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Abstract:  

Due to its capability of quick amorphous-crystalline phase transition, chalcogenide material Ge-Te-Ga is a potential candidate of a phase 

change material. For the amorphous phase, the dominant bonding is between Ga and Te. The first peak of Ga-Te bonds is at about 2.7 Å. In 

the liquid phase, on the other hand, the dominant bonding is between Ge and Te, i.e. at about 2.8 Å. Atoms tend to bind the system in 

heteropolar. The results of the calculation of the radial distribution function showed that the amorphous phase had a degree of regularity 

which was better than the amorphous phase. This was consistent with the calculation results of the distribution of bond angles. In addition, 

the calculation of the distribution of bond angles also indicated that the system was mostly tetrahedral and structurally defective octahedral. 

Statistical analysis of rings revealed that all samples of amorphous phase had dominant fourfold ring. Formation of rings was a basic process 

causing the crystallization took place very fast.  
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Introduction  

Today, lifestyle paradigm shifts to the mobile lifestyle. 

With mobile lifestyle, the needs of data storage media 

will continue to rise. As result, data storage media which 

are faster, smaller,more efficient and capable of storing 

more data than the previous knowndata storage mediaare 

required both for personal purposes as well as for large-

scale. One solution offered as an alternative for data 

storage technology is phase change memory. The 

mechanism of phase change memory is based on optical 

and electronics properties difference between amorphous 

and crystalline phases [1]. Chalcogenide material is a 

common material for phase change memory due to its 

unique properties that can change from amorphous to 

crystalline phases and vice versa [2]; due to this unique 

properties, chalcogenide material is known as phase 

change material [3].  

 

Although the application of chalcogenide materials as 

phase change materials have been found more than thirty 

years ago, but the mechanism of amorphous-crystalline 

phase transition and why thistransition occurs rapidly is 

still unknown until today [4,5,6,7]. To answer how the 

mechanism of phase changes in the phase change 

material a study of atomics structure is required. At the 

atomic scale, the phase change mechanism will be 

numerically simulated using ab initio molecular 

dynamics simulation approach. 

Experimental 

In this study the structure of chalcogenide material 

GeTe4 with gallium as a dopant (0, 10, and 20 in %) was 

generated using ab initio molecular dynamics method. 

The software used for the simulation is SIESTA [10] 

using a linear combination of numerical atomic orbitals 

as the basis set and norm-conserving pseudopotentials. 

The total energy is approximated in the non-self-

consistent Harris functional.  

 

The number of atoms used is 80-100 atoms. The atom is 

randomly inside cubic lattice with boundary and lattice 

constant depend on system mass density from 

experimental results [11]. Modelling amorphous and 

liquid phases will be conducted by using melt quenching 

technique. There are two main processes carried out in 

the melt quenching technique namely processes NVT 

molecular dynamics (at a temperature of 1400 K and 300 

K) and annealing for cooling (from a temperature of 

1400 K to 300 K). Further crystallization modeling 

material made of Ge-Te-Ga consisting of five stages: a 

three-stage process of NVT ab initio molecular 

dynamics (at a temperature of 600 K, 550 K, and 500 K) 

and two-stages annealing with slow cooling rates (of 

temperature 600 K to 550 K temperature obvious even 

550 K to 500 K). 
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Coordination number, radial distribution functions, 

structure factors, the distribution of bond angles, and 

ring statistics are structural parameters that will be 

examined in this study. The material crystallization of 

Ge-Te-Ga done visually by looking at the formation of 

the crystalline structure of the amorphous network. 

Results and Discussion 

The structure of Ge-Te-Ga has been obtained using ab 

initio molecular dynamics simulation. Figure 1.(a,b,c) 

shows 100 atoms configurarion of amorphous Ge-Te-Ga 

which each atoms displayed by yellow for germanium, 

purple for tellurium, and pink for gallium.  Figure 

1(d,e,f). shows distribution of coordination number of 

Ge-Te-Ga system (turquoise: 1, burlywod: 2, Forest 

green: 3, grey: 4, red: 5, brown: 6, purple: 7). It is known 

that amorphous Ge-Te-Ga is dominated by atoms with 

coordination number 3 and 4. 

 

Figure 1. Atom configuration and coordination number of Ge-

Te-Ga system. 

 

Radial distribution function (RDF) is one of important 

parameter to study structural characteristics, RDF is key 

to investigate especially short and medium range order 

of material. The method can be applied to amorphous, 

liquid, and crystalline. 

 

 
Figure 2. Radial distribution function of Ge-Te-Ga system. 

 

Ge-Te-Ga in liquid phase has wider radial distribution 

function and lower peak intensity compared to Ge-Te-Ga 

system in amorphous phase, as shown in figure 2. For 

the amorphous phase, the dominant bonding is Ga-Te. 

The first peak of Ga-Te bonds are at about 2.7 Å. In the 

liquid phase, on the other hand, the dominant bonding is 

Ge-Te, i.e. at about 2.8 Å. Atoms tend to bind the system 

in heteropolar. The results of the calculation of the radial 

distribution function shows that the amorphous phase 

has a degree of regularity which is better than the 

amorphous phase. 

 

Bond angle distribution between first neighbor atoms 

can give information about structural nature of system. 

As member of group IV Chalcogenide, we expect that 

GeTe4 system has tetrahedral nature as GeSe4. 

. 

 
Figure 3. Bond angle distribution of Ge-Te-Ga system. 

 

The average of coordination number of Ge in amorphous 

phase is about 4. However it doesn’t prove that 

amorphous phase only has tetrahedral coordination. 

Figure 3 gives information that Ge-Te-Ga system has 

maximum bond angle about 88°–100°. From the given 

information, we know that Ge-Te-Ga system should be 

made of fourfold rings which is mostly tetrahedral and 

octahedral structurally defective. 

 

As expected, the calculation of ring statistic has 

suitability with bond angle distribution analysis. The 

structure of Ge-Te-Ga system shows that amorphous Ge-

Te-Ga has significant number of fourfold rings which 

mostly in ABAB form (A = Ge, Ga; B = Te). The 

number of fourfold rings increases for amorphous phase. 

From the calculation of ring statistics and bond angle 

distribution, it is known that Ge-Te-Ga system has 

similar characteristics with Ge-Sb-Te system [9]. It can 

be assumed that fourfold rings has responsibility in rapid 

amorphous-crystalline phase transition. 

 

Conclusions 

Calculation result of bond angle distributions suggests 

that the structure of Ge-Te-Ga should be made of 

fourfold rings which is partially tetrahedral and defective 

octahedral like. The amorphous Ge-Te-Ga systems have 

a significant number of fourfold rings which responsible 

to the rapid crystal growth in crystal-amorphous 

transition. 
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