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The results of systematic experimental researches of plasma-chemical etching reactor in theinductive mode are pre-
sented in this paper. Measurements of the integral discharge parameters (inductor voltage, gas pressure, input power)
have been carried out as well as probe measurements of spatial distribution of local plasma parameters (plasma density,
temperature and electron energy distribution function) and radia profiles of ion current to processed surface. The
measured dependences differ essentially for atomic (Ar) and molecular (O,,N,,CF,) gases. As the range of working
pressure covers diffusive and collisionless modes of charged particles movement, radial distribution of ion current den-
sity and its absolute value change significantly. Comparison of the obtained results with the calcul ations executed using
“Global” spatially averaged model and 2D-fluid modd is carried out.

PACS: 52.77.Bn
1. INTRODUCTION

Last years ICP became the conventional basis for
creation of various plasma technological devices, in par-
ticular for plasma-chemica etching in microelectronics
[1]. By the present moment great progress have been
achieved both in the field of basic research of ICP physics
and in the field of practica reactor design, and focus of
ICP application is shifted to development of the techno-
logical devices optimized for specific micro- and
nanotechnologies with high requirements to the device
parameters. It isimpossible to satisfy these requirements
without detailed experimenta researches and improve-
ment of |CP mathematical models.

This paper reports the results of systematic ex-
perimental researches of the universal module of plasma-
chemical and ion-plasma etching based on ICP reactor
with additional RF electrode biasing developed in the
Kharkiv National University.

2. EXPERIMENTAL SETUP

A schematic diagram of the experimental setup used
in our investigation is shown in Fig. 1. The discharge ves-
sd hasaradiusR =7 cm and height L = 6 cm. The side-
wall of the vessel is made of metal. The glass top cover
and the inductive cail is cooled by air flow created by a
fan. The vessel is evacuated by a turbomolecular pump
down to a base pressure of about 10° Torr. The ex-
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Fig. 1. Schematic diagram of the ICP reactor
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periments were performed using argon in the pressure
range 0.3...300 mTorr.

The RF field is induced by a three-turn spira 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.

Measurement of the ion current density j was carried
out adjacent to the grounded work surface, here a sub-
strate holder, using aflat probe of 1x1 cm with 5mm mica
guard ring around added to avoid edge effects. We as-
sume here that the probe current in mA represents the ion
current density in mA/cm?. The probe could be moved in
theradial direction by a coordinate drive. Second probe of
the same design was mounted stationary on the chamber
side wall (see Fig.1) allowing j measurement during etch-
ing process. The ion saturation regime was used. In the
power range of interest the thickness of the near-probe
layer is negligible in comparison with the probe dimen-
sions, and is justified by excellent probe current saturation
at probe potentials lower than -15 V. On the other hand,
much more negative potentials may cause ionization cur-
rent gain under high pressures. Thus, in dl experiments a
negative probe bias of -25 V in respect to the chamber
was used.

3. EXPERIMENTAL RESULTS

3.1. ARGON

Typical radia profiles of the ion current density | at
the substrate holder are presented in Fig. 2 at various ar-
gon pressures. Measurements were carried out at RF
power of 200 W. It has been found, that in the power
range 50-500W | is proportional to the power, and shape
of radia profilej (r) practically does not change.

As shown in Fig. 2, for pressure p < 20 mTorr the ra
dia profile of j is convex, maximizing at the discharge
axis. For p < 5 mTorr, the profile remains practicaly un-
changed with further pressure decrease, only its magni-
tude changes. For p > 20 mTorr, 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 < 0.8Rfor p~= 200 mTorr.
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Fig. 2. Radial distributions of the ion current density to
the chamber bottom (P = 200W)
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Fig. 3. lon current to the bottom and the side wall probeson
argon pressure in comparison with theoretical data

The dependence of j at r = 0 on the neutral gas pres-
sure is shown in Fig. 3, in comparison with theoretical
results. In the figure two regions are clearly seen: 1) low
pressure region where mean free path of the charged par-
ticles is comparable or higher then the plasma dimen-
sions, so the particle motion is mostly collisionless;
2) high pressure region where the mean free path is lower,
particle mation is collisional, and diffusive approach is
more appropriate.

It is aso found that the magnitude of j is proportiona
to the RF power absorbed by plasma and the shape of the
j radial profile has weak dependence on the power value.

3.2 MOLECULAR GASES

On Fig. 4, 5 dependences of theion saturation current
of the wall probej, amplitude of the inductor RF voltage
Uing 0N pressure of working gas at RF power P = 200W
for different gases are presented. Apparently from the
graphs the dependences are essentidly different for argon
and for the molecular gases. We have monotonic j in-
crease and U decrease with pressure growth for argon,
whereas for molecular gases both at high and at low pres-
sures the ion saturation current lyqe Monotonoudy de-
creases. For argon ion current is always higher, Uiyq is
always lower, and the range of effective ionization is
more then order higher a pressure scale.
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Fig. 4. lon current to the wall probe vs. pressure for
different gases (P = 200W)
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Fig. 5. Inductive coil voltage vs. pressure for different
gases (P = 200W)
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3.3. LANGMUIR PROBE MEASUREMENTS

For measurement of local plasma parameters a Lang-
muir probe was used. The probe was placed on the cham-
ber axis approximately 2 cm higher the substrate holder.
Measuring of the probe traces and the probe data process-
ing was done using the “PLASMAMETER" device. All
the presented here results are measured with pure argon
feeding at RF power 200W.

Fig. 6 shows evolution of electron energy distribution
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Fig. 6. Evolution of electron energy spectrum versus pres-
sure change



with pressure change. On 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 pressuresit is

4. COMPARISON TO THEORY

In Fig. 3 and 7 the described above experimenta data
are shown in comparison to theoretic results. The well

known spatially averaged “Global” model [2] was used
as well as 2-D fluid modd described in detail in [3]. Ob-
viously the Global model matches the experimental data
at low pressures (excluding the lowest pressures near the
discharge distinction where power loss grows in the in-
ductive coil decreasing the power absorbed by plasma),
whereas the fluid modd is good for high pressures ac-
cording to the validity condition of the diffusive ap-

Maxwelian with damped tail, and at highest pressures it
have Druevestain-like shape.

Electron density N, and temperature T, in the chamber
center vs. argon pressure are shown in Fig. 7. Experimen-
tal results presented with bold lines. As one can expect
from general gas discharge theory, we have monotonic
decrease of the electron temperature and increase of the
electron density with the pressure growth in the whole

researched pressure range. proach.
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SKCIIEPUMEHTAJIbBHOE UCCJIIEJOBAHUE UHAYKIIMOHHOI'O PA3PSIJIA
B PEAKTOPE IIVIABMO-XUMHUYECKOI'O TPABJIEHUSA

C.B. /Iyoun, A.B. 3vikoe, A.H. /laxoe, B.H. @apenux

[IpencraBneHsl pe3yiabTaThl CHCTEMATHUYECKHX OKCIIEPUMEHTAIBHBIX HCCIEIOBAaHUN peakTopa il IUIA3MO-
XMMHYECKOTO TpaBieHus Ha Oaze BU- mumykumonHoro paspsna. I[IpoBeaeHs! M3MepeHHs MHTEIPATIBHBIX ITapaMeTpoOB
paspsiga  (maBieHWs, HANpSHKCHUS HA  HWHAYKTOpe, BBOAMMOM  BU-MOmHOCTH), 30HIOBBIE  H3MEPCHHS
[POCTPAHCTBEHHOTO PACIIPEICIICHHUS JOKAIBHBIX MaPaMETPOB IUIa3Mbl (IUIOTHOCTH IUIA3Mbl, TEMIICpaTypa U (YHKIHSI
pacrpeneseHus IEKTPOHOB 110 SHEPTHU) W pagualbHBIX HpOoQuiIel IUIOTHOCTH TOKa HOHOB Ha 00pabaThiBacMyro
MOBEPXHOCTh. VI3MEpeHHBIE 3aBHCHMOCTU CYIIECTBEHHO OTIMYAIOTCS Ui MHEPTHOro raza (Ar) W MONCKYJISIPHBIX
(O3,N,,CFy). TIpoBemeHO cpaBHEHHE MONYYCHHBIX PE3yJAbTATOB C PACUCTAMHM, BBIMOJIHCHHBIMH C HCIONB30BAHHEM
rIT00ATEHOM POCTPAHCTBEHHO YCPETHEHHON M IBYXMEPHOU THAPOJUHAMHYICCKON MOIETBIO.

EKCIIEPUMEHTAJIGHE JIOCJIUKEHHA IHAYKIIAWHOT O PO3PSTY
Y PEAKTOPI IINTASMOBO-XIMIYHOI'O TPABJIEHUSL

C.B. /Iyoin, O.B. 3ukos, O.M. /laxoe, B.1. ®apenuk

Hanmani pe3ynbTaTé CHCTEMaTHYHUX EKCHEPUMEHTATBHUX TOCTIKEHb peakTopa A IUIa3MOBO-XIMIYHOTO TpPaB-
nenHs Ha 6a3i BU- immykmitinoro pospsiay. [IpoBeneHO BIMipIOBAHHS iIHTETPAIBHHUX TIAPAMETPIB pO3psay (HAIPYTH Ha
iHayKTOpi, THCKY, BU-TIOTY>KHOCTI), 30HI0BI BHMIpIOBaHHS PO3MOILTY JTOKATBHUX MApaMeTpiB IiasMu (TYCTHHH, Te-
MIIEpaTypH, QYHKIIIT PO3MTOMITY €JIEKTPOHIB 3a €HEPri€ro) Ta palialbHUX MPOoQisliB TYCTHHH Tedii i0HIB Ha 00po0ITIOBa-
Hy mOBepXHIO. JIOCHTi/DKEHI 3aJeHOCTI CYTTEBO BiAPI3HAIOTHCS JUIs iHEpTHOTO Tasy (Ar) Ta MOJEKYISPHUX
(O2,N,,CFy). TIpoBeneHo TOpiBHSIHHS OTPUMAaHKUX PE3YIBTATIB 3 PO3paxyHKaMH, BAKOHAHUMH 3a JTIOTIOMOTOR0 TJI00aib-
HOI Ta IBOMIpHO{ TiIpOAMHAMIYHOI MOJETeH.
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