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Optical Coatings as Mirrors for Optical Diagnostics
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1. INTRODUCTION
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2. REALISATION OF COATED MIRRORS
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3. LABORATORY TESTS
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4. TOKAMAK EXPOSURES
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5. WIDE ANGLE VIEWING SYSTEM AT JET-ILW
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performance of the wide angle systems [40]. Figure 3 shows
the time evolution of typical monitoring pulses: pulse #84570
directly after the installation of the new wide angle KL14
system and the pulse #87402 at the end of the experimental
campaign. These L-mode pulses with an additional NBI-
power of about 1.2 MW have been performed at Br=2.0 T,
l[,=2.0 MA and safety factor q95=3.2. For precise control of
the changes of the optical performance it is important to keep
the radial outer gap (ROG) as well as the inner gap (RIG)
constant. The gap is the distance between the plasma
surface (LCFS=Last Closed Flux Surface) and the first wall.
Figure 4 shows the same values of RIG and ROG for the
analysed pulses indicating the identical plasma shape. The
central line-integrated plasma density as well as the Dq
emission in the outer divertor were also identical.

Double
“ Vacuum
Window

Figure 1: Schematic view from the top showing the optical path of
the KL14 wide angle viewing system installed in the lower left limiter
guide tube. The field of view of the system is tangential to the entire
vessel including the wide outer poloidal limiter, re-ionisation plates,
narrow outer poloidal limiter, lower hybrid antenna and inner wall
guard limiters.

Optical Coatings as Mirrors for Optical Diagnostics

Flat mirror

Off-axis
parabolic
mirror

."J

j i

Figure 2: Top view of the mirror layout in the KL14 system including
the optical path. The distance from the pupil to the plasma is around
20 centimetres, depending on the plasma configuration.

#84570 and #87402 I

<n.>dl (core) [102°m?]

gf - Radial inner gap [m]i

. 3 1 - 3
soak Radial outer gap [m] |
e \/\— Y,

- D,emission (outer Divertor)

10 15 20
Time [s]

Figure 3: Time evolution of typical monitoring L-mode discharges
which correspond to the next figure 5.

The wide angle view imaging system contains two CCD
cameras, colour and monochrome cameras, each of it
equipped with telephoto zoom lenses set to a focal length of
250 mm and 300 mm consequently. An unfiltered colour CCD
camera provides video images for general plasma operation
monitoring in the visible spectral range. Figure 5 shows
images taken by the colour camera directly after installation
of the wide angle KL14 video systems (#84570) and at the
end of the experimental campaign (#87402). No visible
degradation of the images has been observed. The
composite RGB signal of the unfiltered colour CCD camera
has been split into three colour channels: Red: 580-750 nm;
Green: 475-570 nm; Blue: 430-480 nm. The colour channels
have been compared for the mentioned two monitoring
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Figure 4: Comparison of the colours channels of the colour camera
for two monitoring pulses: directly after the installation of the wide
angle KL14 video systems (#84570) and at the end of the
experimental campaign (#87402).

pulses in Figure 4. This figure shows the comparison for
three region of the interest: ICRH antenna, Inner Wall Limiter,
Upper dump plate. No or an insignificant degradation of the
optical transmittance has been observed during one of the
experimental C33 campaign (about 3000 plasma pulses in
different magnetic field configurations).
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6. CONCLUDING REMARKS

Metallic coated mirrors were extensively studied for ITER’s
FM purpose concerning the manufacturing techniques,
characterisations and laboratory tests. Thick coated Rh mock
up delaminated at high flux exposure, which is a 1000-fold
higher the D(T) incident fluxes (up to 10*° m®s™) that can be
expected at the outer midplane wall of ITER [30], due to a
high energy stored in the film. In case of the high flux plasma
exposure in ITER, the coating parameters have to be
adjusted to achieve a low compressive stress value i.e. a low
energy stored in the film to avoid delamination. For an
identical fluence but at a 100-fold lower flux level, tokamak
tests in TEXTOR, DIII-D, JET-C and JET-ILW showed no
critical failure of the coated mirrors like delamination or strong
degradation of the optical properties. In case of Mo coatings
exposed to D, plasma, delamination of coatings from the
substrate as a result of high flux deuterium plasma exposure
was also shown to be a possible risk, which can, however, be
suppressed at elevated sample temperatures relevant to
ITER. Moreover, irreversible mechanisms such as surface
roughening or deuterium which is strongly bound to defect
sites in the Rh lattice have a negligible contribution to the
reflectivity degradation. Two complete diagnostics using Rh
coated mirrors i.e. wide angle viewing systems were installed
in JET-ILW, they delivered the required image quality for
plasma monitoring and wall protection. Moreover, irreversible
mechanisms such as surface roughening or deuterium which
is strongly bound to defect sites in the Rh lattice have a
negligible contribution to the reflectivity degradation.
Furthermore, Mo and Rh coated mirrors irradiated under

ki1l4-05wc-87402-525-1

57.944s

100 : \\
#87402 N

100 200 300 400 500

0

0

Figure 5: Two images taken by the colour cameras a) directly after the installation of the wide angle KL14 video systems (#84570) and b) at the
end of the experimental campaign (#87402). Qualitatively no degradation of the picture can be observed, which is in line with results from

quantitative comparisons at various key image areas (see Figure 4).
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neutrons (0.1 dpa) showed not more than few percent
reflectivity losses in the visible and near infrared range.

For both systems a detailed ex-situ optical characterisation of
the mirrors is foreseen in the future.

The mirror reflectivity would also suffer from the rough
deposits from W and beryllium grown on the surface;
development of the in situ cleaning methods to be operated in
the diagnostic modules started and first results on coated
mirrors either by laser or plasma cleaning are encouraging

(9]-
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