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. values of 0 and 1, and it provides an analog output v, proportional to the value of
- the digital input. Each of the bits of the input word controls the correspondingly

V= ——[Zoao +2'al +2202 +23a3] (25 %)

. 2. Figure 2 shows a transconductancc ampllﬁer w1th an infinite mput res1stance :
© 210 kQ output resistance, and a transconductance G,, =0. 1“ A 1 MQ resistor R_f

%) L e -

1. Figure 1 shows a circuit for a digital-to-analog con\ferter (DAC). The circhit - °
accepts a 4 bits input binary word asazaias where ao,a1,a;, and a; take the .

numbered switch. For- ‘instance, if a; is 0 then switch s, connecéts the 20 kQ
register to ground,whlle if a, is 1 then s, connects the'20 40 reglster to the +5V
power supply. Show that v, is glvcn by

™

%

is connected from the output of the amplifier back to its mput The amplifier js.
fed with a source v, having a source res1stance R, Flnd Rm, Volv;, and Rm (25

-

oo ) .- . -
3. Provide a design for a-voltmeter circuit similar to the one in Figure 3, which
is intended to function at frequencies of 20 #z and above. It should be callbréted
for sine-wave input signals to provide an output of +10¥ for an input of 1V ms.
The input resistance should be as hlgh as possible. To extend the bandwidth of
operation, keep the gain in the ac part of the circuit reasonably small. The
design should be such-as to reduce the size of the capacitor C required. The
largest valile of resistor available is 1 MQ ..(25 %) ' -

.
. —— A

\ - \-....- L] L

~ ™ ——

4. Alogic m‘\:crte/\”rjﬁa\vmg the c1rcu1t of- Flgpr&4m1th y+=5V and R, =14Q, and
the switch having an on-res1stance 0f'100 Q, is switched at a"10 MHz fate. The
load capacitance is 10 pF, and | the input remains high an average of 75 % of the
time. Calculate the static; dynam1c and tofal power d15$1pat10n in the gate.
What is the’ power d1ss1pated in the switch? (25 %) . ~
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1.Find théigenéral‘éaxuﬁ'ah ofihé‘ following equation - - © T g LT LTt o
a)y"+2y +y=3e+x . - (10%) *’ . e )
- ? = - "‘ - . P =" - " " .'... *
b)y" +5y’ =e” sm3x L (%) 4 i, T
w 4 7 S 0. N o - .
c)y +4y—secx for-——<x<——: " (12%) o . .
T . R T A -
b B S . N
2 Solve the initial va.lue proble.m I A C

%y - ue L g

€

a)y' +’y=x+sm'x;y£(0)=1

B)y" - 81y’ +16y =3;y'(0) = 0= y(0) _ . (12%)

. - - - T ) A
3. (2) Show that [z :] is invertible if and only ifa # 0 and b % 0. - ) .

' (ia) XA and B are square and invertible matrices, show that ,

-l by pt - ,
o 3 =[AT -ATXBU ey X (15%) . CT el
0 b |o B! N - - LT

r

181 3 o] .
e vl ta - .2 1 <1 1f.
(c) Find'the %Zerse‘#of the matrix 00 5 2 i a 5
0 0. 3 1 -

L

W‘_\\‘- * f
4, (a) Find the c1genvalues of cs6 - snf:
.= sin@~_cos

L i :‘_‘/ St s

3X - y 4 . =3
X+2y=0 haveno solution, Find the vector Z—[ ]that — ; .
- ’ yo ‘, H‘ s

2X+y1 : . .

(b) The equatlons

best approx:mates a solution. T (0%) -
z - A - R -
i, B
- - ) 5 - C
+H : ) ‘
k .- .
Su
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5. Suppose a sequcnce of number, xj 44} +Xg ... is determined by the condmon that L
- p=a=l, and each successwe Xpis g:wcn by . E

X 6X5+Xﬂ+1._ﬂ20 . ) . . .. e ’ L . ] A i B -
.Fmd a formula for ,.x, in'terms ofn. . T (10%). " . ' . T
' ) -_.. ) fin i(“.'- 'hl',’ mln:'-' ‘f = '\{ ‘ : ) . H' : ) ".‘- ! -: '
6. Find the Standard matrix of the followmg linear trensformations }i’z - A’ 2 ) : *

@ Rotatlon Ry about the origin through the angle 6. . | )
(b) Projection Py, o the line y'= mx. ‘ '

- L
A .
.

-~ " - :
r r -
. N - v " a M
Refl S 1he1 = ) Lo NN . aTe
- - - -
{c) Re ectlon mu:\ mey mx . (15%) .
.
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‘(a)What's the :main advantagc of two's complcment representation? (5%)
(b)Why we. usc Iaycrmg in computcr:nctwork dcmgn?(ﬁ% ;
e - Tawad . T T

» > - ¥
t . * N o e T . .
LI “id Pl - rl LA S v

2.02%) ol *
Explain thc followmg terms: CSMA!CD HTTP, ISDN

-

Iy -

3. (8%) - e oo I A S

How many addre:,s lmc:. would the following blzes of mcmoncs rcquu'c? Absume that

thc access unit is byte. * . : R N
(a) 8K bytcb (b) 64K bytes (c) 12K.bytps (d) 100K bytes R . b

hd . * - -

4. (5%) ‘ T " -
» Point out.the crror oceurring: m\thc followmg funct10n1l bwap Note.that the function
swap is to cxchange the values of x andy S I
void swap(int'x, inty)s © .. cme - e 0T
{inttemp; .. ¥y - ot op 0t gt
temp=x; x=y; y=tcmp;. O

LY

.

Sy e L Lo S
What's the ﬁmctlon of the followmg, program? . cL e e
int F(int x, inty).«s ° Ty, T Co e

{int i, _],k.-~ '

k=0;. e L : - .

for (l—x 1>0 i) y . - " - y

—{fof (j=y; j>0: J“) R

return k; ' _ o R R

e . r oA n

} . - R
3 4 7 .
e,
= Y i - -
'

6.(10%) ¢ E -~
(a)What is the Huffman's codes?(5%) . ’ )
(b)Show that the Hufﬁnan s codes can be obtained by using the grccdy ‘method. (5%) Cw

14 ! - ! . ~

r

2
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. Definc the fibinocci numbers as follows:
fib(0)= 1; fib(1)= 1; fib(n)= fib(n-1) + fib(n-2), for n= =2, 3 .
(a). Define a recursive procedurc to compute the functnon Trace the computation of
fib(4). What is the time complexity of your algorithm? (8%).
(b) Define a.non-recursive procedure to compute the function. Trace the
computatlon of fib(4). What is its time complexity of your algorithm? (8%)

- . -
a

?
-

8. (IO%
Describc what a topological sort is. Write an algorithm to perform topological :.ort on

a dirccted acyclic graph, Given a dirceted graph G with nodes {a,b,c.d,e.f,g 2} and i

edges {(a,b), (a,d), (b,c), (b,c), (d.c), (€, f), (g,, d)} Trace your algonthm with this e :
graph. ~ -

. -
a2 -
- 5

T
e -

-

9.(14%) - -

Give the definitions of a bmary search_trce and a 2-3 trce. Show a non-trivial cxamplc
for cach definition.” Describe the concept of Abstract Data Type (ADT). The ADT -
“table™ uscs a scarch key to identify its items. What arc thc advantages of
lmplemcntmg the ADT table with a 2-3 trec instedd of a binary scarch trce? Why do
you not, in general; maintain a completely balanced binary scarch tree? o

rer

10. (10%)

Give the definition of a bmary hcap. “Write an algorithm to insert an clement into a

heap.” Trace your algorithm with the input 10,12, 1, 14, 6, 5,.8, 15, 3. Writc a lincar-
. time algorithm fo bUIld a bmary heap. Trace your algorithm with the same mput

“
"t \“!"'“\,- ) -
.
_ -
.
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1. Find the general solution ’pf‘gﬁe fofiowing differential 'eciuation: . (20%) ‘
. Lo : N S x a
Syru__3x2yu_!f_6'lyr_‘6—y =Inx - ", el -
2. Solve the folldwing differential equation: . - T o (10%)

V'+y=xsecx

. - . ! ) ' 4"
3. Find.the general solution of the following differential equation: (20%)

N\ I'd

yuf_3yn+3yf:+3;=ex.lnx - . i i ‘_,_‘

-

4, Find x(£)'and 3(¢) of the following system of differential equatipns:— 0%)

x'=2y+4e"

_ _ { - »‘

y =2x ‘4_e S .
!

S

-5, Fmd the general solutlon of the followinig differential equatlon by using the

LT

© power- serles method: — ' T (10%) .

.-_,-1-—;; . M . N
*

\

(x,t) 4 é’zu(x, t)
r? " oxt.

two boundary conditions il(O t) 0 'and u(_a,t-) =0, for all # and has the two
cf?u(x t)

t=0

6. Solve the partial dlfferentlal equatlon which has the

initial conditions u(x,0)=4 and ——=. =6 for all x. | (20%)
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10 points 1. Wnte éach of the followmg statements in the form ‘if p, then ¢’ . -~
’ ’ _(a) That the Pistons win the champlonshrp implies that they beat the

Lakers. . \
(b) To gettenure asa professor, itis sufﬁment to be world-famous . -

10 points  2."Show that if S is a finite set with n elements, than S Has 2" subsets.

[

o

15-point§ 3. Shocﬁr‘that'zrrf log_x'is 0(9).

—

"

-

-7

.

-

'10°points . 5.Let f:Z-» N,where Z is'the-set of integers and N the set of natural

15 points 4. How many times will the innermost loop be iterated when the-following
algorithm segment is implemented and run? ‘
CoL o TN -
fork:=1ton L -
forji=1tok N ~ ) .
fori=1toj = #_ . -~ g
[the body of the i mner loop]

end fori .~ .

-

-

N -

-endforj— .- . ‘ ’ « .
.end fork”- S L PR :

.~ numbers, be definied by _ . _
T fx)=2x-1" ifx>0 o N
fxX)=-2x ifx<=0 - . : S
- (a) Prove that f is one-to-one and onto i
" (b) Determme f -l '

*
-

10 pomts -6:-In-how. many ways can the 26 letters of the alphabet be permuted sothat ‘

r.

LS o

\""—-\.:‘..._—_

' none of tHé patterns Aave, ﬂm ok, pi occurs? . .

15 pomts\'{ Let G—Q/.El béa loop-free conneéted undirected, graph, and leb{a b}
" "“be-anedge of G. Provethat {a, b} is part of a cycle if and only if the
removal of the edge (the vertices a'and b are left) does not drsconnect

G _.-,-w.--"“‘-n._.. .
-1:—"‘\/- . Sy -
.oz - . *
PO

- o= +

15 points 8. Let F denote the nth Fibonacci number ~ Prove that Z FEE

- -
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L. (10%) Prove that -~ * : N - - ' 5!
ST [ It = L. S
’ where .X ( f)i is the Fourier ‘transform of z(t). - . ) o “:' L ] - .
2, (a) (5% The Hlljl-)ert transform operdtor has an .equwalent tlme-doma.m impulse re: i
spornse gwen by : ‘ B ’ rl
h(t) = ' "
What is the frequency response of thlS systenﬂ s E

(b) (10%) Fmd the Hilbert tra.nsform of the signal »

o ‘" (t) : ﬂ-sm(ZGOﬂ‘t)
-1'-"“ ‘_’1' ‘A:'.- e 4 ' .'- ", R ;"S"‘""'“’“

3 (a) (5%) What is. the a.dvanta.ge of ‘the V&stlglal-Sldeba.nd (VSB) AM system as com-  * ..

_ pared ‘to the- SSB AM system'? - '

(b) (5%) ‘Draw the Block diagram of a VSB AM s:gna.l generator ™
(c) (5%) Draw the block dlagra.m of 4 VSB-AM demodulator

—

—_ N .
-\-'-‘_ - -

——

(15%) The message mgnal m,e (t) into an FM modula,tor w1th frequency dewatlon con- -
Stﬂ.ﬂtkf——-].ﬁls o . oo .
’ : ’ m;(t) =10 co.s(207rt)
(a.) Find the maximum. frequency devmtlon in the FM system - - -' - }‘
(b} Fmd the ‘effective bandwidth of the modulated signal by using the Carson s rule '
’ (c) Find the message mgna\l “my(t). f_or the equivalent PM modulator with phase dew—

""" atjon consfant- k,, =5, - N
5. (15%) Consider the demgn of the (7, 3) bmary cychc code {n =7, k= 3) based on the .
following polynonual factorization: - . Yo -

X7-[-1—(X+1)(X3+X2+1)(X3+X+1)

(a.) Find the genera.to:: poly;lomla,l g(X ) for each of the poss.uble (7 3) cycllc codes.”

- (b) Design a systematlc (feedback reglster) 'encoder for each of the posmble (7 3)
codes .

(I (1+X + X244 Xty X %) & valid codeword polynomla,l'? Expla,m o " -
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6. (20%) Consider an M-ary digital modulator with five signals {s.(t), m =1,...,5, . |
0 £t <7}, where M = 5 and the duration of each signal, T, is equal to.8, The |
channel is an additive white Gaussian noise (AWGN) channel, and the op tlma.l coherent ‘
demodulator is noted to be the nnmmum—dlstanoe receiver.

[ 4 cos(wt ¥2a), m=1,2,3,4, - !
._sm(t)\ { 0 mes, 0<t<8. .
(Assume wcT 2k, k € {1 2,3,..}. ) ' o B .

(a) Find the orthonormal basis functions {IJ)J(t), J= 1 ., N} for the five signalé,
where N is the dimension of the signal space, * .- :

(b) Find"the signal constellation s, m = 1,...,5 (i.e., the vector representation of
spi(t) in the signal space). .-

(c) Find the minimum distance () for this modulation scheme, -
(d) Sketch the decision regions, R, m = 1,...,3, {or the midimum-distance receiver.

~ {e) Sketch the (optimal) coherent dernodulator with reference’signals {sn.(t), m =

1; Tes , 5} l. . J‘-_‘
) o ] . - _
“ - .
7. (10%) Con51der an input s(t) = Y a,8(t—n) to a linear tune-mva.rla.nt filter with
n=—00- - * . -
transfer function H(f) { 0 — . {'}:} ; 1’ where a, € {-1,1}. By sampling the
, . . ‘
- output of the ﬁlter every second we obtain y,,. : -

(2) Find the impulse response, k(t), of the filter. .
(b) Does y, have intersymbol interference (IS1)? Explain.

- [ - -
-
—r—— .
- -
-,
- —
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L Consnder a tree structure shown below (20 pts) -

. o . . . - - . - : 7 ¢
. . O: operand o1 operatlon . . - <"

a. Please deﬁne the data. structure for -each-node in the tree so that’ each node can

visit all its parents and children [1 Pl'-‘a] . , : é
- Please write a recurswe function which will return-all-the descent nodes (direct as

well as indirect) of a, particular node- [ 6 ph) -, = - Co
c. Please write a recursive function fo evaluate the tree value i in m—order [ é Ph]

. Note: You mgy use whatever language you feel comfortable to do the coding

* . L
"‘"'\.- - .~ " -

- - =

2. Please explam and give assembly: mstructron examples for the followmg types of .

addressmg modes: (15 pts), : - o o
a. Reglster : c.Direct . . f. Relati;/e o S
; h Immedlate -d. Indlrect . . ] |
) N ote: You may choose > any famifiar- assembly language However please mdlcate.
the. appropnate ﬁelds in.your-example. ‘ c ’

T
™ -
~

3. AEEMrEose ptoge\ssor has been, desrgned for a certain. srgnal-processmg
appllcatlon It-is a 40-b1t processor and performs single-precision, floating-point
mathematical 0perat|ons The-floating= pomt format consists of a sign bit, a 29-bit
unsigned fractional mantlssa in normalized form, a 10-bit excess 512 exponent, and
base 2 for the exponent. (15 pts) .

- ~What are the largest positive and negatlve numbers that can be represented‘?

b. Find the distance between any two- consecutlve numbers )

 ¢. Flowchart the algorithm required to- add two Qf these numbers. Assume that the
" addend and augend are initjally stored in RAM and that the sum is to be-stored in
RAM., . .

"
L] v N . n~
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4 Hlerarchrcal design of pnonty encoder (15 pts) -
A 4-bit ‘priority encoder takes four: 1nput bits D3D3D1Do and produces three output
bits, 2-bit XY as encoded output and 1-bit V as valid bit. Please use 4-bit priority
" -~ encoders-and 4uto-1 multlplexers to lmplement a 16-bit pnonty encoder whrch takes
D15D14 DlDo as: mput and produce a4-bit output C3C2C1Co N

*. - » B -
- . T " oA

5.'Plepse design a circuit: which impléments the:following timing.di\egram (15 pts)-..

-

-0 - M - - - - = =
r « +

O LIPS MU ' 4 . I "
- Clock N ] R m
. A . - )
' A
.B . r - N
Voo L o T - .. -
w o N ’ : ok L.
a. srgnal Ai 1s sampled at every nsrng edge of lhe clock e

b for the second clock nsrng edge after 0-to 1 transrtlon of signal A, srgnal Bis
tnggered and toggle its state o

-

c. for the ﬁrst clock rlsmg edge after 1 to:0 transition of signal A 51gnal C issetto 1
for one clock period and. then returns to0 - .. . E -

[

&

6. A toggle (or T). ﬂlp-ﬂop has a smgle ‘data mput T: Applying T=1 to tlus flip-flop
e causes it to change the. output (stored state) once in every clock cycle;- T =0is the
quiescent condition. (20 pts) ‘
a. Based on the Huffman melhod of asynchronous circuit design, construct a flow -
, " table for the positive. edge—tnggered T flip-flop. [ 7-p¥] .
.b. Give a state assignment for this:flow table that is freé of critical races. [ & pl:s]
~~~¢. Déscribe how to modify-a T flip-flop to make itinto aJK flipflop. [ ¢ Fl-;]

b -
#
v e

ﬂllﬂﬂzﬂ N
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1. ~Des1gn a TLB and cache system as follows. Both of the v1rtual address and
 physical address are 32-bit wide. The page size is 8 K bytes. The TLB is 4-way set
assoclatrve and contains 16 entnes in total. The cache'i is physically addressed and

e drrect-mapped The cachelifie size is 32 bytes and each line uses the MESI state

L . fa

- The cache has- 1024 lines (blocks) .The cacheable memory space is 4GB. Show the
orgamzatlon of the TLB and the cache memory and indicate how the address and
, data 11nes are used in the. TLB, cache and between the TLB and the cache. (20 pts)

. i
- “ % Ty 3 - - -
. N . s
LI “ - . L. > 4 . -

-

b “ e - » R R . FAT . PO

1 ERRNY a0

-

2. Hereisa. string' of address references given as-word addresseS' 32,4, 8, 5,20; 17,
19, 56, 9, 11, 4, 43, 5 9,17, Con51denng a direct mapped cache w1th 8 one-word
hnes (blocks) that'are mmally empty, label, each refefence in the address list as-a hit

or-miss and show the ﬁnal cqntents of the cache (20 pts) ot e
"3, Computer anthmetrc problems Dmde 0011 by'10.’ ; " , —
_ . . Show tl'Lc block dlagram of the hardware required to: perform.the operatron
o (Both 0011 and 10 are bmary nuinbers.) (10 pts) T

b. Show the dmsron algorithm and the content of the registers you used in each”
of the i 1teratrons (10 pts) ‘ . ©a

E 5%
e
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: 4 A CISC processor has the followmg mstructlons © ) - ' )
P W H ;‘; N N

) “add [rl], r2’ ’ memory [rl] <= memory [rl]+r2
C.amov rl,r2 il <= 12# o e o
. o0 ‘sub rl""di's'p(r’Q)"’ | 'r1 ~<=+f1 - mémiory’ [d1sp+r2]

[
PLd
¢
»
+
a
.

£ mov r1 dlsp(rﬂ) N r1 - K= memory [disp +12] ~ e L
- Desrgn a set of R_ISC—type instructions and represent each of the above CISC ’
»= instructions, with dne or several RISC mstructlons so that.the RISC instructions .
Eerform the’sairie operatron as the CISC instructior® You must defing’ the:
0 operatlon of each of the R.ISC instructions you use in reglster transfer level -
- representatlon (20 pts) St LT ' : ot oo
T § . a-\': Jovs ot - o A - .
[P o, } S * - . - . Yo
. JSdo0F . P . ™ ® - -
5. Describe the opération-of movmg a block of data from disk to memory usmg the ]
oL followmg two approaches respectlvely ‘20pts) ., ) _‘ ;
o ‘ Programmed 1/0 usmg mterrupts AR R ST o
- . ‘\ PRI | . N i N .o
. . - b DMATO - ca L e T -
- F_ 2} o .' - -
(Hmt The answer is best grven by pomtmg out 1) the’ sequence of moving the data
- and 2) how the hardware mterface signals are used ) <t - L
“u ' . ES s K * b - T T
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1.(10%) - D .
" How is the forward reference problem-soived by a one-pass assembler? .-

-

2.(10%) .
Describe two methods for specifying relocatlon mformatlon in the object program.
\ . ) .
3. (20%)~
. Ineach of the following problems, determine ‘whether it is True or False(2%) and give

your reason(2%).

@A 8086/8088 assembler must be lmplemented using the 8086/8088 assembly
language .

(b)Macro processors are machine mdependent but language dependent

(c)In order to make the object code relocatable we must’not comprle modules of
program‘separately. :

(d)There i$ no difference between a literal and an immediate operand

(e)The.two sentences L=3+5 and ;=3 0+5 0 have 1dent1cal semantics bt dlfferent
syntax. ’ ! , ~

1

-

i -

4.(20%) - .
Consider the following set of processes, with the. Iength of the CPU—burst time glven
in' milliseconds:-

. Process Burst Time Priority
" P; . 10 3
~* le o 1 1 -
P; 2 . 3. 2
" Py S| 4
Ps o5V 2

The processes are assumed to have arrived in the order Py, Py, P3, Ps, Ps, all at time 0.
What ig the turnaround time of each process for FCFS, SRTN (i.e. SJF),
nonpreemptive priority (a smaller priority number implies a higher priority), and RR
- (quantum—l) scheduhng-algonﬂuns ‘? :
5. (20%) ; T ) : )
Consider the followmg page reference string: R ’
0 1,2,3,42,1,56,2,1,2,3,7,6,3,2,1,2,3,6 ' , .
How many page faults would occur for the following replacement algorithms;
assuming-one, two, three, four, five, six, or seven frames? Remember all frames are
initially empty, so your figst unique'pages will all cost one fault each.
(@) ‘LRU replacement [7%)
(b) FIFO replacement [6%] -
(), 0pt1ma1 replacement [¢3%] ’ : S

~
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. 6 (20%) - . ‘l{:,-- LT - 3 - - b “l:‘ . .
Suppose that the head of a movmg—head disk with 200 tracks nimbered 0 to 199,is .. .
“currently servmg arequest at track 143 and has just finished. a request at track 125. o
The queue of rcquests is kept in the FIFO order: . - g D
AR . . 86, 147, 91, 177, 94, 150, 102 175,,130 -~ 0 .
. Show the-head moverhent needed to sausfy these requesl(s for the followmg dlsk- )
schedulmg algorithms?- -~ - .~ . . ) .- A
(a) FCFS scheduling ST e : W
(b) SSTF sclféduling S T . . . -
() SCAN schedu]mg g . - LT s s .
< (dy LOOK schedulmg - Pt T Lt
" (e) C-SCAN schedulmg. e Tl " e T o . :
T N R - . 3 i . R L.
2 ; [ - v -
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(20%) 1. An electrlc charge Q," as shown in Fig.1, is located at-a
distance d from two grounded infinite conductmg planes
.mtersectmg at right angles. Determme .

(a) the-electric potential at all pomts in‘space, (10%) and
(b) the electric force at point (d, d) (10%)

(209%) 2 A volume charge density p = " i for spherical distances
. a<r<b and-p = 0 for other r values, “where K is a constant.
" . -Find the associated electric field for : 1

(@r<a, (6%) (b) a<r<b, (7%) (c)r>b (7%)

(20%) 3: A d-c voltage V, is apphed bctween the inner and outer
- " conductors of a coaxial cable of length L. as shown in Flg 2. ,

. . " The radius of thie core and the inner radius of outer
B conductor are a and ¢, respectively. The space between the
. conductors is filled with two layers of lossy. dielectric

.« . .mediumwith leakage conductivities o, and oy, respectively. _-
*' = . The boundary-surface hetween layers has radius b.. Neglect
- fringing. ‘Determine ‘the leakage res1stance of the coaxial

- cable.- ' » - -

L ( 209 ) 4 A’ d-c current I = 20 (A) flows in a fnangular loop in Lge Xy-
plane .as shown in Fig.3. The dimensions are in (cm).
_ - Assummg an uniform magnetic flux density B = a2 (T) in
- the region, . .where T stands for telsa. Find -
- - , - (a) the magnetic forces F 45, Fpo, and Fey, (12%) and
- (b) the torque T on the loop. (8%) K

— ( 209’ ) 5. Find. the self-inductance L per unit length of a. transml,ssmn
B ~~Tine that'consists of two coaxial cylinders of radius R, and R,
' (R, <R;). The space betweeq the two conductqrs is filled

with a substance having ab'solute”permeabi'litj L. X

-

L
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. What are the two collision mechamsms that dominate in a semlconductor and affect the
- carrier mobﬂtty, please describe in detalis as a function of temperature ( 15%)

. Please (a) plot (6%) and (b) descnbe the carrier concentration and conductivity of a
semiconductor as-a function of temperature for a particular doping concentration( 14%)

. (8) From a particle confined in a box, derive the Schrodinger’s wave. equation. (10%)
(b) What is the physical mea.mng of the Schrodinger’s wave equation, (3%)

. Plot the mindrity carrier distribution through a uniformly doped n ~p"n bipolar transistor for
(a) the forward-active mode (7%), and (b) B-E _]unctton forward-biased and collector open
(8%). - .

. A MOS capacnor with an aluminum gate has a silicon d10x1de th.lckness of 5004 on a p-type
silicon substrate doped with an .acceptor concentration of N, = 10" em™, Determine the low
frequency capacitance per unit area (@) in accumulation condition (5%), (b) at. threshold
inversion point, where the capacitance is minimum (5%), and-(c) in strong inversion -
condition (5%). Neglect the trapped charge in the oxide and at the oxlde-semlconductor
interface. 7'=300 K. -

. A MOSFET with alummum gate is fabncated ona p-type silicon substrate with N, = 10"
"cm™, The oxide thickness is t,, = 500 A. Assume that an equivalent.trapped. charge per umt

area Q“ =1.6x107 coul/em? is located in the oxide directly adjacent to the oxide-

semiconductor interface. Calculate (a) the threshold voltage ( 10%), and ®) ID(sat) at VGs =35
volts (10%] w1th the following parameters. i

'’ " metal-semiconductor work function dlﬁ'erence ¢ms =-0, 89 volts

W=20 pm I, = 600 cm *V-sec -
L=2pym - - T=300K
- - %
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t@l . Physical constants ] ! o . i, -
. ﬁ -, Avogadro’s number Na= 6,02 x 10°n " o i \ ' ' o
P = ' N . atoms per gram ' : _ ) : : ) :
. ﬂ P v - molecular weight  .r | . . P P ) ‘.
= : Boltzmann's constant - . k=138 x 10°2 YK ;- Property St ___Gaas Ge .,
‘. m& & - : . =862x 109 eV/K | Mobility (cm/V-s) ‘ " )
m_m . :.N ’ "+ Electronic charge : . . . Electron, u, 1350 . 18500 . 3900
ok 2 H ' I (magnitude) e= .60 X ("PC Hole, 1, 430 400 - 1500
J " Free electron rest mass - My = 9,00 X107 kg » ) '
.t . y ” . * E . :
z.. m.. Permeability of free space - o = 4m X 107 H/m ffective mass, AB..V "y L . . :
.- = Permittivity of frée space o = 8.8S % 10~ Flem ', Electrons v / " 0.98 0067, ° 164
et L . -, = 8,85 x 10-1 F/m 5 - : 0.19 008 ./ -
- R M | Planck’s constant h = 6,625 x 10-% 1.5 ) . Holes . N mh=016 0.082 0.044
. s , = 4,135.X 10719 Vs : et -, mp, = 0.49 045 0.28
N . . R ) .l - .. A= 105 x 10-M 1. ective mass (density of states), . . Lo . .
‘ . ol Elect g . Co- ; .
RS 5 ...., Proton rest mass M= 167 x 10-T kg R ectrons, Aau , ] Lo 0.067 0.55 ‘
. M.m ) .Mﬁnnn of light in vacuum . kﬂ.«l 2.998 X _05 n:.:.m N , Ic_nw A.ﬂa . Gum v 048 . 037 ¢
= © Thermal voltage (T = 300°K) V¥, = == = 0.0259 vait - ) . i
AR ¥ R : ﬁ_,ua.su.fc : L _ , . L
@r . . . e 052 mna_nanncn_oq parameters . ' . .
ﬁ.JJ m ¢ . o . f o A : ; . Materfal E; (eV) a (Aj e X F] .
. . i Silicon, gallium w_.mn_._a.n. and mn_.apm.__ca.u,.ounn_nu (T ﬂ.uS. K) .. . Aluminum arsenide 216 - 5.66 12.0 3.8 297
w _ Property ’ st . GaAs : Ge . Gallium phosphide . 2.2 543 i 43 . ;7
. m Atoms {cm=?) : - v 5.0 % jou 442.x 10, 442 x 108 ~ Aluminum phosphide - 243\ - 5.46 9.8 30 -
w..ﬂ._,ﬁ; . Atomic’ weighl =« 28.09 144.63 ~72.60 *  Indium phosphide 1.35° 5.87 12, 4.35 3.37
\ Wm.l Crystal structure * - Diamond, Zinchlende Vi , Diamond b __\ ) ’ ! .
s . % = 1 Density (g/fem™) ¢ s . 233 - ,.. 53, 5.33 - f N ra . £
¢ B |, Lattice constant 5 S, - 543 565 ,5.65 oo ma%_.__a e m_n\» and SN, (T = 300°K)
....”.ﬂ B |, Mebting point (°C) - e 1415 1238 JERES B _.,_ . Property Y ) 50 -
#b 1 ; Diclectric constant = RS | A SR kN & 160 E 2 _.n\_ L L3 . .
. K \”\ Bandgap energy ﬂﬂ(u R . . 1.12 - 142 0.66 ~ mth_w_Ennc . . M}——.—Oﬂﬂ?n:m for most ~_.—n&WB~nm .
= . ; ) . = " - . circuit applications] .
< = A |+ Electron affinity, x, (volts} | . - 4.01 4.07 - 413 Atomic,or molecular 2.2 % 102 1.48 x 107 ‘ "
, @ - Effective.-density of states in i 2.8 x 10¢ 4.7 x 107 1,64 x 10 1 " density {em=?) ' .
! conduction band, N,., (cm~¥) . R N A. Densiiy A.m\.nn_-_v g « 199 ", 3.4 R
- Effective density of states in 1.04 x 107 7.0 x 10m " 6.0-x 101 * Enerey ad . ) ﬂo. v .u. v
) vilence band, N,, (cm™) + - - , 1 v ; nergy gap SO ATeV
. : Imrinsic carrier concentration Ana-: LSx 10" ©  L8xI0% 2.4 x 10" U.n_mn_m_n constant 3.9 15,0 ,
. ) . “ . ‘ Melting point (°C) .,_ - =]700 =]900 -
o- N
I * L " -
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