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@ With the knowledge that u, = 0.44,, what must be
the relative width of n-channel and p-channel devices if
they are to have equal drain currents when operated in the
saturation mode with overdrive voltages of the same
magnitude?
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4.4 An n-channel device has &, = 50 ;tA/‘v’z, V.= 08V,
and W/L = 20. The device is to operate as a switch for small
Ups, Utilizing a control voltage v in the range 0 V 1o 5 V.
Find the switch closure resistance. rjg, and closure voltage,
Vs obtained when u;¢ =5V and i), = 1 mA. Recalling that
u, = 0.4p,. what must W/L be for a p-channel device that
provides the same performance as the n-channel device in
this application?
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| An n-channel MOS device in a technology for which
oxide thickness is 20 nm, minimum gate length is 1 um,
k; =100 ,uA!‘J'z, and V, = 0.8 V operates in the triode
region, with small vpg and with the gate—source voltage in the
range 0 V to +5 V. What device width is needed to ensure that
the minimum available resistance is 1 k€27
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for Vs >V, and very close to V., ry, will be very large = no worries!
for V =5, there is a risk that ry, will fall below 1 kQ.

1 S1KQ = L >1000

kr:x(w%njx(\/(;s —Vt) 100><10_6><( ”1X106j><(5—0.8)

420000xW, <1 = W <2.38 um
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Consider a CMOS process for which L,;, =0.8 um, ¢, =
15 nm, p,, = 550 em?/V-s, and V,=0.7V.

(a) Find C,, and k.

(b) For an NMOS (ransistor with W/L = 16 ym/0.8 pm, calcu-
late the values of Vyy, Vi, and Vg, needed to operate the
transistor in the saturation region with a de current I, = 100 pA.
(c) For the device in (b), find the value of Vy, and Vg
required to cause the device to operate as a 1000-Q2 resistor

for very small vj.



C = gr(ox) X &y . 3.9)(8.854)(10_12
> t 15%x107°
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k!'=pu xC,, =550x2.3x107" =1.265x10"* A/V* =126.5 uAIV?

ko (W > o _ky (W 1265\ (16

Ip = ZXKLJX(VGS _Vt) » Ip = 2 ( J (Vov) 100=£ > j ( J (VOV)
= (Vo ) =0.07905 =V, =+0.2812V, select V,, =+ 0.2812V

Vo, =V -V, (for NMOS) =V =V, +V, =0.2812+0.7 =0.9812 V

=2.3x10"° F/m? =2.3x10" Flcm?

VDS (min) =V DS (sat) :Vov

o = 1 — 1000 = 1 =V, =0.3953V

X(Wn Ln)xvov 126.5x10" x(;%)xvov

Vs =V, +V, =0.3953+0.7 =1.0953V

4.19 For a particular MOSFET operating in the satura-
lion region at a constant vgg, ip 18 found to be 2 mA for vy =
4V and 2.2 mA for v, = 8 V. What values of v, V,, and 4
correspond?

4.20 A particular MOSFET has V, = 50 V. For operation at
0.1 mA and 1 mA, what are the expected output resistances?
In each case, for a change in v, of 1 V, what percentage
change in drain current would you expect?
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|, =2MA @V, =4V

|, =22MA@ V,,=8V
AV (8-4)

Vg, Is constant; Find r;, 4, and V,.

r=—=5= - =20kQ
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{4.20}

Vv 50 V, 50

I,=01mA == =500 kQ I,=1mAr =—+—= =50 kQ
@l ° 1, 0.1x10° @l ° 1, 1x10°®
Y\ 7\
° Al ° r  500x10%’
For the 1,=0.1 mA case,
A—ID x100 = ( L 3j+0.1><10_3 x100=2%
I, 500x10 |
For the 1,=1 mA case,
Ay =es 1A 0| L 3J+1><103 %100 = 2%
I 50x10 I 50x10
+5
4.26 An enhancement PMOS transistor has k;(W/L)= G-
80 HA/V?,V,==1.5V,and A=-0.02 V"', The gate is con- _|lt
nected to ground and the source to +35 V. Find the drain current VSD
forvp=+4V,+1.5V,0V,and -5 V. . | e w
Voot —
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Case 1:V, =4V,

Vs =5-0=5V>|V|= notcutoffl V,,=4-0=4Vis not < |V,|= in Triode!
2 _ 2

ID:k;xWT{(VsG—MDXVSD—VSZD }:ID:SOxlO{(5—|—1.5|)(5—4)—¥

|, =80x10"° [3.5—%} = 240 A

Case 3:V, =0V,

Vi =5-0=5V>|V|= notcutoffl V,,=0-0=0V< |V,|= in Saturation!
ki W

Is :_ _(Vse |V|) (1+|/1|VSD)

_80><10 o

I, =

(5-|-15)*[1+]-0.02]x(5-0)] — I, =40x10"°x35"x1.1=539 1A



4.44 For each of the circuits shown in Fig. P4.44, find the
labeled node voltages. The NMOS transistors have V, = 1 V
and k/ W/L =2 mA/V>. Assume A = 0.

Assuming that the lower MOSFET is in saturation:
KW
2xL

(-V —1)2:\/2_—(_5) — VZ+2V,+1=V,+5
2 1 2 2 2

1+ 1-[4xIx(-4)] _ -1+
—> V4V, -4=0 - V, = Lty 2[1”(( J 1_2\/1—7=1.56V0r -2.56 V
X

We choose -2.56 V for which Vg >V, (to avoid cutoff).
KW
- Iy =
2xL

(-V, —1)? = 1x10° x (2.56 —1)* = 2.433 MA.
2

~2.56—(-5)

OR I, = = 2.44 mA (difference due to rounding!)

The upper MOSFET is in saturation because V, < V, (-5<1) —»

KW
2xL

(5-V,-1)* =244 — V-8V, +13.56=0
1 1 1

V, = |2.44 V] or 5.562 V, we choose 2.44 V for which V >V, (to avoid cutoff).

To verify that the lower MOSFET is in saturation:
Voo =V =V, =0-V, =-2.44 V which is indeed < V, — saturated as assumed.

1k

-5V



In the circuit shown, transistors are characterized
by |[V| =2V, KW/L=1mA/V? and A =0.
Find V; and V5.

Both MOSFET's are in saturation because V,, =0<|V,[;

;

Considering the upper MOSFET:

l, = :nWL(lO—vG—Z)2 - 2= %(10—V6—2)2% Vs —16V+ 64 =4
X

Solving for V, by any mehod:
V, = or 10 V, we choose 6 V for which Vg, > |V;| (to avoid cutoff).
For the lower MOSFET:

= k'W
P ooxL

(6-V —2)2 — 2= —1(6—V —2)2—) V7 -8V, + 16=4
7 2 7 7 7
Solving for V, by any mehod:

V, = or 6 VV, we choose 2 V for which Vg > |V,| (to avoid cutoff).

+10V

"77



4.48 In the circuit of Fig. P4.48, transistors O, and O, have
V., =1V, and the process transconductance parameter ki
100 uA/Vz. Assuming A= 0, find V,, V,, and V; for each of
the following cases:

(a) (WIL), = (WIL), = 20

The 200-A current will divide equally between Q, and Q, because
their gates are at the same potential (Vg;, = Vgs,, 4 =0) — 1, =15, =100 pA.

Assuming both MOSFET's are in saturation:

k'W 100x10°°
o= (0-V.-1)? 5>V, +1==4 [——"— 5 V.=-1++01=-1.32V 0r-0.684 V
oL 2><|_( .~ s 100x107° x 20 3
2

Select the first value because it implies that V; > V, and thus I, = 0 (to avoid cutoff)
Now,

V, =V, =5-0.1x10"°x40x10* =1 V.
To make sure both MOSFET's are actually in saturation, we find V, and V, :

Ve, = 0-V, =-1<V, — saturated as assumed!

Vg, =0-V, =-1<V, — saturated as assumed!

+5V
40 kQ 40 kQ)
V,0—= e—oO
—L—o—il__’Q; Qzﬂl——oj_
—oO0 V;




Problem 4.77, page 370, 5t ed. Sedra/Smith

a) If the transistor has V, =1V, and k! = 2 mA/V?, verify that the bias circuit establishes
Ves =2V, Iy =ImAandV,=75V.
b) Findg,,andr, ifV, =100 V.

\Y \' \'
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c) FindR,,, =+, —=, —.
Vsig Vgs Vsig
ISTV
RG1 & L RD
>
Rsig 10MQ2 1 75KQ
100 k 15V
o0 —
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v, 5Rﬁ”:: > RS
3kQ

Rth
Vth




a)
_10Ma s M =220 334 Mo,
h
5+10

V,, =(ij15:5 V.
5+10

V; =V, (I =0), Vg =2 (given),

Vs =V =V =V :VG —Vgs =V, Ve =3V
V 3
R, 3x10°

V=V, — I, xRy =15-1x7.5=75V

b)

—S:

=1mA

lp =

-3
g = 21, :2><1><10 _2410° S

RG1

Rsig 10MQ

100k

L RG2
10kQ Yo L,
! a SMQ

Rsig




c)

Let's call (Ry, || Rg,) = Ry=3.34 MQ, and (R, || R,) = R! =4.29 kQ
R, =Ry, || Rg; = R, =3.34 MQ

Ve R, 3.34

= = =0.97 VIV
Re +Ry, 3.34+0.1

Vg = _Re xVg, (VDR) =
I:QG + Rsig sig

Vo =0, x Vg x(RUIIT,) = \\I/—":—gm x(R!IIt,)=-2x10"x(4.29]]100) =-8.23 VIV
gs

v
Jo _Ze Yo _097x(-8.23)=7.98 VIV

Vsig Vsig Vgs




