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1. Choose and explain the corrective answer.
In the energy band diagrams, for a gallium rich GaAs semiconductor, the Fermi

energy level; Egis located at (1) Close to E¢ above E; ; (2) Close to Ey below E; ;
(3 ) in the middle between E¢ above Ey, ; (4 ) none of  above. (20%)

2. Compare and explain “the characteristics between p-n diode and sckottky diode”.
(10%)

3. Describe and explain (a) the conditions of forming a better ohmic contact. (5 %)

(b) In practice, how to obtain a ohmic contact 7. (5 % )

4 . Describe and explain ;“how to obtain the dependence of the band gap on the
temperature for a given semiconductor Si crystal.” (20%)
5 Brief description “how to design a high gain and high current transistor”. (20%).

,  Brief description the development and trend of semiconductor industry in Taiwan.

(20%)
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L. The following is an approximate mathematical model of a DC motor:
f + 650 = 200v, + 10w

The position error between # and the reference angle 8, is e = 8, — 8. Consider using feedback of the error
e and the motor speed § in the form

Ve = ke — li?g(j)
where k1, kg are controller gains to be determined.
(a)(5%) If there is no load torque (w = 0), what speed (in rpm) results from v, = 100 V7
(b}(5%) Find k1, kg so that a step change in #, with zero load torque results int a transient that has an
approximately 17% overshoot and that settles to within 5% of steady-state in less than 0.05 sec.
(c}(5%) Derive an expression for the steady-state error to an unit-step reference-angle input.

(d)(5%) Let ky = 50, kg = 0.02. Derive an expression for the steady-state error to an unit-step disturbance
torque when 8, = 0.

2. {a)(5%) How can you modify the Routh criterion so that it can apply the case where all the poles are to
be to the left of —or,00 > 0 7

(2)(10%) Apply your method to the polynomial
s+ (6 + k)s® + (5 + 6k)s + 5k = 0,
finding those values of &k for which all poles iave a real part less than —2. »
3. The characteristic equation of a feedback control system is given by

s -I-‘12.92 +ks+ k=0

where 0 < k < oo0. Use Root-Locus Technique to find

{a)(3%) pole(s) of the closed-loop system for k =0 and k = o0
(b)(3%) all the possible breakaway point(s).

(c}(2%) the intersections{centroid) of the asymptotes.

{d)(3%) the value of k af the point (-8, 0), and

{e)(4%) sketch the root loci of the system,

4. Consider a control system with the loop transfer function

_K(s—-1) 3 f oo

(a){G%) Sketch the Nyquist Plot of this syslem for X > 0.
(b)(7%) Using Nycquist criterion, determine the range of K {> 0) such that the closed-loop system is stable.

If the system is unstable due to the range of I, find the number of closed-loop poles in the right-half

of s—plane.

410

415

425

20

130




PANIPY - A+Am$ ﬁ@&%ﬁi#&&ﬁ
£ E] HL?_’%‘J 7 AR TR #%LA

15

201

(¢)(8%) Using Nyquist criterion and the Nyquist plot of K > 0, determine the range of X (< 0) such that

the closed-loop system is stable. If the system is unstable due to the range of KX, find the number of
closed-loop poles in the right-half of s—plane.

5.(14%) Is the following Jordan-form dynamical equation controllable? observable?
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6.(15%) If /3 is a real constant, show that the time-invariant Huear state equation

%x(1) = Ax(t) + Bu(t) L Wl

is controllable iff
(1) = (A — AI)z{t) + Bu(t)

is controllable.
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. (10%) Given a set A of 8 distinct elements, how many of the binary relations on A are
symmetric and reflexive?

. (10%) Prove by induction 1?4+ 22 434 _ +n*=(14+2434+...+n)?. _
. {15%) In a graph G(V,E) which is a forest with k components, prove |V| = [BE| + k.

. (15%) Given a distance matrix D for N nodes where D(i,j) is the distance hetween node
i and node j and D(i,j} = D(j,i) for all i, j, design an algorithm and data structures to
perform a minimum spanning tree construction. Explain why your algorithm is correct.
(You can use pseudo algorithm and data structure representation.)

. (20%) Design a set data structure and the algorithms of the four operations performed
on the set. '
+ insert(set,key,data) : the operation inserts the data with the key into the set

¢ get(set): the operation returns a data with its key in the set and remove it from
the set

+ search(set,key): the operation returns a data in the set with its key equal the key
parameter and remove it from the set if found, else return NULL value

¢ empty(set): the operation can test whether the set is empty or not
Hint: Use the linked list data structure.

. (20%) Design a 4-digit BCD-to-binary code converter sequential circuit that accepts
4-digit BCD code Bs, By, By, By, where B; is represented as binary format b; 3, bia, bi1, bigp
and input serially from the most significant digit (B;) to the least significant digit (By),
and generates 14-bit binary code ay3, a1, a11, @10, 09y Og, a7, 5, @5, @4, Q3, G2, A1, Ty A8
output. You can use several 4-bit adder modules and shift registers in your design.

Hint: This converter performs decimal to binary conversion. The conversion result 4
can be computed with the following equation

A = ((By = 10 + By) = 10 + By) + 10 + By
Thus, you can use the recurrence equation
A,'.H = A,‘ * 10 + Ba_,'
where A = By and A = A; to serially compute the result 4;, 4s, 43, and 4, (i.e. A).
Note: You are required to design the circuit in this seriel sequential circuit version.
. {10%) A pipelined processor and its reservation table is shown in the following figure.
Calculate its minimum average latency.

TMustrate your calculation with reservation table, collision vector, and the state diagram

for latency cycles.
1234567

s1 X X
) 52 X X
s1 82 53 54 55 53 X X
s4 b

55 X

pipelinad configuration reservation table
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1. For the following power system, calculate the voltage at the load bus by using
Gauss-Seidel method for 2 iterations (50%).

Tetiad: Va0l
¢ Lerd b Al e
£, n VLMJ =l.oie
3
O = 0.65 pu.
Q= 0.3p pou.
Yot o2l pst o) ‘
&=0.1 p-u- 2GI =0l p-u.
10z §0.167 pa

Cl-\a.'raha ol bus G = 0,05 pu.

] = 0. M, R n
bus Iz 0.04 pou. _Lnd bu o pou (oMt ok to peu uo1fa¢)

2. If the above system circuit is simplified into the form as shown below, what is the
maximum real power (3-®) that can be supplied by the generator (30%)?

5,
—G
[N
jo.25 pou, +
+
l.oZ &D -jiDP"" |.D]‘;§: pu.
pu. - 2-36 pan

3. To simplify the dynamic and transient analyses of the above synchronous machine,
some manipulations are generally required, what kind of transformation technique

is commonly used and what advantages can be obtained by introducing such steps
(20%)7

10

115

30




A NIPR. N NG B R0 i A& A
A o8 REbIE R AR AL e A (R % IR

108

201

25

30

15[

CARIREBEIMAIN, el -3 isie%. (BATESAHIE)

T SR

1. Show that, if the wavelength of an electromagnetic wave in an unbounded

medium characterized by g and & is greater than 2a, then this wave cannot
propagate in a rectangular waveguide of dimensions a x & with the dielectric

inside the waveguide also characterized by g and & (25%)

2. Derive the complete time-harmonic fields of the TE wave in a parallel-plate
waveguide from the Helmholtz equation. (25%)

3. A uniform plane wave impinges obliquely on 2 plane interface between two
dielectric materials of material constants {1, &) and {4, &). Derive the
complete expressions of the ficlds of the reflected and transmitted waves for the
perpendicular polarization case. ' (25%)

4. Briefly answer the following questions. (5% each)

a. What is the meaning of the polarization of a pline wave?

b. What is skin effect? Discuss your knowledge about skin effect,

c. Discuss the concept of the distributed circuit as compared to a lumped circuit.

d. Discuss the reasons for transmission-line matching and the principle behind
matching.

___e. What is a Brewster angle? Why is'it also called a.ppllarizin_g _angle?'
g P : -
L3 or B 4

ol

&
i

LoRTER vMP B39EWY R TAFR TR (20
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BYSEFE 1L 1 AFTR 52 (30%)
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