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Abstract

Singje crystal silicon was etched with mixturcs; c)f SF'. CBrF,. Ar and O . . using different clcctrodc materials to obtain
deep trcnches. The etch rates. both vcrtlcally and horizontally increase when the rclative now of SF„ increases. When usIng
aluminium c)r stainless steel elcctrocles. the amount of SEb has to be !inlited to | 0% t)f the iotal now t)t tluorine containing
gases to obtain wall profiles with an angle of over 8ty. However. ill all these cases considcrable surface roughness is
observcd. A solution to this problem is the use of a graphite electrode. uhich permits the use of SFf, as the sole halogen
containing gas to obtain vcnical walls. Dcpending on the Ar addition. processes with good anisotropy and without surface
roughness can be obtaincd.

1. Introduction walls (over Sfy). =ood uniformity. no surface rough-
ness at the bottom of the trench. eood selectivitv
towards the mask. pc)ssihility to remove the mask
layer (and possibly other layers) afterwards. good
reproducibi liLy ,

Etching of trenches for IC fabrication is well

documented [1–3]. etching of deep trenches for mi-
cromachining has also received a lot of attention in
the literature the last years [4–7]. Most successful
etch processes in silicon have been developed with
chlorine containing gases [6.7] and most often not in
a simple RIE system. but in systems with increased
pumping capacity [4], or in an ECR system [6]
and/or using cryogenic cooling [5,7].

This paper describes the processes used to de-
velop an etching process of deep trenches in silicon
using fluorine based gases. in a simple RIE system.
using only a water cooled electrode and a pumping
stack of a mechanical pump combined with a roots
blower. First tests on trenches of a few micrometer

lltching t)l- trcnches in silicon has become an
important technology. In the tlrst place trenches were
ctched in silicon for applications in the integrated
circuits fabrication for isolation of transistors in
bipolar [ | ] and CMOS [2] technologies. Trenches are
also the basic structure for fabrication of capacitors
in DRAM memories [3]. These trcnches have depths
of the order of a few micrometers.

For micromachining purposes. the vertical dimen-
sion of the trenches is of the order of several tens of
micrometer:,. In general. the horizontal dimensions
are also much larger. However. much of the other
requiremenls are approximately the same: vertical

' Corresponding author, Tel.: + 55-11-8185660: fax: + 55- 11-
81 85665: e-maIl: patrick@lsi.usp.br.

ITA. São José dos Campos. Brazil.
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deep had given acceptable results [8]. thcrcforc thcsc
processes were used as the hab;is 1-or a nc\v investiga-
Lion

pure (:BrF,. ('BrF, is a gas which easily forms
polvmcrs. This has a hcncticial effect in the uily that
il protccts Lhe sitJcwalls of the trcnches. in this way
incrcasing the anisotropy. Trcnchcs c)f 1 KIn deep
were successfuljy etched with a 100€7r CBrF, plasma
[81

On the other hand. if the polvmer grows too thick.
it can impede even vertical etching. This phc-
nomenon occurred after ctching of approximatclv 3
pm of silicon. Increasing the power did not innu-
once this result very much. On the other hand. no
micromaskin= 1-rom rcdepos;ited aluminium was oh-
served in the SEM.

,\ wav to decrease the polymer formation is to
increase lhe F/C ratio [9]. Addition t)t- SF„ \viII
dccrcase lhe polymer t-ormaLion and increase the ctch
rate. On the other hand. if too much SF„ is added.
horizontal ctching occurs. /\ mixturc c)f 90q CBrF,
and | OCF- SF„ ctches with a cc)nstant ctch rate of 3 10
nm/min For al least 45 min. .'\ very s;light untJcrcut
\vas c)bs;er\'cd immcdiatclv under the aluminium
mask. but afterwards a slope ot- approximatcly 70''
was obser\’ed. The bottom of the trench was sjjghtlv
howcd. but no roughness; was ohservcd in the SEM

The blope can bc cxplaincd by an incrcasÊng
dcposiLion of carbon t>n Ihc u'all of the rcactor.
lrlasking it in this ully ilnd impeding 11 vertical
ctchin=. .-\n increase c)f i(in hombardlncnt is cxpcctcd
It) imprc)\c Lhe result

Tests, \\crc pcrt-ormcd uith a lnixturc c>1 80';
CBrF, . l o';/, SF,. and | o'; ,-\r. -Fhc vcrtlcal ctch rate
increase>; up to +20 nm/ min and rcmains ct)nstant
for at least 30 min. The \vlllls are more vertical. but
they rcmain slightly hc)wed and in the upper 3 Km.
some undercut occurs. In general. spaces of less than
10 pm width had a smooth bottom surface. Larger
spaces however shc)wed a much rougher surface.

Fig. 1 shows the profile of a 10 Km wide trench.
ctched for 30 min. The undercut in the upper 3 pm
can be explained by a catalytic reaction at the sur-
face of the aluminium mask which increases the
concentration of atornic nuorine [10]. This leads to a
local increase of the F/C ratio. thereby decredsing
the polvmer protection of the sidewall

A series of tests was performed with a stainless
steel electrode. First tests were performed with the
80% CBrF3, 10% SFf, and 10% Ar mixture. again at
50 mTorr and with 100 W rf power. The etch rate

2. Experimental

The home built etch rcactor is ot- the RIE type.
with power gcneratcd at 13.56 MHz [81. Samples
were p type silicon ( 100). the rcsistivity was approxi-
matelv 9 í2 cm. the total arca was approximatcly 20
mm x 20 mm. The mask used was cvaporatcd alu-
minium. which was pa[temcd by wet etching ot the
aluminium through 11 photorcs;ist layer. .\pproxi-
matelv l o'/r of the wat-er u'ils covcred hv the alu-
minium mask.

Etch rates were meus;uFCd b\ a Dektak 3030 step
height meter. prt)RIos wcrc cxamincd hy a SEM 515
system ot- Philips.

We dcnnc Lhe anisotropv. ,\. of the ctch l)rocc bis

as: A =l–(/'ld,///'\l,r) with /1.1, the horizontal ctch
rate and 1- . ,., the vertical ctch rate.

3. Results and discussions

The intluenccs of the used gases and the clcctrodc
material have been studicd. Fc)ur diffcrcnt t) pcs lit-
electrodcs, \\cre used: silicon. aluminium. -,l:llnlcsb.

steel and graphite. TIle following gases were ub.cd
with dill’crent tlt)ws: CBrF,. SF„. o. . alrd /\r. Ft ltal
now was always 15 >;ccm. SF,. and -Ar tlo bvs \ilricd
between 0% and 30% c)f the total now. 1--cIr these
tests. pressure was held constant at 50 mTc)rr. uhilc
power was in general 100 W. for a few e\perimcnts
increased up to 150 W.

The use of a silicon electrode was tested first. Its
advantage is that there will be no micromasking b\
redeposited material from the electrode. Also the
loading effect and uniforrnitv will be better. On the
other hand. the whole electrode is consuming the
free nuorine and bromine. This causes the etch rate
to become verY low. too low even for this kind of
etching: typically 60 nm/min for a process with
pure CBrF,. Therefore. this electrode material was
not used anymore in further tests.

The second set of tests was performed with an
aluminium electrode. First tests were performed with
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1:ig. 1. Profile of u 10 pm wide trench with the following ctch
process: 80% CBrF\ now. It)% SF„ now. | 0% Ar now. 1(x) w
pt)wer. alulniniuln clcctrodc. ctch tilnc 30 lnin.

Fig. 2. Profile of a IO pm wide trench. with the following ctch
process: 9t)f/r CBrF\ now. 10% SFf1 now. loo W power. stainless
steel clcctrode. ctch time 30 min. 100 nm of PECVD oxide was
,Jcpositcd to entrance the contrast

dccrcuscd to 220 nm/min. but the willIs were vcrti-
caI. without any bow or undercutting. LFnfortunaLclv.
the bottom of the trench was quite rough: pcuks up
to 10ç/r ot- the total ctch dcpths were found.

The rcduction c)1’ etch rate. comparcd to the alu-
minium clcctrodc. can bc explaincd by the fact that
on a stainless steel surface. the catalvtic reaction
which increase 5; the tluorine atom concentration at
the aluminium surface. does not occur (or at least in
a much less;cr degree) [ 10]. With a stainless steel
clectrodc. Icss atomic tluorinc is generatcd. thcrebv
dccrcaslng the silicon etch rate and the F/C ratio.
More polynrcr will bc tormcd to obtain a vertical
wall prot-i lc.

Ft) increase the eLch rate. the power \\’as incrcased
up to 150 W: in an el’fort to decrease the roughncs>,.
the mixturc was reduced to 90'7, CBrF\ and IC)f/r
SF,. This change rcsulted in an etch rate increase of
approximatcly 50%. The walls rcmain vertical. but
c)nce ae llin the bottom of the trench rcmains rough.
lmmersion in a 80%H .SO,–:0%H .O, mixture rc-
moves some of the sur-face roughne-ss.- indicating it
consists partiallv of a polymer. but even so. silicon
peaks up to 10% of the trench depth rcmain. Fig. 2
shows a profile of a 10 pm wide trench. etched for
30 min.

More tests were done in which the relative now
of SF,. was varied. while retaining 10% of Ar now.
The hjgher the SF, now. the hjgher the vertical etch
rate, but also the more undercutting occurred. Sur-
face roughness seems to be inversely proportional to

undercutting. i.c. when large undercutting occurs. no
surface roughness is observed. but when the walls
are vertical. the bottom surface of the trench is much
rougher.

Some tesES were pcrt-ormed adding oxvgen in
place of Ar. but this rcsulted in considerable under-
cutting: the oxvgen (even when unIv 10% of the total
now) rcmoved the polymcr formed on the walls.
allowing horizontal etching.

A new series of tests has been pertormed with a
graphite clectrode using only SF' + Ar, The carbon
necessarv to form the sidewall comes from the
graphite

The influence of Ar addition on etch rate and
anisotropv is shown in Fig. 3. .-\r addition decrcases
the etch rate. but maximum anisotropv can be found
at an Ar now ot- approximately 50% of total now.
For this process. the silicon etch rate is 1.2 pm/min
and the anisotropy is 0.75. The surface roughness

1008

flow (% of total flow)

Fig. 3. Silicon etch rate and anisotropy as a function of Ar content
in a SFb – Ar plasma with a graphite electrode.
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rcmains very good for all these processes: it can not
be detected. nor bv SEM. ncither by measurement of
the bottom layer \vi th a step height meter. One can
conclude that if there are silicon peaks at the bottom
surface of the trench. their hejght is less than 5 nm.
on a total etch depth of over 10 pm.

When adding Ar to SF(1, several phenomena oc-
cur. In the first place. the nuorine containing
molecule density decreases for these processes. caLls-
ing a reduction in etch rate. At the same time. the
DC bias voltage becomes more negative and ion
bombardment becomes more intense. More carbon
atoms uill bc sputtered away from the graphite
electrode. These atoms will dcposit and can protect
side w'alls from horizontal ctching. With pure SF„.
little carbon is sputtcrcd away from the elcctrode and
a pure isotropic ctch process is the result. Incrcasing
the Ar now increases; the ion bombardmcnt and

thereby the anisotropy. A reduction c)f anisotropv
was observed for all processes with more than 50'+
Ar. This must bc cilused bv another. for the moment
unknown. mcchanis;m,

conlaining gas result in sleep wall profiles with no
surf-ace roughnes;s.

Depending on the requirements of the resulting
\tructure. one of these processes can be used to etch
deep trenches.
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