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 (% %)
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- - | 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.
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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-



2.42

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



2.50

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"
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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,



