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Field Effect Transistor

LEARNING OBJECTIVES
After completing this chapter, you will learn the following:
• The principle of operation and characteris- • Various amplifier configurations using FET.
tics of FET.
• The principle of operation and construction
of JFET and MOSFET.

6.1

Introduction

At present, the study of electronic devices and their utilization has become immensely significant in the
field of science and engineering. The devices in which the movement of electrons takes place through
vacuum or gas or semiconductor are called electronic devices. Electronic devices have a very wide range
of applications in several fields such as communication systems, power generation, instrumentation,
process control, medical sciences, defense, etc. Unlike the initial days in which the vacuum tubes
dominated the field of electronics, current days witness usage of transistors which made revolution in
electronics industry. This chapter discusses the working principle, characteristics and application of
significant semiconductor devices such as FET, MOSFET and handling precautions for MOS devices.

6.2

Field Effect Transistor (FET)

In a bipolar transistor (BJT), the current conduction occurs due to majority and minority carriers.
However, in a field effect transistor (FET), the current conduction is solely by majority carriers; therefore, it is called a monopolar or unipolar device. Also the current conduction is controlled by an electric
field in FET. There are two types of FET as listed below:
1. Junction FET (JFET)
(i) N-channel JFET with electrons as majority carriers.
(ii) P-channel JFET with holes as majority carriers.
2. Metal oxide semiconductor FET (MOSFET)
(i) Enhancement MOSFET
(ii) Depletion MOSFET
It should be noted that FET is a voltage-controlled device similar to vacuum tubes, unlike the transistors which are current-controlled devices.
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Junction FET (JFET)

6.3.1 N-Channel JFET
1. It consists of an N-type silicon bar having ohmic contacts at its terminals (Fig. 6.1).
2. These terminals are source and drain, similar to emitter and collector of bipolar transistor.
3. A heavily doped P-type silicon layer is diffused on the two sides of the bar called gate, which is
similar to ‘base’ of the transistor.
4. The N-type silicon bar forms a conducting channel for minority carriers.
D
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VGG

−
+

VGS

D

ID
+

S

VDS

−

VDD

IS
S

Figure 6.1 N-channel JFET with an N-type silicon bar.

The construction of an N-channel JFET is shown in Fig. 6.2.

P
Source (S)

N

Drain (D)

P

Figure 6.2 Construction of an N-channel JFET.

The electrons enter the bar at the source terminal and leave the bar at the drain terminal. The gate
is used to control the flow of electrons from source to drain.
6.3.2 P-Channel JFET
Holes are the majority carriers of P-channel JFET. The constructional details of the JFET are shown in
Fig. 6.3. The holes, being the majority carriers, enter the P-type silicon bar at the source terminal and
leave the bar at the drain terminal. The heavily doped N-regions on both sides of the bar function as
gate terminals controlling the movement of holes from source to drain.
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JUNCTION FET (JFET)
Gate (G)
N
Source
(S)

P

P

Drain (D)

N

Figure 6.3 Construction of a P-channel JFET.

6.3.3 Comparison between N-Channel and P-Channel JFET
Table 1 lists the comparative study between N-channel and P-channel JFET.
Table 1 Comparative features of N-Channel and P-Channel JFETs.

S. No.
1

N-channel JFET

P-channel JFET

Electrons are majority charge carriers.

Holes are majority charge carriers.
2

2

Mobility of charge carriers is 1300 cm /V-s.

Mobility of charge carriers is 500 cm2/V-s.

3

Larger in size.

Smaller in size.

4

Difficult to fabricate.

Easy to fabricate.

5

Low ON resistance.

High ON resistance.

6

Larger electric current.

Smaller electric current.

7

Lower packing density.

Higher packing density.

8

Higher switching speed.

Lower switching speed.

6.3.4 Working Principle JFET
An N-channel JFET with positive drain to source voltage (VDS) is shown in Fig. 6.4. As a result of VDS,
an electron current flows from source to drain. This drain current (ID) flowing in the channel between
two P-regions can be controlled by controlling the width of the channel. This is accomplished by VGS
which can be easily varied. The operation and control of P-channel JFET follow the same lines as that
of N-channel JFET. However, the polarities of the biasing voltages, VDS and VGS, are reversed.
G

D

+
VGG

−

−
VGS

S

VDS

+

VDD

Figure 6.4 Working of a JFET.
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6.3.5 JFET Characteristics
The circuit arrangement for obtaining the output characteristics of N-channel JFET is given in
Fig. 6.5. These characteristics, plotted in Fig. 6.6, relate drain current (IS) to drain to source voltage
(VDS) to different values of gate to source voltage (VGS). Keeping VGS constant at 0, VDS is increased in
steps. ID increases linearly with VDS initially, but tends to become constant when VDS attains a voltage
called “pinch-off ” voltage. Further increase in VDS, does not cause ID to increase. This is due to the fact
that for VDS above pinch-off voltage, the depletion layers formed at the junction expand and almost
touch each other making the channel narrow (Fig. 6.7).
ID
mA
D

G

+

VGG
−

+
−

+

S

VDS V

V VGS

+

− VDD

−

Figure 6.5 Circuit arrangement of N-channel JFET.
ID
(mA)

VGS = 0 V
VGS = −1 V
VGS = −2 V
Pinch-off voltage
VP

Drain characteristics

Figure 6.6 Drain characteristics of JFET.
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Figure 6.7 Formation of depletion region in JFET.
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METAL OXIDE SEMICONDUCTOR FET (MOSFET)

For the negative values of VGS, the curves shift downwards because of the fact that pinch-off occurs for
the lower values of VDS.
6.3.6 Advantages and Applications of JFET
The following are the advantages of JFET:
1. It has much higher input impedance than BJT, thereby enabling high degree of isolation between
input and output.
2. FET is less noisy than BJT.
3. FET is easier to fabricate and is particularly suitable for ICs.
4. FET is normally less sensitive to temperature.
The following are the applications of JFET:
1. FET is preferred in phase-shift oscillation.
2. They can also serve as buffers bridging amplifier stages.

6.4

Metal Oxide Semiconductor FET (MOSFET)

The MOSFET is an FET in which the metal gate is insulated from the semiconductor channel by
a very thin oxide layer. MOSFET is also called insulated gate FET (IGFET). The major difference
between JFET and MOSFET is that MOSFET has much larger input resistance than JFET. The other
important feature of MOSFET is its low power consumption.
6.4.1 Enhancement MOSFET
In enhancement MOSFET, two heavily doped N+ regions are diffused over a lightly doped P-type
silicon substrate (Fig. 6.8). One N+ region is called the source while the other one is called drain. A thin
insulating layer of SiO2 is grown over the surface of the structure and holes are drilled into this oxide
layer for making contacts with the source and the drain. Also, a thin layer of metal aluminum is formed
over the SiO2. This metal layer covers the entire channel region. The ohmic contact made with this
metal layer forms the gate terminal. The metal area of the gate in conjunction with the insulating oxide
of SiO2 and the semiconductor channel forms a parallel plate capacitor. The SiO2 layer is responsible
for high input resistance.
Aluminum

Substrate

P
D

N+

G

+
−

+
−

S

Insulated N-channel
VDD

N+

Figure 6.8 Enhancement MOSFET.
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Working Principle
If a positive voltage is applied to the gate with respect to the grounded substrate, positive charge on G
induces an equal negative charge on the substrate side between the source and the drain regions. Thus,
an electric field is produced between the source and the drain regions. The negative charge of electrons,
which are the minority carriers in P-type substrate, forms an inversion layer. As positive voltage of the
gate increases, the conductivity increases and the current flows from the source to the drain through
the induced channel. Thus, the drain current is enhanced by the positive gate voltage. This can be
clearly seen from the volt–ampere characteristic shown in Fig. 6.9.
6.4.2 Depletion MOSFET
The constructional details of N-channel depletion MOSFET are shown in Fig. 6.10. Here N-channel
is diffused between source and drain. With VGS = 0, if the drain is kept at higher potential with
respect to the source, the electrons flow through N-channel from S to D. If the gate voltage is made
negative, positive charge consisting of holes is induced in the channel through SiO2 of the gate channel capacitor.

VGS = 3 V
ID
(mA)

VGS = 2 V

Enhancement

VGS = 1 V

Figure 6.9 Volt–ampere characteristics of enhancement MOSFET.
SiO2 insulation

D

N+

G
−

VGG

S

Depletion region
P

+
−

VDD
N-channel

N+

+

Figure 6.10 Constructional details of N-channel depletion MOSFET.
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VGS = 2 V
ID
(mA)

VGS = 1 V

Enhancement
mode

VGS = 0 V
VGS = −1 V

Depletion
mode

VGS = −2 V
VDS (V)

Figure 6.11 Drain characteristics of depletion MOSFET.

The introduction of the positive charge causes depletion of the mobile electrons in the channel.
Thus, a depletion region is produced in the channel. The shape of the depletion region depends
on VGS and VDS. The channel as a result will appear wedge-shaped. When VDS is increased, ID also
increases and it becomes constant at a certain value of VDS called pinch-off voltage. Since the current in the FET is due to majority carriers, only induced positive charge makes the channel less
conductive because of the reduction in the number of electrons. Therefore ID drops as VGS is made
more negative. It is, thus, clear that N-channel is modulated for higher and lower conductivities
by changing the polarity as well as magnitude of VGS. Drain characteristics of MOSFET are shown
in Fig. 6.11.
6.4.3 Comparison between JFET and MOSFET
The features of JFET and MOSFET are compared in Table 2.
Table 2 Comparative features of JFET and MOSFET

S. No.
JFET
1
JFET stands for junction field effect
transistor.
2
Can be operated only on depletion mode.
3
4

Difficult to fabricate.
Input resistance is large.

5
6

Drain resistance is high.
Less widely used in integrated circuits due
to manufacturing problem.
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MOSFET stands for metal oxide semiconductor field effect transistor.
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enhancement mode.
Easy to fabricate.
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1015.
Drain resistance is low.
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Example 1

When a reverse gate voltage of 10 V is applied to JFET, the gate current is 2 nA. Determine the resistance between gate and source.
Solution:
Given that VGS = 10 V and IG = 2 × 10−9 A. The resistance between gate and source is obtained as
follows:
RGS =

VGS
10
=
= 5, 000 MΩ
IG
2 × 10−9

Example 2

FET has a driven current of 4 mA. If DSS = 8 and VGS (off ) = −6 V. Find the value of VGS and VP.
Solution:
Given that ID = 4 mA; IDSS = 8 mA; VGS (off ) = −6 V. The value of VGS is calculated as follows:

VGS 
I D = I DSS  1 −

 VGS(off) 

2

2


V 
V 

⇒ 4 = 8  1 − GS  = 8  1 + GS 
( −6 ) 
6 


V 
4 
⇒ =  1 + GS 
8 
6 

2

2

Taking square root on both sides, we get
V
4
= 1 + GS
8
6
⇒

2

= 1+

VGS
6

2 2
V
1
⇒
− 1 = GS
6
2
⇒ VGS = −1.757 V
Therefore,

VP = VGS(off) = 6 V
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6.5

FET Amplifiers

We know that a FET is semiconductor device similar to bipolar junction transistor with three terminals. FET is a voltage-controlled device whereas BJT is a current-controlled device. The conductivity of
the channel depends on the potential applied across the gate and source terminals. We recall here that
FET has three terminals, namely, gate, drain and source. The functions of each terminal are as follows:
Terminal
Source (S)
Gate (G)
Drain (D)

Functions
The carriers enter the channel through this terminal.
The carriers leave the channel through this terminal.
The terminal that modulates the channel conductivity.

6.5.1 FET Amplifier Configurations
When using FETs as amplifiers, the input signal is applied across two terminals of the FET and the
output is measured across two terminals. The three different configurations of FET amplifiers are as
follows:
1. Common source (CS) configuration
2. Common drain (CD) configuration
3. Common gate (CG) configuration
CS Configuration
The CS amplifier is the FET (Fig. 6.12) equivalent of the common-emitter (CE) transistor amplifier
configuration. Similar to the CE amplifier, it is capable of giving high voltage gain. The CS amplifier
has the input applied between the gate and source terminals and the output signal is measured across
the drain and source terminals. Therefore, the source terminal is common to both input and output
signals.
VDD

RD
VD

Vout
Vin

RG

RS

CS

Figure 6.12 Common source FET amplifier.
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The small signal equivalent model for a CS amplifier circuit is as shown in Fig. 6.13.
Id

G

RSi

+

D
RB

Vin

R1

R2

gmVGS

ro

Vo

RD
Ro

−

Ri

Figure 6.13 Small signal equivalent model for a CS amplifier circuit.

Input Resistance
The input resistance is given by
Ri = R1 R2
1
1
1
+
=
R1 R2 Ri
RR
⇒ Ri = 1 2
R1 + R2
⇒

Voltage Gain
The voltage gain is given by
Av =

VO
Vin

VO = − g mVGS (ro RD )

		

VGS =
		

Ri
× Vin
RSi + Ri



(1)
(2)



Substituting Eq. (2) in Eq. (1), we get
VO = − g m (ro RD )

Ri
× Vin
RSi + Ri

Therefore, the voltage gain is
Av =
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CD Configuration
The CD configuration of a FET amplifier is also called as source follower circuit (Fig. 6.14). The input is
applied between gate and source terminals and the output is taken between source and drain terminals.
−12 V
R3

C2

C3

Vin

C1
R2
Vout

R1

Figure 6.14 CD configuration of a FET amplifier.

The output is taken from the source and when the DC supply is replaced by its short circuit equivalent,
the drain is grounded and thus it acts as common terminal between input and output. The source voltage is
VS = VG + VGS
(3)
		
The small signal equivalent model for a CD amplifier circuit is as shown in Fig. 6.15. When a signal is
applied to gate through C1, the gate voltage VG varies with the signal. Since VGS is constant [and according to Eq. (3)] and VS varies with Vi.
G

RSi

S

+

ID
Vi

RG

gmVGS

rd

RS

Vo
Zo

−

Zi

Figure 6.15 Small signal equivalent model for a CD amplifier circuit.
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Input Impedance
The input impedance is Zi = RG.
Output Impedance
The output impedance is
Z o = Z o’ R3
Z o’ =

Vo
Id

Vi = 0

Applying Kirchhoff ’s voltage law to the outer loop, we have
		
We know that

Vi + VGS − Vo = 0

(4)

Vi = VGS = 0
From figure 6.15, we have
g mVGS = I d
⇒ g mVo = I d
Therefore,
Zo' =

Vo
1
=
Id
gm

Thus,
Zo =

1
Rs
gm

Voltage Gain
The voltage gain Av is
		

Av =

VO
Vi



(5)

From Figure 6.15, we get
VO = − I d (rd Rs )
I d = g mVGS
Therefore,
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From Eq. (4), we get
Vi = VGS + Vo
Vi = −VGS + [− g mVGS (rd Rs )]

		

(7)



Substituting Eqs. (6) and (7) in Eq. (5), we get
Av =

− g mVGS (rd Rs )
−VGS[1 + g m (rd RS )]

⇒ Av =

g m (rd Rs )
1 + g m (rd RS )

For rd >> Rs, we get
Av =

Rs
1 + g m Rs

If gmRS >> 1,we get
Av

1

In practical, the voltage gain Av is always less than one.
CG Configuration
In this type of configuration, the input is applied between source and gate terminals and the output is
measured across the drain and gate terminals (Fig. 6.16).
V+

RD

R1

Cin

Vout

Vin

Cout
RS

N-channel
R2

CG

Figure 6.16 CG configuration of a FET amplifier.
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Figure 6.17 shows the small signal equivalent model for a CG amplifier circuit. Gate voltage is always
kept constant. Thus, the increase in Vi in positive direction increases the negative gate–source bias voltage. The drain current reduces, which in turn reduces IDRD. Therefore,
VD VDD − I D RD
Therefore, the reduction in ID results in an increase in output voltage VD.
rd

−

+

S

+

D

+

RG

Vi

RD

Zi

Vo
Zo

G

−

−

Figure 6.17 Small signal equivalent model for a CG amplifier circuit.

Input Impedance (Zi )
Referring to Fig. 6.18, we have
Z i = Rs Z i’
Z i’ =

S

+

Vi
I

I
(I + gm VGS) = Ird

gmVGS
Vi

rd

−VGS

RD

−
G

Figure 6.18 Input impedance.
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Now,
I rd = 1 + g mVGS
I = I rd − g mVGS
Therefore,
I rd =

Vi − IRD
rd

Thus,
I =

Vi − IRD
− g mVGS (8)
rd

Since Vi = –VGS, Eq. (8) becomes
Vi − IRD
V − IRD
− g m (−Vi ) = i
+ g mVi
rd
rd
V IR
⇒ I = i − D + g mVi
rd
rd
IR
Vi
⇒I+ D
+ g mVi
rd
rd
I=


 1

R 
⇒ I  1 + D  = Vi  + g m 
rd 

 rd

⇒

Vi 1 + ( RD / rd ) rd + RD
=
=
I (1 / rd ) + g m 1 + g m rd

We know that
Z i = Rs Z i’ = Rs

rd + RD
1 + g m rd

If rd >> RD and gmrd >> 1, we get
Z i = Rs

rd
g m rd

Therefore,
Z i = Rs
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Output Impedance (Zo)
We shall refer to Fig. 6.19. Since the input is short circuited, RS is also short circuited and VGS becomes
zero.
Zo
If rd >> RD , we have Zo

rd RD

RD .
rd

RD

Vo
Zo

Figure 6.19 Output impedance.

Voltage Gain
Vo
Vi

Av =

 Vo = − I D RD 
 V = −V

GS
 i


Applying Kirchhoff ’s voltage law, we have
Vi + ( I d − g mVGS )rd + I d RD = 0
⇒ Vi + I d rd − g mVGSrd + I d RD = 0
⇒ Vi + I d rd + g m rdVi + I d RD = 0
⇒ Vi + g d rdVi = − I d rd − I d RD
⇒ Vi (1 + g m rd ) = − I d (rd + RD )
Therefore,
Vi =

− I d (rd + RD )
1 + g m rd

Therefore, the voltage gain is given by
− I d RD
Vo
=
Vi [− I d (rd + RD )]/ (1 + g m rd )
R (1 + g m rd )
⇒ Av = D
rd + RD
Av =
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If rd >> RD and gm rd >> 1, we get
Av =

RD ( g m rd )
rd

Therefore, the voltage gain is
Av = RD g m
6.5.2 Multistage FET Amplifiers
The output from a single-stage amplifier is usually insufficient to drive an output device (the gain of a
single amplifier is inadequate for practical purposes). Therefore, an additional amplification over two
or three stages is necessary for an adequate output. The output of each amplifier stage is coupled in some
way to the input of the next stage. The resulting system is referred to as multistage amplifier. There are
different coupling techniques available to form the FET amplifiers, which are listed as follows:
1. RC-coupled FET amplifiers.
2. Transformer coupled FET amplifiers.
3. Direct coupled FET amplifiers.
RC-Coupled FET Amplifier
An RC-coupled FET amplifier is shown in Fig. 6.20. This is the same as that of BJT RC-coupled
amplifiers. However, the major difference between the BJT and FET RC-coupled amplifiers is that the
transistors are replaced by JFET. The coupling takes place through coupling capacitor and resistive load
at the output of the first stage, which is known as RC coupling.
In an RC-coupled amplifier, the voltage divider biasing is used. That is, R1, R2 and RS are the biasing
resistors used separately for the two stages. The coupling capacitor blocks the DC voltage from one stage to
the other stage. Therefore, the quiescent point (Q-point) of the next stage will not be affected due to coupling. Thus, due to RC coupling, the DC operating conditions in the intermediate stages remain unaffected.
An RC network gives a wideband frequency response without introduction of peaks at any frequencies.
+ VDD

R1

RD

R1

CC

RD

CC

CC
Q1

Q2

+
R2

VS
−

RS

CS

R2

RS

RL

Vo

CS

Figure 6.20 Two-stage RC-coupled FET amplifier.
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Therefore, RC coupling can be used for audio frequency (AF) amplifiers. The frequency response drops off
at low frequencies due to the coupling capacitors and at high frequencies due to the shunting effects of the
internal capacitances of the transistor and stray capacitances.

Frequency Response of RC-Coupled Circuit
The frequency response curve of an RC-coupled circuit is shown in Fig. 6.21. Due to the reduction in
gain values at low frequencies, the RC-coupled amplifiers are not suitable for the amplification of low
frequency signals.
Bandwidth
Gain

Av(mid)
0.707Av(mid)
Low
frequency
response

Mid frequency
10 f1 100 103

104

High frequency
response

105 f2 1 MHz
Frequency (f ) log scale

Figure 6.21 Frequency response of an RC-coupled circuit.

Advantages
1. Wide frequency response and larger bandwidth.
2. Convenient and inexpensive way of coupling.
3. DC biasing of individual stages will remain unchanged due to capacitor.
4. It is a high fidelity amplifier.
5. The distortion in the output is low.
6. No core distortion.
Disadvantages
1. No impedance matching.
2. Gain reduces at low frequencies due to the coupling capacitors.
3. Overall voltage gain is low.
4. Ageing makes these amplifiers noisy.
Applications
1. Used in public address amplifier system.
2. Tape recorders are manufactured using RC-coupled amplifiers.
3. Used in TV, VCR and CD players.
4. Widely used in stereo amplifiers.
Transformer-Coupled Amplifier
A transformer-coupled two-stage amplifier using two JFETs (Q1 and Q2) is shown in Fig. 6.22. In
this type of coupling, the coupling from one stage to the other takes place through the impedance
matching transformers (T1 and T2). These two are the coupling transformers and are specially designed
depending on the frequency range of operation of the amplifiers.
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+VDD

T1

T2

RL

Vo

CC
Q1

Q2

RS
RG

RG
RS

VS

CS

RS

CS

Figure 6.22 A transformer-coupled FET amplifier.

Transformer couples AC signals and DC signals are not coupled by transformers; hence, the Q-point
of the next stage is not affected. Different stages can be perfectly matched for their impedances as there
is a possibility to adjust the turn’s ratio of the transformer. Therefore, the maximum power transfer
can be achieved. The frequency response of this type of coupling is poor as compared to that of RC
coupling. This is because different frequency components at the input are not equally amplified due to
the presence of the leakage inductance and inter-winding capacitance of the transformers. This interwinding capacitance gives rise to resonance at some frequencies. At these frequencies, the gain of the
amplifier will be higher than that at some other frequencies (Fig. 6.23).
Two JFETs (Q1 and Q2) are replaced by transistors in the case of BJT transformer-coupled FET
amplifier. Transformer-coupled amplifiers can be converted into tuned voltage amplifier by connecting
capacitors across the transformer winding.
Gain

0

Peaking due to
resonance

f2 or fH

Frequency

Figure 6.23 Frequency response of a transformer-coupled circuit.

Advantages
1. Good impedance matching can be achieved.
2. Higher voltage gain is achieved than RC-coupled amplifiers.
3. DC biasing of each stage remains unchanged after cascading.
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Disadvantages
1. Coupling transformer is expensive and bulky.
2. Frequency response is not perfectly flat due to resonance.
3. There is a possibility of core saturation.
4. Low efficiency due to transformer losses.
Applications
1. Used in power amplifiers.
2. For transferring power to a low impedance load such as loud speaker.
3. For the amplification of radio frequency signal.
Direct-Coupled Amplifiers
In direct coupling amplifiers, the output from the first stage is directly connected to the second stage
without any coupling elements (Fig. 6.24). Due to the direct coupling, both DC and AC signals can
be coupled from first stage to the second stage; hence, the Q-point of the second stage will change
depending on the coupled signal. The low frequency response is better than RC-coupled amplifier. The
principle of direct coupling can be extended to the BJT amplifiers in which the two FETs are replaced
by transistors.
+ VDD
RD

RD
Vout

Q1
Vin

RD

Q2

RS

RD

RS

Figure 6.24 A direct-coupled FET amplifier.

Frequency response of a direct-coupled amplifier is shown in Fig. 6.25.
Gain
(dB)

0

f2 or fH

Frequency

Figure 6.25 Frequency response of a direct-coupled amplifier.
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Advantages
1. Due to the absence of coupling capacitors, the gain does not reduce at low frequencies.
2. Used even in the amplification of DC signal.
3. Wide frequency response.
4. Low cost and less complexity in design.
Disadvantages
1. The output waveform will have a DC shift.
2. Poor frequency response at higher frequencies.
3. Poor temperature stability.
Applications
1. Used in operational amplifiers (opamp).
2. Widely used in analog computation.
3. Linear power supplies use direct-coupled amplifiers.
Example 3

Find the voltage gain at 5 kHz for the circuit shown in Fig. 6.26. The FET parameters are given by
gm = 2 mA/V and rd = 10 K. Neglect the capacitances.
VD
RD

30 K

C

+

+
RL

VS

30 K

Vo

−
−

Figure 6.26 A direct-coupled FET.

Solution:
It is given that gm= 2 mA/V; rd = 10 K. Now,
RL′ = 30 K 30 K =

30 × 30
= 15 KΩ
30 + 30

The voltage gain is obtained as follows:
Av =
=
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g r R′
Vo
− µ RL′
= − m′ d L
= ′
Vi RL + rd + Rs (1 + µ )
RL + rd
− (2 × 10−3 )(10 × 103 )(15 × 103 )
= −29.99 ≈ −30
(15 × 10−3 ) + (15 × 103 )
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		 Exercise
Multiple Choice Questions
1. In a field effect transistor (FET), the current
conduction is solely by
(a) Minority carriers
(b) Majority carriers
(c) Both (a) and (b)
(d) None of these

7. In N-channel JFET the gate is used to control the flow of electrons from
(a) Drain to source
(b) Source to drain
(c) Gate to source
(d) None of these

2. The current conduction is controlled by an
in FET.
(a) Magnetic field
(b) Voltage
(c) Electric field
(d) None of these

8. In P-channel MOSFET, mobility of charge
carriers is
cm2/V-s.
(a) 200
(b) 100
(c) 400
(d) 500

3. There are
(a) 1
(b) 2
(c) 3
(d) 4

9. N-channel MOSFET has
ing speed.
(a) Higher
(b) Lower
(c) Either (a) or (b)
(d) Neither (a) nor (b)

types of FET.

4. N-channel JFET with
carriers.
(a) Electrons
(b) Holes
(c) Both (a) and (b)
(d) Either (a) or (b)

as majority

5. P-channel JFET with
carriers.
(a) Electrons
(b) Holes
(c) Both (a) and (b)
(d) Either (a) or (b)

as majority

6. The transistors are
devices.
(a) Voltage
(b) Metal
(c) Current
(d) All of the above

controlled
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switch-

10. FET is less noisy than
(a) UJT
(b) MOSFET
(c) JFET
(d) BJT
11. MOSFETs
(a) High
(b) Low
(c) Constant
(d) None of these

power consumption.

12. In enhancement MOSFET, the
layer is responsible for high input
resistance.
(a) HCL
(b) H2O
(c) SiO2
(d) Si
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13. When VDS is increased, ID also increases and
it becomes constant at a certain value of VDS
called
(a) Cut-off
(b) Leakage current
(c) pinch-off voltage
(d) Saturation

(c) Joint fabricate effect transmission
(d) Junction field effect transistor
15. JFET can be operated only on
(a) Enhancement
(b) Depletion
(c) Either (a) and (b)
(d) Both (a) and (b)

mode.

14. JFET stands for
(a) Joint field effect transistor
(b) Junction field effect transmission

Review Questions
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.

Compare FET with BJT.
Explain the construction of an N-channel FET.
What is pinch-off voltage?
Define channel ohmic resistance in the case of FET.
Explain the working of depletion type MOSFET.
Explain the importance of cascade connection.
Sketch the gain versus frequency response characteristics: (a) RC-coupled amplifiers;
(b) transformer coupled amplifiers and (c) direct coupled amplifiers.
Compare the frequency response of RC-coupled amplifier and direct-coupled amplifier.
Draw a two-stage RC-coupled amplifier and explain the need for each component used.
Explain how FET can be used as an amplifier.
Draw and explain a small signal low frequency model for JFET.
Derive the expression for Av, Ri and Ro for various JFET amplifier configurations.

Problems
1. An N-channel JFET has IDSS = 8 mA and VP = −5 V. Determine the minimum value of VDS for
pinch-off region and drain current IDS, for VGS = −2 V in the pinch-off region.
2. A JFET has IDSS = 20 mA and VP = 5 V. What is the maximum drain current?
3. An FET operates with a drain current of 100 mA and a gate source bias of −1 V. The device has a
gfb forward transfer conductance > the value of 0.25. If the bias voltage decreases to −1.1 V, determine (a) the change in drain current and (b) the new value of drain current.
4. For the common source FET amplifier configuration Rd = 5.1 kΩ, gm = 2 ms, rd = 50 kΩ,
VGSQ = −1.5V, Rg = 1 MΩ. Determine (a) input impedance, (b) output impedance and (c) voltage
gain.
5. For the common source FET connection VGSQ = −2 V with Idss = 8 mA and Vp = −8 V, Rd = 5.1 kΩ,
Rg = 1 MΩ, calculate (a) gm, (b) rd, (c) Zi, (d) Z0 and (e) Av. The value of YOS is given as 20 ms.
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		 Answers
Multiple Choice Questions
1. (b)
2. (c)
3. (b)

4. (a)
5. (b)
6. (c)

7. (b)
8. (d)
9. (a)

10. (d)
11. (b)
12. (c)

13. (c)
14. (d)
15. (d)

Problems
1. IDS(min) = 2.88 mA
2. ID = 20 mA
3. (a) ΔID = −25 mA;
(b) The new value of drain current = 75 mA
4. (a) 1 MΩ; (b) 4628 Ω; (c) −9.256
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5. (a) gm = 1.5 mS;
(b) rd = 50 kΩ;
(c) Zi = 1 MΩ;
(d) Z0 = 4628 Ω;
(e) Av = −6.942
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