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L. (a) Find the Thévenin equnvalent thh 1especl to lhe Lelmm'lls a, b for

the circuit in Rigure 1. (]4%) . -
(b) If an adjustable load R; is connected to the terminals a and b, find the
o maximum power Uar)sfewd to R;. (6%) A
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2. In F igure 2, switch- 1 has been closed and switch 2 has been opened for a

long time. At t=0, <:w1tch 1 is opened. One hundred milliseconds later
switch 2 is closed. Find ™.

(@) vV for 0 <t < (.15, (10%) -
(b) vV for 0. Is <t (10%)
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3. A bipolar wansistor is biased at collector current IC = 0.5mA. and

common-emitter forward short-circuit cuuent g'un 130 =-150
(a) Determine transconductance &, at room Lempel ature. (6%).
. (b) The input resistance h = 7.6K£2. Find base-spreading resistance r,.
(6%) ' . '
(c) A load resistance Ry = 2K£2 is used and the transistor is driven from
2300 £ Q2 yoltage source. Estimate the transfer voltage gain. (8%) '
. * oy -

4, (a) Draw the low- ﬁequency small-signal model in Figure 3. (10%)
(b) Derive an expression for the signal component of v, produced by Lhe
sngnal mpul V.. (10%)
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5. The differ enual- 'md‘couJ_non -mode gains of a differential amphﬁer can
be approximated as

—_—

A = 20000 and A, _ =05 ]

1+ s/2nX10%~ \,,M Ls/2x10°

(a) Sketch the asymptotic Bode dlaglani of the common-mode rejection
ratio CMRR. (10%) '

((bl)of‘;t)what frequency is the CMRR one-half its low: -frequency value‘?
Ut

™
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L. For the circuit o Figure 1, find the voltage gain V,/V;, the input resistance R';_r ,and
" the oubput resistance R;!. The op amp has open locp ga.iri i =10" V¥V, Ry = 100
K, Rign =00, and r, = L.KQ. (12 %) '

Y
2. Plot the transfer characteristic ¥, — V; of the circuit in Figure 2. ( 8 %)
3. Find the logic {unction implemented by the circuit shown in Figure 3. ( 6 %)

LY

4. "The op-ap syslemn of Figure 4 has a gain function thal is

- 109 K
L= sy |
R=1Kand C =0.1 ulf.
(a) Determine the closfed-loop transfer function V,(s)/Vi(s)- (7 %) R,

(b) Find thie value of & above which the closed-loop system becomes unstable. (5 -

%)

e

5. Consider an' NMOS invert with enhancement load having Vi, = 1 V, (W/L), =4,
(W/L)z = 1/43 FanOX =20 PA/Vz, 2(}51 = 0.6 V, T= 0.5 VUQ, and_V;?D =5 V.

~~(a)- Neglechg_Lhe body effect, find NMH, and NMg. (7 %)

—A
(b) I‘a.kmg Lhe body effect 1nLo account, find the modified values of Vorr and NMg.

- (5%)

6. Write the ha.ns[er Iunctlon of a second-ordér notch [filter as shown in I'i igure 5 [or

wlnch the de¢ ga.m is unity, the pole frequency is 10 ra.d/s the pole Q is 0 5, and the

Lransmission is Zero at 100 rad/s. (10 %) }
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7. A FIT swilch is connected with two load resistors as shown in [igure 6. The intent

is Lo provide somewhat complementary sigvna.ls at X and Yj that s, when one Tises,

the other [alls.. For the FET, Ipss =10 mA-and Vp = —2V. For‘the diode, when

.conduc':t.ing, Vo = 0.7V. When the diode is cut off, what are the vollages at X and
Y? Whal vollage is required. at A Lo cnsure that the diode is barely cul off (diode

voltage is zcro)? What voltage on A is required Lo cause the JIFET to cul off? What
vollages on X and Y resull? { 15 %)

&

. In the circuit of Figure 7 all devices are malched. Find the value of V. { 10 %)

. Write the transfer function for an amplifier having-a gain of —100 at midband and

a low-frequency response characterized by zeros ab’l and 10 rad/s (on the negalive

real axis) a.nd poles a.t 5 and 100 rad/s. What is lhe dc gain of this a.mphf'er? What

is its 3-dB frequency'? (15 %)
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Let T: B — B3 be a linear transformation satisfying

T(5,~1) = (1,1,1) and T(~1L,5) = (~1,~1,-1).

Pind the general expression for T(x1,x3). . (&%) N
Find the rank and the nullity of T. (7%) ‘ N ‘
The trace of an nxn matrix A is the sum of its entries on the 'ma.'in diagonal that is

trace{A) = _g}’a;;
13

nxun

Show that the [unctio‘n- <> RV X R o R defined by
o )

<A,B> = trace(AB ") (£%)

is an inner product on B,
Ace the vectors C = [0 J.] and D = B _g] orthogonal 7 (57%)

Iu part (b), what is {[C]] 7 And what is |[C-D||?  (53)

Let Po(R) be the vector space of polynornials of degree less than or equal {o 2. Let

. Tt Po(R) — Po(R) be the linear operator defined l;y

T(p(x)) = p(x) + xp’(x) + p’*(x) ( *:differentiation)
Let = {1, x, x2} be the standard ordered basis for Py(R).
Fiud the standard matrix representation [T]H of T. (5%)

Find-an ordered-basis 7 for 2(1R) such that the inatrix representation of T w1th
respect to 7, [T),, is a diagonal matrix. (5%)
Find an orthonormal basis for Py(R) if the inner product on Py(R) is defmed {or

fany p X), Q(x € P2({R)1 b}' am”

- 7 V-
.- - <p,q>_=-i‘glp(xi)‘4(xl)

s

where xj=—1, x3 =0, and x3 = 1. (/o)
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‘ [202) 4. Solve the following dilferential equations.

’(a).Td‘L;j-G%L:—%ET (10%) | = S ‘\\

(b) *’—JLHY——U\/T (102) - - v
(20%) 3. Solve the initial problems” L - - '

(a) y"—2yy'=0, y(0) =0and y'(0) = 1. (10 %) | )

(b) 5" +0y = xcos(?x) ¥(0) = 0and y‘(O) -1 (ogy .

L}

(104) G. Find the currents in the circuit show_n in Fig. L.

| ;
»
|
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1. (a) Find the Thévenin equivalent w1th 1espect to the telmmals a; b for

the circuit in Figure 1. (14%)
" (b) If an adjustable load R is connected to the terrmnals a and’b, find the

-

maximum power transfeled to R,.. (6%)
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il. In Eigure 2, switch 1 has been closed and switch 2 has been opened f01 a
ong-.time. At t=0, switch 1 is_opened. One hundred 1mlhseconds later

switch 2 is closed Find
(a) ve() for 0 < t=70:15.-(10%)
(b) vV for O ls <t (10%)

—tcg, 30K ' \:t"'°~1 second .
Teh 1YV T —
switeh | switdh 2 - -
- Vet . : © switch “opene

X 20K )
2-*?,‘_,‘ gok_fg .—Tz MF 2 ZOOKR Switch “closed
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3. A bipolar transistor is biased at collegtor current Ic =0.5mA and ‘
common-emitter forward short-circuit current gain By = 150
(a) Determine transconductance & at room temperature. (6%)
(b) The input resistance h., =7.6K£2. Find base- spxeadmg resistance
(6%)" ¢
(c) A load resistance RC = 2K is used and the transistor is driven from
2300 ¢ 300 @ voltage sou10e EsUmate the t1ansfer voltage gain. (8%)

-

4. (a) Draw the'low- -frequency small-signal model in Figure 3. (10%)
(b) Derive an. expwssxon for the'signal component of v, pLoduced by the
qlgnal input v,. (10%)

. " tVop _ .

. —| @l

Fl‘gur_e 3

5. The dlffenentlal- and common-mode gams of a differential amplifier can
be approximdted as ~ " -

e

I+ s/2rx10 L+s/2rx10"

-

s

(&) Sketch the asymptotxc Bode diagram of the common-node rejection
ratio CMRR..(10%)

((bl)ogt)what frequency is the CMRR one-half its low-frequency value?
(%]
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([5%) 1. Given the system

n4d

ynl= 3 2kl :

k=n-1

where x[n] and y[n] are the system input and output respectively. De-
termine if the system has the following properties: )

- "

(3%) (a) Memoryless |
(377 )(b) Time-Invariant i .
f37/) Lmear -

(3703 d) Causal : - | )
(37,)(c) Stable . " ’ .

-’ A o CerE
In each case. please justily' your answer;

(& 7/> 2. Given two d:screr.e time sighals: .
zl[n] = cos(X2) . CL ) - -

z2[n] = sin( 7’"')

Which s1gnal has higher oscillation rate ? please ]ustlfy your answer. '

- - J‘

.‘_\ .

»
N —

(12 / ), 3. x(t) and X(w) are fourler transform pair, Prowa the following equation:

[Iwwt——[!XMP

(Parseva.l’s equa.l:xon) o LT

‘i-.

—~ P N

5"/) 4. Gwen an mput s\gnal z[n| = .sm(’"‘) 2cos(Z2) to-a LTI system thh

.h[n] "n('—— » What is the output y.{,u] ? L : ; ' “
* Hint: Fourier transform of "—"ﬂrﬂl is an ideal lowPa.ss flter with cutoff. ‘ {

frequency W.
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@t)5. (a) Find the Fourier transform of’thé time Eunctlo; shown
below. (Hint: Consider x(t) as the convolutlon of two

pulses.) ? (10%) B px(t)

+

(b} Evaluate the integral
nm - 4 -
. sinl dr - ..
_[ [ { ] . (10%)

-w
&ﬂﬁ 1hL following dlffeanLlal cquation is d‘model for a llnedl
system with input w({) and output y{{). A

_i%ﬁii y() = u(i) o _

e e ‘

If the intput u(t) is the square waveform shown, then
find the third harmonlc in the output. )

=

uit)

J,fa” l r‘1 ' ] II:‘;" ’ t‘. | | ; | ~
STERRE

¥ 1. Let z{{{) and z3(l) be two periodic signals, with a common
period of loy. Define the periodic convolution of x (%) and

. L‘g(f) Aas - ) ‘ , .
| z1(%) %nngf) - [ s )ma(ter)in <ty

(a) Let— ,' . ) S .
‘\ a+ T . *

"““ﬁw,y (t) = JP Ozl(r)xg(f—rjdr . _

kY
where & is an arbltlary real number. Show that

{ ¥(t) = (t) . (7%)
(k) Compute the beriodqgﬁconvolutlon of the signals shown
below, where we take fo=/. . = . (8%)
o Xt < . NN (N
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1(25%) (a) The flollowing is a t1ulh table of a 4-input 3-output .
combinational circuit. Find the simplified Boolean function for outputs A, -
B,and C as a function of_foux mputstO, D, D, and D,.

mpu\ s oul puls - -
Do, By Py Py A B C.

v ‘v 9 O % x o Wil IK’

I o v o o o | dowt CWE‘

X 1 2 0 o '. )

X x 1o [ o :

X x x| t v

(b) Based on the simplified outputs, design the combinational- circuit with
the minimum number of gates (Use only NOT, AND and OR gates).
(c) Describe an application for this circuit.

2.(25%)(a) . Why a hazard may occur in lhe combmatlonal circuit
1mp1emented by the Boolean funcUon

Y =X X, +x2x3

v~

(b) Design a hazard-free circuit for output ¥ by adding one more gate.
Show the logic diagram.

T 3.(25%) A sequential circuit has three D fhp flops, A, B, and C, and one
input, x. It is described by-the following flip-flop input functions:

DA = (BC4BC)x+(BC+R'C)x’

t

DB=A

. S——

‘ DC =B,
(a) Derive the state table for the circuit. .
(b) Draw two slate diagram: one for x=0 and the other for x=1.-

tu

4.(25%) Design'a synchrondus BCD countér with JK flip-flops. ~
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1. Suppose you must sort a list of six names, and you have already designed an
algorithun that will sort a list of four names, Design an algorithm to sort the list of
six names by laking advantage of the previously designed algorithm.

2. Insert the keys: M, T, E, A, Z, G, P, in the order showh, to build them iuto an
AVL wee. Meanwhile, explain what is an AVL tree. (Hints: Itis a Iughlly bal-
anced uce.) )

3. The Fibonacci numbers are the series of 1, 1, 2, 3, 5, 8, 13;... Suppose we w:sh _
to computé the n'th Fibonacci number, How canwe ex press lhlS problem in a . t
lOglC language (e.g. Prolog)?

4. State and illustrated at least five language design principles. -

+
-

5. (a) Find the sum of products form for the following cxpression,
F(A,B,C,D,E) = (AC + D) (B + CE) _

. . i
(b) The Karnaugh map for a three-input combinational circuit is'shown below. k

AB ' - F .
O o 1110 . _ _ |
- 0 1 1 S

1 1 1 , “H

—_——— e

~

. _mam, .‘I'- . . ’ . . . A . » ) . . -’ !
What is lhe'flln___q}lmmllly for this circuil? Describe an application f{or this circuit. f‘

— i
6. Sirnplify-lhe lelowin g Boolcan expressions.

»

(@) WXY + YZ + XYZ + XY -
(b) BD + ABC + ABC + ABC
. ©) F(AB,CD) = 5(4,6, 7,15) T
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. Prove Lhe Schiwarz mequahly |A-B| < |]A|] 18], whue A aud B are two vectors in R" ~ B
(L0%). : . B

. . !

i

2. Let L:iR*— R% be a lmem map. Suppose that . M
L(l = (1,4) and L(2,-1) =7(-2,3). ' Tt . ;
Find L(3,~1) 10%) - . : It

: X .i

KR }'mg)a.u ou,hogonal basm for the space of solutmm of the linear equation 3x—2y+z 0 }
10% i

4. Compute the ranks of the followmg maancs (10%): -

.
5

- b 3Il—l - e

a [ 21 6.0

3L =24y e
527 5 -1 8
8§ 3 8 4 - T4 2 |1

§. l'm(l the eigcuvalues and a ba31s for the eigenspaces ol the matrix (10%)
21 0] . ‘ -‘ ‘
o1 =l | > 7 . )
02 4 |- .. - . : ) .

. ' R “-.-4\_—;.-;'—
\.—u—\ -
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6. Show thal ,* — 4,7 is divisible by 3 for all ;;> 2 by induction (10%).. - -

-

3
—

7. A tree is a connecled graph wilhout any circuits.
Prove thal in a tree, the number of edges is one less Lthan the number ol verlices (10%).

*r

8. Forty compulers are on sale at a shop. The oplions available are a CD-ROM, a sound
card, and a fax-modem. Itis known Lhal among all thesc (.ompulus 20 have CD-ROM,
12 have sound cards, 10 have fax-modems, and 5 have all three options. Find oul at least
how many compulers do not have any oplions al all (10%).

9. A high school student wants 1o prepare [or the universily entrance exan by working on
sample problems in 50 days, He wanls to work on at least one problem a day biit no more
than 90 problems in .50 days. Show that no malter how he schedules the problems, there
is a period of conseculive days during which he works on exactly 9 problems (Hint: usc
the Pigeonhole principle which slates that when there are more pigeons than pweouholes,
there must exist one pigconhole Liat holds more than one plz,cons ) (10%

10. A village 15 inhibited by people who eilher always iell the teuth or always Lei! lies, and
who will respond (o questions with a "yes" or a "no". A traveller [rom the city comes Lo a
fork on the road, where gne branch leads (o a restaurant and e other docs nol. The
traveller wants lo gq Lo a restaurant. -An inhabitant of the village is at the fork. Whal
sinlge question should the traveller ask him in 01de1 lo determine which branch to take?

(10%) )

-~
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List five dillerent a.ddréssing modes you know, and explain them (10%).

Describe how Lo process ]itefa.l.operands‘du'ring' Passl and P’assz', respectively (15%).

Show the overlay dehmuon‘ using control statements SEGMENT and'PARENT, and
then calculate cach segmenl. s actualaddress il the sl.amng address is 5000, ¢ (15%)

7 %

Conbrol section . Length {bytes in hexa. base)
A . - 2000
3 ' 1500 .
¢ . 3000 . :
D 1000 - S
15 1800 ) '
o . .2000 ' .
G . 300 b - - L
I 1200 T
. / AN
/B C .
) D/ﬁ \I‘ G/ \

. Dcscnbe the coulenis of macro processor tables, such as NAMTADB, DBFTAB and
ARGL‘AB will au example (10 '

- bl - -

. Draw the process sLate_—Lransitiou diagram and explain the s@ate—transit_ion ( 10%).

. State'the necessary conditions for the deadlock (10%).

. In pagiﬁg_ hemory., system with translation—lookaside—buller (TLB), calculate: the
average access time (i.e- ™tm-— main—memory access time) if a TLB is 10 times
faster than the main memory and the hit ratio is 80% (15%). :

[P

. For a two—address instruction, . such. ‘ADD @x @y , how many MEmory
relerences/page faulls are requued ‘to complel.e execution of the instruction in lhe
worsl case, respectively (Assume that each operalion code and operand address is
encoded in one word.)? Try to explain each memory 1e[etence and page fault, not just
giving a nunber (15%).




- S 2{ \

e w2 H
B3 E M kT = L A
'\+ Mmﬂ*ﬁrfrﬁi—rﬁwa&#ﬁﬁm” (Rl ﬂf&glq{% T # El

e N2 E LAY I A AR W5 -
15),- Consider the efTects of changes to an instruction set.
A load/store machine, Machine A, has the followmg instruction mix and clock cycle
counts per instruction., :

o .'1 L]

|5 4" X 'ﬂlﬂjk ﬁ'ﬁﬁ‘«‘t

Operation _|Frequency Clock cycle count

ALU ops A3% [

Loads 21% 2

Stores 1.2% 2

mranches 24% 2 -

Machine B is derived by adding a new register-memory instruction. “ALUnew" to the
machine A's instructions, The resulting Machine B changes the instruction mixes by

1. changing the 25% of the original ALU ops to the new ALUnew instructions v
2. reducing 25% of' the original Loads instructions, and
3. increasing the clock cycle count for Branches by 1.

-r

Assume that the instruction counts for Machine A is 100, and Clock cycle time
is a constant.

a. What are the Cycle per Instruction (CP1's) for machmes A and pe (! 3 2 )
b, What are the CPU times for machines A and B? )

—

L] . -

=, Explain how to use.” forwarding (also, cal{ed bypassmg, or short- mrcmt)" and “*pipeline .
stall (also called bubble)” to resolve pipelining data hazards.
. You can use the five-stage instruction cycles IF, ID, EX, MEM, WB. to explain your
ideas graphlcally
Use the following examiple code segment to explain the method of’ forwardmg

ADD  RJ,R2:R3  ;add R2 and R3, then store the result into R1.

SUB "~ R4, RI,RS ~ ;subtract R5 from R1, store the result into R4.

AND *© "R6;RI;R7  ;logical AND Rl and R7, store the result into R6.
Use the following example Code.segment to explain the method of * ‘pipeline stall":

LW R1,32(R6)  ;load a word at location R6+32 into Rl

ADD R4.RLR7 ‘R4=RI+R7 . =
SUB RS, RI,R8 :RS=RI-R8
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“"a) Consider a system with 28 bits addressing, a 16-KB cache, and the block (line}
size is 32 bytes. For the following cases, how many bits are thére in the

tag? (57 ) . - , -

¢ a direct mapped cache
¢ a fully associative cache

. ¢ a 4-way set associative cache

b). Consider the following sequence of addresses. (All are hex numbers) 01AA0050
0LAB043 2FE4057 4FFD85E 01AAO4E What will be the tag values at the
end of the sequence for the direct mapped caclie and the 4-way set asso-
ciative cache in part a). You may assume some initial states and show the

initial and final results. ( 6};‘-}') ' -

c¢) Consider a system that has both a cache and a virtual memory. Assume the .
virtual address is 32 bits long and mapped into a physical address that
is 28 bits long. The cache configuration is"4-way set associative same as
the one described in part a). Suppose ¢ach page is P = 2* bytes long, For
each memory reference, the virtual address is first translated into a physical
address by looking up a page table with 2(28~*} entries. The physical address
is then used for the cache reference. Suppose that k = 12, work out-a scheme
that perinits you to overlap as much as possible the virtual-memory function
and the cache function. Explain your scheme and show the relative timing. [ 6 %)

d) At least 5 bits are required per set to indicate the LRU ordering of the four
entries. How would you use just 4 bits to approximate LRU? ( 6 )

L - - X s M K 4 e oyt R s e
. " e —— e e -~

-ﬁ_.\-___'_

#}J\] Three devices A B a.nd\C are connected to the bus of a computer. I/O transfers

for all three devu:es use 1nterrupt control. Interrupt nesting for devices A and B
is not allowed, but interrupt requests from G are to be accepted while A or B are
being servtced Suggest different ways in which. this can be accompllshed in each
of the following cases : >

a) The computer has one interrupt- request line and no vectored—lnl:errupl: capa-

bility. (l'b )

b) Two interrupt request lines INTRl and INTR2 are a.va.lla.ble, with INTRl
having higher priority. ( Q.)\- )

Specify when and how interrupts are enabled and disabled in each case. .
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1. Tor the circuit of Figure'1, find the voltage gain V,}V,, the input’resistance R?},La.nd
the output resistance f2,;. The op amp has open loop gain s =.10* V/V, R =100
KQ, Rien = 00, and 7, = 1" 0. (12 %)

a4

2. Plot the transfer characteristic V, — V; of the circuil in Figure 2. ( 8, %)

3. Find the logic function implemented by the circuit shown in Figure 3. (6 %)

T

4. The op-amnp system ol Figure 4 has a gain [unclion that is
. : 1

10% * K -
G(s) = (14 .,,./‘104)2 .

R=1KQand C=0.1 pF. o ]

(a) Delermine the closed-loop transfer function V,(s)/Vi(s). (7 % )
. o .
(b) Tind the value of & above which the closed-loop system becomes unstable. (5

%)

F ]

5. Consider an"NMOS invert with enhancement, load having Vi = 1 V, (W/L); =4,
(W/L)z = 174, paCox = 20 pA/V?, 24; = 0.6 V, 7 = 0.5 V2 and Vpp =5 V. ‘

(a) Neglecting the body effect, find N My, and NMg. (7 %)

(b) Taking the body_;[_'[é?it inlo account, find the modified values of Voy afd NMir.
( 55%) . .

-

6. Write the transler function of a'second-order notch filter as shown in Figure § lor

which the dc gain is unity, the pole [requency is 10 rad/s, the pole Q is 0.5, and Lhe

transmission is zerd al-100 rad/s. (10 %) - !

T #7 T T d% 1
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1. From the ambipolar transport. equation for excess minority carriers,
derive the lotal current density of the’p-n junclion in details. (11%)

2. (a) Compare the major differences betwecn the ohmic contdacts and
reclifying contacts of the metal-semiconducior contacts. (7%)
(b) What are the dlITercnces of (he Schottky barrier dlode aud the p-n
junction diode. (5%) R
3. Sketch the énergy band diagrams and the charge distﬁbution‘ in an MOS'
sttucture  under biasing conditions ¢Corresponding  “to  carrier
accumnulation, depletion, and strong inversion. Use the (a) p-type.and (b)
n-type substrate, and neglect the effects of surface states and work

function difference. [(ayNul : 6%; (b)/]MT © 6%]

4(a) A uniformly dgped npn bipolar transistor at T = 300 K is biased in
saluration. Starting with the transport equation’ for minority carfiers,
show that the excess eleciron concentration in the base region can be.
" expressed as

Snp(x)=ngy{{exp(eVpe/KT)-1][1-X/Xp] + [exp(eVp/KT)-1][X/2 ‘fB]}
for Xp/Lp << 1, :
Xpg: neutral base width; Lg: minority carrier dlﬂ'umon {ength in the base;
Vpg: B-E junction voltage; Vge: B-C Junction voltage.  (10%)

(b) Derive the minority carier diffusion current J; in the base..

‘ (5%)

5. A spherical” Conductor with radius b, as-shown in Fig.l, is
concentrically. surrounded by a dielectric shell with inner radius R; > b)
and outer radius™ Rg~The dielectric constant of the shell is e.. A total
Chd[ge Q is uniformly distributed on tlle surface of sphe;e Detetmine
the electric field intensity E and the polarization P-as funclions of the
radial distarice R in the regions: (a) b< R < Ri; (b) Ri <R < Ro; and (c)
RZRo. [(a)/ Nl * 5%; (b)/ 8L 2 5%; ()N = 5%] - "

e
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6. Consider the region enclosed on three sxdes by grounded conducting
planes shown in Fig.2. Tle end plate on the top surface is [nsuldted from
the grounded sides and has a potential V = Vysin(nx/a), where Vg is a

coustant. All planes are assumed to be infinite in extent in the z-
direction. Detlermine the potential distribution within the region. (20%)
7 Referring lo Fig.3, a long straight wire of radius a has a circular hole of
radius b parallel to the axis of the wire but displaced from the center by
a distance c. A cutrent 1 flows in theé wire and s umformly distributed
across the conductor (the shaded region in Fig.3). Find the magnetic flux
density B at the-center of the hole. (b+c<a)y + .
(15%) . _ &
. .Y -
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Appendix A System of Units, Conversion FFaclors, and General Constants

AL Physical constants

v

Avogadro's number

Boltzmann's constant 1

Llectronic charge
(magnitude)

I'ree cleclron rest mass
Permeability ol lree space
Permittivity of lree space

Planck's constint

Proton rest mass
Speed of light in_vacuum

Ny= 06.02-% IU*“
dloms per gl.lm
molecular weight

k=138 x [0-2J/K

8:62 x {0~ eV/K

e =%.60 x 10-V¥WC
e =911 x 072" ke
e = 4w x 1077 Him
£, = 8.85 X 10" F/gm
= B.85 x 10-17 F/m-
ft =6.625 x 103 )-5
4.135 x 10" eV-s

Thermal voltage (T = 300°K)

— = fi = 1.054 X 10~% J-5 .
2 ,
M = 167 x 107V ke
c = 2.998 x 10" cm/s
v, = 5T - 0.0259 volt
kT = 0.0259.eV

A 2 Slllcon 5_,a[l1unl arsenide, and germanium propertics (T = 300°K)

I’roperl) Si ' GaAs Ge
Aloms (gm™) - 5.0 % 107 4.42 x (o - 442 x 108
Alomic weight™—_ ;‘ - 28.09 I'44.63 . 72.60
Crystal structure ‘-\.__,_.,__\ Diamond Zincblende Diamuond
Densily (g/cm—Y) - - <2.33 ) - 5.32 5.33
Laltice constant (A) . *5.43 © O 5.65 5.65
Mclting point (°C). 1415 1238 937
Diclectric Constant 1.7 ‘ 131 6.0
llamlg:lp'cncrgy‘(eV)' .12 o142 (.66
Electron alfinity, x, (volts) 4.01 ©407 4.13
Effective density of states in” 2.8 X IU” 4.7 x 101 .04 x 10

conduction bund, N, (em=?) T .

Llfective densily of slutes in 1.04 x 10 7.0 x 0™ 6.0 x 10

valence band, N,, (cm™?)
Intrinsic carrier concentration (cm™*)

1.5 % (W 1.8 x |0

2.4 x Q8
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- Appcndix B System of Units, Conversion Faclors, and General-Constants

B | (concluded)

Property - Si . GuAs . Ge
Mobility (cm?/ V-3) o ) “ . ;
Electron, g, ' ) 1350 _ 8500 3900
Hole, u, 481). ) 4() <1900

e oty
Elfective mass, P
!

f“ . : )
Electrons m} = 0.98 L0067 . 0 164
T net =019 ' 0.082 -
Holes L . ard ="0.16 < 0.082 s Dadd
i cmp = 0,49 =, 045 i 0.28
Ellective mass (density of stutes) ' o - =
Electrons, (”"‘) ” 108 0067 T 085
Holes, (m’) 0.56 . 048 . 037
B ()ll\t:l;;i_plﬂiCﬂhLlUClor paramelers
Matertll . . B (eV) - a(A). . g X it
Aluminum arsenide 2.16 5.60 | 12,0 3.5 . Y7 -
Gallium phosphide ' 2.26 545 - 10 4,3 R IR Y
Aluminum phosphide  ~ ~ 2.43 . 5.46 9.8 - K - 3.0
Indium phosphide ‘ 1.35 - =-"5.87 i2.1 4.35 3.37
,.___,,3 l‘lQperlnes of S|Ol and S:,N4 (T = 30()°I<)
= SIO; i 3 ) B SijN.]

l’ropcrly - _

Crystal.structure

Atomic ar molecular
density (cm")

Densny (p- cm“)
Encrgy gap
Dieleetric consl{ml"
Melting point (“C) _

>($Pn $Pa
Df’é_f:)f?) %Fb_zst )_(_8

[AmoFphous for most integrated
circuit applicalions] .

T2,27x 10 © o LA48 x 10
2.2 3.4
=9 eV . 4.7 eV
3.9 7.5 .
=~ {700 = 1900

/'-__. SEn - 3(SP;1)
Tpo P N
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