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1. Please solve for y - y(x) .

(a) (0s%) xY' +3y -2*
(b) (05%) y" +5y'+6y -g
(c) (05%) *'y" +1 .5ry'- 0.5y - I

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

(3*'y + 6xy * l-ya*+ (3x 2 +y)dy : g'2

3. (10%) Solve ODE solution of y" + 2y' + ! : xe-'
4. (10%) Laplace equation:

(a) tt f (t): (t +2)' , ti 0, please find Ll.f @)

(b) F(,s) = Ul,.Jt, ptease find r-l[F(s)] .

5. Atransform in: Ra + 3 is defined as follows,

,([fi]) :lfi] 
[l]

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

[1-6 41
6. (10%) Let A - l-E B -zl,find the value of h to make A invertible.L+ T hl

7. Given A - [o'+ -o'31" - Lo.+ L.2)'
(a) (10%) Find an invertible matrix P and a diagonal matrix D to make A =

PDP_1.
(b) (0s%) Find lim A2.

(c) (0s%) Fird tf,;;igenvalues 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) 0l0l 1010

(d) 11111110

(e) 001 I 1001 1 101001 1

2. (10 pt.) Convert the following unsigned binary numbers to hexadecimal.

(a) 1101 0001 1010 1111

(b) 001 1r 11

(c) 1111 1111

(d) 1

(e) 1110 il01 10110010

3. If the Y is output and A, B is input, the XoR function can be shown as follows:
y=Ag+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-l
mux.
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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 72

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 t 15

P2 3 9

P3 2 t2

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

7. William always encrypts texts using RSA encryption when communicating with Judy. At this

time, William selects p:3, q: ll, and e:3
(a).(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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Useful physical constants : to *9 ,or-r, lto = 4nx 10-7 (H/m)
30lt

;EHHELhhryW 4 {E Maxwell's equations H!ffir'^ffi:diiJU,i., , frWff#^H-y)l
IEH# , (12'n')

E4HXElHg)EEf;EHry 3e0nm 6 teo nm , ^H$ircE!ffi8ffiHfr&,, ? eBf+ttrH! sc ffi.6REifuE& , Etffi+ X(-\&D'ffiX (pm)? (6 )t)
;H;Hryfr48*StrFfiEEE+ ' YSrt*{E Rff€Hg , #ffiH&lfr , HlEl,il'EEflYt
fiHEEffiBH p,, ffi7FtHHEBffftsE p, ? HE #Y,HVE E' f*:tilWE!+fl
fr HHIa Er &EHEEEEMH. DN',illHf$aH!{ffi l+&ftftw ? 1tz ;1
ffi ffi Hffi Frrfi EEM{EtrF,,-;twHHHfr4HH6ED/ffi fr &tr,fur=tH!tr

tr*{EtHYtl:HfA*R e,: 11.8, EHffrHko:4.4 x l0-a (S/m) H!6tE M)F,+ "

+,Ftlf+^Hrus[EE{uw',frfu v: 15 *y, (v) . atHyjrgw+E E . ru,fbEtr
P . EEEBtr D _f6itr)ft&E J . (r2 tj)

*{@HElh)PWffiW&Fth E(z,t)= I00. 
"-0 

012 

"or( 
ro xtoT t - r, -1\t-'" "P 4)

(phase velocity) " (20 hr)

& r 4fr-Ltr'-ffi.l]RtrH!6H€6H , HEE)tr1fu an e) , frHH *zz . E"FHIHE
(0 ,2 m,0) fr\iifiEffiH(at4.&.if{) " (16,i)
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1. Assuming that diodes Dr and Dz areideal, find the following l/out of the circuit shgwn in Fig. Pl
for different Vinrdn5es. 

l0 k.,

(a) (4 )J) for -1 V < Vi"Sl Y
(b) (3 ,)) for Yin{ -t Y
(c) (3 li)for Vi,2lY

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

oorresponding voitage gann Ar formulas.
(a) (10 )l) for Fig. P2(a).

(b) (10 )l)for Fig.P2(b).

' Fig.Pz(a)

3. The NMOS transistors in the circuit of Fig. P3 have h= I Y, pnCox=

100 LIA/V2 , 1 :0, and charurel length L1= Lz= L3:1 [rm.

(a) (10 A) Find the required values of channel width for each of Mr, Mz,

and Ms to obtain the voltage and current values indicated in Fig. P3.

O) (10 i)) Shows'which regions the transistors Mr, Mz, and Ms work iri,

respectively.

Fie. P2O)

100 pA

Fig. Pl

Fig. P3

F)
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4. (40 tilThe transistors operate in the saturationregion. calculate (a) gMb(b) Rop,

(c) rhe lowfrequency small-signal voltage gdin, and (d) the output resistance of the

amplifier. Some related parameters atai pncor= 100x Lo-u Afyr, ff)uuz=40,
h = 0.L v-L, ppcox* 50 x 10-6 o/nr, (),ve,u* = 50, 4: 0.t+ y-', *d lo\2,g,+ =

0.6 mA. Neglect the Body effect of MOS transistors. 
.
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t'rrz *-l Ma

Ms,* dE
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Fon -l

J

vout

vur *{
x

uin4l

Fig. P4

5,: (10 ,l\) These MOS transistors operate in the saturation region' Neglect the Body

effectofMostransistors.CalculateRo.,l.somerelatedparametervaluesare:
gut,t=1'0x10-3AN,huz= .llxtl.-3A/V'rot"z=Z\ka'roz=10kp'andthe

aspect ratio of all tlansistors is 10'

Fis. P5
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h:6.63 x 10-34 J-s,k:8.62x 10-s eV/K, q:1.6 x 10-leC,6si:12 x 8.85 x 1O-raF/cm,

ni: 1o1o cm-3, lnlo = 2.3

1. Explain thefollowing terms: (a) Impurity (b) Line dislocation (10%)

2. Explain thefollowing terms: (a) Ternary compound semiconductor (b) Quaternary
compound semiconductor (10o/o)

3. GaAs is more suited than Sifor use in high-speed electronic devices. Please explain
why. Qo%o)

4. Consider the Fermi-Dirac probability function fF(E), and Er is the Fermi energl.
Assume there are two temperatures Tt : 0 K and Tz > 0 K.
(a) At Tt, will there be any electron having energy larger than Er? Why? (59/")
(b) At Tz, will there be any electron having energy larger than Er? Wy? (5%)

5. Consider a silicon semiconductor at room temperature in which the concentration
of donor atoms is Na: 5 x 1gt5 ,*-3. Calculate the thermal-equilibrium electron
c onc entr ati on and ho le c onc entr ation.

6. Explain or define thefollowing terms:
(a) Quasi-Fermi energt

@ Flat band voltage
(c) Lattice scattering

(10%)

7. If temperature is increased about 50 degrees, h,ow many order of current densityfor
Si pn diode will be increased or decreased at smallforward voltage (<V"n) and large
forward biases ( Z Von), respectively? Explain the reason of these changes. (15%o)

8. According n(E) = Dc@)f (E) where f (E) =
11 

"@-En)/kr

x s-@-er)tr', Dr(E): A^[E - E"

and n-qrQd)t'' , -find the energt E with maximum value of n(E). (Hint: theh'
maximumvalue is occurred at dn(E)/dE:0.) (20%o)

(s%)
(5',/,)

(5',/r)

/


