Pr, Ce-DOPED SCINTILLATING Lu-Y ALUMINUM GARNET CRYSTALS
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At present, besides the Ce3+ [1,2] also Pr3+ [3-5] emission center is studied in various hosts to obtain fast scintillators. Both these ions are characterized by fast emission decay time due to the allowed 5d ( 4f transitions [3,6]. They are characterized by wider emission spectra in the near UV or visible ranges and with excitation bands in the near UV or spectral region. This paper will present scintillating properties of the Ce3+ and Pr3+ doped Y3Al5O12 (YAG) and Lu3Al5O12 (LuAG) garnet crystals. Furthermore the methods of growths of these crystals and the latest development in a preparation of their optical ceramic analogues [7,8] will be mentioned.

Y or Lu pure garnet crystals (or the mixed Y-Lu ones) are frequently grown by the Czochralski method. In this paper most of the crystals were prepared using the Mo crucible
. Very pure raw materials are used (Y2O3, Lu2O3 and Al2O3 of 4N up to 6N purity). Also so called the micro-pulling down ((-PD) method [5] was used to grow cylinders of around a few mm in diameter. The Bridgman method was used to growth the alternative perovskite structures as LuAP:Ce or LuYAP:Ce scintillating crystals [9]. Sintering and hot pressing of monocrystalline grains into optical transparent ceramics allowed to prepare also the ceramic scintillators [10]. 

Short summary of selected parameters and scintillating properties of Ce and Pr-doped crystals is presented in Table 1. Both Ce3+ and Pr3+ ions provide efficient and fast scintillating centers and the doped Czochralski grown YAG and LuAG crystals were prepared as large volume boules up to 25 mm in diameter. Their Nphels photoelectron yields can reach up to 60 % of that of well-developed YAP:Ce crystal (see Table 1). The presence of Ce3+ and Pr3+ doping ions suppresses their intrinsic emissions [11] the light yield of which can reach relatively large values, despite of their slower decay characteristics (see Table 1).

The micro-pulling-down ((-PD) method was used to grow e.g. LuAG:Pr scintillating crystal (see [5] and Table 1). Also YAG:Nd fiber garnet crystals were grown by this method [12]. Optimized (-PD down LuAG:Pr crystal reached almost the same Nphels photoelectron yield as that of Czochralski grown large LuAG:Pr crystal (see Table 1).
Scintillators in the form of optical ceramics were introduced to satisfy the needs of some of the methods of medical imaging [10]. The properties of YAG:Ce ceramic plate purchased from Baikowski, Japan, Ltd. are given in Table 1. At present its total scintillator efficiency is similar, but Nphels photoelectron yield is about 40 % less of that of the best YAG:Ce crystal. Method of sintering of the crystalline grains into ceramics has certain advantages as e.g. more uniform doping, higher content of dopants and easy fabrication [10].

	Crystal
	Method of growth
	 Size

Dopant conc.
	Emission

maximum
	Nphels
phels/MeV
	Scint. decay times [ns]

	YAG 

(8824/1)
	Czochr.
	 > 1cm3

undoped
	~ 300 nm
	1492
	150

1600

	YAG:Ce(6N)

(8367)
	Czochr.
	> 1cm3
~ 0.23 %
	~ 550 nm
	2238
	87

	YAG:Ce optic. ceramic
	Sintering 


	~ ( 15 ( 1 mm

0.5%
	~ 550 nm
	1277
	85

1050

	YAG:Pr (8831/1)
	Czochr.
	> 1cm3 

0.16 %
	~ 320 nm
	3328
	19

1050

	LuAG 

(8842/1)
	Czochr.
	> 1cm3

undoped
	~ 280 nm
	876
	200

4000

	LuAG:Ce(4N)

(8202/1)
	Czochr.
	> 1cm3
(0.06 %)
	~ 520 nm
	1431
	54

520

	LuAG:Pr (8860/1)
	Czochr.
	> 1cm3
0.39 (melt)
	~ 315 nm
	3025
	14

68

	LuAG:Pr


	(-PD
	4(8(1 mm3
1 %
	~ 315 nm
	2678
	20

450

	LuAG:Ce,Pr

(8860/1)
	Czochr.
	> 1cm3
 (2.53, 0.39 % melt)
	~ 315 nm

~ 510 nm
	2960
	not mesured



	LuYAG:Ce 

(5% Y) (8641)
	Czochr.
	> 1cm3
 (0.13 %)
	~ 520 nm
	1768
	63

2830

	YAP:Ce 

refer. crystal
	Czochr.
	> 1 cm3
(~ 0.1 %)
	~ 370 nm
	5368
	20 – 25 ns


Table 1 Methods of growth, parameters and some scintillation parameters of pure, Ce and Pr doped Y-Lu garnet crystals and YAlO3:Ce (YAP:Ce). LY values are not spectrally corrected.
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