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1. (10%) An operational amplifier has a rated output voltage of +10 V and a slew raté (SR) of 2 V/ps. (a)

What is its full-power bandwidth fi1? (b) If an input sinusoidal signal with frequency f= 5fiy is applied to

a unity-gain follower configuration as shown in Fig. 1, what is the maximum possible amplitude that can

be accommodated at the output without incurring SR distortion? (5%*2)

+

1 = +

s +l

Fig. 1

2. (10%) Consider a circuit of Fig. 2 with a BJT device having B = 100 when it is biased in the active
region. The constant voltage drop 0.7 V approximation can be used for the turn-on of a p-n junction, and
the constant voltage drop Vg ~ 0.2 V approximation can be used when the BJT is biased in the
saturation region. Please calculate the collector current I and base current Ig. (5%*2)

+10V
Voo Vbs saturation triode
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Fig. 2

3. (15%) Consider the voltage amplifier of Fig. 3(a) with Vpp =2 V, Rp = 20 kQ, and with a MOSFET
specified to have Vi = 0.5 V, Coun(W/L) = 5 mA/V 2, and A =0 V.. Calculate the Vps 8, Vs s, and Vps ¢
of the voltage transfer characteristic as shown in Fig. 3(b). (5%*3)

4. (15%) Consider the voltage amplifier of Fig. 4 with a MOSFET specified to have V; = 1.5 V,
Coxtn(W/L) = 0.5 mA/V? and A = 0.02 V. The coupling capacitors C can block DC component and
pass AC component. Calculate (a) the small-signal voltage gain Vol Vsig, (b) its input resistance Ry,, and (c)
the largest allowable input signal. (5%*3)

+10V
5kQ
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5. (25%) Consider the voltage amplifier of Fig. 5 with two BJT devices: Q1 and Q2, having = 100
when they are biased in the active region. The coupling capacitors C can block DC component and pass
AC component. The voltage supplies are 10 V and the thermal voltage Vt = 25.9 mV. The constant
voltage drop 0.7 V approximation can be used for the turn-on of a p-n junction. In addition, other
resistances are also included in the Fig. 5. Please come out the following parameters: (a) DC base voltage
of Q1: Vg, (b) DC base voltage of Q2: Vi, (¢) DC collector voltage of Q2: V¢, (d) overall AC voltage
gain vo/vsig. (5%, 5%, 5%, 10%)

1Y oV IOV

200 kQ£ 10 k(!% Sk

L 4
)
Vg T 100 k2

6. (25%) Consider the voltage amplifier of Fig. 6 with a BJT device having § = 100 when it is biased in
the active region. The coupling capacitors C; = C; = C3 = 1 pF. The voltage supplies are 5 V and the
thermal voltage V= 25.9 mV. If the transistor is specified to have {; = 700 MHz and C, = 1 pF. The
constant voltage drop 0.7 V approximation can be used for the turn-on of a p-n junction. In addition,
other resistances are also included in the Fig. 6. Please calculate (a) 1. /2, 13 (let f; < f2 < f3) values of the

low-frequency transfer function Yo A ( a X il )( ), (b) the upper 3-dB frequency f;

Vo LS+ 24, s+ 21,7 s 7;7‘
by using open-circuit time constants method if the r, and ry effect are neglected. (5%*3, 10%)
(RRY L5V
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Dielectric constant: Si=11.9;Si0,=3.9

1. An abrupt p*-n silicon junction is doped with Ny = 2x10" cm™ under 7 = 300 K. The deple’uon
.capacitance C; = 0.7 pF at a reverse bias Vz = 8 V. The cross-sectional area of the Junctlon is 10 cm®.
Ignore the bu11t-1n voltage of the junction compared to V. Calculate the :

(a) doping concentration in n-side. (8%)

(b) built-in voltage. : (7%)

(c) depletion layer width for zero bias. (7%)
2. Draw the band diagrams and explain the followmg cases of an ideal MOS capacitor.

(a) accumulation (b) depletion (c) inversion : (6%, 6%, 6%)
3. The following three high-x materials are stacked together to form the gate dielectric.

material | dielectric constant | bandgap (eV) | thickness (nm)
Al,O3 9 8.8 20
HfO, 25 . 5.8 15

- LayOs 30 6.0 10

(a) Calculate the total equivalent oxide thickness (EOT). T (T%) A

(b) What are the voltage drops across each oxide after applying a 6 V bias? (21%)
4. Explain the following terms.

(2) bandgap narrowing effect - (5%)

(b) transferred-electron effect (5%)

(c) short channel effect (5%)

(d) the Hall effect : _ (5%)
5. The lattice constant of a face-centered-cubic structure is 3.75 A.

Calculate the surface density of atoms for

(a) (100) plane : - (6%)

(b) (110) plane (6%)
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1. (25%) Consider the following differential equations:
. il (t) = —-2(121('[3) + mz(t)

i) (i) = QT2 (t)

conditions?
(b) (10%) Let a = —1, £1(0) = Z10, 22(0) = 0. Find the corresponding solution.

(c) (5%) Let a = 3. For what values of initial conditions, the corresponding solution converges to zero as time

approaches infinity?

2. (20%) It is well-known that the linear equation Ax =b with AeR™ issolvableifand only if b liesinthe
range of 4,ie. beR(4). -
(a) When A4 isfullrow,ie. rank(4)=m, be R(4) holds forany beR" and there are infinitely many
solutions x,unless 4 is square. However, among these solutions, there is unique one, denoted by X , with

the smallest [|o||,. ¥ & # (R 7 4 &) the formula of Xpp interms of 4 and b. (2%)

But the formula in (a) fails to compute X, for cases with rank(4) <m,e.g. A= [_11 _22 _11} . A general way

" to decompose any matrix, called the full rank decomposition (f.r.d.), helps to solve the problem. It says that
any AeR™ with rank(4) =k < min(m, n) can be decomposed as A= BC with BeR™* full column

and C cRP full row. There are different ways to obtain matrices B and C,e.g. applying the elementary
row-and column operations to matrix 4.

X
(b) Consider the solvable linear eqn. Ii_}l _22 —11:| |:x;} = [_IJ . By doing the elementary row operations to the
X, -

augmented matrix I:_}l _22 _11!_}1} , one can see that x, is the leading variable and x, = & and x, = f are

two free variables set by o and S, respectively. # % H(R A £ 1) the general form of the solution x and
the values of o and B such that the corresponding x has the smallest [|o|,. (2%+2%+2%)

Now, let’s consider the eqn. Ax = BCx =b where 4= BC isthe f.r.d. mentioned above.
(©) ¥#% R(4) = R(B). (Hence theeqn. BCx = b is solvable if and only if beR(B).) (3%)
(d) Suppose beR(B). ik the unique solution X withthe smallest [[sf,. (5%)

(¢) Derive anfr.d.of A= [_11 _22 _11:| and use the formula expressed in (d) to compute the solution Xmi and

X
I gl of the linear eqn. [ 5 ]][;i}[ﬁl](wgm+:@:> (4%)

3.(25%) Let P= [1 a} be a projection or an idempotent matrix over R?.

By
() ¥EHCRAHYE) theset S ofall possible P with rank(P)=1. (4%)

From the obtained set S you’ll see that the elements of S can actually be classified into two groups, one

gr,éup depends on the parameter o, denoting these elements by P,, and the other group depends on the

1

(a) (10%) For what values of a, the solution converges to zero as time approaches infinity regardless the initial -
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parameter £, denoting these elements by P, . Inother words, S={P,, a e]R}U{Pp, B GR}.
() T HCRA M) the four subspaces R(P,), N(F,), R(F,), and N(F;) of R? in the form of the

span of certain linearly independent vectors, respectively, where R(-) and N(.) represent range and null

space of a matrix. Moreover, 7§ (7R F #: #) all possible values of « so that the angle between R(P,)
and N(P,) is #/4. (10%)

The next two subproblems relate the preservation of projection to sum of two projection matrices. The first one
is a necessary and sufficient result for projection matrices over R”, while the second one is a result works for
R? only.

() Let P and Q be two projection matrices over R". ##%8 P+Q isalso a projection matrix if and
onlyif PQ=QP=0,,thc nxn zeromatrix. (2%+4%)

(d) Let P and Q betwo nonzero projection matrix over R?. $fisnn if P+ isalsoaprojection

matrix over R?,then P+Q=1,. (5%)

4.(17%) Let z=x+jy, x,yeR,and f(z)=cos z.
(a) (8%) Compute ' v (z)], express your answer in terms of cos x and sinhy .
(b) (9%) Let R denote the region 0sx<m, 0<y<1.Compute the maximum value of |f(z)| in £, and find

the point(s) z which achieve(s) this maximum value.

5. (a) (3%) Compute the Fourier transform F(w) = f fie™dt ofasignal f(f) defined as

h, lt| <7

f{(’)z{o’ I’l>7; .

(b)(4%) Let  F(w) be the Fourier transform of a signal f, (+) . Compute the Fourier transform of St=t,).
(c)(6%) Utilize the following equation

[ r@ar o L pio)+ 2 FO)5w)
- o

and the formulas you obtained in (a) and (b), compute the Fourier transform of the following signal

0, 1«1
f®)=91t-1, 1<1<3
2, 3<t

Credit will not be given if you use other methods.
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Figure 1: the feedback system for Question 1 to Question 3
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Question 1 (30%) -
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Question 3 (20%)

BRA Jodo B Figure 12 B 4% 424 A 4t 0 L+ G #9Bode plot 4o [§3-a A7 77 ©

(a) (10%) #4418 C #yBode plot 4o [ 3-b FF-F (& | MIEH B X A AN B A 6.02dB) - 3 F]
P8 ASMET HRE? MEH AT PSR 2 4G B3R E AT 7 W MBEROEE -

(b) (10%) 34E4#1 8 C #9Bode plot %o [l 3-c A7~ o & FIE R %% 4] 88 oA 11 1 2 M 8 A 4t e 4B
WIRAK BAT ? P R A S ZIUT KL BT ? SRR R B F -
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Question 4 (20%)
—fB RSN v BIE y A AT e

t
y(t) = / g(t — T)u(r)dr, t>0
(a) (%) HE AL AR SRR &G -
(b) (3%) AL A B JEEFHE A 4t -

(c) (10%) 3t 8 ot A& 42 M4 R Bt
(d) (5%) # g(t) = e tsint, t> 0 H M %A SKHI—BSE L 699k 3R % ARk A BRI A 2

End of Examination
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(10%) Given Boolean variables p, q, and r where —p is the complement of p, A is logical AND, v is
logical OR, and — is logical imply, prove that the following formula is true:

(rA—q) Vv (pA—T) = pv—q
(10%) In a 2D mesh region as shown in Figure 1, given a node S and a node D, the distance
between S and D is 6 and 5 in the X and Y dimensions, respectively. A shortest route from S to D is

a route with route length 11. A bend occurs when the route changes its direction from X-axis to Y-
axis or vice versa. Calculate the number of possible shortest routes between S and D with 3 bends.

D
bend 2
end 3| |5

N
ER T ™ a shortest
S i ™ route from

N~ StoD
6
Figure 1

(15%) Given a bag having 1 white ball and 2 red balls, let us proceed a drawing run that a drawing
takes a ball from the bag, record its color, put it back, and do such drawing for 4 times. Assume that
the drawing of each distinct ball is fair (of equal probability). Calculate the probability to draw
exactly 2 white balls and 2 red balls in the run.
(15%) Given a directed graph G as in Figure 2:

7

(a) (5%) Derive a relation matrix R of the graph.
(b) (10%) Derive the matrix of transitive closure R of relation R.

(15%) Write a recursive subprogram power(x, n) to compute x” where x is an integer, x # 0 and » is
a non-negative mteger such that the subprogram has O(log r) time complexity.
(Hint: x% = ()%, " =)’ x fori> 0)

(15%) A tree is a connected graph (i.e. there is a path between any two vertices) that has no cycles

(i.e. a path (of length > 0) that has its starting vertex and its ending vertex being the same vertex).

Prove that between any two vertices v; and v; in the graph, there is a unique path (only one path)

between these two vertices.

(20%)

(a) (10%) Given a graph G(V,E) that is a tree (a connected graph with no cycles) and has » vertices
and e edges, prove that e = -1 by strong induction.

(b) (10%) Given a graph G(V,E) that is a forest (has k£ number of trees) and has » vertices and e
edges, prove that » = e + k. (You can use the result of (a) of this question.) -

AAEAEHE
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1. [7%] Suppose we have three expressions “x % yz+7, “xy+z%*”, and “+xyz*”. Note that x, y, and
z are operands, * and + are arithmetic multiplication and addition, respec’uvely, and double
quotes are not part of an expression. Please answer the following questions:

a) [2%] Which one is a postfix expression?
b) [5%] Letx =10, y =20, and z = 5. Please show the value of the postfix expression.

2. [10%] Consider the following recursive definition for a language:
<expression> = <plus> | <minus><expression> | <expression><plus>
<plus>=+

_ <minus> = —
Please list all three-character strings that are in this language.

3. [10%] Suppose we have a min-heap of height h. Please answer the following questions:
a) [5%] What is the minimum number of nodes this min-heap may contain?
b) [5%] What is the maximum number of nodes this min-heap may contain?
Note that a min-heap with one node has a height of 1.

4. [10%] Suppose we have the following 7 integers:

70, 60, 50, 40, 30, 20, 10
Please create an AVL tree by inserting all the above integers, from 70 to 10, one by one. Please
show the resulting AVL tree. .

5. [10%] Consider the following function:

1. function factorial(n)

2. :

3. product = 0;

4, i=1;

5. while(i <n+1) {

6. product = product*i;
7. i=i+1;

8. }

9. return product;

10. }

Suppose the executlon of statement 2 takes zero time units, the execution of statement 3 takes one
time unit, the execution of statement 4 takes 1 time unit, the execution of statement 5 takes 3 time
units, the execution of statement 6 takes 5 time units, the execution of statement 7 takes 2 time
units, the execution of statement 8 takes zero time units, the execution of statement 9 takes one time
unit, and the execution of statement 10 takes zero time units. Please answer the following questions:
a) [7%] How many time units are required for a call of factorial(n)? Note that only statements 2 to
10 need to be considered.
b) [3%] What is the time complex1ty, expressed in big-O, of this function?

6. [10%] Suppose we have the following 10 integers:
70, 64, 44, 82, 18, 33, 30, 95, 50, 55
Please create a hash table with 13 entries by inserting the integers one by one and from the left to
the right. Assume the hash function is h(k) = k%13 and linear probing is used for collision
resolution. Note that % yields the remainder when one integer is divided by another. For example,

20%13 =7 and 5%13 = 5.

¢
=

7. [8%] Consider Figure 1(a) and Figure 1(b).
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9.

a) [3%] Which one is not a max-heap?
b) [5%] Please adjust the illegal one to a max-heap with the least number of exchanges. Please
show the resulting max-heap.

Figure 1(a)
100

.

[15%] Consider the binary search tree of Figure 2.

a) [5%] Please show the postorder traversal of Figure 2.

b) [5%] Please show the preorder traversal of Figure 2.

¢) [3%] Please delete 45 from Figure 2 and show the resulting binary search tree. Note that a
deleted node is replaced by another node which is greater than and closest to it.

d) [2%] Please insert 85 into Figure 2 and show the resulting binary search tree.

/’/\\
AR

Figure 2

Figure 1(b)

[10%] Consider the graph of Figure 3.
a) [2%] Please show the adjacency matrix of this graph.
b) [8%] Please list all the paths of length 3 in this graph. Note that a path of length 3 consists of]

% & R
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three edges.

Figure 3

10. [10%] Please answer the following questions in big-O:

a) [2%] If using an array to implement the push and pop operations of a stack, what is the time
complexity of this implementation for each operation? Please describe your implementation and
explain your answers.

b) [2%] If using a linked list to implement the enqueue and dequeue operations of a queue, what is
the time complexity of this implementation for each operation? Please describe your
implementation and explain your answers.

¢) [3%] If using an array to unplement the search, deletion, and insertion operations of an ordered
sequence of numbers, what is the time complexity of this implementation for each operation?
Please describe your implementation and explain your answers.

d) [3%] If using a linked list to implement the search, deletion, and insertion opera’uons of an
ordered sequence of numbers, what is the time complexity of this implementation for each

- operation? Please describe your implementation and explain your answers.

Wish You Good Luck!
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1. A Lithium Ion battery module rated at 12V/6Ah is discharged by 0.25C constant current for 2
hours. Determine the total energy released from the battery.
® -~ 144Wh
~ 72Wh
© - 36Wh
© - 18Wh

2." In a DC circuit, a load is connected to a Thevenin’s equivalent circuit (Thevenin voltage=200V,
Thevenin resistance=10(2). Determine the maximum power consumed by the load.
@ ~ 2000W
~ 1000W
© -~ 500w
® -~ 250w

3. For a DC circuit, choose a false statement.
® - inductor becomes short circuit
~ capacitor becomes open circuit
© - instantaneous power is constant
© - average current is equal to zero

4. For an ideal OP amplifier, choose a false statement.
® - input impedance is zero
~ output impedance is zero
© ~ OP gain is infinite
© - voltage difference between two input terminals is zero

5. Determine the time constant of a RL first-order circuit with L=4H and R=2 (.
® ~ 4s
~ 28
© - 1s
© -~ 0.5s

6. Determine the condition for a series RLC second-order circuit with underdamped response.
@ -~ the damping factor is less than the resonant frequency

» the damping factor is equal to the resonant frequency
© - the damping factor is larger than the resonant frequency
® - the damping factor is equal to zero

7. In an AC circuit, choose a false statement.
® - the impedance of an inductor increases with increasing frequency
» the impedance of a capacitor decreases with increasing frequency
© - the impedance is defined as voltage phasor divided by current phasor
© - the impedance is a phasor

EE RN % F o r
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11.

12.

13.

14.
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statement.

@ ~ 110V is RMS value.

+ System frequency is 60Hz

© - This system is able to provide single-phase 220V connection
© - This system is able to provide three-phase 220V connection

In AC circuit analysis, choose a false statement.

@ - phasor analysis can be used to determine sinusoidal steady-state response

» phasor analysis can be used to determine sinusoidal complete response

© - Laplace transform can be used to determine sinusoidal steady-state response
© - Laplace transform can be used to determine sinusoidal complete responsc

How to calculate the average power consumed by an AC circuit?
@ - voltage times current

+ voltage divided by current

© - voltage square divided by impedance

® - current square times resistance

What is the definition of power factor?

® - average power divided by apparent power

® - average power divided by reactive power

© - cosine function of angle different between voltage and current
O - cosine function of impedance angle

Determine the power factor of a load with impedance 1045107
® -~ 0.707 leading

~ 0.707 lagging

©-1

©-0

In a three-phase three-wire circuit, choose a false statement.

» line current may contain zero-sequence component

» line current may contain negative-sequence component

* unbalanced load draws unbalanced current among phases

00

* power consumption may be different in different phase

8. In TAIWAN, single-phase three-wire 110V is common in domestic power system. Choose a false

A delta-connected load 100€2 per phase is connected to a balanced three-phase three-wire 200V

circuit. Choose a false statement.

® - power factor is unity

* reactive power is zero

© - the average power is equal to the instantaneous power in each phase
®© - line current is balanced
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15. For a two-winding coupling device in an AC circuit, choose a false statement.
® - stored energy in the coupling device is constant
~ coupling coefficient is less than 1
© - the magnitude of induced voltage is dependent on the mutual inductance
@ - the polarity of induced voltage can be determined by Lenz’s law

16. For a RLC series resonant circuit, choose a false statement.
® ~ resonant condition is that circuit impedance is pure resistance

» resonance frequency is dependent on L and C
© - quality factor can be increased by reducing R
© - voltage across L is equal to zero at resonance

17. Voltage across on a 10() resistor is 100cos(377t) V. Determine average power of the load.
® ~ 2000W '
~ 1000W
© ~ 500w
® - 250W

18. An ideal boost converter is operated in CCM mode. Input voltage is 10V and output voltage is
50V. Determine the duty ratio of the switch in the converter.

®~02

~ 0.8
© -~ 025
® -~ 0.833

19. A 6-pole synchronous generator is operated at 480V/50Hz. Determine the speed of rotation of the
generator. : ' o
® ~ 1000rpm
~ 1800rpm
© -~ 500rpm
© > 900rpm

20. A 208V, 4-pole, 60Hz induction motor has a full-load slip 5%. Determine the rotor speed.
® -~ 1890rpm
~ 1800rpm
© ~ 1710rpm
© -~ 90rpm

- aapr—
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(10%) 1. For a coaxial transmission line, Fig. a, the capacitance per unit length is ¢ = ~=5 [EJ, and the
frz— LM
23

inductance per unit length is ¢ =§°_+§—°1né [ﬂ Please indicate the internal and external inductances.
V3 v/ a

At high frequencies, the internal inductance drops off. Find the characteristic impedance of the coaxial

line, Z, =\E, at high frequencies. Please also write down the unit, i.e., what is square root of (H/F)?
C

Fig. a.

(10%) 2. In the following configurations, Fig. b, assuming both grounds are perfect conductors, current
directions are as indicated (the arrow on the left and a X’ in the circle in the right); draw the image

current for both cases. Using a,%H = J, determine the direction of the currents on the ground.

T

Perfect conductor T t
W4
3

Fig. b.
Considering both the original current and its image current, which one, left or right, is likely to be an

effective antenna structure, why?

(10%) 3.7F B Fig. c 2 magnetic flux density B can be found as,

e
L
Z R
N S
Al P_(r, 0, 0)
L C
S0 L1
B o= a . .I[G |
P s dIZ 42
Fig. c.

it E %% B as a function of r, uo and ay when [>>r. In cylindrical coordinate system,

v.B=12(,8)4+1% % spowthat v B=0.
r Or ro¢p 0Oz

EELES ) 2R
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(5%)4. H—#$EH > WFigdBE -WFEZTHEE(FEES — airgap. #£ L=/, D=BxA(A
HY TR OHN), AAR S EAME 2 B=pH B2 I #2542 why the air gap is used.

2c

Fig. d.

(5%) 5. Using the Method of Image, write down the potential distribution, V(x, y, z), for any point P(x, y,
Z) in the space, Fig. e. The dielectric constant of the space is &5. Q is a positive point charge of Q Coul.

Y

Q at
(0, d, 0)

Grounded
plane conductor

b

"

Fig. e.

6. (5%)(a) Explain Gradient, Divergence, and Curl. (5%)(b) Curl of a Gradient field, V X VI = 0,
DivergenceofaCurl, V- VXA =03 EpI2 K H » K& 45 -

7. A parallel polarized plane wave of an electric field intensity E and an angular frequency w is
obliquely incident from free-space onto a magnetic material with permittivity &g and permeability poy,
at an angle of incidence 8,. (10%)(a)Find the reflection and transmission coefficients and express the
electromagnetic field of the incident, reflected and transmitted waves for this case. (5%)(b} Does a

Brewster angle exist for this case? Explain why.

8. A lossless 50 Q coaxial cable has a length of 6 cm and is connected to an antenna having an
impedance 80+j40 Q. The cable has a dielectric with &, = 2.25 and i, = 1, and the operating frequency is
3 GHz. (10%) (a) Find the input impedance to the cable. (5%)(b) If a radio transmitter that can deliver 10
W at aload imne ie Ao~ .

cad impedance of 50 Q is connected to the input of the cable, how much power is deiivered to

the antenna?

9. A TE1o wave at 10 GHz propagates in a rectangular waveguide with inner dimensions a = 1.5 cm and b
= 0.6 cm, which is filled with a dielectric having €, = 2.25, i,= 1 and loss tangent = 3x10°. Determine
(5%)(a) the TEy cut-off frequency, (5%)(b) the wave impedance, (5%)(c) the attenuation constant due to
dielectric loss, and (5%)(d) the energy-transport velocity.
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[Problem 1] Terminology Explanation (25%)

(a) Superscalar Processor (b) Multi-core Processor (c) Branch Prediction

(d) VLIW Architecture  (¢) Booth's multiplication algorithm

[Problem 2] (a) Describe the definition of Amdahl’ s law. (5%)

(b) Suppose we enhance a machine making all floating-point instructions run four times faster. If the execution
time of some benchmark before the floating-point enhancement is 60 seconds, what will the speedup be if]
three-fourth of the 60 seconds is spent executing floating-point instructions? (10%)

[Problem 3] A set associative cache has a block size of four 32-bit words and a set size of 4. The cache can
accommodate a total of 16K words. The main memory size that is cacheable is 64M * 32 bits. Design the
cache structure and show how the processor’ s addresses are interpreted. (20%)

[Problem 4] (1)Design a Four-phase Stepper Motor Controller circuit with a clock input to generate the output
signals A, B, C and D to control a four-phase stepper motor whose stepping waveform is described as table 1.

(10%)
(2) In Verilog HDL, wrlte the Four-phase Stepper Motor Controller Module. (10%) .

Table 1

Output signals
steb [A [B[C]|D |
1 1 (1(0|0 — A
2 1 (001 Clock—s| Four-phase Stepper [ B
3 0 (01]1]1 Motor Controller [~ €
4 10 |1]1]0 D
1 1 (1]01|0

[Problem 5] Use the following code fragment:
Loop: LW R1, 0R2)

ADDI R1,R1,#1

SW 0R2),R1

ADDI R2,R2, #4

SUB R4,R3,R2

BNEZ - R4, Loop
Assume the initial value of R3 is R2+100. Use the five-stage instruction pipeline ( IF, DEC, EXE,
MEM, WB) and assume all memory accesses are one cycle operation. Furthermore, branches are

resolved in MEM stage.
(2) Show the timing of this instruction sequence for the five-stage instruction pipeline with normal

forwarding and bypassing hardware. Assume that branch is handled by predicting it as not taken. How
many cycles does this loop take to execute? (10%)

(b) Assuming the five-stage instruction pipeline with a single-cycle delayed branch and normal forwarding
and bypassing hardware, schedule the instructions in the loop including the branch-delay slot. You may
reorder instructions and modify the individual instruction operands, but do not undertake other loop
transformations that change the number of op-code of instructions in the loop. Show a pipeline timing
diagram and compute the number of cycles needed to execute the entire loop. (10%)

ABME BB B
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1. (25%) Consider the differential equation:
L §(8) + by(6) + 5y(®) = u(t)

(a) (5%) Let u(t) = 0. For what range of the values of & will the solutions (w.r.t. non-zero initial conditions)

to the equation exhibit oscillatory behavior. ”

(b) (10%) For b = 4. Find the forced solutions for u(t) = 4e*sin¢ and u(t) = 4e* cost. Express the

solutions in the form of ¢1e% sin(wit + ¢1) and cge® cos(wyt + @), respectively.

(c) (10%) Let b= 2, u(t) = coswt, and the initial conditions being zero. For what value of w does the

solution to the equation have the biggest amplitude.

2. (20%) Let D be the region bounded by the four curves: zy=1, 2y =3, y = 2%, 2y = 2, Find the area of
D (3% D ¢ &#k). HINT: Let » = zy and v = z%/y. Express dzdy interms of dudv.
3. (15%) The linear Squation” 4% =B with AeR™ is known to be solvable if and only if b lies in the range

of A,ie. beR(4), which is always true for a.full row. 4, i.e. rank(4) = m. For such a case, the unique
solution with the smallest [|s|l,, can be computed by a formula. However, this formula fails when rapk(4) <m
eg A =[j1 _22 _11].-. A general way to decompose any matrix, cailed the jiull rank decomposition (f.x.d.), helps
to- solve: the .problem. It says .that any AeR™ with rank(4)=k < min(m,n) can be decomposed as
4= BC w1th BeR™* full column and CeR*" full row. There are different ways to obtain matrices B
and C e. g applymg the elementary row and column operations to matrix A

(a) Cons1der the solvable hnear eqn |:_1 __22 _ll:l[ ] [1] By domg the elementary TOW operatlons to the

augmented matrlx [} ll :I one can see that x; is the leading variable and x,=a and x, = f are

' two free vanables setby a and S, respectlvely ﬁ H (R A ) the general form of the solution x and
the ‘Values of & ‘and’ '8 such'that the corresponding x has the srhallést ” . 2%+2%+2%)

ey

' :Now, let’s conéideﬁ .fhc_. eén; :Ax: BCx =b: where., A= BC is the ‘f.r.d.. menﬁoncd above. it caﬁ be sho_\;vﬁ
thét R(4) = R(B): Hence the eqn. BCx'=b' "is solvable if and only if beR(B)-
(b) Supp'oé_ell‘a.eR(’B) . ¥ the unique solution Xy, with the smallest [[of,. (6%) . -

(c) -Derive an fx.d.-of 4 ='[ 11 22 . ll:l' ,-and use the formula expressed in (b) to compute the-solution X, .and
[ sl - of the:linear eqn. [ 1 22 ﬂ{ } [_11] (BB E) - 2%+2%)

4. (10%) Let P= [; ﬂ be aprOJectlon oran 1dernpotent matrix over R?,

(a) ﬁ ﬁ(?F }ﬁ é’ﬁ ﬁé) the set S of all p0551ble P w1th rank(P) = 1 (4%) , 'l

From th:e'bbta:ined s;zt' S you’ll ‘s:,ée“"chat the elemients of S can ététually be classified into two groups, one

group .‘debengl_s .on the parameter «, denoting these elements by £, and the other group depends on the

LYY T
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parameter [, denoting these elements by Fy.Inother words, S ={P,, ae R}U{ Py, Be R} .

(b) HEHCRAES) the two subspaces N(P,) and R(F) of R? in the form of the span of certain
linearly independent vectors, respectively, where R(-) and N(-) represent range and null space of a matrix.
Moreover, % (R B4 #) all possible values of @ so that the angle between R(P,) and N(P,)) is
mf4. (2%+2%+2%)

5. (17%) Let z=x+jy, x, yeR,and f(z)=cos z.
(a) (8%) Compute ] b (z)|, express your answer in terms of cos x and sinhy.
(b) (9%) Let R denote the region 0sx<n, 0S y<I. Compute the maximum value of | I (z), in R, and find

the point(s) z which achieve(s) this maximum value.

6. (a) (3%) Compute the Fourier transform F (@) = I_:fl(r)e"”’dr ofasignal f/(f) defincd as

h, <1,

f.(f)={0’ M>7

(b) (4%) Let I (w) be the Fourier transform of a signal J3(t). Compute the Fourier transform of L=t).
(¢) (6%) Utilize the following equation
[ f@ar = L pGwy+ 2R 0)8w)
o jo

and the formulas you obtained in (a) and (b), compute the Fourier transform of the following signal

0, tr<«l
SO =41-1, 1<£<3
2, 3<t

Credit will not be given if you use other methods.

AR
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higher cutoff frequency 10* rad/s. (a) (20%) Give a rough estimate on the required values of C; and
C2. (b) (10%) Given an input cos(10007), roughly determine the amplitude of assocnated output in

steady state.
10kQ

AAA
vy

—

G, 1kQ
| AAA
I \AAs >—‘——O
t . +

_—

o1 SN+
=
=
=}

Fig. 1

2. (20%) Consider the oscillator in Fig. 2, which comprises an LCR and a non-inverting amplifier in a
feedback connection. (a) (10%) Determine the value of R to meet the Barkhausen criterion, so as to get
sustained sinewave oscillation. (b) (10%) Determine the capacitance C so that the circuit oscillates at

10* rad/s.

Fig. 2

3. (20%) Figure 3(a) shows a simple circuit for converting a 50-Hz ac voltage to a 24-V dc voltage, in
which an ideal diode D1 works as a half-wave rectifier, and a 24-V zener diode D2 as a simple
regulator. Suppose that the load current is 4 mA and the bias current of the zener diode is set to 1 mA.
For'simplicity, the ac source V; is modeled as a square-wave source as shown in Fig.3(b). Determine

the required resistance and the average power consumption of R1.

R1

_'D"_"—‘VVV -‘*'_ A VS

1. (30%) A bandpass ﬁlter shown in Fig. 1 is designed to have lower cutoff frequency 100 rad/s and |

Di - 200V
7Q N IR O 5
t .
- T 0ov] -
@ ' (®)
Fig. 3
[ A8 i E &% et B
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4. (30%) Figure 4 shows a common-gate MOSFET amplifier M) that senses the voltage at the source
and produces the output at the drain. The body terminal and source terminal of MOSFET M, are tied
together. Assume that the transistor M is in saturation and it has the device parameters: W/L =500,
tnCox = 100 nA/V? V7 =0.5 V. To minimize wave reflection, the equivalent input resistance R, of
the common-gate stage can be used to impedance match a 75-Q coaxial cable. (a) (20%) Neglect the
channel-length modulation. Determine Vs and Ip to meet the condition that the resistance looking into
node S equals 75 €. (b) (10%) Assume the impendence of the bypass capacitor C) is negligibly small
at the input signal frequency. Under the presumption of impedance matching, determine the
amplification gain between Vg and V.

75€2 coaxial
cable

Vsig

Fig. 4




