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Luminescence spectra of garnet Nd;Gaz;O,, and of acentric Ca-gallogermanate
Ca3GazGe4O14:Nd3+ crystals under pulsed X-ray excitation (~1.5 ns) in 200—-500 nm range
are considered. The luminescence measurements carried out at 80 K and 295 K. Time
characteristics of fast (~1 ns) emission components of the crystals are evaluated. The
narrow luminescence bands (slow components) are ascribed to transitions from the 2F25/2

level of Nd3* ion.

PaccmarpuBaloTCa CHEKTPHI JIOMHHecHeHnuy Kpucramios rpanara Nd;GagO,, u ament-
puueckoro Ca-ramimorepmasara Ca3GazGe4O14:Nd3+ pua BO30YXIEHNM KOPOTKAMM HMMIIYJIb-
camu (~1.5 ns) penrrenosckoro usaydenus B obmactu 200-500 um. smepeHus mpoBegeHbI
mpu 80 K u 295 K coorsercrBenno. OneHeHbl BpeMeHHbIe XapaKTePUCTUKY ObICTPHIX (~1 HC)
KOMIIOHEHT MBJy4YeHHUs KPHUCTAJJIOB. Y3KHEe II0JIOChl JIOMUHECHeHIuu (MeIJeHHble KOMIIO-
HEHTBI) IPUIIKNCLIBAIOTCS II€PEeX0JaM C YPOBHSA 2F25/2 nona Nd3*.

The crystals of rare-earth (RE) gallium
garnets (GG) R3A2633012 (R = Nd, Sm, Gd;
A = Ga or Sc) are known to be promising
luminescence materials, in particular, for
UV region. The UV luminescence of REGG
crystals is observed under excitation with
X-rays [1, 2], cathode rays [3], and other
high-energy radiation kinds [4, 5]. The
wide-band components thereof are charac-
terized by wultra-short decay times of
nanosecond range [1, 2]. The narrow lumi-
nescence bands according to 4f"—4f" transi-
tions of the RE ions show characteristics
decay constants of microsecond range being
typical of intra-ion electron transitions in
the 4/ shell of trivalent RE ions. However,
the nature of wide bands of UV lumines-
cence in REGG is not established unambigu-
ously and its main regularities are still in-
sufficiently studied.

The luminescence spectra of
Ca;Ga,Ge,044:Nd3* crystals of the Ca gallo-
germanate (CGG) structure type were stud-
ied before [6, 7] only in the IR region in
connection with the potential laser emission
from the corresponding transitions of Nd3*
ions. It is to note that the acentric crystals

Functional materials, 12, 2, 2005

of the CGG type are under constant atten-
tion of researchers in connection with the
unique piezoelectric properties thereof and
with anomalous behavior of some charac-
teristics under temperature variations [8].
Of considerable interest are also the spec-
troscopic characteristics of Nd3* in those
compounds [6, 9].

In this work are considered the lumines-
cence spectra of complex oxide crystals be-
longing to the structure type of garnet and
Nd3* doped CGG in the 200-500 nm region
under excitation with short X-ray pulses.
The crystals of Nd-Ga garnet (NGG)
Nd;Gas;Oq, and Nd activated CGG
CazGa,Gey044:Nd grown from the melt by
Czochralski technique were studied. The lu-
minescence was excited by short X-ray
pulses of 1.5 ns duration at 100 kHz fre-
quency. The luminescence spectra were re-
corded using a MDR-4 monochromator. The
slot spectral width did not exceed 8 nm.
The measurements were done at 80 K and
295 K. The experimental procedure and the
estimation of the fast luminescence con-
stants have been described before [2, 3] in
more detail.
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Fig. 1. Luminescence spectrum of Nd;GazO,,
crystal at 80 K. The dashed line denotes con-
ventionally the fast component.

Fig. 1 presents the NGG luminescence
spectrum at 80 K. A series of narrow bands
both in UV and visible range are observed
in the spectrum. Those bands can be inter-
preted as transitions between the corre-
sponding levels of 43 configuration of Nd3*
ions in NGG. Those may be mainly emissive
electron transitions from the 2F25/2 level
that are forbidden in the dipole approxima-
tion. The energy distance from the ground
level (4I9 5) to the mentioned excited one is
about 4.7 eV [10]. The probable identifica-
tion of the observed transition is given in
the Table. The UV emissive transitions of
Nd3* ions in yttrium-aluminum garnet
(YAG) are identified also as those from the
high-energy 2F25/2 level to the ground one
[10-12]. It is to emphasize that the Nd3*
ions in NGG are located in the oxygen-coor-
dinated dodecahedral positions of the crys-
tal cubic structure as a major component
and form the RE ion sublattice. Such crys-
tals are classified as concentrated systems
relatively to R3* ions. The spacing thereof
in REGG is about 0.4 nm. These features of
REGG are a reason for considerable interac-
tion between the R3* ions, that, in turn, is
reflected in the luminescence spectra
thereof. So it is why the intensity of the
REGG UV luminescence is low (the probable
concentration quenching) and increases at
low temperatures.

The evaluation of the NGG luminescence
decay constant t for the fast component
gives a value of 1 < 1 ns. This value is close
to the corresponding decay time of the
wide-band UV luminescence in Gd-Ga gar-
net [1, 2]. Similarly, the wide band shown
conventionally as the dashed line in Fig. 1
peaked near 300 nm may be due to that fast
luminescence. The energetically lowest ob-
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Fig. 2. Luminescence spectrum of
Ca,Ga,Ge,0,,Nd3* crystal at 295 K. The
dashed line denotes conventionally the fast
component.

served luminescence band peaked at 225 nm
is ascribed to the charge-transfer transition
of 4f25d configuration of Nd ion in YAG
activated with Nd3* [12].

The UV luminescence spectrum of
CGG:Nd (Nd concentration about 0.1 at.%)
is shown in Fig. 2. As in the NGG, the
luminescence is observed in a wide region
(270 to 500 nm). The spectrum is taken at
300 K along the main optical axis z. The
luminescence intensity in the CGG:Nd crys-
tal exceeds that of Gd—Ga garnet [1-3] by a
factor of 1.3, the recording conditions of
the fast UV components being the same.
The maximum intensity in NGG is one deci-
mal order lower than that in Gd—Ga garnet.
In the latter case, the fast UV component
contains overlapped peaks with maxima at
330, 297, and 265 nm [3].

A series of narrow luminescence bands
against the background of the wide band
(shown conventionally as the dashed line in
Fig. 2) corresponds, as in the case of NGG,
to transitions of Nd3* ion from the high-en-
ergy 2F25/2 level (see Table). The wide lu-
minescence band (the fast component) is
peaked near 350 nm.

The decay time estimation of the fast
luminescence component in CGG:Nd has
been resulted in t ~ 1.9 ns. This fast compo-
nent corresponds to the "background” lumi-
nescence (dashed line in Fig. 2). When at-
tempting to select the optimum conditions
for CGG:Nd luminescence recording by
varying the registration "time window”
[13], it was revealed that the intensity of
slow components decreases as the registra-
tion "time window"” is shortened, the fast
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Table. Emission lines of Nd;Gaz;O,, (I) and
Ca3GazGe4O14:Nd3+ (II) crystals from the
2F25/2 level of Nd3* ions. The maxima cor-
respond to Figs. 1 and 2.

A, nm Transition
(1) 220 -
232 -
260 o9
275 oy,
290 ?
310 159
320 115/
337 ?
367 4F3)9
398 4Fy 0+ 2H2g
430 *Fg /s
458 2H21; )9
485 %Gy /9
(I1) 307 50 + g
320 150
345 ?
375 *F3/9
395 4F559 + 2H2g 9
425 *Fy /9
component remaining essentially un-

changed.

When comparing the luminescence spec-
tra of NGG and CGG:Nd, it is to note the
similarity of the spectral shapes. Similar
series of emissive transitions in Nd3* ions
are observed in both cases. A common fea-
ture consists also in that at least two lumi-
nescence components are registered both in
NGG and CGG:Nd, namely, the fast wide-
band one (peaked at 300 and 350 nm, respec-
tively) and slow one (4f"-4f" transitions).
The latter was reported to be due to transi-
tions of the 4f3 configuration of Nd3* ions.

As to CGG:Nd, somewhat broadened
bands of the 4f3 transitions of Nd3* ions are
observed. That broadening may be due to
features of the CGG matrix structure where
Nd3* substitutes for CaZ*. It is known [6]
that CGG crystals are characterized by a
partial composition disordering due to sta-
tistical occupation of the corresponding cat-
ionic sites 1la and 3f with Ga and Ge atoms
in the ratio of 1:4 and 3:2, respectively.
Thus, the local positions of Nd3* centers in
the CGG lattice may have different sur-
roundings. The defect formation processes
under activation occur according to the
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scheme Ca?* + Ge** —» Nd3* + Ga®* and are
caused by an uncompensated positive charge
when an Nd3* ion enters the CGG crystal.
Simultaneously, the redistribution of Ga
and Ge ions over la and 3f positions. These
features cause the mentioned broadening of
the Nd3* narrow lines in CGG:Nd. The fast,
wide-band luminescence is more pronounced
in CGG:Nd as compared to NGG, as is seen
in Figs. 1 and 2.

The wide bands of fast luminescence of
the studied crystals are located in the UV
region. The broad non-elementary bands of
the intrinsic emission at about 300 nm are
observed also in some garnet crystals [10]
of various cationic composition, both in un-
doped and Nd3*-doped ones. In particular, a
broad intrinsic luminescence band peaked at
about 320 nm is observed in Ca—Ga germa-
nate [1, 2]. The 1t values of the wide-band
UV luminescence in NGG and CGG:Nd crys-
tals are similar for both crystals as well as
close to time characteristics of the intrinsic
UV luminescence for other garnets men-
tioned [1, 2, 10]. This may evidence that
the fast luminescence nature in the crystals
studied herein and in the garnets investi-
gated before is of the same type.
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JIroMiHeCIIeHI[id KPHCTAJIB TaJiiBMiCHHUX
CKJIAIHMX OKCHIIB

B.H .Illeeuyx

Posraspgatorscs cnexTpu Jomisecnennii kpucranis rpanary Nd;GagO,, Ta aneaTpuunoro
Ca-rasorepmaunary Ca3GazGe4O14:Nd3+ npu 30ymKeHHI KopoTKMMHU immynabcamu (~1.5 ns)
peHTreHiBcbKoro BumpoMmiHioBaHHSA B obsacti 200-500 mM. BumipioBaHHA IpOBeIEeHO IIpU
80 K rTa 295 K Bigmosiguo. OmiHeHO yacoBi xapaKTepUCTUKU IIBUAKUX (~1 HC) KOMIOHEHT
BUIIPOMiHIOBaHHS KpucTtaiiB. Bysbki cmyru mrominecreHIrii (moBiibHI KOMIIOHEHTU) IPUMHU-
CYIOTBCS TIepexXxofaM 3 PiBHA 2F25/2 ioma Nd3*.
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