Article
https://doi.org/10.31489/2024PH4/54-59 Received: 20.05.2024
UDC 535.376 Accepted: 27.07.2024

A.A. Karnaukhova, V.Y. Yakovlev|

Tomsk Polytechnic University, Tomsk, Russia
("Corresponding author % e-mail: meleshko@tpu.ru)

Cathodoluminescence properties of oxide and fluoride ceramics synthesized
in the field of high-energy electrons flux

Traditionally, the synthesis of refractory ceramics is a complex and time-consuming process. Some time ago,
a new, much faster method was proposed — the method of synthesis of luminescent ceramics in the field of a
powerful flux of high-energy electrons. In the synthesis of multicomponent oxide phosphors, it is not an easy
task to determine the dependencies of the properties of the resulting material on the composition of the raw
mixture and the modes of the synthesis process. In this regard, it seems logical to study the properties of ce-
ramics made by radiation synthesis from simple oxides, which are components of more complex phosphors.
An investigation of the spectral and kinetic patterns of cathodoluminescence of ceramic samples of metal ox-
ides (Ga,0s, Al,O3, Y,03) and fluorides (MgF, BaF,) obtained by radiation synthesis method was carried
out. The paper presents an analysis of the cathodoluminescence spectra of the studied samples with the allo-
cation of elementary bands, conclusions about the dynamics of luminescence decay are made. The obtained
results are compared with the known data on single crystal samples. It is shown that, unlike oxide ceramics,
the spectral characteristics of MgF, and BaF, ceramic samples show good agreement with the data on single
crystals of these compounds.

Keywords: oxide ceramics, fluoride ceramics, cathodoluminescence, radiation synthesis, spectra, time resolu-
tion, Ga,03, Al,03, Y,0s.

Introduction

YAG ceramics with activators is a promising material, including for use as phosphors for LEDs. The
synthesis of refractory ceramics is a complex and time-consuming process. Some time ago, in the works of
V.M. Lisitsyn [1, 2], another, much faster method was proposed — the method of synthesis of luminescent
ceramics in the field of a powerful high-energy electron flux. The samples for this work were synthesized by
direct exposure of the raw materials to an electron beam with an energy of 1.4 MeV and a power density of
20 kW/cm?, in the mode of scanning electron beam. Each section of the surface of the synthesized substances
was exposed to a radiation beam for about 1 s. The total exposure time of the supplied electron beam to the
crucible was 10 s. The ELV-6 accelerator at the Institute of Nuclear Physics of the Siberian Branch of the
Russian Academy of Sciences was used for synthesis [1].

The synthesis of oxide ceramics using a fundamentally new technology requires a comprehensive study
of the properties of this ceramic. In the synthesis of multicomponent oxide phosphors, it is not an easy task to
determine the dependencies of the properties of the resulting material on the composition of the raw mixture
and the modes of the synthesis process. In this regard, it seems logical to study the properties of ceramics
made by radiation synthesis from simple oxides, which are components of more complex phosphors. The
purpose of this work is to study the spectral and kinetic patterns of cathodoluminescence (CL) of ceramic
samples of metal oxides and fluorides obtained by radiation synthesis method and compare the results ob-
tained with known data on single crystal samples.

Experimental

Ceramic samples of metal oxides (Ga,03, Al,Os, Y,05), including those with an admixture of 0.5 wt.%
Ce, 03, and metal fluorides (MgF,, BaF,) synthesized by the radiation method were used for research [1]. It
should be noted that the samples of oxide ceramics obtained by radiation synthesis, unlike monocrystalline
samples, are mechanically fragile glassy formations. Whereas the strength of fluoride ceramic samples is
significantly higher and comparable to monocrystalline samples.

CL of the samples was excited by an electron beam with a duration ty, = 10 ns, an average electron en-
ergy in a pulse of 250 keV and an energy density of 0.05 J/cm? Measurements of the spectral and kinetic

54 BecTHuK KaparaHamHCKoro yHuBepcuteTta


https://doi.org/10.31489/2024PH4/54-59
mailto:meleshko@tpu.ru

Cathodoluminescence properties of oxide...

characteristics of CL were carried out using an MDR-3 monochromator, a FEU-106 photomultiplier and a
LECROY WR6030A oscilloscope with a time resolution of 7 ns.

Results and Discussion

1. Spectra and kinetics of Ga,O; CL

The spectrum of Ga,05; CL, recorded at the time of the maximum of the luminescence flash, is repre-
sented by a wide band in the region of 2.5 — 4 eV with a maximum of about 3.4 eV. Figure 1 shows the
spectrum taken at the moment of the maximum luminescence pulse and 200 ns after. The type of the CL de-
cay curve at 3.44 eV is shown in Figure 2. It can be seen that the decay of Ga,O3; CL occurs according to a
non-elementary law. The curve has a fast exponential component with a characteristic decay time of 40 ns, as

well as a slow hyperbolic one:
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Figure 1. CL spectrum of Ga,O5; sample: 1 — taken at Figure 2. Decay curve of Ga,O3; CL at 3.44 eV.

amplitude value of a pulse, 2 — in 200 ns.

The spectrum of the fast component obtained from the total spectrum (Fig. 3) can be decomposed into
two Gaussian bands peaking at 3.05 and 3.45 eV with a width of 0.47 eV. Bands similar in position were
observed by the authors of [3] in single crystals of B-Ga,O3; under continuous electron irradiation and were
associated with the luminescence of point defects.
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Figure 3. Spectrum of a fast component of Ga,O; CL decay.
Dots — experimental data, solid lines — fitting by Gaussian curves.
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2. Spectra and kinetics of Al,O; CL

As for the Al,O3 ceramic samples, their spectral and kinetic parameters are difficult to reconcile with
the data on single crystals. During the study, we measured the CL spectra of Al,O; and Al,O3: Ce 0.5 %
samples in the range of 1.3 — 5.3 eV. As can be seen from the data in Figure 4, the most intense glow is ob-
served in the UV region and represents a wide band. Elementary bands with peaks at about 5 eV and 4.3 eV
can be distinguished in it, and in samples with an admixture of Ce,QOs, an additional band appears at 3.4 eV.
The band at 4.3 eV was previously observed during irradiation of a-Al,O; with heavy ions [4], but its nature
has not been clearly determined. It has been suggested that diffusion-controlled tunnel recombination of self-
trapped hole is possible.
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Figure 4. CL spectra of Al,O3 (1) and Al,O3: Ce 0,5 % (2) samples.

3. Spectra and kinetics of Y,O3 CL

The spectral and kinetic characteristics of Y,0; and Y,0; with the addition of 0.5 wt % Ce,O; CL were
measured. In general, their spectra, registered by the amplitude values of the flash, are similar (see Figures 5
and 6) and represent a wide band in the region of 2.5 — 4.5 eV, however, the glow of Y,03; with cerium de-
cays much faster. By the time 500 ns after the maximum of the CL pulse, the intensity values are so small
that they could not be registered (Figro 6, curve 2). The spectra of the slow and fast decay components of the
Y,03 sample CL can be described well by bands with parameters E .« = 2.92 eV, FWHM = 0.86 eV and Ex
=3.5eV, FWHM = 0.89 eV, respectively. In the CL spectrum of the Y,0s: Ce sample there is only a band at
3.5 eV with FWHM = 0.89 eV.

It should also be noted that the intensity of the emission of the sample containing cerium was more than
10 times lower than that of the sample without cerium. That is, the doping of Y,05 with cerium led to a gen-
eral decrease in the yield of CL and a decrease in the contribution of relatively long processes associated
with the conversion of excitation energy.
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Figure 5. CL spectra of Y,03. 1 — taken by amplitude Figure 6. CL spectra of Y,03: Ce 0,5 %. 1 — taken
values of a pulse, 2 — in 500 ns, 3 — spectrum of a fast by amplitude values of a pulse, 2 — in 500 ns,
component, 4 — fitting by a sum of Gaussian curves. 3 — fitting by a Gaussian curve.
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4. Spectra and kinetics of MgF, u BaF, CL

Figure 7 shows the results of MgF, and BaF, ceramic samples CL spectra measurement. In the MgF,
spectrum, registered in the 2-4 eV region by peak values of CL pulse, a band at 3 eV with a width of 0.33 eV
prevails, in the BaF, spectrum in the 2-5 eV region, a band at 4.2 eV with a width of 0.86 eV stands out. The
shape and position of the spectra are in good agreement with the data of [5], the authors of which associate
these bands with the radiative recombination of self-trapped excitons.

Thus, unlike oxide ceramics, the spectral characteristics of MgF, and BaF, ceramic samples show good
agreement with the data on single crystals of these compounds. This suggests that in compounds with an ion-
ic bond, regardless of their structure (ceramics or single crystal), the short-range order is largely preserved
and similar centers of luminescence are formed.
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Figure 7. CL spectra of MgF, (a) and BaF, (6) samples. 1 — experimental data, 2 — fitting.

Conclusions

The study of the spectral and kinetic patterns of the CL of ceramic samples of metal oxides and fluo-
rides obtained by radiation synthesis showed that all studied compounds have a maximum of the CL spec-
trum in the range of 3-5 eV. Decay of Ga,0; CL occurs according to a non-elementary law. There is a fast
exponential component and a slow hyperbolic one in the pulse. Moreover, the spectrum of the fast compo-
nent can be decomposed into two bands (3.05 and 3.45 eV) close in position to those observed by the authors
of [3] in single crystals of B-Ga,O3 under continuous electron irradiation and associated with the lumines-
cence of point defects.

In the spectra of Al,O; CL, elementary bands with maxima at 5 eV and 4.3 eV can be distinguished, and
in samples doped with Ce,0; an additional peak at 3.4 eV, which was observed earlier when irradiated with
a- Al,O; with heavy ions. Its origin has not been definitively determined.

The spectra of Y,05; CL without and with a dopant of Ce,O5 are similar, but the luminescence of Y,0s:
Ce decays much faster and the intensity of this emission is significantly reduced. That is, the introduction of
cerium into Y,0; leads to an overall decrease in the yield of CL and a decrease in the contribution of rela-
tively long processes associated with the conversion of excitation energy.

The spectra of MgF, and BaF, ceramic samples show good agreement with the data on single crystals
of these compounds, unlike oxide ceramics. This indicates that in compounds with an ionic bond, regardless
of their structure (ceramics or single crystal), the short-range order is largely preserved and similar centers of
luminescence are formed.
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A.A. Kapnayxoga, B.1O. fIxosies|

7Korapbl JHeprusiiibl JJIEKTPOHAAP aFbIHBI CAJIACHIHIA CHHTE3/1eJITeH OKCH/ITI
skdHe (TOpPJIbI KEPpaMHUKAHBIH KAaTO0JIOMUHECHEHIIUsSI KacueTTepi

Jactyp OolibIHIIA OTKA TO3IMII KepaMHUKAHBIH CHHTE31 KYpAelNi jKoHE KOIl yaKBITTHl KaKeT eTeTiH Iporecc.
bipa3 yaksIT OypbIH jkaHa, aJ1JIeKaiiia )KbUIIAM 9JIic — >KOFaphl SHEPTHSIIBI AJIEKTPOHIAPAbIH KyaTThl aFbIHEI
caJachIHIAFbl JTIOMHHECLEHTTI KepaMHKaHBl CHHTE3/ley OMiCi YCHIHBUIABL Kem KOMIOHEHTTI OKCHATI
(dhochopmapasl cHHTE3AEY Ke3iHIEe aJbIHFAaH MaTepHANAbIH KAaCHETTEPiHIH IIUKi3aT KOCHACHIHBIH KypaMblHa
JKOHE CHHTE3 MPOILECIHIH peXUMICpiHE TOYEeNAUIriH aHbIKTay OHal mapya emec. OchlFaH OalIaHBICTHI
Kypzaeni ¢ocdoprapasiH Kypamaac OerikTepi OOJBII TaOBUIATHIH KapamailblM OKCHATEPIACH PagHalldsUIBIK
CHHTE3 apKbUIBl jJKacalFaH KEpaMHUKAaHBIH KAaCHUETTEepiH 3epTTey KHUCHIHABI Oonbln KepiHerni. JKymbicta
paquMaIMsUIBIK CHHTE3 9iciMeH anbiHFaH Metaiun okcuarepinid (Ga,Os, Al,Os, Y,03) xoHe GropuaTepIin
(MgF,, BaF;) xepamuKanbIK YITiLIEpiHIH KaTOJOJFOMHHECICHIHSICHIHBIH CIIEKTPIIK KOHE KHHETHKAIIBIK
3aH/IBUIBIKTapbIHA 3epTTey JKyprizinai. JlromuHecteHuust ummynsci 250 k3B GosaThlH 21eKTpOHAAPABIH
opTamia SHEpruschl 0ap 9JIEKTPOHAAp INOFBIPbIMEH Ko3Fauabl. CHeKTpiep MeH JIOMHHECHCHIHS
KAHETUKACBHIH TipKey YVIOiH 7 HC YaKbIT aXBIPAaTBIMIBUIBIFEI 0ap HMMITYJIBCTIK CIIEKTPOMETPHUS oIici
KOJIaHBUIABL. ABTOpIap 3€pTTENTeH YATUIepAiH KaTOMOTIOMHHECIHEHIMS CHEeKTpiepiHe KapamaifbiM
JKOJAKTap/pl Oemil KepceTe OTBIPHIN, JKEKe JKOJAKTapJarbl JIOMUHECIEHIUSHBIH oJcipey ITUHAMUKACHI
Typasibl KOPBITBIHIBI JKacaipl. AJNBIHFaH HOTIDKENEPAl MOHOKPHCTANABI YiAriiep OolibiHIIAa Oenrimi
JIEPEKTEPMEH  CaNlbICTRIPY Kypriziami. OKCHATI KepaMukanaH adpipmambuibirel, MgF, xone BaF,
KepaMUKaJIBIK YITUIEpiHiH CHEeKTPIIK CHUIaTTamanapbl OChl KOCBUIBICTAPIBbIH MOHOKPHCTAJIAAPBI TYpPalbl
MOJIIMETTEPMEH JKaKChI YIIECETIHAITH KOpCeTe/Ii.

Kinm ce30ep. OKCHUATI KepamuiKa, (TOPJBI KepaMmHKa, KaTOMOJIOMHUHECUCHIINSA, paTdaldsibl CHHTE3,
CIIEKTPJIEP, YAKBIT aXKbIPATHIMIABUIBIFBI, Ga,03, Al,O3, Y,0s.

A.A. Kapnayxosga,

B.IO. SIkoBes|

CgoiicTBa KATO0JIOMUHECHEHINHN OKCHIHOI U (PTOPUAHON KepaMUKH,
CHHTE3HPOBAHHOI B 10JI€e MOTOKA BHLICOKOIHEPTeTHYECKHUX IJIEKTPOHOB

TpaguIIOHHO CHHTE3 TYTOIUIAaBKOI KEPaMUKH SBISETCS CJIOXKHBIM H JJONTHM HporieccoM. HekoTopoe Bpems
Ha3aj ObUT MPE/IOKeH HOBBIM, HAMHOTO 0oJiee OBICTPBIIl METOA — METOJ CHHTE3a JIIOMUHECIICHTHON Kepa-
MHKH B TI0JI€ MOILITHOTO NOTOKA BBICOKORHEPIeTUYECKUX NIEKTPOHOB. CHHTE3 OKCHIHOI KEepaMHKHU 110 MpUH-
[MIIHAIBHO HOBOW TEXHOJOIMH TPeOyeT BCECTOPOHHErO M3y4eHHs CBOWCTB 3Toil kepamuku. [Ipu cuHTE3e
MHOTOKOMITIOHEHTHBIX OKCH/HBIX JIOMUHO(OPOB HEMPOCTOH 3aqadeil sSBISETCs ONpEeiCHue 3aBHCUMOCTEH
CBOICTB ITOJIy4aeMOTr0 MaTepHaa OT COCTaBa UCXOMHOTO CHIPhS, PSKIMOB Ipornecca cuaTe3a. O0pasusl Iyt
JTaHHOM paboThl OBLIM CHHTE3WPOBAHBI ITyTEM NPSIMOTO BO3JEHCTBHUS Ha CHIPhE AIEKTPOHHOTO Iydka. B pa-
00Te HCCIeOBAICh 3aKOHOMEPHOCTH KaTOJONIOMHHECIICHIINK 00pa3lloB KepaMUKH OKCHAOB METAJLIOB
(Gay03, AlLO3, Y,03) u dropumos meramioB (MgF,, BaF,), cuaTe3upoBaHHON PaHAIMOHHBIM METOOM.
JlromuHecneHIMs BO30Y)XKJanach My4YKOM JIEKTPOHOB CO CPEAHEH >Hepruel 31eKTpOHOB B MMITyibce 250
k3B. Jlnst perucTpanuy CeKTPOB U KHHETHK JIFOMUHECIIEHIIUH HCIIONIB30BAJICS METOJ] MMITYJILCHON CIIEKTPO-
METPUH C BPEMEHHBIM pa3pelieHneM 7 Hc. ABTOpaMHM MPEJCTAaBIEH aHAIU3 CIEKTPOB KaTOJONIOMHHECIEH-
IIUM U3YYEHHBIX 00Pa3IoB C BBIACICHUEM 3JIEMEHTApPHBIX IOJIOC, CAETaHbI 3aKIIOUSHUS O JUHAMUKE 3aTyXa-
HHS TIOMHHECLEHIIMU B OTAENBHBIX Mojiocax. [IpoBeieHO cpaBHEHUE MOMYUEHHBIX PE3yIbTaTOB C H3BECTHBI-
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MM JIaHHBIMH TI0 MOHOKPHCTAaJUIM4eCKUM oOpasuam. Iloka3aHo, 4TO, B OTIMYHE OT OKCHIHOH KEpaMHKH,
CHEKTpaJIbHbIE XapaKTePUCTHKH 00pa31oB kepamuk MgF,, BaF, mokaspiBaioT Xopoiiee COOTBETCTBHE C AaH-
HBIMH 110 MOHOKPHUCTAJIJIAM 3THX COCIMHEHUH.

Krrouesvle crosa: okcupHas KepamuKka, (GTOpHIHAS KEpaMHKa, KaTOJOJTIOMUHECICHIUS, pPaJIuaIllHOHHBINA
CHIHTE3, CIIEKTpPBI, BpeMeHHoe paspenienne, Ga,03, Al,O3, Y,0s.
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