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METHOD FOR ETCHING ORGANIC HARDMASKS

BACKGROUND OF THE INVENTION
Field of the Invention

[0001] The present invention relates to a cleaning process used in a semiconductor
lithographic manufacturing system and, in particular, to a method for etching or removing
an organic hardmask such as amorphous or spin-on carbon from a low dielectric constant

film.
Description of Related Art

[0002] Integrated circuits (ICs) are fabricated on semiconductor wafer substrates by a
lithographic process. The lithographic process allows for a mask pattern of the desired
circuit or portion thereof to be transferred via radiant energy of selected wavelengths to a
photoresist film on a substrate. Those segments of the absorbed aerial image, whose
energy exceeds a threshold energy of chemical bonds in the photoactive component of
the photoresist material, create a latent image in the resist. The latent image marks the
volume of resist material that either is removed during the development process (in the
case of positive photoresist) or remains after development (in the case of negative
photoresist) to create a three-dimensional pattern in the resist film. In subsequent
processing, the resulting resist film pattern is used as an etch mask to remove underlying

substrates from the areas of the patterned openings in the resist layer.

"[0003] Damascene processing techniques are often used in integrated circuit
manufacturing, and involve forming inlaid metal conductors in trenches and vias in a

dielectric layer. Openings in a hardmask layer are used to etch the desired portions of the

dielectric layer to form the trenches and vias. The hardmask layer openings are

1



‘[ 0004] The present invention relates to a cleaning process used in a

sem conduct or |ithographi c manufacturing systemand, in particular, to a
nmet hod for etching or renpbving an organi ¢ hardnmask such as anor phous or
Spin-on carbon froma low dielectric constant film Description of Related
Art [0002] Integrated circuits (1Cs) are fabricated on sem conductor wafer
wSubstrates by a |ithographic process. The |ithographic process allows for a
mask pattern of the desired circuit or portion thereof to be transferred
via radi ant energy of selected wavelengths to a photoresist filmon a
substrate. Those segnents of the absorbed aerial imge, whose energy
exceeds a threshold energy of chem cal bonds in the photoactive conponent
of the photoresist material, create a latent image in the resist. The

| atent image nmarks the volunme of resist material that either is renmoved
during the devel opnent process (in the case of positive photoresist) or
renai ns afthestselyes/formshibnetcling threugh caswingstfomegan iy everhidngoreaisilayey- to create a
three- di MeRA QAR inRAIEER: bBodslEarl R ol 4 orkdhicSRS CAUR R o BEBGARST NO, L he
resulting resi st I'mpattern is used as an etch mask to renove underlying
subst r at eglphpgabpime areas of the patterned openings in the resist |ayer.

[ 0003] Danmscene processing techniques are often used in integrated circuit
manuf act urom? TROR VY Sth ¥E8rinPoN9BEn mbae@mhggr ﬁﬁmqwc%&-dl fhet renches and
vias in a dielectric layer. Openings in a hardma | ayer are used to etch

t he desi r éamplsKity @frike Baskingdntggratiang ptgnrequiriag a maltlfawrrﬁtqch@ berdepetiedomnd vi as.
The hard %oﬂtﬁé/ﬁyer%pﬁé“étaﬁé &1{ &an%ptéed?‘&ﬁé M%Shrfe@fa(l@r%a@ly o@atnciﬁldgﬂnohbr ough
openings formed in an overl resi st dmasks i n damascene
process canrbb@hafém@skflwmcaﬁredrbgarﬁlQN|aa ects\@@hatwg (AREA Fayerrpnoyhich

al pha- car n gr aphy
has mcre%gﬁbcfn{]%gp%lgﬁ CP‘EQ?R’\GE {J 6%46% gf{ﬁgth%g%gmrs\gt@}yoﬁ%a%f%ghhére uiring a
mul ti | ayeretebtapiers @eb@ﬁmwsbc SéIN blmert dipe ofsist Wetrippgdein couistiorwahen. An

exanpl e of S C ng, har dmask

| ayer cover%]il bdséd %t %Jk\tﬁ&% 5re 02%:%%3’%62%9%9%% §aIvg{lalhlr&(?'otr}fgv\,h| ch
convent i ormabmngsn Eﬂe Se@N ldyer. sﬂgdnleatmd eph (p(mssseld:n trahsfens tlterp@tt¢re§n081tth¢ &

devel oped, oD flhu%rl engry cdh tralalfI ar s f e paptern to ] the SiON |layer. The
resist is SOPT PRSI, MR AP RGETARE WA SN 28y GED AL SRR Bocess to
renove a- caaprbmm iFalidwiag haret:hrrmgloftmyiwecfrrcdmyet hhae aaczebnnrlgsdmasktalyer msON | ayer .
A dielectric etch n ransf rn fromthe a-carbon
nar ek GO BTG Tt T P! PRl Hebotlflal B Sone
approach. prédessdiwng t he et ching of the di eI ectric layer, the a-carbon
har dmask | ayer must be renoved prior to formng Cu or other netal

Inter CO””%&G%] 'Sle}oplg epaf:ii?gd P&gntt]\rﬂoe 6%9%52 RfiRfe5&5a meglod of controlling a
critical dimension during a photoresist patterning process which can be applied to
forming vias and trenches in a dual damascene structure. An amorphous carbon ARC is
deposited on a substrate by a plasma enhanced chemical vapor deposition (PECVD)
method. The alpha-carbon layer provides a high etch selectivity relative to oxide and is
disclosed as being readily removed by a plasma ashing step using oxygen. Ye et al U.S.
Patent No. 6,458,516 teaches a method of removing a polymeric, organic masking layer

using a hydrogen/nitrogen-based plasma.

[0006] Low dielectric constant (low-k) materials, i.e., those having a dielectric constant
generally below about 2.7 to 3.0, have been used in damascene processes as inter-metal
and/or inter-layer dielectrics between conductive interconnects emploved to reduce the

delay in signal propagation due to capacitive effects. The lower the dielectric constant of
2



[ 0005] Sudijono et al. U S. Patent No. 6,787,452 discloses a nethod of
controlling a critical dinension during a photoresist patterning process
whi ch can be applied to form ng vias and trenches in a dual danmascene
structure. An anorphous carbon ARC i s deposited on a substrate by a plasna
enhanced chem cal vapor deposition (PECVD) nethod. The al pha-carbon |ayer
Jprovides a high etch selectivity relative to oxide and is disclosed as
being readily renoved by a plasna ashing step using oxygen. Ye et al U S
Patent No. 6,458,516 teaches a nmethod of renoving a polyneric, organic
masking | ayer using a hydrogen/nitrogen-based plasnma. [0006] Low dielectric
constant (lowk) materials, i.e., those having a dielectric constant
general ly bel ow about 2.7 to 3.0, have been used in damascene processes as
inter-metal and/or inter-layer dielectrics between conductive interconnects

enpl oyed to reduce the delay in signal propagation due to capacitive
ef fects. Theediplecte matrsialyithe Tewer the censpisangm et b didlestricoand) the tovieg thedteri al , t he

lower the Sgag%ﬂhms@at@f c,fclﬂﬁ & @Lﬁ@t folk amfecfriz@ akeQiRbonlofRe BGedel ay of the

integrate rcuit i cal dielectrics are silicon-oxide based
mat eri al s materialssyite smempurépf insemeptrdataeinc eayaenly ederrrdrie ¢s FeP@T red to as

carbon dopg ﬁ?h%a&qcb@?% AinFE BFRLHPE c@l@fpofaﬁdsca@aﬁ% o?E@Bﬂd@safrﬁngn doped

oxi des, fro el Tus Systens, Inc. of San Jose nia S been
found t hatNdvckytsISystems,dnqmﬁ@amdde Calfomiaar i hgebren dound thatdughhnbiidizingr use on

Lowe kTRt Qhhlidhs AHIERLNPARERBIC 180 Fn RAR Whtoral WHAOEBRAAY ERERS OF
removes carbon Fro mat eri a n many of materi al’s such as
CDCs, the p}iHSels,ethcexygbn scauvfmgns psremos¢s aartontiedm the lpw-dvhatérrads. alnlneany dif el ectri c

const ant nce nt, t hat th r.enpv carb n fr m t hese
mat eri al st#esf m@fef%léts'flc\?e Sﬁ(’gsc&h A" %"8&?‘5‘ ftfuéneg%?é ¥181n§§ Processes

used to fajh)afeoumc@nstmtegﬂatce,do Cher ©ateint shammxygmva]redmosmlafben feondthssegal | er

di nensi ons res, the use.of .ectric terlals hayvi | ower and
Moo or et Sb R Bt RS iR, TRLFOIRR aMogbrlcg=r AN
pl asma coriftegrad iradie mole tSNhIﬂabiaBer z{nﬂ@ﬁﬁ]ler@ﬁmaewneahd yequiesntedsecofi sts in

the art foy the develo ment of alternative roce hat eff i vely
renoves or‘%“a\"rﬁtréc naeEHa f(""fgalf?é’Frsa"Qd%”ﬁeeréele&Hﬁrcﬁﬂ d”jf‘/’ﬁhﬁe“ fSWHi é’?e does not

renove exGcgfwdnMehad by plamakoddionk ot slii@blect ric materials or otherw se
materially alter the properties of lowk dielectric materials.

[0007] Consequently, a need exists in the art for the development of an alternative
process that effectively removes organic hardmask layers such as amorphous carbon, and
that does not remove excessive amounts of the low-k dielectric materials or otherwise

materially alter the properties of low-k dielectric materials.



+{SUMVARY OF THE | NVENTI ON [ 0008] According to one aspect of the present

i nvention, an inproved nethod of etching and/or renoving an organic

har dnmask from wafer substrates in a |ithographic process is provided.

{0009] According to another aspect of the present invention, a method of
removi ng an organi ¢ hardmask wi t hout damagi ng an underlying dielectric
Jayer is provided. [0010] According to another aspect of the present

i nvention, a nmethod of renoving an organi c hardmask | ayer w thout damagi ng
an underlying lowk dielectric layer is provided. [0011] According to

anot her aspect of the present invention, a nethod of renoving an organic
hardmask | ayer without affecting critical dinension features etched into an
underlying lowk dielectric layer is provided. [0012] The above and ot her
aspects, which will be apparent to those skilled in art fromthe disclosure
herein, are achieved in the present invention which is directed to a nethod
of et chi ng or renmoving an oY YW diHsRIVENE®Nas an anor phous car bon
organi ¢ hardnask, conprising providing a substrate having thereover an

organic h mm&mngﬁ) IR A8t th@bfe@éﬂnvﬁiv@ﬂndavﬁﬁ ihf8veiuR&hsBbEerédich Or gani c
hardmask an ioni zabl e gas conprising a mixture of hydrogen and an oxidizing

gas, and ApYPyieAyvEEan§iganis herdmapk &@rarv\@fﬁtréulzﬁr@awaa!ltmgaw RIPCeshiE ni xt ur e.
The met hod, 4/agp i ncl udes contacting the organic hardmask with the plasma,
wherein the substrate and organi c- hardmask are at a tenperature in excess
of 200C, to renove at Ieag% a or%lon of the aqrganic_h ﬁnask,and exposi ng
t he subst A%08] Greasding toangenasprch el {herpasseRtrigvenHen: waasﬁhP@P FMayBehat e.

organic hardmask without damaging an underlying dielectric layer is provided.

[0010] According to another aspect of the present invention, a method of removing an
organic hardmask layer without damaging an underlying low-k dielectric layer is

provided.

[0011] According to another aspect of the present invention, a method of removing an
organic hardmask layer without affecting critical dimension features etched into an

underlying low-k dielectric layer is provided.

[0012] The above and other aspects, which will be apparent to those skilled in art from
the disclosure herein, are achieved in the present invention which is directed to a method
of etching or removing an organic hardmask, such as an amorphous carbon organic
hardmask, comprising providing a substrate having thereover an organic hardmask to
be removed, introducing over the substrate and organic hardmask an ionizable gas
comprising a mixture of hydrogen and an oxidizing gas, and applying energy to the
mixture to create a plasma of the mixture. The method then includes contacting the
organic hardmask with the plasma, wherein the substrate and organic hardmask
are at a temperature in excess of 200°C, to remove at least a portion of the organic
hardmask and exposing the substrate without substantially harming the underlying

substrate.

[0013] Preferably, the organic hardmask is completely removed from the underlying

substrate.



[ 0018] Preferably, the organic hardmask is conpletely renmoved fromthe
underlying substrate. [0014] In another aspect, the present invention is
directed to a nethod of renoving an organi c hardmask overlying a | ow
dielectric constant filmin a |ithographic process conprising providing a
dielectric filmhaving thereover an organic hardmask to be renoved, the
Jdielectric filmhaving, a dielectric constant no greater than about 4.0,
and contacting the organic hardmask with plasna conprising an ionized

m xture of hydrogen and an oxi di zi ng gas, wherein the dielectric film and
organi c hardmask are at a tenperature in excess of 200C, to renove the
organi ¢ hardmask wi thout substantially affecting the underlying dielectric
film [0015] In a further aspect, the present invention is directed to a
nmet hod of etching or removing an organic hardmask overlying a | ow
dielectric constant filmin a lithographic process conprising providing a
di el ect ri d09%4] i #nothen gsnette theorresenavetigans dirssieddaasirethes plerepekBgdd, t he

di el ectri %rgdnlcnﬂabaﬂasmv@r g@}geJ scvtcna&n@%%g@mﬁnmnqn Blohic hRGte&bOUt 4. O,

IntI‘OdUCII’lg over the or C dmask an 1oni zab egs Cco |S|ngamxture
of hydr og@nmanﬁnamrqmnm zriw@cgaﬁlmafwdmaplpﬂrwﬁgaremmgy hardmasketorbext ure to

create a Q%rgésféﬁ it dﬁefk%tr lgrﬁa%l TJ‘%I@H%@Q&sLaH{ é(?g{eallepﬁlah’gﬁﬁl Qﬂﬁtagﬁt' ng the

organic h mask W th erein the ectric f| m and organic
har dmask a&petactingathe eqrgemabmdmaﬂmwetk cdasmaofong@R@g ano iongpd wextereeofor gani ¢

har dmask \Nvg%g%k ar?cplaﬁt&[% ﬁ%n S r@lﬁe%lﬁ'gﬁé Ia%leldmée ﬂnylaﬂcg o?%atﬂﬁtﬁa%% sk [0016] The

organi ¢ har be ¢ vapor deposit anor us carbon and the
substrate aneayt beerapedatmieemterxpcss qu IZﬂp°G;ug helasveathdwegampt hardmasklwnhham ng a

dielectric Vs(ila[n!tllg”y[ %%%91} h@'ﬁ u%g)e?f%n 1eq cmcdﬁlm xanmpl e, a carbon-doped oxi de

dielectric ? e orga mask may be anor phous carbon, and
the dielectric filmmy have a dlelectqu constant no greater than about
- 2.8. [0014p0THhén okirdieizaspest.ghs presept inecrpionvd dredted toamgthod uf etehing otar bon

di-oxi de. TG, ARS alMoffahl Chardindk SLELARN ¥ 168 HFMLR Lonslint KPR Tree.
lithographic process comprising providing a dielectric film having thereover an organic
hardmask to be removed, the dielectric film having a dielectric constant no
greater than about 4.0, introducing over the organic hardmask an ionizable gas
comprising a mixture of hydrogen and an oxidizing gas, and applying energy to the
mixture to create a plasma of the mixture. The method further includes contacting the
organic hardmask with the plasma, wherein the dielectric film and organic hardmask are
at a temperature in excess of 200°C,.to remove the organic hardmask without

substantially harming the underlying substrate.

[0016] The organic hardmask may be chemical vapor deposited amorphous carbon and
the substrate may be a dielectric film, such as a dielectric film having a dielectric value

less than about 3.0, for example, a carbon-doped oxide dielectric film.

[0017] The organic hardmask may be amorphous carbon, and the dielectric film may

have a dielectric constant no greater than about 2.8.

[0018] The oxidizing gas may be provided from a source of carbon dioxide. The gas

mixture is preferably essentially nitrogen-free.



‘{0019] In other enbodinents, the invention includes a wafer having a
dielectric layer including a plurality of dielectric materials including a
bulk lowk dielectric underlying a capping dielectric, the capping

di el ectric having a higher k value than the bulk Iowk dielectric. In sone
enbodi nents, the bulk lowk dielectric and the capping dielectric are both
Jowk dielectrics. In other enbodi nents, the bulk lowk dielectric is a

|l ow-k dielectric and the capping dielectric is not a lowk dielectric.
[0020] In still other enbodinments, the plurality of dielectric materials
may include discrete bulk |owk dielectric and capping dielectric |ayers,
or the plurality of dielectric materials nmay have a continuous, graded
transition between the bulk lowk dielectric nmaterial and the capping
dielectric material. BRI EF DESCRI PTION OF THE DRAW NGS [ 0021] The
invention may best be understood by reference to the detail ed description
whi ch f ol [[B838] {ragther embodipignisribe inyentign dneludaea wates ipansa digleeirialdyergs i n whi ch:

[0022] Fi ggiudin@udafiny @ ie%%ﬁ%?ﬁ#&ﬁtsiigx{@ingei w@mﬁaelexﬁ.gwﬁd@fyg@% or ganic

har dmask, phot or esi st "an ayer eposite n a wafer substrate over
a | ow k dicaprieg ¢iglectrigy thpecapping,diglectric having a higher k value than the bulk low-k

dielectric. In some embodiments, the bulk low-k dielectric and the capping dielectric are
both low-k dielectrics. In other embodiments, the bulk low-k dielectric is a low-k

dielectric and the capping dielectric is not a low-k dielectric.

[0020] In still other embodiments, the plurality of dielectric materials may include discrete
bulk low-k dielectric and capping dielectric layers, or the plurality of dielectric materials
may have a continuous, graded transition between the bulk low-k dielectric material and

the capping dielectric material.



‘[0023] Figs. 2 and 2A are cross-sectional elevational views of the wafer
substrate of Figs. 1 and 1A, respectively, after the photoresist, organic
har dnmask and other | ayers over the |lowk dielectric have been etched.
10024] Figs. 3 and 3A are cross-sectional elevational views of the wafer
substrate of Figs. 2 and 2A, respectively, after the layers over the etched
.organi ¢ hardnmask | ayer have been renoved. [0025] Figs. 4 and 4A are
cross-sectional elevational views of the wafer substrate of Figs. 3 and 3A,
respectively, after the lowk dielectric has been etched through the
organi ¢ hardmask |ayer. [0026] Figs. 5 and 5A are cross-sectional

el evational views of the wafer substrate of Figs. 3 and 3A, respectively,
after the organic hardmask | ayer has been renoved by the high tenperature
pl asma net hod of the present invention, wthout danage to the | owk
dielectric. [0027] Fig. 6 is a schematic illustration show ng an appar at us

suitabl e for practici ngBRHE PESSBHITIONINTHERRAWHNES FIG 7 is a sinple

bl ock di agram showing a multi-station stripping tool suitable for
practi ci ngod2RE TR RS&Mon inY&Jtd BeMinderstood by reference to the detailed description

which follows taken in conjunction with the accompanying drawings in which:

[0022] Figs. 1 and 1A are cross-sectional elevational views of an organic hardmask,
photoresist and other layers deposited on a wafer substrate over a low-k dielectric to be

etched.

[0023] Figs. 2 and 2A are cross-sectional elevational views of the wafer substrate of
Figs. 1 and 1A, respectively, after the photoresist, organic hardmask and other layers

over the low-k dielectric have been etéhed.

[0024] Figs. 3 and 3A are cross-sectional elevational views of the wafer substrate of
Figs. 2 and 2A, respectively, after the layers over the etched organic hardmask layer have

been removed.

[0025] Figs. 4 and 4A are cross-sectional elevational views of the wafer substrate of
Figs. 3 and 3A, respectively, after the low-k dielectric has been etched through the organic

hardmask layer.

[0026] Figs. 5 and SA are cross-sectional elevational views of the wafer substrate of
Figs. 3 and 3A, respectively, after the organic hardmask layer has been removed by the
high temperature plasma method of the present invention, without damage to the low-k

dielectric.

[0027] Fig. 6 is a schematic illustration showing an apparatus suitable for practicing the

present invention.

[0028] FIG. 7 is a simple block diagram showing a multi-station stripping tool suitable

for practicing the present invention.



‘DESCRI PTI ON OF THE PREFERRED EMBODI MENT(S) [0029] In describing the
preferred enbodi nents of the present invention, reference wll be nade
herein to the drawings in which like nunmerals refer to |ike features of the
invention. [0030] The present invention is directed to the renoval of
organi ¢ hardmask materials used to form ashabl e hardmasks (AHM, such as
anor phous carbon hardmasks, known as a-carbon or al pha-carbon, or spin-on
har dnmasks. Such hardnmasks nay be formed on a substrate by chem cal vapor
deposition (CVD), spin-on, or other techniques. The AHM naterial generally
is primarily conmposed of carbon, for exanple, about 50-80 wei ght percent,
with the remai nder bei ng hydrogen and possibly trace nitrogen. Exanples of
starting materials used to formsuch filns include CH4 and C2H2, or nore
generally C'Hy, wherein x =2 to 4 andy =2 to 10. [0031] Wiile the nethod
of the present invention may be used to efficiently and effectively to

renove organi ¢ har dRESKRHEHIEN Qlf SHE PRBFEBRER EYIBOPEMENI ($)i I ms, it is not

l[imted to lowk dielectric filnms, or even to dielectrics. The invention is

al so not leg2ot afl déseriiny tHRprdtbmdd @ﬁboa&s&&wmeqfreskﬂ%%ndwIras&ﬁdecﬁm For
i nstance, the present 1nventiaon (%Hbe effectively used with dielectrics

with k valbggwds bersinitp s diavgngsdp edideisaAumerais referto iy atres ohthe ow k
di el ectri gglntishi €l ectrics with k values |ess than about 2.8 (second
generation lowk dielectrics) and dielectrics with k values | ess than about

2.0 (ultra-| dielectrics The | owk dielectric or ous, or

non- por ouéo‘{:‘ghﬁ? BIcPEY IYGRRY 'ﬁéié'e?t%‘# é‘Hhéde‘P‘b"agg} %rgggggéd{na Rarigsectric) .
Gener al | y ys&lie s formOx¥hibI€l inatdafatitsl CBHRN, Ssubh 86 8mbubiRdcdfborahat@madke, gr eat er
than 2.8 and | ow k porous di el ectrics are those havi ng k values no greater

than 2. 2. KDoWR s di-erkast pf alehgssarbary osspin-eiphasdeaskip owich haAmadky M3¥ beised,
i ncl udi ng frindeli 6A 7 sEbsirake bpamca 'v?lcﬁ@&ﬂdsﬁlﬁn fovey] s;Wn-Toh Jrlomaf {eBihiqug/ or

carbon. Non-silicon oxi de based dielectrics, such as yneric materials,

may al so e Adtd majigl ganereBbiserimagbesmpaiy OB@arb@e&rteéarmépo%wt 280 | owk
di el ectri Gy r%h'i‘gérl:%'t %t@&e%{]ﬁﬂn&P bQ'iﬁQﬂ?d;&geﬂ'lﬁd Qb@l?{?%%'nﬁt%g%h”' ques. In the

case of for orous dielectrics Suita
Examples of starting materials used to form such films mclude CH,4 and C2H7, or more

generally C,H,, whereinx=2to4 andy =2 to 10.

[0031] While the method of the present invention may be used to efficiently and
effectively to remove organic hardmask materials from low-k dielectric films, it is not
limited to low-k dielectric films, or even to dielectrics. The invention is also not limited
to any particular category of low-k dielectrics. For instance, the present invention may be
effectively used with dielectrics with k values less than 4.0 (also known as first
generation low-k dielectrics), dielectrics with k values less than about 2.8 (second
generation low-k dielectrics) and dielectrics with k values less than about 2.0 (ultra-low-k
dielectrics). The low-k dielectric may be porous or non-porous (the latter sometimes
referred to as a dense low-k dielectric). Generally, dense low-k dielectrics are those
having k values no greater than 2.8 and low-k porous dielectrics are those having k values
no greater than 2.2. Low-k dielectrics of any suitable composition may be used, inciuding
silicon oxide based dielectrics doped with fluorine and/or carbon. Non-silicon oxide
based dielectrics, such as polymeric materials, may also be used. Any suitable process
may be used to deposit the low-k dielectric, including as spin-on deposit and CVD

deposit techniques. In the case of forming porous dielectrics, any suitable method may
8



‘be used. A typical nethod involves co-depositing a silicon-based backbone
and an organi ¢ porogen and subsequently renoving the porogen conponent,

| eaving a porous dielectric film Oher nethods include sol-gel techniques.
Speci fic exanples of suitable lowk filns are carbon based spin-on type
films sold under the trademark SiLK by Dow Chem cals, Inc. and CVD
deposited porous filnms sold under the trademark CORAL by Novel | us Systens,
Inc. [0032] The organic hardnmask is preferably etched and renoved by
reactive plasma etching. In general, reactive plasma etching is perfornmed
in situin a plasma reactor in which the processi ng chanber pronotes
excitation and/or disassociation of the reactant gases by the application
of RF energy with capacitively coupled el ectrodes disposed in the
processi ng chanber. The plasnma typically creates a highly reactive species
that reacts with and etches away the unwanted deposition material present
in the pré@é@%ﬁn@@ﬁﬁ@hﬁ@WOd?h@“@?@S@ﬁpﬂﬂﬂyéﬁ@¢%hmﬁﬁyb%§@“$H@§ﬁ&s gener at ed

wi th mcroyaye AQEHGEh LeHRb YehiH mF o8 bk, 184virgh GoriRr al | el

pl ate reactive 1 gér?lgpé?cﬁ%?R{qE%{] #egct ol?é ﬁ% %Dasmawreact or apparat us
that may ldéelaggisdfilm Qshesanethoidh include swr@é@nlnmqmeﬁpﬁ%fw ¢xaepled @6 suitablgcuum punp
for creat '1&@1(%1%{1'519#”%}609 bta&% fn%elgﬁe ﬁmfﬁeﬁirundmﬁ aRdaAt ﬂ{}ﬁm@ﬂ bb&
invention also 1nc es a process gas I1nlet assen% such as d pressurized
gas cyl i ndéemielsplnsdandoC¥R dendsated @m@duﬁthCMerewettmdang&sC@ML bybut i on
facepl at e \@y, in. the process chanber. The sem conductor wafer
substrate]\g)r m{;%gﬁg,ngqul ece rests on a pedestal or platen, which may apply
a bias to the substrate. An RF or other power supply applies electrical
power bet MRER] Theorganic bardmaskbist preferablyc efphedt andoremvedheyhisadtivarrlasrite pedest al
to excite fhe PRGEsTaIRRtRE Plsith Uchindlis PARIASA iPsifuOh M AadlAeiBortyt hi n the
cylindri cafCm gact |Cg0n areg?c(;n vaeeﬁ: ;[n lS?acep | at eSlélnd p@d%at al . r[ 0034] The
i oni zabl e vihidctbs pragessing shamben mmveotfﬁr@iséﬁtomand/enﬂlseﬂaoq@;mpméfthfr rhdtynta i xture

of hydrog o) ar CO, .
The oxi di %gse@% t@%f’?p)ﬁ%{e?gb y con%& :\g'éhsg ?%{rh‘geiﬁw‘& ega%ecfr gﬁ%oﬁ%g%?rr@ per cent
of the m xhwecesﬂedhematrl yhe phsmga@wmlwrmt@ 4 loglie rdaagmiezpericsahatagans no

ni trogen. g, axPfneCous] T RTRRE! 10, A%, UARERLYhREACRO (i BlEgLi | avers

by incorporating ni rog reat e ani ne
groups t hahamben. iThe preaatt invedtionpiaytuse plesnstgeh@atedwith midratvaves MWWn as t he

aact w CHRARTED GbEReaaRE OhTheti dTUE Mt B 0ROt gUT FoCRe | osi St and

prevent them from properly devel opi ng and being renoved in the solvent
renoval st[@33bTh¢ blestha teacigr apphnptus dlepti ey ¢ usddus ptaemhhmglerpesérddraflentﬁcmsi st in

undesi red Aneas of the waf e t her '
benefit, "‘t]u It 2R acuumoqunﬁ’efgrncrgﬁmrgacv'%glf |"gzjle§[lv\ﬁ {oﬁg‘gﬁharﬂé erhffﬁp %éss(%ge Usi ng
He or Ar Ithle mveﬁihEn elsa): included a rocescigaaifietras@entbhesuel eha pra!;senmd gas)cgllmldqzrr ove
benefi ci al E{ ess b tt Ros et.ch oI yners

or ot her d:g]fl condulocfonRec?fi% t]p { ggydltstﬁeutlo%rtla c%la?

gead.luf.| R
are often War er rsur face us, there
may be sormodasnm’amber\m The me&mm&hxebowhﬁawbsgata ot lotleen warkgiecestestt abea or a
rf h f r r :
surtace t p%éesta?gr plgt\é\rl? WhSIC bnrgycap% ya blase t%ttl?e substrate. An RF or other power supply
applies electrical power between the gas distribution faceplate or showerhead and the
pedestal to excite the process gas or mixture of gasses to form a plasma within the

cylihdrical reaction region between the faceplate and pedestal.

[0034] The ionizable process gas used in the present invention is preferably a
mixture of hydrogen and an oxygen-containing or oxidizing gas such as CO or CO,.
The oxidizing gas preferably comprises from about 0.5 to 10 volume percent of the

mixture. Preferably, the gas mixture to be ionized contains no nitrogen, to avoid
9



‘10036] It is inmportant to keep the wafer tenperature above about 200C,
preferably above 250C and nore preferably in the range of about 250-350C,
during the plasma etching. A heating elenment nay be supplied in the process
thanber for such purpose. During operation, the plasna process gas noves
fromone side of the vacuum chanber to the other side due to the vacuum
Jgenerated on the side of the vacuum chanber opposite the side from which
the ionizable process gas flows into the chanber. The plasma process gas
di ffuses across the surface of the wafer substrate renoving the organic
hardmask and carrying the volatilized material towards the vacuum punp
assenbly. [0036] As shown in Fig. 1, a wafer 20 includes etch stop |ayer 22
over which is deposited a lowk dielectric |layer 24. An organic (e.g.,
anor phous carbon) hardmask | ayer 26 is deposi ted over the lowk dielectric
layer 24. A resist layer 32, an optional organic (or spin on)
antiref| ecaysing damagerty a(lm@;erlmg D@ diclpgticdaysrepeticoperaianifragesr of Si OC
(created by,nfaGn, r\ghlglpis Hotn 3b (HR) zﬂ’ﬁme St Bat g@%rﬁmﬁ%@{o 28 overlie
the organic hardmask [ayer. The resist layer i s exposed to a device pattern
and devel Gpseiﬂ 1q eRUpTYBRdS knoyel asriee wpistReisoRINg neffest: | Apnsitheresigontiing to the
pattern. A 108 RAWR LaRhéhot Gith e QRS Wlich hebifal LRI LOApAAS! Bl 1 aver 32
is then used as a mask to etch a correspondi ng volune o terlal fromthe
ARC | ayer sheZBESISBQHdaHGngm droma pdmerhk dévaloping281d bd@B3RMOTEe i éi st and ARC
| ayers ar ar, n tched pattern
y ovaéR”re % $Othk %%m'h?as%& ndlf Hlll?j%héﬂ, il PY&lauANGsit & P

openi ng 34 over ayer as s e-resist layer and reside
may be rermpdested epraf@lmssaég Witlcrddsédr plnHtJ tlsrePaI’émormm:f&iabutdn Nos.

10/ 890, 653f1’as n(g)t/ bgéLn qfhgnyagteﬁ'ze(a \a?ty tilig ﬁ? 8—3@0% hl Iﬁﬁﬁ%oﬁg FRr 1?1fa] m e?cm are her eby

i ncor por ated pi ca Subj ect to an
ashi ng pr cmxﬂssald en}mhca the emlﬂranmmveldtpha/erbemfstal dtalweend olf dre peocassrhye by

transfer to and LI RPN of fhe | owk
di el ectri éP @qlﬁg it\mié{ °1g Pglﬁmerﬁ Ort%her gfg:&%ﬁl’an ﬁ "e‘re%oveg\ey‘?'arfegr | ayers, the
or gani c handne k. ITayerthares miapda soine deredit lithhrespeer tarietwinlgyd ciganlveaferk di el ectric

| t R E h in Fig. 4 wh
open ng’ 34 <G AT P RBt eV i BRITIer 24 {0 arcate an opening

having walls 36. [0038] A nore common nmethod is for a wafer with the |ayers
shown in HDERS] 2 i$ im}imeals)tanl@ﬁdhe‘t\@aftl’rtemﬁérﬁuet@hye abottt 90t C, peefiavatilyngbdvhe | ayers

32, 30, 2 to the ch t i,cal ui red e R E etch,
the | ayer stg‘%’argom 5d referfﬂ{ﬁgbe h(?'ora eg{% élf)éﬁl?rzg%ééégr gu fnértge Pr ﬁyma!f‘} top | ayer
22 i's exposaehting leienfeasmbyt bosuppliediat the probss shouber ifor ducly pdrposehi Butig achi eved

by exposi the strycture shown in 2 to.the RIE etch %@us SEI pping the
necd for MREFLELIFAETPOuPSy HRCMPerdta) o Ufs GLlerPHLE SBBVE St Th Fig 3
and resul tdtieg side dudr& the §acudmSdenetated o .the side of the vacuum chamber opposite the

side from which the ionizable process gas flows into the chamber. The plasma process

gas diffuses across the surface of the wafer substrate removing the organic hardmask and

carrying the volatilized material towards the vacuum pump assembly.

[0036] As shown in Fig. 1, a wafer 20 includes etch stop layer 22 over which is deposited
a low-k dielectric layer 24. An organic (e.g., amorphous carbon) hardmask layer 26 is
deposited over the low-k dielectric layer 24. A resist layer 32, an optional organic
(or spin on) antireflective coating (ARC) layer 30 and a dielectric ARC layer of
SiOC (created by reacting CO, and Si(CHj3)s), SION or SizNg ARC layer 28 overlie
the organic hardmask layer. The resist layer is exposed to a device pattern and

developed to remove a volume of resist material corresponding to the pattern. As

10



‘1 0039] The wafer is then subject to the high tenperature plasma cl eaning
nmet hod of the present invention to renove the organi c hardmask | ayer

| eaving the lowk dielectric |ayer undamaged and ready to receive a
ctonductive netal in opening 36. The plasnma processing nmay be conducted in
the sane reactor used for the hydrogen plasma ashing process, but requires
the use of a heating elenent to achieve the desired reaction tenperature.
Subsequently, as shown in Fig. 5, the surface 25 of the dielectric |ayer
24 is substantially free of a-carbon or other organic hardmask residue, and
t he di nensions of the etched via or trench 36 in the dielectric |ayer are
unaf fected and not subject to any damage such as by eroded sidewalls 36'.
[0040] In a Novellus Systens Iridia 200mm etch tool, the wafer conprising
t he organi c hardmask | ayer overlying the lowk dielectric layer is heated
by heat lanps to _a typical erature of 280C. M crowave power in the
range of ébbﬂtIQBG®2BQ@0¥V"m$ 4ol reRpaiphg kesista BysA) Shtis shensesed aved be appli ed
to a 1- 12,0 gagnm %EHééilo‘ﬂg‘ Vi o?‘mﬁt@ﬁﬁ fAfm AROARC PR HH096 GdN
typi cal ly about 1800sccm | nt he chanber nmaintained at a pressure in the
range of PEAnKCROIMRsK tlayst 84l |y 1000nT. After a processing time of between
about 30 and 180 seconds, typically about 90 seconds, the organi c hardnmask
| ayer is '\%%le ydstsh ot Aaab@&@paﬂeacherﬂ@mgai td)leada&)rgm& kard.h@kera &l c | ayer.
[0041] In a Novell Systens Gamma tool, the wafer conprisin e organlc
har dmask @a%t@heéveaﬂem ARENINGE3A VAT HaYET &f-eastshown fimyfjigy 3i gll)‘ﬁé%ﬂsé sy angh

el ectri caledfShaf BeHoM&RAlESHoRERE 8RCIBRd8n UKD Maddnt Agmeﬁ&masse of 280C. RF
power in the rarge of about 500-3000W ty gﬁ;allé a out 2000W at 3.56M.-1z
gy oy

may be appPi88.663 1d/HR27endyhk13$%Puthe disc gh pegthereby  about
5000- 40009§&?¢?ra&e39§ F@érl?%eabq’ 1c£90qpé%fgr ik nc{'ﬂcéllg s@fb@m@%n n&@-l'nﬂé ained at a

pressure in the range of 750-%4 00mr, typicall The tool contains
from 4 topéocpssatesisp anddernong thefasist las'ernﬁxreeaamm duygiransfer tQﬁ plastea pl at ens

durlng th? agOQQn&”hg é@oﬂgsm %@flgggconhgllo»pﬁ(og’l@l% P91 @;Cf) sure

time of between ab typlca y a out nds, the
or gani ¢ hahed resisk ahdaymhen@erlemmdrswtheh@a@nle Urbrsimaskt ilapler d:aﬁngelsccbtq he | ow k

Mot oot 1! Grch R una A o 1 FlbOUE eyt Xt ot e AT MR et o1 ¢ 00

havi ng a dual power risi e organic sk | ayer
overlying as Isleovhowfkgdfl whae topéring ag'arcqnsmh:dadosdl i lawtky pyeral4 toergaer at ur e of

280C. M crowa range of about 1000- 3000W typically about
1800W ataﬂ.ﬁgﬂﬁggﬂﬁvgggb lied to a H2/ CO2 gas mi xture flowing at a rate

of about 500-4000sccm typically about 1800sccm into the chanber
[0038] A more common method is for a wafer with the layers shown in Fig. 2 to

be exposed to the RIE etch, without removing the layers 32, 30, 28. Due to the
long etch time typically required by the RIE etch, the layers 32, 30, 28 will be
completely removed before the etch stop layer 22 is exposed. The resulting structure is
shown in Fig 4. This is achieved by exposing the structure shown in Fig 2 to the RIE
etch, thus skipping the need for the separate resist/ARC removal step described

above and in Fig 3, and resulting in the Fig. 4 structure.

[0039] The wafer is then subject to the high temperature plasma cleaning method of
the present invention to remove the organic hardmask layer, leaving the low-k
dielectric layer undamaged and ready to receive a conductive metal in opening 36.
The plasma processing may be conducted in the same reactor used for the hydrogen
plasma ashing process, but requires the use of a heating element to achieve the

desired reaction temperature. Subsequently, as shown in Fig. 5, the surface 25 of the
11



‘12 maintained at a pressure in the range of 750-4000mr, typically 1000ni.
The platen supporting the wafer is inside a RF plasma reacti on chanber, and
is coupled to the RF source which supplies power in the range of 500-2000W
typically 1000W at 3.56MHz. After a processing tine of between about 30
and 180 seconds, typically about 90 seconds, the organi c hardmask |ayer is
renoved wi thout substantial damage to the lowk dielectric |layer. [0043]
The gas flow rate, RF power setting, tine of exposure and other paraneters
may be adjusted to achieve desired results for other cleaning tasks. [0044]
Thus, the present invention provides an inproved nmethod of etching and/or
renmovi ng organi ¢ hardmask | ayers fromwafer substrates in a |ithographic
process, particularly when renoving anor phous carbon froma | owk
dielectric layer. The present invention achieves such organi ¢ hardmask
renoval and wi t hout damaging the underlying |owk dielectric substrate.

Ot her enbdbleririttlayer 8t 45 ] subsiansiglly tfreenoft arcerhen entadleir msganic hadmaskhed with

reference &s‘? ! Qﬁ tlgfie %Qlleésl(ﬁ'}g%\f“qhe étp%ﬁ%é‘&etr%ﬁ?g Sﬁ‘ﬁ%&ﬁﬂi@ﬁf‘%ﬁg%ar he present

i nvention, escr ow with reference to
unaffected and not subject to any damage such as by eroded sidewalls 36'.

[0040] In a Novellus Systems Iridia 200mm etch tool, the wafer comprising the
organic hardmask layer overlying the low-k dielectric layer is heated by heat lamps to a
typical temperature of 280°C. Microwave power in the range of about 1000-3000W,
typically about 1800W, at 2.45GHz may be applied to a H,/CO; gas mixture flowing
at a rate of about 500-4000sccm, typically about 1800sccm, into the chamber
maintained at a pressure in the range of 750-4000mT, typically 1000mT. Aftera
processing time of between about 30 and 180 seconds, typically about 90 seconds, the
organic hardmask layer is removed without substantial damage to the low-k dielectric

layer.

[0041] In a Novellus Systems Gamma tool, the wafer comprising the organic hardmask
layer overlying the low-k dielectric layer is heated by an electrical resistance heated platen
to a typical temperature of 280°C. RF power in the range of about 500-3000W, typically
about 2000W, at 3.56MHz may be applied to a H,/CO; gas mixture flowing at a rate of
about 5000-40000sccm, typically about 20000sccm, into the chamber maintained at a
pressure in the range of 750-4000mT, typically 1100mT. The tool contains from 4 to 6
platens, and the wafer is moved through all of the platens during the etch processing.
After a total processing or plasma exposure time of between about 20 and 180 seconds,

~ typically about 90 seconds, the organic hardmask layer is removed without substantial

damage to the low-k dielectric layer.

[0042] In a Novellus Systems Iridia 300mm Sierra etch tool having a dual power source,
the wafer comprising the organic hardmask layer overlying the low-k dielectric layer is
heated to a typical temperature of 280°C. Microwave power in the range of about 1000-
3000W, typically about 1800W, at 2.45GHz may be applied to a H,/CO, gas mixture

flowing at a rate of about 500-4000sccm, typically about 1800sccm, into the chamber
12



*[0046] As shown in Fig. 1A, another enbodi nent of the invention includes a
waf er 20 having an etch stop layer 22 over which is deposited a | owk
dielectric layer 24. The dielectric layer 24, includes a plurality of
dielectric materials including a bulk owk dielectric 24a underlying a
capping dielectric 24b, the capping dielectric 24b having a higher k val ue
.than the bulk owk dielectric 24a. In sone enbodi nents, the bul k | ow k
dielectric 24a and the capping dielectric 24b are both | owk dielectrics.

I n other enbodi ments, the bulk lowk dielectric 24a is a lowk dielectric
and the capping dielectric 24b is not a lowk dielectric. [0047] In sone
speci fic enbodi nents, the bulk owk dielectric can be an ultra-|lowk (ULK)
dielectric, for exanple one having a k of about 2.2, and the capping

di el ectric can be a carbon-doped oxide (CDO having a k of about 2.9.
[0048] In other specific enbodinents, the bulk |ayer can be a carbon-doped
oxi de ( CD®@)aittaivédat a presoifre divdbg rapg® Oéﬂdoﬁﬁ@@éppipﬁglly 4909mTg ghrhe platen

tetraet hyl n stil
other enbd &Otm%sfhé &ﬁﬁnels n-uglrﬁz%l)l§ [ tg *’B v lé‘cﬁapggorrgﬁdel? f%plseh?rgﬁ%}l{rﬁcl ude

di scret e Iolrke Woigh kumilla eeer lndh@mngecm‘épﬁ)-ﬁ@mﬂ’i’ e!i/laeat"[Vll@O(P\biyzéﬂsﬁﬁNﬂhat is,
separate, ; i ric
materials 'ﬁngelr ﬁg)\ggessggggn%%ff%tgﬁén%g?% e% t1 ?%%g?@}s %&EA@%@@& 919 ﬁgéog&lg k | ow k
di el ectri cthemrgma lzdrdraastl l4ykeis cappedyitbow bwstaniia damagerto the lovGkatelectrgr aded
tran5|t|oq may be substantially uniformfromone side of the dielectric

| ayer 24 tothe other. O it may be non-uniformwith a transition from one
dielectric to the other over just a portion of the total thickness of the
di el ect ri d0®43) Thogascanpite Rbvenwea sethng: kimed exfosire 98d pthanpB@9gtersmayess t han
25% or 0 tal thickness of the
dlelectrl?g%%hgﬁggégf%%&&%bggﬁﬁgggg}§mggeML§§g$§;Iayer 26 is deposited over
~the lowk dielectric layer 24. A resist |layer 32, an optional organic (or
spin on) 480441 dhisedhe presepbmyvéniign (PARGIes [apywmproge meatiod ofiplehing end/er ARC | ayer
of Si OC ( - RC | ayer 28
overlie tﬁérﬁgilﬁ %@éém% ?ﬁ%gﬁla%?s g?&dw%l(%%?ag% mg lgﬂr};gpdi)héﬁ %(Sagg\ to aydew ce
pattern arpdrtgelady @menjrmvme m@haua/@h'hmefrqm a fossk élelemlpéfmeal Tlt?cmﬁtsestpondl ng
to the pat. O e i SI

| ayer 32 |'é‘? ené%z"sez% as a ﬁ‘gégartdéﬁs kt kﬁ%ﬁgg@@gﬁ;&é& ﬁ%ﬁé[ﬁ? u%é} ge erl al
fromthe ARGK dglentrsc @Bstrad®) and or gani ¢ hardmask | ayer 26. [0051] The resi st
and ARC | ayers are then reaned to | eave organi c hardnask |ayer and etched
pattern openingnﬁgegmgé yer 24, as shown in Fig. 3A, such that the
dielectric layer 24 und ylng the har dmask | ayer 26 is exposed. The resist

| ayer and _
[0045] In addition to the embodiments described with reference to Figs. 1 to 5 above,

there are other embodiments of the present invention, described below with reference to

Figs. 1A-5A, 6 and 7.

- [0046] As shown in Fig. 1A, another embodiment of the invention includes a wafer 20
having an etch stop layer 22 over which is deposited a low-k dielectric layer 24. The
dielectric layer 24, includes a plurality of dielectric materials including a bulk low-k
dielectric 24a underlying a capping dielectric 24b, the capping dielectric 24b having a
higher k value than the bulk low-k dielectric 24a. In some embodiments, the bulk low-k
dielectric 24a and the capping dielectric 24b are both low-k dielectrics. In other
embodiments, the bulk low-k dielectric 24a is a low-k dielectric and the capping dielectric

24b is not a low-k dielectric.
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‘resi due may be renoved by processes disclosed in U S. Patent Application
Nos. 10/890, 653, 11/011, 273 and 11/128,930, the disclosures of which are
hereby incorporated by reference. Typically, the wafer is subject to an
ashing process to strip and renove the resist |ayer, for exanple by
transfer to a plasma reactor and hydrogen plasma stripping of the | owk
dielectric film After stripping the resist and other overlying | ayers, the
organi ¢ hardnmask |layer 26 is then used to etch the underlying | owk
dielectric layer 24 (24a and 24b) by, for exanple, reactive ion etching
(RIE), as shown in Fig. 4A where opening 34 is continued down into | ow k

| ayer 24 to create an opening having walls 36, further exposing the
dielectric layer 24. [0052] A nore common nmethod is for a wafer with the

| ayers shown in Fig. 2A to be exposed to the ME etch, w thout renoving the

| ayers 32, 30, 28. Due to the long etch tine t plcally requi red by the ME
etch, the [1’%7]9}“550312 spegfic ez@ommemsu@e b@)‘hﬂﬁ"ﬁ\é!e}ecﬁ@rﬁvbﬁa‘b‘éff@%@ khe etch stop

| ayer 22 (ELRYBARGHC. FIRaBRYNL hilned K UChHES 2, SnihOWhbolr fiiftyfban TIS | S

achi eved y p05|n ructure shown i n Fi'g RIE etch, thus
ski ppi ng bhecm@eddMUd03Me«§@@hhavaaﬂe§h9@ﬁﬂﬁc renoval step descri bed above
and in Fig 3A, and resulting in the Fig. 4A structure. [0053] The wafer is

then subj ¢gdas} t Jthe s cim eﬁqﬁmﬁreafs%@bmk@a%maﬁlb@aeare& H@ﬁebgséld@tcmda)e present

invention to renove organi ¢ hardmask | ayer, |eaving

di el ectri dayiagek oﬁfrh@ah%% thpeppPEgday et @sinrt@taethv@rthoselmadﬁp%hm&lk in
openi ng 3Q¢ dacparticular it is noted that the lowk dielectric 24a and/ or
24b exposed during the renoval of the hardnask is undamaged by that renova
process. The glasna proceSS|%g may be conducted in the sane reactor used

for the hyo48hErstiyiosherambedimerts. Sregthuality obdielestaig fiateaals may ingdude gfscigteneat i ng

el ement t @uRQHN KRl RE HRIhPPRtL iQ8GEE Rfert; AN MphiaR, adPibsRAMIERNd Y, as shown
in Fig. 5A, the surface 25 of the dielectric [ayer 24 is substantially free

of a- car bdaversr Qsttheplursliyafidiclasiicanaienalsmasy ke 2 carueysesradfdiengidhs of t he
etched Vi geQfeeh g@%ﬁfn IAG- k'dr\eléclﬂ-?c Igatalla@%cwhscﬁﬁm,a&w&ﬂﬁmcgm aand not

subj ect to any danmage such eroded si
graded transmon may be substantlally uniform from one side of the dielectric layer 24 to

the other. Or it may be non-uniform with a transition from one dielectric to the other over
just a portion of the total thickness of the dielectric 24, for example over a thickness of less
than 50%, or less than 25%, or less than 10%, or less than 5% of the total thickness of the
dielectric 24.

[0050] An organic carbon hardmask layer 26 is deposited over the low-k dielectric
layer 24. A resist layer 32, an optional organic (or spin on) antireflective coating
(ARC) layer 30 and a dielectric ARC layer of SiOC (created by reacting CO, and
Si(CH3)4), SiON or SisN4 ARC layer 28 overlie the organic hardmask layer. The resist
layer is exposed to a device pattern and developed to remove a volume of resist material
corresponding to the pattern. As shown in Fig. 2A, the opening 34 in remaining resist
layer 32 is then used as a mask to etch a corresponding volume of material from the

ARC layers 28, 30 and organic hardmask layer 26.

[0051] The resist and ARC layers are then removed to leave organic hardmask layer
and etched pattern opening 34 over layer 24, as shown in Fig. 3A, such that the

dielectric layer 24 underlying the hardmask layer 26 is exposed. The resist layer and
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*Appar at us 10054] Any suitable plasma reaction chanber apparatus may be used
to inplenent the present invention, including the Gamma and India tools

not ed above. Further in this regard, a suitable exanple is a Novellus
‘GammaTM 2130 tool which is configured with a downstream plasma setup. Fig.
6 is a schematic illustration show ng aspects of a downstream pl asna
.apparatus 600 suitable for practicing the present invention on wafers.
Appar atus 600 has a plasma producing portion 611 and an exposure chanber
601 separated by a showerhead assenbly 617. Inside exposure chanber 601, a
waf er 603 rests on a platen (or stage) 605. Platen 605 is fitted with a
heating/cooling elenment. In sone ernr'bodinents, platen 605 is also
configured for applying a bias to wafer 603. Low pressure is attained in
exposure chanber 601 via vacuum punp via conduit 607. Sources of gaseous
hydrogen (with or wi thout dilution/carrier %fasi)) and carbon di oxi de (or

ot her weakesidiednayi begemeredtby prrcesspeidisdosed swW &f Fgeat AppdicatipndY¥os609 i nto pl asna
produci ng i tals. g i rtion 611 is
surroundec]eg%ﬁb’gg?’tﬁ@lgz%i%rgf}lgﬁﬁ?g%1?8?90%(5#:&2@@%2@?68 n connected to a
power sounrser@tsed by rdfergncopel aritadly, theasvafer xis (aubisctaroear ashirgd prosebsi 9t o pl asna
pr oduci ng rii i i i 6 r Qi pl asma is
gener at ed S?ﬁ’ %*ﬁgwgg%}hgé%ﬁﬂﬁ egg?f?ggnﬁgl%}?t@ﬁ%vr\g?ﬁgg%l%ggesag{b |a§d 617, which
has an appldregenvplatraggripping mfnthe dewkhdielebtoiy 6fm.s oferi snppisndhakdsons t he
flow of neutral species, into exposur hanber .. nt | oned,, wafer 603
may be ter%‘?aroa elrjr(gvelécl%'r? rl%/lefsé ea(%g "or %3%ﬁgg%ﬁ%\{§p%%§s gﬁgn aup% .*%“3&‘ fIU:OSS] I n
sonme enbodndelying, lovhke dgdparataye 2df(24dwnd 2Ab)Er, farexampla, stactive iomi t dedi cat ed

to strippipg.ph resist fur fers. Cenerall uc St.r unit tool
w i1 have i Gl EpEh S8 b oL 3 i5cor THER PuPehlep R ney be
pr.ocesses I8jefm4 tvrendel sh YpenkrigthavihgiwalB 3%, fpther bxmslagdhadletotiriniavemg a

t op- down éi ew of a nulti-station wafer strip unit tool 730 that nmay be used
in accorddfice with the invention. Strip unit tool 730 has five strip
stations 733, 735, 737, 739 and 741 and one | oad station 731. Strip unit

t ool 730 i[@0SepAf mgrer exinrserc imethodt isefachh wéfat mdth ths lgepakiioenofn pPigo@Assi ng one
wafer and s all statjo be exposed to a co cyum ch of strip
stations 153e st Ehe R Y vifhoRiRRRERE IR By R Dotk: LHEHBTY Load

station 73dng &chi yipe eglidally Gajuired) by etk RIE éiclg thohgerk 02)30s 2a&WibMeat t ached
thereto to altﬁ%\/the i(g{.’)egt o& fersli ntgzstrig %llml.ﬁ toql. 7?%0 W thout a
break in VIERGIY THYSPELTIA® 731 518 Qs o~ 1YPFPLSH y e B IRMBE™ S th a heat
Iﬁrrp to prBovieai FigBIfAer[’ﬁiéheﬁ@ﬁ@edl b RspR M the stutpé rs?crawrstrami;cgansroalged ]
otoresist stripping. .Strip station 741 is typjca confiqured with a
P oad | ock RIE #oho s ariRe derees G dhs sePaRIcoR-SHRRG LB S oReRAFERE 1 om ot r/ p
unit tool ¥R MdtiAGUE 33, Bdeakulling iRGEFIR. 4A s0b@kd.C arm 743 transfers wafers
fromstation to station. 10056] During typical manufacturing node, wafers

are proce I.h batch de.. .Batc de processing can increase fer

b onane oabeh iR 836 ds (RB St it Bt Lo B e P gmaned 211 on. 1
bat ch rTDdQ},ée @a@gt \Mi'fegtﬁoni %B?Jnmgfgﬁié rogghntwharamdsmn@eelslsmg fthe RACH gf N
stations 731, 733, 735, 737, 7 nd 741. For exa e, .a typica at ch node
process wid jlecﬁ‘i“% ¥ergundampgad) anfsready A fEFIvE & 9op "é’f‘%&?@éd“ P%E‘gl d station

731 wher e 1h partiSulii€l aade € thatht [bvak BRREric 28PandNe2lb expob@idusing@theretdcyal r ansfer s
the wafer tqo strip station 733 where it is plasma processed for a tine

period suff theihaidmaskisUpdamaged by thafgemovat Brogesst ke plasmePressssipe &yt ic arm
743 then thanRfearin te8mbatRiortRedlor ithe BldRideR hlaba WAL Brocdss! ButP! asma
processed for a tinme period sufficient to strip off about another 1/5 of

t he remai AFRgeHHBE OFeef atheating slemppfutnaehiss ESnegsiED dreaion ¥mreFatYRe waf er
i's processgfseghentil dxhhAtid PRSSA Ie sufie PO thé Hicletric3dyel P4 g ation 741, the
phot oresi st shoul d be |argely renoved and wafer 741 is then unl oaded from
t he stri p substantiglho|free [ FO&TIrbay togrothep girganiy hargdplagk fresiduppidefient i ng t he
present invention include &XTTm and G400TM phot oresi st strip tools

avai | abl e from Novel | us Systens, Inc., a 2300 FlexTM etch tool avail able
for Lam Research, a TeliusTmetch tool,;available from Tokyo El ectron
Limted, or a ProducerTM etch tool available from Applied Mteri al s.



*L00581 It should be generally understood that the apparatus/process

descri bed herei nabove nay be used in conjunction with |ithographic
patterning tools or processes, for exanple, for the fabrication or
‘manuf act ure of sem conductor devices, displays, LEDs, photovoltaic panels
and the like. Typically, though not necessarily, such tool s/processes wll
-be used or conducted together in a comon fabrication facility.

Li t hographic patterning of a filmtypically conprises sone or all of the
foll owi ng steps, each step enabled with a nunber of possible tools: (1)
application of photoresist on a substrate, i.e., substrate, using a spin-on
or spray-on tool; (2) curing of photoresist using a hot plate or furnace or
W curing tool; (3) exposing the photoresist to visible or U/ or x-ray
light with a tool such as a wafer stepper; (4) developing the resist so as
to selectlvely rempve resist and thereby pattern it using a tool such as a
wet benchdimegsiops ghthestched yiarqidrepes 36 in (g dielsetic layes aéFn“‘li’%@%tP‘{l $0hBot i | m or
substrate Qﬁmy§6£gwﬁngéy$gﬁa@t@éﬁ&ﬂ%§§h§ﬁﬁﬂgetChIng tool; and (6) renoving
the resist using a tool such as an RF or m crowave plasna resi st stripper.

[ 0059] Anot her ;@¥ect of the invention is an apparatus configured to
acconplish the T#Y%s described herein. A suitable apparatus includes

har dwar e for acconplishing the process operations and a systemcontroller
havi ng i n§e054F tARNithte pl@ﬁﬂd fe@dtioh RBanite SRR PR e uddiito ifiplamedtiance Wit h
the present invention, A suitable plasma re ctlon chanber apparatus, such
as the GaMfFECAYOTYh SebgBE edrameBRdT Ve ol RO Yeay YHE=rdBAMt od | n Lhi S

way. The syt Ev@nBleleRhthSlE s NdvellyGamahi ™y 1186 tde@hioN & cBfifigipédew HIeATOr Y
devi ces and one or nore processors conflﬁured to execute the instructions

so that tHEVBPIAP&IATR23FHR- foerG s A ashemits Hiytiraian shoddrefsPe® Shidt h the present

I nvent i on.doWRGRhM PR daiaRus Bl is@itabRNTbAYrAd R EigithSirEddht ihARsod & waRRt rol [ ng
process operations in accordance with the present invention nay be coupl ed

to the sy<teanteAale qu|aé>rlasmﬁ@G@e$mw\mrP@n ﬁﬂeanaraéswwr Rlasrher 6N wBYaBden

part'CU|a%k$sQ§ﬁ9&h9%anb (ﬁ@nhHﬂEEk&ﬁw%kﬁﬂmﬁpgﬂ'Ekﬁﬁ?%@fé&%%ﬂae”bOd'”E”ts
it is evidént that man ternatives, nodifications and variations will be

appar ent téptan{eswagsk 0y é’dlat@rﬁ%h%ﬁ%ﬁdtwﬁma hdatjpg/casfing plemensy bywwimeg descri pti on.
It is ther %8&1&%&@5&?&@5?%53 gbg%ﬁ#@@&@ﬁg;ﬁgﬂg@ b%Lf’de?fer‘MOb' G AGRe Ny such

al ternatives I catl ons aril ati |nt e true
scope and ispiariet ingxppivee ghambentf] ivinaaauunppump via conduit 607 Sources of

gaseous hydrogen (with or without dilution/carrier gas) and carbon dioxide (or other weak
oxidizing agent) provide a flow of gas via inlet 609 into plasma producing portion 611 of
the apparatus. Plasma producing portion 611 is surrounded in part by induction coils 613,
which are in turn connected to a power source 615. During operation, gas mixtures are
introduced into plasma producing portion 611, induction coils 613 are energized and a
plasma is generated in plasma producing portion 611. Showerhead assembly 617, which
has an applied voltage, terminates the flow of some ions and allows the flow of neutral
species into exposure chamber 601. As mentioned, wafer 603 may be temperature

controlled and/or a RF bias may be applied.

[0055] In some embodiments, the apparatus of the invention is a strip unit dedicated to
stripping photoresist from wafers. Generally, such a strip unit tool will have muitiple
wafer process stations so that multiple wafers may be processes simultaneously. Fig. 7 is a
simple block diagram showing a top-down view of a multi-station wafer strip unit tool 730

that may be used in accordance with the invention. Strip unit tool 730 has five strip
16



‘CLAIMS What is clainmed is: 1. A method of etching or renoving an organic
har dmask conpri si ng: provi ding a sem conductor wafer substrate
conprising an exposed | owk dielectric, wherein the substrate conprises a
bul k lowk dielectric underlying a capping dielectric, the capping
dielectric having a higher k value than the bulk Iowk dielectric, and the
substrate having thereover an organic hardnmask to be renoved;

~introduci ng over the substrate and organi c hardmask an ioni-zabl e gas
conprising a mxture of hydrogen and an oxi di zing gas; applying energy to
the m xture to create a plasma of the m xture; and

stations 733, 735, 737, 739 and 741 and one load station 731. Strip unit tool 730 is
configured such that each station is capable of processing one wafer and so all stations may
be exposed to a common vacuum. Each of strip s_tations 733, 735, 737, 739 and 741 has its
own RF power supply. Load station 731 is typically configured with a load-lock station
attached thereto to allow the input of wafers into strip unit tool 730 without a break in
vacuum. Load station 731 is also typically configured with a heat lamp to pre-heat wafers
before transferring to strip stations and photoresist stripping. Strip station 741 is typically
configured with a load-lock station attached thereto to allow the output of wafers from strip
unit tool 730 without a break in vacuum. A robotic arm 743 transfers wafers from station

to station.

[0056] During typical manufacturing mode, wafers are processed in batch mode. Batch
mode processing can increase wafer through-put and is therefore commonly used in
manufacturing operation. In batch mode, each wafer is transferred to, and processed in,
each of stations 731, 733, 735, 737, 739 and 741. For example, a typical batch mode
process will proceed as follows: A wafer is first loaded into load station 731 where it is
preheated with a heat lamp. Next, robotic arm 743 transfers the wafer to strip station 733
where it is plasma processed for a tirhe period sufficient to strip off about 1/5 of the
photoresist. Robotic arm 743 then transfers the wafer to strip station 735 where it is
plasma processed for a time period sufficient to strip off about another 1/5 of the remaining
photoresist. This sequence is continued such that the wafer is processed at strip stations
737,739 and 741. At strip station 741, the photoresist should be largely removed and

wafer 741 is then unloaded from the strip unit tool.

[0057] Other tools suitable for implementing the present invention include GxT™ and

G400™ photoresist strip tools available from Novellus Systems, Inc., a 2300 Flex™ etch
tool available for Lam Research, a Telius™ etch tool available from Tokyo Electron

Limited, or a Producer™ etch tool available from Applied Materials.
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*cont.acting the organic hardmask with the plasma to renove at |east a
portion of the organic hardmask w t hout damagi ng the underlying substrate
surface or the exposed |lowk dielectric. 2. The nethod of claim1l, wherein
‘'t he organi ¢ hardmask conprises chem cal vapor deposited anorphous carbon

3. The method of claim1, wherein the organic hardmask conprises a spin-on
.carbon film 4. The nethod of claim1, wherein both the bulk | owk
dielectric and the capping dielectric are lowk dielectrics. 5. The nethod
of claim1, wherein the bulk lowk dielectric is a lowk dielectric and the
capping dielectric is not a lowk dielectric. 6. The nethod of claim1,
wherein the lowk dielectric has a dielectric constant no greater than
about 3.

[0058] It should be generally understood that the apparatus/process described hereinabove
may be used in conjunction with lithographic patterning tools or processes, for example,
for the fabrication or manufacture of semiconductor devices, displays, LEDs, photovoltaic
panels and the like. Typically, though not necessarily, such tools/processes will be used or
conducted together in a common fabrication facility. Lithographic patterning of a film
typically comprises some or all of the following steps, each step enabled with a number of
possible tools: (1) application of photoresist on a substrate, i.e., substrate, using a.spin—on
or spray-on tool; (2) curing of photoresist using a hot plate or furnace or UV curing

tool; (3) exposing the photoresist to visible or UV or x-ray light with a tool such as a wafer
stepper; (4) developing the resist so as to selectively remove resist and thereby pattern it
using a tool such as a wet bench; (5) transferring the resist pattern into an underlying film
or substrate by using a dry or plasma-assisted etching tool; and (6) removing the resist

using a tool such as an RF or microwave plasma resist stripper.

[0059] Another aspect of the invention is an apparatus configured to accomplish the
methods described herein. A suitable apparatus includes hardware for accomplishing the
process operations and a system controller having instructions for controlling process
operations in accordance with the present invention. A suitable plasma reaction chamber
apparatus, such as the Gamma and Iridia tools or others noted above may be adapted in this
way. The system controller will typically include one or more memory devices and one or
more processors configured to execute the instructions so that the apparatus will perform a
method in accordance with the present invention. Machine-readable media containing
instructions for controlling process operations in accordance with the present invention

may be coupled to the system controller.

[0060] While the present invention has been particularly described, in conjunction with
specific preferred embodiments, it is evident that many alternatives, modifications and
variations will be apparent to those skilled in the art in light of the foregoing description.

It is therefore contemplated that the appended claims will embrace any such alternatives,
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*7. The nmethod of claim1, wherein the lowk dielectric has a dielectric
constant no greater than about 2.8. 8. The nethod of claim1, wherein the
|l ow-k dielectric has a dielectric constant no greater than about 2.2. 9.
The nethod of claim1, wherein the bulk lowk dielectric is an ultra-Iowk
(ULK) dielectric having a k of about 2.2 and the capping dielectric is a
-.car bon- doped oxide (CDO having a k of about 2.9. 10. The nethod of claim
1, wherein the bulk lowk dielectric is a carbon-doped oxide (CDO having a
k of about 2.9 and the capping dielectric is tetraethylorthosilicate (TEQS)
having a k of about 4.0. 11. The nethod of claim 1, wherein the substrate
conprises discrete bulk lowk dielectric and capping dielectric |ayers.

12. The method of claim1l, wherein the substrate conprises a graded
transition between the bulk lowk dielectric material and the capping

dielectric material. 13. The nethod of claim1l, wherein the gas m xture is
ni t r ogen- fqslgfications and variations as falling within the true scope and spirit of the present

invention.
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*14. ,The nethod of claim1, wherein the organic hardmask is conpletely
renoved fromthe underlying substrate. 15. The nethod of claim1, further
conpri sing: applying photoresist to the substrate; exposing the photoresist
‘to light; patterning the resist and transferring the pattern to the
substrate; and, selectively renoving the photoresist fromthe substrate.
.16. An apparatus for etching or renoving an organi ¢c hardmask overlying a

di el ectric, the apparatus conprising:

CLAIMS

What is claimed is:
1. A method of etching or removing an organic hardmask comprising:

providing a semiconductor wafer substrate comprising an exposed low-k
dielectric, wherein the substrate comprises a bulk low-k dielectric underlying a
capping dielectric, the capping dielectric having a higher k value than the bulk low-k

dielectric, and the substrate having thereover an organic hardmask to be removed;

introducing over the substrate and organic hardmask an ionizable gas comprising

a mixture of hydrogen and an oxidizing gas;
applying energy to the mixture to create a plasma of the mixture; and

contacting the organic hardmask with the plasma to remove at least a portion of
the organic hardmask without damaging the underlying substrate surface or the

“exposed low-k dielectric.

2. The method of claim 1, wherein the organic hardmask comprises chemical

vapor deposited amorphous carbon.

3. The method of claim 1, wherein the organic hardmask comprises a spin-on

carbon film.

4. The method of claim 1, wherein both the bulk low-k dielectric and the capping

dielectric are low-k dielectrics.

5. The method of claim 1, wherein the bulk low-k dielectric is a low-k dielectric

and the capping dielectric is not a low-k dielectric.

6. The method of claim 1, wherein the low-k dielectric has a dielectric constant no

greater than about 3.
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*(a) a plasma reaction chanber apparatus: and (b) a controller conprising
programinstructions for conducting a process conprising the steps of:

provi ding a sem conduct or wafer substrate conprising an exposed | ow k
‘dielectric, wherein the substrate conprises a bulk lowk dielectric
underlying a capping dielectric, the. capping dielectric having a higher k
.val ue than the bulk lowk dielectric, and the substrate having thereover an
organi ¢ hardnmask to be renoved; i ntroduci ng over the substrate and
organi ¢ hardnask an ionizable gas conprising a mxture of hydrogen and an

oxidizing gag; apRlyldigh &Qﬁrrﬂﬁ &Rer&ﬁ%é"‘o&tﬂi@le&ﬂc ﬁ£sef‘z‘i ﬁe&nf’té}é{lﬁt & the

m xture; and contacting the organic hardnmas asma to renove
at | east a pwedtérdmnaboutRes. or gani ¢ har dmask wi t hout danaglng t he underlying
substrate surface or the exposed lowk dielectric. 17. A sem conductor

waf er procesgi NOrgURLfdl oflclim §Y Wh&ETIRMBHLISEPRc L IS ARPRIAL shsiht &) @1 M 16,

and a stepper.
greater than about 2.2.

9. The method of claim 1, wherein the bulk low-k dielectric is an ultra-low-k
(ULK) dielectric having a k of about 2.2 and the capping dielectric is a carbon-doped
oxide (CDO) having a k of about 2.9.

10. The method of claim 1, wherein the bulk low-k dielectric is a carbon-doped
oxide (CDO) having a k of about 2.9 and the capping dielectric is
tetraethylorthosilicate (TEOS) having a k of about 4.0.

11. The method of claim 1, wherein the substrate comprises discrete bulk low-k

dielectric and capping dielectric layers.

12.  The method of claim 1, wherein the substrate comprises a graded transition

between the bulk low-k dielectric material and the capping dielectric material.
13.  The method of claim I, wherein the gas mixture is nitrogen-free.

14. The method of claim 1, wherein the organic hardmask is completely removed

from the underlying substrate.
15. The method of claim 1, further comprising:
applying photoresist to the substrate;
exposing the photoresist tp light;
patterning the resist and transferring the pattern to the substrate; and,

selectively removing the photoresist from the substrate.
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*18. A non-transitory conputer machi ne-readabl e nedi um conpri sing program

I nstructions for control of a plasma reaction chanber apparatus, the
program instructions conprising, code for providing a sem conduct or

waf er substrate conprising an exposed | owk dielectric, wherein the
substrate conprises a bulk lowk dielectric underlying a capping
dielectric, the capping dielectric having a higher k value than the bul k

|l ow-k dielectric, and the substrate having thereover an organi ¢ hardnask to
be renoved; code for introducing over the substrate and organic

hardmask an 17 AR08 AR SEAS.A: 1] Sl nelniids RS 38fieR0x! di 21 ng

gas; code for ap I ng energy - to e to create a asma of the
m xt ur e; andhe appertls chmprigmgnt acti ng the organic hardnmask with the plasm to
renove at |least a portion of the organic hardmask w thout danaging the

under | yi ng SUbéb5%h§n§H%&ﬂﬁ%h8£m£Qﬁmﬁ%&?&ﬁp | ow-k dielectric.

(b) a controller comprising program instructions for conducting a process

comprising the steps of:

providing a semiconductor wafer substrate comprising an exposed low-k dielectric,
wherein the substrate comprises a bulk low-k dielectric underlying a capping dielectric,
the capping dielectric having a higher k value than the bulk low-k dielectric, and the

substrate having thereover an organic hardmask to be removed;

introducing over the substrate and organic hardmask an ionizable gas comprising a

mixture of hydrogen and an oxidizing gas;
applying energy to the mixture to create a plasma of the mixture; and

contacting the organic hardmask with the plasma to remove at least a portion of the
organic hardmask without damaging the underlying substrate surface or the exposed

low-k dielectric.
17. A semiconductor wafer processing system, the system comprising:
the apparatus of claim 16, and a stepper.

18. A non-transitory computer machine-readable medium comprising program
instructions for control of a plasma reaction chamber apparatus, the program

instructions comprising,

code for providing a semiconductor wafer substrate comprising an exposed low-k
dielectric, wherein the substrate comprises a bulk low-k dielectric underlying a capping
dielectric, the capping dielectric having a higher k value than the bulk low-k dielectric,

and the substrate having thereover an organic hardmask to be removed;
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code for introducing over the substrate and organic hardmask an ionizable gas

comprising a mixture of hydrogen and an oxidizing gas;
code for applying energy to the mixture to create a plasma of the mixture; and

code for contacting the organic hardmask with the plasma to remove at least a
portion of the organic hardmask without damaging the underlying substrate surface or

the exposed low-k dielectric.
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