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PLASMA ETCHING OF POLYSILICON AND SILICON
DIOXIDE IN A PARALLEL-PLATE REACTOR”

O. MIKUS?, Piestany

.> method for highly selective plasma etching of polycrystalline silicon with respect to
SiO; and photoresist has been developed. The method is based on the eliminating of
wrm_.mna particles bombardment of the etched substrate surface when the wzcﬂn:mn is
insulated from the electrode by means of a sufficiently thick insulating support. The
results are compared with results obtained in a conventional configuration using Eo.mmin
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IIAASMEHHOE TPABJIEHHE NOAAKPHCT AJNTMYECKOI0 KPEMHHUSA
HABYOKHUCH
KPEMHHA B IAPAJUIEJIbHO-TLIA CTMHYATOM PEAKTOPE

B paGote paccmoTpen meTop BhicoKoCeNEKTHRHOTO NNA3MEHHOTO TPABICHUSA TONHK-
MHthhsannxoa KpemHus ¢ ydetoM SiO. u ¢oropesmcry. ITOT MeTOX OCHOBaH
. W“.M“Momss GoMBapIHPOBKH TPAaBNCHON HOBEPXHOCTH cy6cTparta 3apsKEHHBIMH

AMH, Korfa CY6CTpaT OTH3OAMPOBAH OT 3MEKTPOAA MPH HOMOIMIH JOCTATOUHO
TOJICTOH u3oNHUpylowed noanoxku. Ionyyernsie pesynsraTs: CPaBHHKBAIOTCS C PE3YSib-
TaTaMH, OTYYCHHBIMY NPH OCLINHOM PACTIONOXKEHHH C TEMH XKe napaMeTpamy npouec-

ca. [Tposexeno Taxxe i
uccneposanue SiO, B cayyae, Kor,
A2 B Kave
oo T y CTBE ra3a TpaBieHHus

L. INTRODUCTION

_ The utilization of low pressure non-equilibrium reactive plasmas represents
a key tool for defining precise patterns in the production of semiconductor devices
To S.Smmma fine lithographic patterns into underlying substrate materials :_n.
Emajm_ to be removed must have a preferential etch rate with respect to mEnn
.Emﬂn:w_m. This is especially important when a considerable amount of overetching
1s required to completely remove the material deposited over a steep step and when
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other materials not to be etched are also exposed to the plasma. The masking
organic resist material should have a low erosion rate during etching, otherwise an
unacceptable linewidth change will occur. In the present paper, we will describe
how to obtain high selectivities in plasma etching of poly-Si in a parallel-plate
reactor and show some results concerning SiO, etching.
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Fig. 1. Etch rates and intensity of the 704 nm line vs. O; concentration in the CF./O» mixture.
(Substrate grounded mode).

II. EXPERIMENTAL

The experiments were carried out in a commercial planar etcher. The paral-
lel-plate system consisted essentially of a pair of electrodes (60 cm in diameter,
5 cm apart) which were water-cooled and placed within an aluminium vacuum
chamber. The etching table plate with samples to be etched was set on the lower
earthed electrode made of stainless steel, which rotated during the etching process.
RF power at 360 kHz was supplied to the upper electrode made of anodized
aluminium from a standard 6 kW RF power supply. The pumping system consisted
of a two-stage rotary pump (30 m’/h). The etching gases were fed via the
rotameters (O, and C,Fs) and a mass-flow controller (CF.) and introduced into the
chamber through the ceramic jet positioned in the centre of the chamber lid.
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The main process parameters were the chamber pressure, composition of the gas
and the RF power expressed through RF current that was measured (1A
corresponds to approximately 600 W). The chamber pressure was measured b
means of a capacitance vacuum gauge (BARATRON MKS). ’

. The etching rates were obtained from the etching depths measured with a stylus
instrument (DEKTAK).
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Fig. 2. Etch rates and intensity of the 704 nm line vs. O concentration in the CF./O, mixture. (Substrate
floating mode).

II1. RESULTS
IIL.1. Etching of polysilicon

Experimental runs were performed in two configurations: first, the substrate was
placed on the anodized aluminium plate which rested directly on the etching table
plate (substrate grounded). Later, in order to prevent ion bombardment, the plate
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with the substrate was electrically insulated from the electrode by means of teflon
or fused quartz (2+4 mm thickness) (substrate floating). In the first case the
sample creates a part of the electrode, but in the second case, the discharge is
essentially confined to the outside of the space between the counter electrode and
the substrate. This effect is well observable mainly at higher pressures as a dark
space above the substrate.
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Samples of poly-Si and SiO, masked with photoresist HNR-120 were etched
in a CF./O, mixture. The percentage of oxygen was determined from the chamber
pressure with and without O as

14 Aom.u + ONV —p Aﬁuwu»v
P Aﬂmuu + Onv

% O, =

The typical etching characteristics at the total pressure 67 Pa and RF current 1A
obtained with both above mentioned configurations (with an aluminium etching
plate) are shown in Fig. 1 and Fig. 2. These figures also illustrate the relationship
between the etch rates and the emission intensity from excited F atoms (F; line,
704 nm).

It is interesting that in the case of a grounded substrate both the etch rates of
poly-Si and SiO, peak approximately at the same O, percentage as the Fi line does.
On the other hand when the substrate is floating, the poly-Si etch rate peaks at
a lower O, concentration. It is in agreement with conclusions of [1]. In that case,
there is also some indication of the SiO; etch rate maximum at the F, line peak, but
etch rates of SiO, and photoresist are much smaller.
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In Fig. 3, dependences of the etching rate ratios (selectivities) derived from
Fig. 1 and Fig. 2 are shown. Surprisingly high etch rate ratios are obtained in the
floating substrate mode. There is a very interesting result in that the individua]
selectivities for both configurations are practically the same when using clean CF,.
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Fig. 4. Etch rates and selectivities dependence on the chamber pressure.

It must be mentioned here that with the decrease of the total chamber pressure
the difference between selectivities obtained for both configurations diminishes in
the whole extent of the O, percentage. Also, in the case of a stainless steel etching
table all the etch rates decrease but selectivities do not change. It indicates the
importance of surface reactions and possible catalytic effects in the etching process.

HL2. Silicon dioxide etching

C:Fs is the suitable gas for etching of silicon dioxide selective with respect to
silicon because of its large carbon/fluorine ratio [2].

We investigated the dependence of the etching rate on the chamber pressure and
the RF current using C,F; as the etching gas. It was found that both SiO, and Si
etch rates increase linearly with an increasing RF current. Basic characteristics of
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etching with C;Fs are shown in Fig. 4. In that case the etching table plate was made
of aluminium. The etching selectivity of SiO, to Si increases with chamber pressure,
but above the pressure of approximately 25 Pa undesirable polymerization effects

.occur. The influence of the electrode material was examined using aluminium,

stainless steel and teflon etching tables. Results are shown in Fig. 5. A teflon table -
was used to confine the RF current to substrate plates (30 % of the electrode area),
but the increase in the SiO, etch rate does not correspond to an up to threefold

increase in the RF current density.
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Fig. 5. Electrode material influence on the SiO; etch rate.
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