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Amorphous and crystalline phases of ;.G Te; films are investigated by coherent phonon
spectroscopy. By heating amorphous films above specific temperatures, the coherent phonon
signatures exhibit pronounced changes due to the crystallization of the amorphous phase into a cubic
lattice and the transition from the cubic to a hexagonal crystal structure. The phonon modes
observed are identified by comparison with coherent phonon spectra of the binéeg &hd GeTe
constituents.

High-speed, high-density rewritable data storage as reantibinding orbitals within times much shorter than one pho-
quired in the rapidly growing field of multimedia applica- non period. As a result, the atoms’ equilibrium positions are
tions can be achieved by means of phase change optical rempulsively changed, thus exciting a coherent lattice vibra-
cording. Its principle is based on the high difference intion with wave vectorkk~0 that maintains the crystal sym-
optical properties between amorphous and crystalline phasesetry. So far, coherent phonons have not been observed in
of chalcogenide alloy films. Rapid phase changes used fa@morphous materials.
writing and erasing of data are induced by irradiation with ~ Here, we present a study on the transition from amor-
focused nanosecond laser pulses leading to transient locahous to crystalline phases of £&5,Te; by CPS. Coherent
temperature increases. Laser pulse heating of amorphow@onons launched by femtosecond laser pulses are detected
phases above the crystallization temperature results in a fat time-resolved optical pump probe experiments on a
crystallization while reamorphization occurs by laser in-G&ShTes film sputter deposited on a Si substrate. Phase
duced melting and subsequent rapid cooling. transitions from the as-deposited amorphous state to the dis-

Favored materials for optical recording are compoundginct crystalline phases are clearly observed by noticeable
of the pseudobinary GeTe—Sie; material system with changes in the coherent phonon spectra upon increasing the
Ge,Sh,Te; mostly used in commercial disks. They offer suit- Sample temperature. The second phase change identified as
able crystallization and melting temperatures for laserihe transition from the cubic to the hexagonal crystal lattice
induced phase changes and rapid transition times in thi associated with a strong modification of the phonon signa-
nanosecond rande® Previous investigations on the struc- ture while the static reflgcnvny does_ not change perceptlbly.
tural and optical properties of the Ge—Sb—Te compound sys- "€ sample investigated consists of a 200 nm thick
tem have been performed by electron diffractfontayand ~ C&SkeTes film sputter deposited on@00) oriented Si sub-
optical spectroscopy’ Over a wide compositional range, strate. Experlments_were pe_rformed in a standard optical
amorphous Ge—Sb-Te films crystallize in a “metastable”pump_pmbe_SetUp in reflection geometry. The Iager pulses
cubic NaCl-type lattice at temperatures between 120 anf /0 fs duration ata wavelength of 800 nm are derived from
150°C. The transition from the cubic to an “equilibrium” a Ti-sapphire psc!llator and focused to a spot slze O.f approxi-
hexagonal lattice structure occurs at temperatures abov'gate'y 40um in diameter on the sample. The intensity of the

200°C1! However, there is still a lack of a detailed analysis pump and probe pulses are 40 and 3 mW, respectively, to

T .—avoid local heating above phase transition temperatures. The
of the phonon dynamics in the amorphous and crystalline . : :

Sample is mounted on a heating plate enabling measurements
phases of the ternary Ge—Sb—Te compounds. cw Raman eX:

. : at various temperatures up to 300 °C.
periments have been performed on crystalline Gélef. 8 . g -
and ShTe,.® and on amorphous Ge T2, In Fig. 1, time-resolved reflectivity changes detected at

room temperature, 160 °C, and 300 °C are compared. For all
In the last decade, coherent phonon spectros¢Gi9 peratu P

has b ved ttractive tool for the i Hoati temperatures, the signals consist of slowly varying contribu-
as been evolved as an attractive ool for the INVestgation G, g o 5 picosecond time scale that are related to the relax-
crystal lattice dynamic§ In CPS, the displacive excitation

i - . ation dynamics of photogenerated carriers. The superim-
of _coherent ph_ononGDE_CP) has been_|dent|f|ed as the exci- posed oscillatory components result from coherent phonons
tation mechanism of highly symmetric phonon modes for

. . ) ) X L &hat contribute to the time-resolved reflectivity changes via
large variety of materials, including crystalline Te and'Sb. ARx(dx/9Q) X Q, where @x/dQ) is the first order Raman
DECP is based on the excitation of electrons from binding tqg andQ is th7e phonon amplitude. The amplitudes and
frequencies of the coherent phonons strongly depend on the
dElectronic mail: foerst@iht-ii.rwth-aachen.de lattice temperature due to the transitions of the as-deposited
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FIG. 3. Coherent phonon spectra(af amorphous G&Sh,Te; at room tem-
I Ot ) } ) ) perature (dashed ling and amorphous GeTésolid line) and (b) cubic
0 1 2 3 4 5 Ge,Sh,Te; at 160 °C(dashed lingand crystalline Sfi'e; (solid line) from
Time Delay (ps) Fourier transforms of time-resolved reflectivity changes.

FIG. 1. Time-resolved reflectivity changes of the,SlgTe; film at room static reflectivity of the GngzTe5 film in our measurements.
temperature, 160, and 300 °C. . . . . .

This observation slightly deviates from recent ellipsometry

experiments where a static reflectivity increase of less than
amorphous G&ShTe; film into the different crystalline 10% associated with this phase transition has been found at
phases at the specific temperatures. wavelengths around 800 nhit is important to note that the

The distinct phase changes and the transition temperghase changes observed are not reversible upon decreasing

tures where they occur are visualized in Fig. 2. Here, théhe sample temperature below the specific transition tem-
phonon spectra obtained by Fourier transforms of the phonoperatures.
induced signal contributions and the static reflectivity = Since the ternary Ge—Sb—Te material system is com-
(shown in the insetof the GeSh,Te; film at temperatures posed of the binary GeTe and Sle; compounds, the coher-
between 100 and 300 °C are displayed. From room temperant phonon spectra of G&h,Te; and its binary constituents
ture up to 130 °C, the phonon spectrum of the deposited filnare compared to elucidate the origin of the modes observed.
consists of two modes at 3.7 and 4.8 THz. Between 130 anth Fig. 3@ the coherent phonon spectrum of amorphous
150°C, these modes disappear whereas a new domina@e,Sh,Te; is compared with that of a 300 nm thick amor-
mode arises at a frequency of 3.5 THz, accompanied by twphous GeTe film sputter deposited on a Si substrate. The two
weaker modes at 2.0 and 5.1 THz. Concomitantly, the statispectra detected at room temperature are similar in both, the
reflectivity of the film, i.e., the average intensity of the re- frequencies at 3.7 and 4.8 THz, as well as in the ratio of their
flected probe beam, increases by approximately 50%. Thamplitudes. Since no long-range order exists in amorphous
changes of the coherent phonon spectrum and of the statioaterials, only local phonon modes can be excited. This
reflectivity indicate the crystallization of the amorphouspoints towards a similar short-range order in both
Ge,Sh,Te; film to the cubic phase. Above 210°C, a seconda-Ge,Sh,Tes and a-GeTe. The frequencies of the modes
strong change in the phonon spectrum occurs. The dominadetected are very close to modes obtained in amorphous
mode now appears at a frequency of 1.5 THz and is acconfseTe by cw Raman spectroscaffyThere, the line at 3.7
panied by weak modes at 3.0 and 5.1 THz. This drastidHz (123cm?) is attributed to a symmetri&,; mode of
change in the phonon spectrum is ascribed to the transitioGeTeg tetrahedra formed in the amorphous phase. The
from the cubic to the hexagonal phase. Contrary to the crysweaker structure at 4.8 THz (160ch) is interpreted as a
tallization of the amorphous film, the transition from the cu-symmetricA; mode of disordered Te chains. From the ob-

bic to the hexagonal crystal lattice is not observed in theservation of these two modes in the amorphous phase of
Ge,Sh,Te;, we conclude that GeTetetrahedra and unor-

dered helical Te chains are also formed in amorphous

Ge,Sh,Tes. Compared to crystalline Te, the mode of the dis-
5 ordered Te chains is shifted to higher energies due to the lack
of a long-range order of the helical Te chains in the disor-
dered phasé& These chains are hexagonal closely packed in
the crystalline phase. The exclusive observation of symmet-
ric A; modes in the coherent phonon spectra is ascribed to
the preferential excitation of these local breathing modes in
the amorphous phase by DECP.

The phonon spectrum of cubic &8, Te; can be ex-
plained by its NaCl-type crystal lattice, where one group of
~— 7300 lattice sites is occupied by Te atoms only, while the other
O group of sites is randomly occupied by Ge or Sb atoms or

vacancies? Consequently, the regular stacking rule
(abcabq along the cubid111] direction results in the for-
mation of five-layer packets of rhombohedral ,B& and
fractions of B-crystalline GeTé.The latter crystallizes in the

FIG. 2. Coherent phonon spectra of the,SlaTe; film dependent on the NaCI-type lattice with a lattice constant 6 A equal to that

temperature. The inset shows the temperature dependent static reflectivi§f CUbiC GeSkyTes. Thek=0 Raman_ active phonon modes
relative to its room temperature value. of Sb,Te; are expected to appear in the coherent phonon
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spectrum of G&Sh,Tes. In B-crystalline GeTe however, only The amorphous, cubic, and hexagonal phases are identified
one threefold degenerakg, mode exists that is exclusively by specific phonon modes detected in femtosecond time-
infrared active and, hence, cannot be detected &iddQ) resolved reflectivity changes. Although the cubic—hexagonal
in time-resolved reflectivity chang&sTo confirm this pic- phase transition is barely noticable in the static reflectivity,
ture, the coherent phonon spectra of,SlgTe; detected at CPS reveals large changes in the specific phonon modes. A
160 °C, and of crystalline Sbe; are compared in Fig.(B). comparison between the coherent phonon spectra of
In the cubic phase of GBb,Tes, a dominant mode appears Ge,Sb,Te; and its binary Spre; and GeTe constituents en-

at 3.5 THz, a weaker mode at 2.0 THz, and a third mode isbles the identification of the phonon modes observed.

centered at 5.0 THz. In a highly correlated way, the coherent ,
phonon spectrum of $Be; consists of symmetricA, The authors gratefully acknowledge V. Wagner for fruit-

modes at 2.0 THz (67 cif) and 4.9 THz (167 ci) and a ful discussions and the Deutsche Forschungsgemeinschaft
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differ only slightly from the frequencies obtained in cw Ra- their financial support.
man experiment$. There, theA,;; modes are assigned to
symmetric vibrations of the outer Sb and Te layers along the
c axis in SBTe;, where the layers of one pair move in phase 1NH Yamada, E-(Ohf]\f, K. Nishiuchi, N. Akahira, and M. Takao, J. Appl.
; : ) Phys.69, 2849(1991.
(2.0 THZ modg or in opposite phas_(a4.9 T,HZ modg, re, 2J. H. Coombs, A. P. J. M. Jongelis, W. van Es-Spiekman, and B. A. J.
;pectlvely. ThekE, .mode at 3.6 THz is assigned toa vibra- - jacobs, J. Appl. Phygs, 4906(1995.
tion of the atoms in these layers vertical to thexis. 3C. Trappe, B. Behevet, B. Hyot, O. Winkler, S. Facsko, and H. Kurz,
The transition from the cubic to the hexagonal phase ofAJKp”A- JAADIO'- Pf(‘jyzv gathalf?vme(S?OOQP-h Crystallogd. 400(1960
. . . - . A. Agaev and A. G. Talybov, Sov. Phys. Crystallogd, ;
Ge,ShyTes is accompanied by a strong shift of the dominant ™ 5.0\ "= "M imamov, and Z. G. Pinkieibid. 13, 339 (1968,
phonon mOde_tO 1.5 THz. In the helxagonal_ equilibrium sg G, Karpinsky, L. E. Shelimova, M. A. Kretova, and J.-P. Fleurial, J.
phase, the unit cell of GEb,Te; consists of nine layers  Alloys Compd.268 112(1998. - ]
stacked a|0ng the axis* The dominant phonon mode ob- 6J. Gonzéez-Hernadez, E. Lpez-Cruz, M. Yaez-Liman, D. Strand, B.

. . L S. Chao, and S. R. Ovshinsky, Solid State Comn@5)593 (1995.
served here is assumed to arise from a symmeqécvmra— "E. Garca-Garca, A. Mendoza-Galva Y. Vorobiev, E. Morales-S&hez,

tion of the layers along the axis. With respect to thé J. Gonztez-Hernadez, G. Marmez, and B. S. Chao, J. Vac. Sci. Tech-
mode of SpTe; at 2.0 THz, the shift of theA;; mode in 8nol. A 17, 1805(1999. _
Ge,Sh,Te; to a lower frequency is ascribed to an increase of E. F. Steigmeier and G. Harbeke, Solid State Comn@ui275(1970.

- . ®W. Richter, H. Kdiler, and C. R. Becker, Phys. Status SolidB& 619
the reduced mass in G, Te; that has to be considered for (1979, Y 8

an estimation of the frequency within a linear-chaini°G. B. Fisher, J. Tauc, and Y. VerhellBroceeding of the Fifth Interna-
approximatior?. The Eg mode at 3.6 THz which dominates tional Conference Amorphous and Liquid Semiconduct@isylor and
: : rancis, London, 1974 p. 1259.
:jhe COherené phonoﬁ spectrum in the Cl;b;]c phase C.omhple:]elygee, for a review, T. Dekorsy, G. C. Cho, and H. Kurz,Tiopics in
|sappear§ ue to the r_earrangem_ent of the atoms in the eXZ\ppIied Physicsedited by M. Cardona and G. @thherodt(Springer, Ber-
agonal unit cell. A detailed analysis of the phonon spectrum Jin, 2000, Vol. 76, and references therein.

in the hexagonal phase requires further group theoretical cat?H. J. Zeiger, J. Vidal, T. K. Cheng, E. P. Ippen, G. Dresselhaus, and M. S.
culations Dresselhaus, Phys. Rev.45, 768 (1992.

' . . 13M. H. Brodsky, R. J. Gambino, J. E. Smith, Jr., and Y. Yacoby, Phys.
In conclusion, temperature induced phase changes iNstatys Solidi B52, 609 (1972.

Ge,Sh,Te; are studied by coherent phonon spectroscopy!*N. Yamada, MRS Bull. 4§1996.



	Text20: First publ. in: Applied Physics Letters 77 (2000), 13, pp. 1964-1966
	Text21: 
	Text22: 
	Text23: 
	Text24: 
	Text25: 
	Text26: 
	Text27: 
	Text28: 
	Text29: 
	Text30: Konstanzer Online-Publikations-System (KOPS)
URL: http://www.ub.uni-konstanz.de/kops/volltexte/2008/4535/
URN: http://nbn-resolving.de/urn:nbn:de:bsz:352-opus-45351


