Phase change behavior of Ge;Cu,Te; thin films
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ABSTRACT

The electrical resistances on the crystallization process of co-sputtered Ge-Cu-Te films were investigated by a
two-point probe method. It was found that the amorphous Ge;Cu,Tes film crystallized into a single Ge;Cu,Te; phase,
which lead to a large resistance drop. The crystallization temperature of the Ge;Cu,Te; amorphous film was higher
than the conventional Ge,Sb,Tes amorphous film. The activation energy for the crystallization of the Ge,Cu,Te;
amorphous film was higher than that of the Ge,Sb,Tes amorphous film. The Ge;Cu,Te; compound with a low melting
point can be expected to be suitable as a phase change material for PCRAM.
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1. INTRODUCTION

Phase change random access memory (PCRAM) has been regarded as one of the promising candidates for the
next-generation nonvolatile memories because of low production cost and excellent scalability. Generally, a phase
change material (PCM) for PCRAM needs to possess a low melting point (73,) for low power consumption, a high
crystallization temperature (7y) for long data retention, and to show crystallization without phase decomposition for
excellent repeatability. Currently, Ge,Sb,Tes compound (GST) is attracting considerable attention as a PCM. The
amorphous GST cr?/stallizes first into a NaCl structure, and then transforms into a more stable hexagonal structure by
further heating (21 However, the GST has a high melting point (~ 632 °C), and its crystallization temperature is
relatively low (~ 160 °C). According to International Technology Roadmap for Semiconductors 2007, the expected
operating temperature for PCRAM that guarantees a minimum operating data retention capability of 10-year is set to
125 °C on and after 2011 for high temperature operation, e.g., automotive application. Therefore, a new PCM with a
low T and a high Ty is expected to be developed. A Ge-Cu-Te system is known to be glassy alloys " and
thermoelectric material /"), In this system, there is a ternary calcogenide compound of Ge;Cu,Tes, which has a T}, of
about 520 °C [8]. Therefore, the Ge;Cu,Te; compound is expected to be suitable as PCM from the viewpoint of
equilibrium phase stability. However, the amorphization and crystallization of the compound have not been studied. In
this study, phase change behavior and the corresponding electrical resistance change of the Ge-Cu-Te films deposited
by RF sputtering were investigated.

2. EXPERIMENTS

Ge-Cu-Te films with 200 nm thickness were deposited on SiO,(20 nm)/Si substrates by co-sputtering of GeTe, Te and
Cu targets. The compositions of co-sputtered samples lie on Cu,Te— Ges; 3Tess7 pseudobinary line. The compositions
of these films were GeyssCuy7i1Teso 1, GersCulhag Tesos and Geie7CuszsTesy (hereafter, we called each sample
GCT17, GCT29 and GCT33), where the composition of the films was determined by transmission electron
microscopy (TEM) with energy dispersive spectroscopy (TEM-EDS). The composition of the GCT33 film almost
corresponds to that of Ge;Cu,Te; compound film. In-situ electrical resistance measurement during annealing process
of the film was performed by a two point probe method. X-ray diffraction (XRD) analysis was employed for the
structural identification of the film using an X-ray diffractometer with Cu-Ka radiation. TEM analysis was carried out
to investigate the microstructure and to identify crystalline structure.

3. RESULTS & DISCUSSION

Figure 1 shows XRD patterns of the as-deposited Ge-Cu-Te films. From XRD patterns, these films were confirmed to
be amorphous. Figure 2 shows the temperature dependence of the electrical resistance for the Ge-Cu-Te films at a



heating rate of 10 °C/min. It is found that the electrical resistance of amorphous state decreases with increasing Cu
content and the as-deposited Ge-Cu-Te films show abrupt electrical resistance change by more than 10* ohm because
of crystallization at about 200 °C. The temperature dependence of the electrical resistance for GST film is also shown
in Fig. 2. The crystallization temperatures of the Ge-Cu-Te films are higher than that of GST film. The electrical
resistances of the amorphous and the crystalline phases of the Ge-Cu-Te films are lower than those of the GST film.
And also, the difference of the electrical resistance between the amorphous and the crystalline phases of the Ge-Cu-Te
films is smaller than that of the GST film. Figure 3 shows the crystallization temperatures of the Ge-Cu-Te films on
Cu,Te — GesssTesss pseudobinary phase diagram, where 7x was determined from the minimum value of the
temperature derivative of the electrical resistance. It is found that the crystallization temperature slightly decreases
with increasing Cu content. Figure 4 shows XRD patterns of Ge-Cu-Te films heated up to 300 “C. It is seen from
these patterns that phase decomposition occurred in GCT17 and GCT29. The GCT17 and GCT29 amorphous films
crystallize into three phases (Ge;Cu,Tes;, GeTe and Te), and two phases (Ge;Cu,Te; and Te), respectively, while
GCT33 crystallizes into a Ge;Cu,Tes single crystalline phase. In this study, the activation energy £, for crystallization
of GCT33 was estimated by Kissinger method. Figure 5 shows Arrenius plots of the dependence of heating rate on
crystallization temperature. From these plots, the £, of the GCT33 is estimated to be 2.52 eV, which is higher than
that of GST (£,=2.33 eV). Moreover, it was estimated that the Ge;Cu,Te; amorphous film shows 10-year lifetime at
the maximum temperature of 171 °C. These results suggest that the amorphous GCT exhibits a higher thermal stability
than the amorphous GST. Therefore, the Ge;Cu,Te; film with a low melting point and a high crystallization
temperature holds great promise as a new PCM for high temperature operation.

4. CONCLUSION
We investigated the electrical resistance change with the crystallization and the thermal stability of the Ge-Cu-Te
amorphous films. The results obtained were as follows:

1. The off-stoichiometric amorphous Ge-Cu-Te films crystallized into two or three-phase crystalline state, while the
GeCu,Tes; amorphous film crystallized into a single Ge;Cu,Te; crystalline phase. The crystallization temperature
of the co-sputtered Ge1CusTes film was about 40 °C higher than that of the Ge,Sb,Tes (GST) film.

2. The electrical resistances of the amorphous and the crystalline phases of the Ge-Cu-Te films were lower than those
of the GST film. Moreover, the difference of the electrical resistance between the amorphous and the crystalline
phases of the Ge-Cu-Te films was smaller than that of the GST film.

3. The activation energy for the crystallization of the Ge;Cu,Te; amorphous film was higher than that of the GST
amorphous film.
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Figure 1. XRD patterns of as-deposited GCT17 , GCT29
and GCT33.
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Figure 3. Crystallization temperatures of GCT17,
GCT29 and GCT33 on Cu,Te-Ges; ;Te , pseudobinary
phase diagram.
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Figure 2. Temperature dependence of the electrical
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resistance of GCT17, GCT29 and GCT33.
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Figure 5. Kissinger plot for crystallization of GCT. The activation

energy E, is estimated to be 2.52 eV.
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Figure 4. XRD patterns of GCT17, GCT29 and GCT33
heated up to 300 °C.
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