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E.D.C.-l : \\ 53 Semiconductor Physics

X

\ On = qNpH,
28571 = 1.6x10"% x Ny, x 1500 x 10~

Ny = 1.190 x10% per m?
\

and n; \& 1.45x 10 per cm?

\1.45x10' :
= per m

ﬁ"“»,\lO
= 145% 106 per m?

1]

Now height of potential barrier means juncti(;ﬁ\potential V.

Ny N

2
ni\

At room temperature, V; =26 mV = 26 x 1072V

1.315x10%! x1.19x 102!

V, = 26x107 xIn
2
(1\\4\5 x10'®
b V; = 0591V.
A2@, !
: _The resistivity of the two sides of a step graded germanium junctions are 5 Q-cm on

\

7 p-side and 2.5 Q-cm on n-side. Calculate the height of the potential barrier.
If the resistivities of the sides are interchanged, calculate the height of the potential
barrier. (Dec-91)

Assume : p, =0.38 m?/V-s, n;=2.5x 10" per cm®, p, =018 em?/V-s
Sol.: Casei] p, =5Q-cm =5x 1072 Q-m

1 i

o eyt 20 (Q-m)'1
pp 5%x10™
Now for p-type material, p, =N 4
0.p = 4 NA up

20 = 1.6x107" xN, x 0.18
N, = 6.95 x10% per m?

Similarly P, = 25Q-cm=25x10"72Q-m
1 i
G n — — —-————2—
pn 2.5)( 10

= 40 (Q-m =
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E.D.C.- 54 Semiconductor Physics
Now for n-type material, n, =N
6y = qNpup,
40 = 1.6x107% x N, x0.38
Np = 6578x10% per m?
_ 13 3_25x10" 3
n; = 25x10" per cm ———10—_6—-perm
= 25x10" perm?
Now V; =26 mV at room temperature.
V. = vem| NaNo
n{
20 20
= 26x1072 | 895x107 x6.58x10
(2.5x1019)2
= 0171 V.
Case ii] Pn = 5x102 Q-m
on = L =20@m)"
n
and 7 W qND Hn
20 = 1.6x107 xNp x 0.38
Np = 3.28x10% per m®
while Pp = 25Q-cm=25x102Q-m
Cp = —1-=4O (Q-m)~!
Pp
C and Gp = qN, Hp
40 = 1.6x107° x N, x0.18
N, = 1.389x10%! perm?
Vi = 26x103V
V] = VT In M
nf
21 10
= 26x102 In 1.389x10°" x 3.28 x 10
(2.5x10%%)?

0.171.V.




E.D.C.-l 85 Semiconductor Diode Characteristics

And the current equation (2.15) is applicable for both forward and reverse biased

J conditions and: comptetely describes the V-I characteristics of p-n junction diode. The
/ sign of voltage V must be considered appropriately for applying the equation in case of
forward and reverse biased conditions.__
’b 2-62 Mathematical Expression for the Dynamic Resistance

We have seen earlier that the dynamic resistance is the reciprocal of the slope of the
V-I characteristic of a diode. For the incremental€hanges in voltage and current we can

write,
& = L
Slope of graph
1
= — .. (2.18
17 (2.18)
dv
Now current equation of a diode is given by,
[ =L (eV™ - 1)
dr ="z { L e YIMVT }
dv n Ve
I VinVr
X oained . (2.19)
dVv nVr
1
T =
L:1)
dVv
s SL20)
I. e V/n VT
But from the current equation we can write,
[peV"™T = I+1, .. (2.21)
Substituting in equation (2.20), we get,
V :
r = 2T = Dynamic resistance . (2.22)
I+1,

While determining the value of dynamic resistance under forward biased and
reverse biased conditions, the general expression, equation (2.20) is used. For forward
biased condition treat V positive while for reverse biased condition treat V as negative,
while using the expression. The following example will clear the use of the generalised
expression in calculating forward and reverse dynamic resistance.
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%&Mathematical Expression of Transition Capacitance Cy

* Consider a p-n junction diode, the two sides of which are not equally doped.
Impurity added on one side is more than the other. Assume that p-side is lightly doped
and n-side is heavily doped. As depletion region penetrates lightly doped side, the most
of depletion region is on p-side as it is lightly doped as shown in the Fig. 2.15.

J
— . =—Depletion region

Fig. 2.15 Unequally doped p-n junction diode
It can be further assumed that concentration of acceptor impurity on p-side (N, ) is
much less than the concentration of donor impurity on n-side (N ). Hence the width of
depletion region on n-side is negligibly small compared to width of depletion region on
p-side. Hence the entire depletion region can be assumed to be on the p-side only.

The relationship between potential and charge density is given by Poisson’s
equation as,

v Al . (2.36)

d x L&
where x = the distance measured from the junction.
and g = the permittivity of the semiconductor.

€ = £g&; . (2.37)
where go = permittivity of free space
- 1 -8849x10™ F/m
36 nx 10°

and g, = relative permittivity of the semiconductor

= 16 for germanium
= 12 for silicon
Note : In Poisson’s equation, the concentration of lightly deped side is used. If we assume

that n-type is lightly doped compared to p-type then as Np less than N, , Poisson’s
equation modifies to,
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a2 v _ qNp

d x2 €

Integrating equation (2.36) w.r.t. x we get,
2
j d” vV dx = j EE_A__ dx
dx? €

dv. _ aNa X, .. (2.38)

dx e

Assume constant of integration as zero.

Now AV i the electric field intensity over the region 0 to W over which depletion

dx
region is spreaded.
N
< ol e . (2.39)
€

B

where E is electric field intensity.

To get the potential, integrating equation (2.38) we get,
w

I é—Y-dX = j _q__Ijé__de ‘
dx 5 g
2
NG Tl ... (2.40)

V =

£ 2

Atx = W, V = V which is barrier potential

Now barrier potential is the difference between internally developed junction
potential and externally applied bias voltage.
Vg = V-V .. (2.41)

where Vj is barrier potential and V must be taken as negative for reverse bias.

Substituting in equation (2.40) we get,
2
gRpTW .. (2.42)
£ )

VB=

From the above equation it can be observed that,

W o Vg .. (2.43)

The width of barrier i.e. depletion layer increases with applied reverse bias.

If A is the area of cross-section of the junction, then net charge Q in the distance W is

Q = Number of charged particle
x charge on each particle

Q = [Njx Volume] x q
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Q = NJAWq .. (2.44)
Now differentiating equation (2.42) with respect to V,
1o LG O ... (2.45)
2 ¢ dv
il = L .. (2.46)

dvV. qN, W
<2

Now differentiating equation (2.44),

dQ dw
e N A
av e
= N, Aq.—>

gy qNL W

A
LS . (2.47)
dv \

dQ . i :
But v is the transition capacitance C; hence
eA :

Now from equation (2.41) we know that Vg = V; -V and for reverse bias V is
negative. Hence for reverse biased condition we get Vg = V; + V where V is applied
reverse biased voltage. So as reverse biased voltage increases, Vg increases. From
equation (2.43), we can conclude that the width of depletion layer increases as reverse
bias increases. Increasing width W, decreases the transition capacitance Cy. Hence
transition capacitance C decreases as the reverse bias voltage increases.

Cy « 7/1\7 . (2.49)

Hence the variation of C; with respect to applied reverse biased voltage can be
shown as in Fig. 2.16.

? C+(pF)

V= + + ; .
(Reverse bias) =18 =10 =b 0

Fig. 2.16 Ct against réverse biased voltage
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1 &2@ The Semiconductor Photodiode
If a reverse-biased p-n junction is illuminated, the Clear plastic

current varies almost linearly with the light flux. This ﬁ

effect is exploited in the semiconductor photodiode. p / P

This device consists of a p-n junction embedded in - Bl J_

a clear plastic, as indicated in Fig. 3.20. Radiation B = =

is allowed to fall upon one surface across the e et L ¥ T

junction. The remaining sides of the plastic are either n-type /

painted black or enclosed in a metallic case. The /

entire unit is extremely small and has dimensions of .

the order of tenths of an inch. Fig. 3.20 The construction of a semiconductor

photodiode.

Volt-Ampere Characteristics If reverse -
voltages in excess of a few tenths of a volt are applied, an almost constant current (independent of the
magnitude of the reverse bias) is obtained. The dark current corresponds to the reverse saturation current
due to the thermally generated minority carriers. As explained in Sec. 3.2, these minority carriers “fall
down” the potential hill at the junction, whereas this barrier does not allow majority carriers to cross the
junction. Now if light falls upon the surface, additional electron-hole pairs are formed. In Sec. 2.8 we note
that it is justifiable to consider the radiation solely as a minority-carrier injector. These injected minority
carriers (for example, electrons in the p side) diffuse to the junction, cross it, and contribute to the current.
The reverse saturation current 1, in a p-n diode is proportional to the concentrations Pno and n,,, of
minority carriers in the n and p region, respectively. If we illuminate a reverse-biased p-n junction, the
number of new hole-electron pairs is proportional to the number of incident photons. Hence the current
under large reverse bias is / = 1, + I, where I, the short-circuit current, is proportional to the light
intensity. Hence the volt-ampere characteristic is given by

I=1 +1,(-¢"MTr)y (3.34)

where 1, I; and I, represent the magnitude of the 800 N7 T
reverse current, and V is positive for a forward ¢ Load lineySec:do
voltage and negative for a reverse bias. The ' ‘:' : .
parameter 7 is unity for germanium and 2 for 600 H+ 13000 foot-caz
silicon, and Vs the volt equivalent of temperature = - 8 adsERRNE BE
defined by Eq. (3.10). ‘ g EmEEs = H

Typical photodiode volt-ampere characteristics 5400 HHA—
are indicated in Fig. 3.21. The curves (with the 3 £ s :
exception of the dark-current curve) do not pass g Hh
through the origin. The characteristics in the 200 - 13001 i
millivolt range and for positive bias are discussed fi,_ -suuus REEE N
in the following section, where we find that the iEusind EEEN) SERRESSSNfeEE
photodiode may be used under either short-circuit 0 === 10 D-a;(; et 3:0 : 20

or open-circuit conditions. It should be noted that Reverse voltage, V
the characteristics drift somewhat with age. The ; : Gt the IN77
. . & - A i f

barrier capacitance Cr = 10 pF, the dynamic Fig. 3.21 Volt-ampere characteris ics for

resistance R = 50 M, and the ohmic resistance 7 ~ germai?ium ph‘otodzode. (Courtesy of
100 Q. Sylvania Electric Products, Inc.)




76 Integrated Electronics

Sensitivity with Position of Illu- Current, pA

mination The current in a reverse-biased
semiconductor photodiode depends upon the
diffusion of minority carriers to the junction. If the
radiation is focused into a small spot far away from
the junction, the injected minority carriers can
recombine before diffusing to the junction. Hence
a much smaller current will result than if the
minority carriers were injected near the junction. P Y _i 0 1 ) 3
The photocurrent as a function of the distance from Distance from junction, mm
the junction at which the light spot is focused is
indicated in Fig. 3.22. The curve is somewhat
asymmetrical because of the differences in the
diffusion lengths of minority carriers in the p and n
sides. Incidentally, the spectral response of the semiconductor photodiode is the same as that for a
photoconductive cell, and is indicated in Fig. 2.12.

The p-n photodiode and, particularly, the improved n-p-n version described in Sec. 5.14 find extensive
application in light-detection systems, reading of film sound track, light-operated switches, production-
line counting of objects which interrupt a light beam, optical communication receivers, etc.

Fig. 3.22 Sensitivity of a semiconductor photodiode
as a function of the distance of the light
spot from the junction.

3.14| The Photovoltaic Effect®

In Fig. 3.21 we see that an almost constant reverse current due to injected minority carriers is collected
in the p-n photodiode for large reverse voltages. If the applied voltage is reduced in magnitude, the
barrier at the junction is reduced. This decrease in the potential hill does not affect the minority current
(since these particles fall down the barrier), but when the hill is reduced sufficiently, some majority
carriers can also cross the junction. These carriers correspond to a forward current, and hence such a
flow will reduce the net (reverse) current. It is this increase in majority-carrier flow which accounts for
the drop in the reverse current near the zero-voltage axis in Fig. 3.21. An expanded view of the origin in
this figure is indicated in Fig. 3.23. (Note that the first quadrant of Fig. 3.21 corresponds to the third
quadrant of Fig. 3.23.)

The Photovoltaic Potential If a forward bias is applied, the potential barrier is lowered, and
the majority current increases rapidly. When this majority current equals the minority current, the total
current is reduced to zero. The voltage at which zero resultant current is obtained is called the photovoltaic
potential. Since, certainly, no current flows under open-circuited conditions, the photovoltaic emf is
obtained across the open terminals of a p-n junction.

An alternative (but of course equivalent) physical explanation of the photovoltaic effect is the following:
In Sec. 3.1 we see that the height of the potential barrier at an open-circuited (nonilluminated) p-n
junction adjusts itself so that the resultant current is zero, the electric field at the junction being in such
a direction as to repe! the majority carriers. If light talls on the surface, minority carriers are injected,
and since these fall down the barrier, the minority current increases. Since under open-circuited conditions
the total current must remain zero, the majority current (for example, the hole current in the p side) must
increase the same amount as the minority current. This rise in majority current is possible only if the
retarding field at the junction is reduced. Hence the barrier height is automatically lowered as a result of
the radiation. Across the diode terminals there appears a voltage just equal to the amount by which the
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S E.D.C.-l 330 Transistor Biasing
- Here Thevenin’s equivalent voltage V; is given by
V.
Vy = ik e and
R, +R,

the R; and R, are replaced by R, which is the parallel combination of R; and R, .
_ RiRy

R =
& R,+R2

Applying KVL to the base circuit we get, ¥

Vi = Iy Ry + Vg + (I +Ic)Rg
Differentiating w.r.t. 1. and considering Vy;. to be independent of I we get,
ol olg

0 = X Rp 4 xRg +R
dig I S, -
a1y
—B (R +Ry) = —-R
GIC E B E
oly _ _-Rg ... (6.38)
ol¢ Rg +Ry

We have already seen the generalized expression for stability factor S given by
equation 6.9 is

1+

S < ... (6.39)
1-B@Ig/01:)
Substitutiig value of Z# in the equation 6.39 we get,
C
S - L4 .
_ 1+B __RE“_ -
s = (1+B)(Rg +Rp) _(1+B)(Rg +Ry)
RB+RE+[3RE RB+(1+[3)RE
Dividing each term by R .. we et,
- YRS 1+Ry /R,
S = (1+B) ... (6.40)

(1+B)+Rp/Rg
From equation 6.40 we can observe following important points

1. The ratio Ry /R controls value of stability factor S. If Rp /R\E << 1 then
equation 6.40 reduces to o \
1 \
=1 L. (641
(1+B) \ (6.41)

Practically Ry /R # 0. But to have better stability factor S we have to \keep ratio
Rp /R as small as possible. i

S = (1+B).
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2. To keep Ry /Rg small, it is necessary to keep Ry small. This means that
R, || R, must be small. Due to small value of R, and R,, potential divider circuit
will draw more current from V- reducing the life of the battery. So while
designing if we make R, much smaller than R, then parallel combination results
small Ry without drawing more current through V¢ {Another important aspect is
that reducing Ry will reduce input impedance of the circuit, since Ry comes in
parallel with the input. This reduction of input impedance in amplifier circuits is
not desirable and hence Ry cannot be made very small.

3. Emitter resistance R is the another parameter we can use to decrease ratio
Rp/Rg. By increasing R we can make®R /R small. But as we increase R, drop
Iz Rg will also increase and since Vi is constant, drop acrgss R will reduce. This
shifts the operating point Q which is not desirable and hence there is limit for
increasing Rg .

Thus while designing voltage divider bias circuit we have to find compromising
values :

S -Small
e Rp —Reasonably small

Rg -not very large
4. If ratio Ry /R is fixed, S increases ‘with B Therefore stability decreases with
increasing .

5. Stability factor S is essentially independent of 8 for small value of S.

\Note : Stability factor S for voltage divider bias or self bias is less as compare to other
biasing circuits studied. So this circuit is most commonly used. )

Ex.6.7:  Fora circuit shown in Fig. 6.27, Vo =20V, Re =2 kQ, B =50, Vg, = 0.2V,
R, =100k, R, =5kQ and l%\= 100Q2. Calculatel g, Vg, 1 - and stability factor S.

chzov
/ |

R4=100kQ =2kQ
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in the collector current. The process is cumulative and it is referred to as self heating. The
excess heat produced at the collector base junction may even burn and destroy the
transistor. This situation is called “Thermal runaway’ of the transistor.

6.8.1 Thermal Resistance
The steady state temperature rise at the collector junction is proportional to the power
dissipated at the junction. It is given as

0T = T -T, =0T, ... (6.63)
where T, = Junction temperature in ° C:'
T, = Ambient temperature in °C.
and P, = Power in watts dissipated at the collector junction.
0 = Constant of proportionality.

The 6, which is constant of proportionality is referred to as thermal resistance.

T
= 1A .. (6.64)
I)D

* The unit of 0, the thermal resistance, is
°C/watt. The typical values of 6 for various
transistors vary from 0.2 ¢ C/W for a high
power transistor with an efficient heat sink to
1000 ° C/W for a low power transistor. The
maximum collector power P allowed for safe
operation is specified at 25 °C.

Fig. 6.43 shows power-temperature derating
curve for a germanium transistor.

s
L

0 S Y GEr e
20 40 60 80 100o

It shows that above 25 ° C, collector power
Case temperature, C

must be decreased, apd at the extreme
temperature at which the transistor may
Fig. 6.43 Power temperature derating curve operate, P is reduced to zero.

6.8.2 The Condition for Thermal Stability

As we know, the thermal runaway may even burn and destroy the transistor, it is
necessary to avoid thermal runaway. The required condition to avoid thermal runaway is
that the rate at which heat is released at the collector junction must not exceed the rate at
which the heat can be dissipated. It is given by,

0P _ 0By

Ol .. (6.65)
0T,  oT,
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It is the ratio of change in drain-source voltage (AV ) to the change in drain current (Al) at
constant gate-source voltage i.e.

Field Effect Transistors & 517

a.c. drain resistance, r = s at constant V
v Al
For instance, if a change in drain voltage of 2 V produces a change in drain current of 0.02 mA, then,
) . 2V
a.c. drain resistance, = —— = 100kQ
4 = 002 mA

Referring to the output characteristics of a JFET in Fig. 19.8, it is clear that above the pinch off

voltage, the change in 1, is small for a change in Vj,cbecause the curve is almost flat. Therefore,
drain resistance of a JFET has a large value, ranging from 10 kQ to | MQ.

(ii) Transconductance ( 2, ). The control that the gate voltage has over the drain current is

measured by transconductance 8, and is similar to the transconductance 8, of the tube. It may be
defined as follows :

1t is the ratio of change in drain current (Al}) to the change in gate-source voltage (AV) at
constant drain-source voltage i.e.
Al
AVis

The transconductance of a JFET is usually expressed either in mA/volt or micromho. As an
example, if a change in gate voltage of 0.1 V causes a change in drain current of 0.3 mA, then,
0.3 mA

Transconductance’ 8 = SC =3mA/V = 3x 10_3 A/V or mho or § (siemens)

Transconductance, & = at constant V,

3107 x10° p mho = 3000 p mho (or pS)
(tif) Amplification factor (p ). It is the ratio of change in drain-source voltage (AV) to the
change in gate-source voltage (AViy) at constant drain current Le.

AV
L

Amplification factor of a JFET indicates how much more control the gate voltage has over drain
current than has the drain voltage. For instance, if the amplification factor of a JFET is 50, it means
that gate voltage is 50 times as effective as the drain voltage in controlling the drain current.

19.14 Relation Among JFET Parameters

The relationship among JFET parameters can be established as under -
AVps

AV,

Multiplying the numerator and denominator on R.H.S. by Al,, we get,

Amplification factor, i =

at constant I,

Weknow pu =

AVps Aly _ AVy Al

u o= =an . Sps o Adp.
AVge Al Alp ¥y
M =r,xg o
ie. amplification factor = a.c. drain resistance X transconductance

Example 19.7. When a reverse gate voltage of 15 V is applied to a JFET, the gate current is
107 MA. Find the resistance between gate and source.

Solution. Vos = 15V I; = 102 pA = 10°A

9



1%
rent
£ cut

- hich
both

- e of

TOSS

¢ seof

rmal

€s.

The
ctor.

drain

Q{‘@ AN T- WV
=D2C§¢..ul_ gy stz U\ Field Effect Transistors ® 517

It is the ratio of change in drain-source voltage (AV) to the change in drain current (Al p) at
constant gate-source voltage i.e.

. . AV,
a.c. drain resistance, r, = DS at constant Vi
D
For instance, if a change in drain voltage of 2 V produces a change in drain current of 0.02 mA, then,
a.c. drain resistance, r,; = 4 - 100 kQ
0.02 mA

Referring to the output characteristics of a JFET in Fig. 19.8, it is clear that above the pinch off
voltage, the change in [, is small for a change in Vs because the curve is almost flat. Therefore,
drain resistance of a JFET has a large value, ranging ffom 10 kQ to 1 MQ.

(if) Transconductance ( g, ). The control that the gate voltage has over the drain current is

measured by transconductance 8ss and is similar to the transconductance g,, of the tube. It may be
defined as follows :

It is the ratio of change in drain current (Alp) to the change in gate-source voltage (AVyo) at
constant drain-source voltage i.e.

Al,
Transconductance, &es = at constant V¢

A Ve
The transconductance of a JFET is usually expressed either in mA/volt or micromho. As an
example, if a change in gate voltage of 0.1 V causes a change in drain current of 0.3 mA, then,
0.3 mA

Transconductance, & = 01V = 3mA/V = 3x 107 A/V or mho or § (siemens)

3% 107 x 10® ymho = 3000 w mho (or US)
tiir)  Amplification factor ( p ). It is the ratio of change in drain-source voltage (AV ) to the
change in gate-source voltage (AV ) at constant drain current i.e.

bl AVps
Amplification factor, u = ——"=> at constant I
AV

Amplification factor of a JFET indicates how much more control the gate voltage has over drain
current than has the drain voltage. For instance, if the amplification factor of a JFET is 50, it means
that gate voltage is 50 times as effective as the drain voltage in controlling the drain current.

19.14 Relation Among JFET Parameters

The relationship among JFET parameters can be established as under :
AV

AV

Multiplying the numerator and denominator on R.H.S. by A, we get,

We know p =

AVps Al _ AVps Al

p =
AVee Al Al;, AV
o= ryXge
ie. amplification factor = a.c. drain resistance X transconductance

I" xample 19.7. When a reverse gate voltage of 15 V is applied to a JFET, the gate current is
10~ ,uA Find the resistance between gate and source.

Selution. Vos = ISV 1, = 107 pA = 107 A
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Like, depletiontype MOSFET, two highly doped n regions are diffused into a lightly
doped p type substrate, The source and drain are taken out through metallic contacts to
n-doped regions as shown in the Fig. 8.19. But the channel between two n-regions is
absent in the enhancement type MOSFET. The Si0, layer is still present to isolate the
gate metallic platform from t%e\.;egion between the drain and source, but now it is
simply separated from a section of the p-type material.

!

i | @ Basic Operation and Characteristics :

On application of drain to source voltage Vg and keeping gate to source voltage
zero by directly connecting gate terminal to the source terminal, practically zero current
flows-quite different from the depletion type MOSFET and JFET. If we increase
magnitude of Vi in the positive direction the concentration of electrons near the SiO,
surface increases. At particular value of Vs there is a measurable current flow between
drain and source. This value of Vi is called threshold voltage denoted by V;. Thus we
can say that in an enhancement type n-channel MOSFET, a positive gate voltage above a
threshold value induces a channel and hence the drain current by creating a thin layer of
negative charges in the substrate region adjacent to the 810, layer, as shown in the
Fig. 8.20. The conductivity of the channel is enhanced by increasing the gate to source
voltage and thus pulling more electrons into the channel. For any voltage below the
threshold value, there is no channel.

Electrons attracted to positive gate Region depleted of

(induced n - channel) / P - type carriers (holes)
S 4
D n
& : ¥ S
—
JG =0A i e i I
¢+ e > 4+ SS .—Jl v
G : el —»+ P ? == Vps
o e e F'
+ 5 —_—
Ves i e =g
S n

\lnsulating layer \Holes repelled
by positive gate

Fig. 8.20 Channel formation in the n-channel enhancement type MOSFET
Since the channel does not exist with Vg = 0V and “enhanced” by the application of
a positive gate to source voltage, this type of MOSFET is called an enhancement type
MOSFET.

=, Fig. 8.21 shows the drain characteristics of an n-channel enhancement type-MOSFET.
Looking at Fig. 8.21 we can say that as Vg increases beyond the threshold level, the
| density of free carriers (electrons) in the induced channel increases, increasing the drain
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current. However, at some point of Vps, for constant Ves, the drain current reaches a
saturation level. The levelling off of Ip is due to a pinch-off process, is as described

earlier for the JFET. Fig. 8.22 shows pinch off process for n-channel enhancement type
MOSFET.

IP ID (mA)
11 :__—Curve represents pinch off values
By g
8 -

S
7 = VGS = +7V
6 —
= Voo = +6V
4 GS
3
Vgg= +5V

Vao= +4V
vES- i3y

10V 15V 20v 25y

S Ves=Vy=2v

5V: Vbs

Fig. 8.21 Drain characteristics of an n-channel enhancementtype MOSFET

Sio Pinch-off (beginnin ) Depletion region
2 / 9/ P

p - type ey
substrate T ’: =

Fig. 8.22 Change in channel and depletion region with increasing level of Vis
for a fixed value of Vas

Fig. 8.23 shows the transfer characteristic for n-channel enhancement type MOSFET.
This characteristic is quite different from characteristic that we obtained for JFET and
depletion type MOSFET. For an n-channel enhancement type MOSFET it is now totally
in the positive Vg region and as we know I 1 does not flow until Vgs = Vr.
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