TI TLE OF THE | NVENTI ON:. METHOD FOR WAFER DI CI NG AND COVPCSI Tl ON USEFUL
THERECOF CROSS- REFERENCE TO RELATED APPLI CATI ONS [0001] This application
clainms the benefit of priority under 35 U . S.C, 119(e) to earlier tiled

U S. provisional patent application Serial No. 611362,896, filed on July 9,
2010, the 5disclosure of which is incorporated herein by reference inits
entirety. BACKGROUND OF THE | NVENTI ON [ 0002] The integrated circuits are
usually formed on a wafer. A single wafer contains plurality of integrated
circuit chips, or dies. An integrated circuit chip or dice, is obtained
10t hr ough a dicing process of sawing the wafer. [0003] During the dicing
process, snmall contam nant resi du¢r/EHaF THEIINBENTION: sawi ng t he waf er,

usual ly silicon residue, adhere to wafer surface, accurulate in bonding
pads and trenchedMEGHAD 6AB. WAy DEFINGAHND COMROSIBIONHBREUL AHERBOEquent

cl eani ng processes once in contact wwth wafer and virtually inpossible to
renove once trapped in deep trenches. 15In addition, during the dicing

Gannge the bondi ng patis. CBCRCH R atar BARaAIG K ArAIRE poor - o O

reliability, pg V%J%Hli%t%n [ainlﬁé‘tﬁ Q&Yéf rpoﬂ;ht? uROGRT, o) 1R§§igiocéa‘?l?9ra”d

Corrosi on can cause operati on

wi r ebondi ng. filed0f. P@Y@lfmptﬂeé%(ﬁﬁpmlléatm&ﬁﬂﬁﬁ‘@ @é/r3ﬁé§9@)rﬂ"e§l9|n|~lﬁbf Wreihhe
invol ves ts eqd§8suRd of liHidh i€ HRUFpbiNedRIrOR by RAr8RdAF ité BRVItyas a cool ant for

the dicing blade. The cutting area and the rotating bl ade are ordinarily
bathed in a significant flow of deionized water. One al so woul d think that
the silicon residue would be flushed away by the water cool ant that fl oods
the cutting area. Unfortunat elBACKGRODUND@ET THE (NVENT¢@Nt fl oodi ng, the small
silicon particles are not conpletely flushed away. Wrse, the water cool ant
can |l ead to alt§@?) dT tzegmpg@tedszjrawtsw@hsw@xeform&maWﬁ@nA\SI@@%wma@nt@ns of

silicon resi dgﬁse(nwrwéah &d eifbu&hﬁppwaksg«rﬂﬁfégmté@c.m{é r @i dbdtddng to
corrosion. e sem conduct or techno ogy rapidly advances, wafer

size is inr eH’é‘é‘@ afiringrracessSf svingthed@ifed. This prol ongs the t| rre spent
f di hal | 5BR NT| ON
(0006] 112 s oL RS e SR BiRoR SPar bR SRy ER O Bh o By BY:

di ci ng sol ut i emafeprusaallyailiodn esidiieradbenitc oaftusdriace veetenuldiedn b@dlr@maadaandat hod

to use the SOlerrt\éh%g’locE\%ts J[I'?eg%fré ﬁ%hlg lrérﬂovenih' gﬁste'aﬂ%t@fggﬁﬁ I%geé%g‘ BE&

cont ani nati on resi dues/ I“es expose ace ar s an
corrosi on of mqonmb\wﬂewafgmrfdaw@aéy @H’@SS'UQECU@W}’GQF@@PB%!W@RP trgpchepe

present i Rgeniqj itk %Urlﬂﬁﬂweadléﬁt] prbée2s, th@boﬁiﬂrg &d&ggk@éﬁbsémiaﬁéor@bﬁh L
i nhi biti ng adherence of contam nation resi and corros on of the exposed

met al | i zat i on 8FE4LTOSBAGRT gqarﬁgge the bvmpagﬁgamnpgq PRy ppRine 'B21%Ed from
t he group congb&irei®iigf oveven fgar of tecdelicasThesmhiantinsat ﬁmf|¢Ie31£raitcokreasm cane

second COnpoungusseerJrc?o(ftrﬁgatflgtgrr%stsgr%blg%Sgl%tlgnogu%h %E w1rgb06}\dﬁ1'dr factant and a base;

[0004] One approach to reducing corrosion during dicing, involves the use of high
20  purity deionized water (DIW) as a coolant for the dicing blade. The cutting area and the
rotating blade are ordinarily bathed in a significant flow of deionized water. One also
would think that the silicon residue would be flushed away by the water coolant that
floods the cutting area. Unfortunately, even under significant flooding, the small silicon
particles are not completely flushed away. Worse, the water coolant can lead to a build
25  up of static charge, resulting in accumulation of silicon residues/particles on the bonding

pads, as well as contributing to corrosion.



t he remai nder being substantially deionized water; and the solution has a
pH greater than 4. (0008] Another enbodi nent of the present invention
provi des a nmethod for wafer 20dicing, the wafer is diced by a saw with
bondi ng pads, contam nation residues are produced by sawi ng the wafer,
corrosion is potentially formed on all exposed netalli zati on areas;

conpri sing steps_of: ont acti th a sol ut e

di cing, the SEq%EﬁI %ﬁ%’?'f’%'?‘ﬂ'gtorgm%@y ra%'ﬁ?dwagﬁ%stw rs' (lggs"%crp%gtre}gound

sel ect ed fr onwhikaligsiouis redussd.sThis growhgathe dimgaspeat fmlaimwanu lesdb to mbeer eof ;

at | east one gejgnd corrpound selected fromthe group consisting of a
surfactant an and the renmai nder being substantially deionized

wat er, and the soluti on has a pH greater than 4. [0009] Mre specifically,
the at |east one first compound is fromO.001Iw % to 30w % the surfactant
is fromO0,90Iwt % to | Om % amRIERGURASERY OFTHENNYERTIONE %t o 20 W %
wherein the solution is diluted with deionized water from1:0 to 1:10000 by
wei ght . [6006;0] It Eleerefoteliin abjecthanoffther gresamt meendion $eprovige atiicing salytion sr,

def oam ng ageaéélH f5 rds'e%ﬁceornghagrv@aqgr%zﬁngo ?&Heth%‘atlo mg%luﬁ({ﬁb&m gent of

the present rovi des a solu or seni conductor wa di ci ng
i nhi biting adhf&OGVﬁ:Ie Irﬂﬁblmrﬂdhﬁnen@ﬁwfdhﬁ ¢antintination seripues/prgelPole arexperedexposed

metal | i zati ong @*a%?%reaggﬁ@me%ﬂgswn of all exposed surface@réd1Wt % t o 30wt % of at
| east one acid selected fromthe group consisting of 10citric acid and

oxal i ¢ achg; IdOW]atOh@é&ﬁbodﬂﬁ@t@ﬂfﬁ@@%@dnﬁﬂe@ﬁdrﬁﬁoﬁdm §dllﬁ|oglf<mspnﬂmndum¢rl ng
of fronD. 001 wt a bas

sur f act ant : tW@f/F g’ﬁ'ﬁ? H‘&E’F'“ﬁé‘f’ eg(i?n(gtcg'ﬂ?mg?ﬁ%;’ r&%‘lg%er]ib’ygzne(fgﬁo% %%e sol ution

has a pH gr eatgroséhmptallizatiod drmscdmmmngs and the solution is diluted with
de ized water from1:0 to 1:10000 ght; wherein the base is selected
fromthe group conailesst eng fisst qgmpaw?/ cmﬁdfoaxﬁhe@rw@pus'%ma of an organic acid

t et ramet hyl ammoni uggdusdiaréste (TMAH); and the surfactant is selected from
the group consisting of secondaryhhoxyl ate 20and secondary al kanesul f onat e.

BRI EF DESGRI PTI ON £¥feasEdeRAcoM E3Mpdubd SétErtEdRFIM NESrp@0donbisfrigni mesuifadtsnta
schemati ¢ draw ng ggdaabgsyepi cal apparatus for wafer dicing by saw ng

the remainder being substantially deionized water; and
the solution has a pH greater than 4.

[0008] Another embodiment of the present inverition provides a method for wafer
20 dicing, the wafer is diced by a saw with bonding pads, contamination residues are
produced by sawing the wafer, corrosion is potentially formed on all exposed

metallization areas; comprising steps of:
contacting the wafer with a solution during the dicing, the solution comprising

at least one first compound selected from the group consisting of an organic acid
25 and salt thereof;

at least one second compound selected from the group consisting of a surfactant

and a base; and
the remainder being substantially deionized water; and

the solution has a pH greater than 4.



25[ 0013] Figure 2 (a) and (b) show the galvanic current density for dicing
sol ution 38A versus tap water. [0014] Figure 3(a) shows the average Keil
size (mm) for dicing solution 38A versus distilled water on Ball Gid Array
(B&). [0015] Figure 3(b) shows the average Ken f size (mm for dicing
solution 38A versus distilled water on ceram c. [0016] Figure 3(c) shows
the average Keit size (nm for dicing solution 38A versus distilled water

ili ) i h h i

oo 1 or Clpdte e sfatienl GE PEE Gl S R AR .G WS G360 PAL
i b B D B e D T el P atey

util on [ . . . g
Shous +he Wil Saution'ss i ed WRh SkioBRef §hthrbm s oda 1 ARER PhaR iy o us
distilled i 1. . DETAI L DESCRI PTI.ON OF THE | NVENTI ON
Conduct | vid§oindPasBlutbF §e I S Pty s rRESaNS! i AT BBAEEMSIhe  r ost at i
char gescanlispessingiagdnes.on the wafer. This charge buil d-up and/or a

subsequent el ectrostatic discharge (ESD) can danage sensitive devices on
t he waf er $00Hl ecfet andtabr embbdimget afdine ptesentdhtardgion ppavidesa sdution fohe waf er

surface. Therefqre it is inportant tao dissipat ny_.el rostatjc ge
bui | d-up AGPIUTer tPET AlgBrouaRas Bt RE H B Ra AR B fegesRn
el ect r ost af the expasgremiesalllxgti@dVaebscomptistigng fluid that has a | ow
resistivity (high conductivity). The conducting fluid provides a path for
t he charge tofrdms&0@bttes BGWIY afiat ieagt oridl acidhsaected froomthe groupuedistiag of
di ci nqofl uid in. orcdcfgg %o Jols O\éidde | ubrication between the saw bl ade and t he
waf er. "Dl wat 8'rtr'ca?§ PEISE%S cool ant to prevent the saw bl ade from
over heating dye Licti . er,
D1 vater has Sod g5 obt sPRoRF ke fpnite BB A0SR Rl F oo RS o,
a good conducDmg%fdf i lthskanddivar GO0 twtss ipadwidnof Aswtactamtil y used nethod to
| ower the resistivity of the DI water is by injecting CO2 into the DI
wat er. Thi s | tweesadinter beipg stibstantallpfteiohize®walert er so the fluid is better
at dissipating charge. The dicing solution disclosed in current invention
has a | ower r #si stlitionthastaheth gesatar tieop4 epdtegedthadl 13sandr . Therefore this
dicing solution will be better at dissipating 30charge build-up on the
waf er 18uri ng thecsahgion isdilfted witT daivhizad aaterifow FO4en1(1002 by D@idhtg t he di cing
process small contam nant residues, usually silicon residue, adhere to the
waf er surfacewaattimccunul ate on Al bond pads and trench areas. These
silicon particles can cause issues when the Al bond pads are probed/tested
for 5functi on#ie kase iTheleeief froanthp @reurctansistagobpaiassiun srdrpyde (KaHeandn
during w reboMria@%tl‘{‘gff&ﬂm%ﬂ%WWdrSSﬁ&@LTM&HP%H9 bonded to the Al bond pads.

|

Therefore these residues need to be rehoved fromthe wafer surface.

Usual |y a di ci i IS tdFedin i gl \dhtR0
ol ati oni s 2o Ao B et B 0Bt b e e Y
funct 28n of t Bedgeedndgrsalkansseiforiate.t o renove the Si residues fromthe wafer
10surface. In order to inprove the particle renoval, the dicing solution
often contains a surfactant. This reduces the surface tension of the dicing
solution so that it wets the surface of the wafer better. Better wetting of
the surface will BRIFFONESERITTIONOF SEARRAL YRS 4F RilgPRAWINGSNns, the
dicing solution disclosed in the current invention has a nuch | ower surface
tensi on t K8}12h Figire ! is 1scaenatimdrawingtof ervpiar! @PRaratyst fat valer ficing Mave better
15particl ggueeoval capabilities than DI water. The dicing solution

di sclosed in Current invention also has a | ower surface tension than

sever ak offpd4¥] GO4IFED! (¥) HKED) SRENBICh A arfé 6irfht S6hdHyifONScing solution 38A

versus tap water.

[0014] Figure 3(a) shows the average Kerf size (mm) for dicing solution 38A versus
distilled water on Ball Grid Array (BGA).



[ 0022] Even though a surfactant in the dicing solution will reduce the
surface tension to provide better particle renoval, there is one potenti al
issue with a surfactant: foamng. 20 Many surfactants will cause foamto
occur in the dicing solution. The foamcan interfere with the dicing
solution's ability to renove particles. The foamitself can dry on the
waf er and | eave particles of its own. Therefore it is inportant that as

act ual o DMPIndaRT ROl TS TR RS it baR i K3uale KB SR St on

gener at ed didtilléd wafepamcatantibe poi nt of use of the saw bl ade 25and waf er
surface in conparison to a conpetitor product. The dicing solution

di scl osed [Omalurﬁigme 3(¢)\sbotvs thre alesapegicerésiat édm) éxsiidimasolttitarB&hesrsanmonl y
used com*re(ﬁjﬁcijJil dL‘?ﬁi n%.sol utLeSns in arecirculation tank. pH 30[0023] Al
bond pads SFUCHVAIE, CBIGRRYA i ng t he di cing process. A dicing solution is

of ten for . lubri fL | ot |, etc.
Very o teﬂog)fji]m&q%l‘r‘reaéaq%l}?@walﬂﬁ %\ber%% u@?o%&é)ﬁurwgze B C'rl%r; S%ldt%ﬁ%;g?‘ water is
that its pirdus didtited wateand Ball GrivbArrggHB8A)corrosi on wil | occur. Typi cal
times of 20-30 mnutes can be required to dice a wafer. During that time

t he Al borf0ot8idFigurk 4(eshewp tiseaverageDthipambarsd buvs sike toadicgmusodutiah 386r r osi on.

One net hod for corrosion in DI water is to inject CO2
into the derwgtdisrtﬁeaﬁ’.wgge?gomg 'Yhe pH of the DI water to about 4-4.5. At

this pH Al r I e r ing Al
corrosion [Sﬁﬁ]ngﬁ%‘ﬂ&‘% 5510\5\’/ (t)ﬁEéUg% 81 gr?%% é%?gﬁr@ﬁdgrvt\gﬁ?%{“he pH of
t he DI10vvatversus'ﬂmnlgxﬂ-lweferDhesllldotmwagarsol ut| on d| scI osed in current invention
at typical dilutions with DI water or distilled water from1: 0 to 1:10000
by wei ght used for dicing is 4 to 13. The dilution ratio is by weight.

Dei oni sed water and distilled water can be used interchangeable. At this pH
t he dicing solution w | PEFANER PESARIEHION SFoHBbINERNOKINI Al bond pads
during dicing. This has been shown in eval uations on actual wafers. 10
Copper Oxide Renoval (0024] Wien wafers with exposed Cu surfaces (Cu bond
pads or other Cu surfaces) redetndusdivity endResigiddlys, the Cu surface may
have an oxi dation and contam nation |layer on it due to previous process

st eps 15Af t[@02Q)i dPuring thedichy Rsosdsacicarastalio charge agh agcunadatepndbe wafescess
15t o chec r obe
(P touohe s R B e eal e s P R e e
t he Cu sursfeaslévem@tll@%eor‘pthgb@fﬁﬁpEiﬁwgﬁfémbéhaige camalgs ageass patieles fpthever, if
the Cu surf a 4 ayer on
it the corwag%te L'r?%‘ss'lesir Q%Fggf?rg)% @?dr@ﬂwoew 'pcag@ugéy%lﬁgtrwﬁge tg&ﬁg a|I even
t hough t helupag thmdymb@r@ess;n@nemﬁhoqof@r ﬂlsm@amgeth@reﬂeotrn&tgbc chage & Byai | s"
from Bappepy d.%ap%.d%ﬁw& S90S (i eBRdlctit eﬁﬁ¥€oﬁc{lﬁt|ﬁ%ﬂlﬂ&“ on and
contamnati o SO t surtace | ean as possi b

probe tip nr@u@eﬁe@ path. fotheishaigs tel dissipatesduring slcingki lamat@hlsa;ﬁammnly used as

cont am nat I ichis
when & motaf P Fu i O (oS A e TS e By Bhg b PRI ER O

sur f ace hawater alpd aits @% |aora>pla@h10cmﬁvqmmmsaw)hlaplaﬁr@m Queehenting dugite @Icwy not
adher e WeldelOerd 18 <Gl (alld Afifine raldle RN Er, B gﬁéatﬁ?q_t‘? [RRRh By
surface woul e advant ageous as wel |l for Wi re I ci'ng sol utl on
di scl @6ed dboutid megaohmsy)eastit ismot eg@qa)amcélcbmg ﬂl@ﬂfﬂnql?grs;@lm%fma@én th mni mai
et ching of, r e 62

cl eaned duromﬁorlrhﬁgggdJ %ﬁ%{@%@@g&@%@{@ c?ftm{]ﬁl \glg%lr %byin'aﬁéétl onédi:atséélﬁgsed
in curr entDllWﬂl@htTl’mlloM@rm@edeﬁﬁtMthgf e d3 nepter3of the Aeid lﬂ'h@féef af Hissieriect ed

di ci ng sol I i i ty) to
be- bott or e Qe S o A R B b oS i R V0 )
| oner sur fexee Q@rmacgedf@rwatelt t'EJ’ier?fafetlihlﬂ @Clﬁ@ﬁﬂivmn it patsiettet ?@SSIR&EIPQI ess

f oam ggner ) corrosion on exposed Al bond pads
duri ng%dl cc‘ffl'% bl{'lg u(pa%rﬂlﬁ'ﬁ%f%pcﬂnt %ltfccl)n%lr enove Cu oxide with mnimal etching
of the underlyl ng Cu surface. The



35 formulations or dicing solutions conprise of (a) Oganic acids or salts
and m xtures thereof; and (b) a surfactant or a m xture of surfactants,
where the pH of the formulation is equal or larger than 4. [0026] Organic
acids function to inprove trace netal renovals, renove organic 5residues,
pH adj ust ment or reduce corrosion of net al s. Organi c acids can be chosen
froma broad range of acids, inc but ntLL tedto oxalic acid,
citric acid, maliec acid, malic® ﬁ'z?l“d"ﬁ‘ﬁ °§’C| gI uconi ¢ aci d,
glutaric acid or.bi c .aci.d formc W m ne
tetraacetic a&qo%?]c Esﬁrquﬁﬁ figihg PIOSRTSH Sé"& ﬁ?fgﬁﬁﬁ !r%S'a&%s USLE $hh %eﬁ%%:‘% aci ds
such as ant hr adhdré t© the ivdfer Burfeae iaod acriudhulatg greAlond aﬁ@rﬁf‘rﬁ’éfené'yg'teﬁﬁeT@QS@
10Sal ts of thege, apfa'rt%?a %g (?SSPSS Wﬁf‘r{jth el Qar?&tpfaﬁé Sreq;roﬁé@lﬁés?te@fb'r ds/salts
\ 5 WL? or mu

may be used as we tiron or dicing solutigns rﬁ}/ contain
from 0. 0015t o fuBetianatity ( bie siigogpeiticlss CG'P@'ﬁ?\Fﬂisﬁépﬂﬁ@ﬁ?'?%d”rlﬁﬂéﬁf@f”? %r gani ¢

aci d concent f%b@@ndtﬁé}gﬁetélﬁ%@u% &hdé@to‘ihm%on&p@@smrméfm@nhesb Dfegidies aci ds
and salts may al so be used on, at 15t he. desir,ed | veI

[0028] Surf act"%‘?ﬁ"é’ b&rf%ma‘éeé’cffqnht FPﬁa fFBr?%‘Fﬁl gﬂlﬁ atdéc"? ‘8\98 SAEEE HPDPC ¢ he
surfaces (bl adeinameodebe Taf ditingssuldtian &)a ftlud thags dprayertontd thiessawdilddg andlttpe in

I mpr ovi ng | Ubl’l ? t RQfLP'Ir @?’Ie#f]iﬂee CIn%&JILRfOF%tS)féFﬁM tﬁ@gl IQEIGQ& f|'<1n§ ﬁﬁefmﬁer
reduci ng the KEr 0SS. al so renove particles and

resi dues flpomstifases it drderdo improveothe paicle serapval. g deing sriut Sffed aewains  0029]

The choice of shr*?é%tawrfrﬁ&;e%tléesr{ﬁé'sa%@mlsfén@mhs@rcnr@wuw $Sthbit wetecmeudl ng:
wetting properties, foam n%gﬁp operties, det rinsabi l

surfactant whiseTRagE theayaferbsiiers defterauetingr it ?C WW'EUHE%P&"L%%/ egwrpga nd has
| ow foam ng p@&eéﬁﬂlgmmﬁodsl gblacirgesiutiabliecibed it ihe suagnliiveaiidndras anuch

conmbi nation of surf nts lsqQ b IS
used to sol ubifY&&! rga S%mé\gﬁ%b[ﬁ’léuagvdﬁ'g%ﬁﬁda;ng t%g}hw{@n{&&gﬁﬁwat’gg%gﬁl onal
sol vosur f d6t amanlnblre!nwaawmaamtidséhm@mater iThe disingesolidrudis¢loged imeurgint f i cul t
Lo dissolve syibihdiohasHoRerBraLAbMicthen dvdlal 5ttt BhABAS usdd030]
Various types of sur ctan S, suc as anionic, cationic, non-ionic,

ZW tterionic §9Wﬂ§fﬂd%ﬁl¢§\9@m&%ﬁ’bl nati ons ther eof may be used. 30[ 0031]
Exanpl es of surfactants include but n urfactants
pol y(al kyl enel Qﬂ?izhe)zv%‘lﬁ‘?%ﬂf‘taa‘ﬂt'@da%ﬂqﬁ‘iﬁ 'ﬂi’(‘f"é{'l regldﬁefﬁ Lé{%f:gienéﬁpttabl e
non-ionic Surfpadmcmrﬁe&erfpumdmmomlithereps mee;xﬁemlehpsuemmhmurfadhntdbath are

lim | |
261 oct amrReRAeeLR cLEiRgy 1 dBG Rl AEAER G P R A EAge,
X-100, X-45, auitd the diging mimuoals@@mtylto earhoyeyadicles, Thefoamditsel B dry o) thspwafer
(C16H33( OCHZC'éﬁ)j reggyhaf(l P L35 its BihJ eﬁ'\()ereﬁﬁ’e (tgiﬁlb@l%n%?gﬂﬂezﬁgﬂa a]s)poéélﬁﬂabe and

secondary al co ates, such ito -5-7, fact ants

5 may i ncl ude 9enefaigs "hlhﬁﬁ!cﬁ@r??lé'ﬁ%"s df‘]‘?ﬁ?&?’é%ct'ﬁ_ﬂg)"g %@@ﬁﬂzjrhﬁ dicing solution

al yl benzenesulgiseRaéfin cﬁﬁéﬁtk’nv%hmfyéhe@tddfhﬁteﬁSarﬁ EAS} poidEsfasdaf fie saw blade
al kanesul fﬁnat ealwgaé?géﬁ such as Hosta Apur SAS gat ty

al cohol et?Rer & ﬁmmpf'ﬁ%@] SmReiof HP?%Cér?%igglﬁi’ §§‘§‘?°§‘u°q%°?°% fant s
i ncl ude: acet yi emient idiehtiby piso génesatefl &st fnansthas thelvoasnoDiyrused cagomergal dinkgy
al cohol et hox%l gi% Fb&”&ébl t?én*lgﬁw' ates, am ne et hoxyl ates, 10gl ucosi des,
gl ucar ni des, ene ﬁyco on(etherne gl ycol - co- propyl ene

gl ycol); or ot her surfact ants provided in the reference; MCutcheon's
Emul sifiers and

pH

30 [0023] Al bond pads are often exposed during the dicing process. A dicing solution is
often used during dicing for lubrication, cooling, particle removal, etc. Very often DI
water is the dicing solution. An issue with using DI water is that its pH is about 7 and at
that pH Al corrosion will occur. Typical times of 20-30 minutes can be required to dice a

-5.



Detergents, North American Edition for the Year 2000 published by

Manuf acturers Confectioners Publishing Co. of den Rock, N J. [0033] The
formul ation or dicing solutions nmay contain surfactant having concentration
15ranging from0.001 to 10 wt% or preferably from0.01 to 5 wt% Preferred
surfactants for this application are secondary al cohol ethoxyl ates,
specific exanple being Tergitol 15--S-7 from Dow Chem cal s; secondary

I k i t S SAS I h
2L camest! (298 iRl yne HhIN REnd SRR SEBhoT A R Ay A 5,
series. 2@pHasa. Crmeaméthodtdr@tevemmgrthdAmanQSIsoirult)i\mter is tminear@GeintodomPt i se a
b to f t I
D o 0o MR ol Bl whDECBEAARL! A Rl G doovel |
| ess t han migmiZed036pthenaetbad @rmebt@gs‘élc@rmw dwr@w&'ngaﬁ@elsgfa ditiedri cal s,

i ncl udsng sBlio@ht 1IbivBistRIpH 85 thE D Aafk. UT‘F\J‘M‘J’B%e@ﬁ:(rté%utuoﬂ&@élbé@d%ﬁ‘@urrent _
carbonat e, aqueous ammoni a, anmoni um 2 P{dr oxi des

ua i um
hydr oxi dednvertipn 3 iwpinal dilufarseuithighwaler ‘Hé’@él 4 waigrfrom 6rfet°q‘ 190,90 E&S Igﬁht i on
with one aged kelicing @B 135rRE biltien ext@nPbeaeight. gu.ah.eécnwaw amnastilednvarr t

i ncl ude; tet non| traet anmmoni ur n

hydr oxi de,®@F ‘Pr“ﬁ?fr\é{?ﬁ ﬁ'P%{fa‘%ﬁ‘ediec ”gtﬁp’%? lel r@'f“ﬂ"ﬁ HPYRR RV dr oxi de,
(2- 30hydreapyset Ay borid pardlseiuhlyd dinmp.nirhisthhy beepxshden in evaluations on actual wafers.
(2-hydroxyethyl)triethyl arnmoni urn hydr oxi de,

(2-hydooxyet hyl ) tri propyl ammoni um hydr oxi de and (1-

hydr oxypropyl ) tri met hyl anmmoni um hydr oxi de. [0037] The fornul ati on or
dicing solutions may contain baseeppeadxide Remeealt rati on ranging from 0.001
to 20 wt% [0038] The formnulation or dicing sotuflons may contain chel ating

agents. THeO%he Vahsmipfagerithexpespdie! wipees mﬂéﬁ?thomﬁﬁCUﬁUH?teéarqash

am nObenZ%&dlé‘ﬁ%Q%céééC theasy MabE AR hbge aﬁasm@lat.oﬁtah& b@ﬂaﬁanammgteebh aGRki C

ﬁl(:![ (rjl |(E»I[:) ;rﬁ\%ler@ylioe BIOFREY( Fs\l) %:[ftg (lilglltlé etﬁ'é usu atcreln?acyeggoI t?trou a tés’t}HrolBe p?'ocess

di et hybk| enetigck#i® mepontlecedal tlﬁhbminlaml/enetlrlig teﬁttngepmnbaﬁp:mttcnesaibm ohERTA) ,
ethanoldl i hat e ric Cld nlc i S iC
aci d, tart 5{] ki '86"%!%?%9 %héc?%?gt%% twggl ,e ant unrf)ltc (rg :é\g%@t ﬁjr?dé%ﬁg’ &ﬁg@%hom c
aci d, et hykkisédove aslpgesido Hdowayed (fdlod Qu stlrtdvgedhaeﬁyleckwtldaﬁemay&r dnadirghosphoni c
acid, 1-hy i

et hyI am nogf‘tgérr%rﬁh&p%ké g{;"tB ggr{'?t(a:(q QJP%&&%gﬁéefb ﬁ%%}? ?asu rsr%tq?ﬁr%?teetg totcs)[g oni c
acid, nit ﬁve@tmpgh@pmﬂ@pﬁyﬁ}mfyn@wngl ;:@gt, do prevent these ‘false fails” from happening,

et hyI epeditneliaRbh vk %Bﬁmpgﬂ&t&th@%%tlon and contamination layer so the Cu
et hyl enedi am net et r aki smet hyl enephosphoni c  ac

id,
15hexadi afifidteds PaRFamHas H%S&'few {HR B et'a&?tt?hes it. Problems due to a thick
di et hyl Sn%&fdbﬁ’dﬁ élﬁl&ﬁ@bﬁﬂﬁtd&%rﬂé@@%ﬂ@@&rﬁcﬁ@hﬂ alRBdcdur At wwetiondlng which is
pr opanedi net et ef amet c_agi ts ni c
am ne sal t"‘g N 2R ereg 'ng Eﬁﬁ%dﬁggq Caet gragf nfgi?%'a% ?Hc?é'ﬁ ?echdgcﬁqhgﬁ
glutaric amiddtnonﬂmneanmnamndbyeptmemaadtalevmomy ndt adfgare el the Quolufeeer boxy| i c

2ot 25U} b LGALARE o B e CRSIRANSIADN: d Bk B RSB

but ané-'1 racar Ic aC| oxycar boxyl i c

aci ds suclThaslidgjigaebitioe dﬁélp@l?d leﬂhfy@ﬁmwpmﬂpt? ernapled removina ¢y @X'@R:YV@ mal i ¢

aci d, t ar trﬁﬁhfél 8chifly opt}té UH&é}Iyﬁﬁ'Cﬁ: s&fagé m@ref%ltﬁle oa @hﬁéaél dafi bBGicdnedal | i c
aci d, enol s suc as cat echol yr ogal horic aci ds such as

pyr ophosp fngthgcidng Retspp ifeRidhbie @c'a% F%I”“%ét’%@?lﬂ UErepigYsEioRIS Useth as
8- oxygui n@ur,ﬁ@d.cm?hyl ene glycol, glycerol and di ketones 25such as
a-di pyridyl acetyl acetone.

30 [0025] Thus, the expected dicing solution should have (a)a lower resistivity (high

conductivity) to be better at dissipating charge build-up on the wafer during dicing, (b)a lower
surface tension for better particle removal capabilities; (c) less foam generated; (d) a pH to
minimize Al corrosion on exposed Al bond pads during dicing; and (e) the ability to remove

Cu oxide with minimal etching of the underlying Cu surface. The
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[ 0039] The forrmulation or dicing solutions may contain chelating agents

havi ng concentration ranging fromO0.001 wt%to 10 wt % [0040] The

formul ati on or dicing solutions nay contain defoam ng agents. The def oam ng
agents may selected from but not limted to silicones, organic phosphates,
30FQ PO based def oaners cont ai ni ng poI yet hyl ene gl ycol and poI ypr opyl ene

gl ycol copol yners, alcohols, white oi r etable oils an e Jaxes are
l ong chain fafof'i?u'aﬁ‘%‘él‘?bij'c'”g a?'HSP"aeP@P%%fgéang%@‘E %‘fj‘% or SF@‘O%?]

fornul ations theyeof@nt &)= sdehaattiong nigerntos surtaciant, wwemapraoﬁtbmfognulgtldrr om
0.001 wt%to 5 wt°/ kﬂ004 The formul ation or dicing solutions nmay contain
di spersi ng aggn‘atqga SRS per sing agents may selected from but not limted
to anionic di gﬁs%]s' BaAGSBIS 1unBRNS Rhsof PRET RGB! Fomd@ bidaRieC

di spersing_agen ytic dispersing agents; and a polgnerlc

di sper si ngd ageasidugs PHAdS r&ﬁr rAvSA Goosien ef reelle. QEdaRicasiISICPREF CHsEn
conmponent . [ 0R4Rla dr¥arvah onaledE h@clwﬁm a6t iinee tcﬁﬁkzﬂlﬁla@lddd:lﬁlbeblaj mglieagent s
include triet hanolam ne aont um

pol yoxyet hyl eAg%:dD VlaCEtfﬁeP"'§6F'H| %‘f%&ﬁ(ﬂcg Ht@”%ﬁ‘f"? §°’B'8r?8'g @B%S?%F
pol ycar boxy! i aceiciadid] stiyenealigmiee tetradcetip ecis digthyerenttisminExpentpéedic efidt he
wat er - sol ubl e Hﬁ'{}&b?ﬂyo% a%d?gﬁéhszisﬂﬁgmﬂ% abid. b ﬂ%cﬂ%l e/ Sfaane ed?/@tu{eaéfé yl

et her, pol yoxye ene ce oxyet er t ear

pol yoxyet AGI eﬁeltsmfélyase@plﬁemav pbpyaewed rémﬁerqﬁf@wéﬁ aaldéléﬁélm%fth?ewsed as
pol yoxyet hyl eggyoctyl phenyl ether, polyoxyethylene nonyl phenyl ether,
pol yoxyet hyl ene derivati ves, 15po|yoxyethy|ene sor bi tan nonol aur at e,

pol yoxyet hyl e[lmzsprh'héfannmmpahuahg ablations Ghayaop@infne0.60 5 ridi vitsa by

nonost ear at e, et h n an tristear

sor bi t an rmno?ﬁ'g@wg(gﬂ%mga 9/52?33 EF? e BTG dra‘lgo% %@%&ggé}éﬁé e rIﬁyti)gne
sorbit tetraowaticomidghaten Imf/breamc gtigeand salten@h/auspdveelseqatol tyné‘errtpe é@leﬁ(@l gcol
nonost ear gge, H{écqegﬁé gl ne glycol distearate, polyethylene glycol

nonool eate, 2 yoxyet yI ene al kyl am ne, pol yoxyet hyl ene hardened cast or

oil, and al thﬁiZthQbr?dcangeare E&‘(%Tﬁk%foﬂﬁulbm t&"ﬁﬁ;ﬁbveﬁﬂéththj & tieepduraBéL

di sper si ng agent s i ncl ude rr0| |_ﬂ_§) ‘ﬁ (ionut am ne cettat e, and
st ear yl ar ni ne (Rigdsagddn e\gﬁgﬁﬁ"ége) Q'C'\'Rﬁt S WoHIq BF1R IPR B HATEONs per si ng
agents i ncl ud@rdpameylﬂaeir@lemndsﬁqu bebad reeyucihgthe ke iosetSwiaeatants evoaldi de,

e Forml b aRE TR Ta N N PR B HEH W LIRHET AL iR e 25D

ne
The formul atl (PSH spersing agen ncerntration rangi ng
fromO. 0020vvt%lrlfa¢e5 w % [0045] In a dicing applicatior, the fornulation
can then be diluted with de-ionized water or distilled water at .dilutions
of anywhere fI¥#FL: Bha ehotce PhEGURFCIaR iMAYtdeRend ¢ron ypERUscEtefigdnclyding:

conveni ence. %hiﬂg rt'@@tféémlﬁ@grdéeﬁlbs |de%¢géh@§l Qihs&Aly, Re&. UsQffactant which
i nter changeabl e 8

ich cuts

waf ers into i RATYERAlPH S “(5‘m83 te'?ﬂ%" ﬂﬁﬁﬁ‘pﬁgﬁ)cr‘?ﬁgﬂloﬂﬁaﬂ%gasslﬁw "H?J%Q@B%Mh%'gt spray
the mxture omtgalytdeeurablﬂfbame apblidatien. watembindtlve offswfagtaetsi mawhlsqdenlwd at room
tenperatur g rleclznaénleysuﬂ‘gagrﬁt |%\Esetdz§o solnrﬁhi@a?ﬁeg S1dbREar; ﬂgﬂé ﬁlﬂ*afct he waf er

surface an elt er goes or 1S recirculate rou%f filter
and re- sprayeddiegole. @nmcmatsvdyomfa@tansmpreawes cam b ypeH do iveleasratalwiifofl e set - up
I s shown in Fiygigy |ss[o%%§}fa&ér9§‘rs@c#a§5&%rﬁc diyRuAatappar atus for wafer

dicing by sawi ng enployed in the present invention. A NANOACE Saw tool wth

di anond-ti p ] aVaGRRARHRBMurRbEn®, fichSk afidmic! @EbTe, nohyorth, ewittgridtic about
30 m nutes/wafer, are use rate is,about 5mn/s. The dil uted

di ci ng sol uti SHfqctantsgree H’ag'?”ﬁ %[e% R Ut | ow rate about 0. 22
lit/mnute, T?&H%“i‘f afE%nef‘png of RurfL R in@fde HltHoPERAI S §iRRneRuptiSs, SUr face i's

room
poly(alkylene oxide) surfactants, and fluorochemical surfactants. Suitable non-ionic

surfactants for use in the process composition include, but are not limited to: acetylenic

i s



Tenperature (20C to 30C). Dicing solution is injected continuously during
saw ng. [0047] Wafers are scrubbed with sponge and 01Wafter saw ng.
They are then rinsed 10with DRAI and spin dried with Clean Dry Air (CDA) in
a spin rinse nodule. [0048] The wafer can be cleaned (pre-treatnment) with a
cl eani ng sol ution pri or to saw. One exanple of the cleani ng sol ution

conpris N, N- di C

(gl aci ale)S Ar’rﬁﬁhh typ%aw?cha@ Rhl&l'—ﬁ (% Ii?eé[p FM: ﬁl.‘g]é‘é’ ﬁ@ﬁ '8 %grlétgst %§+q y
dei oni zed wat es: Tmﬁomwmgxmarmhe@ X3Hapd K—1[50@r#95}|cdhodetb¢xygate§osumasn 38A
conprisin

hngCX| de?KO—I%anJ@g%%\:ﬁ%%l%(and sz& Fﬁﬁtfg é‘gyi V\XC%%?(%%gihz)ZOZ@OSO] A
di ci ng sol uti 0/!)38ESecondan al¢ahg! @tmmate(smhwzso rgltmﬁ%ﬁuﬁnlsmssefia

Dynol. 604 ¢0. rr’}'na%n@ude%éa{r'afk Iﬁ@hé@ﬁeétﬁoﬂﬂt% (LﬂB?I sBéHn@ﬁl?'an‘BehY e@mfdﬂﬁte(féﬂﬂ)

(<7.5 W% to ad sim.|l ar i Ci sol ution
38A. [0051] Aalp 'ﬁg}faé‘%ﬂ (ﬁf\ﬁbﬁe%éar&@llfﬁ%%’ff?f&“%&ség) (SB@Jbam ﬁapuﬁ% - 100
(2 w9, G tritsome cased@lsdifalty albRgl ethanslifpiet @saE3)m hydr oxi de (KOH) (<6 wt %)
to adjust pHto 6 was made 25simlarly as for the dicing solution 38A
[0052] A di ci [ap3gpl 8iili forthe3 @roglanysusaatantwatliede: (aeeylamoxdiol typeley sefestants,

di am net et raa gl & %8Fboé E{?n{%ry az%u&'e‘h%k)(q&és Phén I-f. %th%(?\?@tes 3ffhe ethoxylates,

tetraethylammnlum was mae5|mlarly
as for thd0di eluaepidas giwemmdeaanolyethyler[emmg]s whdﬁ vigee gipsareP-BrePEsEe 8¥tR i si ng
water (>90 W % otHah ¥GtaeinfsDoriViddd in HedeftRingé:t DbCBAedr'sEMuléiferybld was nade

simlarly as for the dic sol | at
the dicing solBGiSes: \N@F‘EAﬁWE "g[ftci efﬂrl\{h? ?(F\ 82)6%]8}@%@%‘;)%@%?“?%‘3%8351 |0Inlse3r
wat er at di | utGonfestioirsPuidteneCé.rod Bleh:RbckN.1: 10000 by wei ght at the process

tool for convenience. [0055] A dicing solution 58A conprising 2.0 wt %
citric acid iH0a38} i dhe toguulalner diging sBlutiensamacoatait Biriaeast having gormeatrptioner

HDPE pol y-hot 9 r 7

of & 10, 04w SR E B B B e O e T o he ot 11 e. A
total of 908. $ordhis epp'@@ttqnm sec@ndY alpohph sthauries: SBEeXBHPE| 8'"9§8F9"ﬁt|

adj ust ment 3. 450N frerh D%%:@ﬁe%wsé@dnuany@m@mlfa@hi@@(mo sact adbstagir AS; of
}rgggu(r)egn}[ OTB%cgtwg%lcglcV\ﬁﬁ suaf?gg gur?y lg Ié? oczwgnad r%o%'ylrlﬁenal !fﬁ xﬁ teQ,'iu\éﬁs

as TRITON® X series.

20 [0034] The formulation or dicing solutions can further comprise a base to further control
the pH of the formulation to the desired level (equal or >4). The pH of the cleaning

solution may range greater than 4 and less than 13.

[0035] The base may be selected from a range of chemicals, including but not limited
to: potassium hydroxide(KOH), guanidiene carbonate, aqueous ammonia, ammonium

25 hydroxides and quaternary ammonium hydroxides. The organic bases may be used
either alone or in combination with one another.

[0036] Specific examples of quaternary ammonium salts include:
tetramethylammonium hydroxide (TMAH), tetraethylammonium hydroxide,
tetrapropylammonium hydroxide, trimethylethylammonium hydroxide, (2-

30  hydroxyethyltrimethylammonium hydroxide, (2-hydroxyethyl)triethylammonium
hydroxide, (2-hydroxyethyl)tripropylammonium hydroxide and (1-
hydroxypropyl)trimethylammonium hydroxide.



10The dicing solution was then diluted with deionized water at 1:1000. The
pH, conductivity, resistivity, and surface tension of dicing solution 58A
undi luted and diluted was shown in Table |I. [0056] A dicing solution 586

conprising 2.0 wt% oxalic acid and 0.5 wt%citric acid in de-ionized water
was prepared as follows: to a one liter HDPE poly-bottle was added 15243.3

gm of an aque@UmDEIh’étfi)rﬁﬂjléﬁgﬁ'&adlah@ﬁnhﬁrogs \Ma{‘b@ﬁ@ih ibgsedGiadink BoM&hestionTO t he

sane one lite (}i’d was ad 2 amof 29 wt%citric acid
sol ution. 18.7ngHy 89'“:9 1940 %5 Hostapur SAS sol ution was added to the

bottle. A total of 69 d Le | e.
For pi adj ust (B 2QedgHIBP aLicResRiers OrveraRn agedieEinboridhehy | ©
wei ght of 1008gehtsgnay Heneeldutdd ftoen, Waknat fipjetioaminabkataigacidsGshle agl Rathisgilic

sol uti on D e, IRGRNE Rt Ecdhe 36 d;ém I5eA S BN AR dRRoA | Ut od

wi th deionize con uct|V|ty, resistivity; and
surface tensi aid FHER T nejtrivyiageticasi Undi luted and diluted was shown in

Table I. [005Z|$th$1kféh@thé}ﬁunﬁﬁénkﬁde%u&%r@mﬁfdeﬁbma&u@a&iﬂ WrTA)NiCc acid in
de-ioni zed water was(gre ared as follows: |ao({;h bor Hﬁ’gq{[pc Eottle
was added 69. ethgrldiglyors “b‘?‘i‘ - RCOHG AT %‘8I‘°Lﬂ°i' RMOSPEOT & 51 éﬂ
Tergi tol 15- 8méthyMdiphashanit awsaraddeslnetbylemhmbmeaan etmthaeneecﬂlpmah@mgm of
de-ioni zed wat er s_ad .0 gm of 48

wt % KOH sg? ut ?%?1 groé(?ﬂ%ﬁg'd?'gr Fl;?ﬁ%'}rl(ﬁc aF@tﬂmf_h %’85&% T e bottle was
capped and shdikkesphdieacid, @tm@wmmﬁwlwpthGW ed to be 2.52. The
di ci ng sol uti geyd %ﬁm%@&@m@ih&l@ﬁ@;ﬁlowﬁoﬁ%m%%ldoﬁlirK&@n\{@ﬁﬁéneaﬁos%hdrﬁ&acld The pH,

S

conductivity, re surface tension of dicing solution 58C
undi | ut ed ande@V'PmW'MS%WFePHWPQB'P‘%a‘F' [0058] A dicing solution 59C

conprising 2 %%ﬁédﬁm;ﬁet@ﬁamm&hy?e?\epm&épmac’idWt%Ter gitol 15-8-7 and 96. 86
wt % wat er s adjusted to 3.96. The dicing

soI ution Sag’?’g Wt[qguswgﬁgﬁpgwsé@qn&ac\éd\? 1: 1000. The pH, conductivity,

resistivity, dethykuetfianmepentanathylefeptosphngjcsct and d2- 58C undi | uted and

diluted was Sp%w&éa%ﬂ @%%Emmy&en m@%‘éﬁﬂuorﬁc‘?& FogniSitthisat, 6¥eneapid sing 2

w%citric ac and 96 wt % wat er
was nmade as f ealss@aonisuacid pléccipiq awlsdmﬁr%a@t%ﬂw@'amwdsg'ut?ﬁ%am Eaigjc agfiut i on

was then di | b écﬂi ﬂ@r\é?@'aén@%dl%b%xﬂib acids &&l@ﬂas tﬂ'éwbd?w,acﬂioﬁr@wt I VI ty,
resistivit and surface tension :% 60C undi l.uted a

di | uted w@ﬁe dHAnriatracarapyyiic acid, G’Utf‘fe'lg f%@%%ﬂa%ﬂ’f@'c id, RRREHEUYS ?ﬁlq y( pS/ cn,
resistivity (N@&rﬂoxyualabﬁag@chtasrgwoorb zéaitynxawﬂmxyprogblomlhemdlmirmgc@.cmallmaons

undi luted and,d Iutegwlt wat er, _at [.QS.: SHQWA,, iHysTabl e

|. The DI wat &"a{Rac |p§6“"§°h"‘8{ﬂnd'r"f¥°°ﬂ§§ ﬁ%""ggg'd @'@%@H@'@‘F'ﬁ“ ¥, =
catechol, pyrogallol, phosphoric acids such as pyrophosphoric acid, polyphosphoric acid,
heterocyclic compounds such as 8-oxyquinoline, ethylene glycol, glycerol and diketones

25  such as o-dipyridyl acetylacetone.

[0039] The formulation or dicing solutions may contain chelating agents having

concentration ranging from 0.001 wt% to 10 wi%.

[0040] The formulation or dicing solutions may contain defoaming agents. The

defoaming agents may selected from, but not limited to silicones, organic phosphates,
30 EO/PO based defoamers containing polyethylene glycol and polypropylene giycol

copolymers, alcohols, white oils or vegetable oils and the waxes are long chain fatty

alcohol, fatty acid soaps or esters.



[0061] Table I showed the pH of the dicing solutions at typical dilutions
used for dicing was 4 to 6.5. At this pH the dicing solutions would

m nimze Al corrosion on exposed Al bond pads during dicing. [0062] As
stated before, the nethod for dissipating the electrostatic charge in the
present invention was using a dicing solution having a low resistivity
(high conductivity). The conducting dicing solution provides a path for the

charge to te durij dicing. Sipce dicin lutian 1as_a | ow
eal ot vi 49048 PR iemBuRltha oy Bt tcaning ageyi Bedht BncireltefanSchar ge
bui | d-up @mnt DeowatBito duittslg di ci ng. [ 0063] Furthernore, during the
dicing process, a dicing solution with | ower surface 10tension wets the

surface offo04m Wakdormhgdtiopror didtrid sulutivels traygcoptait Hispsetsimigaeents The i mpr ove
particle renoval 6 Th ace tensjo f nost |C|n sol utions

G Lt e welavetas a4are Y veRe Lo, P Do EeLr Alie odesh o ety

conpar gsomowiohit diipevéiih@ageris, cativweis d%ﬁeldm&syeam ahd 20holgtd dispersihgbl e |

i ndi cated that t dicing sol utions P ¢ ter rltlcle removal

| Scapabi | FOPAS: ST PEYRAE SR PeBnA Do contaning g Ry e Al SR ng

exper i rfEﬂtcSpblﬁudebmmdlmdnead out using beakers with stir bars to 20simulate

the dicing process. [0066] Dicing Solution 38A, 68A, 58B, 58C, 59C and 60C
were dil ut[em:a]r (E[mﬂnp!ia& dfthdl wafp@olahie dnisiicedispersinfu@entsdmbwal . The

experinments n _two gr.oups. up._one s for, dicing solution
o et R RS TR ek dBe MRy At oSy A eh R SRS boc
shown10on Tedthandldmingsufite] argl &pleui‘al wyc%bb){yﬂé)ﬁﬁii typegpolifiericsdigpesdiegl i n this
experinment _were b%@ket fers The wafer

‘ i I dmal Oxi de/ §| |

i mer si on 39RNEHEXBRREP é"’aé%rts%ﬁ’? 8°’?'%’¥? SECHNAEES Meli{Ho68] The cu

oxi de renpeoBbxjeisilenenaus| et potyedysisylérad catylethek, bnﬂydoqethgfenehst;aamgether
ece

30sol uti 8A ti it tic . st A f

vae hel o ebRRtei by et kg PRABRE LRk o bR et P defliels REbR ©

The terrperpmauyletrw‘r mblynxnygthylsoé ubnylrphaﬁykem pmycxyeﬁmlede deri2biGes, Af t er 20 .
ion in ICI . was renove

m nut ti er s
from g?c y§’6¥%’[§¥l%'ﬁa sl %@08?'ﬁ%@ge @ﬂxﬁthW\%ﬁe s{,or%n @6"%%@5%&% Then the
Cu waf er momgyem)aemh’scﬁdutérymbhweargtet belyﬁ)tyeﬁbqﬂlare smﬂﬁutamttu&teaﬂte (0069) The
El | i psonetr Iaéawere arrledo uet ¢ >f({jeth|ckness usi ng
model - on aebosEhlet sl MoRsuSth Agh ek e SR ERNAE L Chi cinese. of
Cu oxi de wagospaklerde’Sohbit (iréGleate) pblyethyleaegycmnomldaatehpollyeteslenwgtycol
nmeasured on each fer prior to i rsi,o in dicin
Cotut on oo vbigte difes AR Rt dods e dl TS BRis o SoA°
coul d2opot rJ@BjodfﬁtWIme’lﬁdylsmnmepblblﬁxy@thytﬁﬂedﬂrdﬁ&dmasm et ednyl a1lq4ra])kamilarmdel S

i or .,f it took

not known n the

B e B e A A O A
concent ratoedordjtammg avelaty, iabd sEEAyIwameaicetata Hxainplied/ F@herwaters8luBle A/ mi n, but
it is very ssi.ble the etch rate er than, t 0 e Dl water
al one or \ﬂ"ﬁ%ofyﬂg dEPESIGRPECE 'Uflfjg%?atuf)yljhbqqﬂ'ge preary IPSGf'Weﬁ{U %Q‘LMP AdPf ect i ve
t 0 pr eventoxideeasdipfaiyeNaarishad imethykNehyldhexysihlylimidazsliesindbetalinear t i cl es
adhesion to the Cu wafer surface. Wiile the dicing solution 38A used during
waf er 2di ci[oq449y MVfbnglaﬂdrrbir'bé)t @htdih dispersingt agentsafaving abacértyetion rargingent ed
adhesi on ﬁ@ gl d/é(ﬁj g3/3| dues/particles to the Cu wafer surface, and was
capabl e of Vi e with mniml etching of 20the underlying Cu

IR S M TS
di ci ng. or d|st|I|ed water at dilutions of anywhere from 1:0 to 1:10000 by weight at the process
tool for convenience. Deionised water and distilled water can be used interchangeable.
30 The mixture is pumped into a dicing machine which cuts wafers into individual die. The
dicing machine has spray nozzles that spray the mixture onto the surface of the wafer.
The mixture is dispensed at room temperature (typically about 25°C). The mixture then

drains off the wafer surface and either goes down the drain or is recirculated through a

-10 -



[0073] Typical tinmes of 20-30 mnutes can be required to dice a wafer.
During that time the Al bond pads will be exposed which can cause Al
corrosion. [0074]By neasuring the gal vanic current density of the dicing
solution, it can be 25determ ned whether or not that dicing solution wll
cause Al corrosion. If the galvanic current density is close to zero then

I ' ) ' ' di . i ' ) '
gal van o cur 1 O e Asrry RUECkPRE e LSPTRTER S ie B icr el O 1y oy

to D water tlhdwwagiguont.am nated with particles fromthe dicing process).
Al and Cu filnms were coupled and imersed in each dicing solution and their
30gal vani ¢ cula46l Giewsitt shews gdypicat arparatys fapywaleldigiag By sipy @EPIPYREER Misr
becauste fjhe _Altprééfemm%;ﬂﬁ’&.W@Nﬁ{ﬂ@%&@@eﬂﬁtﬂo&fwimﬂl@hdr@%ﬁpwheélat(eo%(ﬁ%m)andg&le
current density for dicing,solution was close to zero_and was_nu ess
than the cﬁrré‘?ﬁs%@lpfewygqﬁ'"q %&b%ﬁrmm?ﬂwegr'ﬁ&? 'ésrfl%etaetfef?gtratai'sc?%é'?
sol uti on 38A \saimh/sl ThetdilGtadldieing ablvtia is infeataddsinoa nelztel ai fow nate dbait @@2pr ocess.
This is inportant because_ the f . Qn-free as
possi bl e afteﬁ' |n8{%h erP%er%tﬁéebcff@g\?agéerﬂ%gfa'cvﬁimggghjg%'ﬁ&n\g_%f%{:r%g@sq%ﬁ76] When a
di ci ng bl ade Jetpetahre (BHAC o BCEDicdng ssiuiien issuibeied aeMdinUeHSIVAYFIEg SRS t o
5define the path where the blade went is called the ken._In theorﬁ, t he
kerf shoul d bd0@4Tk ¥éefrss dieccrubhed witesrangeiand BIYY after saniapl yers hepgpsed
properly ggol Qﬁkh@hﬂldnﬁ@ﬁh@b@dﬂtﬁ@@aﬁ@@ AR (ESAMEB&PRAOIhsE edoved from the
bl ade's path, then the kerf can becone w der than the blade width. This is
undesi rabl e si[om8] aTkawafef ciniee clexfned (we-treatosnt) alite atdemhing Isolutich pror tdsave ut
were actually t . Ther r j r A ave the
ot towi ath e Pes b ke dBRiortafioide AACUARIAEERHANAIES, 11TS)
[0077] The datfammenivrn doetate3dpesticvoid Kylatialk ABTregniasHuetise (NHedD apa theiremaindgihes of
substrates te%%ﬂgsu%r{éia@aéﬂ)nﬂeﬁ%tér!sm)1 ceramc, and silicon wafers, the
a

di ci ng solution 38A ha | oner average Red width than DI water conmonly
used dicing solution. On BOA and ceram c substrates the dicing solution 38A
had a small er average ken width than a 15commonly used conmercial dicing
solution. [0078] Wen a dicing bl adeWorkirgg Exemaplgh a waf er or ot her
substrate there can be chips and burrs along the ken. Chips were snall

pi eces of the substrate that broke off deoMAd t he dicing process. Burrs
typically happen with when cutting through netals-burrs were where the

met al does notl0Q4H Adlicngsaution 484 sRmpdsing e @hed Kat) CSARIY CMiYhese 20
(chi ps/burrs) parRkSuMEEDkit )(0A72009%), &HdCTengitoPT S T2 Wwimpwsemydd.ew chi ps
and burrs along the kerf--the edge of the ken f should be snooth. Also, the
smal l er the ayessaya dididesaftioh 38B chinpssimndatbu@Ee8 wihle Hostap@rSA] (007%), Ditnel dat a
in Figure 4(a) i LA(c) i.nd] o/t rates
testeq (oA, o8¢ S WP, Sy tlas GREEREhd B oRe YOHPET Sl YIS,

smal | er aver agél t2Scwapibde simgarheastfhsthe Bicinggpwtorc¥fonl y used di ci ng
solution. On BOA and ceram c substrates the dicing solution 38A had a

smal | er aver ad®&hi pydiring solytivp 386 gAMAriEhwHIAT (790 WEA). dBiRRer LHOLE WiiesiGigC

sol uti on. acid (2 wt%), and potassium hydroxide (KOH) (<6 wt%) to adjust pH to 6 was made

25 similarly as for the dicing solution 38A .

[0052] A dicing solution 38D comprising water (>90 wt%), ethylene diaminetetraacetic
acid (2 wt%), Tergitol 15-S-7 (2 wit%), and tetraethylammonium hydroxide(<6 wt%) to
adjust pH to 7 was made similarly as for the dicing solution 38A .

[0053] A dicing solution 38E comprising water (>90 wt%), glycine (2 wt%), and Tergitol
30 15-S-7 (2 wt%) was made similarly as for the dicing solution 38A .
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D cing Sol utions 58A, 58B, 58C, 59C and 60C 30(00801 For dicing solutions
58A, 58B, 58C, 59C and 60C, the Cu oxide etch rates were high. Cu oxide
etch rates were determined fromlinear regression of thicknesses neasured
at 1,and 30 nmm intervals where applicable, this was indicated as in Table
IL Table Il Cu Oxide Rem DicingDlution Initial Cu Cu Oxide Cu Oxide Cu
Oxi de Sol ution Oxi de Thi ckness Post- Renoved in Etch Rate Thi ckness (A)

G eani ng ([6854% 0I'hr<]a1 a%’é\'ﬂe ?opr‘lmmart%ns §r8 tﬁe dicing solutions were then diluted with de-ionized
water or distilled water at dilutions of anywhere from 1:0 to 1:10000 by weight at the

process tool for convenience.

[0055] A dicing solution 58A comprising 2.0 wt% citric acid in de-ioniZzed water was

5 prepared as follows: to a one liter HDPE poly-bottle was added 69.0 gm of 29 wt% citric
acid solution. 18.7 gm of a 10.04 wt% Hostapur SAS surfactant solution was added to
the bottle. A total of 908.9 gm of de-ionized water was added to the bottle. For pH
adjustment 3.4 gm of 48 wt% KOH solution was added for a final weight of 1000.0 gm.
The bottle was capped and shaken. The dicing solution pH was measured to be 2.66.

10  The dicing solution was then diluted with deionized water at 1:1000. The pH,

conductivity, resistivity, and surface tension of dicing solution 68A undiluted and diluted

was shown in Table I.

[0056] A dicing solution 58B comprising 2.0 wt% oxalic acid and 0.5 wt% citric acid in
de-ionized water was prepared as follows: to a one liter HDPE poly-bottle was added

15  243.3 gm of an aqueous solution containing 8.2 wt% oxalic acid in water. To the same
one liter HDPE poly-bottle was added 17.2 gm of 29 wt% citric acid solution. 18.7 gm of
a 10.04 wt% Hostapur SAS solution was added to the bottle. A total of 694.0 gm of de-
ionized water was added to the bottle. For pH adjustment 26.8 gm of 48 wt% KOH
solution was added for a final weight of 1000.0 gm. The bottle was capped and shaken.

20  The dicing solution pH was measured to be 2.54. The dicing solution was then diluted
with deionized water at 1:1000. The pH, conductivity, resistivity, and surface tension of
dicing solution 58B undiluted and diluted was shown in Table I.

[0057] A dicing solution 58C comprising 2.0 wt% citric acid in de-ionized water was
prepared as follows: to a one liter HDPE poly-bottle was added 69.0 gm of 29 wt% citric
25 acid solution. 10.0 gm of a pure Tergitol 15-S-7 surfactant was added to the bottle. A
total of 918.0 gm of de-ionized water was added to the bottle. For pH adjustment 3.0 gm
of 48 wt% KOH solution was added for a final weight of 1000.0 gm. The bottle was
capped and shaken. The dicing solution pH was measured to be 2.52. The dicing
solution was then diluted with deionized water at 1:1000. The pH, conductivity, resistivity,

30 and surface tension of dicing solution 58C undiluted and diluted was shown in Table |.

[0058] A dicing solution 89C comprising 2 wt% citric acid, 0.72 wt% KOH, 1 wt%
Tergitol 15-S-7 and 96.86 wt% water was made as for §8C, but the pH was adjusted to
3.96. The dicing solution was diluted with deionized water at 1:1000. The pH,
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Undi luted 174 0 174 Not Determ ned 1:50 175 118 57 285 1:100 170
129 41 2.05 1: 250 136 40 2.00

conductivity, resistivity, and surface tension of dicing solution 58C undiluted and diluted

was shown in Table I.

Table I. Dicing Solutions

5
Dicing Dilution pH Conductivity Resistivity Surface
Solutions (uS/cm) (M-cm) Tension
(dynes/cm)
DI Water None 7 0.71 1.41 73

38A Undiluted 5.71 23529 0.000042 31.2
38A 1:50 6.46 769 0.0013 31.3
1:100 6.54 367 0.0027 314

1:250 6.58 169 0.0059 31.8

1:500 6.58 77.2 0.013 32.6

1:1000 6.48 39.6 0.025 34.7

58A Undiluted 2.66 3710 0.00027 31.6
1:1000 4.09 39.7 0.025 75.1

58B Undiluted 2.54 21500 0.000047 29.0
1:1000 3.97 72.8 0.014 74.9

58C Undiluted 2.52 3100 0.00032 31.5
1:1000 3.93 38.9 0.026 42.1

59C Undiluted 3.96 10490 0.000095 Not.

Determined

1:1000 4.56 24.58 0.041 449

60C Undiluted 4.65 15180 0.000066 30.8
1:1000 5.13 26.34 0.038 44.1

[0059] A dicing solution 60C comprising 2 wt% citric acid, 1.04 wi% KOH, 1 wt%
Tergito! 15-S-7 and 95.96 wt% water was made as for 58C, but the pH was adjusted to
4.65. The dicing solution was then diluted with deionized water at 1:1000. The pH,

10  conductivity, resistivity, and surface tension of dicing solution 60C undiluted and diluted
were shown in Table I.

[0060] The pH, conductivity(uS/cm), resistivity (MQ-cm), surface tension (dynes/cm) of
the dicing solutions undiluted and diluted with DI water at various ratios were shown in

Table I. The DI water was also shown in Table | as a reference.
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1: 500 169 138 31 1,55 1:1000 177152 25 1.25 58A 1:1000 138 8 9.4 58B
58C 1:1000 1:1000 140 141 a 23.5 8.8 59C

[0061] Table | showed the pH of the dicing solutions at typical dilutions used for dicing
was 4 to 6.5. At this pH the dicing solutions would minimize Al corrosion on exposed Al
bond pads during dicing.

[0062] As stated before, the method for dissipating the electrostatic charge in the

5 present invention was using a dicing solution having a low resistivity (high conductivity).
The conducting dicing solution provides a path for the charge to dissipate during dicing.
Since dicing solution 38A has a low resistivity and high conductivity, thus it was better at
dissipating charge build-up on the wafer during dicing.

[0063] Furthermore, during the dicing process, a dicing solution with lower surface
10  tension wets the surface of the wafer better. Better wetting of the surface will improve
particle removal.

[0064] The surface tension of most dicing solutions diluted with DI water at various

ratios were shown in Table 1. In comparison with DI water which was 73 dynes/cm at

20°C, data in Table | indicated that most dicing solutions had better particle removal
15  capabilities than DI water.

Group Il

[0065] The following experiments had been carried out using beakers with stir bars to
20 simulate the dicing process.

[0066] Dicing Solution 38A, 58A, 58B, 68C, 59C and 60C were diluted from 1:50 to
1:1000 and tested for CuOx removal. The experiments were performed in two groups.
Group one was for dicing solution 38A, and Group two was for the rest dicing solutions.
All test data was shown in Table II.

25
Dicing Solution 38A

[0067] The Wafers tested in this experiment were blanket wafers with Cu/Thermal
Oxide/Si. The wafer immersion in the beaker was set up to last 20 minutes.

[0068] The Cu oxide removal tests were conducted as follows. A beaker of dicing
30 solution 38A was stirred with a magnetic stir bar. A piece of a Cu wafer was held with
plastic forceps and immersed into the dicing solution 38A . The temperature of dicing
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1: 1000 149 a a

4.9 60C h--1:1000, 146 a 3,9 a,Determined fromlinear

regression of thicknesses nmeasured at 1, 3, 5d 30 min intervals where
applicable. Goup Il 10A Undiluted Dicing solutions Exanple 3 [0081]

Al (0.5% Cu) netal on titaniumnitride (TiN) substrate with a resistivity of
338. 24 ohns- A/ Sqg was obtained from SYM and had nom nal |y 8000A t hi ckness

of Al, During storage the Al s a up, .t o 150A e
| ayer. Prior gouton r"‘!i’lsé“al@ﬁ'@?‘g?lrﬁrs élt f\ﬁ?[gogﬂg‘wﬁf By SIS SRR 'cmgrgt Eﬂé?'gejf ore
pretreated by 38Armhé$3uwgafa s2gmaiit waiseemowdd fim dicihg selnticaddécud risggdwithddl of

42.5 wt % H3PO4
for 2 m nutes,

wa eﬁforgp %conég dTHg?ﬁttﬁé cliQk 8fe$ nggwggérlﬁﬁ&glﬂﬁhte@l walBrBfsi ng

ece Was rilnse m nut e de-1oni zed water,

dried with a Nﬁhglun for 30 seconds, and the Al filmthickness was then

measured. Al
rate neasufe

conprising 2. Qsi
To a one liter

cont ai ni ng 8. §59G485

eces pretreated in thIS

& SDpRhramAR CsEAip TR pOIBRPSS BT Pl Gl ©

ﬁ%ﬂéb@él&:lnlemlpa&haeﬂ Da@ewbRtha®alinadbey ||, Was infitaepakestsas Cliol | ows:

89&# 2 tl e was added 224.2 gm of an aqueous sol ution
cid. An additional 775.8 gm of de-ionized water

was then addegoofzﬁ]a}(ﬁ‘?h@%%{g! u Itglﬂcri]@th ékﬁ@és WRI Rk oﬁ%g%é\&afgf ior Id¥hnRdibh €

was capped an

uti on was nane t he sol ution

pH was mneasur edd aitertiramers@.in dicing solutlon 38A..

10  [0071] Etch rate for the undiluted dicing solution 38A could not be determined since the
Cu oxide was completely removed. It is not known if the Cu oxide was removed in the

first 5 minutes or if it took all 20 minutes to remove it. At a minimum the Cu oxide etch
rate for the concentrated dicing solution 38A was at least 175A/20 min = 8.75 A/min, but

it is very possible the etch rate was higher than this.

15 [0072] The DI water alone or with the cleaning solution for the pre-treatment was not
effective to prevent the surface oxidation and the silicon residues/particies adhesion to

20

25

30

the Cu wafer surface. While the dicing solution 38A used during wafer dicing by sawing,
inhibited the formation of oxide layer, prevented adhesion of the silicon residues/particles
to the Cu wafer surface, and was capable of removing Cu oxide with minimal etching of
the underlying Cu surface, as shown in Table It . Therefore the Cu surface can be
cleaned during the dicing process itself if dicing solution 38A was used during dicing.

[0073] Typical times of 20-30 minutes can be required to dice a wafer. During that
time the Al bond pads will be exposed which can cause Al corrosion.

[0074] By measuring the galvanic current density of the dicing solution, it can be
determined whether or not that dicing solution will cause Al corrosion. If the galvanic

current density is close to zero then no galvanic corrosion is predicted.

[0075] Shown in Figure 2 was the galvanic current density for dicing solution 38A
versus tap water (similar to DI water that was contaminated with particles from the dicing
process). Al and Cu films were coupled and immersed in each dicing solution and their
galvanic current densities measured. Al and Cu were coupled together because the Al
bond pads were composed of an alloy of Al (0.5% Cu). The current density for dicing

solution 38A was close to zero and was much less than the current density for tap water.

-15-



5[0083] Dicing solution 48A was submtted for etch rate nmeasurements at 25C
using a pretreated piece of Al, as well as using 1000A Ni on thermal oxide
(Tax) substrates, The Ni substrate had a resistivity of 2035,64 ohm A/ Sci .
Each 2"x2" piece of Al or N substrate was imersed into 330 nl of the 48A
dicing solution in a 500 mM gl ass beaker and the solution stirred on a stir

pl ate at 300 The t d
A wer - maddF RPN BEE0 s G T ETEclSgose i LRSI AT L o
usi ng a ResMapiciRgprocBss. Mhisds mhmrtaﬂtrbecauslememlsoﬁmowrbg@g celrgpiondiz@eaasnas

then regresse oﬁ%aef{epglcﬁ oe%@%@;@aﬁﬁgdlﬁkrﬁgs@nd N separately to be

0.6 kmn and spectlv Etch rates for Undiluted
Oxal i ¢ Aci d Spjoéy Wﬂén %uc%é%dé%bts trﬁsug?»%w&f%muabﬁr@{euhward Jesaepl es 5-9

[ 0084] Additional™ dicing solutions

prepared a3 f@8¢fn2dye Al WWrF theLpds ‘ﬁ"d‘tm"?‘gtﬁﬁé?%%éh%oé%t“?eglﬁrpsi‘gu@ﬁaﬁ%er

final pH Id n Emﬁ@T }Nﬂﬂ"l i&“tﬁe E?Bi esmenhe Idleheyl,s noheropériyltovlat end Ebutata aver e
sunmari zed in e i c h
a maxi num ver B?fggﬁwere@%rﬁmo&e b %Ot%ﬂe %IA) ag{]gjlerlﬁhth rﬁlta%ot}r%&?:'ﬁe Wir‘:\dla];stlhtﬁnr o?g
Wt % citric acthe biladecddth ofniz sdindetiebleginsce gress af the \merfooswmte thﬁi Sbo%éoﬂ iter

HDPE pol y- bot 29 W %
citric acid. k%}@uatg%?“&g ? @9%%%:?; %f%ﬁg‘ﬁ*’gg@@k&{%ﬂgg%ﬁﬂgh&gdded to0

the bottl éOtoW&tﬁaiﬁFaWﬁ?le’ﬁ@b'eKa totherhladeiddti 66 PPESIRIs capped and

shaken. The d|C|n t 0 | d
fo be 193, [LOEE Biedarndui Pancisreae Smraanphr MeBR sERgteeS ©
measur Ex ment Is t?teﬂgﬁal (prrdaAnraa(mA)pcaamncoéndﬁduhcamWatbmm difing$plior 384 ibsd pat es,
as in Exanple [ |

Ao etoh rate e v ety b OERS YFREHY e FBEERAuIR® dvaA bREL CRsec.
bot h subst r at eeramikraabseatesthe Fising sPlotion 384 hnsa %(H%J'eab\leéaged(eﬁéﬁ@ﬂﬂ@"(%anges in

filmthickgesg ,?,lggﬁ y WS Feommdcidr dich®y #utighch rate of <1 Almin indicated that
there was Insufficient etch of the Tilmover a 30-90 minute test. Table IV.

Etch rates fotoodspi Wiked dicingmikieAtisdhiBoghia wafes ordthéSGbstratddiheferugin Belctips ons
pH and burrs along the kerf. Chips were small pieces of the substrate that broke off during
the dicing process. Burrs typically happen with when cutting through metals---burrs were
where the metal does not cut cleanly and smears along the kerf. Both of these
20 (chips/burrs) were undesirable. A good dicing process has very few chips and burrs
along the kerf-—the edge of the kerf should be smooth. Also, the smaller the average

size of the chips and burrs the better.

[0079] The data in Figure 4(a) to Figure 4(c) indicated that on all 3 types of substrates

tested (BGA, ceramic, and silicon wafers) the dicing solution 38A had a smaller average
25  chip/burr size than DI water commonly used dicing solution. On BGA and ceramic

substrates the dicing solution 38A had a smaller average chip/burr size than a commonly

used commercial dicing solution.

Dicing Solutions 58A, 58B, 58C, 59C and 60C

30 [0080] For dicing solutions §8A, 58B, 68C, 59C and 60C, the Cu oxide etch rates were
high. Cu oxide etch rates were determined from linear regression of thicknesses
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10

15

20

c Acid (wt%9 TMAH (wt% 10 48B 1.9312.0 0 11 49B 3.432.0 3.5 12 56E
2,0 6.3 13 55F 5.34 2,0 9,2 c.As 25 wt A aqueous sol ution

measured at 1, 3, 5, 10 and 30 min intervals where applicable, this was indicated as “a”

in Table Il.
Table Il Cu Oxide Removal
Dicing Dilution Initial Cu Cu Oxide Cu Oxide Cu Oxide
Solutions Oxide Thickness Post- | Removed in Etch Rate
Thickness (A) Cleaning (A) 20 min (A) (A/min)
38A Undiluted 174 0 174 Not
Determined
1:50 175 118 57 2.85
1:100 170 129 41 2.05
1:250 176 136 40 2.00
1:500 169 138 31 1.55
1:1000 177 152 25 1.25
58A 1:1000 138 0 g 94
58B 1:1000 140 0 o 23.5
58C 1:1000 141 0 = 8.8
59C 1:1000 149 @ g 4.9
60C 1:1000 146 @ a 3.9

a. Determined from linear regression of thicknesses measured at 1, 3, 5, 10 and 30
min intervals where applicable.

Group Il
A. Undiluted Dicing solutions
Example 3

[0081] AI(0.5% Cu) metal on titanium nitride (TiN) substrate with a resistivity of 338.24
ohms-A/Sq was obtained from SVMI and had nominally 8000A thickness of Al. During
storage the Al substrate can grow up to 150A of an oxide layer. Prior to etch rate
determinations the Al substrate was therefore pretreated by immersing a 2"x2” piece of
Al into an aqueous solution of 42.5 wt% H3PO, in de-ionized water for 2 minutes at 25°C.
After immersing for 2 minutes, the Al piece was rinsed for 3 minutes with de-ionized
water, dried with a N, gun for 30 seconds, and the Al film thickness was then measured.
Al pieces pretreated in this way were used immediately in etch rate measurements

performed.
Example 4

[0082] A dicing solution comprising 2.0 wt% oxalic acid in de-ionized water was
prepared as follows: To a one liter HDPE poly-bottle was added 224.2 gm of an
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Exanpl es 11-13 [0087] Additional dicing solutions 49B, 55E, and 66F were
prepared as for 48B but 20with varying citric acid concentrations and/or
final pHin Exanples 11-13, respectively. The anmount of TMAH and the final
etch rate results were sunmarized in Table IV. Etch rates for Al and N
metals were < 1 Alrnin for all pHvalues up to 5.3. Exanple 14 [0088] A

di cing solution co r|S|n ric a in.de- ized ter.
prepared as fBRYENE: °'W9 zf%B @'qgivgﬁ "f)8f'§ 88?{}?'80%2%&%%8 eEg of
solid funari Cmmrdlasﬂu@naadded fodinabot B G fopal wdigldef 1 @0D.&gd. Wae bwttlewaest hen
added to the i s capped
and shaken. QQ %tnhgtr]ﬁg(ﬁéd?ﬁé démpﬁb@ m"u‘ﬁ%n %&%@%3}@%&@%@@%

un-di ssol ved. mﬁaeursdupeben‘a%nt sol uti on vvas col l ected and the dicing
sol ution was naned 48C. The solution pH was neasured to be 2.13, 50089]

Di ci ng sol At i §¥P8ABCORHS selyben 18 cwas %Hb”@feéiﬁmr%‘f’bra%%‘iﬁ“@%‘f%a #Sinpsigga
pretreated pi geftreafedPlecadHAllIONA A usiHy TD0BA slibS thefhsl ©xidaSTON) szrranise 4, The

det or i ned 1 o AN SRR Pedparat S Rg R R AR e B Bree A A e,
Tabl e V. Et ch soedtes warimoredsddunte 83¢-mhrefrthe 48% didingsbiutiordn s 580 nﬂ@tass begk¢r nanc
Acid (w9 TM%'E'd (H@ts%qutigﬁ gtﬁrelg%tnea é?ilr pIateW"pﬁ\. The temperature was recorded.
10  Thickness measurements in A were made in triplicate after times 0, 20, 40, 60, and 90
minutes using a ResMap Four Point probe. The film thickness versus time data was

then regressed. An etch rate was determined for Al and Ni separately to be 0.6 A/min
and 3.3 A/min, respectively.

Table Ill. Etch rates for Undiluted Oxalic Acid Solutions at 25°C.

EXAMPLE Dicing oH Oxalic Acid TMAH® Etch Rate (A/min)
Solutions (Wt%) (wi%) Al Ni
4 48A 1.04 2.0 0 0.6 33
I -
5 50B 1.32 1.0 0 38 6.2
6 50E 1.46 0.67 0 4.4 106
7 49A 3.30 2.0 87 1.5 18.9
8 55A 4.47 2.0 14.8 2.1 15.5
9 55B | 5.45 2.0 16.1 1.7 1.4
15 b. As 25 wt% aqueous solution.

Examples 5-9

[0084] Additional dicing solutions 50B, 50E, 49A, 55A, and 55B were prepared as for
48A but with varying oxalic acid concentrations and/or final pH in Examples 5-9,

20 respectively. The etch rate results were summarized in Table lll. Etch rates for Al and Ni
metals both went through a maximum versus pH.
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Di cing Sol ution pH (AAmn) 14 48C 2.13 <2.0 49C 3.3 2.0 0.7

55G 4. 27

10

15

20

Example 10

[0085] A dicing solution comprising 2.0 wt% citric acid in de-ionized water was
prepared as follows: To a one liter HDPE poly-bottle was added 6.9 gm of an aqueous
solution containing 29 wt% citric acid. An additional 993.1 gm of de-ionized water was
then added to the bottle to a final weight of 1000.0 gm. The bottle was capped and
shaken. The dicing solution was named 48B and the solution pH was measured to be
1.93.

[0086] Dicing solution 48B was submitted for etch rate measurements using a
pretreated piece of Al and 1000A Ni on TOx substrates, as in Example 4. The film
thickness versus time data was then regressed. An etch rate was determined for Al and
Ni separately to be <1 A/min for both substrates. The ResMap Four Point Probe was
able to measure changes in film thickness that were > 20 A, so an etch rate of <1 A/min
indicated that there was insufficient etch of the film over a 30-90 minute test.

Table IV. Etch rates for Undiluted Citric Acid Solutions at 25°C.

16

EXAMPLE Dicing pH Citric Acid TMAH® Etch Rate (A/min)
Solutions (wt%) (W) Al Ni
10 48B 1.93 2.0 0 <1 <1
11 49B 3.43 20 3.5 0.5 <1
12 55E 4.38 20 6.3 <1 <1
13 55F 5.34 2.0 9.2 <1 <1

c. As 25 wt% aqueous solution.

Examples 11-13

[0087] Additional dicing solutions 49B, 55E, and 55F were prepared as for 48B but
with varying citric acid concentrations and/or final pH in Examples 11-13, respectively.
The amount of TMAH and the final etch rate results were summarized in Table IV. Etch
rates for Al and Ni metals were < 1 A/min for all pH values up to 5.3.
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2.01998 0.4 17 55H 5.13 2.0 11.65 0.4 d. As 25 wt % aqueous sol ution
15 Exanples 15-17 (00801 Additional dicing solutions 49C, 55G and 55H
were prepared as for 48C but with varying fumaric acid concentrations
and/cr final pHin Exanples 15-17, respectively. The anount of | MAM and the
final etch rate results were summarized in Table V. Etch 20rates for A and
Ni netals were < 1 Afroin for all pH vE?lI ues yp to 5.1.

xample

[0088] A dicing solution comprising 2.0 wt% fumaric acid in de-ionized water was
prepared as follows: To a one liter HDPE poly-bottle was added 2.0 gm of solid fumaric
acid. An additional 998.0 gm of de-ionized water was then added to the bottle to a final
5 weight of 1000.0 gm. The bottle was capped and shaken. An undetermined amount of
fumaric acid crystals remained un-dissolved. The supernatant solution was collected

and the dicing solution was named 48C. The solution pH was measured to be 2.13.

[0089] Dicing solution 48C was submitted for etch rate measurements using a
pretreated piece of Al and 1000A Ni on TOx substrates, as in Example 4. The film

10  thickness versus time data was then regressed. An etch rate was determined for Al and
Ni separately to be <1 A/min for both substrates.

Table V. Etch rates for Undiluted Fumaric Acid Solutions at 25°C.

EXAMPLE Fumaric Acid TMAH® Etch Rate (A/min)

Dicing pH
Solutions (wt%) (wt%) Al Ni
14 48C 213 <2.0 0 <1 <1
15 49C 3.3 2.0 33 0.7 <1
16 55G 427 2.0 9.98 0.4 <1
17 55H 5.13 2.0 11.65 0.4 <1

d. As 25 wt% aqueous solution
15
Examples 15-17

[0090] Additional dicing solutions 49C, 565G, and 55H were prepared as for 48C but

with varying fumaric acid concentrations and/or final pH in Examples 15-17, respectively.

The amount of TMAH and the final etch rate results were summarized in Table V. Etch
20 rates for Al and Ni metals were < 1 A/min for all pH values up to 5.1.

Example 18

[0091] A dicing solution comprising 2.0 wt% oxalic acid and 0.2 wt% fumaric acid in de-
ionized water was prepared as follows: to a one liter HDPE poly-bottle was added 224.4
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Exanpl e 18 [0091] A dicing solution conprising 2.0 wt% oxalic acid and 0.2
w% furnaric acid in de-ionized water was prepared as follows: to a one
liter HDPE poly-bottle was added 224.4 gm of an aqueous sol ution
containing 8.92 wt% oxalic acid. To the same one liter HDPE poly-bottle was
added 2.0 gmof solid fumaric acid. A total of 679.4 gm of de-ionized water

was added to the_bottle. r. pH ustment .. 94. w % T tion
was added for 9 of PHAJUSRES @‘ﬁ‘ft'ogfco%b@gér%ﬁ“/ﬁ%ﬁbgﬁot éﬁ?a'@gBBl\/@ QHEI
shaken. The 5pdy-bottigwaebdiad@0 wasf saiddum&Bcan d tbtabofsﬁﬂlgutgnmqf geHorizexd
measured to b 4 e ] at el
fo be 0.6 A miACLiE 1ddef) i oS ey ALTRBMAE ARt Ay ALk SERGRE =Y
result for Cowpaaddeder aeahiightpf 4009.9 gmudhe b@té@jweﬁ@appaeland ?'!ﬁ'fe@)f T'G? 2 W %
funnaric agi dgikf %‘ol@ho@i vvas%a%alsss a%@'tﬁb §dﬂlt|!e!ﬁ bgma@tm@bﬁr%d%geéumad the

Ni metal etch rafe more than one-ord

[0092] Additi Eﬂt%\waw%?fﬁy‘e&dmﬁhaaﬁéh B%Pefaé‘?mt%%ﬁi) '@" 6P%6é%é‘&"h?*%$"’%és but
with varyi ng fraslaer diso sowdd avesult forCorapsratedixamplel Mald ifstrated thap dtidition

adj ust nent , TVAH i t d and
TN as wel | o022 VB tinte R BN oPERs PSRBT "W
Et ch rates fomefl etnkrate bpmers than bye-ondehefmpgditudei netal etch rates were al so
signifi cagély reduced as seen for Exanples 20 and 21, however, the N etch
rate increased with increasing fumaric acid. Exanple 21 2010093] A dicing
solution conprising 2.0 wt % oxalic a@ixgmgrgg-@.@ Ww%citric acid in de-

i oni zed water was prepared as follows: to a one liter HDPE pol y-bottle was
added 243.92 melf %dﬁi@ﬂﬂ@ﬁbﬁng&i@hﬂlbh%ﬂ:ﬁﬂﬁﬂ%&i@p&paredta%fmﬁaBltmtwmd To

th DPE bot t 9
ac?dsgg:auflngn varyng 8’["5"‘:3?%5% 3 {5% ‘é’ﬁé/araqua rs'?'\%/v%t"gt a%%le Atl-ﬁe
bottle. For phixdufuss oeett. M&nﬁﬁxngmfmﬁarzfamwwmmdﬂaaﬁhedm%ﬁsh @trled
for a fingk weigh,ak s&rglg%g%ﬁgmf 83_96?” b@ttc['n lrﬁeé"@?ARﬁé?Q%QséﬂﬂQly%héﬂﬁﬁ@ed TRe

di ci ng sol ution was nane he sol ution pH was measur ed e 3.48.
An etch rate et dieh etes werg alsorsionificamty regucsd paperndPREXag RS 26, 36“’,3/‘ m n and

0.5 Almin, reppR&lel YR MietdiViafe ih684ded WiRSncreb¥fuA&GE doid. Tabl e VI and
|IIustrated that addition of 0.5 W% citric acid to a 2.0 w%oxalic acid

solution at pH=3.3-3.5 reduced the Ni 30nmetal etch rate by nore than
one-order of magnitude. Table VI. Etcp rat eé for Undiluted Oxalic,
Fumaric, and Gtric Acid Sol utions at E Di ci ng sol ution

20 [0093] A dicing solution comprising 2.0 wt% oxalic acid and 0.5 wt% citric acid in de-
ionized water was prepared as follows: to a one liter HDPE poly-bottle was added 243.92
gm of an aqueous solution containing 8.2 wt% oxalic acid. To the same one liter HDPE
poly-bottle was added 17.24 gm of 29 wt% citric acid solution. A total of 625.92 gm of
de-ionized water was added to the bottle. For pH adjustment 112.92 gm of 25 wt%

25 TMAH solution was added for a final weight of 1000.0 gm. The bottle was capped and
shaken. The dicing solution was named 56H and the solution pH was measured to be
3.48. An etch rate was determined for Al and Ni separately to be 0.6 A/min and 0.5
A/min, respectively. This result was summarized in Table VI and illustrated that addition
of 0.5 wt% citric acid to a 2.0 wt% oxalic acid solution at pH=3.3-3.5 reduced the Ni

30 metal etch rate by more than one-order of magnitude.
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pH 25C. Weight % Oxalic Furnanc - MAW Acid Acid 7 49A3.30 2.0 0 8.7 18
5313 3A4 2.0 0.2 9.4

Table VI. Etch rates for Undiluted Oxalic, Fumaric, and Citric Acid Solutions at

25°C.
EXAMPLE Dicing pH Weight % Etch Rate
solution (A/min)
Oxalic Fumaric TMAH® Al Ni
Acid Acid
7 49A 3.30 2.0 0 8.7 15 18.9
18 53B 3.44 2.0 0.2 9.4 0.6 14
19 53E 3.46 2.0 0.5 9.7 1.2 3.8
20 53F 35 2.0 1.0 11.2 1.8 7.7
Oxalic Citric Acid TMAHS®
Acid
21 56H 3.48 2.0 0.5 1.3 0.6 0.5

e. As 25 wt% aqueous solution

5 Example 22

[0094] An etch rate was determined for dicing solution 58A on Al and Ni separately to
be < 1 A/min for both metals. This result illustrated that KOH could be used to replace
TMAH and was consistent with the results found for Examples 10 to 13.

10 Example 23

[0095] An etch rate was determined for dicing solution 58B on Al and Ni separately to
be < 1 A/min for both metals. When compared with the data in Table Ili for pH adjusted
oxalic acid solutions, the results again showed the significant reduction in Ni etch rate.
This result further illustrated that KOH could be used to replace TMAH in the mixed

15  oxalic and citric acid dicing solutions, and was consistent with the results found for
Example 22 at a pH of 3.48.

=991



19 53E 346 2,0 0.5 9.7 20 3.5 2.0 1.0 11.2 Oxalic Ctric Acid | MAHe

Aci d

10

15

20

25

30

Example 24

[0096] An etch rate was determined for dicing solution 68C on Al and Ni separately to
be < 1 A/min for both metals. This result illustrates that Tergitol surfactant could be used
in place of Hostapur SAS surfactant in Example 22 without significant change to etch

rates.

Example 25

[0097] A dicing solution comprising 2.0 wt% oxalic acid and 0.5 wt% citric acid in de-
ionized water was prepared as follows: to a one liter HDPE poly-bottle was added 243.3
gm of an aqueous solution containing 8.2 wt% oxalic acid. To the same one liter HDPE
poly-bottle was added 17.2 gm of 29 wt% citric acid solution. 10.0 gm of a pure Tergitol
15-S-7 surfactant was added to the bottle. A total of 703.6 gm of de-ionized water was
added to the bottle. For pH adjustment 25.9 gm of 48 wt% KOH solution was added for
a final weight of 1000.0 gm. The bottle was capped and shaken. The dicing solution
was named 58E and the solution pH was measured to be 2.42. An etch rate was
determined for Al and Ni separately to be < 1 A/min for both metals. This result illustrated
that Tergitol surfactant could be used in place of HOSTAPUR SAS surfactant in Example
23 without significant change to etch rates.

Examples 26-31

[0098] A series of additional dicing solutions were made with varying composition and
pH. Dicing solutions 59A and 60A comprised citric acid and HOSTAPUR SAS as for
58A in Group ; dicing solutions 59B and 60B comprised oxalic acid plus citric acid and
HOSTAPUR SAS as for 58B in Group |; and dicing solutions 59D and 60D comprised
oxalic acid plus citric acid and Tergitol 15-S-7 in Example 25.

[0099] The series of dicing solutions named 59A, 9B, and 59D were all pH adjusted
with KOH to the range of pH = 3.9-4.2. When diluted with de-ionized water at 1:1000
these 59-series dicing solutions gave a point-of-use pH of approximately 4.5 as for §9C
in Group |. Similarly, the series of dicing solutions named 60A, 60B, and 60D were all
pH adjusted with KOH to the range of pH = 4.5-4.7. When diluted with de-ionized water
at 1:1000 these 60-series dicing solutions gave a point-of-use pH of approximately 5.0
as for 60C in Group |. Dicing solution acidic components, surfactant composition and pH
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was added 243.]3 10 gm of an aqueous salutionjcontaining 8,2 wt% oxalic
acid. To the slane zme ||t er 58A DPE |@di0y- badt | ¢ Rl added [170.188yif GASA9 wt %
citric acid soglution. 10.0 gmof a purle Tergitol 15-8-7 surfactant was
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the bottle. For pH adjustnent 25,9 gmlof 48 w % H sol ution was added for
a final weight| of 2000.D gnF9he Hétdle &ds cafied | ah@3shak@Wi%THR9 ¢ ng
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etch rate was |det et%hi nefl fofOA andG| separat @ fo e =\0118WWP bot h
metals. This riesult i1l ustrated-that Tergitol—surfactant on """u in
pl ace of HOSTAPUR IS surfa§9%nt in'%xa I"'e 23 t hodt” sig ﬂ%al can lszl‘kfl)ange
to etch rates. 20Exanptes—26 198} Asertespf —addiski )IIWCTE‘?@"

sol utions were mau?l%1u th va ryrng cé('ngp())oa ion anqzl')5 pH. sﬁbci ng soI/utl ns bH9A
and 60A coRpri's HOS mrum%f-‘\é—as—ﬁrr—%ﬁin Goup 7 dicing
sol uti ons 69B and %\Bé T(%’(:é‘rdlﬂl(%débl oxall'c acid plus citric acid and HOSTAPUR

SAS as for 58B in G oup I

B. Diluted Dicing solutions

Example 32

and dicing solutions 59D and 600 conpri sed

[00100] 1.0 gm of dicing solution 58A was added to a one liter HDPE poly-bottle. An

10

additional 1000 gm of de-ionized water was added to the boftle. The bottie was capped

and shaken. The pH of the resulting 1:1000 dilution was measured to be 4.09. The

sample was submitted for etch rate determination on Al, Ni, and Cu metal substrates and

CuOx on Cu substrate. The etch rate results were shown in Table VIII.

15

Examples 33-43

[00101] Additional dicing solutions were diluted using similar 1:1000 dilutions. These
dilutions were shown in Examples 33-43, Table VIII. The pH value of each of the diluted

solutions was measured, and etch rate determinations made for each of the samples at

25°C on Al, Ni, and Cu metals, as well as Cu oxide (CuOx) on Cu oxide substrate. The

20

results were presented in Table VIII.
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250xalic acid plus citric acid and Tergitol 15-8-7 in Exanple 25. [0099]
The series of dicing solutions nanmed 59A, 59B, and 590 were all pH adjusted
with KOH to the range of pH = 3.9-4,2. Wen diluted with de-ionized water
at 1:1000 these 59-series dicing solutions gave a point-of-use pH of
approximately 4.5 as for 69Cin Goup |I. Simlarly, the series of dicing
sol uti ons naned 60A, BOB, ari 0D were al adj ed with KOH to the
range of pH = 4.5-4.7. \Wen d.ﬂ‘]b?ﬁgw W%oéetcﬁgﬁ%gfeaglz% er at 1:1000 these
60- seri es di egpg—sohuti-gRs—gave—a point—of=use=pt=nt an +matety—5,0 as
for 60Cin G Eﬁﬂ“?'.e Di c?"ﬁﬁ‘gsol it iPon aci di ¢ co?p%ﬁgé%%sﬁﬂmiﬁact ant
conposition and pH - sofutichatundi | ut ed-—ngat oxajjj ¢ and Gitr] jg—di ci ng
sol utions were sunmari zp_qiﬁgr Exanpl es -31 in Table VIT. Tla%ﬁ’l@ill Etch
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10addi ti onal | 1088 gm of 8 i onl 2889 wat eP4was addkd fo loﬁe bottlge. The
bottle was c nd-shaken.—The pH-of the fresulting—1:-100p—diLution was
measured to be #°09.| The npl e %ﬁZ subfit t eld 10 etchhrate de@gﬁnination
on Al, N, and—Cu—retal—spbstrates-ahd—Cyox—on—CuSstbstrater—Thezeteh rate
results were|sh iln Ta Cé Vi IngSExa%l es| 33-43 [OOPOqil Addi '?ona
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3 %{5 1 7.4

a I
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3 at v;? Al

Table VII1, pH and Etch tes at 25C| Exanplle Dicing solutipn at 1:1000
Dl ution pH 38 59C 4.56 0.3 <1 0.9 49

39 59D 465 0.8 <1 13 438

40 60A 5.10 14 <1 0.9 3.8

41 60B 5.06 1.3 <1 5.7 <1

42 60C 513 | 04 <1 1.0 39

43 60D 5.15 1.3 <1 5.0 <1

Comparative Example 44

5 [00102] In addition, samples of 1:1000 dilutions of 68E, 59D, and 60D were tested for Al
and Ni etch rates at 45°C and 65°C. Etch rate results were shown in Table IX below and
compared with those already presented in Table 6 above for the respective dicing
solutions. Since these 3 dicing solutions all contain oxalic and citric acids, as well as
Tergitol surfactant, differences in etch rates were due essentially to pH and temperature

10  differences. The results showed that the higher pH of ~5.0 was key to maintain a low Ni

etch rate at elevated temperatures.
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Al Etch Rates N (AAMn) Cuax on Cu 32 58A 4.09 0.4 0.8 9,4 5813 3.97
0.6 0.9 23.5 34 68C 4.19

Table IX. pH and Etch Rates at 25°C, 45°C, and 65°C for 1:1000 Diluted Dicing

solutions.
Dicing pH Al etch rate (A/min) Ni etch rate (A/min)
solution at

1:1000

Dilution 25°C 45°C 65°C 25°C 45°C 65°C
58E 399 | 07 29 15.2 <1 13.3 16.9
59D 4.65 0.8 24 14.5 <1 <1 2.8
60D 5.15 1.3 4.7 19.7 <1 <1 <1

Comparative Example 45

5 [00103] Samples of dicing solutions 60B, 60C, and 60DH were prepared as 1 gallon
quantities. The 60DH sample contained one-half the concentration of the 60D dicing
solution. It was therefore diluted at 1:500 in order to achieve a side-by-side comparison
of results with other dicing solutions that were diluted at 1:1000. The dicing solutions
were tested at 1:1000 equivalent dilution in online tests using a DNS wafer dicing saw

10  operation. The dicing tests were intended to determine the life or length of time that
dicing blades could be used before any breakage in the blade tip was experienced.
Dicing blades were from DISCO and labeled “disco *NBC-ZH 2050 * 27HEDF”. They
comprised an Aluminum metal hub with a Ni tip. The Ni tip contained embedded
diamonds. All dicing solutions were tested at the following identical dicing conditions:

15  blade RPM: 30000; blade feed rate: 5Smm/sec; cut depth into the Si wafer: 50%. In
addition, a small portion of each dicing solution was used in etch rate tests for Ni and Cu
metals, and CuOx on Cu substrate.

[00104] The results for blade life were shown in Table X below. The results indicated
that the 3 dicing solutions gave approximately the same blade life at pH of ~5.0. The

20  60C dicing solution additionally had a beneficially higher CuOx etch rate. A dicing
solution with high CuOx etch rate and low Cu metal etch rate ensured good cleaning
without damaging of Cu bond pads.
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35 58E 3.99 0.7 1.0 17.41 36 59A 4.63 <1 0.8 4.2 37 698

Table X. Blade Life and Etch Rates for Diluted Dicing Solutions

Dicing solution at | Blade Life Etch Rates at 1:1000 (A/min)
1:1000 Dilution (Hrs) Cu (25°C) CuOx (25°C) Ni (65°C)
60B > 16 438 0.3 <1
60C ~20 11 8.7 <1
60DH? ~19 5.1 04 <1

g. For 60B and 60C the dicing solutions were diluted 1:1000. For 60DH the dicing

solution was diluted 1:500.
Comparative Example 46

[00105] Results were presented in Table Xl for dicing solutions 58B, 69C, and 60C with
pH values after 1:1000 dilution of about 4, 4.5, and 5. The data showed that blade life
increases significantly with increasing pH. Based on these blade life resuits, dicing
solutions 48A and 48B in Tables IV and V were expected to have short blade life.
Results presented previously in Table VIl also showed, however, that the CuOx etch
rate also decreased with increasing pH. The pH of about 5.0 appeared to be the value
that optimally afforded low Ni etch rate leading to long blade life and moderate CuOx

etch rate for cleaning of Cu bond pads.

Table XI. Effect of Dicing Solution pH on Blade Life at 1:1000 Dilution.

Dicing solution Diluted at pH Blade Life (hrs)
1:1000
58B ~4.0 4.05
59C ~4.5 8-10
60C ~5.0 20

-27-



<l 1.23.8
1.4 0.9

10

15

38 59C 4.56 0.3 0.9 4.9 59D 4.65 0,8 1,3 4.8 40 60A 5.10

Comparative Example 47

[00106] Dicing solutions contained more components. The compositions in Table XI!
were formulated at a pH of about 4.0. 62A contained 2 wt% oxalic acid while 62B
contained 2.0 wt% oxalic acid and 0.5 wt% citric acid. The control dicing solutions 62A
and 62B did not contain an additional component (additive) and were pH adjusted to
about 4.0 using KOH. Additives were present at typically 0.5 wt% concentration,
however, Glutaric and Succinic acids were present at 0.34 wt% and 0.31 wt% to be
about equimolar with 0.5 wt% citric acid. None of the dicing solutions contained
HOSTAPUR SAS or Tergitol surfactant. The results showed that in these undiluted
dicing solutions containing additives could cause a reduction in Ni metal etch rate at
25°C. Of these additives, anthranilic acid appeared to be the most effective in reducing
the Ni etch rate.

Table Xll. Ni Etch Rates at 25°C for Oxalic-Citric-Additive Dicing solutions

Undiluted Ni Etch rate
Dicing (A/min) at

Solution pH Acid Mix Additive 25°C
62A 4.05 Oxalic - 8.1
62C 4.02 Oxalic Glutaric 5.9
62D 4.06 Oxalic Succinic 5.5
63A 4.02 Oxalic Glycine 29
64A 3.96 Oxalic Surfynol S-61 41
65A 40 Oxalic Anthranilic acid 03-1.2
62B 3.98 Oxalic+ Citric - 2.0
63B 3.92 Oxalic+ Citric Glycine 1.0
64B 4.01 Oxalic+ Citric Surfynol S-61 0.3
65B 4.09 Oxalic+ Citric | Anthranilic acid <1
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3.8 41 608 5.06 1.3 5,7 42 60C 5,13 0.4 1.0 3,9 43 60D 5.15 1.3 5.0
' d

[00107] The embodiments of this invention listed above, including the working example,
are exemplary of numerous embodiments that may be made of this invention. It is
contemplated that numerous other configurations of the process may be used, and the
materials used in the process may be elected from numerous materials other than those

5 specifically disclosed.
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Conparati ve Exanple 44 5[00102] In addition, sanples 01 1:1000 dilutions of
68E, 59D, and 60D were tested for Al and NI etch rates at 45C and 65C. Etch
rate results were shown in Table | X bel ow and conpared with those already
presented in Table 6 above for the respective dicing solutions. Since these
3 dicing solutions all contain oxalic and citric acids, as well as Tergitol
surfactant, differences in etch rates were due essentially to pH and
tenperature 10di fferences. The resul %AI wed that the higher pHof -5.0
was key to maintain a low N etch ra el evated tenperatures. Table IX

Comparat i ve xam o615 i Berre o ettt Bt o8Bt ana
60DH wer e pr epar edntasnidatipal residuesuamt ¢driosmn of kep&edihatalipdtencoedsai ned

one-hal f the con%%ntrigihi on of the 600 dicing solution. It was therefore
diluted at 1:500 CHPOP@Er to achieve a side- by-si de conparison of results

W th her dicin | .yt | or r | t 1 Qs i cing.
sol utiq‘)f)ns wer e t%éfegayé{%e @?&%&gog\éﬁisggﬁ{gﬁ# Foﬁﬁh%tqrét#ﬁ?%n%sﬁwE)égﬂ[w ét#g'cusi ng a
DNS waf er di ci ng asavartidsgitehereon. The dicing tests were intended to
determine the life or length of tinme that dicing blades could be used
bef ore any br eakadashonengedohddempppndieete@sg&oindhe grbupDicosiniinddfades wer e
from DI SCO and ligﬁ!"‘&?ﬂ{'mdsée?*NBG ZH 2050 * 27HEDF". They conprised an

ub wi a N

Al um num netal h siep. The Ni tip contained enbedded di anonds.

Al'l dicing soluti - gt Ll.owi ng identical dicing

condi ti ons: 15bl éﬁe%%%§%%ﬁ253h$%é@abgt e: 5rnm sec; cut depth into

the §, wafer: 509 it ortion of each dicing solution was
% i 43425 i e b

used In etch rate netals, and CuOx on Cu substrate.
[00104] The resul s éi@r bl ade life were shown in Table X below. The results
i ndi cated that the é i cing solutions gave approximately the sane bl ade

life at pH of -5. ; oGl t] bl : ;
beneficially hi gﬁ@? °?ﬁ?@£%§5’9ﬁ39'§?*§?9@@fhgidﬁg@o ﬁ'ﬁﬁ?ﬁ&’ﬁ"%?@ha%&ox etch
rate and | ow Cu rasidamadiee acid analiceanidimeaionje 8eid colecatihacidv dlfaie addmagi ng of

Cu bond pads. — Talb&n ok #gfmid-adi€ ELi6 NetRAL &S dibfindRetrb &ffic Befil NI
Sol uti ons Dicing sofruti on'at 1 1000&%9? ut ?’onﬁeﬂ '
15 diethylene triamine pentaacetic acid, aminobenzoic acids such as
anthranilic acid, fumaric acid, glycine, alanine, cystine, and the mixtures

thereof;

the surfactant is selected from the group consisting of anionic surfactants,
cationic surfactants, non-ionic surfactants, zwitterionic surfactants, silicone
20 surfactants, poly(alkylene oxide) surfactants, fluorochemical surfactants,
acetylenic diol surfactants, primary alcohol ethoxylates, secondary alcohol
ethoxylates, amine ethoxylates, glucosides, glucamides, polyethylene
glycols, poly(ethylene glycol-co-propylene glycol), and combinations thereof;

and

25 the base is potassium hydroxide (KOH).

2. The solution of Claim 1, wherein
the at least one first compound is from 0.001wt% to 30wt%;
the surfactant is from 0.001wt% to 10wt%;

30 the base is from 0.001 wt% to 20 wt%;
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Bl ade Life (Hrs) Etch Rates Cu(25C) at 1:1000 (A/mn) Cux (250
Ni (65C) 60B > 16 4.8 0.3 60C - 20 1.1 8.7 'C 60DH9 -19 5.1 0.4 <1

the pH is greater than 4 and less than 13; and

wherein the solution is diluted with deionized water from 1:0 to 1:10000 by

weight.

5 3. The solution of claim 1, wherein

the non-ionic surfactants is selected from the group consisting of octyl and
nonyl phenol ethoxylates, secondary alcohol ethoxylates, acetylenic alcohol
and combinations thereof; and
the anionic surfactants is selected from the group consisting of linear

10 alkylbenzenesulfonates (LAS), secondary alylbenzenesulfonate, fatty
alcohol sulfates (FAS), secondary alkanesulfonates (SAS), fatty alcohol
ether sulfates (FAES), and combinations thereof.

15
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g. For 60B and 60C the dicing solutions were diluted 11000. For 600H the
dicing solution was diluted 1:500. Conparative Exanple 46 [001051 Results
were presented in Table Xl for dicing solutions 586, 59C, and 60C with pH
val ues after 1:1000 dilution of about 4, 4.5, and 5. The data showed t hat
bl ade life increases significantly with increasing pH Based on these bl ade
life results, dicing solutions 484 and 4813 in Tables IV and V were

expected to have 4shprd shili@steoflddid.1 RespHsirgy presented previously in Table
VIIl also showed, however, that the CuOx etch 10rate al so decreased with

increasi ng pH. The|dpkt e ai@uélebted frARPBAIGRSLD sonBRtIBAEf MRk Weidt hddtariept | nal |y
afforded low N etch rate |leading to long blade |life and noderate CuOx etch

rate for cleani ngofanePBbnaC'Bads. Table X . Effect of Dicing Solution pH
on Blade Life at 1:1000.Dilution. arative Exanple 47 [00106] Dicing
sol utions cont ai F&FARLIE %Wéﬁ?'@%%@mc ﬁ'ﬁ&%’iptqogﬁ@ﬁri‘gloﬁ“lﬁﬁp@z‘%&l wer e
fornulmted at a pitopbl dthewiatd ald sbedhdepndiraritedifchatd;%4naxal i ¢ acid while 62B
contained 2.0 wt% oxalic acid and 0.5 w%citric acid. The control dicing

sol utions 62A 5Sank itk baply deoHifddrwater. addi tional conponent (additive)
and were pH adjusted to about 4.0 using KOH Additives were present at
typically 0.5 wt % concentration, however, dutaric and Succinic acids were

present at 0.34 & % iad8ol0tichlofdi St 10fultRecdudrprises Qi 0o ivabato M Wi Ehdbatirg%o
citric acid. None of, the chtgi nq sol uti ons tcontfai ned, HOSTAPUR SAS or
Tergitol surfact A9ENt SARFIGELYNRE IRYRENTRINI STAPRERIZOICAI Y ed 10di ci ng

sol utimns cont ai rithgerrdiiniihsteBactidladidq@0I@) aN+ eduction in NI netal etch

2 O RSy Rk SR A S TR o BB B4,

Oxal i c- G tri c- AddNTAY, elidthyklagetdahinepertadéticBiettylenatranindpintdacitiascidci d

Xn?ﬁ?gnffﬁlct Ia\éied8@%]‘5\51?egﬁa%o%@{/éir?a%g,cc?tlrig Ia(c:id%(lﬁlcclanclcGl a ig,l onx% ic gcig,ugrfo\ég%ric& 614.1
acid, tartaric acid, methyldiphosphonic acid, aminotrismethylenephosphonic

15 acid, ethylidene-diphosphonic acid, 1-hydroxyethylidene-1,1-diphosphonic
acid, 1-hydroxypropylidene-1,1-diphosphonic acid,
ethylaminobismethylenephosphonic acid,
dodecylaminobismethylenephosphonic acid, nitrilotrismethylenephosphonic
acid, ethylenediaminebismethylenephosphonic acid,

20 ethylenediaminetetrakismethylenephosphonic acid,
hexadiaminetetrakismethylenephosphonic acid,
diethylenetriaminepentamethylenephosphonic acid, 1,2-
propanediaminetetetamethylenephosphonic acid, ammonium salts, organic
amine salts, malonic acid, succinic acid, dimercapto succinic acid, glutaric

25 acid, maleic acid, phthalic acid, fumaric acid, polycarboxylic acids, propane-
1,1,2,3-tetracarboxylic acid, butane-1,2,3,4- tetracarboxylic acid, pyromellitic

acid, oxycarboxylic acid, B-hydroxypropionic acid, citric acid,
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Oxalic+ Gtric2.0 Aycinel.0 0.3 Anthranilid acidd [00107] The

e, nbodirnents of this invention |isted above, including the working
exanpl e, are exenplary of nunerous enbodi nents that nay be made of this
invention. If is contenplated that nunerous other configurations of the
process may be used, and the materials used in the process may be el ected
fromnunmerous materials other than those 5specifically disclosed, CLAI M

A dicing sol uti Ofﬁnéli@racﬁj?tﬁgtéﬁﬂfébli@t, pyru\riaf%erd, dib[ybglgadd",lb%allhjytié agd agHhrrense of
contam nation resi dues and corrosion _expqgse tallization areas,
conprising: at |é&% Ph%fﬂfés,fnvma"e'o%mﬁa“%@5@%@8&'55%%0{'%0'& B?Iﬁm%a@i sting
of an organic add;oafpduﬁ@d,btr}ytee\é@pjdol,@ycbmahd giRetopes,aivd reiRipstherede!l ect ed
fromthe group consisting of a surfactant and a base; t he renmai nder

bei ng dei oni zed water; and 10t he solution has a pH greater than 4; wherein
the organic acid is selected fromthe group consisting of oxalic acid,

citrig acid, nmaligecTees6luticrpdfidaim® Wherdml oni ¢ aci d, gluconic acid, glutaric
acid, ascorbic acid, formc acid, acetic acid, ethylene diamne tetraacetic
aci d, di et hyl ene th¢ bytarndxprRdddicaleictteaCirah trangroop eoaktingat gysolkueid, as
anthranilic acid, fuparic acid, .glycine, alanine, g stine, and the m xtures
t hereof; the sur f&é@fcg%fypf%o'%‘f é@g’e trie AGig, Fﬁ‘@" a?'gutﬁ %%%%?"gtqyﬁa’ 1%3°"%ni oni ¢
surfactants, catidyljool seltifetitgidtagid, galic boibj andmixtures thietesof, zwi tterionic
surfactants, silicone 20surfactants, poly(al kylene oxide) surfactants,

fl uorochem cal sulid pelypdns| isaeleetad fesm thedgrdus uoriststing rof satepiiol nEyregadibic ohol
et hoxyl ates, secondar.y, al cohol et hoxyl ates, .am n t hoxyl at es, gl ucosi des,
gl uca‘e/dni des, pol fé‘gﬁv}é@ﬁe@ tﬁFS‘?é’B?E‘? p'ﬁ%ﬁpﬁf’%‘f ﬁ?ﬁésn%e?%q??fl;@? &% 9PHBy I ene
gl ycol ), and confzonsisiiranst dyheshesphoriaradid? pblpphdspheric scipahaasitureshydr oxi de
(KOH). 2. The soltuti on of Claim1, wherein the at |east one first conpound
is from 0. 001wt % 2Fe%0R Y0 the surfactant is from0.001wt % to 10M¥% 30t he
I 0 0

base is from 0. O%Le %t(é?c}cglcl%oco%p@und is selected from the group consisting of 8-

oxyquinoline, diketones such as a-dipyridyl acetylacetone, and mixture

15 thereof.

7. The solution of claim 1 further comprises

from 0.001 wt% to 5 wt% defoaming agent selected from the group

consisting of silicones, organic phosphates, EO or PO based defoamers
20 containing polyethylene glycol and polypropylene glycol copolymers,

alcohols, white oils, vegetable oils, the waxes, long chain fatty alcohol, fatty

acid soaps, esters and mixtures thereof; and

from 0.001 wt% to 5 wt% dispersing agent selected from the group
consisting of: water-soluble anionic dispersing agents, water-soluble

25 nonionic dispersing agents, water-soluble cationic dispersing agents, water-
soluble ampholytic dispersing agents; a polymeric dispersing agent
containing an acrylic acid salt as a copolymerized component, and mixtures

thereof.

30 8. The solution of claim 7 wherein

the water-soluble anionic dispersing agent is selected from the group

consisting of triethanolamine laurylsulfate, ammonium laurylsulfate,
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the pHis greater than 4 and |l ess than 13; and wherein the solution is
diluted with deionized water from1:0 to 1: 10000 by weight. 3. The solution
of claim1l, wherein the non-ionic surfactants is selected fromthe group
consi sting of octyl and nonyl phenol ethoxyl ates, secondary al cohol

et hoxyl ates, acetylenic al cohol and conbi nati ons thereof; and the anionic
surfactants is selected fromthe group consisting of |inear

10al kyl benzenesuly BgAgeQﬁyléde%ﬁ |eﬁ%¢@*&ﬁénbla&hmblaamer&wdafm Eacid by

al cohol sulfates ( secon ary al kanesul f onat es_ ( SAS), fatty al cohol
et her sul fates (PQES)e”CQI‘ﬁH’eE:SdﬂﬂﬁQ?é‘H GRY MiKEresdherees” 4. The sol ution of

claim1l conprising at |east one add selected fromthe rouB?conm sting of

citric acid, funmdewalgesalugledopieris disnarsing agentjigsgliectehXoriiPe 488U nt sel ect ed

fromthe group cepsiistirigsd p@fyoﬁw@ﬁ&eernéu@l @meplpo@b wweeceamtﬁeecondary
al kanesul f onat e; and he remai nder bein ej oni ze f The sol ution

of cl&m1 furtheP YB&YﬁS'PY'%’E?SStGa’U@ih% p/B'?QS‘V?LWyW% ?"b?'l’ HQ'VSG@H?VI%‘@ ect ed
fromthe group C‘h@ieﬁblcﬂﬁol@therarﬁﬂl éﬂﬂiﬁhé 08 stfsnyl ether, polyoxyethylene

10et hyl enedi am netetracetic acid
hydr oxyet hyl et hy "@REdNSPHiSHRA"r PAYRYEEY E?&IG(WIIEE)? RPlyoxysthylprg $9BE&R | ¢ aci d

(NTA), diethylkl %ﬁlﬁb{d@é{bn@&m&amgrehé@b@ﬁtauhwh@pélmm&gs@aimwnec aci d
(DPTA), ethanol di gl yC| nate, citric acid ucon| c acid, oxalic acid,

phosphori ¢ aci d, SP&¥ teR MQnogieAERte. r%’ﬂwy%}h}ﬂg%%ﬁ‘?mﬁ?’bt”é@aéate

am nofg i snet hyl e%%wméss&ém 'elon&ilébtél SRy SthpBAS BHORLE trifd s,
1- hydroxyet hyl i dene- 1, honi ¢

1- hydr oxypr opyl i (ﬂ’@W@Z‘W"W%{PQp%B'bF%"ﬁP@aE‘E’G pglyethylene glycol monolaurate,

et hyl am nobi snet fyylye ﬂ@l@h@%}%@ﬂﬂn@n@é&éﬂatedQél%ml/lahélQW@&Ioﬁé”f?érbbé enephosphoni ¢
aci d, n|tr|Iotr|srretherne blgonlca

et hyI enedi anmi nebiPSIELN ”@r@tﬁ?ﬁ Bﬂ%ﬂ?%ea‘?,‘?wxyethwe”e alkylamine,

20et hyl enedi am ngbgbkathasms MarbenapirRsRvaNaIRyIAkakblamide, and mixtures
hexadi am net et r aki sr net hyI enephosphoni ¢ aci d,

di et i\ enet ri ani He§5&%% amet hyl enephosphoni ¢ acid, 1, 2-
propanedi am net et et ar net h%Lene hosphoni ¢ aci d, .ammpnij Lég] sa , _organic

amine salts, nal & waigesglublefa P'HFE“SBETSH"Q fentsy 8 SpeGte (9”&‘6‘? d,

glutaric 25 aci d,coﬁaétﬁ19%fa>@|wan mptrblfdohé mdutammde@ata@télaryaﬁim&ar boxylic
acids, propanel, 1,2, tetracar acid, butane-1,2,3,4- tetracarboxylic

acid, pyronelli tlaéeté‘Eﬁ gn &&HWBB&'}?P @dcid, 11- hydr oxypr opi oni ¢ aci d,

citric acid, malic acid, tartaric acjd, vi ¢. aci d aci d,
salicylic acid, &4 WPf@r-ae'iUE'e aﬁ‘b?rﬁ)‘ﬁ'@ﬁdﬁp?“p@? I8 6 'ediﬁﬂtj{i&ﬂﬁ?ﬁ 9roUB i ds,
pol ypiwosphori c ae;bdsusth@t@rr@@Wetaﬁné:@mwwn@tameelbbwlomﬂethglam ox.@é ycerol and

di ket ones, and mxtu es thereof The, sol uti of claimb5 rein
alkyl- Rl carboxymethyl-N- hydroxyethyﬁmldazamlum beta%e and mlx?ures

thereof.

9. A dicing solution for semiconductor wafer dicing inhibiting adherence of
25 contamination residues and corrosion of exposed metallization areas,

comprising:

from 0.001wt% to 30wt% of at least one acid selected from the group

consisting of citric acid, fumaric acid and oxalic acid,;

at least one compound selected from the group consisting of from 0.001
30 wt% to 20 wt% of a base and from 0.001wt% to 10wt% of a surfactant;

the remainder being deionized water;
the solution has a pH greater than 4 and less than 13; and
the solution is diluted with deionized water from 1:0 to 1:10000 by weight;
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t he oxycarboxylic acid is selected fromthe group consisting of glycolic
aci d, 6-hydroxypropionic acid, citric acid, mak acid, tartaric acid,
pyruvic acid, diglycol acid, salicylic acid, gallic acid, and m xtures

t hereof ; the pol yphenol is selected fromthe group consisting of catechol,

pyrogal lol, 10 and m xtures thereof; the phosphoric acid is selected from
the group consisting of pyrophosphoric acid, polyphosphoric acid and
m xt ures ther eof ;wrhsin t he heterocyclic conpound is selected from

the group consisting of 8- oxyquincline, cliketones such as a-dipyridyl
acetyl acetone, and tHeXdadeds p&tbésiig@ldrokide (ROH0l ution of claim 1 further
conprises fromO0.001 ft%to 5 w % def oam ng agent selected fromthe group
ggnsi fti ng of s: |thfﬁtmiﬁotarﬂﬁs?ﬁl|étfted)ﬁgﬁﬂﬁ?§mp cﬁlﬂsi@tingﬂlsbsbafr&ﬁr)d@lltmers

cont ai ni ng pol ye ene co nd p ropyl ene col _copol yners,
al cohols, white cﬁﬂl“?,x"a\tﬁeg':@?%{éaéy @??@S“&ﬁ%@'xt%%%EWﬂ fatty al cohol,
fattyicid soaps, esters and m xtures thereof; and fromO0.001 wt%to 5 wt %
di spersi ng agent selected fromthe group consisting of: water-soluble

ani oni ¢ di spersin ent s ter-sol upl e 25noni oni.c di spersj ng, agents,

wat er - sol ubl e cat'i o%ﬁ’ﬁé}b?g Bﬁ@%fghﬂ"’%e{ﬂ‘?é",’a%%? BWQ%IW"‘E‘N'H? h?fﬁjdfl@ti c

di spersi ng agent gads, qdtamiBatich résidpes sienNgoagRatbyGanirgj the Dafancaedsidn ¢ aci d
salt as a copol yneri zed cQ onent, and m xtures thereof. 308. The sol ution
of claim 7 wher eiPeRBURINIRISS l PaRT DAL pisPRg CHTRHING SOBE  ect ed
fromthe group cansisting of triethanol am ne |auryl sul fate, anmoni um

| auryl sul fate, polyoxyethylene al kyl ether triethanolam ne sulfate,

pol ycHr boxyl i ¢ acoftacimetheataferewitca dickaesohitiog dagedtre, digngl the xéluti@s t her eof ;
t he wat er-sol ubl e noni oni ¢ di spersing agent is selected fromthe group
consi sting of pol%BW/& Ayl ene I auryl ether, pol yoxyethylene cetyl ether,
5pol yoxyet hyl ene ea el her ol yoxyet hyl ene ()l ey' ether, .

ol yoxyet hyl ene. 1ot s oot raesmB it REIEElsafichy Bt B eoBethh oA apEnis ner
pol yoxyet hyl ene rmehydnddsttntiéreet, her, pol yoxyet hyl ene derivati ves,

pol yoxyet hyl ene sorbitan nonol aurate, pol yoxyethyl ene sorbitan

nonopal m tate, paitjssyeaidhydoened cempburidiseledadomahaymuppohyistyedflayl ene

sorbitan tristearate Opo xyet hyl ene sorbitan nonool eat e,
pol yo@et hyl ene SSHFfB?t?étrﬁ{Jr%/g?%at e, polyoxyethylene sorbit tetraol eate,

pol yet hyl ene gl ycol rnonol aur at yet hyl o nonost ear at e,
pol yet hyl ene gl yi@? ey e(,ﬁ;g{ng,S%Bgll‘%ﬁﬁﬁyci%or@z%glv% it gh%nool eat e,

pol yoxyet hyl ene mi | ne hardened castor oil,

al kyl al kanol am dzﬁé(g(%@mrﬂq%suér@g@%%@%% ; the water-soluble cationic

di spersi ng agent EVH seinel ected fromthe group consisting of
. . erel . .
pal yvi nyl pyrrolidone, coconutam ne acetate, stearylam ne acetate, and

Xt ures ther eof i 8BSk SLisRk Rl PRTRAN Yishal SP5IAE BgGRGRRT 1S

selected fromthe
20 acid, maliec acid, malic acid, malonic acid, gluconic acid, glutaric acid,

ascorbic acid, formic acid, acetic acid, ethylene diamine tetraacetic acid,
diethylene triamine pentaacetic acid, aminobenzoic acids such as
anthranilic acid, fumaric acid, glycine, alanine, cystine, and the mixtures

thereof;

25 the surfactant is selected from the group consisting of anionic surfactants,
cationic surfactants, non-ionic surfactants, zwitterionic surfactants, silicone
surfactants, poly(alkylene oxide) surfactants, fluorochemical surfactants,
acetylenic diol surfactants, primary alcohol ethoxylates, secondary alcohol

ethoxylates, amine ethoxylates, glucosides, glucamides, polyethylene

30
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20consi sting of |auryl betai ne, stearyl betaine, |auryldinmethylam ne oxi de,

2- al kyl - N-car boxynet hyl - N- hydr oxyet hyl i rni dazol i ni um bet ai ne, and m xtures
t her eof , 9. Adicing solution for sem conductor wafer dicing

i nhi biti ng adherence of 25contam nation residues and corrosi on of exposed
metal lization areas, conprising: fromO 001w %to 30wm,6 of at |east one
acid selected fromthe group consisting of citric acid, funnaric acid and

oxal i ¢ acid; glycols, poly(ethyledie diRasto-prpyROERBLBN, &t @pilethtiohe Merdd, gr oup
consisting of from,0.001 30wt %to 20 wt % of a base and from 0. 001wt % to

10M»% of a surfactaQFlt; t he remai nder bei ng deionized water; the solution has

a pH greater than 4 and less than 13; a he solution is diluted with

dei oni zed water fPHRFSEIH PP Si'yﬁﬁww F@?@ht; - 34 - wherein the base is
pot assi um hydroxi de (KOH); the surfactant is selected fromthe group

consi sting of secondary al cohol ethoxylate, secondary al kanesul fonate, and

m xtures thereat 0; A et .Oof fer .dicing, the wafer is diced by a
saw wit h bondi ng 13ai§‘,é "l,emﬂda‘??i el lglwva“?h@éq"aues are produced by sawi ng the
wafer, corrosion, s potentially fornmed qn all .ex e allization areas;
conprising steps thy a i@%é’ﬂ?i&ﬁti\éﬂ@pf’%g\?gﬁo@ b\?noit?\ﬁp}g?%?%"ﬁ% sol ution during
from the or oup. canehatmy oremOsigufodd Fbeand sait thereot: o oo
Tosurtact ant and B Bacas e PEHEFAER M g subst anti al v cl o ni zed
wat er; and the sl uti n wherein the organic acid is
selected fromt hgh%b%fﬂ%g%%ﬁeé?’s%wngﬁ&;%ggihaaﬁ"?@’ gécljd, citric

10 wherein the solution is diluted with deionized water from 1:0 to 1:10000 by

weight.

12. The method of Claim 10, wherein
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20acid, maliec acid, mak acid, ma,lonic acid, gluconic acid, glutaric acid,
ascorbic acid, formc acid, acetic acid, ethylene diamne tetraacetic acid,
di et hyl ene triam ne pentaacetic acid, am nobenzoic acids such as
anthranilic acid, furnaric acid, giycine, alanine, cystine, and the

m xtures thereof; 25the surfactant is selected fromthe group consisting of
ani oni c surfactants, cationic surfactants-, non-ionic surfactants,

zwitterionic surfiRgehailohic firffab@ARas stietRa N the POl EIslsrihBEo@Niafa)
surfactants, fluorochernical surfactants, acetO)(I enic did surfactants,
&

primary al cohol &CRYREAPlEshoytemdarsndancareo! etrsxgiest astyles alsohol

et hoxyl ates, gl ugPgi@RBHInMbNS Mt sangPol yet hyl ene 30 gl ycol s,
pol y(et hyl ene gl ycol -co-propyl ene gl ycand conbi nati ons, t hereof; and the

base i s potassi utMhaiPoigisHEagretpys setqcted fram the grpye consieling ohlinear wherein the

at |east one fir s aw%dlfbrﬁatég(ms?,-&%M@gﬁétamb%%ﬁe%uféme,%ﬁi actant is
fromO0.00Iwm % to | % the base 1s fromO0.001 wt%to 20 % the pHis

greater than 4 arFaheksvifelesiFAS). sgrendan(AkaRgsyIfonres GiAR) GHY obR! uted with

dei oni zed wat er faiuPsWRMEEIFALS), BYd cdbinditshstRéded of O aim 10, wherein
the non-ionic surfactants is selected fromthe group consisting of octyl

and nonyl phenol ethoxyl ates, secondary al cohol ethoxyl ates, acetylenic
al cohol and conbi nati ons thereof; and the anionic surfactants i s sel ected

fromthe group codsi8e Meghaskof|GlaEntO. sdersin fensaltios eMmpHaines (LAS) ,
secondary al yi benzenesul fonate, fatt | cohol sul fates (FAS),. secondary
al kantsul f onat es & 588} ong agiq ?elﬁFtEBIfTBF” @?Wé?”%iﬂ"ﬁ@f"é%%%@f%d’ fymypric
conbi nati ons thergpfand ddlic 268 met hod of C aim 10, wherein the solution
conprising 10at | east one acid selected fromthe group consisting of citric
acid fumaric

at least one surfactant selected from the group consisting of secondary

alcohol ethoxylate and secondary alkanesulfonate;
15 the remainder being substantially deionized water; and

the solution has a pH greater than 4 and less than 13.

14. The method of Claim 10, wherein the solution further comprises from
0.001 wt% to 10 wt% chelating agent selected from the group consisting of:
20 aminobenzoic acids; ethylenediaminetetracetic acid (EDTA), N-
hydroxyethylethylenediaminetriacetic acid (NHEDTA), nitrilotriacetic acid
(NTA), diethylklenetriaminepentaceticdiethylenetriaminepentaacetic acid
(DPTA), ethanoldiglycinate, citric acid, gluconic acid, oxalic acid, phosphoric
acid, tartaric acid, methyldiphosphonic acid, aminotrismethylenephosphonic

25 acid, ethylidene-diphosphonic acid, 1-hydroxyethylidene-1,1-diphosphonic
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acid and oxalic acid; at |east one surfactant selected fromthe group

consi sting of secondary al cohol ethoxylate and secondary al kanesul f onat e;
15t he remai nder being substantially deionized water; and the solution has a
pH greater than 4 and less than 13. 14. The nethod of C aim 10, wherein
the solution further conprises fromO0,001 wt%to 10 wt % chel ati ng agent

sel ected fromthe group consisting of: 20am nobenzoic acids;

et hyl enedi am net gf;[04 SlylifoxgsrofylldeREA) 1 diﬁhosphonlc acid,

hydr oxyet hyl et hyl enedi am netriacetic acid (NHED TR), nitrilotriacetic acid
(NTA), " di et hyl ki EHfetaniaapipspiieaeehesPhPeit @fidenet ri ani nepent aacetic acid

(DPTA), et hanol d'c@H¥@9Ié]ﬁ|thlsﬁl'e¥Hyle<heEﬁééﬂ)hoﬁllc%Einh@rnl&ﬁbﬂeth@?&ﬂbbﬁosﬁﬁbrﬂc
phosphoric acid, tartaric aci osphoni ¢ _aci d

ami not ri snet hyl er?é%é%ﬁ@ﬁﬂ'énmﬁ"éﬁtxﬂ?mﬁﬂhpﬂmcd?%osphom c acid,
1-hydrpxyet hyl i d"e’ﬂ%ﬂéne@]‘a%|ﬁa@§§h§méﬁyleﬁ€;§%sphomc acid,

- hydr oxypropyl i dene-1, 1-di phosphoni c acid yI am nobi smet hyl enephosphoni ¢

aci d, dodecyl ani rﬁ@ﬁ?@ﬁ@tﬂ%ﬂt@ﬁ@mﬂi@ﬁf@ﬁ @SF&I‘:’F‘@ acid

nitrilotnsnethyl Qﬂﬁﬁﬁ&%h&ﬁh@p&%ﬂetfﬂeﬂﬁ%&%ﬂbﬁE“aBi@b'I soet hyl enephosphoni ¢
aci d, Oethyl enedi ani net et r aki smet h%ﬂenep osphoni ¢ acid,

hexadi ar ni net et r JkPRAREERYIRGIeisHEaRYPRPhasplpnic acid, ammonium salts, organic

di et hyl enetri am %ﬂﬁ@&ﬁf@ﬁ@drﬁd‘é‘&@%‘é@aﬁi&'a%loaﬁln%rcéptgsuccmlc acid, glutaric _
pr opanedl am net et et amet hyl enephosphoni ¢ aci d, ammoni um salts, organi c am ne

sal t 510 mal oni ¢ adicl, MARE AGiF PhiklE acH frEPRTISARC PalyerRPYlisEcH'S. GraReReT ¢

10aci d, mal eic agjfp 3Qlafr£@drb&xyﬁ@bgd waﬁénqw@tramﬂ;mﬁé baay;wr&naﬁﬁcds
propane- 1,1, 2, 3- t etracar box%:a;c acid, butane-1,2,3,4- tetracarboxyli

aci d, pyromel | i tiasida@xeearmylicadb R hydronmrepions g Giks 3eipMehs aciddd, CI tric

acid, malic acidaksctRREd, ‘byﬁﬁlc%cnd))ﬂfgll%opaéi&'s@llcﬁbghwcgéllléﬁélg sal i Cy| ic
acid, gallic acid, polyphenols, pyroga phosphori c

pol yphosphori ¢ adioli’Phﬁ'é‘t'%rW&&ﬁ“P'cp'l@@@ﬁﬁ‘bﬁ?i@% P%‘Ph?ﬂé\%c @P‘?cmter%l’%}@er ol
and dijxetones, andPoxhdy, ee?h*l@ﬁé 8§90, divcerdinariatdisibsOhndhpitifed therddter ei n

t he oxycarboxyllc acid is selected fromthe group consisting of glycolic
aci d, es-hydroxypropionic acid, citric acid, mac acid, tartaric acid,
pyruvic acid, 20diglycol acid, salicylic acid, gaIIic, acid, and m xt ur es

t hereof ; the pol yphepehetsosstl@sihets, Wrerihhe group consisting of catechol,
pyrogal l ol , and m xtures thereof; the phosphoric acid is selected fromthe

group consi sting tRd o)k AHRIRPIRPAL isCse%a;tézufrmk@@apbmsuﬁnngwﬁlyw@ deiat ur es
t hereof ; and 25t he heterocyclic conpound selected fromt

P
consi sting of 8- RORYARAVREIRIGMHEC agjd k%ﬁ”ﬁﬁé@ 3R agd grgfinged. d*)’f“"é{fc%ct' | acet one,

and moct ure ther efiycol feid, [¥icyiRtderd gafic &tial #Ad muwhigeetnerddte sol ution further
conprises 30from O. 001 w%to 5 wt % def oam na agent selected fromthe group

consi sting of: sithd Fél?ﬂ%noDE%f@cﬁédﬁF&ﬁﬂ’@ér@ﬁp cmnsmglaocaasmﬂ sledgaorr s

containing pol yetaf;])é rr?lgt%regsl ﬂv'\groelof %e p osp%grrlgggcli (iesnseelgcté/dcpom%? gro n‘er S

consisting of pyrophosphoric acid, polyphosphoric acid and mixtures

thereof; and

25 the heterocyclic compound is selected from the group consisting of 8-
oxyquinoline, diketones such as a-dipyridyl acetylacetone, and mixture

thereof.

16. The method of Claim 10, wherein the solution further comprises

30 from 0.001 wt% to 5 wt% defoaming agent selected from the group
consisting of: silicones, organic phosphates, EO or PO based defoamers

containing polyethylene glycol and polypropylene glycol copolymers,

-38-



al cohol s, white oils, vegetable oils, the waxes, long chain fatty al cohol,

fatty acid soaps, esters and m xtures thereof; and fromO0.001 wt%to 5 wt%
di spersi ng agent selected fromthe group consisting of: water-soluble

ani oni ¢ di spersing agents, water-sol uble nonionic dispersing agents,

wat er - sol ubl e cationic di spersing agents, water-soluble anpholytic

di spersing agents; a polyneric dispersing agent containing an acrylic acid
salt as a copol yarbhaiedwhieBiRNesjatald dildTithd warss, Idhgropain. fatPdidonol hrettyret hod

of Claim 16, wherejn the wgqter-aol_ubl e .ani oni c dispersing agent is selected
fromthe group c8RSiSOPPHESH'S APF BIRUESIF RPN auryl sul fate, anmoni um

| auryl sul fate, pqlyo h n Lkyl ether triethanol arnine sulfate, and

capeoi ol pol year Do S PR B30 ByRes YonsTiins pocthSIrer 1 Moottt ne

\fgt er-sol ubl e Pombﬁﬁétmgﬁfﬁpftaisognb&gm_ 6niéﬁisp@ds¢@lt4génfsr, wEteltrlselugreoupl .
consi sting of pol yoxyet .ene | auryi ether ol yoxyet ene cet et her,

pol yosyet hyl ene SORBP CRRFETNG oo AL TR CRHAnE dIRATHIED S0SRF JAlSat hyl ene

hi ghler ﬁl Colhol ﬁfsb@ble fﬁéb@»ﬁhﬁﬁﬁ@»kﬁ%agqu ponenatic ciﬁﬁdﬂaeéing ﬁgiémoxyet h% | ene

nonyl phenyl ether,, pol yoxyethyi ene derivatives, polyoxyet ne sorbitan

monol aur at e, pol FELFINIALALYIRAGH talhatRORRN TR IZE0 COMPONSBhed RLURS

20sor bi t an nonostieaest €, pol yoxyet hyl ene sorbitan tristearate,

pol yoxyet hyl ene sorbitan nonool eate, pol yoxyethyl ene sorbitan trioleate,

pol yoxyet hyl ene sorbit tetraol eate, polyethyl ene glycol nonol aurate,
pol yefiohyl ene gl yagl Themesiosiaf@isim 18 Whetdiy tHengatet-ysighle dhivhiealisplessing

pol yet hyl ene d ycol nonool eate ol yoxyet hyl.ene, al kyl am ne,
Dot yoxyet hyl eneonl B BHaHeR SO Pe s Pop SIRHIEY R o P B e sk P es
t hereof ; the wat emmseiiuhligurgiadiizeipolydikgarylsnhangkdgtidriridtiarstdreiot edifiteom t he
group consi sting of gol %inﬁ] ¥;rqlidqge coFonutarnine acetgt ,
stearyi am ne acefRf §SBEEA ROYeaIPeXYliciAsieyPe PPIYEE(lE QPQQHW&HeQSaﬁFhOIytiC
di spersi ng agent wasersslutid Bshibrio tish@singrayent ie @BRICR fragn te draws y1 bet ai ne,
30st earyi bet ai ne, | aurydi.net hyl am ne oxi de, 2-a] kyl - N-car boxymnet hyl - N-
vt By et byl 1 i AT ShPRDBRITHET B St ppUERRER SRS et hod
;)f d ai m 10, \é\herpleiyax;tdgiq;law Méf?]@retmnmlj/@dyé'@ylené rowy} &h@@bﬂy%%y@}& % of at
east one acid s cte romthe group consistin citric acid, furnaric

add and oxal | ¢ adEnesacPRsl S RO EbYEBNERS Ceb bR FhS PP ke Gy Tpe
consi sting of frean{d.pBedyl\etitér! solydkyethYfeaé darilaaives, aotiokyainylénd&dikdoe t o 10Mo
of a surfactant: the remai ndger b%ipa sug tantialledeionﬂzed ter; the
sol ution has a pA'YPRENHF RAFYIhYHe padlap monopaimitale, PAYPXYEIWIENEs  di | ut ed
W t]p 2ei oni zefl W&bﬂiit?ﬁ hwmb%t'earett@, pblybRp&Aylbye Wb]g&rt tristdagate,i n 10t Eel
surfactant selecte romthe group consisting o econdary al c
ot hoxyl at e, - seconPy ISP rERPecat My BEEeT eoblar toFaterne
sol ution of d ai PoRoxydieyieidsdrbictetablebie) pohedyenpiygoiandmsiadrb@n 4 and | ess
than 6.58. 15 .

polyethylene glycol monostearate, polyethylene glycol distearate,

polyethylene glycol monooleate, polyoxyethylene alkylamine,

25 polyoxyethylene hardened castor oil, alkylalkanolamide and mixtures

thereof; the water-soluble cationic dispersing agents is selected from the

group consisting of polyvinylpyrrolidone, coconutamine acetate,

stearylamine acetate and mixtures thereof; the water-soluble ampholytic

dispersing agent is selected from the group consisting of laurylbetaine,

30 stearylbetaine, lauryldimethylamine oxide, 2-alkyl-N-carboxymethyl-N-

hydroxyethylimidazolinium betaine, and mixtures thereof.

18. The method of Claim 10, wherein the solution comprising:
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from 0.001wt% to 30wt% of at least one acid selected from the group

consisting of citric acid, fumaric acid and oxalic acid;

at least one compound selected from the group consisting of from 0.001
wt% to 20 wt% of a base and from 0.001wt% to 10wt% of a surfactant;

the remainder being substantially deionized water;
the solution has a pH greater than 4 and less than 13;
the solution is diluted with deionized water from 1:0 to 1:10000 by weight;

wherein

the surfactant is selected from the group consisting of secondary alcohol

ethoxylate, secondary alkanesulfonate, and mixtures thereof.

19. The solution of Claim 9, wherein the solution has a pH greater than 4
and less than 6.58.
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