E The lincar mapping L : R? — R? defined by _ . .- - ’
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| Let S be the subspace of R32 spanned by e; = [1] L
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@ : Find the ker(L)(kernel of L) ? and the L(S)(image of S) 7 (8%)

b. Find the matrix representation of I with respect to the orderd ‘bases -

[111, usg, 113]_311(1‘[1)1:, bg] Whél‘e-

o= 11 o] . -
dym [Ty wa= 0], we= (2] T o
.m;’:”:- 0] 1] . ' 1 « 7 )

S R

and

. Let the continnous real-valued functions Ca,b] with inner product defined by

[

~ < f g >= f f(z)g(z)dz
and norm defined by N

- Il = V<F:F> ~

Find the besf least squares approximation to e on the internal [0, 2] by a linear

-

—

fnction: (15%) * T -

o

. 2. Let A'be an m x n mattix. Find the nullspace of ATf A has linearly independent

T —

column vectors. (10%) L - -

b. AnnXn matrlx B is said to be idempotent if B? = B. F1nd the eigenvalues

T
of A for an idemipotent matrix?— (—10%)

1
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4 Find a particular solution #3tisfying thesinitial condition (20%) C i
2 (2xy? 4 2xy)dx+(xy=+ x2)dy = 0; y(1) = 1.(10%) -, A
b. x%y" —dxy'+ 4y = x4'+fx3'~f0r x.>-0;y(1) £,0 and y'(1) = 1.(10%) P
oo, 7t )
Solve the differential equatlon y”(t) + y'(t) Qty(t) =0 (10%)
~ o Jup.o -t
Application problem. (10%) o Y i T U SRR

o

. . N W
A\l
ﬂ!)—H#J— |

A 200 gallons tank i 15 hal{ £ull of a Brifie-in which is-dissolved- 50- porids 6f salts. A
mixture consisting of 4 pounds of salts per gallons is flowing into the tank at a rate of
10 gal[ons/mmute and thé bine- mixture “in the: tank s continuously " stirred.
Meanwhile, brine is a]lowed to empty out of the ta;nk at the rate of 4 gallons /minute.
What is the amount of salt i in the tank at, time t: before the tank is fllled 7

w7 I - A

N ‘oo e - % . A
.‘," ‘L‘; -k tad, - - :. e f T S ,“n; ELAE T L DR
3

Solve the initial value prob]em (IU%) - : o " - -

1(t) = 3xi(t) + 3x2(t) S ﬂ_L“;v"”,J aEy
fot) = x(t) + Bxa(t) + de
X](O):l, x2(0) =
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Note: There are two pages with 11 main problems, Give the answers and
number them clearly. ‘

~
- -

1. What is a socket in the context of network programming? (6 pts)

2 Why is it preferable to use the lower order address bits to select the memory banks in
interleaved memory aystems? (4 pts)

3. Name three mechanisms for pa.ssmg para.meters to a subroutine module. (6 pts)
il -

4, Consider the power consumptlon in a notebook compuier system. What are the major
wmponents that consume most of the power? Name three components and rank their
order from high to low. (6 pts)

5. The target address of a compare and branch instruction (DBEQ) is computed as follows.
Step 1: Target « (oﬁ‘setls)”##offset# #0? , condition « ([r.] = [rs])
Step 2: If condition then PC « PC + Ta.rget [rd « ([t ] = 1)

Theinstruction consists of the following fields: DBEQ(31..26)# #Ta[z5..21) # # 1 [20.16] #FFoffset iz q.

Note that the program counter (PC) ié { incremented to point to the next instruction after
ainstruction is fetched. Each instruction is 32- bit long.

(a) If offset = 2, and [rg] = [rg], which instruction will be executed after DBEQ is exe-
cuted for the fo].lowmg sequence of instructions? (Labels are not shown.) (6 pts)

ANDI I1,Ig,I3 . Lo .-

ORI I, Ia,T4

DBEQ rg, rp, offset RN . e
ADD I7,Ig, T4 . . To. . \
NOR I Igy T4 T
OR I, 18,14 - Lo

ADDS I7,T84T4 o - .

ADDU I7,T8,T4 'l - -

(b) Repeat (a) if giffet =-1. (6 pi\;s) o
(¢) 1 DBEQqa;.05) = -16H, 1, = 1, = 4, and offset = —2~give the machine code of the

DBEQ instruction-in hexadecimal. (6 pts)
Rt

6. Computer Y is described as follows:™
Cell size : 8 bits. Address space =32 blts Reglster size = 32 bits. Word size = 32 bits.
Memory data bus size = 32 bits. Opcode size fixed (There are 50 opcodes)... Number
of general purpose registers = 32. Aligned fetcha only. Computer Y uses an 8-bit field
to specify an address mode and a register. Two bits are used to pecify the size of the
operand. Show the shortest posmble instruction format which.will add the contents of
two registers and place the sum in a third register. (10 pts)
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7.(a) What is a virtual function in an object-oriented programming language (5 pts)?
(b) Write down the result of the following program (5 pts).
classB

{public:

virtual  char f{) {return 'B';}
char g() {return 'B';}
char testF() {return f);}
char testG() {return g();}

5

B
class D: pul;li‘c B |
{public: B
“char f() {return'D"} '

char g() {return D'} L

}

miin() - e i
{Dd, o

print d.testF(), d.testG();

} . _ o

L PO

-

8. (2) Give the binary tree representation of the arithmetic expression A/B**C*D+E,
(3 pts)
(b) Write a recursive procedure that traverses the binary tree in preorder. (4 pts)
(c) What is the préfix form of the expression stiown in (a)? (3 pts)

9 Supposé that the transmitted message is 110011 with the leftmost bit transmitted
first. The CRC generator patternis 1111.
(a) Give the CRC checksum! (5 pts)
(b) What kinds of error patterri’can-not be caught by the CRC error detection
method? (5 pts) . -

T —

e - -
10. Conside the sorting problem™ Explain how this problem can be solved by a divide
and conquer algorithm that .
(2) Divide in constarit-time ahd merge in O(n) time. (4 pts)
(b) Divide in O(n) time and merge in constant time. (4 pts) . -
(c) If we can divide the problem into two subproblems in equal size, what is the
complexity of the above algorithms? (4 pts)

-

11. What do we mean when we say that an algorithm is optimal? Give an example.
(8 pts)

_.
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* For each of the following questions, you must explain clearly how you obtain your
wswers in order to score points. S
¢ Ten points for each question.. = =,

. Suppose T(n) = 2" ¥ n4:is'lhe‘running time for a certain program, compute the tight
big-oh of T(n).
- ) ) ) 1' ' '
LLetB be the number of sct‘;ueﬁces of n digits in which no two consecutive digits are

H
the same. Give a proof that B, = 10 - "1, e N

3.Draw all the simple, undirected; nonisomorphic graphs having six vertices for which
the degrees of the vertices are 1, 1, 1, 2, 2, and 3.

Pl

4.Write a regular expression that defines the followmg language:
allstrings of 0's and 1's such that the third position from the right end is 1.

—

5.Design a deterministic automation that correctly finds all occurrence of man ina
character string. )

]

&uu=ﬁ

diagonal matrix.) -

-;] Compute A®, (Hint: Find a matrix Psuch that P APisa

~ .5 =__{a+,8b+ 5¢

a+2b+3c<18
a+8b+cZ6
2a+6b+4c<15
az0, b20, c20.
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Q(X) 2x? +21y+2y =9 ]
epresent the conic section wuh a'new coordinate system by such thatthra o ow T
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¥A directed graph is said to be strongfy ‘connected if for every two distinct vertices P;
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lgnd Bi0D wtp 1. Design a 4-bit circuit that can perform elther BCD or bmary addltlon under the control of
' a mode setting, M. When M = 0, the circuit's outputs implement bmary addition. When
e ar; ey M = 1, the outputs are BCD addition. Define all the signal$ that you use and describe the
T structure of the circuit in your design. (20%)
=i e 2. (a)What are the definitions of static hazards and dynamic hazards? (5%)
' (b)Consider a two-leve]l NAND-NAND circuit that implements the Boolean expression
o af dqm B fABCD)=ABC+ACD+BCD+ABD
nhdirgeeto Is it hazard-free m'rggponse 1o single-input changes? If your answer is 'yes', please
vofl) mugise ~ show how to modify the.circuit to eliminate all such hazards. If your answer is 'no,
N v explain how you came to the‘conclusion that it is hazard-free.(10%)

{©)Is it possible that ‘static logic O-hazards may exist in a minimized 2- level sum-of-
product implementation? Justify your answer.(5%)

3. Use the tabular approach (Qume-McCluskey method) to find the minimal SOP (sum-of-

product) expression for the mcomplete specified four-variable function shown as
follows: (20%)

- Ve

fAB,C,D) = X m(4,5,6,8,9,10,13) + X d(0,7,15)
irholenidaE 1 where m and d represent the }nipterm and don't-cate term, respectively

4. (a)Consider the state diagram shown-in Figure 1, Construct an excitation table from it by
using the state assignmént A = 10, B =11, C =01, D = 00 and JK flip-flops. (10%)

(p)Implement the: exgi‘@i?n table and draw the resulting logic diagram. (10%)

1/00__>—. (Input/Output) = (I/0,0,)

Figuré 1: A four-state diagram -

o —
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5. (a)For the asynchronuus sequennal c1rcu1t shown in- F1gure <2; construct its correspcmdmg
PR flow table. Thé 51gna1s are defined as follows: X7- ‘and X2 are. asynbhronous primary
input variables. yy and y; are the secondary input variables and represent the present-
RIS RN
i e state’ of the circuit. Yl and'Y, repre%ent the fiext-statg; variables, (15%) " ) :
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- (DEEM [ EaF L ET PR TIERRBIEL J

T D A% 1,2,3 REE4 4,5,6,7,8,9
5% 4,5,6 REi¥A 1,2,3,7,8.9

A D ARF 7,8,9 - KEMAE 1,2,3,4,5,6
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B> ki 4e » B #TCustom [CA AR '*fﬁ#‘r(Demgn Technology) ?
PhB S H R B4 ? (T4 HEChip Size, Design Cost,
Performance, Power Consumption, Design Cycle %) (20%)

9.5A%H% — % AB H# = GCD(Great Common Devisor) # H F ik
(Mlgorithm) » &3t A ¥ ERZICR KA » ROAKBRI TR (Tb
ARESE) » RARMNREHERZ TISHB T (BB EMTLE »
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Lt (a) £ (e) PHEE=JEH L (20%) :

(a) RERE ERFIALRADHAWER (VISI) ZF4hE o

(b) 4938 Clock Skew? EAHBAEERANEBE? AN EXWiiT
BERLEE o

(c) 47% Logic Hazard (THERRAHHA) ? AXH TEFpgR
SRE 0 _

(d) 473 MPEG (Motion Picture Expert Group) ? X & i3 MPEG
Encoder £ & 7 B o,

(e) 4735 EDTV (High-Definitiof TeleVision)? RE{¢&HKERAT
87
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| Explain the following terms .
f2) Forwarding (short-circuiting) (10%) (b) Interlock (10%) .
2 Youare intended to use an optimizing compiler to optimize a ¢ode segment.
The code has instruction set distribution as in the following table:

tion Frequency Clock cycle count
Alllops ] 43% 1
ds 21% 2
Stores 12% 2
Branches | 24% 2
7'l'heophmlzmg compiler discards 50% of the ALU operations.

The CPU clock cycle time is 20-ns and the instruction count is 1000,

AFind 1) CPI 2)MIPS and 3.) CPU time for the unoptimized and optimized codes. (15%)
B.Compare and explain the ‘resull you have (5%) * .

3 Three different machines M0, M8, and M6 that differ in their register count. All three machines
bave 3 operands instructions, and any_o})erand can be cither a inemory reference or a register.
The cost of a memory operands is 6 cycles and the cost of a register operands is one cycle, Each of the
three operands has equal probability of 'beiqg in a register.

AN

A What is the cycle count for an average instruction on each machine? (20%)

B. We now consider the cost of restoring and saving these registers a round procedure call. What is
the answer for A if we include the addltlonal cycles due to context switching ( 0 for M0, 8 for M3

and 12 for M16 )7.(10%) )

Machine Register count . Execution cycles per  |Probability of an
. operation in addition to |operand beingin a
B + '|the-operands access”  [register as opposed 1o
* . memoery .
Mo 0 — 4 (.0
M3 " |8 Ta 5 - 0.5
MI6 16 ., . |6 0.8

-

1. Mapping a 32-block memory lo a 8-block cache, you use three kinds of placement policy: fully
associative, direct mapped, 2-way set associative.
Describe graphically how you map bleck 12 to'the cacle, using different associativities. (10%)

5. Prior {o designing a cache, you wonld lik:t\d’ﬁnderstand the relationship and

trade-offs among such factors as Miss rate, Miss penalty, Block size, and Average access time.
Explain their relationship between i

L} Miss penalty v.s. black,

2)Miss rate v.s. block size, .

3.) Average access lime v.5. block size,

interms of Hit time, Transfer time, Access time, Block-frame, Block-offset, Spatial locality,
Temporal locality, Pollution point. (20%)
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Consider the following fragment of SIC/XE assembler language (10%):

(C START . D ,

EXTDEF . EE . . N

EXTREF  FF |
M WORD - 35.. . . - C
BB EQU  .xAA#23-CC.. ., ... -
Db EQU 70 . - '
EE  EQU DD+AA

{9)Is AA relative, absolute, or nelther? S
(t) Is BB relative, absolute, or neither?’ '
(6)1s CC relative, absolute, or neither? -
(§)1s DD relative, absolute, or neither?
(¢)1s EE relative, absolute, or neither?. .. RN o
(0 Is FF relative, absolute, or nelther? - Lo

()15 35 relative, absolute, or neither? )

(t)Is AA+CC relative, absolute, or neither?

()Is-AA relative, absolute, or neither? . . A
()IsEE-BB relativé, absBluté, or neither? )

LY
'
‘

. Consider an assembler and linking loader of the type described by. Beck. Identify

the passes of the assembler or the loader where each of the following would be done
{10%):

(2) Assign relative addresses to symbols deﬁned as labels in the program.
(b) Load the object program into memory. .

(c) Assign actual addresses to program modules.

(d) Generate the object program,”\\

(¢) Detect duoble-defined entry pomts—"\

¥ () Modify the relocatable portion of the object code. =

(g) Enter addresses for external symbols into the external symbol table.

(1) Process EQU assembler directives. -

(i) Genarate values defined in data initialization statements such as WORD and
BYTE.

(i) Process the LTORG statement, : )

~~

oy -
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"Flonsider the following grammer (10%): -

Qsg> n=id .= <ferm>; - ) i T |
<exp> :=1id * <exp> | id * <term>;
<term> 1= 1d + <term> | (<exp>) | id;

Assume that the scanner will report token type id when it sees a valid Pascal
identifier. Which of the following strings is a valid sentence (i.e., an <asg™>) in the
lmguage generated by this grammer? :

() ALBERT := B+ C; () D:=B *C;
()X:=B+(C*D+E); (d)A:=B+(C*D);

Describe the algorithm of a linking loader (20%).

Describe the primary objectivés‘; (;f tﬁfee' different types of schedulers, the long-term, -
medum-term, and short-term schedulers, and shows the possible traversal paths of

jobs and programs throngh the schedulers (15%).

Describe Belady's anomaly, and provide an example that illustrates anomalous

behavior of FIFO (15%).
Ina virtual memory system, state the different effects between the following two
foutines. Why? (10%) . L
for (1=0;i<1000:++) . for (i=0:i<1000;i++)
for (;=0;j<1000;++) for (j=0;j<1000;++)
_ for (k=0k<1000;kT)~__ . for (k=0:k<1000;k++)
array[i][j][k]=1; - - amay[K][illi]=1;

A disk drive has 305 cylinders, four heads, and 17 sectors of 512 bytes each per
track. The disk is rotated at 3000 rpm, and it has a moving-héad assembly with an
average head-positioning time of 30 ms. The peak data-transfer rate that the drive
itan sustain is 4Mbps. Calculzt\e“'the\\a“{rerage'timeé needed to transfer 20 consecutive
and 20 randomly distributed blocks (séctors) from such a disk (10%).
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1. (20%) leena.system' SN RN S R
. t+2 -
. y(t) = [ a(r)ar
—00
where z(f) and y(t) are the. system inplit- and output, respectively. Determine
vhether the system has the followmg propertles .
SN E ENENE S S R AN R
(¢) Time-invariance - 3 <. " %), _ N SO
(b) Linearity {, 3 b7 BT A= v T WD
[c) Causality Pt el Lo
(d) Stability
(e) With or without memoryi\ i R A L I - Tote =
You mulst give the correct explanatlon io get your - credit. T
’r \ - -
1 (20%) Find the respbnse y(1)-of an LT] system w1th 1mpu]se response h(t) to the
- mput z(¢), where h({) and :z:(t) are -gwen as .. .
__FJ . - Al
~ e
3.0 - —
’ £
APy R '
essod . T ‘ Tt -:t o -
° 7| s 50 4 ‘-."-:t—i.’
e 6 h '4/ -7 '
i - -
g LY '.‘_ J-u—" A - "“ i H —-5-
i) 1t (20%) H (Q)_IS anﬂdeal ba.ndpass filter g1ven by P .
1.3 Y —— . - . '-' -
o ~ H(n')" A, Q'<'lﬂ|<ﬂb T
‘7, -0,- otherwise .
- - r
Find the 1mpu1se response of thls ﬁlter

1) How do you reconstrict.a \oontmuous-tlme sigiial =(t) from its samples z(nT’)
where T is the sampllngperlod? Prove > your-answer.

- "“'——.- - -
5, {20%) Find the inverse Fourler transformnbf Yo
. s le- *
- 25m(ﬂT1) .
Toov Uy e [—‘—ﬁ"‘—'] s

where T} is a constant.. . ; ~
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WA ARELEAM S &kﬁzo%;@%“¢1oo%o
m%)—~éaﬂwm¢ B E—AERREEAGATZEISH
B

] E= (yz 2x)dy + xz8y, + Xyd,
(62-) (a) WERBBERXTE—HEH ? EHNI
m%)%)*&%%%ﬁﬂé*ﬁ*ﬁﬁzﬁu&ﬂ?
(1) (o) RE%THBERAMIEMBATHE RN

(volume charge densny) ?
i L

(m%)~~ﬁ —BERE T REH #ﬁ%ﬁ ﬁTﬁ%w =%
P o HABHERESBELS AN ERLTL
 EGHBAPHAEREEAZ o
(104) (a) BHIBUHKEHEEHY
(109) (b) A JIWATTH B R MM MR E— B JE R
BYo _

(204 ) =~ Bdo e = R E M S EHRE (conductivity ) &
CFHo R $M 0 REHZASHRE (FEAIHE a,
b a<b) Pﬂ('@ﬁﬂ-? )

-“r

(204~ ) w ~ B4R 5 KEIW’@&LJEE’&- "(.circular current loop )
BA VRN 4 6 AR R TR (steady current) EAE T »
PR B R LA 4R (Biot Savart's law ) K & st B E

T AR RS (AS) RXAERERA (' magnetic flux
den51ty)c;<(a)kl it (154}) #(b) & (55)2

(m%)i ~ AL
(54) (a) BFT4 (Joule'slaw )~
(54) (b) #%{&E (magretization vector )
(5%-) (c) #4E4 (image charge) -
(59) (d) &E4&4% (magnetic vector poten_tial)

-
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1(40%) The switch in the circuit shown in Fi;;.l lias been in posilim: afora Io:jg time.
Att=0 the switch is moved to position b. Wit is the (a) iuitial value of v_? (b) final

vihie of v,7 (c) time constant of the circuit when the switch is in posmou b? (d) ' [
expression for v_(t) when t > 0'?

400kQ2 | . A2 T el
+_,-——-’\/\"\;-m\ (R S R WA NP A N .
+ i
-— b +
I ST .,
) I!: -
Fig.1 ! . i
1(20%) An RLC series-connected circuit is shown in Fig.2. The steady-state .

expression for the source voltage v, is 750cds(50001-+30°). (a) Construct the phasor-
domain equivalent circuit, (b) Calculate thie steady-state current i by the phasor method.

%0Q  32mll -

.\/’\‘.\\‘ PR VN =
r _% ) - /“‘f .

v, () ! =

H
Lh
—
—
"r
&

Fip.2 " :
3.(10%) An op amp having a low-frequency gain of 1000 and a smgle-pole rolloff at
10000 rad/s is connected in a negative-feédback nelwmk having a transmission k and n’
two-pole rolloff at 10000 rad/s. Find the value ‘of k above which the closcd-loop
|

wmplifier becomes unstable.

4(30%) A two-stage CMOS amplifier, resemblmg that in Fig.3 is found to have a slew
rate of 5V/p1s and an unit-gain frequency f, =2MHz (a) If the first-stape bLias current
() is S0pA; what value of C, must be used? (b) If devices with 1-V threshold are
ased, what gate-to-source bias voltage is used in the input stage? (c) For a process for
which 1, C,,, =200 A/V?, what W/L ratio applies. for _d:e input-stage devices?

™ - A—""{Qp

-.\4-:.\"__*\‘
e ————fF o -

' ]

L ,
(I e o
/] (I | o —-—0 ), '
. ) CC R ’f:l
—-——-“—MH ' - i
- Il
&]l—"—l g ——i[ O - ' j-,
7 }._;
— Vg I
Fig. 3 j
A ]
- 'y
.t o _J-Aa
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Solve the following differentjal equatlons (20%)

2 ng:;;._-}-xy x3 (10%) ‘_f,' T ) ., ]

b y"(x)+ 4 ¥(x) = tan_(2}5)3 Vx € (—x/4 x/4). (10%)

Solve the system (10%) 6 e e
B =3 xi(t) + 2 xz(t) I el
i(t) = -8 xy(t) — 4 xot) + fex - - T

Solve the bou;lda}y value .pr-oble!.n (10%)

g{— a2-g;-§—for0<x<1t>0 o a

(0,8 =Ty (1, t) = Tz, fort's 0,
iy, 0) = f(x), for 0 < x € 1. "

Show that the general solution of . - ‘ .
7'(x) + Ay'(x) + By(x) = T RIS

can always be written in the form e -

§(x) = [ctcos(px) + casin(p)] eox . i

for appropriate choices of p and:q, a‘ssuming that A?

-

—4B7< 0. (10%)

. Solve the following ordinary differential equation, [10%)'

(Cz+yt)y —y=0
. Find the the serTEs*solqiion by the Frobenius method. (10%) -
w‘m- ) - . T

(223)y" + 2y’ — 3y =0 T
. “ o - - ] -
. What kind of curve is the path in the phase plane? (10%)
'+ ()2 =0 ' S T ‘

4+

. - . ' ) :
Solve the following partial differential equations. {20%) o -

2. uy=2zyu. (10%)
b 32 =0, uyy =0. (10%)
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Describe brieacj/_ the physital meaning of the followsing ZLopics:
r Earﬁ' effect (5 Z ) ¢b) intraband Zransifion " (59%)
{

) eleclron aff:'ni;" (5%) B %.—_-/ml/

4 sample of Si [em x [em x0,2em) is measared
Mlle Hall measarement . The measured resufts
@ shoon jn Fig 1 with o magnetic T=08mA |
flix density B =10"% wh/om™. - _ |
lulsfe ®  hole amd efectren canwnwons(gz)_ -
® mobi/:}‘v of the ma}'or:‘y cartier (7%) Vo= loouV

Tra Si a’fode,'—cis Shotan in F#jz , calealole I‘—'W-’,
the buift-in volz‘ayeu at T=3c0% (5%) p=i0" % ® Looy
the maxinum. value of the eleclric Field in ”; — .
the deplelion region  (5%) . Fig. 2

th width of the deplelion region W (5%) ¥

-

-
« ——
-,

for an idea n+(ldq - (IO'G"n_ (mt!.‘) ‘L‘ransisfo};.s , find the emitter
P
efffciehcy ond DC cuttenl gain . e el D
b device patameters. ate shown ]')‘P "'",""}”" Ln=lopm " _;,"‘4::
;" Fy3.(Hote shat the generatin | " Cm’é"“ s
tecombinalion cartenls in the Lo
\:
#e})let}'an egions are nei/ecT ed ) E B C

—ah
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tetch he enéryy band diagrams with_various bjases To dlscribe
te I—-V dl_draci‘eristfcs of a iunpe/in? diode .

g‘\ rI s - "“ S B o "il.

F_qure 4 Shows the measured re.s‘u h‘s of C Vs. bms ﬂvr an one - s:de

abrupt Silicon P-n juncﬂon Est.mde ~ a A_J_;
the dDPE&‘ concen‘[raZ}an m ﬂ;e p-s:de y \ C
i ntside dopmj is k‘nown as 10 om3 ‘
RN TN TUR O R .
' -5 -0 -p5 p OS5 "
e - bias (V) Fig.4

ltch the device cross seclions, oufpul ~Ip —Vp characferistics omd
Yunfer I, Ve charaderistics Ao describe . n- channel deplefion -
MISFET omd P~ channe| enhancemerl’ MOSFET, msfea'tim[f,-__. :

{‘:_ % J—

v

:-} . _"-"'-7\:-:1_\_”“
T2 ao N Ty
§ ¢ Eg=lleV_ = 2526 ekt (300% ) ”
-33 T ~r .
k=/38x0 . _;D-/-k G‘Bof'gmann consTant ) S
\“u“' . ‘-"‘_-' —
g=lbxig®ec 7 :
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1. (a) Explain how to, classify power amplifiers of class A, class B, class AB, and class

C? (8 %)

(b) Give an example to illusttate the application of Miller’s Theorem? (7 %)

2. () Consider the circuit shown in Figure 1(a), in which the devices are assumed to
have V; =1V, K = 100 zA/V?, and Va=10V.If IREF = 100 pA and Vss
=0V, then Wha.t value of I, will result? (10 %)

(b) If the circuit in Figure 1(2) is modified to that in Figure 1(b), what value of I,
results? (5 %)‘

[

3. For each of the circuits shown in Figure 2:

(2) Determine the value of feedback ratio 8. (5 %)

(b) Assume that the loop gain Af approaches infinity. What is the gain of the
amplifier? What values do the input and the output resistances approach (0
or infinity)? (15 %) —

—

L 4 -

-

4. Figure 3 shows a circuit suitable for-op amp applications. For all transistor # = 100,

~——

Veg=0.7V, and rg= oo, ~

-~
e,

(a) Yor inputs grounded and output held at 0 V (by negative feedback) find the

emitterﬂ&ﬁ"ﬁents,o_fh all transistors. (5 %) -
(b) Calculate the gain of the ariplifier with a load of 10 k(). (5 %)

(c) With load as in (b)-calculate the value of the capacitor C' required for a 3-dB
frequency of 1 kHz. (5 %) -
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5. Consider the bandpas; éircu'it shown in Figure 4. Let C; = C; = O, Rz = R,
= R/4Q?, CR = 2Q/wo, and « = 1.! Disconnect the positive input terminal
of the op amp from ground and apply V; through a voltage divider Ry, R, to the
positive input terminal. Analyze the circuit to find its transfer function V,/V;. Find
the voltage-divider ratio R,/(Ry + Rg) so that the circuit realizes (a) an all-pass .
function and (b) a notch function. Assume the op amp to be ideal. (15 %)

6. An inverter that can Pe characterized by Figure § has V* =5 V, R, =1 k{2, and
R, =100 €2, It is loaded by a similar inverter whose switching threshold is at 2 V,
by means of a connection whose capacitancé to ground is 50 pF. If both switches
exhibit a pure dela,y of 10 ns from the moment their input signal threshold is crossed,
how long does it take for an mput step to open the switch of the second inverter?

to close it? (20 %)
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