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

U S. provisional patent application Serial No. 61/362,896, 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 hrough a dicing process of saﬂ%ﬂ?OFH?EMﬁDENFK%QOOB].E“r'ng t he dicing
process, snmall contam nant residues/particles fromsaw ng the wafer,

usual ly silicon ngst C@QQ@E ; & i ondi ng
pads and trenche ?Qgggrbns. ﬁ§$ﬂ%§f§€#??#%&%%ﬁggﬂfg§%62}?ﬁEgﬁggequent

cl eani ng processes once in contact wwth wafer and virtually inpossible to
renove once trapped in deep trenches. 15In addition, during the dicing
process, the bondi ng pa@RQGEBPREXPRENTE TOrREIFTERSARRLICATIOBSUr . Corr osi on can
damage t he bondi ng pads | eading to poor bondi ng perfornmance, poor
reliability, [@01kvERis Appliication cisims the beesfit efprionty ender35aht Safitt 19e) toiestlies and

corrosion camueaw.%ra&@mae@e@%ﬁméﬁn G20 by 8P 86@ @B IUGR, FHI0, the
wi r ebondi ng. d&ggg@% OneFPaigproac to reduci ng corrosion durihg diclng,
he

i nvol ves ofWyEh Is dgarRRTaedRE YR P ERIETRRREAR S BNRY-as 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 Ef E I\p%l@r cool ant that fl oods
the cutting area. Unfortunately, even under signiticant flooding, the small
silicon partigdeof Fh&infRlatdirRliRIRS Ysualipohfsh VR Watel N shile Witer Waldils cool ant

can lead to a bulld, 25up of static charge, resulting in accunul ation of
silicon resi (?Wé@‘}ydﬁl'rtt‘?%‘if’)t@%C'Eﬁ‘l"tPWBS'tS’éH'B?-rﬁ‘ intggrated circiighip g diceoi PPRREE i ng t o
corrosiong [oeha deng fecas ol st diafdrechnol ogy rapi dly advances, wafer
size is increased, while die size is reduced. This prolongs the tinme spent
for dicing, \#08h Duadrgshe dicing pecessasthahgatamitBRicEuSHPAIIRE fm Javiing thiyENTI! ON
[0008] 11 1 S WoRENRLAIS1RM ABIUEE e B wbBPsHES SRLurh ME ol Badt 14 de 2
dicing solution or a“solution for sem conductor wafer dicing, and a nethod
to use the sdenehedripcationg: They agg ditligylt to semeye;im ByhseaanyClarlting Ripressesfonche

cont ami nat i Ofh EddEdcEwRBWaRRF dridGlirBaly ilpabdibi@nemerk iteapsean 885 remdnddre
corrosion of aléﬂqexp@\sl.ed surface ar eﬁﬁ' 1%2%0087% One eg%g{dl nment of the
present i Rvel? PUHoRy Giing ihe dicing fregestying Bending PR g FXPRRed f Ca %R HP g

i nhi biting adherctumsbh canddragertad banringeatsisading tochooobsraiig@erfoimante exposed
netallizatio e C L sl.ngd: t | t from
the r oo oSl FEim B Heh Ehll or H dofiEs g Buphlndly SRS IR FRRBHCEA |
second conpo§adsedEriiznest laterassembly gpasatipncopis aswirehgndind.a surfactant and a
base; the renminder being substantially deionized water; and the sol ution
has a pH gr ed?404 { 8% 3pProgahde MAUAR EATEOEI0B FMNG Jigng. inyplveshtbe gpoeldrgh i nvent i on
provi des 28 mpufigdeibaizedndter (DRVYALA Exsblant fof thaalidiiy Blgded TRLEL NG afebaHN thé t h

bondi n ads, .contam natign residues are.prodquced hy saw n he wafer,
corroston | < ETR RS SRBRHERH BT AR St sEecn e if eS|
conpri sing s wopkl tpihk thedhk: siticonmepidueavontf terflushddnaveay oy the water abolantigatt he

di cing, the gghtitih OBk rg?éé.ﬂn%natel%, even under & nijfi%ﬁl%f(ag@, Hé%ﬁ'tav gﬁ%ﬁound .
selected fromthe group consisting of an orgafic aci and sa her eof ;
at | east one P3diglghareds® ely @ushed away. V\¥oree. e waleigeolaptrandeddrig adpiidy

surfactans ang obstisarg@N@stie) ih 86RINMREN BRdilkEn FdsRHESPAridS oh tHE bsHdinged

wat er: and the solutjon h H greater than 4
' pads, as we'l as con?r[sbufilngp to cgrros?on.



[ 0009] More specifically, the at |east one first conpound is from 0.001wt %
to 30wm % the surfactant is fromO0.001w%to | OM% and the base is from
0.001 wt%to 20 wt% wherein the solution is diluted with deionized water
from1:0 to 1:10000. [0010] The solution can further conprise chel ating
agents, defoam ng agents or 5di spersing agents. [0011] Yet anot her

enbodi nent of0M0BE As ths samicomiveivt teohingbogy vapikdls advascdsywvafensiteis ircesasednduct or
waf er dicing,} r f QN eS| rosi on
of the expostnietigskt RIaAReR" PR ErotngC AR BN UG Wk eBE 35T 0F0eT o
30w % of at Kerllsegasne aci d sel ected fromthe group consisting of 10citric
acid and oxalic acid; the at |east one conpound selected fromthe group
consisting of fromO0.001 wt%to 20 wt % of a base and from 0. 001wt % to 10w %

gfo: Ut ?§Lf | S%aQt o brenter ¢ iR SUBRREEF B RYENTERL 1T oY 15 ot o F
Iuted wt miﬁh]gni't %%rg\ﬁte%ndcb e%mejof& Jgeéenfl'lg\%?\gﬂn tg!fbgé | danat? %&&tﬁg or

selected fro group consi s I'ng o tassium

t et r amet hyl agsekiiPHSAIHERH detorwalgtidjcingaarf @ method to usetﬂh%S%tﬂ\OﬂdB@taﬁt i's

sel ected frogddice iﬁ"rﬂ#ﬂi’turﬁ%ﬁér@hééﬁ tr%fcoﬁmaﬁ besriliEHPEMicIE! th ak ¥hpdk&d 20and
secondary al kanesul fonaé%i.e BRI E ‘gEﬁECH PTIL ON. OF SEVERAL VI EW5 THE

DRAW NGS [Ooilﬂacﬁla@%ﬁ'ﬁén b scogosgq{'h ExRoseq 8WIA55 2685 t ypi cal apparatus for
waf er d| ng b n| C
current gns (*6\57]? c?@%ﬂg%ﬂ’?gﬁg g@i{' ‘égtﬁog éa{]%s(av\s/?g U?Qﬂg %%ﬁﬁ'?‘% gur e
3(a) shows tWefeadielnag@Ibiﬁeg admrar@e(qﬁnqntamnatwmewes@hd.mrmslowmheer sus DI

wat er on Bal gx@gé@m@{an,%og@@% comgri@hgl Figure 3(b) shows the average Kerf
size (mm) for dicing solution ’38A versus DI water on ceramc. [0016] Figure

3(c) shows the avanegeorsdirdt conpeundEalected frofitd Grous Sdridistinyof B drgaRlcHdr Dl
wat er on silicon V\%fe EE" 5L0017] Figure 4(a) shows the average chips and
burrs size for didl i on 38A versus DI water on Ball Gid Array
(BGA) . 18] Fi gyn di ci ng
sol ution gSA ver %{!&Bﬁé@seﬁwﬁ g?%%/e?&?e%%mwgg 3}}%&%&’5@0@% é?fa&%étws t he
average chips and@md@hasesi ze for dicing solution 38A 10versus DI water on
silicon wafers. DETAI LED DESCRI PTI ON OF THE | NVENTI ON Conductivity and

Resi stivity 15[ 0 %Ienmqeﬁaemwbata@t'wg dgippigeckwater @pd r ost ati ¢ charge can
accunul ate on the waf[er Thi S G hart%g %I d-up and/ or a subsequent

el ectrostatic di sPRSPHIONESAPHY sensitive devices on the wafers.
El ectrostati r t ace.
Theref ore. 1 t 08 n%%%@iﬁwﬁ%déﬂaﬁsi?hﬁiﬁ%s‘%ﬁﬁve“}'ecef?@%%%‘éﬁéﬁéjﬁzvgf%u. d- up
during tB@ diigihaghpwaieeisdicedhy asawmit bpadingivasisi geataminption eesisluegeneost at i ¢

charge is bypd@udng sawilh HeVearéd &r%sbﬁ?épd@ﬁalﬁyfb%dro@ﬁelll%kbdé'eay (high
conducti vi tyz‘e The. conducting flu provi des path for the charge to

di ssi pat e dufeljizefogiarRgs: ppm ’@rs“r‘%sotf;ommnly used as a dicing fl UI d in
order to provide |1l:.{bl’l cati.on waf er . wat er

ol 5o acts as a ceuBEAI w R iR ST BT 4B Fe AR ARG due 1o
friction between é rﬁgﬁts&ggp{)out p%q s%ﬁ&eﬁ’?rt;?\rthem c\,[tﬁ{srstlrg ofvé@l %nl&aa% a h! gh

resistivity (typica nmegao SO It I's no con uctlng
fluid fodScharge Qﬂd§§ Befeobn. A commonly used nethod to Iower t he
resistivity of the DI water is by inj ctinq CQ2 into the DI water. This
| overs the resi st3\gastonsrsecend qempguidselesisdiiiom e graypicengiting gha syractant
di ssi pati ng char gmnd aldage:dingi Nng sol ution disclosed in current invention has
a lower resistivity than even CO2 sparged DI water. Therefore this dicing
solution w || be thetawindat belingsibstantially d8iduiked watethand d- up on t he wafer
during dicing.

the solution has a pH greater than 4.



Surface Tension and Low Foam [ 0021] During the dicing process snall

contam nant residues, usually silicon residue, adhere to the wafer surface
and accunul ate on Al bond pads and trench areas. These silicon particles
can cause issues when the Al bond pads are probed/tested for
S5functionality. The silicon particles can al so cause poor adhesion during
wi r ebondi ng 098] aMorerspeciiinzthalthe af ldast o1 fissd wdwpound is fiam AI00 hetfidto S8d95;

Jher efore L NenSuribab AN fiF5.00RR% dsogom@/o [RIMEARSL 1B B80¥aTFlo AiaCe.

Usual I'y a dicing ution 1Is use urin ICII’I% process. d“cmg
solution is &’hﬁ'leuritﬂe poltion; '%d'l!z'}ﬂdéw@d’e@ﬁtzéd Wﬁ‘@’@%@l addo8MH the wafer. One
function of in ol uti is to.renov residues fromthe wafer
Tour tace. 1 0tPheFAd S EtherdoipRics Rl eAEUS) AU ool ut i on
often conBal dispersimgafadtd. ant . This reduces the surface tension of the dicing
solution so that it wets the surface of the wafer better. Better wetting of
t he surface Watl] i Yigsreootberemhdadimeant pithe prekent yentioatpravidgh agplutier fons, t he

di ci ng sol ut keRicidteloPREEr difing RﬁubﬁuH%é@rﬁHredc@\b%ﬁrhé?ﬁlnéli%ﬁ résidiiés Qnd QRkioR U f ace
tension than DI water. Thi s neans dicing solution wll have better
15particle r Qf’rfﬁ%&1‘9‘@%ﬁ'ﬁfal"'iz@tl"@@“iqffa?f’”m”skﬂat er. The dicing sol ut| on

di sclosed in curren ntl so has a | ower syrfa t ensi on. t.han
several of the COTRBAPIMASRIRRARR (33 orl AR egB T R op B Bt B

t hough a1@urfactramcaclmammmmcamlmg solution will reduce the surface tension
to provide better particle renoval, there is one potential issue with a
surfactant: foanhagtleastongegmposng seleaterhiram {tie|groupzneasisting ohfrem 098 wi%ito t he
di ci ng sol ution.aolag, §i@aRsE aRd fréth ©00PKEs 1 folkch BEa Sirfdcigt; Sol ution's ability
to remove particles. The foamitself can dry on the wafer and | eave
particles of it shewmaindeebahgpsibsiahtidly deiopigsd water,t hat as little foam as
possi bl e be generated in the dicing solution. In tests on actual dicing
machi nes, The ditbe agutipolhas aeh gléser toaetlandiesathareh; andvent i on gener at ed
little foamat the point of use of the saw blade 25 and wafer surface in
conpari sdd to a thespldionisdilupdydinceionizae weiet freng 1803 1t10800:di scl osed i n
current invention also generated | ess foamthan the commonly used

comerci al dici iP¥SNutions in a recircul ation tank pH 30[ 0023] Al bond

pads are often sed d i,ng th cin r.oce on is

b ten used duri e BRe R e TORP T P b B Roredhuf FrBtuR b AR ' o c.
Very often DI wdaetsametsyldrireomiuroihpdroside (TiMAJ); antin | ssue with using DI water is
that its pHis about 7 and at that pH Al corrosion will occur. Typical
times of 20-30 riheuriastaptin sefectediiom thecarewp engiting of iedoadary Blgehal gthelsdate t i me
the Al beopd padsyniskéor8ry@mRAssffotdle.Dl Water which can cause Al corrosion.
One nethod for preventing the Al corrosion in DI water is to inject CO2
into the DI water. This lowers the pH of the DI water to about 4-4.5. At
this pH Al corrosion will be mnimzed. Another nethod for preventing Al
corrosi on during di BRildr DESGRIPTIKIN @QF S¢HVERAY WIOIVBIQFOTHE PRAWINGEr s t he pH of
the DI water. The pH of the dicing solution disclosed in current invention
at typical dIQ02} drigurailtisa rhemgtiedrapingef a typipat apparalusdorovaieralicifad®y dicing is
4 to 13. At thlisg.pH the dicing solution will nmininmze Al corrosion on
exposed Al bond pads during dicing. This has been shown in eval uations on
actual wafer 130013]0 Gagupe e (&)dndeb)aon tad gdhvemnie4lrrNtaensiq e diing solutiexpersed Cu
surfaces (Cu _bon %gad or other Cu surfaces) reach the dicing process, the
Cu surface nﬁ?/rS'ﬁs "oxi dation and contami nation | ayer on it due to

previ ous pro S oy ﬁqﬁh

t est/ probe pﬁﬁéglssﬁlgﬁé sﬁﬁ%&{sﬁﬁé 8\'“:,!? %‘%érpsé&ct r |f§: E{’J%(‘:Ittllglgﬁga'ﬂ’%}%rl ng
testing a prUE@rW1Bmi@"QBU@mﬁgyﬂomm on the Cu surface ldeally the cont act
resi stance between the Cu surface and the probe tip should be as | ow as
possi bl e. However, if the Cu surface has a thick oxidation |ayer and/or a
contam nation layer on it the contact resistance nay be high and cause the
probe test to fail even though the part gay be a functional part. To
prevent these "false fails" from happeni the Cu surface can be cl eaned
to renove the 20oxidation and contam nation |layer so the Cu surface is as
cl ean as possible when the probe tip touches it. Problens due to a thick
oxi dation and/or contam nation |layer on a Cu surface can al so occur at

wi rebondi ng which is when a netal wire is being bonded to the Cu surface.
Again, if the Cu surface has a thick oxidation/contam nation |ayer the
nmetal wire may not adhere well to the Cu surface. Therefore a process to
clean the Cu 25 surface woul d be advant ageous as well for w rebonding. The
dicing solution disclosed in current invention is capable of renmoving Cu
oxide wth mniml etching of the underlying Cu surface. Therefore the Cu



acetic acid, ethylene diam ne tetraacetic acid, diethylene triamne

pent aacetic acid, am nobenzoic acids such as anthranilic acid, fumaric
acid, glycine, alanine, cystine etc. 10 Salts of these acids may al so be
used. A mxtrure of these acids/salts may be used as well. [0027] The
formul ation or dicing solutions may contain fromO0.001 to 30 wt % (by

wei ght) of ofQ§ab) cFigwe 8 shdwssthe Pressiger egbsizer (qumifer dindigdsobbioe 8%k versusd? r ange
from 0. 01 tou3iebYeeAniconbi nation of organic acids and salts may al so be
used to buffer the solution at 15the desired |level. [0028] Surfactants are
used in thi stdoquurlrugmrbg(b)&ﬁbwmé BNLagbR dri S (Aim) idiRAIcHY doReies 3¢ Dlersles mnd t he

waf er surface g This would help in inproving |ubrication
properties, H'éi bf’ &P‘%?V@Eﬁi the blade life and reducing the kerf |oss.

Surfactangts e nface,

wi t hout r%der}ﬁti |ﬁ€§r84 Oté)%% érgcde &'p?%gaBﬁﬁﬁ'ﬂﬁéhéiﬁ'ggg‘r’@%tn%g}qsurfact ant
may depend up@fﬁuﬁllairWaiQrsmcﬁaﬂt(?éldlﬁaraylE@‘I\hdl ng; wetting properties, foaning
properties, detergency, rinsability, etc. A surfactant which has very | ow
surface t ensf8ht FigWa AL soews tha ayssaae oi¥Rs and Surrssize fonfiring SYFiNBethi es i s

hi ghl y desi r gérsas Dowatédtncerdpfid.i cati on. A conbi nation of surfactants may

al so be used, 25 wherein one surfactant is used to solubilize a |less

sol ubl e hydr (@8Di EigsraA{cashavsttheravezags ahips@pt bomasizesof dicsgisdlabnash nol ecul es
can be usgd of difficult to dissolve surfactants,
such as gget t;ﬁgrglr'lglﬂlglr |o%nss,sﬂ'k' %a}rﬁ/s [0030] Various types of surfactants,
such as anionic, cationic, non-ionic, zwitterionic surfactants or

conbi nati ons thereof nay be used. 30[0031] Exanpl es of surfactants include
but not limted to: silicopeAlsBD DESCRWEHONIOF YHRINYENNENOXI de) surfactants,
and fluorochem cal surfactants. Suitable non-ionic surfactants for use in
the process conposition include, but are not limted to: acetylenic

al cohol type surfactants, such @endistivipphand Bedstivityct yl and nonyl phenol

et hoxyl ates, such as: TRITON@ X-114, X-102, X-100, X-45, and X-15; and

al cohol éPhoi90281 eBuring ke digiag PRFEss @esBostaticaharye campeH)iproe the wefel, BRI J@
_?_8 (C%6TB§(5G53HBQHQbQQQH)up(dn@O}a sﬁtﬁ%qﬁeﬁﬁ@!@&ﬂfskt@ﬂ%@l@ée%@?%yd @nefge such as
ergito ioni c

Tl bonzene SettR b0t an A Wagkse Bty TRy Pe con ase AR Rehpartes f208y al cohol
sul f at es ( FA®pfer seréasndangrefatekibin espdribotrta tissip4tSaAl) elesttostatiashdripsuaipgwp SAS and

further oxemgPaiie UG bodedi He il oRdd Sl ine Sibstats SHaBE 60 (¢ anes,
such as BPnoleingedicingiuiddha) has @b!ﬂld'ﬁs@tvﬁbﬂ‘gghaloé@uctwm; nife @DWW fwids, anmine

et hoxyl at es, pﬂ&ﬁibb'ﬁ%ihqgﬁthe &drb‘eﬂﬂ‘dﬁ@@ate@ghlyge&ab{g% elﬂszﬁér%éﬂn%norﬂPuééﬁ%tshW ene

gl ycol - co- propyl ene . or_ other surfactan rovi d
ref erence: @Zﬁ‘ Sﬁn QrdE |PEsvdedyyication belyyesp &@rﬁ%"o lq\qura(nﬂ t'?ﬁffé‘?‘f%ﬂ Edition

for the Year wa@ispuabtisias Bedont tmuémmwawmdedmﬁmkrmamwuewdnfmﬁdn ng Co.

of d en Rock . J. [ 003 The , f.or on or.dici sQl uti ons ntain
Surfactans . nRsMEEn HeRAN ek ARg MR HofBve Rttty SR B BeiceRy

pr ef er abl2f f abewutd 8 0egachns)ee #ds ret @ Deed endaciing Huit &ontcharfe dissipationappl i cat i on
are secondar xoﬁmﬁuvgéeﬁ%&ﬁaaﬂo%ﬁémé«eggﬁviwsftﬁéamétsr 08 &%Jﬁg@ot o the- 3- 7

from Dow Chem cal's; _secondary al kanesul f onat es Host apur SAS;

acetyl eni ¢ alRt¥Risr-, T@ﬁ@werééhegﬁﬁ*ﬁfyﬁrspf the Bi watgngp 'geflw 'Sah?aerrﬁmwlpgmnm
et hoxyl at es, chatgh. e FtRhgl $MNELX dBEIbSRSN c&%@ﬁa\s&]ﬂoﬁ R&s & @W@Hﬂe@ﬁs!nﬁt? @ di ci ng

solutions can furgther c rise base 1.0 furt f the

For mul at - on B8 $0e SeceR LY el o Frepelieahe gt horrall bt Beser o Sinelt ng

sol ut i on 3fay chargg buiirupaindhe whfandutingdiingess t han 13. [ 0035] The base may be
selected froma range of chem cals, including but not limted to: potassium
hydr oxi de( KOH), guani di ene carbonate, aqueous amoni a, ammoni um 25

hydr oxi des and quat ernary amoni um hydroxi des. The organi c bases may be
used either alone or in conbination with one another. [0036] Specific
exanpl es of quaternary amoni um salts inglude: tetranethylamoni um

hydr oxi de (TMAH), tetraethylammoni um hydroxi de, tetrapropyl amoni um

hydr oxi de, trinmethyl et hyl anmoni um hydr oxi de, (2-

30hydr oxyet hyl ) tri nmet hyl ammoni um hydr oxi de,

(2- hydroxyet hyl )tri et hyl anmoni um hydr oxi de,
(2-hydroxyet hyl ) tri propyl anmmoni um hydr oxi de and ( 1-

hydr oxypr opyl ) tri met hyl anmoni um hydr oxi de. [0037] The fornul ati on or

di cing solutions may contain bases having concentration ranging from0. 001
to 20 wt% [0038] The formulation or dicing solutions nay contain chelating
agents. The chelating agents may be selected from but not limted to

am nobenzoi c acids such as anthranilic 5acid, ethylenediam netetracetic



acid (NHEDTA), nitrilotriacetic acid (NTA),

di et hyl kl enetri am nepent aceti cdi et hyl enetri am nepentaacetic acid (DPTA),

et hanol di gl ycinate, citric acid, gluconic acid, oxalic acid, phosphoric
acid, tartaric acid, nethyldi phosphonic acid, am notrisnethyl enephosphonic
aci d, ethylidene-di phosphonic 10aci d, 1-hydroxyethylidene-1, 1-di phosphonic
aci d, 1-hydroxypropylidene- 1, 1Suriicelfesphomand Lawifpam

et hyI am nobi snet hyl enephosphoni ¢ aci d, dodecyl am nobi snmet hyl enephosphoni c
acid, nitril 021k n@quﬂt@,@gn@g@ﬁ@qﬂ@ag@p@ammant residues, usually silicon residue,

et hyI enedi amagRdE fRE Rifep BiERIce sRhAitufmuRE dh Al bond pads and trench areas. These

et hyl enedi am pet et r aki snet hyl enephos ni.c acid

15hexadi am n&VETRACISHEAR 67 ﬁésﬁH&‘fﬂ'i‘%ﬂﬁ%Agt&"g pads are probed/tested for

di et hyl enst r fartionafitg N Teersilidoy pertielps capdisncansa poat admebich, dving wirebonding
propanedi am %&ﬁ%ﬁ&tﬁé}‘?ﬁé? 'useﬂ?e‘?r{gfb ﬁBM'tt? d&‘i“dgﬂgrgé 2R IR Sfesifiddani C
am ne salts, nmaronic rcapto succinic acl
glutaric aci @eemlbelfem%ddfomh@ waier éur@éﬁ dUSlfﬁlJYrﬁldIth'QééiUﬁpn 'ééﬁ%ﬁtﬂimbﬁﬂ‘)el ic

aci ds such agichgipsdebar e o@&dg%oumsma@mw tR&%s dprayed ohRIthesa Hﬁéfé’imcpthélc' d,
but ane-1, 2, 3, 4- tetracarboxllcal l§/>%rorr\:,‘llt|ca

oxyli
aci ds such a:‘é"afﬁrygﬂ? fuctigr;of heﬂ""?%ﬁ?%? F%Eﬁ”&ﬂ’f?@‘ea%l“??“ﬂ‘@?g %éhea‘e?g(y mal i ¢
aci d, tanbar isarfsei dlorae'rrtolimmomhélpardu:!gfejmhl theidibingalutiory bften: cagtaks agal fi ¢
aci d, pol yphen ech uch as
pyr ophosphorlg '?aacielngum %fﬁw oﬁa%e %}élégxggflthé)hn‘;m@%ﬁt%rﬂ% tﬁatgﬁdﬁg’shéuch as
8- oxyqui nol i ﬁelfaoetOhWIemr@BWOBeﬁgIWtﬂg@ffhaﬁdrf@nelwt memm’@tﬁerﬁ@\lal

a-di pyridyl aggt Xt'rﬁ’éiﬁiugﬂﬁms th@8RRY sdi t]ﬁ’onfd?éciﬂéla@h'tﬁé‘c&fenﬁh@énﬂ&w ﬁé}l Abens may
contain chel ating agents. havi rrb? concentration ra?rgllg! 86?fr omQ. 001 wt%to 10

Wt % [0040] Tawer Byfaca fensio than Dl watsrn ghis Blegps Hakih utignileavs befterg
agents. Tbe @aﬁ:&am&m@amabumueamns:ﬁIwatﬁretﬂhé dl@lﬁg sélutiontiticiokédmintcaderito

I def
Dol yot hyi enc HEEARRRE BT PURP B DR G BB P ROPCIOP B BERol S, whi t o

oi | s or vegetamineroal Hisingrdutidine. waxes are | ong chain fatty al cohol, fatty
acid soaps or esters. [0041] The fornul ations 'mcont ai n def oam ng{ agent s
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a dicing machine which cuts wafers into individual die. The 30 dicing
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drain or is recirculated through a



filter and re-sprayed back onto the wafer surface. A sinple schematic of
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25 total of 918.0 gm of de-ionized water was added to the bottle. For pH
adj ustnment 3.0 gmof 48 w % KOH sol uti on was added for a final weight of
1000.0 gm The bottl e was capped and shaken. The dicing solution pH was
nmeasured to be 2.52. The dicing solution was then diluted with deioni zed
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acid, malic acid, malonic acid, gluconic acid, glutaric acid, ascorbic acid, formic acid,

acetic acid, ethylene diamine tetraacetic acid, diethylene triamine pentaacetic acid,

aminghenzoic acids such as anthranilic acid, fumaric acid, glycine, alanine, cystine etc.

10  Salts of these acids may also be used. A mixirure of these acids/salts may be used as

well,

[0027] The formulation or dicing solutions may contain from 0.001 to 30 wi% (by

weight) of organic acids/salts. Preferred organic acid concentration range from 0.01 to 5

wit%. A combination of organic acids and salts may also be used to buffer the solution at
15  the desired level.

[0028] Surfactants are used in this formulation to improve wetting of the surfaces
(blade and the wafer surface) during dicing. This would help in improving lubrication
properties, helping extend the biade life and reducing the kerf loss. Surfactants would
also remove particles and residues from the surface, without redepositing on the

20  surfaces.

[0029] The choice of the surfactant may depend upon various criteria, including;
wetting properties, foaming properties, detergency, rinsability, etc. A surfactant which
has very low surface tension at low concentrations and has low foaming properties is
highly desirable for this application. A combination of surfactants may also be used,

25  wherein one surfactant is used to solubilize a less soluble hydrophobic surfactant
molecule. Optional solvosurfactant molecules can be used to increase solubility of
difficult to dissclve surfactants, such as acetylenic diol surfactants.

[0030] Various types of surfactants, such as anionic, cationic, non-ionic, zwitterionic
surfactants or combinations thereof may be used.

30 [0031] Examples of surfactants include but not limited to: silicone surfactants,
poly(alkylene oxide) surfactants, and fluorochemical surfactants. Suitable non-ionic
surfactants for use in the process composition include, but are not limited to: acetylenic

-7-
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alcohol type surfactants, such as Surfynol S-61; octyl and nonyl phenol ethoxylates, such
as: TRITON® X-114, X-102, X-100, X-45, and X-15; and alcohol ethoxylates, such as:
BRIJ®& 56 {(C16H33(OCH2CH2)}100H) (ICI), BRIJ® 58 (C16H33(OCH2CH2)200H)
(IC1), and secondary alcohol ethoxylates, such as Tergitol 15-S-7. Anionic surfactants
may include finear alkylbenzenesulfonates (LAS), secondary alylbenzenesulfonate, faity
alcohol sulfates (FAS), secondary alkanesulfonates (SAS), such as Hostapur SAS; and
in some cases also fatty alcohol ether sulfates (FAES).

[0032] Still further exemplary surfactants include: acetylenic diol type of surfactants,
such as Dynol® 604, primary alcohol ethoxylates, phenyl ethoxylates, amine ethoxylates,
glucosides, glucamides, polyethylene glycols, poly(ethylene glycol-co-propylene glycob);
or other surfactants provided in the reference: McCutcheon's Emulsifiers and
Detergents, North American Edition for the Year 2000 published by Manufacturers
Confectioners Publishing Co. of Glen Rock, N.J.

[0033] The formulation or dicing solutions may contain surfactant having concentration
ranging from 0.001 to 10 wt% or preferably from 0.01 to 5 wit%. Preferred surfactants
for this application are secondary alcohol ethoxylates, specific example being Tergitol
16-8-7 from Dow Chemicals; secondary alkanesulfonates {(SAS), such as Hostapur SAS;
acetylenic alcohol, such as Surfynol S-61; and octyl and nonyl phenol ethoxylates, such
as TRITON® X series.

[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 hase may be selected from a range of chemicals, including but not limited
to: potassium hydroxide(KOH), guanidiene carbonate, agueous ammonia, ammonium
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-
hydroxyethyl)trimethylammonium hydroxide, (2-hydroxyethyljriethylammonium
hydroxide, (2-hydroxyethyl)tripropylammonium hydroxide and {1-
hydroxypropyhtrimethylammonium hydroxide.



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

[0037] The formulation or dicing solutions may contain bases having concentration
ranging from 0.001 to 20 wt%.

[0038] The formulation or dicing solutions may contain chelating agents. The chelating
agents may be selected from, but not limited to aminobenzoic acids such as anthranilic
5 acid, 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 acid, ethylidene-diphosphonic

10  acid, 1-hydroxyethylidene-1,1-diphosphonic acid, 1-hydroxypropylidene-1,1-
diphosphoenic acid, ethylaminobismethylenephosphonic acid,
dodecylaminobismethylenephosphonic acid, nitrilotrismethylenephosphonic acid,
ethylenediaminebismethylenephosphonic acid,
ethylenediaminetetrakismethylenephosphonic acid,

16  hexadiaminetetrakismethylenephosphonic acid,
diethylenetriaminepentamethylenephosphonic acid and 1,2-
propanediaminetetetamethylenephosphonic acid or ammaonium salts, organic amine
salts, maronic acid, succinic acid, dimercapto succinic acid, glutaric acid, maleic acid,
phthalic acid, fumaric acid, polycarboxyiic acids such as tricarbaryl acid, propane-

20  1,1,2,3-tetracarboxylic acid, butane-1,2,3 4- tetracarboxylic acid, pyromellitic acid,
oxycarboxylic acids such as glycolic acid, B-hydroxypropionic acid, citric acid, malic acid,
tartaric acid, pyruvic acid, diglycol acid, salicylic acid, gallic acid, polyphenols such as
catechol, pyrogallol, phosphoric acids such as pyrophosphoric acid, polyphosphoric acid,
heterocyclic compounds such as 8-oxyquinoline, ethylene glycol, glycerol and diketones

25  such as a-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 glycol
copolymers, alcohols, white oils or vegetable oils and the waxes are long chain fatty
alcohol, fatty acid soaps or esters.,



0. 000095 Not Determ ned 1:1000 4.56 24.58 0.041 44.9 60C Undil uted 4. 65
15180 0.000066 30.8 1:1000 5.13 26.34 0.038 44.1 [0059] A dicing solution
60C conprising 2 w%citric acid, 1.04 % KOH, 1 wt% Tergitol 15-S-7 and
95.96 WM % water was nade as for 58C, but the pH was adjusted to 4.65. The
dicing solution was then diluted wth deionized water at 1:1000. The pH,
10conduct i vi [0941]r eShestoimmilations mag ceniaif detoamingsigents bévint eonpentativrutanaing 60C

undi | ut ed angyfdinlgdl b \WeE Geghown in Table I. [0060] The pH,
conductivity?j%SPcn), roes?stivity (M>cnm), surface tension (dynes/cn) of the

di ci ng sol ut sz] urdirbifuRtiomBedichd sElR@ndina codtainaispérsing ayetd. Jus rati os were
shown in Table |
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used for 8i cnerdoniedispérding dpebts, dittionitidispgrbing hgents, andgmplodiyiit dspersingul d
I nim Al ' . ' Lelng. .. [0062] As
;nt 2.![ (randzgef or gﬁn{[s}?éh%f)ﬁ%g@%@é‘%ﬁéﬁ aﬁgﬁ%éﬁ?ﬂ@ %L%:b{ﬂgggé g%[{]% e‘cLar ge] in the
5 present i nveReIMSHzedeOMPONeY: a di ci ng sol ution having a low resistivity

(hi gh condupt i vit y%‘. The con_duct [ nI% di cj n _ solution provides a path for the
charge to di P9H3aitexagiples o thgiwaissgolue ﬁE'Q“'gld@Pﬁrj’”g 89?)&? BAUM has a | ow
resistivity aiathaRoigning Gnesiifan] drymondilid fauntisuriate, fidfokgsthyednedikysatieat | ng char ge
di'ci ng. pi Beeb8halBiRine SHFE 0T bEiCH noverlsRane acF e SSRGS (e
surface of thgenimExsamples ¢fdhe wBet-salublavnidnivgisplersingeagsuts frebdewi | | i nprove
particle r enBé{I?rlxyethylene laury! ether, polyoxyethylene cetyl ether, polyoxyethylene steary ether,
polyoxyethylene oleyl ether, polyoxyethylene higher alcohol ether, polyoxyethylene octyl
phenyl ether, polyoxyethylene nonyl phenyl ether, polyoxyethylene derivatives,
156  polyoxyethylene sorbitan monolaurate, polyoxyethylene sorbitan monopalmitate,
polyoxyethylene sorbitan monostearate, polyoxyethylene sorbitan tristearate,
polyoxyethylene sorbitan monooleate, polyoxyethylene sorbitan trioleate,
polyoxyethylene sorbit tetraoleate, polyethylene glycol monolaurate, polyethylene glycol
monostearate, polyethylene glycol distearate, polyethylene glycol monooleate,
20 polyoxyethylene alkylamine, polyoxyethylene hardened castor oil, and alkylalkanolamide.
Examples of the water-soluble cationic dispersing agents include polyvinylpyrrolidone,
coconutamine acetate, and stearylamine acetate. Examples of the water-soluble
ampholytic dispersing agents include laurylbetaine, stearylbetaine, Iauryldimethyiamine
oxide, and 2-alkyl-N-carboxymethyl-N-hydroxyethylimidazolinium betaine.

25 [0044] The formulations may contain dispersing agents having concentration ranging
from 0.001 wit% to 5 wi%.

[0045] In a dicing application, the formulation can then be diluted with de-ionized water
at dilutions of anywhere from 1:0 to 1:10000 at the process tool for convenience. The
mixture is pumped into a dicing machine which cuts wafers into individual die. The

30 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 -



[ 0064] The surface tension of nost dicing solutions diluted with DI water
at various ratios were shown in Table I. In conparison with DI water which
was 73 dynes/cm at 20C, data in Table | indicated that nost dicing
solutions had better particle renoval 15capabilities than DI water. G oup
I [ 0065] The follow ng experinents had been carried out using
beakers wi t hfileriand basmayed b2Cks ontoihetveaferisarfatiec iArsimple scheswtic p0683t-upiici ng

Sol ution 38Ag,a88n F%%Pé1.580’ 59C and 60C were diluted from 1:50 to 1:1000
and tested for CuOx renoval. The experinents were performed in two groups.
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pi ece of a Clit'miafiter Tarererateted! B Watep hadditiag saulion s wafrl siitarersiedmi nto t he
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at 25C. After 28 m nutes of imersion in dicing solution 38A , t%e Cu waf er
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di ci ng sol ution 38A cqu] d-not be

conpl etely r@ﬁ‘BQ/éﬁt’.Sta\“ﬁalysdeWBlze‘EWB% if the Cu oxide was renoved in the
first 5 qignutes or if it took all 20 mnutes to renove it. At a m ninmmthe
Cu oxide ‘gtch rate for the concentrated dicing solution 38A was at | east
175A/20 min = 8.75 Almn, but it igteh ERQEu?heQ' e the etch rate was hi gher
than this. 15[0072] The DI water alone Or w the cl eaning solution for
the pre-treatment was not effective togpsgvent the surface oxidation and
the silicon residues/particles adhesion to the Cu wafer surface. Wile the
di ci ng sol ut [0D39BA Aicingediutia 38R0congirieing diateir (0528wt vditrigacid (Phitkd)t ed t he
formati on of i . I t b
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itself if di 80h@-Swi%it ¢l agddn2yge) gadaotasaiymh By ddelOH) %@W@ﬂ? adibstt i nes
of 20-30 ni anle@ac\.m rRdlel iRy aslfdr theiich®y sblueh 88A . During that time the Al

bond pads w be exposed which can cause Al corrosion. [0074] By neasuring
t he gal vani c[0081) eAtlicitigssiution 3I8C ddnepriding ivater GO0t Y6h TritantX- 6RO 2 lve%2, Shiteit er m ned
whet her or ngjf. di ¢ 1,00 W I e

gal vani ¢ cur ?éﬂg%ﬁs%@fﬁ%é@hﬁ%g E‘gﬁé'gar’ﬁfeﬁz‘ﬁ%ﬁé’ agg'llrs ﬁ#oﬁ%ér%%i{'on is
predi ct edd [ soVahSksdarthe diciggalutior88fas t he gal vanic current density for

di cing solution 38A versus tap water (simlar to DI water that was

cont ani nat ed [A52h pdicinp gplatiory ampaisigg wateh (9P gt ey Sihylens digatipetgirapestifs wer e
coupl ed and b&Ier WeH), TélgiRREH-SU @IWi%), Sl thtiaethyRRthdnliei iydriXidee6uam) Qo cur r ent

densities neasur.ed. and Cu.were coupl ed. togethe ecause the Al bond
pads were coAPHE& tS?I“?ﬁ"éqdre(ﬂf"v}%flyﬁ%(%?g%'r@tﬁ%ﬁh[%ésgurrent density for
di ci ng sol utj 8 . L ent
densi Ty for R8RS S GFFsebohiFhln? el BROTNEL hERE (2 960 ATl T
cause gaBlanile-Scové¥%) was made pipilameasdpethadicipg seltian 38fhi s i s i nport ant

because the Al surface should be as corrosion-free as possible after dicing
to enable a better w rebondi ng process.
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[0076] When a dicing blade cuts through a wafer or other substrate the word
used to 5define the path where the blade went is called the kerf. In

t heory, the kerf should be the same width as the blade. But if the blade is
not properly cooled and |ubricated and particles were not renoved fromthe
bl ade's path, then the ken f can beconme wi der than the blade width. This is
undesi r abl e §0A4ETler armse fokmolhneaf the daingsoliEdnsatare thea dillgédwittdderiohizdxk cut

wer e act ual | %afé\"&tdﬂ?{b%’é%%gﬁ el f%ﬂfﬁi(}%f 0006 g P&bg tgglefélscg\ﬁédlen%‘ve the

kenf 10w dth as snm Ible (as close to t

possi ble). [gyés] AbRin %B]ﬁtldnn.isll_\'cg)'ﬁ{p‘ﬁsﬁé a) vit® ditidadi®indeGonifaqyst wasat on al l
3 types of substrates fested, Ball Gid Arra%é gfi@ke‘g,rammp and silicon
waf ers, the BIPPiYa8lows: %asﬁ"tﬁ%{@PEP%ﬂEPﬁ' e BRSAESD 9 of AR S8R D
wat er comaronlamd gSlatibndi1817ren 6fal 10 G40Mm% mtﬁﬁAsasdummmumb\ﬁsraadmot he

di ci ng sol ut ihgl oﬁ%AAqglglcﬁgggﬁlglrr{\eéfrigdo%ﬁag%ﬁ?ﬁnfas Qe&oﬁr%%g% mm”' y

used conmer Ci I'ti ng~sol en a through a
waf er or ot hedjustmesttd4hgre of AEwils KO dobitievasadied fQI@rfmsl vedigin gf ﬂW@ Olgem. Chi ps

were smal |l pirgg Eéttlé)\fva% .fb%pﬁa@ﬁé én%kéh tﬁ%td[émg%ﬁmeﬁ BH %& hr&s&rB@toddeoz Y

process. Burrs typica when “cuf rougl_ met al s---burrs

wer e where tﬁaeﬁ'ﬁ'ﬂaﬁmﬁfﬁ’@é“’qifd 'h‘ﬂ't-'teél“@HHP'?”'é‘Pﬁjw%‘ﬁ%%rs 09Po%§ PHhe ken. Both of

these 2016 chi@sdubhvity, 5osiseitye abdsiefice akien ofdigapsbistion 584 upmmwas‘asnd ngevery few
chips and burrs al ong_grag]e ken--the edge of the kerf should be snooth. Al so,

the smaller PAESUIRA l'ze of the chips and burrs the better. [0079] The

data in Fi gug@tsé]((j ggﬁcﬁg %blgﬁgn%ﬂﬁ(éb)mr# dE‘iﬂ%} ‘li%tvﬁ‘}l Jx T@lhdes gf%t: le?ﬁsdcﬁ

substrates t ceramc i con wafers soI ut i on
38A had a snd¢fonizeawelenyas Q'&?D@'ﬁﬂpﬁ flipws: 40 2 eng KerrHpy ﬁﬁvéaﬂl%wmmey used

di ci ng sol ut ban3 gfAes BFAqwieds %ﬁt%Wc@ntéM%tBrﬁt%o%alﬂ@a&d @il vitlers Crbltﬁel %1e38A had
a snal | er avera e Chldl%)/ burr size di c

onmer ¢
sol uti on19Di epgerdils pYygotignas S%d 15@(9”” g{}%“&r{"d’"tﬁﬁec'g ]FWSG?-’, d| CI ng
sol uti ons 5841098 Bi% 3BSaphiSSASsulutdn Gas alidedGo tlexdotie. & total ofaoe D gvesfeiehi gh. Cu

oxi de et oh 1 BhER NPy dELELH IR EhR b oR L RINOBY o0l il e SES

measur ed at érva éré a I i ca hi s was
i ndi cat ed as stlafionjwas Bdtidfor 4 finaf wilgbt Qfl10®10 axi dée Reltie wa$ carbed ﬁh@S!&tht i ons

Di l'ution I nifhakichy s&%ﬁdﬂg)HT\péscrjﬁQéas%?ed(t@be %4%&!?&33%0@%8@%3 FRAtnutéd eani ng
(A) Cu Oxide Renoved In 51)h
20  with deionized water at 1:100 e pH, conductlwty resistivity, and surface tension of

dicing solution 58B undiluted and diluted was shown in Table .

[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 wi% citric
acid solution. 10.0 gm of a pure Tergitol 15-S-7 surfactant was added to the bottle. A
25 total of 918.0 gm of de-ionized water was added to the bottle. For pH adjustment 3.0 gm
of 48 wi% 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,
and surface tension of dicing solution 58C undiluted and diluted was shown in Table I.

30 [0058] A dicing solution 59C comprising 2 wi% citric acid, 0.72 wit% KOH, 1 wi%
Tergitol 15-S-7 and 96.86 wt% water was made as for 58C, 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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Etch Rate (A/mn) 38A Undiluted 174 0 174 Not Determ ned 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

conductivity, resistivity, and surface tension of dicing solution 58C undiluted and diluted
was shown in Table I.

Table [. 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 6.58 772 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 44.9

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 wit% KOH, 1 wi%
Tergitol 15-8-7 and 95.96 wi% 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.

[0080] 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: 1000 177 152 25 125 58A 1:1000 138 0 a 9.4 58B 1:1000 140 0 a 23.5 58C
1: 1000 141 0 a 8.8 59C 1:1000 149 a a 4.9 60C 1: 1000 146

[0061] Table | showed the pH of the dicing solutions at typical dilutions used for dicing
was 4 t0 6.5. At this pH the dicing solutions would minimize Al corrosion on exposed Al
hond pads during dicing.

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

5 presentinvention 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 ibw resistivity and high conductivity, thus it was better at
dissipating charge build-up on the wafer during dicing.

100631 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 |, 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 i

[0065] The following experiments had been carried out using beakers with stir bars {0
20  simulate the dicing process.

[0066] Dicing Solution 38A, 58A, 58B, 58C, 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 Il

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 bheaker 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 info the dicing solution 38A . The temperature of dicing
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aa39 a Determned fromlinear regression of thicknesses neasured at 1,3
5, 10 and 30 mn intervals where applicable. Goup IIl A Undiluted D cing
sol utions Exanple 3 [0081] AI(0.5% Cu) netal on titaniumnitride (TIN)
substrate with a resistivity of 338.24 ohns-A/ Sq was obtai ned from SVM and
had nom nal |y 8000A thickness of Al. During storage the Al substrate can
grow up to 150&icnf3sAwasmaidaihed/a25°(r Atar 20 mimteshofiramersbd indditieg solut@hi ons t he
Al substrate S r r LI ' A X280l Al into
an adqueous sarn; et sSgRbyaE Rile o WL dldoR a8 i pRbEGRBL K Tt
25C. After i WaeF &3¢ seonde Teninedsy walkerigge Wasedied Ry SlopingdraiDiwaterdfini nut es
w th de-ioni ggelnwater, dried with a N2 gun for 30 seconds, and the Al film
t hi ckness was then neasured. Al pieces pretreated in this way were used

I medi at eby [0068) cthe Ellipsonempigsie nerd canddd quetofrosavect th&E€aopiiethiekh&382] A

di ci ng sol ut| i Sk : % L g, - oni was
prepared as P %Fq %\%SH‘H ol‘l%lhg&gﬁeégl %terﬁ%%a?q%@ﬁ;rg %%trn tﬁﬁe'b\}gé] t@ﬁ%%%‘&?& 2 gm of
an aqueous S¥tleiwapabaubhtshi ni ng 8.92 wt % oxal ic acid. An additional 775.8
gm of de-ionized water was_then added to the bottle to a final weight of
1000. 0 gm THWO7Bbt lpthe tgals, Capridedhiginess Wak BRasurefboneach wg'es rierdtye BMEBIen naned
48A and the gmd sftdr PimerstionatdidBRSINiteA 38@. be 1. 04. 5[ 0083] Dicing sol ution
48A was submitted for etch rate neasurenents at 25C using a pretreated

pi ece of 18l , [0031ektth ede fos thegndilEiAlidihg sofutibin 88 Araduldnatdhe defenihedsibst that es.
The N subst ate. ISt Vi f: 4 x28  piece of
Al or N subg_:tﬁ rog?g%\%%go{]@%ﬂg&sréﬁb\%eﬁ_t g'%éogﬁﬁ?%qq fP‘tg h@eﬁj@%w(?? %ﬂ%‘%gﬁﬁﬂ?l onin a
500 m gl ass/fisbRménutesrod if itheoksd 20 minessloiremeng o it g nipimumghe £ oxide 88D r pm

The tenper at pi@foMe coRSeRraRd dichl sdRiichiBRASPas R RSST FBRZO i B 8450, BRde in
triplicate after tine and 90 m nutes using a ResMap Four

Poi nt probe. THEY quﬁiglleﬁ'i,’%‘%g%?ge ‘@%?’g@?rfhaﬁéhiﬁat a was then regressed. An
A, r S8po okl 1 e e or BERS e RS 8ol o et Bhua
Sol uti ons at efftive @xavehBEh®swiacg o8ddtien iaot thesHcax eisiduesheariitlgs\adhesiontviAHb
(wr/o0) Etch pRat&, {AbBufhce. 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

20 the underlying Cu surface, as shown in Table Il . 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 ¢an 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
25 determined whether or not that dicing solution will cause Al corrosion. [f 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
30 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.
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Al N 4 48A1.04 2.00 0.6 3.3 550B1.32 1.00 3.8 6.2 6 50E 1.46 0.67 O
4.4 10.6 7 49A 3.30 2.0 8.7 1.5 18.9 8 55A

This indicated that dicing solution 38A would not cause galvanic corrosion during the
dicing process. This is important because the Al surface should be as corrosion-free as
possible after dicing to enable a better wirebonding process.

[0076] When a dicing blade cuts through a wafer or other substrate the word used to
5 define the path where the blade went is called the kerf. In theory, the kerf should be the
same widih as the blade. But if the blade is not properly cooled and lubricated and
particles were not removed from the blade's path, then the kerf can become wider than
the blade width. This is undesirable since areas of the wafer or substrate that should not
be cut were actually cut. Therefore, a good quality dicing process will have the kerf
10  width as small as possible (as close to the blade width as possible).

[0077] The data in Figure 3(a) to Figure 3(c) showed that on all 3 types of substrates
tested, Ball Grid Array (BGA), ceramic, and silicon wafers, the dicing solution 38A had a
lower average kerf width than DI water commonly used dicing solution. On BGA and
ceramic substrates the dicing solution 38A had a smaller average kerf width than a

15  commonly used commercial dicing solution.

[0078] When a dicing blade cuts through a wafer or other substrate there can be chips
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 datain 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 58A, 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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4.47 2.0 14.8 2.1 15.5 9 55B 5.45 2.0 16.1 1.7 1.4 15b. As 25 wt % aqueous
solution. Exanples 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 Exanples 5-9, 20respectively. The etch
rate results were summarized in Table Ill. Etch rates for Al and NI netal s
bot h went t hneagledatniag) 5nihane 88 udn ptdrvalsExtangbmpliddbld, (08E3s iAdidated ag'asol uti on
conpri si ng ZinOT%%o:/fECi tric acid in de-ionized water was prepared as foll ows:
To a one liter poly-bottle was added 6.9 gm of an aqueous sol ution
containing 29 wt%citric acid. An additional 993.1 gm of de-ionized water
was 5 then added to the bottle to a final weight of 1000.0 gm The bottle
was capped and shaken. The di ci mgbkal ChiOxieREndvaired 48B and the sol ution
pH was neasured to be 1.93. [0086] Dicing solution 48B was subnmitted for
etch rate neafuirggrentBilwisn ng angialdu edt edCpiOside of | ACu @ride 1()0GA Gkideon | TOX
substrat es, |@®lutionsExanpl e 4| Thexidd | m|1Thickhessdmsss| Remewesl in i| mEteheRade was
then regressed. An ptch rat eThieknedet/r|ni GednitotA)Al | 28dninkA)sepafdmé)y to be
<1 A/min fol bd3% subsdiltedes. THé4 ResNap Folr Point Pridbe was al¥ob to
measure changes in filmthickness thatl were > 20 A so an et/cBeteigedrf <1
Almin indicated that t12te Was i1A&uffilci ent?18t ch of th&7film ovél5a 30- 90

m nute test.| 15Tabl I00Ft ch r AF@s far Undl2uted (Citrft Acild SAIP8tioms at
25C. EXAMPLE_Di cingl SA3%Pi ans pA7@i trilc Aci 86wt og] TP 2.00
1:500 169 138 31 1.55
1:1000 177 152 25 1.25
58A 1:1000 138 0 @ 94
588 1:1000 140 0 | 23.5
5§8C 1:1000 141 0 @ 8.8
59C 1:1000 149 a 2 4.9
60C 1:1000 146 B ° 3.9

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

Group Il
10 A. Undiluted Dicing solutions
Example 3

[0081] Al0.5% 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

15  determinations the Al substrate was therefore pretreated by immersing a 2"x2" piece of
Al into an aqueous solution of 42.5 wi% H3PQO, 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 prefreated in this way were used immediately in etch rate measurements

20  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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(W% Etch Rate (A/nin) Al Ni 10 48B 1.93 2.0 0 <1 <1 11 49B 3.43 2.0
3.5 0.5 <1 12 55E 4.38 2.0 6.3 <1 <1 13 55F 5. 34

aqueous solution containing 8.92 wt% oxalic acid. An additional 775.8 gm of de-ionized
water was then added to the bottle 1o a final weight of 1000.0 gm. The botile was
capped and shaken. The dicing sclution was named 48A and the solution pH was
measured to be 1.04.

5 [0083] Dicing solution 48A was submitted for etch rate measurements at 25°C using a
pretreated piece of Al, as well as using 1000A Ni on therma! oxide (TOXx) substrates.
The Ni substrate had a resistivity of 2035.64 ohm-A/Sq. Each 2"x2” piece of Al or Ni
substrate was immersed into 330 mi of the 48A dicing solution in a2 500 ml glass beaker
and the solution stirred on a sfir plate at 300 rpm. The temperature was recorded.

10 Thickness measurements in A were made in triplicate after fimes 0, 20, 40, 80, 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 pH Oxalic Acid TMAH® Etch Rate (A/min)
Solutions (wi%) (wt¥) Al Ni
4 48A 1.04 20 0 0.6 3.3
5 50B 1.32 1.0 0 3.8 6.2
6 50E 1.46 0.67 0 44 10.6
7 49A 3.30 20 8.7 1.5 18.9
8 55A 4.47 2.0 14.8 2.1 15.5
9 55B 5.45 20 16.1 1.7 1.4
15 h. As 25 wt% aqueous solution.

Examples 5-9

[0084] Additiona! 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 [ll. Etch rates for Al and Ni
metals both went through a maximum versus pH.
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2.0 9.2 <1 <1 c. As 25 wt % aqueous sol ution Exanples 11-13 [0087]

Addi tional dicing solutions 49B, 55E, and 55F were prepared as for 48B but
20with varying citric acid concentrations and/or final pH in Exanples

11- 13, respectively. The anount of TMAH and the final etch rate results
were summarized in Table IV. Etch rates for Al and N netals were < 1 Aimn
for all pH values up to 5.3. Exanpl Exarmpl®088] A dicing sol ution
conprising 2.0 % fumaric acid in de-ionized water was prepared as

foll ows: To &08AE Aidicing sbiDiRD quolpyisibg? LiveYwitsc acidiadiedorfzegwatdrvesl i d fumari c

acid. An addﬁéﬁ%ﬁ ?&lﬁwﬁtﬁcf'%gﬁ @gr IJ6[9I5¥E n?@l{};ﬁx‘ﬁ%ott dte;f!;e 3egded koud he

bottle to a vvel g gn apped and shaken.
An undet er ni AYHtIARSNIRININGF2OMIvPeitric agid| é‘l‘"%l@ﬂ‘all9§3r169'?h?fr$@d°'lﬁﬁﬂd’i'%%fdfa§ed The

?ﬁper ni’ﬂ ?Et ﬂﬁh@ﬁdﬂo%b&l@tb?%ﬁl@v@g’lﬁdmowg@ﬁ ”Ehe%h!étWa@:%aEﬁ@‘a dhgrfgd 48C.
e solution wa asured. to be sol ution was
subm tted { 0Pl Thatiangaddisndins fededdeR grd e el LIS PERBIBHORE and
1000A Ni on T@8. substrates, as in Exanple 4. The film 10 thickness versus

tinme data was then regressed. An etch rate was determined for Al and Ni
separ at el y t §086] <Qicing gplnticncA8Byastsubmibied foietol ratg aigesurgments using at es f or

Undi | uted Fu H%Erb&te@\%_!ege S dhd PERAN o%RaEf@x sﬁWésEth @x&gi:@@ the@s PH

Fumari c Acidg @ wt% Etch (d 2
10  thickness versus time data’was then regresse 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.

15 Table IV. Etch rates for Undiluted Citric Acid Solutions at 25°C.
EXAMPLE Dicing pH Citric Acid TMAH® Etch Rate (A/min)
Solutions (wi%) (wt%) Al Ni
10 48B 1.93 2.0 0 <1 <1
11 498 3.43 20 35 0.5 <1
12 55E 4.38 2.0 6.3 <1 <1
13 55F 5.34 2.0 9.2 <1 <1

c. As 25 wt% aqueous solution.

Examples 11-13

[0087] Additicnal dicing solufions 49B, 55E, and 55F were prepared as for 48B but

20 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. Efch
rates for Al and Ni metals were < 1 A/min for alt pH values up to 5.3.
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14 48C 2.13 <2.0 0 <1 <1 15 49C 3.3 2.0 3.3 0.7 <1 16 55G 4.27 2.0 9.98 0.4
<l 17 55H 5.13 2.0 11.65 OA <1 d. As 25 wt % aqueous sol ution 15 Exanpl es
15-17 [0090] Additional dicing solutions 49C, 55G and 55H were prepared as
for 48C but with varying fumaric acid concentrations and/or final pHin
Exanmpl es 15-17, respectively. The anount of TMAH and the final etch rate
results were sunmari zed in Table V. Example14

[0088] A dicing solution comprising 2.0 wt% fumaric acid in de-ionized water was

prepared as follows: To a cne liter HDPE poly-bottle was added 2.0 gm of solid fumaric

acid. An additional 398.0 gm of de-icnized water was then added to the bottle {o 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 solutioh 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 Dicing pH Fumaric Acid TMAH® Etch Rate (A/min)
Solutions (wi%) (wt%) Al Ni
14 48C 213 <2.0 0 <1 <1
15 49C 3.3 2.0 33 0.7 <1
16 55G 4.27 20 9.98 0.4 <1
17 55H 513 20 11.65 04 <1

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

[0090] Additional dicing solutions 49C, 55G, 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. Eich
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 wi% 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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20rates for Al and N netals were <1 A/mn for all pH values up to 5. 1.
Exanpl e 18 [0091] A dicing solution conprising 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 gm of an aqueous sol ution
containing 8.92 wt% oxalic acid. To the same one |liter HDPE poly-bottle was
added 2. 0 gnpmfof smbquofisismutioo camtaiding 8.920tt#4| oxelic 8D . 14 thgrsahe ofe-liteyhiDRED wat er
was added to r 4 9 sol ution
P&lgﬁ?ﬁi%},é deeﬁ‘% 0 @ﬁoﬁﬁégﬁgﬁ%@acﬂ Aa%tglrﬂf@?g 29mW% %-

was added fo I na s _capped and

shaken. The Wwaig wa?n@ddgsFm%a@ﬁtﬂwagorrp&lmiu%@t&ﬁa ahef 291ttt MG pRlktiRas

measur 8d6t o hgs &m% for%rrn@tw‘éngm@t ﬂJOOﬁ)SgrﬁeTﬁHlﬁ'ﬂtﬂéeﬁbsf@bpéH ardHaldn. Topar at ely
(0] e

Tab VI
osut b e paies s 538 Sa e solfien prar@arErsrediiR AR AR B S e 06
fumaric aci drat@was @et@miethfané land Nosziperas) totble®rb Amimai3l.8A8ni6, resreibel. t he Ni
metal etch r%tﬁe gyﬂég)éh%wgg' r?glﬁt'f&r a?étigggg%hé\eg%nd {Jligst étea%I !ilign 20
olu ar e

[0092] Additional dicing's I ons or 53B but
wi th varyi ngof Q% &meaflpemdmééﬁtm%tw@h%awtﬁwn 2l mﬂéﬁ3% 5f€rtt§lﬁ=eqaihe Ni

adj ust ment,  meitpetdh Mrd o tkdrlérR-oMs ofm@gnitudde anount of fumaric acid and

. TMAH, as vveII as the final etch rate 15results were sunmmari zed in Table VI.

Etch rat# for Al were essentially unchanged. Ni netal etch rates were al so
significantly reduced as seen for Eé %Rlles 39 and 21, however, the N etch
rate increased wth increasing fumaFf Rlgs & Exarrpl e 21 20[0093] A di cing

sol ution co 0 ngkd%rtlgn pé?n % h s%b%nﬂ%@F%e% Qr&d 53 lﬂ\:\htﬁ' de-
: P pEsaend

ioni zed wat e prepare one -bottl e was
added 243. 92va;wn@)funwric aejd eenpenisaions ar@sﬁord@ﬁltpéd rﬁ%gH@dmsm% é)?él“ﬂ"é TMAR. To

the sane oneml;ﬂtdr@wakiwe% ﬁ@nb)énﬂ@ﬁttdfﬁm’{ﬁé aad@ﬁéiTmHZéls a8 ésfthaﬁnavta% gtbric

acid solution. A total of ?nl zed wat er dded to t he

bottle. MKor ﬁﬁ“&d’}’%‘%ﬁ%'ﬁ?”zfﬂzn 5&2'98}4{ cﬁ”?@t o, werpgesertigl \{H']G A9R4s N dded
for a final metagétt:h aitesh@ alBo gighifidditly hiutddasseen &aEratplazd aiekien. The

di ci ng sol ut %@Zr}eeﬁﬁﬂ'ggtgHrg?&ﬁﬁaaﬁ'aﬁﬁfeggh Hm%'Fi'c 3 neasured to be 3.48.

An etchrate arate to be 0.6 AAmn and
0.5 kmn, respectively. This result was sunmari zed |n Tabl e VI and
illustrated that addition of 0.5 WMt%citric acid to a 2.0 ww% oxalic acid
solution at pH=3.3-3.5 reduced the NExampiedtal etch rate by nore than
one-order_of magnitude. Table . Etch rates for Undil uted Oxali

Funari c, 23nd[%89%l 4 diging a°'§tﬂ"&9mﬁ§"%¥ e, °’@Wﬁ§dlﬁ‘={: gC'E'B e |"b‘|‘f" pH
Wi ght % Et clanized ®ater\Was pripared §XBlidws: to a one liter HDPE poly-bottle was added 243.92

gm of an aqueous solution containing 8.2 wi% 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 112.82 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 86H 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
Afmin, respectively. This result was summarized in Table V] and illustrated that addition
of 0.5 wt% citric acid to a 2.0 wit% 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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Acid Fumaric Acid TMAHe Al Ni 7 49A 3.30 2.0 0 8.7 1.5 18.9 18 53B 3.44 2.0
0.2 9.40.6 1.4 19 53E3.46 2.0 0.5 9.7 1.2 3.8 20 53F 3.5

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

25°C.
EXAMPLE | Diging | pH Weight % Etch Rate
solution (A/min)
Oxalic Fumaric TMAH® Al Ni
Acid Acid
7 49A 3.30 2.0 0 8.7 1.6 18.9
18 53B 3.44 2.0 0.2 9.4 06 14
19 53E 3.46 2.0 0.5 a.7 1.2 3.8
20 53F 35 2.0 1.0 1.2 1.8 7.7
Qxalic Citric Acid TMAH®
Acid
21 56H 3.48 2.0 0.5 11.3 06 0.5

e. As 25 wt% acqueous solution

5 Example 22

[0094] An efch 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 resulis 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 |11 for pH adjusted
oxalic acid solutions, the results again showed the significant reduction in Ni efch 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.
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2.01.0 11.2 1.8 7.7 Oxalic Acid Gtric Acid TMAHe 21 56H 3.48 2.0 0.5
11.3 0.6 0.5 e. As 25 w % aqueous sol ution 5Exanple 22 [0094] An etch rate
was determ ned for dicing solution 58A on Al and NI separately to be < 1
Amn for both netals. This result illustrated that KOH could be used to
repl ace TMAH and was consistent with the results found for Exanples 10 to
13. 10Exanple 23 [0095] An etch rate Bxampie24er m ned for dicing solution 58B

on Al and Ni separately to be < 1 kmn for both netals. Wen conpared with
the data in T9BE An pich mate wep delprineddorgdicing solutien §8@ an At anghy sepafalelydaul t s

agai n showedpthe ﬁmﬂﬂbmcﬁ@%tafsed%trém |Ilu§tr£t‘és ﬁb r?'@t SurfadBhiScoliRDdlused ur t her

il lustrated that KOH coul d be use r m xed oxal ic
and citric a W%Qfﬁﬁ@a%lﬁlﬁﬁsi%‘H@Cta'gHHEW&%%%%”E’PEW“'WFW@P@ P& ts found
for Exanpke ?&esqat a pH of 3.48. Exanple 24 [0096] An etch rate was
determned for dicing solution 58C on Al and NI separately to be <1 Amn
for both netals. This result illustrates that Tergitol surfactant could be
used in place of Hostapur SAS surfact%;ndlgzdixanpl e 22 without significant
change to etch

[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-botile was added 243.3

10  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
15-8-7 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

15  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.

20 Examples 26-31

[0028] 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 pius citric acid and

HOSTAPUR SAS as for §8B in Group |; and dicing solutions 59D and 60D comprised
25 oxalic acid plus citric acid and Tergitol 15-S-7 in Example 25.

[0099] The series of dicing solutions named 59A, §9B, and 58D 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 59C
in Group |. Similarly, the series of dicing solutions named 60A, 60B, and 80D were all
30 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 I. Dicing sofution acidic components, surfactant composition and pH
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S5rates. Exanple 25 [0097] A dicing solution 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 243.3 10 gm of an aqueous sol ution
containing 8.2 wt% oxalic acid. To the sanme one liter HDPE poly-bottle was
added 17.2 gmof 29 wt%citric acid solution. 10.0 gmof a pure Tergitol
15-S-7 surf aofttamtlndi\laned acgiedalicant kiridawid digng solutiosawerefsuno@rigdden of

de-ioni zed wa gﬁﬂng% Qt he bottle. For pH adjustment 25.9 gm of 48
wt % KOH sol utlon was a or a final weight of 1000.0 gm The bottle was
capped and shaken. The dicing solution 15 was nanmed 58E and the sol ution pH
was neasured to be 2.42. An etch rate was determned for Al and N
separately to ITabke VI Ateh ratésOfor NeatOxait ahd CitfibiAzid Pigirgtsolutionstat 25°€d t hat
Tergitol surfactant could be used in place of HOSTAPUR SAS surfactant in
Exanpl e 23 wi tEXAMPIE gni f heapt ch?,gga to etch rat é‘éejghE%Exarrpl es 26-31
[ 0098] A serijes of addi tionalf diki ngisol utions re nm e Wth varying
conposi tion and pH. Diici fgluieN ut§ ons| dxalier]d CETA |c 6@ i| sedSerfactant” acj d and
HOSTAPUR SAStas for 58A in Goup| |; di @kgg [SAcit ijons 59B and 60B conpri sed
oxalic acid plus citrijc acid and] HOSTAPUR SAS as {for 58B in Goup |;| and
di ci ng sol utiforns 259D dnd tyA conpg psed gooxalz.c gcihb pll us18awk%iSAasaci d and
Tergitol 15-% 7 in Exdnple 25. [D099] The geries |of di¢ing sol utions| naned
59A, 59B, and 59D7wer g al Is98H adj4181 ed 28t KOB tjo 44e | ramByetBISASH0=
3.9-4.2. Wienn diluted|with de-ionized water| at 1:/1000 these 59-seriefs
di ci ng sol utijons 2§ave |a pdigm - of 382 | pR.®f |aphboxi A@bel y 18.vB%akerdiol 59C in
Goup |I. Similarly, the series of dicing sqgqlutions nanged 60A,__60B, _and 60D
were all 30 gH adPust dd wiG0A KOH 486 { heOr arfjge28f |pH?-Z 4.G618Bwi% SARIA (i | ut ed
with de-ioniZed water |at 1:-1000 these 60-sdries dicingisolutions na\/‘, a

poi nt - of - use {pH &P apgr oxiGP8 el y| 650| a9 or| 69T i|n T oL 188w '“ﬁﬂ sjol uti on
aci di ¢ conponents, Qllrfnrta,m_con%g& tiop andpHl of the undilute at

oxalic and ciltri @1aC| d di cqorl?g SO Jn§ %re %5I’YI’§FI296( f@r é’xger@féés 26- 31

in abIe%/II Tﬂh'n\"/ & Neat—Oxatie—and—Grtrt+e—Actd ci ng
sol uti ons®at 25C @dﬂ\)ﬁ?‘ﬂe&‘%ﬁ’@SPuu on pH Weight %  Oxalic Acid Citric
Acid KOH Surfactant 26 59A 4.20 0 2.0 1.

B. Diluted Dicing solutions
Example 32

[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 bottle. The bottle 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 VIIIl. 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 A}, Ni, and Cu metals, as well as Cu oxide {CuOx) on Cu oxide substrate. The
20 resulis were presented in Table VIil.

-4 -



0. 188w % SAS10 27 59B 4.01 2.0 0.5 4.6 0.187wt % SAS10 28 59D 3.93 2.0 0.5
29 60A 4.66 0 2.0 2.2 0. 188wt % SAS10 30 60B
0.5 5.4 0.188wm % SAS10 31 60D 4.50 2.0

4.53 1.0 wt % Tergi tol

10

Table Vill. pH and Eftch Rates at 25°C

4.57 2.0

Example Dicing pH Etch Rates (A/Min)
solution at Al Ni Cu CuOx on

1:1000 Cu

Dilution
32 58A 4.09 0.4 <1 08 94
33 58B 3.97 0.6 <1 09 235
34 58C 4.19 0.4 <1 0.9 8.8
35 58E 3.99 0.7 <1 1.0 174
36 5%A 463 0.3 <1 0.8 4.2
37 59B 4.33 0.7 <1 1.2 3.8
38 59C 4.56 0.3 <1 09 49
39 59D 465 0.8 <1 1.3 438
40 60A 5.10 1.4 <1 0.9 3.8
41 60B 5.06 1.3 <1 5.7 <1
42 60C 513 0.4 <1 1.0 3.9
43 60D 5.15 1.3 <1 5.0 <1

Comparative Example 44

[00102] In addition, samples of 1:1000 dilutions of 58E, 59D, and 60D were tested for Al
and Ni etch rates at 45°C and 65°C. Etch rate results were shown in Table [X 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

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

etch rate at elevated temperatures.

-25.-



0.55.26 1.0 wt% Tergitol 5f. As 48 wt % aqueous solution. B. Diluted

Di ci ng solutions Exanple 32 [00100] 1.0 gm of dicing solution 58A was added
to a one liter HDPE poly-bottle. An 10additional 1000 gm of de-ionized

wat er was added to the bottle. The bottle was capped and shaken. The pH of
the resulting 1:1000 dilution was neasured to be 4.09. The sanple was

subm tted foTalde bh pthard BhdRatesatt 2500, 457C.Aind 65°C farricl 000 Diletesi| Disinpst r at es
and CuOx on %aug&%strate The etch rate results were shown in Table VIII.
15Exanpl es 33-4 00101] Additional dicing solutions were diluted using

simlar 1:1000Fdidti s 'HG%WWWEWB 43,
Table VIII. TheH‘F"H value af each of the diluted sol uti ons was neasured, and

etch rate det & & i ons nmde tof each pr the sanplef at Z2g9C on Al, Ni, and
Cu nmetals, as wabboas|Cu oxi de (Cqu) on Cu oxide supstratg. The 20results

were presente DlluqlP;l;abl e Vi ::):%5[] 1b| gﬁ H C%So e ar}g (g/ *h tes&%t,%izsc Exanpl e

Dicing solutionat 1:1000 M n Cu Culx
on CQu 32 S84 GO 4395 [ 07 152 133 | 169

59D 4 865 08 24 14.5 <1 <1 28

60D 5.15 1.3 47 19.7 <1 <1 <1

Comparative Example 45

5 [00103] Samples of dicing solutions 60B, 60C, and 60DH were prepared as 1 galion
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 mefal hub with a Ni tip. The Ni tip confained embedded
diamonds. All dicing solutions were tested at the following identical dicing conditions:

15  blade RPM: 30000; blade feed rate: Smm/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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<1 0.8 9.4 33 58B 3.97 0.6 <1 0.9 23.5 34 58C 4.19 0.4 <1 0.9 8.8 35 58E
3.99 0.7 <1 1.0 17.4 36 59A 4.63 0.3 <1 0.8 4.2 37 59B

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

Dicing solution at | Blade Life Etch Rates at 1:1000 (A/min)
1:1000 Dilution | (Hirs) Cu(25°C) | CuOx (25°C) | Ni(65°C)
60B > 16 48 03 <1
60C ~20 1.1 8.7 <1
60DH? ~19 5.1 0.4 <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

5 [00105] Results were presented in Table Xl for dicing solutions 58B, 59C, 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 results, dicing
solutions 48A and 48B in Tables 1V and V were expected to have short blade life.
Results presented previously in Table VIl also showed, however, that the CuOx etch

10 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 X1. 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
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4,33 0.7 <1 1.2 3.8 38 59C 4.56 0.3 <1 0.9 4.9 3959D4.650.8<11.34.8
40 60A 5.10 1.4 <1 0.9 3.8 41 60B 5.06 1.3 <1 5.7 <1

Comparative Example 47

[00106] Dicing solutions contained more components. The compositions in Table X
were formulated at a pH of about 4.0. 62A confained 2 wi% oxalic acid while 628
contained 2.0 wt% oxalic acid and 0.5 wt% citric acid. The control dicing solutions 62A
5 and 62B did notf 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 wi% 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

10  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 XIl. 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 Giutaric 59
62D 4.06 Oxalic Succinic 55
63A 4.02 Oxalic Glycine 29
64A 3.96 Oxalic Surfynol S-61 4.1
65A 4.0 Oxalic Anthranilic acid 03-1.2
62B 3.98 Oxalic+ Citric - 20
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

15
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42 60C 5.13 0.4 <1 1.0 3.9 43 60D 5.15 1.3 <1 5.0 <1 Conparative Exanple
44 5[ 00102] In addition, sanples of 1:1000 dilutions of 58E, 59D, and 60D
were tested for Al and N 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
al | contai n ATk Tememiadiments afchislmyverdion ligkd alzye Tinclgdingthe smlkiracaxannpl,e

di fferences i ture 10

di fferences '?ﬁbe&%@ rfé_f%g el eﬂﬁg%ﬁ?ﬁt@ﬂﬁtﬁ{]gﬁemdg'ﬁtﬂg%vﬁ %y to

mai ntai n a | EAPtRIMPlated hat awaeravs @h@\ﬁ@ﬂw@f@ﬁ%@fﬁb@ pioaees maVéPBIUéeCF Rnd#g and

Et ch Rates aimaidfais B8&Ein tROEroERS nidd belblct®AGrdd huthdsudPhabitls StRérukdrisse Di ci ng

;glcu'zgtc):n gt SbGCIflcaily%ISC?Osegn pH Al etch rate (AAmn) N etch rate (A/mn)
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65C 25C 45C 65C 58E 3.99 0.7 2.9 15.2 <1 13.3 16.9 59D 4.65 0.8 2.4 14.5 <1
<1 2.8 60D 5.15 1.3 4.7 19.7 <1 <1 <1 Conparative Exanple 45 5 [00103]
Sanmpl es of dicing solutions 60B, 60C, and 60DH were prepared as 1 gallon
guantities. The 60DH sanpl e contai ned one-half the concentration of the 60D
dicing solution. It was therefore diluted at 1:500 in order to achieve a

si de-by-si de conparison of results w t@LAiM$er dicing solutions that were
diluted at 1:1000. The dicing solutions were tested at 1:1000 equi val ent
dilution in online tlesh goluiionfer sembrsiustelr wafed diging dnhikiting Bdgiencgtaf on. The

dicing tests were inteRd@thildfosRisRUE A dohtBsib bffnOExpoSatdhBaMiatibh BRRab hat
di ci ng bl ades coul d be used before any breakage in the blade tip was

experienced. Dicing blR®WEN&Ere from DI SCO and | abel ed "di sco "NBC ZH 2050
* 27THEDF" . They conprised _an mnummetal, hub with a Ni_tip. The Ni tip
cont ai nedSenbedded i AnsRaACReAr SPefng stBred fon e atpl Rosblf otftt e

foll owi ng identical diagans aihatidtsat trereof,

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

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

10 the solution has a pH greater than 4.

2. The solution of Claim 1, wherein
the at least one first compound is from 0.001wt% to 30wi%,;
the surfactant is from 0.001wt% to 10wt%;
15 the base is from 0.001 wi% to 20 wit%;
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.

3. The solution of claim 1, wherein

20 the organic acid is selected from the group consisting of oxalic acid, citric
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

25 thereof;

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,
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15bl ade RPM 30000; bl ade feed rate: 5mm sec; cut depth into the Si wafer:
50% In addition, a small portion of each dicing solution was used in etch
rate tests for NN and Cu netals, 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 approxi mately the sane blade life at pH of
-5.0. The 2060C di ci ngesmidaltyiadmhdchlﬁdxylataa.ldn;inmtioalatmnyﬁd:cxsida‘aI y hi gher CuOx
etch rate. A dicing s netal etch
rate ensured good cl e%#%n?ﬂgsvmh’@th%ggwg p&%@%ﬂ(reg% I()j@(n g@ﬁy@-ﬂ%l e X

Bl ade Life and Etch R&f#veah.@pd combipstiogs E)etqo @S0l uti ons D| cing sol ution at

1: 1000 Dilution Blade Life t C at es at 00 (25C)
CuOx (25C) Ni (65C) 601 2as¢ %ﬁ?‘%’ f@"kge geeEp C?@f'si'"QOg""{}asé'f"%ﬁ%ngg 5.
0.4 <1 5 {KOH), guanidiene carbonate, aqueous ammonia, ammonitim hydroxides

and quaternary ammonium hydroxides,

wherein the surfactant has low surface tension at low concentrations

and low foaming

10 4. The solution of claim 3, 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;
the anionic surfactants is selected from the group consisting of linear

15 alkylbenzenesulfonates (LAS), secondary alylbenzenesulfonate, fatty
alcohol sulfates (FAS), secondary alkanesulfonates (SAS), fatty alcohol
ether sulfates (FAES), and combinations thereof; and
the quaternary ammonium salts is selected from the group consisting of:
tetramethylammonium hydroxide (TMAH), tetraethylammonium hydroxide,

20 tetrapropylammonium hydroxide, trimethylethylammonium hydrokide, (2-
hydroxyethyhtrimethylammonium hydroxide, (2-
hydroxyethyhtriethylammonium hydroxide, (2-
hydroxyethyhtripropylammonium hydroxide and (1-
hydroxypropybtrimethylammonium hydroxide.

25
5. The solution of claim 1 comprising
at least one acid selected from the group consisting of citric acid and
oxalic acid;
at least one base selected from the group consisting of potassium
30 hydroxide (KOH) and tetramethylammonium hydroxide {TMAH);

at least one surfactant selected from the group consisting of secondary
alcohol ethoxylate and secondary alkanesulfonate; and
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g. For 60B and 60C the dicing solutions were diluted 1:1000. For 60DH the
dicing solution was diluted 1:500. Conparative Exanple 46 5[ 00105] 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 dbéemamer dkdny subdiad@By deiofizdl el V and V wer e expect ed
to have short blade life. Results presented previously in Table VIII also
showed, however, that the CuO< etch 10rate al so decreased vvith i ncreasing

pH. The pH of about 5.0 a d to_he the val ue t f or ded
low Ni etch rate Iegdiﬁﬁ EEE' 6[%?33@“9( PENRLRES ﬂh@ﬂ%ﬁg’ té\le@zﬂnq ate for
cl eaning of Cu bond peadent sﬁmied fodn thé&pfoap toralstiny ofi arginGsdnadic acidgH on Bl ade
Life at 131000 Dil uti i, Gil i Qn. [y ed at pH Blade Life (hrs)

1: 1000 8B -4.0 4. O%yé%eglhnlg’ %%géthé%@d?gbg&&g Conpar ati ve Exanpl e 47

[ 00106] Dici ng sol uti drdroxysitvigthdenedisminetisaplisresis(BHEPRA), atigioadetic agid i n
Tabl e X1 vere for mul anes aliiiRbmPpiiockiiclfkerAtibBRsacRibd 0xal |

acid while 62B contai nﬁg %citric acid. The
control dicing solutid Té)zﬁthgﬁ?{gfg'é%?tﬁlcﬂ"%%‘i'd @B‘ﬁ?%i? ﬂc'%ﬁ’x%ﬂ‘f(ﬂc{dr onal
conmponent (additive) ghdspierieagd taekrioatidométbylaibiasphehi®adicsi ng KOH. Addi ti ves

were presgnt at typic % . ic and
Succi ni cﬁgm ds were praEIerJ']spe{or'fﬁsng t%@ﬁﬁ%ﬁ%ﬁ%ﬁ%%@h&ﬂéﬁbﬁ%@ 'gtg P 1ng nmol ar
with 0.5 w% citric adiydroxyaindideste-1, hdiptdospharjc sad, Uthvdrexyrropplidénset1-HOSTAPUR
SAS or Tergitol surfa%mgphoﬁr&%crdeéws.ﬁ.nsﬂgw@[ﬂw&ﬁmoéﬁnoﬁ.8sa@ undi | ut ed

10di ci ng sol utions containing additives could cause a reduction in N netal
etch rate at 25C. O t%@%@%'&ﬂbﬂ‘imﬁ‘é’yb"&ﬂ'ﬂ%P%ﬁﬂ'qu@ saci d appeared to be the

nost effective in redustibgisinedylbhephbsihonietagid, Table XI'1. N Etch Rates at

25C for Gxalic-Gtric- Ah (fgn%d:\a/r%m lgrl'ngﬁylgﬁtleplﬁ%is&%ﬁic acid,
ethylenediaminetetrakismethylenephosphonic acid,
hexadiaminetetrakismethylenephosphonic acid,
diethylenetriaminepentamethylenephosphonic acid, 1,2-
propanediaminetetetamethylenephosphonic acid, ammonium salts,

20 organic amine salts, maronic acid, succinic acid, dimercapto succinic acid,
glutaric acid, maleic acid, phthalic acid, fumaric acid, polycarboxylic acids,
propane-1,1,2,3-tetracarboxylic acid, butane-1,2,3,4- tetracarboxylic acid,
pyromellific acid, oxycarboxylic acid, B-hydroxypropionic acid, citric acid,
malic acid, tartaric acid, pyruvic acid, diglycol acid, saficylic acid, gallic

25 acid, polyphenols, pyrogallol, phosphoric acids, polyphosphoric acid,
heterocyclic compounds, ethylene glycol, glycerol and diketones, and
mixtures thereof.

7. The solution of claim 6 wherein

30 the oxycarboxylic acids is selected from the group consisting of glycolic
acid, B-hydroxypropionic acid, citric acid, malic acid, tartaric acid, pyruvic
acid, diglycol acid, salicylic acid, gallic acid, and mixtures thereof;
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Undiluted Dicing Solution pH Acid Mx Additive Ni Etch rate (AAmn) at 25C
62A 4.05 Oxalic - 8.1 62C 4.02 Oxalic GQutaric 5.9 62D 4.06 Oxalic Succinic
5.5 63A 4.02 Oxalic Gycine 2.9 64A 3.96 Oxalic Surfynol 5-61

the polyphenol is selected from the group consisting of catechol,
pyrogaliol, phosphoric acids such as pyrophosphoric acid, polyphosphoric
acid and mixtures thereof; and

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

8. The solution of claim 1 further comprises

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

10 consisting of silicones, organic phosphates, EQ or PO based defoamers
containing polyethylene glycol and polypropylene glycol copolymers,
alcohols, white oils, vegetable oils, the waxes, iong chain fatty alcohol,
fatty acid soaps, esters and mixtures thereof; and

from 0.001 wi% to 5 wt% dispersing agent selected from the group

15 consisting of: water-soluble anionic dispersing agents, water-soluble
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.

20

9. The solution of claim 8 wherein

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

consisting of triethanolamine laurylsulfate, ammonium lauryisuliate,

polyoxyethylene alkyl ether triethanolamine suifate, polycarboxylic acid
25 type polymeric dispersing agents, and mixtures thereof;

the water-soluble nonionic dispersing agent is selected from the group
consisting of polyoxyethylene lauryl ether, polyoxyethylene cetyl ether,
polyoxyethylene steary ether, polyoxyethylene cleyl ether,
polyoxyethylene higher alcohol ether, polyoxyethylene octyl phenyl ether,
30 polyoxyethylene nonyl phenyl ether, polyoxyethylene derivatives,
polyoxyethylene sorbitan monolaurate, polyoxyethylene sorbitan
monopalmitate, polyoxyethylene sorbitan monostearate, polyoxyethylene
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4.1 65A 4.0 Oxalic Anthranilic acid 0.3- 1.2 62B 3.98 Oxalic+ Ctric - 2.0
63B 3.92 Oxalic+ CGtric Gycine 1.0 64B 4.01 Oxalic+ Gtric Surfynol 5-61
0.3 65B 4.09 Oxalic+ Citric Anthranilic acid <1 15 [00107] The

enbodi nents of this invention |isted above, including the working exanpl e,
are exenpl ary of nunerous enbodi nents that may be made of this invention.
It is contenpl at ed t hatorbitambristeasts phigoxyethplengsorbitanonsnooleatehe process may be

mterial's o her ¢ han (hSyeysRe shBi AGERS EREx g R ciaBRaR e oS
polyethylene glycol monolaurate, polyethylene glycol monostearate,
polyethylene glycol distearate, polyethylene glycol monooleate,
5 polyoxyethylene alkylamine, 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; and

10 the water-soluble amphoiytic dispersing agent is selected from the group
consisting of laurylbetaine, stearylbetaine, lauryldimethylamine oxide, 2-
alkyl-N-carboxymethyl-N-hydroxyethylimidazolinium betaine, and mixtures
thereof.

15 10. A solution for semiconductor wafer dicing inhibiting adherence of
contamination residues and corrosion of the exposed metallization areas,

comprising:

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

consisting of citric acid and oxalic acid;

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

the remainder being substantially 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;
25 wherein

the base is selected from the group consisting of potassium hydroxide
(KOH}), tetramethylammonium hydroxide (TMAH) and mixtures
therecf; and

the surfactant is selected from the group consisting of secondary
30 alcohol ethoxylate. secondary alkanesulfonate, and mixtures thereof.
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1. A solution for sem conductor wafer dicing inhibiting adherence of

contam nation residues and corrosion of the exposed netallization areas,
conprising: 5at |east one first conpound selected fromthe group consisting
of an organic acid and salt thereof; at |east one second conpound sel ected
fromthe group consisting of a surfactant and a base; the renai nder being
substantially deionized water; and 10t he solution has a pH greater than 4.
2. The solution of Claim1l, wherein the at |east one first conpound is from
0.001wt % to 30wt % tlhe Bgihpa et waer didng. terwadedodifRdb% HsaowkvhondBg Radhase i s

from0.001 wt%to 20 Wolandilio®Hsidiedire piRcddWitakingte Waes chrabnls; and
wherein the solution is. dil el oni ze 1: 10000.

ted with d water froml:0.to
3. The sol ution of cl ACaNLpERdh 24 GERRSSR e IFRIeR rers; SOBMFMGSRST r om | he
group conSisting of oxdlic acid, citric acid, nmaliec acid, nmalic acid,
mal oni ¢ acid, gluconic acid, glutaric acid, ascorbic acid, formc acid,
acetic acid, ethylene aghtapingdhe welendidea sajutippiddringdthe disipg the selvtioani ne
pentaacetic acid, am nehgpgifyc aci ds such as anthranilic acid, fumaric
acid, glycine, alanine, cystine, and the m xtures 25thereof; the surfactant
is selected fromthe gi@apt dheWedt Sbrhpalin@keldtte@Rod tRrb@rdonBibting ctah i oni C
surfactants, non-ionic sucfacfants, .zw tterionic surfactants, silicone
surfactants, poly(al kﬁr%ﬁvéc?ﬂﬂ%sagmeﬁ%t ants, fluorochem cal surfactants,
acet yl eniyg di ol _sur  ach Al sneRELIRSnBbRIlech RNl Bl coRRERNGIY Y
al cohol ethoxyl ates, am ne ethoxylates, glucosides, gFfucam des,
pol yet hyl ene gl ycol s, sydagied@eRyB&age; gl ycol - co- propyl ene gl ycol ), and
conbi nati ons thereof; and the base is selected fromthe group consisting of

pot assi um hydr oxi de 5(tReIgMainggobaing whetaptigly deianized walefle®s anmoni a, amoni um
hyd id d t i hyd i des; wh inth factant h
ydr oxi des and qua ergﬁ%%wﬁggﬁgéﬁg%{ ?%ﬁ%#' es erein the surfactant has

| ow surface tension a Bd | ow f oani ng 104. The sol ution
of claim3, wherein the non-ionic surfactants is selected fromthe group
consi sting of octyl and nonyl phenol ethoxyl ates, secondary al cohol

et hoxyl atgs, acetyl qRithedh&dddr oiid 16 apiir&lgt i ons thereof; the anionic
surfactants is selected fromthe group consisting of |inear

15al kyl benzenesul f onatiesat(|éaAbpne frsiompadng iafrymiotzenedonwenat e, fatty
al cohol sulfates (FAS), secondary al kanesul fonates (SAS), fatty al cohol

et her sul fates (FAES) thasdfactantis framniod@dwtther Boft%; and t he quaternary
ammonium salts is selected fromthe group consisting of:

t et r anet hyl anmoni um hyieg basiedefrgrr QRO Wit éa #&wtiy| anmoni um hydr oxi de,
20t et r apr opyl anmoni um hydr oxi de, trinethyl et hg/l ammoni um hydr oxi de, (2-
hydr oxyet hyl ) t ri met hy '3 5 GesteRibensk arblesy than 13; and

Egg; gi;gﬁhw; % o Lfggg:@%ﬂ%%ﬂ@%{igéiuﬁ% \gihﬁdecq\_ized water from 1:0 to 1:10000.
hydr oxypropyl)tri met hyl anmoni um hydroxide. 25 5. The solution of claim1
conpri si ng
13. The method of Claim 11, wherein
the organic acid is selected from the group consisting of oxalic acid, citric
acid, maliec acid, malic acid, malonic acid, gluconic acid, glutaric acid,
25 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;
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at | east one acid selected fromthe group consisting of citric acid and
oxal i c acid; at | east one base selected fromthe group
consi sting of potassium 30hydroxi de (KOH) and tetranethyl anmoni um hydr oxi de
(TMAH); at | east one surfactant selected fromthe group consisting of
secondary al cohol ethoxylate and secondary al kanesul fonate; and the

renai nder being subst ahe safaciantie selndted omdtteggrouptionFibingd brivniosurittaotsai m 1
further comprises 0 OGLsdhce Jrfacéﬂts%(pdsmsgLﬁtab@ﬁtsa%@fl@noﬁﬁ'ssﬁéc%J romthe

group consisting of: am nobenzoi c acl am netetracetic acid
(EDTA), N hydroxyet h;ﬂ"@pmwﬁ@fant&moﬂwwea@@mde) seipetapirHuppayemical

nitrilotriacetic acid s(u?ﬂeﬁénts acetylenic diol surfactants, prlmary alcohol ethoxylates,
di et hyl kl enetri am nepent a d| he Wf@%'ﬁft riam (ﬁg aacletl € 1eaC! d (DPTA),
et hanol di gl yci nate, ci¥F? aﬁ’cﬁ‘ (ﬁ o8 YUY SNBSS, IWEISHeS Hhosphor i ¢
acid, tartaric acid, mdamldﬁsmm;@mymne glyeas, hoty(ethylene glycol-co-propylene

10am not ri snet hyl enep | Je. e- di phosphoni c acid, 1-
hydr oxyet hyl i dene-1, 1%&%@8%8%?@%@?%%&% roxypropyl i dene-1, 1-

di phosphoni c acid, et hy gidenohdisiEs fomh RRGRNBTBRORING oﬁﬁdtgssmm hydroxnde
dodecyl am nobi smet hyl engsg&osphonl c acid, nitrilotrisnet %oene phosphoni c

aci d, 15et hyl enedi am 8BTS AeH 'P%%ﬁ:ﬁh‘?{?ﬁﬁnﬁﬂﬁe@“%mﬂmnﬁ ammonium hydroxides

et hyI enedbam net et r akisarjubtgtranephvaspie hidrodddsd,

hexadi am net et r aki snmet hyl enephosphoni ¢ aci d,

di et hyl enet ri am nepent anwbdrgindimepirastphtdvas tovestiridce tenglon at low concentrations
propanedi am net et et amet hy, Oqgﬁmnngoni c acid, amoniumsalts, 20 organic
am ne salts, maronic acid, succinic acid, dinmercapto succinic acid,
glutaric acid, maleic acid, phthalic acid, fumaric acid, polycarboxylic
acids, propane-1,1,2,6 3-tetracarhox c acid, butane-1, 2, 3, 4-
tetracarboxylic aci 54'3%3‘?%‘1 ‘?f%?%%&él‘ﬁhe ¥Ry car boxyl i ¢ aci d,

11- hydr oxgpr opi oni ¢ acdhanoreiohit isarfantdntt is sElbdted faarh the grarptcamslstmg@if aetypyr uvi c
acid, diglycol acid, I i

pyrogal | ol , phosphorl c%ac%!g pﬁer%fétﬂ%’g% o%gcgga EE"%"?? )g}]a?c ??:é %nr'r(f)ounds
et hyl ene gl ycol, gl yce&i@holamd cqnnhveahme@e@ﬁd m Xt ures thereof 7. The

sol ution of claim6 whgL EA|&|§mﬁé€taﬂé¥§ﬁl&@€bﬂdn?th@%fdﬂzﬁ cbﬁsls‘ilﬁb 8filnes: fromthe
group consisting of glycolic acid droxypropionic acid, citric acid,

malic acid, tartaric Vlﬁ’e“WFﬂUfPEatﬁ%{L& &P@W@B’Ia'yﬁﬁn@“%ﬁﬁ‘@tﬁ A acid,
gallic agpd, and m;cxt lmm?]rtdnmite@q‘FAS) lts:ae?rﬂaiysaumh ﬁﬂilf_omﬁeﬂﬁ(lg\sylﬁﬂd' ﬁidoﬁd.‘in t he
group consi sting of catec S ric.acltds such as
pyr ophosphori ¢ aci d, grreilSﬁ@ﬁgéﬁgﬁggfad%ﬁ@%ﬂﬁiﬁa@% ®¥her eof ; and
t he heterocyclic corrpdhmqhat@na'glaem‘loadmf $aﬁaistsle@ctyd<ﬂmp1 tb@g@usmnsgpting of8-
Soxyqui nol i ne, di ket Oﬂ%ﬁ%ﬂ‘ﬁrﬁrﬁorﬂurﬁ Pﬁé’r&h tt¥!r§é%l%§lé?ﬁ}ﬁonu§’rﬁ'ﬂ{d%ﬁ%é~'

1 Yoto 5

t hereof. 8. The solution aim 1 her rises fromoO

Wt % def oani ng agent sé?W%'W%@’@Wp“’MWYWW'W hyrexideoffes,
organi c phosphates, EGyaioxfihynafthyiteh rﬁ@}f(ﬁﬁﬁyd}@,{’ﬂea(z‘ll ng pol yet hyl ene gI ycol
and pol ypropyl ene gly al cohol s e oils, vegetable oils,
the waxes, |ong chai n%ﬁ?@%l)ﬁnﬁwﬁ‘mmﬁﬂhyg&w{ﬁ esters and m xtures
t her eof ; and from O. OdeymnmtrﬁrWMmmmhydrcgldagmdm selected fromthe
group 15consisting of elall i rsing agents,

wat er - sol ubl e noni oni cygf%&ﬁ{ ﬁrﬁ%{%zlg sc??]m\/\"/g%arr- sol ubl e cationic dispersing
agents, water-sol uble anpholytic dlspersing agents; a polyneric dispersing
agent containing an acrylic acid salt as a copol yneri zed conponent, and

m Xt uresspher eof . 295 9rhe ThcHf Cdir 1 OkheRéinth® sdlusbrecangiisihge wat er - sol ubl e
ani oni c dispersing agent is selected fromthe group consisting of

tri et hanol am ne | aurylsﬂ;lelaéta:lne,acﬂrsatenﬁedrﬂ'otnahugrbsmbcirrstsﬁng @aitywacjcearly | ene

al kyl ether triethanol g r}:{%dsul fate, polycarboxylic acid 25type polyneric
di spersi ng agents, ano? it es t her eof ;
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t he wat er-sol ubl e nonionic dispersing agent is selected fromthe group
consi sting of polyoxyethylene |lauryl ether, polyoxyethylene cetyl ether,
pol yoxyet hyl ene steary ether, polyoxyethylene |ey' ether, polyoxyethyl ene
hi gher al cohol ether, pol yoxyethylene octyl phenyl ether, 30
pol yoxyet hyl ene nonyl phenyl ether, pol yoxyethyl ene derivatives,
pol yoxyet hyl ene sor bi taheastome lbase sstlestedfuiny thr wetub gbesisling of ftassium
nonopal m tate, pol yoxﬁﬁﬁ@%iﬁ@ﬂ&)ﬁﬁ{nﬁ't&% | &ﬁfn%ﬁﬁrom o t hyl ene

0

sorbitan tristearate, polyoxyethylene sorbitan nonool eate, po 'yoxyet hyl ene
sorbitan triol eate, pQhaxyddkRYffRMt QAL frdrk tHedPbupoRsistgloy Sdcbdppe gl ycol

nonol aur at e, pol yet hyl en | ycol, nonost egrat e, pol yet hyl ene gl ycol
di stearate, polyethyl @?Fé’ﬁ@%'{oé}"atﬁﬁﬁaé? @VaE(BB‘%‘I'k‘EX/? hyl ene al kyl ani ne,
pol yoxyet byl ene_ har dengd fast ar . id «,o3hi pLisanalAm deaneand mi xt ur es

thereof; "the water-soll catio spetsing agents I's selected fromthe
group consisting of pahyydihshRYS & BHIARMG thr A QLT ACet at e,
stearyl am ne acetat e, anddl#n%xtureg thereo?; aﬁ@‘ 10t he wat er-sol ubl e
anphol ytic dispersing agent is selected fromthe group consisting of
| auryl bet ai ne, stearyl betaine, |auryldi nmethylam ne oxide, 2-
al kyl - N- car boxymet hyté.-Tiemyedinagbof Etating 111 niibaeio thersolutiorbiatiberivempased fromxt ur es
thereol . 1510, A Solulg QN vl io 36 W% RGEH UaeHAEREH libinfe GBS Blrklshiy
an 0 t he expose

adherence_of contam nation residues rosion of the
met al 1i z4®%i on areas, chrAFHRERPIC FaidshethyleTRiAMDAYrageit aRddEDAt). Neast one
acid sel ected from t heygiy nefibheffac&ticlatidINREDIAR AftisHidetiCade | d;

%
20at | east one conpou el ect g fromthe group consjsting of from0.001
G510 20 we vk of o badTAHY B R O G S S TIER AN e
remai nder bei ng subst gDPTA), kyractedigindizatel citdd s&d, glubenisadid)okalic abids a pH
greater than 4 and |l e y . : . e solution is
diluted with deioni zeg)?‘log gﬁc %&%@%ﬂaa?rg 'Eet%%BWSpE%]\'/ﬁ%ﬁdgl n the base is
sel ect ed1¥rom t he gr owminadiemethyiengphsspheticanid, ethylidgde-dipherphONORGd, 1-
tetramet hyl ammoni um hyga@x e lidehdY 3-dBRcS pbRi¢ wicf%-ﬁyhﬁ:&ﬁ%;gzﬁ@éiﬁ-ﬁ e
surfactant is selected fromthe group consisting of secaondary 30al cohol
et hoxyl ate. secondary déﬂhR%E’ﬁﬁlaan%tf‘ﬂ?m‘&ﬂtﬂsrﬁ?w' BosPReNe8Fd” 11. A nmet hod
of wafer dicing, the wati€dylansndbishrthylzyiephcsphenitd 4citi, bondi ng pads,
contam nation resi duesn. are l>%r@G‘uceg!gb%lios%vvi ipg the wafer, corrosion is
potentially formed on éHP (3 5 LRI 788 on ar eas: conpri sing steps
50f : cong@cting the wathylenadiaminabismethyleraphdsphonigacile di ci ng, the sol ution
conprising at least o j om.the group consisting
of an organic acid an%%ggntééi%'ﬂ@?@?g%ﬁ&%@g@héﬂg%%cond conmpound

sel ected fromthe grolkgxedamineerakismethyienspiigsplanioacidand a base; the

remai nder bei ng subst athyidnkliaf@iepaitanethyiBiephosphbhic biig, 2! ution has a pH
greater than 4. 1512. erel.c{1gt he at | east one

Th t hy d 11
first compound is fr oﬁrwgﬁﬁ%w@&d‘?@@aﬁk%%P%P@@W%% AYMONEM $88Hh 0. 001wt %

to | Om %5 organic amine salfs, maronic acid, succinic acid, dimercapto succinic acid,

glutaric 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,
malic acid, tartaric acid, pyruvic acid, diglycol acid, salicylic acid, gallic

30 acid, polyphenols, pyrogallol, phosphoric acids, polyphosphoric acid,
heterocyclic compounds, ethylene glycol, glycero! and diketones, and
mixtures thereof.
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the base is from0.001 wt%to 20 % the pHis greater than 4 and | ess
than 13; and 20wherein the solution is diluted with deionized water from
1:0 to 1:10000. 13. The nethod of Claim1ll, wherein the organic acid is
selected fromthe group consisting of oxalic acid, citric acid, naliec
acid, malic acid, malonic acid, gluconic acid, glutaric acid, 25ascorbic
acid, formc acid, acetic acid, ethylene diamne tetraacetic acid,
di et hyI ene triam ne pentaacetic acid, am nobenzoic acids such as
anthranilic acid, fdfr rhecfne&lquwfcgwdﬁrv@er%w anine, cystine, and the nixtures
t hereof; the surfactant is selected from the roup consj sting, of anionic
surfactants, cationic REPYSHPINFGACIHSSElRERT Fowihe QE?%%'St‘ng{VE? Coni ¢
fslurfact ra;mt s, Isi | i c](c)ne aoldl lﬁ«agdrampﬁzl;mqn@mlac(dablkmlaeﬂﬁmal)dadﬂ) tastid i, am’wlilc ol
uorochem cal surfactant ] y al coho
g ool ﬁ?%ﬁo??é tsgf‘d)yﬁ? Jt gaﬁié‘éé é%ﬁaéﬁhﬁureggt gg%

et hoxyl ates, S5secondary a amne e gl ucosi des,

gl ucani des, pol yethy! qenglonenls skl eger%hm % Shikifthg SRR ene

gl ycol), and conbi nat i ons t her eof se Is selected from
the group consisting W’%éﬂ%ﬁ?%ﬂﬁ/@ﬁ'%ﬁ“ﬂ%af N@Bhosal%ﬁ?@ﬂdﬁ’é’pb%%%t e,
agueous ammoni a, amMmDRcidEnh Yektst 6reolt@aad quat ernary anmoni um hydr oxi des.
wherein the surfactant has | ow surface tension at |ow concentrations and

| ow foam ng 14. The nuhdiderofyclid @inmmpolad iswkieced rrom?.ludngroummrisnﬂrig:of@urfact ants

is selected fromthe g t .
et hoxyl alti(zs secondar y&g%oﬁ'?%]ﬁlkﬁ?hg%ﬁﬁ 8%{1&3 @59 cb ol E33(1trl1](r:?
conbi nati ons t hereof ; thdfeofani onic surfactants is sel ect ed fromthe group

consisting of |inear alkyl benzenesul fonates (LAS), secondary
al yl benzenesul fonate, fatty 20al cohol sulfates (FAS), secondary

| k | f S th I FAES
2onginﬁzgi Oggat ﬁZr((aoﬁ@Lrgﬁ eﬁ'ﬁ%’ glﬁ 8?1&7 ei'rﬁW%lrj?o[ﬁ'ﬁﬁt’ e@fﬂgesrci)@z’fésgﬁect ed from
the group consisting {ogxqﬁi ARl g%nh;ogxgg ﬁél%&eéf? ‘group

t et raet hyl amoni um hy et raprop 0X

tri met hyl®t hyl ammoni u@phﬁysilngxaf diflicorfez, omgmyah@%p@emﬁqerﬂQTbaasyldafa@ﬁmﬁviwm
hydroxi de, (2- hydr OX%ﬁtQMlnbthFy@th&'léi@Wh J%ﬂﬁ;@?éh@@lycc(l éopolymers,

hydr oxyet hyl ) tri propyl amoni um r oxl é

hydr oxypr opyl ) t ri met hy#SRRSATHI ’WK@H?%@%W'SB'@ yraxef, ongEbain Rty plceoli m 11,
wherein the sol ution datyRicidsongs, attelsemaimixies drebf,smbiect ed from the group
consisting of citric acid and oxalic acid; at |east one base selected from
t he group consisting dlbnﬁb@wl%t%m%vt&&dbﬂemqamsemwwdﬁmtaﬁamyI anmmoni um
hydr oxi dgy (TMAH) ; at f I f t

consi sti ng of secondar Sﬁé%t'ngﬁglﬁg%rh%%ﬁaqinéﬁg aﬁ{p%%%gé e JI}:i;&ﬁanesul f onat e;

5t he remai nder being é‘GB‘g'B'ﬁﬁlSP%[ﬁ'PQa@l%ﬂt*bMaieéﬂOW9§?t'°“§rWPp?ﬁ@9§@P@§| on has a

pH greater than 4 and waee?%omblarambaolytmnsplémd@bh@cb Bdlyrkéridi diBpdrsingaentei n t he
solution further conprises. Iatln{gag ent

sel ected fromthe gr oﬁ’B"t@'BWg PE FFWE;C "i%?a“ ae?rﬁ ‘%?BB’?A’HEF&‘*@ caTpPyEn
et hyl enedi am net et r ac etixtareattietecf. EDTA) , N-
hydr oxyet hyl et hyl enedi am netriacetic acid (NHEDTA), nitrilotriacetic acid
(NTA), deethyl kl enetriam nepentaceti cdi et hyI enetri am nepent aacetic acid
(DPTA), ethanol di gI cinate, citric acid, uconi c acid, oxalic acid,
phosphoric acid, ?{? die @nethod f Claiy I’l?l"meﬁ%'bg‘ﬁﬁ‘ﬁtﬁ’éo%'?@”'omc dispersing

15am not ri smet hyI enephgsmfmsvlebt@mom the ighoubicdesisting optfiehaiulamine aci d, 1-
laurylsulfate, ammonium laurylsulfate, polyoxyethylene alkyl ether

triethanolamine sulfate, and especial polycarboxylic acid type polymeric
30 dispersing agents; the water-soluble nonionic dispersing agent is selected
from the group consisting of polyoxyethylene lauryl ether, polyoxyethylene
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hydr oxyet hyl i dene- 1, 1- di phosphoni ¢ aci d, 1-hydroxypropylidene-1, 1-

di phosphoni ¢ aci d, ethyl am nobi snet hyl enephosphoni ¢ acid,

dodecyl am nobi snet hyl enephosphoni c acid, nitrilotrisnmethyl enephosphonic
aci d, 20et hyl enedi am nebi snet hyl enephosphoni ¢ aci d,

et hyl enedi am net et r aki snet hyl enephosphoni ¢ aci d,

hexadi am net et r aki snetdepl ethep hdgpiyethylenensteaty ether, polyoxyethylene oleyi ether,

di et hyl enetri am nepent&{;ga : j i

pr opanedi am net et et anet Iy%@t@%@@%ﬁ%@@ﬁ?ﬂ% gom%nyrlﬁns?ﬁﬁyls?he%] eg}eé’ani o
anm ne salts, maronic aRAExveleriemopyl Rieny! etieipelvayetaylensdarimtivesici d,
glutaric acid, maleic @poflyetitndabitaMbloladrat@BdioxpsthyibneRetiter boxyl i c
ot acar byl i ¢ aci d, BYRBABIAIE Pavessaetsasealin BRgpeiecra; ipvoryethyiens

f 1 -hydroxypropi oni ¢ acdothitao iristdacate golypxyetilyieoe agbithn mendolatec aci d, pyruvic
acid, diglycol acid, | i e NN i

pyrogal | ol , phosphori ??Jyg%ésﬂl’nﬁeg%fs?p11%@%}%?{'%&:5’%@?@#%%@%) }(;b(ﬁ}t}%ﬁ%!:e%%edmpounds,
ethyl ene glycol, glycerobetuiene ayramonegurateeolyatiuieneaiycolianogtearate 7. The
net hod of O aim 16, wWhjiRinyiene Iglycol distdafite, PYERVIBAXYMdEmBRddkats Sel ect ed
fromthe group consisti ny%{of ygqﬂycol jc.acid, 11- f]égegoaégéprgpl oni CI aci d,
citric adPd, malic aciRPYOXYEtRYIRTE@lkyaMie. BoyQxystBylenghiaidengd Gasiva!: aci d,
salicylic acid, galli callatailchnolamiliersnd minteres theesoé othe watee-splobly pitenial 1 s
selected fromthe grou 1S] St f t | r lol, phosphoric

aci ds such as pyr ophos%?%?slm@ &h@% %6‘?@%&%@5@8?@*5@%@“@%8’ m Xt ures

t her eof ; and Rohinwleyrealidenyes Focondliaminsaseliales sisaly@minsdictiaterandhe  gr oup
consisting of 8- 100xygiiunalthétof; #lb K@%e?—@&ﬁbléHﬁ?h&ﬁic@iéﬂbﬁ)ﬁb'a@&h is _
acetyl acetone, and m xture thereof. 18. The nethod of Caim 11, wherein the

sol utionPurther conprielesedfiopHhe amuR coRsIRiPG o laylictineosiRrHECaBENt sel ect ed
from the group 15consiairiBghefiylantihd dhedeNealkylN-gabogniigsphat es, EO or PO
based def oaners containi.n l.yer hyl ene gl.ycal  an 0 ropyl ene gl ycol
copol yners, al cohol s, W{O%}é&&h Laz 'é'ﬁlgf%%?'ée'&"figf"gwﬁﬁl%&?gs, | ong chain
fatty al cohol, fatty acid soaps, esters and m xtures thereof; and from
0.001 wt%to 5 w % dispersing agent selected fromthe group 20consisting
of : wat er-sol ubl e anRpOrHetm&hSNACHIMG 1 2URAEIR theGdiulibn S6thpHRIng: noni oni ¢
di spersing agents, water-soluble cationic dispersing agents, water-soluble
anphol yti20 di spersi ng fage0.08Twith to G0WITRSH = [cdbisgreraBidigleage RbmaRngraumi Ng an
acrylic acid salt as a_co %I #.m[rl zae% cgo nen'Id, and m xtures thereof. 25
19. The method of O aif'18) 9hel &N °IAEEF~sol ubl e ani oni ¢ di spersing
agent 1s selected T oM fdie: dHeQRobititeRlled%roll thé hiofb BARRATbMRM 0.001

yl'sul fate, I t Ayl ene al et her

| auryl sul fate, amoni um | aur pol yoxye

tri et hanol ani ne sul f atd% g8 s péaibase WI%RE‘&?-%@)W%‘@ 18wi%ioftasyefagianty ner i ¢
30di spersing agents; the water-sol uble noniaonic djspersing agent is

sel ected from the group® t&hrédet beleg %}Pstaai'%ﬂbsﬂs@?'ﬁ%ﬁ ‘@%‘énl auryl ether,

pol yoxyet,hyl ene cetyl,k et her ol yoxyethyl ene steary ether, pol yoxyethyl ene
ol eyl ether, pol yoxyett ??Qﬁghﬁgﬁﬁi’ﬁ %7%%’%%‘1‘" i?'?‘l@??s %%’f i/atc;xyet hyl ene octyl
phenyl ether, bolyoxyqhOyladh id\hilie iR RihizEl Beter raRl8 YAt ene _
derivatives, polyoxyethylene sorbitan rmno\ aurate, polyoxyethyl ene sorbitan
Snonopal m tate, pol yoxyrkdiy! ene sorbitan nonostearate, pol yoxyethylene
sorbitan tristearate, polyoxyethyl ene sorbitan nonool eate, pol yoxyethyl ene
sor b: tan triol e?t e, hplol ymmbleww:selaaeaﬂbrhitme gretiy ﬁm:smt@flpptabym hydlrleﬂ@e gl ycol
nonol aur ate, pol yet hyl en yC ost ear at.e en co

di stearate, polyethyl eneﬁb‘ﬁ*;)ctc?ﬁa%%ﬁﬂﬁ'f‘%‘a?’éf" WB?%@?XM%W{W%{%‘?‘?W am ne,
pol yoxye8fyl ene har denedthemwstf;and oi | , al kyl al kanol am de and m xtures
thereof; the water-sol uble cationic dispersing agents is selected fromthe
group consi sting of polyvinylpyrrolidone, coconutam ne acetate,

stearyl am ne acetate and m xtures thereof; the water-soluble anphol ytic

di spersing agent is 15selected fromt hec@roup consi sting of |auryl betaine,
stearyl betai ne, |auryl dinmethyl am ne oxid€,”

2- al kyl - N- car boxymnet hyl - Nnydr oxyet hyl i m dazol i ni um bet ai ne, and m xtures

thereof. 20. The nethod of Caim1l, wherein the solution conprising:
20from 0. 001wt %t o 30wt % of at | east one acid selected fromthe group



consisting of citric acid and oxalic acid; at |east one conmpound sel ected
fromthe group consisting of fromO0.001 mt%to 20 wt % of a base and from
0.00Iwt % to 10wt % of a surfactant; the remai nder being substantially

dei oni zed water; 25the solution has a pH greater than 4 and | ess than 13;
the solution is diluted with deionized water from1:0 to 1:10000; wherein
the base is selected froffetsheadgandisseteoiediromitheygrofip patsietisg Qfmﬁm;‘dawxi de
(KOH), tetranet hyl ammoni ga}{gg%, and
the surfactant is sel ect%‘g&rﬁ/%ﬁ ageeééoup g’r@ﬁ%tu%ﬁgﬁ%%ﬁsecon ary gﬁ cohol
et hoxyl ate. secondary al kanesulfonate and m xtures thereof. 5 10

10
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