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Plasma generation

13.5 nm ≜ 92 eV
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photo-ionization
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electron-impact ionization
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EUV induced plasma
‣ EUV beam ionizes background gas

Argon

EUV beam

\Department of Applied Physics 28-10-2014 slide: 2



Plasma decay
‣ Electrons escape (few nanoseconds)
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Plasma decay
‣ Electrons escape (few nanoseconds)
‣ E-field generated
 Electron decelerated
 Ions accelerated
 Plasma expansion
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Plasma decay
‣ Electrons escape (few nanoseconds)
‣ E-field generated
 Electron decelerated
 Ions accelerated
 Plasma expansion

‣ Ambipolar flow
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Why is this interesting?
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‣ Long term 
impact



Goal

‣ Gain insight in EUV induced plasma

‣ Measure electron density:
 Pressure dependence
 Repetition rate dependence
 Spectral dependence
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Experimental setup
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Experimental method
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Pressure dependence
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𝛾𝛾 + 𝐻𝐻2 → 𝐻𝐻2+ + 𝑒𝑒−

𝑒𝑒− + 𝐻𝐻2 → 𝐻𝐻2+ + 𝑒𝑒−

𝑓𝑓𝑟𝑟𝑟𝑟𝑟𝑟 = 5 kHz
𝐸𝐸𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 22 µJ/pulse
𝐸𝐸𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 = 0.14 mJ/pulse

𝑑𝑑𝑛𝑛𝑒𝑒
𝑑𝑑𝑑𝑑 = 𝑘𝑘𝑝𝑝𝑝𝑝𝑛𝑛𝑎𝑎 + 𝑘𝑘𝑒𝑒𝑒𝑒𝑛𝑛𝑒𝑒𝑛𝑛𝑎𝑎

𝛼𝛼𝑛𝑛𝑎𝑎



Plasma accumulation
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decay time > rep. rate



Plasma accumulation

28-10-2014\Department of Applied Physics slide: 11

-50 0 50 100 150 200

0

1x1015

2x1015

3x1015

4x1015

5x1015

6x1015

7x1015

8x1015

E
2 -w

ei
gh

te
d 

av
er

ag
ed

 e
le

ct
ro

n 
de

ns
ity

 (m
-3
)

time (µs)

 1 Pa
 10 Pa
 20 Pa
 30 Pa
 50 Pa
 70 Pa
 100 Pa

0 20 40 60 80 100

0.0

5.0x1014

1.0x1015

1.5x1015

2.0x1015

2.5x1015

3.0x1015

 

 

bu
ild

 u
p 

de
ns

ity
 (m

-3
)

pressure (Pa)

𝑓𝑓𝑟𝑟𝑟𝑟𝑟𝑟 = 5 kHz
𝐸𝐸𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 22 µJ/pulse
𝐸𝐸𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 = 0.14 mJ/pulse

𝑓𝑓𝑟𝑟𝑟𝑟𝑟𝑟 = 50 kHz
𝐸𝐸𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 5 mJ/pulse



Spectral dependence
‣ SPF: 10-20nm
‣ Al: >20 nm

‣ >20 nm radiation contributes to 50% of plasma 
generation
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Conclusions
‣ Pressure dependence
 Linear contribution of photo-ionization
 Quadatric contribution of electron impact-ionization

‣ Accumulation at 20 Pa

‣ >20 nm radiation
important for plasma 
generation.
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