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Ionoluminescence of silica bombarded
by 420 keV molecular hydrogen ions

0.V .Kalantaryan, S.I.Kononenko, V.P.Zhurenko

V.Karazin Kharkiv National University,
4 Svobody Sq., 61001 Kharkiv, Ukraine

Received June 5, 2013

The paper presents experimental results for optical range silica luminescence induced
by 420 keV molecular hydrogen ion bombardment. Ion beam from van der Graaf accelera-
tor impinged on silica target, varying absorption dose from nonirradiated state up to
4.35-1010 Gy. We focused upon evolution of spectrum shape and angular spectral charac-
teristics (observation angle 0—70°) depending on absorption dose. The influence of absorp-
tion dose growth on luminescence indicatrix measured for wavelengths 456 and 644 nm
was studied.

IIpencTaBneHsl 9KCIIEPUMEHTANLHBIE PE3YABTATHI MCCAEIOBAHUS JIOMUHECIEHIITH KBapIila
B ONTUYECKOM JUATIA30HE, BO3HUKAIONMIEH mTpu O00MOapAVMPOBKE MOJEKYJIAPHBIMU HNOHAMUT
Boioposa ¢ sHeprueii 420 x9B. Wonubpiili nyuok ¢ yckopureds Bau gme I'paada magan na
KBapIeBYI0 MUIIIeHbL ¢ M3MEHEHWEM TOTJIOMIEHHOH A03hI KBApIla OT caabo00IyUyeHHOTO COCTO-
auus o 4,351010 I'p. AxnentupoBano BHEMaHIe Ha HBMEHEHHAX (OPMBLI CIEKTPOB I
CHEKTPANLHBIX YTIOBLIX XapaKTepUCTUK (yros Habmogenusa 0—70°) B 3aBUCUMOCTH OT MOTJIO-
eHHO# mo3bl. Vsyuanoch BAMAHUE POCTa TIOTJVIOMIEHHOM M03LI HAa WHAMKATPUCH JIOMUHE-
CIEeHIINH, U3MEepeHHble JJId JJIUH BOJMH 456 1 644 HM.

Iononwominecyenyia xeapuyy nid uac 60m6apOy6aHHA MOREKYAAPHUMU IOHAMU
600n10 3 enepziero 420 xeB. O.B.Kananmap’an, C.I.Kononenro, B.I1.JKypenro.

IIpeacTaBieHO eKCIIEPUMEHTAJNBHI Pe3yJbTaATU MOCIiIMKEHHS JIOMiHecleHIlil KBapIy B OII-
TUYHOMY [LialasoHi, sKa BUHMUKAaE MiJ uac OomOapayBaHHA MOJEKYJAPHUMU ioHAMU BOIHIO 3
enepriero 420 keB. lommumii mydyoxk 3 mnpuckopmoosaua Bau jge I'paada BrapsaB KBapIoBy
MilTeHb, SMIHIOOUN IOMIKHEHY A03y KBapLy Bix caabo ompomimenoro cramy no 4.85-1010 I'p.
3ocepeKeHo yBary Ha 3MiHax (POPMH CIEKTPiB Ta CMEKTPaJbHUX KYTOBUX XapPaKTEePUCTUK
(xkyT cmocrepemenna 0-70°) B sanexuocri Bix moramuenol mosu. IocrmigsxysaBes BILIUB
3poCTaHHS IIOIJIMHEHOI mM03M Ha imguKaTpucu JdOMiHecreHIlii, 10 BUMIipsaHi I DOBMKUH
xBuab 456 u 644 HM.
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1. Introduction

Construction of thermonuclear devices
requires transparent materials such as glass
and crystals. They can be mostly used as
materials for optical elements. In a thermo-
nuclear reactor such elements are windows
designed for optical diagnostics. Silica glass
is widely used in modern devices and facili-
ties both as insulators and optical elements
for diagnostics and optical radiation input-
outputs. It is considered to be convenient as
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window for UV and visible spectroscopy in
thermonuclear facilities. One of the possible
ways of silica monitoring under ion irradia-
tion is our ionoluminescence technique [1, 2].

Earlier we proposed the new technique to
monitor proton and molecular hydrogen ab-
sorbed dose up to 4.35-1019 Gy in silica
(see, for example, [8]). The technique is
based on change of SiO, ionoluminescence
spectra in process of ion bombardment and
relation between the light intensity at some
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defined wavelengths and absorbed dose. Hy-
drogen absorption dose can be determined
using a ratio F of the luminescence inten-
sity at 645 nm to the intensity at 606 nm,
because these wavelengths correspond to
maximum changes of the spectral shape [2].
We found absorption dose calibrating curve
for Hy* irradiation of silica [3]. This curve
is used by the technique proposed for Hy*
absorption dose monitoring (up to
4.35-1010 Gy) in silica.

The absorption dose calibrating curve is
ambiguous at the beginning of absorption
dose growth [38]: from nonirradiated state
up to 21010 Gy. We performed some addi-
tional experiments with angular spectral
characteristics in order to remove the ambi-
guity and develop our monitoring technique.

2. Experimental

The experiments were carried out with
Van der Graaf accelerators on the setup de-
scribed in detail in our previous papers [3].

Molecular hydrogen ion beam with en-
ergy of 420 keV bombarded silica target at
incidence angle o = 30°. Beam current den-
sity was varied from 0.3 to 30 pA/cm2. The
targets were prepared from 1 mm thick
plane-parallel silica plate. We used flexible
light guide for independent change of obser-
vation angle B in 0—70° range. The radiation
was detected from whole irradiated surface
of the sample independently of B angle. Lu-
minescence spectrum measurements includ-
ing angular dependences were performed in
the wavelength range of 400-700 nm by
means of grating monochromator
(1200 mm~1, 1.3 nm per mm).

The optical channels were calibrated by
means of incandescence spectrometric lamp.
Luminescence spectra were corrected accord-
ing to the spectral sensitivity. Residual gas
pressure was less than 1074 Pa. As lumines-
cence light is generated along all of ion
track in solid, the influence of surface con-
tamination on optical spectra can be ne-
glected.

3. Results and discussion

Typical luminescence spectrum induced
by Ho* ions in visible wavelength range con-
sists of two wide bands with maxima near
456 nm and 645 nm (Fig. 1). Such double-
band shape (blue and red wavelength
ranges) of luminescence spectrum is well
known fact not only for ion bombardment
by different species and energy [4, 5], but
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Fig. 1. Normalized ionoluminescence spectra
(B = 30°) for different absorption doses: I —
at the beginning of irradiation; 2 —
2.5-101° Gy.

also for electron or neutron irradiation (see,
for example, [6, 7]).

In order to perform some comparative
study of the spectra for different absorption
doses and observation angles we normalized
each spectrum to the corresponding inten-
sity at 456 nm maximum (measurement
error at maximum intensity was minimal).
After this procedure we found, that the
most apparent changes occurred in the red
band of spectra. Hereinafter we consider
only normalized ionoluminescence spectra.

Fig. 2 shows red band luminescence spec-
tra for absorption dose 1.1-1010 Gy depend-
ing on observation angle. Minimal and
maximum intensities of luminescence light
were observed at f = 0° and = 60°, respec-
tively. As it can be seen, angular changes of
spectrum shape at 645 nm are more than
ones at 606 nm. Thus, the F ratio depends
on observation angle too.

Such angular dependences took place
starting from small absorption doses and up
to 1.1-1010 Gy. But subsequent growth of
absorption dose led to disappearance of ap-
parent angular dependence (see, for example
curves for absorption dose 2.5-1010 Gy on
Fig. 3). Thus, the F ratio does not depend
on observation angle at large absorption
doses more than 1.1-1010 Gy.

As we mentioned above, the absorption
dose calibrating curve [3] is ambiguous at
the beginning of absorption dose growth.
Namely, the same value of F ratio corre-
sponds two different absorption doses.
Therefore, it is not enocugh to measure
ionoluminescence spectrum and calculate F
ratio in order to determine absorption dose
of silica. Ascertained angular dependence of
ionoluminescence spectrum (red band re-
gion) for silica in a weakly irradiated state
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Fig. 2. Normalized ionoluminescence spectra
for absorption dose 1.1-1010 Gy.

and up to absorption doses 1.1.1010 Gy re-
moves the ambiguity of the calibrating
curve.

In order to disambiguate absorption dose
determination one should use the following
procedure. The first step: angular depend-
ences of the spectrum intensities at 645 nm
and 606 nm wavelengths must be measured
simultaneously. The second step: F ratio
must be calculated for corresponding an-
gles. The third step: if F ratio will have
appreciable angular dependence than one
should use the part of calibrating curve up
to 1.1-1019 Gy. Otherwise, the part of cali-
brating curve more than 1.1.1010 Gy must
be used. Thus, angular dependence data ex-
tend possibility of our remote monitoring
technique for silica irradiated by Hy*.

We also paid attention to indicatrices
measured for wavelengths 456 and 644 nm at
different values of absorption doses (Fig. 4).
For visual demonstration of indicatrix fea-
tures they were normalized to cosP (the de-
pendences measured must follow the Lam-
bert law I = Iy -cos(f), where I is intensity
corresponding to observation angle B, I, is
indicatrix maximum corresponding to § = 0°)
and corresponding intensity values at obser-
vation angle § = 0°.

As it can be seen the solid curves (ab-
sorption dose 7.64-109 Gy) show different
dependences on observation angle. On the
contrary, the dotted curves (absorption dose
31010 Gy) converge.

Let’s consider mechanism of luminescent
light generation and possible reasons for in-
dicatrix convergence with growth of absorp-
tion dose.

The most intensive blue band of spectra
is usually connected with E’ center intrinsic
silica defects (Si with broken Si-O bond) by
decay of self-trapped exciton [8]. Such de-
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Fig. 3. Normalized ionoluminescence spectra
for absorption dose 2.5-1010 Gy.
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Fig. 4. Normalized indicatrices at A = 456 nm

and A = 644 nm for two value of absorption
dose.

fects as neutral oxygen vacancy (oxygen de-
ficiency trapping two electrons) [6, 9, 10],
twofold coordinated silicon [10], threefold
coordinated silicon [11] can also be considered
as additional sources of blue band radiation.
Investigators attribute red band with 646 nm
wavelength maximum to non-bridging oxygen
centers (see, for example, [12]).

Concerning our case, intensity of the
first band (456 nm maximum) is consider-
ably larger than one for the second band.
Luminescent light generation due to E’ cen-
ters (intrinsic silica defects) is highly effec-
tive in the blue band range. Moreover, on
account of large intensity of the first band
its long wavelength wing affects the shape
of spectra at the second band wavelength
range [13]. It means, that in the case of the
first absorption dose the indicatrix for A =
456 nm is determined only by E’ center in-
trinsic silica defects (solid curve with black
circles), while the indicatrix for A = 644 nm
(solid curve with black squares) corresponds
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to luminescence through non-bridging oxy-
gen centers and to a small degree through
E’ centers. These solid curves display
slightly different behavior, but general ten-
dency is the same: luminescent intensity in-
creases with growth of observation angle.
Notice that defect formation in silica ir-
radiated by hydrogen ions is accompanied
by process of hydrogen accumulation [13].
Implanted hydrogen particles are able to
diffuse along the ion tracks in silica. It is
known, that hydrogen accumulation can
block intrinsic silica defects (especially non-
bridging oxygen centers) resulting in lumi-
nescent intensity decrease. Perhaps, at cer-
tain absorption dose blocking of non-bridg-
ing oxygen centers by hydrogen begins to
predominate over formation of non-bridging
oxygen center defects. As a result, contribu-
tion of non-bridging oxygen centers to lumi-
nescence generation in the red band wave-
length range reduces. While, E’ centers in-
fluence light generation in this wavelength
range to the greater extent. Fig. 4 shows this
fact by means of convergence of the both
dotted curves (A = 456 nm and A = 644 nm).

4. Conclusions

We performed the detailed experimental
study of silica ionoluminescence induced by
420 keV H,* at absorption dose up to
4.85-1010 Gy. The ionoluminescence spectra
changed with growth of absorption dose and
accumulation of radiation defects. It was
found that angular dependence of spectrum
shape took place only at absorption dose less
than 1.1-1010 Gy. This result permitted to
disambiguate the calibrating curve for ab-
sorption dose determination (up to
21010 Gy). This makes it possible to use
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our remote monitoring technique for silica
irradiated by Hy* at absorption dose range
from nonirradiated state up to
4.351010 Gy. The indicatrices at A=
456 nm and A = 644 nm tended to coincide
starting from absorption dose 3-1010 Gy.
Cleared-up facts can be explained by compli-
cated dynamic processes of defect formation
and modification (E’-centres and non-bridg-
ing oxygen centers) with growth of ion ab-
sorption dose.
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