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The results of systematic experimental researches of
distribution of local plasma parameters (plasma density,

ICP reactor are presented. Experimental results on spatial
temperature and electron energy distribution function) and

radial profiles of ion current to processed surface are presented for atomic (Ar) and molecular (N,, CF,) gases. Relation
between the plasma density profile and the ion current density radial distribution is discussed. Comparison of the
obtained results with the calculations executed using 2D-fluid model has allowed to reveal the main rules of the ion flux

profile formation.
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1. INTRODUCTION

Last years ICP became the conventional basis for
creation of various plasma technological devices, in
particular for plasma-chemical etching in
microelectronics. By the present moment great progress
have been achieved both in the field of basic research of
ICP physics and in the field of practical reactor design,
and focus of ICP application is shifted to development of
the technological devices optimized for specific micro-
and nanotechnologies with high requirements to the
device parameters. It is impossible to satisfy these
requirements without detailed experimental researches
and improvement of ICP mathematical models.

The results of systematic experimental researches of
ICP reactor [1] are presented in this paper. Experimental
results on spatial distribution of local plasma parameters
(plasma density, temperature and electron energy
distribution function) and radial profiles of ion current to
processed surface are presented for atomic (Ar) and
molecular (N,,CF,) gases. Relation between the plasma
density profile and the ion current density radial
distribution is discussed. Comparison of the obtained
results with the calculations executed using 2D-fluid
model has allowed to reveal the main rules of the ion flux
profile formation.

2. EXPERIMENTAL SETUP

A schematic diagram of the experimental setup used in
our investigation is shown in Fig. 1. The cylindrical
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Fig. 1. Schematic diagram of the ICP reactor

discharge vessel has a radius R =7 cm and height L = 6 cm.
The sidewall of the vessel is made of metal. The glass top
cover and the inductive coil are cooled by air flow created
by a fan. The vessel is evacuated by a turbo molecular
pump down to a base pressure of about 10° Torr. The
experiments are performed in the work gas pressure range
0.1...2000 mTorr.

The RF field is induced by a three-turn spiral copper
coil with variable radius. RF power in the range
50...200 W at 13.56 MHz is coupled to the coil via a
matchbox.

Measurements of the radial profiles of ion current
density to the processed surface were done by a string of
seven plane probes by square of 0.25 cm” arranged along
the radius of the RF electrode. The negative plane probe
bias of -25 V with respect to the chamber was used in
experiments. Measurement of the radial distributions of the
main plasma parameters of plasma have been led by means
of the movable Langmuir cylindrical probe of diameter
D,=0,1 mm and length of L, = 2 mm. The probe was
moved horizontally along the chamber radius 40mm higher
the substrate holder. Measuring of the probe traces and the
probe data processing was done using the “Plasmameter”
device [2].

The RF field is induced by a three-turn spiral copper
coil cooled by air. The capacitive coupling is damped by a
grounded electrostatic shield. RF power in the range
50...500 W at 13.56 MHz is coupled to the coil via a
matchbox.

3. EXPERIMENTAL RESULTS

Typical normalized radial profiles of the ion current
density j at the substrate holder are presented in Fig. 2 at
various working gases and pressures. Measuring were
carried out at RF power of 100 and 200 W. It has been
found, that in the power range 50...500W ion current
density is proportional to the power, and profiles j (r)

practically don't change.

As shown in Fig.2, for low pressure range the
normalized profiles of j are convex, maximizing at the
discharge axis. For high pressure range the j profile becomes
concave, with off-axis maximums. In this range the ratio of
the peak density to the axis density increases with the
pressure. There is relatively high uniformity of j in the
region r < 0.8R for medium pressure.
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Fig. 2. Radial distributions of the normalized ion current density to the chamber bottom and the normalized
ion density at h=40mm from bottom for work gases Ar, Np, CF4 (P 450 = 100 W)
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Fig. 3. Pressure dependencies of plasma density, electron temperature and ion current density at the chamber axis
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Fig. 4. Pressure dependencies of homogeneity factor for plasma density, ion current density and EEDF
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Fig. 5. Evolution of electron density versus pressure change on argon
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It is discovered that for argon pressure p <350 mTorr
the radial current density profile is convex with the
maximum at the discharge axis. For the pressures
p > 350 mTorr the profile becomes concave with the
minimum current density at the axis. It should be noted
that the profile shape transformation with the pressure
change isn’t monotonic. At the pressure < 1 mTorr the
profile is convex and shows poor uniformity. The best
uniformity of the ion flow appears at the pressure
2 mTorr, then the uniformity becomes worth with the
pressure growth to 60 mTorr. The further increase of the
pressure leads to the uniformity improvement, but at the
pressure >1 Torr the uniformity becomes poor again due
to the local minimum appearing in the center.

The plasma density radial distribution shows
analogous shape transformation with the pressure change.
For the pressure 20 mTorr the distribution has the
maximum in the center while at 60 mTorr the local
minimum appears at the discharge axis. At the further
pressure growth the maximum moves to the center again
and for the pressures greater than 140 mTorr the profile
becomes concave with the maximum near the inductive
coil.

Dependencies of plasma density N; and the electron
temperatures T, at the chamber axis on pressure of argon
and CF,4, N, are shown in Fig. 3. It is obvious, that these
dependences are significantly different for argon and
molecular gases. With pressure increase a growth of T,
near the inductor is observed in the discharges in
molecular gases. This gradient of T, can be explained by
the electron energy loss in inelastic collision with
molecules.

As shown in Fig. 4, the radial distribution of the ion
current density at the substrate holder repeats behavior of
the radial distribution of the ion density in bulk plasma
with a shift on gas pressure.

Also Fig.4 shows evolution of electron energy
distribution with pressure change. One can see the
monotonic decrease of mean electron energy with the
pressure growth. At pressures below 2 mTorr the electron
energy spectrum became clearly two-temperature, at
higher pressures it is Maxwellian with damped tail, and at
highest pressures it have Druevestain-like shape. Fig. 4
shows two-temperature EEPF typical for low pressure.

In Fig. 5 the spatial distributions of plasma density
calculated using 2D fluid model described in [3] are
presented. The shown distributions demonstrate evolution
of the plasma shape from toroid at high pressure to egg-
like at low pressures.

ACKNOWLEDGEMENT

This work was supported by Ministry of Industrial
Policy of Ukraine.

REFERENCES

1. S.V. Dudin, A.V.Zykov, A.N.Dahov, V.I. Farenik.
Experimental research of ICP reactor for plasma-
chemical etching //Problems of Atomic Science and
Technology. Series “Plasma Physics™ (12). 2006, N 6,
p. 189-191.

2. P. McNeely, S.V.Dudin, S. Christ-Koch, U. Fantz. A
Langmuir probe system for high power RF-driven
negative ion sources on high potential / Plasma
Sources Sci. Technol. 2009, v. 18, p. 014011.

3. A.V. Gapon, AN. Dahov, S.V. Dudin, A.V. Zykov,
N.A. Azarenkov. 2D fluid model for interactive
development of ICP technological tools // Problems of
Atomic Science and Technology. Series “Plasma
Physics™ (12). 2006, N 6, p. 186-188.

Article received 28.09.10

IMPOCTPAHCTBEHHBIE PACITPEJAEJIEHUSI TAPAMETPOB IIJIA3MbI HHAYKIHMOHHOI'O
PA3PSAJA B PEAKTOPE JJISI IVIASMO-XUMHUYECKOTI'O TPABJIEHUSA

C.B. Iyoun, A.H. /laxoe, B.H. ®apenux

IIpencraBneHbl pe3yNbTaThl CUCTEMATHUECKUX AKCIEPUMEHTANbHBIX HMCCIENOBAaHUN peakTopa Ul MJIa3MEHHO-
XUMHYECKOTO TpaBjieHus Ha 0Oase BU-unnykimonHoro paspsaa. [IpoBemeHbl H3MEpEHHs IPOCTPAHCTBEHHBIX
pacrpeneneHuil JTOKaJbHBIX MapaMeTPOB IIa3Mbl (IJIOTHOCTH IUIa3MbI, TEMIEpaTypbl W (YHKIHUU pPacHpeieiICHUs
AJIGKTPOHOB I10 DHEPTUU) M PAJUAIBHBIX TPOQHICH IUIOTHOCTH TOKA HMOHOB Ha 00pabaThIBAEMYIO MOBEPXHOCTH.
H3MepeHHBIC 3aBUCHMOCTH CYIISCTBCHHO OTIWYAOTCS Ui MHEPTHOTrOo (Ar) m monekymspHbix (N,, CF,) rasos.
[TockonbKy AMana3oH JaBICHHHA OXBATBHIBAI 00JIACTH OSCCTONKHOBHTEIBHOTO U AU(D(HY3UOHHOTO PEKMMOB JBHKCHUS
3apsDKEHHBIX YACTHIl B IDIa3Me, paluallbHOE pacIpeleNicHre IUIOTHOCTH TOKAa MOHOB M €0 a0CONIOTHAs BENWYHHA
CYIIECTBEHHO W3MCHSINCh. [IpOBEICHO CpaBHEHHE IIONYYCHHBIX pE3YJIbTAaTOB C pPACUYCTAMH, BEBITIOTHCHHBIMH C
ucriosipzoBanueM 2D-fluid momenu.

IPOCTOPOBI PO3NO/IJIN TAPAMETPIB IIVIA3MM THAYKIIHHOI'O PO3PS Y
B PEAKTOPI UIA NJIA3MOBO-XIMIYHOI'O TPABJIEHHSA

C.B. /Iyoin, O.M. /laxoe, B.1. @apenix

[IpeacraBneHo pe3yNibTaTH CUCTEMATHUHUX €KCHEPHUMEHTAIBHUX JIOCHTIPKEHb PEeaKTopa Ul MIa3MOBO-XiMIYHOTO
TpaBiieHHs Ha 0a3i BY-immykumiifiHoro pospsmy. IIpoBemeHo BHMIpPIOBaHHS MPOCTOPOBUX PO3MOALIIB JIOKAIBHUX
rnapameTpiB 1asMu (TYCTHHM IUIa3MH, TeMreparypd i (YHKUIl poO3NOJiIy eNeKTPOHIB IO eHeprii) i pajiaibHUX
poduTiB OIIBHOCTI CTPyMy iOHIB Ha 0OpoOJIOBaHy HMOBepXHIO. OTpHUMaHI 3aJI€KHOCTI iICTOTHO BiJPi3HSIOTHCS JUIS
iHepTHOTO (Ar) 1 MonekysipHuX (N,, CF4) raziB. OcKiNbKHU Jiala3oH THCKY OXOIUTIOBaB 00JacTi pyxy 0Oe3 31TKHEHb i
my3ifHOrO peXxuMIB pyXy 3aps/DKEHHX YaCTHHOK B IUIA3Mi, pajialibHUH PO3MOALT IIUIBHOCTI CTPYMY IOHIB 1 HOTO
a0CONIOTHA BEJMYMHA ICTOTHO 3MiHIOBanucs. [IpoBeaeHO NOPIBHSHHSA OTPUMAaHHX pPe3yJbTaTiB 3 pO3paxyHKaMu,
BHKOHAHUMHU 3 BUKopucTaHHsM 2D-fluid moneni.
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