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Funksional Sixhiq Nazariyyasi vo lokal spin sixliq yaxinlasmas istifado olunmagla Atomistic ToolKit hesablama programu va-
sitasilo Cr 3d kegid elementi ilo asqarlanmig ZnSe birlasmasinin elektron vo magnit xassalori tadgiq edilmisdir. Zn(Cr)Se iigiin zona qu-
rulusu Vo hal sixligi tamal prinsiplardsn hesablanmus, birlosmanin magnit xassolori aragdirilmigdir. Tam enerji hesablamalarindan ferro-
magnit spin diiziiliistiniin antiferromaqnit spin diiziiliisiine nisbatan daha dayaniqli oldugu miisyyan olunmusdur. Birloasmo tigiin Kiiri
temperaturu giymatlondirilmis vo miisyyan olunmusdur ki, ZnSe:Cr yarim-metal ferromagnit birlogmadir v spintronikada totbig olun-

maq tiglin perspektiv materialdir.

Acar sozlar: ZnSe:Cr, magnit momenti, ferromagnit, yarim-metal.
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UOT: 561.18

GIRIS

Son illor 3d kecid elementlari ilo asqarlannmg oksar
11-VI grup binar birlogsmolorinin (GaS, GaAs, CdTe,
CdS, GaMn, ZnO, ZnS, ZnSe, ZnTe va s.) elektron va
magnit xassalorinin todqiqi zamani oslds olunan ma-
raqh fiziki xassolor (yarim-metal ferromaqnit, yiiksok
magnitlonma, Kiiri temperaturunun otaq temperatu-
rundan yuxar1 olmasi vo S.) todqigat¢ilarin boyiik ma-
ragina sobob olmusdur [1-6]. Sato vs basgalarinin igin-
do [7] mialliflor gostormisgdir ki, V vo Cr atomlar ilo as-
qarlanmig ZnO, ZnS, ZnSe vo ZnTe yarimkegiricilari yiik-
sok Kiiri temperaturlu yarim-metal ferromagnit materiallar
sirasina daxildir. Mn atomu ilo agqarlanmis ZnSe p-tip
yarimkegirici birlagsmadir vo onun valent zonasinin yu-
xar1 konarinda d-hallar1 fotoliiminessensiya vo mag-
neto-optik cihazlar ii¢lin ¢ox perspektiv materialdir [8-
9.

Toagdim olunan tadgiqat isinin magsadi Cr atomunun
miixtalif konsentrasiyalarinin (12.5 %, 6.25 %, 3.125 %,
1.5625 %) heksaqonal quruluslu ZnSe-in elektron va
magnit xassslorine tosirinin va belsliklo ds, onun spintro-
nika vo opto-elektronikada texniki totbiq imkanlarinin
arasdirilmasina hasr olunmusdur.

HESABLAMA METODU

Isdo yerina yetirilmis nozori hesablamalar funksi-
onal sixliq nazariyyasinin (DFT) [10] local spin sixliq
yaxinlagsmasi (LSDA) va Hubbard U diizslisi (Zn-in d-
hallar1 Giglin: 4.5 eV va Se-in p-hallar ti¢iin 3.8 eV)
cargivasinds aparilmisdir. Bu mogsadlo Kohn-Sham
tonliklarinin halli ti¢iin psevdopotensial vo atom orbi-
tallarmin Xotti kombinasiyalarindan (LCAO) istifado
olunmugdur. Miibadilo-korrelyasiya effektlori Perdew-
Zunger sxemi [11] istifado olunmagla nozars alinmis-
dir. Heksaqonal quruluslu ZnSe birlogmasindon
(@=h=3.98 A and c=6.53 A) 32-, 64-, 128- vo 256-
atomdan ibarat genis superdzoklor qurulmus, ferro-
magnit (FM) va antiferromaqnit (AFM) spin diiziiliis-
larinin tadgiqi mogsadils strukturda iki Zn atomu Cr
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atomu ilo ovez olunmus ve biitiin strukturlar enerjinin
minimuma gatirilmasi yolu ilo hondssi optimallagdiril-
mugdir. Brilliien zonast iizra integrallama Monkhorst-Pack
sxemi tizro 3x3x3 va 5x5x5 k-noqts istifado olunmagla
xtisusi nogtalar iizro comloma ilo avaz olunmusdur. Baxi-
lan halda kristalin strukturunun optimallagdirilmast zaman
atomlararast garsiligh tasir qiivvasinin maksimal giymeti
0.01eV/A, mexaniki gorginlik tenzorunun maksimal
giymati isa 0.01eV/A3-dan kicik olana qoder, yoni tarazliq
qurulus parametrlorino gotirilona godor optimallagdirma
proseduru davam etdirilmisdir. Dalga funksiyalarinin ayri-
liginda kinetik enerjinin maksimal giymati 75 Ha olmus-
dur. Zn {igiin 12 (5s? 4d'9), Se iigiin 6 (3s% 3p*) vo Cr
iiciin iso 6 (3d® 4s') elektron valent elektronu hesab
edilmisdir.

NOTICO VO MUZAKIRO Zn(Cr)Se-in
ELEKTRON XASSOLORI

3d kecid elementi ilo agqarlanmig 32-, 64-, 128-
Vo 256-atomdan ibarat CryZnixSe genis 6zoklor tigiin
LSDA yaxinlagmasi, Hubbard U yarim-empirik diize-
liglori vo spin nozars alinmaqla birlosmonin elektron
xassalori tomal prinsiplordan todqiq edilmis, zona qu-
rulusu vo elektron hal sixligi hesablanmigdir. Sokill-
do Cr-atomu ilo asqarlanmis 32-atomdan ibarot ZnSe
birlagmasinin qurulusu gostorilmigdir. Hesablamalar-
dan almnusg spin-yuxar1 (qara rongds) Va spin-asagi
(girmiz1 rangds) hallara uygun olaraq spin-polyarlas-
mig zona quruluglart vo tam hal sixligr (TDOS) dia-
grami uygun olaraq sokil 2 vo 3-da verilmigdir. He-
sablanmig tam vo parsial hal sixliglar1 manzaralarine
goro valent zonasi asasan Se-in p- va Cr-un d-hal-
larindan toroyir. Asqar Cr atomunun d-hallart Fermi
enerji soviyyasini kosir vo hesablanmis spin-yuxari
zona qurulusu vo hal sixligi monzarasinoe asason mii-
ayyon olunmusdur ki, Cr ilo asqarlanmis heksaqonal
quruluglu ZnSe birlogmasi yarim-metal materialdir.
Asqarin miixtolif konsentrasiyalarinda ZnSe:Cr iigiin
tomal prinsiplarden hesablamalardan alinmus naticalor
asagida cadval 1-da gotirilmisdir.
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Sakil 1. 3d kegid elementi ilo agqarlanmig ZnSe 32-atomdan ibarat struktur.
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Sakil 2. Zn1sCriSess tigtin spin-yuxari (solda) and spin-asagi (sagda) hallara uygun spin-polyarlasmis zona quruluslari.
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Sakil 3. Zn1sCriSess ligtin tam hal sixlig1 manzarasi.
Codval 1.
Tamal prinsiplordan hesablanmig gqadagan zolagin eni.
Birlosmo MP grid Konsentrasiya Qadagan zolagin eni (eV)
(%)
Spin-yuxari Spin-agagi
Zn15CriSeis 5x5%5 6.25 1.14 2.88
Zn14CraSeis 5x5%5 125 1.01 3.01
Zn30CraSes; 5x5%5 6.25 1.2 2.85
Zne2CraSess 3x3x3 3.125 1.19 2.79
Zn126CraSeizs 3x3x3 1.5625 1.16 2.74
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Codval 1-don goriindiiyii kimi agqar atomunun kon-
sentrasiyasi azaldiqca qadagan zolagin eni do aza-
lr.

ZnSe:Cr-iN MAQNIT XASSOLORI

Isdo Cr 3d kecid elementinin miixtalif kon-
sentrasiyalar1 ilo asqarlanmis heksaqonal quruluslu

ZnSe birlogmasi tigiin maqnit xassalari tadqiq edil-
mis, maqnit momentinin qiymsati hesablanmisdir.
ZnisCriSess 32-atomdan ibarst genis 6zayin spin-
polyarlagsmadan alinmis qurulusu sokil 4-do gosto-
rilmigdir. Qeyd edok Ki, sokil 4-do nozoragarpacaq
giymoto malik magnit momentlori gara rongli ox-
larla tosvir edilmisdir.

1, 00000006

Sakil 4. Zn1sCriSeis liglin Spin-polyarlagmus struktur.

Hesablamalardan todgiq edilon sistem tigiin tam
magnit momentinin giymoti 4.0 pg alinmigdir ki, bu
da [1] isindo alinmis naticoylo uygunluq toskil edir.
Belo ki, [1]-do FP-LMTO metodundan istifado etmak-
la magnit momentinin giymati 16- (x=0.0625) va 32-
atomdan (x=0.125) ibarat Zn,CrixSe genis 6zoklor
iiciin uygun olaraq 3.9827 vo 3.9937 pg tapilmisdir.
Sistemin magnitlonmasine asas payi asqar atomunun
d-hallar1 verirmoklo (3.193 pg) Cr tigiin magnit mo-
menti 4.028 pg toskil edir. Zn;xCrySe sisteminin mag-
nitlonmosinda strukturun 15 Zn atomu  ciizi miisbot
(0.195 pg) vo 16 Se atomu iss ciizi manfi pay (-0.221
us) Verir.

Bundan slavs, ferromagnit (Zn;«TM'Se) vo an-
tiferromagnit (Zn1xTMT,TMY,Se) spin diiziiliislori
iiciin tam enerji hesablamalar1 yerino yetirilmigdir.
Tam enerji hesablamalarindan iss ferromaqnit spin diizii-
listiniin antiferromaqgnit spin diiziiliisiine nishaton daha
dayamqli oldugu miisyyan olunmusdur. Bunlardan slava,
isdo ZnSe:Cr {iciin Kiiri temperaturu hesablanmig va

miloyyon olunmusdur ki, asqar atomunun 125 %
(Tk=3150 K) vo 6.25 % (Tk=711 K) konsentrasiyalar1
tglin birlosmo yiiksok temperaturlu yarim-metal ferro-
magnit materialdir vo spintronikada texniki totbiq tigiin ol-
verisli namizadlordandir.

NOTICO

Zn14Cr,Se ti¢iin DFT-LSDA+U metodu ilo tomoal
prinsiplordon aparilmig hesablamalardan miioyyon
olunmusdur ki, Cr atomunun struktura daxil olunmasi
bu birlosmonin zona qurulusunu vo tam hal sixligi
monzarasinin doyismasina, belsliklo do, maddanin ya-
rim-metal ferromagnit materiala g¢evrilmosine sobob
olur. Birlosmonin tam magnit momenti 4.0 pg olub,
magnitlonmays osas pay1 asqar atomunun d-hallar1 ve-
rir. Ferromagnit vo antiferromaqnit hallarinin tadqiqi
gostarir ki, Zn1.,CrySe ti¢iin ferromaqnit hali daha sta-
bildir va bu madds spintronikada texniki tatbiq tiglin
perspektiv material hesab olunur .
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AB INITIO STUDY OF ELECTRONIC AND MAGNETIC PROPERTIES OF Cr-DOPED ZnSe
COMPOUND

The electronic and magnetic properties of the Cr 3d transition element doped ZnSe compound were studied using the Atomistic
ToolKit calculation program using the density functional theory and the local spin density approximation. The band structure and density
of states for Zn(Cr)Se were calculated from first principles, and the magnetic properties of the compound were investigated. From total
energy calculations, it was determined that the arrangement of ferromagnetic spins is more stable than the arrangement of antiferromag-
netic spins. The temperature of the Curie compound was estimated and it was established that ZnSe:Cr is a semi-metallic ferromagnetic
compound and a promising material for using in a spintronic.

B.H. I:xadaposa, H.T. Mamenos, M.A. MycaeB

UCCJIEJOBAHUE 3JIEKTPOHHbBIX U MATHUTHBIX CBOMCTB COEJAHEHUS ZnSe C 3SAMEIIEHUEM
Cr 13 IIEPBBIX IPUHIIUIIOB

DNeKTPOHHBIC W MarHUTHBIC CBOWCTBA COCIMHEHHS ZNSE, JIErHpOBaHHOTO nepexoaHbM 3nemerToM Cr 3d, 6butH M3ydeHsI ¢
TIOMOIILBEO pacueTHOM rporpammel Atomistic ToolKit ¢ ucnonp3oBaneM Teoprur (YHKIMOHAIA TIOTHOCTH M TPHOJIMKEHHS! JIOKATb-
HOM CIIMHOBOM TUIOTHOCTH. V3 TIEPBBIX MPUHIIMIIOB PACCYUTAHBI 30HHAS CTPYKTYpa U IUIOTHOCTE coctosiamit st Zn(Cr)Se, uccrneno-
BaHbl MAarHUTHBIE CBOIMCTBA COSAMHEHWs. 113 pacderoB MOIHON SHEPTHM ObUIO ONpENETIEHO, YTO PACHOIOKEHHE (heppOMarHUTHBIX
CITHOB 00J1ee CTaOMIIBHO, YeM PaCIIONOKEHIE aHTH(EpPOMArHUTHRIX cIMHOB. OrieHeHa Temreparypa Kropu coeuHenis u ycTaHoB-
JIeHO, uto ZnSe:Cr siBisieTcst MoJTyMeTaJIIMYeCKHM (heppOMarHUTHBIM COSIMHEHHEM U ITEPCIIEKTUBHBIM MaTepHaoM JUISI IPUMEHEHHS
B CIIMHTPOHUKE.
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