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INVESTIGATIONS INTO DEPOSIT FORMING
DURING ALUMINIUM ETCHING IN CCL, PLASMAY)

V.MARTISOVITS?), J. MIERTUSOVA?), v.§URDA?), J. TRNOVEQ),
M. ZAHORAN?), Bratislava

In the paper deposit forming in Al structures in CCl, plasma etching was studied.
Deposits were analysed by IR and UV spectroscopy and X-ray microanalysis. Also some
possibilities of its removing were investigated. It is more effective to prevent deposit
forming during etching by heating the apparatus.

HCCIEAOBAHHE OBPA3OBAHMA OCAIKA HA ATIOMUHHMU
IIPH TPABJIEHHM B ILTA3ME ca,

B pa6ore usyueno o6paszosaune OC2AKa Ha aMIOMMHHMEBBIX CTPYKTYpax mpH Tpas-
JeHud B nnasme CCl,. Awuanus ocagkos TPOBOAKICA NPH NOMOIUM HH(PaKpacHOi
H YNLTP2HORETOBOMH CHEKTPOCKOMHI, a TakxKe TOCPEACTBOM PEHTTEHOBCKOTO MHK-
poananusa. BbuTH u3yueHsbl Takke BOIMOXKHOCTH yRaneHus 3Tux ocagxos. OKkasanocs,
HTO BOCHPENATCTBOBATL OGPA3OBANMIO OCANKOB HaHGONEE 3¢rbexTHBHO MOXHO Heroc-
PEACTBEHHO B Npoliecce TpaBieHus.

L INTRODUCTION

Aluminium can be succesfully erched in chlorinated plasmas, such as CCl, BCi;
and SiCl, {1—S5]. Etching in CCl,, the most commonly used etching gas, provides
selectively and anisotropically etched figures of aluminium under certain condi-
tions. But this technological process is connected with many problems such as
end-point detection [6, 7], long and frequently erratic etch initiation times as-
sociated with the removal of native aluminium oxide [11], etch inhibiting effects of
ambient water vapour, resist degradation and erosion leading to the loss of critical
dimensions [8], toxic and corrosive etchants or etch products, and photoresist mask
removal when after a typical plasma ashing cycle a residue is formed [8]. All these
problems are closely connected with polymerized films deposited during etching
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where special attention is to be paid to the AICl, etch product [9]. AICL, is a highly
reactive molecule which can cause failure of photoresist, poor selectivity to oxide
(Si0,) and corrosion of the aluminium pattern after the etch [10].

The purpose of the present paper is: L. to investigate the polymerized films
deposited on the inner wall of the reactor and on the etched aluminium surface
during an etching process in CCl,, 2. to study how to prevent the deposition of the
films or how to remove the films already deposited.

Fig. 1. Scheme of the vacuum apparatus. 1 — vacuum valve, 2 — etching space, 3 — Pirani gauge,

4 — U-tube manometer, 5 — mass flow controller, 6 — needle valve, 7 — CCl, tank, 8 — drying

reactor, 9 — control valve, 10 — pas tank, 11 — cooled trap, 12 — Roots pump, 13 — rotary oil pump,
14 — bellows.

I EXPERIMENTAL METHOD

In order to eliminate the catalytic influence of the metal surface an all-glass
apparatus was used in the experiment. The vacuum system consisted of commercial
Simax glass tubes with normalized flanges. The system was attached to a Roots
-type blower, backed by a rotary pump with a standard hydrocarbon oil. The
vacuum system can be pumped down to pressures of 10~2 Pa or less during 5 min.
The etching reactor consisted of a cylindrical Simax glass discharge tube 20 cm long
with an internal diameter of S cm. A plasma was sustained by a r.f. electrical
discharge excited between two external brass electrodes — of a 24 cm? area
— connected to a rf. generator of 7 MHz frequency. Fig. 1 illustrates the
arrangement of the reactor. The arrangement of the etched sample in the discharge
tube is shown in Fig. la.
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Such a non-standard reactor and vacuum system were used to eliminate
secondary effects at the deposition of polymer films. A great advantage of this
arrangement was that the parts with deposited films could be easily removed and
replaced by new and clean glass tubes. Also a small amount of deposited film can
be easily observed. Naturally, the etching uniformity within the sample was not
very high, but on the other hand it has enabled us to observe the etching process
with the naked eye.

3
L l'il\_\\l

- Fig. 1a. The arrangement of the discharge space.
1 —r.f. generator, 2 — external brass electrodes,
— 2 3 — Simax glass tube, 4 — elox holder with
etched sample.

Liquid CCl, of chemically pure grade additionally purified in vacuum was used as
a source of the CCl, vapour. The CCl, vapour entered the reactor through a Tylan
mass flow controller. The vapour pressure was indicated by a Pirani gauge which
was periodically calibrated by an oil U-tube manometer. The CCl, vapour and the
etch products were removed by a liquid nitrogen cooled glass trap. The leak from
the atmosphere did not exceed 10~¢ Pam? 5!,

The etching process was monitored by measuring the r.f. peak voltage across the
external electrodes. The r.f. power was not measured because the values obtained
could not be compared with results corresponding to standard planar reactor
systems due to the difference in geometry. Therefore, the conditions were
estimated by measuring the aluminium etch rate.

IL. RESULTS AND DISCUSSION

As a first step, the polymerized films deposited in the absence of the etched
sample were studied. The working pressure of CCl, vapours and r.f. voltage on the
electrodes were variable parameters.

The velocity of deposits forming and their amount is increasing with the increase
of the CCl, vapour pressure in the range 10—60 Pa at a constant r.. voltage on the
electrodes. At working pressure 60 Pa the discharge tube was covered by the
non-transparent deposit for a few minutes.
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At constant working pressure 40 Pa the colour of the deposit changed rapidly
with the increasing r.f. voltage on the electrodes in the range 400—800 V. At
a voltage over 600 V the deposit had a yelow-brown colour and it was more
difficult to remove it than the white powder formed at the lower voltage.

The analysis of the deposit composition was made by absorption IR spectros-
copy. The deposit was mechanically removed from the discharge tube walls and
KBr discs were formed. In the spectrum -curve I in Fig. 2- the H,O peak is clearly

Si-O-Si
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C-H(CH,CH,)
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Fig. 2. IR spectra of deposit. I — KBr disc, Il —solution in CQl,.

seen, which can be caused by hygroscopics KBr and other products of etching.
There are also CH, and CH; groups and peaks of C—Cl and §i—O—Si bonds. One
part of the deposit sample was dissolved in CCly and the IR spectrum was measured
-curve II in Fig. 2. In this spectrum peaks of C—H valence vibrations, SiCH,,
CH,Cl,, CHCI, deformation vibrations and C—O admixtures can be observed.

From the detailed analysis of IR spectra it is seen that CCl, is split in the
discharge. The deposits are oligomers even polymers and the walls of the discharge
tube are slightly damaged. An analysis of UV spectra confirmed the dimer even
polymer structures in the deposit. These spectra were measured on flint glass
samples placed in the discharge space and behind it.

After obtaining information about the deposit forming in the CCl, discharge the
aluminium samples (of a 4 cm? area) were placed into the discharge space. The
quality of the Al surface etching was controlled by X-ray microanalysis. The
etching at low working pressure of CCl, (under 20 Pa) can be characterized as very
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Fig. 3. Photos of RTG analyser JEOL (1 em=33 u). a) 349 — composition of surface, b) 350 — Si
signal, c) 351 — Al signal, d) 352 — ] signal.

inhomogeneous. The photos in Fig. 3 were made by microanalyser JEOL from the
sample etched at a pressure 12 Pa and a 500 V r.f. voltage. From these photos can
be seen that Al and Cl were detected simultaneously (white places in the photos). It
means that the etching was obstructed with an Al and Cl compound — probably
AlCl,.

The etching above 20 Pa working pressure was more homogeneous. The X-ray
analysis did not detect signals from Al and CJ. The whole surface reflected only one
signal of Si. C and O were detected below noise level.

During etching at working pressures above 40 Pa the deposit forming was
dominant and prevailed over the etching.
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Series of experiments were made to remove deposit films. In the discharge space
of the reactor contamined with etching products the intensive r.f. discharge at
pressures from 1 Pa to 10? Pa in different gases was applied. In these experiments
we did not succeed to remove deposit films either in the Ar plasma (bombardement
with energetical ions) or in O,, H, CH, and H,O plasma reactions of particles
formed in plasma with a deposit. Changes in the composition of deposit films were
not observed either.

The prevention of deposit forming on the walls of the discharge tube during
etching was the most effective. The vapour pressure of AlCl;, C,Clg and other
products of etching strongly depend on temperature. The saturation vapour
pressure of AIClL is ~ 107" Pa at room temperature. It causes a small volatility of
AICl,. The vapour pressure of AICl, increases with increasing temperature and at
100°C is 133 Pa [12]. At this temperature AICl, does not condensate on the
surface and can be pumped out.

The deposition on the inside walls of the reactor was not observed when the
temperature of the discharge tube walls increased to 80 °C. The reproducibility and
quality of the etching were much higher in the heated apparatus than in the
apparatus without heating.
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