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EE-255 EXAM 1 September 11, 2001
Instructor (circle one) Talavage Gray

This exam consists of 16 multiple choice questions and one workout problem. Record al answersto the
multiple choice questions on this page. Y ou must turn in the entire exam. There will be no partial credit
for the multiple choice questions, but there will be partial credit for the workout problems. You MUST
show your work on the workout problems.

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

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

1) a b C d e
2) a b C 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 C d e
8) a b C d e
9) a b C d e
100 a b C d e
11) a b C d e
12) a b C d e
13) a b C d e
14) a b C d e
15) a b C d e

16) a b C d e



1) In semiconductor physics, the term “holes” refers to

a)
b)
C)
d)
e)

negatively charged carriers of current
protons

positrons

charge neutral carriers of current
positively charged carriers of current

2) A semiconductor that has been doped with donor impurity atoms is called

a)
b)
C)
d)
e)

a gifted semiconductor

an intrinsic semiconductor
a rich semiconductor

a p-type semiconductor
an n-type semiconductor



3) In the diagram below, the diode may be modeled as an ideal diode. If V1 =5V, Compute
the diode current, Ip.
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a) 0mA
b) 1mA
C) 4 mA
d) 44 mA
e) 5mA

4) Use the diode equation with Is = 10_10 mA, V1 =26 mV and n =1, to find the diode
current, Ip, in the circuit below.
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R
=1)
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a) 9.4V

b) 1.1A

C) 0.0011 mA
d) -11A

€) 1.1 mA



5) A forward biased diode is found to have a current of Ip = 1 mA. If thisdiode is known to
haven=1.5and Is= 10"’ A, solve for the voltage across the diode, Vp.

a) 0.63V
b) 054V
C) 042V
d) 0.36 V
e) 0.21V

6) A particular diode is found to have an ideality factor of n = 2 and areverse saturation
current of Is=10° A. If V1 =26 mV, solve for the current when Vp = 0.1 V.

a) 458 pA
b) 5.84 pA
C) 6.84 pA
d) 45.8 uA
€) 46.8 pA



Use the figure below as you answer Questions 7-9. The Zener diode can be modelgd~with V

10 V & rz = 0Q when the diode is reverse biased and WW:F‘Q.G V&rr=0Qwhenitis
forward biased. You are to determigayiven different values for pd.
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7) IfVps=15V, k=7

a) 0mA

b) -4.4 mA
C) -5mA
d) 44 mA
e) 5mA

8) IfVps=10V, L =7

a) 0mA

b) -4.4 mA
C) -5mA
d) 44 mA
e) 5mA

9  IfVes=-5V,L=?

a) 0mA

b) -4.4 mA
C) -5mA
d) 44 mA
e) 5mA



10) A particular diode is modeled with a piecewise linear model having the current-voltage
characteristic below. Determine the parameters for this model.

In

.6 I""FD

a) Vy=0V;ri=0Q
b) Vy=06V;ri=0Q
C) Vy=-06V;rr=0Q
d) Vy=0V;r= o Q
e) Vy=0V;ri=1Q

11) A silicondiodeisobserved to exhibit Ip =1 mA a Vp=700mV and Ip = 3.6 MA at Vp
=750 mV, dl a T = 300 K. What isthe value of n?

a) 15
b) 1.0
C) 19
d) 2.0
€) 1.7



12)  Giventhecircuit and signal voltage below, what isV?
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13) Thediodein the circuit below may be modeled for dc analysis by piecewise-linear values
Vo=0.6V and Ro=10Q, andisfound to haven=1.2. Find the AC small signal

conductance, g4 = ?

n 1000 0

0.005 cos et V

a) 200 mmhos
b) 190 mmhos
C) 170 mmhos
d) 160 mmhos
e) 140 mmhos

14)  For thecircuit in Problem 13, what is the AC voltage across the diode, v4?

a) 35.5 cos wt pVv
b) 29.6 cos wt pVv
C) 24.8 cos wt pVv
d) 26.2 cos wt pVv
€) 31.2 cos wt pVv



15) A slicondiodewith Vi, = 0.5V and N = 0.5 is observed to have ajunction capacitance

of Cj =2 pFwhenVp =-15V. What isthe value of Cj when Vp =-4.0V?

a) 1.33 pF
b) 2.25 pF
C) 3.00 pF
d) 0.89 pF
€) 2.00 pF

16) Thediodein the rectifier circuit below isideal. Vn(t) = 100 sin(1000 1tt). C should be
assmall aspossible. If theripple voltage at Vour isto be about 5 volts, a suitable choice

for C isabout:
’I
+ ! +
Y 00 Q5 T ot
a) 4 uF
b) 40 uF
C) 400 uF
d) 4000 pF
e) 2F



SHOW ALL WORK FOR PROBLEM 17 ON THESE TWO SHEETS

17) Inthis problem you will examine the conditions necessary for a piecewise linear model of a
diode to be accurate.

a) (6 pts) A particular diode is observed to exhibit the following two (Ip, Vp) pairs:
(IDL VD]_) = (480 }J.A, 0.4 V)
(Ip2, Vb2) = (225 A, 0.5V)
Compute the piecewise-linear components, Rpo and V.

b) (4 pts) For your computed values of Vo and Ro, compute the diode voltage, Vp, that will
result in adiode current of Ip = 1 mA.

c) (2 pts) A second pair of measurements with this diode
(lDl; VDl) = (105 mA, 0.6 V)
(Ip2y Vp2) = (493 mA, 0.7 V)
yield a second model having
Vo=0.598V
Ro=0.207 Q
Using this model, compute the diode voltage, Vp, that will resultinlp =1 mA.



d) (4 pts) Given that this particular diodeasn= 1.0 and Is = 1 pA, compute the ACTUAL
value of Vp that resultsin Ip =1 mA.

€) (4 pts) Inacouple of sentences, compare the results of parts b—d and comment upon why
the two linear models differ from the exact answer (Hint: consider how the piecewise-linear
model approximates the diode equation)
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EE-255 Formula Sheet: Exam 1

Data:

At 25 C(RT.) V, =kT/q=0.026 V
q=1.6022x10" C 0" C =273.16K
Formulas:

e =1+ X X224+

Diodes:
o = 1("/™ -1) v, =V, +I,R,

= v.=V_ +V
D D d
Iy + 1,

v, = Vu (full wave)
2fRC

Other Equations:
R=R x(L/W)

N,/ N,= V,/V,

C

— LV —

v,

11

k =13806 x10> J/K

Vg )

nV-|-

_Vp2-Vm
|n(|D2 /1 Dl)



