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1. Assuming that the diodes in the circuit of Figure 1 are ideal, find and sketch the
transfer characteristic v, versus v,. (20%)
2. For the circuit in Figure 2, assuming all transistors to be identical with 3 infinite.
(30%) '
(a) Derive an expression for the output f,, and show that by selecting R, = R, and
keeping the current in each junction the same, the current [, will be
I = Vee '
2R,
(b) What must the relationship of R, to R, and R, be?
(c) For Vo = 15 V, and assuming e =1 and V,; = 0!7 V, design the circuit to
‘. obtain an output current of 1 mA. What is the lowest voltage that can be applied
- to the collector of Q;?

3. The differential amplifier circuit of Figure 3 utilizes a resistor connected to the

negative power supply to establish the bias current I .(30%)
(@8 For vy =v,/2 and vy, =-v,/2, where v, is a small signal with zero

average, find the magnitude of the differential gain, |v,/v,|.

(b) For vy =v; =vy,, find the magnitude of the common-mode gain,

Vo Ve |
(© If vy =0.1sin27 x 60f + 0.0055in 27 x 500¢ volts,
Vg2 = 0.1sin 27 x 60 — 0,0055sin 27 x 500¢ volts, find v,.

4. The BJTs (bipolar-junction transistors) in the Darlington follower of Figure 4 -
having f,=100. If the follower is fed with a source having a 100 k) resistance

_:a_ﬁ;imiﬁ“lbhdédxwim-fl-*kﬁ;—ﬂnd the input resistance and the output resistance
(excluding the load) and the ove?all\v\oltage gain (both open circuited and with
load). (20%)

T TV T T
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1. Label the following statements as being true or false. (18%)

(a) The rank of a matrix is equal to the number of its nonzero columns.

b) IS generates the vector space ¥, then every vector.in F can be wntten asa lmear
combination of elements of § in only-one way.

(c) Any system of n linear equations in # unknowns has at least one sglution,

(d) Thematrices A,B €M, (F)are called similar if B= QtAQ for some
QeMyyy (F). '

(¢) IfQis an invertible matrix, then det( Q‘-1 )=[det(Q )]_1 .

(f) If B is a matrix obtained form A by interchanging two rowg,
then det(B) = -det(A). g -

-

-

2. Solve the linear equations using Gaussian elimination (16%)
2x1-—2x9 — X3 +6x4 —2x5 =1
X]—Xg +X3+2X4 —-X5=1 “
4xy =~ 4%x9 +5X3 +7Xq4 —%X5=1

3. Compute lim A™ for the followmg matrices A. (16%)

m—>c0
-1.8 0 -1.4
. =2 =1
(i)|-5.6 1 -2.8 (11)|:4 ,3:|
28 0 2.4 i X

— ’

-~

4. Determine.the frequency of oscillation of the penduium of length L in Fig. A.
Neglect air resistance and the weight of the, rod. Assume that 0 is small enough.
(10%) =

LLLLLLLLL L
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5 Given the equatlon xy +2y +xy 0 1f‘ = i a’solution of the’ given
S .x“-;\. P
equation. Find ancther linearly mdependent solution- y,. " (10%)
: e N A
AR,
T . * 4 bl
6. Findthe general 'sglutlon of the following equation . . ) -

"“‘(10%) R g
'“x O -

- s

- - ‘o:‘ 2 *.:1" ].-‘ (,{" i -—‘f j. . Lo . . -."" . 1. i .
(b) R Y N VNS SRR S
L 6T L T Sef . - . . Co

" - r
[

(©) y'+4y =8xe > +dxZ +2 . (10%) v swch o <
. |
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10 points 1.

10 points 2.

10 points 3.

JA0points 4.

10 points 5.

10 points 6.

Simulate the functlon SelectlonSOrt

on an array contdining the elements

25, 34, 14, 16, 29, 30. How many comparlsons and swaps of elements

. are made? -

4

Let 'array A[—l:3-,2:5,-1:4,:-2:2] store data by ronv-major erder. If the . .

starting address of array A is 100 and each element of array A requires 2

memory unit compute the address of A[3 43 0] .

For each of the' expressions -

a) ((x-y)*zty-whx -

b) ((((a*x+b)*x+c)*x+d)*x+e)*x+f

do the followings:

a) Find the equivalent prefix expression. (5 points) -
b) Find the equivalent postfix expression. (5 points)

Apply heapsort to the list of elements 3, 1, 4, 13 5, 9, 2, 6, 5. First give
the intermediate results after heaplfymg the array, and then sort the array

step by step..

-

For the followmg graph, construct the depth-first search tree and
breadth-first search tree from node A, respectively.

Consider the fo]lowmg C program segment, Where i, j, and k are integer

vanables

Cfor(i=1 - i<=10; i+
forG=1L j<=i j+

fork=1;, k<=j;
printf (“%d\n”,

k+t) - )
i)

— How many times is the prmgf statement executed in this program

10 points 7.

segment?

~ Suppose that the C language does not pro{/ide'the assignment operator
=, Write a function that perform the a331gnment operatlon This
ﬁ.mctlon s prototype has this form: -

/* assign q to p, ke p=q%¥

void assignment(int *p, int g) ~

We assume that ¢ is a positive integer variable. You can use any C

instructions or operators éxcept the
this question. (Hint: the C language
and the decrement operator --.)

assignment operator to complete
provxdes the increment operator ++
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0points 8. Describe the concept of the John von Neumann Machines.

10 points 9. "From the list: ‘2,_‘5, 7. 130,_’?;_4, 32, extract a collection of numbers where -
sum is 41."What is the corplexity of your method for solvingthis .~ 477~

problem? Does:this appear to be 2 polynomial problemora _ . . .
. nonpolynomial problem? ) W e

XS : M

0points 10, Identify three software utilities that normally accompany an operating

system. . : '

LU R ST S B L5 T 4
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1. Determine the electron and hole concentrations in a silicon sample at room

temperature containing 2.0 x 107 phosphorus atoms/cm® and 8.0 x 10%*

boron atoms/ere®. ¢ - - (15%)
2, Describe briefly the fabrication process sequence of a silicon enhanpen:[ent.

-mode N-channel MOSFET using the p]anar IC technology. . (15%)

3. Sketch the circuit diagram of a CMOS mverter and.explain its operation.
P . (20%) ‘
4. Figure 1 shows.that-a ﬁ-type Si sen;ic;onductor (with 10"7/em®, ¢ =300
and g ,=800 cmZN;s) wixere the electron-hole pairs are created from one
side as a result of incoming photon flux (1014 photons/s-cm* and hv>>Eg).
Fine the total current at the surface. ) (10%)

[

5. The differential amplifier in Fig.2 uses 'transiétors with 8=100. Evaluate the
followiﬁg: (1) The iﬂput differential resistance Ria. (2) The overall voltége
gain vy/vs (neglec't the effect of 1), “(3) The worst-case common-mode gain
if the two collector resistors are accurate to within £1%. (4) The CMRR, in

dB. (5) The mput common-mode resmtance (assuming that the Early
voltage VA—IOO V and that r;=10 81, ) . (25%)

6. For an emitter follower, as shown in Fig.3, biased .at Ic=1inA and having
R, = Rg= 1k, and using a transistor specified to have fr = 400MHz,
C,=2pF, =100, and- 3 ~100, evaluate the midband-gain Ay and the
frequericy of the dominant high-frequency pole. (15%)
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l. A string of address references given as byte addresses is listed as follows: 1, 5, 8,
3; 40, 17, 19, 56, 49, 11, 14, 43, 20, 48, 79, 107. Consider a two-way set
associative cache with. a total of 8 lines and the line size is 4 bytes. Label each
reference in the list as a hit or miss and show the final contents of the cache,
Assuming that the lines are initially empty, the LRU replacement policy is used,
and way O is allocated first. (10%)

2. What does the following bit pattern represent? 1100 0000 6000 0000 0000 0000

0000 0000
a. Assuming it is a two’s complement integer? (give the answer in hex form)
(3%) T ‘o

b. Assuming it is an unsigned integer? {give the answer in hex form) (3%)
¢., Assuming it is a single precision floating-point number? (4%)

3. Translate the following C expressions into a sequence of RISC-type assembly .
instructions. Define. each. RISC instructions you use in the register transfer form.
Each line should have comments and the assumptions for passing the parameters
in registers should be clearly identified. (10%)

While (A[i] =j)
{ i+

ALl = Afi] - 5; :
)

4. Design the memory system for a microprocessor. The processor uses 32-bit .

logical address and 32-bit external data bus.

a). Show the design of a direct-mapped TLB. This TLB has 16 entries. The page
size is 4KB. Assuming that the physical address is also 32-bit long. (6%)

b). Show the design of a direct-mapped cache of 8KB. The line size is 32 bytes.
It uses physical address for tags. Show the relationship’ of this cache with the |
TLB above, This cache uses the MESI protocol. Assuming the cacheable
memory area is 4GB. (6%) .

¢). Show the design of a two-way interleaving DRAM main memory system for
this processor. The memory size is 512MB using 16Mx4 DRAM chips.
Assuming this memory is located at the lowest address space. The processor
uses little endian mode. (8%) -




: to- M eis 21l
B i & 7Hi ﬂ- ¥, A i T .ur«r_n'_ :
/\+t$$ﬁﬁfﬁﬁﬁﬁiﬂ2\%%‘ﬁtﬁﬁﬂ HE B

[ T
- - - L - o ea -

3. Use an one-pass assembler descrtbed by Beck to assemble the followmg SIC
Pngfﬂm",“r-;u I L A,
a). List the symibol table content aﬂer the assembler has’ processed hne 4. (S%)
b). List the symbo! table content after the assembler has processed line 9. (5%) ,
c). List the symbo! table content_after-, the assembler has, g':‘r.oce,s_sed. li.ne. 12._(%%): s

Line B S S - NI |

1 SUM START 4000 : )

2 FIRST 'LDX,TZERO , . _ & =% 7 . Anveuoone
3+ LDA.LZERO. - . . e -
4 LOOP -ADD ~P1Xicsis’ .- o w7 i - -
5 -TIX W CNT~L

6 P s T

7 CSTA. CTAL o s oo v .

8 "RSUBMCH e Ty watew s e Y L
9 Tl JRESW- 2ol T- ¥l eaglgral o riet s
10 CNT RESB 1 r.»7° '

11 ZERO =~ WORD _0 ._ " ) .

12 TAL _RESW "'1 R SR L

13 END F_It{ST_ e e )

- r -
!

6. By usmg two semaphores 1n1t1ally set S]:3 and §2= (), how cani you synchromze
two processes, one (producer) filling a buffer and the other (consumer) emptymg
it? -ltis assumed that the system has three buffers (15%

I' r‘ )
- r

7. Descrtbe the dtfferences between Unix swapping systems and Unix demand

paging systems (10%) - "
8. Comparé and contrast “the Wmdow95 terms: “DLL” “OLE” and “DDE”
(10% - f ' Pl PR R _ LI
> e }1_ . o ‘, :-
. oo, - . mm— -
I i
! b
* :
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1. Starting with the contimfity equations for electrons and hplés, please derive the Ambipolar
transport equation. (20%) .

2, Please describe in details-the two major physwal mechanisms giving rise to the reversed-bias
breakdown in a p-n Junctlon sennconductors (15%)

3. Assume that the donor concentration in an'n-type semlconductor at I'=300 K is given by
N;=10"~-10"x
where x is given in cm and ranges between 0 and 1 um.
Please determine the induced electric field in a semlconductor in thermal equilibrium. (15%)

4, Consider 4 contact between Al and n-Si doped at N, = lO‘6 cm.
(a) Draw the ideal energy band diagram at zero bias after the junction js formed. (5%)
(b) Determine the theoretical barrier height ¢y, and the built-in potential barrier V};. (5%)
(c) Another type of metal is used to form an ohmic contact with the same n-Si. Draw the
ideal energy-band dlagram with a positive voltage apphed to the metal. (5%)"

Al work function: 4.28 volts, 7=300 K

3. The following currents are measured-in a umfonnly doped npn bipolar transistor:

Ip=120x 10* A/cm®  (due to the electron diffusion at x = 0)

Je=1.19x 10’ Afem®  (due to the electron diffusion at x =x)

J5=002x 10’ A/lem®  (due to the hole diffusion at x' = 0)

T =0.05 % 10° A/em® - (due to the recombination in the forward- blased B-E Juncuon)

emitter

Ry

base collector

_x"—"xE CoxX=0 x=0 X=Xy
;.
(a) Determine the ratio of emitter doping to base doping in order to achieve this result.
Assuming xp << Ly and x; << L, xp =xg, and Dy = Dy. (5%) .
(b) Determine the small-signal common base current gain o and common emitter current -
gain B. (10%) -
(c) If the base width x, is reduced by 50%, what is the new value of a? (5%)

-

6. The expenmental characteristics of an ideal n-channel MOSFET | —T -

biased in the saturation region are shown in the figure.
@I =20 ym and L= 2 jum, and £, = 1004, 0.08 -

determine the threshold voltage and the inversion ~R .06 -

carrier mobility: (10%) g
(b) If the source bias is zerd and the substrate bias is . Il“: 0.04 |-

changed from zero to negative, how does the R

threshold voltage change? Explain. (5%) 002

e B
Vs (volts)




.ﬁ. : Physical constants ) .
L. ) ' . Avogadro’s number N4 =602 x 10+8
~y . - ; atoms per gram . '
& | . : . . molecular weight
CHE Silicon, gollivm arsenide, and germarium properties {T = 300°K} ' Boltzmann's constant k=138x 102 J/K
I8 i , M =8.62x 107 eV/K
W % : Property . St * GaAs © Ge ‘Electronic charge ! '
@ i Atoms (cm ™) _ T 50x 102 442°% 102 . 4.42 x 107 (magnitude) e=160x10""€ °
- B Atomic weights . 28,09 144.63 72.60 Frée electron rest mass mg=9.11x 10""kg _
", B m—..m . Crystal structure , Diamond |  Zincblende Diamond Permeability of free space |, o=4rx 107" Hm - .
M B e t . b —
1 Density (gfem ™) - : ¢ 2.33 L 532 - 5.33 Perminivity of free space . € = £.85 x 10~* F/cm
A ; Lattice constant %.C ! i 543 L7 565 - - m,.mm : : .. ) - =8.85 M 107" F/m
' L . v J - - ! = 6,625 x [07% J-s
' Melting point ¢C) ~ . . - s 1238 37 Planck’s constant , h=6
. ! < _. W.na o 0 : R 5 =4.135 x 107 Vs
< ﬁ Dielettric constant Lt 7. i 1301 v 160 % 5
- 4 Bandgap energy (V) L2 142 o * ' o = B=1054 X107 1
. . ; r [ -
. % m“,wn:o: affinity, x, {volis) , 4,01 407 - 4137 . Proton rest mass M=167x10Tkg
_ : Effective density of states in - = ! - . - .
. - - , . d of [ =2.998 x 10
! . ﬂf conduction band, N, (cm ) 2.8 x 10" AT X10Y o % _.oa. Wt m_um.% of fight in vacuum ¢ _Mq. x orfs i
AR \A._ " . Effective density of states in . - RS Therimal voltage (' = 300°K) ‘Y= =~ = 00259 volt
' -1 19 AL B, Lor ! L ¢
1 .ﬂ/_. = ﬁ:ﬂan wa.a. N, (ecm™) R n.cm— x 10 . q.o_x 10 6.0 M E.. = [ ) AT = 0.0259 eV
' L lx l__n_ * Intrinsic carrier concentration (cm Yy . LSx1o® 1.8 x 108 2.4 % 101, < "
et .-ﬂw govm_mu—.w‘ ﬁﬂ_.bu_\.f.lmu ! ... B * " -.L ) ’ .n. .; \. - w ' - ) u
&u ' ‘ m_nn.amm. T , 1350 8500 o 3900 | . T > . .
N N . f " 3 N i *
:ﬂ M.M Hole, ji; | ‘ - y 480 400 , v 1900, . ~Properties of 5iO, and Sj;N, [T = 300°K) .
' . e iy v Cow ) - - h c ) .y ' )
Effective mass, ﬁlv_. ' - . e L - Ny - : -
nﬁ ﬂ my -. e . Property - N " §i0, SiN;
. 4ol Electrons m} =0.98 0.067 1.64 : - — —
El e m? —0.19 0.082 R Crystal structure {Amorphous for most integrated circuit
! . lications] )
s Holes  m, =016 0.082 0.044 .- 2pP
5 m}, = 0.49 0.45 0.28 Atomic or mofecutar 2.2 x 107 1.48 x 1072
\E Lu Effective mass (density of states) density (cm =)
. H em =3 . .
= H.. Electrons, ﬁﬁﬂv . 1,08 0.067 0.55 Density {(g-cm ™) ) 2.2 . 34
~. h Mo Energy gap =G eV’ 4.7 eV
N Holes, an 0.56 048 0.37 Dieleetric constany 3.9 1.5
Mo Melting point °C) 21700 221900
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1. (15%)

For the zero-order-hold sampling scheme, sampling is done by .sampling at. nTy a.nd holding

the result until the time’of the next sa.mple (n + 1)Ts. Derive the relation hetween X (f) and
X(f) which are the Fourler transform of I:he sampled 31gna1 a:,(t) and the ongma.l mgnal z(t),

respectively. ‘
2. (10%) T . .
Find the valueof ~ . v « . o ‘
f 51nc3(t)dt o
L ° ' '(':,w 0 . . . 7 .. R . ¥
5158 . s

The system shown in the following ﬁgure is used to generate an AM s1gnal The modulating
signal m(¢) has zero mean and its maximum (absolute) value is A = max|m(t}|. The nonlibear

device has an input-output characteristic. .* - 1.

ST Y)=as()F bt

~

-

(s} afgy | Nombinear |y [ pna 0| W) f
—#{ memaryless - filter __A—I\T
system signal - -
cW=cos@ufw). : e
. .

(3) Express y(¢) in terms of the modulating signal m(t) and the carrier c(t) = ch(21r fet).
(b} Specify the filter characteristics that yield and AM signal at, its output.
(c) What is the modulation index? / .

4. (15%) Consider a lowpass signal m(t) with the Fourier transform

L 4 *

ugp={ 57 S

We construct a bandpass signal z(¢) = 6m(t)cos(2x fol) + 6m(t)sm(21rfgt), where fo>2and
m(t) is the Hilbert tra.nsform of m(t).
(a) Find m(f).
, (b) Find the lowpass equivalent signal of z(¢).
(c) Sketch the Fourier transform of z(t). , -
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5. (10%)‘In an analog Sommunication systém, the demodula’,tibnr-éa{h; G, is defined as the ratio
of the SNR at the output of,the demodulator to the.SNR at the'output of the noise-limiting
filter at_the receiver frout end. Find the demodulation gain in each of the following cases.

-

-
- i .

(a) SSB (singleisideband). = o L -
(b) FM with modulation index gy. : .

6. (15%) A, souce has ‘an.alphahet {a,5, }d} with corresponﬁmg proba.b111t1es {3,553}

*

(a), Find the entropy of thesource (in bits/ symbol). ‘ -

(b) Design a Huffnian code.for the source.
(c) What is the average'lengi:h of the Huffman code? .

L e, 4 ¥ E I PR - . -
7. {20%) Con51der an M- a.ry modulator w1th M 5 S1gnals p -
S P S;;(t).:{-gos(wot - -5-?1‘) 7 : 0,1,2, 3 - _
R S oV W T Pog e o - ,
e or o L 0<i<T, wel = loom.
(2) Find the orthonormal basis functi:)ns. . ‘.
(b) Find the s;gna.l constella.tlon—\\ ] 2? : _ )
- (9) Sketch ‘the deCJSIOD. regions. Tr L "

(d) Sketch the optlmum receiver for an AWGN channel, using sm(t), m-= 0,1,2 3,4, as the

reference signals. _ . .
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1. (20pt$) Assume that A and B are two 4-bit unmgnecl mtegcrs Please
a. des:gn a 4x4 bit multiplier baged on the 2x2 bit multipliers. (Spts) (Note: you can
use a black box to represent. a-2x2 bit mu'ltipliqf and include other componegts if
necessary)- R - , '
b. design-a 4x4 bit multiplier if oply ﬁ.lll adders and AND &,ates are available in your,
' design; i.e..to implement an 4x4 bit array multlplxer for unsignéd numbers. (Spts)
c¢. show the critical path in (b) and find the worst-case executlon t1me of your desngn
’ (5pts)- B - - . . .
d. compare the performance of radix-2 and radix-4 implementation. (5pts)

a4

*

2, (°Opts) For the following three 4-input functions
f;(abcd) E(O 2789)
ﬁ(abcd) £ (0,2,6,7,8,09 101315) -
f(abcd) 2(0_67810) ' )

a. please use ‘the tabular (Qume—McCluskey) method to niifimizé the two level

I3

sum—of—product expression of the functlon f2(10pts) ﬁ
b. denve a two-level all- NAND circtit that realizes f;, f. and f; with the minimum
cost (lOpts) (Note: You canuse either K-maps or the tabular method: for the

1 -

multlple output reallzatlon) . * .

3. (20pts) For an expression tree as.shown in Figure 1.

Flgure 1 ' ) -

Using C (or whatever language you are familiar with), please

a. define the data structure of a tree node (6pts) .
b. write down the prefix, infix and postfix expressions (Tpls) N

- ¢ code a function “prefix(root_of tree)” which can traverse the tree and print out,

i

its prefix expression (7pts)




