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Transport of the excitation energy through scintillator material: 
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4f→5d2 Ce3+

4f→5d1 Ce3+

Dieke diagram of trivalent rare earth ions with 4f→5d 

(LuAG:Ce3+) absorption bands
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Dieke diagram of trivalent rare earth ions with 4f→5d 

(LuAG:Ce3+) absorption bands
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Excitation and emission characteristics

Excitation and emission spectra (measured at  the maxima of emission and 

excitation peaks at λem=313 nm and λex=275 nm, respectively) of 

Gd2Y1Ga1Al4O12 single crystal, 8 K. 
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Temperature dependence of decay times related to 6PJ→
8S7/2 emission transition in the Gd3+

Temperature dependence of the decay time of Gd3+ emission at 313 nm in the 

Gd1Y2Ga1Al4O12 and Gd2Y1Ga1Al4O12 single crystals under excitation at 275 nm
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Excitation and emission characteristics

Excitation and emission spectra (measured at the maxima of emission and 

excitation peaks at λem=520 nm and λex=275 nm, respectively) of the 

undoped and Ce-doped Gd3Ga3Al2O12 single crystal, 8 K. 
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Temperature dependence of the decay times related to 6PJ→
8S7/2 emission transition  in 

Gd3+ ions in un-doped and Ce3+ -doped Gd3Ga3Al2O12 single crystals  

The temperature dependence of PL decays of Gd3+ ion (λex=270 nm, λem=315 

nm) in Gd3Ga3Al2O12:Ce3+ and Gd3Ga3Al2O12 single crystals.
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Temperature dependence of decay time for the 6PJ→
8S7/2 in Ce3+ -doped 

Gd3Ga3Al2O12 single crystal  

Temperature dependence of PL decays of Gd3+ ions λem=315 nm and Ce3+ ions 

λem=520 nm  under excitation at λex=270 nm, in  Gd3Ga3Al2O12:Ce3+ single 

crystal.
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Excitation and Emission Characteristics   

The excitation spectrum of the Ce3+ luminescence related to garnet phase and 

emission spectrum under excitation into Ce3+ absorption band in perovskite phase

in Gd2Y1Al5O12:Ce3+
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Decay kinetics

The 5d1-4f decay curve of the Ce3+ luminescence in garnet phase measured at 

λem=560 nm and under excitation at λex=310 nm corresponding to perovskite phase 

in Gd2Y1Al5O12:Ce3+
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Scintillation decays

Scintillation decay times of the Ce3+ emission in GdxY3-xAl5O12 (x=0.75, 1.25 and 2) 

excited by 662 keV photons of 137Cs radioisotope at room temperature
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Excitation and emission characteristic

Low temperature (8 K) excitation and emission spectra of the Ce-doped 

Tb0.35Lu2.65Al5O12 single crystalline film for emission at 520 nm and 

excitation at 262 nm, respectively
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Tb3+→Ce3+ energy transfer through 5D3 energy level of Tb3+

Temperature and Tb dependence of  the photoluminescence decay time for the 

emission from 5D3 (λem=383 nm) energy level of the Tb3+ in TbxLu3-xAl5O12:Ce3+

(SCF) under 262 nm excitation into 4f→5d absorption band of Tb3+
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Tb3+→Ce3+ energy transfer through 5D4 energy level of Tb3+

Temperature dependence of the photoluminescence mean decay time of the 

Tb3+ emission (5D3→
7F0, λem=383 nm and 5D4→

7F0, λem=490 nm) and Ce3+

emission (5d1→4f , λem=520 nm) under excitation into 4f8→4f75d1 Tb3+

absorption band at 262 nm in Tb0.35Lu2.65Al5O12:Ce3+
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Ce3+→Tb3+ energy transfer

Prompt 5d1-4f decay curve of the Ce3+ luminescence measured at 

λem=520 nm and λex=452 nm in the Tb0.35Lu2.65Al5O12:Ce3+

0.0001

0.001

0.01

0.1

1

0 1750 3500 5250 7000

experimental data
fit
instr. response

no
rm

al
iz

ed
 in

te
ns

ity

time (ns)

I(t) = 24876exp(-t/25.68 ns) + 

+ 21034exp(-t/52.6 ns)

 + 81exp(-t/1203.75 ns) + 5.04454


mean

= 104.28 ns

75 K

a)



Outline 

3b

3c

1 Introduction and Aims 

3 Results and Discussion

3a

4 Conclusions

GdxY3-xGaxAl5-xO12 and GdxY3-xGaxAl5-xO12:Ce3+

GdxY3-xAl5O12:Ce3+

TbxLu3-xAl5O12:Ce3+

22



Conclusions

23

 Energy migration among co-activator in garnet lattice is efficient at 

concentration around  ~50 %

 Gd3+ and Tb3+ ions show efficient energy transfer to Ce3+ in garnet lattice

 Energy transfer from Ce3+ ions in perovskite phase to Ce3+ in garnet was 

revealed


5D3 and 5D4 energy levels of Tb3+ are involved in Tb3+→Ce3+ energy 

transfer

 In diluted and heavily Tb doped Lu3Al5O12:Ce3+ single crystalline films 

bidirectional Ce3+→Tb3+ energy transfer was revealed 
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