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The objectives:
• understand the physics of weakly-ionized gases
• develop tools for optimizing the efficiency of 

Plasma Display Panels (PDPs) 

Tools used:
• A combination of experimental and theoretical approaches

Needed for modeling and simulations :
• accurate atomic and molecular data (σ, dσ/dΩ, τ, rates)
• accurate beam-surface interaction characteristics data (γ)
• accurate statistical description of the collisions in a non-

thermal equilibrium environment (f(v)). 



EPI prototype color AC PDP  - 30 inch (diagonal)
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consisting of an upper electrode at 
constant potential, and two lower 
(parallel) electrodes with an 
alternating potential difference

Co-planar plasma display panel pixel

V+

V-

Vaddress

Discharge occurs between 
parallel electrodes



Setup of our 
general problem

plasma physics is like astrophysics:

you need to know

• hydrodynamics
• statistical physics
• atomic physics
• molecular physics
• beam-surface interactions
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Boundary conditions

• Densities of all species = 0 at the 
boundaries

• For secondary electrons, e i i
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Information needed and used as input to the solution

• Chemical reaction rates
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• Electron collision rates
found by solving the Boltzmann equation in
stationary electric field for two-term
expansion
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Species and reactions for He Xe mixture

Process Process Process
Electron impact  excitation Electron impact ionisation Charge exchange in 
of atoms in the ground state of atoms in excited states two-body heavy particle collisions 
e + He->He* + e e + He*->He+ + 2e of atoms and molecules
e + Xe->Xe* + e e + Xe*->Xe+ + 2e He2+ + Xe ->Xe+ +2He
e + Xe->Xe** + e e + Xe**->Xe+ + 2e 
e + Xe->Xe*** + e e + Xe***->Xe+ + 2e Excited molecule formation in

three-body heavy particle collisions
Electron impact  de-excitation Electron impact ionisation of atoms
of ecited atoms to the ground state of excited molecules He* +  2He -> He2* + He
e + He*->He + e e + He2*->He2+ + 2e He* +  He + Xe -> He2* + Xe
e + Xe*->Xe + e e + Xe2*->Xe2+ + 2e Xe* +  2Xe -> Xe2* + Xe
e + Xe**->Xe + e Xe** +  2Xe -> Xe2* + Xe
e + Xe***->Xe + e Electron impact recombination Xe*** +  2Xe -> Xe2* + Xe

of molecules Xe* +  He + Xe -> Xe2* + He
Electron impact excitation e + He2+ -> He* + He Xe** +  He + Xe -> Xe2* + He
of atoms in excited states to a higher excited state e + Xe2+ -> Xe* + Xe Xe*** +  He + Xe -> Xe2* + He
e + Xe*->Xe** + e e + Xe2+ -> Xe** + Xe 
e + Xe*->Xe*** + e e + Xe2+ -> Xe*** + Xe Ionised molecule formation in
e + Xe**->Xe*** + e three-body heavy particle collisions

Ions formation in of atoms and ions
Electron impact de-excitation two-body heavy particle collisions He+ +  2He -> He2+ + He
of atoms in excited states to a lower excited state of atoms Xe+ +  2Xe -> Xe2+ + Xe
e + Xe**->Xe* + e 2He* -> He+ + He +e Xe+ +  He + Xe -> Xe2+ + He
e + Xe***->Xe* + e 2Xe* -> Xe+ + Xe +e
e + Xe***->Xe** + e 2Xe** -> Xe+ + Xe +e UV Radiation

2Xe*** -> Xe+ + Xe +e Xe2*->2Xe+hv
Electron impact ionisation  He* + Xe -> Xe+ + He + e Xer*->Xe+hv
of atoms in the ground state of atoms and molecules Xer**->Xe+hv
e + He->He+ + 2e He2* + Xe -> Xe+ + 2He + e
e + Xe->Xe+ + 2e 

Electrons, 

Ions: He+, Xe+, He2
+, Xe2

+

Neutrals: He*, Xe*, Xe**, Xe***, He2, Xe2



Ne-Xe reaction scheme



Xe - vuv emission process

Xe2*(173)Xem
Two Body Collision
Three Body Collision

173nm
Radiative process

(7) Xe + e —>Xem + e 

Electron Impact excitation

8.32eV
(11) Xe2

* —> Xe2 + hv (8) Xem + Xe —>Xe2
*

(9) Xem + Xe + Xe—>Xe2
* + Xe

(10) Xem + Xe + Ne—>Xe2
* + Ne
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Electron Impact excitation

147nm
Radiative process(1) Xe + e —>Xer + e 

8.44eV
(5) Xer —> Xe + hv 

(6) Xe + hv —> Xer
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Electron Impact Deexcitation
Three body collision
Diffusion to the wall

Dissociative recombination

(2) Xe2
+ + e —>Xer + Xe 
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(3) Xer + e —>Xe + e 
(4) Xer +X e+Xe(Ne) —>Xe2

* + Xe(Ne)
(152nm emission) 
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Requires accurate knowledge of many processes in

•atomic physics

•molecular physics

•beam-surface interactions



Elastic cross sections
are among the most important

Work by the Greifswald Plasma Group has shown [e.g., Leyh et 

al. Comput. Phys. Rev. Commun. 113, 33 (1998)] that: 
• anisotropic vs. isotropic elastic (and inelastic) 

collisions can make a big difference in the electron 
velocity distribution of electrons in weakly ionized 
plasmas



si
m

ul
at

io
ns



Greeenwood et al., [Phys. Rev. Lett. 75, 1062 (1995)] claimed 
backward elastic scattering of 3.3 eV electrons on Ar+ 

measurements in disagreement with theory 

Problems – 1



Problems – 2

Electron impact integral cross sections (in a0
2/sr) for the excitation of  the 1s2 level in Ne
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Problems - 3

A chart demonstrating a typical comparison of similar 
data sets from different sources

Absolute differential elastic cross sections (in a0
2/sr) for the elastic scattering of electrons from  Ne atoms at 100 eV.
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Problems - 4
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Problems – 4



Fits of differential cross sections

• The experimental cross sections were fitted 
to the form:
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Our Objective: A simple and dependable calculation for 
elastic scattering cross sections of 
electrons from atoms and ions for gaseous 
discharge studies.  

Reasons:
Realistic calculations of gas discharges require 

• total
• momentum transfer
• angle-differential cross sections
(to account for anisotropic scattering events)

The vast majority of such calculations assume isotropic 
elastic scattering





General theoretical expression
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General theoretical expressions - neutral targets
Scattering amplitudes
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Momentum transfer cross section 
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Approximations

Atomic potential
Central Dirac-Slater potential

Electron exchange
Local approximation of Furness and McCarthy’s [JPB 6, 2280 (1973)]
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Griffin and Pindzola, Phys. Rev A 53, 1915 (1996)
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Atoms studied completely
______________________

He  Ne  Ar  Kr  Xe  
Sr  Ba

Be  Mg  Ca
Cd  Zn  Hg



Parametric fitting of results
• Experimental data were fitted by varying the cutoff 

distance d.
• After the fit, the trend of the values of d was 

examined.
• We found:  

for Ne, Ar, Kr, Xe, Ba, Sr, Be, Mg, Ca, Zn, Cd, Hg

1 ln( / Ry)
3

= +
np

d r E

and a linear relationship for He, 
0.73 0.04( / Ry)= +d E
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Kr

Elastic differential cross sections for Kr at 30 eV
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