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Effect of Temperature on the Ion Beam Induced Luminescence
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The hydrogen ion beam induced luminescence of gadolinium oxide Gd2O3 doped with 1% of holmium (Ho) and
1% of bismuth (Bi) was investigated. Degradation of the holmium related 549 nm ion beam induced luminescence
line intensity during hydrogen ion irradiation was observed. Two different mechanisms of the ion beam induced
luminescence degradation has been proposed: the first one related to the accumulation of ion induced target material
damage and the second mechanism related to the target temperature growth during ion beam bombardment. The
experimental method for separation of both mechanisms effects was proposed and demonstrated.
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1. Introduction

Oxide materials are widely used in nuclear installa-
tions and in space vehicles where they are subjected to
degradation by energetic particle irradiation. Ionolumi-
nescence (IL) or ion beam induced luminescence (IBIL)
is a material characterization method based on excitation
of material luminescence by incident ions. This method
is unique because of its ability to provide in situ informa-
tion about recombination centers in the target material
during ion beam bombardment.

Tonoluminescence as the characterization method has
been investigated for last few years [1-17] and has been
successfully used for characterization of scintillating ma-
terials [2], impurity detection [6, 17|, in artwork char-
acterization and mineral or artificial gems identification
[11, 13] and for other materials characterization as well.
However, the main disadvantage of this method is ma-
terial degradation and modification of ionoluminescent
spectra by ion beam bombardment during measurement.
Ton beam energy dissipation in target leads to genera-
tion of structural defects and elevation of target material
temperature. Both effects may affect luminescence of the
material. It seems that fast recording of spectra changes
during ion beam bombardment may provide information
useful for resolving degradation and thermal effects.

The main idea of this work is based on the assump-
tion that ion induced defects are accumulated during ion
implantation and defect concentration is mainly fluence
dependent. On the other hand, the net thermal effect
should be recovered after cooling of the target material.
The step by step implantation process has been devel-
oped with cooling stages without ion beam irradiation
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between ion implantation steps during which the tem-
perature can increase.

2. Experiment

The molecular hydrogen (Hj) ion beam of the energy
100 keV has been used for excitation of ionoluminescence.
The holmium (Ho) and bismuth (Bi) doped gadolinium
oxide powder (Gd203:1%Ho, 1%Bi) was used as target
material. Concentrations of both dopants (Ho and Bi)
were 1%. The gadolinium oxide powder was produced
using the sol-gel method. The density of ion beam cur-
rent was J = 9 pA/cm? and it was stable during the
whole measurement time. IBIL spectra in the wavelength
range from 300 nm to 1000 nm were recorded using the
Hamamatsu minispectrometer equipped with the CCD
camera and fiber optic waveguide input. All experiments
were performed in the vacuum chamber of the ion im-
plantation system. The optical signal was collected and
guided by the fiber optic waveguide through the opti-
cal vacuum feedthrough to the minispectrometer. Every
single spectrum was recorded using the signal collection
time 0.5 s. The series of 100 spectra were recorded dur-
ing the total time 50 s while each ion irradiation was run.
Such fast measurement allows to detect time dependent
IBIL changes with time resolution up to 0.5 s. Taking
into account that the temperature can influence the IBIL
signal all measurements were made in series of 50 s ion
beam irradiation runs divided by ion beam breaks each
lasting one minute for cooling down the target material.
Ton beam irradiation was applied about one second after
starting of the IBIL measurement in each irradiation run.
This technique ensures recording the first IBIL spectrum
at the beginning of the ion beam irradiation of the cooled
sample.

The gadolinium oxide (GdO3) powder was placed
onto a small tray at the angle 30 degrees to the ion beam
direction. The fiber optic waveguide tip was directed to
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the ion beam footprint on the sample powder surface at
the angle 90 degrees to the ion beam direction.

3. Results and discussion

Powder of Gd03 doped with 1% Bi and 1% Ho was
irradiated in subsequent seven runs for 50 s each with
about 1 min lasting breaks between each run. During
all runs 100 spectra were recorded with 0.5 s integration
time of each spectrum. The shapes of all IBIL spectra
were similar (Fig. 1). However, the recorded IBIL intensi-
ties decreased or increased depending on the ion fluence
and sample detention without the ion beam operation
(Fig. 2).
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Fig. 1. IBIL spectra of Gd2Os powder doped with

1%Bi and 1%Ho after 0.5 s (5.7 x 10" H" /cm?) and
after 48.5 s (5.5 x 10'® H* /cm?) of ion beam irradia-
tion. The sharp intensive lines about 550 nm are related
to the holmium ions, broad violet-blue-green band can
be attributed to the bismuth ions.
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Fig. 2. Related intensities of IBIL spectral line 549 nm
versus time of ion beam irradiation. Arrows indicate
moments of ion beam breaks for about 1 min each. Time
of breaks is not indicated. Dashed line represents simu-
lation of IBIL intensity degradation by ion induced de-
fects accumulation. A — initial concentration of lumi-
nescent centers, B — number of competitive nonlumi-
nescent recombination centers generated by one ion, z
— ion fluence.

The degradation of IBIL signal with the time of ion
beam operation was observed. Two degradation pro-

cesses may be distinguished: slower (with the ion im-
plantation time or the ion fluence) persistent degradation
and faster degradation partially reversible after the ion
beam irradiance ceased. The reversible process may be
attributed to heating and cooling of the target material.

The persistent part of the IBIL degradation may be es-
timated taking into account the IBIL intensity recorded
for the cooled target. The degradation curve can be well
simulated using the simple model proposed by Gawlik
et al. [17]:

I=A/(A+ Bz), (1)
where I — intensity of the IBIL line, A — concentration
of the luminescent centers, B — number of competitive
nonradiative recombination centers generated by the in-
cident ion (or per second of irradiation), x — ion fluence
(or irradiation time in s). Ton irradiation time and ion flu-
ence can be used alternatively because the ion beam cur-
rent was kept constant during the whole measurements.

The model of IBIL degradation with ion fluence [17] is
based on the assumption that the observed IBIL reduc-
tion is caused by competitive nonradiative recombination
centers generated by implanted ions.
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Fig. 3. Proportion between intensities of holmium

(Ho) related IBIL line 549 nm measured just before and
just after each cooling step.

Proportion between the holmium IBIL 549 nm line in-
tensities measured just before and just after each cooling
step is constant in the whole measured ion fluence range
(Fig. 3). Hence, there are two independent processes ob-
served: the fluence dependent degradation most proba-
bly caused by ion induced defects and the second process
which is most probably temperature dependent only.

4. Conclusions

Concluding, it has been shown that in the gadolinium
oxide powders doped with holmium and bismuth heat-
ing essentially affects the IBIL signal. In this case target
heating by ion beam should be taken into account in de-
signing IBIL measurements. The technique proposed in
this paper makes it possible to distinguish ion beam in-
duced IBIL degradation and thermal effects caused by
ion beam heating of the target material. Temporary
switching of the ion beam and repeating IBIL record-
ing after some cooling time can be used as a fast test
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of thermal effect. Reversible increase of IBIL signal after
some break of ion beam irradiation indicates that thermal
effects should be separated from the ion beam induced
damage of the target material.
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