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H OB BUEBHESIET Ge-Sb-Te fil Ge-Sb-Te-O AHZS M I ML, B B ET/E ML
X ftfat (XRD) R, PACAEHHELET AERTH RSN BEatde S SEBER R
REAMER (DSC) LRI E AFEMAFEEF A THERERE, FHETHHOERER
e, RFEERMARET. RESRHEERELE F HESHEL Y 5 Ge-Sb-Te
M, BREAEN Ge-Sb-Te WA BT &R, EATRMNSE REE.
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H M -t+4ER Ovshinsky £ A U FRIE T Te BESHG A FHTNHAELUSE, #2E
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A IFEN K, GeSb-Te ZTTRGEMBER T ANY EXE. HTENRE
BRNE [ BEEEE, WREEHEEHBNERERRNTSUSEENTRIEE, £+
SHHEMBHASHBREUBERNFEZ —. Guofu Zhou & A & g2 (Ge-Sb-Te)
THRMIBH AT EB R —EBNE (BN 2at-%), KIIC RN B E BRI, 45 56HE
B, RETHAENFEER. AW, SFEBREEHEHHNERDNENTRIEXRL
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TR %R 2 5 F) B DSC(differential scanning calorimetry) B RFR T EREN G
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Table 1 Sputtering parameters
Target Ge-Sb-Te
Target diameter/mm 200
Substrate K9 glass
Sputtering gas Ar(99.999%), 02(99.999%)
Sputtering gas pressure/Pa 0.6
Sputtering background pressure/Pa <6.0x10~*
Sputtering power 150W
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HAhEER, TRIBFEAN N #THEP. FH D/MAX2550V X 17 543 4 (T #h b 2 w7
JE MR M AL BT T I E

3 HieEM

H Johnson il Mehl & Avrami 32 i §9 & L 5% 25 3 h 2 i B, HEARKRXR .
z =1 — exp[~(kt)"] (1)
o HEETIEG ¢ HEE n REMBRREEARGBS WY, MREEKK%E
FEERX, kAEREBRMER. BHREN Arrhenian BERX R -
Ink = Inv(-E/RT) (2)
v AMBET; EXNHRENRALEBOELE, RAGESKEEYE THERE.
MFESELR, ABEREEN o =dT/dt, FRAFFEE RN L RIGEH L.
BEASEEN:
T=To+at - (3)
To MREBRE; t HEHE; T AHLIREt FHREE.
B (1)(3) A8 « B RIERK

z =1~ exp{—[kKT - To)/a]"} (4)
Xt (4) AFHBR KM BER:
In[-In(1 — z)] = nlnk(T - Tp) — nina (5)
W FIESRLELRIRE, kB Arhenian BEREAFRE, W (6) RERRHF:
Cln(1—g)/n = YE [T exp—(B/RT)
- = 2 [ B R) (©

(6) RAERFEHFREFE, RITAH Chen By H R W KIHHLERFLE E: E—RIFE
HET, BUERSH < BE FERREER Y EE 2°), T BUER T,(5 & IEE )

In(T?/a) = In(E/R) — v + %1/Tp (7)



1260 RN N 4 17 %

8 dIn(T2/a) E

Vit (8)
(7) B0 2 %R JMA (Johnson-Mehl-Avrami) AR F @AM T BR, H2HE
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Fig. 1 XRD spectra of the film materials in (a) as-deposited and (b) heat-treated states
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Fig. 2 DSC curves of film materials at different heating rates
(a) Ge-Sb-Te; (b) Ge-Sb-Te-O
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JERAEFH B MRS Ge-Sb-Te FCC M SIS . B St M % 4 T i 3k
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E/[R, Aerror , Berror #5f{R A, BH Fig. 3 Plot of In(T?/a) vs 1/T, of Ge-Sb-Te-O
SRR ). and Ge-Sb-Te film materials
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Table 2 Crystallization temperature of the Ge-Sb-Te-O and Ge-Sb-Te film materials

obtained from DSC measurements

Scanning rate/°C-min™! 5 10 15 - 20
Ge-Sb-Te-O
Peak crystallization temperature/°C 190.21 195.45 199.15 200.45
Scanning rate/°C-min~! 10 30 50
Ge-Sb-Te
Peak crystallization temperature/°C 197.16 206.61 212.00
x3 SMBNER
Table 3 Linear regression for data
A A error B B error
Ge-Sb-Te —44.02548 0.05874 2.60764 0.00275
Ge-Sh-Te-O —49.10368 3.59579 2.76886 0.06874

MEIHINREERNERELE E RFEBEF v, Ge-Sb-Te: B/RERIELE E X
2.17x 1053 /mol, £ % 2.20x102J /mol; & F 8% fE % 2.25eV, iR 2 ¥ 0.002eV; HEE T v %
3.78x10%min"!, {£ 2 ¥ 2.16x10°min"!. Ge-Sb-Te-O: BE/R 4 & 1%L BE E b 2.30 x10°J/mol,
RN 5.72x103]/mol; [R FEIEEE A 2.39%V, BEHR0.059V; HMEEHT v A 5.84x10%°min1,
B 1.57x10%2min .

REFEGALERELE EHNETH: ERSLTHEEREWERS, RSNEE
BEREARES, RELBRL, ERSERNBHBRA, FENFRBARELR A
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Mg BB ERARE ST P RN b LA HFHOSREREREERABRE
J5 4 Ge-Sb-Te HAEM B EAHIT &, X5 Guofu Zhou FA P (LW A RRE K. Hit
Ge-Sb-Te-O HAMBRFERN G HER, fiE—2 WE Ge-Sb-Te #A MM A TFEH .
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BARNEEHEBEEETANERSIGSHEE. GFPRABRERTIELASHEBER RN E
# (DSC) i &3, & REERE INAGE R MTTHRM, s TR BEREREL
BB, ETFHEHBAMBFRERETIIN: (Ge-Sh-Te)2.17x10°]/mol , 2.25eV & 3.78x10?3min~?,
(Ge-Sb-Te-0)2.30x10%] /mol , 2.39eV , 5.84x10%min~!. WEATH B F 4 RIELAEE E HE
BEELNBRETH Ge-Sb-Te HAEMBEAGH A, 5 Ge-Sb-Te 4Lk, Ge-Sb-Te-O
AR R A R 4R E.
it TRIBRPBATIERELAETESE AR OME, RS RE.
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Crystallization Kinetics of Ge-Sb-Te-O Phase-Change Thin Films

GU Si-Peng, HOU Li-Song

(Shanghai Institute of Optics and Fine Mechanics, Chinese Academy of Sciences, Shanghai 201800, China)

Abstract: Ge-Sb-Te and Ge-Sb-Te-O thin films were prepared by RF-sputtering. XRD spectra
of the films in as-deposited and heat-treated states show that the films changed from amorphous
to crystalline states due to heat-treatment. By using DSC data of the amorphous film materials,
measuring the peak temperature of crystallization at different heating rates, the activation energies
and frequency factors were calculated. The experimental results show that sample Ge-Sb-Te-O
has a higher value of activation energy than sample Ge-Sb-Te, so oxygen-doping can improve the

crystallization rate of Ge-Sb-Te phase-change material.
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