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Field of the Invention The present invention relates to sem conductor or
integrated circuit manufacture. More particularly, the present invention
rel at es t veo etsisppi ng of photoresist froma wafer durdorgsesnsizhact ure of

the integrated circuit. Still nore 10 particularly, the present invention
relates to the manufacture of sem conductor devices including at-|east one

| ayer of organosilicate glass dielectric by stripping the dielectric from

t he waf er. Badk'b#CH PHOTORBMHATI SSIRIPSWIRTeGZAND WH3HORs use

di el ectric | ayepRGANOSILICATE GRASH 1.0 vpae DIRPECEIRIC EPCYsi | i con di oxi de,
Si2, to insulate conductive Ikgﬁﬁggp,tﬁgﬁgus | ayers of a sem conductor
structure. As sem conductor ci 1A faster and nore conpact,
operating frequencies increase and the distances between the conductive
lines wwthin the sem conductor device decrease. This introduces an

i ncreased | evel of coupling 20 capacitance to the circuit, which has the
dr awbacksof slowi ng the operation of the sem conductor device. Therefore,
it has becone inportant to userdideleelnvestidnayers that are capabl e of
effectively insulating conductive Tines against such increasing coupling
capacitance | evels. In general, the coupl]jng capacitance. in an integrated
circuit is directhgpressnfipyegiigs relatss o semigon @“b‘?ré’i‘té@ﬁtf"?@“%nst ant, k, of the
mat eri al usegghnhfcthiRr Mdrd\Garftiufiki§ahd présent iRMRfich reRs MRGEEpiAPONE, the
dielectric layers in conventional integrated circuits %ave traditionally
been for med Phptospigdronyhivetr dysias mawifectuse efitheintsamted gifevitoBlilmeigt 4. 0. As a

10 particularly, the present invention relates to the manufacture of semiconductor
devices including at least one layer of organosilicate glass dielectric by stripping

the dielectric from the wafer.

Backeround of the Invention

15 Integrated circuits use dielectric layers, which have typically been formed
from silicon dioxide, Si0,, to insulate conductive lines on various layers of a
semiconductor structure, As semiconductor circuits become faster and more compact,
operating frequencies increase and the distances between the conductive lines within
the semiconductor device decrease. This introduces an increased level of coupling

20 capacitance to the circuit, which has the drawback of slowing the operation of the
semiconductor device. Therefore, it has become important to use dielectric layers that
are capable of effectively insulating conductive lines against such increasing coupling

capacitance levels.

In general, the coupling capacitance in an integrated circuit is directly

- 25 proportional to the dielectric constant, k, of the material used to form the dielectric
layers. As noted above, the dielectric layers in conventional integrated circuits have
traditionally been formed of Si0,, which has a dielectric constant of about 4.0. Asa
consequence of the increasing line densities and operating frequencies in

‘semiconductor devices, dielectric layers formed of SiO; may not effectively insulate
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sem conduct or devices, dielectric layers forned of Si02 may not effectively
insulate 1 2 5 JUL 2005 WO 02/065513 PCT/ US02/ 03329 the conductive lines
to the extent required to avoid increased coupling capacitance levels. In
an ef f ort womzmedisce t he coupling capacitance | evels i pcrose@gszased circuits,
the sem conductor industry has engaged in research to develop materials
having a 5 dielectric constant |ower than that of SiO2, which materials

are suitabl eth¢ eenduetiveilines rthe gxfent Hequirpd foorvoid ncregspd ceuPling FeEAeR ed

circuits. To.gate, a nunber of promising materials, which are sonetines
referred to as "lowk materials", have been devel oped. Many of these new

di el ectrics are organi c conpounds. In the specification and  clains, |owk
materials are def feeffosdo raeertheagoupkecapagitaice legels i iptegraisd eiEmts: khe hat i s

less 10 th rggcan&\fewfr lﬁné@i@é@%@'{gﬁg&?ﬂﬁ”%em to @E@I@pﬁﬁi&lﬁz{i@q}a‘/i}{ not limted

to: benzocyc tene o I manut actured by Allied Signal (r) of
Norri st ovin, didectric chingfasti lowmerohan tHetnefy8iet, | whishmaterid prscsaisabld r uptNIn one or

nore of the Par.yl ene,.di ner vai.l.ahl fr ni ' oration,
Danbury Cr- ‘parye SR kRN Bef BikdReda il YRS, SRUMSE bmigliP DT

sui t abl e f ormit&ialk, ehieh tueisematings refated cnasi "owSPHEDRRA1E Vidve beandavdleetie from W

L. Core & ocCi s, Inc,. Newark, DE..Si LK(r I lable.from the Dowr)
Chern cal oyt it teatickRARY i eroeis S0 idso i e i e 1 er ot | hg
cl ass of or gadis, 1dveWkatdnals efeldefiedias ma@fiFlowikls diekekiv dod@nt kothgdniesi | i cat e

gl ass, or OSG By way of exanple, but not limtation, such 20

or ganosilPi cdb® Hi el ectrics incl ude CORALTM from Novel | us of San Jose, CA;

Bl ack Di anondTM from Applied Materials of Santa Clara, CA;, Sum ka Film(r)
avail abl e from S k maeriddaegabutAfepedfcally At limi®aR: Bergb@tBbuté®, and

HOSPTM fr OmoélBlciB?%lareTM manufactured by Allied Signal® of Morristown, NJ, a division of
Honeywell, Inc., Minneapolis, MN; one or more of the Parylene dimers available
from Unton Carbide® Corporation, Danbury CT; polytetraflucroethylene or PTFE;

15 and SiLK®. One PTFE suitable for IC dielectric application is SPEEDFILM™,
available from W. L. Gore & Associates, Inc, Newark, DE. SiLK®, available from

the Dow® Chemical Company, Midland, Michigan, is a silicon-free BCB.

One interesting class of organic low-k materials is compounds including
organosilicate glass, or OSG. By way of example, but not limitation, such

20 organosilicate dielectrics include CORAL™ from Novellus of San Jose, CA; Black
Diamond™ from Applied Materials of Santa Clara, CA; Sumika Film ® available

from Sumitomo Chemical America, Inc., Santa Clara, CA, and HOSP™ from Allied
Signal of Morristown, NJ. Organosilicate glass materials have carbon and hydrogen
atoms incorporated into the silicon dioxide lattice which lowers the dielectric constant

25 of the material.

During semiconductor wafer processing, features of the semiconductor device
are defined in the wafer using well-known patterning and etching processes. In these
processes a photoresist (PR) material is deposited on the wafer and then is exposed to
light filtered by a reticle. The reticle is generally a glass plate that is patterned with

30  exemplary feature geometries that blocked light from propagating through the reticle.




Signal of Mrristown, NJ. Oganosilicate glass materials have car b021 ?I]QIJIL 2005
hydrogen atons incorporated into the silicon dioxide |attice which I'owers
the dielectric constant 25 of the material. During sem conductor wafer
processi ng, features of the sem conductor device are defined in the wafer
usi ng wel Wk@@gvisipatt erni ng and etchi ng processes. | n KCRaS@/032p0oCcesses a
photoresist (PR) material is deposited on the wafer and then is exposed to
light filtered byaret.lcl&l.meereti ener al | ass.plate that is

le is. a
patterned with 30-TEkSA5INE (Praugh e éettj:&oﬁléet i‘ﬁ s “ipgts ﬁ’ﬁo‘ﬁ’%@‘& pf from

propagat i ng ghdtopddBhmhidall @ GLIR-changeth® cddlica? @8kaposiioh @2 AH3Gabtbsist
PCT/ US02/ 03329 After ‘?assi ng{l through the reticle, the |ight contacts the
surface of tMweriaghpeh hat gjdsyeiopst eanirenoveArpRortiqnythephotagestst AT elfi cal

conposi ti on @f c4sO6f RRAVOpRRdrSlst mEARHAS thelex e vebibRl ardretRVE], AREBE nean renove a
portion of the photoresist material. In ‘the case of positive photoresist
mat eri al § t Hraseolpegativic phofresiss matenaly baygexgosed rrgionare kreneed aEeredfternegat i ve

phot or esi st JIELERS 8 Sl YORKRARETIAOhE AR sEABY Sfl TheRETLI T the

wafer is etc to renove t er materital fromthe areas that are
no |onger pdongeepbededly thh eheibrotisi masiigk andwheesby abfinertte ddseedebatundeini ne t he
desired featyres.in. the fer. LowkK oraganjc,pol ns LN | can be

et ched by o%ﬁ%é’ﬁtﬁfe{)’nl‘?“é". g?’gﬁéfx%%%)’%%“sé&}"%gr“?e&ueé?i‘.%:‘:& y(ééx.l%aggﬂ%g ogen- based)
chem cal prasggadasedOSH Tauctioal ¢ct.r hedrogonybaied) adivmithb geaasksy 68Ghed usi ng

chem stries mewhat sjmlar to .oxjde etch chen.stries, The.etching of
i of et 1Pos GHRGTES Tare o GRaREryY HebSH T FE TS aoouaRet PR Bncy
capaci ti vel xieuRh ekbmiétf¥C) dielectric etch system One such is Lan(r)
Research nodel Exel an HPTM avail able from Lan(r) Research Corporation,

Frenont 15 CA. T Exel an_HPTM syst e rocesses an extrermel onpr ehensi ve
dielectric etch }I]%thf’lF‘EW Pgdieﬁclgﬁ%m@}!/?f’glﬂ‘(a“ﬁg‘&?&‘élgsaé?r‘? o egedjé%c‘gﬁpgcts and

vias, bi-| evrludaentaatifively-coupled, (DFC) dielectric etch system. One such is Lam®
Research model Exelan HP™, available from Lam® Research Corporation, Fremont
15 CA. The Exelan HP™ system processes an extremely comprehensive dielectric etch

portfolio in one system. Processes include contacts and vias, bi-level contacts, '

borderless contacts, nitride and oxide spacers, and passivation.

Advanced etch systems like the 4520XLE™ perform several processes in the

same system. By performing many different semiconductor fabrication steps in a

20  single system, wafer throughput can be increased. Even further advanced systems
contemplate the performance of additional steps within the same equipment. Again

by way of example, but not limitation, Lam® Research Corporation's Exelan™
system is a dry etch system capable of performing many process steps in a single
apparatus. Exelan™ enables hardmask open, inorganic and organic ARC etch, and

25  photoresist strip to be performed in situ with a single chamber. This system’s
extensive process portfolio includes all dual damascene structures, contacts, vias,
spacers, and passivation etch in doped and undoped oxides and low-k dielectrics
required in the sub-0.18 micron environment. Of course, the principles enumerated
herein may be implemented in wide variety of semiconductor fabrication systems, and

30  these principles specifically contemplate all such alternatives.
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etch systens |ike the 4520XLETM perform several processes in the

system By perform ng many di fferent sem conductor fabrication steps in a

20 single system wafer throughput can be increased. Even further advanced
systens cov @pisat e t he performance of additional stepeTwistduwnet he sane

equi prent. Again by way of exanple, but not limtation, Lanm(r) Research
Corporation's Exel anTM systemis a dry etch system capabl e of performng
many process steps WS?#*&r%rr:mjﬂfémf&ffﬁaﬁ%fsagon@w}oawmeé%w@gmmsk open,

i norgani ¢ angyQr 9aRirdie, ARfch &k Cd silR8H wakr,PROHRN SleShiedd bf Rerhi®od8etBier f Or med in
situ with a Single chamber. This system S extensive process portfolio

i ncl udes al | fabrigglionkgvpaeatthenyromevingbe subgreteclans the gudRmentspacer s, and
passivation etch in doped and undoped oxides and | owk dielectrics

required in the anfagﬁcdﬁbEBmeﬁfMﬁd'u%mke i neQWaSRurihd e PT i NCi pl es
enunerated herein nmay be inplemented in W de variety of sem conductor

fabri cat iSon Ishested patterpg| etcling.tahé depogitiqnrrd sl verous fidia ilgyPis athiop mebeielenpl at e al |
such al ternapl ¥&%-e tc?’re%oJHhe ?&Qéled giﬂtoqgsés%%%fﬁ '353&/(:%%81/ &E&R%P %giegn .

herein, the termin situ refers one or processes per
gi ven subst r&hide a sumtier efphatorsiist rewevaliastoologicnandmetipdsbavpbeane of

serm conduct ofdAREA SIS, BANIATROLiah M, LETRM e substrate from

t he equi prmen rrcatiron of *a sée con lce, it is
necessary d Lsemrcgnduluer mandpantre dhesatppimgiof pigproretst ﬁomgcmmmﬂudexpmﬁ‘m i on of the

various film.la I ch. make the evice to renove the patterned
phot or ed bst "f&“@ﬁﬁ%@‘h%ﬁqw 'ﬁgﬁlw @gl tion step. Wile a nunmber of
phot oresi st renoval technol ogi es and nethods have been inplenented, in

order to naintai Betane @S@imaﬁeﬁdﬂ@atgbai&ally@gaﬂld’aﬁ_dddi}mdbﬁd&ymsst cerediit conduct or

manuf act ur er the stri pho oresist from.sem conductar wafers 10
within the é’?‘S‘HT"'P@t ‘Eﬁiﬁ%qo gg"eﬁﬁna @gg{ chagapteristics with the organic

 component of OSG material. In addmon, current ex situ processes using an Q; strip,
may use a down stream plasma where a substrate may be heated to temperature above
15  200°C. Accordingly, when utilizing a known oxygen-based methodology to remove
organic material such as photoresist from the cap plate at the wafer's surface, known
O; strip processes at temperatures above 200° C have the capability of removing
organic material and hydrogen not only from the surface of the wafer, but potentially
may also deleteriously remove organic material from the sidewall of the etched
20  feature, or any other exposed surface. Moreover, OSG materials are susceptible to
oxidation when exposed to oxygen plasma at high temperatures. The oxygen removes
carbon and hydrogen from the OSG film, thereby rendering the films unstable and
~ causing the dielectric constant of the film to increase. Of course, O2 also provides
significantly better strip rates for organic photoresists than most othér strip

25 chemistries.

Accordingly, what is desired is a methodology for performing dry photoresist
stripping of OSG materials utilizing an oxygen-based stripping process, but without
the previously discussed deleterious effects normally associated with this strip

chemistry.

30 One methodology which has been used by downstream microwave plasma

‘ashers is the use of N2/H2 to make those equipments compatible with OSG. The




Because OSG nmaterials are basically organically doped oxides, rmsg 5:\%"%%05
phot oresi st materials tend to have simlar chem cal characteristicCs

the organic conponent of OSG naterial. In addition, current ex situ
processes using an 02 strip, nmay use a down stream plasm where a

subst r at e wopnbssiheat ed to tenperature above 15 2000 @crAseassibngly, when
utilizing a known oxygen-based net hodol ogy to renove organic material such
as photoresist froamthe cap plate at the wafer's surface, knowm 02 strip
processes atmiidigsietien feelisameied Fperrethbe dov sleipdaisapid theynegsssibefovi ng

organi ¢ mat gfc}din AR SrPydiggen not only fromthe surface of the wafer, but
potentially " nmay al so deleteriously renove organic material fromthe
sidewal | of the etched 20 feature, or any other exposed surface. Mreover,

OSG material s ar éceqdipgprhst ie frder dssirableris o Rositreh sERpvs BAthedolagkfen pl asmma
at high temgg afiyr &iperlbﬁazﬁmggileﬂcésem&ﬁs cap10 P s Ly ragens keom the OSG

film thereby rendering the ms unstabl e and causing the dielectric
const ant Sof prévéously| discuesed wEysen dased Girpe prgeess, bud vitioutothp reopfict damage

significantl t L. f raanj esi st ot her
strip 25 ch m S%IIESI gsrsu?ﬁ}Aégggcrl%?dtngﬁ@ ,oggﬁ?gts%s h%%lg‘?b?%ggési erget ﬁ&@%ﬁ%ﬁgy for
perforn ng chyulplbvetapabd of suffitiedtiyphighy swip 1286 avetd ecidet sheutmiethpdalogy an

oxygen- based_st.ri ppi n ces ut, wi thout . the preyiously disgussed

del et eri ous pézf"%’ %‘Pers)mnlg?a%ﬂ?‘@l'tz?gglﬁuﬁfyg'a&vﬁﬁ?rﬁb% Pi’lwftq%% ﬁepover@ﬁecﬁ% 'S Ctlrjy. 30 One
met hodol ogy owhkchip bfthe Bpipmensigdishptinthpayst r eam m cr owave plasma  ashers is
the use of N2/H2 to nake those equi pnents conpatible with OSG The 4 2 5

JUL 200 WO 02/ Q65513 PCT| USO2/ 03329 main limiatjon to.this t hod
appears o be | ol 8B (s PAyL® gt veeERe gt €S bt ok 870
ex-situ. Aceaibdolgiybe sspatile dbbefngpeHermed @5 iiruakititn tie fabrieavh-eqeipinest r i ppi ng
nmet hodol ogy f.or

utilized to form the wafer.

Finally, it is desirable that the process be performed with either no or minimal
post-strip residue remaining on the film surface, post-strip.
15 These and other advantages of the present invention will become
apparent upon reading the following detailed descriptions and studying the various

figures of the Drawing.




use with copper-containing devices which is capable of simlar st r2|z5 Jbt.e 8005
as the 5 previously discussed oxygen based strip process, but wthout the
copper damage problens usually associated with oxygen strip nethodol ogi es.
The net hodol ogy should be capable of sufficiently high strip rates as to
render thwoebéswdol ogy practicable in today's high-tkcoughpsie worl d,
thereby | owering the overall cost of ownership of the equipnment by its
ultimate user. 10 In order to maintain a high wafer throughput, what is

al so desirable is that the nethodol ogy be capable of being performed in
situ within the fabrication equi pnent Y ilized to formthe wafer. Finally,
it is desirable-that the procgg'glﬁgg%P?MBEWth ei ther no or mninal
poEt Stél ip resi d[i!‘ﬁ«;lﬁresﬁﬁiilﬂ@’eﬂ@oxﬂéhchhaﬁr&demisnﬂﬁ‘fp@ﬁ'@,phﬁﬁﬁﬁistﬁofﬂzp 15 These and
ot her advant ages of the pres i nvention arent upon

readi ng t he SF%}CPWRQ@W%?@B[&WEW@&W pes I@F?E"é‘h%gg l?erw ﬁlj'%%avar. ous
figures of tr@&u&fﬂﬂeﬂﬁmeéb?a ﬁa&ﬂ#{o&%@xth%%&@éﬁ%&t?%hm%l%w9 Sunmary
of the Invention The present invention teaches a process for stripping

phot or esi st pmcswwbeéqﬂn%wa%?wswaw@hrepwm@thﬁxipwgratedw%& one | ayer of
O6G di el ect rf!ilﬁfcatwn dcédséhg This re&étld’rﬁﬁéyﬂe%ldhmlo?%ﬂétﬁgmt}}ﬁtlﬁ‘e pll'@éma forned

wi thin an etching apparatus. st rocess may be formed in situ
or ex situ wkidativegeastesnt copismplated by thmpquwmrwltr@nmlaﬁeaanwmmd@maon processes.
This reacti e 4oxi dative
reaction coﬁ;ﬁe%P{CtP%dﬁggiog%%h%gr esen?ﬂyﬁvﬁgx ?%Jr}"ét}@s#lfogﬁgg-gﬁb oxygen pl asma.
The redut i \heremeauits mrfaatdrladlurztesmzetnlesrdmnageao e 3SCdicldduge thaat hodol ogy

descri bed 10 her [esy lts in.f ster sh rat with | ess.damage to the OSG
i o ectric PRy PR e slpf’?%@r%asswéﬁwsmefﬂmi {h processes the

t enper at ur e serhicédd@ctor wafer may be kept at a temperature between -10° C and 60° C

These and other advantages of the present invention will become apparent
upon reading the following detailed descriptions and studying the various figures of

15  the Drawing,




sem conductor wafer may be kept at a tenperature between -10 C ang %OWLC.ZU%
These and ot her advantages of the present invention wll becone apparent
upon reading the followi ng detail ed descriptions and studying the various
figures of 15 the Drawing. 6 2 5 JUL 2005 WD 02/065513 PCT/ US02/ 03329

Bri ef Desewoqié®ns of the Drawi ng For nore conpl et e ungersb@nsizng of the
present invention, reference is made to the acconpanying Drawing in the
following Detailed Description of the Invention. In the drawing: 5 FIG |
is a flowchart of the present invention. FIG 2 is a schematic view of a
pl asma processi ng chanber t Baef Deyripghion oftheDramimga pref erred enbodi ment of
the invention. Reference nunbers refer to the sanme or equival ent parts of
the invention tHfo l'a(nompteteexnéastarchﬂgoffﬂglpmmtufvemm Bfeeeneeig. 7 2 5 JUL
2005 WD 02/ 06 51 PCTI US02/ 013329 Deg,‘ Ie M-Sl &)Plesocn t(i)gn(;[flal% Preferred
Erbodi ment s THE® BHELEHT PRI P EHE R Sfﬁégwélﬁl § OF B st u process for
stripping pmmroﬂsmhe&a@mga sem conductor wafer forned with at |east one
| ayer of OSG 5 dielectric, utilizi ng a reaction inplenented by a plasm

formed within an C Thes rlpplng process may be forned in
situ or ei situ vﬁ{"' f‘ 2}93'5@?'?%&% Prgsenty ‘F?P &gtated circuit fabrication
processes. This reactl on may be oxidative or reductive in nature. The

oxi dative reacti d?IGcZ)istaectmhwaﬁcede\byf 4 plesnppesessingichangret thetmaythel | zes an

X n pl he r r n iliz n ni I
oxygen pias rrgsed?;l Y prefe rnlaJcF boglmegta%ttheomvelﬂ 4n, | 265 an ammonia ptasha.

Reference numbers refer to the same or equivalent parts of the invention

throughout the several figures of the Drawing.



10 Having reference now to FIG 1, according to one enbodi nent of 2te JUL 2005
present invention, there is presented a nethod, 100, for stripping
photoresist froma sem conductor wafer incorporating at |east one | ayer of
organosilicate dielectric. A sem conductor wafer formed with at | east one
| ayer of ®@@32i0es5p aced in the reaction vessel of a dwealrakeeesiency
capacitively-coupled, (DFC) dielectric etch system To 15 facilitate

di scussion, FIG 2 is a schematic view of a plasma processing chanber 200
that may be used in a preferred enbodi ment of the invention. The plasna
processing chanber 2@Qu0MDéskSitidE ofREPicREERBIbbdiRABSs 202, an upper

el ectrode 204, a |lower electrode 208, a gas source 216, and an exhaust
punp 220. W t hi n Thp prsaat retien epghes andh girbrsex Sigeproqepifose¥mnEtnduct or  waf er
224 s posi ! iiRnedisHRAR s LORANRE G UEREGIRR IBFone T b e ectrode 208
I ncorporates a suitable substrate chucking nmechanism” (e.g., electrostatic,
mechani c&l cdielegtiiqgtilizing a tagstibi imppenicoted hpb piasmp foheedswitliic oradehtgor  waf er 224,
The reactor in r t _electrode 20 ' d

med at ol y SRRREFICREPREREAT il Br HARRL 51 e SEuE afR BREC o4

| ower el ectinegate? Oidcuitdutaicataniprovessesn ThisircegSon20ay ekidagve dnecdaoivei ned pl asnma
vol une 240. 25 Gas .S S lied.to the confipned plasma vol yoe 240 by gas
source o16 dndue: WeaSHEREaSFIsobAEREERPY A SrE R IR 510 ¢ hr ough

t he confi nen@pgenpla@s. PhrediRlick rafetioxiliied anp@iniontipldsh@. exhaust punp 220. A
first RF source 244 is electrically connected to the upper el ectrode 204.

A second.RF source 2 l.s electricagl connected to the | el ectrode
208. Di ﬁper ent conbi ﬁﬁ“’i“&'fg‘leﬁfmedﬁﬁ’ﬁ%ﬁ/q“ﬂgﬂcﬁl’fﬁ'%?opmfn%?‘gmﬁﬂ\ggfept rode are
possi bl e. | npré&seenvehtidnBere ¥ HréskntReSRARED) 100 @ stripisial photorelist omaivai | abl e from
Lan(r) Research Corporation, Frenmont CA, both RF soqurces are connected to

the | ower el SRICPHHEORW#CEiHerRAsHIE ablewstenedysr oforgpepiliaedicleitnfer wal I s 252

surround t hgemEBidubBPBNE: foliaSyidOe leadt B 1IBRP 6 086G 8GT1LLE R BORactignd the | over
8 2 5 JUL 2005 WO 02/065513 PCT/ US02/ 03329
vessel of a dual-frequency capacitively-coupled, {DFC) dielectric etch system. To

15  facilitate discussion, FIG. 2 is a schematic view of a plasma processing chamber 200
that may be used in a preferred embodiment of the invention. The plasma processing
chamber 200 comprising confinement rings 202, an upper electrode 204, a lower

_electrode 208, a gas source 216, and an exhaust pump 220. Within plasma processing
chamber 200, the semiconductor wafer 224 is positioned upon the lower electrode

20 208. The lower electrode 208 incorporates a suitable substrate chucking mechanism
(e.g., electrostatic, mechanical clamping, or the like) for holding the semiconductor
wafer 224. The reactor top 228 incorporates the upper electrode 204 disposed
immediately opposite the lower electrode 208. The upper electrode 204, lower
electrode 208, and confinement rings 202 define the confined plasma volume 240.

25  Qas is supplied to the confined plasma volume 240 by gas source 216 and is
exhausted from the confined plasma volume 240 through the confinement rings 202
and an exhaust port by the exhaust pump 220. A first RF source 244 is electrically
connected to the upper electrode 204. A second RF source 248 is electrically
connected to the lower electrode 208. Different combinations of connecting RF

30  power to the electrode are possible. In case of the Lam® Research model Exelan
HP™, available from Lam® Research Corporation, Fremont CA, both RF sources are
connected to the Jower electrode and the upper electrode is grounded. Chamber walls

252 surround the confinement rings 202, the upper electrode 204, and the lower



el ectrode 208. Both the first RF source 244 and the second RF SO?¥ﬁ2U£4§ .
may ((( conprise a 27 MHz power source and a 2 MHz power source. @ﬁ
el ectrode 204 and the |ower el ectrode are spaced are preferably spaced
apart by a distance of about 1.35 cm but may have a spacing up to 2.0 cm
A chil | er vab@/06833 be connected 5 to the bottom el ect r ede/v@@B3328A cool er 264
may be connected to the back side of the wafer 224. The cool er 264 nmay use

heliumto prOV| de the cooling. The wafer 224 &Fbe a substrate 266
covered wi t helgqtrofie:208; Boththe firgtREsoryoq 244 andilhe secopd RF speres 248 mashot or esi st mask

270. The waf gimpfidéta SPMIR PYReRoGOPRR: 200105 fder Soidce. Ahe BfRPe1ddéde at | east one
sem conduct or fabricating or form n(%vste using the 1 hotoreS| st mask

270 is perf o?fed B lowrs eligtrode arp sppcediye pysterably secedppast bygutistaaee of | i i tation,
such form NG 1fisbf{nr&ﬁhra99?]®ta%9a§mgrﬁ 'tyﬁecﬂh%&rleﬁt@tmag%tcmaggo et chi ng,

and deposrtlon oW n rircation step, at st
phot or esiSst toglnerhoptpmrr@c@faism& A paoles @brbmealy banoonacted to habackside pitbeel . Energy

may be Provi gt A el Seim i 2RUGAS, RN LS SRepgt ARgsOLT co. 245,

whi ch energi zes "and 1 oni ze romthe stripping
gas above t hmayisfasubsdie 266b@4are€i%t}1m l?fiselaquloﬁQSﬁ dnestecpmr%s amdeya confined to

t he confined asna 240 .a e waf er 224, ere the plasma is
able to stri‘ﬁpt eélsb‘ﬁfﬁ(})‘&:jgepéetwaéﬂgg'%@%gafvgﬁc‘(@fﬂe‘iﬁ’“%&%” wi t hout damage to
the organosilicate dielectric, and wi thout degrading the dielectric

" properties of theatergadtn)st lehstaneesedemadLmtoaﬁlmic:iumgtdnémmirgmtaedxsingﬁe t he

confine r|n 02 .t.0o the exhayst 0. The. confinenment rings 202
reduce g‘ﬁas ?ﬁs'éf’é?@st%ﬁ %Iq 18 WrF ?‘ﬁ éﬁ%:ﬁgﬁn% Yowaysf exqipple %H%PQ% esi st
strippi ng gasmitafiod} sittXforfidg @f fagasamg s@fEinéludy mt@empsﬁeaﬁﬁg, alchivgi nert

di luent, for instance njtrogen, an active strippi agent . Accordr ng

to this invelfidspesitiop; sFoélewrnséhesgaPnemate&g%rﬁepr E04o‘°hg°%f°f oigrist

ammoni a. Al t@fnal %éels%drdrﬁeedqnmye reddtibh v é‘sgéla'EnEz%? Ilﬂaytbré prd¥iel lﬁ?lﬂene nted. The
25 concentratlon of stripping agent within the s ping gas varies wth

appl i cati on, firsiRF ghiugne 244 and thasesond REsowps 248970"11@3@11@5@39[41@ 1@@@5&6 may be
used to Feep %1 aeﬁlaguﬁh ﬂomttr?e@rgi’gﬂagugrag BSEEE Rated 4L skeB 186). Cmel\/bre

preferably, 'S mal nta
plasma is partlally confined to the confined plasma volume 240 above the wafer 224,

where the plasma is able to strip the photoresist on the wafer (step 108), without
damage to the organosilicate dielectric, and without degrading the dielectnc
properties of the organosilicate. The plasma is then vented past the confinement rings
20 202 to the exhaust pump 220. The confinement rings 202 reduce plasma interaction
with the chamber walls 252. The photoresist stripping gas is a mixture of gases
containing a substantiall.y inert diluent, for instance nitrogen, and an active stripping
agent. According to this invention, this active stripping agent is one of oxygen or
ammonia, Altemative diluents may, with equal facility, be implemented. The
25  concentration of stripping agent within the stripping gas varies with application, as
discussed later, The chiller 260 and the cooler may be used to keep the wafer to a
temperature between -10° C to 60° C. More preferably, the wafer is maintained at
temperatures between -10° C to 40° C. Most preferably, the wafer is maintained at a
temperature of about 20° C. Following completion of the stripping at step 108, the

30 wafer is ready for further processing or manufacturing at 110.

The present invention contemplates varying a number of process parameters to

achieve satisfactory results on a wide variety of wafer stacks to effect a wide variety



tenperatures between -10 Cto 40 C. Most preferably, the wafer is

mai ntained at a tenperature of about 20 C. Follow ng conpletion df Gt ul:]h 2005
stripping at step 108, the 30 wafer is ready for further processing or
manuf acturing at 110. The present invention contenpl ates varying a nunber

of procesw@paneset ers to achieve satisfactory result $comse/osazge vari ety of
waf er stacks to effect a wde variety 9 2 5 JUL 2005 WO 02/065513

PCT/ US02/ 03329 of sem conduct or .design. Various factors inc| udi ng desired
ef fect, throQ§egsicondygter design. rious fagiors including, depired ffestn BrqyghRubran

conbi nati ons s?;ftqnprc‘aﬁﬁﬁﬁiep%ﬂ%hﬁé Sptifal apiiaRbhsS Bf tp%’ceéieﬁdrirﬁéi’crg%' gn. Each
of the conbinations so utilized is specifically contenplated by the
present i nveaedopplistbthe desiied designo Eachvelsthe gembinations & pttliged isopesifigallyng sever al
of the proce ; .nresent invention, a series of test

waf ers were %?rg%%@gﬂa?ﬁ%éﬁrf%@eéﬁgg{me silicon test wafers conprised

waf er stacks including a barrier layer fornmed of SiOor SiC, over which a
| ayer of 0SG di el lncrder bo ingestigiéqrbe pfifasts. of maryimg severst ofpthe propssepardedys UV

phot or est St e AR NS ol 8B VBREE e GrrfR Ll BLBEEL apb oot ed v

10 Novel | us photoresists are aval rom Ar Chem cal s,
t he., Nort hsikcongsst oxafers ®Rmpriggdovdie stadisahdeding T baregtlaer faeeddifo®k oD anondTM

from Applied.. Mt eri,als ,of ra, CA. FEeatyres, kncl udi vias and
trenchos,  wePic QYR By FEOYG RleRleR we deno R AURR oL PREHEL DZ B° 2TC. ¢
I s for exper Uvephddredist rvin spplicdndver thASOSG sdidenminn  Ine tdivdaerichestedgraor di nary

skill in the art. interyeni l,ayers may be | nter posed bet ween t he
substrat €& an .oyeﬂl@s C%@ala Gt V\%h? rgsls @%@"Qﬁégt #@n ‘%‘%t@?‘@@?‘é’}t’\iﬁcand

al ternative NohiKingdodnRI MrolheCdiesHeSstéBYadWladkhabRIY @dmAddlicd equal
facility to attain a desired design goal. One such filmis a hard mask

) goQ : 3
deposited b¥sseh of Rntphlsre CésiFspturegaqiuding Yipeand tepehes. wprq 8diy of course
cont enpl at edyfYest BffersPTIRIRALN dIMNQDektQikfers is for experimental purposes only. As

is known by those having ordinary skill in the art, intervening layers may be
15  interposed between the substrate and the OSG and between the OSG and the
photoresist, and alternative films, and film thicknesses may by implemented with
equal facility to attain a desired design goal. One such film is a hard mask deposited
beneath the photoresist. Each of these alternatives is.of course contemplated by the

present invention.

20 Each of the test wafers was placed in the reaction vessel or chamber of a
semiconductor manufacturing system, for instance a Lam® Research model
4520XLE™ dual-frequency capacitively-coupled, (DFC) dielectric etch system, or
other suitable equipment. In actual integrated circuit manufacture one or more
semiconductor manufacturing steps would have been optionally performed at this

25  point. These steps include, but are specifically not limited to patterning, etching,
deposition, planarization, doping, metalization, and other semiconductor forming

steps well known to those having ordinary skill in the art.

Substantially all the photoresist was then stripped from the wafer as follows:

Dua! frequency power at 27 and 2 MHz was applied to the system. A flow of

30  stripping gas, including one of the previously discussed active stripping agents, was
then introduced into the reaction chamber and a plasma was struck. After performing

each of the tests, the test wafers were analyzed to determine the strip, or ash rate, the

10




20 Each of the test wafers was placed in the reaction vessel or chap’gegupf%ﬂug
a sem conductor manufacturing system for instance a Lan(r) Researc e
4520XLETM dual - frequency capacitivel y-coupled, (DFC) dielectric etch

system or other suitable equipnent. In actual integrated circuit

manuf act ume @messer nore  sem conduct or manuf acturi ng cepseaeszbd have been
optionally perforned at this 25 point. These steps include, but are
specifically not limted to patterning, etching, deposition,

pl anari zat i onifornipt efcashing prstiipping asross edud el theewfero il eercemdiieni ng st eps

wel | known t V] ' il 1l Llally all the
phot or esi st %ﬁﬁs@ ?ﬁg#ﬂ@si’rt %@%Bgﬂqké:g%tdﬁégc% g‘? %@%#yo%%ﬁ%%%ﬁ%@r equency
power at 27 lafrere@ Spdelzosnery (EPIR)i 44 atresult the feipstingnreffndd embodimen8evest r i ppi ng

gas, includi of the previ.ous]y .di activ L RRI gents, was
t hen int rodu@g'bopinﬁ}e%e lfrﬁtgrr?dg% oﬁlénﬁ"%ﬁvé%gﬁ%g%%gaas %fdgq (r?%st\%\éé Q%t‘é%gﬁ . After
perform 8g eidcin abmplbbest aiva method utiegthe padrenrtNIE2Z.e anal yzed to determ ne
the strip, or ash rate, the 10 2 5 JUL 2005 WD 02/065513 PCT/ US02/ 03329
uniformty of ashing or stripping across the surface of the wafer, and the
percentile change of carbon content of the OSG dielectic | ayer neasured by
Fourier Transform Infrared Spectroscopy (FTIR). As a result the follow ng
preferred enfwdiptesnts were found. These preferred enbodi nents will be
presented as exanples to be conpared 5 with an exanple best known net hod

using the prior W/ : l%qnpl es: Exanple of Prior Art: In the best
known net hod, or% grg'l‘l%pl ng process incorporating H2 as the 10 active

stripping agent, the wafers were placed in a LanTM Research nodel Exel an
HPTM dual - f r equefrcihe besplrsivnimettiog, g R esiripp{tBmG)cessi iedosorating Hatas hesy st em

subst antpal |l boifify Q! BESRER! WERSE T 2L bhPP Rtk R dbep her as

follows: A f
HP™ dual-frequency capacitively-coupled, (DFC) dielectric etch system.

Substantially all the photoresist was then stripped from the wafer as follows: A flow
of Ha/N, stripping gas was introduced into the reaction chamber. Dual frequency
power at 27 and 2 MHz was applied to the system. The higher frequency power
15  source provided about 400 W at 27 MHz. The lower frequency power source
provided about 400 W at 2 MHz. H2 was provided into the chamber at 600 sccm. N2
was provided into the chamber at 1900 sccrn.  Chamber pressure was maintained at
about-470 mTorr. From this process, the % change in the SiC/SiO ratio on blanket
films measured by FTIR is 5% when the test dielectric was Coral and 5.01% when the

20  test dielectric was Black Diamond. The measured ash rate was 4,150 A/min.

Example of O2 Stripping

In the best known method, or BKM, a preferred embodiment incorporating 02
as the active stripping agent the wafers were placed in a Lam™ Research model
Exelan HP™ dual-frequency capacitively-coupled, (DFC) dielectric etch system.

25  Substantially all the photoresist was then stripped from the wafer as follows: A flow
of O,/N; stripping gas was introduced into the reaction chamber. Dual frequency
power at 27 and 2 MHz was applied to the system. The higher frequency power
source provided about 200 W at 27 MHz. The lower frequency power source
provided about 100 W at 2 MHz. O, was provided into the chamber at 1,000 scem.

30 N2 was provided into the chamber at 200 sccm. Charmber pressure was maintained at

1t



of H2/ N2 stripping gas was introduced into the reaction chanber. al
frequency power at 27 and 2 MHz was applied to the system The thrﬁerJUL 2005
frequency power 15 source provided about 400 Wat 27 MHz. The | ower
frequency power source provided about 400 Wat 2 Miz. H2 was provided into
t he chanmbavo @sB0 sccm N2 was provided into the chaghasoaz: 28900 seem
Chanber pressure was naintained at about 470 niforr. Fromthis process, the
% change in the SIC SiOratio on blanket filnms neasured by FTIR is 5% when
the test di el2betPPe mfas. Estmathinprgcess. oo change ihe SXOSiQatio ondilasketri ¢ was

Bl ack Di anp nq}hﬁg ngeésg%%ﬁ%zrlﬁﬁ{ &h %?h@x(l) %E%S‘If{l/ldéﬁgtn@/v}ﬁh ordE AP b%, Wien 02

Stripping Int ( own net hod, a preferred enbodi ment
i ncor por at i ngheogst diglectrih wasBlach/Riampnd. e myasurpdash nateovagd .60GAMine pl aced in a
LaniTM Research nodel Exel an HPTM dual - frequency capacitivel y-coupl ed,

(00 5,111 W Sty et gty 2 e

stripped fromthe wa S Ws: . rippli ng gas was
i nt roducedl i wedormiad at swstantiolly bighertash rat@uthan price drdnoggn baseslhprocesses 22 and 2 MHz

was applied %?ﬁ@%ﬁg&éﬂq@&&&ﬁg add ﬁﬂ%‘%ﬂ@%{earl QA 1o e Usee. Y ovi ded

about 200 W at ower®frequency po ce provided about 100
Wat 2 MHz. 02 was provided into the chanber at 1,000 seem 30 N2 was
provi ded i nto t heAlidreative cmbadiR@s eichinaspehianfishe proseat buensiongonteraplate ai ned at

11 2 5 JUL 200 2 3 F@E{a ' mthis
process, t heg%g%rhfgéﬁ%e(egw{ g‘%%é%%}g%ggr%é? ?‘g%g%‘@@mlé%%"%“ [ prgv rrl\g(ggur ed by
FTIR i s 4. 1%pukianariyh ehethightr fikqatreg tpower somse pioweaalwoakhicheXr@dabdue fl0Withe t est
di el ectr] B i anond. . The .neasured. ash rate was 10, 600 A/m n. These
est s dehfne ol MYOS S Rty e DHR B E Hsiitheh B i Soerobzy aidt s
perfornmed at bswasmt ot BIOWY tohit@heso0ss h Mo paitidlaly $Billithe higliel R@gedmcpased
processes, at |ower OSG carhqgn content. _change rates, and wt rl m ni mal
damage to t hBOWSL@pUrce power would be from about 175W to about 350W. Most particularly,

the higher frequency power source power is about the previously discussed 200W.

The higher frequency power source preferably has a frequency in the range of 15

15 MHz to 40 MHz. More preferably, the higher frequency power source has a
frequency in the range of 20 MHz to 35 MHz. Most preferably, the higher frequency

power source has a frequency in the range of 25 MHz to 30 MHz.

Alternative embodiments of this aspect of the present invention contemplate a

lower frequency power source power from about OW to about 2000W. More

20  particularly, the lower frequency power source power is from about 50W to about
1000W. More particularly still the lower frequency power source power is from

about S0W to about S00W. More particularly still the lower frequency power source

power is from about 75W to about 350W. Most particularly, the lower frequency

_ power source power is at about the previously discussed 100W, The lower frequency
25  power source preferably has a frequency in the range of 0.3 MHz to 10 MHz. More
preferably, the lower frequency power source has a frequency in the range of 1 MHz

to 5 MHz. Most preferably, the lower frequency power source has a frequency in the

range of 1.5 MHz to 4 MHz.

Alternative embodiments of this aspect of the present invention contemplate
30 diluent gas flows from about 50 scem to about 2000 sccm. More particularly, diluent

flows are from about 100 sccm to about 1500 sccm. More particularly still diluent

12



Al ternative enbodi ments of this aspect of the present invention cqwgeg[glgva%%
hi gher frequency power source power to be from about 100Wto about™ 20
More particularly, the higher frequency power source power would be from
about 50Wto 10 about 1000W More particularly still the higher frequency
power souMi@@esssy woul d be from about 150Wto about PEGA®E2/08420
particularly still the higher frequency power source power would be from
about 175WtqQ about 350W st particularly,  the higher frequency power
sour ce pomerﬂ?‘gs”éf) Pt abops 1 %Wg%%hog}mﬁpé@ %‘@d“%awgﬂafhémﬂ?rgﬂg\“frequency
- power sour cegRhefhentdoh Yechas a frequency in the range of 15 15 Mz to 40
MHz. More preferably, the higher frequency power source has a frequency in
gher frequency power

the range of 20 MHz tq 35 . Most. preferably, . the hi

source has a fredt&reyvs ﬁmﬁ’/'ﬁ%mF'&ﬁgoé g‘fs %ot BSOS VARHOBY MR i ve
enbodi ment s ﬁntéﬂibla‘l?e 83 RRfie Qlfip;ﬁﬂ'gGag%ﬁtGﬁ@a&t fré \e8Hit B0 scantieaphatigom | oner
frequency power source power from about ONto_ about 2000W. Mre 20

parti cul ar | ysccmp Mg particpladyy (¥, Bows #adiomszhapici00 e to jakout 260f $pBut 50W t o

about 1000W nivRy ariiibliy Gl dfubnf 18k Ak AbRGLARES schhQS WIME Y508 QUAEI, aRPUT C& povier
is from about 50Wto about 500W Mre particularly still the | ower

frequency powest prtenlaly at phowet000 scofy om about 75Wto about 350W Mbst
particularly, the |ower frequency power source power is at about the

previ ously discu 0. ef erably
St QMV"%Q%%A%&%{EW&/ %&b&%@%&ur&%ﬁ Sholl

has a frequency in thé rang : . preferably, the
| ower fr equeruyTgoteabous d 00oeTdm Mere partielashydyon abouh0mafrgetogbouf 5S¢z  to 5
MHz. Mo pr a uency in
the range of s iptepig RN shf SRR 30 pOHTS ASRKIAPRITE FeriROTCCY o

t he present parhicslatly eouc3fteget. ate 30 diluent gas flows from about 50 seem
to about 2000 sccm More particularly, diluent flows are from about 100

scem to about 150, 866ty MAEnPRAF ik B b ShldclareThbe 480 mbfs o o JUL 2005

previously discussed process variables may need to be modified for a particular

application.

15 Example of NH3 Stripping

In the best known method, or BKM, a preferred embodiment incorporating

NH3 as the active stripping agent the wafers were placed in a Lam™ Research model
Exelan HP™ dual-frequency capacitively-coupled, (DFC) dielectric etch system.
Substantially all the photoresist was then stripped from the waler as follows: A flow

20  of NH3 stripping gas was introduced into the reaction chamber. Dual frequency
power at 27 and 2 MHz was applied to the system. The higher frequency power
source provided about 600 W at 27 MHz, The lower frequency power source
provided no power at 2 MHz. NH3 was provided into the chamber at 1,500 sccm.
Chamber pressure was maintained at about 350 mTorr. From this process, the %

25  change in the SiC/SiQ ratio on blanket films measured by FTIR is 2.5% when the test
dielectric was Coral and 1.64% when the test dielectric was Black Diamond. The

measured ash rate was 5,470 A/min.

These tests demonstrated that an ammonia-based stripping process may be
performed at higher ash rates than prior hydrogen based processes, at lower OSG

30  carbon content change rates, and with minimal damage to the OSG.

13




WO 02/ 065513 PCT/ US02/ 03329 flows are from about 150 seemto about ,500

seem and nost particularly diluent flows are at about 200 seem 25 JUL 2005
Al ternative enbodi ments of this aspect- of the present invention also
contenplate 02 active stripping agent flows from about 150 seemto about

3500 5 s¥&mz2/opaSte particularly, 02 flows are from ab@arusSR038eem to about
2500 seem Mbre part icularly still diluent flows are from about 700 seemto

about 1500 seem nost artlc out 1000 seem Sinmilarly,

al ternative enbodi iye erybdangsf éﬁéﬁ‘é’ﬁf}e‘?fa%%@%cﬂ?'é‘ge’*'%ﬁ‘?”é%ﬁm 50 mrorr
to about 10091gﬁ&%€qued¥?rpﬁw&a§dﬁcﬁlﬂo@6ﬂ Frorh r@5taDOW ol HduiTieoOw .t Madout 500

10 niforr. More particularly still fromabout 300 mlorr tq about 400 mrorr,

and nost paP‘!IT‘?H]FF]é(r !hyhhebﬁlﬁeq@swmmrﬁouwmaw i 8kAUH 0 iepbeut AORW: | | in t he
art will appfged ﬁ’érf?cutl Lstift e Héheinﬁre&ueﬂéy p&eer s&&@é’b%'xé’a}f&hﬁﬁww process
vari abl es may need e nodifred for & particular application. 15 Exanple
of NH3 St¥i ppbqngﬁqw t Hdorp evarticlprdmnsfilhrihe Higher equBrey pewep seyred PEREr dfrbodi nent

i ncorporatin @@t‘,yv t g Pl aced in
a LamTM Reseg? CE%QO decf 'MJEX &Bﬁ‘tl\}fag 1aﬂ?rtg%g@rll%‘y& Lééé%%ﬁi v\gﬁy&coupl ed,
(DFC) di el ecpowar isstt aboutstyxsprevmusl)su@msamﬁﬁoéﬁ | Thedlighet ﬁmuplmmowersrpmste was t hen
stripped from cr.{%Hr fer e&usen; 0m IR egre of&gﬁlzfztg ngﬁ" EMOE r&&aﬂ? §as \Was

i ntroduced i OR Cna uency p 7 and 2 Mz
was applied hlghdrmseqwe)t power ?damcerhaghﬁquen@qmahmmmﬂo MHpw &eMpizovi ded

S04, SO M bt LR lShuE BHER SRS BEAEESi L Rl P

pressure was29migrtaszmegzat about 350 mlorr. Fromthis process, the % 25
change in the SiC/ SiOratio on bl anket filnms neasured by FTIR is 2.5% when

the test dielectric wa %0 9164% en the test. dlelecf was Bl ack
Di anond. The Altematwe em odlments of this aspect of the present invention contemplate 2

MHz power source power from about OW to about 2000W. More particularly, the
lower frequency power source power is about 0W to about 1000W. More particularly
15 still the lower frequency power source power is from about OW to about 500W, More
particularly still the lower frequency power source power is from about OW to about
350W. Most particularly, the lower frequency power source power is at about the
previously discussed OW. The lower frequency power source preferably has a
frequency in the range of 0.3 MHz to 10 MHz. More preferably, the lower frequency
20  power source has a frequency in the range of 1 MHz to 5 MHz. Most preferably, the

lower frequency power source has a frequency in the range of 1.5 MHz to 4 MHz.

Alternative embodiments of this aspect of the present invention contemplate
active NH3 stripper flows from about 150 sccm to about 3500 sccm. More
particularly, from about 500 sccm to about 2500 sccm, More particularly still from

25 about 750 scem to about 2000 scem, and most particularly at about 1500 scem.

Alternative embodiments of this aspect of the present invention also
contemplate diluent flows from about 0 sccm to about 3500 scem. More particulatly,
from about 0 sccm to about 500 sccm. More particularly still from about 0 scem to
about 250 scem, and most particularly at abouf 0 sccm. Alternative diluents, known

30  to those having ordinary skill in the art may also be implemented.
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measured ash rate was 5,470 A/lm n. These tests denonstrated that a
ammoni a- based stripping process may be perfornmed at hi gher ash ra@eg J%r@ﬂ%
~prior hydrogen based processes, at |ower OSG 30 carbon content change

rates, and with m nimal danmage to the OSG 13 2 5 JUL 2005 WD 02/065513
PCT/ USO2/ 08B2863k3 er nati ve enbodi nents of this aspect pafi/usie@spe esent
I nvention contenplate higher frequency power source power from about 100W
to about 2000W Myre particularly, the higher frequency power source power
i s about 50Wto adwilaly;sitrwative W@élnﬁaﬁcwwﬁﬁq&yh@t‘aﬁwmﬁtwes em AR f r equency

POWEr SOUr Ce 5P 1d shottdd nﬁ%&“ﬁ&e&:ﬁéﬁ%&tﬂe’i@%ﬁb FeSsoRAndy Kebraag |y still
t he hi gher frequency power source power about OWNto about 750W Most

parti cul ar | y2abouh¥0ingere fo #hoéhip@ﬁ%’;prboMéfe I@FMP@@Y Stﬁb\ﬂhﬂrcha@b%ttpf?iﬂt%t t he
previously di3cysagd a@&ﬂ%omfrhbgﬁ%ﬁ 404 SRR RANGI A GBout BEET er ably
has a frequency 1n the range o re préferably, the

hi gher friequedey. power source has a frequency in the range of 20 MHz to 35
MHz. 10 Most preferably, the higher frequency power source has a frequency
in the range of NYH lelgd | G} q #f pkht s aspect
of the present m@gntlonrg%gnr?r béﬂeﬁ&ﬁ%&s‘é@%%@% eB%omerKP,irom about
OWNto about ﬁﬁﬁ&%sthp,rpeevmlmdawsaﬁdly, the |ower frequency power source

power is about ONto about 1000W Mbre particularly 15 still the | ower
frequency power Sﬂ/%’errﬁﬁle P&‘O{%ﬁsl# e b LW oc%/é’fhﬁ‘m@sbaﬂ%eé%‘%ndf}!%
particularly still ower Trequen wer source power Is from about OW

to about 350Wufivbsing pap réquirngrthyysetdie plower fq‘rri@qinem@!yelpbmstepsdhﬁ ce power
i s at abgut th pLev di sc | 0 4 fre source
pref er agﬁ)y hE ﬁ%do ‘if %dcée % ?rﬁgﬁgglﬁegg aggpgl.ﬁogj ’ ?%%%ﬁ%xg,
pr ef er abl y, pﬁm&)réstsmmpfw;&@uemwr&OtomanSMﬁm within alefreaqmemes,sch n t he
range of N];'Ztead the process I\/P%t résgl];telrm?e%ltlgn C(Enri].gmplates that gas flows will be

altered from the etching gas flow to the photoresist strip gas flow within the same

reaction vessel.

15 Optionally, wafer backside cooling may be altered to provide an optimal wafer
temperature to effect PR strip. Without being bound by theory, it is believed that
cooling the wafer to temperatures below about 60° C helps to prevent damage to the
OSG layer during the photoresist stripping. Especially, when O, is used in the
stripping gas. It is also believed that plasma confinement, such as the confinement

20 . provided by the confinement rings, prevents or reduces particle generation, such as
the particle generation that is normally associated with O or NHj etching. The
ammonia stripping process may have the further advantage that it does not oxidize
.coppér components within an integrated circuit device, thereby rendering this process

more compatible with copper-based integrated circuit manufacture.

25 The present invention has been particularly shown and described with
respect to certain preferred embodiments of features thereof. However, it should
be readily apparent to those of ordinary skill in the art that various changes and
modifications in form and detail may be made without departing from the spirit
and scope of the invention as set forth in the appended claims. In particular, the

30  principles of the present invention specifically contemplate the incorporation of

one or more of the various features and advantages taught herein on a wide
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| ower frequency power source has a frequency in the range of 1.5 Nﬁ%ﬁ 9Uﬁ 005
MHz. Alternative enbodinents of this aspect of the present invent
contenplate active NH3 stripper flows from about 150 seemto about 3500
seem Mre particularly, fromabout 500 seemto about 2500 seem More
parti cul amoomtisid from 25 about 750 seem to about 2@@%/usemaszsand nost
particularly at about 1500 seem Alternative enbodinents of this aspect of
the present invention also _contenplate diluent flows fromabout 0 seemto
about 3500 s&&HatY Myater siaplsi @sﬂpféwyhard ppskpnbabigimateriale 81CES about 500 seem
More parti CUIe@Ian\{ezﬁt\dak‘ér sifsR2RAUhoBresiss MoRove iRMlischalda Seem  and nost
particul arly about 0 seem Alternative diluents, known 30 to those

havi ng or di néiequesies, poviers, flpw rafes; andayessiresarasBustmtiveenfhosefdundi4 . 5 JUL 2005
WO 02/ 065513 ts contenpl ate
chanber pr es$ tﬂé P‘?E‘)’?{m‘g gg‘%’%{ﬁlo 'Olrgn#rér'{s’remta‘%&eg &%ht%g%ggp@%rdrm&wbr e

particul a¥ | yapﬂiieatmhamb;emqqdrewsmaterewalyestfer these marishlze uEach©0thesEor r t o about 500

mlorr. More rti.cul.arl es be. from about 300
mlorr to abogﬁﬂzﬁ% rﬁr%??%ﬁcayl’( Wgﬁmatgb ﬁ’ﬁeﬁ §§183{35%§% Wirorr. The NH3
process produced better strip rates with | ess damage than the BKM hydrogen
strip, previously discussed. Were the previously defined stripping process
fol |l ows another sem conductor rmanufacturing step requiring the use of a

pl asma, for instance an etching step, the 10 methodol ogy defined herein
enabl es the change from for instance etching, to photoresist strip w thout
recourse to breaking vacuumw thin the reaction vessel. Instead, the
process of the present invention contenplates that gas flows wll be
altered fromthe etching gas flow to the photoresist strip gas flow within
the sanme reaction vessel
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15 Optionally, wafer backside cooling may be altered to provide an 7obt il 2005
wafer tenperature to effect PR strip. Wthout being bound by theory, it is
believed that cooling the wafer to tenperatures bel ow about 60 C helps to
prevent damage to the OSG |ayer during the photoresist stripping. :
Especially, when 02 is used in the stripping gas. It is also believed that
pl asma confinenent, such as the confinenent 20 provided by the confinenent
rings, prevents or reduces particle generation, such as the particle
generation that is normally associated with 02 or NH3 etching. The anmonia
stripping process may have the further advantage that it does not oxidize
copper conpom@iat & cMikbd z:an integrated circuit device, thereby rendering
this process nore conpatible with copper-based integrated circuit

manuf acture. .25 The p %ﬁgnt,invention_has been particularly shown and
described with redpdhed jopsiEgping photpreairyve st learhons s o§ ogangsticpigiedass

ther eof giHRWRVERI a whikr, 9OHL Hod BfnrRBQ | Y apparent to those of ordinary skil
in the art that various changes 'and ™ nodifications in formand detail may
be made w thout departing fromthe spirit and scope of the invention as
set forth i ninfreducigbedederdptaiagepctiomchgatber;cul ar, the 30 principles of the
present invention specifically contenplate the incorporation of one or
nore of the THe1F o fl . ' ' a5 25
TUL- 2005 vio B9 ekt SR IRBEP sAHE o ARG Rbe Bty B thEREER, 0
hard nasfentiabzof pergemanénitaben; apd ocess  equi pnent, wafer substrates, and
phot oresi sts. Mreover, the discussed frequencies, powers, flow rates, and
pressures arg.i.k j. 2 00t r iven application.
The present ﬁﬂ%%##ﬁ%%ﬁ%gﬁgg%%ﬁgggéfé%%#R%WHQ@nggggkﬁég |%%S may require
alternative values for these variables. Each of these alternatives is
speci f i thateby strippingipd phogaedist fitokmeoysr iheeirginesilicdte glass dielegsntwheraientygen. 16

acts as an active stripping agent.

2, The method, as recited in claim 1, further comprising cooling the wafer to a

temperature between ~10° C to 40° C during the utilizing the stripping gas.

3. The method, as recited in any of claims 1-2, further comprising confining the
plasma with plasma rings.
4. The method, as recited in any of claims 1-3, wherein the wafer comprises at least

one copper contact.

5. The method, as recited in any of claims 2-4, wherein the cooling the wafer, cools

the wafer to a temperature of about 20° C during the utilizing the stripping gas.
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2 5 JUL 2005 What is claimed is : 1. A nethod for stripping photoresi st
over at |east one |layer of organosilicate glass dielectric on a ﬁédULtﬂm5
met hod conprising: introducing the wafer into a reaction chanber;
introducing a flow of stripping gas into the reaction chanber, the
stripping gas consisting essentially of oxygen and nitrogen; and utilizing
the stripping gas, formng a plasma within the reaction chanber, thereby
stripping the photoresist fromover the organosilicate glass dielectric,
wher ei n oxygén athsmathodnsasitedm @iyrof plimgl-dgehdrein 2he fldve raredithel pxypsn
recited.i,n clai.m1, fur . conprising cooling the wafer to a tenperature
betmeenlibﬁwwﬁmﬁgbﬁ@“%??ﬁ#g%ﬁquﬁe utilizing the stripping gas. 3. The

nmet hod, as recited in any of clains 1-2, further conprising confining the
plasma with plasma rings. 4. The nmethod, as recited in any of clainms 1-3,
wherein the wafer conprises at |east one copper contact. 5. The nethod, as
recited in apy of,_clai 2-4, . wherein_. the cooli the wafer, cools the
wafer to a t ‘nperyfwgﬂgq’ a&ﬁ%l}%w%nﬁog }%Rgh‘ﬁﬂ ‘flfllgll?ez(?xﬁée”c‘i‘f?sé‘f’tri ppi ng
gas. 17derkdedhd didREGic phopettits ofBikbeghnodBcdi®gladsed i n any of clains 1-5,
wherein the flow rate of the oxygen is between 150 sccm and 3500 sccm 7.
The nmethod, as recited in any of clains 1-6, wherein the oxygen does not
degrade the dielectric properties of the organosilicate glass. 8. The

met hod, as recited in any of clains 1-7, further conprising etching a

feature thrgugh tianahod, @afdit@g dh@¥eElaRs pﬂ,%ﬂﬂéiicbingﬁéiﬁg SlR®g a3tdi@t
introducing the wafer into the reaction chanber and before introducing the

f1 ow of theaueh b atdeagbaneilaies of oreancsiicati ghase Aligrivtroducing the wafer into the reaction
chamber and before introducing the flow of stripping gas into the reaction chamber.

o. The method, as recited in any of claims 1-9, wherein the utilizing the stripping

gas strips substantially all of the photoresist from over the layer of organosilicate glass.

10 A method of forming an integrated circuit comprising at least one feature in a

layer of organosilicate glass, comprising:
forming a photoresist mask over organosilicate glass;
introducing the layer of organosilicate glass into a reaction chamber;

introducing a flow of stripping gas into the reaction chamber, the stripping gas consisting

. essentially of oxygen and nitrogen; and
utilizing the stripping gas, forming a plasma within the reaction chamber,

thereby stripping the photoresist from the layer of organosilicate glass, wherein oxygen is an

active stripping agent.
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9. The nethod, as recited in any of clains 1-9, wherein the utiIi@jggth%
stripping gas strips substantially all of the photoresist from o¥e J 805
| ayer of organosilicate glass. 10 A nethod of form ng an integrated circuit
conprising at |east one feature in a |ayer of organosilicate glass,
conprising: formng a photoresist nmask over organosilicate gl ass;

i ntroducing the | ayer of organosilicate glass into a reaction chanber;
introducing a flow of stripping gas into the reaction chanber, the

stri ppi ng gasl.conBhieshéethgd, aessat inalldip 10f fuethygempaisthgrioblirgghe wafeneb ait i | 1 zi ng
the strippin , form a_plasm wthi.n.the reaction chanber, thereby
stri ppi ngﬁeﬁg‘rgﬁ%@&@s@ﬁgﬁgﬁmﬁémﬁé HFO%ESanosi | i cate gl ass, wherein
oxygen is an active stripping agent. 18 "2 5 JUL 2005 11. The nethod, as
recited in claim10, further conprising cooling the wafer to a tenperature
bel ow 60 C during the utilizing the stripping gas. 12. The nethod, as

recited in a of..cl ai 10-11, . wherei.n the flow, rate of. the active.

Str1 ppt ng agkn -1 Uieyhediah A s any 2 daismo- Lo whe e By ekt i

reci t edsthippiag gt isWetddh 130sckd addW50bEcngonpri sing cooling the wafer to a
tenperature between -10 C and 40 C during the utilizing the stripping gas,

and wherein the oxygen does not degrade the dielectric properties of the
organosilicate glass. 14. The nethod, as recited in any of clains 10-13,
further conprising etching a feature through the at |east one | ayer of

organosi | i caize glBRndhdde ks feBliddad WGl BYCILRG 102108 furier coFRRISobIigAME J! ass
into the reaction chanber and before introducing the flow of stripping gas

into thealceRaFoncrensmitiecnt30” Ciad A8t R duringide nbring theisirinaing &85, a8Hai s
10- 14, yhepei A8t e i) e
the phot nras iy SPfekidcub! R P RatibisARL e lBE AL bRAGHRBIAGY,® 1Y &1 ©

14.  The method, as recited in any of claims 10-13, further comprising etching a
feature through the at least one layer of organosilicate glass after introducing the layer of
organosilicate glass into the reaction chamber and before introducing the flow of stripping gas

into the reaction chamber.

15.  The method, as recited in any of claims 10-14, wherein the utilizing the stripping

gas strips substantially all of the photoresist from over the layer of organosilicate glass.
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