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Transistor: 
A junction transistor is obtained by growing a thin layer of one type semiconductor in between two 

thick layers of other similar type semiconductor. Thus, a junction transistor is a semiconductor device having 

two junctions and three terminals. 

There are two types of transistors, namely; 

(i) n-p-n transistor  (ii) p-n-p transistor 

An n-p-n transistor is composed of two n-type semiconductors separated by a thin section of p-type as 

shown in fig. 1(a). However, a p-n-p transistor is formed by two p-sections separated by a thin section of n-

type as shown in fig. 1(b). 

 

 

 

 

 

 

 

In each type of transistor, the following points may be noted : 

(i) These are two p-n junctions. Therefore, a transistor may be regarded as a combination of two   diodes 

connected back to back. 

(ii) There are three terminals, one taken from each type of semiconductor. 

(iii) The middle section is a very thin layer. This is the most important factor in the function of a transistor. 

 

Transistor Symbols: 

. The symbols used for n-p-n and p-n-p transistors are shown in figure. 

 

 

 

 

 

 

 

 

 

 

Naming the Transistor Terminals: 

A transistor (p-n-p or n-p-n) has three sections of doped semiconductors. The section on one side is the 

emitter and the section on the opposite side is the collector. The middle section is called the base and forms 

two junctions between the emitter and collector. 

(i) Emitter. The section on one side that supplies charge carriers (electrons or holes) is called the emitter. The 

emitter is heavily doped and it is always forward biased w.r.t. base so that it can supply a large number of 

majority carriers. In fig 2(a), the emitter (p-type) of p-n-p transistor is forward biased and supplies hole 

charges to its junction with the base. Similarly, in fig. 2(b), the emitter (n-type) of n-p-n transistor has a 

forward bias and supplies free electrons to its junction with the base. 
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Fig. 2(b) 

 VEB      VCB 

       Fig. 3(a) 

(ii) Collector. The section on the other side that collects the charges is called the collector. The collector is 

always reverse biased. In fig 2(a), the collector (p-type) of p-n-p transistor has a reverse bias and receives hole 

charges that flow in the output circuit. Similarly, in fig 2(b), the collector (n-type) of n-p-n transistor has 

reverse bias and receives electrons. 

 

(iii) Base. The middle section which forms two p-n-junctions between the emitter and collector is called the 

base. The base is lightly doped and very thin. The base-emitter junction is forward biased, allowing low 

resistance for the emitter circuit. The base-collector junction is reverse biased and provides high resistance in 

the collector circuit. 

 

 

 

 

 

 

 

 

 

 

 

 

The resistance of emitter diode (forward biased) is very small as compared to collector diode (reverse 

biased). Therefore, forward bias applied to the emitter diode is generally very small whereas reverse bias on 

the collector diode is much higher.  

 

Transistor Action: 

Working of n-p-n transistor: 

Fig. 3(a) shows the n-p-n transistor with forward bias to emitter base junction and reverse bias to 

collector-base junction. The forward bias causes the electrons in the n-type emitter to flow towards the base. 

This constitutes the emitter current IE. As these electrons flow through the p-type base, they tend to combine 

with holes. As the base is lightly doped and very thin, therefore, only a few electrons (less than 5%) combine 

with holes to constitute base current IB. The remainder (more than 95%) cross over into the collector region to 

constitute collector current IC. In this way, almost the entire emitter current flows in the collector circuit. It is 

clear that emitter current is the sum of collector and base currents i.e. 

IE = IB + IC 

 

 

 

  

 

 

 

Fig. 2(a) 
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 VEB      VCB 

       Fig. 3(b) 

 

 
Working of p-n-p transistor: 

 Fig. 3(b) shows the basic connection of a p-n-p transistor. The forward bias causes the holes in the p-

type emitter to flow towards the base. This constitutes the emitter current IE. As these holes cross into n-type 

base, they tend to combine with the electrons. As the base is lightly doped and very thin, therefore, only a few 

holes (less than 5%) combine with the electrons. The remainder (more than 95%) cross into the collector 

region to constitute collector current IC. In this way, almost the entire emitter current flows in the collector 

circuit. It may be noted that current conduction within p-n-p transistor is by holes. However, in the external 

connecting wires, the current is still by electrons. 
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Transistor Connections: 
A transistor can be connected in a circuit in the following three ways: 

(i) Common base connection   (ii) Common emitter connection 

(iii) Common collector connection. 

(i) Common base connection:  

In C.B. connection base of the transistor is common to both input and output circuits. In this circuit arrangement, input 

is applied between emitter and base and output is taken from collector and base. In fig. 4(a), a common base n-p-n transistor circuit 

is shown whereas fig. 4(b), shows the common base p-n-p transistor circuit.  
 

 

  

 

 

 

 

Current amplification factor (α):  

The ratio of change in collector current to the change in emitter current at constant collector base 

voltage VCB is known as current amplification factor i.e. 

E

C

I

I




 , at constant VCB 

It is clear that current amplification factor is less than unity. This value can be increased (but not more 

than unity) by decreasing the base current. Practical values of α in commercial transistors range from 0.9 to 

0.99. 

(ii) Common emitter connection:  

In C.E. connection, emitter of the transistor is common to both input and output circuits. In this circuit arrangement, 

input is applied between emitter and base and output is taken from collector and emitter. In fig. 5(a), a common base n-p-n transistor 

circuit is shown whereas fig. 5(b), shows the common base p-n-p transistor circuit.  
 

 

 

 

 

 

 

 

Base current amplification factor (β):  

The ratio of change in collector current (ΔIC) to the change in base current (ΔIB) is known as base 

current amplification factor i.e. 
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In almost any transistor, less than 5% of emitter current flows as the base current. Therefore, the value 

of β is generally greater than 20. Usually, its value ranges from 20 to 500.  

 

(iii) Common collector connection:  

In C.C. connection, collector of the transistor is common to both input and output circuits. In this circuit arrangement, 

input is applied between base and collector while output is taken between the emitter and collector. In fig. 6(a), a common base n-p-

n transistor circuit is shown whereas fig.65(b), shows the common base p-n-p transistor circuit.  
 

 

 

 

 

 

 

 

Current amplification factor (γ):  

The ratio of change in emitter current (ΔIE) to the change in base current (ΔIB) is known as current 

amplification factor in common collector (CC) arrangement i.e. 

  
B

E

I

I




  

 

Relation between α and β: 
If EI , BI , and CI  are the change of emitter current, base current and collector current then   
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Again for a transistor, 
  CBE III   

  CBE III   

  CEB III    ----(3) 

Substituting the value of BI  in equation (2), we get 
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Relation between α and γ: 
If EI , BI , and CI  are the change of emitter current, base current and collector current then    
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Again for a transistor, 
  CBE III   

  CBE III   

  CEB III    ---- (3) 

Substituting the value of BI  in equation (2), we get 
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Characteristics of Transistors: 

1. Characteristics of Common Base Connection: 

 The fig.15 shows the circuit arrangement to draw the characteristics of a PNP transistor connected in 

common bas configuration. 

 

 

 

 

 

 

 

 

 

 

The most important characteristics of common base connection are input characteristics and output 

characteristics. 

 

(a) Input characteristic: 

It is the curve between emitter current IE and emitter-base voltage VEB at constant collector-base 

voltage VCB. The emitter current is generally taken along y-axis and emitter-base voltage along x-axis. Fig. 1 

shows the input characteristics of a typical transistor in CB arrangement.  

 

 

 

 

 

 

 

 

Input resistance: 

 It is the ratio of change in emitter-base voltage (ΔVEB) to the resulting change in emitter current (ΔIE) 

at constant collector-base voltage (VCB) i.e. 

Input resistance,
E

EB

i
I

V
R




 , at constant VCB 

As a very small VEB is sufficient to produce a large flow of emitter current IE, therefore, input 

resistance is quite small, of the order of a few ohms. 
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(b) Output characteristic: 

It is the curve between collector current IC and collector-base voltage VCB at constant emitter current IE. 

Generally, collector current is taken along y-axis and collector- base voltage along x-axis. Fig. 2 shows the 

output characteristics of a typical transistor in CB arrangement. 

Output resistance: 

It is the ratio of change in collector-base voltage (ΔVCB) to the resulting change in collector current 

(ΔIC) at constant emitter current i.e. 

 Output resistance,
C

BC

I

V
R




0 , at constant IE 

The output resistance of CB circuit is very high, of the order of several tens of kilo-ohms.  

 

2. Characteristics of Common Emitter Connection: 

The fig.18 shows the circuit arrangement to draw the characteristics of a PNP transistor connected in 

common emitter configuration. The most important characteristics of common emitter connection are input 

characteristics and output characteristics.  

 

 

 

 

 

 

 

 

(a) Input characteristic: 

It is the curve between base current IB and base-emitter voltage VBE at constant collector-emitter 

voltage VCE.  

By keeping VCE constant (say at 10 V), note the base current IB for various values of VBE. Then plot the 

readings obtained on the graph, taking IB along y-axis and VBE along x-axis. This gives the input characteristic 

at VCE = 10V as shown in fig. 2. Following a similar procedure, a family of input characteristics can be drawn. 

 

Input resistance: 

It is the ratio of change in base-emitter voltage (ΔVBE) to the change in base current (ΔIB) at constant 

VCE i.e. 

Input resistance, 
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The value of input resistance for a CE circuit is of the order of a few hundred ohms. 

 

 

 

 

Fig. 3 (Output characteristics) 
Fig. 2 (Input characteristics) 
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(b) Output characteristic: 

It is the curve between collector current IC and collector-emitter voltage VCE at constant base current 

IB. 

Keeping the base current IB fixed at some value say, 5 μA, note the collector current IC for various 

values of VCE. Then plot the readings on a graph, taking IC along y-axis and VCE along x-axis. This gives the 

output characteristic at IB = 5 μA as shown in fig. 3. Following similar procedure, a family of output 

characteristics can be drawn as shown in fig. 3. 

 

Output resistance: 

It is the ratio of change in collector-emitter voltage (ΔVCE) to the change in collector current (ΔIC) at 

constant IB i.e. 

Output resistance,
C
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0 , at constant IB 

The output resistance of a CE circuit is less than that of CB circuit. Its value is of the order of 50 kΩ. 
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