Frequency Response

(Part 1)

A diagram of this presentation was taken from the web site of the author of the book:

A.R. Hambley, Electronics: A Top-Down Approach to Computer-Aided Circuit Design. Englewood Cliffs, NJ:
Prentice Hall, 2000.
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s-Domain Analysis

Voltage gain as a transfer function of the complex
frequency s =jw

=

as"+a s""+--+as+a,
s"+b " +--+bs+b,

T(s)=

n 1s the order of the circuit (m <n)

for a stable circuit, all the roots of the denominator
polynomial must have negative real parts
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s-Domain Analysis (cont.)

Poles and Zeros

(S_Zl)(S_Zz)"'(S_Zm)
" (s=B)(s—PB)-(s—P)

I'(s)=a

Z, ...l are the transfer function zeros, or
transmission Zeros
P,..,P, are the transfer function poles,

transmission poles or natural modes
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The Amplifier Transfer Function

4 GNlgg A
Low-frequency High-frequency
range range
=3 Midboard
Is A
Anlan | +

'
fg f(Hz)
(log scale)
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The Amplifier Transfer Function (continue)

A,, midband gain

@,  cutoff low frequency, 3-dB low frequency

w,  cutoff high frequency, 3-dB high frequency
Bandwidth (BW)

BW=f —-f (Hz) BW =w, —wo, (rad/sec)
usually w,,>> w,, BW = 0,

Gain-Bandwith Product (GB)

GB=A4,, o,
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The Gain Function

A(5) =" = A, FL(9F,

A,, midband gain

F,(s) low frequency response
F,(s) high frequency response
When o, >> w>> w,, A(s) = 4,,
When w>> w,, F,(s) =1

When o << w,, F(s) = 1
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Low Frequency Response

(S+@,)(s+@,,) (s +a)ZnL)

FL(S):

ny

(S +@,)(s+@p,) (s +a)PnL)

number of poles (or zeros) of F,(s)

(wz + a)él)(a)z + 0)52)(0)2 +a);nL)

|F(jo)['=

lm | F,(jo)|=1

W—>0

a)Zn L

w—>0
Pla)PZ
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im | (o) 'Jw

Pn;

(a)z + a);l)(a)z + a)zzaz)"'(a)z + a)JZDnL)

disw, =O,al)ig})|FL(ja)) =0



Low Frequency Response (cont)

F (s)= (s+@,)(s+@,,) (s +a)ZnL)

(5 + @, )(s 'I'a)Pz)"'(S'l'a)PnL)

Dpyseees @p, >0

it @, >>0,,..,0, ,0,,..,0, then
S . .
Fo(s) = and o, ~w, (w,, is a dominant pole)
(s +@p)

What 1f there 1s no dominant pole?
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Low Frequency Response - No Dominant Pole

F ()= @)+ )
(S + a)Pl)(S + a)P2)

2 2 2 2
| FL(]O)) |2: (a)2 +a)§1)(0)2 + ng)
(a) + a)Pl)(w + a)P2)

C0m0|FL(ja)L) |2: I ((()i +0)§1)(0)§ +a)§2) _ 1

2 (@] + ;) @] + ;) 2

4 2 2 2 2 2
a)L +a)L(a)Zl +a)Z2)+a)Zla)Z2 1

4 2 2 2 2 2
a)L + a)L (a)Pl + a)PZ) + a)Pla)PZ 2

1+ 1/ o )@y, + @)+ 0w, 1 1+ o)) (@), +@,,)

1+ (/o) 0} +0L)+ (1 oholwl, 2 1+ o) (ol +o2,)

1/ o)[w:, + @5, —2(w., + @.,)] =1 : : : .
W, = me +0p, = 2(0;, +@3,)
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Low Frequency Response - No Dominant Pole

($+@,)(s+@,,) (s +a)ZnL)

FL(S) —
s+, )(s+d,,) (s +a)PnL)

If there 1s no dominant pole

2 2 2 2 2 2
@, ~Jcopl+a)m+...+a)% - 20y + 0, +...+ @, )
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High Frequency Response

(1+S/a)Zl)(1+S/a)22)~--(1+S/a)ZnH)

F ()=
n () (+5/@, )1 +5/0,)(1+5/w,, )

n,  number of poles (or zeros) of F,(s)

[1'I'(a)/a)Zl)z][l'l'(a)/a)zz)z]'”[l+(a)/a)ZnH)2]
[l—l-(a)/a)Pl)z][l+(0)/0)P2)2]---[1+(a)/a)PnH)z]

| F,(jo)['=

lim | F, (jo) |=1

2 2 2
: : DpWp, * " Wp, - _ : : _
al)l_r)ro10|FH(]a))|:J 2 22 3130)Zi—00,01)1_I)IC}O|FH(]0))|—0

21002 Zn,
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High Frequency Response (cont)

F (s) = (1-I-S/C()Zl)(l+S/0)22)'°'(1+S/Q)ZnH)

(1+S/C()P1)(1+S/C()P2)°"(1+S/a)PnH)

if @, <<@py,...,0p, ,04,...,0, then
1 . .
F, (s)= and o, ~®, (Wp 1s a dominant pole)
(1+s/w,)

If there 1s no dominant pole
1

. ~
T Vep+l ey, +. 41 o, =2(1/0; +1/ @), +...+1/ 0}, )
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Example: Common Source Low Frequency

DD
?
2"
RGl CD
Co —
NN > VSR,
R - ¢
‘iS @ G2 RS CS AT =
Gofo oD
+
v_gs J\% gmvgs $ 7'0
!
S g =2K(V—V)

r =V /I .=1/Al
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Example (cont)

s \|CG Ve Y |/C N
Vl OJM 7] ®—10O @ N O VO
-
RGIRGZ% ) \L gmvgs $ ro %RD %RL
— O — —
R VS 4 — Vg vs Vd Vo
S T G V. Vv v v
i g s 'd
L (RllRy, Ve (Rl R)Cos
TR+ (R R +1/sCy v, 14[Ry +(Ry, | Ry2)IC,s
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Example (cont)

RSS CG
v; N
RailIR G
— RLvd
" R, +1/sC,
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Example (cont)

Ry Co v, o
v, AN oo o——f o v,
RGlRG2§ &s L 8nVes #’" 0 %RD %RL
! RS Vs L ! ! vo — Vg vs Vd Vo
S Vl. Vi Vg VS Vd
iz 7 or | L oBUSCH R
sC, R, +1/sC, 1+ R.C.s
v, =—IiZ,
Z, =R, | (1+RL) Z,= Ry {1+ R,.C,5) Ya _ ~Z4
sC 1+(R,+R,)C,s v 7

D
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Example (cont)

s \|CG Ve Y |/CD
v, AVAVAY. vl L XS ® Is oV
+
RGlRG2§ gs L 8Vys #’” 0 %RD %RL
—_ G —_ —_
R Vs vo — Vg vs Vd Vo
§ T Cy V. V.V V.V
i i g s 'd
v, _—Z, P R, s R, (1+R,C,s)
v 7 " 1+R.Css “ 14+(R,+R,)C,s

v, —R,(1+R/C.s)1+R,C,s)
% R, 1+(R,+R,)C,s

S
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Example (cont)

R Cq Cy
N | Vo Vi "
V. o AANN— =0 ® C o v
R [IR g, Y %RD % R;

V. =i/ :[gmvgs +(v,=v)/r]Z. =[gmvg +v, /r—=v (g, +1/r)]Z.

1
Comor, >> ~, V. =lg,v,+v,/1,—vg
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Example (cont)

R C

SS G v, D
v, oA —efo it o v,
RGIRG2§ &S \L gmvgs $ 7"0 %RD %RL
. v v, Vv, Vv,V
> T Cs v,V v, Vv,
i - v g /
vs(1+ngS+Zd/r0)~ngsvg Sy m*s
. v, l+g Z +7,/r,
Sig Z >>7Z,/r,
ngS ngS
Vs ~ ngS — ngS _ 1+ngS _ 1+ngS

Vg 1+ngs _1+ngS+RSCSS_1_|_ RSCS S_1+(RS||1/gm)CSS

Dr. J.E. Rayas Sanchez 1 + g - R g
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Example (cont)

vo — Vg VS Vd Vo Vg — (RGI || RGZ)CGS
Vi ViV VoV, Vi 1+[RSS + (RGI | RGz)]CGS
Vs _ ngS /(1+ ngS) Vi _ _RD (I+ RSCSS)(I + RLCDS)
v, 1+ (R, |1/ g, )Cs 12 R, I1+(R,+R,)C,s
v —RCys 1
T W, =
v, 1+R,C.s R,C,
1 1
Dp) = Wp, =
[Rg + (Rg, || Rg,)IC (Rg|[1/ g,)C
1
. (RD + RL)CD a)L ~ \/0)1231 + a)1232 T a)1233 o 20);1
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Example (cont)

: |
Voo Sir>—, g Z >Z/r
{ g
R § & Z =R |}
Gl C s — S
s = '
SAVAYAY > ) =R
R ’ VO% - Z, =R, | (C+RL)
Vs @ R, R, C, T —=L 1 it
1 ©, =
e — = — Z1 RSCS
®, = 1 I
" [Res + (Rg || Rix)IC, 27
ss a1 1l g2 )¢ (R ||[1/g )C
S m S
|
Q) =
" (RD + RL)CD a)L ~ \/a)lil + a)?’2 + 0)2’3 o 2(0;1
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The Time Constant Method

= It 1s an approximate method to calculate w, and @,
= Works well for most amplifiers

= Assumes that all the poles are real, that there is a
dominant pole and no dominant zero

= No poles and zeros calculations required

= Very suitable for deriving design formulas

Dr. J.E. Rayas Sanchez
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The Short-Circuit Time Constant Method (LF)

1) Replace the amplifier by its low frequency model
2) Calculate the resistance R, in parallel with the capacitor
C, considering all the remaining capacitors as short

1

circuits
3) Repeat step 2) for each capacitor (i =1, 2, ..., n,)
4) Calculate @, using

Dr. J.E. Rayas Sanchez
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The Open-Circuit Time Constant Method (HF)

1) Replace the amplifier by its high frequency model
2) Calculate the resistance R, in parallel with the capacitor
C, considering all the remaining capacitors as open

1

circuits
3) Repeat step 2) for each capacitor (i =1, 2, ..., n}))
4) Calculate @, using

1

H ~ Ny
> RC
i=l1

Q

Dr. J.E. Rayas Sanchez
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Low-Frequency Response of FET Amplifiers

Common Source 7 G
gD O——0 — oD
+
§ RD v‘—gs gm gs
RGI C

. =
- RCG C. RCS C, RCD C, R. =R, +R,

usually 1/(R. Cy) 1s the dominant pole
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SN %
n R o
A % i c. L . =R, +RG1||RG2
= L LR

V)
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Low-Frequency Response of FET Amplifiers

Common Gate G
VDD o—o0 — oD
7 +
§R C Ves L 8nVes
RGI D D _ )
Ce K . IS Em 2K(VGS Vt)
e )I > 4| VO§RL
— HRV V) )
%RGzR Cs 7 @ | RCG =R, || Rg,
= S ! 1
= = RCS = Ry + (R || g)
o, 1 1 1 R. =R, +R,

= + +
RCG CG RCS CS RCD CD
usually 1/(R. Cy) 1s the dominant pole
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Low-Frequency Response of FET Amplifiers

Common Drain - o—o0 ——D
Q +
§R Ves Em’gs
Ry =% 7 Cp = 2K(V...-V
. Ty A
VAV > I
‘}L @RSS R N +
s G2 R, C, V()§RL RCG — RSS T RGI || RG2
= - = !
— - RCS :(R5||)+RL
o~ o4 o1 .
L RCG C. RCS C. RCD C, R ¢ = R,

usually 1/(R. Cy) 1s the dominant pole
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Low-Frequency Response of BIT Amplifiers

Common Emitter V

% E K - f"ﬁﬁ/gm

\% r =V /I
+ RS M 0% L ¢ 47c
VS %

e

A

T RCB:R +(R31||R32||r)

R —R ||I"+(R ||RBI||R )

W, = ﬁ-l—l

R. C R C R C
RCC =R, +(R.||1,)
usually 1/(R. C) 1s the dominant pole
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Low-Frequency Response of BIT Amplifiers

Common Base B e
VCC + gV
Q roov_ I =y
Ry, ?QC Ce oE & = LV
Cp - I r.=pg,
I ] VJ;%RL r, = Vil
R
Ry =G 5 0y = R. =R, +R,|r |1/
R S Ck S E V1 gm
E

— — RCB :RBI||RB2||[r7z+(1+18)(RE||RS)]
RCC :RL +(RC || ro)

a)LzR C -I-R +
Cy B CECE RCCCC

usually 1/(R. C) 1s the dominant pole
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Low-Frequency Response of BIT Amplifiers

Common Collector VgC B e
% + EnVr
RBI RC — CC I"ﬂ V_ﬂ \L $ 7"0
R, G gE &n =1/ Vr
AN N r=flg
N V
v (0 AN ro=V/.
- <> %RBZ R, C, VJ; R,
I I =R, =R+ (R | R)]

: +(R.IIR. || R
I 1 _ 1 R,_=R+R|" (S[LL?H )

+ +
RCB CB RCE CE RCC CC
Re, =Rs+ Ry || Ry, [|[[1, + (1+ B)R, || R,)]
usually 1/(R. C ) 1s the dominant pole

w, =
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