ID #

NAME

EE-255 EXAM 3 November 8, 2001

Instructor (circle one) Talavage Gray

This exam consists of 16 multiple choice questions and one workout problem. Record all answersto the
multiple choice questions on thispage. NO CREDIT WILL BE AWARDED FOR A MULTIPLE
CHOICE QUESTION IF THE ANSWER ISNOT CIRCLED ON THISPAGE. You must turninthe
entire exam. Partial credit will only be awarded for the workout problem.

Circle the one best answer for each question. Five points per question.

Do not open and begin until you areinstructed to do so!

1) a b o d e
2) a b o d e
3) a b C d e
4) a b C d e
5) a b C d e
6) a b C d e
7) a b o d e
8) a b C d e
9) a b C d e
100 a b o d e
11) a b o d e
12) a b o d e
13) a b o d e
14) a b o d e
15) a b C d e

16) a b C d e



17)

b)

SHOW ALL WORK FOR PROBLEM #17 ON THESE TWO SHEETS

Use the amplifier circuit shown below for all parts of this problem. The transistor has
Vee(on)| = 0.6 V, B = 200, and an infinite Early voltage.
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(6 pts) Draw the small-signal equivalent circuit.

(4 pts) Derive an equation for the input impedance, R, seen from the current source, is.



C) (4 pts) Derive an equation for the output resistance, R,, seen from the load resistor, R,.

d) (6 pts) Derive an equation for the current gain provided by this circuit, A = |—°
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MULTIPLE CHOICE QUESTIONS

1) In the circuit below, R = ?
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a) Rth

b) Rin || (rz + Re)

0) Ren || [Tz + (1 + gmRe)]

d) Rin [[ [rz + (1 + Om I'x )Re]
€) None of the above

2) Given apnp transistor in a bias-stable circuit for which lcq = 3.17 mA, =111, VA = 177
V, and Vi = 27.3 mV, what is the quantity (1+ gmy) =?

a) 113
b) 177
C) 178
d) 112
€) None of the above



3)

The transistor in the circuit below has an infinite Early voltage. Which isthe correct
small-signal model for the circuit?

d) Both (a) and (c) are correct

€) None of the above



4) The instantaneous drain current in aMOSFET amplifier is given by

b = Kn(VGS _VTN)2 » where Vg =Vesp + Vs -

To minimize undesirable harmonics, or nonlinear distortion, what is required?

Q) Vg <<V;

b) Vg <<V,

<) Vgs << 2o ~Vin )
d) Vs =Veso

€) None of the above

5) A common-drain amplifier has been constructed using an n-channel e-mode MOSFET
transistor (k=1 mA/V?, [Vin| = 1V) biased at 1o = 1 mA. The output resistance of this
circuit is400 Q. What is the output resistance of a common-collector amplifier (npn BJT
transistor: [Vge(on)|=0.7 V, B = 200, VA = 150 V) having the same resistor values and
constructed such that Ic = 1 mA?

a) 8Q

b) 400 Q

C) 500 Q

d) 13Q

€) None of the above



6) In a source-follower amplifier, which of the following can be true?

a) Rc=0

b) Rp=0

C) Rs=0

d) All of the above

€) None of the above
7) In the circuit below, vgs = ?
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a) Vgs = —k Rsi

b) Vgs = Ix/Om

) Vgs =0

d) Vgs = +ly Ry

e) None of the above



8) The following small-signal circuit represents what type of MOSFET amplifier?

Zm VX
—
+
VS 3 Vx 3 3 Vu
a) CcC
b) CD
C) CG
d) CS
€) None of the above

9) A BJT amplifier isfound to have an intrinsic voltage gain, Av; = -14.7. What type of
amplifier isit most likely to be?

a) Cs
b) CE
C) CcC
d) CB
€) None of the above



10)  Which amplifier type should be used to achieve a significant gain in power with a
minimal change in voltage?

a) CB
b) CcC
C) CD
d) CE
€) None of the above

11)  Thetransistor in the circuit below has k= 1 mA/V? and V| = 2 V. Compute the source
voltage gain, Avs, in the circuit below:
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a  -8.00
b)  —4.00
) -2.25
d  -3.00

e) None of the above



12)  Thecircuit below isa amplifier.
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a) CB
b) CS w/source degeneration
C) CC wi/collector degeneration
d) CcC
€) None of the above

13) Given: R1=20Q,R,=70kQ, R3=1kQ, Ry, =75kQ, Rs =5kQ, Rs =5 kQ.
For aparticular V., acollector current of Ic = 300 pA and adiffusion resistance of r, =

1.3kQ are observed. What is the magnitude of the intrinsic voltage gain, |Avi|?
vy

a) 2.17
b) 2.31
C) 2.50
d) 2.88
€) None of the above



14)  What isthe minimum value for Rx such that the following circuit will be (a) bias stable,
and (b) exhibit an input impedance of at least 1.8 kQ when 3 = 50 and [Vge(on)| = 0.7 V.
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a) 9.7 kQ
b) 6.3 kQ
C) 3.9kQ
d) 2.1kQ
€) None of the above
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15)  Compute R,, the output resistance seen from the load, R, , for the small-signal equivalent
circuit below.

gm“rx
Ra - +
ve () RF LR fo Ry Vo
+ -

a) 0

b) R1|IR2

C) R]_”Rg + 1

d) o

€) None of the above

16)  Derive an equation for the magnitude of the source voltage gain, |Avy|, for the circuit in
Problem 15.

9 g RLuroE
mERluRﬁRL

b)  g.(RIN,)

C) g m RL
d) g m rO B 1 %
Ero -R.
€) None of the above



EE-255 Formula Sheet: Exam #3

Data:

At 25 C(RT.) V, =KT/q=0.026 V k=13806 x10> J/K
q=1.6022x107"° C 0" C =273.16K

Formulas:

e =1+ X+X* 2+

Diodes;
C Vpno—V
o= lo(€""™ -1)  V, =V, +I C=f——x nvy=—PR2 DL
P O( ) o= Vo *loF D (- Vo Vy )N T In(Ip2 /1 p1)
\/.
d:dl.JDl =0 Vb =Vp + Vg
dip [ 1o +1o
Rectifiers: Monolithic Resistors:
COT, O oL
= —L = e

Vo= MR R=Rg
n-channel MOSFETSs;

lp = ko[ 20Ves = Vi) Vos — V] (ohmic/triode)

lp =k [Ves = Vi ] (saturation)
Vs > Vi, (NOT cut-off)
Vps > Vs — Vi (saturation)
p-channel MOSFETS:

lp = K, [20Ves = Vi Wos = VE] (ohmic/triode) lp = k,[20Ve, + Vi)V V2] (ohmiicitriode)
Iy = k,[Vas = Vi (saturation) lp = k,[Ve + V]| (seturation)
Vs < Vi (NOT cut-off) Vg > V5, (NOT cut-off)
Vps < Vs — Vi (saturation) Vp > Vg +Vy, (Saturation)
Thermal Effects;
T T =6R R = 1gVee + 1cVee R = 15Vps
Bipolar Transistors:

Var
Vee H . a [
I .=A.0l.e% EHi active = =
c =B Ulg 0 VAD( ) B o 145

12



Bipolar Transistor Amplifiers (mid-frequency):

CE: A =-0,(RILIR) R.=rI(RIR) R=RI,

CE with emitter degeneragion:

a=LEIR) g RIRI(.+(B+DR)] R=R

0+ AR
cB: A, =+5,(RIR) R=RIZ45  R=R
o p - @AGIRIR)
- VT AEIRIR)
7, + (RIR)IRD

R=RIRIE+E-DeliRIR]  R=rlR g —,

FET Modds:

On :Z'Jm = an(VGS_VT) Fo :(A lD)_l

FET Amplifiers (mid-frequency):

cs A =-0.(RInIR) R.=RIR) R=Ry I,

ce: A =+g,(RIIR) R=Rdl-  R=R

% (RslIR) !
CD: P = = = .
D AT RAIR) R=RIR) R=Rsll-
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