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We propose here a model of the scintillation from complex oxide single crystals doped with
Ce* ions to explain the correlation observed between scintillation light yield and intrinsic
luminescence of the matrix. @995 American Institute of Physics.

Single oxide crystals doped with cerium ions have nowUnion over two decades, were selected for their minimal
joined alkali halides as scintillators of choice for particle andultraviolet absorptivity. The intrinsic luminescent band pa-
radiation detection applications. Such new phosphors wereameters, together with those previously reported, are listed
found in experimental searches unaided by theory, and inin Table I. The short wavelength bands for LUAG and YSO
clude: Y;Al:0;, (YAG), Y,SiO; (YSO), YAIO; (YAP);  could not be detected due to absorption effects that our se-
GdAIO; (GAP), Gd,SiO; (GSO; LusAls0;, (LUAG), lection efforts failed to overcome.

Lu,SiOs (LuSO), and LUAIO; (LUAP). Although the un- We identified a long wavelength luminescence band in
guided random sampling of solid-solution compounds hasll crystals, at shorter wavelength by2000 cm* in the
identified some promising new scintillator candidatesice  yttrium materials than in our lutetium sample. The shape and
identified, growing a crystal of the material is an expensiveproximity of these bands in all our crystals suggest a com-
process with an uncertain outcome. If common properties ofnon origin. A detailed investigation of YAG and YAP asso-
good scintillators could be identified then materials which inciated this emission with electron-hole recombination near
their crystalline form might possess these characteristicsation vacancie$.Further, the excitation spectra of this lu-
could be preferentially pursued. minescence has been determined to be near the long wave-

A scintillator's efficiency is well described by length edge of the fundamental excitatibit Our lumines-
[(hve)/(BEg)] S Q wherehv, is the average emitted pho- cence data and those of oth€rare consistent in indicating a
ton energy,8E, is the average crystal electron-hole pair cre-common origin of these luminescence bands in the radiative
ation energyS is the host matrix electron-hole to lumines- recombination (Sh+e) relaxation of excitons from self-
cent center energy transfer efficiency, af@ is the trapped holes Sh near the*¥-ion vacancies. These hole
luminescent center quantum efficierfc is easily deter- centers located inside complex crystals like YAG and are
mined directly and methods to estimagE, have been temperature stabfe,
developed. However, the matrix to radiating ion energy The short wavelength bands have been previously inves-
transfer and its influence on the scintillator parameters is stiltigated only in YAG and YAP. Using optical detected mag-
debated. Despite an attempt to describe its obvious fmitsnetic resonance, YAP was shown to have emitting state wave
and the proposing of some common rutesly for simple  functions which extend to at least a unit crystal ¢éiBince
gadolinium-based crystalin which the initial and final ex- this band was not seen in thermally stimulated luminescence
cited states are determineldas the scintillation mechanism spectrd it cannot result from the radiative recombination of
been describef. separated charge centers. Thus, these bands are probably pro-

The lack of experimental information about the host ma-duced by the annihilatioSh+Se) of self-trapped excitons
trix excited states has until now prevented the construction ofvith weak Coulomb binding whose radius is on the order of
an adequate model of the energy transfer from the matrix tene unit cell.
the radiating centers in cerium-doped oxide single crystals. Therefore the initial excited states of complex oxide
Such information can only be obtained from spectroscopi€rystals, gadolinium-based crystals excepted, are self-trapped
data, including intrinsic luminescence, of undoped crystals(Sh+Se excitons with weak Coulomb binding and excitons
However, such data are susceptible to corruption by impuriof self-trapped(Sh+e) holes near the heaviest host ion va-
ties. In what follows we show that the scintillation efficiency
of cerium-doped single oxide crystals strongly depends on

. . TABLE I. Intrinsic luminescence by 122 key-ray excitation.
the presence and parameters of the intrinsic luminescence of Y yray

the host matrix. Shortv Long v Other
We excited undoped YAG, LUAG, YAP, and YSO single band band references

crystals of dimensions 2010x1 mn? at room temperature |

; _ YAlO 39200 cm! 33600 cm? 8,9,11
with 122 keV y rays from cobalt-57 and measured the lumi-  (yac) i
nescence spectra with the setup described elseviHEne. LuzAl;0;, 31250 ' 15
crystals, from a collection of those grown in the Soviet (\';XIAO@

3 ~1 A1 _
(YAP) 44 800 cm 33600 cm 9-11,14

dpermanent address: Institute for Nuclear Problems, Belarus State Univer- Y,SiOs 33200 cnil

sity, Minsk, Belarus. (YSO)

YElectronic mail: trower@vtccl.cc.vt.edu
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FIG. 1. Luminescence intensity in relative units with wavelength resulting

from the 122 keVy-ray excitation of cerium-doped garnets 2800 K.
Solid line is LuAls0;,: Ce (0.001 mass % broken line is LyAl;O,,: Ce
(0.1 mass % and dotted line is YAl;0,,: Ce (0.2 mass %

cancies. For cerium-doped crystals there are at least two po
sible energy transfers between the host matrix and radiatin
ion which can produce luminescence. Each energy transfer

tals. Here, althoughiSh+Se as well as(Sh+ e) states are
quenched by host matrix Gt ions, which are only interme-
diaries between excitons and Ceons. The Gd*-ion lumi-
nescence is strongly quenched by migration processes which
limit the total light yield.

Our model explains the scintillation kinetics and the
slow components at the kinetics extrema. For instance, the
YAP (Sh+e) luminescence kinetics has large time
component® with lifetimes ~us. In the Forester—Dexter
model these components arise in the accefiter, C€")
kinetics and have been observet§:'’

We have described a model of scintillation from cerium-
doped complex oxide crystals which explains the main fea-
tures of our experimental data and that of others. We hope
that our model can inform future efforts which will result in
a theory of these crystals of increasing practical importance.

The authors thank our many colleagues who have gen-
erously provided our undoped crystals without which our
investigations and model would not have been possible. This
ork was performed under a grant from the National Science
oundation.
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