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AQUEOUS CLEANING COMPOSITION FOR SEMICONDUCTOR
COPPER PROCESSING Field of the Invention 5 [0001] The invention
relates to an aqueous cleaning composition used in post chemical
mechanical planarization (CMP) in integrated circuit processing.
Background of the Invention 10 [0002] Semiconductor elements
nowadays are developing toward the trend of smaller line width and
AQUIRMDE SinCLFEANT Neh SCDMPOST HEON N FOR) [FEMEGONDITNERGebPER
circuit is decreased below 0.2rpinrthe tirge delay (RC delay) caused by
the resistance of the metal wire itself and the spurious capacitance of the
15 dielectric layer has become a crucial influence on the operation rate of
the elements. Thereforei §Larder tesRCrease g speration rate of the
elements, currently copper metal wires have been gradually adopted in
high-level processing below 0.13 pm to replace the traditional
L0000 RlunTihemicopperialloyrwites.<20 [0D03} Theuapplicatiar ofichemicalposition
mechanical planarization technology in the copper metal wire processing
used nidy reBsNIyhevdcometehproblerh of jmatterng beingrdiffiddlt to define
. due to the difficulty of copper metal etching, but also form a plane with
1ntegrstet Plararity ipohgselishitig) o that the multilayer wire 25 processing

may be easily carried out. The principle of chemical
Background of the Invention

{0002] Semiconductor elements nowadays are developing toward the
trend of smaller line width and higher integrated density. When
the minimum line width of an integrated circﬁit is decreased
below 0.25 um, the time delay (RC delay) caused by the resistance
of the metal wire itself and the spurious capacitance of the
dielectric layer has become a crucial influence on the operation
rate of the elements. Therefore, in order to increase the
operation rate of the elements, currently copper metal wires have
been gradually adopted in high-level processing below 0.13 um to
replace the traditional aluminum~-copper alloy wires.’

[0003] The application of chemical mechanical planarization
technology in the copper metal wire processing may not only
overcome the problem of patterns being difficult to define due to
the difficulty of copper metal etching, but also form a plane
with global planarity upon polishing, sc that the mﬁltilayer wire

processing may be easily carried out. The principle of chemical
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1 mechanical planarization is that mechanical wear is produced on the
wafer surface by combining polishing particles in a polishing slurry with
chemical aids, whereby the high site of the uneven surface has a high
removal rate due to high pressure while the 5 low site of the uneven
surface has a low removal rate due to low pressure, and thereby the
purpose of global planarity can be achieved. [0004] Large quantities of
me chéinéqolishingnpartictesiand ceemical aidsin:the-polishing shurnpandithed on
scraps peeled during 10 polishing may attach to the chip surface during
the pafishinguwftheechemicakinechanicab plasiatizatipafoigeneral the polishing
common contaminants found on the chips after polishing are metal ions,
s Lurpyganit kompouresland pelishihg particléhand thé like L thefetIssnaneven
effective cleaning procedure to remove the above-described 15
surfgeftdhminants) tHa subsegaentrbeessing Wil begiffarted; and:the: yisld the
and the reliability of the elements will be decreased. Therefore, the
Low gleehirnf protessiry afteSCMEE p6lisHity hasPecene eérucidie due to low
technology to determine whether CMP can be successfully applied in
presgBhficordtittofSrotesihge 2040005 anthe HotisEhgislamy TEEY iFzopper
. processing, benzotriazole (BTA) and its derivatives and ascorbic acid are
acm‘gﬁgﬂ 'employed as a corrosion inhibitor. In the contaminants found on the

[oooffﬁgfé?ggr 8@%?9%9%?“%%0%€§L§"§8 %gﬂ%hg particles and chemical
alds in the polishing slurry and the scraps peeled during
polishing may attach to the chip surface during polishing of the
chemical mechanical planarization. In general, the common
contaminants found on the chips after polishing are metal ions,
organic compounds and polishing particles and the like. If there
is no effective cleaning procedure to remove the above~described
contaminants, the subsequent processing will be affected, and the
yvield and the reliability of the elements will be decreased.
Therefore, the cleaning processing after CMP polishing has become
a cruclal technology to determine whether CMP can be successfully
applied in semicondugtor processing.

[0005] In the polishing slurry used in copper processing,

benzotriazole (BTA) and its derivatives and ascorbic acid are

-often emploved as a corrosion inhibitor. In the contaminants

found on the wafers after polishing in the copper processing,

organic residues such as BTA, etc. are the most difficult to
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organic residues such as BTA, etc. are the most difficult to 2 remove,

mainly because the PTA particles are bonded on the copper wires by

chemical adsorption. Physical removal methods such as static repulsive

force, ultrasonic vibration and scrubbing with a polyvinyl alcohol (PVA)

brush etc., are traditionally used, but 5 it is not easy to obtain a good

cleaning effect. [0006] Traditional inter layer/metal dielectric and W plugs
remotirat have beerareated yhehérnicab mechahical plananzatien ate: usvallyopper

cleaned using ammonia solution and/or fluorine-containing compounds,
wirepupthahbove solridnsere hot suRbbleifor ther toweadérsmeftopper suetal as

wires. The ammonia solution will unevenly corrode the surface of copper
stathiethE ResEiNG ik ebafsenidd rRfe fherinteontdinihpesmpounddwilbneti th

only coarsen the copper surface but also cost more in terms of human
POLY¥ifety pRdteehon did vadhe dskutivhdreatient iFofdick ioavoivdoingd, but
.. harm to 15 human health and to the environment. [0007] A polishing
T L Zohiposiirtha? caR et tife§ Feth s BhaRint Fi&taltfrom a substrate
{000%9 disclosed in I{é@ilat,al., U.S, Pate/nt No. 6,139,763, which consists of

Bolishiritf partidiss: aht oRidant Hedt R oxidize taf@idm matd &rdukites that

that cant%% geC%Lécg tant%lum. oxide (such as oxalic ad% and water. This

h o] .
2V Holishing ‘composition can further Somprag Piberizing(at2ation are

Se
usua MHPISNECRURINIAG NSteroRyelic,oganic 0a3e)., AGTIIAING IO I3 1 ¢ 25 ning
compounds, but the above sclutions are not suitable for the
wafers of copper metal wires, The ammonia solution will unsvenly
corrode the surface of copper metal, resulting in coarsening. The
fluorine~-containing compounds will not only coarsen the copper
surface but also cost more in terms of human safety protection
and waste solution treatment in order to avoid doing harm to
human health and to the environment.
[0007] A polishing composition that can effectively remove
tantalum metal from a substrate is disclosed in Ina et al., U.S.
Patent No. 6,139,763, which consists of polishing particles, an
oxidant that can oxidize tantalum metal, a reducer that can
reduce tantalum oxide (such as oxalic acid) and water. This
polishing composition can further comprise piperazine (a
nitrogen-containing heterocyclic organic base). According to Ina
et al.’s teaching, the pipsrazine can be used on the surface of

the copper layer during polishing to prevent the formation of
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et al.'s teaching, the piperazine can be used on the surface of the copper
layer during polishing to prevent the formation of 3 surface impairment,
such as recesses, dishing or erosion, which also can protect the polishing
surface so as to achieve a mirror- like surface. However, the use of the
_piperazine in an aqueous cleaning solution employed in the post chemical
mechanical 5 planarization in the copper processing is not taught or

surf84agestes; bydna et al,40Q8] A method.of remoying chemical tesidues,; ; .,

from a surface of a metal or dielectric layer is disclosed in Small, U.S.

alsoPadent; Na: £:546,039 {Taiman Ratent NG, 396202) wherein g0 AAUEQUS: -\

10 composition with a pH between 3.5 and 7 is placed in contact with the

1i kemetakardieletitielayer fena pered of time suffisiont 1 Temavesthes gueous
chemical residues. This agueous composition comprises an organic acid

cleahaxingsmDA01, - efisifunetionah grewps & bUFRERG @mount of ahase of
quaternary amine, ammonium 15 hydroxide, hydroxylamine,

planhydioxylaminensalther hydnazinersalt;eand acholinedyydeexige /00095 Aggested
cleaning agent is disclosed in Small et al., U.S. Patent No. 6,498,131.
by ITheadteaning agent consists of a nonionic surfactant, amines, quaternary
amines and a surface retention 20 agent selected from ethylene glycol,
[000Blopfenetglpcole potyathylens oxidenand miragés theredbf,candiissusethtos of
clean the
a metal or dielectric layer is disclosed in Small, U.S. Patent
No. 6,546,939 (Taiwan Patent No. 396202), wherein an aqueoﬁs
composition with a pH between 3.5 and 7 is placed in contact with
the metal or dielectric layer for a period of time sufficient to
remove the chemical residues. This aqueous composition comprises
an organic acid having mono-, bi- or trifunctional groups, a
buffering amount of a base of guaternary amine, ammonium
hydroxide, hydroxylamine, hydroxylamine salt or hydrazine salt,
and a choline hydroxide.
[0009] A cleaning agent is disclosed in Small et al., U.S.
Patent No. 6,498,131. The cleaning agent consists of a nonionic
surfactant, amines, quaternary amines and a surface retention
agent selected from ethylene glycol, propylene glycol,
polyvethylene oxide and mixtures thereof, and is used to clean the
residues of the chemical mechanical planarization processing.

[0010] A cleaning agent is disclosed in Naghshineh et al., U.S.

Patent No. €,492,308. The cleaning agent consists of
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residues of the chemical mechanical planarization processing. [0010] A
cleaning agent is disclosed in Naghshineh et al., U.S. Patent No.
6,492,308. The cleaning agent consists of 4 tetraalkylammonium
hydroxide, polar organic amine and a corrosion inhibitor, and is used to
clean a copper-containing integrated circuit. [0011] A cleaning agent is
disclosed in Nam, U.S. Patent No. 5 5,863,344. The cleaning agent
tetrEeDgisisakistiamethyapyronim Jaydrexidegagetic agidandwatel, @8drosion
is used to clean semiconductor elements, wherein the volume ratio of
inhilatete acithdo tetrammethytamaioniuwmahysspxide-is preferablyd torahoutated
50. [0012] A method of cleaning a semiconductor substrate with 10
circgbpper wires on its surface is disclosed in Masahiko et al., U.S. Patent
No. 6,716,803. The cleaning agent used in this method comprises a
[ 001 gUrfaectadteard anittgger-containing lalkalihel subistance. 0013} #ent No.
cleaning agent is disclosed in Ward at al., U.S. Patent 15 No. 5,988,186.
5, B6Fhéleafing atfert eonsistiehd warers6lubleo Hotartsoivearithan ongamic un
amine and a benzene ring corrosion inhibitor, and is used to remove

hydrgigeific anashoRamic SuBBRMIERES 00 M)A fetraddk§lanmmohRm

hydroxide and/or a surfactant and/or 20 a corrosion inhibitor are used as

5emiﬁﬂ?&&ﬂﬁaﬁeﬁ&ﬁﬂﬁﬂ%qﬂe&mﬁﬁein the volume ratic of acetic acid

to tetramethylammonium hydroxide is preferably 1 to about 50.
[C012] A method of cleaning a semiconductor substrate with
copper wires on its surface is disclesed in Masahiko et al., U.S.
Patent No. 6,716,803, The cleaning agent used in this method
comprises a surfactant and a nitrogen-containing alkaiine
substance.

[0013] A cleaning agent is disclosed in Ward et al., U.S. Patent
No. 5,988,186. The cleaning agent consists of a water-soluble
polar solvent, an organic amine and a benzene ring corrosion
inhibitor, and is used to remove organic and incrganic
substances.

[0014] A tetraalkylammonium hydroxide and/or a surfactant and/or
a corrosion inhibitor are used as the compconents of the cleaning
solution in the prior art as described above. Tetraalkylammonium
hydroxides have a high volatility (a vapor pressure of 18 mm Hg
at a temperature of 20 °C}, high toxicity and strong odour. If it

is not handled appropriately, it will cause damage to humans and
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solution in the prior art as described above. Tetraalkylammonium
hydroxides have a high volatility (a vapor pressure of 18 mm Hg ata
temperature of 20 C), high toxicity and strong odour. If it is not handled
appropriately, it will cause damage to humans and 5 the environment.
The cleaning effect of the cleaning composition can be enhanced by way
of adding the surfactant or changing the surface electrical property of the

the éﬁ@%%@ﬁﬁ@ﬁ@ﬂd@%éh%§HQE€%§;§HEQ@%Cé?”%%%“é&k%ﬁﬂﬁ&“%%% oi%tion

produced by 5 chemical adsorption. The corrosion inhibitor can protect the

can Surface of cepper,MeLdl Mi@d@i@adaingﬂ@ aQId-he- eXGessIVe 1cOITosian + 1o

of the copper metal surface induced by the chemical substances in‘the

sur feleaningeempesitiopr biowever Jhetgairesion dnRibAk itselimay remain
on the surface of copper metal after 10 cleaning, resulting in organic

substesidues. 0815k Thereferes the:priobart @srdessrihed abayecannot meet

the requirements for a cleaning solution used in post chemical
cheminechanitad planasizatiohdn coppespmeessingdn the industryr cthere ishe

still a desire for an aqueous cleaning composition 15 useful for post
sur felkemidal mechanicad pdanatization intkecopper: pracessinghEhisidealsive

composition would be one which is not highly volatile, has no odour,
corrdeesnit rEmaincorcthepwafers Edter scledning, and wanceffectively renemdesa L

the residual contaminants from the surfaces of the copper process chips
substhat Pavebede cleaning composition. However, the corrosion
inhibitor itself may remain on the surface of copper metal after
cleaning, resulting in organic residues.
[0015] Therefore, the prior art as described abdve cannot meet
the requirements for a cleaning solution used in post chemical
mechanical planarization in copper processing in the industry.
There is still a desire for an agueous cleaning composition
useful for post chemical mechanical planarization in the copper
processing. This ideal composition would be one which is rot
highly volatile, has no odour, doesn’t remain on the wafers after
cleaning, and can effectively remove the residual contaminants
from the surfaces of the copper process chips that have been
treated by chemical mechanical planarization and provide the

copper metal wires with a better surfade roughness.

Summary Of the Invention

[0016] The main objective of the invention is to provide an

agueous cleaning composition used in post chemical mechanical
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20 treated by chemical mechanical planarization and provide the copper
metal wires with a better surface roughness. Summary Of the Invention
[0016] The main objective of the invention is to provide an aqueous
cleaning composition used in post chemical mechanical 6 planarization in
copper processing, comprising a nitrogen- containing heterocyclic organic
base, an alcohol amine and water. Upon contact with copper-containing
plansemieenductonwaigrsdhat havehsantreateddns a chemical mechanical
planarization for an 5 effective period of time, the aqueous cleaning _
cont&ompositionet-they present taventiorrean effactively-remavesesiduang water.
contaminants from the surfaces of the wafers, and simultaneously provide
Upon the rdopperwilfgs withieeettensuwfacerrpugbnessj001ThA feattiee of the: ¢
present invention is to avoid using 10 volatile components such as
have tétegalkamrhadiuny hydroxide (4. terametimdanmicniamilpadroxidef,cso an
as to decrease the potential hazards regarding the escape of solution into
el fegid Bavirerimedt aid tiosumbhhealthe Andtierfeatne of aRoprasehen of the
invention is to effectively remove the residual contaminants from the
Presgliffaced of 15 the wWaieR AR HoIRNh G SHfticut TRTHg S slrfaepabdea ts
corrosion inhibitor (such as BTA and/or its derivatives, ascorbic acid, and

Erom kUSRI RF frdtetlifig thd BoppePBitisddHbnAg QeatiNgPaRd igle the

_ simultaneously Rrovi%e the copper:wires with a
copper wlres wIth a better surface roughness.

[0017} & featﬁre of the present invention is to avoid using
volatile components such as tetraalkylammonium hydroxide (e.qg.
tetramethylammonium hydroxide}, so as to decrease the potential
hazards regarding the escape of solution into the envircnment and
to human health. Another feature of the present invention is to
effectively remove the residual contaminants from the surfaces of
the wafers after polishing, without using a surfactant and a
corrosion inhibitor (such as BTA and/or its derivatives, ascorbic
acid, and the like) used for protecting the copper surface during
cleaning, and to simultaneously provide the copper wires with a
better surface roughness, so as to avold the possibility that the

surfactant and the corrosion inhibitor remain on the wafers.

Brief Description of the Drawing

[0018] Figure 1 shows the atomic force microscope (AFM) image of

the copper chips cleaned with the cleaning compositicon of the

present invention (No. 1).
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better surface roughness, so as to avoid the possibility that the 20
surfactant and the corrosion inhibitor remain on the wafers. Brief
Description of the Drawing [0018] Figure 1 shows the atomic force
microscope (AFM) image of the copper chips cleaned with the cleaning
composition of the present invention (No. 1). 7 [0019] Figure 2 shows the
atomic force microscope (AFM) image of the copper chips cleaned with
[0018 iIMPrAPer cleanipg £oMROSIHOR (NOs d2)Detalled Descriptign®f thege of
Invention 5 [0020] The aqueous cleaning composition of the invention
the diglydes diased on thatatalweight of the.eempesitionaAinto 15:wi9e of 8on
nitrogen-containing heterocyclic organic base, 0.1 to 35 wt% of an alcohol
(No. ahsipe and water. [0021] In the aqueous cleaning composition of the
invention, the 10 nitrogen-containing heterocyclic organic base is used to
increase thelwsadibedf hescompdsitian dfietdhy dvaidimtitbs use of
ammonia solution that can cause serious coarsening of the copper
[0028iirfates valatie tetrarhethylarn momigpmshydroxide fand alkalivaetal on
hydroxides that will cause metal-ion contamination. On the other 15 hand,
inclysieanshareelelestroh pairsof theaitedgerrdtonenabrrhetetdoyclicding to 15
of the nitrogen-containing heterocyclic organic base will bond with the
wtd ggpgépWﬁéggg§a§qﬁﬁﬁé@émghéqgerocyclic organic base, 0.1 to 35

wt% of an alcohol amine and water.

[0021] In the aqueous cleaning composition of the invention, the
nitrogen—containing heterocyclic crganic base is used to increase
the basicity of the compositién, thereby avoiding the use of
ammonia scolution that can cause serious coarsening of the copper
surface, volatile tetramethylammonium hydroxide, and alkali metal
hydroxides that will cause metal-ion contamination. On the other
hand, the unshared electron pairs of the nitrogen atom on the
heterocyclic ring of the nitrogen-containing heterocyclic organic
base will bond with the copper wires, so as to prevent the re-
adsorption of the organic contaminants that have left the copper
wires

[0022] The nitrogen-containing heterocyclic organic base used in
the invention is preferably selected from the group consisting of
piperazine, 2-{(l-piperazine}ethancl, 2-(l-piperazine)ethylamine,
and a combination thereof, and more preferably piperazine. The

amount of the nitrogen-containing heterocyclic organic base used
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adsorption of the organic contaminants that have left the copper wires .
20 [0022] The nitrogen-containing heterocyclic organic base used in the
invention is preferably selected from the group consisting of piperazine,
2-(1-piperazine)ethanol, 2-(I-piperazine)ethylamine, and a combination
thereof, and more preferably piperazine. The amount of the
nitrogen-containing heterocyclic organic base used 8 in the invention

in thangesfeulonl tah%a%E prefarablydd 1 e 10: wi%; aaddnare preferablys 10
0.2 to 10 wt%, based on the total weight of the composition. [0023] The

wt%, adcahohamine tsédriniihe ifvention isprefetablyas seleated fronttheal weight
group consisting of ethanolamine, diethanolamine, triethanolamine,

of tlproparglamine,cand a combination thereof, and more preferably selected
from the group consisting of diethanolamine, triethanolamine, and a

1002 2bmBiratioh therebf arThecamosdt ofthienglcaloleamiherused intherably
invention ranges from 10 0.1 to 35 wt%, preferably 0.1 to 30 wt%, and

selepiGid prefstablro 5T B3R5 5606 Isdseibor thefotanméight BRthe

. _composition. [0024] As described above, the corrosion inhibitor (such as _
A1 e L0 Gt Ferivative S A HBIHE Bcid) USRaNA tR& pofshig SIdmp Japination

~_chemical mechanical planarization in copper processing may 15 remain
ther§ith o RRTHERE HINTE DATERIANG HSTRNTRY, TTete - BRIORRARESAR: 179

ifficul r \ ing onl monl
of dgefﬁé%%ﬁéﬁm%éiu%rgé%hggg amgng, and a combination thereof,

The amount of the alcohol amine used in the invention ranges from
0.1 to 35 wt%, preferably 0.1 to 30 wt%, and more preferably 0.5
to 25 wt%, based on the total weight of the compcsition.

[0024] As described above, the corrosion inhibitor {such as BTA
or 1lts derivatives or ascorbic acid) used in the polishing slurxy
for chemical mechanical planarizatioﬁ in copper processing may
remain on the surfaces of the wafers after polishing. These
ocrganic residues are difficult to remove using only eommonly
knewn physical methods such as static repulsion force, ultrasonic
vibraticn, and scrubbing with a polyvinyl alcchol (PVA) brush.
[0025] The nitrogen-containing heterocyclic organic base and the
alcohol amine compounds contained in the cleaning compositicn of
the invention can increase the saturated solubility of the
organic residues (such as BTA) in the cleaning composition, so as
To provide a higher driving force to dissolve the BTA particles,

A better cleaning effect can be achieved by combining a
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known physical methods such as static repulsion force, ultrasonic
vibration, and scrubbing with a polyvinyl alcohol (PVA) brush. [0025] The
nitrogen-containing heterocyclic organic base and the 20 alcohol amine
compounds contained in the cleaning composition of the invention can
increase the saturated solubility of the organic residues (such as BTA) in
the cleaning composition, so as to provide a higher driving force to

traddissolva thenBEApartieleso /A beltet sleaning-effestcanike achigvedyosition

combining a 9 .traditional physical removal method with the cleaning
of ticempesition: of the prasent invention. [0026] The cleaning composition of
the invention can be used directly, or can be used after dilution with super
[002 purenwvater Lwabiordertonrediicei the edst of praduction; trtansportatéonand
storage, a composition with a higher concentration is generally provided,
diresantthenmusedrafter dilstidn avittesuperipareomater i endogse pkhee water. In
composition is typically diluted at a multiplication in the range of 10 and
ordeB0} depending dritheqoraicticdl wsmdnthe 40, caseasfspeciation and
requirements, such as saving processing time, a cleaning composition
storagsok SolGeEPRGhE Righet Ebneehtralicy cPrsEsEe@ direttly fo aliaprally
the wafers. [0027] The cleaning composition of the invention can be used

provafsgontidnpératures Theclésting cbidcsition fshplassd i Boitacratsr in

with the copper-containing semiconductor wafers that have been
end use., The composition is typically diluted at a multiplication

in the range of 10 and 60, depending on the practical use. In the
case of special reguirements, such as saving procgessing tinme, a
cleaning compesition stock =zolution with a higher concentration
can be used directly to clean the wafers.

[06027] The cleaning composition of the invention can be used at
rocm temperature. The cleaning compesition is placed in contact
with the copper-centaining semiconductor wafers that have been
treated by chemical mechanical planarization for an effective
period of time, which can effectively remove the residual
contaminants from the surfaces of the wafers after polishing and
simultanecusly provide the copper wires with a better surface
roughness. In general, when a lower concentration is used , a
longer contact time (e.g. 1-3 min) is needed; and when a higher

concentration is used , only a short contact time {e.g. shorter

than 1 min) 1s needed. In practical use, the optimal correlation

10



treated by chemical mechanical planarization for an effective period of
time, which can effectively remove the residual contaminants from the
surfaces of the wafers after polishing and simultaneously provide the
copper wires with a better surface 20 roughness. In general, when a lower
concentration is used , a longer contact time (e.a. 1-3 min) is needed; and
when a higher concentration is used , only a short contact time (e.qg.

be tweONef than, L min) isinegdeds 'Q}Qéaglf@éH% othepptimalcorrelation Q.

between the concentration of the cleaning composmon and the contact

contdiee cande-determingd: by Hy~and-eyor methad.-[0028) The present

invention will be further illustrated by the following examples, but is not
rooz28ntended to-be dimited-ky the brexamplesAfry: modifications enckvasiationsche
that can be easily achieved by those having ordinary skill in the art are
folleeniemplaied within the:sdape: ot thienitwedtian. foxample 0029 by the
Considering the factors regarding the concentrations of 10 piperazine,
examdiethandlaminedint riethanclaminke, Gledring csolutiors-withdifferentsily
compositions (No. 1-8) were prepared using Taguchi Method L8, and the
achieffedtdof teccompenamts, PEdael pigdrazing: didiSarislimirke and
ammonia solution (No. 9-12) were studied, and then 40 X diluted

cont@@%@h@%f%ﬁé%ﬁnﬁdﬁ@%@w ke Hheasursator fre- -ability to dissolve
copper and the
Example 1

[00298] Considering the factors regarding the concentrations of
piperazine, diethanclamine and triethanolamine, cleaning
sclutions with different compositions (No. 1~8) were prepared
‘using Taguchi Method L8, and the effects cof the components, il.e.
water, piperazine, diethanolamine and ammonia solution (No. 2~12)
were studied, and then 40 X diluted sclutions of the compositions
were measured for the abllity to dissolve copper and the
saturation solubility of BTA.

[0030] The ability to dissolve copper was measured by cutting a
blank copper wafer into chips each with 1.5 cm both in length and
width, pretreating the chips to remove ccpper oxide from the
surfaces prior to being dipped into a 50 ml test solution, and
then taking out the chips after 1 min. The concentration of
copper lons in the solution was measured by ICP-M3.

[0031] The saturation solubility of BTA was measured by placing

the test solution under the condition of the constant temperature

11



saturation solubility of BTA. [0030] The ability to dissolve copper was
measured by cutting a blank copper wafer into chips each with 1.5 cm
both in length and width, pretreating the chips to remove copper oxide
from the 20 surfaces prior to being dipped into a 50 ml test solution, and
then taking out the chips after 1 min. The concentration of copper ions in
the solution was measured by ICP-MS. [0031] The saturation solubility of
ot 2BTAwasmeasured Ry placing, dhgdestsolutiorsyaderthe.condition gt they,
constant temperature 11 of 25 C, adding an excessive amount of BT
soluWhilg stisring the 1splutinmio disgolveBTA; ard thensfiltering aff insglukle
substances from the test solution after 4 hours. The BTA concentration in
substheselutioniwas analyzed bydigh perfosmange 45 liguidschromatpgraphy
(HPLC). [0032] Table 1: The ability to dissolve copper and the saturation
concsalubdity of BTA fdidifferent tleaning campdsgitionsbi2 1 A TodpfiiBatice
OOB6(fICONN.-ONCOCOOOO((0-QNCOOOOOOTrodo
liguid chromatography (HPLC).

[0032] Table 1: The abllity to dissoclve copper and the

saturation solubility of BTA for different cleaning compositions
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C 000OR mM\"'op ORoo0omInto\0OthLOO)O)mMNOOOO0OCco
COONNON.NOOCC.. C.Na.NCCC CLN\W\W\0")CuCucoO
9E EO.a)ORNNCO6NNWG609-OU.NnrorrrrC~COd< 0Z
rN C)dt COm N co O) r~13[0033] The results for the above
compositions 9 and 10 show that both water and piperazine exhibit no
dissolution ability for copper metal, while the addition of piperazine can

[oo3Bcrease the ssatkation selubility, o BTAJRIBE cleaning compositions The that
5 results for the above compositions 11 and 12 indicate that the addition

bot hofammoniasolition-ean significantlytinerease dhe 1etehing dissolution rate

of copper metal and can obviously increase the saturation solubility of
coppBifAvathe cleaning corpestivn: dhegesplistorihe @bove:coMmpPoesiions the

1-8and 11
saturation solubility of BTA in the cleaning composition. The
results for the above compositions 11 and 12 indicate that the
addition.of ammonia solution can significantly increase the
etching dissolution rate of copper metal and can obvicusly
increase the saturation sclubility of BTA in the cleaning
composition. The results for the above compositicons 1~8 and 11
show that the alcchel amine has the etching dissolution ability
for copper metal and also can increase the saturation solubility
of BTA in the cleaning composition. With a stronger dissolution
ability for copper metal and a higher saturation solubility of
BTA, the cleaning composition will allow a better cleaning effect
on the contaminants on copper metal and the organic contaminants
such-as BTA to be achleved. However, it should be noted that an
improper etching dissolution ability for copper metal {e.g., too
fast and/or unevenly) will adversely affect the roughness.

Example 2

[0034] The cleaning compositions shown in Example 1 were used to
clean a polished blank copper wafer on Ontrak(a cleaning table).

The c¢leaning time was two minutes and the flux of the cleaning

agent was 600 ml/min. After cleaning, the surface roughness (the
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10 show that the alcohol amine has the etching dissolution ability for
copper metal and also can increase the saturation solubility of BTA in the
cleaning composition. With a stronger dissolution ability for copper metal
and a higher saturation solubility of BTA, the cleaning composition will
allow a better cleaning effect 15 on the contaminants on copper metal and
the organic contaminants such as BTA to be achieved. However, it
avera3flould bgnoled that am dmprepereiehing-disseiution ablinyior COPPRE) of
metal (e.g., too fast and/or unevenly) will adversely affect the roughness.
the JdoxiBRleR20{0Q34] The sleaning gompostions shewn:dndpainplesl (aru) .
were used to clean a polished blank copper wafer on Ontrak(a cleaning
[0035ablekplke eleaning Timee wasthve=minuigs aaddhe fluxiof thesiganing fer
agent was 600 ml/min. After cleaning, the surface roughness (the 14
clearavérage roughnéss<Ra antddhe rogt meancssguaiensughness Rq) of the
copper wafer was measured by atomic force microscope (AFM). [0035]
Table 2: The surface roughness of the copper wafer cleaned with
different cleaning compositions 15 U) m C Mroa CO LO. LON. (fIN 0 cO
oW M66 MM W DM )D~)MOONOIzrNOQ
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UYCNO4)OMITCM 00ooW~.(ICL_00000-0LOtoMLO
(DO)O ONOOOOMMMMO-(6.0.CCa~.-D)MO)6rrrrEd)E
CiO ONXNmmw UCW7COO0OO0OQNCCC 2a)-Omcao QN
N6coNNcocoCp.d22EE dtitO.0OtiM1r.O(~dLI< OZ~NM
dLOCONCOD)rrr16[00361 Comparisons between Composition 1
(Fig. 1) and Composition 3, Composition 1 and Composition 2, and
[003@@m@@§iﬂaﬁﬂs@ﬁ§ Cmppesitiopsniryeat thah both a higheraragunt of

piperazine and a higher amount of alcohol amine will increase the surface
Composition 3, Composition 1 and Composition 2, and Compeosition 1
and Composition 5 reveal that both a higher amount of piperazine
and a higher amount of alcohol amine will increase the surface
roughness, but still maintain it at a good level. This shows that
the cleaning compositions of the inventicon at a wide range of
concentration may not only etch and dissolve copper metal, but
also maintains a better surface roughness of copper metal. The
results from Composition 12 (Fig. 2) show that ammonia solution
will seriously erode the copper surface, thus resulting in a very
bad roughness. It has been found from the results from
Composition 10 that since piperazine itself doesn’t have etching
dissolution ability for copper metal, the treated copper surface
still exhibits an excellent roughness.

Example 3

[0037] Blank copper wafers were dipped into a polishing slurry
containing the corrosion inhibitor BTA used in copper processing
for 1 min so as to be contaminated. After contamination, they
were rinsed with super pure water on Cntrak (a cleaning table)
for 18 seconds followed by spin drying. Then, the numbers of the
particles on the contaminated wafers were measured using a TOPCON
WM-1700 wafer particle counter. The contaminated wafers on which
the particle numbers had been determined were scrubbed on Ontrak

{a cleaning table) with different cleaning compositions for 2
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5 roughness, but still maintain it at a good level. This shows that the
cleaning compositions of the invention at a wide range of concentration
may not only etch and dissolve copper metal, but also maintains a better
~ surface roughness of copper metal. The results from Composition 12
(Fig. 2) show that ammonia solution 10 will seriously erode the copper
surface, thus resulting in a very bad roughness. It has been found from
min, t@%&e%ﬂﬁfﬁzgﬂ £ompesition 104hat.since piperazing itself deesnthave 1 oyeq
etching dissolution ability for copper metal, the treated copper surface
py sl exhipitsan gyeelient yaughness: 45Exampler3 (093 7Blanksopper varers
wafers were dipped into a polishing slurry containing the corrosion
we re IR BEASEhiNTCoRRR! pWRcesEiNg or d Mip:s6-as i@ becunter. The
contaminated. After contamination, they were rinsed with super pure
remowaler-amn nriralke (a-aleabinghtabie )20 far li8-gecontisfoliowed Hytspin 1l at e
drying. Then, the numbers of the particles on the contaminated wafers
contweiemeasurediusing afE@POON aWAM+ i 0cwaten pattcle counter. The
contaminated wafers on which the particle numbers had been determined
[003@kreTsdrubbed on Oritrak Kareteaning tdlsieyF with different erahiry
compositions for 2 17 min, and finally rinsed with super pure water for 18
compgeé fllowed By §pia dryingL Agai, the Pagtide Abatsers bntthe dlearey watfer

wafers were measured using TOPCON WM-1700 wafer particle counter.
The
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contaminants on the wafer surface was calculated. [0038] Table 3: The
surface of the copper wafer 18 CC4 CE C) O CU ¢c6 E.o00 o rOr

removal rate of each cleaning composition for the particulate 5
removal effect of the cleaning compositions for the particles on the

WO.'tihcliw'CO (A COO0C) QrhNM

-uonn|ict JBRY co_zmoqmsoo
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[0038] The results shown in the above table reveal that good
cleaning results cannot be achieved by using piperazine or
alcchol amine alone, while the cleaning efficacy can be
significantly increased when piperazine and alcohol amine are

used together.
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COCOCOCNCCC.ECEOECENEEE UNC6NCUNON
CuCpNCpCO.NCpOCcoO (INCC.NCCC.NCC CCCRCSb
CBC6COLC6CuUuL(6B(B6C6 OONLNLNQ)LLL .CC1INC1C)CZ
pSZaNd(DCoiiodoaaohaof 60CI)'TZ rrrrco19[0039]
The results shown in the above table reveal that good cleaning results
cannot be achieved by using piperazine or alcohol amine alone, while the

c1:5l6aning efficacy can be significantly increased when piperazine and
alcohol amine are 5 used together. 20 Claims What is claimed is: 1. Use

wha aR aglLetusacleaning composition in post chemical mechanical
planarization, wherein said aqueous cleaning composition comprises (a)
0.1 to 15 wt% of a nitrogen-containing

1. Use of an agueocus cleaning composition in post chemical
mechanical planarization, whereln said agueous cleaning
compesition comprises (a) 0.1 to 153 wt% ¢f a nitrogen-containing
heterocyclic corganic base; () 0.1 to 35 wt% of an alcohol amine;

and {¢) water. .

2. The wuse according to claim 1, wherein the organic base is
selected from the group consisting of piperazine, 2= {1~
piperazine)ethanol, 2-{l-piperazine)ethylamine, and a combination
thereof, and wherein the alcohol amine is selected from the group
consisting of ethanolamine, diethanclamine, triethanclamine,

propanclamine, and a combilnation thereof.

3. The use according to claim 1, comprising (a) 0.1 to 15 wts
of piperazine; (b} 0.1 to 35 wt% of an alcohol amine, wherein the
alcohol amine is selected from the group consisting of
diethanolamine, triethanolamine and a combination thereof; and

(c) water.
4. The use according to c¢laim 1, wherein the nitrogen-—

containing heterocyclic organic base is used in an amcunt of 0.1

to 10 wi%.

21



heterocyclic organic base; (b) 0.1 to 35 wt% of an alcohol amine; and (c)
water. 2. The use according to claim 1, wherein the organic base is
selected from the group consisting of piperazine, 2-(1- piperazine)

ethanol, 2-(1-piperazine)ethylamine, and a combination thereof, and
wherein the alcohol amine is selected from the group consisting of
ethanolamine, diethanolamine, triethanolamine, propanolamine, and a

o ation. fiereol. 3 116, SR £Cc0/diNg 9 Sl SNPURI (3010

15 wt% of piperazine; ( 1 to 35 wt% of an alcohol amine, wherein the

cordlgohohamineds sejected frepnthe greuR consisting afdiethanelamine:s 0.2

triethanolamine and a combination thereof; and (c) water. 4. The use

to ddcording to claim 1, wherein the nitrogen- containing heterocyclic organic

6.

base is used in an amount of 0.1 to 10 wt%. 21 5. The use according to
claim 1, wherein the nitrogen- containing heterocyclic organic base is

us ig arbsaeran %‘{&to%%?g thlOCWEE‘Z% 6L ,Thw%g§g l%CCCQ[QWQLE%ﬁ!Q ”}#@I—nhe is

wherein the alcohol amine is used in an amount of 0.1 to 30 wt%. 7. The

uwsd45Q ACEArdng io-claimol whereim theyalcohol amine is used in an amount

7.

of 0.5 to 25 wt%.

The use according to claim 1, wherein the alcchol amine is

used in an amount of 0.5 to 25 wt%.
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22 AQUEOUS CLEANING COMPOSITION FOR SEMICONDUCTOR
COPPER PROCESSING Abstract Of the Disclosure The invention relates
to an aqueous cleaning composition for wafers with copper wires that

have been treated by chemical mechanical planarization in an integrated
circuit processing, comprising 0.1 to 15 wt% of a nitrogen-containing
heterocyclic organic base, 0.1 to 35 wt% of an alcohol amine and water.
Upon ¢o it -containi iconductor_wafers that have

peen CONESTY I o CRARST SO S SRIER R Eopes

of time, the aqueous cleaning c@ﬂb?%étﬂ#ﬁﬁn effectively remove
residual contaminants from the surfaces of the wafers, and
simultaneously provide the copper-containing semiconductor wafers with
a better surface roughness. (FIG. 1)

Abstract Of the Disclosure

{00401 The invention relates to an agueous cleaning
composition for wafers with copper wires that have been treated
by chemical mechanical planarization in an integrated circuit
processing, comprising 0.1 to 15 wt% of a nitrogen-containing
heterccyclic organic base, 0.1 to 35 wi% of an alcohol amine
and water. Upcn contact with copper-containing semiconductor
wafers that have been treated Dby chemical mechanical
planarization for an effective period of time, the aqueous
cleaning composition can effectively remove residual
contaminants from the surfaces of the wafers, and

simultaneously provide the copper~containing semiconductor

Twaters with & betier surfade roughness.)”

(FIG. 1)
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