Plasma potential shaping using emissive electrodes:
governed by sheaths
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Plasma potential shaping using cold electrodes
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Emissive cathodes: an additional control parameter

> Increase of the collected current

» Dimensionless control parameter: 2 =1,,,,/I; =~ 10



Influence of emissive cathode on potential and flows
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Experimental setup
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Plasma potential drive
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Large anode sheath
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" Large anode sheath whenz > 1
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Hotter cathode

Radial scan of plasma parameters
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Plasma potential drive

Anisotropic conductivity : Al(l)p > A||§bp
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Plasma potential drive
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Radial potential drop
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Radial potential drop
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Bulk potential drop in qualitative agreement : R, « B?/p,



Plasma-cathode interactions

Computation of I, requires the
knowledge of the cathode temperature

Pagaud et al. PSST (2023)
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Current emission control (naive interpretation)
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The heating power supply controls cathode current



Influence of biasing voltage on current emission
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Temperature measurements
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Pyrometry from light intensity measurement
at 650 nm.
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Spatially and temporally resolved

Collaboration : Nicolas Claire, PIIM (Aix-Marseille)




Highly inheomogeneous temperature profile
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Highly inheomogeneous temperature profile
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Cathode current in agreement with Richardson law
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Ipin agreement with Richardson law when
inserting measured Ty, profiles.

Predicting Tyy requires thermal modeling



Thermal model

In absence of plasma-cathode interactions

H = Qq + Thermal Inertia : H = CppVa;—:V
Joule heating : Qq = R(I), + I,)?
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Thermal conduction : Q. = Arr




Thermal model

In absence of plasma-cathode interactions

H=0Qqg+ 0, — Qmut + Qo-,in Thermal Inertia : H = Cp,OVa;—:V

Joule heating : Qq = R(I), + I,)?
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Thermal conduction : Q. = Arr

Radiative cooling : Qy oyt = 0SeT})

Spiral geometry : Qg in = C1(Q3 our + Qo put

Geometry : C; = 0.15



Cooling from electron emission
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Plasma cathode interactions

Heating from ion bombardment
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Thermal model simulations
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Thermal model simulations
H — QQ + Qc — Qa,out + Qa,in + Qi — Qe

== =« == Fxperimental profile Numerical profile

15 | |

Ib,sim

I b,stm ' sl
Iy

1
! of
N
1 I
) L}
1 f
1 Py
&
1 I
| &,

1
< Plasmai Cathode K/ Plasma
~ ! ON ON 4/ OFF
_Q : Yy

R/
: >
L |

1 N/ 4
1 ' |
1 » S
1 |
1 |

t=0s =—t= 4.7s
—t = 3.1s

0 o0 100 150 200
s (mm)

t(s)



Inhomogeneous heating

Joule heating

lon bombardment

Qi = L|E; - W

Ly 2
QQ =R (Ih + f iem(U) du)

Highly inhomogeneous (and non linear)
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Accounts for 5% of heating power, key
factor for the time evolution



CONCLUSION

=Current injection as an additional control parameter for plasma potential control

sExistence of a large anode sheath

"Bulk voltage drop scalesas A, ¢, = R, I,

*Thermal modeling (plasma cathode interactions) allows to predict cathode current




