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Bipolar Junction Transistor

1. Introduction
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2. Transistor Construction
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The base is a thin lightly doped region compared to the heavily doped emitter
and moderately doped collector regions.
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3. Basic Transistor Operation

In normal operation (properly as an amplifier), the base-emitter junction is
forward-biased and the base-collector junction is reverse-biased.
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We mainly use thenpn transistor for illustration. The operation of thepnp
transistor as for thenpn transistor except that the roles of the electrons and holes,
the bias voltage polarities, and the current directions areall reversed.
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Transistor currents.
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The direction of conventional current is in the direction ofthe arrow on the
emitter terminal. The emitter current is the sum of the collector current and the
small base current. That is,IE = IC + IB.
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DC Beta (βDC) and DC Alpha (αDC) 

The dc currentgain of a transistor is the ration of the dc collector current (IC) to
the dc base current (IB) and is designated dcbeta (βDC)
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BI

The ration of the dc collector current (IC) to the dc emitter current (IE) is the dc
alpha (αDC)

E
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4. BJT characteristics and parameters  

Transistor dc bias circuits. 
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Transistor DC Model
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BJT Circuit Analysis

BI : dc base current

EI : dc emitter current

CI : dc collector current

BEV : dc voltage at base with respect to emitter

CBV : dc voltage at collector with respect to base

V : dcvoltageatcollectorwith respectto emitter
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CEV : dcvoltageatcollectorwith respectto emitter

VVBE 70.≅

Since the emitter is at ground (0 V), by
Kirchhoff’s voltage law, the voltage
acrossRB is

BEBBR VVV
B

−=
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BBR RIV

B
=Also, by Ohm’s law

Substituting for VRB yields BEBBBB VVRI −=

B

BEBB
B R

VV
I

−=

The voltage at the collector with respect to the ground emitter is

VVV −=

Dr. Nidal ZAIDAN Electronic Circuits /1/ 10

Since the drop acrossRC is

BECECB VVV −=

CRCCCE VVV −=

CCR RIV
C

=

The voltage at the collector with respect to the emitter can be written as

CCCCCE RIVV −=

BDCC II ββββ=Where

The voltage across the reverse-biased collector –base junction is
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CBCEBEECB VandVVIII ,,,Determine

The transistor has aβDC = 150

Solution

Example 1

Dr. Nidal ZAIDAN Electronic Circuits /1/ 11



Bipolar Junction Transistor
Collector Characteristic Curves

below

IC

Breakdown 
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below
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Solution

Example 2

What is the βDC for the transistor shown?
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5. Maximum Transistor Ratings 
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below Fig.
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6. Common Circuit Configuration
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Common base configuration Common emitter configurationCommon collector configuration
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7. Transistor Categories and Packaging
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8. The DC Operating Point
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Example 3

below Fig. 
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Solution
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9.1. voltage Divider Bias

9. Transistor Bias Circuits
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Solution

Example 4

below Fig. 
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Solution

Example 5
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9.2. Fixed Bias Configuration

Dr. Nidal ZAIDAN Electronic Circuits /1/ 39



Bipolar Junction Transistor

Dr. Nidal ZAIDAN Electronic Circuits /1/ 40



Bipolar Junction Transistor

Solution

Example 6

For the following circuit, determine 
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Solution



Bipolar Junction Transistor
9.3. Emitter Bias Configuration
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For the following circuit, determine 

Example 7
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Solution
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Example 8

figure (a)
figure (b)
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figure (a)

figure (b)
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Solution
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9.4. Collector Feedback  Configuration
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Example 9

below

Solution
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Example 10

Fig. (a) Fig. (b).
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Fig. (a)

Fig. (b).
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Solution
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10. Emitter Follower Configuration

Dr. Nidal ZAIDAN Electronic Circuits /1/ 55



Bipolar Junction Transistor
Example 11
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Solution
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11. Common-Base Configuration
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above
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below Fig.

Example 11
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Solution
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