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THERMODYNAMIC CALCULATION OF Ga–N MELTING DIAGRAM  

UNDER ATMOSPHERIC AND HIGH PRESSURES 

 
It was done melting diagram calculation of Ga–N system at atmospheric pressure (0,1 MPa) and at 

high pressures (1; 4; 6 GPa) within the phenomenological thermodynamics models. It is shown that increasing 

of pressure up to 6 GPa doesn't lead to the new phases formation, but allows to extend the temperature range 

of gallium nitride wurtzite modification stability up to 2615 K (the temperature above which the gas-

peretechnic reaction (2GaN ⇆ 2GaL + N2↑) occurs). 
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Introduction 

GaN is an extremely important material for many applications in electronics and 

optoelectronics. The technology of fabrication of such optoelectronic or high speed electronic devices 

involve processes that require the direct contact of the solid, liquid and gas phase near equilibrium 

conditions [1]. Knowledge of thermal stability and phase diagram «pressure-temperature-

composition» is important for under-standing the boundary conditions for obtaining high-quality 

gallium nitride single crystals using various methods (HVPE, CVD, HPHT, etc.), as well as for 

understanding the boundary conditions for stable operation of devices where GaN crystals used as 

semiconductor elements. Therefore, in this work, Ga–N diagram thermodynamic calculations at 

different pressures (0.1 MPa, 1 GPa, 6 GPa) were performed in order to solve this class of problems 

and to find optimal conditions for growing high-quality GaN single crystals. 

Thermodynamic calculations 

Experimental data analysis (the compound formation and appearance of the liquid phase 

temperatures) published in [2, 3] showed that GaNw is a constant composition phase, and in the liquid 

phase there is no stratification. When was done the behavior describing of nitrogen and gallium at high 

temperatures, it was also necessary to take into account that at high pressures nitrogen is a supercritical 

fluid, and gallium is a metal with the widest temperature of liquid phase range (from 302 to 2400 K) [4]. 

To describe the dependence of Gibbs free energy on the nitrogen concentration in solid gallium it 

was used the model with two sublattices. To describe the dependence of Gibbs free energy on the nitrogen 

concentration in liquid gallium it was used the subregular solutions model. Wurtzite gallium nitride 

described as a phase with constant composition in the CEF approximation [5]. The models parameters for 

calculating of Ga–N system phase diagram under atmospheric pressure are involved from [1].  

High pressures cause a free Gibbs energy increase for the each phase by the ∫ 𝑉𝑚
𝑝ℎ𝑑𝑝,

р

о
 value, 

where 𝑉𝑚
 𝑝ℎ is the molar volume of the phase with the structure Ph. Bulk modules, thermal expansion 

coefficients (CTE), phases’ molar volumes and molar volumes’ changes from temperature, for solid 

phases (gallium and gallium nitride) were taken from the literature summarized in the publication [6], 

and the bulk modules of liquid phases were described in such a way as to minimize deviations from 

experimental data (namely: melting temperatures dependences on pressure). The liquid phase volume 

calculated by the formula: 

                                         𝑉𝑚
𝐿 = xGa𝑉𝐺𝑎

𝐿  + xN𝑉𝑁
𝐿 + xGaxNVmix,  

 where  𝑉𝑚
𝐿, 𝑉𝐺𝑎

𝐿 , 𝑉𝑁
𝐿, Vmix – the volumes of liquid phase, liquid gallium, liquid (fluid) nitrogen and the 

mixing volume respectively, m3/mol;  xGa, xN – the mole fractions of gallium and nitrogen respectively. 

The dependence of Gibbs free energy on pressure calculated in the approximation [7]. 

Thermodynamic parameters that affect the change in the Gibbs free energy under pressure for the 

phases of Ga–N system shown in the Table.  

 

Phases’ thermodynamic parameters in Ga–N system  

Phase Molar volume, 

m3/mol 

Bulk 

modulus, 

GPа 

Dependence coefficient of 

bulk modulus versus 

pressure 

CTE, K-1 

GaL 11.85·10-6 48 9,1 11,4·10-5 

Gag 11.8·10-6 48 9,1 5,4·10-5 

GaNw 13.72·10-6 207 3,0 1,85·10-5 

N 170.0·10-6 1,77 0,1 14,8·10-5 
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Ga–N system’s melting diagrams at different pressures, calculated using the above model 

representations using the software package ThermoCalc [8] shows at Figure. Thus, the calculations 

showed no transition of wurtzite gallium nitride to cubic modification at these pressures. Analysis of the 

obtained data shows that for all pressures up to 6 GPa is characterized by the presence of a gas-peretictic 

reaction with the formation of liquid gallium and molecular nitrogen, which coincides with the 

experimental data in [9]. In this work, it was showed that Ga–N system is characterized by the passage of 

this reaction even at a pressure of 9 GPa, without the formation of a cubic modification of GaN. Moreover, 

pressure increasing leads to a passage temperature increase of this reaction: for instance, at atmospheric 

pressure, this reaction occurs at a temperature of 1115 K, at 1 GPa – at a temperature of 1750 K, at a 

pressure of 4 GPa – 2550 K, and at a pressure of 6 GPa the reaction is already occurs at 2615 K.  

 

    
                                             а                                                                            b                    

    
                                              c                                                                          d 

Phase diagrams of Ga–N system at 0,1 МPа (а), 1 GPа (b), 4 GPa (c) та 6 GPa (d) 

 
At the same time, the temperature range of liquid gallium existence increase insignificantly, 

which is associated with a small difference between the molar volumes of solid and liquid gallium. 
Thus, the combination of the two above effects that appear in the Ga–N system with increasing 

pressure (namely, a slight increase in the temperature of liquid gallium existence, and a signifi0cant 
increase in the decomposition temperature of gallium nitride to liquid gallium and molecular nitrogen) 
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leads to a significant expansion of the temperature range of stability of gallium nitride in the Ga–N 
system, which coincides with the literature data [10]. Most likely, this is because pressure increasing 
in Ga-N system allows increasing the nitrogen solubility in liquid gallium, and therefore, to activate 
the interaction of gallium and nitrogen with gallium nitride formation according to the equation: 

Ga+0,5N2 → GaN 

Conclusions 

A pressure increasing up to 6 GPa expands the temperature range of gallium nitride existence 

and increases the solubility of nitrogen in liquid gallium. Under such conditions, the addition of one 

more element that dissolves GaN in the liquid state will ensure the existence of a liquid solution 

saturated with a significant amount of nitrogen and gallium, which, in turn, will provide the possibility 

of gallium nitride crystallization at high pressures and temperatures from molten solution. 
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ТЕРМОДИНАМІЧНИЙ РОЗРАХУНОК ДІАГРАМИ ПЛАВКОСТІ  

СИСТЕМИ Ga–N ЗА АТМОСФЕРНОГО ТА ВИСОКИХ ТИСКІВ 

В межах моделей феноменологічної термодинаміки виконаний розрахунок діаграми плавкості 

системи Ga–N при атмосферному тиску (0,1 МПа) та при високих тисках (1; 4; 6 ГПа). Показано, що 

підвищення тиску до 6 ГПа не приводить до утворення нових фаз, проте дозволяє розширити 

температурний інтервал стабільності вюрцитної модифікації нітриду галію аж до 2615 K за умови 

збереження газоперитектичної реакції 2GaN ⇆ 2Ga L + N2 ↑. 
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ТЕРМОДИНАМИЧЕСКИЙ РАСЧЕТ ДИАГРАММЫ ПЛАВЛЕНИЯ  

СИСТЕМЫ Ga–N ПРИ АТМОСФЕРНОМ И ВЫСОКОМ ДАВЛЕНИЯХ 

В рамках моделей феноменологической термодинамики выполнен расчет диаграммы 

плавкости системы Ga–N при атмосферном давлении (0,1 МПа) и при высоких давлениях (1; 4; 6 ГПа). 

Показано, что повышение давления до 6 ГПа не приводит к образованию новых фаз, однако позволяет 

расширить температурный интервал стабильности вюрцитной модификации нитрида галлия до 

2615 K при сохранении газоперитектичной реакции 2GaN ⇆ 2GaL + N2 ↑. 

 

Kлючевые слова: GaN, высокие давления, термодинамические расчеты, ThermoCalc 
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