
 

   

  

Electronics part B 

  

  

    

[ Year ]   

  Dr. ZAINAB KUBBA 

  

  A L - N ahrain  University Collage of Science Physics D epartment   



 

 

  

FIELD-EFFECT TRANSISTORS (FETS)  

• FETs are unipolar devices because, unlike BJTs that use both electron and hole current, they operate 

only with one type of charge carrier.   

• The two main types of FETs are the junction field-effect transistor (JFET) and the metal oxide 

semiconductor field-effect transistor (MOSFET). The term field-effect relates to the depletion region formed 

in the channel of a FET as a result of a voltage applied on one of its terminals (gate).   

• Recall that a BJT is a current-controlled device; that is, the base current controls the amount of collector 

current. A FET is different. It is a voltage controlled device, where the voltage between two of the terminals 

(gate and source)controls the current through the device.    

• A major advantage of FETs is their very high input resistance. Because of their nonlinear 

characteristics, they are generally not as widely used in amplifiers as BJTs except where very high input 

impedances are required. However, FETs are the preferred device in low-voltage switching applications 

because they are generally faster than BJTs when turned on and off. The IGBTis generally used in high-

voltage switching applications.  



 

   

  

    

  

  

  

  

  

  

  

  

  

  

  



 

   

  

  

Pinch - Off      

Voltage For VGS 0 V, the value of VDS at which ID becomes essentially constant is the pinch - off voltage,  

VP.For agiven JFET, VP has a fixed value. As you can see, a continued increase in VDS above the pinch - off  

voltage produces an almost constant drain current. This value of drain current is IDSS (Drain to Source  

current with gate Shorted) and is always specified on JFET datasheets. IDSS is the maximum drain current  

that a specific JFET can produc e regardless of  the external circuit , and it is always specified for the condition,   

VGS = 0 V.     

  

  

  

  

  

  

  



 

 

  

VGS Controls ID Let’s connect a bias voltage, VGG, from gate to source As VGS is set to increasingly 

more negative values by adjusting VGG, a family of drain characteristic curves is produced, Notice that ID 

decreases as the magnitude of VGS is increased to larger negative values because of the narrowing of the 

channel. Also notice that, for each increase in VGS, the JFET reaches pinch-off (where constant current 

begins) at values of VDS less than VP. The term pinch-off is not the same as  Breakdown     

Cutoff Voltage The value of VGS that makes ID approximately zero is the cutoff voltage, 

VGS(off). The JFET must be operated between VGS =0 V and VGS(off). For this range of gate-to-

source voltages, ID will vary from a maximum of IDSS to a minimum of almost zero. As you have 

seen, for an channel JFET, there negative VGS is, the smaller ID be-comes in the active region. 

When VGS has a sufficiently large negative value, ID is reduced to zero. This cut off effect is 

caused by the widening of the depletion region to a point where it completely closes the 

channel  



 

   



 

  

  

  

    



 

   

  

    

MOSFET   



 

   

  

 
M ETAL  O XID  S EMICONDUCTOR  F IELD  E FFECT  T RANSISTOR) 

  

Has no pn junction structure; Instead, the g ate of the MOSFET is insulated from  

the channel by a sicon dioxide (SiO2) layer.The two basic types of MOSFETs  

are 
  

   

Enhancement(E)and depletion(D) 

  

 

    
Enhancement MOSFET (E - MOSFET) 

For an n-

  

    a For an n-channel device, a positive gate voltage above a threshold value  induces a 

channel by creating a thin layer of negative charges in the ,substrate region adjacent to 

the SiO2 layer 

   

  

  



 

   



 

  

  
  



 

   

  

  



 

   

  

MOSFET BIASING   

    



 

   

  

  

  

  

POWER AMPLIFIER 

  

  

  

  

  

  



 

 

 power Amplifier 

. Power amplifiers are large-signal amplifiers. This generally means 

that a much larger portion of the load line is used during signal 

operation than in a small-signal amplifier. In this chapter, we will cover 

four classes of power amplifiers: class A, class B, class AB, and class 

C. These amplifier classifications are based on the percentage of the 

input cycle for which the amplifier operates in its linear region. Each 

class has a unique circuit configuration because of the way it must be 

operated. The emphasis is on power amplification. Power amplifiers 

are normally used as the final stage of a communications receiver or 

transmitter to provide signal power to speakers or to a transmitting 

antenna. BJTs are used to illustrate power amplifier principles 



 

   

  

  

    

Class A   

Com.E, com B or com.C    

are biased such that it    

operates in the  

linear    region for 360   



 

 

  

f rom Q point to saturation 
  

△ 𝐼 𝐶 = 

△ 𝑉 𝐶𝐸 

𝑅 𝑐 ∥ 𝑅 𝐿 
= 

𝑉 𝐶𝐸𝑄 

𝑅 𝑐 ∥ 𝑅 𝐿 

    

The max.ac collector current I csat   

Ic(sat)= I CQ + △ 𝐼 𝐶 

  

From Q point to cutoff 
  

△ 𝑉 𝐶𝐸 = △ 𝐼 𝐶 × 𝑅 𝑐 ∥ 𝑅 𝐿 = 𝐼 𝐶𝑄 × 𝑅 𝑐 ∥ 𝑅 𝐿 

  

V ce(cutoff) 
  =  V CEQ + 

  
△ 𝑉 𝐶𝐸 

  

    



 

 

 

  

Nonlinear distortion   

When the collector current swing over a l arge portion of the transconductance curve.  

Distortion can occur on the negative half cycle. This is caused by the greater  

nonlinearity on the lower end of the curve as shown in the figure. This distortion can  

be sufficiently reduced by keeping the collect or current on the more linear part of the  

curve at higher values of ICQ and VBEQ 

  

  

  

  

Nonlinear distortion   



 

 

 

 Efficiency  
The efficiency of any amplifier is the ratio of the output signal supplied 

to a load to-the total power from the dc supply. The maximum  output 

signal power that can be obtained as in 

The maximum efficiency, of a capacitively coupled class A amplifier is 

 

 

 
 

The maximum efficiency of a capacitively coupled class A amplifier  

cannot be higher than 0.25, or 25%, and, in practice, is usually  

considerably less (about 10%).      



 

 

 Class B   
The class B amplifier is biased  at the cutoff point so that It is 

brought out of cutoff and    operates in its linear   region. the 

input signal drives the transistor into conduction where, the 

output is not a replica of the input    

 



 

   

  

  

As you can see, the circuit in the figure only conducts for the    

positive  half of the cycle. To amplify the entire cycle, it is    

necessary to add a second class B amplifier that operates on    

the negative  half of the cycle. The combination of two class B    

amplifiers working together is called  push - pull operation.   



 

   

  

  

  

Push-pull Amplifier   



 

   

  

  

Crossover Distortion   

When the dc base voltage is zero, both t ransistors are off and the    

input signal voltage must exceed  VBE before a transistor conducts.    

Because 

  

of this, there is a time interval between the positive  and    

negative 

  

  

  

alternations of the input when neither transistor is    

conducting. The resu lting distortion in the output waveform is called   

crossover 

  

distortion   



 

  

  

  

  



 

 

 

  

Class C amplifier 

 

  



 

   

  

  

  

  
  

PD(avg) =  ton   /   T   PD(on) = ton   /   T   I c(sat)Vce(sat)   

The transistor is on for a short time,  ton, and off for  
  

the rest of the input cycle. Therefore, assuming the  
  

e ntire load line is used, the power dissipation  
  averaged over the entire cycle is 

  

Power Dissipation   

PD(on) = Ic(sat)Vce(sat)   



 

 

  

  

  

  

  

  

    



 

 

 


