PATENT APPLI CATI ON Attorney Docket No. APPML0915SG METHOD FOR REMOVI NG

MASKI NG MATERI ALS W TH REDUCED LOW K DI ELECTRI C MATERI AL DAMAGE BACKGROUND
OF THE | NVENTRADENFiASIPHICATIQNe | nvention [ 0001] The present invention

gener al | y rel/Adtoeney Dockehido. ARPM168556n of integrated circuits and, nore
particularly, to a nethod for renoving nmasking materials from dielectric
materi al s having a | ow diMEEHdOD EORREMOVINGMABKING-MATERIALS t eri al s)

during the fabricati oNITH REDUQED £OWLK DIELECTRICOMATERIALODAMERGEe! at ed
Art [0002] Integrated circuits have evolved into conpl ex devices that can

include mllions of conponents &E@BT transi stors, capacitors and
[

resistors) orBACKGROUNINQF THE, I@Non of chip designs continually
requires fastr_q !dclfrtﬁé'ilrli\y i Hd greater circuit density. The denmands for
greater ci rcm-%ﬂsﬁ-ygpégessitate a reduction in the dinensions of the
integrated cijpemit Tlhensreeshs intdHlioB] gébelalp rdilatessicome Kabtibstid et gintdfeted
circuit conponents are reduce sub-m cron dinensions), the materials

d (e.g.,

used to fabri@®HEs Ach m@fﬁp@ﬁétiéugar%a\;@ & methedt Or rermying enasking enaterialsc ipm
f ' s ; e | Coel ot vt

ot er comneot SivlEfic! AR Havitd B I, dRecft®Bhdan; (ifelfaHe? 1o plib s

t he conponentduring thetfaigncttion ofiinteygrdted cirbeitsret al i nterconnects are
electrically isolated fromeach other by an insulating material. \Wen the

di stance betmpeaiiptdh 2 @d ReRitad Arfit er connects and/ or the thickness of the
insulating materral  has sub-m cron di nensi ons, capacitive coupling may
occur bet weerl0802k nlstegratachcicuish fsves evolved einjo camplay dedees tthak candinstude

he i nt ogr at QMG ompeneiedf G o PRtEE. b o8 Rofhiordioon a SRER o

adj acent met afhd BlGUEONREChD _déﬂg’ng coRtigliall equires fasteflicRbeiltiyrdrtd gRIREABISUIt
| ess than about 4.0) are utilized. [0004] Unfortunately, |lowk nmalerials are

not easy to Heisdys Thei dgmeadsciori gieater tiseuit siensity) nenesaitatges. raduction in the

particul ar, | eri,al [ ept i bl o .damage during plasm

pr ocessi ng, scﬁpﬁ?%a@%%|°£§'ﬁ%ﬁ]$$%r?§°§?'ﬁ%&t%@}s?@e%tgri p masking materials

(i.e., photoresi st Aayﬁrs(}. after a f%at.uge has, been etched into a Iovv-(l§
[0003] s the dimensions of the integrated circuit components are reduced (e.g.,

sub-micron dimensions), the materials used to fabricate such components have a
greater impact on the electrical performance of the integrated circuit. For example,
low resistivity metal interconnects (e.g., copper and aluminum) provide conductive
paths between the components on integrated circuits. The metal interconnects are
electrically isolated from each other by an insulating material. When the distance
between adjacent metal interconnects and/or the thickness of the insulating material
has sub-micron dimensions, capacitive coupling may occur between the metal
interconnects, thereby causing cross talk and/or resistance-capacitance (RC) delay
and degrading the overall performance of the integrated circuit. In order to reduce
capacitive coupling between adjacent metal interconnects, low-k materials (e.g.,

dielectric constants less than about 4.0) are utilized.

[0004) Unfortunately, low-k materials are not easy to process using conventional
fabrication techniques. In particular, low-k materials are susceptible to damage
during plasma processing, such as plasma processing used to strip masking
materials (i.e., photoresist layers) after a feature has been etched into a low-k
material layer. For example, when using an oxygen plasma to remove photoresist,

the oxygen reacts with and removes carbon and/or hydrogen near the surface of the
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material |ayer. For exanple, when using an oxygen plasma to renove

phot oresi st, the oxygen reacts with and renoves carbon and/ or hydrogen near
t he surface opatenNg aF2dOdod PATENT APPLI CATI ON Attorney Docket No.
APPML0915SG extmdsg okt Arrnerobsdsts t hereby damaging the |owk material .
The alteration of the lowk material results in a lowk shift, wherein the

diel ectric cosgicued loW-k heaterals! t'h@lretg»j GafRgiette 1bAOORIateflal2drid hRératibRiot the
damage generall'y leads to further additional processing problens. For
exanpl e, in alo¥bkseataaat ragults di enlowtle shifo whareinethecdielggliic eeondtantsofathe material
hydr of | uori c Ecﬁjh%nbgﬁ) di p, the damaged lowk material is undesirably
renmoved as well.” Frn"fabrication processes such as form ng interconnect
structures or hi ther features into the |ow terials,. this causes
a condition kW§ a?’g ﬁdﬁétWé‘I'!t 'SpGFmarQ&cE‘?”‘Wi'ﬂYée?%%ﬁf’ggé@@btqda't@qaéﬁpge%ﬁ‘%g
al so present, pgipfdingS Far e ih %Yéft‘fbs_egbéﬁt WBYetlR s &W&ﬁﬁ%@%si&ﬁlé?cf]ueﬂ’ﬂé a
materials, the non-uniformty of the sidewall profil'e of the exposed | owKk
mat eri al for nhydyofleric atid: (héF) dipertbe rdamagdd inwkemataridd is aindesirably removed as

b d ' ; | d i , | red I he .
it or connect  Pelt uPelefelin ProfSRERtid 3 PR g.Braranhash SRS pE clohing

i ntegrated ci bl featGfst AitHitRe 1bWek ARitBRAIY ik d@a@?é@@%@hdiﬁbﬁ UG as[ 98041
(0]

Therefore, a need exists for an inproved netho renovi ng maski ng

materi al s fropvll-back Wéhereilass sustamikier layers are RISCEPIEISEN, [VED74s Matappitg fayer
i ki i al bstrat e _havi d.. | ow k .mater.al

Whi Lo mont o oS Tk deBonsd uBy eI LK. S RS BBR Unifol ity of e it

provi ded her epyofild 6f thaexpreediltRnK ma@eriﬁ??&tﬁﬂné Part' SR Mg réBrMech fediiieciehas to

froma substrate includes providing a substrate having exposed | owk
mat eri al s anddificuifi sk Bubseruest canduelivieanaiatiey dapositipo staps renuiredék cagplete the

per od of 11 nEEAndky T88ce, BordRital Ry iroE LR PeF RIS B ahe nBotated ey
from an oxi di gpntginditetiesdersctivey interseanest saeictued. of tinme. The steps may be
repeated as desired and nmay be perforned in reverse order. Optionally, at

| east one dil 1486 9TherERY et,)gaar@&%dek@,tg 6r & hploved Chetad lrov-ren{&g}ﬁ&lmégking

. .
anot her enbodi nent, a nmethod for renoving a masking material from
materials from low-k materials.

SUMMARY OF THE INVENTION

[0007] Methods for removing masking materials from a substrate having exposed
low-k materials while minimizing damage to exposed surfaces of the low-k material
are provided herein. In one embodiment, a method for removing masking materials
from a substrate includes providing a substrate having exposed low-k materials and
a masking material to be removed; exposing the masking material to a first plasma
formed from a reducing chemistry for a first period of time; and exposing the masking
material to a second plasma formed from an oxidizing chemistry for a second period
of time. The steps may be repeated as desired and may be performed in reverse
order. Optionally, at least one diluent gas may be added to the oxidizing chemistry.

[0008] In another embodiment, a method for removing a masking material from a
substrate within a process chamber includes (a) providing a substrate having
exposed low-k materials and a masking material to be removed; (b) performing one
of: (b1) exposing the masking material to a first plasma formed from a reducing
chemistry for a first period of time; or (b2) exposing the masking material to a second

plasma formed from an oxidizing chemistry for a second period of time; (c)
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substrate within a process chanber includes (a) providing a substrate having
exposed lowk materials and a masking material to be renoved; (b) performng
one of: (bl) exposing the nasking material to a first plasma forned froma
reduci ng chePATENTVARRLMCATIONT st period of tinme; or (b2) exposing the masking
materi al to aAtvgEgldckepNasirM1081S® from an oxi di zing chem stry for a second
period of time; (c) 552701 2 PATENT APPLI CATI ON Att orney Docket No.
APPML0915SG peerfamingighe hatept @p(tof) ¢bih2)othatblas trivdt peviermea ipatépr(bkdand (d)
step (b); and e step initially performed in step (b). BRI EF
DESCRI PTI ON dgﬂ)?%lfé"%&&/@atﬁéé‘q' 'BE\O rf%‘%”?qhﬁ’t tﬁﬂég nner in which the above
recited features ObEtSQR esent |nvent|on are attained and can be

under st ood i nBB&R TIQN)%THEI Q3m$pt ion of the invention,
briefly summghgapd ?apofh%'t t yr‘r@‘ﬁn@ﬁqn BYhith! e BSVé %Et@cwgﬁ‘%lfé% rg? tBre-t:)sent

t her eof which ar ustra I'n the appende raW|n
not ed, howevennvemtkt&t atehattaippe roheldcalr bwun@erstbbdm detadl, anhyrd pann&lar descnphon

errbodl ment s of thls i nvention and are therefore not to be on5|d

limting of i®fsthedpyent '%rbﬁ!ﬁ@ ISKYERBNZRE ARPVRdBY 1 Be e Dk d8 rf-’pce to the
effective enba%gameﬁus kRO Ld ﬁlcg%ré it $ h@ aaaearg gt hod steps
for renovi ng nmas materral s di sposed over rraterl s accordl ng to

one et iy 5e 4 SRR St B RS Eoad B MR B

damascene i nt @mpodintsits wfqmeaﬁvmucﬁﬁau@ra@@ thérefsreaistandse wohsidemiElimiting of its
enbodi nent of the subject invention; and [0013] Figure 3 is a schematic

di agram of a PRSeEy t eﬂwhpaaﬁ@badwﬁp qtmr@qwaélv.aﬁﬁcyve gEIPasiMEBtisd t o
practice portions of the invention. [0014] To facilitate understanding,

i denti cal ref{@ﬁ‘élﬂlceFigumrél depiatee shesmqueneel, of whethedpetepisbifey, remodingi gnasking
I denti cal el emeﬂ?trial t ar e, conmon

DETAI LED S
[ 0015] “Enbed MBI diendiedt S9BR conHg Jnafesiels HEDiding Tro o e TodEnt ol the

|l ow-k materi ,ﬁbénﬁd}fidegdhb@@rﬁérgw ar, to renoving nmasking materials from
substrates having exposed | owk di eI ectric materials.

[0012] Figures 2A-2B are cross-sectional views of a substrate during different
stages of a dual damascene interconnect processing sequence in accordance with
one embodiment of the subject invention; and

[0013] Figure 3 is a schematic diagram of a process (etch) reactor that illustratively

may be used to practice portions of the invention.

[0014] To facilitate understanding, identical reference numerals have been used,

where possible, to designate identical elements that are common to the figures.

DETAILED DESCRIPTION
[0015) Embodiments of the present invention relate to methods of processing low-k
materials and, in particular, to removing masking materials from substrates having

exposed low-k dielectric materials.

{0016] Figure 1 depicts a method 100 of method steps that may be used to remove
masking materials from a low-k material according to one embodiment of the
invention. Figures 2A-B are cross-sectional views of an interconnect feature during
different stages of a dual damascene interconnect fabrication sequence. To best
understand the invention, the reader should refer simultaneously to Figure 1 and
Figures 2A-B.
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[0016] Figure 1 depicts a nethod 100 of nethod steps that may be used to
renmove masking materials froma |owk nmaterial according to one enbodi nent
of the invenpATENT ARFUICAIORA-B are cross-sectional views of an interconnect
f eat ure duri ngtorrdby DioelteeNb. APAYES158iG @ dual damascene i nterconnect
fabrication sequence. To best understand the invention, the reader should

refer simltapemysl ¥heometrwd ¢00 isagins Ritgsteps1 @D wherb 52 MlibstraBADIENTis provided
APPLI CATI ON Att orney Docket No. APPML0915SG [0017], The nethod 100 begi ns at

step 102 wher@ng fxprsad cowoly Matesialy iZdfqand avasnaxpeieials A thatt ara 4o Pe
220 and naski g, SRHET | he JdanbidtoRy Fhagfﬁgfanf @HBgft?ﬂgux sh%gts gagg e?o(?g%gev

be any substrate, such as a silicon or sem conductor su

typi cal | y congerhisendactetppinsttate aged hadallyaocnmgrises a eapport tayer 1204-havimg at lealst
| ayer 202 forned, thereon. be a carbon-

. The | k materjial ma d d
diel ectric nma? (o4t @a@ﬁ'aétavea%ﬁJpaasgaﬁ%ﬁepncg?h%ia\% matedie) moa%fgm garbon-

pol yners (sucq%@ SEfed VI &%) asd eqdid ke, 184 f e 5
as a trench 2 an ofgb@bvﬁ‘aa@%: 'S tfgi ggﬁ% de(%%%g(?”[oérag ?h??r \XAQFS%GPO?W?&H‘F@
into the | ow folymees (saichlasyeolyipti@e, pdrgleaky, andotheilikg. porti ons of the |owk
material |ayer, such as sidewalls 216. A nmasking |ayer 208 is forned (e.g.,

deposi t ed andopsd)t eAnfdturey suchhas laowelkiche 1 aAb/dray &ia 209, ti© tisically etdhed or
etching the feature into the lowk material |ayer 202. The nasking | ayer

208 may conprtervise jamred dyp dhe dowds materil dpuar 202adherey mapesingl portaask ohthe

organi c poly S RfeTyl , ' ' h
PO valor B pERCLATREY s SSRRIBRISYRS AR Bl BRI (E
cappi ng | ayerdgfisitedyarmbppttesed) ver dbe dewdki inakerizingydro2ol g fadilitate btubindehe
the oxide filmadhere well to the Jowk material 202. It is _contenpl ated
that the subsfeaiire 'Q@Othﬁab"""bbﬁﬁ?'ﬁ%@' aver 202qt The masking Javer 468 ENACOMPAIGE

and that feat : | ; 3 | e

material | ayeh GaEoigtEh plehprpiR At ha AR, S 48 oG oy, QBteraly,

e>r<]p0_sed to a ?icr;@pirry Eyen 2060 mexy bércﬁsp@el.ededpom rthe dowrk $mat¢riarrl7eﬁeremzcbrigr to

chem stry inc] udes passi.vation, or ol yner deposition gas. The . .

passi vati on g@émf@yt?‘ﬁé“ﬁsmﬂgﬁ%@é@%oﬁ“% H%/ng‘j“%w%ioﬁ mﬁ¥/gPB@7é'ﬁeéBWt%'?'ﬁ’ fgns

gas. In one egtodhbAgRY fifhBth ARSI AL XYM SNBE wEPtPthe low-k material 202. It is
contemplated that the substrate 200 may comprise different or additional material
layers and that features other than vias and trenches may be formed in the low-k

material layer 202.

[0019] Next, at step 104 the masking layer 208 is exposed to a first plasma formed
from a reducing chemistry. The reducing chemistry includes a passivation, or
polymer deposition gas. The passivation gas may be a nitrogen-containing gas or a
hydrogen-containing gas. In one embodiment, the passivation gas comprises at
least one of ammonia (NH3), hydrogen (H.), methane (CH,), nitrogen (Nz), and
combinations thereof. The reducing chemistry utilized in the first plasma deposits a
polymer upon the sidewalls of the feature, thereby protecting the sidewalls from
damage due to the strip process. The reducing chemistry advantageously has a
large operational window and produces a relatively small amount of low-k material
damage to exposed surfaces, such as sidewalls 216, in comparison to other strip

chemistries.

[0020] In one embodiment, the first plasma is formed at a chamber pressure in the
range of from about 2 mTorr to about 300 mTorr by providing the passivation gas(es)

at a total gas flow rate of from about 100 sccm to 1,000 sccm and providing power in
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| east one of ammonia (NH3), hydrogen (H2), nmethane (CH4), nitrogen (NA), and
conbi nations thereof. The reducing chem stry utilized in the first plasna
deposits a ppdpi@EaApR@ATIdNE Sidewal | s of the feature, thereby protecting
the sidewal | satioreDodldREARINE 0bESe strip process. The reducing chem stry
advant ageously has a |arge operational w ndow and produces a relatively

smal | anmount @k faAye fof TRieabalt 50a0aBBut 806¥RasSd Bie h%‘s%ﬁ[go@gefzes is exposed

sidewal | s 216, in Conparison to other strip chenmistries I'n one
embodi ment , tteetheifirst plesananter iasperdedreftiane betmammbow@sem @biont 11090 senapds.

of from about 0 rar t.he passivati
gas(es) at a tSF%Ié"B%é&mae%&l %Q%$1S?> E)%Q%%%h‘fglg 81!%“@@ ﬁé %@R’H%Rcﬁo
provi di ng povgggress CEiU§1l 4 PATENT APPLI CATI ON Att orney Docket No.
APPML0915SG t he range of from about 50 to about 500 Watts. The nasking | ayer

208 i s exnoosglgozﬁo F\h@r %terpwowl métmd aoeeﬁrbe%@é td 'sg) RE6a/RRré e tmadking

and about 1,000 Seconds. '|In one enpodi nent, the proce tenperature is
mai nt ai ned belayerA0&linHaxposadio depcond mnsmaderm{:d)mm aAfm)edrzmtgeq.hamlstryt hEhe

t hod 100 ds t t 106, .wh th Ki 208
gesegond pl g;‘??ﬁ E@%nggerﬁp %ecﬁeéfe‘r@‘ygﬁgraﬁ%gq'amg 3 |°(5'ie|z$rr‘? Bose &O

conpri ses an Q¥MEAdahMg gas &ﬁqﬁpnéé’s AP GeSNtOAKE BB NS 9 he oz) carbon monoxid
oxygen-cont ai ni'ng gas conprises at |east one of oxyge ,“car on nonoxi de

(CO?}I car boE UEQ)(lwb]?m%bxldﬁa(éezyaweter(vmr (H)zO)co.wbcombmnt@nshﬁmetﬁf.. Thee
oxi di zing chem.str { d t h h t d
bet ter  oapat iYL SRty T R 5Re0s diasia SRl Bhgs N fofnane belRt
than the redwpdwltfhem&wa Oéhdtbi%sflsitréﬁd nitﬁén%rgémétm@sk% mdteAdld tHadh the
the oxidizing chemstry of the second plasma is hi reaCtive with carbon

and hydrogen rediusings etlemésiry Dﬁethexb@éemlasmﬁf a&ﬁe@ﬂ%e Irowdditiee; ethEanlldsim
202. However dur

106 b / d h
exposed surfa%rbeémg# ?ﬁéﬁ$o§$qg% Z?ﬁcrﬁés'%lng %ynlc%rﬁ?cz' ro ntc(r?et{)mva romt e
deposi ti on up&a?béétﬁ%eéwftﬁé%os@ur biVBacelseBf 19¢- IO\BIQ@a?dtehQI W@rwdlméver

step 106 is perfornmed at a chanber pressure less than or equal to
appr oxi mat el yduo® atepr t0Guthe faarben andérihydregerneare fegsodbe expased surfaces of

the low-k materials is minimized due to the polymer deposition upon those surfaces
during step 104.

[0022] In one embodiment, step 106 is performed at a chamber pressure less than
or equal to approximately 100 mTorr and for a duration of between about 10 and
about 300 seconds. In one embodiment, when the method is being practiced on
extreme low-k (ELK) dielectric materials (e.g., materials having a dielectric constant
below about 2.7), step 106 is performed at a chamber pressure of less than or equal
to approximately 10 mTorr, or less than or equal to about 2 mTorr, for a duration of
between about 10 and about 300 seconds. The low pressure environment maintains
a collision-free plasma sheath, (i.e., the mean free path for particles in the plasma is
much longer than the plasma sheath thickness). When charged particles are drawn
to the substrate under the electrical potential of the plasma sheath and come into
contact with etched feature, the charged particles come in almost nearly
perpendicular to the substrate (i.e., an anisotropic etch condition) and have little
chance to collide with other particles in the sheath. As such, the etched vertical
sidewalls are under very minimal attack by charged particles. Under such process
conditions, random attack by chemically active particles on the vertical sidewall of

the feature is further reduced. A low total gas flow may also be maintained to
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about 300 seconds. |In one enbodi nent, when the nethod is being practiced on
extreme lowk (ELK) dielectric materials (e.g., materials having a

di el ectri c copstenTtAPFR &t/ OMORDOUt 2.7), step 106 is perforned at a chanber
pressure of | Atssneyhanked No.ARPM109158Gppr oxi mately 10 mforr, or |ess than or
equal to about 2 mlorr, for a duration of between about 10 and about 300

seconds. The advarpagscushefiether regusnsidewalltddnfsge By GRliing thenqlidmtity Bf 3888n the
sheath, (i.e., the nean free path for particles in the asma i s much

I ongﬁr t hgn t FRAMPPRYs g %’I%QFFOE’HT‘%'R%FE%S?S mefdhﬁwigﬁﬂhﬁmi%@ #y epragass
to t t ' [
o Uhe sUbt g A 1) b0 3 O ARSI A

cone into contac ure, e charged par

nearly per pectiirobéris less tihen aippsixiattely 200.sccan Thiespdwensupmicahtochedpriocesy
and have little chance to colli.de _vvi(ih ot her particles in the sheath. As

such, the et cHRAMYY MayAlso hgyBlRIMIZeq 1@ SYSHRIR apepXidigEng riasma havikgpgn the ion
har ged part | - Lions,
charged par '5!!1@?1eul~r'5pﬁénég/:f)hr?‘?[rﬁ%%sl%w ﬁggbﬁbéi;b .Slnroﬂgg&ﬁpﬁgﬁﬁgerﬁt e RF_power

chemcally active particle e vertic ewal | ure |
further reduciegutta thewhaattzdr igessfithaw appyoanatelp200dWatisi ned to 552701 5
PATENT APPLI CATI ON Attorney Docket No. APPML0O915SG advant ageously further

reduce si dewajob23jam@ptiohyliy,i thiet s@¢brich pladnedtof tstepf1 @R snay flirtfer 6YAPRSS .oneNor
one enbodi nent, theq{ga_s fl ow of the oxidizing chem stdr{ré in the process
chanber is befReemesbdient gas(eso Thecaiuans sghéenanbedddestto thetxidigng ahesvistn

the  Chanber ksaldiasnt B30 G RBIAh IR R0 98¢ BFbelEaR B 3P BRLSH ! ot B

process chanber sustal n an oOxXl1 dl ZI ng sta’ hav ng

an the ion aschbodinters| theeinertt diluehtgas Toatprisew s degstasidobehellum ¢He), argon (Ar),
enbodi ment, the RF power 1input to the chanber is |ess than approxi nately

200 Wafts. [08P3)e &%ITWB, adgition of thpuinsridilgnbeas t fheroydiztip shamisty of the
The’ oxi di 21 g esoubashf BivahtEBhef AT Ay ind Miafflc UxiueriMerBlty iR AnBCHEEmLD

bet ween about therdbyaretivginly damageeto thebogiosedtiowtihmaterals. dileuadditignf the inert
conprises at ast one of helium (Ar) and xenon (Xe). The
péRents eloo e

| ,
addi tion of tREENEegIs ofurtn@ﬁtadgaggq@%@r EREN g Hoptharimeny o

pl asma advant I i | ensitiv- i I ,
Phor by educh no o ey el ORI PR Rm oy i or 0P (TRER prepent
i nert di | uenang pseventingerapaskexhang ¢ gohgitian deghareim thendzgy ldgenexteodp degond the
t he , ) . . . .

sidewall profile of the low-k material due to differences in the respective etch rates of

the low-k materials and the cap layer).

[0024] Once step 106 is completed, step 104 may be repeated, as indicated by
dashed line 108. The repetition of the method steps may continue until the masking
layer 208 is completely removed. Otherwise, the method 100 ends and further
processing of the substrate 200 may continue to complete fabrication of, for

example, an integrated circuit.

[0025] Although the method 100 described above utilizes a plasma formed from a
reducing chemistry (step 104) followed by a plasma formed from an oxidizing
chemistry (step 106) to remove photo resist or organic materials, it is contemplated
that the steps may be performed in reverse order. For example, if the method 100 is
to be performed on a substrate 200 having exposed low-k materiais that are more
sensitive to damage from the oxidizing chemistry of step 106, then the method 100
may advantageously utilize the polymer-depositing reducing chemistry of step 104

as the first step. Alternatively, where the low-k materials are more robust, then the
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pl asma, thereby increasing the etch rate of the capping |ayer 206 (when
present) and preventing cap overhang (a condition wherein the cap | ayer
extends beyongheig arpLfte@b profile of the lowk material due to

di fferences igudh® DoBaPREIAPEM BT ates of the lowk materials and the cap
| ayer). [0024] Once step 106 is conpleted, step 104 may be repeated, as

i ndi cated by wdashiedod sy Ja%an-qu%ohgll?eﬁéélh% rPEteIIphy‘FO@‘iBhﬂgresgﬁﬁﬁl Temove the

continue until the masking |ay i's conp et renove t he
met hod 100 encigsking nhatetialsr processing of the substrate 200 nmay continue to
conplete fabrication of, for exanple, an integrated circuit. [0025]

Al t hough t he namd]uodlnl@ﬂedels‘dabdbamtabb\ﬂ@e utvértions the phathorl flO0niedpfacticed in an
reduci ng che tr %te 104) foll owed pl asma formed from an oxi di zi ng
chenistry (st B qf@l%ﬁv@aﬁ%t So'ﬂ'éﬁrﬁla“ﬁra"éf@alﬁi icomafaplied Materialsdinc, of

cont enpl at ed S%rtggt dl&% 5@) ordiBY die ol Quul’%ﬂ% ;?rorc&f?r %c rderpd0n ﬁégm &

I f the nethod e perfornmed on a avi ng expose
|l ow-k materi a$ehelnhmtc dlagramrcé oreensitable processaietay reactor 302 that diustratively may

chem stry of ste then the nmethod .100 , may_advantageous|y utilize the
pol yner - depos?# Pgﬁ&?‘éﬂ[&qt'ﬁﬁ p&ﬁ%‘?ﬁ%??@‘edﬂ"%'?t@ﬂ 1be e&:@ r@%g?qr-q@tmgyagneralt} be
Al ternatively, d gl e

PATENT APPLI CLETéIwO%Ié?& :pgfc nesg}’mg;c et Noog tﬁ\%gf'\;% E@G Qﬁgﬁﬁggg d‘ijgfd? isKer p‘?é&:]&;]n@
advant ageous| systeyiavailable feare Applied thdatevalks, tnd. ok SpntaeGtare, Chbf. maskl ng
materials. [0026] In one enbodi nent of the invention, the nethod 100 is

practiced in @o27)] ENABEEFéaqmdsrochs dedecdllyr coppnzeschaptocesgachamber f31nand a
Applied Materials |Inc Santa Clara, California, or other suitable
process r eact@?”trqﬂPG34§ dEfpﬁ @hgmer%@emﬁ. igrVagi i isssehsUrAliedawit contelied

gﬁgcr%v;ﬁ??gg{h@ﬁe e%]g% :?%_égqﬂ q;ﬁlbgﬁnnyggﬁebneraI :Jy betﬁogée tdh%ﬁqﬂ%?{)%ﬁ@%rtﬂtar

nmodul e of thecdrpiisdiNa sentactiveubioay wadlgr 330, oaewmemwm aaawhf?éwl eu;bps@rtn
Applied Materials, I nc, of Santa Clara, Caljf. ljl£0027 The reactor 302
general |y conpedessal ?a16pr36@e§§e@fﬁﬁ‘?ﬂ@er§i36 ahe ld assenbl § b3 9snerallyompisesed

o oy HORERSEn HERRH A GBRA RN Lbl Rl R nBH
the upper electrode 328 and may comprise several gas distribution zones such that
various gases can be supplied to a reaction volume of the chamber 310 at specific
flow rates. The upper electrode 328 is coupled to a very high frequency (VHF)
source 318 through an impedance transformer 319 (e.g., a quarter-wavelength
matching stub). The VHF source 318 is generally capable of producing up to 3,000

Watts at a tunable frequency of above about 100 MHz.

[0028] The support pedestal 316 comprises an electrostatic chuck 326 for retaining
a substrate 300. In operation, the substrate 300 is placed on the support pedestal
(i.e., cathode) 316. The electrostatic chuck 326 is controlled using a DC power
supply 320. The support pedestal 316 through a matching network 324 is coupled to
a bias source 322. The bias source 322 is generally capable of producing up to
5,000 W of radio-frequency (RF) power (i.e., cathode bias power) at a tunable
frequency of about 50 kHz to 13.6 MHz. Optionally, the source 322 may be a source
of DC or pulsed DC power.

[0029] The chamber wall 330 is generally formed from a metal (e.g., aluminum (Al),
stainless steel, and the like) and coupled to an electrical ground terminal 334 of the
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conprises a conductive body (wall) 330, a lid assenbly 313, a wafer support
pedestal 316, and a ceramc liner 331. The |lid assenbly 313 generally
conprises a showerhead 332 and an upper el ectrode 328. The shower head 332

i s nount ed onPATRWT ABPREEAEIOSCt rode 328 and may conprise several gas

di stribution 2Beagy ¢ NohAPPM{QR1PSfas gases can be supplied to a reaction
vol ume of the chanber 310 at specific flow rates. The upper electrode 328

i s coupl ed toreacier B0Ri ghThe expiammiy NeHRI31 Jadilitatesd ig-sithr okeghirgn of nbed araess
transf or ner 3%33&3993 a quarter-wavel ength matching stub). The VHF source
318 is generally capa e of producing up to 3,000 Watts at a tunable

f f t 100 MHz t dest a|
o al'eet T oot altialonddE BISHRs: O5ses] Ars puPRIEq HERR cd @B0BaNEh 3B P eD AroeR
substrate 300 chgmprgqd mmdw'tr%leﬁ@wérmee@ﬁ@' THe pr%ssuF@thdg’és ?ﬁ’b@cu[]e-r 80 in

el ectrostatic chuck 326 is controlled using a DC power supply
support pedesthg p&l@ashtﬁhﬂrghela%ﬁtmayd@ gcontiolied 3Bing tha:gasl;mned B3&abdas the

o 2% T RS RR T P e IRRREI0 SRPR orlea S A PP 367 i the
tunabl e freqw@mwanouﬁh@laft@chmbbpsi@wd[wgé; bweﬁﬁbhvthet\hﬂerrééﬁ@Z

may be a source of DC or pul sed DC power The chanber wal

general |y for 'iﬂ%g g?rﬁpéﬁi@le cff?h@sub%\'rélg‘mc}k%h rolletfbg§£§tﬁ$ﬁniil?eege§%tu;e

the Iike) and co to an electrical ground term na
PATENT APPLI CATtr(é\lel%trostaely dbock €26Nend WN@@I@BGTT (eHae:)tgHs 302 a Yas soareaidds

The pr ocess. g iitpdas CRABNSR Jhat 415 ToIIAH £HE HReIS 98 the Suhel aje cb-and grooves
chamber 310 tRanber rQ‘?n%h%ééeéﬂth%%?ctT@aﬁ’éEﬁé 8261 T‘?ﬂegl"i’t?l l@@%grfg?@@)ﬁ?éfﬁ

the process c 310 may be controlled using t e gas
throttl e val venam heattrgasferibetween 350 sobgtrate 3@13ndzdalecttastathotlamm3%1Usmg

th t I f . th h 31 th
sour ce- 316, FUAIOrRRbrN e (66 PHESIIBSDh: BN0da dneBIAInGH | 8 dysontrolled
stabi | i zi ng t'i@n?@r‘ﬂ?%%‘éﬁ%ng@ffrdrﬂelOetb%d@égirébé@émb‘&.k 326 and flowi ng a

helium (He) gas froma gas source 348 int he channel s that are forned by

the back sideqhyf hers pasithd CorffQ 8N thedpRREES chamber 310 as described above, the

controller 340 may be one of any form of general-purpose computer processor that
can be used in an industrial setting for controlling various chambers and sub-
processors. The memory, or computer-readable medium, 342 of the CPU 344 may
be one or more of readily available memory such as random access memory {RAM),
read only memory (ROM), floppy disk, hard disk, or any other form of digital storage,
local or remote. The support circuits 346 are coupled to the CPU 344 for supporting
the processor in a conventional manner. These circuits include cache, power

supplies, clock circuits, input/output circuitry and subsystems, and the like.

[0033] The inventive method 100 is generally stored in the memory 342 as a
software routine 304. The software routine 304 may also be stored and/or executed
by a second CPU (not shown) that is remotely located from the hardware being
controlled by the CPU 344. Some or all of the method steps of the present invention
may also be performed in hardware. As such, the invention may be implemented in
software and executed using a computer system, in hardware as, e.g., an application
specific integrated circuit or other type of hardware implementation, or as a
combination of software and hardware. The software routine 304, when executed by
the CPU 344, causes the reactor 302 to perform processes of the present invention
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(not shown) in a surface of the electrostatic chuck 326. The helium gas
facilitates a uniform heat transfer between the substrate 300 and

el ectrostatic chuck 326. Using such thermal control, the substrate 300 may
be mai nt ai nedrPATENT AFPMICATIBDdD tenperature in a range from 10 to 500 degrees
Cel si us. [ 0032iorrEg Dogiet No tARPM10018SC0] of the process chanber 310 as

descri bed above, the <controller 340 nay be one of any form of

gener al - pur posred Eogpngratly ptaredsia dhe trhamnong 342 beThes edftivarearolitingdud04 nady also be
setting for caontrolli nﬂ various chanbers and sub- processors. The neno %;

conput er - r eadHBIRS ARdONFxeautedty amecept) @AY (ral shounhiat ds repptelyio : ffpi%r

avai l abl e ne ; JRIBj RAM, read only nenor
(ROV, fl oppwgﬁsﬂi{mﬁfﬁge@pg%ﬂmgﬁégﬁ Str(‘)t her ?gg'm (I\)/12 digital st zrage, yI ocal

Cuppor i ng  (REDY 008e e By s eheRl Eh afe! RSB AqLis pesijgnec

cache, power orstplpegestat 306k The Gufinare iroRtihé BOUPWHer Breduted Bnthe CPU 344,
subsystens, and the like. [0033] The inventive nethod 100 is generally

stored in thelf@Rsipinys 3the gengrals glurpese ¢YUPHiee Bda. aTispesiHiEt REFROSEo ROMRUter

Cemotely 1 ocalSaTPRTSeRAAREE I e Cnamos? oBBRRRR s dRE B D bRERsS T
all of the mepdrésinsdcepAlbuyhethpr paeets igivibiat pregentrinveaticn ibadiseudsednasl being

har dware. As such, the invention nmay be inplenented in software and _
execut ed usi n'Q“Fﬁe'@SH’fﬁE’t ap %ﬁgﬁ\é’ﬁ'{ e irauing. e Cﬁst,heemﬁtr!Odaﬁte@ﬁpma&étr?cFHSC'OSGd
specific inte : I, iUl r f M6y ItHR! &JrRid 8t d

a conbinati ofrjl}'léo |ﬁ§8§¥v\5§’gégﬁf§nﬁ%pﬁv\%§rr§% gsg\g%@i%r gy rtggtl ner%gf&ﬂv\koe”%k He
execut ed by s$uuh, @RYirBAhtionamag et ingplemaoteat in3Saftwarepas eaeoutedogmss ascorfipatee
present invention 552701 8 PATENT APPLI CATI ON Att.orney Docket.  No.
APPMLO9155G cFkF(eS. gfér?hﬂ"i\rVPEP 8ok ERRNcERN SERENIG iBlegratedo CEBHit A ENeTbAe8f

304 may a1 S0 REquBheuRbleRniafo/ e aohu e SPEORTaTAG Rataghen) that s

remotely | ocate rom war e being contr 344. [0034]

The software in 4 ] u t { ate, 3 IS L

on the pedest@ﬁég}m.%h%%’e als?ﬂ“'?@ﬁe%&gJéﬁﬁgr%}%omgg'{séx%@%t%ﬁetyorgﬁglccﬂﬁ%g

transforns th@aganres Aonpdr HASRr260 WAMlEMiniATiZng dHPESad 6 eRPOHSS CowKTMateials is

(controller) 340 that controls the chanber operation such that the etching

process is  provided herein. Although the embodiments of the method are described above as
being utilized in connection with the formation of a dual damascene structure, it is
contemplated that the method 100 may be utilized in connection with any other IC
device or structure fabrication process where it is desired to remove photoresist or

other organic masking materials from a substrate having exposed low-k materials.

foo3e] While the foregoing is directed to embodiments of the present invention,
other and further embodiments of the invention may be devised without departing
from the basic scope thereof, and the scope thereof is set forth by the following

claims.
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performed. Although the process of the present invention is discussed as
being inplenented as a software routine, sone of the nmethod steps that are
di scl osed t hes@ENT Ay deigerforned in hardware as well as by the software
control | er. AstoreyOdcket K6 APPWEOL153G may be inplenented in software as
executed upon a conputer system in hardware as an application specific

i ntegrated ciCRiinig: or other type of hardware inplenentation, or a

conbi nati on of software and hardware. [0035] Thus, a nethod for renoving
phot oresi st and other organic masking materials froma substrate while

The enbodimenis of (e ar RO PG Ehﬁ%@’@sm%i%a‘?i@“%%ﬂ&?{?ﬁéwﬁhﬂﬁﬂg&s

connecti on wi ¢Harhiber, tompeitingn of a dual damascene structure,

cont enpl at ed t hat the method 100 may be utilized in connecti on W|th any
other 1C device d@)st rRieviging ﬁawb%atm@vmgoeée@s%mkumateglaéregnﬂeajnﬂ@skmg
renove photor rgani ¢ masking materials froma substrate

havi ng expose@ F%@Ed%%?ée&?)g ‘g [ 0036] While the foregoing is directed to

enmbodi ments of thebpr esemosnrrg/metmasknngondmernamm first phesma fdrotideoinsa eddudivey
i nvention may be devi sed w thout departing fromthe basic scope thereof,
and t he scopeCheiRisinyfor & fiegtpefigd i ti B]P AR fol lowing cl ai m; 552701 9 PATENT

APPL| CATI ON Att or R
removi ng a nmaski ng ?ra% %orﬁﬁ%?ﬁg”\%t rﬁsse&%r} ogess ﬂgrﬁ%%rf,mm an

conpri si ng: (agidlzrrtgvcrrbmlgtmftsmwccaubpbmd oftimeposed | ow-k materials and a
masking nmaterial to be renoved; (b) exposing the masking material to a
first plasma formed froma reducing chemstry for a first period of tineg;

and (c) expospng tf‘ﬁ‘? FRstkoN8f BRIAR™M, @Jhetré’in%hé‘?56’(1@5@&]}%@%%%@93%@ l%Hst  one

oxidi zing chenmistry tfor a second péeriod of aim1

wher ei n t he refdaromogiaii)shygrogeniHi s esethtiné €@blk), and nivbégemthdyi a ( NH3) ,
hydrogen (H2), nethane (CH4), and nitrogen (N2). 3. The nmethod of claim 2,
wherein the flow rate of the reducing chem stry is

3. The method of claim 2, wherein the flow rate of the reducing chemistry is
approximately 100-1000 sccm and wherein the processing chamber is maintained at

a pressure of between approximately 2 mTorr to 300 mTorr.

4. The method of claim 1, wherein the oxidizing chemistry comprises at least
one of oxygen (O), carbon monoxide (CO), carbon dioxide (CO;), and water vapor
(H20).

5. The method of claim 4, wherein the flow rate of the oxidizing chemistry is
between approximately 10 — 500 sccm and wherein the processing chamber is

maintained at a pressure of less than or equal to approximately 100 mTorr.

6. The method of claim 1, wherein the second plasma further comprises at least

one diluent gas.

7. The method of claim 6, wherein the at least one diluent gas comprises at least

one of helium (He), argon (Ar), and xenon (Xe).

8. The method of claim 6, wherein the diluent gas is provided in a ratio of diluent

gas to oxidizing chemistry of between about 1:1 and 5:1.
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approxi mately 100- 1000 sccm and wherein the processing chanber is maintained
at a pressure of between approximtely 2 mlorr to 300 mlforr. 4. The nethod
of claim1l, wherein the oxidizing chem stry conprises at |east one of
oxygen (02), CATBYhARBHEATION (CO), carbon dioxide (C02), and water vapor
(H20). 5. TheAHeTeitrchet Not APRY20916H@rein the flow rate of the oxidizing
chem stry is between approximately 10 - 500 sccm and wherein the processing
chanber is naintained at a pressure of |ess than or equal to approximately

100 niforr. 6. qThe f.oclaiml, wherein the second plasna rther
conpri ses at Peast ﬁ%&ﬁg@%p&gﬁalr&aﬁ,_w%r SFhRCRChBEL WP p&'PE}Qﬁ'@P (&/xer ein the
at | east one diluent gas conprises at |east one of helium (He), argon (Ar),

and xenon (Xe). 8. _The nethod of claim6, wherein the diluent gas is
provi ded i n alPati dhefmeathogesftclaignd, wheesin dive firaj pehiodi afttinge i betasreabatold —

The mot hod of TR RRndanand<rpl, Bl st EFGT s s % obfved) abpy Ty 300

nmet hod of cl aksetdndasherein the first period of time is between about 10 -
1, 000 seconds and wherein the second period of tinme is between about 10 -
300 seconds. 11. The nethod of claim11, further conprising repeating a

pri o 0ccur 11 495t SheShenth 3FA8hn ARyl eI el o Hipr SRR 0%

claim1, further c rst’perform

per f orm ng t hat Ealseon@bf stepp (bbdr @). (c); and repeating the first-perforned
step. 13. A conputer-readabl e nmedi um contai ning software that, when executed
by a conputer, causes a processing systemto renove a nmasking material from

a substrate vin : i rials within a process
chanber, corrg?i Si gf"?ﬁﬁ@éﬁ%"ﬁ‘gptfﬁgﬁ%@rﬁﬁgaﬁt erial to a first plasm
formed from a redufirshgerforming one of steps (b) or (c);

performing the other of step (b) or (c); and

repeating the first-performed step.

13. A computer-readable medium containing software that, when executed by a
computer, causes a processing system to remove a masking material from a
substrate having exposed low-k dielectric materials within a process chamber,
comprising:

(a)  exposing the masking material to a first plasma formed from a reducing
chemistry for a first period of time; and

{(b) exposing the masking material to a second plasma formed from an
oxidizing chemistry for a second period of time.

14. The computer readable medium of claim 13, wherein the reducing chemistry
comprises at least one of ammonia (NH3), hydrogen (H;), methane (CH.), and

nitrogen (Ny).

15. The computer readable medium of claim 13, wherein the flow rate of the
reducing chemistry is approximately 100-1000 sccm and wherein the processing
chamber is maintained at a pressure of between approximately 2 mTorr to 300

mTorr.
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chem stry for a first period of tine; and (b) exposing the masking materi al
to a second pPABRM ARFLMATI®NOom an oxidi zing chem stry for a second period
of tine. 14. Atpsneydiepkat Bp. ARFRMHWBI®SGredi um of cl ai m 13, wherein the reducing
chem stry conprises at |east one of amjroniacégHB), hydrogen (H2), nethane
(CH4), and nil®r ogEhe CRP)pUtasreatiable oreslinrorofraaita B ewhredinthe foxidizing) chemistry

scom and wher & 1PlRS 352 (Ers P OXRAETI B AR ol [CO) BBt olldg (€8,
bet ween appr oxhdaenvaporls®).to 300 niTorr. 11 552701 PATENT APPLI CATI ON

Attorney Docket No. APPMLO915SG 16. The conputer readable mediumof claim
13, wherein the oxidizing chemstry conprises at |east one of oxygen (02),

carbon monoxi ‘i’ﬁl (eorﬁ)?ﬁe%icfjb?hﬁ@ﬂ@r qb%é@g r(w%@m .ofa@%i ftfrwN%%?r{ tlﬁé_itzfﬁén rate of e

conput er reada clarm erein "ow rate o

oxi di zi ng chegxkidizing ichehiétneds atpeeni appikimdly 1900 S00nzeom aerehéreirhehe
processi ng chanber Is nmaintained at. a pressure of |less than or equal to
appr oxi mat el yPHSESHMEr chamber Tise roainiaibed akaAapressuigdi dfmiess dhannperzequal to

wherein the s ; er conprises at |east one diluent gas
SERRAPARE o

conprising at TeaSt on um (He), argon (Ar), and xenon (Xe). 19. The
conput er readabl e nmediumof claim 18, wherein the diluent gas is provided
inaratio of diluent gas to oxidizing chem St{;,l,% of between about 1.1 and

5:1.  20. ThelBonphb@rcqrapidsh reagabieumesiure ofi flaim 19nenereintthe seeand piasmy
1. 20, The T30 _
of tim s buTELToRiies g el S AERAIGR; MIMGHT dt 1pdRt ORE FRERGRL B,

of claim 13, awgdnh@ér), eepemrinnXe)epeating a prior-occurring step of at
| east one of steps (a) or (b). 552701 12

19.  The computer readable medium of claim 18, wherein the diluent gas is

provided in a ratio of diluent gas to oxidizing chemistry of between about 1:1 and 5:1.

20. The computer readable medium of claim 13, wherein the first period of time is
between about 10 — 1,000 seconds and wherein the second period of time is
between about 10 - 300 seconds.

21.  The computer readable medium of claim 13, further comprising repeating a
prior-occurring step of at least one of steps (a) or (b).
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