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➢Plasma fundamentals

➢Kinetic theory of gases

➢Plasma discharges

➢Applications



„plasma“ is Greek 
„πλάσμα“

and means „shape“
 

(named by Irving Langmuir)



What is a plasma?



Plasma: fourth matter of state?

Solid Liquid Gas Plasma

Temperature



Plasma definition
 

„quasi-neutral particle system 
as mixture of free electrons, 
ions, and neutral particles“



Ionization

Energy



Plasma sources

➢Capacity

➢ Inductivity

➢Microwave

➢Maser / Laser



Ionization types

➢ Impact ionization

➢Photo emission



Impact ionization
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Voltage U Distance d
?

?

Where is ionization more probable?



Impact ionization



Impact ionization



Impact ionization



Photo effect

➢UV light

➢Röntgen radiation

➢Cosmic radiation



Photo effect

➢UV light, e.g. λ = 300 nm → W = 4.1 eV

➢Röntgen radiation,
e.g. λ = 1 nm → W = 1.25 keV

➢Cosmic radiation, W = 109
 - 1022

 eV

W
I
 = 4 - 25 eV





Coulomb law:



Ionization energy



Well known plasmas



Well known plasmas
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Well known plasmas



Well known plasmas

plasmas comprise 99% of the visible universe



Well known plasmas





Well known plasmas



Well known plasmas



Gas discharges



Gas discharges

spectrum of a Hg lamp



Emission of energy

Energy



Plasma temperature



Plasma temperature

m
proton

 = 1.672·10-27 kg

m
neutron

 = 1.674·10-27 kg

m
electron

 = 9.109·10-31 kg



Plasma temperature

Helium:

m
He+

 ≈ 4m
p

m
He+

/m
e
 ≈ 7347



Plasma temperature

T
g
 = T

total



Plasma temperature



Plasma temperature



Maxwell-Boltzmann

velocity distribution



Plasma temperature



Plasma temperature



Plasma temperature



Plasma temperature



Plasma temperature



Plasma temperature



Plasma chamber design

b

Plasma or not?



Electric shielding

global: neutral

local: charged



Plasma definition
 

„quasi-neutral particle system 
as mixture of free electrons, 
ions, and neutral particles“



Electric shielding

global: neutral

local: charged

Distance where electric potential is 
decreased to 1/e of its maximum?



Electric shielding



Electric shielding



Electric shielding



Electric shielding



Electric shielding



Electric shielding



Electric shielding



Electric shielding



Electric shielding



Electric shielding

typical values:
about 100 µm

Debye length: λ
D



Plasma sheath

images © http://www.plasmetrex.com



Plasma sheath

sheath distance: s 

images © http://www.plasmetrex.com



Plasma sheath

sheath distance: s 

images © http://www.plasmetrex.com



Plasma chamber design

b

Plasma or not?

b > 2s: plasma

b < 2s: no plasma



DC discharge

image © http://www.plasmetrex.com



DC discharge

image © http://www.plasmetrex.com



DC discharge

R = U/I
image © http://www.plasmetrex.com



DC discharge
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Electrons
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Plasma applications

➢Sputtering

➢Etching / cleaning

➢Surface activation

➢Plasma displays



Sputtering

Ar+

target (metal)

substrate

-

+

layer thickness homogeneity ≈ 5 nm



Magnetron sputtering

electrons travel on a cycloide



Etching

reactive ion etching

etching: plasma + SF
6

passivating: C
4
F

8

etching: plasma + SF
6



Activation

1) chemical bonds cracked 
on the substrate surface

2) chemical reaction of ions 
on the surface



Display



DC discharge

Needed voltage to ignite a plasma?
image © http://www.plasmetrex.com



Mean free path

a

b



Mean free path
cross section: σ

a

b



Mean free path
cross section: σ

a

b

impact probability: P



Mean free path
cross section: σ

a

b

impact probability: P

ideal gas law



Mean free path
cross section: σ

a

b

impact probability: P

mean free path: λ
e

ideal gas law



Impact probability
particle current: Γ



Impact probability
particle current: Γ



Impact probability
number of ionizations per length λ

e
: α

(1st Townsend coefficient)



Impact probability
number of ionizations per length λ

e
: α

(1st Townsend coefficient)



Ignition voltage

+ + + + + + + + + + + Anode

- - - - - - - - - - - - - Cathode

d

0



Ignition voltage

number of electrons = number of ions



Ignition voltage

number of electrons = number of ions

number of secondary electrons per ion: γ
(2nd Townsend coefficient)



Ignition voltage



Ignition voltage



Ignition voltage

Paschen-Townsend law



Ignition voltage



Ignition voltage

no plasma



Ignition voltage



Ignition voltage

no plasma when d ≤ λ
e



Plasma temperature

T
g
 = T

total



Plasma temperature

Cold plasma at atmospheric pressure?



Dielectric barrier discharge

plasma streamers

+ + + + + + +

- - - - - - - - - - - -

- - - - - - -

-
-

-
-

Electrons

Dielectric

Anode

Cathode



Dielectric barrier discharge

no plasma + +

+
+ Ions

+ + + + + + +

- - - - - - - - - - - -

- - - - - - - Dielectric

Anode

Cathode

ions cannot follow → 
plasma keeps cold



Dielectric barrier discharge

plasma streamers



Dielectric barrier discharge

plasma printing



Plasma frequency

+ -

coulomb force

energy



Plasma frequency

+ -

coulomb force

energy



Plasma frequency

+ -

coulomb force

energy



Plasma frequency

When ω above ω
p
, plasma transparent, 

otherwise reflecting.



Plasma frequency

UV: metal transparent
IR or VIS: metal reflecting

When ω above ω
p
, plasma transparent, 

otherwise reflecting.



Frequency propagation

When ω above ω
p
, plasma transparent, 

otherwise reflecting.

ω >> ω
p
 → m >> m

e

ω << ω
p
 → m << m

e



Frequency propagation

ω >> ω
p
 → m >> m

e

me
m

me m

ω << ω
p
 → m << m

e



thanks for your attention
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