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ABSTRACT

In this study, a self-assembly in-situ electrical property measurement system was
adopted to study the phase-change kinetics of AgInSbTe (AIST) and AIST-SiO,
nanocomposite thin films. X-Ray diffraction (XRD) showed that the as-deposited
amorphous AIST transforms to crystalline Sb,Te phase when heated to a temperature
above 200°C. In the constant-heating-rate experiment, the phase transition
temperatures were found to increase with.the incréase of film thickness and heat rate.
The calculation of activation energy (E,) using Kissinger’s analysis indicated that the
E, values of AIST and its nanocomposite layers inerease with the decrease of film
thickness. This indicated that the sample dimension affects the progress of phase
transition. However, in the same®thickness-condition, the E,’s increases with the
addition of SiO, in nanocomposite layers, denoting the embedment of SiO, restrains
the grain growth of AIST during recrystallization. Isothermal experiment in
conjunction with Johnson-Mehl-Avrami-Kolomogrov (JMAK) analysis revealed that
the phase transition of AIST occurs in a mode in between two-dimensional to
three-dimensional manner. As to the AIST-SiO, nanocomposite layers, the phase
change mode becomes three-dimensional when the SiO, content exceeds 15 wt.% and
the film thickness is greater than 50 nm. This is ascribed to the numerous
heterogeneous nucleation sites provided by the embedment of SiO, so that the grain
growth mode of AIST becomes three-dimensional. This is in good agreement with the
measurement of appropriate activation energy (AH) which shows that the values of
AH increase with the increasing film thickness.

This work also reports the improvement of short T signals of optical disk
containing AIST-SiO, nanocomposite recording layer by addition the Ti and GeN
wetting layers. Unfortunately, no substantial improvement on the quality of short T

signals was found.
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U5 4 PCRAM FHR X %1 [Z 70 GeSbTe Hi [14] -

(a)

word line

bit line
“Tinpmures
SiO-

Si capacitance
S ———
word line hase change
(b) bit Li x i materlalg
it line A . 3
n
+
Si
(©)
Gate GeSbTe
Drain Source

=1 810,

Si

i 2-7 - (a) [@5% DRAM* (b) PCRAM {35 4 - [l () &% PCRAM fl1fis
= [l By HRIT1S] <



PCRAM “JTJ%L_?Q"EJ%’ TR | T AT AIRERLE S o ¥R T

i B (AR 25 200 % 300°C ¥ TSRS b 7
liH ?r[ *E'Eﬁ u;:‘;]zj’rﬁ YAETRR VT Ty o E ST Y PCRAM BEE | %Fﬁ
A (& %Hyﬁj I e 8 v - Fﬁj;{/fﬁ ; EJ[J%FJ%%}@I BRI i
PCRAM pq;{/ﬁé’éf 0

2-1-2 ~ PCRAM /7. TR Afes)

HTFE PCRAM VIR AP 20| 208 U 2RI RV PR ~ il e -
PSS 7 F GeSbTe (GST) (£ K5 » 1 GeaSbyTes[16] - SeSbTe[17] -
GesSbyTesN[18] + SbesSess[19] ~ SiieSbsa[20]5 = Ting Zhang %7 * ¢ SiSb[20-22] -
[} SiSb {I SRt Te At Se o 2 SHELE EPRI T FE 0 o H AL o5
SEHITRNIS 53 Pl AT VT SiroSbao®) SitgSbsa FHEI T 110°C P fIOBfHAS
(B 7 [ 153 B[ 5% GeaSboTes i 10° AL0® F FLRSFTRI T 2 ) bR Te 72 %o
i SiSb AR RIARE - AR EATRESTEG S ISV IR I O ¢ 9t Sisb
PRRIFT (4 208 ) DU R 155 Sl FEL BRI [ Rl TR ARG (A1 o

Ting Zhang =~ * 5§l Si 'JMF Ge,SbyTes fiv Ge | I'J fH E[[b - ?Er[fﬁf‘:f S A4

FERAAFR] SiaSbyTes[23] > B 21E | R VRS & AR ENE » Hedghl v = T PIR,
2-3 fif > AL > GST FOfIRETE PRI » (1) SiaSboTes fl1iAE AT | PHRRY
W FUP] SiaSbaTes (Ui SEFE RTINS RS S IR - (gl e i it
(High-resolution Transmission Electron Microscopy » HRTEM ) #hH2E 5 1) %
s SipSboTes [N 71 7Y 57 | tf’] 755 FPEAT Rl JJFEJF[ » FEN) (B2 R PR A e
S AL ] A 30 nsec o F[] SiaSbyTes Bl U7 I U R AR UE
RSPV EEES [IRRGEIE S B GST R[S 15%]) b 20 28Tl R (Rl
B R 10T )

Lee 37 * P GeaSbyTes-SiO, 7 F Hl {7 " 5° PCRAM [iUfi* i {£[24] -
FLA SiO. I HEIE (- > B SIOLfv [ RfECE el G
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Ge,Sb,Tes FEF[[H* gk lFTL #57Y[EE & PCRAM u#g‘é[‘p YR 5T Reset pﬁ—dﬁ )

SRR AR (AR S ok IR PCRAML IR IR A B ] el
AgInSbTe (AIST) &K ¥d F—[\;g’iﬁjj‘? CRE AR WJI?“ » ERCIEER ] > i
iﬁ“ﬁ%ﬁ/ R o AIST M IFEARR [t > NS08 SRR ~ =)
KESETH USRI T Jﬂf@ﬁqﬁ’l(’iﬁﬁﬁgdﬂ@(l’*%i’ Eﬁ#[ﬁ‘%%‘%‘l‘iﬁq) i
i B PCRAM » it SR B I 560 AIST 09152 ¥ 25 S L A =
P o P e e

2.2 ~ %il@ﬁﬁlﬁg

l%ﬁrwlh%ﬁ‘ fil {%El F”IT‘ o F’\EU&/HI %[ﬁlﬁ?@”ﬁ NP I%&"ﬁ%?ﬂ@ﬂ%ﬂ
BLRFFE T > It Toshiba A= &Ly HD-DVD( High-definition Digital Versatile Disk )
[25-277% Sony = #1fi BD (Blustay Disk ) [2831] » % i ft V5 '%ﬁ%?ﬂwiﬁ%“
e Tf-"=% (Numerical Apertufe ; NA ) S i S =4 1 i (Pick-up Head )
[T ety % B - HD-DVD $2BD Gl 50 0 # VHS % BETA
LYY =1 > HD-DVD BEZ AR AR DVD Bl v i 1 Sony
FIRTE e ogsfiasy g R 2 IR (STl TR 304 2 fildl Disney »
FOX S50y fipfr ™| BD s riE E‘{/ﬁﬁ ﬁ:fﬁ#ﬂ/ s IRpii[32] » 2008 & ¥ > Toshiba
AP Sony T RYH IR VLR > JFEHYR HD-DVD IV BiEE e Bl
[33] > BD 5 Euoh f fly s B IO AR ARV TESEE PR S ) gL
BD % HD-DVD ﬁ;Fﬁ#, » T T F %] (Rewritable ) E*’?Sﬁ[ﬁ;’}— TR ifr'JF;fFPﬁp i F.t'%&
T GERE | [~ 2] B - GeSbTe Flf ( Stoichiometric-ratio GeSbTe Alloys » GST)

el H #' Sb-Te fi = & (Doped Eutectic Sb-Te Alloys ) i [~F1F] o

AR AT
FEORD P SR Dot 2 » AR (DL
SRS ETIR S A 2
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[ N[ 2 0 AT PRt B[ TV I

#< 2-2 11 BD % HD-DVD S 14 EA[34] oy 8 A RAdHE DT 2-8
° f§# 2-2 " 5| HD-DVD = BD £7{{l " [l (405 nm) FEr Sy
o [NRERA I
AT > ffiH HD-DVD =2 BD st | {2 [775A = (650nm ) J FUpERY (5% DVD

£l l:[ Iﬁl&ﬂ*ﬂjﬁﬁ%—‘[ U H F’I‘E‘I' Eﬂ

-

Jfl (Pickup Head) - [l 2-5 £ {i3% DVD = HD-DVD * BD A5 [35]

EIE F[J[—QL} 'f@ ]1 | BD Fuf__’t[%&:

- 4EDVD I3 % 5 ff -

% 2-2 -~ BD = HD-DVD tEJTf‘ﬁJF"’:FFI Mg A[35] -

BD HD-DVD
B = 405 nm 405 nm
Sy L 0.85 0.65
Y (VS 5 MPEG/H.264 MPEG4/H.264/WMV
FE] [’%%ﬁ@ﬂ . JAVA ﬁ'?&[’ﬁ? 4.7 GB DVD #iH ’F'J?ﬁ
B PO R Al | BT %%I’?ﬁ » B SRR S

Ed 5%

[t | 2 15-30 GBBD [
3 50 GB: =9t TR ) fnk
25§ BD 75

B
EREFDYD PhEE
B b

HD-DVD BD

PC Substrate (0.6 mm) PC Substrate (1.1 mm)

Ag alloy Ag alloy
ZnS-Si0, ZnS-Si0,
Recording Layer Recording Layer
ZnS-Si0; ZnS-Si0;

PC Substrate (0.6 mm)

PC Substrate (1.1 mm)

Laser

Beam

Laser
Beam

[ﬁl 2-8 ~ HD-DVD =2 BD I/ M‘%ﬁa‘ﬁ o
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F¢lpl 2-8 [* 21 HD-DVD = BD 745 % 'g!JGtAg - Y iy (= 5 et tngs 2%
HAPAFER] 4 TERT 2007 = faEZ RS oA H RSOV R
I R - VR HD-DVD AR HAEE I 2-9 7 (36] - (1
A e AR TP R S - SR R ARl = H R

(Modulation ) #5952 réﬁ—, HD-DVD [ #Hl#w ( Eiﬁaﬁl 2-10%2 2-11): (= ﬁl?*ﬁf%@ k
N o = T Y I EREERS [ PR (L T PR AT SRR S e
HIRMTY Eye Pattern (L 2-12) « P RUNTERRL 4 H 1 ol #8m=0 PC HLEY

FOBREATE T LA 5 R PR BRI H e, DAk

PC substrate.
Reflection layer. PC substrate.
Nono-composite. Nono-composite.
Recording layer. Recording layer-.
PC substrate. PC substrate.
Typel Type2

qa*,lz 9- A“‘Hl\ f?'%%ﬁ%lﬁ'”ﬁ 1?# ELﬁ%\' 36] -

Modulation = 80%.

Modulationi=:50%0

QEM 2- 10 ~ ﬁ?ﬁ?ﬂflﬁl%ﬁrﬁ%ﬂ % (Type 1) I (a) Ft‘é#,?*%’fTEM AL S
?E[’ELHM‘%I 7:1 & (b) 11T= (¢) 4T %?DFHI%'J [36] °
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Modulation = 80%

Modulation = 60%

20 11 35K B A ERBIOURE (Type2) 1V (a) FISHHE TEM By 1%

BERHIT L (b) IT (o) 4T FEI[36) -

[l 2- 12~ ﬁ?%*?ﬂ ik SO (Type 2) V (ZHFH9RH * 2Fjsl Eye Pattern -

2-3 ~ AIST ZEAE0 [ FF k] /1

fEVR [ AR A il 1 B9 B o7 R g SR - LY R BT R
( Growth-dominated Materials © GDM ) » [NETALGR [~ 3 A F[ 17 J‘H{ﬁ’?‘}%ﬁ@:{fﬁ%ﬁr’
78 KRR = TFTR] (Fast-growth Materials - FGM ) [P AP 1G AIST -

b= [IELS ) BIAPR] (Nucleation-dominated Materials » NDM ) » iﬂ’ﬁj &1 A Fﬁ’!p{ﬁ}
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RIS ) oS A O R FTH T GST tzﬁ?&ﬁfﬁﬁﬂﬁﬁl ' Y R B[S AS B4
8 (PRI AR IR 2-13 B o

(a) (b)
[fi'2-13 ~ (a) WHBE (b) Ao AR =gl = FUR[37] -

AIST HV [~ AR Ricoh™ 2t Fil e 1992 & A7) « 7 [P E’yr::,!?'
U S P o] (Complete Erase) Elbﬁ SRt (High Sensitivity ) [y
Hj1% ¥ Matsushita 2* iff ’JIGI@, [F,JI %‘?@?‘jylﬁ—pg AIST FR] > SLHHT Ag:In: Sb :
Te=9:141:37:40 [ ([l 2- 14F IH%I!‘) ~‘ §p+gﬁJ$ngv@ “#Elr"( Cyclability =10°) ;
PiffAgiIn:Sb:Te=8:8: 46 385# ([ﬁlz 14 HlLEl!‘) SUE R USRS B
1% (Reflectivity Difference ) ° IFLE‘/LF‘*‘J-IE_E’E’TW-T: %:'VEE ”Etﬁﬁu& Ve TR

I
Feek £ AgsTes ~ Sb A AgInSb, j/iﬁiﬁﬁl sl o HJE d AgTe ~ InTe &7
TSR AE[38] -




7t Tominaga " " VPR 1> G T VS AIST (185 e
P> [yl E B TRV ?ﬁ"JDE'fF'@fE?"JDﬁ' PO o SRR RS VO TV
Ag [ fE-AgInSby 1Al » x5 5 7 il 1~ P Ti PPV ES In f2E bl e
M HISR39]

Matsunaga[38]=" * }%«fﬁ AIST p%’é&fg ?ﬁL ' AIST =2 Sb 5 ’?T‘%’F‘”’Eﬁ’ A7 ;ﬂ% ;
O 2-15 BT ff Sb Te b i I I 6-Sb AH e AR ¢ VTS SboTes
[ C33 At it @Ay RS = = S57RRIEY Rhombohedral fif5[38 » 41] -

-

i 2- 15 S R PR R (58] -

Iwasaki =~ kfﬁizl“ AIST FE LA 1?%[42]  JESREZTE 10 = 15 nm VS
R [ 05 ] PRE SPCIEITD YRRE T - T SRR S (S
’Wﬁl NI N I g B Fg%ea\%ﬁﬁéﬁpﬁcl%ﬁfggagrﬁw o bl B

» HE T EET IR o BRI )
?Eﬂ%ﬁ%df%ﬁ °

2 AIST BN -V » THTE) Chou 357 JREN Al A B8 A4 R [43]
IR 2-16 . KRR > T BB TSR RET o IR R TRL iy e e
(il AR AR (o2 5 Z SR I > DT A bt = AL I Sl > (L RL P
LR E TS W ST o RO 217 B o SRR LAY R A
35 SELPTO eV 1 PRI b T IR (S
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crystalline area
(low msmance}\

/ amorphous area
(high resistance)

crystallite I11

f

\R
c stallite I

—> \ growlh directign
crystallite [ \

\

+R

tois r."_ amorphous

R
A1 2- 16 ~ AIST il = 7 Hip -

crystalline

Nucleation Crystallization Impmeumm
A e 000 6) el 7S e
. o © A s

¥ = ool BT

Ten
I 1 .

1 Crystallite

1 (low resistance)

Low resistance
state

High resistance
state

Sheet Resistance

Amorphous
(high resistance)

Crvstallization

qgf'|2 17 ~ 7&; n\?FE#IBE‘E& Sk e |

2-4 ~ AR TR T gl ) S
FIBES RS 1 FER (S T S E E P I’;gpulgﬁf#lﬁi . HT' ‘J

50 F H TR

CRERIETT - (OO UK 2 i AR A 2 | i (ST fﬂﬁlfiﬁﬁﬁglﬁ[’ﬂ[lu%ﬁ[ 2-18
s R TR TR R P [ AR i
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Z 7S z

Initial State: : Final State:
Amorphous i Crystalline

[ 2- 18 ~ ZRGHEFORIA SEAE IR IR (O ARAE T 0 AG |
E[IH:@I'@ [43] -

2-4-1 ~ Kissinger 73 17[44-47]
1965 & > Kissinger f11 o7 [T R FEET ﬁ'ﬁé"*f”’?”f,%ﬁ’l@?ﬁ [“fe > &l
UINE e i BTN e el (Sl ey Fﬁ%h’ :

d(l @2] .
EO
T

kB
P RS R AR B S S S T, T Hln%%’

_qgﬁllf/ T [FlF R R J@(ﬁZ&#ﬁH&Iigllqﬁj R 23] S £ — E, | T

B

if i FJ
= EWZ[48,49]¥[ E'JEJHE%?:‘“[@E‘]EUE 385 AIST %ﬁﬁﬁ#ﬂﬂ@ /i~ 160 = 200°C

AL bifl[ F SHITHS 2 = 3 eV V] P B AIST VA5 [P ﬁ'[ﬂ g o
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2-4-2 ~ JAMK 7} #7[44,50-55]

JAMK %’—Fuln F'1 W.A. Johnson ~ R.F. Mehl ~ M. Avrami =* AN. Kolmogorov

f
[GESEFRLT o E ARG [~ SR 1 2 Eﬁywpﬂﬁwﬂ ( Volume Fraction ) {%iﬁﬂj [l [ pr
F e IMAK ST ATRUERRLES N 5] = RhSR -

(1) SRV A

(2) ETRYF; (Homogeneous Nucleation ) ;

JAMK %'Frukr i@?}?ﬁﬁ&ﬂm > oI o BT ) 3 x (x<<1) ',

Ar}
b

4 .
x=L = Z NG (2-2)
Vo3

FH V= AR N o= BUCRERVSESE 26 = RS Rl -
u ﬂfﬁgwm’ﬁl’ﬁgﬁﬁ Vs (Extended:Volume) .V ¥t » iChiR Fx AL

V ..
7&=x:l—exp(—%NG%“‘j=1—exp(—kt”) (2-3)

(2-3) 5} IMAK HFAEZ « k£ ’9%@}‘? o HEERS AR SR E | TJ ;

n £y Avrami fﬁg‘\f’ FEERl e FTJ P kRS 1

k=k, exp(—AH] (2-4)

k,T

ko £ IMAK ‘»“"QT’ kg £% Boltzmann ﬁ gf’ AH Eh5 495 "_fif'wliuilzl[ J ’?WFZ
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A T RO (2:5) % (2:6) A

N= Noexp(— kiT J (2-5)

G- Goexp(— kEBgT J (2:6)
No=2 Go FL RS Y ZERS SVl B2 Eg oi I RLAS S ZE 5 o = < 1)

AH=E,+ 3E, (2-7)

~ N ORI AR SR
AH=E,+ (n - 1)E, (2-8)

% 2-3 £ Avrami jf"@f;' SN IRY7 JFTJ [,Tﬁﬂ Avrami ?’@\7’ /B[R R
@L'/%%I'%E?r" 1 <n<2E— 7##E5-= (One-dimensional Growth) ; 2 <n <3 £}~ 7
7~ ( Two-dimensional Growth );3 < n <4 £ = 7#5Y < ( Three-dimensional Growth )
[56] -

“+ IMAK Hﬁﬁkﬂ‘%h’ﬁ’?fﬁo U R A ek ;H?E SRN] » Weinberg[52]%"
HRET = PR IMAK RG] 14

(1) ® | LA <] 3% ( Finite Size Effect ) ®» ZEH =055 £ ( Non-uniform
Nucleation ) ;

(2) & [ﬂj [%H i+ /55 (Anisotropic Particle Formation ) °

(3) 1@3@ 749 ( Transient Nucleation ) °

20



% 2-3 ~ Avrami }JF'EIV‘E Ry = W/}{J{ﬂgr‘%&l’ﬁ?[54] °

I ﬁ[ﬁé’?‘/%ﬁﬂ iR FYAY i Avrami ?F}EIF (n)
Plate Rapid ; depletion 1
i1~ ﬁ%ﬂﬁﬂ Cylinder Rapid ; depletion 2
( Interface control ) Sphere Rapid ; depletion 3
Sphere Constant 4
Plate Rapid ; depletion 1/2
%ﬁ?ﬂﬁjﬂ Cylinder Rapid ; depletion 1
( Diffusion control ) Sphere Rapid ; depletion 3/2
Sphere Constant 52

P IMAK. 55 AR [ e o8 15 0 L (Infinite) O » iy
e BERT  ET pOARRR [ SR HEE L CRintte ) pU AR > [0 B D 2R
=G & CRLA 2-19) > 1) = ARSI E S [l At =S s =
[Epd= YR 2R L TREEYEY - %‘FIIV R ﬁ!dﬁ* TR EV VAR RS o R C
Gt pl 158 2o o L RS SR R 2 B B2 Bl o BB
B THIFORYA - (ARG [ S 21 - P B G T E UL
ST o

C 4

[ﬁ[ 2- 19 ~ fflEh =K S $5 ﬁ’L®I[57] o
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NAG S

‘2
E\E

Weinberg =" kﬁ]‘?‘rﬁﬁl A1 LR 1 A ek [ WF‘/E% FEVF[F] 2 AERY =
LA [ 12 URHSIA R P ISR 2 e R T
TV - f/Dﬁ%’NMO T o AL T (3% (Aggressor) » H i fEFE (Origin)
R 5% oy B RSB PO R (Blocker)» B IUFEA 58 225
A | ?j%ﬁiié 547 (Shielding Effect) ({3l (= - 1

‘2

Avrami §F5I%E — SRR T » HIE ) (Pre-nucleated) FURAIHA % - i
B Pl LT T [ (AT (=5 o Birnie M3 T’F'[H'.’?*}j%ﬁ@ 'H{F‘U'Fﬁﬁdm ’ ﬁfj
BT TS SR TR, 2 H R DRSO ol

265 TAFIRG [~ S (A ER Y ~ AR R Y[58] -

[ 2- 20 ~ BN RYR 5 BHI[ST] -

Weidenhof[ 5515 » FE A H AR S [~ 7TV Avrami ijIE!\f FIH] (2-9) =
PP 5 3 SRR S SRR £5 In{-n[1 — () 08 e VB ERR ~
HIRESE SN Avraml}"glr [y Y EpUEEREY Ink - 7 [F[jﬁ’%"j\ el VSR FH

(2-4) R HAH -

R(t)-R,
R -R,

x(t) = (2-9)
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(29)*H1Vﬂgt%ﬁ?ﬁmn} Rty SRR (0 ST > R, 435K 2
IR i o Re BB 2 ST 15 o [ 2-21 KA B JAMK [T o A
PR E | R s = o &k ZE B I R A I R R R E Y iV
ELET Eﬁ[{. 3 k 7 i_nt_[?j » o ﬁw%%ﬁ*fﬁﬁ}j [a“,H_ ’g EiﬁFIEF;:IHTI%’Z ) E”[
A TUELARE > b DR B [ ARSI ERRE ) I ER AR ] H
PR T LS T - R 2-22 -

t (min)
2.73 739 1 20.09
(a) 21 ]
04
¥ 2 n=58+0.1"
E ] L Ll
£ 4] . "
9 |
‘6'"
0 1 2 3 4
In(t)
[ﬁl 2-21 -~ i['fgj JMAK [ﬁ[%[w] 0
6000-
. 5000 i
w .
2 40004 -
=1 i
& 3000
g []
§ 2000-
£ : )
1000- [} ]
E u
0-
120 125 130 135 140
temperature (*C)

[fl 2-22 ~ ZERY R R D RIFEIRISO] -
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[ 2-21 (i i R 5 Avrami $587Tl > Weidenhof 37~ JiRFH 50 » [
1 RS TMAK [, R 3 L
(1) ESSATR = R RS £ = 0 Rl I 2 Ev%%%’iﬂ@ FOE -
(2) 2P T ORI ¢ < ARVl o [ ES AR R -
K= 0 CAIUA o R APPSR RR  ES AR
RSP A SR IA » GURCR BEy Avrami $EETRIPEAO T [ > Ol 2-23

Fr. o
t (min)
2.73 4.48 7.39 12.18
(b) 1
1 4
= 0
"f ] n=25%0.1
£ 4]
=
2.
1.0 15 20 25
In(t)

[ 2-23 ~ ;ﬁ;@?ﬁ&%@ﬁﬁﬁ\ﬂj fille=0 17 IMAK [H7[59] «

Kalu[60] ~ = | i1 = }%d IMAK 5347 > H %7 rp TSEREVE F > B
PETRIE AR (™ o PR ELREE ™ KR 53 SR (BLIAT 2-24) » F IR Rk i3 3 SR T
#EL (= 1% In{—In[1 — x(£)]} 5[ Int [/FTJ" [ > UG 2-25 T o BB =l dnfse
P > BRI Y PR | FV PR (Recovery ) R » TEREIVREL B IR 766,
(Recrystallization ) [eiFe > I = AFIAG ™ B 328 [ 35047 £ g 4D 55 =< ( Grain

Growth ) » = F[[H] (2-4) ZUfEL{= A By

Ink =Ink, —;ﬂ (2-10)

b
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A4 Ink ¥ j"E‘— Ik 4%[,, q%ﬂ » HJ)ErHE R S ﬁﬁﬁ ifll F ( Apparent Activation

Energy ) » Z/Dq%\' 2-26 Fir. o

1.2 o
= Sample A
1.0+ - : ]
) 4— Sample B - ’ ::.«-
o +  Sample C " w
T 08 - * /
|51 r
E £
. /
B 05 [ A
[ [ §
© [ ]
[ L
& % S
b+ A :
o e
o2 ;)
A
g ™
00 +run a2 T .
10 100 1000

Annealing Time [s]

A1 2- 24 ~ il 53 S L60] -

2 -
! o "-"".-
] = Sample A S Y M Regimed
- - e
0| v Sample B P I
samplec | # T 7
= /7 wRegime2
5 .
) 2 - 1
£ o Sy
£ N L
E’ 4 - _'l’ e
bl : ~ Regime 1
[
5
T T T T
2 4 6 8
In(t)
q%ﬂ[ 2-25 ~ IMAK q%\”%[60] °
b)) Recrystallization
12 4 []

T T T 1
0.0012 0.0014 0.0016 00018 0.0020

T K]

YL 1 =% °
[ 2- 26 ~ Ink SV B (FIAI60]
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24 - PR
At D 2L At - S SR SR g e T R
I ) PRI A R TR IR - SR AR
FUERE ERIVF L - 0 2007 5 ETREACH] o SR
fi TSR TR - VT HD-DVD SR36] - ([ AR (71
w R T WRERENERT T SRR T e ] fob e Eel M PR R
FIRPAR (Polycarbonate - PC) JUFS - VIG= T/ T 1 - i 89Ty B - 1k
PRI 55 el FERE I 35 B S R R el S & TR (Reflectivity ) 2 4
AR RS IS RS e PR RV AIST 1 V-
o0 PR EE AIST-SI0, 5 4 B £ USRI RLY SR B BT 1t -
AIST VAPRIFES |38 faee 2 M POt pviERl r‘%F'Jri PCRAM I/ fi*
T LR S F W] o R T TGS Y A P RO R RS
RYyAY AIST *%ﬁ;ﬁ{ N[ ?:‘l‘fj e S T THJ T JMAK : %FFUHU’}T’?
FE T ORI, A S S A -
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e
|

o
I
iy

YR

3-1~ AIST 1 [~ B ] 2541 By
AIST At (= gy oS50y R A G 3-1

[ ﬁ%ABT#%@ i |

B ﬁ%’{%‘*ﬁ ]—

[ ey | | e

l S L i
y x tH B
o e £l i
" v i
e 73 Eﬁ }
7 i il ]
b i i
f T = )

H L

( o H S ]
L Fl\:LFI‘E\[I:ﬁIJU J

[ 3- 1~ ALST Af1i8h [ (540 R Aed = i -

311§ AIST 5 f HI AR SRR FUOREs, R
i ALST 5o 1l et A e U e, U BRI 3-2 97 < et
FERTEEE + 250 CAg) ~ o (T~ & (Aw)~ 8 (Cr)~ 41 (PO~ S8 75 (CrO)

5 (GeN)~ B4 (AN~ [~ (8i0,)~ ¥
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[ YRS PR ]
|
[ ALY AIST iy G ]
[
[ T e —— ]

[ ﬁ*w%@% ]

[ PR ]
[

[ TEM ififg 75 47 ]
|

[ﬁ[ 3-2 - -A AIST & £ ¥ F’—‘;“E SR Ixé&ﬁ?[sr? i A A I{quﬂﬂl 0

3-2 ~ AIST &%%%?Eﬁ%@ﬁiﬂﬁﬁ
UL GIHGI AT AIST RIS V7 AIST-SiO0, 5 F H (L -
90 wt.%AIST + 10 wt.%Si0, (')~ fHELL 90AT0S ) == 85 wt.%AIST + 15 wr.%Si0,
N ARG 85A15S) o I BT EER B ] o YREEGIAE T YN At

—'

}{—J n-type J/F/EJ.?F’? (100) I'E4s [=3F (Wet Oxidation) 7 El A% <— gt
A5 500 nm 8 (gt | OSBRI TSRO AR IR
i F/FE#I[E“ Jlﬂ’?&/ﬁ%ﬁ;t 1.5x1.5 cm? e Enﬁ%’@"}ﬁ l/ﬁb[r’g A EF'?E&%&&*
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