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Amplifier Frequency Response

• Audio frequency signals such as speech and music are 
combination of many different sine waves, occurring 
simultaneously with different amplitude and frequency in 
the following range (20Hz-20kHz (audible noise) , other 
types of signals have their own range.

• In order for the output to be an amplified version of the 
input, the amplifier must amplify each and every component 
in the signal by the same amount

• The Bandwidth must cover the entire range of frequency 
components if considered amplification is to be achieved 
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Amplifier Frequency Response
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Impedance of a cap

• The impedance of a cap  is  
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Corner Frequency
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Corner Frequency
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Series Capacitance and low frequency response
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Series Capacitance and low frequency response
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Series Capacitance and low frequency response
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Series Capacitance and low frequency response
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Series Capacitance and low frequency response
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Low Frequency Response Example

•Calculate the low frequency corner frequencies due to 
C1,C2, Cs and estimate wL ? 

-low frequency ac small signal equivalent circuit is 

constructed ( here all high frequency caps Cgs, Cgd are 

considered as open circuits)

- We consider one capacitor each time , while all other low 

frequency caps are considered short circuit and its 

corresponding w is found

- Finally, wL is estimated using the formula for upper and 

lower limits
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Effect of each Capacitor at wL

• We Calculate the low frequency corner frequencies due to each 
cap acting alone while all others are considered as short circuit
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Effect of each Capacitor & wL

• We Calculate the low frequency corner frequencies due to cap acting 
alone while all others are considered as short circuit
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Design of wL

• Previous method explained how to estimate value of wL in an analysis 
problem where all capacitor values are given, but what happens if it was 
desired to design an amplifier with certain wL and the task was to find 
capacitor values ?

• Design criteria to be used is:
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Shunt Capacitance and High frequency response
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Shunt Capacitance and High frequency response
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Shunt Capacitance and High frequency response
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Shunt Capacitance and High frequency response
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High Frequency Response Example

•Calculate the high frequency corner frequencies due to 
Cgs,Cgd and estimate wH ? 

-High frequency ac small signal equivalent circuit is 

constructed ( here all low frequency caps C1, C2 and C3 are 

considered as short circuits)

- We consider one capacitor each time , while all others are 

considered open circuit and its corresponding w is found

- Finally, wH is estimated using the formula for upper and 

lower limits
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Effect of each Capacitor & wH

• We Calculate the high frequency corner frequencies due to each 
high frequency cap acting alone while all others are considered 
as open circuit
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Effect of each Capacitor & wH

RgdCgd.

1
ω

shorted) are Cs & C2C1,  ,open  is Cgs  while( CgdConsider  2)

Cgd


H
ω  theof Estimation )3

Vi

R1//R2

+

Vo
gmVgs

C1

short

Ri

10kW

-

RL

5kW

C2
shorted

Cs

short

RD

5kW

G D

S

Cgs

Cgd

Uploaded By: anonymousSTUDENTS-HUB.com



ENEE2360

BZU-ECE

Instructor: Nasser Ismail

Summer2020-2021 23

Effect of Capacitor Cgd

• Calculation of Rgd is done through 

test current /voltage method
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Effect of each Capacitor & wH
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Effect of each Capacitor & wH

• Calculation of Rgd is done through 

• test current /voltage method
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I

V
m

T

T

Vi

R1//R2

+

Vo
gmVgs

C1

short

Ri

10kW

-

RL

5kW

C2
shorted

Cs

short

RD

5kW

G D

S

Cgd

R1//R2

+

gmVgs

Ri

10kW

-

RL

5kW

RD

5kW

G D

S

IT

VT
+ -

gmVgs

G D

S

IT

VT
+ -

+

-

KVL
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BJT High Frequency Response

• Capacitors Cbe and Cbc

• CE and CC  model

m

ie

fe

bem

ie

be
febfe

g
h

h

where

vg
h

v
hih



 ;.

hfb a=-1

Covert to 

a form 

similar to 

FET

CB model
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CE Example: 

• Estimate the high corner frequency for the following BJT amplifier

;
.

1

open) considered is Cbc ( Cbe ofEffect  1)

bebe

be
RC

w

High Frequency Small Signal equivalent Circuit

be

be

byCseen  impedance

 thevenin  theis R  where

   hierbRthRiR
be

//// 
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CE Example: 

method /IVby  found isit  andCby seen  impedance

 thevenin  theis R  where

;
.

1

open) considered is Cbe ( Cbc ofEffect  2)

TTbc

bc

bcbc

bc
RC

w

gmVbe

B C

E

Rs’
RL’

IT

C

VT

+ -

TTTmT

Tebbe

TTbemT

VsRI)IsRg(ILR

yeilds  ngsubstituti

IsRVVVbut   

VsRI)Vg(ILR







  hiebR

RR
I

V
m

T

T

//rRi//Rths

sLRgsLRRbc




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CE Example: 
• Given the following values in previous example

Mrad/sec .6721
.RC

1
ω

Mrad/sec 66.7
.RC

1
ω

:calculate

bcbe

be

bcbc

bc





kΩ 2RL ;    kΩ 5Rc

pF 17.25CbepF; 1.8CbcΩ; 20rb

kΩ 16.67R1//R2 ; kΩΩ 1Rs

294hfe

kΩ 8.77hie

mS 33.5gm













 
 

67.12ω65.10

ω

ω  Estimate

H

beH

bcbe

bcbe

H







w

ww

ww

Uploaded By: anonymousSTUDENTS-HUB.com



ENEE2360

BZU-ECE

Instructor: Nasser Ismail

Summer2020-2021 30

CB Example : 

• Estimate the high corner frequency wH for the following BJT amplifier

Rc

C1

Vi

+

-

RLRe

Vcc

R1

R2

Ri

10kW C2

Vo

Zi Zo

Vs

+

aie

Rs

-

RLRc

E C

RE hib
Vo

Cbc

Cbe

B

  

CLbc

be

be

//RRR  where

;
.

1

Cbc ofEffect )2

////

byCseen  impedance

 thevenin  theis R  where;
.

1

open) considered is Cbc ( Cbe ofEffect  1)









bcbc

bc

be

bebe

be

RC

hibRERsR

RC

w

w

a=-1
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Practice Question : Amplifier Frequency Response

• Estimate the value of low and high frequency corner frequencies and 
calculate the mid-range voltage gain of the following amplifier

RD

C1

0.4uF

Vi
RG

1MW

R1

200kW

+

-

RL

5kW

Rs

5kW

Ri

10kW

C2
1uF

Cgd

Cgs

gm=1mS

Cgs=5pF

Cgd=2pF

VDD
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Miller Theorem (another method to solve previous 
example) 

• Miller theorem is used to simplify the analysis of inverting 
amplifiers only at high frequencies 

• The feedback capacitor Cbc or Cgd is decomposed into two 
capacitors , one at the input Cim and one at the output Com , 
whose values are found using the following formulas:

 )(1

eCapacitancMiller Input 

midAvCC
FBIM



CFB

Amplifier 
with

Av(mid)

+

V1

-

+

V2

-

I2I1

Amplifier 
with

Av(mid)
Cim Com











)(

1
1

eCapacitancMiller Output 

midAv
CC

FBOM
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CE Example  using Miller Theorem: 

• Estimate the high corner frequency for the following BJT amplifier using 
miller theorem 

 

















Av(mid)

1
1CC Calculate

;Av(mid)1CC Calculate

Vx 

Vy
(mid)A Calculate -

FBOM

FBIM

V

BCFB
CC

Vi

+

gmVbe

Ri

-

RLRc

B Crb

Rth hie
Vo

COM

CIMCbe

+

Vy
-

+
Vx

-

 

L

OM

OM

IM

IM

     Estimate-

C

1
 Calculate

C

1
 Calculate

w

w

w

ce

bebe

R

RC





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