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() Ay = P (loall Fos) Guas(Var W lag)
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Vin bax = Voo =| Vez| — [ Voo, = [y, ] L, 20 0uEw)
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Ao 2nd stage - [%5‘4 (liy )l Vo5 )] 2
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tL.; (<+ WOY Pbl@ : &
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Prblom 4, 25
Notce  duc o Moy
V;,‘,,.W[M,’,l 4bTY(’L,,z> 2
\'/::,}n/w[l'h,z = lféTY (jhu,z> X2
Wit .o - GV ( ) s 5

L]

_j’wf]wr[ Mo = QETY PmsiFon ¥ 2
!hzoﬂiﬁ /M 3,9 GeTY Foa 2,8 Pt > 2
Vn ,‘rw /MS'*@ = (“"Ty (?Mfrﬁ -+ %?/f) X2

(@7 P, W;(f&///ros))”

L e %439 . 4(7)-45,; + Imae)
VP' III//M—/'tﬁ' Z[QbTy ( j/m,z 714,'2 77"' . (7’"/1 + zm' 7)“‘ 6 [//Vo3)>2]

u

n




CHAPTER 10

(0.1
- Two poles  wWe= 10z Wp.=500 MKz
First find w‘ (— ax) that 9ies Phase =/20° (pH. o{’ é0°)
o TIzo%=—tan ' — tan o w,—3//MHz
A=y U,,)(zo"%cc)« (/o 2 )( z0) = a?iafﬂ
10.2]  Wp = Wpa = Wp TR
! _ ~402% .
&) 60° Fyae = O.67 decade (=0 t/; |
log Le—=0.6Fdec (01 s §X) T W
= W, =K% wp ,Sj '
= (/09 Q"W )C 0 ac) = [3.2d8 —::’:"} ( T e
TWYdec

D Be closed~loop gam =4+ => F=T
Thus Ao cen Increase by atacts of 4 2o maintain £0°PH.
= Al= 13248+ 200094 = 25.2d8

[02] Ac=loto = Mz

4) code T\w o s s o o= 60dB ~(log TS ) (20%:) = 5445
| d v

I 2\ (Hi=)

log S = 5448 fL——%,%,“': /.35 dec
=444 P Hia
[ Blaw) = — ¢, L lu»t -t = T176.2° = py, = [Po°~176.2° = 3.£°

b) we= Lsz:
Y K=z

|
log 2 o = [éOdB (o9 ,m,i)(lbd%ec)] Yo 4B~ 1.1 77 dec
= Wi=63.2 Npz
LEw) = -136,5° = PM.= 4S

>
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, ,Efegkinj the lop ot Mﬂﬁ,)_(_..a‘.,r_séé;z;\m ‘
ﬁz ﬁ and ﬂf/acin? idd ew(bg )

" lmpedance each sees, we
ge't‘/ﬂ\)e next ciredt =

2 1 o T Next, calenlite the loopy\lw
Vet Vit M V. \Y;
M ‘:JT—T/"Q L ()= 3% Yo . Veul
-~ Vin  Vy VA
T |
A w____\‘LY B AV\‘ AVz' AV;
L =
|
Ca -
1 L Zog, = ’S\zy smee Re=10kn >> ‘3!:2
Av,= i Zegy = .--——-—-%M?‘FY e
\+ Dz %664 b 9’“'_3‘&' S(%E'_z) *
\ \
AV = Sca - _ﬁ\
2 Rp_r_:gla S'Cgfp*‘
= - L\ = 22k
AVS ?‘"1 (120!! sc:x\ + £ ¢xRp
. aﬂz - 1 SO S = N
Hence  We,= Cy Ix1o™ % | Wp, = g = 1x[0? ° Wp;’E,l(E""‘m 3

and ARy =10 —> 20d8

8
VAN_ZD&R/M :> ?'M‘ o Ll_go
" A lom W
IV wNvﬁ 4 |
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l0.c] Ry=2zkn

— ’ = — ’ n o
PR = 20 PR0E | W= = Sx e

W)= 999 x50 redg

— g o W W, 4 '
G = ~tay K~ ta ! B g W = jeg e

(a9 & x[o? tx<s0l!

PH. = 26.¢°

‘ — - 4§ma = 1
1H0F From (0.5 We, ¥ We.= Care  Wes "a‘l‘z)

~) Incmm’mﬂ Cy Causes Wy, To move towmds Wes and will be

less than 1 decude #m Wps. This Wil redice the Alreadly
45 - phase margin.  Hence Cypuy = [004LF .

b) Increasing Ca will increage phase margin.
Heuce Camay =1007F . |

C) Cx may = [00FF  since. 7/1%/.1"/){7 Ce Wil redice Prse margin,
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the ciranit [ooks like the 'ﬁ)//,owiﬂj s

At the 20, Vout=0. and
- VIA

Re+gc. = Qg Vin
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G{") \-45% Is=T,=0.5mA Cx = CF?-S‘QE |
a) , .
U = )

Cx(l;,,llfbf:z_) B &’73 Oy -(2e7) : e
In Ssturation g I
re= <1, A= 02 N=00 S Table Q.

-
Yopg = oz (0zsma) — 20K

Vone = QTeps = Y0 kN
91”4_: h’ Q‘ID/MG’Y% = /\[Z.(G.f..l\) (I\Z‘lxéo"‘)(% C = 317‘2 FyV
9,,9" = Q73.0 1
=D Wpx = IS0x /06 ™G,y = 73z x107 g
[Low trguoncy 9gin|= Gma (rony 11 135} - (1) (gm= 22)

N=Z
~~ Vv, —_—
=3%s A = 30.t48

\ 30.8d86
r 30,248~ [ log ",532,'3)](20"“/ )--37J>dg

(leg S C=954) = 30,6t
‘:>lJ7 = 20 x (07 nv&é¢7

4 - _‘-&” /S'OX/OG i'tm
If w4 Same 20 (R) , than  Wpy = AY3 x/0 T mey

— ’

Cmay ?“"; ’

w,,,, ~ —[2p

CYmax = %434 +F
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For lavge positive ﬁep fa Vin 3
Mo tums off. Mz charges Cx and My clwye.r Cy.

I Vo o Vad M¢ also prevides I,.
f Vdd" V(,‘;“ ( ? P - ')—"" -

The slew retes of Vi and Vi (or Vout) mustpe wvaactly the
Same —-thardleﬁ o G or Cﬁ..

Bence  Slew rte dueto positive step nput = 5= R Lothe
pavrts (&) md (b) of [0.9 .

. O.Z5wA
Slew rate = 2= S5 F = Sooxn? v,

o (arje hejatiue, S‘(:-‘cf m Vin &

Again, Vout tracks Vi — de Vi drops, Vg dryps & the same pate .

Slew vake = ‘%‘% v T350.25mA , Toy 0.Swh~Tex =0.25mA

Tor Loﬂl Cy's 5 Slew rite = -2k ='5:00X/0PV/~V//

0.5pF
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1001]  (B)se= %%  Is=025mA.
%) CH lee] Vi ?‘V?‘:“ Vﬂo “Viss = Vpp— Vass

Vase =[. 46 1 — Vx~(/%,.— 3—~/% /s—su/

) May. Output swing -
Veuts mrare = Vdd=Voverarwag = 3= (1-46—0.8) = 2,34
Vo:d‘,mn = Vovergrve p = l/é"l/t,, a3V ,
(since Vo=[ 00V Topm [mA =Lty % (V;—-o.?)")
td b swing= 23¢-039= [ISV

O Fine= G leTimm= PR }
Moy = 4o kn T Yorgll Fipy. = 26.6Fkn2
Vong = 10 kI, Iopy= Sk 5= finpl] Fipo = 3.33 kR
Uiy = N2 (o25mm) (13X 169ES) = [, 23 5062 Afy
=/ Cx ¥ (Vasg~Ves) = (3,83 x0675) (£2 ) (I44-0.£) = 3,03x/6" B
Avz = G (33300) = /0,04 Vi -
A= g (H4F D)4 8 Yl [ Pibn= 4924 —> 53,0 12

Cout = cl_'f'[C/bg"'(/“}}ia)Cad(,]-i-(cdb@s‘cadp)
= NpP + 5l + ((tahs)op + 23.%+ 02 = [.67¢ oF

Cy = Gy * Capg t Gdat Clpo t Gse * G (17H0a))

= OISt K3 € 024 234 + T4t 008 (11.09) = 6. ] FF
Msinjt

= CDW-LSm)  CTow (20 + Zum)
Cotrlsp= Cap0-W , Cap™ 7= TErTa [“” j%_]?:‘;}‘w

(Vp = reverse. Vias Juuctiom veltage . )
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lowe) et Gs=F0xW-L | Yplues fom Table 2.1,

Before Compensation : B S -
_ Pominant Pole Wy = Cﬂ'e?f Q4 BN 266 7KDY 2. ?7 xlo‘*'m% B

C2ndflet wWwe=_t . L - 279x10€rdf
Cut Rt (LoFepF)(3.33K00) —

N After (ompensation = O 3
/ ~ 6 —  3.03nld .
Znd Pole:  Wout = C'a.-tCmr T INCHE+ (36 pF - 2’4‘*)(/09 ,%

\
Dominot Ble = Wy = [Cye UrIAv)C) Ry

o ° / > / ©
(Rr60°2p) 90"+ tan —‘ﬁ’i—~= [20° =0 Wi'= Uyt Tan 30° = [ 43x/p7 ™t

- 1 —
/j "“—" —__5;3 J:'d/;.cc"——” W?/" 1055840 ‘ Wl/ - 4.9/K/06 M\/f

G = [(z.wx/o ‘(264 m)] . 146,] £

= [ISpF
| + 0.0 P Kkl i
s Ime . _Zo3x073 (S0 G >> Cﬁ)
Zero s Wg = CetCyd, [ISpF +0/P{F M (> W%/

Wpu't.)

e ] - ‘ - Mo
T G

C) Slew rite = § Wnc-/'r/m/ bhr /arje Pesrtive Von or /mye ﬂcjat/ue Via .
LArj(’/ + VM >

— X = = 0.|25m —
Slow ndeof Yout, ¥ =2 = IR = 2010 0®

Slew rate of lhut, = = (slewrate of Vuty ) = 1,09 x10 * Vs
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Want |Vesis | = lvarsl =%V (fnm,/O.l/oQ
100uh = < Mp Gx (%)ls (lVasel - Vepl) >

_ _2(100uA) A W) =&
— (2)s = (z.es'mf‘r)(/.%—o})’-"/_.z'_ﬁﬂ €2 GZ"):;' XS

Allowfnj SV across Iy and moximizing Vgsiw =Vasis
We 9&1‘. Vjs/t/:Vj:/S': 1/y’0-5——"-"/\$"/—0.5'=/041/
RD’HS'= /”5’7(%)15-(/‘0"“”'4“') - &fb,?-JZ

L’ (L%)ls': 3,4 5. ‘Z‘?i

K.

1’9/‘/' = /OO/,A = ’é’/p&y(%)/s; (/.04‘0‘0&)1
e ¥55
= M)u= 207 e o



0.1/
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015 mA

Way= (Tnst Tn) (Verll o) vy * (Tnc 5,00 (e il for)
Vioouor = (T ¢ Tod Y (onli ron) Ava] + (Tng+ T2 )(ruclires) ™
Viyast 2 = (I_ﬁ+5§)[(rpulnq) A (Tnkr L) (el rep)®
Vi, ad © = Viocte * Vi ok,

(_AV, Avz)

=(Adn) {0etinay ] [T L« 2 + g ]+
(Foctl or)* (T + Tg + TGt 53 )

Pon = P2 = |E3 %167 Ay

Aside e = g = l\‘a Lpplrx K- =20 lw..,q)(;ﬂxu'—")(_a) = 979 x/07% A4,
?""’z Jep = S1ext073 Ay, ; Av, =488 | An= (009
Pnpa = Jmg = 3,03 2107 Al oallVag =2é.671</L/ Vocll fop = 3,332

Vnin® = HKT% (16781 40200 ] = $£T% [1678 5] (4T = [.659n6™
= [P X107 Ve




A
Cg = Cdps *(H H\v,\)gd; t C?S( +(“’U‘W|) Gd
Ca= (1t l?L\?.l) (ady * CjSz" (1 lAVJ)%dL*CAbI
Cy = Cdpy + U+ﬁ;;‘)caa,,+ Ggsy T UHA’")C&"'—?

Vo = (o.\l)(lmﬁ)= [0k

oo = S kN
fos= | MJL
Using capacitance Brumlas of (0.01), we get :
CA= 0.4 tF Va=l4éV
Cg= 171 1F | Vg = 1,04V
Cy = (0S.¢1F Vi = 0.p22V

Also

B~ A 20mm (305 sy = S1E 053 Py
Dma = 207 %7 Py
Finz = [.64 x/0™% Ay
hv) = fucrey =-S1.8 iy
Ava = Qe lea.™ (3. 85 VY X”‘Av. Av””b%l: #5165 —b [01.4 4B
Avs = Fmslos = /CH4 0 Viv —
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104 &) cont.
w2 = 3ox [0 L | < Binimant R
Ce Mox I
WY = Grezs = [P x/0? iy |« 3

— )

e d

( ?lecWaqin s “THh3® = unstable 97012;»\)

\0} Com pennsete bﬁ sdding Cc acress G and D of M.

Cc — / ~= _@L"_"_'__ - S.IF x> _ /o
1 - Wp = = 3.3
w o Gt CaA  TL1HF+ Pog 4F ==
Ce 1_ —7 W? wwhmjul = [.PG R0V
}_—-\-.

0 W )
?0-4— tdh-(_&?;: 120 (ﬁ» €0 PM.)
T %ra*»zo"
W= [,09 x(o? ™A/

Uog T ) 2 = lol4aB

= Wg = 9.2, x163 ™4

Dowinet > Wa’ = 2,4 Wy , 3ri= WA
s
I B 7 (o= Wg (0% ~TI.ItF

[cat(1+1Au) ) o3

We =

ey Q,O
=7 o4 pF

Iz P Su@xie? q
W% oo ZoYpP ASY x10 Mi (>U3.)
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o S ke hetho T usaen
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a) Bepre Componsation

(= Po.4 £F .
_ Ce=T11+F B
 Cy= I0SGAF+ 0P = bosig £E
\ Wa= [2¥x/09 wds; |« 2rd
W= 1,30 x/oT rd/ <Domimgnt

lea-: m)= Q.BOX/O‘P"“’% & 2nd

\9) Two cholces = We au pat Cc across § +P of M, K Just add
o C $fun G of M, fojﬂun/. Gwrnot take d/lfmégcaf’
splitting (st avd 2ucd pote freve sirce [stple ;5 at B ang
2nd pole =z aC Y gnd the Gain b Cuan Thote {30 Hodes e SO
C(foosc to put Cc across M : splits (st and 3n/po/e_c/

2ud prlc szﬂd{fj@{-
i Fe s e ssen s
T * 2d: Wy = 230 xjopmig (unchanged)
W= Wy Gu30 = 1.9 x(0° 74

ap——

{
Dsh}ua.{t - Wg'= Jo{1:%/ 20) ’ wl/ = /.63)(/03 m%

—

|
(= TUess) (1xr08) ~T1.1+E

5“2_‘9 j——'://IGPP
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\

= = |Wy\ = -3.32x108 =/
%m : l“‘al ~Ce —

Re= Fire* G
27 S (3.3%10% ) (ICpP)

s

= 45423

[0.16



[0.1F

‘[o.l(a | I M tums off womentarily , T causes & Positive Jump

[ Vo(tage,,go\“ vode A. This Guses My 1o Shutoff

| | B T — |
V) Slow g = —22 = "ﬁ%ﬁ?’-"?""ﬁ“"»/oq"fv»u--

CT Beaag
(1t unlonded)

W) Slewpde s o= A
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