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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
ci rcui t]:i‘aﬂiiﬁﬂz&ly, tm@grebéxﬁriabdnnoﬂeaateé Q6 T8sl zﬁkuﬁls%plﬂfm b Bh&ﬁ?esﬁt dielectric

'constant of about 4. a 25 consequence of the increasing line densities
and opdFami mgsdmicendunior ewafen ﬂsﬁemﬁ'@ndu@udmgdemlws onti dayert of c | ayers

“) fo 5102 | ff.ec1 u/e L ns 2 8 SEP 2004 WD 02/03426
' %Sd%af@i&}g‘tgﬁ%wg‘% %Lﬂ "ent required to avoid
| ncreased coupling capaci tance '

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



levels. In an effort to reduce the coupling capacitance levels in
Integrated circuits, the sem conductor industry has engaged |218rggpz§?@ to
devel op materials havi ng a 5 dielectric constant |lower than that o

whi ch Ne@eX3426s are suitable for use in forning the diRITEWOMIN} ayers in
integrated circuits. To date a nunber of promsing materials, which are
sonetinmes [efer as "lowK nmaterjals have heen . devel q ed Many of
these new ?@%’FPY“C esie the eefiemy %ﬁpwﬂa@mﬁr&we KOHRYRE GRACIANG | ude, but
are specifi.gglly not limted to: 10 benzocycl obutene or BCB; FlareTM
manufacture y Allied Signal (r) of Mrristown, NJ, a division of
Honeywel I, Inc., Mnneapolis, MN, one or nore of the Parylene dieters
avai | abl e fromiuaneffoffas redded th couplingreapacitancellevdls inyinfehrated circuits, the

pol yt etraf | uoroet hyl ene or PTFE; and Si LK(r). One PTFE suitable for 1C

di el ectri csmtsﬁ?a mmm&\ieﬂmimmtwwvmgaeore &

fvctoning
Choi cal - ik &w‘% E’W%FE%*&SM@%& W ntepdpaingh'

interesti 'I&nﬁhglﬂiﬁe cﬁéle&hﬁh&& lh%gxﬁedraﬁaﬁtsan% B aGRpIRH BElSroiReAg ! di Ng
organosilicate glass G By way of exanple, but not Iimtation, such

or ganosi | impderials) miichoare Seraetimes reftaredr "Tow - matexialsd) bayvs beén San Jose, CA:

Bl ack 20? io S from lied %c(?ﬁglals of .Sant a Cl&ra CA, Sunaika Film
(r) avail §6Y% £ BR% e REEVCEQPPIRCS: santa G ara, CA, and
HOSP' m from Al | i ed S| gnal of Morristown, NJ. Organ05| | icate gl-ass

mat eri al s have Iow-Eoma@fisls hideIBR ardépRiMFchIMEAstIRAiddEQ: | nto the silicon

dioxide lattice which lowers the dieléctric constant of the material. 25

yDuri i§ sehénzonyhlehuiene s BEiB; JlaeBtmpmifactined byrAdlied Signal® ofMotdsiowist or devi ce
are defin i the er usj J-kn tternin |n rocesses.
In these ﬁgr ﬁﬁ?ﬁ%q}% ﬂ%eofémggﬁgﬂﬁ ?@Wﬁ?gt Ee vaf er

and then a&&%mﬂc%ﬁﬁo&%a@%mm&z/{%ﬁ%@ﬁ/ USOL/ 19175 1i ght

filtered by a reticle. The reticle is generally a'glass plate that is
patter nedpah;letraﬂmmﬂaylanglorﬂéﬁli;raad §id®t Ored Tasuitabledhell diekghirict r om
propagating.t ht ouIR D FIE ! Kailable from W. T.. Gore & Associates, Inc, Newark,

15 DE. SiLK®, available from the Dow® Chemical Cotapany, Midland, Michigan, is a

siticon-firee BCB.

Dﬁﬁ

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 ® available
from Sumitomo Chemical America, Tnc., 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 proeessing, 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




After passing through the reticle, the Iight contacts the surface of the
photoresist material. The light changes the chemnical conpositi2d§ SEPt Qﬁ)[,
photoresi st 5 material such that a devel oper can rem)%‘&f@ Uqﬁéijj_on of the
phot V@442t erial . In the case of positive photoresy st 8rials the
exposed regions are renpved, and in the case of negative photoresist -

terial i for |
et ched et ety RIS Lle B PREIoH Focklil ¥ iihee RS BB b aucnbi O 1P
pr ot ect eskelipldrfeatiit® feUntticd tharHledked ligktfebrh Propapatinbathicugh tieretiele] r ed

features in the 10 wafer. Low K organic polyners in general can be etched
by oxidation (e.g.  oxygen based) or reduction (e.g. hydrogen-based)

cheni cal prochRePsss anghtexretitleshelighiconaolsihegrtgsiofthet ched using
hem stri t .Sk ). . d tch chem.stries. .05G etch
hent ot MHBreOH FYARRIa) AR it ohined o BoeyBlcR b oBheRiti 3R pRRARAE s ot o
POt et | Ghatbia Buch tha %eﬁ%%@ni@%xﬁng&ég%oﬁﬁﬁ &f #he phefoRsidd matdrilaggount for 15

t he organic conmponent in e etching of dielectrics nmaybe

advant adbeocst pf positbweyihiotrinesiist muatexiali the exgosatpregivay avapamived,\asiyn deupl ed,

(DFC) dielectric, etch system ¢ such is Lan(r Resear.ch_nodel 4520XLE‘]'M
avai | amcaserquharﬁpﬁytmé%m%g%mp?&?ﬂre REemeyed. SHXTu system
process X i BER HeGas] ' i E&PS rifiphd 0 i N one
system %%r@gfggfsées [ nl(t: {Jge cont ac?fslﬁg%giagelhggﬁ %ﬂlgve g%%%géfps}eﬁé orderl ess
cont act grotediéd bycthe phototesistimatopiata therenddgine she/ddsived feabdeaincibd et ch systens
li ke the 4520XLET" ' "i, perform several processes in the sanme system By

per¥br niaéernon-Koenepeis palymessingsagalqes be ciched broxkhtior & in a single

ysystem T P%l& ' [ﬁg@ 'Id!%%ﬁ vanced systens 25
contererg?éeeEt e ?)gr o%ﬁg@%bpﬁarbo%ﬁtlon ?h%fiéggpw ?sﬁbt e sanme equi pnent.
Agai n 8Giglesttics afaydbeadpirtagebisly eiohed nsing chctodstried sumfewhdReindbar ¢doxdde por at i on' s
a dry etch system capabl e of perform,ng nany process

Exel anTM . system i s |
st eps iﬁclacﬁmgr@- QpFsich chemistries proglireguire stchan gasssk AWES nor gani ¢ and

51 ngl o P nEGenpBRAacRil RLAgl gB iy THRBsRE ST Bk, 10175
extiénsi the opfaakadipoatitlie OSEG fiked. udes al | dual damascene structures,
contacts, vias,

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

-
3

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




spacers, and passivation etch in doped and undoped oxi des and iﬁy ggp 0k
dielectrics required in the sub-0.18 mcron environnent. O cGui’sé, tﬁ%
princi pl es enunerated herein maybe inplenmented in wide variety of .
sem conwW@oR®B426abri cati on systens, and 5 these princi pl @ T&Seyi1%v3 cal | y
contenplate all such alternatives. As used herein, the termin situ refers
to one or nore processes perforned on a given substrate,. such as a

si | i con waf¥ensiveprppess periiolip rndudes fll dupli damaseene structfebrdontacisoviagqui prrent

wi t hout renopving the substrate fromthe ui pnent . ri .aprication of a
seni conducﬁpﬁFm&%ﬂi@é‘?mY °P§?°t‘ﬁ‘é’8§§%f£ra§lgd’ﬁ‘ﬁ? ‘F‘H‘E"Sf@ %@%%%b%‘%i‘f’fer ni ng,

et chi ng, %gIJM' k@) : \glﬁ;‘;ﬂ'mnii | t he
device to rénove t &eklgg?'?gﬁ%gnp otoresfsd?mfé)lﬁ%l%v&\?er%ﬂiggjgs{%%m%dr

deposi t i orhestiamay Biiniplensentadnih avidetarfdtpbfveatsc@idutionibiicatiicnsdysegirds and
met hods have been, _inplenented, in_order to maintain the high throughput
requi red dheseqwingindesspasifically rontsmplate el suchaliegiivesae st ri ppi ng of

phot oresi st from sem conductor wafers 15 within the etching equipnent is
hi ghl y desi rabl gha? : ) i devi ces
provi de the Ca[ié.%l |thy of" per O;rfﬂﬁ%eﬁeﬂ%’ﬁ%%%r?%&%%@%%&éﬁ%{y uo\%lgt hin a
si ngl e deiva subkteateGuctnhs Peibemduiier, hnthe damnb pices ofi saicomiuctort U post etch
phot oresi st strip involves, using oxygen in the strip process. The use of

oxygen wi thbreoatonagupmepiowvithout raxesing the subsrpterfsom dhe oqpimpeniuse OSG
materials are basically organically doped oxides, nost current photoresist

materials tend . - Sk-11 ] ieri st B he organic
conponent of %@Pﬂih@%gﬁ?%@?ﬂﬁ e%@g@%@%ﬁ%ﬁ%ﬁ%ﬁ oxygen- based
ymet hoo! ogepehted pattemingpéighing cnd@lepssitidn it vatowRllinlepss shichieiketdpe cap
plate at the wafer=s surface, known O2 strip processes have _the capability
of renovi Hig d¥ipgte sopovethe paiteaped photaseist fplloying e clohineadepgsiionsstomf er , but

pot enti al . ' . Qr ' ter i fromthe
sidewal | o em%?%%eogal&%irsg@ﬁ ala%%! %%@%@%@%ﬁ%ﬂ@e. Mor eover ,
OSG nat er haplemenrdsiaréitts batmtiin tiodigattirouphpheregaradbetbdags oxygen pl asna.
The oxygen renoves carbgon and hydrogen fromthe OSG film 4 28SEP2004 WO
02/ 03426 serugpndugtor manpfachepa e sEippme;of ghetaresist finm spricndpetonwatesusi ng

the q%el e%tfdncfhg %&ﬂn%@quﬂ;&eﬁpﬁ lfiéﬂlmiés?rable. As discussed, some advanced
semiconductor etching devices provide the capability of performing muliiple

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,




‘increase. Traditionally, etching and photoresist (PR) strippifg &fire 20
conducted in separate apparatus. To nmaxi m ze systemthroughput, it vvog?d
make proceed 5 frometchirng to PR strip int stem
Indee@fm}?@&{zge two processes were perforned in the sgﬁsﬁ&@%ﬁ?ﬁon vessel
this would result in even greater increases in process efficiency. This

| eads t opgRby MiREARE {HRYiLhE RHAMIe atPiud tﬁy&i%%me% gkt il toSUCh @ way
t hat not_ onI§/1 I's etching and PRGstr?&[;% g conduct eg I'n ?’Eggks%l%%tochamer in
t he sanumnengsteem but that these two processes be perfornmed wthout
de-energi zing the 10 plasma used for the etch step and utilizing it for the

PR strip? Hydrogen hased, photoresist, stripping has been perfornmed in the
past, typical 1'9‘%“9!]3%]-}%’: ﬁt‘%‘&gﬂé‘ﬂP@W%@&%W&Uﬂ@é’ﬁﬂ@qﬂmt he safety of

the pro | d AERin gg ' |.cal | rfornmed at

rel ati ve%%&fng%%@%‘ggﬂ% concen%‘?@ﬁgﬁéﬂ r?aé\éﬁ%?lg‘l}ri%%% S#Fg‘gﬁ{(’,ce%asaual ly with
hy dr Hgerfroamo sizhibita PRahdp 1othé bding eR@en. Ondded, &f the RS poBésseshperdhat is desired
is a methodol ogy for perform ng dry photoresist stripping of OSG materials

utilizi mgra ogviessshihtigvonld eyt in gyen gregteringisagtsdired i s t he
met hodo r | ] concom t.ant deqgradation.in the
di el ect %ﬁ#@r ng@%ﬁ%ﬁ%ﬂ@#ﬁﬁ@%@%@gs@ eaosyS%?gtf% I bql‘ known
oxygen- kaceslwhf BlaOh6tonS} is Stohing AMEEPROEEpSIAE @5nddctbddh HRY sahde dHBinBEAI" 2 hi gh

waf er throughput, what is also desirabl'e I's that the nethodol ogy be
capabl e thsfsapeisiemebitdhatidlese twe progesses be perfdrmed atithoutdd-erergigmg the nt

utiJij zed, to formthe fer. Fi ly,. Lt esirable that the process be
. perﬂfdor@WPW‘QWH’&PW%%W%%&G@%@esi due remaining on the
f)fi | m surface, post-strip. 25 These and other features of the present

| nventi on i Hydiogoslbas phOmrdsitt BipPing il Bbdn eifotied £ARb pat, §Pichly od

det ai | ed_descri‘p n of the preferred enbodinents and in ‘¢cOnjunction with

B
the f ol Wiflarkgue @i;?@ypamv@mmmawmm elrogess,Shisdyrdsogek t he

! ti ' ti.on t a methad for strippi hot i st
trom a ORghP BN HEEbelHEP el PR PpB fousk gaobeRRonttaBal ol ectr i .

Fol | ow siifro@éh dituefit, usnally 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.




5 step, the nethod introduces a flow of hydrogen-containing _gas to the.
waf er, and uses the hydrogen-containing gas to forma plasrp A mipr6&ithity
with at least a portion of the wafer.” The plasma is used to strip at | east
a por Weon2/e¥42¢ he photoresist fromthe wafer.. Were tPEFGEOMPIFINg of the
photoresi st fromthe sem conductor wafer is perforned subsequent to an
etching step perforned on the wafer in an etch apparatus, 10 the present
invention in turn enables the stripping of the photoresist in situ within
the etch apparatus. Prior w%seﬂ E%rgﬁﬁl ng efforts utilized | ow
concentrations of hydrogen=% gas, resulting in

general ly poor strip rates. Low hydrogen concentrations were evidently

t hought neces . | IS : 1, 0of the
research Iead?%éﬁ%%%@%ﬁ%ﬁ%ggﬁ%mﬁ@genﬁkﬁﬁ&%ﬁ |%5?1&?{§h¥?1at

dramat i cgtrhicohRisttvadecaciaging adiyep oforginositidaegiieledtric. Hollowing 4 @¢h et chant
gas not only enable high throughput strip rates, but the utilization of

t hesé hi gﬂﬁpythem@mdtmﬁocg@m hﬂwﬁgvﬁgg@ﬂﬁm@mpgsa%@ﬁh@wa&amdm in

fety. Th d other ad f th . t. .l [ wWll. b
Sppar ont BTV <P IR I 4 R R L R B 98 st udyi ng
the vari iaSydfigUIRSifina ik R8s 3ip 8 lealid RIrtiER Stk BhowORsRE frbRaher awi ng For

nmore conpl ete understanding of the present invention, reference is 25 nmade
to the awefenpiNheretheBtrippingpfithe phivtoresistifom thy sBaicmntiedoDeaferispt i on of t he

Preferred Enbodi nts. nt .drawi ng. 2 S 2004. WO /0342

PCT/ USOLP ﬂ”l%eqwkv ate %F%ng#qrw@ 9555? L i A AL PRI ooy ng
- bhotigr esjhstyrdsbAThvéhtiof T AR SibiR thd\@isling BEME ShoRradist HY8h: WithikFhe
)dielectric. Fig. 2 1s a table detailing the relationship between gas flows

~and chandel apparatesure for three dry etch systenms. 5 Fig. 3 is a graph of
two FTIR spectrographic traces on a sanple wafer incorporating an OSG

Al S S s, T o
hydr ogensR3affh RABhGH 884, $ésulting 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:



tests. 10 Fig 4B is a table summarizing the results of the tests detalled
in Fig 4A. Fig. 5A is an SEM photom crograph show ng a test @aBebtit | 2681 ed
utilizing a hydrogen based strip-applied at 82 mlorr chanber pressure and
top dHA0HBHEOM etch powers of 500 watts and 500 wat PETYIRYCPI vel y. Fi g.
5B is an SEM photom crograph showi ng a test wafer cI eared utilizing a 15

hydr ogen- baseg- l.ie Torr chanber . sure. apd top and
bottom etch eﬁ‘&w@?ﬁs o‘%"%’éﬂ"@a léaré c?%%s {f¥E° ‘éte{eﬁfg& ol = g. 5Cis
an SEEM phatiesREicR8 wakh e d'dlagerl FOSWaleRtit. ear ed utilizing a hydrogen
based strip applied at 82 mrlorr Chanber pressure and top and bottom etch
powers of 1000 watts and 2000 watts, respectively. 20 Fig. 6Ais an SEM
phot oni cr ogr dfip. Zisavieblg detailing theselationshipbetwdengas flowisrydahainjper ogen- based
strip applied t 1 Torr hanber pressure and top and bottometch powers of

1000 wathrss ;"’Yﬁt‘ﬁgﬁaect ively. Fig. 6B is an SEM phot oni cr ogr aph
showi ng a test vvafer cI eared utilizing a hydrogen based strip applied at 1

Tor r5 chamber s : 750 watts and
1000 wat t s, mé?i%tauggﬂwt@‘?glgﬂgpégﬁ%m‘@ /%gi%‘%ﬁ?c‘i‘%éozl 19175

Ref er enmmnl‘mgsaﬂ@SGr&dlﬁ:tﬁd‘]ethﬁ@ th clafgss\ta lirrdiclpatit as @fredullieofi nventi on

t hroughout the several figures of the Drawing. Detail ed Description of the
Pr ef er r k¢ SPRIBE HBRHIDEtEIYhe present i nvention teaches an in situ process
for stripping photoresist from a sem conductor wafer for rred with at |east
one | ayer of di L7 br o mpl emented by
a plasm for#%gA F%q%%é@%lg%%#d&%p%gﬁg v&sﬁﬁ#‘g@én% orrred froma
_-fl ow of teatsgas m xture having a relatively high hydrogen- 10 concentrati on.
)HaV| ng reference nowto Fig. 1, according to one enbodi nent of the present

i nvention, t esent e a net for stri in hotoresist froma
% B1g 1satg‘tl;l d resuﬂtsofthetwtsdeta;gdm p 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. |




sem conductor wafer incorporating at |east one | ayer of orgarﬁ btgﬁ
dielectric. A sem conductor wafer fornmed with at |east one | ; 264G i s
pl aced in the reaction 15 vessel of a dual -frequency capacitivel y-coupled,
(DFC) divah et etch system One such is Lan(r) Researydrgeged174520XLE |,
avai l abl e from Lan(r) Research Corporation, Frenont CA. At step 102, at

| east one sem conductor fabricating or formng step is perfornmed on the
wafer. By way ofReforemqseyubomnt refepto thesihabr eqiivaent partt of ik gyentiod abri cati ng
steps inclyde phot si st, patter et ching, and deposition. 20 Fol | ow ng
the fabri cgﬁﬁ%&l g’ﬁ ‘é‘f“‘]sf% fcﬁﬁé}gmw of photoresist stripping etchant
gas is introduced |nto the reaction vessel. The photoresist stripping gas
is a mxture of ont ai_ni n ubsgt ant i al |y |ne,t, di luent, for

i nstance nitrogen ---'- AESe TIPS the.Prateryed Embodunents i t h equal
facili t5y be i npl enmented. Preferabl y, t he concentration of hydrogen within
the stripping gdbe present iveation tegehesfan Fooitit prbesp dorcstrripping phdtoresibiofiidm60

percent. More preferably, the oncentratlon of hydro en wi t hin the
strippi ng ga¥icendnsir FAtFioEPsd with geloast pne laypro QP Cickisleririg asllizing ai nt ai ned

\z,ambgm nSE)helFHﬁr torg&b‘hou?ﬁ?k(?@gmﬁo@aeﬁ%&ae{ 8@8@ B pFas%&Jﬁm\"%r Sgi)ove

t he waf er pmhﬁfdnﬂédﬁbmwmwfdgﬁmwaﬁhgbrﬂﬂﬁwﬁh@w aiing at 2
MHz and 27 MHz. The power applied to the plasnma at each frequency 8 2 8 SEP

2004 WO 02¢@geptetipeT| [ JSO1/ 19175 is generally in the range of about 100 to
about 2000 watts. Preferably in the range of about 500 to about 1500

uel *i requency SVLEreRRRAGd RerLILHERE 0t bitn Sl orfibighEY 111 e
stripped anvéaition, thef if prRtritbda wiiRd, 1, forwiripping p lﬂﬁéi%ﬁﬁtﬁ'&nfahe organosilicate

dielectric, and vmthout the dielectric propertles of the or ganosulcate

Strippi ng Yeacontagter water W&pmoaa%t&eﬂmg&ameﬁ\prea@%hqawm ci® increase

thrghgfha;e co@errp#a?%g&&t\éﬁghglr%tg%ﬁ gye?]; ﬁ)g%o Eeosen |nven 'O d _el_\r/]gn

presens Iwomm@mwwm@@mymermm@@gmrmers to

10 achi eve satlsfactory resul ts on w de variety of wafer stacks to effect
a wide v arqu@l;yl@n@ Rescarch model 4520}(1,1:5TM 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
coneentration 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




-sem conductor design. Various factors including desired effeg ggéou&hput,
and system capabilities wll define optinal conbinations of Bc 2004
paranmeters to acconplish the desired design. Each of {h | nations so
utili YO0 % pecifically contenplated by the present Ph@éﬁ?ﬁ# 15
According to a first preferred enbodi nent, a silicon wafer substrate having

bet ween Q. hist u . ' t her eon,
and m)rl(eg%?%E@éb%gég%\%aeﬂn&ilg@n%%gﬁwgﬁ%&ﬁfﬁrg‘%gge@%ﬁ t%‘?I?II bet ween
3 and 8 Atiut 500 BrDYHIESHO WAt Th powBGevd afsIRdsh tosjuaciayith echdeep- LV
photoresist, for instance a deep-UV photoresist fromArch Chemi cals. This
| ayer meiyedvendyiothe dnel Gegquengpsysteremayidiffitness, nore preferably from around
| to 15 kA in thickness, and nore preferably still, fromabout 5 to 8 Ka

in thick . .0 S K by, t.hose, .havi ' kill in th t,
it erveni g 1AEE o PR MRS BPrL A e M i T he GG and
bet ween viitgn tkorphtist et ddlectiia GRd Withobeme dadléctid\op¥@iss | S

contenplated by the present invention. 25 The wafer is placed in a .
sem condddhenrganositicalet Sikipppgeps flows afeomainiainedat bigh flovargesie suder th nodel

i?i? e TEHEBEe sk g8l HP L AR AT o TERAE LA G0 55@@0%2%4%%2:5} Conal |y
ket i Rgo i v
b sep SURT 0B BRI e R R R iR F, S0P, et o o,

deposition, planarization, doping, netalization, and other sem conductor
form ng st epTheptdseiinowntibn coktesplalea waryinga tinber\of pkodeks panarhéters tar t .

Subst ant i al | ||l the otoresjst i.s then_stripped fromthe wafer_ as
ol Oomséchrﬁ‘éeyﬂ%%@mrégﬂtsm VPR F"!aﬁ‘-‘ﬁs'@ﬁg%ﬁ erta Wite vapel dyst em
Dual freaﬂﬁmcaﬁ\ueagatv&iéng@ao&%&h&o uésiéaaﬁeseﬂﬁ%%ggﬁmt em at power

| evel s of 1000Wtop and 2000 bottom Alternativé cles and powers
may be sysidn zapabilifies wil) defind dpitinsdl cambimationsutf prasesd paradneteisda, powers from

about 200Wt o ahout .2000W e Jpplenented. A flow of H2/N2 etchant gas
i S then%%@gﬂgﬁwwgg&ﬁﬁc%ﬁﬂwméﬂﬁ ?ﬂléwlﬁ@ﬁystruck. In
this e”&ﬁﬂ&ﬁﬁﬁfed@%ﬁéﬁjeséﬂ%%ﬁ&f?m of 550 seem and 550 seem

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




10 respectively are used, resulting in a 1:1 or 50% 50% m xture of H2/ N2.
Alternative partial flows and resultant concentrations nmaybe ﬁpﬁ@?mmgfpd.

By way of illustration, but not l-imtation, these concentrations nay be .
from 20%b@2085%6 Hz and from 80%to 20% N2. Alternative eirrgsntsi7zsknown to
those having ordinary skill in the art may al so be used. 15 Reaction

chanber pressure in this enbodinent is set at 1 Torr. In this enbodi nent,

this resul t $mitedfo paifapings eehipg, dpesitéion, plangyigationf dopingy metalipption, did ect

| ati onshi J : in. Fi Q.. 2, JAlLt i t t
vent Lon S Sntdtata Rtk Wb uab il i hfse i BRI iatEpbu 1
Torr, resul witnSubfstantdlPslighe Flicitedst30fh vped FoRDAY bwater B9 FdllowsO TBRCKSI de

cooling He flows are set at about 15 Torr. Alternatively, substantially
any backsi dwafpa placediih @weantign ghamiprayn the etothi systead sl flequiney power at2dver sel y

af fect the sem,.conduct or..npnyf act ure process.. S wer e]e de
terrpera%ure%n MRS *%Ogﬂ?ﬁ’éte%g’@wﬁI%Xﬁlﬁﬂijw%’%t?fbm%do@bW4oc In
this pref e | L }Loqygs r Ltdly Pottom
el ectrode %@@?@%ﬁg@%egmgﬁpgj ut +2%@g§3t%b%uﬁ+¥%¢%e cog ant’

fl ows wer e mitantiuhitatidne potiees fivem abaunt L0GWHY apomt GOV han be dmplemiehicd. A

enbodi nent {rom.etchi n&é]o PR _strippi th%'_b reduci.ng the cool ant flow
during PR sHew gf He/ldVs et¢hant gas i then fntpaducad; infothe reagtion ehambep ard/2 Blasmadt hi ng

step. This %I[L%zgl ﬁé’tﬁﬁlgﬁ?p%ﬁaﬁrﬁz@g%o%s%f%%@%an%%fg&r ture while

still provi e change 1 n wafer nperatare neede optimze 30

phot or £€8i Strespettivgy ag ustd, resubirphR a200 ér S0M050% BdtdR RGN Metdflive, 5 The
~effects of the PR stripping taught by the present invention on OSG
Yconposi t i orPagial flowsand meshitarf coaseaiatiens neay e igwlanguted. By WY PR

SEr1 ppi g Aol bt ot SBAAE RL ool Eion Bat B o 0BRSS
shown at 3Gtbm E0%l 16 WOPINERASEatve EhRERIOhWERdheE Having ordikay sRIint he

resultant trace, 302, plotted over ‘initial trace 300. shown, the two
traces ar e theptmgyelsabepsed. | i near showi ng nowhere a change greater than
about 2.5% between the original conposition and the conposition foll ow ng

PR strig. Thi's k&action 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




‘proof that the present invention provides an effective, efficient PR strip
for sem conductors utilizing OSG dielectrics wth negligible czhgnaEPt 0k
conposition of the 10 OSG Where-the previously defined stri ﬂ_pj ng process
f ol | oW %33t28er seni conductor manufacturing step re®fVPY/ PN use of a
pl asma, for instance an etching step, the nethodol ogy defined herein

bles th f hing. ist strip. without t
br aaki ng. vaculit e & e bR HrPinedn i bOle Priafbhiiony BREcess 55 of the
present édﬁi%%iﬂoﬁ&x&ﬂi&xﬂﬁﬂvﬁ{g&&feﬁeﬂéé totig R fifst PIR ¥hectroffpial kiR from the

etching gas flow to the photoresist strip gas flowwthin the same reaction
vessel . is@lehonalMgvelluaCeral file kgomte adFostrippingmyolotombs prewidusly provi de an

opti mal fer tepperature to effect PR strip, ln a.second preferred
ehbod melfeaied; gt Eshtany eacss SRt 0P G oRoBing Bk Sripet treond ZBH0E| ¢ hi s
enbogli I : g in a
A o | o kel MENR e RUBRAILE 0P Cp1afl R B SO0, S e E B I

r espect itvaety/are kizbstintially\exs-liaed shdwidf dowhasazhandsidredteiIRDatvat25% hi s
resulted in an ER of about, 7072 Amin. In. a third preferred. enbodi nent,

si gni f i gYsep theeriginalcqmposifion mdihe corppositiny fellowmng KR pirpe I bisiist h s

enbodi @%g; 0 . resulting in a WAP
of aroﬁ%&%ﬁm rswomg%%%%g%%??gﬁaéﬁrbottom

r espect isglicpndidork ©StrdicRttriBOWith aeligblé chidngd!to ¢3@PosiiGivf thei S
resulted in an ER of about 6700 Amn. 11 2 8 SEP 2064 02/ 03426

PCTHUSODS®175 1u a fourth preferred enbodi nent, significantly increased
H2/ N2 flows are once again utilized. In this enbodi mrent chanber pressure

Jwas set at a ing.i P of .6 orr. Power
was set at 7%%&8@%@%‘%& E@%ﬁ%‘?ﬁ%&%e@%@% %0\%\/‘%\1/\1/%?-5&5& ~at 600
sccm anmah%eﬁmﬁge&piﬁﬁ@mgfmbas@ﬂmmwiﬁﬁm&ﬁewm@mﬁ,@% Almn. In
order to investigate the effects of varying several of thé process
par anet%}eﬁmd@bgfaéﬁwm enablesithe Wgﬁé@@@t@sﬂ&ﬁ phetaresigtisbis wer e prepared
and pr O&rﬁﬁéﬁq'eoow&tobreakingvacuum within the reaction vessel. Instead, the process

15  ofthe 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



silicon test wafers conprised wafer stacks including a | ayer of OSG :
dielectric and a |ayer of patterned Deep- UV photoresist. One %iSeBEBt Al
tested was Novel |l as' Coral. 10 Deep- UV photoresists are available from Arch
Chem cawny02loa26, North Kingstown,. RI, anong others. SeCEA&NI/NTI he
process variables of the present invention were altered to determne their
effect on etch rate or ER, residue formation, as well as the effect of the

phot or esi st pr odea fousth preferred ebediment, signifisentl iarsesedi B/ NT8evs ammmnge

conducted in. ejiher L h, Cor por ation 4520M 2.7m.0r..Exel an M DFC
Gry etcn s gera AR o QAR R SRR e LA R Dot St
ratios, torghltRshaWAP of Rohnd 690 ATDH FowePWds ¥R LET5OREHROREIpengoo0! ant
.flows. The results of these tests are presented having reference to Figs.

4A- 6B. Rebeitoriryrgspechively i Howavas selind 60@ saght andoN, std2P0rsgeselfhisal of process
vari abl es of _the hydrogen b hotoresi st strip of the present invention
are defai Ié‘iﬁ‘.ﬂt"&% %i('rg?go‘?(f’a%%t d varying plasma energy during PR
strip. Intest | top and bottom powers were identical at 500Weach. In

test 2, the toP%&%ﬂﬁr%sﬁé&%ﬁ@%ﬁ%& w%ﬂ#%??ﬁ%c&ggéﬁg% I n both

tests I and 2 chanber pressure was set at” 200 rog di | uent
(N2) f1 owsofthe presait iventier) aatridSdl tet emferawedrehirepmétandmobandd. Thew was
stabilized at 15 Torn. The etch rate for_the |ow power test was 2354 A/mn,

whi | e Ege ¢omy tegt s goraprissd weerstacks mglndipga lagerof QSG diclecticmd &) un ath
750W 1. j ' ] 8 Am T
an Bg%ﬁg&,@geén@gee%i fdr S C bin ﬂidccﬁﬁ@%éhtgggv(?@&d%&l@ c3 mn Ihe

ef fects of rati o was next s in téests ‘and 5. In

. both test sDepilVehopiaistddre avaitablaihah drth Gherd{dlsnTher, NorttRingstdwhoRL,0om power
_)I evels were set at 750 and 1000‘resp_ectiv4gly, and He backsi de cool ant fl ow

was set atamengpsheps.gSeveral obthe pyesesyagighies ofsbe prrseny nventionyreapltered t est 4

the H2 fl . sed
these. par i SFeppRf et cttel ol 608 A R obfin ontli SE A welCRle IR GEEC,
this i ncrieepRsloredsiiRbbss Authe prawatics o s Wlelbcienp Teste tvérb cordabied of

i ncreasing pressures and flows. In test 6 a 5 chanber pressure of 200

| nTorr wasitheli ntan@descqret Comoration 4p202RE™ \or BeplaryMJNEC 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



-equal i zed at 100 seem An ER of 2644 Amin was attai ned. Test 7igc$§$s?€m
chanber pressure to 500 niforr, and H2 and N2 gas flows to 180 of 1 SLE 4
attaining an etch rate of 3630. Tests 8-10 tested the effects of increased
t ot al WRPERMAE gas flows. In tests 8 and 10 10 chanbePCHPEYSNTE was set at
120 niforr, top and bottom power |evels set at 500W each, and partial H2

and N2 98z 0% ﬁ@eﬁiﬁiﬂmﬂw@%seggﬁols@%%ﬁ ﬁ&ﬁi&rg%%%%@? 21%3@&%?%?@ ERs of 3

666 and 4 t est process variables mal ntal ned except

t hat t opthesechapiixl flowspEndest 4 2VER of 280G A/miareadined. k2Rt Rids 1500
respectively. This aghieved the highest ER of the test series, 7539 . Am nn.
15 Test sinpreased ie3460 stigated the role of He backside cooling. In each
of these tests chanber pressure was set at 120 morr, top and bottom power

to 500W each, as, flows equalized at.800 scan each. In test
11 He backsi ee@%@?i%?q%&%@epgme 8re§m§r8%ﬁ?c}ﬁ8?ﬁ'tf’f’gte§tt%g$dard 15
scens us fiakbér rmwuﬁmmmrﬁwb&ﬁmt}%ﬁfd Rpgedadwdrper at ure
provided an ER of 3824 Amin, an increase of 20 158 Am n"over test 8. In
test 12 egnalized skHilrecmodh ER off 364 Adenin es attened: €Phst @ dncreased clemebier f ur t her

I ncreasi_ng waf eg tenperature resplting_in an ER of 4101 Am n, an

i ncreas r%fmﬁ%g%jﬁnggﬂ" ’L‘Rﬁgéz ‘l‘"@g?‘ W%“ﬁ&?%b sem.atiafningan gigh rateof 1p £ | ow
was redugggl from 800 seemas in test 8 to 100 scem This resulted in a
concom tant reduction in ER from 3666 to 3104. 25 Having reference to Fig.

4B, these test results are summarized as follows: reducing H2/ N2 rati os
resul ted i n degto BdOriesicatthe sffeaihof inentastlitotal etohAmRgasvfiows Ini tests 8aad ng t ot al

) pr sur 40Pt Berefie e BBt b2 o opind Pt e ates s oRbaa00Pom power 13
2 0 SRR % T N0 L0l Sk WGP FRSOTL o0 W

significantly i ncreased r eat est I ncreases were attained by
hi gh gaschidvedERard 3p66asi #0868 A/mlin.chi tegt Srdlestae varishlesmgeshowed a sl i ght

negative corre)ati ot we i ncreased copolant flows, i.e. |ower wafer
: te%pera@ﬁwg”é?eéﬁﬂm%g@ag?@%wﬁ?m%gq@ ere fpsrensed i 5250 a0d 1988 pl asmm

) foLhts ' .0s. HBA-C d 6A B.
power el g‘l«?}é.g‘{[ﬁs LG tnS RIgNO:t BRVS e Febf SEENCA3DR/AidS | an

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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waf er as previously described was stripped utilizing partial H2/N2 flows of
550 sccm each, and plasma power |evels of 500W top and bottdm8§ St&ni2884
pressure was set at 82 mflorr. Generally good PR strip was attained with
acceptvabbrpoldsewel s of residue. At Fig. 5B the sane testeovassocasdact ed, this
time increasing top and bottom 10 plasma levels to 750Wand 1000W
respectively. This resulted in noderate residue formation, as shown.

Greater & weregssoctigdividh signidicrabhisereased BRs. cEha meatost BRymcregsdser t han at

the edge. At Fi.g. i 3 . . 1000W and_2Q000W t d
bor o b AR R B Rl r AR B oAb BB S0 1 "
| ncr eas e@pRSiegatfye @yrelafion betweeN@ictkhsdd Qo HBwsOfe. IdverWaligr - At Fig. 6A,

chanber préssure is increased to 1 Tour and power increased to 1000W and
2000W t o perapestatiomess oxh lowepieRs. i Theleffects bf chandhenpressure amd plagrha pewerp rate with

m ninal resjdue_.at bqth center and edge of_the test wafer. Reducing the
povers | el Aot AT os g A - B AT, Soaeb o1 v hi gh
stripra i EI&%}%}];H %333 Hﬁﬁlié@ . ' pressure
remai ns g@féf"a%_ rr |Ié&%bv§°gﬁss %@‘e‘ase ?rgﬂ%&ﬁ?gﬁ@%% top and

bot t om r espemid plasiga pdkér leveleol/S AV, tef awt utiom. t dtemmbiee preesuirowas setpbwer
resulted in increased process tinmes and sljtﬁhtlypgreater residue than the

previ ous By Yoy Seenerally goed & siHp Wwas sttained with pccepiabls lgvelsof repidug.q| at i onshi p

bet ween WAP and total gas flows for three different Lan(r) Research

systens is su ' L& -1 4 9 ontrol For
this system g{%gg%%%%?em nedés) actohﬁﬁr%édg)%g %&%%%%%tgﬁ/og&%gﬁﬁ%emnt ring
_POosil0i onplasrha leévble tXZETW! andi TODOW) gespyctivelyl Thiswesiltdddan waldeeatd rekidwe open, 14 2
~ )8 SE P 2004 WD 02/03426_PCT/ USOL/ 19175, WAP was determi ned at_an el ectrode
gap of 1iozmalien, ayphowne| Greatss amopnts of residne ware fozmed elthe cemierofthews f or
Exel an s cted at the 0% and 100% confinenent ring positions.
The pres%%ﬁ;%ﬁi%ﬁg ias been particularly shown and described with
respect 5 to certain preferred enbodi nents of.- features thereof. However,
it shoul d be AeBigi I5C, power was again increased to 1000W and 2000W, top and bottom

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,
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rapparent to those of ordinary skill in the art that various ch %egﬁﬁngw
nodi fications in formand detail may be nmade w t hout departing] r t BH4
spirit and scope of the invention as set forth in the_appended clainms. In
par t iVCAPHP342¢ he principles of the present invention Ps%'@ﬁ RIEHP) y
contenplate the incorporation of any of several film 10 | ayers known to

t hose h '@g gk? | .I'Q r . . | tures and
advant agdgls taugﬁ{t eredltéﬂn%%%feg&%m&%p&g?ﬁgtcﬁggéei%lmén%ﬁlg\ljb%%%ﬁw_ ers forned
with thall ibiebgs floRe fheFedandystelivil @n@edted & thdb¥.2ada00% he principl es
enunerated herein teach a wi de range of hydrogen titers, stripping gas

pr essur eoufinneni g pasidiens. pl asma  power | evel s, wafer tenperatures, and
pl asma frequencies. Each of these alternatives 15 is specifically

| at ed h i nei f ' i 2 8 SEP 9004
A PLAC o 1R R AERBYARR b bt st B B i il B et et or
vaf &,  id\eertaiippieferfed Chibdtitents dAYRhres theRiof HIGPdvet, GRiRuM 154 Redily C, the

met hod conprising: introducing the wafer into a sem conductor fabrication
syst em epirenditmthose of ¢rdmsty iy the ettithat veriwsehanges tnd thodifingtians dnow of

reducti gn- pradyci, s into.ih eactign vessel.,, whereip_ the introduction
of the qu&%ﬂﬁoﬁge%ﬁ%ﬁﬂ@&ﬁg%@EW? the seni conduct or
fabri cajjver ik rﬁdzg e ﬁ%} j: el; with the
reducti on- progjtd%((:&ieﬁg ggé, f P?nn&r?g%gﬂ@%%gﬁsﬁ%{e’% |dr¥9t ée‘m?:eacti on vessel

i N pr oxprekdny inviehtiomspebHieslly eonpanpirienhoincorperavied of anyesftbevéral filoa ng t he

red§ci nl% pl gama stripping at,_least a portion of the photoresist fromthe
_waflfr Ry kpovp ieythess BHaG attormd-09s F mogrsof the varigns few of claim!l

, HEsS
?ggclt i60n vessei%, eﬁsiéeTrgh{nc%nduc‘%?r%h%gg%%{g%d#c%?%%%%)ﬂ%‘wg?r: p)p/)i (rjlg
bei ng dhaidusst ene layerof0$G divlaic. Motebeerpihe pailhtibles ehmhentdd lefeiessel s. 3.

The nethod of  any of c¢clains 1-2 wherein the flow of reduction-producing
gas cortpRchseids rapgerafhydgen Hters, sppiae saepresaies ang dlosymtes, plasma net hod of

it ur 2SR IRER, Wi Rrklelified it Bl BBl PR M AR Rmhtfer s ©

15  is specifically contemplated by the principles of the present invention.
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hydrogen to about 80 % hydrogen. 5. The nethod of any of clains 3-4 wherein
flaws of hydrogen are from about 150 seemto about 5000 seem and flows of
inert diluent conprise flows of nitrogen from about 150 seem® @ éﬂicﬁjtpng,poo
.seem_ 6. The nethod of any of clainms 1-5 wherein the form ng of a reducing

pl asma_fuyrther conprises applying RF power to the el ectrodes of the
reacti%ﬁx@@gﬁgiwgt he RF power having frequencies in the range of about 100

KHz to about 30 MHz and power |evels of about 150Wto about 5000W 16 2 8
SEP 2,904 LAM PI 40. WO 7. The nethod of any of clains 1-6 further conprising
mai nt ai ni ngl.waf eA méahebfop s@ipFing @hotoreaiit BB seallcaniliactor vafegltheit | Torr. 8.
The met hod of any of clainms 1-7 further conprising naintaining chanber

pr essula€T meBinglay erad ongaspsilieate dislsgiricsthy spethodcompiisingat hod of any of
clainms 1-8 further conprising maintaining bottom electrode tenperatures

from about -10C ihﬁ'o@tl}lz%ﬁ thé $3fer GHb Eg&nﬁt}ﬁ&&@tﬁ%ﬁ'ﬁcaﬁg FW&&%CI%%%he met hod

of any of clains 1-9 turther conprising applying a oW 0 backsi de
cool anteasheh¢ weaciimsveaselpr essures from about 2 Torr to about 15 Torr. 11- The
met hod of claim 10 further for stripping photoresist froma sem conductor

bl acma and a 11 eeSe i A foy SER AR and R R e ot

conpr i whegin theinfrofidivh of BleabdRtioR giddating %a§ RPetfofridd Subeiueht Backsi de
cool ant heliumgas to a second flow of acksi de cool ant” heliumgas at flow

r at es sEP@endwder fabriqasion step patieumedion tromefer yhiheatactiopyesseln el ect r ode
tenperatures are naintai ned at about -10C to about +40C during photoresist

_stripping. 12. . ) yelo) phgs ISk fr. - i conduct or
)waf er, the waf ?Pﬁ?%g%hé{cﬁ%n E}OPE% E%'f orté%%%ldﬁl&gé%e gl elﬁgjcr:%ri c, the
met hodeatiop veselng proxity ceith at deastreepostifreof thewafe; /el conduct or fabricati on
systemincluding at |east one reaction vessel; introducing a flow of

reducti on-produ %hﬂ%nﬂ e rlegﬁc(l)ngt ;'ﬁ%srﬁa? %&%plpl%% at ?esagtea{ 1;)ortion of the 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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W th the reduction-producing gas, formng a reducing plasma in the reaction
vessel in proximty with at |east .a portion of the wafer; stripping at

| east a portion of the photoresist fromthe wafer, utili zi nthﬁeSEﬁ"egz!]@qi ng
.plasma; and 17 2 8 SEP 2004 LAM P140. WD nmi nt ai ni ng waf er tenperature

bet weep salpppitag-@g C to about 40 C during photoresist stripping 13. The
nethod, as recited in claim12, wherein the reduction-produci ng gas
conprises an inert diluent and at | east about 20% hydrogen. 14. The nethod,
as recited 7n cl FTheinks: i : L ' i.S, 0Lk Ne 15. The

met hod, as recited in g%‘ﬁf'%}@ﬂg}%&:ﬂn@ lldqﬁ?l{jddp#%ngrrﬁ%%%%gg%ﬁgﬂt he step of
per f or #ich greasusesirers abierd 28mTeabtd abant bfost ep on the wafer in the reaction
vessel, subsequent to introducing the wafer into the sem conductor

fabricationgsyst re . pntr [ t he f| ow af reductign-producing
gas. 16. A Sret ho@ﬁ%gﬂg?ﬁ%ﬂﬁﬁOrfﬁﬁaﬁWS?%rJ@gp%tcof’}p&ﬂnﬁ TedRtaEERgchamier waf er, t he
waf er prassiedififogn abdud 98 Tk ©lzBameSTdt cate dielectric, the nethod
conprising: introducing the wafer into a sem conductor fabrication system

i ncl udi ng | east ope_ reaction vessel; introducing a flow of

reduct i on- produchifgnegaed piany of glaime hdtfigherempubing mydatpining bdtenm educt i on

pr oducdégk i . N8R~ g d, at | east about .20% hydrogen;
Rt et s e F e e

reaction vessel in proximty with at |east a portion of the wafer; and
stripping d0- | edde neetht efiany o tlaimhe] -Hifottier esipiisig applifie adwor utilizing
the i . {. The nethod,.as recited in claim16, further
) conprivga?%gﬂa é‘?és‘?"?g‘% (‘[)Pgll‘g'ég?soartﬁf‘?‘?ﬁnﬁs @%‘Hiag?ﬂ'f&u 5o aboyt 12 dPon step on the
}waf er in the reaction vessel, subsequent to introducing the wafer into the
seni conductlér f dhe iwtiddat chiatieruaRs Hefefing pROERELCERG o he f1ow of

reduct i on- pi oducia?g ggs. ]
semiconductor water 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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18 Abstract of the Disclosure Method for stripping photoresist froma
‘serd conduct or wafer incl udi ng a layer of organosilicate dielectric. The
met hod introduces a flow of hydr ogen-containing gas to the wifer St&n@llises
,the hydrogen-containing gas to forma plasma in proximty with at |east a

ortio fer. The plasma is used to strip at least a portion of the
Bhotorgﬂ]tm??é&ﬁ@ the wafer. Where the stripping of the photoresist from
t he sem conductor wafer is performed subsequent to an etching step

perforned on the, vater. iq %ﬁ#ﬁ%ﬂﬂgﬁa&%&ﬁﬂ?§¢§0° Eﬁﬁﬁﬂ%ﬁéméention in turn

enabl es the stripping of the oresist in _ _ _ tch
appar at us. durBigrphotsesing strigpitlgt of the present invention is that .
dramatically el evated concentrations of hydrogen gas not only enable high

t hr oughput rip.rates, ,but that the _utilization_ of these highly
conc g%t Iroat et hy gpﬁ’g"@ﬁtiﬁ%tsas ﬁ’?%ﬁ@ﬂ%&lal&b}%ty@eﬁ%ﬁl thsripdestion-predicaig gas

comprises an inert diluent and at least about 20% hydrogen.
14.  The method, as recited in claim 13, wherein the inert diluent is nitrogen.

15. The method, as recited in any of claims 11-14, 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.

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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