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3.1 Comparison of BJT and JFET

Table 1 shows the comparison of Bipolar Junction Transistor (BJT) and Junction Field
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Effect Transistor (JFET).
Table 1. Comparison of BJT and JFET
Sr. No. Parameter BJT JFET

1 Control element Current controlled device. Inp«l Voltage controlled device. inpuf]
current [5 controls output curren{ voltage Vgs controls drain current
Ic I

2 Device type Current flows due to both, Current flows only due to majority
majority and minority carriers carriers and hence unipolar
and hence bipolar device. device.

3 Types npn and pnp n-channel and p-channel.

* Symbole c c D D

E E S S
npn pnp n-channel p-channel

5 Configurations CE, CB, CC CS, CG, CD

6 Input resistance Less compare to JFET. High compare to BJT.

7 Size Bigger than JFET. Smaller in construction than BJT,
thus making them useful in
integrated - circuits (IC).

8 Sensitivity Higher sensitivity to changes in | Less sensitivity to changes in the

the applied signals. applied voltage.

9 Thermal stability Less More

10 Thermal runaway Exists in BJT, because of Does not exist in JFET, because

cummulative effect of increase in| drain resistance ry increases with
¢ with temperature, resulting temperature, which reduces b,
increase in temeperature in the | reducing the b and hence the
device. temperature of the device.

1" Relation between input | Linear Non-linear

and output
12 Ratio of o/p to ilp Ale _ p als
Alg A VGS

13 Thermal noise More in BJT as more charge Much lower in JFET as very few

carriers cross junctions. charge carriers cross the junction.

14 Gain bandwidth product| High Low
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3.2 Introduction to Biasing of FET Amplifiers

Like BJT, the parameters of FET are also temperature dependent. In FET, as
temperature increases drain resistance also increases, reducing the drain current. Thus
unlike BJT, thermal runaway does not occur with FET. However, the wide differences in
maximum and minimum transfer characteristics make it necessary to keep drain current I,
stable at its quiescent value. In this chapter we see the different d.c. biasing techniques for
FET amplifier. The general relationships that can be applied to the d.c. analysis of all FET
amplifiers are :

Ip = 0A e (1)
In - ls o {2}
2
Ip = lm[l"%";] "
P
3.3 Types of JFET Biasing Circuits
* Fixed Bias
« VVoltage Divider Bias

» Self Bias
3.3.1 Fixed bias Circuit

Fig. 31 shows the fixed bias circuit for the n-channel JFET. This is the simplest
biasing arrangement. To make gate-source junction reverse-biased, a separate supply Vg,
is connected such that gate is more negative than the source.

D.C. Analysis : For the d.c. analysis
coupling capacitors are open circuits.
The current through R; is I; which is
zero. This permits R to replace by short
circuit equivalent, simplifying the fixed
bias circuit as shown in the Fig. 32

Figure 5 1 Fixed blas circult for n-channel circuit

We know for d.c. malyms
lc = 0A
and applying KVL to the input circuit we get,
Vs + Vg = 0
" Vos = =g . @)
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Fig. 3.2 Simplified Fixed Bias Circuit

Since \;; is a fixed d.c. supply, the voltage \i;5 is fixed in magnitude, and hence the
name fixed bias circuit.

For fixed bias circuit the drain current Ip can be calculated using equation (3).
2
\Gs
Ip = I ..
D Dﬁ'ﬁ[ vp ]

The drain to source voltage of output circuit can be determined by applying KVL.

+VD5+ IDRD_VDD = [
'.'VD'E = ‘!'ruﬂ - [DRD . [5]
The Q point of the JFET amplifier with fixed bias circuit is given by :
Ves 1
fog = Tos{1-7

Vosg = Voo ~IogRp

Example : For the circuit shown in the Fig. Calculate :
a) Veso, b) Ipg., BV
l‘.'j VDSQ; d) Vp

Im' 10 mA
Vps-4V
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Solution :
) Vs = - Voo =-2V

2 2

-2V
b) Ipg = Im[ -:§—:J=lﬂxll}‘3(l~ ‘_4‘,]
= 10x10-3 (1-05)2 = 10x10-* (0.25) = 25 mA

c) V[EQ = Vpp - I[.'QRIJ =8 V-25x10" (1x10? )=55V
d] VD =Vm+\r5=5+5+ﬂ=5.5v

3.3.2 Voltage Divider bias Circuit

*Voo The Fig. 33 shows n-channel JFET with voltage
Ro divider bias. The voltage at the source of the JFET
v must be more positive than the voltage at the gate in
3R, ' c,l(-—o ® order to keep the gate-source junction reverse-biased.
) ‘F F ol The source voltage is,
\/ -
c, J \ Vs = IpRs
¥ :’ | The gate voltage is set by resistors R, and R, as
EERSTCS expressed by the following equation using the
e i voltage divider formula :
Fig. 3.3 Voltage divider bias for n-channel JFET | ___(R’izR )V wlg=0
1 +R2
D.C. Analysis :
Applying KVL to the input circuit we get,
o -Vas=-Vs =0
2Vos =V - Vs = Vg - Is Rg
=\ -IpRg v Ip =ls
]
Al Vs = Vo - Ip R . (6
Vs

Applying KVL to the output circuit we get,
Vos *IpRp +Vs—Vpp = 0

_'.\h = %—lpkp—lpkg
= Voo -Ip(Rp+Rg) = @

Fig. 3.4 Simplified voltage divider circuit for dc analysis
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The Q point of a JFET amplifier using the voltage divider bias is given by :

Vpsa = Vop - Ip (Rp+Rg)

Example : For circuit shown in Fig. Calculate Ip , Vgs , Ve, Vps and v,

20K 1}

10K

Solution : We have,

Vs = % -IpRg
R 12 X 10K
where = Yoo Rz _ -
% R; +R, 10K + 20K &y
.’.w;s - 4-10 Rs
We have, Iy = loss( _\_(;_s_)2
VP

Substituting value of ;5 we get,

4-1aR 2 _ 3
Ip = xm(x_‘__‘;_s)) :,2,(1&;[1_(4 lox2x10)]
P -4
= 12)(10’3 (l-[(—l)"‘ 500101)2312x10—3 (2_Swln )2
= 12x1073(4 - 2000Ip, + 25000012
Ip = (0.048-241; +300012)

% 300012 —251p +0.048 = 0
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Solving quadratic equation using formula 2 ; e we get,
_ —(25)%,/(-25)2-4(3000)(0.048)
- 2(3000)
_ 25%,/625- 576 25:!:,/49 257
= = —000  ~ G000 =533 mA or 3 mA

If we calculate value of Vg taking Ip = 5.33 mA we get,
Vos = Voo —Ip (Rp +Rg)

12-533x10*(1.2K+2K )= 12 -17.07 = - 5.07
Practically, the value of Vps must be positive, hence I = 533 mA is invalid.

'ID = 3mA,

Vos = 12-3x10"3 (1.2x10® +2x10* )=12-96 =24V
VDS = 2.4V

Vs = 4-IpRg =4-3x10"3x2x10° =4-6=-2V

Vs = IpRg =3x10-3x2x10° =6V

3.3.3 Self bias Circuit

(a) n-channel

Note : Ig = I In all JFETs
Fig. 3.5 Self bias circvits for JFET



SEC1205  ELECTRONIC CIRCUITS-I UNIT -3 SMALL SIGNAL ANALYSIS OF FET AND MOSFET AMPLIFIERS

PREPARED BY: Dr.M.Vadivel PAGE: _OF _

Self bias is the most common type of JFET bias. Recall that a JFET must be operated
such that the gate source junction is always reverse-biased. This condition requires a
negative Vs for an n-channel JFET and a positive Vg for p-channel JFET. This can be
achieved using the self bias arrangement shown in Fig. 3 5 . The gate resistor, R, does not
affect the bias because it has essentially no voltage drop across it; and therefore the gate
remains at O0V. R; is necessary only to isolate an a.c. signal from ground in amplifier
applications. The voltage drop across resistor, R makes gate source junction reverse
biased.

For the n-channel FET in Fig. 35, I5 produces a voltage drop across Rg and makes
the source positive with respect to ground. Since [s = I and Vg = 0, then

Vg = X5 Rg = I, Rs. The gate to source voltage is,

Ves = Vg-Vs=0-IpRg=~IpRs

Voo In the following D.C. analysis, the

Eil'o n-channel JFET shown in Fig.35 is used

to for illustration . For D.C. analysis we can

13 replace coupling capacitors by open circuits

s [ and we can also replace the resistor R; by a

K\ short circuit equivalent, since I; = 0. This is
Vs s illustrated in Fig. 3.6.

¥ We know, equation (3) gives relation

% V
Fig. 3.6 Simplified self bias circuit for dc analysis b = 'N("v;“)
Substituting value of V5 in above equation we get,

Ip = 1035(1- ':,‘,:R’ T:lm(ul'::’ ); ... (8)

Applying KVL to the output circuit we get,
Vs+Vps +IpRp—Vpp =0
“Vps = Voo -Vs-IpRp =Vpp-IpRs-IpRp
= Vop—Ip (Rs+Rp )
Vos = Voo =Ip (Rg+Rp ) - (9)

Rs

AAAN
vy
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Example : For the circuit shown in Fig. . Calculate Vosg , Ipg » Vps , Vs and Vp
Solution : i) I, : we have,

IpRs ¥
Ip = Im(n V; )

Ip

5.
8x10"(l+ Ip % 1x 10 )

-4

8x10-3 (1-2501p )
8x10-3 (1- 50015 + 6250012, )
8x10-7-41p + 50012

50012 - SIp + 8x10-3 = 0

+2v

Ro
22k

G lm.a'M
Vp=-4V

-btJbz-4u

Solving quadratic equating using formula 3a we have,

+5%./(-5%)-4(500)(8x10-3)
2% (500)

+5£/25-16 _+5%9
1000 1000

+5%3
1000

Ipg cannot have value 8 mA because maximum value of Ip, Ipgs is given as 8 mA at
6s = 0 and hence Ip is taken as 2 mA.

=8 mAor 2 mA
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ii) \osigy + we have, .
= -2V

i) Vs : Vg = Ip Rg = —2x10% x1x10*
= 2V

iv) Vps: Vps = Vpp-Ip(Rp+Rg) =12-2x10-3(22%10° +1x10* ) =12 - 64
= 56V

'V} T?b= Vns“l"'rs =56+2 =76V

3.4 Small Signal FET Models

The small-signal FET *model (valid both for JFET and MOSFET) is used to relate small
changes in FET current and voltages about the quiescent operating point. The model is differen;
at low and high-frequencies. Therefore we shall study the small-signal models separately as the
low-frequency FET model and high-frequency model. In both these models, the FET will be!
considered in common source configuration. g

3.4.1 Small Signal Low-Frequency FET Model

Figure 37 shows the small-signal low-frequency model of a field-effect transistor. In thig
model, the gate-to-source junction is represented by an open circuit and no current is drawn by the
input terminal of the field-effect transistor. It is because of iy

the fact, that the input resistance (i.e., the resistance of GW ‘D, :
gate-source junction) is very large. Its value at d.c. or zero

frequency is typically 108 to 10'° Q for JFET’s and 10" to e &

10" Q for MOSFET’s. For all practical purposes, these l

values can be considered to be so large that the input of ¥ i - °8',
FET can be considered as an open circuit. an. 3.7. Low-frequency FET m0d¢|

It will be interesting to know that although the gate-source junction appears as an open circuif
yet the gate-to-source voltage affects the value of drain current. It is indicated by a:

voltage-controlled current source (g, - vg) Whose value is proportional to the gate-to-sourcg
voltage. The FET transconductance (g,,) is measured in milliamperes per volt (mA/V), milli

siemens (mS) or milli mhos (mQ). Typical values of transconductance are from 0.5 mA/V to 10
mA/V for JFET’s and 0.5 mA/V to 20 mA/V for MOSFET"s.

The FET drain resistance (also called FET output resistance) is represented by the resistance (rd)
Typical values of drain resistance are from 100 kQ to 1 MQ for JFET’s and 1 kQ to 50 kQ foti

.J

MOSFETs, i
10



SEC1205  ELECTRONIC CIRCUITS-I UNIT-3 SMALL SIGNAL ANALYSIS OF FET AND MOSFET AMPLIFIERS
PREPARED BY: Dr.M.Vadivel PAGE : _ OF _
3.4.2 Small-Signal High-Frequency FET Model

Figure 38 shows the small-signal high-frequency model of a field-effect transistor. It is
identical to the low-frequency model, except the addition at capacitances between each pair of

terminals. The capacitor, (cg,) represents the barrier G ‘
capacitance between the gate and source. Its typical +fc[" J— . v D
value is from 1 pF to 10 pF for both JFET’s and

MOSFET’s. The capacitor (C,y) represents the barrier l

. ‘ . Vp % Ty '
capacitance between the gate and drain. Its typical Cor O Vee o
value is also from 1 pF to 10 pF for both JFET’s and

MOSFETs. Similarly, the capacitor (C,) represents . g ) 3 S

the drain-to-source capacitance. The typical value of  Fjg 54 High-frequency FET model.
Cys 1 from 0.1 pF to 1 pF.
3.5 Field Effect Transistor Amplifier

The field-effect transistor (FET) has a-capability to amplify a.c. signals like a bipolar transistor.
Depending open the configuration, the FET amplifiers may be studied under the following three
heads:

1. Common source amplifier.
2. Common drain amplifier, and
3. Common gate amplifier.

3.5.1 Common Source Amplifier

Figure 39 shows the circuit of a common source N-channel JFET amplifier. It is similar to
a common emitter amplifier. Here the resistors R, and R, (called a voltage divider) are used to bias
the field-effected transistor. The capacitor (C) and (C;) are used to couple the a.c. input voltage
source and the output voltage respectively, ' 0 +Vyp
these are known as coupling capacitors. The
capacitor (Cs) keeps the source of the FET
effectively at a.c. ground and is known as
bypass capacitor.

The operation of the circuit may be
understood from the assumption that when a
smali a.c. signal is applied to the gate, it
produces variations in the gate-to-source

Voltage. This produces variations in the
drain current.As the gate to source voltage Fig. 3.9 Common Source Amplifier

11
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increases, the drain current also increases. As a result of this, the voltage drop across the resistor
(Rp)-also increases. This canses the drain voltage to decrease. It means that the positive half cycle
of the input voltage produces the negative half cycle of the output voltage. In other words, the
output voltage (at the drain) is 180° out-of-phase with the input voltage (at the gate). This
phenomenon of phase inversion is similar to that exhibited by a common emitter bipolar transistor
amplifier.

3.5.1.1 Analysis of Common Source Amplifier

Fig. 3.10 A.C. equivalent circuit of a common source amplifier.

Figure 310 shows the a.c. equivalent circuit of a common source amplifier. This circuit has
been obtained from the amplifier circuit shown in Figure 3.9 by short-circuiting the capacitors
and the d.c. voltage supplies. The field-effect transistor is also replaced by its low-frequency
‘model (or equivalent circuit). Now we shall use this circuit to find the expressions for amplifier
voltage gain, *input resistance and output resistance. ‘ "

1. Voltage gain, 1t is the ratio of the output voltage (v,) to the input voltage (v;,). Mathematically

the voltage gain,

It may be noted that the current from the current source splits between the resistors rq and Ry,
The current through resistor Ry, (as per current divider rule) is given by the relation,

: Td
iy = B ;
RD +ry (gm gs)

and the output voltage,

12
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& 24n L d
Vo _"’d'RD*_LRD_‘_rdJ(gm'vgs)RD

L ra* Rp
i [RD - rdJ K
2 -gm(rd ”RD) " Vgs
T T 8m L Vs oo (0 r=r4]| Rp)
==8m 1L Vin o e W Vgs)
- The minus sign indicates that the output voltage is 180° out-of-phase with the input voltage,
Voltage l

Vo

AV: ==8m'TL

Vin
It may be noted that if the drain resistance (r,) is sufficiently greater than resistor Rp, (i.e., r4
> 10 Rp) then the equivalent resistance of the resistors r; and Rp, in parallel,
rn =Rp
and the voltage gain,
Av =8&m- RD
Note. If the resistance Rp is much larger than ry (i.e, Rp > > rg) then a.c. load resistance (rL) is

approximately equal to r4. In that case, the amplifier gain is equal to the FFT amplification fector (u), which
is the theoretical maximum voltage gain of the FET. But in actual practice, we cannot select Rp to be much
larger than r4 because it makes the d.c. bias current in the range of microamperes. The FET transconductances
(i.e., gm) is near zero at this low bias current value.

2. Input resistance. It is the ratio of the input voltage (v;,) to the input current (ij).

Mathematically, the input resistance,

We know that input resistance (R;) of a field-effect transistor is very high and hence can be
considered to be infinity (i.e., open-circuit). However, the input resistance of the amplifier stage
(R} is equal to the parallel combination of resistors R and R, and the FET 1nput resistance (R)).

Thus
Ri=R R IR

=R || Ry ... (When'R; is infinite)
It may be noted that if we use a self-bias circuit (mstead of a voltage divider bias), then the
input resistance of the amplifier stage,

13
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R; =Rg
3. Output resistance. It is the ratio of the output voltage (v,) to the output current (i).
Mathematically, the output resistance,

R' =._
Ig

We know that the output resistance (R,) of a field-effect transistor is 74 But for the amplifier
stage, the output resistance is the parallel combination of resistors Ry and r,. l.e.,
R';=Rpllrq
However, if r; > > Rp, then the output resistance of amplifier stage,
Ro= RD
Example A certain JFET has a g, of 4 mS. With an external drain resistance of 1.5 kQ,

find the value of ideal voltage gain.
Solution. Given: gn=4mS=4x10?Sand Rp=1.5kQ =1.5x10°Q.

We know that the voltage gain,
Ay =-gn Rp=-(@#x10%) x (1.5 x 10°) = - 6 Ans.
Example A JFET amplifier has g, = 2.5 mA/V and ry = 500 k. The load resistance is

10 k. Find the value of voltage gain.
Solution. Given: gn = 2.5 mA/V =25x 107 AV,

rs =500 kQ and Rp = 10 kQ.
We know that the a.c. equivalent resistance,

Roxra _10x300, 5 _ g8 k0 =98x10°Q

4 Vi
RD +ry 10 +500
Voltage gain,
Ay = =81, =-2.5x107) x (9.8 x 10°)
==245 Ans.
Example The input and output resistances of the FET amplifier are shown in F igu-re

Calculate the value of voltage gain. The FET amplifier has g, = 2 mA/V and ry = 40 kSQ.

14
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Solution. Given: g, =2 mA/V =2 x 103 A/V; ry=
40 kQ; Rp =20 kQ and Rg = 100 MQL
Voltage gain

We know that the a.c. equivalent resistance,
_Roxrs _20x40

= =133 kQ
T Rotrs 20440
=133x10°Q
Voltage gain
Ay =—gnr=-Qx10%)x(13.3 x 10) = - 26.7 Ans. Fig.

Input resistance
We know that the input resistance,
R'; = Rg = 100 MQ Ans.
Outpur resistance

We also know that the outpuf resistance,
R, =r. =133 kQ Ans.

3.5.1.2 Effect of A.C. Load on Amplifier Parameters

Consider a common source amplifier shown in o+ ¥y
Figure 311. Here a load resistance (R;) is ‘ Ao}
connected to the amplifier’s output through a Ag
coupling capacitor. In this case, the total or A f' ,_.?—IC,
effective drain resistance is the parallel 7
combination of resistors Rp and Ry i.e., v Aot A . R
» n=Rpl R a i

It may be noted that in the above expression, if = -

we also consider the FET drain resistance (r,), then Fig- 3.11. Common source amplifier connected
: Y \ to a load resistor.
the effective drain resistance,

n=QRol R ra

15
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The effect of load resistor (Ry ) is to reduce the voltage gain as well as the output resistance. The
value of voltage gain with load resistance is given by the relation,

Av ==8m'TL
==gnRp [ R || r4
=-gn(Rp || R) w (If rg>> (Rp || R)
and the output resistance, of the amplifier stage
R'n = (RD ” RL) ” Fd |
= RpllR, v (Ifrg>> (Rp || RY)
3.5.1.3 Effect of External Source Resistance on Voltage Gain

We have already discussed a field-effect transistor
amplifier in which the source resistor is completely
bypassed for a.c. signals. It means that for a.c. signals, the
source is grounded. Now consider the amplifier circuit in
which we include an external resistor (V) to the source
resistance (Rg) as shown in Figure 3.12.  The source is no
longer at a.c. ground. The drain current through resistor (rs) o
produces an a.c. voltage between the source and ground.

It may be noted that the total input voltage between the
gate and ground, |

Vin = Vg tig' 1y Fig. 3.12. JFET amplifier with external
and the output voltage, source resistance.
Vi =~y n,

where 7, is the parallel combination of resistor R, and the FET output resistance (r;). Therefore
voltage gain,
Vo .- id g ;
Vin vgs + id T
Substituting the value of i; (equal to g,, - v,,) in the above expression,

gm'vgx'rL i Em* Ves ' TL S Em'TL _ n

Vst 8m " Vegs T's Vg.v(l+gm'rs) 1+gm 1 r“+_1-
m

A, =~

16
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It is evident from the above expression that the external source resistance (r;) reduces the
voltage gain. If the value of resistor rs is made sufficiently large as compared to 1/g,, then the
voltage gain,

It means that the voltage gain is independent of the changes in the transconductance value. It is
known as the swamping effect. Because of this fact the external source resistance (r,) is referred

to as the swamping resistor and the FET amplifier as the swamped amplifier.

‘Example Figure shows the circuit of .a swamped FET amplifier. +Vp
Determine the voltage gain (a) when R, = 0 and

(b) when Ry is 100 kQ. Neglect the FET output
resistance (ry) Take g,, = 4 mS.
Solution. Given: g, =4 mS=4x 107 S; Ry=1.5
kQ; Rg =10 MQ and r, = 500 Q.
(a) Voltage gain when Ry is zero
We known that the effective a.c. drain resistance,
rL=RD =15x10°Q
and the voltage gain,
Em'TL
1+gy-r,
_(4x107) x (1.5 x 10°)
1+(4x107) x 500

(b) Voltage gain when R; is 100 kQ
We know that the effective a.c. drain resistance,

RoxRy _ 1.5x100
Ro+R.  1.5+100

4y = -

= -2 Ans.

=148 kQ = 148x 10°Q

%

and the voltage gain,
Em L
148y 1,

—_

v

17
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Y W (4 x 1073) x (1.48 x 10°)
1+(4x103) %500
= — 1.97 Ans.

3.6 Common Drain Amplifier

Figure 3.13 shows the circuit of a common drain amplifier. It is similar to common collector
(or emitter follower) amplifier. Self-biasing is

used in the circuit. The input signal is applied e
to the gate through a coupling capacitor (C,). c Jl Iy
And the output is taken from the source - C
terminal through the coupling capacitor (C,). Q\-j i +

The operation of the amplifier may be Vi Ra R ,__T
understood by assuming that when a small a.c. s h DU
signal is applied to the gate, it produces = .. <
variations in the gate to source voltage.This Fig. 3.13 Common Drain Amplifier

further produces the variations in drain current (/p). As the gate-to-source voltage increases, the
drain current also increases. As a result of this, the voltage drop across the source resistor (Rs) also
increases. Thus the output voltage (v,) increases. It may be noted that the output voltage of a
common drain amplifier is approximately equal to and in phase with the input voltage. Because of
this fact, the circuit is known as source follower. |

A common drain amplifier (or a source follower) has a very high value of input resistance. It is
because of this property that a common drain amplifier is used at the front end of measuring
instruments like electronic voltmeters and cathode ray oscilloscopes.

3.6.1 Analysis of a Common Drain Amplifier

Figure 314 shows the a.c. equivalent circuit of 2 common drain amplifier. This circuit has
been obtained from the amplifier circuit shown in Figure 313 by short circuiting the capacitors
and d.c. voltage supply. The field-effect transistor is also replaced by its low-frequency model.

Now we shall use this circuit to find the expressions for voltage gain, input resistance and
output resistance.
1. Voltage gain. It is the ratio of output voltage (v,) to the input voltage (v;,). Mathematically,

the voltage gain, Vo

18
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For the common drain amplifier, the input voltage,
Vin = Vg + i3 Ry
and the output voltage,
Vg = id ¢ Rs

. - Voltage gain,

oo ] |
RO+ R

Vo la- Ry > o x
A, = = = T Fig. 314 A.C. equivalent circuit of a
in Vgs+1g+ s common drain amplifier.
Substituting the value of i; (= g, - vg;) in the above expression,

(8m * Vgs) Ry
Ves +8m* Vgr ' Rs
_ & Vy R

Ves (1+8m Ry)
_ &R _ R

1 +gn- R Rs+l

Ay =

Em

It may be noted that when R, is much greater than 1/g,, the value of voltage gain approaches

unity.

2. Input resistance. We know that the input signal is applied to the gate of the amplifier. As a
result of this, the input resistance seen by the input signal source is extremely high just as in the
common source configuration. The total input resistance (or the input resistance of the amplifier),

R'i=Rg| R;
where R; 1s the input resistance of the field effect transistor. Since the value of R; is extremely
high, therefore the total input resistance, :

R'i=Rg
3. Output resistance. We know that voltage gain of the common drain amplifier,

Vo R,

o]
" R+ —

Output voltage, En
R,
Vo = 1 X Vip

R+—
5 m
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The above expression is a voltage-divider equation. It implies that the input voltage (v;,) drives
two resistors R, and 1/g,, with output voltage taken across resistor (R;). It means that the output

side of the amplifier appears as shown in Figure  3.15(a). It is evident from this figure, that the
source resistor is driven by an a.c. source with an output resistance i.e.,
RD - l/g,,,

-]. 2
On R

v..(~P R Vo A.v.,‘(? vio
Fr-m b

(a) A.C. equivalent circuit of (b) Thevenin's equivalent circuit
output side of the amplifier. of the amplifier.

Fig. 3.15
It may be noted that output resistance (R,) is the value of resistance looking back into the source

terminal of the JFET. Now let us thevenize the output circuit. The resulting circuit is as shown in
Figure 3.15(b). It is evident from this figure, that the resistance R, is in parallel with 1/g,, and
the output resistance of the amplifier stage

R’ = R, || -

M
If the value of source resistance (R,) is much larger than 1/g,, then the output resistance of the
amplifier stage,

1
R =—
* &n
Example Figure shows the circuit of a

source follower. Determine the voltage gain of the
amplifier. -
Also determine the input and output resistance of the
amplifier. Assume g,, = 800 WS, infinite input resistance
and neglect FET output resistance. Yo
Solution. Given: g, = 8000 uS=8000x 107°S;

Rg=10kQ =10 x 10° Q and Rg = 100 MQ.
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Voltage gain
We know that the reciprocal of transconductance,
1 1

— = ——— =125 Q Ans.

gn 8000x10°°
and the voltage gain, |
- R: 25 10 X 103
R +L (10x10%)+125

Em

= 0.988 Ans.

Ay =

Input resistance
We know that the input resistance
R'; = Rg = 100 MQ Ans.
Output resistance
We also know that the output resistance,

Example Find the voltage gain for the ——+Vyp
source follower shown in Figure
Also find the input and output resistances. If the 1M}
input voltage is 2 m¥, find the value of the output G
voltage. Assume g,, = 5500 pS. i G

. ! S
Solution. Given: v;, = 2 mA; g, = 5500 pS = AW M%;: Ry R
5500x 105S; R, =R, =1 MQ; Rg=5kQ =5000 2™ 1 5kQ 2kQ
Fi

Qand R, =2 kQ = 2000 Q.

=
D

Voltage gain

We know that the reciprocal of transconductance,
= 1 s
—=——=1818Q
&n 5500 x 107
and the voltage gain,
R _ 5000
R,+-1— 5000 + 181.8

Em

A, = = 0.965 Ans.
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Input resistance
We know that input resistance,
_Ri-R,  1x1

R.=R/|R, = = MQ = 0. :
1| Ry TR T Q = 0.5 MQ Ans

Output resistance
We know that the input resistance,

1
Ry = Rl - = 5000|1818 = 1754 Q2 Aus.

Output voltage
Let v, = Value of the output voltage.

Figure 3.16  shows the a.c. equivalent circuit of the output side of
the source follower. It is evident from this figure, that an a.c. source of

voltage 4, - v, (equal to 0.965 x 2 or 1.93 V) is in series with an output
resistance of 175.4 Q.
We know that the a.c. voltage across the load resistor,

(RL oy JXA"'V'"

2000
2000+ 175.4

= 1.77 mV Ans.
3.7 Common Gate Amplifier

)x 1.93 mV

Figure 317  shows the circuit of a common gate amplifier. It is similar to a common base
amplifier. The input signal is applied at the source through a coupling capacitor (C;) and the output
is taken from the drain through the coupling capacitor (C;). The gate is effectively at a.c. ground

because of the capacitor, (Cg).
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The operation of the common gate
amplifier may be understood from the
assumption that when a small a.c. signal is
applied to the sourcg, it produces variation in
gate-to-source voltage (Vgg). This inturn,
produces the variations in drain current (/p).
As the gate-to-source voltage increases, the
drain current also increases. As a result of
this, the output voltage also increases. Thus
output voltage of a common gate amplifier is
in phase with the input voltage.

A common gate amplifier has a low input resistance, high output resistance, high voltage gain
and no phase reversal.

Fig. 317 Common gate amplifier.

3.7.1 Analysis of a Common Gate Amplifier

Figure 318  shows an a.c. equivalent D
circuit of a common gate amplifier. This
circuit has been obtained from the amplifier ¥ y

V,

P

circuit shown in Figure 317 by Q RS v, § gﬁ OV SRy Y%

short-circuiting the capacitors and the d.c.  '* - J

supply. The field-effect-transistor is also r l r - ‘—! _‘-!

replaced by its low-frequency model. R, R ,L R, R, G
Now we shall use this circuit to find the Fig. 3.18. Common gate amplifier.

expressions for amplifier voltage gain, input
resistance and output resistance.
1. 'Voltage gain. 1t is the ratio of a.c. output voltage (v,) to the a.c. input voltage (v;,).

Mathematically, the voltage gain,

vo
A =2
Vi

We know that the a.c. input voltage,

and the a.c. output voltage,

Vo =id'RD
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o ig' R
Voltage gain, 4, = —
Vs
Substituting the value of i; (equal to g, - v,) in the above expression,
_ (&nvg) - Rp
A v “ =8m" RD

Ves

It may be noted that the above expression for voltage gain is true only when there is no load
resistor. If there is a load resistor (R; ) connected to the amplifier output, then the voltage gain.

Ay = gn(Rp || Ry)
2. Input resistance. It is the ratio of input voltage (v;,) to the input current (i;,). Mathematically,

~ the input resistance,

R, =22

l"l
For a common gate amplifier, the input voltage (v;,) is equal to the gate-to-source voltage (v)

and the input current (i;,) is equal to the drain current (i,). Therefore the input resistance,

e B S 2y 7 APT
i iy Zm Vgs ( ld = Em vgs)
o,

Em

It may be noted that the resistance (R;) is the value of input resistance lookmg directly mto the
source terminal of the JFET. The mput resistance of the amplifier,
= R II g

Zm .

However, if R is much larger than the reciprocal of tranconductance (1/g,,) then the input
resistance of the amplifier,

R’,‘ = R,

It is evident from the above relation that a common gate amplifier has a low input resistance
(equal to the value of external source resistance only). It is in contrast to the common source and
common drain amplifier, which have extremely high input resistances.

3. Output resistance. It is the ratio of a.c. output voltage (v,) to the a.c. output current (i,).

Mathematically, the output resistance of the amplifier,

Vo _ g RD . . g
R, =—=— (v v=ig-Rpand i, = iy
lo l4 .
= Ry
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It means that the output resistance of the common gate amplifier is equal to the external drain
resistance (Rp). If there is a load resistor (R;) connected to the amplifier output, then the output
resistance of the amplifier,

R, =Rp|l R

Example Figure shows the circuit
of a common gate JEET amplifier. The JFET has
transconductance g, = 2500 puS.

Determine the amplifier voltage gain and input
resistance.

Solution. Given: g,, = 2500 uS = 2500 x 10°%S;
Rp=2%kQ=2000Qand Rp=10kQ =10,000 Q.
Woltage gain

We know that voltage gain,

Av=8m.Rp, =2500x 107 x 10,000 =25

Input resistance
We know that reciprocal of transconductance,

+oo 1 g0
gn 2500 x 107°

and the amplifier input resistance,
| R, =R ||gl — 2000 || 400 Q

=M =333 Q Ans.
2000 + 400

Example For a JFET,  the transconductance at zero gate-lo-source voltage,
gmo = I MS. Determine the amplifier input resistance (R') and ac. voltage gain (v,/vy) for
the circuit shown in Figure - Assume the capacitors to be short circuit for a.c.
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Solution. Given: g,,,=5mS =5x107§; Rp = +20V
1kQ=1x10°Q; R, =200 Q and Ip =5 mA =
5x 107 A. 1
: - C
Input resistance . VORI, P gy
We know that reciprocal of transconductance " h=sma G
1 1 Ry
- =200Q ["2000Q
8mo SX 10—3 " ’
and the input resistance of the amplifier, s L
R = R,[—-==200200Q=100Q Ans. Fig.
Emo
Voltage gain

We know that the d.c. source voltage,
Vs =Ip-Rs=(5x 10%)x200=1V

and the gate-to-source voltage,
VGS - Vs =1V
We also know that the *maximum value of drain current,

Ies =2Ip=2x(5%107) = 10x107 A

and gate-to-source cut-off voltage
2 Ipss = _2)((]0)( 10-3) ¥

v —
GSef) "~ 5x 107

and the transconductance (g,)

wgilie Vou
" Vesam

=(5x10'3)[1—ﬂ

~375x107 8
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3.8 Comparison of n-channel and p-channel JFET

Table 2. Comparison of n-channel and p-channel JFET

Sr. n-channel JFET p-channel JFET
No.
1. Symbol Symbol

D D

G G

s S
2. Electrons are the current carriers. Holes are the current carriers.
3. Mobility of electrons is large in_n-channel JFET. Mobility of holes is poor in p-channel JFET.
4. Input noise is less. Input noise is more.
5. Large transconductance. Less transconductance.

3.9 Comparison of JFET and MOSFET
Table 3. Comparison of JFET and MOSFET

Sr. No. Parameter JFET MOSFET
1. Types a) n-channel A)n-channel depletion type MOSFET
b) p-channel B)p-channel depletion type MOSFET
C)n-channel enhancement type
MOSFET
D)p-channel enhancement type
MOSFET
2. Symbols D D
G G
D D
S S
G G n-channel p-channel
Depletion type
D D
S S G <
p-channel n-channel S S
n-channel p-channel
Enhancement type
3. Operation mode Operated in depletion mode. Operated in depletion and
enhancement mode.
Input impedance High (> 10 MHz) Very high (> 10,000 MQ )
Gate Gate is not insulated from Gate is insulated from channel by a
channel. layer of SiO,.
6. Channel Channel exists permanently . Channel exists permanently in
depletion type MOSFET, but not in
enhancement type MOSFET.
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3.10 Introduction to MOSFET

MOSFET (metal oxide semiconductor field effect transistor). It is a second category of
field effect transistor. It became a practical reality in the 1970s. The MOSFETSs, compared to
BJTs, can be made very small and hence can be used to design high density VLSI circuits.

The MOSFET differs from the JFET in that it has no p-n junction structure ; instead,
the gate of the MOSFET is insulated from the channel by a silicon dioxide (SiO,) layer.
Due to this the input resistance of MOSFET is greater than JFET. Because of the insulated
gate, MOSFETs are also called IGFETs. The two basic types of MOSFETs are : depletion
(D) MOSFET and enhancement (E) MOSFET.

3.11 Comparison of D-MOSFET and E-MOSFET
Table 4. Comparison of D-MOSFET and E-MOSFET

Sr. No Parameter Depletion type Enhancement type
1. Symbols D D o D
@ | @ :§
S S S S
n-channel p-channel n-channel p-channel
2. Channel Exists permanently. Channel is physically absent. It is

induced after application of positive
gate voltage above the threshold
value for n-channel enhancement
type MOSFET and negative gate
voltage above threshold value for
p-channel enhancement type

MOSFET.

3. Operation Can be operated in depletion Can only be operated in enhance
mede as well as enhance mode.
mede.

4. Current flow Drain current flows on Practically no current flows on
application of drain to source application of drain to source, at
voltage, at Vs = 0. Current flows only when
Vgs = 0. Vs is above threshold level.

3.12 Biasing Circuits for MOSFET
There are two biasing circuits for MOSFET namely D-MOSFET AND E-MOSFET.
3.12.1 Biasing Circuits for D-MOSFET

Biasing circuits for depletion type MOSFET are quite similar to the circuits used for
JFET biasing. The primary difference between the two is the fact that depletion type
MOSFETs also permit operating points with positive value of Vgs for n-channel and
negative values of Vgg for p-channel MOSFET. To have positive value of Vgg for n-channel
and negative value of Vgg for p-channel self bias circuit is unsuitable.
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3.12.2 Biasing Circuits for E-MOSFET

Biasing circuits for enhancement type MOSFET are similar to the circuit used for JFET
biasing. The primary difference between two is the fact that enhancement type MOSFET
only permits operating points with positive value of Vgg for n channel and negative value
of Vs for p-channel. To have positive value of Vs for n channel and negative value of
Vis for p channel self bias circuit is unsuitable. Thus we discuss feedback bias and voltage
divider circuits for enhancement type MOSFET.

3.12.2.1. Feedback Circuit Bias
Fig. 3.19 shows the feedback bias circuit for n-channel enhancement type MOSFET.

Fig. 3.19 Feedback bias circuit

g Voo
EE Rp Io As mentioned earlier, for d.c. analysis we
$ can replace coupling capacitors by open
1D T circuits and we also replace the register Rg
by a short circuit equivalent, since Ig =0
- Fig.3.56 shows simplified circuit with
—2 Vo feedback bias for dc analysis.
S T As drain and gate terminals are shorted
_.;'s 15 1 Vp = Vg
} and Vps = Vg v Vg=0..(13
Fig. 3.20 Simplified feedback bias circuit S e (13)
for d.c. analysis
Applying KVL to output circuit we get,
VDD"ID RD"VDS =0
Vbs = Vpp =Ip Rp ... (14)
or Vgs = Vpp-Ip Rp * Vps = Vgs ... (15)
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Example : For the given circuit in Fig. Calculate Vs, Ip and Vps.
g 12v
32m
—ove
10 m2 l.qm =5 mA
het—— Vosion =8V
Vie—) Vs =3V
Fig.
Solution :
Ipon) _ 6x%10-3

We have, K =

- -3 2
Vesom V1 )2 = (8-3) =0.24x10-° A/V

Ves = Vpp -Ip Rp =12-1p Rp
We have, Ip = K(Vgs -Vr)?
Substituting value of Vgs we get,
Ip = K((12-Ip Rp )-Vy )2 =024x10-3 [12-1px 2x 103 -3)2

0.24x 10-3 [9-20001p ]2
0.24x 10~3[ 81 - 36000 Ip + 4000000 1%

» Ip = 0.01944-8641p +96013
. 96012 -9.641p +0.01944 = 0

Solvingquadnﬁcequaﬁmusingformuh-bt"z-4x we get,

~(=9.64 )t/ (-9.64)% -4 (960) (0.01944 )
= 2(960)

+964+/1828
1920

+964+ 42755
1920

= 2.794 mA or 7.2477 mA
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If we calculate value of Vg taking I, = 7.2477 mA we get,

Vpp -Ip Rp =12-7.2477% 10-3 x 2x 103

12 - 14495 = - 2495

Vps

Practically, the value of Vg must be positive, hence Ip = 7.2477 mA is invalid.
Now, calculating value of Vps taking Ip = 7.2477 mA,0
Vps = 12-2.794x10-3x2x 103 =12 - 5588 =6412V
“Vgs = 6412V

3.12.2.2 Voltage Divide Bias

Fig. 3.21 shows voltage divider bias for
n-channel enhancement type MOSFET. It is
similar to voltage divider bias provided for
JFET and depletion type MOSFET. The only
difference is biasing resistors R; and R, are
designed to provide positive gate to source

voltage.
As Ic = 0A
- R2 Vpp
VG m? “en (16)

Applying KVL to input circuit we get,
Vg -Vgs-Vs = 0
Vg -Is Rg = Vg -Ip Rg v Ip =lg
Vg -Ip Rs .. (17)

Vas
Vas

Applying KVL to output circuit we get,
Vbp -Ip Rp = Vps —Is Rs = 0
Vps = Vpp -Ip Rp -Is Rs = Vpp =Ip Rp =Ip Rs +Ip =1g
= Vpp -Ip (Rp +Rs) .-- (18)
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Example : For the circuit shown in Fig. Calculate Vg, Ip, Vgs and Vps.

18 MQ

AAAA
yyy
o

A
v

]

o

o}

Solution : From equation (4) we have,

Vop R> = 40x 18
R; +R» 18+ 22

Vg = =18V

From equation (5) we have,
Ves = Vo -Ip Rg =18 -1Ip Rg
From equation (2) we have,
K Ipon) 3x10-3

7" qo_g57 = 012 x10-3 A/V2
(Vosion) = Vesr)™ 103

We have, Ip = K(Vos -Vasmm)’
Substituting value of Vg we get,
Ip = K (18-1Ip Rs - Vesm )* = 012 x10-3 (18-820Ip - 5)
=012 x10-3 (13-8201p)? =012 x 10~ (169-21320Ip, + 67240013
s Ip = 0.02028 - 2.5584 Iy +80.6881%

Bﬂ.ﬁﬁﬁlé - 35584 Ip +0.02028 =0

. . . : -btyb? -4ac
Solving quadratic equation using formula 53 we get,
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== 35534}:J (-3.5584)% - 4 (80.688) (0.02028)  3.5584 + 2.4732
- 2 (80.688) . 161.376

= 37.38 mA or 6.725 mA
If we calculate value of Vpg taking Ip = 37.38 mA we get,
Vps = Vpp -Ip (Rp +Rs) = 40 -37.38x 103 (3x 103 + 820)
= 40 -1428 = - 1028 V

Practically, the value of Vpg must be positive, hence Ip = 37.38 mA is invalid. Now,
calculating value of Vpg taking Ip = 6.725 mA,

Vps = 40-6.725x10"3 (3x 103 +820) = 40 - 25.69 = 1431 V

Vas = Vg -Ip Rg = 18 -6.725x 10~ (820) = 18 - 55145

124855 V

3.13 Small Signal Model of D-MOSFET
Fig. shows as equivalent model of depletion type MOSFET.

D
Go
G -+
6 Se
S %
(a) Symbol (b) AC equivalent model

This is exactly same as that of JFET. The only difference is that in depletion layer.

MOSFET. Vggq can be positive for n-channel MOSFET and negative for p-channel
MOSFET.

Due to this in depletion MOSFET, g, can be greater than g, .. This is illustrated in the
following example.

3.14 Small Signal Model of E-MOSFET

We know that, in enhancement type MOSFET relationship between output current I,
and controlling voltage Vg is given as,

I, = K (Vg - Vp? b
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Fig. shows ac. equivalent
model of enhancement type MOSFET.
This is exactly same as that of JFET.
The only difference is that in
enhancemeat type MOSFET, Vggq is

' i g positive for n channel MOSFETand
Fig_ac oqulvulom m.d.l of mmm m,. MOSFET negative for p-channel MOSFET.

L4 (ON)
(Ves(ON) - Vr)?
i oo
AVes @
us, differentiating equation (2) with respect to V5 we get the equation for g, as
follows,

where K =

I
Bm — Vc;Ds
= Vgs [K (Vgs — VF
2 K (Vas — Vi) - (3

3.15 Common Source amplifier using E-MOSFET

Figure 3.22. shows the circuit of a common source e-mosrer  amplifier. It is similar to
a common emitter amplifier. Here the resistors R, and R, (called a voltage divider) are used to bias
the field-effected transistor. The capacitor (C,) and (C,) are used to couple the a.c. input voltage
source and the output voltage respectively, ’ 0 +Vyy
these are known as coupling capacitors. The
capacitor (Cs) keeps the source of the Mosrer ¢R, c,
effectively at a.c. ground and is known as
bypass capacitor.

The operation of the circuit may be

understood from the assumption that when a L.

smali a.c. 51g'na.l is applled to the gate, it Vi R, C,
produces variations in the gate-to-source I {
Voltage. This produces variations in the s i TP e T
drain current.As the gate to source voltage Fig. 3.22 Common Source Amplifier
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increases, the drain current also increases. As a result of this, the voltage drop across the resistor
(Rp)-also increases. This canses the drain voltage to decrease. It means that the positive half cycle

of the input voltage produces the negative half cycle of the output voltage. In other words, the
output voltage (at the drain) is 180° out-of-phase with the input voltage (at the gate). This
phenomenon of phase inversion is similar to that exhibited by a common emitter bipolar transistor
amplifier.

3.15.1 Analysis of Common Source Amplifier

G D #

F—* —
6 bk ¢ L1
il i

AL RS RS - H,
Fig. 3.23 A.C. equivalent circuit of a common source amplifier.

Figure 323 shows the a.c. equivalent circuit of 2 common source amplifier. This circuit has
been obtained from the amplifier circuit shown in Figure 322 by short-circuiting the capacitors
and the d.c. voltage supplies. The field-effect transistor is also replaced by its low-frequency
model (or equivalent circuit). Now we shall use this circuit to find the expressions for amplifier
voltage gain, *input resistance and output resistance.

1. Voltage gain. It is the ratio of the output voltage (v,) to the input voltage (v;,). Mathematically

the voltage gain,

It may be noted that the current from the current source splits between the resistors , and Rp.
The current through resistor Ry, (as per current divider rule) is given by the relation, :

; Td
i = LB
d RD +ry (gm gx)

‘and the output voltage,

Yd

Vo =—ig-Rp = -
® 2 . (RD+rd

J(gm - Vgs) RD
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B ra* Rp
= - v
En RD + ¥y &
- *gm(rd || Rp) - Ves
T T Em T Vs o (o = 14]| Rp)
== 8m L Vin e (2 Vi = V)
The minus sign indicates that the output voltage is 180° out-of-phase with the input voltage,
Voltage
4, _r= —EmTL

It may be noted that if the drain resistance (r,) is sufficiently greater than resistor Rp, (i.e., r4
> 10 Rp) then the equivalent resistance of the resistors r; and Ry, in parallel,
rn =Rp
and the voltage gain,
Av = % RD
Note. If the resistance Rp is much larger than rg (i.e, Rp > > rg) then a.c. load resistance () is
approximately equal to r.

2. Input resistance. It is the ratio of the input voltage (v;,) to the input current (i).

Mathematically, the input resistance,
. vlll

1 .
lin

We know that input resistance (R;) of a field-effect transistor is very high and hence can be
considered to be infinity (i.e., open-circuit). However, the input resistance of the amplifier stage
(R';) is equal to the parallel combination of resistors R, and R, and the mosre1 1nput

resistance (R;). Thus
R'i=(Ri[|R) || R;

=R || R ... (When'R; is infinite)
It may be noted that if we use a self-bias circuit (instead of a voltage divider bias), then the
input resistance of the amplifier stage, '

R =Rg
3. Output resistance. It is the ratio of the output voltage (v,) to the output current (7).

Mathematically, the output resistance,
v,
R,=2
ld
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We know that the output resistance (R,) of a field-effect transistor is ;. But for the amplifier
stage, the output resistance is the parallel combination of resistors Rp, and 7. r'e.,

R‘a o RD “ Td
However, if ry > > Rp, then the output resistance of amplifier stage,
Ro= RD
By considering the Load Resistance (R.)
r.= Rpl| RL.
ro = Rp IRl ra
Av ==8m' "L
==gu(Rpl| R | ry
=-gu(Rp || R o (If rg>> (Rp || R)
and the output resistance, of the amplifier stage
Ro = (Roll RV || r4
= RpllRL w (If rg>> (Rp || R)

3.16 Common Drain Amplifier using E-MOSFET

Figure 324 shows the circuit of a common drain amplifier, It is similar to common collector
(or emitter follower) amplifier. Self-biasing is
used in the circuit. The input signal is applied
to the gate through a coupling capacitor (C,).

+Vio

I

And the output is taken from the source o C
terminal through the coupling capacitor (C,). DU i +

The operation of the amplifier may be Via A R, "—_j DU
understood by assuming that when a small a.c. lo

signal is applied to the gate, it produces

variations in the gate to source voltage.This Fig. 3.24 Common Drain Amplifier
further produces the variations in drain current (/p). As the gate-to-source voltage increases, the
drain current also increases. As a result of this, the voltage drop across the source resistor (Rg) also
increases. Thus the output voltage (v,) increases. It may be noted that the output voliage of a
common drain amplifier is approximately equal to and in phase with the input voltage. Because of
this fact, the circuit is known as source follower.
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A common drain amplifier (or a source follower) has a very high value of input resistance. It is
because of this property that a common drain amplifier is used at the front end of measuring
instruments like electronic voltmeters and cathode ray oscilloscopes.

3.16.1 Analysis of a Common Drain Amplifier

Figure 3.2s shows the a.c. equivalent circuit of a common drain amplifier. This circuit has
been obtained from the amplifier circuit shown in Figure 3.24 by short circuiting the capacitors
and d.c. voltage supply. The field-effect transistor is also replaced by its low-frequency model.

Now we shall use this circuit to find the expressions for voltage gain, input resistance and
output resistance.

1. Voltage gain. 1t is the ratio of output voltage (v,) to the input voltage (v;,). Mathematically,
the voltage gain, 4 = Vo
v V‘
For the common drain amplifier, the input voltage,
Vin = Vg + g R,

and the output voltage,
¥ Ry RS

Voltage gain,

Vo id ' Rs ; Ny

i g SR, Fig. 3.25. A.C. equivalent circuit of a
in Vgs+1g* Ry common drain amplifier.

Substituting the value of i; (= gy, - vg;) in the above expression,

(gm : vgs) Rs
Ves + &m* Vgs ' Ry

= gm'vgs'Rs

Vgs (1 +8m- Rs)
gm' Rs . Rs

l+gm'R, Rs"" ]

Ay =

Em

It may be noted that when R; is much greater than 1/g,, the value of voltage gain approaches
unity.
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2. Input resistance. We know that the input signal is applied to the gate of the amplifier. As a
result of this, the input resistance seen by the input signal source is extremely high just as in the
common source configuration. The total input resistance (or the input resistance of the amplifier),

R'i =R || R;
where R; 1s the input resistance of the field effect transistor. Since the value of R; is extremely
high, therefore the total input resistance,
R',' = RG
3. Qutput resistance. We know that voltage gain of the common drain amplifier,
Vo R,

Via R,+§l—
m

Output voltage,
R,
1
G

Wy ™ X Vin

The above expression is a voltage-divider equation. It implies that the input voltage (v;,) drives
two resistors R, and 1/g,, with output voltage taken across resistor (R;). It means that the output
side of the amplifier appears as shown in Figure 3.6 (a). It is evident from this figure, that the
source resistor is driven by an a.c. source with an output resistance i.e.,

RD - I/g,,,

G
AAA

AAA
VYVYY yyyy

W RS % Av @S ——' v,

A

- d - A -
(a) A.C. equivalent circuit of (b) Thevenin's equf;alem circuit
output side of the amplifier. of the amplifier.

Fig. 3.26 :
It may be noted that output resistance (R,) is the value of resistance looking back into the source

terminal of the mosrer . Now let us thevenize the output circuit. The resulting circuit is as shown in
Figure 326 (b). It is evident from this figure, that the resistance R, is in parallel with 1/g,, and

the output resistance of the amplifier stage,

1
-R:u =R.r“g
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If the value of source resistance (R;) is much larger than 1/g,,, then the output resistance of the
amplifier stage,
, =il
&m
3.17 Common Gate Amplifier using E-MOSFET
Figure 327 shows the circuit of a common gate amplifier. It is similar to a common base
amplifier. The input signal is applied at the source through a coupling capacitor (C;) and the output

is taken from the drain through the coupling capacitor (C;). The gate is effectively at a.c. ground

because of the capacitor, (Cg).

The operation of the common gate
amplifier may be understood from the
assumption that when a small a.c. signal is
applied to the source, it produces variation in ’01 Rs
gate-to-source voltage (Vgg). This inturn,

C1 S D Cz
produces the variations in drain current (/p). DU { b j OU'
As the gate-to-source voltage increases, the A ' Gh v,
drain current also increases. As a result of Vin R G
this, the output voltage also increases. Thus l l

output voltage of a common gate amplifier is
in phase with the input voltage.
A common gate amplifier has a low input resistance, high output resistance, high voltage gain
and no phase reversal.
3.17.1 Analysis of a Common Gate Amplifier

+Voo

Fig. 327 Common gate amplifier.

Figure 328 shows an a.c. equivalent S
circuit of a common gate amplifier. This '
circuit has been obtained from the amplifier
circuit shown in Figure 3.7 by
short-circuiting the capacitors and the d.c.
supply. The field-effect-transistor is also
replaced by its low-frequency model. :

Now we shall use this circuit to find the Fig. 3.2 Common gate amplifier.
expressions for amplifier voltage gain, input
resistance and output resistance.

1. ‘Voltage gain. 1t is the ratio of a.c. output voltage (v,) to the a.c. input voltage (v;,).

Mathematically, the voltage gain, v

0
A, =2
Vin

&0
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We know that the a.c. input voltage,
Vin = Vgs
and the a.c. output voltage,

Vp = id x RD

& . iq' R

Voltage gain, A, = o
Vgs
Substituting the value of i; (equal to g,, - v,) in the above expression,
v.)-R
Av = (gm_:}gs?_D = gm . RD
&

It may be noted that the above expression for voltage gain is true only when there is no load
resistor. If there is a load resistor (R; ) connected to the amplifier output, then the voltage gain.

Ay = gn(Rp || Ry
2. Input resistance. 1t is the ratio of input voltage (v;,) to the input current (i;,). Mathematically,
~ the input resistance, ‘
R,‘ = V_m
lin
For a common gate amplifier, the input voltage (v;,) is equal to the gate-to-source voltage (v,,)
- and the input current (i;,) is equal to the drain current (iz). Therefore the input resistance,

V V, ;
‘_=i_s’=_£’_ o (2 T = B W)
d  Bm" Vg
ol
&m

It may be noted that the resistance (R)) is the value of input resistance looking directly into the
source terminal of the JFET. The input resistance of the amplifier,
1
R, =R|—
s %
However, if R, is much larger than the reciprocal of tranconductance (1/g,,) then the input

resistance of the amplifier,
R; =R,
It is evident from the above relation that a common gate amplifier has a low input resistance
(equal to the value of external source resistance only). It is in contrast to the common source and
common drain amplifier, which have extremely high input resistances.
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3. Output resistance. It is the ratio of a.c. output voltage (v,) to the a.c. output current (i,).
Mathematically, the output resistance of the amplifier,

Vo id ’ RD ; ; y
R, =—=— (v, =iy Rpand i, = iy
lo ld
=Ry

It means that the output resistance of the common gate amplifier is equal to the external drain
resistance (Rp). If there is a load resistor (R ) connected to the amplifier output, then the output

resistance of the amplifier,
R =Rp| Ry
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