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Electrical  discharges

Michael A. Lieberman, 2003



Plasma  etching
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Scheme: Michael A. Lieberman, 2003
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Material Etch Gases Reactive Species By‐product

Aluminum 
Boron Trichloride  and   

Chlorine 
Free chlorine  AlC13 

Polyimide  Oxygen 
Monatomic oxygen and/or   

ozone 
CO and H20 

Polysilicon CF4 / 8%  SF6 or Chlorine Free fluorine or free chlorine  SiF4 or SiCl4 

Silicon dioxide Freon 14 and Freon 23  CF3 SiF4 and CO

Silicon nitride 
Freon 14 (CF4) / 8% O2 or   

Sulfur Hexafluoride
Free fluorine  SiF4 and N2 

Plasma  etching



Plasma  deposition

Plasma-assisted  chemical vapor  deposition  of dielectric  thin  films  for ULSI semiconductor circuits
D. R. Cote, S. V. Nguyen, A. K. Stamper, D. S. Armbrust, D. Tobben, R. A. Conti, and G. Y. Lee 

IMB J. Res. Develop. 43, 1/2, 1999



Plasma  deposition

C2  F6  /H2  C2  H2  /Ar  Ar/CH4

C2  F6  + H2 + e-  → (Cx  Fy  Hz  )n  + e-  + ...  C2  H2  + Ar + e-  → C10  + Ar + e-...

Nonthermal  Plasma Chemistry and Physics,  ed. J. Meichnser, M. Schmidt, R. Schneider, H.E. Wagner
CRC Press, Taylor & Francis Group, Boca Raton, 2013



Modeling  gas discharges

Meichnser  et al., Non-thermal plasma chemistry and physics, Taylor & Francis (2013)



2. Partial  cross sections:
elastic scattering         e-  + A → e-  +A

rotational excitation     e-  + CH4  (J=0) → e-  + CH4  (J=2) 
vibrational excitation   e-  +  AB  (v=0) → e-  +  AB  (v>0) 

electron attachment (dissociative)  e-  +  AB → A-  + B

electronic excitation    e-  + A → e-  + A*

neutral dissociation      e-  +  AB → A + B + e-

ionization                     e-  + A → A+  + 2e-

dissociative ionization  e-  +  AB → A + B+ + 2e-

1. Total cross section )exp(0 nlII 
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Definition: differential cross section

DCS = number  of particles  scattered
into  a given  angle  [in 1/(m2sr)]
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Differential  → integral  cross section
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Differential  → integral  cross sections

Measurements  require  normalization  (we do not know  n and N) !
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Energy selector

Energy analyser



Total cross section  = attenuation  of the  beam
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We need to measure only:
(n we get from p and T ) 
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other  errors: “a few more per cent”:
-  energy resolution
-  angular acceptance
-  inelastic scattering discrimination 
-  normalizations (e.g. scattering path length)
-  current stability and/or intensity

Total (absolute) measurements: I, I0  , p,T, L

-  declared errors: “a few per cent”

(1% pressure, 1% temperature, <1% scattering path ….)
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Electron-drift  measurements
→ momentum  transfer cross sections

W. Roznerski, J. Mechlińska-Drewko



Electron –  atom scattering theory
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„Partial  waves”, i.e. with  different  orbital momentum  L: s, p, d etc.



•  Pl  (cosθ) are  the  same „spherical  harmonic  functions”  that  
appear  in  atomic  hydrogen  orbitals, like  f‐orbital  shown  here

orbitals  s, p, d  etc.



Electron –  atom (elementary) scattering theory
d
d

f


 ( ) 2

2)](cos[)( 



lP
d
d


Delta [deg] Normalisation

Energy [eV]  . 15,00
 [Å]  . 0,32
k[Å-1]  . 1,98

 tot [Å2]  . 0,234 -0,4 9,0 0,0 0,0 2000

904 810 900 900

-90,0
-60,0
-30,0

0,0
30,0
60,0
90,0

1 2 3 4

0

0,1

0,2

0,3

0,4

0,5

0,6

0 30 60 90 120 150 180

  [deg]

DC
S

 [Å
2]

0,0000001

0,000001

0,00001

0,0001

0,001

0,01

0,1

1
0 50 100

-7

-6

-5

-4

-3

-2

-1

0

0 30 60 90 120 150 180

  [deg]

lo
g 

(D
C

S 
[Å

2]
)

-2

-1

0
-1 0 1

Argon 15eV positrons

 f
ik

l i Pl
l

l( ) ( ) exp( ) (cos )     




1
2

2 1 2 1
0

so, we can  expect  that  DCS
are  complicated  functions  of θ
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Electron –  atom scattering experiment
2)](cos[)(  lP we can  expect  that  DCS are  complicated  functions  of θ



Electron –  atom scattering experiment


l
l EPE 2)],(cos[)(  we can  expect  that  ICS  are  complicated  functions  of E

Carl Ramsauer,  Gdansk, 1921



Plasma temperature ← integral  cross sections
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Total cross section: CH4
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Integral cross sections for CH4

G. Karwasz, R. S. Brusa, A. Zecca, Riv. Nuovo Cimento, 2001



NO –  overlapping resonances
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Karwasz & collaborators, Chem. Phys. Lett. 350 (2001) 318



Ionization  –  experiment and models

Karwasz, Mozejko, Mi-Young Song, Int. J. Mass. Spectr. 2014



Reviews, experiments, theories...



Trento  Berlin Słupsk

Toruń, town  of Copernicus

http://upload.wikimedia.org/wikipedia/commons/1/1a/Torun03MonumentToCopernicus.JPG

