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Bode Plots (Cont.) FR-2)
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Bode Plots FR-1)
Solve impedance network transfer function.
H(w) = \(,T(WW)) (HW) , V o) & Vi(w) are phasors)
Va(w) A%} Vo(w)  Hw) = (i = LA
C ? 1gwC H(w) = 11:11—\\,/:'(?30
Convert H(w) to polar coolrdinates, [Hw)| <q
H(wW)l = [H(w)(H" (w))]’ o - %va; e

T {H(w)} U

= at
4 R AwW)Y )

RO{H(w)} = R.x{N(w) xD" (w)}
Lex{H(w)} = 1, x{N(w) xD* (w)}
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Bode Plots (Cont.) FR-3
H(w) = w IH(w)| xexp(ja(w))
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q(w) %RQH(W)E;
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4 Bode Plots (Cont.) FR-6)
1Pole Summary R
H(w) = V'V
1JerW 1 C
WSUB = ﬁ:
log(w) —«
H dB
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Bode Plots (Cont.)

90 Phase difference
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Bode Plots (Cont.)

2 Poles
Ideal Unity gain Buffer
R, R,
n—\\, L |1 any L Mo
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4 Two Poles: Bode Plots (Cont.) FR-8)
® 1 0 e 1 o}
H(w) = g jxg T = Ha (w) xH. (W)
1+j ¥y &1+ X,
W, W,
20 xlog [H (w)| = 20 xlog(|H.,.(w)| X|H.,.(w)])

= 20 xlog|H.. (w)| + 20 xlog|H.. ,(W)|
Wul Wﬂz
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Bode Plots (Cont.) FR-10)
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I1f we have 180 degree phase shift we have a problem.

The negative feedback will turn into positive feedback.

Can’'t have positive feedback in aloop with gain > 1
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LECTURES ON FREQUENCY RESPONSE

H(w) = [|H.,[xexp(ia.,)] X[ |H., | xexp(ja.,)]

[H..| xH.,.| xexp(j[Gu., + Gu.])
[H(w)| xexp (jo(w))

q(w) = du. + Qu.
0.1w, W,

\ J
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( Bode Plots (Cont.) FR-11)
W, = W, = W, = W,
0dw,  w, 10w, 3 poles on top
0 ' | — of each other
q | . log(w) —
| |
- — |
p/4 | :
: |
|
-pl2 T ! I
| : Likely unstable circuit
|
-3p/4 4——-——-- - | Can't kil gain here
\ without adding phase shift.
I
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|
|
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( Bode Plots (Cont.) FR-12)
c Zero at zero frequency, pole at 1/RC
| |
n‘N | | nOUT
R _ jwRC _ jwRC
R R+ i 1+JwRC 1+]j w
jwC 1
RC
|H (W)lue W = i
1 *~ RC
log(w)
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4 FR-14)
R Bode Plots (Cont.)
N % Nour 1 Pole
1 R & 1
H(w) = &= _0x
c_— R, (w) erR,+RZ 1+jw(R.IIR,)C
v
c 1 Pole, 1 Zero
n‘N . H
Noyr H(W) — §e Rz (o] 1+JWRIC
eR, +R2Z 1+jw(R,|IR,)C
R, R,
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@ Single Zero at w, FR-13)
02  Left half plane zero
_ ) R
q H(w) = ?."'jwzﬂ g = arctanévélvvg
P4 0.1w, w, 10w,
0 ML
01 g
Right half plane zero -pl4
Hw) = 220
W22 pl2
[H (w) |d:_ For both:
1 w _ ﬂdzdl/z
H [H(w)l é;q- + w20
1 —t 30w
0w, W — log(w)
N J
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4 FR-15)
Bode Plots (Cont.)
1 Pole, 1 Zero
," Wp> W,
[H(W)].o 7
< Wp= W,
\\‘~
. Wp<w,
1 +j%
H(w) = *
1+j ¥
WP
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Capacitances FR-16

€si0 fF F
Co, = =2 =01 = 100E
tox nt m’

ccso =5 10°E
m

cGDo = 5 10°F
m

cceBo = 4 10°F
m

F

&

CJ = 10—
m

PB = f, = 0.8V
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Capacitances (Cont.) FR-18)
L ayout

Source Drain

21

L |

|a
|

i

- | a = |

al b !
(Minimum size device, W/L = 2)
Areaof Source = AS = 4] xW
Areaof Drain = AD = AS

Perimeter of Source = PS = 8| +W
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4 Capacitances (Cont.) FR-17)
Sat : Linear :
Co = g xCoy XL XW+CGSOXW  C.. = w\u CGSO xW
C., = CGDO xW C. = w\u CGDO xW
CJxAS  CJSW xPS
Ce = V. “MJ+ vV L Masw (similarfor CDB)
B8sQ 8sQ
gﬂ b == gﬂ_ 4 == 1
PBo PB2 MJ = 5 (default)
Ce = CGBOXL MJSW = 3 (default)
PS = Perimeter of Source
AS = Areaof Source
CGBO®° Capacitance of gate to bulk overlap
N\ J
ROBERT W. BRODERSEN
EECS140 ANALOG CIRCUIT DESIGN LECTURES ON FREQUENCY RESPONSE
4 : FR-19)
Capacitances (Cont.)
M1 1 2 3 4 NMOS L=2u W=2u
+ AS=4p AD=4p PS=6u PD=6u
G
S ,—I—‘ D
| I
| |
I CGSO !
CGDO
T_I_ ~~ Capacitor (in linear)
N J
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(" Miller Approximation i,

Noyr = -A xn;,

Nour

i. = cx9n.—n.) = cx9(n, +Axn,) = Cx(1+A) A
dt dt dt

FR-20)

M Nour
nt

C(L+A)
. J
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4 Inverter FR-22)

R\N
| |Ceo n
Nour n, | out
C. gn XN, R
ROuT = RL || ru
CG = CGB + CGS

C, ignored (not usually possible)

N

ROBERT W. BRODERSEN

LECTURES ON FREQUENCY RESPONSE

EECS140 ANALOG CIRCUIT DESIGN

FR-21)

R\N

N

in 1
W = —-———
’ R\NC l + mXROUT
C1+8.Ru) T ' (1+9.*Rou)
_

4 Miller Approximation (Cont.)
Cc
R.
C n J\/\/ | | Nous
nOUT " | |
R\N
M Il: On XNy R.
R\N
Nour _ I XROUT
R M 1+jw[ RC(1+g,xR,,) +RyC]
Nour CMILLER
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é Inverter (Cont.)

FR-23)

MWy
n; Nour
n,—n, n, N, —Noyr
Z R R Z., °
Gn XN,
6&_%6
Nour € g. 9
= —0n XROUTX N
N 1+ JW{ [Csu(l + On XRL) + CG] XR\N+ RLCGD} - WZROUTR\NCGCGD
& _jw Cee0 & _ jwCa
€ 9.2 € 9.9
Q4 WO 4 WO iwel y Lo .11
e meﬂ e Jszﬂ 1+ J\NeW,,1 * W,,9 w W,,W,,

-
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FR-24)

/

W o= 1

" R X[Cs + Csu(l + ngOUT) ] +RCo

. .CMlLLE.R .
I 1
" RourCoo 1,
éﬁom ” R\N ” E“gce
_ %

" c,

Inverter (Cont.)

- WQ
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\
Inverter (Cont.) FR-25
B +j—
éﬁ. JWZﬂ
H(w) =
& 4+ WO +j WO
e ye et T e
S = _sz
a _ 56 S = _J:Wm
& 5o S. = —jW,
H(s) =
=6 _ >0
gq S,9 e s,.9
‘ O
X X ©
9 9
W, » == Wy » == = =u
" > G " > RlNCMILLER WZ CGD
N\ J
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é Inverter (Cont.) FR-27)
RL
ol |
RN | | nOUT
ROUT = RL ” rn

N
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AN

~
Case 1 (Miller Capacitance not important) :
UT)Cm

R\NCpl ROUTCD » R\Nx (l+ng0

fo—i— i A

CMILLER
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@ Inverter (Cont.) FR-28)
Zow = RIT, Il =2
jwC,
= R | -
wC,
ROUT
— f— JWCD - ROUT
An - - meOUT = Qo X—— = Yo X
9 9 T " THwRLC,
ROUT
jweC,
w = L
’ - ROUTCD
_ Y,
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4 Inverter (Cont.) FR-30)
Case?2 (LargeCd):
ROUT(:D » R4N(1 + ngOUT)Cm! RIN(:p
W, = L W, = ;
T ROUTCD v R\N(Cp +Cm)
Case3(LargeCm :
R\N(l + ngOUT)Cm)) ROUTCD’ RIN(:[:J
woe— Lt =1
a R\N(1+ngOUT)Cm _1(CP+ CD) 1
O W,, » —————
RIN(:MILLER
For case 2 and 3, J
w = % \z -~ A \ O
ZERO C N N\ N\ 7
m C, large cC,=0 C,= | ’ g
Wy, » Oy L 1 C, large W: < Em
K ” (Cp + CD) ROUTCD R\NCp " g " )
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4 Inverter (Cont.) FR-29)
R\N
N, % n,
I )
1
n,d _ _jwC, _ 1
Mo R+ 1 1+jwR,C,
fwc,
woo L
P R.\C,
(N
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4 Sour ce Follower

FR-31)

<

€1+ jwR,C2

Nour ng_nOUT +

R 1
jwc,

On Xng_(1+ C) Xgn XNoyr

-

Cp gmb(_nOUT)
9. (Ny = Nayr) Nowr
nOUl
R,
1 ..
ng = (‘Ee 0 x(nm _nOUT) + nOUT
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4 Sour ce Follower (Cont.) FR-32)
Noyr X g%+(l+c)xgm+ch° = (jwC,+g,) xn,
a"l+jw99t"
Nour - ngs « On 2
N, 1+ (1+c)xg,.Rs 1+jwR, C,(1+cxg,R)
l+ (1+C)gm
1-A
_ O
w, = Cp
_ 1 A = — SR
Yo = RIC(I-A) " T I+ (+o)gR
_ g.Rs
A= TV @+c)gRr.
\ J
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4 N
Sour ce Follower (Cont.) FR-34
%} = Ng ijCG + (ne_ nOUT) XjWCes
. nOuT .
(nc - nOUT) XJ chs - gm( Ne— nOUT) = Rs + Noyr x]WCss
%R [1 . ches]
Nour _ 1+9.R On
ni,
L+jw[R.Co+ Rules | BlCarx S—B)]—szSRW [Coat CalCut Cu)
1+9.Rs 1+9.R, 1+9,R,
let denominator = & +jWO »&@ 4 jWO
e pﬂ e ng
a_J; lg w?
= 1+jwe =0 —
J ep1 p.2 p.p.
- J
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4 N C_{ FR-33 )
So Foll " __ T n
urce rFoliower - out
aga'n W|th CSB CGB Css

Small Signal : Ry

N

] s
- G (Ng = Nour)
C. = Ce + Cos —|_Css o,
1

Cs R,

\ J
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4 N\
Sour ce Follower (Cont.) FR-35
for p, and p, widely separated, if we assume that p, isthe dominant pole,
1 1
= 5=
pl pz
b, = 1 _ 1
L RuCe , R(Cei*Cq) RuCes
RIN(:G + 1 + ngs + 1 + ngs R\NCG+ 1 + gm + R (CGS+ CSB)
where
Ro = IR,
thus,
RuCoes
_ R\NCG l+ g + RO(CGS+ C )
P = RR.C..C. + CaC.¥ CuCod]
N J
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@ ™~
Sour ce Follower (Cont.) FR-36
2 limiting cases,
Casel:
Cos ¢ _ ~
R,Ng%:e+l+ng&» Ro(Ces *+ Ca) Miller cap = Cqex(1—A)
9.Rs
A =
1 1+9.R
W, = c . .
R\N%G g2 O _ - _ OnRs -
€ 1+9.RZ 1-A 1 1+g,R, 1+g.R.
Case?2:
R,(Cout Co) » R, + —55—0
GS =8 \Né G 1+ ngsﬂ
_ 1
Wn = R(C* Cl)
\ J/
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4 0\
Common Gate (Cont.) FR-38
KcL@n, Qo= - xwe,+g.n,
KCL@Noyr  GuNs = Noyr XjWC, + nI;iT
g.R
Noyr _ 1+ ngs
Mo RC. &
1+jwR.C, Xﬁ+ We—=Zs
(1+] ) W RO
no zeros, poles @
!
pl - RLCD
R —
2 — Rs -
C. e,
1+9.Rs e 9.2
> J
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( Common Gate FR-37)
A
Nour
T 1IY 1L
e | RS
<
assumer, ® ¥
Rs
M——O
T 1 .
T T
(N J
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4 _20)
Common Gate (Cont.) FR-39
@ no,® R, = R, 1
Ceq = CD eu - RLCD
1 _ _ 1
@ n,® Rm:Rsllg * - - 15
Ceq = Cq " ?s ” aﬂﬂcs
Since all caps go to ground, finding poles reduces to finding
Reqg’'s and Ceq’s at the nodes.
N J

ROBERT W. BRODERSEN



EECS140 ANALOG CIRCUIT DESIGN

4 0)
Cascode - reduces the Miller probelm FR-40

LECTURES ON FREQUENCY RESPONSE

T s
e e | —
— Ces Co.
| |
Ru [ |
s V\/__CZDll) I:

v
(N J
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4 . . 2\
Zero Value Time Constant Analysis FR-42

General case of dominant pole approximation Use this technique
for compl ex circuits where we can’t identify node with large Req
and Ceq

Strategy :

1) Set al caps Cj=0 except for C;
2) Find resistance seen by G

3) Calculate R,C; for all caps

1

4) Wae = ﬁ

" J
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( Cascode (Cont.) FR-41)

LECTURES ON FREQUENCY RESPONSE

If we assume that R, isvery large, then,

At (1) :
R. = R,
Ceq = CG51+CGD1 X(l—A) — 1
1 pl - R C
A = —g, X= = -1 aTe
In
Cy = Coa+2%xCq,
At (2) :
R, = R/|Ir, -~ large 1
C. = Cu+ Co, P: = R.C.

No large Miller multiplication of a capacitance!
(N J
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4 ZVTC with Sour ce Follower FR-43)

Tl L

CLFT
n

9

Al
1 é) v
_ 9. (N, = Nour)
C. = Co +Cos TCGS Nows
] 1

R,

LECTURES ON FREQUENCY RESPONSE

nOUT

\ /
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é ZVTC with Sour ce Follower FR-44)
C,:
é] \ '~ R1 = RIN
RlN CG Cl - CG
C,:
v R = R
gm(_nour) gm
nouT Cz - CSB
Ce R,
\ J
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4 ZVTC with Source Follower (Cont.) FR-45)
03 : Rw
47 /\/\/+ J7
n, gm(ng_ nouT)
nOuT
. . . R
do small signal analysisto find
1= R, seenby C..
I
R3=RO+L\M‘HBRO=RS||1 Cz:Css
1+9.Rs On
hence,
1 1
Wee = RC.+RC,+ RC, R A
T T RWCH+RCa+ R+ =0C
\ e 1+9g,R2
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