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1. Consider a sample of silicon at 400°K doped with boron at a concentration of 1.5%x10% ¢m™®

and with arsenic at a concentration of 7x10"cm . Assume all impurities are ionized. Deter-
tnine the electron and hale concentration. (for silicon: ny =1.5% 10%em 2 at 300°K, kT=0.0259
eV at 300°K and E,=1.12¢V)(16%)

2. An abrupt silicon (n; = 1,5x10™° cm3e, = 11.8 €, €, = 8.85 x 1071 F/cmz) pn junction at
tero bias has dopant concentration of N, —1015 em™? and Ny = 2 x 107 em™2 at T = 300°K.
Determine(17%)

:{a) The build in voltage Vi;.
(b} The depletion width W.

(¢} maximum electic field £rnaz-

3. A solar cell with a dark saturation current Iy, = 1.5 nA is illuminated such that the short -

circuit current is I,¢ = 100. mA. Determine the maximum power output of the cell at this
illumination. (16%)"

4, Assume that a p-n-p blpoia.r junction transistor is doped such that the emitter doplng is 15
times that in the basé, the minority carrier moblhty i§ 0.6 times that in the base, and the
base width is 1/12 times the niinority carrier diffusion length The carrier lifetimes are equal.
Calculate o and g for this transistor. (17%) :

5. The Schottky barrier helght $pn, of a metal-n- GaAs MESFET is 0.9 volts. The chah—
nel doping is Ny=1.5x10%cmn ™ and the channel thickness is a==0.5pm. T=300K. Caleu-
late the pinch off voltage V, and determine the FET is enhancement type or depletion

““‘—r-—-

15 uype (€=13.1e,N. = 4.7 % 1017cm‘3) (17%) s
i 6. Denve the expression of- the drain current Iy, for a NMOS transistor with gate capacitance
C channel length L, and width W. Assume the threshold voltage Vr is a constant and the
| moblhty is dependent on the electric field E as
,u
B
i wE) =7 ) B
i . where g, is the low field mobility and v, is the saturation velocity.(17%)
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[1]1 Consider a unity-feedback system with open-loop transfer function given by

60- K

)= (s+1)(s+2)s+5)

10% (a) Using Routh-Hurwitz criterion, find the range of K, K > 0, such that the
closed-loop system is stable.

20% (b} Draw the root locus for the system when X >0. Show all important
feature of the locus.

"10% (c} Draw the Nyquist plot of P(s) when K =1 and check if the closed-loop

system is stable.
10% (d) From the Nyquist plot of part {(c), determine appr0x1mately the range of X,
K >0, such that the closed-loop system is stable. ‘ :

[2] Consider the following linear time-invariant system X:= [A, B,C, D)

01000 w01 [
0=l 200 @ | e,
L 1) Lo o) al=@)] Lo

. x,(7) ‘
yO)=[t 0 1z} 1=20. : L
=0 o

10% (a) Is the system completely controllable?”
10% (b) Is the system completely observable?

10% (c) Isit possible to find a linear state feedback u(¢) = -Kx{1)+v(1), where.vis

the new input, such that the closed-loop system is (exponentiafly) stable?
10% (d) Find the transfer function of the system, =
10% (e) What eigenvalues of the open-loop system are canceled in the transfer
function? why?
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1.

[20} Suppose the probability that a student passes a course is 1/3,
and fails with probability 2/3 (this is reasonable, i.e., 60/100).

(a) Calculate the probability that a student passes one course be-
fore taking the course no more than 4 times.

(b) How many times should a student take a course before he/ she
makes sure that the probability of passing the course is greater
than 0.87

. [15] Consider the case of an English-speaking traveler visiting an

European country where the native language is not English. He is
told that, statistically speaking,

(a} One out of 10 natives speaks English.
{b) One out of five persons encountered is likely to be a tourist.

v :
{c) One outtwo tourists speaks English.

Please infer the following quantities of interest:

(a) The probability that a person speaks English, regardless of -

whether she/he is a native or a tourist.
(b) The probability that a person is a native and speaks English.

(c) The probability that a person is a native, given that she/he
speaks English.

. [20] Consider a computer with main memory to store 32K words

of 12:bits in each word, and a cache of storing'up to 512 memory
words at any given time.
(a) How many bits are required in the CPU a.ddress'?

(b) Describe the structure of the cache, i.e., how many bits for
each field, if using the associative mapping organization.

(c) Describe the structure of the cache, i.e., how many bits for
each field, if using the direct mapping organization.
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(d) Describe the structure of the cache, i.e., how many bits for

each field, if using the two-way set-associative mapping orga-
nization.

4. [10] Consider a computer with cache access time of 100ns, a main

memory access time of 1000ns, and a hit ratio of 0.9. What is the
average access time of the computer?

. [35] Sﬁppose we have the following set of data:

86, 9, 136, 20, 90, 164, 36, 72
Answer the following questions.

(a) Use bubble sort to sort the set of data. Write the result after
each iteration.

(b) Use quicksort to sort the set of data. Write the result after
each iteration.

(c) Use heapsort to sort the set of data. Draw the tree after each
step. .

(d) Use merge sort to sort the set of data. Write the result after

each iteration.

(e) Create a binary search tree for this set of data. Draw the tree
after each step.
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L Mediom V, (Dm\)vIsTnc:) ‘he Teﬁ'@n <460 in S-P\TGY;CCJ coordinates s a P@erf{:“t
dieleckric of peymittivity €, \ wheveag mediam 2, c:owx()rishnﬁ- +he reg BN Pea
s Free space. The electric feld Intensities in the two media ave

E\: Eo\ [,arCD‘SB - ag SIV\B)

‘ 3
. N -t 3 . CL
' ”~ a -~ -
5 E'l: Eaz[&k(i""T_';)CUSB - &a(\-;;;)s\ne]

respeccwely . Fnd &) (25 %)

2 A coviey is bomded by Coducting walls Gt X=0,0v, Y=O. b and 220k,
| Aesuming thote s very small compored to Wovelengeh, so the {ields n
10 the caviey i “\”AQPQ"‘:A"'*.“_‘ of 2. The C\\M&C‘cer{ém‘c {ilerds can be {ound
by solving ‘:the‘ 'Hel'?‘hol_t’&' Q%IAat{on for Bz . Rwd te resonant ﬁe%uencteg
ond characteristic fields of fhe coviey . (25%) -

_3, For two medic. with j_k\zt}xz ond € %€ LHnd e B\l(ewgter‘s C\"‘fj\és
15 for plare wave ncidenc on the  Twterfoce of the two wedia, Sy bobh
Pevpendtt:u\\aw ond ?(,\ro_\\el Po\af;gatzms (a57.) ,
4. Brefly answer the following questions (55 cach)

(&) Whag T Ehe Ph\{slcc\\ S\\sm{rccmcﬁ of  eguotion 9{3 continuity ?

2010 Explain the fmpoveonca of displacement current, -

© What s o boundary volue problem

d) Write down .'\:he SI unics of the Fol\ouumﬁ aﬁu\am—.itteg .
E.D . B M and €

@) Whae 5 the Helmholtr Hieorem in  vector a:\nc\\\{sis ?
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1. Consider the LTI system that is initially at rest and that is characterized by

ds av(n _dx(
-—.d}vgl) + 4“3’— + 3p1) dt F 2x(1)

(a) Find the frequency response and the impulse response of the LTI system .
(b) Suppose that inp_u__t is x(t) = e "u(t) (where u(t) is the unit step-function),

please evaluate the frequency response Y(®) and the output y(1). (20%)

2. Consider the second-order causal LTI system described by . (20%)

© Ml ~Zreos 0 yfn — 1 + Py — 2] = x[n)

with 0<r<1and0 <8 < 7. (a) Find the frequency response for this system.
(b} For 8 %0 or r, please find the impulse response of the system.
(¢) For 8 =0 or x, please find the impulse response of the system.

3. Fora parallel combination of two systems as showh inFig. 3(a).  (20%)

WAL hytt) | viltd

" xlt)- o) ! — )

Y2 lth hy (e} ;thli'
Hyts) |

Figure Feedback interconnection of two LTI systems.

(a) Find the Y(s), the Laplace transform of y(t).
(b) Also find the system transfer function of this system in the Laplace transform
domain. '

4. Consider the Z-transform (20%)

3 — 3zt )

i _ : 6 N
X(z) ‘*mm}tl—) !z|>'§‘

(a) What is the RQC {region of convergerice) assoicated with X(z).
(b) What is the inverse transform of X(z), x[n], by the partial fraction expansion.
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5. Consider the mapping between the S-plane and the Z-plane by the bilinear
transformation specified by {20%) '

K

[ — z7!

[+ z7!t

2
TT

el where T is the smapling period. (a) What is the relationship between the continous-
time and discrete-time frequency variable .(b) Describe graphically the mapping
characteristics of the bilinear transformation between the S-plane and Z-plane.
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