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Problem 1 of 4: Answer each question briefly and clearly. (5 pts each, 40
total)
1.1 Assume a diffused resistor with a fixed thickness. What happens to the Sheet

Resistance (Rs) if the doping level doubles (assuming that there is only a single
dopant and that mobility does not change)?

... stays the same

... doubles
.. is reduced by 50% - Oz QU n: Mo

. th : y
none of the above. ”( A/D (,{01/ b&} v Joub&}
v,
L gors 1educed by 507
1.2 Find the “built-in potential” ¢g of a junction that has Nx=10"cm’ and Np=10""/cm’.
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1.3 Place check marks where appropriate to indicaie the correct region of operation,
assuming that Vy,=-Vp,=1V.

Transistor | Vgs Vs Vs Off Triode Saturation
NMOS 2 2 0 & X
NMOS 2 0.5 0 xX

PMOS 2 2 0 X

PMOS -2 -0.5 0 X

1.4 Choose the most appropriate answer.
A negatively charged “depletion” region in doped Si is characterized by...

o ... an abundance of electrons and negative ions
o ...too many electrons, too few boles

. L b ) A
Y ... asevere imbalance between negative ions and holes [ n Jat, nwé owly
=}

.. the complete depletion of charge density l{() o f/’ xee, ne ya e
, ’
10§ )
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1.5 We have a 2-terminal device that acc

; : umulates charge as a function of volt
agcordmg to tht? equation: Q = 5V2 + 3V 42 , where Q is in pico Cb and V is in(iro?;tgse
Find the small signal capacitance of this device in pFat2Vv, .

.24 pico Cb
=5, (5ves) —

fr Veov 99 peoth _
v 23— = w3pf

1.6 Write the expression of a transfer function that corresponds to the Bode plot drawn.

é0 4 .
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1.7 The value of a voltage source is 5 + 0.02cos(10% + 45° Volts. Please complete the
list below:

V= D (azye siynal
v= 0.01 (05 (105445 small 51quap
we 5t 0oL ws (10E+4s?)  Totel $igucg

1.8 For the n-channel MOS transistor shown below, please consider the two ends of the
f:han.nel (near the source and near the drain) and indicate whether or not each must be
inverted so that this device is in saturation.

1’0 o This end is inverted

H ‘meta 7
5 %
Hinterconnect to gate /]

Vos|

y( This end is NOT inverted

2 This end is inverted
o This end is NOT inverted
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Problem 2 of 4: Answer each question briefly and clearly. (20 points)
The C/V plot below was taken by “scanning” the gate-to-bulk voltage of an MOS
structure. We know (from other measurements) that ¢n: = 0.55V and Cox = 2.3fF/ umz.
Also, g, = 8.85 10 Flem, £ox = 3.9 € and & = 11.7 &. Use the graph to calculate:

accumilation o inversion

Minimum
C/Cr=0.3
Vey=—097V 02t  Vp,=06V

2 -1
1 l 1 it | SO W | 1 1 1 1 1 L 1 1

0 1 2 Vos (V)

2.1 The oxide thickness fox-

expression value & units

= fox #3950 _ .7 985 16" F/em

- = — 0
Cox Cox 23075 F/puan® 015pm

2.2 The maximum depth of the depletion region (What is the Vg voltage that yields the
maximum depth of the depletion region?). | I |

it =2
Cmm (ox Cclepg Q@p? Cﬂﬂu) (”)‘
23
Cdopff —
7 4
Xduay
expression value and units
) ] [ | !
Xdmax= g — = =} — - —
’ ¢ ((.,/n G )7 113t (o.;cox (ox) 010> pm

Vg when maximum depletion depth is achieved = 0.6V as Showw /n flyq,ng
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2.3 The doping concentration of acceptors (Ny) in the channel.
-0.41

T,
Vigs - ((PnJ'*‘PP) = oz ~Ves - o @

A/A» ) ue @ahl/
z —-60,9 . ?U w =) A/A’ V)'
¢, v bage ,

{
[0'0/0‘13

expression value and units

VT dat)
Ne W0 —Gamy 107 Jpe®

2 4 The charge density of the inversion layer (in Cb/em?) when Vgpis 2V.

Above Vien, sttucure qct) as @ Cinear (apaiivor v
value = Cox.

(ox:-é—g—' =2 AQ=-lox AV = ~lox (ZV"/“")

AV 2
fh%n/tm Llf077€ W/?’ay? abo.,.(
+lreshold
1
& fF/Hly:«%&s ) )
/‘ —~AT expression  value and units
/
Qi:‘%\-COX ( VGB' VTn) 3217 Séb/hml

!

shace a3 fov
layer & made of electrons
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Problem 3 of 4: Answer each question briefly and clearly. (20 points)
Consider the circuit below. Assume R; = IMQ, Ry =100Q, and C = IpF.

3.1. Write the transfer function v,/Vin.

(Wassic w/foy{ drvider:

20.“1 - ,__EL_..,-———-—- = Ll ———-——H)W’z'c
G B (geiwe) R [Lraw(Rig)e
\ Y~

o

3.2 Calculate the gain at DC, the gain at extremely high frequencies (@ = infinity), and
the numerical values of any poles and/or zeros that this function has.

expression value

. P
Gain ypc = 7_0£0'7(E'—;h :y_yﬂdg

v cap "Shows” B,
Gain g » = infinity = 10 po‘y (‘) O 0”;

Pole | = |/(¥A /i F‘L)C

1’))52 = Sunctfon has gy ove pole .. . 10 6 20d)/)ed
Zerol= ! /’ll ¢ 6
B562= Sfuurtlon las 0nby oue 0. .. 10% 100,

~or

! ><lo'q
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Problem 4 of 4;: Answer each question briefly and clearly. (20 points)
You are given an nmos transistor, connected as shown.

14

R
1 X214 %ur
+

4.1 Find an expression for W so that the output voltage Voy is 2.5V. Assume A,= 0.1V}
when L = 1pm, and it is otherwise proportional to 1/L.

T1045/5207 ™ Satuiarion e Vos 7 Veo- Voo,

L= Kp ;’T_ (\/05- l/%v;)l( [f)V/IV)K}

m
WE
Ib: SV- VouT
R
expression
- (§V’— Vour) /12

g'E' (Ves- 1/7'4)2("" 914”7? 'Vbj)

4.2 Assume R = 10kQ, poCox= 500A/V?, Vi = 1V, An= 0.1V when L = 1pum, and it is
otherwise proportional to 1/L. Find W/L when L is 2jum, and when L is 4um.

N 0V S—
.

K »wr
K2 (Vos- Vo) "1 )0 B V35)

'_4 A _ 10
= wm 1501+ 2 s
S0pd v (1.5v) " (1+ 0.8 {’/ . 25¢) C )
value
W/LwhenL=2pn= qqq/l.lls' = 39;
WIL when L= 4m = q“"q/l.oélg - q.1f




