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1. Two filters. are- demgned to have the sa.me half power frequency, m'H =1/ R2C2 Each is then :
connected to a source of mtemal resistance Rs as in Fig. 1. 5 : it
(2) (5%) Find:and compare the actual filter functions Vo/Vs. o ) a H
(b) (5%) What conclusion can we ma.ke from th1s companson‘? o '
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2.The sihcon:u'ansimstor illFlg 2 has £=20 and is inftl:re forward-active mode. - R |

(a) (5%) Use the large-agnal model fo find the ndde voltages at base and collector o ' {
bY(5%) F md the qmescent operatmg point of the tran51stor (VCE, IC) . . - _t

3. (2) (5%) Find the 1 minimum value of VGG reqlured to tum on the tra.nmstor of Fig. 3. o }E{J'

(b) (5%) What will be the state of the tra.ns1stor just as it turns on active, or ohlmc? Explain your ”',

reasoning. - e - Doemas e e - .

P . - o=

4. (10%) Fig. 4 shows a SV CMOS inverter mterfaced with a 12V CMOS inverter directly a.nd ‘
through an interface circuit. All internal transistors have |Vt|—1 V. Compute and compare the noise
margins at nodes 1 and 2, S - -

-

5. (2) (5%) Draw an NMOS circuit that realizes the function Z = (4-B+C-D)-E. !
(b) (5%) Draw an CMOS circuit that realizes the function Z=(4©38 +0)D. o
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6. (10%) De51gn an MOS:cuirent mirror as shiown in Flg 5 havmg outputs of ImA, 2.5mA, and ~ '
5mA. The diode connected. fransistor has. ‘parameters 4 —~0 5V and +=2:5mA/V?, The power ' i
supply is 12V, i

7. (10%) The Bode plots of F1g 6 descnbe the open-loop gam of an op amp Find gain and phase
marging of a noninverting feedback amphﬁer using thls op a.mp when £=0.00179. i i
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8. (10"/?:) Analyze the circuit of Fig, 7 to show that the source re51stance R, increases the output

*remstance over its ongmal value of 22 i e W1thout the source remstance R -

-
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9. (10%)Fmd gain ﬁmctlon A(s) that have Bode plots hke those of Flg 8 o | I
|A(fm)]ua ~ ‘ LT e T E
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10. (a) (5%) How fast does the gain'of a sgcénd—order:lbwpasé filter roll offin the stopband?

frequencies? _ : . .

(b} (5%) What is the maximum phase shift introduced by a second-order lowpass filter at high -
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1. (15pts) A combmatlon sw1tch1ng network has. 4 mputs (A B, C D) and one output ;
(F).F= 01ﬁ3or4ofthemputsare0 - - . ‘L

a. Write the maxterm expansmn of F, ie, express Fasa product of maxterms, '

- (Tpts) B |

b.- Usmg AND and OR gates, find & minimum three-level network to realize F. -[f‘
(8pts) (Note You should try to minimize the number of used gates and the total ;'F

. number of gate inputs at the samé time;): . - R ' i

2 (20pts) A Mealy sequentlal network has 1 1nput (X) 1 output (Z) and 2 flip-flops
(Ql and Q,). A turung chart for the network, is shown in Figure 1. -
a, Please construct a state table for the network. (8pts) -
b. Implement the network ifJK flip-flops are used for Q, and Q,. (7pts) L . Y
c. Descnbe the dlfference between Mealy and Moore sequentxal networks. (5pts) . . ‘ r'

C‘lock I_IJ_IJ_I[_II_ll_Ir_IJ_I_

- o : ) Figurel

3 (1 Spts) A mgned—dlglt (SD) system is.a ﬁxed-radlx number system that each digit
is either positive or negative and therefore there is no need for a separate sign digit.
For example, 1f the. radlx r =10.and each digit can 'be one of the elements in the

digit set'{(ri-l) r-2 =2)s veey 1,0,1, ';..,\(r-l)}, then we have (01)"=_ (19),<'= 1;

07)= (8= . .- - Tz
a. Given-a decimal number with the value (~14),0, please find all the p0551ble six-
digit SD representations 1 with the radix.r =2. (5pts)

b. If each digit can be one of the Elément in the digit set {a, @-D, ... 1,0,

1, ..., a}, please find the lower bound on the value @ such that each number F
‘ have at least one representation in this'SD number system. (4pts)

¢. In your opinion, what is the advantage by using the SD number system. (3pts)
d. Isit possible to have more than one representahon of.0 inan SD system” (3pts)
(Note: You_ need to justify your-answer)

T -
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4. (10pts) Consrder the’ followrng regrster 1ransfer statements ) .
S PR(——OS(—OD(—OF(—I : -
F: F 0, if (AR=0) then (D 1) else '(R<'-1). -
R PR(—-PR+BRAR<—AR LR<0,Fel - . T
¢ __The variable (i.e. .S, F and R) at'the begmmng of each statement means the
predrcate condition of executmg the statement. For example, the first statement
__ canbe mterpreted as’ ’ :
i IfS 1; ThenPR SandDaresettoOandFrssettol
‘ a. What are these statéments for? (4pts) - -
b. Draw a block dragram of the hardware 1mplementatlon (6pts) : o

- 1
5. (20pts) recursrve therge sort desrgn e ST S
. - a. Please describe a merging procedure, whlch merges two sorted-lists L, and L,

of equal length » and produces a-single sorted list L. For example, “given
L={1,2,7,7,9} and L,={2,3,7,8,10}, the- sorted hst L—-{l 2237778910}
For clarity, pseudo code is preferable ‘(5pts) 3 :

- b. Please calculate the computmg complexrty (m terms of n) of your rnergmg .

) procedure described in‘a. - - (5pts) - R

e Usmg the prmc:ple of drvrde-and—conquer please. denve a recursive merge
sortmg algonthm (Sptsy TS i )

. d.Please-design a hardware functlon unit capable of performrng your recursive
merge sort algorithm. (Block diagram plus necessary explanation for circuit
operation). (5ptsj ' - ‘ :

?

- -

" 6. (20pts;) Connected components ‘and minimal spanning tree of an undirected-graph .
"a. For an undrrected graph please describe an algonthm to find all the connected
components in the graph (Spts) .o - . -
b. Please evaluate the Big-O computing complexity of your algonthm (5pts)
¢. What is the minimal spanning tree of a graph with welghted edges (5pts) .
d Revise the algorithm derlved in a. to find the minimal spanning tree of a-graph .
(5pts) -~ - .
(Note: please describe your algorzthms in pseudo codes plus sufficient
e.xplqpatton) o vt =7 - -
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2.

3.

-
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Compute the Blg-oh Notatlon of the folIowmg program segrnent (10 pmts)
_ fori=1tondo- - . - ) : _
.- forj=1toido S . .-
- fork=1tojdo " . o
' printi¥j

Define-recursively the set of odd parity strings. " (l0points) - . - - T -

For the expression as shown below, construct thc cxpressmn tree and find the-
equivalent postfix expression: (10 points)
T ((@*teb)*trd) *tte)*t+f -

CEE

Suppose you miust sort a list of six n_amcs; and you havé’already designed an

', algorithm that sorts a list of four names. Design an algorithm to sort a list of six

‘names by taking advantage of the prévi_ously designed algorithm. (10 points)

10.

“

-

Suppose each-non-shareable Tesourcé in a computer system is classified as a level
1, level 2, or level 3 resource. Moreover, suppose eé,ch process in the system is
required to request the resources it needs according to this classification: That is, it
must request the required level 1 resources at once before requesting any level 2
resources, Once it receives the level 1 resources, it can request all the required
level 2 resources, and so on, Can deadlock occur in such a system? Why or why

not? (10 points) . - _ _ -

What is a preorder traversal of the nodes ofa tree? Wrile an algorithm to traverse
a tree in preorder. Give an example to illustrate your algorithm. (10 points) ‘

Write an algorithm to do a breadth first search to find a node in a graph. What are
its strength and weakness? Give an example to illustrate the algorithm. (10 points) |

What is a binary search tree? Write an algorithm to insert a node-in a binary search
tree. Give an example to illustrate your algorithm, (10 points) _

Whrite an algorithm to find the shortest path in a graph from one node to anther.
Give an example to illustrate your algorithm. (10 points)

What is closed hashlng with linear probing? Write an algorithm to insert a record
w1th such hashmg lee an example to illustrate your algorithm. (10 points)
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4. (a) Explam the physmal meanmg of the carner mobllltles m a sermconductor (7 / )
(b) Describc the relatlonshlp betwcen the res1st1v1ty and. the carrier mobilities
sing semlconductor ( 8% )

.
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3: Deﬁne a multlplexer and draw thc loglc block dragram of a 4-to- -Ime dlgltal
multlplexer LT D . - (15%)

e . -

- U

-

6. Draw ‘the block dlagram of a 5-bit synchronous counter w1th series carry
_usmg T—type ﬂxp—ﬂops and cxplam its: operatlon. LT (20%)
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(15%) Fl.nd the probablhty dens1ty functlon of T v X 24Y2 where X and Y are two .
~ iid random varlables with a Gau551an den51ty function with mean® equa.l to zero and
varla.nce equal to o2,

2. (20%) A ra.ndom process Z (t) takes values 0; 1. A tranSItlon from 0-to 1 or from 1 to
0 occurs randomly, and the probability of hav1ng n tran31tlons in-a time interval of

duratlon 7>0isgivenby -~ - . - CL. .
| ' “ Lt e n <R o
- o (n) 1—|—a'r(1+a'r)’-_’ n—012,r.-ﬁ ‘ .
‘where a>0isa constant We further assume’ that at t = O Z(0) is equa.lly 11kely to .
beOorl . ) N R T " e
(a) Find the autocorrelation funct1on of Z (t) L . LT e S N
(b) Determlne the power Spectra.l den51ty of Z ( ) T )

-

3. (15%) A statlonary randorh process’ has a.n autocorrelat1on functlon given by ,'

A u
Rx('r) -——e |T|cos(27rf07')'. o

a o, E B
-

and it is known that the random process -never exceeds 6 in magmtude Assuming - -
* A = 6, how many quantization levels are required to guara.ntee a. SQNR (Slgnal—to—
' Quant1zat10n—N01se-Ratlo) of at’ least 70dB?.

4. (15%) Consnder a system w1th 1nput signal. :r(t) and output s1gnal

»\-.—SJ‘“

where sgn[v] = 1 0, 1 respectwely for U > 0 v=0, and v < 0.

(a) Is the system linear?

(b) Is the system time-invariant? E e
(c) Is the system causal? | ’ :
(d) Find Y(f), the Fourier transforrn of y(w) in terms of X(f). -

{e) Find the impulse response h(t) of the system for ¢ = 0.
(15%) Consider a linear block code C with parlty-check rna.tr1x _ a -

o [101]
-,H—[o 1]
(a) Flﬂd the code’ rate £ and genera.tor matrix G. .. -

(b) LlSt all the code vectors and find the minimum dlstance dmm

(c). Is this code a cychc code'? Expla.ln
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(20%) Suppose wé & would like to de51gn a d1g1ta1 modulatlon system with four 51gna.ls

- Sm(t), = 1,...,4. Assurde these signals are equally likely to be generated by the
modula.tor The Founer transforms.of these mgnals are -

TR =D, 8= ()

-
-

Sa(f) =-5 (f), Su(f)y= —Sz(f),

Where + denotes convolution; smc(a:) = sm(m:)/ (rz), and.sgn(z) =1,0,~1, respec—
t1ve1y,forx>0 :B—O anda:<0 -

. -’ - - -

-

i(a.) Fmdsl()and.sz(), o ) oA

~

"(b) Find the orthonormal ba.sus for these four 51gna.ls . -
(c) Plot the mg‘na.l constellat_mn and.the decision regions. -7
(d

— el

) Fmd ‘the blt error probablhty for AWGN (addltlve whlte Gaussm.n nmse) channel
" with noise powér spectral dens1ty
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. 1 To carry out a put operatron mto main memory, what actlons are. performed by a
‘processor. and main memory" You shotild mentron actlons reglsters “and’ system buses .-
used (18%) ) .

T

3. How- does a SIC/XE machrne recogmze an mstructron as a SIC 1nstruct10n‘7 (10%)
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2 Please descrlbe the fetch phase of a processor usmg four steps (12%)-

4, Can Java run on any-1 machrne‘? What is, needed to run, Java on a computer‘7 (l 0%)

5 Suppose thata computer pnmarrly uses dlrect addressmg, put ids. several dlﬁ'erent

=, .
e - .

;- -
,,.- Comn

R

w

- instruction formats.”What problems does this create for the relocation-bit approach to

program relocatron‘? How mrght these problems be. solved‘? (1 5%)

-

6 None of the drsk-schedulmg drsc1plmes except FCF S are truly farr(sta.watlon may
: occur) (14%)- | . -
1 (a)Explam why thrs assertton is true (7%) _ -
(b)Descrlbe a way to modlfy algortthms such as SCAN to ensure farrness (7%)

P

(g)That a cycle exists in the resource- a]locatlon graph lmphes that a deadlock has

* your reason. (21%0).

-

- ,

Lk

program than on'the I/O-bound program when both are in memory.
(d)Segments have logtcally independent address.spaces.
(e)A segment can be shared among several processes and also be paged
(H)Ready queue must be designed to a first-in first out queue,

. occurred.

-

-

a

-

oo p—

-"(a)Optlmal page replacement algorlthm Considers reference strmg in the past.
(b)Referenced bit and Modified bit are not enough to implement the’ LRU:.
(c)na multrprogrammrng system, it would rather give pnortty on the CPU-bound

- . In each of the followmg statements, determrne whether it 1s True or False and glve-
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1. Asilicon pnjunction diode at T'= 300 °K has a cross-sectional area of 102 cm?, The length
of the p-region is 0 2.cm and the length of the n-region is 0.1 cm. The doping concentrations
are Ng = 10" cm™ and N, = 10'6 cm™>, Determine (2) approximately the series resistance of
the diode and (b) the current through the diode that will produce a 0.1 volt drop across this
series resistance. (15%). _ -

2. Inap-type cﬂlcon semiconductor, excess carriers are being generated at. thc end of the
semiconductor bar at X=0. The doping concentration SN, = 5><1016 em™ and Ng=0. The
steady state excess carrier.concentration at X = 0.is 10'5 cm (neglect surface effects). The
‘applied electric field is zero. Assume that 7,9 = 750 = 8x 1077 sec. (a) Calculate 5n, and the _
electron and hole diffusion current densities at X = 0. (b) Repeat part (a) for X =L;. (20%)

_3. (a) The reverse saturation currents of a Schottky diode and,a pn junction at-T= 300 °K are
5x107® A and 107" A, respectively. The diodes are connected in parallel and are driven by a -
constant current of 0.5 mA. Please determine the current ini each diode and the voltage across
each diode. (b) Repeat part (a) if the d10dcs are connected in series. (15%)

4. A silicon npn blpolar tranmstor atT= 300 K has an area of 1073 cm neutra.l base width xB )
of 1 pm, and doplng concentratlons of Ng= 5%10'® cin™ Ng =10" cm Nc =10"% cm™ D
= Dp=25 cm%/sec, X8 =Xg, Te0 = Tao= 107 sec, and-tcg =10° sec. Assummg the transistor - -
is biased in the active region, calculate (a) the collector cuirrent for'Vgg = 0.5V, (b) the
" current gain (Ic/Is) when the recombination factor is unity, and (c) the current gain when the
recombination factor is 0:99. (15%) ) .

5. The experimental 'charactqﬁsfics of an ic_leai n—chan}lel-MOSFET biasecl in the saturation
region are shown.in figure'5. (2) Determine Vr and p,, if W/L = 10 and #, =400 A. (b) If the
required rated current Ip(sat) = 5 mA when Vgs =35 volts, determine the required W/L ratio.
(1 5%) : :

0 L le .-
- o R 2 3 .
- ' Vgs (VO]TS) . ) -

A
- o Flgurc TMOSFET chafacteristics for Problem 5.
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1. Suppose that we have a pair of crossed polarlzers with transmrssron
axes vertical and® horizontal:. The ‘beam emerging from the first

’ polanzer has ﬂux density; I, and of course no light passes through the '

- ‘analyzer (i.e., L= 0).. Now. 1nsert a perfect -linear polarlzer w1th its .

' - transmission” axrs 45°-t0 the vertrcal between the two elements,
Compute the Iz (10 ﬁ}) S =

2. A ray of lrght makes an angle of 1n01dence of 45° at the center of the
top surface of a transparent cube, of refractive index 1.414. Trace the
ray through the cube as shown in ﬁgure 1. (Carefully draw lines and _
angles to mdrcate the trajectory of ray ) (10 ﬁ}) ] '

- . |45

- - . - =~ - .-

Figure 1

3. A thin film of Mngn(n = 1-38) is deposited on glass so that it is
ant1reﬂect1ng at a wavelength of 580 nm-under normal incidence.

~ What wavelength is minimally reﬂected when the light is 1nc1dent at
- 45°7 (20 ﬁ}) ‘ :

~-

-4, (a) The atonuc mass number of copper is 63 54 and the density of
copper-is-8. 9><103 kgm Prove that its’ Ferm1 level is-about 7.0 eV.
w4 -
~.(b) Calculate the maximum. wavelength of light whrch will give rise to

the photoeffects in intrinsic GaAs (Eg = 1:43 eV) and- InSb. (Eg =
0.225 eV), where Eg is the energy gap.” (5 47). '

5. (a) An optical power of 1 mW is launched into an optical fiber of
"length 100 m. If the power emerging from the othet end is 0.3 mW,
calculate the fiber attenuatron in dB/km (ignore reﬂectlon losses). (5

1)
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(b) A step lndex ﬁber has a. numerlcal aperture of 0.16, a core
refractive indexsof.1; 450 and a.core dlamcter of90 pm. Calculate (i)
the - -acceptance angle of the fiber, (5 5}) (ii) the refractive ihdex of

the cladding, (5 43) (iii) If the fiber is immersed in water (refractive .
index 1. 33)* ‘Calculatesthe acceptance angle of the fiber? (5 220 DR

6. If the halfw1dth of the He-Ne 632 & nm transmon is 2000 MHz what
must be” the length of the laser” cav1ty4 ) ensure that only one
) longltudmal mode osc1llates‘7 “(10 ﬁ}) L e :

7 ﬁ@%%nfl (15'ﬁ}) P -
(a) Photolummescence (3-53)
o ‘(b) B1refr1gence (3.
< <. (c) Inferband transition” (3 ﬁ})
. U (d) Bxciton (34}
(e) Phonon (3 43) - B

o - -

ommE om0

(ERELERESHZH) .
" Rest massof electron - ‘m- - =9110x 107" kg s
_ . Charge of electron . e. =1.602 x 10 C
: Avogadro’s constant - Na . =6.022 x 10% mol™
Planck’s constant - h/2x = 6.626 x 10 Js
: Speed of llght(m vacuum) ¢ ™" " =2.998 x 10® ms?




