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The optical and luminescence characteristics of YAG:Ce crystals grown first using the
gas phase horizontal directed crystallization in reducing gas media developed by the
authors have been studied. A correlation has been found between the cerium content and
intensity of the absorption bands peaked at 235, 270 nm and in the 250-300 nm range. A
model is proposed to describe the optical absorption features of YAG:Ce crystals grown in
reducing conditions. According to the model, in the presence of cerium ions, the conver-
sion of F, F' centers occurs. The luminescence spectra are characterized, besides of a wide
(530-540 nm) Ce®* ion band, by a 400 nm band which is due to F centers.

HccnemoBaHbl ONTHMYECKHE M JIOMWHECIEHTHBIE xapakrepuctuku Kpucraanos YAG:Ce,
BIIEPBLIE€ IIOJYYEHHBIX C HCIIOJb30BAHMEM pPa3pabOTaHHBIX ABTOPAMM Ia30BBIX TEXHOJOIHIA
TOPHU3OHTAJIBLHON HANPABIEHHON KPHCTANIM3AIMHA B BOCCTAHOBHATEJLHEIX CPELax. YCTAHOBJIE-
HA KOPPEeJNANUsa COLEPKAHNA IEePUd B KPUCTANIAX M MHTEHCUBHOCTH IIOJIOC IIOTJIOIEHUA IPHU
235, 370 am u B ob6aactu 250—-300 mm. IIpemyioxkeHa Mojesb, ONMCHIBAIOINAA OCOOGEHHOCTH
ONTUYECKOTo mmorjomenusa KpucraanoB YAG:Ce, BoIpallleHHBIX B BOCCTAHOBUTEJIBLHBIX YCJO-
Buax. CorjlacHo sTO MoJejau, B IPUCYTCTBUU HOHOB I€PHUSA IIPOUCXOAUT KOHBepcud F,
Ft.menTtpoB. CIeKTphbl JTIOMUHECIEHIINY XapaKTepU3YIOTCA, KPOMe IIMPOKoil mosochl (530—
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540 um) monos Ce®', nuuumeir 400 HM, 33 KOTOPYIO OTBETCTBEHHBI F-I[€HTDEI.

The horizontal directed crystallization
(HDC) is among the most effective methods
in growing of large crystals. The develop-
ment of novel gas phase HDC techniques [1,
2] made it possible to expand considerably
the potential of that method. The main ad-
vantages of those techniques are based on
the use of carbon-graphite construction ma-
terials providing a rather simple control of
thermal field and temperature gradient dis-
tribution in the growing crystal. The pres-
sure and reducing potential of the gas me-
dium provides the protection of the furnace
materials and reduction of mass transfer
therein. The crystallization in the zone
melting mode makes it possible to grow
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crystals at a rather high homogeneity of the
activator distribution along the crystal. The
transversal concentration gradient in the
crystal is substantially zero in this case.
Thus, the gas phase HDC techniques are of
good promise in the growth of large scintil-
lation crystals, in particular, of cerium ac-
tivated ones, since the reducing growing
conditions favor the introduction of cerium
in the Ce3* state. This work presents the
study results of optical absorption and lu-
minescence of activated YAG:Ce crystals
prepared first using the gas phase HDC
technique in reducing atmosphere.

The crystals were grown in a furnace
provided with tungsten heater and carbon-
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Fig. 1. Absorption spectra of YAG ecrystals
with various Ce concentrations. Curves I, 2,
3 correspond to 1.0; 0.3; and 0.1 wt % CeO,

content in the blend, respectively; curve 4 is
for undoped YAG.

graphite thermal insulation in reducing CO
and H, atmosphere at 5 to 15 Pa pressure.
The growth medium was formed in the
growth furnace spontaneously due to inter-
action of the melt vapor and residual gases
with the carbon of the insulation; its pres-
sure was defined by the furnace pumping-
out rate provided by a mechanical pump [3].
The broken Y;Al;O,, crystals and CeO, pow-
der (0.1 to 1 wt. % in the blend) were
loaded into a molybdenum crucible. The
crystal pulling speed was 1 to 2 mm/h.
Non-activated YAG crystals were grown also
for comparison purpose. The double-side
polished plates of 80x30x1 mm3 and
30x30x5 mm3 were prepared from the same
areas of the crystals obtained. The trans-
mission spectra were recorded using a Spe-
cord UV-VIS spectrophotometer; the lumi-
nescence ones, using a SDL-2 spectro-
photometer, a DKSSh150 xenon lamp being
used as the excitation source.

The grown YAG:Ce crystals
(120x90x30 mm3) exhibit a homogeneous
yellow-green coloration while the non-acti-
vated ones are essentially colorless (a weak
lilac tint). No inclusions or a visible streaki-
ness are observed within the crystal volume.
Fig. 1 presents the absorption spectra of the
crystals containing various cerium concen-
trations. It follows from the spectra that
the YAG:Ce crystals show absorption bands
at 227, 235, 340, 370, 458 nm as well as a
wide band in the 250 to 300 nm range with
weak-resolved peaks therein. The 227, 340
and 458 absorption bands correspond to the
4f155d1 transition in Ce3* ions within the
YAG lattice [4, 5]. Since the crystals were
grown in a reducing medium, the intense
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Fig. 2. Effect of oxidative annealing on the
YAG:Ce optical absorption (1, prior to air an-
nealing; 2, thereafter).

band at 8370 nm may be due to absorption of
intrinsic color centers based on anionic va-
cancies of F, F' center type. The judge-
ments on its nature are still ambiguous. In
particular, it is supposed that the 370 nm
band is due by the growth defects resulting
from the melt stoichiometry distortions and
is associated with capturing of the crystal-
forming cations in the interstices [6, 7]. On
the other hand, the studied carried out in
[5] evidence that the 235 and 8370 nm bands
result most likely from the anionic non-
stoichiometry of yttrium-aluminum garnet.
The two weak-resolved peaks in the 250—
300 nm region are neatest to the 255 nm
absorption band corresponding to the
charge-exchange transition of Fe3* [8] as
well as to the 295 nm one of an unestab-
lished nature [9].

Comparison of the spectra (Fig. 1) shows
that as the cerium concentration rises, the
absorption in the 235 and 370 nm bands
decreases while increasing in the 250-
300 nm region. Thus, it can be supposed
that heterovalent cerium ions may assist in
the color center conversion. The following
process is possible in the reducing growth
conditions:

Ce# + F - Ce3" + F+,

where a fraction of F centers is converted
into F' ones. Then, the 235 and 370 nm
bands must correspond to F centers and the
absorption in the 250—800 nm region must
be associated with F™ ones. To check the
connection between the color centers and
anionic non-stoichiometry, the samples were
annealed in an oxidizing medium, i.e. in air
at 1300°C for 12 h (see Fig. 2). It has been
established that the annealing results in a
considerably decreased absorption at 235,
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Fig. 3. YAG.Ce luminescence spectrum under
excitation at 340 nm.

370 nm as well as in the 250-300 nm, so
that the spectrum contains only cerium ab-
sorption bands. It is known that an anneal
in oxidizing medium must cause an in-
creased or at least unchanged absorption in-
tensity of Fe3* ions at 255 nm [8]. More-
over, the comparison of the spectra in Fig. 1
shows that the absorption mentioned is
most pronounced in cerium-doped crystals
only and is absent in undoped YAG ones.
Since the growing was carried out in reduc-
ing atmosphere, the absorption near 250 nm
in YAG:Ce crystals can be supposed to be
due to a complex activator-vacancy center
of Ce3*—F type.

To study the luminescence spectra of
grown crystals, those were excited to the
340 nm absorption band of cerium ions as
well as at 265 nm to excite a defect-induced
luminescence in the UV spectral region due
to the presence of anti-site defects of YAI3+
type [10]. The obtained spectra (Figs. 3, 4)
are characterized by a wide luminescence
band of Ce3* ions at 500-600 nm and a
band near 400 nm that is to be ascribed to
the centers absorbing at 235 and 370 nm,
as is shown by the study of excitation spec-
tra [9]. Thus, in our opinion, the lumines-
cence at 400 nm is defined by the F centers.
The luminescence maximum of cerium ions
(530-540 nm) for the crystals grown in a
reducing medium is shifted a little towards
shorter wavelengths. This is connected most
likely with changes in the cerium ion neigh-
borhood due to anionic non-stoichiometry of
yttrium-aluminum garnet. The intrinsic lu-
minescence of YAG caused by the anti-site
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Fig. 4. YAG:Ce luminescence spectrum under
excitation at 265 nm in the defect lumines-
cence region.

defects was not revealed substantially in the
samples studied (Fig. 4). This might be due
to the possible falling of the 340 nm cerium
absorption band into the defect lumines-
cence of YAG:Ce and its quenching result-
ing from the anionic non-stoichiometry of
the crystals.

To conclude, cerium activated YAG single
crystals free of any inclusions and visible
inhomogeneities of the activator distribu-
tion have been grown by the HDC method in
a reducing gas medium at 5 to 15 Pa pres-
sure. The crystals show absorption bands at
235 and 370 nm as well as a wide absorp-
tion band in the 250 to 300 nm range with
weak-resolved peaks therein besides of ce-
rium ion absorption bands. The absorption
intensity in those bands has been estab-
lished to be in a correlation with cerium
content. A model is proposed to describe the
transformation of absorption spectra yt-
trium-aluminum garnet crystals grown in a
reducing medium. According to the model,
as the cerium concentration increases, the
conversion F, F' centers occurs as well as
the formation of activator-vacancy com-
plexes is possible. It has been shown that
the absorption within the 250-300 nm re-
gion may be due to the F™ centers. The 235
and 370 nm bands correspond to F centers.
The absorption spectra of YAG:Ce crystals
annealed in oxidizing conditions are shown
to contain only the Ce3* bands. The lumi-
nescence spectrum of the grown YAG:Ce
crystals includes, besides of a wide band of
Ce3* ions, a peak near 400 nm which corre-
sponds to the F center luminescence.
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OnTuuyni Ta JIOMiHECHEHTHI XapaKTEepUCTHKH KPHMCTAJIB
YAG-Ce, mo BMpPOImIEHi MEeTOLOM TOPH30HTAJbHOIL
HANpPaBJEHOI KpHUCTAJi3alil Yy BiTHOBIIOBAJIbHOMY

ra30BOMY CepeIOBHIILi

C.B.Hixcanrxoécvrui, A.A./Jlanvxko, B.M.Ily3ikoe, IO.M.Caééin,
A.I''Tpywrkosecovkuii, C.I. Kpueonozos

Hocaimskeno ontuyHi Ta JominecnenTHi xapakrepuctuku kpucranis YAGXK—-Ce, suepire
OIEep:KaHUX 3 3aCTOCYBAaHHAM pPO3POOJEHUX aBTOPAMHU ras30BUX TEXHOJIOTiHl TrOpU3OHTAJILHOI
HampAMHOI Kpucrajgisamil y BiZHOBJIIOBaJIbHUX CepeLoOBHUINlaX. BcTaHOBIEHO KOpeaAIiio
BMicTy Iepiio y KpucTajaX Ta iHTEHCHBHOCTI cmyr morjuHanHa npu 235, 370 HM Ta B
obnacti 250-300 EM. 3ampOmIOHOBAHO MOJEJb, KA OIMCYE OCOOJIMBOCTI ONTUUHOTO IIOTJIU-
Hauua kpuctanais YAG:Ge, mo BupoleHi y BifHOBIIOBAJILHAX YMOBaX. 3TiJHO 3 I[i€I0 MOJeJI-
JII0, Y OPHUCYTHOCTi ioHiB mepiro BisfyBaeThca komsepcia F, FT-memtpi. CrexTpu gmomiHe-
cueHnii xapakTepusyoTbcs, okpim muporoi (530—-540 mm) cmyrm iomis Ce3*, mimiero
400 M, symoBieHO F-uieHTpamu.
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