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Field Effect Transistor

The Field Effect Transistor is a three terminal unipolar semiconductor device that has very
similar characteristics to those of their Bipolar Transistor counterparts. There are two basic
types of bipolar transistor construction, NPN and PNP, which basically describes the physi-
cal arrangement of the P-type and N-type semiconductor materials from which they are
made. This is also true of FET’s as there are also two basic classifications of Field Effect
Transistor, called the N-channel FET and the P-channel FET.

The field effect transistor is a three terminal device that is constructed with no PN-junc-
tions within the main current carrying path between the Drain and the Source terminals.
These terminals correspond in function to the Collector and the Emitter respectively of the
bipolar transistor. The current path between these two terminals is called the “channel”
which may be made of either a P-type or an N-type semiconductor material.

The control of current flowing in this channel is achieved by varying the voltage applied to
the Gate. As their name implies, Bipolar Transistors are “Bipolar” devices because they
operate with both types of charge carriers, Holes and Electrons. The Field Effect Transistor
on the other hand is a “Unipolar” device that depends only on the conduction of electrons
(N-channel) or holes (P-channel).

The Junction Field Effect Transistor
(JFET) has no PN-junctions but instead has
a narrow piece of high resistivity semicon-
ductor material forming a “Channel” of
either N-type or P-type silicon for the
majority carriers to flow through with two
ohmic electrical connections at either end
commonly called the Drain and the Source
respectively.

There are two ohmic electrical connections
at either end of the channel called the Drain and the Source. But within this channel there
is a third electrical connection which is called the Gate terminal and this can also be a P-
type or N-type material forming a PN-junction with the main channel.

Comparison of Connections between a JFET and a BJT:
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The symbols and basic construction for both configurations of JFETs are shown below.

The semiconductor “channel” of the Junction Field Effect Transistor is a resistive path through
which a voltage VDS causes a current ID to flow and as such the junction field effect
transistor can conduct current equally well in either direction. As the channel is resistive in
nature, a voltage gradient is thus formed down the length of the channel with this voltage
becoming less positive as we go from the Drain terminal to the Source terminal.

The result is that the PN-junction
therefore has a high reverse bias at
the Drain terminal and a lower
reverse bias at the Source terminal.
This bias causes a “depletion layer”
to be formed within the channel and
whose width increases with the bias.

The magnitude of the current flow-
ing through the channel between the
Drain and the Source terminals is con-
trolled by a voltage applied to the
Gate terminal, which is a reverse -
biased. In an N-channel JFET this
Gate voltage is negative while for a
P-channel JFET the Gate voltage is
positive.

The main difference between the JFET and a BJT device is that when the JFET junction is
reverse-biased the Gate current is practically zero, whereas the Base current of the BJT is
always some value greater than zero.
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Biasing of an N-channel JFET

With no external Gate voltage ( VGS = 0 ),
and a small voltage ( VDS ) applied between
the Drain and the Source, maximum satura-
tion current ( IDSS ) will flow through the
channel from the Drain to the Source re-
stricted only by the small depletion region
around the junctions.

If a small negative voltage ( -VGS ) is now
applied to the Gate the size of the deple-
tion region begins to increase reducing the
overall effective area of the channel and
thus reducing the current flowing through
it, a sort of “squeezing” effect takes place. So by applying a reverse bias voltage increases
the width of the depletion region which in turn reduces the conduction of the channel.

Since the PN-junction is reverse biased, little
current will flow into the gate connection. As
the Gate voltage (-VGS) is made more nega-
tive, the width of the channel decreases until
no more current flows between the Drain and
the Source and the FET is said to be “pinched-
off” (similar to the cut-off region for a BJT).
The voltage at which the channel closes is
called the “pinch-off voltage”, ( VP ).

01. Indicate the Source (S), Drain (D) terminals in following EFT.

VDSVDS

ID ID

Magnitute of VGS is
increases
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02.(i) What is the type of transistor used in the circuit.

(ii) Find VGS.

(iii) Find Drain voltage (VD).

When VGS constant and VDS increases,

Output characteristic V-I curves of a typical junction FET

The voltage VGS applied to the Gate controls the current flowing between the Drain and the
Source terminals. VGS refers to the voltage applied between the Gate and the Source while
VDS refers to the voltage applied between the Drain and the Source.
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Because a Junction Field Effect Transistor is a voltage controlled device, “NO current flows
into the gate!” then the Source current ( IS ) flowing out of the device equals the Drain
current flowing into it and therefore ( ID = IS ).

The characteristics curves example shown above, shows the four different regions of op-
eration for a JFET and these are given as:

Ohmic Region :
When VGS = 0 the depletion layer of the channel is very small and the JFET acts like a voltage
controlled resistor.

Cut-off Region:
This is also known as the pinch-off region were the Gate voltage, VGS is sufficient to cause
the JFET to act as an open circuit as the channel resistance is at maximum.

Saturation or Active Region:
The JFET becomes a good conductor and is controlled by the Gate-Source voltage, ( VGS )
while the Drain-Source voltage, ( VDS ) has little or no effect.

Breakdown Region:
The voltage between the Drain and the Source, ( VDS ) is high enough to causes the JFET’s
resistive channel to break down and pass uncontrolled maximum current.

The characteristics curves for a P-channel junction field effect transistor are the same as
those above, except that the Drain current ID decreases with an increasing positive Gate-
Source voltage, VGS.

The Drain current is zero when VGS = VP. For normal operation, VGS is biased to be somewhere
between VP and 0. Then we can calculate the Drain current, ID for any given bias point in the
saturation or active region as follows:

The transfer characteristic is drawn between
gate voltage and drain current by keeping drain
to source voltage at pinch-off voltage. When
the gate is in zero potential the maximum drain
current flowing through the transistor is
shorted gate drain current(IDSS). Now as the
negative potential of the gate increases the
corresponding drain current get decreased.
After a certain negative gate voltage, the drain
current becomes zero. This negative gate ter-
minal voltage at which drain current becomes
zero for the applied drain to source voltage
same as pinch-off voltage is called gate to source cut off voltage VGS(off).
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FET as an Amplifier

Transistor amplifier circuits such as the common emitter amplifier are made using Bipolar
Transistors, but small signal amplifiers can also be made using Field Effect Transistors.
These devices have the advantage over bipolar transistors of having an extremely high
input impedance along with a low noise output making them ideal for use in amplifier
circuits that have very small input signals.

Common Source JFET Amplifier

The amplifier circuit consists of an N-channel JFET, but the device could also be an equiva-
lent N-channel depletion-mode MOSFET as the circuit diagram would be the same just a
change in the FET, connected in a common source configuration. The JFET gate voltage Vg
is biased through the potential di-
vider network set up by resistors
R1 and R2 and is biased to oper-
ate within its saturation region
which is equivalent to the active
region of the bipolar junction tran-
sistor.

Unlike a bipolar transistor circuit,
the junction FET takes virtually no
input gate current allowing the
gate to be treated as an open cir-
cuit. Then no input characteristics
curves are required.
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03. If VGS(off) = –6 V and IDSS = 8 mA, find the value of ID
when VGS = –3 V.

04. In JFET in figures has values of VGS(off) = -8 V and
IDSS = 16 mA. Determine the values of VGS, ID and VDS
for the circuit.

1 k

- 5 V

+20 V

2.2 k
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05. If ID = 5 mA, find VDS and VGS in figure.

06. Select resistors value in figure to set up an approxiate mid-
point bias. The JFET parameters are : IDSS = 15 mA and
VGS(off) = -8 V. The voltage VD should be 6 V (one - half of VDD).

07. ln an n - channel JFET biased by poten-
tial divider method it is desired to set
the operating point ID = 2.5 mA and
VDS = 8V. If VDD = 30 V. R1 = 1 M and
R2 = 500 k, find the value of RS. The
parameters of JFET are IDSS = 10 mA and
VGS(off) = - 5V.

08. Draw the D.C load line for the JFET amplifier
shown in figure.

VDD = + 12 V

RD

RG RS

VDD = + 15 V

RD = 1 k

RS = 470 RG

VG = 0

VDD = + 12 V

R1 = 1 M

R2 = 500 M RS

RD = 3.3 k

VDD = + 20 V

RS = 50 

RD = 150 

RG
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JFET to BJT Comparison


