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Speci ficati on STRI PPI NG COVPCSI Tl DUCTOR SUBSTRATESTS 3 AUG 2002
Cross- Reference to Rel ated Appli cg\mulﬂm“’mn{mW| cation clains priority to
U S. provisj plication serial nu 60/ 08S, 879, filed May 18, 1998.

" 10 BACKGROU %%%O%E | NVENTI ON Fi el d o?jat & | nvention Thé'cﬁWé%’é%Pg i nvention
rel ates generally to chem cal fornulations used in sem conductor wafer
.fabrication and particularly to chinepifigationor ny| ati ons, including at |east
15 boric acid and one or nore organic amnes and water, that are utilized
to renove residue fromwafers follow ng a resist plasm asking step.
Description of tSARIFRING COMPOSHHOMSI FOR SEMICONDUET ORSURSTRATESt | on of
various chem cal fornulations to renove 20 residue and cl ean wafers

foll ow ng a photoresist asking step. CGenerally, these prior art chem cal
formulsmti ons include strong reagents such as strong acids or strong bases
to hel p renove unwant ed inorgani c residues. However, such strong reagents
can cause=ESRiraBieERnce I ROaleC ARRIREMN of netal or insulator |ayers renmaining
on the wafer %ﬁa?fal?caﬁ&%lﬁ&@ BorP HRG ST ABYiSiohdl apFiR¥tidn\SiARGRGer ThETrE i 'S
therefore a need 1or chem cal fornulation which 25 effectively renove

resi due feY088R7Rdiled Max i&19%ski ng step which do not attack and potentially
degrade delicate structures which are neant to renmain on a wafer. SUWMWARY
OF THE | NVENTI ON The present invention conprises formnulations for stripping
waf erlOr esi dues whi ch 30 BAGKGROUND O FHE INVENTIONsed pl asma netal etching
fol |l owed by oxygen plasna aski ng. The WO 99160447 .1 5 AUG 2002

PCT/ US99/ 10895 fornmul ati ons contain the foll owi ng general conponents

(per cent eKield ofitle Ibyentlonght ) : | Boric Aci d2-17%rganic am ne or m xture of
am nes35- 709 er20-4~% d.ycol .sol vent (optional)0-5%hel atin gent

(opt i onal ) 0- 179§ B3Rk BVERYON 4 FRlAtRss g&?@&%ﬁﬁe?‘?ﬁ?ﬂ%ﬂ?a%@yaﬁ‘m ‘fdao“‘

Tri et haaGkmiFoiductol FAfer fibritSiod Andpividiladly Qo Ghentib? foHrREBIS, indMBRE aPRagthat it
effectively renoves inorganic_ residues follow ng a plasm asking step. It

i s andt hTig adia ARGERS o5 MofeAEsaicAErpRs apd, palst thahare ftilized o wmpre rerids formenpyes

metal i wQabdidGid e iR pRImPIhiE sfepsSi dues fol l owing plasma asking. It is a
further advantage of the present ‘invention that it effectively renoves

i norgani c residue froma sem conductor wafer follow ng plasma asking
wi t hout GRRE[EULE tBe PlibPRAq acid or a strong base. These and other features
and advan‘rﬁg'%‘t#rﬁ%‘mm invention will becone 20 understood to those
of ordinary sHheé |prion atthteachest the pitizationi dfwadbus beenfieil [formulationie toa rdmeye
descrﬂOp t Irgsﬁldu%f antdhc e rvevgfgrrsrfgl?ovﬁgg) Qdﬂhg{%pé[s%t ashing step. Generally, these prior art

chemical formulations include strong reagents such as strong acids or strong bases to help

remove unwanted inorganic residues. However, such strong reagents can cause unwanted
further removal of metal or insulator layers remaining on the wafer and are therefore
undesirable in many instances. There is therefore a need for chemical formulations which
25 effectively remove residue following a resist ashing step which do not attack and potentially

degrade delicate structures which are meant to remain on a wafer.

SUMMARY OF THE INVENTION
The present invention comprises formulations for stripping wafer residues which

30 originate from a halogen based plasma metal etching followed by oxygen plasma ashing. The
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DETAI LED "DESCRI PTI ON OF THE PREFERRED EMBCODI MENTS Typi cal steps i ol §hdUg 2002

fabrication of sem conductor wafers involve the creation of 25 netalized

| ayers or insulating | ayers having patterned resist |ayers forned. thereon.

~Such a wafer rrgy t hen be exposed to plasmas (such as hal ogen based pl asnmas)

to remove eXfO¥¥44%etal or insulator. Thereafter, a pl asng”é@’k"?ﬂ@”%tep i's

conducted (typically using an oxygen based plasnma) in which the remaining

-resi st i s foramintiens dontain thétoliowing genefh components (pesentagea htedy veeightiet al | ayer or

a patterned ingulajar layer. 30 This series of ,s s generally results in a

resi due which SAHS [ emoved fromthe wafer p?flzre/?to further fabrication
_ steps. The res °1"B’|“f°o‘\m\’§“‘€r? ma achi ng> T§ i s predoninantly
_>conposed of in r&%?flpc conpounds such as netal “r-dés and netal oxides.

Vari ouf cheni cSIYePlsPietdPRigpR) are currently use¥3¥o renove the inorganic
conmpound r esi dtblatingagent (EeRRY) ati ons are gene®ad?4 hol dovers from ol der
sem conductor fabrication 2 "1 5 AUG 2002 WD 991 60447 PCT/ US99/ 10895 wet
chemi cal resi s-hr‘_; VA R QGRSSes that were used prior to the introduction
of the resist plasma asking technol ogy. The prior formulations thus
typi cal | y contMonoesitanoagingafMB4)or strong bases to renove residues. The
presef@ i nvent Txsthanolapined@EArhenm cal fornul ati ons for the renoval of
i norgani ¢ conpound residues, where the fornulations do not contain the 5
strong aci ds Stro ase f the prior. art forpulations. The present
i nvention cong{’i%ég Zﬁgﬁ? %r%u'gﬁtpfeé?% ipysptieq thah 4t ’%‘T’%r’c’f‘%??dﬂ%%a%i ch
ori gi nat erdsidaés Bll@king e pRbihyashingsep netal etching fol l owed by plasma achi ng.
The formul ations contain boric _acid, one or_nore am nes and water or
anot her sol ventt 1Bangther advantags f dbg present wvention thet ¥ sffectiyelersmoyeymstal o
chel atig NghAMERLd ASEPHdBAut REORH PBkSa askhgThe preferred fornulations
utilize the follow ng general conponents (percentages are by weight}: Boric
aci d 2- 17% O g afurtherradvantagpiok thg peesent inyaptipaghat 5t efGotivalit ismoyes-ingegnics d ycol

sol vent ( L ) =D g ) : WA W -red

i nos. ar SkpRBinl Sk BhicPRUAGER AP B Rhol el s Rl

utilizati ormassfonpbasec acid in conbination with amnes is a unique feature of

this inventio These f.or ' rovided. good stri.ppi f.or mance

whi ch can be enhanced %hyer {%Jet&ggd |(fia§‘ﬁagééﬁesoﬁ{ i%bengﬁeseél elﬁwéf' ﬁ%g%%ebﬁf T4nd

sol ve20 s. uifersidod whthbset of grdiageynslidll dn ahe e fupoa ieyieweatkihy followingl elemiled y

acidic ang contai? comhi nati ons _of two functional groups which include

car boxy! | SSSERRYPR of e pralerred epAPEAR gr oups, ani des, ketones, and al dehydes

such that the two groups in the chelating agent are in close proximty to

each other. Preferreq.chelating age are: Lactic
RO 5 OTe—creratT g 0y S e —Hcetoacet am de

CH3 COCH2 CONH2 ieialslefgy iz bt tigr oHSAhiobHHGEIRr Jvafers involve AWK cre@fe)\6Y

991 60447 ' PCTNS99J1 0895. Exanpl es of preferred formnul ati ons are: Boric

aci d129apRselirsniaysahrhivaaing dyersuriog Patemradgegiy dpxers formed thereon. Such a

aci d15%byaet hap %e%me@ﬂl%w{oeﬁl%aggém@scﬂdlé\geﬁ%hé_i@p?a%ﬁ%) t§ remove exposed

aci d10%lr i et hanol am ne3” g%at'er 35%d 5Acet oacet am del79%Bori c

aci d15%vbmstal puinsileiet. NERBIgN: LplampEEag step istondinjedd Py nying an oxygen

aci d15%vb ! O%% 0 I :

aci dlZ%\/bE%g% gaﬁlgkgﬁ ﬂgﬁ@ ri g‘?ﬁgﬁ{%?&gﬁ‘% ?1%"106' Motranr %%Ebrﬂ‘:e result is a

aci d17%vb paestied muita layene 4pattined ig8bEr laykrene G ycol 5%85The inventors expect
Lt SATCT °1 06 ek ok LAY SOLSH AR RRRRRRER el ' °
i ncl ude: Awafek lpeibr @ firtherCfabidatiars stagse Theprsidad fallowing thel iplaainh esking steptiher

glycol so lpl\'é Qrgnsnm? yecoef\n)iwgsee to?%o%g(a)nict? gorrsu%u}x%bs}ugﬁ :fs metal jhal?deéuan% l%gt(a)lz ox\llggs.ggl 00447

Various chemical formulations are currently used to remove the inorganic compound

residues. These formulations are generally hoidovers from older semiconductor fabrication



PGTNS99/ 10895 C. Other chel ating agents which are also weakly to gﬁjz\yﬁt gdﬂ\?
acidic and are structurally simlar to those clained are al so exp t
be suitable. D. It would al so be expected that inclusion of optional
conponent s 035 surfactants, stabilizers, corrosion ighLhbi

“buffering ég&e%{)s, and cosol vents would constitute 5 obvi ggjglag%&h%sons to
those practiced in the art., The formul ati ons ,of the present invention are
.particul aYerh"d@EﬁllIFS‘%ﬁ“W‘aP@cWﬁséWt H‘&Ve“sﬁ‘ééﬂméf’éhfeﬁm'ﬁﬂ‘f"ﬁ'_"& Iof &he; Tggist or

{1 uor! ne i3 Hsfih SecRhGISEYRS The pti Gt s YR yPleaty WonBiR itk bR &OS1 dUles
generate&’ y this“type of" processing typically confain inorgdnic materials
such as, strertg rasts th iremaovedesidnes. aTherpresart invention comprisdstchemigah formulation s e

resi dues are often.diffi.cul to.dl §s co I i t hout . causi ng
COrr osi or%l%ofen}?é'?lanf RE ?;{: 3%“?%‘%%’??1&}: e‘9 e\éegtth Gr %E'Llr‘ﬁétc?ﬁ?lg rdé)ndn&oc;éme Ctive
devi cé& patrémy driis oe strdng bages efthd priortant fermubatiosonmer ci al | y generated wafers

cont ai ni ng vi ‘f‘ﬁ wer e eval uated usin é?he 15 farmul ati ons, of 5 he present
i nvention. In %B’ﬁseé‘hg'é(?m'f’ﬁlc?%wsﬁ%n%f Eﬂgaté‘{nﬁﬁ?r g PRIE Y% RY ‘leﬁ%?}g‘fc si due
was r end\sgginhte OffbhNRighedensityo ylabmirahictal Ottclihg ifblowed BY pladma hsingul atheon bat h

at 5060 for 30 mnutes followed by washing with deionized water and drying
with a sterauiations saniaimbrris agidsone) qr moze amigesand vty of pRothen JAKENG ASPRIRAY ( he
formul at édi&@%vi%&?g]ym sEPE heftforDEhSRIRMEAY aO8HiBnd! A RL. S I N an

aut omat ed spray too ol lowed by a water rinse. 20 Exanple 1. A wafer

havi 1§ 1.6 mni Thopreftimadrformplationsyudilizg thy &llowinggeruplpompenentsf(percentaggs angm
nitride tbﬁ@vel y)er (40 nmthick), a second |layer of silicon oxide (1.3

m crons thi @ "and a bottom |l ayer of alum nunicopper alloy. The substrate
was silicon oBbdeacikExam ne 2. A wafer having &E%ni cron dianeter, three

| ayer vies coOpganizathind oranistuteiof eminexi de t op | BFeM0% 7000 angstrons thick), a
second | ayer Watdritaniumnitride (1200 25 ang=20¢458& t hick), and a bottom

| ayerisof al unGiyeol soRkeat Gptinmal) at e was silicon @xjde. All of the preferred
formul ati ons CHeldrgfdgent (éptionst) wer e tested on theywafers of both Exanple 1
and Exanple 2. Qher fornulations within the range of conponents given
above were also tested. The formulations were rated for relative stripping
ef f ect i veness Theprefesed #BINGS & The 30 preferred fornul ati ons scored best
and, in overaponb&hdrelatqREsed on both stripping effectiveness and | ow

Corrggi vVity, efgnhaRbhfixd ehg!y equal. 5

)

The utilization of boric acid in combination with amines is a unique feature of this
invention. These formulations provided good stripping performance which can be enhanced
by the addition of optional chelating agents and solvents.

25 The chelating agents are preferably weakly to moderately acidic and contain
combinations of two functional groups which include carboxylic acids, aromatic hydroxyl
groups, amides, ketones, and aldehydes such that the two groups in the chelating agent are in
close proximity to each other.

Preferred chelating agents are:

30 Catechol C¢H,(OH),
Lacticacid CH,CH(OH)CO,H

Other acceptable chelating agents are:

Acetoacetamide CH;COCH,CONH,
35 Salicylaldehyde 2-(HO)C¢H,CHO



.~ .5 AUG ?U02 WD 991 60447 PCTNS99110895 Wile the present inventi Py s 2002
been shown and described with reference to particular preferred °

enbodi ments, it is to be understood that other and further changes and

nodi fications, of the invention will becone apparent to t j din the
“art after uﬁ&esgésf"éﬁdi ng the present invention. It is the?'g@glr’sgg)i'&ns%’gnded
that the follow ng clainms cover 5 all such alterations and nodifications as
.fall within th&xgmples efpreferrediopmuatingsaef t he i nvention. What | claimis: 6
-1 5 AUG 2002 \WQiR94ig0447 PCT/ U599/ 10895 CLAIMS 1. Asgem conductor wafer

cl eani ng for nuhgil OR.dPdmids€ i n post plasma ashing SS50 conduct or
fabrication co [L,S1 hg the foll ow ng conponents in t3 £ percentage by wei ght
ranges ;shown: I ]aci d 2-17%5 At | east one am ne -70% Wat er 20-45% 2.
A cl eani ng for af @f on as described in claim1 furt®& includi ng a glycol
sol vent havi ng_a .per.centage by wei ght range of 0-5% 3. A cleaning

formul ati on asthB & gb?d inclaim1l further includifdg”a chel ati ng agent

havi ng a per cett™g FWrYht range of 0-17% 4. A & ®aning fornul ation as
descripbed in c™at%h 2 further including a chelating 348 having a

per cen1t°age by \Ré‘i‘kjﬁﬁ‘dr ange of 0-17% 5. A cleaning ©&%rmul ati on as descri bed
inclaiml wherein said amine is selected fromthe group consisting of

Monoet hanol am gg.¢ ) Triethanol amine (TEA) 6. A cly oni ng formul ati on as
described in c ﬂﬁé\%ﬂ% ein said am ne is sel ect ed3 J;om t he group

consi sting of: e@oetl anol am ne (MEA) Tri et hanol am q /(TEA) 7. A cleaning
forrrul1%ti on as 4 e(s)ccgaatla \ in claim3 wherein said am §:<(=° is selected fromthe
group consi sting 01 B oet hanol ani ne (MEA) Triet hahdffai ne (TEA) 8. A
cleaning formul ation as described in claim4 wherein said amne is sel ected
fromthe groupBefdaidti ng of Monoet hanol am ne ( MEA) 13%i et hanol ami ne (TEA) 7

Monoethanolamine 35%
Water 35%
20 Salicylaldehyde 15%
Boric acid 15%
Monoethanolamine 40%
Water 45%
25
Boric acid 12%
Monoethanolamine 45%
Triethanolamine 10%
Water 33%
30
Boric acid 17%
Monoethanolamine 40%
Water 38%
Ethylene Glycol 5%
35
The inventors expect that other closely related ingredients would be expected to show
comparable performance to those utilized in the preferred formulations.
These include:
A. Other organic amines are expected to be suitable:
40 B. Other glycol solvents are expected to be suitable,



1 5 AUG 20pl1 ' WD 991 60447 pCTNS99I 10895 9. A cl eaning formul ati on.lhd AUG 2002
described in claim3 wherein said chelating agent is selected fromthe

group consisting of Catechol Lactic acid 5 Acetoacetam de Salicyl al dehyde

10. A cleaning fornulation as described in claim4 wherein said chelating

" agent is sel gpd &fkodssOm t he group consisting of: Catechol Lagtusssnoss S
Acet oacet am de Sal i cyl al dehyde 11. A cleaning formul ation as described in

.claim 1 furtherCi nclowen¢helrifg @gentrwhichfard dlso GQ4RN W HBIGRALIS GcRiit hdid@et he
group consi sting, of surfactants, stabilizersg, corrqsion inhibitors,
buffering éﬁ‘@ﬂf‘%}y%‘ﬂﬂa’&g@ﬁ@%@a@ .”R"Pﬁ"@ifﬂ‘ﬁ‘gﬁ“_ yul ati on as descri bed
in claim9 conppi Si Ngwd hiso 36! dkpectdnRe iddfRSh AT RN Binaidaicht £CNOI 6%

13. A cleaning fornul ation as desCribed in claim9 conprising: Boric acid
15% Monoet Berfastantsi stabilivess, eamosion Inhitdwssbuffering ageatsi and@osoivents wonlddopstititteg

fornmul agi o | ' ' rising: Boric acid 10%

Triet ha%ol g@%@gg@@?g}&gg@é@eﬂ% g%@ﬁt am de 17% 15. A cl eaning

formul ati on as Tesformidatibns pf the presenPinvention amipagiculBdy usefid on evafefs%hich have
Monoet hanol am n 5% WAt er 35% 5. Sal i cyl al deh 159%.8 1 5 AUG TQ02 ' WO
007 60447 PEARGEBE] i lofhe- SnickionTonhied Pl STl Y e ASKES Y o m 1
conpr i si ng ThBeesidaesogenékatkd Yy hkin Ok [pf processing eypidally \Véitsin inbbddnit matéridld QrRAI NQ

formul ati on as de?_cr,i ed in.claim5b conprisin
as, but not I

mited to, aluminum oxide and titanium om%é. These residues are often difficult
10  to dissolve completely without causing corrosion of metal and titanium nitride features

required for effective device performance.

Examples

Two types of commercially generated wafers containing vias were evaluated using the

16  formulations of the present invention. In each case, following plasma etching and ashing the
residue was removed from the wafer by immersion of the wafer in a formulation bath at 50°-
60° for 30 minutes followed by washing with deionized water and drying with a stream of
nitrogen gas. It is expected by the inventors that the formulations can also be applied by
spraying onto the wafers in an automated spray tool followed by a water rinse.

20 Example 1. A wafer having 1.6 micron diameter, three layer vias comprised of a
titanium nitride top layer (40 nm thick), a second layer of silicon oxide (1.3 microns thick),
and a bottom layer of aluminum/copper alloy. The substrate was silicon oxide.

Example2. A wafer having one micron diameter, three layer vias comprised of a
silicon oxide top layer (7000 angstroms thick), a second layer of titanium nitride (1200

25  angstroms thick), and a bottom layer of aluminum. The substrate was silicon oxide.

All of the preferred formulations identified above were tested on the wafers of both
Example 1 and Example 2. Other formulations within the range of components given above
were also tested.

The formulations were rated for relative stripping effectiveness and corrosivity. The

30 preferred formulations scored best and, in overall performance based on both stripping

effectiveness and low corrosivity, are approximately equal.



Bori.c aci d 12% Monhoet hanol ami ne 45% Tri et hanol anmine | O% 5 Water 33 °$8AUB°‘2[][|2
cleaning fornul ation as described in claim®6 conprising: Boric acid

Monoet hanol am ne 40% Water 38% 5 Et hyl ene gl ycol 5% 19. A nethod for
fabricating a sem conductor wafer including the steps conprising: plasma

" etching a ne 64, ! ayer froma surface of the wafer; pl apepysshéssd 2

resist fromthe sur?ace of the wafer follow ng the netal etching step; 5

. ¢l eaning the wawle thep?esére lrlveNfiditha$ b&R shivh Yhd Qest G il referdrict!loAtakiRilar
including the follow hg conponents in the percentage by weight ranges

shown: Borplsfea'eddemht’ﬂmm R cigsto becunde 3Bat7 other\ané r fupther4 8banges. and net hod

d b
por cont agegiokafondoft 8 daliiE vl el Ml of “Bose BUNETln W WRONRr |
further i nmlderttangmg ﬂwmbscm mgenagmntt i$1heriefoge mtepehadcmatttmgﬁ;ubwngmhgm cowenge of

0-17% t hod. as d in_claim20 further .inclu achelatlng
agent h wﬂgs“gg ?ﬁtmﬁ’@fgmﬁé‘hﬁé? f‘%L ﬁ"F“b‘ € $pjEj}, and SCOPR O ﬁ'b

described in clwhinitRimkerein said amine is selected fromthe group

consi sting of Mnoet hanol am ne (MEA) 9 1 5 AUG 2002 WD 991 60447

PCT/ US99110895 Tri et hanol am ne (TEA) 24. A nmethod as described in claim 20
wherein said amne is selected fromthe group consisting of

Monoet hanol am ne (MEA) Triethanol amne (' fEA) 25. A nmethod as described in
claim 21 wherein said amne is selected fromthe group consisting of:
Monoet hanol am ne (MEA) Triethanol am ne (' TEA) 26. A method as described in
claim22 wherein said amne is selected fromthe group consisting of

Monoet hanol am ne (MEA) Tri et hanol ami ne (TEA) 27. A nethod as described in
claim 21 wherein said chelating agent is selected fromthe



group consisting of Catechol Lactic acid 5 Acetoacetam de Salicyl al deﬁyAuG 2002
28. A nmethod as described in claim22 wherein said chelating agent is
selected fromthe group consisting of: Catechol Lactic acid 5

_Acet oacetam de Sal i cyl al dehyde 29. A nethod as described in claim19
further inclWPMY44Bne or nore of the conpounds sel ected fPEHIENMEYS oup
consi sting of surfactants, stabilizeCDAIMS rosion inhibitors, buffering
-agents, and cogol vents, 30. met had for fabricating a sem conductgr. waf er
R Qescr i bed 15 S Eemymer vl [Eleang | Rl 5838, B 1B ey aind

per cent ageeniiyoridactohfabricatige somprizitg: thBds]loovireC tdnpbrétdVinnme tpsratthg by eveiphto 10
1 5 AUG 2002 99/ 60447 PCTNS99/ 10895 5 Water 32% Cat echol 6% 31. A net hod
for fabri @&E‘is\r{fg"ﬁ“:sem conductor wafer as described in claim25, including
the foll ow ng g&Eeaents in the percentage by wghght ranges shown: Boric
aci d 15% Monoet haRpbiinife 43% 5 Water 34. 8% Lagthgyaci d 6. 2% 32. A net hod
for fabricating,a, sem conductor wafer as descrhpgeoin claim25, including
the foll owi ng components in the percentage by weight ranges shown: Boric
acid 10% Jri et -am 0 L . t an 7% 33, net hod
for fabri %-'ati n&g@faégljg%ogrgﬁgﬁoc agrd%? %drlﬁgggﬁgﬁ:@%ﬁgﬁﬁmﬁgg gﬁ’ﬁ?? ‘,’en?\}r'\a(‘:vl‘ﬁtﬁji ng
t he fol | ompercentageppmeightrange of % er cent age by wei ght ranges shown: Boric
aci d 15% Monoet hanol am ne 35% 5 Water 35% Sal i cyl al dehyde 15% 34. A net hod
for fabricating a sem conductor wafer as described in claim 23, including
the foll o ng A ekRMMEHhfulativntab despibedan tiage] Rythekh@iding 26t@RAing BN havidgy | C
aci d 15% Mbnoet hanol anj ne 40% 5 y\ater 45% 35. A nmethod for fabricating a
seni condu®Pgseniage By waightyargeof Bdd%: n ¢l ai m 23, including the fol | owi ng
conponents in the percentage by wei ght ranges shown: Boric acid 12%

Monoet hanol am ne 45% _ . )
4. A cleaning formulation as described in claim 2 further including a chelating agent having

a percentage by weight range of 0-17%.

5. A cleaning formulation as described in claim 1 wherein said amine is selected from the
group consisting of:

Monoethanolamine (MEA)
Triethanolamine (TEA)

6. A cleaning formulation as described in claim 2 wherein said amine is selected from the
group consisting of:

Monoethanolamine (MEA)
Triethanolamine (TEA)

7. A cleaning formulation as described in claim 3 wherein said amine is selected from the
group consisting of:

Monoethanolamine (MEA)
Triethanolamine (TEA)

8. A cleaning formulation as described in claim 4 wherein said amine is selected from the
group consisting of:

Monoethanolamine (MEA)
Triethanolamine (TEA)



5 Triethanol am ne 10% Water 33% 11 1 5 AUG 2002 WO 991 60447 15 AUG 2002
PCT/ US99/ 10895 36. A nethod for fabricating a sem conductor wafer as
described in claim24, including the foll ow ng conponents in the percentage
_by wei ght ranges shown: Boric acid 17% Monoet hanol am ne 40% 5 Water 38%
Et hyl ene gl W@P9/684712 . AY. A9?. AYy. ABR. A, e. A9l ?. A. A9&3. AF. BCT/US99/10895
. Y. An. AF" 3 Auv BMafing &{qulafia[ M Jesarjbed i claiinc3 whireia]sailiaghelatitphagent is selected
-U] c”a] ca] a U c" U calca Uc”a Uc”a U cra]ca]ca
Ul c*a] ca] @am&héqrewoeaf cajc aq J "~T,8:Gac|vgkf [Vca]c
a] cal] ca] cal] cai&pbll ca] cal] ca] cal] ca] cal ca] c
a) ca] ca] ca] ca]Igaa],ggc]d:a] cajcalcaU calc alJcalcalca U cna]ca]ca
_bhBR6?G R M cbtoacet $ $$$| wr mhec”Yea) ¢
] ca] ca] ca] ca] %ﬂ ] ca] c™a] ca] ca] ca] c”a] ca] ca] ca] ca
U c”a] ca] ca] ca a)f}ca aJ ca] ca] ca] ca] caU] cal) ca $$

Oa/?/i;oa]mi:g‘ffa ca]'?: ﬁ]egééé: g‘ir)nﬁa;%ﬂzca‘]ew ¢ ccaT"%‘ ‘?%'g erbin ik ehEh Heot s selected

Ul c’\aU] cafpﬂuﬁaﬂeOgra]mh&m apo#] ca] ca] caU] cal] ca] c a]ca

<,,,,Fy--t. 5&3/ [/ 6020000001U11112233E44555{ qu gb] Xa] U] ca] ca] ca] ca] ca] ca]
caj ca] ca] cajc aU] ca]cal] c"a] c"a] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca
]ca] ca] ca! 5559%8t%asek67f 777 8C8888899: g: W :

; O<u<=xX/={vql g %E]aﬂ]%]i%a] ca] ca] ca] ca] cal ca] c
a] ca] ca] ca] ca] Hpdalfiehatie a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal ca] ¢
a] ca] cal V==#>~>>77? 2/ ?2?2?2?7@B99: q: w. . : : P;
; O<u<=V={ 1/1q| g xl;]mu]xg; &c}rgm]aggr} ea]:l@,sg_l]ﬂ@,qd] 19 a:[aj}rga]] further including one or more of the

o) ool 2 aiahial SRLEE AP LT L AR EBAALE o oy

+10%&' () - buffering agents, and cosolvents.

12. A cleaning formulation as described in claim 9 comprising:

Boric acid 17%

Monoethanolamine 45%

Water 32%
5 Catechol 6%

13. A cleaning formulation as described in claim 9 comprising:
Boric acid 15%
Monoethanolamine 43%

Water 34.8%
5 Lactic acid 6.2%

14. A cleaning formulation as described in claim 9 comprising:

Boric acid 10%
Triethanolamine 38%
Water 35%
5 Acetoacetamide 17%

15. A cleaning formulation as described in claim 9 comprising:

Boric acid 15%
Monoethanolamine 35%
Water 35%
5 Salicylaldehyde 15%
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Boric acid 15%
Monoethanolamine 40%
Water 45%
17. A cleaning formulation as described in claim 5 comprising:
Boric acid 12%
Monoethanolamine 45%
Triethanolamine 10%
5 Water 33%
18. A cleaning formulation as described in claim 6 comprising:
Boric acid 17%
Monoethanolamine 40%
Water 38%
5 Ethylene glycol 5%
19. A method for fabricating a semiconductor wafer including the steps comprising:
plasma etching a metalized layer from a surface of the wafer;
plasma ashing a resist from the surface of the wafer following the metal etching step;
5 cleaning the wafer in a following step using a chemical formulation including the

following components in the percentage by weight ranges shown:

Boric acid 2-17%
At least one amine 35-70%
Water 20-45%

20. A method as described in claim 19 further including a glyco! solvent having a percentage

by weight range of 0-5%.

21. A method as described in claim 19 further including a chelating agent having a

percentage by weight range of 0-17%.

22. A method as described in claim 20 further including a chelating agent having a
percentage by weight range of 0-17%.

23. A method as described in claim 19 wherein said amine is selected from the group
consisting of:
Monoethanolamine (MEA)
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30. A method for fabricating a semiconductor wafer as described in claim 25, including the
following components in the percentage by weight ranges shown:

Boric acid 17%
Monoethanolamine 45%

10
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following components in the percentage by weight ranges shown:

Boric acid 10%
Triethanolamine 38%
5 Water 35%
Acetoacetamide 17%

33. A method for fabricating a semiconductor wafer as described in claim 25, including the

following components in the percentage by weight ranges shown:

Boric acid 15%
Monoethanolamine 35%
5 Water 35%
Salicylaldehyde 15%

34. A method for fabricating a semiconductor wafer as described in claim 23, including the

following components in the percentage by weight ranges shown:

Boric acid 15%
Monoethanolamine 40%
5 Water 45%

3s. A method for fabricating a semiconductor wafer as described in claim 23, including the

following components in the percentage by weight ranges shown:

Boric acid 12%
Monoethanolamine 45%
5 Triethanolamine 10%

Water 33%
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