j‘; B ) ‘ " ;ﬁ!mu,n
. B 5 F kL A B CTRARNCERRO |
X AT SRS AR - FHE T |
. & Bl S - e = o . om N m ,— s - = R —— - i
! i
| 1 )
-‘f _ 1. Find the general solutlon of the follomug d1ﬁ‘erent1a1 equahon. k.,1
g :l . I PP ) u
’ ,‘E'! a)xZy" —x‘y 8y X —3qu (8%) '
- R >
' éf byy"+3y' +2y'=;——l—‘-- (8%)
. i e - N A (-’-x +
p i Ev ¢) lf'y("x‘) =ax* iz_;__oim solution ]:«;rlll of the Riceali equation ,please find the initial
é tu value problem: y= e**y? - 2y - 9¢™*;y(0) =4, ('9%)
i o
' ;'; 2 Let y(x) J _r l'—‘—z-a!za:it Tttt .
T ;": o
;;:L a) determme y”(x)by using the fundamental theorem of calculus and
£ ‘“ geta nonhomogeneous dﬂi‘erentml equatmn satisfied by y. (2%)
{ 1;‘ b) evaluate the value of y(l)and y'(1), (2%)
i: " ‘:,% c) find the initial value problem of the differential equation from
S i '
roA @and (b). (6%)
- L S

- 3. leen a Bemoulh equatlon P(x)y +Q(x)y R(x)y aisa COﬂStﬂﬂt
. AN

i let u(x, y) f (x) y 1sanmtegratmg factor of the djﬂ'ercntlal P
““'*”i equatmn ,please ﬁnd the u(x,y) (10%) ' ’x-\_” ) o
~
[ 4 1 : 1 )
4 a) IfK, = 1}, K;=|0], and &3 =|~41 are eigenvectors for the symmetric matsix ’
Sl 4 Lo ‘
- 7 4 4] -
. A; .'4 —8

=1 |then find the correspondmg elgenvalues (4%)
|4 -1-8

A B Y 2
. A 1
I PR . ~—— -

! b) Fiid a set of three mutually orthogonal elgenvectors for. the matrix Acin part (a).
L), o .-
B (69/) - ' e

:‘l
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6. a) Find the number of addmons and multlphcatxons required to compute Ak by du'ect

7.

-
-

e w
--.,'

5. Clnsider tie bases B—{ul, u;, ua) ‘and C=({v1, vz, va) for R?, where

3

T3] . [3 1
. - A -
= 0L =2 | w6
L—3 "]. - l ' ° .
.ﬂ;‘. r-6 "-‘- ~ -2 I -2' = - " A em w g y o= oo
vVl=_ "6 VQ— ‘6’V2— "3 :" —_‘ . ) - -t~ o, = .
- . - . — .. LT
ay L.O - . -‘!.! 7 PRI 8 _ . ) ’
a) Fiud the transition matrix from B to C, (5%)
A P ) - H - .
b) Find the transitivi’ matrix front C 10, (5%)

.y S P ey :"T“""'w -_.n e am -

¢) Given, the coordinate matrix [W]B = 1 , compute[w]c (5%)

' - N 3 .
- o e - et ¥ s - -
E e T30 PE IO o ¥ -
- . “ '
e, e Lo s - - L. . -
- ot o of 3 - PR -3

. multiplication if A is.an_ nxn matrix; (7%) - S ’

-

b) Determine the'number of addltlons and multiplications required to ﬁud A by
reduclug [AJI] to [IIA] (7%)

2 1 -1
2 1 -0

a) Fiud an LU-decomposition. of A. (5%)

main dmgoual, Ul is upper tnangulnr and Disa dlagonal miatrix, (5%)
c) prLcss A in the form A=L,U,, where L is lower triangular wﬂh 1‘s along the
main dmgouall d Uz is upper triangular. (6%)

2
%
-

17 .
13 r
- Al [

by express A m ‘the I‘orm A—LlDUl, wliere L. is lower tnaugular w:lth Is along the

LY

-
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1. Explain the foﬂowmg terms (10 pts ).

i a, overﬂow (3 pts) o )
N Ei - S
; j*g b: stack ﬁame pomter (3 pts) " o
i c assembler dlrectlves (4 pts) ]
| s ’ v T
[ t’-y ™o - ] -
’ § ;L 2, Translute the followmg C expressmn into assembly codes. You must define the
' }ij operatioti"of each instruction used, otherwise no points will be given, State the
y ‘7 hﬂ ' ! *+
| : assumptlon about your code. (10 pls) o - oLl
t ““ A T 1 - .
o lf(l—-J) a= b+c | else a=b-g; . . -

! ‘é‘. . J

Do a ﬂontmg pomtmg addmon on 0.1 and - 0. 01 11 (both are binary number).
(10 pts) T . :

Wlnch of the followmg logic elements afe combinaticnal? (10 pts)

a. Ihp ﬂop b, register - ¢, ALU d. memory e. program counter .
£ NAND gute :

=

ABC defme the 3 mputs and P Q define 2 outputs. Determine the output funcuon
for P and Q respectwely from the following true table (10 pls)

A B CTRQ "
00 x 1 1 0

O S S S T T PE

L ox .0 o1 0T -

0~.,_1 __0.-11 0______,-_--'“ -

. '-;2‘:/.1-/"- =

... Decode'the followmg bit pattems using the floating-point format.as follows:
. bit 7: sign, bit 6-4: exponent usmg the 3-bit. excess method ‘bxt 3-0; mantissa
(2) 01001010 (2 pts) "~

" -
-0 - _— .
P r r “

(6) 011011012 pts) - IR T

(c) 00111001.(2pts) _ . '
(d) 11011100 (2 pts) '“ ‘
(e) 10101011 2 pts). . " A )
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3

E 5 (a) Sort the list 47, 62 33 12, 41 step-by-step using the quick sort, (4.pts)

i S (b) When sorfing a fist of 16 elements how many comparisons are required in the
f . folluwmg three cases ?
1

i (b.1) the best case (2 pts)
- . (b.2) the averago case (2 pts)
b [ (b.3) the worst case (2 pis) -

{ I 8. What is printed by the following program, assuminé (a) call-by-reference (3 pts), '
' )

B (b) call-by-name (3 pts), (c) copy-restore lmkage @ush order: from left-to right) (4

13 : proeedurePROC(X,Y Z), _ ] .
- X hegm _ o _— ' |
Yi=Y+1; ' |
Z=Z+X
end PROC;
" begin
C A
. B:=3;
PROC(A+B A, A),
pnntA
-end“ ' S '

9, . Transform the foillowiug inifix expressions into prefix and postfix expressions,
(aja+b *c/d(3 pts)
(b)a-c*d+b 1 e(3 pts)
© x T (y *z+w) (4 pts)

l'—-‘u-\

10. The language generated by a grammnar G is defined as follows
Please show the productions of G, assuming that § is the start symbol,
@ LG)={alb"[n = 1,j = 0} (5 pls)
(b) L(G)={a’b 2" n, m = 1} (5 pts)




: -' : “ m/ e f e
;’ PRy 1;;;;;, Py = SR AR AT
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-'§ e Tt e AR Mnkat set o . om, - -~ M T e et e o .
| i rprey e a3 - Ee =2 . - - .
4 CATERLT A rr s, [ VI L L N
I ' . ,
; ; ! TR theel T lee Y e RN N S F SN T
| Y Solve tlie Tollowing ihitial Valde problem: o (15%)
p =0, p0)=2, y(0)=S5 -
lE iV '.} i -;,"" ) -:‘ ’ :‘_.-!;;: “r : =
; n : . I b clLs ‘ .
] =, 2. Find'a general solutlon for the’ followmg equation: ) (15%)
i ,1 B 3y+2y Se +d4x+1 )
- T R e e e e -
i, T TR e .2 2,
' 3. Find a soluuon oflhe cquation é—i‘-—é—g—xcow . -
s B é‘x /1 E .

| sullslymg lhc condlltons u(O t) 0 and u(2 ty=0,

§ where u(x,t) f(x)g(t) #__‘- UPRI e ] (20%)
28 )

il | LI T Wk LiTedmiae e e Bomte = =

IO 4. Solye thenfollowmg d1fferent1al equalxpns ' .

»oa, yl+2y —U.x B I S cnr. (10 %)

i ! (D7“+D+1)y“—x cosix)“

-
UCE U I
[‘3 -

"'r'l ‘.,

3. Solve the followmg system of dlffel ential equations
(D 3TE-By =@t o o R

afMie, ¢

x+(D2+3)‘}; 0 ST T e e

§ -':;A: ~1 AT - I oh ey
. 8, Solve the following differential equation

10 %)

(15%)

(15%)

,
T T b e e T T i T

E—1 s

e A e
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In 1-4, cach question scores 15 points.  In 5-8, cach question scores 10 points,

I. Determine the coellicient of x” y* in the expansion of (&) (x + ¥ ), (b)
Bx+y), and (@) (Fx-4p)". | -

2. For any positive integer n, show that
(S e-=D-G1 3+
0 )= W) ) T

3. Give the steps and reasons to validate the argument
o= A(—rvsIn(pov )l (~g—s). .
4, Forsets A4, B cc Umyersachr prove or dlsprove each of the following:
(® ANC=BAC=>A=H5. (§ powis)
() AUC=BuC=>A=RB. (5 pwi®
© [(Anc BnC')A(AuC BUC)=>A=B. (5 ponts)

5. The integers from 1 to 100, inclusive, are randomly placed around the
circumference of a circle, Prove that no matter how the integers are positioncd
there must be four of these integers, forming three overlapping pairs on the
circumference, whose sutn is 202 or more,

Z =,
T e T
7

-

-

6. Prove 3 is irrational,

T

- -'4
-

P

3
=

Write a regular expression that define the following language:
All strings of (’s and 1's such that the first third position from right end is 1.

8. Statement the principle and purpose of Big-Oh notation.

¢ S gy T
'—.x::": v-
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: 3 [Note] The following notation is used: w is the frequency variable for continuous-time
., signals, and £ is the frequency variable {or discrete-time signals.

ER e Ml

1. (20%) We define the [ollowing st of siguals:

B to= 2w, ng={p ek

e 0, otherwise.

r— -
e — P

(a) Find ri(e) «11(e) =t (10%)
(b) Find H(Q)+N(t) =1 (jo%)

2. (20%) Given a sysiem

l:%__.

";—:—..-".—v.—

ntl
ym= 3 (i) *
where z(rn) and y(n) are the system input and output, respectively. Determine
whether the system.has the following properties:
" E (a) Time-invariance (4})
. (b) Linearity (43)

. (c) Causality (4%)
(d) Stability- (4%)
(¢) With or without memory (4-2:)

g You must give the correct cxplanation Lo get your credit.

gt 3. (20%) The Fourier {ransform (spectrum) of a signal s(t) is defined by S(w) =

s(t)e™7“*dt. We have another signal p(t) = cos(wot) whose Fourier transform is
denoted as P(w).

(a) For a signal r(t) = s(¢)p(t), find its Fourier transform R(w) in terms of S(w)

and wy. (5%)
(b) For a signal g(t) = r(t)p(), find its Fourier transform G(w) in terms of S(w)
and wy. (5%)
(c) Sketch the spectrum R(w) when S(w) is depicted as follows: (5},

A....
${w) '/r
/ *

| SR

el
. ‘

(d) Sketch the spectrum G(w) for the same § (w c) (5 2,)

w 0 w, w
-




2F A A %r_. W v . B TR A IE T
1 T
) A-i—ﬁ%liFJKwE?“D‘ﬁiﬂiA@%ﬁﬂ.ﬁm o B T AUERA '.
W mg At PR M = g e = L TTOR e et aTEa _— A
éi . o
¥ i
. i EPEEEF A B :,—
J ii . S sin(mwant)
w4 (20%) Wc lm.vca.set o[ sinc Iunctlons given by by (1) = ———=, m=1,2,..., M,
1 I where 0 <- ru <azy<. o<y < 1 We consider Lhe fulluwuu, ]lnrm Lime-invariant
pX - r .
j Elii (Lr1) syatun A | :
‘W LR S Yty h .
z i G T ,"-{X(t) M h(t) — ' )
i ﬁ‘ The impulse response of this LTI system is h(t) = hy(t) * ha(t) ... * har(t).
g PR o ;
i ‘:_ (a) If 2(t) =8(), find y(t)e- . (WORV s - . = .. e
() lf.c(f) = cas(27rt) find 1 J(t (%) - .
‘l }I. L M - - 9 "‘-. ¥ ' o - *
- %’ 5 (20%) ‘auppu-m u wntnmuuﬁ Linio Hu.r,nnl .r( ) is discretived y o sample-and-hold
P (scro-order hold)-Giretit: bo oblain "=, (¢). What is the relation between- X (w) and
g (%& Xo(w), whcr(. X (w) is the Fourier transform of :t:( ) and X,(w) is the lourier trans-
_t-l'f ’ Cadm T e e e T, STe T
| I R . - .
3
r"i{a - " . - - T - -
5
- -_ - - - - - 6 ! "
B * ; LY * i . L
' o : ‘ ' ‘f,-. $x )
A N T s n LA
S A ST T ST

e e e —— - rr o tw -
>

LR T R

e S T ]
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15pt) Please explam the following terms
glich b, static hazard
.cifical race . noncritical race  (3pt each term) : .

c. dynamxc hazard

153 : R
Prove that any combinational ﬁmcnon can be expressed by only using gates in the set
{AND, EXCLUSIVE-OR )}, (‘ipt) - :

b.Givena function £°(A, B,C, D) "Zm (’i 7 8,‘),]2 |3 14,15), where m represents

the minterm, please design a circuit in which the output is derived [rom an
EXCLUSIVE-OR gate and the inputs-are cpli};ectqd' to AND gates.(5pt)

Note: use the minimum number of gates -

, Show that we can only use the EXCLUSIVE- OR gates'to lmplcment the circuit that

converts a 4-bit binary number into its correspondmb 4-bit reflected Gray code. (5pt)

15p1) Assume we have three 3-bit operands, i.e. 4 = a,aja;, B =580, andC =c,¢c,,
, Please use full adders (FA‘s) and half adders (HA’s) to implement a three operands

adder which adds A4, B and C and produces a sum S, (9pt) -
. Asume 2 full adder®s delay time is 7, and a half adder’s delay is 7, , please

calelate the longest path delay of your design. (6pt) .
ole: You should try to mlmmlze both the number of adders and the delay time,

——

’

15p1) . - -
Find a minimal product-of-sum express:on for the five variable function
i(4,8,C,D,E)=Y"m (0,1,2,5,8,9,17,25), where m represents the minterm.

(Tp1) - -
b, A pine implicant covering problem yields the following covering proposition:

P = (A F)(A FBI)(A+BAC1 EHE) (G D)C +E)E)(EA F)(A+1D)

Suppose that prime implicants A,B and C.have literal cost 3, and prime implicants D,E
and F hiave literal cost:2. Evaluate this proposition to find a mininwm cost cover. (8pt)
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tay. setup time for the FIF |t5;: hold time forthe FR- - .

R

(1opt)

- .

e BN N " -~

‘sequential circuits,

-

—r—

X "l
Xg-1%
- i
- Crk CIR

06, (20pt) For the [uftinan middel'sf the posiavc-éﬂge:tfiggered D FF whose behayior is

ilusirated in the following table* - - - ---
a, Conslruct a rctluceil"stzife1table. -~ = {10pt)

Present _Hrc's-cnlﬁih|3'u'f'(1ll':, pin | -
sale | 007 TG o0 10 e -
Y=0 Al A0 | B,O | -.- | C.0
Bl A0 | B,0 | H,-| -,-
ClA,00| -,- | D;0o] C.0
D| -,+ | B,0o-|D,0| C,0
Y=1 B|E,l'| F,1 | -, =] C,-
FlB:;1 | F,1 |H, 1| -, -
"Gl B,1] -:- . JH,1!lG,I
oo | F.1 fHa G

. e

—r

-

+ b, Give a state assignment for this state (able that is free of critical races.

B T E T
S

- +

-

(10pt)

b, Construct the state transition diagram of T circuit shown as follows- -~ (10pl). - ..

= e

- .

—

-

Fr R e oy

s

T A e .,

) o -~ - —— e -’
. (20pt} Given the following: p‘ai‘ameters for varioys delays .
Eclock period e Flip-Flop' propagation delay C e e e
ie: propagation delay in the combihational-circuit:- e e

a Please shaw the timing constraints for correct opération of edge-triggered; clocked __ _ _

-

.
-

o e St e

- e A e e, -
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. SR TE ook ¥ ey L et S Ak
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d.. I.(ZS%) Given that

g Instruction class CPI
A '
l B ’
¥ c

e

i 4 228
T e L

"""—..“!‘F!""-‘..“‘.,f,_"k,-j‘;;ﬂ‘.

Fae

Instruction counts

-i ﬁ Code sequence . A B

1 2 4 3
'g' ;i . - N ] B A

o 2 ’ 2 2

,‘.1?'-; 1 "

=,

(a) which code sequence is faster? ( B}' )
(b) Which code sequence has larger CP1? C |-2
ANS:

(@) CPU clock cycles | =

CPU clock cycles 2 =

(b)CPl 1= '

cri2= ) o

LI -

,_;.m
m\.'*
-

2, {25%) Use CPI in the table of the problem { above. We measure the code for the same

rogram from two different comypilers and obtain the following data:

Instruction counts ( In Millions) for cach instruction class
Code sequence A B C
Compiler | - 5 1 i
Compiler 2 10 | |
Assume that machine's clock rate is 100 MHz. For cach code sequence what are the
@Mmes?  (47%)

MIPS | =

MIPS 2 =

(b)CPI? (R "4)

CPIl =

CPI2=

() CPU time? (8 %) 5

CPUtime 1 =

CPU time 2 =

~

T

e
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3.(25%) In order to achicve pipeline control, d control unit génc'ratcs 9 control lines

{RegDst, ALUop0, ALUopl, ALUsre, Branch, MemRead, MemWrite, RegWrite, MemtoReg) .

Show how thesc 9 lines are used up in cach of the 1D/EX, EX/MEM and MEM/WB stages.
4.(25%) Wernmna prciéram-on a machine with separate caches for instruction and. data.

We found that the instruction cache mlSS rate is 3% and data cache miss rate is 10%.

Each miss causes pennlly 40 cycles and the clock cycle is 12.

We also found that;there is one load/store instruction out of 2 instruclion m the program, -

The machine has CPI=6. - - i

(a) perfect cache is how much better than this cache (7 A )

(b) reduce the CPi from 6 to 3, what happens in (2)? { & /:.)

{c) double the clock rate, what hﬂppu\b in(a)? (& /, ) i

() explain these'cases? ({5 ) -
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lSuppose a one-pass macro processor i8 applied to'the following source code, :

¥ (0Show the resulting NAMTAB. ( 5%) .

(b)Show the resulling DEFTAB. (57%) s '
i(0Show the program after the macros have been expanded. (|0 %)
f. Ml MACRO -

M2 MACRO- &PL"~. > ~_ %2, isc -1, a. LT s
' CLEAR X
. IF(&P1EQ1)
| M3 MACRO &2
CLEAR A
IF(EP2NE 2)=0 o5 0 = vy o ogm weir o G- T
CLEAR. X --: | o 7 - el o0t -
ENDIF . - B TR N
ENDM  /*endofM3¥ = --- - _ _
ENDIF® ~ 7. R T
IF (&P1 EQ 2)* S S
M3 MACRO &PZ° Lo T T e e
CLEAR X - PR . ’
IF (P2 NE 2) _ w0 :
CLEAR A ‘ R
ENDIF AR
ENDM  feendof M3 % == == - - oamn
ENDIF '

ENDM /% end of M2 %/
ENDM  /* end of M1-%/
M1

M2 2

M3 1

END

(1)

2(3)Why most assemblers are designed i bg two~pass? (54%)
(4)What constraints'dges a two~pass assemblerhave? (5 %)

(10%)

3Eliminate the lefi-recussion from the following grammar:
5-(L) | a
L=-LS|s

e e =

e e

— ey
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(10%) '

{Explain the four types of Chomsky gmmmm‘ Most programming languages with
INF notation belong to what type of grammar?

}

- -

(10%)
. SUNIX is often said to be a'poar real-time sysmm Describe some-of UND(’S real-
 time problems and solutlons

%) - :

fln the context of Dukslra s-Banker's Algorithim dlscuss whclhcr each of the following
ilaies i5 safe or upsafe, If a state is safe, show how it is possible for all. processes to
wmplete. If a state is unsafe, show how it is possible for deadlock to oceus.

Stalo A StateB © . " -
Corent  Maoximam = Cufrent  Maximum
loan need = © loan. need

e 4 g . - “User(l) - 2 6

User(2) 3 ] - Usen(2) =~ 4 7

Uer(3) 5 8 User(3) 5 6

: - Usen(4) 0 2 -

Awailabe 2 . B Available 1

() T

15how that if the P and V opcratmns are not executed indivisibly, then mutual
alusion may be vmlatcd

-

) _
E¥fite an algorithm to implement s scmaphores using:
() The Swap instruction (5 &)
) The Test-and-Set instruction (5.7 )
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(158) —~~H— ﬁ&&ﬁ%%*z@@ﬁﬁ&l ﬁﬁ@&rﬁ
5§45 (vector magnetic potential ) 2REH 25 911

ERGME-B Rr @R GEHEE? L - -
(04) =~ B R E T BRI TH A (electric field
intenisty ) & E (zt) 10 cos (ot ™ PBz)ay volt/m, )
i w=3n X 10°radfs, 5]’1 e e T
(a) /ﬁ.'&? ) ’ A —

y (b) 8% 5‘.‘::}3‘, (magnetlc field mtensxty, H ) ?

(205}) AN -‘ﬁ‘-l‘ﬁf{i‘] £ “i"‘ﬁ:ﬁ&‘}# (hnear charge density,
‘ m)ﬁ?%zﬁwaAgmLQO)zﬁu&vA

Jo%0lt, B 2 ( ¥5;0,0).2 T 60volt, R
Cy: (1,0,0) 2442 ?

(54) @~ BH— ."-‘?ﬁ’*ﬂ.ﬁ’ +(]4l/}"’T“\FI“~Hﬂ_L7T ﬂh[}’th W R

(8 4) (a) Wy - B B4 (Cinduced charges:) 4 @56 #f
% B (surface charge denstiy ) ?

(74) (b) ﬁlﬂﬁﬁ*ﬁ‘%*ﬂi%)@{“&f&ﬁﬁ ( total

charges ) ?

(54) £~ im[ﬂAFJT—r > -'Fff aZARRLPHAATE
Qs WM AFES (b-2) ZHBH o HAa
. $ AT (relative permittivity ) & e, *
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(15 5  Ednahls 2 #iBB 5 A (magnetic fiux density )
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1. () Show the energies of an electron confined in 2 one-dimensional box of length L. (v % )
. (t) Ifahydrogen atom is modeled as a one-dimensional box with length equal to Bohr
radius, what is the energy (in V) of the ground level of the electron? (£,
(¢) [fwe assume Neutron in a nucleus size box with 5x10™"* m, what is the lowest encrgy
level of the Neutron? ( $% ). “ o

1. Please describe and sketch the position of Fermi level as a function of temperature and for
various doping concentrations of (a) n-type and (b) p-type semicondsictors ( 2% )

@I |
4 Consider a semiconductor that is uniformly doped with N;= 10" em™ and N,= 0, with an
applied electric field of £= 100 V/cm. Assume that p,=1000 cm?/V-sec and 1,=0, also
assume : .

Eg=1leV.
Nc =2x10" (T/300)*? em™
Nv =1x10" (1/300)*? cm

(2) Calculate the electric current density at T'= 300 K. d 570 b}
(b) At what temperature will this current increase by 5 percent. ( Assume the mobilities are
independent of temperature.) (194 D . o

-
-

4. Anideal, long silicon-abrupt pn junction has a uniform cross section and constant doping-on
b% both sides. If the n-region has a resisliyity of 2 ohm-cm, and the ratio of depletion width.in
the n-region to that in the p-region is 1:2, determine (a) N, N;, and (b) the built-in potential
barrier V. (=300 K.)

5, Ametal-silicon junction forms a Schottky barricr. The melal work function is-¢, = 4.7 velts
§% ond the n-type silicon is doped to Ny = 5x10'" em™. Calculatc (a) the theorelical Schottky
barrierhciglgl;l_;ad (b) the built-in potential barrier height at 7'=300 K. 2 % )
135
6. The I~V curve of an n-channel MOSFET is measured and plo} ed below. (u)-State which
part of the curve should be used to obtain the threshold volta,g‘é'.:J (b) Calculate the threshold
voltage and the inversion carrier mobility from the following data. (107 )

g

IpA (very small Vig) . W=20 pm ‘ ! |
. <€<—3 " L= 2pum '
ST Cox = 5%10° Flem’
. €2 Vs = 0.1V . ;
* . ID ==30uAatVGs=l.5V '
le—1 I, =60 pA at Vg =20 V J
VGS H
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Physical constants

Avogadro's number

Ny= 6,02 x 10-2

—— i rri oy 4 £t e

S

[

U R RS

aloms per gam
molecular weight i ! Property Si GaAs
Boltzmann’s constant k=138 x 102 UK Mobility (¢m3/V-s)
= 3.62 x 10~ eVIK Electromn, g 1350 Rastl)
Electronic charge . » e Hole, g, 480 00
(magnitude) e = (.60 x 10~F . m*
Free clectron rest mass m, = %Il X 107! kg Effective mass, mﬂ.v
Permeability of free space o =47 % 10-T H/m Electrons my = 093 0.06%
Permittivity of free space £, = 8.85 x 10~ Ficm mr=0.19
=8.85 x 10-=Fm Holes ) = 0.16 vo0.032
Planck’s constant ) K= 6.625 x 10°% §-s . mp, = 0.49 0.55 ,
. r = 4,135 x 16- " eVs Effective mass (density of states)
Ao A= 10X 10 s Etectrons, {2) 1.08 0.067
w My
Proton rest mass M = 1.67 x 10-Tkg m
. e Holes, (=2 0. 0.43 0.37 "
Speed of light in vacuum c = 2.998 x 107 cmi's ales AEU 58 . ' H
Thermal voltage (T = 300°K) V.= m».H = 0.0259 volt .
kT = 0.0259 eV Other semiconductor parameters . ﬁ: -
, Material E,(eV) a(d) € X . _
- . . " . " ' Aluminum arsenide 2.16 5.66 12.0 33 2
m___.n.en. gallium arsenide, and genmanium properties (T = 300°K) Gallium phosphide 326 5.45 . 10 43 3.
Property St Gads Ge Alumifum phosphide 243 546 98 3.
Atoms (cm™) _ . 5.0 x 102 142 % 102 4,42 X 107 fndium phosphide 1.35 5.87 12.1 235 3.
Atomic weight 28.09 14463 72.60
Crystal structure Diamond Zincklende Diamond ’
Density (gfem™) 2.33 532 5.33 Properties of Si0; and SiyNy (T = 300°K}
Lattice constant (A) 543 - 5.65 5.65 P . SN,
Melting point (°C) i415 178 937 roperty 5i0. LA
Dielectric constant 1.7 1.1 16.0 Crystal structure {Amorphous for most integrated
. ’ ircuit applications]
Bandgap energy (V) 1.12 1.2 0.66 ! i circuit umm_ .
Electron affinity, x, (volts) a0t ' 407 413 2%%.?%%..%&3 2.2 x 1= 148 x 10%
Elfective density of states in 2.8 x 10© 4.7 x 107 1.04 x 10® - -
conduction band, N,, (cm-?) . . Density (g<m™) 22 3.4 R
Effective density of states in 1.04 >« 107 7.0 x 10°® 6.0 x 10" Energy gap =9 eV 1.7 e¥
valence band, M., (cm~?) Dielectric constant 3.9 75
Intrinsic carrier concentration (cm~?) 1.5 x 10 1.8 x 10* 2.4 x 109 Melting point (°C) =1700 =900
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1.(a) For the circuit in Fig, 1, find I;, and I, in terms of Iz Assume all
transistors to be matched with current gain B. (10 %)
(b) Use this idea to design a circuit that generates currents of 1, 2, and
4 mA using a reférence current source of 7 mA. What are the actual
values of the current generated for B 40. (10 %)

- 4w
.

2. The JFET in the amphﬁer circuit in Fi ig. 2 has V,=-4 V and Ipee=12
mA, and ID = 12 mA, the output resistance r, = 25 kQ.
(a) Deterniine the dc bias quantitics Vy, ), VCS, and V. (10 %)
(b) Determine the value of g, (you can use the same [ormula as for the
enhancement MOSFET). Also determine'r,. (10 %)
(c) Find the overall voltage v /v, (10 %)

3. For the circuit in Fig. 3, let &, = &, = R, =10k, and assume that the op
amps- to be ideal except for output saturation at +12Vv. When
conductitig a current of 1 mA each diode exhibits a voltage drop of 0.7
V, and this voltage changes by 0.1 V per decade of current change.
Find the values of v, v, and v, corresponding to v, =0.1V. (20 %)

4, For the circuit in Fig, 4, if R =10kQ, find the values of C and R, to
obtain sinusoidal oscillation at 10 kHz, (20 %) -

e
il -~
T

5. FFind the logic function mlplemented by the circuit shown in Fig. 5. (10
%)
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