


3. A bipolar transistor is biased'at collector conent 1, = 0.51nA.and * 

cornrnon-emitter forward short-circuit current ;air; P, = I 5 0  
J 

(a) Determine trausconductpnce 6," at room temperature. (6%)~ 
. (b) The iuput resistance hi, = 7.6Ka. Find base-spreading resistance r,. 

(6%) 
(c) A load resistance R, = 2KQ is used and the 'transistor is driven from 
'a 300 Q voltage source. Estirnate the transrer voltage gain. (8%) 

1 
-. .- .. - , . . 

b .  

4. (a) Draw the low-frequency small-signal model in Figure 3. (10%) 
(b) Derive an expression for the signal component . of v, produced by Lhe 
siglial illput vi. (10%) - .- . - .  

. + - -- -- 
. .- 

i 
- - 7 .  
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5. Tlie differential-ki~d-co~rno~~-mode gains of a differential amplifier can 
be approxi~nated as -. 

-- 
I * - 2 0 b  and AcMs L0.5 
I I i. s/2nx10"-- v- l+sl2rrx10" 

.. . - 
(a) Sketch the asy~nptotic ~ o d e d i a g r a ~ n  of 1lie co~mnon-mode rejection 
ratio CMRR. (10%) 

: I (b) At what frequency is the CMRR one-half its low~fiequency value? 
(1.0%) -, 



I ' the outpul resistance R:,. The op amp has open loop gain 1; = 10' V P ,  12;d = 100 

I ICR, Ri,,, =-cu, and r, = 1:ICR. (12 %) . 1 

I 2. Plot the lransler characterislic V. - K of the circuit in Figlire 2. ( 8 %) . . 
I 3. Find the logic Iunction irrlplemented by the circuit sllown in Figure 3. ( 6 %) 

I . 
4. 'l'hc op-alilp sysle~rl ol  Pigurc 4 l ~a s  J gai11 lu~iclioli lllat is 

~ - 
(a) Determine the closed-loop transler [unction V,(s)/l',(s). ( 7 % ) . .___I . 

(b)  Find the value of k above which the closed-loop system becomes unstable. ( 5 . 
% . . .'.. 

5. Codsider an' NMOS inver(: with enhancement load having &, = 1 V, (MT/L)1 = 4, 

(.W/L), = 114, pnCoX = 20 pA/VZ, 24, = 0:6 V ,  7 = 0.5 v1I2, a n d - V ~ u  = 5 I/. 

'-a\ 

--(-a)=Neglectingll!e body erCect, find NMI,, and NML. ( 7 %) 
-- 7-4. 

(b)  Taking - the body effect inbo.acwunt, find the modified values of VOI~ and NMII.  

- ( 5 % )  . . 
. - -. 

'1 ure 5 lor 6. Write the Lransler Iunction of 'a second-ordir notcll filter a s  shown in r ' g  
-, - . . " 

wh'ich the dc gain is unity, the-pole frequency is 10 rad/s, the pqle Q is 0.5, and the 
-. 



> 
7. A F j X  sswilcl~ is connected will1 two load resistors as sliown in Figure 6. Tlle inlent 

- 
is lo provide sornewl~at complemel~tary signals a& X and Yi lh i t  is, when one rises, 

the other falls.. For the FET, I ~ s s  =' lo  mA-and Vp = LZV. $or the diode, when 

conducLillg, Vu = 0.7V. When the diode is cut OR, what are the vollages al. X and 

Y? What vollage is required. aL A Lo ensure that ihe diode is barely cul OR (diode 
.. . . . .- 

voltage is zcro)? What; voltage on A is required lo cause I;l~e 3FET lo cuL OX? What 
L 

voll,agc:s 011 X ant1 Y resull? ( 15 %) 

9. Wrile the l.ransfer l"nction lor an amplifier havinga gain of -16fij';t midband and 

a low-frequency response characterized by zeros al 'l  and 10 rad/s (on the negative 

real &is) ,md poles at 5 and 100 rad/s. - What is I.11e dc gain of this amplifier? What - 
is its 3-dB Crequency? ( 15 %) . . 

I 8. In Llle.cil:cuit ol.Figure 7 all devices are malcl~ctl. Find klle value or Vo. .( 10 %) 
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I 1 

: 9 6 , 9kIOOfi; 2 j 3 & l y J ~ ~ f ,  gflIJF=J+[-fi 

( I  1. Let T: I2 -4 I3 be a linear transformatio~~ satislyir~g 

l'(5,-1) = (l . t l , l)  and T(-1,5) = (-1,-1,-I)* 
(a) Birid the general expression [or T(xl,xz). , ( 8%) \ 

(b) Find the rartk and the nullity ot T. (72 ) \ 

('5%) 2. The trace of an nxli matrix A is the SUIII of its entries on the lnain diag011a1 that is 

n 
trace(A) = .L' 3ii  

1 2 1  .- 
(a) Sl~ow that the lunc_tio>~ <-,.> : InXn x 0 1 ~ ~ "  4 IK defirled by - 

<A,B> = t r a c e ( ~ ~ 9  (5%) 

is an inner product or, ~ ( ~ ~ ' l .  

(b) Are the vectors C = :] a11d D = [:-;I ortl~piunal ? ( 5%) 

(c) I11 part (b), what is l(Cll ? And what is ((C-D(I ? (5%) 

(20%) 3. Let P4R) be the vector space of polynomials of tlegcqe less t11a11 or .equal Lo 2. Let 

. 'I!: Pz(I) -- P 4 I )  be the liliear operator defined by 
i. '+. 

T(p(x)).= p(x) + xpt(x) + p ' ~ ( x )  (#:diIfere~~tiation) 

I Let /3 = 11, x, x2) be the standard ordered basis lor P2((K). 
(a) Piud t l ~ e  s1anda;d matrix representation [TI of T. (5%) 

. P 
(b) Fid-+n-cg&red-basis - 7 for p2([R) such that the ~rratrix,representatior~ 01 T nit11 

respecl to 7, [TI is a diagonal matrix. (5%) 
7' 

(c) Bird an  ort l~onorn~al  basis for P2(1R) if the inncr product on Pp(I)  is deliued, Cot 

any ~ ( ~ 1 1  q(x) E P2(1R), by - _ -r , 





. . 

1. (a) Find [he Thivenin equivalent with respect to the 'terminals ,+ a; b for 
the circuit in Figure 1. (-14%j - 

a .  (b) If an adjuStable.load R, is connected to the terminals a. and'b, find the 
maximun~ power transfered to R,. ((5%) d 

--. . . - 

2. 111 Figure 2, switch 1 has been closed and.switch 2 has been opened for a 
long-.time& t=O, switch 1 is-opened. One I~undred lnilliseconds later 
switch 2 is clbsed. Find 

a (a) vc(t) for 0 ~~"O:IS.- ( IO%) 
, . (b) vc(t) for 0.1s t. (lo%)-- 

.- 

t = 0 ,  l ~ ~ c o d  -- 
- switch "openrc 

200KR - 
switch "c( ~ s e d  - 

. . r; - 



3. A bipolar transistor is biased at collector current.Ic = 0.5mA and 
comn~on-emitter foiward short-circuit curreht gain' Po = 150 
(a) Determine transconductance sin at room temperature. (6%) 
(b) The inllut resistance llic =,7.6Kn. Find base-spreading resistancei;. 

I 1  

(6%) ' t 

(c) A load resistance Rc,= 2Kn is used and the transistor is driven from 
a 300 voltage source. Estimate the tra~isfer voltage gain. (8%) . .. . . . .  -. .. . - .  . . . 

4. (a) Draw tl~e'low-frequency small-signal model in Figure 3. (10%) 
(b) Derive an.expression for tt~e'signal .component of v, pcoduced by the . 
signal i1ipt11 vi.  (10%) . . 

- 
Y. 

5. The3ifferelltial- and common-mode gains of a differential amplifier can 
-. .- be approxim'ated as - . 

-- % 

h *  

(a) Sketch the asymnPtotic Rode diagram of the co~Gnon-mode rejection 
ralio CMRR..(lO%) ' - - 
(b) At what frequency is the CMRR one-half. its low-frequency value? 
(1 0%) 





- 

I p6. ~ ~ e ' f o l l o w i l l l ;  d i f f e r e n t i a l  e q u a t i r n  i s  ; & m o d e l  f o i  r l i n e a r  
s y s t e l ~ l  w i t 1 1  i n p u t '  u ( 1 )  a n d  o u t p u t  y ( 1 ) .  . . 

1 

i 

. -* - .i . . -. -- - 
I f  t h e  i n t p u t  u ( l )  ' i s  t h e  s q u a r e  w a v e f o r l n  . s l l o l r n ,  t v e n  
f i n d  t h e  t l l i rd  l l a r m o ' ~ l i c  i l l  t 'he  o u t p u t .  . - 

+ 
, . 

, ..? 
-. 

2- 

% ) 7 .  Let r C l . 1 )  a n d  x 2 ( 1 )  be' t w o  f i e r i o d i c  s i g n a l s ,  w i t 1 1  a  cvmn~orl  
p e r i o d  o f  T o ;  . D e f i n e  ' t h e  p e r i o d i c  c o ~ ~ v o l u t i o n  o f  s , ( t )  a n d  

. z z ( t )  . a s  
-1 T o  

x l ( t )  ' s + . = z ( t )  = $ X ~ ( T ) X Z ( ~ - T ) ~ T  =' y ( t ) .  
0  . 

( a )  ~ e t - , '  . *'- 

i. 
7 

- 
a 

where  a i s  a n  a r b i t r a r y  r e a l  i l u n ~ b e r .  Sllow t h a t  ' 
y.(t) =- y a ( t )  . ( 7 % )  * 

(b) Compute t h e  ' p e r i o d ~ i . ~ ~ c o ~ ~ v o l u t i o ~ ~  O F  t h e  s i g n a l s  s11ow11 
5 ' (8%). be low,  w h e r e  we t a k e  T o = l .  

.. . - . .-* 

X~III, - 
- 

. . .  . . . . . 
1 2 . 3  1 

I 

I 

, 
I 

i 
I 
! 

i 

. . ;rrzmtzEl -balJ jp- 

~ \ t~@B&@f%f i%f  ~fih+$%%% 
12 dJ'C Y, d? 1% 

.A ". 

- .  
1 0 % ) 5 .  ( a )  'Find t l ~ e  F o u r i e r  t r a n s f o r m  o f  t h e  t i ~ n e  f u n c t i o n  s h o w n  

b e l o w .  ( H i n t :  C o n s i d e r  x ( 1 )  a s  t i l e  c o n v o l u t i o n  o f  t w o  
( 1 0 % )  - p u l s e s . ' )  1 

( b )  E v a l u a t e  t h e  i n t e g r a l  

' JiI [?]'dl . 
- I  i. 



. 

3 / m /  H 

a % * & # q @ - p $  - -q -? Jp . =& *. . SJ- 

/L-b2&4/Wg%?IT2fif  -Whq$fftit'&l ."' 4 - 8  : i&fijJ#kN pf ixq  :!f~f<lliji i~r~ 

: ,.;~..;&a$!&g . *H'0fi . 3 ~ j 9 y x g j { i ) ( { \ k ~ ~ ~ f i . g ~ . ~ ~  # 

:g~ll~~:l: j j . . . . 
Z.,lL!~EZIG &~-J3ER@&ZZG4bi% ?!5iiiGZ . 

.- 
1.(25%) (a) T h e  following i s  a truth table of a 4-input 3;output . 
combinational circuit.-Find the simplified Boolean function for outputs A, . 
B, and C as a function of f ~ u r - i n ~ u t s c ~ ~ ,  .. Dl, D, and D,. . 

. - - &' 

;npu\.s QUA I"\ s - - .  . '. 
dd. . '~ ,  D, D, A 5 C. 
[ I ' D  o o x .o P O ~ C :  % 

d.n't C q  
I .  0 .D 0 . , " D l  4 
X I 0 0  0 . I '  0 

X X  1 0 -  .I 1 0  

X Y X I  I I 1  

(b) Based on Lhe shnplified outputs, design the combina~i.onal:ircui~ will1 
the minimum 11ulnber of gates (Use only NOT, AND and OR gates). 
(c) Describe an application for ?]is circuit. . .. 

2 . ( 2 5 % ) ( a ) ' . ~ h ~ . '  a h i za rd  may occur in the combinational circuit 
inlplemented by the Boolea11 function -- . 

Y = x l x ,  +x;x, 
*.b 

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

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

.- 
DA = (BC'+B'C)X+(BC+B'C~~/ 

D B = A  - --- --. -\---. , - .. --. >. .. 
<- DC = B. 

b 

(aj Derive the state table for the circuit. 
(b) Draw two slate diagram: one for x=O and the olher for x = l . -  . 

. ., . . .. .. -. - 
4.(25%) Design' a syncl~rbno% BCD counter with JK flip-flops. 

I 



I tm : 1. &3%%firn I %- g ~ =  BZ ~firn@rn+553 
I % P I .  %iSB@a=+9 %R9R-E53 

I 
2. wtwamzxw a~o;r;=r.m 
3. BRBX@ :?i&%-BE 1 @&&B&f3R'o. - 

1. Suppose you must sort a list of  six names, and you have%lready designed an 
algorith~n that will sort a list of four names. Design an algorilhm Lo sort the'list of 
six namcs by taking advanlagc of Ule prcviously designed algoriUlm. 

2. InserL Ulc kcys: M, ?, E, A, 2, G, P ,  in thc ordcr showh, to build thcm into an .- I 
AVL tree. Meanwhile, explain what is an AVL tree. (I-linls: I t  is a hightly bal- 
anced irce.) 

3. The Fibonacci numbers ate Ule series of I ,  I ,  2, 3, 5, 8, I3;..: Suppose we wish 
lo compuk die rl'f11 Fibonacci number. How can we express u~i's problem in a 
logic language (e.g. Prolog)? . 

4. State and illustrated at least five language design prihciple's.. 

.- . 5. (a) Find Ule sum of products form for the following cxprcssion. - . 
F(A, 0, C, D, E) = (z + 5) (B  + CE) 

> ... - .  

(b) The Karnaugl~ map for a three-input conibina~ional circuit is~shown below. 

- 
~11acis'tlie'h;~ctiollalit~ for this circuit? Describe an application for U~is circuit. -. 

-3 

6. Simplifythe following Boolcan expressions. -. 8 - 
5 

(a) WXY + Y ~ C  XE t: TY 
(b) ED + XBC + AEC + AB? 





- 
7. A llm is a connecled graph willlouL any circuits. 
Prove UiaL ih a me, [he numbeiof edges is one less ihan ihe number o l  verlices (10%). 

- 
i 

8. ForLy cornpulers are on sale a1 a shop. Tlle oplions available are a CD-ROM, a sound 
card, and a lax-riiodcm. IL is known LllaL among all U~esc compulcri, 29 liaxc_CD-ROM, 
12 have sound cards, 10 have lax-modems, and 5 have all iliree oj~ions. EindouL at ~kasl 
IIOW nialiy co~iipuLers do 1101 have any oplions a1 a11 (10%). 

9. A high school studen1 G n l s  LO prepare lor [lie universi~~ enlrance exi~ii  by workirlg on 
sample problems in 50 days. He wanls to work on at IcasL one problem a day 681 no more 
Ilian 90 problems i11.50 days. Show Lhal no lnaller how he scllrdules Llie problems, Lliere 
is a p ~ ~ i o d  olco~~sccuLive days during which he works on exactly 9 proble~iis (Hint: use 
UiePigeonllole principle which slates lllat when there ale more pigeons Lhan pigeor~holes, 
Llle~e 111usL exisl one pigconhole Illat holds more illan ollc pigeons.) (10%j. 

10. A v i ~ l a ~ ~ ~ i n l i ~ ~ i t e d  by people wllo eiUicr always ,cil h e  irulli or always Lei1 lick, and 
wl~o will iupolld Lo quikilio~ls with a "ycs" or a "no". A tnvcllcr fiom Llic cily co~ucs Lo a 
lork on the road, where one branch leads Lo a restaurant and Lhe oUier does nol. The . 
Lraveller wants Lo g~ Lo a reslauranl. .An inllabilanl OF Lhe village is a1 Lhe lork. Whal 
sinlge queslion.sliould Lhe uaveller ask him in older Lo deler~nine whicll branch to lake? 
(10%) - - 



I I 

I. List five different addressing modes you know, and exilain them (10%). 

2. Describe how to process litefal,operandidu;i~ig P u s 1  and; P-ass2, iespectively (15%). 
.- - 

3. Show the overlay deliniti'on using control sraterne~ll;~ SEGMENT and'PARBNT, and 
I lllel~ calculale cacll segmentis BctuJ.address if the sta.rling address is 500OL6 (15%). 
I 

Length (bytes in liexa. base) 
2000 

4. &scribe llle r:l;~~le~~ts 01 mjcro )rocessor tables, such as NAMTAD, DEFTAD, aud 
ARGPAD, will1 all example ( I d ) .  . 

- . - - 
5. Draw the 1,rocess s l ,n t~l rans i t io l l  diagra~ri and explni~i the state-1rsnsil.io11 (10%). - - 
6. State'the necessary conditions ior tlie deadlock (10%). 

- .  - 
7. lo l~agidf dieu~ory . s stem with tra~~slatio~l-looltaide-buIIer (TLB), ca1culal;e the 

average access lime r e . -  .?dm-- main-memory access timk) if a TLB is 10 tirnes 
faster thau the-main memory and the liit ratio is 80% (15%). 

, . . \  - -- . .- 
8. For a two-atldras iostruc~io~!,~: such. as 'ADD, Qx,@y , how many memory 

references/pa.ge iaulls are required .to cornplete_execution of the i~istruction ill  l l ~ e  
worsl case, respectively (Assume i;l~at each ol)e~*ai,ii)n wde and operand address is 
eucoded in one word. ? Try to explain each memory relerence and page fault., not just 
giving a 11u11111er (152). 



#-, Consider the erects of changes to an instruction set. 
A loadlstore machine, Machine A ,has the following instruction nlix and clock cycle 
counts pet instruction. 

Operat ion 1 ~ r e ~ u e n c y  . /clock cycle  count 
ALU ous 143% ' 1 1  

MachineB is derited by adding a new r.egiste/.-men~o,yy brst~.lrdior~."AL~new" to the 
~nncl~ine A's instructions. The resulting Machine B changes t l~e  insiluctibn mixes by 
1, changing the 25% oE the original ALU ops tothe new ALUneiv instructions L 

2. reducing 25% ofthe original Loads instructions, and 
3. increasing L11e clock cycle count for Brancl~es by 1; - - 

I 7 

Assu~ne that !11e instruction counts for Machine A is 100, and Clock cycle time 

Loads 
Stores 
Uranct~es 

is a constant. 
a. Wl~at are the Cycle per Instruction (CPlls) for machines A aid B7 l.323 
b. Whatare the CPU times for machines A and B7 c 12 5) --- . 

k & ~ x ~ l a i n  11ow to use"forwarding (also, called Gyp.assil~g, or short-circuit)" and "pipeline . 
stall (also called bubble)" to resolve pipelining data Ilazards. 

. You can use the five-stage instruction cycles IF, ID,.EX, MEM, WB. to explgirl your 
ideas graphically. 
Use k e  foIlo,w_ing exan~ple code segment to explain the metl~od of "forwarding": 

ADD ~ i ,  R2;-R3_ - ;add R 2  and R3, then store the result into R1. ' 
SUB ' R4, R1, R5 ;subtract R5 from R1, store the result illto R4. 
,A&D ' -R6;.R1;-RT . --A, ;logical AND R1 and R7, store the result into R6. 

Use the following example code.segment to explain the method of "pipeline stall": , ' 

LW Rl,  32(R6) ;load a word at location R6+32 into R1 
ADD R4, RL, R7 ;R4 = Rl+R7 . 5 

1 . . SUB R5,Rl ,R8 ;RS=Rl-R8 

21% . 
1.2% 
24% 

2 
2 
2 



I*));.. a) Consider asystem with 28 bits addressing, a 16-KB cache, and the block (line) 
size is 32 bytes. For the following cases, how many bits are there in the 
tag? C 7 G) - 

a direct mapped cache 

a fully associative cache 

a 4-way set associative cache 

b). Consider the following sequence bf addresses. (All are hex numbers) 01AA0050 
01AB043 2EE4057 4F~D85l?  01AA04E What will beLhe tag .. values at  the . 
'end of the sequence for the direct mapped cacl~e 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.I;J' ., 

c) Consider R 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 .i<'Cway-way set associative same as 
the one deskibed in part a). Suppose ekch page is P = 2k bytes long. For 
each memory reference, the virtual address is first translated into a physical 
address by looking up a page table with 2(as-k) entries. The physical address 
is then used for the cache reference. Suppose that k = 12, work 0ut.a scheme 
that permits you to overlap as much as possible the virtual-memory function 
and the cache lunction. Explain your scheme and show the relative timing. ( 6 %,) 

I d) At least 5 bits are required per set to  indidate the LRU ordering of the four 
entries. I-Iow would you use just 4 bits to approximate LRU? ( 6 %  ) 

- 
Three devices A, & a n d 9  are connected to the bus of a computer. I/O transfers 
for all three devices use i$err.upt control. Interrupt nesting for deviceiA and B 
is not allowed, but interrupt re<uests.from C are to be accepted while A or B are 
being serviced. Suggest different ways in which. this can be accomplished in each 

5 of the following cases 

I a) The computer has one interrupt-request line and no yectored-interrupt capa- 
bility. ( 1313) 

I b) Two interrupt request lines INTRl and INTR2 are available, with INTRl 
having higher priority. ( 1 2 . b  n > 

I Specify when and how interrupts are enabled and disabled in each case. -. 









I. From tl~e ambipolar transport. equation I'or excess minorily carriel's, 
derive tlie total cul.rent de~lsity of the'p-11 ju~lclio~l in details. (11%) 

2. (a) Compare the majdr differe~~ces betweell [he olilnic ,co~~tacts  
reclifying contacts of the metal-semiconductor contact?. (7%) 
(b) What are the differences of the Schottky barrier diode and the p-n . . 

junction tliotle. (5%) ' . 
3. Sketcli the enel:&.y ba~ldhiagra~ns and tlie cl~arge disthbutio~i ill all MOS 

stn~ctr~re under biasing c o ~ ~ d i t i o ~ ~ s  korrespondin~ 'to carrier 
i~ccu~nulnlion, dclepletion, and strollg i~~ve r s io~~ .  Use !.lie (a) p-tyl)e-ancl (b) 
11-type substrate, and ~~eglect  tlie effects of surface states and work 
fu~icti'on difference. : 6%; (b)/J\a : (jyGO/d] 

4 4 )  A m~iforrnly dgped npll bipolar tra~~sislor at T = 300 K is biased in 
saliuatiotl. Slartihg with the transport eqi~ation'for lhiuority cariiers, 
sl~ow that the excess electro~~ co~~ce~itratio~l in Ule base regioli call be.  
expressed as 

611B(~)=nB0 {[~.+I(~V~~/KT)-I]  [l-X/XB] f [exp(eVBdKT)- l] [X/XD]) 
for XD/LD << 1, 

XB: nei~tral base width; LB: m.inority cnrrier'difilsion. length in the base; - -  - 
VBE: I3-E jur~ction voltage; VoC: B-C junction voltage. (10%) 

(b) Derive tile ~n i~~or i ty  carrier dirCusio~~ current Jn in tlie base.. (5%) 
. - 

-4% -- . 
-'-. * - 

5. A spherical conductoi- witli radius b, -as".SlEwd. in' Fig.1, is 
conce~~trically~~urrou~~ded by a dielectric sl~ell with inner radius Ri (> b) 
atid ouler-r~di~k~+~~l~gdielectric co~!Stant of the shell is 8,. A total 

= 

charge Q is'iu~jfornlly clistributed on the si~rfitce of sphere. D e t e ~ m i ~ ~ e  
tl!e electric field inte~isjty E pid the p o ~ a d z a l i ~  P.as'furlclions of the 
radial distalice R i l l  the regions: (a) b.5 R < Ri; (b) Ri < R < Ro; and (c) 

2 Ro. [(,)/J\fa : 5%; (b)/J\)a : 5%; (c)/J\y& : 5%] . 



6. Co~lsider (Ile region e~lcloskd on three sides by grounded conducting 
planes shown ill Fig.2. T l~e  end pln!e oil tlle top surface is jnsdated from 
the bvbuntled sides aud.has a V = Vosin(nxla), where Va is a 

I collstant. All p l a ~ e s  ,xe assumed to be -inlinlte ill extent in the 7;. 

direction. Detel:mi~~e the pole~~tial distributio~~ within tl~e region. (20%) 

7: Refemllg lo Fig.3, a 1o11g straigl~t wire of radius a has a circular hole of 
radius b parallel to the axis OF the wire but displaced fro111 the center by 
a distal~ce c. A current 1 flows in h e  wire slid is unifor1ily distributed 
across the conductor (the slladed region in Fig.3). Find tile inigletic flux 
density at'd~ecenter of the hole. (b +'c < a) , 

(1 5%) . . . . 
Y 

i 
t e 

- 

V = Vo sin(xx/a) - 
..,..%j* .%,. :..l_E.~I~/?>:.>:c.x<..<< ,,...x..>. :,; r..5. :,,: - - r~ A, 
1 

b 
1. 

3 $ v =' 03 : . v = o .  
4 < '8 
8 \ .r 
*+.:<.: <...5v.: e<,.v<. :.:A,x:?h ... < 7 ~ ~ 5 :  

X 
r w. 

Figure. 1 Figure 2 
. ' 

. . 

--_ - 
.- . . -  . , 

'Figure 3 



- .  - 
1 -  - 

w zRiit.mp 
g & fiI? 
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hf ~ $ $ & 6 4 % f i ~ f i - f - ~ j i h @ ~ l ; t . i ~ , ~ e  1T&j3*i&+Rbi %[&$! $iqi&'Jfjr) jx+k 
' 

PI$,, : ~ : - ~ ~ g j [ & l # ~ ~ ~ [ # J ~ & ~ * g g  : 
..,. 

Appcl i t l i~  ,A, S y s l e ~ ~ ~  or  Units, Conversiol~ Fnc(ors, and'Ciel~er:ll ~ o l l s l n i l l s  
b 

A,J I~II~S~C;I~C~;ISI:III[~ 

Avogadrols i lulnbcr N, = 6.02- x 10'" 
:iloills per pl':lm 
~~~o lecu l ; r r  weiglll 

I3ollzn1;11111's conslant I. /i = 1.38 x 10-2J J/I< 
= 8:62 x lo-' eVII< 

Elcc l ro~l ic  c l l i~rgc * .  
( ~ l l i l g ~ ~ i i u d c )  c = 'I .60 x 10-IY C 
I:rce c lec l ro~ l  resl III;ISS I = I I x 10-J' kg 
I ' c r~~~eab i l i [ y  o r r rce  spilce cf,, = 4 ~ .  x 1.11111 , 

I 'crinittivily o r  Trec sl);lcc 6 .  = 8.85 x 10-1' F1gi11 
. = 8.85 x l o - ' ?  1;/111- 

1'l;lnck's c o ~ ~ s l ; ~ n l  /I = 6.625 x 10-J4 J-s 
= 4.135 x 10-" eV-s 

. 11 
-' = h = I .054 X lo-)' J-s --: 

8 2l-I 
I'rololl resl  illass . M = 1.67 x 1 0 ~ "  kg -- - 
Sl~eed o r  l ighl  i ~ ~ _ v . a c u u ~ n  c A 2.998 x 10'" cmls 

li T p ' I ' l ic~.r~~;~l voll:lgc (7' = 300°K) V ,  = - = 0.0259 volt 
e 

. . kT = 0.0259- eV 
4 . . 
/- - .. . 

A.2 Sili_cp11, gi1lliu111 nrse~~ ide ,  a ~ l d  gernliuliuln propertics (7 = 300°K) 
/-*-- - 

I ' ro l~cr ly  . -- Si GaAs ' G e 

A~OIIIS (CIII-1) .-- - 5.0 x 10" 4.42 x IUJz + 4.42 x 10'' 
.. -"""""""""'"""""""""" A~OIIIIC wc~g l i l  -.- .- - 23.09 1'44,63 . 72.60 

Cryslill sl l .~lcl\ lrc --- -. --. l l i i l ~ ~ ~ o n d  Z i ~ ~ c b l c ~ ~ d c  'I)~~IIIIOII~ 
k- . . U c ~ ~ s i l y  ( p / c ~ ~ i - l )  - - -  - -'2.33 5.32 5.33 

5 .  

L ~ l l i c c  COIIS~;III~ (A) . 5.43 5.65 S.65 
~ c i l i l ~ g  poinl ("C). 1415 12.18 9.17 

/ 

Iliclcclric EVIIS[;III[ - 11.7 13.1 . 16.U . 
I) : I I I~~II I 'CI IC~~~ ' ( e ~ )  ' . 1.12 ' 1.42 0.00 

Elccirol~ i ~ r l i ~ ~ i l y .  X ,  (volis) ; 4.01 . : 4.0j 4.13 
Errcclive ~ l c ~ ~ s i l y  oT sioccs i n  2.8 x 1019 4.7 x IU1' . 1.04 x lilt" - co~lducl ion b:111d, N,, (~III-3) 
IJI'Tcclive r l c ~ ~ s i l y  oT sl;i[cs i n  1 .04 x I O ' ~  7.0 x 6.0 x 101' 

V~IICII~C ~;IIILI, Nu,. (CIII-3) 
l i ~ l r i ~ i s i c  c i~ r r i c r  COIIC~II[I.:I[~OII (CIII-J) 1.5 X 101" 1.8 x 10' 2.4 x IO'.' . . 



.. - . .* '. I ' rol~crly - Si . G:IAs' . G c  

Mobility ( c ~ ~ l ' l V - s )  ir 

3 l l r ~ & r t i i s  of Si02 and SiJN4 (T = 300?1<) . .---- -- 2 .  

-5-- . - . -  -. . I ' rol~crly-  - .---. SiOl : . Si,N, 

Cl'ysI:~l.sll'ucturc . T 

. . [~ l l l i n .~ ) l~c ius  Tor lnosl' irllegr:~ldd 
circuit ;~[)plic;~lionsl - 

A l u l ~ i i c  o r  n~olccul;lr . ' 2 . 2 ' ~  IO??, ' .1..28 x lo?' ' . . 
t l c ~ ~ s i l y  (CIII-J) . . . . 

Ljelisily (g-cln-j)  2.2 ' 3.4 .. 
Elicrgy g:ip -9 e V  4.7 i V  - 
Dielccti.ic col lst i l l l  3 .Y 7.5 . 

x 

M e l l i ~ l g  poil l l  (OC) = 1700 .; 1 900 
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