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PHOTORESI ST STRIP W TH HYDROGEN FOR ORGANCSI LI CATE GLASS LOW2 B BEBH2004
APPLI CATIONS 5 Field of the Invention The present iny éﬁ r} relates to

senm CFhHUHS nmanufacture. More particularly, the pf’gg PUIHRNt i on
relates to the in situ stripping of photoresist froma sem conductor
wafer, the wafer including at | east one |layer of 10 organosilicate |ow -K
dielectric, during etchi m ound of the Invention
Integrated circuits use ' h have typically been forned
from silicon dioxide, SiOO to insulate conductive |ines on various |ayers
of a sem conductor structure. As sem conductor circuits becone faster and
nore conpact, 15 operating frequencies increase and the distances between

t he cond | sl C Thi s

i nt roducROSE ELEH POYIRIGR TR TAVIRDEENEOR, (7

whi ch hasQREANOSHICATE GLASS TQWHKETCH APPIECATIONS duct or
device. Therefore, it has becone inportant to use dielectric |ayers that
-aregcapabl e of effectively insulating conductive |ines against such

I ncreasing coupling 20 cEaﬂ tgacel_l ev&l s. In general, the coupling
capaci tance in an i nt egr at ectly proportional to the
dielectric nst K of, th terial sdtofo thed Iectric

| ayers. cglf &’? éﬂvef“ﬁoé] Pr FWQ‘E’;‘@* €integrated
cireui t]:iarliiﬁﬂzﬁly, tm@gtegéﬂ@dﬁoﬂ%&cﬁ 6 RS zﬁku@ls%pﬂm bf Bh&ﬁfesﬁt dielectric

-constant of about 4.0. a 25 consequence of the increasing line densities
and opd¥agi ﬁgsmem;bm‘@rewafen thee iwafen doduding delvilexst | omti dayect of ¢ | ayers

foiéred ?I. 51 ”?w—?(o&e%%%'Vel%hﬂ'gséijtﬁé%aférz 8 SEP 2004

Background of the Invention

Integrated circuits use dielectric layers, which have typically been formed from

silicon dioxide, Si0,, to insulate conductive lines on various layers of a

semiconductor structure. As semiconductor circuits become fa‘ster and more compact,
15  operating ﬁ'eqnencies increase and the distances between the conductive lines within

the semiconductor device decrease. This introduces an increased level of coupling

capacitance to the circuit, which has the drawback of slowing the operation of the

semiconductor device. Therefore, it has become important to use dielectric layers that

_ are capable of effectively insulating conductive lines against such increasing coupling

20  capacitance levels. |

In general, the coupling capacitance in an integrated circuit is directly
proportional to the dielectric constant, K, of the material used to form the dielectric
layers. As noted above, the dieleciric layers in conventional integrated circuits have
traditionally been formed of Si0O,, which has a dielectric constant of about 4.0. Asa

25  consequence of the increasing line densities and operating frequencies in
sexeiconductor devices, dielectric layers formed of SiO, may not effectively insulate



WO 02/ 03426 PCTIUSO01/ 19175 the conductive lines to the extent required to
avoi d i ncreased coupling capacitance levels. In an effort tozgdggp ?ﬁlﬂ
coupling capacitance levels in integrated circuits, the sem conductof .
i ndust WO B4@342ngaged in research to devel op material s HEHHYVA3S di el ectric
constant |ower than that of SiO2, which materials are suitable for use in
formng the dielecgtrjc lLayers in integrated circuits. To date, a nunber of
proni si ng tﬁﬁﬁ?ﬁﬂ?%#ﬂ%?é@%@ wgHEed Reyorddnerepssd coBPYRE capRRifaRCaat er i al 5",
have been j.ggvel oped. Many of these new dielectrics are organic conpounds.
Low -K materials include, but are specifically not limted to: 10

benzocycl obut ene or BCB; FlareTM manufactured by Allied Signal (r) of
Morristown, Nln aa effortits reacothe idomsingebpacithine. levdlh inietpedtedcirchdis, thme or
more of the Parylene _dieters available from Union Carbide(r) Corporation,
Danbur y C'ﬁ?mlcﬁaé‘;fi'@tmﬁw&ﬂééﬂmﬁémﬂﬁﬂMWéﬁvﬂmﬂ@Wl)am PTFE

suitable f LG diele | C i Lop,is SPEEDEI LMIM,.avail able fromW
T o o BRlectiic SOBIaRE Il engh e of Sk, ol ol bR B s o, {0
Dow(r) Chahosial teaiBiactio Liolia ilegriled bireaB, Tosiafe aShubRPOF JroARIFCE. One
interesting class of organic low -K nmaterials are conpounds including

or ganosi | indgrinlsy wddch are sorasEnesBypionng tods "dowimaterials’”, aye be¢mi t at i on, such
or ganosi |l i,cat e ifiIFect rfi s include, CORALTM f.rom Novel | us of San Jose, CA;
Bl ack 20 BFMS I ALANSSE e YRGS EOSAISSATROEILY o CA, Sunai ka Film

(r) available . from Sumtono Chem cal Anmerica, Inc., Santa C.ara, CA and

HOSP' m from Al K SheAak mefinddbitiass @emiticitly né¥iEanasiol i cate gl ass
mat eri al s have carbon and hydrogen atons incorporated into the silicon

" ydi oxilfe | bezocyclgthiterie or BK8; Flark®” mepmifectined by Adlied Signal® pf Mowisiewmr i al . 25
During sepgiconduct or fer proc I ng, .f ires of the_senj conductor device
are defin ?%dvfsff@'%ﬁ%@ir}ﬁc'%%ﬂ%eﬁﬁt%mﬁﬂe%ﬁm?fﬁﬁWg processes.
In these gihersSmfahleFrdd OhRhCdrbide® Chrpdaict, Thnbin, @eposi ted on the waf er
and then is exposed to 2

polyteirafluorocthylene or PTFE; and SiLK®. One PTFE suitable for IC dielectric
application is SPEEDFILM™, available from W. L. Gore & Associates, Inc, Newark,
15 DE. SiLK®, available from the Dow® Chemical Cotapany, Midland, Michigan, is a

siticon-firee BCB.

One interesting class of organic low-K materials are compounds including
organosilicate glass, or OSG. By way of example, but not lixoitation, such
organosilicate dielectrics inclnde CORAL™ from Novellus of San Jose, CA; Black

, 20 Diamond™ from Applied Materials of Santa Clara, CA; Sumika Film ® availablo
from Sumitomo Chemical America, Inc., Santa Clara, CA, and HOSP™ from Allied
Signal of Morristown, NJ. Organosilicate glass materials have carbon and hydrogen
atoms incorporated into the silicon dioxide laitice which lowers the dielectric constant
of the material.

25 During sericonductor wafer proéessing, features of the semiconductor device
are defined I the wafer nsing well-known patterning and etching processes. In these
processes a photoresist (PR) material is deposited on the wafer and then is exposed to
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reticle is generally a glass plate that is patterned with exend SEY 2004

feature geonetries that bl ocked |ight from propagati .the reticle.
AfterWBé'g@?ﬂ@ through the reticle, the light contact 2‘99#4@&’359?’3% of the

photoresi st material. The |ight changes the chemi cal conposition of the

hot - i_al . L f th
Phot or ooy it FRe b nrBlcil e IohEh 1CadiieRl Aflsc B BERTRNGRERLIADY P (1
exposed é)&ﬁiﬁ!ﬁiﬁfeaﬁ@e pevimstaeh thaitdodked tigie frop@ propabatipahidugh thdreticlessi st

material s the unexposed regions are renoved. Thereafter the wafer is
etched to renove the underlying material fromthe areas that are no |onger

protect ed by Afies passingitheaighthenstiele) the lighicontasisdby subace pbthehe desired

features.,ip the 1 fer. .. K organic | yners..in ernal, can be etched
by ox1 a:ReRpesmptert, Pl tetd el BF UhemBRlcavopineg AR ByRRSRoca)
chens Ca'xpﬂé&ﬂ%ﬁéﬁﬁm aC&Ge c%&éﬂa&fe:ﬁj%fﬁ@néﬂﬂﬁ%h&ﬂf&iﬁkﬂﬁtﬁia@.hﬁ usi ng
chem stries somewhat simlar to oxide etch chémstries. OSG etch

chemi st rthesast yfpasitivieyphotogesist enatdrinlsthe exmsebregions lard wmoved,podymthe zat i on -
potential than sIraiqght oxi de %isﬁﬁi ng. Thi.s i.s necessar%1c account for 15
t he or g&AFPIOGERNTR PAPIOTGTSEREIG © ROSSH KRFIORS FP TERRYHEe ¢ ybe

advant a . | | - 1 4 ] p pl ed,

(DFC) di e e%‘te%/ﬁs %&%tE&CEJ %ﬁ/g’? gn@%@@ﬁ%ﬁ‘%ﬁﬁﬁﬁ%e e giaaﬁ %%q}%ﬁ%& 4520XLETM
avai | abipsotéctalby thephototesizematehialCowitherely define fiedasited f€afured ethd 520XTu system
processes an extrenely conprehensive dielectric etch 20 portfolio in one

systlem wafes clean-Esongapit palymessingeparalaan beetched by pgidation (h€-act s, border| ess

jcont act Lhl ' R ' &Ic'h% f¢gnced etch systens
)I I ke thé%d’%egip |u(gﬁ§%d@ﬁ§1ﬂgcg§%r§£%ﬁgg%§§gy I'n tﬁsé same system By

per f or nditpcirive yagibefadvaiigesntly elohell iy chioalistiiesdongewlsit ejpsilar to exidei ngl e
system wafer throughput can he increased. Even, further advanced systens 25
cont enpfigh ghemigirics., 5§Eﬁﬁ?&@%mwweq%%ﬁf§hwttgﬁms W& IQWRE equi prrent .

Agai n e i&i.-gﬁm g QR rporation's
Exel anTﬁ’?ﬁ SysS éﬁ%qn?)éﬁgﬁ ry etc s%sdg%c%% a%%%ﬁ%ﬁﬁ%ﬁﬁt&% process
st dfs | thearginftWosponent in OSG films.

The etching of dielectrics may be advantageously accomplished in a dual-
frequency capacitively-coupled, (DFC) dielectric etch system. One such is Lam®
Research model 4520X1 E™, available from Lam® Research Corporation, Fremont
CA. The 4520XT.E™ system processes an extremely comprehensive dielectric etch

20  portfolio in one system. Processes include contacts and vias, bilevel contacts,

| ) borderless contacts, nitride and oxide spacers, and passivation.

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

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

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

by way of examplé, but not Imitation, Lam® Research Corporation's Exelan™

system is a dry etch system capable of performing many process steps in a single

_apparatus. Exelan™ enables hardmask open, inorganic and organic ARC etch, and
" photoresist sirip to be performed in situ with a single chamber. This system’s




apparatus. Exel an"l enabl es hardmask open, inorganic and organ{i Agfpew,
and photoresist strip to be perforned in situ with a single ckh rgb S
systemis 3 2 $ SEP 2N4 WD 02/ 03426 PCT/ US01/ 19175 extensive process

port f ol W® 6243426des al | dual danascene structures, conta®C¥USII/EET7S spacers
and passivation etch in doped and undoped oxides and | ow K6 dielectrics
required in the sub-0.18 mcron environnent. O course, the principles

enuner at edextﬁ@iﬂ@i momyberthhpmuﬂruiweﬂ dnal datr@ecenaﬁﬁewesjcwemscﬂﬁﬂuct or
fabrlcatlons r es spe | ] ontenpl ate all
such alterﬂ’ﬁf’ P,&ngfg’QB ifg' ﬁ?ﬂg)edtar’i’é“g ?Rﬁqqaﬂ‘if?staﬂdﬁ e‘?‘/@‘%F]G"‘E‘ﬁ or nore
processes éHHPcHe -als%&pﬁeﬁﬁmeﬁ eof ¢ M@%&cﬁhkééﬁ%&ﬁé&r in the

sane pi ece of sem conduct or abrication equi pnént removi ng the
subst r at e Hereimohayebecieiplenientid inPide naictypof sendtondacior fdrissionaysehe] 4id devi ce,
It Is pnecessary, during the 10 repeated patterning, etching, and deposition
of t he? vartheieormcinles spyehealiptortcmpiate all prehialieraliyete to renmove the
patterned photoresist follow ng an etchi ng or deposi tion step. Wile a

Plrjrpn})gre(rjlz egholt(rjl orfﬁthe{egﬁ?r%@&f&al n ?ﬁj% hroug gﬁ’%s“@ &gl%gy today S

sem condugiiven substidte,Guck a9 ssiliédrewsitr, uxpmers@neinqab @fmaoﬁducfdrom
sem conductor wafers 15 within the etchl n @ﬁ#l pnent is highly desirable.
O EqUBTRERICdh

As di scus Sakgicati thrpsgguiasendr ovi de t he

capability of perform' ng multiple processes in situ wthin a single

device. The no tch
__photoresi st st F[?p I"nvo vegﬁgie;%é’mggﬂdﬁgmﬂigaf%%fsrﬁece%b&ryoceséth%The use of

Joxygen wi idpesiobpatttratigpbishing, amhmeposeﬁon wm@b&imislmm Iafz\arBe:ﬁﬁ:Jh&ﬂak@S@
materials are basically organlcal doped oxi des, nost current photoresist
mat eri al s theekyicedo pemevethe: st dollgvaing anictohingor Gepositionsten.gani c

conmponent TResie Hﬁér%&‘ "vgpée Mﬁ aas%h% 6&%% wn oxygen- based

met hodol ogy 10 Tenbve grganl ¢ nateria oreS| S romthe cap

pl ate at imslemefifed] Morddtitd arntai Heyiiglhthroughpht t&;ﬁﬁ'&BB}&ﬁ)dbﬁsye the capability
of renoving organic
se%ncogductor manufacturers, the stripping of photoresist from semiconductor wafers
15  within the etching equipment is highly desirable. As discussed, some advanced

semiconductor etching devices provide the capability of performing muliiple

SD_‘

processes in situ within a single device. The normal procedure for dotng such an in
situ post etch photoresist strip involves using oxygen in the strip process. The use of
oxygen with OSG materials is, however, problematic.

) 20 Because OSG materials are basically organically doped oxides, most current
photoresist materials tend to have similar chemical characteristics with the organie
component of OSG material. Accordingly, when utilizing a known oxygen-based
methodology to remove organic material such as photoresist from the cap plate at the
wafer's surface, known O, strip processes have the capability of removing orgamic

25  material not only from the surface of the wafer, but potentially may also deleteriousty
remove organic matertal from the sidewall of the etched feature, or any other exposed
surface. Moreover, OSG materials are susceptible to oxidation when exposed to
oxygen plasma. The oxygen removes carbon and hydrogen from the OSG film,




25 material not only fromthe surface of the wafer, but potenyigldpp %y
al so deleteriously renpbve organic materi al fromthe sidewal | of the™ %hed

f eat ny ot her exposed surface. Moreover, are
susceuﬁl |%ﬁ’é 2?0 oxi dation when exposed to oxygen pl agﬁgﬁl}‘gwéﬂdzygen removes
car bon and hydrogen fromthe OSG film 4 28SEP2004 WO 02/ 03426

- CT/ USOiber B4 ferldBRAS Y G0 A84thI1E abd Gaulsink The Bﬁ@l%&ﬂi& Rgid he

d| el ectric constant of the filmto mc?ease Tra tlona?Iy, et ching and
phot or esineteagePR) stri ppi ng were conducted in separate apparatus. To

maxi m ze systemthroughput it would neke sense to proceed 5 from etching
to PR strip I'frﬁélh stem | ndeed, if the two processes were
performed in h g.%%pwg@aﬂ%)mﬁwwwn@cm@ven great er

LBE[SaS%@%?%#P%ﬂ*@%S. %%%ﬁ#%@%%%&%hﬁﬁ Rl ERERE bR na rr

st rippi rigpre etetingte TR shrip fiethe sdke SRAAD EIndédd, mm@waaﬁi@césx&@aﬂe but that these
two processes be perforned w thout de- energl zing the 10 plasnma used for the

etch st dstfarmed fithe samegepgtiop yessehihisowowld resyit W@ﬂmamsepmmres.st

strippleg Qa§ wi.th: a.barrel ash.

Because®o COMW?‘%{S‘%&%%%@%&#&%@# b Wgﬁ‘i based PR
strip V\/@ﬁcﬂa/ﬂhfﬂiaiﬂotﬂﬁ!f@ref&ﬁlg%dm%plyiﬁk)éoﬁ(ﬁi&‘tdﬂﬁﬂ&lﬂﬂ@ﬁle%ﬁﬁﬁeﬁhat ions in
a nitrogen diluent, usually wth hydrogen concentrations in the range of 4

to 5 pefhesame sysempbut that thrss twe processes bepdrfutnicd gyitbbut depencigizingige dr y

ph °' es st _str f eri. u g a hydrogen- based

st ri%pi R W&@&Phﬁé@ﬁt@’%ﬁ% f ﬂi‘eslg}%ﬁé‘ ﬁet hodol ogy be practicabl e

)WlthOUt the concomtant degradation in the dielectric performance of OSG

mat eri al s ocngafoga@aaseambﬁwmgﬁmﬁme ﬁn@&ﬁﬁﬂeg [QpRafpt Strip
put ,

nmet hodol ogies. In order to nmaintain hi gh waf er throug what is al so

desi rab 2 iadharmbashy meﬁm@@eeﬁmm@mm rtglsrhydiagmed in situ
W thi n $0eq bR bt BBicafly baHSRed at fidvER ot hyladglh Lig ARl €l in a

nitrogen diluent, usually with hydrogen concentrations in the range of 4 to 5 percent.

15 What is desired is a methodology for performing dry photoresist stripping of
OSG materials utilizing a hydrogen-based stripping process.

. What is also desired is the methodology be practicable without the
concomitant degradation in the dielectric performance of OSG materials occasioned
by the use of known oxygen-based photoresist strip methodologies.

20 In order to maintain a high wafer throughput, what is also desirable is that the
methodology be capable of being performed in situ within the fabrication equipment
utilized to form the wafer.

Finally, it is desirable that the process be performed with either no or minimal
post-strip residue remaining on the film surface, post-strip.

25 These and other featwres of the present invention will be described in more
detail in the section entitled detailed description of the preferred embodiments and in
conjunctton with the following figures.




Finally, it is desirable that the process be performed with either no or

m ni mal post strip residue remaining on the filmsurface, gost-stri’pl: 25
These and other features of the present invention will be described in nore
det ai W@ n2/033e6 section entitled detail ed description offCrAsepIE’®r r ed

enbodi nents and in conjunction with the followng figures. 5 WO 02/03426
PCTTUSOL/ 19175 Summary of the Invention The present invention teaches a

met hod for stripping photoresist froma sem conductor wafer including a

| ayer of organosilicate di Lric, | pwi ng..an etch 5 step, the nethod

I ntroduces a fl ow of hydrogéﬁﬁ,;..;a?i rgﬂﬂgﬁﬁq@t he wafer, and uses the
hydr ogen-containing gas to forma plasma in proximty with at |east a

portion of t ¥ A Al tﬂcﬁf_{é - i : . portion of
t he photoresis e%%tt%g&%ag¥er. i a\}@eere ﬁgﬁﬁygﬁoﬁg&%ﬁﬁﬁﬁeéphot or esi st
f r om t he safitbadivtbicider incthding adayep of drpinvelficakliclentin Followaiy Bl &kl ng st ep
performed on the wafer in an_etch apparatus, 10 the present invention in

t ur n Senasiepsthe methadrintspduses » flowied hydrogerecontaining gagiorthe wafeniapduses et ch
appar at ug. .Pr.i or hydrogen based str.ippi.ng efforts utilized |.ow
concent r Hie tyAERsR-CaRBEES 16 Ty Rl 1 apr iy g leasEponioR o f, 1
gener al | yheRPMEr. Stiel flasdi i8 Bised th Wripydl 1S porGONSEBE hRboRAR REMGhEVI dent |y
t hought necessary for safety reasons. A’'surprising 15 result of the

r esear chwhead Where thestrippingofite photerbsist firoes thetseinimpadedtorwafer tshat
dramati cal el.evat ed ncent.r.ations af hydrqogen jn.the strip or etchant
gas not BeTdmedsubeauaR Gt aip kit pia perlimef op Jhewatepin A o %t on of
. thegg highlYese R : RSt ndbidhd paibt BEiRSH in
) saf gty. %hgse and%ﬁgﬁﬁgg%gﬂ{n%géges of thgerbfg?leg)gﬁtto invgﬁgiﬂgﬁlﬁ%l becone

appar entetcl2fippapadus.r eadi ng the foll owi ng detail ed descriptions and studyi ng
the various figures of the Drawing. Brief Description of the Drawi ng For

more. conpl et &y U g el b sR e S IV bnbQatibe o 1 d5czen®
gas within a diluent gas, resulting in generally poor strip rates. Low hydrogen
concentrations were evidently thought necessary for safety reasons. A suzprising
15 result of the research leading to the making of the present invention is that
dramatically elevated concentrations of hydrogen in the strip or eichant gas not onty
enable high throughput strip rates, but the utilization of these highly concentrated
hydrogen gas mixtures can be performed in safety.

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

Brief Description of the Drawing

For more complets nuderstanding of the present invention, reference is
25  made to the accompanying Drawing in the following Detailed Description of the
Preferred Embodiments. In the dréwing:



25 made to the acconpanying Drawing in the follow ng Detailed Description
of the Preferred Enbodinents. In the drawing: 2 8 SEP 2004 W) 92555%%4
PCT/ USOL/ 19175 Fig. 1 is an overview flowhart of a process for renoving
phot Y@82/8342¢ r om a semi conductor wafer including a P&IEISOEHIGEG
dielectric. Fig. 2 is a table detailing the relationship between gas flows

and chanber }Qre sure for t@reel&di_{%f et ch systems.. 5 itﬁ' 3 jF[s a graph of
two FTIR spec ’rgog?'sa”ﬁrﬁ"&”f‘% awe as%{ﬁfﬁs% AFEPVIE REY ]FS}SB PWg an OSG

di el ect ri fomisHRHCRY whalt® ifchRRELS 1aer JHUSGIRIREL i ¢ as a result of the
stripping taught herein. Fig. " 4A’is a table detailing several "low flow
hydr ogen- based photoresist tests. 10 Fig 4B is a table sunmmarizing the
resul ts of tHagtZistadaliletetpiling thevelatignshdp bdtivegen Zah flosvscamd SEMnplrot oni cr ogr aph
show ng fer cle ilizing a hydrogen based strip applied at

a test red ut
82 niror PressHeer Eﬁ“g”%‘ﬂm’top and bottometch powers of 500 watts and
500 watts, respectively. Fig. 5B is an SEM phot om crograph showi ng a test

waf cl ear edgptd & 1.7) igﬁy = tri ' at 82 niforr
cha?joer pr esgﬁa ejilglhé gof;%é ot ?%%&g@@gﬁéggcm%r@a%ﬁ’\%&{ts and 1000
wat ts, imsypmahiingedyOSGidicledhis, ishowing Siddiappatio thealiclectaip s aheatdind a t est
wafer cleared utilizing.,a hydrogen based strip applied at 82 mlorr chanber
pr essur ACFHEPRIBY tayght hssRiB.om et ch™ powers of 1000 watts and 2000 watts,
respectively. 20 Fig. 6A is an SEM phot om crograph showi ng a test wafer
cleared util iggd . Q%%0: " by e | anber
pressure andﬁ%%galggt%%ggom e g po%g‘{ggvgf \7\%%‘?%1’%%’%5’%%0 watts,
_'respecttestsly. Fig. 6B is an SEM phot om crograph showi ng a test wafer
Jcleared utilizing a hydrogen based strip applied at 1 Torr chanber

ressure and_to nd hottom etch 25 wers of 750 watts .and 1000 watts,
Pegl@ect i vel y?‘%g&fasatal?le smmareimngtheregtﬁts of the tests etaﬂec{mSFlg 4A.

Fig. 5A is an SEM photomicrograph showing a test wafer cleared utilizing a
hydrogen-based strip applied at 82 mTorr chamber pressure and top and bottom etch
powers of 500 watts and 500 watts, respectively.

Fig.5Bis an SEM photomicrograph showing a test wafer cleared utilizing a
15 hydrogen-based strip applied at 82 mTorr chamber pressure and top and bottom etch
powers of 750 waits and 1000 watis, respectively. |

Fig. 5C is an SEM photomicrograph showing a test wafer cleared utilizing a
) hydrogen-based strip applied at 82 mTorr chamber pressure and top and bottom etch
powers of 1000 watts and 2000 watis, respeciively.

20 Fig. 6A is an SEM photomicfograph showing a test wafer cleared ufilizing a
hydrogen-based strip applied at 1 Torr chamber pressure and top and bottom etch
powers of 1000 watts and 2000 watts, respectively.

Fig. 6B is an SEM photomicrograph showing a test wafer cleared utilizing a
hydrogen-based strip applied at 1 Torr chamber pressure and top and bottom etch
25  powers of 750 watts and 1000 walts, respectively. |
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sane or equivalent parts of the invention throughout the se a E i% es
of the Drawing. Detail ed Descripti.on of the Preferred Enbodi nents 5 The ,
present whygishicon teaches an in situ process for strippipaRi@iarsesi st from
a sem conductor wafer fornmed with at | east one |ayer of OSG dielectric,
utilizing a reduction reaction inplenented by a plasma formed within an

et chi ng appar at Referdire midenaeies t¢ thesade br amivalédt parto bf the daentionct ur e havi ng
a relatively high drogen: 10 copcentration. Having reference nowto Fig.
1, accordi ﬁ%‘opﬁﬁ’b‘ﬁg%é H‘iﬁ%ﬁ?s‘?;}&?ﬁ?“ﬂ?%sent invention, there is
presented a nmethod 1, for stripping photoresist froma sem conductor wafer
i ncorporating at_| ea e |l ayer of_arganosili e dieglectric. A

seni conduct or m&tﬂ%dgﬁﬂ&‘%%%ofm&mm JRentSs | aced in the
reacti on 15 vessel of a dual -frequency capacitivel y-coupl ed, (DFC)

di el ectric et chThy ptesent iideatios teabheds sm sty proBes dar stlippingl photdieRitbddm,
avai l abl e from Lam(r) Research CorPor'ation, Fremont CA. At step 102, at

| east one 3SEFARCORYIEI yaterformedwith gt lsast ope layerpf QPG liclectiie utilzimga on t he

waf er. By Ny eTuelh EB&%]] mﬁr Ll ' vﬁéﬂﬁh ag-m’ ol { ricating
st eps inclﬁéc%{?otoresilg'?l pa 1:er |An%19g1%ﬁ:°h¥§% andm%:léetpos E&on. Sﬁl@ol | ow ng
the fabri cplianisfofified fibmd fipw d04 gas thixbne Baviph atrelaredly highthiyildpewg et chant

gas is introduced into the reaction vessel. The photoresist stripping gas

i s a Afxt upcetratighses containing a substantially inert, diluent, for
I nstance nitrogen, .and hydrogen. Alternative diluents may, w th equal

facility, be i |y, i i t hi
yhe stripping CARHERE OIS HRY ¥ acdBnb RORIGhBMRR Rl Y el 01 N
percent. Mavéntioheiheredd pitseritb®a aRARAT, fatsirippinyd pivtetesisEfonmat hi n t he

stripping gas is approximately 50 percent. The strippin as 1 s maintai ned
wi t hi n t hesepigpadngar yalis icomoraiinga keastage layer of organosilicate dielectric. A

semiconductor wafer formed with at least one layer of OSG is placed in the reaction
15  vessel of a dual-frequency capacitively-coupled, (DFC) dielectric etch system. One

such is Lam® Research model 4520XLE™, available from Lam® Research

Corporation, Fremont CA. At step 102, at least one semiconductor fabricating or

_forming siep is performed on the wafer. By way of example, but not Limitation, such
forming or fabricating steps include photoresist patteming, etching, and deposition.
20 Following the fabrication step, at step 104 a flow of photoresist stripping etchant gas
- 18 introduced into the reaction vessel. The photoresist siripping gas is a mixture of
gases containing a substantially inert diluent, for instance nitrogen, and hydrogen.
Alternative diluents may, with equal facility, be implemented. Preferably, the
conéentration of hydrogen within the stripping gas is in the range of about 10 percent
25  to about 60 percent. More preferably, the concentration of hydrogen within the

stripping gas 1s approximately 50 percent.

The stripping gas is maimizined within the reaction vessel at a pressure
preferentially in the range of about 80 mTorr to about 1000 mTorr. At step 106, a
plasma is formed above the wafer by the duel frequency dielectric etch system
30  operating at 2 MHz and 27 MHz. The power applied to the plasma at each frequency




.preferentially in the range of about 80 nfTorr to about 1000 T(érg At step
106, a plasnma is forned above the wafer by the duel frequengl dt EPezﬂ% C
etch system 30 operating at 2 MHz-and 27 MHz. The powe | i to the
pl asnWOROEL frequency 8 2 8 SEP 2004 WD 02/ 03426 PE#T’?‘?@&?& 175 i s
generally in the range of about 100 to about 2000 watts. Preferably in the

range of. o] ' I n

conj _un_ctllsﬁg %H@%gea%%a%gggg%og%g@&ﬁéﬁ%ﬁ?o&égﬁ at@'r ggéggﬁﬁgﬁ%ﬁgkné%gfy differ.
Ui i zi ngholhS0MPloaboms 1500 806 Thé bowér 18Vl applad i bosjuB@lickORitl el the wafer, 5
wi t hout damage to the organosilicate dielectric, and wthout the dielectric

pr oper t i Eeguenty mike dre fagudncy systean n@Ydiffesi ng gas fl ows are maintai ned at

high flowrates in order to increase the ash rate. ‘Total gas flows in the
range of 200Q.%0.3000 sccm even hi gher, ar t enpl ated by the
b1 ol pl es. of R RSP RYSSHEr g SREop Lo R T BB ont enpl at es

var ysng witktufBahagf to PGS afosARER B Sc, (28d wifloBEiRb AWedechdd hobatiedry results
on a wide variety of wafer stacks to effect a wide variety of

seni condfthenrganesiligate. Stwippinggas Hows are maivtaintidathighlaverhtasiih ender ta hr oughput |
and syst.em capabilitie 11 define optinma i lons O rocess

o anvet didesss tieash oot Tot erdcre Tutt et AP0 Ra SHOL F R LSRR ot 1 ons 0
utilizeg:d L edeRin nt invention. 15

Accor di %fto%%ﬁ@%%?%@??ﬁﬁﬂegg?%% a s?‘%llﬁ%gh waf er substrate having

between 0.1 and 20 kA OSG for instance Novellus coral, deposited thereon,
and nore pr dhepsaistnt iipemiion nodteaphite: Yakylng amtnbarrof ppocefsypaadrhsterstto | | bet ween

s et 5 e el A SR Y
| ayer @M&éﬁ&?a&@.%&%&&&msgﬁ%& g&g;@:&@@@ﬁq{,gﬁ&y from around

| to 15 kA in thickn€ss, and nore prefef out 5 to 8 Ka
i N thi ckystss caplbilities wilb defideoptined eombinatignsafprovasypakmbtersita the art,

i nterveni ng Layers, nay, pbe, i njerposed between the substrate and the OSG and
bet menaqvﬁ&@@&ﬁ&ﬂf%éf%nﬁ@mfs o oqmipatigms oo utlsed 16 sporicaliys | s
cont enpLa&HnIRid by the present invention.

15 According to a first preferred embodiment, a silicon wafer substrate having
between 0.1 and 20 kA OSG, for instance Noveltus Coral, deposited thereon, and
more preferably between 1 and 15 kA, and more preferably still between 3 and 8 kA is
provided. Over the OSG is deposited a layer of deep-UV photoresist, for instance a
deep-UV photoresist from Arch Chemicals. This layer may be from .5 to 20 kA in

20  thickness, more preferably from around 1 to 15 kA in thickness, and more preferably
still, from about 5 to 8 X3 in thickness. As is known by those having ordinary skill in
the art, intervening layers may be interposed between the substrate and the OSG and
between the OSG and the photoresist. Each of these alternatives is contemplated by

the present invention.

25 The wafer is placed in a semiconductor manufacturing system, for instance a
Lam® Research model 4520XIL.E™ dual-frequency capacitively-coupled, (DFC)
dielectric etch system. One or more semiconductor manufacturing steps may be
optionally performed at this point. These steps include, but are specifically not




the present invention. 25 The wafer is placed in a sem conductor .
manuf acturi ng system for instance a Lam Research nodel 452@xBEBLR 2004
dual - frequency capacitively-coupled, (DFC) dielectric etch system One or.
nore senyo@ndsyee or manufacturing steps may be optional |pcpesdiapmad at this
poi nt. These steps include, but are specifically not 9 2 8. SEP 2004 WO
02/ 03426 PCT/USOL/ 19175 limted to patterning, etching, deposition,

pl anari zat i dfiteddppaléerning: etrhingdepesition, plangizsdion.siopings metpdizetiort, andvi ng st eps

wel | known Vi or.dj P11 he , art. Subst iglly all
the phot oreéﬁls?{ | js%?l?@r?{ogg ?ﬁ"ﬁp%%%%%%ﬁlﬁom&% Sa&?vpglqr@ﬁg{y%ﬂ%f er is
pl aced in aaﬂegﬁmst@iﬁam@m%hdmﬁm igiHeh sEippbE ForMa hyafcr 8 fllomms: Awer at 2
5 and 27 NIHz is applied to the system at power |evels of 1000Wtop and

2000W bot t wafer i plesadaniareadtion ghambesr és theretthsystews D) fivquency powerdat 2By way

of illustrati t. not..ljmtation, powers fro t 200W.t bout 2000W
mayI bgauﬁrrpl éﬁfﬁﬁ%ﬁ%‘ﬁ@?@ﬁ‘) ?—E;Fﬁ?*g EW%fEV@éQ?}[@R}%Hé?P m\%ﬁ’ﬁ&@equi nto the
reaction chgghey Aﬁaﬁﬁ%ﬂg@%ﬁmﬁ mhppwﬁﬁza APt inRafdibg! H21N2

fl ows of 550 seem and 550 m 10 respectively are uséd, resulting ina 1:1
or 50% 50% tatunbtilimitafiodiDonzrs Forh abowr 20OW topboit 2000W o be dplessbiciak
concentratigns nmaybe inplenented. By way of _illustration, but not

li mi tati on, eWeSH2Nsrictiant gasiis then itipduecdriptatho traction dupmaber antheiplasmais 80% t o
20% N2. Al't t f Ve di ' thary skill in the
art may al so %E“s@ﬁ.dé‘ﬁ _ e%%ttq%gﬁ\@ﬁépﬁbﬂeo&%;o?g?gé%%gfﬁé?%q]%%lnbodi ment is
set at 1@ Taespectively BfeSused reaulinEinta, 1:1 b S0%/S59% fosctine of BBATLIAl8ABRIvRr essur e,
or WAP, of 1 Torr. This direct relationship does not always attain. See

Fig. 2. Al trariad flows|apd resyliantcogeapirationsanay kemplenemies | BY way efanber
" pressures f, . LOL . | 1i 700 WAPs  Of
ar ound 200]InI1iorr:L ]?‘(l;mg gﬁkﬂﬁgq%nr’?h%sgg&éé% agll; e{dg o?%ﬁé%@ﬁftﬁ)g% et at
about 15 Td¥om 86941612084 Ny.cAHternative diluents, known to those having ordinary skill in
the art may also be used.

15 Reaciion chamber pressure in this embodiment is set at 1 Torr. In this
embodiment, this results in a wafer area pressure, or WAP, of 1 Torr. This direct
relationship does not atways attain. See Fig. 2. Alternatively, the present invention
contemplates chamber pressures from around 82 mTorr to about 1 Torr, resulting
WAPs of around 200 mTorr to about 1 Torr.

| 20 Backside cooling He flows are set at about 15 Torr. Altematively,

) substantially any backside cooling flow and gas may be utilized which does not
adversely affect the semiconductor manufacture process. Such lower elecirode
temperatures are generally in the range of about -10°C to about +40°C. In this
preferred embodiment coolant flows of He were set to maintain bottom electrode

25  temperature between about +20°C and about +30°C. He coolant flows were changed
when the manufacturing process changed in this embodiment from etching to PR
stripping by reducing the coolant flow during PR strip from the coolant flow utilized
during a previous etching step. This enabled the system to maintain electrode
temperature while still providing the change in wafer temperatnre needed to optimize -

30  photoresist stripping.

10




'substantially any backside cooling flow and gas may be utilized which does
not adversely affect the sem conductor manufacture process. S¢ch SbRepnok
el ectrode tenperatures are generally in the range of_about -10C to about
+40C. WOP2026  preferred enbodi ment cool ant flows of Pe/HRMd%Et to

mai ntai n bottom el ectrode 25 tenperature between about +20C and about +30C.

He lant fl . wh fact.uri h d i
hi s embodi mebe PG e TEPR S gt ey By PR HGRR M alReRR PR e cool ant 11 ow
duri ng RRunsidsitionl&O8dwithsR3IraRientd RVibld |4 AREFTIVENR 0@ aplie Yéaditg et ching

step. This enabled the systemto nmaintain electrode tenperature while
still prisvikgiiog atifevetthaGogml film prifreto atffhgieipping eeolnteu esipreviosslyi ni ze 30

photoresjst.. stripping.. 10 2 8 SEP 200 02/ 03, 426 PCT/USP11191',5 The
effects ﬁﬂeﬁ@mﬁﬁgﬁ%ﬂm faca s W%th%%@g R FiHpehice G
conpesi t | f A f vﬁ%

spect roglé g‘%he?%ﬁ% g%g}ég%m;ftg&t&aa[(og,ﬁ éﬁ%ﬁr%\%ﬁélg?cgg?%l A%?lﬁom lrtiﬁ otrwot o a PR
stri ppi ricacevart wobstantially po-Hiucan skdwing dewhért @dhawgecrédter thasaboubB5% race is
shown at 300. Foll owinhg PR str a second reading 5 is, taken and the

r esul t aetweerdhe original cgmppsition %qr}fethe Femposition follewimRR stip. IR, t he two

traces ﬁﬂﬁ ' = 1.1 | : ge greater than
about 2%@ e@m%éﬂyﬁoﬁﬂrﬁgﬁa%o%% | drglﬁa@n%&?ﬁgmg}g?%osi tion foll ow ng
PR stri gemicohdudtérs ufiligiof OSGrdiclebigicy with aBgligibé @R to RbMpdHR6n 8Nihef f ect i ve,
efficient PR strip for sem conductors utilizing OSG dielectrics with

negll gi lQSﬁ-change to conposition of the 10 OSG Were the previously
defined stripping process follows another sem conductor rmanufacturing step

rethodor agy " SRS A8 B e SinpliE bRNGS: Aol ARbE RhfRndblife | oo <
SUrip  wishbfaokring Ry e e A8e My Ay &P ikétidiointdithineaes, iden vessel .

I nstead, the process 15 of the present invention contenplates that etchant

f1 ows whiethodalogy defincd herainenables the eirpgeyfrgmetchingiorphotaresigisaior esi st strip
gas fl O%ﬂ)ﬁt%u&&% %%Emrg%&hh?@utﬁlenstﬁg lréaction vessel. Instead, the process
15  of'the present invention contemplates that etchant flows will be altered from the
etching gas flow to the photoresist strip gas flow within the same reaction vessel.
Optionally, wafer backside cooling may be altered to provide an optimal wafer
temperature to effect PR strip.

, ~ Ia second preferred embodiment, significantly increased Ho/N; flows are
20  wutilized. In this embodnnent, chamber pressure was set at around 500 mTorr fesnlting
) in 2 WAP of around 680 mTorr. Power was set at 750W/1000W top and bottom,
respectively. H, flow was set at 800 sccm and N at 3200 sccm. This resulted in an
ER of about 7072 A/min,

In a third preferred embodiment, significantly increased Hy/N, flows are again
25  ufilized. In this embodiment, chamber pressure wa.s set at around 800 mTorr resulting
i a WAP of around 980 mTorr. Power was set at 750W/1000W top and bottom,
respectively. H; flow was set at 800 sccm and N, at 4200 sccm. This resulted in an
ER of about 6700 A/min,

11



Optional Iy, wafer backside cooling may be altered to provide an optinal.
wafer tenperature to effect PR strip. In a second preferred epigo&ﬁﬁeﬁﬁﬂ#
significantly increased H2/ N2 flows are 20 utilized. In this enbodi nent,
chanberwaresimse was set at around 500 mTorr resulting PCHUAOVWRP7SOf ar ound
680 nTorr. Power was set at 750WI1 OOOWtop and bottom respectively. H2
flow was set at 800 stem and N2 at 3200 sccm This resulted in an ER of

about 7072 Ani ningfpugthgrefeaedembediment, sgnidigipbrincreasegdfly Ne Bows greiomee eased
H2/ N2 flows _are,. i 2 idized,ln,thi nhodi t. C er..pressure was
o | oy ohelh BB T P et dinf b KB SN IR s PBIShTBE oS T o ¢

set at 750Y¥shidf) WLWAPBﬂm%ﬁﬁ&S%m%%%%fWﬁéyetaﬁﬁW%W ghgdat 800
sccm and N2 at 4200 sccm. This resulted in an ER of about 6700 Amin. 11 2

8 SEP 2064byibmacsediehrdT isowa satzs 600 seauf and Whatidi200ecered Thisbodi nent ,
significantly increased. H2/ flows are once again utilized. In this

enmbodi ﬁentrﬁﬁﬂf}éﬁnﬁe‘%@?@'\%ﬁé B¥l-at around 490 niforr resulting in a WAP
of around 690 mlorr. Power was set at 750W 1000Wtop and bottom
respect i vely. Hp drhah WiRsiifle @b ofiffs SEAEYAR SR U HRA080E fiarnES 5
resulted in an ER oé} about 7886 R mn. In oggeer toin esf‘%gte the effects
of varyi ngobihw presdnt irivetitien, arseressef i@ nafiet wes preparedandpresandd. Theent i on, a
series of test wafers were prew%gred angd Processed. The silicon test wafers

conpri sed Siagetestmadrs compaised waderstacks mcldineaciayen of Q3@ didectiigiand 2 | ayer of

tt d i -di | ¢ - ' Coral .
R0 Deep RREST GHA 06 photRlif BnE Sleldpfid Rl wal oA LhAT P01 @
Ki ngstown, DedptUV phonagistd &re aeailabl/feorm |Arch ChéreicalspInes Notthi KagtewnORI,t he

")pres‘ent invention were altered to determne their effect on etch rate or
“ER resi dusngngolkes. opeversd ohhe progesy Yasiables abthegresentiaventionsyes pllered ocess on

Resear oh cb e dine g AL G5 bioh e OCRR AR ERARANNE f ety LR of -oTTE
the photoresist process on the properties of the dielectric. Tests were conducted in
either 2 Lam® Research Corporation 4520XLE™ or Exelan™ DFC dry etch system
15  with varying plasma power levels, hydrogen-diluent ratios, total etchant flows,
pressures, and wafer backside He coolant flows. The results of these tests are

presented having reference to Figs. 4A- 6B.

Referring now to Fig. 4A, the results of varying several of process variables of
the hydrogen-based photoresist strip of the present invention are detailed. Tests 1 and
‘20 - 2tested varying plasma energy during PR strip. In test 1 top and bottom powers were
) identical at 500W each. In test 2, the top power was increased to 1250W and bottom
to 1500W. In both tests 1 and 2 chamber pressure was set at 200 mTorr, hydrogen
and diluent (N,) flows were maintained at 180 sccm, and He wafer coolant flow was
stabilized at 15 Torr. The etch raie for the low power test was 2354 A/min, while ER
25  for the higher power settings was 4522 A/min. A control run at 750W and 1000W top
and bottom respectively provided an ER of 3408 A/min,

The effects of aliering the FI2/N2 ratio was next studied in tests 4 and 5. I
both tests chamber pressure was constant at 200 mTorr, top and bottom power levels
were set at 750 and 1000 respectively, and He backside coolant flow was set at 15

12



15 with varying plasma power |evels, hydrogen diluent ratios, tot ab gt gé}ﬂnt
f lows, pressures, and wafer backside He coolant .flows. The Sy E

these tests are presented having -reference to Figs. 4A- 6B. Referring now
to FiYYO 08426 he results of varying several of processPGHPPUAPLS of the
hydr ogen based photoresist strip of the present invention are detail ed.

Tests | ' dyrd R | test |
op and faft Eptest 4 @8 6ok Q8aPl D3Pl SRV A Wl IS Bl ' 73
pover wathesemtiidSlodrst & bA0M BR & D80G Armintweskiaiiéd. hotdss thig ests | and 2
chanber pressure was,set at 200 nTorr, hydrogen and diluent (N2) flows

wer e naiinepseddo 3060188t em and He wafer coolant flow was stabilized at
15 Torn. The etch rate for the | ow power test was 2354 A/nmin, while ER 25

f he hi gh ' 522 Almn. A I 750W and
1000wt op _arifoBo b, pelpabie R of BctPlranitet ot Dptes e of foct s
of af t erdhAdibériReski/dR200 AT WASmARIdnclwit pAtANHS 881 K, fasPfislyo- | N both

tests chamber pressure was constant at 200 mlorr, top and bottom power
| evel s eqpalized at 100scmBoAn FR aft2id4 Adspmwes sttdiged. SPett Péndverskd Clibmbenol ant 1 ow

was set at 15 1 SEP 2004 02/,03426 | USO1/ 19175 scem In test 4
the H2 W&%gg@%QF’ ﬁrﬁ%@ﬁﬁ\%&gﬂﬁ RO ggg"% aliggpre anelchrate gl er sed

t hese paggpal flows. In test 4 an ER of 2806 Amin was attained. In test 5
this increased to 3060 ,Amn. Tests 6 and 7 explored the role of

i ncreasing pressures and flows. In test 6 a 5 chanber pressure of 200
I nTorr was ndests &ilfdebiad thi effents obincidasedriotalNaclyms gis flows.chtadts 8addat 100

. se A f 2644 Anmin wa tal ned. Test 7 increased chanber pressure
vt o oo T Shimber REpstise HARsHBE L PBolon B BoHOEARHCr Svelsset HPOBN et ch r at o
of  363@ach I @vfparBil 1) b€ h a8 i eage et chant gas
flows. Inh’t est's 8 ?r%d %(ai% gﬁ?ﬂ%er %)(?aetggg)grsg(%vx/as s'g{ﬁ%% 0O mlorr, top and
bot t om phivyed ERseif $66fe4ndxt00808 0 hin. In test 9 all process variables were
maintained except that top and bottom power levels were increased to 1250 and 1500

respectively. This achieved the highest ER of the test series, 7539 A/min.

15 Tests 11 and 12 investigated the role of He backside cooling. In each of these
tests chamber pressure was set at 120 mTorr, top and bottom power to 500W each,
and H; and N, gas flows equalized at 800 sccm each. In test 11 He backside coolant
flow was reduced to 8 scem from the standard 15 scem used for all previous tests.
The resultant increased temperature provided an ER of 3824 A/min, an increase of

20 158 A/min over test 8. In test 12 the backside coolant flow was further reduced to 2
scem, frther increasing wafer temperature and resulting in an ER of 4101 A/min, an
increase of 435 A/min over test 8.

Finally, at test 13, partial Hy flow was reduced from 800 scom as in test 8 o -
100 scom. This resnlted in a concomitant reduction in ER from 3666 to 3104.

25 Having reference to Fig. 4B, these test results are summarized as follows:
reducing Hy/N; ratios resnlted in a concomitant slight reduction in ER, while
mereasing total Hy/N, flows resulied in significant increases in ER. Increases in

chamber pressure resulted tn modest gains in ER. Increased top and bottom power
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each, and partial H2 and N2 gas fl ows equalized at 800 scorn each. These
tests achi eved ERs of 3 666 and 4000 A/min. In test 9 all prockss SEXr i28% es
were nmintained except that top and bottom power |evels were increased to,
1250 awolodéA® respectively. This achi eved the hi ghestp@RISHi/19178 t est
series, 7539 .Aminn. 15 Tests | 1 and 12 investigated the role of He

backsi de cooling. In each of these tests chanber pressure was set at 120

nTorr, t dpvedhwelsassosintgsowidh sigoifGanlyisaesed FRsd The smateNER merenseons
equal i zed _at 800 scan each, In test 11 backsi de..cool.ant . fl Qw was
aduced: TERane 4 Bk Breaey SR otEe BURRGE Berkpige Sarsbayefds " ost s,
The resulsﬁgﬁttnegﬁ%%ﬁeﬂﬁbﬁmeaﬁ HcPeaBd bbbl el f13Ws 5R. fwedSdder AT N, an

i ncrease of 207158 Amin over test 8. In test 12 the backside cool ant flow

was f urt femperaititessahdtlower ERe dihe effiacts b€ chamber pressime andiplasma powper at ur e and
resulting ip an.ER of, 4101 Anmin, an . ipcrease of 43 roin over test 8.
Finaldy, 9%&%%@%{5 Qbﬂé(iﬂ&#ﬁﬁﬁﬂ&&%ﬁ@ﬂ-%?a@&@é%ﬁ%ﬁﬁ&&ﬂ?% in test 8
to 100 ' Ijﬁiéls&rﬂﬁdi gﬁ?lﬁlﬁ\% SPRoN ' 3666 to
3104. 25 %viaﬁé re%‘% ence tov%lsg.. I@%& t hes iuiujélst gfeqlggﬁg#ssr&grggb%ﬂc%{nmri zed as
fol | ows: eachgsivtplagni-Bawit lewdls oSS 00T b extl bottom. cehmadber prstirsivag bdt at educt i on
in ER, while increasing total H2/N2 flows resulted in sij'gni ficant

i ncr ease82 pHomR Genegally-foed FR,strip meas gitaingd with acceptable fevedsiof residitlest gains in
ER. Increased top and bottom power 13 2 8 SEP 2004 WD 02/ 03126
PCT/ USO1/ 1917 Moo RSSO ' WolcT 'r,s% ' ed ERs. The
greatest ER |%(t:?%§§§h wer e att%:‘%gﬁﬂ%%&ﬂﬁsgﬁhg%&}?‘ o) tbgn %{r‘tg%gures.
Al t 40i ngplagak evek t6 380 WnadSIO00RT réspectivelyh tThiragailieddn eardestertesidie bet ween
- Jincreased coolant flows, i.e. |ower wafer teng]eratures, and | ower ERs. The

ef fect s iormatienyBeshoyn: Greater ameunss afresdye Were forned af the senteriafthier shown
havi ng r Lgs. BA-C and 6A B. At Fig. 5A a test wafer as

previ ousl'y dglglg%%%g‘ﬁ%%s stripped utilizing partial H2/ N2 flows of 550 sccm
each, and plasnma power |evels of 500W top and bottom chanber pressure was
set at 82 nilAtFig. GEnHpowed wasapath iB&esded it 10G0W ahtl 2D0EW, wiptdaddotient abl e

| evel s of residue, L. . ) L. i
respectively. More significant residue was formed, with again increased residue levels

15  towards the center of the wafer.

At Fig, 6A, chamber pressure is increased to 1 Torr and power increased to
1000W and 2000W top and bottom respectively. This resuits in a high strip rate with
minimal residue at both center and edge of the test wafer. Reducing the power level
to 750W and 1000W top and bottom results in 2 moderately high strip rate-with

) 20  minimal residue formation.

At Fig. 6B chamber pressure remains at 1 Torr while power is decreased to
750W and 1000W, top and bottom respectively. While very satisfactory, the
reduction in power resulted in increased process times and slightly greater residue
than the previously iltustrated embodiment.

25 Finally, at Fig. 2, the relationship between WAP and total gas flows for three
different Lam® Research systems is sammarized. The Lam® HP™ utilizes 100%
pressure control. For this system, WAP was determined at the 0%, 50%, and 100%
confinement ring positions. I the XL E™, with the system's throttle vatve fully open,

14




At Fig. 5B the sane test was conducted, this tinme increasing t&o agggbgétom
10 plasma |l evels to 750Wand 1000W respectively. This resulte ie'n déidét e
residue formation, as shown. G eater amounts of residue were formed at the

cent YO80¥E  wafer than at the edge. At Fig. 5C pdkeVUHE Hgain
i ncreased to 1000Wand 2000W top and bottom respectively. Mre

ncr ea: 00w and 2C ~and botto | |
Covar ds VAR VARGl a8 LR R0ac b b 3R f, TRERARRTPUBRMMB AL, T Cocea

to 1 Towhdadstdl £e'WRivs BEReAGEssteth wiiMantat2800M%/dnanoewd bottom

respectively. This results in a high strip rate with mninmal residue at
bot h cespafinement sagpositionshe test wafer. Reducing the power level to 750W
and 1000Wtop and bottomresults in a noderately high strip rate with 20

1 ni I i f t] . At Fig. 6B i t 1T
Whi o power 180 gheriiakdiion bhe Sl ot AR T RS AR BRI PR BB cct i vel v.
Wi lse VS Yerfud prefedfeiQinbodinh@its $feEhttlel HardoR IROWer, liEshohidesk feRditycr eased

process times ‘and slightly greater residue than the previously illustrated
enmbodi mapparent o tiogabf grdimary skilljin the art itheat vadficusichanges pndmiodifeativisEnand t ot al

gas flows for, ;hree iffere r). Research .systens is_ sunmarized. The
Vo) EBmdetiGaey homoie Fbet Puitinn BB et MCEpe S50 WAP was

determ Oy -5 Q0 i je Fhions. In the
XLETM t#ﬁ%i‘te&g@%t{%’r]r? %ﬁ%ﬁﬁt‘%&ﬂvﬁfa - B%ﬂﬁﬁ%e&%}%&%ﬂl E P 2004 WO
02/ 034 2frelit invsaifidr SiEcHiciilycomeampleteehainoagomtionof alyesfiscoeal filgp of 1. 30 cm

The relationship b total, gas flows_for Exel an system was

t WAP |
confluct 18Hers Knew tethps evirgrl &5 ¢ At cad e of By efkthe vamaus feplares esent

invent | i cyl . Shown escr ' 5to
certai nﬂgre er@%%q%‘%ggéﬁn%nﬁd%*&f eat ?’(gg 2‘2@@8&?%%&% shoul d be
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teach a wide range of hydrogen titers, stripping gas pressures and flow rates, plasma

D

power levels, wafer temperaiures, and plasma frequencies. Each of these alternatives
15  is specifically contemplated by the principles of the present invention.

15




formand detail may be nmade wi thout departing fromthe spirit and scope of
the invention as set forth in the appended clains. In particular, the
principles of the present invention specifically contenplate e SEP pmjﬁ.
.incorporation of any of several film 10 |ayers known to those having skill
in the gﬁ}/& %d ne or nore of the various features and advantages taught
her ei n- %Pl Ovari ety of sem conductor wafers fornmed with that | east
one |layer of OSG dielectric. Mrreover, the principles enunerated herein
teach a wide range of hydrogen titers, stripping gas pressures and fl ow
rates, plasim pAussthdeioe bBippiagiphoiotealipiomtareaticondactopvatenahd r equenci es.
Each of %hese alternatives 15 is specifically contenplated by the

pri nci PrgEmstudinga layef wrganagibieats diglectys, the gnetd comaisingy P140. WO 1. A

met hod for stripping photoresist froma sem conductor wafer, the wafer
including a | ay kbl I i T GRARS ST ng:

i ntroduci ng the‘ai\!i?v;car]8 &g?&igggl?lggéfésrgﬁaggﬁﬁhﬂl%ﬂ%gﬁqéggtg ﬁl gﬁ% %@g%cem I %:tl udi ng at
| east loast onewmattimrvesssdsel ; i ntroducing a flow of reduction-produci ng gas
into the reaction vessel, wherein the introduction of the

reducti on- pr oduci as | erfarmed subsequent. to, a sem conguct or
fabrication stedngg(}“%gfgr%@o‘gﬁf{eﬁg%gp T %W@g‘éﬂe&ﬁ"%ﬁ%‘? » with the
r eductwiieif tiin bt @A Df tHeQtdichBn-Arddasiag icAdisRlefBed fibkdifientBaCt | ON vessel
in proximty with at |east a portion of the wafer; and utilizing the

r educisagqsndugier fabneatiopisiey parfomessoan the pefer itheatactine vpssek or esi st from t he

wafer in situ within the sem conductor apparatus. 2. The nethod of claim!]l

applied to a serg; - £ i Gat | i di ng - lurality of
Jreaction vessel ?f&?ﬁg?‘?g%%%ﬁﬁglé‘%é hﬁﬁ%@ﬁ%ﬁhﬁégﬂé%“ﬁﬁ‘% stripping
bei ng reastiduvessel inpraximitygrith 20 kepstof pdrtien of the alafdryamef reacti on vessels. 3.
The nmethod of any of clains 1-2 wherein the flow of reduction-producing

gas conprises a m.xture of an inert diluent.and h%gro . 4 The. et hod of
claim 3 wherein RS GG plf’ﬂ%?’f"g’(?ﬂl’@eame \lie4 ngglﬁ photoresist

from the wafer in situ within the semiconductor apparatus.

2. The method of claim 1 applied to a semiconductor fabrication system
including a plurality of reaction vessels, the semiconductor fabrication step and the

stripping being conducted in a singIe'onc of the plurality of reaction vessels.

3. The method of any of claims 1-2 wherein the flow of reduction-producing

gas comprises a mixture of an inert diluent and hydrogen.

4 The method of claim 3 wherein the mixture of inert diluent and hydrogen
includes a mixture of about 80% nitrogen to about 20% nitrogen and about 20 %
hydrogen to about 80 % hydrogen.

5. The method of any of claims 3-4 wherein flows of hydrogen are from
about 150 scem to about 5000 scem, and flows of inert diluent comprise flows of nitrogen

from about 150 sccm to about 5000 scem.

6. The method of any of claims 1-5 wherein the forming of a reducing
plasma further comprises applying RF power to the electrodes of the reaction vessel, the
RF power having frequencies in the range of about 100 KHz to about 30 MHz and power
levels of about 150W to about 5000W.
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dincludes a m xture of about 80%nitrogen to about 20% nitrogen and about 20
% hydrogen to about 80 % hydrogen. 5. The nethod of any of clains 3-4
wherein flows of hydrogen are from about 150 seemto about QOBOSEJ%emU,;and
flows of inert diluent conprise flows of nitrogen from about 150 seemto
about 0091 P- The nethod of any of clains 1-5 wherein the form ng of
a reducing plasma further conprises applying RF power to the el ectrodes of
the reaction vessel, the RF power having frequencies in the range of about
100 KHz to about TEBOmMieE el 1€ i .0 _abeut 5000W 16 2
8 SEP 2,904 LAM Pl Stiea SR e PoN s 1/ Sﬁ{/o“%?%@ga%%s‘g}%@gwgf?her

conpr | ¥Ehgresgiret EemiaheptRdmeForr tr dmupt Fssures from about 20 niforr to about |
Torr. 8. The nmethod of any of clains 1-7 further conprising naintaining

chanber pressur ut .mlror.y.tp about. 5 Torr 9. The nethod of
any of clai ?ns 1-%%&@%&%@#%?5 '{n@ftﬁf%ﬁ(’mﬂ’iﬁmﬁdﬁlﬁﬁm% ehambsge

t enper@essuees ffonoaboab 80in Toke aboutdIpat. +40C during photoresi st stri pping.
10. The method of any of clains 1-9 further conprising applying a flow of
waf er backsd' de c¢gol aq% helium gas at pressures fromabout 2 Torr to about
15 Torr. 11% Thgﬂﬁ’éfl o o any| of claimee 1 Bufpthes comprisiog migimiingngbutons esi st from
a serg i t r, sem conductor. fabrication

pr ocess&f&ggﬁi ri ﬁé@ggfﬁﬁgﬁgﬁg%t%%P g?wg‘#qagvgugpggggtﬁagqs i\s‘@@&n&nt hel i um
gas, the method conprising the further step of adjusting the first flow of
backsi de cd8 antTheandthod ofamy b clairsebOfortlidr ovmpfising apiinger Eapbant hel i um

gas atwag-ér cfésqaee(‘sooiarn?gaabout %Torr tpo about 15 Torr, whereby bottom
_ el ectrode tenperature

_ LP B9t RTSSPRE/rym abep gy Tory oyt ABd0Er +40C duri ng
}phot oresist stripping. 12. A nethod for stripping photoresist froma
sem conductldr wdhe mettiddeof clihe fuAkdr ek Sdipng AvRbreeh: REganosi | i cat e

dielectric,.the t hod conpri sing: )
semiconductor wafer subsequent to another semiconductor fabrication process requiring a

plasma and a first flow of backside coolant helium gas, the method comprising the further
step of adjusting the first flow of backside coolant helium gas to a second flow of
backside coolant helium gas at flow rates from about 2 Torr to about 15 Torr, whereby

bottom electrode temperatures are maintained at about -10°C to about +40°C during

photoresist stripping.

12, A method for stripping photoresist from a semiconductor walfer, the

wafer including a layer of organosilicate dielectric, the method comprising:

) mtroducing the water into a semiconductor fabrication system mcluding at

least one reaction vessel;

mntroducing a flow of reduction-producing gas into the reaction vessel;

with the reduction-producing gas, forming a reducing plasma m the

reaction vessel in proximity with at least a portion of the wafer;

stripping at least a portion of the photoresist from the wafer, utilizing the

reducing plasma; and
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dintroducing the wafer into a sem conductor fabrication systemincluding at
| east one. reaction vessel; introducing a fl ow of reduction-produci ng gas
into the reaction vessel; wth the reduction-produci ng gas, fz)rgrn'Slﬁﬁ aots
Jreducing plasma in the reaction vessel in proximty with at |east a portion
of thew@k 1;405096 pping at least a portion of the photoresist fromthe
wafer, “ut1Tizing the reducing plasma; and 17 2 8 SEP 2004 LAM P140 WO

mai nt ai ni ng waf er tenperature between about -10 C to about 40 C during
phot oresi st strippi - recited.d A claim wherein the
reducti on- produc’?‘ﬁgﬂg}gég%%%g?ﬁ%gﬁgenbﬁeeeﬂa%aﬁ'ggn¢t%ﬁ@‘méf}&(lzgast about 20%
hydr ogen. ldurinpphoteeédi@dtippigt ecited in claim 13, wherein the inert diluent
is nitrogen. 15. The nethod, as recited in any of clainms | 1-14, further

conpri sing e e f performng a sem conductor fabrication step on the
wafer in th 'regttﬁprﬂﬁtg?}‘éﬁé?‘ilteglé‘h‘%élé‘hl?eﬁfhef%n theredertionmgodusinggeser into the

sem c 584 axf 1AL dRadt @Ad &M@éﬁ%&f@éo%ﬁ@ﬂ ntroducing the flow of
reducti on- produci ng gas. 16. A nethod for rippi ng photoresist froma

sem conductor wafer, the wafer including a layer of organosilicate

di el ect ri c,1% he Thetn@thod aapacited inelaimi, odetsimthetihert didfent isimtrogen.

sem conduct or fabrication systemincluding at |east one reaction vessel;

i ntroduci ngza fl LOn- pr ci.ng into the reactjon vessel,
wher ei n thgsf edt}gl\té/ing{lth%gggﬁegclit%mgaélg%ggd' ?ggi‘l’atﬂnﬁ?fe@fnpﬂﬁsl ¢SERd at | east
about of peformidg @ ganicondicortfiigidagehvsttp om thereduciniBe #astHon WisEINg a reduci ng
pl asma j n the rea&ti,on vessel, in proximty with at |east a portion of the

_waf er SUEHE"SY 19 EPAY AR the gepder igtoihe seqmyponsiucion fbsietian isicst arfdrbsforehe waf er
Juti i ZitR@uERE the flow of reduction-producing gas.

16. A method for stripping photoresist from a semiconductor wafer, the

wafer including a layer of organosilicate dielectric, the method comprising:

introducing the wafer into a semiconductor fabrication system including at

least one reaction vessel;

introducing a flow of reduction-producing gas into the reaction vessel,

wherein the reduction producing gas comprises an inert diluent and at least about
20% hydrogen;

with the reduction-producing gas, forming a reducing plasma in the

reaction vessel in proximity with at least a portion of the wafer; and

stripping at least a portion of the photoresist from the wafer, utilizing the -

reducing plasma.

17.  The method, as recited in claim 16, further comprising the step of
performing a semiconductor fabrication step on the wafer in the reaction vessel,
subsequent to introducing the wafer into the semiconductor fabrication system and before

introducing the flow of reduction-producing gas.
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reduci ng plasma. 17. The nethod, as recited in claim216, further conprising
the step of performng a sem conductor fabrication step on the wafer in
the reaction vessel, subsequent to introducing the wafer int@ §h&EP 2pp4
sem conductor fabrication systemand before introducing the flow of

reducti on-produci ng gas. 18 Abstract of the Disclosure Mthod for

stri ppldgd oFBsi st from a sem conductor wafer including a | ayer of
organosilicate dielectric. The method introduces a fl ow of

hydr ogen-containing gas to the wafer, and uses the hydrogen-contai ning gas
to forma plasma in proximty with at least a portion of the wafer. The
plasma is used to strip at least a portion of the photoresist from the

waf er. Where the stripping of the photoresist fromthe sem conductor wafer
is perfornmed subsequent Abstractiofithedichpurer forned on the wafer in an
etch apparatus, the present 1nvention in turn enables the stripping of the
phot or esi st Methodifoustripning phatbresiet frdm azppinondugor wafexmphidiigglayasfl t of t he

' tjop,is.that d ticall trati f hyd
Ere moveBie i als Bttt oo e B bRt p B B Bro RTINS BB D488 1 1 et 1 o
of t hewefehiaghh¥estRIBRNG AL REtVAE BAAD 85 a Plaihb e froxaRitP &ithek featred in

safety.
portion of the wafer. The plasma is used to strip at least a portion of the photoresist from

the wafer. Where the stripping of the photoresist from the semiconductor wafer is
performed subsequent to an etching step performed on the wafer in an etch apparatus, the
' ) present invention in turn enables the stripping of the photoresist in sifu within the etch
apparatus. A surprising result of the present invention is that dramatically elevated
concentrations of hydrogen gas not only enable high throughput strip rates, but that the
utilization of these hi ghly concentrated hydrogen gas mixtures can be performed in
safety.
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