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The sheath determines how the plasma and wall 
interact

2
Plasma Research Facility

M. Lieberman and A. Lichtenberg (2005) 
Wiley



3
Plasma Research Facility

V. A. Godyak (1982) Physics Letters A

H.B. Valentini (1996) Physics of 
Plasmas

X.P. Chen (1998) Physics of Plasmas

R.P. Brinkmann (2011) Journal of Physics D: Applied Physics

J-Y Liu et al. (2003) Physics of Plasmas

J.H. Palacio Mizrahi  et al. (2013) Physics of Plasmas

J-L Raimbault et al. (2009) Plasma Sources Science and Technology

M. Lieberman and A. Lichtenberg (2005) Wiley

R.P. Brinkmann (2011) Journal of Physics D: Applied Physics

Brinkmann
Godyak
Valentini
Chen

We will use a single fluid model 
to calculate each property



However, few experiments and incompatible 
assumptions limit the utility of the models
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(1) Extract sheath edge properties using a single 
fluid model and sheath edge def. 
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(3) Test the viability of the model with particle-
in-cell simulations

(2) Provide simple expression for sheath edge 
properties using the fluid model

My goals are:



The fluid model uses a constant volumetric 
source and constant collision frequency 
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Particle-in-cell direct-simulation Monte Carlo 
simulations can be used to test our model
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• 1D-3V simulations using Aleph

• 1 cm domain 

• 500 to 5,000 cells to resolve  

• Absorbing boundary condition

• Constant and uniform volumetric source

• He ions (He+), electrons (e-), and He atoms

• Isotropic ion-neutral collisions with from lxcat

• And elastic electron-neutral collision model from lxcat
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Next are the results where
 
represents data from PIC simulations,

represents the numerical solutions to the fluid model,

represents the analytic approximations to the fluid model, 
with modifications based on PIC, and

represents PIC data where the sheath edge location was 
varied to the left and right

Add values of Prho min and max



We observe a collisionally modified Bohm criterion
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PIC

Fluid

Approx.



The edge-to-center density ratio decreases
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ᵄ� ᵅ� = 1

PIC

Fluid

Approx.
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V. A. Godyak (1982) Physics Letters A

PIC

Fluid

Approx.
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PIC

Approx.



The sheath becomes wider and can be 
modeled with the Child-Langmuir law
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Child-Langmuir Law:
PIC

Fluid

Approx.



Conclusions

14
Plasma Research Facility



Acknowledgements

15

•  Sandia National Laboratories is a multimission laboratory managed and operated by National 
Technology & Engineering Solutions of Sandia, LLC, a wholly owned subsidiary of Honeywell 
International Inc., for the U.S. Department of Energy’s National Nuclear Security 
Administration under contract DE-NA0003525. 

•  This material is based upon work supported by the U.S. Department of Energy, Office of 
Science, Office of Fusion Energy Sciences under contract number DE-NA0003525. This research 
used resources of the Low Temperature Plasma Research Facility at Sandia National 
Laboratories, which is a collaborative research facility supported by the U.S. Department of 
Energy, Office of Science, Office of Fusion Energy Sciences.

Plasma Research Facility



16
Plasma Research Facility

PIC

Fluid

Approx.



The fluid model is consistent with simulations
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He+ ions

electrons



Different definitions of the sheath edge location 
leads to inconsistency between models
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ᵄ� fluid
ᵰ� = 0.06
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Also, experimental validation for these 
models is focused on relatively low pressures
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Analytic expressions can be derived using 
approximations of the fluid model
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The PIC friction force is accurately described by 
the model, except at low pressures
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Also, each model makes different assumptions 
based on a general fluid model
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PIC simulation data
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The model is easy to integrate because of S

24
Plasma Research Facility



Electron temperature remains relatively 
constant in PIC
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Ion temperature increases near sheath edge 
caused by instabilities and collisions
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The model also lacks kinetic effects, specifically 
the depletion of high energy electrons
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At low pressure the flux is 
determined from Bohm’s 

criterion
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The friction force is represented by a 
constant collision frequency model
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