Crystallization study of GeSb4 phase change material thin films
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ABSTRACT
GeSb4 is a promising material for phase change random access memories. In this work, X-Ray synchrotron
radiation diffraction, time resolved reflectivity measurement and Transmission Electronic Microscopy are
used to study crystallization behaviour of amorphous films of GeSb4. Films with thickness as low as 10 nm
are studied. When temperature increases, Sb and Ge phases sequentially crystallize. It’s shown that both the
crystallization temperature and microstructure evolution are strongly dependent on the film thickness.
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1. INTRODUCTION
Te free high Sb content phase change materials have been recently investigated as promising materials for
Phase Change Memories due to their very high crystallization temperature [1, 2]. Recently Krusin et al. [3]
demonstrated a composition closed to GeSb4 offers the best performances in terms of crystallization speed
and reliability for cycling properties.
For GeSb two different crystallization steps are present: one corresponding to the crystallization of the
rhombohedral Sb phase and the other one, at higher temperatures, corresponding to the cubic Ge one. In
this work the influence of film thickness on the crystallization behaviour of initially amorphous GeSb4 is
studied by reflectivity measurements, X-Ray Diffraction using Synchrotron Beam and TEM observations.

2. EXPERIMENTS
Thin films of GeSb4 (10 and 150nm), initially deposited in the amorphous state by Physical Vapor
Deposition (PVD) and capped with 10nm of ZnS-SiO2, have been submitted to various annealing
treatments under Ar ambient monitored by in-situ reflectivity. Then they were studied by ex-situ X-Ray
Diffraction using synchrotron radiation (beamline D2AM at ESRF). Thanks to the high flux of synchrotron
radiation and 2D detection, grain sizes and textures are measured for films as thin as 10nm.
High Resolution Transmission Electron Microscopy (HREM) observations are carried out in order to obtain
a complete insight into the crystalline structure.

3. RESULTS & DISCUSSION
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Fig 1: (a) Reflectivity measurements of 10nm (red line) and 150nm (blue line) GeSb4 layers, (b) and (c)
XRD measurements on 150nm and 10nm respectively GeSb4 films, annealed at temperatures above Tc(Sb)
(blue line) and above Tc(Ge) (red line). Table 1: Crystallites size in 10 and 150nm GeSb4 samples obtained
with Scherrer’s law on Sb(012) peak.

The crystallization temperature for the 150nm GeSb4 sample obtained from the reflectivity measurements
(Fig.1a) is 223°C, while for the 10nm sample is slightly lower, 218°C, in agreement with literature [4]. The
XRD measurements performed on the 150nm GeSb4 sample (Fig.1b) annealed at 233°C show a wide peak
with a low intensity associated to Sb (012), corresponding to a grain size of a few nanometers (Tab.1). On
the contrary, when annealing at 371°C, narrow and intense peaks are evidenced, corresponding to Sb (101),
Ge (111) and Sb (012). In this case, the calculated grain size for Sb crystallites is about 30nm. This result
suggests that Sb phase crystallizes following a nucleation process, with the presence of a large density of
very small Sb crystallites for temperatures just above the crystallization temperature. These crystallites
subsequently grow after Ge precipitation (Fig.2). Indeed, at this temperature, the cross-sectional TEM
images show a polycrystalline layer of 155nm, composed of Sb and Ge grains (Fig 2a and 2b). The grain
sizes observed through cross sectional TEM observations is consistent with XRD measurements, while
larger grains (54nm in average diameter) are measured in the plane (Fig.2d). As can be seen in Fig.1c, the
10 nm layer shows a peak characteristic of Sb (012) after annealing at 230°C that remains unchanged even
after annealing at 347°C. This result suggests that in this case, at Tc(Sb)+10°C the Sb crystallites have
already reached their final dimension (Tab.1).
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Fig 2: TEM observations of GeSb4 layers annealed at 371°C. (a) Cross section (XS) observation in Bright
(e)grains, (c)
Field conditions for the 150nm layers, (b) Associated HREM image in XS, showing Sb and Ge
Plan-view observation, with in inset the associated diffraction pattern for the 10nm film, (d) Associated size
distribution of the grains measured in the plan-view images.

4. CONCLUSION
For 150nm GeSb4 films, it was evidenced the nucleation of a high density of small crystallites for
temperatures just above the crystallization temperature of Sb. These grains grow up to the size of 30nm
after Ge crystallization. The grain size measured on cross-sectional TEM observations is in good agreement
with the one measured by XRD (30nm) while the grains in the plane, measured in plane-view specimen are
significantly larger. On the contrary, for the 10nm films, the grains have already reached their final
dimensions after the Sb crystallization. This size is around 10nm, independently from the subsequent Ge
segregation.
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