Influence of temperature on the optical and luminescent
properties of scintillation crystals based on Gd,(Ga,Al):O,,:Ce
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Motivation Experimental techniques

Absorption spectra were measured using an\
Agilent Technologies Cary-5000
_ _ _ Sk _ : . K spectrophotometer at 300 K and PerkinElmer
and high energy physics [1,2]. These crystals attract attention due to the combination of high density, WA , Lambda 950 spectrophotometer in temperature
& | | | \_ region 80-500 K.

Ce-doped Gd;(Al,Ga);:0,, (GAGG) garnets are well-known scintillating crystals for medical applications

chemical stability, very high light yield and reasonable energy resolution. Recently it was shown that

GAGG:Ce crystals with partial substitution of Al and Ga cations by Sc (GASGG:Ce) demonstrate
enhanced energy transfer from the host to Ce3* emission centers [3]. The effect results in the increase of
light output at low temperatures in GASGG:Ce while at ambient conditions the emission of GASGG:Ce is

less intensive due to partial guenching. In the present study we show the influence of temperature on

optical and luminescent properties of GAGG:Ce and GASGG:Ce. The composition of the studied crystals (Luminescence excitation and emission spectra

was refined using XRD data obtained using synchrotron radiation. under excitation in the UV region were measured
using the laboratory setup based on LOT-Oriel

\MS257 spectrograph.

The crystal composition of Gd,;(Ga,Sc,Al):O,, Optical properties of Gd,;(Ga,Sc,Al):O,,

* The single crystals with nominal composition Gd, -Ce,GaAl,O GAGG:Ce) and i
el ; 257003 GaA0, - ( ) 1. Absorption spectra

Gd, 5,Ce; 3Ga, :Sc,Al; O, (GASGG:Ce) were grown by the Czochralski method at the Fomos-

| ! | al [ GASGG:Ce,
Materials (Moscow, Russia, https://newpiezo.com/). | 4t - 5d(1) Ce® 0= 0.82 mm,
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< Synchrotron XRD data for GAGG:Ce and GASGG:Ce were measured in a large Debye—Scherrer 0| | % Absorption band at3.63 ev | 300 K
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TRV TR Figure 2. Temperature dependences of absorption spectra (at center), FWHM of the absorption bands (at left) and area under
© 20, deg. absorption bands (at right) of GASGG single crystal. Fit of FWHM dependences using formula (1) is represented by thin red
lines.
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! II ! ! A " % Redistribution of intensities of absorption bands which arise due to 4f — 5d(1) and 5d(2) Ce®* transitions is related to thermal
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population of high-energy sub-level of °F¢,, ground state. The latter is split into three levels due to spin-orbit interaction.
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20, deg. : can be fit using formula (1). The phonon energies of parabolas, which describe ground and excited states of Ce3* were obtained
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* The absorption bands broadens with temperature due to electron-phonon interaction. The temperature dependence of FWHM

as a result and presented in Table 1.

Figure 1. Fragments of the observed, calculated and difference XRD patterns for Gd;Al,,,Ga,-.;0,,:Ce (a) and

Gd, 155C; goAl, 5oGa, 1301,:Ce (b). Tick marks denote the peak positions of possible Bragg reflections. The inset shows the part of 2 Luminescence spectra
the XRD patterns in 2Q range of 13-15.2°.
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% According to the performed refinement of crystal
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structure it was shown that dodecahedral sites are
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occupied by Gd3* ions in GAGG and Gd3*/Sc3* in AW | 200 300 400 : : : 2.2 : ’ : 0 200 300 400
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GASGG while octahedral sites are occupied by Ga3*/

AB* in GAGG and AP*/Sc* in GASGG and S ., _ Figure 3. Temperature dependences of luminescence spectra (at center), FWHM of the emission bands (at left) and area under
. - ~—of emission bands (at right) of GAGG single crystal. Fit of FWHM dependences using formula (1) is represented by thin red line.

tetrahedral sites are occupied by Ga3*/ AI** in both

crystals . N S < The luminescence spectra of both studied crystals consists of two strongly overlapped emission bands, which arise due to 5d(1) —
D 3+ 1 1 N ""'..i'-'-L i .. . . . . . .
» Ga™ lons prefer to occupy tetrahedral sites in GAGG °F. ., °Fs, transitions in Ce3*. The spectra were fit using the sum of two Gaussians with equal FWHM parameters and difference

. . . 3+
due to higher covalency rate in comparison to Al*. between the emission peaks 0.24 eV, which correspond to the energy gap between 2F,, and 2F),.

% The amplitudes decreases with temperature due to thermal quenching of Ce3* emission.
Ui, Occupancy *» The emission bands broadens with temperature due to electron-phonon interaction similarly to the absorption bands. The fit

0.0071(4) Gd** using (1) has been also performed for the temperature dependence of FWHM and the phonon energies 7€, and AQ, were
0.0076(14) 0.400(7) Gas*

0.660(7) AI3*
0.375 0.25 0.0042(12) 0.605(5) Gas* 3. The model

0.340(5) AI** The sh f the ab d | Absorption Luminescence
X e shape of the absorption and emission lines

obtained as a result and presented in Table 1.

0.125 0 0.25 0.0057(3) 0.69(2) Gd3* can be described using formulas Crystal e EREEC S e

0.31(2) Sc3* G,y ()= 1 | O~ E ) Low-energy BRI 45 59 142 170
" 2 Ao (T) band

0.001(2) 0.54(4) Sc3* V27 Ay (T)
3 AQ,, meV 75 97 60 68
+ 2
046(4) AI Gem (ha)) _ l ex |:_ (hd) — Eem ) :| High- hnOI meV 50 40 . _

0.375 0.25 0.0002(11) 0.34(2) Ga’* 27 Aoy (T) 285 (T) energy nQ,, meV 54 47 - -
band

0.66(2) Al < The temperature dependence of FWHM is given

0.2819(2) -0.0964(2) 0.3050(2) 0.055(4) O formulas:

E —
'Azabs (T): ( s ( 2 2)
m0 (70 )" + () — Boltzman constant, A€, and AQ, — phonon energies of the ground state and

E ., Q) eth(hQy /2ksT) | where E,, E,,, — maxima of absorption and emission bands, T —temperature, kg

Table 1. Fractional atomic coordinates, site symmetry, isotropic displacement atomic parameters (U,,) and site

4 / ; ; .
_ (Eaps = Eem N1 )* cth(RQ; /2k5T)  excited state. The latter values determines the slope of ground state and excited

occupation for Gd,Al, ,,Ga, ,40,, and Gd, 5S¢, goAl, 5;Ga, 1304,. 2O ((hQ )2 () )2)
1 o) T\

state parabolas in the model of configurational curves.
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