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The present invention relates generally to a

process for etching a dielectric film and, more

specifically, to a process for etching an oxide layer over a
nitride layer with high selectivity.

BACKGROUND OF THE INVENTION

A significant challenge in semiconductor

fabrication is to etch away an oxide layer, or a portion of

the oxide layer, which has been placed over a nitride layer

such
etch
both

same

as silicon nitride. The challenge is to perform the
with high selectivity for the oxide layer. Because
oxide and nitride materials generally etch at about the

rate in an etch plasma, the challenge of providing a

process with sufficient selectivity has not been met.

One attempt to meet this challenge uses a

fluorine-substituted hydrocarbon as an etchant. The

fluorine reacts with the carbon present to form a

passivating coating of a carbon-fluorine polymer over the
substrate. This polymer 'is dissociated by oxygen atoms
formed during the etch of the oxide layer. Thus, as the
oxide layer is continually etched, the nitride layer etches
at a much slower rate due to the presence of the passivating
coating. Unfortunately, the passivating layer is also

attacked by free fluorine atoms present in the plasma and,

as a result, etching of the nitride layer continues at a

rate

greater than desired. =



"sane rate in an etch plasma, the challenge of providing a process with
sufficient selectivity has not been net. One attenpt to neet
this chall enge uses a fluorine-substituted hydrocarbon as an etchant. The
fluorine reacts with the carbon present to forma passivating coating of a
carbon-fluorine polynmer over the substrate. This polymer is dissociated by
oxygen atons forned during the etch of £he oxide |ayer. Thus, as the oxide
| ayer is,continually etched, the nitride |ayer etches at a nmuch slower rate
due to the presence of Md¥kgpagsiaiat idigcaoeaki Nngn UNEorpanaielye. t he
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greater than Hegtr eever a nitride layer. The disclosed procgss uses

Marks et al. @iﬁ?if%%l?tﬁbﬂzinf@a@éts,l\l%uch as C4Fg or CH,F,, with a
fluorine scavenger; such as CO, to form a protective carbon-
rich polymer layer on the nitride layer surface. Although
enhanced etch selectivity of the oxide layer to the nitride

layer is achieved, several drawbacks occur using this
process.

First, the process disclosed by Marks et al.
requires the buildup of polymer on the nitride layer surface
to slow down the etch rate on Ehe nitride layer. This
process is not ideal for very thin nitride layers of 200
angstroms or less because the nitride layer may be consumed
by etching before the selectivity effect is achieved.
Second, the use of a polymerizing gas is not desirable
because its high selectivity is likely to perpetuate defects
during subsequent etching of the nitride layer, a step

conventionally conducted in semiconductor processing.

In addition, highly polymerizing gases tend to
leave substantial residue both on the substrate being etched
and in the process chamber. As a result of this residue,
both the substrate and the process chamber typically regquire
a post-process clean. Furthermore, many polymerizing gases,
incduding CH,F,, are flammable, toxic, or both flammable and
toxic. Similarly, €O, which is used as a scavenger gas, is
toxic and tends to leach nickel and iron from stainless
steel components in the gas line of the etching chamber
apparatus.

The deficiencies of the use of conventional

processes for etching an oxide layer over a nitride layer



'5,423,945, another process for selectively etching an oxide |ayer over a
nitride layer. The disclosed process uses highly pol ViiEshes HABaASGReedSUC

as Cerr]F[err] or CHerr]F[err], with a fluorine sca

forma protective carbon- rich polyrrer | ayer on the ni Eﬁ"ﬁ“ﬂ”ymﬂmgface
Al t hough enhanced etch selectivity of the oxide |ayer | ayer
is achi eved, several drawbacks occur usithg this process. First,
t he process disclosed by Marks et al. requires the buildup of polyner on

the nitride Ishper thatf aceetd skmmmdoﬁnrtbepfmcésseuhaunhadua hiitghi de | ayer.
This processs'e%e%‘%tlu‘égzalff;‘?:%h&%éélgg'i‘a Lirig éar)éo%{: ﬁ:oqdm% ARgstroms or

| ess because the nitri ayer e Co suhe y ore-the
sel ectivity GPBeSy P&dadHi éVéHabé‘,@céﬁH ush oy s oIx gl diayeaT ISRy sgals ons

not desirabl e l&eﬁalumt!ﬂlaehngbeﬁel egbi Mvéycbrﬁeltﬂs@lshd&d@ﬁhﬁ@@@tfe defects

during subsequent et.chi he nitrid step conventiqnal ly
conduct ed |r;a9§%e gﬁ&& oPr8F858§§|n8 f8w! BYStesd lﬁré%?ﬂﬁ %gn %ﬂﬁghly
polyner|2|ngcga§e$-Eén@hﬁopteaﬁatsmbsEanuoal1$€E@cnmpvﬂﬂd1ampnﬂm@8§uﬁknxate

bei ng et ched ang, iy Bhe Riaeessyehapher- aAﬁler{@éUiéy@é Jitirs Higgl due, both
t he substrate and the process cKanber typicall %%FEQUIFE a post -process
i

cl ean. Furthé¥ﬂ6¥§' iRy pdi FREAEELNGP é§§ésls IR G r], are
fl ammabl e, t @dicakdre E@&hokhdﬁﬁﬂbbéréﬂd1bpé€éd éhrmmfﬁlnatﬁzae\Muyérs .S used

as a scavenged, i93S.aricther object of the present invention is to provide

a process that uses non-polymerizing gases.
SUMMARY OF THE INVENTION

To achieve these and other objects, and in view of
its purposes, the present invention provides a process for
etching an oxidé layer over a nitride layer in an upper
portion of a substrate. The substrate is etched with high
selectivity for the oxide layer over the nitride layer using
a plasma derived from a carbon and fluorine-containing gas
and from a nitrogen-containing gas. Etching of the
substrate through the oxide layer to the nitride layer
produces a SixNy species which is deposited on the nitride
layer substantially in equilibrium with etching of the
nitride layer.

= Preferably, the carbon and fluorine-containing gas
is CF4, C3F¢, or a combination of those compounds. The
nitrogen-containing gas is preferably N,, NHi, or a
combination of those compounds. The nitride layer disposed
beneath the oxide layer is preferably a nitride layer which
was formed by chemical vapor deposition (CVD)+%+ such as low
pressure chemical vapor deposition (LPCVD) or plasma
enhanced chemical vapor deposition (PECVD). More
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‘toxic and tends to leach nickel and iron from stainless steel conponents in
the gas line of the etching chanber apparatus. The

deficiencies of the use of conventional processes for etching an oxide
| ayer over a nitride |ayer

-3- show that a need exists for a process that has a high selectivity for
t he oxide | ayer, uses non-polynerizing ghses, and is suitable for use on an
oxi de |l ayer disposed on a thin nitride layer. To overcone the shortcom ngs
of conventi onate f1ASEEThed HidWideotagsri $spPLovhee by Apl iy cdnipinddie

present invention V. rgcess for etching an oxide | ayer over a
nitride Iayefﬁﬁtﬁfsit&é %)de %ﬁﬁfg %A rel ated object is to provide a
process suitable for oxide | ayers disposed on thin nitride |layers. Stil

anot her object of the presenttd m@@hh@&shgoaotﬁa@vw@haupéog@ﬁégéi}ag uses
non- pol ymeri si
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pur poses, theayps esemtpliamentiun spreovictteseatpiotess, fof ehehimgennioxi de
| ayer placed over a nitride layer in an upper portion of a substrate with

hi ght etching selectivity for the oxide |ayer, the process
BRIEF DESCRIPTI N OF THE FIGURE

The invention is best understood from the
following detailed description when read in connection with
the accompanying figure. It is emphasized that, according
to common practice, the various~features'of the figure are
not to scale. On the contrary, the dimensions of the
various features are arbitrarily expanded or reduced for
clarity. The only figure, Fig. 1, shows in schematic
representation a cross-sectional view of a conventional etch
apparatus.

DETAILED DESCRIPTION OF THE INVENTION

The present invention will next be illustrated
with reference to Fig. 1. The figure is intended to be
illustrative, rather than limiting. It is included to
facilitate the explanation of the apparatus used in

performing the process of the present invention.

-

Fig. 1 is a cross-sectional view of a conventional
etch chamber 10. A housing 12, made of aluminum for
example, defines an etch chamber 14. The substrate 22 to be
processed, such as a silicon wafer, is supported on an
electrode support 16. The support 16 is typically the
cathode. The interior walls of the housing 12 are typically
the anode. The cathode 16 is connected to a source of RF



-conpri si ng: providing a plasma derived froma carbon and
fluorine-containing gas and froma nitrogen-containing gas; and

etching the substrate in the plasma in contact with the substrate,

wherein the etching produces SiF[err], the plasma contains Si[err]Nerr]
species derived froma reaction of SiF[err] and nitrogen species, and the
Si[err], Nerr] species is deposited on the nitride |ayer substantially in
equilibriumwi th the etching of the nitride |ayer. Preferably, the

car bon gnd f | yerdere1@ant ai pasgmgas £bnaCkéd, c@ﬂﬁ?ﬁ:t@d o CHNEb et apr Of those
conmpounds { ai gas LS pre era y NH e or
Comp et on o ndusds Rl Ak ALRLG) 938 bReBEbEr M TRty spdded (o

oxi de | ayer i sllhgﬁ afadhaisiey sapBoKti A6 -| afbe phocessasas of sredt pycoddtiaw rds

vapor deposi tiafe (C¥dcratechasl 2 e&%@%ﬁec&&g\ rﬁéﬁlf@p&rzéie‘%g%ﬂ&fbes
(LPCVD) or pl a253trra enhanced chem Cié vapor osition

4 preferably, & hil¥s 956 MapeLotd £8r nelih BB BY aRpyee nﬁﬁéﬂl%%rﬁ%aqhe
vapor depositishstrate support| i6i antiothe prdeessogasédairddfddtthe the

f oregoi ng manifold 20, a plasma is formed in the space between the
manifold 20 and the substrate 22. An exhaust line 24
connected to a vacuum pump (not shown) maintains the

pressure in the chamber and evacuates spent gases and
reaction products.

Generally, when a £1uorocarbon etch gas, such as
CF4, CyFg, C3Fg, CHyF4, and the like, that contains both
carbon and fluorine is exposed to a plasma, various
fragments are generated in the plasma. Such fragments
include free fluorineé atoms, CF and CF, radicals, and the
like. The fluorine is available to etch silicon oxide
layers on a substrate. During the course of the etch
process, however, a polymer of carbon and fluorine is also
formed that deposits on the substrate, forming a passivating
layer. Such polymers are attacked by oxygen atoms, and thus
the oxygen atoms from the oxide layer will dissociate the
polymer as it is formed, without interfering with the etch
of the oxide layer. When no oxygen is present, however,
such as when a non-oxygen-containing layer is reached, i.e.,
a nitride layer, there is no oxygen to dissociate the
passivating polymer layer. At that point, the silicon oxide
layer will continue being etched and the passivated nitride
layer will etch at a slower rate.

Unfortunately, the passivating polymer is also
dissociated by fluorine and the continual formation of

fluorine ions in the plasma will bombard and otherwise



general description and the follow ng detail ed description are exenplary,
but are not restrictive, of the invention. BRI EF
DESCRI PTI ON OF THE FI GURE The invention is best understood from
the follow ng detail ed description when read in connection with the
acconpanying figure. It is enphasized that, according to common practice,
the various features of the figure are ndt to scale. On the contrary, the

di mensi ons of the various features are arbitrarily expanded or reduced for

clarity. The @lucki @hkepolivtherlnagBows 5oRCHETRLL Gy PPIEARY AeoN 2

cross-sectional _view of convent 1 onal etc appar at us.
DETAI LED DESCRPPYFEN &° ?‘HESPQ\‘/ENﬂ Oxprereupon Phe ITHéﬂpf‘rees]éﬁferl it iben
wi || next be idtldheidr ayedhs phasekerence to Fig. 1. The figure is intended

to be illustrative, rather than limting. It is included to facilitate the
expl anation of the apparatus used in perform ng the process of the present
i nventi on. Bitgemptiss hgaver besnsweds ol uss e cfth @dwvent i onal

composed of CHF; and HeO,, which also produces a passivating
polymer on the nitride layer surface. This polymer buildup
is not very uniform, resulting in a characteristically high
center-to-edge non-uniformity of the etch rate on the etch
stop nitride layer. The disparity in etch rate presents a
significant problem during etching of the nitride layer in
subsequent processing. Furthermore, when the nitride film
is formed by plasma enhanced chemical vapor deposition, the
non-uniformity of the etch rate is increased due to the ease

of etching the nitride layer.

It has been discovered that etching with a plasma
derived from a carbon and fluorine-containing gas and from a
nitrogen-containing gas reduces the deficiencies mentioned
above. Specifically, it has been found that etching a
substrate having an oxide layer over a nitride layer using a
plasma, derived from a carbon and fluorine-containing gas
and from a nitrogen-containing gas, produces a SiuN,
species. This Si,N, species, in which x = 2, 3, or 4 and
y =1, 2, 3, or 4, is generated by the reaction of SiFy, an
etch byproduct, with nitrogen radicals and ions, such as N,
N2 ~and N, when etching proceeds through the oxide layer to
the nitride layer. (It is possible that several different
SixNy species may be formed during a single process. For
example, an Si,;N, species may be formed along with an SisNy
species.) The SiiN, species, preferably SiiN;, is the plasma
precursor for nitride layers formed by chemical vapor
deposition, and particularly plasma enhanced chemical vapor

deposition. As a precursor, the Si.N, species has an



etch chanber 10. A housing 12, made of alum num for exanple, defines an
etch chanber 14. The substrate 22 to be processed, such as a silicon wafer,
I's supported on an el ectrode support 16. The support 16 is typically the
cat hode. The interior walls of the housing 12 are typically the anode. The
cathode 16 is connected to a source of RF

5 power 18. A gas manifold 20 connectell to a source of process gas (not
shown) is opposite and closely spaced fromthe cathode support 16. The

process gas |asfﬂllrﬁe:%/t bt QY QIslttr}i@eS‘IQ§E§:at @hgge@? b PN igyd NG gas
mani fold 20 b or| |ce 2 i n.the gas nani 20 en RF power is applied
to the subst Fd S &ﬁ&rﬁﬁg 3?88€s§hbﬁge§a%? FLY ?{%Q?QE mani f ol d

20, a plasma is forned in the space betmeen the mani fold 20 and the

substrate 22. An exhausy; dii 16.c24:C0RARE! &d Lo 8 YACUHE aven RIS EHR )

mai ntains the pressure 1 n the chamber evaﬁdhtes spent
reaction prodicteEse process of nitride etch occurs: portlons of the

etched nitride layer are replaced with deposition of
nitride. The nitride deposition process is substantially in
equilibrium with the nitride layer etch process, yielding a
high selectivity of the oxide layer to the nitride layer.
The result is a reduction in the non-uniformity problems
experienced with prior processes.

As used in this patené document, “oxide layer”
refers to those oxide layers conventionally used in
semiconductor fabrication, such as silicon dioxide, silane
oxide, or tetraethylorthosilicate (TEOS) oxide. Similarly,
“nitride layer”'refers to those nitride layers
conventionally used in semiconductor fabrication, such as
silicon nitride. The present invention is also suitable for

thin nitride layers having a thickness of less than about
200 angstroms. '

In the-present invention, the fluorocarbon etch
gases used are preferably CF,, C,F¢, or combinations of those
compounds. The nitrogen-containing gas is preferably NH;,
N;, or combinations of those compounds. The process of the
present invention can be conducted in those process chambers
conventionally used, such as diode chambers or high-density
plasma chambers. The etch chamber is powered by RF energy,
which can be capacitively coupled into the plasma through
the electrodes of the chamber. The RF energy can also be
inductively coupled into the plasma through a chamber wall.



General ly, when a fluorocarbon etch gas, such as CFerr], ([err]F[err],
Clerr]Flerr], CHerr]Ferr], and the |like, that contains both carbon and
fluorine is exposed to a plasma, various fragnents are generated in the
pl asma. Such fragnments include free fluorine atons, CF and CF[err]

radi cals, and the like. The fluorine is available to etch silicon oxide
| ayers on a substrate. During the coursé® of the etch process, however, a
pol ynmer of carbon and fluorine is also formed that deposits on the
substrate, form ng a passéveblhgwimyerxanfpleh igoliywkRndedr ecahbacketledyly

oxygen atons,dgﬂ%?;pygtgh§h§x¥gg¥gfﬁ Jﬁé“géiyieoﬁhggnLQXSK 'éhi%he ot ch

di ssoci ate the polyner as i ormed, Wthout Inferrering wt .

of the oxi de ¢¥3®PleVhenereBk§EHen 314 pras st riekdver , o§uEheasnyipehian.
non- oxygen-containing |layer is reached, i.e., a nitride |layer, there is no
oxygen to dissociate the passivating pogéner | ayer. At that point, the
silicon oxide layer will continue being fERLE and the passi vated nitride
| ayer will etch at a slower rate. Unfortunately, the

passi vating pol ymer is gl se) db550rd AL id Légra;ﬂqc%ﬂddgaﬁiaen&we@'

formation of fluorine ions in the plasma w onbard and ot herw Se
about 1000 angstroms thick over a silicon nitride layer
about 200 angstroms thick, the silicon nitride layer being
formed by plasma enhanced chemical vapor deposition, was
etched in an RF etch chamber. The etch gas was composed of
CF, and N, at a pressure of 160 wmTorr. The source power was
800 W. A bias voltage of —550V2 biased by RF enérgy of
13.56 MHz, was applied. The selectivity of the oxide layer
over the nitride layer was 3:1.

Altholugh illustrated and described above with
reference to specific embodiments, the present invention is
nevertheless not intended to be limited to the details '
shown. Rather, wvarious modifications may be made in the
details within the scope and range of equivalents of the
claims and without departing from the spirit of the
invention.



6 attack the polymer layer. Such attack will cause the polymer to

di ssoci at e,

wher éupon the nitride layer will be etched by the pl asna.

Attenpts have been nade to use an etch gas conposed of CHF3 and HeQ2, which
al so produces a passivating polynmer on the nitride Iayer

pol ymer buildup is not very uniform resulting in a char Em[mﬂmuummm“gh

center-to-edge non-uniformty of the etch rate on the etc

stoptnitriyd

| ayer. The disparity in etch rate presents a significant problem during

et chi ng of themhaitt riisdelladyed iik:subsequent processing. Furthernore, when
the nitride filmis formed by plasma enhanced chem cal vapor deposition,
the non-uniformty of the etch rate is increased due to the ease of etching
the nitride |ayer. 1. A prprebsasfbreatdhsnovan eokidmtlatahipipadd h a
pl asma deri vedidrom & i&ariken 139d . f EHOEh”G pEPL b AL W 956 @%ﬁé@fg@e with .

ni t rogen- cont% ni n%t%%s reducesS the def ICI enci'es nention

ing selectivity for the oxide layer, the process
comprising: -

providing a plasma derived from a carbon and

fluorine-containing gas and from a nitrogen-containing gas;
and

etching the substrate in the plasma in contact
with the substrate.

2. The process of claim 1 wherein the substrate
is silicon.

3. The process of claim 1 wherein the oxide
layer is selected from the group consisting of silicon

dioxide, tetraethylorthosilicate oxide, and silane oxide.

4, The process of claim 1 wherein the nitride
layer is silicon nitride.

5. The process of claim 1 wherein the carbon and
fluorine-containing gas is selected from the group

congisting of CF,, C,F¢, and combinations of those compounds .

6.  The process of claim 1 wherein the nitrogen-
containing gas is selected from the group consisting of N,
NH;, and combinations of those compounds.

7. The process of claim 1 wherein the nitride
layer has a thickness less than about 200 angstroms.
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- above. Specifically, it hasS been found that etchlng a substrate having an

oxi de | ayer ovey using a plasma, derived froma carbon and
fl uori ne-cont al ’mm %Iﬂﬁmrlﬁ!f a nitrogen-containing gas, produces a
Si[err]NJerr] species.. I's Skl err]N[err] species, in which x =2, 3, or 4
cand y =1, 2, 3, or 4, is generated by1éhe reaction of SiF[err], an etch
byproduct, mnth n|trogen radi cal s and i such as N, Nerr], -and N, when
etching proceeds through the oxide layer to the nitride Iayer. (It is
possi bl e that several diffeTeatpfSo¢ess | er¥dispecthescensny: be forned during
a single process. For exanple, an Si[err]Nerr] species may be forned
along with an Sl[err]NLerr] species.) The Sl[err]N[eEﬂ$%speC|es

preferably Si[err]N erERe pEChEBI pPESHES ptociit HCH sihawrey davidigers f or ned
by chem cal uapetrdapesi khan, and particul arly plasm enhanced chem cal
vapor deposition. As a precursor, the Si[err]N[err] species has an

7 affinity for the nitride |ayer, thereby "sticking" to portions of the
nitride |ayer which hatbebpencesghfdrther comprises capacitively

coupling RF energy into the plasma through the electrodes.
9. The process of claim 1 wherein:

the etching occurs in an etch chamber having a
chamber wall; and

-

the process further comprises inductively coupling
RF energy into the plasma through the wall.

10. The process of claim 1 wherein the nitride
layer is formed on the substrate by chemical vapor
deposition.

11. The process of claim 1 wherein the etching
produces SiF,, and wherein the plasma contains Si.N, species

derived from a reaction of SiF, and nitrogen species.
12. The process of claim 11 wherein the Si,N,

species is deposited on the nitride layer substantially in
equildibrium with the etching of the nitride layer.

13. BAn etch process selective to an oxide placed

over a nitride, the process comprising the steps of:

exposing to a fluorocarbon-nitrogen plasma a

substrate having an oxide layer placed over a nitride layer;
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Wth the presence of Si[err]Nerr] in the etch plasma, the reverse process

of nitride etch occurs: portions of the etched nitride |ay
wi th depositi-on of nitride. The nitride deposition processﬂlmL@ﬁ@ﬂ mﬁ IH
inequilibriumw th the nitride |layer etch process, yielding a hiighuy s = ‘%

selectivity of the oxide layer to the nitride layer. The result is a
reduction in the non-uniformity probl end! experienced with prior processes.
As used in this patent docunent, "oxide layer" refers to those oxide |ayers

conventional ly used in S&HAGRNAUM Axilq@bniaGall QRd BHEhn@Brhki £oPesi PXi de,
si | ane oxi de, onitetraeth | orthosilicate (TECS) oxide. Simlarly, "nitride
layer" ref er PTE o Hitlri REFEG2 2%nventional |y used in seni conduct or

fabrication, such as silicon nitride. The present invention is also

suitable for thin nitr ic?%c%%%t%gfge%"é g 8, RS 0t e s (Lha %Q?)éh: 200

angst rons. _ . rresent I'ivéntion, the fluorocarbon’e

gases used ar¥? pPebeErabtirIcH@HibEuer Witheetrhisg ednbhAafibridsf those
conpounds. Theayéirogen-containing gas is preferably NH3, N2, or

conbi nati ons of those conpounds. The process of the present invention can
be conducted in those process chanbers conventionally used, such as di ode
chanbers or high-density4. The process of claim 13 wherein the substrate

is silicon.
15. The process of claim 13 wherein the oxide
layer is selected from the group consisting of silicon

dioxide, tetraethylorthosilicate oxide, and silane oxide.

16. The process of claim 13 wherein the nitride
layer is silicon nitride.

17. The process of claim 13 wherein the nitride

layer has a thickness less than about 200 angstroms.
18. The process of claim 13 wherein:

the etching occurs in an etch chamber having
electrodes; and

the process further comprises capacitively

coupling RF energy into the plasma through the electrodes.
18. The process of claim 13 wherein:

the etching occurs in an etch chamber having a
chamber wall; and
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‘pl asima chanbers. The etch chanber is powered by RF energy, which can be
capacitively coupled into the plasma through the electro

The RF energy can al so be inductively coupled into the pmﬁmilwwmuwmn
chanmber wal | .

followi ng exanple is included to nore clearly dermnstrate the overal I
nature of the invention. This exanple i42exenplary, and not restrictive, of
t he inventi on. Exanpl e A silicon
waf er having a silicon e tirtedsay durabeut cbffissgsindustiveTk ovesl tng
silicon nitri 0 r C t ilicon nitride |ayer
bei ng forned yép as%ait}pct?ar%%d p?h%r?ﬁ cg Oh h Egepgg}?ion, was etched in an
RF etch chanber. The etch gas was corrposed of CF4 and N2 at a pressure of
160 niforr. The source poVer MRS process of claim 13 wherein the nitride

layer is formed on the substrate by chemical vapor

-

deposition.
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‘800 W A bias voltage of -550V, biased by RF energy of 13.56 MHz, was
applied. The selectivity of the oxide |layer over the nitride |ayer was 3: 1.
Al t hough illustrated and descri bed above with ref erencé"hfSShestggg' fei ﬁ

enbodi ments, the present invention is neverthel ess not i ced
limted to the details shown. Rather, various nodificati ein
the details within the scope and range qfy equi valents o nd

wi t hout departing fromthe spirit of the invention. What is
clainmed is: 1. A process for etching an oxide |ayer placed over a
nifride layer in an upRES ppATUEURPIETRE A TIEEEMRRC BEY! et chi ng
selectivity for the oxide layer € process conprising: provi di ng

a plasma derived froma carbon and fl/\%%[l‘lR%\C’lcont ai ning gas and froma

A process of etching an oxide layer placed over a nitride layer of a substrate (22) with high
selectivity. The process comprises plasma etching the oxide layer of the substrate (22)
with a carbon and fluorine-containing gas and with a nitrogen-containing gas. A SigN,
species is formed which is deposited on the nitride layer substantially in equilibrium.with

etching of the nitride layer.

FIG1
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ni t rogen-cont ai ni ng gas; and etching the substrate in the plasma in
contact with the substrate, wherein the etching produces SiF[err],
the plasma contains Si[err]N err] species derived froma reaction of
SiF[err] and nitrogen species, and the Si[err]Nerr] species is deposited
on the nitride layer substantially in equilibriumw th the etching of the

nitride | ayer. 2. The process of CJ im1l wherein the substrate is
o . / . . .

silicon. 3. The process of claiml erein the oxide layer is

selected fromthe group consisting of silicon dioxide,

tetraethylorthosilicate oxide, and silane oxide. 4. The process of
claim1 wherein the nitride layer is silicon nitride. 5. The process

of clam 1l wherein the carbon and fluorine-containing gas is selected from
the group consisting of CFlerr], Clerr] Flerr], and conbinations of those
conpounds. 6. The process of claim1 wherein the nitrogen-containing
gas is selected fromthe group consisting of Nlerr], NHerr], and

conbi nati ons of those conmpounds. 7. The process of claim1l wherein
the nitride layer has a thickness |ess-than about 200 angstrons.
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8. | The process of claim1l wherein: t he et-Tym h R-an
; OB 2

etch chanber having el ectrodes; and the proc . L CO&I’I se
capacitively coupling RF energy into the plasna through '_[h'é €l ettrof S

9. The process of claim1 wherein: 3. the etching oggyss in an
etch chanber having a chanber wall; and _

- 10 - the process further conprises inductively coupling RF

energy into shey fahated Bkigtsdor b Peoce8 that hasldhigh seibBSviey ff 8 ofifle tayRt, Msds
wherein the nitride |layer is formed on the substrate by chem cal vapor

deposi tion. DoR-polymerizngegases, ingcis Suritallp der peceor @naexidi layer dispesad ow er thin
nitride, theu g Crﬁf]’m;' ' : : . t .
fl uorocar bonfl ﬁ{@ér:%ggrh asérl;gdrgg g}&%@ £ ﬁ%oﬁfeﬁﬁgéf %061 Vg?ltmél)% } g?é@?s%%r% nﬁl%a@ QKB Ver
a nitride | apwvided. An object of the present invention is to provide a process for etching an oxide
layer over a nitride layer with high selectivity. A related object is to provide a process
suitable for oxide layers disposed on thin nitride layers. Still another object of the present

invention is to provide a process that uses non-polymerising gases.

SUMMARY OF THE INVENTION

To achieve these and other objects, and in view of its purposes, the present
invention provides a process for etching an oxide layer placed over a nitride layer in an
upper portion of a substrate with hight etching selectivity for the oxide layer, the process
comprising:

providing a plasma derived from a carbon and fluorine-containing gas and from a
nitrogen-containing gas; and

etching the substrate in the plasma in contact with the substrate,

wherein the etching produces SiFs, the plasma contains Si,Ny species derived
from a reaction of SiF, and nitrogen species, and the Siy Ny species is deposited on the
nitride layer substantially in equilibrium with the etching of the nitride layer.

Preferably, the carbon and fluorine-containing gas in CF4, C2Fs, or a combination
of those compounds. The nitrogen-containing gas is preferably N,, NHi, or a
combination of those compounds. The nitride layer disposed beneath the oxide layer is
preferably a nitride layer which was formed by chemical vapor deposition (CVD), such as
low pressure chemical vapor deposition (LPCVD) or plasma enhanced chemical vapor
deposition (PECVD). More
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The process of clain 1l wteréin*the substgate is silicon.
process of claim1ll wherein the oxide | ayer is selected fr h gr@ﬂgzggz
consisting of silicon dioxide, tetraethylorthosilicate oxi d.silane
oxi de. 14 What idgéleinpgddsess of claim 11 wherein the nitri I ayer S
silicon nitride. 15. The process of claim1l wher ei n tTe T trrde—-ay-er
has a thickness | ess than about 200 angstrons. The process of
claim 11l whagrein: t rm%[.

el ectrodes; qand A process ?lar%crlglgélsagrl%bé%cﬁgéﬁgfa&d??g%sggggg% t ver c pfl ng
RF energy i m)DUlqnhef pl salsbaiaatt hwithu gpight retching selectility. for th@ . oxide Fyer,pthe quesessf
claim1l wher the etching occurs in an etch chanber having a
chanber wal Ic0 QHamg the process further conprises inductively

coupl i ng RF ener gyrividiag kptasplaalefived fromudarbual dnd fluorine-containing gas and from a

nifrogen-containing gas; and

etchlng the oxide layer and the nitride |ayer to produce a _
MR e R e
T
e

etching the substrate in the plasma in contact with the substrate,
wherein the etching produces SiFy, the plasma contains Si,Ny species derived
from a reaction of SiF4 and nitrogen species, and the SixNy species is deposited on the

nitride layer substantially in equilibrium with the etching of the nitride layer.

2. The process of claim 1 wherein the substrate is silicon.

3. The process of claim 1 wherein the oxide layer is selected from the group

consisting of silicon dioxide, tetracthylorthosilicate oxide, and silane oxide.

4. The process of claim 1 wherein the nitride layer is silicon nitride.

5. The process of clam 1 wherein the carbon and fluorine-containing gas is selected

from the group consisting of CF4, C; Fg, and combinations of those compounds.

6. The process of claim 1 wherein the nitrogen-containing gas is selected from the

group consisting of N, NH3, and combinations of those compounds.

7. The process of claim 1 wherein the nitride layer has a thickness less than about

200 angstroms.

8. The process of claim 1 wherein:

the etching occurs in an etch chamber having electrodes; and

the process further comprises capacitively coupling RF energy into the plasma
through the electrodes.

9. The process of claim 1 wherein:

the etching occurs in an etch chamber having a chamber wall; and




18. The process of claim 11l wherein the nitride layer is formed on the
substrate by chem cal vapor deposition.

éIZ: energy into the pl asﬁnra]et E:gﬁgﬁstLgr\tAgf[mfonp” ses I nduct ”!H"”,mg"m I”!'I

process of claim 13 wherein the nitride | ayer is formed on thes
substrate by chem cal vapor deposi tion.
the process further comprises inductively coupling RF energy into the plasma
through the wall.
10. The process of claim 1 wherein the nitride layer is formed on the substrate by

chemical vapor deposition.

11. An etch process selective to an oxide placed over a nitride, the process
comprising the steps of:

exposirig to a fluorocarbon-nitrogen plasma a substrate having an oxide layer
placed over a nitride layer;

etching the oxide layer and the nitride layer to produce a SixNy species; and

depositing the Si, Ny species on the nitride layer in substantial equilibrium with

etching of the nitride layer.
12. The process of claim 11 wherein the substrate is silicon.

13. The process of claim 11 wherein the oxide layer is selected from the group

consisting of silicon dioxide, tetraethylorthosilicate oxide, and silane oxide.
14. The process of claim 11 wherein the nitride layer is silicon nitride.

15. The process of claim 11 wherein the nitride layer has a thickness less than about

200 angstroms.

16. The process of claim 11 wherein:

the etching occurs in an etch chamber having electrodes; and

the process further comprises capacitively coupling RF energy into the plasma
through the electrodes.

17. The process of claim 11 wherein:
the etching occurs in an etch chamber having a chamber wall; and
the process further comprises inductively coupling RF energy into the plasma

through wall.
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18. The process of claim 11 wherein the nitride layer is formed on the substrate by

chemical vapor deposition.
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SELECTIVE DRY ETCH OF A DIELECTRIC FILM
ABSTRACT

A process of etching an oxide layer placed over a nitride layer of a substrate (22) with high
selectivity. The process comprises plasma etching the oxide layer of the substrate (22)
with a carbon and fluorine-containing gas and with a nitrogen-containing gas. A SixNy
species is formed which is deposited on the nitride layer substantially in equilibrium .with

etching of the nitride layer.

FIG1
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