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Experimental methods Summary

/ Motivation

Possible co-deposition of carbon and
hydrogen in form of a-C:H(D,T) films on walls
and optical elements of plasma diagnostics
inside vacuum chamber of today's tokamaks
and ITER

Amorphous hydrocarbon (a-C:H) films deposited at pulsed (QSPA and
tokamak T-10), steady-state (magnetron and T-10) and mixed (T-10) PSI
regimes were studied and classified. Wide range (from soft to hard) of a-
C:H films was found in T-10. For example, “pulsed” QSPA films can be
placed between soft “steady-state” and hard “pulsed” films from T-10.

» XPS (X-ray Photoelectron Spectroscopy):
Composition and chemical states (3 nm depth)
» Ellipsometry:
Optical parameters (n-ik, d) of a-C:H films
atA =632.8 nm
Goal

>Spectrophotometry: Optical parameters (n-ik) of “steady-state” films are compatible with
Characterization and classification of a-C:H Reflective spectra in the range of 190-1100 nm  “mixed” free standing films and “steady-state” films from magnetron as
films obtained at pulsed, steady-state and »>SEM & OM: well. At the same time, remarkable concentration of metallic impurities

was observed on “pulsed” QSPA films only. Moreover, dependence of
optical parameters of QSPA and T-10 films on temperature should be
clarified (the higher temperature the softer a-C:H film?)
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Thickness and refractive index vs deposition temperature
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*Steady-state regime

Discharge parameters

Results**

P -C:H film properties, A = 632.8 nm, T~350 K
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*Pulsed regime
Rings with samples Line with samples
Deposition | Optical parameters at Hydrogen content &
0 " . o Position of sample rate, A=632.8 nm Density***
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*Working gases H,, D, and Ar B
* Pulse duration At=0.2+ 0.6 ms
 Stream velocity V = (1+3)x10° m/s
» Stream diameter @=5cm
* Plasma density n,=10% + 103 m3
* Electron temperature T.=<10eV

* lon (H*) energy
* Heat load

E,=0.1+%0.5keV
Q=0.2 +5 MJ/m?
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*Pulsed , steady-state and mixed regimes Surface morphology Results
- — S a-C:H film properties, A = .8 nm
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.. a-C:H films on Si and SS substrates
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flake
d=20 pm, $S=0.5 cm?

Plasma facing-side of the flake

XRFA

Eg ~ 3 eV «——> one unpaired spin for
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photoluminescence

one Csp2 cluster
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