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Effects of dust deposition on optical characteristics of substrates
EER DR 5 & 2 NHERE D %

Ryu Katayama®, Mizuki Tateishi®, Kazunori Koga!, Daisuke Yamashita!, Kunihiro Kamataki?,
Hyunwoong Seo?, Naho Itagaki'3, Masaharu Shiratani*, Naoko Ashikawa®*, Suguru Masuzaki?,
Kiyohiko Nishimura*, Akio Sagara*, and the LHD Experimental Group*

JTILEEY, SEAERASY, P&, RO, Sl AL,
IREGHE, BOEZREEDS, AAIEIRY, FAIE 14, HER &S,
PEANE 24, tHRBISY LHD R 7 L — 7

Faculty of Information Science and Electrical Engineering, Kyushu University
744, Motooka, Nishi-ku, Fukuoka 819-0395, Japan
2Faculty of Arts and Science, Kyushu University, 744, Motooka, Nishi-ku, Fukuoka 819-0395, Japan
3PRESTO Japan Science and Technology Agency, 5, Sanban-cho, Cyoda-ku, Tokyo 102-0075, Japan
“National Institute for Fusion Science, 322-6, Oroshi-cho, Toki-city, Gifu 509-5292, Japan
DUINKRST: RFEBE A7 LGB T 819-0395 1 [ifd] U A8 il i1 74 X T[] 744
MR A PE T 819-0395 1 fifl VA A il i V4 X ot il 744
S ENT BIRHANIREEERE T 102-0075 HURUER TR H X =FHT5
LAV R ERFIERT T 509-5292 I B Ik A1k v T £ BT 322-6

We have studied effects of dust deposition on optical characteristics of the substrate to realize long life
time of optical equippements in fusion devices. We have measured reflectance of Si substrates set in LHD
during an entire period of LHD 17th campaign. The degradation of optical characteristics of substrates has
been suppressed by applying negative bias voltage to the substrate because the negative potential modifies
fluxes of electrons, ions, and dust particles towered the substrate. We also have found that reflectance is

inversely correlated with the surface roughness of the substrate irrespective of the bias voltage.

1. Introduction

In-vessel plasma-facing components have to
survive in an extremely hostile environment and
maintain the best possible performance
throughout the entire lifetime of fusion reactor
[1,2]. The first mirror is in-vessel metallic mirror
which is used for the observation of the plasma
radiation in a wide wavelength range. Because the
performance of optical and laser diagnostic
systems significantly depdend on characteristics
of first mirrors, the first mirrors are important
elements for diagnostics of fusion devices [2].
Therefore, we have to find methods to mitigation
impurity deposition and erosion of mirrors and
understand their mechanisms and any other factors
that affect the mirror performance.

So far, we have found that the amount of carbon
and metal dust particles increases with bias voltage
of substrates for the dust collection during the main
discharges in the LHD [3]. In this study, we have
measured optical characteristics of Si substrates
located on the first wall in Large Helical Device
(LHD) during 17th campaign.

2. Experimental
Experiments were conducted during an entire

period of LHD 17th campaign. LHD has divertor
and first wall consisted of graphite and SS316,
respectively. DC biased low-resistance Si substrates
were located at 70 port as shown in Fig. 1. The DC
bias voltages Vuias Were -70 and 0 V with respect to
the vessel wall. Surface area of the each substrate
exposed to the plasma is 6x10 mm?. Reflectance of
each Si substrate was measured with a spectroscope.
The substrate surfaces after exposure were analyzed
with an atomic force microscope (AFM).
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Fig. 1. (a) Cross-sectional view of LHD and (b) image

of substrate folder (SS304). Substrates within red round

in (b) were biased -70 V and the others were grounded.

3. Results and Discussion

Figure 2 shows reflectance of Si substrates. For
both bias voltages, reflectance below about 500 nm
in wavelength is lower than that for the initial Si
substrate. The substrates biased -70V tend to have
higher reflectance than the grounded ones. Negative



bias potential attracts positive ions and repels
electrons, negative ions and dust particles charged
negatively [3]. Possible factors of this result are
modification of carbon film properties caused by 1)
the heat of recombination of H* ions, 2) an increase
of incident energy of H* ions [4,5] and 3) reduction
of dust particle deposition.
Fig. 2. Reflectance of Si substrates
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Figure 3 shows typical AFM images of surface of
deposition on Si substrates for Vyiss= -70 and 0 V,
respectively. We have analyzed these AFM
graphics to find out the relationship between
reflectance and surface of deposition on the
substrates.
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Fig. 3. Typical AFM images of surface of deposition on
Si substrates for (a) Viias = -70V and (b) 0 V.
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Fig. 4. Roughness dependence of reflectance

We have obtained root-mean-square (RMS)
roughness Rq of each surface of the deposition from
these images. Reflectance is inversely correlated
with Rq of the deposition on the Si substrates
regardless of the bias voltage as shown in Fig. 4.

4. Conclusions

We have examined the relationship between
deposition on DC biased Si substrates and their
reflectance. Degradation of reflectance might be
suppressed by applying negative bias voltage to the
substrates. We also have found that reflectance is
inversely correlated with the surface roughness
regardless of the bias voltage.

Acknowledgments

This research was partly supported by JSPS
KAKENHI Grant Number 26246036 and General
Coordinated Research Grant from the National
Institute for Fusion Science Grant Numbers
NIFS12KLPF020 and NIFS14KLPF033.

References

[1] V. Voitsenya, A.E. Costley, V. Bandourko, A.
Bardamid, V. Bondarenko, Y. Hirooka, S. Kasai, N.
Klassen, V. Konovalov, M. Nagatsu, K. Nakamura,
D. Orlinskij, F. Orsitto, L. Poperenko, S.
Solodovchenko, A. Stan’, T. Sugie, M. Taniguchi, M.
Vinnichenko, K. Vukolov, and S. Zvonkov: Rev. Sci.
Instrum. 72 (2001) 475.

[2] A. Litnovsky, V.S. Voitsenya, A. Costley, and A.J.H.
Donné for the SWG on First Mirrors of the ITPA
Topical Group on Diagnostics: Nucl. Fusion 47
(2007) 833.

[3] K. Koga, K. Nishiyama, Y. Morita, G. Uchida, D.
Yamashita, K. Kamataki, H. Seo, N. ltagaki, M.
Shiratani, N. Ashikawa, S. Masuzaki, K. Nishimura,
A. Sagara, and the LHD Experimental Group: J.
Nucl. Mater. 438 (2013) S727.

[4] T. Nomura, T. Urakawa, Y. Korenaga, D. Yamashita,
H. Matsuzaki, K. Koga, M. Shiratani, Y. Setsuhara,
M. Sekine, and M. Hori: Proc. TENCON 2010 —
2010 IEEE Region 10 Conference, Fukuoka, 2010,
p. 2213

[5] T. Urakawa, H. Matsuzaki, D. Yamashita, G. Uchida,
K. Koga, M. Shiratani, Y. Setsuhara, M. Sekine, and
M. Hori: Surf. Coatings Technol. 228 (2013) S15.



