
lable at ScienceDirect

Radiation Measurements 45 (2010) 369e371
Contents lists avai
Radiation Measurements

journal homepage: www.elsevier .com/locate/radmeas
Ce3þ-doped crystalline garnet films e scintillation characterization using
a–particle excitation

Jiri A. Mares a,*, Petr Prusa a,c, Martin Nikl a, Karel Nitsch a, Alena Beitlerova a, Miroslav Kucera b,
Martin Hanus b, Yurij Zorenko d

a Institute of Physics, Academy of Sciences of the Czech Republic, Cukrovarnicka 10, 162 53 Prague 6, Czech Republic
bCharles University, Faculty of Mathematics and Physics, Ke Karlovu 5, 121 16 Prague 2, Czech Republic
c Faculty of Nuclear Sciences and Physical Engineering, Czech Technical University, Brehova 7, 115 19 Prague 1, Czech Republic
d Laboratory of Optoelectronic Materials, Department of Electronics, Ivan Franko National University of Lviv, 107 Gen. Tarnavskogo Str., Ukraine
a r t i c l e i n f o

Article history:
Received 17 August 2009
Received in revised form
29 October 2009
Accepted 13 December 2009

Keywords:
Ce3þ-doped garnet films
Scintillation
a-particle excitation
* Corresponding author. .
E-mail address: amares@fzu.cz (J.A. Mares).

1350-4487/$ e see front matter � 2010 Elsevier Ltd.
doi:10.1016/j.radmeas.2009.12.026
a b s t r a c t

Scintillating properties of Ce3þ-doped (Lu,Y) aluminum garnet single crystalline films (SCF) were
investigated. Thin SCF films of thickness between 1 and 30 mm were grown by a liquid phase epitaxy
(LPE) method in various fluxes. The a-particle excitation (mainly 5.4857 MeV line of 241Am) of pulse
height spectra is used to measure scintillation response of SCF, especially peak of those a-rays which are
totally absorbed in the films. Detailed studies and evaluation of scintillation measurements of large sets
of Ce3þ-doped SCF (Lu,Y) aluminum garnets showed that at present time (i) YAG:Ce SCF have comparable
scintillation properties as YAG:Ce single crystals, especially their Nphels photoelectron yields are the same
while (ii) scintillation properties of LuAG:Ce SCF do not reach those of LuAG:Ce single crystal.

� 2010 Elsevier Ltd. All rights reserved.
1. Introduction/scope

Ce3þ-doped (Lu,Y) aluminum garnet crystals belong to fast, with
high or medium light yield, mechanically hard and chemically
stable (non-hygroscopic) single crystal scintillators (Autrata et al.,
1983; Moszynski et al., 1994; Zorenko, 2005; Nikl et al., 2009,
2000). Especially, Lu3Al5O12:Ce crystal (LuAG:Ce) belongs to
heavy scintillators due to its high density (6.67 g/cm3) and high
Zeff ¼ 59 (Nikl et al., 2009). New development in X-ray imaging
applications of mm or even sub-mm resolution (Koch et al., 1998;
Kucera et al., 2008; Nikl et al., 2009) needs very thin single crys-
talline plates or epitaxial layers or films of thickness a few tenths
mm and down to 10 mm. Due to good mechanical and chemical
properties of (Lu,Y) aluminum garnet single crystals (SC) it is
possible to prepare SC plates of 30 mm thin but thinner plates must
be coupled (glued) with glass base (Crytur Ltd, 2009).

Besides very thin SC plates from Czochralski grown crystals the
another possibility to obtain very thin single crystalline layers (or
films e SCF) is offered by a liquid phase epitaxial technology (LPE)
(Robertson and van Tool, 1984; Koch et al., 1998; Kucera et al.,
2008). The LPE technology allows to grow (Lu,Y) garnet films
with much lower content of antisite defects compared with SC
All rights reserved.
plates (Babin et al., 2007). SCF films are grown at much lower
temperatures (around 1000 �C) than those of garnet SC where their
melting points are around 1900 �C. Now, the LPE technology is
being developed further and, different PbO-, BaO- and MoO3-based
fluxes are used (Kucera et al., 2008; Mares et al., 2007a; Prusa et al.,
2009). The latest development also shows that other dopants can
be used as e.g. Bi3þ (Zorenko et al., 2009).

This paper has two main goals: (i) presentation and description
of the way of measurements and characterization of scintillation
properties of SCF (Lu,Y) garnet films using a- particle excitation and
(ii) to summarize and evaluate scintillation response of large sets of
LuAG:Ce and YAG:Ce SCF films grown by LPE technology under
different conditions, especially an influence of the flux composition
(Kucera et al., 2008; Prusa et al., 2008).

2. Experimental

Scintillation characteristics andmeasurements of thin SCF of (Lu,
Y) aluminum garnets are not possible using g-ray lines excitation
due to their small linear attenuation absorption (D'Ambrosio et al.,
2000; Mares and D'Ambrosio, 2007). Energy of g-ray lines is
mainly deposited in the substrates (undoped LuAG or YAG SC) on
which SCF are grown. The only possibility to measure scintillation
response of the films (Nphels photoelectron yield, FWHM or Nphels

yield time development (Mares et al., 2007a,b)) is to use that kind of
excitationwhich fully deposit the energy in the films itself (Shimizu
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Fig. 1. Pulse height spectra of LuAG:Ce and YAG:Ce reference single crystals excited
using a-particle excitation of 5.4857 MeV of 241Am.
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Fig. 3. Pulse height spectrum of LuAG:Ce SCF of 5.2 mm thickness prepared using BaO
based flux measured with optical cut-off filter 480 nm and its decomposition into four
Gaussians (measured by 5.4857 MeV of 241Am and 0.5 ms shaping time).
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et al., 2005). Measured set-up consists of a HPMT (Hybrid Photo-
Multiplier Tube), shaping amplifier ORTEC 672, MCB 927� buffer
and PC. This set-up is used in g-ray excited measurements of the
pulse height spectra (Mares et al., 2004). But for scintillation
measurements of SCF we must use the a-particle excitation source,
especially the energy line 5.4857 MeV of 241Am. This a-particle
source is putdirectlyon surface of thefilms (Prusa et al., 2008, 2009).

The a-particle excited pulsed height spectra of Czochralski
grown LuAG:Ce and YAG:Ce single crystals (Crytur Ltd, 2009) are
presented in Fig. 1 (these spectra are used as the reference ones to
those of measured SCF films). (Lu,Y)AG:Ce SCF have penetration
range of a-particles between 9 and 13 mm (Prusa et al., 2009) and
thickness of some of measured films is below the penetration range
of a-particles. Fig. 2 presents pulse height spectrum of LuAG:Ce SCF
of 5.2 mm thickness. This spectrum was decomposed into three
Gaussians: (i) two clearly seen G2 and G3 peaks and (ii) less intense
G1 one. G3 peak at channel numberw608 is due to total absorption
of a-particles inside SCF while G2 one is due to a-rays moving
perpendicularly to surface of SCF through (5.2 mm thickness) into
substrate. Wide G3 peak is probably due to UV scintillation emis-
sion of the substrate.

Majority of measurements of LuAG:Ce SCF was carried out using
optical cut-offfilterw480nmandone example is shown in Fig. 3. An
effect of optical filter influences shape of a-particle peaks compared
if no filter is used because: (i) it decreases pulse height spectra
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Fig. 2. Pulse height spectrum of LuAG:Ce SCF of 5.2 mm thickness prepared using BaO-
based flux and its decomposition into three Gaussians (measured by 5.4857 MeV of
241Am and 0.5 ms shaping time).
intensity of about 25% and (ii) we only measure Ce3þ scintillation
(emission) and not the UV one of the substrate (its intensity is much
less compared that without filter use). The above given reasons (i)
and (ii) allows more precise measurements of Ce3þ scintillation
response (peak of penetrating a-particles) of (Lu,Y) aluminum
garnet SCF. Pulseheight spectruminFig. 3wasdecomposed into four
Gaussians G1eG4. Peaks G2 and G4 are due to a-particles moving
either perpendicularly to film surface or in those directions where
penetrate in films, respectively. G3 peak is due to those a-particles
which move in directions between those of G2 and G4 peaks while
G1 peak is probably due toweak rest of UV substrate emission. Now,
we measure and compare properties of Ce3þ-doped (Lu,Y)
aluminum garnet SCF using optical cut-off filter.
3. Results of measurements

In this paper we summarize our long term research of Ce3þ-
doped SCF of (Lu,Y)AG (Mares et al., 2007a; Prusa et al., 2008,
2009). A few tens of both YAG:Ce and LuAG:Ce SCF samples were
investigated. Majority of themwas grown by us (Kucera and Nitsch)
but some others were from Department of Electronics, Ivan Franko
National University from Lviv, Ukraine (Zorenko, 2005; Zorenko
et al., 2009). All SCF samples were grown by the LPE method at
different temperatures (around 1000 �C) in three various fluxes: (i)
PbOeB2O3, (ii) BaOeB2O3 and (iii) MoO3eLi2MoO4. Parameters and
basic scintillation properties of the best SCF or some others are
given in Tables 1 and 2.

Now, the LPE technologyallows to preparewell defined andgood
quality YAG:Ce SCF. Their Nphels/MeV photoelectron yields and
FWHM (at 5.4857 MeV of 241Am) are the same or even higher than
those of YAG:Ce reference single crystal (see Table 1). The only
deviation is higher timedifference of Nphels yield in the shaping time
Table 1
Parameters and scintillation properties of YAG:Ce SCF and comparison with those of
YAG:Ce single crystal measured at 1 ms shaping time under 241Am 5.4857 MeV
excitation (SC e single crystal, samples in rows 3 to 6 are SCF).

Sample Thickness
[mm]

Nphels per
MeV (phels)

FWHM (%) Nphels change
0.5e10 ms (%)

Flux
based on

YAG:Ce SC 1 mm 349 11 w 10 CZ grown
4C2 8 317.6 9.6 60 PbO
5YBC1 4.4 402.5 10.8 26.5 BaO
1MC13 3.5 372.2 9.5 47.5 MoO3

N42-7 58 374.1 17.6 a few PbO



Table 2
Parameters and scintillation properties of LuAG:Ce SCF and comparison with those
of LuAG:Ce single crystal measured at 1 ms shaping time under 5.4857 MeV exci-
tation of 241Am (SC e single crystal, samples in rows 3 to 6 are SCF).

Sample Thick-ness
mm

Nphels per
MeV (phels)

FWHM (%) Nphels change
0.5e10 ms (%)

Flux
based on

LuAG:Ce SC 1 mm 471 10.7 76 CZ grown
4LBC3 6 236 16.3 (239Pu) 65.7 BaO
6Lu1 14.6 77 21 w 5 PbO
LY6 17 228 10.5 20.8 PbO
LY16 27 152.6 17.6 6.8 PbO
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range 0.5e10 ms. Somemeasured samples exhibit various defects or
morphology deviations. Detailed YAG:Ce measurements of SCF
(Prusa et al., 2009) showed that the best samples were grown using
BaO-based flux.

Table 2 presents parameters and scintillation properties of Ce3þ-
doped LuAG SCFs. Here, their scintillation properties do not reach
those of LuAG:Ce single crystal. SCF Nphels/MeV yields of SCF are
about one half of that of LuAG:Ce crystal. We measured two groups
of LuAG:Ce SCF, one of them was prepared by us the second one is
from Lviv (Zorenko, 2005). Some of LuAG:Ce SCF exhibit large Nphels
time increase between 0.5 and 10 ms (around 70%) but thicker SCF
have much less time difference (see Table 2). Again, the highest
Nphels yield exhibit LuAG:Ce SCF grown from BaO-based flux.
4. Conclusions

Detailed research of large sets of Ce3þ-doped (Lu,Y)AG SCF was
carried out using a-particle excitation. Scintillation properties of
SCFs were evaluated from pulse height spectral bands arising from
a-particles depositing their energy in thefilms (their paths are equal
or larger than the penetration range). YAG:Ce SCF grown in different
fluxes and conditions reached comparable scintillation properties,
comparedwith their single crystal analogue. Furtherdevelopment is
necessary however, in case of LuAG:Ce SCFswhere their scintillation
Nphels/MeV yield is in average about half of that of LuAG:Ce crystal.
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