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Course Information

Instructor: Dr. Maher Abdelrasoul
Lectures: Tuesday:10:40-12:10, Thursday: 9:00 -10:30
Office Hours: Tuesday, Thursday

Teaching Assistant: | Eng. Ibrahim

R. Boylestad, Electronic Devices and Circuit Theory,

IS ERlE 11th edition, Prentice Hall
Credit: 90 Marks

e Final Exam (50)
Grading: e Mid Term Exam (25)

e Oral exam, homework, and tutorials activities (15)




Course Objective is to understand the
following:

Bipolar Junction Transistors (BJTs) Fundamentals

Transistor Biasing

Transistor AC Models

Voltage Amplifiers
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Before BJT =2 Vacuum tubes

* Purpose
e Used as signal amplifiers and switches
* Advantages
* High power and frequency operation
* Operation at higher voltages
* Less vulnerable to electromagnetic pulses
e Disadvantages
* Very large and fragile
* Energy inefficient
* Expensive




Invention

e Evolution of electronics

* In need of a device that was small, robust, reliable, energy efficient and
cheap to manufacture

e 1947
* John Bardeen, Walter Brattain and William Schockly invented transistor
* Transistor Effect
* “when electrical contacts
were applied to a crystal
of germanium, the output
power was larger than \%
the input.” '3
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General Applications




Transistor Development

* Moore’s law predicts that the transistor count of an integrated circuit
will double every 2 years.
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Transistor Construction,

* The transistor is a three-layer semiconductor device consisting of
either two n- and one p-type layers of material (npn transistor) or two
p- and one n-type layers of material (pnp transistor).
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Transistor Construction,

* The three layers are Emitter, Base and Collector

* Base region is much thinner as compared to the collector and
emitter

* Emitter is heavily doped, Base is lightly and collector is intermediate
* Collector regions is physically largest
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Transistor Operation,

* The operation discussed in pnp transistor

+ Majonty camers

Diepletion region

+) -
1]
k

EF




Transistor Operation,

* The operation discussed in pnp transistor

+ Minonty carmers

Dieplefion region
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Transistor Operation

* The operation discussed in pnp transistc-

+ Majority carriers * Minority carriers

+ Minonty carmiers

+ Majority iere
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* The collector current by Kirchhoff’s law
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Transistor Configuration

Common-Base Configuration

Common-Emitter Configuration

Common-Collector Configuration
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1. Common-Base Configuration,

* The common-base terminology is derived from the fact that
the base is common to both the input and output sides of the

configuration.
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1. Common-Base Configuration,
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Input or driving point characteristics for a
common-base silicon transistor amplifier.
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2. Common-Emitter Configuration,

* It is called the common-emitter configuration because the emitter is
common to both the input and output terminals (in this case common

to both the base and
collector terminals).
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2. Common-Emitter Configuration,
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3. Common-Collector Configuration,

* The common-collector configuration is used primarily for impedance-
matching purposes since it has a high input impedance and low
output impedance, opposite to that of the common-base and
common emitter configurations.
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3. Common-Collector Configuration,

* Limits of operation
Defining the linear (undistorted) region of operation for a transistor
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The output characteristics of the
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Transistor Configuration Sheet

e Since the specification sheet is the communication link between the
manufacturer and user, it is particularly important that the
information provided be recognized and correctly understood.

OFF CHARACTERISTICS
Collector-Emitter Breakdown Voltage (1) VinRACED an Ve FAIRCHILD
(I = 1.0 mAde, Ig = 0} SEMICONDUCTOR
Collector-Base Breakdown Voltapge Wi ERuCAD 4 Ve 2N4123
(le = 10 pAde, Tg =1
Emiticr-Base Breakdown Voliaze ViERERG 340 - Vide
{lg =10 A, le= =il # TO-2
Collector Cutoff Current lpo - 50 nAdc General Purpose
(Ven = 20 Vde, Iy = 0) NEN Shcon
Ermatter CutedT Current Trmas - 50 mAde
(¥pp =3.0¥de, I-=0) MAXIMUM BATINGS
0 CHARACTERISTICS Hatimg Symbul IMd123 L' miit
| Collector-Emilter
DC Cumrent Gaini 1) e Veeo - =
(I = 20 mAde, Vg = 1.0 Vdeh hge =0 150k - Collector-Base Yollage Wiomn 40 Vi
{lp = 50 mAdc, Vi = 1.0 Ydc) 15 L Emtter-Base Vollage VERD 5.0 Wi
Codlecior-Emitier Saturaticn Volagel( 1) Yo ) - 0.3 Ve Collector Current = Conlinuous I 200 mAde
(I = 30 mAdc, Iy = 5.0 mAdc) Total Device Dissipation @ T, = 25°C Py 625 mW
Base-Emier Sawration Voliage! 1) i - 0,55 Vil Derate abowve 25°C 50 mWC
b= = 30 muAade, Iy = 3.0 mAde) Uperatng amd Storage Juncison Tj-Tuy =55 1o +150 C
Smiall-Signal Cuament Galn b 50 2000 = Temperature Range
[l = 20 mAde, ¥eg = 10 Ve, F= 1.0 kHe)

Limits of Operation
75 pA = Iy = 200 mA
03VEVeg =30V

Vel = 650 mW 22




Transistor Testing

1. Curve Tracer
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Curve tracer response to 2N3904 npn transistor.
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2. Transistor Testers

Transistor
test

3. Ohmmeter

Low B
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Modern Transistors
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http://upload.wikimedia.org/wikipedia/commons/5/5a/Transistors.agr.jpg
http://upload.wikimedia.org/wikipedia/commons/5/5a/Transistors.agr.jpg

Transistor Casing and Terminal Identification

* Casing
"m
| ‘. I‘ ‘
‘I'i 1l
Various types of general-purpose or switching transistors:
(a) low power; (b) medium power; (c) medium to high power.
 Terminal Identification e
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Type Q2T2905 Texas Instruments quad
pnp silicon transistor 75
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