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Abstract

The work studies of phase-change kinetics on AgInSbTe (AIST) and 90 wt.% AIST-10
wt.%Si0, (90A10S) nanocompositethin films.by using a self-assembly in-situ optical
reflectivity measurement system.™In therexperiment of constant heating rate, the activation
energy (Ea) of amorphous-crystalline phase transition calculated based on Kissinger’s
equation increases with the decreaseyof-film-thickness, illustrating the sample dimension
restrains the grain growth. The E;’s for30-nm thick AIST and 90A10S thin films are 3.82 and
4.17 eV respectively, revealing that SiO; in 90A10S film restrains the AIST grain growth
during recrystallization. Furthermore, the differential scanning calorimetry (DSC) found the
Ea of AIST is 2.91 eV, indicating good data reliability of self-assembly in-situ optical
reflectivity measurement system. In isothermal experiment, the
Johnson-Mehl-Avrami-Kolomogrov (JMAK) analysis reveals the phase-change mode of AIST
is two-dimensional, while the mode for 90A10S is among two-dimensional and
three-dimensional. It implies that the SiO, particles in 90A10S provide the numerous
heterogeneous nucleation sites so that the phase-change mode is prone to three-dimensional.
In the measurement of appropriate activation energy (AH), the heterogeneous nucleation
effects and reduction of grain growth distance due to the presence of SiO, particles cause the
decrease of AH of 90A10S. Transmission electron microscopy (TEM) found the grain sizes of
AIST and 90A10S thin films are 49 and 11 nm, respectively. This demonstrates the SiO;
particles provide many heterogeneous nucleation sites, restrain the AIST grain growth and

thus result the fine grain structure in 90A10S films.
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Guangjun Zhang[29]Z" * #[|® |'Ri=" JvBH%EH (Atomic Force Microscope » AFM ) #l%
50 nm V. AIST pukIsgiE=al i V& B - q*;;\[ 2-12(a) E= #’J%%’{J/i]}ﬂ?ﬁ
B 2-12 (b) FEAE 200°C 52 30 53 EHVEA ATy HEEE 3 mﬁﬁﬁg.ﬁ'w[@'ﬁ

(Granules ) » "R 5 (L J 5 FRR IO Al > ) ROEML IR I = B g =i iy
Ao PV B E AL DAY ST S0

[f1 2-12 ~ AISTZRRMHERERIEE - AFM &Y 5[29] -

Yung-Chiun Her[30]%" * 53 #7 AIST == SbrgTeso ¥/ 5 15 1 Hf AR fl I’@Eﬁﬁ*ﬁ‘?ﬁﬁj i5!
U/E%Jfﬁ? > PP R A [ B RN 2-13 B D AVE] S s nggr‘;gﬁ#,@%ﬁ
o7 B = (R > 57— LAY FSH (Incubation Period ) » £l ™~ Sk %360 » ﬂ—*ﬁ’ﬁ: £
E’EFEI#IWJ/ ?ﬁ??}%%”é% ( Relaxation ) ﬁ&f@_ﬁ‘ymﬁ’?@’?‘y DAY R EL I (Acceleration
Period ) » * S [E# EST RGPS BT R ERAEAIEY (Saturation Period ) 0 & 5
}TFJ e Eﬁ fii]7& [* - Zhang Guang-Jun[31]=" IEI 2l N ﬁﬁﬁp%ﬁ&%% 2t ( Differential
Scanning Calorimetry > DSC ) [=ZEITE 46 ke » 7|57 T [ﬁjv‘[ BT R ST Fﬁ#[fﬂ !

( Crystallization Temperature > T ) j*f@iﬁ[ H‘ ( Activation Energy » E) » £l DSC [ﬁ[ﬁrlijp
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i_r»;& U;?FE#[L& [Hh o, tE ﬁﬁﬁzﬁgﬁﬁ[ BIIEE e umr 1 J st o

13



Sb,,Te,,

Ay ISP, Te
B g ! &8 N p Ag,n, Sby Te,,

IMC.Illl |sbn..r.3.. 1

Reflectivity (arb. unit)

0 50 100 150 200 250 300 350 400 450
Time (sec)

A 2-13 ~ T 9IS R IR R3] -

10
8 193.66°C |
il
el ;‘l
S i 15°C/min
DI A
3 — e —
o - 191.66° |
2 - } 10°C /min
e ARe @ | T
0 mﬂ_18745_? ﬂ 5°C /min

0 50 100 150 200 250 300
T/°C
[l 2-14 ~ 7 7 il 4] kiR DSC fIzRY31] -

2-5 ~ Kissinger 737
1965 F - Kissinger /" {1 D E RIARRG (= oy [ (=[32-35] > 7 1%
W PP IRER RARORR e T B 15 TPl e

ox) B )
(3), =m0 o

FUH X ER S S PIORAIE 53 CERR R T ERIRVR o KB TRt e 1 aer 1 FIER ¢

14



Ea
K = Aexp(— T ] (2-2)

A E’bﬁj@( » kg £% Boltzmann FIJEIF (1.38x107% J/atom-°K ) » E, ?f’f;?ﬁ [“H: o Ewﬂ@ [%:Eﬁj G

B AT

dx OX ox ) dT
g AT I AR Bl 2-3
dt (6t l (GT jt dt ( )

=t £

e [ SR R (e o ] O . ,
X e IR R O o L ,Fqsr(a—ilzo S (241 (22) F (23)

ot

dx =
e A(l-Xx) exp(— T J (2-4)

P e S I FIISRE % 75T 15

d (dx dx E E E
— | = |=A——exp| ——2 [+(1- _—— a_1=0 2-5
dT (dtj { dT eXp( kgT J +( X)eXp[ kBTJ kBTZ} (2-5)

LA R S A Tl - HT 4

dx E

— =(1-x a 2-6

o =T (2-6)
[

de_ dedT (27)

dt dT dt
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%L%ﬂiﬁﬁ*%—: =@ (2-4) & (2-7) 7 (2-6) =

s e E. (2-8)
kg A keT
RENILE RS

ln2+ln -3 (2-9)

d(ln_;DJ
—_— E, (2-10)

Fr(2-5) L‘j\r%,ij FI[EREAR IS E N IN RN St E ST ’FJ%'.H'Iln%E‘?TL[ﬁI

B T T IR PR T [l - B s £ — : RS- Ea
R Y AIST VAR G (RS 243 T DSC ER LA

W ot [P I R B (In-situ Resistance) #[27,36] » 1 JEEH AIST %

EIE TS 160 2 200°C V> WS (FEHILA A 2 2 3 eV V] I B AIST Vb i

5 A
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F< 2-3 ~ AIST Al del & BRI - RS Biﬁ [T

BN ﬁ?pﬁ#ﬂﬂ@ (°C) iFI [~ H (eV) =Y
A P S B 160 3.03 27
DSC 170 22 30
DSC 176 2.5 30
DSC 199 2.9 30
DSC 191.66 3.05 31
AN T S B 168 3.03 36
DSC 165 2.9 37

2-7 ~ IMAK 53 %

JAMK = @FFU[,I F'T W.A. Johnson~R.F. Mehl~M. Avrami %* A.N. Kolmogorov [ZEAgiHE L1}
HEVAFIRG [ SR 1 % S P (Volume Fraction ) [FEEfEf [Jia = 7. [32,38-43] =
IMAK 73 Aot F LR 5] = Egﬁﬁ;]% :

(1) RV EEsE A -

(2) 1BFYF; (Homogeneous Nucleation ) -

(3) "R F,JEWE@"EJE}EJ ’E‘?Eﬁéﬂﬁ“ﬁfd 3

R alf 1% F BHOTRAIT G X o 5 R IS ) o oAt e (R
?FA?E% Vo f’j’?%?*ﬁﬁ'ﬁlﬁ“)ﬁﬁ$%l\'l , EJ[J&@@T&*] il de [* SRS E T ELVNd 7 [Eir%*?‘/
RS - k- G IR IPITRN SR 215 Cdr - ¥ I
I = 7\ AP LIRS Vo IEF%EJ— (AR R TS ,j@ﬂﬁﬁ:*] bl Y

Agh(=ElAE
dv, :%”[G(t ~2)fVNd« (2-11)

B0 2 AT o= 0 H 5T % o=t
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V, = jT:“T”[G(t—r)]SVNdr :V%NG3t4 (2-12)
B 53 3 X ko
_Vs _mee ]
x=1r =3 NGt (2-13)
’5[ x<<1 Eﬂj T2 (2-13) PR o
HBRES R o PR AP > 0 2-15 (o) 7T o SRRV SRR ) 5 i

FFF[ **?E%FILJ?F"% o T H—:%'[ Ra=Y }H FF #VH El f’rhﬁ J pitH J?]LLI'HIJEE}?EF‘T Ve (Extended Volume )
g ER o, H I—ﬂﬁlﬁ\ﬂﬁﬁ;ﬁ £\

:
- TP
- D \\x AT
. O H.I::;\
\'-\-.."
. - \1 o
(a) (b) (c)

[ 2-15 ~ AR {5 o5 4G5 = TUp[42] -

PHERFIOEAG B SR 5 % A0S AR (R (V = Vi) [P RS S e B )
R EREOPRA SRR dV ghL O ARG [ B I AR SRR - U1 (2-14) ZOA

(2-14)
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dv dv
| vﬂeZIV—\Z (2-15)

=—In(v -V, )+C (2-16)

Ef}’VﬂEZOE\ﬂj ' Vp=0> Hl C =1nV Oﬂfj’iﬂ L3 (2-16) =
V V
K%:‘m@‘ﬁﬂ (2-17)

H(212) R (217)

v 3
r =x:1—exp(—§NG3t4J=1—exp(—kt") (2-18)

\

AT T B TR Y P A o A SR N (2-18) 0

Eﬁ}mﬁﬁﬁﬁﬁﬁﬁ&. Jelsgh > ﬁ#m FPIAFEL (2-19) FUAAL o
x=1—exp(-kt") (2-19)

(2-19) =% IMAK A o k £ T%ﬁ}ﬁjgr i{?@ﬁ?ﬁ#}%ﬁﬁﬁﬁ@ ik

Avrami ?F@r’ RIS ?J%YEJ o ETHTK i B

k =k, exp(— H j (2-20)

kgT

Ko £% IMAK =57 > kg £% Boltzmann [FI B AH LAY RTEERY 2 Jifl[ F o FYNEERY R
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AR R RO (2:21) T (2:22)

N = Noexp(— kE"T] (2-21)

. E
G= Goexp[— ” g j (2-22)

No =2 Go ERRYASZERY R puaegle BEn=2 By 7) H[JE%‘}WE’?E‘}%EMF'I [“F= = Hl
AH = E, + 3E, (2-23)
~ AR F S ST A TS
AH=E,+ (n - E, (2-24)
< 2-4 1§ Avrami fﬁ%ﬁ’?f et A7 Fﬁ% R

Z< 2-4 ~ Avrami Frle= Y S S [PV A2[42]

By AR5 B Hip RS i / Avrami 75 (n)
Plate Rapid ; depletion 1
g Tiéfzt’ﬁjﬂ Cylinder Rapid ; depletion 2
(Interface control ) Sphere Rapid : depletion 3
Sphere Constant 4
Plate Rapid ; depletion 1/2
?Eﬁ?ﬂﬁﬂ Cylinder Rapid ; depletion 1
( Diffusion control ) Sphere Rapid ; depletion 3/2
Sphere Constant 572
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Avrami ?F}/EQI\T VBRI EE R F%T;EJ[’T B 01 < n <2 By~ 5#5%=< (One-dimensional
Growth): 2 < n < 3 £~ 58 -= (Two-dimensional Growth) ;3 < n < 4 £, = 4R
( Three-dimensional Growth ) [44] -
7+ IMAK HI%&’%‘%%E@WJ SRNVALRR 3R 0 SRJ0] - Weinberg[45]57 - 11 =
ST B IMAK R 475
(1) ® I [N 35 (Finite Size Effect) & ZH5 =55 % (Non-uniform Nucleation ) -
(2) B[Rkt 755 (Anisotropic Particle Formation ) o
(3) 4’5}3@ 749 ( Transient Nucleation ) °
QMMKW%%W@%W%F%‘%?%ﬁ%ﬁ@ﬂﬁmwm%%ﬁﬁﬁmﬁﬂ
A3 POREAR 5 5 L (Fimite) O] > [y B Y 2R s (GLY
2-16) > I'J = REFTHIELET » F = [ b 2 BPgefflis = > [P LpIIo 2R g
IS Qg*[lm%aﬁ Fﬁ#‘ﬁﬁ?@@ EWV il R =5 Ff,[i[‘ﬁii? C BI04 Ry = Fi,ﬂ R
[ P BIEE B2 Bt il i SRR &V F RIS - ([ATA =ik o
Z(fjlas - P [ SRR [T E L s -

[Bi! 2-16 ~ AV [ RS]S9k HR[45] -

Weinberg = * ﬁq‘%f;’:‘ [T 7 AERGR (=955 R JEETF R [ ARy R 59%%;?%@?%
e (T o 5= R ERUS [IERAR IS o [ E R R O O - g
il 217 - AREUE T [ (Aggressor) » HTi* (R (Origin) R T 2 -

Bffmcltfifg?i PO fE® (Blocker ) » X B”ﬁ?‘%A gli%i?é‘lﬂbfrﬁl%‘vf“ﬂfﬁ[‘ﬁ% %

S
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4 Bk ¥ (Shielding Effect ) [flAfieh [ [ [ - FJ { Avrami ?’Eﬂ%# — AR Eﬂj
% FI5YF% (Pre-nucleated ) i J[?ﬁﬁdé% o [0 T A RIS EEET [iE [ZATIAR [~ i = - Birnie
I3~ e S DN 7T » T R IR 2
LT ISEP AR [~ sy EUAIRGR [~ S (A ERIETY) ~ AfaiEN T 2 7 [46] -

A

q%ﬁ' 2-17 ARV E R = ﬁlqgﬂl[%] o

Weidenhof[47]5 ~ FEHF[JE A B i@ [~ < JU Avrami TEQ(T s FIP] (2-25) R
adififod = ﬁﬁﬁmjﬁﬁﬁéﬂftm{mﬂ—ﬂmp#%mtﬁw/ﬁaﬁ|Vﬂ}t
Avrami fﬁ%’r’ [ Y SV EEHES Ink o 7 ﬁiﬂ@j\ bR FIF](2-20) FUTRHAH o

R(t)_ Ra _
—ﬁ::ig— (2-25)

X(t) =

(2-25) 1 () Eh 3= %ﬁ#wj« R(t) %= £ B@?jf i [~ ST 0 Ry bk 22 IME[
S o Re R 2 AR S o [ 2-18 S50 JAMK [P 0 SRR E

FERVAR (™ > D 2B I ER ARG I o PR RS SE Y gl EE  flE  H R k

TR PR T I < H R o A R k) Rt

(= PRRIRAARE  ER ALY ] - H *W%ﬁ R TR SN SET o YR 2-19 B
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t (min)

2.73 7.39 1 2009
(a) 21 . ]
0-
% 2 n=58+0.11
E ] "L .....
£ 4] . "
A |
‘6'"
0 1 2 3 4
In(t)
q%ﬂ 2-18 ~ i[‘fr'J JMAK q%ﬁmé[47] °
6000-
. 5000 i
) |
g 40004 i
= ]
& 3000
g, []
3 2000
£ : I
10004 ] %
E x
0_
120 125 130 135 140
temperature (°C)

[l 2-19 ~ ZP = S L"%%I’ﬂ%ﬁ[[ﬁ] °

[f 2-18 1t D 3 3 £ Avrami $587Tf > Weidenhof 7% JRIF2R 50 - gl oy
76 IMAK [, 1 [ ] E s b L -
(1) EBAB (1 Elr PR ] 45 ¢ R A 2 TR O R <
(2) 2T ARIAPR] & t< ARV A o ) AT O -
}Hf 0 K ETAEI [ IOt el 2R R OpES » B S A AR s R P
. ZIF,EJ@FFEI %hf > f{RCA Bl Avrami $EGTFFIRERO ™ [ > Y 2-20 - <
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t (min)
273 4.48 7.39 12.18

5

In[-in(1-x ()]

10 15 20 25

In(t)

q?ﬂ' 2-20 ~ EFTERE iIF[EJJ‘F =0 JMAK ﬁ?ﬂm [47] -

Kalu[48]%" * | BRI RIREHETT IMAK A% » 21 T RITSERE S T BRI RS
o R EL SRR 5T Y CRLIE 2-21)  FJFR il 53 S S L 43 In {~In[1
—ﬂmﬁﬂ@mvwk@’Wﬁznﬂﬁ AIFIEET . = [ SRS > 1 2 BT e
ST IR (Recovery ) TR 3 SIIEAVASGEL ISR J2S KB F | 3l (Recrystallization) [EiFE - [
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Dielectric layer
Reflection layer PC substrate
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4-1~ AIST BT
4-1-1 ~ & $iR[~Z= XRD 5 #7
i 4-1 770 55 ATST 800 S = 958 BRI s S 0 St [ 2 51
LB o [T 3R A W IROTAR PRSI A [ E R
AR RGO (0 R E T RRAVAR [ R A =5 180 2 190°C -
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Reflectivity (a.u.)
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Temperature (°C)
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YRR 4-2 T o ROSEIRGE IRRER L o B EURER RN 5 = 150°C R A
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(a) 30 nm (b) 50 nm
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78k N 0 30nm(3.82¢eV)
o1l L 2NN e 50nm(3.58 V)
L N A 100 nm (3.19 eV)
84r v 150nm (2.57 eV)
87 ¢ DSC(2.91eV)
90 [
N:o 93|
8 el WK
= I NN
9.9 - oo\ ’\
B TN N
102} o \\.\
105 | N TN
3 2 2
10.8 P R R NPUR MU N S R R i* .Q 1
211 212 213 214 215 216 217 218 219

T ? (1000/°K)

[jif 4-5 ~ AIST L SHEETEE DSC Y Kissinger plot ©

41~ A SR BT TS AIST #L T, -

EI% (nm) SR (2C/min ) Tc (°C)
5 192

10 195.8

30 15 198.6
20 198.5

25 199.1

5 184.3

10 188.9

50 15 190.4
20 191.3

25 192.3

5 185.7

10 192.7

100 15 191.6
20 192.4

25 193.0

5 185.4

10 189.7

150 15 190.5
20 190.8

25 196.7
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Fe A1 RE o TR AT RS [ o T N R RO o DI T o I A
jr5 (Recrystallization Delay ) iVl JESREaz s {1V 200 (Vacancy ) #E I
PRI S ipaffe > 2 00 fOsT  IH i PFEERE o B R A
TR > PRI LIRS0 R dR ] b B S Y 1RE( Grain Boundary
Grooving ) ¥ ¥ (155} Wi8F4 3 & (Ul (Pinning Effects) - » 145555 f
ALY RN o A 4-1 B AR 1 AIST B84 9 To R e 7
ST (PSR A FIRGLD SIS o 1R 150 nm VRSEERE] - 9
% 5°C/min TR Y To 3 185.4°C Hi PEGRAATES 25°C/min [ T AT 1% 196.7°C
5 PHERPESR R ) > B IR R e R SRR gy (Y E O R
HTp LGSR R gl ) o 2 R POATISER T [N RS g E#%Eﬁ%ﬁ’?‘/ﬁﬁ@ﬁiiﬁﬁ L
B F RO 8 -

Fo 42 FUPEGESF = 20°C/min S | [ BN 1 ATE L T Ea fif > 2T 30 nm
JAIST 9 To £ 198.5°C » SRjIf i RE LIRS 150 nm [ > Tefid p £ 190.8°C « (PRI
BRI 4 [f i 50 BB 1 Bt i b SRR R nS X > [RGB
BYR o TR S S [y IR B I AR A > LRI A R
ARHATTRY ZHVRREA- B+ ag FR S R PR E RS To s ARV B @ RUREVE 0 e

Y[R RO S R R USRS > T

jé“

F4-2 ~ AIST [V Tc = Ep (VEYRE =20°C/min ) -

BRI E B (nm) Tc (°C) Ea (eV)
30 198.5 3.82
Elﬂﬁﬁ@/f}ﬂ:ﬁwﬂu 50 191.3 3.58
100 192.4 3.19
150 190.8 2.57
DSC NA 190.8 2.91
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ik AIST ¥V Ea [;El i+ 150 nm ﬁlﬁﬂjt 2.57 eV > % 30 nm EJEJJ: 1g78s 3.82 eV > =
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Te 8 T 0 SRR Y B 0 5 AUISERS SRR » b BT 0
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M/%rﬁﬁ%ww T RSS2 o i o T A A 5 4
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[ 4-6 T £ [IRVR 7 AIST S 180 ~ 185 ~ 190 7 195°C [99RH ™ o B[
BRIV BITRFE | (2-25) 2O BBAURH 53 - RO R+ PR 7 A
ARURRA [ 1 2 55 FEISET g > o [k SAF [~ (IR RRLRET <

SR 4-6 AV ¢ IMAK G i3 Aty o 25 PR PR TRV HGY A Avrami §)
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SR AEAR (= e VEET (BT 4-7 (b)) = Weidenhof =57 VFtieRga. - PR 3%
SRR Y AR I SR R ITR 5 IMAK SIS SR
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Fe 44~ 90A10S TIIUR! ~ ISR To 1 A5 -
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Wby ® ENR ‘ v ® 50nm(3.58¢V)
AN - A 100 nm (3.16 eV)
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