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* "Gallic nitride is an exceedingly stable compound "
¥ Protective coating

* Bloom

* Pseudopotential



w9 )l (Sl gmabliie ( S SN Syl (plgs alex 5l oS 5 cnl (el s 95 2
HI-N Gl 5 6Ll onSpmte 5 2500 oS0 28 WV F] alhe 10 olgae 45 3,5 alol
Clo jehie 4y ;K00S0 4 SlaS 5 cnl JLal )0 (oo g dbog,S 1500 (bbb jod 4y S
Sl 5 ol o ol Uy s YT I il o a5 5l 5 oogas (gzmen Sy Sl lalad
Se VAl Ge Si ,olic syl au yin GaN S5 Y jon g5 VT 018 (6 bows Coron
ST el oot ssaliie Vo em™ 5 po b sla el 35 03 4 biws L O DAl silsn
4o S TN GLuS 5 j0n g9 2oV sl ool olw Mg 2oV L GaN 56 saY o p g9
PN g (Sasla, as s i bl TN OlaS 5 a5 L el jolel b p g5 siaYT
W5 e d Y oS o3l alanly yolie L GaN Gio¥T ooy s aies o o0 0, plSin
WSyl pdes T s a5 YU 6,55 sloles L ol ol 9 Sc (TiV .Cr Mn Fe Co Ni jsoean
Al aid S 108 ax i 0,90 Ll joud S 3 ol Slalad jo oolaiul jglaio 4y Eu g Cd (Er ygoren
D=0 P &9 SV S0 4 Cr g M (1o (g5, a2 5 plonil 025 sla )57 o it [VY]
Iy (SolSo 5 aloars )l 6l 5 e 6ls= S5 o 4 GaN [V ] ol as 5
2 6oLy sl )8 TVl Sl 5Ly 5 b Jolo 0l Telod] Co s 'S 205 nizran
ey b (Gl 31 (slo gm0 (555 (slooges ol 5o T it el jgle g ol (sloosims Lal
sla sl dsolsalo gasny YUy oy (g iUl Slalad 7 (S 2Slge 5 2508 (slo i35 YL
L YT &pgo 50 ool ol a8 LT 51 [YYETV] )00 v g YU &)l slaggeg Sue 5o )s5
lakas o gl slas )5 was o Glis cenbliseg 3 Cusls 561 sles o calavly jolic

LV T ol (SS9 5 !

' Mobility
¥ Saturation velocity
" High breakdown voltage

¥ Thermoelectric power generation
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"Peapod systems
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® Density functional theory
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¥ Molecular-dynamics

¥ Generalized gradient approximation

® Spanish Initiative for Electronic Simulations with Thousands of Atoms

* Single-wall and multi-wall
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¥ Plane-wave basis

¥ Local-density approximation

¥ Exchange-correlation

® Perdew-zunger

* Self-consistent charge density-functional-based tight-binding method
Classical elasticity theory

* Sawada's scheme
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¥ Distinguishable states

" Dynamic random access memory

¥ Distinct voltages

® Static random access memory

* Circuit node

¥ Metal Oxide Semiconductor Field Effect Transistor
* Moore's low

* Complementary metal oxide semiconductor

' Leakage current
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¥ Coherence time

® Relaxation time
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' Manipulation
¥ Sender terminal
¥ Undisturbed information

¥ Receiver terminal
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' Non- volatile memory

¥ Laser pulse
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Abstract

Diluted magnetic semiconductors (DMS) are materials that simultaneously exhibit
ferromagnetic and semiconducting properties. They are common semiconductor
materials containing a few atomic percent of transition metal (TM) ions substituted with
the cation sites. Among ferromagnetic III-V semiconductors, the (Ga,TM)N DMS is the
most well understood and promising applications in spintronics, since the high Curie

temperature of above the room temperature.

In this work, the electronic and magnetic properties of pure and doped GaN
nanotubes with 3d transition metal were studied based on spin polarised density
functional theory using the generalized gradient approximation (GGA) with SIESTA
code. The calculations have been done on armchair (3,3), (5,5), (7,7), (8,8), (9,9), (10,10),
(12,12), (14,14) and zigzag (3,0), (5,0), (7,0), (8,0), (9,0), (10,0), (12,0), (14,0) GaN
nanotubes. The results revealed the semiconductors properties of this nanotubes. The
electronic structures show that both zigzag and armchair GaN nanotubes are
semiconductors with direct and indirect band gap respectively, and in both type of
nanotubes the value of band gap increases by increasing tube diameter and the trend of
band gap changes in zigzag nanotubes is higher than the armchair nanotubes, but this
trend slowdown in higher diameter. The symmetry of density of states indicate lake of

magnetic properties of pure nanotubes.

Armchair (3,3), (5,5) and zigzag (5,0), (9,0) GaN nanotubes were doped with
transition metals. The spin polarised density of states calculation showed that transition
metal doped GaNNTs are diluted magnetic semiconductors. Doping with V, Cr and Mn,
in all cases lead to a ferromagnetic properties. Mn showed the most stable ferromagnetic
phases and localized magnetic moment for both types of nanotubes. Nanotubes doped
with Co and Ni have been shown antiferromagnetic properties in the stable phases, but
nanotubes doped with Fe depending on the position of dopant show both ferromagnetic
and antiferromagnetic phases. The total generated magnetic moment in structure
increased from V to Fe in presence of transition metals and reached to the maximum value
in Fe dopant whereas by increasing atomic number, the total magnetic moment reduced
from Fe to Ni. Half metallic behavior with %100 spin polarization were observed in the

samples doped with Mn. The unique structure of spin-polarized energy levels is primarily



attributed to strong hybridization of 3d transition metal and its nearest-neighbor N-2p

orbitals.

The calculated transition metal local magnetic moments and total magnetic
moments are compatible with the experimental results. The results of our research can be
useful for the experiment upon diluted magnetic semiconductors (DMSs) and systemic
investigation in 3d transitional metals. We suggest that doped GaN nanotubes by
transition metals would have application potential as a spin polarised electron source for

spintronic devices in the future.

Key words: GaN nanotubes, Density Functional Theory (DFT), SIESTA code, Diluted
Magnetic Semiconductor (DMS), Transition Metal (TM), Half metal.
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