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Motivations

Plasma with Precursor injection

spatiotemporal Surface exposition
properties

Ultimate goal: linking the
physics driving the plasma
(T., n., n%, ...) to the success

of the aimed applications

y

Deposition of coatings a4

Material processing

Gas abatement
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Popular diagnostics:

* Probes (Langmuir, thermal...)

* Optical emission/absorption spectroscopy

* Laser diagnostics (LIF, Thomson scattering... )
* Mass spectrometry

* Interferometry

Any other nice technologies out there..?




Hyperspectral imaging

Hyperspectral imaging
Already popular in: Raman imaging, cellular imaging , photovoltaic characterization

&’ Photon:

A spectrum of solutions

Each camera pixel

= — Image for each wavelength!

spectrum Like having 1000+ filters with a much narrower bandpass
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Hyperspectral imaging

Why is this awesome?
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Hyperspectral imaging

Why is this awesome? ~
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Just how representative of the whole
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Hyperspectral imaging

Atmospheric pressure
microwave plasma jet

&7
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Quick and easy evidence of interaction with air




Hyperspectral imaging

Total emission Argon

Oxygen Hydrogen

(mm) (mm)
20 2 20 2

(mm) (mm)
20 2 20 2

Atmospheric pressure
microwave plasma jet

( R \

’ Py

0.5 |/min

1.0 I/min

1.5 I/min

B

Influence of the Ar flow rate on the mixing with air
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Plasma tomography
) The Abel transform
F(y)=2/m AL fr = [

Better spatial resolution = more accurate transform
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Plasma tomography

Total intensity

—

763 nm (Ar) 777 nm (O)
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Electron temperature mapping
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Electron temperature mapping
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Ultra-high-resolution spectroscopy

Ultra-high-resolution spectroscopy

Already popular in: Brillouin spectroscopy, thin-film characterization, photovoltaic characterization
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Ultra-high-resolution spectroscopy

“White light” absorption spectroscopy: obtaining Ar 1s number densities

Nominally pure Ar DC plasma @ 1 Torr

&’ Photon:
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Whke!
el o
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Supercontinuum laser + laser line tunable filter + ultra-high-resolution spectrometer

e 400-2400 nm e ~2.5nm bandpass
More potential than spectral lamps Less invasive than white lights
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Ultra-high-resolution spectroscopy

H|gh resolutlon spectrometer

CAP 2020 - Antoine Durocher-Jean

Laser intensity (arb. unit)

6x10" T 150
. -o-| |
5x10" 1 -1 I - 125
- ) == ‘.. A
4x104 . 00e ‘00..0° \. - 100
8 0@
3X10° 1 e2%%g00¢ 75
1 ‘0. [ ) / \
2x10° o J\ / 0.. o 50
L ‘0
1x10* 1 ./ °\ \ - 25
@ [
0 'M&I—'—I._MWMM ad . l,.-...-...p...q. 0
% % 0 0 % N %
e@‘(o 0" %ﬁ\"o T % gn® gt g gl
HyperFine spectrometer
250 /
200
150 -
100 -
50 -
0 -
P A0 2 e N2) o0 R 19 oP
AN o® %@?’ AN o® %599’ %59?’ %w-b‘ s %bf?«'b‘ s>

Wavelength (nm)

Emission line intensity (arb. unit)

Right spectrometer needed to have reliable measurements!

14



Ultra-high-resolution spectroscopy
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Intensity (arb. unit)

15

Hyperspectral imaging offers huge potential, way beyond simple imaging and point-by-point spectroscopy

Ultra-high-resolution allows access to plasma parameters with unprecedented

1.44
1.3
1.24

Experimental data
— Voigt fit
Instrumental broadening

1.1
1.04
0.94
0.8 1
0.74
0.6
0.54
0.4 1
0.34
0.2 1
0.14
0.0 4

o

@

Ar 2p,-1s,
Al = 35.2 pM
AL, =34.6 pm
Ahg,, = 4.6 pm

GOt @ @o°  go° ool

Wavelength (nm)

A
Mgy = 36.0 pm 1
xm =35.5pm ]
AL, = 4.7 pm ]

r2p,-1s, E

&%

#0°

O

Laser intensity (arb. unit)

6x10°

High resolution spectrometer

_._.
5x10° 1 -o-|

4x10"4
3x10° "00“.- °\\~.
[ ]
.
210'] J\ ' S T%eeq
1a0'{® / e \
o \ .‘ LN
0 ® LN aape® eaanad
T T T r
o ® O o o © o o
0% g0 g aﬁ*\’ﬂ' M g% g2l g ot
HyperFine spectrometer
250
200 v

150

100

50

0+

° x‘a 'If’ o0
%Po% %Pg‘?’ %uo‘b bg% %Dg-

ﬂu‘o %ﬂu‘a ,L;\
Wavelength (nm)

Emission line intensity (arb. unit)

8
7
6
—_ 5
£
A 4
c
.2 3
£
17
o
2 2
-]
k]
Il
o
1
Axial position (cm)
« .
—— Reference (20 mA, 1 Torr, 18 cm) -« - - Voigt fits
—— Higher discharge current (40 mA) —— Smaller absorption length (12 cm)
A
c D= 31 pm
S Natipm
S M= 23pm
2 M= 14pm
| n,=16x10"m"
k|
I
S
°
8
w
175 T T T T T T T o
2
k3
c
1]
=
=
es
.-
58
@
@2
£
w

® P o P O b
2000 0¥ 0T 00 o o oo o

% Q 6 0 % 0
& 1».(9 210 ,Luﬁ 1»@ 1».1 ,Lr{‘?,w_m‘b 1&‘5

Wavelength (nm)

Currently helping in the developpement of instruments designed specifically for plasma sciences
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