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sem conductor fabrication, Integrated circuits are

created on a sem conductor wafer ("wafer") conposed of

a material such as silicon. To create the integrated

Circuits,en vva LS.necessar fabricate a
| arge nu i,'h({cg iﬁﬁthﬁtg}g)m eéﬁeegpg i ces
such asLosw I aodéor Roxous, OWchDleieetrlaMatelaals stors
of various types. Fabrication of the electronic
devi ces involves depositj nNg,.kegovi ng, and inplanting
materials at precise | oCAt 1 OnS on the wafer. A process
cal | ed photolithography Hs oﬁm)nl y used to facilitate
deposition, renoval, and }‘FB dfft ati on of materials at
preci se | ocations on the wafer. [0002] In the
phot ol i t hogr aphy pr oces®ezaSahiadior esi st material is
first deposited onto the wafer. The photoresi st
material is then exposBAGKGROURD filtered by a
reticle. The reticle i's generallTy a glass plate that
atterned wth | ar feaqiure eomstrlestha

10001} PyBR sPipfronyceen (SRAGHIRG: (nlsestioh cluih @ Fispisd og § gpmiconductor
Waferweﬁﬁbﬁgc&ﬂﬁd%@@ Bt %Hﬁte‘iﬁt bifch s silidbn. |'¢c9&%,?;£§ ﬁfé %Fﬁt%cf@rcults on the

sur f ace the photoresist materia anges
WaferI ih@ nﬁwefmaryaﬂo felonqatesa targenmuohiber e g xypilizme) qiﬂ‘ubecmnoam <1Hv1ces such as
|aI With a positive photoresi st teria|
feSISt%r%p Se CRRRCHRS, Pﬁg (enFigAEe? V%rrfglsetxa%ssni’a%%%r%fsﬁhgtelectromc

dev1c€§9ﬁl%l'v§§ d?}ﬂ@ﬁﬂn giegndr\]/gl talﬂg\eﬁ%gﬁﬁ 1ﬁ§ el Qtnpremse[ locations on the

Conver sel esi st mater
wafereApwetese callpdtphetolittyigraphg ridlesrambhly wseg us&mlmttetdepmm, removal,

.mgterjial soluble in the deyel opi | ution. After the
and mg{ﬁ%rggtmneofrgat%@s P RJREISe ]l"ﬁ%mg’éloglﬁﬁeew Ftions of the
otoresist material are renoved, |eaving a patterned

[0002£Hbtﬂaﬁ eBetelithogiaphy pw@%]a Phetorgsisk mateyial He i deposied onto the
wafer! ?{;? :phgtgfesfs? %Ye%{al 9 &%ﬁ' &d tﬁw%h?rftlte?éﬁd%% '6?#8 ?egfl {etlcle is

ons no covere

generdlBy € rglasé\fpleﬂié tHah §s Wf&ﬁe@%ﬁmm@mry f&Wurd AebRERRE that block light
photoresist |ayer is removed fromthe wafer in a

from B?Sé@és%“%hl the 1ptide-oAEST Passinig Fbé@lighgthel retifle, thepbghtagamtacts the
surfac tcﬁﬁpk)l%tggegls r?alt lf“ﬁe Fﬂk?ﬁ Clilg therara cth%rrnllc%ll %umrploggion of the

Or esi s
exposed photoresist materlal Wlth a posmve photoresist material, exposure to the light

renders the exposed photoresist material insoluble in a developing solution. Conversely, with
a negative photoresist material, exposure to the light renders the exposed photoresist material
soluble in the developing solution. After the exposure to the light, the soluble portions of the

photoresist material are removed, leaving a patterned photoresist layer.

[0003] The wafer is then processed to either remove, deposit, or implant materials in the
wafer regions not covered by the patterned photoresist layer. After the wafer processing, the
patterned photoresist layer is removed from the wafer in a process called photoresist stripping.
It is important to completely remove the photoresist material during the photoresist stripping
process because photoresist material remaining on the wafer surface may cause defects in the

integrated circuits. Also, the photoresist stripping process should be performed carefully to



process because photoresist material remaining on the

waf er surface nay cause defects in the integrated
woiomuizte9 Al so, the photoresist stripping proeesas2006/017917

shoul d be performed carefully toavoid chemcally

nmodi fyi ng or physically dagagi ng underlying materials

present on the wafer. SUMVARY [0004] In one

oSBTty E 28l AR, LB Ml s o

waferi ncl udes an operation for providing a substrate having
a photoresist material overlying a low k dielectric
material, wherein both {Jresi st material and
the low k dielectric ma ve an overlying _

[0004PBi Bi&Embbdifient, HemethBa i€ AlsBloS@N iR GeMB{ind i oIt G mMb Al from a

or W thout a hardnask |ayer between the ot or esi st
substrpigt dhe anethorinchules aw dperitieh dot piovidieg ersubstratd heving tahsitbtoresist
o _provides . an operation fo erfornjng a first )
materfl) BPgRifl o 15 4o BelREle i Snlo ¥heBr prhdhnDbgoreahb paterighand the
low kRIMIYARE nfakdr hdCarBbemgthof pHiH&" il e %ﬁﬁstﬁ?b ORESAURR either
.. for_ perform ng a second stripping process after
with ¢ it jaokardmagknkayén begweant thie phiotogesist ouatesal afidethe éovokddielectric
b D) r,ocess. yuses an a nia plasm to remgve the )
materf, TP HRE B 1diR 58 Bftalii e pFEERAR A AU UPINE process using
an ox?ehlp@@kﬂ_ WoREMBES BRSpoRerPRh] AhERRLtMbd RRtEr gﬁw‘(iﬁfé &h Y¥peration for
amagi ng or renoving the underlying low k dielectri 8
perforppge i sgconda sigippinghpracess afiet completien lofirtherdist stfipping process. The
secon&)[sf%seﬂtggé%;]oooo% I n anot her 1errbo i ment, et?" ﬁt hod. i s )
drsero FEP "PERGY PR OBHOR BTBS LS omRliedhe Rrotores fpaterial. Both
the fifstibmidr 8dcBnd WRSppTRSE keS| e CSerfhRYE AhfifoR SHBRENAHSmaging or
havi ng a photoresist material overlying a |ow K
removig thec wrdeslyingt bow &l dieBotric mhteriphotndrehatt faedtmgi the tandmask if
ntthe |l ow k dielectric material have an overlying
pol ymer filmthat includes either a fluorocarbon

onent or _a hydrofiuorocarbon conmponent. . )
(0005 afiinerhen mbpdiveant, ampbed i sdasedder FEIqwREDkateRsist Mpteral from

i . s r .1t he esi .st. .
N T -
a low & dielectrixl meesialliBapl shenphasegieNmaesiaDusd tlichRws Whhéle@tie material

and trapnsform ng the oxygen dqas into a reactive form
have g coverlymen, golyaeE « filpe thef inclides xsifen afflussecarbon, sppenent or a
I i | [ al c t .
yoflogb, RO VB Mg, SRS S BRI e it o
withowashanimaskt hgershddwtemathe phstokssistiniadred and fie ot hdiblectric material.
further i.ncl 5des_ di sposi ng an anmoni a gas over the )
The %ﬁﬁl&‘{ AP dnglpdes, disppsing QKYSY 2aseovr sho sabstite ang gnsigaming the

oxygeR B&{ inkd'§ reactive form, wherein the reactive form of oxygen affects a removal of the

prese

polymer film. Upon a substantially complete removal of the polymer film, the disposal of
oxygen gas over the substrate is terminated. The method further includes disposing an
ammonia gas over the substrate after terminating the disposal of oxygen gas over the
substrate. The ammonia gas is transformed into a reactive form, wherein the reactive form of
ammonia affects a removal of the photoresist material from the substrate without causing
substantial damage or removal of the underlying low k dielectric material, and without

faceting the hardmask if present.



substrate. The ammonia gas is transfornmed into a

reactive form wherein the reactive formof ammonia
wahbwaesiia renmoval of the photoresi st naterial PET@SRE0RO17917

substrate w thout causing substantial damage or

renoval of the underlying jow k dielectric material,

and without faceting the hardmask if present.[0006] In

| t,. a.method i Qvided for renoving.
o008 A58 RSB 85 T 8l e P R it om
substehtee h@dhg iaclowbkediblabtridnegetixll ftletlpgPine tyhoRFEsHdt material. Both the

material. Both the photoresist material and the | ow k

photoggsist anpaterial andtthe ilew khdiptectic materinl haig Popyerlsing pblymer film that

. ] [ r.a . fmrocarbon or a . .

ielubeiinh € GRS oT 5 e BReRRAreE Yeooflensl iy pogasion of e

methéd)aheTpolyad: filmeis RRPYER tof dnl SRyigln PraRARE@r aO AR NELEary to just
plasma_for a duration necessary to just renove the

remoygy thy etymar fikm. Fellpwitigrigmosaipathe pplymee fibo) ¢ wecontlidpeyatign of the

ati.on of the nethod is.performed in whi.ch
e OREL R0 B 2P DS L G B o
duratiohascmsdrPto onilslEtly emoRe ﬂﬁ?ﬁ@fo&‘esﬁs@ ma@dtiet el y renove
the photoresist material. [0007] Qher aspects and
[0007?‘1)‘(%1’t APESs 9hd ta&@arﬂte[g‘é? 3 'tﬁhningkﬁtkonb%ﬁpﬁgco% o?@@ﬂ:(a?&ft from the
romthe followng detalled description, taken |
following| dataiteidodesaription, htaken cianmpajynation dwathi thgs accompanying drawings,

. i |.lustrati b of exanple the present invention.
ﬂlus“@Lﬂ’%%BE%ﬁE&ff’{w rwlﬁ%ﬂpﬂ% Figure 1 is an

illustration showi ng an exenplary plasma etching

chanber, inmvyﬁ Tﬁﬁ)ﬁ G f the

present inv_ I, _ i on

SlFirIal 88 dndembdtAaa6n f bk ad ebten8la9N pRshb bsitRiAE ScHathber, in

be processed in accordance with the two-step stripping
accorgignse akth o enthedimens efitheipresenitingentioni gure 2B i s an

LS AR b0 A5 LS e o
procei¥el YiRdcol U with R tRROES ffpSihg Fﬁié@is, of iprefit BBktion;

| ayer renoved; Fiqure 3'is an rllustration show ng a
f [Fegneh 2Btis en iBustnatipn dhdwing raa idealined fdabirp horespending to the feature

.material. fromthe substrat I n. accordance one
ot Figlfe Bh hfine U PviEer el ool B RREEE BARC 198 spmove
| IFigted ratd QR AhQwhtth 3RowHBIL MwdhafadPaemBol" for removing the
surface prior to performng the two-step stripping
photogssist apderial droge ¢hr sibstratenin dccordaneariyitlli anerambyfdimems of the present

. resent invention;
invention;

Figure 4A is an illustration showing an image of a sample wafer surface prior to
performing the two-step stripping process, in accordance with one embodiment of the present
invention;

Figure 4B is an illustration showing another image of the sample wafer surface prior to
performing the two-step stripping process;

Figures 5A and 5B are illustrations showing images of the sample wafer of Figures 4A
and 4B following performance of the two-step stripping process as described in Table 1; and

Figures 6A and 6B are illustrations showing images of the sample wafer of Figures 5A

and 5B following performance of a hydrofluoric acid dip.



Figure 4B is an illustration show ng anot her inage of
the sanple wafer surface prior to performng the
wowemesiRZIn9 st ri ppi ng process; Figures 5A and 5Brarmis2006/017917
illustrations show ng i mages of the sanple wafer of
Fi gures 4A and 4B foll ow ng performance of the
two-step stripping process as described in Table 1;
and Figures 6A and 6B are illustrations show ng i nages
of the sanpl e waf eDEIAIEEDUDESCRIPEON 5B fol | owi ng
performance of a hydrofluoric aci
[0008]>I ﬁlpthbﬁﬁﬂ(b\&ﬂﬁ@lﬂ&@@h@ﬁ,l 1 dro@0Ecikia detadls firel devfurthgin order to provide

tio n rous specific . detajls are set fort
a thorp i i g T30 HOE0 g TP SRR Y P ‘ome skilled

in theP4 BB thd PrESEH: i entibh rﬂ‘dyl be PRCARIIKRRSut sBRVEHEITE of fhese specific
one skilled in the art that the present I nvention nmay
detailpdn pthec unstaadewwteﬂdqmbwammess operatiomt havesa tepe dederibed in detail in

detail s | ances wel.l known process
order BB'étPé‘PP%‘i‘??aﬁgX/&SﬁWt RAGSHE SRR i n deltO ail in order

to unnecessarjly obscure the present invention.

[0009§ %@(Y@ﬂlceﬂldm?ﬁ@é‘?ﬂ ciiewisr oftenduss p dowtls diglecitic gmaterial | agvpri electrical
1nsula%cfeé)e?\g%c{ gddy% 6r?ciu|cﬁ)§ lﬂl@si eecésr laﬂ: %teﬁzﬂ%t’ df’%tlecrtrlé) %}a\{@ﬁp Low k

dlelediihceina&héls Qré1@dfied ak insubiink nﬁhtﬁizﬁ@hd\ﬂnﬁg amtvarueam tBdrethat of SiO,,
defined as insulating materials having a k value | ess

i.e., agkrvalue lagf theys abgued.9. Fordiscugsipn paipgses; oy k digdestrigmgterials having a
dlelec'lgmt9 co s?e[nt q}ﬁﬁ@u%g' \ézﬁH{ xCthan a%WutrZ ‘3' erl %Bgldgred "pOI‘Ole" low k

avin r| C const ant

materiadd. U’ﬁidlﬂlcﬂﬁﬂy,t lbwnk atledtrie n’iiatéﬂa@s 6816 dﬁiiﬁéctnb%ﬁ:u&nt vabW, i.e., k
k materials. Additionally, low k dielectric materials

valuengroatathan ar equad to peout Gristrarronsidered 'dqnse’. or ‘lregrdar(idow k materials.

Use of gﬁgtlo%!} i &@ﬂct?fc xﬁgtléﬂ!a]]s trgdlgtgé) %bdgsirgﬁl %55@@%2{;0%@[@&' iéev.\7 f(rosstalk,

betwedn aﬁﬁeérﬁlcﬁnd&t(ﬁ'rlhﬁk whikdbeessinhdasde §eed A hegein, the general
couplin i.e., crosstalk, between adjacent conductor

term ll?‘ﬁé‘sdl Firig material s kafers tiday kaliclprivie maﬁ@alﬁs%fcplﬁéf &Py, i.e., porous

eral term"low k dielectric material" refers to
orderfs@ﬁeégl? ielectric materials of either type, i.e

o013 e B0 EP r 0 Trt L dh Bgct e ow
k d1e1€élr1§ WGl td ﬁ‘ﬁlakﬁ‘ﬂleﬁ:hﬁigeﬁrﬁgsg 'Th p‘iﬁ%hﬁrétcﬁﬁné Qf aalonl' RMectric layer

etching process. In plasma etching of
on a wifet, eqthoiogesish yeask dayeniswaihenonly ufsﬁdctbdoms asnaskwsuemwer the low k
tern, o er .the

dielocgi e 1A Tt D terP e SR A PN Sfner Yo 19% K iaietth fom being
ol AL ! il i, Sk BT BB AR N 1 comple
and tlet comresgonuling ewsk ipstteronpfetngd in the low k dlelectrlc layer, the photoresist
material and associated residue needs to be removed from the wafer. Also, it should be
appreciated that once the plasma etching process is completed, portions of the remaining low
k dielectric material will be exposed. Removal of the photoresist material from the wafer can
be accomplished by performing a photoresist stripping process on the wafer. However, the
photoresist stripping process needs to be performed in a manner that will not adversely affect
the underlying/exposed low k dielectric material, nor cause faceting of a hardmask material

present between the photoresist material and the low k dielectric material.



and the correspondi ng mask pattern is fornmed in the

low k dielectric |layer, the photoresist material and
wagswaratied resi due needs to be renoved from t RETWAR@®6/017917

Al so, it should be appreciated that once the plasm

etching process is conpletgd, portions of the

remaining low k dielectric material wll be exposed

t rom the wafer
[0011 q‘ﬁ@ %sf%%l I1Sﬂ§x d;BESﬁrg{éir% % f‘amt\ﬁ%tstgf) pﬁrlogésF et?r SRS b demovmg,
photomsrsc asaerinl from avahbstratdowdstein, thehsubshigt OineRidéd a low k dielectric

{aL (r]) ocess needs to be perforned in a manner
materia 4p fx)dyrﬂrg tPhafppesiss éwermlflecqneten&wdmeﬁ,l the ﬁgb@w;ﬁoeéqpresented
s o 48t 8] S & SR oq BT R BREL Rl emiconducn

wafermmhmfai araBgndnymolo veris th ﬂie@ﬁéséntcdeﬁai;ﬁfdnain 4da&ibol] to Th@uding the
ent invention provides a two-step process for

tow K giek eSpinprateriab the subsiiptends alsh sheriagisr mab@vmala polpwen film or

polymc?{ li’afytgxf: ?Ir/?rl i tﬁ(étrﬁ:tg E)H lseléfgtc’ Ha?e‘i?lh LAF kﬁé?lgﬁzekg di Wtke material. The

polynwatfémi &l a bb/prodm't (ﬂi’lﬁ)@@hfmﬁbncdtfm pl‘dbé’sk,l’ &k§ pl&ma etching process,
a sem conductor wafer. It should be

repr esent ed
perforgdariey do dhe Phetoresie Sttr&m%g §U’S§%Sr Hx e gabadimarfy therolymer film is
h n r
chara SZ%?I S?I %ﬁm% aggl tion o I 'nc fri:ig Jf‘ﬂlt Powdokh%'%&muoroCarbon
compaheat.ectric material, the substrate is al so

characterized as having a polynmer filmor polyner
[0012] TRe TirQVeep wf B AR)-Step !ﬁﬁ)d@ﬁkof& rsﬁ*ﬁip‘h‘ig PRt lﬂ{dtﬁjes@tnﬁafeﬁﬁl uses an

low k dielectric material. The polyner Imis a

OxygeByRiﬁmﬂJ&Q respove thef polyrherbfilng avithomt pdw@x damagmg @l msming the

n d fot ot or esi st
under 0, PUARERR. oBREATCTRE BEREH o S B b RGR b ses an
ammdnfa Sl A6t Rilo%€ th o'tcﬁ@sh&t%:ﬁgrleﬁ 'vﬂ"lth%ﬁt Adviekd By fki’@gnor removing
onponent or a hydrofl uorocarbon conponent. [OO

the umderlgtngstcep kodielgetriq umt@uaépltpslml;is bef apprestiated phatgthe h@cond step

oA b 5 RS BT
step of EHEDMIoNde Bﬁ’otbh‘éﬁl@f st¥ippitle pedeels RBiBdREAVALF AR ByAbartiddlSr values

second step of the two-Step process uses an anmoni a
for prgressnparametersningluding Cbmrstils’,e $Gmperatutes rpreﬂsuw, tgas uﬁiow rate, radio

e SO o ETRES, B BRLLRS rhBouoF SHRE e, sove

mentiGREO ok PpHRAHPBRC @fe addiffed C WTPLiRkulidRboRblyt REdH I #e  following
step. Additionally, it should be appreci a%’ed t hat each

requirgmeRisiof t he two-step photoresist stripping process is
respectively defined by particul ar values for process
par amifoanly ireinovediting phloeresidtr ynateki@hpeitiddut r Klve3eBS Smaging the
gas flow rate, radio frequency power, and duration. In
t he Wderlying ok dielscitis watesieh i ppi ng process, the
abovenent i oned
* remove photoresist material at a commercially competitive rate,

* completely remove photoresist material without leaving essentially any residue
behind, and

* remove photoresist material without causing essentially any physical damage or

faceting of hardmask material if present.



process paraneters are defined to sinultaneously
satisfy the follow ng requirenents: wuniformy renove
woheospzitior esi st materi al wi thout adversely daragiusgno6/017917
the underlying low k dielectric material, renove
photoresist material at a €ommercially conpetitive
rate, conpletely renove photoresist material wthout
[OOISj Eﬁ}ﬂ H)gde‘iélﬁlﬁﬁ% r?hét%ll ﬂv{}\%/t%x{?g%%ﬁj té’r?gnlétnsg% %@ng qc?&o };ﬁs instructive
to despﬁbfesa@hhmﬁartﬁgﬂuolﬁ tlfea:%t-stemplﬁftoﬂaﬁ&ﬂéﬁpﬂﬁn@'@i&kksﬂéam lfe conducted.
present.[0013] Prior to describing in detail the
Flgurft hés 2 Wystiptionshewing ansEXePHATY plapia etching ghpmber ("chamber") 100, in
accorda%é Wﬁ‘ﬁtdn\éeenib%dﬂﬁén‘f f Hfé Iﬁeé&ﬂmgﬁu&n Tﬂ@ cﬁgnl%er}%oo includes a radio
oresT s S I ppl Ng process can
frequemo;n (RE) dﬁivelFbEUﬂt@clellOlSaMa Ipbtdﬂ@et elaitrd HJ30Whe REAriven electrode
exenpl ary plasma etchi ng chanmber ("chanber") 100, in
101 is;eqnbieedce swPROTt B erfe o8 di rEpesusT tor ?hElaﬁiﬂé% ¢ generated within the

chamlSeE{ 96:jAlqg\gnf;r Qe c%}/?igp g&ie%;%g gﬂlﬁﬂjg Ri Ve Ig%{ 3 o%g&%gtér 115 are

prov1dEﬂetoREupjily yew zﬁidehtghoﬂéqlibﬁdy IRF @mméﬂtgweepbchoelwﬁp@hd RF-driven
wafer 105 in exposure tQ a glasna to be_generated

electrqgey Filn visa cendiisbe comsction Loty Inrqng cavkagdimenty Bieclowt Hequency RF
1
e 9 8004 N L RUERRY, B 29006 B B RS R e i

generated pehdvieeefrgqueney 617 M1 sheuldeeppreotheed] Bdwewrathat the present
¢conductive_connection_111. In one enbodi nent, the |ow

lnventr“flb%ﬂ?eh‘?clylpft@meé%ﬁdf wsing RE pgweiesenerted ab fwawcspsm@ei ey MHz and

t.h
27 M For S Bl by EEAHE G Kol W BOPE: dy bp gepgpaed at o
kiloHapp (lddz)aleeel, Coovexsely, i Batigh densityesiasiha ichmabdri ®F péwer may be
be i npl enented usi ng RFE power generated at frequencies

generafechat s pigaHCR? (G2 bleveloFurhmoRo it S@%Iﬁ}meeappm«;laéeq i the two-step
photof SR obpll B BT o AU 18 RARGEHET i o

multigié denperdyaciaaiber,Ris gesesiiednwith hesggener Fgate df oft a single frequency
gigaHertz (GHz) level. Furthernore, it should be
chambgsnr eci at ed that the two-step photoresist stripping
rocess of the present invention can be inplenented
[0014ﬁ§Viﬂ'g regatchter Figureul,tduping operatior rileey high ddsencyaand low frequency RF

e B B U b T Fe 3 e s on o
cham%llgrlt)ﬁ% BRESa4il O BlebiiieN0BNad MARHRADY aafodsl 10, fi'sB8WE M hoted that

the plasma region of the chamber is defined between the wafer 105, the RF-driven electrode

101 outside the wafer 105, the passive electrode 103, and confinement rings 121.
Additionally, the high frequency and low frequency RF currents are transmitted from the RF-
driven electrode 101 through the plasma region to ground extensions 107 and 109, as

indicated by arrows 119.

[0015] During operation, a processing gas is flowed through the plasma region of the chamber
100, via a gas supply port (not shown) and gas exhaust port (not shown). The high frequency
and low frequency RF currents transmitted through the plasma region serve to transform the
processing gas into a reactive form including both ions and radicals of the processing gas

material constituents. It should be appreciated that the reactive form of the processing gas is



currents are transmtted fromthe RF-driven el ectrode

101 through the plasma regi on of the chanber 100 to
woheospazpve el ectrode 103, as indicated by ar PORaS1h6/017917

It should be noted that the plasma region of the

chanmber is defined between,the wafer 105, the

RF-dri ven el ectrode 101 outside the wafer 105, the

R, BFR0E % BB T 8 ey s
densit? WTtRE bRsih Gn ithABRFhtck 00 waiR tHeeloRFELI s, Rbe&frfeﬁfjiihé]%ences a

01 through the plasma region to ground extensions
voltaggnigt thechamber he0,cetherdinbthe aoltages affd@s igr0e15Ey Dithimghe plasma. A

operation rocessi as 1.s wed t hr.ough t he

powe RREkA RLthe IR aERacs e SRt G 12 FR0 e YK By RE senerator

115 cRPbé adjisted 34 HMasBH d8RGasE WP B P @ dsit R4 11RNBWRhergy Rthin the
hi gh frequency and | ow frequency RF currents

plasmpy Hhgsions ead radicabs githinbe plasmasntermgt with seaferel GSomaterials to cause a
trapsformthe ocessi S into reaciive form

change Hbﬁﬁé’ﬁ%&f%ﬁ%gﬁ%\x@é&i@ﬁgﬁgﬁf% ?f%osﬁ&ot tﬁgp Béessi ng gas
materjal _constituents. It should be appreciated that

[0016] pddtionally. A eeesmaiiie relatienshipdeedges e dal-drigefe plegweds H01 and the

. # . C
pos 8608195 AHISLLEE AL Uy 1 0 T PR, s an

uppercduafate archO6E, thehRF-drivhe eleeiodd eqLias egcrBised UwitleRéspect to a bottom
i nfl uences a, voltage in the chanber 100, wherein the

surfacg greaRfdhe,passive slacRde hdh dhe bint Heltpeerné ths BEdevemelseiigde 101 will
increa%éj, R%é-%}sa{ %etcglfs lﬁﬁeyvvJafe?Cipg n§ {\i@%rtgg %g il -d]rgxr% ae?&trbﬁ«? 101, an
I’'gh frequéncy 2! gener at or can be adj us gd 10

increas® o1t leias eoleuge de diecRB-Ariveieclpttasier 0d 6illi daysed ortdpondifp increase in
nergy wthin the plasma. The ions and radicals within

bias #irge praferdOp nisr et bios oh theatiefer1Bh faitsreagtds the ipmiglocity and
directg))r(lgl(ti;@ggﬁ?do r]{nlt]i)g& RiBPhd E%%irg{10§2%c¥¥?£e%r I?lgr’éa%ﬁr fgc Selocity and

plasma. onal
directipaalimptard preferbbit i osidin phetwesutihes Rghdispece matl €ching.ddowever,
101 and the passive el ectrode 103 inf| uences a hias .
other \ngpgestrs Hichsemnreneh wkding prsr optimized with xdgeraged dan yglocity and
directgﬁgﬁt'g. surface area of the RF-driven electrode 101 is
ecreased with respect to a bottom surface area of the

Oy R Y S
strippg%cﬁi‘é%é:s tdretnaapBéent GRvdntiod YREOAHEE SorOYrobi8inE o A" ﬂéé\ﬁ Nrate control,

ectrode 101,” an increase in bias voltage at the
tempeRiturgr ¢onéral, giresstreochminod IRKippwer eeriwl aansoproesys ahuditivg control. The
at

Lncrease.in bias at th fer 105. . As.the bias t.he_.
cual. GO st pRoge Binge hentine 109 X ef<GErte iy esblet 10 Figure 1,
repres@hts 6 dxeRPldry ¥haR6Y? witAGhicd e thdestpbifitort&ist striPping process of
increases. Increased ion velocity and directionality
the praseat prvefitombirebé nomductedi Hopevwe 8 shoyldshecimdaestdridgthat the two-step
photo?eSéPsF %‘Eriprp%}é 8ro%£s%hcl)fn Fe pl_rke)svgleltv Svention can be conducted in essentially any
plasma processing chamber suitable for semiconductor wafer fabrication, as known to those

skilled in the art.

[0018] Figure 2A is an illustration showing an idealized feature 200A defined on a substrate
to be processed in accordance with the two-step stripping process of the present invention.

The feature 200A includes a photoresist material 201 overlying a low k dielectric material



ot her processes such as trench etching are optim zed
Wi th decreased ion velocity and directionality. [0017]
wOoheospkzgma processi ng chanmber used i n conj uncPCoOUSMOEM17917
the two-step photoresist stripping process of the
present invention providesgfor processing gas flow
rate control, tenperature control, pressure control,
Fs r S t| Qn, cont r ol
O g T

densedeg.dan hedlevmxhimplee@fa@igﬁretm\ fal &@flﬁirdmadkeiﬁ&t@ﬁ@ln}!(ﬁ &d a bottom anti-
npl.ary _chanber within which the two-step

reﬂecaﬁ%mh@g {BARL) maéfzﬂaf# g0 scsngsed batweerpthe pbntordsis aterish201 and
the logxaﬂ &?&ﬁ&ﬁ@ g‘rb%r?aﬁj 20’7'0&?31‘?1 nalisy{3 l‘?‘ehf&w E &fé:ie&ng ?na%r?a? %0? H% defined

e two-ste Stri process

over |ar Sfﬁe mhatérial €209, ornhe: antikee f@ﬁﬁdtﬂl’m@d 1s rueeﬁas@ go al By sabtrate 211.
asm proceSS| ng chamber suitable for sem conductor

Furthgrmoss, 3 pebmeatlp, 2185 akvosiledor prbgrersitim,| isddafimed yer both the
phovols, AT AL o LA T O P s 25

represpniscelnspadict cfaqnedansetcking prddass. Inoné t@Boditienf) Phdgolymer layer
resent inventiaon. The feature 200A

cess of the
213 if deding isingluge githar @fuarogashonar 4 hydrpflugtasarbpnsgmponey Ko proceed
with étéhﬁ!: ‘&B&tk&(ﬁﬁgﬁﬁfdnaﬂr&%h %etatlﬁ%] IHOA. l?gs fic %s?i& At ol ol polymer

ectric materral can porous or

layer @iB\sthé phgtokasist liyer 208, endarhiel BARC Riyguzos. Zﬁ’%ura 28 {s an illustration
har dnask. mat eri al 205 and a bottomantir ective

showiag 4 ideplizeddetuieetQOB sorropending tqithpiete BAPAckayinghde polymer
. t
layer B0 U FTRlBt RS bOL, e 3{‘!?”%(%%% ferfbfidEe s 'c"

terial . 2071 flndQver rlal
0019 Rt % i Whsien Shoydhe e sttt ot 8, Bewipd for prpoving the
photofedist RefdT ©012£BR WFBEubSANE, ird l@coréﬂn%@ v‘?@ﬁ o€ @nbodiment of the
polymer film is defined over both the photoresi st

preseniamneentign. Ipghioukdbe apruediaved khatithel reethod desesibed wath regpect to Flgure 3

e, L EMBE R Sy R P D SR AES s o sppng

photoRR@isy fRterlaP#8Mm 2 %stﬁted?ﬁé BRehdddntInads UL oSt 3(?1 for providing a
fl uorocarbon or a hydrofl uorocarbon conponent. To

substrpieobavinl Wi photerssist enrderial oovetlyingi e doivok dieleairichmaterial. Both the

poto SELHEA A0 s REESRE Tl A SRR SRR . 1 e

embodhiﬁéﬁf 203 ?(ﬁyﬂl@f efikB iigciades! |ditst r At Q8o R®Wh "TofMfponent or a
deal’i zed feature 200B corresponding to the feature

hydroﬂmmcathm egnpdnenipol yrer | ayer 213, the phot oresi st
| ayer 201, and the BARC | ayer 203 renoved. [0019]
[0020FThe rmiatﬁbd slsauindlhdes sinr epcraifons303nion pesfofthingCd &ikdt sedipping process
nmet hod f renovi ng the
using an oxygen p asma to remove the polymer film without adversely damaging or removing
the underlying low k dielectric material. The first stripping process includes disposing oxygen
(O2) gas over the substrate. In one embodiment, the oxygen gas is disposed at a flow rate
within a range extending from about 50 standard cubic centimeters per minute (sccm) to about
1000 sccm. As used herein, the term “about” means within + 10% of a specified value. In
another embodiment, the oxygen gas is disposed at a flow rate within a range extending from
about 100 sccm to about 500 sccm. In yet another embodiment, the oxygen gas is disposed at

a flow rate of about 200 sccm.



photoresi st material 201 fromthe substrate, in
accordance with one enbodi nent of the present

wonvenkzian. |t shoul d be appreciated that the ReThS2006/017917
described with respect to Figure 3 represents one
enbodi ment of the previousdy nmentioned two-step
process for stri ppi ng photoresist material froma

002 455 58 TR B S BR50R SRS poncr o

oxygeVeds| disptged ob&Vth sdbﬁfa@&tlhlcﬁler@ﬁlﬁfduﬁlant Bt RFtfifver applied to the
photoresist material and the | ow k di el ectric mater al

OXygeR 8RS isaVithindr RygerRKignaingnisomaboih S0 Watin €W baetiuB@Q W. e another

embogﬁl%mﬁ%?g 'gl\jv(%? %}éﬁiﬁ@%ﬂ . g?ﬁ%{gﬁ@ Ig%sl 18 Vblg-gg]rab%c%ggﬁ ftrom about

100 W@ gbdun 200GIwE IR RetoRORE EMBoditheni, Pfic REPoREMlied tb tHeSdxygen gas
stripping process using an oxygen plasma to renove thé

is withig|azgage extending fromabouRPOrWdp 9b<m§ ﬁcﬁ@@ NG The apeh@i/Rﬁgvower serves
di el
to traﬁ%?(?ﬂng%gﬁ gy%én O%ag S1§to. tﬁ% P%f%egl% sgbao benbam); go lwf)a&ag éepresents a

reacti®d/itmtdf@x§edasdapaile of defhoRify tﬁ@rp@@hﬁﬁﬂtm the oxygen gas
is disposed at a flowrate within a range extendi ng

[00222 TR fﬁ?toé’thgﬁﬂg%ré&gérfﬁirtﬁ‘éf tlhEluH(%nﬁl'aﬁ'ﬂlﬁﬁlg aOSfesgﬂrQ L{{rlﬁnn a region

seem 1000 seem As used here the t
including thet substeate sndvithichoxyged Plasoia. smneemboMenaltheprebsure during the

not her enbaodi ment,, {he. oxygen gas i.s Spo ed t,
first sFRGIpi BROGoWit AT Ceis Epb e PR PR Aioe o S0t SOBILgR(m ) to
abouttSDOaﬁﬁUtIn%th%?%ﬁlboh A th@n[fﬂ%&ﬁfe Ao H'Ee bst ko 1ng process is

oxygen gas is di spos at aflowrate o out
maintgipednwWidoR k] rafipe ektendmgsﬂrmmpq:boug Spmdctes 8le]|t sl®0i mdl lhﬂg@t another

embo il (B rtse BT, e Fit aviopl BoRocE s R NEDRES range

tendR¥BlonPaRul SehTt B dbBEt MYgen gas is within a range
exten g@lrr? di ng from about 2506 V\&tts (W to about 2000 W In

[()OZSEﬂf)ttﬁee %m%?ﬁﬁ%ng%ﬁgﬁelﬁ qgc;,( P9 e‘?’eﬁ gﬁ)mél{é e% Hlf%) Bﬁﬁu%g)ecarbon or

hydroflieratarbo®) GoMﬁoﬂeﬂt )aeﬂlucﬂﬁﬁtobﬁipoﬁém Qﬂinlifﬁfét rcadtfdm dRfth@ 6x¥pen plasma
applied to the oxygen gas is within a ranPe ext endi ng
1

with the (olyass ran gomouitased ki deteatgmoendpoiph ef aisp ISéétrmPn}gome?ess For
exam]glFr e en %%ltn{ ar ?l{eoﬁm tsﬁ‘ﬁag?r@/ %ﬁ%@esg %§111I tg] 80151'81tﬁe&>%ﬂﬁ% plateau of a

ﬂuonﬁceac(x‘dcbi\l‘tﬁfatfo(iarlfﬂtki?flc 0Xyp¢ PlasERAPBPLE d@ﬁcenﬁihm@/lhﬁga biitRtantially complete
mer film [0022] The first stripping process

remo‘fabp)i/ ke polieer fiés hegibsemiohtaingdather fitst sfrippimet ipeesa is concluded by
termnfa?%%% Jhg@gglﬁdge%%ygﬁ[ %aé %gg'r hé gl(laos?tn% t he oxygen pl asma.

_ ressure ing the first
[0024@&'518 n‘g?tﬂgd Pi{lgﬁq%;gls es\rsr%hqncggaelﬁrtllggrqu%rnp%for%ngg a second stripping
process using an ammonia plasma to remove the photoresist material without adversely
damaging or removing the underlying low k dielectric material. It should be appreciated that
the second stripping process commences after completion of the first stripping process. The
second stripping process includes disposing ammonia (NHs) gas over the substrate. In one
embodiment, the ammonia gas is disposed at a flow rate within a range extending from about
50 sccm to about 2000 scem. In another embodiment, the ammonia gas is disposed at a flow

rate within a range extending from about 100 sccm to about 1000 sccm. In yet another



about 500 ml. In another enbodi nent, the pressure

during the first stripping process is maintained
wei2bdsi2ia9r ange extendi ng from about 5 nT to abowwSi®6/017917

nlr. In yet another enbodi nent, the pressure during the

first stripping process igomaintained within a range

extending fromabout 5 nl to about 20 ml. [0023] In

. ' ' fil.mincludes ..
embolfspE THOUNTE Rl MO S5 POLNTH Bl g rom abou
200 scoampaibent 800sscémuor i ne conponent from the reaction of

the oxygen plasma with the polynmer can be nonitored to
[0025PFheGhcord RAsHNE Bloctds 4158 iddddRk oy G i

) gxanpl%, thlglgtgn%gooi ntS of tl he fi ragf’fyg‘%%ﬂ{ggﬁﬁppﬁ%e%‘gﬁbma gas
disposgil |ovehihe sobsirated &nonawmbodimphiatleaREF pbwer dpplied itethe ammonia gas is

...concentrati.on.n the n pl pon det er m ni ng
withinf§ G185 ek iR s it SRR aBout o0 v Branofis” sEppsigtent,the RF
powerl agplieAas tRESMNRRIEIR G wiltlhe a frhii gt e)ﬁéﬂdilg)frﬂﬂn ot §6G W30 about
concl uded by terminating the disposal oxygen gas
1000 ®:dn yehenathérsembdimenftD0R4RF Powerrepplied thithe hmmoainitc fasdis swithin a

an,. operation .30 r rform a_.second stripping
range (1cBE uPraph, 2B, SBrds N o B pedtinde RE' pobver serves 10
transfRPIR AAfhGlia BRI IRI0 thé aﬂﬂoﬂ%laﬁ?&{ Srhefliy (HiAmRE6HY f?jﬁm represents
_renoving the underlying low k direlectric naterlg . ?t
reactivehioumsl obammppiaeonsiteshts thatt are hapableodivemeving i ploptoresist material.
process commences after conpletion of the first
[0026F The peiond sprippigssrocdsh €uskest dicludds hpipiandng b Ge&Stre within a region
) . ncl udes di sposing ammonia (NH ) gas over the )
including,ihe subsiratq sndsihe 2mmasun Riapma. TheeDrapavsnmainiised during the second

. ' . i i kLng from, .
B TR
the lownib ditlevaid matdiial has® dletechis corsta@t a6 @cbs aharPalidud@®.9, k€ porous

.thin a range extending from about 100 seemto_about
low k ciejectuie anaterfal, the prossere He mavaiaiapduvithin e rangenedendingyfrom about 5

S0 e t g8 £l i.b-hin _a e .extendjn .
T Sl O LSS S SIS s o
embodiment dn ahothppembodimente®erainsthe i dislbdtele Soaqalt W e Bw k dielectric

power to the ammoni a gas di sposed over the substrate.
materiphis s RAnAbaIhe At the PRESUEISTBMBtaingdpyithin atrengerexteading fram about

S.H hé ndi.ng: fr oyt . 50 .

5 SR S 9P AL O ERM g D embicimen
whereaptilei dielettpict doastannohile lgaskidielvétiibintateridlap Jessekae BEORD.5, the
fromabout 100 Wto about 1000 W In yet another )
pressuggsdupipiagied witin prangs gtending frem abeut hanhtenaheut 2@ sl during the

j.t-N e extending from about 200 Wto about
Second{%tggbw$%&é5%ppl ied RF power serves to transformthe
non e, amoni wher ei n

[0027@ H \Lx)/ﬁ\i(eg, g ﬁliesirggzt g g%reggg:rwgterigl lﬁls %quaéctnc constant g/&%e greater than or

equal to about 2.5, i.e., dense/regular low k dielectric material, the pressure is maintained

within a range extending from about 5 mT to about 1000 mT during the second stripping
process, in accordance with one embodiment. In another embodiment wherein the dielectric
constant value of the low k dielectric material is greater than or equal to about 2.5, the
pressure is maintained within a range extending from about 100 mT to about 500 mT during

the second stripping process. In yet another embodiment wherein the dielectric constant value



reactive forns of ammoni a constituents that are

capabl e of renoving the photoresist material. [0026]
woheossieziand stri ppi ng process further includesPCT/US2006/017917

mai ntaining a pressure within a region including the

substrate and the anmoni a 1pl asna. The pressure

mai nt ai ned during the second stripping process is

. dieleectric constant he low k . .
o e JSORIABEA AR5 G AL RLABLS, B fpaimanes
at aboBR0mU dukidg tiie &c@rﬁﬂﬁﬁ?ﬂ]hgpﬁicb@. | ess than about 2.5,
i.e., porous low k dielectric material, the pressure

0028] AdERIORAAY, MstnWebdl i g fr
(0028) A\GRIoRkAY, UasiniohH o e FR0GRI TR Sina! AIRRBUE ofrlons 303
and 30h, smspestivalyce wintferagme efivhouippemtupohnwhicht therwafer is disposed is

.enbodi.ment wherein the dielectric constant of the |ow .
maint e QYRR 1 dotes: GHPRAING L0 DOm0 S Balsso(E) 1q fBout 60° C, in

RnBS $HIE ol bR ot L) k
won BRSPS ABLOHRALS M ST BXLERARLL L0 opror

upon whishdbes wafen iy dispesedtih mainaibabiwithint a winge extandihg from about 0° C to
ctric materi.al

helectric constant of the |ow k die :
o P SRSl Bkt S FELRE LA e e

isdisﬁ@séd“is@naﬁnt%ﬁfégﬁtz?d&h?@@”@.g_ fromabout 5 nT to about 20
Ml during the second stripping process. [0027]

e [ £ e ' ic nmaterdal has.a .
10025 Y mtddimGAC e o EEL A B RN o progess tollowing
complationibf theSsecon®stripfRBR6¢e8 URI oveBttifs pficedseitperformed in the same
material, the pressure is maintained within a range

mannedag difieRend stupping piaces. Kphewld hp epprediaed thafr completign phithe second

sooRESRASELH OPORARORE58 b BRSEL SR RRAS svh s s

spectrali Sdadyi. | For Cexafiiphd) tin ValeUemBddimBat tHeVerddp@ing! SFCthe i second stripping
material is greater than or equal to about 2.5, the
processr@asher ideptfiegh byitabseraingw (AY smissiambiee ek & evaielegetr ofrabout 420

oA AR G20l SR 35595 B v

detectione tith eve@sitipipro@e s petfor@ll feph duRRionOWitkindd edmps tekiehding from
is greater than or equal to about 2.5, the

nmat eri al ) or ) S
about §0%.0f thedyratiomptthe serond strippigrrogEsp eximding (mige endpoint thereof to

= . 8 i Ly dur.
L T T W
In ancihar @hbatided) Ihe 0ders@d, proe&REs tyeviied #ort £ MRS tRL KK RhIAla range

a support upon which the wafer is disposed is _
extendipg HoE pant WOThphthy dusstipa efxthe sacang stripping poesess: epgending to the

LS 60 .in cordance.w.t h _one .
endpof et b sbot AU it o EF S s s cppencing o
the endpeins tiRestl I poNanthet enitbRimexte thel SveilitGp Pe6stsd & performed for a

mai ntained wthin a range extending fromabout 0 Cto

duratiemy rgfrespending) tp ylbputaﬁ@%h ef thoriswatioanef theseeandpairippimgeprocess
extendihg fofie SRR kLGN Whi ch the wafer

[0030] The photoresist material stripping rate afforded by the above-described method is
dependent upon the stripping process parameters as discussed above. In various embodiments,
a photoresist material stripping rate greater than about 5000 A per minute (A/min) can be
expected from the two-step stripping process of the present invention. Additionally, the two-

step stripping process of the present invention provides a uniform strip rate across the wafer.



Is disposed is nmaintained at about 20 C. [0029] In one

enbodi nent, the nethod includes performng of an
woveasesiRzilp process foll owi ng conpl eti on of thePeemsS2®6/017917

stripping process. The overstrip process is perforned

in the same manner as the jgecond stripping process. It

shoul d be appreciated that conpletion of the second

.Qpi can be dete ned usi,ng an _endpoi nt
For 3bbRF o PERER T dior % SF P Rirsd P dioncina) G Fepected to
provif©b thieagailard Gedore TRAGITBNIn 5thip ARIBPILE tﬁﬁn 5D across a 300
second stripping process can be identified by

millilgersvafelaig a CN emi ssion line at a wavel ength of about
420 nanoneters. Follow ng conpl etion of the second
[003lﬂ;tanquz) Agisparo dlbseatiars shiewing nannimhgeyofen dpmplet wafer surface prior to
ion, the overstrl proces performed f

t
Peffo’ﬁ'&tf‘&@teotﬁ’%twtﬁpalns Qﬁf@f@ L% %Watqségcq wiihioas STPOdignabt the present
r [ t.endi
8 14 S0 et ARG ER N, AR GL00 ne
photom‘slst hategiat blydr EQ]r oyplyig piove kskeleottie nhiterinl layet D@7, wherem a SiC

hard ggm nt ‘iﬂ I n anot her enbodinent, the overstrip
ardmast (Es 1 BW?EH tieqpholorasiptamAETaAADCH e low kach@l@ctrlc material.
A
BAF B3t AL, AL, S 8
low kadizlectric00Bgenial 208 Hignet |4Bntsoin flhstratemosttbvehg Iapmhalg image of the

C xtending to_the endpoint thereqf. In
sampl S Suidis R Ghoih, DR, Ao FS- Hop SUURIRE Piscets B rptoresist
mater{z®ayRr %ﬁattﬁeo i€ Haf EERRN Nt & 8RRULiCRYRCDoT gﬁtd the overlying
duration of e second stripping process-exten
polynten éﬂmlﬁiﬁ calrmeacﬂltmesenf in the @B8de diritigde ciB) Tablest dmﬂbersl thé stripping
stripping rate affordeg)tqn the above-descri bed net hod
Pfocetsspadgﬁ gflpey, B%?ﬁi hREE gtwtﬁ’r%%?élpﬁ D RFRESP Onfhe sample
wafer&f Figipsedh-agove. | n various errbodl ments, a photoresi st
mat e€r 1 al stripping rate greater than about 5000 A per

St 11 pathe TsRipER fHS:GEPRFLEHSE VAT It BiRDR Witer

ppi ng proc

Addl tijonal |y, the FromsR&ge St rPwgéuie Process of {he Time
Stepeserjt Gheudstry op provi des |a uni f or m [stRFPomei e | acr oss

t he wafer. For expnplsecm) he |t wolmTep st ri ppi ng plodﬁxendﬁ

o

tilhr ;gtst);EQE:rla Idel\\;lc;?P(ZInI ;Fl;lf Sfﬁ‘??scfl cu?‘?qjyr af Ieugff'5

hess tlhan Ng¥p acr pss go@00 niTTiaget er Waf ggp wt O0BI] 45
a

Figurd 4A is an |llustration showing lan | nmage of

sanpl ¢ wafer surface prior |to perforrm ng t he two- s15)9 of
Ovesstip ppi ng Waocesp, i A0Qccordand®Owi t hl on€0&Whodi nent .

of thg present invention. The sanpl e wafer surf@ggq?gT“ne

defined by a nunber of features that €ach have a

[0032] Figures S5A and 5B are illustrations showing images of the sample wafer of Figures 4A
and 4B following performance of the two-step stripping process as described in Table 1. As
indicated by Figures 5A-5B, it should be appreciated that the two-step stripping process of the
present invention leaves essentially no residue. Figures 6A and 6B are illustrations showing
images of the sample wafer of Figures 5A and 5B following performance of a hydrofluoric
acid (HF) dip. The HF dip serves to remove any remaining materials altered by the stripping
process. As indicated by Figures 6A-6B, it should be appreciated that the two-step stripping



photoresi st material |ayer 201 overlying a | ow k

dielectric material |ayer 207, wherein a Si C hardnmask
woOaywrize9 def i ned between the photoresi st mat ePCaluS206/017917

the low k dielectric material. A polynmer film213 is

di sposed over the photoressst material 201, the SiC

hardmask, and the low k dielectric material 207.

proceézij(gfutﬁée R%Fééft \?\nlaxfﬁéﬁtléﬂ in%?nts le@leh QA1 fﬁk? i el;l‘@[k?fap gz{m%]yig‘ad&onally, the

e sa er surface pri ormn
two- stepostﬂppmg sprocgspi ofgther preas . inveetiodh piedels | & ttypeRbe fe@thre damage
201, the Si.C hardmask, the low k dielectric
Chara?tav@ﬂ by) porngh dageHBE o WEFIE HBPS oROyPass Of i qaph feafurgr arcca tpff, ie.,
facete'ar R thd MelbE thRARVE] a@o%%ﬁstd‘rﬁa HA%&m L dﬁl%?t%té be Provided by

he strlpplng process neter va ues us
the prpsmt IIIVBllt[IIjl dvioilstdamagg &ﬂowtk diplectiig nmateds psesemt drhtae substrate while

% i@ﬁgfer of Figures 4A-4B. Table 1, Strip

Provigpg % JustpAripnE ranYaeXsslient opcrassnyier mﬁempeowg]wut faceting the
hardnfzks® A and 5B are illustrations show ng inmages of

ar aﬁe“%%%% e wafer of Figures 4A and 4B fol |l ow ng

nce f the .t in rocess, a
003 B3 0SS HRor 5 SR ESFRaT I8 1BR 0 1 e mams. i wi e
appretihted ke ikbsb SkiflBP frethb aktQhoh RldidshBe E)Y&ecﬁh§ E’pe%fﬁdaﬂ@ﬁsrkﬁld studying
process of the present invention |eaves essentially no

the drpwijed el rﬁalgg veHo@yaltemtionR asdigians) mﬁsmnmtlpnm sndséquivaients thereof.

9es e maf t of u

Theref GRS bs Tisendef BT b Gl iRyt PRl aft 08 ieseion pacitions,

permuTﬁlﬁ)ﬂS":aIﬂll caubaleYiRSs fAll waliiMEe a0y sﬁlﬁBﬁcﬂécﬂﬁe BBh8 ihvdhEon.
altered by the stripping process. As indicated by
Fi guphg: iS&9Rq it shoul d be appreciated that the
two-step stripplngprocess of the present invention
incurs essentially no low k materi al danage.
Additionally, the two-step stripping process of the
present invention prevents a type of feature damage
characterized by corner faceting, wherein upper
corners of each feature are cut off, i.e., faceted.
Thus, the nethod for renoving photoresist nmateri al
froma substrate as provided by the present invention
avoi ds damage to low k dielectric material present on
the substrate while providing a high strip rate and
excel | ent across-wafer uniformty, w thout faceting
the hardmask material. [0033] Wiile this invention has
been described in terns of several enbodinents, it
W Il be appreciated that those skilled in the art upon
readi ng the precedi ng specifications and studying the
drawings will realize various alterations, additions,
permut ati ons and equi val ents thereof. Therefore, it is
i ntended that the present invention includes all such
alterations, additions,



pernmut ati ons, and equivalents as fall within the true

spirit and scope of the invention. Wiat is clai ned
wo001AINS 1. A nethod for renoving phot oresi SPCT/US2006/017917

material froma substrate, conprising: providing a

substrate having a photoregi st material overlying a

low k dielectric material, wherein both the

photoresi st material and t ﬁ\gk dielectric materi al
have an overlying pol ymer erformng a first

stri ppin rqQcess using.ap oxygen sma to renove the

R R e B AR S R

t Peovididerd )étlﬁ‘sﬂra{eo%\lﬁng'@pﬁétbfésfst TRASAidI2bverBit a low k dielectric

perfornyng a second stripping process using an ammoni a
matergl,awhereinobethntby ehptosesist anateriali md thetlowi kil diele¢ttiounaterial have an

adver.sel ?/gfja_rmgi ng or renoving the underlying | ow k

Oveﬂ%P%P%IW Myat erial, wherein the second stri ppi ng
PHeg6ssing % MY el 36 uSiAFRhSIxyBh Blasthlio frk
i s'?ri ppi n% rocesgﬁﬁg.lﬁg rretuhogaf or ygen‘g\?isng o kbihiSte the polymer
film witheubadssrssty damagitigadr rémoving theubsierlping lavs krdédedtec marerial; and
wherein the .polynmer filmincludes a

clai.m 1

f PESYGUARS tfo OB pEHRRIPE Jrogsh Pingt 11 GPERAY plpsma to remove the
photofeRi¥P AiARRMal w‘i‘ﬂﬁ@ﬁtedd%@elgrldéﬁ{agﬁﬁ d QEROWRR thd @ﬁiéhginggowlpﬂklectric

reaction of the polynmer fiFmwith the oxygen plasma Is
materiabnvhereisd theosegende strippingeprdpessnis peiformed faftes tompletippiafgthe first

. praocess, the endpoint of the first stripping process

Stﬂpp@“@ipﬁﬁceé%i nci dent wth a plateau of a fluorine

concentration in the oxygen plasma. 3. A nethod for

renmovi ng photoresi st material froma substrate as

réci t edh methgidafom rémotingt pretoresistpmaterialy frodet ewbstrge an recited in

._endpoi nt..of the can trippin rocess; perfarm
cairn 0BG 8 mgoes SR it OB et e Tofstfborocarbon
comp&RGE Neheddihi PRLGEhePERERDNent 1eBAHRY Bodl FdaBridt Qfﬂﬁspc{l;@ﬂérnﬁlm with
a duration within a range extendi ng from about "10% of

the oxygen rplesnem isofoniiered goodrdect tani ppipoint pfotbe Sfirse strippitignprocess, the

tQ i e oint to about 200% of, t.he duration of the .
endpold b In€ 1R sieging: BRGERs ERDEnGrinot THE Bridperhcl @ fuorine
concei@icRi i thdGxyevepRbmb P process is performed in the sane

manner as the second stripping process. 4. A nethod

for renoving photoresist material froma substrate as

rgct t eg éthod for removing photoresist material from a substrate as recited in

claim 1, further comprising:

detecting an endpoint of the second stripping process;

performing an overstrip process following the endpoint of the second stripping
process, the overstrip process having a duration within a range extending from about 10% of a
duration of the second stripping process extending to the endpoint to about 200% of the
duration of the second stripping process extending to the endpoint, wherein the overstrip

process is performed in the same manner as the second stripping process.

4. A method for removing photoresist material from a substrate as recited in
claim 1, wherein the first stripping process includes disposing oxygen gas over the substrate at

a flow rate within a range extending from about 50 standard cubic centimeters per minute



claim1, wherein the first stripping process includes

di sposi ng oxygen gas over the substrate at a flowrate
woi2odsi21d9r ange ext endi ng from about 50 standardT@skio6/017917

centineters per mnute(seem to about 1000 seem and

appl yi ng radi o-frequency (1gF) power within a range

extendi ng from about 50 Watts (W to about 2000 Wto

o5, ECTREch? 4058, KO SRR, U5 e i o e

extendiBf €¥drilabbiiios0 AVaLEOEVY 8 eb@s 2000 We@ ihe ddygédTeds to transform the
wherein a hardmask material is defined between the

OXygenigas Hiie theaxygert PIasa2- and the low k diel ectric
material. 6. A nmethod for renoving photoresist
material froma substrate as recited in claimb5

wher ei A erthodofort ﬂamofvingsphmdsisteﬁﬁfe@liaﬁhbhp Ri g¥Bstrate as recited in
processes are perforned w thout faceting the hardmask

claim 1, weres) a hardmaskpaesig] isolefinedrbetigen fheqihetasesist material and the low
kdkﬂaﬁﬁgﬁhﬂﬁhkron1a substrate as recited in claiml,
eFei’n the second stri ppi ng process includes
di sposi ng ammoni a gas over the substrate at a flow

rate within a range extending fromabout 50 standard
clibi ¢ Acicthask for sepeving; phateresistemaferiab frappatsubsioe as recited in
. nd Bl DG i 0-frequenc RF ower. W thin .
ctaim S ST B8RRI R A0 1450l DB e i

facetidy the bafiinaaRWRMdraal.gas to transformthe anmonia gas into
the ammonia plasma. 8. A nethod for renoving
phot oresi st material froma substrate as recited in
ckai m 1}, rej i r .1.PpI ess. includes . ..
o P AL S, Bl PP ERRER bRl Secea i

claim sk bshdrainethandcodie sRppHRNpiobes NMclotéd Hi@pé‘siﬁ%ﬁﬁﬁhonia gas over the
extending fromabout 5 mllitorr (nT) to about 500 nir.

substrofe aha Homhiste Wishinreciped exiending Bprmebent Sktendard cubieeantimeters per
iS008 600 008 L0 ) A A D B Wi e

extendihg o abdut FOOWatts §IW)db RBoEthEO0BUWS Lo it @ndiéhid BEs @Xig@form the
plasma within a range extending fromabout 5 mllitorr

ammOopjATgas o oAMmepE phismahen the [ow k diel ectric
material has a dielectric constant value | ess than
2.5, wherein the second stripping process includes

n8j nt aiAnimthod foF @8HIGYMSVPHOMBsi® MmE@kiaN fiofic h Uklbieté RS recited in
. Substrate and the oxygen plasma within a range L )
claim dy wehrgim gher HestsEIpOIS Progsss irslirdes tmaipmingr a piessure fithip g region

includgnléfg? éﬁ&%ﬁ%ﬁan@hg BJ.(féen Iﬂﬁﬁma v&“h% g%él{gle %x&:%gﬁltgzﬂbtm X@Aulf S millitorr
(mT) to about 500 mT.

9. A method for removing photoresist material from a substrate as recited in
claim 1, wherein the second stripping process includes maintaining a pressure within a region
including the substrate and the oxygen plasma within a range extending from about 5 millitorr
(mT) to about 500 mT when the low k dielectric material has a dielectric constant value less
than 2.5,

wherein the second stripping process includes maintaining a pressure within a region

including the substrate and the oxygen plasma within a range extending from about 5 mT to



or equal to 2.5. 10. A nethod for renovi ng photoresi st
material froma substrate as recited in claiml,
woéuodshieziigonpri si ng: mai ntai ni ng a tenper at ur ePof/U82006/017917

chuck upon which the substrate is supported within a

range extendi ng from aboutjg-40 Celsius (C) to about 60

C. 11. A nethod for renoving photoresist material from

S ng; el e havin

sbou o3Pt WLE 1 IBTRE LRLCORG BIEMIHART ufhe b Dy Bbater than
or equabtee2.5al , wherein both the photoresist material and

the low k dielectric material have an overlying

polymer firmthat includes either a fluorocarbon

c ongn \ 0 n_comn ng . di sing. ..o ..

ohen Ao etia Y RARNCH R BRI ERRE RS SSRGS dcied in
claimdafurthet compristget i ve form wherein the reactive form of

oxygen affects a renoval of the polymer filny, .

t S}RARINg topsraiing f Paghugk upey Hhirhythe sulsdtate; i§supported within a
range SRRAAHR ol R 0P OSLANCH A Lidouf BFPLS © Temoval of the

pol'yne 1 m di sposi ng amonla gas over the

substrate after term nating the di sposal of oxygen gas

over the substrate; and transform'ir;g t he ammoni a gas

i Ao aAwshed fer emomng phetosssist mageriab fom; a/ubpigaten mprising:
f | . i terial . .
PR L 800 6 ORY 2y ke NGHAL SIS B i

materdil, whereinabothf the rhotoiekigt| ategall @ thedo®! BGligledtric material have an
material. 12. A nethod for renoving photoresi st

overlying pelymer file thay includes either agiduqrecarpiycampogiest oh ajhydrofluorocarbon
bidf.her conprising: nonitoring a fluorine

conCentration present within a vicinity of the

s dizpbsing exybenigagowtr siposdbiradé; t he oxygen gas over the
substrate, the substantially conplete renoval of the
pRysierming the eroiger Seoinic wagivedorm, whypiattbatrastive fogm of oxygen

affect% hg@,{;}&r@g)fs:@g%g%e?tg]ﬁn 13. A nethod for renoving

comp

froma substrate as recited in
Chetininatlihg thBedigpdasal RE ERYgHE pagasver Stheli siboisae I atdidstantially
substrate at a flowrate within a range extendi ng from
complgfaigmoxg ofthgprlymecliliic centineters per nminute (seem

t (aisﬁgﬁﬁlé att %Qnosh?aegas over the substrate after terminating the disposal of oxygen

gas over the substrate; and
transforming the ammonia gas into a reactive form, wherein the reactive form of
ammonia affects a removal of the photoresist material from the substrate without causing

substantial damage or removal of the underlying low k dielectric material.

12. A method for removing photoresist material from a substrate as recited in
claim 11, further comprising:

monitoring a fluorine concentration present within a vicinity of the substrate during
disposal of the oxygen gas over the substrate, the substantially complete removal of the

polymer film being coincident with a plateau of the fluorine concentration.



14. A nmethod for renoving photoresist material froma
substrate as recited in claim11l, wherein the anmoni a
waqasoei1221dp sposed over the substrate at a fl ow Parms2006/017917

within a range extending from about 50 standard cubic
centineters per mnute (segn) to about 2000 seem 15.

A nmethod for renoving photoresist material from a

syhst rat [ | L M.: erein ea of the . ..
crkfaen 2 fehd R bl BRI mal OB Bl BBty Fieciied in

claimridaefeietn fheraxylsn gasrk WisposedaseOthersaBstene it 4 BbY R@WeHhin a range
ithin a range extending fromabout 50 Watts (W

wi t I . to
extendigg hompefpyt 9 standasd cukis gentimefers gasminug: (spembtoradgut 16100 scem.

renovi ng photoresist material froma substrate as

recited in claim11l, further conprising: maintaining a

pridssure muithidi forarefrdgingNphoicresich NEtekiaP fipubat fubbiate as recited in
within a range extending fromabout 5 mllitorr (nf)

claimild, whergin the ammpnifgasiydigpessd ouer the sutstrate ey g Slowate Wikkip a range

oon G (PP R B I B G52 U Ao

about 5 ml to about 500 mTl during disposal of the

ammoni a gas over the substrate when the | ow k o
dilel ecty methags frigmoning photeresisicmelesiak Siogt antubstaate@s recited in
. ; ' | i essure withinc.a .
ctaim B AR oRiof 086 (BILH, T o0l o BRERSY Batl Bhlbedimed into he
reactiex famdby applyiagradiodteqbedty (RF) powdi wit@iiOa fangd Witehding from about
di sposal of the ammuonia gas over the substrate when
S0 W%tfﬁe(QY)dwakO'éﬁ?@P@éY 9 theFagpsetivgl 2ahas a diel ectric
constant val ue greater than or equal to 2.5. 17. A
nmet hod for renoving photoresist material froma

subst r & eedsodr i ref@ving plodoreRidtlmatshial Glom a SUBEEHTBSK recited in
material is defined between the photoresist materi al

claim J qfurther GOmprising: el ectric materi al , the reactive forns

0 : n L e tivel fecti .a.
oA, 3B LGP ULk, S5 R o o

extendinp Stonbbouti X hdllitorf HREY itd) gbdS00anT RS RIS thS .oxfgen gas
nmet hod for renoving photoresist materi aF froma

over the, st having a | ow k dielectric material
u ving. t t i st__paterial r ej t .tk
T LI TR -
extendiay droan abotrrd T sy 560 nfT Hmiﬁ% dispbsat bl @esar@inohRr gad over the

fl uorocarbon qr a hydrof|uorocarbon conponent,
substrats¥phendhglow k dielectric material has a dielectric constant value less than 2.5; and

maintaining a pressure within a region including the substrate within a range
extending from about 5 mT to about 1000 mT during disposal of the ammonia gas over the
substrate when the low k dielectric material has a dielectric constant value greater than or

equal to 2.5.

17. A method for removing photoresist material from a substrate as recited in
claim 11, wherein a hardmask material is defined between the photoresist material and the
low k dielectric material, the reactive forms of oxygen and ammonia respectively affecting
removal of the polymer film and photoresist material from the substrate without faceting the

hardmask material.



exposing the polynmer filmto an oxygen plasma for a

duration necessary to just renove the polyner film
wanaef1ieriiowi ng renoval of the polyner film exposiusgno6/017917

t he photoresist material to an ammonia plasma for a

duration necessary to conpigetely renove the

phot oresi st material. 19. A nethod as recited in claim

18, wherein exposing the polyner filmto the oxygen

pl asma i ncl udes, disposing an oxygen gas over the

suBst r & enettiodafol ranoviag @hudotddish niatdrAN GOnL ¥ sEBHaRIhdViA low k
about 50 standard cubic centineters per mnute (seem

dielegigc gigtsgial yodeolyingathe Phgtorssish gnaterilowhereimueath yhe piytoresist material
i £ Ri 0. di f. b .50 . .
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fluorczaibgaor plhditino@0stboR covhpoient) GompHEiagsure W thin a
region including the substrate and oxygen pl asma )
wieEPesing, theapelgmex didmfon gn foxygena plasmasionid diatipn neggspary to just

m“”@ﬁ%?@?ﬁhw§ﬂﬂn“ﬁﬂ 20. A nethod as recited in claim18

exposing the polymer filmto the ammonia
pifeltoveing nenddsls of dhe Pobinity filn,28RPoking 8 Spieresibhaterial to an
substrate at_a flow rate within a range extending from
ammogipplasmy fof padwertion negessary de pempletelr wmewe the photesegisianatyrial.
to about 2000 seem applying RF power within a range
extendi ng from about 50 Watts (W to about 2000 Wto

t 8. amppicthodass fe0it@EREERInG 18 hefid Bk Fosigdth@Bolymer film to the
mai_ntai ning a pressure within a region including the

oxygeg phasmacipeludessd armoni a pl asma within a range extendi ng

{( Hg;glé@gg lﬂl . oiy%rl gést 8{3} H‘lgnabsgr?iteelage{g X hoéforglgenmgvtitéﬁ} 5 Egtrglﬁegé’)v(tending

tric ra as a rrc c

from dtems 50 bandazd dubia Behtimmdters PeiinfithtA(sBERBAbeuI(00isBerd,
region including the substrate and ammoni a pl asma

wPPlymgadigrizrauencyeRdi) mywer srihilbaueng exfendingaom abpopo0 Watts
' ' i ek | i ctric
0 k2005 5 BB Bl By, e
maintaining a pressure within a region including the substrate and oxygen plasma

within a range extending from about 5 millitorr (mT) to about 500 mT.

20. A method as recited in claim 18, wherein exposing the polymer film to the
ammonia plasma includes,

disposing an ammonia gas over the substrate at a flow rate within a range extending
from about 50 standard cubic centimeters per minute (sccm) to about 2000 scem,

applying RF power within a range extending from about 50 Watts (W) to about 2000
W to the ammonia gas to generate the ammonia plasma,

maintaining a pressure within a region including the substrate and ammonia plasma
within a range extending from about 5 millitorr (mT) to about 500 mT if the low k dielectric
material has a dielectric constant value less than 2.5, and

maintaining a pressure within a region including the substrate and ammonia plasma
within a range extending from about 5 mT to about 1000 mT if the low k dielectric material

has a dielectric constant value greater than or equal to 2.5.



