ECE 3040 Microelectronic Circuits

Exam 3
July 23, 2002

Dr. W. Alan Doolittle
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Instructions:

Read all the problems carefully and thoroughly before you begin working. You are
allowed to use 1 new sheet of notes (1 page front and back), your note sheet from the
previous exams as well as a calculator. There are 120 total points in this exam (100
points plus 20 bonus points). The exam will be graded on a 100-point basis. Observe the
point value of each problem and allocate your time accordingly. SHOW ALL WORK
AND CIRCLE YOUR FINAL ANSWER WITH THE PROPER UNITS
INDICATED. Write legibly. If I cannot read it, it will be considered a wrong answer.
Do all work on the paper provided. Turn in all scratch paper, even if it did not lead to an
answer. Report any and all ethics violations to the instructor. Good luck!

Sign your name on ONE of the two following cases:

I DID NOT observe any ethical violations during this exam:

I observed an ethical violation during this exam:




First 20% Multiple Choice and True/False (Select the most correct answer)
1.) (4-points) If the MOS capacitor shown in the diagram to the
right were used in a MOSFET transistor, which of the
following COULD result (more than one answer possible):
a.) NMOS transistor biased into Cutoff mode
b.) PMOS transistor biased into Cutoff mode
¢.) NMOS transistor biased into linear/triode mode
PMOS transistor biased into linear/triode mode
¢,). NMOS transistor biased into Saturation mode
'f.) JPMOS transistor biased into Saturation mode

2.) (4-points) If the MOS capacitor shown in the diagram to the
right were used in a MOSFET transistor, which of the

following COULD result (more than one answer possible):

a.) NMOS transistor biased into Cutoff mode N Mo SEV

b.) PMOS transistor biased into Cutoff mode .
OS transistor biased into linear/triode mode Thvers,on

-} PMOS transistor biased into linear/triode mode
OS transistor biased into Saturation mode
PMOS transistor biased into Saturation mode

3.) (4-points) If the MOS capacitor shown in the diagram to the ,
right were used in a MOSFET transistor, which of the \ N Mo5 '
ollowing COULD result (more than one answer possible): Accamu [a¥ion
@ OS transistor biased into Cutoff mode PO Ec
b.) PMOS transistor biased into Cutoff mode Ea—
c.) NMOS transistor biased into linear/triode mode b= = o e E
d.) PMOS transistor biased into linear/triode mode N:‘-“_::‘_;__-Ef
¢.) NMOS transistor biased into Saturation mode \
f.) PMOS transistor biased into Saturation mode

4) (4-points) If the MOS capacitor shown in the diagram to the
right were used in a MOSFET transistor, which of the M 05
following COULD result (more than one answer possible): (040 A

,.. NMOS transistor biased into Cutoff mode Oe(f £
PMOS transistor biased into Cutoff mode o -

c.) NMOS transistor biased into linear/triode mode £

d.) PMOS transistor biased into linear/triode mode In—

e.) NMOS transistor biased into Saturation mode

f.) PMOS transistor biased into Saturation mode

5.) (4-points) For a MOSFET biased into saturation...
a.) The channel acts like a resistor connecting source to drain
b, The channel does not exist due to this region being fully depleted
@The channel acts like a resistor connecting source to drain but has a depleted region at the
drain end.
d.) The channel needs to be changed because there is never anything good on TV anyway.
e.) None of the above



(Y 04 “ws Noua :
____‘Qﬁ__—&\——’ A —ﬁi—; '7_'7 /\);“4 '

6.) (20-points) In the two amplifier circuits below, the only difference in the top amplifier
verses the bottom amplifier is the positions of the resistors/capacitors, which are reversed
(swapped). Determine the voltage gains Vout1/Vin and Vout2/Vin. You may assume
that the Op-Amps are ideal.

Bonus Points (each must be completely correct or no points awarded):

(10 points) Plot the shape of the transfer function from 0.1 Hz to 10KHz.

(5 points) What mathematical function does the top circuit implement?

(5 points) What mathematical function does the bottom circuit implement?

(5 points) The bottom circuit has a problem if implemented with real devices. Identify
this problem and propose a solution.
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Extra work can be done here, but clearly indicate with problem you are solving.
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Pulling all the concepts together for a useful purpose:

7.) (60-points) Given the following circuit and material parameters,

(a) Determine the threshold voltage, Vr, flatband potential, ¢r, oxide capacitance per cm?,
Cox, and transistor transconductance parameter, K, (b) Identify the configuration of all
stages in the amplifier. (c) What is the AC voltage gain, Vou/Vin? You may assume all
capa01tors have infinite capacitance and are thus, AC shorts. Addltlonally consider the
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Gate Length, L=1 pym

Gate Width, W=7=10 pm

Effective mobility, =100 cm*/VSec \/T - a ¢F + K S J __1____ 2 d =

Oxide Thickness, tox= Xox =13.8 nm a é

Channel Length Modulation parameter, A=0.1 V! ox It € /

Substrate Doping, Na=1.68¢16 cm™ = 3 [0 3-7,) il 7(3.954e- F‘l') all.ée-tq 5

Oxide relative Dielectric Constant, €;.oxige=Ko=3.9 Vie-T 1, 7(3 S’ﬁe-m}

Substrate relative Dielectric Constant, € semiconductor—Ks=11.7

Substrate intrinsic concentration, n=1e10 cm?

Dielectric Constant of free space, g0 =8. 854e-14 F/cm .. l 68el¢ (3 (ﬂ 3'” \ 4 V
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Plug and Chug Answers (As 4hese answers are required to continue on with the problem,
you may purchase these answers for 5 points each. Exam proctors should clearly mark
values as “PURCHASED”):

V= ./.L V or= 0037' ‘/
Co=_25¢~T FJem> K.= RSOM:Q/V:"




Extra work can be done here, but clearly indicate with problem you are solving.
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Extra work can be done here, but clearly indicate with problem you are solving.

QM g/t‘\é e 3 l\ Ad p( CuUrveen f;/,gwr’e:. €

]\ nsares A COn SFan CUJ"/‘E"'"’/ Ma,_ 540% l&l

' Saturat ion Y
)ge " ."I'M/‘I'
L('.Lf(:’il___l: Vg: 0,&-,..\/4(5‘}'(): RV

V.
Vos, @'os‘,Rq)(\ ;K Vis, =~ thugv -3V

Y\/GS; = ;l,'-!'ér_/

s

I%& N ‘h;} (\/55}-» Vn/)a(l + A Vﬂ&;)

0.4 mA = 035\}“?)( 3\.45'01(‘ + 0.1 VOSJ)

Vpsa= 5.01'V

Vesy — Vo £ Vos
"q,( <. 5701 v’ —

ga-«ﬁu{q‘l 1 "
C/an‘f’:’/mf

ﬁh: = ..u—'—i—gﬂ-' < 633 #Aly

Vesi— VT
>
Irmy = _,;L_..’.)fi- _ sy MA”/I/
Véga-VT -
>
o ‘ = .\ KJL



Extra work can be done here, but clearly indicate with problem you are solving.

Gma Ygsq

2) ‘ém SV (G'”Ka) = [ﬁma"@\;@qlma) +V9sa ]
3) Noutz In, 953 (R e, >
/\JM (/}?) &

ou ¥ 55; /V}g,
Ng52 Vs )

— »uR ’fo.\ oy (’bl p)
7 (qi S Lwﬁgm@’* r: g(
= - 9,.,,<Rg fm) [ I M (Rz,/fo;“

[ * 9,..)% (Rq_"fba:)
C§ 7a ™
{ 07%1”\
_ /oo 0.00054¢ ( u112)
(0 00537)0330)[ | 4 0.00054% (441])
__= - (w577 ) (0707)
okt
\ﬁ: “33% v/ )




