WD 2011/ 072061PCT/ US2010/ 059547 ENHANCED PASSI VATI ON PROCESS TO PROTECT

SI LI CON PRIOR TO H GH DCSE | MPLANT STRI P CROSS- REFERENCE TO RELATED

APPLI CATIVEDNS011/4701] Thi s applications clains benefit umrdenus3si0lo864119(e)
to U.S. Provisional Patent 5Application No. 61/285,918, filed Decenber 11,
2009, which is incorporated by reference herein. FIELD OF I NVENTION [ 2]
The present invention pertains to nethods andeﬁggarat uses to renove or
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photoresist 1s renoved to revea e surface below, Ie ng the rest of the
surface protiect ed. Sem conductor processes such as etching, depositing, and
ion inplanting are perforned on the uncovered surface and the renaining
phot oresi st. After perform ng one or nore sem conductor processes, the
remai ni ng photoresi st i s renovEIELD QF SINVENPI@¥er ati on. SUMVARY OF THE
| NVENTI ON [4] Inproved nethods and apparatus for stripping photoresist and

removi ng o TR fRbent Bhal#dn ! K$aflie® MEBBHE MO HpRLRES BEAGR BF Strip

provi ded.” According to various enbodi nents, the workpiece is exposed to a
passi vat i photqrtsas megterad] lapdeemoong ochtedl oesiducl Sraqpe rivoak glicceismgaceankh ¢enem
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mai nt ai ni ng an acceptable strip rate.
BACKGROUND

[003] Photoresist is a light sensitive material used in certain fabrication processes to form
a patterned coating on a work piece, e.g., a semiconductor wafer, during processing. After
15  exposing the photoresist coated surface to a pattern of high energy radiation, a portion of
the photoresist is removed to reveal the surface below, leaving the rest of the surface
protected. Semiconductor processes such as etching, depositing, and ion implanting are
performed on the uncovered surface and the remaining photoresist. After performing one
or more semiconductor processes, the remaining photoresist is removed in a strip

20  operation.

SUMMARY OF THE INVENTION

[004] Improved methods and apparatus for stripping photoresist and removing ion
implant related residues from a work piece surface are provided. According to various
embodiments, the workpiece is exposed to a passivation plasma, allowed to cool for a
25  period of time, and then exposed to an oxygen-based or hydrogen-based plasma to remove
the photoresist and ion implant related residues. Aspects of the invention include reducing

silicon loss, leaving little or no residue while maintaining an acceptable strip rate. In



WO 2011/ 072061PCT/ US2010/ 059547 certai n enbodi nents, nethods and appar at us
renove photoresist material after high-dose ion inplantation processes.

[5] One awpeotl/wobosihe i nvention relates to a nmethod of PEmWS20IG/O0FBUEr i a
froma work piece surface in a reaction chanber, and invol ves exposing the
work piece to a plasma 5 generated fromform ng gas; after exposing the

wor k pi ec&teig qmi@dfra?%rraetgafs Hdparatuy I]emvwg?tﬁée%fr@%eﬂ@b aé?rthlgbf%ase
non-plasqgngﬂggﬁggg@ fQEs. @ time period of at |east 30 seconds; and after
al l owi ng the fer to sit, exposing the wafer to an oxygen- or

hydr ogen- based plasma to renove the material. [6] According to various
enbodi ne t i LS e j 3
seconds,qggihé2§%%ggﬁégtﬁggwgggﬁﬁggﬁﬁg?gﬁgég§&gg%ﬁ@“@%ﬁ&ggégkgga%%w&%?

| east abqutce2@bfase dondsactioh Thainherg and anvolessbogbsientiss watk peasto angasafa t he
oxygen- or dero en}pasedﬁgéaaga includeﬁ%fl orine species; in otper
enbodi’me CESTaiRd; oM fOHBINETHE: ARTIePIPRNE dRDVOHK PSP HES fIFK$ERL BI4ShR1 ace
may be a di,ghdarewhPh@ Rk 6f of -Slhsmd RnGieddniind 6P JTB G of W€ledg Joor M ng
gas plasma is renotely generated. In certain enbodinents, a protective film
f orms on sespusedndidficc oloparg ithmsvaddr toheitwexpgeingc theafvur toxposuygen-oor he
form ng ga | asma., The protectiye filmmay be a SixNy film [8] Another
aspect o%“@ﬁ%mP%W§Wﬂﬁ%Wl‘Qfgpggsgﬁr%ﬂmgﬁparatus for renoving material from
a work piece surface including a reaction chanber including a plasnma

sour ce, shower.head posi.ti oned,downstream of the plasnma squrce, and a
work ot o008 RGPt nda P ReHRNDf CTaT ShDter ABba vt M kiop; BB GupBor

conprioSi Ng fBr RAERS hisdut 20G sEBARE LA AERNISHALEINAY, ARGEEINEM I eI & a
tenperature of a work piece supported on the work piece support; and a

cont r ol | et IqagtrabeneAtt sepends. set of instructions, said set of instruction
i ncluding instructions for exposing the work piece to a plasma generated
from25 form ng gas; after exposing the work piece to the form ng gas

pl asma, d00bwilngeerthim wabedimicotss it ldast encnointhsl asgan-eow hydogenbastdplanta me

i od of. at | east. 30 ds:, and. aft | 1. fer to si
Bxbos ng BRBGRRKinE GPEFCa Ry it SobOHytinbg o s o8y THEARETH kPRt Fome
mat eri al .the WorlkePitdé Qi2Re WRG T USRBRUSIS %ﬁlﬁ?{eQQQAist.T hesertan dndbbRientLaUr es

and advant ages of the present invention will be described in nore detai
bel owswi tirmiagegas mdesma ist Franaiely ozengrated. diagenige CBRAMCHE SCRIORHEN ftm THE

DRAW NGS fBrrns L)? Qe%(ﬁl)sbelczii sQHéo%spAléoﬁs %P tl%egzioﬁgpievc%ra{fpeySexﬁ(gs%gee% %He ?o%%ﬁ:goggsum or
devi ce fabrication before
plasma. The protective film may be a SiyNy film.

[008] Another aspect of the invention relates to an apparatus for removing material from
a work piece surface including a reaction chamber including a plasma source, a
20  showerhead positioned downstream of the plasma source, and a work piece support
downstream of the showerhead, said work piece support comprising a pedestal and
temperature-controlling mechanism to control a temperature of a work piece supported on
the work piece support; and a controller for executing a set of instructions, said set of
instruction including instructions for exposing the work piece to a plasma generated from
25  forming gas; after exposing the work piece to the forming gas plasma, allowing the wafer
to sit in a non-plasma environment for a time period of at least 30 seconds; and after
allowing the wafer to sit, exposing the wafer to an oxygen- or hydrogen-based plasma to

remove the material.



5and after ion inplantation and stripping operations. [0011] Figure 2 is a

process flow diagramillustrating operations in accordance with certain
enbodi nenwe 20f1/d7ks1pr esent i nvention. [0012] Figure 3 i eca/use@plhsshpw ng
silicon loss as a function of post-passivation wait time. [ 0013]
Figure 4 | aschemal Iustratlon show an apparatus syjtable for

i npl enentl Pa g 10%sH "l @éﬁ%ﬂ@%@ﬁ%@dﬁ%eﬁgm&ljmw _ gesglﬂ?ﬁfés a
mul ti -st%ln%}ea&gﬂ%elfowltm&@eﬁs&wﬁ@asgyelat@@hfale .inplenenting aspects of
the present 1nvention. DETAILED DESCRI PTI ON " PREFERRED EMBODI MENTS

| NTRODUCTI ON 15[ 0015] In the foll ow ng detai I ed descri ption of the present
i nventi on, nunerous Sp%‘ﬂlkﬁﬁ%ﬁ‘ﬂ’ﬂ‘ﬁ?fﬁ)ﬁr BYRAWIINGE N order to provide
e

a thorough under st andi ng o e 1 nvention. wever, as wll be apparent to

those skilled in the art, the present invention may be practiced w thout

t hese spe[ﬁOIO]&iglabailAs— b depictisamgpsatdges nhs@niebmtvetir slevice atoressebeforan

ot her i nst es. wel WN ocesses, pr.ocedures and conponents have not
AAEE T RO o8 B

been 20de¥€AHREIIHP SHEPRSOPEE G hecessari |y obscur e aspects of
the present invention. [0016] In this application, the ternms "work piece",

"sem con r.wafer”, "wafer" and "partially. fabricated integsated
circuit" Wfﬁ Hgurgseds @ nPf@F%%%a%%afBﬁéﬁf maj{liseing GEPTFEPTSHE B5PRRER ovith
understaqqﬂglg%%gﬁngﬁgm Q@fgséﬁllﬁ\yenﬁallprl cated integrated circuit” can
refer to a silicon wafer during any of many stages of integrated circuit

fabrication ther eon. The 25follow ng detail ed description assunes the

i nvent i o ﬂeﬁ@@%‘ﬁ%ﬂlgﬂ'}h&w fgiconl agglf&{c%ﬁ%@é &}fe M&g/&a‘éﬂﬁﬂz

However, ention not s Iimte The work may be of various
shapes, SI zes and materials. In addition to sem conductor wafers, other

vor K LSO ks bR RN 38R P b BB SR IR PR,

Phot awesiaspedtsofaht pghént seratidn.ve material used in certain fabrication
processes to forma patterned coating on a work piece, e.g., a

sem conductor wafer, during processing. After exposing the photoresist
coated sUndpHeFigwred prasvises mui-shitigh seqesngyl f@bit@tironuitablpdort irsledbntinpe
photoresist is renoved to reveal the surface below, |eaving the rest of the
surface pPpBiéceidhe Pssshtadisatiet-or processes such as etching, depositing, and
ion inmplanting are

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

INTRODUCTION

15 [0015] In the following detailed description of the present invention, numerous specific
embodiments are set forth in order to provide a thorough understanding of the invention.
However, as will be apparent to those skilled in the art, the present invention may be
practiced without these specific details or by using alternate elements or processes. In
other instances well-known processes, procedures and components have not been

20  described in detail so as not to unnecessarily obscure aspects of the present invention.

b (13

[0016] In this application, the terms “work piece”, “semiconductor wafer”, “wafer” and
“partially fabricated integrated circuit” will be used interchangeably. One skilled in the art
would understand that the term “partially fabricated integrated circuit” can refer to a
silicon wafer during any of many stages of integrated circuit fabrication thereon. The

25  following detailed description assumes the invention is implemented on a wafer.



10 perforned on the uncovered surface and the remai ni ng photoresist. After
perform ng one or nore sem conductor processes, the remaining photoresist

i S renpovestoi2nlia7sdeni p operation. [0018] During ion inpl aotratsean/josdepant
ions, e.g., ions of boron, boron difluoride, indium gallium thallium
phosphorqus, arsenjc, antjnony, bisnmuth, or germanium are 15 accel erated
toward a M®YRChithe Wveniqyels notrpplimyed ?Qﬁpwaﬂﬁplpw 1@?@@5% 8HVEIYS SRCHSARe wor k
pi ece as I LN t.he s LD DG j 3 C form
SRR A R SR I R g

di f f used advaitagy @D} imegtiomsclubleeations drtipleasitchiandisptyatpemtad@rcugdostdsyi t h
the i npl ant cies and depletes the surface of hydrogen. The outer | ayer
or crustzﬂﬁtﬁﬁgh?esist forms a carboni zed | ayer that nay be nuch 20 denser
than the underlying bulk resist |ayer. These two |ayers have different

t her mal jon rates and react to strippin rocesses at different
rates.’ [ 3@5@%&%9&%? @alg:te@eﬁ%klwe@ateflhlelssﬁfrbgerﬁayégﬂ%@nm%sqeé&%foqns
qui te proneuRaRE cbitiast a Hoahpides e d eIt of &8fedidurh pRlBifoSRfier

inplantation, the ion dose nmay be greater than 1 x 1015 rons/cnZ and the
ener gy neyxpbeng therphb@Kewsttcoaigd satfere torapatitd0okiayh ep&gYradationopglortmgdl dose

i nplantatjon,stri .HDI S rocess enpl.oy 0 en chemstrie er

onat o o RYSresBr bRt QR ET I T e B SR8 b S Al Shfashen

di rect ed Rbtctf@ \WRhKcdhdeesr prctacesuchhg Akt dpoaigamdGenRinpRatiMg kit t he
photoresist to form gaseous by-products which is renbved wth a vacuum
punp. I0ForpeHDIed e et ynsardred agéase ane thowawaning phetatpyist. t A&er pesfamingonfopant s
wi th oxygen / 0 S201 547 Pri H .

Consi der &1 B9 PRETCHSREE, BRertes BBt pddaty TLadRotdm a8t ¢ e
exposed aspdratioger | ying filmlayer. Residues are commonly found on the
substrate surface after HDIS and stripping. They may result from sputtering
during the high-energy inplant, inconplete renoval of crust, and/or

oxi dat i orf00f8]i DRiribn ahpRBtation ! dtPaiit€ishs .., iBnbftiRdkors bbtdRdiflgeridd) erdsuhi f ace
shoul d be residue free or substantially residue free to ensure high yield
and el i nigedtuent Healhead phosphetansi smaricr exitianpayr ebipwath, ppb ceEBiAYM. REET dues

ey blt%hr HIPUEG o RY ref%ikp 108rardet € The orkQ :k{#t'%ﬁ%ﬁg)rs&{ regbfﬁs fgtrf]?ﬁe"\{v&fkocess

past e point nomnally required®to renove esl ortunately,
i n convenfi¢cernalwdiDisSnoberatdinng photosssst surfqeeNd hs picicksmday fenowel regoms of

the underlying functional device .10 structure. .the device | ayer, even
very lit t(P‘élr%ﬁ?%liaHB il E@Etly densd %émt (?Ié?i%) @1%50@&&? %Ef}l&@afﬂﬁmr@%@gm-
adver sel yriafih e ahp RS e@%ﬁ% AR Q@wﬁlﬁ‘ﬁleﬁlﬁo‘l&t s &%%h&'db%e leQEhe%F(})%gelfthaA's | ow

junction devices fabrica at the <32nm design rul e or bel ow
ment i onedydraeenolibt pyutet hgemetdned of thedeap famat aisarodnizdudayanvieat niayrbemaychbe

used to efficiently and effectijvel. 0 reppve photoresj st erjals after
i on-Hosdina s s andibing Bk "SHY sfvendnom PO e v AREH! fiifose
i mpl ant %tx?mi&ﬁ@le@)andléa@tﬂo@wﬁﬂgmobe%s@sla'i%ﬁ@éntlrat_ea.t ed to any particul ar
category of dopants inplanted. For instance, described nethods and

apparatus may be effectively used with stripping after nediumor |ow dose
i pl ant . 16 {9 onifBRGES bawd P odt@NEy YAl bRk ROEOR quitt PESHoGncANH post
phosphorous are discussed, the described nethods” and apparatus may be
ef f ect i véligh-deedon amplani psisesindtigh-dose implantation, the ion dose may be greater than
1 x 1015 ions/cm2 and the energy may be from 10Kev to greater than 100 keV.
25  Traditional high dose implantation strip (HDIS) processes employ oxygen chemistries
where monatomic oxygen plasma is formed away from the process chamber and then
directed at the work piece surface. The reactive oxygen combines with the photoresist to

form gaseous by-products which is removed with a vacuum pump. For HDIS, additional

gases are needed to remove the implanted dopants with oxygen.



20 inmpregnated with other dopants, such as nitrogen, oxygen, carbon,
germani um and al um num [0022] The net hods and apparatus of the present
i nvent i orwoe1ipEs®iivat i on pl asmas that are produced fromrcrarsmmwgsgas. The
met hods and apparatus al so use photoresist stripping and ion renoval

pl asmas th are generated from pl asmgs gases that cqntajn oxygen and/or
25 hydrodeﬁﬁ.o]ll’mrwmfa?ﬁ Cé’ﬁﬁ‘éﬁ‘iaﬁéﬁlﬁ@Fﬂgﬁétr@éé@safaP%o ity rang il loss 0

fluori ne-GoRkaisBY rel_ﬁii %8enlﬁn¥‘ﬁﬂljﬁ 19 'rdiﬁ%sﬁtﬂleé%é‘_&orﬁ&gﬂg?ﬁu% oth€ sﬁ’&@a%ei onal

conponents. e skilled I™n e art will recognize t t he actual species
present isorfadeeafpir dHPRS amdystrippizg. T hayunay whuld fibfespetteringdging thd heghtenergnd

nol ecul es _derived fr t he rticular gases used to generate .t pl asnmas
Gescr | bedrigie: freomhiEt emmyRE of ofib g e dHtER of HeflTiphdg h 1 Pdt
present iAQfd@ripRRAEthORuREhABRANe Rbidhe #2c DTBUbstIMBIIOGRINRNTec FAERAR

di oxi de, water vapor and other volatile conponents as the plasnma reacts

wi th and gleaicdd dodwslimprato thyanged fohotditiosdlsiesidwel ramenadt paessing.  Residues
2011/ 0720n611P§T/r Usozvoe%iat{ 05\9%461‘71 rieSi 1deuea§'co 91111% 1(f)n Sthel stli‘in %ohc% sargt .el loir?tl SO
recogni ze Phat "The n A gB%P%’aSe"s AL T odueed Itk Re pfa%r?a iV 4re

of ten di fdogtigdlly kéq@imfed e BaswigagephbloadsiseXi BhfdriyntifeB, phassmesonseHDBS t he
gas/ gases contact the work piece surface during strip. [0023] Figure 1A to
1D depi ctaPCEHPNS U CE{IABRS SOMEHAPT HHRNSD épmraéﬁ?ﬁh@ andeyipe flarciogplgdevicesf t er

ion inpl L.on 1 1. PRI ti 0 F ] uct or
subst Vot e G EoAPH Yk PRRER PRI AT Fch Y ok R NGy SEReAIRH T

i ncl ude anbgions npradvtdylgrafeof dedpoperf@thahcd amd gicld, ,cspociadly forr lubtra shdlloei de
contact, .and/or, polysil.icop fjl or may be a bare silicon substrate,

i ncl udi ngu@féwn&@&ﬁﬁ/ BbcalPy b= $HIm ASHPLEAR Ok BV subst rat e, Initial y, the
photoresi st material coats the entire substrate surface. The 10 photoresi st
is then exposed to patterned radiati on generated through a mask and

devel oped Vol IrdnBoeianep oFeid b the methadt wid anparagust the e cptiranmay be o3eds hown
in Figure,l & W?egn& @%‘é% NioNGeREE ?Jrhgﬁ)'recstist nﬁlta{%ﬁri'agJﬁftéto %i%{-&)&%ﬂon-rhe

substrate is then exposed to an ion I npllant process. ring ion 1 nplant,

t he swrf aogplanfatione Whe knypingioe iernotdimited so ihnghl-dost eichphartt hstide d&MIS).oribhe The
process may be, .faor 15 exanple, a plasma-inmersion ian inpl ation (PHI)
b on baBT R i aflE BRI Ae s AL SO b LT o LB FUAR THE e udh ng
the expospdereliit@Rodse@r aphPhuRNfay HBE RO ARLS twi&P?tripMﬁ% B @RJIGRLSTY | on
i npl antation, small amounts of the underlying material 107 may be sputtered

to the pHowolossimplasti detimiugl speSefec dongot wnd BichTisiboreratasenial andgghosplioirade sone

of the inplant species, ofher terial in the has or,ion heam and
oy- pr oaucke 0365 e dese rE e EPHEHI CinnaiBe L8 SR Rlebn e G A
carbon, fikipeddnBRd Wwith agthetMiominbersue® Nsagitrof®d, es:yaks, §4tbén,agerfbRint,, arind
oxygen in both el enental and conpound form The actual species depend on
t he conpodimingm.of the substrate before ion inplant, the photoresist, and
the inplanted species. [0025] At the exposed silicon |ayer 101, a doped
region 109 is created. The ion energy or 25 intensity of the bonbardnment
det er ni nd80%Heltwerpethody anchiprkerates obfhethiesedbpedntiangissrpasTkieicdepiesnas it t he
ton flux agee %%ﬁl%eraeﬁor% om%)l(l;[g %Qst "Plfle rclilgglloggand apparatus also use photoresist stripping
and ion removal plasmas that are generated from plasmas gases that contain oxygen and/or
25  hydrogen. In certain embodiments, the gases also contain a fluorine-containing gas, a
weak oxidizing agent and one or more additional components. One skilled in the art will
recognize that the actual species present in the plasma may be a mixture of different ions,
radicals, and molecules derived from the particular gases used to generate the plasmas
described herein. For example, it is noted that other species may be present in the reaction
30 chamber, such as small hydrocarbons, carbon dioxide, water vapor and other volatile

components as the plasma reacts with and breaks down the organic photoresist and other



[ 0026] The ions also inpregnate the photoresist surface creating a crust

| ayer 105. The crust |ayer 105 may be carboni zed and highly cross-1inked
pol yner coWei2nsl/0730se@ crust is usually depl eted of hydrogeaTarsdoiompysegnat ed
with the inplant species. The crust |ayer WD 2011/ 072061PCT/ US2010/ 059547
105 is denser than the hulk resist |ayer 103. The relative density depends
on the i dRSIFIEx ﬁn*ﬁ P€51f1 dnthg ak YW lr reppgnies that thea}pg}aﬁ E2Y&Res BIdEeRd i on
energy. [19{2)2%& Iggﬁlﬁ |95 rtch YL et GRorh 3 s%%ﬁesttﬁatsegﬁs'tﬂl {hﬁgﬂl&s GisBiH Kas

phot or esi st 105 el ow. Renoval rates of the crust |ayer y be 50% or 75%
sl ower t Hhogadmsenaetdcythegvdskiipiecs sfdranivadg Fapsi vat i on process to protect
Silicon prior to H gh Dose |Inplant Enhanced Passivation process to protect
Silicon prior to Hi gh Dose Inplant photoresist. The bul k photoresi st

cont ai ns [0@2Hthiyetyl AitghDl dapidts vefiowshenges alfl sgmidamndedonfadbriogiem befdresarde of
its original .casti q%solveqt. At . el evat ed waf er tenperature, e.%v} above
150 t & aBé\k 9pgBwlantaiionyd SEwping ORHANRH gddeURdlAxHANd ¥ SFRTVEYY ¢ he

crust | ays%straw@oﬁsﬁa:t%&wgﬂgh&eﬁe%isﬁﬁm%m 165 thRNSUbRERE 188 nidyanMDgeshybng

bul k photoresist builds up pressure under the crust. Photoresist popping is
a sour ce nadrepgayers of depositad flnp cas.soxdddf Blo, ssiliedacmiact,vadfos polyudisom figm, or

especially hard to clean framthe .waf er surface and chanber .internal parts.
WEh b gHIbOE olF riah it SETHHC tha HeRe SRR G e S ROBr BRI S st

and undergyyithge. b Uinkiaplyotiey gﬁbt%lfeslsﬁ}fﬁz{teﬂieﬂ QuaN Y gee . subbieate 'dusfacdBYTIR SO be
t hi cker. 15[ 0028] Figure 1C shows the substrate after a strip that fails to

conpl 6t elBhoFaseris és thige cryed Fepdtisinedoadiaten gdmeras¢didymigh agpukiaad deedppide 107.
The sidewglLnsRul Lakioh 814G, A TBY tlNGLHAS 1BALhEEh FRFLIAL L ABARL, fipr m
vol ati | e cofrppound Under convent i brar - st I'p €hemistries. ese particles may
remai n afrt@ainingChovandistanatrisls 10 operation. The residue may al so include
oxi des of inplanted species forned with the reactive oxygen used in 20
oxygen- based strip chem stries, such as boron oxi de and arsenic oxi de.

Por ti ons [024] hﬂlecguuatata%theﬁwxﬁdsa@ t6 eMRomimflakthfosddhs Duaing ioitplants kitewal | s
and corners_at the bottom of photoresist vias may be hard to strip because
of geonetstiface ofthe yerk pisEAINEW AT tsilBIPES tadayitih dopanhinned Thy PgessnRY bhifelg i n
some cas i i ed. i e i - waf-er. ..
3510050 G oA AT RALBE Gl R Biiton RIIIVE, iofi B BRILREI® Rl dome o
and per cdimbavethstsubgratd anfpee, iaciddinptiec agosabsiicem 1aydr [9piang thophiceomyiet

t hi cker resist can al so renove nore silicon. For resist with thicker crust,
the di ffelpénc\éfﬂ@@%%éﬂergﬁé% FRlpnfag g smaljarpenés Péghestﬂnqeﬁ” we matedelnor e

pronounced,, Jhey ks rthecgl’rtﬁérgﬁisﬁjﬁ&@zdll%. and 1, é@ gr%s C"%ﬁ?m%i’e?i'al hay d&diudo

strip. Thus, strip processes designed to reno crust also tends to

renove noome3dshd ingdmt seaes othicp nmatsyiaben ths pdhste adolr bssn, rapdibytpradudioofm ty

and gz%o matfler %nei‘p auiltta{ti(?i{:.I dljhteiy (IDI{]CIIE(PG sil\l/ggn,zgl%lr]f{il(l)ug,oc%gb%%r lliJOSI%‘Pe:,L 8lca(1)115u%15,4ozcher contact
materials such as cobalt, and oxygen in both elemental and compound form. The actual
species depend on the composition of the substrate before ion implant, the photoresist, and

the implanted species.

[0025] At the exposed silicon layer 101, a doped region 109 is created. The ion energy or
25  intensity of the bombardment determines the depth or thickness of the doped region. The

density of the ion flux determines the extent of doping.

[0026] The ions also impregnate the photoresist surface creating a crust layer 105. The
crust layer 105 may be carbonized and highly cross-linked polymer chains. The crust is
usually depleted of hydrogen and impregnated with the implant species. The crust layer



residue renoval. Overstrip is a continuation of the strip process past the
point nomnally required to renove all photoresist. If the photoresist is
totally rwonoad7eesisone areas of the wafer but not ot hepsT/useoriosasat i on of
the strip pr ocess woul d cause additional material, typically silicon and

silicon oxide, e d fromareas _that are alre dy stripped [ 0030]
Fi gure 1dOéH6\%§nSFh agdlb%”gvlgtr@sl%{flew 1§§‘ T.thsg?lamée frasity éPaniéﬁ’B\ﬂéfijlonﬂfi‘Ebrdi ng

Lo var i ouseROdiBBLSf hhEiERI Ryt GRIRVRH chbighout additional i | i con

| oss or oxidation an m ni rum e ay. In certalfn enbodi ments, the strip
process | eaves no residue and thus reduces the nunber of process steps.

[ 0031] Pr e

i mpl ant ’geﬁap%h%lt gsl pr%)(zzggté‘s}s]ggﬁe%ﬁ? ﬁﬁ%&ﬁ%{zl‘[#éo? g% hgoéreefsg{ F%EB gngl}tlﬁgds may
be eff ectRezmcb\yil wged ofvttchcrastr llapqarl may &tt5®fo weddUrslowet thandbs emndegbyiag bulbkr

ot her ph esi st st r| [ ng rocesses... The net hods. criped herein provide
a pass .Vg[{q%@ﬂcq alsg/%ﬁnswf‘% P&?@ t0sp1ofech il Pct%‘sprtﬂrﬂBdﬁ‘tgge@?%ei %‘ﬂﬂqﬁ& ]‘é}ﬁlﬁnﬁﬁg’e not
limted tP%sﬁvﬁﬁfn%rBé@sé"’to Phdtbd i GnCHHIF t8 tHi%h d&@%&]pla%t %H&t@re%is{.sffﬁe BLRCESS

fl ow di agram 200 1l lustrating operations in a nethod 5 according to
certai n eyotui¢sst wostainsirelatiyeln hnghf bwelhm?whgnmhldwy bordidstitragmh dndpdoanst ofriesi due

chanber i EgPEshPal i REE 2 Bt ol ST AT IR E oG er i <

opti onal Itife BuIRrBeatcesl olighd Sid é@anaiwlatn@,to e @hdt @dycP PERAEARE pRObIestsPcam Set
tenperature | ow enou prevent popping, but high enough to provide

h t
ener gy f dherf opamt |aént%@furedeﬂa§1§| balki pﬁotp@ylé‘r baHds awp proswe cepiealhe @westh rate
in furth fe e d from
Forming qneta Bl il VoL i Ty T BESE ek AR AS TR SRIREELRE
inert dilegperidlly kdtdho &Eeanffﬁj’m exawafee sutfhder aglechantvet nruamalopartshewltihklaghor a
conbi nation thereof. In an exenpl aré enbodi nent of the invention, the

form ng giseiien dmpiantaion. the depsity diffcrrprabepescacthe qrogt My @f‘élfyma Rukk
parti cul ﬁgpﬁ i mng gas is about 3 to
about 6 yhﬁ Oﬂl mesegffenh@)#] rogeér?l%alytn&g)et?eftg}c%%nbodl ments, pure
nitrogen gas vmth essentl ally no hydrogen is used. It has been found that
pure nitr rOVi r S f S.

Lo 033’% r{@@%f gﬁ}l glcgé%éégse gn%t ﬂb%&t@ aff%?% ét%{g th??[nﬁaﬁg t@%;mﬁetélgggi%lg% gfe fime.
e.g., on Iihbe)remsﬂelmcnfndatbetsideMIIt@uﬂ& &emlaadm éTl@ sidabadltpu2@r residi@ K¥conds.
I n many enbodi ne (g t he VDq%ﬁ(?ll/ 72061P /U82010/0 9547 pl asnma 'f

renotel y- I@@hé‘?‘é‘% dpiﬂl%ﬁé att ¢ Aghiarm Aeyp HHe LAMPRYRG U ‘ﬁl enpyantiqng! S| ai n
embodi mentgm;dii& phf%%*garha gr@ﬂlgﬂ PN @AR oA @§1p85 RAiRS SRty Of
form ng gas. In other nbog ot her species may b é)e I'n certain
enbodi menhay alsabsdlade daides oh onplrytge spenes fammed rvath E}lepzleecse/ntonygen heedyms es

i nl et tothe enerat or. Then.in noerat 205, t | asma
0 ot gt B RRT R ARE B RER S Bhrol §t B BroSRErBide TR s p e
enbodi nenggst 105 enadi§ renfaifbh e b @ats 00ud Wide RIS BhE c&H@f’é at tlf%rbottfoﬁf of
exanpl e to about 35 C. Wthout being bound by a particul ar theor

bel i eved nhietoresst piiastraey by bardue fsmpebefceumofmom@leex Eél@&quesudui: @mﬁlc{e@ nsaIYOW

prevent %elrd%t |Vo([| or gl‘t%l H%amrsgmesc%bse uen eg eangle or cle en- based
stripping chem’s P}’gg thar y ‘1ncl e f)lflgu&)l?l ne ﬁem ¢ erh‘g pr o &&ive
surface maywhgera SixNy film [0035] It was unexpectedly found that the wait
ti me between operation 203 and the subsequent stripping operations is
critical to reducing silicon loss. Figure 3 is a graph showing silicon |oss

(Angsisr orBP2HBiRcdIBES is ANfuBEtiotBdtredibtickR&S 0dts thiRRAMWE BMdHeRREUS R ritAp L he

form ng gas plasma, and a subsequent stripping process using a

hydr ogenglmggﬁ and more aggressive stripping to remove thicker resist can also remove more
silicon. For resist with thicker crust, the difference between the crust layer and bulk resist
layer is even more pronounced. The thicker crust sidewalls and corners are even harder to

strip. Thus, strip processes designed to remove thick crust also tends to remove more

30 silicon. Overstrip may be used to address resist uniformity and geometries in addition to



15chem stry containing fluorine. The silicon | oss decreases sharply as the
wait tinme increases, eventually leveling off around 220 seconds. According
to vari owoenhadesmsent s, the wait tinme is at |east about P8O/Usecionss47 at
| east about 60 seconds, at |east about 100 seconds, at |east about 120

seconds, | east apout 140 seconds, at | east about 160 econds at | east
about 1866%1@%1??85)"51 tOVEIaiEip is BEQPBHOR Of Siurip groqessarast hisqpint poming

seconds, rgiul{e%at%tre QUL %ﬂ@toré@fst | gt ﬁ%%slst? @sotoﬁ?lg%gl%ved) In &md §as¢ obout

280 secon The effect served in F gure 3 i s unexpected as the chem cal
kinetiCStbé“@ﬂEbHEEMKﬁbnSKDnﬁmRMDROSﬂwNWMIﬁquMWHMUbaweﬂ¢@MDE@IM@mbé much

faster. [,003 t waitin riod is,finishe n ocess is
bor f or redTh Hilh ey nt i S s M ReeuBinoni Rares due Hrey BB BeShr v e
oxygen- based or hydrogen- 25 based pl asmas. In certain enbodlnents t he
strippin stry addition on fJuorln speci es. in one.or nore
oper ati o 98?@'?&%1&@ g‘aﬂ%@ﬁ ﬁ&%ryaqﬁasma by, b PPN S e AFEANE B to
generate\%Hﬁﬁs&ﬁ@&hﬁ%mﬁnﬁkqgﬁd&éEﬁ@ﬂﬁ@aﬁGA&bMQMbﬁEmﬁﬁfﬁ&nl§H§BHBmdMum
hexaf | uori de (SF6), hexafl uoroethane (C2F6), tetrafl uoromethane (CF4),

tr|f|uoram@ww&mmnnﬂmmeddwﬁlEMmdammmmndnemﬁERm$ﬂpppommsfkm@mopnbbémemtt3F8)
octofluoqg %clobugﬁpe VO 2 11/ 072061PCT/ US2010/ 059547 ( CAF8),

oct of | uorBYSIH T 8] PrO§e¥ St%Ptor o[ 2- ] but ane ( C4F8),
octofluor0|sobutylene (C4F8), quorlne (F2), and the liKke. [0037] While

the neth crib herein are not |imted to, an rticular strip.
chen st 1 ﬁ§§3 ﬂﬁ’} HaPCReBRt S Gl sl TheoloR o g o pinelilsPime uge
pl asn@s P&@ss%ﬁ Oiﬂhbﬁ% £ IbRW Mdve ORE NEe?tth?s/ ¢ R2UMRtively used with

o/ OB/ NRa 101D OO0 CRA. Har Coa) NS CRA T BT Ot
stripping after medium or low dose implant or other photoresist stripping processes. The

methods described herein provide a passivation layer to prevent silicon loss prior to

stripping and are not limited to a particular stripping chemistry.

[0032] Figure 2 is a process flow diagram 200 illustrating operations in a method
15  according to certain embodiments. First, a wafer having photoresist and implant residue
material is provided in an operation 201. The wafer may be provided to a chamber
capable of containing a plasma. Although not depicted, the wafer is optionally pre-heated
(prior to, during, or after operation 201) to a set temperature low enough to prevent
popping, but high enough to provide energy for formation of a passivation layer and an
20  acceptable etch rate in further operations. The wafer is then exposed to a plasma
generated from forming gas an operation 203. The forming gas comprises hydrogen and
an inert dilutant, such as, for example, nitrogen, helium, or the like, or a combination
thereof. In an exemplary embodiment of the invention, the forming gas is about 0.5 to
about 10 molar percent (%) hydrogen. In a particular embodiment of the invention, the
25 forming gas is about 3 to about 6 % hydrogen, e.g., 4% hydrogen. In certain
embodiments, pure nitrogen gas with essentially no hydrogen is used. It has been found

that pure nitrogen can provide as similar passivation effect as forming gas.

[0033] The wafer is exposed to the forming gas plasma for a period of time, e.g., on the

order of about 10 to 90 seconds, ¢.g., about 20 to 40 seconds. In many embodiments, the



H2/ N2 [0038] I n many enbodi nents, mnultiple operations having different

chem stries are 15 perfornmed to fully renove the photoresi st and residue.

I n certaiwoenhadeosent s, form ng gas is added to one or momasedionbesse HDI
strip operations. For exanple, in certain enbodinments, formng gas is added

to all non-fluorine contal ni ng pl asma operations. It has een found that
usi ng f orYRY 5o rERotplyrasna é%m'«},ﬁh? i Iy D0 dRrsta PSR- T8RS can

adver sel yen?JJdﬁﬁén@ 'tlllelhﬁl%}né gsg%neéé{efdf}mfﬁ algl e&sgaﬁg @ss*eﬂnalyp(ﬁf brfiib @k tfREOT Y,

it is believed 20 that this may be dueto nitrogen in the orm g gas
facilit atdting cntbedungws st apdcos nofy bdhaldsiE3 n ceelaaa@nbrgilmante febstanmagly no

Typically, no significant I e 1S ter these operations,
(hough | e & s amresie bt ey Tk O e e SRS 05/ PG w th f of mi ng
gas suppl yi ng about 14-25% by vol une; H2/ CO2/FG wi th form ng gas supplying

about 40-60% vaolunme; WO 20 072061PCT/.US20Q1 9547 0039 It should
be not’ed @ﬁ%ﬁﬁh}?@ 1‘&)3’%9??73?‘?%1%0%]1%@%%%??% Sﬁn Berafronts fonsrgind 205

may be pejrfiphdred, edtdieRRBbEIth@Ls, M @hfes ILHRSvddNtot 81 B §§s oferBtion, B&t ween
one or nore strip operations. In certain enbodi ments, on operation 203 is

i nsert ed dxetyeto dboesds 6pdYishaubbsingdorhddye Geherlat tlh@m'y[ GO&(b]ﬂlemdlthﬂJsa types

of plasna_sources be used in ac dance with the i.gvention nel udi ng
R, DG, | B ovos s da By sSCE SRR Pk ol PEru e el aEne o

downst r eaib&quittasBcB DAEEE o Shyds@@n-bhYd Galppihg tchéniRiridk! AasmmpowRiludor a
300 nm waf er ranges between about 300 Watts to about 10 Kilowatts. In sone

embodiomeftupring geecie. Ribe prejesiycporiese may bet wedYy @lbbut 2000 Watts and 5000
Watts, e.g., 3500 W Showerhead Assenbly [0041] According to various

errbodl ments of the present invention the plasma gas is distributed to the
wor k sur f[AGE Mt avas wivonestedindonsd el the Wiie tlsmohetmela@pa@@em% ey thye
grounded o ied.volta o, att.ract CI es wWhile
ot 15 arvErng TR shgidRebir St Oisdieidfe SRR GhF BB R Egrdtio
watt bi asShoWﬁ@/sﬂqxfontlb@ (@hgatdnhak b Yurihiah @€ dakpiRed (gécdnas)tmwnae&ﬁasu&@ﬁprrbl ne
at the showerhead. The assenbly includes the showerhead itself which may be
a netal phatfernyagi gy Matres ang A ubsaqueHestpPRISAEPTAPRYS UsEY2 2 duslrogertbascd i nt o

the r%aCtdh%ls B8R Linin Ehﬁ}lgme\/\erﬂ%aglllcaf?llg§sr h?c‘féa%s %F%gf}% \iffe %%?9&“ from

t he p asma source over ~a larger area sour ce
t o be usddcrecddee muaﬂleallﬁnldvarﬂgartgémuncbf 22(]1asesd51mser he\a:doﬂdﬁigestorrazyrlb@ set
to optimze strip rate and strlﬁzraeunifor ty. If the plas lgqrcels

cent ral | YIRodapeds.dherat fgnada fblcastianeuisHoterTisat! st 80uh 08 sprad, éraé
smal | er apd,f P(YM%ecbﬁH he15&MoBlt Llo §e'38nc?shgf"4“e’!a§1%9 é)%e@&‘i st Gt l%HéhabBﬂte
active gases toward t *he outer r egions. The s hower h ave at least 100
hol es. Suit0adskendshetwerfieddui ht) sceondheat wﬁmmboulPRO@ rsovmdla,eademt about 220
20  seconds, at least about 240, at least about 260 seconds, or at least about 280 seconds. The
effect observed in Figure 3 is unexpected as the chemical kinetics of the reaction to form a

SixNy film would be expected to be much faster.

[0036] Once the waiting period is finished, a stripping process is performed in an
operation 207. The stripping process may use one or more oxygen-based or hydrogen-
25  Dbased plasmas. In certain embodiments, the stripping chemistry additionally contains
fluorine species in one or more operations. Fluorine compounds that may be fed to the
plasma generator to generate such species include nitrogen trifluoride (NF3), sulfur
hexafluoride (SF6), hexafluoroethane (C2F6), tetrafluoromethane (CF4), trifluoromethane
(CHF3), difluoromethane (CH2F2), octofluoropropane (C3F8), octofluorocyclobutane



25 the T drop-in showerhead avail able from Novel lus Systens, Inc. of San
Jose, CA In enbodinents in which there is no showerhead assenbly, the
pl asma erwenrsitdieospr ocess chanber directly. WO PCT/US2010/059547
2011/ 072061PCT/ US2010/ 059547 Process Chanber [0042] The process chanber may
be any suitable reaction champer for the rjp operation being performned.
It may bécéﬁg),@ﬁfaﬁa@m[bﬂb%a CHFBbr%PPS@P&sﬁEdbﬁa@%@kF%roqtqu sAhUEAPRE be a
single c schanber may al so include nultiple stations
where 5 3???§¥gﬁﬁﬁﬁiggﬁ§m§}@§%§gcessed si mul t aneously. The process chanber
may be the sane chanber where the inplant, etch, or other resist-nediated
process t I r i ts, . ..a ar-atie ] ved
for the Jteg?g.w ?ggﬁelgsﬁ(e:ﬁg edre §%&ggslgérpr§hn%rf Pgﬁg%h%r O%nggbuﬁg ﬂé%%a{m%% r to 2
Ton. | n cheidtricse chadplee ptasmat he rgness phicorcaingersd HDdnesidowindud? dleasmaso 1. 5
Torr. 10[ 0043] ,The process. chanber includes one or nore processing stations
on whi’ch &PFi dé%%?gFiBﬁgwgﬁé perforned. In certain enbodi nents, the one or
nore processing stations includes a preheat station, at |east one strip
station, and an over-ash station. The wafer support is configured to
support the md?%@“ﬁuring processi ng. The wafer support may al so transfer
heat to and fromthe wafer during processing to adjust the wafer
tenperature aspdppnecessary. In certain enbodinents, the wafer is supported
on a plurality of mninmmcontacts and does not physically contact the
waf er support surface plane. A spindle picks up the wafer and transfers the
waf er fromonédO¥Nation to another. [0044] Figure 4 is a schematic
illustration showi ng aspects of a downstream pl asna apparatus 400 suitable
for practicinqﬂiﬁﬁuﬁﬁf§ent invention on wafers. This apparatus may 20 be
used both for passivation and strip operations. Apparatus 400 has a plasma
produci ng portion 411 and an exposure chanber 401 separated by a shower head
assenil y 417. HWE€ORCBKposure chanmber 401, a wafer 403 rests on a platen
(or stage) 405. Platen 405 is fitted with a heating/cooling elenent. In
sonme enbodi ne I 05 is also configured for applying a bias to
waf er 403. Lo&#%?gggﬁﬁggig attai ned i n exposure chanber 401 via 25 vacuum
punp via conduit 407. Sources of gaseous hydrogen (with or w thout
di lution/carrigr/cgas) and carbon di oxi de (or other weak oxidizing agent)
provide a flow of gas via inlet 409 into plasnma producing portion 411 of
t he apparatus. Plasma producing portion 411 is surrounded in part by
i nduction coi IB2A83, which are in turn connected to a power source 415.
During operation, gas mxtures are introduced into plasnma producing
i?’gpglr ;'S ?T;[oéﬂg]],ln' RAHG L ABbARLAS, HhdtifikCof et SHsZ RLkiAR diffeRh A MBmi$ride Ry at ed
15  performed to fully remove the photoresist and residue. In certain embodiments, forming

gas is added to one or more of these HDI strip operations. For example, in certain
embodiments, forming gas is added to all non-fluorine containing plasma operations. It
has been found that using forming gas or pure nitrogen in the fluorine-containing stations
can adversely affect silicon loss. Without being bound by a particular theory, it is believed
20  that this may be due to nitrogen in the forming gas facilitating the disassociation of the
NF3, releasing more F- ions. Typically, no significant wait time is imposed after these

operations, though in certain embodiments, it may be. Examples are:
02/FG with forming gas supplying about 14-25% by volume;

H2/CO2/FG with forming gas supplying about 40-60% by volume;

10



WD 2011/ 072061PCT/ US2010/ 059547 produci ng portion 411. Shower head assenbly
417 may have an applied voltage or be grounded directs the flow of species
i nt o exposorelioitaosber 401. As nentioned, wafer 403 nay PETIESREOOSISUT €
controlled and/or a RF bias may be applied. Various configurations and
geonetries of the asma squrce 411 and induction coils 413 be 5 used.
For exanﬂfj%%%lh g}?&ﬂ Benn%q? fhat tbf:paﬁ%yaqoa&ﬁ%%waﬂ?%nmpﬁgaﬁﬁng% d P71 in
an interl : S e
AR o e A e S i ALl
t 0 conporsgmt spohtioire jr orss cobadibenis, anly genttronl 203 Bessted dstwampthssd i on,
pressure, tenperature and wafer indexing of the stripping operations.
Machi ne- r®5F4BM: nmedia may be coupled to the controller and 10contain
instructions for controlling process conditions for these operations.

[ 0045] S%;tablg Elasna chanbers and systens include the Gamma 2100, 2130

| 2CP €I nt tively Coupled Plasma), (400, and T offered by
Novel | us Systens, Inc. of San Jose, CA. O her systens include the Fusion
l'ine fromofumelirfoul @GRRUVMALES: bdicesOhayRpe kised I acddpdanbaRdih thERAhtibhom PSK
Tech Inc. in Korea, and the Aspen from15 Mattson Technology Inc. in
Frermont , icAudind K, ilfnadndymioyawivsuleesed plagme antses. s Imaréferred ambgdimedt, ant o

cluster tpols, For,.ex le, a stri anber e.added to ura
Sl ioter 1 B8rueh? RICPRTR Sowfe i 1) MARIRHy, TRVRPHIARI KL Br EOROURR,

pi ece [ OGHGEr taRgdd h@Ednetboa®er Wi t& abdu € OVl kv AHsE A sbih e @nibddiehey; dance
with the nethods 20 and apparatus of the invention is a_ sem conductor

waf erl0 ARF Blagiaa payeris helvose abeu d00QMGatts wpd SPP0 Wenttsre-£abtl0cWt i on facilities
use either 200 mm or 300 mm wafers. As disclosed above, the process and
apparatus di sclosed herein strips photoresist after a processing operation
such as ethemicHigad Asembh| ant, or deposition. The present invention is
suitable for wafers having very small features or critical dinensions,

e.g., Ssu - r s - ; con

| oss feaﬁgégﬂd$&%ﬁgﬁ%é§éggg&gkg@P%g%ﬁﬁﬁg%gg}P%%%ﬁéﬁgvﬂghﬂgggvé; og&ig}y
shal | ow jdistabutodso dlic adkamaédevagiacshdeviheed assthdlpr daeshowearhesnt keombls al so
specifically suitable for wafers undergoing front end of the |line (FEQL)

i on i mpl dAtaPP c%?unéég_é%ﬁaw ynrﬁpgh%agéageow MHBF IR PRAZC SPecies| iRk POfThe

P s 8- AGKAR St ASE | FRARACIRC |8 dhRROLE! 651600 PR bERU UGy bERidue on
the 30 wafer. At the wafer, the reactive gas y I nclude a nunber of plasna
act i vat eclepeailgschargdd spedidy 07O G1RCTH 198a0bik0s Ibet shovedthedl sTha haegbly

speci es, .and,gas by-products.. .Far. .hydrogen- based pl asmas, the volu

concent 1 doriioe S RETEH JBr g gdier i BS A g s et Bt s pelibop it hDyas a
t he waf erplagnyPineahéy cQVRIxtBR%xtoMRE r@UNELMRRREdTRE FSFIhcall H8AIVRILURE the
concentration of various oxygen species nmay be about 20-80% of the gas at

t he waf eractivy pydakety fiove thosplggmaeurse vk adaigeh eeat aliawiog aosmyliaridassna

fl uorj ne eci may, b .01% t o about 2% or ss than 1% Th I

concett r 200G S Pe B oat® sibEe S RBe R LS Sl B e S8R o 05
to about dpnfre akiputite hndYrip RS HIHRARY.CH thR)labme lsogtee Wlentrii®y-lockitd ok  e-,
H, 0*, CO Cx2, H20, HF, F*, F-, CF, CF2, and CF3. [0048] Process

condi ti orfBe refery iy shassahrar hplepes nrperabhy smakierend foyves dreha gertpbetithent s
of the | NYERLIOM i brds IGRMT AL Al A cKERR, NG IBIORLGEEIAL. FnPIHIGHER!
tenperature during the application of plasmas to Its Surtace. er

t enper at ungshaant taangdOhel e Saitallo uhowtdibeadageleés thar@hnab o uPR 500w cbgadkas

Cel sius. To duce .the likeliho of . phot oresi st poppin escrib above,
vaf o1t eGP S%%ffr_g?aé}m?ﬁ%{e O SavE Bt e gﬁga@fﬁm@r G “Ros
been remyath aRchtP ROLRE@SinSte RARPIHNFIRATSRsdnbIPEhR FHAREEE R ers the process

chamber directly.
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15 Initial station tenperature may be about 110 degrees to about 260
degrees Cel sius, for exanple, about 240 degrees Cel sius. Later stations can
use hi ghewotenmpeemtur es such as 285 degrees Cel si us andpralbaistoi8bsdegr ees
Cel sius successfully with good strip rates. In certain enbodi nents, the
tenperature is lowered during NF3 spikes to reduce Si | oss associated with

t hese spites. ﬁgﬁ@NPLE PROCESSES [ 0049] As indicated above, in certain
enmbodi merf8%s L station strip apparatus is enployed to performthe

photoresi st and residue stripping processes described herein. Figure 5is a
sinmplifi qdomg NEHrbEess BRMABLY ndayt RParMi RWVaBIk r8446i0n RRaARRAGAIStiNEpHatidIT
stations 1, 2, 3, 4, 5 and 6. fers enter the apparatus at station 1 via
chanmber 3Emg parermed.t kareyfherensdhpmberaadts ryultitchembered spparatne er ftanayssimply

processi g P0GLAL AL o3kt AL ARG £X] LuGrBMAL B1GN. Gbd. Gaber
502 after thd process | SPREGpT et e. e architecture permits “pausi ng or

cool i Bg tdifferonf aafead bl prob&s@RSigiw@hé@BIYDr ThE plockH EHaAIRE maaged Rt sagid | con
er osi on b&VHDIS strip chemstries. WD 2011/072061PCT/ US2010/ 059547 Exanpl e
process KXhampgh wheredhe iBlepy cighper piiepaesituirediated prpcesspiplegsalpcenolngetser 8

seconds %%goo%irﬁerﬁg,; aps%ﬁa':tjat\éacthﬁl%ﬂef is FQerved for the strip. Process chamber pressure may

range from about 600 mTorr to 2 Torr. In certain embodiments, the pressure ranges from

about 0.9 Torr to 1.5 Torr.

10 [0043] The process chamber includes one or more processing stations on which strip
operations are performed. In certain embodiments, the one or more processing stations
includes a preheat station, at least one strip station, and an over-ash station. The wafer
support is configured to support the wafer during processing. The wafer support may also
transfer heat to and from the wafer during processing to adjust the wafer temperature as

15 necessary. In certain embodiments, the wafer is supported on a plurality of minimum
contacts and does not physically contact the wafer support surface plane. A spindle picks

up the wafer and transfers the wafer from one station to another.

[0044] Figure 4 is a schematic illustration showing aspects of a downstream plasma
apparatus 400 suitable for practicing the present invention on wafers. This apparatus may
20  be used both for passivation and strip operations. Apparatus 400 has a plasma producing
portion 411 and an exposure chamber 401 separated by a showerhead assembly 417.
Inside exposure chamber 401, a wafer 403 rests on a platen (or stage) 405. Platen 405 is
fitted with a heating/cooling element. In some embodiments, platen 405 is also configured
for applying a bias to wafer 403. Low pressure is attained in exposure chamber 401 via
25  vacuum pump via conduit 407. Sources of gaseous hydrogen (with or without
dilution/carrier gas) and carbon dioxide (or other weak oxidizing agent) provide a flow of
gas via inlet 409 into plasma producing portion 411 of the apparatus. Plasma producing
portion 411 is surrounded in part by induction coils 413, which are in turn connected to a
power source 415. During operation, gas mixtures are introduced into plasma producing

30 portion 411, induction coils 413 are energized and a plasma is generated in plasma
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18 seconds 240 pl asma exposure 2 - post-passivation FG (plasma off) 220
seconds 240 wait 3 - 4 H2/ CO2/ NF3 18secondsper
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producing portion 411. Showerhead assembly 417 may have an applied voltage or be
grounded directs the flow of species into exposure chamber 401. As mentioned, wafer
403 may be temperature controlled and/or a RF bias may be applied. Various
configurations and geometries of the plasma source 411 and induction coils 413 may be
5 used. For example, induction coils 413 may loop around the plasma source 411 in an
interlaced pattern. In another example, the plasma source 411 may be shaped as a dome
instead of a cylinder. A controller 450 may be connected to components of the process
chamber, and control process gas composition, pressure, temperature and wafer indexing
of the stripping operations. Machine-readable media may be coupled to the controller and

10 contain instructions for controlling process conditions for these operations.

[0045] Suitable plasma chambers and systems include the Gamma 2100, 2130 12CP
(Interlaced Inductively Coupled Plasma), G400, and GxT offered by Novellus Systems,
Inc. of San Jose, CA. Other systems include the Fusion line from Axcelis Technologies
Inc. of Rockville, Maryland, TERA21 from PSK Tech Inc. in Korea, and the Aspen from
15 Mattson Technology Inc. in Fremont, CA. Additionally, various strip chambers may be
configured onto cluster tools. For example, a strip chamber may be added to a Centura

cluster tool available from Applied Materials of Santa Clara, CA.

Work piece

[0046] In preferred embodiments, the work piece used in accordance with the methods
20  and apparatus of the invention is a semiconductor wafer. Any size wafer may be used.
Most modern wafer fabrication facilities use either 200 mm or 300 mm wafers. As
disclosed above, the process and apparatus disclosed herein strips photoresist after a
processing operation such as etching, ion implant, or deposition. The present invention is
suitable for wafers having very small features or critical dimensions, ¢.g., sub 100 nm, at
25 65 nm, or at or less than 45 nm. The low silicon loss feature of the HDIS as disclosed is
particularly suitable for very shallow junctions of advanced logic devices. The present
invention is also specifically suitable for wafers undergoing front end of the line (FEOL)

ion implantation, especially high-dose ion implantation.

[0047] The plasma-activated species reacts with the photoresist and sputter residue on the

30 wafer. At the wafer, the reactive gas may include a number of plasma activated species,
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radicals, charged species, and gas by-products. For hydrogen-based plasmas, the volume
concentration of various hydrogen species may be about 20-80% of the gas at the wafer,
typically over 50%. For oxygen-based plasmas, the volume concentration of various
oxygen species may be about 20-80% of the gas at the wafer, typically over 50%. The

5  volume concentration of various fluorine species may be 0.01% to about 2% or less than
1%. The volume concentration of various species from the weak oxidizing agent may be
0.05 to about 5% or about 1.2%. These species may include H2*, H2+, H+, H*, e-, OH,
O*, CO, CO2, H20, HF, F*, F-, CF, CF2, and CF3.

[0048] Process conditions may vary depending upon the wafer size. In some
10  embodiments of the invention, it is desired to keep the work piece at a particular
temperature during the application of plasmas to its surface. Wafer temperatures can
range between about 110 degrees and about 500 degrees Celsius. To reduce the likelihood
of photoresist popping described above, wafer temperature is preferably increased slowly
until enough crust has been removed and photoresist popping ceases to be a concern.
15  Initial station temperature may be about 110 degrees to about 260 degrees Celsius, for
example, about 240 degrees Celsius. Later stations can use higher temperatures such as
285 degrees Celsius and about 350 degrees Celsius successfully with good strip rates. In
certain embodiments, the temperature is lowered during NF3 spikes to reduce Si loss

associated with these spikes.

20 EXAMPLE PROCESSES

[0049] As indicated above, in certain embodiments, a multi-station strip apparatus is
employed to perform the photoresist and residue stripping processes described herein.
Figure 5 is a simplified schematic showing a top view of such an apparatus including
stations 1, 2, 3, 4, 5 and 6. Wafers enter the apparatus at station 1 via chamber 501, are
25  transferred to ecach station in sequence for a processing operation at that station and exit
from station 6 via chamber 502 after the process is complete. The architecture permits
pausing or cooling the wafer after the passivation process to protect against silicon erosion

by HDIS strip chemistries.
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18 seconds 220 seconds 240 2 - 4 H2/ CO2/ NF3 18secondsper station 285 5 - 6
H2/ CO2/ FG 18secondsper station 350 WD 2011/072061PCT/ US2010/ 059547 [ 0050]
| n anot hewoerampk@ipr ocess, a first pass on 6 stations PETHS2§1008EA7 t O
provi de the form ng gas passivation, followed by pre-heat in station 1 and
strip operations in stations 2-6 in a second pass. The waiting operation

I n a non-oxidative environnent.

may take plac
The di scl osed

% outiide th% chanber
O

pparatus nmay be inplenmented in systens including

Station Chemistry Time Temperature (C)
1 — Preheat No gas 18 seconds 240
2 — FG passivation — | FG 18 seconds 240
plasma exposure
2 — post-passivation | FG (plasma off) 220 seconds 240
wait
3-4 H2/CO2/NF3 18 seconds per | 285
station
5-6 H2/CO2/FG 18 seconds per | 350
station
Example process 2
Station Chemistry Time Temperature (C)
1 — FG passivation — | FG 18 seconds 240
plasma exposure
1 — post-passivation | FG (plasma off) 220 seconds
wait
2-4 H2/CO2/NF3 18 seconds per | 285
station
5-6 H2/CO2/FG 18 seconds per | 350
station
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| i t hography and/or patterning hardware for sem conductor fabrication.
Further, the disclosed nethods may be inplenented in a process with

| i t hogr apivp 2anidi7e061pat t er ni ng processes precedi ng or folPcowisagobess?

di scl osed net hods. Experinental 10 [0052] Various experinents were
conducted _conmparing Si | oss when the formn as passivation in station 1
preceded [ﬁSE‘BHPéinﬁ HOmRIp PESE At fﬁﬁfsp%ﬁ °§t%a%g‘?t&fﬁ’§ 15 pgrfergned; toj yREdgHien no
passi vat i ] Y i1 d : :54006:- 82%
053] W P oD PR P By o b BB | M8 S LAY PO e
enbodi nerit-6 jn 4 secohd phd. Ade vreting eperawntoay take plaec diitsids thpr dseberdn abov-e.
Many vari ations on the above- 15 described preferred enbodi nents may be
enployedf“?#%WSFBWE?H?W? i nvention should be broadly interpreted with
reference to the following clains. CLAIMS What is clainmed is: 1. A method

of renovi eri.al. from rk, piece surface in a reaction chanper, 5the
met hod cc[ﬁ@?#ﬁh}?&w%&%ﬁégﬁﬁ@%mﬁw%%e@yt_ e Jerefa ety
form ng UAfiography an@bl Sat@RES IHWHE MR enRbGRBetoP hbScdkiohM RERas Rl asma,

allowing the wafer to sit ina non-plasma environnent for a tinme period of
at | east @®lesed omsods may be implenmntbdaift e progbdsowmitin dithdgeaphafaad/dr pageining

exposi ng the wafer to an en- of. drogen-,10 based plasma to renove the
mat eri al .prﬁqesﬁé’r%glﬂg(?rgﬂi%\ﬁ% mef{lsci%gﬁi El%ﬁh()[dﬁ‘e work piece is allowed to
sit for at |east 100 seconds. 3. The nmethod of claim1, wherein the work

piece is hal | awed Eo sit for at |east 150 15seconds.
EXxperimental

10 [0052] Various experiments were conducted comparing Si loss when the forming gas
passivation in station 1 preceded F-containing strip operations in stations 2-6 to Si loss

when no passivation process was performed. Silicon loss was reduced by 54% -82%.

[0053] While this invention has been described in terms of a few preferred embodiments,
it should not be limited to the specifics presented above. Many variations on the above-
15 described preferred embodiments may be employed. Therefore, the invention should be

broadly interpreted with reference to the following claims.
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4. The nmethod of claim 1, wherein the work piece is allowed to sit for at

| east 200 seconds. 5. The nethod of claim1l, wherein the work piece is

al | oned two=wii/frere1at | east 220 seconds. 20 6. The net hoadcofUusamy/oeds4T| ai ms
1-5 wherein the oxygen- or hydrogen-based plasnma conprises fluorine
species. 7. The nethod of any of clainms 1-6, wherein the material renoved
fromthe work piece surface conpris&aFgguggh-dose inplanted resist. 8. The
nmet hod of any of clainms 1-7, wherei orm ng gas plasma is renotely
25generated. 9. The nethod of any of clains 1-8, wherein a protective film
forns on @xposediéd Acon portions of the workpi ece after exposure to the
formng gas plasma. WO 2011/ 072061PCT/ US2010/ 059547 10. The net hod of
claim9 wherein the protectlve filmis a SixNy film 11. The net hod of

clai m 1 wher ei‘h Mgt agmeras W eiah fieeea W@rkﬁé?‘feoﬁuﬁ%@e Bratepctien) hambeh aphy
oper atsi on. 12th@ﬁwﬁ?ﬂ§%ﬂ@ﬁ§n%°r removing material froma work piece surface
conprising: 5a reaction conprising: a plasma source, a showerhead
posi ti oned down@bmﬁgﬂmownkm&mpMaspﬁ&m@gm&&meaﬁdnammmﬁ&gpbece support

downstream of the shower head, said r i ece s rt canpr.i Si edest al
and t enper at urdE GRS ?l‘doﬂ‘eﬁiﬁ%ff’mﬁﬁi &’ Ing gas p fna, aﬂownqg he waldh (6 sft

in a non-plasma environment for a time period of at least 30 seconds;
and after allowing the wafer to sit, exposing the wafer to an oxygen- or hydrogen-

10 based plasma to remove the material.

2. The method of claim 1, wherein the work piece is allowed to sit for at least 100
seconds.
3. The method of claim 1, wherein the work piece is allowed to sit for at least 150
15 seconds.
4. The method of claim 1, wherein the work piece is allowed to sit for at least 200
seconds.
5. The method of claim 1, wherein the work piece is allowed to sit for at least 220
seconds.
20 6. The method of any of claims 1-5 wherein the oxygen- or hydrogen-based plasma

comprises fluorine species.
7. The method of any of claims 1-6, wherein the material removed from the work

piece surface comprises a high-dose implanted resist.

8. The method of any of claims 1-7, wherein the forming gas plasma is remotely
25 generated.
9. The method of any of claims 1-8, wherein a protective film forms on exposed

silicon portions of the workpiece after exposure to the forming gas plasma.
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10control a tenperature of a work piece supported on the work piece
support; and a controller for executing a set of instructions, said set of

i nstruct iwo 200MpPRO63i Ng i Nnstructions for exposing the workTpisews/osB4a pl asma
generated fromform ng gas, after exposing the work piece to the formng

as plasmg, allow n he work piece 15to sit jn a non-plasma environnent

19 or a timd perle?dn?fgo‘ii?fe‘FI%lgls? “%Greélé@ﬁrﬁ’a%t?“é’ﬁdlﬂﬁlflﬁérs@iyr’lﬁm- ng the work piece
to sit, exposing the wafer to an oxygen- or hydrogen-based plasnma to renove
t he mat erlilal . Ti® mdthed apdainat udicwsin eipisime 1l whtkraeee is herferoredradict @r

i nstructions conprises 20instructions for allowng the work piece to sit

for at |east Il0Bogesiongeratiohd. The apparatus of claim 12 wherein the
controller instructions conprises instructions for allow ng the work piece

to sit fon at Aeasfara@Ofos @GRS maRkal 188 APRRA dSuhccdodipsing: Wher ei n the

controller instructions conprises instructions for allow ng the work piece

to sit for at a!r%ﬁ‘c?{an]cﬁgmﬁgrcé%ﬁﬂﬁisi 6. The apparatus of claim 12 wherein the
controller instructions conprises-instructions for allow ng the work piece

to sit for at |east éoo seconds. 3017. The apparatus of claim 12 wherein the
control l er instructiBAEEYWET™ ses instructions for allow ng the work piece

to sit for at |easty $dRcAREPPEStioned downstream of the plasma source, and

a work piece support downstream of the showerhead, said work piece
support comprising a pedestal and temperature-controlling mechanism to
10 control a temperature of a work piece supported on the work piece support;

and
a controller for executing a set of instructions, said set of instruction comprising

instructions for exposing the work piece to a plasma generated from forming gas,

after exposing the work piece to the forming gas plasma, allowing the work piece
15 to sit in a non-plasma environment for a time period of at least 30 seconds; and

after allowing the work piece to sit, exposing the wafer to an oxygen- or hydrogen-

based plasma to remove the material.

13.  The apparatus of claim 12 wherein the controller instructions comprises

20  instructions for allowing the work piece to sit for at least 100 seconds.

14.  The apparatus of claim 12 wherein the controller instructions comprises

instructions for allowing the work piece to sit for at least 100 seconds.

25 15.  The apparatus of claim 12 wherein the controller instructions comprises

instructions for allowing the work piece to sit for at least 150 seconds.

16.  The apparatus of claim 12 wherein the controller instructions comprises
instructions for allowing the work piece to sit for at least 200 seconds.
30 17.  The apparatus of claim 12 wherein the controller instructions comprises

instructions for allowing the work piece to sit for at least 220 seconds.
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