https://doi.org/10.22364/lu.szk.2.rk.14
Rihards Ruska, Baiba Bérzina,
Laima Trinklere

AIN:Eu keramiku
spektralas ipasibas un
luminiscences mehanismi

Spectral properties and luminescence
mechanisms of AIN:Eu ceramics

Abstract

The current study was dedicated to exploring luminescence of AIN ceramics with
europium admixture (AIN:Eu). Photoluminescence as well as its excitation spectra,
taken at wide spectral intervals, at different temperatures and environments
(vacuum and air), were used to study the optical properties of the material.

AIN:Eu ceramics were dominated by the well-known red and green luminescence
of Euions, around 530 nm and 600 nm, which could be excited by both visible and
UV light. In ceramics with a higher Eu content, more intense luminosity of the bands
associated with europium, especially around 530 nm, was observed, while, contrary
to lower concentration sample, no luminescence bands between 440 nm and 500
nm were observed. The differences, most likely, can be explained by the different
structure of the material at different concentrations of admixture. At excitation of
samples with 340 nm light, mutually different changes in 530 nm luminescence
intensity were also observed when temperatures of materials were lowered: at
higher Eu concentrations, the intensity increased, whereas at lower concentrations -
decreased.

The analysis of the experimental results allows to propose several mechanisms
that are responsible for the luminescence of the considered materials, consisting
mainly of the emission of defects related to Eu ions. They include both intracenter
and recombination mechanisms, whose contribution to luminescence depends on
the spectral structure of the excitation light. The obtained data can be used for
further research and development of new persistent luminescence materials.
Keywords: aluminium nitride, europium, photoluminescence.
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levads

Luminiscéjosi materiali ir radusi pielietojumu dazadas jomas, sakot
ar gaismas starotajiem I1dz pat biomedicinai. Lai varétu spriest par jaunu
luminiscento materialu pielietojumu noteiktas jomas, ir jaizpéta vielas iek-
$&jie procesi - luminiscences mehanismi, tas atkariba no temperatidras un
vides, kura atrodas materials. Nezinot $is ipatnibas, nav iespéjama uztica-
ma un ilgtspéjiga produkta izveide.

Zinatniskaja literatdra jau ir aprakstiti AIN un AIN:Eu luminiscences
joslu novietojumi, tac¢u trikst datu par mehanismiem. Avotos minéts, ka ar
eiropiju aktivétam aluminija nitridam ir novérojamas vairakas, no eiropija
oksidéSanas pakapes atkarigas luminiscences joslas. Plato eiropija radito
luminiscences joslu ar maksimumu pie 530 nm (2,34 eV) literatlra attie-
cina uz Eu?* jonus saturosiem defektiem [Yin et al. 2019: 310-319; Onoda
et al. 2019: 50-56; Yin et al. 2012]. Ar doto Eu?* jonu tiek saistita ari AIN:Eu
luminiscence ap 480 nm (2,58 eV) [Do et al. 2010: 356-358]. Vairakas
Sauras joslas ar maksimumiem pie 610 nm (2,07 eV), 630 nm (1,97 eV)
[Yin et al. 2019: 310-319; Onada et al. 2019: 50-56; Yin et al. 2012; Liu et al.
2006: 1029-1036] un 700 nm (1,77 eV) [Onada et al. 2019: 50-56] tiek
attiecinatas uz Eu3* joniem.

Ir novérots, ka eiropija veidotie defekti parsvara atrodas AIN grau-
du virspuség, jo Eu joniem to liela radiusa dé| ir grati iekartoties materiala
kristalrezdr. LiteratQra arm minéts, ka, palielinot skabekla saturu parauga,
pieaug Eu?* jonu Tpatsvars [Yin et al. 2019: 310-319]. Avotos ir apraksti-
tas art daudzas pasam AIN raksturigas luminiscences joslas [Koppe et al.
2016: 267-281].

Darba galvenais uzdevums ir izpétit AIN:Eu keramiku spektralas 1pa-
Stbas un noteikt par luminiscenci atbildigos mehanismus, pétot luminis-
cences un ierosmes spektrus plasa temperatiras diapazona.

1. Eksperimentala dala

Materialu luminiscences procesu izpétei tika izmantotas Cietvielu fizi-
kas institata pieejamas iekartas luminiscences procesu pétisanai - mate-
riali tika ierosinati ar parskanojamu lazeru (Ekspla NT 342/3UV tunable),
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savukart luminiscences spektrala analize tika veikta ar CCD kameru un
difrakcijas rezgi (ANDOR SR303i-B). Pétamas keramikas tika sintezétas
RTU Neorganiskas kimijas institata. Tika pétiti divi AIN:Eu keramikas pa-
raugi ar 1% un 0,5% Eu masas koncentraciju - P-1un P-2.

2. Rezultati

Luminiscences procesu pétisanai tika uznemti 3D luminiscences - ie-
rosmes - intensitates spektri ierosmju intervalos no 210 nm (5,90 eV) lidz
350 nm (3,54 eV), ka art no 420 nm (2,95 eV) lidz aptuveni 550 nm (2,25
eV). legatie spektri tika norméti, pienemot, ka “caurizgajusas” lazera gais-
mas (vai ar1 otras kartas difrakcijas) intensitates visa apskatitaja apgaba-
|a ir vienadas ar 1. Tadéjadi tika samazinati lazera starojuma intensitasu
svarstibu raditie kroplojumi spektros. Apltukotie divdimensionalie spektri
tika “izgriezti” no attiecigajiem 3D spektriem.

Pétitajam AIN:Eu keramikam netika novérota luminiscences atkariba
no atmosféras sastava izmainam, kas liecina, ka noveérojamo luminiscenci
galvenokart rada materiala tilpuma esoSie defekti un Eu joni.

P-1 paraugs. Aplikotas aluminija nitrida keramikas 3D spektri, kas ir
meérTti dazados apstaklos, ir aplikojami 1., 2., 3. un 4. attéla.
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Sajos un ndkamajos 3D spektros ir redzamas $auras intensivu signalu
[Tnijas. Tas izraisija “caurizgajusais” lazera (tai skaita otras kartas difrakci-
jas) starojums.

lerosinot AIN:Eu ar redzamo gaismu istabas temperatlra (2. att.),
bija novérojama plata josla ar maksimumu pie 530 nm (2,34 eV), kuras
ierosmes maksimums tika novérots pie 440 nm. Spriezot péc literatdras,
T luminiscence ir raksturiga Eu?* jonu raditajiem defektiem. 3D spektros
tika novérotas art Sauras, intensivas joslas ar maksimumiem pie 613 nm
(2,02 eV) (ierosinajas ar 464 nm (2,67 eV), 526 nm (2,35 eV) un 533 nm
(2,33 eV) gaismu), ka ar1 592 nm (2,09 eV) un 697 nm (1,78 eV) (ierosi-
najas ar 464 nm gaismu). So $auro joslu luminiscenci var saistit ar Eu3*
jonu raditajiem defektiem. Papildus tika novérota art izspidésanas josla ar
maksimumu pie 650 nm, kuru ierosinaja 420-500 nm gaisma. Lai noteik-
tu par So luminiscences joslu atbildigos defektus/piemaisijumus, nakotné
bUs javeic papildu mértjumi.

Samazinot parauga temperattru li1dz apméram 10 K un ierosinot
AIN:Eu ar redzamo gaismu, 530 nm joslas luminiscences intensitate
pieauga vairak neka septinas reizes, savukart 614 nm un 650 nm lumi-
niscences joslu intensitates - aptuveni divreiz (4. un 5. att.). Novérotais
luminiscences intensitates kapums ir skaidrojams ar temperatiras ietekmi
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uz procesiem, kas notiek ierosinata luminiscences centra un lidztekus ma-
zajai t. s. Stoksa nobidei ir raksturigs iekScentra luminiscences procesiem.

Apstarojot AIN:Eu keramiku ar UV starojumu gan istabas, gan ze-
majas temperatdras (1. un 3. att.), bija novérojami divi izteikti ierosmes
apgabali - ap 340 nm un 260 nm. So ierosmju luminiscences spektri ir
ilustréti 6. un 7. attéla.

Vilna gsrums, nm Vilne garums, nm
700 650 €00 550 500 450 700 850 €00 550 500 280 400
04 T T T T T T T T T T T
1.04

0.5
[——RT. gaiss -
El 10K, vakuums, o8 ——RT, gsisd
@ 04 3 —— 10K, vakuumi
i @
H 08
B« ON
0.4

0.24

0.0

13 T T T T T T T T i
18 20 22 24 26 18 20 22 24 28 28 30 32 34
Fotons energijs. &V Fotona energijs, eV

5. att.  P-1luminiscences 6. att. P-1luminiscences
spektri 464 nm ierosmei spektri 260 nm ierosmei
dazadas vides dazadas vides

Vilng garums, nm

700 650 600 550 500 480 400
10— T T T T T
8 ——RT, gais2

—— 10K, vakuumi
64
4
24 /
"

0. T

T T T T T T
1.8 2 22 24 28 28 3.0 32 34
Fotfona energiia. 2V

7. att.  P-1luminiscences spektri 340 nm
ierosmei dazadas vides

166 MUNDUS ET



lerosinot materialu ar 260 nm gaismu, redzams, ka, kritoties tem-
peratlrai, 530 nm luminiscences intensitate pieaug. Virs 1 eV liela Stoksa
nobide rosina So luminiscenci attiecinat uz rekombinacijas luminiscences
procesiem ar tuneléSanu (TRL). Pretégja intensitates izmaina ir novérojama
joslam pie 600 nm - pazeminot temperatlru, to intensitates kritas. No ta
var secinat, ka $1 luminiscence ir pieskaitama pie rekombinacijas luminis-
cences procesiem ar jonizéSanos (JRL). lerosmei pie 260 nm tika novérota
art nezinamu defektu izraisita vaja 650-700 nm izspidésanas josla.

Apstarojot AIN keramiku ar 340 nm gaismu, tika novérota Eu?* joniem
raksturiga plata luminiscences josla ar maksimumu pie 530 nm. Sai joslai
raksturiga Stoksa nobide bija vien 1,30 eV, kas nelauj $o luminiscenci vien-
nozimigi attiecinat nedz uz iekScentru, nedz uz rekombinacijas procesiem.

Lai precizak noteiktu ST materiala luminiscences mehanismus, ierosi-
nato stavokl|u dzives laikus un to savstarpgjas mijiedarbibas, nakotné batu
javeic luminiscences kinétiku mertjumi.

P-2 paraugs. Apskatitas AIN keramikas 3D spektri dazados apstak|os
ir aplikojami 8. un 9. attéla. Trisdimensionalo spektru normalizésanas re-
zultata diemzel netika pilntba novérsts joslu nevienmeérigums, tapéc spek-
tros ir novérojamas rievotas, vilnotas linijas. Ka viens no iesp&jamajiem
iemesliem var tikt minéta normalizéSanai nepiecieSama lazera signala ne-
esamiba dazos spektra apgabalos.
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Aplukotaja parauga tika novérota krietni vajaka relativa Eu?* spidé-
Sanas intensitate, kas |ava iegut detalizétaku citu joslu attélojumu. lerosi-
not paraugu istabas temperatdra ar redzamo gaismu, jau minéta 530 nm
un 600 nm joslu izspidéSana bija salidzinosi vaja. Spektros domingja jau
ieprieks novérota luminiscence ap 650 nm un 700 nm, ko izraistja vél ne-
noskaidroti defekti. Signalu ar spidéSanas maksimumu pie 653 nm un ie-
rosmi pie 519 nm, visticamak, izraisija kosmiskais starojums - nezinamas
izcelsmes augsti energiskas dalinas traptjums attiecigajam CCD kameras
pikselim.
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Aplakojot zemas temperatlras uznemto redzamas gaismas ierosmes
3D spektru (10. att.), redzams, ka, samazinot AIN:Eu parauga temperatd-
ru, pieaug visu novéroto joslu luminiscences intensitates. Tatad, l1dzigi ka
P-1 gadijuma, par materiala spidésanu $aja apgabala ir atbildigi iekScen-
tru procesi.

Ultravioletaja spektra dala visintensivako luminiscenci izraisija parau-
ga apstarosSana ar 260 nm gaismu (11. att.). Redzams, ka ar to tika ierosi-
nati, iespéjams, skabekli saturosi defekti, Eu?* un Eu3* jonu AIN defekti ar
attiecigajiem izspidésanas maksimumiem ap 440 nm, 530 nm un 600 nm.
L1dzigi otrai aluminija nitrida keramikai, 530 nm joslas intensitate, paze-
minot temperatlru, pieauga, taCu 600 nm - kritas. Tatad, ierosinot P-2 ar
260 nm gaismas kvantiem, par 530 nm luminiscenci pamata ir atbildigi
TRL mehanismi, tacu par 600 nm JRL procesi.
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Bez eiropijam raksturigajam joslam P-2 bija novérojama ari izteikta
480 nm (2,58 eV) izspidésanas josla, ka arT luminiscences intensitates
kapums virziena uz Tsakiem vilnu garumiem. Zemas temperaturas 3aja
apgabala ietilpstoso joslu intensitates pieauga, kas liecina par TRL meha-
nismu iesaisti to izspidésana.

Eiropija joslu luminiscenci ierosinaja art 340 nm fotonu starojums
(12. att.). Interesanti, ka, pazeminot parauga temperatlru un apstarojot
to ar Siem gaismas kvantiem, 530 nm joslas intensitate samazinas, tacu
600 nm joslas - pieaug. Sie dati rosina domat par attiecigi JRL un TRL
procesu dominanci $o joslu luminiscencés. Lai precizak noteiktu mehanis-
mus, kas atbildigi par Sim joslam, ka jau minéts, ir javeic papildu mérijumi.

L1dzigi ka ierosinot ar 260 nm gaismu, arT Saja spektra bija novéro-
jama izteikta 480 nm luminiscences josla, kuras intensitate, pazeminot
parauga temperatlru, pieauga. Tatad par tas izspidéSanu pamata bija
atbildigi TRL procesi.

AIN:Eu keramiku savstarpéjais salidzinajums

Keramika ar augstaku Eu saturu (P-1), ka bija sagaidams, tika nové-
rota stipraka ar eiropiju asociéto joslu, Tpasi 530 nm, izspidésana. Taja, at-
Skirtba no otras AIN:Eu keramikas (P-2), ar1 netika novérotas izspidésanas
joslas starp 440 nm un 500 nm, ko, visticamak, izraisija vai nu 530 nm
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joslas nomaco$a daba attieciba pret citam luminiscences joslam, vai arl
materiala atskirigas strukttras dazadu piemaisijuma koncentraciju gadi-
jumos.

Apltkotajiem paraugiem bija savstarpéji atskiriga 530 nm luminis-
cences atkariba no temperatdras, ierosinot to ar 340 nm gaismu - P-2
Skietami dominéja JRL, tac¢u P-1 TRL vai arT iekScentru mehanismi.

Secinajumi

Abas pétitajas AIN:Eu keramikas ir novérojamas Eu?* (530 nm) un
Eu®* (592, 613 un 697 nm) joniem raksturigas luminiscences joslas, kuras
ir iesp&jams ierosinat Eu joniem, absorbé&jot 440 un 464 nm gaismu (ieks-
centra luminiscences mehanismi), ka art ar 260 nm gaismu (rekombinaci-
jas luminiscences mehanismi).

AplUkotajiem paraugiem ir savstarpégji atskiriga 530 nm luminiscen-
ces joslas intensitates atkariba no temperatiras, ierosinot tos ar 340 nm
gaismu: parauga ar zemaku Eu koncentraciju (0,5%) Skietami dominé re-
kombinacijas luminiscences procesi ar jonizésanos, tacu ar augstaku kon-
centraciju (1%) - iekScentru vai arf rekombinacijas luminiscences procesi
ar tunelésanu.

Samazinot Eu koncentraciju parauga, samazinas ar eiropiju asociéto
joslu intensitates. ST iemesla dé| ir iesp&jams iz3kirt citas materidlam rak-
sturigas luminiscences joslas (ap 480 un 650-700 nm). So joslu luminis-
cence ir saistama ar vél nenoskaidrotiem materiala defektiem.

Lai precizak noteiktu ST materiala luminiscences mehanismus, ierosi-
nato stavoklu dzives laikus un defektu savstarpéjas mijiedarbibas, nakot-
né batu javeic luminiscences kinétiku mertjumi.

Izmantota literatiira

1. Do, H. S., Choi, S. W., Hong, S. H. (2010). Blue-Emitting AIN:Eu?* Powder
Phosphor Prepared by Spark Plasma Sintering. In: J. Am. Ceram. Soc., No. 93,
pp. 356-358.

2. Koppe, T., Hofsdss, H., Vetter, U. (2016). Overview of Band-Edge and Defect
Related Luminescence in Aluminum Nitride. In: J. Lumin., pp. 267-28]1.

170 MUNDUS ET



3. Liu, F. S, Dong, H. W., Liu, Q. L., Liang, J. K, Luo, J., Zhang, Y., Yang, L. T,
Rao, G. H. (2006). Characterization and Photoluminescence of AIN:Eu Films.
In: Opt. Mater. (Amst), No. 28, pp. 1029-1036.

4. Onoda, Y., Kimura, H., Kato, T., Fukuda, K., Kawaguchi, N., Yanagida, T. (2019).
Thermally Stimulated Luminescence Properties of Eu-Doped AIN Ceramic. In:
Optik (Stuttg.), No. 181, pp. 50-56.

5. Yin,L.J, Zhang, S. H., Wang, H., Jian, X., Wang, X., Xu, X,, Liu, M. Z., Fang, C. M.
(2019). Direct Observation of Eu Atoms in AIN Lattice and the First-Principles
Simulations. In: J. Am. Ceram. Soc., No. 102, pp. 310-319.

6. Yin, L. J,, Zhu, Q. Q,, Yu, W,, Hao, L. Y,, Xu, X, Hu, F. C.,, Lee, M. H. (2012).
Europium Location in the AIN: Eu Green Phosphor Prepared by a Gas-Reduc-
tion-Nitridation Route. In: J. Appl. Phys., No. 111.

R. Ruska, B. Bérzinpa, L. Trinklere. AIN:Eu keramiku spektralas Tpasibas un .. 171



