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Abstract: In order to optimize the optical component cleaning process, the oxygen dissociation by syn-
chrotron radiation has been researched by analyzing the gas composition produced in cleaning process.
The gas composition is measured by quadrupole mass spectra when synchrotron radiation light irradi-
ates the oxygen filled in vacuum chamber. The gas composition and content can be established by ana-
lyzing the data gathered. Experimental results indicate that oxygen can be dissociated by synchrotron
radiation light to produce some species with strong oxygenation, such as oxygen atom and ozone. The
content of oxygen atom is about 1% and the content of ozone is about 0. 005% ~0. 01% in cleaning
process.
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1 Introduction

Optical element surfaces get contaminated
when they are exposed to synchrotron radiation
light''*). Contamination causes the reflectivity
and transmittance of optical components to de-
scend . Photon flux of photon energies above the
C edge (280 eV) degrades severely. In order to
refresh the contaminated optical components,
much work has been done by synchrotron radia-
tion (SR) laboratories worldwide"®. Such tech-
niques as in-situ optical component cleaning by
plasma and RF ( DC or AC ) have been devel-
oped for this purpose. Some cleaning gases in-
cluding H,O, O,, H,O and O, mixture, C,F;
and O, mixture etc. are used for this purpose.
Plasma or RF produces excited oxygen species,
including single O atoms, ions ozone , and hy-
droxide radicals if there is water vapor. These
species can react with carbon to form volatile
species such as CO and CO,., which is then
pumped away.

Researchers have now found that contami-
nated optical elements can be refreshed in the
cleaning ways mentioned above. However these
cleaning methods have some drawbacks, for ex-
ample, plasma discharging devices are difficult
to design to avoid second contamination of elec-
trodes effective cleaning and some special optical
components necessitates complex design of reac-
tor. A separate cleaning device must be designed
for each element in beam lines. A long time is
taken to bake synchrotron radiation apparatus
after the cleaning to maintain vacuum.

William K. Warburton applied photon acti-
vated oxygen cleaning method to clean contami-
nated optical componentst’?. Photons in the 10~
1 000 eV range are well known to be capable of
breaking molecular bonds™ both on surfaces and
in the gas phase. Synchrotron radiation light
covers this energy range.

This article focuses on pure oxygen gas dis-

sociation at different gas fluxes. The gas compo-
sition is monitored by quadrupole mass spectra
(MKS, USA) under different experimental con-
ditions in the cleaning process. Experimental re-
sults indicate the cleaning speed is proportional
to oxygen pressure and illumination time of syn-

chrotron radiation light.

2 Experiment approach

An experiment was carried out at the VUV
Circular Dichroism Station in National Synchro-
tron Radiation Laboratory. Fig.1 is a photo of
the experimental set-up and Fig. 2 is a schematic

diagram of the experimental set-up.

Fig. 1 Photo of experimental set-up
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Fig. 2 Schematic diagram of the experimental set-up

The storage ring and beamline are working
at 107* Pa pressure to obtain the long lifetime
beam current. The cleaning experimental system
is filled with oxygen at a working pressure of a-
bout 0. 1~1 Pa. MgF, window is used between
the beamline and the system to separate different

pressures, and spectral regions as well. MgF,
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window can transmit a wavelength longer than
113 nm"*.
498. 36 kJ/mol""™ or about 240 nm (5. 17 eV).

This means a wavelength shorter than 240 nm

The oxygen molecule bond energy is

can break the oxygen bond. So, after the MgF,
window, only a photon energy between 113 ~
240 nm is needed.

The whole experimental device is baked to
decrease the background pressures of residual
gases. Quadrupole mass spectra is connected in
the middle chamber as shown in Fig. 2. Sample
chamber is filled with pure oxygen with a purity
is 99.999%. The pressure of sample chamber is
setat 1.0, 1.2, 1.4, 1. 6 Pa respectively. At
each oxygen pressure, the mass spectrum is mo-
nitored with sample chamber set-up filled with
oxygen only illuminated by SR and filled with
oxygen. The oxygen species excited by SR were

analyzed in both situations.

3 Experimented results

The molecule excited by high energy pho-
tons (113 ~ 240 nm) dissociates or ionizes as
shown below!™ ;

AB+hy(P)—>AB" 4 e or AB" ,
AB'>A-+B.

The oxygen molecules illuminated by SR re-
act as shown below!?!;

O, +hy (high energy photon)—

20 ¢ + low energy photon ,
O+ O0,+M—-0,+M + Q,
M is other molecule, Q is reaction heat.

Additional reaction is as follows:

O+« + 0;—>20,,
O;+e—>0,+0-+ e.

Only when the photon energy is higher than
the molecule bond energy, a molecule can be dis-
sociated or ionized. The oxygen molecule bond
energy is 5. 17 eV corresponds to a wavelength
of 240 nm. The first ionization energy of oxygen

is 1 310 kJ/mol. This means 13. 618 eV is nee-

ded for oxygen ionization of atom. This ioniza-
tion energy requires that the wavelength of inci-
dent photons is shorter than 91. 2 nm, but after
the MgF, window, the photon energy is lower
than that, so the ionized species of oxygen moni-
tored by mass spectra are few in the experimen-
tal process.

According to the oxygen dissociation reac-
tion, the fractions are mainly oxygen atom and
ozone, their relative mass numbers are 16 and
48, so the research is focused on these two.
Fig. 3 and Fig. 4 show the background pressures
of relative mass number 16 and 48 respectively.
The average background pressure of relative

mass number 16 is 3. 33X 1077 Pa, and the aver-
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Fig. 3 Background pressure of relative mass No. 16
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Fig. 4 Background pressure of relative mass No. 48

age background mass number 48 is 3. 33 X 10°¢
Pa. Fig. 5 shows the curves of oxygen atom and
ion pressures with SR incidence subtracting
pressures without SR incidence when chamber
oxygen gas pressure is setat 1.0, 1.2, 1.4, 1.6
Pa respectively. Fig. 6 shows the curves of ozone

pressure with SR incidence subtracting pressure
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Fig.5 Pressure curves of relative mass No. 16 with
SR incidence subtracting pressure without SR

at oxygen gas pressure of 1. 0, 1.2, 1.4,

1. 6 Pa.
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Fig. 6 Pressure curves of relative mass No. 48 with
SR incidence subtracting pressure without SR
at oxygen gas pressure of 1. 0, 1.2, 1.4,

1.6 Pa.

without SR incidence when chamber oxygen gas
pressure is different in the experiment, first of
all the pressures of relative molecule mass num-
bers 16 and 48 are measured by quadrupole mass
spectra when only pure oxygen gas is imported

into the chamber ; then these two pressures
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and SR incidence. Data are collected every 14
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Fig. 6 show that oxygen molecules can be disso-
ciated by SR light to produce oxygen atom or ion
and ozone, and their amounts are proportional to
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pressure. There may be a small difference in
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4 Conclusions

Oxygen molecules can be dissociated by SR
light when the incident photon energy is higher
than its bond energy to produce some oxygen
species with strong oxidation, such as oxygen
atom, oxygen ion and ozone. The amount of the
oxygen species produced is proportional to the
gas pressure of oxygen filled and the illumination
time of synchrotron radiation light. These oxy-
gen species can react with carbon contamination
on optical element surface. The experimental re-
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sure and the pressure of relative mass number 48
is about 0. 005% ~ 0. 01% of total pressure in

the cleaning process.
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