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Abstract. Effects of Ni and Se incorporation on the crystallization kinetics of Ge:Sh:Te alloys have been
studied. Both elements were found to increase the stability of the amorphous structure. The kinetics of
crystallization under isothermal treatments indicates that Ni reduces both the barrier for thermal crystal-
lization and the crystallization rate. Crystallization of samples containing Se is also retarded, possibly
due to a stronger bonding of this element in comparison with Te.
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Introduction small amounts. Itis also known [4, 5] that addition of traces
of a transition metal, such as Ni, helps nucleation in these
r?]éoys; however, the effect of these elements on the crystal-

Phase change optical memory technology, in which data . SN
lzation kinetics is not yet clear.

stored in the form of laser-induced structural phase tra
formations, originated with Ovshinsky more than twenty-
five years ago [1]. The general idea is to write data bits §
micron-size amorphous regions. These data can be era

by recrystallizing the amorphous regions through heati
with the same laser. Therefore, the recrystallization behavi

In this work, we analyze the crystallization kinetics of
gmmerciall_y used op_tical media (&b Te,_ incorporat_—
and not incorporating small amounts of Se and Ni. We
ve found that both elements improve the stability of the
stoichiometric alloy, but they also increase the crystalliza-

of thin alloy films is fundamental to the technology of phasgOn time. It was also found that Ni reduces th? th(_ermal bar-

change optical recording. Recently, ternary alloys based HRr for nucleation, but decreases the crystallization rate as

Ge:Sh:Te have been successfully applied in commerc??ﬂa"'

optical disk based data storage systems [2]. Although the

phase change technology has been recognized for the skperimental

plicity of recording and reading, its commercial success was

predicted due to the capability of direct overwriting. Ge:Sh:Te films were deposited on unheated fused quartz
For direct overwriting, the phase change optical memogubstrates by the RF-sputtering technique from targets hav-

technology needed appropriate media, i.e. materials thag the same composition that was intended for the films.

could be recrystallized at approximately the same durati@amples of the following three compositions were prepared:

of laser exposure that was used to make them amorpho@@ZZszzTeSG, Ge,Sh,,Te, Se and Geg,Sh, Te Se+

Of course, this requires the crystallization process to be vergat. % Ni. The first one of these alloys will be hereafter

rapid, without degrading the thermal stability of the filmcalled the pure alloy. All films were deposited at a rate of

Thus, sensitivity and stability are two necessary featuresaiout 0.3 nm/sec to a total thickness of 300 nm. The electri-

viable optical recording media. cal conductivity was measured using the two probe tech-
Optical memory media based on tellurium films with anique. To determine the uniformity of composition, Auger

stoichiometric composition have been previously shown iomposition depth profiles were measured. The films were

exhibit the necessary crystallization speed [2, 3]. Telluriumeated in nitrogen ambient in a tube furnace at temperatures

alloys can be made more stable when a chalcogenide etenging from 130 to 170°C. The conductivity of these films

ment with stronger bonding, such as selenium, is addedviis measured after various annealing times, i.e., a film an-
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nealed at a temperatufdor a period of time was cooled conductivity of samples in the amorphous state. After the
down to the room temperature for conductivity measurdull crystallization, the conductivity saturates up to a value
ments, and then returned to the furnace for another annemlhich is lower than that observed in the fully crystallized
ing period at the same temperature. The X-ray diffractigoure alloy. This saturation of conductivity is not shown in
data were obtained with a commercial Rigaku diffractometéig. 1 for the sample containing Ni, because it requires quite
employing the< radiation line. long annealing times; however, this behavior is observed
for all measurements at higher annealing temperatures. A
. . higher conductivity of the samples in the amorphous state
Results and Discussion probably indicates that Ni substitutes Ge. If this is indeed
Figure 1 shows an example of the behavior of the p-tygge case, Ni atom with a smaller number of valence elec-
electrical conductivity as a function of the annealing time &fgns produces extra holes increasing the p-type conductiv-
140°C for films of the three Compositions studied. In the aﬁy of the amorphous material. During the Crysta”ization,
prepared samples, Se reduces and Ni increases the roggakly bonded Ni atoms leave the substitutional lattice sites
temperature conductivity, in comparison to the pure sarfy sit in the interstitial sites where now they can act as donor
ples. After the thermal treatment, the room-temperature cqfpurities compensating the acceptor levels and therefore
ductivity slightly decreases with annealing time until, at geducing the p-type conductivity. The hole left by Ni prob-
certain point, it suddenly increases by several orders of maghiy acts as a nucleation site, because at high temperatures
nitude, and then remains approximately constant for longgfe surrounding bonds would prefer to go into the more sta-
annealing times. This sudden increase in the conductivitydfe crystalline phase. As will be discussed later, the number
related to the crystallization of the film. You can see fromg interstitial atoms is evidently only a small fraction of the
the figure that undoped G8h, Te,, films crystallize first, total amount incorporated. The remaining atoms are prob-
followed by those containing 5 #.Se, while films con- aply responsible for the lower crystallization rate observed
taining Ni and Se require the longest annealing time to Crygrthe nickel-doped alloy.
tallize. Fig. 2 shows the X-ray data for a G&h, Te, film be-

Itis also seen in fig. 1 that introduction of Se does N@$re (a) and after (b) thermal crystaliization. The pattern
change the shape of the conductivity curve, it only shifisrresponding to the as-prepared sample (a) shows broad
this curve along both axes. This effect could be attributed &“’fraction lines centered at about 28 and 47 degrees in the
a stronger bonding of Se atoms in comparison to Te. Thugtheta] scale. This demonstrates the amorphous nature of
it required a larger thermal energy for nucleation. Thghe as-prepared films. In the pattern (b), the position and
stronger bonding of Se can also explain the decrease in cafiative intensities of the sharper diffraction lines indicate a
ductivity, because stronger bonding means higher ionizgzndomly distributed face centered cubic structure of the
tion energy of acceptor levels for hole conduction. crystallized films.

Incorporation of Ni increases the conductivity of the as- - From curves like those in Fig. 1, the crystallization time,
prepared samples and those treated at temperatures befofg defined as the annealing time till the onset of crystalli-
the onset of crystallization. In other words, it increases tB&tion. It was found to depend both on the film composition

and on the annealing temperature. As crystallization pro-
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Fig. 1. Electrical conductivity versus annealing time at 140°C for ~ Fig. 2. X-ray diffraction patterns for a Ge,,Sb,, Te film: before
samples of various composition. (a) and after (b) thermal crystallization.
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Fig. 3. Arrhenius plot for samples of three different compositions

annealed at temperatures ranging from 130 to 170°C.

ceeds through nucleation and growth, its kinetics should
described by the Johnson-Meht-Avrami equation [6]:

V.= 1-exp(-kt") (1)
where
k= kexp (£ /KT). 2)

In eq. (1),V, is the volume fraction of the crystalline

These values of the activation energy are close to the
bond energies in the same compounds. The activation en-
ergy is smallest for the samples containing Ni, which agrees
with earlier data indicating that Ni promotes nucleation
[5, 8]. A possible mechanism of nucleation has been de-
scribed in the previous sections of this paper. The fact that
the crystallization time is much longer for samples doped
with Ni is probably associated with to two factors: first, as
mentioned before, Niincorporated in the substitutional sites
of the amorphous lattice is ejected to the interstitial sites,
and then most of it diffuses to the crystalline grain inter-
faces. Atomic diffusion retards the process of crystalliza-
tion, because it is slow in comparison to the crystallization
of amorphous alloys with a stoichiometric composition (in
the latter case, the growth after the nucleation is controlled
by the attachment of atoms to the growing crystal, which is
certainly a quick process). In summary, Ni reduces the ther-
mal barrier for crystallization, thus enhancing nucleation,
but due to the slow atomic diffusion mechanism, it slows
down the rate of crystallization. The effect of selenium is
similar, though less pronounced. In this case, since selenium
substitutes tellurium in the stoichiometric crystalline lattice,
the increase in the crystallization time could be related to
tee stronger bonding of selenium, and therefore a higher
thermal energy is needed to break these bonds to transform
the amorphous network into the crystalline compound.
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t. In eq. (2)k, is a constanK — the Boltzmann constarki,

—the activation energy for the crystallization processpand

is the Avrami exponent related to the time dependence
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KIHETUKA KPUCTAJIBAMLIIL Ge,,Sb, Te,, JETOBAHOI'O Se I Ni

567

E. I'apcia-I'apcia, M. Ane3-/Iimon, FO. Bopooitos, @. Ecninoza-benmpan, K. I'onzane3-Xepnanoes
YVuisepcumem im. A. Keepemapo, Mekcika

Busueno BruuB Ni u Se Ha kiHeTHKy kpucrainizauii Ge:Sb:Te cruiaBi. BusiBneHo, mo o0uiBa e1eMeHTH HiIBUIIYIOTh CTa0iIbHICTh
amopdHoi cTpykrypu. KineTnka kpucranizauii npu i3oTepMiuHii 06po6ui mokasye, mo Ni 3MeHIIye sk 6ap’ep TepMiuHOT KpUCTai3allii,
TaK 1 MBHAKICTH KpucTamizamii. Kpucramizamis 3paskiB, sSKi MICTATh Se TaKOX YIOBUTbHEHA, MOKIMBO 3aBISKU OLTBII CHIBHIN eHeprii
3B’S3KYy LIbOTO €JIEMEHTY B MOpiBHsAHHI 3 Te.

KHHETHUKA KPUCTAJUIM3AIIMA Ge,Sb, Te , JETUPOBAHHOI'O Se M Ni

567

E. I'apcua-I'apcua, M. Anes-/Ilumon, 0. Bopooves, ®@. Icnunoza-benmpan, K. I'onzane3-Xepnanoes
Yuueepcumem um. A. Keepemapo, Mexcuka

W3yueHo BiustHue Ni u Se Ha KuHeTHKY Kpuctaiutnzanuu Ge:Sb:Te cruaBoB. YcTaHOBICHO, YTO 00a 3/IEMEHTA MOBBINIAIOT CTAOMIBHOCTh
amMopHOH CTPYKTyphl. KHHETHKa KpHCTaIIM3auy Ipu W30TepMUUYecKoil 00paboTke MoKa3pBaeT, 9To Ni yMEHBIIAeT Kak Oapbep
TEPMHUYECKON KPUCTAUIU3ALMHU TaK U CKOPOCTh KpUcTamM3auuy. Kpucrammsanus o0pasios, conepxamux Se Takxke 3aMeJIeHHas,
BO3MOXKHO Onarozapst 6osiee CHIBHON SHEPIHHU CBSI3M HIIEMEHTA [0 CPaBHEHHIO ¢ Te.
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