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Transistors are two types
1.Bipolar Junction Transistor
2.Field Effect Teansistor

TRANSISTORS

MOSFET




The Field Effect Transistor, or simply FET however,
uses the voltage that is applied to their input
terminal, called the Gate to control the current
flowing through them resulting in the output current
being proportional to the input voltage. As their
operation relies on an electric field (hence the name
field effect) generated by the input Gate voltage, this
then makes the Field Effect Transistor a “VOLTAGE"
operated device.

The Field Effect
Transistor is a three
terminal unipolar
semiconductor

device that has very

similar %
characteristics to

those of their Bipolar Typical Field Effect
Transistor Transistor
counterparts. For

example, high efficiency, instant operation, robust
and cheap and can be used in most electronic circuit
applications to replace their equivalent bipolar
junction transistors (BJT) cousins.




All field-effect transistors are unipolar rather than bipolar

devices. That is, the main current through them is
comprised either of electrons through an N-type
semiconductor or holes through a P-type semiconductor.
This becomes more evident when a physical diagram of
the device is seen:

The Field Effect Transistor has one major advantage
over its standard bipolar transistor cousins, in that
their input impedance, ( Rin) is very high, (thousands
of Ohms), while the BJT is comparatively low. This
very high input impedance makes them very sensitive
to input voltage signals, but the price of this high

sensitivity also means that they can be easily

damaged by static electricity.
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We remember from the previous tutorials that there
are two basic types of bipolar transistor construction,
NPN and PNP, which basically describes the

physical 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 following notations are used for the FET.

Source (S): The terminal through which the majority carriers enter the bar i
known as the source.

Drain (D): The terminal through which the majority carniers leave the bar ig
referred to as the drain.

Gate (G): The regions on the two sides of the bar heavily doped with impurities
opposite to that of the bar, are called the gate

n-channel p-channel
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gate gate
source source
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https://youtu.be/g4nBAifUVik

https://youtu.be/cOICDYuY-gA



The JFET

This was the earliest FET device available. It is a voltage-controlled
device in which current flows from the SOURCE terminal (equivalent
to the emitter in a bipolar transistor) to the DRAIN (equivalent to the
collector). A voltage applied between the source terminal and a GATE
terminal (equivalent to the base) is used to control the source - drain
current. The main difference between a JFET and a bipolar transistor
is that in a JFET no gate current flows, the current through the device
is controlled by an electric field, hence "Field effect transistor". The

Characteristics of JFET for being commonly used:

Fast switching

For low frequency operation, source and drain can
be interchanged

Gate voltage that controls drain current

Single majority carrier

Small in size

High “Z” input
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JFET Construction

The construction of JFETs can be theoretically quite simple, but in
reality difficult, requiring very pure materials and clean room

techniques. JFETs are made in different forms, some being made as

discrete (single) components and others, using planar technology as
integrated circuits.




Fig.1.1 Diffusion JFET Construction

Fig. 1.1 shows the (theoretically) p(;tz&e

simplest form of construction for a / /
Junction FET (JFET) using diffusion < \/ 7
techniques. It uses a small slab of P\\'\\ NS
N type semiconductor into which /\ J—

are infused two P type areas to Source
form the Gate. Current in the form

of electrons flows through the device from source to drain along the
N type silicon channel. As only one type of charge carrier (electrons)
carry current in N channel JFETS, these transistors are also called
"Unipolar” devices.
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Fig. 1.3 JFET Circuit symbols
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Fig. 1.2 JFET Planar Construction

Metal Connectors
Source ! Drain

Fig. 1.2 shows the cross S}':f:'&.‘i:&’:."“’
section of a N channel planar

Junction FET (JFET) The
load current flows through
the device from source to
drain along a channel made
of N type silicon. In the
planar device the second part of the gate is formed by the P type

substrate.

N type Channel
P type subsirate \

Heavily Doped
N+ Type Silicon

P channel JFETs are also available and the principle of operation is
the same as the N channel type described here, but polarities of the
voltages are of course reversed, and the charge carriers are holes.




N-channel JFET

N-channel JFET

source

source

schematic symbol physical diagram

In a junction field-effect transistor or JFET, the controlled
current passes from source to drain, or from drain to
source as the case may be. The controlling voltage is
applied between the gate and source. Note how the
current does not have to cross through a PN junction on
its way between source and drain: the path (called a
channel) is an uninterrupted block of semiconductor
material. In the image just shown, this channel is an N-

type semiconductor. P-type channel JFETs are also

manufactured:

P-channel JFET

drain

source
source

schematic symbol physical diagram

Generally, N-channel JFETs are more commonly used
than P-channel. The reasons for this have to do with
obscure details of semiconductor theory, which I'd rather
not discuss in this chapter. As with bipolar transistors, |
believe the best way to introduce field-effect transistor
usage is to avoid theory whenever possible and
concentrate instead on operational characteristics. The
only practical difference between N- and P-channel
JFETs you need to concern yourself with now is biasing
of the PN junction formed between the gate material and




https://youtu.be/78EthlU6nQo
https://youtu.be/ DZ7baOhNFQ

https://youtu.be/2l 8YNVgbEw



13.3 STATIC CHARACTERISTICS OF JFET

The graphical plots of the drain current (/) against the drain-to-source voltage
(Vps) with the gate-to-source voltage (V) as a parameter are known as the static
or the common-source drain characteristics of a JFET. The typical static char-
acteristics of an n-channel JFET are depicted in Fig. 13.4.

The drain characteristics are found to consist of three regions (i) the linear or
ohmic region, where the voltage V) is small and I, is nearly proportional to Vp;
(i) the saturation region, where I, is fairly constant and is independent of Vpyg;
and (iii) the breakdown region, where I, increases rapidly with a small increase

of VDS'

The constant drain current in the satura-
tion region of the characteristics is called
the saturation current, Ipg,. The minimum
value of Vpg at which the drain current
saturates for a given Vgg is called the
saturation voltage, Vpsr As the reverse
gate bias increases, both Ipg; and Vpu
diminish. The points of intersection of the
dashed curve with the characteristics
give the values of Ipgy and Vpg for dif-
ferent V.

Breakdown
region

Fig. 13.4 Static characteristics of an
n-channel JFET




The experimental arrangement for ob-
taining the static characteristics of an n-
channel JEET is shown in Fig. 13.5. The
voltmeters V, and V, measure the voltage
Vs and Vg respectively. The drain cur-
rent Ip is recorded by the milliammeter mA.

— -

Explanation of the static charac-
teristics: We consider that Vg = 0. When
apositive voltage Vpy is applied to the drain ~ Fig. 13-§ . Experimental arrangement
with respect to the source, the voltage V, for obtaining the drain characteristics
increases along the channel from zero at the of an n-channel JFET
source to Vg at the drain. As Vpg increases
from zero to a small value, the widths of the depletion regions remain very small
and the semiconductor bar behaves as a simple resistor. Therefore, the drain
current /j, increases linearly with Vps. This accounts for the linear region of the
characteristic.

The reverse bias across each point in the gate-to-channel junction is V, when
Vs = 0. Hence the reverse bias is relatively large near the drain and decreases
gradually towards the source. Consequently, the depletion region intrudes into
the channel more towards the drain, as shown in Fig. 13.1. As V is slowly
increased, the depletion layer widths increase thereby constricting the channel
opening. The channel resistance thus increases and the drain current rises less
than linearly with Vps. As Vg continues to increase, the channel opening near
the drain shrinks and the channel resistance increases further, At some value of
Vps, the depletion regions meet near the drain to pinch off the channel [Fig.
13.6(a)]. This value of Vpgis the saturation voltage Vpsar- Beyond pinch-off, the
current I saturates at a value Ip,,,. The differential channel resistance dVpy/ dlp
is very high in the saruration region.

Conducting channel Condueting thannel
~ et 3 ¥ | Depletion - ]

Source Source Drain

(b)
Fig 13.6 Cross-sectional view of a IFET (a) at pinch-off (b) beyond pinch-off

As Vpg increases above Vi, the excess v
regions. Thus the depletion regions meet at 4 point before the drain end [Fig.
13.6 (b_)]. In principle, the channel cannot close completely, for that would force
the drain current to zero. The channe] becomes very narrow from the point where

oltage is absorbed by the depletion

the depletion regions nearly meet, up to drain. The depletion area widens and
the effective channel resistance increases to keep the drain current nearly constant.

For a large value of Vpg, the reverse voltage between the channel and the gate
pecomes sufficient to cause a breakdown of the gate junction, resulting in a sharp
increase of the drain current. The breakdown regions of the characteristic is thus
cxp]{lined.

When Vs is negative, the channel resistance increases because reverse bias
petween the channel and the gate is enhanced. Hence the drain current for a
aiven Vpg is reduced and the pinch-off occurs at a lower value of Vpg. Therefore,
Vipsar decreases with increasing negative gate voltage. The saturated drain current
Ipsar i also lowered by the negative gate-source voltage. Breakdown also takes
place at a lower value of V5 as the reverse gate bias increases, because both Vg
and Vs contribute to the breakdown voltage.

Note that beyond pinch-off, the drain current is controlled by the gatf: bias.
So, by varying the gate bias, the amplificarion of an ac signal can be achieved.

A forward bias is not applied to the gate because that would cause hole injection
from the gate into the channel. The field-ef-
fect control of the device is lost and the input
impedance is reduced.

Transfer characteristic of JFET: The
graph showing the variation of the saturation
drain current Ip,, with gate-to-source voltage

S T Vi is referred to as the transfer characteristic

b " ({/1) ® of the JFET. The transfer characteristic an be

—es easily obtained from the static characteristics.

Fig. 13.7 Transfer characteristic of For an n-chunne! JFFT, the transfer charac-
an n-channel JFET teristic is shown in Fig. 13.7.
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Observation
Figure 13.6 shows a simplified picture at an
cross-sectional view of a JEET before, at,
Fig. 13.7A.

d beyond pinch-off. A more realistic
and beyond pinch-off is depicted in

13.4 PINCH-OFF VOLTAGE . . '
In the n-channel JFET of Fig 13.1, there are two sets of depletion :eflogi,d 0;:
sid ¢ ts are alike,

i r) of the n-type bar. The two sels ¢ e, an
::;?32 Sldel (u::icrs::] ﬁclfc‘.”e&: W, be the width of the degletlon region ;ne::jc
"‘l):PC ;ﬂ(:[;:d W, i:e that in the p-type gate at a dlsmnce. X trogx :ei:?::fof m(;
TNy i P i of acceptor ions in the p-type gate and Np s that of T
e NpW,, because the net charge is

donor fons in the r-type ba.r, v:le h;:;cNNA:;P;D_ Hence Wp << W, and the net
zer0. The gate being heavily dopec, fia =
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Fig. 13.7A. Realistic picture of an n-channel JFET (a) before pinch-off,
(b) at pinch-off, and (c) after pinch-off

width of the depletion region is W = W, + W, = W,. There being two sets of
depletion regions, W is actually the depletion-layer half width. Moving perpen-

'dicu]af' to the x-direction, i.e. along the y-direction, Poisson’s equation for the
depletion region in the n-type bar is (in ST units)

(12V e
—2 T —ND|
dy €

whcre' eis !hc magnitude of the electronic charge and € is the permittivity of the
material of the bar, The boundary condition is that at y =W, =W,the barie
electric field /7 = ~ 4V : i i

e 0. Integrating the above equation and using o
boundary condition, we obtnin

av ‘ ¢ Ny
a2 =W = ~F.
Again intepmting, we et

[“ Vo= o N
h =R (e Wy
l \“ A
5 4 e
) iz h "\
\ (\) - é‘; L‘\\- __‘: “:\‘) .

Aty = W, we have W(y) = IV(x)I, which is the applied voltage across the
space-charge region at x. We have neglected here the built-in potential between
the chanrel-gate junction. V(x) is negative because of reverse bias for an n-channel
JFET. If aisthe half-width of the bar and b(x) is the half-width of the conducting

channel [Fig. 13.6(a)]. the depletion-layer half-width at x can be obtained from
the last equation by putting y = W(x). Thus

172
W(x) = ﬂ—b(.t):[j—slV(x)l] (13.1)
d

Writing C = e Np/(2 €), Eq. (13.1) can be put in the form
I Vx)l=Cla-b ()P (13.2)

The magnitude of the voltage across the space-charge region for which the
channel is just pinched off near the drain is called the pinch-off voltage. denoted
by Vp. Vp is a positive number and is related to Vpgsr and Vs by

Ve=Vpur- Vgs (13.3)

where Vs is zero or negative. Clearly, the value of V. obtained from _lhe stat?c
characteristics for Vs = 0, gives the pinch-off voltage Vp The saturation drain
current for Vgs = 0 is known as the pinch-off current, Ip.

Equation (13.3) shows that pinch-off takes place from a combination of gate-
to-source voltage and drain-to-source voltage. Pinch-off is reached at a lower
value of Vpg«r when a negative gate bias is applied.

At pinch-off, b(x) = 0 at the drain end [see Fig. 13.6 (a)]. Therefore, Eq.
(13.2) gives for the pinch-off voltage

(13.4)

For a p-channel JFET, Np in Eq. (13.4) should be replaced by Ny, the acceptor
concentration in the channel bar.

If b(x) decreases almost linearly with x, such that b(x) = a — kx (where Fisa
constant), we obtain from Egs. (13.2) and (13.4)

2

B
V(@) = vp[l—ﬂﬂ]z =V, (13.5)

a a

Noise behaviour: JFETs are useful for lo.w.-noise' ampliﬁcafion. The ‘noise is
less because only the majority carriers participate in 'lhe device operation. u:n
practical devices, however, the thermal noise in the resistances contributes to.d ;
noise behaviour. For low-noise performances, the gate length and channel wi

must be reduced. Unlike the BIT. the noise figure of FETs is independent of the
f\.\_________—'——

quiescent point (/p and Vps)-

~




Pinch off voltage is the drain to source voltage after
which the drain to source current becomes almost

constant and JFET enters into saturation region and is
defined only when gate to source voltage is zero.

https://youtu.be/-039YVNMYVs



2. The Q-point of a JFET in a source self-bias arrangement is chosen at
Vs ==1.5V and Ip,,, =5 mA. Find the value of the resistance R;.

Ans. We have
| Vool
PO |-
1 Ipsl 5x%107
= 300 ohm.

3. As Vg, is changed from —1 V to ~1.5 V keeping Vs constant, /p, of a FET
drops from 7 to 5 mA. What is the transconductance of the FET? If the ac drain
resistance is 200 kilo ohm, find also the amplification factor of the FET.

hm

Ans. The transconductance is

. N N L .
L T -1-(-135) V

A
8 VD.\'

=4 mA/V

The amplification factor is

W = rggm = 200 X 10° x 4 x 107 = 800.

4. A FET amplifier in the common-source configuration uses a load resistance of
250 kQ. The ac drain resistance of the device is 100 k Q and the transconductance

is 0.5 mA/V. What is the voltage gain of the amplifier? .

Ans. The voltage gain is
HRL

A‘. i rd+RL

Here r, = 100 kilo ohm, & = 0.5 mA/V, and R; = 250 kilo ohm. We have p

=ry g, = 100X 0.5 = 50. Hence

50 x 250 3
S . T, T
Av = = 700+ 250




. An n-channel JFET gives a saturation voltage V), = 4V for Ve =-1V.

Another n-channel JFET gives V. = 6.5V for the same V5. Compare

-

the pinch-off voltages of the two JFETS. (Ans. 2:3)

. For a constant Vg, the drain current of a FET changes by 20 pA when

~ Vps is changed by 2V. What is the ac drain resistance? - (Ans 100 k£2)

. The transconductance and the ac drain resistance of a FET are 0.2 mA/Y
and 150 kQ, respectively. This device is used in the CS configuration

with a load resistance of 150 kQ. Determine the small-signal voltage gain
(Ans. —15)
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