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XULASO

Bu isds Dy**, Eu** va Ce*" nadir torpaq metallari ionlari ils legirlonmis sink telluridinin (ZnTe)
nazik tobagalorinin liiminessent xassalori todqiq edilmisdir. Tobagolor monokristallik silisium
althiglar tizerindo vakuum maqnetron piiskiirtms tisulu ilo, legirloyici qatqilarin konsentrasiyasi
5 at.%-o godor olmaqla alinmigdir. Todqgiqatin osas moqsadi nadir torpaq ionlarinin ZnTe
tobagolorinin struktur vo optik-liiminessent xiisusiyyatlorino tosirinin miioyyon edilmasi
olmusdur. Niimunolorin kristal qurulusu vo faza torkibi rentgenfaz analiz isulu ilo, sothin
morfologiyast vo element torkibi iso enerji dispersiyali analizlo birlikdo rastrov elektron
mikroskopiyast vasitasilo dyronilmisdir. Liiminessensiya spektrlori 77 K temperaturda, 338 nm
dalga uzunluqlu azot lazeri ilo hoayacanlandirilaraq 400—870 nm spektral diapazonda geydo
alinmigdir. Miiayyan edilmisdir ki, alinmis tobagalar polikristallik qurulusa malikdir vs sfalerit
va viirsit modifikasiyalarinda ZnTe fazalarini ehtiva edir. Liiminessensiya spektrlorindo Eu** vo
Dy*" ionlarmin xarakterik zolaqdaxili f—f kegidlori iistlinliik toskil edir. Liiminessensiyanin

maksimal intensivliyi yalniz europium ilo legirlonmis tobagalords miisahids olunur ki, bu da
Eu’" ionlarmin elektron konfiqurasiyasinin xiisusiyyatlori ils slagadardir. Bir ne¢s nadir torpaq
elementi ilo birgo legirlomo zamani siialanma intensivliyinin azalmasi, konsentrasiya sonmosi
effekti ilo baglidir. Alinmis naticolor nadir torpaq metallart ilo legirlonmis ZnTe tobagalorinin
giinag elementlari liglin liminessent isigkegirici ortiiklor kimi totbiq perspektivliyini gostarir.

GIRIS

Nadir torpaq metallar1 ionlar ilo legirlonmis yarimkecirici asasl liiminessent materiallar,
Iiminessent cihazlarda, informasiya gostormo qurgularinda v giinag energetikasinda totbiq imkanlari
ilo slagadar boyiik maraq dogurur (Biinzli J.C.G., Eliseeva S.V.,2013, Mammadova S.O.,Aliyev K.A.
Shukurova G. M., Jafarova E. K., 2025).

Fotopreobrazoveularm yiiksok faydali is omsali (FI®) doyarloring catdiqda, aktual problem
hals do fotonlarin udulmasi noticesinde bag veron giinos enerjisi itkisi olaraq qalir (Green M.A. 2006,
Mammadova S.O., Aliyev K.A., Sultanova A.N., Shukurova G.M., Ismailova S.B.,2026). Bu fotonlar
yarimkeciricinin qadagan zonasi genigliyindon yiiksok enerji dasiyir vo elektron-qatlaq ciitlorinin
yaranmasinda istirak etmir.

Bu problemin miimkiin holl yollarindan biri nadir torpaq metallar1 ionlarinin
fotoliiminessensiya effektindon istifado etmokdir ki, bu da diison siialanmanin spektral torkibini
¢evirmaya vo onu fotoelementin spektral hassasliq maksimumu ilo uygunlagdirmaga imkan verir.

Liiminessent isigkecirici ortiiklorin yaradilmasi li¢iin perspektivli materiallar arasinda (Zhang
Y., LiJ., Wang X.,2018, Mammadova S.O., Aliyev K.A., Sultanova A. N., Jafarova Y.K., Sultanova
S.Q.,2026) xiisusilo maraq doguran material sink telluridi (ZnTe)-dir. ZnTe goriinon spektral
diapazonda yiiksok soffafliga, optimal qirilma omsalina malikdir, hamginin giinos batareyalarinin
isloma soraitinds yiiksok kimyavi, radiasiya va termal dayaniqlig ilo secilir.

Bu isin magsadi Dy**, Eu** va Ce** ionlart ilo legirlomanin sink telluridi nazik tabagolorinin
liiminessent xassalarina tasirini dyranmakdir (Li, X., et al.,2021).
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MATERIALLAR VO METODLAR

Tadgiqgat obyekti nadir torpaq metallar1 Dy**, Eu** vo Ce** ionlar1 ilo legirlonmis sink telluridi
(ZnTe) osaslt optik ortiiklor olmusdur. Legirloyici gatqilarin konsentrasiyasi 5 at.%-o qodor olub,
toboagolor monokristallik silisium altliglar iizorine totbiq edilmisdir.

ZnTe:RE tobogalori vakum maqnetron piiskiirtma iisulu ilo kompozit hadoflordon (Zn—Te,
Zn-Te-Eu, Zn-Te-Eu-Dy, Zn-Te-Eu-Dy-Ce) argon-oksigen qaz qarisiginda hazirlanmisdir.
Tabagalorin qalinligi magnetron bosalmasi corayani v ¢okiintii miiddati ils tonzimlonmis vo 400 nm-
9 qodor olmusdur.

Tobogalorin kristal qurulusu rentgenfaz analiz (RFA) iisulu ilo D8 Avance difraktometrindo
(Bruker) 6yronilmisdir. Sothin morfologiyasi vo element torkibi iso enerji dispersiyali analiz ilo tochiz
olunmus rastrov elektron mikroskop JEOL JSM-6510LYV vasitasilo arasdirilmisdir.

Liminessensiya 77 K temperaturda, 338 nm dalga uzunluglu azot lazeri LGI-21 ilo
hayacanlandirilmigdir. Liiminessensiya spektrlorinin 400-870 nm diapazonunda geydiyyati, R928B
fotoelektron artiricis1 (Hamamatsu) ilo tochiz edilmis MDR-23 difraktsion monoxromator vasitasilo
hoyata kegirilmisdir.

NOTICOLORIN MUZAKIROSI

Rastrov elektron mikroskopiya (REM) molumatlarina goro, oldo edilmis sink telluridi
tabagolori sintezdon dorhal sonra homogen vo hamar sotho malikdir. Soth {izro galinhiq geyri-
homogenliyi 1-2%-don ¢ox olmayib ki, bu da ¢okiintii prosesinin sabitliyini gostarir.

Rentgenfaz analiz naticolori gostormisdir ki, todqiq olunan ortiiklor polikristallik qurulusa
malikdir vo ZnTe fazalarmi sfalerit vo wviirsit modifikasiyalarinda ehtiva edir. Legirlonmis
nliimunslords oksid fazalarinin amolo golmasinin olamatlori askar edilmomisdir ki, bu da nadir torpaq
metallar1 ionlarinin ZnTe kristal sobokosino ugurla daxil oldugunu gostorir.
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Sakil 1. Europium (1), europium va disprosium (2), europium, disprosium va cerium (3)
il3 legirlonmis sink telluridi tabagalorinin liiminessensiya spektrlori.

Sokil 1-do Eu, Eu-Dy vo Eu-Dy-Ce ilo legirlonmis ZnTe tobogalorinin liiminessensiya
spektrlori gostorilmisdir. Codval 1-do iso Eu*" vo Dy** ionlarinin zolaqdaxili f—f kegidlori ilo uygun
galon miioyyon edilmis optik kegidlor toqdim olunub.

Cadval 1. Kompozit hadaf Zn—Eu (niimuns 1), Zn—Eu-Dy (niimuns 2) va Zn-Eu-Dy-Ce
(niimun? 3) ssasinda piiskiirdiiriilmiis toz niimunalorinin elektron qurulusunda miisahida
olunan optik kecidlar.

Kecidlorin dalga Numuna Nel Numuna Ne2 Niimuno Ne3
uzunlugu diapazonu, Eu Eu-Dy Eu-Dy-Ce
S (nm)
530-540 D1 — Fyq, Eu - -
600-610 Do — F1, Eu Do — F1, Eu Do — F1, Eu
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4Gs;2 — ®Hspp, Dy 4Gs;2 — ®Hap, Dy
615-625 Do — 'Fy, Eu Dy — 'F,, EU Dy — 'F,, Eu

4Gs;2 — ®Hyp, Dy 4Gs;2 — ®Hypp, Dy
650-660 Dy — 'Fs, Eu Dy — 'Fs, Eu Dy — 'Fs, Eu

4Gs;2 — ®Hop, Dy 4Gs;2 — ®Hop, Dy
705-715 Dy — 'Fa, Eu Dy — 'Fa, Eu Dy — 'Fa, Eu

Sink telluridinin bir ne¢o nadir torpaq elementi ilo birgo legirlonmasi xiisusi maraq dogurur,
¢linki bu ionlar oxsar hoyocan enerjilorino va todqiq olunan spektral diapazonda oxsar udma vo
siialanma saholorino malikdirlor (Li, X., et al.2021). Bu, niimunolorin spektrlorindo intensiv
liiminessensiya piklorinin mévcudlugu ils tasdiglonir.

On effektiv liiminessensiya aktivatoru europiumdur, bu da onun elektron konfiqurasiyasinin
xlisusiyyatlori vo f-soviyyalor arasinda radiativ kegidlorin yliksok ehtimali ilo olagadardir. Yalniz Eu®*
ilo legirlonmis tobogalor maksimal liiminessensiya intensivliyi niimayis etdirir.

Europium va disprosium ils birgs legirloms zamani siialanma intensivliyindo miioyyon azalma
miisahido olunur ki, bu da, goriiniir, ZnTe kristal sabokasindo nadir torpaq metallar1 ionlar1 arasinda
qarsiligh tosir naticosindo konsentrasiya sonmosi effektino baglidir (Mammadova S.O., Aliyev K.A.,
Sultanova A. N., Jafarova Y.K., Sultanova S.Q.2026).

NOTIiCO

Aparilmis todgiqatlar noticesindo miioyyon edilmigdir ki, sink telluridinin nadir torpaq
metallar1 ionlar1 ilo legirlonmosi onun liiminessensiya xassolorino ohomiyyetli tosir gostorir. ©On
yiiksok liiminessensiya intensivliyi yalniz europium ilo legirlonmis ZnTe tobogalorinds alds olunur.
Alinmis naticolor ZnTe:RE materiallarinin giinos elementlori vo digor optoelektron cihazlar iigiin
liiminessent isigkecirici ortiiklor kimi perspektivli totbiqini tosdigloyir.
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ABSTRACT

LUMINESCENCE OF ZINC TELLURIDE DOPED WITH RARE-EARTH METAL IONS
(Dy, Eu, Ce)

Mammadova Saadat!*, Aliyev Kazim?, Sultanova Aytan®, Shukurova Guntekin* Ismailova
Sevda®, Ahmadov Ahmad®
Baku State University, Baku, Azerbaijan

In this work, the luminescent properties of zinc telluride (ZnTe) thin films doped with rare-
earth metal ions (Dy**, Eu*', and Ce*") were investigated. The films were fabricated by vacuum
magnetron sputtering on monocrystalline silicon substrates with dopant concentrations up to 5 at.%.
The main objective of the study was to determine the influence of rare-earth dopants on the structural
and optical-luminescent characteristics of ZnTe thin films. The crystalline structure and phase
composition were analyzed using X-ray diffraction (XRD), while surface morphology and elemental
composition were examined by scanning electron microscopy (SEM) combined with energy-
dispersive spectroscopy (EDS). Luminescence spectra were recorded in the wavelength range of 400—
870 nm at a temperature of 77 K under excitation by a nitrogen laser with a wavelength of 338 nm.
The results showed that the deposited films possess a polycrystalline structure and contain ZnTe
phases in sphalerite and wurtzite modifications. The luminescence spectra are dominated by
characteristic intra-4f transitions of Eu** and Dy?** ions. The highest luminescence intensity was
observed in films doped solely with europium, which is attributed to the favorable electronic
configuration of Eu** ions. In contrast, co-doping with multiple rare-earth ions leads to a decrease in
luminescence intensity due to concentration quenching effects. The obtained results demonstrate the
potential of rare-earth-doped ZnTe thin films for application as luminescent antireflection coatings in
photovoltaic devices.

Keywords: zinc telluride, rare-earth metals, luminescence, europium, dysprosium, cerium, thin
films.

PE3IOME

JJIOMUMHECHEHIUA TEJJTYPUIA IUHKA, JETUPOBAHHOI'O
NOHAMMU PEJAKO3EMEJIBHBIX METAJIJIOB (Dy, Eu, Ce).

MammanoBa Caagar'™, Anues Kasum?, Cynranosa Aiiten?!, lllykioposa I'tonTexknn?,
HcemanaoBa Ceaal, AxmagoB Axman!
BakuHCKuii rocy1apcTBeHnblii ynusepeurer, baky, Asepoaiikan’

B nanHoil paboTe uccienoBaHbl JTIOMHUHECLEHTHBIE CBOMCTBA TOHKUX IUIEHOK TeJUTypHaa
uHKa (ZnTe), JerupoBaHHBIX HOHAMH PeIKo3eMenbHbIX MeTauioB Dy?*, Eu*" u Ce**. [Inénku Opum
IIOJIyY€Hbl ~ METOJOM  BAaKyyMHOIO MAarHETpOHHOIO  pacHbUIEHMsT Ha  MNOMJIOXKKAaX W3
MOHOKPHUCTAIJTIMYECKOTO KPEMHHSI IMPH KOHLEHTPALUAX JIETHMPYIOIIUX mnpumecet mo 5 ar.%.
OCHOBHOH HENBIO MCCIEN0BAaHUS SIBISIOCH ONPEAEIEHUE BIMSHUSA PENKO3EMENBHBIX HMOHOB Ha
CTPYKTYpHbIE M ONTHUKO-TIOMUHECIIEHTHbIE XapaKTepUCTUKH IUIEHOK ZnTe. Kpucramimueckas
CTPYKTypa M (a30BbIii cocTaB 00pa3l0B MCCIEIOBATINCH METOIOM PEHTreHo(a30BoOro aHamusa, a
MOp(}OJIOTHs IOBEPXHOCTU U 3JIEMEHTHBI COCTaB — C MCIOJIb30BAaHUEM PACTPOBOM AJIEKTPOHHOU
MHUKPOCKOIIMM B COYETAHUU C DHEProJUCIEPCHOHHBIM aHalnu3oM. CHEKTphl JIIOMHUHECLEHLINUN
pPETUCTPUPOBAINCH B crHeKkTpadbHOM auanazoHe 400-870 wm npu Ttemmneparype 77 K npu
BO30Y)KJICHHH a30THBIM JIa3€POM C JUTMHOM BOJIHBI 338 HM. Y CTaHOBIJIEHO, YTO MOIy4YEHHbIE TUIEHKU
00J1a1a10T OJMKPUCTAIUTMYECKOM CTPYKTYPOU 1 conepikat ¢aszpl ZnTe B Moaudukamusax chamepura
U BIOpIHTa. B CrHekTpax IIOMHHECHEHIIMM TNPeo0iIajaroT XapaKTepHble BHYTpHIIONOCHbIE f—f
nepexoas!l noHOB EUP* m Dy*'. MakcumalnbHasi HHTEHCUBHOCTD JIIOMUHECLEHIIMM HaOII01aeTcs B
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TIEHKAX, JIETHPOBAHHBIX HCKIIOYUTEILHO €BPOMKEM, YTO OOYCIOBIEHO OCOOCHHOCTSMU
AJNIEKTPOHHOW KOH(urypanuu uWoHOB EU*'. [lpum coBMECTHOM JIETMPOBAaHUM HECKOJIBKHUMHU
PEIKO3EMENIbHBIMH AJIEMEHTAMHU OTMEUYAeTCsl CHIKEHUE WHTEHCHUBHOCTU HM3JIYYCHHUS, CBSI3aHHOE C
3¢ (deKTOM  KOHIEHTPAIIMOHHOTO  TYIICHUS  JIIOMHHECHCHIWHU. [lodydeHHBbIE  Pe3ysbTaThl
CBUJCTEILCTBYIOT O  TIEPCINEKTUBHOCTH  NpPUMEHEeHHWs ImI€HOK ZnTe,  JerupoBaHHBIX
pEIKO3eMENIbHBIMA METaJJIaMH, B Ka4eCTBE JIOMHUHECIEHTHBIX MPOCBETISIFOIINX TOKPBITHH ISt
COJIHEYHBIX 3JIEMEHTOB.

Knwuesvie cnosa. mennypuo yuuka, peokozemenibHvle Memaivl, TOMUHECYEHYUsl, eBPONnuil,
oucnpo3uii, yepui, MmoHKue NiéHKU.
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