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Abstract

Single crystalline films (SCFs) of Y3Als0;,:Bi and Lu3AlsO,:Bi with different Bi**
contents are studied at 1.7-300 K by the time-resolved luminescence spectroscopy methods
under excitation in the 2.4-20 eV energy range. Two ultraviolet emission bands of these SCFs,
located at 3.99-4.08 eV at T<80 K and at 4.11-4.19 eV at 150 K, arise from the radiative decay
of the metastable and radiative minima, respectively, of the triplet relaxed excited state (RES)
of a single Bi** center, which are related to the 3Po and 3P1 levels of a free Bi’" ion. Their
excitation bands located around 4.6 eV, 5.2 eV, and 5.95 eV are assigned to the 1S, — 3P1, 'S,
— 3P2, and 'Sy — 'Py transitions, respectively, in free Bi*" ions. The luminescence of dimer
Bi**-Bi’" centers is not detected in the SCFs studied. The lower-energy (=2.6 ¢V) visible
emission of these SCFs is due to an exciton, localized near a single Bi*" ion, while the higher-
energy (2.75 eV) visible emission, an exciton, localized near a dimer Bi’"-Bi’" center.
Temperature dependences of the luminescence decay times are measured for the ultraviolet and
visible emissions in the 1.7-300 K temperature range and simulated by phenomenological
models of the dynamics of corresponding excited states. The quantitative parameters of RESs
(the energy separations between the energy levels and the rates of the radiative and
nonradiative transitions from these levels) are calculated.

PACS: 78.55 Hx; 78.47.+p; 71.55.Ht; 71.35-y

1. Introduction

Bi*"-doped rare-earth aluminate and gallate garnets, where a Bi’" ion substitutes for a
trivalent rare-earth ion, can be considered as perspective materials for scintillators due to an
intense and fast Bi*"-related emission [1-3]. In SCFs of Bi3+—d0ped aluminum garnets prepared
by the liquid phase epitaxy (LPE) method, a large and variable concentration of Bi*" ions can
be achieved [3]. However, the luminescence of Bi** centers in garnets has not been extensively
studied. In the emission spectrum of Y3GasO1,:Bi [1,4], Gd3GasO;,:Bi [4], Y3Als012:Bi [2-4],
and Lu3AlsO,:Bi [3-4], two bands, located in the ultraviolet (UV) and in the visible (VIS)
spectral range, were observed. The UV emission was assigned to the radiative decay of the
triplet RES of Bi*'centers. Two components of this emission were connected with the
electronic transitions, corresponding to the P, — 'Sy and *Py — 'Sy transitions of a free Bi*"
ion [1]. The VIS emission was assigned to the Bi’"-related bound excitons [5] or to complex
Bi*"-based centers [2-4]. Recently, we have carried out the study of the emission and excitation
spectra and the luminescence decay kinetics of Bi**-related centers in SCFs of LuzAl;04q5:Bi
(LuAG:Bi) [6] and Y3Al50.2:Bi (YAG:BI) [7] at 4.2- 400 K. It was found that their emission



spectrum consists of two types of bands with much different properties. Two UV emission
bands were assigned to the decay of the radiative and metastable minima of the triplet RES of a
Bi** centre. The radiative decay of an exciton, localized near a single Bi*" ion, was suggested to
result in the appearance of the lower-energy (2.6 eV) VIS emission band. The weaker higher-
energy VIS emission band (2.75 V), showing a stronger intensity dependence on the Bi*"
content, was assumed to arise from an exciton localized near a dimer Bi*"-Bi*" center.
Nevertheless, to confirm the hypothesis on the excitonic origin of VIS emissions and to define
the structure of the corresponding RESs in both qualitative and quantitative way, the detailed
study of the luminescence decay kinetics at low temperatures is needed.

Despite the suggestion that the 2.75 eV emission is connected with the dimer Bi*"-Bi*"
centers, no luminescence from such centers was found in [6-7]. However, later [8] it was
concluded that the 3.995 eV emission band and the corresponding very narrow 4.32 eV
excitation band of YAG:Bi arise from the dimer centers.

As a result, in the present work we focus on both the detailed investigation of the
luminescence characteristics of LuAG:Bi and YAG:Bi SCFs in a wide temperature range down
to 1.7 K as well as a thorough search for the dimer Bi**-Bi’" centers. We aim to obtain
additional information on the origin of the related luminescence centers as well as on the
structure and quantitative characteristics of the RESs responsible for their luminescence.

2. Experimental details

SCFs of LuAG:Bi and YAG:Bi were grown by the LPE method from the melt-solution
based on a Bi;O; oxide flux [3]. Three samples of LuAG:Bi with 0.07, 0.183, and 1.34 at % of
Bi*" and two samples of YAG:Bi with 0.133 and 0.92 at % of Bi** were studied. Single crystals
of YAG were used as the substrates. The concentration of Bi*" ions was determined with a
JEOL JXA-733 electron microprobe analyser.

The steady-state emission and excitation spectra of the LuAG:Bi and YAG:Bi SCFs and
the YAG substrate were measured at the same conditions at 80-350 K under excitation in the
2.4-6.2 eV energy range. The set-up consisted of a deuterium DDS-400 lamp, two
monochromators (SF-4 and SPM-1) and a photomultiplier (FEU-39 or FEU-79) with an
amplifier and recorder. The spectra were corrected for the spectral distribution of the excitation
light, the transmission and dispersion of the monochromators and the spectral sensitivity of the
detectors.

Luminescence decay kinetics in the ps-ms time range was measured at 1.7-300 K by the
same set-up under excitation with a xenon flash lamp FX-1152 (EG&G) (the pulse duration of
about 1 ps and maximum repetition frequency of 300 Hz). The decay curves I(t) were
measured at the same conditions for different emission and excitation energies. This allows us
to obtain the time-resolved emission and excitation spectra at any moment of time (t) after the
excitation pulse. The decay kinetics was also measured by a modified Spectrofluorometer 199S
(Edinburgh Instruments) under excitation with a nanosecond coaxial hydrogen-filled flashlamp
(IBH Scotland) and using two single grating monochromators. The detection was performed by
an IBH-04 photomultiplier module using the method of time-correlated single photon counting.
A deconvolution procedure (SpectraSolve software package) was applied to extract true decay
times using the multiexponential approximation. The time-resolved excitation spectra in the 4-
20 eV energy range were measured at 10 K under synchrotron excitation at SUPERLUMI
station (HASYLAB at DESY, Hamburg, Germany). The experiments at low temperatures were
carried out with the use of an immersion helium cryostat, close-cycle refrigerator or vacuum
nitrogen cryostat. The temperatures in the 1.7-4.2 K range were achieved by pumping of the
He vapour from the immersion helium cryostat.



3. Experimental results and discussion

3.1. The Ilow-temperature Iuminescence decay kinetics and the quantitative
characteristics of the corresponding relaxed excited states

As previously observed, the decay time of both VIS emissions in LuAG:Bi and YAG:Bi
increases as the temperature decreases down to 4.2 K [6-7]. Therefore, to more reliably
determine the quantitative characteristics of the corresponding RESs, the investigated
temperature range was extended down to 1.7 K. Temperature dependences of the decay times
of the UV and VIS emissions of LuAG:Bi and YAG:Bi are shown in Figs. 1 and 2,
respectively (full circles are experimental data). In the decay kinetics of the UV emissions of
LuAG:Bi and YAG:BAI, located at low temperatures at 4.08 eV and 3.99 eV, respectively (see
F1g 3a, curves 1, 1 ), one observes malnly a slow component The mtens%of—th%f&st

olio 4 Zery ' origin of a
very weak fast (0 1-0.6 ns) component reported in [6 8] 1s not clear and needs further

T<80 K, the slow component decay time is constant (t~1 ms) and at T>100 K, it exponentlally
decreases with increasing temperature (Figs. 1a and 2a).

Thus, the decay kinetics of the UV emissions of LuAG:Bi and YAG:Bi is similar to that
observed for the triplet emission of Bi** centers in some other hosts (see, e.g., [1,9-11]). It can
be described within the phenomenological model used in [1] for Bi*" centers in Y3GasO;,. The
model is sketched in Fig. 4a. The time evolution of the populations N;, N of the excited levels
1 and 2, respectively, can be described by the following rate equations:

dN;/dt = —k;N; —kioNp + koiNo— kN
(1)

dN>/dt = —koNy — ko i N> + kioNp— koo,
where k;. ks, k;2, k2;, and k;2), are radiative transition rates from levels 1,2, non-radiative rates of
phonon assisted transitions between the radiative level 2 and metastable level 1 and the
quenching channel from the level 1(2), respectively. Non-radiative transitions between levels
1,2 can be written as:

kg]z K(I’H‘l), k]gz Kn, n=1/[exp(D/kBT)—1] (2)
Here K, n, D are the zero-temperature transition rate between the levels 1 and 2, the Bose-
Einstein factor and energy spacing between the levels, respectively. Non-radiative quenching
channel is considered in the usual barrier form:

ki) = Ki)x exp(—E1x/ksT) 3)
with K, being a frequency factor and £, the height of the barrier. In the case of the UV
emissions no quenching channels are considered.

The best fit of the experimental ©(T) dependence is shown as a solid line in Figs. 1a and 2a
for LuAG:Bi and YAG:BI, respectively. The parameters of the triplet RES corresponding to
the best fit are also reported in the figures. The obtained data indicate that at T<80 K, the
contribution to the observed radiative decay comes only from the metastable minima (level 1)
of the triplet RES of Bi*". At T>100 K, the shortening of the UV emission decay time and the
high-energy shift of the UV emission band with increasing temperature are caused by
thermally stimulated non-radiative transitions between the metastable (level 1) and radiative
(level 2) minima of the triplet RES.

As was already shown in [6-7], the decay kinetics of the visible emissions of LuAG:Bi and
YAG:Bi are rather complicated. In the present work, it was found that at T<4.2 K, the decay
times of the VIS emissions remain constant. At 1.7 K, the decay time of the most intense
component of the =2.6 eV emission is about 38 ps in YAG:B1 and 26 ps in LuAG:Bi (Figs. 1b



and 2b). For the 2.75 eV emission, the corresponding decay times are 33 us and 40 ps,
respectively (Figs. 1¢ and 2c¢). The temperature dependence of the decay time of each VIS band
is similar in both SCFs. As the temperature increases, the decay time of the 2.75 eV emission
decreases down to 4-5 ps at about 50 K. The shortening of its decay time at T>170 K is due to
the thermal quenching of this emission [6-7]. As the temperature increases, the decay time of
the =2.6 eV emission decreases up 10 K, then remains almost constant, and at T>25 K it
decreases again. No thermal quenching of this emission takes place at T<100 K [6-7]. Thus,
the shortening of the decay time has to be caused by a thermally assisted population of a higher
energy level.

According to the hypothesis about the excitonic origin of both VIS emissions we attempted
to describe their decay kinetics within the phenomenological model similar to that described
above, where the excited state levels 1 and 2 would correspond to those of localized exciton
triplet states. In the case of higher-energy VIS emissions we employed the thermal quenching
from both excited states (see the scheme in Fig. 4b). In the case of the =2.6 eV emission we
considered an extended model taking into account the additional transitions to and from the
singlet level 3 of the exciton state lying above the triplet levels of the RES. The model is
sketched in Fig 4c and the rate equations now read:

dN,/dt = —kiN; —kioNp —kisNp + ko N>+ k3N 4)
dNs/dt = —k3N3 — k31 N3 —k3oN3 + k3N +kasNo,
where analogous parameters have the same meaning as in (1). In addition, k; is the radiative
transition rate from the singlet level 3 and k3, k;)3 are non-radiative rates of transitions
between the levels 3(2) and 1:

k31=K'(n ’+1), k13=K’n ’, I’Z’Zl/[eXp(E/kBD—l]. (5)
Since D<<E we consider
kzi=ksz, ki3=k3 (6)

The best fit of the experimental t(T) dependence is displayed as a solid line in Figs. 1b,c
and 2b,c. The parameters used to obtain the best fit are reported in the figures. The model
described above successfully reproduces the data and the considered RES structure as well as
parameters obtained are characteristic for the localized exciton states in aluminum garnets (see,
e.g., [12]). Thus, the results of our decay kinetics modelling strongly support the hypothesis on
the excitonic origin of both VIS emissions in LuAG:Bi and YAG:B1 made in [6-7]. At T<4.2
K, the visible emissions are due to the radiative decay of the metastable minima of the triplet
state of the localized exciton. The shortening of their decay time with increasing temperature in
the 4.2-50 K range is caused by thermally stimulated non-radiative transitions between the
metastable and radiative minima of the triplet RES. The energy distance between them is about
2-4 meV. Around 50 K, the thermal equilibrium between these minima is reached. The
shortening of the decay time at further increase of the temperature in the case of the 2.75 eV
emission is caused by thermal quenching of this emission at T>100 K [6, 7] with the activation
energies of about 100 and 200 meV, but in the case of the 2.6 eV emission, which is not
thermally quenched up to 160-175 K [6-7], by thermally stimulated transitions between the
triplet and singlet localized exciton states separated by the energy distance of 100-150 meV.

For TI" and Pb*"-doped caesium halides, the appearance of the localized exciton states
under excitation in the impurity-induced absorption bands was considered as a result of the
electron transfer from the neighbouring halide ion perturbed by an impurity ion. As a result, a
mobile hole in the valence band and the electron impurity center were created. A fast
tunnelling recombination of the self-trapped holes and electrons close to the impurity ion
results in the formation of the localized exciton state and its further radiative decay (see, e.g.,
[13]). In some cases, stable electron and hole centers were also optically created in the crystal



lattice and detected in the TSL and EPR studies of the UV-irradiated crystals [13-15].
However, after the UV irradiation of LuAG:Bi and YAG:Bi SCFs in the 4.5-6.0 eV energy
range at 80-300 K, no TSL is observed. It means that the fast radiative recombination of the
optically created electron and hole centers considerably dominates in the SCFs studied.

Taking into account the positions of energy levels of the free Bi** ion and the position of
the lowest-energy A absorption band, corresponding to the 'Sy — °P; transition (4.63 eV in
LuAG), the positions of the B and C bands of the Bi*" center in LuAG:Bi were estimated in
[6]. It was concluded that the C band, arising from the 'Sy — P, transitions, should be located
at #5.95 eV and the B absorption band, at about 5.2 eV. In Fig. 5 we show the excitation
spectrum of the UV emission of LuAG:Bi measured at 10 K. As it is evident from the inset, a
strong band near 6 eV is really present in the excitation spectrum of the UV emission on the
slope of the intense bands arising from the excitons perturbed by Bi’" ions [12]. Similar
consideration for YAG:Bi, where the A band is located at 4.57 eV, allows the conclusion that
the C and B bands should be located at about 5.9 eV and 5.15 eV.

3.2. The search for dimer Bi’*-Bi’*centers in LuAG:Bi and YAG:Bi

The studies of ns*-ions-doped alkali halides (see, e.g., [16,17]) and aluminum perovskites
and garnets [18] showed that the spectral bands of dimer impurity centers are usually
noticeably shifted to lower-energies with respect to the bands of the corresponding single
centers. Furthermore, their luminescence decay time is shorter.

The A absorption band of Bi*" centers in LuAG:Bi and YAG:Bi measured at RT is shown
in Figs. 6a and 7a, respectively. To detect the presence of dimer Bi’*-Bi’* centers, the UV
emission spectra of LuAG:Bi and YAG:Bi SCFs with different Bi contents were measured at
different temperatures with narrow slits under different excitations in the A absorption region.
The dependences of both the UV emission band position and FWHM on the excitation energy
are shown in Figs. 6b,c for LuAG:Bi and Figs. 7b,c for YAG:Bi. It is evident that under
excitation in the 4.30-4.85 eV energy range, the position and FWHM of the emission band are
independent of the excitation energy. The UV emission decay time does not depend on the
excitation and emission energy either (Fig. 8). The same results are obtained for the SCFs with
different Bi contents. Therefore, in this energy range, there is no evidence of the presence of
dimer Bi’" centers. A very small lower-energy shift of the emission band and an increase of the
FWHM are observed only under 4.25 eV excitation in YAG:Bi and 4.3 eV excitation in
LuAG:Bi. However, as it will be shown below, the observed effects arise not from Bi*"-Bi*"
centers but from the overlap of the Bi*" emission with the emission of the YAG substrate used
for the preparation of the SCFs studied.

Indeed, the study at the same experimental conditions of luminescence characteristics of
the YAG substrate shows that under excitation in the 4.2-4.4 eV energy range, the bands at
3.96 eV and =3.3 eV are observed in its emission spectrum (Fig. 3b, curve 1). The 3.96 eV
band is strongly overlapped with the UV emission band of the single Bi*" centers. The main
excitation band of the 3.96 eV emission, peaking at 4.35 eV, is located just at the low-energy
side of the A absorption band (curve 2). Under excitation in the energy range around 4.3 eV
where the absorption of Bi’" centers at low temperatures is relatively small, the emission
intensities of the substrate and the SCFs are comparable. Therefore, we conclude that Bi’**-Bi*"
centers do not appear in the luminescence of the SCFs studied. Probably, the formation of the
exciton, localized near these centers, is much preferable process as compared with the radiative
decay of the Bi**-Bi*" centers. Similar effect was observed, e.g., in Csl:Tl, where the strong
yellow emission of an exciton localized near a T1" ion considerably prevails over the much
weaker UV emission of T1" centers [19].



The appearance of a narrow 4.32 eV band in the excitation spectrum of the UV emission,
ascribed in [8] to dimer Bi’" centers, can be explained in the following way. From the
absorption spectra of Bi*" centers in LuAG:Bi and YAG:Bi shown in Figs. 6a and 7a it is
evident that in the A absorption band maximum (4.6 eV), the optical density is OD>>3. In
case of small optical density (OD<0.5) the absorption and excitation spectra should coincide
(see, e.g. [1]), but in case of large optical density (OD>2), the luminescence intensity should
not depend on the excitation energy in the whole range of the strong absorption. The
appearance in the excitation spectrum of the UV emission of narrow peaks at both the high-
energy and the low-energy sides of the A absorption band (like those observed in [8] at 4.7 eV
and 4.32 eV) as well as “a hole” in the region of the maximum absorption are caused by the
well-known technical effect, namely, by the peculiarities of the exciting light reflection and
scattering caused by a huge absorption in this energy range in the SCFs studied. Relative
intensities of the above-mentioned narrow peaks and the depth of the “hole” strongly depend
on a sample position and its illumination conditions (compare, e.g., curves 2 and 2’ in Fig. 3a
and the excitation spectra of YAG:BIi reported in [7] and [8]). The positions of these peaks also
depend on optical density, i.e., on Bi*" concentration. Just these effects are responsible for the
distorted structure of the A excitation band of Bi’" centers in LuAG:Bi and YAG:Bi SCFs
observed in [6-8] (as well as in the present paper, see, e.g., Figs. 3a and 8).

4. Conclusions

The detailed study of the decay kinetics of the UV and VIS emission bands in SCFs of
LuAG:Bi and YAG:Bi in a wide temperature range down to 1.7 K strongly supports the
conclusions made in [6-7]. In particular, the UV emission arises from the decay of the
metastable and radiative minima of the triplet RES of Bi’" center, while the lower-energy and
the higher-energy VIS emission arise from the radiative decay of the excitons localized near
single and dimer Bi’" centers, respectively. The excitation bands of the UV emission, located
around 4.6 eV, 5.2 eV and 5.95 eV, are assigned to the ISy — 3P1, ISy — 3P2, and 'Sy — 'P,
transitions of a free Bi’" ion, respectively. We proposed the phenomenological models to
describe the excited-state dynamics of all the luminescence centers studied. Application of
these two- or three-excited-level models on the temperature evolution of the luminescence
decay times allowed determination of characteristic parameters of the corresponding relaxed
excited states (the energy separations between the excited states and the rates of the radiative
and non-radiative transitions). Despite the existence of the excitons localized near dimer Bi*'-
Bi’" centers, no luminescence from such centers is found. We suggest that the formation of the
excitons localized near these centers is—mueh preferable process comparing to the radiative
decay of the Bi*"-Bi’" centers themselves.
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Figure captions

Fig. 1. Temperature dependences of the decay times of (a) the UV emission, (b) the 2.6 eV
emission, and (c) the 2.75 eV emission of LuAG:Bi SCFs. Solid circles are experimental data.
Solid lines are best fits of the two (a, b) or three (c) excited-state level models shown in Fig. 4
to the experimental data, (for details see the text). The parameters of the fit are reported in the
figures. (a) Eexc=4.6 €V, Eqn=4.1 eV; (b) Ex=4.7 eV, Ecn=2.4 eV; (¢) Exc=5.3 eV, E,=3.2
eV.

Fig. 2. Temperature dependences of the decay times of (a) the UV emission, (b) the 2.63
eV emission, and (c) the 2.75 eV emission of YAG:Bi SCFs. Solid circles are experimental
data. Solid lines are best fits of the two (a, b) or three (c) excited-state level models shown in
Fig. 4 to the experimental data, (for details see the text). The parameters of the fit are reported
in the figures. (a) Eexc=4.55 eV, Ec=4.0 eV; (b) Ecx=4.5 eV, Ecn=2.4 eV; (c) Exc=5.3 eV,
Een=3.1 €V.

Fig. 3. (a) The UV emission bands (curves 1, 1) and the corresponding A excitation bands
(curves 2, 2°, 27) of Bi*" centers in LuAG:Bi (curves 1, 2, 2°) and YAG:BIi (curves 1°, 27).
Curves 2 and 2’ are measured at slightly different crystal positions. (b) Emission spectrum



(Eexc=4.25 eV) (curve 1) and excitation spectra for E.,,=3.85 eV (curve 2) and E.,=3.2 eV
(curve 2”) measured for the YAG substrate. T=80K.

Fig. 4. Energy level diagrams used for the description of the excited states dynamics of the
luminescence centers responsible for (a) the UV emission, (b) the 2.75 eV emission, and (c) the
the 2.6 eV emission of Bi’*"-doped aluminum garnets. For details, see the text.

Fig. 5. Time-resolved excitation spectra measured at 10 K for the UV emission of Bi**
centers in LuAG:Bi SCF. The time windows are 2-10 ns and 97-150 ns after the excitation
pulse. In the inset, the integral spectrum in the 5.6-6.8 eV range is shown in more detail.

Fig. 6. (a) Absorption spectrum of LuAG:Bi SCF at 295 K. Dependences of the (b) FWHM
and (¢) maximum position of the UV emission band of LuAG:Bi SCF on the excitation energy
measured at 4.2 K (empty circles), 80 K (triangles), and 295 K (solid circles). Spectral width of
the slit for the excitation was 5 nm, and for the emission, 5 nm at 295 K and 3.5 nm at 4.2 K.

Fig. 7. (a) Absorption spectrum of YAG:Bi SCF at 295 K. Dependences of the (b) FWHM
and (c) maximum position of the UV emission band of YAG:Bi SCF on the excitation energy
measured at 4.2 K (empty circles) and 295 K (solid circles). Spectral width of the slit for the
excitation was 5 nm, and for the emission, 5 nm at 295 K and 3.5 nm at 4.2 K.

Fig. 8. Time-resolved UV emission (empty circles) and excitation (solid circles) spectra of
(a) LuAG:Bi SCF and (b) YAG:Bi SCF and dependences of the decay time of the UV emission
on the excitation energy and on the emission energy at E.x.=4.35-4.4 eV (triangles). T=4.2 K.
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Fig. 1. Temperature dependences of the decay times of (a) the UV emission, (b) the 2.6 eV
emission, and (c) the 2.75 eV emission of LuAG:Bi SCFs. Solid circles are experimental data.
Solid lines are best fits of the two (a, ¢) or three (b) excited-state level models shown in Fig. 4
to the experimental data, (for details see the text). The parameters of the fit are reported in the
figures. (a) Eexc=4.6 €V, Ecn=4.1 eV; (b) Ecxc=4.7 eV, Ecn=2.4 eV; (¢) Eexc=5.3 eV, Ecn=3.2
eV.
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Fig. 2. Temperature dependences of the decay times of (a) the UV emission, (b) the 2.63
eV emission, and (c) the 2.75 eV emission of YAG:Bi SCFs. Solid circles are experimental
data. Solid lines are best fits of the two (a, c) or three (b) excited-state level models shown in
Fig. 4 to the experimental data, (for details see the text). The parameters of the fit are reported
in the figures. (a) Eexc=4.55 eV, Ec=4.0 eV; (b) Exe=4.5 eV, Een=2.4 eV; (¢) Eexc=5.3 eV,
Eem=3.1¢V.
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Fig. 3. (a) The UV emission bands (curves 1, 1) and the corresponding A excitation bands
(curves 2, 2°, 2) of Bi’" centers in LuAG:Bi (curves 1, 2, 2°) and YAG:Bi (curves 1°, 27).
Curves 2 and 2’ are measured at slightly different crystal positions. (b) Emission spectrum
(Eexc=4.25 eV) (curve 1) and excitation spectra for E.,=3.85 eV (curve 2) and E.,=3.2 eV
(curve 2°) measured for the YAG substrate. T=80 K.
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Fig. 4. Energy level diagrams used for the description of the excited states dynamics of the
luminescence centers responsible for (a) the UV emission, (b) the 2.75 eV emission, and (c) the
the 2.6 eV emission of Bi**-doped aluminum garnets. For details, see the text.
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Fig. 5. Time-resolved excitation spectra measured at 10 K for the UV emission of Bi’"
centers in LuAG:Bi SCF. The time windows are 2-10 ns and 97-150 ns after the excitation
pulse. In the inset, the integral spectrum in the 5.6-6.8 eV range is shown in more detail.
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Fig. 6. (a) Absorption spectrum of LuAG:Bi SCF at 295 K. Dependences of the (b) FWHM
and (c¢) maximum position of the UV emission band of LuAG:Bi SCF on the excitation energy
measured at 4.2 K (empty circles), 80 K (triangles), and 295 K (solid circles). Spectral width of
slit for the excitation was 5 nm, and for the emission, 5 nm at 295 K and 3.5 nm at 4.2 K.
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Fig. 7. (a) Absorption spectrum of YAG:Bi SCF at 295 K. Dependences of the (b) FWHM
and (c¢) maximum position of the UV emission band of YAG:Bi SCF on the excitation energy
measured at 4.2 K (empty circles) and 295 K (solid circles). Spectral width of slit for the
excitation was 5 nm, and for the emission, 5 nm at 295 K and 3.5 nm at 4.2 K.
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Fig. 8. Time-resolved UV emission (empty circles) and excitation (solid circles) spectra of
(a) LuAG:Bi SCF and (b) YAG:Bi1 SCF and dependences of the decay time of the UV emission
on the excitation energy and on the emission energy at Ec=4.35-4.4 eV (triangles). T=4.2 K.
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