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Abstract 

Computational calculations were performed to investigate the 

pressure effects on the electronic and magnetic properties of 

Ga0.5Mn0.5N in the wurtzite structure. The wien2K code was 

used for carry out the calculations, employing the full-potential 

linearized augmented plane wave method within the density 

functional theory. We found that the pressure affects the 

magnetic properties of alloy because, when the pressure 

decreases the magnetic moment changes from 0 to 2.85 µB at a 

transition pressure PT ~ 24.45 GPa (and lattice constant of a = 

3.156 Å). The value of the magnetic moment increases until 

reach a constant value of 4.0 µB when the pressure decreases 

towards its equilibrium value (P = 0). Additionally, the density 

of states study shows that for equilibrium pressure the alloy have 

a half-metallic behavior, but for a pressure greater than the 

transition pressure (P > PT) the electronic character of the 

Ga0.5Mn0.5N change, because the allow acquire the metallic 

ferromagnetic behavior.  

Keywords: Density Functional Theory, pressure effects, 

electronic and magnetic properties. 

 

INTRODUCTIÓN 

The gallium nitride (GaN) is a direct band gap semiconductor 

material that crystalizes in the wurtzite structure [1-3], The GaN 

has been extensively studied theorical and experimentally. Due 

to its superior physical properties GaN have several 

technological applications, such as: emitters and detectors 

radiation devices, in high power and high temperature 

electronics, in blue, green and yellow LEDs, injection lasers and 

ultraviolet detectors [4-7]. On the other hand, the combination 

of semiconductor character of the GaN together with the 

magnetic properties of the transition metals ions such as 

manganese (Mn), is very interesting to day, due to their potential 

applications in diluted magnetic semiconductors (DMS). 

Recently, ferromagnetism at room temperature has been 

reported theoretical [8-16] and experimentally [17-25]. 

Ferromagnetism at room temperature is a requirement that must 

satisfy the material to be a good DMS for potential applications 

in the spintronic field or as injector spin. In this work, we 

investigate the pressure effects on the electronic and magnetic 

properties of Ga0.50Mn0.50N compound. 

 

 

COMPUTATIONAL METHOD 

The computational calculation were performed with Wien2k 

package [26], using the full-potential linearized augmented-

plane-wave method, within density functional theory [27, 28]. 

The generalized gradient approximation of Perdew, Burke, and 

Ernzerhof (PBE) [29] was employed to include the interaction 

effects of exchange and correlations between electrons. In the 

full-potential linearized augmented-plane-wave method, the cell 

is divided into two types of regions, the atomic spheres centered 

at the nuclear sites and the interstitial region between non-

overlapping spheres. Inside of the atomic spheres, the wave 

functions are replaced by atomic functions, whereas in the 

interstitial region, the function is expanded in plane waves. The 

charge density and the potentials are expanded in spherical 

harmonics up to lmax = 10 inside of the atomic spheres, and the 

wave function in the interstitial region is expanded in plane 

waves with a cutoff parameter of Kmax = 8/ Rmt, where Rmt is the 

smallest radius of the atomic sphere in the unit cell, and Kmax is 

the magnitude of the largest k-vector of the reciprocal lattice. To 

ensure convergence in the integration of the first Brillouin zone, 

1.600 points were used, which corresponds to 144 k-points at the 

irreducible part of the first Brillouin zone for the wurtzite phase, 

which obtained with the Monkhorst-Pack method [30]. The 

integrals over the Brillouin zone are solved using the special 

approximation of k-points of Monkhorst-Pack. For the 

expansion of the potential in the interstitial region, it is 

considered that Gmax = 12. The Muffin-tin radii were of 1.6 bohr 

for N, 1.85 bohr for Mn, and 2.0 bohr for Ga. All calculations 

were carried out with spin polarization, in order to determine the 

presence of magnetic properties in the compound. The 

calculation process ended when the forces became smaller than 

10-4 eV/Å. The convergence threshold for self-consistent field 

iteration was 10-5 eV. 

 

RESULTS AND DISCUSSIONS  

Structural properties 

First, we reported the results of the calculation of GaN in the 

structure wurtzite. The equilibrium parameter namely, lattice 

constant, c/a ratio, bulk modullus, and cohesion energy 

calculated in this work were:  3.21 Å, 1.639, 191.5 GPa, and -

8.96 eV, respectively. All results are excellent agreement with 

theoretical reports 3.221 Å [31], 1.629 [32], 184.5 GPa [32], and 

-8.933 eV [31]. The lattice constant and bulk modullus 

calculated here are in good agreement with the experimental 
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results 3.19 Å and 188.00 GPa, respectively. The results 

obtained in this work differ by less than one percent with to 

respect to theoretical and experimental reported. This smaller 

percentage show the reliability of our present calculation. For 

the Ga0.50Mn0.50N compound, we found that crystalize in the 

hexagonal structure belonging to space group 156 (P3m1).  To 

reach Ga0.50Mn0.50N concentration, in the eight atoms supercell 

we replaced one Ga atom with one Mn atom. The main structural 

parameters as equilibrium lattice constant, c/a ratio, bulk 

modullus and, cohesion energy was: 3.19 Å, 1.628, 187.5 GPa, 

and -8.77 eV, respectively. We note that, as consequence of 

inclusion of one Mn atom in the matrix of GaN, the lattice 

constant of Ga0.50Mn0.50N compound decreases. This happen 

because of atomic radius of Mn (1.26 Å) is smaller than the 

atomic radius of Ga (1.41 A). In addition, we can see that 

Ga0.50Mn0.50N compound preserve its rigidity, because the bulk 

modullus (187.5 GPa) is very close to bulk modullus of the GaN 

(191.5 GPa). 

 

 

Figure 1. Variation of the magnetic moment as a function of 

lattice constant for Ga0.50Mn0.50N compound. The points are the 

calculus and the line is guide to eye.  Source: authors. 

  

The figure 1 shows the variation of the magnetic moment as a 

function of the lattice constant. We found that the magnetic 

moment changes from 0 to 2.85 μB, with lattice constant of 3.156 

Å, corresponding at transition pressure of PT = 24.45 GPa. This 

result indicates that magnetic properties change with the 

pressure and therefore, can be manipulated experimentally. In 

the figure 1, we note that the magnetic moment increases until 

reach a constant value of 4.0 μB/cell, when lattice constant 

increase to its equilibrium value, or other words, when the 

pressure decreases towards its equilibrium value (P = 0). 

 

 

Electronic Properties 

To analyzes the pressure influence on the electronic properties 

of Ga0.50Mn0.50N compound first calculated the density of state 

at the equilibrium pressure, and before at a pressure higher than 

the transition pressure (P > PT).  

Figure 2 shows the total and partial density of states calculated 

with the equilibrium lattice constant (therefore at equilibrium 

pressure P = 0). It can be observed that, near the Fermi level, the 

Ga0.50Mn0.50N compound becomes conductor for the spin-up 

density. This is mainly determined by the Mn-3d states and to a 

lesser extent, by the N-2p electrons. On the other hand, the 

compound becomes a semiconductor for spin-down density (no 

spin-down contribution). Therefore, the compound exhibits a 

half-metallic ferromagnetic behavior at P = 0. This compound 

have 100% spin polarization of the conduction carriers and 

satisfy the first requirement to be a good diluted semiconductor 

material, with potential application in spintronic or as spin 

injectors. 

 

 

Figure 3. Total and partial density of state for Ga0.50Mn0.50N 

compound in the wurtzite structure at equilibrium pressure P = 

0. Source: Authors. 

 

The figure 3 shows the total and partial density of states of 

Ga0.50Mn0.50N compound calculated at high pressure (namely P 

= 30 GPa, which exceeds the transition pressure, P > PT = 24.45 

GPa). In both, the valence and conduction band, there are spin-

up and spin-down polarization. Additionally, due to the effect of 

pressure, the superlattice loses its half-metallic character, 

because the two spin channels (spin-up and spin-down) crosses 

the Fermi Level, the compound has a metallic behavior. In this 

case, the compound has magnetic properties because the spin up 

and spin down are not symmetrical. The compound has a 

magnetic moment with a value of 2.85 μB.  
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Figure 3. Total and partial density of state for Ga0.50Mn0.50N 

compound in the wurtzite structure calculated at high pressure 

(P > PT = 24.45 GPa) in this case P = 30 GPa. Source: Authors 

 

CONCLUSIONS 

In this work, we reported the results of the study of pressure 

influence on the electronic and magnetic properties of 

Ga0.50Mn0.50N compound. The calculation were performed in the 

wurtzite structure in the framework density functional theory, 

employing the full-potential linearized plane wave method and 

using the computational Wien2k code. The analyses of the 

magnetic moment as a function of the pressure shows that the 

magnetic moment changes for a transition pressure PT; in 

particular, we found that the magnetic moment changes from 0 

to 2.85 μβ at a transition pressure of PT ~ 24.45 GPa. On the other 

hand, the study of the density of states reveal that at equilibrium 

pressure P = 0 GPa the compound has half-metallic 

ferromagnetic behavior with a magnetic moment of 4.0 μβ/cell. 

The magnetic properties come from of the polarization of the 

Mn-3d states mainly. The density states shows that for to high 

pressure (P > PT = 24.45 GPa). For the case P = 30 GPa, the 

electronic behavior of the compound change, because the 

compound has a metallic behavior. The result shows that the 

spin polarization is dependent on pressure and may be 

manipulated experimentally. 

 

ACKNOWLEDGEMENTS 

The authors are very grateful with the Universidad de Córdoba 
for its financial support.  

 

REFERENCES  

[1]  Arbouche O., Belgoumène B., Soudini B., Driz M.. 

First principles study of the relative stability and the 

electronic properties of GaN. Computational Materials 

Science 47 (2), (2009) 432–438. 

[2]  B. Hu, B.Y. Man, C. Yang, M. Liu, C.S. Chen, X.G. 

Gao, S.C. Xu, C.C. Wang and Z.C. Sun. Applied 

Surface Science 258 (2011) 525– 529. 

[3]  Beloufa Abbes, Bensaad Zouaoui, Soudini Bell-Abbes, 

Sekkal Vedir, Abid Hansa. First-Principles 

calculations of the structural and electronics properties 

of AlN, GaN, InN, AlGaN and InGAN. Int. J. 

Nanoelectronics and Materials 2 (1), (2009) 11-22. 

[4]  Bar-Ilan H., Zamir S., Katz O., Meyler B., Salzman J. 

GaN layer growth optimization for high power devices. 

Materials Science and Engineering A 302 (1), (2001) 

14-17. 

[5]  Nakamura S., Senoh M., Iwasa N., Nagahama S.I.. 

High‐power InGaN single‐quantum‐well‐structure 

blue and violet light‐emitting diodes. Applied Physics 

Letters 67 (3), (1995) 1868-1873. 

[6]  Nakamura Shuji, Senoh Masayuki, Nagahama Shin-

ichi, Iwasa Naruhito, Yamada Takao, Matsushita 

Toshio, Sugimoto  Yasunobu, Kiyoku Hiroyuki. High-

Power, Long-Lifetime InGaN Multi-Quantum-Well-

Structure Laser Diodes. Jap. Jou. Appl. Phys. 36, 

(1997) 1059-1061. 

[7]  Sato K., Dederics P.H., Katayama-Yoshida H. Curie 

temperatures of III–V diluted magnetic 

semiconductors calculated from first principles. 

Europhysics Letters 61(3), (2003) 403-408. 

[8]  Jerzy F. Janika, Mariusz Drygas, Cezary Czosnek, 

Maria Kaminska, Maria Palczewska, Robert T. Paine. 

Carbothermally-assisted aerosol synthesis of 

semiconducting materials in the system GaN/Mn. 

Journal of Physics and Chemistry of Solids 65, (2004) 

639–645. 

[9]    Chul HwanChoi, SeonHyoKim, Myung Hwa Jung. 

Characterizations of n-type ferromagnetic GaMnN thin 

film grown on GaN/Al2O3 (0 001) by metal-organic 

chemical vapour deposition. Journal of Magnetism and 

Magnetic Materials 321, (2009) 3833–3838. 

[10]  X.M. Cai, A.B. Djurisic, M.H. Xie, H. Liu, X.X. 

Zhang, J.J. Zhu, H. Yang. Ferromagnetism in Mn and 

Cr doped GaN by thermal diffusion. Materials Science 

and Engineering B 117, (2005) 292–295. 

[11]  C. Liu, E. Alves, A.R. Ramos, M.F. da Silva, J.C. 

Soares, T. Matsutani, M. Kiuchi. Lattice location and 

annealing behavior of Mn implanted GaN. Nuclear 

Instruments and Methods in Physics Research Section 

B: Beam Interactions with Materials and Atoms 191, 

Issues 1–4, (2002) 544-548. 

[12]  I.T. Yoon, M.H. Ham, J.M. Myoung. 

Photoluminescence investigation of ferromagnetic Ga1-

xMnxN layers with GaN templates grown on sapphire 

(0 0 0 1) substrates. Applied Surface Science 255, 

(2009) 4840–4843 

[13]  C. X. Gao, F. C. Yu, D. J. Kim,_ H. J. Kim and Y. E. 

Ihm, M. H. Jung and Y. H. Jo, C. G. Kim, C. S. Kim. 

http://jjap.jsap.jp/cgi-bin/findarticle?journal=JJAP&author=S%2ENakamura
http://jjap.jsap.jp/cgi-bin/findarticle?journal=JJAP&author=M%2ESenoh
http://jjap.jsap.jp/cgi-bin/findarticle?journal=JJAP&author=S%2ENagahama
http://jjap.jsap.jp/cgi-bin/findarticle?journal=JJAP&author=N%2EIwasa
http://jjap.jsap.jp/cgi-bin/findarticle?journal=JJAP&author=T%2EYamada
http://jjap.jsap.jp/cgi-bin/findarticle?journal=JJAP&author=T%2EMatsushita
http://jjap.jsap.jp/cgi-bin/findarticle?journal=JJAP&author=Y%2ESugimoto
http://jjap.jsap.jp/cgi-bin/findarticle?journal=JJAP&author=H%2EKiyoku


International Journal of Applied Engineering Research ISSN 0973-4562 Volume 13, Number 20 (2018) pp. 14591-14594 

© Research India Publications.  http://www.ripublication.com 

14594 

Magnetic Properties of Mn Doped GaN Grown Using 

Single GaN Precursor via Molecular Beam Epitaxy. 

Journal of the Korean Physical Society, 54 No. 2, 

(2009) 633-636. 

[14]  Saki Sonodaa, Saburo Shimizu, Takahiko Sasaki, 

Yoshiyuki Yamamoto, Hidenobu Hori. Molecular 

beamepitaxy of wurtzite (Ga,Mn)N films on sapphire(0 

0 0 1) showing the ferromagnetic behaviour at room 

temperature. Journal of Crystal Growth 237–239, 

(2002) 1358–1362. 

[15]  Z.T. Chen, Y.Y. Su, Z.J. Yang, B. Zhang, K. Xu, X.L. 

Yang, Y.B. Pan, G.Y. Zhang. Room temperature 

ferromagnetism of GaN:Mn thin films grown by low 

pressure metal-organic chemical vapor deposition by 

mn periodic delta-doping. Journal of Crystal Growth 

298, (2007) 254–256. 

[16]  B. Hu, B.Y. Man∗, C. Yang, M. Liu, C.S. Chen, X.G. 

Gao, S.C. Xu, C.C. Wang, Z.C. Sun. The important role 

of Mn3+ in the room-temperature ferromagnetism of 

Mn-doped GaN films. Applied Surface Science 258, 

(2011) 525– 529. 

[17]  G. P. Das, B.K. Rao, and P. Jena Ferromagnetism in 

Mn Doped GaN: From Clusters to Crystals. American 

Physical Society, Annual APS March Meeting 2003. 

[18]  Joongoo Kang, K.J. Chang. The electronic and 

magnetic properties of Mn-doped GaN. Physica B 

376–377, (2006) 635–638. 

[19]  Guangrui Yao, Guanghan Fan, Shuwen Zheng, Jiahong 

Ma, Jun Chen, Detao Zhou, Shuti Li, Yong Zhang, 

Shichen Su. First-principles analysis on V-doped GaN. 

Optical Materials 34, (2012) 1593–1597. 

[20]  Rafael González Hernández, William López Pérez, F. 

Fajardo, Jairo Arbey Rodríguez M. Pressure effects on 

the electronic and magnetic properties of GaxV1−xN 

compounds: Ab-initio study. Materials Science and 

Engineering B 163 (2009) 190–193. 

[21]  J. Rufinus. Magnetic properties of M-doped (M = Ti, 

V, or Cr) GaN clusters. Journal of Magnetism and 

Magnetic Materials 310, (2007) 1666–1668. 

[22]  Yanlu Li, Weiliu Fan, Honggang Sun, Xiufeng Cheng, 

Pan Li, Xian Zhao, Minhua Jiang. Nitrogen vacancy 

and ferromagnetism in Cr-doped GaN: First-principles 

calculations. Journal of Solid State Chemistry 183, 

(2010) 2662–2668. 

[23]  Yanhua Guo, Mingxing Chen, Zhaohui Guo, Xiaohong 

Yan. First-principles calculations for magnetic 

properties of Mn-doped GaN nanotubes. Physics 

Letters A 372, (2008) 2688–2691 

[24]  A. Boukra A. Zaoui, M. Ferhat. Magnetic trends in 

GaxMn1-xN, AlxMn1-xN, and InxMn1-xN ternary 

systems: A first-principles study. Journal of Applied 

Physics 108, (2010) 123904.  

[25]  Belhadji, L Bergqvist, R Zeller, P H Dederichs, K Sato, 

H Katayama-Yoshida. Trends of exchange interactions 

in dilute magnetic semiconductors. J. Phys.: Condens. 

Matter 19, (2007) 436227. 

[26]  K. Schwarz, P. Blaha, S.B. Trickey, Molecular Physics 

108, (2010) 3147. 

[27]  Hohenberg, P., Kohn, W.: Phys. Rev. B 136, (1964) 

864. 

[28]  Kohn, W., Sham, L.J.: Phys. Rev. A 140, (1965) 1133. 

[29]  J. Perdew, K. Burke, M. Ernzerhof, Physical Review 

Letter 77, (1996) 3865.  

[30]  H. Monkhorst, J. Pack, Special points for Brillouin-

zone integrations, Phys Rev B 13, (1976) 5188. 

[31]  Heinz Schulz, K.H. Thiemann Crystal structure 

refinement of AlN and GaN, Solid State 

Communications  23, Issue 11 (1977)  815-819. 

[32]  Miguel J. Espitia R, Gladys Casiano Jimenez, César 

Ortega López, International Journal of Physical 

Science 9(24), (2014) 538-544. 

https://www.sciencedirect.com/science/article/pii/0038109877909590?via%3Dihub#!
https://www.sciencedirect.com/science/article/pii/0038109877909590?via%3Dihub#!
https://www.sciencedirect.com/science/journal/00381098
https://www.sciencedirect.com/science/journal/00381098
https://www.sciencedirect.com/science/journal/00381098/23/11

