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» The field effect transistor (FET) iIs a three-terminal device used for a
variety of applications that match, to a large extent, those of the BJT
transistor.

» Although there are important differences between the two types of
devices, there are also many similarities that will be pointed out in the
sections to follow.
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» The primary difference between the two types of transistors is the fact that
the BJT transistor is a current-controlled device as depicted in Figure (a),
while the JFET transistor is a voltage-controlled device as shown iIn

Figure (b).
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» In other words, the current IC In Figure (a) is a direct function of the level
of IB.

» For the FET the current | will be a function of the voltage VGS applied to
the input circuit as shown in Figure (b).

» In each case the current of the output circuit is being controlled by a
parameter of the input circuit in one case a current level and in the other an

applied voltage.

Dr. Zaidoon AL-Shammari Computer Technigues Engineering




- Al-Mustagbal @2y,
Introduction oniversty

» There are n-channel and p-channel field-effect transistors

» Two types of FETs will be introduced:
* The junction field-effect transistor (JFET) and

* The metal-oxide-semiconductor field-effect transistor (MOSFET).
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» The basic construction of the n-channel JFET is shown in Figure below.

» Note that the major part of the structure is the n-type material that forms
the channel between the embedded layers of p-type material.

» The top of the n-type channel is connected through an ohmic contact to a
terminal referred to as the drain (D), while the lower end of the same
material Is connected through an ohmic contact to a terminal referred to as
the source (S).
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» The two p-type materials are connected together and to the gate (G)
terminal.

» In essence, therefore, the drain and source are connected to the ends of the
n-type channel and the gate to the two layers of p-type material.

» In the absence of any applied potentials the JFET has two p-n junctions
under no-bias conditions.
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Junction field-effect transistor (JFET).
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» In Figure below, a positive voltage VDS has been applied across the
channel and the gate has been connected directly to the source to establish
the condition VGS =0 V.

» As the voltage VDS is Increased from 0 to a few volts, the current will
Increase as determined by Ohm’s law and the plot of ID versus VDS will
appear.
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» It VDS Is Increased to a level where it appears that the two depletion
regions would “touch”, a condition referred to as pinch-off will result.

Ipss is the maximum drain current for a JFET and is defined by the conditions
VGS =0V and Vps> |Vp |.
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Ip versus Vpg for Vgg=0 V.
JFET at VGS =0V and VDS =0 V.
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» The voltage from gate to source, denoted VGS, Is the controlling voltage

of the JFET, curves of ID versus VDS for various levels of VGS can be
developed for the JFET.

» Note also on the Figure below how the pinch-off voltage continues to
drop in a parabolic manner as VGS becomes more and more negative.
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» Eventually, VGS when VGS = Vp will be sufficiently negative to
establish a saturation level that is essentially 0 mA, and for all practical
purposes the device has been “turned off.”

» The level of VGS that results in ID = 0 mA is defined by VGS = Vp , with
Vp being a negative voltage for n-channel devices and a positive voltage
for p-channel JFETs.
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» The region to the left of the pinch-off locus

. . . . Al (mA) 1 ocus of pinch-off values
of this Figure Is referred to as the ohmic or — =
voltage-controlled resistance region. e 1 _ Ves =0V
A T

» In this region the JFET can actually be ST q;”*%h ,,,,,,,,,,,,,,,,

employed as a variable resistor (possibly - H T e =Y

for an automatic gain control system) s 7 { N T

whose resistance is controlled by the R A ; =2V

applied gate-to-source voltage WA . ‘/{‘ i
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% (l = VG.J VP)2 n-Channel JFET characteristics with Ipgs=8 mA and Vp=—4 V.
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