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Amplifier Frequency Response 9

* 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 /f frequency
components if considered amplification is td be achieved

Instructor: Nasser Ismail
Summer2020-2021
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Amplifier Frequency Response
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* The impedance of a cap is 1

X =——
© 2A4C
when f <f  the coupling caps Cland 9& , and the bypass cap

Ce cannot be considered as short circuit since their

Impedance is not small enough
when f >f,, theinternal caps Cbcand Che fora BJT (or Cgs |
and C@, cannot be considered as open circuit

since their impedanceis not high enough

Instructor: Nasser Ismail
Summer2020-2021
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Corner Frequency

Ab{“‘ l"'lw\

we define the orner (break and cut - off) frequencyas:
Lo 1132 |
@‘& R o
2 ;s:f}*\ 7 N 7{ %;%6//

. Av(mid ‘“ S RS
Alo,)|= % LS | | nun AR
w, — o, =BW - Bandwidth ) pand i "

R P; s?tr)and
[Midrange = midband 210w, —0.1w,
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Corner Frequency
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fi| | fu

. Band-Width

or
“Passband”

Midrange = midband =10w,_ —0.1w,

— This is the range for which the capacitors (C1, C2 and CE)
are considered short circuit while the parasitic caps are
considered open circuit (this is the range we have considered

so far in previuos chapters)
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Summer2020-2021
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Series Capacitance and low frequency response

+V

Ro

for v =0.1w,, — 20log|A(jw)| =-

A.‘:_\
ws QW 0/{
2 - 1 - L_-—‘:-&ﬂ_ =v){
W= O"v'lc'

.\ \ .._L—:y_?—q

it

is the break frequency due to C1

Ao -

For Am=1

Vs Vi+ AmVi v;
- - for o = @, > 20log |A(jw)| = 20logAm - 20l0g0.707 = - 3dB

20l0g10=-20dB «— High pass

/ filter

Instructor: Nasser Ismail
Summer2020-2021
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Series Capacitance and low frequency re;iponse——

G Qet

v Note:

S ro 4

Re 1) If thereisonlyonecap,wefind @.. =——
) y P “ Rthl.C1l

1 " 2) If thereis two caps Cland Q;With@and ., then

5 (B = AU
(.‘u\hﬂ)
________._—

and o, =,

Ro

S Vi AmVi Vo

Instructor: Nasser Ismail
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Series Capacitance and low frequency response

- in order to find o, , we find magnitude of the gain at o,
. Am
Ao, ) =—— —_— ?
. 2 R2 ° | { L)| 2 "D WL |
— )
" S solving yields
L - L 4
” a)m \/a) + 6(0 o, +a, e
C1 RO \_L, 2 2 I/

Instructor: Nasser Ismail
Summer2020-2021
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Series Capacitance and low frequency response

oY

1) let o, =616 rad/sec and w., =17.86 rad/sec
= ~—

e

here ., >> o,
o, =616.5rad/sec

2) let o, =200 rad/sec and o, :Zg)_rad/sec

here o, >> @, 2= e + 0, N \/w014 + 6w, e, + g,
o, =798 rad/sec ) 2 2

In both cases and in general

if o, >> o, X y

Biggest o, <o, <sumof allo.'s, @'5) W ¢ SM

Instructor: Nasser Ismail
Summer2020-2021
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Low Freqguency Response Example

* Calculate the low freguency corner frequencies due to

C1,C2, Cs and estimate w. ? m
~o- s ’F——‘ —

‘)‘&:"" 3~ -low frequency ac small signal equivalent circuit is

© considered as open circuits)

Ri
10kQ

frequency caps are considered short circuit and its
corresponding o is found

Vi

constructed ( here all high frequency caps Cgs, Cgd are

We consider one capacitor each time , while all other low

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

Rs Cs
0.3k 10uF

lower limits  Ri C1 C2
10kQ  0.2uF D 1|“|F
] °
Vi RD RL
R1/R2 amV0s  <5r0 5kQ
\_/ s -

- AC SS a,'.c;foui-} ya oW ‘Fd’f?/%l,g

when

Instructor: Nasser Ismail
Summer2020-2021
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WS ¢l seen by
L Ci
= Ddsbe ¢, (WMl €y, 05 shotfed)
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Effect of each Capacitor at ? a|= Rox o

=0
* We Calculate the low frequency corner frequencies due to each
cap acting alone while all others are considered as short circuit

1) consider C1( while C2 and Cs are shorted) Ri Rth1
1 / 10kQ l G
o, = =45.45 rad/sec; 1
“ CLRth1 *~ R1R2
Rthlis the theveninimpedance seen by C1
while all independant sources are set to zero Rth2
Rth1=Ri+ (R1/R2) ~ l
2) consider C2 ( while C1and Cs are shorted) — %ﬁ; %silé
o= L _100radisec;
C2.Rth2 Rthlis the thevenin impedance seen by C1
Rth2=R_+R,

3) covade Co (\DL”( C, ,C, shovkd)
' X

Instructor: Nasser Ismail
Summer2020-2021 13
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Effect of each Capacitor & oL % : { %

0.3k¢)} 10uF
* We Calculate the low frequency corner frequencies due to cap acting
alone while all others are considered as short circuit

3) consider Cs ( while Cland C2 are shorted)
1 D

Ocs = =1050 rad/sec; . | RLﬂ+
.CS'R'—-—'thB = Rins wes Sho  Tea
Rth3is the thevenin impedance seen by Cs -

S
remember rds =
1 Rs< € Rth3
Rth3=Rs//— 0.3kE>
. L
4) estimation of the o, !

1050 < ®, <1195.5

Instructor: Nasser Ismail have Uo'_’/_',_/-
Summer2020-2021
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AsSame Weo=(0-3- Oﬁ)wt_ s
Wep = we,= Q\ 0 ), * (_(; Wes > Wen
Lo Wes S Wez |
Chuegs W= Wegtat Wcs

Design of m. Weg = Ao = F00 =G =

* Previous method explained how to estimate value of . in an analysis
problem where all capacitor values are given, but what hapfens if it was

desired to design an amplifier with certain @ and the task was to find
capacitor values ?

* Design criteria to be used is:
0. =(0.7-0.8)o,
O, =0, =(0.1-0.15)0,
C1,C2 areinput and output coupling capacitors

C. is bypass capacitor // to R, emitter stabilizing

resistor or Rs source resistor {
makesure that o . + ©_, + ©,, =®

L

Instructor: Nasser Ismail
Summer2020-2021
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FET 85T .
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,\”,,W' wﬁ” Css | Cre \O

L
@ Capacitance and @frequency response

B_S—- Ro
Vo=AmVi . +
1 \LS' Ri § Vi Axml/l Vo
ar L Ty =
Vi= 1% vs 5 222 Afo)
Vs

(Ri// 1 J+ Rs
JaC,

i 1 i . 1
Ri// A(jw)| = Av(mid
Ajo) = Am ac, = [AGe) = Av(mi )\/1+[a)CA(Rs//Ri)]2

(Ri// jcchj+ Rs A(jw)| = Av(mid) L

o 2
( Ri j( 1 j 1+ }
= Am - " . Wy
Ri+Rs {1+ joC,(Rs//Ri)
Ri 1 .
Ri+Rs"\1+[wC,(Rs/IR)] - IAG®,)|= Av(mid)
— ®,C,(Rs//Ri)=1

L7 &

—atw=0, =0,
— |A(jw)|= Am

AN ' L1

Instructor: Nasser Ismail
Summer2020-2021 16
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Shunt Capacitance and High frequency response

Rs Ro
— ®,C,(Rs//[Ri)=1
Vs Ri \:i AmVi V+ LW = 1
‘;{ 1 ° "~ C,(Rs//Ri))
| X where Rth, is thevenin impedance seen by capacitor C,
ored 5 wF ForAv(mid)=1
l for w = &, > 20log|A(jw)| = 20logAv(mid) - 2010g0.707 = - 3dF

for w =10m,, — 20log|A(jw)|=-20log10 = - 20dB «— low pass
filter

Rtha
Seen

by CAl

Instructor: Nasser Ismail
Summer2020-2021
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Shunt Capacitance and High frequency response

w Note :

Re 1) If thereisonly onecap, wefind w,, = 1 and o, =,

hA*

R2
ClH_ " 2) If thereis two caps C, and C, with @, and @, , then
Vsjg“ RL Re A(jw) = Av(mid) 1_ 1_
| 1+(Jw)1+(JwJ
a)CA a)CB

Rs R in order to find w,,, we find magnitude of the gain at w,

Sy AV : Av(mid) Av(mid)

c Ri§q Vi Vo Alio — —

ERER

Instructor: Nasser Ismail
Summer2020-2021
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Shunt Capacitance and High frequency response

By solving for the magnitude of the gain A(jw) at o = w,
yeilds for an approximation for the lower and upper limit to estimate w,

for o, >> 0

o.,.0
— AL <, <O
(DCA + 0‘)CB

lower limit <, <Smallest ®

Instructor: Nasser Ismail
Summer2020-2021
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High Freguency Response Example

* Calculate the high frequency corner frequencies due to
Cgs,Cgd and estimate wn ?

-High frequency ac small signal equivalent circuit is

? constructed ( here all low frequency caps C1, C2 and C3 are
gm=100mS o considered as short circuits)
Coamr | L 2 - We consider one capacitor each time , while all others are
N . gzoom \égd_—| c9n3|dered ppen_cwcmt an_d its corresponding w is found
03k oar ? ,_ - Finally, o is estimated using the formula for upper and
4 ,\/ [ R lower limits
Cos - ; Cad
v § R2 Rs __|_ _CS 13('9 s(h:olrt G |—_“_—| D Shgfed

2002 440 f 100F v b
+
_ RD RL
L L Vi CgSi gmVOs S50 5kQ ve
RURZ 1 Cs i
short

Instructor: Nasser Ismail
Summer2020-2021
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Effect of each Capacitor & mH

* We Calculate the high frequency corner frequencies due to each
high frequency cap acting alone while all others are considered
as open circuit

1) Consider Cgs ( while Cgsisopen, C1,C2 & Cs are shorted)

1
Oppe = ————

“* Cgs.Rgs N
Rgs is the thevenin impedance seen by Cgs 10k short o
Rgs = R1//R2/IRi |
... =668.45 Mrad/sec; short

Cgs

Instructor: Nasser Ismail
Summer2020-2021
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Effect of each Capacitor & -

2) Consider Cgd (while Cgsisopen, C1,C2 & Cs are shorted)
o — 1
“ " Cgd.Rgd

Cgd

Ri Ci1
10kQ2 short | I D

Cc2
shorted

Vi Cgs «L gmVQgs
R1//R2) S Cs
short

+
RD RL vo
5kQ 5kQ

Instructor: Nasser Ismail
Summer2020-2021
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Effect of Capacitor Ced

R
10kQ

\Y

R
10kQ

* Calculation of Rgd is done through

test current /voltage method

Cagd

c2
short G |—_”_—| shorted
&
+
RD RL o
gmVgS  5r0 5kQ
R1//R2 Cs )
short
v
-0
.
RL
R1/R2 gmVgs 5kQ 5kQ)

KVL :
RL(I, +9,V,)+ 1R =V,

but V.=V, -V, =Rsl
substituting yeilds

RL'(I, +g, Rs',)+1,Rs' =V,

Rgd =\I/—T =RL'+Rs'+g,RL'RS

T

=R //R, and Rs'=Ri//R1//R2

Instructor: Nasser Ismail
Summer2020-2021
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Effect of each Capacitor & H

Now
ot
“¢" Cgd.Rgd

l

3) Estimation of the o,

= 48.54 Mrad/sec;

(a)gd ° a)QS)
(a)gd T a)QS)
45.25< mw, <48.45

<o, <48.45

Instructor: Nasser Ismail
Summer2020-2021
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Effect of each Capacitor & mH

* Calculation of Rgd is done through
* test current /voltage method

Ri Cod c2
10kQ short G |'_“_‘| shorted .
.
vi oVgs e ]%;;; Vo KVL :RL/(l; +9,V,)+ ;RS = V;
RIRA s ©but Vy=V,-V,=Rsl;
v = substituting yeilds
A RL/(I; +ngs’IT) +1;Rs' =V,
FN' RL . Rgd—l— RL'+Rs'+g, RLRS’
B R1/R2 gmvgs 5kQ SkQ ) T

RL'=R,//R, and Rs' = Ri/RL/R2

Instructor: Nasser Ismail
Summer2020-2021
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BJT High Frequency Response

* Capacitors Cbe and Cbc
* CE and CC model

Chc

T

J_hie ‘

Cbe e Covert to Cbe
a form
similar to
FET

. V
_ be __ .
Nl = N =% = 0, Ve
ie

where

CB model

hfb= a=-1

Cbc

Instructor: Nasser Ismail
Summer2020-2021
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CE Example:

* Estimate the high corner frequency for the following BJT amplifier

1) Effect of Cbe ( Cbc is considered open) High Frequency Small Signal equivalent Circuit

Wy, = L. Cbe
be C R H
be*" “be Ri b g ” .
. ] Vi Rth hie $ g,v, 3% RL vo
where R, is the thevenin CbeD b % % _
impedanceseen byC, - E

R, = ((Ri//Rth)+rb)// hie

Instructor: Nasser Ismail
Summer2020-2021
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CE Example:

2) Effect of Cbc ( Cbe is considered open)
1 .

CooRye |

where R, is the thevenin

a)bc =

Cbc
Ri h B | ”_I c
ol

+
, Rec RL vqo
Vi Rih Cbe " Bt % %

" E

impedance seen by C, and it is found by V;/I; method

Rs’

RL'(l; +g,V,.)+1,Rs'=V,
but V,,=V, -V, =Rs'l,
substituting yeilds

RL'(l; +g, RS'l.) + 1.Rs' =V,

Rbc = Ve RL'+Rs'+g, RL'RS'

T

Rs’ = (Ri//Rth +rb)// hie

Instructor: Nasser Ismail
Summer2020-2021
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CE Example:

* Given the following values in previous example

g, =33.5mS

hie =8.77 kQ

hfe = 294

Rs =1kQQR1//R2 =16.67 kQ

rb =20 Q; Chc =1.8 pF; Che =17.25 pF
Rc=5kQ ;RL=2kQ

calculate : Estimate o,
O =5 1R =66.7 Mrad/sec (a)be i a)bc) <o <o
be*' N be H be
a,. + @
b b
Op, = L =12.67 Mrad/sec ( ° C)
Cre-Ric 10.65<(DH <12.67

Instructor: Nasser Ismail
Summer2020-2021
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CB Example :

* Estimate the high corner frequency W« for the following BJT amplifier

1) Effect of Cbe ( Chc is considered open) Ri

10kQ

O, = 1 ;where R, is the thevenin
Cbe'Rbe

impedance seen byC,,
R,. = ((Rs// RE))// hib =
2)Effect of Chc

1 —AM

a)bc B Cbc'Rbc ,

where R, =R /IR

Vs

Instructor: Nasser Ismail
Summer2020-2021
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Practice Question : Amplifier Frequency Response

Ri C1
10kQ

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

le) VbD

Instructor: Nasser Ismail
Summer2020-2021
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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:

B

|
]l
Amplifier

+
Amplifier Cim  —g— Wlth -1 Com
with Av(mid)
V2

Av(mid)

Cr
|
I

Vi

Input Miller Capacitance Output Miller Capacitance

C,, =C..[1- Av(mid)] COM—CFB{l Av(mid)}

Instructor: Nasser Ismail
Summer2020-2021
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CE Example using Miller Theorem:

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

Vy

- Calculate A, (mid)=—=
v(mid) Vx

—CalculateC,, = C,,[1- Av(mid)]
CFB = CBC

1
—CalculateC_, =C_ |1-——
oM FB{ 1 Av(mid)}

—CaICUIate wIM :m vi
IM be be

— Calculate ,,,, =

R

OM " “ce

-Estimate

L

Instructor: Nasser Ismail
Summer2020-2021
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