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' Density of states (DOS)

" Conduction band
" Valence band

" Band structure
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' Ferromagntic

" Diamagnetic
"paramagnetic

" Anti ferromagnetic

® Ferri magnetic
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" Curie temperature
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Compound ™ Substrate Fabrication  Growth Oxygen Post- Tc Notes
content method temperature  pressure annealing  (K)
0 (Torr)

ZnO:Mn =0.35 c-Sapphire  PLD 600 5% 1077 N/A

ZnO:Mn 0.36 c-Sapphire  PLD 600 5% 1077 N/A Spin-glass

Zn1—xTM;O c-Sapphire  PLD 300600 1x107° N/A

to 1075
Zn0:Co 00205 c-Sapphire  PLD 300-700 1x10°6 Spin-glass
to 107

Zn0O:Mn 001036  c-Sapphwe  PLD 610 5% 1077 Paramagnetic

Zn0O:Mn 0.07 a-Sapphire Sputtering 400 0.06 Paramagnetic

Zn0O:Mn 0.03-02 GaAs(100)  Sputtening 300600 8x 1074

ZnO: 005025  pr-Sapphire PLD 350600 2—4 % 1077 280-300 2 up/Co

(Co, Mn.

Cr, or Ni)

ZnO:Ni 001025 c-Sapphire  PLD 300-700 1x107 Superpara-
or ferro-
magnetic

o0V 005015 r-Sapphire PLD 300 103 01073 =330 0.5 up/v

Zn0:(Co, Fe) =0.15 $105/51 Magnetron 600 2% 1073 600°C. 10mmn. =300 12-15 emu/em’
sputtering 1.0 x 10~ Ton
Zn0:Co 0.03-0.05 Bulk Zn0O Ton 700°C, 5 nun =300 Oriented Co
implantation under O3 precipitates
Zn0:Co 0-0.25 c-Sapphire  Sol-gel <3350 700°C. 1 nun =330 0.56 uB/Co
Zn(Q:-Mn 0-03 c-Sapphire  PLD =3045 015017 pg/Mn
ZnO:Mn <0.04 Sintered 500-700°C  Aur, =425 0.006 emu/gm,
pellets atmospheric single phase
pressure
Zn(Q:Mn 0.02 Fused PLD 400°C =425 0.05 emuw/gm,
quartz single phase
ZnO:(Fe, Cu) 0-0.1 Solid state 897 350 0.75 up/Fe
reaction
Zn0:Co 0.015 PLD 650°C 5% 107 =300 Ferromagnetic
Zn0:(Co, Al) 0.04-0.12 Glass RF sputtering 1% 1072 =330 0.21 ug/Co
in Ar
Zn0O:Mn 0.04—0.09 c-Sapphire  Reactive 200-380 =400 3 ug/Co
sputtering
ZnO:(Mn, Sn) 003 Implantation 5 mun, 700°C 250 Ferromagnetic
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Compound ™ Substrate Fabrication  Growth Oxygen  Post- Te Notes
content method temperature pressure  annealing (K)
(e (Torr)
ZnO:Mn and Sn Mn 0.03, ¢-Sapphire PLD 400-600°C 0.02 =300 Ferromagnetic
Sn=01
ZnO:Mn and Co 0.05-0.15 Crystalline Antiferromagnetic
precursor
ZnO:Mn and Co =0.05 Bulk Melt growth 1000°C Paramagnetic
Zn0:Co 0.1 O-face Zn©O PLD Antiferromagnetic
Zn0:Co =0.35 r-Sapphire MOCVD 350-600°C 40D 20mn_ 500°C =350 Ferromagnetic
i vacuum
Zn(:Co and Fe =0.15 51010 /51 Magnetron 600°C 2%103 10 min, 600°C. =300 Ferromagnetic.
sputtering 10~ Torr 12—15 emu/em®
Zn0O:Mn 0.1 r-Sapphire  PLD 630°C 0.1 =300 0.075 ug/Mn
Zn0:Mn and Cu 0.05-0.1 r-Sapphire  PLD 650°C 0.1 400 0.1 pep/Mn
Zn0:S5c. Ti V.Fe. 005 r-Sapphire  PLD 600°C 0.1-750 =300 0.5 up/Ti 59 pup/Co.
Co. or N1 0.3 un/Sc
ZnO:Mn 0.02 Bulk Powder, 500°C =300 0.16 pp/Mn
pellets pellets and
laser-ablated
films
ZnO:Cr STO PLD =400 Ferromagnetic
Zn0O:Mn 0.08 Tetrapods Evaporation 600°C 43 (Zn.Mn)Mn2Og
phases
ZnO:Mn 0.05 Zn0 sub PLD 200-600°C 250 High T¢ fipr
lower Tg
L] . |
. J ‘. | T '
as| )48 l '
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I >34 | 4s! 1 4s
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Abstract

Density functional theory has been provided 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 and second chapters of this thesis
the general properties of semiconductors , specially zinc oxide (ZnO)

beiefly have been introduced . This compount is one of the favorite 1I-VI
group semiconductor with wide band gap about Y/Y eV ( at the room

temperature ) . The Doping of this semiconductor with Transition metal
(™) can be resulted to creating a new categoury of materials that are called
“diluted magnetic semiconductors” (DMSs). In these chapters the
applications of DMSs are also illustrated . Density functional theory and

studying approach of the systems with this theory have been introduce in
chapter Y. In chapter ¢ WIEN YK computational code have been explaned .

o)

In chapter calculation result of electronic structure and magnetic

properties of TM-doped ZnO systems ( TM: Fe — Co — Mn ) have been

presented.
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