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The resistors RGl and RG2form a potential divider across drain supply VDD. The voltage V2 across RG2 provides the 

necessary bias.The gate is reverse biased so that IG = 0 and gate voltage is: 

VG =V2 = (VDD/R G1 + R G2 ) *RG2     And    VGS = VG – VS = VG – ID RS 

The circuit is so designed that ID Rs is greater than VG so that VGS is negative. This provides correct bias voltage. 

The operating point can be determined as: 

ID = (VG – VGS)/ RS   And   VDS = VDD – ID (RD + RS) 

 

 

TRANSFER CHARACTERISTICS: 

 

 

 



Voltage divider bias is the most popular and used way to bias a transistor. It uses a few resistors to make sure that 

voltage is divided and distributed into the transistor at correct levels. One resistor, the emitter resistor, RE also helps provide 

stability. 

 

                                                          

 

Determining Thevinin Voltage and Resistance: 

 



 

STABILITY FACTOR – S: 

 

 

 



 

 

 

Advantages of the Voltage Divider Bias 

1. The resistors help to give complete control over the voltage and current that each region receives 

in the transistor.  

2. And the emitter resistor, RE, allows for stability of the gain of the transistor, despite fluctuations 

in the β value 

  

  



 

 



 

 

 

 



 

The metal–oxide–semiconductor field-effect transistor (MOSFET, MOS-FET, or MOS FET) is a type of 

transistor used for amplifying or switching electronic signals.Although the MOSFET is a four-terminal device with 

source (S), gate (G), drain (D), and body (B) terminals,the body (or substrate) of the MOSFET is often connected to 

the source terminal, making it a three-terminal device like other field-effect transistors.The main advantage of a 

MOSFET over a regular transistor is that it requires very little current to turn on (less than 1mA), while delivering a 

much higher current to a load. 

The main difference this time is that MOSFETs are available in two basic forms: 

1. Depletion Type   –   the transistor requires the Gate-Source voltage, (VGS) to switch the device “OFF”. The 

depletion mode MOSFET is equivalent to a “Normally Closed” switch. 

2. Enhancement Type   –   the transistor requires a Gate-Source voltage, (VGS) to switch the device “ON”. 

The enhancement mode MOSFET is equivalent to a “Normally Open” switch. 

 

Common FET Biasing Circuits 

 Fixed – Bias  

 Self-Bias  

 Voltage-Divider Bias 

Fixed – Bias 

 

For all FETs: 
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https://en.wikipedia.org/wiki/Field-effect_transistor


        

 

It is called fixed-bias configuration due to VGG is a fixed power supply so VGS is fixed 

Self-Bias 

 

Since no gate current flows through the reverse-biased gate-source, the gate current IG = 0 and, therefore, 

VG = IG RG = 0 

With a drain current ID the voltage at the S is 

VS= IS RS    AND  IS =ID 

The gate-source voltage is then 

VGS = VG – VS = 0 – ID RS = – ID RS 

So voltage drop across resistance RS provides the biasing voltage VGS and no external source is required for biasing 

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

 

Voltage-Divider Bias 

 

DSD VV  GSG VV 



The resistors RGl and RG2form a potential divider across drain supply VDD. The voltage V2 across RG2 provides the 

necessary bias.The gate is reverse biased so that IG = 0 and gate voltage is: 

VG =V2 = (VDD/R G1 + R G2 ) *RG2     And    VGS = VG – VS = VG – ID RS 

The circuit is so designed that ID Rs is greater than VG so that VGS is negative. This provides correct bias voltage. 

The operating point can be determined as: 

ID = (VG – VGS)/ RS   And   VDS = VDD – ID (RD + RS) 

 

 

 

 

 



 

Practical circuit of Transistor Amplifier 

 



 

 

AC Analysis  

 

The Common-Emitter Amplifier is used to achieve high voltage gain and employs a bi-junction transistor 

(BJT).  



 
 The AC voltage Vin is provided by an audio source such as a microphone or an MP3 player. 

 The resistance RL is the load resistance or could be the resistance of an audio speaker. 

 One purpose of Cin is to prevent DC current from flowing from Vcc to Vin, and thus preventing damage to 

the audio source.  

 The purpose of Cout is to prevent DC current flowing from Vcc to Vout. This will prevent damage to the 

audio speaker or it will prevent DC loading effects on the next amplifier stage.  

 

 

 
 

 

 

The AC resistance of the base-emitter junction (rbe) is calculated from: 

 
DC Analysis 

For DC analysis, we can remove all capacitors, since there is no DC current through them. The DC 

equivalent circuit is shown below. 

 



 
DC equivalent circuit of a common emitter amplifier 

About transistor amplifiers: When a transistor is operating as an amplifier, the DC current gain (hFE) is a 

given constant value. The typical values for hFE range from 75 to 200, depending on the type of BJT. The resistors 

R1 and R2 form a voltage divider to provide a stable base voltage.  
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Differential amplifier 

 

 



 

 

 

Differential Mode Amplifier: 

 

 



 

 

Common Mode Amplifier: 

 

 

 

  



 

(a) Darlington Emitter Follower 

The Darlington transistor (often called a Darlington pair) is a compound structure consisting 
of two bipolar transistors connected in such a way that the current amplified by the 
first transistor is amplified further by the second one.  

A Darlington pair behaves like a single transistor with a high current gain 

A general relation between the compound current gain and the individual gains is given by: 

 

       If β1 and β2 are high enough (hundreds), this relation can be approximated with: 

 
 

A darlington emitter follower is two transistors operating as one. Both collectors are tied together. 

The emitter of the first is connected to the base of the second.  

 

A Darlington Transistor configuration, also known as a “Darlington pair” or “super-alpha 
circuit”, consist of two NPN or PNP transistors connected together so that the emitter current of 
the first transistor TR1 becomes the base current of the second transistor TR2. Then 
transistor TR1 is connected as an emitter follower and TR2 as a common emitter amplifier  

 

But the base current, IB2 is equal to transistor TR1 emitter current, IE1 as the emitter of TR1 is connected to 

the base of TR2. Therefore: 

 

Then substituting in the first equation: 

 
Where β1 and β2 are the gains of the individual transistors. 

This means that the overall current gain, β is given by the gain of the first transistor 

multiplied by the gain of the second transistor. In other words, a pair of bipolar transistors 



combined together to make a single Darlington transistor pair can be regarded as a single 

transistor with a very high value of β and consequently a high input resistance. 

Operation of Darlington Emitter Follower 

 

This is a special case emitter follower that uses two transistors to increase the overall values of 

circuit current gain (A) and input impedance (Z ). 

 

The emitter of the first transistor is tied to the base of the second. The collector terminals are tied 

together. 

 

AC ANALYSIS 

 

The ac current gain of the Darlington pair is the product of the individual gains. This can 

easily be in the thousands. Even with the losses associated with the input and output circuits , the 

overall current gain of Darlington amplifier is very high. Even though the Darlington amplifier 

has a high current gain, the voltage gain (A) is slightly less than 1. 
 

DC ANALYSIS 

 

VBE= VB1 - VE2 

VE2 = VB1 - 1.4 V 

VB1= R2/ (R1+ R2) VCC 

IE2= VE2 / RE 

Disadvantages: 

One drawback is an approximate doubling of the base/emitter voltage. Since there are 

two junctions between the base and emitter of the Darlington transistor, the equivalent 

base/emitter voltage is the sum of both base/emitter voltages: 

 

For silicon-based technology, where each VBE is about 0.7 V when the device is operating in the 

active or saturated region, the necessary base/emitter voltage of the pair is 1.4 V. 

 

 (b)  Bootstrap  Darlington Emitter Follower 

 



 

A bootstrap circuit is one where part of the output of an amplifier stage is applied to the 
input, so as to alter the input impedance of the amplifier. When applied deliberately, the intention 
is usually to increase rather than decrease the impedance.  

 
In the domain of MOSFET circuits, "bootstrapping" is commonly used to mean pulling up 
the operating point of a transistor above the power supply. 
 

Bootstrapping (Using positive feedback to feed part of the output back to the input, but 
without causing oscillation) is a method of apparently increasing the value of a fixed resistor as it 
appears to A.C. signals, and thereby increasing input impedance. The capacitor Co is the 
„Bootstrap Capacitor‟, which provides A.C. feedback to a resistor in series with the base.  

 

“Bootstrapping” increases Zin at signal frequencies without disturbing the DC bias 

 
BOOTSTRAPPING EMITTER FOLLOWER 

 

The relatively low input impedance of the circuit can be increased significantly by bootstrapping . The 

resistor R3 is located between the R1-R2 junction and the base of transistor Q1, and the input signal is fed 

to Q1's base through capacitor C1. To make this point clearer, consider that the emitter-follower circuit 

has a precise voltage gain of unity. In this condition, identical signal voltages would appear at the two 

ends of R3, so no signal current would flow in this resistor, making it "appear" equal to Rin .We have,  

Ri=Vi/Ii =hfe1.hfe2.RC 

 

  



UNIT III 

 

Class B amplifiers were invented as a solution to the efficiency and heating problems associated with the 

previous class A amplifier. The basic class B amplifier is designed with its output stage configured in a 

“push-pull” type arrangement, so that each transistor device amplifies only half of the output waveform. 

 

Transformer Coupled Push-Pull Class-B Amplifier 

 

Class B Output Waveform 

 

 

Operation: 

a) The transistors of both  p-n-p and n-p-n can be used. 

b) Push pull amplifier shown fig a use n-p-n and p-n-p transistor 

Input signal Vs 

Load 



c) The circuits consist of two centre tapped transformer 

d) The transformer on the I/P side is known as driver transformer & the other on the load side is known 

as O/P transformer. 

e) The I/P signal „Vs‟ is applied to the primary winding of the i/p transformer. 

The operation of the circuit can be divided into two parts:  

1) Operation in the positive half cycle of i/p: 

a) In the positive half cycle of i/p, secondary voltage of the driver transformer, „A‟ is positive & „B‟ is 

negative. 

b) Base- Emitter junction of transistor Q1 is forward bias & Base- Emitter junction of Q2 is Reverse 

Bias. i.e. Q1 conducts & Q2 turn off 

c) Thus base current for Q1 i.e.,Ib1, will flow & Ib2 =o 

d) Hence the collector current I.e. IC1 will flow & IC2=0 

e) A positive sinusoidal voltage will appear across the load 

 

2) Operation in the negative half cycle of i/p:- 

a) In the negative half cycle of i/p „A‟ is negative & „B” is positive 

b) Base- Emitter junction of transistor Q1 is Reverse Bias. & Base- Emitter junction of 

transistor Q2 is forward bias 

c) The base current Ib1= 0 & Ib2 will flow through transistor Q2 

d) Thus in this half cycle Q1 is OFF & Q2 is ON 

e) Hence the collector current i.e. IC2 flows through the output transformer & IC1 =0 

f) Hence a negative sinusoidal voltage will appear across the load. 

 

Thus at a time only one transistor will conduct. 

Result: 

Then we can see that each transistor device of the class B amplifier only conducts through one half 

or 180 degrees of the output waveform in strict time alternation, but as the output stage has devices for both 

halves of the signal waveform the two halves are combined together to produce the full linear output 

waveform. 

Demerits: 

This push-pull design of amplifier is obviously more efficient than Class A, but the problem with the 

class B amplifier design is that it can create distortion at the zero-crossing point of the waveform. 

Overcome: 

To overcome this zero-crossing distortion (also known as Crossover Distortion) class AB amplifiers 

were developed. 

Outcome: 

Class B Amplifier   -   is twice as efficient as class A amplifiers with a maximum theoretical efficiency 

of about 70% because the amplifying device only conducts (and uses power) for half of the input signal. 

 

 

 

http://www.electronics-tutorials.ws/amplifier/amp_7.html


 

 
 

 

 

    



 

 

 

1. Explain working of series fed directly coupled Class A amplifier, also give their advantages and 

disadvantages. 
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 The purpose of class A bias is to make the amplifier relatively free from distortion by keeping the 

signal waveform out of the region between 0V and about 0.7V where the transistor‟s input 

characteristic is non linear.  

Class A design produces good linear amplifiers, but are waste of power. The output power they 

produce is theoretically 50%, but practically only about 30 to 40%. 

Characteristics: 

To achieve high linearity and gain, the output stage of a class A amplifier is biased “ON” (conducting) 

all the time. As a class A amplifier operates in the linear portion of its characteristic curves, the single 

output device conducts through a full 360 degrees of the output waveform. 

 

Class A Power Amplifier 

 

Transformer – Coupled Class A Power Amplifier 



 

With VCC supply, the magnetic flux in the transformer core causes an induced emf in the 

transformer primary windings. This causes an instantaneous collector voltage to rise to a value of twice the 

supply voltage 2Vcc giving a maximum collector current of twice Ic. 

Efficiency: 

The ratio of the AC output power delivered to the load to DC input power applied is referred to as 

conversion efficiency. It is also called as collector circuit efficiency in case of transistor amplifier.  

 

The r.m.s. Collector voltage is given as: 

 

The r.m.s. Collector current is given as: 

 

The r.m.s. Power delivered to the load (Pac) is therefore given as: 



 

The average power drawn from the supply (Pdc) is given by: 

 

and therefore the efficiency of a Transformer-coupled Class A amplifier is given as: 

 

Drawbacks: 

As the output device is “ON” at all times, it is constantly carrying current, which represents a 

continuous loss of power in the amplifier. Due to this continuous loss of power class A amplifiers create 

tremendous amounts of heat adding to their very low efficiency at around 30-40%, making them 

impractical for high-power amplifications.  

Also one big disadvantage of this type of circuit is the additional cost and size of the audio transformer 

required. 
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UNIT - IV 

 

 

  



 

 



 

 

 

  



 

  



 

 



 

  



 

 

 

 



 

 

1. In the cut-off Region, as the emitter voltage increases a small leakage current passes through the device. 

2. After reaching certain emitter voltage VE , The emitter voltage reaches the peak point P.At this point, peak 

voltage Vp and peak current Ip. If Ie current is still increased the emitter voltage Ve starts decreasing. This 

region is called as Negative Resistance Region. 

3. The Negative Resistance Region is continuing until valley point V is reached. After the valley point , the 

UJT is drain to saturation. 

 

 

 



UJT Relaxation Oscillator 

  

      

  



 

 

 



 

UNIT – V 

 



 

 



 



 

Limitations: 

 



Half-Wave Controlled Rectifier 

 



 

 

  



Full-Wave Controlled Rectifier 

 

UJT Triggered Controlled Rectifier 

 



 

 



 



 



 



 



 

4. Explain in detail about half wave rectifier circuit and compare their performance. 

 



 

 

 



 

 

 

 

 

 

 

 

 



 

 

 

 



 

1. A linear power supply supplies constant voltage while a switched power supply doesn‟t 

2.A linear power supply is much simpler than a switched mode power supply 

3.A switched mode power supply is more power efficient than a linear power supply 

4.A switched mode power supply is more likely to create noise than a linear power supply 

5. SMPs is more complex to design and needs external components like inductors and 

transformers. 

6. SMPs is slow in responding to transient load changes compared to linear series regulator. 

 

  

 


