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TRANSISTOR

 Two main categories of transistors: 

 bipolar junction transistors (BJTs) and 

 field effect transistors (FETs). 

 Transistors have 3 terminals where the application of 
current (BJT) or voltage (FET) to the input terminal 
increases the amount of charge in the active region. 

 The physics of "transistor action" is quite different for the 
BJT and FET.

 In analog circuits, transistors are used in amplifiers and 
linear regulated power supplies. 

 In digital circuits they function as electrical switches,
including logic gates, random access memory (RAM), 
and microprocessors.



THE FIRST TRANSISTOR

A point-contact transistor 

was the first type of solid 

state electronic transistor 

ever constructed. 

It was made by researchers 

John Bardeen & Walter 

Houser Brattain at Bell 

Laboratories in December 

1947.

The point-contact transistor was commercialized

and sold by Western Electric and others but was

rather quickly superseded by the junction transistor.

http://en.wikipedia.org/wiki/Image:Pctrans.jpg
http://en.wikipedia.org/wiki/Image:Fcspct.jpg


THE JUNCTION TRANSISTOR

 First BJT was invented early in 1948, only weeks after 
the point contact transistor.

 Initially known simply as the junction transistor. 

 It did not become practical until the early 1950s.

 The term “bipolar” was tagged onto the name to 
distinguish the fact that both carrier types play important 
roles in the operation.

 Field Effect Transistors (FETs) are “unipolar” 
transistors since their operation depends primarily on a 
single carrier type.



BIPOLAR JUNCTION 

TRANSISTOR (BJT)

 A bipolar transistor essentially consists of a pair of PN Junction
diodes that are joined back-to-back.

 There are therefore two kinds of BJT, the NPN and PNP varieties.

 The three layers of the sandwich are conventionally called the
Collector, Base, and Emitter.



THE FIRST BJT

Transistor Size (3/8”L X 5/32”W X 7/32”H)



MODERN TRANSISTORS

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


TERMINALS OF BJT

Three terminals:
Base (B) : very thin and lightly doped central region 
(little recombination).
Emitter (E) and collector (C) are two outer regions 
sandwiching B.



TERMINALS AND OPERATONS



CIRCUIT SYMBOLS



CIRCUIT CONFIGURATION



OPERATION MODE CONTINUED

 Active: 

 Most importance mode, e.g. for amplifier operation.

 The region where current curves are practically flat.

 Saturation:

 Barrier potential of the junctions cancel each other out causing a virtual 
short.

 Ideal transistor behaves like a closed switch



OPERATION MODE CONTINUED

 Cutoff:
• Current reduced to zero

• Ideal transistor behaves like an open switch.



TRANSISTOR PARAMETERS



OPERATION MODE



OUTPUT CHARACTERISTICS

IC

Active 

Region

IB

Saturation Region

Cutoff Region

IB = 0

Region of 

Operation

Description

Active Small base current 

controls a large 

collector current

Saturation VCE(sat) ~ 0.2V, VCE

increases with IC

Cutoff Achieved by reducing 

IB to 0, Ideally, IC will 

also equal 0.



LOAD LINE

A  line joining the intercept  -VCC/RL on y-axis and –VCC on x-

axis is known as load line.

A set of operating points Q1,Q2 …etc is obtained at the intersection of load line and the output IC

vs VCE characteristics. An operating point is called the quiescent point or Q point of a transistor

when no signal is fed to the input circuit. To have the distortion free CE transistor output, Q point

is always kept at the middle of the load line.



TRANSISTOR BIASING

Need for transistor biasing : Need for transistor biasing is to fix the quiescent point at the 

middle of the load line and to fix it in the active region of output characteristics. The choice 

of location of Q-point depends upon the following factors :

 Value of available supply voltages

 Amplitude of input a.c signal

 Value of load resistance used

 Extent of distortion to be allowed in the output signal

Despite of fixing of the Q-point in a transistor circuit it gets shifted with the use of circuit. 

Main reasons for the shifting of Q-point are as follows:

 Q-point is unstable as transistor parameters are temperature dependent

 Value of parameter  rises with temperature and its value may vary from unit to unit

Stability factor : It measures the change in collector current w.r.t. change in leakage current 

provided changes in  and VBE are insignificant

S = IC/ICO



METHODS OF TRANSISTOR 

BIASING

Most commonly used methods for transistor biasing from one 

source of supply are the following :

 Biasing with feedback resistor or Fixed bias

 Collector to Base bias

 Biasing with emitter resistor

 Voltage divider biasing or Self bias



HYBRID PARAMETERS

A transistor has three terminals, by keeping its one terminal common to input ans output circuit 

it becomes a two port network. Out of the four variables, V1,V2, i1 and i2 two are 

considered as independent variables and remaining two are dependent variables

V1 = f1(i1,V2)                                 i2 = f2(i1,V2)

dV1 = (V1/i1) di1+  (V1/V2 ) dV2

di2  = (i2/i1) di1  +  (i2/V2 ) dV2

h11 = (V1/i1)                                         h12 =  (V1/V2 ) 

Input impedance                                      Reverse Voltage Gain

h21 = (i2/i1)                                          h22 = (i2/V2 ) dV2

forward current ratio                               Output Admittance


