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CROSS- REFERENCE TO RELATE PLI CATI ONS[ NOT APPLI CABL§5TATEIVENT REGARDI NG
FEDERALLY SPONSORED RESEARCH OR DEV%HHW APPLI CABLE] _  BACKGROUND OF
THE | \VENWEIO4E7 pr esent i nventi on WMMM” ow surface TeHYPYH 1160y
viscosity, aqueous, acidic conpositions.gontaining fluoride and organic,
pol ar solvents for renoval of photoresist and organic and inorganic etch or
ash residues and processes for renoval of photoresist and etch or ash

resi dues. defebl ' j t [ i.ch
is buffere lgw ngbgtfl‘gh%\?g ﬂg 01“3F ngg'\%ggglggggﬁjfﬂégéa%ﬁ é’g%ﬁfﬁ%@r#% E‘%ﬁﬂé%s in
renovi ng photoresist and etch residue in processes operated at room

't enper atg.lre or above. The conpositions of the present invention are free of

glycolsn and_i. Icu | kyl I I al kyl ene
ol Vool 5. 1| ieRASSRREPRENGER el TR RS CAT BN TR0, RBRLREARCEY
mcrocircuits, it is frequentlé necessar}é/{ to coat substrate materials with
a pol ymer i cSTAFEMENT REGARPEY L SRONBOREESREGEARGH OR al s

i ncl udes, aPEMELOEMENTENOTMAPRIISABLE]si | i con di oxi de coated silicon wafer,
optionaldy having netallic elenents of alumnum titanium or copper, and
the |ike. TBACKGROUNIMOFIIHE MNVENTIOdani ¢ substance i s a photoresi st
material. This is a material which will forman etch nmask upon devel opnent
after exposvﬁ@%xteeedt iffRhtior f]a34608 SO Sifa R 1BRESS 16 VB8RS @ﬁ'ﬂo?s,%@dwmr' c

organi ¢ substa i ace of the

ce (photoresist) nust be renoved fromthéa ur
substrate. @mpasitinms wonteiningdflusirideand vigagiopoleosalgenss fdrremvel oibstrate is by

wet chem cal, neans. The wet chem cal osjtio formul ated.to re e the
ohot or e st PHArGHFFISHAR SgAtic A natganic HFhu Agh reidies 289 PSPES foareus™i ng,  or

dul I'i ng t heyStHok@eQst@hd k% oRBEPIkidfed | MBH pdriculsiMe ThE AivEdticH lefitdsgat he
i norgani ¢ substrate; or attacking the substrate itself. Another nethod of

renovi ng phetropasstiosnt whish isybubferpdyhaxig api vetuewt detaveeh ebpii Gtandabpett6 arsl
renoved by pl asna _ashi.n Lng eith xygen or formn S, (hydrogen). In
many st antbld R EARrUBRRhTeRS s Edch EHE Bloctetbmpad i 0% R 003
WO 00/ 4486 71cR{pEtddf0@r ABES ThE QO Sitions f the preder Snntiby aidf foskstigyddhy be the
photoresist itself or, a conmbination of the photoresist, underlying

subst r ade aicBeaewehaghigarticulpy allylens glsolssans pabygxyatkiens ghicelsof t en ref err ed
to as side [ ] lar i .t:1 0 for wet
chem cal ré\ﬁko&/haqqg%)%lﬁﬁt%ﬁ??gésdlus?lgc{uacﬁlogp%r%g%erll% ggﬂéﬁﬁ?"éqﬁg%‘qggﬁscng% ch residues
are known i freguentlamecessdrpto dmabObstrtis natiterddlo s.éth aspal s briganid shibstaricenovi ng

phot oresi st_and resjdue, containi n% a ‘tpolé/hydri.c al cohol , ammoni um
fluoride, aRX¥RBIAHPLSORA APSIER palfrals Btiades. AeniaTmapRiue, GopReE g
conpound, agglyReebhEd 3ificth bR IHIRAY hmag el elEBefPt@tthl%nﬂn 1 of greater
than about 4 and less than 7. The pat’ent df scloses propylene glycol and

pol yoxy2fl kytienmingloy coprer,aad thedikcd Typlicalblydthepodyneaiodrgamid salestamosistda ons such

B MOt B ¥ R AT Al Bt B Yo el hen oo garme
seni conduct @évefdphednt MG expbsufe ANk 96 51 hEnt PRbAELERD st8hs, MPHyHZe ! or i de,

ammoni um acetate, amoni um fl uoride, amoniumnitrate, ‘anmoni um bromi de,
anmoni un i odigdnic substance (Pholorpsist) susbbaasmayied feomthe sunfBcesofithsisubstratar bonat e,

[ [ t HCI ' d nm xi it with deioni ter. U S.
5571, 447 cPeeraemn i SIPRPuReRBp Pl in b s¥aiecg bEME RN e
cont ai MMy mepdy. YIMsdidt @h@he@lndmpdsitiond Brifulaed € rethovk dRy pHidgore Q&R NY
conpound and a pol ar solvent. The pH of the conpositionis less than S. The

pat ent di scthessbstpatomystalosogrithout cameling djsseivang wr dnking thecnirfaceef arye

i et oyt s Pofeciryy: By Beole AR LR RuBhBle b ARk L o)

renovi ng or ganeaRtRLIR Andtkg intiiesd ofM@iovihggiHotdedistdX bledry 4h dems@ed silicon
oxi des created in processing by contacting a substrate with an essentially

anhydr ous cwhpsshe plgtorssistifresne\esh by Riemajeshing ysing eithsr oxxenror fopung hydri c
al cohol 4. Th tent di I I -pol yhydric 25
al cohol 335 éﬁ@gﬁﬁ%gﬂs i'g uh%ﬁznss%t %Ssggégaglg% a%ﬁgﬁ % ovgg\zefﬁlé%‘iﬁ)‘fes)ér é?’fnber of
shortcom ngs. Sol vent bl ends containing DMSO and fluoride (i.e., amoni um

fluoride, HF, etc.) pose health risks to users due t m m of DMVBO
to transport dissolved materials thr oug(I)Il t he skin. Tﬁw ﬂm mmw

conposi tions containing glycols and a fluoride have a 30 .gj@h surface
tension (>40mM\'n) and a high viscosity (>40 cps) causing substrate wetting,

spray or bulk distribution difficulties. In addition, many of the known 2
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effectively renove p presi st at roomtenperatu nd at el evate n’ MAY 2003 -
t enper atures exhi bit acceptably high oxide and netal etch rates. These,

conposi ti OQ?%@@‘?@%} be used at the contact or via |evel due|f’8T’§J§fdA@lm gh

oxi de etch d loss of critical control for patterns.

pur pose of the present inventiqn to.provid onposi ti.ons t.hat exhi bj.t

P ET e human PoRetshy: TS HFOHEGR orgsaBEeys sy B PGy S ABeRr AEPROLBHPR ent
ease of use; JFiRY SHAGeSIH, URGrBInOubseate ahd ¥Rh ¥REsRL STIRE Peshfnes B B0 NUM
copper, titanium”™ and the |ike; andic[)row de photoresist and residue renoval
at | ower t enpeoductsars oftBRIEErr@UNMARIdedR] Tl medy/Edils ONfefibes. conposi ti ons of
t he present invention ar.e agueous,, buffered sol.utions. with a pH of, from
about 3 o aBVAOUS CORBRRLIPR f05 el themealiremaul f PhoiPtssists and orgdis ¥k, ' an
aci di ¢ bukf erjnGohpit iefih re@dfles¥3é RhowAn/he aft, BIS: 51Hok, 508 @RRYsed £ céhfosition
conpositions of "the present invention and DMSO is not a preferred sol vent
because of t Her teewmivitng phatrssiat ansirdsidue, wpnthiningsa palghydnicadeghoh ainonivit h t he

fluoride containi,ng conpasitjons of the present.invention. The conpositions
of the. pr eserfuOTHGCHR FTERIEBR|BAAIPY: PRATUEY 3 A5iic BUTENg CAmBRRgr 0T he
conposi tions i ' d &t8in4S5Hd of t bt d/ or
ash or etch ragétf%ﬁds%%?ﬁ@g“’g&}ﬁ%é‘?%e pr(r)lcession egt?pgl\é satgglgt‘fe)éslﬂjgse%dhﬁ t he
manuf act ure of Bempateondiscioses progylene gyedlend poiioxyalkyleneglycdleas thet hod of
removal in e .conpositiaons of the present. invention is carried out by
contacti ) o helibSeReREoRal A optmosiPEs Reh ritimsoERlnade. durihbarimin |
surface w th NARuGA 1iHbR O artELIRY RIS ne AMBOPIIA bolvERSs. 88 UP76,760
conditions of the process depend anong’ ot her things on the type of

subst r at e andlischasesrprosessing ssaiponduciopsuhsiratas yathemalecgohydersoligon ofenoval of a
phot oresi st and /ar eciﬁh.(fr ash residue woul d congi st, of the.steBs of
contacting a CUBYNPE;IQHde, amfponum. agetate, BTGP “‘_Eﬂ%@sémnqnh‘%}’éﬁ fah at
tenper at ur es fmétiumSHdide afnicHRELAde! SmBRuRsalpRite SarkBBhif{oxRBleneen the
substrate and the conposition for a predeterm ned period of tine, rinsing
W th wat df; amneiriyn agrbanath, ampmpmigm cigats, HERIOEFMPRSERINAThBIEIF WItHE DRAW NGS

NOT APPLI| CA ) TAl LE Pl THE | NVENTI The . .
vants o e SaanizB S o oot A4 eses BGPPEP IO LR SUEPViPE RO het hods

of renoving phAteNi@Sd SdntAREQpobiiEArioalcahdl, fleshdttacid; 8 Mubfige Sothiaig of a 3
WO 00/ 44867 2 ~ MAY 2003 PCT/ US0O0/ 00116 substrate of a sem conductor or

gi cr oel eclt ri cogperad arlxdm@ol@o Apluentt ThapHcefibe ggmxle@sét&mis tase thapfS. The patedli c
vacer, at1 udhisds BSlont 8eSfind BBlab AUTER bl 4 g IR e lE "

about 3 R0 ahmdithépolansblegit ao prdféryablynehied esd/or diatettydsutioxidehithd 3205709 ot her

additives 5 known to those skilled in the art that are typically used in
conposi t i ons dissloseaarsthef fon selestashsiemavinepreaiunetallic rsiuep djativesiliegn col s
and ot her sol S [ 3 i I Cto
domy m o mor s EhagB Lok B oo R REEELY RRE H sBhyRle ot 0
25 C or nor e amressemdially anhydieus ¢ampdsition@fpomdnivm finbriddealipdiesodved ihavent i on.
D net hyl sul foxide is not a preferred ﬁ)gl verft g,ue to the attendant 10 heal th
concerns. Pr drodyhygriciplcohgh it disslosesnly glycplsas examplag ehpolgrydeisnsi st
essenti aI2 y leé A acidic buffer solution in an anount necessary to obtain
a conposifion pqq of from3 to 6; 30% by weight to 90% by wei ght of an

or gani ¢ pol arCanposstivnstseli ag those dasctibezl dbovatdhipit amombeooshortcovaings.; 0.1 %

by wei ght to 20% by wei ght of | u | upride; 0.5% 15 _by yweight to 40%
by wei ght mt%?‘Ye“égkf“dB%?‘Balmaﬁmwg}n{m% ea("E'ofrflﬁ’QPOB‘H‘ ﬂHgﬁlﬁk&{: SR pH of
bet ween abouty 3. f0AnARANY0 Aseth ph% gh ?%i:ﬁ)!}séf SREYD ol st BsSolb & RagApNAL e

Wi th m ni mum’corrosion. Renobva i norgani c et resi dues and oxi de
ski mm ng howathemgh elipiskirsThwse kolgbrticpmpositions quirtaifiing ghidobfandhdhwoidphave a ons
of the present, invention s justed to. between, about 3 and, about 6 for
best ef f iFQacyhighfursase ersign Q?Q%JE{?@HS%QF‘&E@ Vd?ﬁfl’s%g)s“ild\?&ﬂ PSS SHRYRHS . The
pH of the co i fi f : 2Nt o i I desired
BH i thi m & pF Lo Brs & Ryt s iEReRLAER MRl Byt b e Mioin o
Preferrably the pHrange is fromabout 3 to about 6. A preferred buffer
contains an ammonium salt of a carboxylic acid or a polybasic acid. An
exanpl e of such an amoniumsalt is an am®fniumsalt of acetic acid or 25
phosphoric acid. Especially prefered is an aqueous sol ution of anmonium
acetate and acetic acid. Methods of preparing buffer solutions are well
known in the art. The acidic buffer solutions, when added to the
conpositions of the present invention provide a buffered conposition with a
pH adj usted to mnimze corrosion of sensitive netals such as al um num

e _ g - -r£-€ 1 — o~ o . o,

10 15 20 25 30 PCT/ UWOOIIG conpositions contaiging fluorides d



S.purposes of this invention due to attendant health risks. Exanpl ?s1qt1AY 2003

accept abl e organi c pol ar s%ent s include, dinethylac i de ( DMAC

nonoet hanol am ne, nnet hyl e nol am ne, forman de, n- | formam de,
yarmd- but ywa eoe44867e, Nnet hyl pyrrol i done and the |ike. The u®eTafSobdATsi s
preferred. The inclusion of DMAC results in a conposition having a surface
tension of <30 MY mand a 10 viscosity of <10 centi poise. This provides for

R T e
Fur t her nor e terhht@atufcardlat DIdNGie Sdfiseratliey ekHibit NBaREREBINILgIPExMB hAd mRtdl OWs t he
renmoval of photoresist (including novol ak ‘Ehotorea st) at room tenperature.

15 Fl uori de efch ratgs.c $Besstcompositionsoraanet befusedhat tho periadtior yia levelidue tptheirent

Jnventt o ot e ERTELA) 0 SOMES LuREg RUE R EaRbo R TS

-
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al cohol  gr OpReseAin@rtidt Yo PFoVItR, cortpoditibid thal SMEbiOttIEThukidh 5 ehVisrRntal
Exanpl es of such comnpositions are anmoni um fl uoride, tetranmethyl anmoni um

fluoride, téxicity; pydvidegmsaierand morsrafeientzaseofiuse obmnimizegoimgsioanfal so be

used as the fluoride conposition . The fluoride i referrably.present in
amounts of FYEHYS, ’T%agf%?sg ﬁf.ﬂ-‘m[’%“’ﬁ’.(ﬁﬂ?B’ff’ \ﬁgﬁﬂ&% .aniiﬂﬁeol % ﬁ?‘?ﬂ?&?(ﬁ’de i's
preferred. ARBRRISIN AndYeNidteemdva wdidvalkenpseamrsci al 1y as a 40% aqueous
sol ution. ter is present as an elenent of the present invention. It can

be present BRIEGiSISVINEARYIOK THE IN\GENPKMENnt of ot her el ements of the

i i h . i i id i .
bt die s £ 3he cBimBRaR GHE prRRRR Mylidn 8 maBius by o8 sl S E P o o0
i's present bPfigHPAHYuE3 & aﬁdu@&}&gfh?ﬁihg’ awfe@mc ﬁoﬁréggéfmawgbﬂaé,-anh RRIPr esence

of water also inproves the solubility of amoniumfluoride in the

conposi t i onbuffer sahetiqn; erdwater. ilgenls aie nehprea¢nd én the compositionsef thopresent

phot oresi st .and..30 ¢ i of in i ¢ etch resigdues. . 00/ 44867 z
PNy ane POPRERDaTOBTRS BaRt 8 eRERAR e BreebfE e s AtEnnh 106 by
wei ght can Rethaedad ih GoraigeRs iviitORe ﬂQf)ria@@orMiﬁi%g'&bnipBMﬁBﬁd &fhe Preaémr abl y,
the inhibitor concentration is from about 0.5% by weight to 8% by weight.
Any cor Fosi iventipn-bThoeomprsitiens af thedresent inyentionepfignalygpelundeaicongsiosuch as
t hose di scl » S . . W] [ d
herein by r g’ﬁ@?‘fgj’r{gé‘lﬂ eﬁgrﬁlggge'ﬁéﬁsse .hﬁ-glifléel%n(g}rﬁﬁ . a%r%%ggﬂnﬁfrgﬁﬁgg? h‘g}? {ﬁgltrsl’ﬁi bitor
conposi ti ongndvot BstPor@ich @sidadseforrhdtbdurmgde pricedsingasfisobstaseswsbd irdghe i nhi bi t or
conpositions having a pKa of |ess than about 6 in systenms with a pH range
of about 3 menafastire of seppigpndugior apg wicrpelegiranihdayicesy The msthad ofgamontle t hose

havi ng a pK - . nred itnhibitor

conposi ti ongsl %é‘leﬁé}zﬂ%&r%? R)rn gﬁ?f"‘.%é’ ?Sﬁéﬁ%ﬁ’géﬂﬁrgéié‘?‘ ,y %ghaggbghaci d,

i sopht h20 i c salsstete pvigsf photaedist anfiomatch or ash @sidhy bn imburfacaavich therl oni ¢ aci d,
phthalic acid, malefic gnh dride, phthalic anhgrgd_i,de nd the |ike. Exanples
of corrosi ofOMRRSIHPRRIIOE PEssentinyepron, sEhE 3ryal spnditions Ogrﬂé‘? RioFe depidude

catechol, p ! iABPRE Bfp? dtsulilald d3hd fhatefAPLGRIRATIVelORS of this
i nventi on a}réferfagggg%rél use?ﬁfp%an u%?\?ant ageougelor 1 numaroug reasons
anong whi ch gemgrabshema foramadval lo€ a fphblooasishgnd /b etch @masisresidoe svoamidecomsiser

sol ubl e, non-corrosive to substrates, non-flammhl e and of |ow toxicity.
The conposi ©f mt@asfoé&qn%}lgg?é%%tem& e comepsitiop of emreseat yetionat

t enper apre ! j td A i i iLtabl e
For ooz ¢ Rrapesptis i aParod N ErAPRAR, heRilin e oAt bANLE! ekt

whi | e mai nt andihegcompasitioalfort predetemwin@Dpaeriaef titwg rinsingtvditlr whiew agdr f ace
tensi on and \vi,scosjty,. the conpositions of the present invention are easily
ri nsed fromdg}ﬁgwg’t%‘s‘n%gasprovi de for better wetting of the substrates.
The process gHIEFASESORENION'OF THERDRAWINGE 0T AP EIACBIE]a substrate
havi ng an organic or netal -organic polymer, inorganic salt, oxide,

hydr oxi de, ®ETAHERDESCRIBTEIROMEHEINVENTKEIY present as a filmor

resi due, . w t he described conposition. The.,actuyal conditions, e.g.

[ enper a30r o TheiREeRGRLen PBgIRPou toaoHs A0 ek ered sk Res sef Uhe
mat erial tophen s RNOMRhovin pheRREsi: a8 etch of Sshd8SiHEEFoinQhé SIFRIE JpROt OF esi st
the substrate Is contacted or dipped into a vessel contalning the
conposition at a tenperature, preferably between 20C and 80C, nore
preferably between 20C and 30 60C, nost preferably between 20C and 40C for

a period of 1 to 15 mnutes; rinsed with water; and dried. Drying is
typically carried out under an inert atnosphere. 6




.. .21 MY~ 2CC~ 001 44867 PCT/ US00100116 jeaMaterial s rerm\clﬁl(rj’ i th '
the conpositions of t present invention incl ud?ﬂot oresists kn WAYt A3
art such as_hnayaol and acrylic based resists; and processing residue ‘
known in tﬁ‘ggé)xlt“agl{; such names as sidewall polyners, veils, ?Eﬁ@ég“’ i%

resi due, ash residue and the like. 5 Having described the invention, the 1

foll ow ng exanples are provided to further illustrate and are not intended

to limt theupsteseofa sarnieotduetor or mitiveleetxiardeiies. Th¢ cvmppditiotat consisnat i ons
wer e made using 5% aqueous, sol utigons at apbient tenperature and surface
tensi on and sshaitigly of amaadigrhufiensalutien, @ petag solyentahat is misciblpipalt 1 A

. g ' _ o i na-
Component - wiSbERBA0 b, dRBHAR A BT, HHERBRB0 I AE it AGa bR 0%
ammoni um f | ugbout® (l4suad;) and. dptioasley indlidesha e@eysichliniibitoe apd-bthér tabiditives
conposition was 4.75. The surface tension of the conmposifion was 28 mN/ m
and the i sdagwwmioghese skilleddn themrthapase typically wsprhin commpositions frgsmovisg

di t ' . S. . 98, X
Ehet ol | owi OXatERt andch e g asl il ol ool Ak b i TRA il i L O

anmoni um ac eugfate fensiop hixastiredet 28 € al 406N Bh BMEGYelaad Inarengethe Fistbdigr bfle( 40%
ag) 5.0 catechol 0.5 30 The pH of the conposition was 4.8. The surface

tensi on was the compegitiomte 40wPst 22 oS iof ofrdre 20t wglnded ithgisemwosisiepe&thei on
di d not . . ) ;
PICT / rl]JgOO; ggﬁgse’ﬁg%wﬁlﬁ@ rﬁét g{hgfs Q&Og{qeg noé%\ﬁg?f?%%dl%ﬁ?%n%d@ul t?@r‘ﬁ zfljtr%ﬁ%?rtl}ngst en,

a Ti N alilpoy Keatthicbsserml oxide in a bath containing the above conposition
was neasured at 20C, 40C, and 60C, The i myersion bath method of exanple 3
was used. MeRraferisblynthecompogitions akthe PHSAEANYRANAR consigt esssnfiplty gf@p acidic

f our - poi nt p(fnﬁ{%? OO g? Jnoffm@drﬁgggésssfggrtc%btgiinl %n@oﬁ@?}l%{)gﬁrggﬁ t[geﬁ" Ther mal

oxi de etch rates were determ ned usi a nanospe ht ckness

measur ement 3090 by weigh t6 80%byaweightofAngsgantnpdlan soinenethaRBatistiblainallgi ven
belowin Table I. 8 ' 2 i Y 2003 WO 00144867 PCTNS00/00116_i a~b
r. ~Lb4a7H Qmepertipns inwaler; §d % byyeight to 20% by weight of ammonium fluoride; 0.5%

- 15 by weight to 40% by weight water; and up to 15% by weight of a corrosion inhibitor.

A pH of between about 3 and about 9 will allow most sensitive metals to passivate
with minimum corrosion. Removal of highly inorganic etch residues and oxide
skimming however requires a slightly acidic pH. The pH of the compositions of the
present invention is adjusted to between about 3 and about 6 for best efficacy for

20  cleaning etch residue and passivation of metals. The pH of the compositions of the
present invention are adjusted to a desired pH within a pH range of about 3 to about 6
with acidic buffer solutions. Preferrably the pH range is from about 3 to about 6. A
preferred buffer contains an ammonium salt of a carboxylic acid or a polybasic acid.
An example of such an ammonium salt is an ammonium salt of acetic acid or

25  phosphoric acid. Especially prefered is an aqueous solution of ammonium acetate and
acetic acid. Methods of preparing buffer solutions are well known in the art. The
acidic buffer solutions, when added to the compositions of the present invention
provide a buffered composition with a pH adjusted to minimize corrosion of sensitive
metals such as aluminum, copper, titanium, etc. the acidic buffer solution is added in

30 an amount necessary to obtain the desired pH. The addition of the acidic buffer
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1 MAY 2G03 PCTNS00/ 00116 T or mul ation of exanple 1 used to rer12>v1eMAY 2002
ash, apd etch residue S froma substrate with 0.28 mcr lines and 0. 14

m cron spa®@M04i8@ot h room tenperature(20C) and at 40 C. Th&@GIAHOLERI16

I nvol ved i mmersing the substrate sanples in a bath containing the

conposi tion of exanple 1; rempving the substrate sanples fromthe bath;
rinsing wt Elefibt%rtirZ\fé‘iltsVﬁjl §Win F@Hﬁ'e & dfiufign WAHEKadr bt éd&ﬁﬁﬁaﬁ@ﬁbﬁﬁase@%r room
10 tenperature the inmersion tinme was 20 mnutes. At 40C the iTmersion tine
was 10 m nuaeds The ash and etch residue was renoved at both tenperatures
W t hout red the nes (Al /Si/ .. The

formul ati on gi‘ﬂlc B’F‘(l,tﬁ uf’%&e‘nﬁe R’Gs@téfhv&ép?%ﬁ?/t ??SOZY"X’ e ~20
‘angst r oms/ ”hﬂsc%leﬁpﬁl rjeéoEP&ﬂ&/Pd—\Eatér Tﬂjﬁnétgylwk@&dé)ﬂ Rt a b€ sotvéiRgorused to
renmove novol ak photore5| st and etch resi froman etched via pattern.
SThe et chid puposesfithisirventor dueaolaamtdaeqhnallﬂnbrsks eBxamplz® 6f acmpablel ng the

t f le, 1. t ) t ched
battern 20, AN BEBGaLADS PRI SR FReR o DMA G raogRaB e, Onder
nitrogen. Theph@hfiokmhint e&ﬂarﬁmefh FriR eyl esmidR1i€e r%‘?:ﬁj?f{azgu Eotﬂtbﬂe asurabl'y

altering the vi‘a size. EXAWP 5Therate of etd

titaniumt ungﬂt)épyrrcmd@wwd tlhoja,ke afibe 2 afi¥vidd] isrefdered. nThe Iua:ﬂlh;mrmﬁ ai ni ng
t he conpositjion of xa 1 was nmeasured_at 20C, 4 The

i mrersion b CQ’QB‘?FHI‘@ having-a shrfage tqpsioy of, ?%((,)Hnaﬂg?

deter m pgd wst:&l@ o‘{eqe@eﬂr‘tﬁﬁls‘éo%sf,ﬁwxaeﬁo%eﬂ@ér%sstwéw%(fjn grefa{e?@&%tofﬁet al

films on thernal “oxi de. Thernial oxide etch rates were m ned w
nanospec AFil‘nSﬂbllatplandafhcmmtaslsp@s(mgmpabmtmneamd bmltkldlstﬁbnthmratreemare |n

ég/gzysgr?rs gm rr]rlljp}ﬁaturel_' ge She tHR Uise ¢ %&/}8\\%%5 y n thﬁpré«sgnce of wate:y

OdNMVCIJaLDV\@@&%% ré?ﬁo@df%¥§ffot3res1sﬂ\(iﬁl\éh?cﬁ ngﬂéﬁmé@@éégt tdom

temperature.

15 Fluoride is an essential component of the composition of the present invention.
Fluoride containing compositions include those of the general formula R;,R2,R3,R4NF
where Rj,Rp,R3, and Ry are independently hydrogen, an alcohol group, an alkoxy
group, an alkyl group or mixtures thereof. Examples of such compositions are
ammonijum fluoride, tetramethyl ammonium fluoride, tetraethyl ammonium fluoride.

20  Fluoroboric acid can also be used as the fluoride composition . The fluoride is
preferrably present in amounts of from 0.1% by weight to 20% by weight.
Ammonium fluoride is preferred. Ammonium fluoride is available commercially as a
40% aqueous solution.

Water is present as an element of the present invention. It can be present

25  coincidentally as a component of other elements of the invention such as an aqueous
ammonium fluoride solution or an aqueous acidic buffer solution, or it can be added
separately. Preferrably, water is present in amounts of from 0.5% by weight to 40%
by weight. The presence of water also improves the solubility of ammonium fluoride
in the compositions of the present invention and aids in the removal of photoresist and

30 cleaning of inorganic etch residues.
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20  size. Due to their low surface tension and viscosity, the compositions of the present

invention are easily rinsed from substrates and provide for better wetting of the
substrates.
The process of the invention is carried out by contacting a substrate having an organic
or metal-organic polymer, inorganic salt, oxide, hydroxide, or complex or
25  combination thereof present as a film or residue, with the described composition. The
actual conditions, e.g. temperature, time, etc. depend on the nature and the thickness
of the material to be removed. In general when it is desired to remove photoresist the
substrate is contacted or dipped into a vessel containing the composition at a
temperature, preferably between 20°C and 80°C, more preferably between 20°C and
30  60°C, most preferably between 20°C and 40°C for a period of 1 to 15 minutes; rinsed

with water; and dried. Drying is typically carried out under an inert atmosphere.
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30  The pH of the composition was 4.8. The surface tension was 45 mN/M; and the

viscosity was 40 cps. The above composition did not remove photoresist at 20°C or
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removed at both temperatures without reducing the width of the metal
lines (Al/Si/Cu alloy). The formulation had an oxide etch rate of ~0.3
angstroms/min. at 20°C and ~2.0 angstroms/min at 40°C.
15 EXAMPLE4
The formulation of example 1 was used to remove novolak photoresist
and etch residues from an etched via pattern. The etched via was
immersed in a bath equilibrated at 20°C containing the composition
of example 1. Immersion time was 15 minutes. The etched via pattern
20  was subsequently washed with deionized water and dried under
nitrogen. The photoresist and etch residue were removed without
measurably altering the via size.
EXAMPLE 5
The rate of étch of an Al/Cu alloy, titanium,tungsten, a TiN alloy, and
25  thermal oxide in a bath containing the composition of example 1 was
measured at 20°C, 40°C, and 60°C. The immersion bath method of
example 3 was used. Metal etch rates were determined with a Veeco
FPP-5000 four-point probe system for blanket metal films on thermal
oxide. Thermal oxide etch rates were determined with nanospec AFT
30  optical thickness measurement tool. Etch rates are in

Angstroms/minute. Results are given below in Table II.
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We claim,
1. A low surface tension, low viscosity, aqueous composition, consisting

essentially of an admixture of;

a. an acidic buffer solution,

b. a polar, organic solvent that is miscible in all proportions in water,
c. a fluoride, and

d. water,

where the aqueous composition has a pH of from about 3 to about 6 and is free

of glycols.

2. The composition as claimed in claim 1, further consisting essentially of a

corrosion inhibitor.

3. The composition as claimed in claim 1, wherein the acidic buffer solution

contains an ammonium salt of a carboxylic acid or a polybasic acid.

4. The composition as claimed in claim 1, wherein the polar solvent is ,
monoethanolamine, n-methylethanolamine, formamide, n-methylformamide,
dimethylacetamide, gamma-butyrolactone, N-methylipyrrolidone or mixtures

thereof.

5. The composition as claimed in claim 1, where the fluoride has a composition
of the general formula R|,R3,R3,R ¢NF, where R;,Ry R; and R4 are
independently hydrogen, an alcohol group, an alkoxy group, an alkyl group

and mixtures thereof.
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7. The composition as claimed in claim 2, wherein the corrosion inhibitor is
anthranilic acid, gallic acid, benzoic acid,malonic acid, maleic acid, fumaric
acid, D,L-malic acid, isophthalic acid, phthalic acid, maleic anhydride,

phthalic anhydride or mixtures thereof.

8. The composition as claimed in 3, wherein the acidic buffer is a solution of

ammonium acetate and acetic acid.
9. The composition as claimed in claim 1, where the fluoride is flouroboric acid.

10. The composition as claimed in claim 5, where the fluoride is ammonium

fluoride, tetramethyl ammonium fluoride, or tetraethyl ammonium fluoride.

11.  The composition as claimed in claim 1 having a surface tension less than or
equal to 30 mN/m and a viscosity of less than or equal to 15 centipoise at
25°C.

12. A low surface tension, low viscosity, composition, consisting essentially of;

a. an acidic buffer solution containing acetic acid and ammonium acetate,
b. from 30% by weight to 90% by weight of an organic polar solvent that
is miscible in all proportion in water,

c. from 0.1% by weight to 20% by weight of ammonium fluoride, and

d. from 0.5% by weight to 40% by weight of water, and

f. up to 15% by weight of a corrosion inhibitor

wherein the pH of the composition is between 3 and 6 and the composition is

free of glycols.
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