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The FET is a unipclar device ( t%e current flow is
c¢haracterized by either the flow of negative carriers --
N Channel or the positive carriers -- P Channel ) and
can be considered as a voltage controlled device ( the
BJT Transistor is a current controlled device )

The advantages of the FET are as follows

1 - The FET has a very high input resistance { > 5 Mega
ohms)

2 - The FET is less noise than the bipolar transistor ,
which makes it ideal for high quality Hi-Fi applications,
3 - The FET exhibits no offset voltage at zero drain
current , which makes it ideal as signal chopper

The main disadvantage of the FET is it’s small gain -
band width compared with the conventional transistor

There are two basic types of the FET

y Junction FET or JFET
) Metal oxide semiconductor FET or MOSFET

6.1.1 The JFET
6.1.1.1 The basic construction of the JFET.

The basic construction of the JFET is as shown in
Fig ( 6.1 ) . The diagram illustrate an N - Channel JFET
which consists of a channel made from an N type
semiconductor material with two metallic contacts { the
Drain and the Source ) at its end ( the source and drain
are interchangable ). Also two P - Type semiconductor

material are diffused ( to form what is called the Gate
) as shown . For a P - Channel JFET , the opposite
semiconductor materials are employed
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6.1.1.2 The operaéion and characteristics of the JFET

2
The normal configuration of an N - Channel JFET ( The P -
Channel JFET is the same with voltages and currents are
reversed ) is as shown in Fig ( 6.2 ).
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Let us first consider the operation of the JFET when
Ve = 0 as shown in the following diagram :
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Since the P - layers are connected to zero voltage (
ground ) and because the layers are heavily doped , it
follows that the voltages across the entire P regions are
zero . Also , at the source end , the voltage is zero (
because it is connected to ground ) . i.e. the net
voltage drop across the PN Junction  at points A equal
zerc ( thus the depletion layer is very small at these
points g

On the other hand , at points B » and while the voltage
at the P - layer remains at zero level , the voltage at
the Drain equals Vop.. i.e. the junctions at the locations
B are reversed biased ( thus large depletion layers
forms ). Of course , the width of such layers decreases
ags we move towards the A locations

Initially , for a small Vpp the depletion layer is small
and the N - Channel is wide open and the current Ip is
determined ( linearly ) by the resistance and cross
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sectional area of the N - Channel and also by the level
of doping of the maAterial itself .

As Vps increases , the depletion layer also increases
reducing the conductivity of the N - material (
increasing its resistance ) and reducing the voltage drop
along the maﬁérial . After some linear response , further
increases in Vos will result in reduction of the rate of

Io increases per unit increase in Vps as illustrated in
the Fig ( 6.3 )
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Eventually , a voltage Vbs 1s reached -- called the Pinch
off voltage , Ve -- where by the depletion layers touch

each other at the middle of the N - Channel , as shown in
Fig ( 6.4 ) , and the current Ip reaches a maximum value (
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called , the saturation Ip or Ipss, the saturation current
when Ves is Short circuited ) which is determined by the
developed potential at point a . |

Any further increases in Vos will %nly thickens the
depletion layer ( the current driving potential , point a
, remains at almost the same potential

; leaving Ibss
unchanged ) as shown in Fig (6.5)
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Now let us consider what happens if we apply a voltage Ves

It is clear that applying a negative Ves would result in
widening the initial depletion regions and thus a family
of Ip verses Vps curves for a variety of Ves values can be
obtained , as shown in Fig (6.86)
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6.1.1.3 The transfer curve of the JFET

The characteristics of the JFET may also be displayed by
a plot of In verses V6s ( output / input ) . This is '
called the saturation transfer curve ( for Vos > = Vr ;, or
the transition transfer curve ( for Ves< Ve -- i.e. the
linear regions ). . Such curves may be constructed
directly from the Ip , Vos curves as shown in Fig (6.7).

Ip
pID 4
2 _Lipss Vés=o
Ip = les(I—\_!_gg) NSz =\
ve v &Sz-2
N )
etc
l | '
ves  Vp Ry 67 ND s

The mathematical relationship ( see reference book for
more details ) which represent such response is as

follows : ‘
Ip =Ipss (1 - Ves/ Vr ) 2 ;

6.1.1.4 The general JFET parameters

Ipss -- the saturation Ip at Ves =0

Ve -- the Pinch off voltage

BVess —-- the FET breakdown voltage at Vbs =0

gm —-- the input conductance ( semens ) ¢, given by

A Ip /A Ves at Vos =0
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6.1.2 The MOSFET

6 .1.2.1 Types of MOSFET s

ment

(a) Enhance?lmode MOSFET { P or N Channel )
(b) Depletion modq_MOSFET ( P or N Channel )

6.1.2.1 The basic construction of the Enhancement mode
MOSFET '

The basic construction of a N - Channel Enhancement Mode
MOSFET ( complementary semiconductor material for an P -

Channel MOSFET is used ) is as shown in Fig (6 .8)
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A P - substrate iused as the base substrate of the
MOSFET . The Source and the Drain are connected , to two
N - layers which are diffused on to the P - substrate . A
metallic laver, deposited on the an insulating laver (
called silicon dioxide ), on the P - substrate and
between the two N - layers is used as the gate of the
MOSFET. '

When a voltage Vez is applied across the Gate and Source
terminals , an N - Channel is induced as shown in Fig
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Under such condition and on applying a voltage Vos across
the Drain and Source terminals , Ip starts to flow.
Initially ,such current increases ,linearly ,with Vos , up
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to a stage ( similar to JFET ) , called the Pinch off
voltage , where by the induced N - Channel is pinched off
as shown in Fig (619).
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Any further increases in Vbs will not result in increases
in In ( i.e. Ip reaches it’s saturation value ).

The following curves depicts the characteristic curves
for this type of MOSFET device

It should be pointed out at this stage that Ves should be
above a certain voltage level ( typically 2V ) , in order
to allow_ for the creation of the depletion layer and thus
facilitating the Inp flow in response to increases in Vbs

6.1.2.2 the Depletion mode MOSFET

considering an N - Channel depletion mode MOSFET , then
the operation of this type of MOSFET will be similar to
the enhancement mode MOSFET except in this case , the N -
Channel is physically constructed on the P - sSubstrate so
that Io can flow even if Ves =0 ( also for Ves >0 ) . Also
;, to cut off the MOSFET ( Io =0 , for all values of Vbs
) Ves must go negative ( typically - 5 V )

6.1.2.3 Complementary MOS —-——- CMOS

CMOS is a device made of P - Channel enhancement MOSFET
and an N - Channel enhancement MOSFET connected into a
complementary device . Such a device is very popular in
digital circuits . Fig (6.1¢) illustrate the basic
construction of the CMOS device . The two inputs of the
PMOS and the NMOS ( the two gates ) are connected
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together to form a single input terminal . Also the two
output source of PMOS and source of NMOS ( or source and
drain ) are connected together to form a single output as
shown in the above Fig . -

On applying a positive input to the common input
terminal , the PMOS switches off and the NMOS switches on
resulting in the output being driven to ground ( zero '
voltage ) . similarly , applying zero volt at the common '
input causes the PMOS to switch on and the NMOS to switch
off which causes the output to be pulled up to VDD
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