ECE 110

Professors Brunet and Loui October 20, 2008
HOUR EXAMINATION #2
1) Write your official: § &L
Last Name (use capital letters): 0 ’é TNo / a,), vers 131&
First Name (use capital letters): )C
Netld & UIN: e &Ij

2) Write your name and section at the back of the test

DO NOT TURN THIS PAGE UNTIL YOU ARE TOLD

Make sure to write your name AGAIN at the top of every page of your
exam.

A. Write or print clearly. Answer each problem on the exam itself. If you
need extra paper, there is an extra sheet at the end of this exam. Clearly
identify the problem number on any additional pages. The Boolean Algebra
identities are also attached to the exam.

B. In order to receive partial or full credit, you must show all your work,
e.g., your solution process, the equation(s) that you use, the values of the
variables used in the equation(s), etc. You must also include the unit of
measurement in each answer.

Students caught cheating on this exam will earn a grade of F for the
entire course. Other penalties may include suspension and/or dismissal
from the university.
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Problem 1 (20 points) The circuit below has a sawtooth wave voltage source with period 4 ms, a
diode with ¥,,, = 0.6 V, and a resistor R = 9 kQ. By KVL and Ohm’s Law, Vi, = Vp + Vous, and
Vo= ip R —0.4. To analyze this circuit, use the large signal model. Vi:; 2 O6 Qh&n .
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(a) /7 pts.] Express Vo in terms of V3, when (b) /7 pts.] Express Vo, in terms of Vi, when the
the diode is on, and the range of 7, when diode is off, and the range of V;, when the diode is
the diode is on. Show your work. off. Show vour work.

e Yz Von = 0.6v = Vin=0.6 +Voud @ \NTO Vous = QXQ_@‘Q,:;O%
= \lfoui’a 1\/‘mﬂ-05é> o ol \3}\@]@ s 2 0.6
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Voul: \/ ‘0 - 0'6 Vout: - \)‘} 4-

when O&i <V < R when - <V < Oe

)
(c) /6 pis.] Plot the output voltage ¥, for one period. Label the vertical axis with the voltages, ‘/’ Se (}Q/L
and the horizontal axis with the times at which the behavior of the output changes. d{ 5
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Problem 1 (20 points) The circuit below has a sawtooth wave voltage source with period 4 ms, a
diode with ¥, = 0.6 V, and a resistor R = 9 kQ. By KVL and Ohm’s Law, V;,, = Vp + Vou, and
Vou = ip R —0.4. To analyze this circuit, use the large signal model.
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(a) /7 pts.] Express V,,, in terms of V;, when (b) /7 pts.] Express V,,; in terms of V;, when the
the diode is on, and the range of V;, when diode is off, and the range of ¥}, when the diode is
the diode is on. Show your work. off. Show your work.
Whante Liode oo orn, A,>0 When the diode CA%, Ap=O
cend \Jpr-'— \'oﬂza.b,m and VD< Von=0.6.7"So
Vot = Viu-Vp =V 0.6, Nowt = ApR ~0.4 =0-0.4 = -0.4
Ao i< Yout 04 \out0.4-06 Ak Vp =Viu—Vout= Vi ~(£,R-0-)
4 R - R >0 e +0.4 £9.6 whon Viu<0.2
Whon Vou> 0.6-0.4=0.2.
Vout: V\.M - O'GV ) Vout: .-O‘ L"V
when 0«2V < Vig < when <V, < O.QV

(¢) /6 prs.] Plot the output voltage V,,, for one period. Label the vertical axis with the voltages,
and the horizontal axis with the times at which the behavior of the output changes.
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Problem 2 (20 points)
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VBEON = (),0 V; B = 100; VCESAT= 0.2V
For both parts below, use the information above to find the requested quantities and the transistor state.

(a) /10 pts.] Assume Vi, = 1 V. Show your work. \ _
o St \lin 7 VR Eaw )P}\g ancialer is ON - Vee = V;%'CZON
gz L=0b - 04 5uft. (orsinee {870  then 3t is eellly oN)
o ﬁg&umg%% U@ﬁ\%‘(@@ S @(ﬁﬁ&ﬂ ve=Pip= \@Ox‘;ﬁ?]‘\xﬁ - 05 wmh -
By KVl Vee = F-ic QR =T-05mdk=6V
o\ @Yo (yVeeeRT) Truas orrect o aasume aclioe -

ip = BWX i=| OS5l | va-| BV state | @clLoe

(b) /10 pts.] Assume i/iz = 80. Show your work. ’ | \
. Sine \c/ig =80 thus 15 \esd ‘\%@\h ® (t@o)
= the rraesistoe st sobucafed -

. 50 Ve = Vs = OV %5 KVL 1c= :}_:&Qgg - %ug_méé\

o \cfin= 80 > 1= \e [80- Bmh /0= 4R-Spih

ip= 4& Slrd} ic= %/.}mf\ Ve=| Q.o State %@Q@@%Qd




Problem 2 (20 points)
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VBEON =0.6 V; B = 100; VCESAT= 0.2V

For both parts below, use the information above to find the requested quantities and the transistor state.
(a) /10 pts.] Assume Vi, = 1 V. Show your work. )
3«3 KVL and Ohala Law, 2k i +Nee=T, Vin :(80,04,‘84-\/3@-@
Sinca Vin > Vggon , Hha Eramsicter & aPtive or galivaled.
— _ N —\gcon (-0.b _ O4V _c
/3 (80h> ~ ~ (goky  soka f’i’(
\lcg = T- @L) A= 7—(2L(0-S mA) = oV< Vezsar

ip = 5 MA* Ic= OrS MA Ver = 6\/ State GC&T;&

(b) /10 pts.] Assume ic/ip = 80. Show your work. &
Since lcfia :80</5)1£& tromaiator Mt dalraraod

SO ch = \ICEW = 0-2V

iy = 4-2.,5‘/( A. ic= 3.4M Vep = 02\/ State m&a
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Problem 3 (20 points) In the CMOS circuit below, the nMOS part is correct, but the enclosed
pMOS part is incorrect.
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(a) /8 pts.] Complete the truth table for the value of f.

(b) /4 pts.] Explain in words how the table for w was obtained.

wis high (1) when % is lowr (0) because Tt 1S oN 9 Ta (S OFF
wislow (0) when X (8 L\Lak C‘) because T IS OFF @ Ta is oN

(¢) /8 pts.] Draw the correct pMOS portion of the circuit that corresponds to the nMOS portion.
Label the inputs w, y, and z clearly.
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Problem 3 (20 points) In the CMOS circuit below, the nMOS part is correct, but the enclose
pMOS part is incorrect.
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(a) /8 pts.] Complete the truth t;ble for the value of f&mf-/m FMOQ ‘)c?t’ "\@—6 62!2»\
Covce Iadh (as m part (&) ?
(b) /4 pts.] Explain in words how the table for w was obtained.

wis high (1) when X (s ,Qm»(o) becase T o om and TZCA%,,
s W i conneZld B Vo= kool

wislow (0) when X (o LCLZ(R(\X because |\ iA@M and T2 (4 09
go Wt conmad K ground (bo)

(c) /8 pts.] Draw the correct pMOS portion of the circuit that corresponds to the nMOS portion.
Label the inputs w, y, and z clearly.
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Problem 4 (10 points)
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Can F (not F) be implemented with the circuit: ‘*(f’y
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Clearly and fully justify your answer (write neatly): Q;o
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Problem 4 (10 points)
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Can F (not F) be implemented with the circuit:
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Clearly and fully justify your answer (write neatly):

FzXY %2

E = (34 « x2) =(X ) (x@) by DeMorgan
=X+ (K +2) 6&3'92 ﬁ' G
= aTHE ) by Tkl

Ot = R+ =% S =&+ V) - XD
= (x5 ) (X +2) 6% Tavelchion

=F



Problem 5 (15 points)
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Complete the table below. Show your work. - -
- N %l X4 |
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Problem 5 (15 points)
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Complete the table below. Show your work.
X Y a b c d e f g display
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Problem 6 (15 points)
For each of the following questions, check the most correct answer.

(a) It is possible to implement any Boolean function using only NOR gates (and no other kinds

of gates). » . /
just (ke NAODS  (we wn
WTrue []False W\Q\& Lol } Fk@% , OR %@)j\%>

(b) It is possible to implement any Boolean function using only XNOR gates (and no other kinds
of gates).

[] True MFalse
A B <

N
(¢) (ABC)ys is an even number. 0I0 1011 o0
R enen
%ﬁ True [ ]False

(d) Adding (A2)s and (5F)¢ leads to overflow on an 8-bit parallel adder. A 2
3 X N
we would nasd 5F

WTW@ [ ]False 9 \DL\@; I O

(e) A seven-segment display can be used to display any decimal digit.

w True []False D - % Q\)&S\ ( @QQ>
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Problem 6 (/5 points)
For each of the following questions, check the most correct answer.

(a) It is possible to implement any Boolean function using only NOR gates (and no other kinds

#eDn% e L CLe g

Q’True [ ]False
] "7; %DO"“CX +3§ Xy 5@%9'@

(b) It is possible to implement any Boolean function using only XNOR gates (and no other kinds
of gates).

[ ] True Igéalse

(¢) (ABC)y4 is an even number. (A@ C‘)‘b - UO (0 (ol \(00)2

S
= 2% 2% ... (w2 )

B/True [ ] False ?\&{‘m 6(% u O) o0 { 6‘2 Zuen

(d) Adding (A2)6 and (5F);¢ leads to overflow on an 8-bit parallel adder.
[ [ ]

lO(O oolo
[fTrue  []False + oot Vi
(0000000 |

(e) A seven-segment display can be used to display any decimal digit.

@/True [ ]False



