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REFERAT

Isdo Funksional Sixhiq Nozoriyyssi Vo lokal spin sixliq
yaxmlagmast istifado olunmagla Quantum ATK program pake-
ti gargivasinds viirsit quruluglu tomiz vo asqarlanmig ZnSe:Fe
birlogmasinin elektron xassalori tomal prinsiplorden tadgiq edil-
mis, elektron zona quruluslar1 vo hal sixligi diagramlar1 hesab-
lanmugdir. Hesablamalardan bu birlosmalar tigiin gadagan zola-
gmn eni giymstlondirilmis, asqarin konsentrasiyasinin elektron

xassaloring tosiri arasdirilmisdar.

GIRIS

[1-VI yarimkegiricilor grupundan olan genis
gadagan zolagmna (2.7 eV) malik ZnSe birlosmasi-
nin todgiqgat obyekti segilmasi bu birlosmanin tex-
niki totbiq imkanlarinin genis olmasi ilo bagldir
[1,2]. Bels ki, ZnSe kristal1 mavi-igigsagan diodla-
rin, qusa dalga uzunluglu lazerlorin, fotodetektorla-
rin, giinog batareyalarinin, sensorlarm, infraqirmizi
pancaralorin, fotovoltaik qurgularm istehsalinda
ugurla tatbig olunur.

Son zamanlar 3d kegid elementlori ilo agqar-
lanmus oksar 11-V1 grup birlosmalorinin elektron va
magnit xassalorinin todqiqi zamani olds olunan
maraqh fiziki xassolor (yarrm-metal ferromagnit
xassasi, yuksok magnitlonma, Kiri temperaturu-
nun otaq temperaturundan yuxari olmasi va S.) tod-
giqatcilarin boyiik maragina sabab olmusdur [3-5].
Sato vo bagqalarinin igindo [6] miolliflor gdstor-
misdir ki, V vo Cr atomlar ilo agqarlanmis ZnO,
ZnS, ZnSe Vo ZnTe yarimkegiricilori yuksok Kdri
temperaturlu materiallar sirasma daxildir. Mn ato-
mu ilo agqarlanmis ZnSe p-tip yarimkegirici birlog-
madir Vo onun valent zonasinin yuxari konarinda
d-hallar1 fotoliminessensiya vo magneto-optik ci-
hazlar iiciin ¢cox perspektiv materialdir [1]. [7] vo
[8] todgigat islorinds Fe atomu ilo asgarlanmis
ZnSe birlosmosinin asagi temperaturlarda para-

magnit tobiatli material oldugu miisyyan edilmis-
dir. Domir (Fe?*) ionu ilo asqarlanmis ZnSe birlos-
mosi orta infraqumizi lazerdo lazer glclondirici
muhits totbiq edilmisdir vo bu tip lazerlarin isteh-
salinda genis totbigo malikdir [9-11].

Tadqiqat isinin mogsadi Fe atomunun muixto-
lif konsentrasiyalarmin ZnSe heksaqonal birlosmo-
sinin elektron xassalorine tasirinin va belaliklo ds,
onun spintronika vo opto-elektronikada texniki tot-
biq imkanlarmin aragdirilmasma hasr olunmusgdur.
Qeyd edok ki, malum odabiyyat arasdirmalari ok-
sor nozori Vo eksperimental tadgiqat islorinin
ZnSe-nin kubik strukturuna aid oldugunu gostorir.

HESABLAMA METODU

Toqdim olunan nazari tadgiqat isinds Ato-
mistic ToolKit (ATK) program paketi istifado o-
lunmagla, Funksional Sixliq Nozoriyyasi (DFT)
[12] asasinda lokal spin sixliq yaxinlasmsi (LSDA)
[13] ilo 32-, 64- vo 96-atomdan ibarat FexZnixSe
superdzoklarinin elektron xassalori todqiq edilmis-
dir. Elektron-ion qarsiligh tesiri normani qgoruyan
Frits-Hubbard-Institute (FHI) ion psevdopotensial-
lart [14] ilo nazoro almmusdir. BZ Uzrs integral-
lama Monkhorst-Pack sxemi Uzro ZnSe (Ugln
TXTX7, ZnSe:Fe Ucun iso 5x5x5 k-ndqts istifados
olunmagla xdsusi nogtalar Uzra comloma ilo avaz
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olunmusdur. Hesablamalar zamani sistem Uguin
optimallagdirma proseduru yerino yetirilmisdir.
Baxilan halda kristalin strukturunun optimallasdi-
rilmasi zamani atomlararasi qarsihigh tosir quvve-
sinin maksimal giymati todgiq olunan birlosmalor
ti¢iin uygun olaraq 0.001eV/A vo 0.01eV/A, mexa-
niki gorginlik tenzorunun maksimal giymati iso
0.001eV/A3 vo 0.01eV/A3-dan kicik olana godar,
yoni tarazliq qurulus parametrlorine getirilona go-
dor optimallagdirma proseduru davam etdirilmis-
dir. Dalga funksiyalarinin ayrilisinda kinetik ener-
jinin maksimal giymsti 75 Ha olmusdur. Zn U¢ln
12 (5s%4d'°), Se tigiin 6 (3s23p*) vo Fe liciin iso 8
(3d%4s?) elektron valent elektronu hesab edilmisdir.

Qeyd edok ki, birlosmanin qadagan zolaginin
eninin eksperimentdon molum naticoys uygun
almmas1 moagsadilo Hubbard U yarimempirik dii-
zolisindon: Zn-in 3d hali tigiin U=4.5eV va Se-nin
4p hali tgiin iso U=3.8eV istifads olunmusdur [2,
15-17].

edilorok asagida Codval 1-do verilmisdir. Cadval
1-don gorundlyl kimi oksor nazori todgigat
islorindo [20-22] ZnSe-in qadagan zolagmin eni
dizgun giymatlondirilmamisdir, bu da hesablama
metodunun dogru se¢ilmomasi ilo baghdir.

Qeyd edak ki, sokillords elektron zonalarimin
monfi vo mishat giymatlori spin-asagi vo spin-
yuxari hallarim uygundur. LSDA+U metodu va
normagoruyan FHI psevdopotensiallari ilo hesab-
lamalardan ZnSe Ggin alinmis zona qurulusu Vo
elektron hal sixlig1 manzaralarine asason valent zo-
nasinda U¢ hisso miisahido edilmisdir: -14,4 va
-13,4eV enerji intervalinda an asagi zolaq oasason
selenin 4s saviyyalarindan alds edilir. VValent zona-
sinin ikinci hissasi -9,53-don -8,84eV-o godor ener-
ji oblastin1 ohato edir va asason sinkin 3d hall-
arindan torayir. Enerji diapazonu -7,3 ilo -1,7eV
arasinda olan valent zonasmimn daha yiiksak enerji
soviyyolori iso osason selenin 4p hallan ilo for-
malasir. Kegirici zonaya asas pay sinkin 4s va se-

NOTICO VO MUZAKIRO lenin 4p hallar verir.
ZnSe BIRLOSMOSININ ELEKTRON
XASSOL BRi i Bandstructure of ZnSe within LSDA 417
Mogalodo DFT-LSDA vo DFT-LSDA+U ﬁ%}g?j Eg
metodlar totbiq edilmoklo ZnSe viirsit qurulusu ' _hhﬂ > gy
tgtin elektron xassolori- elektron zona qurulusu, 2 aﬁ Nl “:é e "
tam vo parsial hal sixhiglart diagramlari hesablan- = il
musdir. LSDA metodu ilo hesablamalardan ZnSe E 5§_§4 7&@%
birlogsmasinin qadagan zolagi eksperimentdon mo- [ LA Ih| ST |
lum giymoto nisbaton cox kicik (1.57eV) alin- = =
musdir. Qadagan zolagin eninin molum eksperi-
mental naticolora yaxmn alinmasi1 mogsadilo Hub- w1 | T 1
bard U dlzalisindon istifado edilmis vo noticada 1 M A E % o A
ZnSe-in gadagan zolagmn eni 2.7eV-a borabor Sakil 1 _
almmugdir. Alinmis naticalor odobiyyatdan malum ZnSe liclin DFT-LSDA+U metodu ilo hesablanmig zona
giymatlorlo (2.7eV [18]; 2.763eV [19]) milgayiso qurulus
Cadval 1
ZnSe lgiin DFT metodu ils hesablanmig gadagan zolagin eni.
Kod Metod MP-grid Kinetik Qadagan zolagin ~ Odabiyyat
enerji, Ry eni, eV

ATK LSDA, PZ 7X7x7, MP 150 1.57 Buis

ATK, LSDA+U,PZ  7x7x7, MP 150 2.7 Buis

WIEN 2k FP-LAPW 2000 6.0 22 Nozari hesabl. [20]

VASP GGA-PBE 1x1x4, MP 36.75 115 Nozari hesabl. [21]

WIEN 2k GGA, PBE 6x6x1, MP 7.0 1.85 Nozari hesabl. [22]

ATK DFT-1/2,PBE 16x16x1 - 2.68 Nozari hesabl. [23]

Wavelength-modulated spectra 2.7 Eksp. [18]

Transmission Spectroscopy measurements 2.763 Eksp. [19]
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Sokil 2
ZnSe U¢lin DFT-LSDA+U metodu ilo hesablanmug hal sixhiglar1 diagramlari.

Belalikls, isdo ZnSe liglin LSDA yaxinlasma-
st vo Hubbard U yarimempirik diizolisi nozore
alinmagla hesablanmis zona qurulusuna osasan ga-
dagan zolagm eni diizgiin qiymatlondirilmis vo bir-
losmonin diizkegidli yarimkegirici oldugu miiay-
yan olunmusdur. Bels ki, Valent zonasinin tavani
Vo Kegirici zonanin dibi Brilliien zonasinin markazi
I (0, 0, 0) simmetriya noqtasinds yerlosir.

ZnSe:Fe BIRLOSMOSININ ELEKTRON
XASSOLORI

Toqdim olunan mogalode Fe?* atomu ilo
agqarlanmis 32-, 64- vo 96-atom torkibli genis
Ozoklor Uglin elektron xassolori aragdirilmigdir.
Ferromagnit (FM) va antiferromagnit (AFM) spin
hallarinin arasdirilmast magsadilo heksagonal qu-
ruluslu ZnSe birlogsmasindan uygun genis 6zoklor
diizoldilmis v strukturda iki Zn atomu iki Fe?* 3d

kecid elementi ilo oavaz edilmisdir (Sakil 3). Homin
sistemlor Uclin tomal prinsiplordon hesablamalar
agqar atomunun mixtalif konsentrasiyalarinda ye-
rina yetirilmisdir.

“TIL

Z
£.0.6.0.6.0.8.0. | |,

Sokil 3

32-atomdan ibarst ZnisFe;Sess-in qurulusu.

2064

Hesablamalardan domir atomu ilo asqarlan-
mis 16-, 32-, 64- vo 96-atom torkibli genis 6zoklor
Uclin spin-yuxar1 (1) vo spin-asagi (|) hallara
uygun qadagan zolagin eni qiymatlondirilmis vo
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hesablamalardan alinmis naticalor Cadval 2-ds ve-
rilmigdir.
Cadval 2

Miixtalif ZnyFe,Se bark mohlullari tigtin spin-yuxari vo spin-
asag1 hallara uygun gadagan zolaglarmm eni.

X, Qadagan zolagin eni, eV

Superdzoklor konsent-  Spin-yuxari  Spin-asagi
rasiya

ZnysFe1Sess 1/16 2.33 1.63
ZnzxFe Ses, 1/32 243 151
Zn47Fe18e48 1/48 24 1.49
ZnyFesSess 1/8 2.05 1.429
ZnzoFesSes; 1/16 2.37 1.56
ZngsFesSess 1/24 2.39 1.53

Tomal prinsiplordon hesablanmis spin-po-
lyarlasmis elektron zona quruluslari vo tam hal six-
liglart (Sakil 4) vo parsial hal sixhiglar1 monzoro-
lorinin (Sokil 5) naticalori gostarir ki, Zn(Fe)Se bir-
losmasi yarim-metal tobiotlidir. Sokil 4 va 5-don
gorundiyu kimi Fe atomunun struktura daxil edil-
moasi hal sixliglari manzaralarinds doyisikliya So-
bab olur, belo ki, asqarin p vo d-elektron hallart
Fermi enerji saviyyasi yaxinliginda bir-birini qis-
mon Ortdr.
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Sokil 4
Zny7Fe Sess birlasmasi tictin DFT-LSDA+U metodu ila
spin-yuxari (qara) va spin asag1 (qurmizt) hallarma uygun
hesablanmis zona quruluslari.

Partial Density of States (eV ™)

15¢ (CB-Fe) prstates

Energy (eV)

Sokil 5
Zng7Fe;Sess tigin DFT-LSDA+U metodu ilo hesablanmig
parsial hal sixliglart.

NOTICO

Toqdim edilon mogalodo LSDA metodu va
Hubbard U yarirmempirik diizaliglori nazors alin-
magla tomiz ZnSe va Fe?* atomunun miixtalif kon-
sentrasiyalariyla asqarlanmug virsit strukturlu 16-,
32-, 64- vo 96-atom torkibli ZnSe genis 6zaklor
uclin spin nazora alinmagla elektron xassalori to-
mal prinsiplordon nazari tadqiq edilmisdir. Heg bir
asqart olmayan ZnSe heksaqonal birlogsmasi Ugln
zona qurulusu hesablamalarindan kristalin optik
udma kenarinin diiz kegidlorlo formalasdigi mioay-
yan edilmisdir. Zn atomunun domir ilo avazlon-
masi yolu ilo alinmis  ZnixFexSe superdzoklori
Uclin yerina yetirilmis hesablamalardan maddanin
yarimmetal xassalorino malik oldugu toyin olun-
musdur. Tadgiq olunan sistemlor Gguin spin-yuxart
hallarma uygun zona qurulusu hesablamalarindan
gadagan zolagmn eninin agqarmn konsentrasiyasinin
azalmasi ilo artdigl, spin-asagi hallara uygun he-
sablamalardan isa gqadagan zolagin eninin agqarmn
konsentrasiyasimin azalmasi ilo azaldigi mioyyan
olunmusdur.
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AB INITIO INVESTIGATION OF ELECTRONIC PROPERTIES OF ZnSe AND Zni.xFexSe COMPOUNDS
V.N. JAFAROVA, A A. HADIEVA

Using the Density Functional Theory and the local spin density approximation within the Quantum ATK software pack-
age, the electronic properties of pure and doped ZnSe:Fe compounds in various concentrations were studied from first principles,
and electronic band structures and density of states diagrams were calculated. From the calculations, the width of the band gap
was estimated for these compounds, and the effect of the concentration of the impurity on the electronic properties was investi-
gated.

HCCJIETOBAHUE SJIEKTPOHHBIX CBOMCTB COEUHEHMM ZnSe U Zn1xFexSe 3 ITIEPBBIX
IMPUHIUIIOB

B.H.JUKA®APOBA, A.A XAJTUEBA

Hcnonb3ys Teoprio (GyHKIMOHANA INIOTHOCTH M MPUOIIMYKEHHE JIOKAJILHOM CIMHOBOM IJIOTHOCTH B ITPOT PAMMHOM I1aKe-
1e Quantum ATK, a5eKTpoHHBIE CBOWCTBA YHCTHIX M JISTHPOBAHHBIX COeMMHEHIH ZNSe:Fe B pa3miHbIX KOHIICHTPAIUIX ObLTH
W3y4EHBI U3 MIEPBBIX IPHUHIMIOB, OBUTH PACCUMTAHBI HIEKTPOHHBIC 30HHBIC CTPYKTYPHI M THArpaMMBbl INIOTHOCTH COCTOSTHHH.

"3 pacHuCeToOB OLICHCHA HIMpPHHA 3ar1peLueHH0171 30HbI 3THUX COC,I[I/IHCHI/Iﬁ 1 HCCJICAOBAHO BJIMAHWC KOHLICHTpAUMW MPHUMECH Ha
OJICKTPOHHBIC CBOICTBA.
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