gains, there will also be
a very high ( } galn.

L1100117011707117

power

. Glven: ‘8 = 49
voltage gain = 245

Find power gain,

I1181011718700711717

power galn = voltage gain x current gain = 245 x 49 = 12,005

42. In a common emitter circult, there are high voltage and power gains because of high
( yand ( } gatns.

J1171707171011111171

current resistance

185




x

43. Tha input resistance of 2 common emitter circuit is typically 800 to 2,000 ohma. Thers-
tore, the output resistance must be more than ( ) ohma.

1001100771117
2,000

M A typlcal output resistance of the common emitter circuit is about §00,000 chmas. As with
the common base circuit, the actual load resistor would be considerably (lower/higher).

[H17100771710001717

lower

*_a, What is the Input current in the common emitter circult?

T

base current {Ib)

. What is the input current in the common base circuit?

1 1117

emitter current (Ie)

. What are the output currents in both of thess circuita?

7107011000171

collector current (Ic)

. Why is the base current (Ib) soc small?

L

Becauge most of the emitter current (Ie} goea to the collector.

. Current gain 1n a common emitter circuit is called beta ( B ). What is it calledin a
common bage circuit?

[

alpha (@)

. What are the formuiaa for Q@ and B ?
i

Ic Ic
a-3 B




46.c. Which would always be greater, q or (3 7

i
0 (eta)

47. Which type of tranaistor clrcuit does not reverae the signal phase?

IIITIIIIiiif 7

common base

COMMON CCLLECTOR (EMITTER FOLLOWER)

48. This transistor amplifier 13 called a { ) amplifier.

[1111177011708011117

common collector

The common collector amplifier 18 usually referred to as an “‘emitter follower.”
Therefore, 1t will be called an emitter follower In this section. Keep ir. mind, how-
ever, that the collector 18 common to both the input and output circuits just as the
base 18 common to the Input and output circuits of the common base amplifier and
the emltter to the input and output circuits of the common emitter ampiitier.

48.a. In the emiiter follower (common collector) circuit, the input signal is applled to the
{ ).

L1AIIIEII7111201717

bage

48.b. The output signal appears across the load resistor (Re) in the ( ) circuit.

IIEILERITET AT AT

amittes




49.c. Bypass capacitor C placen the ( ) at A-C ground imtenti;ll; o

HI11111717171111117

collector

50.a. In the NPN emitter follower, a positive golng lnput signal (aids/opposcs) the forward
blas,

1111117777111111117

alds

50.b. Alding the forward blas (lncreasea/decreases) the current through the load resistor.

HI11117777411111117

Increasea

5l.a. The Increase in current flow through load resistor Re makes the output voltage more

( ).

lg et

Ilj

F111171171111111117

positive

51.b. Thus, in the emitter fol'ower cir:ult, there (ia/ls not) a 180° phase shift hetween the
input and output circuitas.

L110111171111711117

ia not

52. In any clrcult, current gadn equais { ) current divided by ( ) current.

1111117111111111:111

output input




— e - - -

53. 1o the i!lllill‘l-!l' [nllmu;u;‘, the current in the ln]nllui t'.‘l-l'('l:lil 18 ¢ -_) r‘urruntt
LEreiideiddiididiis/
base (Ib)
54, Currentlu the output cireuitds () current. o
st 1110801707
emitter (le)
55.a. ln the emitter [ollowc: ci-l;r-:-l;lt. current gain equals ( }curre.;; divided by
{ } current.
J71117077770111117717
emitter base

55.b. Using SYMBOLS, the formula for current gain in an emitter rollower is:

LETI7ELI171800101717
current gain = 'I-IE

Although aipha (Q ) is used to denote the current gain in a common base circuit, and
beta (ﬁ) is used for the common emitter circuit, THERE 1S NO SPECIAL LETTER
USED TO DENOTE THE CURRENT GAIN OF THE EMITTER FOLLOWER CIR-
CUIT, Instead, a special formula using [§ is used. This 18 done because the common
emitter circuit is the one that is most widely used in the electronics industry, and so
[3 is of most interest to design engineers. As a regult, the transistor manufacturers
usually include B in their typical characteristics for the transistors they make. Oc-
casionally, @ is also given. The following frume shows how the formula for emitter
follower current gain {(using B) is derived.

55.a. emitter follower I

; = =2

current gain * 1o
Ie

and B "o

In the formula for emitter follower current gain, the emitter current, le, is actually the
sum of the other currents. Substitute these currents as an expression in place of le
and rewrite the formula.

[01101177170170774777

Ie + b
b

gain =




s4.h.

You now have: gain - e+ Ib

- T This can he expresged ag:

le Ib
galn = — 4 —

Ib " Ib

The gsecond fraction shows Ib divided by Ibh. Anything dlvided by tiself 18 equal to 1.
Itewrite the formula with this gehstitution.

H11107177711111111

gal.n-rl-r-E+l

. You now have: gain = II'E + 1. 4 you jook at the beginning of thig frame, you will see

Ic

T equals ( ).

that the expression

L0001l

g

. Rewrlte the formula using beta.

LTI

emitter follower current gain = B«- 1

. You can work oyt a simple problem to show that B + 1 ig the current gain of the

emitter follower circuit. Assume you have a circuilt with an emitter current of § MA,
and a base cyrrent of 0.2 MA. Find the gain directly by dividing 1e by Ih. What ls 1t?

HI101774171117111

6§ MA
‘;‘J = = =
current gain 02 M o

. Now find the current gain by finding B and then adding 1. What i8 it?

I il

Ic
3- 1k

Ic=1le -1

Ic =6 MA - 0.2 MA = 5.8 MA

_ 5.8 MA
T 0.2 MA

current gain = 29 + 1 = 30

= 29




. The internai realatance of the tran-
alator between the base and emitter

is labelod ( ). “‘_I__-Mi_—l

IIHiEli177i7i0/f

Rbe

.a. Rbe is in series with the load resistor { 1.

I110107771771111117

Re

.b. The input signal is effectively put acrossthe series resistances Rbe and Re. Therefore.

the voitage drop across Re is ( ) than the input voltage.

11110777777707771117

lesa

.¢. Because of this, the emitter follower has a voitage gain of (

H1701E0171777717717

less than 1

OUTPUT

With the emitter [ollower circuit redrawn, you will be abie to pee that the voltage gain
of the circuit is less than | because the resistance gain is much less than 1.

191




\D

The emitter follower clreult 1g a common collector cireult. The base and collector
torm the { } etreatt,

H111017710711110111

Input

80.1:. The base ol coltector are ( ) blased,

LTITETE11111710117

reverse

,.

59.¢. The input circult has a { } resistance.

010010071711117117

high

60.4. The emitter and collector form the { ) clreuit,

I

output

60.2. Current f[lows easily from emitter to collector. Therefore, the output circuit has
( ) resistance.

N

low

output resistance _ low resistance

60.f. Resistance gain = input resistance ~ high resistance

The emitter er has a resistance gain of { ).

ML i

less than 1

61. The output resistance is typically between 100 and 500 ohms. Therefore, the input resist-
ance must he more than ( } ohms.

1071077101000717177¢81

S00

111




. A typleal Input resistance ls 500,000 ohms. In comparison with the input resistance of
the other clrcuits, this 1s very (high/low}.

e

high

. In the common base cireult, the lnput gignal is applied to the (

T

emitter

. In the common emitter circuit, the input signal is applied to the (

i

base

. The common collector circult 1s known as an (

i

emitter foliower

. In the common base circuit, the output signal is taken off the {

e

coliector

Jb. In the common emitter circuit, the output signal is taken off the (

g

coliector

.¢. In the common coliector circuit, the output signal is taken off the

T

emitter

. What 1s the formula for current gain in the common base circult? Use symbols.

L1717




67.b. What is the formula for current gain |n the common emitter circuit? Use symbola.

T
1
B-&

67.c. What is the formula for current gain in the emitter follower circuit? Use symbols,

I T 77

current gain =£1’+ ls= %

RELATIONSHIP OF ALPHA AND BETA

Although the common emitter circuit 18 the one that is most often used, the common
base circuit i3 still used to a large extent, particularly in sine wave oscillator cir-
cuits. Since manufacturers usually only give ﬂ in their transistor characteriatics,
it ts still often neceasary to know ¢ . However, this i3 not really a problem because
there 1a a definite mathematical relationship between@ and ﬂ M you know one, you
can easily find the other using the proper equation. The following frames show you
how these equations .re derived.

a8. ﬂ = ig . To set up the relationship between (@ and ﬁ. you must express Ic and Ib in

termaofd . A= ?

L
ic
Ie
Ie
89, = Té
Rearrange the formula to solve for Ic.
i
Ic=Qle

70. Therefore, since Ic = Ie, insert it in the formuia !orﬁ .

T

113

191




Tl.a. B: %;l—o-.

Now you must expreas Ibin termaof Q .
Ic =Q le. In this rearranged formula for @ , Ic can be expressed in terms of Ib and le
How are [b and le related to Ic ?

I177177777777777777

le - b =1I¢

71.b. Substitute le - [b in the formula Ic = Q le.

IIIIIITPTII17177777

le - Th =Q le
Tl.e. Ie - Ib = Q le. TransposeQ [e and - Ib

LI770077177777777777
le - Qle=1Ib
71.d. le -Q le = [b can also be expressed ag b = Ie - Q le. Simplity the right astde of the
formula.
LI EPTTT77 77777 -
b = le(l-a )
;T‘e, Substitute le(l-Q ) for Ib in the formula for B
I177707 0177777777777
. C _le
.8 T le(d-a )
ccC le
2. 3= i)
F. tor out le,
L1777 P17 777

a
ﬁg='f:E1

73. What is the relationship between alpha and beta?

11177111171711117717
.8 S
1-a
114 " i
195




74.a. The equation ﬁ - _lq‘-ﬁ will allow you to ﬂndﬁ when . i8 known. Now you must derive
the equation that will let you find Q. when ﬁ 18 known. The above equation can be re.
arranged to produce a formula in terma of Q

ﬁ - T% . Croas multiply the terms In this equation.
rrrirreiriiiied
a= 8 - Ba

74, @ = 8- B . Transpose -LBQ trom the right to the left slde of the equation.
Lt
a+fa = 0

74.c. @ +(a =/[3 . Simplity the left side of the equation.

rrrrrreiiiiitd
a(.8)-0

74.4. @ (1+0 ) = 3. Divide both sides of the equationby 1 + 3.

T

75. Write the two equations that show the relationship between @ and .8 .

H1T00TE 111117

g
G.:T%' SI%&.

76. Alpha 1s used for current gain in a common { ) eircuit.
o
base
77. Beta is used for gain in a commox ( ) circuit.
T T
emitter

115

193¢

\B¢




78, U a transistor in a common base circult has a current gain of 0.98, find the current gain
if the same transistor were used in a commeon emitter circuit.

1101177717777717117
a = 0.96

(v 4
B-15

96

g - 1-.96
96
B -

0 =24

79. U a transistor in a common emitter circuit has a current gain of 7%, find the current
gain if the transistor were used in a common base circuit.

1177717117717777777

B=15

a-=

Q= —

B8
Q= @_
5
1475
5
78

Q = .987 (approx.)




SUMMARY

The collector of a trandistor gathersthe
current which comes from the emitter.
The current from emitter to collector
passes through the base. The bias volt-
age between the bass and emitter of a
transistor controla collector current.

In the common base amplifier, the input
aignal is applied to the emitter, and the
output smignal appears across the load
resistor in the collector circuit. In an
NPN common base amplifier, a positive
going input signal decreases collector
current, making the collector voltage go
more positive. In a PNP common base
amplifier, a positive going input signal
increases collector current, and be-
cause of the direction of current flow,
makes the collector go in the positive
direction. In both NPN and PNP com-
mon base amplifiers, there i8 no phase
reversal between the input and output
signals,

Current galn {n the common base am-
plifier, 18 called alpha ( @ ), and
equals collector current divided by
emitter current. Alpha 18 always less
than 1.

The common base amplifier provides
resistance, voltage, and power gains.

The input resistance of the common base
amplifier {s usually between 30 and 100
ohms. The output resistance is gener-
ally about 1 or 2 megohms.

In the common emitter amplifier, the
input signal is applied to the base and
the output signal appears across the
load resistor in the collector circuit.
In the NPN common emitter amplifier,
a positive going input signal increases
the collector current through the load
causing the collector voltage to go in
the negative direction. In 2 PNP com-
mon emitter amplifier, a positive going
input signal decreases collector current

e 9
12. B: La

b

through the load and, because of the di-
rection of current flow, makes the col-
lector more negative. In both NPN and
PNP common emitter transistors, the
input and output signals are phase-
shifted 180°,

Current galn in the common emitter
amplifier, called beta ( ), equals
collector current divided base cur-
rent, and iy usually much greater than
1. The circuit also provides reaistance,
volitage, and power gains.

The input resistance of & common
emitter circuit 18 typically 800 to 2,000
ohms. A typical output resistance is
about 500,000 ohms.

In the emitter follower, the input signal
is appiied to the base and the output
signal appears across the load resistor
in the emitter circuit. In an NPN
emitter follower, a positive going in-
put signal incresses the current through
the load resistor, making the output
voltage go more positive. In a PNP
emitter follower, a positive going input
signal decreases the current through
the load resistor and, because of the
direction of current flow, causes the
output voltage to go in the positive di-
rection. In both NPN and PNP emitfter
follower amplifiers, the input and out-
put signais are in phase.

Current gain of an emitter follower ia

+ 1; 1t equals emitter current di-
vided by base current. The circuit also
provides a power galn, but the voltage
galn is8 always leas than 1.

. The oufput resistance of an emitter fol-

lower is typically between 100 and 500
ohms. A typical input resistance 18
500,000 ohms.

Q- I+B




VIl. TRANSISTOR BIASING AND STABILIZATION

The preceding section deait with the baslc common base. common emitter, and
common collector amplifiers in their simplest forms, However. these circuits as
they were ghown are rarely used because they are affected too much by the inherent
sensitivity of transistors to temperature changes. This section shows how practical
transistor circuits use blas and stabillzation methods to compensate for temperature
eflects. The common emitter circuit is used in the examples since it is the most
commonly used circuit,

BIASING METHODS

The behavior of a transistor under varicus bias conditions can be represented by a
group of curves cailed ‘‘characteristic curves.'" These curves are provided by the
manufacturer and are usuaily given for the common emitter configuration. Sometimes
they are given for the common base configuration and, occasionally, for both the com-
mon base conflgurations. Because the common emitter configuration 13 used so fre.
quently In the Polaris system, 1t will be the one dlacussed here.

ﬂ;
i

o <

The values of Rb, Re, Eb, and Ec in this common emitter amplifier determine the
bias currents and, therefore, the ‘‘cperating point'’ of the transistor. The cperating
point, 18 the blas level that establishes a STEADY LEVEL OF COLLECTOR CUR-
RENT FOR ZERO INPUT SIGNAL VOLTAGE. This will be discussed shortiy.




l1.a. Thig 18 a Kroup of characteristic curves for a typical transistor connected in the com-
mon emitter configuration.

14 —

a\"“m'

COLLECTOR MILLIAMPERES

i i
L T

10 15
COLLECTOR VOLTS

The curves show how collector current varies for different values of ccllector voltage
and { ).

LI

base current

You will recail that the amount of collector current depends upon the level of the
base«collector bias voltage and the emitter-base blas voitage. Yet here, emitter-base
CURRENT 1sg plotted rather than emitter-base VOLTAGE. This is done because
emitter-base bias voltage is VERY SMALL and difficult to measure. A specllic
amount of base current will flow for a specific emitter-base bias voltage. And, since
base current is relatively eagy to measure, it is standard practice to plot base cur.
rent rather than base voltage. Keepinmind, however, that the amount of base current
is dependent upon the emltter~base BIAS VOLTAGE.

. From the characteristic curves, you can see that the amount of collector current that
flows dependsupon . . . .

Iy

collector voltage and base current (emitter-base voltage).

. Therefore, the operating point of a transistor. which is the bias levels that establishes
the level of collector current for zero input signal voltage, is determined by . . ..

LI i1 171

collector voltage and base current




l.d. Assume a transistor with a collector voltageof 7.5 volts and a base current of 80 micro-

amperes. From the characteristic curves, how much collector current will flow in this
clreuit?

LTI

about 3.3 mlllamperes

. Now assume that the base resistor is changed so that 120 mlcroamperes base current

flows, Collector voltage is not changed and remalns 7.5 volts. How much collector cur-
rent will flow?

01001

about 6 milllamperes

1.1,

Now let’s go back and connect the original base resistor lnto the circuit so that base
current again becomes 60 microamperes. Ii the collector voltage is increased to 15
volts, how much collector current will flow?

01T

about 3.6 milllamperes

. Summarizing:

COLLECTOR VOLTAGE BASE CURRENT COLLECTOR CURRENT

1.5v 60 MA 3.3 MA
1.5v 120 MA 8.0 MA
15v 80 MA 3.6 MA

What conclusion can you draw from these figures?

LT

A small change In base current results in a relatively large change in collector
current. The amount of collector cu-rent depends MOSTLY on the amount of base
current {and, therefore on the emitter-base BIAS VOLTAGE).

Define operating point. Which two transistor parametera determine the operating point
of a transistor? Which one of these two parameters has the most affect on the operating
point?

LT

The operating point 18 the blas levels that establish that amount of collector current
that flows for zero input signal voltage,

collector voltage and bage current (emitter-bas. blas voltage)

base current




_ ar

2.2. Along with the opsrating curves, the transistor manufacturer usually lists maximim safe
opsration values such 28 the maximum voltiges that can be applied to the collector and
emitter, the maximum permissable collector current, and the maximum collector power

dissipation,
As long as the applied voltages and currents are kept below these maximum values. the
transistor will not be { }.

71717117

damaged

2.b. Sometimes. a maximum power dissipation curve. represented by a dotted line, is given
with the operating curves, as shown on the diagram below. If the operating poiut is to the
left of this curva, the tranaistor will operate safely. To the right of the curve, the tran-

sistor may be ( )
14
12 1 L
£
310..
- 84 !
3 |, MAXIMUM
% 61 POWER
= T DISSIPATION
] CURVE
-l d_ -+~
g
—— 2-
¢ + t et + + + 4 }
$ 10 15 20 25
COLLECTOR vOLTS
LTI T
damaged

To obtain a good understanding of biasing, it will be worthwhile to go through a typi-
cal problem to show how the values of circuit components are determined to set a
desired operating point.

The exact manner in which you go about determining the operating point depends upon
what you start with. For example, in some cases, you may have a particular power
gource or particular transistor available that youmustuse; in other cases you will be
able to select a power source or a transistor. Sometimes you must use a specific load
while other times you will have some leeway in selecting the value of the load. In
some cases you will be “‘stuck’ with a1 certain level input signal and in other cases
you may have control over what the input signal level will be. Many times you can uge
the '‘typical values™ provided by the transistor mamufacturer and, at other times,
these values may not be suitable for your particular applicaticn. All of these things
affect the way in which you go about selecting the operating point.

(Continued on next page)
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In the following example, aspume:
1. You must use a 1200-ohm load

2. You have a couple of 12-volt batteries (power sourcea available).

3. You have a transistor with enough gain to amplify the input signal to the desired
level,

The following frames show how to use this information to set the operating point.

3.a. The {first thing you must do is construct a '’load line.”” A load line is a lie that is
drawn on the transgistor characteristic curves to show what happens when a load is con-
nected into the collector circuit and the Input current varies. The load line will show
the behavior of the collector circuit between the points of maximum collector voltage
{minimum collector current) and minimum collector voltage (maximum collector cur-
rent). To construct a load line, you must 10cate these points.

First, what 13 the maximum collector voltage that is possible in the circuit you are
designing?

11111171

12 volta (the battery voltage)

3.b. What wouid be the level of collector current if the collector voltage is at 12 volts?
LT/

0 {essentially)

3.c. Plot this point (collector voltage—12 volts, collector current—0 MA) on your answer
sheet,

LT

COLLECTOR MILLIAMPERES

MK 15
COLLECTOR VOLTS

i




g

. Now compute the maximum collector current that can flow, You know that you must use
a 1200-chm load snd a 12-volt battery. Thersfore, you can use ochma law to compute
maximum colisctor current.

[TTHTTITT T

Ee (max.) 12
“Re = TIW

fe (max.) = -

=Q.1A, or 10 MA

. I maximum current (10 MA) is flowing in the collector eireuit, what will be the valye of
collector voltage?

It
0 (emmentially)

. Plot this point (collector current—10 MA, collector voltage—0 volt) on your answer
sheet. (Use the curves glven with anawer 3.c.) \

110000 EETTTT

61

-
3,
3
:
g

e

Ty 15
COLLECTOR VOLTS
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J.g. Now that the maxdmum collector voltage and the maximum collector current are known,
an operating LOAD LINE can be drawn between these two points, as shown below. The
line is drawn between { ) MA collector CURRENT and } volts collector
VOLTAGE.

14
12t
g.o.
I B
3
B 6 -
=P
344 1
L]
LOAD 2 /)\’\ o0 4
LINE
0 ———t——t—t—+—+
5 10 ] 20 25
COLLECTOR VOLTS
i
10 12
4.

Now that the load line has been drawn, the next step is to select the operating point

ALONG THE LOAD LINE. You can see that the load line cuts through many possible
operating curves. Each curve represents a specitic value of 3

T

bage current

The position of the operating point on the load line s usually chosen to permit the desired

amount of signal swing. For example, suppose you needed an a-c output signal with an
amplitude of 10 volts peak-to-peak.

k-3

COLLECTOR MILLIAMPERES

2\
j
/

OPERATIN [
POINT T N\ ko
5 w1520 25
ZOLLECTOR VOLTS

o
A
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1If you selesct point A as the operaling point, the collector voltage would vary bstween about
1 voit and 11 volts (& volts above and 5 volts below the operaling point), No amphitude dig.
tortion would be introduced; that 19; the a-c signal would not be CLIPPED at either peak.

Now suppose the operating point was set at point B,

S

o

FN

COLLECTOR MILLIAMPERES

o

L)

s 10 1 20 2
CILLECTOR VOLTS
Notice that, with no Input signal, the collector voltage would he about 9 volts, Now the

desired 10 volt peak-to-peak a.c¢ output signal could not awing 5§ volts above the operating

point; 1t would be cpped at about 3 volts above the operating point and distortion would be
present in the output,

5.2. So, you decide to set the operating point at A. This requires that the circuit have a base
current of { ).

L7

90 microamperes

5.b. Once the desired base current has been
chosen, a proper value bias battery
and base resistor can be used to pro-
duce the desired current. Since
emitter-base junction 12 blased in the
forward direction, its resistance Is Ry
{ ) compared to the base re-
sistor., The other 12-volt battery will
be used to obtain a base current of 80 Ep
uA (mjcroamperes). Using ohm’s law,
what should the base resistor value be?

LTy
negligible. low
Ebe 12
™ " WA

=133,000

125
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‘a 1

Sma

Ie
S U9Ima

12V 12v

This circult shows all the values determined In the previous frameas. It operates at
Point A. Point A was picked along the load llne that was drawn between chosen values of
maximum collector voltage and ( ). What are those values?

L7

current 12 V and 10 MA

8.b. The maximum collector voltage was arbitrarily set with a 12-volt battery. What deter-
mines the maximum collector current that could flow?

1

_Ec_ 12
“Re 12K

If a different value of Rc is used, the maximum collector } will change, This
would produce a new load llne.

The specified value of Re. Ic = 10 MA

L0100 711117

current

. When Point A was chosen, it indicated the value of ( ) bias current that was
needed.

I

base

. The required value of base current was obtained with an arbitrarlly chosen 12-volt
biag battery and a base resistor, Rb. How was the value of b found?

1100711007117 117

_Eb_ 12V
Rb = = Gopa
The specific location of Point A was chosen to produce a desired collector current and
Unear signal swings. With the transistor operating at Point A, what would be the static
voltage between the collector and emitter and what would be the operating d-collector

current?

= 133,000 chmsa

i
gV S MA

207
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8.¢. The emitter current is Ie = Ic + Ih. What 18 the value of Ie?

LTI 177171

le 2lc +Ib = 5 MA + B0fLA= 0 MA + 0.00 MA = 5.00 MA

7.a.

VZay

INPUT Ry Re QuUTPUT

——

12v 12v

In this circuit, the base and collector bias battery values were chosen arbitrarily.
Larger or smaller batteries could be used for a given operating point; but then, dif-

ferent values of ( Yand ( ) would be needed.
LA
Rb Rc
7.b. Although the base blas battery that was chosen is the same value as the collector bat-
tery, the base battery could be largeror smaller. In either event, the value of ( )
would have to be chosen to produce the proper { ) current.
— LT
Rb base
7.c. In the circuit shown, two batteries are used to make both the base and collector )
in respect to the emitter.
LT
negative

7.d. Actually, since the emitter has the same polarity in respect to the other two elements,
only one battery is really needed. Try and redraw the circuit with only one battery.

11H00E1141711171

INPUT Ry 12V R OQUTPUT

s—s

(Continued on next page)
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Quite often, thia clrcuit 15 drawn this way:
o —

%nc OUTPUT
+—

12V

8.2. Since the d-c blas currenta that {low
in this circult are produced by a fixed
battery value together with f{ixed re.
aistors; the method 18 known as
{ ) blas.

IH111HIITTTT
fixed

8.0, The {ixed blas circuit has sor.e drawbacks because it does not compensate for
variations in the bias currents that are caused by changing transistor characteristics.
For example, the internal resistance of transistors tends to vary inversely with tem-
perature, If the temperature of a transistor goes up, its internal resigtance will €0
{ ); this will cause the d-c blas currents to go { ).

T

down up

8.c. When the blas currents change, the transistor WillDRIFT to a different (
s

operating

8.d. All of the circuit’s characteristics, such 28 galn, output current, and power dissipation,
will also ( ).

111000

drift, change, be different

9. The ability of a circuit to compensgate for temperature changes 18 called thermal sta-
bility. Fixed blas does not provide ( ).

1

thermal stability




10. To provide for thermal stability, the changes in bias current that result from varying
transistor characteristics should be fed back into the transistor to counteract the
changes. This 1s known as ( ) teedback.

T

negative, degenerative

11.a. Thia circuit shows & biasing method

known as self-bias. It 18 8o called
because the oparation of the transistor
itself ham a controlling effect on the
blas currenta that flow.

The amount of d-c collector current
that flows is determined the same 08
with fixed bias. The blas current
supplied by the battery to the col-
lector 18 1imited by resistor ( ).

HI11711171117111117

Re

11.b,

The voltage drop across Rc subtracts from the battery potential, and a reduced voltage
is applied at the ( ).

L

coliector

11l.c.

The coliector wvoltage is the potential that 15 used to provide the base bias current.
Resistor RD provides & path for the current, and the amount of current that flows
through the base 19 determined by the ( ) of Rb,

HHI1777177747777

resistance, value

. Beaides the resigtance of Rb, the amount of base current that flows alao depends on

the voltage at the ( ).

HH11171777111711111

coliector

129




9.0

1l.e. If any temperature change varies the internal impedance of the transistor, the blas
( ) through the transistor will also tend to change. -
11111111111111771771
currents
11.1. However, if the d-c collector current increases or decreases, the voltage drop across
( ) will change accordingly. This will raise or lower the voltage at the ( ).
[11701177110111777177
resistor Re cotlector
11.g. I the collector current goes up, the collector voltage will go ( ).
[1177177111111711717
down
11.h. This, in turn, will Jower the blas voltage applied to the { ) circuit.
[17107777701711711117
base
11.1, Base-to-emltter current will then go ( ). -~
I1111111111111101777
down
11.]. ‘This will reduce { ) current, returning it to normal.
I111011711111711117
collector
11.k. The tendency of collector current to change is counteracted by ( ) feedback
through the base bias circuit.
11111111111111711111
negative, degenerative
11.1. This circuit has thermai ( ).
11711117117111111717
stability
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TT.m. Any change In collactor current will cause a corresponding changs In base current to
return the ( ) to its normal d-c leval.

T

collector current

11.n. This method of blasing is called ( ).

THHITEETE 7

self-bias

11.0. Why is it called self-biaa?

L1117

Because the operation of the transistor itself has a controlling effect on the bias
currents that flow.

12.a. Name the two methods of bias you have learned about.

11T

fixed.bias and self.bias.

12.b. What i3 the disadvantage of fixed bias?

1NN

1t has no thermal stability.

13. Since the self-bias circuit you have j