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We study ion energy distributions functions (IEDFs) within an rf sheath with dust particles in SiH, radio-frequency

discharges and compare results with ones in Ar rf discharges. The simulations are carried by PIC/MCC method over a
wide range of pressure, dust density and dust radius. Our model includes electron-neutral collisions, various kinds of
collisions of ions with neutrals, positive-negative ion collisions. Results of calculations show that IEDFs for positive
ions SiH; in silane rf-discharge essentially differ from IEDFS for positive ions in Ar discharges. Ions near electrodes
get greater energy in electronegative discharge in consequence of inessential charge exchange processes in the rf-
sheath. Peaks of high energy ions are appeared in IEDFs, which are caused by significant decreasing of the radio-
frequency sheath width and the ratio of ion penetrating time through sheath to the radio-frequency discharge period.
Results of calculations show that big dust particles slow down ions in rf-sheaths, but the presence small dust particles

can increase energy of ions. It is explained by the increasing of the potential drop near electrode.

PACS: 52.27. Lw.

1. INTRODUCTION

High density plasma sources are widely studied due to
their growing use in semiconductor manufacturing and
fabrication. In processing plasmas, it is well known that
the ion energy arriving at the substrate is crucial in
etching and deposition rates of the film. In general, the
motion of the ions as well as the ion distribution functions
are determined by the spatiotemporal variations of the
sheath electric field and the collisions the ions undergo
while traversing the sheath. Dust particles can appear in
sheaths of rf discharges as the product of the plasma-wall
interaction or can be created due to coagulation of various
components in chemically active plasmas. It is known
[1,2] that the dust particles can essentially influence the
parameters of the rf discharges due to a continuous
selective collection of background electrons and ions that
can essentially influence their energy distribution
functions.

Analytical models assume limiting approximations
such as constant sheath width, sinusoidal sheath potential
drop, and therefore give only qualitative features of the
IEDF. Because of the complexity of rf sheath dynamics,
most calculations of IEDFs rely on numerical methods.

In the present paper we discuss IEDFs within an rf
sheath both in Ar discharges and in SiH, discharges with

dust particles. The simulations are carried out over a wide
range of pressure, dust density and dust radius.

2. MODEL

A one-dimensional RF discharge is considered
between two plane electrodes separated by a gap of
d=5.0 cm which is filled with Ar or SiH, at various
pressures. Immobile dust particles of a given radius Rd
are distributed uniformly in the interelectrode gap with a
density N,. The dust particles collect and scatter

voltage V,(t) =V, sin(ot) at a frequency f=13,56 MHz
and various amplitudes V, sustains the RF discharge. The

discharge is grounded at x=d.

The PIC/MC method is based on a kinetic
description of the particle motion in velocity position
space. Positive and negative ‘superparticles’ move in the
self-consistent electric field they generate. The electric
field is obtained by solving the Poisson equation. The
Monte Carlo formalism is used to describe the effect of
collisions. The displacement between collisions is ruled
by Newton’s law.

The PIC/MCC method described in detail earlier for
discharges without dust particles [3] is developed for
computer simulations of the RF discharge with dust
particles [4]. The Monte Carlo technique is used to
describe electron and ion collisions. The collisions
include elastic collisions of electrons and ions with atoms,
ionization and excitation of atoms by electrons, charge
exchange between ions and atoms, Coulomb collisions of
electrons and ions with dust particles, as well as the
electron and ion collection and scattering by dust
particles. In addition to a usual PIC/MCC scheme, the
weighting procedure is used also for the determination of
a superparticle charge part, which is interacting with a
dust particle [5].

There are three kinds of charged particle in our model
of SiH, discharge (electrons, positive ions SiH, and

negative ions SiH, ) and two kinds of charged particle

in the model of Ar discharge (electrons and ions Ar™).
3. SIMULATION RESULTS

In this paper we present results for argon and silane
discharges with dust particles, as well as without ones.
Calculations are performed at some values of the dust
density, dust particle radius, the neutral gas pressure and
the interelectrode distance. The frequency and amplitude

electrons and ions distributed in the discharge with of the radio-frequency voltagy were
density ne and ni, respectively. A harmonic external — ©=13,56 MHz, V, =150V .
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Fig. 1 shows ion energy distribution functions for
Ar” in rf-sheaths at pressure p=0.1 Torr. Various curves
correspond to various dust densities and dust radii. It is
seen that big dust particles slow down ions in rf-sheaths,
but the presence small dust particles can increase energy
of ions (case with dust radius r, =50 nm and dust density

n, =5-10"m~). It is explained by increasing of the
potential drop near electrode. Furthemore, some peaks are
appeared in IEDFs for case with dust radius r; =50 nm
and dust density n, =5-10"m~. The reason of these

peaks is the decreasing of the sheath width and, therefore,
the decreasing of ion penetrating time through sheath ;.
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Fig.1. Computed IEDFs for Ar discharges at pressure
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Fig.2. Computed IEDFs for SiH; ions in silane
discharges at pressure p=0.1 Torr and p=0.3 Torr

In Fig. 2 IEDFs for positive ions SiH, in silane rf-

discharge at various pressures are pictured. It is seen the
appearance of peaks of high energy ions, which are
caused by significant increasing plasma potential in the
electronegative discharge. The increasing of a gas
pressure is caused the shift peaks towards to an energy
decreasing. In Fig.3a and Fig3b are presented phase
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portraits of ions Ar" and SiH; correspondingly. It is

significant, that ions near electrodes get greater energy in
electronegative discharge, than in electropositive one.

This result is due to the inessential role of charge
exchange processes in the rf-sheath in electronegative
discharges. Peaks of high energy ions are appeared in
IEDFs, which are caused by significant decreasing of the
radio-frequency sheath width and the ratio of ion
penetrating time through sheath to the radio-frequency
discharge period.

Results of calculations show that big dust particles
slow down ions in rf-sheaths, but the presence small dust
particles can increase energy of ions. It is explained by
the increasing of the potential drop near electrode.
Comparison of simulation results with analytical
calculations in a collisionless rf sheath is discussed.
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Fig.3. Phase portrait of ions
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4. CONCLUSIONS

The evolution of the IEDF at various combinations of
pressure, dust density and dust radius has been studied by
means of a 1D PIC/MCC model and compared between
an electropositive rare gas (argon) discharge and an
electronegative molecular gas (silane) discharge.



Results of our simulations show that negative ions are
distributed in the central part of the discharge chamber
and their mean energy much more than one of positive
ions in this place. Dust particles increase the mean energy
of negative ions in the discharge. In rf-sheaths of
electronegative discharges positive ions are accelerated to
bigger energies than in the case of argon discharge. It
caused Dby essential role charge exchange processes in
electropositive (argon) discharges. Results of calculations
show that big dust particles slow down ions in rf-sheaths,
but the presence small dust particles can increase energy
of ions. It is explained by the increasing of the potential
drop near electrode.
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PACHIPEJEJIEHUA MOHOB 11O SHEPTUU B PU- TPUDJIEKTPOJHBIX CJI0AX
C IBIVIEBBIMH YACTUIIAMUA

A.JO. Kpasuenxo, F0.A. Acmpyeé, I U. Jlesaoa, T.E. /Tucumuenxo

Hccnenytorcst pyHKINU PaclpesieNicHns] HOHOB 110 3HEPTUU B MPUAICKTPOIAHOM CJIOE C MBUICBBIMHM YacTHLIAMH B
eMKoCcTHOM PY-paspsine B cunane U pe3yibTaThl CPABHUBAKOTCS € PE3yJIbTaTaMU, II0JIYyYEHHBIMU B AprOHOBOM pa3psie.
MogenupoBanue BbinonHsuiock npu nomoriy PIC/MCC Merozna B MIMPOKOM JAMana3oHEe JaBJICHUH, KOHLEHTPALUHA 1
paauycoB IbLIEBBIX YacTull. Haiia Mozenb BKIIOYACT CTOJIKHOBEHHUS 3JIEKTPOHOB C HEUTpAllaMU, Pa3IU4HbIE BUAbL
CTOJIKHOBEHHH HMOHOB C HEHTpalaMH, CTOJIKHOBEHHUs IMO3UTUBHBIX U HETaTHBHBIX MOHOB. Pe3ynbTaThl BBIYMCIECHUI
MOKa3aJId, YTO (YHKLUHMH Paclpe/ieleH s HOHOB 110 SHEPTHH Ul TO3UTHBHBIX HOHOB SiH; B cumanoBom PU-paspsne

OTIMYAIOTCS OT (DYHKIMH pacrpeneieHns HOHOB B aproHOBOM paspsiae. VOHBI BONM3M 3JIEKTPOJa MMEIOT OOJBIIYIO
SHEPIHIO B AIEKTPOOTPHUIATEIIFHOM T'a3e BCIEACTBHE HECYIIECTBEHHON POJIM TPOILIECCOB MEPE3apsIIKK B ITHX pa3psiaax.
B noHHBIX QYHKIMSAX pacrpeneieHus MOSBISIIOTCS MTUKH, KOTOPBIE CBSA3aHBI CO 3HAYUTEIBHBIM YMEHBIICHUEM ITUPHUHBI
PY-nipraneKTpoAHOTO €05 ¥ OTHOILIEHHSI BPEMEHH IIePEeCcedeHUs] HOHAMH IIPUAIEKTPOAHOTO CJI0S K IEPHOAY paspsija.

PO3MIOAIJIN IOHIB 3A EHEPI'TIEIO B PU- IPUEJIEKTPOJHUX IIAPAX
3 IIMJIOBUMHU YACTHHKAMMU

O.10. Kpasuenko, 10.A. Acmpyé, I'.1. Jlesaoa, T.€. /lucumuenxo

HocnimxyioTbess GyHKIIT po3NOALTY IOHIB 32 €HEpri€cl0 B NPHUEIEKTPOAHOMY IIapi 3 MIJIOBUMHM YacTHHKAMHU B
emHicHOMY PU-po3psizi B cuiiaHi Ta pe3yabTaTd MOPIBHIOIOTHCS 3 pe3ylbTaTaMH, OJEpKAaHUMHI B aprOHOBOMY PO3PSIIi.
MonemoBaHHSI BUKOHYBasock 3a normomoroio PIC/MCC mMerony Ansi MIUPOKOTO Mialla30HY THUCKY, KOHIIGHTpAIll Ta
paziycy MHIOBHX YacTHHOK. Hama Monens BKIfoUae 3iTKHEHHS €JIEKTPOHIB 3 HEUTpaIaMu, Pi3Hi BUIU 3iTKHEHD 10HIB 3
HeHlTparamu, 3iTKHEHHs [MO3UTHBHUX Ta HETATUBHHX 10HIB. Pe3ysbTaTi 004MCIIeHb MOKa3aiu, Mo QyHKIii po3noaity
ioHiB 3a eHepriero s no3uThBHEX ioHiB SiH; B cumanoBomy PUY-pospsai BiapisHstoThest B GyHKUiM po3mopiny
iOHIB B aproHOBOMY po3psiii. loHn OIS eneKTpomy ONEpKYIOTh OIIbIIY €HEPrilo B €JIEKTPOHETaTHBHOMY PO3psiIi
BHACJIIIOK HECYTTEBOI POJIi MpoIeciB 0OMiHY 3apsiIoM B IMX po3psiax. B iOHHMX (QYHKLIAX PO3MOITY 3 SBISIOTHCS
ITiKY, SIKi TIOB’sI3aHi 31 3HAYHUM 3MEHILIEHHSAM IHUPHHU PU- nprenexkTpoHoro mapy i BiJHOILICHHS Yacy MpoJIbOTY i0HIB
Yyepes3 MPHUENIeKTPOJHHUI Iap 10 Iepioay po3psy.
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