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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
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This value [s substifuded iy e other anoition :

Voo = L6 ( RatRb) < Vs
to g;'ue. the  conclition For Fur s 9% /_/5
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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).
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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
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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
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For the toise due to Ma Mujout . 4 Ly
Rit i P

( ;p Vn,ow‘f)g’w{ = ’—ID,’

2.=‘-‘7°
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]
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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
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on as we . Whoy Hz Hurns on, My also Furnson .
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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
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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.
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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
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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
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.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‘"
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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
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(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
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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;
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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
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&G () =AM ACS(wrt +0)p00, A Coflat+6) oz A cas it +6)

The Second harmonic aroes ofrom. oz,\___A%[ cos wt — cas’ cu‘tf#:&)]»
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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



