10

15

20

25

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 1
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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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

fers after polishing jn the copper processing, organic residues such as
[000% A£8 cg%rg%aen%nlo%s%%ﬁfigutﬁrie po is.h%ng 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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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 that have been treated by chemical mechanical planarization are
remcysualiy tlebndeusing anwheniisolption: andkos flodnbwomaining the copper

compounds, but the above solutions are not suitable for the 10 wafers of
wiregopperhstalonires dFise Birimoniassulstiorswilnemevenly roortosiéstheuch as

surface of copper metal, resulting in coarsening. The fluorine-containing
stategniRtintB Wi ot oy codrsBadne coppeb sutfaee utdisceostrorr nith a

terms of human safety protection and waste solution treatment in order to
POLYRYBILdGihGHH I tPY8 huktaishe&lET and 36 thé Badiksriment Jo00Aeal, but
it i golishing composition that can effectively remove tantalum metal from a

uB8tratefiS Wisdosed i hafattaC D B pakne N®E 65249, 763, which

nsists of polishing particles, an oxidant that can oxidize tantalum metal,
{Ooog?re(;urc C?Jtﬁéto 26%850(-}?a"rﬁﬁﬁﬁ?%?ﬂded(%ﬁéﬁ%g%lié%ﬂﬁ dhgs that

v BLET Th.pOIStIng composition can further Gomprise piperazine (a
nitrogen-containing heterocydlic ofganic base). ARCBFtid &6 il et &F %

usuaiACNG.Jhe piogiazine e be Hsedon he suface,of R,600REr IBYEY ;1
dufing polishing to prévent the formation of 3 g
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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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 suggested by Ina et al. [0008] A method of
removing chemical residues from a surface of a metal or dielectric layer is

surrdisclasgdinsmall, UsS dRatent Ne6,246 ,,9%%@?;{‘9{3” FAEENG,. r‘iixfé)l ch

396202), wherein an aqueous 10 composition with a pH between 3.5 a

also 7daplaged iqontaet with jtheimetal @F giglectrig layerdgr g period.of.time ...~

sufficient to remove the chemical residues. This aqueous composition

11 ke COMPFISES . AN QL@aRie acidhhaving rmenen biardsfunctional growpss gueous
buffering amount of a base of quaternary amine, ammonium 15 hydroxide,

cleahydoxytamines hydroxylamineisaltoshydrazinersalt cand acholing ca 1
hydroxide. [0009] A cleaning agent is disclosed in Small et al., U.S.

planPatenttNon6,4981134 . dhe-eeapingaganteonsists:oka NOAIRNIC or suggested
surfactant, amines, quaternary amines and a surface retention 20 agent
by Iselegted:from ethylene glycol, propylene glycol, polyethylene oxide and
mixtures thereof, and is used to clean the residues of the chemical
[ 000 fechanieahpldnadzationprotessingn {0010k A<learing fgent is disclosed of
in Naghshineh et al., U.S. Patent No. 6,492,308. The cleaning agent
a meEfnsiels ffglectric 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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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 consists of tetramethylammonium
hydroxide, acetic acid and water, and is used to clean semiconductor
elements, wherein the volume ratio of acetic acid to
tetrieliapethtammoeniupdiysiioxide ispreferably Ato-aboutR0. Al0012] Aorrosion
method of cleaning a semiconductor substrate with 10 copper wires on its
inhistifage isdisciosedsadasahike £t ab, beBpLatentNe.16,716,80%: dheated
cleaning agent used in this method comprises a surfactant and a
circuittogen-containing alkaline substance. [0013] A cleaning agent is
disclosed in Ward at al., U.S. Patent 15 No. 5,988,186. The cleaning
[0013¢ernt cohsists niaawste-sokible qolassolvent, darorgnit.arhmesand Ho .
benzene ring corrosion inhibitor, and is used to remove organic and
5, BbihotdanicTBebsthneas {0024 FA teraa iyl &mndnibatypdroxiteland/on aun
surfactant and/or 20 a corrosion inhibitor are used as the components of

hydrgig deaniip Sefutmiifl tRE Priok Bettas descrifed'absveo clean

. Tetramlammonium hydroxides have a high volatility (a vapor pressure
senigenauahoqq CAeT frhperdfir6£80 ByehighliibRRity ahdstidnf68&de IR cid

it is not handled agpron[?riatel}r/, it will cause damage to humans and 5
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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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 contaminant and/or the substrate, but this cannot
act on contaminants produced by 5 chemical adsorption. The corrosion
inhibitor can protect the surface of copper metal during cleaning to avoid
the excessive corrosion of the copper metal surface induced by the

the @H@@@ﬁﬂm@%@ﬁaﬁﬁ%sgﬁ@ﬁﬂ%ﬁan@gfgg@p%¥ﬁ%%é*@@3%%&ﬁ@e88“88E{Eion

inhibitor itself may remain on thé surface of copper metal after’10

can Sleaging,tesulting in opganic Jesidngs (0013, Therefare, the PARLALES; the

described above cannot meet the requirements for a cleaning solution

surfused  pestehemicgtdpechanical planadzation N Gappes PEOGESSIG in
the industry. There is still a desire for an aqueous cleaning composition

substbasefulifar pestichericabmechanical planesization isthe-eeppRals by
processing. This ideal composition would be one which is not highly

chemyelaliles dasmo-adour, toesns remairoan the wafers:afterncleaping: angne
can effectively remove the residual contaminants from the surfaces of the

surfeopperfprocpss chipstthat Have been Rstréatedday elkenitat irechanicsative

planarization and provide the copper metal wires with a better surface
corrrglghness. Sammerr@fthesinventon f60E6] iFlemaih bigjecthive ofide cal

invention is to provide an aqueous cleaning composition used in post
subsghagiaal Fedhzmicalegning 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 éopper
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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planarization in copper processing, comprising a nitrogen- containing
heterocyclic organic base, an alcohol amine and water. Upon contact with
copper-containing semiconductor wafers that have been treated by a
chemical mechanical planarization for an 5 effective period of time, the
agueous cleaning composition of the present invention can effectively
remove residual contaminants from the surfaces of the wafers, and

planstmukianeeusiy pryide the reoppes wirgs witha-beltelsusfacedoyghness.
[0017] A feature of the present invention is to avoid using 10 volatile _

cont&bnmiponents sueh asietraatkylammonisg hydrodde (.81 amine and water.
tetramethylammonium hydroxide), so as to decrease the potential

Upon hazatdsctegardingdberescaperdf soiution istonthecenvironmentaiek 40that
human health. Another feature of the present invention is to effectively

have rémeve the 2ésidublvcontahtindits fromthe sufaces ba 15 the svafers dfter an
polishing, without using a surfactant and a corrosion inhibitor (such as

ef fegTivandrr isteriativas, addotbieagid and the tikapusadior prbtestingt  the
the copper surface during cleaning, and to simultaneously provide the

Presgpppef Wit yith 42Peffer Siitacesbughfiess Ssd 8 t6tavsidapetaninants
possibility that the 20 surfactant and the corrosion inhibitor remain on the

EronyfirsS BriérSesrptiotfof the Brawifg oGS Higarecr SAdWs RRE Bictic he
force microscpge %FM) image of the coE er chips cleaned with the

it |

COPPER i SoMboRitdn ST RE “praShhE FveRtBA (RS 1), 7

[0017] A feature 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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[0019] Figure 2 shows the atomic force microscope (AFM) image of the
copper chips cleaned with an improper cleaning composition (No. 12).
Detailed Description of the Invention 5 [0020] The agueous cleaning
composition of the invention includes, based on the total weight of the
composition, 0.1 to 15 wt% of a nitrogen-containing heterocyclic organic
base, 0.1 to 35 wt% of an alcohol amine and water. [0021] In the aqueous
[oo1giearinggamposition of the invention, the-d0 nilregen-CoMtainigy) image of
heterocyclic organic base is used to increase the basicity of the
the €oposition thewchy-awidingthe useief,anpaoniasolwtionthate8Bsition
cause serious coarsening of the copper surface, volatile
(No. tatkamethylammonium hydroxide, and alkali metal hydroxides that will
cause metal-ion contamination. On the other 15 hand, the unshared
electron pair®etthieleift ddescatdprtdthe fhetamcyokering of the
nitrogen-containing heterocyclic organic base will bond with the copper
[0020dredsp agte preventdhe tegadsorption of the omdriie contasmihants that
have left the copper wires . 20 [0022] The nitrogen-containing
inclpdestocelresrganic-base used ivaheliveriiontis prefarablytsetected .1 to 15
from the group consisting of piperazine, 2-(1-piperazine)ethanol,
wE% Q|- pigEraZingethyraminen dH & ebmsatin thersotahd ere, 0.1 to 35
preferably piperazine. The amount of the nitrogen-containing heterocyclic
wit% %Fgérﬂc pheglipkggine 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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in the invention ranges from 0.1 to 15 wt%, preferably 0.1 to 10 wt%, and
more preferably 0.2 to 10 wt%, based on the total weight of the
composition. [0023] The alcohol amine used in the invention is preferably
5 selected from the group consisting of ethanolamine, diethanolamine,
triethanolamine, propanolamine, and a combination thereof, and more
preferably selected from the group consisting of diethanolamine,

in tHdethanelamise, and@combinationitheteafs Therampusteftheialcohal to 10
amine used in the invention ranges from 10 0.1 to 35 wt%, preferably 0.1

wt%, ta30 wiSheand ateregureferably @5 @25 vd%, hased amthehtotaloweightve ight
of the composition. [0024] As described above, the corrosion inhibitor

of tisuchras®IA iarits derivatives or ascorbic acid) used in the polishing
slurry for chemical mechanical planarization in copper processing may 15

[0023dmdihvrathecdyriacusioithesafels afteepolisting. ffheses opgafierably
residues are difficult to remove using only commonly known physical

selegi@fods Sick R SafEresEiBivRTbLEY WFastHienAbribReand

. scrubbing with a polyvinyl alcohol (PVA) brush. [0025] The ' _
A et hRYHI COaiting HEteroRy el Biyantt BRES ShETHE 20 &EGhA Hffeination

compounds contained in the cleaning composition of the invention can

Fherfiftreadd the"Sath ratet SOIaBHY GhE°bigantc REbidiss EURRRSBTAS fif- 179
o5 oA oNen 0 0 (e e SN0 02 oot
The ggggg@ngfl%he 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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.traditional physical removal method with the cleaning composition of the
present invention. [0026] The cleaning composition of the invention can be
used directly, or can be used after dilution with super pure water. In 5
order to reduce the cost of production, transportation and storage, a
composition with a higher concentration is generally provided, and then
used after dilution with super pure water in end use. The composition is

tradiypiealy ditwted at aumultiplication.dnribe range of 46 andL0, dependingsition

on the practical use. In the 10 case of special requirements, such as
of tisavingepecessingdime, - .cleaning composition stock solution with a
higher concentration can be used directly to clean the wafers. [0027] The
[002€Jeafing compasition oftlyenvehtioncanthe:used at Thom temperaturezd
The cleaning composition is placed in contact 15 with the
direcbpper-containingsensieohdudter wafdrsithathanie-heempreatediby water. In
chemical mechanical planarization for an effective period of time, which
ordepaheffecively rerovecthie reSiduadsortaminarnits fronpthetstfacesofithe
wafers after polishing and simultaneously provide the copper wires with a
storpgfier SURAEE 20 ¥blighneds:nYenerak Whenre Rivistadoneentratioatsrally
used , a longer contact time (e.a. 1-3 min) is needed; and when a higher
ProvegRcenttatbri-saisett S6hiy B-sford Ebhtak tintel fdig StpterPtiiam Yawiay in
is needed. In practical use, the optimal correlation 10 between the

end 8ficedtt@idiPBRhe déamingTomposiidn andthated 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
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contact time can be determined by try-and-error method. [0028] The
present invention will be further illustrated by the following examples, but
is not intended to be limited by the 5 examples. Any modifications and
variations that can be easily  achieved by those having ordinary skill in the
art are contemplated within the scope of the invention. Example 1 [0029]
Considering the factors regarding the concentrations of 10 piperazine,
pe twdligthanolamine.and triethanelaming, cleapingn solutigns, with:differant +he
compositions (No. 1-8) were prepared using Taguchi Method L8, and the
cont £ffects pEthescomponentsyhen Watel: Ripgrazing, giethanelanine and
ammonia solution (No. 9-12) were studied, and then 40 X diluted
[0028plutigss of the sempesiionsdd wele meastied forthe abiliky tedissobvg the
copper and the saturation solubility of BTA. [0030] The ability to dissolve
follenpper wasapeasyrasbhy cuttingta iblaskdepperwater Iritaichips eachhe
with 1.5 cm both in length and width, pretreating the chips to remove
examcbpper Brigerromithe 20 surfacesipriortbaising dippedtinta 50:mbtest L v
solution, and then taking out the chips after 1 min. The concentration of
achieopgeblorginihe Ballition was easured bylCh:MS:§0831 Hre
saturation solubility of BTA was measured by placing the test solution
contgRpep HRslchAdfion of ive E6RSANPIerhPEratire= 11 625 C, adding an

excessive amount of BTA while stirring the
Examp.ie 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 solubillity of BTA was measured by placing

the test solution under the condition of the constant temperature

11



solution to dissolve BTA, and then filtering off insoluble substances from
the test solution after 4 hours. The BTA concentration in the solution was
analyzed by high performance 5 liquid chromatography (HPLC). [0032]
Table 1: The ability to dissolve copper and the saturation solubility of BTA
for different cleaning compositions 120 OT tp-t-10 c.OO6 (fICON
N.-ONCOCOOOO((O-QNCOOOOOOrodoCQ(nWNNN

of 20 M7 MMiNN N,COL -Q Q aN Qrea: Ny 1E0m5 (02 0) LALChQ) O

ONNN@ON Q UNNNNtNNNVVIrcoOoacCugn000000o0o0
solufield) SoTHY ¥WY¥V ¥TA, and then filtering off insoluble
substances from the test solution after 4 hours. The BTA
cencentration in the solution was analyzed by high performance
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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ZrNC)dtCOmNcoO) 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
increase the saturation solubility of BTA in the cleaning composition. The
5 results for the above compositions 11 and 12 indicate that the addition
of ammonia solution can significantly increase the etching dissolution rate

[0039f copper maiat ard £a3n aldously acreagedhe satwation solubility Ofow that
BTA in the cleaning composition. The results for the above compositions

bothlx&aad 14nt0 shew:that the alephphamine Ras the aiching dissoldions o
ability for copper metal and also can increase the saturation solubility of
coppBif Avathe cleaning compesitidr \With@rstrangersdisselutien ahilitydass the
copper metal and a higher saturation solubility of BTA, the cleaning
satucernposition will allbiwa betier kleaning effeéekn dnghe coptaninants. ofhe
copper metal and the organic contaminants such as BTA to be achieved.
resulfowveler, itSitoulddienc@tbthat hinomproperetthiig tissolution aility the
for copper metal (e.g., too fast and/or unevenly) will adversely affect the
addifoiRhness ARKamble 220 0034] The déanihg compdsiticmssisows irhe
Example 1 were used to clean a polished blank copper wafer on Ontrak(a
stehdpgniyBpie)t HHe CRERIMFtIFERRES 16 FifikuRE et the X BEgeY

, cleaning agent was 600 ml/min, After cleaning, the surface roughness
lncr&ﬁge he “saturation sclubility of A 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

14



14 average roughness Ra and the root mean square roughness 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. (fI N 0 cO
oW M66 MMWDM)D~)MOONOIzZrNOQ~_OC5-0rr NO) MC
(DC)MNt-drMOLOLO rO)(Dd'N.rN(DO))LO 70 (Dco (D of

averaefel Ml b I QO 99 ©:Q QOO M Ghi£0: CGl9irle 0:9)00 ¢
O00O00C)O 4d'<trt<t"t4'Ct'IT a)

the copper wafer was measured by atomic force microscope {AFM).
[0035] Table 2: The surface roughness of the copper wafer

clezaned with different cleaning compositions
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dtitO.0OtiM1lr.O(~dLI< OZ~~-NMdLOCONCOD)rrr16[00361
Comparisons between Composition 1 (Fig. 1) and Composition 3,
Composition 1 and Composition 2, and Composition 1 and Composition 5
reveal that both a higher amount of piperazine and a higher amount of
alcohol amine will increase the surface 5 roughness, but still maintain it at
a good level. This shows that the cleaning compositions of the invention

[003@]3 wiseange & sconceptetiondnay fot 08k etch and dissoluegopper
metal, but also maintains a better surface roughness of copper metal.

Compble Hestlts fropyesyaasitien 124hiy. 2¢spewithabammoniasotdipnEl tion 1
will seriously erode the copper surface, thus resulting in a very bad

and rooghoess.dbhas beendaund from the: tesults frpme rCampasitionfl@thadrazine
since piperazine itself doesn't have etching dissolution ability for copper

and metal gthertreatedcoppér slifabe istilexhibitsidn. exoeller seudhmessut bace
Example 3 [00371 Blank copper wafers were dipped into a polishing slurry

rougivrtainindgthie coridsioninhibkdrBTA uskedan doppel protessiigl forshows that
min so as to be contaminated. After contamination, they were rinsed with
e supetpliRg WBPes Oritrile(PéehhingtaBRY 2098r 28 secBhds feliwEy ot

by spin drying. Then, the numbers of the particles on the contaminated
CONGRANGFS TS MSHsUIEd LSThYa TOPCAN 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

17



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 17 min, and
~ finally rinsed with super pure water for 18 sec followed by spin drying.
Again, the particle numbers on the cleaned wafers were measured using
TOPCON WM-1700 wafer particle counter. The removal rate of each
nin, CEANIRG cOMRPsiton.fof the particylate %r&%ta@éﬁeéﬁ?tsf%t%wﬂfé followed

surface was calculated. [0038] Table 3: The removal effect of the
by sgieaningcempasitions fertheparticlesomthersurtaceofdthe coppehwafenrers

18CC4 CEC)OCUCcC6 E.o0O0O0rOrwO.'tihcliw'CO (A C
were measured using TOPCON WM~-1700 wafer particle counter, The
removal rate of each cleaning composition for the particulate
contaminants on the wafer surface was calculated.

[0038] Table 3: The removal effect of the cleaning

compositions for the particles on the surface of the copper wafer

18
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ornrnoicy (OOCDOMrrrrarp C )N ONoNo(UoC) COC C
OCOCOCNCCC.ECEOECENEEE UNC6NCuUNON Cu
CPpNCpCO.NCpOCcoO (INCC.NCCC.NCC CCCRC6CB
C6COLC6CUL(B(®BC6 OONLNLNQ)LLL CCINC1C)CZ.p
SZaNd(DCoiiodoaaoh'aof 60CIl)'TZ rrrrco 19 [0039] The
results shown in the above table reveal that good cleaning results cannot
perazine o lcohol amine glone, while the. . 500

[Oogﬁ]scglr?e\a/ef?ebgulisclgg §1 JTn .
cleaning errncacy can pe significantly increased wnen piperazine an

cleg!%)z%)l %@s@%@?é&%ggqt%%etggﬁizeqrg!lalw 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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What is claimed is: 1. Use of an aqueous cleaning composition in post
chemical mechanical planarization, wherein said aqueous cleaning
composition comprises (a) 0.1 to 15 wt% of a nitrogen-containing
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)
c18thanol, 2-(1-piperazine)ethylamine, and a combination thereof, and
wherein the alcohol amine is selected from the group consisting of
whthaadlamineadigthanolamine, triethanolamine, propanolamine, and a
combination thereof. 3. The use according to claim 1, comprising (a) 0.1 to
15 wt% of piperazine; (b) 0.1 to 35 wt% of an alcohol amine, wherein the
alcohol amine is selected from the group consisting of diethanolamine,

1+ triethandldMing arftfa CO bt tHeroTamt (¢f Water 4 PThe uge=™ cat
e BGGOrING to claim 1, whergin the pitragen- containing heteracyclic ofganic,

base is used’in an amount of 0.1 to 10 wt%. 21 5. The use according to
con@lain Ji svhereinghe Ritrogen- containing heteracyclicrorganie haserisaining

used in an amount of 0.2 to 10 wt%. 6. The use according to claim 1,
hetwheminkhe alcohotaniiness (&) C.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%.
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used in an amount of 0.1 to 30 wt%. 7. The use according to claim 1,

wherein the alcohol amine is used in an amount of 0.5 to 25 wt%. 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
5. Oyl processing, COMRIising 0,1 1A W% of 3, pllogen-caniaining. oge-

heterocyclic organic base, 0.1 to 35 Wt% of ah alcohol amine and water.
corldRORiGRNtASE With-Gopper-septaining-semicendictar \waters shathaver o.2

been treated by chemical mechanical planarization for an effective period
to gfitime} the agqueous cleaning composition can effectively remove

residual contaminants from the surfaces of the wafers, and

simultaneously provide the copper-containing semiconductor wafers with

6.Eib%%%rS%qgcgégggggggstgF%%a¥%4l, wherein the alcchol amine is

used in an amount of 0.1 to 30 wthd.

7. 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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