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Abstract—The luminescence of excitons and antisite defects (ADs) was investigated, as well as the specific

features of the excitation energy transfer from excitons and ADs to the activator (Ce** ion) in phosphors based
on Lu;Al;0,,:Ce (LUAG:Ce) single crystals and single-crystalline films, which are characterized by signifi-

cantly different concentrations of ADs of the Luf“+ type and vacancy-type defects. The luminescence band with
Amax = 249 nm in LUAG:Ce single-crystal films is due to the luminescence of self-trapped excitons (STEs) at
regular sites of the garnet lattice. The excited state of STESs is characterized by the presence of two radiative
levelswith significantly different transition probabilities, which isresponsiblefor the presence of two excitation
bandswith A_,,, = 160 and 167 nm and two components (fast and slow) in the decay kinetics of the STE lumi-
nescence. In LUAG:Cesingle crystals, in contrast to single-crystal films, the radiative relaxation of STEsin the

band with A,,,, = 253.5 nm occurs predominantly near Luf\T ADs. Theintrinsic luminescence of LUAG:Cesin-
gle crystals at 300 K in the band with A, = 325 nm (1 = 540 ns), which is excited in the band with A, =

175 nm, is due to the radiative recombination of electrons with holes localized near Luf'“+ ADs. In LUAG:Ce
single crystals, the excitation of the luminescence of Ce** ions occurs to alarge extent with the participation of
ADs. Asaresult, slow components are present in the luminescence decay of Ce’* ionsin LUAG:Cesinglecrys-
tals due to both the reabsorption of the UV AD luminescence in the 4f-5d absorption band of Ce** ions with
Amax = 340 nm and the intermediate localization of charge carriers at ADs and vacancy-type defects. In contrast
to single crystalss, in phosphors based on LUAG:Ce single-crystdl films, the contribution of dow componentsto
the luminescence of Ce** ionsissignificantly smaller dueto alow concentration of thesetypesof defects. © 2005

Pleiades Publishing, Inc.

INTRODUCTION

Cerium-activated  lutetium auminum garnet,
Lu;Al;0,,:Ce (LUAG:Ce), is one of the most effective
fast scintillators [1, 2]. In comparison with
Y;Al;0,,:Ce (YAG:Ce), the closest well-studied ana-
logue, LUAG:Cesingle crystals and single-crystal films
are characterized by a much larger absorption coeffi-
cient of ionizing radiation [3, 4], and their light yields
amount to 0.6 and 0.86 of those of YAG:Cesinglecrys-
tals and single-crystal films [2, 5, 6]. In this context,
LUAG:Ce single-crystal films are also used as screens
for visualization of x-ray images [2-5].

At the same time, garnet single crystals and single-
crystal films are characterized by significantly different
concentrations of substitutional and vacancy-type
defects[7, 8]. Such differencesin the concentrations of
these defects in single crystals and single-crystal films
are caused by the differencesin the methods and mech-
anisms of crystallization of single crystals from melt

and single-crystal films from flux, the growth tempera-
tures (1800—-1900 and 900-1050°C for single crystals
and single-crystal films, respectively), and the compo-
sitions of the gaseous media used (generally, Ar or vac-
uum for single crystals and air for single-crystal films).
In particular, in A;Al;0,, (A=Y, Lu) garnet singlecrys-
tals, the concentration of specific substitutional

defects—antisite defects (ADs) of the Y5, and Luj,
types—is 0.05-0.1 formula units (0.25-0.5 at %) [9],
whereas single-crystal films of these garnets are free of
ADs[10]. Inthiscontext, garnet single crystalsand sin-
gle-crysta films can aso serve as convenient model
objects for studying the regularities of radiative decay of
low-energy excitations (especialy, the exciton lumines-
cence) in phosphors based on complex multisublattice
oxideswith garnet [7, 8] or perovskite [11] structures.

We showed in previous studies [8, 10, 12] that ADs
are analogues of cationic isoelectronic impurities.
Hence, they form radiative recombination centers
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responsiblefor theintrinsic UV luminescence of garnet
single crystals at room temperature. In the case of sin-
gle-crystal garnet films of the same composition, the
concentration of luminescence centers related to ADs
or vacancy-type defectsis extremely low [10, 13]. This
circumstance makes it possible to study the exciton
luminescence in agiven garnet by the example of asin-
gle-crystal film of this compound excluding the lumi-
nescence of centers related to these types of defects.

In this paper, we report the results of studying the
luminescence of excitons and ADs in LUAG:Ce single
crystals and single-crystal films, as well as the specific
features of the excitation energy transfer to the activator
(Ce** ions).

SAMPLES AND EXPERIMENTAL
METHODS

A comparative investigation of the luminescence of
LUAG:Ce single crystals and single-crystal films was
performed at 9 and 300 K upon excitation by synchro-
tron radiation with energies of 3-25 eV of the DORIS
[l positron storage ring at HASYLAB, DESY (Ham-
burg, Germany). The use of synchrotron radiation with
an energy near the fundamental absorption edge and
interband transitions in garnets, where the absorption
coefficient generally ranges from 10* to 2 x 10° cm’™!
[8], makes it possible to compare the luminescence
characteristics of single crystals with those of single-
crystal films even several micrometers thick since, in
the latter case, synchrotron radiation with an energy of
5-10eV istotally absorbed in asingle-crystal film. The
measurement system makes it possible to record the
luminescence spectra and the excitation luminescence
spectra both in the integration mode and with a time
delay with respect to the 0.127-ns pul se of exciting syn-
chrotron radiation. In particular, the luminescence and
the luminescence excitation spectra were recorded in
the timeintervals 0-50 and 150-200 ns within arepeti-
tion period of synchrotron radiation pulses (200 ns).

The luminescence decay kinetics was measured in
the time interval 0—200 ns at 9 and 300 K using a pho-
tomultiplier in the integration mode.

LUAG:Ce single crystals were obtained at Crytur
Ltd. (Turnov, Czech Republic) by the Czochralski
method in molybdenum crucibles in a reduction atmo-
sphere from a charge containing background impurities
with a concentration less than or equal to 10-100 ppm.
Single-crystal films were grown from a melt solution
based on the PbO-B,0; flux by liquid phase epitaxy on
undoped garnet (YAG) substrates at the Laboratory of
Optoelectronic Materias (Lviv University). The raw
material was of the same class of purity. No additional
doping was used to eliminate the significant (0.093 A)
lattice mismatch between the LUAG:Ce single-crystal
films and the single-crystal YAG substrate.
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The concentration of Ce** ionsin the single crystals
and the single-crystal films was close to 0.05 formula
units (0.25 at %).

RESULTS AND DISCUSSION

The luminescence spectra of LUAG:Ce single crys-
tals and single-crystal films upon excitation by syn-
chrotron radiation with energies in the region of inter-
band transitions at 10.77 eV (115 nm) (curve /1), near
the fundamental absorption edge at 7.74 €V (160 nm)
(curve 2), and in the region of intracenter 4f-5d transi-
tions in Ce** ions at 5.5 eV (225 nm) (curve 3) are
shown in Figs. 1 (9 K) and 2 (300 K). In the visible
spectral range, the luminescence of LUAG:Ce single
crystals and single-crystal filmsis caused by the transi-
tions from the lower term 5d' of the t,4 shell to the
’Fs). 712 levels of the ground state of the f shell of Ce™*
ions. The two-component structure of this emission
band (A, = 498 and 550 nm) is well-resolved in the
case of low-temperature (9 K) measurements (Fig. 1,
curves 3).

Theluminescence spectrum of LUAG singlecrystals
inthe UV rangeat 9K (Fig. 1a) upon excitation by syn-
chrotron radiation with an energy exceeding the band
gap (curve 1) is a nonelementary emission band that is
a superposition of two bands: a strong one with A, =
253.5 nm (4.89 eV) and a band an order of magnitude
weaker with A,,, = 320 nm (3.87 eV). The first lumi-
nescence band is due to the self-trapped exciton (STE)
luminescence [8], whereas the spectral position of the
second band is close to that of the luminescence band

due to the centers formed by Lu,iT ADs [8, 13]. Upon
excitation of LUAG:Ce single crystals near the funda-
mental absorption edge (E = 7.8 eV), the intensity of
the STE luminescence in the band at 253.5 nm
increases significantly (Fig. 1a, curve 2).

In contrast to LUAG:Ce single crystals, upon excita-
tion of LUAG:Ce single-crystal films in the region of
interband transitions (E = 17.2 eV), UV luminescence
is completely absent (Fig. 1b, curve 1). At the same
time, upon excitation by synchrotron radiation with an
energy of 7.3 eV near the fundamental absorption edge
in LUAG:Ce single-crystal films, STE luminescence is
observed in the band at 249 nm (4.97 eV) (Fig. 1b,
curve 2), which is asymmetrically extended to lower
energies. We should note two important specific fea
tures of the STE luminescence in LUAG:Ce single-
crystal films: (i) its intensity in the band at 4.97 €V is
significantly (by an order of magnitude) lower (Fig. 1b,
curve 2) than under the same excitation conditions for
the corresponding single crystals (Fig. 1a, curve 2) and
(ii) the STE luminescence maximum (at 4.89 eV) in
single crystalsis significantly shifted to lower energies
with respect to the corresponding maximum at 4.97 eV
in LUAG:Ce single-crystal films. These specific fea-
tures of the STE luminescence are due to the significant
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Fig. 1. Luminescence spectra of (a) LUAG:Ce single crystals and (b) LUAG:Ce single-crystal films at 9 K upon excitation by syn-
chrotron radiation with energies of (1 (b)) 17.2, (1 (a)) 10.8, (2 (&) 7.8, (2 (b)) 7.3, and (3) 5.4 €V.

differences in the AD concentrations in LUAG:Ce sin-
gle crystals and single-crystal films.

With an increasein temperature from 9 to 300 K, the
STE luminescence is quenched in LUAG:Ce single
crystals. This process is accompanied by the enhance-
ment of the AD luminescence (Fig. 2a, curves /, 2) in
the bands with A, = 318 and 375 nm. The AD lumi-
nescence maximum in LUAG:Ce single crystals is
reached at 100 K, after which the temperature quench-
ing of the luminescence of Luf\f ADs occurs. It should
be noted that the bands mentioned above do not belong
to different centers. Their presence is due to the reab-
sorption of the wide UV luminescence band of Luf’“+
ADs, peaked presumably near 325 nm, by the absorp-
tion band with A .., = 340 nm, which correspondsto the
4f7(*F5;,) —» 5d! transitions in Ce** ions. The bands
with A, = 318 and 375 nm have excitation spectraand
No. 6
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luminescence decay kinetics of the sametype. Asinthe
case of measurements at 9 K (Fig. 1a), upon excitation
of LUAG:Ce single crystals at 300 K by synchrotron
radiation with an energy in the exciton absorption

region, the intensity of the luminescence of Lu,§|+ ADs
increases significantly (Fig. 2a, curve 2).

In contrast to single crystals, single-crystal films
show the complete absence of UV AD luminescence at
300 K (Fig. 2b). The low-intensity luminescence bands
peaked at 313 nm (3.95 eV) and 387 nm (3.20 eV)
(Fig. 2a, curves 1 and 2, respectively) observed upon
excitation of LUAG:Ce single-crystal films by synchro-
tron radiation with energies of 11.1 eV (the region of
interband transitions) and 7.3 eV (the region of exciton
absorption) are due to the background impurities of
Gd** and Pb?** ions, respectively (flux components in
the case of flux crystallization of single-crystal films),
rather than to ADs.
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Fig. 2. Luminescence spectra of () LUAG:Ce single crys-
tals and (b) LUAG:Ce single-crystal films at 300 K upon
excitation by synchrotron radiation with energies of
(1) 11.1, (2 (a)) 7.8, (2 (b)) 7.3, and (3) 5.5 eV.

The luminescence excitation spectrum of STES in
LUAG:Cesingle-crystal filmsat 9 K isanonelementary
band located near the LUAG fundamental absorption
edge (Fig. 3a, curve I). The structure of this excitation
band (two peakswith A, = 160 and 167 nm) suggests
the presence of two excited exciton levels. This struc-
ture, in particular, correlates with a certain asymmetry
of the STE luminescence spectrum of LUAG:Cesingle-
crystal films in the long-wavelength spectral region
(Fig. 1b, curve 2), which suggests also the presence of
two emission bands (by analogy with the o and TTSTE
luminescence bands in alkali halide crystals [14]).

In comparison with the STE luminescence excita-
tion band of LUAG:Ce single-crystal films, the corre-
sponding excitation band in the spectra of LUAG:Ce
single crystals is less structured and is shifted signifi-
cantly to a shorter wavelength of 170 nm (7.28 eV)
(Fig. 3a, curve 2). It is noteworthy that, in the same

spectral region, excitation of the luminescence of Lu,§’|+
ADsinthebandswith A,,,, = 318 and 375 nm occurs at
9 K inanarrow band with A_,, = 172.5 nm (7.18 €V)
on the long-wavelength wing of the fundamental

ZORENKO et al.

A, nm

a
':E;O |
o]
®
—
6
4+
2_
0 e 1 | |
6 8 10 12
E,ev

Fig. 3. (@) Luminescence excitation spectra at the wave-
length A = 250 nm in (1) LUAG:Ce single-crystal films and
(2) LUAG:Cesingle crystals at 9 K; (b) luminescence exci-
tation spectraof LUAG:Ce single crystals at wavel engths of
295 nmat 9 K (1) and 323 nm at 300K (2).

absorption edge of LUAG (Fig. 3b, curve 1). With an
increase in temperature to 300 K, the peak of the AD
luminescence excitation shifts to a longer wavelength
at 175 nm (7.07 eV) (Fig. 3b, curve 2).

Theintensity of the STE luminescence excitation in
LUAG:Ce single crystalsis higher than that for single-
crystal films by afactor of more than 5 under the same
experimental conditions (Fig. 3a). Thisresult is supple-
mented by the spectral proximity of the STE (170 nm)
and AD (172.5 nm) luminescence peaks in the spectra
of LUAG:Ce single crystals. These facts indicate that
the STE radiativerelaxationin LUAG:Cesinglecrystals
occurs predominantly near ADs, which are analogues
of isoelectronic cation impurities [8, 10]. In essence,
the STE luminescence in single-crystal garnets is the
luminescence of bound excitons with amodulated (due
to the localization near isoel ectronic impurities) energy
spectrum. The high AD concentration (up to 0.5 at %)
insinglecrystalsisthereason for the high intensity of the
STE luminescence in comparison with single-crystal
films, where the radiative annihilation of excitons occurs
predominantly at regular sites of the garnet lattice.
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Fig. 4. (a) Luminescence excitation spectraof Ce** ionsin the band with Amax = 515 nm of LUAG:Cesingle crystals at (/-3) 9 and
(1'-3") 300 K measured in the integrated mode (1) and in the time intervals (2) 0-50 and (3) 150-200 ns after the excitation pulse
of synchrotron radiation with a duration of 0.127 ns; (b) luminescence excitation spectra of Ce** ions in the band with A, =
515 nm (/-3) measured in the integrated mode (1) and in the time intervals (2) 0-50 and (3) 150200 ns in comparison with the

similar spectra of LUAG:Ce single crystals (1'-3").

The luminescence excitation spectra of Ce** ionsin
LUAG:Ce single crystals and single-crystal films are
shown in Figs. 4aand 4b, respectively. At 9 K, the fast
component of the luminescence of Ce** ions in
LUAG:Ce single crystalsis excited predominantly in
a narrow peak at A,,, = 177 nm (6.99 eV) (Fig. 4a,
curve 2). The shape of this excitation band (a narrow
strong line in the exciton absorption region) isindica-
tive of the radiative annihilation of excitons localized
near defects or impurities. We believe that the peak at
6.99 eV corresponds to the energy of formation of
STEs related to Ce** ions, with a wave function
strongly correlated with the activator [8].

No. 6
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The slow components of the luminescence of Ce’**
ionsin LUAG:Ce single crystals are excited mainly in
the bands with A,,,, = 170-172 nm (7.28-7.20 eV) and
150 nm (8.25 eV) (Fig. 44, curve 3). Thefirst excitation
band is close to the corresponding luminescence exci-

tation bands of Y. ADs (A, = 172 nm) and
AD-related excitons (A,,,,, = 170 nm). The second exci-
tation band with A_,, = 150 nm corresponds to the
energy of the beginning of interband transitions in
LUAG [13]. Thus, even at low temperatures, the excita-
tion of the luminescence of Ce** ionsin LUAG:Ce sin-
glecrystalsoccurs partially through recombination pro-
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cesses at the sites of location of both Ce’* ionsand LuiT
ADs.

With anincreasein temperature from 9to 300 K, the
maximum of the fast component of the luminescence of
Ce** ions in LUAG:Ce single crystals shifts to longer
wavelengths up to 180 nm (Fig. 4b, curve 2'). At room
temperature, the contribution of the slow components
of excitation of the luminescence of Ce** ionsincreases
significantly in the band with A, = 175 nm due to the

presence of Luf\T ADs (Fig. 4b, curves I, 3). With an
increase in temperature to 300 K, the luminescence
intensity of Ce’** ions also increases in the band with
Amax = 230 nm, which isdueto the4f %(F5,) — 5d'(2e)
transitionsin Ce’* ions (Fig. 4b, curve ).

The luminescence excitation spectra of Ce** ionsin
LUAG:Cesingle-crydd filmsat 9K (Fig. 4a, curves /'-3")
differ significantly from the corresponding spectra of
LUAG:Cesingle crystals (curves 1-3). In the spectra of
LUAG:Ce films, the AD-related excitation band near
172.5 nm is completely absent. The maxima of excita-
tion of both the fast (A = 167 nm) and the slow (A =
160 nm) components of the luminescence of Ce** ions
intheband at 2.4 eV (515 nm) in LUAG:Cesingle-crys-
tal films (Fig. 4a, curves I', 2") almost coincide with the
corresponding maxima of excitation of the STE lumi-
nescence in LUAG:Ce single-crystal films. This fact
indicates the predominantly exciton mechanism of
excitation of the luminescence of Ce** ions in
LUAG:Ce single-crystal films. The presence of two
maxima in the luminescence excitation spectrum of
Ce** ionsin the exciton absorption region shows that, as
in the case of STES a regular garnet lattice sSites, the
excited state of an exciton localized near Ce** ions has
two radiative levelswith different transition probabilities.

At the same time, the excitation spectra of both the
fast and the slow luminescence components of Ce**
ions in LUAG:Ce single-crystal films at 9 K also con-
tainabandwith A, = 150 nm (8.25 eV) corresponding
to the beginning of interband transitions in LUAG
(Fig. 4a, curves2', 3"). Thisfact indicates that the exci-
tation of the luminescence of Ce* ions in LUAG:Ce
single-crystal films occurs partially through recombi-
nation. Since the Ce** ion is the center of intermediate
localization of holes [15], the luminescence is excited
due to the recombination of an electron with a hole
localized near a Ce’* ion with subsequent excitation
energy transfer to Ce’* ions.

With an increase in temperature, the maximum of
excitation of the luminescence of Ce** ionsin LUAG:Ce
single-crystal films shifts to a shorter wavelength
(Fig. 4b, curve 4). At 300 K, the maximum is located at
7.2 eV (172 nm). At the same time, the shape of the
excitation curve does not undergo any significant
changes. This fact indicates that, in the room tempera-
ture range, the dominant mechanism of excitation of the
luminescence of Ce** ions in LUAG:Ce single-crystal

ZORENKO et al.

filmsisthe exciton mechanism, in contrast to LUAG:Ce
crystals, in which the contribution of the AD-related
excitation mechanism is significant. This indication is
confirmed convincingly by the study of the decay kinet-
icsof Ce** ionsin LUAG:Cesingle crystals and single-
crystal films at 9 and 300 K (Figs. 5a, 5b and 6a, 6b,
respectively).

Figure 5a shows the luminescence decay kinetics of
Ce**ionsin LUAG:Cesingle crystals at 9 K upon exci-
tation in the two 4f-5d absorption bands of Ce** ions
with hv,, = 3.70 eV (335 nm) and 5.50 eV (225 nm)
(curves I and 2, respectively) and at energies of 6.9 and
7.1 eV in the region of the maxima of excitation of the
luminescence of excitons localized near Ce** ions and

Lus, ADs (curves 3 and 4, respectively). The lumines-
cence decay curve for Ce** ions excited in the band at
3.7 eV (the5d'(t,g) — 4f(°Fs,, ;) transitions) is clos-
est to the exponential dependence with T = 50.7 ns
(Fig. 5a, curve 1). At the same time, upon excitation of
the luminescence of Ce** ions by synchrotron radiation
with energiesof 6.9 eV (180 nm) and 7.07 €V (175 nm),
the luminescence decay kineticsof LUAG:Cesinglecrys
tals (curves 3, 4) demonstrates a significant contribution
(13.5-35.5% of theinitial amplitude) of the dow compo-
nentswith the duration T = 220-280 ns, which are related

to the radiative annihilation of excitonsat L uiT ADswith
subsequent excitation energy transfer to Ce** ions.

In the room temperature range, due to the enhance-
ment of the AD luminescence, the contribution of the
slow components to the luminescence kinetics of Ce**
ions in LUAG:Ce single crystals becomes even more
pronounced (Fig. 5b). Upon excitation in the band at
6.88 eV (180 nm), which corresponds to the maximum
of excitation of the luminescence of the excitons local-
ized near activator ions, the luminescence decay kinet-
ics of Ce** ions (Fig. 5b, curve 2) isfairly close to the
decay kinetics upon excitation in the 4f-5d band of Ce**
ions with hv,_,. = 5.14 eV (225 nm) (curve /). At the
same time, upon excitation by synchrotron radiation
with an energy of 7.74 €V in the onset region of inter-
band transitionsin LUAG, the decay kinetics of thelumi-
nescence of Ce** ions becomes much dower (Fig. 5b,
curve 3). The expansion of thisdecay curvein elemen-
tary components I(t) = 152 + 400exp[-t/(62.5 ns)] +
905exp[-1/(288 ng)] indicates a significant increase in
the contribution of the dow components with T = 288 ns
to the scintillation amplitude. The corresponding cal cu-
lation of the contributions of the fast component, which
isdue to the luminescence of Ce** ionswitht =62.5ns,
and the component with T = 288 nsto the total light sum
of LUAG:Ce single crystals showed that the contribution
of theslow components ([1/1(t)] x 100%) to the lumines-
cence of LUAG:Ce single crystals is admost 78% at an
excitation energy of 7.74 eV (Fig. 5b, curve 3).

The presence of such components is due to the
strong absorption of the AD luminescence in the band

OPTICS AND SPECTROSCOPY  Vol. 99 No.6 2005
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Fig. 5. Luminescence decay kinetics of Ce®* ionsin the band with Amax = 515 nmin LUAG:Cesinglecrystalsat (a) 9 and (b) 300 K
upon excitation by synchrotron radiation with energies of (1) 3.7, (2) 5.5, (3) 6.9, (4 (&) 7.1, and (3 (b)) 7.8 eV. Curve 4 in Fig. 5b

showsthe decay kinetics of the luminescence of LuiT ADsintheband withA ., =325 nm upon excitation by synchrotron radiation

at awavelength of 175 nm (7.07 eV).

with A, = 325 nm with the decay time of the main
component A = 538 ns (Fig. 5b, curve 4) in the 4f-5d
absorption band of Ce** ions. Due to this phenomenon,
the AD luminescence band becomes as if divided into
two bandswith A ., =318 and 375 nm. Asaresult, slow
(t = 288 ns) components caused by this mechanism of

OPTICS AND SPECTROSCOPY  Vol. 99
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excitation energy transfer arise in the luminescence of
Ce**ionsintheband at 2.4 eV (Fig. 5b, curve 3). Thus,
in LUAG:Ce single crystals, a peculiar sensitization of
the luminescence of Ce** ions by UV radiation of the
centers related to LuiT ADs occurs. The second reason
for the occurrence of slow components in the lumines-
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Fig. 6. Luminescence decay kinetics of Ce** ionsin the band with A = 515 nmin LUAG:Cesingle-crystal filmsat (a) 9 and (b) 300 K
upon excitation by synchrotron radiation with energies of (1) 5.4, (2 () 6.9, (2 (b)) 7.28, and (3) 17.2 eV.

cence of LUAG:Ce single crystals is the intermediate
localization of charge carriersat Al** ADs and vacancy-
type defects.

In contrast to LUAG:Ce single crystals, the lumines-
cencedecay kineticsin LUAG:Cesingle-crystal filmsat
9 (Fig. 6a) and 300 K (Fig. 6b) upon excitation by syn-
chrotron radiation with energies both in the exciton
absorption region (E = 6.9-7.3 eV, curve 2) and in the
region of interband transitions (E = 17.2 eV, curve 3) is

determined only by the processes of excitation energy
transfer to Ce** ions through the exciton and recombi-
nation mechanisms in the absence of components due
to the presence of Lu,§|+ ADs. Upon excitation with an
energy of 7.28 eV at 300 K in the exciton absorption
maximum (Fig. 4b, curve 4), the component with T =
48.2 nsisdominant (the contribution to the scintillation
amplitudeis 94.1%) in the decay kinetics. This compo-
nent corresponds to the intracenter 5d! — 4f transi-
OPTICS AND SPECTROSCOPY  Vol. 99
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tionsin Ce** ions (Fig. 6b, curve 3). The presence of a
weak (5.9%) dower component with T = 246 ns at
300K reflects the real process of excitation energy
transfer by excitons to Ce** ions with subsequent lumi-
nescence in the band with A = 515 nm. It is not incon-
ceivabl e that this slow component isdueto the presence
of two radiative states of excitons localized near Ce**
ionswith significantly different transition probabilities.
It should be noted that these considerations are also
valid for the decay kinetics of the luminescence of Lu**
ADs in the band with A_,,, = 320 nm (Fig. 5a, curve 4)
upon excitation at a wavelength of 175 nm at 300 K.
The presence of the fast (t = 1.2 ns) and slow (T =
538 ns) main componentsindicatesthe formation of the
AD-related exciton, which is characterized by two radi-
ative level s with different transition probabilities.

In the case of excitation of the luminescence of Ce**
ionsin theregion of interband transitions (E=17.2eV),
the retardation of the decay kinetics (Figs. 6a, 6b,
curves 3), in comparison with the kinetics for the case
of excitation of excitonsbound by the activator (curve?),
reflects the real time of migration of free electrons and
holesto Ce’* ionsin LUAG:Ce single-crystal films. For
example, the expansion of the decay curve (Fig. 6b,
curve 3) in components| = 8.7 + 99.1exp[-t/(50.3 ns)] +
91.6exp[-t/(158 ns)] indicates comparable intensities of
the fast and slow components corresponding to the radi-
ative (the 5d —» 4f! transitions in Ce’* ions) and the
migration stages of excitation of this |uminescence.

At the same time, the decay kinetics of the lumines-
cence of Ce* ions in LUAG:Ce single-crystal films
both at 9 K (Fig. 6a) and at 300 K (Fig. 6b) is much
faster than in LUAG:Ce single crystals. Indeed, in the
case of films, there are no slow componentsthat are due

to the presence of Luf\|+ ADs. In comparison with
LUAG:Ce single crystals, the relative contribution of
the slow components to the scintillation amplitude for
LUAG:Ce single-crystal filmsis smaller by a factor of
morethan 3.5: [14/1(t)] x 100% = 20.8% (Fig. 6b, curve3).
Thus, LUAG:Ce single-crysta films have much better
spectral, kinetic, and scintillation propertiesin compar-
ison with LUAG:Ce single crystals. Hence, these films
can be used for radiation monitoring of a and 3 particles
[6, 13] and visualization of x-ray images|[5, 6].

The case of the decay kinetics upon excitation of the
luminescence of Ce** ions in the bands with A, =
213225 nm (5.5-5.8 eV), corresponding to the
4f(°Fs;,) — 5d'(2e) transitions (the two highest levels
of the 5d' shell in the absorption by Ce** ions) requires
special consideration. The decay kinetics of the lumi-
nescence of Ce** ions both in single crystals (Fig. 5a,
curve 2) and in single-crystal films (Fig. 6a, curve 1)
becomes in this case much slower and differs signifi-
cantly from that corresponding to excitation in the
absorption bands of Ce** ionsin the longer wavelength
spectral region, for example, in the band with E =
3.7 eV (Fig. ba, curve ). This effect was observed pre-
viously in the luminescence decay kinetics of YAG:Ce
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single crystals [15] and was explained by the fact that
the 2e levels of the 5d! shell of Ce’* ions are located
fairly close to the bottom of the conduction band. As a
result, the probability of thermally activated transitions
between these levels in Ce** ions and the levels of the
conduction band increases. Hence, the excitation of the
luminescence of Ce** ionsis retarded significantly. We
believe this effect also occurs in the luminescence of
LUAG:Cesingle crystals and single-crystal films.
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