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BMS College of Engineering, Bangalore 

 
ELEMENTS OF ELECTRONIC ENGG 
 

TRANSISTORS AND APPLICATIONS 
 
Transistor & Applications:  Principle, Operation, Transistor configurations - Common base, 

common emitter, common collector configuration Input-Output characteristics. DC load line and 

operating point, Transistor as a switch. Voltage divider bias circuit, Bias stabilization, Small signal 

CE amplifier, Frequency response, Feedback principle, Advantages of negative feedback. 

     

BIPOLAR JUNTION TRANSISTORS  
A BJT consists of two coupled pn-junction, connected back-to-back with a common middle layer. 
Current is conducted both by electrons and holes-hence the name Bipolar 
(It is often referred to as transistor which is a contraction of the word ‘transfer resistor’) 
A transistor is a sandwich of one type of semiconductor (P-type or n-type) between two layers of 
other types. It is a 3 layer, two junction device. 
BJTs are  used both in analog and digital circuits. 
 
Bipolar Transistors are classified into two types; 

1. pnp transistor 
pnp transistor is obtained when a n-type layer of silicon is sandwiched between two p-
type silicon material. 

 
2. npn transistor 

npn transistor is obtained when a p-type layer of silicon is sandwiched between two n-
type silicon materials. 

                                                    
JE=Emitter Junction 
JC=collector Junction             Fig 1.1: Symbolic representation 
  
 
 
 
 
 pnp npn 
 

Fig 1.2: Schematic representation 
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➢ The three portions of transistors are named as emitter, base and collector. The junction 
between emitter and base is called emitter-base junction while the junction between the 
collector and base is called collector-base junction.  

➢ The base is thin and lightly doped, the emitter is heavily doped and it is wider when compared 
to base, the width of the collector is more when compared to both base and emitter. 

➢ A terminal is connected to each of the three semiconductor regions of a transistor labeled as E, 
B, C as shown above. 

➢ In order to distinguish the emitter and collector an arrow is included in the emitter. The 
direction of the arrow depends on the conventional flow of current when emitter base junction 
is forward biased. 

➢ In a pnp transistor when the emitter junction is forward biased the flow of current is from 
emitter to base hence, the arrow in the emitter of pnp points towards the base. 

➢ Depending on the bias conditions of the EB and CB junctions different modes of operations of 
BJT are obtained. 

➢ There are four possible ways of biasing these junctions 
▪ When emitter base junction is forward biased and CB junction is reverse biased the BJT 

is said to be in active mode. This mode is used if BJT is used to operate as an Amplifier 
▪ When both junctions are forward biased, BJT is said to be in saturation mode. 
▪ When both junctions are reverse biased, BJT is said to be in cut-off mode. 
▪ Switching applications use cut-off and saturation modes 

▪ When emitter base junction is reverse biased and CB junction is forward biased the BJT is said 
to be in Inversion mode or Reverse Active. Inversion mode is used in TTL gates. 

 
 
Active mode 
 E      JE B JC    C     
 
 
 
 
 
 
 
 VEB  VCB  
 
Saturation mode 

   E      JE B JC    C     
 
 
 
 
 
  
 
                                              VEB           VCB 
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Cut-off mode 
 E    JE B JC    C     
  
 
 
 
 
  
  
                                 VEB                       VCB 

 
Inversion Mode         E      JE B JC    C     
 
 
 
 
 
                                        

 
                                         VEB                       VCB 
 
Principle of operation of NPN transistor 
 

 
         Figure (a) shows an idealized NPN bipolar transistor biased in the forward-active mode.  

• An NPN bipolar transistor biased in the forward-active mode means base–emitter junction 
forward biased and base–collector junction reverse biased. 

• Since the E-B junction is forward biased, as a result depletion region narrows ,electrons 
from the emitter are injected across the B–E junction into the base, this constitute emitter 
current Ie 

• Since base is p-type and thin a very few electrons combine with holes in base, this constitute 
base current Ib. 
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• The remaining large number of electrons cross the base region and move through the 
collector region to the +ve terminal of the external dc source vcc, this constitute collector 
current Ic. 

• Thus main current in an NPN transistor is due to electron flow. 
 
 
Current components of a transistor 

 
                                                     JE   JC                

 
 
 
    IE 

 IC 

 
                                                                   IB 

  
 
 VEB VCB 

 
Fig above shows a transistor operated in active region. It can be noted from the diagram the battery 
VEB forward biases the EB junction while the battery VCB reverse biases the CB junction. 
 
As the EB junction is forward biased the electrons from emitter region flow towards the base causing 
a electron current INE. At the same time, the holes from base region flow towards the emitter causing 
an hole current IPE. Sum of these two currents constitute an emitter current IE = IPE +INE. 
 
The ratio of hole current IPE to electron current INE is directly proportional to the ratio of the 
conductivity of the p-type material to that of n-type material. Since, emitter is highly doped when 
compared to base; the emitter current consists almost entirely of electrons. 
 
Not all the electrons, crossing EB junction reach the CB junction because some of the them combine 
with the holes in the p-type base. If INC is the electron current at (Jc) CB junction. There will be a 
recombination current INE  - INC entering the base as shown in figure . 
 
If emitter is open circuited, no charge carriers are injected from emitter into the base and hence 
emitter current IE =o. Under this condition CB junction acts a a reverse biased diode and therefore 
the collector current ( IC = ICO) will be equal to the reverse saturation current. Therefore when EB 
junction is forward biased and collector base junction is reverse biased the total collector current IC 

= INC +ICO. 

 

Current relations 

• From KCL, the current that enters a transistor should leave it thus from fig the 
emitter current is equal to sum of the collector current and the base current 

                  i.e.  
                     IE=Ic+Ib ------------------ (1) 
 

• Emitter current cross collector and only a small portion flows in to the base terminal  
and remaining flows across C-B junction to become collector current 

• i.e. Ic = αIE------------------(2) 

• where α = 
E

C

I

I
 (  typically α is in b/w0 .96 to0.995 it is called common base current  

gain) 

INE            N                                             INC      N 

(e- current)                        (e- current) 

 

IPE(hole current)                             ICO 

    P 
      IPB 
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• since C-B junction is reverse biased ,a very small reverse saturation current (ICBO) 
flows across the junction 

• ICBO is called as collector to base leakage current 
• Then eq(2 )can also be written  as 

We have  

CBOEC III +=  --------------------------(3) 

• usually ICBO is very small neglect it, then  
Ic = αIE 
Ic = α(Ic+Ib)       from eq (1)  
Ic = αIB/1-α 
Ic =βIB 

• Where  
β= α/1-α (where β is called as common emitter current gain and typically it ranges 
b/w 25 to 300) 

 
Common base Current amplification factor (α) 
 
It is defined as the ratio of D.C. collector current to D.C. emitter current 
 
      α = IC / IE 

 

Common emitter Current amplification factor (β) 
 

It is the ratio of d.c. collector current to d.c. base current. 
 
i.e., β = IC / IB 

Relationship between α and β 
 

We know that   α = 
E

C

I

I
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Divide both numerator and denominator of RHS by IC, we get 
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Biasing of BJT 
 

     Purpose of biasing a BJT circuit 

• Transistors are used in the different kinds of circuits that are designed to serve 
different purposes. 

• In case of transistor amplifier, we need to use the active region of the transistor 
output characteristics. 

• The transistor parameters are not absolute constant, but changes with both 
temperature and bias conditions. 

• For example, transistor β increases with temperature as well as with collector current 
and an increase of β in turn further increases in collector current. 

• The bias point thus shifts with temperature. 

• Another parameter that affects the bias point is the collector to base leakage current, 
which approximately doubles for every 10∙c rise in temperature.  

• The purpose of dc biasing of a transistor is to obtain the most appropriate values of 
Ic, IB, and VCE. 

• The particular values of Ic, IB, and VCE represents a particular point in the output 
characteristics of the transistor, called the quiescent point or Q-point or operating 
point. 

• To obtain a suitable operating point we make use of some circuits and these circuits 
are called biasing circuit. 

 
 

DC load line and Bias point 
 
DC load line 
 

• Dc load line for a transistor is o straight line drawn on output characteristics. 
• For common emitter, the load line is line drawn on graph of Ic Vs VCE. 

• The load line shows all corresponding levels of Ic and VCE that can exist in a particular 
circuit. 

 
 
 
 
 
 
 
 
                                                                                             
 
                                                           
 
 
 
 
Consider the common emitter circuit as shown in 
the fig note that the polarities of the terminal 
voltages are such that base- emitter junction is 
forward biased and collector- base junction is reverse 
biased. 
Applying KVL to output loop, we get 
 

VCE= Vcc –Ic Rc----------------------(1)  
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Substitute Ic=0 in eq 1, 

VCE= 20v –0* Rc = 20v (point A) 

Plot point A on the C-E characteristics as shown at Ic=0 and Vcc=20v, one point of dc load 

line 

 
 

If Vce=0v in eq 1, then 

0= 20v –Ic* 10 

Ic=Vcc/Rc=20/10=2mA (point B) 

 

Plot point B on the C-E characteristics as shown at Ic=2mA and Vcc=0v, another point of dc 

load line. 

The Straight line drawn through A and B is dc load line for Rc=10KΩ and Vcc=20v. 

If either of these 2 quantities changed, anew load line must be drawn. 
 
 Operating point (Q) 
 
A point on the d.c. load line which represent the signal values of VCE and IC in a transistor is called 
as operating point or silent point or quiescent point or Q-point. 
 
The Q-point is selected where the DC load line intersects the curve of output characteristics for 
particular value of signal current. 

    
 
          i.e. Q-point = (VCE ,IC) 

 
 

 
 
 

 



Elements Of Electronics Engg. Notes by Sowmya Sunkara, Asst. Prof. Dept. Of E&C, BMSCE 

 8 

Bias stabilization 
 
The process of making operating point independent of temperature changes or variation in 
transistor parameters is called the Bias stabilization.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              
 
We know that for transistor to operate it should be properly biased so that we can have a fixed 
operating point. To avoid any distortions, the Q-point should be at the center of the load line. 
 
But in practice this Q-point may shift to any operating region (saturation or cur-off region) making 
the transistor unstable. Therefore in order to avoid this, biasing stability should be maintained. 

 
Causes for shift of operating point or Bias instability 

 
Bias instability occurs mainly due to two reasons. 

1. Temperature 
2. Current gain 

1. Temperature (T) 
 
The temperature at the junctions of a transistor depends on the amount of current flowing through 
it. Due to increase in temperature following parameters of a transistor will change. 
 
(a) Base-emitter voltage (VBE) 

 
VBE decreases at a rate of 1.8mV/0C with one degree rise in temperature for Si diode and VBE 
decreases at a rate of 2.02mV/0C with one degree rise in temperature for Ge diode. 
The base current IB will increase if VBE decreases and since IC= βIB, IC will also increases resulting in 
changing the Q-point. 
 
(b) Reverse saturation current (ICBO) 
 
We know that IC = βIB + (1+β) ICBO where ICBO is the reverse saturation current. ICBO  doubles for 
every 100C rise in temperature there by increase in IC and hence changing the Q-point. 
 

2. Current gain (β) 
 
In the process of manufacturing the transistors different transistors of same type may have different 
parameters ( i.e. if we take two transistor units of same type and use them in the circuit there is a 
change in the β value in actual practice ). The biasing circuit will be designed according to the 
required β value but due to the change in β from unit to unit the operating point may shift. 
 
In summary increase in temperature always increases collector current Ic Because β 
and ICBO increase with temperature and VBE decreases with increase in temperature. 
 
Thermal runaway 

 
Wkt IC = βIB + (1+β) ICBO 

 

              As temperature increases, ICBO will increase, Increase in ICBO causes Ic to increase, increase 
in Ic increases the C-B junction temperature, In turn results in a further increase in ICBO. The effect 
is cumulative it leads to substantial increase in Ic. This could produce significant shift in Q-point 
or in the worst case Ic might keep on increasing and the C-B junction over heats and burns out 
resulting in the process called Thermal Runway. 
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Self-Bias (voltage divider or potential divider bias) circuit 
 
Our objective is now to develop a common-emitter bias circuit with the following requirements: 
 

1) Establish the Q point in the center of the active region of the output characteristics 
curve, so that on applying the input signal this instantaneous operating point does 
not move either to the saturation region or to the cut-off region, even at the extreme 
values of the input signal. 

2) Stabilize the collector current against the temperature variations. 
3) Make the operating point independent of the transistor used ,i.e. replacement by the 

same type is possible. 
 
Furthermore, bias circuits that are relatively unaffected by the changes in β also tend 
to be independent of changes in other temperature-sensitive parameters such as ICBO  
and VBE. The process of designing a bias circuit to make it insensitive to parameter 
changes is called bias stabilization. 
          A bias-stabilized circuit that is most widely used in discrete BJT designs is 
shown as in fig 3 A voltage-divider network composed of resistors R1 and R2 has 
been used to determine the base-to–ground voltage (VB) . For this reason, this bias 
circuit also called the voltage-divider-bias circuit. The most important stabilization 
component in the bias circuit as in Fig 3 is the emitter resistor RE, which tends to 
make the operating point independent of parameter changes. 
In this circuit VE is the emitter–to-ground voltage, and 
 
                                                     VE =IERE----------------1    
 
Now base-to-emitter voltage is given by 
 
                                                       VBE=VB- VE----------2 
Any change of transistor parameter that causes IC to increase will cause IE to increase 
by almost same amount.an increase in VE; refer to eq 1. But VB is essentially constant 
and so Eq2 shows that VBE reduces with an increase in VE. The reduction in VBE 

reduces IB, which then reduces IC, thus compensating for the parameter change that 
tried to increase IC. Similarly, any parameter change that tends to reduce Ic is 
compensated for by an increase in IB. 

 
                                   In summary, changes in the bias value of IC automatically change 
the input voltage in a way that has opposite effect on IC, thus tending to restore IC to 
its original value. So the bias circuit as in fig 3 is called self –bias circuit. The use of 
an emitter resistor to stabilize the bias point is called emitter stabilization. 
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AMPLIFER 
           
Introduction 
Amplifier is a circuit that is used for amplifying a signal. The input signal to an amplifier will be a 
current or voltage and the output will be an amplified version of the input signal. An amplifier 
circuit which is purely based on a transistor or transistors is called a transistor amplifier.    
      Transistors amplifiers are commonly used in applications like RF (radio frequency), audio, OFC 
(optic fibre communication) etc. Anyway the most common application we see in our day to day 
life is the usage of transistor as an audio amplifier.  
      As you know there are three transistor configurations that are used commonly i.e. common 
base (CB), common collector (CC) and common emitter (CE). In common base configuration has a 
gain less than unity and common collector configuration (emitter follower) has a gain almost equal 
to unity). Common emitter follower has a gain that is positive and greater than unity. So, common 
emitter configuration is most commonly used in audio amplifier applications.  
A good transistor amplifier must have the following parameters; high input impedance, high band 
width, high gain, high slew rate, high linearity, high efficiency, and high stability  
 

CE AMPLIFER 
 

Basic features of an amplifier 
The functional block that accomplishes the task of signal amplification is called amplifier.one of 
the basic features of amplifier is that the output waveform must be identical in nature to those in 
the input waveform. The amplifier preserves the details of the signal waveform and any deviation 
of the input waveform is considered as distortion. 
Biasing of an amplifier 
The purpose of biasing in a transistor amplifier is to set a dc operating, i.e. to fix base current, 
collector current and collector-emitter voltage such that the transistor operates in the linear region 
of the output characteristics even after superposition of ac signal voltage at the base. 
Both the forward-bias voltage at the base-emitter junction and the reverse-bias voltage at the 
collector-base junction are derived from the single dc supply voltage Vcc. The circuit diagram of a 
transistor CE amplifier is shown as in fig.  
 

  
The bias voltage at the base-emitter junction is given by 

 
The ac input voltage causes the output voltage to vary above and below the bias voltage.  
Output is given by 
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Where Vo is bias voltage or dc component of the output and Ao is the peak value of the sinusoidal 
ac component. 
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Transistor as a switch    
 
  A transistor acts as a switch as explained below 
 
1. When the base emitter junction is open or reverse biased (i.e., IB=0) no collector current(IC) 
flows, the transistor is said to be OFF. 
    Even if  IB=0, IC= ICEO, which is very  small and thus for practical purposes, the transistor is 
said to be non-conducting and is in OFF region. 
 
Cut-off Characteristics 

 

• The input and Base are grounded ( 0v ) 
• Base-Emitter voltage VBE < 0.7v 
• Base-Emitter junction is reverse biased 
• Base-Collector junction is reverse biased 
• Transistor is “fully-OFF” ( Cut-off region ) 
• No Collector current flows ( IC = 0 ) 
• VOUT = VCE = VCC = ”1″ 
• Transistor operates as an “open switch” 

 
 
2.When the base emitter junction is forward biased and IB flows, as a result of which IC flows and 
at some value of IB , IC  becomes saturated, i.e., it does not increase further and becomes 
independent of IB.at this point, the may be treated as fully ON as it is conducting in saturation 
region.     
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Saturation Characteristics 

 

• The input and Base are connected to VCC 
• Base-Emitter voltage VBE > 0.7v 
• Base-Emitter junction is forward biased 
• Base-Collector junction is forward biased 
• Transistor is “fully-ON” ( saturation region ) 
• Max Collector current flows ( IC = Vcc/RL ) 
• VCE = 0 ( ideal saturation ) 
• VOUT = VCE = ”0″ 
• Transistor operates as a “closed switch” 

 
      The transistor can be made OFF, if IB is reduced to zero.    
 
The areas of operation for a Transistor Switch are known as the Saturation Region and the Cut-
off Region. The transistor as a switch by driving it back and forth between its “fully-OFF” (cut-
off) and “fully-ON” (saturation) regions as shown below.    
   
Operating Regions 

 

                      The shaded area at the bottom of the curves represents the “Cut-off” region while the 
shaded area to the left represents the “Saturation” region of the transistor.                                                                                                                                                                                                                                 
 
  

 
 
 
 
 
 
 
 
 
 
 

http://amazon.in/s/?field-keywords=Tower%27s+International+Transistor+Selector
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