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Course Objectives: 

• To introduce components such as diodes, BJTs and FETs. 

• To know the applications of components. 

• To give understanding of various types of amplifier circuits 

• To learn basic techniques for the design of digital circuits and fundamental concepts used in the 

design of digital systems. 

• To understand the concepts of combinational logic circuits and sequential circuits. 

 
Course Outcomes: Upon completion of the Course, the students will be able to: 

• Know the characteristics of various components. 

• Understand the utilization of components. 

• Design and analyze small signal amplifier circuits. 

• Learn Postulates of Boolean algebra and to minimize combinational functions 

• Design and analyze combinational and sequential circuits 

• Know about the logic families and realization of logic gates. 

 
UNIT - I 

Diodes and Applications: Junction diode characteristics: Open circuited p-n junction, p-n junction as a 

rectifier, V-I characteristics, effect of temperature, diode resistance, diffusion capacitance, diode switching times, 

breakdown diodes, Tunnel diodes, photo diode, LED. 

Diode Applications - clipping circuits, comparators, Half wave rectifier, Full wave rectifier, rectifier with 

capacitor filter. 

 
UNIT - II 

BJTs: Transistor characteristics: The junction transistor, transistor as an amplifier, CB, CE, CC configurations, 

comparison of transistor configurations, the operating point, self-bias or Emitter bias, bias compensation, thermal 

runaway and stability, transistor at low frequencies, CE amplifier response, gain bandwidth product, Emitter 

follower, RC coupled amplifier, two cascaded CE and multi stage CE amplifiers. 

 
UNIT - III 

FETs and Digital Circuits: FETs: JFET, V-I characteristics, MOSFET, low frequency CS and CD amplifiers, 

CS and CD amplifiers. 

Digital Circuits: Digital (binary) operations of a system, OR gate, AND gate, NOT, EXCLUSIVE OR gate, De 

Morgan Laws, NAND and NOR DTL gates, modified DTL gates, HTL and TTL gates, output stages, RTL and 

DCTL, CMOS, Comparison of logic families. 

 
UNIT - IV 

Combinational Logic Circuits: Basic Theorems and Properties of Boolean Algebra, Canonical and Standard 

Forms, Digital Logic Gates, The Map Method, Product-of-Sums Simplification, Don’t-Care Conditions, NAND 

and NOR Implementation, Exclusive-OR Function, Binary Adder-Subtractor, Decimal Adder, Binary Multiplier, 

Magnitude Comparator, Decoders, Encoders, Multiplexers. 

 
UNIT - V 



 

Sequential Logic Circuits: Sequential Circuits, Storage Elements: Latches and flip flops, Analysis 

of Clocked Sequential Circuits, State Reduction and Assignment, Shift Registers, Ripple Counters, 

Synchronous Counters, Random-Access Memory, Read-Only Memory. 

 
TEXTBOOKS: 

1. Integrated Electronics: Analog and Digital Circuits and Systems, 2/e, Jaccob Millman, Christos 

Halkias and Chethan D. Parikh, Tata McGraw-Hill Education, India, 2010. 

2. Digital Design, 5/e, Morris Mano and Michael D. Cilette, Pearson, 2011. 

 
REFERENCE BOOKS: 

1. Electronic Devices and Circuits, Jimmy J Cathey, Schaum’s outline series, 1988. 

2. Digital Principles, 3/e, Roger L. Tokheim, Schaum’s outline series, 1994. 
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UNIT�III 
 

BIPOLAR JUNCTION TRANSISTOR 
 

The transistor was invented in 1947 by John Bardeen, Walter Brattain and William Shockley at Bell 

Laboratory in America. 
 

 A transistor is a semiconductor device, commonly used as an Amplifier or an electrically 

Controlled Switch. 
 

 There are two types of transistors: 
 

1) Unipolar Junction Transistor 

2) Bipolar Junction Transistor  

 

In Unipolar transistor, the current conduction is only due to one type of carriers i.e., majority 

charge carriers. The current conduction in bipolar transistor is because of both the types of charge 

carriers i.e., holes and electrons.  Hence it is called as Bipolar Junction Transistor and it is referred 

to as BJT. 
 

  BJT is a semiconductor device in which one type of semiconductor material is sand witched 

between two opposite types of semiconductor i.e., an n�type semiconductor is sandwiched between 

two p�type semiconductors or a p�type semiconductor is sandwiched between two n�type 

semiconductor.  Hence the BJTs are of two types. 
 

 They are: 
 

1) n�p�n Transistor 

2) p�n�p Transistor  

 

The two types of BJTs are shown in the figure below. 

 

 
The arrow head represents the conventional current direction from p to n. 

  

Transistor has three terminals. 
 

1) Emitter 

2) Base 

3) Collector 
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Transistor has two p�n junctions. They are: 
 

1) Emitter�Base Junction 

2) Collector�Base Junction  

Emitter: Emitter is heavily doped because it is to emit the charge carriers. 
 

Base: The charge carriers emitted by the emitter should reach collector passing through 

the base.  Hence base should be very thin and to avoid recombination, and to 

provide more collector current base is lightly doped.   
 

Collector: Collector has to collect the most of charge carriers emitted by the emitter.  Hence 

the area of cross section of collector is more compared to emitter and it is 

moderately doped. 
 

 Transistor can be operated in three regions. 
 

1) Active region. 

2) Saturation region. 

3) Cut�Off region. 
 

Active Region: For the transistor to operate in active region base to emitter junction is 

forward biased and collector to base junction is reverse biased. 

 

Saturation Region: Transistor to be operated in saturation region if both the junctions i.e., 

collector to base junction and base to emitter junction are forward biased. 

 

Cut�Off Region: For the transistor to operate in cut�off region both the junctions i.e., base 

to emitter junction and collector to base junction are reverse biased.  
 

  Transistor can be used as  
 

  1) Amplifier 2) Switch 

 

 For the transistor to act as an amplifier, it should be operated in active region. For the 

transistor to act as a switch, it should be operated in saturation region for ON state, and cut�off 

region for OFF state. 

 

Transistor Operation:  
 

Working of a n�p�n transistor: 

 
                    

    The n�p�n transistor with base to emitter junction forward biased and collector base 

junction reverse biased is as shown in figure. 
 

 As the base to emitter junction is forward biased the majority carriers emitted by the n�

type emitter i.e., electrons have a tendency to flow towards the base which constitutes the emitter 

current IE.   
 

As the base is p�type there is chance of recombination of electrons emitted by the emitter 

with the holes in the p�type base.  But as the base is very thin and lightly doped only few electrons 

emitted by the n�type emitter less than 5% combines with the holes in the p�type base, the 
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remaining more than 95% electrons emitted by the n�type emitter cross over into the collector 

region constitute the collector current. 
 

 The current distributions are as shown in fig 

        IE = IB + IC 

Working of a p�n�p transistor: 

 
 

The p�n�p transistor with base to emitter junction is forward biased and collector to base 

junction reverse biased is as show in figure. 
 

As the base to emitter junction is forward biased the majority carriers emitted by the p�

type emitter i.e., holes have a tendency to flow towards the base which constitutes the emitter 

current IE.  

As the base is n�type there is a chance of recombination of holes emitted by the emitter 

with the electrons in the n�type base.  But as the base us very thin and lightly doped only few 

electrons less than 5% combine with the holes emitted by the p�type emitter, the remaining 95% 

charge carriers cross over into the collector region to constitute the collector current.   
 

The current distributions are shown in figure. 
 

IE = IB + IC 

 

Current components in a transistor: 

 

 The figure below shows the various current components which flow across the forward�

biased emitter junction and reverse�biased collector junction in P�N�P transistor. 

 
  Figure. Current components in a transistor with forward�biased emitter and reverse�biased 

collector junctions. 

 

The emitter current consists of the following two parts: 
 

1) Hole current IpE constituted by holes (holes crossing from emitter into base). 
 

2) Electron current InE constituted by electrons (electrons crossing from base into the 

emitter). 
 

Therefore, Total emitter current   IE = IpE  (majority)+ InE  (Minority) 
 ,             
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The holes crossing the emitter base junction JE and reaching the collector base junction JC 

constitutes collector current IpC. 
 

Not all the holes crossing the emitter base junction JE reach collector base junction JC 

because some of them combine with the electrons in the n�type base. 

Since base width is very small, most of the holes cross the collector base junction JC and 

very few recombine, constituting the base current (IpE – IpC). 
 

When the emitter is open�circuited, IE=0, and hence IpC=0.  Under this condition, the base 

and collector together current IC equals the reverse saturation current ICO, which consists of the 

following two parts:  IPCO caused by holes moving across IC from N�region to P�region. 
 

  InCO caused by electrons moving across IC from P�region to N�region. ICO = InCO + IpCO 
 

In general, IC = InC + IpC   

Thus for a P�N�P transistor,  IE = IB + IC  
 

Transistor circuit configurations: 
 

Following are the three types of transistor circuit configurations: 
 

1) Common�Base (CB) 

2) Common�Emitter (CE) 

3) Common�Collector (CC) 
 

Here the term ‘Common’ is used to denote the transistor lead which is common to the input 

and output circuits. The common terminal is generally grounded. 
 

It should be remembered that regardless the circuit configuration, the emitter is always 

forward�biased while the collector is always reverse�biased. 

 
Fig. Common – Base configuration 

 
Fig. Common – emitter configuration 
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Fig. Common – Collector configuration 

Common – Base (CB) configurations: 
 

 In this configuration, the input signal is applied between emitter and base while the output 

is taken from collector and base. As base is common to input and output circuits, hence the name 

common�base configuration. Figure show the common�base P�N�P transistor circuit.  

 

                 
Fig. Common – base PNP transistor amplifier. 

 

Current Amplification Factor ( )α : 
 

 When no signal is applied, then the ratio of the collector current to the emitter current is 
called dc alpha (α dc) of a transistor. 

            
dc

I
C

I
E

α
−

= ,…………… (1)  (Negative sign signifies that IE flows into transistor 

while IC flows out of it).  

 

‘α ’ of a transistor is a measure of the quality of a transistor.  Higher is the value of ‘α ’, better is 

the transistor in the sense that collector current approaches the emitter current. 
 

By considering only magnitudes of the currents, IC = α IE and hence IB = IE � IC 
                                                   

    Therefore,    IB = IE �α IE = IE(1�α ) …………. (2) 
 

 When signal is applied, the ratio of change in collector current to the change in emitter 

current at constant collector�base voltage is defined as current amplification factor,  

  
dc

I
C

I
E

α = −
�

�
…………… (3) 

 For all practical purposes, 
dc

α = acα =α and practical values in commercial transistors 

range from 0.9 to 0.99. 

 

Total Collector Current: 
 

 The total collector current consists of the following two parts: 
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i) α IE , current due to majority carriers  

ii) ICBO, current due to minority carriers 

 
 ∴ Total collector current  IC = α IE + ICBO ………… (4) 

         
The collector current can also be expressed as   IC = α (IB+IC) + ICBO (� IE = IB + IC) 

     

 (1 )
BC CBO

I I Iα α⇒ − = +  

                                                         
1

1 1
I I I

BC CBO
α

α α
   
   
   

= +
− −

⇒   …. (5) 

Common�Emitter (CE) configuration: 
 

 In this configuration, the input signal is applied between base and emitter and the output is 

taken from collector and emitter. As emitter is common to input and output circuits, hence the 

name common emitter configuration. 
 

 Figure shows the common�emitter P�N�P transistor circuit. 

 
Fig. Common�Emitter PNP transistor amplifier. 

 

Current Amplification Factor (β): 
 

 When no signal is applied, then the ratio of collector current to the base current is called dc 

beta ( )
dc

β of a transistor. 

I
C

dc I
B

β β= =  ………………. (1) 

 

 When signal is applied, the ratio of change in collector current to the change in base 

current is defined as base current amplification factor.  Thus, 

  

I
C

dc I
B

β β= =
�

�
 …………..(2) 

From equation (1), I I
BC

β=  

 Almost in all transistors, the base current is less than 5% of the emitter current.  Due to 

this fact, ‘β’ ranges from 20 to 500.  Hence this configuration is frequently used when appreciable 

current gain as well as voltage gain is required. 
 

Total Collector Current: 
, 

The Total collector current      IC = β IB + ICEO          ………… (3) 

         

 Where ICEO is the leakage current. 
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 But, we have, 
1

1 1
I I I

BC CBO
α

α α
   
   
   

= +
− −

 ………….(4) 

 Comparing equations (3) and (4), we get 

1

α
β

α
=

−
 and 

1

1
I I
CEO CBOα

=
−

     ...........(5) 

Relation between α and β :  

We know that 

I
C

I
E

α =  and 

I
C

I
B

β =   

I I I
E B C

= +  (or) I I I
B E C

= −  

Now                         
1

1

I
C

I I
C E

II I CE C
I
E

α
β

α
= = =

− −
−

 ……………. (6) 

                               (1 )β α α⇒ − =   (or)  (1 )β α β= +  

     
1

βα
β

⇒ =
+

    ….………… (7) 

It can be seen that 
1

1
1

α
β

− =
+

  ……………. (8) 

 

Common – Collector (CC) Configuration: 
 

 In this configuration, the input signal is applied between base and collector and the output 

is taken from the emitter.  As collector is common to input and output circuits, hence the name 

common collector configuration. Figure shows the common collector PNP transistor circuit. 

 

 
 

   Fig. Common collector PNP transistor amplifier. 

 
Current Amplification Factor (γ ):  
 

 When no signal is applied, then the ratio of emitter current to the base current is called as 

dc gamma (γ dc) of the transistor. 

   

I
E

dc I
B

γ γ= =    …………… (1) 

www.jntuworld.com

www.jntuworld.com

www.jwjobs.net

                  G F Harish Reddy,Department of ECE-MRITS 7

                UNIT 2(PART 1)-Bipolar Junction Transistor(BJT)

                  G F Harish Reddy,Department of ECE-MRITS 7



Department of Electronics and Communication Engineering                                                                                UNIT�IV �EDC 

___________________________________________________________________________ 

_____________________________________________________________________________________________________________ 

 

VARDHAMAN COLLEGE OF ENGINEERING, SHAMSHABAD, HYDERABAD 

152 

 When signal is applied, then the ratio of change in emitter current to the change in base 
current is known as current amplification factor ‘γ ’. 

   

I
E

ac I
B

γ γ= =
�

�
  ……………..(2) 

 This configuration provides the same current gain as common emitter circuit as 

I I
E C

≈� �  but the voltage gain is always less than one. 

Total Emitter Current: 
  

We know that I I I
E B C

= +     Also  IC = α IE + ICBO 

         
           IE = IB + (α IE + ICBO) 

(1 )
E B CBO

I I Iα⇒ − = +  

1 1

II
CBOBI

E α α
= +

− −
⇒  

 (or) (1 ) (1 )I I I
E B CBO

β β= + + +⇒  ……………… (3)     
1

1
1

β
α

 
= + 

− 
�

  
Relation between γ andα : 

 We know that 

I
E

I
B

γ =  and 

I
C

I
B

α =  

 Also I I I
B E C

= −  

 Now 
1 1

1
1

I
E

II I CE C
I
E

α
γ = =

− −
−

=  

  
1

1
γ

α
=

−
�   ……………………. (4) 

 

Relation between γ and β : 

 We know that 1
1

1
β

α
= +

−
 

 � From equation (4),   1
1

1
βγ

α
= +=

−
  ……………………. (5) 

 

Characteristics of Common�Base Circuit: 
 

 The circuit diagram for determining the static characteristic curves of an NPN transistor in 

the common base configuration is shown in fig. below. 
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  Fig. Circuit to determine CB static characteristics. 

 

Input Characteristics:  
 

To determine the input characteristics, the collector�base voltage VCB is kept constant at 

zero volts and the emitter current IE is increased from zero in suitable equal steps by increasing 

VEB.  This is repeated for higher fixed values of VCB.  A curve is drawn between emitter current IE 

and emitter�base voltage VEB at constant collector�base voltage VCB. 

 

 The input characteristics thus obtained are shown in figure below. 

 
    Fig. CB Input characteristics. 

 

Early effect (or) Base – Width modulation: 
 

 As the collector voltage VCC is made to increase the reverse bias, the space charge width 

between collector and base tends to increase, with the result that the effective width of the base 

decreases.  This dependency of base�width on collector�to�emitter voltage is known as Early effect 

(or) Base�Width modulation. 
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 Thus decrease in effective base width has following consequences: 
 

i. Due to Early effect, the base width reduces, there is a less chance of 

recombination of holes with electrons in base region and hence base current IB 

decreases. 
 

ii. As IB decreases, the collector current IC increases. 
 

iii. As base width reduces the emitter current IE increases for small emitter to base 

voltage. 
 

iv. As collector current increases, common base current gain (α ) increases. 
 

Punch Through (or) Reach Through: 
 

 When reverse bias voltage increases more, the depletion region moves towards emitter 

junction and effective base width reduces to zero.  This causes breakdown in the transistor.  This 

condition is called “Punch Through” condition. 
 

Output Characteristics: 
 

 To determine the output characteristics, the emitter current IE is kept constant at a suitable 

value by adjusting the emitter�base voltage VEB.  Then VCB is increased in suitable equal steps and 

the collector current IC is noted for each value of IE.  Now the curves of IC versus VCB are plotted for 

constant values of IE and the output characteristics thus obtained is shown in figure below. 

 
Fig. CB Output characteristics  

 

 From the characteristics, it is seen that for a constant value of IE, IC is independent of VCB 

and the curves are parallel to the axis of VCB. Further, IC flows even when VCB is equal to zero.  As 

the emitter�base junction is forward biased, the majority carriers, i.e., electrons, from the emitter 

are injected into the base region.  Due to the action of the internal potential barrier at the reverse 
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biased collector�base junction, they flow to the collector region and give rise to IC even when VCB is 

equal to zero. 
 

Transistor Parameters: 
 

 The slope of the CB characteristics will give the following four transistor parameters.  Since 

these parameters have different dimensions, they are commonly known as common base hybrid 

parameters (or) h�parameters. 
 

i) Input Impedance (hib):  
 

It is defined as the ratio of change in (input) emitter to base voltage to the change 

in (input) emitter current with the (output) collector to base voltage kept constant.  

Therefore, 

V
EBh

ib I
E

∆
=

∆
 , VCB constant    

 

 It is the slope of CB input characteristics curve.   
 

 The typical value of hib ranges from 20I to 50I. 
 

ii) Output Admittance (hob):  
 

It is defined as the ratio of change in the (output) collector current to the 

corresponding change in the (output) collector�base voltage, keeping the (input) emitter 

current IE constant.  Therefore, 

I
Ch

ob V
CB

∆
=

∆
 , IE constant    

 

 It is the slope of CB output characteristics IC versus VCB. 
 

 The typical value of this parameter is of the order of 0.1 to 10µmhos. 
 

iii) Forward Current Gain (hfb): 
 

It is defined as a ratio of the change in the (output) collector current to the 

corresponding change in the (input) emitter current keeping the (output) collector voltage 

VCB constant.  Hence, 

I
Ch

fb I
E

∆
=

∆
, VCB constant 

It is the slope of IC versus IE curve.  Its typical value varies from 0.9 to 1.0. 
 

iv) Reverse Voltage Gain (hrb): 
 

It is defined as a ratio of the change in the (input) emitter voltage and the 

corresponding change in (output) collector voltage with constant (input) emitter current, IE.  

Hence,   

V
EBh

rb V
CB

∆
=

∆
, IE constant. 

 

It is the slope of VEB versus VCB curve.  Its typical value is of the order of 10�5 to 10�4
.    

 

Characteristics of Common�Emitter Circuit: 
 

 The circuit diagram for determining the static characteristic curves of the an N�P�N 

transistor in the common emitter configuration is shown in figure below. 
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Fig. Circuit to determine CE Static characteristics. 

 

Input Characteristics:   
 

To determine the input characteristics, the collector to emitter voltage is kept constant at 

zero volts and base current is increased from zero in equal steps by increasing VBE in the circuit.  

The value of VBE is noted for each setting of IB.  This procedure is repeated for higher fixed values 

of VCE, and the curves of IB versus VBE are drawn. 
 

The input characteristics thus obtained are shown in figure below. 
 

 
Fig. CE Input Characteristics. 

 

 When VCE=0 , the emitter�base junction is forward biased and he junction behaves as a 

forward biased diode.  When VCE is increased, the width of the depletion region at the reverse 

biased collector�base junction will increase. Hence he effective width of the base will decrease.  

This effect causes a decrease in the base current IB.  Hence, to get the same value of IB as that for 

VCE=0, VBE should be increased.  Therefore, the curve shifts to the right as VCE increases. 

 

Output Characteristics:   
 

 To determine the output characteristics, the base current IB is kept constant at a suitable 

value by adjusting base�emitter voltage, VBE.  The magnitude of collector�emitter voltage VCE is 

increased in suitable equal steps from zero and the collector current IC is noted for each setting of 

VCE.  Now the curves of IC versus VCE are plotted for different constant values of IB.  The output 

characteristics thus obtained are shown in figure below. 
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Fig. CE Output characteristics 

 

 The output characteristics of common emitter configuration consist of three regions: Active, 

Saturation and Cut�off regions. 
 

 

Active Region: The region where the curves are approximately horizontal is the “Active” 

region of the CE configuration.  In the active region, the collector junction is 

reverse biased. As VCE is increased, reverse bias increase.  This causes 

depletion region to spread more in base than in collector, reducing the 

changes of recombination in the base.  This increase the value of 
dc

α .  

This Early effect causes collector current to rise more sharply with 

increasing VCE in the active region of output characteristics of CE transistor. 

 

Saturation Region: If VCE is reduced to a small value such as 0.2V, then collector�base junction 

becomes forward biased, since the emitter�base junction is already forward 

biased by 0.7V.  The input junction in CE configuration is base to emitter 

junction, which is always forward biased to operate transistor in active 

region.  Thus input characteristics of CE configuration are similar to forward 

characteristics of p�n junction diode.  When both the junctions are forwards 

biased, the transistor operates in the saturation region, which is indicated 

on the output characteristics.  The saturation value of VCE, designated 

( )
V

CE Sat
, usually ranges between 0.1V to 0.3V. 

 

Cut�Off Region: When the input base current is made equal to zero, the collector current is 

the reverse leakage current ICEO.  Accordingly, in order to cut off the 

transistor, it is not enough to reduce IB=0.  Instead, it is necessary to 

reverse bias the emitter junction slightly.  We shall define cut off as the 

condition where the collector current is equal to the reverse saturation 

current ICO and the emitter current is zero. 

Transistor Parameters: 

 

 The slope of the CE characteristics will give the following four transistor parameters.  Since 

these parameters have different dimensions, they are commonly known as Common emitter hybrid 

parameters (or) h�parameters. 

 

i) Input Impedance (hib):  

 

It is defined as the ratio of change in (input) base voltage to the change in (input) 

base current with the (output) collector voltage (VCE), kept constant.  Therefore, 
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V
BEh

ie I
B

∆
=

∆
 , ∆VCE constant    

 It is the slope of CB input characteristics IB versus VBE. 

 

 The typical value of hie ranges from 500I to 2000I. 

 

ii) Output Admittance (hoe):  

 

It is defined as the ratio of change in the (output) collector current to the 

corresponding change in the (output) collector voltage.  With the (input) base current IB 

kept constant.  Therefore, 

 

I
Choe V
CE

∆
=

∆
 , IB constant    

 It is the slope of CE output characteristics IC versus VCE. 

 
 The typical value of this parameter is of the order of 0.1 to 10µmhos. 

 

iii) Forward Current Gain (hfe): 

 

It is defined as a ratio of the change in the (output) collector current to the 

corresponding change in the (input) base current keeping the (output) collector voltage VCE 

constant.  Hence, 

  

I
Ch

fe I
B

∆
=

∆
, VCE constant 

 

It is the slope of IC versus IB curve.   

 

Its typical value varies from 20 to 200. 

 

 

iv) Reverse Voltage Gain (hre): 

 

It is defined as a ratio of the change in the (input) base voltage and the 

corresponding change in (output) collector voltage with constant (input) base current, IB.  

Hence, 

 

 

V
BEhre V
CE

∆
=

∆
, IE constant. 

It is the slope of VBE versus VCE curve.   

Its typical value is of the order of 10�5 to 10�4
. 

 

Characteristics of common collector circuit: 
 

 The circuit diagram for determining the static characteristics of an N�P�N transistor in the 

common collector configuration is shown in fig. below. 
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Fig. Circuit to determine CC static characteristics. 

 

 Input Characteristics: 
 

 To determine the input characteristic, VEC is kept at a suitable fixed value.  The base�

collector voltage VBC is increased in equal steps and the corresponding increase in IB is noted.  This 

is repeated for different fixed values of VEC.  Plots of VBC versus IB for different values of VEC shown 

in figure are the input characteristics. 

 
Fig. CC Input Characteristics. 

Output Characteristics: 

 

 The output characteristics shown in figure below are the same as those of the common 

emitter configuration. 

 
 

Fig. CC output characteristics. 

Comparison: 

Table: A comparison of CB, CE and CC configurations 
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Property CB CE CC 

Input Resistance 
Low 

(About 100I) 

Moderate 

(About 750I) 

High 

(About 750kI) 

Output Resistance 
High 

(About 450kI) 

Moderate 

(About 45kI) 

Low 

(About 25I) 

Current Gain 1 High High 

Voltage Gain About 150 About 500 Less than 1 

Phase Shift between 

input and output 

voltages 

0o (or) 360o 180o 0o (or) 360o 

Applications 
For high frequency 

circuits 

For Audio frequency 

circuits 

For impedance 

matching 

 

Problem: 

 
1 A Germanium transistor used in a complementary symmetry amplifier has ICBO=10µA at 

27oC and hfe=50.   
 

(a) find IC when IB=0.25mA and 

(b) Assuming hfe does not increase with temperature; find the value of new collector 

current, if the transistor’s temperature rises to 50oC.   
 

Solution: 

 Given data: ICBO = 10µA and hfe (=β) = 50 

 

a) IC = βIB+(1+β)ICBO 

  = 50x(0.25x10�3)+(1+50)x(10x10�6)A 

  =13.01mA   

 b) I’CBO (β=50)  = ICBO x 2(T
2
�T

1
)/10 

    = 10 X 2(50�27)/10 

    = 10 x 22.3 µA 

    = 49.2µA  

IC at 50oC is 
 

         IC= βIB+(1+β)I’CBO 

              = 50x(0.25x10�3)+(1+50)x(49.2x10�6) 

                        =15.01 mA. 
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�
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�
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�
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��������������
�

 The basic function transistor is to do amplification. The process of raising the strength of a 
weak signal without any change in its shape is known as faithful amplification. 
 

 For faithful amplification, the following three conditions must be satisfied: 
 

i) The emitter�base junction should be forward biased, 
ii) The collector�base junction should be reverse biased. 
iii) Three should be proper zero signal collector current. 

 

The proper flow of zero signal collector current (proper operating point of a transistor) and 
the maintenance of proper collector�emitter voltage during the passage of signal is known as 
‘transistor biasing’. 

 

When a transistor is not properly biased, it work inefficiently and produces distortion in the 
output signal.  Hence a transistor is to be biased correctly. A transistor is biased either with the 
help of battery (or) associating a circuit with the transistor. The latter method is generally 
employed. The circuit used with the transistor is known as biasing circuit. 

 

In order to produce distortion�free output in amplifier circuits, the supply voltages and 
resistances in the circuit must be suitably chose.  These voltages and resistances establish a set of 
d.c. voltage VCEQ and current ICQ to operate the transistor in the active region.  These voltages and 
currents are called quiescent values which determine the operating point (or) Q�Point for the 
transistor. 

 

The process of giving proper supply voltages and resistances for obtaining the desired Q�
Point is called biasing.          

 

��������������
�

 Consider common emitter configuration circuit shown in figure below: 
 

 
 In transistor circuit analysis generally it is required to determine the value of IC for any 
desired value of VCE. From the load line method, we can determine the value of IC for any desired 
value of VCE.  The output characteristics of CE configuration is shown in figure below: 
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By applying KVL to the collector circuit 

 

   0V I R V
C C C CE

− + + =  

 

         V I R V
CC C C CE

⇒ = +  

                                  V V I R
CE CC C C

⇒ = −  

 
If the bias voltage VBB is such that the transistor is not conducting then IC=0 and VCE= VCC. 

 

Therefore, when IC=0, VCE= VCC this point is plotted on the output characteristics as point A. 
 

If VCE=0 then  
 

  0 V I R
CC C C

= −  

     
V

CCI
C R

C

⇒ =  

 Therefore, VCE=0, 
V

CCI
C R

C

= this point is plotted on the output characteristics as point B. 

The line drawn through these points is straight line ‘d.c load line’. 
 

 The d.c. load line is plot of IC versus VCE for a given value of RC and a given level of VCC.  
Hence from the load line we can determine the IC for any desired value of VCE. 
 
������������������� �!���"������������
�

 In designing a circuit, a point on the load line is selected as the dc bias point (or) quiescent 
point.  The Q�Point specifies the collector current IC�and collector to emitter voltage VCE that exists 
when no input signal is applied. 
 

The dc bias point (or) quiescent point is the point on the load line which represents the 
current in a transistor and the voltage across it when no signal is applied. The zero signal values of 
IC ad VCE are known as the operating point. 
 

���"�����
�

 The process of giving proper supply voltages and resistances for obtaining the desired Q�
point is called ‘biasing’. 
 

#�$�����%��"���%������������������������&����&�����
�

 The transistor acts as an amplifier when it is operated in active region. After the d.c. 
conditions are established in the circuit, when an a.c. signal is applied to the input, the base 
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current varies according to te amplitude of the signal and causes IC to vary consequently producing 
an output voltage variation.  This can be seen from output characterizes. 
 

 
Fig.  Operating point near saturation region gives clipping at the positive peak. 

Consider point A which is very near to the saturation point, even though the base current is 
varying sinusoidally the output current and output voltage is seen to be clipped at the positive 
peaks.  This results in distortion of the signal. 

 

Consider point B which is very near to the cut�off region.  The output signal is now clipped 
at the negative peak.  Hence this two is not a suitable operating point. 
 

 
Fig. Operating point near cut�off region given clipping at the negative peak. 

 
 Consider point C which is the mid point of the DC load line then the output signal will not 
be distorted. 
 

 
Fig. Operating point at the centre of active region is most suitable. 
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 A good amplifier amplifies signals without introducing distortion.  Thus always the operating 
point is chosen as the mid point of the DC load line. 
 

��'�&�(��������
�

The maintenance of operating point stable is known as ‘������������	
��
�

 There are two factors which are responsible for shifting the operating point.  They are: 
 

i) The transistor parameters are temperature dependent. 
ii) When a transistor is replaced by another of same type, there is a wide spread in 

the values of transistor parameters. 
 

So, stabilization of the operating point is necessary due to the following reasons: 
  

i) Temperature dependence of IC. 

ii) Individual variations and 

iii) Thermal runaway. 
��)���������������������*�����
�
 The instability of IC is principally caused by the following three sources: 
 

i) The ICO doubles for every 10oC rise in temperature. 

ii) Increase of β with increase of temperature. 
 

iii) The VBE decreases about 2.5mV per oC increase in temperature. 
 
 

����+����&�+��������"��
�

 When a transistor is replaced by another transistor of the same type, the values of β and 
VBE are not exactly the same.  Hence the operating point is changed.  So it is necessary to stabilize 
the operating point irrespective of individual variations in transistors parameters. 
 
�%��)�&�����$�,�    
 

 Depending upon the construction of a transistor, the collector junction can withstand 
maximum temperature.  The range of temperature lies between 60oC to 100oC for ‘Ge’ transistor 
and 150oC to 225oC for ‘Si’ transistor.  If the temperature increases beyond this range then the 
transistor burns out.  The increase in the collector junction temperature is due to thermal runaway. 
 

 When a collector current flows in a transistor, it is heated i.e., its temperature increases.  If 
no stabilization is done, the collector leakage current also increases.  This further increases the 
transistor temperature.  Consequently, there is a further increase in collector leakage current.  The 
action becomes cumulative and the transistor may ultimately burn out.  The self�destruction of an 
unstabilized transistor is known as thermal runaway��
�

 The following two techniques are used for stabilization. 
 

- � 
��'�&�(���������%��.��"�  
 

The technique consists in the use of a resistive biasing circuit which permits such a 
variation of base current IB as to maintain IC almost constant in spite of ICO, β and VBE. 

 
/ � ��)���"���������%��.��"��
�

In this technique, temperature sensitive devices such as diodes, thermistors and 
sensistors etc., are used.  Such devices produce compensating voltages and current in such 
a way that the operating points maintained stable. 

�


��'�&��,�*�����"��
�

 Since there are three variables which are temperature dependent, we can define three 
stability factors as below: 
 

� � 
�� The stability factor ‘S’ is defined as the ration of change of collector current IC with 
respect to the reverse saturation current ICO, keeping β and VBE constant  
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i.e., 
I I
C CS

I I
CO CO

∂ ∂
= ≈

∂ ∂
VBE, β constant 

�� � 
0� The stability factor S’ is defined as the rate of change of IC with respect to VBE, 
keeping ICO and β constant i.e., 

 

   
'

I I
C CS

V V
BE BE

∂ ∂
= ≈

∂ ∂
ICO, β constant 

 

��� � 
00� The stability factor S’’ is defined as the rate of change of IC with respect to β, 
keeping ICO and VBE constant i.e., 

 

   
'

I I
C CS
β β

∂ ∂
= ≈

∂ ∂
ICO, VBE constant 

Ideally, stability factor should be perfectly zero to keep operating point stable. 
 

Practically, stability factor should have the value as minimum as possible. 
 
����+�������*�
��'�&��,�1�������
 ��
�

 For a common emitter configuration collector current is given as, 
 

    I I I
BC CEO

β= +  

          ( )1I I I
BC CO

β β⇒ = + +   ………….. (1) 

 

Differentiating equation (1) w.r.t. IC keeping β constant, we get 
 

                  ( )1 1
II
COB

I I
C C

β β
∂∂

= + +
∂ ∂

 

( )1 1
II
COB

I I
C C

β β
∂∂

⇒ − = +
∂ ∂

 

                            
1

1

I
C

II BCO
I
C

β

β

∂ +
⇒ =

∂∂
−

∂

 

                                  
1

1
I
B

I
C

S
β

β

+
⇒ =

∂
−

∂

  ………… (2) 

����'�����
0�����
00��
�

 In standard equation of IC, replace IB in terms of VBE to get S’. 
 

 Differentiating equation of IC w.r.t. β after replacing IB in terms of VBE to get S’’. 
 

 

2��%��"��*����"�����
�

Some of the methods used for providing bias for a transistor are as follows: 
 

1) Fixed bias (or) base resistor method. 

2) Collector to base bias (or) biasing with feedback resistor. 

3) Voltage divider bias.  
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- 3� 1�4���'��"���� �'�"����"�"����)��%����
 

 A CE amplifier used fixed bias circuit is shown in figure below: 
 

 
Fig. Fixed bias circuit. 

 In this method, a high resistance RB is connected between positive terminal of supply VCC 
and base of the transistor. Here the required zero signal base current flows through RB and is 
provided by VCC. 
 
 In figure, the base�emitter junction is forward biased because the base is positive w.r.t. 
emitter. By a proper selection of RB, the required zero signal base current (and hence IC=βIB) can 
be made to flow. 
 
��������	��&,"�"��
�

��"�����������
�

Consider the base�emitter circuit loop of the above figure. 
 

 Writing KVL to the loop, we obtain  
  

  0V I R V
B B BECC

− + + =  

           V I R V
B B BECC

⇒ = +  

                        
V V

BECCI
B R

B

−
⇒ =  

                               But I I I
BC CEO

β= +  

As ICEO is very small, I I
BC

β≈  

            
V V

BECCI
C R

B

β
−

∴ =
 
 
 
 

 

 

⇒  β, VCC, VBE are constant for a transistor  ∴ IC depends on RB. 

 

Choose suitable value of RB to get constant IC in active region. 
 

( )V V
BECC

R
B I

C

β−
∴ =   (or)  

V
CCR

B I
C

β
=   ( )V V

BE CC
<<�  

��&&���������������
�
 Consider the collector�emitter circuit loop of the circuit. 
 
 Writing KVL to the collector circuit, we get 
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� � 0V I R V
B BCC CE

− + + =  

           V V I R
CE CC C C

⇒ = −  
 


��'�&��,�*������
��
�

 The stability factor S is given by, 
1

1
I
B

I
C

S
β

β

+
=

∂
−

∂

 

We have  
V V

BECCI
B R

B

−
=  = constant 0

I
B

I
C

∂
∴ =

∂
 

1S β∴ = +  

If β=100 then S=101.  This shows that IC changes 101 times as much as any changes in 
ICO.  Thus IC is dependent upon ICO and temperature. 

 
The value of S is high and has very poor stability. 

�

��'�&��,�*������
0��
�

 We have ( )1I I I
BC CO

β β= + +  

         But 
V V

BECCI
B R

B

−
=   

          ( )1
V V

BECCI I
C COR

B

β β
−

∴ = + +
 
 
 
 

 

 Differentiating the above equation w.r.t. IC, 
 

We get  1
V

BE

R I
B C

β ∂
= −

∂
 

     
'S

R
B

β
⇒ = −  


��'�&��,�*������
00��
�

 We have ( )1I I I
BC CO

β β= + +  

   

 Differentiating the above equation w.r.t. β, 
 

We get  
I
C I I

B COβ

∂
= +

∂
 

  
''

I
CS
β

⇒ =   (�ICO is very small & 
I
CI

B β
= ) 

���'&�)��
�

1) Figure below shows a silicon transistor with β=100 and biased by base resistor method.  
Determine the operating point. 
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�
�

�&�������
�

Given VCC=10V, VBE=0.7V (Silicon transistor), β=100, RB=930kE. 
 

Applying KVL to base�emitter loop, 
V V

BECCV V I R I
BE B B BCC R

B

−
− = ⇒ =  

10 0.7
100

3
930 10

1
V V

BECCI I
BC R

B

mAβ β
− −

= = = =
×

   
       

  

 

Applying KVL to collector�emitter loop, 
 

  V V I R V V I R
CC CE C C CE CC C C

− = ⇒ = −  

  ( )3 3
10 1 10 4 10 6V

CE
V−⇒ = − × × × =  

 

∴Operating point is (6V, 1mA) 
�

/3� For the following circuit shown in figure below, find the operating point. 

  

�&�������
�
 DC equivalent of above circuit is shown below.��
�

�  KVL to base�emitter loop is  

  ( ) 0V I R V I I R
B B BE B ECC C

− + + + + =  

  I R I R I R V V
B B B E B B BECC

β+ + = −  
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( )1

V V
BECCI

B R R
B E

β

−
=

+ +
 

         

( )

20 0.7

3
430 51 10

40.1I
B

Aµ
−

∴ = =
+ ×

 

          2.01I I
BC

mAβ= =  

KVL to collector�emitter loop is 

  0V I R V I R
ECC C C CE C

− + + + =  

   ( )V V I R R
ECE CC C C

⇒ = − +  

     
3 3

20 2.01 10 (2 1) 10V
CE

−
= − × + ×     =20�6.03 =�-5367� 

∴ Operating point is�!��-5367�8�/39-)	 �

	�+������"��*�*�4���'��"����������

1. This is a simple circuit which uses very few components. 

2. The operating point can be fixed anywhere in the active region of the characteristics by 
simply changing the values of RB.  Thus, it provides maximum flexibility in the design. 

 
��"��+������"��*�*�4���'��"����������
�

1. With the rise in temperature the operating point if not stable. 

2. When the transistor is replaced by another with different value of β, the operating point 
with shift i.e., the stabilization of operating point is very poor in fixed bias circuit. 

 

Because of these disadvantages, fixed bias circuit required some modifications. In the modified 
circuit, RB is connected between collector and base.  Hence the circuit is called ‘collector to base’ 
bias circuit. 

 

/ 3� ��&&�����������"��'��"���� ����"����$��%�*���'��:���"�"�����
�
 A CE amplifier using collector to base bias circuit is shown in the figure. In this method, the 
biasing resistor is connected between the collector and the base of the transistor. 
 

                                         
Fig. Collector–to–Base bias circuit. 

 
��������	��&,"�"��
�

��"�����������

www.jntuworld.com

www.jntuworld.com

www.jwjobs.net

                  G F Harish Reddy,Department of ECE-MRITS 9

                  UNIT 2(PART 2)-Transistor biasing and stabilization

                  G F Harish Reddy,Department of ECE-MRITS 9



Department of Electronics and Communication Engineering                                                                                  UNIT�V �EDC 

___________________________________________________________________________ 

_____________________________________________________________________________________________________________ 

 

VARDHAMAN COLLEGE OF ENGINEERING, SHAMSHABAD, HYDERABAD 

188 

�
 Consider the base�emitter circuit, applying the KVL to the circuit we get, 
 

  ( ) 0V I I R I R V
B B B BECC C C

− + − − =  

            ( )V I R R I R V
B B BECC C C C

⇒ = + + +  

 

                                           
V V I R

BECC C CI
B R R

BC

− −
⇒ =

+
 …………….. (1) 

 But IC = βIB 

    
( )V I R V

BECC C C
I
C R R

BC

β − −
∴ =

+
 …………….. (2) 

 

��&&���������������

 Consider the collector�emitter circuit, applying the KVL to the circuit we get  
 

  ( ) 0V I I R V
BCC C C CE

− + + + =  

            ( )V V I I R
BCE CC C C

⇒ = − +   ……………. (3) 


��'�&��,�*������
��
�
 The stability factor S is given by,  
 

    
1

1
I
B

I
C

S
β

β

+
=

∂
−

∂

 

      We have  
V V I R

BECC C CI
B R R

B C

− −
=

+
 = constant 

 
 Differentiating the above equation w.r.t. IC we get   

 

RI
CB

I R R
BC C

∂
= −

∂ +
 

 

1

1

S
R

C

R R
BC

β

β

+
∴ =

+
+

  ……………… (4) 

 

 The stability factor S is smaller than the value obtained by fixed bias circuit.  Also ‘S’ can be 
made smaller by making RB small (or) RC large. 
 

�

��'�&��,�*������
0��
�
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 We have 
( )V V I R

BECC C C
I
C R R

BC

β − −
=

+
 

 

 Differentiating the above equation w.r.t. IC, 
 

We get   1
RV

CBE

R R I R R
B BC C C

β
β

∂
= − −

+ ∂ +
 

    1
R V

C BE

R R R R I
B BC C C

β
β

∂
+ = −

+ + ∂
 

           
R R R VBC C BE

R R R R I
B BC C C

β β+ + ∂
= −

+ + ∂
 

              
( )

'
1

S
R R

B C

β
β

⇒ = −
+ +

  ………………….. (5) 


��'�&��,�*������
00��
�

 We have 
( )V V I R

BECC C C
I
C R R

BC

β − −
=

+
 

   

 Differentiating the above equation w.r.t. β, 
 

We get   
I V V R I

BEC CC C CI
CR R R R

B BC C

β
β β

∂ − ∂
= − +

∂ + + ∂

 
 
 

 

      1
I R V V I R

BEC C CC C C

R R R R
B BC C

β
β

∂ − −
⇒ + =

∂ + +

 
 
  

 

      ( )1
I
C R R V V I R

B BEC CC C C
β

β

∂
⇒ + = − −

∂
 
   

                      
( )

''

1

V V I R
BECC C CS

R R
B C

β

− −
⇒ =

+ +
 

                    
( )

( )
''

1

I R R
BC CS

R R
B C

β

+
⇒ =

+ +
  ……………… (6) 

���'&�)"��

53� An N�P�N transistor with β=50 is used in a CE circuit with VCC=10V, RC=2kE.  The bias is 
obtained by connecting a 100kE resistance from collector to base.  Assume VBE=0.7V.  Find 

  i) the quiescent point and  
  ii) Stability factor ‘S’ 
�


�&��������
�

 i) Applying KVL to the base circuit, 
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  ( )V I I R I R V
B B B BECC C C

+ + +=  

         ( )V I R R I R V
B B BECC C C C

⇒ = + + +  

 

  
V V I R

BECC C CI
B R R

BC

− −
∴ =

+
   

( )V V I R
BECC C C

I
C R R

BC

β − −
∴ =

+
          

          
( )3

50 10 0.7 2 10

3
102 10

I
C

I
C

−
− − ×

∴ =
×

 2.3
C

I mA⇒ =  

Applying KVL to the collector circuit, 

 ( )V I I R V
BCC C C CE

+ +=   ( )V V I I R
BCE CC C C

∴ += −  

                                               ( )6 3 3
10 46 10 2.3 10 2 10

− −
= − × + × × ×    

          5.308V V
CE

⇒ =     ∴The quiescent point is��;359<�8�/35)	 �

ii) Stability factor, S: 

  
1

1

S
R

C

R R
BC

β

β

+
=

+
+

 

  
51

25.75
320 10

1 50
3102 10

S
 
 
 
 

⇒ = =
×

+
×

 

=3 A transistor with β=45 is used with collector to base resistor RB biasing with quiescent value of 
5V for VCE.  If VCC=24V, RC=10kE, RE=270E, find the value of RB. 

 


�&�������
�

 Applying KVL to collector and emitter loop, we have 
 

 0V I R V I R
E ECC C C CE

− − − =  

 ( )V V I R I I R
B ECC CE C C C

⇒ − = + +  

 ( )1V V R R I
E BCC CE C

β β⇒ − = + + 
   

        
( )1

V V
BECCI

B R R
EC

β β

−
⇒ =

+ +
 

24 5

45 10 50 0.27

−
=

× + ×
 

�� �������������������������������������>939=-�)	�

Further, 0V I R I R V I R
B B BE E ECC C C

− − − − =  

 ( )1V V R I I R R I
BE B B B E BCC C

β β⇒ − = + + + ` 

      24 0.7 45 10 50 0.27I R
B B

⇒ − = × + + ×             23.3 450 12.420.041 R
B

⇒ = + + 
   
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           105.87
B

R K∴ = Ω  

5 3� ��&�������+��������"���� �
�&*����"���� �?)���������"��
�

 The voltage divider bias circuit is shown in figure. 
 

 
Fig. Voltage divider bias circuit. 

In this method, the biasing is provided by three resistors R1, R2 and RE.  The resistors R1 
and R2 acts as a potential divider giving a fixed voltage to the base. 
  

If collector current increases due to change in temperature (or) change in β, the emitter 
current IE also increases and the voltage drop across RE increases, reducing the voltage difference 
between base and emitter (VBE). 
 

 Due to reduction in VBE, base current IB and hence collector current IC is also reduces. 
Therefore, we can say that negative feedback exists in the emitter bias circuit.  This reduction in 
collector current IC components for the original change in IC. 
 
��������	��&,"�"�   
 

 Let current flows through R1.  As the base current IB is very small, the current flowing 
through R2 can also be taken as I.   
 

 The calculation of collector current IC is as follows: 

 The current ‘I’ flowing through R1 (or) R2 is given by 

1 2

V
CCI

R R
=

+
 …………………… (1) 

 The voltage V2 developed across R2 is given by,         
2 2

1 2

V
CCV R

R R
=

+

 
 
 
 

………….……. (2) 

��"�����������
�

 Applying KVL to the base circuit, we have  
 

 
2

V V V V I R
BE E BE E E

= + = +            
2

V V I R
BE EC

⇒ = +       ( )I I
E C

≈�  

        2
V V

BEI
C R

E

−
∴ =  …………….. (3) 

Hence IC is almost independent of transistor parameters and hence good stabilization is 
ensured. 

 

��&&���������������
 

Applying KVL to the collector circuit, we have 
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V I R V I R
E ECC C C CE

= + +           V I R V I R
ECC C C CE C

⇒ = + +        ( )I I
E C

≈�  

                 ( )V V I R R
ECE CC C C

⇒ = − +  ………………. (4) 

 

�����������&,"�"��"�����%�+����0"��%����)��
�

 The Thevenin equivalent circuit of voltage�divider bias is as shown below:  
 

 
 

 
Fig. Simplified equivalent circuit. 

 
From above figure we have,   
 

 2
2

1 2

R
V V V

CCTh R R
= =

+

 
 
 
 

    ………………… (5) 

 

 1 2
1 2

1 2

R R
R R R

Th R R
= =

+
�    ………………… (6) 

 
Applying KVL to the base�emitter circuit, we have  

 

  ( )V I R V I I R
B BE B ECTh Th

= + + +   ……………….. (7) 

 
 Applying KVL to the collector�emitter circuit, we have 
 

  ( )V V I R R
ECE CC C C

= − +  ( )I I
BC

>>�  
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       ………….…….. (8) 
From equation (8), we have 
 

 
V V

CC CEI
C R R

EC

−
∴ =

+
 

Substituting this value of IC in equation (7), we have 
 

 
V V

CC CEV I R V R I
B BE E BTh Th R R

EC

−
= + + +

+

 
 
  

 

(or) 
R V R V

E ECC CEV I R V R I
B BE E BTh Th R R R R

E EC C

= + + + −
+ +

 

 

From equation (9) we can calculate the value of collector voltage VCE for each value of IB. 
 


��'�&��,�*�������
 ��
�

 For determining stability factor ‘S’ for voltage divider bias, consider the Thevenin’s 
equivalent circuit. 
 Hence, Thevenin’s equivalent voltage VTh is given by 

  2

1 2

R
V V

CCTh R R
=

+
 

 

and the R1 and R2 are replaced by RB which is the parallel combination of R1 and R2. 
 

1 2

1 2

R R
R

B R R
∴ =

+
 

Applying KVL to the base circuit, we get  ( )V I R V I I R
B B BE B ECTh

= + + +  

 
Differentiating w.r.t. IC and considering VBE to be independent of IC we get, 
 

( )0
I I
B BR R R

B E EI I
C C

∂ ∂
= × + +

∂ ∂
   

 

( )
I
B R R R

E B EI
C

∂
∴ + = −

∂
  

I R
B E

I R R
E BC

∂ −
∴ =

∂ +
 

 
 

We have already seen the generalized expression for stability factor ‘S’ given by  
 

 
1

1

S
I
B

I
C

β

β

+
=

∂
−

∂

 

Substituting value of 
IB

I
C

∂

∂
in the above equation, we get 
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1

1

S
R

E

R R
E B

β

β

+
∴ =

+
+

 
  
 

 

 

 
( )( ) ( )( )

( )

1 1

1

R R R R
E B E B

S
R R R R R

B E E B E

β β

β β

+ + + +
⇒ = =

+ + + +
 

 ( )

1

1

1

R
B

R
ES
R

B

R
E

β

β

+

= +

+ +

 
 
 
 
  
 

 

The ratio 
RB

RE

controls value of stability factor ‘S’. 

 

If 1
R

B

R
E

<<  then above equation reduces to ( )
1

1 1
1

S β
β

= + =
+

 
 
 

 

 

Practically 0
R

B

R
E

≠   But to have better stability factor ‘S’, we have to keep ration 
R

B

R
E

as 

small as possible. 
 
Stability factor ‘S’ for voltage divider bias (or) self bias is less as compared to other biasing 

circuits studied.  So, this circuit is most commonly used. 
 

��'�&��,�*�������
0 ��
�

 Stability factor S’ is given by  '
I
CS

V
BE

∂
=

∂
ICO, β constant 

It is the variation of IC with VBE when ICO and β are considered constant. 
 

We know that,  ( )1I I I
BC CO

β β= + +  

  
( )1I I

C COI
B

β

β

− +
=  

  and ( )V I R V I I R
B B BE B ECTh

= + + +  

   ( )V V R R I R I
BE E B B E CTh

= − + −  

 

By substituting IB in the above equation, we get   

( )
( )1I I

C COV V R R R I
BE E B E CTh

β

β

− +
= − + −

 
  
 

 

 

        
( ) ( )( )1R R I R R I

E B E BC CO
V R I

E CTh

β

β β

+ + +
= − −+  
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( ) ( ) ( )11 R R IR R I

E BE B COC
V V

BE Th

ββ

β β

+ ++ +
⇒ = − +

  
 

 

Differentiating the above equation w.r.t VBE with ICO and β constant, we get 
 

  
( )1

1 0 0
IR R
CB E

V
BE

β

β

∂+ +
= − +

∂

 
 
  

 

   

  
( )1

I
C

V R R
BE B E

β

β

∂ −
⇒ =

∂ + +
 

   

  
( )1

'S
R R

B E

β

β

−
∴ =

+ +
 

�


��'�&��,�1������
00��

 Stability factor S’’ is given by  ''
I
CS
β

∂
=

∂
ICO, VBE constant 

 

We have,  
( ) ( )( )11 R RR R I

E BB E C
V V I

BE COTh

ββ

β β

+ ++ +
= − +

     
 
 

 

                 
( )1

'
R R I

B E C
V V

Th

β

β

+ +
= − +

  
 

 

          Where 
( )( )

( )
1

'
R R

E B
V I R R I

E BCO CO

β

β

+ +
= = +
 
 
 
 

 ( )1β >>�  

Therefore, we write the above equation in terms of IC, we get 
 

      
( )1

'V V V
BETh

I
C R R

B E

β

β

+ −
=

+ +

 
 

    

 

Differentiating above equation w.r.t. taking V’ independent of β, we get, 
 

( )( )
( )

1 '

2
1

'R R V V V V V V RI B E BE BE ETh ThC

R R
B E

β β

β
β

+ + + − − + −∂
=

∂
+ +

 
 

 
 

 

 

Multiplying numerator and denominator by (1+β) we get, 
 

   
( )( )( )

( ) ( ) ( )

1

1 1 1

'R R V V VI B E BEThC

R R R R
B E B E

β

β β β β

+ + + −∂
=

∂ + + + + +   
   

 

  

       
( )

( ) ( )1 1

'S V V V
BETh

R R
B E

β β

+ −
=

+ + + 
 

 
( )( )

( )

1

1

R R
B E

S
R R

B E

β

β

+ +
=

+ +

  
 

    

�   

 

Multiplying numerator and denominator by β, we get 
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( )

( ) ( ) ( )11 1

'V V V SI I SBEThC C

R R
B E

β

β β ββ β β

+ −∂
= =

∂ ++ + + 
 

  

     

 
( )

( )1

'V V V
BETh

I
C

R R
B E

β

β

+ −
=

+ +

 
 
  

  

�        
( )1

"
I I S
C CS
β β β

∂
=

∂ +
∴ =  where 

1

1

S
R

E

R R
E B

β

β

+
=

+
+

 
  
 

. 

���'&�)"��
�

;3� For the circuit shown in figure, determine the value of IC and VCE.  Assume VBE=0.7V and 
β=100 


�&�������  

3
5 101 10

3 3
10 10 5 101 2

3.33
R

V V
B CCR R

V
×

= = × =
+ × + ×

  

 

  We know that 3.33 0.7 2.63V V V
E B BE

V= − = − =  

    and 
2.63

500
5.26

V VEI
E R

E

mA= = =  

  We know that 

3
2.63 10

52.08
1 101

I
EI A

B
µ

β

−
×

= = =
+

 

      and IC=βIB=100x52.08x10�6 = ;3/9<)	      
 Applying KVL to the collector circuit we get 
 

0V I R V I R
E ECC C C CE

− −− =  

 

      V V I R I R
E ECE CC C C

⇒ = − −  =10�5.208x10�3x1x103� 5.26x10�3x500            

  2.162V V
CE

⇒ =  

 
@3� In the circuit shown, if IC=2mA and VCE=3V, Calculate R1 and R3. 
 
  
�
�

�
�
�
�
�
�

�
�
�
�
�

�&�������
 
From collector circuit, 
 

15 = ICR3 + VCE + IER4   

   =  2x10 � 3 xR 3 +3 +(1 +β ) I B x500  
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3
2 103

12 2 10 101 500
3 100

R

−
×−⇒ = × × + × ×  

5.495
3

R k⇒ = Ω  

From Base circuit, 2
2

1 2

R
V V

CCR R
=

+
 

    

3
10 10

15
2 3

10 10
1

V
R

−
×

⇒ = ×
−

+ ×
 

     But,  ( )0.6 0.6 1
2 4 4

V V V I R I R
BE E E B

β= + = + = + +  

       

3
2 10

0.6 101 500 1.61
2 100

V V

−
×

⇒ = + × × =  

 

3
1 10

1.61 15
3

10 10
1

R

−
×

∴ = ×
−

+ ×
 

 
3 3

10 10 93.17 10
1

R
−⇒ + × = ×  

 83.17
1

R k⇒ = Ω  

73� For the circuit shown below, calculate VE, IE, IC and VC.  Assume VBE=0.7V. 
�


�&�������
�

From Base circuit, 
 

4 0.7V V V
BE E E

= + = +  

3.3V V
E

⇒ =  

3.3I R
E E

=  

3.3
1

3
3.3 10

I mA
E

⇒ = =
×

 

But IE=IB+IC = (1+β)IB 
 
Assume β=100,  

1
0.0099

101

mA
I mA
B

⇒ = =  

 IC=βIB = 100x0.0099mA =�9366)	�
�

From Collector circuit, 
 

 10 100 0.99 4.7 5.347V I R mA K
C C C

V= − = − × Ω =  

�

���"���)���"���������%��.��"��
�
 The biasing circuits provide stability of operating point in case variations in the transistor 
parameters such as ICO, VBE and β. 
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 The stabilization techniques refer to the use of resistive biasing circuits which permit IB to 
vary so as to keep IC relatively constant. 
 
 On the other hand, compensation techniques refer to the use of temperature sensitive 
devices such as diodes, transistors, thermistors, sensistors etc., to compensate for the variation in 
currents. Sometimes for excellent bias and thermal stabilization, both stabilization as well as 
compensation techniques are used. 
 
 The following are some compensation techniques: 
 

1) Diode compensation for instability due to VBE variation. 
2) Diode compensation for instability due to ICO variation. 
3) Thermistor compensation. 
4) Sensistor compensation. 

 
- � ��������)���"������*�����"��'�&��,����������?�+����������

�
 For germanium transistor, changes in ICO with temperature contribute more serious 
problem than for silicon transistor. 
 
 On the other hand, in a silicon transistor, the changes of VBE with temperature possesses 
significantly to the changes in IC. 
 
 A diode may be used as compensation element for variation in VBE (or) ICO. 
 
 The figure below shows the circuit of self bias stabilization technique with a diode 
compensation for VBE.  The Thevenin’s equivalent circuit is shown in figure. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
           Fig. Self bias with stabilization and compensation Fig. Thevenin’s equivalent circuit   
 
 The diode D used here is of the same material and type as the transistor. Hence the 
voltage VD across the diode has same temperature coefficient (�2.5mV/oC) as VBE of the transistor. 
The diode D is forward biased by the source VDD and resistor RD. 
 
Applying KVL to the base circuit, we get 
 

  0V I R V I R V
B BE E E DTh Th

− + + + − =  
 

  ( )V V V I R R I I
BE D B E E CTh Th

⇒ − + = + +  …………………. (1) 

 

But ( )1I I I
BC CO

β β= + +    ………………... (2) 

 

From equation (1), we get  
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  ( )V V V R I R R I
BE D E E BCTh Th

− + = + +  

 

Substituting the value of IB from equation (2), we get 
 

  ( )
( )1I I

C COV V V R I R R
BE D E ECTh Th

β

β

− +
− + = + +

 
  
 

 

( ) ( ) ( ) ( )1V V V R I R R I I R R
BE D E E EC C COTh Th Th

β β β⇒ − + = + + − + +

( ) ( ) ( ) ( )( )1 1V V V I R R I R R
BE D E ECO CTh Th Th

β β β⇒ − + = + + = + +  

( ) ( ) ( )
( )

1

1

V V V I R R
BE D ECOTh Th

I
C R R

ETh

β β

β

− + = + +
⇒ =

+ +
 …………… (3) 

 
Since variation in VBE with temperature is the same as the variation in VD with temperature, 

hence the quantity (VBE�VD) remains constant in equation (3).  So the current IC remains constant 
in spite of the variation in VBE. 

 
/ � ��������)���"������*�����"��'�&��,������������+����������
�
 Consider the transistor amplifier circuit with diode D used for compensation of variation in 
ICO.  The diode D and the transistor are of the same type and same material. 
 
 
 

 
In this circuit diode is kept in reverse biased condition. 
 
 The reverse saturation current IO of the diode will increase with temperature at the same as 
the transistor collector saturation current ICO. 
 

 From figure 
V V V

BECC CC
I

R R

−
= ≈  = constant. 

 

 The diode D is reverse biased by VBE. So the current through D is the reverse saturation 
current IO.  Now base current IB=I�IO 
 

But ( )1I I I
BC CO

β β= + +  ����
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� � ������� ( ) ( )1I I I I
C O CO

β β⇒ = − + +  

 

         If β>>1, I I I I
C O CO

β β β≈ − +  

 

In the above expression, I is almost constant and if IO of diode D and ICO of transistor track 
each other over the operating temperature range, then IC remains constant.�
 

 
5 � �%��)�"������)���"�������
�

 This method of transistor compensation uses temperature sensitive resistive elements, 
thermistor rather than diodes (or) transistors: 
 
 It has a negative temperature coefficient, its resistance decreases exponentially with 
increasing temperature as shown in the figure. 

           Slope of this curve 
R

T

T

∂
=

∂
 

     
R

T

T

∂

∂
 is the temperature coefficient for thermistor, and                       

      the slope is negative.  So we can say that thermistor   
      has negative temperature coefficient of resistance.  

 
 
 
 
 

 
Figure below shows thermistor compensation technique. 

 
As shown in figure, R2 is replaced by thermistor RT in self bias circuit. 

 

 
 

Fig. Thermistor compensation technique. 
 

 With increase in temperature, RT decreases. Hence voltage drop across it also decreases.  
This voltage drop is nothing but the voltage at the base with respect to ground.  Hence, VBE 
decreases which reduces IB. This behavior will tend to offset the increase in collector current with 
temperature. 

 We know, ( )1I I I
BC CO

β β= + +  
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 In this equation, there is increase in ICBO and decreases in IB which keeps IC almost 
constant. 
 Consider another thermistor compensation technique shown in figure. Here, thermistor is 
connected between emitter and VCC to minimize the increase in collector current due to change in 
ICO, VBE (or) β with temperature. 
 

 
 

Fig. Thermistor compensation technique. 
 

 IC increase with temperature and RT decreases with increase in temperature. Therefore, 
current flowing through RE increases, which increases the voltage drop across it.  Emitter to Base 
junction is forward biased.  But due to increase in voltage drop across RE, emitter is made more 
positive, which reduces the forward bias voltage VBE. Hence, base current reduces.    

IC is given by, ( )1I I I
BC CO

β β= + +  

 As ICBO increases with temperature, IB decreases and hence IC remain fairly constant. 
 
= � 
��"�"������)���"�������
�

 This method of transistor compensation uses sensistor, which is temperature sensitive 
resistive element. 
 Sensistor has a positive temperature coefficient, i.e., its resistance increases exponentially 
with increasing temperature. 

Slope of this curve 
R

T

T

∂
=

∂
 

R
T

T

∂

∂
 is the temperature coefficient for sensistor, and the 

slope is positive.   
 
So we can say that sensistor has positive temperature 
coefficient of resistance.  

 
      

As shown in figure R1 is replaced by sensistor RT in self bias 
circuit.  

 
As temperature increases, RT increases which decreases the current flowing through it. Hence 
current through R2 decreases which reduces the voltage drop across it.   
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Fig. Sensistor compensation technique. 
 

As voltage drop across R2 decreases, IB decreases. It means, when ICBO increases with 
increase in temperature, IB reduces due to variation in VBE, maintaining IC fairly constant. 

 
�
�%��)�&�����$�,��
�
 The collector current for the CE circuit is given by  

    ( )1I I I
BC CO

β β= + +  
 

 The three variables in the equation, β, IB and ICO increase with rise in temperature.  In 
particular, the reverse saturation current (or) leakage current ICO changes greatly with 
temperature.  Specifically, it doubles for every 10oC rise in temperature. 
 

 The collector current IC causes the collector�base junction temperature to rise which, in 
turn, increase ICO, as a result IC increase still further, which will further rise the temperature at the 
collector�base junction.  This process is cumulative and it is referred to as self heating. 
 

 The excess heat produced at the collector�base junction may even burn and destroy the 
transistor.  This situation is called “Thermal Runaway” of the transistor. 
 
�%��)�&���"�"�������
�

 Transistor is a temperature dependent device. 
 

 In order to keep the temperature within the limits, the heat generated must be dissipated 
to the surroundings. 
 

 Most of the heat within the transistor is produced at the collector junction. 
 

 If the temperature exceeds the permissible limit, the junction is destroyed. 
 

 For Silicon transistor, the temperature is in the range 150oC to 225oC.      
 

 For Germanium, it is between 60oC to 100oC. 
 

 Let TA
oC be the ambient temperature i.e., the temperature of surroundings air around 

transistor and Tj
oC, the temperature of collector�base junction of the transistor. 

 

 Let PD be the power in watt dissipated at the collector junction. 
 

www.jntuworld.com

www.jntuworld.com

www.jwjobs.net

                  G F Harish Reddy,Department of ECE-MRITS 24

                  UNIT 2(PART 2)-Transistor biasing and stabilization

                  G F Harish Reddy,Department of ECE-MRITS 24



Department of Electronics and Communication Engineering                                                                                  UNIT�V �EDC 

___________________________________________________________________________ 

_____________________________________________________________________________________________________________ 

 

VARDHAMAN COLLEGE OF ENGINEERING, SHAMSHABAD, HYDERABAD 

203 

 The steady state temperature rise at the collector junction is proportional to the power 
dissipated at the junction.  It is given by 

  T T T Pj DA
θ∂ = − =   Where θ = constant of proportionality 

 The θ, which is constant of proportionality, is referred to as thermal resistance. 

  

T Tj A

P
D

θ
−

=  

 The unit of θ, the thermal resistance, is oC/watt. 
 

 The typical values of θ for various transistors vary from 0.2oC/watt for a high power 
transistor to 1000 oC/watt for a low power transistor. 
 

#����
��:��
�

 As power transistors handle large currents, they always heat up during operation. 
  

 The metal sheet that helps to dissipate the additional heat from the transistor is known as 

������	���The heat sink avoids the undesirable thermal effect such as thermal runaway. 
 

 The ability of heat sink depends on the material used, volume, area, shape, constant 
between case and sink and movement of air around the sink. 
 

�%������������*����%��)�&�
��'�&��,��
�

 As we know, the thermal runaway may even burn and destroy the transistor, it is necessary 
to avoid thermal runaway. 
 

 The required condition to avoid thermal runaway is that the rate at which heat is released 
at the collector junction must not exceed the rate at which the heat can be dissipated.  It is given 

by   
P P
C D

T Tj j

∂ ∂
<

∂ ∂
  ………………(1) 

 But we know, from thermal resistance 

   T T Pj DA
θ− =  …………….. (2) 

 Differentiating equation (2) w.r.t. Tj we get 

  1
P
D

Tj

θ
∂

=
∂

 

  
1P

D

Tj θ

∂
⇒ =

∂
  ………………. (3) 

Substituting equation (3) in equation (1), we get 

  
1P

D

T
j

θ

∂
∴ <

∂
  ……………… (4) 

 This condition must be satisfied to prevent thermal runaway. 
 

 By proper design of biasing circuit it is possible to ensure that the transistor cannot 
runaway below a specified ambient temperature (or) even under any condition. 
 

 Let us consider voltage divider bias circuit for the analysis. 
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Fig. Voltage divider bias circuit. 
 

From fig., PC   = heat generated at the collector junction. 
= DC power input to the circuit – the power lost as I2R  
   in RC and RE. 

 If we consider I I
EC

≅ we get 

  ( )2
P V I I R R

EC CC C C C
= − +  ……………….. (6) 

 Differentiating equation (6) w.r.t IC we get 

  ( )2
P
C

V I R R
ECC C CI

C

∂
= − +

∂
  ……………….. (7) 

 From equation (4) 

  
1

.
P I
C C

I T jC
θ

∂ ∂
<

∂ ∂
    ……………….. (8) 

 In the above equation 
I
C

Tj

∂

∂
can be written as  

' "
I I V
C CO BE

S S S
T T T Tj j j j

β∂ ∂ ∂ ∂
= + +

∂ ∂ ∂ ∂
 ………………. (9) 

 Since junction temperature affects collector current by affecting ICO, VBE, and β.  But as we 
are doing analysis for thermal runaway the affect of ICO dominates.  Thus we can write 

   
I I
C CO

S
T Tj j

∂ ∂
=

∂ ∂
 …………………….. (10) 

As the reverse saturation current for both Silicon and Germanium increases about 7 
percent per oC, we can write 
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0.07
I
CO

I
COTj

∂
=

∂
   ……………………. (11) 

 Substituting equation (11) in equation (10), we get 

  0.07
I
C

S I
COTj

∂
= ×

∂
   ……………………. (12) 

 Substituting equations (7) and (12) in equation (8), we get 

 ( ) ( )( ) 1
2 0.07V I R R S I

ECC C C CO θ
− + < 

 
  ………………….. (13) 

As S, ICO and θ are positive; we see that the inequality in equation (13) is always satisfied 
provided that the quantity in the square bracket is negative.   

( )2V I R R
ECC C C

∴ < +  

( )
2

V
CC

I R R
EC C

⇒ < +    ……………….. (14) 

Applying KVL to the collector circuit of voltage divider bias circuit          we get, 

( )V V I R R
ECE CC C C

= − +   ( )I I
EC

≅�  

( )I R R V V
EC C CC CE

∴ + = −  

Substituting the value of ( )I R R
EC C

+ in equation (14), we get 

 
2

V
CC

V V
CC CE

⇒ = −  

 
2

V
CC

V V
CC CE

⇒ < −  

 
2

V
CC

V
CE

⇒ <  

Thus if 
2

V
CC

V
CE

< , the stability is ensured. 
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FIELD EFFECT TRANSISTOR 
 

Introduction: 
 

 The filed effect transistor (abbreviated as FET) is a three terminal uni-polar semiconductor 

device in which current is controlled by an electric field. As current conduction is only by majority 

carriers, FET is said to be a uni-polar device. 
 

 Based on the construction, the FET can be classified into two types as: 
 

  a) Junction Field Effect Transistor (JFET) 

  b) Metal Oxide Semiconductor Field Effect Transistor (MOSFET) or   

            Insulated Gate Field Effect Transistor (IGFET) 
 

 Depending upon the majority carriers, JFET has been classified into two types, namely, 
 

(1) N-Channel JFET with electrons as the majority carriers, and 

(2) P-Channel JFET with holes as the majority carriers. 

 

Construction of N-Channel JFET: 
 

 It consists of a N-type bar which is made of Silicon. Ohmic contacts (terminals), made at 

the two ends of the bar, are called Source and Drain. 
 

Source (S) : This terminal is connected to the negative pole of the battery.  Electronics which 

are the majority carriers in the N-type bar enter the bar through this terminal. 
 

Drain (D)   : This terminal is connected to the positive pole of the battery.  The majority carriers 

leave the bar through this terminal.  
 

Gate (G)    : Heavily doped P-type silicon is diffused on both sides of the N-type silicon bar by 

which PN junctions are formed.  These layers are joined together are called Gate 

(G). 
 

Channel     : The region BC of the N-type bar between the depletion regions is called the 

Channel.  Majority carriers move from the source to drain when a potential 

difference VDS is applied between the source and drain. 

 
FIG. JFET construction 

 

Structure and symbol of n-channel JFET: 
 

The structure and symbol of n-channel JFET are shown in figure below. 
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 The electrons enter the channel through the terminal called ‘source’ and leave through the 

terminal called ‘drain’.  The terminals taken out from heavily doped electrodes of p-type material 

are called ‘gates’.  Usually, these electrodes are connected together and only one terminal is taken 

out, which is called ‘gate. 

 

Structure and Symbol of P-Channel JFET: 

 

 
  

The structure and symbol of P-Channel JFET is shown in the figure. The device could be made of P-

type bar with two N-type gates as shown in the figure.  Then this will be P-Channel JFET is similar; 

the only difference being that in N-Channel JFET the current is carried by the electrons while in P-

Channel JFET, it is carried by holes. 

 

Operation of N-Channel JFET: 
 

 The operation of N-Channel JFET can be understood with the help of figure below. 
 

 
Fig. Operation of FET. 

 

 Before considering the operation, let us consider that how the depletion layers are formed. 

Let us first suppose that the gate has been reverse-biased by gate battery VGG and the drain 

battery VDD  is not connected. 
 

When VGS=0 and VDS=0:  
 

When no voltage is applied between drain and source, and gate and source, the thickness 

of the depletion regions round the P-N junction is uniform as shown in figure below.   
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When VDS=0 and VGS is decreased from zero: 
 

In this case, the P-N junctions are reverse-biased and hence the thickness of the depletion 

region increases.  As VGS is decreased from zero, the reverse bias voltage across the P-N junction is 

increased and hence, the thickness of the depletion region in the channel increases until the two 

depletion regions make contact with each other.  In this condition, the channel is said to be cut-off.  

The value of VGS which is required to cut-off the channel is called the cut-off voltage VC. 
 

When VGS=0 and VDS is increased from zero:  

 

Drain is positive with respect to the source.  Now the majority carriers (electrons) flow 

through the N-Channel from source to drain.  Therefore the conventional current ID flows from 

drain to source.  The magnitude of the current will depend upon the following factors: 
 

1. The conductivity of the channel. 

2. The length of the channel. 

3. The cross sectional area ‘A’ of the channel. 

4. The magnitude of the applied voltage VDS.  

 Thus the channel acts as a resistor of resistance ‘R’ is given by, 
L

R =
A

ρ
 

DS DS

D

V AV
I = =

R ρL
 

 Where ‘ρ’ is the resistivity of the channel.  As VDS increases, the reverse voltage across the 

P-N junction increase and hence the thickness of the depletion region also increases.  Therefore, 

the channel is wedge shaped as shown in fig. below.  
 

 
As VDS is increase, at a certain value VP of VDS, the cross sectional area of the channel 

becomes minimum.  At this voltage, the channel is said to be pinched off and the drain voltage VP 

is called the pinch-off voltage. 
 

 As a result of the decreasing cross-section of the channel with the increase of VDS, the 

following results are obtained. 
 

 

 
Fig. Drain characteristics. 
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i) As VDS is increased from zero, ID increases linearly along OP, this region from VDS=0 to 

VDS=VP is called the ohmic region.  In this region, the FET acts as a voltage variable resistor 

(VVR) or voltage dependent resistor (VDR). 

 

ii) When VDS=VP, ID becomes maximum.  When VDS is increased beyond VP, the length of the 

pinch-off (or) saturation region increases.  Hence, there is no further increase of ID. 

 

iii) At a certain voltage corresponding to the point B, ID suddenly increases.  This effect is due 

to the Avalanche multiplication of electrons caused by breaking of covalent bonds of silicon 

atoms in the depletion region between the gate and the drain.  The drain voltage at which 

the breakdown occurs is denoted by BVDGO. 

 

When VGS is negative and VDS is increased:   

 

When the gate is maintained at a negative voltage less than the negative cut-off voltage, 

the reverse voltage across the junction is further increased.  Hence for a negative value of VGS, the 

curve of ID versus VDS is similar to that for VGS=0, but the values of VP and BVDGO are lower. 

 

The drain current ID is controlled by the electric field that extends into the channel due to 

reverse biased voltage applied to the gate, hence, this device has been given the name Field Effect 

Transistor. 

 

Characteristics Parameters of the JFET: 
 

 In a JFET, the drain current ID depends upon the drain voltage VDS and the gate voltage 

VGS.  Any one of these variables may be fixed and the relation between the other two is 

determined.  These relations are determined by the three parameters which defined below. 

 

1) Mutual Conductance (or) transconductance, gm: 
 

 It is the slope of the transfer characteristic curves, and is defined by,   
 

 

DS

I
Dgm

V
DS V

 ∂
 =
 ∂
 

=  
I
D

V
GS

∆

∆
, VDS held constant 

  

2) Drain resistance, rd :  
 

 It is the reciprocal of the slope of the drain characteristics and is defined as,   

 

 

GS

V
DSr

d I
D V

 ∂
 =
 ∂ 

=  
V

DS

I
D

∆

∆
, VGS held constant 

 The reciprocal of rd is called the drain conductance.  It is denoted gd (or) gm. 
 

3) Amplification Factor, µ: 

 

 It is defined by, 

 

D

V
DS

V
GS I

µ
 ∂
 =
 ∂
 

− =  
V

DS

V
GS

∆

∆
− , ID held constant. 

 

Relationship among FET parameters: 
 

 As ID on VDS and VGS, the functional equation can be expressed as  
 

 ID = f (VDS, VGS)  D

GS DS

I I
D DI V V

DS GSV V
DS GSV V

   ∂ ∂
   ∆ = ∆ + ∆
   ∂ ∂
   
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D

GS DS

VI II DSD D

V V V V
GS DS GS GSV V

     ∆∂ ∂∆
     = +
     ∆ ∂ ∆ ∂
     

 

  If ID is constant, then 
DI

V
GS

∆

∆
=0 

 

Therefore, we have      0

GS DS

VI I
DSD D

V V V
DS GS GSV V

     ∆∂ ∂
     = +
     ∂ ∆ ∂
     

 

                                       
1

0 ( ) gmr
d

µ
 
 
 
 

⇒ = − +  

                       Hence, r gmd
µ = ×  

                 g rm d
µ⇒ =  

 

Expression for Saturation Drain Current: 
 

     

2

1 GS
DS DSS

P

V
I I

V

 
 
 
 

= −  

 

  IDS  =   saturation Drain Current. 

  IDSS  =   the value of IDS when VGS=0. 

  VP  =   the pinch-off voltage. 

 

Comparison of JEFT and BJT 
 

1. FET operation depends only on the flow of majority carriers – holes for p-channel FET’s and 

electrons for N-channel FET’s.  Therefore, they are called Uni-Polar devices.  Bipolar 

transistor (BJT) operation depends on both minority and majority current devices. 
 

2. As FET has no junctions and the conduction is through an N-type (or) P-type semiconductor 

material, FET is less noisy than BJT. 
 

3. As the input circuit of FET is reverse biased, FET exhibits a much higher input impedance 

(in the order of 100MΩ) and lower output impedance and there will be a high degree of 

isolation between input and output. So, FET can acts as an excellent buffer amplifier but 

the BJT has low input impedance because its input circuit is forwards biased. 
 

4. FET is a voltage controlled device, i.e., voltage at the input terminal controls the output 

current, whereas BJT is a current controlled device, i.e., the input current controls the 

output current. 
 

5. FET’s are much easier to fabricate and are particularly suitable for IC’s because they occupy 

less space than BJT’s. 
 

6. The performance of BJT is degraded by neutron radiation because of the reduction in 

minority-carrier life time, whereas FET can tolerate a much higher level of radiation since 

they do not rely on minority carriers for their operation. 
 

7. The performance of FET is relatively unaffected by ambient temperature changes.  As it has 

a negative temperature co-efficient at high current levels, it prevents the FET from thermal 

breakdown.  The BJT has a positive temperature co-efficient at high current levels which 

leads to thermal breakdown. 
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8. Since FET does not suffer from minority carrier storage effects, it has higher switching 

speeds and cut-off frequencies.  BJT suffers from minority carrier storage effects and 

therefore has lower switching speed and cut-off frequencies. 
 

9. FET amplifiers have low gain bandwidth product due to the junction capacitive effects and 

produce more signal distortion except for small signal operation. 
 

10. BJT‘s are cheaper to produce than FET’s. 
 

 

 

Comparison of N-channel with P-Channel FET’s 
 

1. In an N-channel JFET the current carriers are electrons, whereas the current carriers are 

holes in a P-channel JFET. 
 

2. Mobility of electrons is large in N-channel JFET, mobility of holes is poor in P-channel JFET. 
 

3. The input noise is less in N-channel JFET than that of P-channel JFET. 
 

4. The transconductance is larger in N-channel JFET than that of P-channel JFET. 

 
 

Applications of JFET 
 

1. FET is used as a buffer in measuring instruments, receivers since it has high input 

impedance and low output impedance. 
 

2. FET’s are used in Radio Frequency amplifiers in FM (Frequency Mode) tuners and 

communication equipment for the low noise level. 
 

3. Since the input capacitance is low, FET’s are used in cascade amplifiers in measuring and 

test equipments. 
 

4. Since the device is voltage controlled, it is used as voltage variable resistor in operational 

amplifiers and tone controls 
 

5. FET’s are used in mixer circuits in FM and TV receivers, and communication equipments 

because inter modulation distortion is low. 
 

6. It is used in oscillator circuits because frequency drift is low. 
 

7. As the coupling capacitor is small, FET’s are used in low frequency amplifiers in hearing aids 

and inductive transducers.    
 

8. FET’s are used in digital circuits in computers, LSD and a memory circuit because of it is 

small size. 

 

Metal Oxide Semiconductor Field Effect Transistor (MOSFET) 
 

 MOSFET is the common term for the Insulated Gate Field Effect Transistor (IGFET). 
 

  There are two basic forms of MOSFET, they are: 
 

  i) Enhancement MOSFET and 

  ii) Depletion MOSFET  
 

Principle: 
 

 By applying a transverse electric field across an insulator, deposited on the semi conducting 

material, the thickness and hence the resistance of conducting channel of a semi conducting 

material can be controlled. 
 

 In depletion MOSFET, the controlling electric field reduces the number of majority carriers 

available for conduction, whereas in the enhancement MOSFET, application of electric field causes 

an increase in the majority carrier density in the conducting regions of the transistor. 
 

Enhancement MOSFET 
 

Construction: 
 

The construction of an N-channel enhancement MOSFET is shown in figure (a) below and 

the circuit symbols for an N-Channel and a P-channel enhancement MOSFET are shown in figures 

(b) and (c) respectively.  As there is no continuous channel in an enhancement MOSFET, this 

condition is represented by the broken line in the symbols. 
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Biasing of FET: 

 The Parameters of FET is temperature dependent .When temperature increases drain 

resistance also increases, thus reducing the drain current. 

 Unlike BJTs, thermal runaway does not occur with FETs 

 However, the wide differences in maximum and minimum transfer characteristics 

make ID levels unpredictable with simple fixed-gate bias voltage. 

Different biasing circuits of FET are 

A.     Fixed bias circuits 

B.     Self bias circuits 

C.     Voltage bias circuits 

 

A. Fixed bias circuits  

DC bias of a FET device needs setting of gate-source voltage VGS to give desired 

drain current ID . For a JFET drain current is limited by the saturation current IDS. Since the 

FET has such a high input impedance that no gate current flows and the dc voltage of the 

gate set by a voltage divider or a fixed battery voltage is not affected or loaded by the FET. 

                         

Fixed dc bias is obtained using a battery VQG. This battery ensures that the gate is always 

negative with respect to source and no current flows through resistor RG and gate 

terminal that is IG =0. The battery provides a voltage VGS to bias the N-channel JFET, but no 

resulting current is drawn from the battery VGG. Resistor RG is included to allow any ac 

signal applied through capacitor C to develop across RG. While any ac signal will develop 

across RG, the dc voltage drop across RG is equal to IG RGi.e. 0 volt. 

Calculate VGS 

For DC analysis IG =0., applying KVL to the input circuits 

VGS+ VGG=0 
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VGS= - VGG 

As VGS is a fixed dc supply, hence the name fixed bias circuit 

Calculate IDQ 

IDQ=IDss(1- VGS/VGp)2 

Calculate VDS 

This current IDQ then causes a voltage drop across the drain resistor RD and is given as 

VDSQ = VDD – ID RD 

Disadvantage 

The fixed bias circuit of FET requires two power supplies. 

 

B. Self-Bias circuits 

Self-Bias circuits is the most common method for biasing a JFET. Self-bias circuit for N-

channel JFET is shown in figure 

                           

The gate source junction of JFET must be always in reverse biased condition .No gate 

current flows through the reverse-biased gate-source, the gate current IG = 0 and,    

therefore, vG = iG RG = 0 

1)The gate-source voltage is then 

With a drain current ID the  voltage at the S is  Vs= IDRs 

VGS = VG - Vs = 0 – ID RS = – ID RS 
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So voltage drop across resistance Rs provides the biasing voltage VGg and no external 

source is required for biasing and this is the reason that it is called self-biasing. 

 2)Calculate IDQ  

ID=IDSS(1- VGS/ VP)2  

Substituting the value of VGS 

ID= IDSS (1+IDRS  / VP)2 

3)The operating point (that is zero signal ID and VDS) can easily be determined from 

equation given below : 

VDS = VDD – ID(RD + RS) 

Self biasing of a JFET stabilizes its quiescent operating point against any change in its 

parameters like transconductance. Any increase in voltage drop across RS, therefore, gate-

source voltage, VGS becomes more negative and thus increase in drain current is reduced. 

  

C.Voltage -Divider Bias circuits 

                      

    The 

resistors RGl and RG2 form a potential divider across drain supply VDD. The voltage V2 across 

RG2 provides the necessary bias. The additional gate resistor RGl from gate to supply 

voltage facilitates in larger adjustment of the dc bias point and permits use of larger 

valued RS. 

The coupling capacitors are assumed to be open circuit for DC analysis 

1) The gate is reverse biased so that IG = 0 and gate voltage 

VG =V2 = (VDD/R G1 + R G2 ) *RG2  

2) Applying KVL to the input circuit we get 

VGS= VG – VS = VG - ID RS 

3) IDQ= IDSS(1- VGS/ VP)2 
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4) VDS = VDD – ID (RD + RS) 

The operating point of a JFET amplifier using the Voltage -Divider Bias is determined by 

IDQ= IDSS(1- VGS/ VP)2 

VDSQ = VDD – ID (RD + RS) 

VGSQ = VG – ID RS 

 

FET as a Voltage Variable Resistor 
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SPECIAL PURPOSE DEVICES 

 Zener Diode: 

Zener Diode is a reverse-biased heavily-doped PN junction diode which operates in the 

breakdown region. The reverse breakdown of a PN- junction may occur either due to Zener 

effect or avalanche effect. Zener effect dominates at reverse voltages less than 5 volt whereas 

avalanche effect dominates  above  5 V. Hence, first one should be called Zener diode. But for 

simplicity, both types are called Zener Diodes. The breakdown voltage of a Zener diode can be 

set by controlling the doping level. For Zener diodes, silicon is preferred to Ge because of its 

high temperature and current capability. This post includes explanation of operation of Zener 

diode and V-I Characteristics of Zener Diode. 

 

Operation of Zener Diode: 

 Zener Diodes are normally used only in the reverse bias direction. 

 It means that the anode must be connected to the negative side of the voltage source and 

the cathode must be connected to the positive side. 

 A main difference between Zener diodes and regular silicon diodes is the way they are used 

in the circuits. 

 It is primarily used to regulate the circuit voltage as it has constant Vz. 

 A large change in IR will cause only a small change in Vz. It means that a zener diode can be 

used as an alternate current path. The constant Vz developed across the diode can then be 

applied to a load. 

 Thus the load voltage remains at constant by altering the current flow through the Zener 

diode. 

 

The V-I Characteristics of a Zener Diode can be divided into two parts 

(i) Forward Characteristics 

(ii) Reverse Characteristics 
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Forward Characteristics 

The forward characteristics of a Zener diode is shown in figure. It is almost identical to the 

forward characteristics of a P-N junction diode. 

 

Reverse Characteristics 

As we increase the reverse voltage, initially a small reverse saturation current Io. Which is 

in  A,  will follow. This current flows due to the thermally generated minority carriers. At a 

certain value of reverse voltage, the reverse current will increase suddenly and sharply . This is 

an indication that the breakdown has occurred. This breakdown voltage is called as Zener 

breakdown voltage or Zener voltage and it is denoted by Vz. 

 

Reverse Characteristics of Zener Diode 

The value of Vz  can be precisely controlled by controlling the doping levels of P and N  regions 

at the time of manufacturing a Zener diode. After breakdown has occurred. The voltage across 

Zener diode remains constant equal to Vz. Any increase in the source voltage will result in the 

increase in reverse Zener current. The Zener current after the reverse breakdown must be 
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controlled by connecting a resistor R as shown in figure. This is essential to avoid any damage to 

the device due to excessive heating. 

Zener Region and its importance 

Reverse breakdown of the zener diode operates in a region called zener region, as shown in 

figure. In this region the voltage across zener diode remains constant but current changes 

depending on the supply voltage. zener diode is operated in this region when it is being used as 

a voltage regulator. The complete v-i characteristics of zener diode is as shown in figure 

 

V-I Characteristics of Zener Diode 

 

 

BREAKDOWN MECHANISMS IN DIODES: 

The avalanche breakdown occurs because of the ionisation of electrons(reverse saturation 

current) and hole pairs whereas the Zener breakdown occurs because of heavy doping. These 

are explained below in details. 
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Avalanche Breakdown: 

The mechanism of avalanche breakdown occurs because of the reverse saturation current. The 

P-type and N-type material together forms the PN-junction. The depletion region develops at 

the junction where the P and N-type material contact. 

The P and N-type materials of the PN junction are not perfect, and they have some impurities in 

it, i.e., the p-type material has some electrons, and the N-type material has some hole in it. The 

width of the depletion region varies. Their width depends on the bias applied to the terminal of 

the P and N region. 

The reverse bias increases the electrical field across the depletion region.  When the high 

electric field exists across the depletion, the velocity of minority charge carrier crossing the 

depletion region increases . These carriers collide with the atoms of the crystal. Because of the 

violent collision, the charge carrier takes out the electrons from the atom. 

The collision increases the electron-hole pair. As the electron-hole induces in the high electric 

field, they are quickly separated and collide with the other atoms of the crystals. The process is 

continuous, and the electric field becomes so much higher then the reverse current starts 

flowing in the PN junction. The process is known as the Avalanche breakdown. After the 

breakdown, the junction cannot regain its original position because the diode is completely 

burnt off. 

Zener Breakdown: 

The PN junction is formed by the combination of the p-type and the n-type semiconductor 

material. The combination of the P-type and N-type regions creates the depletion region. 

The width of the depletion region depends on the doping of the P and N-type semiconductor 

material. If the material is heavily doped, the width of the depletion region becomes very thin. 

The phenomenon of the Zener breakdown occurs in the very thin depletion region. The thin 

depletion region has more numbers of free electrons. The reverse bias applies across the PN 

junction develops the electric field intensity across the depletion region. The strength of the 

electric field intensity becomes very high. 

The electric field intensity increases the kinetic energy of the free charge carriers. Thereby the 

carriers start jumping from one region to another. These energetic charge carriers collide with 

the atoms of the p-type and n-type material and produce the electron-hole pairs. 

The reverse current starts flowing in the junction because of which depletion region entirely 

vanishes. This process is known as the Zener breakdown. 
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Applications of zener Diode are as follows: 

Zener  diodes have a large number of  application. few of them are 

(i) Zener diode is used as a voltage regulator. 

(ii) Zener diode is used as a peak clipper in wave shaping  circuits. 

(iii) Zener diode is used as a fixed reference voltage in transistor biasing circuits. 

(iv) Zener diode is used for meter protection against damage from accidental application of 

excessive voltages 

Zener Diode as Voltage Regulators: 

  

The function of a regulator is to provide a constant output voltage to a load connected in 

parallel with it in spite of the ripples in the supply voltage or the variation in the load current 

and the zener diode will continue to regulate the voltage until the diodes current falls below 

the minimum IZ(min) value in the reverse breakdown region. It permits current to flow in the 

forward direction as normal, but will also allow it to flow in the reverse direction when the 

voltage is above a certain value - the breakdown voltage known as the Zener voltage. The Zener 

diode specially made to have a reverse voltage breakdown at a specific voltage. Its 

characteristics are otherwise very similar to common diodes. In breakdown the voltage across 

the Zener diode is close to constant over a wide range of currents thus making it useful as a 

shunt voltage regulator. 

  

 

Fig 3: Zener diode shunt regulator  

The purpose of a voltage regulator is to maintain a constant voltage across a load regardless of 

variations in the applied input voltage and variations in the load current. A typical Zener diode 

shunt regulator is shown in Figure 3. The resistor is selected so that when the input voltage is at 

VIN(min) and the load current is at IL(max) that the current through the Zener diode is at least Iz(min). 

Then for all other combinations of input voltage and load current the Zener diode conducts the 

excess current thus maintaining a constant voltage across the load. The Zener conducts the 
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least current when the load current is the highest and it conducts the most current when the 

load current is the lowest. 

 

If there is no load resistance, shunt regulators can be used to dissipate total power through the 

series resistance and the Zener diode. Shunt regulators have an inherent current limiting 

advantage under load fault conditions because the series resistor limits excess current.     

                             

 A zener diode of break down voltage Vz is reverse connected to an input voltage source 

Vi across a load resistance RL and a series resistor RS. The voltage across the zener will remain 

steady at its break down voltage VZ for all the values of zener current IZ as long as the current 

remains in the break down region. Hence a regulated DC output voltage V0 = VZ is obtained 

across RL, whenever the input voltage remains within a minimum and maximum voltage. 

  

Basically there are two type of regulations such as: 

  

a) Line Regulation 

  

In this type of regulation, series resistance and load resistance are fixed, only input voltage is 

changing. Output voltage remains the same as long as the input voltage is maintained above a 

minimum value.Percentage of line regulation can be calculated by =   

where V0 is the output voltage and VIN is the input voltage and  ΔV0 is the change in output 

voltage for a particular change in input voltage ΔVIN. 

  

b) Load Regulation 

  

In this type of regulation, input voltage is fixed and the load resistance is varying. Output volt 

remains same, as long as the load resistance is maintained above a minimum value. 

Percentage of load regulation =   

where  is the null load resistor voltage (ie. remove the load resistance and measure the 

voltage across the Zener Diode) and  is the full load resistor voltage 
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UNIJUNCTION TRANSISTOR: 
 

Uni Junction Transistor (UJT) is a three terminal semi conductor switching device. As it has 

only one PN junction and three leads, it is commonly called as Uni Junction Transistor. 
 

The three terminals are:  Emitter (E), Base1 (B1) and Base2 (B2). 

 

Construction and Symbol: 
 

 The basic structure and symbol of UJT is shown in figure below. 
 

 It consists of a lightly doped n-type silicon bar with a heavily doped p-type material alloyed 

to its one side closer to B2 for producing single PN junction. 

 
Fig. UJT (a) Basic structure (b) Circuit symbol 

 

 Here the emitter leg is drawn at an angle to the vertical and the arrow indicates the 

direction of the conventional current. 

 

Operation of UJT: 

 
 The inter base resistance between B2 and B1 of the silicon bar is,  RBB=RB1+ RB2. 

 With emitter terminal open, if voltage VBB is applied between the two bases, a voltage 

gradient is established along the n-type bar.  
 

 The voltage drop across RB1 is given by
1

V V
BB

η= , where the intrinsic stand-off ratio

 
1

1 2

R
B

R R
B B

η =
+

.  The typical value of η ranges from 0.56 to 0.75. 

 This voltage V1 reverse biases the PN-junction and emitter current is cut-off.  But a small 

leakage current flows from B2 to emitter due to minority carriers. The equivalent circuit of UJT is 

shown in figure below. 

 
Fig. UJT equivalent circuit. 
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 If a negative voltage is applied to the emitter, PN-junction remains reverse biased and the 

emitter current is cut-of.  The device is now in the ‘OFF’ state. 

 

 If a positive voltage VE is applied to the emitter, the PN-junction will remain reverse biased 

so long as VE is less than V1.  If VE exceeds V1 by the cut-in voltage vγ, the diode becomes forward 

biased.   Under this condition, holes are injected into n-type bar.  These holes are repelled by the 

terminal B2 and are attracted by the terminal B1.  Accumulations of holes in E to B1 region reduce 

the resistance in this section and hence emitter current IE is increased and is limited by VE.  The 

device is now in the ‘ON’ state. 

 

Characteristics of UJT: 
 

 Figure below shows the input characteristics of UJT. 

 

 
 Here, up to the peak point P, the diode is reverse biased and hence, the region to the left 

of the peak point is called cut-off region. 
 

 At P, the peak voltage V V V
P BB

η γ= + , the diode starts conducting and holes are 

injected into n-layer.  Hence, resistance decreases thereby decreasing VE for the increase in IE.  SO 

there is a negative resistance region from peak point P to valley point V. 
 

 After the valley point, the device is driven into saturation and behaves like a conventional 

forward biased PN-junction diode.  The region to the right of the valley point is called saturation 

region.  In the valley point, the resistance is changes from negative to positive. The resistance 

remains positive in the saturation region. 

 

 Due to the negative resistance property, a UJT can be employed in a variety of applications, 

viz., a saw-tooth wave generator, pulse generator, switching, timing and phase control circuits. 
 

UJT Relaxation Oscillator: 
 

 The Relaxation oscillator using UJT which is meant for generating saw-tooth waveform is 

shown in figure below: 

 
Fig: UJT Relaxation Oscillator. 
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It consists of a UJT and a capacitor CE which is charged through RE as the supply voltage VBB is 

switched ON. 

 
 

 The voltage across the capacitor increases exponentially and when the capacitor voltage 

reach the peak point voltage VP, the UJT starts conducting and the capacitor voltage is discharged 

rapidly through EB1 and R1. 

 

 After the peak point voltage of UJT is reached, it provides negative resistance to the 

discharge path which is useful in the working of the relaxation oscillator. As the capacitor voltage 

reaches zero, the device then cuts off and capacitor CE starts to charge again. This cycle is 

repeated continuously generating a saw-tooth waveform across CE. 

 

 The inclusion of external resistors R2 and R1 in series with B2 and B1 provides spike 

waveforms. When the UJT fires, the sudden surge of current through B1 causes drop across R1, 

which provides positive going spikes. 

 

 Also, at the time of firing, fall of VEB1 causes I2 to increase rapidly which generates negative 

going spikes across R2.  By changing the values of capacitance CE (or) resistance RE, frequency of 

the output waveform can be changed as desired, since these values control the time constant RECE 

of the capacitor changing circuit. 

 

Frequency of oscillations: 

 

 The time period and hence the frequency of the saw-tooth wave can be calculated as 

follows. Assuming that the capacitor is initially uncharged, the voltage VC across the capacitor prior 

to breakdown is given by  

/
1

t R C
E EV V e

BBC

 
  
 

−
= −  

 

Where RECE = charging time constant of resistor-capacitor circuit, and t= time from the 

commencement of the waveform. The discharge of the capacitor occurs when VC is equal to the 

peak-point voltage VP, i.e,   
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If the discharge time of the capacitor is neglected, then t=T, the period of the wave. 

Therefore, frequency of oscillations of saw-tooth wave, 

 

                  
1 1

1
2.3 log

10 1

f
T

R C
E E η

 
 
 

= =

−

 

 

SCR (SILICON CONTROLLED RECTIFIER) 
 

 The basic structure and circuit symbol of SCR is shown in figure below. 

 

 It is a four layer three terminal device in which the end p-layer acts as anode, the end n-

layer acts as anode, the end n-layer acts as cathode and p-layer nearer to cathode acts as gate. 

 

 As leakage current in silicon is very small compared to germanium, SCR’s are made of 

silicon and not germanium. 

 

 

   
 

 

(a) Basic Structure     (b) Circuit symbol 

 

 

Fig, Basic structure and circuit symbol of SCR. 
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Operation of SCR: 

 

 The operation of SCR is divided into two categories, 

 

i) When gate is open: 

 

 Consider that the anode is positive with respect to cathode and gate is open. 

 

 The junctions J1 and J3 are forward biased and junctions J2 is reverse biased.  There is 

depletion region around J2 and only leakage current flows which is negligibly small.  Practically the 

SCR is said to be ‘OFF’.  This is called forward blocking state of SCR and voltage applied to anode 

and cathode with anode positive is called forward voltage.  This is shown in figure (a) below. 

 

 
(a) J1, J3  Forward biased. 

     J2  Reverse biased. 

 

 With gate open, if cathode is made positive with respect to anode, the junctions J1, J3 

become reverse biased and J2 forward biased.  Still the current flowing is leakage current, which 

can be neglected as it is very small.  The voltage applied to make cathode positive is called reverse 

voltage and SCR is said to be in reverse blocking state.  This is shown in the figure (b) below. 

 

 

 
 

(a) J1, J3  Reverse biased. 

     J2  Forward biased. 

Fig. Operation of SCR when gate is open (a), (b). 
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2. When gate is closed: 

 

 Consider that the voltage is applied between gate and cathode when the SCR is in forward 

blocking state.  The gate is made positive with respect to the cathode.  The electrons from n-type 

cathode, which are majority in number, cross the junction J3 to reach to positive of battery. 

 

 While holes from p-type move towards the negative of battery.  This constitutes the gate 

current.  This current increases the anode current as some of the electrons cross junction J2. As 

anode current increases, more electrons cross the junction J2 and the anode current further 

increases.  Due to regenerative action, within short time, the junction J2 breaks and SCR conducts 

heavily.   
 

The connections are shown in the figure.  The resistance R is required to limit the current.  

Once the SCR conducts, the gate loses its control. 

 

 
Fig. Operation of SCR when gate is closed. 

 

Characteristics of SCR: 

 

 The characteristics are divided into two sections: 
 

  i) Forward characteristics 

  ii) Reverse characteristics 

 
 

i) Forward characteristics: 

 

 It shows a forward blocking region, when IG=0.  It also shows that when forward voltage 

increases up to VBO, the SCR turns ON and high current results.   
 

 It also shows that, if gate bias is used then as gate current increases, less voltage is 

required to turn ON the SCR. 
 

 If the forward current falls below the level of the holding current IH, then depletion region 

begins to develop around J2 and device goes into the forward blocking region. 
 

 When SCR is turned on from OFF state, the resulting forward current is called latching 

current IL.  The latching current is slightly higher than the holding current 

 

   

ii) Reverse characteristics: 

 

 If the anode to cathode voltage is reversed, then the device enters into the reverse 

blocking region.  The current is negligibly small and practically neglected.   

 

 If the reverse voltage is increases, similar to the diode, at a particular value avalanche 

breakdown occurs and a large current flows through the device.  This is called reverse breakdown 

and the voltage at which this happens is called reverse breakdown voltage 
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Fig. Characteristics of SCR. 

 

Two Transistor Analogy: 

 

 The easiest way to understand how SCR works it ot visualize it separately into two halves, 

as shown in the figure.  The left half is a p-n-p transistor and right half is n-p-n transistor.  This is 

also called two transistor model of SCR. 

 

 The collector current of T1 becomes base current of T2 and collector current of T2 becomes 

base current of T1. 

 
Fig, Two transistor model of SCR. 

 

Mathematical Analysis: 
 

 Let IC1 and IC2 are collector currents, IE1 and IE2 are emitter currents while IB1 and IB2 are 

base currents of transistors T1 and T2. 
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 Let both the transistors are operating in active region. 

 

 From transistor analysis we can write, 

 

1 1 1
I IE I
C CO

α= +  and 
2 2 2

I IE I
C CO

α= +  

 

Where ICO = Reverse current (or) leakage current. 

 

    And 
1

β
α

β
=

+
 

   Now, IE2 = IC2 + IB2 
 

   IA   =  Anode current     = IE1 

   IK   =  Cathode current   = IE2   

   IG  =  Gate current 
 

Now, IK = IA + IG 

     
2 2 2

I I I I I
E A G C B

∴ = + = +  

 

    But IB2 = IC1 + IG 

 

           
2 1

I I I I I
A G C C G

∴ + = + +  

 

Substituting IC1 and IC2, 
 

1 1 1 2 2 2
I IE I IE I
A CO CO

α α∴ = + + +  

( )2 1 1 2
I I I I I I
A A G A CO CO

α α∴ = + + + +   

 

        
2 1 2 1 2

I I I I I I
A A A G CO CO

α α α∴ − − = + +  

 

         

( )
2 1 2

1 2
1
G CO CO

I I I
I
A

α

α α

+ +
∴ =

− +
 

In blocking state 1α and 2α are small.  Thus IA is small. 
 

As 1 2α α+  approaches unit, the SCR is ready to enter into conduction.  Thus due to 

positive gate current, the regenerative action takes place and SCR conducts. 
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Varactor Diode: 

� We know that the transition capacitance c(t) is given by c(t)=
ω

εA
 

� In both alloy junction diode and grown junction diode as the magnitude of the reverse bias 

increases, the width ‘w’ of the transition region increases, and the junction capacitance c(t) 

reduces. 
 

� The voltage-  variable nature of transition capacitance of reverse-biased pn- junction may 

be utilized in several applications such as 
 

1) In voltage tuning of an LC resonant. 

2) Self balancing bridge circuits. 

3) In parametric amplifiers etc. 

4) FM radio and TV receivers, AFC circuits. 

5) Used in adjustable band pass filters. 
 

� This special diode is made especially for the above applications which are biased on the 

voltage- variable capacitance are called “Varactor diode” or “Varicap” or “Voltacap”. 

 
� Varactor diode symbol and circuit models are shown below. 

 
Rs: Body series resistance. 

C(t): Barrier capacitance. 

rR : Reverse diode resistance. 

� Typically, at a reverse bias of 4v, 

 

C(t)= 20pF, R(s)=8.5 ohms, R(r)>1M  (usually neglected). 
 

Tunnel diode: 
 

� A normal pn-junction has an impurity concentration of about 1 part in 10^8. With this 

amount of doping, the width of depletion layer, which constitutes the potential barrier of 

the junction, is of the order of 5 microns (5x10-4 cm). 
 

� If the concentration of impurity atoms is greatly increased, say 1 part in 103 the device 

characteristics are completely changed. The new diode was announced in 1958 by Leo 

Esaki. This diode is called ‘Tunnel diode’ or ‘Esaki diode’. 
 

� The barrier potential VB is related with the width of the depletion region with the following 

equation. 
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q N
AV   . ²

B 2
ω=

∈
 

B2V
²  .

q N
A

ω
∈

⇒ =  

 

� From the above equation the width of the barrier varies inversely as the square root of 

impurity concentration. 
 

� As the depletion width decreases there is a large probability that an electron will penetrate 

through the barrier. This quantum mechanical behavior is referred to as tunneling and 

hence these high impurity density pn-junction devices are called Tunnel diodes. This 

phenomenon is called as ‘tunneling’. 

 

Energy band structure of heavily doped pn-junction diode under open circuited 

conditions: 
 

In the energy band structure for the lightly doped pn-diode, the Fermi level Ef lies inside 

the forbidden energy gap. In the heavily doped pn-diode Ef lies out side the forbidden band. 
 

We know that, Ef = Ec – KT ln(Nc/ND) 

For a lightly doped semiconductor, ND<Nc, So that 
Ncln
N

D

 
 
 
 

is a positive number. Hence Ef 

< Ec, and the Fermi level lies inside the forbidden band. 
 

For a heavily doped semiconductor donor concentrations are more so that, ND> Nc and is 

Ncln
N

D

 
 
 
 

 a negative number. Hence Ef > Ec, and the Fermi level lies outside the forbidden band.

  Similarly, 
NvE  E   KT ln .vf N

A

= +

 
 
 
 

 

For heavily doped p-region, NA> NV, and the Fermi-level lies in the Fermi-level lies in the 

valance band. 

The energy band structure in a heavily doped pn-diode under open circuited condition is 

shown in the figure. 

We have  
N N

VCE KT ln
G 2

ni

=

 
 
 
 

 

    
N N

D AE KT lno 2
ni

=

 
 
 
 

 

 

Comparing above two equations for heavily doped pn-diode we find that EO>EG. Therefore, 

the contact difference of potential energy EO exceeds the forbidden energy gap voltage EG. 
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Fig. energy band in a heavily doped pn-diode under open circuited condition. 

 

  The Fermi level Ef in the p-side is at the same energy as the Fermi level Ef in the n-side. 

Note that there are no filled states on one side of the junction which are at the same energy as 

empty allowed states on the other side. Hence there can be no flow of charge in either direction 

across the junction, and the current is zero for an open circuited diode. 
 

The volt-ampere characteristic: 
 

  If a reverse bias voltage is applied to the tunnel diode, the height of the barrier is increased 

above the open-circuit value EO. Hence the n-side levels must shift downward with respect to the 

p-side levels as shown in the figure below. 

 
Fig. Under applied reverse bias 

We now observe that there are some energy states in the valance band of the p-side which 

lie at the same level as allowed empty states in the conduction band of the n-side. Hence these 

electrons will tunnel from the p to the n-side, giving rise to a reverse diode current. As the 

magnitude of the reverse bias increase, causing the reverse current to increase. 
 

Consider if a forward bias is applied to the diode so that the potential barrier is decreased 

below Eo. Hence the n-side levels must shift upward with respect to those on the p-side. 
 

The energy band diagrams for a heavily doped under forward bias conditions are shown in 

figure below. 
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Fig. As the bias is increased, the band structure changes progressively from (a) to (d). 
 

From fig (a) we can observe that the electrons will tunnel from the n to the p material giving rise to 

the forward current. As the forward bias is increased further, the maximum number of electrons 

can leave from occupied states on the right side of the junction, and tunnel through the barrier to 

the empty states on the left side of the junction giving rise to the peak current Ip. 
 

If still more forward bias is applied, fig© is obtained and the tunneling current decreases. 

Finally if the forward bias is larger there is no9 empty allowed states on one side of the junction at 

the same energy as occupied states on the other side, the tunneling current must drop to zero. 
 

The v-I characteristics of tunnel diode is shown in fig. 
 

 
Fig.-I Characteristics of a tunnel diode. 

The tunnel diode exhibits a negative resistance characteristics between peak current Ip and 

valley current Iv. The tunnel diode is excellent conductor in the reverse bias conditions. 
 

By applying small forward bias voltage to the tunnel diode the current increases and 

reaches to the maximum level. The maximum for small forward bias voltage is called as ‘peak 

current (Ip)’.The corresponding voltage to the peak current is called ‘peak voltage (Vp)’. 
 

If forward bias voltage is increased beyond the peak voltage the current starts decreasing 

and reaches to the maximum level. This minimum value of the current is called as “valley current 

(Iv)”. The corresponding voltage to the valley current is called as “valley voltage (Vv)”. 
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If forward bias voltage is increased beyond valley voltage it exhibits the same 

characteristics as ordinary diode. 

 

The tunnel diode symbol and small-signal model are shown in fig. below. 
 

 
 

Applications of Tunnel diode: 
 

1. It is used as a very high speed switch, since tunneling takes place at the speed of light. 
 

2. It is used as a high frequency oscillator. 

 

Photodiode: 
 

The photodiode is a device that operates in reverse diode. The photodiode has a small 

transparent window that allows light to strike one surface of the pn-junction, keeping the remaining 

sides unilluminated. 

 
The symbol of photodiode is shown in figure below. 

 

 
A photodiode differs from a rectifier diode in that when its pn-junction is exposed to light, 

the reverse current increases with the light intensity. When there is no incident light the reverse 
current, I λ , is almost negligible and is called the dark current. An increase in the amount of light 

intensity, expressed as irradiance (mW/cm2), produces an increase in the reverse current. 
 

 
Typically, the reverse current is approximately 1.4 µA at a Reverse bias voltage of 10V with 

an irradiance of 0.5 mWcm². 
 

Therefore RR=VR/I λ = 10v/1.4µa = 7.14MΩ   
 

At 20 mW/cm², the current is approximately 55 µa at VR=10v. 
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Therefore, RR= VR/ I λ = 10v/55 µa = 182KΩ 
 

Hence the photodiode can be used as a variable-resistance device controlled by light 

intensity. 
 

The volt-ampere characteristics of photodiode are shown in figure. 

 

 
Fig. V-I characteristics of photo diode. 

 

Advantages of Photo diodes: 
 

1. It can be used as variable-resistance device. 

2. Highly sensitive to the light. 

3. The speed of operation is very high. 

 

Disadvantages of Photo diodes: 
 

1. The dark current is temperature dependent. 

 

Applications of photodiode: 
 

1) Photodiodes are commonly used in alarm systems and counting systems. 

 
2) Used in demodulators. 

3) Used in encoders. 

4) Used in light detectors. 

5) Used in optical communication systems. 
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