AZORBAYCAN MILLI ELMLOR AKADEMIYASININ XOBORLORI
Fizika-texnika va riyaziyyat elmlori seriyasi, fizika vo astronomiya 2022 Ne5

UOT: 538.915

LSDA+U METODU ILO ZnSe BIRLOSMOSININ ELEKTRON XASSOLORININ TODQIQI

V.N.COFOROVA

Azarbaycan MEA Fizika Institutu,
Az 1143, Baki, H. Cavid pr., 131
vcafarova@beu.edu.az

Daxil olub: 07.06.2022
Capa verilib: 20.09.2022

Acar sozlor: ZnSe, Funksional Sixliq Nazariyyasi (DFT),
Lokal Sixhq Yaxinlasmas: (LDA), Hubbard U, elektron hal
sixhgu.

REFERAT

Atomistic ToolKit program paketi istifado olunmagla
Funksional Sixliq Nozoriyyassi osasinda ZnSe kristalinin el-
ektron xassasi todqiq edilib. Birlosmanin primitiv 6zayini
toskil edon atomlann tarazliq vaziyysti mioyyan edilmoklo
struktur parametrlori hesablamib, Hubbard U dlzalisi tatbiq
olunmagla gadagan zolagin eni (2.7eV) molum eksperimental
naticays uygun (2.70eV) giymatlondirilib. Hesablamalarda
elektron-ion qarsiligh tosiri normaniqoruyan Fritz-Haber-
Institute ion psevdopotensial ilo nazora alimb. Birlosms Uiglin
LSDA+U metodu ilo hesablanmig tamol prinsinplordan hesa-
blanmig zona qurulusu vs hal sixligi monzarslorine osasan
muayyan olunmusdur ki, valent zona qurulusunu osasan g
grupa ayirmag mimkinduar. Valent zonanin maksimumu vo
kegirici zonamin minimumu Brillien zonasimin morkazinda
yerlasir vo ZnSe-in fundamental udma kanari diz kegidlarlo

formalagir.

GIRIS

ZnSe birlosmosi 1I-VI qrup yarimkegirici
materiallar sinfino aiddir, iki muxtolif strukturda
kristallagir: heksaqonal viirsit vo Satho moarkozlos-
mis kubik. Toqdim olunan igds aparilan hesablama-
lar heksaqonal ZnSe kristali {igiin yerino Yetiril-
misdir. ZnSe heksagonal birlogsmasi simmetriyasi-
na, P6smc foza qrupuna malik olub, virsit
strukturda kristallagir [1]. Strukturda har bir Zn ato-
mu topalorindo dord odod Se atomu olan diizgiin
tetraedrin markazinds yerlogir. Belo ki, Zn (0, 0, 0)
vo (1/3, 2/3, 0.5), Se (0, 0, 0.3408) vo (1/3, 2/3,
0.8408) [2] atom koordinatlarim tuturlar. Oksar 1l-
VI qrup yarimkegiricilordo oldugu kimi, bu
birlesmonin kristal qurulusu ion rabitasi (Zn?*-Se%)
hesabina yaranir. Birlosmonin struktur parametrlori
(gofos sabitlori vo daxili parametr) Ugun tomal
prinsiplordon MGGA-FHI vo HGH metodlar ilo
yerino yetirilmis nozori todqiqat islorinds uygun
olarag a=3.875A, c=6.325A [3] vo a=3.750A,
¢=6.138A, u=0.379 [4] almmusdirs Bu giymatlor [5]

isindo  aparllmig  eksperimentdon toyin edilmis
noticolorlo  (@=3.974A,  ¢=6.506A, u=0.375)
uygunluq toskil edir.

ZnSe yarimkegiricisinin tadgigat obyekti ola-
rag secilmosi bu birlosmanin genis texniki totbiq
imkanlari ilo baghdir [6, 7]. Belo ki, birlosma mavi-
isigsacan diodlarin, qisa dalga uzunluglu lazerlarin,
foto detektorlarin, giinos batareyalarinin, sensorla-
rin, infraqirmizi pancaralarin, fotovoltaik qurgularin
istehsalinda genis totbiq olunur.

HESABLAMA METODU

Todqiqat isinds Atomistic ToolKit program
paketi istifado olunmagqla, Funksional Sixliq Nozo-
riyyasi (DFT) [8] osasinda Lokal Spin Sixliq
Yaxinlasmasi (LDA) [9] vo Hubbard U [10] me-
todu ilo ZnSe-in elektron xassasi todqiq edilmisdir.
Elektron-ion qarsiliglt tasiri Fritz-Haber-Institute
psevdopotensiali [11] ilo nozars alinmigdir. Birlog-
monin primitiv 6zayini togkil edon atomlarin taraz-
lig vaziyyati tomal prinsiplordon hesablanmis,
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buradan kristal qurulus vo gofos parametrlori tayin
edilmisdir. Bundan sonra Brilliien zonasi iizro
zona qurulusu vo hal sixlig1 hesablanmis, qadagan
zolagm eni giymotlondirilmisdir. BZ {izrs inteqral-
lamalar Monkhorst-Pack sxemi [12] (zro asason
TXTX7 k-noqts istifado olunmagla xisusi noqtalor
Uzra comlomo ilo avoz olunmusdur. Korelyasiya
effektlori  Ceperley-Alder-Perdew-Zunger [13]
sxemi Uzra nozors alinmusdir. Kristalin strukturu-
nun optimallagdirilmas1 zamani atomlararasi qarsi-
ligh  tosir  qlvvesinin - maksimal  giymati
0.001eV/A, mexaniki garginlik tenzorunun maksi-
mal giymoti iso 0.001eV/A3-dan kicik olana gadar,
yoni tarazliq qurulus parametrlorino gotirilono
godor optimallagdirma proseduru davam etdiril-
migdir. Dalga funksiyalarinin miistovi dalgalar tiz-
ro siraya ayrilisinda kinetik enerjinin maksimal
giymeoti 150 Ry-i asmamusdir.

Qeyd edok ki, yerina yetirilmis nazari todqi-
qat isindo Zn [Ar]+3d¥%s? elekton konfiqura-
siyasina osason 12, Se [Ar]+3d'%4s?4p* (iciin iso 6
elektron valent elektronu hesab edilmisdir. Birlos-
monin qadagan zolagmimn eninin eksperimentdon
malum naticoys uygun alinmasi magsadilo hesab-
lamalarda Zn-in 3d-hali iigiin 4.5eV va Se-in 4p-

hal1 tiglin iso 3.5eV Hubbard U yariempirik diize-
lisindon istifado olunmusdur.

NOTICO VO MUZAKIRO
ZnSe-IN ELEKTRON HAL SIXLIGI

ZnSe-nin elektron xassalorine aid molum
nozari islorin todqiqgi gostarir Ki, oksar nozari iglor-
do birlosmanin gadagan zolaginin eni diizgiin qiy-
matlondirilmamisdir. Belo ki, qadagan zolagin eni
Ucln [14] nazeri isindos GGA metodu ilo 1.15eV
Va digar nazari islords [15,16] isa do uygun olaraq
2.2 vo 1.85eV alimmusdir ki, bu da eksperimendon
malum natica ilo (eksp.: 2.70eV (T=295K) [17])
miqayisado ¢ox Kicikdir.

Isdo LSDA metodu vo Hubbard U diizelisi
nozors almmagla ZnSe-in elektron xassalari tomal
prinsiplordon todqiq edilmis, bu mogsadlo tam va
parsial elekton hal sixhiglart hesablanmigdir. ZnSe
vrsit struktur tguin DFT metodu vo normani qoru-
yan FHI ion psevdopotensiali ilo hesablanmis tam
vo parsial elektron hal sixligi monzarslori uygun
olaraq Sokil 1 va Sakil 2-da verilmigdir. Qeyd edok
ki, verilmig sokillordo Fermi enerji soviyyssi (Er)
quriq xatlorlo gostorilmisdir vo misbot isarsli hal
sixliglart monzaralori spin-yuxari, monfi isarsli hal
sixliglart iso spin-agagi hallara uygundur.
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ZnSe (c¢tin LSDA+U metodu ils hesablanmig tam hal sixligi manzarasi.

ZnSe birlogmoasi lglin LSDA+U metodu ilo
hesablanmis zona qurulusu monzoraSing asasan
Fermi soviyyasindon asagida yerlogon valent zona
qurulugunu asason ii¢ qrupa ayirmaq miimkiindjir.
(-14.4+-13.4)eV enerji oblastin1 shato edon asagi
valent zonalari, asason selenin 4s hallarindan, orta
grup valent enerji zolagi (-9.53+-8.84)eV iso sin-

kin 3d enerji saviyyolorindon tOrayir. Yuxari enerji
araligim (-7.3+-1.7)eV ohato edon valent zonalari
asasan selenin 4p hallarindan yaranir. Valent zona-
nin tavani vo kegirici zonanin dibi asasen selenin
4p va sinkin 4s hallarindan tagkil olunur.
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ZnSe Uclin LSDA+U metodu ilo hesablanmus parsial hal

sixhig1 monzaralori.
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INVESTIGATION OF ELECTRONIC PROPERTIES OF ZnSe WITHIN LSDA+U METHOD
V.NJAFAROVA

The electronic properties of ZnSe crystal were studied based on the Density Functional Theory using the Atomistic
ToolKit software package. Structural parameters were calculated by determining the equilibrium state of the atoms that make up
the primitive cell of the compound, and the band gap was estimated (2.7eV) corresponding to the known experimental result
(2.70eV) using the Hubbard U correction. In the calculations, the electron-ion interaction was taken into account by the norm-
conserving Fritz-Haber-Institute ion pseudopotential. From the first-principles calculated band structure and density of states by
LSDA+U method, it was determined that the valence band structure can be divided into three groups. The maximum of the
valence band and the minimum of the conduction band were located in the center of the Brillouin zone, and the fundamental
absorption edge of ZnSe was formed by direct transitions.

WCCIAEIOBAHUE YJIEKTPOHHBIX CBOMCTB ZnSe METOJAOM LSDA+U
B.H.JUKA®APOBA

DJNEKTPOHHBIE CBOMCTBA KpUCTaIa ZnSe U3ydalnuch Ha OCHOBE TEOpUH (PYHKIMOHAIA TIOTHOCTH C UCHOJb30BAHUEM
nakeTa nporpamm Atomistic ToolKit. CTpyKTypHble TapaMeTpbl PacCUUTaHbI ITyTeM OIPENEICHHUS PABHOBECHOTO COCTOSHHUS
aTOMOB, COCTABIISIONINX PUMHUTHBHYIO SMEHKY COEIMMHEHN, M OLIHeHa IMPHHA 3alpeleHHOH 30HHI (2,73B), cooTBETCTBYIO-
1asi U3BECTHOMY JKCIEpHUMEHTAIBHOMY pe3yibTaty (2,703B), ¢ ncmoms3oBanneM monpasku Xabbapma U. B pacuerax arek-
TPOH-HOHHOE B3aUMOJICIHCTBHE YUHUTHIBATIOCh HOPMCOXPAHSIIOIIMM HOHHBIM IIceBonoTeHImanom Fritz-Haber-Institute. 13 nep-
BBIX TIPUHIAIIOB, PACCYMTAHHBIX 30HHOH CTPYKTYPOH U IDIOTHOCTBIO cocTosiHME MeTonoM LSDA+U, Obuio ompernesieHo, 9To
CTPYKTYpPY BJICHTHOH 30HBI MOXKHO Pa3/IeUTh Ha TPH TPyMIbL. MakcHMyM BaJIEHTHON 30HBI 1 MUHUMYM 30HBI IIPOBOIMMOCTH
PAcIIONOXKEHBI B IIEHTpE 30HBI BprintiosHa 1 Kpail (hyHIaMeHTAIBHOTrO TOTTIoIeHHs ZnSe 00pa3oBaH NPSIMBIMH MEPEX0/IaMH.
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