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The compositional dependence of luminescence properties and scintillation response were
investigated in Ce3þ-doped Y2Gd1Al5-xGaxO12 (x ¼ 2, 3, 4) single crystals. The Gd3þ ! Ce3þ
energy transfer was evidenced by photoluminescence excitation spectra of Ce3þ emission. With
increasing Ga content in the garnet host, the Ce3þ luminescence from the lowest 5d level (5d1) is
shifted toward higher energy due to the decrease in the crystal field splitting of the 5d levels. Light
yield (LY) and its dependence on the amplifier shaping time were measured under excitation with
c-rays. High LY value of 38 000 ph/MeV was obtained for a Y2Gd1Al3Ga2O12:Ce sample.
Scintillation decay was measured with an extended dynamical and temporal scale under the nanosecond pulse soft X-ray excitation. The decrease of both LY value and relative contribution of
slower decay component in the scintillation response was observed with increasing Ga content in
C 2014 AIP Publishing LLC. [http://dx.doi.org/10.1063/1.4893675]
the garnet host. V

I. INTRODUCTION

Inorganic scintillators are widely used for the detection
of ionizing radiation in nuclear and high energy physics,
modern medical imaging, and industry. Suitably doped single crystals are often the materials of choice. The efficient
and fast allowed 5d4f transition together with the absence
of slow 4f-4f transitions make Ce3þ one of the most promising dopants. Ce3þ-doped Y3Al5O12 (YAG:Ce) and
Lu3Al5O12 (LuAG:Ce) single crystals are prospective scintillator materials due to their high light yield (LY) and fast
scintillation response.1–4 In addition, the chemical and mechanical stabilities of these materials are beneficial for the
demanding applications in medical imaging.5 The theoretical
LY limit for the aluminum garnet scintillators was estimated
to be about 60 000 photons/MeV.6 However, their figure of
merit is strongly degraded by the presence of shallow electron traps which delay the energy delivery to emission centers, thus the scintillation decay contains a considerable
amount of slow components.7,8 As a consequence, the measured LY values for Ce-doped LuAG single crystals are only
about 14 000–25 000 photons/MeV (Refs. 9 and 10) and they
strongly depend on the shaping time used in the experiment.
The Ga-admixture into the aluminum garnet diminishes the
trapping effects mentioned11 but the bottom edge of the conduction band decreases12 and gets closer to the 5d level of
Ce3þ at the same time. In general, it leads to undesired thermal ionization of the lowest 5d level (5d1) of the Ce3þ
a)
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emission center causing the appearance of electrons in the
conduction band of the host and decrease in scintillation efficiency.13 However, in aluminum-gallium garnets, it is possible to widen the energy separation between the 5d1 level and
the bottom edge of the conduction band by Gd admixture.
The recent studies thus focus on the Ce-doped multicomponent (Gd,RE)3(Ga,Al)5O12 garnets, RE ¼ Lu, Y.14–16 Among
them, the best sample exhibits high LY up to almost 50 000
photons/MeV, which is the value exceeding by 30%–40%
the value of the best (Lu,Y)2SiO5:Ce scintillators ever
reported. In the multicomponent garnet group, the fundamental aspects of the energy transfer processes and interaction of Ce3þ and Pr3þ emission centers with the host, both
influenced by the host chemical composition, became of
broad interest.17–20 The trends in trivalent rare earth (RE3þ)
energy levels and host band edges positioning have been
recently reviewed.17 All the development of this family of
the LuAG-based, fast, efficient, and high density garnet scintillators within the last decade has been recently reviewed.21
In this study, we investigated the influence of replacing
Al3þ by Ga3þ in the Ce3þ-doped Y2Gd1Al5-xGaxO12 (x ¼ 2,
3, 4) single crystals on the luminescence and scintillation
characteristics. Higher LY could be expected in view of the
reduction of the value of the band gap upon substituting
Al3þ by Ga3þ. Such LY increase was reported for
Y3(GaxAl1-x)5O12 bulk crystals grown by Czochralski
method22 with the maximum at x ¼ 0.4 and may be also due
to the general tendency for light yield increase in solid solutions.23 At the same time, the increase of Ga3þ content in
garnet host is known to reduce the ionization energy and this
leads to more pronounced thermal quenching and serious
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Ce3þ luminescence quenching in Ga-fully substituted garnets.15,16,24 We characterize the change in the crystal field
splitting and the transition energies of 5d levels by absorption, photoluminescence excitation (PLE), and emission (PL)
spectra measurements. The LY, its dependence on the amplifier shaping time and scintillation decay under soft X-ray
(SXR) nanosecond pulse excitation were also measured in
order to investigate the influence of Ga content on timing
characteristics of scintillation response of the studied crystals. Finally, temperature dependence of photoluminescence
decays in the prompt and delayed components was measured
to reveal thermally induced ionization processes in the 5d1
excited state of Ce3þ center. By correlated experiments from
a number of experimental techniques applied to selected set
of multicomponent garnets and focused on the influence of
gallium concentration on their optical, luminescence, and
scintillation characteristics, this work goes considerably
beyond the so far published results in recent literature.14–16

J. Appl. Phys. 116, 083505 (2014)

The scintillation response was excited by a nanosecond
SXR pulse from the infrared laser-produced plasma in gaseous argon target. The 400 nm Ti foil was used as a soft X-ray
band-pass filter. The sample was then excited by an incoherent SXR photon burst with the FWHM duration of 4.7 ns
(Ref. 30) and photon energy in the spectral range of
350–450 eV.31 Attenuation length of the SXR photons in
these multicomponent garnet hosts is in the range of a few
hundreds nanometers. Detection part consisted of a quartz
collection lens, Thorlabs FB550–40 (550 nm/40 nm FWHM)
dielectric band-pass filter, and a fast photomultiplier R7056
(Hamamatsu) operated in the direct current mode. The
instrumental response function (IRF) was obtained by measurement of spectrally unresolved scintillation decay of
superfast Ga-doped ZnO powder (scintillation response
below 1 ns) under the same experimental conditions. All
measurements were carried out at room temperature (RT).
III. RESULTS AND DISCUSSION

II. EXPERIMENTAL

A. Absorption and photoluminescence characteristics

Y2Gd1Al5-xGaxO12:Ce 1% (x ¼ 2, 3, 4) single crystal
samples were prepared by micro-pulling down method cut
from the parent crystal rods in neighboring positions with
respect to samples studied in Ref. 16 where complete XRD
and compositional analysis was made. Given the increase of
lattice constant with gallium concentration16 it is surely positioned in the aluminum octahedral and tetrahedral sites
though the determination of preferential, i.e., first occupied
site is contradictory in the literature data.25–27 Polished plates
of 13 mm  0.5 mm were prepared and used for all the
measurements. Polished plate of 7  7  1 mm3 commercial
YAG:Ce 0.3 wt. % single crystal grown by Czochralski
method in CRYTUR, Turnov, Czech Republic, was used as
a reference sample.
PLE and PL spectra in the UV/visible region were
recorded on a Hitachi F-2500 fluorescence spectrophotometer equipped with a 150 W xenon lamp source. Absorption
spectra in the UV/visible region were recorded on a Perkin
Elmer Lambda 35, UV-VIS spectrophotometer. LY measurements were performed under the excitation of 662 keV
c-rays from a 137Cs source using a photomultiplier (PMT)
based-setup described in Ref. 28: the signal from a Photonis
XP5200B PMT anode was sent to a CANBERRA 2005 preamplifier and then to a Tennelec TC243 spectroscopy amplifier. The PC-based multichannel analyzer (Tukan 8k MCA)
was used to record the pulse height spectra. Gaussian function was fitted to the full-energy peaks by using procedures
in the MCA to determine their positions. The photoelectron
yield, expressed as a number of photoelectrons per MeV
(phe/MeV) of energy deposited in the crystal, was determined by the means of a single photoelectron method.28,29 In
this method, the number of photoelectrons is measured by
comparing the position of a full-energy peak of c-rays
detected in the crystals with that of the single photoelectron
peak from the photocathode. To improve the light collection
efficiency, the samples were coupled to the PMT window
with a silicone grease and covered with several layers of a
Teflon tape.

The absorption spectra, the PL spectra excited at
430 nm, and the PLE spectra (for x ¼ 4 only) of the Ce3þ
emission from the Y2Gd1Al5-xGaxO12:Ce and YAG:Ce samples are shown in Fig. 1. Luminescence bands due to the
Ce3þ 5d1 ! 4f transitions were observed in all samples in
the range between 450 and 600 nm. Double peak shape of
the emission spectra is due to splitting the 4f ground state of
Ce3þ into the 2F5/2 and 2F7/2 multiplets.32 With increasing
Ga content, the emission maxima shift to shorter wavelengths: using the decomposition into two Gaussian components (see example in Fig. 2) the emission 5d1–2F5/2 and
subpeaks
in
the
Y2Gd1Al3Ga2O12:Ce,
5d1–2F7/2
Y2Gd1Al2Ga3O12:Ce, and Y2Gd1Al1Ga4O12:Ce are found at
523 and 558, 510 and 551, and 500 and 546 nm, respectively.
Two dominant bands observed in the absorption spectra are
related to the well-known 4f ! 5d1 (between 400 and
500 nm) and 4f ! 5d2 (between 325 and 375 nm) transitions
of the Ce3þ, respectively. Weak line at 274 nm observed in
both the absorption and PLE (see example for x ¼ 4 in Fig.
1) spectra is due to 8S7/2 ! 6IJ transitions of Gd3þ ions. Its
presence in the excitation spectra indicates that the energy
transfer from the Gd3þ to Ce3þ ions takes place in the
Y2Gd1Al5-xGaxO12:Ce crystals as reported in more detail in
Ref. 33. Such energy transfer is enabled by the partial overlap of the Gd3þ emission line at 314 nm (starting from 6P7/2
level)34 with the high energy side of 4f-5d2 absorption band
of Ce3þ center, see the energy level sketch in Fig. 3. The
Gd3þ -Ce3þ energy transfer in another garnet structure,
namely Gd3Sc2Al3O12:Ce3þ single crystal has been already
reported as well.35 The ground and excited state energy level
positions of the Ce3þ and Gd3þ centres with respect to the
host electronic band structure in Fig. 3 are derived from
Refs. 12, 17, and 26 though some discussion and uncertainties about the position of the Gd3þ ground state 8S7/2 with
respect to the electronic bands of the host exist.35,36 The 4f
! 5d2 peak shifts to lower energy with the increasing Ga
content. On the contrary, the 4f ! 5d1 one shifts to higher
energy and the 5d1 ! 4f luminescence peaks as well. Such a
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FIG. 3. Energy level sketch in Y2Gd1Al5-xGaxO12:Ce compounds based on
Refs. 12, 17, and 26.

FIG. 1. Absorption (dashed line), PL and PLE (solid line) spectra of the
Y2Gd1Al5-xGaxO12:Ce and YAG:Ce samples. Excitation kex ¼ 430 nm was
used for all PL spectra, emission kem ¼ 505 nm was set for PLE spectrum,
x ¼ 4.

FIG. 2. Decomposition of emission spectrum of Y2Gd1Al1Ga4O12:Ce into
two Gaussian components.

dependence on gallium content corresponds well to the
general trends summarized in Refs. 17, 18, 20, 37, and 38.
The transition energy values of Ce3þ in the Y2Gd1Al5-x
GaxO12:Ce samples are shown as a function of the Ga3þ content in Fig. 4. Table I presents the spectral positions of the
absorption and emission band maxima in the Y2Gd1Al5-x
GaxO12:Ce samples extracted from Fig. 1. The reference
data measured for YAG:Ce crystal are also given in Fig. 4
and Table I. The values of energy difference between the
5d1 and 5d2 levels for all samples are provided. Consistent
with the existing literature,17–19 the decrease in energy difference between the 5d1 and 5d2 levels with the increasing
Ga3þ content in this system originates from the substitution
of Al3þ by larger Ga3þ ions. It was explained by a reduction
in the crystal field strength around Ce3þ at the dodecahedral
site via Ga3þ substitution at the tetrahedral site giving a
more cubic environment around Ce3þ.18,25 The Stokes shift
of about 0.4 eV in Ce3þ center for the studied Y2Gd1Al5-x
GaxO12:Ce samples obtained from the difference between
the 4f-5d1 absorption and 5d1–2F5/2 emission subpeak maxima in Table I is larger than that of about 0.37 eV for
YAG:Ce, which is very advantageous for diminishing reabsorption effects in the bulk scintillation elements. However,
the decrease of both the crystal field strength and the band

FIG. 4. Ga3þ content dependence of transition energies of the Ce3þ in the
Y2Gd1Al5-xGaxO12:Ce samples.
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TABLE I. The spectral positions of the absorption and emission 5d band maxima in Y2Gd1Al5-xGaxO12:Ce.
Absorption
Sample
YAG:Ce ref
Y2Gd1Al3Ga2O12:Ce
Y2Gd1Al2Ga3O12:Ce
Y2Gd1Al1Ga4O12:Ce

Peak 1 4f-5d1 band (eV)

Peak 2 4f-5d2 band (eV)

Peak 2–Peak 1 (eV)

2.70 6 0.01
(459 nm)
2.78 6 0.02
(446 nm)
2.82 6 0.02
(439 nm)
2.88 6 0.02
(430 nm)

3.66 6 0.02
(339 nm)
3.59 6 0.03
(345 nm)
3.58 6 0.3
(346 nm)
3.56 6 0.03
(348 nm)

0.96

gap with increasing Ga3þ content was found by means of
electronic band structure calculations from first principles in
Y3GaxAl5-xO12:Ce (x ¼ 0–5)26 and from correlated density
functional theory (DFT) calculations and several optical
experiments in Ce- and Eu-doped Lu3GaxAl5-xO12.12 It
results in the decrease of an ionization energy accompanied
by the luminescence quenching due to thermal ionization of
the 5d1 level of Ce3þ emission center.18–20 This phenomenon suggests us to investigate the influence of Ga content
on the scintillation response and LY values for the
Y2Gd1Al5-xGaxO12:Ce crystals.
B. Light yield and gamma ray response

Fig. 5 presents the pulse height spectra of c-rays from a
Cs (662 keV) source measured at 4 ls shaping time for the
Y2Gd1Al5-xGaxO12:Ce and YAG:Ce samples. The intensity
in a scintillation pulse (x-axis), expressed as a number of
photoelectrons released from the PMT photocathode, was
obtained by relating the position of a full-energy peak of
662 keV c-rays detected in the Y2Gd1Al5-xGaxO12:Ce or
YAG:Ce crystals with that of the single photoelectron peak
from the PMT photocathode. The measured photoelectron
yield (phe/MeV) was recalculated to the LY (ph/MeV)
assuming the XP5200B PMT quantum efficiency (QE) of
16%, 17%, 19%, and 21% at peak emission wavelengths for
YAG:Ce, Y2Gd1Al3Ga2O12:Ce, Y2Gd1Al2Ga3O12:Ce, and
Y2Gd1Al1Ga4O12:Ce, respectively. The photoelectron yield
137

0.81
0.76
0.68

Emission
5d1-2F5/2 (eV)
2.33 6 0.03
(532 nm)
2.37 6 0.04
(523 nm)
2.43 6 0.04
(510 nm)
2.48 6 0.04
(500 nm)

Stokes shift (eV)
0.37
0.41
0.39
0.40

and LY are summarized in Table II. Apparently,
Y2Gd1Al3Ga2O12:Ce exhibits highest LY value which is
about 37% higher than that of a reference YAG:Ce and the
decrease of LY value with increasing Ga3þ content is
observed in Y2Gd1Al2Ga3O12:Ce and Y2Gd1Al1Ga4O12:Ce,
respectively. This result could be partly attributed to the luminescence quenching due to thermal ionization of the 5d1
excited state of Ce3þ emission center.18–20 In
Y2Gd1Al2Ga3O12:Ce and Y2Gd1Al1Ga4O12:Ce, the decrease
in band gap and smaller crystal field splitting reduce the
energy difference between the 5d1 excited state and the bottom of the conduction band. Broader full-energy peak in
case of Y2Gd1Al5-xGaxO12:Ce samples compared to
YAG:Ce single crystal standard one is most probably due to
radial inhomogeneities of Ce dopant concentration revealed
by the compositional analysis.16
In order to investigate the contribution of slow components in the scintillation response of Y2Gd1Al5-xGaxO12:Ce,
the LY dependence on amplifier shaping time was measured
under c-ray excitation and the result is shown in Fig. 6.
Based on a two-exponential approximation of scintillation
decay, the normalized LY(t) time dependence can be fitted
by function
LYðtÞ ¼ m1  m2 exp ðm3 tÞ;

(1)

where mi are parameters obtained by a fit.39 Afterwards, the
relative fraction of the fast response part Kf/e (t ¼ 0.5 ls) in
the entire LY value (t ¼ 1) is obtained as
Kf =e ¼ 1  m2 =m1 ;

(2)

Kf/e value and ratio of LY(0.5 ls) to LY(12 ls) for
Y2Gd1Al5-xGaxO12:Ce samples are reported in Table III. It
demonstrates a remarkable relative increase of the fast component content in Y2Gd1Al5-xGaxO12:Ce scintillation
response with increasing Ga3þ content while the absolute
TABLE II. Photoelectron yield and LY measured at 4 ls shaping time for
Y2Gd1Al5-x GaxO12:Ce and YAG:Ce crystals.
Crystal

FIG. 5. Pulse height spectra of c-rays from a
Y2Gd1Al5-xGaxO12:Ce and YAG:Ce crystals.

137

Cs source measured with

Y2Gd1Al3Ga2O12:Ce
Y2Gd1Al2Ga3O12:Ce
Y2Gd1Al1Ga4O12:Ce
YAG:Ce

Photoelectron yield (phe/MeV)

LY (Ph/MeV)

6440 6 320
5240 6 260
4910 6 250
4440 6 220

37 900 6 3800
27 600 6 2800
23 400 6 2300
27 700 6 2800
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FIG. 6. Dependence of relative LY on the amplifier shaping time normalized
at 0.5 ls for Y2Gd1Al5-xGaxO12:Ce crystals. Solid lines come from the
model described in the text.

LY value decreases. This result can be attributed to the
diminished trapping effect due to intrinsic shallow electron
traps introduced by the Ga-admixture into the aluminum garnet.11 At the same time, the reduction of an ionization energy
leads to the decrease of LY value due to thermal ionization
of the 5d1 excited state of Ce3þ emission center,18–20 which
enhances the delayed radiative recombination processes at
later (millisecond) times, see below.
The trends in LY time dependence are consistent with
scintillation decays measured with extended dynamical and
temporal ranges under incoherent nanosecond SXR excitation.30 The recorded scintillation decays are shown in Fig. 7.
In the multi-exponential approximations (see Table IV),
IðtÞ ¼ RAi exp½t=si ;

i ¼ 1 to 5;

(3)

the parameters Ai and si stand for the pre-exponential factor
and decay time, respectively, in the ith decay component.
The fastest exponential components (i ¼ 1) with the decay
times of 82, 55, and 25 ns for x ¼ 2, 3, and 4, respectively,
belong to the prompt radiative electron-hole recombination
at the Ce3þ emission centers, while all the slower components (i ¼ 2 to 5, in the case of x ¼ 4 only i ¼ 3 to 5) are due
to delayed recombination processes arising due to trapping
processes in the transport stage of scintillation mechanisms
and/or thermally induced ionization of the 5d1 excited state
of Ce3þ center. With increasing gallium content, the relative
intensity of the delayed radiative recombination process
decreases. It is clearly noticeable that for the highest gallium
content (x ¼ 4) the Ce3þ center becomes thermally ionized
due to much shorter decay time value for i ¼ 1 (25 ns) compared to the photoluminescence radiative lifetime of Ce3þ in
TABLE III. Ratio of LY(0.5 ls) to LY(12 ls) and Kf/e value for Y2Gd1Al5-x
GaxO12:Ce crystals.
Crystal
Y2Gd1Al3Ga2O12:Ce
Y2Gd1Al2Ga3O12:Ce
Y2Gd1Al1Ga4O12:Ce

LY(0.5 ls)/LY(12 ls) (%)

Kf/e (%)

72
76
80

66
72
76

FIG. 7. Scintillation decays of Y2Gd1Al5-xGaxO12:Ce measured at
kem ¼ 550 nm under excitation by the pulse of incoherent SXR excitation.
Solid lines are multi-exponential approximations according to Eq. (3) convoluted with the IRF, instrumental response function. Parameters Ai and si are
listed in Table IV. Artificial background 105 was added to the signal to
indicate zero intensity level.

Y2Gd1(Al,Ga)5O12:Ce multicomponent garnets of about
50–55 ns,16 see also below Fig. 9. On the contrary, the decay
time of 82 ns in the case of x ¼ 2 is clearly longer, which
point to a slight slow-down in the prompt decay component
undoubtedly due to the transport stage characteristics. The
normalized integrals of the decays (fits) from Fig. 7 document further the temporal behavior of the relative light sum
accumulated up to the time value at x-axis, Fig. 8. From the
comparison of Figs. 6 and 8, the trend is clearly the same,
though quantitatively the differences among the samples in
Fig. 8 are somewhat bigger compared to Fig. 6. Such a difference must be related to the technical aspects of both
experiments and the fact that excitation energies are very
much different as well.
In Fig. 9, the temperature dependencies of PL nanosecond decay times (prompt decay component) and delayed
recombination decay integrals (measured over 40 ms time
window, see Ref. 40 for technical details) are provided for
all three samples. With increasing gallium content, the onset
of the nanosecond decay time shortening shifts towards
lower temperature consistently with the onset of increase of
the delayed recombination decay integral (the 5d1 excited
state ionization), which means that the first stage of the
decrease of the nanosecond decay times is due to the 5d1
excited state ionization. The decrease of the delayed recombination decay integral above 380, 460, and 480 K, respectively, in the sample with Ga content x ¼ 4, 3, and 2, can
indicate the onset of the thermal quenching of the Ce3þ
luminescence.
The data gathered from the experiments described above
point to the complexity of scintillation mechanism in
Y2Gd1Al5-xGaxO12:Ce multicomponent garnets. Increase of
gallium content apparently accelerates the charge carrier
transfer towards Ce3þ centers in the transport stage of scintillation mechanism when the dependence of LY on shaping
time and scintillation decay characteristics are taken into
account. At the same time, the ionization barrier between
relaxed 5d1 state and bottom of conduction band decreases
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TABLE IV. Parameters of multi-exponential approximations according to
Eq. (3), from Fig. 7. Relative intensity of the ith component Aisi/R Ajsj
(i,j ¼ 1 to 5) is calculated as well. FPC and DRC stand for “fast prompt
component” and “delayed recombination component,” respectively.

Host composition

i: Ai [si (ns)]

Relative
intensity
Aisi/R Ajsj

Y2Gd1Al3Ga2O12

1: 1.4  101 [82]
2: 6.0  103 [540]
3: 1.4  103 [3550]
4: 2.5  104 [16 900]
5: 3.6  105 [211 000]
1: 1.4  101 [55]
2: 2.9  103 [340]
3: 6.6  104 [2250]
4: 9.8  105 [13 800]
5: 6.2  106 [228 000]
1: 1.3  101 [25]
2: 4.0  102 [68]
3: 1.8  104 [2900]
4: 9.9  106 [9000]
5: 2.8  105 [30 500]

0.364
0.103
0.161
0.133
0.240
0.602
0.075
0.113
0.103
0.108
0.429
0.372
0.07
0.012
0.117

Y2Gd1Al2Ga3O12

Y2Gd1Al1Ga4O12

Type of decay
component
FPC and DRC
DRC
DRC
DRC
DRC
FPC
DRC
DRC
DRC
DRC
FPC
FPC and DRC
DRC
DRC
DRC

and the onset of ionization of the 5d1 excited state moves
towards lower temperatures, which is reflected in the temperature dependence of delayed recombination decay integrals.
However, the ionization process itself cannot explain quantitatively the decrease of LY value especially when comparing
the Y2Gd1Al3Ga2O12:Ce and Y2Gd1Al2Ga3O12:Ce samples
where in the latter the LY value decreases by 27%, but
nanosecond decay time only by 2%–3% compared to the values in the former sample around RT. The fluctuating sample
quality and radial inhomogeneity of Ce3þ concentration in
micropulling-down prepared samples might induce some
scatter in the LY values. However, there is yet a possibility
of other (nonradiative) processes in the non-relaxed state of
Ce3þ center and/or energy migration mechanism: they can be
influenced by the composition of the bottom of conduction
band, which strongly depends on the gallium content.12,26 The
abnormal temperature dependence (signal increase) of the

FIG. 8. Normalized integrals of the decays (fits) from Fig. 7. The decay for
x ¼ 2 is included in the figure as well for the visual comparison.

FIG. 9. Temperature dependence of the PL nanosecond decay times (prompt
decay component) and delayed recombination decay integrals (delayed
decay component monitored over 40 ms time window) in the Y2Gd1Al5-x
GaxO12:Ce sample set (x ¼ 2, 3, 4). kex ¼ 452 nm, kem ¼ 530 nm. In the
legends, DT stands for “decay time” and DR for “delayed recombination.”

delayed recombination decay towards the lowest temperatures
also points to complex interaction of Ce3þ emission center
with the nearest surrounding and needs further research for
better understanding.

IV. CONCLUSIONS

In this paper, the absorption spectra, luminescence properties, and scintillation response of Y2Gd1Al5-xGaxO12:Ce
(x ¼ 2, 3, 4) are investigated upon partial substitution of
Al3þ by Ga3þ. The Gd3þ ! Ce3þ energy transfer is evidenced by PLE spectra of Ce3þ emission in agreement with
an earlier study at Ga-free (Gd,Lu)3Al5O12:Ce single crystalline films.33 With increasing Ga content in the garnet host,
the Ce3þ luminescence from the 5d1 level is shifted toward
higher energy due to the decrease in the crystal field splitting
of the 5d levels. High LY value of 38 000 ph/MeV obtained
for the Y2Gd1Al3Ga2O12:Ce sample is 37% higher than
that of a commercial Y3Al5O12:Ce Czochralski grown single
crystal. The relative content of the fastest component in the
scintillation response, related to the prompt radiative
electron-hole recombination at Ce3þ centers, increases with
the Ga content, which is, however, accompanied by the absolute LY value decrease. Higher Ga content leads also to the
decrease of temperature onset of undesired thermal ionization of the 5d1 level of the Ce3þ emission center. However,
the effect of thermal ionization of Ce3þ excited state can
only partly explain the observed decrease of the scintillation
LY at RT and further research is needed to fully understand
the complex role of gallium in the scintillation mechanism.
This kind of scintillation materials, due to the presence
of Gd cation, i.e., the 155Gd (15% natural abundance) and
157
Gd (16% natural abundance) isotopes with high cross section for thermal and cold neutron capture,41 can be the candidate for neutron scintillation detector. Lower energy deposit
from (155,157Gd,n) nuclear reaction in the form of X(c)-rays
within 30–200 keV could be partly balanced by their
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enhanced scintillation efficiency obtained under the gamma
ray excitation.
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