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TI TLE OF THE | NVENTI ON: PROCESS FOR | NHI BI TI NG

CORRCSI ON AND REMOVI NG CONTAM NANT FROM A SURFACE

DURI NG WAFER DI CI NG AND COWVPOSI TI ON USEFUL THERECF

CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 0001] This

application clains benefit of U S. Provisiona

Application No. 61/080, 474, filed July 14, 2008. The

di scl osure of this provisional application is hereby

i ncorporated by reference. 5 BACKGROUND OF THE

I NVENTI ON [0002] The integrated circuits are

usual ly formed on a wafer. A single wafer contains

plurality of integraflfédEOFcitil INFEWEIONsr di es. An

integrated circuit chip or dice, is obtained 10t hhrough

RRACEBRT QR NHEHTIHG §@HR@S|%AN&@EM%@G3}OWMWNT FROM A

JURFACE IDMRIPCOVHEER BIGING ANRICEMRQRI TION USEFUL THEREOF

resi dues/ particles fromsaw ng the wafer, usually

silicon residue, adhere to wafer surface, accunul ate

i n bonding pads and trenched | ocations. They are

di fficult t&RePDTERERENBEGBRIATERATRACHT EedZses

once in contact with wafer and virtually |npOSS|bIe to

renmpve once trapped in deep trenches, 15 In additio

IQQM]nngthwémep@ﬁmgcl@mmgﬂt RS bBiedisiegapAericatien No. 61/080 474,
RHE fz‘@bscofd'fé)afé&&drg opﬁ%row%ﬁé%ﬁﬂp@&tﬁﬁ% A&®BPfcorporated

the bondln eadl ng to poor I ng performance,

th@Fﬁﬂéﬁlablllty, or even failure of the device. The

cont am nant particles, and corrosion can cause

probl ens at |ater assenbly operation such as

wi r ebondi ng. [0004% One approach to reduci ng corrosion

during dicing, inBOCHERQUNDeTHE INVENTIONuUrity

dei oni zed water (DPW as a coolant for the dicing

bl ade. The cutting area and the rotating bl ade are

ordinarily bathed in a significant flow of deionized
[0R02dr Theratearaied qitsuits ateniswally feamed 9a aswafee dnsingls wifes contains

pWRAltH oPRtdgrated S LAY L Y¥r HiBE ARinIgreBQLRA dHRbr (ﬁll:é"?g@btamed

the cutting area Unfortunately, even under significant
”f"PBQRJIP ing Precesseafisawingithewafir ti cl es are not

C letely flushed away. Wrse, the water cool ant can

@53 {59 e diging proesss syadll eordarainget residues/partiges flom sawing the

\A%?é}uﬂﬂa?ﬂy LsFHEoeresﬁule' §6Héré EhHee SRRkt L& BRUIAB it PSnding pads and

bondi ng pads, as wel[ as contributing to corraosion.
teneftes) lopafiongeThayrAre 6ﬁwhttt@ FerpeneniAGuBeRaUeabFIBRRing processes once
rﬁ&kﬁé&@ﬁm Mé%ncﬂﬂ&ll&%ﬁ@% l:ﬁé‘?t?n%rnd’\‘/@'dn%e ‘f’r‘aﬁpéd #R1ekd trenches.

reduced. This prolongsS the tinme spent for diclng,

Ingdditen, ddeRg the %m p@@ﬁ'a?r |ﬂa6he@ryimmq§Far§@mmw f@FcoTigsion to
obAWYERT I EDbrh Q&Q@imb%e e ﬁolﬁ@fngfp%ﬂg 1EMirRbeobt H@nn@tﬁg ;54?‘%rmance

present invention qPrOVI dicing solutron( 1
Paoretiakidy 1@ ayse failkee ofi the dgvied| e C@ntarmn%rdmaﬁlcdm am corroswn

cHREQIsehrobBhs dt AL dsSefblyaffettBnidhich as wirebonding.

[0004] One approach to reducing corrosion during dicing, involves the use of high
purity deionized water (DIW) as a coolant for the dicing blade. The cutting area and the
rotating blade are ordinarily bathed in a significant flow of deionized water. One also
would think that the silicon residue would be flushed away by the water coolant that
floods the cutting area. Unfortunately, even under significant flooding, the small silicon

particles are not completely flushed away. Worse, the water coolant can lead to a build

-1-



10

15

20

25

i nhi biti ng adherence of the contam nation
residues/particles to all exposed surface areas and
the corrosion of all exposed surface areas. [0007] One
enbodi nent of the present invention provides a dicing
solution effective in inhibiting adherence of the
contam nati on residues/particles to exposed

upedf atdtic zahigenrebbring as adicth idiRnad ElliosH @BidoEs/hhricexposeis:
netalliéation reas, . . at | east one

. as, .conpri sing:
CRHAP 1P| Sl AT AR B S PRI eof - at | east one
oxycar boxyl i cid and/or salt thereof or am.ne
R e Se o u Pt Eo B sl advaBen walFr st Tigceased,
vdiilodpe signBirstudeg. dhisPplvegp it tmespettIor diciag cirech leads to more
| cohol ethoxyl ate based surfactant;
Cﬁ?'&\'ﬂga?‘phenyl oxi de disul fonic acid based surfactant

having a structure of: wherein R is an al kyl group
having 10 to 12 carbon atons; dodecyl benzene sulfonic

econdary al kyr BT IARs LR NEERTIN " Rl ng

a structure of: wherein 10<mtn<14; 5and the
conbi nati ons thereof; and the remai nder being

[&lﬂﬁi t qtnlts 'tf?e!rr!e redgrln ggjlegtlevde c‘a?@ft]ee rrJr;esent invention to provide a dicing sofution{
and a method to use the dicing solution, a solution for wafer dicing, that is effective in
inhibiting adherence of the contamination residues/particles to all exposed surface areas

and the corrosion of all exposed surface areas.

[0007] One embodiment of the present invention provides a dicing solution effective in
inhibiting adherence of the contamination residues/particles to exposed metallization

areas and the corrosion of the exposed metallization areas, comprising:
at least one dicarboxylic acid and/or salt thereof,

at least one hydroxycarboxylic acid and/or salt thereof or amine group containing

acid;
a surfactant selected from the group consisting of
phosphate esters, branched alcohol ethoxylate based surfactant;

alkyldiphenyloxide disulfonic acid based surfactant having a structure of:

S(hxNa SChNa

wherein R is an alkyl group having 10 to 12 carbon atoms;

dodecyl benzene sulfonic acid (DDBSA) based surfactant having a

structure of:
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wherein the dicing solution is fluoride-free and
having a pH of about 1 to about 4. [0008] Another
enbodi ment of the present invention provides a nethod
of wafer dicing, 10a wafer is diced by a saw with
bondi ng pads, contam nation residues/particles are
produced by sawi ng the wafer, corrosion is potentially
formed on all exposed netallizatiom areas; conprising
steps of: contacting the wafer ¢ontinugusly with

dei oni zed water; and contacting the

waf er continuously with a dieipng.csol ution jconprising
15at | east one di carboxylic,aei’d. 3 or,
at | east one hydroxycarboxylic ag pd/ or sal t

t hereof or am ne group containing™aeid; a surfactant

sel ected fromthe group consisting of phosphate

esters, bsacwiedy akgsabbnieahioopbed sulfedad having acttawture of:
20al kyl di phenyl oxi de di sul fonic acid based surfactant
having a structure of: 5 wherein Ris an al kyl group
having 10 to 12 carbon atons; dod89pH benzene sul fonic

10secondary al kyl sul fonic acid sur f act ant
having a structure of: 303 H (L111)n{CH2) CH3 0-43

(]:H htl Hy).o

CH, CHy

wherein 10<m+n<14;
and the combinations thereof; and
the remainder being substantially deionized water;

wherein the dicing solution is fluoride-free and having a pH of about 1 to about 4.

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

metallization areas; comprising steps of:
contacting the wafer continuously with deionized water; and
contacting the wafer continuously with a dicing solution comprising
at least one dicarboxylic acid and/or salt thereof;

at least one hydroxycarboxylic acid and/or salt thereof or amine group

containing acid,
a surfactant selected from the group consisting of
phosphate esters, branched alcohol ethoxylate based surfactant;

alkyldiphenyloxide disulfonic acid based surfactant having a structure of:

-3-
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wherei n 10<m+n<14; and the conbi nations thereof; and
15t he remai nder bei ng substantially deionized water;
wherein the dicing solution is fluoride-free and
having a pH of about 1 to about 4. BRI EF DESCRI PTI ON
OF SEVERAL VIEWS OF THE DRAW NGS [0009] Figure 1 is a
schemati ¢ drawi ng of a typical apparatus for wafer

di ci ng by saw ng. [0010] Figure 2 shows the
resistivity fromD water{"“Dl water sparged

solutions with differe _ {gure 4

shows the pH of dici of
1000: 1as function of 7 is the
optical picture from o3copy show ng ¥ “eani ng

ef fect on bl anket Al um num wafers w thout

pre-treatnents. [0014] Figure 6 is the optical picture
from m cr oscopywishenifiy anhatkyd lgecaupi eyingf fleiot 1 2ocarbdrasatioets;
Copper wafers wi thout pre-treatnents. [ 0015]

Fi gure 7 idodety bsozamne sufforit ectdr (0D BEA) tased parfdcBiit)having a
pi cture st_'ﬁgagpe 15cl eani ng effect on patterned

Al um num bondi'ng pad wafers w thout pre-treatnents.
[0016] Figure 8 is the scanning ctron m croscope
(SEM picture showi ng the cl eani{ng ect on patterned
Al um num bondi ng pad wafers withvpre-t ment s.

[0017] Figure 9 is the Ener g%g- Di spersive spectrum

(EDS) showi ng the cleaning e ‘ﬁ on pattérned

Al um num bondi ng pad wafers"®#th {tfeat ments as

shown in Figure 8. 20[0018] Figurle. 1D is the optica

pi cture from m croscopy show ng the cl eani hg effect on
bl anket Al.ppi LPg di.Ci t .0 :
di ci ng. solary SaTLRURotE aB Kok Gl Dt ig a dture of
DETAI LED DESCRI PTI ON OF THE | NVENTI ON 25

SO3H

[racrtn
CH, CHy

wherein 10<m+n<14;

and the combinations thereof; and
the remainder being substantially deionized water;

wherein the dicing solution is fluoride-free and having a pH of about 1 to about 4.
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[0019] Figure 1 shows a typical apparatus for wafer

di cing by sawi ng enployed in the present invention. A
NANCACE Saw tool with dianmond-tip wheel at 60000 RPM
and a test saw recipe x/y dicing at about 30

m nut es/wafer, are used, the feed rate is about 5mis.
The Wafers are 6" bare Si with stack: Al Ox/Ali Ther mal
X/ Si sBRIEF RESCRIPIHOBDOE ISEVERAL WHIWSE GO HRARRAVWING S
DIW is injected from Nozzle 1 onto the wafer (A bond
[pead] wafigire dris Blschemaltiqardwinaf @fra) typitalaapphmius for eagdydliging2by
[it/mnute. The diluted dicing solution is injected
SPPE% Nozzl e 2 onto the wafer, sourced from external

GV TS T T B SRS e

dicirgnsoletinped at warieu$ 30@iane. 30C). DI wat er and di ci ng
solution are injected continuously during saw ng.
[60 1102 Figé Beshswaltiee swfatkledsions fhors gmmgescdutnbmithaliffasent
Saﬁwi ng. They are then rinsed with DIWand spin dried
?%ta A in a spin rinse nmodule, and finally went
ugh a_serie S: o i . :
(a2 2o B ST e reonoRs e L ARG oFYGos 1o uncton o
cySEd) , Energy- Di spersive spectrum (EDS) and
Ell'i psonetry neasurenents. [0021] One dicing solution
(08132 fRigLoe Sde tHer aticalquictonesiran nposstdpyrshowingrthe iclegniag effect on
Lcarboxyl | i hereof; a
b#%%?ﬁ%ﬁ%é’} p&vyfeﬁgwggﬁg%é%gﬁ %@'@'E\%‘t t hereof or am ne
P L£O i . .
SERP AR5 BN B B ARSI Uk ciganing et o
bzowpt Comsr alafers with6@toredreaboerits. 16% by wei ght of at
| east one di carboxylic acid, salt thereof or mxture
[0015] e digural@osithedsc@bBing elezbronimid@stnpeBEdN toiadfreshowimgdhe
“hy iy - X
BB SRR A A5 SoniPhbal EFGRLRR i ents
[ . . [
(R 310 2 P S s b Rk e BRI SRR he
cfeaningesffecomppatsened Slunfimoh &ooding ped swafdrawith mre-treaithents.
the dicing solution, is about 0.0004 to about 0.5% by
[0@47g hiFigued is thesienargy-Bibpkraive spestrgmdEP'Se shewspitiyclesning effect

BRI RS SR P B Bafe e foue o
e e e e

bekzeAlemeuint eafers asing diciboBSiticnasand digingsotulinn Bhkethraj a dilution

R188.yucture of : secondary al kyl suifonic acid based
surfactant having a structur

DETAILED DESCRIPTION OF THE INVENTION

[0019] Figure 1 shows a typical apparatus for wafer dicing by sawing employed in the
present invention. A NANOACE Saw tool with diamond-tip wheel at 60000 RPM, and a
test saw recipe x/y dicing at about 30 minutes/wafer, are used, the feed rate is about
5mm/s. The Wafers are 68" bare Si with stack: AIOx/Al/Thermal Ox/Si substrate. The
deionized water (DI Water or DIW) is injected from Nozzle 1 onto the wafer (Al bond pad

wafer or Cu bond pad wafer) at a flow rate about 2 lit/minute. The diluted dicing solution

-5.
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wherein O irt+ncit, and the conbi nati ons thereof.

(0024] An exanpl e of phosphate ester branched al cohol

et hoxyl ate i s pol yoxyet hyl ene tri-decyl ether

phosphat e Rhodafact RS surfactants, such as Rhocl af act

RS 710, commercially available from Rhoda 1-1PCl|;

exanpl es of a | kykii phenyl oxi de di sutfonic acid based

is injdotead fadrh Noarle D6ME ¢ wafief, aoUsmettfiom sxtemmabsurif, DWW AXte about

: d . i al | i |.abl.
A R BT GO S5 oL AR room
Tasnpaaatliax @O0 3A36°TY), Dowareand dicing saltdibh abe ijdcteaimoRtihwdusly

em cal Conpany, an exanpl e of secondary al kyl
(1P 3AYE'%aci d based surfactant is under the trade

OSBRI e 5T AR s AT g oo

vofh v Bed epih daiet dsthiGe irbe epintriase edhdukendnd fieally went through a

effectiveness .wer bserved. .. The.di carboxylic i r
SUptTRETE0 Y (haon gvar pPte R ‘IFsReorlp SRS oRoron
reit foscdpev@SEMNEnelige Aifmeyilé speativeh (EDDehmdt Edigsdmatm mbasurements.
group consisting of oxalic acid. malonic acid,
[saz1]i MDee dicing ,sottioh & a dluaddefreadipemusamngositah ebmpasingla

nd turn_aric Aci The .di carboxyl.ic acid conpr.i a
RIS aPH REHET b B R Aoy ReA GRPB iot o
aeningrg feaipadontdivengl beid nendsaburfactant c onpartiedsr, thetflioddedred aqueous

mal oni.c aci d, oxalli Ld and L,oni zed . . .
Briepst PraSubtied il P85 S HPfte BUBY RERPLE Hleasl hag gigarboryic
ag&i, gﬁlt thr?'rédf ic€ rﬁdh@,th%re@%dénoﬁmjoghtq Bﬁd:mmik‘;/& pyawie@ht éf &% ast one

wei ght oxal i¢ acid and t remai nder bein .
rSlindy saoacpoid sAE Hiessl Spat e TRisRE o AP eriie e cogtaining
agid; BRg tiaolertdimizr Being Bpbstastalld vferhanaveagdhy a pH ofiabout 1 to about 4.

acid, 2.0% by weight malonic acid, 4.0% by wei ght
[002d]i cThecdieingBolutidrecarefipthadem@ziergsstabsina Mhiealugctant used in the

ei oni.zed water 0027 cond . di cin ol uti.on
EETIGED. b9 008s ot poE SRS 908 5 B6iEh gRP e aroup
COBLISHN oCof ok phatd e R yranehegihdicane bihoxyatethasOd 40faant;
wei ght Hostapur(r) SAS and the remai nder being
[BodB]t anmtyidphenydiderdisisfdnioaicey based@nifadthet tdividigng structure of:
solutions can then be diluted with DI water by weight,
at the process tool for conveni ence (00213] The wafer
can be cleaned (pre-treatnent) with a cl eaning
solution prior to saw 100ne exanple of the cleaning
sol ution conprises RN dl met hyl acet #hi*de (DVAC),
Amoni um Acetate, Atetic acid (glacial), Ammonia
Fl uoride (NI -14F
substantial ly de-z

wherein R is an alkyl group having 10 to 12 carbon atoms;

dodecyl benzene sulfonic acid (DDBSA) based surfactant having a structure of:



15 [ 003011 All experinents had been carried out using
the apparatus shown in Figure 1 The dicing solution
used in all experinents was dicing solution B
conprising: 4.0% by weight citric acid, 2.0% by wei ght
mal oni ¢ acid, 4.0% by wei ght oxalic acid, 0.4% by

wei ght Hostapur(r) SAS, and t ke nenmi nder bei ng
substantially deiorized water: ition. A dicing
solution was al so used in 20 fgerlnent The cl eani ng
solution used in the exper] mefit s~cO
N, N-di mert hyl acetani de (BVAC) T Adl ,
Acetic acid (glacial), Amonia¥tdoride ( NH F)and the
remai nder being substantially deionized water. The

di ISGEPRsIETY AKYIGUleRIGACH Rasersdrpraghiawn o B e Rl ¢ he
wei ght of DI water to the dicing solution. 25Exam D e
1 [0031J During the dicing prog@ess el ectrostatic
charge was accunul ate on the wafer. This charge
bui | d-up and/ or a subsequent ectyrostatic di scharge
(ESD) coul d damage sensitive{.& [ on the wafers.

El ectrostatic charge coul d al 62! t particles to

the wafer surface Therefore It wag inportant to
di ssi pate any electrostatic c s Q Myui | d- up 30duri ng
the di ci ng process (0032] DI mater is commonly used

di.cin uid in order to provide lubrication
bet W“tﬂg ﬁ#blade and the water. DI water also
£2CLS 438 BohORLANG hQepr event the saw bl ade from
overheating due to fnction between the saw bl ade and

t hepoRd)er An ldesvepierof ;@bswmeesthawacfm@mreweomww

(t YRy dtdiy a&wt Pbate RBobdrade Reoguﬁaa@neom&h as

for char si pat
g%‘ %%JQ% Wrﬁlgiiyg%vgq??%yg ﬁlbcfdi ﬁpﬁgl Kan tF)e(M of
| s diyldintjcoetciadg Momuﬁegdtbﬁee@umseﬁs arg QW dkeugaqtppts. such as
10" e ISHREX M Qi IDeWBh X i2e (tragiendhies) botvdeiclip atdimbledtom Dow

di n
) SRR FE38 e S00ese e, T Gl B 70 sormmori
i nv%'ﬁt'?%‘ﬁ"?@' Riet Rherea %?fﬁ@a@o%ﬁwﬂpﬁﬁaw?@"am Sy} suifonic acid
I eSieskd vidactdritiigindee Meuecideviainygs. HoEpUED Sddc BucTgasd Hop aguUr® SAS-
10sgQ) Uty %%@yvg%,ﬁaﬁ Patdhadspt the charge to dissipate
during d|C|ng 0034] The resistivity had been neasured
15f or[edEsInat sumbdl orwittoernt sipias god: edniteQER, amitteid pidaigeness were
ol difskRRd Bn%ﬂ@l&ibb%@%@l& bﬂguﬁf@uﬁ“hhépﬂroﬁo sﬂ"&r@&{ Rai@ Sre more

sho n Ei cated.in ure

o1 BEfF: B PIarEIE oS0 0 SHEH "M BRaro PeShgEhiH et acia.
t hanakemie pci@CRucsiney Fredl gBitangeacid. adiPireraid. raleid peiP g 1imaric acid. The
solditdrebkyfc b&id BEdbasesa] mihiS bPpakioRE Lhodrgtolic kéld. 15up
on the wafer during dicing. [0035] During the dicing

20pr deess, QAnalewimmie sbihe wice salutien comerisesplig @eidt BAYNGRcd. oxalic
of ‘USRI TS aP il bE e b G Fob ity weiun
Theirsuicfdaz.e%stbgnsdigin mafonidiacidng0’s o) wteigdnoxBlidadiditrddhametnhinder being
D|gﬂ@é%&mat various ratios were shown in Table I, in

ofpari son with DI water which ts 73 dynes/cm at 20C

Data 20in Table 11 indicated that dicing solution B
had better particle renoval capabilities than D
wat er,
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Tabl e | (0031 The surface tensions fromdicing

solutions with different surfactants were al so

25measured and shown in Figure 3. The dicing solutions

conprised 4.0% by weight citric acid, 2.0% by wei ght

mal oni ¢ acid. 4.0% by wei ght oxalic acid, 0.37% by

wei ght surfactant, and the renai nder being

substantially deioni zed water. The results showed That
detoheedwatéraChdenthss ckxasled divilg shiadod Hwenprsesr 46 by wepligicone acid, 2.0%

b\»m r%ﬁ?;n?l S aél %%/Q‘Y%Agr\gel 895(1:%)?9 qd tpear\el:guft %ﬂ%éﬁ%&%gtﬁﬂtﬁgﬁdemmzed

capa i'ties
Wcaersurfact ant in the dicing solution will reiuce
lﬂéﬁ?ﬁ%ggoﬁ@ﬁc&g Qﬁut%ﬁ Bth) Fl&yhg% l}i’/% eﬁg%[ 019@ ati Hcﬂ (@/o Byeaggl?tlmalomc
here is one potential Issue wth sur fact an

acr%ﬁﬂ%rbg wejghrrakq acfda e Arby sveight h*osteaur@\esf’s%ﬁﬁwﬂteaeréEWr bgipg
Sug%tlghcde{a,gw&p\ké{grl on. The foamcan interfere with the

dicing solution's ability to renove particles. The
[od 2 M THeS@Ehg @aNtithy/ caNthkh dewRirE oDl wateebpanight es traf process

m&ftféré?smemlﬂ efore it is inportant that as little foam
as possible be 10generated in the dicing solution.

1092 3 Ohel wizlee 8415 be Nisacéd gire-dieetmgnthwitin preesanirgi |ilytpn prior to saw.
o:-?é)éwmgs:@ oﬂ:ﬁeda@arr%eﬁo &mfy@drﬁ;mab@ N Qﬁﬂﬁxéﬁwyu&wﬁh@&t}m{:}
A aw QI fer surf £lbg,

AP ACEeE Soteineds B B APt TG s TP e g remainder
bwm@ﬁ%aﬂvm%@mwwwa reci rcul ation tank [0040] A

bond pads are often exposed during the dicing process.

Anot her issue with 15using DI water only as a dicing

solution is that its pkésiabBndmpleand at that pH Al

corrosion wll occur. Typical |inmes of 20-30 m nutes
can be required to dice a wafer. During that tinme the

b n Figure
Ecﬁea Q. i Cgﬁxre\é’g ﬁﬁ%f&‘? ot Qstilg tW@ta%Bar‘MUsCJhMW Figure 1

od for preventlng t he
The dicing sdl@ion kded D all\wateBiheritSwds icing p@@ioCBR omprismg 14180 B welght citric acid,

2.0%5{&&&@1{%&?# 9&(@55%@%0%# OQJ]iCtdQ Q'v t?’;‘@{)?gh i Qa @%s and the remainder

IS pH rosion € mni
0dilQ 4dsthRtiapflaobridh€ Wagr SR |eidt:iiiu@ﬁ1 .Bdgﬁfng aobkibttuae Bli%fuseﬁ in
e 00k 3 TP fedhirl)l dotlib? Bed® BAnt Bkperime nts comprising: N, N-dimethy!
acetamide {DMAC), Ammonium Acelate, Acelic acid (glactal), Ammania Fluoride
{NH.F)and the remainder being substantially deionized water. The dilution ratio shown in
the following Tables was the weight of DI water to the tdicing solution.

Exampis 1
[0031} During the dicing process eiectrostatic charge was accumulate on the wafer.
This charge build-up andfor a subsequent electrostatic discharge {ESD) could damage
senshtive devices on the wafers. Electirostatic charge could also aitract particles to the
wafer surftace. Tharefore It was important to dissipate any electrostatic charge build-up
during the dicing process.



25

dicing) is 4 As shown in Figure 4, the pH was constant
over tinme in a recirculation system about 30 cycles
Therefore dicing solution Bwill mnimze A corrosion
and maintain that capability over tine. 25 E nete 2
[0042) The Wafers tested in this experinment were 6'
bare Si with stack: Al Ox/Al/Thermai Ox/Si substrate_
The dicing solution B had been diluted with D water
resulting with different concentrations. 30[0043]

Vi sped2] datwaatenasosinasidaskediling fbit in ofdeeto pesiod ugrichtioom

one hroen S Tl Bhdis bl UafeA cF bl U8 IR 1S oleRly

o e iad hatn peefhsting e BT FER priyE e <3 g prame vater (oo

oxi deneres Dl e hage high resishity fuesply gkt AEMEL SR Ed F on

50 gdoheondadigy unitrfcBnge diddibbtion A bennthinty iuse rettiodtd lorer theed

o " teB et 86 olaibrdbby Wech i) oo N lch il oldrs WA ERIVOD

o AT Py e B B AR SRt ace 5Tanl o 1 |

Vaf go3ap ¢ri;el1ﬁeu$@ |fdﬂbikmtirglﬁﬂléléaﬁdt&aﬁmﬂggﬁ>l WY Sdenit iMARtH is

appears cl oudy. in r - v
iy e Yot D@y D et B T SR Bt

sur ; al , resjdues/partic
10 sokition provides a patn for the charge to dissipata dunng dicing.

[0034] The resistivity had been measured for Dl water, DI waler sparged with CO,

and dicing soluton B and diluted dicing solution B. The date was shown in Figure 2. As

indicated in Figure 2, dicing solution B diluted to 500:1 had a lower resistivity than even

CQ; sparged DI water. Therefore dicing solulion B is better at dissipating charge builch
16 up on the wafer during dicing.

[0035] During the dicing process, a dicing solution with lower surface tension wels the

surface of the wafer better. Better wetting of the surface will improve particle removal.

[0038] The surface tension of dicing solution B diluted with DI water at various ratios
were shown in Table |, in comparison with DI water which is 73 dynes/em at 20°C. Data
20 in Table Il indicated that dicing solution B had better parlicle removal capabilities than DI

water,
Table |
Product Dilution Surface Tension
_ (dynes/cm)

B ‘_ 294
B 2.5:1 308

B 50:1 44.0 o
B 25011 65.6
B 500:1 68.7

[DD37] The surface tensions from dicing solitions with diffierent surfactams were also

measured and shown in Figure 3. The dicing solutions comprised 4.0% by weight citric acid,

2.0% by weight
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2 B 200:1 wWafer appears less cloudy during saw. In

Dark Field - Black surface; less grain &

resi dues/particles. 3 B 100:1 Wafer appears shiny

during saw. In Dark Field - Black surface; |esser

grain & residues/particles Exanple 3 [0044] The

Wafers tested in this experinment were bl anket wafers

with: A (0.5% 10Cu)/ Thermal Oxide/ Si; and Cu/ Ther nal
malorXxdcided. B by TEight wadie icid D.6 T4 gy peige asctlny. asdvk regrainds beed substantially
debou ze%%val’reafSIrhg %&Eiisngp&o%\tsﬁd A%QQ%LU%#??%&QH% lill%? !Jv['eq irface

M croscopy on anke um hum Wai ers W t hou
tengipr Theeiar Rehrs weiRaPeriBase vetiedar earticle removal gappjities than
Dividped cal picture fromm croscopy on bl anket Copper

wafers w thout pre-15treatnents, was shown |in Figure .
wo3fl fyga ¥oue aadiariant in4ie SERE SaMUEWI PRBINS Bt sion to
provBie better paitigle rempesicthemris pne petebia isgre wib agaffesiant parting.
MarfjadusabazR \aincddie f-b@ﬁr‘io pads in thé Gick@fdoiiiah§ Té fdahecan interfere

- 1N t . =L, Qur y ,
el KT (LS ol Ltdve Gl fhtglip b Ui o water
andleayg RIFICETPT 5F OV r NPT §iF ERSTIgPt PRI T Heg ORE S5 faEsivle be
gengeEtadibdiek diongwelites t hat were diced with 20di ci ng
e er

lution B (1000:1 dilution with DI r t e.
o &' Bty PrieF i wind machinpe A el ¥ Slerp b SHE j#Soam
at theamaintpf deg Rf the 2ew dladememwalercurfaes. dPiEng pebtierc B 2yeqsagreted
ontylisebinamar (Re@B o petitol d@A0Ct AN dirddstcbiationnairk. DI wat er)

was used as a reference shown as the m ddle picture of.
[0048] § fy Bogt Pagds g iofen eXRpEF SHIMHES I RBOSRe BEH ST B5ue Wi th
usinDi vedts rowdy aH88ichlg sobtiow edhalowe-0f abhat Shndatitbatai-bal,
corrBitbn iiGdRdr. SBpithl BHeSoMRL AR BIGbalBh4iRN to dice a wafer.
During tinat time the Al bond pads will be- exposed to Dl water which can causa Al
corrosion. One method for preventing the Al corrosion in DI waler is to injact CO; into
the DI water. This lowers the pH of the [ water (o about 4-4.5. Al this pH Al cormosion
will be minimized.

[0041] The pH of dicing solubon B at a dilution of 1000:1(a typical dilution used for
dicing} is 4. AS shown in Figure 4, the pH was constant gver time i 8 recircuiation
systam, abowt 30 ¢cycles. Thedefore dicing solution B will minimize Al corrosion and

maintain that capability over time.

Example 2

{0042} The Wafers tested in this expariment were 6" bare 51 with stack:
AlOx/AlThermal Ox/Si substrate. The dicing solution B had been diluted with Di water

resuiting with different concentrations.

[0043] Visual data was showh in Tablke 1. The results from visual observation indicated
thal using the DI water alane or with the cleaning solution for the pre-treatment was naot
effective to prevent the surface oxidatiornr and the silicon residues/particles adhesion to

-10-
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[0048] Pre-treatnment with a cleaning solution prior to
saw was al so tested. Visual data was sunmari zed in

Table 111. Table I1I1I
Observati ons None D

5 Pre-Treatnent Dicing Solution
Water Only Wafer | ooks cl oudy;

particles on surface need to be brushed off C eaning

Sol ution DI Water

Only Wafer | ooks cloudy; rticles on

themhads suace) epthiié thedicibg ¥singsh 0édd doimg ifdOfcihg by sawing,

inhibited the formation of oxide layer, and prevented adhesion of the silicon

residues/particles to the wafer surface.

Table

Observations

Wafer appears cloudy during saw. In Dark Field - Dark
grey surface; Grainy due to Si slurry, residues/particles

Wafer appears less cloudy during saw. In Dark Field -
Black surface; less grain & residues/particles .

Wafer Dicing
Solution
1 DIW Only

2 B 200:1

3 B 100:1

Wafer appears shiny during saw. In Dark Field — Black

surface; lesser grain & residues/particles

Example 3

[0044] The Wafers tested in this experiment were blanket wafers with: Al (0.5%
Cu)/Thermal Oxide/Si; and Cu/Thermal Oxide/Si. The wafer dicing process by sawing

was set up to last 30 minutes.

[0045] Optical picture from microscopy on blanket Aluminum wafers without pre-

treatments, was shown in Figure 5.

[0046] Optical picture from microscopy on blanket Copper wafers without pre-

treatments, was shown in Figure 6.

[0047] On wafers that were diced with DI water the Si particles were clearly visible on
the wafers as the dark haze on the bond pads. The left half of the picture on the most
left in Figure 5 or Figure 8, was scrubbed to clean the Si particles. Only the right side of
the picture in Figure 5 or Figure 6 was not scrubbed. On wafers that were diced with
dicing solution B (1000:1 dilution with DI water), there was no Si particles on the wafers,
as the pictures did not have a dark haze on them. A commercial product, Keteca
Diamaflow™ 688 CL (1000:1 dilution with DI water) was used as a reference shown as
the middle picture of Figure 6. As evidenced from the picture, Keteca Diamaflow™ 688

CL removed some of the Si particles. But dicing solution B performed much better.

-11 -
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Wafer surface is shiny; no particles None B 200:1

Waf er surface is shiny; no particles [0049] The

results fromvisual observation in Table Il indicated

that using the DI water alone or with the cleaning

solution for the pre-treatnment was not effective to

prevent the surface oxidation and the silicon

[0048]d URretpeatiial with adrelesing Bolutioh gﬁgm_fs@w wéie][ 186 ?sted. Visual data
sol ution use uring wafer dicing

\%!13 mﬁazefHﬂJ gletn'gd the formati on of oxide |ayer, and

helped to prevent adhesion of the silicon

resi dues/particles to the vvq.f ﬁ[ ﬁurface Exanple 4 15
[0050] The Wafers test ed in f" &l exper| ment were

seg?remreémmmvm
lJIIUI. UT 31 OI. : III\., W
set up to last 20 m nut es.
per f orNexk on t hg paDl WatedoAly bo ‘

DI 20water and dil uted dicing sol e Brtshed | h

arad—wi-thout—pre-ltrgat ment by thel i i Nn.
Visual data was Jshown in Table | .WffGOBE]kSTq{@U%g,nni ng

eCrahimsBiutions dope pf AR Bhit ur ¢ PERLFES carsyetace
Al umi num bondi nd pad waf ers |\jyvitth Uteedrte-her krashedt|s

lwas shown in Fidure 7 Tahle 1V Pre- Trefht nent

Nene B 100:1 "‘!’afer surfacg 1S
shiny; no particles

Wafer surface is
shiny; no particles

None B 200:1

[0049] The results from visual observation in Table lil indicated that using the DI water
alone or with the cleaning solution for the pre-treatment was not effective to prevent the
surface oxidation and the silicon residues/particles adhesion to the wafer surface. While,
the dicing solution used during wafer dicing by sawing, inhibited the formation of oxide
layer, and helped to prevent adhesion of the silicon residues/particles to the wafer

surface.

Example 4

[0050] The Wafers tested in this experiment were patterned Al bond pad wafers. The
Wafers were segments(not whole wafers), and ashed to remove photoresist. The wafer

dicing process by sawing was set up to last 10 minutes.

[0051] Experiments were performed on the patterned Al bond pad wafers, using DI
water and diluted dicing solution B, both with and without pre-treatment by the cleaning

solution. Visual data was shown in Table V.

[0052] The scanning electron microscope (SEM) picture on patterned Aluminum

bonding pad wafers without pre-treatments, was shown in Figure 7.

-12 -
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Dicing Solution Dilution Cbservations None DI Water
Only Bond pads near saw cut are discolored: Si
particles fromsaw process C eaning Solution D Wter
Only Bond pads near saw cut are discolored: Si
particles from saw process None B 100:1 Bond pads near
saw are not discolored: no Si particles C eaning
Sol ution B 100: TalBedd pads near saw are not
discolored: no Si particles [0053] Higher

ma |f catl on SHM ieing Soktiear | j showed the Si
par trlecl reat "l“aﬂal nf ng org?ﬁitiaﬁ. bond |padSParR@EoRst h pi
water (the Teft Jprcture 1n the 11|50RE badYhehr saw
i nport antly, thg hi &é magnl fi cat ifQn M,gq:lo%,légesf,nomed
the AINGRRface ter 08l wi ik, fieleS! frota dabl! ©
diced with dici gsolutlonBat robsd i on of 50:

O

AT S data showed tieabi 1ty of to
renove Si partidl es fromAl wafe ;
Cleaning Solution DI Water Only cut a Horédsi
particles from saw
process
Bond pads near saw
None B 100:1 are not discolored: no
Si particles
Bond pads near saw
Cleaning Solution B 100:1 are not discolored: no
Si particles

[0053] Higher magnification SEM picture clearly showed the Si particles remaining on
the bond pads diced with DI water (the left picture in the figure). Most importantly, the
high magnification SEM picture showed the Al surface was very clean with no Si
particles diced with dicing solution B at a dilution of 50:1. This data showed the ability of

dicing solution B to remove Si particles from Al wafers.

Example 5

[0054] During saw, a slurry was formed which consisting of DI water and wafer material
(typically Si or whatever substrate materials). This slurry had an affinity to stick to the
wafer. The wafer was covered with passivation which allowed the slurry to easily be

washed away.

[0055] Unfortunately DI water is known to cause corrosion on the aluminum bond pads
and would oxidize copper pads as well. In the case of aluminum, silicon and aluminum
(and their oxides have a strong affinity for one another) “attach” on the pad which
exacerbated the corrosion issues. When Al bond pad wafers reach the dicing process,
the pads may have an oxidation and contamination layer on them due to previous

process steps.

-13-
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[0054] During saw, a slurry was fornmed which

consisting of DI water and wafer material (typically

Si or whatever substrate materials). This slurry had

an affinity to stick to the wafer. The wafer was

covered with passivation which allowed the slurry to

easi |y be washed away. 15[ 0055] Unfortunately D water

0956 ofMtertdicing use bed pads oay g tmrbegrala Lﬂentﬁpwbekmndessadszheck the
[ p n the

@5{6@ f&P&HL&nQﬁi ftﬂ*\c%gné}g)g Ig{]nrprﬂat%gtrlnﬁg(% R Oobeﬁ B tPu%l;ascfgo fh%{“vté‘e pads.

m num st |
Igealtyrtba gortbft msistante betweendhoAhpad afdthearblie msmmd pads low as

%ﬁgﬁ:‘é q%&ﬁ&fepq} ﬁg %gﬁg&%ﬁﬁ}oy &‘6C§e°g‘§dja%f’ﬂ éayﬁéagéﬂ%ﬁ cH%t@gnnatlon

waf ers” reac
layer o IUtatelcontaah@wtantammaya:be kugh laay eausnthepeohelieet todail even

' f dicing, th
tﬁgﬁﬁ }aa%)é f%r%oﬁ'?;% Sd‘E gg?ﬂorébée;)r olcglsggt ot cﬁeck
[gbgjggg%?fceﬂ'{s cﬁJeet %@ oxm%p %@é}gra%oﬂarp@gg?q %y%rﬁ@wt an gd bond pad

p touc &s
C@Orﬂlmccueat witetvodingethigers wHea aAnetzdiranglbéihg bpnddarto the Al pad.

S Al
Al IR N2 LK 35 BT R i el 8 may o
aﬂbﬁt%\mlh@tth@m Badiyer on it the contact resistance nmay
be hi gh and cause the probe test to fail even though

[0@a8] pakh prayeriséhasef" 'tateet fadsfetonp Adppenir®) g bd?rdq.bidem tduﬂeaned to
t
oy S P R R A 8 i

V\mﬁeﬁh@pm@eaip towgtesiits Thereforebmprdedsd 10 ddun the APBOhd pad would be
has. a thick
oxu:¥ ?d(gr?/atcsgﬁ IH%&@%O& ! gayer the netal wire may not

(R0 Eifthd ofeRebdEr e Riths WS oMo D RE USRS alshal Frocess

whichagredistsoof raeprestieatrhentax thbah/afenwﬂfm theceldrvmg SEliiad Followed by

bR o8 b T B Fond pfiess oo Fpuand Solivugs e
same aAIIn E@amppa@ Theubslitsef Hily dudl pgeees was sWewh if Pigure 8.

wi rebondi ng. 15[ 0059] A cleaning process for the Al
[Cw@t Vs SidM pisture df Biguresd aigoveedilcdonarpzie Sitat Wad ®@8en pre-treated

t.h f th the
33%?'%%”'5%? | onarfdsﬁ?’lea\ﬁéc(?db'ﬁ{hb%ﬁhﬁbEﬁwg{eﬁ\g} g'S'I”QtSSB’HO”' On the
paldﬂf ihaghadkeat cd:lcetgwphi atiesg solﬁm_l_ﬁ&ng sbiks Bl th@@fhﬁﬁh tbeﬂdarles of
e Jes S t.ni
08 oS AR By R R uPls s Boaro e Seprptenaglor
C@ﬂarlﬁlrgmmel@essrmmhehl rethonel frasithé Aasurfird. been

pre-treated 20with the cl eaning solution and then
(06 ¢k d Fuithdr imditdtien dbthenhtneer oxidationi o sfktihb@iial §Bcédditvas

t d di ci I di
R S A R A
Hewertbe \ﬂeclmesis efaiheamﬂaums ldybewad Measied] qak @dtd drivetingat when the

nd/ con ation rs. had been renoved

o B RS WaP VS IneCRRB ST Rile rHER e SRh o T o
Pr'ohessner oxi datl on Iayer after the dual process was

25evi denced by the X-ray Photoel ectron Spectroscopy

(XPS) data summarized in Table V. Here the thickness

of the oxidation |layer was neasured. The data showed

t hat when the dual process was used the oxidation

| ayer was rmuch thinner than w thout the dual
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process. Table V  Pre-treatnent Al Oxide B
foll owed by Thickness (A) at Dicing Before D cing
>100 >100 After Dicing 96

Table V
Pre-treatment
Al Oxide

B followed by

Thickness (A)
at Dicing

Before Dicing | > 100 >100
After Dicing 96 45

[0062] Energy-Dispersive spectrum (EDS) analysis was conducted using an Amray
3700 FE SEM with Kevex Sigma 2 EDS at 4kV. Two samples tested: patterned Al bond
pad wafers treated with the cleaning solution and DI water showing residues/particles
(up curve in Figure 9); and patterned Al bond pad wafers treated with the cleaning
solution and the dicing solution B (dilution 100:1) showing no residues/particles(lower

curve in Figure 9).

[0063] As shown in the EDS spectra (Figure 9), Al bonding pad with particles had the
silicon peak (“SiKa1"} higher than in the case of the bonding pads without particles. This
peak corresponded to the Si-slurry on the pad.

[0064] For this experiment, the results from different inspection tools all indicated that
using the DI water alone or with the cleaning solution for the pre-treatment was not
effective to prevent the surface oxidation and the silicon residues/particles adhesion to
the Al wafer surface. While the dicing solution B used during wafer dicing by sawing,
inhibited the formation of oxide layer, and prevented adhesion of the silicon

residues/particles to the Al wafer surface.

Example 6

[0065] The Wafers tested in this experiment were blanket wafers with Cu/Thermal

Oxide/Si. The wafer dicing process by sawing was set up to fast 10 minutes.

-15-



45 [0062] Energy- D spersive spectrum (EDS) anal ysis
was conducted using an Anray 3700 FE SEM wi th Kevex
Sigma 2 EDS at 4kV. Two sanples tested: patterned Al
bond 5pad wafers treated with the cleaning solution
and DI water show ng residues/particles (up curve in
Figure 9); and patterned Al bond pad wafers treated

WQGB} t Mehegl mersngnrse»kpﬂswmaeruﬁabé\ﬁ i @drﬁgoa%%ldf'u}‘%rr‘ C% surfaces)
ué}on 100: no resi dues/ particles(lo

cur 09 HE ¢ %PEC?C@?S the & [%'ﬁ‘é@ﬁ iglt SAKmAN PHdgken FEkBontamination

Bpecn i d(JElcgpllfeeloﬁi praflesdetegs N Qoﬁﬁ&r@it(lﬁg 2 Pr?{;]rﬁdtkﬁg@cvggﬁﬁeasured

B&S t83| i con %0( Si Kal")

the S sERE™ At ﬁ&l?@fs aﬁ?& 1@ [S8Y.Pragass witbaad without the

dioing essutind 8d Due té bies &lap | tHéeYwaat S epad: re%rQ:W])f oﬁ)er oxide.

this experinent, the results fromdifferent inspec

[006YF ¥®isliaii duda o@sedommw@éw the DI water alone or

with the cleaning solution for the pre-treatnent was

not 15effective to pmawenyl the surface oxidation and

the silicon residues/particles adhesion to the A

ace. Vi TBich golution B USEed Tyuring

'grre eEI"ﬂ‘@"tby 5 awi ngﬁﬁiﬁ%};{mtgpgeq th@blssl’\f?diloinén 0

oxi de Tayer, and[ prevented auiesTrenf; bkugcf,ou

residues/particles to the Al waf artidldsa; T'p| e

Wone Dlatee @ni
gl a%ggt a/a]:rg?swa ?L QJ/ Thgrr'rllasln t Eﬁeeaféo H‘E[FSh\ﬁgf re

m nutes. [0066] Wien wafers wit 225 Eloudyi f hces
( Eleardngl Sphdioror| ot e Wadar Ouiyf ac rt icgﬁg i?]‘ﬁ dj ci ng
process, the Cu jsurface might ha egtoRs s d
contantrat+—or—teyer—oR—-—dde—-o45H

st eps.Né&opper OKi de fig mpd:hi ckne afﬁd§”ﬁ@&§m" ed blefore
thc SR pr a¥aT-1-X anr‘l a.l s . 4 {‘IQ\IQ q?'n%rnq H%rt§ﬁﬁ Dr OCESS
with awehev t hout| the Fgbgg-Rg sol (Waten sBrfapeés to thi s
ldelay there wad an expected regfsiuny: nsf padislesr  dxi de.

[OO67]NM|,§uaI dgta wag gepyn in afee s\Hacd &bl e \fl
e- Tr eat nent ) shiny; no particles

[0068] The Ellipsometry tests were carried out and shown in Table VIi.

Table Vi
. . Cu Oxide Thickness (A
Pre-Treatment D'C'Bﬁust;:::tmn >
Before Saw After Saw (Delay

of 4 days)

None DI Water Only 42 45
Cleaning
Solution DI Water Only 35 43
None B 100:1 39 32
None B 200:1 39 28
None B 600:1 37 24
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Dicing Solution Dilution Cbservations None DI Water

Only Wafer | ooks cloudy; particles on surface need to

be brushed off C eaning Solution DI Water Only Wafer

| ooks cl oudy; particles on surface need to be brushed

of f None B 100:1 Wafer surface is shiny; no particles
None B 200:1 Wafer surface is shiny; no particles None
[EJ@O id tHAAEets, suro&@eehibﬁw@biwas' messuped bih eh&@swafer prior to saw.

a%m;ﬂqugfeed %1@@8 iltogﬁti,\o%rseonce%rcl:m Iwa er 1‘1] |téjl gp center; and 8
S|tes around edge. The wafers were then gone through wafer dicing process by sawing.
The post-measurements were carried out four days later. There was copper oxide re-

growth due to the delay. The following observations were made.

[0070] The Cu oxide thickness for the first wafer before saw was measured to be 42 A
There was no cleaning solution used as the pre-treatment. DI water was injected to the
wafer during the sawing process. 4 days after saw, the thickness was 45 A. Effectively,

DI water did not remove any Cu oxide.

[0071] The thickness for the second wafer before saw was measured to be 35 A.
Cleaning solution was used as the pre-treatment, and DI water was injected to the wafer
during the sawing process. Cleaning solution had a functionality of removing copper
oxide; however saw treatment with DI water re-grows the copper oxide that was removed
with the cleaning solution. The thickness grown to 43 A, from the initial 35 A over 4

days.

[0072] The thickness for the third wafer before saw was measured to be 39 A. There
was no cleaning solution used as the pre-treatment. Diluted dicing solution {100:1) was
used during the sawing process. The injection of the diluted dicing solution, removed
copper oxide during saw process despite any copper oxide regrowth that may have
happened. This was evident from the reduced thicknesses after 4 days (32 A) compared

to the pre-saw thickness of copper oxide.

[0073] The thickness for the fourth wafer before saw was measured to be 39 A. There
was no cleaning solution used as the pre-treatment. Diluted dicing solution (200:1) was
used during the sawing process. The injection of the diluted dicing solution, removed
copper oxide during saw process despite any copper oxide regrowth that may have
happened. This was evident from the reduced thicknesses after 4 days (28 A) compared

to the pre-saw thickness of copper oxide.

[0074] The thickness for the fifth wafer before saw was measured to be 37 A. There
was no cleaning solution used as the pre-treatment. Diluted dicing solution (600:1) was
used during the sawing process. The injection of the diluted dicing solution, removed
copper oxide during saw process despite any copper oxide regrowth that may have
happened. This was again evident from the reduced thicknesses after 4 days (24 A)

compared to the pre-saw thickness of copper oxide.
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Pre-Treatnment Dicing Solution Dilution Cu Oxide
Thi ckness (A) Before Saw After Saw (Delay of 4 days)
None DI Water Only 42 45 O eaning Solution DI Water

Only 35 43 None

[0075] The results from different inspection tools all indicated that using the DI water
alone or with the cleaning solution for the pre-treatment was not effective to prevent the
surface oxidation and the silicon residues/particles adhesion to the Cu wafer surface.
While the dicing solution used during wafer dicing by sawing, inhibited the formation of
oxide layer, and prevented adhesion of the silicon residues/particles to the Cu wafer

surface.

Example 7

[0076] The Wafers tested in this experiment were blanket wafers with: Al (0.5%
Cu)/Thermal Oxide/Si. The wafer dicing process by sawing was set up to last 30

minutes.

[0077] Dicing solution A and dicing solution B were both used in this example. Both

dicing solutions were diuted with DI water to 100:1.

[0078] Optical pictures from microscopy on blanket Aluminum wafers using both dicing

solutions, were shown in Figure 10.

[0079] On wafer that was diced with dicing solution A (picture on the left in Figure 10),
faint residues/particles were shown in the picture. Again, dicing solution B performed
much better since no visible residues/particles were shown in the picture (picture on the
right in Figure 10). The data showed that the surfactant in combination with other

components enhances the cleaning function of the dicing solution.

[0080] In conclusion, the working examples listed above have shown that using DI
water along or with cleaning solution as pre-treatment still left Si residues/particles
adhering to the wafer and bonding pad surfaces, also left exposed surfaces oxidized.
Therefore, using DI water along or with cleaning solution was not effective to prevent the
surface oxidation and the silicon residues/particles adhesion to the surfaces. The use of
dicing solution along or with the cleaning solution for pre-treatment, during wafer dicing
by sawing, was very effective to prevent the surface oxidation and remove the silicon
residues/particles adhesion to the surface. The effect was shown even when the dicing

solution was diluted 1000 times.
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B 100:1 39 32 None B 200:1 39 28 None B 600:1 37 24
[0069] In the tests, Cu oxide thickness was neasured
on each wafer prior to saw. Measurenments were done at
9 different |ocations on each wafer: 1 site at center;
and 8 sites around edge. The wafers were then gone

t hrough wafer dicing process by sawi ng. The

[oost} mEIﬁ\é BB IcHty\Sfr tﬁlsQWernh@ﬁ‘IlQé‘é abS¥. ifdfdngd t‘?lfe%orkmg example,
There ﬁﬁJer oxi de re- 5growth due to the delay.

FREEBHE "BHL? \?aﬁoeme%mt gy de Tm@jthwh@/eeuon It is

a)ﬁt@iﬁpltaf@dQK@tﬁﬁﬁnér@us biher édrff‘g?[lra\ﬁ@ﬁ@Bf thg %c%s§?r¥% Vl%sused and the
Wg% %ed to be 42 A . There was no cleanin

LISeH N [fedresassridhke eleptefdioat nymsrovn J"l’ﬁi@réﬁﬂs efbher than those
$preificafyedisdlbdeddng t he sawi ng process. 4 days after saw,
the thickness was 45 A Effectively, D water did not
renove any Cu oxi de. 10[0071] The thickness for the
second wafer before saw was neasured to be 35 A
Cl eaning solution was used as the pre-treatnent, and
DI water was injected to the wafer during the saw ng
process. Cleaning solution had a functionality of
removi ng copper oxide; however saw treatnent with D
water re-grows the copper oxide that was renoved with
the cleaning solution. The thickness grown to 43 A
fromthe initial 35 A over 4 15days.
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[0072] The thickness for the third wafer before saw
was nmeasured to be 39 A There was no cl eani ng
solution used as the pre-treatnent. Diluted dicing
solution (100:1) was used during the sawi ng process.
The injection of the diluted dicing solution, renoved
copper oxide during saw process despite any copper

oxi de regrow h that may have 20happened. This was
evident fromthe reduced thicknesses after 4 days (32
A) conpared to the pre-saw thi ckness of copper oxide.
[0073] The thickness for the fourth wafer before saw
was measured to be 39 A Th&kRNRs no cl eani ng
solution used as the pre-treatnent. Diluted dicing, ..
sol uti oh (208NgPolEen &%%U%Wfphyaﬁé'%neﬁadwﬁ&581?.'“”9

The i nj ectidRBrefte bietohitnffatdinGbEidusPloxosed MetEMiLaHon areas
25copper oxide during saw process despite an pper

: P11 y copper.
oxi de regrPddie SHEISIGRY heoerarap pesiali<atipRiasedga gomprising:
evident fromthe reduced thicknesses after 4 days (28
A) conpar &'e@st PsedipRreowdit, acK i selt dreredfpper  oxi de.
[0074] The thickness for the fifth wafer beforF saw
was neasuPbEaseNseNysFoxKCarpRyyic apsanioryalidigrrgh or amine group
sol uti on yse@indsy 4@ pre-treatnment. Diluted dicing
sol ution (600:1) was 30 used during the saw ng

process. BhrirfablafCidi@fle®@froimnRe diduptc@skiing 60 sol uti on,
renmoved copper oxide during saw process despite any

copper oxi de phegsu BstehabrarEnedayshdnappeylee. bakbd SuMa@sdant;
again evident fromthe reduced thicknesses after 4

days (24 A) cauypRsHshyloRide st eic 2@ Bdka kngsc@atfhaving a
copper oxi de. LOO?S The results fromdifferent

i nspection t GHVEWSE % i ndi cated that using the DI water

al one or wwth the cleaning solution for the

pre-treatnent was not effggtive to preventgithe surface

used during wafer di
formati on of 5oxi de

surface. Exanple 7
experinment were bl anket watfers with: Al .
10Cu)/ Thermal Oxi de/ Si. The wafer dicing process by
sawi ng was set

sol ution A andngl‘gﬁeftiﬁgl ig%tp 913&0%8&\‘5?'89ﬂb?&qékégoﬁk@fﬂs
T AT o

m croscopy ostrbttarket Al um num waf ers usi ng both
di ci ng 15sol utions, were shown in Figure 10.

secondary alkyl sulfonic acid based surfactant having a structure of:

-20 -



[0079] On wafer that was diced with dicing solution A
(picture on the left in Figure 10), faint

resi dues/ particles were shown in the picture. Again,

di cing solution B performed nuch better since no

vi si bl e residues/particles were shown in the picture
(picture on the right in Figure 10). The data showed

that the surfactant in combination with other

20conponent s enhances the cleaning fgpeiion of the

di ci ng solution. [0080] In conclusign, the working
exanpl es |listed above have shown t sing D water

along or with cleaning solution ag prejtreatnment stil

left Si residues/particles adheriff ggc}?p waf er and
bondi ng pad surfaces, also |left expose {t f aces

oxi di zed. 25Therefore, using DI rég%;ng or wth

cl eani ng sol ution was not effective3to event the
surface oxidation and the silicon residues/particles
adhesion to the surfaces. The use of dicing solution

al ong or with tWwkereiretiirmegn<slét uti on for pre-treatnent,
during wafer dicing by sawing, was very effective to
prevent the sanrd egebivriistthereohimddr enove the silicon

resi dues/particles adhesion to the surface. The effect

was shown t&eeemander beieg dilstargiaBpdeboizédwateas di | ut ed
1000 tines. [0081] The enbodi ments of this invention

| i st ed abowkereinibé diginggsdlutionwefikiritg-fesesarl fgvirgy & pH of about 1 to
exenpl ary gf, punmerous enbodi ments that may be nmade of

this invention. It is contenplated that nunerous other
configurations of the process may be used, and the
materials used in the process may be el ected from

numer ou i : t - bspecifically

di scl osgdwﬁ%ﬁﬁo@ﬁ?gﬁ %ilgﬁrg1's‘gﬁ%t8=non (a solution for

waf er dici [ O RRLRT L o
the cont any ook For TerbBohg b8 e RBPRHEBNET 0B o anout 16%
areas and ayheeigti r osi on of the exposed netallization
areas, conprising: at |east one dicarboxylic acid

and/ or sal thetaiéaasbene hydrpxacarbontic hyidr satytbarcbbisydbioot 0.003 to

aci d and/ gpo5244; q%gggf or am ne group containing
acid; 10a surfactant Selected fromthe group

consi sti ngnof,, ﬁ@é@ou‘?é@b? tDEBELG 295 B St and

et hoxyl ate based surfactant;
the remainder being substantially deionized water.

3. The dicing solution of claim 2, wherein the dicarboxyiic acid is selected
from the group consisting of oxalic acid, malonic acid, succinic acid,

glutaric acid, adipic acid, maleic acid and fumaric acid.

4. The dicing solution of claim 2, wherein the dicarboxylic acid comprises a
mixture of malonic acid and oxalic acid.
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al kyl di phenyl oxi de di sul fonic acid based surfactant
havi ng a structure of: 0, NaSO, Na wherein Ris an

al kyl group having 10 to 12 carbon atons; 20dodecyl
benzene sul fonic acid (DDBSA) based surfactant having

a structure of: secondary al kyl sulfonic acid based
surfactant having a structure of: wherei n 10<m+n<14;
and conbi nati ons thereof; and the renmai nder being
substantially dei oni zed water; 5wherein the dicing ,
solfut TBR dcing sefgtienet FREe 259PRTEeR f 9 25 BT2'4B5 &?’“’1 oxalic
t 0 abatit! ahd Ruordibed dietirng sol ution of Claim1l, wherein
the at | east one dicarboxylic acid, salt thereof is
about 0.005 to about 16% 10by weight; the at | east

8 Sdgggél%g%(g Et?ornE{)ff)/g:(%il}lyI \c/:\%)%ﬁ)lﬁi?efs 4%‘% lgy \Efcl?gq)ﬁt gi?r]:c alc%, ?&2 %31; weight malonic
acid, 4.0% by weight oxalic acid, 0.4% by weight of the surfactant, and the remainder being

substantially deionized water.

7. The dicing solution of claim 8, wherein the surfactant is a secondary alkyl
sulfonic acid based surfactant having a structure of,

SOsH

ffwntf@m
CH, CHy
10
wherein 10<m+n<14.

8 A dicing solution (a solution for wafer dicing} effective in inhibiting
adherence of the contamination residues to exposed metallization areas
15 and the corrosion of the exposed metallization areas, comprsing:

4.0% by weight citric acid;
2.0% by weight malonic acid;
4.0% by weight oxalic acid;

0.4% by weight of a surfactant selected from the group consisting of

20 phosphate esters branched alcohol ethoxylate based surfactant;

alkyldiphenyloxide disulfonic acid based surfactant having a

structure of.

29
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the surfactant is about 0.0001 to about 0.5% by

wei ght ;. and the remai nder being substantially

dei oni zed water. 15 3 The dicing solution of claim 2,
wherein the dicarboxylic acid is selected fromthe
group consisting of oxalic acid, malonic acid,
succinic acid, glutaric acid, adipic acid, nmaleic acid
and fumaric acid. 204. The dicing solution of claim2,
wherein the dicarboxylicg,acid conprises agdxture of
mal oni ¢ acid and oxalic! aC|d 5_ The dicjng solution
of claim2 col -bpi - usesicitric acid, nmalLo acid,
oxalic acid aid *ionj R

of claiml conpriseg
by wei ght mal oni c ag .
0. 4% by wei ght of tht actant, and ¥
bei ng substantially deronized water. 7. € dltlng
solution of claim®6, wherein the surfactant is a

secondary al kylwiserkindRiscaraglkyl goageithving ftatot‘E?nctarbmyamms

a structure of: 803 H 10 whereln 10-ac<14.

A di ci ng sol udoedeeylengehasiltomic aid m%A)cbasedg)Jrfactant having a
effective in &njlﬁl%%ng adherence of the contam nation
residues to expo% d Chret ai | i zati oi n areas 15and the
corrosion of the exposed netalliz n areas,

conprising 4.0% by weight citric O@bby wei ght

mal oni ¢ acid; 4.0% by wei ght oxali . 4% by

wei ght of a sur f act ant selecteg frgn1the gr
consi sting of

HO

secondary alkyl sulfonic acid based surfactant having a structure of:

SO H

{[:Hz)n CH)

wherein 10<m+n<14;
and combinations thereof; and
the remainder being substantially deionized water;

wherein the dicing solution having a pH of about 1 to about 4.

9. The dicing solution of claim 8, wherein the surfactant is is a secondary

alkyl sulfonic acid based surfactant having a structure of:
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20phosphat e esters branched al cohol ethoxyl ate based
surfactant; al kyl di phenyl oxi de di sutfonic acid based
surfactant having a structure of: SC), NaSO, Na
wherein Ris an al kyl group having 10 to 12 carbon
atons; dodecyl benzene sulfonic acid (DDBSA) based
surfactant haying a structure of: 10secondary al kyl
sul fonic acid based surfactant haying a structure of:
S8 H wherein 10<mtn<14; and cgpbknati ons thereof;

and the remai nder being substaniially deionized water;
15wherein the dicing solution-iavrhng a pH of about 1
tio

to about 4. 9. The dicing sol of claim@8, wherein

the surfactant is is a second Ht;_g)n(a;tﬂ{zyl sulfonic acid
based surfactant having a struc u! wherein

10<m+n<14. '
CHy Chy

wherein 10<m+n<14.

10. A method of wafer dicing, a wafer is diced by a saw with bonding pads,
contamination residues are produced by sawing the wafer, corrosion is
potentially formed on all exposed metallizaticn areas; comprising steps

of:
contacting the wafer continuously with deionized water; and

contacting the wafer continuously with a dicing solution(a selution for

wafer dicing) comprising
at least one dicarboxylic acid and/for salt thereof;

at least one hydroxycarboxylic acid and/or salt thereof or amine
group containing acid;

a surfactant selected from the group consisting of
phosphate esters, branched alcohol ethoxylate based surfactant;
alkyldiphenyloxide disulfonic acid based surfactant having a

structure of:

S0Na

wherein R is an alkyl group having 10 to 12 carbon atoms;

-24-
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10. A nethod of wafer dicing, a wafer is diced by a
saw Wi th bondi ng pads, 5 contam nation residues are
produced by sawi ng the wafer, corrosion is potentially
fornmed on all exposed netallization areas; conprising

steps of: contacting the wafer continuously with

dei oni zed water; and contacting the

waf er conti nuwaégymbﬁier@ silif6mip @ciiqDOBSH) bassdbutdctiht having a
for 10wafer di ng%3n onpri sing at | east one

di car boxylic 5 PSR or sal t t hereof; at |east one

hydr oxycar boxylic acid and/or salt
group containing acid; a surfactant s
group consi sting of 15phosphate esters,
al cohol ethoxyl ate based surfactant

al kyl di phenyl oxi de di sul fonic é&yﬁ b sed suffactant
having a structure of: SUN asty Na ein Ris an
al kyl group having 10 to 12 carbon ;  dodecyl
benzene sul fonic acid (DDBSA) based Surfactant having

a structure ofg onsd%Fyo%\Qﬂcs%/llf&# gx#m%lé L QD) acR At%a?ﬁa SLtructure of

surfactant havr ng a ur'e

ereof or am ne
cted fromthe
nched

SOz H

{ngngcrga

CH CH3

wherein 10<m+n<14;
and the combinations thereof; and
the remainder being substantially deionized water;

wherein the dicing solution is fluoride-free and having a pH of about 1 to
about 4.

11. The method of claim 10, wherein

the at least one dicarboxylic acid, salt thereof is about 0.005 to about 16%
by weight;

the at least one hydroxy carboxylic acid, sait thereof is about 0.003 to
about 4% by weight;

the surfactant is about 0.0001 to about 0.5% by weight; and

the remainder being substantially deionized water.
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wherei n 10<m+n<14; and the conbi nations thereof; and

the remai nder being substantially deionized water;
wherein the dicing solution is fluoride-free and

having a pH of about 1 to 10about 4. 11 The nethod of
claim 10, wherein the at | east one dicarboxylic acid,
salt thereof is about 0.005 to about 16% by wei ght;

15t he at | east one hydroxy carboxylic acid, salt

thereof is about 0.003 to about 4% by weight; the

sur f @t Bime meshegbolfidt=i G 00 0vhereiratroutica@ib894in aciftF ghtected from
and t hem& @s@r&maﬁgrtg oxHIRSARA! rhaloh)t 81, GkZifg auaf, Slutaric

12. The g C?f|%Fﬂgl$u‘%QQLﬁkg the, dlcarboxyllc

acidis® selec group conS|st|ng of oxalic
acid, malonic acd, succinic acid, glutanc acid, adipic
acid, rnaeic acid and fumaric aC|d 13. The nethod of
cl ai HP11e methas of diier 1. c‘ﬁ?%"&ﬂ?‘@c&'ﬁ%m’%w ggppyses a
m Xt ur emodunerdincilenic agicl ahdamahloxeaidi c acid_ 14. The

met hod of claim 11, wherein the dicing solution
ccrnprises citric acid, ic ode, oxalic acid and

dei oRkZatk MRURIG of ke I:I;h‘p‘ '@H&Qdi Rk d?d: Bhidiblon M%Eﬁééb citric acid,

t he di cing sol on.conprise 0% ight citric
aci d, Zmﬁ gac\l}l\é F‘cn%rrﬁt?m Eé'i:’?'%e‘f‘ﬁgﬁﬂ) by wei ght

oxalic acid, O, 496by wei ght of the surfactant, and
conbi nat i ons thereof, and the renmi nder being

substlanfThamethodigiclimn 2& dvharinghe didite soltpign prstriniee 461 ) wight citric
15, Whe%&ﬂ B d“/pﬁy wil ﬁltt %‘oﬂ{}tacﬂdsél &, 5@@91@%5(M10%'c1%}’6 4% by we1ght of the

sul fonic acid based surfactant having a structure of:
wher ei n Slg_r@g‘rﬁp.tn@]Mombmatlons thereof, and the remainder being substantlally deionized

water.

18. The mathod of Claim 15, wherein the suwrifactant is a secondary alkyl
sulforic acid based surfactant having a structure of;

SC0aH

B
cH, CH.;

whearain 10<m+rr<td,



