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Frequency Response
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WL owL 0.1WH WH
- Midband

Bandwidth

|A (ia))|w S |Av(iw)|,max . |Av|,mid
% —WL — —

w=wy V2 V2
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Frequency Response

 The signal passed through an AC amplifier is usually a complex
waveform containing many different frequency components,
rather than a single frequency sine wave.

* For example, audio- frequency signal such as speech and music
are combination of many different sine waves accruing
simultaneously with different amplitude and different frequencies
In the range from 20H, to 20kH,,.

* In order for an output to be an amplified version of the input, an
amplifier must amplify every frequency component in the signal
by the same amount.

« Bandwidth must cover the entire range of frequency components
If undistorted amplification is to be achieved.



Series Capacitance and low-frequency Response

1) at mid band range

e

a I
|| — AAA-
I
R L O
J Vv, = AV,
Vi="Vq
Vo
V_ = A = Av(mid)



Series Capacitance and low-frequency Response

2) At Low Frequency
V, = AV,

"
v
L

O D

a)If w—-0;|A,(jw)| -0

b) If w_>00;|Av(jw)| - A

1

. A
C) If(l) — R;C1’ |Av(](l))| - \/_E




Series Capacitance and low-frequency Response

1
R,C,

o wL —

1

RryCq

Let w1 =

Where w,q is the corner frequency of ¢4

- W) = Wcq

a)If w—-0;|A,(jw)| -0

b) If w— o;|4,(jw)| - A

1

. A

WL



Input and output coupling capacitors
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Input and output coupling capacitors

2. At low frequency: / \

Ri +jwc1 —y —— ——— -_—
v T vs T TR+ R, <1 + Pc1 ) (1 L Dz ) Where o — 1
Jw Jw cl Ricl
1 1
. AV(iw) — Av(mid) (1+“’c1 (1+wc2 )
jw 1

Ay(mid) @2 =R, + R)C

|Av(le)| — (R, 1)C>



Input and output coupling capacitors

A )
N
1+=-")1+==
\( L)(1 + 522)
‘ jop jowy = V2

* A Letw,4 =61671/5

4 4 04 2 2
wZ + w?, \/(“’c1 twe; + 6w we;)

1 1
* Ap(w) = Av(mia) (m) (1+w)

Jw

Av(mid)

W =17.867/s
“wp=616.517 /s

« B) Let w4 =20071/s

w. =7501r/s
S W= 798 1/ s
if We1 > Wep> W3

We1 TWe2 TW3> W= Wy



1

Ay(jw) = Av(mid s (1 Pel 1 “)| ~ 1 .
Let W, > Wy ; W] > W,q M . |(1 N wcl) - /2
] Aymid ‘"v'@’ jwl’
|Ay,(jowr)| = W e w ¢
‘(1 + =1y (1 + =£2)
Jwp Jowj w1
1+ (—)2 =2
A, ooy )| = 2Cmie) N
1% L)l —
V2
@+ 2@+ 22)) = V2
jor jor W= W) (Lower limit)

Since W > Weo and w; > W

Wc1

<1 and ®? k1

wj wj




To find the upper limit

‘1 _I_wc1+wc2 W1 W2 z\/(l + (wc1+wc2)
Z jor W wf Wy
@1 W2
1+—)(1+- =/2
|( ]wL)( ]wL)
W1+ Wep\
1+(DC1+(DC2_(DC1 (/) P =\/.2 (1+< Clw cZ) _ \/E
jop, w, L
w1 W . We1twWe2 — 1
But — < 1 and K1 w]
wj, wj,
“W = Wep T W Upper limit
We1 We2
v o KK 1 - if Wy > Wer
L L




CE Amplifier low-frequency Analysis

hic = 10.45k ,hs, = 350 ,R 11l R; = 16.67k
R, =5k ,R; = 2k ,Rr =5k ,R;, = 1k
C,=3uF ,C, =8uF ,and Cg = 50uF

R

Estimate w;

Ac small signal low- frequency equivalent Cgr

R4
RZ%




CE Amplifier low-frequency Analysis &,

1) To find w,q , set C; and C, short v,
1
w — =
‘! Rry Cq

RTH1= RS + R1" Rz" hie

S wep =44.91/s v.




CE Amplifier low-frequency Analysis

* 2) To find w,p, set C; and Cg short

wo, =17.8671r/s




CE Amplifier low-frequency Analysis

3) To find w g, set C; and C, short JW\,
1
() — +
B RIIR,{IIR,+h;, L

S WeE= 616 r/S
But w., =17.86r/s and w.4 = 44.971r/s

Wc1 ~+ wC2+wCE> (l)L> WcE CD Ve

679r/s > w; > 616T1/s =

w; =64571r/s exact




Complete the design so that W; = 1000 1/s

W1 + We2twep= w; = 1000r/s %

wcg = 70% wy,

wCE 2 O7wL

wcg = 8501r/s

wCZ — 50 T/S %765k

Wcq1 = 1001‘/5 hie = 5.78k, hs, =3

I



(L)CE —_ 850 T'/S

1 Wep =5071/s

Wrp = =8507r/s W~ = 10071 /s
¢ gy (RHIRIIIR +hyg | / “ /
E { 1 +hfe } E
oo CE — 659”1’7
1
— =100 Choose Cr = 80 uF
®1 =R ¥ R,IIR,11h,,|C; r/s | E H
£ Cq =1.74 uF " €y =C,=2uF

oo a)L — 982 T/S

W,y = =5071/s v
“ " [Rc + R]C; /

1
oo CZ == 1 54‘ HF %



CS Low- Frequency Analysis ;o

Ac small signal low-frequency equivalent circuit: R,

O
[
=
—A\\ AMN—
M:U
— AN\~
N
A
R
I Q
1
= o
=~ =X
<

Vi C2 +
R, 5 k
v,
R
W = =49.97r/s
c1 C1|R; + R{IIR,]| / C,=02ufF,C, =1uF,C,, =10 uF
Wy = =10071/s

C,|R; + R4]



1
Wegs = 17 = 1050r/s v,
Cg [RSII—]
9m

W1 +wc2 +wcss > wj > Wess

1199.9r/s > W; > 10501/s

1
~ C4[R; + R{IIR,]

W1 =49.971r/s

w; =1059.41/s

W o =10071r/s

~ C[R; + Ry]



The Amplifier Frequency Response

- / Bandwidth ™

ow-frequency

igh-frequency ban

band | \“‘--—___--"’j I :
| = Gain falls o
* (Gain Talls off | » + | due m: l_hc ml:.:rnal_
due to the effects A ¥ 3 dB capacitive effects in
ofCr,Crse. A~ — — T — ——— T ————— the BJT

and Cy

20 log |A,,| (dB)

Y -
Jr. g fu f(Hz)
midband (log scale)

All capacitors are neglected



Shunt Capacitance and the high—frequ;nup&e.;ponss
R,

AAAY,
1) At mid band C:) = §Ri C—DA\"
Vo = 4V, = = = =
R; e
Vi=g, +le Vs iy 3




2) At high- frequency

R
R
V, = AV; ’
1 + p— éﬂi +\ Avi
Rill 7o O 4 O
Vi = 1 VS
Ri”jwcA tRs = = = =
vV, 1
Ao =y [Avg)| = Avemia) J1+[wCa(RIR)T?
R; 1
Aoy = A A) for small w; |4, iyl = Apmi
00 = ARCER, THjoca iRy )l s | = v
1 B) for large w ; Av(jm)| =0
YAy =A - - - 1 . _ __ Ay@mia)
v(jw) = Avamid) 750 (ROIR,) C) fore = ———; AvGiw)l = =55




1

o=

" Wy =
1 N
But wgy = CaRom
1

Wca =
Ca (Rsl |Ri)
Wy = Wcy
wy : The upper cut off frequency of the Ckr

wc4: The corner frequency of C4

1
v(w) = Fwlmid) 9 4 iy, (Rg|[R))
1
w p—
¢4 CA(Rs”Ri)
1

~ Apiwy = Avimia) Ll
Wcq

O
: 4

Av(joy| = Avgmia)
Ayjwy)| = 0

A) for small w ;

B) for large w ;
1 Ay(mid)

Av(](’o)| = 2

C) formw =

ca(RsIIR;)




If we have two internal capacitors : €r |
1 T

Ayiw) = Avmia) o o <~
) )
@a “B Jjwy Jwy
fwyg=1Mr7r/s,andwg =5Mr/s 1+w— 1+w— = /2
A B
wy =0.964Mr/s Since wy < wy,and wy K wg
-'-if(l)A<wB;wH<wA .
A . ](‘)_H - O
[Avgan | = 'wvmud) jw “F
(1+5) (1+ %)
assuming w, < wpg - 1l1 _|_]wH ~ /2
W4
Ay = Aymia) _ Aymia)
e jou jou V2 _
(1+52) (1+252) Wy = Wy




0 find the lower limit

I ()
(1 +]—”> (1 +J—”> = /2
V)| Wp

1 1 wy
‘1+ij(—+—>+ Al =v2
Wy, g W, wWp
Since wy < wy,and wy K wpg 1
“’H_(1 1
__|__
w w
A <t1and —F«1 @4 @b

w4 Wp

WH WH > 0
wyq wWgR

(1) (1 5)
W4y Wpg

~y
~y

(1 +ij(wiA +wiB)>| =2



- if Wy < Wp

1

1 1
w,  wg

<(l)H<wA

fwyg=1M71r/s,wg=5Mr1/s
wy =0.964Mr/s

1

1 1

_|_
Wy, wWpg

<(1)H<(DA

0.83Mr/s<wyg<1Mr/s

0.83Mr/s<0.964Mr/s<1Mr/s




FET High-Frequency Analysis

1) Common Source Amplifier

R; =0.3k,R4lIR, =100k ,R; = R; = 5k
R, =1k ,g9,, =10mO0O
Cyga = 2pFandCys =5 pF

Estimate wy

Ac small signal high-frequency equivalent Cgr




1) To find T4 ; set C ;4 Open circuit

Rgs — Rl"Rllle

~Tgs = 1.496 ns

1
“wgg = — =668.45Mr/s
Tys




2) To find 744 ; set C 45 Open circuit

ng = ngRgd

To find R4

Ry (It + gmVys) + RiIp = Vp
Vys =Vy—Vs=V, =R;Iy
Vy

I_ =R; +R; +gmRR; = R
T

gd
ng = ngRgd
Tga = 20.6 s

wgq =48.54Mr/s

d
=

Ry = Rl\\Rz\\Rig

.

i

IT + gmvgs

R_L = R4\\R,,




1 . _
<wy<48.54 Mr/s o Wgd = 48.54 M T/S
tgd + tgs

45.3 Mr/s < wy < 48.54 Mr/s 1
fwgs =—— =668.45Mr/s

wy = 48.4 Mr/s tgs

Tga = 20.6ns; 745, = 1.496 ns

~ To increase the bandwidth, we must decrease 7,4
ng = ngRZ + ngRs_- + ngngZR;
Tga =5ns+0.6ns+15ns = 20.6 ns

And to decrease 7, ; we need to decreaseg,, R} = Aymia)

Thus increasing bandwidth is usually achieved by reducing the
midband gain

. The product of gain and bandwidth tends to be
constant.



2) Common gate amplifier

R; = 0.3k,R,lIR, = 100k ,R; = R, = 5k

R, =1k ,g9,, =10mO 1'1"
Cga =2pFand Cys = 5 pF @9 n/@
Estimate wy LQ“J

Ac small signal high-frequency equivalent Cr




1) To find T4 ; set C ;4 Open circuit

gs
—
Tgs = CysRys
1
R,. = R.IR;ll—
O L Ra\\Ry,

“Tgs = 0.349 ns

" Wgs = 2865 Mr/s

2) To find 744 ; set C 45 Open circuit

Tga = CgaRyga —— < wy <200 Mr/s
Rya = RulIR, fgd Ttgs
“ Ty =5ms 187 Mr/s < wy < 200 Mr/s

“Wgs =200 Mr/s



BJT small signal high-frequency equivalent C g7

1) Common Emitter and Common Collector

7, = (202 — 2000)
re. =15, = (12 — 20) -> 00

heoip = h = Vi = GmVi;
fei fe hie hie be m®bpe




2) Common Base




Common Emitter Amplifier High-Frequency Analysis

R{IR, =16.67k ,R;, =1k ,R. =5k
R; =2k ,R, =1k ,rp, = 501
Cbe = 17.25 pF ,and Cbc = 1.8 pF

Estimate wy

Ac small signal high- frequency equivalent Cr

T

R, ||
- [l )
AMY o
N Ry
( _ ) Rz% R p—
— — e =
RS Tbb Cphc
AYAYAY NN
Vo A
mVbe
Qﬂ/ Che= hie
Q'}\ Re R,




1) To find 7}, , set Cp. open circuit
Tpe = Cpe Rpe
Rpe = (Rs||R1||R2 + 1pp) I Ry
Tpe = 14.98 ns
S Wpe= 66.76 M1 /s

2) To find 7, , set Cp, Open circuit
Tpe = Cpe Rpe

To find Ry,

' * |
Cb€== hie gmvEé
ph VT
;T -
hie ImVpe
R, R,




To find R, ’N _ o

of — W WO
Rs — {(Rsl |R1||R2 T rbl})}ll hie n mVbs
RZ (IT + 9m ) + R;IT — VT Q~$\Q‘ﬁ’ Rc R,

Vy o e Vr
'°'I__Rbc = Rs + Ry + gmR Ry AR .

T };J - I7 +gmvE§
S Tpe= 78.9 ns -

S Wpe = 12.67 Mr/s

1 R.

<wy<12.67 Mr/s
The T The

10.65 Mr/s < wy < 12.67 Mr/s
wy = 10.7Mr/s

R, = RA\\R,

Wy, = 66.76 M1 /s



Common base amplitier ,
R;=0.1k ,R, =1k ,R. =10k ,R; = 10k 1 %

R{IR, = 16.67k ,h;;, = 0.026k 15, = 0

Cb, = 20 pF ,and Cb,. = 2pF

Estimate wy

Ac small signal high-frequency equivalent Cr

0

f

\/ +
B R,
R
R, i}
R r—
— Che ’
\j
1T L e éhib S
hyp e Re R,




1) To find T}, , set Cj,. open circuit

The = Cpe Rpe 9Sr
Ry, = RIIR ;)
& Tpe = 0.40797 ns
S Wpe = 2451 Mr/s
2) To find ;. , set C}. open circuit
Tpc = Cpe Rpe
Ry, = R/ IR}
s Tpe = 10 ns
s Wpe = 100 M1 /s
96. 1 Mr/s < Wy <100 Mr/s

Wy =99.8 Mr/s

W ¢

v




Miller Effect Capacitor

Cim = C(l - Av(mid))

¥

V, =4, (jO))V1

Vo, = A,(Jw)Vp




Miller Effect Capacitor

V,-V
1
jwc

2
I, = = jwc(Vy—V;)

V:LT V, = A,(Jw)Vs

. ' i v
Iy = jwc(V1 — Apiw)V1) ‘ ‘

Iy = jwcV{(1 - Av(iw))

Iy = jwcV1(1 — Aygniay) .
- — i _ V + 1 1,1 1,2 1 +
Butl; = jwC;,,V4 1 T. V, = A,(jo)V; T v,
For the two circuit to be equivalent . o ki Y

11=II

S Cyp=C(1 — Av(mid))



Miller Effect Capacitor :

dl

I, = jwc(V, —Vy)

Vs,
Ayjw)
IZ = ijVZ(l —

I, = jwc(V, — ) [/1'1' V, =A,(Jw)V;

)

Av(jw) =

A — 1
I, = jocV,(—2Y

Aymia)
Butl, = jwC,,,,V,

v(mid) — 1

¢ —¢c &
Coom Aymia) Com

VZ = Av (](,())Vl —VZ




Using Miller-effect Capacitor

Cim = Cpc(1 — Av(mid))

Cir = Cpe + Ciyp
Com = Cpe




Common Emitter High-Frequency Analysis

To find 747 , set C,,,, open R Thh

Tcitr = Cir - RrH,

Rry, = hie ||(Tpp + Rs||R1||R2) =

D
T Com

%RC RL

L
Cit = Cpe + Ciyy
Cim = Cpc(1— Av(mid)) A RASA ,\?/V\’ o
Av(mid) = —gm(R||RL) 1 v, o o ) ‘ ImVpe
oo Clm: 87. 97 PF <_> Q~~\\ te et CO?'}"I RC RL
~ Cyr = 105.2 PF
S Teir = 91.3 s = = = = = = =

e wCiT = 1095 MT/S

—AW —A\W—



Common Emitter High-Frequency Analysis

2) To find 7,,,, , set C;r open

Teom = Com RTHZ

Ry, = R:||R;

S Teom= 2.57 ns
Weom = 388.9 Mr/s

10.65Mr/s < Wy < 10.95 Mr/s
wy =10.7 Mr/s

S WeiTt = 10.95 MT'/S






