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ABSTRACT 

The electrical resistance on the crystallization process of sputtered-deposited Ge1Cu2Te3 film was investigated by a 

two-point probe method. It was found that the amorphous Ge1Cu2Te3 film crystallized into a single Ge1Cu2Te3 phase 

with a chalcopyrite structure, which lead to a large resistance drop. The crystallization temperature of the Ge1Cu2Te3 

amorphous film was about 240 °C, which was about 70 °C higher than the conventional Ge2Sb2Te5 amorphous film. 

The activation energy for the crystallization of the Ge1Cu2Te3 amorphous film was higher than that of the Ge2Sb2Te5 

amorphous film. The Ge1Cu2Te3 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 for PCRAM needs to possess a low melting point for low power consumption, a high crystallization 

temperature for long data retention, and to show crystallization without phase decomposition for excellent 

repeatability. Currently, Ge2Sb2Te5 compound (GST) is attracting considerable attention as a phase change material 

for PCRAM. The amorphous GST crystallizes first into a NaCl structure, and then transforms into a more stable 

hexagonal structure by further heating 
[1, 2]

. However, the GST has a high melting point (~ 632 
o
C), and its 

crystallization temperature is relatively low (~ 150 
o
C). Therefore, it is required to develop a new phase change 

material with a low melting point and a high crystallization temperature. A Ge-Cu-Te system is known to be glassy 

alloys 
[3-6]

 and thermoelectric material 
[7]

. In this system, there is a ternary calcogenide compound of Ge1Cu2Te3, 

which has a low melting point of about 520 °C [8]. Therefore, the Ge1Cu2Te3 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 Ge1Cu2Te3 film deposited by RF sputtering were investigated.  

2. EXPERIMENTS 

Ge1Cu2Te3 (GCT) films with 200 nm thickness were deposited on SiO2(20nm)/Si substrates by sputtering of Ge-Cu-

Te alloy target. The composition of the alloy target was set to Ge24Cu33Te43 to obtain the Ge1Cu2Te3 film. The film 

composition was determined by transmission electron microscopy (TEM) with energy dispersive spectroscopy (TEM-

EDS). The deviation from the stoichiometric composition of Ge1Cu2Te3 was found to be less than 8% for all the 

elements. 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-Kα radation. TEM analysis was carried out to investigate the microstructure and to identify 

crystalline structure. 

3. RESULTS & DISCUSSION 

An as-deposited GCT film was confirmed to be amorphous by XRD and TEM. Figure 1 shows the temperature 

dependence of the electrical resistance for the GCT film at a heating rate of 10.6 °C/min. It was found that the as-

deposited GCT film showed abrupt electrical resistance change by more than 10
2
 ohm because of crystallization at 



about 240
 o

C. The crystallization temperature of the GCT was higher 

than that of GST (170
 o
C). The amorphous GCT film crystallized into a 

stable orthorhombic Ge1Cu2Te3 structure. The activation energy for the 

crystallization Ea of the GCT film was higher than that of the GST film. 

The Ea of the GCT was estimated to be 2.81 eV from the Kissinger 

method, while the Ea of GST was estimated to be 2.33 eV. Moreover, it 

was estimated from isothemal annealing that the GCT film shows 10-

year lifetime at the maximum temperature of 144 °C 
[9]

, which is higher 

than that of GST film. These results suggest that the amorphous GCT 

exhibits a higher thermal stability than the amorphous GST. The GCT 

film with a low melting point and a high crystallization temperature 

holds great promise as a new phase change material for PCRAM. 

4. CONCLUSION 

We investigated the electrical resistance change with the crystallization and the thermal stability of the Ge1Cu2Te3 

(GCT) amorphous film. The results obtained were as follows: 

1. The GCT amorphous phase crystallized into a single Ge1Cu2Te3 crystalline phase with a chalcopyrite structure, 

which lead to a large electrical resistance drop. The crystallization temperature of the GCT film was about 70 °C 

higher than that of the Ge2Sb2Te5 (GST) film. 

2. The electrical resistances of the amorphous phase and the crystalline phase of the GCT film were lower than those 

of the GST film. Also, the difference of the electrical resistance between the amorphous and the crystalline phases 

of the GCT film was smaller than that of the GST film. 

3. The maximum temperature for 10-years lifetime of the GCT film was evaluated to be 144 °C. Therefore, the GCT 

compound with a low melting point can be expected to be a promising phase change material for PCRAM. 
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Figure 1. Temperature dependence of the 

electrical resistance of GCT and GST films.  
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