
 

 
 

Syllabus: Field Effect Transistors: JFET, Construction, Idea of Channel Formation, Pinch-

Off and Saturation Voltage, Current-Voltage Output Characteristics. MOSFET, types of 

MOSFETs, Circuit symbols, Working and Characteristic curves of Depletion type MOSFET 

(both N channel and P Channel) and Enhancement type MOSFET (both N channel and P 

channel). Complimentary MOS (CMOS).  

 

Introduction 
  

We know about ordinary transistor. In this type of transistor, both holes and electrons 

play part in the conduction process. For this reason, it is sometimes called a bipolar transistor. 

The ordinary or bipolar transistor has two principal disadvantages. First, it has a low input 

impedance because of forward biased emitter junction. Secondly, it has considerable noise 

level. Although low input impedance problem may be improved by careful design and use of 

more than one transistor, yet it is difficult to achieve input impedance more than a few 

megaohms. The field effect transistor (FET) has, by virtue of its construction and biasing, 

large input impedance which may be more than 100 megaohms. The FET is generally much 

less noisy than the ordinary or bipolar transistor. The rapidly expanding FET market has led 

many semiconductor marketing managers to believe that this device will soon become the 

most important electronic device, primarily because of its integrated-circuit applications. In 

this chapter, we shall focus our attention on the construction, working and circuit applications 

of field effect transistors. 

 

Types of Field Effect Transistors  

A bipolar junction transistor (BJT) is a current controlled device i.e., output characteristics of 

the device are controlled by base current and not by base voltage. However, in a field effect 

transistor (FET), the output characteristics are controlled by input voltage (i.e., electric field) 

and not by input current. This is probably the biggest difference between BJT and FET. There 

are two basic types of field effect transistors:  

(i) Junction field effect transistor (JFET)  

(ii) Metal oxide semiconductor field effect transistor (MOSFET) To begin with, we shall 

study about JFET and then improved form of JFET, namely; MOSFET 



 

 

Characteristics of FET 

I. FETs have high input impedance. 

II. These devices are used in controlled switching between conducting and non-conducting states 

in digital circuits. 

III. FETs are thermally stable. 

 

Applications of FET 

FET is used in circuits to reduce the loading effect. 

FETs are used in many circuits such as Buffer Amplifier, Phase shift Oscillators and 

Voltmeters. 

 

 

 



 

 



 
 

 

Operation of n-channel JFET 

 

 Static Characteristics of n-channel JFET 

           The gate-source junction is reversed biased. For n-channel JFET , the 

electron drift from source to drain, thus current flows from drain to source 

which is called drain current (ID).   

The graphical plots of the drain current (ID) against drain to source voltage   

(VDS) with the gate to source voltage (VGS) as a parameter are known as Static 

Characteristics of a JFET. 

 

 



 
 

 

 

 

 

 

 The linear or ohmic region -  

    We consider VGS=0; when a positive 

voltage VDS is applied to the drain w.r.to  

Vx along the channel increases from small    

value, the width of the depletion regions 

remain 

very small and the conductor bar behaves as a simple resistor. Thus ID (drain current) 

increases linearly with VDS. This region is known as linear region. 

 

 Saturation region – 

When VGS=0; then reverse bias across each point in the gate channel is Vx and reverse 

bias is relatively large near the drain and decreases gradually towards the source. As VDS  is 

solely increased the depletion layer widths increase constricting the channel opening. As VDS 

continues to increase, the channel opening near the drain shrinks and channel resistances 

increases further. At some value VDS the depletion regions meet near the drain to pinch off 

the channel. This value VDS is called saturation voltage VDSAT . Beyond pinch-off the current 

ID saturates at a value IDSAT . 

 

 

 Breakdown region – 

      For a large value of VDS ,the reverse voltage between the channel and the gate becomes 

sufficient to causes a breakdown of the gate junction, resulting in a sharp increase of the drain 

current. 

 When VGS is negative the channel resistance increases because of reverse bias 

between the channel and the gate . Hence ID is reduced for a given VDS and pinch-off occours 

at a lower value of VDS .Breakdown also takes place at lower value of VDS as VDS and VDS 

contribute to the breakdown voltage. 

 

 

 



 
Define “pinch off” voltage of a JFET. Sketch the depletion region before and after 

pinch-off  

 

 
 

 



 
 

 

 

 



 
Advantages of JFET 

A JFET is a voltage controlled, constant current device (similar to a vacuum pentode) in 

which variations in input voltage control the output current. It combines the many advantages 

of both bipolar transistor and vacuum pentode. Some of the advantages of a JFET are : 

(i) It has a very high input impedance (of the order of 100 M). This permits high degree of 

isolation between the input and output circuits. 

(ii) The operation of a JFET depends upon the bulk material current carriers that do not cross 

junctions. Therefore, the inherent noise of tubes (due to high-temperature operation) and 

those of transistors (due to junction transitions) are not present in a JFET. 

(iii) A JFET has a negative temperature co-efficient of resistance. This avoids the risk of 

thermal runaway. 

(iv) A JFET has a very high power gain. This eliminates the necessity of using driver stages. 

(v) A JFET has a smaller size, longer life and high efficiency. 

 

 

 

 
 



 

 

 
 

 

Variation of Transconductance (gm) of JFET 

 

We have seen that transconductance gm of a JFET is the ratio of a change in drain current 

(ΔID) to a change in gate-source voltage (ΔVGS) at constant 

VDS i.e. 
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The transconductance gm of a JFET is an important parameter 

because it is a major factor in determining the voltage gain of 

JFET amplifiers. However, the transfer characteristic curve 

for a JFET is nonlinear so that the value of gm depends upon 

the location on the curve. Thus the value of gm at point A in 

Fig.7 will be different from that at point B. Luckily, there is 

following equation to determine the value of gm at a specified value of VGS : 
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where gm = value of transconductance at any point on the transfer characteristic curve 

gmo = value of transconductance(maximum) at VGS = 0 

Normally, the data sheet provides the value of gmo. When the value of gmo is not available, 

you can approximately calculate gmo using the following relation : 
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Fig 7 



 
 Metal Oxide Semiconductor FET (MOSFET) 

The main drawback of JFET is that its gate must be reverse biased for proper operation of the 

device i.e. it can only have negative gate operation for n-channel and positive gate operation 

for p-channel. This means that we can only decrease the width of the channel (i.e. decrease 

the conductivity of the channel) from its zero-bias size. This type of operation is referred to 

as depletion-mode operation. Therefore, a JFET can only be operated in the depletion-mode. 

However, there is a field effect transistor (FET) that can be operated to enhance (or increase) 

the width of the channel (with consequent increase in conductivity of the channel) i.e. it can 

have enhancement-mode operation. Such a FET is called MOSFET. 

A field effect transistor (FET) that can be operated in the enhancement-mode is called a 

MOSFET. 

A MOSFET is an important semiconductor device and can be used in any of the circuits 

covered for JFET. However, a MOSFET has several advantages over JFET including high 

input impedance and low cost of production. 

Types of MOSFETs 

There are two basic types of MOSFETs viz. 

1. Depletion-type MOSFET or D-MOSFET. The D-MOSFET can be operated in both the 

depletion-mode and the enhancement-mode. For this reason, a D-MOSFET is sometimes 

called depletion/enhancement MOSFET. 

2. Enhancement-type MOSFET or E-MOSFET. The E-MOSFET can be operated only in 

enhancement- mode. The manner in which a MOSFET is constructed determines whether it is 

D-MOSFET or EMOSFET. 

1. D-MOSFET. Fig.  shows the constructional details of n-channel D-MOSFET. It is 

similar to n-channel JFET except with the following modifications/remarks : 

(i) The n-channel D-MOSFET is a piece of n-type material with a p-type region (called 

substrate) on the right and an insulated gate on the left 

as shown in Fig.. The free electrons (Q it is n-channel) 

flowing from source to drain must pass through the 

narrow channel between the gate and the p-type region 

(i.e. substrate). 

(ii) Note carefully the gate construction of D-

MOSFET. A thin layer of metal oxide (usually 

silicon dioxide, SiO2) is deposited over a small portion 

of the channel. A metallic gate is deposited over the oxide layer. As SiO2 is an insulator, 

therefore, gate is insulated from the channel. Note that the arrangement forms a capacitor. 



 
One plate of this capacitor is the gate and the other plate is the channel with SiO2 as the 

dielectric. Recall that we have a gate diode in a JFET. 

(iii) It is a usual practice to connect the substrate to the source (S) internally so that a 

MOSFET has three terminals viz source (S), gate (G) and drain (D). 

(iv) Since the gate is insulated from the channel, we can apply either negative or positive 

voltage to the gate. Therefore, D-MOSFET can be operated in both depletion-mode and 

enhancement-mode. However, JFET can be operated only in depletion-mode. 

 

E-MOSFET. Fig. shows the constructional details of n-channel E-MOSFET. Its gate 

construction is similar to that of D-MOSFET. The E-MOSFET has no channel between source 

and drain unlike the D-MOSFET. Note that the substrate 

extends completely to the SiO2 layer so that no channel 

exists. The E-MOSFET requires a proper gate voltage to 

form a channel (called induced channel). It is reminded 

that E-MOSFET can be operated only in enhancement 

mode. In short, the construction of E-MOSFET is quite 

similar to that of the D-MOSFET except for the absence 

of a channel between the drain and source terminals. 

 

Why the name MOSFET ? The reader may wonder why is the device called MOSFET? The 

answer is simple. The SiO2 layer is an insulator. The gate terminal is made of a metal 

conductor. Thus, going from gate to substrate, you have a metal oxide semiconductor and 

hence the name MOSFET. Since the gate is insulated from the channel, the MOSFET is 

sometimes called insulated-gate FET (IGFET). However, this term is rarely used in place of 

the term MOSFET. 

 

Symbols for D-MOSFET 

There are two types of D-MOSFETs viz (i) n-channel D-MOSFET and (ii) p-channel D-

MOSFET. 

(i) n-channel D-MOSFET. Fig. 19.45 (i) shows the various parts of n-channel D-MOSFET. 



 
The p-type substrate constricts the channel between the source and drain so that only a small 

passage remains at the 

left side. Electrons 

flowing from source 

(when drain is 

positive w.r.t. source) 

must pass through this 

narrow channel. The 

symbol for n-channel 

D-MOSFET is shown in Fig. (ii). The gate appears like a capacitor plate. Just to the right of 

the gate is a thick vertical line representing the channel. The drain lead comes out of the top 

of the channel and the source lead connects to the bottom. The arrow is on the substrate and 

points to the n-material, therefore we have n-channel DMOSFET. 

It is a usual practice to connect the substrate to source internally as shown in Fig. 19.45 

(iii). This gives rise to 

a three-terminal 

device. 

(ii) p-channel D-

MOSFET. Fig. (i) 

shows the various 

parts of p-channel D-

MOSFET. 

The n-type substrate constricts the channel between the source and drain so that only a small 

passage remains at the left side. The conduction takes place by the flow of holes from source 

to drain through this narrow channel. The symbol for p-channel D-MOSFET is shown in Fig. 

19.46 (ii). It is a usual practice to connect the substrate to source internally. This results in a 

three-terminal device whose schematic symbol is shown in Fig. 19.46 (iii). 

 

Circuit Operation of D-MOSFET 

Fig.  (i) shows the circuit of n-channel D-MOSFET. The gate forms a small capacitor. One 

plate of this capacitor is the gate and the other plate is the channel with metal oxide layer as 

the dielectric. When gate voltage is changed, the electric field of the capacitor changes which 

in turn changes the resistance of the n-channel. Since the gate is insulated from the channel, 

we can apply either negative or positive voltage to the gate. The negative-gate operation is 

called depletion mode whereas positive- gate operation is known as enhancement mode. 



 
(i) Depletion mode. Fig.  (i) shows depletion-mode operation of n-channel D-MOSFET. 

Since gate is negative, it means 

electrons are on the gate as shown is 

Fig. 19.47 (ii). These electrons repel the 

free electrons in the n-channel, leaving 

a layer of positive ions in a part of the 

channel as shown in Fig. 19.47 (ii). In 

other words, we have depleted (i.e. 

emptied) the n-channel of some of its free electrons. Therefore, lesser number of free 

electrons are made available for current conduction through the n-channel. This is the same 

thing as if the resistance of the channel is increased. The greater the negative voltage on the 

gate, the lesser is the current from source to drain. Thus by changing the negative voltage on 

the gate, we can vary the resistance of the n-channel and hence the current from source to 

drain. Note that with negative voltage to the gate, the action of D-MOSFET is similar to 

JFET. Because the action with negative gate depends upon depleting (i.e. emptying) the 

channel of free electrons, the negative-gate operation is called depletion mode. 

 

(ii) Enhancement mode. Fig.  (i) shows enhancement-mode operation of n-channel 

DMOSFET. Again, the gate acts like a capacitor. Since the gate is positive, it induces 

negative charges in the n-channel as shown in Fig. 19.48 (ii). These negative charges are the 

free electrons drawn into the channel. Because these free electrons are added to those already 

in the channel, the total number of free 

electrons in the channel is increased. Thus a 

positive gate voltage enhances or increases 

the conductivity of the channel. The greater 

the positive voltage on the gate, greater the 

conduction from source to drain. Thus by 

changing the positive voltage on the gate, we 

can change the conductivity of the channel. The main difference between D-MOSFET and 

JFET is that we can apply positive gate voltage to 

D-MOSFET and still have essentially zero current. Because the action with a positive gate 

depends upon enhancing the conductivity of the channel, the positive gate operation is called 

enhancement mode. 

 

 



 
The following points may be noted about D-MOSFET operation : 

(i) In a D-MOSFET, the source to drain current is controlled by the electric field of capacitor 

formed at the gate. 

(ii) The gate of JFET behaves as a reverse-biased diode whereas the gate of a D-MOSFET 

acts like a capacitor. For this reason, it is possible to operate D-MOSFET with positive or 

negative gate voltage. 

 (iii) As the gate of D-MOSFET forms a capacitor, therefore, negligible gate current flows 

whether positive or negative voltage is applied to the gate. For this reason, the input 

impedance of D-MOSFET is very high, ranging from 10,000 MΩ to 10,000,00 MΩ. 

(iv) The extremely small dimensions of the oxide layer under the gate terminal result in a 

very low capacitance and the D-MOSFET has, therefore, a very low input capacitance. This 

characteristic makes the D-MOSFET useful in high-frequency applications. 

 

 
 



 

 
Which gives drain current ID is proportional to VDS. 

 

D-MOSFET Transfer Characteristic 

Fig. 19.49 shows the transfer characteristic curve (or transconductance curve) for n-channel 

D-MOSFET. 

The behaviour of this device can be beautifully explained with the help of this curve as under 

: 

(i) The point on the curve where VGS = 0, ID = IDSS. It is 

expected because IDSS is the value of ID 

when gate and source terminals are shorted i.e. VGS = 0. 

(ii) As VGS goes negative, ID decreases below the value 

of IDSS till ID reaches zero when VGS = 

VGS (off) just as with JFET. 



 
(iii) When VGS is positive, ID increases above the value of IDSS. The maximum allowable value 

of ID is given on the data sheet of D-MOSFET 

Note that the transconductance curve for the D-MOSFET is very similar to the curve for a 

JFET.  Because of this similarity, the JFET and the D-MOSFET have the same 

transconductance equation viz. 
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