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Abstract

The crystal structures of the phase-change materials Au—Ge-Sn—-Te, GeTe-Sb,Te;, and Ag—-In-Sb—Te compounds,
which are crystallized by laser irradiation, have been investigated for several years using synchrotron radiation and the
large Debye-Scherrer camera installed at SPring-8’s BL02B2 beamline. These three compounds crystallize into a single
phase with a cubic or a pseudo-cubic structure as the structural unit (a cubic or a pseudo-cubic lattice is very isotropic in
symmetry) . Their constituent atoms tend to occupy the lattice sites randomly, and the occupied volume per single atom is
large. All of the materials consist of randomly oriented crystallites about 100 A in diameter. Moreover, GeTe-Sb,Te; and
Ag-In—-Sb-Te compounds have high coefficients of thermal expansion, which suggests that the phase change from amor-
phous to crystalline can be effected at low energies. The characteristics commonly seen in these high-speed phase-change
materials, i.e., crystallization into a single phase, isotropic symmetry, random atomic occupation, small grain size and
random grain orientation, combined with large coefficients of thermal expansion, all suggest that atoms migrate over very
short distances and with very low energy input, allowing crystallization to be completed rapidly. This means that the time

taken to erase a record can be markedly shortened.
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Figure 1. The X-ray diffraction pattern of a AgIlnSbTe quadruple
compound taken at room temperature using a conventional powder
diffractometer with a curved graphite counter monochromator and a
rotating Cu anode.
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Table 1. Refined structural parameters for Au,sGe,Sn;Teg, Space
group Pm3m, at room temperature. Standard deviation for B is
shown in parenthesis. The final R-factors and lattice parameter are
Ryp,=2.99%, R,=1.94%, R;=1.029%, Ry, expected=0.90% and a
=2.99492(46) A.

atom site g X y % B(A?)

Au, Ge, Sn, Te 1(a) 1.0 0 0 0 3.2(5)
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Figure 2. Temperature dependence of the lattice constant of
Au,sGeySny Teg.
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Figure 3. Temperature dependence of the isotropic temperature
factor of Au,sGeySny;Teg. The errors for 100°C, 150°C, and 200°C
were estimated using the conventional method!®.
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Figure 4. The crystal structure of laser-crystallized Ge,Sb,Tes
shown schematically in perspective. Open circles show atomic posi-
tions for Te. Gray-filled circles show those for Ge or Sb.

Table 2. Refined structural parameters for (a) Ge,Sb,Tes and (b)
GegSb,Te,, space group Fm3m, at room temperature. Standard
deviations are shown in parentheses. The final R-factors and lattice
parameters are (a) R,,=6.08%, R,=4.61%, R;=1.98%, R, ex-
pected =3.52% and ¢=6.03686(5) A, and (b) R,,=4.71%, R,=
3.24%, Ri=1.42%, R,,, expected =1.77% and a=6.00028 (26) A.

(a) atom site g X y z B(A2)
Teio 4(a) 1.0 0 0 0 1.3(2)
Geg.408Sbg 413 4(b) 1.0 1/2 1/2 1/2 3.6(3)
(b) atom site g X y z B(A?)
Te,o 4(a) 1.0 0 0 0 1.1(2)
Geo,57osb0‘234 4(b) 1.0 1/2 1/2 1/2 36(3)
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Figure 5. Temperature dependence of the lattice constant of
Ge,Sb,Tes. The errors are smaller than the marks.
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Figure 6. Temperature dependence of the isotropic temperature
factors for 4(a) and 4(b) sites in Ge,Sb,Tes. The temperature fac-
tors for 4(a) and 4(b) sites are shown as open squares (right hand
scale) and circles (left hand scale), respectively.

300000
=
(=
5 !
;g 280000+
2 T
2  so0001 ¥
g I &
£ 3t
= f; L I
u rI IT'{_I‘_.I l v_.I ‘I 1 l L
6§ 8 10 12 14 16 18 20 22 24 26
2-theta (deg.)
Figure 7. Observed (+) and calculated (gray line) X-ray diffrac-

tion profiles of Ags4In;;SbyssTess at room temperature. A differ-
ence curve (observed-calculated) appears at the bottom of the
Figure.
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Figure 8. A7-type crystal structure shown schematically in per-
spective. The unit cell is shown by means of a hexagonal lattice.
Open circles show atomic positions. Interatomic bonds, illustrated
with thick black and gray lines, outline the two kinds of basic cells
distorted in the z direction. Atoms labeled A, B and C exist on the
same threefold rotation-inversion axis.

Table 3. Refined structural parameters for (a) the low tempera-
ture phase of Ags 4In;,Sbo¢4Te;ss, space group R3m, at room tem-
perature, and for (b) the high temperature phase, R32 or R3m, at
550°C. Standard deviations are shown in parentheses. The final R-
factors and lattice parameters are (a) R,,=5.62%, R,=3.96%, R,
=0.83%, R,, expected=1.08% and @=4.35530(29) A, c=
11.27637(82) A, and (b) R,,=8.22%, R,=6.05%, R,=3.54%,
R,, expected=2.55% and a=3.18256(12) A, «=86.835(32)° in
rhombohedral cell. The rhombohedral cell can be replaced with a
hexagonal cell of a=4.3748 A, c=5.8087 A.

(a) atom site g x z B(A?)
Ag, In, Sb, Te 6(c) 1.0 0 0 0.2357(5) 1.52(29)

(b) atom site g x y z B(A?)
Ag,In,Sb, Te 1(a&) 1.0 0 0 0 5.93(26)
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Figure 9. Temperature dependence of the @ and ¢ axes of Ag; 4In;;
Sbss.4Tes.5. Open circles and filled squares represent @ and ¢ respec-
tively. The errors for the lattice constants are smaller than the
marks.
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Figure 10. Temperature dependence of z in the 6(c) site of Ags4
In; ;SbssTesss. z is fixed to 1/4 above 501°C due to phase transition
in the high temperature phase.
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Figure 11. Temperature dependence of r,/r, and bond angle of

Ag; 4In; ;Sbye 4Te 5. Filled squares and open circles represent ry/r;
and bond angle, respectively. r,/r; is fixed to unity above 501°C due
to phase transition in the high temperature phase.
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Figure 12. The isotropic temperature factors of Ags;4In;;Sbyss
Teyq.5 are shown as a function of temperature.
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Figure 13. Schematic diagram of interatomic potential energy.
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