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Problem 1 [25 points]: Sheet resistance
Shown below is the layout of a p-type resistor with Ny = 10'7 cm™, U, = 2500111%,S and

thickness ¢ = 1 um. Electronic charge ¢ =1.6x107"°C.

S
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(a) [10 pts] Calculate the sheet resistance R, in Q/ .

(b) [10 pts] Assuming R, =1kQ/ (not the correct answer for part a), calculate the
resistance between terminals V, and V, for s =1um.

(c) [5 pts] Repeat part (b) with s =2um.

ANSWERS
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(b) The number of squares in the segment marked by red is ? =5. The number of
s

squares in the segment marked by green is ? =3. Hence, the total number of squares
s

equals 5+3 =8. Asaresult,

R =R, Unumber of squares)= (1 k% quare) (8 squares) =8kQ .

(c) From part (b), the value of s does not enter into the expression for R. Hence, the
value for R is unaffected from part (b) and is equal to 84Q .



Problem 2 [25 points]: Carrier transport
In this problem, you are to design an over-current protection device. Assume that the slab
of silicon shown below is doped with an acceptor concentration of N, (with N, >> ;).

— 1016 A3 _ 2 — 106 — —
N, =10 em™, g, =250em°0 Ly =10°Cm/ ¢ =10um, W =50 um,
L =100 um, electronic charge ¢ =1.6x107"°C.

o

(a) [15 pts] Derive an analytical expression and calculate the numerical value for the
maximum current /y,y.

(b) [10 pts] Derive an analytical expression and calculate the numerical value for V. (see
the I-V curve below for the definition of V..).




ANSWERS
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V,=3V
V, = 0.5V~—{ ':—:\14 0V
V,=0V

(d)

V, = 4.SV% %W 0V
V,=3V

Problem 3 [24 points]: Region of operation
Shown below are both NMOS and PMOS transistors with various termina voltages
referred to ground. ldentify the source terminal (V, or V,) and the region of operation
(cutoff or triode) of each transistor by circling the correct answer in the table provided.

NMOS PMOS

VTOn =1V VTOp =-1V
n=1V12 p:_]_Vl/Z
,=-05V | ,=05V

Vi =Vron +yn(\/_2¢p Vs _\/_2¢p)

Vip =Vrop +Vp(\/2¢n Vg _\/2¢n)

V,=31V

b

Example

V,=2V
V, = 4V~—H%V4 0V
V,=0V

<)

) (
V,=5V V,=5V
V3ovﬁc{':—:v4sv V35V>—C{'}:V45V
V,=2V V,=0V

(e ®
V,=5V V,= 102V
wov%%w 13V V3104V~—1%V4 100 V
V,=4V V,= 100V
Circuit Source Terminal Region
Example V, @ Cutoff

) V, V, Cutoff Triode

(b) V, V, Cutoff Triode

(© V, V, Cutoff Triode

(d) V, V, Cutoff Triode

(e V, V, Cutoff Triode

() V, V, Cutoff Triode




ANSWERS

(8 V, isthesourcetermina. Also, V,, =V,,, =1V because the source (/,) and bulk
(V,) are at the same potential. The NMOS transistor is cutoff because

Vs =V, =V, =05V =0V =05V <V, =1V .

(b) ¥, isthe sourceterminal. Also, V;, =V,,, = =1V because the source (V) and bulk
(V,) are at the same potential. The PMOS transistor isin triode because

Vi =V, =Vy =5V =0V =5V >, [ =17
and

Vep =V, =V, =5V =20 =3V <V =V, | =V, =V, = |, | =5V — 0V =17 =41

(c) V, isthesourcetermina. Also, V;, =V, = -1V because the source (¥;) and bulk
(V,) are at the same potential. The PMOS transistor is cutoff because

Vg =V, =V, =5V =5V =0V <[V, | =17

(d) 7, isthesourceterminal. Also, V, isthebulk terminal. Asaresult,

VTn :VTnO +yn(\/_2¢p _VBS _\/_2¢p):VTnO +yn(\/_2¢p _(V4 _VZ) _\/_2¢p)

OV, =W +WV Qv - (=30) -J1r)=2r
The NMOS transistor is cutoff because V,, =V, =V, =4.5V =3V =1.5V <V, =2V .

(e) V, isthesourceterminal. Also, V, isthe bulk terminal. Asaresult,

VTp = VTpO +yp(\/2¢n _VSB _\/2%) = VTpO +yp(\/2¢n _(I/l _V4) _\/2¢n)
OV, == +(=WV) WV = (-8V) =) = =3V

The PMOS transistor isin triode because

Vg =V, =V, =5V =0V =5V >|V, | =3V
and

Vi =V, =Vy =SV =4V =1V <V, =V, | =V, =V, = |9, | =5V =0V =31 =21 .



(f) V, isthe sourcetermina. Also, V,, =V,,, =1V becausethe source (,) and bulk
(V,) are at the same potential. The NMOS transistor isin triode because

Voo =V, =V, =104V =100V =4V >V, =1V
and

Vs =V, =V, =102V =100V =2V <V =V, =V, =V, =V, =104V =100V =1V =3V’ .



Problem 4 [25 points]: CMOS switch
For this problem, ignore the backgate effect; that is, let =  =0.

5V
I L,=4pm
W =?
NMOS PMOS R H
Vion=1V VTOp =-1V Voo oV,
HC,=200pA/N2 | pC =100 pA/V2 L,=4um
W, =7um

ov
Figure 1. CMOS switch for part (a).

(@ [15 pts] Find W, and W_suchthat R, =1k forbothV, =V =0VandV =V =5V
(see Figure 1 above). R, isthe resistance between the input and output terminals, V,
and V..

(b) [10 pts] Now, let W =10 um and W = 40 pum (see Figure 2 below). NOTE: these
are not the answers you found for part (a). Calculate R forV, =V =2V.

SV
{ L,=4pum
W, =10 um
V,oe——o o eV,
L,=4 pm
W, =40 pm
ov

Figure 2: CMOS switch for part (b).



ANSWERS

1
For Vs =0, Ry,05 = (1).

w
/'lncox mf)n |]I/GS _VTnO)

Also, for Vg, =0, R,,,0s = ! (2).

HCo D), W [V

(a) For V, =V, =0V, the PMOS transistor is off. Hence,

R, =R = ! =1kQ . Solving for W, yields,

NMOS '[114 ﬂ B B
(200 42)Eq4ﬂm)n 5V -0V —17)

W =5um.

For V, =V =5V, the NMOS transistor is off. Hence,
1

R, =Rpy0s = , 7 =1kQ . Solving for W, yields,
(100H4 Y2 sy -ov -17)
14 Apm”"’
w,=10um.
1 ..
(b) From (1) above, R,,,,s = =1kQ . Similarly,
(200"‘72)@10”")[451/—21/—11/)
using (2) above, R, = ! =1kQ . But, R, is the

(100”72)Ed40”m) Qv -0V - 1)

parallel combination of R,,,,; and R, . Hence,

RA - RNMOS IjePMOS :5009

10 +R

RNM (N PMOS




