47 6
2007 11

Journal of Dalian University of Technology

Vol. 47,No. 6
Nov. 2007

A Ne e e e W WV N Ne Ve
4 <

. =
AR IR IR IS IR IR AR AR

GGZSb 2T€5

2 z 2
1. ,
2. , 116024 )
s Ge,Sb,Te;
;170 C s
3250 C 40 nm

C . fce
(2.03 £ 0.15) eV;ice hex (1.58 4 0.24) eV.
400 nm 1 000 nm

30% ~ 40%.

: 1000-8608(2007)06-0781-05

116024 ;

17 nm

450

15% ~30%

: , 5mW._50ns
,Ge,Sh,Te, .
: Ge,Sh,Te; H H H
: 0469 : A
0 .
’ GGZSbZT€5 ’
' ) (DSC)H . X (XRD)
, . 1968 ’ '
,Ovshinsky!* ’
(chalcogenide) - . |
1971  .Feinleib [
1
’ 1.1 Ge,Sb,Te.
- ) S ’ Ge,Sh, Te; JGPG450
LS . Te e . Ge-Sh-Te
n ebrie s Ge,Sh,Te., 60 mm, 3
R CD-RW |
mm, 99.99%. ,
DVD-RAM .
99. 999 %. 1 mm
’ ) N 5 min; H,SO, +
' H.PO,( 3:1) 20 h,
[4.5] ; ’
[6] , 70
- mm. 5.0 X 107* Pa.
: ’ ’ 0.5 Pa,Ar 30 mL/min,
; 2006-03-10; : 2007-09-30.
. (2004CCA03700).
*(1962-),

’ ’

, E-mail :qyzhang@dlut. edu. cn.



782 47
. (fee) ; 200 ~ 300 C,
s 80V fee (hex) Kissinger
. 4. 80/5 ’ ’
. , —fce fce—hex
Ge,Sh,Te.,
s L. X _ A% s
. 80 W . A0 ey | .J'rl'.__
Ge,Sb, Tes. ATSIZC 2405
20 Aoirin :;
1 - — A F'-. A
Tab.1 Effects of radio-frequency power on film ||||1'.:I'l:‘j"l-?su|_Ji e
compositions % |I [ ,,:I :
30 4w [ I
80 W 100 W b JL
Ge 22.2 24.0 22. 22 T
Sh 22,4 23.5 22.22 100 1?E ?‘ﬁ'ﬁ' Ehﬂ klili}
Te 55.4 52.5 55. 56 L
1  Ge,Sh,Te;
1.2
DSC
Mettler 822E ) i . .
Fig.1 DSC curves of Ge,Sb,Te; films at different
. DSC ..
temperature rising rates
’ 2 Kissinger ( )
’ 10 mg 10.20 Ge,Sb,Te, R T,
30 C/min R , v E Lk, . .
~450 C.  DSC :Ge,Sh, Te;
R 170 250 C Ge_Sb_Te *fCC E;, - (2 03 JL 0. 15)
) eV ,fcc—hex E, = (1.58 + 0.24)
; 5.0 X 10 'Pa, eV, - ,
30 min s . —Ice ( 2.2eV).
D/MAX-2400 X (CuKa,A = Ge,Sb,Te; s —fcc
0.154 18 nm) ,
Lamda35s , ’
s 650 nm Ge,Sb,Te,
, 0. 65,
5 mW. ’ ’
40,50,75,100,400 1 000 ns. Ge,Sb,Te;
200 nm. s
2
2.1 DSC s 170 250 C
1 Ge,Sbh,Te, DSC Ge,Sb,Te; . 3
’ ’ Gesz2Te5 XRD
. [8] s ,
GGQSbZTes 150 ~ 200 C, 170 C ’



6 : Ge,Sh,Te; 783
XRD R AB.0 X . Bragg
fee R DSC .fcc 17
250 C R nm, hex 40 nm. ,
fee hex R
105 ns,
i B LT 4w md HERWT , XRD
o I.-"l I:’ R fcc a = 0. 600 nm; hex
£ 8 .,b L 2”{‘1 ! a = 0.421 nm,c = 1.770 nm,
= gnf J:., =166V # ASTM
2.2
B.5 . L
B 18 20 21 22 23 Ge,Sb,Te;
T I|1 JK- ,
2 Ge,Sb,Te.
Fig. 2  Activation energies of phase transition for 4(a)
Ge,Sh,Te; films s
s hex fee
g E ,Ge,Sh,Te;
wksal 8| E g &M% ' '
EEEY 3 T EmiE
= = """E'_H'_: = (10]
=B B AN R §mc :
e 4(b)
-lq.nlllu,-‘___l : e i .
20 30 4 B 60 YO &
281°) C=2X (R —R)/(R+ R) X 100% (2)
3 170 ¢ 250 C RiR,
Ge,Sh,Te, XRD ; 40 dB
Fig.3 XRD patterns of the as-deposited P 15%. 4(b)
Ge,Sh,Te; film and films annealed at 170 C Ge,Sh,Te. fec hex
and 250 C , 400 nm
15% 30%. s
, . XRD 650 nm 780 nm,
R fee hex
Scherrer D : 30.0%.37.3% 32.2%.38.7%,
D = 0.94A/Bcos 0 @D)
70
gl
O L ) o -
8, AR HE
B

3 L i i ;

ED:I 500 B00 VOO B0 90D 1000
Afmm

(a)

4 170 C 250 C

Fig. 4

10 L i L L
iC{I 500 ©00 70O 800 900 1000

Alnm

(b

annealed at 170 C and 250 C in vacuum chamber

Reflectivity and reflectivity contrast for the as-deposited Ge,Sb,Te; film and films



784 47
Ge,Sb,Te; f1z],
’ ar =% 1%(;{ 3
[12] , .P.T o
s hex LA W R -
Jhex fee , hex N
Ge,Sb,Te; 0 =
fcc hex , 6.027 g/cm®,c,=0.2]/(g+ C)
Ge,Sh,Te; Ge,Sb, Te; ’
40.,50,75.100,400 1 000 ns
5 mW s
, r=1 pm. 5
S Ge,Sh,Te;
5 Ge,Sh,Te. ( 5 mW)
Fig.5 Morphologies of Ge,Sb,Te; amorphous films irradiated by a 5 mW pulsed laser
s hex R
) . T=40ns( ,
5@)) ) ,
(3) hex
145 C, fce hex s
r=50ns( 5(b)) , r=1000ns ,
) fce
180 C, hex R
fce . T =75
ns(C  5(c) ~ (e)) , 3
, (D s
1000nsC  5()) Ge,Sbh,Te; ,
7 =75~ 400 ns fce 170 C s
fce hex (2.03 £ 0.15) eVjice hex
3 250 C s (1.58 =+

?1994-2015 China Academic Journal Electronic Publishing House. All rights reserved.

http://www.cnki.net



6 : Ge,Sh,Te;

785

0.24) eV,
(2) 400 ~ 1 000 nm R
Ge,Sh,Te, ,
; 650
nm 780 nm fcc hex
30.0%.37.3%  32.2%.38.7%.
(3)
s 50 ns .
fcc s H

75~ 400ns ,fcc hex

’

.

GeSbTe [J]. Thin Solid Film, 2005, 471:243-247
[6] JIANG Fu-song, XU Yong-hua, JIANG Mo-guang.
Film preparation and structure analysis of optical
recording domains of amorphous Ge-Sb-Te []J]. J
Non-Crystalline Solids, 1995, 184:51-56
[7] . . [(M].
,2003
[8] FRIENDRICH I, WEIDENHOF V.

transformations of Ge,Sb,Te; films studied by

Structural

electrical resistance measurements [J|. J Appl Phys,
2000, 87:4130-4134

[9] YINNON H, UHLMANN D R. Applications of
thermoanalytical techniques to the study of

crystallization kinetics in glass-forming liquids, part

1. Theory [J]. J Non-Crystalline Solids, 1983, 54:
253-275

[10] YAMADA N, MATSUNAGA T. Structure of
laser-crystallized Ge,Sb, + xTe; sputtered thin films

[1] . [M].
, 1998

[2] OVSHINSKY S R. Reversible electrical switching
phenomena in discovered structure [J]. Phys Rev
Lett, 1968,21(20): 1450-1453

[3] FEINLEIB J, NEUFVILLE ]J. Rapid reversible
light-induced
semiconductors [J]. Appl Phys Lett, 1971, 18(6):
254-258

(4] YAMADA N,
Rapid-phase

for use in optical memory [J]. J Appl Phys, 2000,
88:7020-7028

[11] s s .. .
(M. : , 1993

[12] KHULBE P K, WRIGHT E M, MANSURIPUR

M. Crystallization behavior of as-deposited, melt

crystallization of amorphous

OHNO E,

transitions of

NISHIUCHI K.
GeTe-Sh,Te,
pseudobinary amorphous thin films for an optical
disk memory [J]. J Appl Phys, 1991, 69:2849-2856

[5] MORALES-SANCHEZ E, PROKHOROV E F,
GONZALEZ-HERNANDEZ J, et al. Structural,

electric and kinetic parameters of ternary alloys of

quenched, and primed amorphous states of
Ge,Sh, ;Te; films [J]. J Appl Phys, 2000, 88:
3926-3933

[13] CHIANG D Y, JENG T R, HUANG D R. Kinetic
crystallization behavior of phase-change medium

[J]. Jpn J Appl Phys, 1999, 38:1649-1651

Phase transition behavior of Ge,Sb,Te; films
and its effect on optical properties
ZHANG Qing-yu™', PAN Shi’, WU Shi-fa’

( 1. State Key Lab. for Mater. Modif. , Dalian Univ. of Technol. , Dalian 116024, China;
2. Dept. of Phys. , Dalian Univ. of Technol. , Dalian 116024, China )

DU Jian',

Abstract: Using a radio-frequency reactive magnetron sputtering method, Ge,Sh,Te; films were
grown on quartz substrates at room temperature, X-ray diffraction analysis revealed the as-deposited
films to be amorphous. The films have a face-center-cubic (fcc) structure with the grain size of 17 nm
and hexagonal (hex) structure with the grain size of 40 nm after annealed at 170 C and 250 C in a
vacuum chamber, respectively. The thermodynamics behavior of the phase transition of the films was
studied at the temperature ranging from room temperature to 450 C. It is found that the activation
energy of phase transition is (2. 03 4 0.15) eV from amorphous to fcc phase and (1.58 &+ 0. 24) eV
from fcc phase to hex phase by DSC. The reflection contrast increases from 15% to 30% for fcc films
and from 30% to 40% for hex films with increasing the wavelength from 400 to 1 000 nm. The
influence of pulse width on the phase transition shows that energy density of laser has effect on
recording behavior of the film, and Ge,Sb,Te, films have the best optical properties under the
irradiation of a 5 mW and 50 ns pulsed laser.

Key words: Ge,Sb,Te, film; radio-frequency reactive magnetron sputtering; phase transition; optical

properties; laser radiation



