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Please note that all calculation answers must include the unit and calculation process.
1

(40pt) The NMOS transistor in the CS amplifier shown in Fig. 1 has Vi=0.7 V, VAo =50 V, Rsig =

kQ, Rg1 = 300 kQ, Ra2 =200 kQ, Rp = 5 kQ, Rs =2 kQ, R, =5 kQ, and Vbp =5 V. (a) Neglectmg
the channel length modulation effect, the MOSFET is operating in saturation with Ip = 0.5 mA and
Vov = 0.3 V. What must the MOSFET’s unCox(W/L) be? What is the dc voltage at the drain? (b) Find
the input resistance Rin and overall gain vo/vsig (Va effect needs to be considered). (c) If vsig is a
sinusoid with a peak amplitude v, find the maximum allowable value of vs for which the transistor
remains in saturation. What is the corresponding amplitude of the output voltage? (d) What is the
value of resistance R3 that needs to be inserted in series with capacitor Cc3 as shown in Fig. 2 in order
to allow us to double the input signal peak amplitude vs? What output voltage now results? (10pt*4)
(20pt) For the follower circuit in Fig. 3, let transistor Q; has B = 50 and transistor Q2 has B = 100,
Vec=5V,Re =Rp2 =1 MQ, I =50 pA, b =5 mA and neglect the Early effect. Use constant
voltage drop model of Vgg = 0.7 V. Thermal voltage Vr =25 mV. (a) Find the dc emitter current and
the dc base voltage of Q transistor. (b) If a load resistance R, = 1 kQ is connected to the output
terminal, find the voltage gain from the base to the emitter of Q2 and the input resistance Rin2 looking
into the base of Q2. (10pt*2)

(15pt) A current-mirror-loaded MOS differential amplifier of the type shown in Fig. 4 is specified as
follows: (W/L)a = 100, (W/L), = 200, tnCox = 2 ppCox = 0.2 mA/VZ, Van = [Vapl =20 V, and 1 = 0.8
mA. (a) Calculate the differential gain Aq4. (b) Let the output resistance of current source is 25 kQ.
Calculate common-mode gain [A¢ml and CMRR (in dB). (5pt, 10pt)

(25pt) Consider a CC-CE amplifier such as that in Fig. 5 with the following specifications: 1 =L =1
mA and identical transistors with = 100, fr = 400 MHz, and Cx = 2 pF. Thermal voltage V1 = 25
mV. Let the amplifier be fed with a source vsig having a resistance Rsig = 4 k€, and assume a load
resistance Rr. = 4 kQ. Find the midband voltage gain vo/vsig and estimate the 3-db frequency fi by the
method of open-circuit time constants (please show the value of each time constant). (5pt, 20pt)

Voo VCC Vee A
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1.(20%) Given a system described by the following differential equation

2

d yz(t) 5 dy(t) +6y(t) = du(t-1) ,

dt dt dar
where u is the input and y is the output.
(a)(10%) Find the transfer function of the system.
(b)(10%) Is the system of minimum phase, and why?

2.(20%) Design a feedback controller to regulate the output of the plant

10
P(s)=
(s) 0.1s+1
to any prescribed constant level without any steady-state error, and make the resulting closed-loop poles

at s=-70, —100.

3.(10%) Given a controller C(s)=(s—1)/(s+1) and a plant P(s) =5/ [(s -D(s+ 2)] in negative
feedback, determine the stability of the feedback system.

4.(18%) Given a characteristic equation of a control system as
s2(s* +8s+24) + (32 + k)s + 6k = 0.
Find the
(a)(2%) open loop pole(s) and zero(s);
(b)(3%) intersection of the asymptotes (Centroid);
(¢)(3%) angles of asymptotes;
(d)(4%) intersection of the Root Loci with the imaginary axis and the value of £, then
(e)(6%) construct the Root Loci for —o <k <0

5.(32%) Consider a control system with the following loop transfer function
i K(s+1)

s —w<K<w
s(s—1)

(a)(18%) A Nyquist path is shown in Fig. 1.

= Ico
Figure 1: A Nyquist path.
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Sketch the Nyquist plot of this system for K >0 in accordance with fig. 1, and indicate clearly I. the
intersection(s) of the Nyquist plot with real and imaginary axes if any II. each mapping of point

a:(0+ jo,0—>0%), b:(0+ jo,0—>0"), c:(ce”,c6—0, §—>0") and d:(0— jo,® —> ") in your
plot.

(b)(8%) Suppose that the Nyquist plot (X > 0) you obtained in part (a) is depicted in Fig. 2, where the

solid line is part of the Nyquist plot when @ is from " to 0%, and it has an intersection with axis
—Re(L(s)) at -K.

4 i Im(L(s))
"’v' \\‘.‘.
R— \.‘
0)_>0+L‘_‘-_‘_\L,> =R l“ll »
g E‘ ..... et ‘ ,: »
004 RPN Rer)
\
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_________ | ——

Figure 2: Your answer in part (a) (Assumption).

Using Nyquist criterion, determine the range of X > 0 such that the closed-loop system can be stabilized.
If the system is unstable due to the range of K, find the number of closed-loop pole(s) in the right-half of
s-plane.

(c)(6%) Using Nyquist criterion and Fig. 2, determine the range of X <0 such that the closed-loop
system can be stabilized. If the system is unstable due to the range of X, find the number of closed-loop
pole(s) in the right-half of s-plane.
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B is not NP-complete.

time.

Otherwise, you get 0 points.

terms of N and M?

Vo6

V5

V4

Problem 1. (20points) TRUE or FALSE: Decide whether or not the following statements are True(O) or
False(X). You do not have to justify the answer. Each correct answer is 5 points, and each incorrect one
is -3 points (until you get 0 points in problem 1). If you choose not to answer, you get 0 points for each.

1.1  True(O) or False(X): Assume that A and B are problems. If A is an NP one and B isin P, AN
1.2 True(O) or False(X): If A is in NP-complete and A can be solved in polynomial time less
than B, B belongs to NP-complete.

1.3 True(O) or False(X): Solutions to the class of NP problems can be verified in polynomial

1.4 True(O) or False(X): A class of NP problems without known polynomial algorithms that can
be reduced to one another is called NP-complete.

Problem 2. (15 points) Decide the complexity of the following computation. Please justify your answer.

If N and M are positive integers, then the complexity 1% +2¥ + .. + NM= O(L). What is L in

Problem 3. (35 points). Find and draw all the spanning trees of the following graphs. You have to list all
the spanning trees to get full points for each subproblem. Otherwise, you get 0 points.

3.1 K3 (i.e., a complete graph with 3 vertices). (5 points)
3.2 K2,2 (ie., a complete bipartite graph with 4 vertices). (15 points)

3.3 Find the total number of spanning trees of the graph. (15 points)

V1

V2

V3
Fig. 1
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Problem 4. (20 points). Use Dijkstra’s algorithm to find the shortest path between V1 and V7. Please
justify your answer. Otherwise, you get 0 points.

V2 V5
"a/ 2 6: .
V1&—1— V7
<k >
V4 Vo6
Fig. 2

Problem 5. (10 points). There are 12 students, and you are a coach. You want to divide the students into
three specific groups, i.e.,G1, G2, and G3, so that each group contains four students. Please decide how
many ways you can divide them. Please justify your answer.
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1. (10pt) A Lithium Ion battery module is rated at 12V/6Ah. Two battery modules in series connection
are discharged by 1C constant current for 30 minutes. Determine the total energy supplied by

batteries.

2. (10pt) The voltage across a load and the current through it are given by v(t)=10+30cos(100t) V and
i (t)=1-2sin(100t) A, respectively. Find:

(1) RMS value of the current. (Spt)

(2) Average power consumption. (5pt)

. (10pt) A three-phase transmission line has an impedance of 4+2jC2 per phase. It supplies a load of
1MVA at 0.75 power factor lagging. If load voltage is 4200V, find power loss in the transmission line
and source voltage.

[U%]

4. (10pt) Determine average dc output voltage of a single-phase full-wave rectifier applied by 110V
RMS ac voltage.

5. (10pt)A buck converter is operated with the following parameters: Vg=20V, Vo=10V, L=50uH,
switching frequency 10kHz, output power 20W.
(1) Draw the waveform of inductor current.(5pt)
(2) Draw the waveform of diode voltage. (5pt)

6. (10pt)A four-pole, 60Hz induction motor supplies 15kW to a load at 5% slip. Determine :
(1) Rotor speed.(5pt)
(2) Rotor frequency.(5pt)

7. (20pt) Determine the center frequency and bandwidth of the bandpass filter in the figure 1.
1Q2 IF

AN |

_|_
Vs D IF == Q< Vv,

Figure 1

8. (20pt) For the s-domain circuit in figure 2, determine the transfer function and v, (#) if vs (t)=sin2t.
10 ¢
AN Y Y Y

+

vi (& 103 123 Vo

Figure 2
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Note: There are 5 question sets, each containing 5 questions in it. Each question deserves 4 points. In
each question set, the first 3 questions have one answer while the last two may have multiple answers.
One quarter of points will be deducted for single-choice questions, and no deduction for multiple-choices
questions.

EE  WyEEHEREEY > SEEaSHE 8 4 o  SEENRIZEEREEE 0 '
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Question set |
Suppose we have the following function:
kkk(A,i,n) {
if (n>1) {
Exchange the values of A[i] and A[i+n-1];
kkk(A,i+1,n-2);
}
}

Note that A is an integer array starting with index 0. Each integer occupies 4 bytes in the byte-addressable

memory. Please answer the following questions.

1. If the address of A[2] is 00ECis, what is the address of A[5]? (a) O0EF1s; (b) OOECss; (c) 00F81s; (d)
OOFF 6.

2. How many times kkk will be called in the function body of kkk(A,0,4)? (a) 1; (b) 2; (c) 3; (d) 4.

What is the time complexity of this function? (a) O(n); (b) O(logzn); (c) O(n?); (d) O(n?).

4. Let A=[20,80,30,40,10,70,50]. After executing kkk(A,0,7), which of the following are true? (a)
A[0]=70; (b) A[2]=10; (c) A[4]=50]; (d) A[6]=20.

5. Let A=[15,25,35,45,55,65,75,85]. After executing kkk(A,0,8), which of the following are true? (a)
A[1]=75; (b) A[3]=55; (c) A[5]=35; (d) A[7]=65.

w

Question set Il

Suppose we have a stack for storing integers. Initially, the stack is empty. We perform 10 operations

push(1), push(2), pop(), push(3), pop(), pop(), push(4), push(5), push(6), and pop(). Please answer the

following questions.

6. We use an array A of 10 elements to implement the stack. Which one is true for declaring the array
in C? (a) integer A:10; (b) integer A[0,9]; (c) integer A[1,10]; (d) integer A[10].

7.  We use the array A as defined above to implement the stack. We want to store the first integer at
index=0. Let the latest input be stored at index=top. What is the value of top for the empty stack?
(a) top=0; (b) top=1; (c) top=-1; (d) top=9.

8. We use the linked-based implementation for the stack. Let the latest input be stored at the location
with address in first. What is the value of first for the empty stack? (a) first=-1; (b) first=0; (c) first=1;
(d) first=2.

9. We use the array A as defined above to implement the stack. After executing the 10 operations in
sequence, which of the following are true? (a) top=1; (b) A[0]=4; (c) A[1]=5; (d) The stack has 3
integers.

10. We use the linked-based implementation as defined above for the stack. After executing the 10
operations, which of the following are true? (a) first is not 0; (b) first contains the address where 5 is
stored; (c) A[first]=4; (d) A -> first = 4.
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Question set 1l
Suppose we have an array A containing 9 integers (with the first index being 0):
240, 119, 682, 341, 225, 556, 122, 661, 245

Please answer the following questions.

11. We use Bubble Sort to sort the array in ascending order. What is A[8] after the first pass? (a) 661; (b)
556; (c) 682; (d) 245.

12. We use Bubble Sort to sort the array in ascending order. What is A[7] after the second pass? (a) 122;
(b) 661; (c) 556; (d) 225.

13. We use Quick Sort to sort the array in ascending order. For each partition, let the rightmost element
be the pivot. Which one stores 245 after the first partition? (a) A[3]; (b) A[7]; (c) A[5]; (d) A[4].

14. We use Quick Sort to sort the array in ascending order. Which of the following are false after the first
partition? (a) A[0]=240; (b) A[8]=682; (c) A[3]=341; (d) A[7]=661.

15. We use Heap Sort to sort the array in ascending order. But first, we have to convert the array into a
maxheap. Which of the following are true in the resulting maxheap? (a) A[0]=682; (b) A[3]=341; (c)
A[5]=240; (d) A[8]=245.

Question set IV

Let the height of a tree be the number of nodes along the longest path from the root node to the leaf

nodes. Suppose we have 10 integers 35, 46, 30, 34, 99, 42, 75, 28, 70, 80. Please answer the following

guestions.

16. We create binary trees for these integers. What is the minimum height of all the possible trees? (a)
1; (b) 2; (c) 3; (d) 4.

17. We create binary trees for these integers. What is the maximum height of all the possible trees? (a)
10; (b) 9; (c) 8; (d) 7.

18. We create an AVL tree by considering the integers one by one, starting with the first one, 30. Which
of the following is true? (a) The height of the resulting tree is 5; (b) The root of the resulting tree is
75; (c) The node for 46 has one child; (d) The parent of 99 is the node for 75.

19. We create a binary search tree by considering the integers one by one, starting with the first one,
30. Which of the following are true? (a) The node for 75 is a leaf node; (b) The node for 42 is an
internal node; (c) The node for 99 has only one child; (d) The height of the resulting tree is 5.

20. Based on the binary search tree obtained in Question 19, we delete 99 from the tree. Which of the
following are true? (a) The parent of 75 is the node for 46; (b) The node for 30 has two children; (c)
The node for 70 is an internal node; (d) The height of the resulting tree is 4.

Question set V

Suppose we have an undirected graph G=(V,E), where V={a,b,c,d,e,fg,i} and E={[(a,i), 2], [(a,b), 6], [(a,g),

4], [(b,c), 7], [(b,e), 91, [(c,d), 4], [(d,g), 5], [(e,g), 8], [(f,g), 2], [(f,i), 3]}. Note that [(x,y),w] indicates that

there is an edge, with weight w, between vertices x and y. Please answer the following questions.

21. We find a spanning tree for the graph using the depth-first search algorithm, starting with vertex e.
Note that if two or more vertices qualify, then the one with the least alphabetical order is selected.
What is the sum of the weights involved in the resulting tree? (a) 31; (b) 32; (c) 33; (d) 34.

22. We find a spanning tree for the graph using the breadth-first search algorithm, starting with vertex
e. Note that if two or more vertices qualify, then the one with the least alphabetical order is selected.
What is the sum of the weights involved in the resulting tree? (a) 40; (b) 39; (c) 38; (d) 37.

23. We find a spanning tree for the graph using the Prim’s algorithm, starting with vertex e. Note that if
two or more vertices qualify, then the one with the least alphabetical order is selected. What is the
sum of the weights involved in the resulting tree? (a) 30; (b) 29; (c) 28; (d) 27.
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24. Which of the following are true for the resulting tree obtained in Question 21? (a) The node following

25.

node a is node g; (b) The edge (e,g) is contained in the tree; (c) The edge (c,d) is contained in the

tree; (d) The edge (b,c) is contained in the tree.
Which of the following are true for the resulting tree obtained in Question 23? (a) The edge (a,g) is
contained in the tree; (b) The edge (a,b) is contained in the tree; (c) The edge (b,c) is contained in

the tree; (d) The edge (c,d) is contained in the tree.
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1. What range of impurity gradient should be considered if we want to obtain the breakdown voltage

VB =250t0 750 V in a linearly graded Si p-n junction? Assume the breakdown maximum electric field
E, =25x10%5V/em, g, = 11.9, (20%)

. Copper is deposited on an n-type Si substrate to form an ideal Schottky diode. q¢,, = 4.65 eV, the
electron affinity is 4.01 eV, N, = 5 X 106 cm™. Calculate the barrier height, the built-in potential,

the depletion-layer width, and the maximum field at zero bias. T = 300K. Effective density of states in
conduction band is 2.86 x 10*° cm?.

(20%)
3. Derive the depletion layer width of a p-n junction. Doping concentrations are N4 and Np. Dielectric
constant is €; and the built-in potential is V. (20%)
4

. Calculate the emitter injection efficiency. Assume the following transistor parameters:
Doping concentrations in base and emitter are Ny = 3 X 10*° cm™ and Ny = 2 x 107 cm?. Widths
of neutral base and emitter are xz = 0.8 um and xz = 0.5 pm.

Minority carrier diffusion coefficients in base and emitter are Dy = 20 cm?/s and Dy = 10 cm?fs.
(20%)
5. Calculate the threshold voltage shift due to short-channel effect. Consider an #n-channel MOSFET with

N, =5 x 10%® cm™, channel length L = 1 um, diffused junction depth 77 = 0.3 pm, oxide thickness
t,x = 2004 , and dielectric constant of oxide is 3.9. (20%)
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Consider the linear equation Ax = b, where A = [a,, a,,a3,a,] € R¥** and a,,a,,a;, a, are
column vectors of A. Suppose a; + a, + az + a, = b. Which of the following statements are true?
(A) The linear equation has exactly one solution.

(B) The linear equation has infinitely many solutions.

(C) No conclusion can be drawn about the number of solutions to the linear equation.

(D) The vectors ay,a,, as, a4 are linearly dependent.

(E) rank([A,b]) = rank(A)

Consider the linear equation Ax = b with A € R™*". Which of the following statements are true?
(A) Ifrank(A) = m, then there exists at least one solution.

(B) Ifrank(A) = n, then there exists exactly one solution.

(C) Ifrank(A) = n, then the column vectors of A are linearly independent.

(D) Ifn > m,then there exists at least one solution.

(E) If m > n, then there exists at most one solution.

Consider the linear mapping L: V — W. Let 0y, and 0y, be the zero vectors in I/ and W, respectively.
Which of the following statements are true?

(A) The condition L(vy) = L(v,) implies v; = v;.

(B) Forany w € W, there exists v € I/ such that L(v) = w.

(C) IfL is one-to-one, then L(v) = 0y, implies v = 0.

(D) Ifvy, vy, -, vy are linearly independent, L(vy), L(v5), -, L(w) are also linearly independent.
(E) The condition ¢;vy + 3V, + - + ¢V, = 0y implies ¢, L(vy) + ¢ L(v3) + -+ ¢, L(vy) = 0.

Given vectors X, y, Z in R™ and matrices A, B, C in R™"™, Which of the following statements are
true?

(A) IfxTy =0andy"z = 0, thenx"z = 0.

(B) rank(xTy) = rank(xy”) =1

(C) (A+B)(A—B) = A?-B?

(D) IfAC = BC and C is not the zero matrix, then A = B.

(E) If AB equals the zero matrix, then BA also equals the zero matrix.

Let A € R™™ R(A) denote the column space of A, N(A) denote the null space of A,

and dim(S) denote the dimension of a subspace S. Which of the following statements are true?
(A) For any x € R", there exists u € R(AT) and v € N(A) such thatx = u + v.

(B) Suppose u € R(A) andv € N(AT). Then u”v = 0.

(©) dim(R(A)) + dim(N(AT)) =n

(D) Foranyy € R(A), there exists X € R™ such thaty = AATx.

(E) Ify € N(AT) n R(A), then y is the zero vector in R™.

Let A € R™™ and x € R™. Which of the following statements are true?

(A) If Ais singular, then 0 is an eigenvalue of A.

(B) A and AT share the same eigenvalues and eigenvectors.

(C) IfAis diagonalizable, then A has n distinct eigenvalues.

(D) Suppose that A is nonsingular. The condition Ax = Ax implies A™1x = A7 1x.

(E) Suppose that all the eigenvalues of A are real and positive. Then we have det(A) > 0.
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(12%) Let x — a be a vector in the vector space C[0,1] with inner product (f, g) = folf(x)g(x)dx.
(a) (2%) Find a such that x — o is orthogonal to 1.

(b) (4%) Let S be the subspace of all linear functions in €[0,1]. Find an orthonormal basis
{uy (x), up (x)} for S.

(c) (6%) Find the best least squares approximation to x2 on the interval [0,1] by a linear function.

(8%) Suppose x(k) = A*x(0) where k is an integer ranging from 1 to 400, and

1 0 0 3
A=|-2 1 3], x(0)=[2].

1 1 -1 5
Compute x(100).
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1.  [20%] (1) (8%) Add one-sentence comments to each of the following MIPS code to describe what it
computes. (2) (12%) Write the C code that corresponds to the following MIPS code. Assume that
registers $al and $a2 stores the base address of arrays A and B, and the register $t1 stores the value
of a variable 1.

li $t1,0
for: Iw $s1, $s1($al)

beq $s1 0, end
Iw $s2, $s1($a2)

add $s1, $s2, $s1
add Ss1, $s1, $t1

addi $t1, $s0, 1

bne $t1 20, for
end:

2.  [20%] Explain the following terms.

(a) (4%) Amdahl’s law
(b) (4%) Data hazard
(c) (4%) Exceptions

(d) (4%) Flush

(e) (4%) Spatial locality

3. [20%] Give answers to the following questions.

(a) (4%) Given a single precision IEEE 754 bit stream S: 1011 1110 1110 0000 0000 0000 0000
0000. What does this floating number mean? Write your final answer with decimal expression.

(b) (8%) Draw the flow chart of floating-point addition. Also explain how the floating-point
addition is performed by using this flow chart.

(c) (8%) Design a hardware unit that can perform floating-point addition. Please draw the block
diagram of your designed hardware unit and explain how this hardware works.

4. [20%] The following questions are for the five-pipeline-stage MIPS processor design.

(a) (5%) What are the contained pipeline stages and their tasks to be executed?

(b) (9%) Draw the data path of the five-pipeline-stage MIPS processor

(c) (6%) For the lw instruction, which control signals are needed and how are these control signals
transferred with pipeline operations for the data path you drew in (b)?

5. [20%] Cache memory

(a) (4%) What are direct-mapped cache, set-associative cache and fully associative cache?

(b) (6%) Draw the architecture of a four-way set-associative cache that contains totally 16 blocks.

(¢) (6%) Draw the flow chart of the cache architecture you drew in (b) and explain how the cache
works with this flow chart.

(d) (4%)What is the “write-through” scheme? What is the possible problem with this scheme and
how can we solve the problem?
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