% | Het [ B

S, B EARHORE 103 BEE %P7 BT 4
¥ EEEAEEHGE | #LE : TEEE)

1. Perform the indicated operation, give that (15 %)

1 2 -1 1 2 0 2
A=[3 2 2] Bz[o 3 3] .
1 0
@A+B)C  (b) (BO)T () If 3X+2(4-B)=0 , Find X
1 2 3 1
2. Giveadx3marix 4=[0 1 1) anq B=[1]15 5
1 46| - |1

(a) Find the row-echelon form of the augmented matrix [A 1 B] |
(b) What is the rank of [A1B] (c)Find the solution of Ax=B
-2 2 -3
3. Findthe eigenvalues and eigenvectors of A. 4=2 1 -6 (10 ;;}-)
" -1 -2 0
4, If A=3(-j-2k, B=i+2j-3k,Find(a) AeB (b) AxB (c)Angle

betweenA4 and B (d) The projection of AonB (10 4)

5. Assume that the uniform ice ball has a volume 1000cm?, its melting rate is
proportional to its surface area. After one minute, the volume of the ice ball
decreased to be 729cm3, How long will it takes that the volume is 125cm3? (15 4)

6. Choose a constant o so that the differential equation is exact, then produce a
potential function and obtain the general solution. (15 4~)
2xy3 — 3y — (3% + ax?y? ~ 2ay)y’ = 0

7.  Find the general solution of the differential equation
x%y" +3xy' +y=9x% 4+ 8x+5. (10 %)
8. If Laplace Transform is defined as F(s) = L(f(¥)) = f: f(t)-e~stdt , please
find £(£2). (10 %)
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(5 53) Draw the voltage transfer characteristic (VTC) for quantifying the operation of the

inverter, and mark the six parameters of the VTC (Vou, Vor, Vin, Vi1, noise margin NMy and
NMp).

2. Fig. P2 shows a circuit that provides an output voltage v, whose value can be varied by turning
the wiper of the 50-KQ potentiometer. +5V
(1) (4 43) Find the voltage v, when potentiometer is set to the

bottom. 10KQ |
(2) (4 47) Find the voltage v, when potentiometer is set to the top. S

o
(3) (2 43) Find the change in v, corresponding to each turn of a s0kae Vo
10 turn 50-KQ potentiometer, 10 KQ -—L—
-5V
Fig. P2
3. Using the constant voltage drop (Vp =0.7V) diode model
(1) (5 43) find the v, and i, for the circuits shown ovPi— . +33V
inF1gP3-1. 33V [I lOKn%lia
(2) (5 43) find the v, and i, for the circuits shown in [,
. 10K v 1 J_ 1.3 V‘D{
Fig P3-2, —

Vo
33V 3.3 V—|>I— J:_
Fig, P3-1 Fig. 3-2

4, AnNMOS operates in the triode region, with small vps and with the gate-source voltage in
range 0V to 3.3V, (channel length = lum, &, = g2 Cox = 100pA/V 2 ¥,=0.5V)
(1) (5 43) Show the ip equation in the triode region.
(2) (5 %) What channel width of this NMOS is needed to ensure that the available resistance is
around 2KQ when operated in triode region?

5. Fora general purpose PNP BJT
(1) (5 43) Draw the hybrid-n small-signal model with parameters: vy, ry , nVr, Fo.
(2) (5 47) Draw the T small-signal model with parameters: guVz, Vx, ¥e , Yo
(3) (5 4¥) Show the definition of mode! parameters in terms of DC bias current: gn= 7, r.=?,

r=7 and rs=7.
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* 6. The voltage gain of the amplifier shown in Fig. P6 is -80V/ V when I=100uA.
If T isdecreased downto 25pA,
(1) (10 '43) what will be the voltage gain?
(2) (10 73 what will be the transconductance of the MOS tran51stor (with respect
to that withI = 100pA)?

The transistor operates in the saturation region in both cases.
Voo .
1

Vout

Vin'g-I

Fig. P6

7. For the amplifier shown in Fig. P7, please calculate
(1) (10 43) small-signal differential voltage gain.
(2) (10 43) input common-mode voltage range. ' -

[V,|=0.8V and ppCOKV—IY-=3.5;<l_O'3A/V2 and A=0.

. ~ Vout +

2KQ ’ 2kQ

. =25V ’ Fig. P7

8. (10 43) Briefly explain the body effect of MOS transistor.



RFTEFR ‘
FHE : StEMESA)

1. (10 pts) Convert the following hexadecimal representations of 2's complement °
binary numbers to decimal number.
(a) xFO
(b) x7FF
(c) x16
(d) x8000
{e) x1

2. (10 pts) A symbol of 2-to-1 mux is listed below. Please draw the gate~levél circuit
of 2-to-1 mux.

Out

3. (10 pts) I:ﬁplement a 4-to-1 mux using only 2-to-1 muxes making sure to be propeyly
connected all of the terminals. Remember that you will have 4 inputs, 2 control
signals, and 1 output. Write out the truth table for this circuit.

4. (10 pts) Given the following truth table, generate the gate-level logic circuit, using ‘
the Programmable Logic Array (PLA). Remember that this circuit have 3 inputs

and 2 outputs.
A B C Fpb, Fy
0 0 0 1 1
0 0 1 0 1
0 1 0 0 0
0 1 I .1 0
1 0 0 0 1
1 0 1 1 0
1 1 0 - |1 1.
1 1 1 0 .0

5. (10 pts) Please answer the following questions..
(a) What is called 3C’s misses for cache memory design?
(b) How to reduce them? Explain your design techniques as many as you can,
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6. (10 pts) Suppose we have a 32-bit MIPS word containing the value 0x008A1021.
We would like to know what MIPS machine instruction this represents.

(a) Write this instruction word in binary. Draw boxes around the bits that make
up the different fields of the instruction and then label the instruction fields
(opcode, rs, etc.). '

(b) What is the format of this instruction? R, I, or J?

(c) Translate this instruction to assembly language. Use symbolic register names
like $t8 instead of absolute register numbers like $24.

7. (10' pts) In a processor implementation, a data hazard can slow down the pipeline.
What is a data hazard? Give a short example using MIPS code that illustrates the
problem and give a brief explanation of what the problem is.

8. (10 pts) (a) Give three advantages of programming in a higher level language (like
C) over programming in assenil?ler (like MIPS). (b) Give two reasons why
registers are used as the source and destination operands for arithmetic
instructions in the MIPS.

9. (10 pts) Give the six steps in the execution of a procedure in MIPS.
10. (10 pts) One of the terms we encountered in discussing memory hierarchies and

caches was épatial locality. Give a brief explanation of what this term means and a
short example that gives one illustration of this property.




N, BILEARHIAER 103 S24ERE . RFEBTAR
AN BEIEAA S HEE BLE : yeampmsTe

q=1.6x107°C, KT=0.025eV, £5;=12x8.85x10"*F/cm, n=10"crm, In(10)=2.3

1. Describe the crystal structure of the single-crystalline silicon. (20%)

2. Describe the energy band gap differences in the metal, semiconductor, and
insulator materials. (15%)

3. Describe briefly the formation of the depletion region in a p-n junction diode.

(15%)

4, Explain (a) Fermi-Dirac Distribution Function (5%)
(b) Diffusion Capacitance : (5%)

(c) One-Sided Abrupt Junction (5%)

5. Describe the content of breakdown mechanisms for p’n* and pn junctions,
respectively. - (15%)

6. A silicon PIN junction has the doping profile shown in the Figure 1. The “I”
corresponds to an ideal intrinsic region in which there is no impurity doping
concentration. A reverse-bias voltage is applied to the PIN junction so that the
total depletion width extends from —1.5pm to +1.5 um. (a) Calculate the .
magnitude of the electric field at x=0, (b) Sketch the electric field through the
PIN junction and (c) Calculate the reverse bias that must be applied.

4 (20%)
(N,~N,)(cm3)
| JOHE P

N +1] +2

-2 —1 -
x( pm)

Figure 1 1016 ==
|-— I region —
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Useful Physical Constants: &, = EY (Fim); p, =472 %107 (H/m)

1. A voltage of 1.00 V is dropped across a resistor that has 5.00 ¢A passing

through it.
(a) How much power is dissipated in the resistor? (10%)
(b)If the resistor is made of a 1.00-mm-diameter, 1.00-m-long alloy, find
out the resistivity of the alloy. (10%)
2. Aplane defined by 3x + 2y + z = 6 separate two dielectrics. The first

dielectric, on the side of the plane containing the origin, has &,;=3.0 and
E;=4.0a,V/m. The other dielectric has £,,=6.0. Find E,. (10%)
3. The x-z plane separates magnetic material with gz, = 2.0 (for y <0) from

magnetic material with ¢, = 4.0 (fory>0). Inmedium 1, thereisa

field H; = 2.0a, + 4.0a, + 6.0a, A/m. Find H, assuming the boundary
has a surface current
(a) K=0;(10%)
(b} K=2.0a,~2.0a, A/m. (10%)
4, Convert the following instantaneous quantities to phasors:

(8) A =16 cos(2m x 10% t + /4) (10%)
(b)A(x, £) = 10 sin(2m x 10° £+ 2x) a, (10%)

5. A wave propagates in a nonmagnetic conductor. If the electric field vector is
E(z, ) = 10 ¢ %% co5(271x10% - Bz) a, mV/m.
() What is the approximated value of f? (10%)
(b) What is the approximated value of skin depth? (10%)

6. Suppose a 20-Q transmission line is terminated in an 80-Q load.
Determine the required impedance of a quarter-wave matching section of
transmission line. (10%)
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k= 1/4meo= 9.0 x 10° N-om%C? - PR PR
(@) KF QAR BEAGRDET QB ?(5%) lm  1m
o) E—EFPHzE (EP) EFHRINEF 8-

# %47 7 (5%)

2. FEE = A—EFEEnMRREFETFHALSA > MEA
THAH Q- BIET Fl 4544 stHEEESERS r RATH ) -
(@) r FEIRZERS (r>ro) e (5%)
(b) r FEEEAN (r<ry) e (5%)

5. BBRA—ES » EEMAE200uF» TRAB S0V - Bl=
(@) WEEHEZTEE ED 7(5%)
(b) Bl TEMAZETE 1.0ms B EHEH » B2 A4 2 (5%)

4. (a) WAL & & K (Snell's law)  (4%)
(b) %o B w(a)A7 T  BREs LR R LR BB ERAMN —E5 R4 R
S LELR q’.%.?‘é#ﬁﬁ%;%‘ji%ﬁ&;&(nhluc > Hreq) ° ¥ ¥R AT
T © (3%) .
(€) B wO)AT AR ERREE BERERAM —EEHAR - EHEAM
LR MATIEEIS o (3%)

mA/Ex
/B A — %

B 3 (a) B w(b)

5. BRI, AE B 4% Bk (Young's double-slit experiment) * &35 K I E#H - K%L R
MR IEAT ARG E B - (10%)

6. #AREAMS » 8% HEH 24.5m 2 F 7 » sk E 39.2m/s 47 5 30° etk —
Ho WA (a) BB RDE RIEHT (b) Fibdy  HZARFUEET?
(8%)
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7. WwEAE S 20kg 2\ WA a Tl BT iF o ab AL
10m 2 1/4 {3 » Bk b Sebg £ 4 10mss » 847 °|
E cBiffFik » be=25m + WK (a) be KFHE L2 K
$HER43? (b)) aFE b B RS b c
FiE ? (8%) W

8. W BAHE I0kg 2 RRENFA IV Z(@AFHT L 4

AR SE A B 0 2/ S R AR AR B RKE g
SHEGLEEAET?O)FERRAFTHZHERGR

204 mBBEBARLE 03 MEN4daraxh Fb

17 0 R AR 2n/s” 5 4 @ by B4R G ek R SE S ? (8%)

i
B <

9, H—142 lm~ & S0kg BB ik 900 /5 » 4K — T B 200 32 ERM
LB G RILB AL 10 BB 4F LS AR RAE L R BIEGIT?
(5%)

10. - EBERWEARGE HED kg XRAHTF 25ke
ok mE @i LRES L LEZ M 0.6ms 2
RHEB > MRARZIEHGREREGH G - %)

1. ~E4xgE2EH 500 £48 - 42 0.8m » k@S 0.3m
ZFEgEth 20 B BEARTHA F A7 (5%)

12. 9 mib Rl AR HEm AR » MO LET i d PR R A%
AR~ RAERD - (6%)

BRAARIBEELAR - HEm AFzi4HE Axw
HRMER  RRBRAFETH X HRKRME - (%) &>
>
B A




