= 4 pm, i, =450 cm*/V-s,and V, = 0.5V,
ter k/,. For a MOSFET with minimum length
at the device exhibits a channel resistance

A 0.18-pm fabrication process 1s specified to have 7,
Find the value of the process transconductance parame
fabricated in this process, find the required value of Wso th

Ans, 388 LA/VZ 0.93 um

€, _ 345 pF/M _ g5 fF/ (pm)’
t 4 nm

w = 450 cm’/ VS

K= pnC, =388 pA/ vV

n

Voy = (Ugs — V) = 05 V.
/ W
- r;& = kTVor=7T ~ 5.15

[ = 018 pm, so W = (33 pm

=

gDs



-
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A circuit designer intending to operate a MOSFET in saturation is considering the effect of chang-
ing the device dimensions and operating voltages on the drain current /. Specifically, by what fac-
tor does /, 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:583 [, = gkn WVOQV in saturation

Change 1n /), 1s:

(a) double L, 0.5

(b) double W, 2

(c) double V,,, 22 =4

(d) double V,, no change (ignoring length
modulation)



;’51 AnNMOS transistor is operating at the edge of saturation with an overdrive voltage V', and a drain
‘Eyfbcurrent Ip. If V5 is doubled, and we must maintain operation at the edge of saturation, what should
Vpg be changed to? What value of drain current results?

<Ans. 27,41,

Ex: 5.4 In saturation v, = Vov, so 2V,,

1. W, 2
[, = 2k L 4
D : %/V,S@ Iy .



Ex DO "!

) For the circuit in Fig. E5.9, find the value of R that results in Vp = 0.8 V. The MOSFET has

) 72 u
er}q = 05 v> #WCO.X s 04 mA/V;} I;V/[/ — 8]8) Ej andk _ O
Ans. 13.9 kO
Ex: S,
Y18V 5.9

+1.8V

Figure £5.9

Vfl'l -
W _ 072 pm _ o |
L 018 um n,Cop = 04 mA /2
N =0

saturation mode (Ugp = 0 < V.)
Vo = 08 V. =181 R
1 , 2
Ip = §MH€M%WD =V, =72 A

- R = E_ﬂﬁ,;@ = 139 kO
72 pA



Consider the amplifier circuit of Fig. 5.39(a) without the load resistance R, and with channel
length modulation neglected. L et Vop = 5V, V, = 0.7V, and K, = 1mA/V? Find V,,,, 1, Ry,
and R to obtain a voltage gain of 25 V/V and an input resistance of 0.5 MQ. What is the maxi-
mum allowable input signal, v,?

Ans. 0319 V: 50.7 HA; 78.5kQ; 13 MQ; 27 mV

—
s

IO
‘g

Designfor 4 =2 = 25 p - 500 1Q
o

- 8nRp =25 =k V,,R,

R, = = = =

in G

U i &)
Ll

U,

V. = 07 V. = Rg = 26R,, = 13 MQ)

IR, = ( - anO?‘V)RD

-1

2
and
Viey = Viop = vV, - IpRp, =43 — 125 Vov

ngD‘/OV =125 VOV

S Voy =0319 V.
8n = 319 pA/V
Rp = 785 kQ

Vps = Vioy + v,

vep = 0+ 269, <V,

<

|
ol <= =27 mV,

!\J‘
(o
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Consider the circuit of Fig. 5.56 for the case Vop =V =10V, 1=0.5 mA, R, = 4.7 MQ, R,=15
kQ, V=15V, and k/(W/L) =1 mA/V>. Find Vows Vs Vo Vs, and V. Also, calculate the values of
g, and r_, assuming that ¥, = 75 V. What is the maximum possible signal swing at the drain for
which the MOSFET remains in saturation?

Ans. See Fig. E5.37; without taking into account the signal swing at the gate, the drain can swing to
—1.5V, a negative signal swing of 4 V

+10V

Q5mA$;

Voy =1V

Vs =25V

G o
(a)
O
o
(c)
G € O D
g, = 1mA/V
r, = 150 k()
/g, =1%kQ

(b)



V, = 75V
I, = 05mA = %k,’,%’vév:vov =10 V.
+10V
RD
15K

2.5V
R
47MQ
Veg = V,+ Vgy = 25V
Ve = 0
Vy, = Vpp~IpRpy = +25V

ro = -4 = 150 kO
[D
VGD— I,A/g(l = vt

- {)Xd = ﬁd = %/[ 7 §/7GD - 4@ V



For a depletion-type NMOS transistor with Vi==2Vand k£, (W/L) =2 mA/V{ find the minimum
Ups Tequired to operate in the saturation region when v
of7,?

Ans. 3V;9mA

s = +1 V. What is the corresponding value

Ex: 5.43

Vs = +1V,V, = =2V

Voo =V, =3V

TO OPERATE IN SATURATION REGION:
VDS min - VGS o VJF - 3 v

) W L e

Ip = %kn“(vc;s - V)

X 2X 3 = 9 mA
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A

fali T
2.9 An NMOS transistor with £, = I1mA/V?andV, = 1V
is operated with Ve = 2.5 V. At what value of Vg does

the transistor enter the saturation region? What value of /p,
is obtamed in saturation?

5.9 Vs sar = Vor
Voo = Vgs -V, = 25-1=15vy

= Vbssar=15vy

In saturation:

1

; - w 2 2
‘D~ 5K‘I‘ (W oy =

ov

KuV

b | —

ip

; 2
:lxlﬂéx(jjv)
2 2

i, = (1.125 mA)
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T o BT with 7 =

i W ,(/ﬂ’\ 5.14 Consider an n-channel MOSFET with 7, =9 nm, 1, =
T 500 cm*/V-s, ¥V, = 0.7 V, and W/L = 10. Find the drain cur-

rent in the following cases:

(a) vgg=5Vandv, =1V
(b) vgs=2Vandv,;=13V
(¢c) vgo=5Vandv, =02V
(d) vos=vps=3V

514 £, =9nm, u, = 500 cm’/ V.

z()x

a1l
500 % 1074 x 345X 10 1) pA
9% 1077 Vv’
(a) triode region: V. < Ves =V,
I , I,
Ip — ku Z!:(VGS —VVps — 5‘%5}
= 191.7 X 10° x 10

(5-07)X1—

x1ﬂ::73mA

B |

(b) saturation region: Vs > Vg — Vv,
iD:%x1mvxurmwoxg_om2

= 1.62 mA
(c) triode region: V,. <V cs— Vi

1
:1m7xlwﬁxmﬂ5'0wxoz—immq

Ip
= 1.61 mA
(d) saturation region: V,,, > VsV,

L 1917 X 1076 10 X (5 — 0.7)2

lD -
= 17.7 mA



bl

5.7 An NMOS transistor having ¥/, = 1 V is operated in the
triode region with v, small. With ¥, = 1.5V, it 1s found to
have a resistance rp; of 1 k€. What value of ¥ is required to
obtain s = 200 €2? Find the corresponding resistance values
obtained with a device having twice the value of 7.

5,17 Bqd.13: 1y = [ k= (Vo VT

therefore:

"ps1 _ Vesa—V, 2 1000 _ Vsl

rBEs Ves1i—V, 200 1.5—-1
= Ve = 35V

Now for a device with twice the width:

Fpsi Wo(Visa— Vo)

Fogs. - Wi(Vesa= Vo)

forV,~15V
Yps2 2

for Vag =35V rpsy = 2%9 = 100 Q
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5.18 A particular enhancement MOSFET for Whlch
V,=0.5 Vand k(W/L)= 0.1 mA/V?is to be operated in the
sz{turation region. If i, is to be 12.5 LA, ﬁnd the %‘equlred g
and the minimum required v, Repeat for i, = 50 LA,

[

[N}

518V, =05V

Saturation mode

Ups = (vgs =V, )

fori, =125 WA

Uss = 1.0 Vand Ups =05V
for i, = 50 LA

Uss = 1.5V, andu,e =10V



i o) ZAN 5.22 For an NMOS transistor, for which ¥, = 0.5V, operat-

e = ing with v, in the range of 0.8 V to 1.8 V, what is the larg-
est value of v, for which the channel remains continuous?

522V, =05V.

08 =< v55 =18V,

largest v for ohmic operation?

Ups = Vgy = Ugs— V, = 03~13V.

t

~upg = 0.3 'V will ensure ohmic mode



47 The transistor in the circuit of Fig. P5.47 Hhas
0.4mA/V?, V, = 0.5V, and A = 0. Show that oper-

ey

7ol
W AN
[

e

>~

7
n

ation at the edge of saturation 1s obtained when the follow-

ing condition 1s satisfied:

(%)RD: 1.5 kQ

+1.8V

S AL
&

E B
exm
T8 manamm INE A7
~IGUTR Fo.4

k. = 04mA/V*

n

Vr =05V,

X =D
sat. boundary Vi, = 05V, = I R,

1, W 2
SV, ==k —(1.8—-05R
O 2 2 n L( ) D



J’ng‘aﬁ P5.50

'[\\'p UQ@U}L \/Q/@&? Q% L {/\,{L{/QSQ«/TIW&CWZ 1&%(
A

“‘J
UWV\'(/C/Q C; (//

for Q,

4 W' .

0.25mA = %(ZSOHA/VQ)[—l(l ~0.5)
!

W, = 8L, = 2 pm

Jor Q,

Ju—

0.25mA = 5(250 A/ VY

W. 5
—(1.8—1.0 — 05)
L2

L Wa = 2220, = 5.6 um



= 00
A W\,% CrA N 5.57 For each of the circuits shown in Fig. P5.57, find the

— labeled node voltages. The NMOS transistors have V, =1V
and k, W/L =5 mA/V>.

+5V
A

to5y TV § 1 Q)
— 0
i
. ——gl a& O
' _’./; 2

“Jég; 05)

~Z.5V
(a) (b)



5571@V, = 1v. ¥ = smd,\ _
L e
+5V.
+2.5V.

Q,
0,
(O, 1s in saturation Both q .
t : sat.
(), assume sat. oth @, and @, in sa
V = Vs = 0
Vy = =Viegy = —25 + 1,1k Vo) G2 )

R . both O, and O, have same V(‘s
— g . 2 ;
~Fagm = =25+ (] )(E)(S W Ves,—1]
’ +5-1Kl,~-V_ —-V_ —1KI, =
5 e Gs

= 23V -~ +
0 VGSz 4V + 0

$ - (2)(%)(5)[v65 —1%-2v =

GS

Vesa = +1.6 V. (0, bad root < V) ,

0= -5V + SVT
I, = 090 mA as G

Ves = +1.60V, (bad root < V
Vs, = +16V - 7 » Apadre )
Vi = +25-Vg, = +09 V Y 090ma = %Lsmf\] (& — 17
Vepr = —09 <V, - 02 sac

Vi= 45—k, = +41V.
V, = —16V. 1 ity

Vo = V= Ve = +25V.

Vy =V, = V4 =

(rd

(1k), = 09 V



s
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( 5.78 For the NMOS amplifier in Fig. P5.76, replace the

“transistor with its T equivalent circuit, assuming A = 0.
Derive expressions for the voltage gains v, /v; and v,/v,.

+ VDD

A

ES = R§ + ngS
7, l + R 1 -+ ngS
Em
Yo . _TRp L TELR,
U[ i =+ R ] + g/nRS
g/‘ﬂ
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“3.79 Figure P5.79 shows a discrete-circuit amplifier. The
input signal v__ is coupled to the gate through a very large
capacitor (shovovn as infinite). The transistor source 1s con-
nected to ground at signal frequencies via a very large
capacitor (shown as infinite). The output voltage signal that
develops at the drain is coupled to a load resistance via a
very large capacitor (shown as infinite).

(2) If the transistor has ¥, =1 V, and k, = 2 mA/V?, verify
that the bias circuit establishes V., =2 V, I, = 1 mA, and
V,=+7.5 V. That is, assume these values, and verify that
they are consistent with the values of the circuit components
and the device parameters.

(b) Findg, andr if V, =100 V. |
(¢) Draw a complete small-signal equivalent circuit for the =
amplifier, assuming all capacitors behave as short circuits at
signal frequencies.
(d) Find R, v, /v

mn?

7 , L
sigs Vo  Vgsr DA U,/ V.

5.79 V[ = ]V}k;] — %/ == 2] mA/Vz

(a) dc analysis V. = 72 15 V,= 5V, assume



= R, = 333 MQ

Rh——ﬂg TR, = 0.97
“&n(rollRpl|Ry) = —8.2



il

# s R /’ IR
{0t

Iy

3.93 A CG amplifier using an NMOS transistor for which
8m = 4 mA/V has a 5-kQ drain resistance Ry and a 5-kQ
load resistance R;. The amplifier is driven by a voltage
source having a 500 € resistance. What is the mput resis-
tance of the amplifier? What is the overall voltage gain G_?
By what factor must the bias current /,, of the MOSFET be
changed so that R, matches B

|

593 R = — = 250Q
g”l
v R.
Go= L = 0 R [ B} = +33
U‘mg Rsig + Rm

Py = 2”%]7)7 so for L. R”-g, g,, must
gl?l Y

decrease to 1/2, and /, must decrease to 1/4

vy

n
~
N
= <

]
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shown in Fig. P5.112 has ¥, = 0.7 V and Vy= 50V.

(a) Neglecting the Early effect, Venfy that the MOSFET is
operating in saturation with In = 05mA and ov =03
V. What must the MOSFET’s k, be? What is the dc voltage
at the drain?

(b) Find R, and G,

(c) If Ugig 1S 2 smusmd with a peak amplitude o , find the
maximum allowable value of 7 v, for which the transistor
remalns In saturation. What is the corresponding amplitude
of the output voltage?

(d) What is the value of resistance R that needs to be
ingerted in series with capacitor C in order to allow us to

double the input signal

I 5.732  The NMOS transistor in the CS amplifier

v.,,7 What output voltage now

results?
5112
V,=07V.
V/\ = 50 \/ V + VG _ "U/+ “UO}) o O ~
a) with /5 = 0.5 mA 8.12
Vo = +2V Vs+1IV. Vo = +1V <V, =07V
VQV = 03V 7;0, max = 1.07 Vpk
05mA = Lpp? o p = g mA A o, max
) gk \/2 L’g, max = - = 132 mv X
8.12 ’
Vp = 5= (S K)(05 mA) = + 25V . v, max
) U?/g: max = - = 261 mvpk
Vep = =05V < V; . Saturation 4.1
_ 1 _
b) R, = 200 K| 300 K = 120 k0 Al By = = = 300 9
v R

G, = S B e W Em t / - “\Ug = &7

g Us:g 120 K - ]Qm Vhen Lé” 1+ ngs 2
(5 K“ r0”5K> ,

_ 2y Enfy vl _ 4.06
gm - m i 333ms J +g,,R§ !Ug’
Vi _ A :

I’O:E‘IOOkQ 7,/0‘{“40 *()5<O7\/

G, = —4]1 = 1,, max = 0.96 v
) Uy, = Uy, SO

2, (SKISK|100K) = 812




