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1. (20%) For an operation in triode region, the NMOS transistor is biased with vps=0.3V,
it conducts 48pA for vgs=2V and 96uA for ves=3V, respectively.

(a) (5%) What is the possible threshold voltage Vyy ?

(b) (5%) This transistor is manufactured by 0.18um process technology and the
related k,' (=u,C.x) is 200A/V?2, what is the aspect ratio (W/L) for it?

(c) (5%) How much current can be expected to flow through it with v;s=2.85V
and vps=0.25V?

(d) (5%) If the device operates at vps=2V, for what value of vgs will the drain-end
of the MOSFET channel just become pinch-off .

2 (20%) As shown in the right-hand-side OP-amp circuit,

(a) (6%) Does it behave like low-pass or high- R,
pass? Please show it by deriving the
i 4 R, C
transfer function. Vi o—MWH
(b) (5%) What’s the high frequency gain ? —o Vo

(c) (5%) What’s the 3-dB frequency?
(d) (5%) At what frequency does the magnitude of =
high frequency gain reduce to unity?

3 (20%) A MOSFET amplifier with active load is biased with V44 =3 V. The transistor
parameters are Vry=0.5V, Vrp=—0.5 V, k’;= 100uA/V?, k’,;= 50uA/V?, and 4, =4,
=0.02V~!. The quiescent values are Vo =15V and ¥, =12 V. O, and Q are
identical.

(a) (5%) Taking the channel length modulation effect into considerations to design the
required W/L ratio of Q;, @», Qsand Q; such that Ip = I.,r = 100 LA.

(b) (5%) Please calculate the output resistances (to; and ro4) of Q) and Q.

(c) (5%) Please calculate the transconductance gmi of Q1.

(d) (5%) Determine the small-signal voltage gain (vo/vi).
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4 (20%) A differential amplifier using a 1k resistor Rss to establish a 1mA dc biased
current. The transistors Q, and Q. are with the properties of k', (W/L) = 4mA/V?,
V~=0.8V. Skip the channel length modulation effect.

(a) (5%) Define the required value of Vowm.

(b) (5%) Define the value of Rp so as to get a differential gain Ay of 10 V/V.
(c) (5%) What’s the drain voltage over Q.

(d) (5%) Determine the common-mode gain AVpi/AVcwm.

VDD:5V

Via
Vaué? Rsg %; 1 md

5 (20%) A feedback transresistance amplifier utilizes two identical MOSFETs biased by
an ideal current sources I = 0.4 mA. The MOSFETs are sized to operate at Vo, =
0.2 V and have Vzy=0.5 V and ¥V, = 16 V. The feedback resistance Rr = 10 kQ.
(a) (5%) What’s the dc voltage at the input of Q?
(b) (5%) What are g, and r, of Q; and Q,?
(¢) (5%) Derive the open-loop gain in terms of gm1, To1, 8m2, fo2 and Ry
(d) (5%) Please express the gain-with-feedback (A

Voo
I
O,
Vs v,
|
O I Q] <_.|
I, @L) r’ 1l 1 X
- out
- -Rin MA




B i kS
114 5 s B 75 3838 4 #

aﬂtﬁﬁ

EXY

FBEM GKERBEMSFEZ

Bt h @
R | SHRIELL-ESRIRSE
EHNAETHREREF A

—HfEEXLEFR~
MELAMFAYE T88 - "RE, 8 Te#8, 245835 HBLBAS
185 -
L ARAERITAY » RELRMABLEN > A5SMRA EABEE -
E AR (S _
2. AL B > BPTRAAER  FRERLTR > BEPELHEL -
A R 40 54 N RAFRY -
4.2MERMYPLARE (BEE) HEBRARA -
SHEMERRELRBEE (48%) EE -
6. AR KL LR -




ERAS E BIVE S ki E o d ]

$HE LM L MERERRS TR AHERX2E £ 1R
AAER EMTESA-EREAE HEAIRE CTHRCHARTE

HBERH (HF—A10 %)

1. (10%) A matrix B is said to be a square root of a matrix 4 if BB=A. (1) Find square roots of A =

5 5
5 10

2. (10%) Show that the following matrices form a basis for M,,.
[3 4 ] [0 1 [ 0 -8
3 —4F 11 0oF L-12 -2

3. (10%) Are there values of r and s for which

]. (2) Prove that for a 2x2 matrix 4 whose determinant is negative, then 4 has no real square root.

1 0 0
0 r-2 2
0 s-1 r+2
0 o0 3

has rank 1? Has rank 2? Has rank 3?7 Has rank 47

1
4. (10%) Find a matrix S such that S> = A, given that 4=|0
0

O W
o v

5. (10%)In R3, consider the line / given by the equations
x=-1l,y=tz=-t
and the line m given by the equations
x=2s, y=1l+s,z=s
Let P be a point on / and Q be a point on m, find the values of # and s such that
P — Q||? is minimized.

oK (F—E10 7)

6. #| A Laplace Transform XKLL T IVP BI& - (10%)

Yo+ 4 4 13y = 8(1 — 7)) + 8(r — 3m).
.\:(O) = 1. \9'(0) =
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7. #|F Euler’s method % »(0.2) zififufd - px) AT IVP FABZf#
y' +xy +y=0, y0)=1 »y(0) =2

1 A 3 P K (step size) & £=0.1 - (10%)

8. #|F £ % % R sk (Variation of Parameters) £ ## 5\ F IVP ## % »(0)=1 > y’(0)=0 &) F1 A - (10%)

y'— 4y’ + 4y = (1262 = 6x)e™

, {6 -1 (-2
X —(5 4)x, xm)-( 8)

10. #| A Laplace Transform K& AT IVP [} - (10%)

9. RMEIAF IVP B - (10%)

y" + 16y = f(r), y(0) =0, y'(0) = 1, where

cosdr, O0=1<
0, t=m

finy = {
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1. (10%) (a) & f=x%2+3y » RV?f-
(10%) (b) 2 F =3xx+(y—22)y+(z)z * RV-F
(10%) () #48 2em ¥Rt B F K py= 405’0 (C/m’), HKBHEHEE QRS DT

2. (10%) (a)% —18 0 dBm s £ t4{5 5 % —18 0 dBm A R WEREAN F SR BL MHAANFX
# dBm ?

0 dBm——> P
PE | — 2dBm
0dBm—> | &R &

(10%) (b) —48% % 0 dBm #4455 88—18 20 dB 9K K E » HFdH A% dBm?

0 dBm ——>—> ? dBm

3. (8%) Determine the mutual inductance between a very long, straight wire and a conducting equilateral|

triangular loop.

e L

4. (10%) A parallel-plate capacitor is made using two circular plates of radius a, with the bottom plate onj

the xy plane, centered at the origin. The top plate is located at z = d, with its center on the z axis.
Potential ¥ is on the top plate; the bottom plate is grounded. The dielectric having radially-dependent]
permittivity fills the region between plates. The permittivity is given by e(r) = €,(1+27%/a?) . Find:
() (6%) The electric potential ¥ and the electric flux density D between plates.

(b) (4%) The capacitance C.

5. (12%) A 50-V/m, 200-MHz uniform plane wave is traveling in free space and is incident normal to the
surface of a lossless material having €, = 25 and g, = 16. The electric field vector is in the x direction
and the wave is propagating in the +z direction.

(a) (6%) Write complete expressions for the incident, reflected, and transmitted magnetic fields.
(b) (6%) Determine the average power density in free space.

6. (10%) A positive charge g of mass m is injected with a velocity uq = d,u, into the x > 0 region where
a uniform magnetic field B = d,B, exists.
(a) (5%) Obtain the equation of motion of the charge.
(b) (5%) Express the path that the charge follows.
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7. (10%) Consider the transmission line circuit shown below with Vs=20V, Rs=25Q, R, =100 Q, Zp =
50 Q, and / = 30 cm. The phase velocity of the line is 0.5¢, where c is the velocity of light in a vacuum.
Sketch the voltage at the load end of the transmission line from = 0 to 7= 12 ns.

transmission
RS =0 ! line !

Vs
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1. (20%) Assume the MIPS CPU's register is designed as in the diagram below. Please write down the data at
(1), (2), (3), (4), and (5) with the conditions for:

(a) (5§%) Normal condition D= 0, Clock= 1 steady, then changes to D= 1, Clock=0.
(b) (5%) Normal condition D= 1, Clock= 1 steady, then changes to D= 0, Clock= 1.
(c) (5%) D= 1, Clock= 1 steady, then reset the register.

(d) (5%) (Q, Q’) = (1, 1) in the beginning, next D= 0, Clock = 1 steady.

e

M
Clock ——¢
@—
~6)
> e
Reset ' 4)

2. (20%) Consider two different implementations of the same instruction set architecture. The instructions can
be divided into four classes according to their CPI (class A, B, C, and D). P1 with a clock rate of 2.5 GHz
and CPIs of 1, 2, 3, and 3, and P2 with a clock rate of 3 GHz and CPIs of 2, 2, 2, and 2. Given a program
with a dynamic instruction count of 1.0E6 instructions divided into classes as follows: 10% class A, 20%
class B, 50% class C, and 20% class D.

(a) (10%) What is the global CPI for each implementation?

(b) (10%) Find the clock cycles required in both cases.

3.(20%) Consider the following MIPS loop as:
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LOOP: slt $t2, $0, $t1
beq $t2, $0, DONE
subi $t1, $t1, 1
addi $s2, $s2, 2
jLOOP

DONE:

(a). (10%) Assume that the register $t1 is initialized to the value 10. What is the value in register $s2
assuming the $s2 is initially zero?

(b). (10%) For each of the loops above, write the equivalent C code routine. Assume that the registers $s2,
$t1, and $t2 are integers B, i, and temp, respectively.

4. (20%) Please calculate follows in binary and then represent in IEEE 754 single precision binary formats:
(a). (10%) -0.4375%0.75, (b). (10%) 2.75/ 0.125.

5. (20%) we assume that the following MIPS code is executed on a pipelined processor with a S-stage
pipeline, full forwarding, and a predict-taken branch predictor:

Iw r2, 0(r1)
labell: beq r2, 10, label2 # not taken once, then taken
Iw 13, 0(r2)
beq 13, 10, labell # taken
andril, r3,rl
label2: swrl, 0(12)

(a). (10%) Draw the pipeline execution diagram for this code, assuming there are no delay slots and that
branches execute in the EX stage.

(b). (10%) Repeat question (a), but assume that delay slots are used. In the given code, the instruction that
follows the branch is now the delay slot instruction for that branch.
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' 1. Hashing

| i. (10 points) Consider hashing IP addresses (IPv4 4-byte addresses). Design a hash table with a
hash function and a storage. Explain what is a reasonable size of the table and also the
effectiveness of the hash function which you propose. State your rationale with examples.

ii. (10 points) Define the hash function and the probing function for your proposal above. Be
sure to define the function name, parameter list, return value, local variables, and calling
method. Use C or pseudo code to complete your answer.

iii. (10 points) Analyze the time complexity of the hashing procedure above and show the result
in the Big-O notation. Be sure to show the steps in analysis and the associated detail

calculation. Explain what may be average complexity and what may be worst.

2. Queues
Consider the following concept of a priority queue where the elements, A, B, C, and D, are integers

and the largest value is always at the front. An example of design using an array is given below. The
queue head contains five fields, the element count, the index number of the front, the index number

of the rear, the maximum size of the array storage, and the pointer to the array storage. Answer the

following by writing C code or pseudo code.

| front L

A B C D l

A B ae s

alo] afi] Q2] aQl3]
i. (5 points) Define the data structures to the queue head and the queue storage shown above.
ii. (20 points) Construct the Enqueue function and the Dequeue function for this priority queue.
iii. (15 points) Analyze the time complexity of both the Enqueue procedure and the Dequeue
procedure for time complexity and show the results in the Big-O notation. Be sure to show the

v

21011 {MAX |»

steps in analysis and the associated detail calculation.

' 3. Sorting.

i. (15 points) Define a merge sort function which sorts the integer data in an ascending order.
Use C or pseudo code to complete your answer. Be sure to define data structures, function
headers, and local variables clearly.

ii. (15 points) Analyze the time complexity of the merge sort function above and show the
result in the Big-O notation. Be sure to show the steps in analysis and the associated detail

calculation along with your explanation.
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1. (20%) The forward-path transfer function of a unity feedback control system is

G(s)= £
(s=D(s"+4s+7)

(a) (10%) Sketch the root loci of the control system and determine the range of X for stability.
(b) (10%) Check the answer in part (a) with the Routh-Hurwitz criterion.

2. (20%) The forward-path transfer function of a unity feedback control system is

Gy K
s(s+6.54)
(a) (10%) Find the value of K and the peak time of the unit-step input for the damping ratio of the closed-loop

system being equal to 0.327.
(b) (10%) Determine the resonance peak M, and resonance frequency w, of the closed-loop system according

to the result of part (a).

3. (30%) The forward-path transfer function of a unity feedback control system with a PD (proportional-
derivative) controller is

G(s)

(a) (10%) Select the value of Kp so that the parabolic-error constant is 100.
(b) (10%) Determine the range of Kp for stability by the Nyquist criterion according to the result of part (a).
(c) (10%) Find the value of Kp so that the phase margin of the system is 45° according to the result of part (a).

10K, + K ,5)
= —?——-

4. (30%) Consider the following dynamic equation of a system:

dx(t) |0 1 0
7_[1 0:|X(l‘)+[1jlu(t)

y©=[-1 1]x@

(a) (10%) Determine the stability of the system. Check for the BIBO stability and asymptotic stability,
respectively.

(b) (10%) Determine the controllability and observability of the system.

() (10%) Assume that the initial state vector is a zero vector. Find the output y(#) whenthe inputis u(f) =1

for t20.
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1. Given the network in Fig. 1, find the power dissipated in the 3-Q resistor and the energy stored in the
capacitor 2F. (15 points)

2. Find the input/output relationship (i.e. iin/io) in term of Rg, Ry, R for the current amplifier shown in
Fig. 2. (15 points)

3. Use the differential equation approach to find Vo(t} for t > 0 in the network in Fig. 3. (15 points)

4. Find the equivalent impedance Zeq for the circuit in Fig. 4. (15 points)

5. Find ic(t) and i(t) in the network in Fig. 5. (20 points)

6. Given the network in Fig. Fig. 6, find the average power supplied and the average power absorbed by
each element. (20 points)

2H 3Q 3H

: 22
249
2V 269 CDGA

-~ 2F
F

Fig. 1. To find the power dissipated in the 3-Q resistor and the energy stored in the capacitor.

R,

VA~

>

———.—_.L-

Fig. 2. Find the input/output relationship (iin/io) for the current amplifier.
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6kQ .
VW O—t——1 ?

=0 200 uF
2V g 3k g 2k 0,00

Fig. 3. Use the differential equation approach or Laplace transform to find Vo(t) for t > 0 in the network.

80 —-j8Q
|
VW I&__
100 4 :
Oo—vW { a 1) i1
jsQ
== =2 3, 60 0
A o1y = 120 -
10 O + ==25puF
= EJ cos 5000/ vV N\ "
E 4 Q) 16 mH
@,
Fig. 4. Find the equivalent impedance Zeq. Fig. 5. Find ic(t) and i(t) in the network.
-
+

%4(2 3’2!).
r () v

L == _j10

&

Fig. 6. To find the average power supplied and the average power absorbed by each element.




