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Abstract

Density functional theory provides a suitable tool to study properties of wide range
materials with various attributes. Using the Kohn-Sham single particle equations is one
of the most important procedures to making the theory applicable. In the first chapter of
this thesis, we review the spintronic and their applications in brief. The general and
physical properties of the studied materials are mentioned in the second chapter.
Chapter three is devoted to density functional theory and its usage in studying the non-
magnetic systems. Then we generalized the density functional theory for magnetic
systems, and the Kohn-Sham single particle equations would obtained. In chapter 4 and
5 we investigated the magnetic, electronic and structural properties of the materials and
compared them with other results. In this study, the wide band gap semiconductors
(GaN, AIN) were chosen which doped by different percentage of magnetic atoms such

as Cr, Mn and Fe.

We used the PWscf code for our calculations in this work which that explained in
chapter 4.

Kaywords: spintronic, dilutedh magnetic semiconductors (DM Ss), density functional
theory, magnetic properties, half-metallic ferromagnetic, half-metallic behavior.
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. Spintronics

. Integrated magnetic/electronic devices
. Magnetic sensors

. Magneto-electronic

. Nonvolatile memory

. Curie temperature
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. Spin relaxation

. Giant Magneto Resistance(GMR)

. Field-gating of transistor structures

. Diluted Magnetic Semiconductors(DMSs)
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. Infrared Light Emitting Diodes (Infrared LED)
. Molecular beam epitaxy (MBE)

. Wide band gap

. Narrow band gap
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. Reactive Magnetron Sputtering

. Molecular Beam Epitaxy (MBE)
. Ion implantation
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" Superconducting Quantum Interference Device (SQUID) magnetometer
" Magnetic coercive field
" . Magnetic remanence
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. Epitaxial

. Solid-State Diffusion

. Anomalous Hall effect

. Mean field approximation
. Thaler

N

\Y



dedde Jol Jat

Jlo gole e Sl as o o lis cwabline o ul 5 sleosls (g i slo oo iw Gub »

30 eJle sl el sl M o blinn 151 cdale a7 ebliie Conglin ' sin Cangliagblioe
Oy 09 0135 (6565 (sleo e 1A 51 as b g /) 5l jeS Ll o M cdalé a5 slaasY
4S ool 3 slaaY jIn - g9 diges SO (O — V) JSb 0 Jle glp [YY]oil o YOK G Y-
5 el sl jo (hie Cuaglioghbliae G (51485 Cuglin sl 1Y sga> ol ;o Mn cdale
aS 2 0gd o WL YOK 55 sles jo S (sole e oo g 020 o lis 0> 51V0 K
2 slilan |y cwadblise plas az 0 3YL GaN:Mn gls &Y ol o oS Y 4 Mn clale

[Yf]aes o olis 09> I Mn 51

T T Ll T ¥ T

0.000 | -

-0.005 | 150 K

- |

S o010k 100 K|

& 75K |
%

5 "0.015F 50 K 7
L

° |
[ 7]

-0.020 25K

10K |

-0.025 | -

-100 -80 -60 -40 <20 0 20 40 60 B0 100
H (kQ¢)

LMBE s, 4 a8l o, GaN:Mn sle Y @ by o cmadolizes pl 5 (la8 )5 Caglin slo ools :(0 — V) IS

[VF] Mn 7y cdale

\ . .

. Negative magnetoresistance
Y . .

. Magnetic resistance

Y



dodds Jol Jas

(o= 5 = V) JSib 4 g 05 oo oanlie Yo - K (glod yo wlany dil> (Gl = # — 1) UK ;o
L;Lﬁd_sﬁ.ooéb.»duLQMMb(C—?—\)Jiw)bw‘o‘.\.wdj‘)‘l.o.b)“subu)yo@yw

[VFlogs o Mn o5l o glila cwadolioe yloae ralS 4

(all (<)
LT TT | T TT | T TT | T TT_] e T T T | T TT | T TT |_
10— - g .
C re ] ' H=1kOe |
e C s’ ] 0+ .
S 000 eoademen o] 210 —
BN TSR ]
-l(}}. T=300K - i ]
I T W N "||||||||||||
-40 20 0 20 40 0 100 200 300
H (kOe) T (K)
@

tl T T TT | T T TT t

60 — —

30 - —

& . - Sapphire Substrate _ .

5 C ]

30 =

o0 [ T=300K ]

ket Lo b v bva Lo 1A

-30 =20 -10 0 10 20 30
H (kOe)

M-T e (0) sl oads ools wisy MBE g, 4 a5 GaN:Mn gl M- H e (&) (8 — V) Ui
[\f]w‘oMM)Mnu.lal.c)‘Gubu)}od.‘dSM—H )‘ow(c)jGaNMan‘f

VY



£33 S

IV 04,5 Sy 2B (bl yod jI div j0)s5 ity o

dokdo ) =T
AIN ol gy =T
b Sl 1 —F—F
o g s)lsle yolss =T =T
050E 9 S jd pols> =T =T
GaN olss s 1=
Sopb Sl 1= 1=
solslo yolss T 1= T

030L 9 S j olem =1 =T



dotlo |1 — T

Slhogar audaxgi bay aS bl L -V olS 5 slrg S »; 51 So N 09,5 luS 5
5 ol i o515 0sS s s Job Vb iy (e asbe Ll wibe 59,8 4y jais

5 a5l < Jeme 555 2l oyl 5 9300 i g ASUIsl Dlaled LSl 0 B 5

aSilan azg Ly oS (oo 51,8 ooliinl 3550 Vb (155 a9 ,See (sl jgain 5 Y Los slaogy
by el loj jap @ T1-VI 095 oS 5 slable jod a0l p oS Jlakad Sy xSl sl (550
SlaS 5 65y @i Slided pol> o po im0 JRalS ) a5 5e (gaslad a5l g S (e
oS 55k 6l ki St sl oY 5] oyos Vb f3dge ol e sl 4ty alowl TILN

[T&]Mb e olaS 5 RABLREEY = eels I, dxlad 6{515

Ol 058 4 yamio Slogas 4 azgi b aS ail (e IV 055 5l oS 5 (sbls s SO AIN

ol S8 alesF blucil i po eizmen 5 YU le,S ol (BNVF V) gy 6,lss S5 ol
9 L_ri"'ﬁf‘SJ‘ Slakad clu 6‘)" é""‘)‘“’ Lgl.(bd.oy Ry oolaz! 6‘).’ Gu»Lw Lg‘..b».\.sls ‘) ools
b g ¢03905 anly = @ale — Ll yond (5%0al sl gt 15 ol (S Sl
035ai | y550nls ol asn clasgs 5 Sl slaoa sl « il 3 GLLED (56 aY &3
S50 slaay calu o o 5lwesle ol (So Sy Sy Jdo & e [Y£,VV]

GLE L ebblo oyl aiilen [YA]ogs oo ooliiul " rans,See Sgo zlsol (gouias agais

" Blue-light-emitting diodes and lasers
" . Metal-Insulator-Semiconductor (MIS)
" Heterojunction diodes

* . Micro wave
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' Wurtzite
" Hexagonal close pack (hcp)
". Cell interval structure parameter

\Y



(<l ()

L sloylo p ool ool LSis 595 il Aol ) 90 3l a5 Cold g (oheS id Sl (@) = V) S
Jsde g0 5l a8 g Joko SO (0 ol Lasein S5 0 di e al sla,lo p olgs! blas g adgl Js! ls

oLy B s 4y Lol el eiVlssS g5 5 TN 09,5 loS 5 sliand sloisn Yool

5 (S Ngm Jolds paie 90 gm 0)1d Sezg oS 5 ol paie 90 (655K 2SI &S
09,5 SlaS 5 (S Heb an WS (oo e |y e0be (55 L 5B (glk gadge (nl &S S5l e
Ll Blsd a [¥V]Wed oo pokite plabs Sas g aily - Sy eulid g ,lile 4w o TN
an yLed Jloel S50 Ysane g ol (oo Culud g oad ob SloS 5 Ik 5B ¢ Jgone (Seolydge s
SS90 sl L anslie ;o a0 o 3B o pleb Sad LS le 4 colis g Jlisle 5l oloS 5 ol
055l (il Ty, by b diged iy D9 50 Lol ail (ol ad wily - S (xSe jlile
azgs baisd Helite 5 LSl tul 5o Casl (5See 00l ol baiged il sloasY 55 59,
sl a4y olad s sl 556 05 oG CAIN Ll 4 Led Jleel 51,0 wonds 55 CJlae 4

Sl IYY Gpa ,Lid U J8las sl oyl aS ams e g, V) Gpa,lits s plab Seod

', Zinc-blende
" Rock - salt

YA



[ralussls

37N 3 (555l ol T = T

aS pel p Jol ddlaie jo )@ 5 sl Cge 0 1, AIN llu joud (g)le Lol (Y —T) S5
A palims (§4l95 BLS (6lyls oole (pl o o lis ‘QMHMTQ..»@\J#—LS)S)[@U&,”L
Tl als g, aiile (g5 slo by, oam 5l aS (5,le BB lade [YV]ail oo #IY €V ol

2ol ol 5IVID eV sga> jo polie (pl a8 5 &5ls WS oy25 polie b ol ool s

Ol 52 438, 6 a5 Joily 4l g5 @y (65,31 BB (Sily g9050 (nl Jodo il (oo S

[fe]asl o

0.80
]
0.40 }""IO( <
S 000
2 0.40 1_\§Z3§2 _
-0.80
T =
-1.20
A L M r A H K r

IYV] e ool cansas Seb— 6,5, Shoslrs bs, b a5 AIN (g )ls3 sl oY — ¥) IS5

" Hartree-Fock method

V4



090E 9 S jS olyS K= =T
ks s Sopd eles sl g acil o pglie (slosle 5 Siol o S AIN (gLl yous

3,90 3l aS le plod Jdo 4 eole (pl yioren asloads $,918,5 (V=) Jgu o ol )b

el ’W Q cm Sgd> B oole ‘).:‘ 60).:5 ngn.A aS 6)5.'0 ey ML} &° 4.‘>9;

0315 1,3 Slezg 3lS 55 5,8 5 Sl o Slsis 4 |y oole l AIN azgi L Sloogas

Wil o Caio o Ol 65 LG Gle Il 5l s eole pl el b o, o leds Lol vl
e Sl o ;i Sel a5 ieg Il o ST LSTa5 5 5 nSTL AL (VL (6 pdy (25T

[YYIAIN 51y sael casdy (So5d slo CoeS 5 can () = Y) Jgo

T=r.-K AIN coluiyg,lz b
sIy ©ev) s,ly S8
a=-/¥\\Y c=+/FAAY (M) i glaculs

a= ¥y x1-~* a, =0 x V.7 K™ oloyS blucsl o
Y/A Wem 'K ol S coloa
YEAY K) wgd alaii

GaN‘;ULw)a_._JUo/}é‘s.w))g r—r

Jsbw 50 el sloslo laie oyl 5l 0aisS o g sla il plp 10 sole (pl ol Cowlus



Ji5 Jab 5 o5 aigSilen [Y0,51 ]398 oo oolictal 'lao,lsale 1o (55, ads sl st 9 sbo
LoT 655 cloo 5 e DMS s oolictas] 3,50 (clablos yors (6 )lg3 B ey (S51E55 alasl, 0 0,5
B g 005 YL eole ()1 (5,55 (lod 0l ity (613 B ojlail az o 45 (gy5b 4 0l 052y
aeolys iali8l sy il Caico 4o ol soliwl jglaie 4 laxe sloo jo o 5l eoliwl Sl
Yo ol oladad 5 Sl mlio 10 GaN 5l g 6l GBI abanls 4y cyeizman () — ) IS3) iy
ool al " i 8 5 (ol 5y 00 S bl sLasgs 55 lalad adys e Y il 3
S T35 S8 31 ole Y 5 (63« GaN (bl jod b 03 el Slalad 055 oo
S iSUlgnl gline yo eole ol Blsld glo 0,)LS a azgs b [FY ol (oo 0 (e
L oole ol LT I8 iy gz 0, b Sy yitmnsl palio ) oole pl 51 a5 il 00,5 25 yuiims
iy iy Slalad o 5,58 Ll glosle a1, Ll o ) wilsi (oo oo mmsboliio ools S
2 GaN sl o Gdin 6 leogs wole Jowd (pusbline sl jgins 3l 5 o ol
oolicil 3,907 (53l = o] b 5| 50,5 0 sboylil 5 5 65k (sl Sps cLs (5505585
ol 5y s etz slo Ghaghy pol> Sl 50 GaN ol cueal Jdo 4 [F,V]0,5 o )l 8

ol plasl b 5o S g il Caro 0 ol soliiul gl eole

Calid g il Jsame baylpd 45 55 GaN Jlagly 56 TN oS 5 sbablo o il wiilon
L s Gt oy Jsho 5 b ol edd o,L3] o2 AIN 550 40 U3 a5 jshailes oil oo

(F = V) US 45 a8 ail e /2= /FYS Comus Le=0/VAD A 5a=Y/V A% A aSos slo ol

. Satellite
. Laser devices

. Ultraviolet and blue light-emitting diode
" . Sapphire (AlyOr)

. Blu-Ray
. Play-station

AR



oS ;0 GaN aS i sle ol b (g5l a1 B ol jo &S (g polie .l oud ools )lis
A 90 5 595 e JLSle [YV]ail oo polie fred el oal oolaiwl a5 550  Slowle
y9me dlaiel jo aSll 3 90l el oals SCa il a8 9,8 o2 10 AS ( LBeS il 00l Sy K
Jbsl oglaie o5l g5 SO dawgs 4l 5 50 [FF,FO]ail ool > 4 L= u=+/YVYD o3lail & C
o1 P lawgs Jslo opl )0 w3l ,o .cils aplys 0929 o3 T ol Joko 10 o] 4zt jo a5 ail sas

Alad 318 a2y ke SO slaad o aS canlonls dblal S0 g4 5l

[$1] GaN colis,g sl asly Jobo «F — ¥) S5

Dgd o0 Hekin 3 W0gh oo 00l lid B-GaN g0 4y a5 Wil - S B e oren GaN

Ol swlylgy 0l a5 S0 y0 0ole cpl g el S0l Colid s 51 @y (5,50 s 5l 56l
-[f9]°94:’ < )91*-*-" ol - ‘5-‘-‘) )13-'5'1-‘*’ 5O Sg r’l-’.U~| ‘5‘-&" A 2 e S9)

S [l a5 36 i pgemss [Lid Jlasl 1 0 TN SlaS 5w oo Sd oS aisSilan

ol e SO hgPiw ooﬁf)ljé)ti;égm":\fé)y 4o 5 GaN blw yous ».\Jj.wu’.atbb.b

[EV]ce sl Vo GPa [Lid b JBlos a5 558 oo plab S Ll

Yy



[FAToms o lis | Los by (Seidls ol (Sis8 () — ¥) Las,
a=Y/ \Af + - /v¥a X V- T +a/y x VT
C=ONMY F V00 X V- 2T+ ey x V. T O=Y)
c/a=\FYVE+ o[-0V X VP T— o x v T"
9 B-GaN (gl aS s el il oo 35Lo YAY < T < MIVY K sles o5k (sl YU Lyl
508 la el )b 5l mam polie (V=) Jgoz o [Falewla=F/O¥Y AL pl, Y- K gles

[¥V]cal oas S3¥++ K sles ;5 GaN cylus

1 1 .
3202 1 - 520
A | GaN | /' ar

m 3% = +——5193 w

3190 4 {5189
31686 | 5185

200 400 600 00 K 1000

T

[0-1GaN asss sl ol les (Sols «(F — Y) S

[¥V] GaN colus s 56 slayual)ly 5l (pdm polie (Y = V) Jgor

I=r--K GaN cylui,g L5l
Y/Ya V) s,y S8
a=-/¥\Aq C=+/0)AD (M) oS sl ool
a =008 X V-7 a =YY X T (laY) K"y ole)S blsl o
0= FFE X VT @ = FY X VT (es)

VY Wem' Ky Sl ol
Yvay K) g8 adais

YY



Gibele plgs Y-V Y

i, GaN gl Jsl aibaie 5 (6)lss il oo 4y = V) 5 (0 — 1) sla IS

A Ay 9 Al (oo s (5,150 BB (6l)lo Ll jos () 05 (oo cdoline aS digSiles .20 o
e aiged gl S oo gt O e e glos 53 5 955 (00 sle o] )0 &5 5,k g5
o=l ole BB Sles Sisly Judo 4y g Y0 Y eV N /F K sloo o g colud g 518 50 (g)le S5
Gl Lo L GaN (gl BB bl aw, o Y/F eV jlaae a4 (T=Y+ K) Lo slos jo laas
BLS Jlocie il — S 51 sl [0V ]ogh o Lo (V= V) alal, L YAOK 1 5 0l slales

[OV] asl o YNV eV 31 glos 4o

TY

ev
(145-T)

f

Ey(T) —Eo(+)=-0/-A X V" -

10 =] T x,%

/
N

./

N

|

at GaN

Energy ( eV )
=]

£

)

7

(
N7

-4k :_ N -\Z
SN N>
. k
A Lm T A H K r

L8]l o0l pus, | 02y25 iy 4 bg, 5l oolitul b as GaN (g lg5 Ll (0 — V) S

" Empirical pseudo potential

v¥



I1-V o5 8 (S i Galld lalilu jani ) (aamy Gl 53 (a0

Lolud g L3le 6l Gg,ly sLad )0 (Bek p Jol ddlaie (P — T) S0

e}JM

0 9 b plgm Y Y -—Y

eV olesF b b oole ol el oS g sl (Sl Ll 5l 5 s s (loole GaN

wbv&b ‘n..\.CLgu.’b‘\J)'Li sl Y Oigo 4 Bl e g 009 Bile (W] oo Cawds pl> i

5! wan polie (Y —V) Jooz 0 .[f\’]oyz oals o, vd.}.Lg)lS Oakew 9 095 Sg8l (59, Al

0 53] ez Yo o K (sl ,o TN (glablos yous L dwslia ;0 GaN 4 bgs e slo il )b

[OY] el

[6%] GaN b awglie 1 TN (bbb yard (ol 5l sans dglio ¥ — ) Jgir

Sl S eedsles | Sopsdl Sasle, sl Sl S
ev) (k) (V/Qcm) (w/cmk) (g/cm")
AIN FNY YeY Vet oy AR ¥IYOO
GaN \TAf Yvay F—\Y VY #l-Y
InN /A0 V9. Yoy Xy YA SIVA
L . Thin film
. Mismatch

" Silicon carbide

Yo



I1-V o5 8 (S i Galld lalilu jani ) (aamy Gl 53 (a0 p3° Jusd

Coludyg (V= 1) Jgazr 50 oad 155 (glablos o 5l s o jlasly 56 a8 ol (g y5l0ls &y o3¥
ol g bl 58 ghlanl do an aS S e o lil aSS ol a4 Ll o all oo
o=l o e ploul lwlre colod ey - So 5 6,5l 5B @ cad AIN 4 GaN slabl jous

Ll 00 plosl blo pous (ol (@-GaN) Colus g sl olul G

\td



T (AU 4, - 1
$loyd ut sl g ) — ) — I
rorlgyl— a3 e i == 1
Siwo (9 )8 gy V=) = I

235 — Spuiga blas F—)—F
o — 95 Cluy -1 — 1
O] T =1
I (AU 4l (e oot V= F
L oo yiblido sy pi — (095 (51 0)0 ST OYoleo )= F = F
/038 ST Yl Jo 5o g, F—F
i glpol 1= F—F
&hS il F=F— 1
Sl s &1
el dis el folpo 1= D= I

heeiliy s iligyly F—B—F



I (b Py Joad

\ S ol 4 )~ 1

ST oy (gl 0olil o0 hol 4y lai 45 cagiilyS il g Sl Sl (gl 4y i

sl allace g5 a5 el ol LT Lol dgame Lol arly o (Soped (6l pitaacas 351 45 )3
S s (o) Sl e (Lo 580 S L b ozl cnl o sleyd g0 5 slo)d SO
Sllre o by, g 4l arwgd o o, g bo 4,k 5l sl (A5 Sl 1068 90 51 G b
S9sr Slo)d et Sl i (Slowloe ciogi sl (Al 5 saaie oS, 0 S oolinu
b sle Joe g Lo oyl iaalllas 5550 ol 5 Jlus 4 azgi b Sy o a5 ool ool
loyd o Lo i 5l Solom (o2 Sl ol 9 mre sl @45 5 (S0 ST (o ool
ool el (JUz ol 15 ool 5 o J5SUgn ol (658 (Smsod (Sl s | 5 2)
Sloyd ot i 3l 8lo)d ST oy S 4y e vr@ — RS Sdbs) ol jen 4y 4y S

f‘5|o)5w‘5&ow \—\-Y

Sl 00l JoSid 0aisS JiiSan p 0,3 (0, dw 3 ian) (o0l olaw 1 slo )3 o pnn S

29 95y Lo oy il jo ol jols SO L canguil ( JoS g0 il S s o ool iz

Ol e sogislyST Sele adgl Jgol (sl 2 b i slo)d s S oy 2 Sl g S
) ol Sl o5 A8y o i lasln g 1S

R _ 2 _ 2 2 2 Z Z 2
H=Y h vy h v3—2?1—6ﬂ+1 o s Zize oy
i zme 1 2M[ i,1|r,'_R1| 2i=tj|ri_7jj| 21$J|R1_RJ|

. Density Functional Theory (DFT)
. Strongly correlated systems

. Kohn - Shame scheme

. Many body systems

N

YA



I (b Py Joad

SSepnZie bsMipzble g 5T (e e bgm pyr ble (g sl alaly (nl yo a5

Ol pela (215 la lase g el ot 0y (i BT Ggilaala ol ol JER; gl
S5 i s Sy S SV o 4385 LS 5 s i bl i 5 S0
5 098 = 09 Sl eggm = g S iSen 1 b g (i (551 L 09 iSUl (LAt

\ .
youledsl - Gy e Y-V Y

5 005 o3le lp S (oo rogi | b o g o 9 5SSz Glojes «(V = ) Sgiksle

ol 35,5805l 50K (s b (5 (295 p )2 97 45 998 e oolitul S5 l 51T o

1

M‘ﬁaowmbyfo w),o);d.ou)t.c)d&gwl.@r;‘dj(f‘f\’“’;)5»)

I
-\a—w-.’in—%’ﬁ‘)@%L“Jsﬁw)f)bﬁslw‘wﬁagﬁ*"‘%‘)oidbss“‘s
5 s Salin 09l oy 4 S |y 05 7)) S S50 Sho |y ol ST sl o ol
Of 5o s aalys fias Se Sl G Geibals 4 H Ggiloals (oS i b0 o] 25 > |
amd g5d90 ol I OSL SIS ey 5 955 (o0 o yielly 4 () = 1) alay 3 Ry &0
2398 oo Ol 2 D90 4 45 Cal (SSLLT o) pealeinl 090 s 5l (Li5
Lo (gl a8 o 03L 58) g (o 58 Lo o (g o 09 2801 S8 (o plSa o (]
(33 oSl s 0 A4S o S >
Lo o &S > pl2) )b 18l 2l o la s xSl de (g (g pK2 T=2 0 (0
Lo oSl e (g &8 > L 4z 5 (gm (WS (oo i ] 095 (oogitlyS Sl Lo 955!
ol cdl> 655 Jlade sz e wile oo (Bl oy b DIl o (LS Lol 0l oo &S > o2

V. Born - Openheimer approximation (adiabatic)

Y4



I (b Py Joad

sielS 5 osle an (V= F) adal) eslanl = oy cod Jleel L [0F]s s Slawle o

b oo

A —h’ Ze’ 1 e’
g=y"wv_-y %2 vy ° X1
sze ' ;|E—R 2i==_j|’7;—}7:,

el ol 4 Ry g e Tp YL alayl, o

GalS Sy Sl s Sgala 4 (slo)d e (Sgiale (SSLLST o i Jlesl L six o

Lo ably jo ool JS il o lo)d oy L s (92801 230 o Lol ol oo

Sygmo 50 g Sl g Sl — e iSUl Cim piShen y gim l pg dlex Setlale (nl (Saum
Cdgs (9,80 S5 sl Seikole pax &g d g o |y B8 el o] A

&JwN&@@ﬂ:&)INww@&dldjuoouMlg.(ﬁ=Zhl,)

9 990 (oo (g3llaz pl Sl aile (g 2SIl - g il GiiSen y jal> Lol il (o0 GRS (Sg iSTI
G Lae 9,801 - 0,801 i (258 caloz ol (2L slo (S ) Hlai 4,0
S e Sy b 6Le s ga3sS Sl ile - 51 IS I age (Susd slaoasay
Kges g & e 53,5 a5 4y BB aS Al o g Jlo gaiilyS 3 VL sloo bl
Lo 09,80l (iSen sy ogdle 1 53 o 39 (oo ool 17 Jre 5l ale - 18 S oy 0
Cirog Ble 5 518 Gt IS caloz 90 cnl aglio b g 09 o 38,5 L5 15 55 T sogiilyS Slibugs

= QT S8 Ol 3l as g sb a clax ol 05 o8 Gl oot sla ) Sal) anlsl jo 00l

. Condo effect

. Heavy fermion systems
. t-j model

. Quantum fluctuations
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Abstract

Density functional theory provides a suitable tool to study properties of wide range
materials with various attributes. Using the Kohn-Sham single particle equations is one
of the most important procedures to making the theory applicable. In the first chapter of
this thesis, we review the spintronic and their applications in brief. The general and
physical properties of the studied materials are mentioned in the second chapter.
Chapter three is devoted to density functional theory and its usage in studying the non-
magnetic systems. Then we generalized the density functional theory for magnetic
systems, and the Kohn-Sham single particle equations would obtained. In chapter 4 and
5 we investigated the magnetic, electronic and structural properties of the materials and
compared them with other results. In this study, the wide band gap semiconductors
(GaN, AIN) were chosen which doped by different percentage of magnetic atoms such

as Cr, Mn and Fe.

We used the PWscf code for our calculations in this work which that explained in
chapter 4.

Kaywords: spintronic, dilutedh magnetic semiconductors (DM Ss), density functional
theory, magnetic properties, half-metallic ferromagnetic, half-metallic behavior.
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