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Our work is related to the liquid phase epitaxy based development of new scintillating screens for high-resolution X-ray imaging.
We successfully grew undoped and Tb, Eu or Ce-doped GdAIO3 as well as Gd,Lu;_,AlO3 single crystalline films on YAIO3
substrates. We studied the crystallization conditions as a function of the melt composition, growth temperature and lattice
mismatch between the film and the substrate. The film composition was measured by electron micro probe and the morphology
of the film surface was studied by scanning electron microscopy; X-ray diffraction was used to characterize the crystal structure
and the mismatch between the film and the substrate. In addition, the light yield of the Eu* doped films, as well as the obtained
spatial resolution show that Gd,Lu;_,AlO3 may advantageously compete with existing thin film scintillators in particular energy

ranges.

1 Introduction

Thin single crystal films (SCFs) are used as state of the art
scintillating screens for X-rays micro-imaging 2D detectors,
particularly at micro and sub-micrometer resolution, where
few-micrometer-thick films are required'. Currently at
third-generation synchrotrons, scientists can perform experi-
ments using tender and hard X-rays, opening the door for the
study of new techniques and more different samples*>. How-
ever, at high energy, the detector is inefficient due to the low
absorption of thin scintillators, which becomes the main limi-
tation. As an illustration, 10 um of gadolinium gallium garnet
Gd3GasOj2 (GGG), a material currently used as scintillator
at the European Synchrontron Radiation Facility (ESRF), ab-
sorbs less than 20% of incident X-rays at 20 keV, and becomes
almost transparent at 100 keV. Moreover, in the case of tender
X-rays the detector spatial resolution is mainly limited by vis-
ible light diffraction, while in the case of hard X-rays the spa-
tial resolution is limited by the spread of the deposited energy
in the scintillator due to secondary X-rays and electrons.

Our work aims to develop a new generation of scintillating
films for 2D detectors, to improve the efficiency of the detec-
tor and its spatial resolution, specifically for hard X-ray imag-
ing.
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Two main techniques are currently used to produce thin (1-
20 um) scintillating SCFs: growth on a substrate from a su-
per cooled melt solution by liquid phase epitaxy (LPE) and
thinning of a bulk crystal by mechano-chemical polishing
method®. Mechanical polishing presents some advantages: no
contaminations from the melt enters in the film and this tech-
nique does not require a specific substrate. It presents however
some disadvantages. Firstly, the minimum thickness that can
be obtained is limited to approximately 20-25 um for self-
standing crystals and 5-10 um for crystals glued on a sub-
strate. The depth of field of a microscope objective with a
numerical aperture higher than 0.6 is less than 1 um. Conse-
quently, combining a 10 um thick SCF with high numerical
aperture optics will degrade the spatial resolution because of
the defocused image. In addition, a 10 um thick polished scin-
tillator can only be obtained for a small sample area. Secondly,
due to the high temperature and to oxygen-free atmosphere of
the bulk growth the scintillators obtained from bulk crystals
often present anti-site defects and oxygen vacancies, leading
to the presence of a slow component in the luminescence (af-
terglow).

In our work we use the LPE technique, which presents some
advantages. Scintillating screens down to 1 um thickness can
be produced and the technology is not limited to small area
samples. In addition, for some materials, LPE films present
fewer structural defects compared to bulk crystals, due to the
lower growth temperature, leading to a reduction of the after-
glow: this effect has been reported for example for Luz Als015
(LuAG) and for some aluminum perovskites”-8. Moreover, us-
ing the LPE technique, the dopant concentration can be pre-
cisely tuned to maximize the conversion efficiency and the
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dopant concentration in the film is very homogeneous. LPE
also presents some drawbacks. Firstly, some unwanted impu-
rities from the flux used for the LPE growth can enter in the
film. Depending on the nature of these impurities, the qual-
ity and the scintillation properties of the film can be degraded.
Tous et al.” as well as Zorenko et al. ' have studied the effect
of different fluxes on garnet SCFs. The films obtained with
a BaO-based flux show better conversion efficiency with re-
spect to the films obtained using a PbO-based flux. However,
when a BaO-based flux is used, the optical quality and surface
morphology are not as good as compared to a PbO-based flux.
Secondly, LPE requires the availability of a non luminescent
substrate with the same crystalline structure and low lattice
mismatch with respect to the film.

Gadolinium-Gallium garnet Gd3zGasO12:Eu (GGG) and
lutetium orthosilicate Lu,SiOs:Tb (LSO) SCFs produced by
LPE are currently the state of the art scintillators for high-
resolution imaging detectors at the ESRF 1112,

Rare-earth aluminum perovskites are good candidates to im-
prove the efficiency of the scintillators while keeping the same
spatial resolution because of the high densities and the high
effective Z number. Moreover, they show good luminescence
efficiencies when doped by appropriate rare-earth ions >4,
In particular, GdA1O3 (GdAP) and LuAlO3 (LuAP) are good
scintillator candidates for imaging experiments at relatively
high X-ray energies (50-75 keV) due to the position of their
absorption K-edges. In table 1, the calculated absorption for
SCF perovskites for different energies as well as GGG, LSO
and LuAG are reported, highlighting the potential improve-
ment of GAP based film detectors in the energy range of Gd
K-edge. In addition, the bulk growth of YAP is well developed
and YAP substrates with good crystalline quality are commer-
cially available at a relatively low price. This condition is re-
quired if SCFs are to be used as part of X-ray detectors. If
comparable light yield is obtained as compared to GGG:Eu’+,
increased factor of merit ( FOM = absorption x Light Yield)
is expected.

Table 1 Calculated absorption (1) for 10 um thick at different X-ray
energies.

GGG LSO GdAP  GdLuAP LuAG
natlskeV.  405% 509% 384% 46.0% 41.0 %
n at52keV 6.1 % 2.7 % 8.4 % 5.7 % 2.0 %
n at64keV 3.6 % 7.0 % 5.0 % 6.1 % 52%

Zorenko et al.” have investigated the LPE growth of
ReAlO3 (Re =Y, Lu, Tb) on YAP substrates; in the frame of
X-ray imaging applications, we have presented results about
LuAP SCFs on YAP substrates 3. To the best of our knowl-
edge, optically good GdAP can not be grown using bulk tech-
niques (i.e. Czochralsky or Bridgman). However, the possi-

bility of growing GdAP crystals by the flux method has been
reported for an other purpose than scintillators '!7. The ad-
dition of lutetium may play a role in stabilizing the crystal
during the growth as well as tuning the absorption efficiency
exploiting the K-edges of Lu and Gd. Unlike GdAP, Gd-
LuAP (Gd;_,Lu,AlO3) has been successfully grown using the
Czochralsky method '®1°. In the case of LPE the lattice mis-
match between the film and the substrate plays a critical role
in the crystalline structure and in the luminescence properties
of the film. For instance, Kucera at al.Z° report this effect
for Iutetium and yttrium aluminum garnets, while previously
Stringfellow21 has shown it in the case of Ga,In;_,P on GaAs
substrates.

We developed the LPE growth process for GAAP and GdLuAP
on YAP substrates using a PbO-B,03 flux. The growth con-
ditions and the crystal structure are presented in this paper, as
well as scintillation and X-ray imaging properties. A careful
optimization of the growth parameters was performed to get
SCFs with optimal optical quality and light yield. We grew
several series of GAAP and GdLuAP films, both undopped and
Eu, Tb or Ce doped. Particularly, we adjusted the lattice pa-
rameters of the film by modifying the Gd/Lu ratio: moving
from a GdAP to a GdLuAP films, we obtained the best optical
quality of the screen. Thanks to those efforts, we tested Gd-
LuAP SCFs for X-ray imaging and demonstrate that they are
a good competitor as compared to existing SCFs.

2 Experimental

2.1 LPE growth of GAAP and GdLuAP SCFs

GdAP and GdLuAP epitaxial single crystalline films were
grown using LPE on YAP substrates of crystallographic ori-
entation (001), (100) and (011) (defined in the Pbnm space
group), produced by the Czochralsky method by MaTeck
GmbH, Neyco and Scientific Materials Corp. Several series of
samples of undoped and Ce, Tb or Eu doped films were grown
from a PbO-B,03 flux using Gd,03, Lu,03, Al,O3, Eu;03,
TbsO7 and Ce;O3 SN pure starting powders. The melt was
contained in a Pt crucible and the growth was performed by
the isothermal vertical dipping method??. The sample was at-
tached to a Pt sample holder, which rotated during the growth
at a speed of 70 rpm, with alternate direction of the rotation ev-
ery 5 s. The thicknesses of the films was determined by their
weight gain and ranged from 0.3 to 30 um. The growth was
performed at temperatures between 980 and 1080°C resulting
in growth rates of 0.05 to 2.34 gm/min.

2.2 Characterization of the films

The composition of the film was analyzed using a Castaing
Cameca SX50 electron micro probe (EMP) equipped with
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tungsten cathode and 4 vertical spectrometers. The acceler-
ation voltage of the cathode was 22 kV.

The surface morphology was investigated using a LEO 1530
scanning electron microscope (SEM).

The crystallographic structure of the GAAP or GALuAP films
and the lattice mismatch with the YAP substrate have been
evaluated using X-ray diffraction (XRD) on a vertical reflec-
tometer at the BMO5 beamline at the ESRF (Grenoble). The
X-ray energy was set to 15 keV using a double crystal Si(111)
monochromator. The diffraction spectra were recorded using
asilicon diode. The in-plane diffraction experiments were car-
ried out using a six circle z-axis diffractometer installed at the
ID03 beamline of the ESRF (Grenoble)?3. The sample was
kept in an Argon flow during the experiment in order to pre-
vent damages induced by oxygen and ozone. In order to be
able to penetrate the film and identify the cystallographic ori-
entation of the substrate the energy of the incident beam was
24 keV. The data were acquired using a Maxipix detector, data
reduction and analysis have been performed using BINocu-
lars 4.

To evaluate the light yield (LY), the scintillator was irradiated
by 8 keV X-rays and the signal was recorded by a PCO Sen-
sicam camera, combined with 2X optics. The signal inten-
sity was corrected by the calculated absorption of the X-rays
in the scintillator and by the sensors quantum efficiency and
compared to the signal obtained with a YAG:Ce bulk sample
chosen as reference (produced by Crytur). The photolumines-
cence spectra were measured at room temperature (RT) us-
ing a Horiba/Jobin-Yvon Fluorolog-3 spectrofluorimeter with
a 450 W xenon lamp and a Hamamatsu R928P photomulti-
plier. The photoluminescence excitation (PLE) spectra were
corrected for the xenon lamp emission spectrum.

3 Results and discussion

3.1 LPE growth of GAAP and GdLuAP

Several series of GAAP and GdLuAP thin films have been
grown by LPE in PbO-B,03 flux, on YAP substrates oriented
(100), (001) and (110).

Figure 1 shows the concentration triangle for the pseudo-
ternary system of the melt. The system composed by Pb, B,
Al, Gd and Lu is reduced to a pseudo-ternary system on the
three axes of which the relative atomic concentration of Pb+B
(flux), Al and Gd+Lu is reported. The round marks represent
the conditions in which the growth of an aluminum perovskite
film covering the overall surface of the substrate was achieved,
regardless of the quality of the film (figure 2a-2b). The color
represents the different ratio Ry,,. We found that the melt was
stable when the atomic ratio % is kept between 5 and 6, mean-
ing that the growth speed is linear with the temperature (and
repeatable over different samples) and no spontaneous crystal-

Atomic ratios
GdxLu1-xAlO3

Lu/(Gd+Lu)
GdAIOs

0.1500

0.00 0.02 0.04 0.06 0.08 0.10
Gd+Lu

Fig. 1 Concentration triangle of the pseudo-ternary system

Gd + Lu, Al, Pb+ B studied for the LPE growth of GdxLu;_,AlO3
on YAIOj3. The color of the round marks indicated the ﬁ ratio.
The black crosses indicate when the crystallization of islands is
preferred to the film growth.

lization at the surface of the melt or on the stirrer is observed.
For the optimized composition (R, = 0.55-0.58) Pb/B = 5.20-
5.30, the Pb content as contaminant in the as grown films was
measured using the microprobe technique and it ranges be-
tween 0.008% and 0.01%. The microprobe data were taken
from 10 different points on every sample. Because we are
at the limit of the microprobe sensitivity, the observed stan-
dard deviation over these 10 points is in the order of the mea-
sured values. The black crosses indicate the melt concentra-
tion where the crystallization of islands (with a different com-
position with respect to the film) was observed (Figure 2e-2f).
Along the vertical orange dashed line the atomic concentration
of Al and Gd+Lu in the melt agreed with the stoichiometry of
the perovskite phase (i.e. Ry; = 1). The growth parameters
and the Al, Gd and Lu relative concentration in the melt are
reported in table 2. When islands were crystallized together
with the film, the thickness and the growth rate is not reported,
due to the lack of precise evaluation by the weighing method.

The best optical and structural morphology was obtained
for Ry, between 0.55 and 0.58. In figure 3, the growth speed
for different substrate orientations is reported as function of
the temperature. The samples are grown from the same melt
where R;, was fixed at 0.55. Small variations from the ex-
pected linear dependence in the growth speed can be observed:
these variations are expected, considering the gradual change
of the melt composition, due to its evaporation and due to the
Eu,03 additions performed to optimize the dopant concentra-
tion.

The films composition has been evaluated by EMP. In fig-
ure 3, the R{Zm (in the film) with respect to R?¢/ (in the melt)
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Table 2 Atomic ratios between Gd, Lu and Al in the melt

Ry = ﬁ and Ry = ﬁ, obtained structure (Str.) (f = film,
i = islands), thickness (Th.) and growth rate (G.R.) for LPE growth
of GdxLu;_xAlO3 on YAP. When islands were crystallized, the
thickness and the growth rate is not reported due to the impossibility
of a precise evaluation by weighing method.

Ria Ry, St.  Thipm] T[°C] GRIIT
0 1 f 42278 1030+40 04-2.78
0.2 173238 f 0453  1050£10 0.05-0.49
0.2 2.97 fH o - 1060£10 -

0.4 1.38 f 03210 1010£10 0.03-1.38
0.55-0.58  1-1.05 f 10230 1015+10 0.15-23
0.65 0.95-1.15 f+ - 1010420 -

0.85 121-1.61  f+ - 1010£15 -

Fig. 2 SEM images of different surface morphologies obtained for
different conditions. (a),(b): Gd 45sLu 55AlO3 film (low lattice
mismatch with the substrate) for substrates from different suppliers.
(c),(d): Gd 19Lu 99AlO3 film (high lattice mismatch with the
substrate) for substrates from different suppliers. (e),(f): Island
growth in the case of excess Al concentration in the melt.

is reported for different samples; to highlight deviations, the

line corresponds to the case RZ";“ equal to R{Zm. A depen-

dence of the R{Zm ratio on the substrate orientation has been
observed. For example, when R/ is equal to 0.55, the Lu
concentration in the film is considerably lower for the (001)-
oriented samples than for (100) and (011) oriented samples,
respectively. We assign this effect to the growth temperature:
in order to have a growth rate of 0.3 pm/min, the required
temperature for the (001)-oriented substrates is ~= 12°C lower
than for the (011)-oriented samples. This difference may also

(011) Pbnm Py
o (100) Pbnm

(001 Ph
(001)Pbnm

= N N
n o u
o

-
o

(e o g

b——a ) ;\e [ \B\E
04 1008 1012 1016 1020 1024
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o o
o o

S
-

-
o
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204 A

R
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o

4 Tos 08 10
RLu

Fig. 3 (a) Growth speed of the film as function of the temperature,
for R}, =0.55. (b) Ry, in the film with respect to Ry, ratio in the
melt, measured by EMP, for different substrate orientations. The
reference line refers to the case in which the stoichiometry of the
obtained film is the same as the elements ratio in the melt.

have effects in the scintillation properties (see section “scintil-
lation and imaging properties). In addition, for all the studied
samples, R{’ulm is always lower than R/, This effect need to
be taken into account in order to control the lattice mismatch
and therefore, the film optical quality and crystal morphology.

3.2 Film characterization: crystalline structure and sur-
face morphology

By varying the Lu percentage in the melt composition, and
therefore in the film, different surface morphologies have been
observed (figure 2). Depending on the substrate orientation, an
optimal concentration of Lu and Gd in the melt leads to a ho-
mogeneous film surface (figure 2a), while for a different melt
composition the film surface is wavy (figure 2c) and the op-
tical quality of the film is not good enough for imaging. The
best results were obtained for Ry, between 0.5 and 0.6.

The optical quality of the film, which is strictly connected
to the crystalline quality and to the surface morphology, de-
pends on the lattice mismatch between the substrate and the
film. In table 3, the lattice parameter values for GAAP?,
LuAP?® and YAP?’ single crystals are reported: the calculated
mismatch between GdAP (or LuAP) and YAP is different in
the three crystallographic directions due to the orthorhombic
structure. A significant mismatch reduction can be achieved
for GdxLu; _4AlOj3 for x =~ 0.5.

Figure 4 shows the omega-2theta scans at 15 keV around
the (400) symmetric reflection for the (100) oriented samples
(a) and around the (002) symmetric reflection for the (001)
oriented samples (b). The ratio between the diffracted inten-
sities of the substrate and the film is not constant among the
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Table 3 Lattice parameters of GAAP, LuAP and YAP single crystals

25-27

from literature and calculate lattice mismatch. Lattice

parameters in A.

a b c cell vol.
GdAP® 5.2537 5.3049 7.4485 207.5923
LuAP26 5.0967 5.3294 7.2931 198.0957
YAP? 5.1803 5.3295 7.3706 203.4895
GdAP-YAP +1417% -0462% +1.057% +2.016 %
LuAP-YAP -1.614% -0002% -1.051% -2.650 %
GdsLusAP—YAP -0.098% -0232% 0.003%  -0.317 %
[/\ GdAIO, a {\ b
LA L
Gd,,Lu, A0, "
% GdDAsL 055A|03 ;%
Gy 5oLl A0, ‘
18.3 18.4 18.5 18.6 18.7 6.35 _6.—40 6.45 6.50 6.55
Theta [deg] Theta [deg]

Fig. 4 Omega-2theta scans for different films of Gd,Lu;_,AlO3.
(a): scans around the 400 reflection, YAP substrate (100)-oriented,
substrate peak at 18.56°. (b): scans around the 002 reflection, YAP
substrate (001)-oriented, substrate peak at 6.43°. The approximate
composition of the film is reported in the legend, 15 keV X-ray
energy.

different samples, due to differences in film thickness, com-
position and crystal structure. The lattice mismatch has been
evaluated from the distance between the GALuAP diffraction
peak and the YAP diffraction peak: the measured value of the
lattice mismatch for different samples is reported in figure 5,
as a function of the R{Zm. Since the composition was not mea-
sured for all the samples, we approximate the composition of
the films grown at the same melt concentration to the compo-
sition of the measured samples. However, a slight difference
in the Ry, ratio between different samples can be observed,
mainly due to differences in temperature and growth rate. This
effect has to be taken into account as source of error for the re-
sults reported in this plot.

As expected, we observe a reduction of the distance be-
tween the two peaks going towards Gdg 45Lug 55A103. How-
ever, the minimum mismatch in the two directions does not
occur at the same film composition.

We can observe in figure 4 the broad and asymmetric peaks re-

] = (100) oriented
1.0 (001} orient

. 0.5 i \
“_0'5 \\I\\

00 041 02 03 04 05 06 07 08 09 1.0

film
RLu

Fig. 5 Lattice parameter mismatch between the YAP substrate and
the GdLu;_,AlO; film (Al = Yin—lubmarey “oyaluated along the

substrate

direction perpendicular to the surface by XRD; the composition was
measured by EMP.

lated to the films. Such a peak shape (asymmetric, broader) is
typical for quasi-heteroepitaxial growth with relatively large
lattice mismatch (above 1%). It indicates a worse struc-
tural quality of films due to some deviations in their content,
plane orientation, and formation of the film/substrate transi-
tion layer. Thus, the SCF is still single crystalline but pos-
sesses a worse structural quality than in the homo-epitaxy case
(figure 4, left column, graphs for Lug 55Gdy 55A03:Eu sam-
ple). In the right column for this Ry, the peaks from the sub-
strate and the film strongly overlap and resemble as a broader
peak. Together with the reduction of the lattice mismatch, we
observe then a reduction of the width of the diffraction peak of
the film, indicating an improvement of the film’s crystal struc-
ture. This effect is confirmed by the evaluation of the rocking
curve (RC): in figure 6-top, the RC for the substrate and the
film is reported for two different samples, grown on the same
kind of substrate and at the same conditions, except for the
different Ry, ratios. In the case of GdggLug 1AlO3, Ry, is
equal to 0.2 in the melt, Ac =~ +0.8% along the (001) direc-
tion and the observed peak for the film is much larger than
the substrate, indicating that the crystallinity is deteriorated
with respect to the one of the substrate. On the contrary, the
RC of GdgasLugs55A103, Ry, is equal 0.55 (Ac = +0.25%)
and the diffraction peak width is similar to the one of the sub-
strate, indicating a similar crystallinity. To separate the poten-
tial contribution of the substrate and the film X-ray diffraction
response, out of plane diffraction experiments are presented in
figure 6-bottom. Since lower incidence angles favor the film
response, the film diffraction peak originating from the film
can be clearly identified and demonstrates that the film is a
single crystal and is oriented as the substrate.

1-9 |5
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substrate

Fig. 6 -a- Rocking curves around the (002) reflection for GALuAP
films and YAP substrates (black circles),(001)-oriented. For
comparison of the Full Width Half Max, the spectra have been
shifted to set the maximum of the peak at 0°. Red triangles
correspond to the case of the low lattice mismatch

(Gdg 45Lug 55A103) and the blue squares to the high lattice
mismatch case (GdggLug 1 AlO3). -b-: Reciprocal space map
around the (212) reflection for Gdg 45Lug 55A103 film on YAP
substrate (001)-oriented, recorded at 24 keV. To enhance the
substrate and the film contribution the maps have been recorded at
incident angle 0.2° (left) and at incident angle 0.05° (right).

3.3 Scintillation and imaging properties

The perovskite SCFs can be doped with various rare earth
ions ensuring the scintillation properties. The dopant con-
centrations of the Eu?* doped samples are presented in fig-
ure 8-a-, while the Tb>* and Ce>* are respectively 6.3% and
0.49%. In figure 7 the emission spectra under UV excitation
of GAAP:Tb3*, GdAP:Ce?" and GdLUAP:Eu3* are reported.
Eu?* and Tb3* exhibit the expected emission lines from of the
f-f recombination, respectively in the red and green ranges.
Note that no divalent europium emission is observed. The
Ce" doped sample shows a broad UV band due to the d-f ra-
diative recombination. The maximum wavelength peaking at
360 nm is typical for the cerium emission in perovskite phases.
As shown in XRD, no residual garnet phase can be observed.
If the various activators can enter in the films, our final aim
is to obtain the best light yield, combined with an appropri-
ate emission wavelength for used camera and offering a good
optical quality for imaging under microscopy. So far, we fo-
cused on the optimization of Eu** doped GALuAP SCFs, with
Ry, =~ 0.55. As described above, this composition shows the
smallest lattice mismatch with YAP substrates. This composi-
tion leads thus to the best optical quality SCFs which is crucial
for imaging and to proper scintillation yield evaluation.
Using a standard experimental set-up including a pulsed exci-
tation source operating at 404 nm, we have measured the flu-
orescence decay time of GALuAP:Eu* at 614 nm emission
wavelength and found a value of 1.49 ms. This means that Eu
doped perovskite SCF are suitable for imaging experiments at
acquisition frame rate lower than 500 Hz.

In figure 8-b- the LY of different GdALuAP SCFs is reported as
a function of the percentage of the YAG:Ce bulk LY. Note that
the measurement has been corrected by the absorption. The
density being in the same order of magnitude, we also expect
having similar penetration depth of the X-rays in the samples
enabling to consider similar light collection efficiency from
sample to sample. On the (011)-oriented substrates, the opti-
mized light yield is about 90 % of the YAG:Ce bulk scintillator
used as reference. The LY of the GGG:Eu?* SCFs is around
70 % while the currently used LSO:Tb SCF shows a scintil-
lation yield of 100 %. In terms of efficiency, the GALuAP:Eu
SCFs can therefore compete with the existing SCFs, especially
in the energy range 52-63 keV, where the absorption of the Lu-
based materials is lower than the Gd-based ones: the factor
of merit is higher than the other available SCFs (5.13 versus
4.27 for GGG and 2.7 for LSO at 52 keV). Surprisingly, we
observed that the scintillation yield depends strongly on the
substrate orientation: it is only 20 % for (001) oriented and
40-50 % for the (100) oriented ones. The reason for this dif-
ference is not yet clear and requires more detailed investiga-
tions. So far, we can exclude that it could be due to a different
segregation coefficient of Eu and therefore, to a different Eu
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Fig. 7 Emission spectra of GAAP:Ce, GAAP:Tb and GdAP:Eu
SCFs under UV excitation.

concentration in the film. The Eu concentration in the films
was measured by EMP and the obtained values are similar for
samples of different orientations grown at the same melt con-
centration 8-a. Moreover, the Eu concentration in the melt was
varied from Rgm 0.5 % to 5 %: in this range, no significant
variation of the scintillation yield was observed. Therefore,
we expect that this difference is mainly due to the different
strain and defects that could lead to a different efficiency of
the energy transfer between the perovskite crystal and the Eu
atoms. In particular, we expect a significant difference in the
segregation coefficients of Pb>* from the flux due to different
growth temperatures and a different substrate-film mismatch
for the different orientations: Pb?* is in fact a quencher of the
radiative emission and can therefore have a negative influence
on the scintillation properties. If that is the case, at a different
R{Zm ratio the LY could show a different behavior with respect
to the substrate orientation.

The optimized GdLuAP:Eu** SCFs on YAP substrates
were polished down to 120 pm from the substrate side and the
imaging properties were tested at the beamline BMOS at the
ESREF. In figure 9 top, we show the images of various patterns
and deduce the contrast as a function of the spatial frequency
for the bulk YAG, GGG:Eu, the current state of the art, and
the new optimized scintillating screen made of GdLuAP:Eu.
We clearly show that the combination of the good light yield
and optical quality give rise to a contrast improvement in the
small spatial frequencies by a factor of 10% . To demonstrate
the imaging capabilities, we also present in figure 9 (bottom)
the X-ray radiography of a fly at 12 keV. As comparison, the
same image was taken with a 11 um GGG:Eu SCFs. The
two images show comparable image quality and demonstrate
that the GALuAP:Eu screens can compete with the GGG:Eu
films. Moreover, the higher light yield of GALuAP:Eu allows

melt
REu

Fig. 8 -a- Eu concentration in the film as a function of the Eu
concentration in the melt for Gd o 45Lug 55A103Eu3t. -b- Light
yield of Gd ,Lu;_,AlO3Eu?t for different YAP substrate
orientations. The emitted light is recorded using a high-resolution
setup and the measurement is corrected for absorption and detector
quantum efficiency.

shorter exposures, which is crucial when tomography imaging
and time-resolved applications are performed.

4 Conclusion

We demonstrated the feasibility of the crystallization of GAAP
and GdLuAP SCFs on YAP substrates using LPE. The best
fraction of Lu that render the smallest lattice mismatch from
the film and the YAP substrate is given by Ry, = 0.55. For this
ratio, we optimized the melt composition and growth parame-
ters that are required to crystallize the perovskite phase using
PbO — B,03 flux while respecting the optical and structural
quality of the film. We optimized the GdLuAP:Eu3* doped
SCF for high resolution imaging applications. Compared to
the GGG:Eu currently used at synchrotrons for high resolu-
tion imaging, contrast performances are better. GALuAP:Eu*
can therefore complete with LSO and GGG the high perfor-
mance SCFs family. X-ray imaging is performed at various
energies in synchrotron facilities and X-ray absorption varies
a lot around the element absorption edges. This compound
exhibits a better absorption in the energy range 52-63keV. It
is therefore a functional SCF material for X-ray imaging de-
tectors with frame rate below 500 Hz. For faster imaging ac-
quisition, the faster scintillator GdLuAP:Ce** can be a good
candidate for ultra-fast imaging (decay time ~ 50 ns), but due
to the emission peaking at 360 nm, it requires a UV sensitive
optics and camera.

1-9 |7



CrystEngComm

Contrast

—0— GGG:Eu SCF 11,2 um O —0
—0— GdLUAP:Eu SCF|11.4 um
—A—YAG bulk 500 pm

0 100 200 300 400 500 600 700
Spatial frequency [Ip/mm]

Fig. 9 Top: Images of a tungsten pattern and deduced contrast as a
function of the spatial frequency, recorded using a PCO2000 camera
coupled with a 20X objective, NA = 0.4. Bottom: Image of a fly
with GdLuAP:Eu 11.4 um scintillator (a) and with a 11.2 um
GGG:Eu scintillator (b), recorded using a PCO2000 camera coupled
with a 2X microscope objective, NA = 0.08.
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