
A,:rtEE+ 7 ffi, E;ffi1+h'*[6flE+Ffim , *;'t 100 r]\ , ;Ei&EEqffi(F6nnffiEF^Htr6F;E
l\nI' lEE+-Y"Trr' "

n lerx (=,
ElrEf f++qte 114 e+H
[8tIfiffif;6ililffi

AFfi: E+A
r+E :Itrffry(2)

t. (15%) Please solve for ! = y(x) .

(a) (0s%) xY'-3y-0
(b) (os%) y" - 4y' * 4y : g

(c) (0s%) y" +;y'- )l - O

2. (1,5%) Find the integration factor and solution of the ODE equation

(*'-4y)dx-xcly:g
3. (1,O%) Solve ODE solution of y" - 4 y' + 3 y - stn 2x
4. (1,0%) Laplace equation:

(a) (0s%) tf "f (t) - cos(Zt + 0") , t>0, ptease find tlf @l

(b) (0s%) F'(^s)=;+- , pleasefind z;r[F(s)] .' (S + 1)(.1+ 2)

s. (1.5%)A transform I(x) :l::] [_i],where " 
: [f'] e m, and denotes the inner

product.
(a) (10%) Prove 7"(x) is linear.
(b) (0s%) lf f (x) - Ax, find the matrix A.

6 (rs%)Let w =tl;linrR3:x*zy- , -o].
(a) (70%) Prove that W is a subspace of R.3.

(b) (05%) Find the orthogonal complement of lzll, denotedas WL.

7. (2O%) A lineartransformation 7(x) : Ax, where

I- 1 -1, 1tR:l o -z 1l
L o o -il

(a) (08%) Find the eigenvalues of A.
(b) (08%) Suppose V = tvyyz,vsj forms the eigenbasis for A, find Ir
(c) (Oa%) Find the transformation matrix of 7(x) when using V from (b) as the basis.



E r+L

EUEf F+fit+ 1r4 g+El
EF*HffifiTHfrilE

*\ffi: trTft
n+E : ffifE

A;frffi+ 5 ffi ' €;W1+rJfrr6EE+Ffz\ , +it too tJ, ;E{&ffi?ft{Ftrffit+E+HaEHji+
I \n+/--Il /1
.E-' LEE.+-ydTfi' "

1. Beginning with VD,or= 800mV for each diode, calculate the change rD.Votrif 1i, changes from 2.0

nrA to 2.r mA in the circuit of Fig. P1 (a), (b), (c). (the thermal voltage, vr:26mv)

:
A.Vot: ? (5 5J) (b) A%,t: ? (s tJ.)

Fig. P1

2. Determine the voltage gain of the stages shown in Fig. p2 (a), (b), (c).

(a) (5 )j) firrd the voltage gain, vo,t/ vi, (Assume X : 0).

(b) (10 JJ) fndthe voltage gain,vout/ vin (Assume )"+ O).

(c) (10 lJ) fnd the voltage gain, vout/ vin (Assume X I 0).

:
(a)

::

(c) A%,t: ? (5 tJ)

vrr{

lroo

(a)

I/bo1

Vout

jr," ,t{

(b)

Fig. P2

3' (10 J))Suppose the bipolar transistor in Fig. P3 exhibits the following hypothetical characteristic:

Ic: Isex'H

and no Early effect. compute the voltage gain for a bias current of 1 mA.
(the thermal voltage, !1: 26mV)

:

Fig.P3

Vo,tt

R1:1 kC) -R1:1 kC) R1:1 kO

Dz

VortD1D1VoutDr

r"4



H2F(+2F)

trfre64i"-151t9 tt+ €FH
tE:tillfES.#tilE

Affi:H7?,<
F.[H : ETE

4. A closed-loop block diagram is shown in Fig. P4.

(a) (10 f)) Derive the transfer function of the loop (vo,t / vin).

(b) (10 )J)If ATis 80 dB and Kr:0.5, what is the total loop gain of this closed loop?

5. It is known that the cornmon source circuit shown in Fig. P5 has been working in the linear

arnplification region. (Assume: Voo : 10 V, Ro : 10 kO, Rs : 100 f), Ccs : 10 pF, Coo : 2 pF ,

Co:5 pF, and gmt:1 mA.IV, M without cha:rnel length modulation effect)

(a) (10 ,)) Draw the small signal model of this circuit.

(b) (10 1)) Find the pole frequency at vin.

(") (10 ,)) Find the pole frequency &t vout.

Voo

:

Fig. P5

Fig. P4
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EuEf4f+&tg 114 g+E
rEtrfiffistililffi

AFN: HV?',,

f+E : E-+Hffitffi'ilft(3)

I \E+r+-tt raI, , \EE+-Y;T']J "

1. (10 pt.) Add the following bit pattems. Leave your results in binary form.
(a) (2 pt.) 1011 + 0001

(b) (2 pt.) 0000 + 1010

(c) (2 pt.) 1100 + 0011

(d) (2 pt.) 0101 + 0110

(e) (2 pt.) 1111 + 0001

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

(a) (2.s pt.) 1101 0001 1010 1 i 11

(b) (2.s pt.) 001 1111

(c) (2.s pt.) 1

(d) (2.s pt.) 1 i 10 1 101 1 01 1 0010

3. (10 pt.) A symbol of 2-to-7 mux is listed below. Please draw the gate-level circuit of 2-to-1 mux.

4. (20 pt.) Complete the timing diagram of the following circuit:

Please draw the waveform of the output f.

I

I

I

I
I

I

I

I

r
I

I

I
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truEf t+&try 114 g+H AFfi : B+A
tE*Ufffi+#tilffi f+E : itgffifffi-ilft(3)

5 . ( 1 0 pt.) Assume that the scheduling of a processor is shown in the following table. There are three

procedures to be done. Priority Scheduling (PS) scheme for procedure arrangements has been adopted.

The priority of procedure P2 is the highest, followed by procedure P3. The lowest priority is the

procedure P2. The execution time of the procedures 1-3 are 7 ,5, and4 milliseconds (ms), respectively.

What is the average waiting time for a processor?

Procedures Orders of Priority Execution time(ms)

P1 J 7

P2 1 5

P3 2 4

6. (10 pt.) According to the IEEE 754 single-precision number representation, the binary value is

1 1 00001000101010100000000000000012y. What is the decimal value?

7 . (20 pt.) Emile and William are important company developers. Every time they send a message,

they use the Diffie-Hellman (DH) algorithm to generate a set of keys, which will be XOR-encrypted

with the message before sending it to each other. Even if others see it, they cannot get the content of

the message. According to the DH algorithm, Emile and William selected two public numbers g:5

and p:3, and each selected two numbers a:2 and b:3, which are known only to each other. After

calculating the key, the ciphertext sent is 0x001ro;, 0x001ro;, 0x03(ro), 061roy. What should the plantext

(decoded text) be?

8. (10 pt.) Computers and microprocessors usually contain

1.DDR5 main memory,

2. Register register,

3. Cache

4.SSD high-speed hard disk,

Please amange from fastest to slowest.



H(+ H)

EUEf f+ete 114 g+H
r-Frffiffis,tililffi

AFfi: HT?*
f,[E : +Hffi7r{+

1.

2.

&fiFttT friiJ :

(") €EHi+(excess carriers) (5%)
(b) ? *k#"t(majority canier) (5%o)

EflAS6ET;+: ,

(a) ltLhLWhtt fr E#.anH**6t [,*](direct
bandgap) $ + H 9+ f,l ++ fiE [.9] (indirect
bandgap)$FHa.t EX " (6%)

(b) ttL"flF-t€€+iliAr *,E rL4+hIRffi ?

A4+E ? (4%)

+;l--,kfi - ttuEr+ +ffi , l+*E I )H-E-h 5 x 10ra
cm-3 694'+o1D " r^+#lh- , + +ffi6i €+,HErs.+
7HE 6t H4bP,Arr: *" h H " ifr -'*-an E + )P=E A.r 4+

fu 4 zl4,x @ #.t rx-*4bru9". " Go%)

iR/r,@n0t4+E'+En(difrusion)ftdi f-E + +H t
#t =tr€4fl#+hfi{ " i+ffr H-ffi*yz_ " (to%)

flFi*,kh -tfr,E, ++ffi , & T :300 K atl**tz
ftH.(acceptor)HE),b AL: 1016 cm-3 . i"uH(donor)lLt_h l/a:9 x 1Ors cm-3 . 4Fi--"k+-Ffi,+
(intrinsic carrier)7pfi A ,;:1.5 x 1010 cm-3 " -+Hfu+i*iz_E+;HE-F+€;n )H-E- " (tO%)

?fi 4 H - p-N ++fr , a\+.ififlift"EraHgffi E, rHa++ffiffT.4(Ec) . }HW&_tt*(Ev) . 4
H H xaE [b.(Erg+ F r]i 6E [b'(Ee) " (ts%)

,?'L , ?F€ H t6,ho Efrt l& fF.(forvvard bias),1f; )N,T , p-N ++ fr zh1 ffi El , -tr A\iE ffi tr + € m €
+z')rt,*rttrt " (10%)

iiift,Bnl,Ii*n H ri HE fA'(F rti fiEE Er) " (s%)

#- N fl++H9ts._A/B ilfi.ffi++#.t*.tfr(Schotrky contact) , ?F+-Hrt+tfrH[ffi.-r. <fiEH
E , ffi € fi +ffifrT !*(Ec). ,iH ffiftr &@v)HH,K 6E['a,(Ee) . (10%)

10' iF* il+F"+thit€ F,ffi(MoSFET)z-tu1+t+i6 ' -il.+Hz. ilf^*#trd, . Fnlta . )e-t&RlFl& "
(10%)

no (cm-3)

r o16

lors
5

r ola

lorl

I or2

4.

5.

6.

7.

8.

9.

r00 2(n 300 4 00 .500 600 ?00

r(K)



EUET F+&te114g+H
rErffitrEe+tHE

AFN: HI?,<
f'+E : E[&S

Useful physical constants : €o N# @/m); po = 4nx 10-7 (H/m)

v x H",, :l;# - *)", .l+ - #1", 
. ;l*b, r) - +7",

v x H.pn", : #l*(u,, e)- #1", .:l#+ - *Qu,i,, * il*o",)_ #1",
1. ffiHTfiH + {[J Maxwell's equations E!#&r]=ttrffirr.=t , lft^H-ryrlyLHE "

(r2 tJ)

H 1F(+2El

2. Em{EH,L,#EI.$ , +'lgt}EIIh A T*4 

^rrJ, 
B r* 8 

^tJ; 
H_tFfffiEr"fE

,),E[yt'ffih A I*. 24-nCq B Lg e6-nC " HEhm{E A . B AtrL$H-rE7FS#tr
€ffitr+*E-frE ' i€+f9jr+ , ;€-EftryEtrr,fnglHlHtr&iftHrfrH ? (B tt)

3 . 6-rtrffiE!+tEtrA, MtrffiElEfUE H vo, THEE d, + F=18l/|EH^H/|trH

WHfrtMHor -rE{H68trffi8tr oa . i€HHffitrg+ D . E . p = EZfffifiEH
{h=t(Constitutiverelation) ,MHtm Vo- d. e, SffgffiitH,H o7, oo. (15 tJ)

tr2 : 4 " E^tlYtFrHffi -Hffi H H ffiHtEH, HE #HZfttrH 1,lErJ,
Et:4 ap-r 6 

^q* 
9 a, ; *ltFH/ltrH 2 IHUZE, " (5 l])

5. tr-trFHtrffi.6Rtr L ' +FfratrFfi +tgH p, ' glEh-IEFHH+trtr , #.lE
H pr' +ffiffirFItr7tS6E(*JIHHM}f+H/|'trHFi e,: 4.0 , E€# o: t0-3
s/m " #IftlE+HfffiMrffiIfiIn-tr{uE vo , ffit.ff:€Hirttr+HEffi ffiHzHfrz
wEfi{H#+ZrfrFP " (to)})



grEli:LrE\
z1 pA\/\-r\l

trU*661"16t8 114 e+H
6E*flifEH4tmm

AFfi: H7?*,
n+E : E[ffiP

,lffi#H+(O, o, ft).ftEfr\Eifrt*H H:5 a,(A/m) ,

tfrHft&,)' ? (^6+ffiEffrtd'' EE' H{t)

II=5ur__.__-

[&-"k1ffil*h II : (*snfi) a, - (p2) a, (Nm) ' ;€it-HE (4 m,0o, 4 m) 'fUHE!tr

)ftBE J" (20tJ)

[Fni"k-6ae,HMtr+28ffift4 z^:4e ,ffiEffiffi-E'Mtr B:0.02 T " iEit-HDJ,T=
{E{H : (6HEI HTJHR+.^ " #HH'fil' ffi H HH'|U)
(1) ffiyt'Eifr$f p, ; (s tr')
(2) Eiiitil5fttr H ; (s tJ)
@ EutitatftE M(*agnetization , XTEEIEIZHE) ' (s ,))

6. ;€H& (0,0,-h)

os ,J)
TIHfr\EifrTE

7.

8.


