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1.

Please solve for y = y(x) .

(a) (05%) xy'+3y=2x

(b) (05%) »"+5y'+6y=0

(©) (05%) x°y"+1.5x)'=0.5y =0

(15%) Find the integration factor and solution of the ODE equation
2

(Bx*y +6xy + y?)dx +(Bx*+y)dy =0
(10%) Solve ODE solution of y"+2y'+ y = xe™*
(10%) Laplace equation:

(@) If f(t)=@+2)*,1=0, please find L[/ ()]

3 35
= -
(S+3) S+

(b) F(S) 5 please find L'[F(S)] °

A transform T:R* —» R is defined as follows,

X1 X1 2
T X2 _ X2 |0
X3 X3 2
X4 X4 1

(a) (10%) Prove that T is a linear transformation.
(b) (05%) Find the transformation matrix A to make T(x) = Ax.
(c) (05%) Find the kernel of A.

1 -6 4
(10%) Let A =|-3 8 —2], find the value of A to make A invertible.
4 7 h
: _[04 -0.3
Given A = [0.4 1.2],

(a) (10%) Find an invertible matrix P and a diagonal matrix D to make A =
PDP1,
(b) (05%) Find lim A".
n—-oo
(¢) (05%) Find the eigenvalues of A™1
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1. (10 pt.) Convert the following 2's complement binary numbers to decimal.
(a) 1010

(b) 0110

(c) 01011010

(d) 11111110

(e)0011100111010011

2. (10 pt.) Convert the following unsigned binary numbers to hexadecimal.
(a) 1101 0001 1010 1111

(b) 001 1111

(c) 11111111

@1

(e) 11101101 1011 0010

3.If the Y is output and A, B is input, the XOR function can be shown as follows:
Y = AB + AB

Implement the XOR function by means of:

(a) (10 pt.) NAND gates only.

(b) (10 pt.) NOR gates only.

4. (10 pt.) A symbol of 2-to-1 MUX is shown in Fig. 4. Please draw the gate-level circuit of 2-to-1

mux.

Iy —

2x1

MUX Ot
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5. (10 pt.) Assume that the scheduling of a processor is shown in the following table. There are three
procedures to be done. Procedure P1 is the first to be processed, procedure P2 is the last to arrive, and
procedure P3 arrived between them. The execution time of the procedures is 15, 9, and 12
milliseconds (ms), respectively. Based on a first-come, first-serve (FCFS) basis, what is the average

waiting time for a processor?

Procedures Orders of arrival Execution time
P1 1 15
P2 3 9
P3 2 12

6. (8 pt.) Show the single precision representation to the decimal number 5.75 (10)

7. William always encrypts texts using RSA encryption when communicating with Judy. At this
time, William selects p =3, ¢ =11, and e =3

(2).(10 pt.) What is the value of public key d ?

(b).(10 pt.) Assume that the encrypted information is 2, what is the original information?

8. Describe the Open Systems Interconnection (OSI) model.
(a). (5 pt.)How many layers of the OSI model are there?
(b). (7 pt.)Briefly describe the purpose of each layer.
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o (F/m); 4y =47 %107 (H/m)

Useful physical constants: &, = 3

1. SFR BN 4 {8 Maxwell’s equations YRS BT, - AfRAEEAY)
HEE - (129)

2. EAFEOCAVEZE - REEE 390 nm % 760 nm - HHFEASERGER %
/b7 BRTFHEAY 5G fRGUERTI & » TERRFRLIZ DMK (1m) 2 (6 4Y)

3. FRaRUAMRAR RN o W —(E RITERE  EAEN - AR
PRHEREE o MARBEREE 02 HREHES E - 758 51057
JTIEEES Er REEITAEBREE Dy IVETTEHIEESBAEE ? (12 4Y)

4. 55 EAREE IR R E R 2R » 5B R (o] B A B A T LA R LAt T =0 2B
& ERREHESE ? HATER FE FASREIEEE B 2 (8 49)

5. A—EMEENEGRE e, =11.8, BE{AE 0=4.4 x 10 (S/m) HYLRTALRS -
SHSENEEBAHIDR V=15x7 (V) - RKIGLEANES E - (k8
P BEEE D HEREE I - (124)

6. —(EBHIGESRE R E(z,1)=100.e7"" cos [27: x107t -7z~ %j

(V/m) > 3K (1)BRHVEIETTIE 5 QFREE  GVER ; @ E  G)HEE
(phase velocity) ° (20 473)

7. TEz @i A IR RAVAIELR 0 HERR 4n (A) 0 HTEE +a, o SEIFEAE
(0,2m, 0) BHEESRE(ER/INETTH) - (16 43)

8. FRTHAIGRE T (ORI EE &HHEE )
(cur)HYJTTA  AISRFEE K 0 - 5EEEH -
(14 57)
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1. Assuming that diodes D; and D; are ideal, find the following ¥ou of the circuit shown in Fig. P1

for different Vi, ranges. 10 KO

‘ Oo—Wv ? —e O

(@ 453)for-1 V< V<1V + lez 10ko +

(b) 3 5) for V-1V |
(©) B45y)for V21V , Vin IV 1V Vou
10 kQ j;
T D, -
Oo— ¢ + -0

Fig. P1

2. The circuit in Fig. P2(a)(b) utilizes an ideal operational amplifier A. Derive the following

corresponding voftage gain Ay formulas.
(a) (10 47) for Fig. P2(a).
(b) (10 47) for Fig. P2(b).

Fig. P2(a) Fig. P2(b)
3. The NMOS transistors in the circuit of Fig. P3 have V=1V, inCox = o Lk
100 pA/V? » A =0, and channel length L; = L, =Ls;=1 pm. , .
(a) (10 43) Find the required values of channel width for each of M, Ma, M,
and M3 to obtain the voltage and current values indicated in Fig. P3. i o2V
(b) (10 43) Shows.which regions the transistors M1, M2, and M3 work in,
respectively. : ) _ M,
+—O 1V
M;
g llOO HA
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4. (40 4Y) The transistors operate in the saturation region. Calculate (a) gp,, (b) Rop.
(c) the low-frequency small-signal voltage gain, and (d) the output resistance of the
amplifier. Some related parameters art;:, fnCox = 100 X 107° A/V.z. ('l:i)m,m = 40,
Ap =01 V4, pCoy =50 X107 Afn (Dmzus =50, 4, =014 V7% and Ipyzs4 =
0.6 mA. Neglect the Body effect of'MOS transistors.

VDD

Vi —{_m 4

Viz =—{|Z M3
. Rgp ;

out
Ron
vb'l 0__" M2 -
X
Vin°—‘| w
Fig. P4

5. (10 4y) These MOS transistors operate in the saturation region. Neglect the Body
effect of MOS transistors. Calculate Rgy;. Some related parameter values are:
g1z =10 %107 AN, guz = VZ X107 AV, To13=20 k@, Toz = 10 k2, and the

aspect ratio of all transistors is 10.
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h=6.63x107*J-5, k=8.62 x 105 eV/K, ¢=1.6 x 107 C, & = 12 x 8.85 x 1074 F/cm,
ni=10""cm™>, In10~2.3

. Explain the following terms: (a) Impurity (b) Line dislocation (10%)

. Explain the following terms: (a) Ternary compound semiconductor (b) Quaternary
compound semiconductor (10%)

. Gads is more suited than Si for use in high-speed electronic devices. Please explain
why. (10%)

. Consider the Fermi-Dirac probability function fw(E), and Er is the Fermi energy.
Assume there are two temperatures T; = 0 K and T> > 0 K.
(a) At Ty, will there be any electron having energy larger than Er? Why? (5%)
(b) At T, will there be any electron having energy larger than Er? Why? (5%)

. Consider a silicon semiconductor at room temperature in which the concentration
of donor atoms is Ny = 5 x 10"° em™. Calculate the thermal-equilibrium electron

concentration and hole concentration. (10%)

. Explain or define the following terms:

(@) Quasi-Fermi energy (5%)
(b) Flat band voltage (5%)
(¢c) Lattice scattering (5%)

. Iftemperature is increased about 50 degrees, how many order of current density for
Si pn diode will be increased or decreased at small forward voltage (<V,,) and large
forward biases (= V,n), respectively? Explain the reason of these changes. (15%)

. According n(E)= D.(E)f(E) where f(E)= Teusl—ET/k—T ~ o EEDIIT D.(E)=A\JE-E,

%y 312
and Aszz}?")—, find the energy E with maximum value of n(E). (Hint: the

maximum value is occurred at dn(E)/dE =(.) 20%)




