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1. Show that the density of states in a semiconductor is ‘—l’—‘l%’g‘)—amvE s
where m is the effective electron mass and h is the plank constant.

(25%)

9 The thermionic emission current .J for electrons over the Schottky bar-
rier can be derived from J = e [ v dn, where e is the electron
charge, v, is the electron velocity, n 1s the electron concentration, and
E,(0) is the conduction band edge al the metal-semiconductor junc-
tion. Derive the current-voltage relation of the Schottky diode. (note:

I ezp(—a?)dz = 4F)(25%).

3. The variation of electron current I, due to the impact ionization in the
space charge region can be written as dha = o1, + apl, , where I
is the hole current and o, and a, are the electron and hole ionization
rates. If o, = @, = « and the length of the space charge region is L.
Show that the avalanche breakdown condilion is Jy" o d = 1.(25%)

4. Consider the MOSFET with the oxide thickness ... Show that the
shift flat-band voliage AVpp due Lo the fixed charge distribution p(z)
in the oxide is given by AVrp = "E':_z fisd %dw, where z = 0 is the
gate and & = t,, is the oxide-semiconductor Junction.(25%)
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#%%  There are only two problems.
%%% Please answer them concisely but with all necessary delails.

Problem #1 State all methods that you know for checking stability of a
linear time-invariant dynamic system.

Problem #2  State all methods that you know for cheeking performance
of a linear time-invariant dynamic system.
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1. (15%) Given a binary refation R of 6 elements as { (1,2), (,3), (1.1), (3.1), 2.4,
(5.4), (5,6), (6,2}},
(a) (5%) represent R in graphical form.
(b) (5%) represent R in tabular form.
(c) (5%) derive its transitive closure R’ and represent it in tabular form.

o

. (15%) In an undirected complete graph with » distinct vertices,

(2) (3%) how many ways can a complete subgraph be constructed in the graph?

(b) (5%) how many ways can the graph be transformed into a directed complete
graph? '

{c) (5%) how many ways cail the graph be partitioned into a complete bi-partite
graph?

3. (10%) :
(a) (5%) Defline a data structure o represent a bingry tree where each node
contains an integer data field.
(b} (5%) Write a preorder waversal. function preorder(ld) given a binary tree B.
(When a node is traversed, ils data field is print out.)

4, (15%)
(a) (53%) Define a data structure to represent a sorted linked list where each element
contain an integer key field and an integer data field.
(b) (10%) Write a function insert(L k) that insert a new element with key = k
and data = d in the sorfed sequence position if no element in the linked tist L
has its key matching k. Otherwise, ignore this operation.

5. (20%) Design a sequential circuit that perfoims 10101’ sequence detection and
gencrate  delection  bit  sequence output B given a bitl sequence L
(e.g. An inpul sequence *110101011010100° will result in the oulput bit sequence
$000001010000100°.)

(a) (10%) Draw its stale transilion diagram.
(b) (10%) Design its sequential circuit implementation with D-type flip-flops.

6. (10%) In a 32-bit machine, cach byte has a distinct address. There is a 32KB 4-way
set associalive cache where each cache block contains 64 byles.  When the
processor perform the cache access given address ADDR<31:0>, what bit fields in
ADDR<31:0> are (he_sef_index, the. compared address tag, and the byie offsel

utilized to find the corresponding data in the cache?

7. (15%) Given a 3-stage pipeline functional unit with the following reservation table.
We want to feed a number of such functional operations into the {unctional unit.
What is its minimum average latency conflict-free scheduling?
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. Solve the V; and & ; for one iteration by Newton Raphson Analysis.(20%)
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. PCC 24586 5 & A 2500MVA 4 PCC 2 Voltage Harmonic Distortion Factor.(20%)
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. Explain the operation limit for each segment of the loading capability curve for

generators.{14%0) .78
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1. (25pts) Consider time-hannonic ficlds in {ree space.
(&) Write down the Faraday equation and generalized Ampere’s equation in differemial
form. (5pts) .
(b) Derive the non-homogeneous Helmholiz’s equation for the electric field. (3pts)

(c) Show that £ =d,e™*#) satisfies (he Helmhltz’s equation. (10pts)

(d) Determine &, (5pts} .
(30pts) A lossless transmission of characteristic impedance Z; and phase constant A

[N

is terminated with a load Z, at z=0. The incident wave comes from z <{.

(a) Let the voltage wave be F/(z) =¥V "¢ +F /. Determine (z). (5pts)
(b) Define Z(z2)2V{z)/I(z). Tmpose Z{0)=Z, 10 find the reflection coefficient I, '

at z=0 intermsof Z, and Z, . (5pts)
(c) Express Tz} intermsof [.(5pls)
() Express Z{z)/Z, intermsof ['(z). {5pts)
(e) Substitute the result in (¢} to prove
Z(z) _Z,—jZ,tan iz (10pts)
Z, Z,-~jZ,tan fiz
3. (20pts) The far ficld of a short vertical ciwrent element  fAz located at the origin is
o Az | e

sin@ and H,=—"jk
r ¢ 4.?1'j oy

singd

E, =£jmyu
47

(a) Write the expression for instantaneous Poynting vector. (5pts)
(b) Find the average power radiated by the current element. (15p1s)
4. (15plts) A wave propagates along the +x -direction whose x dependence is

exp(-yx). M E =0, usec Maxwell’s equations to derive £, interms of f7 .

5. {10pts) Explain why single-conductor hollow waveguides cannot support TEM

YWiave.,
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1. Describe the following technical lerms in detail. (60%)
(a). Acousto-optic effect (b). Nenlinear optics

(c). Coherence length (d). Photoluminescene

" (E). LED (). Population inversion

(). Mode locking (h). Rayleigh scattering loss’
(i}. Mach-Zehnder interferometer

(k). Holography (1). Stimulated emission

(j). Sagnac gyroscope

2. There is a cosine term in iwo-beam interferometry. Explain why? (20%)

3. What are modal dispersion, waveguide dispersion and material dispersion? (20%4)




ﬂi¢mkﬁ%4 2 JE ﬁfﬂ#i%&ﬁ

#a ¢ aﬂ%ﬂ?%[@wffam] A8 12.5 o Al 5w/
| 220 % p% 3’}"‘ i3 HITE (o pvacnt D 52

2 4 g s et M (RS Ae Gl ) U

B Med 32 Ol iw |

s 4ogry & - (G ) rik HEEE T
47 Mé A6 «F ) ﬁyﬁmv:-#of-%;j'
LYy ) b A I (Forer z’,fmf,f,, ) LT
%—zquﬂﬁUﬁh@ﬂf4@f?%&\ Eire]

4R R g Cerly W“%’ﬂwﬂﬁa\

@%> ﬂ#~m%‘k@<wfus%%)wfaﬂ ]
4 L 4) 49 By 1R T (Towsger Anction) B3 W] 12
&) ﬁi,wﬁ >z

.C £ 4§ }%f,[ k) %y (At orel(ion wetion ) BB i % b
7;]_ {[ f\%f ,%( ¢ /l’({ l’[ 7
1A T R]EE AN
et o B "0l
dv | = t )O v (5 Vi) = )
Az fi) -2 -3 Yo (b S !
-}E_ - ) .
& by \:E[ .




