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Electronic Circuits - I 4.Frequency analysis of BJT and MOSFET amplifiers

UNIT IV
FREQUENCY ANALYSIS OF BJT AND MOSFET AMPLIFIERS

4.1. Hybrid — IT model:

At low frequencies we analyse transistor using h-parameters. But for high frequency
analysis the h-parameter model is not suitable for following reasons.

1. The values of h-parameters are not constant at high frequencies. Therefore, it is
necessary to analyse transistor at each and every frequency, which is impracticable.

2. At high frequency h-parameters becomes more complex in nature.

4.1.1. Elements in the Hybrid — IT model:

b b' r,u
b o- AW A 4 MWW O C

Fig 4.1. Virtual base

i) C; and C;: The diffusion capacitance C; connected between b’ and e represents the excess
minority carrier storage in the base. The capacitive effect of normally forward biased base-
emitter junction of the transistor is represented by C,, in the Hybrid — Il model. The reverse bias
PN junction exhibits a capacitive effect called the transition capacitance. This capacitive effect
of normally reverse biased collector base junction of the transistor is represented by C, in the
Hybrid —1IT.

ii) r,: The bulk resistance between external base terminal and internal node b’ s represented as
1y . This resistance is called as base spreading resistance.

iii) ry: The resistance ry is that portion of the base emitter which may be thought of as
being in series with the collector junction. This establishes a virtual base b’ for the

junction capacitances to be connected to instead of b.
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iv) re: Due to early effect, the varying voltages across the collector to emitter junction
results in both results in base-width modulation. A change in the effective base width
causes the emitter current to change. This feedback effect between output and input is
taken into account by connecting r,between b’ and c.

V) gm: Due to the small changes in voltage Vr across the emitter junction, there is excess-
minority carrier concentration injected into the base which is proportional to the Vg
Therefore, resulting small signal collector current, with collector shorted to the emitter is
also proportional to the emitter is proportional to the Vg This effect accounts for the

current generator gmVr . gmis called transconductance.

Fig 4.2. Hybrid — IT model for a transistors in the CE configuration

- — IC
rb B'
Bo— AWV g
..L_ Vi
- Ve
Vee Ve
Fig 4.3. Pertaining to the derivation of g,
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i) Transconductance (g,,):

_ 0lc
8m = FIA CE

The collector current in active region is given as,

IC = lco - (XIE

And therefore
dlc = —adlg v Ip = constant
Sub Al in g,
=x Ol (% Ol Vg =V,
gm - aVB,E aVE * E— B E

The emitter diode resistance,

0V
e = a1,
Sub r.in g,,,
o«
Im T
The dynamic resistance is given as,
Vp
Ie = —
e IE
Vo = KT
T g

where, Boltzmann constant, K = 1.38 x 10723 J/°%k
electronic charge,q = 1.6 x 1071° C
Subr, in g,

«Ig  Igo =l

8m = Vi Vy vl =lgo —alg
For npn transistor,
_Ic—1Ico
m = VT
Ponjesly College of Engineering Page 4- 3

www.AllAbtEngg.com study materials for Anna University, Polytechnic & School



www.AllAbtEngg.com

4.Frequency analysis of BJT and MOSFET amplifiers

Electronic Circuits - 1
—————————— ———————————————————————

g e _la_ Ic
m - - —_
V. Ky  138x 105
16 x 10~ %300
_ |lc|mA
Em = Z6mv

ii) Input conductance, gy,

- C

I s B' "
Bo——AW AMW——¢ ’
Vrr rn % gmvn I—O
Eo- l s ? & oE

Fig 4.4. Hybrid — I1 model for CE configuration at low frequency

The short circuit current gain hg, is defined as,
I

h¢, = e (1)
b
I =gnVs
= 8m Ib Iy Vn’ = Ib Iy
I
L= [0 U ¢
b
Compare (1) & (2) hfe = g, 1y
ry =
" 8m
_ Bm 1
8h'e _K . ;_gb'e
W.K.T,gm = —
gm Vr
_ Ml Vr

]
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- — ——
I
8ve = Vp hfe
iii) The feedback conductance , g}, :
Input open circuit,
\]i = hre VCE

Vce = I1 (ru + Iy )

B' M
AW
V,-

Fig 4.5. Hybrid — IT model for CE configuration

_ Vee
[ =——
r, +rg

Vi =l 1y

Withl, =0, V, =V,

Sub I;in Vg,
VCE
V, = = r
DR )
Compare both V; equation,

rTere

hpeVee =

r, +rg
I“I'[
" rg 4y

Iy =he r, + hp

Iy — hery = hg, ry,
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In (1 - hre) = hre ry

1—hg
r =(—)r “1—=he=1
u hre hid re
I.T[
T h
re ’
8be = —— = heg
b'c Iy re &b ¢
b llel ., _ L]
gb (o hre VT * gb [ hre VT

iv) Base spreading resistance, ry,:

Output shorted,

v) Output conductance , g..:

The output conductance,

Applying KCL to the output circuit,

Ty rp +r, r, + Iy
Ic 1 8m I 1
—=— 4 " hg =
Ve To TIp +r, 1,471, fe = 8m Iz
h 1
hoe = — +—=
I, Iy +Ig TIg +7Ig
h 1 (hfe + 1)
° T r, ry +ru
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1 h
=T ~he > 1
ro r; +rg
1 hg
hoe = — 4+ — STy DIy
r, I,

l"loe = Bce + gb,chfe
1

— = gce = hoe — g, .h
rce

4.2. General shape of frequency response of amplifiers:

Let us consider an audio frequency amplifier which operates over audio frequency
range extending from 20Hz to 20KHz. The audio frequency amplifier are used in radio
receivers, to address large public meeting, annual social gathering of college, for various
announcements to be made for passenger on railway platforms, etc.

An amplifier should ideally provide the same amplification for all frequencies. The
degree to which this is done is usually indicated by a curve know as frequency response curve
of the amplifier.

Voltag_e ‘T
gain

—{Mid frequency region |=—
A(mid) |- | quency region|

0.707 A, (mid)} - ----- SRR .

<— Bandwidth ————

: + » Frequenc
0 fy f, quency

Fig 4.6. A typical frequency response of an amplifier
To plot this curve, input voltage to the amplifier is kept constant & frequency of input
signal is continuously varied. It is seen from the frequency response curve of an audio
frequency amplifier that the gain of the amplifier remains fairly constant in the mid freq range,
while the gain varies with frequency in low & high freq regions on the curve. The decrease in

voltage gain with frequency is called roll off.
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Bandwidth of the amplifier is defined as the difference between f, and fj.
B.W= f2 - fl

4.3. Significance of octaves &decodes:

1. The octaves & decodes are the measure of change in frequency.
2. A ten times change in frequency is called decode.
3.An octaves corresponds to a doubling or halving of the frequency.
4. For example an increase in frequency from 100Hz to 200Hz is an octave. Likewise, a

decrease in freq from 100Hz to S0Hz is also an octave.

-20 dB/decade
or 6 dB/octave

-A/(dB) ¥

Fig 4.7. Frequency response showing significance of decade and octave

The voltage gain of the amplifier outside the midband is approximately given as,

Ao Anmid
V1+ (E/D21+ (/)2
i) Midband : A= Anig
ii) Below Midband:
e :
1+ (4)
iii) Above Midband:
A = i
(Y
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4.4. Effect of various capacitors on frequency response:

4.4.1. Effect of coupling capacitors:

1. Reactance of a capacitors, X¢c =
2nf,

2. At medium &high frequencies , the factor f makes Xc very small, so that all
coupling capacitor behave as short circuits.

3. At low frequencies, X¢ increases.This increase in X¢ drops the signal voltage across
the capacitor & reduce the circuit gain.

4.4.2. Effect of bypass capacitors:

1. At lower frequencies ,the bypass capacitors Cg is not a short. so the emitter is not ac
ground.

2. Xcin parallel with Rg (R in case of FET) creates an impedance.

3. The signal voltage drops across this impedance reducing the circuit gain.

+Vpp

Rp

Xo#0

(a) BJT (b) JFET

Fig 4.8. At low frequencies emitter (source in case of FET) is not at ac ground
4.4.3. Effect of internal transistor capacitors:

1. At high frequencies, the coupling and bypass capacitors act as short circuit & do not
affect the amplifier frequency response.

2. However ,at high frequencies, the internal capacitances, commonly known as
junction capacitances, reducing the circuit gain.

3. At higher frequencies, the reactances of the junction capacitances are low .As
frequency increases, the reactances of junction capacitances fall.

4. When these reactances become small enough, they provide shunting effect as they

are in parallel with junction .This reduces the circuit gain & hence the output voltage.
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(a) BJT (b) JFET

Fig 4.9. Internal transistor capacitances

4.5. Miller theorem:

In transistor amplifier it is necessary to split the capacitance between input & the

output. This can be achieved using Miller’s theorem.

C
M
1T
In o—— ——o Out Ino > o Vout
1
~T Le()
(a) (b)

Fig 4.10. Splitting of capacitor using Miller’s theorem
4.6. Low Frequency analysis of BJT:
The amplifier has three RC networks that affect its gain as the frequency is reduced
below midrange these are,
i) RC networks formed by the input coupling capacitor C; & the input impedance of
the amplifier.
ii) RC networks formed by the output coupling capacitor C,, the resistance looking in

at the collector & the load resistance.
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iii) RC networks formed by the emitter bypass capacitor Cg & the resistance looking

in at the emitter.

Fig 4.11. Typical RC coupled CE amplifier
4.6.1. Input RC network:

C1
VmH

Vout § R, = Ry I| Ry || Ry, (base)

Fig 4.12. Input RC network formed by C,
Applying voltage divider theorem,

Rin
Vout = <—> Vin
\ Rinz-'-Xcl2

Vout = 0.707 Vin

. Rin .
0.707Vin = | ——=] Vin

\ Rinz-'-Xcl2
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Rin

———==10707 = 1/V2
\Y Rin Xcl
The reduction in overall gain is given by,

A, =20 log (32)
=201log (0.707) = -3dB

The frequency f. at this condition is called lower critical frequency & is given by,
1
f, = ——
ZT[Rin C]_
where R;, = R; IR, || hie

1
f. =
¢ 2n(Ry || Ry [|he)Cy

If the resistance of the input source is taken into account,
¢ 1
c ZT[(RS + Rin)Cl

The phase angle in an input RC circuit is expressed as,

XCl)
= |
0 = tan (R

in

4.6.2. Output RC network:

C,
| (
a Re 17
R R
C L
Vln § RL
Fig 4.13. Current source Fig 4.14. Current source replaced
by voltage source
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The critical frequency source for this RC network is given by,

1
fomoe———
21T(RC + RL)CZ

The phase angle in the output RC circuit is expressed as,

Xe2
0 =tan! (;)
R¢c + R,

4.6.3. Bypass Network:

V1

|

(b)

(a)

Fig 4.15. Bypass RC Network
The critical frequency for the bypass network is,

1

Je = 2Re,

1
= (=

4.7. CE short circuit current gain using hybrid = model:

f;:

"

" B' . - C
B T | N
1 c
0
Tn Cn Vn ng“ fo RL Vce
T —l * @ J E
Eo— . - "

Fig 4.16. Bypass RC Network
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Output short circuited r, becomes zero, 1, & C; & C, appear in parallel. As 7, > 7,

is neglected with these approximation we get simplified hybrid = model for short circuit CE

I [
B v > C
T Cﬁ+C“ (%gmvn
Eo- ® I —o—
4 E
74

Fig 4.17. Simplified hybrid —r model for short circuit CE transistor

T

transistor.

Parallel combination of 1; & (¢, + ¢,) is given as,
VIS S
L el 6
1

LT R

1
BRI
T jwrg(cg +c)+1

jo(cr +¢,)

rT[
1+jwrg(cy +c¢,)

b
—
Bo—p "
Iy T
Z V: gmvr[
Eo ® l_ - JE‘

i =

Fig 4.18. Further simplified hybrid —r model
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= —8mi
_ —8mIn - he = r
1+ jwre(cy +c) fe = Bmln
_ _hfe
1+jorg(cr +¢y)
1. The current is not constant .If depends on frequency.

i

i

2. When frequency increases, Aireduces current gain.

P

Current gain

— Frequency

Fig 4.19. Frequency response of CE short circuit
_ 1
b 21 re(Cr + ¢y
Sub f[g in Ai ,

—h
Ai = fe

1+jé
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| Ai| =
1+ @)
At f =1
|Ai] = E
i) fg ( cut off frequency):

It is the frequency at which the transistor’s short circuit CE current gain drops by 3dB

1. . .
or = times from its value at low frequency. It is given by,

1
fp=———"—"—+
§ 21 (Cr + ¢y)

_ Bm L, L _Bm
2w hg (e + cu) Iy

fy =
ii) f« (cut off frequency):

It is the frequency at which the transistor’s short circuit CB current gain drops by 3 dB
or 12 times from its value at low frequency. The expression for foc can be derived is the
similar manner as forf.

The current gain for CB configuration is given as,

1
" 2mr, (14 hg)e,

oC

1+ hg he
2T Iy Cp T 2m I'p Cp

oC

hg,
|l =

va + (é)

2

Atf: fo(

Al = =

~1E
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iii) Fp: It is the frequency at which short circuit cE current gain becomes unity.

A f=fr |Ai[=]

hfe
1 =
f 2
1+ (i)
fg
2
fr
hy = |1+ (_)
e fB
f f.
hfe = — T x1
fg fg
fr = fB hg,
Sub fg in f,
hfe X 8m

fr = hye 27 (Cy + Cp)

(- &m
T 7 2n(C +C)

Since C;>C,,

Zm
2n C,

fT =

4.8. Internal capacitance of MOSFET & high frequency model:

High frequency response of MOSFET affects due to internal capacitances. There are
two types of internal capacitances in the MOSFET.
i) Gate capacitance: It is a parallel plate capacitance formed by a gate electrode with the
channel, with the oxide layer acts as a capacitor dielectric .It is denoted as C,.
ii) Junction capacitance: (Source-body & drain-body depletion layer capacitances)

These capacitances are due to the reverse biased pn junctions formed by the n" drain &
the p type substrate & the n" drain region and the p-type substrate. These are denoted as source
diffusion capacitance & drain diffusion capacitance, respectively.

4.8.1. Gate capacitances:

There are three gate capacitances: Cﬁs, C id& Cﬁh
Ponjesly College of Engineering Page 4- 17
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In triode region the channel as uniform depth & hence we have,

1
Co = Coa = 5 WLCiy

In saturation region ,

2
Cgs = § WL Cox

In cut off region,
Cgs = Cgq =0
Gate-body model capacitance is given by,
Cqp = WLCy (cutoff)
The overlap capacitance,
Cov = WLy Cox
Where, L, - ovrlap length & is typically 0.05L to 0.1L

4.8.2. Junction capacitances:

Source diffusion capacitance,

Csbo

Vs
1+

Csb =

Where, Cy,, -value of Cy, at zero body —source bias.

Vsg -mangnitude of the reverse bias voltage.

V, -junction built in voltage, typically 0.6v to 0.8v.
The drain diffusion capacitance,

Cabo

Vog
1+

Cap =

4.8.3. Unity gain frequency:
The f7 is the frequency at which the short circuit current gain of the CS MOSFET

amplifier becomes unity. Output terminals are shorted.
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v "o

mVYgs

Fig 4.20. High frequency model to determine short-circuit current gain
Io X 8m Vgs

Vgs in terms of I,

Iy
V =t
8 S (Cgs + Cga)

I = Vg S(Cgs +Cga)

Aifj= oo BnVe ___ &m
L Ves S(Cgs +ng) S(Cgs +ng)
fr = JAll =1
o = 8m
;= —=
(Cgs +ng)
8m

fp = ———°m
T 2m(Cy +Ca)

4.9. Frequency response of CS amplifier:
Vo = LR, = gn Vgs R
Where, RL' = Iy ||RD||RL

By Miller’s theorem,
Ceqq = (1+A,)C

Ceq = (1 +A,)Cqy
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—Vss
Fig 4.21. CS MOSFET amplifier
Rsi G Clgc lgd —_— -— I D
| ‘

A d

RL=rlIRp IR,
Fig 4.22. Equivalent circuit for CS MOSFET amplifier

Rsi Ioq
W *

+

Cin
Fig 4.23. Input node
Vo gm Vgs RL '
A = _—= — = R '
\ Vl Vgs Sm RL
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Ceq = (1 + 8m RL)ng
The total capacitance C,,

Cin = Cg +Cqq

cgs + (1 + gm R)Cyq
The total resistance,

Rsi, = RlIRg

fH=

4.10. Low frequency response:

Fig 4.24. Low frequency response of CS MOSFET amplifier circuit

The corner frequencies due to there RC networks can be given by,

1
b= rC. RS+ RG)
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8m
f,! =
! 21 Cg
1
fz n —
(2mCe2 (Rp +Ry)
L 3dB
= (dB)

20 log |Ay|

f f(Hz)
(log scale)

o
-h
=
—h
-
—
s

Fig 4.25. Low frequency response of CS MOSFET amplifier
4.11. Bandwidth of Multistage Amplifier:

The Bandwidth of Multistage Amplifier is always less than that of the bandwidth of
single stage amplifier.
4.11.1. Overall lower cut off frequency of multistage amplifier:

Let us consider the lower 3db frequency of n identical cascaded stages as fi(n). It is the

frequency for which the overall gain falls to \% (3dB) of its midband value.
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Squaring on both sides,

Taking n™ root on both sides,

2
1 f
fLm

Taking square root on both sides,

1 f;
2 —1 =—=t
fLm)
f,
fLmy =
1
2n —1
2l 1 fL
T T TRM
f,
fLm)
1
2n —1

where f;(n) — Lower 3dB frequency of identical cascaded stages.
fi —Lower 3dB frequency of single stage.

n —Number of stages.
4.11.2. Overall higher cut off frequency of multistage amplifier:

Let us consider the upper 3dB frequency of n identical stages as fy(n).It is the

frequency for which the overall gain falls to \/% (3dB) of its midband value.
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n

Squaring on both sides,

Taking n™ root on both sides,

2= 1+ (f”(n))z

fy
2
1 fy(n
bt . ( n( ))
fy
Taking square root on both sides,
1 fy (n)
n - =
fy

’ 1
fH(n) = fH' ZH -1

In multistage amplifier f(n) is always greater than f| and fy(n) is always less than fy.

Therefore, we can say that bandwidth of multistage amplifier is always less than single stage

amplifier.

If stages are not identical fi can be given as,

Lo e, 1
A A
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SOLVED EXAMPLES:

1. For an amplifier, midband gain=100 and lower cut off frequency is 1KHz. Find the gain
of an amplifier at frequency=20KHz.
Solution: We know that, Bellow midband:

Amid

/1 + (/)"

100
A= =2
1+ ()

A=

2. For an amplifier, 3db gain is 200 and higher cut off frequency is 20KHz. Find the gain
of an amplifier at frequency=100KHz.

Solution :

We know that, A=3db gainx v/2 = 200 x V2 = 282.84
Above midband:

Amid

‘/1 + (£/f,)°

282.84

100 x 103\°
Jl + ( 20 X 10° )
=55.46

3. Determine the low frequency response of the amplifier circuit shown in fig.

A=

A=

22K
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- — ——
Solution: It is necessary to analyze each network to determine the critical frequency of the

amplifier

a) Input RC network
1
2n[Rs + (Ry lIRz|1hy)]Cy

f.(input) =

1
~ 2n[680 + (68K|[22K]|1.1K)]0.1 x 10~6

1

= 2n[680 1 1031.7]01 x 106 _ 2-8Hz

b) Output RC network
1

= — 130.45H
2R + ROC,  2n(22K + 10K)0.1 x 106 . 150-45Hz

fc (output) =

c¢) Bypass RC network

1
2n] (R0 e ) jRg]C

fc(bypass) =

1 1

fc(bypass) = _
6.53.28 + 1100 . 2m[17.23]10 X 10-¢
(22222 1200) jl1Kj10 x 1076 271723
= 923.7Hz
A, (dB) ﬁ\
Ay (mid) foeemerme e

<«—— 20 dB/decade
' ; 40 dB/decade
- : . 60 dB/decade

0 13045 Hz 923.7 Hz 929.8 Hz f(Hz)
f, (output) f. (bypass) f. (input)
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- —
4. Calculate the cut off frequency due to C; and C, in the circuit shown in fig.
1)he=300 2)hie=32k

5 kQ

Solution:

1) cut off frequency due to C;

_ 1
N ZT[Rin C]_

fc Rin = R1||R2|hie

1
— 2n[(Ry IRz I1hie)]C,

1

= _ . H
2m[(300 x 103 [|150 x 103 ||32 x 103 )] (1 x 10-6) 6.565Hz

2) cut off frequency due to C,

1 1
£.= = = 12732.4H
€T 2n(Re + ROC,  2m(7.5 % 603 + 5 x 103)0.1 x 10~ z
5. Determine the cut off frequency due to the bypass capacitor in the fig.
+20V
220K S
e
22K
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Solution:
1

fC (bypass ) —
2nf (R0 Re ) Rg]cy

Rry = Ry[IRz|IRs = 220K]|22K]|[0 = 0

1 1
1:C(bypa\ss ) = = ~6
2T[[(1200000) 1% 109147 x 10-6  ZT[497]47 X 10

= 681Hz

6. At Ic=1mA and V=10V, a certain transistor data shows C,= C,=3pF h=200 and

®1=-500M rad/sec. Calculate g,,rs,Cnr= Crand wy

Solution:
Dgn = Ve~ 2emv - 38.46mA/V
o _he 200 & 20KQ
DT = = 356 x 105 >

gn Em 3846x1073
i) (O ) = o = 5, ~ 500 x 10°

(Ct + Cp) = 76.92pF
Cn = Cm = 76.92pF — 3pF = 73.92pF

We know that,

wr = hfe (.0[5
W7 rad
wg =7—=25M—
h¢, sec

7. Short circuit CE current gain of transistor is 25 at a frequency of 2MHz if f;=200KHz
calculate )fy 2)hg 3) find |4;| at frequency of 10MHz and 100MHz.
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Solution:
i) fr = A xf=25x%x2x10°

= 50MHz

fT 50MHz

= 1= 22— 250KH
f; _ 200KHz ’

At f=10MHz
250
A = 10 x 10° =3
2
\/1 + (700 x 107

Atf = 100MHz

250

T 100x10°,
1+ Goox 109

IA| 0.5

8. A high frequency amplifier uses a transistor which is driven from a source with R¢=0.

Calculate value of fy,if Ri=0 and Ry =1KQ. Assume typical values of hybrid-ir

parameters.
Solution:
1) fy
For R =0
N
271, |C.+C, |

Typical values:r, = 1k, C, = 100pF, C, = 3pF

1

f, =
™ 21 x 1 x 103(100 x 10-12 + 3 x 10-12)

= 1.545MHz

For R =1K

1
220, [CoACu (1 + gmRy)]
Typical values:r, = 1k, C, = 100pF, C, = 3pF, g,, = 50mA/V

it
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1
T 2mx 1x103[100 x 10712 + 3 x 10712(1 + 50 x 10~3 x 1 x 103)]

fiy

= 0.629MHz

9. Determine the bandwidth of the amplifier shown.

20V

r, = 100, ry = 11K, C; = 3pF, C,=100pF, he=225

Solution:
We know that,
he =1, + rp = 100Q + 1.1k = 1.2k

1
[ =
cunput) = 21[Rs + (Ry lIR, lIhie)1Cy

1
"~ 2m[0 + (110K||10K]||1.2K)]25 x 10~6

6Hz

1 1
£ = =
C(output ) 2n(Re + R)C,  2m(9K + 5k)25 x 107

= 0.454Hz

1
fC(bypass ) =
2] (R0l ) R
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f ! 598H
C(bypass ) — 3 = z
2 [(%) 12 x 103]50 x 106
f;, is the smallest of the three i.e. 0.454Hz
1
fH =
271, [C,4+C, (1 + gmRy)]
Cz = 3pF, Cu = 100pF
e 2B 045ma
&n =1 = T1x 108 204SmA/
1

f, =
™ 2rx 1.1 % 103[3 x 1012 + 100 X 10~12(1 + 204.5 X 1073 x 5 x 103)]
= 1.4136KHz
Bandwidth = fH — fL. = 1.4136 x 103 — 0.454 = 1.4131 KHz

10. For n-channel MOSFET, L=1.0pm, L,=0.05pm, W=10pm, C,=3.45x% 10‘3F/m2,
I,=200pA and K,’=150pA/V?, Find the f; if MOSFET is operating in the triode region.
Solution:

Cox = 3.45 X 1073F/m? = 3.45 x 1075 F/um2

1 1
ng = Cgs = EWLCOX + COV = EWLCOX + WLOV COX

1
= (E x 10 X 1 X 3.45 X 10-15) +10 X 0.05 X 3.45 x 10~15

=17.25x 1071 +1.725 x 10715 = 18.975 x 10~ 1°F

= 18.975fF
8m = 2K W/L /Ty

= /2 x 150 x 1076,/10/1+/200 x 10=6 = 0.7746 mA/V

_ 8m B 0.7746 x 1073
" 2m(Cy + Cgq) 21 x (18.975 + 18.975) x 10715

fr = 3.2485GHz
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11. For CS MOSFET amplifier, R;=120kQ, R;=4.7MQ, R,=10K, R,=15K, g,=1.2mA/V,

r,=150KQ, C,~=0.3pF. Find the midband gain Ay and the upper 3dB frequency, fy.
Solution:

Rg

Ay=————
M R¢ + Ry

gmRY,

where R}, = 1, |IRp IR, = 150K]|10K]| 15K = 5.77KQ

4.7 x 10

Au 27 % 105 F 120 X 10° ~ 1.2 x 1073 x 5.77 x 10

=—6.75
ceq =@ +ngL)ng
=(1+4+12x1073x577%x10%) x 0.3 x 10712 = 2.377pF

Cin = Ceq + Cg = 2.377 + 1 = 3.377pF

1

fy = R T where R; = Ry||Rg = 120K]||4.7M = 117K

1
- = 402.8KH
2 x 117 X 10° X 3.377 x 10-12 z

12. For a CS MOSFET amplifier, Cc;=Cs=Cc,=1pF, Rc=12MQ, R;=180KQ, g,,=1.2mA/V,
Rp=10K and R;=15K. Calculate Ay, f;, f;’, f;” and f.
Solution:

R
Ay = — (—G) gm(RplIR,)  where Rp||R;, = 10K]|15K = 6K
R; + Ry,
= ( 1M )12><6— 7.09
~ \12M + 180K/~ -

1
17 2mx 1 x 1076(180 x 103+12 x 10°) 0.013Hz

¢ Bm _ 1.2x 1073
17 2nCy ~ 2mx 1x10-°

= 190.98Hz

1 1
17 2nx Cey(Rp + R 2mx 1 x 1075(25 x 103) 6-366Hz
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Here, f; > f; and hence

fL = f; = 190.98Hz
TWO MARK QUESTIONS AND ANSWERS
1. What is roll off?
The frequency response is nearly ideal over a wide range of mid frequency. Only at
low and high frequency ends, gain deviates from ideal characteristics. The decrease in voltage

gain with frequency is called as roll off.

2. What is bandwidth of an amplifier?
Bandwidth of the amplifier is defined as the difference between upper cut-off and
lower cut-off frequencies.
Bandwidth =1, - f|

The frequency f, lies in high frequency region while the frequency f; lies in low
frequency region.

3. What is the significance of octaves and decades in frequency response?

The octaves and decades are the measures of change in frequency. A ten times change
in frequency is called a decade. On the other hand, octave corresponds to doubling or halving of
the frequency. For example, increase in frequency from 100Hz to 200Hz is an ctave. Likewise,
a decrease i frequency from 100 kHz to 50kHz is also an octave.

4. State Miller theorem using resistor and capacitor.

For the analysis purpose ,in transistor amplifiers, it is necessary to split the capacitance

between input(base or gate) and the output(collector or drain).The capacitance may be Cy. (in

case of BJT) or Cgq (in case of FET). This can be achieved using Miller’s theorem.

L . . Z K
Miller’s theorem: 1) For resistor- X '%=1
ii) For capacitor- C(A, + 1),C (—AI‘;H)
v

5.Derive the expression for midband gain.
In the midband, the voltage gain of the amplifier is approximately maximum. It is
designated as midband gain or A ;4.
A= Amid
\/1 + (fl/f)z\/l + (f/£;)?
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