METHODS OF REMOVI NG PHOTORESI ST ON SUBSTRATES BACKGROUND [ 0001] Pl asma
processi ng apparatuses are used for processes including plasma etching,
physi cal weposs/degzesi ti on, chem cal vapor deposition (C¥Orjusk@s/031008

i npl antation, and resist renoval. [0002] Photoresist materials are used in
pl asma processing operations to pattern materials. Commercial photoresists
are bl ends of polyneric and other organic and inorganic materials. A
photoresist is applied onto a substrate, and radiation is passed through a
patterned mask tMETHOBSOF REMONING PHOTOREMSTQONSSUBRVBRATES e t wo broad
cl assifications of photoresist are negative-working resist and
positive-working resist, which produce negative and positive imges,

respectively. After being devel op RY exists in the photoresist.
The patterned photoresist can be 3%%% to degme features in substrates by

etching, as WH001RS Hsnseposissingabpdraniss avtused for progesses indiedieg paismai nt o,
substrates. Conmonl y-assigned U S. Patent Nos. 5,968, 374, 6,362,110 and

6, 692, 64eichingeplisinal vaner depesitiop ichemisabvaper deRositiadi(FPa tiew Bplapiatien.chde
di scl osev{)l sna ‘%Eot oresi st stripping techni qgues. SUVWARY [ 0003] Met hods
for reno 'Sﬁgf%’?‘b ic photoresist on substrates are provided, as are plasna

etch gas corrpﬁﬂio&j OPhotbtedist mdtMial§ SROMKEDEh Pragas ipﬁocl@é’@ﬁ 6R&htSdnsQb pattern
substrates. The nethods and conpositions can selectively renove photoresi st

rel ati vemateriale Gotsieratlehofodedsti ark Yemstsenf polymariscadidrasher ayganipangret hods of
renmoyvi ng, or gani sitionin n a

c photoresist on a substrate c rises |
pl asHh pHYEEANG W@g@ﬁénb‘g ,phgtogqg,bsg {54pP e‘iti ﬁE‘iOLPdWE’gE%Fﬁ’ # ghop 1y B"S‘ﬁg?d and an
or gani ¢ | Y £ e\ QA o 1HRYBSist 1. PIRY QFoProgd
i ncl udi ngﬂgﬁggfg%tﬁe&?élh\éﬁﬁ%kaﬂ)?ggmg@erl}%gﬂgtﬁ% photlgr egl?st ; supplying to the
processi pigssifieutioas oBplUtoresissarg asgaivepyorkingorefist) aral fdsitiveiwerkingntesisniwigclgas,
(ii) an oxygen-containing = . . . .
produce negative and positive images, respectively. After being developed, a pattern exists
in the photoresist. The patterned photoresist can be used to define features in substrates by
15 etching, as well as to debosit materials onto, or implant materials into, substrates.
Commonly-assigned U.S. Patent Nos. 5,968,374, 6,362,110 and 6,692,649, the disclosures
of which are hereby incorporated by reference, disclose plasma photoresist stripping

techniques.

20 SUMMARY
[0003] Methods for removing organic photoresist on substrates are provided, as
are plasma etch gas compositions useful for removing organic photoresist on substrates.
The methods and compositions can selectively remove photoresist relative to the substrate.
[0004] A preferred embodiment of the methods of removing organic photoresist
25  on a substrate compriséé positioning in a plasma processing chamber a substrate including
" an inorganic layer and an organic photoresist overlying the inorganic layer, the photoresist
including a carbon-rich layer overlying bulk photoresist; supplying to the processing
chamber a process gas comprising (i) a fluorine-containing gas, (ii) an oxygen-containing
gas, and (iii) a hydrocarbon gas; generating a plasma from the process gas; and selectively
30 plasma etching the carbon-rich layer relative to the inorganic layer. Optionally, an RF bias

may be applied to the substrate during etching of the carbon-rich layer.
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gas, and (iii) a hydrocarbon gas; generating a plasma fromthe process gas;
and selectively plasma etching the carbon-rich layer relative to the

i nor gani cwbayewo2s$pti onal |y, an RF bias nmay be applied troTtUseosswbsbs at e
during etching of the carbon-rich | ayer.[0005] The bul k photoresist can be
stripped in the sanme plasma processi ng chanber that is used to etch the
carbon-rich layer. Alternatively, the bulk photoresist can be stripped in
an ashi ng chanber. The bul k photoresist preferably is stripped using a

di fferent chefi0dsty Tﬁeetmlklph(ntoteelst eameesttippedciartho sme plasmapeecesfimos] A

f d enbodi t I
B or gan TGt s to ek (Bt GUDPAT b ey AIGRTLY fya%‘qﬁﬁfpﬁatof 3t i g

gas, (il Hotdrbgist @ﬁéflc{b BAfingBR EF
Sescrt prieRr R A ARG e bR DRl e
process Hifferéie hsmidgyahan gwrditovpimoteatie cadohaithrlayxd. Iayer for med on
phot or esi st overléi;i n[gnpa silicon substrate using a plasma gener at ed from

100% D or H20l009 pafenged ﬁﬁh@dlﬁlﬁ}é‘l ofdhe P@Slﬁlﬁ@tMFP@PeSlﬁP@@}EﬁT fPFG 2 is

a scanning, el ectron.m £199C0

present Sﬁh’flﬁéms%g?rﬁ(&g %tf’reélsg@%%%. sl nforng&g%? ?‘ %? erC%élPiﬁ%wég Yot gam c
photoreSbgge’n&oﬁfmﬂ?ﬁg bhasad (ﬁb%ﬂi%r&@ﬂfoﬁ%a'sls' ng 100%02 or H20O vapor.

[ 0009] FI 3 depicts an exenpl ary inductivel y-coupl ed plasna reactor which

](c:an be used to perform enbodi nents of the nethods of renoving photoresist
rom substrates. [0010] 4 I / |l el-plate plasma
reactor which can be uséﬁi]gg ngggﬁmg’ﬁgﬁéﬁéﬁ’mgm hods of renoving
phot g esi st f ulgl, qts%ﬁcmLtﬂQﬁ%]ilhgt&esﬁ 6OEERY x‘éﬁfok/irﬁg' dnl 148 1ifBl@fda
process for renoving an ion-1npla car n rich layer fornmed on organic

phot ores baboﬁﬁmhllwemg‘oxana]l dni plmnommhtsdweal[ymgwmhgoms@bﬂstmsmgneplaﬂmd froma
process gas contai nwﬂg? and CEU with RF _bjas_applied to the
0

subst r at @enegrged fony @Zl ) Hﬂ@ wmor Ay R bigsrepehedonye sHSUSf- f ace of an
i npl ant ed waf f(FOOS] FIG. 2 is a scanning electron microscope (SEM) micrograph showing

typical residue present on the surface of a post-implant substrate after etching an organic

15  photoresist in an RF-biased plasma source using 100% O2 or H20 vapor.

[0009] FIG. 3 depicts an exemplary inductively-coupled plasma reactor which can
be used to perform embodiments of the methods of removing photoresist from substrates.

[0010] FIG. 4 depicts an exemplary parallel-plate plasma reactor which can be
used to perform embodiments of the methods of removing photoresist from substrates.

20 [0011] FIG. 5 schematically illustrates a process for removing an ion-implanted,
carbon-rich layer formed on organic photoresist overlying a silicon substrate using a plasma
generated from a process gas containing CFs, Oz, and CHs with RF bias applied to the
substrate.

[0012] FIG. 6 is an SEM micrograph showiﬁg the surface of an implanted wafer

25  after photoresist removal in an RF-biased plasma source using a process gas containing
CF4, Oz, and CHa.

[0013] FIGs. 7A, 7B, and 7C are based on the same data; FIG. 7A is a ternary
plot of oxide loss in A as a function of the volume percent of CFs, Oz, and CH4 flowing into

the processing chamber; FIG. 7B is a plot of oxide loss in A as a function of the volume



after photoresist renmoval in an RF-biased plasnma source using a process gas
containing CF, 2, and CH . [0013] FIGs. 7A, 7B, and 7C are based on the
sane dat ayoRbds/028¢58i s a ternary plot of oxide |oss in Apas/m2603nstooon of

t he vol une percent of CF4, 2, and CH4 flowi ng into the processing chanber;
FIG 7B is a plot of oxide loss in A as a function of the vol unmepercent of
CH4 in the process gas; and FIG 7Cis a plot of oxide loss in A as a
function of the ratio of CKUto CF4 in the process gas. DETAILED

DESCRI PTip&¥eht0dFI . innthe pregsagadand FEEi TC (¢ Oplotrahofide lass iim@ praofuast@sof hat
utilize ion inplantation, shrinking device geonetries, increased ion

i npl ant atheoratia 9 (Fl«de Gitdn dasRoces§#dS-new nat erial s make it increasingly
difficult to produce residue-free devices. Residues renaining frometching
and ashi ng processes can produce undesirable electrical effects and
corrosion that reduce product PEFAIBEDIBSERIIPAON , " Conbi ning M crowave
Downstream and RF Pl asma Technol ogy for Etch and O ean Applications, "

196t h5 Meet i ng [@14] hdnHntegrateskeinnvitcdC) Bawifactyring pracesses that golize iopo015] I n

| asma pr.ocessi.n echni , h I et chi d ti
ot e P e
substrat gn§ ﬁ?@ Rh&1s 2Rke &l igtteh 88019 AR It tProaHESiEAUE- e AI¥ 8. NReGtRRS €d
to ions and free radicals. Organic” pol yner conpositions have been

f or mul at eemdiningsfoarh etchsigsandagspingqabcesses .caf poitidfe Phddsorklsiekictricul effedsranded,

or "stripped," fromthe underlying substrate after the substrate has been
pr ocessedoB)sign Hif frluce BFPq“ﬁbYléhiFgééﬁﬁ,- E)BY‘"'II omplaIg CngfaH@PWélBﬁf%am hat
t he pRot ' -RRI r at g cl ean as
possiBl o MERE Paht TR B 03 e A Db M BE o e o

Vet and dilaensbRdrmRAISbcice NOdes, BMY) be used to renove photoresist. Wt
stripping techni ques use sol utions containing organi c sol vents or_ acids.

Dry strippi ng[QW:5] " daiilasgtd proeessimg derbaiques saph axplgema gicaigearloea@etion esi st
removal . etching (RIE), and in ion implantation, photoresist is applied onto a substrate to protect
selected regions of the substrate from being exposed to ions and free radicals. Organic

15  polymer compositions have been formulated for such resist applications.

[0016] Photoresists are removed, or "stripped,” from the underlying substrate
after the substrate has been processed by etching, ion implantation, or the like. It is
desirable that the photoresist stripping process leave the substrate surface as clean as
possible, desirably without any residual polymer film or resist material. Wet and dry

20  stripping techniques can be used to remove photoresist. Wet stripping techniques use
solutions containing org;cmic solvents or acids. Dry stripping (or "ashing") techniques use
an oxygen plasma for photoresist removal.

[0017] Ion implantation fabrication techniques are used to dope regions of a
substrate with impurities to change the electrical properties of the substrate. Ion

25  implantation can be used as a source of doping atoms, or to introduce regions of different
composition in a substfate. During ion implantation, ions are accelerated at a sufficiently
high voltage to penetrate the substrate surface to a desired depth. Increasing the
accelerating voltage increases the depth of the concentration peak of the impurities.

[0018] Regions of the substrate at which implantation is not desired are protected

30  with photoresist. However, the photoresist is modified during implantatjon, and is
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[0017] lon inplantation fabrication techniques are used to dope regi ons of
a substrate with inpurities to change the electrical properties of the
subst r at ewol200/028838ant ati on can be used as a source of @opiusgoeaosyes or to
i ntroduce regions of different conposition in a substrate. During ion

I npl antation, ions are accelerated at a sufficiently high voltage to
penetrate the substrate surface to a desired depth. Increasing the

accel erating voltage increases the depth of the concentration peak of the
i mpuriti esndefedGi&le dREFgunns rahotdudtes wnplanmtion dtanvearimal (einampsnted i s not
desired are protected wth_ photoresist. Fbmever%gﬁggp hotoresjst.is

nodi fi edPBefeTastst.i Rpitisatagly SRplagisd 190 A3AEE ERBIORST FtR{RsStttBeTERrove aft er

i mpl ant ati on. t han r oy i . ,
ol ant onr<2Bink B e B Tt R AR £ o BRLBOR Slchle p ALY T
near - sur t@oRing-tbhgoRESHoANEH G Taftenied bRpecar bekinS ongbwsenof dosbliekdionds.

The resulting tough, carbon-rich or "carbonized" |ayer (or "skin' or
"crus$") implanted photoreskss ancapshigs thedliginst vadesiying eulk ppeioresiss Fhgdhighkuass nct

under | yi ng_bul hot oy esist.. The thi ckness .of t.nhe carbon-ri | [ S . .a
functi onogfhetqzrg’qpnﬁ‘b?ha ers’ﬁ@cfflﬁgfon\fgjlt %B%p,slm&&%m%d’ Oi}ﬁﬁer’ &iee g%%lﬁgeglrt b(}?\l? rich
layer typigah! IR £ OMERRPMI0uLO00 A {02ibBRO2I002ROBEA A See, A
. Ki rkpatgérlr;ﬁgt rieé%lhg}l%.r,%y}h%ll m nzltstlh%gnhseavi Ly 1 r?rl)ll anted resist in sug-o. 25- m
devi ces, Kitp&ick €7 al. { JEliminAtigg eaviiydRiplanfdaesist ingub€). - Radetices AsMIGROant
doses and ener/gi es i ncrease, inplanted photoresist can pecone |ncreasingly

more di f il dlaly/Augustd P98k . Areudon tedr dewel Ay Hopla e HICEHCHRCFSPred i n

organic phot or esi i ' ' ot her than

on. ot Pl RhBlorditt s LEL R ReRh GRS RIS SBEOELANAT D) 0 o s st

al so occurs. [609P] QyeemichIariBcashidlg: foe@bditoganicagphotaresisealuring plasma
carbon-rich layer, but only at a slow rate of about 500 A/mn or |ess. The
et chi ng meekssingiecfiqudse sther dwnriperiraplantstiom eechrigees; dh whichoiy hembarsimesh| s

W th hydrgg%%[pij(g)ns I.n tlhe%ghot oresi st to produce H20 and [0021] It has been
det er mi n@ tozpsigalyy OEUBan be applied to the substrate to enhance the
removal rate g§oofe GLRRAPldsHeSRningUEniqhee cAPRidve thEctbéSrich Wyt Ssutener gy

to

15 only at a slow rate of about 500 A/min or less. The etching mechanism of these techniques
is the reaction of oxygen radicals with hydrocarbons in the photoresist to produce H20 and
COa.
[0021] It has been determined that an RF bias can be applied to the substrate to
enhance the removal rate of the cross-linked layer. The applied RF bias provides energy to
20 the carbon-rich layer, which breaks carbon single bonds and thereby enhances reactions
with oxygen radicals.
[0022] However, it has also been determined that applying an RF bias to the
substrate to enhance photoresist removal can also produce undesired effects. FIG. 1
schematically depicts a process of removing organic photoresist from an ion-implanted
25  substrate 10. The substrate 10 includes silicon 11 that is ion implanted and a thin overlying
inorganic layer 12 (e.g., a silicon-containing layer, such as SiOx). The inorganic layer 12
may be a silicon oxide layer that is formed by CVD, thermally grown, or may be a native
oxide, and typically has a thickness of less than or equal to 20 A. A photoresist 16 applied
over the inorganic layer 12 includes bulk photoresist 18, and an overlying carbon-rich layer

30 20 formed by the ion-implantation process. The features (contacts, vias, trenches, etc.)
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the carbon-rich layer, which breaks carbon single bonds and thereby
enhances reactions with oxygen radicals. [0022] However, it has al so been
det er m nestot2b@to28g3el yi ng an RF bias to the substrate topemhsdes/opivog or esi st
removal can al so produce undesired effects. FIG 1 schematically depicts a
process of renoving organic photoresist froman ion-inplanted substrate 10.
The substrate 10 includes silicon 11 that is ion inplanted and a thin
overlying inorganic |layer 12 (e.g. , a silicon-containing |ayer, such as

Si Ox) . Thiefihedbg i photaysst 1b2aramypiklyaabsid 0.26 nnoxt Wes iraweith bhatke subsfraemed
by CVD, thermall rown, or may be a native oxide, and typically has a

t hi cknesslOpfIny a@slgF traerl BisteagraPrgelc £0° ons sam fyise spfesing 18 the Bior EiGlaRer t he

i i C ol i pcl udes bul k . ' d '
car bon 1 12 Yeaerts oF s RgGaRy 15 12 a0 iSRRI Ber DR (RRBYE P et ur e
(contact Ssged{fié’a'iionE HRNaREEunEifoud OF ift? gafy ndah@iaP %g.q lrogm@ los @ufihg they pi cal Iy

about 0.25 mmor less in width on the Substrate n an RF bi ased system
ener gbt i gexBhval of dimescarbon-tich yes P and therigllophatbresisn b8 galpsscthhmyglout 22A. The

S el S SRk RS B SRS S e
process I M ¢ P
oot of esiths Pk P8 EA 1SR ey 1505 a YRR D o Sk o Bagy s

typi cal | yInh&iditich, ispiutedte® iorginid marriabemtre2RPodivomthesubst IO ahd oadet t he bul k
photoresist 18 can typically have a thickness of about several thousand
angst r onPhotogesigiofesbiag it piganisrang inoigprya Apdduechedng preserd onthe stHaictalish t he

substrate,and o photoresi st, resulting i anic a Lnor I,C

Fos: dhe SliRpenEhR SR HiER HherbBtirhicpgs (Indl AR iR Enb YR Gt i ng
el ectr on pRLhOST RRuiEMI IPSst-RApRANWERPW RGionS 3t FHRIPHBRRBIstAS piddent#r f ace
of a post-inplant wafer at regi ons at which photoresist is present on the
subst r at ehasubstratphadcopesossisaathingginian RiftbiRkebplasmal spiras nsing d 00 BeOuei HgO 100%
Ch or EhO vapor. [0023] Another undesirable effect of applying a bias

vol t age t'8P%™he substrate for carbon-rich layer renoval is that oxygen ions

of the plasma (jgys1hay okl fddebieitit ¥t Of applying a bias voltage to the substrate for

15 carbon-rich layer removal is that oxygen ions of the plasma may have sufficiently high
energy to penetrate the thin inorganic layer and oxidize the underlying silicon.

[0024] In light of the above-described findings, it has been determined that
process gases including a fluorine-containing gas, an oxygen-containing gas, and a
hydrocarbon gas can be used in organic photoresist etching processes to control, and

20  preferably to eliminate, sputtering and re-deposition, as well as growth, of inorganic
material. The inorganic material can be, for example, a silicon-containing material (e.g.,
Si, SiOx [e.g. SiO2], SixNy [e.g., SisN4], SixOyNz, HfSixOy and the like), and HfO. The
photoresist can be present on various semiconductor substrate materials such as wafers
including, e.g., silicon, SiO2, SisN4, and the like.

25 [0025] Exemplary fluorine-containing gases suitable for inclusion in the process
gas include CF4, SFs, and NFs. More particularly, a preferred process gas for removing
the carbon-rich overlying bulk photoresist includes CFs, Oz, and CHs4. The process gas can
also include one or more other optional gases, such as N2. Also, the process gas can

include one or more inert carrier gases, such as Ar, He, or the like.



energy to penetrate the thin inorganic |ayer and oxidize the underlying
silicon. [0024] In light of the above-described findings, it has been

det er m neglot2b@to2gssecess gases including a fluori ne-cont acmiusgogasioosn
oxygen-cont ai ni ng gas, and a hydrocarbon gas can be used in organic

phot oresi st etching processes to control, and preferably to elimnate,
sputtering and re-deposition, as well as growh, of inorganic material. The
i norganic material can be, for exanple, a silicon-containing nmateri al

(e.g., Si, Si @0JR IrheSHroedss gaSpreibrable.compriSed, by vBluely,Nep, totdbBixE% ardhe he
li ke), and HFO. The phot oresi st can be gresent on various sem conduct or
subst r at duprnecoRpining gas, agtq/@wt 80 forefi therhpigrocabgn gasiand @bieasiqlye of thy g,

d the lik 25 ai ni e f,
el et oy Srroedtiiie g6S LAt Srerifly. B GOHMRLIL AnBRSSO oR WA Sl
a pr3fer%@&t@@%@ﬁﬁle%ﬁ)rﬁl@fcoﬁﬁ dg @ ﬁ%@&fub%%rﬂ'ocibowm%wmm bul k

phot or esi st i ncl udes 4, 2, he process gas can al so include one
or nofe hydn@nanbpnlgamedndgfasnsbomlj@% t—;(sab@t 9QYosaf, the hey gencatadnigagasan i ncl ude

one or nore i rier such as Ar like 026] . The
process gas p:@ﬁﬂaaﬁi}d@& Fﬁ %QTOCSV %Isﬂﬁ@sﬂec?ﬁoﬁﬁﬁﬁtl /“%1%

fluorine about 50% of the hydr ocar bon gas, and at

| east SOE’%%%PE?%e tgg?ggﬁe l():%ﬁttcgflﬁﬁ ng gas. More preferably, the gas m xture
conpri ses, by [0088)MEOthep gises @ uin RO6vefthé beabdi-rich ilayer dmiidei @Frandg@HFs.f r om
about 10%to about 50% of t he hydrocarbon and from about 50%t o about
90% of  t FovwsxgyehCEokn tredi Mds Bf8 ral{lmgmjﬂmadﬁ‘%gw tproyedeiesied seleaiiyity

softepns the carh ich | ave n easier to renove by

et ching. “[1 ﬁecg]%@? Héoa{g% E%S{Tw%h%é% ?%e ‘carbon-rich layer include
CF4 and CHF3. [6#28]VeThe pHotdeéist Ginbeesly suitabils offaaicesotihyr copipusia. Wdrh CHA
to provide desired selectivity with resgndct to the |nor%an|c | ayer (e.g. ,

to an Si €karthplgethe phpGOEGt c?ﬁwowhom creisicBide aansibof dreyNevtlalaplass, @r gani ¢

pol ymer copposition. For ex t he photoresist conmposition can include a
resin of PPEDWW&OEFPOBFI% 8r ﬁgﬂ

[0030] To remove the organic photoresist, the process gas including fluorine-
15 containing gas, oxygen-containing gas, and hydrocarbon gas, is energized to generate a
plasma.
[0031] The plasma is preferably generated from the process gas by applying radio
frequency (RF) to an electrically conductive coil outside of the plasma processing chamber.
The wafer is preferably placed in the plasma generation region. In a preferred
20 embodiment, the coil is a planar coil and the wafer is parallel to the plane of the coil.
[0032] The plasma reactor is preferably an inductively coupled plasma reactor,
more preferably a high density TCP™ reactor available from Lam Research Corporation,
the assignee of the present application. Embodiments of the methods of removing
photoresist from substrates, such as 300 mm and 200 mm substrates, can be performed in
25  an inductively-coupled plasma reactor, such as the reactor 100 shown in FIG. 3. The
reactor 100 includes an interior 102 maintained at a desired vacuum pressure by a vacuum
pump connected to an outlet 104. Process gas can be supplied to a showerhead
arrangement by supplying gas from a gas supply 106 to a plenum 108 extending around the
underside of a dielectric window 110. A high density plasma can be generated in the

30 interior 102 by supplying RF energy from an RF source 112 to an external RF antenna 114,
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pol ystyrene conponent, or the |ike. [0030] To renove the organic

phot oresi st, the process gas including fluorinecontaining gas,

oxygen- conpanes/ogssgas, and hydrocarbon gas, i s energi ze#dCrasg@sesaie a

pl asma. [0031] The plasma is preferably generated fromthe process gas by
applying radio frequency (RF) to an electrically conductive coil outside of
the plasna processing chanber. The wafer is preferably placed in the plasm
generation region. In a preferred enbodinent, the coil is a planar coil and

t he waf eruttsap@pRhiedpitad céibBayih@oge of mbflﬂumsl dispdsed3tsidEhke gickestriv wadotvor
Is preferably an |nduct|vea? coupl ed plasna reactor, nore preferably a high
densi ty TdPEnipp péthstisncters Hid-abl e from Lam Research Corporation, the

st anee Of ¢ MRSk Bl BE B0 EUHREMES Bt i sl BbRREhaf oy v
per for ”E%tbﬂo@ml Bt trEMRIYI00UH absRARIABPIrE R0S.OThe SusshaRSsubpért egeh®r 100

shown in FI G . The reactor 100 includes an interior 102 nmintained at a
desiré&d \lmiudma pinekimgrapphsatus, maﬂmﬂsmnmlﬂvpros’rannehuﬁcﬂﬁ(b apd theumubegratd 346 can

E ? 3:&6359333 sgﬁgﬁv@elhsygf Hisleatrin Grin e B ot i Gimanetite SRR of a
. .
ai el ectri jl: (Sglbgy Sua%zé%l%rpgg%getﬂ%é b@ir?t%%&'@@gﬂat%% gﬁﬁ@és%hg%f ke §u'B§trate|

I nterior energy from an ource 112 to an external RF

antenna 114, stetprasese gid aippliedpy ! gas Qupplpd06 ean flow throughrchatnetsisstaeaposed
outside the dielectric window 110 on top of the reactor 100. [0033] A
subst r at dhedigleckiscwindewal 19cani carader ipg was distriiusion pis L 2b andwrtes et he

suppdP; e eao? (EotehCeh Yantli A Supdrd: R udhRRS e i dra BESyBRRI ©
chuck 12Qye dpchdrd §a§ Hx?eﬁdr@feﬁteﬁéiﬁ @lﬁfﬂuﬁlﬁth%%lh@b'\ﬂd ESée bfbr @x8hfle€Edhinonfyocus
ring 122. The chuck 1 can include an RF biasing el ectrode for applying an
RF bi as tassigted @:S_osﬂateglt N0ﬂ6r23ﬁ@5dl ahearepetoc emsilsingfude ladinsn 326 exsteading6. The
E;?\(/:\EZ?\ %osm%l%pﬁatleeﬁ&y the gas supply 106 can flow t hrough channel s

[0034] An exemplary plasma reactor that can be used for generating plasma is the

15 2300 TCP™ reactor available from Lam Research Corporation. Typical operation
conditions for the plasma reactor are as follows: from about 400 to about 1400 watts
inductive power applied to upper electrode (coil), reaction chamber pressure of from about
15 to about 60 mTorr, and a total process gas flow rate of from about 200 to about 600
sccm.

20 [0035] Embodiments of the methods of removing photoresist from substrates can
also be performed in a dual frequency, parallel-plate plasma reactor, such as reactor 200
shown in FIG. 4. Exemplary dual frequency reactors include the Exelan™ reactors
available from Lam Research Corporation. Details of dual frequency reactors can be found
in commonly-assigned U.S. Patent No. 6,391,787, the disclosure of which is hereby

25  incorporated by reference. The reactor 200 includes an interior 202 maintained at a desired
vacuum pressure by a vacuum pump 204 connected to an outlet 205 in a wall of the reactor.

Process gas can be supplied to a showerhead electrode 212 by supplying gas from a gas

supply 206. A medium-density plasma can be generated in the interior 202 by supplying:

RF energy from RF source 208, 210 and RF source 214, 216 to the showerhead electrode
30 212, and to a bottom electrode of a chuck 220 of a substrate support 218. Alternatively,
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the dielectric window 110 and an underlying gas distribution plate 124 and
enter the interior 102 through gas outlets in the plate 124. Alternatively,
t he gas owoD 2b&/@eg3pl i ed by one or nore gas injectors extremdisp@stobioosigh t he
wi ndow. See, for exanple, commonlyassigned U.S. Patent No. 6,230,651. The
reactor can also include a liner 126 extending fromthe plate 124. [0034]
An exenpl ary plasna reactor that can be used for generating plasma is the
2300 TCP(tm reactor avail able from Lam Research Corporation. Typical

oper at i onhe st drheaseldoplode €2 phrasaaleemampgroaneecaanﬂm ey hir e different 400
to about 1400 watts inductive power Fl led to upper electrode (cail),
react i on fedsmenaies cfﬁmé@sﬁupph@rmft o hotgss giecrgde. o Oliss GePdiveloeoupledriclh t ot al

process gas_flowr 00 t about 60

Ebod: menpeios enalhdefsed b AEMbYs e Branet BT skt Pibblectead,pra s
be perf or%%er &1BctfoddUat oﬁl@z&@ YeHdEYm Qedtride e1Sep)] Rt exhpie NBoh@BalyOlssighete 1. §is
react or shown in . Exenplary dual’ frequency reactors include the
Exel af(t rﬁaterneahxso6,§1&;1§h4|aad 1667 70r, 116, IteendiRdewmescdf Woich ercaliéroby. inCetpaidted by

dual fregufenﬂ%é reactors can be found in conmmonly-assigned U S. Patent No.

6, 391, 787 TIHECi scl osure of which is hereby incorporated by reference The

reactor 200 i es of &% £

pressure by artgg%lﬁum])gﬁ%?%ﬁ%ggrfmecta@ ?él)aiair%?gru?* bgfggﬂe lﬁﬂge\f% of the
reactor. rhiinRerd agasuffikiendls 16w pahpEtutOo@a Sﬁbﬂﬂﬁtmoﬂh@p‘tdwdﬂu@ﬂlﬁﬂgyof
supplying gas froma gas supply 206. A nediumdensity plasma can be

gener at edh¢ KyeheFpmexapipde, azwzbq;yrlghjkﬁpffsymmg rumaﬂee\ﬁ@nggol\‘qn&ﬁnmhe §B‘P}PE€<§ISQOS

210 RE_sou 214 0 S ead d 0 a bottom
ei co o BPOSERafe ‘safae o] el MV EdR e BE kP By BRmCuE To
shower heagdpatgst T@%mals%cm&pt@engbmb rchﬁ;@hlri/chgayetnﬂeobub@me B:p@fé@zﬂﬂy at two
different frequencies can be supplied to the bottom el ectrode. O her

capaci ti \malytam@dpt edeleparbturfeaﬁlﬁmtbamabvmlléﬁ°(5,eandsladre Iygfchabh; frohoghouh20i ng
pot {om elt88bg3- Caand a Baastarpiure dapmnity darus Sy BBF Gorift eehing of
carbon-rich layer.

15 [0037] During etching of the carbon-rich layer, RF bias is preferably applied to
the substrate with a bias electrode provided in the substrate support on which the substrate
is supported. The RF bias is preferably capacitive. The applied RF bias and RF power
used to generate the plasma preferably are independently controllable to independently
control ion energy and ion flux, respectively. The RF bias accelerates ions in the plasma

20  and adds energy to the substrate, which increases the removal rate of the carbon-rich layer.

The RF bias voltage applied to the substrate is preferably less than about 100 volts (with
respect to ground), more preferably less than about 20 volts. It has been unexpectedly
determined that the combined use of fluorine in the process gas and an applied RF bias to
the substrate is effective to remove the carbon-rich layer at a sufficiently high rate while

25  also providing high selectivity to inorganic material (e.g., oxide) present on the substrate.
It has further been determined that at a given volume percentage (e.g., flow rate of 5 to 50
sccm fluorine-containing gas) of the fluorine-containing gas included in the process gas, the
RF bias can be maintained at a low level that reduces the inorganic material removal rate

from the substrate during etching of the carbon-rich layer.



Pat ent Nos. 6,518,174 and 6, 770, 166, the disclosures of which are hereby

I ncorporated by reference. [0036] During renoval of the carbon-rich | ayer,
t he substweateodmsgssef er abl y mai ntai ned at a suffici ent| ycirasdmsnpmoat ure on
a substrate support to prevent rupturing of the layer. For exanple, a
carbon-rich | ayer may rupture when solvents in the photoresist conposition
are volatilized by heating, producing particles that may deposit on the
substrate. To avoid such rupturing of the carbon-rich |ayer, the substrate
i s preferabl y[0038ht Refentingtto &1Gefpirhas been deteriinsl thhtaprisesst gas 3od@lingad
nore preferably from about 20 to about 750C, (fng 51 chamber pressure of | ess
t han abodUOHPOTORIHRISER | HYOBIECAICRBIAEIDG &AS, A%F BN Op e anfrﬁ%?f] Duri ng

et chi ng . -3.Gh. ' hS : l,i he :
cubst ra SogPRieE YR e b e oo BhEST B SRELEE B3 1 2R B e " o
t he substdyaf)andshssRaedd Athvoihee-Ripobitias of spiptetddematdayicoapariak onvthe The
applied bi as and RF power used to generate the plasma preferably are

i ndep®ndewhstites oRlupring ean asq @ﬂntﬁ@étpé%g@ﬁFWV@cﬁfthﬂgamé Anaseraly) thah @Y jbgAn
flux, resPectivg}IH%. The RF bias accelerates ions in the plasma and adds
energy t 8" CREOGPIUYTEYSte  which increases the removal rate of the

carbon-rich | sy@o] THGirBEelindfe ‘pﬁi&e%}%hs%l@&i et thetdagbontiet ragéleinbfeases
s

preferably | ess than abolt 100 volt with respect to ground), nore
pr ef er ablthe ¢tels sate hfithe abrhon-ri lapért by, rectingawithh exnss-linkedbessben| i islbeligveiined

that the conbined use of fluorjne in th rocess gas and an applied RF bias
to the sipddlugrge mayfsosappncs the car %‘\’}’éﬁll%’@ré'&ﬁ%t%:ri ch layer at a

suffygiently %m&;?fc}% Mids & ea, ﬂfe&i‘éis & glg ﬂ?b&@s §i§'§t &eliny chli thOcdrBOR-RAI C

materfal (e.g. present on ‘the substrate. has further been

det er m neglel baise@h passpiavifis layet 22eo percante@xidedayer 12 dddahe phdteresist $6 (see50
seem fl uori ne-containing gas) of the fluorine-containing gas included in

the procdd6. é)agyhiﬁfh_éedRFBStiﬁ@tQm@aﬁt ofdomrindveed ereide grovahiagd, ElFPUEARE 1 educes
e Lacngar T, o7 O e B B e G S RS 9,
that a prgesssa®ss-richThpdiréiflovhl and substrate passivation cannot be independently

15  controlled. It has been discovered that by separating the fluorine source and the CHx
passivation source, i.e., by providing a process gas including a fluorine-containing gas and
a hydrocarbon gas, residue removal with high selectivity to the underlying substrate
material can be achieved, as carbon-rich layer removal and substrate passivation can be
independently controlled.

20 [0042] The complete removal of the carbon-rich layer 20 can be detected during
the etching process by using an endpoint detection technique, which can determine the time
at which the underlying bulk photoresist is exposed. The endpoint for carbon-rich layer
removal is preferably determined by an optical emission technique. For example, the
optical emission technique can monitor the emission from carbon monoxide (CO) at a

25  wavelength of about 520 nm. During the removal of the carbon-rich layer, a small CO
signal is produced due to the low etch rate. Once the carbon-rich layer is opened, the
exposed underlying bulk photoresist is etched at a faster rate than the carbon-rich layer and,
consequently, the CO concentration and the corresponding CO signal increase.

[0043] After removal of the carbon-rich layer, the underlying bulk photoresist is

30 preferably removed using a different photoresist etch process. For example, the bulk

-9-



fl uori ne-contai ni ng gas, an oxygen-contai ning gas, and a hydrocarbon gas
can etch the carbon-rich layer while mnim zing sputtering of the inorganic
| ayer 12 we.2goé/02888 oxi de | ayer) and thus reduce or avoirdTris2espssng i on of
sputtered inorganic material on the substrate. Fluorine can also contribute
to the renoval of inorganic materials that may be in or on the photoresist.
[ 0039] Hydrogen in the process gas used to etch the carbon-rich |ayer

i ncreases the etch rate of the carbon-rich layer by reacting with

cross- | i phewresist bambe rémoved byl dxygenlaghivag atfa highdrrtemperptuae Smnghé tamaperathes

carbon-rich layer etch rate. [0040] K The addition of CHx species to the
process @adferabligused dgring thear 'HBA]l%yF’bﬁtCm&ﬁéFepcaﬁgé?‘a’é‘p agléq W;ﬁrﬁﬁ | ayer
22 to for ' ' ; i ch
Feduces L e B e s R P B Boripout)
| f a si nghebsiRpherésist eRbidy stdpl oTheehanttidr Ghdssyrads preddrably greatersthdn abaith as

CH3F, carbon-rich |ayer renoval and substrate passivation cannot, K be
i ndep&nd&RP myTere during bl photorpgs remenaldi Qeiasa asking Rlse cAY acipys ahighy t he

fluorine source and_the assivatian rCem. /hs V.. provi di

process é%l‘?oYaﬁcF?'ﬁd)? ﬁlbeh%ulﬁﬁtﬁ%@r%gt.c ?ﬂf 8%‘%?@5’ %%Qz/ia\lﬁgﬂa:gnﬁycgﬁggléé éoﬁlgg?g%k _
residue ?ﬁ%&‘é’s'ist‘ﬁ’c 5 ParB o rof ARt 1 b bibout® hitPonsNERY. | Xh BGtish DivERL S18Y €l al
can be achieved, as carbon-rich | ayer renoval and substrate passivation can
be i ndepeaisdertisyd.c dulatidé baldent§ BOMR phFtoeesist oan be exlraustod ftonpthetfasnaar bon-ri ch
| ayer 20 can he detected during the etching process by using an endpoint
det ect | oRTPEEHAE shambeRs dif RUOTEFS ﬁ?lf?g the tinme at which the underlying

bul k ;ghot or esi[g(m]f]egﬁ%g@ﬁg%ho%?&is%l'i‘sd@%'ké%blg%m%dbiﬁflhé bt LidYder oggoval s

preferably det optica m ssion techni que. For exanple, the
optical efffgehtothai®ennding e ptamargenértankl Upseaniiosi the sibamte aHoorvennioxi de
(CO at a wavel ength of about 520 nm_ During the renoval of the carbon-rich
| ayer, a byHeaphotaesis gmaval sepeadircrafamed ip %terf@medaxp%eﬁ@ﬁg chamaberchaids pprd
carbon-r itg thh(ﬁ{ee cr:ari)gn-%%ﬁ Ta%/%f. tArft%rnatively, the bulk photoresist can be removed by etching

in a different processing chamber. That is, the substrate can be removed from the
15 processing chamber after etching the carbon-rich layer, and placed in a different processing

chamber to etch the bulk photoresist. Using different processing chambers can obviate

changing gas chemistries and/or the substrate temperature during removal of the carbon-

rich layer and ashing, respectively.

[0045] Exemplary process conditions for removing the carbon-rich layer on a 300

20 mm wafer are as follows: chamber pressure of about 10-50 mTorr, preferably 30 mTorr,
power applied to upper electrode (coil) of about 400-1500 Watts, preferably 1200 Watts,
power applied to bias electrode of about 2-10 Watts, preferably 5 Waits, gas flow rates of
about 5-50 sccm for the fluorine-containing gas, about 20-200 sccm for the hydrocarbon
gas, and about 300-500 sccm for the oxygen-containing gas, and wafer temperature of

25  below 50°C, preferably about 20°C.

[0046] If the power applied to upper electrode (coil) is too high, passivation may
be lost. It is desirable that any residue generated during removal of the carbon-rich layer is
soluble in deionized water, thereby minimizing the need for wet stripping techniques. It
has been discovered that when the carbon-rich layer etch is carried out at higher

30 temperatures, however, wet stripping techniques may be necessary. The flow rate of the
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exposed underlying bul k photoresist is etched at a faster rate than the
carbon-rich layer and, consequently, the CO concentration and the

corr espormiongosddassssgnal i ncrease. [0043] After renoval eCTiuseoosasimon-rich

| ayer, the underlying bulk photoresist is preferably renpved using a

di fferent photoresist etch process. For exanple, the bul kphotoresist can be
renoved by oxygen ashing at a higher tenperature than the tenperature
preferably used during the carbon-rich | ayer etching step. For exanple, the
subst r at dliceimpeoatainieg ganmandéorghe hydnocabon gad B3P Be tadjuated uod adiévelsElective
preferably 200 to 280Q 0C, during the bul k photoresist etching step. The
chanber pieuag phthe carhograshiaysy rgladixg & the dpereaNe iAYe500 nmrorr duri ng bul k

phot oresi st r | . i . i : i V, e of
Phe bul k. phot dVeeTls; EEHFIEE: A0013 %oy B rBARHEY rchlaing SRAAlLRE
phot or esiifita @iwndtre@h Plefalsb@ntiRbiier afe 40folbAE! cRaib&PRESLIE ¢F abbat LROO onal
over-ash step can al so be used. Volatile solvents in the photoresist can be

exhau$t ednTemnabdve 250 dvaits of powss ipndied tia theeplagma savsce fiefebprosesstgap Slogstat .

[ 0044] Th ul k otoresist.is preferabl moved.Jdn the sane chanber or a
di ffer entoqséﬁﬁ%%@aﬁg?lﬂga@sﬁbﬁgﬂgt%@%&f%‘&{fpﬁg ?goag?f romthe substrate.
However, the QghkgIPheIQr&shcws J@Mﬂ&é?@pﬁﬁa&eﬁ)ﬁf P_usaaredhriabe hitg sane
processi ng chanber that is used to etch the carbon-rich | ayer.

Al t er nat ipeefoymirtgheplintbiesiphienmvekprotess ancdrding dow\peefetrgd etnbhdimaeni.n The

di fferent processing chanper. That is, the substrate can be renoved, from
the proc&ddimhPIONeIHBsIudRd repoying nm gatbAr-TicklptsA fprasd 9%%%?11%1%%1163%(1 in a

diff %beh%sﬂ{(ggaﬁ;ﬁ}@g%gsagggg g?cgg@lﬁga{;gh,egg %h%%kﬁmﬁrmaso p?)ﬁl?& to thgfsgp&{ﬂée,fgnar ent

processi ng chdnging gas chem stries an

subst r at ehérefgagivaigithe uitérlyigg belphatoredisttustgtasthaiard dbwhayam arg pasdesig,
respectively. [0045%, Exenpl ary process conditions for renoving the

car bon- r iAshshosipein G- 4, gopherazistarassompieiely gemeyied andamBtectphle posirascho
about 10-5Q . nirorr ferably 30 mlorr, power applied to upper electrode

e
(coi ) of i pﬂ?ﬁ?-g{l%% e\)@ﬁfgrs, preferably 1200 Watts, power applied to
bi as el ectrode of about 2-10 Watts, preferably 5 Watts, gas flow rates of

15 Examples:
[0049] Silicon wafers were ion implanted to produce a carbon-rich layer on

underlying bulk photoresist. The Table below shows the etch rates that were determined
for silicon oxide and bulk photoresist at different ratios of CH4 to CFs (on a volume percent
basis) in an oxygen-containing process gas, which was used to generate plasma to remove

20  the carbon-rich layer. During stripping of the carbon-rich layer, an RF bias at a power
level of 5 Watts was applied to the substrate.

[0050] The bulk photoresist etch rate was estimated by placing a non-implanted
organic photoresist having a known thickness in a processing chamber and partially
stripping the photoresist. As bulk photoresist is also non-implanted material, the calculated

25  bulk photoresist etch rate approximates the etch rate of bulk photoresist underlying an

implanted carbon-rich layer.
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about 5-50 seem for the fluorine-containing gas,
and about 300-500 seem for the oxygen-containing gas,

hydr ocar bon gas,

about 20-200 seem for the

and

waf er t empenadsnessef bel ow 50 0C, preferably about 20 OE@cT[u3Q¢b8j3iohs t he

power applied to upper el ectrode (coil)
is desirable that any residue generated during renoval
is soluble in deionized water,

lost. It
carbon-rich | ayer
for wet stripping te

stripping techni ques
t hef |l uori ne-cont ai ni

chni ques.

may be necess
ng gas and/ or

w rate of

is too high, passivation may be

of the

thereby mnimzng the need
It has been di scovered that when the
carbon-rich | ayer etch is carried out at higher tenperatures,

fbﬂé ]hThe fl

achi eve selective etching of the carbon-rich |ayer

however, wet

bon gas may be adjusted to

to the

i norganic layer. [00¢@
remai ni ng bul k phot of
foll ows: chanber pregs

it

ving the

tts of power

relative
npl ess..C nd|t| or r
ﬁ§ﬁ1 %iﬁ?&ﬁggg ﬂlasna S r%p chamber are as
3togf | 5 nﬁ“ﬁ’:;orr Etgh sefe (A50m)
B source] total ocess [gas flow rate o

applied to the pl asn
seem and substrate
m crograph taken of
renoval process acco
i ncl uded renoving the

t engélr at Yir e of

3%

ut 220

0C.

[©628] FIG

about 4400
6 shows an SEM

a substrate surg

e afte

r perform ng a f

pbhot or esi st
hi ng process

usi ng a process gas
substrat e,
st andard downstream

corrpl &t el y red@R2d a
waf er .
RRBE S

carbon-ri

bhot or esi st

r di Agl tola pLe}‘ e?gedf enbogl men?-! 2ﬁ'heI Et(
]ra({lgl nq“C(I;U %ﬁgra d onéﬁwgl asr

applied to the

strip process.

SI|ICO

AR it fE B

giene

shown i

(1S

re

CEQ™

Si s’t

and then renDV|ng t he underlylng bulk photoresist using a
t he phot oresi st was

Rles 6ot ieaulEscabap tBatﬁB% buléitnhﬁtqr@%ﬁitcmé oxidestelsEatgs both

dt[ﬁg&%%t e\?lﬂt‘ g[élﬂgg%%ows t he

t he

etch rat egid hACHWES EFHetrae ish ?&uft@&exﬁ@dsk@@&h@éxﬁ@n@@&f Ppidsephetiamewinin at

different ratios of

CHto CF4

(on a vol ume percent basi s(ﬁ
oxygen- coviticti 6Ha gagihatessmd gastectathec$iOassr facsdtomn shemivel an

in an
opphysieal attackenove

The oxide etch rate increases with an increasing ratio of CHs to CFs up to a ratio of CHa to

CF. at which passivation of the inorganic layer is sufficiently large to decrease the etch rate

of the inorganic layer. While not wishing to be bound to any particular theory, the

enhanced photoresist etch rate is believed to be due to the presence of both H and F radicals

FIG. 7A is a ternary plot of O2, CFs and CHa4 flow rates (50 to 100% Oz, 0

to 50% CHzs and 0 to 50% CF: flow rates) versus oxide loss in Angstroms (oxide loss

shown in numerical values adjacent open boxes, e.g., for 90% Oz and 10% CF: the oxide

loss is 28.8 A whereas for 80% O2, 10% CFs and 10% CHa the oxide loss is 1.8 A). As

can be seen from FIGs. 7A and 7B, addition of CHa to the process gas reduces oxide loss,

through passivation of the oxide surface. As can be seen from FIGs. 7A and 7C, a ratio of

CH: to CF4 of greater than 1:1 reduces oxide loss, again through passivation of the oxide

surface. Accordingly, as can be seen from FIGs. 7A and 7C and the above Table, a

preferred ratio of hydrocarbon gas to fluorine-containing gas is from 1:1 to 10:1.

For comparison, gas mixtures containing 10% CFs (balance Oz), and 10%

CHF: (balance Oz), were used to generate a plasma and remove the carbon-rich layer on

10
in the plasma.
[0053]

15

20
[0054]

25
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bulk photoresist from ion-implanted silicon wafers. The oxide etch rate for the gas mixture



the carbon-rich layer. During stripping of the carbon-rich |ayer, an RF
bias at a power level of 5 Watts was applied to the substrate. [0050] The
bul k photwoeasisasgssch rate was estimated by placi ng a neoTiuspéans®ds or gani c
phot oresi st having a known thickness in a processing chanber and partially
stripping the photoresist. As bul k photoresist is also non-inplanted
material, the calculated bul k photoresist etch rate approxi mates the etch
rate of bulk phot oresi st underlying an inplanted carbon-rich layer.[0051]
TABLE [ O@b@thinfigeCFewhs 22 Adinirs antidle otide¢ etcheatb dbkthplgas Unmrfstorménmngﬁhﬂ& et ch
rates both |nCJease with a small increas the ratjo of

decr ease WaStIR AR ndbegsRHAG sich satgs ateyigo ﬁkghépaphqt%es%sggqmqv {occgsses &Lt
d
emonst r %‘é?e gtpﬁ%‘&é&@’é ity fo%deal%eﬂfo% ﬁ)%cﬁ@&f Ichis &@'Iﬁb E’ﬂﬁlﬁh&’at es

and pr ot ace from chemca or physi ca atta The
oxi de et @Ridedtdh faftCoRABESS W/fnin ailﬁdleﬁlﬁdcﬁ&i@ltm@seﬂﬁidr@ fnaGihnt 0xidE4tchpratecfa
ratio of CHA to CF4 gt which passivation of the inorganic layer is

suf fi 8i ethSByhdneabgetléx/mgcrease the etch rate of the inorganic layer. Wile

not w shing t baund rtjcul enhanced or esi st
etch rate is EQJ(%%& g@ Bélpa%ggtta% t’i“l’fg SE’rugé @QV%F %hﬁgf’?p?—‘fs ??3115?8 raggi cals in
the pl aspgnqifiGeerd cfdlﬁmz& 2% @qhiQARASY dofo R, fm@g %'&ta@%ﬂ dbdcoipibat es
(50 to 100% 2, Ot 8 to 50% CF4 flow r versus oxi de | oss
i n Angst mthsrefe@xmcd&o Ispmﬁ«s bmhndmmms uhaeof; anhthoat departa) Gomrthe oqupa db dhees,
e.g., for 90% 2 and 10% CF4 the oxide loss is 28.8 A whereas for 80% O2,
10% CF4 anpendedslemst he oxide loss is 1.8 A). As can be seen from FlGs. 7A
and 7B, addition of CH4 to the process gas reduces oxide |oss, through
passi vation of the oxide surface. As can be seen fromFIGs. 7A and 7C, a
ratio of CH4 to CF4 of greater than 1:1 reduces oxide | oss, again through
passi vation of the oxide surface. Accordingly, as can be seen fromFIGs. 7A
and 7C and the above Table, a preferred ratio of hydrocarbon gas to
fluorine-containing gas is from1l:1 to 10: 1.
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[ 0054] For conparison, gas m xtures containing 10% CF4 (bal ance O2), and
10% CHF3 (bal ance 2), were used to generate a plasna and renove the

car bon- r iwb 2beysssen bul k phot oresi st from i on-i npl ant egcsiustasnswag er s.
The oxide etch rate for the gas m xturecontaining CF4 was 27 A/mn, and the
oxide etch rate for the gas m xture containing CHF3 was 15 A/mn. These
oxide etch rates are too high for photoresist renoval processes that have
stringent maxi num oxi de renoval specifications, such as those having a

maxi num owhdeisadgimedds:e of about 5 A/nmin, and especially those having a
maxi mum oxi de etch rate of |less than about 2 A/mn. [0055] It wll be
apparent to those ski lled in the art that vari ous changes and nodifications

can be made, n Zﬂo%nttsregfw | C 1 rr%ég&mte? £ 91? h@gb&eatt@'éofiﬁ)rls ng:

description w ree’'t's sp er eof
departing fr O'ﬁo%iﬁ@nﬁlﬁgcbpﬁtb@tfraté e a @lﬁéﬁﬁ(iﬂé’ceﬁélﬁg BBanN¥ lof lal4dn@d feaetof,She 1. A
met hod of removing an organi c photoresist on a substrate, conprising:

posi t Bonisnpsteate irobiding @ inarganjs lasmﬁra@wsmmgh@hm@w@ymg Bledsenganieact or,
the substrate._ in Iud| n nor ga er and .an a ho or esi st

over |y ndPeERIPFIE FylRe o EhoR iRt er e Rl RastaReBhoon 1 oh

| ayer overlyi L ﬁhh RlavirB&ks&n gRsprbless 3gs Pl asma
processi ng chggggyh& ﬁé}%pér% gs gg?ﬁg n{)drlamsngg%% fluori neeS cosht ai ni ng
gas, (i1 )coamprieigdere fhmorimiconngdnigg gas,diipaf okj@ena:oh‘gauinmggasbmndg(as 2 generating
a plasma fromthe process gas; and selectively plasma etching the

car bon- r ihYHIqcashon gag) ati ve to the inorganic layer. 2. The nethod of Oaim
1, rein the me, (i) up to about 20% of the
fl u\gﬁrene cont a%eﬁérﬁﬁg gg%% Q?({}B nfl%ﬁ%sgé%/t ot o about 50% of the

hydrocar bon g%élecﬁh%ﬂy piakink efdh@il @b ebibobehtigyer heldtiveOdhefindrgenic layer.
oxygen-contai ning gas. 3. The nmethod of Claim2, wherein a ratio of the

vol une of the hydrocarbon gas to the vol une of the fl uorine- cont ai ni ng gas

's between 1. ]2 and ’I]he method of Claim 1, wherein the process gas comprises, by volume, (i)

up to about 20% of the fluorine-containing gas, (ii) from about 10% to about 50% of the
15  hydrocarbon gas; and (iii) from about 50% to about 90% of the oxygen-containing gas.

3. The method of Claim 2, wherein a ratio of the volume of the hydrocarbon

gas to the volume of the fluorine-containing gas is between 1:1 and 10:1.
20 4. The method of Claim 2, wherein the process gas is supplied at flow rates of
(i) 5-50 sccm of the fluorine-containing gas, (ii) 20-200 sccm of the hydrocarbon gas, and

(iii) 300-500 sccm of the oxygen-containing gas.

5. The method of Claim 1, wherein an RF bias is applied to the substrate and
25  carbon single bonds in the carbon-rich layer are broken by applying the RF bias.

6. The method of Claim 1, wherein the fluorine-containing gas is selected from

the group consisting of CF4, SFs, and NFs.
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4. The nmethod of Claim2, wherein the process gas is supplied at flow rates
of (i) 5-50 seemof the fluorine-containing gas, (ii) 20-200 seem of the
hydr ocar bwo 2g@&2888d (iii) 300-500 seem of the oxygen- ceOTAISDIBY3HES. 5.
The nethod of Claim1, wherein an RF bias is applied to the substrate and
carbon single bonds in the carbon-rich |layer are broken by applying the RF
bias. 6. The nethod of daim1l1, wherein the fluorine-containing gas is
selected fromthe group consisting of CF4, SF , and NF3.7 . The nmethod of
Claim6, whergin thelthetbod opChamicaiwtiergn gasflicinErobntaitieg gry FeF diet ai ni ng
gas is 2 and/or the hydr en carbon s is CBU. 8 The nethod of daim]l,
wher ei N ORESE-GUEHBING £8S {s 1%11%@ 9@5’8@6?\“ Faroam eatiSril-ef f ective to soften
the carbon-rich layer. 9. The nethod of Caim1l, wherein the plasna is a
medi um density plasma and the processing chanber is at a pressure of 15 to

60 niforr. 10. gThe mefhRdh&d of TR 11 wheheh Sigprobés phamttudes hpddogeh id@nsi ty
plasma. 11. The nethod of Claim1, further conprising applying an RF bias

to thé sab®unte¢féective tngpfendhe n@bom-rlchéa}@ar bon-rich layer. 12. The nethod of
Claim 1, wherein the carbon-rich layer is an ion-inplanted | ayer having a
t hi ckness of 200 to 2000 A. 13. The nethod of Caim1l, wherein the

inorganic laygy is "I%ee ‘lfth&PBf ERMhA, HHAgeih &% eeelglaﬁﬂéjlsté"ﬁe&iﬁﬂf RGR1P BRsHAAnd S

present in an anount ective to passivat he siliconcontaining |ayer.

14. The e prodessing@haimierl3,at wipeessure dfis teifDimBorrcont ai ning | ayer is a
silicon oxide |layer. 15. The nethod of Cl aim 14, wherein the silicon oxide
| ayer is a native oxide, a thermally grown oxide, or is formed by CVD. 16.

The ggthod of 4l al ByldneOPHPLRLMNE Wildif B MMPis' ANEh SRS pibghekness of

11.  The method of Claim 1, further comprising applying an RF bias to the

substrate during etching of the carbon-rich layer.

15 12.  The method of Claim 1, wherein the carbon-rich layer is an ion-implanted

layer having a thickness of 200 to 2000 A.

13.  The method of Claim 1, wherein the inorganic layer is a silicon-containing
Jayer and the hydrocarbon gas is present in an amount effective to passivate the silicon-

20  containing layer.

14.  The method of Claim 13, wherein the silicon-containing layer is a silicon

oxide layer.

25 15. The method of Claim 14, wherein the silicon oxide layer is a native oxide, a

thermally grown oxide, or is formed by CVD.

16.  The method of Claim 14, wherein the silicon oxide layer has a thickness of

less than or equal to 20 A.
30
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| ess than or equal to 20 A 17. The nethod of Claim1l, wherein |less than or
equal to 2 A of the inorganic layer is renoved during etching of the

car bon-riwb 2ba@yessss18. The nethod of Claim 1, wherein tireTaSP@ISNAL00S | S

mai ntai ned at a tenperature of 20 to 75C while maintaining pressure in the
chanmber at |ess than 500 niforr. 19. The nethod of Caim1, further
conprising, after etching the carbon-rich |ayer, cleaning the substrate

wi th deionized water or other wet clean chem stry. 20. The nmethod of Caim
1, further cortprlsr[rlgmcaﬁ(bdabfélauhllngvﬂei'mndmskimm—oneqhallta;@e@\ of tlenineigagict he
substrate fromthe pl asma processing chanber and placing the substrate in
an ashi néa}’@héﬁrﬁ%?fwe@Gbﬁﬂ&ﬁ%@mﬁ&fé]%?%@@%hé”dﬁ% -ai ni ng oxygen to the ashing
chanber; generating a plasma fromthe ashing gas; and etching the bul k
phot oresist with the pl asma. 21. The nethod of Claim1l, further conprising:

after etchingighe cakhadhsd 6NClaaMel, whetdpthe suBstedie dShitthigabateOBnPEIY
oxygen to the plasma processing chanber ; generating a stripping plasma from

t he aShi 0f 294 7540 evhilermaipiaingng pressva¢ in thia chambeyi a lesgithan 30emTprn. ppi ng
pl asma while maintaining the substrate at 150 to 3000C and pressure in the
chanber above 500 niorr pressure. 22. A plasma etch gas conposition, useful

for removing 3g Orm'rﬁetﬂ??%)@ﬁﬁhsﬁ et c%hh?ﬁ%fn%t ShierCABAS ﬁienﬁrbcid l)lcha

fl uori ne-contai ni ng gas an oxygen-containing gas, and (iii)

hydr ocar lsyer gesanitigréhefshbarataeith deioaized maiaas, othdrevacigachemistmi ni ng gas and
t he hydrocarbon gas being present in amounts by vol une such that a
carbon-rich layer can be renoved from an underlying organic photoresi st

duri ﬁrg pl asma %tCh'ﬁ%rR%thM]Sfﬁﬁ@?qnfﬁr;@? C\%{ﬁlé?lSl th the etch gas.23. The

pl as etch g s cormposrtron o rel "the process gas conpri ses,
by vol ume, (i hafPefcRingtBsitarBO4ioh 1dyeE enaOinigBe Sbistraiertraig thaplasthai ) from

about
processing chamber and placing the substrate in an ashing chamber;
supplying an ashing gas containing oxygen to the ashing chamber;
generating a plasma from the ashing gas; and

15 etching the bulk photoresist with the plasma.

21.  The method of Claim 1, further comprising:
after etching the carbon-rich layer, supplying an ashing gas containing oxygen to the
plasma processing chamber;
20 generating a stripping plasma from the ashing gas; and
stripping the bulk photoresist with the stripping plasma while maintaining the

substrate at 150 to 300°C and pressure in the chamber above 500 mTorr pressure.

22. A plasma etch gas composition, useful for removing an organic photoresist
25  on a substrate, comprising: (i) a fluorine-containing gas, (ii) an oxygen-containing gas, and
(iii) a hydrocarbon gas, the fluorine-containing gas, the oxygen-containing gas and the
hydrocarbon gas being present in amounts by volume such that a carbon-rich layer can be
removed from an underlying organic photoresist during plasma etching of the carbon-rich
layer with the etch gas.
30
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10%to about 50% of the hydrocarbon gas; and (iii) at |east 50% of the
oxygen-contai ning gas. 24. The plasma etch gas conposition of Caim 23,
wher ei n ayoabécm2edsst he vol ume of the hydrocarbon gas toptchast@swsmoof the
fluorine-containing gas is from1l:1 to 10:1. 25. The plasma etch gas
conposition of Claim22, wherein the fluorinecontaining gas is sel ected
fromthe group consisting of CF4, SF , and NF3. 26. The plasm etch gas
conposition of Claim25, wherein the fluorinecontaining gas is CF4. 27. The
pl asma etch gag. cormesilisneietch gdd @nipodRionwiel]einn22 hehaxinghe pootesd gisng gas
is 2. 28. The plasma etch gas conposition of Claim22, wherein the

hydr ocar lsempagiaes, ibg voRme, 29, upTiReabpntadvh of therflupiinecompining igah (81 fremaahaub2,
wher ei n %‘% Pol fboue s %c& #Hg ﬁygr%rclgrlbgrtl %as?fan (ﬁ'i) a%as?t% %:%P the oxygen-containing

gas.

24.  The plasma etch gas composition of Claim 23, wherein a ratio of the volume

of the hydrocarbon gas to the volume of the fluorine-containing gas is from 1:1 to 10:1.

25.  The plasma etch gas composition of Claim 22, wherein the fluorine-

10  containing gas is selected from the group consisting of CFs, SFs, and NFs.

26.  The plasma etch gas composition of Claim 25, wherein the fluorine-

containing gas is CFs.

15 27.  The plasma etch gas composition of Claim 22, wherein the oxygen-

containing gas is Oa.

28.  The plasma etch gas composition of Claim 22, wherein the hydrocarbon gas
is CHa.
20
29.  The plasma etch gas composition of Claim 22, wherein the plasma etch gas

consists of CF4, Oz and CHa.
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