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apparatuses are used for processes including plasma
et chi ng, physical vapor deposition, chem cal vapor
deposition (CVD), ion inplantation, and resist
renmoval . [ 00021 Photoresist materials are used in

pl asma processing operations to 10 pattern nmaterials.
Conmer ci al photoresists are bl ends of polyneric and
other organic and inorganic materials. A photoresist
is applied onto a substrate, and radiation is passed

t hr PHOTERESIS T SERIPEPING (CHAMBERCAND SMIERHEHS owmcmNG
the resist |ayer pPHOTORESKPON StaAsSTRAGaES ons  of

phot oresi st are negative-working resist and

positive-working resist, mhich produce negative and

positive images, respectiy jgétﬁ&? bei ng .

devel oped, a pattern eX|sts I n otoresist. The

pat t er n@0phoPlasemi prbcesmag apparatises dre uded forpréastasriasluding
n.substr s.well a

e TR ER R REeichl St e SSiPE chefileal Rppst EppSiien (YD), ion

Campraiitaticis ahd@ Retht kbridoval Pat ent  Nos. 5, 968, 374,

6,362,110 and_6, 692, 649, the disclosures of which are

her eby [09AEhr Bhptoresist mpatsrislepemsed inplasna progsssingraperations to

P ']ﬁ&@ﬁ?ﬁnh&ha&t ' RRNBRid PRBRIHES aredferld @Y‘o: ?3gym&9<98’?dlotﬁer

met hod of protecting an"active area on a strat

congatlie erd inesgani¢ onleripla A photoresiss is appliedi anto e sibstiage, and

fce}gcltaﬁgn Eg 1%1%5@1 tﬁle}cﬁ%%s zﬂéﬁ% L Cﬁ%tg&%aé@%:r %ee?agp e i néo the resist
Wi Ialxchlrw'l?hm:ewb)blmgi tlhssif2Gtisnd of pladteregistaretnelgided-worldng resist and

coil.which,inductjvel.y, couples RE ene throu h the
iR R RS it FiRt e SmabuC Baq Hslive fasges, fespectively.
di ft@Being doMelsiRd, 8psttdrh %xﬁstbhﬁtth@ﬁﬁatore%ﬁ@ THOphtteh&d photoresist
i ncl udi n an active area, supgmxgé% a process gas_ to

t 1an peasedto ditpedsapreg e Rabshe Hpg. asgvell #f tegdeposit
: "RARLAiE ol 6P AfipBAPmIerA MRl LiLBAE Corlofii%sEiRhba US.

processing the su bstrate wt plasma so

prf@tf@@ Nash®,968 8745, é@%él@&Kb? 69&,)549{;5&113 tisiclusngesafwWiashnare hereby
15 vo ubst,r te .an

pas s(ﬂbblt%l g )i%gerglé % \c/l%escals %Q%Vaﬁg E?é SStS Ilfg’ﬁ’ég ?ei’cgﬁlqgeg

process gas conprising at |east one addltlve

effective to forma protect] I on an active area

of the substrate gM%r

[0003] A method of protecting an active area on a substrate, comprises

positioning a substrate in an inductively coupled plasma procéssing chamber of a
plasma reactor, the plasma reactor including a dielectric window overlying the
substrate and at least one coil which inductively couples RF energy through the
dielectric window and into a space between the dielectric window and the substrate,
the substrate including an active area, supplying a process gas to the plasma
processing chamber, generating a plasma from the process gas by supplying power
to the coil, processing the substrate with the plasma so as to protect the active area
by (a) maintaining a plasma potential of 5 to 15 volts at the substrate and/or (b)
passivating the active area by using a silane-free process gas comprising at least one

additive effective to form a protective layer on an active area of the substrate
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area and stripping the organic photoresist in a second
step. 5 BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0004] FI G

IAillustrates a process of renoving an ion-inplanted
phot oresi st over an active area (AA) on a
sem conductor wafer and FIG 1B illustrates an

i nductively coupl ed pl asma chanber which can be used
to carry out the photoresist stripping process
illustrated in FIGIA 10 [0005] FIG 2 is a graphica

Si Whérsin 188 pPdtettVe @%ﬁh&lﬁﬂésoﬁfledsﬂbﬂe SletefPRonttd Q&dltlve which is
(St Ox) and silicon (Si). [0006] FIG 3 is a graphica

r effeady prosenion the achiedrenand $eppiag the prgapici hetysesist in a second
dlsrtﬁjc_t current (DC) bias voltage at a bottom el ectrode

used to support a sem conductor wafer. 15 [0007] FIG

4 is a graphical representation of material |oss as a

grggag22Ioiepresggﬁﬁ{ﬁ%$?§#¥ﬁ¥?%con EE%EQgEthhnct.on

of  TCP[a804kr FIGI 1 AdlistuteseemdceB D edraoving ahaon-ihPRARK

6 i.s a raphlcal resentation of photoresist
SR UL 35 AOBYS G LRSS CRESOSBISK Waire G HIG. 1B

PrifefssteIAS i8N aY 'E:blﬁﬂed E)Qgﬂag]chgrlngbr Which c@n BE 3R fAlarry out the

representation of silicon loss for five gas
c Hehwteresiplegripping pgogess dlyetrated in REGdrﬁ*d 350 seem 02.

[0011] @?gh?ﬁlé 2i @%gﬁph%@ silnoldt %%e(ﬁ{lgl% hg&u%ilo% lntg licon

l oss fo gas ries ere
si aadd(SiOk) endsilison €Ri).esent 6A and 12 A native oxi de,

m cr ogr GINGY SE(- 31 &etenhisalrepetsinRust AlelEaiel <65 py & Runction of

f rdifecterrédt (D(I)(b@é?ssvcﬁﬂge of a Béttdif eMoctolis uaiioZaPpseam
02 for 100 seconds followed by deionized water (D)

rg%ﬁg’é@r{d@e@smfm 10 is a scanning el ectron
m crogr ?ie@bﬂ SEid;, #fs £Pra Hﬁ@ﬁefg?ééentggoﬁ §BindHRia ?ﬁ)ggasafunctmn of

substra resul ting fFom use process gas o
Crehambgr ppgsure.

[0008] FIG. 5 is a graphical representation of silicon loss as a function of
TCP power for four process gas chemistries.

[0009]) FIG. 6 is a graphical representation of photoresist strip rate as a
function of TCP power for four process gas chemistries.

[0010] FIG. 7 is a graphical representation of silicon loss for five gas
chemistries with 0 to 100 sccm Xe and 350 sccm Os.

[0011] FIG. 8 is a graphical representation of silicon loss for four gas
chemistries wherein the side-by-side bars represent 6A and 12 A native oxide,
respectively.

[0012] FIG. 9 is a scanning electron micrograph (SEM) of an undesired
residue resulting from use of process gas of 30 sccm CHF3 and 350 sccm O for 100
seconds followed by deionized water (DI) rinse.

[0013] FIG. 10 is a scanning electron micrograph (SEM) of an undesired
residue on a substrate resulting from use of process gas of 30 sccm CF, and 350

scem O for 100 seconds followed by deionized water (DI) rinse.
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resi due-free substrate resulting fromuse of process

gas of 30 sccm CF4 and 350 stem 02 for 10 seconds

foll owed, process gas of 10 sccm CH3F and 350 sccm 02

for 100 seconds by deionized water (D) rinse. 5

[00151 FIG 12 is a scanning electron mcrograph (SEM

of residue-free resulting fromuse of process gas of

10 sccm Si F4 and 350 sccm 02 for 2 seconds followed,
process gas of 10 seem CH3F and 350 sccm 02 for 90
seconds[goy4fereqi Fefk M\Rarhing Blectrbh Migro g&%ﬁﬂ@lﬁl\ﬁ} & residue-free
13A and B show SIM and SEM results fora I00A oxide 10
weiubsiraip resyltigstromiusp o8 prqsesceas SEF0 scom 1A+ fmd@ES0 ste@ O: for 10
a

e Ao ARte M SERY 3ol CBE B 330 sfeth 5 ol 6 Seconas
TR ¢eoorieed GateoDF) rimses on t he bottom el ectrode, 350

sccm 02 1 C CHF3 f.or 60 seconds. [0 FlLG.

ToCT D aeBRs) s lea Seanaits plto P R A it EN &8 gbighe-free

sifesultiig frbm hRSSE.pro€dd Bhs &1 (0 sckin $ilF, el B30 86crh U, UL P GEconds
F4 flowrate Pn silicon | oss and oxi

f Si d
C HolRwedpropeeeas ot 19 piss FRbEang 36D Gesra Oaior 2R sRsmes by

Pressiite whiek YONSidsd. flow rates and FIG 17
illustrates influence of spacing between coil and

waf er ol§036] | EHAS. 13 end Brshow M Emd SESCRisRI: €t 4 DR0pxide
In,l t ' ' manuf acturi ng processes
thr\ya%@%??r@z}gaqingkﬁ%ﬁ rloéénS?%\?'i on, shrinking. device

geonet r[0017] i FIGSaEXCandD s'hgwl SIM ahd smxer@ulgis ésr A100A oxide
dose and new erjals nake jt ipncreasi.n .
G PAPLRIOPSS50 B B GUATED ST EPRTHe 9f S0 S Grre b ST CRpe s eyolts bias
I 1th8 bBlofl SMBtRIde N3 SWsRRAOA G 1@ sdrR CERS&8r 66 Beconds.

produce undesirable electrical effects and corrosion

t hat r 0281 pFHduta illpstntgs thegdects ofuging a pulsethplgsma eg silicon
Mgsowave Downstream and RF Pl asma Technol ogy for Etch

and Clean Applications,” 196'x" Meeting of the

El ect r @AY c AGSASiiBustraigsGnflubmoe, of 1T flow rate on silicon loss and

oxide thickness, FIG. 16 illustrates influence of chamber pressure at two SiF, flow

rates and FIG. 17 illustrates influence of spacing between coil and wafer on silicon

loss.

DETAILED DESCRIPTION

[0020] In integrated circuit (IC) manufacturing processes that utilize ion
implantation, shrinking device geometries, increased ion implantation energies and
doses, and new materials make it increasingly difficult to produce residue-free
devices. Residues remaining from etching and ashing processes can produce
undesirable electrical effects and corrosion that reduce product yields. See E. Pavel,
"Combining Microwave Downstream and RF Plasma Technology for Etch and
Clean Applications," 196" Meeting of the Electrochemical Society, (October, 1999).

[0021] In plasma processing techniques, such as plasma etching and
reactive ion etching (RIE), and in ion implantation, photoresist is applied onto a

substrate to protect selected regions of the substrate from being exposed to ions and

3



[00211 In plasma processing techniques, such as plasma
etching and 30 reactive ion etching (RIE), and in ion
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to protect selected regions of the substrate from

bei ng exposed to ions and 3 WO 2007/133413

PCT/ US2007/ 010115 free radicals. Organic pol yner

conposi tions have been formul ated for such resi st
appl i cations. [0022] Photoresists are renoved, or
"stripped,” fromthe underlying substrate after the
substrate has been processed by etching, ion

i mplantation, or the 5 like. It is desirable that the
Phéedfa@idalsl OrghhRPolemeY fsoRitich8 havd PEersaPSiiladEfor such resist
surface as clean as possible, desirably wthout any

r PpHaationsel yner filmor resist material. Wt and dry
strippi C ta 1%

oot or cleb2ef © BbRLRIC B 8ol b SrfoBURY rom e yngsrlving

c cwbslirati: affenthganbstirase haschden pmmceasncblsy etChipg siohi m@lamatmn, or the

r Asﬁsg?%lﬁﬁk‘ﬁg Qﬂe g‘&f’%fs’fﬁ%‘% tfa'iggx,%gy Lﬁ‘g kegtvre surbstrate surface

f adsrdléaﬁhtas%shbléb Bé<itidsy auaomeg reAd A PR IYredH fIRS oesisBmaterial.
substrate with inmpurities to c e the. el ectrica

prypein HAPRIAS teshpigues can by de P ApNAYR BROteresishnWss stripping

USBhrAgued 130 Y uBioRd clPinHE GLAE 0
regi ons of dlffgre%t cog%%s%tloﬁo$ﬁnéqg3a§§ §H9§uqnnng(or
Duie

Figgi)drchnigies isaen oRysiropissTas éorazb@eiremttremoaal a

suffi ci te .

surfac eﬁtﬁgbg E%rgﬁ%i g}l%a&? ﬁéb?lfggﬁ%rc fél{ggu%%arf: he®  dbpe regions of

accaibstrateiwith “n{burﬂgﬂ to nhfn@sthaes elebieicdbpriopetiks ol ehe substrate. Ton
ur ities i ons

cancentr.ation 002

oA ARIROREA S sahieR o AR GRSk T ittalags Fegions of
arcﬁffe%ﬂé@ﬁb@ﬁn&n inha plRtrefee Sl)lﬁing 1Hﬁ\iﬁﬁﬁi'matfo'ﬁe ions are accelerated at
photoresi st |s nodified durin g | antation, and is

r énehieignily highgyoliege (9 peneira @ebmeesurfa% e Adssireshdepth.
t NaBredsidl tlfpz{c%@ier%tgx%{\/déﬁ?é ﬁﬂ:}%ﬁ& ﬁl@% HESH R concenfration peak of -

Particul ar ons danage r gl ons o
preune@m@ns thereby br eaki ng near-surface C-H bonds

and for r rbon si.n and d e bon

The r es@P? 911 ﬁ[ gmnﬁ o‘%?lar%‘g Pty gL B}c[ﬂ 1815’?36"2%}%'8 AP desired are

| Egtellec(edrwftlskhdtoreerst 'Howstér) th&fph@tcﬁeﬁsﬂ is ioified during

[ | ant ed photoresi,st .encaps es the i stingct

oo Bd B ERaers e Aitions & Famivadsr P iaRation than a

C aop@at (ro&limphatRéd) (}mo?orgﬁstf PREHdUPIHR fimb BBitddBh& Bhmage regions of

speci es, voltage se and current. The carbon-rich

| By Photpyssys dhergby Beaking ncar frfaced-H bowdand forming carbon-
t QafRAinABGAd BouttEBondy. Thd #BAtNE $ugh, carbon-rich or "carbonized”

layer (or "skin" or "crust") of cross-linked, implanted photoresist encapsulates the

distinct underlying bulk photoresist. The thickness of the carbon-rich layer is a
function of the implant species, voltage, dose and current. The carbon-rich layer
typically has a thickness of from about 200 A to about 2000 A. See, A. Kirkpatrick
et al., "Eliminating heavily implanted resist in sub-0.25-®m devices," MICRO, 71
(July/August 1998). According to E. Pavel, as implant doses and energies increase,

implanted photoresist can become increasingly more difficult to remove.
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sub-0. 25-em devices,"” MCRO 71 (July/August 1998).
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i ncrease, inplanted photoresist can becone

increasingly nore difficult to renove. 4 WO

2007/ 133413 PCT/ US2007/ 010115 100251 Carbon-rich

| ayers can al so be forned in organi c photoresi st

during plasma processing techni ques, other than
ion-inplantation techniques, in which ion bonbardnent

of the photoresist also occurs. [00261 Oxygen pl asm

ashi ng techni ques can renove the carbon-rich 5 | ayer,

but onl %)035} aCalsul-fidt R ]y@lfs cah Ao b'éqgrrﬂédﬂﬂ"ot%ﬁnic%%toremst during
The etching mechanismof these techniques is th

r ARIMHPrOGESSHIE (GRNIAURS: e%stwtlwwﬁhsmbquuesm which ion
p . [00271 It has been

dg)?’ g’?ﬁ?%ggﬁt %ﬁhp &%ﬁﬁ%glt%go ?gﬁurgozappl ied to the

subst r all0826b élxtygm plasine ashinyg vedhniques cmf rdxﬂmye the carbon-rich
CrOSS- |nk The p F. bi des

o Ry YR et £ Pt At ST BRLAEE Aliniac s, AdeBichipgBRchanism of
Sith€Heaedtiglfes 38 thel rBERINOTRRDIGE R daBAF ith ﬁpﬁrd%}ﬂ&ns in the
oxygen radi cal s 0028] However, it has also been

é%@ﬁﬁ?ﬂ@domﬁﬁﬁmﬁ ayCen RF blas to the substrate
0 enhae7 ARk 8ok helbRHRYA thd af K 95,99.99 lied to the
undesi red effects. enatlca f

prsubstzate tof entanoy th¢gemogalrr|ats: qﬂtbe om@s-ilmked laymr a”ﬁhdipphed RF bias

o0 G Ul ST i OB ne

1 Yserabyl eahdricesireavionsywitly oxygmgadicalsl ayer 12 (e.g., a
silico ai_pi Ia h as Si OX e i nQ
| ;ayler 'Eﬁﬁﬂl; ﬁgo wieer, 1t %aﬁebee@?fayfsfr?eflﬁa%t apIYIBS 4B é{l’ bias to

byhCHikbstratel @.’rbthH@é' ﬁh&ﬁresfsh:@h'i@a'l ¥ar¥ EQW%m&“cer{ﬁﬁﬂeQ?ed &fects.
native oxide, and typically has a thickness of |ess

t FG. dA @d@mattp@llm depicisra progesstafiremneing Qrgamc photoms&st from an

B TRBLR G bobtaBOP.c s MRl WRRBIERIGon Y BaciEion

C dmplunted Kbl‘lfokﬁyaiitlva @réa8riTeandy ﬁlhﬁovdrlsﬂng lﬂ@ir BaHialdyeP 12 (e.g., a
process. The features (contacts, vias, nches, etc. ).

déflmecposyamma daysHofesheas; SO 8 HeriBoSapicclayer LBy tbe 4 silicon
E:le( l@%fﬂxa{ £58rinBd By EVDY} éﬂ emitePsibh Ay eldiPdr may be
i ased system ene ) e

getic I'ons can cau
S putattre'blorxgdeofanﬁ hrgpicalty basma mxcﬂ&ehsagfelesslﬂmnammhelr torkP Afor a
bl.e because for

th i s und
QF%Q %S?bées@y écﬁ?‘mt%f&f% H2 aplied puer i manamic layer 12
' REJ1GAEY tﬁllHBhG{dr@dlst (18, @nd aR%WEAYing carbon-rich layer 20 formed by the

ion-implantation process. The features (contacts, vias, trenches, etc.) defined by

the photoresist 16 are typically about 0.25 ®m or less in width on the substrate 10.
In an RF biased system, energetic O, ions can cause sputtering of the inorganic
layer 12. Sputtering of the inorganic layer 12 is undesirable because for typical
process specifications the maximum amount of inorganic material (e.g., oxide)
loss during the removal of the carbon-rich layer 20 and the bulk photoresist 18 is
less than about 2 A. The carbon-rich layer 20 can typically have a thickness of
from about 200 to about 2000 A, and the bulk photoresist 18-can typically have a

thickness of about several thousand angstroms. In addition, sputtered inorganic
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and the bul k photoresist 18 is |ess than about 2 A
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t hi ckness of from about 200 to about 2000 A, and the
bul k photoresist 18-can typically have a 30 thickness
of about several thousand angstrons. In addition,
sputtered inorganic 5 WD 2007/133413

PCT/ US2007/ 010115 material can re-deposit on the
substrate and on the photoresist, resulting in organic
and i norganic residue being present on the substrate
after cleaning. [0029] Another undesirable effect of
apRAt¥ifiGcad reldpoYif bh A st trhRCandSoH ik Mofordisd, Fesulting in organic
processi ng such as photoresist renoval is that oxygen
| @Rd ippreanie residpe heimg presenh an dhesitfsiratecafter wldaning.

ot ot 7 dOPRE° L e Bt ot AP s lagy g me

Thiabsiedte dering @aodessihg dach ad pipdtarekielredndvat @thas bx@iendens of the
sillicon and/or a _gate oxide on a sem conductor

s RYIZaY haye spificiegry hah erersy 4 Perqtedc die thipinorganic layer and
QiRfike 2 drd@hlyil sifitish FRAMERESIGTL Qt%g ];T A&Q/%iaété% includes

[

has been determned 10 that undesire I con

anoypéaniest silicon, sitrainedi dilicomnanodtonke gatayoxidecom a semicoinidecter substrate
by -processi] the sybstrate while maintaining a plasm
pé)tféml & gﬁlﬁg%%rsglﬂggﬁéqee&k%urface of about 5 to 15

volts H0ds6) RAsighet thethbbhedasiibed fadfss!$ K38 Ren determined
si | ane-free grocess gas conprising at |east one

adbatiundesired siieon losprad/et erowth ofissiliern onide layeriona be achieved

PR b0 Py Wi EBIPRRRELF g o
prsotfect of auadtioVis woltsankll empassivadmntheassive aeed Wwing a silane-free
RS TE e S SE TR e Ep B 00 B
CBtihe alQaltdﬁtignale fIdWRA B &ﬁs?arﬂ‘?h&o&?ﬁt Rendh 410 ﬂurinrg the first

Accordingly, in the first step, the silicon |loss ca
b&tepi, b idesitatly i@ praieeigheragiivetasea from $idigen lass duehie impingement

act.i,v r [ or pl.asnme. pot ent | at. t he. substrat.

(S B0 RuRE: B3 ardhe Blpe piagSdiEle fifiup of
bSO, 2) whetd £ cafbef0etoad)| y cdn b0 16 2v@lit 5 ¢arbdhe Bab110Usccordingly,
chanber design and/or process nodifjcations: For

el iR Brst 6158 g’l?t@*‘fﬁ?s‘losﬁa%#’} bmerginyzed by formiag grpraisetive layer on
i . : i o . . c

P oL P KBRS FPELS (AP0 cs o
sybsiredavalue (pgarbelgwe 26, volisy preferably 5 aphS ivolis)dy edrious chamber

BT ep An s AN sllth lions ol expsBBlsy M i EROM AGEhsry of the
| BRE @238k lifdEOHOAIDIIE Dverlyinp tBY HRfechid iAW 8hn be spaced

inwardly of the chamber wall surrounding the substrate support (e.g., provide a

spacing of at least 5 cm between outer turn of the coil and inner wall of chamber),
the dielectric window can have an increased thickness (e.g., provide a window at
least 4 cm thick), the distance between the substrate and the coil can be increased
(e.g., lower the §ubstrate support and/or add a spacer between the dielectric
window and the top of the chamber to move the coil further from the substrate)
such that the inductively coupled plasma chamber can be operated without use of a

Faraday Shield. Amnother way to reduce plasma potential is by pulsing RF power
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and the coil can be increased (e.g., |lower the
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dielectric w ndow and the top of the chanber to nove

the coil further fromthe substrate) such that the

i nductively coupl ed pl asnma chanber can be operated

wi t hout use of a 30 Faraday Shield. Another way to

reduce plasma potential is by pulsing RF power 6 WO

2007/ 133413 PCT/ US2007/ 010115 applied to the

i nduction coil during the first step, increasing

i npedance of ground path seen by the substrate and/or

| Rpbled ROtHRI ifincHA diHiHRethe TR i), iﬁé’féaﬁﬁg GnBedarcl of ground
the process gas (e.g., Ne,” Kr, Xe). Passivation can be
ad@ttesess Wythe subsieate and(or inghefing highmtpolic iamber peutral gas species

, i ti . in.th . .
S AN Y, KIS0 AP SR o st

eas

aladdaivy vpltiek émtms @ pidiectivet layer @vee @hd sctiye, aréh wheein tSprotective

Sﬁ, In, P or I?throu% addition of a silane-free gas .

sUBYFrdiclades at leaskgne Gement alteady prsgent ipshe qgive ared (e.g., Si, Ge,

desd, ey In OP '8 8R8Esh sdfifloR st NefandNFe %F b Sif! 688, GeH,,
76031 1R St &p 2,

j T
like can be added in the first step.
duksthg Pihi B Hpe Ifdgsiredaraihierrgased suchrasthssNHL, CE,, X0O, or the

Stlflée%%?%‘e t&agdqéﬂ%gﬁ%b&ases may i ncl ude vari ous

constituents in gﬂ'oxygen- cont ai ni ng gas, one

or nor ob¥ty o¢AakkeD, dukiie wkioh B craland/or bulk photoresist is
fl uorohydrocarbon gases, and the additive used in the

f iStréRped; H)s ProRess; gaseSyaAY éncludecyariqus copstifments ggcluding an oxygen-

£33 RO QP oy rnon
rr@asdr?, and de yititee (xsbedgn,thé-lﬁﬁt)é@p) "Bl irfolngarti¢ hﬁ)ergﬂ'l&ten be, for
15 ojoresl.st can .be present on yari.ous sem cqonduct aor

s GERPPE: & SHEFARDGURABEA (fet e SibbNGd: AIOTOSHN, 12.5..
SigiNCPSi, SN high- Mbtal¥3dad ffied (K&, HiSPE?) a&_chg-leﬁﬁ.rmfhe

is prefer abl y generated fromthe process’gas by
aphpipresistcanibs Hresemy on yRripRFyemigondustar subsirate materials such as

el is cagndugit.i i | s. Qut.si f the plasma
pr“gagéelésfﬁﬁldac a?rtfgr.gﬁ“i?\:‘g %Siﬁ’ssl?lgt’eanldgtﬁﬁr‘%%r ably a

waf er (0D632)d Mhelasikeis\preferdtly goherhizd fedrAshH@process gas by
generation.region. In preferred enbodi nent, the coil )

i SPRIYHIEFALiO Ergﬂve%chzFﬁ &0 1%, g5 JPre glechicallyrconductiygrqoils outside
f ' h i L. .

[ SES, Pfius pré2edhy EhahBel. "he BIARAES Priferdifll s water placed in
c dhgpViethityl efsthe plasermcgenerationrregione flaragiefereechémbodiment, the coil

deiesng, 'pia\ﬁan-rr 9;)11 b %t(l:et g{po‘g‘e\:’ is&r?gcleeofftflg Wa%earr?age%saen%r i% rfmrallel to the
plane of the coil.

[0033] The plasma reactor is preferably an induc{ively coupled plasma
reactor, more preferably a high density TCP™reactor available from Lam Research
Corporation, the assignee of the present application. Embodiments of the methods
of removing photoresist from substrates, such as 300 mm and 200 mm substrates,
can be performed in an inductively-coupled plasma reactor, such as the reactor
100 shown in FIG. 1B. ‘The reactor 100 includes an interibr 102 maintained at a
desired vacuum pressure by a vacuum pump connected to an outlet 104. Process

gas can be supplied to a showerhead arrangement by supplying gas from a gas
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substrates, can be perforned in an

i nducti vel y-coupl ed plasma reactor, such as the

reactor 100 shown in FIG 1B. The reactor 100

i ncludes an interior 102 maintained at a desired

vacuum pressure by a vacuum punp connected to an

outl et 104. Process 30 gas can be supplied to a

shower head arrangenent by supplying gas froma gas 7

WO 2007/ 133413 PCT/ US2007/ 010115 supply 106 to a
Pﬁl}ﬁ Mt&%bﬁﬁdmnﬂ)%)&ékWné BfounadRE %h@é‘rsﬁfe of a dielectric window
ectric window 110. A high density plasma can be

gehlé)r afdvgh densiey plpsraz cat ba gendygted ip phq/mglcm:lozelme stg;plymg RF

B A e

dl spiab esil having doe ioh ensteqlifBidisposvd BARKcHE dﬁ&]ectﬂc tv@ﬁdow 110 on
of the reactor 100. (0034] . A substrate 116, such

a GRof S ERFE105 100 er, is supported within. the

interio f t

|77 08P 006 e g B A, R i
aﬁbanrat:mr 1Mhasewmrelloémmtbalratc sohprark 1 I&OThambmiaEe support

P IO G crhd®a ERfltfe SRR 158 BY el BRSREC uckiiol and the

el sabstrateld 16 @an b pﬁlyd)lﬂgie& fby%lbleaﬁ’ld ibcﬁthﬂng lIIDSt Thé €huck 120 can
essi n g,he substrate 116. The

orgtibte of K30 PGty frarghnatm Bt piariodhe sibstpguring
t e prolaiityl Sf the kueentd s, digd Ilﬁ‘b Eds ang;g;ﬁi’t‘!d]by)th@ 85 supply

an underlying gas distribution

t hD6 Q@fleﬂqws through ehanpelghetyseendhe n@ﬂ@trw windasw M%a@d an
121141de§g tdhs\ﬁffﬂ)ﬁhoﬂsﬁgtegl% éﬁxﬂ tﬁéjﬁﬁ&%cﬁﬁl anth u\%h gas outlets

nor e ectors exten

See thd plateemmbemammiwthy gass&rg}msiprh&d bianhe m mad® gas injectors

ude a l.i ner

LBy 0 i Ses Jaf Sragtils ommenlyrhapigfed U-S. Patent

plms N2308651.0Thd i‘babtoﬁ 3in Hgo m&h@‘@rn@m@r@&éﬂm ﬂbﬁx&ﬁ@ plate
is the 2300 TCPTM reactor avail able from Lam Researc

oration. 20 Typical operation conditions for the

pl asma ggg O
about 1 wat txgnﬁ%rg?t]%s\%ﬁw gﬂtéx?éﬂa?b%’% élt gff# generatmg

ellém%kﬁéh? e3pq YCPF% a@qcmmvadarmwem mechbedrp@mmn
t
el SpL AR, OS5y sk L (PRAERS F oose a0

t He apawstsliOyeA0 wattaimduptingt povesiapplied to upper electrode (c011), reaction

chamber pressure of from about 10 to about 500 mTorr, and a total process gas flow

rate of from about 200 to about 600 sccm during the passivation and photoresist
removal steps. ‘

[0036] During the passivation and photoresist removal steps, the substrate
is preferably maintained at a sufficiently low temperature on a substrate support
(e.g., ESC) to prevent rupturing of the carbon-rich layer. For example, a carbon-rich
layer may rupture when solvents in the photoresist composition are volatilized by
heating, producing particles that may deposit on the substrate. To avoid such
rupturing of the carbon-rich layer, the substrate support is preferably maintained at a

temperature of less than about 150°C, and more preferably from about -20 to about
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tenperature on a substrate support (e.g., ESC) to
prevent rupturing of the carbon-rich [ayer. For
exanpl e, a carbon-rich Ilayer may rupture when
solvents in the photoresist conposition are:

vol atilized by heating, producing particles that nay
deposit on the substrate. To avoid such 30 rupturing
of the carbon-rich |ayer, the substrate support is
preferably nmaintained at a tenperature of |ess than

abmac, M@ch&ﬁﬂer?ﬁéﬁuﬂf & 18¢sahhi abd P00 PSrr dafing 9ass1vat10n and
about 8 WO 2007/ 133413 PCT/ US2007/ 010115 75C, and

cHemous! ofithe pheteresist| ess t han about 200 niforr dur i ng
passi Vaf[ﬁ'()g‘?] aﬁﬁmngﬁfgﬁﬂsn% 10{5I Bfa ﬂ&to?é's?s? %&Bow{l gg%é%asn RF bias is

During the passiv oto esi st renova
arprﬂferazhl)amt applipd ¢é elmdmbytrate twithptk ibettomeeledten dewdnsthiah ehe

t Q n chteSSubtrae's
UL I hBE F¥lad e HmdoE paodm S RE R Y abf substrate
byis bi‘e&'embbshb&h&d tb&eM&fﬁ%ﬁﬁ yotblli\:@ﬂ %éérﬁﬂ tfcl@ shRHdfSsurface.
| asma potenti seen at the substrate surface.
&@&fﬁ%‘?ﬁt}& an ﬁé\h*aep‘:%% apphgf @@%ﬁbﬁ m@atoa@ﬁmﬁgmpn@ step during
PRetieh @ RE biREaM %l:cél&%fé OHE il f-&y% thé&Bubstrate,
accelerate ions in the plasm ang ad energy to

s wokich m%easemecrhmpmlrreﬁs@éh@ photpessist-alThe BtFeble$ vozlrage applied to
2GS BB I, R SLOFERARAL A o, mor
mrcﬂcrabéxtﬂesthan@bgubzmmlts nmore preferably less than

bout 3 ough .t he chanher

gegiugng@ %‘%ﬂ p%\?kﬂé‘ %&&éﬂ"g’ HsHRCCSHE P PH V“g‘f rf%ﬂ‘écd plasma

S l;imdmat &t thuslisgate ﬁﬁ‘fddst:{@ﬁﬂtﬁleﬁt@ tb B PlhasdPoRAtiAYahde made

be, made vari ous techni ques. For instance,
‘fa“toas tgghn L%‘P? Bordnglanes, @QWEF to the cofl@ndior pressrerin the

t
L S OGN
precarsKy aan boaddedde thhprogessgea iptavestithaplasmd pytentis! and gases
SUGhy, H'él%aﬁ ad aH&e@?)dng P;o%eg{'gasqg) Qhise ﬁ:l 33 tz? g«l'r;]tg?tieﬁ during the

t he p asma potentia assw ey
pipastaImnsetndeTmmaires'sterpsmvélCHﬁaﬁ) The second’ st ep can

be tail gglst r enov he entir, Sotoresns

the oeddREPL; Zhe SERRn sep 5B o5 "RIQrER b esaR e hr Gy Photoresistor

s ithgsecbad kepdn iy haddd otust Behls Ehrmi%1 itRgStoMBWed!ty a photoresist

desired, the cor&ol ete renoval of the carbon-rich layer

c gﬁnrbga%eet K desiged, the complete removal of the carbon-rich layer can be detected
during the etching process by using an endpoint detection technique, which can
determine the time at which the underlying bulk photoresist is exposed. For
example, the endpoint for carbon-rich layer removal can be determined by an optical
emission technique (e.g., the optical emission technique can monitor the emission
from carbon monoxide (CO) at a2 wavelength such as about 520 nm.) During the
removal of the carbon-rich layer, a small CO signal is produced due to the low etch
rate. Once the carbon-rich layer is opened, the exposed underlying bulk photoresist

is etched at a faster rate than the carbon-rich layer and, consequently, the CO

concentration and the corresponding CO signal increase.
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exanpl e, the endpoint for carbon-rich | ayer renoval
can be determ ned by an optical 25 em ssion techni que
(e.g., the optical em ssion technique can nonitor the
em ssion from carbon nonoxide (CO at a wavel ength
such as about 520 nm) During the renoval of the
carbon-rich |l ayer, a small CO signal is produced due
to the low etch rate. Once the carbon-rich layer is
opened, the exposed underlying bul k photoresist is

et ched @o46] f AFteeferhéda of NRMLatbish-Hek ReRr, rth@tan&&wg bulk
, the CO 30 concentration and

P v
a&%p@?%%%fﬁgﬁe gtcengr'@(hasmg AdifEersat phogowwgtrm@sm For example,
PGH¢ bﬁ%%&&%&étlcin H-CQ‘QI%QL dcﬁf))f %&brg%}{@g aﬁo \ oglg T. te perature than

carbon-rich | ayer, the un si st can
béhe @mﬂé@tumspm@r@blm uk¢cbdgnitg tfhh@aﬂmasmeh lagexcdstchnng seeps For

|: h
A ETB b8 RO SRl PR SSBRR S S s00ec,
t qngferabily2@0 w:eﬁmcahhungj&ecbm phdstgrdslye e®AMOfep.| The chamber

| ayer et.chi r the substrate

+ Dt 5 Pu Rl Gioate? i b ABIoSHO 180w dhingsiouk pbgsist removl,
prekpgatishingOflsd Sar’fPeve iR Ferhdiéal itk or B{E’Btﬁf(‘g)ﬁbﬁﬁemst For
etching step. The chanmber pressure 1s prefera

g reém?e, ﬁﬂwgﬁms O Femenve the buﬂigslmmrh&pimtama@s)fﬁom about 4

RSl o mPRYRTR RO B B SEAINGE) BE o B . volg
0230 N2nislin $haplosoresistheanchet éxhahstbdk fiplotherpdainet protesdingdi@mber as
of, { rﬁ@ﬂabog% aéglcP to about 6 mcrons/mn. An optional

O\t/%erp TSP H-al so be used. Volatile solvents in

t he phq0o4Hsi The balk plRtR¥IauSs paderabBehitRea h@ﬁi@same chamber or
dﬁ%§5| ngﬂchan‘oer as . the photoresist is asked.

regh,EhaupeE usingblagma genegatssi PP {fortihs sabstrate.
t (MR WV, (R BUIRGShoRdresidt ol &l S8 %H% orttldNd ilge same

pl asma generated upstream from't rate.
I—I@\V%i‘i’é?mg Fh%,mb%ﬂ thatgh ysest s ithet passivetion asd eplst:mmobnal steps

p in er..that is use
PSULBAIRAY nd 0 SAOR 95D, oSN AN it
Alctmnbat I'Elfalt ys, thenmbbtrhtie cpih bé e¢rasveslt ﬁ&arth@ﬁrdceﬁﬁiw@éhdniber after

adffere cessi anmber . That.is,.the .

< easSERbn RRR S5 Cictthual HPgmrnd slagro e ity Semmtsspig

akh&mbéhe epdsthe batk shivterReist MUsihg HEME¥M prot@Ring éhﬁﬁ’\bers can
ﬂE\cf:ed in a different processing 20 chanber to etch

t

Bif RIPEBEFS ShemIStigs fwe/qy.tm grhstpteeppeEsiRgluring removal of
C BR&u2bén-FieR layer and ashing, respectively.

[0042] Exemplary process conditions for passivation and/or photoresist
removal on a 300 mm wafer are as follows: chamber pressure of about 10-500
mTorr, preferably 50 to 90 mTorr, power applied to upper electrode (coil) of about
400-10,000 Watts, preferably 400 to 3500 Waits of pulsed time averaged power
during the passivation step, power applied to bias electrode of about 0-10 Watts,
preferably 0 Watts during the passivation step, gas flow rates of about 1 to 20 sccm
for the additive-containing gas (e.g., 1 to 20 sccm SiFy), about 200 to 500 sccm for
the oxygen-containing gas, 10 to 50 sccm fluorocarbon and/or fluorohydrocarbon

gas (e.g., CF,4), 100 to 800 sccm inert or high atomic number gas (e.g., Ar, Ne, Kr,
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tenperature during renoval of the carbon-rich |ayer
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conditions for passivation and/or photoresist renoval

on a 300 nmwafer are as follows: chanber pressure of
about 10-500 25 niforr, preferably 50 to 90 nilorr,

power applied to upper electrode (coil) of about

400- 10, 000 Watts, preferably 400 to 3500 Watts of

pul sed ti ne averaged power during the passivation

step, power applied to bias el ectrode of about 0-10
Watts, preferably O Watts during the passivation

SD&D and 88bdtlafVsuppbRTeMberdRRE bf belb® 2PCS pieTerabf/ fréld€20°C to
additive-containing gas (e.g., 1 to 20°sccm Si'F4),

alBbout 2836-t o 500 sccm for 30 the oxygen-contai ni ng

as, 1 5 - . -
7 tor oloUP2)C ufahe Bhlee $BbAEAA i enled jn g sond s e s
i desirabde that gy etssluieds snlnblerin deion{zed gvateritherdtey mistimizidg the need

07/13341 CT/ US2007/ 010115 . Xe ind supstrate
SRR R Yo iuesy PipEe s aRerer e AR 1S oY oles otk
t proc@bogdse? fifdl tHe@Qsadsutds xhiyeb@ﬁﬂjhsteg Ri"@cﬂﬂ%\rﬁséeféﬁtiitvé eft@ing of the
is desjrable that an

rempved.in the second step, it .any

; GeanFiaaisiTaigs o tb&ép&gelz@dama@fi the hkghptoresist can be
Midthved iing MR sABRGr dRFrdBht YBbess lghl PPI NG t echni ques.

Process paraneters such as the fllow rates of the .

pr oces d0¢ddHesImte qape whepy dieonties phetprdsist idnorsemsved during the
acghi el [ [ ..the. carbon-rjch |ayer

" SR R PRty BRI SoRlig bt igr GBpR R ;o bk

p phowresist $h amm&eamq:mvml[ s&ipidhgnﬁbﬁaﬁaﬁﬁf\%lbws: cﬁamber

di fferent_ proc s. [0044] 1n_the case ere the
R RORe o0 ST GPoKAALN ol of Rgwe @ppieg © the plasma
s S _
R T P RO 00 M kAR e feranuce
sof Bpowi22086r are as fol l ows: chamber pressure of

about mrqr.r, about 2500 tts af powe lied.to
the pl i@%]s o&s SEVICE grgme feéégg@kdggspﬁowc{%‘gggofsemm
alifiukidd VisioameriaNbss bisédcohifte b AP EM ofin L)
220C. 15 [0045] _As device geonetries shrink to 65nm

aREPASEYIRGy, such af 4R Atchdindrpostiimplast sifip andhelean; aThe ansiye areas of
' f ekl F .
AL ehshARR WAL gﬁﬁgﬁbﬁ‘ td V2bus g%lg of E%]E?nl{shp%%an‘}]edsw strip and post

processi ng, s as in etc Ppran
chiprcleditse Hut dmyeorawebeffenis onbativeadres cai be detijigaitsldrom a

various levels of inplants, followed by strip and post .
material or dopant loss prospective. Materlalvf)ss ca%/n occur %s the ac%ve area is

subjected to repetitive sfrip and cleans or etch processes. As material loss
increases various device characteristics change, including drive current, leakage,
resistivity and short channel effects. Device sensitivity to material loss increases
even further as device geometries decrease beyond 65nm. Active area
characteristics are a precision-engineered part of the any device for optimum
performance,. and therefore, material loss due to FEOL processing - such as post
implant strip, is detrimental to device performance.

[0046] In FEOL post implant strip processing, the concern is to remove a
hardened photoresist (PR) layer, followed by the remaining bulk PR, without

adversely affecting (or removing) any exposed dielectric layer over the underlying
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strip cleans. The dry or wet effects on active area
can be detrinental froma 20 material or dopant | oss

w@e@3paati ve. Material | oss can occur as the arCT/U82007/010115

10

15

20

25

30

area is subjected to repetitive strip and cl eans or

etch processes. As material |o0oss increases various

devi ce characteristics change, including drive

current, |eakage, resistivity and short channe

effects. Device sensitivity to material |oss increases
even further as device geonetries decrease beyond

65nm Active area 25 characteristics are a

preci si on-engi neered part of the any device for

ORELiV8! Hrea RRIoR! Wiﬂé}?ma?'?ﬁ' ohdieh& iR 1R de maalepla%{pab@ S Ge . In
to FEOL processing - such as post inplant rop, Is

d edditioarto siringent makarial pess fegonlsaitde requitkdchat the FsEﬁL pmsss not

TP s 0 S8 D8 PR 5 ok g R S teans. 1
r &s‘fﬂesﬂteﬁghﬁ)ﬂﬁdy BRduviafiBodiy S6padwesteebyublef ﬁﬁ& bR gadiB removable
renDV|ng exposed dielectric |ayer over the

Y oMy eRtipna {F%qzebwcmszﬁﬁvlmms@@b@/ 010115
1 0 NGRS i kot S i

naperiesafroinots plasmasperetratisg dequgh d mhametdnmcstayepmto the active

P aRes e nessine Pl e 5. el 88 dQBfats A tabmile FHraeh & feaction is

dexidifidg trhdicald Wat22¢ dFvén alrbe %h fHeYthal dieRch 19@51963{ sufficient
soluble, and or easily renovable 5 by conventiona

{ €BPRYOdsad dar catsdlapmtmoma COURRuENEn 4 Resulistadisiigh an action lead

I

o 2Pt 4138 ot SUIoNE  REAR: FiRidedi B PR 6o it ve
dldedr&pdivd 19) dcaa‘ye rard:mtegldnh eTRe tffv@s obhtive £08 damagt il@ry strip can
with the Si or dopants. An exanple for such a

r ®5dEFEA; fgrth%&b)a Piqqﬁw terial dossHnTing ROsg siripophemical cleans. It
thy ?('JQHIEIEC'&%& ﬂ'éﬁﬁéfﬂéﬁ'ffoﬂl Wéa 1abha WdEHL W r? %t.r L}lé e disruptive

energy to rea Ize act| e area c
Resoighstoothe swative areasutfiace; Hudladattice caqieriodicityaausing CllhlS area to

Cheb 158 Bl R BT b o oAb s RSubi n
agktesSiveiRReHABSE TB stiYndrizel theCRentRF ac83¢ hr@naterial loss is
further by excessive material |oss during post strip

c ehjushreadized Auring dry pisipp byt Ysaduing isubsequenstweticlengs, if the

g%céfo‘?%é BBl S nGL o8 f ¥ I?{,ﬁédooﬁ %klgé(fr uptive

enou ea’ surftace attice or
peri odi [00431 cImsrienegnﬂsddxmemr pasttimpldne eﬁmas @airfadsoublity a plasma

18 hem cal .gttac s
R RRd o B Mo R potanift G  petate b ghanges
t hgclead, dut aiefno? Giiited 181 ¢RusPdfepiiiBéd p&FEr plasma generator for plasma

source, 2) use of high powered inductive plasma source and/or high chamber

pressure, 3) optimize reactor geometry to reduce ion energies at the wafer level
and/or 4) use of high impedance path to ground bottom electrode to support the
substrate. The forgoing can be used with or without 5) process window changes
targeting lower ion-energy regions and/or 6) forming a protective film over the
active area prior to, or during any sequence of steps for crust or PR removal.
[0049] Crust and bulk PR strip process window changes involve
development and characterization of a strip process where ion energies are lowered

significantly to a few volts, to be much less disruptive to active area integrity. These
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not just realized during dry strip, but also during
subsequent wet cleans, if the effects of ion energies
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one enbodi nent, post inplant strip is carried out in a
plasma reactor nodified to reduce the plasmm
potential (or ion energy). Such changes include, but
are not limted to: - 1) use of pul sed power plasna
generator for plasma source, 2) use of high powered

i nductive plasma source and/or high chanber pressure,
3) optimze reactor geonetry to reduce ion energies at
the wafer level 25 and/or 4) use of high inpedance

P 3rBeds® AR thviedid thBet BEhipREEHThSNS POREFi(1206 - 10 ooow> and
substrate. The forgoing can be used with or W t hout 5)

prioghss sangeisivie a@ﬁsysgs (10 HFUMERLin vaxious seaneapes fy crust and bulk
' ‘%9&18051 t838hiale fle Jeerrga RibyRs. PTREE bafe%s Eh&{geg)\eg bt B&upled with
acti ve area prior o, 8ur|ng a sequen S epg)
f ahe usausfiprocesPRas eomalentmweduoeramrbmnde kayek tdARe active area to

ool R R aly ShGe 2RREEnd MR R ol b iEctive tayer

erengitasntacan inetvleesi, Gsj QNOf HEBNP) Xs,tSb, F, Newd/@drSound® thereof.
be_much | ess djsruptive to active area |nte rit
g 5%1&5 groduce the

ThROEESSBAS PRI BBents Yssdite formy isperioottyedaves Prﬁfe

] Gﬁ‘e&ﬁ‘\%ﬂeyﬁté i preseevif &'i‘i%é aRlaAR PR AMRES cér:’lg@gon-sﬂane
- 10,000W _and higher range of strip pressures

560iPN CoRtajring gases Suel anSids, gamaniugs containg gases such as GeF, and
r a r

CRoE hid pecBh g BsclSR SNIG BHA NG, LUEDE BRARRRS guses
conch ag GEpnasd €0, bommtmpg grssisuvke as By, phospliveous containing

active are reserve.it si i ca
ceet SRS SRR ERRIER e R TL ply b Pt or climinate
C Ql'm'txpﬂicuﬁfdi activa ﬁrda&ﬁirﬂ@&irﬁlplasﬁﬁ stiép. Whild, nd&w@amé@o be bound by

N ej ounds t hereof. Process
c 6%%11 isfrelieleq that therrapireiing laygr loweses A aasaematenal loss in a bi-
Pregh@ionil ¥a cﬁﬁ‘:%ﬁbélﬂg h@ﬂllﬁr&ﬁﬁﬁb% Gvdrihd Létgvé dlea, and the

preserV|n he active area reé ese can

n othes |bb'ah¢€§1g sfcrificiahor mapfavmwntg t@,faslesmsu dhe @ngpﬂly protectlve
F 10, GeH4
SR EIRUELIL I 386 U B5e G/ i provics
c arshaalah on guﬁ‘asnesthe settle eaea £brh mnsi T sabrificial eorhetive mgure of

or ous cont ai ni ses suc
AT e Tt rean B R Msoes SRR ullbkipdhe G nie active
| iafdal, s®that hhyTplaging-wates indthétions] &paésiaily el Giag GUEMRA] reactions
dry pl as strip. Wiile not MAShIn to be bound by

¢ U ¢S oxiatign DierucHaT- HoRId 1OTE Oswmle dig n@tqoaverlayer instead of
| eNes&IVRGLd CTIR BRI EEfehichlRS Srotdi tide Bhyet Mum&«,%ﬁahre any

one by being physically protective "over
a@%pm@aﬁﬁ@@ptm ue{e wafer-plasma interactions rather than the active area

region.
[0050] As explained above, the “engineered” protective layer over active
area region provides a dual function; a chemical protection where it reacts with the
plasma preventing active area disruption, as well as a physical protection where it
acts as a shield from penetrating ions. The protective layer can be formed under
process and apparatus conditions with substantially lower ion energies, but not
necessarily limited to those conditions. To illustrate an example of a protective

layer, consider a p-type active area (i.e. B or BF2 implanted); where the active area
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pl asma. strip provides a shield or buffer to the
active area fromions. The sacrificial or reactive
nature of the protective |ayer involves providing
constituents simlar to the ones in the active 20
area, so that any plasma-wafer interactions,
especially involving chem cal reactions such as
oxi dation or reduction, would now occur in the
protective |ayer, instead of the active area.

T%@ iediifed mtﬁ cféﬂl%mrﬁaxlowd BEREE 5&%&4@2 %umwﬂ% B@4Ge B doped

endure any chemical disruption due to wafer-

| ﬁﬁer%\%‘leﬂo #sls eavipened Hiah witheSi¥e tGeF sar Bas (ip gddlmmn 26 0; or N;O
FA%’ o@éac‘éxv@ Qpééecantb‘g%onﬁ&gfogbqlgsﬁqa Bfn%ic?&tela\éﬁve area,
Iayer aci Ve rarea region provides a dua

f and prmnt anyc¢temical Iomembﬁst, IGen omBefmmithe ac&amtaeami t h

t he reve tive,area .di sruption,

as a pt @gﬁal Aﬁre@? @B}egc?ﬁf%éf’%uqt‘fm i aptiveArea Cg?ﬁ“é'rpamn can be
f helifepegirs@gh the us® B highBeplR&RA Bewerahd KYgREr (188kule reduction of
fornmed under process and g)ﬁar atus conditions with

sApdYSHER §41 FonsuERRsion; G3p besehigyedsthregh thgusgof process gas
n%6§§t?tﬁ'édt£ whhdmomda bBtdchos QH&I foUnsst éﬁﬁobél' A43Gih &t Earrier
an exanpl e Frotectlve conS| a p-type
a:gﬂﬁ;asecaarbsalsedtceovsrmn@rezgmml ant ed) ; where t he
active 7 3,P /U N07/010115. S i s
atr o ndQ08A, | W Rrade b6 i o AR ok RhieRiamlash
haviralytea \Sxtﬁspeﬁbtdmmmf nmstmmhalselastraké Mresﬁpdcﬁ]i@ngdﬂ(} 2
that wi-th S|F4+GeF4+BZH6 0.02 ar
%’Wﬁw)lan%{l 1ot o igp é’E’E‘?‘fPé‘ 95 o ?éﬁ #b%&rw ion

plauéﬂge@I typic hreFEomﬂaﬁﬁa pﬂﬁe@i as a ABFhoREEMEIH ofRY disruption to
chem cal | osses of Si, or romthe active area.

5 aFH(ATea AREien FRUEA &Y PSE‘F%%"grl@G% kiR shewgdhe valatigneef DC bias
¢ %ﬂﬁHﬂBﬁmeﬁ aﬁs ke 10@9&&%}5 Gekrb A9 liﬂ&l QqD@ﬂcgasJy &I&?Jr due to

p asma power hi g er essure, C Ion o
ad@ap&cemdnpc,u wmmmmeohweWM ldno tythet dwaursad rcactmty of

qrm a [ ot ect aver, .
p%ﬁ) &éfclggﬁc' ck?et%§w ﬁ{]tilg rc]lasni.l%ct %:vaerq,rf:zie)%;eglo&a % encaéﬁxﬁoeblas
u ﬂﬁﬁ‘e ﬁsosxgm\ﬂennu raftedalElog. €% thik Qaéé} Phodt oﬂ‘fﬂehoﬁsﬁ& F0E BE B energy
activy rea materi 0SS |
c SPpatal Wl R FIR TG R J07 GHTEY fan Prfssietb by reducing the plasma
Sspbfehtial.e. Mre specifically, FIG 2 shows simulation
results of ion penetrations into Si02 and Si for

vari oudO03H Bfidrigfasenceto Jilea) 4 apd Feeffeqss akehamber pressure and
PHREESSWEare ARscBssB8 MRS HCH te@toPfa 1H@re9§esiﬁlf)%§s% da8 be used to

reduce plasma potential and collisional slowing of ions, therefore lowering ion

energy. FIG. 4 shows material loss as function of pressure. In addition,
fluorocarbon-and/or hydrofluorocarbon addition to the process gas can provide
protection of the substrate. Preferably, one or more fluorocarbons or
hydrofluorocarbons are added to oxygen (or other oxidants) to achieve a significant
impact on material loss. FIG. 5 demonstrates the effect' of TCP power on silicon
loss for several processes. The data were obtained using a TCP reactof without a
Faraday shield: The addition of CF, and CHF; coupled with increased TCP leads to

reduction of silicon loss. However, a pure O, process, or addition of CHsF, does not
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active area region caused by penetrating ions. FIG 3
shows the relation of DC bias 15 on material |oss. As

W0 b@7igadiEner gy i ncreases, nmaterial | 0ss increBSEES2007/010115
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either due to dry processing al one, or post
subsequent wet clean, due to the enhanced reactivity
of the wet clean chem stry with the disrupted active
area region. Even at zero bias there is significant
material loss. In this case, nost of the loss is due
to ion energy inparted by the plasma potential. Ilon
energy can be reduced by reducing the plasma 20
potential. [00531 Wth reference to FIGS. 4 and 5,

efi¢éRCfoTe@ictonaTRAICORNESH he PP pbWer. PPUE inc@éfed TCP power leads
di scussed. In_a TCP reactor, an increase in pressure

c 4 apdncreasgd P&SW@@%R&Q& s pod €4t aiddigivgs are dissociated more at
oS ok 0y Sy IS6S! By AR s,

P @md €F2.| Howstder, CHhF cabndtldissociate todhema pedtective poly-

Az th
o F Pl SRRl RRRe e tod ioipars R, P, Nk Y s CHIF
omorrﬁcrrm ;ﬁdlydlm&dabm& it at Inygif DEP poivee DERETBES &n aktiéesl of
ge %g ger oXi ant fo achi eve a S|ttgn| fi cant
| ISRty Pt a e 108 okbills oo Oh Y sssneR oL Heprine and

efffu%%caﬂ;on-gcﬂ? alpPNia &h 184d oChifect bRiRE Itﬁsgrbys&c\ﬂﬁﬁg However higher
processes. The data were obtained usin ea

wiliGRpewer dugs reguegdlie sigh satg of FHlison ditpides nTlyf logr oatd@ etch rate

Ofﬁ conLtfpﬂci) %\%\%\%gﬁ ﬁfaé§ g&PJQEQJO%aOQ%g?gOHJO?gé%& b Ond“ﬁ{“’es to

ooxggiBfmay (bestbltdb achi’vaDvﬁﬁCSiiDl Bﬁﬂﬂrateﬁ’@[ﬁld%ﬁﬁ:/g(}ﬂﬁ:bhaoss low.

The i na9RE8eqWEE<Tissite a6 F Badhe Freinacba BipResnis sip

pemenﬁ¢ra;i.sea mﬂﬁlﬁéreamm@@ padét tor f68r [AbEesdighS eﬁéxﬁffs@fés (Ox+CF,,
nmre a er TCP power rovi de increased nunbe

opzwﬁfneppg‘éﬁp% et ’é@hers"{i@ pawer provadas tapdvantage of a higher
PRt S RS TS i€ pE SRRl shitq oPh el LRf} ke exposure
S Itlmfb@ﬂhﬂ sulstragpto the D}&Sd’@@@lmortnotAbemwr time will mean lower
arbons, but at high TCP power CH3F forns
ggljla\eé?(%ggggsg fluorine, thereby furthering the | oss of
si l'i cor{p0F3je Phesdditien of hddvydnerbgases d\llclf Kuor !X@afaﬁ Gése a two fold
in l.as n lead to direct oxjde |oss chi ng. .
HBBoR AR By iabr o can e b plasarme o i i
ofiorfizdtionqsbtéhtX igiower finl @)erhepdtaliR iChweadEsihée f ¥quires less
02 + CH3F suggests, that other f uorocar bon or
h§BFEEY 1R Sied ﬁ%ﬁa"h high gtqmigaumber gasesqdRisygpolse thpplesma electrons
agdHd ?ﬁgetol PWRer BlditraPorthiiabt §totll the pkERRLNSE all G882t gases can

| oss
prov1de addmonal bombardment energy to the crust leading to its faster removal.

The heavy atoms can also help remove residues. FIG. 7 shows the effect of addition
of Xe to an O, TCP plasma on silicon loss in a TCP reactor without a Faraday
shield.

[0056] FIG. 8 combines process regimes at lower plasma potential (lower
ion energy — using high TCP power and high pressure), and férmations ofa
protective layer over the active area. The results are outstanding with respect to Si
loss. In essence, with roughly 12A of native oxide over the active area, and a

protective layer using SiFy, silicon loss can effectively be eliminated.
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[0054] Wth reference to FIG 6, it can be seen that
the photoresist strip rate increases with increase in

waanpssames for four process gas chem stries (0PGIZEL2007/010115
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02+CHF3, 02+CH3F, 02). A higher TCP power provides the
advant age of a higher 15 photoresist strip rate. This
is an advantage since at a higher strip rate the
exposure time of the substrate to the plasma will be
shorter. A shorter tinme will nean [ower materi al

| osses. [0055] The addition of heavy inert gases such
Kr or Xe can have a two fold effect. First, the heavy
i nert gases can |ower the plasma potential since their
20 i oni [4)@5‘7]0 n F@QQ ) 51'1@ 10 b IQYRAtidnd AP bAE resldife results where it can
potenti al lowered since It requires less energy t

| i seen pw@m tt gleadvanmevm nipi&S. ddsed 12T sxﬂmpbs of early

Py
PR AR08 oAl A0l 1A 5B g icence o
c anpromctlve (thg'eaddtht SETV[ais vbﬂhhﬂhd IBENIS Iﬁﬂhﬂg)yoﬂaprbt&twe layer. FIG.
cr I eadi r;g to,l t r enoval The heavy at ons

”é?f‘sﬂfé} Pt & e?% QATCE Bl loweGNSnEIEY PEPGess pvindow

ofwalgidlptrd,t@aw%ﬁayér Xe to an 02 TCP plasma on silicon
loss in a TCP reactor without a Faraday . shi el d.

[0056] B088] sFianht showsthe elsst crfékgmgeaspldﬁed Pagmna pn silipgn loss
p%ﬁm ceé,é £ues e§1F9#hxe&$rﬁ;S{a\fed td’éH@IfﬂF QRcJ%Daﬁgpﬂtecuon was

hi pressu ormati on a pr ot ect
| aofemecbv@rfor fheeends vénlartbaTCPrreacrtelswhs Bingatd or 4.4 kW pulsed TCP

Wli%cﬁx'}e?gg gﬁﬁ be gO"rCfe te 0 SArt % e?éﬁﬁl{eh k%chﬁ%?ﬁﬁ%PO ésf:cm Ar,

|ve e "active' a
arf) mToprdiaeder pesi;uiy efmllm:seml@/ Spﬁdt,oremslt sttipnfok 60 secmds while in a

ef fectjvel m nat ed 15 7/ 13341

SR serhe A aciop oigs rinficik BT GR gottst itbout pulsing, 0 volt
| | 9iaks ORE b@Bisraff sd@@ﬂrtft@ﬁp&ﬁﬁlré qwcbﬁl OHSH-S3 50tsc6M0N 90 mTorr
seen crust is not clearly renoved. FIGS. 11 and 12 are

ﬁé‘ﬁmbé’épﬁﬁs@a{ ly devel opnent of pr otective |ayer and
reS|due 'tﬁ’x ‘@ﬁ‘é&ﬁf F‘% T fand@xide thickn
pr ot ect a eF}lJ\}:vléI V{ as tlhleggﬁ(ﬁ%ar?akébﬁ hickness
ofarg slm\m m:FIG'eli aiethe SiFGloﬁ raf® ivenemses tfrog 230 Q@sbdu,ethe oxide
free rf.or AN u SS WI
SR T b L B
efcfeeﬁdasé!;‘ fromiabgues Ruwb 6Ad ']Fd Aasiimitinsichi MoAi @S thickieldand silicon
Eroc%&sﬂeﬁas Of%x? ]; ared to 02+CH3F. Active
ar1 55 B PV SAtepd abo CBH’( ispgefededeconds whil e
t he TCRopsart %e\muanua oﬁ&hé’mwr plesture\dt Bwb $9€, fI6F rates is shown
in FIG. 16. As the pressure increases from 50 mTorr to 200 mTorr, the silicon loss
increases from about 0.5 to about 2.5A for a 10 sccm SiF, flow rate and from about
1A to about 2.5A fora 5 scem SiF, flow rate. To minimize silicon loss, a SiF4 flow
rate of about 10 sccm at a chamber pressure of 50 to 100 mTorr is preferred.

[0061] The influence of spacing between the coil and the substrate is
shown in FIG. 17. During removal of the photoresist, penetration of oxygen and
fluorine into the active area causes silicon loss by forming a layer of SiOF in a
region of the silicon adjacent the active area. As a result, the 6A native oxide in
effect becomes thicker and the silicon in the active area is lost due to conversion to
the SiOF layer. The results shown in FIG. 17 show that silicon loss can be

substantially improved when the coil to water spacing is changed from 18 to 28 cm.
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10 power, O volt bias, 20C substrate support
tenperature, 5 seem Si F4+250 sccm Ar, 90 nforr

web@anmhax1pressure foll owed by a photoresist stpCpUS®NT/010115
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60 seconds while in a second test the TCP reactor was

run at 3 KWTCP power w thout pulsing, 0 volt bias,

20C substrate support tenperature, 10 sccm CH3F+350

seem 02, 90 niforr chanber pressure. 15 [0059] The
influence of SiF4 flowrate on silicon | oss and oxi de

thi ckness are shown in FIG 15. As the SiF4 flowrate
increases from?2 to 20 seem the oxide thickness

i ncreases from about 40A to about 120A wherein the
siliconobesp Hafs dastactbimimd B Li1Ron 165s@An béPhinimized without
mnimze increase in oxide thickness and silicon

| asing pFaspday shield: dngreasing %BGP PYWep inpgeaseplapma density which
ph # n

PUELSE 15 Rhper perfiiinpdiifiul LR Efecfibn SAAHERAEKLPHISRRIS fower
prdassua potemical segrelsy theovafSOamilthus ldveerdon emiigyr Thusaeducing
silicon l.oss ncr e r out .0.5.to0

£ VAR @Al ol VAR s EERHARGY bt i Sy Acyefet of the
abmifer. Fdraddyashiglddarzased Hiifhdnfih@ivelypédupletDplatmh Bhatbers to
silicon loss, a SiF4 flow rate of about 10 sccmat a

c HEMBE? caRagubEcoupling fropythe drdustior cotls Syrk rapactye coypling from
[ RR6di dherdigefthy %lﬁ@vé’ﬁla%ﬁ‘&bt@ﬁtlaaﬂw e N@ipadtive @%hng can

the substrate is shown in During renoval
t tdsoomilimizesby plastea gearpelry Biodificatjens. abech mpdné'\cah@ns include
%%kﬁ&? g‘ﬁg:d gle@{rﬁ:awﬁlﬂHWe E$+ th® Qmil %ﬁ&alpéé(ﬁe?&@g %011 and
fon O hée sil’icon a acen
aahe vlmmbearavall&samd ahemubet betivaen (e substrate ang rtlmhecom It has been
the silicon.,in the ac

o e BT b kBt fprims b s Ryleptal, it s no

Thecéssatyl thindbhosn FafadEj' hieldtogb@onvé b@ac&i\iel)ﬁéﬂhﬂhﬁgfﬂom the
can_ be su h: antially inproved when the coil wat
s padychiyeicetlc Ko gxamp 1P GG 5Bn Bitmade@t {gest 4 om thick, the outer

2%71{)1131%”011‘%5 it Eﬁ?l%)gdagé@ dflieast %Q;Ql@ frbnd fheriﬁﬁerhﬁzﬁf‘%f tll}{: chamber

determ ned that silicon | oss can be mnim zed

usﬂnd@r éh@aﬂnaﬁaﬁy cgh bellecatadasrieast i 6 gmo preferbhvatdeast 20 to 35 cm
r}%r{?%eg Pl asma density which leads to |ower

el'ectron ténperature. Lower electron tenperature

provi de[9063)]/veft wiltll teesappayeat enthbsd skdBadinjie abighaiafagious o lhbnges

S A 5505 B AP O Ao g e

t his@fjtionewidh &feRhcé REsped@ic®¥mbddaharita Yheér bR vilthoad @& parting from
used Wi th inductively coupled plasma chanbers to

r dhD3ROPe Q5 ahs InPFBARGIRIMS g from the i nduction coil .
Such capacitive coupling from
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the coil can raise the relative plasm potential .
However, capacitive coupling can also be mnimzed by

w@bk@gnss4geonet ry nodi fications. Such nodifi cat PORES2007/010115
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i nclude 10 thickness of the dielectric wi ndow beneath

the coil, distance between the coil and the chanber

wal | s, and di stance between the substrate and the

coil. It has been determ ned that by adjusting

chanber geonetry to reduce plasnma potential, it is not
necessary to include a Faraday shield to renove
capacitively coupling fromthe inductive coil. For

exanpl e, the wi ndow can be nade at |east-4 cmthick,

t e (i phery of the coil can be spaced at

l*%? £yl e'Pﬁ”the inner wall of the chanmber and/or

the substrate can be located at |east 10 cm

preferaply at |eas 0 to 35 cm_ fromthe cqil.. [00 .
w1 P aparaan of oy e Eidervh ot g Eshptet feffipdsing
var i ouspdsitidi{ies a satbsiraioih 4n iadidtivedy caupldabplamdle pravesking chamber
equi val ents enpl oyed, to-the foregoing, detailed. 20 .

d A PIBTR FEARIOr HIF SfasmarfeactPing i 7 dhelitraupaipoovertying the
t hebeedte alll RSt FHRRABIIWKIGh IHdRGlvdlD %8§rﬁl@§ RFWnet: ough the
aﬁgended clainms. 17 WD 2007/133413 PCT/ US2007/ 010115

elepgicovimdawrndgntora spacebetisgn the gielpckria Wigloshand the substrate,
aC%E%Ebs%ra‘?@ingﬂxdﬁa%i%p&&fv@tﬁ?ea;Co”pri sing: positioning a
substrate 1 n an 1"hductively coupl ed pl asma processing
chanber supplyifig a ppbassrgas todbe¢ plasme ipeogeissingeharebert or
including a dielectric wipndow overlyving the substrat ..
and at BesCing AR o t BERGRIT Y BY SorplipR PEVEED the col:
ener gy prhocedsily thegubdiiatd @aththeplabia Qwas Belpiodcd tige aiiae @rea by
bet ween the dielectric w

ndow and thg S bsnﬁate, tﬁg .
sulBd madaining:s Dswg pafengiat phaboyt 240 1 MBE‘F 3 the substrate during the
pr @és%i_n%aa%dyd? (b)'FasBlvaABAR Y REGE ﬁfé&%ﬂk%&%& EilankQfree process gas

g a pl gas by

generat | asma fromthe process supplying
poweenprising #ideassione adgitiye esferting toHerm aipsetestive layeron arpactive area
pl 0 '

B e S o S
at addirbveswhiechrisbleeadlyrpragent hethe peveessang and/ or (b)

passi vating the active area by using a silane-free

process gas conprising at |east one additive

ef fectige toThemstRod6DCREHI 1y vhere fhetitiditivessleiest cdihgstises Si,
15 of the substrate wherein t@ﬁwgrot ctive Ig%er

i nErLAeSbaln,| Reand/oB and campryndsthepephncluding Bfye whi ch

is already present in the active area.

3. The method of Claim 1, wherein the passivating is carried out while
pulsing supply of power to the coil with power on for 2 to 20 psec and power off for
30 to 100 psec.

4. The method of Claim 1, wherein the passivating is carried out while

supplying 400 to 10,000 watts of power to the coil.

5. The method of Claim 1, wherein the passivating is carried out

without RF bias applied to the substrate.
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2. ' The method of Caim1l, wherein the additive
el ement conprises Si, Ge, As, Sb, In, P and/or B and

w@ovpossads t hereof including BF2. 20 3. The nepdintSmh7/010115

10

15

20

25

30

Caim1l, wherein the passivating is carried out while
pul sing supply of power to the coil with power on for
2 to 20 sec and power off for 30 to 100 sec. 25 4.
The nethod of Claim1, wherein the passivating is
carried out while supplying 400 to 10,000 watts of
power to the coil. 5. The nmethod of Claim1l, wherein
the passivating is carried out wthout RF bias
applied to the substrate. 30 18 WD 2007/ 133413

PCT/ US2g07/ 0%§d &th&i oﬁ-@ﬁlrﬂqt Mdreh el REMbd is M}HE@ b}t while
the method is carried out while nmaintaining t

c HaawEainiag the phambayaga @fesweto@ 1900 SAfenForr.7. The
nmet hod of Claim1l, wherein in the passivating the
process gas 5 includes at |east one of SiF4, 02, Ar,
, Kr,7Xe, CTheetat ef Glaim 1, whdrejrrih theXaydilZatingthe process gas

Ne
5ol AR e iy ek o KR R SRR Sl oh, e
10wRere kel ,iekh@d z0f.  aim 1, wherein the coil is a

pl anar coil and the substrate is spaced 10 to 30 cm
fromthe coil during the processi ng. 10. The method of

G ai m 1g, wherrgk mdisd HFf CRGAY, ﬁﬁﬁleh‘ esﬁlgﬁeﬁgls@}@pﬁlﬁg BP&oresist from
15 sccmtotal of 02, Ar, Ne, Kr and Xe during t

prtbesulstigde. 11. The nethod of Claim 1, wherein the
dielectric window is at |east 4 cmthl ck, the coil

has an outer periphery spaced i nward of the inner wall

of the 9.chanfiae nigghad of Glash 15mmeimtlm<3ﬂhshrpammriceil and the

s ed at | eas e and the 2
RREEHE s uBend 10 P &0 serc Py b ucingd BerodesSingn
nethod of Caiml, further conprising stripping an

i on- inPIanted photoresist fromthe substrate.
0.  The method of Claim 1, wherein the process gas includes 100 to 800

sccm total of O,, Ar, Ne, Kr and Xe during the processing.

11. The method of Claim 1, wherein the dielectric window is at least 4 -
cm thick, the coil has an outer periphery spaced inward of the inner wall of the
chamber by at least 5 cm, the substrate is spaced at least 10 cm from the coil, and the

chamber does not include a Faraday shield.

12. The method of Claim 1, further comprising stripping an ion-

implanted photoresist from the substrate.
13. The method of Claim 1, wherein a silicon-oxide layer overlies the
active area and the additive is present in an amount effective to passivate the silicon-

containing layer.

14, The method of Claim 1, wherein the processing is carried out by

passivating the active layer for less than 10 seconds.
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25 13. The method of Caim1l, wherein a silicon-oxide
| ayer overlies the active area and the additive is

wEe@3asi413 n an anount effective to passivate tPEI/US2007/010115
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silicon- containing layer. 14. The nethod of Claim1,
wherein the processing is carried out by 30

passivating the active layer for |ess than 10 seconds.

19 WO 2007/133413 PCT/ US2007/ 010115 15. The net hod of
Claim 13, wherein the silicon oxide |layer is a native
oxide, a thermally grown oxide, or is fornmed by CVD or

ion imrersion. 16. The nethod of C aim 13, wherein the
silicon oxide layer has a 5 thickness of 20 to 40A or

| ess thay or TegYaihdPolClafin 1]_’,7th1|‘2>?11 fﬁ%téﬂ%ncgm@ B‘yﬁ‘ i%:a native
further conprising stripping phot or esi st on

subdide.at themnally gnovwangrdds: op isskommed by théD o amgnmerswn

wherein the substrate includes silicon in the active
region and no nore than 2 i of the silicon is |ost by
conver sién Thednsthodof Omiratls, pherein thedulicineoxied hger lnds a
Cjﬁéq%é, erein the substrate |s S@pported on a

suls f%OfM;%Pptﬁ falest hap egegyal fo ¢ Aperature of -20

to 75C and pressure in the chanber is |ess than 500

mrorr during the processing. 15 19. The net hod of

d ai m 117 ur {Themethehof €laiy, 1, frther comprigingcdrdpping photoresist on

I
\f\e@@%}:gsg%aﬁ{‘ n?#xgxts : ﬁérg pﬂﬁgﬁ i n@i Jhgﬁu%g ?ﬁe‘?&m‘{ﬁe V\)ﬁqﬂé?ré’fenmcludes
t hdlipdraianthe abivdregichoer moomhoreXfian 2 ofide dilfcandsiRgt by conversion

shi el.d. .20
during the stripping.

18. The method of Claim 1, wherein the substrate is supported on a
substrate support maintained at a temperature of -20 to 75°C and pressure in the

chamber is less than 500 mTorr during the processing,.

19. The method of Claim 1, further comprising, after the processing,

cleaning the substrate with deionized water or other wet clean chemistry.

20.  The method of Claim 1, wherein the plasma chamber does not

include a Faraday shield.
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