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35 ART FI ELD The present invention relates generally to a resist residue
‘renover for renoval of resist residues occurring in sem conductor device or
liquid crystal device fabrication processes. Mre specifical '
invention is directed to a resist residue renover used for rg mw%maﬂme
resi st and ot her residues which occur in a process wherein.

is coated on an electrically conductive netal or insulating filni'®8fMed on
a substrate, and exposed to |ight arBPEREMEIGERON 0 form a resist patlern
thereon, and this resist pattern is used as a mask to selectively etch the
metal or insulating filmor inplant ions for circuit formatio

unnecessary portion of the resi 8ESLSTr BEFOVEHELREHONER]. AccorﬂMM@”EHWMWHm
i nvention, such residues can be renoved w thout any corrosion o

conductive or insulating film BACKGROUND ART For renoval of resist

resi dues 9n fabrication processes of S¥M cohdtiét or devi ces such as those of
silicon and cormowne_s‘pseeenes 16985 tane hieQuitdsCihesiedlaldevitees (el
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| a=ge amount srpérdapgeaaus fRLEH 8ksusuch éSpQBQQBECWEQEéQﬂté Wth
enV|ronnentth8rotec tion,in mnd). therefo sone&ﬁon5|derable protection

measur es ar ePReBEERSEBtsdEureassfePy) 2Bng @&FF9c8 YWESPEUFitLyEs Fiet iy or
seniconductoinsuiatiﬁgrﬁiahlﬁarmeaceﬁSQSsuEhakate" eadoerRposedpesi light
conposed nai I nlunlfluorlde h elf a terrible

chem cal ar% useavﬁgnﬁegltﬁt FhrgFlgﬁlga ggn%@ “Saeh aanﬂ %%

met hyl py¥d ol Feohet apdttenst Ayl ﬁeuen?‘adee mhgk &ce s¢degsrivedynetehi ghe. Al so,

hydrOXy|a”1Uﬁet&@tBE”EEQMha%EEB”EHﬁhhﬁQVQ%bqgmtnﬁ%%%tQ%Qobagb%%t etc. are
in thensel ve Oorganlc materials or used in the form_of conpositiqgns with

ot her organi EtPBY sBRE0 2PN UBBRIFES ATt BPTFABR 4t ith8 FPSESsés usi ng
such conpositem@eeasbyheshlm@ntaA@cagdiaggeoaubantsveﬁtoegansﬁcnater|als
that are ter hem_ca e terjal I some

consi der abl e£é§#§u§ar s%a%% ?Eem%?'%gd%fggioﬁ %rfaﬁ ngsrellsogg"fo sg)cfﬁrtlhng t he
safety of0 mo¢@ndupu1Eﬁvpronnenﬂamlme éﬂémectlon For conpositions

contai ning nuch organic materials, the step for renoval of resist residues
nmust be followed by a rinsing step wherein rinsing must be carried out
using a water-sol ubl e organic sol veRRCEGERVRD P@Sbropyl al cohol, and 20

N- et hyl pyrrol i dorer Hewevel, ofhiresdeganiee isokgenh EabaldangenopSOHEEGebal
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that a SU|fUébﬁp@§k€1@&59@%&ﬁ9QEQhQOB ﬁelhydb@@eﬂeeergxuee wOPH) aar an
anmoni a aqueous_sol u n of

g gg gperOXI 8} av IabI for rennva
of resist reSTHTRECcERNEE be E &d BEY&EUSE Pﬁ& 'h&?
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resi dues th emain a ofi i nplantation etchi ng Usin N

ar seni ¢,3borperenidet harmesis.; éguDISQ@@S€REhOPSTHEdwmﬁéercn Aﬁhﬂm&&ﬁ of

the present aﬂMsﬂihﬁnfﬂﬁoEQd%rO%hQEa%¢h%%'%hor%®HQ%%15%ED!§EhW@bCh enabl es
resi st re5|d5¥§ -3 ogcuring in sem uct or %P§| %z crystal

fabrication rex¥eamineg hYﬁé@éPHEOﬁﬁgn€ﬁF°€6 CrieAg “fesi dues or

i mpl ant ed i on- COnAaﬂnth@sbe&b&boﬂdthbﬁmsaﬁyﬂﬂdﬁnﬁbMﬁkﬁkmdtﬁ;gt@hlng to be
renoved mﬁthgut an¥ gorr05|on of 5 int FCQQQEE}I%& Wi.res qr J at% net%!s
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anmoni um Phoshg! ecandat o1 padensed 'Jﬁ?é%h%§%h%%%d%@dt%a§'?%f% pH
ranging fro fo 1 ? esi st residue renover according t

above, wher efafShEYd anfio idmypleodpase cafd/Seossdi d 1o rdeRSeaSamrsA um
phosphat e have a concentration of 20% by mass or 15 | ess as expressed in
terms of total phosphorus concentration. (3) The resist residue renover
according to (1) or (2) above, wherein said condensed anmoni um phosphat e
cont ai ns anmoni um pol yphosphate in which a pol ynerization degree thereof is
n=2 3 405 and/or ammoni um et aphosphate in 20 which a pol ynerization
degree thereof |s n 3 4 or 5. (4) The resist re5|due remover accordlng
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10 residues. . Such a renobver is an aqueous sol ution containing anmoni um
phosphat e and condensed anmoni um phosphate, and is free fromany terrible
chem cal or toxic material and does not bglong to a dangerous material.
Thus, the renover is 15 safe and so prefefable in view of work-site
environments and safety. In addition, the renover enables |iquid waste

di sposal to be sinplified because it does rot contain a | arge anount of
organic material. For use, only contact of the renover of the present 20
i nventi on wifekrigatierher ocesEESt-reated i s needed without recourse to

conpl i cated stepghakn iaddidenRRrert ROMRAUITIRM DI mEd £ad R n BY &P conpri ses

wat er washi ng al gne. _Thus), the tr.eati.ng .operation involv, can be,
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any corrosi agreprielide mpaec dide tidd iwsl tinlddeant d soleraits i sudiheagrendber to

treated, for instance, .a netal_. .The a ium phaosphat.e used ip_ the renover
of the p‘T’ es ?‘iyﬁr%’ ﬁf‘lo&rf qogeaﬁnme%gafﬁrng mloC% ﬁ%%%%s%%%r?%n%%}f%us
(H3PUqg), whmaltemdwlisncl atlecanhmdrdkylambinei ntatdameshy36atmmoaineut ral salt.
The condens iu e ejther tht_g‘_% r ted
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3 or 35 greatghniknma@® iGases, the condensed anmoni um phosphate nmay

i ncl ude ﬁ salt called gn ultraphosphate. It is acce%t?abl e .t hat aCtl_Part of
these cbhdensed pRoSFHHCESSHGF Be FaPTE Cati ot Y GGE =58 SadiSHE S form
General |l y | eoibesietover saf tiHuseressdinimentdryy drimrmondehsetdyafiosphat e
is a mxtur f phat e ANt i v i an
or t hophosphiPSe7iAls AR ddes tet e G AL RENSIHHIOR MRS,
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met aphosphagﬁﬁ»pogest RESe RIASPRALER: NROIARNSPRAES, WHEd Corfdy i SorSfidiat a1 O
about 2_%0 and net aphosphates where n is equal to about 3 to 5 are

t hought 1®f B¥OBECKEBr-eferable 10 for the step of resist residue renoval .

The concentrati omroef ddipcafiaiesd dqesphiong ena b reRiad NEkst ¢4 1S iehof

amoni um or t hophqasphate in.su a remover_.shoul d pr.ef.er abl bhe % by nmss
or Tose b FORPoSTRy TN Hlorims THY 1T Ao Ot oPiE et 1 e Y 14
Usual | y, howdwnedngt isaterc ofsaretiratd iors o utus thove pref eedbdyt besingtde range

of 0.1%by gRerlQ 0¥y JREhi WiRddit w&ewd'mw PIOSRHA! €ahd
used in_.such a rrerrgver, t he pollfphosphat es (LrF]&: 1 ) agd net a,phospaﬁat es
“f-or
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st ep, ot her dahgerotishaphesqhdt &oxs kil dh prodee readf ¢eetriniy f or 60% by mass
or | ess of . ri,c i 0 ese in ternms of
phosphor us %%ﬁ%%%?’%%?&&% Hqéoutgﬁﬁ%%g}hg{vg\gd\isérﬁ,ses{ ﬁ%{/e Zrhé(;%cfegd'nore preferably

account for 0.1% by tigsotthewindsy meals sum 25 ghospHen antitditanium
conpounds. At-eSUeh, RGN BIJI8Nusdderdergues d sryetily EapalisieRier!, eMmovi ng
resi st §5| dues. OEy use of such cqndg&sed agho phat es C(s;iénantl oned above,
the menber £§iFe offEIfed EITVE IS 413 B M LortTst AR SBtRover, the
t ol erance okofdtdichh afedpeitogen qEr@sidn CEBPMbecB30an nameased. adibtedss her e
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i nstance, | tﬁ%ﬁ&&\gs&%ngté;ﬁl}{ aygq\'eg{ séuc é%l(se&jeSi %ri}?)'rl %/b%\%%g% %_Pe%?rgér\;easlai %If
phosphori c &€iSd SEoFEEdHENS Ss IFadInd T sf arssst et & Threemiedndntdd 0.1 to
5~ by mass 3Rtal s, eRRsAtied iih tefdekdiwiHtad PhoSPhos ust caneents ati on.
Thi s eng&l es_.the netal corrosion (Proaléjlﬁamto be mtigat edt and is grlrlef rabl e
for 1iqdPd Wadte *EFOYEES SGTRPSed PAMaY Fer™ Bt SI Bl ’” atiow a
net al | ayer ikavisngiisf didnel Mt hrefiotderes Oetr 10¢s sdibons crlomts, rémain nsftasce,

0.1 umi ncl ysjv .excl usi f i pr ed f
erosion. 5 glne‘{ gaa’l et_%rpsj’te&lr e%%%%% gln%%e élg&%ﬁs%%‘%l%'r %ngél}-%%c?,r al%ée)lngor% film
whi ch incl uéest wdhest alorisayer and in which the influence of the renover on
netals is limted, e.g., a silicon wafer or glass substrate, the

concentration of the aforesaid 5hothori c aci d_conpounds shoul d preferably
be 10 b8Pween 1% by rmass andPIB94BYURESSFal FepPVENTEON in terns of total

phosphorus concenty ajdjabr U fhe Qirddent efpyeit Dénthe psesestiaavention
may be selected fromw thin theepH range of '.to 10 de endln(%fon what

purpose it FESISEd TS IUR E DI ST rgtaP A o ERbPhasPHOTI S aci d,
condensed phosphoric acid or ammnia may be used. |If these are used for pH
control, it is then possible to enhance the ability of the renover to
renove resi st residues depending on their types, and reduce netal corrosion
and gain tenperature and tine controls at the 20 renoval step. Cenerally,
the ability of the renover to renpve resist residues increases with
decreasing pH Surface active agents, and chel ating agents nmay be added to
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'g_ The tenperature and tinme of contact of the menber with the renmover are
23C to 90' C and about 1 mnute to 60 m nutes, respectively, although
varying with the pH of the renover, the pgopertles and material of the
menber to be 5 treated, etc. Thus, only a“short time is needed at a
relatively | ow tenperature. To keep a given constant effect on resist

resi dual renoval, one batch of treating solution may be replaced by another
bat ch of treatlng solution when the treating tapk is 10 operated in a batch
fashi on. Al PECHELLRE 1 GREH IREHGEA i Ky Jt%kl‘%‘]sc%%?%% e‘gal?ﬂl‘éaféb‘ﬁ’t’ll nuous

fashion, a fprx%%fés(sre%pl anieshi R@rt 230l drk SR d e g reypRnsate- f or
evaporati Onrl“@h- ere noted that the tank used herei n mag have_a vo

unme
of the orde 850 QRIS GRSt R 136t h
t he renover eafcht:hr.@ pioe&ﬁarltremmlmhcbmt|esnprezf>erabiento*=wash t he nmenber

w th watger rvin {rJemoval treatnment involves
only a wgter vvaesrr% ng s %Q/%%%iﬁﬁ_ggcga]%e HE?CZse%]t i nvention is now

expl ai ned nore i Thisst rOéijlaLB:I i sniadh esfadylendey ttha omvenxaignesreEkeepl e 1
PREPARATI ON ?5'3'%!&43\{%% 25 Ammoni um or t hophosphate was used as the
phosphoric acid conpound. The ammoni um ort hophosphate was then diluted with
wat er, optional | i3 t B (RS ifddingSoRlust TMAHRIh d8pHat | SORY FFehdanmmoni a, to

prepare an QRS SMididh C&hﬂa@\ir{m &mmmmﬁémﬁ@hate at a
phosphoiws concent i on of, 30 % mass nd havi n valLues as
shown i nVTalIC@3ER AR TR ‘f’e“%?g Ib‘%o”%oh’ﬁ%‘?c al

product represertt.ed by a chem cal forrrul a: (NH4)3P04 was used and for the

or t hophosphori c q_qu f d a o by
mass aqueous sol 3(“ on) waslsués?ecfgﬂl%—j %é;{&?%%réggﬁ%{%%%é ?lg Qv\ggéééed
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The resulta | ti d bst OThe
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renover, andnuesyiugned Riadrhaterin Wiél@én@\mlm@axmmomva%ewm ed out
for the ti mgshow i Jable 13 1o dhis &?&ﬁ&r%ﬁm&dﬁﬂntﬁé&ﬁo déders in

vol une %s 15 filled vmththerem)ver washi ng was carri ed out at

25' C fofYs Mt B ymstie athathgt %%9% GEy ghd £i41%¥d i th
purified water. The tMmis treated m:tddaymmenbsum@m@x@smmﬂd b
terns of ho IS [ e d; and .t egre h
metals were c rodef?s) l?achr(?%su ésréé% %%ggﬁﬁnl%ag?igiggig@géggl %%t ?S% gf
how much re§|n§t A QHRE IRFec fedrobee) RiesRierREC 03cidit ererreeedng Wi res
on a w de spMRpHE-ihedRPaindidesorefal nterconnecting wires with a
space/ |l ,pe of 0.25 m 0,25 ~m were est]nated b scanni ng. 25 el ectron

i croscgge (SEM ‘pHot dftapiesS19h Heitdq, r?rh% ST rRFeCTRIRY (6 79 RRPest
conpl et e rendvaltof(4lesilstve esitdies, fydeher i qogtainark {Oyfacei gatkeet hat
resist resi r%%}pg i nperfect yet practically
accept abl e %ve Jr e ?ﬁloe?sl%ﬁrﬁ%? 30 indicates that resist residual
were renoved on an |rrperfect or practically unacceptable |evel. The

corrosion of the netals V\@p@ﬁimmm;gmr@gaf@gtmmmd'he circle mark
i ndi that the corrosmn of the, was not_chserved at all, the

i ndi cat ga gg .~
triangl 8nmark i ndiht es that glrhaeplbo‘r]r TR orVesLt e het STVES slightly
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i ndi cates that the nmetg r ned p [ | ¥ table | evel.
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UCOSD, ., ~~CO_Nd" LrflIN-OD & Qasidbk rde®bPer 0flthe present invention is

35 provided for removal of resist residues occurring in ion
implantation, dry etching and ashing in the process of

fabricating semiconductor devices, and ligquid crystal



From Table 1, it is found that by the selection of Lhe treating condition,
resist residue renoval can be carried out with no corrosion of the netal
"over a wide pHregion. It is also found that the acceptable range of the
treating 5 condition may becone w de al though dependi ng the pH of the
renover. Exanple 2 Ammoni um pyrophosphat e, condensed ammoni um phosphate
conpri si ng ammoni um pyrophosphat e and orthophosphoric acid 10 were used to
prepare renoyer, No. 21 haV|ngq§ ghos horic _acid concentrati,on and

H_.
regul ated t FIVHEEDy (Heks) an OMPESHEEL Ple PRy SuSE Tt ﬁﬁé’t&ro”(trp%“ﬁlmg

exchanged wadmfignidheppysopaoephndl 6xacoddandedir afanbyphins phosbbad@ &Gnd
concentrat|3gs of th| renpver vere 0,27 bipnass and 0.07 15 by nass,

respectivel YERQKft f sTPRFbVer Kﬁm ﬁlt?p 2.5), the sane renoval and
estimation as in Exanpsist wesiédeesr beduouingi bl tthe éxpéphiter itmatartche

t t iti h h .
Rl L 19sgonky SO Nas, hangedeps shoun-LD: TaBkag (NSl S Ak
GObOUI &Hibn. r TheNmesigy Tesidues) hange E exi@ N ontaiknin® ~ U r~ E

NOO-1 N Edbstbnced ~ro¥ Q‘;Q{:Q‘née7 hpbn%%‘e@té‘d Wl%oo&ggleln oha@r@ N O H
0.~UEri 9a~x a~ Na a +~ ~ a X X Cc0O004 4
X
a

2 000 0 2LR8 GO FSE 4D DUROVRE BTOCEeAlANR 4 5U0S BARCES BREBEIX X X
~ COUu7 Qéfetded /t& dsMolsherknaté alsc included in the resist
10 residues.

Such a remover is an agueous solution containing
ammonium phosphate ancé condensed ammonium phosphate, and is
free from any terrible chemical or toxic material and does
not belong to a dangerous material. Thus, the remover is

15 safe and so preferable in view of work-site environments and
safety. In addition, the remover enables liguid waste
disposal to be simplified because it does not contain a
large amount of organic material.

For use, only contact of the remover of the present

20 invention with the member to be treated is needed without
recourse to complicated steps. In addition, the reguired
post-treatment step comprises water washing alone. Thus,
the treating operation involved can be simplified.
Furthermore, the remcver of the invention does not present

25 any corrosion problem because it is unlikely to remain in
the member to treated, for instance, a metal.

The ammonium phosphate used in the remover of the
present invention is an ammonium salt of orthophosphoric
acid (H3PO4), which may include an acidic salt in addition

30 to a neutral salt.

The condensed ammonium phosphate may be either a

polyphosphate represented by Mp.3Pp03zpn+1 where M is NHy and n

is an integer of 2 or greater or a metaphosphate represented
by (MPO3)p where M is NHy and n is an integer of 3 or

35 greater. In some cases, the condensed ammonium phosphate
may include a salt called an ultraphosphate. It is
acceptable that a part of these condensed phosphates may be



-13 I't is found that by the selection. of the treating condition, resist
residual renoval can be carried out with no corrosion. of the netal.

Exanple 3 5 I n the anmmoni um ort hophosphat e-cont ai ni ng renover of Exanple 1
and t he condensed annnniunlphosphate-conﬁhln|ng renover of Exanple 2, pH
regul ations were carried out using ammonia and orthophosphoric acid to
exam ne the pH dependent anount of al um num di ssolved in each renover
system 10 DETECTI ON OF THE AMOUNT_ OF DI SSOLVED ALUM A (10 mmlong, 10 mm
broad, 1 nmP¥®feRy aruainafipiet 8awisiPifersed in each renobver system at

45'C for 3 hour SeéRefh DOyt hg @HQUBEmBUegl bict @k @freélen@l ssRlerrd drher@id by
atom c 15 absorption spectronety results are tted in Fig. 1. From

Fig. 1, it ?%né%%ﬁe@h%?o?R%aﬁ%p%%dénEéXBFrﬁlodl§§5hup GSPEACFH BS nore
reduced in héet tondénakedvanandi fux phespbaheatnst anniorghsphbemhiatan imnthe

anmoni u 20 or t hophos {ezcontainkn A

RENOVER Tht VBFF o0Pnr nepenieer Bagt pPatYRbs The T AR Err ol TV (e
exception téapeshe pbobphnrasZcbocéatﬁarl@nlwa@o@@aﬁged eod6n by 3mass.14
SUBSTRATE ]gEé! | t g%ﬁ? Si ON 30
substrate E?JJSO A?%E% S |§Q%?%$ruet edr% Zyn}géggoél’ %\%%glﬂes %%3%%??% ned
using a pos¥eeve Bype eovel akorebPutpRoteresase, maharhAERNEEest wBeER Bl asma

et ching. FO{stQ&uéiCangbgéﬁ 308§e§ Qageeheﬁgﬁlel %rf' BE 2RAnkl YeliRe ML
used. After_etching, the photoresi st mgs renmoved by oxygen 35 plasm

aski ng. Orhef PEstPE aRECRUP i F§5eFEdr €8BSEPatE™PY3¢dal | ed substrate B. It is
here Not ed that pb&EEEﬁEbﬁQiatEpﬁesentheaaﬁbk@saldlﬁhwh@hemﬁc acid

-t et raet hogyalbane. vas  conveLt ed Len=LeR, by, blastn LLeatment o and FSG

stands for uor| e gl ass £Presdié Fefoval was
carried outremover Exhapld nrefenabhy brcépki by mass ke lessagisng

tenper at ur er ¥gs. bRPgEd: Ret ueRy 8%’ Qoead E'éogpﬁegugheoh&eﬁ&aelbhﬁe was 15
mnute;SEstlmatlon was nmade as in results ares wn in

Tabl e Ugua ity | QOEeef « EhNtCFGPEngF6a4$° SRS“@ dorere Rrefegeyly N O
ld N OE 47b& iri~the reanBeNos bl.X%abyCrms@® NAN1QUBYy @dss)) OO NONNO

rCE) ?DOCIIE) CODC;I( tc;‘gxog?x N cog_ﬁl:éjer?sgdoar%m’sln%ml p%o%phra'té gsougLeJdn 1?‘1 %u%hx aX X

remover, the polyphosphates (n = 2 to 5) and metaphosphates
(n = 3 to 5) thought of as being preferable for the

20 aforesaid removal step, other than orthophosphate, should
preferably account for 60% by mass or less of the phosphoric
acid compounds as represented in terms of phosphorus
concentration. Usually, however, they should more
preferably account for 0.1% by mass to 60% by mass of the

25 phosphoric acid compounds. At such concentrations, the
remover is well capable of removing resist residues. By use
of such condensed phosphates as mentioned above, the member
to be treated can be protected against corrosion. Mcreover,
the tolerance of pH with respect to cocrrosion can be

30 increased.

It is here understood that when the remover is used for

a substrate which, for instance, includes metal layers such
as Si/Ti/TiN/Al/TiN, the aforesaid phosphoric acid compounds
should preferably have a concentration of 0.1 to 5% by mass

35 as represented in terms cf total phosphorus ceoncentration.
This enables the metal corrosion problem to be mitigated,

and i1s preferable for liquid waste disposal-site



FromTable 3, it is found that by the selection of the renover conposition
and treating condition, resist residues froma copper |layer-containing film
such as substrate B can be renoved with no corrosion of copper. 5 Exanple 5
PREPARATI ON OF REMOVER At varied pH a renvver was prepared as in Exanple 1
wi th the exception that the phosphorus concentration was 10 changed to 1.5~
by mass. SUBSTRATE C TO BE TREATED A nultilayered Si/Si 02/ poly-Si/WWSiN
substrate of 8 inches in dianmeter and 700 umin thickness was patterned 15
using a posktiigonpgatseveltak r&yfh phoubkesisiowandmened devaredabiing asnma

etching. For tha, eggghﬁgogashegg%%rb%%e%hml 9{; n&oamHé dde yere

used. After etching, hot or esi st was rem)ve oxygen asma ashi ng.
The resul t aht hﬁF@PFaVéréG dubBt pEEéUBS VRO tRalce @ Sty @*

Resi st resi duenr gggggbnwas carried out as in Exanple 7 vvlth the exception
that the_treatin enperature was c ed 25 between 45C and the
treatingtinme wa f§ ﬁ%ﬁuf@sc’lsésﬁ ﬁd’l%l“% LRICVRTde 5 5F es‘i SERYtEhe

results areogh@wimi WhIalhl éndludeslbo @Qgrdl HayerGaad i WieikD €hd~ O E C
a0 NO u7 N U NCHN Om
U c~DO mflu&“% tagorﬁ“ﬁ"& ’B“Htaqos gg HLIS)l“‘a‘ﬁ\looéc% 50000
O O X O O CGsOLconOweLEar00® Qles® GUDStnat®, Othe -cgdRromatieon eslil tie of
Table 4, it gartegume bhak oy 1ie a2 le el uplad OJAE Rl cOmAY) [don and

treating condition, réesist residues froma | m contal ning a_netal such as
t ungst efl cahebwerandFedy masss adsd Folnd Haes 3% FRRTSSeneadi Wy E6HBPtI cns

wher e resi sbfrQ@tggegh@g@hggurse@@y}@@nttﬁ&@l@d s a speC| f| c condition that no
corrosion of tun ten oc&urti’se n@/[e 6 10 .PREPARATI ON EMOVER At . vari ed
d

p~l a renover wa ﬁr EFar 10§ tEPFeFSﬁ%mex%%}S?P hORhBREYt RE

phosphor us seheentdatfirom mhalmam@edpﬁ-b rirge f Mage UG EHRSTRATE &nh TO BE

TREATED what purpose it is used for, etc. For pH control,

15 orthophosphoric acid, condensed phesphoric acid or ammonia
may be used. If these are used for pH control, it is then
possible to enhance the ability of the remover to remove
resist residues depending on their types, and reduce metal
corrosion and gain temperature and time controls at the

20 removal step. Generally, the ability of the remover to
remove resist residues increases with decreasing pH.

Surface active agents, and chelating agents may be
added to the remover of the present invention. Particular
preference is given to the addition of surfactants. For the

25 surfactants, commercially available nonionic, cationic,
anionic and amphoteric surfactants may be all used in the
invention. For instance, the nonionic surfactants usable
herein include polyoxyethylene and amine oxide surfactants;
the cationic surfactants include alkyltrimethyl ammonium

30 salt surfactants; the anionic surfactants include alkyl
carboxylate surfactants; and the amphoteric surfactants
include betaine surfactants. Compounds of alkyl fluorides
may also be used. Different surfactants may be used in
admixture.

35 The chelating agents usable herein, for instance, are
catechol, benzotriazole and diphosphonic acid. In this case,

different chelating agents may be used in admixture. The
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i npl anted and represented by the nunber of atonms per cm-). After ion

i npl antation, the photoresist was renoved by oxygen plasma asking. The
resulting multilayered substrate is called substrate D. 25 REMOVAL Resi st
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the remover of the invention. In such a treating tank, it

is preferable to effect stirring or rocking.
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35°C using the aforesaid remover, and then washed with water.
The removal treatment was carried out for the times shown in
Table 1.
In this case, a lidded tank of 20 liters in volume was

15 filled with the remover. Water washing was carried out at
25°C for 5 minutes in a tank having the same capacity and
filled with purified water.

The thus treated multilayered substrate was estimated
in terms of how much resist residues were removed and to

20 what degree the metals were corroded. The results are shown
in Table 1. For estimation of how much regist residues were
removed, the sides cf interconnecting wires on a wide space
and the upper sides of interconnecting wires with a
space/line of 0.25 um/0.25 pm were estimated by scanning

25 electron microscope (SEM) photographs. In Table 1, the
circle mark (0) indicates complete removal of resist
residues, the triangle mark (A) indicates that resist
residues were removed to a somewhat imperfect yet
practically acceptable level, and the cross mark (X)

30 indicates that resist residual were removed on an imperfect
or practically unacceptable level. The corrosion of the
metals was estimated with regard to Al. The circle mark
indicates that the corrosion of the metal was not cbserved
at all, the triangle mark indicates that the corrocsion of

35 the metal was slightly observed yet on a practically
acceptable level, and the cross mark indicates that the

metal was corroded to a practically unacceptable level.
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5 condition may become wide although depending the pH of the
remover.
Example 2
Aammonium pyrophosphate, condensed ammonium phosphate
comprising ammonium pyrophosphate and orthophosphoric acid
10 were used to prepare remover No. 21 having a phosphoric acid
concentration and pH regulated to 1.0% by mass and 2.5,
respectively, by use of water (ion exchanged water). The
pyrophosphoric acid and tripolyphosphoric acid
concentrations of this remover were 0.27% by mass and 0.07%
15 by mass, respectively.
Using this remover No. 21 (pH 2.5), the same removal
and estimation as in Example 1 were carried out with the
exception that the treating condition was changed as shown

in Table 2. The results are shown in table 2.
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Condensed ammonium phosphate composition (pHZ.S)
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5 In the ammonium orthophosphate-containing remover of
Example 1 and the condensed ammonium phosphate-containing
remover of Example 2, pH regulations were carried out using
ammonia and orthophosphoric acid to examine the pH-dependent
amount of aluminum dissolved in each remover system.

10
DETECTION OF THE AMOUNT OF DISSQLVED ALUMINUM

A (10 mm long, 10 mm broad, 1 mm thick) aluminum plate
was ilmmersed in each remover system at 45°C for 3 hours to
find the amount (pg/liter) of Al dissolved therein by atomic

15 absorption spectrometry.

The results are plotted in Fig. 1.

From Fig. 1, it is seen that the dependence of Al
dissolution on pH is more reduced in the condensed ammonium
phosphate-containing system than in the ammonium

20 orthophosphate-containing system.

Example 4

PREPARATION OF REMOVER

At varied pH a remover was prepared as in Example 1
25 with the exception that the phosphorus concentration was

changed to 6% by mass.

SUBSTRATE B TO BE TREATED
A multilayered Si/Cu/SiN/p-TEOS(SiO;) /FSG/SiON
30 substrate of 8 inches in diameter and 700 pm in thickness
was patterned using a positive type novolak resin
photoresist, and then treated by plasma etching. For the
etching gas, gases based on chleorine and fluorine were used.
After etching, the photoresist was removed by oxygen
35 plasma ashing. The resultant multilayered substrate is

called substrate B.
It is here noted that p-TE0OS(Si0;) represents a film
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5 Resist residue removal was carried out as in Example 1

with the exception that the treating temperature was changed
between 55°'C and 75°'C and the treating time was 15 minutes.
Estimation was made as in Example 1, and the results

are shown in Table 3.
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15 using a positive type novolak resin photoresist, and then

treated by plasma etching. For the etching gas, gases based
on chlorine and fluorine were used.
After etching, the photoresist was removed by oxvgen
plasma ashing. The resultant multilayvered substrate is
20 called substrate C.

REMOVAL
Resist residue removal was carried out as in Example 1
with the exception that the treating temperature was changed
25 between 45°C and 75°C and the treating time was 15 minutes.
Estimation was made as in Example 1, and the results
are shown in Table 4.
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&()-1G) 3100 Q-“ior(r%\ @219%su¥tg) -o% Table 4, it is found that by the
selection of the remover composition and treating condition,
resist residues from a film containing a metal such as
tungsten can be removed. It is alsc found that in the

5 treating conditions where resist residues can be removed,
there is a specific condition that no corrosion of tungsten
occurs.

Example 6

10 PREPARATION OF REMOVER

At varied pH a remover was prepared as in Example 1
with the exception that the phosphorus concentration was

changed to 1.5% by mass.

15 SUBSTRATE D TO BE TREATED
A multilayered S8i/8i0; (with an Si0; thickness of 2 to

5 nm) substrate of 8 inches in diameter and 700 um in
tliickness was patterned using a positive type novolak resin
photoresist, and As ions were then implanted thereinto at a
20 dose of 5 x 1015 atoms/cm? (this dose is the amount of ions
implanted and represented by the number of atoms per cm?).
After ion implantation, the photoresist was removed by
oxygen plasma ashing. The resulting multilayered substrate
is called substrate D.
25 REMOVAL
Resist residue removal was carried out as in Example 1
with the exception that the treating temperature was changed
between 55°C and 85°'C and the treating time was 15 minutes.

Estimation was made as in Example 1, and the results

30 are shown in Table 5.
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From the results of Table 5, it is found that by the
selection of the composition and removal condition, 1t is
possible to remove the resist residues with ions implanted
into them with no corrosion of the insulating £ilm.

5 Example 7

Remover Nos. 22, 23 and 24 were prepared by adding to
condensed ammonium phosphate-containing remover No. 21 of
Example 2 100 ppm of a cationic surfactant A based on
perfluoroalkyltrimethyl ammonium salt, 100 ppm of an

10 amphoteric surfactant B based on perfluorocalkylbetaine and
100 ppm of a nonionic surfactant C based on
perfluorocalkylamine oxide, respectively.

As in Example 3, aluminum was immersed in each of
systems comprising remover Nos. 21 to 24 at 35°'C, 45°'C or

15 55°'C for 60 minutes to examine the amount in ppm of Al

dissclved therein. The results are shown in Table 6.

Table 6
20 (pH2.5, 60 min.)
Remover Surfactant or Amount of Dissolved Al in ppm
No. Chelating Agent (Treating Temperature)
35°C 45° C 55°C
21 None 8.94 20.92 42.08
25 22 A(cationic) 3.48 4.38 15.21
24 ¢c(nonionic) 2.90 3.83 16.35

30
It is found that by the addition of the surfactant it
is possible to reduce the amount of dissolved aluminum
considerably.
The amount of aluminum dissolved in a system comprising
35 remover No. 25 containing 2% by mass of a phosphonic acid
chelating agent D instead of the aforesaid surfactant is

also shown in Table 6. The addition of the chelating agent,
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too, made it possible to reduce the amount of dissoclved
aluminum.
Example 8
Even with the removers of Examples 1 and 2 with 5% by
5 mass of hydrogen peroxide added thereto, it is found that
their ability to remove resist residues can be enhanced.
The same also holds for systems with various surfactants or
chelating agents added thereto as in Example 7.
EFFECT OF THE INVENTION
10 According to the present invention, removal of resist
residues can be carried out without corrosion or other

problems and with great safety.
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20 claims 1 to 4, which further contains a surface active agent

and/or a chelating agent.



