. VWO 2006/ 028858 PCT/ US2005/ 031008 METHODS OF REMOVI NG PHOTORESI ST ON

SUBSTRATES BACKGROUND 5 [0001] Pl asma processing apparatuses are used for
processes including plasma etching, physical vapor deposition, chem cal
vapor depowDt20dsn2€s68/D), ion inplantation, and resist reERYSoesd3R892]
Photoresi st materials are used in plasm processing operations to pattern
mat eri als. Comrerci al photoresists are blends of polyneric and other organic
and 10 inorganic materials. A photoresist is applied onto a substrate, and
radiation is passed through a patterned mask to transfer the pattern into
the resist |ayer ME’EHQ%O%r O¥ING FHOTQRESEST N SERSIRATES ar e

negati ve-working resi st and positive-working resist, which produce negative
and positive inages, respectively. After being devel oped, a pattern exists
in the photoresist. The patterned PROKORENINND can be used to define features
in substrates by 15 etching, as well as to deposit materjals onto, or

i npl anf materi gf(’)gu nPasma pEeressitgcapparatusesase nsedfes prpsesgesingludingtpdasmanos .

5,968,374, 6. 36 649t he discl | whi.ch. are h b
ooy apndcAnbd, e PR Bum e P BESHPRTYE) I R foh e
t echni quesgesis? enWIWIVARY [ 0003] Met hods for renoving organi c photoresist on

substrates aretﬁrovi ded, as are plasma etch gas conpositions useful for
removi ng or ganl®@03h o Pbeterdsist materislygea ysad ésplasnnprogessg pertionciornasent i ons

o of or r o BKEat: 1EMREG R RAORERNE e Brtbat BobmghE AT tR! RsRs Al st 25 on a
subst nat e ifeRFmid Peerifes Al piyidredstiifapblied ofidt NMbAELLS Hnd GadilgHoie Fpa@e& ubstrate
including an inorganic |layer and an organi c photoresist overlying the

i nor gani c threyghra patieened haask @ trarsfer thepatigenl mep the aesishdayer.i dhe regbroadver | yi ng
bul k photgyesist.: s lying.to the.processin chanmber a pr.ocess S
corpr | o1 ngeticons 3 olosci e AeRig GERR Pl B BERGle o BERE SRR ety as,
and (iii) peodaysiicpaaidai Wafive BRNRE AebprtivlP| ARBPLINS BeveltHeld! PpAksn Ba&s and
sel ectively 30 pllasma etching the carbon-rich |ayer relative to the
i nor gani cig m@hptoqgtspo'ﬁm pajternpd pRptopgsist can be used to define features in substrates by
15  etching, as well as to deposit 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 comprises 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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may be applied to the substrate during etching of the carbon-rich layer. -1
WO 2006/ 028858 PCT/ US2005/ 031008 [0005] The bul k photoresi st can be
stripped in the sane plasna processi ng chanber that is used to etch the

car bon-ri cWO|28866028858\ t er nati vel y, the bul k photoresi st Bamusdoe/sigs pped in
an ashing chanber. The bul k photoresist preferably is stripped using a
different chem stry than used to renove the carbon-rich layer. 5 [0006] A
preferred enbodi nent of the plasma etch gas corrpositi on useful for etching

an organi c pho t on_a substrate conpri.ses a _fl uorine-containing
gas, (ii) an @%Qgﬁ g Gk oo 5§20 bt qu.wt%e %eréeg}aaaﬂceaegg BRI EF
DESCRI PTI O (GF, Iﬁaawm i otﬁ,%ﬁzi afh@: ASFARVEY | bl olgisiabes a
process for renoving an I on-i anted, carbon-rre 1ay er or ne

phot or esi bt swipped ;damgasmngichambm §Ehb$uﬂqimtamlsngrﬁeqab]asmlpgemwm &d from
100% 02 or 20v or With RF bias a i to, the substrate. [0008] FIG 2 is
a scanni n&fg" istry hagdserhio rF@EXf&‘FhCEI OyFiEh fA¥ehowi ng  typi cal resi due
present on the a iR organic
15 phot or esi st @gﬁanwglr%g%gﬁ%’?asn{a%% %@ﬁﬁéﬁﬁga@&@"&? Shis ﬁj?/apor.

[ 0009] FI @chingchemirgdnic ﬂrotmaﬂpinazrspbitrmhn@mpmbyﬁ):mﬂpbmmb q:dmmmng pesyiipan whi ch
can be used to perform enbodinents of the nethods of renoving photoresist
from subs OX¥ge8Lontamine gas, pddiilpa seartongas.cxenpl ary paral l el -pl ate pl asma
reactor which can be used to perform enbodi nents of the nethods of renoving
phot oresi st fromsubstrates. 20 [0011] FIG 5 schematically illustrates a
process for renoving an BRmEFmBSQRIEﬁIONCEr’HQEDMWINaSer fornmed on organic

phot or esi st overl h‘u % a silicon substrate using a plasnma generated froma
procedd gas coH09Vhi A&GcEachepmticallydllestyatesaPrOgRES o7 aen%ﬁg pIb fpnrigipfanged,

substrate, of an
i npl ant ed %%P 12 %I%il ézgkng trglF 4 %ﬂ %p %tﬁle%éqsg%‘%?lgg{ hllc%lﬂcm’)Sr‘]']%lt—et ‘Ek%lgyé{a&ﬁas ma sour ce
usi ng a prgemeestsd fram 0% Ot bt HEO vabot, willPRF diad apjplied to the substrate.

[0008] 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 CF4., Oz, and CH4 with RF bias applied to the
substrate.

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

25  after photoresist removal in an RE-biased plasma source using a process gas containing
CFs, 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 CH« flowing into

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



[0013] FIGs. 7A, 7B, and 7C are based on the sane data; FIG 7Ais a ternary
plot of oxide loss in A as a function of the volune percent of Cl174,02, and
CH4 flowing into the processing chanber; FIG 7B is a plot of oxide loss in
A as a furkopeme/ozssg he vol unme -2 WO 2006/ 028858 PCT/ USAOwQ&E068108 per cent
of CH in the process gas; and FIG 7Cis a plot of oxide loss in A as a
function of the ratio of CH4 to CF4 in the process gas. DETAILED

DESCRI PTION 5 [0014] In integrated circuit (1C manufacturing processes that
utilize ion implantation, shrinki ng devi ce qeorret ries, increased. ion

i npl ant at PERsEE 96 [+ B theRToerss gas; and RS- nilwis rerletraf gxidedassdniA as hEymetoen ofgl v
diffiC“|tﬂkﬂaﬂﬁ8péﬁ§uféﬁiﬂHﬁé ﬁﬁgmggyices. Resi dues renaining from etching
and ashi ng processes can prodtce urrdesirable electrical effects and
corrosion that reduce product yields. See E. Pavel, "Conbining M crowave
Downstream 10 and RF Pl asma Technologé for Etch and C ean Applications,"
196' Meeting of the El ectrochORIAIEBJEXCRIPTIONt ober, 1999). [0015] In

pl asmacpr ocessj e i . et chj ive ion

Gt cning (R D) (0024 PR Bhckiee cRUAHOC PR ARl uRk 08 BAEL T °F

subst r at e implafatidg Ghrinldg aetiedydof@irids Sintleadel forsiniifdrtaion dnefpieshei @gsegxposed
to ions and free radicals. Organic 15 polyner conpositions have been

formul at Sé.x.lq B BugisialsaBaketit Hsprasiagly dffisult [O(IU]?L‘B]CC P?ﬁé‘il@r@%q davicegr Besidupsved, or
S AT T

processed ing, 10 pon, or srra

t he phot orcegbsién st iefide oI §RER. | A e Phved, "Cobsifial Misttwaae Doadisedagan as
possi bl e, desirably w thout any residual polynmer filmor resist material.

Wt a8 depd R Rlasmiagkacheolog fosiBieheand Cleamapplisationsg' 19dVectivlof Sreesi st . Wt

stripping i 0 ontai ning organic solvents or acids.
Dry stri ppﬁleﬁcgrggﬁgr%gazgﬁ?%&”?B%tec‘ﬁh qugg's use an oxygen plasnma for photoresist

removal . [0017foonsp iplasdia gfdc@ﬁﬁg&&_ﬂhm&d,@ﬁbﬂ BYPAnURshifg endreaéliveqoriope
regions of a substrate with inpurities to change the electrical properties
of the sulstshingt(RIE); apd in ion implantation, photoresist is app ied 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 iniplantation 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 substrate. 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 implantation, and is
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25 inplantation can be used as a source of doping atons, or to introduce
regions of different conposition in a substrate. During ion inplantation,
ions are accelerated at a sufficiently high voltage to penetrate the
substr at e wordoaosssso a desired depth. Increasing the acaalRiRiosfags Vol tage

i ncreases the depth of the concentration peak of the inpurities. [0018]

Regi ons of the substrate at which inplantation is not desired are protected
30 with photoresist. However, the photoresist is nodified during

i nplantation, and is -3 WD 2006/ 028858 PCT/ US2005/ 031008 rendered nore

di f fi cul t rendereéd move difificudtr toiregopeanatter iroplanthtion thame nomhal (neminpigrtedit ed)
photoresist. Particularl .1 npl anted jons damage,.reqgions of the photoresist,
Cher eby . Briesinly Kacadblay, BB 65 dhasera0RE P it G hC RTESGH- LEFREN si ngl e
and doubl grekiafig!Sear Sifface @Fbdrid8 Gnd R#fing GARRABInngE and ASUbRBARS Thay er
(or "skin"™ or "crust") of cross-linked,” 5 inplanted photoresist encapsul ates
t he di sti reselting éhughyanpprsticikontrarbonized "stayer Yo" skin" it riemust") of croseliskedbon-ri ch

I i f i f. the i t i .0l t. Th
e N R T
2000 A Sgfthe Larbokrick mgv%ilfv}scgéfgﬁéticﬁﬂ of the fepidhk BtlieB Ovdl@gy,| dose hPbafdned ThE S| St

in sub-0.25-m devices, " 71 (Jul y/ August 1998). According to E
Pavel , ascirher-tich laglerstypicaltythasracthigkrsss phiromabeyt 200 A trpatemt 2000photSer,ési st can

o be. { SFBRHPR et o ARTEAoE SFly SEPHERT fi e 2P d8irhg MR que,
ot her than (RR7AIRIsRISE] MR B Pavell 4% %laﬁhdbs@@ af?@@ﬁ@%igm{ease?f the

phot or esi st "al’'so occurs. [0020] “Oxygen pl as ashi ng technf ques can renove
t he cadPboimplantéd ploperesistinan bedddneoimtigasinglpmerodifficitado oématxut 500 A/ nmin or

aateal o i th O CCABBREIE xR G O i g RisRl s ES S dufide Dlasga” O°"
[0021] |t phRssshBeecnaRuey, Bie thaahai-iBf affitidd Bémsdes 18 v iof BotBaldiRnt

substrate to enhance the renoval rate of the cross-linked layer. The
appl i ed Ref the photpresist alesoeomen.gy to 20 the carbon-rich layer, which breaks

carbon single H)%Q&S 6r)}9gé[nhp gs?r?ay asgﬂxg E%er}: e’%luésec%ﬁgélggvse the carbon-rich layer, but
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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wi th oxygen radicals. [0022] However, it has al so been determ ned that
applying an RF bias to the substrate to enhance photoresi st renoval can

al so produce undesired effects. FIG 1 schematically depicts a process of
removi ng ovgamec®2§sbt or esi st from an ion-inplanted 25 drsuense3®ds The
substrate 10 includes silicon 11 that is ion inplanted and a thin overlying
inorganic |ayer 12 (e.g., a silicon-containing |layer, such as SiQ). The
inorganic layer 12 nay be a silicon oxide layer that is forned by CVD,

t her rrallydgrO\Nn, or may be a native oxide, and typically has a thickness of

| ess t han d6finedgriathe photorssiat 1nansiynieallysAbant (125 apiriless in yjeth onrbe pyhsirgiani c
| 12 i | L.SL. . IRVAR -], 30
2 For med By TG REHaERPaLA! Gblthic Ha IGBE CariOn ' ik i0of B AEHE hyo2)

trenches, 1@t Sphtteriy Mhe HOEZBRABRS 1RGTUASAOMT B524deFor fpicanp@céy t he
photoresist 16 are typically about 0.25 ,umor less in width on the

subst r at e spadficafignyiie REXEPYE amouRtnf dpareanitemaetitlde @ oxidmdossLhiriag dace
Sputt ery F‘G}e,gl{néaﬁ E&? tile FAaAch 111@ pli an% flie bﬁ@és’ﬁﬁogc%éﬁﬁ 18ig ie'é? Hal 2bOEY & t@ ger 12

is undésira ecause 1or typical roc clficatio

amount of darRngRNileyelR0 @i BipidaBy Bave Dkickedss bOESMABOIITEDN Bbbur 2000 Ve lan@f t he
carbon-rich layer 20 and the bul k photoresist 18 is | ess than about 2 A The

car bon- ri dhe bullphotoresish B eapgypigallybaye adhigkneps efiabeutsseseral thonsang 6ogstrpon. t o

nout sovelbiocis ehitfredlbePehalorhl Sk hReRaR ntft ik B3 "t or1

can re- degMdiokesi, re§iftisiasdrsatiCariNitlo@anit A&ide BeRE §Féseht o BiS WhbsuAtk dffer Or gani ¢
and inorgani c residue being present on the substrate after 10 cl eaning.

FI G 20 s deagingndilfg2ds @seanning eleeirors migsescOSEMEM micoegragihshomang residuesi due
present on the surface of -a pgst-i|nplant wafer at r.egions at which

bhot or esi grvset: g foe 8ifacd or 8l bl Wit aC1Rehs BinotiBP bE R kit ore o
RF- bi ased th¢ afbsRats afiEGfhottFésid a 02h RF-bidddd plisaiOdourdeQf 3] 1069000 6F H20
undesirabl e effect of applying a bias voltage to the substrate for 15
carbon-ri c#PPlayer renoval is that oxygen ions of the plasma may have

suf i ci ent |y higgioy el G\ QaRRARD LS ot U5p1f ik B ohAVoHERY 6 h¥sudtao O 2

t he underlying
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. SiOz2], SixNy [e.g., SisNs], 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 CFs, SFs, and NFs. More particularly, a preferred process gas for removing
the carbon-rich overlying bulk photoresist includes CFs, Oz, and CH4. 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.



[0024] In light of the above-described findings, it has been determ ned that
process gases including a fluorine-containing gas, an oxygen-contai ning gas,
and a hydrocarbon gas can be used in organic photoresist etching processes
t o controlwoams/0285preferably to elimnate, sputtering rowus2e0ste@osi ti on, as
well as growmh, of inorganic material. The inorganic material can be, for
exanple, a silicon-containing material (e.g., Si, SIiOx [e.g. SIiOz], SixNy
[e.g., Si3N4], SixOyNz, HfSix0y and the like), and H O The photoresist can
be present on various sem conductor substrate materials such as wafers

i ncl uding, e.gl0026] | Télg:procsﬁms psifgrbaly comgrisdseby velame28p fOYLsY SERefthear y

f1 uori ne- ¢ont. th | ud
cra. Sre, OAHEHEAREREES, abb el Pl b hEhudticatt oo SR IGRESTE o BRovi ng
the carbo 'bxigeﬁlboﬁtéﬁﬁﬂg/gd’sg M&ﬂe‘@r@f@fab@r @ @k nlidatd ERspristd byQ%lmﬁ’é’ldl G#. The

process gas can also 1rnclude one or nore other opti onal gases, such as N2.
Also theab(pttﬁ@@%sofgtagﬂu@nme@qwm&gwémmabmbo%ﬁ@aboutép% @frthgases such as

s, Oyl s 32 MO0 ARRROR R LA LRG3, The Process

fl uorine-cont agouzmp @BRlrogéR ih thedRodehs B %oRénstthechiyeh-aeRIyer) nihkng tBiRd at
| east 50% of t oxygen-containing gas. Mre preferably, the gas mxture

conpr i ses laygy easisr foreemays bycetchittgout 20% of the fluorine- cont ai ning gas, from
about 10%to a 5 of t hydr ocar, d fr t o about
505 of b oy SRS, 0 0T eake Tt o Ko e iR ratt ey S LR im0
softens t RweREMINCFI & isdBYEE ; ﬁrémlabmoﬁlmned »d11ﬁ>(% ®3tbatle aéamre& SEMRivRY

et chi Rg [ 0028] Ot her gases that can renove the carbon-rich | ayer include

CF4 a CHF@requ@t/\f@\tbfrmorgan@ﬂyqréeesé@I,anSIOxllwep)r ef erably conbined with CH4

to provide desi IVIt wth r ect to e inorgani c lLayer
(o B V0 an: SIS o Tiup phobitst petheiny bpttaE Gbnit Balyhes ARHORRT AL 0r gani ¢
pol yner ce btm@@hotﬁwslst@f@miti@n chid fhcRIAO'h Q6s9S bBthe MNUVBRkIclds®h can incl ude a

resin of the vol ak class, a polystyrene conponent, or the i ke.
polystyrene component, or the like.

[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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[ 0030] To renove the organic photoresist, the process gas including
fluorine- 15 containing gas, oxygen-containing gas, and hydrocarbon gas, is
energi zed to generate a plasma. [0031] The plasma is preferably generated
fromthe pWOCewH28s8 by applying radio frequency (RF) Rar/aseoedosomwsi cal |y
conductive coil outside of the plasma processing chanber. The wafer is
preferably placed in the plasma generation region. In a preferred 20

enbodi ment, the coil is a planar coil and the wafer is parallel to the plane
of the coil. [0032] The plasnma reactor is preferably an inductively coupled

pl asma r ec¥Elbas a plagirsppalgoihaking oge BT ERTeEHs; disposedroviside tetdiglecisiawingdowe fr om

Lam Resear i e assignee of the present application.
Enbodi mntféﬁg@éﬁ@f%,{rﬁa{étg 13)) "renmovi ng photoresi st fromsubstrates, such as

300 mm and 200 [poB33 Ubs kiitatrae, 116 Asuchas P edhionR@ior Rvatdr, ﬁrsubqgﬁteth»iuﬁhmecoum ed
pl asma reactor, such as the reactor 100 shown in FIG 3. The reactor 100
i ncl udes dnteript ¥ ofrtha peactenilOR e peebstrateguppost ldd Thecwbptraie suppartd 18ywam vacuum

B Bngenertoiy 4 SRR Hbbhu hon R ACIRHGHR: R d 0o BN Sihole D484 ondi ng

around t hepe suftg@idetl g adieldctflt 0cas ting G2V THOWhukk(20 Aal irdhdd @A WK Hiafh@ASMB can
be generated in the 30 interior 102 by supplying RF energy from an source

112 t o an eé@@tre%@:r aN#stngtaélrﬁﬁbiﬂK), the sEbstrie 20088 @@gvgqun@zsﬁwap@mgtﬁms such
el oot 11 o6 B e R 5 6 2 Y 4bb S50y SRATE BB Biubl

such as a tiedickeriRUeihdsw Wab efid arl endRtping ghe disttibiuRbmplafte]l 241 Aal @hlePthel 02 of the
reactor 100 on a substrate support 118. The substrate support 118 can 5

i ncl ud¥ a iotsriek102gthequghrzas outletsinghe platedd4 e | Adternativelst the gah carkbelpplieday t he
substrate 116 can be .surrounded.by.a di el ectric foc ring,l122. The chuck
120 can | ri0F QB e BRHIElRS) ikl Bertits , 8F e Biehle SA Rl ne
substrate Qsigﬁdawm Paf¥AL N6 06,236,650 Dhe felQoSeHsdiotnbludd 4 Giner 1178 dricpgRgsS gas
supplied b he 3as supply 106 can flow t hrough channel s between the

di el ectri cremi t¢184and an underlying gas distribution plate 124 and enter
t he

[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
scem.

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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10 interior 102 through gas outlets in the plate 124. Alternatively, the gas
can be supplied by one or nore gas injectors extending through the w ndow.
See, for exanple, commonly- assigned U S. Patent No. 6,230,651. The reactor
can al so iwolom®2gsss i ner 126 extending fromthe pl ate pdus2063Dd3ths An

exenpl ary plasma reactor that can be used for generating plasma is the 15
2300 TCP' " reactor available from Lam Research Corporation. Typi cal
operation conditions for the plasna reactor are as foll ows: from about 400
to about 1400 watts inductive power applied to upper electrode (coil),
reacti on dhestvsreripaé skeotredect12foan e alsomicallylgroumied band RB@nergy rat twaadiffewnt ot al

fl t 200 t bout 600 . . 0, [ 0035
Do e SePiseahbe Aunpledfo (8 Rabo sleptioten QLrL PR BRAIRLRER onn  al so
be per f of egkiénd cin liitbe ficaTRAGY thoeélwuhgekp Pt e A& Bly 866 sMwerfibiafbras

reactor 200 shown in FIG npl ary dual frequency reactors include the
Exel an" r esppeoelectrode,adr qulty @ 4 b@imdmtméseécez; HoGewappiey toconmonheassigned UES.dual

frequency a rs f j 0 nl y- assi.gned S, Pat ent

o 50175y, PRRE NG e SEE L PEans S, 16 B R R g e pbu oiprathence.
The react gfefegQfdei Ncl udes an interior 202 naintained at a desired vacuum
pressure by a vacuum punp 204 connected to an outlet 205 in a wall of the

reactor. Pr ocd8636fasDuring femovaipyfithechrbon-richslhyene thesabstslteis tprefemb®12 by
supplying gas . froma gas, supply 206, A nedi un density plasna can, be
gener at ed Igﬂnﬁa%gﬁm @&F}B‘Fntgbg’e‘b%mg%ﬁ‘lr?%@ subsfgfe s gtansvﬁnhﬂ%mgc@ 208

210 and
bott om eﬁgg?%zglg of Jeg(atg grg%ﬁ'g a Su@ﬁfﬁ%@k%ﬁ?@@%@% ernatl veI Y,
-7 WO BDO6donpBsitien B@Wolﬁm%bﬁﬁ@ﬁﬁg prbmcsigq:mdMaﬁatehm}cdepmsﬁe oﬂlllié can be

el ectrlcall ou ded anqd RF ener at two, di ffer frequ i es can be
suppl i ed tYo§t f%ée ? AV shupgiag o é?rbegﬁ%?g il S‘&?EFBT ?,Iﬂblyreactors

can al so W Ed aBY Gosb A%h B80T 5P Gind SRR 9béht 2
shower heagﬁ%lr upSer%ectrog’? Sor onP(;/ to a bottom E ect?’g emﬁSee, ?or
exanpl e, ctoraboutlA3°@saidynelchnibeSpreSsuRaoflags thinsabobt SMBMTEr dunihg @chit, ofGite t he

di scl osures of which are hereby incorporated by
carbon-rich layer.

15 [0037] During_etching of the carbon-rich layer, RF bias is preferably applied to
the substrate with a biés 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
scem 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.



reference. [0036] During renoval of the carbon-rich |layer, the substrate is
preferably maintained at a sufficiently low tenperature on a substrate
support to prevent rupturing of the layer. For exanple, a carbon-rich |ayer
may rupt urvéo aven28888 vents i n t he photoresi st 10 conposiPdTars2eus@31008 atil i zed
by heating, producing particles that nmay deposit on the substrate. To avoid
such rupturing of the carbon-rich layer, the substrate is preferably

mai ntai ned at a tenperature of |ess than about 150C, and nore preferably
from about 20 _to about 75C, _and _a chanber ressure of |l ess than about 500

mTorr during ef00B8lngRefernngto KIS §oit has been dgiprpined that s procesrAsiJUERERi ng of

the carbo AYEE bl aap‘@j rate with
a bias el gct ro}e()klpro éﬁgaﬁhﬁf%h%o%&{ug e a}sﬁlc}p dkg%flﬁo\?&rﬁ Qﬁ%ﬁeﬁﬁfbst rate

i S suppor teton-fitielaRer Whiksmirdmiyieyf uaking cfalainbigavie. laydrc2apgl | aacoxife bi as ‘and
RF power used to generate the plasma preferably are independently

cont r ol | alver) aed fiwg spfuse anavoyd rq:@m)ﬁlapn PBSP“E‘?TéGl éRpreanic material @&the

respeckiv h [ ner gy
o Fho>subbraby Piiad car a5 SAbAL £ el dhRolef of Br PR Rers BIERRPRE IV
The RF bi asowtletphg@rappl i ed to the substrate is preferably Iess than about
100 volts (wth respect to ground), nore preferably |ess than about 20
volts. It has B8R3N uRydrngen itthy prosessesaniisrddo elehithe erabemsrigh lyer insisasss
fluorine | r F

effective O&@%&@Eﬁ%@@%&?ﬁymﬂdﬁ% °§9§s§3 @faelﬁ\)p ﬁ? fﬁ?%gﬁeﬁé e V\:hl |l e
25 al so penyiideme Iha}gilséﬁiheﬁédtheba&bbnlrlbmlaﬁl&%%lpraltéiterl al (e g., oxide)
present on the substrate. It has further been determined that at a given
vol umdOper cent E40) e The additiemot GHespsriesto the Brpcesseapisad foeiohdhe erben-Fifthg gas)
of ‘the T Y0 AESEAURUDLDG 1875 2 B FHEh d0 ol LRELES 8% R pabNEise FE L 2S can

be mai nt ai ed a

rate fromehy, slihlred@ices theabanes fKibi-duei dxie gi*awtlpzﬁrdrd)@db dpatt@ﬁn -8 V\O
2006/ 028858 PCT/ US2005/ 031008 [0038] Referri n to FIG 5, it has been

det erm ned t hat004llr Hceynele seurre for by oamﬁanrb Hn @assbiation i ysgd.gsh amn
OXygen- CORGAR N oAt 198 %efolNAh SRR pd@TafoR cfihbl'nd HRependently

15  controlled. It has been discovered that by separating the fluorine source and the CHx

l"'l-

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-



carbon-rich layer while mnimzing sputtering of the inorganic |ayer 12
‘(e.g., an oxide layer) and thus reduce or avoid re-deposition of sputtered
inorganic material on the 5 substrate. Fluorine can also contribute to the
renmoval ofwonwms/gzassc materials that may be in or on theraseéisnsmist. [ 0039]
Hydrogen in the process gas used to etch the carbon-rich | ayer increases
the etch rate of the carbon-rich layer by reacting with cross-|inked carbon.
It is believed that fluorine nay al so enhance the carbon-rich | ayer etch
rate. 10 [0040]. The addition of CHx species to the process gas used to etch
t he car boRbOtPRERist ¢agperemaypddy Qxygemsashing:at A dighsy teppsratyrg thasthe EFINEFASIISX| de

| ayer 12 | e . ' u nmount of

i on-i nduc ga‘?eg&@gélgéghf%%%g%x%% égﬁg‘zﬁﬁt@%iggwprg@zw& ’ gﬁezslutr?gfaetgsour ce for
bot h fl uokdniRratme ciranga $invaioud 150°€ t9:B6ut 39080, Mefer{BHARO0 ®22Y0OT; Gl | ayer
renoval and substrate passivation cannot be independently 15 controlled. It

has been &eduilyplroaberesistpiching siephafhr Fhagmbenpressurois ipreferablyrgreatgiifian proutHx

Pl or | Re- GORPANES Gy thue pidlorSiftbiAhd, DrRbaCBRmeId ol SlBbORAY, 11, 1 gn

sel ecti vi t3mdval fdieofunel Biilk\phb®r&ishs Foatampli b 10:AN: fl@fdinaenbRy@ed bulks
carbon-rich layer renoval and substrate passivation can be independently

cont r ol | e@hotoEsioL4apteTH drospalsiub f ¢o pleawib ¢ anicions/mie  Adrapbianaloypr-ashystap 2D can

be det ect i h i [ in n i,nt tection
echni que g e Bk yorfe SHEREh B BhGD s et e nARc S MR K Rl o1 ¢
phot or esi gtocksirgXxhambér as thepleiehesistis adhed. car bon-rich layer renoval is
preferably determ ned by an optical em ssion technique. For exanple, the

opti cdl eni ssi B44kcAhe ukk nbatoresisiis preferdhly wemoved tnihe seme ekamdsn ordnoxi de

(CO at a vel engt h. of ut 52 Dur i he remval, of th
carbon-ri gﬁ?ﬁrgﬁ/gﬁa}ﬁ%&géﬁﬁg IaP as%eg?{gﬁegﬁgs%%a%%géhedﬁ}ésﬁe‘t %]é)%leg%’ &ech rate,
Once the ¢alklymotorésidh ¢RIl st cAPRREforinbEin B PASEHrodeddiRE | cHamiBeribdtks used
photoresist is etched at a faster rate than the carbon-rich |ayer and,

consequent? §ich theecatbongishdayerr dliconativel, tha dulkphotesesist ¢hinbe BoeYed haktchingr ease.
00431 A 468 LIS BBl B Bh2 Bl el e MR B LARR A .
proceds. bpedceskinabambert dfRr bichifig 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

-10 -



-9 WD 2006/ 028858 PCT/ US2005/ 031008 photoresi st can be renoved by oxygen
ashing at a higher tenperature than the tenperature preferably used during
the carbon-rich layer etching step. For exanple, the substrate tenperature
can range Wo znov/eds8ast 150C t o about 300C, preferably 20@crws2@8as3ioatur i ng the
bul k photoresi st etching step. The chanber pressure is preferably greater

t han about 5 500 niforr during bul k photoresist renoval. Oxygen ashing al so
can achieve a high renoval rate of the bul k photoresist. For exanple, an
02/ N2 pl asma can renpve the bul khmr;hot oresist at a rate of fromabout 4 to

about 6 nifEPEREPIRtANING gasHnd/s the hslracarbongas may beadjustedde aghievgssiectiNg| at i | e
sol vents i 0 S: e . the plasnma processing
chanber ag{&%]%l %5%t%%@ﬂéﬁlﬁg&gglﬁgvﬁt}gé’?%f44 l%??é' bul kK photoresist is

preferably renfo0dd] i Extipladppieceh aoiitions forrendly figahe frimaihiagbealk photonesish

pl asma generated upstream fromthe substrate. However, the bul k photoresist
renoval stk dewpstisamplasma, siiin| chambenareas Aellgyyso chasbergpressarmelrabenatl00s used
to etclh t r sl Vi : i I i be

r ermve? b)li}ﬁeot?gha?ﬁlg erprq l%gétgi 0?#’ 8W§iln%p$[ﬁal§(g£det\é§ @réam% EQH éé’rt&aj?_ﬁ%:c&{s??é thé'%@

subst r at e o alfoub 400estone dnd substrith eendgerdnire ©F abdung26t@nber after etching the
carbon-rich layer, and placed in _a different processing chanber to etch the

bul k phot or esi 0481 FXG- @shaves 2tEM 1hjisrograph jaken ok Bsbstaisusies altd  changi ng

gas chem j t I r I t he
Garbon. 1 PepoTEpER PhrdiaE vl rBll heRORR Bt Mo, B 0
condi t i ongtchidg préesesyindludédend@ingahe cdrbdh-ticty B§eroforiBeB O thefdlkphoserksist are as
foll ows: chanber pressure of about 10-50 niforr, preferably 30 mlorr, power

appl i d8 t ¥singpdroGsseeasipdeding 6Hk,) Op fand 65y withRE hisp apniiet e theubsteateisny 1200

Watts, p r ] ; . - t erably 5
Watts, gas IISI\%VB?%%?% %@eﬁ%@%&ﬁfk@%&@?@%& ﬁ%@%‘??@h%ﬁ‘g ﬂ’ggﬁﬁ@% ng’ ?lkhl g gas,
about 20- 20Gh6ws i FIG. 6,hke photdresigigtomgReely fntbvedand ndAbe&Rble posirardhor t he
oxygen-cont ai ni.ng gas, and wafer tenperature of 25 bel ow 50C, preferably

about 20cCresidvgigspresent ppghewHEr. appli ed to upper el ectrode (coil) is too
hi gh, passivation nmay

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 CF4 (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 proceésing 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.

-11-



be lost. It is desirable that any residue generated during renoval of the
carbon-rich layer is soluble in deionized water, thereby mnimzing the
need for wet stripping techniques. It has been discovered that when the
car bon-ri OMOR@0pweP8888 ch is carried out at higher 30 tenraraiszoesm3ichowever,
wet stripping techniques may be necessary. The flowrate of the -10 WD
2006/ 028858 PCT/ US2005/ 031008 fluori ne-contai ning gas and/ or the

hydr ocarbon gas may be adjusted to achieve selective etching of the
carbon-rich layer relative to the inorganic |layer. [0047] Exenplary process
conditions for renoving the remaining bul k photoresist in a downstream

pl asma strip chanber are as foIIOMﬁmsghaTR?iEpressure of about 1000 5 nilforr,
about 2500 Watts of power applied to the plasna source, total process gas

flowrate of about 4466—secem—and—subst+ate—tenrperature—ef about 220C.
[0048] FI G 6 shows anCBEMFM|crR@kPhbiotedisen |of a exhitrate |surface after
perform ng a photoregi sRati® MV aicPFRCEIMIAC ferred

enbodi nent. The
formed on the bul k ph
CF4 with RF bias appl

et chi

ess included rA

ool Autid) |

ot g{d :'fsi 9

t 10 wBD6Rg a pi
dard cﬂd@hstréar

0Cess ogps i ncl U

on-rich | ayer
ding CH4, 02, and
ng the underlying

As shown in

bul k phot oresi st usi 1
FIG 6, the photoresi

N strip.eocess.
orptetety—t+erovetd—anad—rho—detes
residue is present on the:wafler. 1526§’;yiarrpl eg: [0040J016i | i cd
i npl anted to produce @ Tarborn-rrchtayer—om —umndertyrmg—butk phot oresi st.
The Tabl e bel ow shows the etch rates that were determined for silicon oxide
and bulsk phot o[8sR2Bt Tak téht tdselestow tBititRSbik phdidresidt sdidoxidyetch YaddslboEn per cent
basis) in _an oxygen-containing process gas, which was used to generate
pl asnma t o ifcsense With@ smpdl inereasenn thegntio ef ks torkis, hut decrdappwvith asfinareased
carbon-rich.| ay, R D at..a.powe l.evel. of 5 .\Watts was. appli.ed to
Che. subst raieSPCtadr TR AR B o BRBTrat R Sonehice Bt fpLock REmEER 4§
pl aci ng a wiidr CHPpARYSEs aRl SroftcR tRhSIDQ k@ $Acs fronMichfical akdyeyPhysiat khRES i n a

processi ngmcha.nber and parti al I_tK ) . _
e oxide etch rate increases with an increasing ratio of CH4 to CFs up to a ratio of CHa4 to

g a:starn
St—WerS—€

tabl e post-etch
n wafers were ion

10  CFs 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
in the plasma.

[0053] FIG. 7A is a ternary plot of Oz, CFs+ and CH4 flow rates (50 to 100% Oz, 0
15 t050% CHsand O to 50% CF: flow rates) versus oxide loss in Angstroms (oxide loss
shown in numerical values adjacent open boxes, €.g., for 90% Oz and 10% CF the oxide
loss is 28.8 A whereas for 80% Oz, 10% CFs and 10% CHa the oxide loss is 1.8 A). As
can be seen from FIGs. 7A and 7B, addition of CHs 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
20  CHsto CFs 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.

[0054]

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

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

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

-12 -



stripping the photoresist. As bul k photoresist is also non-inplanted
material, the calculated 25 bul k photoresist etch rate approxi mates the etch
rate of bul k photoresi st underlying an inplanted carbon-rich |ayer. -11 WO
2006/ 0288580RWH/0RIBRO05/ 031008 [0051] TABLE CH4: CF4 BulikcTbs2demmesiost Oxi de
Ratio Etch rate (A/mn) Etch rate (AAmn) 2:1 3063 0.023 3:1 3492 0.026
10: 1 2663 <0.010 5 [0052] The test results show that the bul k photoresi st
and oxide etch rates both increase with a small increase in the ratio of
CH4 to CF4, but decrease with an increased ratio of CH4 to CF4, The test
resul ts dERAMARINELT wase e&" najp e #Klethe pxide pich sate for/they garamigiurg icantaiping FHEHA

assi vate e I I
rrack T8 13/ Ph. CPhfe bhfe Ut blcA68 high 0 SORIAT roOM o BRTUER,

CF4 up to have atmgbnofnaii:ﬂhm 0xitle réshavabépevificstionp aush wtho@mhawﬁng dmakiningani c
| ayer is sufficiently | ar%oAto decrease the etch rate of the inorganic
t

| ayer. Whidkidersiph rafesiaheptioo seinpandrrspacérllihosp dating amaximpmagxide ethaateddthanced

phot or gsi t believed to be due to the presence of both H and F
radi caI%: ﬁgﬁﬁaﬁ%bﬁ‘ﬁgg%&“[ 0053] FIG 7Ais a ternary plot of Oz, CF4 and CH4

flow rates (50[§055L0@4vilZbe Shpaddat tothbdR%k{led irihe a6t ther Vaoiud Eithn s at es)
versus oxide |oss Iin Angstroms (oxide |oss shown in nunerical values
adj acent ap@hﬁ%mscané)egnadef #d apieipatsLrPployed, tofthe faiegaing drtailedslescripsions. 8 A

wher eas f 2 0} 9:% i I j can
be seen fS%FR IIEF n%e }pemﬁ %ﬁ)oﬂg@e ngsl t%)mr?eo &iﬂ ig%ﬁ?ﬁgp?%’ 3‘2%*523‘%" s°f'r%%educes

oxi de | osspp eﬂdmeluﬂﬂ;g passi vation of the oxide surface As can be seen from

FIGs. 7A and 7C, aratio of 20 CH4 to CF4 of greater than 1:1 reduces oxide

| oss, again through passivation of the oxide surface. Accordingly, as can
be seen fromFIGs. 7A and 7C and t he above Table, a
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preferred ratio of hydrocarbon gas to fluorine-containing gas is from1l1l:1 to
10: 1. [0054] For conparison, gas m xtures containing 10% CF4 (bal ance 02),
and 10% CHF3 (bal ance 02), were used to generate a plasna and renove the
carbon-rich | ayer on 25 bul k photoresist fromion-inplanted silicon wafers.
The oxide etch rate for the gas mxture -12 WD 2006/ 028858

PCT/ US2005/ 031Q08_. cont ai.ni ng CF4 was 27 A/mn, and the oxide etch rate for
the gas mxtugﬁé&MWFa was 15 A/nmin. 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 nmaxi num oxide etch
rate of about 5 A/ i method dfexpadEnsn graenieBROPISHSIRN BSUPSKIPSAITBKSBE et ch rate
of 5 less th 3.0 [0 j eqskill ed
'n the arc ¢ haelanitl, ot s blociliny, HEmBBPE! £ Rlach EARTE 4

equi val entubsteatp ireyielih g 4roinbhganfcdapgycind gn degamid pobtalesstravetlyimg thavinobganif er ence

to specifjc epbodi ments. thereof, wthoyt departi romthe scope of the
appended %V%ﬁ'il?ﬁ.p ‘it@re\%ﬁﬁ't“cﬁgm(glaeﬁaFPé’H'rfcgﬂa}fr Oﬁer[?‘é‘igq@ﬂﬂ BFOtP@ﬁ‘S‘i}i ng an organic

phot or esi st Ons#gp@u@%rp?}b@ess ChEPo! ﬁl'enﬁlésmep(?y?dc'éés%‘% REarAb& YRR hAJcEss! Pas? Pl asma
processi ng chanber of a plasma reactor, the substrate including an

i nor gani ccqmarisingatidl aadluorigeraerdaipingt gasediik tanogsigeyicogfaining igawmrapdn(ic) a ayer,

t he phot Of])gd%csa}boinn%gudi ng a carbon-rich layer overlying bul k phot oresi st;
suppl yi ng pr 0SS 'gas to the plasma processi ng chanber, the process gas
conpri si ng (i )genefatih®t plaéme GohaiheipR@egass; apdi ) an oxygen-cont ai ni ng gas, and
(ii1) a hydrocarhon gas; generating a plasma fromthe process gas; and

sel ectively pl¥SFHVY Bﬁ?‘ﬁ@ Ciche ths pEhRariidnaysyelativedo 4bs ihgraagicd®sni nor gani ¢

layer, wherei nibe REO5E5S s &5, vANmYOY T 1ol bouiPabp Byt 20% of
the fluorine-containi (r)]%%a%%%ﬁi i ?{Hﬂr g?n%zb\cl)utml’ot/léjt 50% of the Oﬁygr ocar bon
gas; and (lidrine-containing gas, (ii) from about 10% to 50% of the hydrocarbon gas; and (iii)

from about 90% of the oxygen-containing gas.

2. The method of Claim 1, 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.
3. The method of Claim 1, 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.

4. The method of Claim 1, 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.

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

from the group consisting of CF4, SF¢, and NFs.

6. The method of Claim 5, wherein the fluorine-containing gas is CF4, the

oxygen-containing gas is O, and/or the hydrocarbon gas is CHs.
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from about 90% of the oxygen-containing gas. 2. The nethod of Caim1l,
wherein a ratio of the volune of the hydrocarbon gas to the volune of the
fluorine-containing gas is between 1. 1 and 10:1. 3. The nethod of Caim1l,
wherein the process gas is supplied at flowrates of (i) 5-50 sccmof the
fluorine-containing gas, (ii) 20-200 sccmof the hydrocarbon gas, and (iii)
300-500 sccm of the oxygen-containing gas. 4. The nethod of Caim1, wherein
an RF bias is applied to the substrate and carbon single bonds in the
carbon-rich |ayer ghg nieesr OMirRRDkHEREh ih@qar&%spg@ssmcﬁdesTtﬂﬁiragénhﬁ%of G aim
1, wherein the fluorine-containing gas is selecte fromthe group
consi st i nanamt effertivetupsofign thenrepongichttyermet hod of G aim 5, wherein the
fluorine-containing gas is CF4, the oxygen-containing gas is 02 and/or the
hydrocarbon gas is CH4. -14 7. The nethod of Claim1l, wherein the process
gas includes Ig/drogha mah@hof @it vefetede theviglagnta B0of hrediunh derséty Qpdadntal ch
| ayer. 8. The net hod OL G aiml1l, wherein the plasma is a nmediumdensity
pl asma  a¥y BHRFORGSSIag SRIMBPT At fpusssie ohd S fp ¢} @detire of 15 to 60 niforr. 9.
The method of G aiml1, wherein the plasma is a high-density plasma. 10. The
met hod of Claim1l, further conprising applying an RF bias to the substrate
during etching.of tTe methdbef-Claiohl, wyeeein thelplastiaas abighedensity @hsman 1, wherein
the carbon-rich layer is an ion-inplanted |ayer having a thickness of 200
to 2000 A. 12. The nethod of Claim1l, wherein the inorganic |layer is a
si | i con-cont ai 10. ng THeapethodrd Clhign hy GirdRacbOprigag abplyRigeSERF bis & trRmount
effective to passivate the silicon- containing |layer. 13. The nethod of
O ai m 12, supsiEate dwringréching olctbacarben-tfthlanmer- | ayer is a silicon oxide |ayer.
14. The method of Caim 13, wherein the silicon oxide |layer is a native
oxi de,

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

layer having a thickness of 200 to 2000 A.
12.  The method of Claim 1, wherein the inorganic layer is a silicon-containing
layer and the hydrocarbon gas is present in an amount effective to passivate the silicon-

containing layer.

13. The method of Claim 12, wherein the silicon-containing layer is a silicon

oxide layer.

14. The method of Claim 13, wherein the silicon oxide layer is a native oxide,

a thermally grown oxide, or is formed by CVD.

15. The method of Claim 13, wherein the silicon oxide layer has a thickness

of less than or equal to 20 A.

16. The method of Claim 1, wherein less than or equal to 2 A of the inorganic

layer is removed during etching of the carbon-rich layer.
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a thermally grown oxide, or is forned by CvVD. 15. The nethod of C aim 13,
wherein the silicon oxide |ayer has a thickness of |less than or equal to 20
A. 16. The nethod of Claim1, wherein |less than or equal to 2 A of the
inorganic layer is renoved during etching of the carbon-rich layer. -15 17,
The nethod of Claim1, wherein the substrate is maintained at a tenperature
of 20 to 75C while nmaintaining pressure in the chanber at |ess than 500
mrorr. 18. The nethod of Claim1l, further conprising, after etching the

carbon-rich '1*")0’9r Tﬁé SRALOY &fhéla‘?er§t Rz@l%r%lﬁMthé‘ s%étf’a?é %?%X\ﬁ{aﬁ{edo?t gther wet

cl ean chem stry. . The method of Claim 1, further conprising

et chi ng tthmperatrum)nf 20 ¢t 758y evhiler mamptainigg pteestsmbstheadzlambleom teke tlphafé)ﬁa

pr ocessi ng chanber and placing the substrate in an ashing chanber; supplying
an ashing 5 " cont ai ni ng oxygen to the ashing chanber; generatlng a plasma
fromthe ashing gas; and etching the bul k photoresist with the plasma. 20.
The method of Claim1, further conprising: after etching the carbon-rich

layer, supplyilly adhagwaths ghSlasmnl fumhen sompyigiag afisr etqlil@laﬂhﬁéﬁﬁoprr%esm ng
chanber ; ﬁé?ecf]@alnﬁr{égcp@ Eht@%ch}e%n%%aft&%%ﬁl@?mgtscﬂéaﬂ%h% sry@nd stripping

t he bulk phot or esi~s the ripping plasma e mal ntarning the
substrate at 150 to 300C and pressure in the chanber above 500 mrorr

pressure. S co sition, .useful for removing an organic
photoreS|st o ﬁﬁg?FgF@(ﬁ éﬁ?“YWW“%Pgluorlne contai ning gas, (ii)

an oxygen- cor&f@f Mt P Ao caﬂben!richl hy&, hMH5AR2RONuBASite B0 the plasma
fluorine-containing gas, the oxygen-"containing gas and the hydrocarbon gas

bei ng pre@éﬁﬁmnacmwﬁuma@iMymneﬂuwwbgmﬁhnmhaﬂnm;dmaﬂmnn rich layer can be
r ermved fr om aS %raln%shlgg %asg&) kalnlggg)gyoglég% t%e as lJlllggl a%.n’ﬁ)l a;s e

generating a plasma from the ashing gas; and

etching the bulk photoresist with the plasma.

20.  The method of Claim 1, further comprising:

after etching the carbon-rich layer, supplying an ashing gas containing oxygen to
the plasma processing chamber;

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.

21. A plasma etch gas composition, useful for removing an organic
photoresist 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,

wherein the process gas comprises, by volume, (i) up to about 20% of the
fluorine-containing gas, (ii) from about 10% to 50% of the hydrocarbon gas; and (iii) at

least 50% of the oxygen-containing gas.
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etching of the carbon-rich layer wwth the etch gas, wherein the process gas
conprises, by volune, (i) up to about 20% of the fluorine-containing gas,
(ii) fromabout 10%to 50% of the hydrocarbon gas; and (iii) at |east 50%
of the oxygen-containing gas. -16 22. The plasma etch gas conposition of
Claim21, wherein a ratio of the volune of the hydrocarbon gas to the

vol unme of the fluorine-containing gas is from11l:1 to 10:1. 23. The plasm
etch gas conposition of Claim21l, wherein the fluorine- containing gas is

sel ected fromjhe gfRUNGRNSIH! éa@gcoﬂfpogi't:f}n oPMBlaindd, Widreif4- ralif®fRh@sma et ch
gas conposition of Claim23, wherein the fluorine- contal ni ng gas is CF4.

25. The prhseoféhchydgesrivorgssss thieonluote dithé fuarine-sntainng gashie fioxy fé o

cont ai ni qﬁ (9as is 02 26. The plasnma etch gas conposition of O aim 21,
wherein e hydrocarbon gas is CH4. 27. The plasm etch gas conposition of
Claim 21, wherein the plasma etch gas consists of CF4, 02 and CH4. -17

23.  The plasma etch gas composition of Claim 21, wherein the fluorine-

containing gas is selected from the group consisting of CF4, SF¢, and NFs.

24.  The plasma etch gas composition of Claim 23, wherein the fluorine-

containing gas is CF.

25.  The plasma etch gas composition of Claim 21, wherein the oxygen-

containing gas is O,.

26.  The plasma etch gas composition of Claim 21, wherein the hydrocarbon

gas is CH4.

27.  The plasma etch gas composition of Claim 21, wherein the plasma etch

gas consists of CF,4, O, and CHy.

-17 -





