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FI LE: 09035 CLEANI NG SOLUTI ON BACKGROUND OF THE

I NVENTION 5 Field of Invention [0001] The present
FiEgEAtion relates to a cleaning solution used after

renoving resist. Mire particularly, the present

invention relates to a cleaning solution effective

for renoving organlc 0 ,ﬁ@ﬂgues after dry
~etching and resi st ﬁéQ%&ﬁhﬁégkﬁ? facturing

processes of seniconductor devi ces. 10 Description of

Rel ated Art [0002] Etching is one of the nost

i nportant technol ogies in the manufacture of

sem conduct or devices. In general, the pattern of

devices in the p t he
phot or esi st Iaye?ﬁﬁgﬁgﬁﬁtol|ﬁz§g?%§%1 etching is
t he Qerforned to transfer the pattern to t he
F“@%BE IVeatR mat erial | ayer. Such patterned materi al
er becones a 15 part of the sem conductor device.
lhg aTkeprejentiigecnsiongelaive® deoldapimgaoluion wsd afiereremoving
the patterned nmaterial |ayer can be a |ayer of silicon

. resisti Gdore Patdhlarlyi theqoasennidventien {eBit&Nd) g cleadiyg isbiution cffective

al um num al | oy or phosphosilicate (PSG, integrated in
fort Iléﬁlovﬁil%Vdrgﬁuc bhaforgsic Alsied afdr dxg*b‘i‘clﬁ'i?g d Akt kasshal h the

t he sem conduct or devi ce have t processed through

ma%ht‘a?télg‘ﬁgggdc%és%of%g-ﬂ{;cﬁtdhﬁta?@ eVl and etching, |ayer

urt ng manufacturing of the device.

E a in the processes of formng
De%\ﬂﬂ%ﬂb§fﬁﬁla ﬁ‘{%on oxi de layer and a conductive |ayer

%50| S|I|con or other netal materials, such as
g)1s &ne of the mes 1g)@qrj@rﬁtt¢<3mpl)¢gw§ 1 fze manufacture of
substrate. After a patterned photoresist layer is
sethiopmbaitopdetibes. Ircgandrad .t the pattay of deviieey i thetphotpmask is transferred
performed to the exposed conductive |layer to formthe
to the photoresist layer by photolithography, and etching is then performed to transfer

the pattern to the underlying material layer. Such patterned material layer becomes a
part of the semiconductor device. Taking a MOS device or a CMOS device as an

example, the patterned material layer can be a layer of silicon oxide (Si02), silicon

nitride (Si3N4), polysilicon, aluminum alloy or phosphosilicate (PSG), integrated in the

device. That is, almost all the materials used in the semiconductor device have to be
processed through film deposition, photolithography and etching, layer by layer during
the manufacturing of the device.

[0003] For example, in the processes of forming wirings, a silicon oxide layer
and a conductive layer (polysilicon or other metal materials, such as aluminum etc.) are
formed sequentially on the substrate. After a patterned photoresist layer is formed on the

conductive layer, dry etching is performed to the exposed conductive layer to form the
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FI LE: 09035 wiring pattern by using the photoresist

| ayer as nmask. Afterwards, the photoresist |layer is
Flrenﬁ%ed. [ 0004] However, because the organic residues,

L&t as, hi gh nol ecul ar wei ght pol yner, and inorganic

resi dues, including netal oxide and netal oxide-high

nmol ecul ar 5 wei ght conpounds are forned at the sane

| witipgrpattein by uding the photengsisl laggriasmaskotfewwirds, the phatencyist layer

ashi ng, the conventional stripping |liquids can not

iswemopket el y renove these two ki nds of residues.

Mor eover, these two kinds of residues may seriously

gMoagtt t Rwel & E@N&u@@tﬁ@&?éxﬁ@ batiRicl! REBSS, lﬂFh &VRcular weight
amage the wafer. [0005] I'n the conventional process

pofineh T AR RG0S TRARERE il Y818 g fornl Ol B B Rl Bt
t he copper, wiri,ng l.aye is provided, The.dielegtric .

wejhy gpmpBuds e prmed, Hyibe serpe e X dryetihing or Affgrapotoresist
defining the damascene pattern by using the

(repipid edhting ithe eonyentiondl Algippiadsridscagmet gemplsiche emqye these two
forma dual damascene openi ng exposing a portion of

kindh eofcepigess. Wloteoger| dyese .twp0KiGéd obbesidiss| may rsesoublie siffect the
i ncl udi ng hi gh nol ecul ar wei ght polynmer and 15 copper

folwifemah@RctiR 6¢dsa br Weh@amagoieowmTes, are formed on a
surface of the exposed dielectric layer, along with

‘I{;&ﬁﬁ r oy ffe écﬁfv%ﬁt?orﬁp }d”é%sscfi?ipgﬁ-{ngg gicﬁﬂl ld@%l%cené R Lre, a

or | eani ng the af orenentione ues, the prior

art, ysual ly applies cl eani ol ution for renovin
sulfrate it o PP it Yot 8 ot JoGE P grestpRer Wittt layer
cleaning solution, faor example, as disclosed in US .
is pravided. N glsl,egws,lm ts e oF @ lom o dieissiria material. Adiea defining
88% di net hyl sul f oxi de and 10% water, or as disclosed
thej damasceRapatiern Xy, usirgg the pheemaslo nwp stching progesses are performed to
di gl ycol am ne, 10%gallic acid, 30% hydroxyl am ne and
forhta dwhtienaschy ofidathgoappstnig ppotea s the dopperchempilng:.
capabilities of these two cleaning solutions for

COUDBE! ONicdRwRilE RSldusAtinslhiambOkith molecular weight polymer and

copper oxide-high molecular weight compounds, are formed on a surface of the exposed

dielectric layer, along with copper oxide formed on the copper wiring layer.

[0007] For cleaning the aforementioned residues, the prior art usually applies a
cleaning solution for removing the residues. The composition of the well-known
cleaning solution, for example, as disclosed in US Patent No. 5,905,063 consists of 2%
fluoric acid, 88% dimethylsulfoxide and 10% water, or as disclosed in US Patent No.
6,156,661 consists of 55% diglycolamine, 10% gallic acid, 30% hydroxylamine and 5%
water. For the copper processes, the cleaning capabilities of these two cleaning

solutions for copper oxide are not satisfactory.
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2 FELE: 09035 [0008] In the prior art, a stripping

liquid containing oxalic acid and water has been
FH&&?&gsed. Al t hough the proposed stripping Iiquid can

effectively renove copper oxide, the stripping liquid

corrodes the surface of copper wiring nmaterial. [0009]

E ermpre, as the line-wi dth of the device keep

JHidalei n 1 the DR et IBP i Ui P ARBIng CHBRC pAig and water has

stripping liquid to rinse the residues out after
begreproppesd; Althguglt thetieposed eipaitignliquith sar leBegtively remove copper

efficiency of the prior cleaning solutions. SUMVARY OF

oxiblelFthe Mviphiid oD ui Okl eihe sudhadgegif\coppen evidsp aaterial. t he
present invention is to provide a cleaning 10

Z@@Oﬂ] i on Fafth&elordy, &s HRS lieeR Tk BEtHERIece R¥bfAQRrinkiA 1it becomes

ccordi ngly, another aspect of the present invention

ide . . C
e ot YU g BET AP G LS, DY Feabiin, thug forther

t he. netal. materj.al s. 12]. Accordi ngly, another
deggafim e pleqtie g eiin thy i g Bhhsel de & 15

cl eaning (stripping) solution effective for renoving

bot h organic and i norganic residues. [00131

Accordi ngly, another aspect of the present invention

is to provide a chPeMMARYSOFIHBHRBYVENTEBNdoes not

damage the lowk dielectric materials. [0014] As

eodiogi ed Axbskdhigbadhy agreicét the Brdd@it Shvbntibh & ©BrRSEAE a cleaning
I nvention provides a cleaning solution, which is a

solfigd %&3@@?&&%@@@%@3 iokix%é‘, conprising a first 20

compoun a second conmpound and water. The suitable

fi conpound can bg sel ecte romthe. group . .
U030 o5 AReaRmgRA ngfic? Regech 5F chf DRaseh S ieR s to provide o
acid, propene-1,2,3- tricarboxylic acjd, sulfosuccinic
clegpipg solgtign ge¢tive farremoving melebudecwithewt dameging the surface of
succinic acid, citramalic. acid and malic acid. The
thegu¢telapaterislecond conpound can be sel ect ed

[0012] Accordingly, another aspect of the present invention is to provide a
cleaning (stripping) solution eﬂ’eétive for removing both organic and inorganic residues.

[0013] Accordingly, another aspect of the present invention is to provide a
cleaning solution, which does not damage the low-k dielectric materials.

[0014] As embodied and broadly described herein, the present invention
provides a cleaning solution, which is a mixture having a composition comprising a first
compound, a second compound and water. The suitable first compound can be selected
from the group consisting of oxalic acid, malonic acid, tartaric acid, propene-1,2,3-
tricarboxylic acid, sulfosuccinic acid, oxalacetic acid, methylenesuccinic acid, succinic

acid, citramalic acid and malic acid. The suitable second compound can be selected
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FI LE: 09035 fromthe group consisting of citric acid,
gl yoxylic acid, lactic acid, nercaptosuccinic acid,
.Hﬂ%_ 5ic aci d, acetyl enedi carboxylic acid and
hmethacrylic acid. [0015] Furthernore, an inhibitors or
suppressor can be added to the cleaning solution, in
order to mnimze the erosive action of the cleanlng o
frogy thet gTeHP coMaTtRet Hecllts apid. 8l yoratisracl, dactis peidl, arereapppsgecinic
etc.. The suitable suppressors can be selected from
aciﬁh’émg:rimpidc arttyletadingrimkylic 2¢i8 abdmediaciviz atid,
benzoi noxi ne, salicyl asl doxi ne, bis [4-am no-
?e(msqir OX YFudthendrd, lanciaBibitdrey bl supptdiadiecanrst Bdded to the cleaning
4- am no- 5- hydroxy 1,2,4-triazol-3-yl] butane. [0016]

solﬁh&ﬁ rlﬂadrﬂéﬁeﬂoynurﬁm r&@(‘e}&we £&on Jgg Q:E?.nfr ts%hftﬁ toward the

sol ution. The sur actant 10 1 nclu exanp a

L N R R

into the c eanlng (stri pping) sqlutiogn of the present
ErQUR\ERTIPYIE ofthé Sdsneeipielndrearointing wlicypiidaimechis [framino-

selected fromthe group consisting of y
S-hydeaxyrlo2.3dtiazed-3-1} mesthanc- @ndopisr (-ardimoed-hydspxip ¥ 2ekigiazol-3-yl]

gl ycol nethyl ether (PGQVE), dinethylsulfoxide (DMVSO),
buthbe.t er anet hyl enesul f one,

1, 3-di met hyl - 2-i m dazol i di none,

%G(ﬁ'ﬁﬁi' et Mﬂem%tl\rél’yd@&ﬂfdc%f‘ Edifbe aﬁthﬁt@ e ﬂilﬂt@cﬁi ’The surfactant

et hyl ene gl ycol nonoethyl et her, et hyl ene gl ycol

incﬂﬁ%?gi} g’{aﬁ‘ljj J]a%% ll%éqengilpg)g)ie@fyll dgrfgc%'t[ et?lggngndegst ood
9o n adiiored daetsapior! ﬁ?fgsgilleﬁﬁ Gpe adedsigo he

|ntended to provide further 20 explanation of the
clepming (ﬁmmngﬂssomtlan@éﬂw BRicEFnDESOR} Bl antable Wate-soluble solvent
DRAW NGS [ 0019] The acconpanyi ng draw ngs are incl uded
carl oe gplavdddfeorn thaigriol Consisticlg lof tabatyrelactbné, Ne-niethad2tpydivlidone,
and are incorporated in and constitute a part of this

propylene  glycol methyl ether (PGME), dimethylsulfoxide (DMSO),

teramethylenesulfone, 1,3-dimethyl-2-imidazolidinone, 1,3-dicthyl-2-imidazolidinone,
ethylene glycol, ethylene glycol monoethyl ether,_ ethylene glycol monobutyl ether,
N,N-dimethylformamide and N,N-dimethylacetamide.

[0018] It is to be understood that both the foregoing general description and the
following detailed description are exemplary, and are intended to provide further

explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS
[0019] The accompanying drawings are included to provide a further

understanding of the invention, and are incorporated in and constitute a part of this
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4 FI LE: 09035 specification. The drawmngs illustrate
enbodi nents of the invention and, together with the
an%a%rlptlon serve to explain the principles of the

FRVERt i on. [0020] Fig. | is a diagramillustrating the
renmoved t hi ckness of copper oxide versus the reaction
time using three cl eaning solutions. [0021] Fig. 2 is

spegifisationr Ehe Asniings iHugete Pohodments aiftes lmaemtwrbargia fggther with
and inorganic residues on the surface. [0022] Fig. 3
theides@ippiont sere te lespliaimgthe peinviplee of ik ifregtio® ri nsed with
the cleaning solution according to one preferred

ofli neRio. ofisthiliagiafy Afistratng #e 1ROGE] MRtKRSGT & d
EEEFERRED ENééDI ﬁ#s [0023]E%he cl eani ng (s?rlpp@§§§OXIe

vers® HE R 6B Gsif %@@Elehﬁﬁig Biihi@dhd S @ m xture having

a conposition conprising a Tirst COﬂpOUﬂd a second

und.an water The SUIta le f i
ERREunar@ag fon Fied, Shoving ¢ it 30 amaldeoyth orsanic and
mal oni ¢ _aci d, tartarlc aci d,
ﬁ@@ﬁéﬁ%‘Tﬂzméh?ﬁF@§Fboxyl|c aci d, sul fasuccinic acid,

15 oxal acetic acid, nethylenesu00|nic acid, succinic
K922 ci Figad nskipictarsi showingrtiiei wafacofiFig. Rrrisfsed adlhythe tchegning
first conpound is malonic acid. The first conpound in

soltitied dtcantditipgtoiofe prafémddyeniiasidaest dtltids ibenti@iovi ng

resi dues including nmetal oxide, high nolecul ar wei ght
conpounds and netal oxide-high nol ecul ar wei ght
conmpounds, because the first conpound can effectively

di ssol ve
oxi de- hlggﬁkggR&p?ggﬂﬁgfﬁaglg con%ou S angﬁﬁ&ﬁ%
we ol ners Q025]. For the .cleanin
@@? pp?'ﬁbs fs%wsf)%tﬁ Bi8) ﬁ‘é‘LB?Iég e P]f%%ﬁtm\seﬂtmflﬁ a mixture

first compound has a wei ght percentage of about 1% -
havigmg cmwémmommmmt ervepoungy efesprtbéomigusmd gog water.

the first conmpound has a wei ght percentage | ower than

0PR4h t hEhe suitable first compound can be, but not limited to, oxalic acid,
malonic acid, tartaric acid, propene-1,2,3-tricarboxylic acid, sulfosuccinic acid,

oxalacetic acid, methylenesuccinic acid, succinic acid, citramalic acid or malic acid.

Preferably, the first compound is malonic acid. The first compound in the mixture is

‘mainly responsible for removing residues including metal oxide, high molecular weight

compounds and metal oxide-high molecular weight compounds, because the first
compound can effectively dissolve metal oxide (such as copper oxide), metal oxide-high
molecular weight compounds and high molecular weight polymers.

[0025] For the cleaning (stripping) solution of the present invention, the first
compound has a weight percentage of about 1% - 20%, preferably 2% -15%, most
preferably 3% -8%. If the first compound has a weight percentage lower than 1% in the

stripping solution, the capability of the stripping solution for removing metal oxides
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stripping solution, the capability of the stripping
solution for renoving netal oxides FILE: 09035 (such
@gpper oxide) is greatly reduced. However, if the
conmpound has a wei ght percentage hi gher than
20%in the stripping solution, the stripping solution
may corrode the netal materials (such as copper
(sycb @3 69prRN exisiel srafeaymsdued. Haweves, iiteafirsh gompd { low agweight

the present invention is 5 responsible for

FI

. peaippgekighdrghd®09% o fesstrigpigd fedation) thet dn@pyahg bqlpiisromay corrode

solution toward the netal materials, such as copper

the,%&almht@nﬁl@gémhkaﬁe &be®. t he second conpound can
partially i ssol ve thHe netal oxide (such as copper

TUAERY o ShE Seckfi ShBhi %‘ﬁéﬂ?ﬁ%&ilﬁ@n off BF RN neifon s
solutjon_for reno 0Xxj des

resORIE G B PESRe LS oo e aLbry b Firaseippiag, S%#l%@ward the
first 10 conpound toward the netal materials. As

metad supterials, Rechsasceonperciomplifaet. berapsecthe secont wgmpgmdmndwmally
of the present invention can act as an auxiliary for

dismolve ghe imegalt heide ofsnds iay ecoppéif exitic)ofwhdre chbiexsting omitio uhel first
toward the nmetal materials and for renoving netal

co@¥inas thel RBZH cdibsoriidi dad inRark@ aBO dbike B tHedkt&awing Solution for

but not limted to, citric acid, glyoxylic acid,

: rerﬁ(ﬂﬁﬁ%/?né'{‘ﬁ' Shid &L if aﬂﬁhﬁﬁ)ﬂcé) E]L'gﬁ) de%&'ng thE WERIOSe Aty 8f the first

acety | enedi car box nethacry I'Cc acl

Pr ef er.abl t he second. cqQnmpoun lic acid
coB Py s BT STBM, Aegrrerle 1 Saoi tpp Bl g i geaning

solutlon of the present invention, the second
SOIE%%B Pragenk Wéeingﬁlﬁ Bk et %@ué‘ﬂla’é’b&ﬂm@lg@ﬁn%he corrosive

20% preferably 0.1 %-10% nost preferably 0.15%
effect ofthe firft composnd torvehrd thepoetaldnitadal s andk fagrempeng ereta gaides.

hi gher than 20 20% in the stripping solution, the

pERabi | 1 The fsoitabdel pEgoad Sdofpoliid caid be OBty gotelifaited t@f citrlteacid,

stripping solution is reduced.
glyoxylic acid, lactic acid, mercaptosuccinic acid, fumaric acid, acetylenedicarboxylic
acid or methacrylic acid. Preferably, the second compound is glyoxylic acid or
methacrylic acid.

[0028] For the cleaning (stripping) solution of the present invention, the second
compound has a weight percentage of about 0.01% - 20%, preferably 0.1% -10%, most
preferably 0.15% -1.0%. If the second compound has a weight percentage higher than
20% in the stripping solution, the capability for suppressing the corrosive effect of the
stripping solution is reduced.

[0029] Furthermore, an inhibitor or suppressor for preventing the metal

materials from eroding by the cleaning (stripping) solution can be added, in order to
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[0029] Furthernore, an inhibitor or suppressor for
preventing the netal materials fromeroding by the
ankﬁgging (stripping) solution can be added, in order
to FI LE: 09035 minim ze the erosive action of the
stripping solution toward the nmetal materials, such as

.copper, or alum.nu [ 0030] The suitabl e suppressor
migIR} b o ERRVATSEION pHESHTATENE LI S0R. GUARLDF ek Faatenals, such as
benzoi noxi me, salicyl asl doxinme, bis
copper ghvilpai®hy dr oxy- 1, 2, 3-tri azol -3-yl] nethane or 5
bi s [ 4-am no-5-hydroxy-1,2,4-triazol-3-yl] butane.
POasi0@r ablThe stitebls mpprasanrcan belbdt, it Hadtedaby 1,aBebenzotriazole,
[0031] Since the line-width of the device keeps
beddidoRkh8 GalidNgklddkithB i F4-Qfﬁirﬁ£5-hya&lo§§m 19 tr5:2b M3 JyANnethane or
the noleculeés in the sofution renove thé organi¢
resi A . h o resi _
bis [ASIHHES bl BT LRl B, e BBbISHES 13 1.25-
b 10 nnrf difficult for the solution to wash the | arge
70482818 j on- conpl exes away fromthe wafer surface in
limted spaces. Hence, the renoval effects of the )
0Gdhi ¢ Sesedbe bnermadth pf dhe dgviee lerns shripkiogoandain; the (gier art
the cl eaning solution of the present invention is
cleatfifig solutienS the moleomdes ingthscohitmnganiose dind organicgasidues through
resi dues at the sanme tine, a surfactant can be 15
binﬂﬂ%_eﬁitlh fHeQridific feidutd &1 thes icRdATIENRE of heodr @ERIERIS, it becomes
efficacy of renoving residues. By way of the enul sion

mo?é Hﬁﬁ&ulpforttﬂ@ sﬁﬂtri(gﬂa&t@ s the Mol ?Elgi%léoi%hléoﬁi fexes away from the
y &% P, this

I on- conpl exes can easl di s ve I n wate

i gnificantl r onot i renoval o he organic . )
wafes drtec Bembe PR Hefied sl el P L Priap fesidues are
phenol pol yethyl ene glycol ether. [0033] A
gregily dueesl- ubl e sol vent can be further added into the
cl eaning solution 20 of the present invention for
EH33hci nglthheghethie] deaningosolutenmoof thg wessahinyentagi Buitective for

removing both organic and inorganic residues at the same time, a surfactant can be
added into the solution for enhancing the removal efficacy of removing residues. By
way of the emulsion effect of the surfactant, the large particle ion-complexes can easily
dissolve in water, thus significantly promoting removal of the organic residues. The
surfactant is, for example, a nonyl phenol polyethylene glycol ether.

[0033] A water-soluble solvent can be further added into the cleaning solution
of the present invention for enhancing the efficacy of removing organic residues.
Through the reaction of hydrophobic and hydrophilic groups in the water-soluble
solvent, the surface tension of the ion-complexes can be reduced, so that the ion-

complexes can easily diffuse out and then rinsed away by water.
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Through the reaction of hydrophobi c and hydrophilic
groups in the water-soluble solvent, the surface
Iwﬁﬁﬁﬁipn of the ion-conplexes can be reduced, so that
the 1on- conpl exes can easily diffuse out and then
rinsed away by water. 7 FILE: 09035 [0034] The suitable

aﬁbg{-sol bl e. sql vent c? be,. but nqt %inited to, a

1 S pdalle (Watsraoluple {}oly%twgqea pr%t, llmlted to, a water-
N- et hyl - 2- pyrrol i done, propyl ene glycol nethyl ether

soluble\@jytiog afet Hyutgnalaktowxie,dls-ng €3)-pyrrolidone, propylene glycol methyl
t er amet hyl enesul fone, 1, 3-di net hyl -2- i m dazoli di none,

- etHer 3CRRGMIENY Uimhathdanflxidl DNESOLt Rydneakyledesaidbne, et Bydiaadyl-2-

glycol 5 nonoethyl ether, ethylene glycol nonobutyl
im?a.lﬂ@ﬁdm&lle',\l' q'ﬂ@%ﬂl}(fi-ﬁﬂfﬁ%ﬂdﬂﬁmﬁf Q{hgﬁene glycol, e{tlglene glycol

|nethylﬁcetan1de, a hyd{ogrl |c|s vent” or ‘wa
L el B BT P Sy g g o o
P , o dj ) [ 7
diﬁ%tggiapéﬂra%%wdrg@%g% polFgt of ateey érg%s% dbs Wetewrolghle solvent

_the present invention, the water-soluble 10 solvent _
is hwatezrsolablgiselupen o€ proaglene tlysblomethyboher (BOME)p dimtathdslfoxide
20% - 80% nost preferably 30% -70% [0036] Severa

(DMBPRdriySbhtytsladtenear € perf ormed between using prior art
cl eaning solution and using the cleaning (stripping)

i@d)?jt} i on pgf tlﬁg' gleﬁléigg eé%isut‘.[og\égg ]Qﬂe? ﬁrets%ﬁ Sihvérﬂiron,r ?ffgo\ég#er—soluble

ate of netal oxi s test, cop

soff e’ SRERET pEper AEAROR 107og LBt A Py oy most

uni form thi ckness forned on the surface of the

_:P“%@B 30¢held% | nerse one hal f of the copper sheet in

the tested cleaning solution and neasure the required

{903] ( apPeveral conipapyorf tests conpirbirmed drtwegh usihgtpmier art cleaning

copper oxide |ayer, thus obtaining the renoval rate of
solution and using the cleaning (stripping) solution of the present invention.

Test for removal rate of metal oxides

[0037] In this test, copper oxide is used as an example.

[0038] First, a square copper sheet is provided, with a copper oxide layer of a
uniform thickness formed on the surface of the copper sheet. Immerse one half of the
copper sheet in the tested cleaning solution and measure the required time (applied
time) for complete removal of the copper oxide layer, thus obtaining the removal rate of
copper oxide by the cleaning solution.

Test for eroding effect on the metal

[0039] In this test, copper oxide is used as an example.
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20 copper oxide by the cleaning solution. Test for
eroding effect on the netal [0039] In this test,

anggggg oxi de is used as an exanple. 8 FILE: 09035
[ 0040]

First, a square copper sheet is provided.
| merse one half of the copper sheet in the tested

I i ng so]Jution and neasuyre the remai ned thjckness
GO "2 535b & saBe PPt aBrel & miop et BRS G 61 R Pf it copper
test for organic residues and inorganic residues 5

sheedom the tastoghFlepnipg splubon aedimeanire thettemaigd tiaeknsshaf Hig, copper
the wafer is immersed in the tested cl eaning

sheablafien oeertailf pegioda certai n period, the wafer is taken
out, rinsed wwth water and then dried. Later on, the
S C alR@kidfal @bt EdricRFanid £51A860ORA ihSEMIc r&idised to observe
whet her any residues renmain on the water. Test for

Siv i g ' j.al : :

lc[gétf 1 0 %%%gfstpr%d*;&‘ &qﬁg&@feﬁeﬁ %'f%v?&riﬂdg,itg?%fér% immersed in

ayer 1 A war er ving a _ ectric
o i@ i Bl o AR PR T PR 2 P ol hsed with

certain periqd, the wafer is taken out, rinsed with
wajgrrid B dwanLeter 6n, theascapning clecan proroeseHNhippsed to
the lowk dielectric material |layer on the wafer is

" obsegkewhetberhay aendues revhan lverthe wafet.ow- k  di el ectric

material |ayer is corroded. 15 Preparation of the
cl edeitifor Sodosivie @ffettAMBE lobes didemid MatefialUiayatei ght
units (units in weight) of propene-1,2,3- _
t([b@@?r bp)ﬂxylvslrafferaﬁé\%é S B RddidebficORmfride 'I%’H’ N HeS surface is
units in weight) of water. Next, 0.4 wei'ght units of
2 t celni e n .he yAxture. . After
pr%\gé(e:aﬁﬁldﬁﬁen 11151’%1Fr§?(? gnn%\ﬁlet?sft?cp %ggmm%g é(ﬁ}lttl%nh i:{ﬂser & L eFtairf perl%d, the
wilkdr s kO ot Hnded Witk e ardd Bk Sried Lates o, e BT R posiaum of the

low-k dielectric material layer on the wafer is taken to determine whether the low-k
dielectric material layer is corroded.
Preparation of the cleaning solution

[0043] Test sample: four weight units (units in weight) of propene-1,2,3-
tricarboxylic acid is mixed with 65.6 weight units (units in weight) of water. Next, 0.4
weight units of mercaptosuccinic acid is added into the mixture. After mixing the
solution well, 30 weight units of 1,3-dimethyl-2-imidazolidinone is added and the test
sample of the cleaning solution of the present invention is obtained.

[0044] Comparative 1: having a composition as proposed in US Patent No.
6,156,661, including 55% diglycolamine, 10% gallic acid, 30% hydroxyl amine and 5%

water.
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20 sanple of the cleaning solution of the present

invention is obtained. [0044) Conparative 1: having a
FIGQRPQRsi tion as proposed in US Patent No. 6,156, 661,

I ncl udi ng 55% di gl ycol am ne, 10%gallic acid, 30%

hydr oxyl am ne and 5% vvater FI LE: 09035 [00451

ratiye havj osi ti.on as_p
BT enPom?araﬂsleg%W%d 3 [REINGHEAY BopPp g8 ptent No.
98_@& 88% DVSO and 10% vvater [ 00461 The above t hree
5,996 9544 ingludwe 20 reriaaad (E), 8874 dMSChandc )y awiatart y of
renmovi ng netal oxide and the results are shown in Fig.
1004661 | e Thheatmyahthiee Cllnihg "solbiohd\"are apuiabdot the capability of
respectively the test sanple, conparative |I and

rerﬁ@m%ﬁéhﬂ ¥Rid@-anfitReNekhISs ard shdvin i BgCl S e SOMbbLs Ol “@”

e test sanple is used it can corrpl etely renove

« aGO oxi d .
A ey PGS el R es bR oSyt o6 ipirhie. Plom i
' cI eanj ng sol ution of conparative | nerely renoves 1/6
1, Hthe gleapipg spivdien offthe feplesapplpisrused il eam peMPISEl: renaye (fgpper
sol ution of conparative 2 renoves half the thickness
oxide (ofetal hxidaspprerabowti 2k ndowtesn Ot Hiee samerrpecamphred with the test
Therefore, the cleaning solution of the present

sathpl¥ S iclAnidgSokitidH Rﬁrcbﬁﬂpaﬁﬂﬂ@blrhérblﬁr 8ot &8 i0Tehd heckness of
net al oxi de, when conpared wth the prior cleaning ‘

thes&r@géﬂ &% -Elhtﬁe el F@Sluﬁgﬁ Uk b&fiPé}EtﬁJ‘f rh&REBhIF the thfckness

ntion excel Fent capabi Tty of removing rre

i S.1ny

*of B 5 S0 g PPl TheRik by Rafing e on St the

er odi ng effect on the ne and the results are shown
preseptyyspEon hasmygpgripr ?@E@’%’.’Eﬁéﬁ?‘ﬂ@“ﬁ&ﬁ@ 1ogtpl giflgyvpen compared

Al /0.5%Cul A'/mn
with the prior cleaning solutions. The cleaning solution of the present invention has

excellent capability of removing metal oxides.
[0047] The cleaning solution of this invention (for example, test sample) is

tested for the eroding effect on the metal and the results are shown in Table 1.

Table 1
METAL | ERODING RATE
Cu 1 A°/min
11AL/0.5%Cu 1 A®/min
[0048] From Table 1, the
Ti 0 A®/min
W 0 A°min 20 cleaning (stripping) solution of the
TiW 0 A°/min present invention can hardly erode the
Ta 0 A%/min tested metal. Therefore, the cleaning

(stripping) solution of the present invention can remove the metal oxide on the metal

surface without damaging the underlying metal.

10
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TiO A/mnW ADOmn 2" 0 AAmin .Ta0 A /mn [0048]
From Table 1, the cleaning (stripping) solution of
rirER8o3sPr €sent invention can hardly erode the tested
netal. Therefore, the cleaning (stripping) solution of
the present invention can renove the netal oxide on
e tal  surface w.t hout damgi ng, the underlyin .
f&@%? . 1%"%‘&%@0%“?%&5]&%3%‘}%@%&% CGRTE B3 vl is
this invention e%fféor exanple, test sanple) is tested
testedrfor He aomiopiys ietisctednr the Widerttit matkirial dayer iyl thgtresulta jare shown
| ayer and the results are shown in Table 2. Table 2
in DiEe ECTI C LAYERERODI NG RATE TEOCSO A/min BPSQ A/ m n
thermal oxideO A/min FS& A/ min bl ack di anond0 A/ min

HSQOT£hid i n 5

DIELECTIC LAYER ERODING RATE
TEOS 0 A°/min
BPSG 0 A°/min
thermal oxide 0 A°/min
FSG 0 A°/min
black diamond 0 A°/min
HSQ 0 A°/min

[0050] From Table 2, the cleaning solution of the present invention can hardly
cause corrosion to the tested diclectric material layers. Therefore, the cleaning solution

of the present invention can remove the residues on the surface of the dielectric material

| layer but without damaging the underlying dielectric material layer.

[0051] The cleaning solution of this invention (for example, test sample) is
further tested for its effect on removing the organic and inorganic residues and the
results are shown in Fig. 3. A wafer with organic and inorganic residues on the surface
(as shown in Fig. 2) is provided, for comparison. After rinsing the wafer with the
cleaning (stripping) solution of the present invention (such as, the test sample) to
remove the residues, the rinsed wafer is shown in Fig. 3. From the comparison of Figs.
2 and 3, it clearly shows that the cleaning (stripping) solution of the present invention
can completely remove the organic and inorganic residues remained on the surface of

the wafer,

11
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[0050] From Table 2, the cleaning solution of the

present invention can hardly cause corrosion to the
FILESS d dielectric material |ayers. Therefore, the

eani ng solution of the present invention can renove

the residues on the surface of the dielectric materi al

| ayer but without damagi ng the underlying dielectric

MS&H i al In gpaclusion, [thrp3lqaninge selubiani @fgv; theo | nyeseph iByention can

this invention (for exanple, test sanple) is further
effeeebdremveiths neftd] exdides nwitleoad \damg ginlgethe mgaii surfaoel at the same

i norganic residues and the results are shown in Fig.

tinid, Mowalel the dEndigahitfordftihk MR inertRR (@HeFfeBlivdly eemove
surface (as shown in Fig. 2) is provided, for

theC SFFRAC ARNinofahR! rersi&ﬁéé @tﬂﬁﬁlpﬁegﬁsgﬁ{anél{“ﬁ{/r&eﬁap ®he ?(&Svg%ﬁhi%ﬁach'ic

(stripping) solution o e pres ent1 on

he test sanple 0 15 renpove the residues, the
mofEel S B8 b i

rins in Fig. 3. Fromthe conparison

Q%ths. 2 and 3, it clearly shows that the cl|eaning

f 3 ppi ABsretoss. dhe gganing splation ekt inveritom: qapeiegtyply remove
conpl etely renove the organic and inorganic residues

thermaetal oxédes by using thafifshewnpdundt he wafer. 11 FI LE: 09035
[0052] In conclusion, the cleaning solution of the
Poosdent  Imadiition) thecélBanigg belatidy of therr@egMeinvBatidieisalot erosive
oxi des wi thout damagi ng the nmetal surface at the sane

towardBthe MAEGP Rteridl{ € ik e@f’?éc@lgﬁgrs téfﬁd\f?ﬁg Qhe LRGP 'RERRT without

i nvention can effectively re the  organic an

' gani due i ul t.aneously and prevent the
dadl%ékﬁlgi etftgelg i écé Eﬁéﬁensa%grtll% " layer from bei ng danaged.

] Therefore,. th | eani ng solutign of this

hﬁggit i ofﬂ%ezoefe’éflﬁ@sttﬁ%ér% PBRENE T oRERaR % Khgwatepyoluble

using the first conmpound. [0054] In addition, the _
solygnbaiie slperipE selutian of thihmventéereern ¢ffeetively sempee bash the organic

erosive toward the netal materials, thus effectively
andrieoganiegedidhesmet al  oxi des wi t hout

[0056] Furthermore, the cleaning solution of the present invention is not

corrosive toward the low-k dielectric materials, thus preventing the low-k dielectric

materials from being damaged.

[0057] It will be apparent to those skilled in the art that various modifications
and variations can be made to the structure of the present invention without departing
from the scope or spirit of the invention. In view of the foregoing, it is intended that the
present invention cover modifications and variations of this invention provided they fall

within the scope of the following claims and their equivalents.
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FIIE:
i

10 damagi ng the netal surface at the sane tine. [0055]
Mor eover, using the first conpound in conbi nati on of
oMat er-sol uble solvent, the cleaning solution of
I's invention can effectively renove both the organic
and i norgani c residues. [0056] Furthernore, the

I i tion of the present invention is not 15
Wﬁé&?@éﬁ%ﬂﬁ%&&% the lowk dielectric materials, thus

preventing the lowk dielectric materials from being

damhgédclepgng Fplutipnyiothpisng gpaidwre afoa fhgseongdunfled second

in the art that various nodifications and variations
compoureandeetgert 0 t he structure of the present invention

wi t hout departing fromthe scope or spirit of the

| nventhodeanidy WHRWOSF Jddf f,orR86h b filst corfpduni§Pe@8kted from
that the 20 present invention cover nodifications and

Vel ati A : : : fal
the Bl et Lorkblifi bPYER: Bt B £, MR, propene-1.2,3-
.equival ents. .12 FLLE: 09035 WHAT IS CLAIMED IS 1. A . .
i GO o PR ueRITE A P 3150 i s psug i gid, suceinie
conpound, a_second conpound and water. 2. The

acid) @ Wﬂ&@&@ﬂ%ﬂh‘bwlél aim1l, wherein the first
conmpound is selected from 5 the follow ng group

con3.i Ehe clgarohg eslation oficlaiin hyablonein theifidst doarpioand has a weight
acid, propene-1,2,3- tricarboxylic acid, sulfosuccinic

perdéitéige SX&HoRE @Yl C20%i PreferablVIbOREIUCABN Sndfiodh preferably about
succinic acid, citramalic acid and nmalic aC|dP 3. T%e

julkeani ng solution of claim1, wherein the first
conmpound has a wei ght- percentage of about 1% - 20%

_ gg/ee gglr?ebélganqgg lélctﬂutzlg/ﬁ 0 gloéinq ”1‘3' A/ e?etin reegeecgr? lcgm%ggn%t is s%aﬁected
from the following group consisting of citric acid, glyoxylic acid, lactic acid,
mercaptosuccinic acid, fumaric acid, acetylenedicarboxylic acid and methacrylic acid.

5. The cleaning solution of claim 1, wherein the secopd compound has a weight
percentage of about 0.01% - 20%, preferably about 0.1% -10% and most preferably
about 0.15% -1.0%.

6. The cleaning solution of claim 1, further comprising a water-soluble solvent,
wherein the water-soluble solvent is selected from the following group consisting of 7 -
butyrolactone, N-methyl-2-pyrrolidone, propylene glycol methyl ether (PGME),
dimethylsulfoxide (DMSO), teramethylenesulfone, 1,3-dimethyl-2-imidazolidinone,

1l,3-diethyl-imidazolidinone, ethylene glycol, ethylene glycol monoethyl ether, ethylene

glycol monobutyl ether, N,N-dimethylformamide and N,N-dimethylacetamide.

I3




4. The cl eaning solution of claim1, wherein the
second conpound is selected fromthe follow ng group
Hfg@@&§ting of citric acid, glyoxylic acid, lactic
acid,” mercaptosuccinic acid, fumaric acid,
acetyl enedi carboxylic acid and nmethacrylic acid. 5.
The cl eaning solution of claim11, wherein the second
conpdouha dreaing sokutigmt of glgimy &y veherein dhe watgssotuble ealygnt has a
20% preferably about 0.1% -10% and nost preferably
weaglt uperGentisis ofl 28686t 0% Th&OY, eaaferably cbutt 80%0f &% iand most
1, further conprising a water-soluble solvent,

praferRbBi dbotifBOoREt(Bs.- sol ubl e sol vent is selected fromthe
foll owi ng group consisting of r - butyrol actone,

N- Rt iy él%ﬁlﬁﬂ%%(?kﬂ;iﬁgﬁf%laiﬁf Ppﬁﬂ%&ﬁlﬁm‘g AR anB WiRFein the

(PGVE), 20 di oxI de
teranet hyl.enesul f one - i met hyl - 2-j.m dazol i di none,
S ?g;,@rg}%grlnéﬁqsiarﬂogé{]g%}epaﬁ?iﬁegl?ﬁgqquﬁ8 fycol, ethyl ene
gl ycol nDn?ethyI et her, ethylene glycol nonobutyl .
et her Thﬂ Wm%pﬁwlqlgy e af@puprising a suppressor,” wherein the
N, N- di net hyl acet am de. 13 FILE: 09035 7. The cl eaning
SUpIBES0T ah selected dirom cthe viblowing grospwernsistisg| afbl 2, 3srnvetninzole,
has a weight percentage of about 10% - 90% -
~ bemrotdoxiral)l yalablstdodats -bi8 (Feagtitb-808HroxRr 62,8 1tA R AY-38D Uhethane
30% -70% 8. The cleaning solution of claim1, further
an@ BRMAHagTRGE 5 Fydidil At AMiazo B8 Phfladel® 5 surfact ant
conpri ses a nonyl phenol pol'yethyl ene glycol ether. 9.
The solution of claim1, further conprising a-
suppressor, wherein the suppressor is selected from
the follow ng group consisting of 1,2, 3-benzotriazol e,
benzoi noxi me, salicyl asi doxi me, bis
[ 4-am no-5- hydroxy-1, 2, 3-triazol -3-yl] nethane and
bi s [4-am no-5-hydroxy-1,2,4-triazol-3-yl] butane. 14
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