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Luminescence properties of ytterbium ions in of Y;Al;0,, (YAG) epitaxial films have
been investigated. The influence of growth conditions on the change of activator ions
charge state and the luminescence in visible spectral region has been demonstrated. It has
been established that emission bands with maxima at 480 and 580 nm are attributed to the
5d-4f transitions of YbZ* ions. The emission bands with maxima at 330 nm and 500 nm
correspond to transitions from charge transfer state to 2F7/2 and 2F5/2 state of Yb%* ions,
respectively.

IIpoBeneHo ucceoBaHNe JIOMUHECIIEHTHLIX CBOMCTB MOHOB UTTEPOUSA B SMUTAKCUAIBHBIX
mreskax YgAl;O0,, (YAG). IlokasaHo BIusAHHE YCIOBHH BBIDAIIMBAHHUSA HAa HM3MEHEHHE 3apH-
IOBOT'0 COCTOSHMS MOHOB aKTHBATOPA M €r0 CBEUEHHS B BUIMMOI 00JlacTH CIIEKTPA. ¥ CTAHOB-
JIEHO, YTO JIIOMHHECIEHIIMA B Imosocax ¢ makcumymamu upu 480 um u 580 HM B snmuTakcu-
anpabIXx maeakax YAG:Yb npunwuceiBaercs 5d-4f mepexomam mouos Yb2*. Ilosocel cBeueHus
¢ makcumymamu npu 330 m 500 HM oTBeuaroT mepexomaM M3 COCTOSHMS II€PeHOoca 3apsaga
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COOTBETCTBEHHO HA YPOBHU 2F7/2 u 2F5/2 monos Yb3*.

Bulk single crystals and epitaxial films
of ytterbium containing yttrium-aluminum
garnet (YAG:Yb) are considered as promis-
ing materials for high power lasers [1, 2].
An important factor that decreases the per-
formance thereof is the presence of divalent
Yb2* ions being responsible for the shorten-
ing of the Yb3* excited state lifetime. The
YAG:Yb films grown by liquid phase epitaxy
(LPE) technique have several advantages in
comparison with YAG:Yb single crystals.
The fabrication technology thereof provides
a homogeneous material with perfect struc-
ture, suitable thickness, and composition
that is important from point of view of this
material practical use [2]. In recent years,
there is an increasing interest to lumines-
cence and scintillation properties of YAG
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single crystals activated with Yb3* ions. The
very fast luminescence in ultra violet (UV)
and visible spectral regions associated with
charge transfer transitions offers new ap-
plication possibilities for these materials in
experiments for detection of neutrinos and
other high-energy particles [3, 4]. The aim
of this work was to investigate the influ-
ence of growth conditions and heat treat-
ment of YAG:Yb epitaxial films on the opti-
cal absorption and luminescence emission
thereof under X-ray excitation.

The YAG epitaxial films activated with
ytterbium ions were grown by LPE tech-
nique from PbO-B,0; and Bi,O; melt-solu-
tion in air as described in [2]. Single erystal
plates of (111) oriented YAG of about 1 mm
thickness were used as substrates. The
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Table. Characteristics of the (Yb,Y)3;Al;0,,
epitaxial films

Sample | h, ym | Grown from | Ytterbium ion

No. flux substitution of
Y sites, %

5-01 32.8 PbO-B,0, 10
5-03 62.0 PbO-B,0, 10
2-03 65.0 Bi,O,4 12
2-24 128 Bi,O,4 12
2-49 106 Bi,O4 40

change of ytterbium concentration was real-
ized by successive additions thereof into the
melt. The general tasks of the melt compo-
sition selection were to obtain a necessary
doping level and to minimize the lattice pa-
rameters misfit between the substrate and
the epitaxial film. The growth rate was con-
trolled by means of the growing tempera-
ture. The thickness of layers grown was 30
to 260 pum. The characteristics of the
(Yb,Y)3Al504, epitaxial films mentioned
thereafter in this work are presented in
Table. Some samples were annealed in a re-
ducing atmosphere (H, flow) at 800°C for
6—7 hours to stabilize the divalent state of
Yb ions.

Optical absorption spectra of the samples
were computed from transmission spectra
recorded by double-beam spectrophotometer
"Specord-M40" (Carl Zeiss, Germany) at
room temperature (RT). A home-made spec-
tral setup based on the SF-4A quartz mono-
chromator was used to study the X-ray lu-
minescence spectra. The excitation was per-
formed by microfocused X-ray tube
operated at 45 kV with a current of
0.3 mA. The emission spectra were cor-
rected for the monochromator dispersion
and detector spectral response.

The absorption spectra in the UV and
visible regions of the grown YAG:Yb epi-
taxial films differ essentially depending on
the melt composition and growth condi-
tions. As it is seen from Fig. 1, the sharp
increase of absorption coefficient in UV
spectral region starts at shorter wave-
lengths for the films grown from lead oxide
based flux as compared to those grown from
bismuth oxide one. This is observed in both
cases at wavelengths shorter than 300 nm
and can be associated with doping with un-
controlled lead or bismuth impurities, de-
pending on the melt composition. The ab-
sorption of garnet epitaxial films in UV
spectral region is explained by intra-center
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Fig. 1. Absorption spectra of the YAG:Yb epi-
taxial films in UV and visible region. Film
Nos. 5-01 (1), 2-03 (2), 2-24 (3), 2-24 (4),
reduced in H, (5).
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Fig. 2. Emission spectra of YAG:Yb single
crystalline films under X-ray excitation.
a) films grown from lead oxide based flux:
No. 5-01 (1), No. 5-03 (2); b) film grown
from bismuth oxide based flux (No. 2-03).

transitions 1Sy, — 3P; (A,,,, ~ 260-270 nm)
in Pb2* and Bi®* Hg-like ions with high os-
cillator strength as well as by charge trans-
fer between impurity levels and conduectiv-
ity band [5, 6]. A broad maximum at
450 nm and increasing absorption at about
310-350 nm are observed in absorption
spectrum of the films grown from PbO-
B,O3; melt (curve 1, Fig. 1). The absorption
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Fig. 3. Emission spectra of reduced YAG:Yb
single crystalline film No. 2-24 under X-ray
excitation: 1, room temperature, 2, liquid ni-
trogen temperature.

increases almost by one order and the dis-
tinct maxima at 390 and 650 nm are ob-
served for the films with near the same
ytterbium contents grown from Bi,O; melt.
The films with the same ytterbium content
obtained from Bi,O5 flux at much reduced
growth rate were essentially colorless in the
visible spectral region. But the same ab-
sorption bands as in film No.2-038 arise
therein after the annealing in H, atmos-
phere (800°C, 6—7 h). The analogous bands
were observed in absorption spectra of
YAG:Yb single crystals grown in reducing
atmosphere with addition of quadrivalent
impurities (Si, Zr) for charge compensation
[7]. It allowed to connect these bands with
4f-5d optical transitions in Yb2* ions.

The X-ray luminescence spectra of the
grown epitaxial films differ considerably
depending on the melt composition. Fig. 2a
represents the emission spectra of two films
obtained from lead containing melt at some-
what different growth rates. A pronounced
luminescence band with a maximum at
580 nm and a long-wave shoulder in the
650-750 nm range is observed in both
films. The relative intensity of another lu-
minescence band in blue spectral region
with maximum at 480 nm changes from
sample to sample and increases with the
film growth rate. The main emission inten-
sity increases by several times in films
grown from bismuth based flux (Fig. 2b)
and there are two well divided narrow
bands with maxima at 480 and 580 nm.
Fig. 8 represents the luminescence spectra
of the film No.02-24 annealed in reducing
atmosphere under X-ray excitation at the
room and liquid nitrogen temperatures. It
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Fig. 4. Emission spectra of reduced YAG:Yb
single crystalline film No. 2-49 under X-ray
excitation: I, room temperature, 2, liquid
nitrogen temperature.

can be seen that bands with maxima at 480
and 580 nm prevail also in luminescence
spectra of this film but there are weak max-
ima at 410, 440, and 530 nm as well. After
the temperature is decreased from 293 to
100 K, the intensity of main bands becomes
approximately halved and a change in the
relative intensity thereof is observed. At
the same time, the intensity of background
lines which can be associated with presence
of rare earth impurities increases.

As to the nature of luminescence bands
at 480 and 580 nm observed in films with
relatively low ytterbium contents, we can
assume that those are connected with diva-
lent Yb2* ions. These bands can be attrib-
uted to intra-center transitions in 5d-4f
configuration of Yb2*. The changes in rela-
tive intensity of emission bands at 480 and
580 nm may be caused by different mecha-
nisms of excited states population recombi-
nation processes resulting in the lumines-
cence. The emission spectrum of the YAG:Yb
films with increased ytterbium concentration
(up to 40 at.%) differs qualitatively and new
broad bands with maxima at 330 and 500 nm
arise (Fig. 4). Decreasing temperature results
in increase of both bands and change in rela-
tive intensity thereof. No luminescence was
observed after annealing of YAG-40 % Yb
films in hydrogen atmosphere.

In epitaxial films with high ytterbium
content, the absence of Yb2* attributed lu-
minescence can be connected with concen-
tration quenching. The luminescence in the
bands at 330 and 500 nm observed before in
YAG:Yb single crystals [3, 8] is caused by
charge transfer transition. It is necessary to
study the time and temperature charac-
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teristics of luminescence to confirm such
suppositions. Kinetic study of the lumines-
cence associated with divalent ytterbium
ions can be of use for specification of re-
laxation mechanisms of excited Yb3* ions
states in complex oxides.

To conclude, the luminescence bands
with maxima at 480 nm and 580 nm ob-
served in the YAG:Yb epitaxial films under
X-ray excitation are attributed to 5d-4f
transitions associated with Yb2* ions.
Changes of growth conditions, impurities
and structural vacancy-type defects concen-
tration results in variations of the relative
intensity of these emission bands. The
broad emission bands with maxima at 330
and 500 nm in YAG:Yb epitaxial films as
well as in YAG:Yb single crystals are caused
by the charge transfer transitions.
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PeHTrenomioMiHeCcHeHI[iA MOHOKPHUCTAJNIYHUX ILIiBOK
IAT 3 momimkoio iTepoiro

A.M.3axapko, A.Il.JIyueuxo,
I.M.Cueopomka, I1.1.Cuéopomra, C.5.Yo6u3svcoxuil

IIpoBemeHo mocaig:KeHHsA JIOMiHECIEHTHUX BJIacTUBOCTeil ioHiB iTepbiio B emiTakciiiHux
mriBkax Y3Al504, (YAG). IlokasaHo BIUIMB yMOB BUPOIIYBAHHA HA 3MiHY 3apfAZOBOIO CTaHY
ioHiB aKTHMBaTOpa TA MOro cBiueHHs y BuauMMill obsacTti cuekrpa. BeraHosieHo, 1o JioMiHec-
mernis B cmyrax 3 makcumymamu npu 480 mm i 580 HM mpunucyernca 5d-4f mepexogam
iomie Yb%*. Cmyru ciuenns 3 maxcumymamu npu 330 i 500 HM BigmoBizaoTs mepexomam i
CTaHy IepeHeceHHs 3apAny BinmoBizHO Ha piBHI 2F7/2 i 2F5/2 iomin YbS*.
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