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Secondary electron emission (SEE) from plasma-

facing walls adversely affects plasma performance[1] 

Å Reduces plasma sheath potential 

Å Increases plasma e- power loss 

Å Increases plasma cooling 

Å SEE becomes important as ů Ą 1 

current balance 
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[1] G.D. Hobbs and J.A. Wesson, Plasma Physics 9 85 (1967) 
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Types of secondary electrons and dependence 

for smooth materials 

Å Primary electron bombardment of materials produces[1-3] 

 

 

 

 
 

Å Dependence on Incident Energy[1-9] 
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Carbon C  velvet affects plasma 

discharge in a Hall-effect thruster 

Higher Te and reduced plume divergence[1] 

 

Reduced SEE from microstructured materials[2-7] 

[1] Y. Raitses et al, J. Appl. Phys. 99 036103 (2006) 

Boron Nitride 

C velvet 

[2] Y. Raitses et al, IEPC-2013-390 

[3] A. Duneavsky et al, Phys. Plasmas 10 2574 (2003) 

[4] J.P. Bugeat and C. Koppel, IEPC-95-35 
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[5] M. Pivi et al, J. Appl. Phys. 104 104904 (2008) 

[6] M. Ye et al, J. Appl. Phys. 113 074904 (2013) 

[7] A.N. Curren, IEEE Trans. Elec. Devices 33 1902 (1986) 
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Tungsten W  walls for fusion devices 

Leading candidate for the divertor in ITER[1] 

 

 

Forms nanostructures when bombarded by He ions[2-6] 

[1] R.A. Pitts et al, J. Nucl. Mater. 438, S48 (2013) 

[2] S. Kajita et al, Nucl. Fusion 49 095005 (2009) 

[3] M.J. Baldwin et al, J. Nucl. Mater. 390-391 886 (2009) 

[4] G. De Tammerman et al, J. Vac. Sci. Technol. A 30 041306 (2012) 

[5] G.M. Wright et al, Nucl. Fusion 52 042003 (2012) 

[6] F.W. Meyer et al, Phys. Scr. T167 014019 (2016) 

Source: ww.tue.nl 
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Objective 

Plasma-Generated W fuzz[1] 

Quantitative measurements of SEE from plasma-facing structured materials at 

plasma relevant energies 

Ådfiber = 25-50nm 

ÅLfiber = 100-200nm 

Å5-10dfiber apart 

Engineered C velvet[2] 

Smooth W 

Ådfiber ~ 5 m˃ 

ÅLfiber = 1-2mm 

Å~4dfiber apart 

Graphite 

[1] M. Patino et al, Appl. Phys. Lett. (submitted) 

[2] Y. Raitses et al, IEPC-2013-390 
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Experimental facilities 

C chamber @ PPPL 
(10-7Torr) 

W chamber @ Princeton Univ. 

(10-9Torr) 

Ion Gun Sputter 500 eV Ar+ 

X-ray Photoelectron Spectroscopy Composition 

Scanning Electron Microscope Topography 

X-ray Photoelectron Spectroscopy Composition 

1.   

 

 

 

2.   

sample 

secondary 

electrons 

primary 

electrons 

+V 

„ 

sample 

secondary 

electrons 

primary 

electrons 

0V 

H
e

m
is

p
h

e
ri

c
a

l 

e
n

e
rg

y
 a

n
a

ly
z
e

r 

sample 

a
n
a

ly
z
e

r 

X-ray 

A. Dunaveasky et al, Phys. Plasmas 10 2574 (2003) 

M. Patino et al, Appl. Phys. Lett. (submitted) 
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W fuzz has more C and O impurities and 

oxidation 
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SEE reduced by >40% for W fuzz @ 0ϲ 

[1] A.J Ahearn, Phys. Rev. 38 1858 (1931) 

[2] K.G. McKay, Phys. Rev. 61 708 (1942) 

[3] M. Patino et al, Appl. Phys. Lett. (submitted) 
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SEE reduced by >40% for W fuzz @ 0ϲ 

[1] A.J Ahearn, Phys. Rev. 38 1858 (1931) 

[2] K.G. McKay, Phys. Rev. 61 708 (1942) 

[3] M. Patino et al, Appl. Phys. Lett. (submitted) 
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