APPLIED PHYSICS LETTERS VOLUME 80, NUMBER 18 6 MAY 2002

Thin film alloy mixtures for high speed phase change optical storage:
A study on (Ge;Sb,Te,);_,(Sn;Bi,Te,),

Tae-Yon Lee and Ki-Bum Kim
School of Materials Science and Engineering, Seoul National University, San 56-1, Shillim-Dong,
Kwanak-Gu, Seoul 151-742, Korea

Byung-ki Cheong,® Taek Sung Lee, Sung Jin Park, Kyeong Seok Lee, Won Mok Kim,
and Soon Gwang Kim

Electronic Materials and Devices Research Center, Korea Institute of Science and Technology, 39-1,
Hawolgok-Dong, Sungbuk-Gu, Seoul 136-791, Korea

(Received 23 January 2002; accepted for publication 15 March)2002

An approach is proposed to develop recording materials for high speed phase change optical data
storage. It utilizes a thin film alloy mixture between a stoichiometric GeSbTe alloy and an additive
ternary telluride alloy. Selection rules for an additive alloy are suggested. For a test,
(Ge Sh,Tey) 1 (S Bi,Tey), thin films are deposited by co-sputtering and their structural and
thermal properties are studied. {&&,Te, and SpBi,Te, are found to form a completely soluble
pseudo-binary system, whose crystalline lattice parameters obey Vegard’s rule over the entire range
of x (0<x<1). Furthermore, the alloy mixtures display an increasing tendency for crystallization
with SnyBi,Te, content. Dynamic tests of disk samples are made to show the effectiveness of the
approach for high speed erasure. 2002 American Institute of Physics.
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In the area of optical data storage, gains in recordingse Bi,Te,, PbBi,Te,, SnBi,Te,, SnShTe,, (4)
density and data transfer rate have been achieved primaril@e, Sh,Te, type: GgBi,Te;, PhBi,Te;, SnBi,Te;.
by reduction in laser spot size and/or increase in linear ve- In this letter, we report our recent study on
locity of disk. Either of these approaches has been renderinthpe co-sputtered thin film alloy mixtures
a diminished beam dwell time. In phase change optical re(Ge, Sh,Te,);_(SnBi,Te,), in order to find out if the pro-
cording, therefore, faster crystallizing recording materialsposed approach may be useful to develop GeSbTe-based re-
have been pursued continuously. As for widely used GeSbTeording materials for high speed phase change optical data
alloys, efforts have been made to enhance the crystallizatiostorage.
kinetics by additive elemenis® and/or by use of crystalliza- By co-sputtering individual G&hb,Te, and SpBi,Te,
tion promoting layeré:® targets with varying the sputtering power to the,GeTe,
Herein, we advance an approach that involves a delibetarget and at a fixed power to the Bi,Te, target,
ate use of an additive ternary telluride alloy which, on(Ge Sh,Te,);_«(SmBi,Te,), thin films of variousx were
mixing with a stoichiometric GeSbTe alloy, forms prepared in a radio frequency magnetron sputtering system.
a homogeneous pseudo-binary alloy mixture Mole fraction(x) was determined by Rutherford backscatter-
(Ge,Sh,Tey) 1 - x(AsB,Te:)y, wherex is a mole fraction (0 ing spectrometrRBS) with 2 MeV He&?* ion beam using
<x<1) anda, b, andc represent atomic mole ratios. The 100 nm films on S{001) substrates. The films were annealed
following selection rules are suggested fogByTe;: First,  at 150 and 300 °C, respectively, in an Ar ambient vacuum
A ByTe; is a telluride compound with atomic mole ratios furnace for 30 min, and x-ray diffractions were carried out
and a crystal structure essentially identical to the master stayith Cu K« radiation(M18XHF-SRA) for crystal structure
ichiometric GgSh,Te, alloy. Second, A and B are elements analysis. Thermal analysis was carried out by differential
belonging to the group IV and V, respectively, and at leaskcanning calorimetryDSC, TA DSC 2019 with an Ar flow
one of them has a higher atomic number and thus a smallgrsing a fewum (Ge Sh,Te,);_(SnBi,Te,), film deposits
elemental bond energy than its counterpart in the GeSbhTetripped off from glass substrates. Disk dynamic properties
alloy. In light of the results of Coombsetal,' were also studied by use of disk samples with recording lay-
(Ge,ShyTe;); x(AaBpTe)x is expected to have enhanced ers of a few selected compositions in four-layer stacks con-
crystallization kinetics compared to G&h,Te,, and sulfide  sisting of AICr (100 nm/ZnS-SiQ (20 nm/recording layer
and sellenide alloys may not be usable as an additive alloy20 nm/ZnS—SiQ (270 nm on polycarbonate substrate.2
The following alloys may be taken as candidates for an admm thickness, track pitch of 0.6m). An optical disk test
ditive alloy depending on the stoichiometry of a GeSbTebed was used, equipped with a laser diode of 650 nm in
alloy:"® (1) Ge,ShyTes type: PhShTes, SnyBi;Tes, (2)  wavelength and an objective lens of a numerical aperture 0.6.
GeShyTe; type: PBBi,Tes, (3) GeShTe, type: Shown in Fig. 1 is an example of RBS spectrum together
with simulation curvesseSn, 5:Sb, ands,Te are evidently
“Author to whom correspondence should be addressed:; electronic mailndistinguishable because of their neighboring atomic num-
bkcheong@Kkist.re.kr bers, bu,Ge andsBi yield clearly separable peaks from the
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FIG. 1. A RBS spectrum with simulation curves for the sample
(Ge Sh,Tey) 951 SmBioTes)g.184- The inset is the spectrum in full energy
range.
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rest. From the intensities of Ge and Bi peaks, the film com- : : ,
position was estimated in terms of a mole fractioon the 5 30 285 40 45 50
assumption that the respective stoichiometry of SgTe, (Degree)
and SnBi,Te, is preserved in the co-sputtered films. This i fthe (GBbTe v
; ; FIG. 3. X-ray diffraction spectra of the (@8b,Te,)1_4(SnBi,Tey), films
l‘l?r?etg (g%_?bz-r%)lo_gflést!’hBlzTeO0,1_?:)4' n tftf t(;]ase ShOV\tm' annealed afa) 150 °C and(b) 300 °C. The num?)érs on the2 riéht of each
nBi,Te, mole fraction accessible with the present co-fgure ingicate mole fractiong.
sputtering method turned out to range froe0.125 tox
=0.482 includingx=0 and 1. o _ _

In Fig. 2, DSC experiment results due to a heating rate32 “C/min. The analy3|s qu to_1.83 and 1.60 eV, respectively,
of 35°C/min are shown for the as-sputtered filmsxef0, ~ Nence a decrease in activation energy by 0.23 eV due fo
0.125, 0.224, and 0.482. Two separate exothermic peaks aéditive mixing of the SyBi,Te, alloy by x=0.125.
noticeable. According to a previous studythe first peak X-ray diffraction spectra are shown in Figs(aB and
marked 1 results from an amorphous to face centered cubitd) fpr the co-sputtered films with various moleT fract|o.ns of
(fcc) transformation and the second peak marked 2 from arpMBi2Té annealed at 150 and 300 °C, respectively. Diffrac-
fcc to hexagonal close packébcp) transformation. As will ~ tion spectra in Fig. @) can be indexed unambiguously as a
be shown later, the same interpretations hold for the peak@ingle fcc phase except for the=1 (SnBi,Te,) case, for
marked 3 and 4 in the case ®F0.125. From comparison which indexing accorded with a two phase mixture of an fcc
with the x=0 case, a slight decrease can be noticed in th&nd an hcp phase. As for the films annealed at 300 °C, every
peak temperature of an amorphous to fcc transformation. Th@iffraction spectra can be indexed according essentially to a
broad shoulders preceding the peaks 3 and 4 are presumed$99/€ hcp phase, which is in agreement with the DSC re-
have much to do with the presence of the embryonic crystaIS‘ﬂ'tS- One §ho_u|d notice striking fegtures particularly from
line states of a varying degree in the co-sputtered film, refi9- 3(@. With increasing mole fraction, each fcc peak, for
sulting from a prolonged sputtering of a fewn-thick film  Instance(220) peak, undergoes a gradual negative shiftdn 2
as well as strain energy relaxation due to atomic reconfigu@ngle without peak splitting and it is accompanied by growth
ration. Unlike the above two cases, the films with higherin Peak width. Both of these results suggest a homogeneous
mole fractions were found to display the absence of the firsfiXing of the two alloys occurred on the atomic scale, at-
peak and a gradual vanishment of the second peak with irfended by lattice distortion due to accommodation of atoms
creasing mole fraction, clearly signifying a progressive in-Of different sizes: without mixing(220) peak would haive
crease in crystallization tendency. The activation energy foAPPeared split with 2angle separation of more than 2° be-
an amorphous to fcc crystallization in eagh0 andx ~ tWeen GeShTe, (aw=6.01A) and SiBiyTe;, (are
—0.125 case was derived via Kissinger's analjsig DSC = 6.33 A). The dependence of lattice parametexg; and

results due to three different heating rates of 15, 25, an§ncp On the mole fraction is shown in Fig. 4 that was derived
from Fig. 3 via a least square method. It vividly illustrates

/_- x=0.482
T T N =024

7
'

1 ® HCP lattice parameter, ¢
B FCClattice parameter, a
Linear fitting line

T
=
=

T T
Lol el
N

T
o
=

T
Lattice Parameter(c) for HCP (A)

AT AT - A A AN
> B = & 2 >
) f ! f

75 150 25 300
Temperature (°C)

)
=]

Heat Flow (Arb. Unit)
w
FN
b =
I
e
v}
G
Lattice Parameter(a) for FCC (&)

=]
o

02 04 06 08
Mole Fraction

2
=

FIG. 2. DSC experiment results due to a heating rate 35 °C/min for the
as-sputtered (G&h,Tey);_4(SmBi,Tey), films of various mole fractions  FIG. 4. Variation of lattice parametefgy. and c,¢) with mole fraction;

(¥). notice linear relationships; called Vegard's rule.
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0 g . I \ velocity of 15 m/s, consistent with the DSC experiment re-
5 —3=8=8=9" % * \ ! sults
T B o - o _
& w0l %2 : ‘ —e In summary, thin film alloy mixtures were proposed as
g iz" — 'A—i promising recording materials for high speed phase change
» s : b . u_ optical data storage. G8h,Te, with an additive SpBi,Te,
wf ——— ks E 10 T oea . alloy were tested and found to form a homogeneous single
8 o2 M6 2553 6 1215 phase mixture with enhanced crystallization kinetics. The re-
Recording Power (mW) Disk Linear Velocity (mvs) . . .
@) () sults are understandable in view of the selection rules set out

FIG. 5. Comparison of disk dynamic characteristics between the two diskén the be.gmmrr]]g' Flrﬁt’ the eqU|I|br|um phases OflsETe“
using recording layers of (G8b,Tey)qgs(SMBiyTey)o 15 (disk A) and and SriB'ZTeA ave the same _space grO_Up SymmeRSm)_’
Ge Sh,Te, (disk B). (@) Dependence of carrier to noise ratiGNR) on a small lattice parameter misfig.8% in a and 2.2% in
recording power(b) dependence of maximum dc erasibility on disk linear ¢ 1213 and the same valencies of the constituent elements.
velocity. All these together warrant the formation of a stoichiometric
) _ ) ’ ~ pseudo-binary solid solution with a complete solubility be-
range of m|xmg,_and therefore confirms that,Sk,Te, a”_d Bi—Bi, Sn—Te, and Bi—Te are smaller than those of Ge—Ge,
SniBi,Te, constitute a completely soluble pseudo-binarysp_sph Ge-Te, and Sb-Te, respectiVélfhese reduced
system. . . _ _ bond energies would benefit promoted nucleation in particu-

Dynamic properties of disk samples with recording lay-jar during amorphous to crystalline transformation of the
ers of (Gq_SbZTe4)0_85(Sr1lB|?Te4)0_15 (d!sk A) and of mixed alloy.
Ge Sh,Te, (disk B) were studied. Reflectivity values of the
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