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The plasma facing mirrors (FM) in ITER will be subjected to sputtering and / or contamination with the rates
depending on mirror locations. The result of influence of both these factors will be reduce of mirror reflectance (R) and
worsen the quality of transmitted image (1Q). This implies that control of the mirror quality in- situ is an actual
problem, and this work is an attempt to approach to its solution. The method suggested for evaluation of 1Q was applied
to mirrors exposed in LHD, TRIAM-1M, TS and in the DSM-2 stand (IPP NSC KIPT).

PACS: 52.40.Hf ; 78.68.+m; 79.20.Rf

INTRODUCTION

The degree of impact of sputtering and deposition will
depend on locations of elements of optical system in a
vacuum vessel. The sputtering of mirror results in
irreversble changes of its optical properties (OP).
However, if contaminated, e.g., with a carbon film, the
mirror can be recovered to the initial OP, using some
efficient method of cleaning.

The goa of this work: to investigate, to what degree
the specular component of reflected light survivesin the

course of mirror degradation due to deposition of
contaminating film and long-term sputtering.

The structure of paper is as follows: in section 1) the
results of ex- situ measurements of OP (R, 1Q) of mirrors
exposed in fusion devices LHD, TRIAM-1M, and Tore
Supra (TS) are presented; in section 2) the results of
laboratory experiments carried out in IPP NSC KIPT are
described. The stand for measurement of R over the range
of wavelengths 220...650 nm was assembled using the
optical scheme described in [1]. The optical scheme of 1Q
stand is shown in Fig.1.
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Fig. 1. The optical scheme for measuring IQ: (1) - light source, (2) - monochromator,
(3) — reference signal, (4)- test mirror, (5) - scanner of the enlarged image of the monochromator exit slit

1. OPTICAL RESEARCHES OF MIRRORS
EXPOSED IN LHD, TRIAM-1IM, TS

1.1 LHD. In the 7-th (2003-2004) experimental campaign
three stainless steel mirrors (SS316) were exposed in
locations, shown in Fig.2.
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Fig. 2. Lay-out of samplesin vessel LHD

All samples were not protected from impact of glow-
discharge plasma during conditioning and boronization
procedures with total duration many times exceeded the
total duration of working discharges. The observed IQ
dataare presented in Fig.3.
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Fig. 3. 1Q normalized for LHD-samples

The presented distributions characterize the quality of the
obtained information in the case that such mirror would
be used for adiagnostic am. It is seen that 1Q for sample
#3 does not compl etely coincide with that of an ideal (Al /
quartz) mirror. The wings of distributions correspond to
the diffusive component of R, and are connected with
structural changes of the mirror surface. The analysis of
the state of samples with the help of an optica
microscope has shown the presence of feebly marked

244



grain structure on the mirror #3 surface, without any trace
of deposition. Therefore, the appearance of wings has to
be attributed to the light scattering on the arisen surface
roughness. The samples #1 and #5 with the deposited film
of not known yet chemical composition, did not show any
apparent deviations from 1Q for an ideal mirror.
1.2.TRIAM-1M. In the vessel of this tokamak five mirror
samples were installed: one monocrystalline Mo (mc-Mo)
and polycrystalline samples. After exposure, some
deposited film on all samples was detected resulting in
decrease of reflectance. The procedure of studying the
samples comprised in multi-step cleaning of their surface
in a deuterium ECR discharge plasma. After every single
exposure, the measurements of R and |Q were carried out.
In Fig.4 the 1Q data are presented.

Al mirror

—o— 0V, t=6min
—0— 60V, t=3min
—+— 60V, t=6min
60V, t=14min

IRy

X, mm

Fig. 4. Recovery of reflectivity (1Q method)

The normalized data of 1Q for Mo and SS samples have
shown the complete accordance with an ideal mirror.

1.3. Tore Supra. The experiment at TS was provided with
two mirror samples of every of three metas (mc-Mo),
pc- samples SS and oxygen free Cu. The mirror samples
were installed on the high field side of the vessel for long-
term exposure (2003-2004). The detail description of TS
experimental conditionsisin [2, 3].

Total exposure a cumulated pulse length of working
discharges (D,) reached ~7.2 h. Wall conditioning was
provided by glow dischargesin He (362 h) and D, (606 h)
and & so ~13 h of boronization.

1. Mc-Mo. Erosion depth (ED) ~ 0.12 pm. The decrease
of reflectance was connected with appearance of
contaminating film (C, B, O, H, D) of ~12 nm thick.

2. SS. ED ~ 0.22 pum. Slightly noticeable surface
roughness and corresponding diffusive component in
reflected light appeared.

3. Cu. ED ~2.5 ym and the topography was drastically
changed.

The observed data on 1Q of the listed above mirrors are
given in Fig.5.

Fig. 5.1Q for TSsamples

2. LABORATORY STUDY OF FILM-COATED
AND SPUTTER-ERODED MIRRORS
2.1 Film-coated mirror. One factor of reflectivity
degradation of the in-vessd mirrors is the deposition of
contaminating films, eg., carbon. For clearing up ther
role, we investigated the effects of such films deposited in
an arc discharge with graphite electrodes on the surface of
mc-Mo (110) and SS samples. The thickness of films
varied from 30 to 50 nm. After cleaning the sample
surface by plasma of an ECR discharge in deuterium,
during severa short (3-5 minutes) exposures without
supplying any potential, the sample was taken out and the
measurements of R (in the range A=250...650 nm) and
IQ (at A=550 nm) were carried out. The results of these
measurements are presented in Fig.6.
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Fig, 6. Evolution of 1Q by cleaning procedure

The normalization of thisinitial distributions, demongtrates
aquite good coincidence with a contral Al mirror.

2.2 Sputter-eroded mirrors. For FMs of some diagnostics
in ITER will be important not only how they transmit the
amplitude of signal but also what quality is the image of
plasma or the surface of inner components transmitted by
given mirror system. Without high 1Q, there is a problem
of adequate interpretation of optical measurements, e.g.,
the radial distributions of plasma radiation because the
effect of diffusive part of R should result in losses of an
image contrast. That is why, important isto investigate 1Q
depending on the rate of sputter erosion of mirror and
deposition of contaminants. For experiments the pc Cu
and SS mirrors were chosen.

The single step sputtering mirrors was carried out in
series, using an ECR discharge in a smple double-mirror
magnetic trap (DSM-2). The time varying negative
potential was supplied to the sample holder what provided
a wide energy distribution of ions bombarded the mirror
surface in the range 30-1500 €V.

2.2.1. Coppe samples. For dearing up of effect of grain
size of a surface mirror on optical properties copper
samples have been sdected with small-grain (S-G)~
50...120 um and large-grain (L-G) ~ 500...1500 pm.
Observed datafor Cu S-G, as example, are shown on Fig.7.

Fig. 7. 1Q at sputteriil§Cu S-G sanple
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It is obvious, that the diffusive part of a reflected light
increases and the specular part decreases with increasing
the thickness of sputtered layer. A crude calculation of the
specular (SR) and diffusive (DR) parts of reflectivity is
possible by comparison of the areas under the digtribution
curvein acentral part and in wings.

The dynamics of ratio of SR and DR parts in depending
on the sputtered layer thicknessis shown in Fig.8.
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Fig. 8.Theratio of SRand DR components of a
reflectivity under sputtering Cu-SG and Cu-SG samples
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Fig. 9. Theratio of a SR and DR components of
reflectivity under sputtering SS samples

2.2.2. Stainless steel samples (SS316). Asit is known, for
conditioning of vacuum chamber a glow discharge with
different gases is used. Therefore, it is interesting to

compare the effects of different gases on 1Q a equal
values of sputtered layer thickness. In our experiments the
comparison was made for hydrogen and argon working
gases. Results aregiven in Fig.9.

One can see a very surprising fact of not equal behaviour
of 1Q on sputtered layer thickness for the same materia of
amirror for ions of H and Ar plasmas.

3. CONCLUSIONS

1. The optica properties of mirrors long-term exposed in
LHD, TRIAM-1M, Tore Supra and mirrors advisedly
coated with a carbon film or sputtered in a laboratory
stand were measured. It is shown, that the contaminating
film (£ 50nm) practically does not influence the 1Q
properties, but resultsin decrease of R only.

2. Under sputtering of polycrystalline materials,
accordingly, the |Q characterigtics fall down. With that,
dynamics of ratio of specular and diffusive parts of the
total reflectivity was investigated.

3. The procedure of measurement of |Q principally
enables to distinguish between the reasons of
deterioration of mirror quality. In all cases investigated,
the deterioration of 1Q occurred due to development of a
surface roughness but not due to contaminating film.

4. By modernization of suggested scheme of 1Q
measuring, it would be possible to make an in-situ remote
monitoring of the quality of in-vessal mirrors in fusion
devices of the ITER scae
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KAYECTBO IEPEJIABAEMOTI'O N30BPAKEHU S KAK BO3MOKHBII METOA MOHUTOPHUHI'A
IN SITU BEPKAJI, HAXOAAIINXCS B BAKYYMHOM OBBEME

B.I'. Konoeanoe, M.H. Maxoe, A.H. Illanosan, H. Awmukasa, C. Macysaku, A. Cazapa, /I.H. Haiioenkosa,
HU.B. Pvuckos, A.@. IlImanw, C.H. Conooosuenxo, B.C. Boutuens

IMepssie 3epkana B ycranoBke | TER GymyT moaBeprathest pacibuieHnio 1 / WK 3arpsA3HEHHI0. DTO MPUBEIET KaK
K CHIDKEHHUIO OTpakaTeNbHO criocobHocTd (R), Tak U K yXyAIICHHIO KauecTBa IepeaaBaemoro nzobpaxenus (1Q). Oto
03HaYaeT, YTO0 KOHTPOIb KauecTBa 3epkana iN- Situ — akryanpHas mpoGuema. JlanHas paboTra SBISIETCS MOIBITKON
npudam3nThes K e€ pemeHnto. [IpencraBiens! pe3ynbraTsl n3mepennii R n |Q i 3epkain, mposKCOHMPOBAaHHBIX B
TepmosiaepHbix ycranoBkax LHD, TRIAM-1M, TS u mocne norno# 6GomGapaupoBku Ha crenme JJCM-2 (M®IT HHIT
XDTN).

SAKICTh IEPEJAHOI'O 306PAKEHHS IK MOXKJIMBUI METO]I MOHITOPUHT'Y
IN SITU I3EPKAJIL IO NEPEBYBAKOTH Y BAKYYMHOMY OB'€MI

B.I'. Konoseanoe, M.M. Maxoe, A.M. Illanosan, H. Amuuxasa, C. Macy3axi, A. Cazapa, /I.I. Haiioenkosa,
LB. Pusxckos, A.@. Illmans, C.I. Conooosuenxo, B.C. Bouuens

IMeprui q3epkana B ycranosui | TER 6ynyts posnustucs i / aGo 3a6pyanioBaTuce. Lle npu3Bee sk 10 3HIWKSHHS
BimOuBHOI 3natHocTi (R), Tax i g0 moripuieHHs sikocTi nepeaanoro 3oopakenss (1Q). Le o3Hawae, 110 KOHTPOIb SIKOCTI
n3epkana in- Situ — akryanbHa mpoGiema. Lst poGora € crpoboro HabmmkeHHs a0 ii BupimenHs. IIpencraBieHo
pesynbraté BuMipiB R 1 1Q g m3epkain, npoekcrionoBanux B TepmosiiepHux ycranoskax LHD, TRIAM - 1M, TS ta
micist ioHHoro 6oMbapmyBanns Ha crerai JJCM-2 (IOIT HHII XDTI).
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