CORRECTIONS TO SOLUTIONS MANUAL

In the new edition, some chapter problems have been reordered and equations and figure refer-
ences have changed. The solutions manual is based on the preview edition and therefore must be
corrected to apply to the new edition. Below is a list reflecting those changes.

The “NEW” column contains the problem numbers in the new edition. If that problem was origi-
nally under another number in the preview edition, that number will be listed in the “PREVIEW”
column on the same line. In addition, if a reference used in that problem has changed, that change
will be noted under the problem number in quotes. Chapters and problems not listed are
unchanged.

For example:
NEW PREVIEW
4.18 4.5
“Fig. 4.38” “Fig. 4.35”
“Fig. 4.39” “Fig. 4.36”

The above means that problem 4.18 in the new edition was problem 4.5 in the preview edition. To
find its solution, look up problem 4.5 in the solutions manual. Also, the problem 4.5 solution
referred to “Fig. 4.35” and “Fig. 4.36” and should now be “Fig. 4.38” and “Fig. 4.39,” respec-
tively.

CHAPTER 3

NEW PREVIEW
3.1 3.8

3.2 3.9

3.3 3.11

3.4 3.12

3.5 3.13

3.6 3.14

3.7 3.15

“From 3.6" “From 3.14”

3.8 3.16

3.9 3.17

3.10 3.18

3.11 3.19

3.12 3.20

3.13 3.21

3.14 3.22

3.15 3.1



3.16 3.2

3.17 3.2
3.18 3.3
3.19 3.4
3.20 3.5
3.21 3.6
3.22 3.7
3.23 3.10
3.24 3.23
3.25 3.24
3.26 3.25
3.27 3.26
3.28 3.27
3.29 3.28
CHAPTER 4
NEW PREVIEW
4.1 4.12
4.2 4.13
4.3 4.14
4.4 4.15
45 4.16
4.6 4.17
4.7 4.18
“p. 4.6” “p. 4.17"
4.8 4.19
4.9 4.20
4.10 4.21
4.11 4.22
4.12 4.23
4.13 4.24
“p. 4.9” “p. 4.20"
4.14 4.1
“(4.52)" “(4.51)"
“(4.53)" “(4.52)"
4.15 4.2
4.16 4.3
4.17 4.4
4.18 45
“Fig. 4.38” “Fig. 4.35”
“Fig. 4.39" “Fig. 4.36"
4.19 4.6

“Fig 4.39(c)” “Fig 4.36(c)”



4.20 4.7

4.21 4.8
4.22 4.9
4.23 4.10
4.24 4.11
4.25 4.25
4.26 4.26

“p. 4.9” “p. 4.20"

CHAPTER 5

NEW PREVIEW
5.1 5.16
5.2 5.17
5.3 5.18
5.4 5.19
55 5.20
5.6 5.21
5.7 5.22
5.8 5.23
5.9 5.1
5.10 5.2
511 5.3
5.12 5.4
5.13 55
5.14 5.6
5.15 5.7
5.16 5.8
5.17 5.9
5.18 5.10

“Similar to 5.18(a)” “Similar to 5.10(a)”
5.19 5.11
5.20 5.12
5.21 5.13
5.22 5.14
5.23 5.15

CHAPTER 6

NEW PREVIEW
6.1 6.7



6.3
“from eq(6.23)”
6.4
6.5
“eq (6.52)"
6.6
6.7
6.8
6.9
6.10
6.11
6.13
“eq (6.56)”
“problem 3”
6.16
“to (6.23) & (6.80)”
6.17
“equation (6.23)"

CHAPTER 7

7.2
“egn. (7.59)”
7.17
“eqn. (7.59)”
7.19
“egns 7.66 and 7.67”
7.21
‘egn. 7.66”
7.22
“eqns 7.70 and 7.71”
7.23
‘egqn. 7.71"
7.24
‘eqn 7.79”

CHAPTER 8

6.9
“from eq(6.20)”
6.10
6.11
“eq (6.49)"
6.1
6.2
6.3
6.4
6.5
6.6
6.13
“eq (6.53)"
“problem 9”
6.16
“to (6.20) & (6.76)"
6.17
“equation (6.20)"

PREVIEW
7.2
“eqn. (7.57)"
7.17
“eqn. (7.57)
7.19
“egns 7.60 and 7.61”
7.21
“‘eqn. 7.60"
7.22
“eqgns. 7.64 and 7.65”
7.23
‘egn. 7.65”
7.24
‘eqn 7.73”

PREVIEW



8.3 8.7

8.4 8.8
8.5 8.9
8.6 8.10
8.7 8.11
8.8 8.1
8.9 8.2
8.10 8.3
8.11 8.4
8.13 8.13
“problem 8.5” “problem 8.9”
CHAPTER 13
NEW PREVIEW
3.17 3.17
“EqQ. (3.123)" “EqQ. (3.119)”

CHAPTER 14 - New Chapter, “Oscillators”
CHAPTER 15 - New Chapter, “Phase-Locked Loops”
CHAPTER 16 - Was Chapter 14 in Preview Ed.
Change all chapter references in solutions manual from 14 to 16.
CHAPTER 17 - Was Chapter 15 in Preview Ed.

Change all chapter references in solutions manual from 15 to 17.

CHAPTER 18 - Was Chapter 16 in Preview Ed.

NEW PREVIEW
18.3 16.3

“Fig. 18.12(c)” “Fig. 16.13(c)”
18.8 16.8

“Fig. 18.33(a,b,c,d)”  “Fig. 16.34(a,b,c,d)”

Also, change all chapter references from 16 to 18.
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So, I, - ‘;/xhc,, _‘”: (3-vx ~0.7 - 045 (Jo.q.v, -\/ZZ)) (e N (3-%))

The above equatnn /s valid for

3-V -06.17-04s (foqu, -/o9) >0 , le. v, <tqr Y

2
Jo,  Iy= g MGt (2727 =V, - 04s/egy,) (13 - o Vo)

and  I,=0 for - .97 <\§

147 3 v



2.5) b,
I,
v +
+19 e -
= v
v
Ed

Lo

>\=X=O \/7":0'7

fa( o<\/x <) , S aad O exchang Their
roles .

Vos = -9 =V, \/Ds= 1=V, > Vg = 1:2-Y,

I =- _;_: Ha Coy "‘__’. [(l.z_vx),z;(l_\/x) - (‘_VX)?.J

I = —3_'- /‘»C% ::' (l-\/x)(l.q.-\/x) .

9, - /‘,,c,ﬂ\% A /Anc,,‘:'c C1-Vy) (abslate Vale)

The above epuations are Valld for V<
hen the direction of Current 5 reversed.
J VOD = o'q—°‘7 -‘0'1

fo( Ve £ 1b2 , device operates /n #he triode region.

Moo 2 22025 (Vo) = (1) ]

Nj -

jcov Ve )1e2 , Device Joes (nfo Swufuration regson



2.5 )b Cont

\ w 2
Se, I . 3 MG 2 (0.2) s

gm = /“n Co; % (02)

N
AN

2y
v
<
»
W F--

X

L= M0 T (G=1) GaoY) 5 x12 3. = faCa D (1) 5 xdia
2 .

I, - "{’““C" ¥ (o2) J X>12 v =)4,,c.,‘£": o.2)  ; xyL2



2.5)c A=Y =0 V,, =07
v T
+! o _ Ve
- <
9 . S and O cx¢hana< +healr roley.
k4
= | =V = 1.9 -
VG.S l % \/DS =19 -V, v°D = \/qs_v

L
. N 0 D ‘ - \ w
Device s /n Saturation region , So, L= s ¥ (0.3 -Vye)

Device tfurns of wher Vy=0.3 and never turns on  again.

&
H
n

P
g MG (03-V) 5 x (o

(e
o

s Other wise

Then 9, = = Mnlx= (03-V,) | x K63

— — : >
% x '~ N
/ 0.3 3 X

2.7



N

S;Of \,X 1R e

For 184V, K19,

~;-or Vy »>1-9

D and S Ca(cl\anj their roles.

ey =—0-9 VDJ‘ ™ Vx - 1.9

Lo -1 K % (o)

3," '.'_/"P x &'—’. (O-l)

Device remams in the Saturation region unti|
Vo= 1:9-0:1 218, Then device goes info the #riode

region.

I - .)&,Cq:’: [(_o-u) (Vg =19) = = (Ve -1:9) J
= Cox W (v, -1-9)
3, = Mo = (Y
S aad O exchange the'r roles agean o When'V, =1.9
Jor Ve >1:9 , Device Operates in fhe triode legion.

VG.S' b= Vy ’ VD;"'q'vx

-

I = + Mpca s [ (18-v, ) (-v, ) - & (,.q-v‘)‘J

9»': "/AP l\{"' (I'q"vx)



2.5,

So,

Ix="';f'/’c°""

w
L

(o-l)l

9= = MpCox %= Cout)

i w
lx'*f(ﬁ'c‘"':x;

o<\/,‘ an;
IR EQ NS
9m = /uP
I
r
39 :'
—y 3 T

Coyp W,
L

(V=19 )(Vy =1T)

(v, -19)

B

!

13 1

2.9



T
23 ) e) LA Vigo = 07 X= 043 29, =09 , A=o
NP,
\A -y —— v, se =~ Vx

VTH" 0.7 + 645 ( Voq +1-Vy —-Mo,q )
VGS =09 Vos = ©:S

FD( Vy =0 ) V_m = 0.893 So device 3 in Saturation Yegion.

So

2
Iy = —\,:/uncan% (0:2 - 04s (JI-Q-Vx'fO—‘)))
9’_‘ = M, G, % (0.1-0-45( 19 -V, -\/5:))

These eguations are valid opty the edge of trisde regien, i.e.
0.2 - 0-45 (.-, -Voq )= 0.5

= V‘=I-81

Above Vx =2 1.82 , Jevice 5 in the triode region .

I, - ;_/,, Cop . [2, 051 (02— 045 (/ia-y -voq)) - o-szJ

95‘,;_.;/,,@; *% (0.5) ; Thir problem has been Congdered

o S LA, oaly For ©dV <19 in which

Schichman-Hodges €7. is  vald for ¥, .
T .
4 9&-.

LgL

<7



2.1

3 -0
V. v ) & -
SG_( DD- A) K‘?R v.b -VDD-VX
2
)c“ vsc, > ‘le Device /s /n the Saturation Yegion ( Device /g
< oth R R
04, erwile ) (\/DD._\IX) el - > - \/m
1t Ky
2
VoV oV (e B - I =1 ‘_“_[v_v_’_'_.v
X on ™ R, X Z/JPC‘L (DD X)e‘*‘?""m
R
9, = M [y, vk *VJ
” , L o0 x)2,+£1 ™
e 3

v R v e
oo"'vn (e i) 1)) . Vw*\lﬂ'(“ -;;-) bp

%
Jotts

e e )

\

If Voo + Viu (,,%)(0 (e.g9. For Small value of R) , device never

7

)

turny on!



2.12

2.6) b) —== ¥=0
R, I,
R, 1 2
? R, +R,
T
vl

‘ ! ) turat g ! a«nd
For VG.s > VTH , Device 5 /n the Saturation eqion

2
- w VARY) B _ v ]
Ix = 7 MaCe T [(oo x)Q.*f-.. T
R
z W v, _V 2 -V
5”“ /(ﬂ Cax [ (Do 1) R("’k; T”]
R
For Ve A Vop = Vo Ur - (e Vg >vy)
I,
r 4
Vv ] ;/ ‘j YRERY) R v ’:/x
,Q-V,,.(in). | oo x op =V (1% E:_) p

If VOD - \4", Lz.,..gg,) 46 devitce doesn’t turn. on.



2.13

A I, and Iz= I -I, have the Same po!an”fy

+2 o Lox R

z,-T,
Device (s tn the triode. 3

Jor o gV, 2-v, (13)

Vas' 2 “’x*R.(Il’rx) ’ \/D.l" R (I/'Ix)

Iy = I,= "z‘/"»c"!w,: [’—(‘G,-m)—‘és Vs

e T ] K NS 7% ) S —

The above <quafion pPereseats I _V,  characteristiecs in . . thy region.

In thue region g, = /i, G, Yy, = fMalox R, (I -I,)

Then device enters the Saturation region ; VGS:’ 2-V, + R (1, -I.)

kR

Le L MG % [2-v, +R (5,3, _vm}

Y

Tni= ol [2msty v RUAL L)y |

 §
<

2-y 2-YtR T



2.14

ASSU’"P“O" : R, I, > v‘m

for 04V, { 2+ v Device s in the Saturation Tegien

\/Gps = R, (r‘—rx)

2
= | w
LeLos 3 Mol % LR -1)-v ]

I,‘ 15 a Constant that can be 4en'V<é bj Sclving ﬂ\e above qtmh'on.

Then device enters the triode Vegqion For Yy > 24V,

Intha case \/‘.Ss R,(I"_Ix) %sz l_[\l‘- R, (I"-Ix)J: 1-\/“.,.2' (1"_[‘)

= w L |
Ix = E‘/‘naltlz(vm"\(m)\{)} —VO,(] - ’f/q" Q’\%. [:7'[’2“"1:)'\,7“] -2\ -R,(T'-Tx))x

( 2 -Vy + R, (rl'rx))

Lo satet (R0 %) v (hoa) (R 3 ) (V-2 )]

(% I = %"PW%"E”{”‘H&'Ix)'vﬂ)z - (Vx -2- Vm)tJ

- S hows- Thot .I‘x decreasey when wWe Increase Ve
The Polar.'iy of I, CA“‘J“ for /u',/.cr v, (Dov;u. still is in fr,‘aJc)

() Puau{.s I, -V relah‘tnslu'F »n ﬂu‘o region.



2.5
7, 4 .
X 9’” = /4an u'i' [ R, (II-I‘)—\/T”J va<1"\4-u ~
— G, =t Cox 2 Y, Tl [R,(I,-I,)n-\l,) USRS
9,‘ jr B
; 4
!
’ — 4
V4 Y,
for o ¢ Ve { Yy Pevice 15 of  I,s0 gs0

Then device turns on (in the Saturation ftg:‘dn)

2
Los g/ ? Ghovy)

T rangi stor ._ui,x,-as‘hn;ﬁan onh'l V‘vD = R,»CI,-..E) = Vr” 5 Then device

S5
SO




2./6

2.6)e Cont.

Then clevice enters the tricde fegion. \és,\lx \/Dsz \/x_.R‘(Ix-I‘)

| |
ID’ I/u"cox ‘% [2 (i ~Vrw) 'VDSJ VO.S = '2'/4"&":.-’ [z(vx-\;’/)'v’( t 4 (I"-I'Jx

( Vx" R, (Il -f,))
| w
W L= o Ml 2 (Y r R K1) =2 )(Vy -, (5,-1))
The above equation presents I, -V, fela.‘h‘ans\\{? n triode fegian.

Ip the region , T = fin Con & Vs /4,,:.,.".“[_ ("x-fu‘fx-fﬁ)

x
O |




1-7) aA V”‘ A=¥=0 V.. =0.7

™

Vin o R, Dvain  and Source exchange their roles.

,v* M +1Y

+ = Via o
Vou.k
R,

\JCD( o { \/"ﬁ {07 device /s off VOu.& =0
}or o1 <Vm < 1.7 Jev«'c; s in the Sataration rej.‘dn

2
(%) ID = \I_"_“_'."_ = —‘—/-(,‘ Cox % (V~ -V 0.7) - lnP“A--Oufpuk‘ fglo.'n'on.gkip

j“or .71 £ V., <3 device s /n  the trisde region

2
R 'lf a Cpx ‘\E [7‘ (";.,'Vour'o'-’) = Vour ) - ('-v'“f)J

=  Ippot -outpuk f;‘ah’cr\.skiP




2.8

1-7) b vout r: A-O \{"—’ 0‘7
v
+2 o R,
V._n L Dra.'n and Sowrce exekauﬂe their (‘ﬁ\e.s!
- x2 oo )Cor o{V-m {13 device s in  tricde
Vout
R,
sz‘ 7...\/°u+ Voss Via '\/;wt

2
R I, = \/‘o_o:_ = ';"/qn Cox [2( 7"\/»..4» -0.7)(\/'-"_\/“')_(‘/;._\/‘,“) ]

© R\

-

Taput owtput relationship s presented by the above equation,

{or 1.3 <V;n {3 device s in the Saturation Yegion
N 2
| w
RV RN

doesn't JeF.nl on V. and it s Conytant for V,'A\/I.‘s

e e ae s -~ o-




2.7

2.7) C Tar=0o v”:o.7
v Vfﬂ
+3 o
R Vour
'__ : for oV, {23 device s in tricde
\/Gs =3 ‘Voaf Vos ® Vin \(m'
‘/ou. | w kN
() I, -« ._R_* = 5 Ml T [2 (3 -V -07)W;, -V, ) - (Va,.-\/,.“) }

Inpur —oubput  relationship /s preseated by the above eguation,

For 23<V,<3 device is ,p the - Saturation reqion
I - Vout - w (3 v 7)1
D~ T '5.'/‘(” G = = Youp = O

Vi 3 Constant For Vo > 2.3 (It doesn't de./oemi on Vv,)

_
s'<r

'\4” =0.f T-)\-o

)Co, O<V"n (lx device /s of = |/°u4_a0

Then device tuans on (in Sat.) and V.. Foes up

Until  Veu = 1-§ , then device enters the triode legion



; vod 2x).3Y
This is g For B ARG (13,./ -
/“"C“fku
For v 1.{+/;'_Z
Y

Viou: | 2
5B Lt 204 1) (4 vy ) - Gy )|

Input - Odtpul f‘c/af:‘anJ/n'/o J prurn‘ed by the above equation.

Vout A}

15 2

2.20



2.3) a

for each Vin , the akove equatfitn Should be Solved 1o obtain Vout

;Dl ﬁl_ = '_S,_?- I = /m‘
v L 0.5 !
sk .
Assomption: 2c «V,, -V,,, -Via S0
" Via
sa = - V.-n Vm..-.- |

\411" Vmo" 3(/1‘?:*‘43 ’/;‘_;F—)

V.= 0.7 4 045% (/:.9-\’.'., - '/;_7—)

™

Assomption : V, Varies from o to 1.a  and R, & ogmall enough 70

2.2/

guarantee that  the device remains iy the Saturation Fegqion.

- 2
\/ = 3 - Rl'é‘/qnco,‘:{‘ (0'3— 0-45(/1-9—\"; "/;—1‘))

ot



-9 in
2.3)c Drain and Seurce QKC‘\AnSg their voles | - \/T” = 07 ¥=0-45 2%;-0-9
0
: Vour
kn
+tL 00—y Sl =
IV:E; ?V;n )
Ah‘umP'h‘ﬂﬁ ? VJB > - Z?F ( VM _\/;" > ._Z*F) => ng"c._ 44 n '”\C Sﬁ"ﬂfﬂ.fl’bl

Vi = O.7+o-4s(/o~q * Yous ~Vin _/;;) \/G‘.z-sf,“

2
Iz MG (2-v, -01 - 0-45(/0.94v,,, -V, ~rfo.a ))

D 2 L
T . Vew
D* gl

(%) Vout _ W (7_ \"4 o 4 /——__—_— f—)
2= g GEE (2. Yy, -0T-045(/094y, -V, ~Vo4)

R S ——

In,,uf_t)uffor "elm‘:‘onSL.‘F ‘s Presenied by the above equation.

VM AT
!:s_‘e R:/Ma
L o8
06y [~ - o - - -x
0.42 //'

vy

-<
AV I
§<  §



2.23

2.1 )a I, Jakso V., = 0.7
Vy »
Vo o IC:
L For \{,-a7<\/x {3 device /s /o Sataration
Assume v > \/m
o w *
I"- z—/‘ncox: (Vb-\{'y)
Va-t[rdtes = 3-! w )
x"'a:' A » = ’;ﬂncol:’(vb"vw) t
Then device goes ./nto triode For o < Vx < Vb - 07
L= “uCo ™ |20 01V v, d% . ¢
x-zﬁx’: b~ x _ X ="d't_"‘l
=» -dt L/“,\C.,( \y-.;-\—n = JV‘
2 e,
_ P v [204-07) - Y]
ol
l \ |
- O{Af = [ + } s
Vx 2(4 -07) -V 2.(Y, -0.7)
< N | Va :
- — k- .)3 n } : @t=t. ) Vx=Vb-o.7
2.(V,= 0.7) - Vg 2V, -07)
S 2 (V, -07) (+r=to)
> 2V -07) —Vx a2 € ’
vK
2V, -07 -
= Vg = »-o7)
24 (Y, -07) (t—te)
I+ e
2 24V, -0.T)(t-t,)
I . _c % 44, (v,-07) €&
g bde 2 (v, —07) (Y -t) \2
< Il + e )



2.24

Vx‘ Ix 4}
3
Vv, =01 '_
[}
tet, t i
2 b ' '
a4)b o Vx Device 15 always /n the Saturation region.
L <,
I I dvx 1 w 1
- o x=‘c|§—;= I/lncox': (\/)‘_0-7).
\ w o\ d d v \
] (Vg - 07) V,-07
\ 7
oL
\ \
@ txo ,Ve3 w5 V20T
Vk‘o‘-' 2.3 oAt + ‘/2_3
L= -q 9 %9
dt (ot « LV
2.3
07 [« = = =% ¢« ¢ e~ T ..




2.25

Von* 3
v
‘o lz,v @ t=0 V- 3, Vop =3 = \/OS.O =91;.,0
X
CI . . .
And  the Circuit remains n thuy Stote
L,.=0
" |
+3
v 0 —~
I’ = I
d Vi :
-, . = V,=3-L ¢
'df ] x ra

Lnfact these Equations are valid until I, is ho longer an /deal current Source.

L Ix
3 j
g

I N "

i g e

2.9)e ..Zn,ﬁ‘a.é@:, the aurrent +hru M, = I, = Cerfoin s 1S dm/o/og_g(
and Y= Vo—Vs, + 3V ard L, =TI, . toweve, at t=07,
vhe drmin ewrrent sf. 1, flews from C, Iy, ~Le, = Iy . B,

[_pr' +C -ED,-"—Ic, = Z,=0. _y’fhc Ccurrent sowrce
Vv, —4 =~
b . 1 5 real |V, Jumps B —0 (actuatly about
I
Z “! 0.6V below 0, where +he S-5 diecle Ffurns on)

Zf I is nof/deal, W ;u—m,osfa Zeao and < Abscharpe s



2.9)e ety




2.27

‘m C_;‘fca.;{' .S'efHC} q-+ t=0e ) when VG:N

3- -_[Cz Io = -I , Vps = 0 (Ac&ullj, Orain and Source

exchange their voley after a SP-ci\cic $ime

and afterward Vi becomes

Vq‘ 3+ 1t at which I, =1
cC
hesaﬁ\fe) I-/aweue.rl transistor a/wa-gs dperates
in the tricde Yca(on.
\ pd * dv
Tim Tiv pHnCo A [ 203 Lot -eT)V, -V, } «-q -

The Values of V, Con be obtained by nUmerical method s

Vy ‘r
* |

&




Dfat'n ana S

ource :%ckamﬂe taelr roles.

(¥eXs0) V -07
JIDQH':7 \/X.-I-fj— )\G=VCL= 3-1
S Y
V, goes op until  transistor turns off  when V= 1.3
AJ.(umph'on yoTrangiator 1y in Saturation .
Thes aJIUM/#ﬁbI X Correct /‘][: VD s 3= 1 > 1.3 (2;_0,-7)
2
() 9(s)
V()= 1+ L=/3 Vi) 3 2 =3_o.3c‘_. 1.3
A Cl b 2 S >
0.3 L 1.7 c
E;; Cl <5-‘7 Z
[ 9 - d
r = 1L G, ¥ 2-1-X _oT = ¥
(o] 2 /(” X ( C‘ ) df‘
49/ - \
» s L 4t \ = o t=
\ " (03 - ‘1'4) 03-%
ol
at = ' a ! a
- = = q....5-:-3—- - E——_ 0.3 - anl-c-—
3-% / 2t +o'—3- 9
= \/x - ’~3 —-— ' Ix 2 e C' 0‘—\& = —dC\
v, 4 g * Cats %) )
X I* 4}
r— ]

‘;“/"'——‘-:—-—-“‘
[}

Y




2./0)¢C

X

+4

1

At +s0 VAR vV

Device /s o and doesnt #Furn on.

The Ciccuit vemains 0 Hay Otafe .

C{Ul \/x-l'4 I’ =0

+7



T
Vin
20 ) a5 — B-N-=0 Ve, =07
LB \
° :v At tz0" ,device turns on (in Sat) and Starts
]; chqrgfng the Calpac:'for,unh'l device turns off
when ; Ve Vi -\ =3-067¢2.3
\ w z
I.= T T @3-Y) ) V= 3-Vx - 07

dt
L W\ 2 dv
=> ZﬂnCOyr*— (23—Vx) - :‘T!'
\ /
'
Y t
= &A+=:’L‘___z > oAt + K= —
QB"V)() 2'3-\/1(
I
ngo 'Vx"[) X 30 + Ko = = Kc='/\.3
23 )
’:)va"(“" - ! = 2.3—Vx = :
1.3 2.3V at oY
‘ 1.3
= Vx..a.__l.3 - ‘
«t +Y
_ .3
g
t“/x*f’f‘ |
L T T

v

~Y



2.3

2.11)b v

Transistor turns on at +=0, and discharges <
Until  Vy=o0 ,( device always operats /n f‘n‘ode)

(A
| w
I, - E_—/uncox—l: [2(3—0'7)\/)‘-\/)(} a-C.‘:L:
w \ - dvV dv
Z-/‘"Cb‘.l—-*—'- [4~é\/x-\'x] --ﬁ ’-*At- ;
Vx (4.6 - V)
_—
oA
\
M ( Vi N 4’-6-Vx) 4.¢ * ’ #Ve =)
-t .
g‘-—‘ e = Vx ~—> VX = 4-¢
) 4.6 -y I+ 3.6 e_““t
V'
+1
! t
2.11)c¢C ;df f:0+ ) VX:S » device 15 in

Safuration resioy
+3

2
I,- .‘2__./4,, Cox ‘é’: (3-07) s Yy decreases untll

S Vx = 2.3 at +=t, ) then device enters triede Cfegion

2
T MG Y @ t/c.l

dv 2
for ¢ >t I, = -C, :l_i. = l;ﬂ,,cox‘% [Q_ (3-07) V, -V, J
dVy \
2 - = Cop W . L
> % 5 /o W < dt
Ve (4:€ - V) ‘ !




2.32

2.1 )C , Cont. \Ix = 2.3
X and
t
2.0 ) d Yoo ” ce is
' ) —T.[——ovx At t+=0 ) Vx = 3 device s "0 Saturation
3T o
I = L o W : v, de il
_L o 2/-(,, " - 3-67) ., x Creasey unti
o
2
Ve= 23 ab tets, then device enters triode veaion.
or k(*. K= 3“ ;/‘n COx T_- (1'3) E‘" ; 2.3 <V7_<3
£ + _ dve _ |\ w *
or t>%, ID--C,T:-I/A,,C.,_L. [3_(3_0.7)VK_VXJ
dv w 1
» "";'_/""C"‘T_'E"df k=t ,v,2.3)
Vx (4.¢-Vy) '
,.—.AIL(,t -*.).,z]-ln \" 1 —‘-—- - VX a 4(
4.6-v, ) 4¢ 4ou (4 -ts)
g '+e
Vi
PE
)
+3
2.3 ) )
's

of"
~Y



2.33

2.12) a) Vop
+3
L Qlw i
. :
v - n
3_ q id o
VX
Device » in the triode region.
t),l)'r 3 ._.{[{}'
v -3V | w *
‘_[ L:tthlu¥ [z(zs-vx)c—vx)-v,,]
-
V= 3-Y, I, - ¢ %
i dt
Vos =~V
= LA Bl [viogey] . W
2 L C.\ x X ;T
o
dv, ' -1
-=> o A'\' = = A\’x ( + )x_L—
sz_ 4.V, Ve- 46 Vi 4.6
> AlLdt K, = In (v,-4.e ) ;0 M (0')= -3
v
¥ X
’ 4.¢at
»-;‘_‘k,.ln'%é - Vx-4% _ 7¢ ¢
Vy 3
bcat p
= _A_E. 2 |- 'Z_E e —
A 3 - t
Y
- 4.6
g K 4.6 &t -2
7€ o -
3




+ 23

=>

2.3 =V

= V¥=7.-3..

ot 4 K

2.39

t+'/y3

Device /s /» Saturation region
2
_ w _ . - dVv
Tor gila T (3-%-07) - x
dvy _‘z_/nc"‘:.'.c‘_ dt
(23-v,)* '
— 2 =
(t=o IV('o) -DJ___. - —|-—'= oAt
2.3 =Vy 2.3
¢
-r
At t=0 -V, =3 V= 3 [ARY4
Vos =0 and [-I,=0 And Circuit remains
i the Stafe. V)= 3, v (t)=4

A {



2.35

ARssome that the device remainy in the Saturatoy

r'_ﬂion until it torng off  when VSJ = 0.7
! \
Ve, = Vay = 3-2.._fx,,4t V- Y =3_Fj1°4f
3 2

- Tha aswmph'on 15 correct | F V"J> -0.7 when Vge =07

= .3-% _o. 3. V 23_.% 5 _,
[1,4t = qet) e3-2eol o X.as y =3-2 > -0
> T (31 2.3 L (3.7 - G <16l ¢
Ca C

W, th f".d; MJUM/J)"I.O'I J

¢ d
- Lo, w (3_% _o9 = 292
os Ll --01) = P
d
> Lucw. L og. - &t = +K (w0 ,9:0)
> G 2 3-2
. » (3-2 -0.7) -07
of
\ \ 9 \
- ‘\'\'s - — -3 'c"g 2.3—
7"3"%\ 23 ) Ut + '4-3
- [ W -2 - 9_ 3% (1. S
VX_ 343 C'-r’.'» Cz- 9 3 ( +C;)
v
2.3 At \
V() - (e S P
Cz d**’ \/1.3 q
)
— .
3‘---------------—‘l-z-s(l«*;)

t
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2.13) &) .
> .
) L i T I; = (C‘Gs'cﬂ‘-o)s \'./9s
' Vv Ca -
9 =
.-s 3 ? ° 9"’\/95 /o < ‘9m l./S_{
/\ gm .
bl s Bl=1 s on -
! (Cus r Cﬁo)'s (Cqs - c,,,,)w,.
= wr = 9" -3 IT' - C_U—L' = 3’“
(Cas + Cao) 2n (Cqs +Cao)
A ')Jm s the output current.

Approzximation

b)

lo
R |
";

f’ln “R’/n &’/" l;
—
; " ji (Cas+Cas) L -1 oy
! 8, n \’3’ gﬁv A"’
- l; -It " "
= 1 2 L 'H D
I
lK_- - (c&_,c“,)_s,vmk K= 1-. n
A} \ l
(%) II' oty * In Y <CGS*CGD)S (v94‘;"v3:a"' "\./’Sn)
| = gn 3- ) v )
('**) ° "y V9S| YR T9sa : (\/5" * vﬂsz * * 3“")
9 w 9
» 5 sl = e -
iyl 2 (C.. ~ C
&S @p)



Cog + Cqp = G, Wi

.7( . /‘“Cox‘wg (Vas = Vi)

o

M (Vﬁs" Vew)

r

2 € wi 2 L
2.14) 5
f: e 3 = ED—'
T n (Cqs+cqp) ” 5‘4
In the Subth reshold CG,;=CSD' W Coy
T I
Ss, £ oo ob% °

4 W Coy

4'R§VT W‘-pcox

g 2..33
Fig

2.3%



a &
2.1%5) \—:‘—'j;/FZZ{ ~— m'\g_s_g ‘C—)o= 0.5¢ e-3 ‘/m" Ciswe = 0.35 e-1f F/m
lmj: ®.c mS o2
| + ;'%F\
Cse = 2 K. % EC + 2 (246G

Cap = 2( % CG,) Cov = LyCox

2 .
QGS < WBLCOK + Wcoy

ch = (WLCoy ) G /(wLC,,‘f ) 5C = NL/QEJ'. wa/z?p )

3
2
Iz L u G YW - (V. -V /™ 013429 &_v_oqz
2 [ o L-2, ( g m) ’ 7’ 050k (& -07)
, 21,
\é'sz /. OI82 7“‘ :V Dv = 6.285 “A/y ) Vp3=110/82
Neo , Lo=o.08pm T
_ Sop ‘
%-, o'-s74 )\4" :0‘7 2 T CGD.,S.4 FF Css = 77-3‘ fF
MaCon = 134-29 [Afn
G «3.%4 10> F/m; Csa =42.4 fr Cog = 13:5 fF )
£ - 9 = 10.6 GH3

21 (Cqp * Cas)
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2.16) r * Vo
Ves Ma CASET > M, Triode Mo ¢ Triede
Hl
- Voo, = Vas = Ve Voor = Vas — Vg -V,
VDS: - Y \/Dh.= vDs - Vx
{ w v

2
ID'I.'- ‘;_‘/b"’c"!v—:: [l(vqs‘vm“vx)(vo.i'\/1)"(VDS‘VX)}

2 2
Io.-' ID-L => Z(V&s‘v'm)vx'vx = 2(\/‘\;‘ 'm)vos "‘sz ‘ZVX(VM’Vm)

2 3
1 IEAE AN S

2 2
= 2 Il("ss'\'n)"x - Vx ] = 2 (V= V) Vos - Vi (%)

2 3
(_‘))(#) = ID' = ID’& = ';-— j“n C’, \‘E‘ x ".i' [ 2 (uﬁs - vﬂ ) \/Ds - VDS ] (% n 7‘;1‘042)

C.ASEZZ—) M . Triede , M2, Sat

?
L= T Ml [20V v )%-%] 9

e - —

2
Io-z.' '?/“"C" -?_J- (V&;‘Vx‘v-n)

2 . kX X
Iba" IDI => Ve - 2\lx (Vﬁs'\(m) "‘(VGS’ -m) = Z(Vﬁs‘\lm)\/k "Vx

2 <
- We.;—"n)=2-[7—(V<s-1..)V,-VxK (% %)



2.90

- - | w 2 w .
2.16) Cont. o) ) (FK) == Ip, = Tp, = ;/-(,.Co, E""i Cv«s' _m) > i L,,/)

Note That M, s aluays in tricde , becawse Vooz IS always Positive

/. e. \/632-\(,”>o = Vq;-"x'vm>° > \(“—\4,')\5(
- \4»3, _\4” > \/N, - M, is in the triode regon.

Saturation — tricde  Fransition edge of M2,
We show that the trans/tion point The Sature tion and triode region of
7The eyu:‘n(e nt transitor /s the Same as that of M .

Voo = \25 - Ve = iy Yos2 = Vi - Vi
For Veor > Vosa s M2 /s in the Tripde regisn , |.e. \/6.;—"4.”)Vm

It reans that When M, is in the Saturation , then the egulvalent

transistor [}y ,n the Saturation , and Vice versa.



2.4

2.17)
2
In Saturation fegion , Io = _'i./u,,c,,, "l‘-._’. (Ves - Vey )
W 2 LD ‘?:
= —l: = N
/An ch KVGS'VT»)
I >
-ty
w4
T
T = /ol 2 (- V)
50‘ (-
- Mo — ,
L -
P Co (Vs =Viy) &~

2.3) I,
o
. L I,

These strvetures . Cannot operate o8 Current Sources , be cause

Their _ currents Sf‘rongly Jelbcnd on JSource Voltnges, bot

an (deal current Source should provide a constant cun’em‘<

inJePemlen/ of /fs Vo/fade-
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2.19) From G9-(2.1) - We know that Ve = Cug + 2 + Qz_eP swWhere
ox

c?’*s“ %A__tp__mr,g_.. _Constant values , So any CJ'\Cm.scL Ln Vﬂ*,

Come from the thicd term, (n foct AV, - ABA’.E and
Cox

From Eg (2.22) ,we [iave AV, = ¥ (\/foF,,v_,B -\/;;; ) Lir\(act,

they «2  delinition of ) . from pn Function fAca»} we Know

that Q“’P’ is propor ttonal  to Y A/Sdb"f Soe ¥ i ,‘,s‘“fccﬂy_, -

Fro,oat.h'aﬂaL. 1o /M% and imt.ev.s_ely, Propertional to Cox.

2'7'0) v > > o 7hae Structure operates as  a  traditional
‘ e '
---'{_'."" Z '{‘.}._. ——_ device doey, jnfact if we neglet edges
L] \
S ;l D i S- We . have four Mosfets iy Pa.ra/lcl ,
i :
-—'L“-:'__ -‘“_.4;,}--.,. —— Where the spect rotio of each ig %
: T A: - Se  the overal - ospect ratio s almast 4-"—:-
P
e N - ’
Drain yownetion ‘tance ; CDB = w CJ. + 4w (-:rsu.

Drein j‘unc{ian - Sapacitance - of devicey shown in lcij_ 232 a,b fo( the um{- Cotio
of 4.%’,,
Sy = AWECy o (BN +26)Cn
Comep) = ZWECG + (4w + 26)C5w -
The Value of side wall Capacitance in the. ring Structure is less than that (n

flded and traditional Stroctures » but the botom <Capacitance of cing Stru'cture
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S hijher ~than  that of the other two srvuc+uves-(;or w>45)
2.2}) We Ficst check  the terminals of the device with o multimeter e

in order to Find 8BS or BD juncflbns. There are |2 experiments
in total of which two lead to conduction and femaining Oney show

No conduction If e Cad  one of those  #wo Conductions then e

are done . F:'ndinj B and S (D), We nced +0 do_ one other.

exrperiment between B ( Cathede of .]'smc'h‘om),__ and cne of the two

remaining terminaly ; In Case of no Connection , the terminal under e

test s G , ofherwise /45 [J (or £). In worst Cove with a maximum

of % erperiments , eaclh terminal Con be. SPLQ(C&Q& I s as Follows:

i

Ass'u.m&-,&m_&lcc ted Ferminals do not Conduet ;o both i

directions and 1hiy s the case for the other +wo ter minals. .

Uptd  thua paint four experiments  have been done while not yet

encountering any Conduction . Tt (& clear that one growp Consists of
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G and B and the ofher Comprises from D ands , Because ot least
One Conduction Should be observed if B were n the Same group
with one of the Source or DOrain, In the next Sfep , we pick Up One
terminal from each group to undergo the cendvetivity test. Assume, no
Conduction happens n either direction (Woarst Cage) . It means thak we
had chosen G from (G B) 9roup . Th“(ar , We have done Six. ;;au_i;e;fs..
We change both of terminals omd now we have chosen B for Sure.
and n worst Case , we will find o Connectian 'n ¥ th exrperiment.

Now, we &now R aand S (o) ., Bulk's gt‘dUFM'l'e. i1y Gate and

Sovrce’s .;@#M_)aglupmfe /s Dran (Source ),

g
e A
.0

%
Wi F B A

2.22) If we don't Know the *ype of device , In eight experiment

we  Cannot J\'.sh‘naut'dh between B and S (D) and we should

per form another expeviment , Wwhich /s exckan.ﬁ.'ng one of



2.22) Cont. —terminaly wiith (Fs grovp mate . If we stll had the i

Condvuction = then fthe exchanged terminad and s groupmate

SERs:

are Source and Drain , otherwise the exchanged ferminal
1S BolK. o
2.23)a) NO , Because in D cC model e.,u-ah‘otu" of Mos .E-er. e 5 i

always have the product of SnCox and W

L
b) No , Because we Cannet obtain as mony /ndepesdent
cquations os_the unksoun guarfities. Ger e
diference (adu;_g,_,ﬂ* adpect retios /5 IKnawn ., Then eaCox ESRBRRIN
i Btk W an akeiate.
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2.24 ) b -
v

" x Case x : v LV, = M off T..o

L
\’G‘ M, 3M=O
CASEIL . Vg5V,
?
for 0 KV, K V41V, | = Lo (M, off ) i.a_l\'/ .0
(]

Then My fums on (indat) , M, SHIl 45 in trisde region

ks
\ w
IX = E/JPCaX (_:)P (VX - V‘.' lv"'ﬂp/)

Ther /s correet wati/ M, , goes into Saturation , when

1 w o 2 W :

2 /4’ Co' LZ_IP (\/X —vﬁ-“{#’l) "E‘/“!COR(:)N (VG'%,M)

I e. Ve VW I/’.‘:(‘ﬂﬂa (V. -V

x 4 oy P W)y 6~ tuw )
\--——7——J .
And afterward , M_ 0w into trisde Yegion and 1"=':"E/4" Q,.L‘*_‘_) (Va-V )z
L'w ™V
So, 6LV, (Vg }- w I,-0 3_‘,'3%3_,0
A

v 0 2
@tV e KVl 2 0a) T = 2 ST ), (hG-190) 9,23 Gn(E) (% e My 1,

Yo Mpleatl) Yy L El'f” Co (":_!)u (Vg - Vnm)l fl,'-*/'»“’-(‘%'% V= Vouw )



2 Y%

x<‘
Zg

=~

-
§<
P

R
>

2.24) a CAse T : Ve € Vnm M, :0f
+
™My v
v M x '
o v T- for ol Vy L Va1, | I, =0 ’9'"’?515'0
(3

\ 2
for \é" ‘;{‘."< V‘ = I, = I/‘PCox (W) (V -VG- |er|)

T\
I p 1
b i Wy (Y- V-V,
Y " v [, (- - Vl)
Ve + eyl R

<< Y
.
x<

Va1Vl

CASEIL @ Vo> Vo

o o < Vx 4’*‘*'.‘"\-’75" ( My :0f M, :trode)

( 2
Lo gl [2040-% 0 %-% ] 8ue o Cut) V,
for \IG_\/“”(V”(Vq +[Vm’) (N w0 M, :Sat)
< L w 2
I« b)) (%-Y,.) 9o o Con(e), (Y Vo)

for Vi e N 14 Vs (Mo Sat M Sab)



t.
2-24 )a Cen

)’J.
w w "\V,.,l
v T
(Vx -Va

2 Al /‘PC,,(.:)P

- v ) o+ z

Cs vV - -~

) (5

| L) '(L n

L- v N

faI : [ W ( \/ v lv l)
s __1 QQ‘ P X )P X T
P
”

2.3

L'n
'DVG
9'.
T 4 :
1)
.
[}
| !
| ]
‘ ; "
' V.V
; : —> -
1 ' v
] ! x
: %ty
%'vfu




2.25) ‘4;,:0-7 N=o.l (dor L= 0.5")
:.20-5'»A
v
Vaztol e—y For L=osH A=ol - noa L . 20f%
N,
1"
VOO = V‘S _\/ﬂ’ = 0.4 = \/GS: 1)
2
P 1 w
Calcwlating W, I = _Q__./.(n Cox — (Vﬂ;’ \/")
Lg
mA 2
05 "= L,o0u332 W | (04)
V*  ogMopm
W 41 = = /%.32 MM
p H
Cys = 2-_3 WL Cx + WG, o« 25 FF
Cip = WCo = 4.55 fF
C05= \.*.:._ch-rZ(wz.-,.E)C.,‘_,w (@ V:o.4).—./0-7 FF

(for Folded ‘S*rucfure,)

() ” -3 N 1]
G - ._"'.._..._.*0.449 x10 ;El_ > G s Ciawe gO-?azS"/o‘;
(1+ \iﬂ)m’ (1= V_g_l_) v ~
2% 29,
-3 F -3
Cox = 3.84 x 10 4, Co = 0-56€a10 mj =0.€

C: -
15wy = 035 x1 Misony = 0-2
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5eﬁr¢ ap,o/y/})j the - pu/.re

oV
c Y > _
' | ——e be—‘ X(0)=\/Dp
- Sy V-V - /2T
(07 )= Vop- Y -
L T, T oo = Ty [ Cor Y

Aff(f Applyf'nj the PU/JC

X") = Vpp + Vs

Yeo')s V, -V - +V,
oD ~ '™ o e
For >0 X(t) = V, 4 &(%)
d(of); VO ) Dcvl‘cc I:f ;0 ffl'dJC
l\rm:v Vo o/ Lq)
bo ™ //,4"(‘%

2
\ v . W 1/2_,_1\ -[v f,/f."_ _aa)}
1'¢>=z’/“”c"“':_i [Z(V‘s“’w)"os' ‘”J =g Ml [2 s (f" /4 !

2y,

(vm*/

Pl

2 2
I . %fhch% l LR - (a\u)_\lw)} = I\ - _;__/u,, C,,,“_L!: (-Lu)-vm)

w
At
2
\ \A—I_ ) -V = Avgl - AJ((’\
1C7_- 1D - Ir,.‘ a—. -2-.— /“n COX [_ ( *( ) Tl) Cz At A_t
\ \
e Mo G 2 odte - dd . = Kt = -
: - C:J (4 =Yaw) "= Vow Yo = Ve
K
\

=2 Alt): V. 4+ Al )= V"




2.5

2.24 ) a Cont,

T(o) = Voo =Vy, =22 v o Vv, - 2R
D
palat  TH FinCox s

. { Ay
Voo r'ar r
ICOLT A \\—

T(O-)drV‘-.—-_...__-----—-

(1
)
t T
2.26)b Refore apply /'ﬂj the /ou/Je. After afp/y/‘j the pulse
X(0~) = Vop X (03'= VDD - VT;/
- "2, /z’r’
- - + = - ——-—"I -
T = Yoo = Vo /ﬂnc..'f. Y 0T) e oy =y Fa G "
L

After df/)/yl'fv the /)d/u, device remains ip  the Saturati'on
region , and its current doesn't C/mrg » S0, I, =1 -0

ﬂtrcéf&/ The Circart Kee'o; /It Stafe .

i
g -+ + 2z
Xtt)= X(0") = ‘/oo-‘/n/ Y (t)=Y(0%)- Voo -2V -
S Cx

b X I r £
Voo

$ ;
Y V.

‘"




2
2.27)
I = Ig CKP _6_5.—
D KVT
I_D_a; - Q.XP VGsz'Vﬂn I'E:L =10 - A\/Gys - Svf 'nIO
Ip, 3V I,
Avqs:.' 1.5 & lﬂ/O x 26 mv = 898’""
9 . 1o _ r0 A = 0.2¢ ™A
Tt 1S 26
2.29) v a) TF we decreare Vo hbelow zero
o
v S d draln excha their roley
V5=l5°"‘l -__4\,&'. ) cur&e an a x< \'\Se e\ e
< and device operates /n the tricde region.
b) If we increase lg ) VTH decreasey ,because
A\/m = ¥ (ll?F -\/s -V/2% ) X neaa*ffn/e_.

TRerelore ) ID

InCrea.ses .

.52,



Chagler 3 .

Vour T

S.1. oo L I
M7 RD ’Vouf RF' VDD+RO (Vb‘vm) - /!

Vb o—-—‘i RD'I"RF E

RF |

: !

Vin : |

(a) ‘ ’

We assume that My o Salvraded ahen Vin=p

Vour
% AL 7
TDD RF+4&p DD+RF Ry
ﬁF RD RF . -Vm 4/
. Vour RF+Rp
Via
N/ yO(If:-Vln -—Vn.“ F-
(;) , ViHT
/- R R .
& Vin K Vigy — Voupa Sy L R0y
RF+Rop RE4Rp
Voot
g
Vop Voo
|
Rp '
Vout 2 M7 Satvraled
vvm °——‘i M7 !
Vovtns Vin-Vany | Y N MT in Trodle < - clecp
R R i trioole
S S Y | .
A e o i -,
= Rs+Rp ¥ ] g "
T™H7
(c)
VYout . ofeep
1 M1 Triode o Tried
Vop oo B
Yoo R+ RF
Vin-
RD n .VIH’!
. M
\/m °_—'{ ! .
out
Rs .
__L = Vi




Vpp
A ot Ro

M
y Yo vt

S

M1

(a)

3.2

/Vovf A
’ 3-2
MT:«_%[ MT:0n
!
Rs ¥
R T i V
—P= 10
Yy (14 R/Re ) Yop
, ’ Rs .
G e Tom 2
-‘VOU"’ 4 .
M2 Trode
Vi f% 2
_VDD.-RD..II _..Y‘
' T Tin
M1gg Matriode
M2 Trio M1Sat:
- ¥DD
ot e R M7 sat.
M2 Sat.
M1 fﬁ;oa{e
. M2 Saf.
R 7 Y - »
= Uin
Vot tia



3.2.
Yoo
Via o—[ M1
Vour
% — M2

Vout Migy

“Vop

Too-(1+%) Tz

A

M2egs 3-3
M1 on : Sat,

M2 ggf

b e

cococnbocn oo=

Vir- Yoz ,
> Vin
Y
V1 +
Wouf’ 4
7
Yoy + 1 Viuaf
Vor~Vp1
; — Vi
M| 'frque M1 Sat M| Sat.
M2 sat. M2 sat M2 trocle
> _y/;l




3.4

Vov‘f , ':‘5 d;cp;r‘wJe
TM™M2
or “Vop | M1 2 ﬂit’:?le 3-«
Ve
out _Vb.z.;:’,’ﬁs g N p1 et
e M2 { M2 saf
I ! M3 Sat
o K : M3 saf | M3 Sat
’ ) ” +7”{1 i M2 triode M2 Trode
i e - U M friode N
V1 Vo1 Vg5 s Vi
(k) 1-VGs24 Yy
M3triodle
70’7 A Mis Sat
™M t
Voo 1oa
Yoo o—1] M3 Vin+Vm3 N
Voot ! M2 Sat
TYo1 o—| g vy et
" é m";’ oL M s.rJ M3
5 10 M2 triode M2 ofeent' 'J
—sz °——-| MT Vbn —vmz i Mise? g frives o W;:’J:
Vor- Vi 4 Vosa  feoseommmcom b ’ -
] Yin ! -
op-Y
) ‘f D-VrH3 ;
2 .
. . i .
- T oA (L) [0, s
Vb, s oéfameo/a/rm EL/I,,CQ.( (T}I (Voa— le)=/nC ; (_EL[( AR sz)-yb.u 'L]
i
Voot i
1 !
Voo
Vio oqgft ™3
M2
-vbl‘*_‘l
—\/ouf ¥)
Vi, o (Vb,-“l/ma}__ (Vb,z-Vtm) (! 1 |
[ SN ! ‘
= . 2

(d)



3.3.
— Wb
A
Rp < Iy 2
—IIb m——ié + %V
X
(a)

(% Fx < Top— (’+—2—}} Vita,
ﬁ- T >-VDA— (/+% )'Vm_g

3.5

Yoo
Rp

M1 THOJC




2
Vxo= Yop- —_12- 2 Cox (ll_)' (Vo-Vm1) - Ro
V1= Vo— Vpyg- (-&(Voo-'Vb+'Vn-ll} )'/L
/tl,) COK (.V_Y‘:)‘- RD

L st Conf W Iy <
+/ °*(TL( VosVou] |-

) C w 2
~ T M Cox (), (Yor-Vipa)

Xo= Vbt N~ [———— (VbL-—'sz)
(),

Ix 7 lhi

-6
{
—Vb.t-—'vm i 7/
v > 7
i /Vxe 761 -y,
i H1
M ¢ ff
M  Sat :
M, Sat M2 Sat
MJ. fl‘loJe
M3 Triode, Ma % My Sal.
VY= Vost Vs

re 0y~ Vm.'-;Vx z

7

pN

Z1s worth menlioniney Thal The Zx/vx Curve
“Varies aulh The ’ba/ue@f bias Volfages and
aspect ~alios , 7%574@, Some regioacs) , based
on The ga](”"’”""ﬁ"""" Laramelers, sels arderor

Narrower, eopec:a//;, 7he "'{7/.0') Called 4°

in The a.bove%{ywe.

Voi-Tms

My Triode Mytrsde M3 sat
Mysat, My fnoJe, M3 Saf
M1 sal, My Gat, M3 Trode

v



Vx=Vop

/‘ltg:im [ L

I {

Below W% ,O(or which Vx=Yy, olrain curreal

3.7

3-F

we assume VoryViy ancl both Myand Mo operade ;y Salvcalse

e = - Cw————---—
e crasne s cceeonms siocoe s o aemd

&/ M O//“M in opposil Sireclva, revealn - Vx
7he fact 7he Q/ra;n anu/ Sovrce fcrmma/.s &( vxe¥{ r= b;_—'Vn.n
My are /‘CVCf‘GcJ- As E)(pccféol, Moﬁf&/f-] My fr;oJe M{ sar M1 saf.
Ma Triodl ” Ma Saf.
Flow #roayb My when Vg =o. becavse irose Ma Triode +es
we assume Thatl Th,>Vop, . 4
-VDD
M,
Ix
Ry +
Vx
M1- - Yx
= B Vx = VQ @Z_w‘e\smﬂr Ybb
(d) ‘ Cenclifs0a
My and My ddfr The
@Whole ~énge
Z
x 4
Voo ,
M2, .
I, i
e |
o1 0 M Vi o2 Vimg P —Vy
1 ! ~ o1ty Vop
- M+ and M2 Sat. My triode
) Mz Sat M Set.
M- triocle
Ay, \ %@




3 . 5. ‘VDD
] Rp
RF
'Vout
Y
(a)
___[__ “Yop
< Ra
p—0 ’Vovf
Ry ;—‘* Yo
Vin
(o)
Voo
V., -—-——-r———i M
2
—Vcot

«)

2.3

I'K 2
M, Trode My sar M7 sat. 3-8
2 M.z Salt. Mléd‘/
My o
_}/4, Cox () (Vo-"m) id

YoVt v

. — V)

Y Voo-Vma

Vx @ quiescent
CondiTion
) L
lry PC“K(%/L(_VDD'T”“)
_Vo..-—yl;l *1,' ° Vo -
A
Av: -—vo _ 5’"/" I/RF
Vi Y B
Re ©o1 Rp
A

+ VeVi) (Lt Lo )= ImVin= o

Ra

! ]
“Vo Imy + R4 * oy
Vi B O P
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%jﬂl [ R” rvz fj ) fo_; {j,” ﬂr )
- 2z )/0 +
5 Vout - 9 3(9ms* —p = ) e f ame
Via Yo /
( kf T' "‘jm:) —ro’;(jmj'*z;)



614

6500 () At low freyawoy

My

a Veut

(ci) At,,Ver)/ high frcym\? , Ciis like o short civeed

- SPVet |
7L~ m gy Garn .70
i \]P e _ S

P43

ol like auopan clreed @ Very low frequen,,

S R R R e B e
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PG4

b) i) At  low freqvumuﬂ, TI\JAG?‘MI\.N\M Circuit s

L,
Ve | Virtuad Foumaot
Hs !“r——’ M4 . o Wx s 3
R R
half cirealt
Vb : Mé 0 Mg PR My h
_T G
g . Zowt Vout R
A " I

Zowd = VYozwKaZ Ra
Av: = Fmi - (Ra/Vo3) £ = ImiRs g

(i) At ka\J h 70(67%8

W T [y
R> Ra
Vi Ms
5 . L M
R

—t[_H, M2

+ ¢

\/7'\_ l\ J

Wy

_ 1 R Vou )
VT’L\ “le(j,n&/ T) ) ‘_07'/—' = 1+ Ims RZ

Vout - - Fm jM$ Plpl
Vim (2+ Jme-R1) *
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PGI4

(6) i) At  Jow freqvu/nuﬂ, T‘u.equiun&«d Circuit s

v . <
Hs l‘r’i——’ M4 o W ds Virtual groumst
R2 R
half cirealt
= LUMEENES. WO m 3T
Zout 7 i
He Yeut| Ra
s L™ j Vi
V?_:L ; '———* ”6
Vi ' iH‘

;oui = Y.Oﬁ//RZ = R-’-—
AV = Fmi - (Ra/Vo) £ ~ImiBs g

(i) At high ‘frey—oa«g

Ay —

R> Ra

\/y - _ | R
T I s 27 ), % S+ Gme R

VOLCC - \70[! 3”’6 Pl pl
Vin (2+ Jme-R1) >




The Tm,reqtosw,&—,, Z1a cam be derived from the o
‘FP”,OwMQ_v,.SMed{,_,MSEJM,Q.A._..MQM,..m, e

Vo

U
o
1
_—
&)
£y
&+
3
N
\+~
S
N——
~

. o
It T

5}#15'#9" rz 1t .
- 2 ’VX ,__>,,_\//.. [ -y
)'

Yoo N 2T Ty

L
—
R
i
/M

Yo, Z;,
I 'f'(.gl")fg"bz)roz

"‘;’ Z:z:"

 The miller mdtiplication fov Cap = It Jon %z
B (lozt 2D

- ‘*(jmﬂ-ﬁm;)};z -

If (l is rdo.‘t‘w,% lcmé,a I Ié_l << ¥,

eg ® Com bo Oppro Ximafec oo =+

o> R

G 1 vy, |+ LV

‘*(3”'2*“7%;7}’.,7 G2+ Fmpy

e
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6.7 (a) C
Hﬁ
} {_} Asswme the oamplifien outpd resiifamce Rent
in Voul 7 7
The smell signak model is as Follows
C
. | Vout
+ " IR - — S
) ,—AVM - (é— The Novtou equ}IIM civeuut fov a—mp&f:vl_
1 Rout L f

As we con see , the obove circadd forms o hWigh pass e twoe.

i § veat This, when there Is a sfop =V at the Tupat .

P___}R"'d outeud wil( follow Tnpud , a sf'&f: Aav , first.
Thew , it will settle Aoume to — AVia o
the Steady stale

(b) KCL @ Vout

— AVie o Veld o Yoito Vin)
Roud Rout

A . ( Vout ScRoul - 4
> (sc- NI (——s+sc Vot = Yeul |
( Rout Rt ) Vin | + ScPout

¥

/
Jor the Step responae . X(25> =& (t) | #30 = Xts)= 5
- L Yot . S<RA-A -5 atl) Raitc
yess S Vin (s) = S(itscRodsy ~ s T 1+ scRnit
t
D Jx): —Au(f)+(A+/)e ’2"““; t>o0

t

Fro a N’ 7 apnt J'IL<7\ ,outfoa“: - A al+ ('4"’/)'4\/-€~ CV



618

- PFI 7
6.8 (a) Small- Signal circwd  mode £ _
_whenr Tupt has _aV. k\jm.fu Vo will follay
cwd the output  Jump - ) ay
CL'I‘C )
(6> The tromsfor fumction Hes) .
H(S):M‘I(CL @ V'Wf‘ e e
Via (s)
—_AVin . _Und | V> SCo
= oot Zorcd t SccVoud —Vind + SCoiing
Vin (-SC - ____) = Ve (——+sc +5-Cr)
> l/ﬂ_!i - SC?W‘X- - A
Vi It SBat(ctce) g
Slep resporae . R REIYEF S
G
Cesyr . SRAA A (Btce Jet  -a . W’
TS [ +5Rad (CtC D] —  ~S ¢ - TS _
[ , okt ST e
Y —Auct) + TB:AC9 e BTUEHL ey
fov astep aV @ tle Tupet )

oudpt = = A ay +[<A—\--—-—H)C+A‘CL ‘S A T Rdcco
+Co
cre | X
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PEr&
6.9 A
Rp =2K A= 0.1

Rs b imA - €siez ._” AQXFESx107Y 7 '
D s, Gr = THw T T axew - T3 &35xi5T

| o »
Vin | Kn = 3So
L B

R | -7,/ _So 2
Io=10"= xx350x3.8v0 K(O.S-ZXo\o& >(V35‘VT)('+.°'“'V4‘)

~

'3 so
= 6T-U3x1e X o3 XU-lx (Vin- 0.7)*

2 Yml.003$
_ KXIp -3
gm = (Vgs-vt) = 6.59x 10

2
(és = TC‘oxNL_ + Cov- w

- -six 3.435%10° Tx 50X (0.5—0. ©8x ?->>(10~%f‘ C 3 435)(-/-0-7)( 0~03X’/0_‘f(5°x;°_y
- 37 Xlo_l:

(501 T Cgdo W = 0.‘I~XIO4IXVIOVXID-6= 2x 107"

C;(B N o_S'éXll;;)(YfJ(lD_lz o fom-"x:o} o % > 7iax o

i 7
G 2o (1r 2@

Achwba« To eg (>0 )

Zero = —Im _ 6.85%i0 )
- = = S 33X/0 " /
g ot 2x 1076 SeC 4

poe i< the voot of ?sPD(,C}s_%Aﬁ‘-Ca.sCABf Gt Cta )5‘2
+ [ Ps (1t Ro) 94( B Gt 720(%« +Col/3)7$‘f' [ = from eg (€.3)

<> 2
= 2.9¢x10 S+ pll2x 054 |0

- _ 7 rad
Wp, = =14 82 X ’Aec "

‘*)rl —22.88 X 10 7"“0%&(. W
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6. lo
(a) .
T 26
VB l 2(% >P le mauimum outr«.&t level 74
Ima ) out = VB can be as low as 2.6 — Vtup|= 2.6-0.6=] .8y
= Let's choose output DC bias @ -5V, such that
M M2 are both v saturation vegion
- So
Thas . Toyz 16 = I( X350 X 3.835X16 "X (5 ) (Vin-0.T)*Cit o) x 1.6 )
= Vin= 0.247 ' |v
Blso ., Ip2=10 s }‘E‘XIO‘DXJL83§XlO 7"(;?‘5;;0_1> (3 —-I-f——o.l‘j(H 0.2.x1.5)
Wp 80 8l pe ‘
ﬂ\unj[m, 1 We cam choose C'" )[_<o 3 with gale brao |.8V
So T‘LJ M., M2 are bo'f’tt n Saturation Y%j:m o Vnd = .5V
Voul ™, 50 = V:Vl_lVTHN}—03V
T{/w’ ) ‘I'L.Q WO T Waanin out’;u} Pe:w‘t—'f'o-Pen-k 5(,0?3 b~ 2~5'0'3:’l\;5\(/-
Cb)

This Problem. is similar to problewr 6.9 except
1[7 - Yo 7 Yor)

Coe = Cpsl + Crg2 -f'ngZ.
- ——"2:1 -
3 mp =

-3 -
Ys-Vte = 2x%te %1?7—‘ 6.T3x10™2

/(H'APVDS ) = 6.5K

>~ Lo
rON ) /( ITxw Vs )< (1 SI<
‘ Rp-—-)’a—r//ro/v:#./[(_
'\25: | <
———\_L - -1£
Cés, = T3 CoxwWi L, tClox W3 = 58 8&xc0 "~ F

-6

Céd_,: 22X (0



Cd ~ 0.56x10°x 75x (0% " o.in:J"xzoixlo“‘ /€
8, - ) =23 L
| 7: N (I‘\" 0’-; )o.é ( 1+ L5 yo2 3.3Fxi10 F

. O-?ﬁfeg_e‘&/;/:'sxtdz_+,o.32<104'><'45><l°" - I5e
/s = /.S =70 33xXte F o
Gt (i)

0. T

- - - 8 = i r
C\adl - 3 / S('D';’“f“)(,"o'.'” |4 ('o“"‘ = 0':’";145)( 1O IF T
.59 x10°
T=3.3Xto

"r«ay, o )
Cd’(‘/ 2xi0"1(6 sec -

Db @pa is The root of the egaatiom_

RsRe (G35, Cou,t Cys,Cats + Coot,Cotg) + [R5 (1, R0
= & = 2.2 ’P.?,rﬁd/ﬁ c

epas ms7aexn? G

2Gets #RsGymi TRo(Gout tCta[ |
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g2l

, Theo Zi Ts Tnductioe aumdl the efou‘m&d nduclavee s

@
- —gS - L
Im ( Zs Im )

s

Cys = 56 <0 ' F

LT 8. 56x 0% H
%
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6. [ (a)

70( de

\_/,SE R CFg.,vx%Rp ]1c,

- | -
Voul = = Fim Vx CK..D//S?C-} 2 S
1% == Ima(Vout = Vi) = = ImaVout t Gz Vi = [ffmﬁfrzz@e(/?c" CtIma]ve

- V« ! !
Z“IX - = I -
R f ' b ,ﬁ o
e G2 Im, no‘,’fﬁc,*j'?'? 3"’2((#;%60 s ]g(

)
Thus. Zxl(s—0> = 92 C1+9mRo )

: : ZX.(S_?‘.”,:).: N '/jm.z
,—le N 7
S S
G,
P
j/b[/fj.,?p)
—_— ‘F

%jm(vx—w) — ,,vo‘d .I" ) . kKcL @ V‘ g 3/)71 ( VX“,VI,):' .‘SC.I (_/I
1 ! % Re %T

Vi e 3M,V:j ' Vx = .z Jiz__

- _—{E - = Vl ( SC, 'f‘j;,z_ )V)(

|24 S Ker @ Vot - Iﬂ",‘%,f gmev,

(—A;) Re S, '{‘jﬂ,
| o /
\/ ++5m,) = A L 4 ImIn:
: N Rp * Sct gz




b.24

P 23

‘rrom ez_ (6.53)

(Sﬂfjmb) Rp |
[+ (,jm"'jnb) Rs Cs
,,_(.1.+m )(H- RpCps)

Assume Vb is cl«om “}’P""P""Tely such that Va~6 (no boo(/ effed) |
Gm ~ 6.59% 107

- Ims= [/(}?;]3,.~ | s€axieTd

- o Cop - 24 X CE.&x ST -
Cﬁ,.. GCss +. - Rt Xioo S o S rem 'ora&&,m C} L
Co= Cog = 2714510 F
* s
By oo frepuameyys IR
- It (mtImbdRs
QPI - GntImtRs” - 6.STXI0 % 1.563x10 416 L ,,M/
o Cs $2.4x107'% 58.8x16" s
. L\) R [ —_ _ ( . - te
P ?DCD le07y2\7/4x10_“( - “4X (o r/

- Comparecl. coith. the pole locatimo Tn problem 9, +he poles o
»CW'Jafe.Caﬁfjumt?m orne much ,.[cu\é,w_ becacer thow is
no  Millew— effect A %ob in this ace |



\/aqr

V; QG' :
R Rp Vou 2 — f’“"'—l
G‘Vz V Pi dpﬁmz(VZ_ “VK) C 5

d*z

[

’ HZ =
= small-signad model ¢ [ I
Vx V; 2
Cés; n | jdllvl
Rs o )

1
kcl L
L@ V2 - Rop ~ S%JZC\/x—'\/z)

:_> _\é& - ' S(ﬁfa. - 5'267(253 —

Vx o +5¢, | +5Rs Gy, :
Kce (@ Voul Voul= ~ Imz (V2-Vx)Rp :f ImzRop ,
l+5261%$z x

Kce ®Vx

G Vi 2 Imfln (Gpat Gy YCUs-Vi)

_ - (jlnz 1‘5%51)

Z V' —_
526 Corn ¢
Uafm @z@, I/Ob(t - - j”]_ljﬂ). Ro .
vin ,352+5Q%k

X

Pg 24
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Id )
=i e e

R - ::LCE o LL . T — e e e e

V16 1%
_MM_O——_.J'X = = T T e e e e e o e

Re Vi

For zero Jcreyuvt(a o o drzo R Igs Ix o
T T Tmp Ve .
Ix= Ve (mpt SCed B

: I? T = —j,.,f = j,,‘f'f SCE’ o T T e

3 Ce X



b.2F

P26

6.18 /"/a[j Circult Cam he rawn ax Fol/ous

S‘l\du- RS,:O . ACCGYD{fa To (6.#0) & (6.76)
Veud o (Goi5-9m)3a, ~ /
vin 57 [ " Ims (Fost/tag) -
s (C&c(,‘fo)S‘f”’

\’f—(ros//f’or,). C.-s
w here Cr< Cagpt chal-7‘f Cols s

Cx= (355 + Caer + Cyss t Culos t Coats C (1 ms Croguboq )
Zout = (Yos//Voq)

.
Zx= Gnms

Fivst of all , QX colelale Vx opumating poiat

-6 ( -7 [ o 2
T, = Soxio = — (oo ¥3. 83V 10 ¥ —oor s — ) » _ 7
3 z 0‘5_0‘07‘2( 3= Vy O.f)'f [+o0.2(3-Vx))

Vy & 1. 94V
For Via op.uq'[ha Poiu;( co
T = Sox 0% —L—XiSoxs.&:‘Ix/oﬂX m(\/ds'—o.’(ja(ﬁ-o",’_Qq_J
Véﬂ 2 06.765V

2 T
= 9. =
j“/ ( VJ;,‘Vf)

= /.S#xzo'j

2 T | -4
NEE = 3.73X0b

= - 0. - ¥
(3-1.94-0.8) = Ims = 2 Jmy= 7.4éx 10



- ¥So x lo < A
éde 2 ° A- /(l+)\ '0‘)— e /l 2)2 ° I_\' ' ‘4‘?)((0
_ [ O ¢X0 “ I
Gasg= T _Clte,_-_!_2&.,&..;-““___8,;_,_3,, ¢y 10t
Yos 7/ Yo7 = o290 ) B
3 gy L - T
CL “Crgs t Cop7 t '(ao("‘r = 0“?4)( ik jOXlo — 1 O F2XI0 ¥ 43X 10 1 e
,o 0.5 l.oé 3 -
( ( _t- . S (l __f,‘,._A_?_'__‘!gﬁz-.o,,__,\,_v ‘) I _

-3 V - , i
[' 0.56x10 % Tsx 107> b 3yi6" 03 x 1074

7
(14 L% )o(, (1t L5 w KT j tsoxodxto -t

- l l‘ e
(9.22x10" +;u.34 X10 "t 5xi0 <~ 4o 7Ex 0TS

2
Cgs,j = X 83§x10 ><!o><o 32t 3. &33’)(:0 7,4 loxo0.07 _,,6,3)(,0 Is

(a8 = Cagp & 2 13Lx00 e _ -
C355 T Casj = 23.,26,6&9"5 - -
Cd,)- :’; Cvag = ‘? 6( Klofls - o -

do\s- G. -)Xto”yzoxlo r‘éxlo 7 W _
C)c = ( [ 633t21.9{t23,2719.6/+ ©.06 (t'rjm (fo;//n7)) ]x:o J =67 ]3zx/v s R
LY o
3 o'
C se
g “u

' . !

CrL(rst/loq) ‘1‘017°x Yo.J&x 101* Sec
AETedt o) TRA[eKA0/EXI0 S :
- 9 ms - 373 X0 ¥
Wy 2 - T - :s.ngl_o‘?.r@y_,_ﬁ_
(Gt Cx)  axo % ezBL X107 oy
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pgaé

|
Vout
— [
Vin ‘]
D

Voud
___”_: ~—]
Foth o} Thees two Adifferential Pa,(‘/p can ho ﬁ%ie& o4 COMNOA -Sovurca

Vin
M“rp«w;% with adiffeed Qoad f&StSTW auol cupad‘fwce
ot Siace Rs= 0o, elim'[l‘m/ (6.205 can be
a
,_:[‘_c,( simpadfied an
= Vo ulk y - ((é&Sﬁjm)Pﬁ
vie (S 5(%(%,&6‘): Y]+ |
3p= 7‘,,;{, dov Adiode CMc]Led. loadA
Rp = (w7 V) fov cormed mirror Joad

Rp

_Li[
Vin _J_
g
Cx= Caan + Caept Cgsp

Cx=Cosn Caep C?"LF

B [thosh thee is right-half~ plane 3010 , hourerer +hig 3000 TS

Much loanger than the dominant pole .
T/\W , TL-?— Moy m um P/‘“""’ slxub(t (1 can achiece /g
""?0' bxjﬂt +he 3% rs  oAdowm fo u,yu"t//-



> bt low Fespwmne . Co TS opem o reedt . o
Buma, | Ao e

o Mp s ke oo Atods - coumacfed  odevie > ZouX Y I
(ir) At hAjl« f"?}“"‘”& C s Sl«oy'[' Circwt: .

S Cnﬂ\///ro-,,)>" er “Roat exhibits aw Tudu ctive behaplos

FVY Trauste. OCMAC"[E@\_,,. . M(:,..S‘_zgjna,&, mocle _
. Vout —Vx
Vi CPJM.WL*"% Tz’,(%jm,v, TC: R
- T , | L, Yoo /tVes )

C Veut-vy
Ay

KEL@ Vs TSV = Veuts (11SRCOV,
\/ - \/Oui
| |-t+$S K'C,'

KCL® Vel © g iy = Vouit (5 15 0Pt L(Ved V)t Gy

Vout
[t s8%C,

- (
Vodd (T SCAtR )+ (Im ) -
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Pg 30
.__(_ A R R B
_—jn,V,‘n = Voud ( ro ¥ R tSCxt ('Fé ) S¢S RC.Cx T‘jmgl&l)
[ t SR,
VYot - ~Jan: C1+8RC, )
Via

Szﬁ,C-Cx +5(Ct B% tCx )t (jng-"_"-’;)
Fnr»t the obove '(-ransfu Functiow ,

ég)é -7 R,C,

the som of two P"’e’“ - = |

Re, - & R,
.ﬂClC{(C.T n YT g (1 it 520)
usually  C;p>Cx , C, al Lleadt = €c7$3

Thas . +he Sy of two  poles > -%7?, , Which  means that ot
Reat  ope o] the Pwﬁw are /a/g,o,t than Fero = Te% gul'te
Jmpoostble  to  preduce  /35° phace shift

This, +hes crealt st71l cadd preduce  (35° phawe shif ¢ .

How(’/u-cw It% more /7% Fov 7 t 70M 40° phaa—e shafc
@ (/(/n/;'l‘y—— j«?h freywn?_-.
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CHATER T NOISE
(7|\> !AV) @MRD
,TM = (L*K‘ 4+ W)Rv

Vo = Juewt . 4kT (54 ¢ g )
— ) & . Av'l— - < ?M *3\{"‘29
Vn ,inT._, -

'\J—'IDIM;‘CO)(( ”) —\/Z(lml)(ly'f PA va-Xo;q,,.,) = £.2% ”LB'
‘+KT = L6SE x107%e, Rp= 2k , BW = loo MHz

4 \]n).-mToT :\%.Qééxlo—lﬂ%—’;)(wo MH{) ~ 'Ll“/MV rms

a

(72)  using agn. @s7)
Vn),n = H‘KT( GV"\( + % ‘m??fB

\/V\,Gn = \F‘IKT% .ﬂ'_'_‘__

‘b”h
"Em = e =(E) g,
m = '\%’5"1}; = \/3$va = 2;;"
S Output SwM? Vop = Vas- Vg, ) — g, - Vi)
= Vop - 21, <M ! 7’;’;9_)
= Vpp -2 1, (6“)( 1+5%)
W) = JZ‘MA)(IZ‘{Z% v»)(osq,..,) < 198¢ “¢

Output Suing = 3V - 2limd)(7ie)(26) = 038V
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The deaim woise curiend of M, ,.féﬁ&l“fi_ﬂﬁ,, from Hae apke (esi stomce i:
1, = gm, V, where v, v e weise Uoltage of R, .
Similqr\\g ’ Ly = gy (Vi v2)
Thus , for tromsishr My 'lj‘:qmj(\l,i-vq_«r 4 VD
The total drain nsise curtad is
Lot = 1, Y lat -+ + In

= %’M.V‘ t Wz(\l'+\l?—) oo 4 WV\ (Vlfvg_‘t'---‘l' Vn)
ﬂMy\: oS them

n
Tt LV, & vy + o0 4 Vg ]

\l

IF gm,=gmy = -
(‘.To-t
Ptssww\‘ma, VigeesVn L unearelated )
-—-. ‘L J— — —
o = BT U (- Uy e 'v;.L]

B}

— — — _ ‘
TF Ri=Ry= o =R =52 Mom VE=TE: =AU -tkTe %
. - —
(ot = 2 ‘tk_lhB_E_? [n"+ (-0 oo 4 1]

n(ny)(2nkl)
z (4xTR) R% 4 hz'zﬁ -

= o
As n-— o ,
i = gm” (4kTB “2)
Whch can e nefemed t the input  as
Vpt = Y = 4TE(F)

= lunged resisfomee = gjo?‘ /



<—7'|+> ) —;—-‘—- ¥ Inlovd" = ID i+ In) KCL@ df&l\/\ _
y n
— fm' T - —2s - T curient divides
‘ - //r°)+%g "‘) @ sowute
" Th,out =
V\IOM |-~ ()%M”ro)-l—%s + |>
I Ln
1. =
"out | ‘Zs(am‘\» 'VL‘Z>7+\ Y

(7.5)  IAN= (gm aqm,) (a1l v0)
Vst = HKT S (qm, +omy) (rgllre)

.2 _ W —_ 2
Vn,in~ = Mln,\l = YKT = <8*"+5Mz>
%V'CYS—I) -\7’:13" ( ™ * ﬁ"’h

MOUGsinG P, MALSES Vi Un eqn. (T.57T)
but (educts  Unjin for amplifier wm figure 749
9mRp
67'6)@0 [Av] = | + gmBs
V'\,mf’ kT Rp + 4T3 ﬂm(l«&ﬁw\ﬂé) + %Tzs( *KS} kb

= HuT ZD t+ LH»(.T < H’?r\zs) b YT RS ( ,+v“¢,>
\/ € .__\/_Eﬁ- — __1_ 2.
VA afr T TS Zo 4 HKTRg + T Ry ((Lgals WZD
4

7w 1A= g (Falles)
Vnew = (4kT% gn + WeT )Gl Rs)

\In?’g i -
\ln,".’n—’ 4> - HKTE ,ow + UxkT iRs 7




(7.6)©

G.6) &)

.@}.eXe) |

6]

7.4

L
A = Hlgmt )R Kot

Rour = Rs+ (1+9mRs)Re

Vo ot = (‘*_"T_i:n:\._ p I E L ukTE RS
o (““(‘J"‘u WQ (n(qm-'—)zs)?' (Rs+ 7l Rp)"'

2 _ Vmgut _ | N
annn “\VP. L"KT(;; ?"“ W ZF t RS(\-\' %z‘) )//

\ Rt

[Av] = 7%25' Rout
A
Kaud' @v\')_ ;
- 2
VV\,wd’ = 4kT % =z 92 Rov:\' + Ll'k-\' =3 %M IAv\ ¥ 4T 25("“ +8s) Rod
Vn

—r;“"l*; = YkT [ T4, + Bs + Z gy —ﬂ—b)z]

VV\,M =

|Avl= gm,Rop M2+ Be do nat
Vnout = (UKT 5 oM, + 4KT &, ) Re Contiibut e noise

V s m N ' bCCAMSL r0|: 0
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Coos (v Gms (Fos5/[1s3)

Srd Ma:{'\w Pt e W
(}/BS//I\O'{)(CQD ad CDBS t Cé;b7 * CDB-()




Prl. 9.24 .
b f  fur b 9w (N5 /T3y
Avj‘ slow ,W(’f»'- Gon (fb{//be)%s‘[fof//fO?J‘ ,
ovrpl ghin - Avgg [ 737 + j’m,zm;(fo://foa)] (racll Toz)

The WM y,‘,,\,v‘a Mw‘,&{y (imited 47 Ms-g. ,ie.

Vop ~ [Vob']’ - Vop_l,- .



9 ra7

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

>




[10.4]

%] .S

] At gy, H(a.w').: |.C'§9|

Cleseg tooe G| = l—é‘uw«u«) ad

L el

—.; ————————
A1+ Zeps O+ 1 2.4 2¢0s 8

—

= /5% —> 19-,::-/SL/‘/°
bM. = 383°




/0.5

, ,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 |




10,4

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,




Vin

0.5

the ciranit [ooks like the 'ﬁ)//,owiﬂj s

At the 20, Vout=0. and
- VIA

Re+gc. = Qg Vin
& c




0.

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




[0.T
[10.10

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



[0-F
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 . )




(0.9

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




._/ﬂ' /Z__.j

[0.10

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/

i0/$

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.)




o Wes Mcc(% o) -\w@\ = -(.§9x(0”

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




] Cc(%ﬁ?'—?z»)'

\

= = |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
() Slew yute = Gyt CL lovictrrospr — hESX0T Y

( loadea.)

For poblas, (0.14 , Cc shmld net be placed “crocs® My on M3
because of the (ocation of Hha poles. Since the- osrjsavet pofe
Wolk oX Node B , e Znd pole at node A, aud the 3nd poe
A hode ¥, we need to split the Iot 1uo potes 4y
/?/ac/‘lg Ce across M),

futting (o “aorrss * M2 gy splits fhe 2eel and 3rd pote.
Keeping Bt dominant pore wn changed, Tt wwves the 2nd
pole Toward. the dommact pole aud the 3rd pofe iy .
That Gannet glve o. 60° pPloce margin.

ﬂttﬂiifj (c qdcro::r’ Mz 01417 at¥ects the [/ol"fiﬂﬂlftﬂ)/-o and
Wl Cannot Take A/sz‘afe ot Jpole~ //'t‘t/'f/j % wWideqthe
bmdw;d é/\,,

'Momc_ntaﬁ/? So the Slew vite Ts dcfmmm_b_?___l%_w (,‘3‘
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|

10-15

Vﬁ = ‘ros C?Mg V",W‘b+ IHBX
VA= ~¥or (Vg +Tn) = ~¥o1 (=9 ms g Voo — G, 183 Tns + L)

Vh,out = —ro- (_7»:2 Va+In)

:-n:_{ln 2% i Gona s Vo1 Vo3 Viyait™ t 3,92 6, Vo3 Ty s~ Quny 3, I,

Vn/mz _— Ih‘; ~+ (%ﬁq ?hzrb) nz)ZIn;'+ (?"").rol)l i‘?

(vt P12 Qs o 133)’

Trans esistance of the cirait is -

O n s ]
] Yo,

Inpul relerred Moise Curvent:

—_—

Cnyjn? =

4
Vout _ __ d
T st [t oras )
=
Vn,o-wt-

= 7.25x/6F A,

omt
Llh

Stnce fm«\(loﬂ) mi= STy, Gy = =AML, Gmiz/ L4 xiTE A,
leo)= [Pk, =Sk | r3z= M1,

T QT % 5 e = 3.062 X/ %3 "/Hs

L‘i‘ = ST 2ex163 Ay |

Tny = )oi3x 5% A
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, , . ) __5_‘__. ,
- a U+ WQ—’-}'_:(/JPZ

Fepen () (w25 (14 55.) - o

P SRR ee 5
closed — |+ A - T g —— S -

| SN TP 55 )+ A1+ 52
w::_w& + S(up, _§)+A°+| QR.c.D.

b )= (w wm)(” uw) = |+ —i~+ U’rAWPB ,(qu5<<pr)

Wag = At |
B~ L1 . Ao

NP, W, 7L bt/.a_
//

wea = (1 142) wo,wp,

— A
== W/Z’fk/p'*——"'(o’ )
/ wyp % WP5.
/

c) Using Wa=Wpz |, wpa<< (HAD WP o1 oy << A:;»‘
2
Wop = — At
P8 — + P >~
“?a _NL' W= ‘d;;-'-r A:;:’z = Wp,,

E Wpat (ADwp, = (A1) wp)

_ Ao_
Wea= Wt Wp) + we Wewps

A
Hclokd (s) = Aot (l+%)

( (A,ﬂ)Wm)( [+ p;) //'




10,14 d) $tep response = () L , o
A—( l _ue) - e e e e

Y= ¢ = Ao ( A
(|+.5FA)(H ) T ey o-Wea= (A Wey ,
______ Wy Wpz. .
K . Ke + Kz ~pe TP
- = S
¥y L K . K TN
= S"( Wea Weg Weg WPA>+ ( wea " e +k2,+,,l(3), *K'
S ('+ WPA)(‘+ UPG’)
_ R
,A?. wpﬁ + Kot k3 = -—'37; —> Kytkz = A(wg_ Wea Wp @@
A + ’(1_ + k3 ._.0 —_ -
WpaWe@ Wpeg Wea = ngkz"‘yfg,t; - A ~‘-—@

- D *Wpa +( ———»,[ngﬂwpﬁ#; = A(—%i-i-— %ﬁ'g)]
+  Weake twpsks = A

. Wep _ WpA
Ks(Weg—wra) = A W s

/(3:: A(%’%}
Wpg —wpp
[)/t«7 ﬁack mts @ fogot‘ Ka ®
Wy Kz ¥ WFB[A"NP’*(E/; Z/L%') = —A

Wea - Wpa
Wea — ngklm’ _ Woa w,
Weaks = —A [l+ al ] Weg ““‘w:
Wra - WPA Wm—h/m
kz - ’—A ( W%

Wea (Weg —Wea)



[0. 2/

[049d) (cant)
Can siup//"fg:‘

ko AGEE ) o ke g (A b
T Wes—pa Wpy — (fat!) Wp|

—

Aot] (@z— TV%&) - ki

A Wee ( [~ (A.t1) Wey )

- W ~ _A° —(A’O-t') WP'
kz,’ = -—-——AO_H —-(A,-H)"Upz
(At) wer (Whz — (Aott) up)) A !
-’:_: "Ao‘l — /CL
(Aot1) “tp,
A =R So_ (L ) W
\((5)-:_ —<  + (A+]F Wp) -+ Ao-u Wp2 oIz
U _— T e
Wpa + S St wWpa
— Ao ( WPZ
= A At o+ Foa -

= — (At Wy €
— A — Wpa w&t_.. ]u(t)
> la(t = A [|—— (I-="=) e €
= Swall SW %f/ﬂ }’e;/b/?f@\

~ A - T T ) Since LAY Wey 57 W
‘a(ﬁ e [l— U ]

Heace if We and Wpo. o not exactily conced theri—/j o j%a,,,mfwe
Term  (I-422 """‘) e Lidh & time constant Wpy Q.6.D.

Wa-,



o0

a)
Per+t
ect
7 = 4 ﬂ..C-CH PN

rn> j

| !9(68
\+P«o [ 1=
/’:—_: ,___A'_‘;_
144, U)

b) o]
10 wmismatch

hie) =
H'A ["‘ 2.9 W
2t
7wt

i‘j’m (At t
Jue

/0.22-



Chafﬁr 11

L. ASSu—miné atl troans)stors are Jaﬁ({nfion/

e ha Ve
2 Lout 2 1o
Lowt- Rs + [ = Z TR
Pom (T2 P (),

cohere. we have asswumed. (_‘E’)‘fz (£ )3 and A=o.

Lout = an. k.s ( V4 (L V(h/ )2_)

Thus,

.2 then the esradt Furns on, initioalls beth Ms and. Mg are. ofF and.

Y aad VY rise. ta(7ejh9.r, le., if\,zvr. theny
(/), reaches o, . , . is also near Vine . Thas,
Me and Hs tearn on @bmast simultenecusly.

The swgge i) the ormin cuvrenl of Mo

+urns +he,nsf3; the cirewit on. As V?’ Increass  Sfuther,
Vi bgins D drop (f Me is twrred onsficiently becamae
the Volfage 9o of Mo and Ry exceeds wnily. For hh
Values of v | 1 cau be lowerthan Ve

Since. (Vpp — Lpg - Ra ~ VTH)Z' ,‘LnCax(%/)é = Ipg , we Selve
Yhe guadratic e?lutﬁ"on :

)
Rl Zje — 4 /R - =
. £Lpe De(z/%y\ o )) + (%p VTH)i =0

2 RO.CVOD
=7 Zpg =

™ A+ /“h(‘x(w) +%/ea_("i).b Vo) + ,c("(u)‘(w) ]-—-4&77‘(00 ﬂfj
2 /?R_. o

This value [s substifuded iy e other anoition :

Voo = L6 ( RatRb) < Vs
to g;'ue. the  conclition For Fur s 9% /_/5



/.2

1.3 () Bince. the ou?ouﬂ‘ volfage. s mear 2.5V cuheread %(;::.2.1{35/

we ewrife Lp, | 1+ A (B,-2V5e)
*sz I-f-A (V[)@ ‘—..ZSV)
~ |+ /\(2.5V~2V35)

» Bz Ve 4 = %’—Zvn 'f‘VT_Zd -E_z-gl Lo Ct+E)ex &
) (2]

= Vrlwnl + Ve A(2.5V —2 Vae)
The errer Ve AC2.5V -2 Vag ) otirectly xppoears /i Vut

TArs error /s also Arvided 607( /(’, nd Mcoéz‘//'a/liﬂ_i by /{27 5/2//'/%

o ether error Comﬁoﬂcnf’cu‘“fhc occf/ou,t. Fo e overall

error ¢s egual To (I+ _é) A(.zsv 2 lze).

b) 203 , I/ +A (15,,.. 8,_:,)
J/Jy' 1+ A % 2p— BEI'* VT‘Qn*I)

~

Vel (1= A\ L )

7he ouf/ou/’c’,fror Is ten eguald o
(’3"“/7'2/\ -e’)ﬁ .

) Vyw =V, Yo = Your AV

For small 4 Tﬂ/ cwe have Lp, = Loy + Gen 4 You , where g,

/s the mean transconduclaace of M, and M, Thus,

_I.i/. —_ = w: / — —\_z___ 4(5/}7; Fhe ‘Mdﬁudﬁf
pest ca), we hale ; cm:/]puf- error = (/4 /?2) (-V5) 24Ym
/?' /%'I—7ﬂ/1
-, 24V 2 AV,
@) =23 - |- ZZ77H = owhout error = -\ . - #
[‘as=Yw |,

Lpy [Ves —Vnly



v,
. < "K‘Y A= Vyp _,[VGS 2| 1Vasz| =/‘°‘.<I€'f2/k!., —+ 1Y%

1.5 The coflecTor C«.rrcaf,g‘ @," is less fhan its ewmiter current.

Thus, e currenl thru R, cud Ko is oivey by

(VT*Z*'” )x“‘eﬂ 5+ and _hence . ?i‘/)e_,o,to‘/ocd hao sy
R

error equal to L VieZan

T < TR ,’Q,

Ancther sovurce oFf ercer is fhe Floro gf bade currets q)ﬂ P, and
@y 7o M3 and My , espectnely . Thalts, '%7‘ . {l/sgj{are,
5/3%:/5 less thau the precicted yolue.s

X
H. 6 Vn‘ +<é. M— - HL\§V"L . For the nosSe due to —Mr:
— | P
\L +q ! 3mp ) Ao J)mv
Vot T
—L
- £ e
- - h,ou
= ( Vi,out _L [/ Sut f.L__ =
R/+3»w ;MP Ao " u)a"'" MP) ’?’f‘; [ 5’"
—_ / ' /
._> Vn,ék_t".—_' Vy)’ p ——L _‘L ﬁo@ﬂ ) ; »
~ . N . . +/ - — @ —— S
(R'+311—' %F Ao ) . g"F (./?/ fy,v;l) gh'/:

rw"'ut vE = k7 /_2 kF!P /
o ( ) T WL Cox



-4

For the toise due to Ma Mujout . 4 Ly
Rit i P

( ;p Vn,ow‘f)g’w{ = ’—ID,’

2.=‘-‘7°

V,, out . i — Vs, 0w ¢ =Ly
= E 9’#/‘ nz.) A h’ﬂ'tjjmd 5»:) Fnp’

f’;hhl '?,-ra "(
= V0 { +/] X -&" mr
n,on -
CR) +Gmn') Tmp Ao Fp ‘ f(ﬂom/_( K 5#;/"
11— Zmn
=7 Vn,o«.t’ = Vrlg, Im P )
San/ Imp - Fun A
(/?lfﬁ,,,&—;l)ﬂnpﬂo Imp f,-tﬁ',;' 3"1/’
e K
eohere VE - 4kTC_ R F,r Jd
N2 (3 P) + WL Cox f
The oversll  poises ;s obtairmed oz adtd iy fhe HorSe. /ooLUe_rd‘
V,
. DD
/. F For M, te be [ Sa¥ureu‘ion} RIZE,- < Y 41 |- M, D
For My to be in oa:/‘uxa}ion/ ] M X
]
'f'; G_S[/ é. VJ’D""VGSZJ ’f‘lvTHlf Y
—N R
\/), = VW HRIpge N
Lrer

=7 Y%s[£ RIrer+ [Vy,)

= | Vs |- IVruz| <K RIngr < Wyl

When VDD rises, Mz 4urns oy because. '#1&(9 ch,—dm-irl over/a./acafac/'ﬁu«t—
gf o 2 wst- chapr-- 7The C'AI"M/‘J‘/M/@ ShreC fors cayoa_q'/uwncu
/)14_7 INCreqde . jhc_ﬂb Ub/fthJ ”L wh‘t% ’f—wﬂl? \M;x W/.Sfar‘

on as we . Whoy Hz Hurns on, My also Furnson .



/[.5

1.9 2Y%e _ Ve —~E/F+ ¢ <t pmry K
ST T e
As T increases , VBe HKrops, Thus, +he TC becomes sore Megatve .

e can sketeh the behayior b3 o prececwrse. Mtnear aL/o/orax,M‘on. .
7= 300°,K7 VBE 2% 7SomV = TC = —I. 45 mV/°K
T=320°K , Vgew 7S50- 20€1.45) = 721 mV o Tc= —j. 46 mV /oK
T=34"K , Uppw 721 ~20(l%) = &92mY e TC =~ YT6 MY/ K
T=360°K , Vo 672 — 20¢1.476) = €6z mV = JC = —|. %8B mV, o

—l450 -

= 1.500 —>
Seo T
/.10 —\QZVBE :@VGE/W—)T‘ Vae~ g)_._i %Be L Vp.— 5
o7= =3 =7 57 "7 e 3
—_ ng—.(stﬂn) Y —E3/9-
- — L v _J_ E
= Tl44m) T ~C4+m) £ L
aivaej T *
ST ‘ -
N \/Y_s;:/ej_rr —~\ lan =3
R, 2. .J'IT
= —A‘(/?_;IY,— V7-.gqn)—~ /?vu.l‘g Iy)=%u:t‘ V-IXXJ' Y \A. 4o
Ro
Assume d_ e -Zr here.. , . QAQ = :3 o <t
| 2
e also nete had :Ire Yout — Vae2 . N A,-« . "A‘,,
/?2_'7‘/?3
Thus,

Yt = CF271R3) (Y Lun) Ay + (A, R3 + 2K out Wae .
R2 4+ 2Rout + A,R3 + <3




&

Divid g the n»cmaraﬁrmdmamjnafbr'%( A, R3 aund

QA Sseming 3 -/-K;-y/—zzz%«.d-<<' PRV hHave *
173

. Kz | 2 Rout R34 R+ 2 Rout-
]

The - error rs Y*hen 8744_‘71 Ze 2

2 Rout Ve — K3 3Ry +2Kout [( oy /"‘)Vrﬁnn +V66]
Rs3

A K3 A R3
H-12 R3=)kll Ly,=30opnA R =%,
Vout: = Vogz +(4 Lan) C1r 2 =125, ez = 750 mV
%)
Loy = Mot —Veez _ (pLan)r 25

_ 5o ik
Ra + R3 R +R= =6 M .

@n)cir 22)2 172 "{”?“7-"‘“* k<L
3

INY 6.2,
Some  rteration ;s ocsu.aﬂg{ Mecessary W arrive at an ;y keer
N, (8f cowrses , the current dru Ry coill ke SlphHs alefferent-
From So peA-)

Srvce Wouws —:.: 2.5 V) M) and hence M, must ke Sized swch
2that »‘hegg remain (v Satwodion. £,/ Tes

{ C VBE3 vV + (14 %) (2vy) Laemn) = 2.5v
Voul ~(VBe 9 + Vaes) = (So pA) (Ri+-Rz)

- The Two wwmbnowns F€re are R; @and 7. <Hce Py ad

&4 are bivved of o reladhefy Ocro owrrent coe asswme

Yaez =lae®roo MV <y Uy 22 )(2Vr) Ln(mny % 1.8V

From the Second equadion, R, 4, % 36 kQ , <9 R, ~35ka.



1.6

Dividng the nucmefaformdchrza/brlg A, R3 aud

4&““‘4‘% ﬂs -}-kz -f‘lleaqjt
AR
17<3

e have ?

<t 2

' ,e R A
1

The error s Y%Hen e7x_al to 2

2 Rout o . K3+R2 p2Kut [( 1ot

/"‘)Vr&n -f-'/ce]
AA’s /4, '?3 ’?.3

M-12  Rz=) kll Lps =SSO pA R =R,
Vout- = Ve +( JZ"’"’)'C""-Z;%' =/125Y, Yegz = 750 mV
3 .

L,y = Vot —Ye2 (VpLan)Cir 22 =29
——— — =1 7 R -

= 5o ik
Re + R3 R2 +Rz o~ .

@an)ciy __%) Z 172 TR =T, 144 kO
. 3
Ng .29
Some. rteration s u.s«.al& Mecessary W arrive of an /n kger
N (8f covxse. , e Current Wru Ry coill he SlpghHy abefFerent
From So ph.)

v .//?/3 } '~IC/ ::_LZ —:_/oo/u.A I‘S :’.*JE*:—SO’-(A- /e,:—_-. | k),

Vop roust ke ual o 3 V.

Simece Yut Z 2.5 v, M2 and hence M, must be Sized swch

2that ‘/hegz remain /v Satuwodion. £,/ Tcs

? Vees +Yarq + (1+ ——2—)(2 ) Capnn) = 25v
Voul = (VBE-?fVBe—,B) (so HAYCRI1-R2 )
The TWo wwbnowns here. are Ry @nd M. Hrce Py awad.
&4 are braved of a reladhrelfy Qoo owrrent, coe assime
ez = lae & Foo MV~ => (/+ /_:é)fzv,) Ln(mny)= 1.8V

From +he Se cond. e7u—a-ﬁ9'1/ Ry + R> = 36 k2 5 = KZ =35kQ.
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Trom Ve f/isf‘ e7u<_a:/ion)f15 1.3¢.
Iince [bsz )z 0.8V «with @ 3-Vsuuals, coth [Tps|=pkoph,
we have (W/R), > 10. 4. «ith Ip, =2 1p,, (W/L-)I = 2Cw/t),.

Timilarly, (W/L—& =2Cw/L), Aud_ («//L\)‘{__._ (WL, .

//./t/- Luhen e Sef- (I.3%) T2 Zcro} we obfain a. re.éayé':n.shi,o

Yhat /s valid cu‘ané; one_ -A'e,ﬂ/oems/"-va Thws, (/.35 rs ondy

Valid ad one temypoerature. aund so /s (1.3¢). In oter cordd,
Yhe Y M UY[.35) s at a Single /eo«fzewfiu/e_ Vo «eread the
Vag in (21.33) /s at & general ﬁm/Oerzdufe,T when ae
Seey e 5’ F T=0 , we really »Randf pep S e’(#'wi
/'t reaches Ea/f

-3
/.15 —aé; (gm/ZD)=o Pon = /2-/(»7(‘/( ZWID Mo T

3
Tpoc T /Lr(:{ 0(7'—1~@T

o7 Nocv-(ST
Aeriehve s { 'Z’" ¥ 28T

7Auws

p

} L(J/y 7—--360'9!() we th\/L
o B.66 omd [S= 002ZX79.

= Zpoc 866 T+ 00289 T % (Note at e a;ﬁta'&'ﬂl‘@e T s

/! / it Saiall .)
PTAT PTATZ
I,ecT ‘
% < b G52 S %t Ve, =
o
2
vee 7+ T35 ToMy Toz = i Ge(f) (V)
T Vcssi oc T2
M, ‘\Vua; wide_ G = Yoy Thas current avd a. [P7A7 curredt-
de_wt,e/

are S/n—yag adate £_ cuith por>o0
tlefphting Lo  produce £.66T+0.0289 T



_._3/ 3
1. le S,0¢ T {f _Thus , a;/? = ,_7-_/,(",

WINK. The Cusrrent Hruw 7?, (S _PTAT .

7he Curreqt Fhru each [Frres

Xevite /S VI—Q“"’_.,. ‘/GE!
Ry R3

aund_hence

R O V/ss
Yt = a _1'___;? /- o o
“ ¢ < s )

R3
Strce Yo, s owuj—t‘//o//en( /Cy-//e_g/ The otafo»d' Uo/% cas

b a«.rbfra.nd Scalbed_.

K3 <

Rz

H1T )y then S, s on el S, s ofF, Wt vp By L.
ISI

(b ehen S, furns % and._ Sz Twrns °n , ,

e /e‘)‘ C-A - /?L) e

_V = VT,QM ii_’_z_i . _Ths chayge /s W(ﬁ?&& I

I
y C',L ,aq,oL a,d_;(_z_g( b Yoe or/al ko//z,!ﬂ:__,,,a.qas.s, S
o, . v ol 21272 o 2, 4
S d=(+ )c Is, -JS/)
¢ Ve __z """
-*5!
o M

:(,f )vrﬂ(/-f-\.) + Y=

= O+ %’)VT“Z"' M +Vise



_-_3/ 3
.16 4,0 T 7 s, 22 =

WINE The current Hhruw pl (S_PTAT

7he Curreqt Fhru each [Frres

Xevite. /s My 2an —+ Bg
Ry )?3

and_hence

p, /<3
/?3 /
4_9/14@ %E/ s Ml/o”d @/KS/ The Okfob(f 1/0/7% (=7

Le arb/fra_né( Scaled_.

3
S /?‘I- Ct - /?L) e

/(’3

W19 () Wwhen S, 1s on aul S, ;s oﬁ&, otz vep L, L
ISI
(b ¢hen S, furns off and Sz turns o 4. :

Vi = Vp 2a ZitZ2  Thes chauae s e A

by c& ,a,qaL a._q'__i(.e.at +v  Sae. or/alflal Vo/faﬂ:__, acrass
I

. % Lo Zr+ 22 — )
AP V,dx(.f )( £ L Js,)
[ Vaay /o __z
Zs
E
S Valan)

:(,+ )V,—,Z«ﬂ 'Gas T/Z) + Y=

c
= O+ 5—7)5/7"»4« M +Vise



Cc) Sor 2eyo TC (/_,-gé.).én(/-f# x~ 17. 2.
/ !
/- 20 v = (/+ == -‘_.
out” ("‘C/ ) Y L Cor ) + ‘Be

L2 - =
= _—Zf—fV-fa = lod = le—cc—f}g_én ClorpNe&) + g

=C/+ CZ)[/[Z,(H'-N)+ .&(H P

=0 ‘2 Loy s v,
+ 52 )45 - + ,ﬂ,]—f bE

The errer /S fhus eguak ia(/-f%’—) o _E

—_—

(N

1-2) R =1Kk& R =2 kil

cx)  Vout = j_%_i..-&—/- Vses = Lunx ’%:’-:8.6
{

=S MN=SY¢32 C/)
A/fo.rnm/ﬂ/c[ﬁ) we. Coy Scale (W/L)S wp by aJrecls

X sueh Fhodt ; Yoo = Z.@«/‘} ox- Ry ~+Ysrs.

&)
For exa.m/ole—) fcrd:‘f, N=RK.58.

(& Yo 15 given gy ;

(-‘5»;3‘5( - In,;—IthL +(—g,3t//r_r,,3),_/~ Tn3
~ 5»’0/
N — Cureent Fhru —L.
Cwrrenl thru M, Ing.
/4/50: Lhn, 43
(—5’"‘)‘%{“ '["SL—)(R/ '—L )-f- R 1
Fme,

+ (~ S X—Ihy-‘Ihz)g s _.Vr
~——

S 7«.4)‘154.; —/he,&r_, we. have_

L A
= T Imy [I,,g (G2 )+931,- -+ ‘7*’9‘(/61«& "‘—Z)Téﬂi*%zj

TS Nejse IS awmplified. by Ry (/?',_,Lﬂ—f;'z) cohen i1 cppears o

Hte. 0*179"«7‘"



/.10

”|

vn,a«u.f tot = Mﬁ 5"@3) [2 I’d(w*i“)v‘fzf"' +1~M/+%RJ‘

(5»,4”/)"

-+ Ins(fzv‘

“'/
—L

Fnd3 )+ V”?;;,

22 f =50 Mtz poocer budget = 1 mW . g‘w S

By = (- /__)

—Zaq,t = = v
HnCox ¢ “’/‘-—)M

=~>(—~),,- 39+

e asSume K= Y = L

== /25 = Soco0 ) = e5,=

SoodlL
Rom L Iy =Iy, . 0.5mW
® ZCs ! 2 31V
) . B =/ Z A4
/ 2 2 a
,—.( /——V‘L - — "I —
A2 /Z) /Q(oxfW/L)A/ )L

1 = .-l ) =
Soo 2 /es

AD‘O/OF'

So Long a0 Vhe LS IO rOnaty sadiradid. 7or Cxample,
"6%/)3 = C.‘_L‘/_.)(/._z So.

,Rr_nujm_%&d,c) Haere /S Some —fredowm
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(2.1
%’—T 6/ouf - ln)—\__ +V
S+a
- <2 C
= = C -~
C,.'.Cz ot CI.{.CLV
BuF Ay €2 ]
/ C 7 [A S S S
> v T z&«f 2 S in AveCie o+ 2L Roud €, J|
|74 C
e “f:. Ay < 1 Rout &S
Vs €2 Ut Shr Ayt R G S
F”_L <
(b) AVC.SJ = - = /eF 7S
C_f.s., A= Ca S !
v
A/élnl'na_l_ Gain :.‘?L KFC,’CU = 3B.96 C«U:Zﬂ'(/"/ﬁz)
vr ,e;c,_zcu*
2
(3.962R;3C;_2—,e§cf) Cdz_/- 3.96% = o0 =» ,ﬁ:zz 3.76

w2 (e ~396%F)

C
|
/2.2, ca) ;_EI:; 1 Gut
v t - Gm Yy Rout
MmNy _ _é . 1

< ‘
= - . ﬁmﬁ- Vout CZL yedt)e,
Vin _T. am [ ] - Via (51;4 HRowt)C) & +1
B o (e S
<
GT,L, S+

= Vout- 00,0628 , cwith a johaz shiff ef "exly 76
V/‘q



I . 2

(2.3 A'f—ﬂ——g Since pode. B /s at virtual
1 = Srownd_, TR Kon<y.

Co [
+ ) Cl C, 'L +
Vino ﬂmﬁ / = OT ﬁ - /Qoﬁc Vino
T oo B ] T

= Jotal energy 1S ted sred onc, = iLC,V:h&

-

Q

2.4  ca) (—E’)/:%,c,,:z,o/: Zp sat = 208 mA

= ) = /%6 pos

i 223V exp [ av) taZat )]
I+ exXp [~(2.3W) pn cap WIL
= exfe [-(2.3(/‘)%({-1‘,)] ~ *Z mVy
Cuy 2¢2.3V)

=25 2T, =465 s = Zetal time = &1l PS
(b) go’,,,___._.55_(7_ = T= 55 s

7
Vot = Vopexp L > =440 ps Koy % T “u
2t wnderestimates e reguired time . 7_ ) o

/2.5 ¢ay 2./]= 2.3 ! .. . , (Y:o)
4 fnlox wep L
2 H L 2.3
__l /A Coye W /
. nCox W 4 4. -5 = Tt & 1./16 NIs
Z T, T 7T 53 [
(b)
Emy
o018 Gy = K Gex L lc—oy).

=> D, (t=0)=0018 7~

=
7

T



/2.3

2.6 AN ca) Ron = 55 (0L

o5 T'PF (Of= tancrRca)
= /.98°

> Rony= 97.6 = [0/ =23.96°

/2.7

Ve IS a Vo/’faﬁa—de/aau(ent‘ L/o#uﬁe_, Sotur—ce #hafﬂbm

‘/l'y; curdh a, _Scw? 20-mV dfﬁ(érean e can 74&}7 Wni?‘or‘
Yhe current areeon by e/')“)e.r—scu.rct) rvert i‘lL/ and normaliZe.
fEto 20 mV i a dc Sweep fhal varied U, acass the
rapge of inferest.

Vi
/2.8 M M Rony = 5502 FKon, = 643 Gt
/

™
3V TCH Kor,l| Ponz= 27.6 0 =T =296 Ps
:I_

5 MLI

.

= =t
=> ¢+l mVY = +3V AP
= T 2377 Ps.
zcﬁ"

WML Cox ( Ws—Viray)
Cu

errop=<

— somV
For clock feedttiroysh : ¢, =(o.4x15" F/m )x 2o pm =O00RfF
Veyror 2 _Cov Yk = o024 mV
The overlap Za;oaa‘fanc‘/ mTable 2. . Shodd actually be
Q.4 e~9 Sfor NM9S, ThUl , the error Ave o Clock_
O"@e&blhrw/? will be. abot 2 4-my S somewh at lss

Aav) o) olue 4o evorst—cade. charge /2.7‘20’7'0'7.
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72..70 (@) C Toyedrsr cuith N omd /s Con be Viewed a.l o

resistor. 7hus, Cp chayged o 2V cuth an cnvelopre oiven

‘5 /'—-e.x/a,,‘_t s edbere T = L cCo -
e
3V ' — "
%u:t Vin R
= s

d
’

P
—

(b) The mMaximum error octurs wh:;; Vs —Vipy 15 Maimum
& all gf M chamel chagge /s ipjected onte €, then
affer Ve, has reached Vin  and. M, twrns FF, <,
meurs an error eguwal to (VG -~V — V)L Coxe /€y -

when Hz 2urns on, jt abserbs sme charge jnto /‘73‘ channel

and cohen it furns o Vi ‘njecks the charge back onfp C,

And Cz. THAS, only Me chage e Fo I, Meed be.

Considered . ThiS error is olivided. eqwally bedtveen ) and

Cz ), srelding an overall owdput error e~ Wll-cfox s ~Yeg)- -
/

(@ when M, turns @(‘) a volfegge equal to ‘/./CS(I s shred Admass
<& - Athen My 15 on ) Bs ollage I5 AisFributed ketrieen Cp
and Ca_. Norwvarj, M, /%seé(‘/orbdu.ow thermal ol o

Ron . —
IM_T‘%“+ ) - —7 V’l’al&f — __kl
- 2
— _tkr £ . 3ET
=4 Vn,abd“/“&,t —?_C_,‘ -+ ACI = 46,

—_—

— SET
=7 Vh ot / tott = ﬁ;



/3.5

Vout

Tince  Cpn=0.2pF , C/=13.8 pF, Also, 9, = 20 pF=>

Ly
=5y e

)
.-
|
12.30(a) - ’y { |
. —
[ v
i ) 7+
Cloct edge
/212 ‘
—[nf‘l-d' M&.— 1S
Am plifred..
S2 turns -
o me
\fout o Wns on.,
)
At /At -+
3, Furns ﬁ
—0. 0
12./3 Gan errer ,Q',(C'z-,«-c,-/—C,',,)/(C’zAvl»)-.-O. {
= I+.£i —+ & = /0 —.‘—_.7762.—_:0,./.(‘_,;,: 2.2pF
=¥ C, = —?7_:' =
g.L. = &2 — 8.0
C2
- < + <, Cz'fcc?-c’g Cep = <, +Cin
J T = L-eq— <
/2.1 G,, = 100 T amp e ¢
= _C'gz. becauwse. C, =0
Gm
=2Z hns = Ce7,=2—°/oF



[2. b
/12.15 Yh#r%%ut C =Ca=1t pF JSK':/OO MHz_
ST W, =05 cas [ 27 (10 IHHz) -z'-j
VM/’/F\'\'\ /\
.' L T \/ ?t

) ' ' * |
! ' ) ' !
ot = = L fv.-.q at

cK

!
\
! \ | /

\
V \ .
Mf_‘._,‘ (‘ " q \ %__J—-r_- ~7§/< C/
{ § J J ]
! : )‘ Vout-= —_1_. ‘2-05 S wl

. ! / . | rc,
’_l_—“‘__.r__r——— oufpuj‘ M/D’M =077 V

C‘a) %2, PR i rrpeom -QQUQC - /.S5V — VT#()Z >~ 0.2V
The miaxingum Level /eld.Cod H3 or /‘/f_ ajv‘/?e.,ec{%&f

12.16

bhe triode reFion. /%S_Vrﬁis =O0.421 V' = max. fevel =2 53V,
Vo

= MNax. Sewirgg= | 237

(c) Tampe L _ 0.488 ns
Cim

/12.lF (a) Same.

(B> The gafe-sowte Cap /s equal o % Wlege Coxe  # Gy,
Db fF

(7%e d"'ﬂf/a-(o Cap o 72,6/2/ 2./ must ad&a}g be,
e4te-9, m «hAich Cade, C, = 6% FF .)



j2.F

Cef =)
7The cgafa —Ara/n over! & 641446/%&116&,/\('/]%’ ,fhc.,,gcv‘ﬂ

e7¢<.a.:6‘m because. }/*m,apearé N paralled with e See A bock_
C.a./oa_ci‘/of -

Vin C,+WCsy C3 4 WCou A,

~ —<4 wa../)(l_ Q+rWlov +S +Cip ~/_)
- 3 S3+wWCoy Av-
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Design of Analog CM OS Integrated Circuits

Behzad Razavi

Erratain Problem Sets

Chapter 2

e In Eq. (2.44), 1, must be in the numerator.

Chapter 3

o Call thethird problem 3.2".

¢ InProblem 3.2, Fig. 3.68(d), change the gate voltage of M,
to Vio.

¢ In Problem 3.4, Fig. 3.71(a), change the gate voltage of
M-11t0 V1.

e InFig. 3.72(e), V41 must be changed to V;,, .

¢ InFig. 3.73(h), the output is at the source of M.

¢ In Problem 3.10(c), the question must be phrased as: Which
device enters thetrioderegion first as V,,,; falls?

o InProblem 3.13, first sentence shouldread: ... withW/L =
50/05...

¢ In Problem 3.16(a), do not neglect channel-length modula-
tion in the triode region.

Chapter 4

e InProblem 4.2, assume Iss = 1 mA and change part (@) to:
Determine the voltage gain.

e InProblem 4.6, assume A = 0.

e InProblem 4.9, assume A = v = 0.

o In Problem 4.11, assume Ips = 20 pA.

¢ In Problem 4.13, change the figure number to 4.8(a).
Chapter 5

e In Problem 5.16(d), assume Vrz does not vary with tem-
perature.

Chapter 6

e In Problem 6.4(b) and (d), assume A # 0.

Chapter 7

e The second sentence of Problem 7.2 should read: Assume
(W/L)1 =50/0.5,Ip1 = Ip, = 0.1 mA ...

¢ In Problem 7.20, change 7p; and Ip; t0 0.05 mA.

¢ In Problem 7.24, change the bias current to 0.1 mA.
Chapter 8

¢ In Problem 8.10, change the tolerable gain error to 5%.

¢ In Problem 8.15, Fig. 8.55(b), cdl label the top G,,, block
G2. Theoutputisat the output nodes of G,,2.

Chapter 10

e In Problem 10.11, change Iss t0 0.25 mA and (1W/L)s ¢ to
60/0.5.

e In Problem 10.12, add: Maximize Vgs1a = Vasis while
leaving at least 0.5V across ;. Also, in part (b), change M»
to M;.

e Problem 10.17 should read: ...
drain of M, or Ma.

¢ InFig. 10.42, change the gate voltage of M3 4 t0 V3.
e In Problem 10.19(c), change Ag in the numerator to A.
Chapter 11

e In Problem 11.13, ...
Vop =3V

e In Problems 11.17 and 11.18, thetop termina of R, should
be connected to the top terminal of R;.

e InProblem 11.22, assume K = 4.

Chapter 12

¢ In Problem 12.8, assume C'y = 1 pF.

o In Problem 12.12, assume all switches are NMOS devices.
¢ In Problem 12.14, assume C;,, = 0.2 pF and calculate C
and C5.

¢ In Problem 12.16, the output is sensed at the drains of M;
and M.

Chapter 13

¢ In Problem 13.5, change the figure number to 13.6(a).

between the gate and the

such that the circuit operates with



