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Development of the Third Stage Incoherent Laser Thomson Scattering Diagnostics of Plasmas
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We classify the incoherent laser Thomson scattering (LTS) diagnostics of plasmas for measurements of electron
density z. and temperature Te (or more generally electron energy distribution functions; EEDFs) as having evolved
from thefirst stage, in which a whole Thomson spectrum is obtained during a single laser pulse from plasmas hav-
ing ne above 10*® m™ 3 through the second stage, in which data accumulation is prerequisite for z. below 10 m"3,
and to thethird stage, in which measurements from a material surface as close as a few tens of um is required. In this
last case, a strong suppression of stray light in addition to the data accumulation is necessary, and this was first dem-
onstrated for a PDP (plasma display panel)-like discharge in 2000. In order to further expand its applicable range,
we have been pursuing a more systematic approach, taking into account factors such as laser propagation/profile
control, further stray light suppression, and other aspects. In this review article, we describe these developments

and discuss future plans.
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Fig. 1 The three stages of LTS for measurements of electron properties in plasmas.
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Fig. 2 Arrangement for a Thomson scattering in the plasma of a
discharge-pumped excimer laser.
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Fig. 3 Thomson scattering spectra for an excimer laser pumping
discharge in a gas mixture of Kr/F2/Ne =30 Torr/1.5 Torr/3
atm.
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Fig. 4 Temporalevolutions of electrontemperature Te and electron
density ne for a gas mixture of Kr/F2/Ne =30 Torr/1.5 Torr/
3 atm.
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Fig.5 Arrangement of the ECR device as configured for the Thom-
son scattering experiment, measuring at a scattering angle
of 52°. Ports A and C were used to allow the configurations
shown in Fig. 8.
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Fig. 6 Example of raw data of 1,024 scattered signals observed for
a 1 mTorr discharge at 44=1.5 nm. The SN ratio for this
case is about 30.

IO_[II]TTTIIlll"l’TIlIlIlll]lll:

E 1 mTorr -

u T,=2.7eV 3

K n,=55x10"m3 | 7

— " @ B
= | B =
= - 3
50 - 3
a  f S
- 0.4 mTorr ‘% h

B T,=4.1¢eV N

- n,=1.8x10"" m? -

0.1 s da g by g Lo bve b by

0 2 4 6 8 10 12 14
(42)* (nm?)

Fig. 7 Full spectra measured from the same discharges as exam-
inedin Fig. 6. In each case, the straightline fitted to the spec-
tra indicates that the spectrum was clearly Gaussian in
shape.
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Fig. 8 Experimental configuration for observing scattering from the electron velocity distribution functions (a) perpendicular to the magnetic field

and (b) parallel to the field.
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