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Problem 1 of 3. Answer each question briefly and clearly. (35 points)

What happens to n; if the temperature increases? Give a brief qualitative explanation (Spts)

ncreases, because of vhe 10 f Yeéubrazios of hobas aad ﬂ/ﬂ/ﬁom

What is the concentration of holes, electrons and positive/gnegative ions if Si is doped with 1017
Boron atoms/cm?, and 10!° As atoms/cm? at room temperature? (n;= 1010)(5pts)

we hie 10" 10" = 10" dorroas Jrim®
VJoi = 10 hobos frmn’

~ 10" neyarie Boron 1o Jim?

~ o' positive s [ons /i

What are the three types of charges in an MOS capacitor under inversion? Mention carrier type (holes
or electrons), ion polarity (positive or negative), charge nature (depletion, accumulation or inversion)
and location (gate, substrate surface or bulk). (Gate is n+, bulk is p)/(6pts)

N v ¢ 4 ’

in gute:  positive lous, (deplerion)

in channel. froe ebectrovs (inversim)

in bulh . negarive fous (depler/on)

Find the resistance of the following structure (drawn to scale), if the Rs; (diffusion) is 20 €)/square,
Rs, (metal) is 1 Q/square and contact hole conductivity (i.e. the area where the two layers touch) is
ISiemens/pmz. (1Siemens = 1/Q) Assume that “dogbone” contact areas amount to 0.65 squares.

(6pts)

I I
4 v
iffusi
S _ﬁ +l 1 \\\4_ //: Diffusion
T/ S
Diffusion/Metal
H Overlap
1 < 5 > 2 Diffusion/Metal
Contact

metal # o5 DO (1065 +065+L=33  merel wesistone 33x42/u 332

d,’f{u;/o,,, # o5 ‘ s 6+0.651t0.65 = 7.3 o/l’//u}llovz 7(?5/57.7,1/{ 73x 20¢/a ¢ 146.09
(entQey 7651510116 ze

I

7u7AL 151,32
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What is the “law” of the junction? (5pts)

Vo
P (kn) = Fro € e Wolox) - e € V2T

(0. Lotl of iujeawd minsivy tarsers  deppass Exponcyr/ollly oy bios

VO/IQ'?{’.

Sketch the minority charge concentration in the bulk of a pn junction under forward bias, and also
under reverse bias (no need to calculate the width of the depletion regions - assume that the diode
is “short”). (8pts):

Vd=0.7V Vd=-0.7V

I p (N,=10"7) n (Ng=10'3)

: 'V)I,',: 10 | B
I\( ')”’:IO%W:
- N | .

X
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Problem 2 of 3 (40 points)

Follow these steps to create an MOS transistor:

0. Start with p-type 10!7/cm? Boron susbstrate.

1. Grow 0.5um of SiO, everywhere.

2. Use mask 1 to etch SiO, where mask 1 is dark.

3. Grow 15nm SiO, everywhere. (draw cross section after this step)

4. Deposit and pattern 0.5um of n+ poly using mask 2 (poly remains where mask 2 is dark).

5. Implant n+ regions (to make source and drain) in areas not covered by poly or thick SiO,.
(draw cross section after this step).

6. Finish the device by cutting contact holes over source/drain, and by depositing oxide and pat-
terning metal (contact hole and metal masks not shown) (10 points).

Mask 2 [ QI
*}\\{\\?\\i\? Mask
WA

N

/ 0.5umS D2
4 ' W,
mmujrnb,"” // Cross section after step 3.
(-

i

I 1514"7 ”/,(91
| |

| [

Cross section after step 5
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After the transistor has been completed, apply Vpg=0V, Vgs=0V, and Vg = V¢ to bring this device
to the onset of inversion. Draw ¢(x) (with reference to intrinsic silicon) and mark the values of Vg,
X dmax- (,=8.85x10714F/cm, £,,=3.9¢,, £5=11.7¢,, electron charge is -1.6x1 0719Cb) (10 points).

\

M;)v \/mot \;ﬂ; -dPp + Zi’)“ 20125/1/0(‘2»‘/?)
I /
+- {ox
0ty 7‘% fp tox
055y -0H42V o

\— HV
({um 02um 0.3um 2
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166.4°10 C‘/m: 059%3)/

= Vlno 2097+ 084+

DU
oyt
Xdmoy= O.IOHPM

230.015 °F/im’

T
XJmuxf VQ‘ £ (‘Z('VF) = D'IOL//"M
Qo

0551 yd
%2,
2V
(Tox not drawn to scale)
Apply Vpg =

0V, Vpg =2V, V=3V and draw ¢(x) at a spot very close to the source, and also at a

spot very close to the drain. Draw both plots on the same graph, but mark each plot carefully. (Hint:
the bulk potential stays the same, at ¢,, with reference to intrinsic silicon in both cases)(/5 points).

Sing Vs < Vigs -Vem, The toasitor 13 14

t7/ode.
A o) The plot o3 tx) lose 1o 1he
sourte Pookts abmost €ike the aboe
T )7/ ot, exept Jo rhe Yate aqd oxlde
potentind.
4y
VMo Yo -6 The plot ol ¢Lx) tlose to rhe daly
» ‘2:31/ A V= (Vst -fp hes @ haher chamned potbynia b, Gad

@nt

'_+1v/
T K e

as a 1emly 4 Olboper depterion.

The yare pbnr/of aqd vie wéh
poreatiel ot Yhest vuo plors 15 rhe
Sgme.

H- 12V
() close o dwiy
{x) (dose to Souwrd

o4zv

/ " ad 0.2pm 0.3um
</ e N ] The new deplerion depth /s
vt 1 B ) ‘/ ‘, ,’
Xla, Yo, = 0.191pm Xdnow = 2%7“ (<245 +Vhs) = 012 pm
LV 'O.Iqum

(Tox not drawn to scale)
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Consider the small signal model for this transistor at Vgg=2V, Vgg=0V. The large signal source
Vee is such that the transistor is saturated. Calculate the values of g, and r, (assume
un=2150m2V‘ls'l, and that the channel-length modulation parameter A, is 0.1V-1). If we connect
a small-signal source vy = ImV, what is the small signal voltage, voy, across R; = 100KQ con-

nected as shown? (Do not tak to account when you calculate g). (15 points)
C G
\
‘*
¢

N CP ez % d
Y- Zalle | '

* d Ugs Bm Vs T RS U
Vs | i

br /4 s

= Eplox (Vos-Vea) = 4 215 m™ V7S 23016 F en™ (2-059)V = 695.16° Sloweus

I I . Y 05 15w v 13010 F e (2- - |
9ot o ° (ZL)Mnéox(V(,, l/m) n 5 215um° Y1350 10 Ffem® (2-0593) 0,1_2;:”‘9

.‘:7 o= 204 K9

3 -6 -3 .y ' -3
Una = =( Bel)10) Ombys = _§7.03 10" 6%6 10 - 40V = -467-j0 V

o/
6713 K2

fe. there 15 abmori a -5X opl) J1107100
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Problem 3 of 3 (25 points)

Consider a short pn junction with I, = 10°A. You want to make a thermometer out of this diode,
by feeding it with a constant forward current of 1073A, and by reading the bias voltage. What kind
of function of temperature will be this voltage? (linear or some other kind?) Calculate the Vp, val-
ues for 0°C, 25°C and 100°C. Graph the relationship between temperature and Vp. (Boltzman’s
constant is 1.38 10°23 J/K. The absolute zero temperature is at 0°K or at -273°C.) (15 points)

Vo
VD A Tp:-1,€ v Vil - gj
i Ip Vog _ } /'ﬂe 12
M = = == - —in
i \ 7 b Lo KT VD 9 Jo
4so — By e
. 13.8]
400 +— + i 15 dean
v, Q) imA V. that Vp is o binean
|19mV/ o b
350 / - funition of temp.
300
L l ' l 11 OO»Temperature (°C)

2 40 60 80

How would a npn BJT be affected by the following parameters (draw up or down arrows to indi-
cate that a parameter increases or decreases, respectively, given an increase of the respective
design variable.) (10 points)

Design Variable Br op

Emitter Doping A 4 pwitter doyin@ lovory hofle injection lnto emiver
Emitter Width A i pwitter viddth bouors hole diflusion twrient
Base Doping | N | baye Joy/vvb’ bowers eloitio injttion i1ro base
Base Width ¢ J barse wath  loness elouron diffuslon rurmnt

G = i (0. whon B jmproves, S0 oloes @
1-OF



