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High frequency analysis of FET

Common source amplifier at high frequencies:
Let Y. is admittance corresponds to load Resistor Ry,

Y ps admittance corresponds to Cps

gq Conductance corresponds to rq
Yep IS admittance corresponds to load Resistor Cep,

Figure 4.7.1 Small Signal Equivalent Circuit at high Frequencies
Diagram Source Brain Kart
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I = - V.
Em 1+ViYgd=V,-(‘gm+Ygd)

Voltage gain:

The voltage gain for common source amplifier circuit with the load R, is given by,
Vo _1Z 1
MEwCTNTY
Substituting the values of | and Y from equations (2) and (3) we have,

_ ~8m+ Ygd
Ay = Yo + Yas +84 +st

At low frequencies, Y, and st = 0 and hence equation (4) reduces to

A “8m _  ~Bmld Zy. = ~gmlaZy
Yo +g8a (YL +ga)raZe rd +7ZL

= -g Zi where Zi =r14||Z,

Input Admittance:
Y, = Yp+(1-A~)st

Input capacitance (Miller Effect):

A, = -gmRj where Rj =14 R,
Substituting the value of A,
Y,

Y o € =Cp+(1+gmR4)Cya

j®

This increase in input capacitance C; over the capacitance from gate to source is
called Miller effect.
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This input capacitance affects the gain at high frequencies in the operation of
cascaded amplifiers. In cascaded amplifiers, the output from one stage is used as the
input to a second amplifier. The input impedance of a second stage acts as a shunt
across output of the first stage and Ry is shunted by the capacitance C;.

Output Admittance:

From above figure, the output impedance is obtained by looking into the drain

with the input voltage set equal to zero. If Vi = 0 in figure, r 4 ,Cqys and Cgyq in parallel.

Hence the output admittance with R, considered external to the amplifier is given
by

Common Drain Amplifier at High Frequencies:

a) Source follower b) Small signal high frequency
equivalent circuit

Figure 4.7.2 a Common Drain Amplifier Circuit (Source Follower) & 4.7.2 b, Small signal
equivalent circuit at high frequencies

Diagram Source Brain Kart
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Figure 4.7.2 a Common Drain Amplifier Circuit (Source Follower) & 4.7.2 b,
Small signal equivalent circuit at high frequencies.

Voltage gain:
The output voltage V, can be found from the product of the short circuit and

the impedance between terminals S and N. VVoltage gain is given by,

Vo _ gm +jo Cgy
Vi Rs +(gm +8a +jo Cr)
where Cr = C+ Cyt C,

Ay = &(gm +jw CgS)RS
148 m +g4 +jo CrIR

At i
low frequencies the 8ain reduces to

Av:%

1+(gm +8d)TS

Input Admittance:

Input Admittance Y; can be obtained by applying Miller’s theorem to Cgs.
It is given by,
because A\:i : ;w et Coll-A,)- joCyy
Output Admittance:
. Output Admittance Y, with Rs considered external to the amplifier, it is given
y

At low frequencies, output resistance R, is given by,

Bompe d 0 .
&m *84 &m W &m >> &d

EC8351 ELECTRONIC CIRCUITS |



ROHINI COLLEGE OF ENGINEERING AND TECHNOLOGY

Frequency Response of Common Source Amplifier:

+Vpp

Figure 4.7.3 A typical RC Coupled common source amplifier

Diagram Source Brain Kart

Let us consider a typical common source amplifier as shown in the above figure
4.7.3.

\ Ro=RplI R

s

Figure 4.7.4 High Frequency Equivalent Circuit
Diagram Source Brain Kart
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From above figure 4.7.4, it shows the high frequency equivalent circuit for the given
amplifier circuit. It shows that at high frequencies coupling and bypass capacitors
act as short circuits and do not affect the amplifier high frequency response. The
equivalent circuit shows internal capacitances which affect the high frequency

response.

Using Miller theorem, this high frequency equivalent circuit can be further
simplified as follows:

The internal capacitance Cgyq can be splitted into Cinmitiery and Cout(mittery @S Shown in
the following figure.

Simplified high frequency equivalent circuit

Cin(miller) = ng (Ay+1)

(A,+1)

Cout (miller) = ng —(Az—)’—
"

Where
ng -~ Crss
o
B =l i€

From simplified high frequency equivalent circuit, it has two RC networks which
affect the high frequency response of the amplifier. These are Input RC network and

Output RC network
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