On the plasma modification
of micro-disperse powder particles

Workshop on SEERS, Dresden, 08.-09.06.1999

e motivation

e plasma- powder interaction

» plasmadiagnostics at powder treatment
o thermal balance of (micro)substrates




Introduction

Why dusty plasmas are of mterest ?

e astrophysics : formation of starsin large interstellar clouds

e basic research : plasma crystal as model system

e semiconductor processing . avoid damaging effects by dust
 formation and modification of powders with tailored properties



Motivation :
Interest In particle-containing plasmas

Fivereasonsfor the growing interest :

e plasmacrysta

e astrophysics, formation of stars

o disturbing influences at u-processing

o formation and modification of powders

e plasma characterization by particle probing




 Interstellare Gas- und Staub-
wolken (199:1)

 Staubscheiben in den Galaxien
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 Staub als ,,Katalysator’”’
 Diagnostik von Staubbanden
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Orion Nebula Mosaic HST - WFF‘CE-

M42 Aufnahme vom 20.11.1995, HST




Institut fur Physik
Universitét Greifswald

Komet Hale Bopp, 03/1997

Greifswader Sternwarte eV




example : plasma crystd

MF - particles (14um), RF-plasma (Krypton)



Si-Oberflache
nach Plasmadtzen

« Verunreinigungen fuhren zu erheblichen Funktionsstérungen bzw.
zum Ausfall von p-Strukturen (,,Dreckeffekte”)

 Problematik vor allem in ICP-Prozessen, wo elektrostatische Felder
Im Vergleich zum RIE viel kleiner sind

—> Partikeln kdnnen viel leichter auf Oberflache gelangen

(Kréftebilanz 1)

» Partikelbildung ist stark von Prozessfiihrung (Atzen, Polymerisation)

und Prozessbedingungen abhangig



Zielvor gaben der National Semiconductor Technology Roadmap

1997 2012
Transistor / uP ~ 10’ ~10°
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Formation and modification of powder particles

past : dusty plasmas = disturbing side effect
present . dust / powder in plasmas = object of investigation

» modification of nano- and microdisperse powdegparticles in plasma

®» applications and per spectives:

o film deposition (hard coatings)

o treatment of flue gas, aerosols, flames

 chemical catalysis (large specific surface area)

 improvement of optical, mecahnical, and thermal properties
of small particles (pigments, coatings)

e corrosive protection of magnetic metal particles

o diffusion barriers for pharmaceutic powders

* etC. efC.

Tailoring of desired particle functionality may include the geometrical snape
aswell as chemical, electrical, and optical behaviour.
® Deposition of thin surrounding films (Al) on powder particles (Fe)
by magnetron sputtering, during their confinement in an RF-plasma



| nter action plasma - dust

(charging and trapping of powder particlesin a plasma)

starting point : particles (mono-disperse, spherical, R, p) are injected into

RF-plasma (Maxwell, Uy, ng, Te, Ag>>R, dg.r)

= charging of particles

assumption : OML, Maxwell-distribution, @5 <0< U, U= U - ®g
fluxes of charge carriers: 1, =l exp(-eU,.J/KT,), | =I15(1+zeU,; JKT,)
charge of aparticle: dQ/dt=21,, Q(t) = CU,(t) = 41tg,RU,, (1)

equilibrium (e.g. particle completely charged), if dQ/dt =0
<CDS(t)>’ <Q(t)>’ !



Plasma - powder - interaction

experiment :
> R=4m
B, Up =15/, Un =3V
L.
m=3.5[10"kg
Z= 2o
Q )i 220 Q=C =4mgROU, -U ;) =7000
RF
F,~pR°~3.5-10"N l gravitational F, =mg=3500"N
Fo~ Ngt (Vgas VIR ~ R?v, ~2.5-10N T neutral drag
F. ~ j;R%; ~ 1.5- 10" N l jon drag
Fy~ER~3-1013N T electrostatic F, =F, =QE(z)=3500"N
~ -~ R2 ~1.10°14 thermophoretic
F,, ~ kdT/dz ~ R2dT/dz 21 107N T mophoret L s
Fon~ (Qapst Qgrer)! R~ 0 PRoToR




Plasma characterization by particle probing
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Modification of particles in plasmas

goal :

talloring” of powder particles with desired surface properties
(geometrical, chemical, optical, elektrical, ........ )

here:

coating of microdisperse particles (~um) like MF, S Oz, c-Fe
with thin metal films (~100nm) (Cu, Ti, Al) or polymer layers
by an RF-discharge (charging and confinement)

and DC-magnetron sputtering, thermal evaporation

or RF-plasma polymerization (modification, coating)

possible? functionality ? efficient ? etc. ?




example : c-Fe powder particles, untreated

Fe203—unbesputtert I 1pm Vergroperung= 5.00 K X
FSG e. V. Photo Nr.=398 16-Apr-1998 HV=20.08 kV Arbeitsabstand-= 8 mm g

e spherical e strongly adhesive
 rather smooth surface e Size distribution



example : c-Fe powder particles, coated with Al

SEM

Kersten,H., Schmetz,P.,
Kroesen,G.M.W.,
Surface and Coatings
Technology
108-109(1998), 507.

deposition of Al (150 ... 200nm) onto particles
—> each particle is surrounded by a compact layer
== change of optical properties



example : c-Fe powder particles, partly coated with Al

Fe203-besputtert 308nn  f—i VergriBerung= 20.00 K X
FSG 8. V. Photo Nr.=480 16-Apr-1998 HV=28 .88 kV Arbeitsabstand= 8 mn g

deposition of Al (< 50nm) onto particles
—> idands on each particle
—> change of chemical properties (catalysis)



Experimental setup

(asymmetric RF-discharge ED "’

with DC-magnetron)
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RF + powder particles

particles are charged and confined
in RF-plasma (Ar)

)
DC-magnetron

RF + powder + magnetron

RF-glow

coating of particles with metal
during their confinement by
DC-magnetron sputtering

powder particles

RF-electrode




Experimetal conditions

* RF plasma : 13.56 MH2)

* gas : Ar, Ar+QO,

* pressure : 5-103...10t mbar
* RF-voltage 100 ... 400V

* power :5...30W

e power density :0.05 ... 0.25W/cm2

* Voltage :250 ... 450V

e current :0.02... 023 A
* power :5... 100 W

» power density :1... 20 W/cm?
* pressure : 103...10 mbar

e distance :2...15¢cm



plasma

powder in plasma

particles (substrates)

Diagnostics

e Langmuir probes —> Vpl,

e SEERS — N,

 energy resolved MS > |EDF, NEDF, n, n,

* macroscopic parameter —> 1,V,dg,

e DL absorption and —> excited species
CCD photometry

V,, EEDF, n,, kT,

1 e

» CCD photometry —> particle distribution

e micro-calorimetry —> energy influx
 LF-excitation — particle charge

» M| E-scattering —> particle density, state

« SEM, AFM — particle size, morphology
 XPS, EDX — surface composition
 XRD — surface structure



electron component in RF-plasma (probe, SEERS, SIGLO)
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determination of sheath thickness

argon, 0.005mbar, 10W 30W 50W

argon, 50W 0.005mbar 0.01mbar



determination of sheath thickness
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lon species in RF-plasma (PPM)
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| i Meazure Data
. File Dperation Setup Displap Help
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Anderung des Floatingpotentials beim M agnetr onbetrieb

only RF plasma RF plasma and DC-magnetron discharge




electron density [cm'3]

Electron density in substrate region

4X109 ' | ! | T ] T ] T T T
magh etron off
B - -
magnetron
9 400V
3x10° .
magnetron off magnetron o
i magnetron o 400V s
2x10°F i
magnetron on
| | 400V ]
@L.
1x10°F magnetron _
300V
only Rl
only RF
1 | 1 | Il | 1 - i 1
15.0 17.5 20.0 22.5 25.0 27.5

time [min]

30.0



n, [cm'3]

ion count rate [cps]
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effect of DC magnetron-on |ED: ions (Ar, 1Pa, 170V )
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electron density [10*°m™]

maximum particle flux [10*’m?s™]

Al growth rate [nm/s]
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measurement of energy fluxes to the substrates
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energy fluxesto the substrates at thin film deposition
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Thermische Bilanz

der Substrateinfolge des
Energieeinstroms
manifestiert sich u.a.

Sputtern von Al In der Mikrostruktur

auf Pulverteilchen
060315 oxd” WRLe, 066 IS (—460...770K)

Resolution: 300

Line2

Sputtern von Al
auf ebene Si - Substrate
(~RT)
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