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Xiilasa: Ideal vo defektli CdixMnSe (0.01<x<0.06) yarimmagqnit yarimkegiricilorinin tomol
prinsiplardan, sixliq funksionali nozariyyasi ¢orgivasinds elektron zona qurulusu, hal sixligi, qadagan
zonasinin eni, tam enerjisi hesablanmigdir. Miioyyan edilmisdir ki, torkibinde Mn atomlarinin miqdar
artdiqca qadagan olunmus zonanin eninin azalmasi bag verir. Vakansiya tipli defektlor qadagan olunmus
zonanin eninin boyiimasing, tam enerjinin doyismosina gatirib ¢ixarir vo qadagan olunmus zonada lokal
soviyyolor omolo golir. Gostarilmisdir ki, Mn atomlari magnit momentinin yaranmasina sobab olur vo
ferromaqnit hal daha dayanaqlidir.

Agar sozlor: Yarimmagqnit yarimkegirici, tomal prinsiplor, sixliq funksionali nozariyyasi, elektron zona
qurulusu, hal sixlig1, qadagan olunmus zonanin eni, tam enerji, ferromagnit, antiferromagnit, vakansiya

1. Giris

Hal-hazirda spintronikada, mikro- vo optoelektronika A"BY! qrup halkogenidlor genis
totbiq olunur. Bu yarimkegiricilor asasinda hazirlanmig giinos elemntlori, ionlasdirici radiasiya
siia detektorlari, spektrin IQ vo UB oblastinda isloyon fotogobuledicilor vo detektorlar, optik
izolyatorlar va s. 6z ugurlu istifadosini tapmisdir [1]. Elmin siiratlo inkisafi vo diinya marketing
sistemindo gliclii rogaboatin olmasi cihazlarin osasini togkil edon materiallarin parametrlorinin
daim yaxsilagsmasini tolob edir.

Qeyd edok ki, A"BY!' qrup halkogenidlorin hocmi kristallar1 osasinda kifayot qodor
todqgiqatlar aparilmasmma vo onlar osasinda cihazlar hazirlanmasina baxmayaraq, onlarin
yarimmaqnit  yarimkegciricilorinin - vo  nazik tobogolorinin  totbiq imkanlar1  yetorinco
Oyronilmomisdir [2-5]. Digot torofdon ionlasdirici slialarin homin yarimkegiricilorin fziki
xassolorino tosirinin Oyronilmosi radiasiyaya hossas vo radiasiyaya davamli cihazlarin
yaradilmas1 baximindan miiasir cihazqayirmada aktual masslslordan biridir.

Togdim edion isdo vakansiyaya malik CdixMnxSe (0.01<x<0.06) yarimmaqnit
yarimkegiricilorinin tomal prinsiplorden, sixliq funksionali nozariyyasi ¢orgivasindo elektron
zona qurulusu, hal sixlig1, qadagan zonasinin eni, tam enerjisi hesablanmigdir.

2. ldeal superozok

64 atomdan ibarot Cd30Mn2Se32, x=0.067 superdzoyi qurulmus va onun elektron
qurulusu (EQ) hesablanmigdir. Hesablamalar tamal prinsiplordon DFT noazariyyasi ¢argivasinda
psevdopotensiallar metodu ilo Double Zeta Double Polarized (DZDP) bazisindo Lokal Spin
Sixligr Yaxinlagmasinda (LSDA), Hubbard-U potensiali nazoro alinmaqgla Atomistix ToolKit
(ATK) proqraminda aparilmigdir.
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[k névboda ideal Cd30Mn2Se32 superdzayi qurulmus, atomlarin relaksasiyasi vo Kristal
gofasin optimallasdirilmasi aparilmisdir ki, naticads gafosds yaranan qiivvalor tamamils itmis vo
gorginlik minimuma endirilmisdir. Elektronlarin zona qurulusu, hal sixligi (HS), tam enerjisi
hesablanmis, Fermi soviyyasinin voziyysti miiayyan edilmisdir (sok.1, sok. 2, cadval 1, codval
2).

Sok.1. Cd30Mn2Se32, x=0.067 superdzayinin a) kristal qurulusu, b) Kristal qafasdo optimallagmadan
onca giivvalar, ¢) magnit momentlori

Coadval 1. Cd30Mn2Se32, x=0.067 superdzayinds optimallasmadan 6nca goarginlik
S —— —t

| [[ -1.11078399e-02 0.00000000e+00 0.00000000e+00] |

| [ 0.00000000e+00 -1.11078399e-02 0.00000000e+00] |

| [ 1.23259516e-32 2.46519033e-32 -1.10964999¢e-02]] eV/Ang**3 |
R - —t

Coadval 2. Cd30Mn2Se32, x=0.067 superdzayinds optimallasmadan sonra goarginlik
e —_

| [[-0.01117681 0. 0.1 |

|[0.-0.01117681 0.] |

| [0. 0. -0.01104786]] eV/Ang**3 |
oo —_——

Cd1xMnySe (x=0.067) yarimmagnit yarimmkegiricisinin hal sixliginin
proyeksiyalarindan elektron zona qurulusu miioyyon edilmisdir. Ferromagnit hal {igiin
hesablanmis hal sixligindan gadagan olunmus zonanin eni Eg=1.7eV taskil etmisdir (sok.2).

Densty of States

a) b)
Sak. 2. Cd1-xMn,Se (x=0.067): a) elektron zona qurulusu, b) hal sixlig
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Cd30Mn2Se32 super 0zoyi tigiin ferromagnit (FM) va antiferromaqnit (AFM) hallarinda
tam enerjilor hesablanmis vo miioyyan edilmisdir ki, FM halin tam enerjisi Ey(FM)=-
60532.460eVV AFM halin tam enerjisi iso Ey(AFM)=-60532.461eV olmusdur. Belaliklo, E:(FM)>
Ey(AFM) oldugundan FM hali1 daha dayaniqli saymagq olar.

Cd1xMnySe (x=0.03) yarimmagnit yarimkegiricisinin Mn atomlarinin
konsentrasiyasindan asililigini miioyyan etmak iigiin 128 atomdan ibarot Cd62Mn2Se64 super
0zok qurulmusdur. Hal sixligindan hesablanmis gadagan olunmus zonanin eni Eg=2.1leV
olmusdur (sok.3), tam enerji iso E=-122948.75eV toskil etmisdir. Goriindiiyli kimi, Mn
atomlarinin konsentrasiyasi artdiqca qadagan olunmus zonanin eninin azalmasi bas verir ki, bu
da adabiyyat gostaricilori ilo uygunluq toskil edir [6-9].

Dermsity of States

Basdstructure

1

S2k.3. CdixMn,Se (x=0.03) a) kristal gafas, b) elektron zona qurulusu c) hal sixlig:
3. Defektli superozok

Mogalods vakansiya tipli defektin Cd30Mn2Se32 super ozayinin elektron strukturuna
tosiri Oyronilmisdir. Miioyyon edilmisdir ki, Se vakanciyast (Vse) qadagan olunmus zonanin
eninin boéylimasino sobob olur Eg=1.82eV, tam enerji artir E:=-60132.5eV, gadagan olunmus
zonada 1 lokal saviyys yaranir E=0.34eV (sok.4,a). Cd vakanciyasi (Vcd ) da hamginin qadagan
olunmus zonanin eninin boyiimasina gatirib ¢ixarir Eg=2.1eV, tam enerji artir £=-58978.1eV,
lakin gqadagan olunmus zonada heg bir lokal saviyya yaranmir (sok.4,b).

Bandstructre

Sak. 4. Cd30Mn2Se32 superézayinin elektron zona qurulusu a)Vse, b) Veq
4. Naticalor
Nozori todgiqatlar noticesinde belo qorara golmok olar ki, CdixMnxSe yarimmaqnit

yarimkegiricilorinds Mn atomlarinin miqdari artdiqca qadagan olunmus zonanin eninin azalmast
bas verir. Digor torofdon nozori hesablamalar gostormisdir ki, defektlor qadagan olunmus
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zonanin eninin boyiimasino vo tam enerjinin doyismoasino gatirib ¢ixarir va elektron strukturunda
olava lokal saviyyalor omoalo galir.

Magnit xassalorinin todqiqindon miioyyn edilmisdir ki, Mn atomlar1 maqnit momentinin
yaranmasina sabab olur. Gostarilmisdir ki, ferromaqnit hal daha dayanaqlidir.

Tadqiqat isi UETM Ne6288 layihasinin qrant dostoyi ilo yerino yetirilmisdir.
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BJIUAHUE JE®EKTA HA DQJIEKTPOHHYIO CTPYKTYPY
MNOJYMATHUTHBIX NOJYITPOBOJAHUKOB Cdi-xMnxSe

M.A. Mexpa6oBa, H.I'. I'acanos, H.U. I'yceiinoB, A.U. Kazumona, ®.I'. Acaagon

Pe3tome: U3 mepBbIX NpUHUMIOB MeTtonoM Teopunm PDyHkumonana IImoTHocTH OBLIM paccUMTaHBI
JIEKTPOHHAS 30HHAs CTPYKTYpPa, MJIOTHOCTh COCTOSIHMM, IIMPUHA 3allPELCHHON 30HBI, IIOJHAs SHEPrus
UJICATTBHBIX U Ae(EKTHBIX MOJYMArHUTHBIX MoayrpoBoaHukoB CdixMn,Se (0.01<x<0.06). YcTaHoBjI€HO,
C YBEJIMYECHHEM KOHIIEHTpallud aToMOB Mn IIMpHWHA 3allpelieHHON 30HBl yMEHbIIaeTcs, Ae(eKThl Thma
BAaKaHCHA IPHUBOMAT K POCTY 3alpelieHHOW 30HBI, M3MEHEHHIO IOJIHOW 3HEPruM M 0Opa30BaHHIO
JIOKAJIbHBIX YPOBHEW B 3allpelleHHOW 30He. YCTaHOBJEHO, YTO aToMbl Mn 0O0pa3yloT MarHWTHBIE
MOMEHTHI, ¥ (PePPOMArHUTHOE COCTOSTHHE SBIISIETCS 00Jiee CTAOMITBHBIM.
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Knrouegvie cnoea. IlonyMarHuTHEIE MOJYIPOBOAHUKHU, U3 MEPBBIX MPUHIUNOB, Teopus DyHKIIMOHANA
IImoTHOCTH, 3JEKTPOHHAS 30HHAsA CTPYKTYpPa, IJIOTHOCTh COCTOSIHUM, IIHPUHA 3aIPEIICHHON 30HBI,
MoJTHAs SHEPTUs, PeppOMarHuT, aHTU(EPPOMArHUT, BAKaHCHSI.

EFFECT OF DEFECT ON ELECTRONIC STRUCTURE OF
CdixMnxSe SEMIMAGNETIC SEMICONDUCTORS

M.A. Mehrabova, N.H. Hasanov, N.I. Huseynov, A.l. Kazimova, F.G. Asadov

Abstract: It has been calculated the electronic band structure, density of states, band gap, total energy of
the ideal and defective semimagnetic semiconductors CdixMnySe (0.01<x<0.06) by ab-initio method
using the Functional Density Theory. It has been established that, with an increase in the concentration of
Mn atoms, the band gap decreases. Vacancy-type defects lead to an increase in the band gap, a change in
the total energy, and the formation of local levels in the band gap. It has been defined, that Mn atoms
form magnetic moments, and the ferromagnetic state is more stable.

Keywords: Semimagnetic semiconductors, ab-initio, Density Function Theory, electron band structure,
density of states, band gap, total energy, ferromagnetic, antiferromagnetic, vacancy.
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