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1) In a nonuniform n-type doped semiconductor, assume the doping profile is linear
increasing, i.e. dn/dx>0, under thermal equilibrium. Choose and explain the corrective
answer (a) dE¢/dx>0, (b) dEc/dx<0, (c) dEc/dx=0, (d) dE¢/dx>0, (¢) dE#dx>0, (f) '
dE¢/dx=0,(g) none of above (10%)

2) In the energy band diagrams, for a Ge (10" em™* ) doped silicon, the Fermi level, Er '
is located at (a) closer to E¢ above By , (b) closer to Ey below Erj , (¢) Er = Eri @
closer to the middle gap, E; above Erj () closer to the middle gap , E; below Exi |, (f)
Er = E; ,(g) none of above, Where Epj is the intrinsic Fermi level. Choose and_
explain the corrective answer.(10%)

3) With increasing temperature and neglecting the change of energy band gap, the Fermi
level of a doped semiconductor will (a) unchanged (b)move toward conduction band
edge Ec (c) move toward valence band edge Ey (d) move to the middle gap (e) move
toward band edge and then move toward middle edge (f) none of above Chogse and,

explain the corrective answer.(10%)
4) How to obtain a diode with a ideal I-V characteristics ? (10%)

5) For an intrinsic semiconductor, where is the position of Fermi level in the band gap (2)
toward to Ec above Ej , (b) toward to Ey below Ej , (¢) Er = Ej (d) none of above

Where Eg is the intrinsic Fermi level and E; is the position at middle gap. Choose and,
explain the corrective answer.(10 %) -

6) In the energy band diagrams, for a Zinc-rich ZnSe semiconductor, the Fermi level, Er
is located at (a) toward to E¢ above E; , (b) toward to Ev below Ej , (c) closer to the

middle gap, E; (d) none of above . Where Ej is the position at middle gap. Choose
and_explain the corrective answer.(10%)

7) (a)How to design a high current gain transistor. (10%).

(b)To calculate the commeon emitter current gain of a si'l‘i.c_on npn bipolar transistor at
T=300 K given a set of parameters (10%) - '

De=10em’/sec  Jp,=5x10"" Alem my=1.5x10 O 6m 2 Tee=1x10"" sec
Ver =0.65 volt Ny =1x10'®cm > Xe=0.50 pm.

8) Describe the ideal Capacitance-Voltage characteristics 6f MOSFET and compare
with the practical MOSFET. (10%)

9) Brief description on the future trend of semiconductor industry in Taiwan. (1 O%)
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® There are 5 problems, each counts 20 points.

Problem #1 ‘

Please answer following questions, in English, clearly.

(a) Why use the Laplace transformation in control systems study?

(b) Why use the feedback in control systems design, e.g. the benefits or disadvantages?
{¢) What are the concepts of controllability and observability?

{(d) What is the Lyapunov stability theorem saying?

Problem #2

Consider the dynamic system
&=
iBL=ku ; kelR
y=x+x.

let u=r-~y, where r isthe reference signal.

(a) Determine the range of & so that the closed-loop system is asymptotically stable.

(b} Draw the entire root locus (for all ke R) of the closed-loop characteristic equation as clearly as possible,
i.e. indicating the coordinates of all intersections and the corresponding values of k, etc.

Problem #3
For any matrix A€ R™", the induced norm of it is defined as
1Al := sup || Axll.
: L=
Show that

{a) NAxI<IAH-NxI, forany x e R",
(b) HA+BIl < I All+IBI, for any A, B in R™,
(¢} (ABIl £ tAll-IBIl, for any compatible A and B.

Problem #4
Consider the dynamic system

Suppose that the control is obtained from the state feedback u =-kx —k,x,+r.
(a) Find the values of k, and k, suchthat the closed-loop system has

£=0.707 and w, =10 rad/sec.

{b) Findthelocusin k vs. k, plane on which the steady-state error e, due to the unit step input is zero.

Problem #5
Consider the input-output description of a linear time-invariant dynamic system

¥ = f u(t-7)g(r)dr for t20
where g(+} is the impulse response of the system.

-Show that the system is BIBO stable if and only if fl g(t)ldr <ee.
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1. (30%) _ : .
(a) (5%) If a graph has n vertices (distinct) and e edges ( 7 n-1)/2 > e ), how many distinct graphs can be
formed to satisfy above requirement? o

(b) (5%) If e = n-1, how many distinct tree graphs can be formed?

() (10%) If e < #-1, how many distinct k-component disjoint clique graphs can be formed?

Note: A k-component disjoint clique graph is a graph with k disconnected compotents each of which

is a complete graph. .
(d) (10%) If r vertices is partitioned into two subsets that each has » 1 and n; vertices, respectively, how

many bi-partite graphs can be formed with these two vertex subsets? _
Note: A bi-partite graph is a graph that has two disjoint vertex subsets where there are only edges

connecting vertices between these two vertex subsets. '

2.(25%) : :
(2} (10%) Write a subprogram to traverse a parser tree and transform into its postfix expression
(b) (15%) Write an evaluation subprogram to evaluate a given postfix expression
Note: A sample parser tree, its postfix expression, and its evaluation result are given as followed:

e

+ !
W 102165 462/ - = 39
7 I8

3.(15%) In a 32-bit machine, each byte has a distinct address. There is a 32KB 4-way set associative cache
where each cache block contains 64 bytes. When the processor performs the cache access given address
ADDR<31:0>, draw a circuit diagram of the cache design and labeled operations and sample data on it to
show operation sequences of a cache hit access and a cache miss access on this cache. '

4. {30%) Design the datapath of a simple processor that
*  ithas 16 16-bit registers, a program counter, an instruction register, an ALU, a program memory with-

16-bit address, and a data memory with !6-bit address
* it can perform the instructions :

- add regl, reg2, reg3 # add reg? and reg3 into regl
—  subfract reg2, reg2, reg3 # subtract reg3 from reg2 into regl .
- logical AND regl, reg2, reg3 # bitwise AND reg?2 and reg3 into regl-
—  load regl, reg2 #1load regl from data in data memory at address in reg2
- storeregl, reg2 #store reg 1 into data in data memory at address in reg2
*  4-bit opcodes for add, subtract, logical AND, Joad, and store instructions are'0000, 0001, 0100, 0010,
and 0011, respectively
¢  the instruction format is
4 4 4 4

o sl | et e | -
Given a 32-bit ALU that can perform addition/subtraction, and AND operations, design a datapath that:
can perform above instructions :
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4, Bneﬂy answer the following questions. - o (5%each)

a. What is the meaning of the polarization of 2 plane wave? .

b. What is the skin effect? D]SCIISS your lcnowledge about the skln-
effect. .

¢. Discuss the concept of the d1$tr1buted c1rcu1t as compared to a: lumped
circuit. - SRR '

d. Discuss the reasons for transrmssmn-lme matchmg and the pnnc1ple E
behind matching. -

A7 (O

Show that, if the wavelength of an glectromagnetic wave in an
unmbounded medium characterized by 4 and ¢ is greater than 2a, then
this wave cannot propagate in a rectangular waveguide of dimensions
a x b with the dielectric inside the waveguide also characterized by #
and &. _ o ‘ S (25%)

Derive the complete ume-harmomc ﬁelds of the TE wave in a
parallei-plate waveguide starting from the Helmholtz equat1on (25%)

A uniform plane wave impinges. obhquely on a plane 1nterface

between two dielectric materials of matenal constants {, &) and (10,
&). Derive the complete expressions | of the fields of the reflected

_ and transmitted waves for the pexpendlcular polanzatlon case. (25%)

What is a Brewster angle? Why i is it also called a polanzmg angle'7
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1 Please define or answer the following questions: (20%)
1.1 What is polarizer? _
1.2. What is the definition of birefringence?
1.3 What is the Malug’s law? -
1.4 What is linear optical systermn?

1.5 What is the Huypens-Fresne] principle?

2 Single and multilayer films: (20%)

2.1 What is the condition for a single layer film to achieve anti-reflection -
coating for normal incident light? Assume the refractive index of air,
substrate, and film is g, g and ny, respectlvely The thlckness of this
single film is 4.

22 Whatisthe double—quarter single-minimum coatmg‘? What is the condition
to achieve such kind of coatmg'?

3 Glass isosceles tnangular prisms shown in F1g 1 are'used in optma] instruments.
Assuming g, =4 for glass, calculate the percentage of the mc1dent light power

reflected back by the prism. (20%)

Incident light

Refacted light

Fig. 1. Light reflection by a right isescelestiangu_lar'prism

4  For preventing interference of waves in neighboring fibers and for mechanical
protection, individual optical fibers are usually cladded by a material of a lower
refractive index, as shown in Fig. 4, where n, <n;. (20%) '

"(a) Express the maximum angle of incidence @, intermsof n,,n, and », for
meridional rays incident on the core’s end face to be trapped inside the core
by total internal reflection. (Meridional rays are those that pass through the
fiber axis. The angle &, is called the acceptance angle, and sind, the
numerical aperture (N.A) of the fiber.)

(b) Find 6, andN.A.if n =2, n,=1.74,and n,=1.
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Fig. 4. A cladded-core optical fiber

5  Interferometer: (20%) :
5.1 Please describe the setup of Mach-Zehnder mterferometer and Sagnac

mterferometer'? -
5.2 Please compare their characterlstlcs and d1fferences‘?
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Signal and System = (each problem_:'25 'points)

1. WhatisaLTIL system (Linear Tlme-Invanant Lumped System)‘?
Clearly define each one of the key pomts

2. If the lnput signal of a LTIL system isx(t)= A{u(t) u(t-T)] and the system
impulse response h(t) = Blu(t) - u(t-S)] where u(t) 1s the. umt-step functmn
and A, B, S, T are constants ﬁnd the system output s1gnal y(t)

3. We can use dlfferentxal equatlons to descnbe a system on’ the other hand,
we also can use system transfer- functton H(s) to do the ‘same job. State

your preferences and opinions on usmg these two kmds of methodologies,
especially on their “completely. charactenzatlon of’ the system”

4, Fmd ‘the closed-form output sequence y[k] of a dxscrete time LTIL system
satisfying the following state equanons T :

x[k+11=Axk]+B u[k], -
ylkl =Cx[k]+D u[k]
where x[k], uJk] and y[k] are the state, mput and output sequenees

of the system respectwely,. and { A, B; C D } is the state
descnpuon of a discrete LTIL system ' :

A={ a_]k b a11 =0, 312 =1, 321 = 2, a22 = -3

B={bjk} : b11=0, b2'1= 1
C={cjk} Cll_l’ ¢1p= -1

D=(dy) : dpy=0




