;\]e3e@@L(t26hT5;2 0 MAY 20D4 METHOD AND APPARATUS FOR Eﬁg&?k@&k}HE
ENDPO NT OF A PHOTORESI ST STRI PPI NG PROCESS BACKGROUND

This disclosure relates generally to photoresist stripping processes, and
nore particularly to a nethod and apparatus for detecting the endpoint of a
phot oresi st stripping process. Fabrication of integrated circuits generally
starts with a thin slice of silicon called a wafer. On this wafer one can
fabricate several hundred individual chips. Each chip nay contain 10 to

20, 000 CO”DONﬁHTt}ﬁoﬁQ'NEﬁAPPARhT@E ﬁﬁmmiw@mbmnm\mﬁsm awafer. The
devices include t o resistors, diod BU‘FQ:CI tors and transi stors of

various types. The fabrPEQfﬁW%ﬁTﬁﬁé‘IH BROGESSudes depositing desired
materials (such as silicon dioxide, alumnum etc.) at certain |ocations. A
techni que call ed photolithography is used to facilitate the introduction of
materials at desired | ocat] t [ e renoval of undesired
mat eri al at other Iocat%%ﬁgagggggﬁ’ngﬁﬁgﬁﬁYéﬁggﬁpayer of alum numis first
deposited o ht sensitive
poPymer cal 1B ST flad Eher o R i R irotth e Perodiubie. of

phot or ewiagtettod ahﬂ/a;ipmgtmt for Térectioly tHeiegdiioint nflustesorgtst strigpingzmbdessn i N t he exposed
photoresist. WV |ight causes the exposed photoresist to cross link,
rendering i tFabrvgudndflirgcgratedchireitspnang | ystdra teiith a. thifSsigda oﬁsihﬂmtcdteﬁ&i st is called
a posit i.ve .ph WS Qsi t e.behavi or.
20" That "8 RBLELERL S e BB BB e B PR it g

sol uti or.to A@,ﬂ@(}cctﬂ@enmsriwlmtel ctf@e\leraghml Jiot ﬁmr:cso;banb:laér p"ﬁxetdemns zm:ﬂudt he

phet or 0 |.medi atel y
after ﬁ%t&g (ﬁlggg(ré%g%%gs atnﬂ?r%ygl waﬁ%&ﬁ%f ejrr}h % or eseldg meiss al um num

et ched lv@udeedwstmgl@sraddumtmm(wmaesmmmx;ds aiwmpan,te@r}mt céflains has t he

ef fect gf,tfansferring the 25 pattern to the alumnum creating electrical
connections anong devices at different |ocations. After the al unmi num etch
process is (Aqmﬁhgeallkmom%g}’aﬁly 8 bisda%o f‘a@ﬂ&\’eetge n{rg&ﬂcﬁ&eo%ie%alsa a process
call ed photoresist stripplng stripping of hotore5|st romthe wafer
sur f aceiepipdtlocpiéons o8 Bwtiaer byl thorepiortl of urderited npmtabateémsltncamerﬁst Asnpnt he waf er
sy f ace it - AL a@lﬁﬁl%ﬁﬁ 8 A aagzﬁued%%w@&fgd ek, Gdiokafer 1(‘}*%&9&%%5 ant

consi derati on |n phot oresi st stripping process is termning 30 a
tinme, r@flbﬁeﬁwetpelya@r taHed matppsishtA mask w:}wérﬁo mowaeqt«rﬁbarms@émﬁstsm s tine
must b GRAKAN SR U\'Adht hﬁ@cep{;ﬁm&ﬁﬁﬂlﬂm't}% eﬁﬁﬁsh V\E‘lrﬁ'orés ﬁtc {he wafer.
Preferably, the tine Wl exceed ore5|st has been
ent i r el§e $<aprsd Bleptoresish poecrsh fisk, a@éwms@@sql%e léfdﬁ‘i'eéqpméylumn t&ueh gabrication of

i Nt egr ah&EreGibtiCHIIESa positde Prd¥idsis 084 egative photoresist shows an opposite behavior.

20 That is, exposure to UV makes the photoresist soluble in developing solution. After the

exposure to light, the soluble portions of the photoresist are removed, leaving a pattern of

photoresist.

Immediately after photolithography, the wafer with patterned photoresist is aluminum
etched to remove the aluminum where there is no pattern. This has the effect of wransferring the

25 pattern to the aluminum, creating electrical connections among devices at different locations.

After the aluminum etch process is complete, the photoresist is removed from the wafer
in a process called photoresist stripping. The suripping of photoresist from the wafer surface
must be essentially complete, since photoresist left on the wafer surface will cause defects in the
integrated circuit. An important consideration in the photoresist stripping process is determining

30 a time, referred to as the endpoint, at which to end the process. This time must be chosen so that
the photoresist is entireiy removed from the wafer. Preferably, the time will not exceed the time
when the photoresist has been entirely removed. §ince this decreases the efficiency of the

fabrication of integrated circuis.




Figure | is a flow chart of a prior art nethod for strippin hot or esi st 2.
The prior art nethod begins in a step 4. The photoresi st 32%1 Banﬂﬁrocess
i ncludes introducing a flow of O atons into a stripping chanber that hol ds
the wafer. The O atons react with the photoresist, renoving the photoresist
fromthe wafer. The products of this reaction are renoved fromthe chanber
in the flow of gases |eaving the chanber. The prior art nmethod 2 conti nues
t he photoresist stripping process for a predetermned tine in a step 6, and
ends t he photoresi.st .Strippi-.ng .proce i . f. he .pr.edet er m ned
Cime el apaesod £ I3k FAPRADABY AR & St Elalolbl, TEBERTon 11 e
passes tmethenbegire it Asitp ¢ sEephbatckiyt saipping peced dichidesinsedubiag a fleenf 6t ri pped
fromth 3 .On obl ith the pri-or d own.in Figure |
< That Rl dBud\FaREa M AR E PR e BB pRARR T 1 P
been st rinmyeg therphntotekist frami G waktv. eTheiprodutie ofths rawesi ¢ refpasedrfmm theen

conpl et L d fromthe fer. .th ri. sti,l | stops the

st ;gipppi gﬂé%%r%%ég%gﬁ) gfqtfé?sef f‘?%"mm@%‘é atenrb A ﬁg% ptn|8 {raex%gtg&]% g‘%‘g‘é‘%ﬁ hjlen such a case,
t he pr eshrtaesigfiriphiog poess St a prddtédrmingd fime ing $t¢p hovd bds the phowresied unt i |

| at er, . er W ll ~either v [ h th hot oresi st 15
stri ppi ?1‘39%%‘% 8%%%55%@3 sgpgrcﬁe readre?fgaﬁecii‘?lflﬁgl?ﬁgﬁt' trlltiahrQ %tH ?Esrémrée cti@mgsxpense and
time tochdsen th aipriechet epoughfimt hassdsine eguatiatiessintigiy 411 théyplotdiesist jsbkdnem Wi t h t he
prior agt. in Figure 1 is that the tinme of the photoresist
strippi %‘%‘%@?@%ﬁ?@%r edeterm ned. As such, the time may not be optinally
ef i ci ent . Thre pribien waly the eriorow medtimdtshovwminWiguehl is diweit pomEesono radahs af  t he

waf er s i) I ' esi Si: i T further

b oceas, austink Rl Br GERRELS bysTebl RAGH Bl BUNGEE B aLir ok BRMIEGRRg T "]
whi ch cagdewmrempleslyetippedfiom theowmiaf thepriag kit ntethed pilbstepsdis stripping prdvesen
strippegs I br i cat |

of 10 en;l\ﬁ.‘h‘g%%éd%o%ﬂ?‘%éu o 1 b5 00 ST ol BN o Ao R iR

appar at wgl fopbe desovased yngl latve andths safer will gither Have tedve phrghrongsthsphotvassisbeen

st i ppedfd; f I t -5 L Py MRCESRariogUch a
metshod ané]ﬁfqa%%gcre %%ﬁgh\?\g%d p‘ri'e g}gg%%%ﬁﬁi%dg%%’ég%%ﬂ%agg%g at i %tﬁ)%t hr oughput
25 and effthe igleguaieg circuit 0 KAYhQPObIBUNINRY i amtiaeethodvENTI iNidrslcs osed

enbodi ngRtE. Bk O p&? d 00 oint for a
phot or esi_stetg{lr‘?/f_lpt)%lepr}llgmge?%ce 5%%%?%?% F%/é& &gc}i El?airﬂ{ekgc?r%e[}rg%g{&g%d into the
st ri ppi eRiimelapdieient. (TheimoOman be oshostaintwhichivese spme duadeofkiGzwadersi fading be | i ght .

However i b Sk i t 1.5, iant roduced
rost |y (ocLPeih B Skonl o SplcRR ool MEGNRILSE e ifer Ayl O
erfft t edf¢ BAY berfeo ong. inwhick aast fheprocsss centinpesgéien 4lldhe ghotprdsist e bgsnot or esi st has

been st g Rg ok HEW RS THRTE eas i Budbbull 8 £OHLGh Pk, have reacted with
t he photoresist reacts wth the NOThstead. Thus, the'rate of the O+ NO

reaction i ngeARERrRRE tehRsiAbR W rofle 4 mBhba MaQghesel bhaddignd WRat i on

i ncreases. The nmethod and apparatus detects the light emtted fromthe
react i offsgtialty ajl ghephgtopgsistliag bers sksipeddianhe welgsduing thephotpiegipstipring si on | evel s
to det agbeeld Gue RS ar@fapp PR DIEIaBIY irthdabdX PR BER T BroughpeOr di Ng to a
preferred enbodi nent, the apparatus includes a stripping chanber, a wafer
diZposeIFHCKPH- t he stripping chamber, and a |ight detecting apparatus for
nmonitoring the intensity of light emtted within the stripping chanber. The
| i ght detecting apparatus detects the 15 intensity of light emtted from
the reaction of O and NOto form NQz. 2 0 MAY 240 BRI EF DESCRI PTI ON OF
THE DRAW NGS The di scl osed enbodi nents will be better understood when
consideration is given to the




follow ng detail ed description in conjunction with the acc anyi
drawings, with like reference nunerals designating |i ke2d m E%" Figure 1
is a flowchart of a prior art nethod for stripping photoresist. Figure 2
is a flowchart of a nmethod for stripping photoresist. Figure 3 is a flow
chart showi ng the process of photoresist stripping according to an

enbodi nent of the present invention. Figure 4 is a schematic view of a
first embodinent. 1o Figure 5 is a schematic view of a second enbodi ment.
Figure 6 is a schematic view of a third enbodinent. Figure 7 is a graph
showi ng the intensity of SU@TMAB&%FH@WV&NTIW reaction of Oand NO 2
0 MAC 2~ DETAI LED DESCRI PTI ON OF THE PREFERED EMBODI MENTS Figure 2 shows a

flow chart depéiedeit BEbddtReniBiréVidesd @RBoddnd ap}ﬁ&h{%q& Reotidghe d@pantfbmg t he

endpoi nt _of a photoresist stri cess. In an ini 202, the
phot or e?f‘%tf’regitF?’BBP%@TOW%%E@E‘B& %§£N$ﬁ‘ée IB'?ﬁﬂiPBeldégtloélfes Hpinéﬁf’%?@ *brocess is
det ai | edwHed It 4@ INO ﬂaadFlt@yr;ﬁodaceamdz ardendlt 1RGC Topant \n@ildiﬂnsmrdsmmmmns dnn a step
204, an jncrease in emtted I|

i'S cte Pr ef the i i's
enit t ed BEFLREC teLE{TEIuEsH M anaCIW‘ﬁbtﬁT P)rfc’?ﬁrﬁﬁz andeé)u %’F all ameunt @ of an
appar at uighttloendeéde{edm thB © + ROmreasen. | Afiee aaséﬂneniy !l b photandst b Hearldtipppd acenent

of the a s to. detect .the increas e Wlthln
Che: cap B he Ve DR seD el youdin Fanel M Rephdiesn s BN T
I ncr eas énstead. | Thus fketrhte df the ght NOirgadsintrbesescnd pmlantoumfofhgla ppidoted irethé st

strippin rocess or.esi st s | n or a

ot et erar B rRnE T mBErL g IRt el e A R A BRI

pr &det ermd N@dnd useeth Bicteageri ghe hgh@mxon er:lls ® detvet thperdpeistofitie phptgiesisteni t t ed
signal s _th I?ib érgceg% antially all of the photoresist has been stripped from
t he waf er, Fe“extra time for the phot oresi st stri pping process ensures
that the Wafer has been sufficiently stripped of , , i5 photoresist.

Final ly, in 4ccauling ipopreferméepbreinas ieprattys ipprdss 2 srpewe s ehded. The
phot or egjagt dlsﬁ«ﬁedhﬁﬁﬁh t‘ﬁE gmpﬁﬁgcﬁaﬁlgsp idae ngﬁmfecmohppmmm Rionits¥ing @adY for

further processing. gure 3 shows a f|low chart dep| cting tge phot or esi st

stri ppi Hienshoidight de’flmﬁl the EreiredamhEo dheiehf deteghas prrgter derdithst 1 i ppi ng
pr gcess id@in b Nemifeddrot] BPredldn of0 ahdIRORS €8AID,300 20 begins, O-and NO -
are introduced |nto the stripping chanber in a step 304. In other

enbodi nents, NOis not introduced into the chanber, but is introduced
domnstrean1fron1the stripping chanber outlet, into a flow of gas com ng
fromthe stripping chanber. In a preferred enbodi ment, the O and NO are
produced by introducing OZ and NZ into a plasma chanber, dissociating the
QZ and NZ within the plasma chanber so that a flow of O and NO fornms and 25
enters the stripping chanber, in such a manner that substantially no plasm
enters the stripping chanber. In a step 306, the photoresist is stripped
froma wafer. This occurs by a reaction of Owth the photoresist, which
renoves the photoresist fromthe wafer. Wile the photoresist stripping
occurs, nost of the Ointroduced into the stripping chanber is consuned by
t he '




30 reaction with the photoresist. Only a small anount @\@q@{q]@g% to
conbine with NOto create NOz and emit light. Thus, onI?a smal I anount of
light is emtted. 5 2 ~ SAY 2~~4 In a step 308, the photoresist stripping
is conpleted. At this point substantially all of the photoresist has been
removed fromthe wafer. Since the photoresist has been renoved, the O no

| onger primarily reacts with the photoresist. As seen in a step 310, the O
is now available to conbine with NOto create NOz and enmit |ight. The
increased availability of Oincreases the 5 reaction of Oand NOto create

NO= and I ghﬁm W@s Hﬁ‘lbﬁtﬁp%kﬁyD%\ﬁWdSt ed light increases. This
increase in emEtte ? I'savisible signal, as seen in a step 312. The
signal is 0bﬁﬁrdYs@ﬂse%lebUnﬁ]%gnt%Qﬂlsde%@@ér um&stgaamh Unsibralidlfis DR RIAST 1

stripping process in a step ure IS a sc ematlcvewof a first

enbodi WEE datﬁﬂ@m@mtlmn t@yunatiqy \ame @Wambwmgzlrwaarwﬁelﬁcean inlet 14

and an %&ﬂn&r?eralkHesi’ginﬁt{ngfhﬁiél oftbodi nent, a flow of G2 and to Nz enters
t

t he pl asna chanber e plasma chanber inlet 14. Wthin the

pl asma Chamﬁ‘%u.ré—i?zs atﬂb%c@énaf%rm?a@fn%thgﬂﬁﬁgﬂpﬁhg odtedisfat NO and O are
formed. The fTow of NO and O'exits the plasna chanber 12 through the plasma

chanber out IRurd His oSt dhbdP B NBetBIINODRFppl ghepkisses an inlet 20 and an
outlet 22. The plasma chanber outlet 16 is in fluid cotrununication -. with
t he stri ppi riguedaizladiow dibrethoRthg tHdpiscesd dfphbtbevistairiphins atdrddganter s t he

strippi | eaves the plasma chanber 12. Substantially
no pl asmn%bogﬁ?eglF%{tﬁl%resseﬁ'lflﬁB{]Wg chanber 18 fromthe plasma chanber 12, only

uncharged g |y coated with a | ayer of
phot or esi st 3% S‘\t{sm"pn(;)ﬂslce S|t§l§lt nﬁ)%dﬂer%* ppi ng chanber 18. As the flow of

O gnd NO paﬁﬁegg %Eaﬁ@ﬁeﬁgfdﬁpﬁagﬂﬁg@%&r 18, the Oreacts with the

| ayer of phot oreS|st renmoves the layer of photoresist 26 ftomthe

waf er 24. 20 Figsd 68 alsBRm3tid HiBPbNOmED BSimd3, O reacts with NO to form NOZ
and emt light. However, while the |layer of photoresist 26 remains on the

waf er 24, mridurof isrargeap@snoamfgqﬁémwdrylbyhglaaieﬁettagfnymtﬂar&ah@onl fYEBindefo. -
photoresist 26. Little Ois left over to react with NO, so little light is
emtted. Wien the | ayer of photoresist 26 is substantially entirely renoved
fromthe wafer 24, the Ois no |longer consuned by a reaction with the |ayer
of photoresist 26. The O now reacts with NO Mre O 25 reacts with NO after
the | ayer of photoresist 26 is renoved, so nore light is emtted fromthe
reaction of Oand NOto form NOZ Therefore, the amobunt of emtted |ight
increases after the |ayer of photoresist 26 has been essentially entirely
renmoved. A detecting apparatus 28 detects the level of light emtted by the
reaction of Oand NOto formNOz and emt light. In a preferred enbodi nent,
the detecting apparatus 28 detects the |ight 30 through a w ndow 30.
However, there are many ways to arrange the detecting apparatus 28 so that
it can detect the emtted light. In a preferred enbodi nent, the |ight

em ssions fromthe reaction of Oand NOto form NOz are sunmed over the
wavel engt h range of 470-770 nmwhile detecting intensity |levels. 6 20
MAY 2004 '




Figure 5 is a schematic view of a second enbodi nent of t?g ﬁﬁ?
this enbodinent, a flow of Oz enters the plasma chanber

pl asma chanmber inlet 14. Wthin the plasnma chanber 12, the O
di ssociated so that Ois forned. The flow of O exits the plasma chanber 12
t hrough the plasma chanber outlet 16. The flow of O enters the stripping
chanber 18 as it | eaves the plasnma chanber 12. Substantially no plasna
enters the stripping chanber 18 fromthe plasnma chanber 12, only uncharged
gas. A separate input 40 to the stripping chanber 18 is provided to supply
a flow of NO t EMIALEDDERSRIGTON ¢HETHEP REFERERR EMHORIMIENTS shown i n Figure
5, the window 30 and detecting apparatus 28 are placed close to the NO

i nput, to ai Beeeskawsarfloofchetydeplidtigh theamidriseps ¢fia methwd 26&fr dgerting ® and NO. 1
o The d C i i tted by the
reacti o%ﬁﬁ%o%n%g%sgﬁga%pg%ﬁ hﬁasn lﬁggl K h%ﬁ ﬂ]i%phgiotrjéﬂs%ppﬁ%lom in Figure
4. Fi guPEces peging. Jhpphasrpsist %mmﬂgﬁmfet:&tlhﬂ?t@lleérfbﬂm indgureod andtis appar at us 10.
I'n st hi s eahedhRNescribi, Feaction of NO and O to produce NOz and Iight does
not occur vvlthl n the strippi hg chanber 18. In this enbodinent, a flow of Oz
enters the phasep 204anhRfeaskin @rﬁi@ted ﬁgtﬁédéteae@clhx%%gllystﬁe héh%ﬁs dnifdgow of O

enters the stripping_ chanber | e substanti al pl asma enters the

stri ppi AgRdhRREPn 2L mﬁ%@f‘h@fm QIQ 2y SHBL RO %ftagal?mraf‘ﬁép dat5ct pi ng chanber

18, so idiRadean ehired htﬁt,gtha s@ﬁbl’%bﬁé’erﬂeﬂﬁéfdlﬂa afppeatsa.t foldRiRétEE IREBIDBY endkedl  OM t he
reaction of O is essenfially zero. As a flow of O | eaves

the strBPErg"s @H’%tf]?ﬁbtt‘e ia@aftlh‘ffaggtlitf’teﬁ@”% oyt efFs RISETSSIBgt Thetingense ¢ ent er s
a gownstreadneddiyandigials ik endpoidt 0¢ho bhdNedis sirippibppideeesl i nto the z0 downstream
channel 60 through an inlet 62 into the downstream channel 60. In the
downst r eam ckaphabre§g, stdphmg brooass Gcfntlhi@s &m}l pirdietefohiont thiie 16)arsep1<206 ti@apr oduce

NOz and amc i S det ted by the
detecti %llgefe%g%%r?baﬁ}&ijnzeng 'é‘r“‘é%‘l tl>5ne IP d’estec 5‘? T r\gﬁ‘i RPSEEE Ty %éct s the
| i ght témigedhgrmisthay dlmata&(hlly all bfibe plmmsstlstt barbeahatyped e theai/etfdsrpuhg bxatahere are

~many EQ Al kan et ec m Jight.
"The win OSV 038-% e?%%oggsﬁgﬁgggﬁj%%sgegggg {stgéggfae%]gasg?eélfsgéﬁg )?Y ﬁn % -close to
-t hé inlehot@Gistnt o t he dovvnstream channel 60 to aid in detecting the light
emtted in the reaction of Oand NO Figure 7 is a graph 70 show ng the

i ntensi-ty .offmailytin a gen 208 td phaterasist Heippiagproreshisehde® AhepiNOredisthasg a - -

pr ef er rgd aRbaditiRIthe vl B RAMATGIG LohEBIRAsREOCESS. The Intensi ty
| evel s on the graph 70 represent the Summation o e intensity of |ight

over the ramgeedd shdvwda AdO M depietindQh }fo'td’r&‘ﬁst Eth n&&oce@MOBbeﬂ?&?ﬁ&St
stri ppl%g) grocess has nqot begun and the lig etected is at a | ow | evel.

At a ti ppent. @eﬁh‘?ﬁ?rﬁ?ﬁét@t’méPﬁoFeﬁfn”QPd’eétnéH’eas%eP@@@ fgthe 7r0ges5 38 ow of O and

N@o ent etegink RarBit NG pRiifebdGda M the stBPHBy Eambbein Ds@pgdodNGh b@act s to form NOz
h .70, the |ntenS|ty of |ight

and em t can. be. se ra
det ect ecﬁ“boﬁg}e@‘ﬁslﬁé s ot fwrogye ‘ﬁ‘&“’lﬁ% ‘ﬂ‘ﬁ‘f“@% ?Lﬁés IRFIGHERE [AoOREStgap B e unti | t he
i nt ens@xypprrgahhei&r autlet, @hie s fibe\vefas dbmidvg thioBthe GrippiigQiiki@bdr | nﬁ;ﬂ-@feirétl a later

time 78, zao~ .5 S Wth t hotore5|st and
is not AUS Pgﬂﬁ telet%‘am?mﬁﬁofihcekl%' me’alif"tg%f@”%& m%‘tfo@?sgﬁt lPe&}’ no
phot or ehssettxatmgmtm@t&ndmtg ivitkin e pidsma amshbehe tﬂna&lowwwofaheeldfanﬁmat wth the

Th Lo a | at er he |ntens of ht detected
N%eat I ;/éﬁfe%sctg‘ggett 5 ing ¢ m)r & hsu‘:h&ouaﬂﬁr&thgat furl?Stlalmaghg? plgsmagn e§¥tp?1 ’C'sé’e si gnal s
the endponber. of the photoresist stripping at a tine 80. The photoresi st
stripping process and the flow of NO and O continues until a tinme 82 to
ensure essehtf}Fé¢n%ﬂ63h¢ph0me8t$ht§tsmlpe%ﬁfst&nh@{sfebeféms ®turs ppecaftivomt Ohe waf er. At
a tinme 3a hd otégw ; raa(}xé hd & s, and the
intensity oflm%t Y ggltcg(% ret ll#dg%gstl%%gmlsfo{/v #@vgﬁmfé %{Or‘%ﬂgnl y a few
enbodi ﬁﬁtﬁ?@gﬁéﬁ}d@ E’é@@f@é&lﬂim@@qlﬁod@tsamplftae‘hmhﬁ!Slconsstmeilbldthbe under st ood
that t hechleseil RephdiBtAedoRDY ARPALAIYR DBMLRE, SHRALIAE N@tor@% ot her

e

specific forns wi thout departing fromthe spirit or scope of t i nvention.
Ther ef &% anq prait gls dhvs, enlaapnakamaner ofhiglyds ereiieds are to be considered as
illustrative and not restrictive, and the nethod and apparatus are not to
be limted to the details given herein, but may be nodified wthin the
scope of the appended clains. 8
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20 MAY 2004 9 CLAIMS 1. A nethod for detecting an endpoi n%g;o@ ? m t oresi st
stripping process conprising the steps o stripping photoresi é f a waf er
di sposed i nside a chanber, wherein the chanber contains substantially no

pl asma; detecting an intensity of light emtted; and using a change in the
intensity of light emtted to detect the endpoint of the photoresist
stripping process. 2. The nethod of claim1, further conprising the step of
introducing a flow of Oand a flow of NOinto the chanber. 3. The nethod of

claim2 whergin. t mtted light .is emtted ,n.a reaction of and Oto
Formnee. 4. Prisse s T ap et tieste s el o by B oo PR

phot or e pheibresig het ickpretroeedoingd tie @aifest Sihteoha fitiveresist kas bedn. rethbeed e adl of clai m
2 wher ei .St of detect.i a change in t i.ntensity aof . light emtted
further Iééhgm%@g@ore é:[sewcl itnegphgﬂ°9?5f*?&r‘gsas§e T Sieﬁgﬁ’ﬁl}eecﬁgi“tov ag?IIaPlle t emtted
from a reatitd with §D thQeanNOQandemiT light. nBtehmteasdd avhifabifithbof OMmeresedentht he i ncr ease
I n 4 ntenslt i 1 tt fromthe. i-on.of .NO.and O signals the
endépoi n'? &gt%&ﬁtoﬁgj %E:(;ﬁtdotf)g%%tgga sztalrul?g%l}t'nghuﬁ’rLg%ggeg.gg'tff%%&é%drlrlﬁ hod ot cl ai m 5,
wher ei n Thiséncesaietin editied bt ivketisibie signdl.ss seen irhestepadidl dhetsibnal sngened ambout 470

nmto alﬁ?édtto 571&911 fﬁgbndpoi%po%th%ggéisg‘gripping process in a step 314.

Figure 4 is a schematic view of a first embodiment of an apparatus 10. A plasma
chamber 12 comprises an inlet 14 and an outlet 16. In a preferred embodiment, a flow of O, and
10 N; enters the plasma chamber 12 through the plasma chamber inlet 14. Within the plasma
chamber 12, the O, and N, are dissociated so that NO and O are formed. The flow of NO and O
exits the plasma chamber 12 through the plasma chamber outlet 16. A stripping chamber 18
comprises an inlet 20 and an outlet 22. The plasma chamber outlet 16 is in fluid communijcation
with the stripping chamber inlet 20. Thus, the flow of NO and O enters the siripping chamber 18 - =
15 as it leaves the plasma chamber 12. Substantially no plasma enters the stripping chamber 18

from the plasma chamber 12, only uncharged gas.

‘A wafer 24, at least partially coated with a layer of photoresist 26, is disposed inside the
stripping chamber 18. As the flow of O and NO passes through the stripping chamber 18, the O
reacts with the layer of photoresist 26 and removes the layer of photoresist 26 from the wafer 24. -
20 Inside the stripping chamber 18, O reacts with NO to form NO; and emit light. However, while
the layer of photoresist 26 remains on the wafer 24, much of the O is consumed by reacting with
the layer of photoresist 26. Little O is left over to react with NO, so little light is emitted. When
the layer of photoresist 26 is substantially entirely removed from the wafer 24, the O is no longer
consumed by areaction with the layer of photoresist 26. The O now reacts with NO. More O
25 reacts with NO after the layer of photoresist 26 is removed, so more light is emitted from the
reaction of O and NO to form NO,. Therefore, the amount of emitted light increases after the

layer of photoresist 26 has been essentially entirely removed.

A detecting apparatus 28 detects the level of light emitted by the reaction of O and NO to
form NO; and emit light. In a preferred embodiment, the detecting apparatus 28 detects the light
30 through a window 30. However, there are many ways to arrange the detecting apparatus 28 so
that it can detect the emitted light. In a preferred embodiment, the light emissions from the
reaction of O and NO to form NO; are summed over the wavelength range of 470-770 nm while

detecting intensity levels.




8. The method of claim5, wherein a wall of the chanber 'gcﬁw\egﬂﬁg wi ndow,
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fromthe chanber; providing a downstream channel, the downstream channel
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| i ght erritte froma eacti on ase in

i Intgen_si ty of BHE 1S il;e”éa%clv‘[e% Fec?ﬂ?‘f% ?3‘58}%}?1638?“% 1a0n§ :I glnal s the
endpoi ntembédimbre, a;ﬂmtﬁ]@asn&ts tist rlasppichgntpr m:thmch 10 pladihechambéradetdft. cl aim 9,
wher ei n \ﬁthhl% hePnB%ntm c&a%gg‘wséeeﬁa%nflg%?%gﬂg (lt) sc%ezme% \M]e ﬂow bf(ﬁ he I nt ensity

of the I ei ng e “\WM ndow Kt det ect i ng
appar at lp.tasm&dhambn 13 tipraughttiusplésor cdamtecouthglﬁaﬁ he rﬁdw@f @tenmfs the sml:tptrrgr esi st
strd BB: Ul ORERS 110 1EREs B BLRE: G095, géﬁgea%rag agnmtegme &Qﬂﬁ,;ys'r ety o
with thehqmb@ttﬁrfersm sltplasrh:ecl@mbcrpiﬁlm@fmhaargt@rgahaﬁtserpgrwnpumﬂ@to tend an outl et;
a plas I | chanmber outl et

p! asmg, ﬁﬁg@ﬁ@bé}% i{ o ffed B L %;hraar}gm%h\ﬂﬂo ol sm;h:h-% n% ﬁ‘ :

belngln nmuni‘cat1 on e stripping et, the plasm

chanber bei rlgtlﬁ‘efeir%&lh\éﬁ sL&m@m%n%x?é akhe %M&n@det%&&g%ﬂa@ﬁ}é'zﬂgret he pl asma
chanmber throug ‘5 asma chanber outlet and entering the stri p| ng
t

chamber p{afﬁdﬁl?gﬁwtﬂw@l kb i Fidjdeesipbelithe lighpemitgd ahgrstchiempd @ in fluid

COfPMUNI GRS depddrid 4ppar5th§z§&e&ecfgnmgte§sh§/gbﬁ%n %ﬁtﬁtw 1h@ rdaBERiioY © ol Nb% was not

reacted with the photoresist
form NO,, just as in the embodiment shown in Figure 4.

Figure 6 is a schematic view of a third embodiment of the apparatus 10. In this
embodiment, the reaction of NO and O to produce NO; and light does not occur within the
stripping chamber 18. In this ¢mbodiment, a flow of O; enters the plasma chamber 12 and is

15 dissociated so that a flow of O enters the stripping chamber 18, while substantially no plasma
enters the stripping chamber 18. Substantially no NO exists in the stripping chamber 18, so the-
level of light emitted inside the stripping chamber 18 from the reaction of O and NO to form
NO; is essentially zero. As a flow of O leaves the stripping chamber 18 through the stripping
chamber outlet 22, it enters a downstream chammel 60. A flow of NO in introduced into the

20 downstream channel 60 through an inlet 62 into the downstream channel 60. In the downstream
channel 69, the flow of NO and the flow of O react to produce NO; and light. This light in the
downstream channel 60 is detected by the detecting apparatus 28. Preferably, the detecting
apparatus detects the light through a window 30 in the downstream channel 60, although there
are many ways to arrange the detecting apparatus to detect the emitted light. The window 30 and

25 detecting apparatus 28 are preferably located close to the inlet 60 into the downstream channel

60 to aid in detecting the light emitted in the reaction of O and NO.

Figure 7 is a graph 70 showing the intensity of light detected from the reaction of O and
NO during a preferred embodiment of the photoresist stripping process. The intensity levels on
the graph 70 represent the summation of the intensity of light over the range of 470-770 nm. At

30 a first time 72, the photoresist stripping process has not begun and the light detected is at a low

level. At atime 74, the photoresist stripping process begins, and a flow of O and NO enters the
stripping chamber. Some of the O and NO reacts to form NQO- and emit light. As can be seen in
the graph 70, the intensity of light detected increases after O and NO enter the chamber at a time
74 until the intensity reaches a higher level at a time 76. From a time 76 to a later time 78, much
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chamber contains substantially no plasma;
detecting an intensity of light emitted; and

using a change in the intensity of light emitted to detect the endpoint of the

photoresist stripping process.

2. The method of claim 1, further comprising the step of introducing a
flow of O and a flow of NO into the chamber.

3. The method of claim 2 wherein the emitted light is emitted in a
reaction of NO and O to form NQ,.

4. The method of claim 2, wherein the O reacts with the photoresist to
strip the photoresist from the wafer.

5. The method of claim 2 wherein the step of detecting a change in the
intensity of light emitted further comprises detecting an increase in the intensity of

light emitted from a reaction of NO and O.

6. The method of claim 5, wherein the increase in intensity of the light
emitted from the reaction of NO and O signals the endpoint of the photoresist
stripping process.

7. The method of claim 5, wherein the emitted light detected is in the

wavelength range of about 470 nm to about 770 nm.
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providing an outlet from the chamber;

providing a downstream channel, the downstream channel being in fluid

communication with the chamber outlet;
introducing a flow of NO into the downstream channel;

detecting an increase in intensity of the light emitted from a reaction of NO
- and O, wherein the increase in intensity of the light emitted from the reaction of NO

and O signals the endpoint of the photoresist stripping process.

10. The method of claim 9, wherein a wall of the downstream channel
includes a window, the intensity of the lLight emitted being detected through the
window by a light detecting apparatus.

11.  An apparatus for detecting an endpoint of a photoresist stripping

process for stripping photoresist from a wafer, comprising:

a stripping chamber in which the stripping process is performed by reacting O

with the photoresist, the stripping chamber having an inlet and an outlet;

a plasma chamber having an inlet and an outlet, the plasma chamber outlet
being in fluid communication with the stripping chamber inlet, the plasma chamber
being effective to dissociate O; into O, the O leaving the plasma chamber through the
plasma chamber outlet and entering the stripping chamber through the stripping

chamber inlet;

a downstream channel in fluid communication with the stripping chamber

outlet to receive O that was not reacted with the photoresist;
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reaction of O with NO to indicate the endpomt

12.  The apparatus as recited by claim 11, further comprising a window in a
wall of the downstream channel, the detecting apparatus being outside the

downstream channel and detecting the light intensity through the window.




