'E\-eoj(( o C Meor : a\s

I, Please ~e$‘>la;y\ Wl:’rat-«e\& he Lrormols vatiaton in eledricl coudu chrity
0‘5- hﬁa\s , SeM\'Cawtstd’oYS R Gnd_ W\Su\afo‘(s A Tems 0-3? 'T'\\-é’i‘( -er&%_
bam* Syructorrs (o l>oi~d75)

2. flesse devive the ~expressian &v the resishvly og» e Sew:conductoy | P
in Ferms of electron mo\m‘l:f] M | hole mo‘o;\:t} Mp , Chege Z_,
.e[ed‘(ov\ concetration N , and hole Concontration P. Co points )

3 . H'C(S‘Q l—’YW{ M Q;t ‘t\/\ffkol -Cbu.\l‘b(‘um "f'h-e F@{M: le‘/il 'EF W\LS“’/
be Ot (G, nigenkly of % ok ke pon et | The espresim
For lﬂOLQ Concetration (S

(B-Fpd/k
P=ne 1
. Oy \:a:..{s)

4 /\cqu:ﬂa Yo '(::2‘_\ 5 F\et&t \oYon T\\ak e total Af\’\f""&V\ \a)l-ev widta
W can be Q%‘)stsﬂl as o §unchon b§ the buiff-in \mfod‘:a\ \/5;)

AT
W—J % Y\/fjfﬁ(/‘/oj\/bc

'&“V an J\&JYUFT/ S\AV\C-{-:OV\ (o fo;«d-) )

\ Depletion |
Neutral p <—q¢— region — > Neutraln
region : Np-N, : region

' N

i

Fig. | (a) Space charge distribution in the depletion region at thermal equilibrium. (b)
Electric-field distribution. The shaded area corresponds to the built-in potential.
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Cﬂ. . Via is a cylindrical hole of micron or submicron size on semiconductor substrate.
Filling a via is a part of back-end engineering in Silicon VLSI technology. One
way of filling a via is to use film-forming species in a fluid phase and deposit a
conducting film, as illustrated in Fig. 1.

Assume the deposition process is in steady state, first-order surface reaction
(reaction constant k;), diffusion coefficient D, concentration of film-forming
species C, and the one-dimensional problem is subject to the following two
boundary conditions. Please formulate the diffusion-reaction problem (15%) and
solve for the concentration along the via (15%). (Neglect the thickness of
depositing mass.)

BCl y=0,C=C4

BC2 y=h,D(dC/dy) =k,C

Diffusion and chemical
reaction in filling a via

C=Cn
y=0 ' I
= } ] k
y=y+dy = EB
1
- d

7 .. When the d opant c oncentration ( As) e xceeds the intrinsic c arrier ¢ oncentration,
the internal electric field set up by fast-moving electrons can affect the diffusion
process. In other words, diffusion of dopant As’* in a Si crystal is driven by both
chemical potential and electric field. Therefore, the flux of dopant Fi, is a
combination of the flux driven by a concentration gradient F and the flux driven
by the electric field F'.

F=-p% @.1)
ox
, 0, n
F'=-DC—I1n— 2.2)
ox m
Foa=F+F I3 (2-3)

where D is diffusion coefficient, C the dopant concentration, n the electron

concentration, »; the intrinsic electron concentration. Please derive the following
equation (2.4). (10%)
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Furthermore, if charge neutrality and Boltzmann statistics apply, then
Np+p=n 2.5)
nxp = ni* ' : (2.6)
n, p are electron, hole concentration. Np is the donor dopant concentration.
Assume that only one donor species exists and completely ionized, so that Np=C.
Please derive the following equation. (10%)

Eotal = _hDE’
Ox @7
h=1+ ¢ '

n; = constant.




< ;” /N

N+ BEEEEERS

TFHH
| B HEHERNT T ERALHRRRER (20%)

2. BERAMEBFOFR LS FRRBRY E2MABRMEm RFPREETL
+a%Ha - 7 1A & (silicon) & # ' 89 KA B X T 4 & ¥ & (single
crystalline)sy ~ % £ (polycrystalline)& ~ 34 & 3k & (amorphous)sy = 4 -

PR — - HUH M EERLER TERARLEY %85 s DRI E

-

ME— FERE&T EFHETRAH TN FOAETHRBRA A&
a5t Btk E(a (cm™), photo-adsorption coefficient) b AP fL 4R
mmgéﬁ%ﬁxﬁw?x%ﬁ#é&%%%&%&é%%%&*ﬁ
R?

102 -

10 . " .
08 1.1 14 17 20 23 26

Photo-cnergy  (eV)
%%3:ﬁﬁ%ﬁ%&t%%%mﬁﬁmpﬁsu%ﬂﬁgﬁL5xm”mﬂ
resistivity = 1 Q-cm) 2 &4t BRAEEBABES R ES BR(E
FiRE#H1 X 10% cm™) » BpRS AL — pn # 4-(p-n junction) ° K st— pn
3 4 &4 7 32 & 43 (build-in potential) Vi = ?
MEm: - EEYRFRELRANY &R BEE#4%30um EHEHp A
Si(BRAREH 15 x 10°m”)  Eo s BRFEFOHMAERD, &

%4mm%m~ﬁﬁ§§@mMmm@m%g=ng’%¢g%ﬁ

+EFES - 2ik—p Sigyr, =100 psec & BMAeL—Z&A

NEBLEEELES T F 7 2 7 64 B 4 4 (recombination) - 254
BEWYERERRT?AHAET

MEA LEaN TR EAKERETLR #4¢ B 9 % B8y (solar cell grade
Si, SOG-Si)fg # & & L7t ABENEENEE 44 BHES &Y



LR MEGMEGETERT  TRESKRENEEBYE (RE
98%) B B# - #HE A 300C TRAEKAMHCDORESR SiHC » A&
aibig o M 1000CHEMEETRARBRMAEL S BB WML - F
T A ARFOTRAER ° (40% )

3. @ 40 Si & € F % A& (electron mobility) & 1450 cm’V''s™!, # GaAs % 8500
em?Vis! cHMEABARTIBHERMAENEETRMN? X LEMNRHEHE
FEROSHEASGER?AHE? RELFREER T EXOEYXE
BEEYAAES LY HREHAM? (15%)

4. L WA F BB (LED)& A 4£ 8 Bt R4 $ i - 43 R A RALHK(GaN)
ALBHEMEALED (BHERLLE—) BERAABABERBEA A
AREHEBBAY—EREF  c FHMHRBAFETHRA
PAE— ¢ fb4E BB R (wurtzite) 4 B & FRAMTRERET S
(sapphire, a-ALOs) 4 & %41 (substrate) ?

Pigi—: % B ey CREE 23 753 SiC A s &k GaN &y #f - b7 SiC ey 8% %
4. #r 8% sapphire X% % ' $MALED EA L > CHAHBAIT? X7
X — BB f 2 & SiC ek Am 4 - H £ Si(100) & mtrLEES
E i SiC 8% » &% E/7 3 &4 F & A (lattice mismatch) &y B8 » @ HF

, 2 o

M= LAPAEHEMptypeGaN B2 H > ZA RE— Ni-Ausy &£ %R Y
RERIBIEAS o 12 & W A4 e A ITO(InSnOy > A1L4B4H) K ZnO - 3% K]
BHRA/YABTERA FEHETHME? (25%)

B EXLEDEAAHHLEHRIEDE



