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TI TLE OF THE | NVENTI ON: PROCESS FOR | NHI Bl TI NG
CORRCSI ON AND REMOVI NG CONTAM NANT FROM A SURFACE
DURI NG WAFER DI CI NG AND COWVPOSI TI ON USEFUL THERECF
CRCSS- 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 COF THE

I NVENTI ON [ 0002] The integrated circuits are usually

formed on a wafer. A_sj ins plurality
integrated circui Fﬂﬁé@ﬁ%lﬂ}{ﬁﬂb i nt egrated

Jichi himia e

sawing the wafer, usually silicon residue, adhere to
waf er surface, accunulate in bonding pads and

trenched lo i LEF ) t in
subsequent %%%?%F%%jgd%%%fg##iﬁgﬁé% W th

wafer and virtually inpossible to renove once trapped

] eep.trenches. 15 In addit|Qny, duri e di i
thfeflcohid ERAERET pdis Rada Y S gl AhieEaits g bygpoare,
fitertduly 14@R008s i The disciosiaerafbist grevibionaliapgligatids id keerdbynigpcorporated

to or_bondi ng performance, poor reliability, or
bg\fgﬁ?‘?ifﬁ ure of the device. The contam nant particles,

and corrosion can cause problens at |ater assenbly
operation such as w rebondi ng. [0004] One approach to

reduci ng corr osi ogAﬁ?{?ﬁﬂJmﬂ'?géﬁ?BFW%N%Nt he use of

high 20 purity delo as a cool ant for
the dicing blade. The cutting area and the rotating
bl ade are ordinarily bathed in a significant flow of

B4 e SOy St o

phwrelitpof inteynated tireuitdshipsh or dias tAmigtepratad clopdiioshipioadies, s obtained
> ' {f ] f [ , th I 1 ili

HiE80h 4t piolles SBna hEREKID: (L0S ey Werse the

[W@dﬁr [‘ﬁ.ﬁﬁ’ﬁlgemé dl‘&ﬁﬁ dr&ae@s,t Sl &H'jtérﬂinéljﬂ residues/particles from sawing the

wafer, usually silicon residue, adhere to wafer surface, accumulate in bonding pads and
trenched locations. They are difficult to remove in subsequent cleaning processes once
in contact with wafer and virtually impossible to remove once trapped in deep trenches.
In addition, during the dicing process, the bonding pads are exposed for corrosion to
occur. Corrosion can damage the bonding pads leading to poor bonding performance,
poor reliability, or even failure of the device. The contaminant particles, and corrosion
can cause problems at later assembly operation such 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
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up of static charge, resulting in accunul ati on of
silicon residues/particles on the bonding pads, as
wel |l as contributing to corrosion. [0005] As the

sem conduct or technol ogy rapi dly advances, wafer size
is increased, while die size is reduced. This

prol ongs the tinme spent for dicin which |l eads to
yaoTetatis chards, enylting IBRFGMUiRtioMARsTicEn eedupsiperjFieson the

HIMARRlpads, ASwhiNes 8drfiitiAg t9Bbesdionye of the present
I nvention to provide a dicing solution( 10 and a

[0905]0 dad ﬁe%‘éhéd?ﬁu&b?ieﬁﬁmﬁ@#jﬂa‘p% adyahBédl Wafdt diRis increased,

di ci ng, is ef ive in inhibitin
%H&*%ﬁ'@% isyeduerd. CHig BAiangs thsntime spentday Helng. wighlepgs to more
cMallefyeRosed surface areas and the corrosion of al
exposed surface areas. [0007] One enbodi nent of the
present invention provides a dicing solution effective
in inhibiting adherence of the contam nation

resi dues/ parti cl grigP SENMARY OFRTRE!IINVENTAON1S ar eas
and the corrosion of the exposed netallization areas,

conprising: at |east one dicarboxylic acid and/or
salt thereof; at |east one hydroxycarboxylic acid

[eoeBjorit Fsdhérefdﬁ@ bE @bjetliveddTithe p%@ﬂtﬂn@ﬂibﬂwpmme@d.dng 8olution(
surfactant selected from.the

0
SR BRI (o Use e deine AR 3 DB R AIEhg aJagfective in
.ﬁmbﬁﬁg:balﬁsrenceabﬂwé dbiBmmation rebtduds paticiite afekfodeasefface areas
surLact ant. havi negq a sdt I_[cj’wure of: so,vA SOLNa 25
adehe Faresionofall expR$sC 3 Eaﬁ%ﬁ?i ng 10 to 12 car bon
: . dod benfzﬁne sul foni ¢, acid (fad .
@ﬁ?ﬁg&mmﬁa@m@tat & PresePtiPensien provi 8"9 ution effective in

inhibiting adherence of the contamination reSIdueslparthes 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 sait 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{:Na S(hMNa

5-

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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secondary al kyl sulfonic acid based surfactant having
a structure of: H h F Hh(T19m CH3 G wherein
10<m+n<14; 5 and the conbi nati ons thereof; and the
remai nder being substantially deionized water; wherein
the dicing solution is fluoride-free and having a pH
of about 1 to about 4. [0008] Another enbodi nent of
the present invention provides & nethod of wafer
dicing, 10 a wafer is diced by Wi t h bondi ng
pads, contam nation residues/particles ar& produced by
sawi ng the wafer, corrosion Psypdtentially formed on
all exposed netallization apgas; O§py15ing steps of:
contacting the wafer continuously dei oni zed

water; and contacting the wafer cohtinuously with a
dicing solution copprising 15 at |east ane . :
di car boxy|§e€°84aMY agﬁ'o?’-ﬁff’“'gé’ﬂd hased éB‘??Ct%Rt haying@ Ypsture of.
hydr oxycar boxylic acid and/or salt thereof or am ne
group containing acid; a surfact ifelected fromthe
group consi sting of phosphate est , branched al coho

et hoxyl ate based surfactant; 20 | di phenyl oxi de

di sul fonic acid based surfactant having a structure

of: -3 SONa SO Na 6-0-6 R 5, ?@Risanalkyl
group having 10 to 12 carbon at 2n m

CH, CHs

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:
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dodecyl benzene sulfonic acid (DDBSA) based surfactant
having a structure of: o~s~0 HO 10 secondary al kyl
sul fonic acid based surfactant having a structure of:
SO3 Hf~n I T 19m CFh wherein 10<mn<14; and the
conbi nations thereof; and 15 the remmi nder being
substantially deionized water; wherein the dicing
solution is fluoride-fre %gnd having a pH about 1
to about 4. -4 BRI EF DE$CR PTI ON OF SEVERA a\/IEV\B OF
THE DRAW NGS [0009] Figure 1 is a schemat

of a typical apparatug fac Wafer dicing

DI water sparged witR
various dilutions. [OR
tensions fromdicing sO ons with differem
surfactants. [0012] Figure 4 shows the pH of di ci ng
solution Bata diJutjon of 1000:1 as function

cycles. 10 (0o1pereindiseansaliky oronp hayinacty t°p|20‘i"’-15'i"§‘ g

m croscopy showi ng the cleaning effect on blan

Al uni num V#AdEFY BRNESNSA FUfPie qcrﬂg(g%%ﬂ)sbas%ew&actw gviag a
6 is the ofdfuchiab opi Cture from m croscopy show ng the

cl eaning effect on blanket Copper wafers w thout

pre-treatnents. [0015] Figure 7 } he scanni ng
el ectron m croscope (SEM pictu S {ng the
0\..\:;\‘8’/‘50
HO*"

secondary alkyl sulfonic acid based surfactant having a structure of:

SOgH

(er)n(?Hz)m
CHy 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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15 cleaning effect on patterned A um num bondi ng pad
waf ers without pre-treatnents. [0016] Figure 8 is the
scanni ng el ectron mcroscope (SEM picture showi ng the
cl eaning effect on patterned Al um num bondi ng pad
wafers with pre-treatnents. [0017] Figure 9 is the

LS BRSOk g B R SE

e-treatments as shown in Figure 8 20 [0018] Figure
[590913 Rigkre e Foshepatie Siawing ¢ pisRRRpa s 16 Wefeg Ians by
ing effect on bl anket Al um num wafers using
d| ci ng solution A and dicing solution B, both at a
[ﬂO’IOét ' ﬂ%\qe%‘ sthQ, the rdistifiy-frb PSR! (WhtePspdiged with CO., and
0019] Figure 1 shows a typical
Hpipapelian $@FVW§ "Bﬁ'Qﬂsng by sawi ng enpl oyed in the
resent invention, CE Saw tool wth dianpnd-ti
MALH) HsureGorhywarhe s%ﬁpeatenswfr@awcaw%éwwta.deff%ﬁ t
AbfaeaAet 30 m nutes/wafer, are used, the feed rate is
about 5mm's. The Wafers are 6" bare Si wth stack:
10042/ ﬁ#u%eraréﬁaMsft}ié o ditfriy stlftion ENgt B@iutien of i @B as function of
wat er Wat er IW is injected from Nozzle 1 onto
CtW“!'@S\/vafer (Al bond pad wafer or Cu bond pad wafer) at
a flow rate about I|t/mp e.. The diluted ﬁlc'eaﬁ "
[981:’t]t i fggure s the ‘PFH]CQI:Q et F%"RH??‘F‘%PY?"BWF@‘ f &leqging effect on
BEHKet Alirdif e wWXdre Withbutptetreattberits. Ow rat e about 0. 22
l[it/mnute. Tenperature of D Water and dicing

[e0143t i FQ@ur@rB |Weeéptﬁ:ur;£uacﬂa frém nsiendscokgrghewiigihe cleabing teffect on
(? % |C|3ﬁ%?o|%t|on are injected
e ﬁaare&mxﬁ era Hiagt e 3“ 510020] Véfers are

b e _an Wafter sa
B8] Bty 1 15 ST B AR TR C R s WEMY PISHNE SOy the
Gdinhg emﬁomrpd&érﬁed Amm#umm @bhﬂmg@aa wiafere withoat pré-rieatsents.
i nspections: visual (naked-eye), optical(wth

(DO D8]0 SFuIGIE )8, is HePSUANAGIg letron Qﬁicroﬁi:d]:feqsewp it wEMhowing the

TR <fRch bR patr el oM sperng PEa %r'ahﬂﬁiorr‘%*r%mems

lfﬂbﬁﬁ: | dsv;rggg = r?egfﬁg-Pg?pe o\?e't éqeﬁ:ﬂ‘p EBr Iasébmgmg the cleaning effect
dhyshtierneeiaXiDminum Boratnglpadwafers witth bret-ti’ﬁtmef\ts(ﬁs shown in Figure 8.

[0018] Figure 10 is the optical picture from microscopy showing the cleaning effect on
blanket Aluminum wafers using dicing solution A and dicing solution B, both at a dilution
of 100:1.

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 xfy dicing at about 30 minutes/wafer, are used, the feed rate is about
5mm/s. The Wafers are 6" 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 lityminute. The diluted dicing solution
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am ne group containing acid; and a surfactant. In
particular, the fluoride-free aqueous conposition

conpri ses about 0.005 to about 16% by wei ght of at

| east one dicarboxylic acid, salt thereof or mxture

t hereof, about 0.003 to about 4% by wei ght of at |east

one hydroxy carboxylic acid, salt thereof or mxture

i m@d fromgNagalezhoHa the walsr. SoHECeH fionyexteakbpump.a dow Hate about

g ?ﬂﬁt‘hﬂﬂﬁfe bsmserawé%fr @J‘i‘Wa?ér' éhd"tﬁ&ﬁgﬁ soldfitth SIAWLRS sarfiid is room

about about 4. [0022] The dicing solution can
'fmmnﬁﬁéﬁw%@@p@ ite; 80 &)s@'rwat@f arm! dicing sollipn ate injectadwatinypusly
difg Sgwm ng solution, is about 0.0004 to about 0.5% by
\NEIg ht, and is sel ected fromthe group consisting of

ilgp hﬁlb%r@ §rtee§c&%%9%tth%oﬁ% QH@ bi&tdiex ¥aihg. Tffe then rinsed

actant; [0023] al | di I oxi de disulfonic¢ acid
%HS@WV apd ﬁB’BtCﬁ'ﬁﬂ “htﬁ\ﬁ' inga §IP’F tﬁ'@ﬁ% modgle, ang finaly went through a

s%@e&'fhs Ectfong: ﬁsua?fhél@&-re%)n oalda‘ﬁ(mﬁﬁ Nﬂbﬂé%op@? QeBnhAY bRStron

2 carbon a dodecyl benzene sulfonic acid
mlgt@essaee @%\@d Eseigy Risparsive, amqﬁrg'rrh(EQS)ue@%E@pWetry rpeasurements.
econdary al kyl sulfonic acid based
[QQ?TIac‘P%@'CWS\ﬁOWQO'&'Ss‘! rﬂueﬂ(éﬁ feg pauenygigompopion compgrising a

m&tyﬁc add %Bﬁﬂhéalt ﬁre?’élﬁi 4 RRIrSARBITARYIcRT AktFbesit-thereof or

[ 0024] An exanpl e phosphat e est er branched al cohol

aéﬂﬂ'ﬂ%ﬁpqw@nr%nm@awoaaﬁeq piyfactant: n pattieypar, therflupride-free aqueous
deRfoRitish ompRSEA Aouf 0.085t6 HbdAAB M ByPweigHCH atfeast one dicarboxylic

acid, salt thereof or mixture thereof, about 0.003 to about 4% by weight of at least one
hydroxy carboxylic acid, salt thereof or mixture thereof; or an amine group-containing
acid, and the remainder being substantially water, and having a pH of about 1 to about 4.

[0022] The dicing solution can further comprise a surfactant. The surfactant used in the
dicing solution, is about 0.0004 to about 0.5% by weight, and is selected from the group
consisting of phosphate esters branched alcohol ethoxylate based surfactant;

[0023] alkyldiphenyloxide disulfonic acid based surfactant having a structure of:

SO, Na SO Ma

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

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



Rhodafac(r) RS 710, commercially avail able from Rhodi a
HPCI | ; exanpl es of al kyl di phenyl oxi de di sul fonic acid
based surfactants are DOANAX surfactants, such as 10
DOWFAX 2Aland DOWAX 3B2 (tradenanes), commercially
avai | abl e from Dow Chenical; and Cal fax(r) DBA
surfactants, such as Calfax(r) DBA -70, comercially
avai l able from Pil ot Chem g onpany; an exanpl e of
secondary al kyl sulfonic acid based surfactant is

Hostapur (r) SAS- 10, cofmgietally available from
Clariant. 15 [0025] A marb @ fferent acids have

been tested, and their effec ess were observed.
The di carboxylic acid or salt™=thereof +has two to six
carbon atons are nore effective. The dicarboxylic
sgeperany alkyl sforig ariddnsed sudacian havhg st re P oxal i ¢
acid, malonic acid, succinic acid, glutaric acid,
adipic acid, maleic acid and fugErlc acid. The

di carboxylic acid conprises rxture of malonic acid
and oxalic acid. 20 [0026] exanpl e of the dicing
sol ution conprises citric acid,jmalonic acid, oxalic
acid and dei oni zed water. *%ég_gbred concentration of
t he conponents is: 4.0% ci YTt agnd, 2. 0% mal oni c
acid, 4.0%oxalic acid andlthe %enainder bei ng
substantially -7 deionizedChbtqnﬁ Under this exanple,
a dicing solution A conprises 4.0%citric acid, 2.0%
mal oni ¢ acid 4. 0% oxal ic acid and the remai nder bei ng

M&bq%& Ly, dei oni zed water. [0027] A second dicing
SO |on con‘prlses40%0|tr|c acid citric acid,

S %’gq{{a ur ?H%ﬁ@éh thér ?Z)rrglxﬁldle? gg: gg 2ug(;/(; ant i thI y
[@6&@” ﬁ%é%[% fD+t93 v\éﬁ&teﬁ%ﬁer%ﬁcﬂ?d §BBH6| P/%gigg en
rotyokydthylenstriveerybetber pfﬁmnﬂ]e Hfmafmﬁ?dis §alifaqw1te |seiehed

Fﬁlﬁir tdcE RS TR téon}M:%J&aﬂ Lﬁ%ﬂle%n? ﬂh#&:'a%(ﬂ'i 'eQEmg%sstﬁW

e exarrp eanl ng I oOn CO
aﬂswmmawtowe dissdfoniniadid t(asmaxrfactantaam DM ayréactants, such as

10 As( dﬁﬂ aqnd(&b\ﬂf%'lﬁa 382 'ﬁ%ﬁ'aﬁlea %Hn%‘?aélmla@}é‘ FohBow

r enai
Chemical; and Calfax® DBA surfactants, such as Calfax® DBA -70, commercially

available from Pilot Chemical Company; an example of secondary alkyl sulfonic acid
based surfactant is under the trade names Hostapur® SAS, such as Hostapur® SAS-

10, commercially available from Clariant.

15  [0025] A number of different acids have been tested, and their effectiveness were
observed. The dicarboxylic acid or salt thereof has two to six carbon atoms are more
effective. The dicarboxylic acid is selected from the group consisting of oxalic acid,
malonic acid, succinic acid, glutaric acid, adipic acid, maleic acid and fumaric acid. The

dicarboxylic acid comprises a mixture of malonic acid and oxalic acid.

20 [0026] One example of the dicing solution comprises citric acid, malonic acid, oxalic
acid and deionized water. A preferred concentration of the components is: 4.0% citric
acid, 2.0% malonic acid, 4.0% oxalic acid and the remainder being substantially
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bei ng substantially deionized water. Wbrki ng Exanpl es

15 [0030] Al experinments had been carried out using

the apparatus shown in Figure 1. The dicing solution
used in all experinments was dicing solution B

conprising: 4.0%citric acid, 2.0% malonic acid, 4.0%
oxalic acid, 0.4% Hostapur(r) SAS, and the renmaj &}der_ )
deianizgdvaiet Madprihis/exaerkniadicingselition f comases HR% gitric acid,
Ao ginhdlomie bl 20%\6lidlhs dhai8fe FdnARddPURRY dilBtanially defonized
cl eaning solution used in the experinents conprising:
YRIRE di net hyl  acetani de (DMAC), Ammoni um Acet at e,

Acetic acid (glacial), Ammonia Fluoride (NHF)a e .
PERAL rvareobe ik eulont Fampyoescd O cH6 ecars Ade b matonic
déid, Wtgop BxdiRtdcR, DB osapui@ SAEUNGANE Piindindidresingesubia@tially
wei ght of DI water to the dicing solution. 25 Exanple

deiqnized Mateiur i ng the dicing process el ectrostatic

charge was accumyl ate on the wafer, hi har

1802814 .- e iFiBg 8PIUHONS AROCHER RE abied it A aeier st gdhe process
t66196) comQuhigngtamage  sensitive devices on the wafers.

El ectrostatic charge could also attract particles to

[obz9] Vﬁ{e&ﬁaféﬂéérﬁlﬁ@&gleé’ﬂi‘étﬂ (?f@fréarulthtenwthi ali‘rﬁéarﬁiﬁ@g%lbﬂ)on prior to saw.
| SSI pat e ny ectro atl Cc charge | - .aurl

Qe Siaie ol i clasaing sohitep GemPrgrs NALEMeTy ! Bestamia OMES),

AtR@eniam Acdlhtel Ageticl ddidigiarian! ABmdria PILONdEIENH F) Bihd frisi remainder
bet ween the saw bl ade and the wafer. DI water al so

b&&'tgssui’éta&t'ﬁlb’dfeéqﬁzqdd”ﬂ%vent the saw bl ade from

overheating due to friction between the saw bl ade and
the wafer. However, DI water has a high resistivity

(typically about 18 neggph o it is not a5 good
conducting fluid for chgfﬁg's'%iéﬁW??on. A commonl y
used nmethod to lower the resistivity of the DI water

is by injecting CO2 into the DI water. This |owers the
t he

,Stivity . of the DI water, s fluid is better at

B30 Al expgrimRateRd o50S3moR Al HEDE dIF ThRRralpe Show in fJoure 1.
THeadisth@ edlu@t @dddn ah akeerinants as dicipestliution\Beedrmprisings 4.0% citric
usj di ci.ng .s0 i on, havi L ow resistd vit hi gh

Bé’ldn gg)g/?mﬂlql'% gc'%hJebg@&%‘alh‘é?‘f'ﬂ'ggﬂ%d'i'% pur@ S?Aé and¥he( remEinder
being substantially deionized water. In addition, A dicing solution was also used in
Experiment 7. The cleaning solution used in the experiments comprising: N, N-dimethyl
acetamide (DMAC), Ammonium Acetate, Acetic acid (glacial), Ammonia 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 dicing solution.

Example 1

[0031] During the dicing process electrostatic charge was accumulate on the wafer.
This charge build-up and/or a subsequent electrostatic discharge (ESD) could damage
sensitive devices on the wafers. Electrostatic charge could also attract particles to the
wafer surface. Therefore it was important to dissipate any electrostatic charge build-up

during the dicing process.
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10 solution provides a path for the charge to

di ssi pate during dicing. [0034] The resistivity had
been neasured for DI water, DI water sparged with CQ2,
and dicing solution B and diluted dicing solution B.
The date was shown in Figure 2. As indicated in

gﬁre 2, dicing solution B diluted to 500:1 had a
083 Dlokatet iswpmynariavsasiasa dicing fljskip geder 9 Prgyiderubrication

tﬂé"?ﬁé&f m@%aw &é&waﬁ@ﬂnuwém BliviatdedidShctdbs dicosiaRbio gvent the

char ge I d- up on the wafer during dicing. 35]
Bt blage ffﬁ@ %rﬁmenagnq)ﬁ@)%tpsfgctm ketweenythediaw biade apd the watdr.

HoW&er SN RECh <SRl ﬂrﬂeéﬁﬁlﬁ){ Eb‘ﬁcalf’}tﬁbﬁ%ﬁs ﬁ‘ﬁegé&ﬁn%o@f:s nota
better. Better vvet e surface wl

qmdtqoeq:h@:tlpg Myidfpr cha[r%gtg§|pqq}@ Sﬁjptyrae'@ntyéﬁgﬂ @}pti@qd to lower the
rH5iSHVRY of HeUdi \ﬁiﬂeﬁs(yy iME&ﬁHgV@:éﬂng th¥d| SWate TM@'ivaél@ the resistivity

rati oS were shown I'n |, In conparison with

afdlteP! Water RO t@fmd@w%tsy etrﬁ!%ﬁw@mch@r@ﬁa 20 in Tabl e Il

i ndi cated that dicing solution B had better particl

[Pa33}y aT hecraptier foridissipating thepplectipstatic chaggs ia the P’Pé%f‘ddrt“’e”t")" is

lE‘nrlgUé Hi‘éfﬁg%‘éﬁfh@ﬁ Bavi ﬁg%' IR resﬁéib(lft‘)?ﬁ'ﬁ ndﬁcﬁﬁé)‘l7'ﬁ'[le8%o5id]il;lctlng dicing
spﬂélog Prevides 3 path .ffamae P'P@'ﬁ? é? elﬁﬂgatg&wg 8iF9ai t h

different surfactants were so 25 measured and sh

[0834]i gdbe repistiviehad Eﬁ!ergmgewf-'ql £ sy, Plwaten Spayged with CO,

é?idtdlél /g @&hﬁ’on B aRdilated @R;#r@%c@ut%ﬁ@’Thé dalé R¥SEhSwriRi Rigure 2. As
surfactant, and t remai nder

I@,%%team Figure2, ddfé?sbmhﬂw %M?d tor${: 1 E%P?%Ne;ﬁ%%{sa"tv than even

¢Oaspdried BIWARE ! PdraforE 8icRE slutioR ®is bet& at Hisicaify charge build-
tension. Therefore, they were expected to have better

yp-0n theveaferdisipgidicinghabi i ties than DI water.

[0035] During the dicing process, a dicing solution with lower surface tension wets the
surface of the wafer better. Better wetting of the surface will improve particle removal.

[0036] 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/cm at 20°C. Data
in Table Il indicated that dicing solution B had better particle removal capabilities than DI

water.
Table |
Product Dilution Surface Tension
(dynes/cm)
B 29.4
B 2.5:1 30.8
B 50:1 440
B 250:1 65.6
B 500:1 68.7

[0037] The surface tensions from dicing solutions with different surfactants were also
measured and shown in Figure 3. The dicing solutions comprised 4.0% citric acid, 2.0%
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5 [0038] Even though a surfactant in the dicing
solution will reduce the surface tension to provide
better particle renoval, there is one potential issue
with a surfactant: foam ng. Many surfactants wl|l
cause foamto occur in the dicing solution. The foam
can interfere wth the dicing solution's ability to

melapie acidaf O pxalic atide 0134 Snstrfactamt, %’éfhtfﬁrr9m6|ﬁ‘dﬁhae'Mﬁ'ét?s'fa“t"a'|Y
m:zle%l"w&ep Fhbirgd _sﬂB\fvécﬁ ﬁw@% sumﬁtraﬁfsocéﬁetl telll 'h§d lower surface

inportant that as litt oam as possi b
tgesien. dineefone, they were pxrecias! tothave .betl@mﬂlci¢ rﬁnﬂ@@i gapapilities than
@qfé{g,l_ di ci ng nmachi nes, dicing solution B generated

only little foam at the point of use of the saw bl ade

[ﬁﬁfﬂ]""aé\férn tﬁbﬁdl'laé’ Surfddt it Wth%QJléHq SutBrakif ‘Pecﬁﬁ;@ b @fhce tension to

little foamthan the co Itor product in a
nr@mie peitertiadicle wmeoval, UM@]S gxe Rﬁiﬁﬁ'abﬁl'ée witls agutfagtant: foaming.

IFAROSFhcintd Wil c‘éb@e f?a'aﬁi tﬁ%c@uﬂﬁ %%Sdlcfﬁﬂ Qbh@bn.| $R&!BaM &dh interfere

15°using D water as a dicing solution is that
withsthp dliding sahdion’ swtaﬁad ogfemeaPapiqles) Thedeamdpeihcan qirw on the wafer

afh?quéve MIQQJ)f |fs'dmi5 'ﬂ'fer@fgrég@lsrﬁnBHFtﬁﬁ tﬁﬁ%sblﬁler fSSM'ds%ssuble be

dice a During that time th bond pads
gmnﬁrat%mékﬁém o8t wat er whi ch can cause Al

corrosion. One nmethod for preventing the Al corrosion
[PO3%)1 {ndests ancadtal disjnachachines; ficing sOhiiopE ganeeated pply dittle foam

ét Wﬁ&nﬁd’f%s@ I @le statJPoIQ.'le ¥V§H ®hfel QuﬁéEéUtDlt[‘.lm sél]utle_ﬁi_‘ﬁ Btah‘siosgenerated

corrosi on m ni m zed
QB\‘Y |di'Q:f°ﬁg" dhan Ghef @ﬂfnlE?t&Qf P&OQHGF (N9 eacireslationoionk.(a t yp| caI
| ution used f dicing) is 4. As shown in Fig 4,
[P%?Jp%l\nggd Pads ﬁmftwosewrir\s the F‘@E‘gerQWI é\ﬁwther issue with

u%)hi} B WatBPOMY as8 didid §dlutiohe 'Er?ﬁ‘t RE BHJS aba ﬁéﬂd%t'tﬁ’eﬂ PRl Al

mnimze A corrosion and mai ntai n t hat
C@aealsn Wilt gccyie T yRicaldimes of 2Q-3Qniautes can berequied\g ice o wafer.

LBL?rﬁxngiHat'tf?né iﬁb&\t BXRE Eh&@ﬂﬁ: Bé!eéx?o&d t*aajlﬁwa‘éér Whith o8 8dse Al
O/ Al / Ther mal Ox/ substra The dicing solution B

%”H@S'B@e Pneimethedifagipreventingithedt corragion in Pigwalet ig to inject CO; into
tHé i aght TﬁBn&ﬁé}Ertﬁé Tgﬁrb?the?’@l WA8ABlab¥Le4als, d&ttRis\WREAI corrosion

shown i n Tab e results fromvisual observation
with ge expigtred; hat u3| ng the DI water alone or W|th t he

cl eaning solution for the pre-treatnment was
[0041] e pH of dicing solution B at a dilution of 1000:1(a typlcal dilution used for

dicing) is 4. As shown in Figure 4, the pH was constant over time in a recirculation
system, about 30 cycles. Therefore dicing solution B will minimize Al corrosion and

maintain that capability over time.

Example 2

[0042] The Wafers tested in this experiment were 6" bare Si with stack:
AIOX/Al/Thermal Ox/Si substrate. The dicing solution B had been diluted with DI water

resulting with different concentrations.

[0043] Visual data was shown in Table Il. The results from visual observation indicated
that using the Dl 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
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effective to prevent the surface oxidation and the
silicon residues/particles adhesion to -10 the wafer
surface. Wiile the dicing solution used during wafer
dicing by sawing, inhibited the formation of oxide

| ayer, and prevented adhesion of the silicon
residues/particles to the wafer surface. 5 Table |

the maferpucher) \Ghide thedicing solutiny wgadshiring wajerahieing by sawing,
Iﬁlmefé{:t%e%r?r%‘%n %‘Bklag Iair@i"’ anH Prdhledddpksion opﬁ{el%ulc% ey

sur Galn S slurry, residues/ articles
@SIBU%BaFlC!V&ﬁ@ﬁh%\ﬁﬁféaﬁw'facéss cl oudy during saw. In
Dark Field Black surface; |less grain & residues/
articles . 3 B 100: 1 Wafer appears shiny during saw.
In Dark Field - Bl ack surface | esser grain &
residues/ articles Exanple Ta !‘D’(b44] The Wafers tested

in this experinent were blanket wafers with: A (0.5%
10 Q) /Theroal Oxide/Si. and Cu/Therppl Qxide/Si The

haMWafeti c| ngPigingesd by sawing was Qbsenvations ast 30
m nut es. [ OSéhitiént ijcal picture from m croscopy on

Dl anket A u
s_hov\nq in Fi %@?‘l&w’a

reanent b, Bvd40&dhoyn WQf douay ded

hat were| diced with DI Blaclesultfa@e 3essoalrajn&wd@séoartlcies :

cl eagly v|sipblieodn |t Wefesaspeareshingeditiigsdvazin Dark Feld - Black
pond pads} The |eft |hal f ofy i Ressel GPaiA: FkidiBFparticles

et tgure—5—orrgure o, Was ScTubbedt U T ean
the Si particles. Only the right side of the picture
in Figure 5 or Figure 6 was not scrubbed. On wafers
that were diced wth 20 dicing solution B (1000:1
dilution with DI water), t no Si particles on
t he wafers, ERbfmolEs

[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 6, 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.
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| be Hredeeatments r\bmcmgl%fdumooaf

as the pictures did not have a dark haze on them A
comerci al product, Keteca D anmaflowlM 688 CL (1000:1
dilution with DI water) was used as a reference shown
as the mddle picture of Figure 6. As evidenced from
the picture, Keteca D amafl owTM688 CL renoved sone of
the Si particles. But dicing solution B perforned nuch
[0048]e rPre-treptmenadih Peleaning seltion prgrite saw (wagéylﬁq{gsted Visual data
Wi dnhRBridd iR frab® 1AW Was al so tested. Visual data
was summarized 1n Table Ill. Table Il 5
Pre-Treatnent Dicing Solution Oobservations Wfer

| ooks cloudy; None DI Watefrafialiy particles on surface
need to be brushed off Wafer |ooks cloudy; O eaning
O alll cresTom surface rmeeqg to

br sQbseqvations  sHi ny;
Y ' WiafterigoksTIstayl) No
part| cl es [0049]f The resul ts frofn pakfidias ofaspfacat] on
in TabNene || indi caDtWater@nlysi ng ,{etéa tBbe'Brughed 4 ONE
or with the clegni ng solution fo t e prggetreat mgnt

toprevert e f&o‘ks‘ﬂ ron

and the silicon |residues/parti cl S bRy re
weleaning Boldion \thi | 8] Wadet Qulydi c a%b Itﬁ'ﬂspéﬁc
hhi DI te

during wafer didi ng by saw ng i orMati on

£

\1%4

u.f U/\I e |L.a‘y‘ci', arre—ret pcu +© ce |s df the
si | i coMomesi dueg/ part iBE1@R1t 0 th Q,Q,,y, no partlcles

None B 200:1 Wafer surface is

shiny; no particles

[0049] The results from visual observation in Tabie Il 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 IV.

[0052] The scanning electron microscope (SEM) picture on patterned Aluminum
bonding pad wafers without pre-treatments, was shown in Figure 7.
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sur f ace.

renove phot or esi

st. The wafer

[ 0051]

Exanple 4 15 [0050] The Wafers tested in
this experinent were patterned Al bond pad wafers.
Waf ers were segnents(not whol e wafers),

The

and ashed to
di ci ng process by
saw ng was set up to last 10 m nutes.

Experinments were performed on the patterned Al bond

pad wafers,

usi FRPlOIV

20 water and diluted dicing

qnlutinn B__both with a%w’thnu pre-freatnent by the
gt Ut ijon DivinglRelutiana yas ablle 1V
ﬁg] e scannl ng _elDdkttiodn mi c osc%gw‘?ggﬂgg ture
on patterned Al 4m num “bondi ng p ndaba;lsneaﬂémt
pre-tr ments, gp n. Fig ave dizsolared:T8il e | V
Pre-Tr'g‘g'g t%ent Dilci ng? ﬁ\%ﬂ’thP{ Di lparticles Goeesawt i dns
Bond pads near daw None DI \Wat efpréoéss cut are
d| scol ored: SI [particles from s{Bond padssaearBawd |pads
saw, ani g iion. D afntiscoldreds $i
Ing §8C|“% par ﬂ ﬂaée ?Piﬁfm s jparticles fms saBond pads
near saw None B|100:1 are not di §protessd: n Si
particles bBond gads near Saw Bond pads near saw
None B 100:1 re not discolored: no}
i particles
Bond pads near saw
Cleaning Solution B 100:1 re not discolored: no
i 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 magpnification 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, silicoen 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.
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Cl eaning Solution B 100:1 are not discolored: no i
particles [0053] Hi gher nmagnification SEM picture
clearly showed the Si particles remaining on 5 the
bond pads diced with DI water (the left picture in the
figure). Mdst inportantly, the high magnification SEM
Ei cture showed the Al surface was verr clean with no

P56]p Aftersliaing, dhebendwads raaxam threvgh A festipmbaprepess to check the

Lgdlds%r' élé‘ct ct.a! mcﬂnona-ﬂgv %&ﬁbﬁe&h‘%"?ﬂrob@ ‘Ep?&id}wb& ¥ioRh on the pads.

cin u i on renove S ticles

lﬂmllyrt e cqmamaﬂ'pﬂaécgb?t@@sm]thebﬁlmaﬁigarsiamﬁ PEPbS tmwuw as low as
2 Ca%tbé‘\)%r GORE A3 bliiebeHas thiRidkidafal 1ayef ﬁ{dl&eé &théﬂmnatlon

or whatever substrate materials).
Favqmnyt wa@oatacaﬂersismnpy may bex high and cayre thaprebe. teatrt@ fail even

ivati on which all owed the
“?uﬁty%deassi i@gg}?‘ldl ?gg away. 15 [0055]
?ﬁgﬁr t F"r@)ﬁre‘ﬁ*sydlg to\Wathiek okﬁam&ﬂ'ﬂl&ocdﬁ?éi‘ﬁiﬁaﬁﬂ Iéﬁﬁ" d?lrhrPA‘I bond pad

he "al um num bond pads and woul d oxi di ze copg
a8 v pcour At Wikebanding wWiichuis wheRminetal wire énbeing amcm tﬁl!ﬂ?ﬁ Al pad.

Al .ftths Il p&th fé trhéié’@xlé’atﬁhfc%&nﬁﬁitloﬂ'Ié))érftlﬂaf meww.re may not

another) "attac on the pad which exadcerbated the
gdherpwelbte thediead. When Al bond pad wafers reach the
di ci n%process t he pads may have an oxi dation and

[9858]anT herevem thesee falﬁmfa!iﬁ é’Fﬁmj harrening: &a kans pagl Gandeealeaned to
r%ﬁ'%pé the éﬁ’da{tﬂggﬂh cﬁﬁfaﬁ‘f:néiioﬁ'lé%r sb lfl'?e R@iﬂfa@é‘%s%s'@éfargéé possible

hrough a test/probe process to check the

\meébthpme%ne tfmtﬁléﬁhet‘s"ﬁbl hegeforga pragesetorglen taeﬁﬂ Berd pagwould be
é&gﬁﬂ&géoa@é{m\h@nfo} WieBgiting. | deal |y the contact

resi stance between the Al™ pad and the probe tip should

[bﬁsﬂs A 8Wadihg prvest Rirehe kﬁ‘ﬁﬁé%as pdriokfed Bl using faadl%l B@)’éess

t Ri ck oxi datl on | ayer and/or a contam nation

%mch gonsifds eloh precireatmgntafdne wates with shenclganing, aole%f@"%%d by
WSRP @lcfrﬁaséoldti%nf d’ﬁrlng%@ﬂmﬁg&%&&st Hee %ﬁgeﬁm&ntgl%oﬁditlon was the

functional pad 'ens due to a thick
SRIias iNGFRagle br f&fﬁ’ﬁ@l‘ﬁ ¢fdRis gral F&?@SSdYﬁsaﬁﬁwM‘ i 5igyre&d
can al so occur at wi rebonding which is when a ne

IRP6Q | EhaBEMPideiechs & iguse 81s8owed Hhlaond pads that had beenlpre—treated

with the cleaning solution and then diced with either DI water or dicing solution. On the
pads that had been diced with dicing solution dicing solution B, the grain boundaries of
the Al surface were very clear and visible. This indicated that the oxidation and/or

contamination layers had been removed from the Al surface.

[0061] Further indication of the thinner oxidation layer after the dual process was
evidenced by the X-ray Photoelectron Spectroscopy (XPS) data summarized in Table V.
Here the thickness of the oxidation layer was measured. The data showed that when the

dual process was used the oxidation layer was much thinner than without the dual

process.
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Again, if the Al pad has a thick

oxi dati on/contam nation | ayer the netal wire may not
10 adhere well to the Al pad. [0058] To prevent these
"false fails" from happeni ng, the bond pad can be
cleaned to renobve the oxidation and contam nation

| ayer so the Al surface is as clean as possible when
the probe tip touches it. TH@PE¥re a process to clean
the Al bond pad would he _advantageaus as well for

wi rebondi ng. 15 [0059] A [cl eani hg Prectreatmendr the Al
pads was perfor npglOxjdelsi|ng a dual process whijch
consi sts of a q_be treat pgnt Bf 1 he fallewedliyt h t he
cl eani ng sol ut i BIFKPEFE ¥NEd by Lsi ng dicing sollution
during the di¢ing process. The pxperatiig@l condition
was the sanmelas in Exanpgle 4. [The results of tlhis
dual process was shown in Figurg 8. [0060] The |SEM

pi cture of Fi glefors Rinnggd>A00bpnd patidO®Phat had been
pre-treated 20 with the |cl eaniphg solution andithen
diced with eitther DI watdr or djcing solution {On the
pads that had|been diced with djcing solution dicing
sol ution B, theAfenPicinynd@6ies of t#® A sunface
were very clear and visible. Thjs indicated that the
oxi dation and/lor contanilnationl | ayers had been
renmoved fromthe Al surface. [0061] Further indication

of the thinner oxidation |ayer after the dual dpro_cess
EQﬁQﬂZSEWQﬂ'&fﬁP@fﬁ'\lﬁlsﬂeﬁé'um (EBp) PRalyeje wag cppgucted using an Amray

3%%0# éﬁf %gﬁﬁtaak B8R Ak eﬂud £anl@8d Resdea: pﬁl?érﬁ%d Al bond
SS (0]

t he t oxl dati on er was neasur ed

W&'_t\aafgﬁdvmed with thetrieaningesolyfips) 2 Wdﬁgr_ shewingsregidupg/particles
IRkl if ?idfzé/ % gﬁgﬁeﬁ%"ﬁgd WboWEpad \Dé‘f%{é"fréaﬁ@dl‘@wtﬁ B detsHing

ocess. -14 V Pre-treat . de Thi ckness
golytioR ang|thedisigselutian Bridiutieg 109e‘rf) @h@ww@prrgs@qurﬂclesﬂower

&P 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-siurry 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 last 10 minutes.
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After Dicing 96 45 [0062] Energy-Di spersive spectrum

(EDS) anal ysis was conducted using an Anray 3700 FE

SEM wi th Kevex Signma 2 EDS at 4kV. Two sanpl es tested:
patterned Al bond 5 pad wafers treated with the

cl eaning solution and DI water show ng

resi dues/particles (up curve in Figure 9); and

[9868]e r Yoan aafass mith paposest @y sufacest(ey band Radher atherdal pigfaces)
r%ﬁéﬁgd {80 it frBBeddl ;Her@u %Dglgh@a(v@'dn%ﬁo%ﬂoﬂ 9Rd Ldntamination
show ng no residues/particles wer curve In Figure

layer qnab®3Y toseplespropesst siepsErisprnee xide flimithigkness wasmeasured
Qg §§W%{d@ﬁ§£‘, SPRILA By Gitbr ttPsant frodbed waRPdtihout the

(&;_Si Kal " er than in the case o ondi ng pads
ing solutignBt Pue tosthisTealay, thesewas ancxpeded rgrewthtgh gopper oxide.

5
Si-slurry on the pad. [0064] For this experinent, the
06T t Yispal gatagves shawit injTablee¥t i on tool s al | indicated
that wusing the DI water alone or with the cleaning
sol ution for the prelabkleMent was not 15 effective to
prevent the surface oxidation and the silicon
resd dugaimadidd ¢! fes Ridines$alution fhe AL yRbLREnsSUT flace.
Whi | euﬁe I ci ngl sol utDilstioB used dur(lsng narers di ng
by sawi ng, inhipited the fornatiMWaferflocks cleutipyey ,
and prgvent ed adheSinW‘ﬂf"QF? Si ljparticles on surface
residu g??)arti clles g naf ecsltof echrusBed Exjanpl e
6 _[0065] The Waflers tested in thicff experinent werle
ol anket wafers w th Cu/ Ther nal hfte/Iébks dibadypafler
dici ng process Saw,n s, set |pHrtiteslonsdurtdte
mcﬁ‘iﬁ'ggé)s-" Wi ofe 6] weaﬁf‘ r's \ided totbrdhed
surfaces (Cu bond pads or other surfaces) redached
€ dicing process, the Cu SUri afs
oxi datNeAe and cont ani FIPGA | ay e
PTrEVIOUS PrOCESS[ StEPS.  COPPET  ORvUE
was neMene ed before tBh@0&Aw progs
aftcw t:IC Savw i CTOoO V. Ci U i
sol utiNand. Due fto thiB6g@EHay, X
eg-ow-h--of—copper—ox-ge~—066-+
shown in Table VI. Table VI
[0068] The Ellipsometry tests were carried out and shown in Table VII.
10 Table VII
ore-Treatment | iCiNg Solution Cu Oxide Thickness (A}
Dilution 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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Pre-Treatnent Dicing Solution Qoservations Dilution
Naf er | ooks cl oudy; None DI Water Only particles on
surface need to be brushed ff Wafer |ooks cloudy;
Cl eaning Solution DI Water Only particles on surface
need to be brushed off None B 100:1 afer surface is
hin ; no particles None B 200:1 afer surface is hin
[068Ipdnithe fests, CuopisleBhighiness wasaneaswreder each wafiep priorig saw.

Nﬁéééu'r&h@ﬁtﬁ m%sﬁl)ne-r?ﬁ Ehéﬂeﬂﬂaegﬁcfn)é otnee%tcﬁ WS 1 GRE b &hter; and 8

own I n 10 Table VI Dicing
gt arqupd edge Gdiwalerd w&r@dbgn gee thrpughwyalel ¢iging process by sawing.

'Fﬂel AN Feﬁ{enga\»%r(e%@éﬂ BRI §%‘ﬂér°‘i‘h€re%%55%ide re-

ter eani ng D ter
%@Wﬂdt@dom@@e!w mfmllcagngsgbsm@nsmm@dsg 28 None

B 600:1 37 24
[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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-16 [0069] In the tests, Cu oxide thickness was
nmeasured on each wafer prior to saw. Measurenents
were done at 9 different |ocations on each wafer: 1
site at center; and 8 sites around edge. The wafers
were then gone through wafer dicing process by saw ng.
The post-neasurenents were carried out four days

[PATEr . Theesuits fsem dlifissent inspeetionrteols af insligatediihat veing the DI water
éjﬁl;eaadjm cﬂiahﬁ’ly' tleh?@rrtﬁéhf@?éat%ﬁ?wé@ﬁﬁ effeREXD prevent the
OXI kne e

or t Irst wafer before saw
susfaceredidatiardandthe siligon msidugpipadiclegadhesien tale g wafer surface.

\ﬁfﬂﬁé’lfhb%lrlljgsgalﬁtﬂﬁl Js@? ool Waf’éﬂfﬁﬁg by SwiNGlifkibi&Rfthe Lf‘rormatlon of

ected to t r| ng t saw ng process.

Qxaieslamrt and grgyented edhw@kﬁfébg sifigen msrdAesfearrhéles it theyCu wafer

ter did not renove any Cu oxide. 10 [0071] The
thickness for the second wafer before saw was neasured
to be 35 AA. deaning solution was used as the
pre-treatnent, and DI water was injected to the wafer
during the saw ng process. g&h i g solution had a
functionality of renoving Copper oxide; however saw

[bo R n‘ﬁ'\'g\l\féfetr@te@led’iﬁtﬂ% ekSarBiHtveld1BlaR ke Rfera Wit e Al (0%

was_ renoved wth the cleaning solution. The thickness
Ghoherma QxidelSi. fThe waferdicing progessby sawjog wag S%urawg$t 30
mhirOied] The thickness for the third wafer before saw
was nmeasured to be 39 A There was no cl eaning

poryt '@Blﬂ%%@ﬂltl@ﬁ Atan'@ d?éu@g Eélﬁﬁ"drﬂ@ Were BbthuWised irfinfs é@mple. Both

sol ution used duri na t he sawi ng process.
dT‘H'ég Polpticns; wave lut@ﬁévﬂa.mmaé%ﬁeﬂ@ g sol ution, renoved
‘F er_oxide during saw process desglte any copper

e QriigabRiENrasEM migToseaPY opPlankshAlvstinur patersysing both dicing

%whgﬁg]twérégmjwnﬁ] pf,ggl,lé(:ﬁﬁ thicknesses after 4 days (32
A) compared to thé pre-saw thickness of copper oxide.

(06891310 Rafer lso“a@.&ﬁcé‘d%tﬁ :!ngné Qutioh AQpieturdeh MHeBeft AVFigure 10),

was neasured to be 39 A There was no ¢l eaning
fait (esidyms/padigleg wear éh?i'l"bl'"tth% RicH#at Agaiy), Iqﬁ"&j“di‘ttan% performed

A@dHdtRR sinddfo L)sm@&s,ldm%s@adwrés%ré laﬁow.am the pih@e Qﬁi&ture on the
The injection of the diluted dici ngiaso ution, renpved

riobt indrigee 19%i The data sheyveskiialihg sudactartdn cpmbinatjon with ether

DHdRehts BhAdhdes!thétieBRKg RittBon BARBR GG soldtion. vwas
evident fromthe reduced thicknesses after 4 days (28

A) conpar ed

[0080] In conclusion, the working exampiles 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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to the pre-saw thickness of copper oxide. [0074] The
thi ckness for the fifth wafer before saw was neasured
to be 37 A There was no cleaning solution used as

the pre-treatnent. Diluted dicing solution (600:1) was
30 used during the sawi ng process. The injection of

the diluted dicing solution, renoved copper oxide
[@081In ngvnmcﬁmee@ af thip Inventiomlistasiahave oreldding he working example,
R R AR B imE s in a6 e Ky BRI e s
Qootqrm!atpd éhasammemuskqtb@'scoof gtdemlrof@m precessimay bwsgd and the

[

ERHAETE B ¢ é%ﬂ%ﬁ% iy Beleib AP RGH RihdrOX afkiials other than those
Sﬂeé@mlwylwsﬁﬂi on for the pre-treatnent 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 5 oxide

| ayer, and prevented adhesion of the silicon

resi dues/particles to the Cu wafer surface. Exanple 7
[0076] The Wafers tested in this experinment were

bl anket wafers with: A (0.5% 10 Cu)/ Ther mal

Oxide/ Si. The wafer dicing process by sawi ng was set

up to last 30 mnutes. [0077] Dicing solution A and
dicing solution B were both used in this exanple. Both
di cing solutions were diluted with DI water to 100: 1.
[0078] Optical pictures from m croscopy on bl anket

Al um num waf ers using both dicing 15 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

pi cture. Again, dicing solution B perforned nuch
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 conbination

wi th other 20 conmponents enhances the cl eaning

function of the dicing solution.
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[0080] In conclusion, the working exanples |listed
above have shown that using DI water along or with

cl eaning solution as pre-treatnment still left S

resi dues/particles adhering to the wafer and bondi ng
pad surfaces, also |left exposed surfaces oxidized. 25
Therefore, using DI water along or with cl eaning
solution was not effective to prevent the surface

oxi dation and the silicon residues/particles adhesion
to the surfaces. The use of dicing solution along or
with the cleaning solution {9aMge-treatnment, during
wafer dicing by sawing, was very effective to prevent
the surhacg d%%dﬂdtﬁﬂ (3BIGGTTRY Wa?é?’%hé?r'ld)'e@f@@hve in inhibiting
re3|dues/part| hesion to the surface. The effect
was shown @aherengeaf theneondarainalipn regidyes tn eprse@aetallization areas
di luted 1094y ﬂhlg ESﬁoserrgf tﬁ’\gg&%seﬁhﬁeﬁmﬁé’lﬁn@@éé cefnphg.ha

i nvention Iist above, 1 ncluding the working exanple,

are exenpl fN¥aspbnd HIFBRRYICHERPSIIB Yokt thérdbf, TRy be nade
of this invention. It is contenplated that numerous

ot her confitgelsabhe H?dr@iyc%%x@ﬁ@é@@ §navaysé1ﬁhér%%ﬂor a’ﬂﬁﬂe group
the materials used in the process may be el ected from
numer ous rEANEPNIRY 8Cigi her t han those 5 speC|f|caIIy

di scl osed. -19 CLAIMS 1. A dicing sol ution

sol ution fdpurastant SE'PE‘ieHé'P”bWP&E?LFR/@qSﬁ“P%Hf b| ti ng 5
adherence of the contam nation residues to exposed

met al | i zat i onPRftsphate eéms Praacoest plgehel sthorylatecbased sudgctant,
nmetal lization areas, ri_sip east one

di car boxylic QEY'@'DB‘?{M es%ﬁ"‘f' o?lweqc&lpasegtsurfggtgpt haying a
hydr oxycar boxsthiceuraerd and/ or salt thereof or am ne

group containing acid; 10 a surfactant selected from

the group consisting of phosphate esters branched

al cohol et hoxyl ate based?&tr f act ant ; NONa

al kyl di phenyl oxi de di sul fioni ¢ aci d based surfactant

having a structure of

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

dodecyl benzene sulfonic acid (DDBSA) based surfactant having a

structure of;

secondary alkyl sulfonic acid based surfactant having a structure of:
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SOLNa 90 Na 15 6-0-6 R wherein R is an al kyl group
having 10 to 12 carbon atons; 20 dodecyl benzene

sul fonic acid (DDBSA) based surfactant having a
structure of: o S:P,o HOB k secondary al kyl sulfonic
acid based surfactant having a structure of: -20 h
H41TI 1) m CH3 Cf' wherein 10<mtn<l14; and conbi nati ons
thereof; and the renmi nder being substantially

dei oni zed water; 5 wherein the diciﬁéﬁgolution IS
fluoride-free and having a pH of abbyt 1 to about 4.
2. The dicing solution of Caim1l} wherein the at

| east one dicarboxylic acid, salt eE f, is about

0. 005 to about 16% 10 by meightx meast one
hydr oxy carboxylic acid, salt thefeof ji s about 0.003
to about 4% by weight; the surfdedgnCH;s about 0.0001
to about 0.5% by weight; and the renmi nder being
substantial ly dei oni zed water.

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

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

2. The dicing solution of Claim 1, 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, salt 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.

3. The dicing solution of claim 2, wherein the dicarboxylic 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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15 3. The dicing solution of claim2, wherein the

di carboxylic acid is selected fromthe group

consi sting of oxalic acid, nmalonic acid, succinic

acid, glutaric acid, adipic acid, maleic acid and

fumaric acid. 20 4. The dicing solution of claim 2,
wherein the dlcarbox lic acid conprises a mxture of

mal oni ¢ SacThe ¢iring ekt obelaim 2 comprsesTiEC grigi mglonic acid, oxalic

sol ution ofi¢had e Jgn&@&‘Wéte?eS citric acid, malonic

acid, oxalic acrd and delonized water. 6. The dicing
solutlon of claim1l conprises 4.0%citric acid, 2.0%
malonic 5 acid, 4.0%oxalic acid, 0.4%of the

surfact %ntThé‘&lme QSIUhSﬁ"Bf SR 1 E&hPﬁées&P@%tcﬁlﬂ& ! 2 0% malonic
dei oni zed wat er di ci ng ution of claimé®6

wherein t S M“é@é(alm aqd %"é@é&mcﬁﬂkﬁﬂd the femstider being

acid baseds,_pbgfafng%éadhqoml\pgeﬁ structure of: SCE H
{F4( i)m | } 10 wherein 10<m+n<14. 8. A dicing

solution (a solution for wafer dicing) effective in
i nhibiting adherence of the contam nation residues to

eﬁposed 7n€(tjr&l albmlgltsbmnombﬁaam 6, wiansin &I’é@smﬁcfaiﬁ isan;}sélfondary alkyl
t he expose tallJ zation are 0
Citric acigHions A5l Haset HESCaRtiaving T PE aci o

SO0sH

(f*‘*énfc"‘&}m

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
and the corrosion of the exposed metallization areas, comprising:

4.0% citric acid;

2.0% malonic acid;

4.0% oxalic acid;

0.4% of a surfactant selected from the group consisting of
phosphate esters branched alcohol ethoxylate based surfactant,

alkyldiphenyloxide disulfonic acid based surfactant having a

structure of:
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0.4% of a surfactant selected fromthe group

consi sting of 20 phosphate esters branched al coho

et hoxyl ate based surfactant; al kyl di phenyl oxi de

di sul fonic acid based surfactant having a structure

of: -22 SO Na SO Na O5 6--6 a wherein Ris an al kyl

group having 10 to 12 carbon atons; dodecyl benzene

sul fonic acid (DDBSA) based surfactant having a

structure of: ol9i0 HOs0d0 secondary al ksgxasul fonic

acid based surfactant having a structure pf: SaaH CH3
4 [ [ Rer eof ; and

wat er; 15

] se ani ¢ acid
based surfactant having a structure of . -23 $0R3 H {n(

m CH3 cl#, wherei <mtn
wherellpl F%PS an alkyi group having 10 to 12 carbon atoms;

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

t

secondary alkyl sulfonic acid based surfactant having a structure of:

S0z H

CH; CHy

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

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

9. The dicing solution of claim 8, wherein the surfactant is is a2 secondary

alkyl sulfonic acid based surfactant having a structure of:
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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 formed on all exposed netallization areas;
conprising steps of: contacting the wafer
continuously with deionized water; and contacting the
waf er continuously with a dicing solution(a solution
for 10 wafer dicing) conprisi &t |east one

di carboxylic acid and/or salt phereof; at |east one
hydr oxycar boxyl i c acid and/orj salti thereof or am ne
group containing acid; a surfactat selected fromthe
group consisting of 15 phospﬁ’ enqgstans, branched

al cohol ethoxyl ate based surfgb '
al kyl di phenyl oxi de di sul f oni &Hg¢i gHpased surfact ant
having a structure of: SO -% SO Na 20 0-0-6 R
wherein Ris an al kyl group having 10 to 12 carbon
atons; - 24nharilesydmbsngene sul fonic acid ( DDBSA)
based surfactant having a structure of: 0-5 HO' 0
secondary al kyl sulfonic acid based surfactant having
a structure of: SGCsH I1r"T9M

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 metallization areas; comprising steps

of:
contacting the wafer continuously with deionized water; and

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

wafer dicing) 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{():Na 50.Na

wherein R is an alkyl group having 10 to 12 carbon atoms,
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CH3 CHF{t 5 wherein 10<mtn<14; and the conbi nations

thereof; and the remai nder being substantially

dei oni zed water; wherein the dicing solution is
fluoride-free and having a pH of about 1 to 10 about

4. 11. The nmethod of claim 10, wherein the at | east

one di carboxylic acid, salt thereof is about 0.005 to
about 16% by desegHbenzene; swfopic acid{BDESA bages swriactant having a
carboxyl i c acighctfé bft hereof is about 0.003 to about

4% by wei ght; the surfactant is about 0.0001 to about

0.5% by weight; and the remai nder/taj ng substantially

dei oni zed water. -25 12. The neth ]
wherein the dicarboxylic acid is s om the
group consisting of oxalic acig, nmlonic aciyd,
succinic acid, glutaric acid,.a®pi.e
acid and fumaric acid. 5 13. The nd claim1l

wherein the dicarboxylic acid conprises a m xture of

mal oni ¢ acid and oxalic acid. 14. The nethod of claim

11, wherein t hecehddrygikgiduifbnio Aceaped SeFadtarithading @i structure of:
mal oni ¢ acid, oxalic acid and dei onized water. 10 15.

The nmethod of claim9, wherein the dicing solution

conprises 4.0%citric acid, 2.0% ngDeHi c acid, 4.0%

oxalic acid, 0.4%of the surfactantj and conbi nations
thereof, and the renmi nder being ntially

dei oni zed water. (FHQ,,{ %}
f m
CHy 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.

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, salt 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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15 16. The nethod of C aim 15, wherein the surfactant
is a secondary al kyl sulfonic acid based surfactant
having a structure of: $O0tl C Cdh wherein

10<m+n<14.

12.

13.

14.

15.

186.

20 -26

The method of claim 11, wherein the dicarboxylic acid is selected from
the group consisting of oxalic acid, malonic acid, succinic acid, glutaric

acid, adipic acid, maleic acid and fumaric acid.

The method of claim 11, wherein the dicarboxylic acid comprises a

mixture of malonic acid and oxalic acid.

The method of claim 11, wherein the dicing solution comprises citric acid,
malonic acid, oxalic acid and deionized water.

The method of claim 9, wherein the dicing solution comprises 4.0% citric
acid, 2.0% malonic acid, 4.0% oxalic acid, 0.4% of the surfactant , and
combinations thereof, and the remainder being substantially deionized
water.

The method of Claim 15, wherein the surfactant is a secondary alkyi
sulfonic acid based surfactant having a structure of:

SOaH

P
CH; Ciy

wherein 10<m+n<14.
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