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Overview

» Plasma fundamentals
» Kinetic theory of gases
» Plasma discharges

» Applications



splasma“ is Greek
,, TTAAO O
and means ,,shape*

(named by Irving Langmuir)



What is a plasma?



Plasma: fourth matter of state?

Solid Liquid Gas Plasma
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Plasma definition

,quasi-neutral particle system
as mixture of free electrons,
ions, and neutral particles”
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Plasma sources

» Capacity
» Inductivity
» Microwave

» Maser / Laser



lonization types

» Impact ionization

» Photo emission



Impact ionization

Distance d

Voltage U

Where is ionization more probable?



Impact ionization

U
F=q& —
q E ;



Impact ionization



Impact ionization



Photo effect

Wir=hfp

» UV light
» Rontgen radiation

» Cosmic radiation



Photo effect

Wr=nhf;
W =4-25eV
» UV light, e.g. A=300nm - W =4.1eV

» Rontgen radiation,
eg.A=1nm-—->W=125keV

> Cosmic radiation, W = 10°-10%?eV
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lonization energy
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Well known plasmas




Well known plasmas

Voltage U Distance d




Well known plasmas




Well known plasmas

plasmas comprise 99% of the visible universe



Well known plasmas
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Well known plasmas




Well known plasmas
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Gas discharges




Gas discharges
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spectrum of a Hg lamp



Emission of energy




Plasma temperature




Plasma temperature

m =1.672-10* kg

proton

m  =1.67410% kg

neutron

m =9.109-10°" kg

electron



Plasma temperature

Helium:

m z4mp

He+

mH(%/me =~ (347



Plasma temperature




Plasma temperature
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Plasma temperature
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Maxwell-Boltzmann
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Plasma temperature
szowU-F(v)de
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V2 = / v Fv) dv
0



Plasma temperature
U=/ v- F(v)dv
0
’022/ v Fv) dv
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Plasma temperature
szowU-F(v)de

L o0
V2 = / v Fv) dv
0




O

Plasma temperature

Lp (n) /a”T“

9
—ax . 2/{ 1”
z"e dz = 2k+1 k \/

2ak+1

(n > —1,a > 0)
(n = 2k, k integer, a > 0)
(n = 2k + 1, k integer, a > 0)



Plasma temperature




Plasma temperature




Plasma chamber design

Plasma or not?

'b




Electric shielding

global: neutral

local: charged




Plasma definition

,yquasi-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

eV e _gy

S dr



Electric shielding

eV e _gy

S dr

p=VD =¢VE =e)VVU = ¢gAU



Electric shielding

eV e _gy

S dr
p=VD =¢VE =e)VVU = ¢gAU

p=qlN



Electric shielding

eV e _gy

S dr
p=VD =¢VE =e)VVU = ¢gAU
p=qN

N(E) = Nyexp _E)

kT




Electric shielding
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Electric shielding

eV e Y gy

S dr
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kT

E =qU

kT



Electric shielding

e0AU = ¢ (Nion — Nelectron>

U
oAU = eNy (exp (kGBTJ — 1J



Electric shielding

e AU = eNy

el/
exp k:BT) — 1)

L 2

exp(r) = £ = T4mt ot

n=0 n/ 2l



Electric shielding
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Electric shielding

e AU = eNy

exp

eokpl’ typical values:
e2N, about 100 ym




Plasma sheath
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Plasma sheath
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Plasma sheath
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Plasma chamber design

Plasma or not?

'b

b > 2s: plasma

b < 2s: no plasma




DC discharge

Cathode glow Negative Faraday dark Anode dark
space

Positive column
(Plasma bulk)
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DC discharge

Cathode
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DC discharge

Voltage
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sook 'dischargeé o
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sustained discharge

R=U/
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DC discharge

A Lhoe
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Plasma applications

» Sputtering
» Etching/cleaning
» Surface activation

» Plasma displays



Sputtering

+
substrate
N = © 0
O
® O O

target (metal)

layer thickness homogeneity = 5nm



Magnetron sputtering

water cooling target
backing
plate
target
magnetic
field

lines

vacuum chamber

—

F:qﬁxé

electrons travel on a cycloide



Etching

reactive ion etching

etching: plasma + SF,

passivating: C,F_ u
etching: plasma + SF_ u




Activation

1) chemical bonds cracked
on the substrate surface

2) chemical reaction of ions
on the surface



Display

Display electrodes

Magnesium oxide coatin
(inside the dielectric layer) E 9

Dielectric layer

N
) &

Rear plate glass

N
Ry

Dielectric layer

W

Address electrode
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| _— Pixel

Phosphor
coating in

Front plate glass
plasma cells

A schematic matrix electrode
configuration in an AC PDP



DC discharge

Voltage
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Mean free path

%




Mean free path

cross section: o

o= W(raJrrb)Q




Mean free path

cross section: o

o= W(raJrrb)Q

Impact probability: P

No =x
p—-_""_"
A A




Mean free path

cross section: o

o= W(raJrrb)Q

Impact probability: P

No =x
p—-_""_"
A A

ideal gas law
pV = NICBT



Mean free path

cross section: o

o= W(raJrrb)Q

Impact probability: P

No «x
P s = —
A A
ideal gas law mean free path: A_
pV = NkgT kT
)\6 =

p7T7“2



Impact probability

particle current: '

dx

dl'(x) = —F(az))\e



Impact probability

particle current: '

dl'(x) = —F(aj)cj\f
['(x)=1(0)exp —)i
P\ >x) = ZZ:%)) = exp —)i




Impact probability

number of ionizations per length A : a
(1st Townsend coefficient)
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Impact probability

number of ionizations per length A : a
(1st Townsend coefficient)
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Ignition voltage

Anode

d

e

Cathode




Ignition voltage

Fo(z =d) = T(x = 0) e
number of electrons = number of ions
Te(d) — Ie(0) = I(0) (e* — 1]
I;(d) =0



Ignition voltage

Fo(z =d) = T(x = 0) e
number of electrons = number of ions
Te(d) — Ie(0) = I(0) (e* — 1]
I;(d) =0

Fe(O) = ’YF’L'(O)

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



Ignition voltage

1
Ozd:ln(1+)
.



Ignition voltage
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Ignition voltage

Paschen-Townsend law

L-p-d-E;

V= e(In(L-p-d) —In(In(14+~~1))



Ignition voltage




Ignition voltage

ud

A

il

no plasma



Ignition voltage

L-p-d-E;

V= e(In(L-p-d)—In(In(1+~~1))



Ignition voltage

L-p-d-E;

V= e(In(L-p-d)—In(In(1+~~1))

no plasma when d < A_



Plasma temperature




Plasma temperature

T

Cold plasma at atmospheric pressure?



Dielectric barrier discharge

Dielectric
()

©
Electrons @

Cathode

plasma streamers



Dielectric barrier discharge

Dielectric

no plasma o o
o o lons

Cathode

ions cannot follow —
plasma keeps cold



Dielectric barrier discharge

plasma streamers



Dielectric barrier discharge

plasma printing



Plasma frequency

energy
-— QO —

coulomb force



Plasma frequency

energy
-— QO —

coulomb force



Plasma frequency

energy
-— QO —

coulomb force




Plasma frequency

When w above W, plasma transparent,
otherwise reflecting.



Plasma frequency

When w above W, plasma transparent,
otherwise reflecting.

UV: metal transparent
IR or VIS: metal reflecting



Frequency propagation

When w above W, plasma transparent,
otherwise reflecting.

E=hf=h" =md
2T

W>>W —m>>m
P e
W<<W —m<<m
P e



Frequency propagation
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thanks for your attention
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