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1. (20%)An amplifier with an input resistance of 10k, when driven by a current

source of 1 # A and a source resistance of 100k€2, has a short-circuit output
current of 10mA. and an open-circuit output voltage of 10V. When driving a
4-KQ load, what are the voltage gain, current gain, and power gain expressed as
ratios and in dB?

2. (20%)In the circuit of Fig, 1, the NMOS transistor has |V;|=0.9Y and ¥, =50V,

and operates with V,=2V.
a. What is the voltage gain v, /v,%(10%)
b. What do ¥, and the gain become for I increased t& 1mA?(10%)
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Fig. 1 .

3. (10%)If in the circuit of Fig. 2 , A is an ideal voltage amplifier of gain 100V/V, find
midband gain 4,,, frequency response in the low-frequency band F,(s), and
frequency response in the high-frequency band F,,('s).
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4. (25%) For the amplifier shown in Fig. 3, assuming that Vg has a:zero dc
component and the two BJTs have current gain B =100. '
a. Determine the type of the corresponding feedback topology. (5%)
b. Find the dc emitter currents of Q, and Q. (8%) ,
¢. Use feedback analysis to find ¥,/V; and Rin. (12%) L I

5. (10%) The BiCMOS follower shown in Fig. 4 uses devices for which Ve =07V
and Vg, = 0.3 V, u,C, W/L = 20 mA/V?, and V, = -2V. (Neglect the channel- f
length modulation and body effect for the depletion NMOS transistor Q,.) For “
linear operation, please answer the following questions. : %
a. What is the range of output voltages obtained with a load resistor R, = 100 Q?
(5%) .
b. Determine the corresponding power-conversion ecfficiency for the smallest 1

load resistor allowed for which a 1-V peak sine-wave output is available. (5%) i

6. (15%) Design a Butterworth filter that meets the following low-pass specifications:
the frequency of passband edge f, = 10 kHz, the maximum allowed variation in
passband transmission A_,, = 2 dB, the frequency of stopband edge f; = 15 kHz,
and the minimum required stopband attznuation A_;, = 15 dB.

a. Find the minimum value of N such that the Nth-order Butterworth satisfies the
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desired specifications. (5%) .
b. Determine the correspondmg transfer function T(s) in (a) (10%)
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1. Table 1 shows the Booth’s Algorithm for the multiplication operation (& x @), where a and

b are presented by “a, a,, ... a;a;, ... 3" and “b, b, ... b; b, ... b,".
. Table 1 Table 2
mm’ B B A S ey Tt T R T T U T Y
B Fai i Operations " Carrent bifs || Prévipis bt ,anratmn‘ i Reasoniny
0 0 !Do nothmg m»é;f}? "f%; M‘ ;71;? é&i’»hu f&‘}z Wk it "1 g n*’i* w:« s
0 1 Addb 0 0 0
1 | 0 | Subtractb 0 0 I
1 ! 1 | Do nothing 0 I F 0 j
ﬁ 0 | 1 1 ‘
1 0 0 .
l 0 1
1 1 0
i 1 l

{a) Please fill in the Table 2 to revise the Booth’s algorithm to look at 3 bits at a time and
compute the product 2 bits at a time. (15%)

{b) Assume bis“010101”andais*“01 101 17", Please use Table 2 results to do the ax b
operation. (5%)

2. [f we design a CPU that supports eight instructions. Each instruction may be implemented
by followed operations: instruction fetch, register read, ALU operation, data access, and
register write, as [ollowing table shown.

Load (l\@

Store {sw)

ALU-type (add, sub,
and, or, skt)

I ns

Branch (beg)

2ns

I ns

5ns

Assume a p}ogram that need execute the following instruction mix: 20 loads, 20 stores, 50
ALU-type, and 10 branches. According to the following condition, please find the CPI,
execution time, and minimum clock cycle time.

(2) An implementation in which every instruction operations in single clock cycle ofa

fixed length. (5%)
(b) An implementation where every instruction executes in single clock cycle using a
variable-length clock, which for each instruction is only as long as it needs to be. (5%}
(c) Using 5-stage (instruction fetch, register read, ALU operation, data access, register
write) pipeline to implement this CPU. (5%)

3. In the pipeline technology, what are the structural hazards, control hazards, and data
hazards? (l 5%)
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4, Explain how the dlsablmg and enabling of interrupts is useful in 1mplement|ng mutual
exclus:on primitives on uniprocessor systems. (15%)

5.A process is known to be generating a large number of page faults. Argue both' for and .
agamst giving the process high priority for the CPU, (15%)

6. A program is made of two control sections as shown below. Suppose that these two control
sections are assembled independently of each other. !
(a)List the symbol tables of the two contro] sections which gre established during pass 1 of ' .

a two pass assembler,  (12%) b
(b)List the external symbol table ESTAB which is establrshed during pass! of a two pass
linking loader. 1t is assumed that the starting address is 40001—1 where the program is
loaded.  {(8%) 1

s

Relative o
Location . - -l
0000 AA START 0 M .
EXTDEF Al ' H
EXTREF Bl, BB i
0000 AGOLDA A2 )
0003 . +STA Bl : ‘ 1l
0007 LDA  Ad i |
000A +JSUB BB ' 5
000E Al WORD 32 .
. ‘A2 BQU  Al43-AA Fﬁ

A3 EQU 16 -
0011 A4 WORD A3+Al i .,
END AGO . - | )

0000 BB START 0 L : !

: EXTDEF Bl , »

EXTREF Al i

0000 BGO+STA Al - ' Wi
0004 Bl WORD 16 -

END
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. Define or explain the following terms: .
(a) The Mass-Action Law of semiconductor (5%)

(b) Donor impurities for silicon ) (5%)
(¢) Schottky-barrier junction " (5%)

. Describe the effects of the diffusion capacitance and the transition
capacitance of a p-n junction diode under forward and reverse bias conditions,
respectively. (20%)

. Sketch the typical common-emitter output characteristics of an npn bipolar
junction transistor and explain the Early effect of the transistor. (15%)

E(@E% P4 T LM A AR MOSFET ¢ £ kn = 025 mA/V: (=05 * pia * :
Cox* WL): V=15V » A =0 R FEHH TRHEBEA)AT? (15%) |

Q2

Vo

Vs

50kQ %O 2k

B (2) i
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" 50kQ

10

6. (C)Fﬁ:l-‘%&g' ﬁaaﬁgz$£’{% kn—04mA/V2(—05 * Mn® Cox' W/L) ' Vi
=20V A=001/V Cgs—lpF_E.ng—-lpF ﬂ*fﬁib@ﬁ@é?@&ﬁﬁﬁ(Av)
A& 3dB %ﬂ(fﬂ)%ﬂ ? - . o (20%)

50kQ
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1. Inasilicon PN junction, the doping density is linearly graded and symmetrical from —W/2 to
+W/2, where N-N,, = Bx. Derive the expression for the junction capacitance. (20%)

2. AnN channel GaAs MESFET has @, =0.88 V, Ny = 10" cm™, a=0.25 pm, L = 1 pm and
Z = 10um. Given f,= 5000 cm*V-s and &,=13.1, determine (a) the pinchoff voltage, (b)
the threshold voltage and the type of device, (c) the drain voltage at saturation for V=0,
and (d) the drain current at saturation for ;= 0. (20%)

3. Consider a non-ideal effect on Schottky barrier height due to image-force-induced lowering
of the potential barrier. The image effect is shown in Figure 1. Assume the semiconductor is
n-type. (a) Write down the expression of the force F on the electron due to the coulomb
attraction with the image charge. (b) Derive the expression of the potential ¢(x) assuming
that no other electric fields exist. (¢} Write down the expression of the potential ¢(x)
assuming that an electric field —E (E > 0) is present in the semiconductor depletion region.
(d) Derive the Schottky barrier lowering Ag. (20%) * :

4. Considera uniformly doped silicon npn bipolar transistor at 7= 300 K with a base doping of !
N = 1x10" cm™ and a collector doping of N; = 5x10" cm™. Assume the metallurgical base
width is 0.6 pm, Dy = 25 cm?/sec, and Pz = 0.6 volt. (a) Calculate the neutral base width x;
for V3 =2 volts and 10 volts. Neglect the B-E space charge region. (b) Write down the
expression for excess electron concentration &n;(x) in the base. Assume that x;<< L. (c) I
Calculate J; when ¥y = 2 volts. (d) Calculate-the Early voltage of the transistor. (20%) :

- ' |

+

5. Consider a MOS system with an n* polysilicon gate and a p-type silicon substrate doped to
Ny=5x10'" cm™, Assume. @, =1.5x10" cm™, (a) From Figure 2, find the work function
difference @, .. (b) Calculaie the maximum space charge width at the surface of the substrate.

(c) Determine the oxide thickness such that the threshold voltage = 0.5 volt. (d) Draw the s
energy-band diagram through the MOS structure at the threshold inversion point. (20%) '

- |
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1. In Figure 1, there is a block diagram for a binary divider to divide an 7-bit number (x7~x1)
by a 2-bit number (y1~y2). The division cm{ be carried out by a series of subtract and shift
operation. The right 5 bits (x5~x1) of the dividend register should be used to store the
quotient. The system has an input ST that starts the division process.

X7]Xs | Xs)Xu ) X3} X3] Xy

4

Sh

s
Sub

r
tracter -

Su = ST
Control ¥+ VY

| [—CK

Figure 1

a. Draw a logic diagram for the Dividend register and subtracter-comparator; (8pts)

b. Draw the state graph for the control circuit; (8pts)

c. Give the contents of the dividend register and value of C at each time step if initially
the dividend is 0111001 and divisor is 11. (7pts)

Time step Dividend register X c
t0 0111001 0

tl

2. a. Find all of the static hazards in Figure 2. For each hazard, specify the values of the
variables which are constant and the variable which is changing. (6pts) )
b. Indicate how all of these hazards could be eliminated by adding gates to the existing

4

networks. (You cannot change any of the connections in the given networks.) {8pts)

at-—

Figure 2
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3. a. A sequential network has an input X and an output Z. The output is Z=1iff the total
number of 1’s received is divisible by 4, (Note: 0, 4, 8, 12, ... are divisible by 4). Find a *
Mealy state graph and table fé)r the network. (7pts)

b. Reduce the following state table to a minimum number of states. (6pts)

. Present Next State Present Output él
State X=90 1 | X=0. 1 l
a c f 0 0
b d e 0 0 |
c h g 0 0
d b g 0 0
e e b 0 1 ;
£ £ a 0 1 ‘ |
g c g 0 1 ! |
h c f 0 0 5 '

4. For the graph given in Figure 3, the nodes are labeled from 1 to 6 and the arcs are labeled
with the distance between two nodes. (20pts) |

Figure 3

-
o E—

"3

a. What is an elementary loop? How many are there in the graph? (3 pts)

b. What is an adjacency matrix? Please write down the adjacency ‘matrix of the graph to
represent the interconnections among nodes. (3 pts)

¢.  What is the transitive closure of the graph? (4 p"ts)
Please define a data structure, in whatever language you feel comfortable, suitable to
represent the graph? (4 pts)

e. Given nodes i and j, Please describe an algorithm to calculate the shortest path between
them, (6 pts)
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' 5. For an expression tree as shown in F igure 4 (20pts)

Figure 4

a. please write down the infix, prefix, postfix ‘expressions of the tree (6 pts)

b. please write down a recursive procedure to travse the trek in prerorder (6 pts) .
a’postfix expression .can be evaluated by a stack machine, i.e, you push the operands
into the stack and pop them out for evaluation. Please draw the block digram of a stack
machine to evaluate the postfix expression. (8 pts)

6. Floating point calculation (10 pts).
a. Please describe the format of a 32-bit floating point number (4 pts) ' !

b. Please write Jown the procedures in performing a floating peint addition by a floating ’
point processor. Note that the resultant floating point number should be normalized, (6
pts)
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. From the list; 26, 39, 104, 195, 403, 504, 793, 995, 1156, 1673, extract a
collection of numbers whose sum is 3165. How effective is your approach to the
problent (15-points)

. Draw a flowchart representing the structure expressed by the following C, C++,
and Java statement. (10 points)

switch (pigment)
{case “red” : platte = 1;
case “green” : platte = 2;
case “blue” : plaite = 3;

}
. List five resources to which a multitasking operating system might have to
coordinate access. {10 points) .

. Suppose f{n) is a function call with the value of f{#) is #n. The running time of f{n)
is O(1’). Consider the procedure whose body is

sum = 0;
Jori:=0tof(n)do
sum = sum + i;

" What is the running time of this procedure? (15 points)

. Use a finite state transition machine to extract tokens from a string representing an
infix expression. For example, if the string is “69-(25+20)/15”, then the tokens
extracted are “697, “=”, “(?, “257, “+7, “20”, “)”, “/*, and “15”. Write an algorithm
that uses the finite state transition diagram as a data structure and that extracts the
tokens from a string of infix expression. The arithmetic operators are +, -, ¥, and /.
Use the above example to illustrate the transition of states during the token
extraction process. (15 points)

. Consider the grammar
® S—AB|aaB
® A—alAa
® B—-b ;

(a) Show that the grammar is ambiguous. (3 points})
(b) Give five example strings generated by the grammar. (3 points)
{(d) Construct an unambiguous grammar equivalent to the grammar. (4 points)

. What is a heap? Write an algorithm to build a heap whose inputs are unordered
numbers. Illustrate your algorithm with the example, 11, 3, 8, 6, 46, 26, 31, 40, 25,
21. What is the time complexity of your algorithin? (15 points)

. What is the definition of Fibonacci numbers? Write an algorithm to compute the
nth Fibonacci number. What is the time complexity of your algorithm? If the
complexity is not linear, please write another algorithm with linear time

. complexity. (10 points})
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1. (13%) Determine the convolution of z(t) = t2u(t) and h(t) = e%u(t), where u(t) is the unit
step function.

2. (13%) Let X3, X3,..., X, denote independent and iden‘tica.].ly distributed random variables,
each with p.d.f. fx(z). If Y = max{X3,X5,...,X,}, find the p.d.f. of Y.,

3. (14%) A Markov process is a process with one step memory, i.e., a process such. that

P(mnlmn—l, In—-2,Tn~3;.- ) = P(mnlmu—l)
for all n. Show that for a stationary Markov process the entropy rate is given by H(X,,|X,—1).
4. The input-output relation of a system is given by y(t) = z(at — 1) + y(t — 1), where a # 0.

(a) (6%) Find the range of a such that the system is causal,

(b) (6%) Find the range of a such that the system is timg-varying.

(¢) (5%) Is the system linear? Explain.

(d) (5%) Let the Fourier transforms of z(t) and y(t) be X (f) and Y(f), respectively. Express
Y(f) in terms of X(f).

5. An ternary digital modulator generates three signals

31(t) = 2g1(8) + g2(t), s2(t) = g2(t) + g3(t), s3(t) = gu(t) + ga(t),

with the same probability, where {gx(t), k¥ = 1,2,3, 0 < t < T} forms an orthonormal
basis. The received signal r(t) at the input of the receiver is corrupted by a zero-mean white
Gaussian noise n(t) with variance o2

rit) =sm(t) +n(t), me{1,2,3}.

(a) (5%) Find the signal constellation of sy (£), m = 1,2,3.
(b) (5%) Design the optimum (MAP) coherent receiver with reference signals {s1(z), s2(t), 53(2)}.
(c) (5%) Suppose & new set of signals {z,(t), m = 1,2,3} is constructed by

() = sm(t) = £(t), m=1,2,3,

where f(t) = f191(t) + f292(¢t) + fags(t). Find f(t) that minimizes the average energy of
z1(t), z2(t) and z3(t). .

(d) (5%) Design the optinum coherent receiver with reference signals {z1(t), z2(t), za()}.

(e) (5%) Which of the two receivers in Parts (c) and (e) has a lower average error probability?
Explain. N

6. Suppose we know that z% + 23 +z2+1 and z® +2? 4 -1 are two valid codewords of a (7,4)
cyclic code. '

(a) (5%) Find tbe generator polynomial g(z)=7

(b) (5%) Find the corresponding generator matrix G = [I4| P]=?
(c) (5%) Is this (7,4) cyclic code & linear block code? Explain.
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(2043) 1. A point charge q is placed at a point A, as shown in Fig.1, \
which is at a distance d from the separation boundary of two
semi-infinite homogeneous dielectrics whose permittivities
are €, and &,. Find the potentials ¢, and ¢, by the method of
images. Hint: The solution should be sought in the form
of the equations (1) and (2), where r, and r, are the distance.

, dzs,\n 1 "
l 1}
l i1 .
q
| = 2= Z <0 e 2
P p—— ( ) '

(1543) 2. The insulator between the inner conducting cylinder a and I
outer cylindrical shell b is composed of four sectors of equal
dimensions but different dielectric constants, €, €,, e;and g, '
see Fig.2. The radius of cylinder a is r, and the inner radius i
of outer cylindrical shell b is r,. In case the cylinders extend
indefinitely, find the capacitance per unit.length. ;

(2043-) 3. An infinitely long solenoid with air core having a radius b and ;
n closely wound turns per unit length, as shown in Fig.3. !
The windings are’slanted at an angle o and carry a current 1. 5
Determine the magnetic flux density both inside and outside !
the solenoid.

(104>) 4. A light ray is incident from air obliquely on a transparent
sheet of thickness d with an index of refraction n, as shown
in Figure.4. The angle of incidence is 6,. Find (a) the
distance 1, at the point of exit, and (b) the amount of the :
lateral dlsplacement 1, of the emerging ray.

(154%3) 5. Determine the electric field intensity at the center of a small ’
spherical cavity cut out of a large block of dielectric in 1
which a polarization P = a P exists, as shown in Fig.5. }

e ———— ]
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(204)) 6. Explain the following terms:

(a) Eddy currents

(b) Brewster angle

(c) Hysteresis loop

(d) Uniqueness theorem of electrostatics

(e) Helmholtz's theorem

h~f¢ :-':: r""
gure2: *
e
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. {a) (5%) What is the LU factorization-of 2 matrix?
(b) (10%) Perform the LU factorization of the matrix '

8 12 —4 i
A=16 5. 7 ’

—

2 1 6

2. (a) (56%) What is the QR factorization of a matrix?
(b) (10%) Perform the QR factorization of the matrix
10 1 ,
A=|-11 2 L
2 2 -1

3. (a) (5%) What is the singular value decomposition (SVD) of a matrix?
(b) (15%) Perform the SVD of the matrix

TR e

ri o0 1
1 1 -1
A=l 11 o0
0 1 1
1 -1
4, Suppose A = [0 9 ]
(a) (8%) Is A diagonalizable? Explain,
(b) (8%) Derive a general expression for A™, ]
5. Consider the matrix

A=

-1 3 0
0 2 0
2 1 -1
(a) (4%) Compute A1
(b) (4%) Express A~! in terms of I, A and A%, (Hint: Use Caley-Hamilton Theorem.)

(c) (8%) Find a nonsingular matrix C with initial entry ¢;; = 1 that transforms A
to the following Jordan canonical form:
2 0 0
0 -1 1

0 0 -1

C-1AC =

6. Answer the following problems on orthogonalization and vector space.

(a) (6%) Describe the Gram-Schmidt process, using &k vectors zy, ...,zy.

(b) (6%) Find an orthonormal basis for the subspace of R® spanned by three vectors
= (1, 1,0), Ty = (1,0, l), and xzj = (3, 1,2).

(¢) (6%) Find the null space in Part (b).




