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A 0.18-LLm fabrication process is specified to have t o' = 4 nm' trt,: 450 cm2 N's' and V ' = 0'5 V'

Find the value of the process transconductance parameter k'n. For a MosFET with minimum length

fabricated in this process, find the required value of w so that the device exhibits a channel resistance

rrr. of 1 k-fl at u o, = I V.

Ams" 388 pA/V2; 0.93 Pm

Ex: 5"L

,1 €o" ::_ 3,!5 pF / rn 
== 8.625 fF /(gr*)tvo'' 

+ 4 nfft

wn : 450 cmz / VS

k' - lLnCo., :: 388 YxA / Y2
n

Vov': (ucs -- V,) : 0'5 V'

l- ::= k'wv^.,*w :-= 5.x5?os: 
n kC, 

nnTvsu-'a L

L := 0-18 Fr.rn, so W '= C 
"-4 

;&n1
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A circuit designer intending to operate a MOSFET in saturation is considering the effect cf chang-
ing the device dimensions and operating voltages on the drain current 1r. SpecificalIy, by what fac-
tor does Io change in each of the following cases?
(a) The channel length is doubled.
(b) The channel width is doubled.
(c) The overdrive voltage is doubled.
(d) The drain-to-source voltage is doubled.

Ex: 5"3 f D - Io Yv :.. in satt-rration
2n [- ov

Change in 1r, is:

(a) double L, 0.5

(b) doubrle W, 2

(c) double Y',,u, 22 = 4

(d) double Vrr, fio ctrange (igraonarag length
nrodt-unatiore)



:,

FlAn NMOS transistor is operati ng at the edge of saturation with an overdrive voltag e V o, and a drainjj.:

;,!ygnt Ip If Vo, is doubled, and we must maintain operation at the edge of saturation, what shouid
'il4psbe changed to? What value of drain current results?
,r.Ans" 2 Vor;4 In

Ex: 5"4 trn saturation uos - V 

"r, 
so 2V ,,

I - 1,'Wo,2ID : 
Zr";V 

-v,so4ID.
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) For the circuit in Fig.

V,n = 0.5 V, /tnCo, =
r\ms. 13 9 kf2

+1.8V

85.9, find the value

0.4 mAlyr,W/L =

_-0<

f oRo

v ,r)'

of -R that results in
0.72 wmOffi, &nd /" =

Ex: S.g

V*' tn.

lLnC o,

V The MOSFET hasVn = 0.8

0

Fdgua'e HS"g

W 
- 

0.72 p"m : AnL o. t g prn 
'?'\-/

h--0
saturation mode (aco

VD -- 0.8 V" - I.B -
,1W
I D : 

,ILnt-' ,,rt (V o -

0.5 v.

- C,4 rnA / V2

V rn)

R - lA-Q! -- r3"e kO
72 6.r.A

+ 1.8V

-- 72 g-n.A
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V, : 0.7 V.

kn: 7mA/Vz

iqF--i-
i ..i

Desrgnfor 0,,--b : -_25. R,n -- 500 kO,' 
U:

:. E^Ro : 25 : knvovRD

R," -- a' = u' 
R,,, l),*uo"

=:t Rc : 26Rin: 13 MO

tDRD : (|"v;)n,

I
= 1|-Rovov: 12.5 v6,

and

Vov : Vor - V, - IoRo : 4.3 * 12.5

;. V6v : 0.319 V.

g. : 319 p"A/ V

R, : 78.5 k,l)

Vps : Vov * V,

ico:0+26Ai<V,

and with channel
Find tr6y, 17,, Rp,
What is the maxi-

vo,

consider the amplifier circuit of 
,Fig. 5.391a) without the load resistance Rrlengthmodulationneglected. Let ,.Zi 

_, _5V,'V,'= 0.7V,and kn _ ImA^/z.and Rc to obtain a voltage gatn of"2s vtv and ln input resistance of 0.5 Mo.mum allowable input signal, it,?
,Ams" 0.319 v; so.z ttl1-ls'.s te; r3 Me; 27 my

(
X. ^-*n, \i "::+"&*Lti.{ > i\lq,) LDp''a U, 

+

fp: I'o krz

ld.2

K .'ilE
1lr--*"

.} R,=lc
]L

R^---->..
'' Iz

: /, / 171v
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Consider the circuit of Fig. 5.56 for the case
k{1, V,= 1.5 V, and k;(WlL) - 1 mA/Vr. Find
g,, and ro, assuming that Ve = J5 V. What is
which the MOSFET remains in saturation?

Ans" See Fig. 85.31; wrthout taking into aecount the signal swrng at the gate, the drain can swing to
-1.5 V, a negative signal swing of 4 V

15 kO

+2.5 V
Vor: 7 V
II 

- 
n { \//G.l - z,J y

17 MO -2.5 V

mA

-10v
(a)

(c)

8,,,: 1 mA/V
r, : 150 ieo,

l/g,,:1ko

Voo= Vss= 10 V, 1= 0.5 mA, R" = 4.J MQ, Rr = 15
V6y, V55, V6, Vs, and Vo. Also, calculate the values of
the marimum possible signal swing at the drain for

+10v

0mA

(b)



Ex: 5.37

V,: 1,5 V

k,Y: L mA/y2

VA : 75V.

ID : o.5mA : Irn,Yr'"rz r Vov : 1.0 v.

+ tOv

RD

15K

25Y

-2 5VRc

4.7Mo

V", : Yr + Vov : 2.5 V

VG: 0

vs: -2.5v-
VD: Vor-loRo: +2.5V.

g^: o,Yuoo: lmA/v
V^ro : : : 150 kO
ID

I/ - A r/
'GD- asd v,

 
-A-tUsrt: Ltd. {, - Vro : 4.0 V"

- 10v
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For a depletion-rype t\rV{CS transistor wrth V,= _2V and k)1Iyt L) = 2
z,r, required to operate in the saturation region when uc' = +1 V. What
of ir?
Acrs" 3V; 9mA

F>n 5

a

mA/V-, find the minimum
is the corresponding value

Ex:5"43
V,,r: +1VV*: _2V
Vrrr-Vr:3V
TO OPERATE TI.{ SATURATION RECtrON

v__ v-.- v, I v1l\ rnrrr U ) r

iD 1o,Ytu",- v',)2u 2'n L ''' ''

x2x32 - 9 mA_1
2



r-7 r', a(; /\
i.'rc"[tt.rx

5.9 AnNIMOS transistor wrthkn - I naA/V2 andV, = 1V

is operated with Vcs = 2'5 Y' At what value of Zrt does

the transistor enter the saturation region? What value of I o
is obtained in saturation?

5.9 Vos sat = l/,1,,

Vot, = Vcs -Vt = 2.5 _1 _ 1.5 V

= bsset= l.5V

In saturation:

. l,t,wtt72:LKuV2tD: jn,, (t)tov 2 ov

I tmAio:-^-x11.5V)
LV-

iD : (.1'125 mA)



5"n4 Clonsider an rz-channel MOSFET with to,= 9 \rrn, /1,=
500 cm2iV.s, V,= 0.1 V, and WL = 10. Find the drain cur-

rent in the following cases:

(.a) a"r-.5Vandurr=1V
(b) ,o, :2Y and ur, = 1.3 V
(") ,r, = 5 V and ur, :0.2Y
(d) ,o, =aDS= 5 V

5.1,4 to., :

V,: 0j/ V,

$,: 500 cm2 /Y,

10

9 nm,

u:
L

kn': trLr.Co.,

500 x 10-a x

€. ..

lLn.:
tut

ll

3.45 x l0 '],
rcl 1v4

V2g x 10-q
triode region: Vo, { Vcs *

. wr,__: n" i[( Ycs - v ,)v ns

:191 .1 x1&6X10
rl
i(5-07)xl-L'

(b) saturation region: Vr. )
1iD:;" t91.1 x t0-cx

: 1.62 mA
(c) friode region: Vo, {Vcs*V,

vt

- I r/) 1

)'' bt 
I

(a)

iD

1x I'l2-l
vcs - v,

l0 x (2

vt

(5 -

: 7.3 mA

- 0.112

io:191.7 x10-6x10[(5

: 1.61 mA
(d) saturation regiotr: %,., , Vcs-

tÛ2

: 77.J rn1'

-07) x02-lroz>r1

0.1)2
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5.X7 An I'{MOS transistor haiing T,,: L V is operated in the

triode region with z^ small. With Vo, = 1,5 V, it is found to

have a resistance ro, of 1 kO. What value of V^ is required to

obtain ro" = 200 Q? Find the corresponding resistance values

obtained with a device having twice the value of W.

5.17 Eq.a J3'. r,, = I k',Y (%,-Y,)l* t

therefore:

rost : V 
"rr-V,=+ 

1000 : V cst-1
rpsz V 

"rr-V, 
209 1 -5 - 1

=Vcsz: 3.5 V

Now for a device with twice the width:

rost : Wz(V GS,-V )
rDSz W ,(V c,tr-V,)

for V.. = 1.5 V

rost : 1--r "--^ : 1000 : 500 x1uatDtz ,1rDSz L

for V65 = 3.5 V ,rr, : '+ : 100 O



T -i, r)

_[ 
-LC,-*.,V0,il,1

5"'18 A particular enhancement MOSFE'f' for which
V,= 0.5 V and ki.,(WL) = 0.1 mA/V2 is to be operated in the
saturation region. if i, is to be 12.5 y,t"\, find the required uo.,
and the minirnum requirecl lr". Repeat for io : ,50 LA.

I
S"-lEV/,=05V

,W*,T=0ImA/V2

Saturation mode
uas) (ocs- V,,)

for 1.., = 12.5 p'A
ucs : 1.0 V and uo" > 0.5 V
for z, = 50 pA
acs : L.5 V, andu"., > tr.6 V



F,= il il
1,-W,(NIUX 5"22 For an NMOS transistor, fbr which V,= 0.5 V, operat-

ing ll'rth ao, in the range of 0.8 V to 1.8 V. what is the larg-

est value of l,r, for whrch the channel remains continuous?

5"22V=05V.
0,8 < 1/cs < 1.8V,

largest u^ for ohmic operation?

aos s aov : I'GS - V, : 0'3 - X'3 V

.'.aos < 0 3 V will ensure ohmic mode



{-,t{[^ 5.,4tV The transistor 1n the circult of Fig. P5.41 has

k,i = 0.4 {nA/V', V, = 0.5 V, aud 'jf = 0- Show that oper-

ation at the edge of saturation is obtained rvhen the follow-
ing condition is satisfied:

= 1.5 kf2

+1.8 V

-i3ic:r,ri'.r Dq i7

: 0.4mA / V2

: 0.5 V,

(Y\ n^
\1 t 1-'

k,

V
t

),,

sat. boundary

o.5v , = to^

"'{no:r

voo :

f.rt t

48 ko

0.5V , = InRn

- 0.5)tRo



{j*t}k,wt P >'b'ui

UffiC }
- o-s t/vr
L;o m /vL n?<

+tr.8V

+1.0v

Nno Fagurre P5.5@

1l i-
o{ vrl/Le?ti'r's\

-"-l ,,*Xwfl,n
n iL* 

\YaJCLN''Iu- duLo'ut "u

t^:\

nnl utn'1, rri t"w\'tc'e''fr-c'l I

0.25mA

fo, Q,

pm

2.8 kf)

o.25mA : 1( tro pA r vr)!t t - 0.5),2' 'Lr'
.'.Wt:BZ,:2pm

"fo, Q,

0 25mA : \trto pA / v2)

w"1
f,r,8 - lo - 05)'

' '{,1/. : ")1 1r, t LL.LL2 :- 5.6 prn

+2.5 Y

2.5 - 1.8



5"5i For each of the
labeled node voltages.
and k'"W/L= 5 mA/V2

0

---llu
I

=

circuits shown in Fig. P5"51, find the
The NMOS transistors have V, = I Y

+2.5 Y

-2.5 V

(a)
-:n 

= ?T
- 

":,r 
. *l

(b)

+5V

+5V



5.57 (a) V, : 1Y k

B, is in saturation

B, assume sat.

Vz: -V"rr: -2.5 +1,ik

-vcsz : -z s. rr l(j)rs )fvo,,,tl2

0 - 25v:._  vrr,+ eGS2 U

v cst : r 1.6 V . (0. bad root ( V,;

.lo : 0.90 mA

Vost: +1,6V

V r : +z5-Vcst: +0.9 V

V coz : -0.9 < V, . . e2 sat.

Vz : -1 6V.

F

Both p and p, jn sar

(Vcpt:Vcoz:0)

.'. both Q, and Q,have same V,_,

,5-lK[,,-v -v *lKl^
" CJ GS IJ

_ /r\s-(2rf =lts)lv - 1)-2v :
\/,) - G5 cs

0: -5f +8r/
c, s c.t

V cs -. | 1.60V. (bad roor < v, )

/, = oeomA : fCry+'l 1,0 ,,," 2[-v')'"
Vr: +5-(]1k)lD: +41y.
Vz:Vr*Vc,s: +2.5y.

Vt : Vz - Vcs : (lk)lo : 0.9 V

'w :,L

+.5V

-nA, "A :0

2.5V.

f
I

L--_1

I

E

:0

0

+-5V

-2.5V.
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( 5"7,6 por the NMOS amplifier in Fig.
-*transi-stor with its T equivalent circuit,

Derive expressions for the voltage gains

P5.76, replace the
assuming )" - 0.

u "/u, and u a/u,.

*o,

* g-R.,
I * go,Rs

- I nrRn
I * g-Rs

FS,gssne P5"V6

', : te,"r)ff
arl : *8^ar.rRp

us : + g-vr.rRs

US

ui

la:
ai

1, +R.
?'

-D

-:

1--+R"
6nt

*Vpp

-Vss



ile,t,veyunt
"'E-i":79 Figure P5.79 shows a discrete-circuit amplifier. The

lnput signatr z;,,, is eouplectr to the gate through a very large

capacitor (shown as infinite). The transistor source is con-

nected to ground at signal fiequencies via a very large

capacitor (shown as infinite). The output voltage signal tha.i

develops at the drain is coupled to a load resistance via a
very large capacitor (shown as infinite).

(a) {f the transistor has V, = | V, and k, : 2 mAN', verify
that the bias circuit establishes Zo, - 2 Y, Io = 7 mA, and

Vo = *J .5 V. That is, assume these values, and verify that

they are consistent with the values of the circuit components

and the device parameters.

(b) Find g^androrf Vn= 100 V.

(c) Draw a complete small-signai equivalent circuit for the

amplifier, assuming all capacitors behave as short circuits at

signal fiequencies.
(d) Find Rrn, a rr/ It s\g , -u o/ a ,r, and a o/ u ,rr.

5.79 V, : lV , k,, mA/Vz

(a) dc analysrs 7. : V,= 5V,assume

l-*..r i, !:\
.,.1 t,
, \ ql.i-q ,-'

. ..r {ri:'L '-'

N
r+l

rt?r i't +I
* "'" .+\J

,, 
, i I, r./ .\.rf 

$.
* rcrrie T|*'l Jr'

H{_- ,L-l-il-
r"l r{-+ll 'Jo-

"r5r',.. J-J'-T T=K
-4=

._-t

F,J FZ

NlLT
JIT,

I to!,,
I

trJ
l-l
i-WL

I : : 'il
t.-- ":., 

/l
rl"-\ 

-'f 
"i

,::
'x

_w _
L

5_:_ l5
15

'D

vs:

Io:

lmA
3 V, ycs

)t'vi, -

a V, Voy : 1V.

1 mA (check)



Vo: Vro-lrRo:75y.

(br r,, '-o loo v' 
roo ko' ID lmA

l;r .8,n= llk,tlD:2mS
(c)

(d)R:: Rc : 333 Mrr
u^. R

il = R-iR- oe7

il^j -8.(rollRollR,i - -8.2ut,

aû _ on
- (). tl

a.rita

R,n

t--"

gm u."



a f) ,"'iI' iJ Il-lrrcxrg4o*
5"93 A CG amplifier using an NMOS transistor for which
E^ = 4 mA/Y has a 5-kQ drain resistance R, and a 5-kC)
load resistance R., The amplifier is driven 7y u voltage
source having a 500 f) resistance. what is the input resis-
tance-of the amplifier? what is the overall voltage gain G,?
By what factor must the bias current Ip ofthe MosFET be
changed so that ,Rio matches Rr,r?

5"93 R

^a^(it.t : ----jl :
a tig

E^: fryo
#kt,(Rpll 

Rr): +

, so for 
:,, 

: Rr;r, g,, musr

_l_
Ln o6rn

2s0cl

3.3

decrease to 112, and 1, must decrease to l/4



' t 5.:34 The NN.IOS transistor in the CS amplifier
shown in Fig. PS.ILZhas f/, = 0.J V and Va = SO V.
(a) Neglecting the Early effect, verifz that the MOSFET isoperating in safuratjawith In = 0.5 mA 

^"d 
V;' = 0.3v' what must the MosFET's "k,b"? 

what is the d"c 
'oltageat the drain?

!b] Irnd Rin and Go.
(O tl rrie is._a sinusoid with a peak amplitude z.)^ -, find themaxlmum allowabre varue of 0. ^ for which thlsi.a.rsistor
remains in saturation. what ir t#corresponding amplitude
of the oulput voltage?
(d) What is the value of resistance R" that needs to beinserted in series with capacitor c, in order to atow us to

double the input signal i"i,? What output voltage nowresuits?

5.112
Vt: 0.1v
7a : -50 V.

a) with 1e:0.5 mA

Vc: +2V t/s+lV. Vcs: +lV
V ou : 03y

05 mA : !,,/2, .- k, - I I rI{2""r V'
Vn : 5 - (5 K)(0.5 mA) : + 2.5y

Vcn : -0.5y < Vt ... Saturarion

b) R;" : 200 K ll 300 K : 120 kf)

G,:L
uri g

(s rll ,rll s r)
2t^

9,,,-t:=l.l3mS
/ or

vrn* lro: ,"+J9^ o5
811

= Vr : 0.JY

ttcy max, : t 07 VOI

. t.^, ma\. ,8' max - _tr - 112 mvn.

^ u^, max
?s 6, tTl 3\ - 261 mr.ou

d) Add Rs

then us, :

:*,:3ooo,
,u :r,

1 * g,,R" t

go,RL lu^t-- rt'i - l0oI + e.-R" l;l, I -"1
r,

" r- 100 ko

Gv : -4.1

C) r,, : ,,. SlnuJ1, - rr,( "r/3

g,,(sx1l-:rc1lroox) : B t2

'!it

4n6
*05<07 V

o
120 K - 1l,no"'

= i,,, max : 0.96 V


