
                                                                  CHAPTER  FOUR 

                                                   Bipolar Transistor and Related Devices  

     bipolar transistor (BJT) is a type of transistor that uses both electrons and holes as charge carriers. Unipolar transistors, such 
as field-effect transistors, use only one kind of charge carrier. A bipolar transistor allows a small current injected at one of its 
terminals to control a much larger current flowing between two other terminals, making the device capable of amplification or 
switching Simple diodes are made up from two pieces of semiconductor material, either silicon or germanium to form a PN-
junction. Joining together two individual signal diodes back-to-back will give two PN-junctions connected together in 
series that share a common P or N terminal. The fusion of these two diodes produces a three layer, two junction, 
three terminal device forming the basis of a Bipolar Transistor. 
    

    Bipolar Transistor basic construction consists of two PN-junctions producing three connecting terminals with 

each terminal being given a name to identify it from the other two. These three terminals are known and labeled as 

the Emitter ( E ), the Base ( B ) and the Collector ( C ) respectively. 

     

                                                                    Bipolar Transistor Construction 

 

   Bipolar Transistors are current regulating devices that control the amount of current flowing through them in 

proportion to the amount of biasing voltage applied to their base terminal acting like a current-controlled switch. The 

principle of operation of the two transistors types NPN and PNP, is exactly the same the only difference being in their 

biasing and the polarity of the power supply for each type. 



 

                                                                                                                              Transistor symbols 

 

 



                                                               The Transistor Action 

     Bipolar Transistor remains a device that excels in some applications, such as discrete circuit design, due to the very wide 

selection of BJT types available, and because of its high transconductance and output resistance compared to MOSFETs. The 

BJT is also the choice for demanding analog circuits, especially for very-high-frequency applications, such as radio-frequency 

circuits for wireless systems.  

High-speed digital  logic 

Emitter-coupled logic (ECL)  

Bipolar transistors can be combined with MOSFETs in an integrated circuit by using a BiCMOS process of wafer fabrication to 

create circuits that take advantage of the application strengths of both types of transistor.  

Amplifiers 

 Electronic amplifier 

The transistor parameters α and β characterizes the current gain of the BJT. It is this gain that allows BJTs to be used as the 

building blocks of electronic amplifiers. The three main BJT amplifier topologies are:  

 Common emitter  

 Common base  

 Common collector 

Temperature sensors 

 Silicon bandgap temperature sensor 

 Because of the known temperature and current dependence of the forward-biased base–emitter junction voltage, the BJT can be 

used to measure temperature by subtracting two voltages at two different bias currents in a known ratio.[36] 

Logarithmic converters 

Because base–emitter voltage varies as the logarithm of the base–emitter and collector–emitter currents, a BJT can also be used 

to compute logarithms and anti-logarithms. A diode can also perform these nonlinear functions but the transistor provides more 

circuit flexibility.  

                                                            

                                           Static Characteristics of Bipolar Transistor 

 As the Bipolar Transistor is a three terminal device, there are basically three possible ways to connect it within an 

electronic circuit with one terminal being common to both the input and output. Each method of connection 

responding differently to its input signal within a circuit as the static characteristics of the transistor vary with each 

circuit arrangement. 

         1. Common Base Configuration - has Voltage Gain but no Current Gain. 

   

        2. Common Emitter Configuration - has both Current and Voltage Gain. 

   

        3. Common Collector Configuration - has Current Gain but no Voltage Gain. 

                                                                                   



                                                                  

                                                    The Common Base (CB) Configuration

The Common Base Transistor Circuit
. 

  This type of amplifier configuration is a non

are in-phase. This type of transistor arrangement is not very common due to its unusually high voltage gain

characteristics. Its output characteristics represent that of a forward biased diode while the input characteristics

represent that of an illuminated photo-diode. Also this type of bipolar transistor configuration has a high ratio of output

to input resistance or more importantly "load" resistance (

"Resistance Gain". Then the voltage gain (Av 

Common Base Voltage Gain 

                                               Common 

     In the Common Emitter or grounded emitter configuration, the input signal is applied between the base, while the

output is taken from between the collector and the emitter as shown. The common emitter amplifier configuration produces the 

highest current and power gain of all the three bipolar transistor configurations. This is mainly because the input impedance

LOW as it is connected to a forward-biasedPN

PN-junction                       

      Common Emitter Amplifier Circuit

The Common Base (CB) Configuration 

The Common Base Transistor Circuit 

This type of amplifier configuration is a non-inverting voltage amplifier circuit, in that the signal voltages 

phase. This type of transistor arrangement is not very common due to its unusually high voltage gain

utput characteristics represent that of a forward biased diode while the input characteristics

diode. Also this type of bipolar transistor configuration has a high ratio of output

ly "load" resistance (RL) to "input" resistance (Rin) giving it a value of

Av for a common base configuration is therefore given as: 

Common Emitter (CE) Configuration 

or grounded emitter configuration, the input signal is applied between the base, while the

output is taken from between the collector and the emitter as shown. The common emitter amplifier configuration produces the 

highest current and power gain of all the three bipolar transistor configurations. This is mainly because the input impedance

biasedPN-junction, while the output impedance is HIGH as it is taken from a reverse

Common Emitter Amplifier Circuit 

inverting voltage amplifier circuit, in that the signal voltages Vin and Vout 
phase. This type of transistor arrangement is not very common due to its unusually high voltage gain 

utput characteristics represent that of a forward biased diode while the input characteristics 

diode. Also this type of bipolar transistor configuration has a high ratio of output 

) giving it a value of 

 

or grounded emitter configuration, the input signal is applied between the base, while the 

output is taken from between the collector and the emitter as shown. The common emitter amplifier configuration produces the 

highest current and power gain of all the three bipolar transistor configurations. This is mainly because the input impedance is 

junction, while the output impedance is HIGH as it is taken from a reverse-biased 

 



  In this type of configuration, the current flowing out

transistor as the emitter current is given as Ie = Ic + Ib
the collector, the current gain of the common emitter transistor con

is given the Greek symbol of Beta, (β). As the emitter current for a common emitter configuration is defined as

Ie = Ic + Ib, the ratio of Ic/Ie is called Alpha

be less than unity.Since the electrical relationship between these three currents, 

construction of the transistor itself, any small change in the base current (

current (Ic). Then, small changes in current flowing in the base will thus control the current in the emitter

circuit. Typically, Beta has a value between 20 and 200 for most general purpose transistors.

By combining the expressions for both Alpha

parameters and therefore the current gain of the transistor can be given as: 

Where: "Ic" is the current flowing into the collector terminal, "

is the current flowing out of the emitter terminal.

  Common Collector (CC) Configuration

  In the Common Collector or grounded collector configuration, the collector is now common through the supply. The

input signal is connected directly to the base, while the output is taken from the emitter load as shown. This type of

configuration is commonly known as a Voltage Follower 

configuration is very useful for impedance matching applications because of the very high input impedance, in the

region of hundreds of thousands of Ohms while having a relatively low output impedance.

   Common Collector Transistor Circuit

 

The common emitter configuration has a current g

In this type of configuration, the current flowing out of the transistor must be equal to the currents flowing into the

Ie = Ic + Ib. Also, as the load resistance (RL) is connected in series with

the collector, the current gain of the common emitter transistor configuration is quite large as it is the ratio of 

). As the emitter current for a common emitter configuration is defined as

Alpha, given the Greek symbol of α. Note: that the value of Alpha will always

be less than unity.Since the electrical relationship between these three currents, Ib, Ic and Ie is determined by the physical 

construction of the transistor itself, any small change in the base current (Ib), will result in a much larger change in the collector

). Then, small changes in current flowing in the base will thus control the current in the emitter-collector

has a value between 20 and 200 for most general purpose transistors. 

Alpha, α and Beta, β the mathematical relationship between these 

parameters and therefore the current gain of the transistor can be given as: 

" is the current flowing into the collector terminal, "Ib" is the current flowing into the base terminal and "

is the current flowing out of the emitter terminal. 

Common Collector (CC) Configuration 

or grounded collector configuration, the collector is now common through the supply. The

put signal is connected directly to the base, while the output is taken from the emitter load as shown. This type of

Voltage Follower or Emitter Follower circuit. The emitter follower

pedance matching applications because of the very high input impedance, in the

region of hundreds of thousands of Ohms while having a relatively low output impedance. 

Common Collector Transistor Circuit 

The common emitter configuration has a current gain approximately equal to the β value of the transistor itself. In the common 

of the transistor must be equal to the currents flowing into the 

) is connected in series with 

figuration is quite large as it is the ratio of Ic/Ib and 

). As the emitter current for a common emitter configuration is defined as 

hat the value of Alpha will always 

is determined by the physical 

in a much larger change in the collector 

collector 

 

 

current flowing into the base terminal and "Ie" 

or grounded collector configuration, the collector is now common through the supply. The 

put signal is connected directly to the base, while the output is taken from the emitter load as shown. This type of 

circuit. The emitter follower 

pedance matching applications because of the very high input impedance, in the 

value of the transistor itself. In the common 



collector configuration the load resistance is situated in series with the emitter so its current is equal to that

of the emitter current. As the emitter current is the combinat

load resistance in this type of transistor configuration also has both the collector current and the input current of the

base flowing through it. Then the current gain of the circuit is given as:

The Common Collector Current Gain

 

      This type of bipolar transistor configuration is a non

It has a voltage gain that is always less than "1" (unity). The load resistance of the

receives both the base and collector currents giving a large current gain (as with the common emitter configuration)

therefore, providing good current amplification with very little voltage gain.

 

                                                               

 

The static characteristics for a Bipolar Transistor 

collector configuration the load resistance is situated in series with the emitter so its current is equal to that 

of the emitter current. As the emitter current is the combination of the collector AND the base current combined, the

load resistance in this type of transistor configuration also has both the collector current and the input current of the

base flowing through it. Then the current gain of the circuit is given as: 

Common Collector Current Gain 

This type of bipolar transistor configuration is a non-inverting circuit in that the signal voltages of Vin 
It has a voltage gain that is always less than "1" (unity). The load resistance of the common collector transistor

receives both the base and collector currents giving a large current gain (as with the common emitter configuration)

therefore, providing good current amplification with very little voltage gain. 

                                 Bipolar Transistor Characteristics 

Bipolar Transistor can be divided into the following three main groups. 

 

ion of the collector AND the base current combined, the 

load resistance in this type of transistor configuration also has both the collector current and the input current of the 

 

Vin and Vout are inphase. 

common collector transistor 

receives both the base and collector currents giving a large current gain (as with the common emitter configuration) 

 



 

                                 Frequency Response and Switching of Bipolar 

 The parasitic circuit elements influence the high

 The capability of a transistor to handle high frequency is specified by the frequency where the 

magnitude of the short-circuit common

 This frequency is the transition frequency  

 To determine. ʄT we neglect 

small signal equivalent circuit

 If rc is assumed small then

 

Frequency Response and Switching of Bipolar Transistor 

The parasitic circuit elements influence the high-frequency gain of the transistor 

The capability of a transistor to handle high frequency is specified by the frequency where the 

circuit common-emitter gain falls to unity 

This frequency is the transition frequency  ʄT 

we neglect rex and r µ and redraw the complete 

small signal equivalent circuit 

is assumed small then ro and Ccs have no influence 

 

 

 

The capability of a transistor to handle high frequency is specified by the frequency where the 

 



 Then the small signal voltage v1 is 

If the current fed forward through Cµ is neglected we can write

 

is neglected we can write 

 

 

 



 

                                                               

    When used as an AC signal amplifier, the transistors Base biasing voltage is applied so that it operates within its

"Active" region and the linear part of the output characteristics curves are used. However, both the NPN & PNP type

bipolar transistors can be made to operate as an "ON/OFF" type solid state switch for controlling high power devices

such as motors, solenoids or lamps. If the circuit uses the 

operate in the output characteristics curves seen previously in the areas known as the "

regions as shown below      

  

 

1. Cut-off Region - Both junctions are Reverse

current flowing, the device is switched fully "OFF"

2.  Saturation Region - Both junctions are Forward

voltage of 0v resulting in maximum Collector current flowing, the device is switched fully "ON"

                                                               Transistor as a Switch 

When used as an AC signal amplifier, the transistors Base biasing voltage is applied so that it operates within its

" region and the linear part of the output characteristics curves are used. However, both the NPN & PNP type

can be made to operate as an "ON/OFF" type solid state switch for controlling high power devices

such as motors, solenoids or lamps. If the circuit uses the Transistor as a Switch, then the biasing is arranged to

s seen previously in the areas known as the "Saturation" and "Cut

Both junctions are Reverse-biased, Base current is zero or very small resulting in zero Collector

witched fully "OFF" 

Both junctions are Forward-biased, Base current is high enough to give a Collector

voltage of 0v resulting in maximum Collector current flowing, the device is switched fully "ON" 

 

 

When used as an AC signal amplifier, the transistors Base biasing voltage is applied so that it operates within its 

" region and the linear part of the output characteristics curves are used. However, both the NPN & PNP type 

can be made to operate as an "ON/OFF" type solid state switch for controlling high power devices 

, then the biasing is arranged to 

Cut-off" 

      

biased, Base current is zero or very small resulting in zero Collector 

biased, Base current is high enough to give a Collector-Emitter 

 



      

 

        The circuit resembles that of the 

to be turned either fully "OFF" (Cut

resistance when turned "OFF" resulting in zero current flow and zero resistance when turned "ON", resulting in 

maximum current flow. In practice when turned "OFF", small leakage currents flow through the transistor and when 

fully "ON" the device has a low resistance value cau

and Saturation regions the power dissipated by the transistor is at its minimum.

 

     To make the Base current flow, the Base input terminal must be made more positive than the Emitter b

It above the 0.7 volts needed for a silicon device. By varying the Base

and which in turn controls the amount of Collector current flowing through the transistor as previously discussed. 

When maximum Collector current flows the transistor is said to be 

determines how much input voltage is required and corresponding Base current to switch the transistor fully "ON".

                     

                        Example 1 Determination

of operation if                

                                            (a) IB

                                            (b) IB

                                            (c) VBE

 

 Solution: 

 

(a) IB = 50µA > 0 

βIB = 100×50×10

 

(b) IB = 50µA > 0 

V CE = 5V > 0.2V 

(c 

(c) V BE = -2V < 0.5V 

V CE = -1V < 0.5V 

 

The circuit resembles that of the Common Emitter circuit to operate the transistor as a switch the transistor needs 

to be turned either fully "OFF" (Cut-off) or fully "ON" (Saturated). An ideal transistor switch would have an infinite 

ed "OFF" resulting in zero current flow and zero resistance when turned "ON", resulting in 

maximum current flow. In practice when turned "OFF", small leakage currents flow through the transistor and when 

fully "ON" the device has a low resistance value causing a small saturation voltage (Vce) across it. In both the Cut

and Saturation regions the power dissipated by the transistor is at its minimum. 

To make the Base current flow, the Base input terminal must be made more positive than the Emitter b

It above the 0.7 volts needed for a silicon device. By varying the Base-Emitter voltage Vce, the Base current is altered 

and which in turn controls the amount of Collector current flowing through the transistor as previously discussed. 

aximum Collector current flows the transistor is said to be saturated. The value of the Base resistor 

determines how much input voltage is required and corresponding Base current to switch the transistor fully "ON".

1 Determination of BJT Operation Region A given transistor has β=100. Determine the region 

 = 50µA and Ic = 3mA;  

IB = 50µA and Vce = 5V; 

VBE = -2V and Vce = -1V. 

= 50µA > 0 –active or saturation region; 

×50×10-6 = 5mA >I C– saturation region. 

IB = 50µA > 0 –active or saturation region; 

V > 0.2V –active region. 

2V < 0.5V –most probably cutoff; 

1V < 0.5V –this confirms cutoff region. 

 

circuit to operate the transistor as a switch the transistor needs 

off) or fully "ON" (Saturated). An ideal transistor switch would have an infinite 

ed "OFF" resulting in zero current flow and zero resistance when turned "ON", resulting in 

maximum current flow. In practice when turned "OFF", small leakage currents flow through the transistor and when 

) across it. In both the Cut-off 

To make the Base current flow, the Base input terminal must be made more positive than the Emitter by increasing. 

, the Base current is altered 

and which in turn controls the amount of Collector current flowing through the transistor as previously discussed. 

. The value of the Base resistor 

determines how much input voltage is required and corresponding Base current to switch the transistor fully "ON". 

β=100. Determine the region 



                                                 The Heterojunction bipolar transistor

    Heterojunction bipolar transistors are bipolar junction transistors, which are composed of at least two different semiconduct

As a result, the energy band gap as well as all other material properties can be different in the emitter, base and collector.

Moreover, a gradual change or “grading” of the material is possible within each region. Heterojunction bipolar transistors ar

just an added complication. On the contrary, the use of 

in vastly improved devices compared to the homojunction counterparts. A typical flatband diagram of an HBT and the energy 

band diagram under forward active bias  

                     a) Flatland energy band 

                                                       The thyristor and related power devices

     The thyristor or silicon controlled rectifier SCR is a device that is widely used for controlling or switching power and ofte

high voltage AC or DC circuits.. Thyristors even finds uses in low power electronics where they are used in many circuits fr

light dimmers to power supply over voltage protection. 

                                                         

 

                                                                    Applications: 

The Heterojunction bipolar transistor 

Heterojunction bipolar transistors are bipolar junction transistors, which are composed of at least two different semiconduct

as well as all other material properties can be different in the emitter, base and collector.

Moreover, a gradual change or “grading” of the material is possible within each region. Heterojunction bipolar transistors ar

just an added complication. On the contrary, the use of Heterojunction provides an additional degree of freedom, which can r

in vastly improved devices compared to the homojunction counterparts. A typical flatband diagram of an HBT and the energy 

energy band diagram and         b) Energy band diagram under forward active bias

The thyristor and related power devices 

The thyristor or silicon controlled rectifier SCR is a device that is widely used for controlling or switching power and ofte

or DC circuits.. Thyristors even finds uses in low power electronics where they are used in many circuits fr

light dimmers to power supply over voltage protection.  

Applications:  

 AC power control (including lights, motors, etc).  

 Overvoltage protection for power supplies.  
 AC power switching.  
 Control elements in phase angle triggered controllers

Heterojunction bipolar transistors are bipolar junction transistors, which are composed of at least two different semiconductors. 

as well as all other material properties can be different in the emitter, base and collector. 

Moreover, a gradual change or “grading” of the material is possible within each region. Heterojunction bipolar transistors are not 

provides an additional degree of freedom, which can result 

in vastly improved devices compared to the homojunction counterparts. A typical flatband diagram of an HBT and the energy 

 

m under forward active bias 

The thyristor or silicon controlled rectifier SCR is a device that is widely used for controlling or switching power and often 

or DC circuits.. Thyristors even finds uses in low power electronics where they are used in many circuits from 

Control elements in phase angle triggered controllers 



 a) Schematic construction,  

b) Schematic division in component transistor

 c) Equivalent circuit in terms of two transistors.

                                                     Types of 

 Reverse conducting thyristor, RCT. 
 Gate Assisted Turn
 Gate Turn
 Asymmetric Thyristor. 

 

                                         Power relat

 

  

 

 

b) Schematic division in component transistor 

c) Equivalent circuit in terms of two transistors. 

Types of thyristor 

Reverse conducting thyristor, RCT.  
Gate Assisted Turn-Off Thyristor, GATT.  
Gate Turn-Off Thyristor, GTO.  
Asymmetric Thyristor.  

Power related power devices 

 

 




