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The ionoluminescence characteristics of quartz
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Experimental study results of silica glass luminescence in optical range under bombard-
ment by molecular hydrogen ions owith energy 420 keV are presented. The effect of H2+
dose absorbed in the silica sample on the luminescence spectrum shape has been studied.
A calibrating curve for remote control of absorbed dose in the silica glass has been
obtained.

ITpencraBieHbl pe3yJbTaThl SKCIIEPUMEHTAJNBHBIX WCCJIELOBAHUN JIIOMUHECIEHIIUN KBap-
I[eBOTO CTEeKJia B OIITUYECKOM aHualasoHe MpU 60MOapAUpPOBKE MOHAMU MOJIEKYJISAPHOTO BOJO-
poxa c sHeprueit 420 ksB. HcciemoBaHo BJIMSHUE IOTJIOMIEHHONW B o0paslie KBapiia T0O3bI
TO3BI H2Jr Ha QOpMYy JIOMUHECIIEHTHBIX CIIeKTPOB. Ilonyuena xanubOpoBouHas KpuBasi, II03BO-

JISAIOMIAs OCYIEeCTBJIATh AUCTAHIIMOHHBIA KOHTPOJb IIOTJIOIIEHHOM JO3BI.

1. Introduction

Silica glass parts are used widely in mod-
ern devices and assemblies both as insula-
tors and optical elements for diagnostics
and microwave radiation transmission as
lenses and light guides constituting the op-
tical channel. Physical, chemical, and me-
chanical properties of this material are
changed during particle flux irradiation
from thermonuclear plasma. This results
from formation, annealing, and estab-
lishment of a dynamic equilibrium between
different types of radiation-induced defects.
Luminescence of silica under irradiation is
either an alternative to the defect formation
processes, or accompanies those. In this con-
nection, the luminescence spectrum provides
an important information on instantaneous
dynamic equilibrium of the defect distribu-
tion in the solid and is a unique way to re-
mote monitoring of the irradiation process.

The ionoluminescence spectra of quartz
are changed essentially during proton irra-
diation [1]. Based on these data, a novel
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method was proposed to monitor the proton
dose in SiO, [2]. This paper presents angu-
lar and spectral characteristics of silica lu-
minescence measured during light ion bom-
bardment. For the first time, the depend-
ence of luminescence spectrum shape on
relatively low absorption doses up to
1.52.1010 Gy was studied. The results ob-
tained were used to improve the above-men-
tioned method.

2. Experimental

The ionoluminescence experiments were
carried out with the Van der Graaf accelera-
tor using the setup described in details be-
fore [1, 2]. The H,* ion beam with 420 keV
energy bombarded the silica target at the
incidence angle o = 30°. The beam diameter
after passage through tantalum aperture
was 1.5 mm. The beam current density was
varied from 0.3 to 80 pA/cm? and was con-
trolled during the experiments. By using a
flexible light guide to transmit the optical
radiation from the sample, we have pro-
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Fig. 1. Luminescence spectrum of unirradi-
ated quartz for 420 keV H,*, B = 0°.

vided the independent change of observation
angle B in 0 to 60° range at constant a. At
any values of B, the radiation was detected
from the whole irradiated sample surface. A
quartz condenser projected the light from
the light guide output on the entrance slit
of grating monochromator through a quartz
window. The luminescence spectra were
measured at room temperature in the wave-
length range of 400 to 700 nm. A photom-
ultiplier was used as a light receiver. The
optical channel of the setup was calibrated
using a spectrometric incandescence lamp.
The luminescence spectra were corrected for
the spectral sensitivity and normalized to
the beam current. All samples were pure
silica square plates (side 16 mm and thick-
ness 1 mm) with polished and chemically
cleaned surfaces. The residual gas pressure
was less than 1074 Pa. The luminescence
spectra were treated by the method sug-
gested in previous papers [2-5].

3. Resultls and discussion

A typical luminescence spectrum induced
by H," ions at the initial irradiation stage
of a silica sample is presented in Fig. 1. The
spectrum consists of two wide bands with
maxima near 456 nm (blue band) and
646 nm (red band). The light yield was pro-
portional to the beam current density. Such
double-band shape of the luminescence spec-
tra had been observed not only under ion
bombardment with different energy and
species [6, 7], but also for other irradiation
types, such as electrons [8] or neutrons [9].
Light generation in optical range during ion
bombardment occurs on quartz intrinsic de-
fects [7, 10—14]. The most intense blue band

is usually connected with E’ center type of
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Fig. 2. Silica luminescence spectra for different
absorpbed doses (Gy): I, unirradiated sample;
2-1.5210'% 3-20710'% 4-209710!0;
5 - 8.86-101%; 6 — 4.31-101°,

intrinsic silica defects (Si with broken Si—-O
bond) by decay of self-trapped exciton [11].
Such defects as neutral oxygen vacancy
(oxygen deficiency trapping two electrons)
[8, 12, 18], twofold coordinated silicon [13],
threefold coordinated silicon [10] can be
considered as sources of blue band radia-
tion. The red band with 646 nm wavelength
maximum is attributed to non-bridging oxy-
gen centers only (see, for example, [14] and
references therein).

The experiments have shown that the
spectra changed with increasing absorbed
dose of H," ions. The changes in lumines-
cence spectra with the dose growth induced
by H,™ in quartz are shown in Fig. 2. As the
absorbed dose of hydrogen atoms increases,
the light intensity of the short wave wing
of blue band remain essentially unchanged.
The luminescence intensity of the red band
decreases and for dose up to 4.85-1010 Gy
(8:1021 particles/cm3) it becomes almost in-
distinguishable against the background of
long-wave wing of the blue band (456 nm
maximum). Perhaps such a dependence is
connected with blocking of intrinsic silica
defects by hydrogen atoms.

As it was found in a previous work [2],
the maximum changes in the spectrum
shape was observed near 646 and 606 nm
wavelengths for protons. The same feature
occurs for H,* ions, too. We defined the F
value as the ratio of intensity at 646 nm to
that at 606 nm. This ratio depends strongly
on absorbed dose. The F value as a function
of absorbed dose is presented in Fig. 3. The
resulting curve can be divided into two
areas: initial inerease up to maximum at
7.83.109 Gy dose and slope up to
4.35-1010 Gy dose. It seems that further ir-
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radiation can lead to saturation of the
curve.

It has been shown first that the absorbed
dose dependence is nonmonotonous. Perhaps
this is connected with the fact that the
process of non-bridge oxygen defect forma-
tion in silica predominates over the blocking
of these defects by hydrogen at relatively
small absorbed doses up to 1.52-10190 Gy.
The novel technique proposed before for the
remote monitoring of proton absorpbed dose
[1-5] could be improved using this work
data. The curve in Fig. 8 can be used as the
calibrating one to determine the H,* dose
absorbed in a silica sample.

4. Conclusion

The study of silica irradiation with mo-
lecular hydrogen ions of several hundred
keV energy has shown that the lumines-
cence spectra are changed during the bom-
bardment. This result allows to extend the
application sphere of our remote monitoring
method of absorbed dose for protons in silica
to the case of Hy* ions. The wavelength areas
of maximum spectra changing have been de-
fined and the absorbed dose calibrating curve
has been obtained. This procedure enabled to
carry out remote monitoring of H,* dose ab-
sorbed in silica.
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XapaKkTepUCTHKH i0OHOJIOMiHECIEeHI[il KBapiy

O.1.Bacunvuenko, H.O.;Renmonamosea, B.Il.;Rypenko,
O.B.Kananmapsan, C.I.Kononenxo, B.IMypamoé, B.€C.@Pininenkxo

IIpencraBieno pesynbTaTU eKCIePUMEHTAJIbHUX [TOCIiKeHb JIIOMiHecleHIil KBaplioBoIo
CKJIa B ONITUYHOMY [iamasoHi mpu 6omOapAyBaHHI ioHaMU MOJIEKYJAPHOTO BOJHIO €HepTrieio
420 keB. [locnimykeHo BIJIMB HOTJMHEHOI KBapIleBUM 3PasKOM [JO3U H2+ Ha ¢dopMy JOMiHe-
CIeHTHUX cHeKTpiB. OTpumMaHO KanidpyBaJbHY KPUBY, AKa Ja€ MOMKJIUBICTH 3ifiCHIOBATHU

IVCTAHI[IHUN KOHTPOJIb HMOTJIMHEHOI TO3U.

Functional materials, 17, 1, 2010

69



