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The spectral and kinetic luminescence characteristics of undoped Ca;Ga,Ge,O,, single
crystals have been studied using synchrotron irradiation with 4-30 eV energy, X-ray and
optical irradiation (N, laser) in 10-300 K temperature range. It is established that the
undoped crystals show an intrinsic luminescence consisting of three elementary emission
bands peaked at 355, 400, and near 500 nm. The UV emission bands (355 and 400 nm) are
effectively excited in exciton absorption and band-to-band regions while the 500 nm
emission can be excited in the crystal transparency region. Possible nature of intrinsic
luminescence bands in Ca;Ga,Ge,O,, crystals is discussed.

HccnenoBaupl ClIEKTPAIBHO-JIIOMUHECIEHTHBIE U KMHETUYECKNE XaPaKTEePUCTUKN HEaKTH-
BUPOBaHHEIX MOHOKpucramrtos CasGa,Ge,0,, npu Bo3Oy:KAeHNN CHHXPOTPOHHBIM U3JIyJYeHNU-
em c osHeprueil 4—30 5B, PeHTreHOBCKMMH JydaMu u ontudeckum usirydenueM (N,-rasep) B
temneparypaom puanasone 10-300 K. ITokasaHo, 4TO mccliefOBaHHbIE KPUCTAJIBI XapaKTe-
pUBYIOTCS COGCTBEHHON JIOMUHECIEHI[MeH, KOTOpas COCTOUT U3 TPeX dJIeMEeHTAPHBIX IIOJIOC C
makcumymamu npu 355, 400 u 500 M. ITosocer 355, 400 uM s(pdeKTUBHO BO3OYIKIAIOTCA B
00JIaCTY SKCUTOHHOTO IIOTJIOIIEHWS UM 30HA-30HHBIX MepexojoB, a cBeuenue 500 M — B
obsactu mpospauHocTu Kpucrajaa. O0cy:kmaeTcs BO3MOMKHAs IIPUPOJA IOJIOC COOCTBEHHOTO
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cseuennus B Kpuctamaax Ca;Ga,Ge,0,,.

Crystals of Ca;Ga,Ge, 0,4, with trigonal
Ca-gallogermanate structure (space group
D32—P321) show a unique combination of
physical properties: luminescence, laser, re-
silient, piezoelectric, and acoustic. The dis-
ordered trigonal compounds Caz;Ga,Ge, O,
activated with RE ions and transition ele-
ments are known as effective materials of
quantum electronics combining the func-
tions of generation and frequency transfor-
mation of laser radiation. This fact has
stimulated the study of spectral and lumi-
nescence properties of transitional and RE
metals impurity ions in these materials [1,
2]. However, the centers of intrinsic lumi-
nescence in CasGa,Ge, 0, crystals, which
provide information about electron transi-
tions in the matrix, have not been suffi-
ciently studied. In this work, we report the
studies of intrinsic luminescence in
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CazGa,Ge,044 crystals under excitation
with X-rays, N, laser, and synchrotron ra-
diation (SR).

The crystals were grown by Czochralski
technique in argon atmosphere with oxygen
additive using platinum crucible. The initial
materials CaCO5;, Gay05, GeO, of at least
99.99 % purity were used as starting mate-
rials. The samples were prepared as plates
of 0.1-0.9 mm thickness, cut in a (0001)
plane. The optical absorption and lumines-
cence spectra were investigated in unpolar-
ized light, in the 10-300 K temperature
range. The optical absorption spectra were
measured using a "Specord-M40" spectro-
photometer. The luminescence investiga-
tions were carried under X-ray excitation,
optical excitation (N, laser, 2, = 337.1 nm)
and SR excitation. To study the X-ray lumi-
nescence spectra (RL) at 80—295 K tempera-
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tures, a microfocused X-ray tube with a
copper anticathode was used, operated at
45 kV, 0.8 mA. The RL spectra were ana-
lyzed using a home-made spectral setup in-
cluding a SF-4A quartz monochromator and
FEU-51 photomultiplier. Measuring of pho-
toluminescence (PL) spectra under excita-
tion with synchrotron radiation (SR) of 4—
30 eV energy at 10 K temperature were
performed using a SUPERLUMI station at
HASILAB (DESY, Hamburg). The emission
spectra were registered in the 200-900 nm
range using an ARS SpectraPro SP-308i
monochromator (0.8 nm) with CCD detec-
tor. The PL excitation spectra were meas-
ured both in the integral regime and in the
0-50 ns and 150—200 ns time gates within
limits of pulse repetition. The PL excitation
spectra were normalized to an equal number
of photons incident the sample. The decay
kinetics was measured in 150-200 ns time
gate at 10 K.

The Ca;Ga,Ge, 044 single crystals are
transparent in UV and visible ranges (Fig.
1, curve 1). The fundamental absorption
edge of undoped crystals at 300 K starts
from A ~ 245 nm. A spectrum of RL at all
undoped nominally pure Caz;Ga,Ge 044 sin-
gle crystals at 80 K is a wide asymmetric
band in the 300-600 nm spectral region
with a maximum at 420-430 nm (Fig. 1).
Temperature dependence of the RL band in-
tensity is presented as an inset in Fig. 1. As
is seen from Fig. 1, luminescence is
quenched in the temperature range of 120-
240 K. The luminescence spectrum under
laser excitation (N, laser) presents a weak
radiation in the 400-700 nm region with a
maximum near 500 nm (Fig. 1, curve 3).
The luminescence near 500 nm was ob-
served in all undoped nominally pure crys-
tals, the 500 nm band intensity being con-
siderably increased in crystals annealed in
vacuum. The asymmetry of 500 nm lumi-
nescence band in the undoped crystals, as
well as its maximum shift towards long-
wave region under N, laser excitation, dem-
onstrates that it is not elementary. To un-
derstand the nature of luminescence centers
in CazGa,Ge, 044 crystals, the PL spectra at
various excitation quantum energies of syn-
chrotron radiation were investigated.

The PL spectra recorded at 10 K under
SR excitation in the range of 4.6-7.8 eV
are shown in . The spectral composi-
tion of emission is presented by a wide
asymmetric band with the main maximum
near 400 nm. Fig. 2 illustrates that the
highest luminescence efficiency is observed
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Fig. 1. Optical absorption (I) and lumines-
cence spectra of undoped Ca,Ga,Ge,O,, crys-
tals under the X-ray excitation (2) and opti-
cal excitation (N,-laser) (3). Inset: tempera-
ture dependence of X-ray luminescence.

under excitation at 220 nm (5.63 eV). The
increase of SR energy (>5.9 eV) results in a
decrease of luminescence approximately
twice and in the shift of the 400 nm band
maximum towards short-wave region
(A, = 889 nm). In that case, a shoulder at
340-360 nm is observed in the short-wave
wing of this band. At a lowered SR energy
(Mexe = 252 nm, 4.92 eV), the emission de-
creases more than by 5 times. In the lumi-
nescence spectrum, a wide band is observed
with a maximum at 500 nm having an in-
flection in the asymmetrically extended
long-wave wing at A,, ~ 540 nm and narrow

bands at A, ~ 610 and A, ~ 700 nm. Dimin-
ishing of spectral recording width resulted
in appearance of line structure of narrow
bands associated with f—f transitions (5D0—7F i
channels) of Eu3* background impurity.
Similar characteristic lines of the Eu3* ions
luminescence in CasGa,Ge, 044 were ob-
served before in [4]. The consideration of
PL spectrum composition shows that experi-
mental curves can be fitted by three
strongly overlapped bands with maxima at
Ap =865 nm, A, =400 nm, and A, =
495 nm, while the intensity ratios depend
on the exciting SR quantum energy. The
extension of PL band into elementary com-
ponents was carried out using the Alencev-
Fock method [5].

presents the luminescence excita-
tion spectra. An intensive exciton absorp-
tion band (A, =218 nm, 5.68 eV) and
weakly expressed bands at 160 and 180 nm
in band-to-band absorption region are ob-
served in the excitation spectra of A, = 400
and 355 nm emission bands. A reduction in
the relative intensity of the exciton absorp-
tion band, a shift of its peak towards higher
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Fig. 2. Luminescence spectra of
Ca;Ga,Ge,0,, crystals under SR excitation
at &, = 220 (a), 160 (b), 252 (c) nm at 10 K.
Dashed line shows the elementary components
of luminescence band.

energies compared with the corresponding
excitation peak of 400 nm luminescence is
observed for the 355 nm band. However,
the character of the excitation spectra for
355 and 400 nm luminescence bands is al-
most the same and does not change at the
measurement in "fast” and "slow” time win-
dows, the slow component contribution
being prevailing. According to Fig. 3, the
excitation spectrum of emission in the
500 nm region, in contrast to the PL bands
in the UV region, is characterized by two
maxima: in the transparency region of crys-
tal peaked at 4.92 eV (A, = 252 nm) and in
region of exciton absorption peaked at
5.562 eV (A, = 224 nm).

The luminescence decay curves of inacti-
vated Ca;Ga,Gey 04, crystals in the case of
excitation SR quanta at T =10 K are pre-
sented in the Figure 4. The decay time pa-
rameters were determined by exponential
approximation. The decay kinetics of 355
and 400 nm PL bands are described by su-
perposition of fast (ns) and slower exponen-
tial components (tens ns), the contribution
of the latter being dominant. The kinetic
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Fig. 3. Luminescence excitation spectra of
Ca,Ga,Ge,0,, crystals at 2, =340, 400,
510 nm. Spectra are measured in integral re-
gime (points), "fast” (solid line) and "slow”
(dotted line) time intervals.

curve of 355 nm luminescence is formed by
components of 1y ~ 6.72 ns and a slower one

with 15 ~ 64 ns, while the decay kinetics of
400 nm luminescence can be approximated
by two components with life times 1y ~
12.38 ns and 15 = 160 ns. In the kinetics of
PL band peaked near 500 nm, obtained by
excitation at any SR energy, a pronounced
"pedestal” indicating the existence of slow
dominant component in microsecond range
is present besides of low intensity fast com-
ponent (14 = 1.86 ns).

It should be noted that both PL bands in
the UV region (i, = 8556 and 400 nm) are
excited in the region of the band-to-band
transition and exciton absorption, and exci-
ton narrow band dominates in the excitation
spectra (Fig. 3). The excitation spectrum of
luminescence bands near 500 nm together
with a band in exciton absorption range at
5.52 eV is characterized by intense band in
the transparency region with a maximum at
4.92 eV. The 500 nm luminescence band is
weakly excited by photons with energies
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that match the band-to-band transitions.
Decay kinetics of 355 and 400 nm PL bands
are described by fast times (few ns and tens
ns), while a dominant slow component with
us decay time is present in the decay kinet-
ics of 500 nm PL.

The above results indicate that low-tem-
perature emission bands in the ultraviolet
region with maxima at 360 and 400 nm,
being similar in many important properties
(kinetic constant, almost identical character
of the excitation spectra, quenching tem-
perature) can be attributed to the lumines-
cence centers of similar structure. The
emission band peaked near 500 nm, differ-
ing in excitation spectrum and decay kinet-
ics from the UV region bands, can be attrib-
uted to another luminescence center kind.
Thus, the experimental results indicate that
two types of intrinsic luminescence are
shown in Ca;Ga,Ge, 044 crystals.

The bands peaked near 340 and 400 nm
can be regarded as the emission of self-
trapped exciton and localized exciton emis-
sion, respectively. It is known that the low-
temperature luminescence bands are typical
of the complex oxide crystals where oxygen
ions occupy low symmetry sites. As to their
nature, there is no single point of view in
literature (see, e.g. [6, 7]). These intrinsic
luminescence bands are interpreted often as
radiative decay of self-trapped excitons
formed by the relaxation of large-radius ex-
citons or by recombination of electrons with
holes localized at intrinsic or impurity de-
fects of crystal lattice. The hole component
of exciton for many oxides is genetically
different. Some intrinsic luminescence
bands in oxides are referred to emission of
antistructural defects or luminescence-ac-
tive structure defects such as wvacancies.
Note that the appearance of excitation spec-
tra for A, = 355 and 400 nm PL is typical
of the spectra associated with the formation
of electron excitations in a crystal. In our
opinion, the most reasonable interpretation
of 8355 nm emission is radiative decay of
self-trapped excitons. The hole component
could be the O~ center studied by EPR [8]
in CasGa,Ge, 04,4 crystals irradiated with
ultraviolet and X-ray quanta. A wide exci-
tation spectrum of the 835 nm PL band
shows that self-trapped excitons in
CazGa,Gey044 may arise due to relaxation
of both free excitons and electron-hole
pairs, which appear under excitation with
photons at energies exceeding E,. The
longer-wavelength and more intense intrin-
sic emission band (A, = 400 nm) can be con-
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Fig. 4. Luminescence decay curves in the
bands A, = 340 (a), 400 (b), 510 (c) nm in
Ca;Ga,Ge, 0, crystals at T = 10 K under ex-
citation by SR with A, = 160, 220, 252 nm,
respectively.

nected with radiative annihilation of exci-
tons located near the lattice cationic posi-
tions statistically populated with atoms
Gad*, Ge#* differing in size and charge.
Ga3* ions in 3f tetra positions or Ge** in la
octa ones may be attracted to one of othe
electron-hole pair components followed by
trapping of the second charge carrier. Thus,
a "localized exciton state” is formed. The
luminescence occurs as a result of radiative
annihilation of these excitons. The exist-
ence of fast and slow components in the UV
luminescence bands decay kinetics can be
explained by two exciton radiation levels
characterized by different transition prob-
abilities.

The luminescence at %, ~ 500 nm, which
is effectively excited in transparency range,
seems to be related to the structure defects.
Taking into account the fact that the oxide
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compounds may contain a noticeable concen-
tration of anion vacancies [9], the crystal
under study can be considered to include
the F type luminescence centers. This as-
sumption is consistent with the fact that
the 500 nm band intensity increases in the
vacuum annealed crystals, where a high
concentration of anion vacancies is formed.
The wavelength positions of this band and
its exciting band in the crystal transparency
region at A, =252 nm (4.92 eV) agree
rather well with the spectral characteristics
of F-centers identified in thermochemically
colored crystals Ca;Ga,Ge, 04, and with ex-
perimental studies of F-centers in other
complex oxide crystals [10, 11].
Luminescence at about 500 nm occurs
also under excitation in exciton region in
the band with 2, = 224 nm. This indicates
a possibility of F-center excitation due to
energy transfer from excitons localized at
these centers. The presence of an intense
slow exponential stage and weak fast one in
the decay kinetics of the 500 nm band may
be due to the contribution from singlet-sin-
glet transitions and forbidden singlet-triplet
ones, which are provided by the F-center
electron structure. Asymmetrical long-wave-
length edge of the F band with inflection at
540 nm suggests the existence of an addi-
tional band. The lack of separation of F
band even at 10 K and its considerable
width can be explained by structural peculi-
arities of CazGa,Ge 044 crystals. The
CazGa,Gey 044 crystal matrix is charac-
terized by disordered cationic sublattice,
which is due to 3f tetra and la octa strue-
tural positions randomly occupied by Ga3*
and Ge** ions. As a result, a statistical set
of centers appears coupled with anion va-
cancy in the 6g oxygen positions, which
have different local surroundings. This pro-

vides the significant broadening of the F
center band and the lack of its structure in
the studied crystals.

Thus, new experimental results are pre-
sented evidencing that the undoped
CazGa,Gey 04y crystals are characterized by
low-temperature intrinsic luminescence
which consists of three components. Based
on the consideration of the results and lit-
erature data, it can be concluded that the
emission bands in the UV region (855 and
400 nm) are connected with exciton radia-
tive annihilation, while the band at about
500 nm can be ascribed to luminescence of
F type centers.
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JlrominecuenTHi Baacrusocti kpucraxis Caz;Ga,Ge, 0,

J.B.Kocmuk, O.B.Il6emkoéa, I'.6.Cmpuzaniokx

HocaigKkeHo cIeKTPaJbHO-TIOMiHECIIEHTHI Ta KiHETUUYHI XapaKTEePUCTUKU HeaKTUBOBAHUX
monokpucranis Ca;Ga,Ge,0,, mpu 30ymKeHHI CHHXPOTPDOHHMM BHIPOMIiHIOBAHHAM 3
enepriero 4—30 eB, peHTreHiBCbKMMH NpPOMEHAMH Ta ONTHYHMM BunpomimooBavHAM (N,-
nasep) y remmeparypuomy miamasoni 10-300 K. Iloxasamo, mo xpucranum, AKi mocaimxy-
IOTBCS, XapPaKTepPU3yOThCA BJIACHOIO JIOMIiHECIEHIII€I0, TKa CKJIAJMAETHCSI 3 TPHOX €JeMeHTap-
HUX cMmyr 3 mMakcumymamu npu 355, 400 ta 500 mm. Cmyrm 355, 400 M edekTuUBHO
30yI)KYIOThCA B 00JIACTI €KCHTOHHOIO IIOTJIMHAHHS Ta 30HA-30HHUX IIEPEXOIiB, a CBiueHHS
500 um — B oGsacTti mposopocti kpucranaa. OGroBOpPIOETHCA MOMKJINBA IPUPOLA CMYI' BJIACHOTO

cBivenns y xpucranax CazGa,Ge,O,,.
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