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 alist 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 areference 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 39

3.3 311

34 3.12

35 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

311 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 35

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

4.2 413

4.3 414

44 4.15

45 4.16

46 417

47 4.18

“p. 4.6" “p. 417"
48 4.19

49 4.20
4.10 4.21
411 4.22
4.12 4.23
413 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

417 44

4.18 45
“Fig. 4.38" “Fig. 4.35"
“Fig. 4.39” “Fig. 4.36”
4.19 46

“Fig 4.39(c)" “Fig 4.36(c)"



4.20
4.21
4.22
4.23
4.24
4.25
4.26
“p. 49"

CHAPTER 5

59

5.10
511
5.12
513
514
5.15
5.16
517
5.18

“Similar to 5.18(a)”

5.19
5.20
5.21
5.22
5.23

CHAPTER 6

4.7
4.8
4.9
4.10
411
4.25
4.26

“p. 4.20"

PREVIEW

59
5.10
“Similar to 5.10(a)”

511
512
513
514
5.15

PREVIEW



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
“to0 (6.23) & (6.80)"
6.17
“eguation (6.23)”

CHAPTER 7

7.2
“egn. (7.59)”
7.17
“egn. (7.59)”
7.19
“eqns 7.66 and 7.67”
7.21
“eqgn. 7.66"
7.22
“egns7.70 and 7.71”
7.23
“egn. 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
“t0 (6.20) & (6.76)”
6.17
“eguation (6.20)”

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

PREVIEW



8.3
8.4
85
8.6
8.7
8.8
8.9
8.10
8.11
8.13
“problem 8.5”

CHAPTER 13

3.17
“Eq. (3.123)"

8.7
8.8
8.9
8.10
8.11
8.1
8.2
8.3
8.4
8.13
“problem 8.9”

PREVIEW

3.17
“Eq. (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 15to 17.

CHAPTER 18 - Was Chapter 16 in Preview Ed.

18.3

“Fig. 18.12(c)"

18.8

“Fig. 18.33(a,b,c,d)”

PREVIEW
16.3
“Fig. 16.13(c)"
16.8
“Fig. 16.34(a,b,c,d)”

Also, change all chapter references from 16 to 18.
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The a{-?vc epuastions are Val/d For V"’(,l
hen the direction of Curreat 5 reversed.
VGS - '-1- ! = 0"1 . VOJ - Vl —‘ 2 V°°= O‘q-o‘-? -20'1
_,...__H_ pr( Ve £ 1b2  , device ocperates /n e #risde regon.

1 _ W o[a2,02 )
x = 3 MCa T [ x 02 x (Vge1) = (Ve-1)

Y
([

/‘ﬂcﬂl w’:‘ (Vl-l)

for Vi >1-2, Device Joes info Sufuration regimn



2.5 )b Cont

G 2 pn o W (02)

2
I, - .‘:_.,u..c”‘-f: (o2)

3,

Co T (=) Gt ) 5 x 12

J x>

z
/ Ir = ‘12.- }"a Cox “—: (O-Q.)

2

y

——

-
! 2 :

9 fola S (em1) 5 xdi2

5"':)-4.,6..‘1‘: (0:2) ; x>L2



%:“ =0 Vm,o.'r

Ny and O t.x.chms! +helr roles.

2
Device s /n Saturation region ,So0, I, =-;_- HnCon "3’: (03 -V,)

Device turns ol wher V, 0.3 and never turns on again.
. rN
w .
\Slo’ Ix = - —i— j‘ﬂ C'Og -C (o'-s“' \/x) ) X (0'3
1,=0 , Other wise
-n:c.n 9”' = -  Ma C"":_j. (0-3-\"’3 ) s x L06.3
5, = 0 5 O.Ther wise
A I, A Om
o3 3
aim =V -
3

2.7



I,
2.5) 4) V. =703 ¥ =0
. m
+1 o~ -v"
L
* qu D and S e.&ckanj their roles.
Vas =-09 Vosg s Vg - 19
w 2
For ¥, 1% s I"‘"‘:T)“PC“Z (o)
5", :'/MPC” u:". (O-l)
Device remams in the Saturation region Jnt|
Ves 1.9-0:1 =18 , Then device goes info the #riode
regjon.
2
For 1.8 {V £1-9: I =-A C.,,‘:’: [(-od) (Ve -1.9) -:-;'- (Ve -1-9) ]
3,,, = "‘/"p Con \% (Ve =1-9)
Sor Ve »149 S and O exchange the'r roles agamn o when'V, =1.9
_:a;;,_“__ L -)cor Ve X1-9 , Device opcram in fhe +riode feg:‘m.

an- l"vx ) vosﬂl-q'-vx

I, =+ /upca;?" [ (18-, )("q'u:)"';l_' ("q‘vx;J

|

Im = - Mp G 7 (HA V)



254 so, odV, <3 I - - i./u’c" \Ei (o))"
g, = - HMp Cox “T’_. Co-1)
V3V (3 To= v Ko G “T'.. x %_. (V=19 )(Vy =1-7)
9. = M, Con = (Vg 1)

T 3
}

3 /

w19

.____7 3-" _4 3"

< )




2.10

2.5 ) e) . xS Vigo = 01 X: 0.4 29, =09 , Aso
\A oV, Vse =1 ~Vx

Vigs ©T + 045 (Voavi-y -Joq )
VGS =09 Vos = 0.5

fpt Vy =0 ) Vw = 0.893 So device /s in Saturation Yegion.

2
\ w PEa—
o R LAGE (0 - ok (- 60)

9, = MaCp & (02 - 04s(/iary -Voq))

~

Tqu. equatiors are valid opt the ec{ag of Trisde region, i.e.
0.2 - 045 ((1la-v -0 )08 o v -1.22

Above Vx = 1.8 , device 5 in the triode region.

— A
I = _'-/,, Cop _“E. [1, 0-Sx (02 - 0-45(./1-9-\!,-/53))- o.sj
gmsﬂ—/‘ﬂ C~ ‘{- (0-5) ; Thes Fra‘fom has been Cong/dered

e only for odVy {19 in which

<7
4
s&

Schichman-Hodges €9. /s valid for Y



2.1

BY a) Veo= 3 ¥-0
R, I,
a R
\% = ( -V, ) — V. =V _v
Ty, ) oo~ X R, +R, o bp ” x
5
Jcor VSG > lV_r.I Device /s ,n the Saturation Yegion ( Device 5
. . R
0‘, 0""\@(0(3; ) (VDD - VX ) ! > - VTN
R.+RB,
rA
\ V, Ra = ! w R
Ve £ o«:*m(-'*g" g Ix“;_'/"oct:’{(vbo'vx)“""'vm]
' e.*f;
w R
9, = H - [(V -V P Vv J
m L o0 =) Rty
I
r's Ts"
- T e o ——
v 1»"1'("5 Yoo v 2, v Vx
% ) ' o\ lieg) oo

——— e ’

|

Lf Voo + iy Cte %_)(0 (c.q. For Small value ofk:) , device never

Al

turns on|



2.2

2.6) b) ¥=0
I,
Ves = (Vop -Vx) R Voo = Vop - Vi
5 R, +Ry oS
For y Device 5 /n the Saturation vegqion =nd

A w v 2
Tr= 3 MG T [(” —VX)R.-rt,,_ T"]

R
g = MK, G =% (Y, -V, ) =2 -V
m " C [ % R, +£, w ]
R, ;
For Vy { Vo = Ve e 2 (e vy rv,)
4 gn,t
oo = V. (Iqi] Voo Vx Vop - .“u-r%-) Voo Vx
-

IF VM __)é,_ (,1., ) .(b device doesn’t turn. on.



26) C oYx I, and T,.I _I, have the Same palarity
+2 o L Ix R—— Se, 0 I, ¢ T
!
T K .
;l far ] <Vx { ?.—Vm (1.3) Device 8 tn The tricde.
%

Vas = 2 =Y+ R (1,-L,) » Vos = A (7,-I,)

Ii = Ip= %ﬂnc‘!uﬁ [7—("4,-‘4,)-‘6, Vos

- @) I, = %/4,, Cox ? [R, (X, -I.)+ 2(2-\!,"-\&)]._(3‘(1,-1&}] —_—
The above <quafion pPereseats I _V, characteristics in | ffm rg};ha. LR

In thes region G = fn Gx Vo5 = fMaCox R (I, -I,)

Thenr device enters the Saturation r'eg:'an,' Vqs: 2 - Vy + R (I' ’Ix)

FN

L=t MG 2 [2-Y, ek (5 -1,) -,

Ini= oo [2msty ¢ BT L) < |




1

2.4

2.¢)4 2 Assumption R, I, >V,

- for © LV, {2+ V'T. : Device /s 1n the saturation legien

el
.-I;l Vas = R CT, - T,)
I | 2
= IO:IXSI/'(”C”§ Lk‘LII-If)_\/rH]
I, 15 a Constant That can be derived by solving the above ©quation.
7Then C{e.v{cg enters the triode Vegion for Vx >2*V1'| : N
Inthm caje VGS‘ R|(I".-I‘) t{”: l_[V‘—R' (I'-.Tx}J: 1-\/,1.3’{1"_1")
Ia = ";f/"nc'.l?",[?' (Uq’ "v;")vm "'vo_:J = ‘lz"/q'l Cﬁ!‘f_ [?' [R(II'II)'VT“] = 1"’; - RI (I,‘It)Jx
( 2 -Vy + R, (rl'I:])
Ix = ‘E/‘hc" E‘,_ ‘_(Rc (I'-l',) "Vr,,) + (Vn -2- n)JL( R-(r. 'Ix) "{ru). "(Vz -2 _\{“)J
= T
(% P{R—-&I-IJ ) -(vx-z-vm)"

" hows— Thodt I; decreasey when wWe increase v,
nc po[an'fy of I‘ C"mgau far I’H‘,Atl’ Vr (Dcv.‘u. still IS in frfaJe)

(=) preseats I, -V, relda‘m.iln'? ™ region.



2.15

I, 4 w r
x g,: fat [ & 5-1,)-%,] SV daey,

N 9,7 Gox f os =/1'C°’uf: [RJ(IJ‘Ix)*?-NxJ Y 71*‘.{,'

gh 'Y
i
‘{,.fl Y,
for o Ve LY, Pevice /s o~ I, z0 g0

Then device turns on (in the Saturation fc_y:‘m)

‘ z
v =g Ml T (Y, =Vei)

2 L

Transistor _is ._J;h.mﬂ'an. vnt'l V"-D = R‘-(-Ir"-[;') . Vm 5, Then device

I ‘{!.-__..
Ving . (zt + 2V,
IX=I;+-;€.'- » 1.2, anvm-'- __‘..—TR..l)

enters
| /"‘-ucon-l-_-
So, V. <KV <V+z_'r£i‘.’"_ﬁ I, =2 o % (Y -V )
r Vo <% U s x =g Ok V)
[

4




2./6

2.6)e Cont.

Then device enters the tricde Tegion. %J.Vx vos’ \/X_R'(Ix-.!")

|
e L (204000 9,] 4y et [100)-3, 020, 3),

L
( V“- R, (I, -f,))

(%) I‘ = /‘4. Coy

riz

o (Vy+ R (B-T) =2 Y(V, -R, (T,-1))

The above equation Ppresenty I, -V, fela.ﬁ'an.s\\:? n triode fegian.

In tha regron , T "/“" Cox "E' Vas = JAn Goe '\i (Vx "thrr'rf,)

k4
o




2.7

?_..T) a V.“ A=¥=0 Vﬁzo-?
vV, o R, Drzin and  Source exchange their roles.
l: +1Y
< - vl'n '—f
\’M
R,
For o \/‘.h { 0.7 device /s off V'Ou.l- =0

Jew‘c.. s in the JSatuaration rﬁat'dﬂ

!ﬂr o1 ‘(V‘m ( 1.7

2
(%) ID = v"_"".“. = l_/ll_‘C.‘ E{ (an - V;mr - 0.7) - InF“_i--OufPu-k‘ f‘:ln.h'on.:\\lp

the +r ‘ode r:ac'dn

}'Dr L7 < V“ <3 va(t‘f ‘s /n
vﬁs = \/_'" "\/uul- '{JJ = 1=Vour

=  Ippot -outpuk n.ledinn.skip

Yout T

f - —-..‘-qp-.-...,..........

.
¥

o1 l.? n



2.8

27) b Yot ¥=A-0 Vs 07

-r‘lq o R,

Draip and Source ex:kauﬂg their coley [

Vin
)cw o < \me {13 device is in  triode

= 2 - \lou-(- VD.I = \f'-n - V:“‘

Vv, i 2
(G ) I, = m:\ = ;_"/q'l Cox "{- [2(1—\{,,* "0'7)("3.--«)-0"-;- ou-t-)]

Toput output relationship (s presented by the above equation,

Jor 113 LV, {3 device (s in the Saturation Cegion
v, | w 2
L = %‘..—. ;/J_C., - (z_vh,..o‘r)
vou* doesn’ JEP-H‘ on V;n and it s Constant fpr V., >;,3

R L T

w
L
-
5



2.17

2.7) C Yar=0o vm=g.7
an
v
+3 o
Vout
R, . . .
1 : For o<V, {273 device is ip *triede
v‘ﬁ ’3 = Vﬂf VDS = vi'ﬂ -vmr

R,

S
(+) ID- Vﬂ- - —;-_- /'acﬁu"E [2 (3_\{;“‘0'-’)(‘\}.‘.“' aqj"'(\!in‘vdu.t) ]

Inﬂaﬁ-ﬂ‘dfﬂvf refaﬁon:é.'/: /8 PI':SQn‘I‘!J bd the above !7&4.:.4\"6)!,

JCOr 2.3 <\/|-'I {3 device is ,p the Saturation reqion
I Voudt | w ( v 2
5= B /G (3, -0T)
\/M /4 C_on.sfun{' fOr b‘:-" > 2.3 (It" doesn't depenq[ on V'-”)
\’w A

V.
in
2.7%4 Y=\=0
+ e

fo; [»] < V;" < .8 J.Q.VI‘CE ’.J Oi = Vo‘“‘ =0

Then Cle,{ﬂ'cg tuans on (in Sat.) and V., Foes vp

Until  Veu = 1-¥ , then device enters the triode Fegion



)COr Via S ILT and Vo < 1-3

£ Mew _ I Cor W (V. ”):. v ! R Y (v :
» =g -2/ ot = %z Ao RT (N-13)
. ; - 23]-!"
Thes s good For 1. 8 < V:h <l-3+ l/-.—_‘-”——-
/P TR,
For V. t.{+/;_fﬁ’:
by e

v S
B %‘r"’ ;".'/"C‘“‘YE [7—(V.:.,—!-Y)(VA—\/M)—(\{-”-VM)J‘

Input — Odtpul r‘cfaf:‘amlh‘f J /‘)rurn‘euf by the above quation.

Vout +

2.20



2.3) a
Vs="op—"our Ve = Vi »Vsg = Voo - g =
To=% - b p Gy W (V. —v )
o= [t T ot = w)
‘/m—‘{”*?f({?-?,n\f _,/zq;)

2
> L: S AGE (Ve = Vo, =¥ (2% eV Ve Vi - V2%,))

)Cor each V;, , the abkove equa fi'on Should be Solved 1o obtain Vius

fD] _u:’- - .'S—-’-o- I! = [”‘
0.5
Vour - ‘
ﬁs;::mrhon: 2¢ 1\/” _.v'.m't ,_v'_“ >o
" Via
\4);‘ Vrna'* 3.(/24?‘*\56 -y Z?F )

- Vs 07 4045 ({1.9-v, - [oq )

Assomption: V. Varies from © 10 14 and R & Small  enough 10

in

2.2(

quarantee that the device remainy ip the Saturation Teq/on.

-_ 2
vV = 3 _ Rl.%ﬂng’% QO-3_ 0.45(%'_?_;4:; _,fo-;))



l'q Vl.n
2.3) ¢ Drajn and Source eu:ﬁ.nnjg their vroles | VT# = 07
0
- vm
%‘l
+2 o[-~ -
,_"_’E}‘) ?v,-. )
Assumption : b;’ S - 29, ( Vg =Vin > -2%)

e O ods (foariyvy -/01) Yoo

. 2
u - 01 -0.45(foqey,,.v, —foa))

<

I Lest,
b* gl

(%) Tt o

S )
Veut _ L - (2-v 07 -045(/0.94 v, -V, f—)
RI 2 ﬂt—%:_ . - Vouy -~ - S( '11 ui = w - 0'1)
S

N Ta—

Inng_Ouf?pr felnfﬂansﬁ.‘P '8 Pre.:enfec‘ bJ the above eqguation.

VM 1'.
..“-’:5_'! &:mo'“
L o5
o6y |- . - .. x
: . V.

¥=0'45  2¢.09

= Device s in the Saturation



2.9 o As _
)a I, v JoA:o Vg = 07
Y Ic:
For ‘-ﬂ?(‘fx <3 device /s 1 Sataration
Assume b"b > VTN
[N
Y o(V v )

o
Lo = I'/u"c"'f 6"

Y 2
V oa- L = 3 -1
: Cijl; dt + 3 3 2;4;,“%{(»;_\/“) t

Then device goes Jnto #riode , For o < Vi ( Vb - 0T

- ) w * v,
e gl [10-env nT] o g
- -dt Lucg w,l . %
2 LoC v
- y X [_z(vb-o.y)-\l]
ol
1 \ |
- dat’ = [ + ] [ -
Vx 2 (vb -07)=Vy 2.V, -0.7)
l Vi 1
20-07)- ) 204, -07)

T P - Zd\(\’._o‘-,) L,‘__.t.)
Z(\’b - 0‘1 ) — v! s e'
v

R

2V, -07)

= x =
24 (Y% -07) (t—ts)
I+ e
24V, -0.T)(t-1,)
. 44¢, vy -01) e
--c, X

2 (Vy =0.T) (Y =t)) |2

(re )




Va A I:: J}
3
v, =01
t
I‘ . Al
29)b 0 Vx Device +3 always /n the Saturation region.
L I <,
2
I,= -c v . L W -
> = ] &f 2 /l,' CO[ L ( VX O‘?}
\ W dVv '
1 (Vy = 07) Ve -07

i \
@ two Va3 w o owke - L' o v,
\"‘-0.1 2.3 ot + ‘/2-3




2.25

2.49)C V'Ml3v
v
Vi
cl
And  the Circuit remains in thie Stote
\f'T
+3
Ix = I
C’d'_,f_‘srl = vx=3"1‘t
d+ -

Lrnfact these Equations are valid uniil I, is ho longer an /deal current Source.

o [ | g

P .

2.9)e _ch/:‘w.é%r, the aurrent thru ry, = I, = Cerfain s 1S dm/of“(
and Y= Y-V, + 3V ard I, =1I,. towever, at t=07,
he drmin cwrrent sf 1, flews from G Iy —I,=1,. Bd,
T 5! + Ly =TIc, = L,=0. 3f e cuwrrent sowrce

C
V.——+ """ 0
bN II /Bldea.l-,%;éuuyojtb—m(adu.ﬂ%yam
Z a 0.6V below OB, here +he S-8 diocle Furns D)

Zf I is net jdeal, W Dumps 0 Zero auwd < Abcharpes



2.91)e ety

2




2.10) &

2.27

I,
_1——]- . -Vx
I c WY
| I~- TRy Circait Setes at tad |, When V. oo
T L, ° @
3‘: IC; Io = -1 , szo (Aciuilj; Droin and Ssurce
Ekckcm.sg their Yoley after a Spuci{{c $ime
VG‘ 3 + % at LAJ‘\{L\'\ 1’.- I‘ and Q{*cf&dﬁr’d VK bgc,om.;
Negative ) However, transistor always Operutey
in the tricde Yeqion.
2
\ 1, dv
T S e

d¢

The values of V, Con be obtained by nemerical method s

Y

N e




2.2%

Drain and Source r.:-c.ckomﬂa tHaelr roles.

(Y:)‘:D) V;#.-O-?

erdf’=7 \/’EI.‘.CQT. \/‘V

V, goesup until tramsisfor turns off when V= 1.3

A.Siumph'on ! Tvangisfor 1 n Saturation .

Thes asgumplion 15 Correct JF v, - 3_:_1 > 1.3 (z2-067)

T () 9() c,
Viiw)=le — -/.3 V)= 3- 2 = 3_03 1.3
A C’ )] C; CZ. >
=
0-3 — < 1.7 cl <5.‘-’ C:_
Ce

\ dt
49/ » \
-2 i"/‘nc'l \i’- g—v Jf = <\ = A t= + K (f:oig'-o)
1 -9 -9
. o (03 4) 03 -/
of
‘ ! a : q
= dt = PR == == 0:3 - V =2 l+ —~
= V - 1.3 - ' I = —C dl‘.g _dc-\
X X !
’\'ff‘é dt Colt « '6.5)
v
* ‘r Ix 4#
3

+1



2./0)C

X

+4

1

The

JOJ

At t=o

Device /s o#

Cir cuit re maca

V-4 1

X

;JL

and doesnt turn on.

) ﬂ.«: SFafe .

=0

+7



Voo

Vin T
+3 '_‘Ir_ 'GJ'K:O stzb-?
= . .
6 F At t=0" , device turny on (in Sat ) and Starts

I Chqr:,fng t+he Capacr‘for,unh'l device turns oﬁ‘
when ; V=V, -\, =23-07c2.3
” 2
Ica Tﬁc” = @3 -Vv,) ) Vg = 3-Vx - 07
Ic = CI é_\i-x-
d¢
{ . J
=> 'Z" /"ﬂ Cg' —_— —CL‘ (2'3-'\!; d;i-
| N J
4
t
rd A A* = AV* . d dst . K¢=
@3- V) 23V
Lt‘:—o ’VX'{) *301K°=-——l- = Kp-/],s
2!5__;

'67_‘-1-'({‘ - ! = 2'3-\’3‘ '

1.3 2.3V, ‘”*‘{3
- Vx.ﬂ-..lna - ‘

a.3

~Y



2.3

Y
o3 \ c .
vj- - I ! Transistor torns on at
®

Un+/l VX =0

t=0, and d'i'sc;mrgda <,

o ( device a!waj.s operaks inp f‘rr‘ode)

1
Tp e = Mo % [ 2(3-07) vx-vx] = - Y%

dt
2
\ w \ _V = dv R - dvy
Zﬂac‘h-:‘l-c—‘- [4-4“" x] -E:- =» .ol dt -\;—1_4.._6_:_)
X 6 - Vx
oA
\
= ( Vx + 4.‘_‘&) 4G -+ X |
\ e““’ Vx - v 4.¢
— = x -
3¢ 4.6-V, I+ 3.6 t4.c-¢t
Vr
+1

x:s , device s in  Safuration resio,

2
Ip-= _‘.2:/4,,@, ‘-‘5’: (3 -07) > Vy, decreases unél

|

|
<
"

2.3 at t=to , then device enters triede Cegion

2
for (V> 2.3) Ve= 5= L ey ¥ (23 t'-‘/c_‘

dVv, 2
-‘:0' l’)*o ID&'-CI a.;.: }:.._ﬂ"ch% [1 ('3—0-7) Vx -VxJ

c\.\l,‘ ] w |
Vi (4-¢- Vl) \ e




2.32

v
Q.IIJC.)CQJN‘o _Q{Ctutb):’—klﬁ _l_.__]n_l—. e-t‘) \J,\: 2.3
4_6—VX +c
4.¢ A
- Vx =
4.¢ & (-ts)
f.r e

Tt
2. ) d AF F=0" s Vy= 3 device /s /p Saturafion
I3
I, = %/H.C,, ‘j:__. (3-67) , V, decreases until
\{,,‘r = 23 at tet, , then device enters triode Teqion.
for 41, O Ve=3- L ucaw (23 £ 23 ¢v g3
X 2 *T <, ’ z
Fo t S+, T - _¢c 9Y% _ 1 w *
Y > < <, :;-- I'/unc‘l-:- [2-(3—0-7)\"—\’,(]
dv w1
__1__ T - —‘iﬁncﬂg: -E- d{' )(klt’ )U‘¢2-3)
Ve (4.¢-Vy) '
....___.LL.t_-t.)_,[_l... Vs ] L - V. = 4-¢
-3 4.¢-V, b 4 X 4.0u 4 -ty)
st '+e
"n‘F;
. S

i

._d"



p gt 5

2.02) a) VYoo

Device a1 in fhe triode region.

[n Cox .E’.. [7. (23 -V, ) (=Y ) - \,:']

—
L]
Pl=

V‘5= 3-\!’ ID- c-l Ji"_
( =
os < -V
l— ncau -“—J -"—- : LV ] = JV‘
= T Ve = * < [Vx -4 K ;H_
ol
dv \ _
st T N P
vg : - 46 V‘ Va - 46 \,x 46

> Acdt ok, = lnx=2E

Yx
5 4.¢at
e K-‘!"‘-%é‘ - Vx-%6 _ 76 ¢
vy 3
4¢at A}V
= i—‘-- I - 'T_‘.'. e “
\A 3 l 4..{
- 4.
- VK = 6 — -3
-7 ¢ 4.6 a0t
s e -
3




2.39
Vop= 37
+73
° j é E Device /s /n Saturation region
v
+3% S,
t - 04. ‘1'3"

4
w‘
ﬁ" ‘_
S, o
L —
n
o
UH
({1
w[=
X
~
2
~&€

(3-V -07)" = c 4%

J¢
T dva

\ w \
(2.3- 1)1 = /‘ﬂcor:- q it
+3Y . ol —
\
=> = oLt 4K (k=0 ,V,20) '  _ .. af
2.3 =V 2.3 Vg 2.3
> Vv o. 23
"'.” -(t*‘/z.s
+23 [ . . . . _- e
"
Vx le3
*
t=0 v =3 V: V. 2
+3¥Y - + 3. At ° s 3 ¢ ¢
v b
L -
S Jo, Vo.s =0 and l;_:ID_-O And Cireuit remaing
n  the Stafe. V()= 3 sV (t)=6

A\



2.35

Risome that the device remainy in the Saturatioy

region until it torns off  hen V93=0-7

\ \
"c,="3;= 3'2','..(1"“ Vc,,' 1:3,._ 3_‘_::{1&&
- Thas as.wmph'on )5 correct | F Vds7 -0-7 when Vge =07
- - % _o. 3. V -.2_9% o
JIDJ& g t) Vy.s E;.-OT = c,'2‘3 4 3 .; > =07
1 ¢3 2.3 S (3.7 C, ¢ 1.6l
= C_;-_ < 7 CL< - ,( Cz
With thy ass vmption
z 4
T . Lue, w 1 . = 23
b~ 2./0" * 7 (3 c, 07) dt
d \
= _l f‘,‘c" w. l—. J’l’ = q'/c.' - ot = + K (*.o ,7:0)
2 L c (3 1_0_”:. 3_1-0?
— - -C| ) C‘
of
\ \ ‘_‘L !
- *'\'a - — -y Py = 2.3_
1-3-‘-,}‘ 2.3 ) ate /o
- k. Pl - - :'_ | :
Vx = 34+ 3 3 +3 9 z ( + z )
v
2.3 4t L X
V;(f): q- (l*i'—. 1 .
* ot~ ‘/1.-‘3 q
/
.__I‘ e
e T st )
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2.13) &)
o
TR, s
i I = .
g T * T T Ve o= T, Vo
‘, I . I
/@: f— s — P //Gl =/ = -
! (Cus "'Cao)'s (C,,‘ + SQo) W,
= W_ = 9"' -5 )( - @y = 3“
™ T 2T
(Cas + Cao) 2n (Cqg +Cao)
Approzimation : 9., Ygs /s the outpul current.
b)
A
. r%\—’%i“ . I%
'.
%
S Rag, N :
I v* l (Cas~Can) L " EAY .
i .I n s, 2v 35,
- IJ;{ II"‘; __.11’_ n 5, n *n
7 z E | 7
}K = — (¢ +Cos ) S V"K K= i n
' [
(%) L= Lielhe vl = Y (Cqs*cquS(vs:,*%:z* " Vasn )
| = D Tm 9 v
(i) o ) v?n DAY Vs:»" _:_ (Vss.*vasz*“ T """)
' 9“ a'.
), (x%) = LBalo _Tn s lsl=1 = £l
gy v Cy)S - 21 (Cos + Cap)



— J(r /qcox ‘-:-'_(Vc.;-vﬂ) /u (‘Vﬁsdvﬂt’
21 C., wiL 2r L2
2.14)
£ 2 - &
2N (Cas + Can) "8y
In the Subth reshold Cas= Gp= WGy
I

Se, £ o _odv
r 4ﬂwcov

n

4nsv, wiCo

( F-'rs 2..33 )

2.3%



G &
A m U s (e oes G Swesossen
lm-’o.c m = X
) L= 02
w . w C'].D
Cog= TS +2(3+E) G, d

o ——
(e BV

’ ‘
C58=- 2 {_ %EC] + 2(;—+E)Ci_m‘

CQD a ZL%CO') Cmf“LDCQ!.

2
T Lpu o W (V. _V /™ 013829, SO (v _oq)
g T (V= %) 0T gromaan e (g 00)
2[,
‘asz 1. OI%2 9~ .-.v ov = 6-265 h% ) V'ps.-.l-OMZ
4s -V
K. ‘E’g_i 2 BT Cp= /54 FF Ces = 79.36 £F
HMaCoy = 134.29 [Ar0
Cop = 3-%4 210 ot Csa =42.4 fF Cop = /3.5 FF )
.)C.;. = 9 =10.6 G”‘J

£ (Cqp * Cas)
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2.16) r + V.
Ves Ma CASETI , M, : Triede M4 @ Triode
Hl
- Veo, = Vas = Yoy Voor = Vas — Y -V,
VDS! - VY Vbs:..’ \/Ds_\.f)‘
| w Y \!1
Ty = faCa 2|20y, - Vo)V, - %] (%)
\ w *
Il‘?‘l.: ‘i‘]u"c"l' -l- [1("’%-‘/1-,,-",)(.%:"/‘)—(Vp;-vx)}
v v, Y :
ID." IDZ. => z(\’qs-v-m)\’; -V = 2(‘,— ‘TN) 0s +2"’x —ZV’(V'.‘-V“)

2 1
'%s = Vg = Vi .,.77)'/'«‘1;‘

2 2
= 2 T. 2 (Vog= Vo )V = VY ] = 2 (Uc.s-vm) Va.r - Vis (ot3¢)
\ z .
(%) ,G0k) oy ‘I'D;'-' ID‘!. = - )‘,Cn “T:- X -li- [?.(.U‘S—Vﬂ) VD! - VDS] (i n 7;‘('6‘8)

C.ASE ﬂ— J H N T;lloJl s Ha 1 Sn.f

z
Iop 'l.-ﬂ"cﬂ - Vﬁj“vx'vﬂ)
2 : 2 2
IO-" ID'& => Vr - zvx (Vﬁs'\";'n) "'LVG:' -m) = 2(\/‘-;'\4&) Vx 'Vx

1 z
- wﬁ,-vﬂ,)=2_[zw‘,-v,,)vx_v,} (%)
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_ - . W oWy
2U) Come o R) = Ty s e LG Wl (y oyt (20 I.,z)

Mote That H, /s aluays in triode , becawse Vooz s ahvays positive

/€. v&sz-\[rl’)o = vqs-v‘-v;”>o - v -"4,,?‘&

- Vé's' -\{I > \fm' - M, is in the triode regon.

Seaturation — triode  Frandition 243'1 of Ma
We show that the transition point The Sature tion and triode region of
The eguivalent transitor /s the Same as that of M .

v, VA

Vv
002.‘ GS-VX-V

v
T Dsa V"

For Voor > Vosa » Ma /s in the Tripde regisn , |.e. %,_.‘4"? VD:
Tt rmeans that When My (s in the Saturation , then the equivalent

Transistor ;4 ,n the Saturation , and Vice versa.
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2.17)
FA

. . I
In Saturation region , Io = —f/“nco: % ("’as m)

W 25 i
L
/b'n C“ LVGS_Vm)z
I
w A
T
A

= P_, =
L Ve -
Hn Cox (Vas = V) %=V

o q

Thwe strvetures  Cannot operate

-y

a8 Current Sources , be cauvse

Their - currents strongly depend on  Source Voltnges, bot

an /deal current Source should provide a constant cumrent,

fnJe.PenJcnf of its Voff'aae.
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2.19) F;om _G_?‘_(z.j)_ we [cnow that \f,r": HS"'Q"FF -.-Q_“i swhere
ox

c{’ﬂ_s_" %.-L.J_r,ur_g, _Constant values , So any C.J\o.nﬂc.\_ n 'VTW

Come fFrom the Hnirl._fe.rmr 1'n.Fo~r.£ AV'.,,: éﬁl_e.z and
Cox

F’rom 57_ (2.22) ,we [rave Av_m = ¥ (/zcrr,.\!,l ..\/;1_"_: ) Linﬁact,

thes 42 delinition of ‘S) . ){fau pn J—unch‘on f‘Lea{y we Krnow

that Qe is propertinal to N, , So ¥ is directly

Fropo(h‘a.ﬂal_. to ;/KJ__,;. and _ .}mter.sgly_ Propartional 4o Cox.

2.20) : > . . 7hae Structure operates as a  traditienal
---{_‘Lﬁ - _';“ ——_ device doey, infact if e neglet edges
s é D “ s we have foar Mostets in paralle| ,
*...L*_ __“__‘;-’_,. — wWhere the QP.J rotic of eash i ‘:..i
e - So  the overal supect ratio s almat £
Drain yunchion capacitance: Cop= W G v 4NCypu

Dreain gunction . Sapacitasce - of devicey shown in Ff&, 232 a,b for the aupu-l- Catia
of _4_?’.._.’_
Copeay = 4WE Cy o (BN +2€)Cow o S ]
Comep) = ZWEG + (4w + 2605w A
The vValae of Side wall Capacitance in the ring Structure s less than that in

flded and traditional Structures, but the bo#om <Capacitance of fing Stru'cture
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3 higher_'ffhnn that of the other two Structuvey .(,(of w>4g)
2.2}) wz.fird_...Lhtc&._ the terminals of the device with o multimetey o

in order 4o Find 8BS or 8D juncfl'ans. There are |2 Cxperiments

in tota|l of which two lead o Condvetion and femaining Oney show
No conduction If e Gnd  one of those  *wo Conductions then we

are done . F?»A.‘nj B and S (6rD)., We need +o do_ oae other -

experiment between B ( Cathsde of junc'h'an_}.__ and ocne of the two

ramm'm'aj fer minals > In Case of po Connection - the terminal under &

test s G , otherwise /45 [P (or £). Tn worst Cose  with a maximiwm

ofF % experiments |, eaclh terminal Con be Spf_c,ige& It s as fFolows:

o

ASS’Q,MMM.; ted ‘ﬁ:fminal.{. JO—M*_CMJHL'& ;11— bdf‘) e

directions  and 1hi s the case for the other two terminals.

Up to thas Pm‘nf_ . /.vr-!( ‘experiments have been done  Wwhile not et o

enCouni'o.rir\j any Conduction . It (8 clear that  one growp  Consists of
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G ard B and the ofher Comprises from D andS , Because ot least
One Conduction Should be observed if R were In the Same group
with one of the Seurce or Drain, In the next Step , Ne pick up One
terminal from each greup to undergo the conductivity test. Assume, no
Conduction happens |/, either direcction (Worst Case) . It means thak we
had chosen G from (G B) 9rouwp. Thosfor , we have done Six. ;_P.ln‘;c-;)ts._
We change both of terminals onmd now we have chosen B for Sure.
and I'n worst Cage , we wil find « Connection 1'p ¥th exrperiment.

Now, we &now B and S (D) " Bulk's 5(09mea iy Gafe and

Sovrece’s _(__Déffinlj_)_g_mypmfc /3 Dron (Source ) .

EPRE
R S

2.22) If we don't Know the fypo of device , In '-;951' experiment
we  Cannot :lt'é'l‘fﬂ.,ui'dh between B and S (D) and we shouid

per form another -¢::P¢vimen+ , Which /s e:ckauﬂfaa one of
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2.22) Cont. _terminaly with its grevpmate . 1f we sl had the

——— . -— il

Condvuction  thean the exchanged terminal and s ravpmate

are Sovrce and Drain , ofherwise the txchangcc\ fer minald —

1S Bolk.

2.23)a) NO , Because in D cC model equationy of Mosrer ,we 5

e — - - ———e —— e

always have the product of - MnCop and W

[

b) No , Because we Cannet pbtain as. rmony :'nJepu.Jeni. S

e7u.m‘:fon3 oy the unknown 7miii-:'u_*.._ﬂzt_ (f the

diference  betuween Hhe adpect retios /S fcnewn . Then a Cox

and m W 5, Qare atainable . ) o
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2.24 )b Lx
s Va Case x : V. LV, = M of .0
Va M, " In = 0
CARSe IT . Ve O Vi
for 0 <V £ Y+ 1Y, | - I,=o0 (M, 0k ) g-z-x—’-v =0

&

Then M,  tvmy on (ia dat ) M‘ Still s in triede reg.on

2
L, - %_- pcﬂt%)P (VX‘VA'Nm/)

Than /s correet wati/ M, , 90es info  Saturation , When

| . 2
Y /“p Cor L\i:" IP (Vx -\/q_“{.”j) = -;—/‘ncox(?_")h, (Uq'v

TN
e ARV Y, ]/ o Gl -
X 6* Vil * Fr iy (Ve = Vouw )

i

And afterward » My 90w iate triade Yegion and 1x=_1£,u,, C..C:‘i_) (v _Vmu)’-

So, o<V, (Vg+ W} = I,=0 gm.'z’h.o
EA
\ k3
Tt Vol e Vel et Cavi)  Ta= 2 A (), (% -1%0) 9= G () (e M 1%,

va."wnph’l("g'\:.‘,. LV 1;" Ej'/‘* Cor (%),, (Vs - Vma:)l i’/‘c“'(%)ﬁ (Vﬁ’v'rnn)
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EY Om N

\k*wmfl
Vi \Iv‘”vmrl Vx
*d(uﬁ'vﬁn)
CASE T = Vo< Vou M :of
For oYy K VY4, | IL=0 ,9‘“,3;5..0
e

A w 2
for \éq. 1‘5"|< V‘l. - I,, 'I/‘PC"(Z’)P (Vx-\fq-l\(."l)

I 9, = o1,

w
9,.;} —,D—vﬁ'-/‘incw(r)’ ("x“"q"wmpl)

Ve Vel

\ VX
v,
vﬁ-tl‘(»[ X

CAsEl : V> V.

Y

Jor 0 LV LNgm Ve ((Myiof M, trisde)

2
Lo 3Gl [200% ) %h-% ] Bue fhCatt) v

X

for v Vo & Ve (Vg (V) (A 08 M, : Sat)

Los s G), (%Y 9n = o Cr D), o ~Vorw)

gtor Vﬁ...l\lanV, ( My Sat M, i Sat)
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2.24 ya Ceat .
ol jnCoe™) (V-v. ) 4+ L 4o @ v )
e g P ), GV )k PGt g )

I = ?_}-! = F,Q,,(W}n (\!q'vnu] "/“PC"L%}p (V"Vﬁ-lvﬂ'rl)

oV, L
I: 4L 9"
I ' T
i ' ;
: ‘ '
) ]
. I !
| : i
Cal = —-:_
v v 2 Y
eVoun <Myl X o




2.25) ";-,,-07 N=o.l (dor L= o.s/“ )
z =o5™A
v £
ch."l‘ D—-—'% ;0[ L= Os’“ k: o — r; a >'TII'; = 20
4 V. = 1"
VOD = V‘S - VTI = 0. == Gs =
w FA
Cq[cu.fa*r'ng w, ID = _;.:./Lln Cox Z:‘ (V‘h - \If")
mi -
0.5 = 1L ,0.3837% ¥ « (04)
* V¥ oghoin
W oo 4t - ' ' W= 1832 MH
ey

rA
Cgs = 5 WLCax + WG, = 25 fF

o= WC = 4.85 fF
Cop= W €C +2(¥,E) Cy, (e Vo= 0.4 ) = (0.7 fF

(for folded é‘huc.hlre.)

. "" o ) —3 . . ‘"F
Cj:. LM.#QQ x10 ;Fi ? C‘fhrs G N' 0.-325 /0 {1
('-P V—E—'.)-i ('* V'_p_._ )
% 22,
Cox = 3.84 x 10 2 Gy = 0-S6at0 m; 0.
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BEAu “PP/}/’{? the - pu/.rc

X
—— I
oV
c l_ Y -] ™
| — —— —or X0 )= Yy
" Y0 )= Voo - Y - 2E
L= R R I e
After  Applying the Polse
Xfo*) - VOD + V°
21,
Y(DT)' v, -V, - 1"Vo
oD ~ '™ o e
For > X(t) e Voo 4 (1)
0{(0*). Vo P D'w'g_. j:I !.ﬂ frf‘ﬂJC
l“l’(l’ =V _V. . /2 d (t)
) bo ~ /4,,6;.!6 +
H w ZI'
_V =4 = 2["__"1...-_v,.___.¢(e))]
(o e/ = - .m)
Sl
kN
ol \
I, . 12.‘./4‘%\% l L, - - (.L&)-VN)J =1 - _2._./:4,,(:,,“,:", (-tu)..vn)
- P
X dv :l-l('ﬂ
i \ W - = —3 =
T Tpo Tk G ¥ (an) s B du
— Cp.\:'.. .L. J'E.- - dd = Kt = \ - !
2 /““ L <y (d_v )z -L—V'.” Vo"\‘r.
7
K
‘ \'J
= Alt):= V_m + | ol )= Yl




2.24 ) a  Cont,

X (o) = VDD + Vo

2.5

T(o) = Vpp =V, - /25 V= Ve - 2
putatt T Tt
" h
Von i J} It
Voor%w |- - — = === &),
e T(O-J‘lr“'.. ¥ -
)
t T
2.26)b Relore app/y f‘ftj the Pubc. After “fP’}”:"j the Pafu
X(0") = Vop X (0+J'= Voo = Yoy
- nl Zf
Y(07) = Vop = Vg =Y “ffo"i—"éo-‘{,,-[—: -V
H
[nCon X (.
After applying the vise , device remains ip the Saturation
FPlying The p
region , and /ts current doesn't Cﬂary 2 S0, I =1 -0
ﬂucéft.! The Circait Keeps it state .
e .
g . . 2r
Xty = X(0) = Vv, Y )Y (o) eV, —2Y -,{“ =
% T4 ’
R /¥
Y T\L" -
v __V ' —

—y
&
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2.27)
§V,

IDI. ex V“‘I.—V“‘ I

o R L 22 =10 = A&V - ¢tV |n

Ipl P 3 V-,- I, <18 S T 10

AV = 1.55 Ino x 26 ™ _ 89.3mV

A
g, - o . P _eac ™,
SV 1.5 . 26 ™ 4
2.2%) v a) TF we decreare Vo below zers
o

V,,-lsv"-‘l = ., , Seurce and draln exchange their roley

—
-

and  device operates /n the triode region.

b) If we increase lé J Vm decreasey ,because

BVp, = ¥ (/2% -V /2. ) IS negative.

Tzemfare.) I'D InCreases .



3-1
_.VM Fs
Vop
Top
! RE-Vob +Ro (V- V]
3 . F
M7 ouf Ros &y
: ' > Vin
Vin
(a) s .
, 1n= out
€ that M1 10 Salvraled when
We qssum a
Rp Voal
A, o
oo RF+Rp OD+RF +Ro/
= . _VDD M+ Triode
* Re+Rp .
e Vour F | E .
' %Uf:%n‘vmf M~ i
V. “—J—I My Vi . o "
£ o Vin & Vigy, — “Vovf-RHRD bot
(b)
—‘Vw‘r 4
Voo '
-VDD § M1 SatvraTed
Rp IE
-Vol'f ! MTn Tr:mJe e m.
. i -+
Vo o— 1 M7 Fovtn ViV, ! T 3
Rs ‘TDD N I
: od e;‘:?:uf
(c) Yout M1 Trode
Yoo
T
- >V,
Vin — Vour
1™




-Vm .__T—_‘_{E‘MT o Voot

(e)
3.2.
Voo
Vel La
M2
}—o Vout
)3 ”—1‘ M1
®)
Voo
79 °_f Ro
M2 Yout
Yo [

3.2

'Vovf ‘4 o
MT"% MT:o0n

H
Rs Vv . |
= | > Via

~

_ym("f' R"’/A?F] op
' - k 'V -y°= —ﬁs—-—b fﬂ‘
&4 Tin S (14 R/ ) Vi —> on
oo 4 |
M2 Trocle
7;&1‘%2
Vop-Rp- T, -
Mlgg Mifrisdle
M2 friad M15at:
—VDD
—Yb 'Fr”“ ---- T MT Sat.
M2 Sat.

MT Triode
M2 Saf. .
Y -Vye -- ~——— A

Yo
Tt



3.2,
Vop
Vio " M1
Vour
& M2

Vout MI
’ o 3-3
“Vop
Top—( ff%fl Tz
7{6#7{"7 > Vin
—1’00{' A
72
-7611- r’?ﬂ! — ,
|
i
A7 [ '
CYR | : -
My -h‘l‘o* M1 Sat M| Sat.
M 2 sat. M2 SaT M2 trocle
Voor
4
Too-Tgs¢
"’b—-yzz,f; S —— :
/ ] - —Yf;.r
' V
V1 op
Miotyr miosat. M1 Sat
M2 cker M2 Friode M2 Sat



3.4

Vout H.Shfecpfﬂotje

TML
Voo - fm atf ﬂi’:’:ﬁ“k 3-4
oD | M1 3sat
Vor o[ M3
Vecf _Vb-t+7;;;3 \ M1 Sef
Vet o[, M2 P\ M2 et
M3 Sat
Vin 7, M3 Saf | M3 sat
! " o1+ Yoz i M2 triode M2 trode
- — - 1547 Mitriode N
_VIH.! -Vb-’ :VG\S‘{;-YM -Y;'ﬂ
(#)
H31'r-|ut1¢
70:1 A MaSat
VoD M1 Sat
Voo o M3 Yia+V3
_Vacf
-be o——{
i : . M3 .s«f‘h M3 p4f )
- Matricde M2 clestiwde
Tor o[ p1 Yo~V wfm M1 cleep Friode
“Voa Vi 4 Vos2  freeeeemmcem e e et — , .
] Vin . %
(c) ) | T o¥ms "
. . -
w Ds2
“Vosa ss aéfnmecfa‘c-pm "%‘/‘JC"I (-t—(-!! (Vb,_... Vfﬂl)"/ﬁ Coj (TL[( l@,_sz;Ym:le)Tm_T]
i
“Voor
A :
Voo
Via odgft ™3
M2
_Vovf
-Vb, —] (Vb/‘?ﬂfa}-(ybz-l’;m) ‘(!”l E
‘! iy : .
i o 7

(d)



I, 4
3.3. *

— Voo

3.5

3-5

Ed
Rp < :‘.L/"'C‘“ (—:],(Vb-"m:)

> I‘
¥ :
b 0—1% + Vx
(a)

Yoo
V= ) W -
X = "Dp-— ‘eo(-:/‘(ncox (T)l (Vb-— Vm,}]
Rp
Iyp 1
ML Saf.
" &t
Vrwz S .
R.! g ‘<"’:‘e
= H :__"Y‘
Ra V.
(b) WM-(H-EF{W, bp
2
&L 77'(_%:.-(11--:—:-)7;?;:_ Ix:% ,,Cq(__ ( Voo VY| Ry ~Vrys 1‘7@-15!
Vv, ¥ ~ R +£_1 £;+£.g_
‘l R;"“g
i
Lov,




Xz
Vxo= Yop- —_—l— a Cox (—"’—EL (Vo-Ynuu] - Ro

2. b

3-6
WX‘T: _Vb-—- Tm]- (A(VDD"-VB‘T-V}HI} ) II-’—
AMaCox (X) - Rp
Iy d
w X
40 Cox () s .
-—Vb-l-vm ,_—1/‘
i /Vxe -be---v .
o off
Ml 64T
Vx My Set M2 Sat
My sat
M:. fmJa
! 1
Y qux(—“’l:Jl (Yo1-Vn)
)
L2
Ve= ‘1/,,,_1/,”7_ = (Yoo -Vi4)
( L)1
-IX » M3 Tf‘lﬁolc, Ma % Mq Saf.
; : o~ Vi
« 3 Vor-Tn,
3 g
2 3 0%
o s X
v s
S
Z!s worth m:nz;amy 7hal 7he Tx/vx Corve ;'E' 1-§ ?1
X
v X
“Vares anulh The Mu@f bums Veltages and ;g. 3\ ':'3-
T —
X x X

aspect m??z;d, ﬁa@gm, Some regioals) , based
oa The ywtmw Laramelers, gels &ideror

Narroder”, Cdpccm/i7 7he "qy:;fo Called 4"
n The Moved'({,vre.



.Ix &
l
L
(c)
|
Belos W or ahich Vx=VYy, olrain cvrreal '
CO/ Ma O/ /uhs ;n op,ood;r C%;‘ecz.ba ’ nem.‘,; ;'Vx.
) NANE Y v VeV
The fact 7he Srain anol Sovrce Z‘E!‘mma/.s &f vas¥ Y= TR TN
My are reversed. As expecleal, modT&/Iy My Triode My Gar M1 Sat.
Mas Triocl Ma 1m; Ma Saf.
O//O‘-’ fArcuyb My when -K-o, becavse *iriose 2 Triode
we assome Thal Vo, > Vo, . Iy 4
-.VDD
Ma
Iy
Ry +
Vx
Mp_ + Y
- = Vx = Ve @z_u.c.gmdr Ybb
@) Conclition
My and My dddﬁr The
hole ~éngre
.1.',( 4
—VDD
M2
oy
- I,
+
—yb.lo_qi u V& Ta;- THT ! .._’VK
- ' P
L - TorViys Vop
- N M-+ and M2 Sat. M2 triode
e) Ma.at M1 Sat.
M- Triodle
Ay, \#@

3.7

3-F

we assume Vo1 yVir ancl  both ryand My operade SalvrnTiee

/Zzgn'md'[_ Ve =Vpop




2.3

I( 4
M Trode My sar My sat. 3-8
2| My Sat. My Sat Ms of
£ pen Con () (Vo) 7
Vb_'V{H-!/ __-‘q

Y Voo-Vmz

Vx@q\wuceﬁf
- = CondiTron
L
(f) — Ay Cox () (Vop-Youa)
2 P FREE
3.5 Yop
T
F
R 7 7 : v,
y = m, Vi —ae
Y ~ +Imy Yin + + e
(a) AV" Vo _ TIms~ ’/RF’
Vi Y SO S
” RF+ ro; Rp
L
) RL m ‘Vo-o-V' -..__ .-L- — 1/' =0
-—-o"Vovf R_‘-f ( 4)( + f) 5"”( imn
RI !—o"\fb
V.o Vo 3""*—%;-* oy
’ 7 A
{b} R-l Rn’ o
Voo
‘VOI’{‘ _your
”Vm-——-—-r——i My Ima, (-‘V.m_—Vouf).f. = Tm V. m,',____;
-Yolrt
__{ —Vour‘ = Ym 1= Uma
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