ACI DI C POST CVP CLEANI NG COVPCSI TI ON BACKGROUND OF
THE INVENTION 1. Field of the Invention 10001] The
present invention generally relates to a cl eaning
conposition, and nore particularly to an acidic

cl eanin I d (P i he
cont am"%grigﬁ? ?&%%’?gghig r%mgi%téwmtﬁﬁ and
organi ¢ conpounds) froma wafer surface after a
chem cal nechanj LSAI r s. 2. The
Prior Arts (oo3¥§ﬁ§?§§#h§§6@%Tﬁggﬁbéﬁﬁfﬁﬁ3in t he
sub-m cron copper (Cu) damascene procedure, the
1cﬂ@¥Hg' cHVerE®¥hani cal pol i shing (Cu-CVP) process is
(ggrforned in order to renove the excess Cu residing
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pol i shing process or a chenical mechanica
chtlt@anMahi AbhPNasPIRESRS,; nfche ¢ %xeiuzfnfd_a&gargé compounds) from a
Tnechani cally polished for planarizatio y uglng a
' I I : rry Slurrie d in Cu-CwW
WERE TR alct R ol ng RN Tg By
nano- abrasi ves (such as Si 2, Al 203, 0002, and ;r rQ2)
2MitePribrayyat ers  of 30-100 nmm; a chem cal auxiliary
agent (such as a pH buffer agent:); an oxidizing
[odgent  (Sueh &ﬁ)tpgxy HeBOGHorP 8F Ot dSub i @B ndotprgét ?Clé)aQIQmascene
potassi umiodate); a conplexing agent; a corrosion
I.nhibit . ot riazql.e T .~ and ot her )
ol G CORAER G BN B G b b, P g rtormed in
%ur actant.hln the CMP process, the slurry is _
OdRt PPoWMOEg e *eRe CHAFTENgsRO% Piedrurs dislicaie kauen and; lgaving
conjunction with polishing pad, and the table and the
thgiudpside thej coptagy vz peringsindaciomyk disestreellayer. or der t o
polish the surface of the water. Consequently, a
[0083ge almuantheoficabnadiavies], potishalg, piOdess BrAa chemiceX mechanical
conpounds and other netallic and non-netallic

plamdiizativm prvcessyihlel wdfen@irfc® D thB&hanWall ¢ poBdte a6ep1addrBhtion by
the CH P process. if the post-CW cleaning solution
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n the wafer surface after process is
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of 30-100 nm; a chemical auxiliary agent (such as a pH buffer agent); an oxidizing
agent (such as hydrogen peroxide, iron nitrate, and potassium iodate); a complexing
agent; a corrosion inhibitor (such as benzotriazole (BTA)); and other compounds that
act as protective film or act as surfactant. In the CMP process, the slurry is introduced
to the wafer on a planarization table in conjunction with polishing pad, and the table
and the wafer carrier are simultaneously rotated in order to polish the surface of the
wafer. Consequently, a large amount of abrasives, metal, Cu-BTA complex

compounds and other metallic and non-metallic contaminants will remain on the

wafer surface after the CMP process. If the post-CMP cleaning solution used for



photol i t hography, and etc.) wll he detrinentally
affected, and that will account for the enhanced
degradation of device reliability. (0004] In the
conventional post-CWP cl eani ng process, the post-CW
. e : . . _
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spray,..and brush devices in order to renpve the ..
Qe Pkt IF  GHRSCHHET naTasESSEty (3B, oS¢ pain layer deposition,
conventi onal ﬁost-CWP cleaninq sol ution also usually
rhgielitherarhy, asdieted otillive datiineentally affestedcand that vaillhgseount dor the
agent that is able to | ower the surface tension of
erthhecqlopradhiorc b edavigegelsadliliyi on, al | ow ng easi er
spreadi ng. However, the post-CMP cleaning solutions
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descri be such cleaning conpositions: U S. Patent No.

the wedes syraceide coreatiqnad pesini My depnngssolytion absoritsuplhi wwgluded
one or nore surfactants that are used to reduce the

a gurfpsant ofhidefieelss datled hewettiag ufzgaot that ifibls énilowadthet orface
devices, U. S. Patent No. 6,621,546 disclosed a

tefidiono oOF dee- poL€ NP hatBigHobatvn glleempaskitt St FdWa@r, the
a diearhoxylic acid and/or salt thereof. U S. Patent

pdNRCMP BB 4niaB4oKkitissd QRfnRAgGhBRN WEI SRIPAS| s and the amines
containing amoniumcitrate, and corrosion-inhibiting
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sitign.for copper--containing wafer surface.

m%ﬁgﬁggl'%éﬁmQﬁﬁﬁu@feaning conposi tion shoul d be able
to effectively and efficiently renove the contam nants
[0PP¥Im t hd hegleting cpapesifipng aisehefien ek pfocese have been
waf er surface only increases a little bit after such a
dgsoshedGn\Ria| aaliegodowpgsirt iloR. patents ethidndescribe such cleaning
contam nated surface, so that the subsequent

copiisRReEesU.Ss BaknEso.t 208,04y &kcloeaasiédn@i)s composition containing
phot ol i t hography and etc.) can be favorably carried

orRUbr nRWVIVINRY cfhits THGt | NVENNT4 %I reduce the number of defects in the

manufacture of semiconductor devices. U.S. Patent No. 6,627,546 disclosed a
fluoride-free aqueous cleaning composition containing a dicarboxylic acid and/or salt
thereof. U.S. Patent No. 7,087,564 disclosed a cleaning composition containing
ammonium citrate, and corrosion-inhibiting compounds (such as ascorbic acid, and
cysteine).

[0006] There is still a need for a post-CMP cleaning composition for
copper-containing wafer surface. Such a post-CMP cleaning composition should be

able to effectively and efficiently remove the contaminants from the wafer surface

(%)



[ 0007] Accordingly, the objective of the present
invention is to provide an acidic post-CM cleaning
conposition that is used to effectively arid
efficiently renove the contam nants fromthe wafer
e o effectivel 12 d
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r), and coppe reS|dues, (remai
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waf er surface after a CWP process, In the
SUPsediRAl }Précesmdswhtaérﬁhmday% dpprsttiost phitalithpgrapley; ynd e can be
after wusing the acidic cleaning conposition of the
fagpebbndardigiv@nt i on for renoving the contam nants from
the wafer surface after a CMP process, and
consequently the problem of wafer surface roughness

is alleviated ssUhRIARNOS rbgeEnA e TAIQCESSES (such
as t=hin | ayer deposition, photolithography, and etc.)
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[O 8] To achiev ore ol ective
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carhoxyh acid, or salt thereof; at |east one
CHARIGIVE AioBL% Maderuriace, apd espgrially pajdeigretfegisly prd efficiently
remai nder being substantially water. The acidic

repse - P and| eoanemgxide rfpusiditingrorthde Gupkyasy, dhdt copper aasdlues
Is useful for renoving the contam nants, especially

(rttheiningt @l thealicladrio dayenssiuah bi CSEalatérs toat 8. Wafenyirhiee after a
wafer surface after a C |P process. 10009] The

CaCiMP GriRsd. 1EVRe GhRaRhNE ®0Rast bF ‘%8}[)&‘} ddien PR Pliow after
invention further conprises at |east one surfactant
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onpositign of the present invention further
preak?m PE aefereturtaps coushppsinisrdleviaied #y drabhel subsagyenh processes
ixitiari hydroxide, tetral ;tylamonium hydroxide,
(st&t padtilmydyar idapositinm phmiid)oigwhy, fehaty]) tean ibeetahdd out in the
ammi oni are hydroxi de, dinethyldiethylarn:r;onium
bdsyplrsevick@annck.et r apr opyl aai unoi ai ui ri  hydr oxi de,
phosphazenes (such as .BE 4P), or amines (such as
[0008]Tet hYBMHcR;e9d -the foregoing objective, the present invention provides an
acidic  post-CMP  cleaning  composition  comprises at least one
polyamino-polycarboxylic acid, or salt thereof; at least one hydroxycarboxylic acid,
or salt thereof; and the remainder being substantially water. The acidic post-CMP
cleaning composition has a pH of 1 to 5, and is useful for removing the contaminants,
especially the metallic and non-metallic particulates from the wafer surface after a
CMP process.

[0009] The acidic post-CMP cleaning composition of the present invention

further comprises at least one surfactant. The surfactant serves to enhance the



[0011] Advantageously, tine acidic post-C 'M cleaning
conposition of the present invention can effectively
and efficiently renove the contam nants, such as

abr asi ves, netal conpl exes, and organic con- Epounds,

1 h r e
wRA AT M e BPULCRE RIS oPrafTE0 RE R oR S, and
surface roughness. 100121 The foregO|ng and
C%?%&$:8803@$§mep SPRREs, aspects and advantages of the
(@resent i nvention w || becone better understood froma
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herei n bel ow. DETAI LED DESCRI PTI ON OF ' THE PREFERRED
fuBWBODIcMEMTS:s| ORfr3h e ybmimheriumndeydbridd] ngmafonami f hydroxide,
odi araents of the present invention can be obtained
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descrlblng the details of the various preferred
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devices. The term"contam nant” as used herein refers
trineth @1IP@act i on. by- products, netal residues, and
chem cals existing in the CW slurry. The term
[00d1]el ectidventhgapesly, dbe umadic hpostiGMP eflearsng ocotdpesition of the
dielectric . 4 layer having a dielectric constant
pressis ivatios 3ad effeciowel P and lefddiéd] YooV the QBh@inihdhgs, such as
silicon, ocganosilicate glass (USG.
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glass (FSC). i con d|0X|de and/ or car bon-dope
ch%ﬁhgag éqlgeﬂ?%cag P%ﬁ%l %?@%1%:)1 (?%%Se n 1?%%1169%%1 n‘s (&I}/P%rot)leam \afer

ast o oAyavni no- pol ycar boxylic acid, or salt
ﬂ?ﬁg?g%ﬁﬁnﬁg | east one hydroxycarboxylic acid, or salt
thereof: at |east one surfactant.. and the remainder
[0883]ng s tbs terseeiag ppd wies obieeto fepiuras, aspsetsoindt ageantagagiad the
post - CMP cl eani ng conposition of the present
presene mtvicoion wilhbgasieebetteo vadgktood ffonomcirefitlacadbng afid detailed
preferably from2 to 4 using
description provided herein below.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0013] A better understanding of embodiments of the present invention can be
obtained from the following detailed description.

[0014] Before describing the details of the various preferred embodiments of this
invention, some of the terms that are used herein will be defined.

[0015] The term "wafer" as used herein refers to the wafer used in
microelectronic devices and integrated circuit devices. The term "contaminant” as
used herein refers to the reaction by-products, metal residues, and chemicals existing

in the CMP slurry. The term "dielectric layer" as used herein refers to the dielectric



amoni a water or tetranmethyla mmoni unr hydroxi de, and
the pit of the acidic post-CWP cleaning conposition
is nmeasured with the gl ass-reference el ectrode-PI{
net er assenblies. [001.8] Exanpl es of
1&?911 Hzﬂzrn?%h%) ﬁ id %%Qﬁffﬁéése[hﬁnc 5%5 chﬁle% u!)r}gflmc PO Cynger ecsc)%pammg

nvent ude nonoanai no- pot ycar

i arni no ie ac .
si F?“aﬁf&fi‘Boﬁﬁ?%%g]@ 4&)6 teé@fs%iylogllilam lipate (THQS), fiygrinated silicate
preferabl e pol yam no- }ool ycarboxylic acid is
gl@frﬁ @ERCnoulironyiariteeptios cabprrdopaddoxidy € THPkglessabl e i s
riarni ne pentaacetic acid, such as ethylene triamnc
[G0&6k aacdhe cacatic oposd'CMIhyﬂ@h'mgt coaphditien pérnthagaeteht invention
acid, and triethylene triamne pentaacetic acid.

cd?ﬁpﬁs%é e teas@bhé pblﬂf@in&iﬂﬁpél?@ar@é)&%bl acﬁ?kﬁ' saltahkRbf; N least one
earth netal and anunoni um sa ts.

a S
hﬁﬂ!))g}%ﬁlg)%gﬁl@@ Ia%ﬁ?log)np 8%% 6&& gl%@gén% %@Eant argio fife Ieeﬂ{amder
ref { fromO0.0025 to 5 0 by vvelght based on the

%%%H %H{ W8t he aci dic post - CMP cl eani ng aonposi
ion. [00101 Exanpl es_ of dr oxycar boxylic acids
l(’@é'élf ul - iTRetd of thesasttic ingy %GM Fokleaning | Gomposision cofadiedpresent
tartaric acid, lactic acid, and citric acid. The
ingerdfoar iseafljustedy t@ﬁypﬁr(hfofryirﬂ t tach,daridspefdrably famnd to 4 using
Preferred salts include alkali netal, alkaline earth
am@bala anthr asAmetiaielsddiBonilite Hydebxdey Cakdbehey bHC ofiché acidic
is present in an anobunt nom 0.05 to 20% by wei ght,
pRRAMIF fBhA ?' bnfdoRifol: i Iﬁé)as&rédb%tl‘{\@llleg gfass -RasgskLfelNRic-pH
total weight oCthe acidic post- ani ng
n. [0020] The surfact ant | S ani oni c or
m%tgﬁ?%gljir%f (%Pr eferably, the surf act ant useful in the

[OQE) :?2: ﬁlﬁgt\rllgﬁt | Oﬂﬁo@l&%ﬁ%%é%&g Y % rallgld(sarusel?ul in the present

_al kyl bezzenesul foni e acid, alKkylsulfuric acid,

ingentions incdidsamonopmi proEtAknIesal ok diamipp-golycarboxylic acid,
nonoxyrol -4 sul fate, and secondary al cohol ethoxyl ate.

trighpencspelf ecb@nticiasidy red dnt liké. T harprefiecabid pdlyamn0-@lycattoxylic
10% by wei ght, and preferably from0.0025 to 5% by

acieisgtitmiroasggagtiblytie atidt ald wetegiitfe@dbld Reridaindipentaacetic acid,
post - CMP cl eani ng conposition. [0021] The acidic
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can be used to effectlvely and I ci ent renove

tn%&lg e%@tﬁeﬂ’ﬁﬁ% geﬁ%?&ettllg referre ?]a‘fi‘& gluéel Elgr@ﬁgumeqvf alkaline

errpera ure w

earth metal and ammonium salts. The polyamino-polycarboxylic acid and/or salt is
present in an amount from 0.001 to 10 % by weight, and preferably from 0.0025 to
5% by weight, based on the total weight of the acidic post-CMP cleaning
composition,

[0019] Examples of hydroxycarboxylic acids useful in the present invention
include malic acid, tartaric acid, lactic acid, and citric acid. The preferred

hydroxycarboxylic acid is citric acid. Preferred salts include alkali metal, alkaline



[0022] The acidi c post-CWP cl eani ng conposition of the
present invention can prevent the redeposition of
undesirabl e nmetal or metal conplex contam nants on the
waf er surface. (0023] The present invention is

ea%,rh{ I:ﬂgttaf c% %%llnonllqlg{ ?alt(sj eflff‘ hyd’rvcl))g n rb%ﬁ;?lf(ﬁ&cf& ét oresten? 1n an amount

oW ng are

d not econtrued asllmt t he
(ggg 2@%%\?/@&%&@3 ﬁ(ﬁ?ﬁ@bbf rorp e ier i RV giht; Maselon the
aci di - pcrsf---C 71" cl eaunirna conpositions [0024]

tolfal\)@léé |07ﬂth§ agtske P@VICNP eleaning cemppoton.i ons are
prepared, and the weight ratios of the conpositions
[cad] t heiThe psbx;fsdtazalis prioper driresicaie Prepablye thd surfhaahteustful in
"T"able I L ant} | r e benzene Lauryl Sec{x3dary ;
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[0021} - - - The acidic post ’UMP'RManiﬂ igedimplosition tofithé Picdént invention can
pentaacetic acid TM 4H Tetranet hyl amoni um hydr oxi de

be used to effectively and efficiently remove the contaminants from the wafer surface

after a Cu-CMP process at room temperature with just flushing.

[0022] The acidic post-CMP cleaning composition of the present invention can

prevent the redeposition of undesirable metal or metal complex contaminants on the

wafer surface.

[0023] The present invention is illustrated in more detail with reference to the

following Examples, which are for illustrative purposes and should not be construed

as limiting the scope of the present invention.

Preparation of acidic post-CMP cleaning compositions

[0024] Five acidic post-CMP cleaning compositions are prepared, and the weight

ratios of the compositions and their physical properties are reported in Table 1:



[0025] Contact angle is a quantitative nmeasure of the
wetting of a solid by a liquid. The contact angl e of
each sanple listed in Table 1 is determ ned by the
foll ow ng steps: (a) one drop of each sanple is
dropped onto the Cu wafer; fa i mage of the
sanpl e drop on the Cu vvafer IS captured w th a high

speed CCl)); and Laeyl- the capt| red |mhges are anal yzed

wi t h Goirp softwar e.Lz{u@;@QE ecﬁﬁl > tensi.on of

Seadh s‘a«h‘p%ﬁiA s Belthnin mmnm: tﬁ%&f edpIby| ?Wré}ace Cgt?"t
f ol llowi%g S epsa.cid(w)% eachsanp (y fed wi tf°89 | ~0E€
folds (by weigh:) of DI water r°st (b) one |drop of

each dgl ut exh saml.e i$ drpped by) a syrg nge1,6and4lil7|e 75

drop faitj pT SS recgor geg by & me
(2\ fhg irrxlnbr'%n of rgn 318 ngzhpl d Zt he lerllLiﬁi t?ﬁn 25

S/ re—Heyge

| bist| b&fdrd%al | ihy downOis ¢apt dred; dhd| (9 t ha5.8 25

captur gd i aele i sp.anal yzed wilt h g £Lonputeer sp@tvvaggg 25

[EU /j eorzo Iovtgilg ests ane G duct %:J'n‘ 231(3 at B&lgief 25

[ilafal erf ofmahce of 'sampl es | sté

“HFLR: pl?fﬁy?f)e ARG RANRAGHIC i per | 0ss (or dynanmi c
BV6HE: N@ramdihe) amdnid hplréndet wafer; 2) Static etching
rate of Cu bl anket wafer; 3) copper residues on FSG
bl anket wafer; and 4) 11-1-henzotr azol e residues and

[002flper Gvithet nedé duasquantitabue bhanketofwat evettif@abL aablid by a
copper | oss EXAMPLE 1 [00211] One 0" Cu bl anket wafer

ligMid hThéiceknes §n%?é o?0Q8h %aig%lljed Ghde elﬁ efhpid r1 OdOeterhlifed b

I nsi de of an rak post brush box (Lain Research

fo%w?@agte%. [@% &D:edr% oq’heacl? %Hg%twl ap[%%% "?‘2& ehlég('fql?grélge?r (b) the

throu h two brysh | pxes sh
infg of b st fi@fﬂf)’ 3@&1&%% ep iR it el SheraeT i ©
CRAP brush box, and the wafer passes di rectly from one
thBP@&tWeBémag%r%ww yAcH avitt gpapputriseliwareer i s washed
whi | e passing through the two brush boxes with a total
[0026fe of THO swéendsi(3d sek smdpleviasid inAsblkiel isrdeshmbed by the
1, and 20 seconds wash inside brush box 2 ) and then

follswilid @ebs: Thecachang@pleohas opied with 59 thic kieasight)alf DI water
five sites on the wafer before and after wash is

ﬁrsiTE%géH t%f Q&h%%téfdas\ém%héifé [B&ERAGS a%?fﬁﬁ%é QRE RS dr€1% falling

he Eve val ues of thicknéss difference

pr]:)&esg w%' 'i‘gc%)rde%rb%/ ?&%&jﬁga%qera;-r Pc? the image of the drop held at the syringe

tip just before falling down is captured; and (d) the captured image is analyzed with
computer software.

[0027] The following tests are conducted to evaluate the cleaning performance
of samples 1 to 5 listed in Table 1: 1) the rate of copper loss (or dynamic etching rate)
of Cu blanket wafer; 2) Static etching rate of Cu blanket wafer; 3) copper residues on
FSG blanket wafer; and 4) 1H-benzotriazole residues and copper oxide residues on
Cu blanket wafer.

Rate of copper loss




di fference between the thickness of copper filmbefore
wash and the thickness of copper filmafter wash is
associated with the rate of copper |oss (or dynamc
etching rate). The nmeasured val ues are shown in Table
LE 2 (0029] The procedure of Exanple 1 is
repeated except that sanple 2 is used instead: of

le |; t Cu. bl anket wafers instead. o
@281’ S Gl et SR o tokEspat 2008 A BRISEEdghrough
[0030] The procedure of Exanple 1 is repeated except
thepagids el @ntealk osy SMP biugk bexatlam Resgepthe CA UFAS and the 8” Cu
neasured val ues are shown in Table 2. EXAMPLE 4 [0031]
blfthlect praderad filughedf (oEwashplde withisampepeaf Eablex aeptiaté hAB00 ml/min
sanple 4 is used instead of sanple 1, and two 8" Cu

whilepkgingwaion ﬁtW@%hﬁﬁ%o%ﬁ%m@h%om%ﬁMﬁﬁﬂsMﬂJ L%Silsp@'é&l inside
shown in Table 2. EXAMPLE 5 (()032] The proce ure of

t
oL AP BT A DO P BB A
WO o Bt £ R IEERATE 93%@4&35@%@5%@%“ L ST
Before ;mash After wash is: Cu film thickness Cu film
tigag of 5P seeandp g3 secpndsjmash inside bingh ok 1pard 20 seconds wash inside

----------------- - - thickness thickness rate
brush box 2 ) and then is dried. The change of copper film thicknesses at five sites on

the wafer before and after wash is measured using a X-ray Fluorescence Spectrometer
(XRF), and the five values of thickness difference (at five sites) are averaged. The
difference between the thickness of copper film before wash and the thickness of
copper film after wash is associated with the rate of copper loss (or dynamic etching

rate). The measured values are shown in Table 2.

EXAMPLE 2
[0029] The procedure of Example 1 is repeated except that sample 2 is used
instead of sample 1, and two 8” Cu blanket wafers instead one. The measured values

are shown in Table 2.

EXAMPLE 3
[0030] The procedure of Example 1 is repeated except that sample 3 is used

instead of sample 1. The measured values are shown in Table 2.

EXAMPLE 4
[0031] The procedure of Example 1 is repeated except that sample 4 is used
instead of sample 1, and two 8” Cu blanket wafers instead one. The measured values

are shown in Table 2.



Sanple tl13rc 1a box 1} {hrusla box 2) (A)) (4; /;nin}
30 see 20 see 2160.48 2145.86 17.544 30 sec 20 sec
2152. 16 2146.76 18,48 30 ace 241 set: 2170 12 2151.2

22 (p44 ------ ------ 3 30 we 20 sec 2164.06 214 88 19
----- 30 see 20 sec 11 '2 ' 2157,02 18,84 4
Eﬁ%ﬁdpggssee 20 sec 2148.4 2139.78 10.344 30 sec 20

2168,18 2157 13 0, sec 20 sec 2148.64 2137.5S
1@351272 PR EEREPE | 35 KRGS (HARTLAY RIS Gris sed
er loss is low for any one of the sanples | to 5,
m&Wé Pt sarerind, eahitwa Be Cudiankes wefeatimsicadi ghnddis roessyred values

increases a little bit after cleaning the wafer with
arelsboag irdTablpds CMP cl eani ng conpositions of the

present invention (i.e. sanples | to 5 listed in Table
1). '"t'able 2 also shows that the rate of copper |oss
whe Ising sanple 1, 4 or 18bled | ower than the rate o
copper | oss when using sanpl e XRdr5-@intgpngrage value
congequently it shows that the tate gf CoppelpliSScean
be pAdjusted by using differe d

di fferent pll val ues of the g%:flo%&’g& %gtglt‘%ﬁ% %h%uaﬁﬁ
Con v ot EVWYANDL L & 10

- R Ct + + i
US| lIEII. SQLAdlt T L TUToTn Ilg TartC C/AANYr = O TPYOOoO=1L OT

")

8" Lu bl apket waf ef mﬁth.thic&ﬂgﬁﬁnof 060, r A‘bﬁl
di pg@a‘l‘%jlﬂ AVagliimef | [Wasd tinwd { h th1 ceim &hﬁ .
1 fpr lyushTipreel) | (biveh thef &) & jnnse \}l je(légrrr}dn e
wat pr and| dried after dipplng A% ha é (o] opper
filproprce SES. At f{ve Si ot f e
and ,'-‘lf]r er m%z) I%g S S¢& yr :d?jé(?) %%;?]3 [I)’?g&ﬂ

Fl upr escence}OSpect [ ONEl er (,(U2}162.1®nc Lhe. 7bi ye alBue

of }hiTkneSS,ILTTe engp L3t [T, ST TS his 5 (V31 guFT

L

U7

The
3 30 sec 20 sec 2164.06 2147.88 19.416
g 30 sec 20 sec 2172.72 2157.02 18.84
30 sec 20 sec 2148.4 2139.78 10.344
s 30 sec 20 sec 2168.18 2157 13.416
30 sec 20 sec 2148.64 2137.58 13.272

[0033] From Table 2 it knows that the rate of copper loss is low for any one of
the samples 1 to 5, and it means that the wafer surface roughness only increases a
little bit after cleaning the wafer with the acidic post-CMP cleaning compositions of
the present invention (i.e. samples 1 to 5 listed in Table 1). Table 2 also shows that the
rate of copper loss when using sample 1, 4 or 5 is lower than the rate of copper loss
when using sample 2 or 3, and consequently it shows that the rate of copper loss can
be adjusted by using different surfactants and different pH values of the acidic

post-CMP cleaning composition.

Static etching rate




bet ween the thickness of copper film before dipping
and the thickness of copper film after dipping is
associated with the static etching rate of copper. The
nmeasured values are shown in Table 3. EXAVPLE 7

he procedure of Exanple 6 is repeal ed except
E#%§%§%%§p|e "' Is used instead of sanple 1, and two

" . Cu bl anket fers instead one. Th ured val ues
(e ol G Bloake} vatseayih ehieknesomigI0R R pised it filled
of Exanple 6 is repeated except that sanple 3 is used
withstredel teddndphle 1 for 4rhyg eTh?éacgﬁl e Epr \lﬁazllr{ﬁgspwab deigtengryvites and
Tabl e 3. EXAMPLE 9 [0037] The procedure of Exanple 6
driedl afispdiapiag Byecepnge arcoprargila thigkaesssedt fivestiesaen gfe wafer
sanple |I. The neasured val ues are shown in Table 3.
bd&ERMAd B0 dip P8 BlmEdrerqpnsaeduKerap fFluctestphee Spettsometer (XRF),
repeat ed except that sanple 5 is used instead of

arSip e hahRB df tiieknBss EfeRindd ke tiveaiied)Sird Bekfd. PREdifference
The nmeasured values are shown in Table 3. it) Table 3

IR AU 3 e BT S8 e B O e i
STE R R RS R RN T
are shown in Table 3.

EXAMPLE 7

[0035] The procedure of Example 6 is repeated except that sample 2 is used
instead of sample 1, and two 8” Cu blanket wafers instead one. The measured values

are shown in Table 3.

EXAMPLE 8
[0036] The procedure of Example 6 is repeated except that sample 3 is used

instead of sample 1. The measured values are shown in Table 3.

EXAMPLE 9
[0037] The procedure of Example 6 is repeated except that sample 4 is used

instead of sample 1. The measured values are shown in Table 3.

EXAMPLE 10
[0038] The procedure of Example 6 is repeated except that sample 5 is used
instead of sample 1, and two 8” Cu blanket wafers instead one. The measured values

are shown in Table 3.

10



1 4 bra 1366 28 1013.32 1.47 4 hrs 1367,04 977.88 1.62
41in.- 1439.54 1088.18 146 3 4 1-irs 1465,08 1034. 38
1.79 ----meeme - - 4 4 bra 1899..58 1504.36 1.65
41 ra 488.08 1'102.22 0,77 4 hrs 1.451 -6 1262.3

104391 From Table 3 it knq\éﬁ Ehat the static etch| ng

£ e | 1+ = |
r atre—s—tfrowfecr— any—o1e—or Sa €S O ae—t

means that the waf e surfacwgsv&qn?{ﬁﬁvﬁag%ml\f i ncr eases
a |little bit after| di pping the wafer int¢ Differace th
pogt - CHI P cl eani ng [cB&pasdipdians After digpeigpl esent film
inyention (i.e. sanples 1 to 5|listed in Tabihgckingss
Tahl e 3 al'so shows [fhat the sfatic etchimg;, rate when
usi|ng sax%l e 1l or i sCuawgr thanduh@Enst af i Satel GtHing

r af sampler i m§ NPltBicknesd Of 4thickAcksan®ng thHem
sanpl e 5|i s''t'R& st ofg. Copsequenyly, [it (ashays

that the st atic etchi ng rate of copper camp be adj usted
by |using dlfa%ysent suﬁe%cztgant

valrtes—et—the—actae—post—CcMP zlcar' A "“raes-i—t#en.—(
opp<c; res uéd o t 1)l uotIf&ed bil i VALE =l ass RFSG)

Etna EXAVPLERLL |t 04480 54 Cup i qb@j}g pol i shi % pad
f b spectvet otH-shtng—two—84

sunTrace—1Is pareo— oy

Cu (bl ;nk V\éﬁ@rs cn al L\ﬁsrorga P |I§ﬁ%4f‘38(AD Lied-7?

Matler hal $, UBA)s for| 601®@sends| fasoemch one. [léme

polfishinyg pag, conditio rstorned gttt g the

polfi ski ng prg Bss lin égg)rg to rpriz@hﬂrmr b Cu resj dues
on|the polishibng pad. . 14Hehd, ope 828281 anket vat%er t
with dianeter of 200 mm1is polished on the sane MTra
Pol i sher with the as-prepared Cu-riched polishing pad

10 k f
""’orh am L Sl A S SRRl i g T gy ome of
|chd ol i shin d. Sbse ently, the FSG

thBls%EﬁR B WG 2rondgh i BB ST G TREotoubisss gnly increases a
del i vered throu h the insi de of an Ontrak post CWMP

litde étrafiss Wigning ﬂieRéé@apréﬁ thecacidisayost-6MP clepring S@mpositions of
bl anket wafer is flushed (or washed) with sanple t of

th atssent finventian figt eanopleS0@ § histedn Mabdkil ). Gable 3 also shows that the

—*

7

static etching rate when using sample 1 or 5 is lower than the static etching rate when
using sample 2, 3 or 4, and among them, sample 5 is the lowest one. Consequently, it
shows that the static etching rate of copper can be adjusted by using different

surfactants and different pH values of the acidic post-CMP cleaning composition.

Copper residues on fluorinated silicate glass (FSG) Film

EXAMPLE 11

[0040] A Cu-riched polishing pad surface is prepared by respectively polishing
two 8” Cu blanket wafers on a Mirra Polisher (Applied Materials, USA) for 60 seconds
for each one. The polishing pad conditioning is turned off during the polishing process

in order to retain more Cu residues on the polishing pad. Then, one FSG blanket wafer

11



passi ng through two brush boxes (brush box 1 and brush
box 2) disposed inside of the Ontrak post CMP brush
box, and the wafer passes directly from one brush box
through the other. The FSG bl anket wafer is washed

ass t hr ou

B g’ 29 wff SaRhARCLIR it Re M e prepered
res n the three sites aof FSG bl anket. wafer are

Cr éwéeff B%hsg\ ghaddenlV pesonde tihsd S blapket | Wadeids @an@ntaminated
(T" XRF) spectronmeter. Tlie three sites are |ocated at

withfagrabgedanse of dpr essaee doby the0C@Yichedpolisiririgepad. Subsequently,
the wafer center represented by (87,0), and 87 mn

theiR$ia bianlosnvidie conaintinate@MtidrCui epidse it dtivined thiBdglO)he inside
respectively. The Cu Ka intensities over the three

ofSd @‘ﬁtr@lt pbﬁ%ﬁ@%xﬁé@ﬁgﬁkL%fI@erseﬁﬁl? ERASYU LAnd Ql'ﬂéjFSt}eolanket

results are shown in Tabl MPLE 127 (0041] The
waeP ?ﬁ Hl%glgd g(gr \Eﬁés%gml ﬁg S %flr §§ %gtflg q f?)é ﬁ(e%torfe'}lg)atml/ram while

valu are s in T 0421 The
paaﬁlag Sigpeh B’foh@% xes 2’5]@81? Box E aa%ggﬁ@% 3%8 ispisggl inside of the

nple 3 is used instead of sanple 1. The neasured
Ov%wlwgsta%ﬂ’s howh bax. Pag| e avalei ARseE diget0 e8] omprush box

procedure of Exanple |1 is repeated except that sanple
thdough ths ether.i Tist B&d bdddksamptee 14 wadlind whids pasohgvthtaugl the two
are shown in Table 4. 32 -X | kAIPLE 15 [00441 The

biREIB&EH atHOd tdrenalid 8f 0 sdcndLRrEhed iseatf@PThé DatreSan®lod the
5 is used instead of sanple 1, The neasured val ues

thﬁ{eemﬁ%@ BMRSE AR Gaftr a F@@ét@ct%i bya tot'al reflection’ X-ray Tludrescence

- Ku |ntenS| at ons can ...........

Mo

87 mm left from the wafer center represented by (87,0), and 87 mm right from the
wafer center represented by (-87,0), respectively. The Cu Ka intensities over the three

sites of the FSG blanket wafer are measured, and the results are shown in Table 4.

EXAMPLE 12
[0041] The procedure of Example 11 is repeated except that sample 2 is used

instead of sample 1. The measured values are shown in Table 4.

EXAMPLE 13
[0042] The procedure of Example 11 is repeated except that sample 3 is used

instead of sample 1. The measured values are shown in Table 4.

EXAMPLE 14
[0043] The procedure of Example 11 is repeated except that sample 4 is used

instead of sample 1. The measured values are shown in Table 4.

12



................... e ... .. 40020
... 5000 ---------------- - - 100451 From
Table 4 it knows that there is no detectable Cu Ku
on the FSG bl anket wafer after the FSG
E%?%%iﬂ% wafer is washed with sanples 1 to 5 listed in
bl e Therefore roves that the copper
0088 e dhe o Wicrief Brouile | T e el el Mobsagplp is used
process can be effectively renoved prior to subsequent
1%@&@%% bf khseneastiesd valugs areddpwnaon Asde d- degr adat i on
in device reliability and to avoid the introduction of
defects which reduce the manufacturing process yield.
Mond co pper oxide residuggonp C,r Film EXAVPLE 16
[0046] a f1" Cu blanket watrr is polished at a Mrra

pol i sher us|ng a polishingcuprd iafdsisy ¥riy’ cbnt ai ni ng
100 ppmof |: FPBEKzotr|i azol e. atdtagdcmondi tioning and

det oni zed ter rlnse st faur the
pol i shi ng process—in—or 8?b§ CSE(R .UGQQ» ol i sh
odd. |aft hat’ the cu

C

resi dues onfthe nAluqhu gp

bl anket wafer is glpped intgp a| O, @mLCoEmA spl ution
Fanket—waf-er—i-s—now

for 30 seconds: gc €u

cont ani nat ed_wi_t h abundance of"” BTA, OC%,D r oxide,

or gani ¢ oxi de resﬁdues andO2t g. Subsequéntly, the Cu

bl anket waf er conganlnated i th vagioys resi dues is

del i vered t hrough—theinsideof —13—anOntrak post CW

brush box (Lam Research, CA USA) and t he contam nated

bl anket ter. is fluyshed she with samle |

(05 Hra; Bram 2658 & 15#@%% H@bgwfq sIerAgectails 8 Koagdiagn on the

t hrough two brush boxes (brush box 1 and brush box 2)
F3fp blsosetavafpsifps the FSG blanket wafer is washed with samples 1 to 5 listed in

Table 1. Therefore, it proves that the copper residues remaining on the FSG layer after
a CMP process can be effectively removed prior to subsequent processing of the wafer
in order to avoid degradation in device reliability and to avoid the introduction of

defects which reduce the manufacturing process yield.

BTA and copper oxide residues on Cu Film

EXAMPLE 16

[0046] a 8” Cu blanket wafer is polished at a Mirra polisher using a polishing
pad and slurry containing 100 ppm of 1H-benzotriazole. Pad conditioning and
deionized water rinse is turned off during the polishing process in order to retain more
polish residues on the polishing pad. After that, the Cu blanket wafer is dipped into a
0.3wt% BTA solution for 30 seconds. The Cu blanket wafer is now contaminated with an
abundance of BTA, copper oxide, organic oxide residues, and etc. Subsequently, the
Cu blanket wafer contaminated with various residues is delivered through the inside of

13



0" he post CWP brush bo f, and the wafer passes
directly fromone brush box through the other. The
wat er i s washed whil epassi ng through the two brush
boxes with a total tinme of 50 seconds (30 seconds

i nsi rus ox,1l; and 2 c i nsi de
BRI B O U PR R ORI T Pe P BB o
t he Cu bl apket ter are detected time-of-flight |
b@@eﬁ‘é Ay Maspe SsWathedh WBH@%I@PIG(lT@IV@fq\}s?t fbéﬁ‘%P{Q Ohgl/min

after cleaning, and the results are shown in Table 5
wENX§/paPIng thrpupl 047 prurh dopesdbesst bex df antbbawghl twx 18 disposed inside
repeat ed except that sanple 4 is used instead o
ofsthapbst MP Dheshrimas aiicetthe walfergisas eirsttonfiomonEdbhsh Hox through
EXAVMPLE 18 [0048] The procedure of Exanple 16 is

the@RRAI AR wXeLRwdshad waABARInR thDudh 8 twosth&AshxRE with a total
sanple. 1. The neasured val ues for essential residues

i o %B%}Q@)nidg (B:I-(ﬁpelcgn(?s' wasﬁa}mige grus]eabo%c 1, anq 20 Feconds wash inside
. est, "cal C

........................... . ass t 1

Ni t nts after . ts after Cowjts .after Spec es
b‘b‘é‘éﬁ?’%ﬁ%‘f ghe 5#‘% 15y (e tepidury %t%@w?%ﬁ%wfﬁrgarmtﬁcted
' ., cleaninr sae ~I<t sanVle 4 w
bicapiee-osklight seqndary ion mass-spectromefgr §
z~89 - Coo 79 38895
clg@irg a8@ 8t3ediltsGire Qudlin, TaBR 58919 165192 176636

1501 ' ;

7 "ut3>ki,, 96 40781
EX0811F 288944 223517 Organic oxides C+Yl t> i 65593

35 r h 41361 33 4 73 ' _
[0047] The procedure of Example 16 is repeated except that sample 4 is used

instead of sample 1. The measured values are shown in Table 5.

EXAMPLE 18
[0048] The procedure of Example 16 is repeated except that sample 5 is used

instead of sample 1. The measured values for essential residues are shown in Table 5.

Table 5
Residual Mass | Counts | Counts after | Counts after | Counts after
species peak before | cleaning with | cleaning with | cleaning with
m/z | cleaning sample 1 sample 4 sample 5
Copper oxides
Cu 63 50663 40218 46025 35897
CuO 79 38895 79723 92843 71736
CuOH;, 80 58919 165192 176636 150121
CuO,H, 96 40784 229070 258944 223517
Organic oxides
CsHsO, 73 65593 35738 41361 33473
C3Hs0s 89 56312 4059 2975 1659
BTA
CeHaNj3 118 930966 69573 35990 1647
CuC¢H;5N; 182 25106 1532 995 352
CuOCeHsN;| 198 63797 3340 1895 249
CuCHgNg | 299 40958 252 155 64
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- - C3Ti;02 89 56312 4059 29 5 1659 [a TAr C AH4Nz
....... t......118 930966 ......._6 b 3 3 990 ... 164,
1 CUC ~;II,N3 182 25106 . | "1 15 995 352 uo( eH-h13
198 637, 97 3340 i 1895 249 C uC 2H, Pdr; 299 40958

[O%Q%Ip'e 1%?011341"ab1]e45 tolgq%%;ls tﬁgtoggpﬁn doﬁdg’ % IFI? QR ,T%?dt especially

or.
organt ¢ oOxi especfa

sidues are fectlvel enove fter the :
EHGS esHER N emOX A 653 1he o Qpnlest ey 3 Tabed with
Table | after a CVP process. is worthy of note that
sagiaes behev dristadainelabte Brfig a Géﬁf pligsesscHns mesbh 0§5ate/thapthe
and nore when the acidic post-CVWP cl eaning
reamivpgsiatd oNBOA redidugr @aanichi 9626 it anore svhesietle afid@58]st-CMP
The advant ages of the acidic post-C MP cleaning

clegipOsIhp R ofttRepreine 8fBhtidMERREI.ON are that: 1) the
copper oxide, organic oxide, and WIA resi dues on the

Cu | ayer of the wafer, and copper residues on the
[085@) ect The ddxgatpggssol Itheagmﬁs@ost@‘él’) clefninghgomadstioraoé the
effectively renoved after the water is washed with the
pragdndiileventibre ardi that: dQ Mo s8oipep DxidE, digeniproxs@Nand BTANtekidOes on
after a CWP process; and 2) the dynamc etching rate

theCh 1dyBeo st eer ahe c@gp&%eﬁﬂ@esvcﬁf ol AWeatib8hyet M&ich as FSG
waf er i s washed with the acidic cl eani ng conp05|t|on

1a§?{%‘o? RS eRle éffe‘éﬁ%ly‘}&néiéde&fﬁe? oA 10688 \%ﬂ{jthe acidic

reby t mafer surface roughness only increases

ttle bit uch a h|n r cI sin
clpislis SatibBonal Femeshslay (ithsagnd 2) the
thin layer deposition, hotollthography, and eie.)
dyngpipgtchigerpisdngd e ptatic fqﬁ% obeytarg beyilpyealigr Snweler is washed
100511 Al though the present invention has been
widkdly pidid chéaning edmp@itom obthehwesept efventi@dafter a CMP process,
enbodi nents, it will be understood that the invertion

aridshéreby thenvdfedsubfacé hmighalet ahlysnéleses hbigtk viheft@afich a washing
Various nodifications have been suggested in the

(ot @feﬁﬁhﬂgﬁﬂroc&@ sw ﬂhﬁi e @ubs%qaerﬁtp?@aésew@dch% Qllﬁh 15Rr UBRS&ion,

ordinary sk in the art. Therefore,

photolithography, and etc.) can be carried out in the best possible manner..

[0051] Although the present invention has been described with reference to the
preferred embodiments, it will be understood that the invention is not limited to the
details described thereof. Various modifications have been suggested in the foregoing
description, and others will occur to those of ordinary skill in the art. Therefore, all
such modifications are intended to be embraced within the scope of the invention as

defined in the appended claims.
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such nodifications are intended to be enbraced within
the scope of the invention as defined in the appended
claims. WHAT IS CLAIMED 1S: 1. An acidic post-CW

ccl eani ng conposition, conprising: at |east one

“ﬁgkyﬂybﬂgﬂﬁggyﬁ@rboxylic acid, or salt thereof; at

| east one oxycar boxylic acid, or salt thereof; and

1th$ reﬁaindﬁﬁhﬁgin .substantlallénmate[, wherein the
act BPEYETROSRINY UEHIBEFAT RIS COMBIFBE | to 5. 2.
The composition_according to claim1, further
c oAperss opg Pakyamiwspolpersbaxyhie aeidapi salt thereafhe
conmposition according to claim1, wherein the
pokylaastionehpdoyyarimoylit bcd, aciall thsesehect ed from t he
group consi sting of nonoan~i na-pol ycarho vlic acid,
di @ efrapakbysaDawglahGaldcweker, and
triarni no-pol ycarboxylic acid. 4. 'The conposition
ac " Lo el aim ! :
poﬁ@gﬁn{‘ng@ p?glld)%écgkeg%%?l C Sg[%:(llrﬁc}{ algg ptHr ?falrrtlonsé pent aacetic
acqd. 5. The co sition.accprding to.claiml, wherein
2800 ol SETRER 0t PRRdT Pl Suiisindy Trhontiorfactine
grQup consi sting of ethylene triam ne pentaacetic ,
3-actf COPHRN areTding dpicmpbnivhgicet fhe, pelyaminogedycarboxylic
triethylene triam ne pentaacetic acid. 6. The
coApash stlesteddor diqgroup winsistimg of wirepeinmotprdy@aidxybE acid,
the pol yarni no-pol ycarhoxylic acid is selected From
t héiagrioapolyoardosilicngidy tndirkaliho-poleidbxyldd dcad.i ne earth
nmetal and ammoni um salts, The conposition according to
4.cl B dmp Ve hétobdifg RO YA NALBRLY BR Q@ﬁﬂﬂn& oRfchfboxylic
is present in an amount fromO0.O 11 to 107, 966?
wej, ght. b : |  weight of'the acidic
pog(tg&% t?}%ﬁlg%elg%tgﬁg&é%%%si tion. 8. The conposition
according to claim 1. erein the,. hydroxycarloxglic . .
>ac ?oém%gaoé‘c"’tcgﬂr%%% CIRLY dr B’E‘Breé‘b j G B‘fnt"i%ﬁFtF‘i:amd 15
acid, tartaric acid, lactic acid; and citric acid. 16
9. sefprded drpp silei SivuRcedsHting elo civiang wianiperrantragti acid,
salt of the hyd. foxycarboxyfic
diethylenc triamine pentaacetic acid, and triethylene triamine pentaacetic acid.

6. The composition according to claim 1, wherein the salt of the
polyamino-polycarboxylic acid is selected from the group consisting of alkali
metal, alkaline earth metal and ammonium salts.

7. The composition according to claim 1, wherein the polyamino-polycarboxylic
acid is present in an amount from 0.001 to 10 % by weight based on the total
weight of the acidic post-CMP cleaning composition.

8. The composition according to claim 1, wherein the hydroxycarboxylic acid is
selected from the group consisting of malic acid, tartaric acid, lactic acid, and

citric acid.
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acid is selected fromthe group consisting of alkal

nmetal, alkaline earth netal and amonium salts. 10.

The conposition according to claim1. wherein the

hydr oxycarboxylic acid is present in an anount from
90. Gl cBmPOHRLY 05 i
Che gci 151%0 1 Bos ?%H% f(paﬁi%j oPndBe thoLH of\’@i.ﬁwlrﬂg}ffcarboxyhc

1
eani ng conposi tion.

COTBA% SRR SERR ek ShShhe e MGhhgt Bt crts e

conposition according to claim 2, wherein the
suRPAMEWNIYE sdlist ect ed from the group consisting of
ai kyl sui foni c acid, alkyl benzenesul fonic acid,

1@l Kyk swinfpesition sctatdingutiof deiini dc imhatedy the hydroxycarboxylic acid is
" 7.-aEni nocthanes: zifo,ii acid, nonroxynol-4 sulfate,
angreendndarim@ine ahed 085 h@&’f)"’/@bﬁ-weléht bhb&l G&ORASHal MRIBht of
according to claim?2, wherein the surfactant is

pr eseRddik OS’%ICMPwanngBRI%b%tiQ 1 to 10% by wei ght
based on the total weight of the acidic post-CwW

1]?'()’?1%{] Ig(:)]nl%gosqg(glg ?a%éérh%gzn%%?lé\fr-ﬂr gﬁoﬁrgggﬁs !tliel QREHP riéj 'bnic or
trainethyla,ilfnnnfl Eni hydroxi de, anmoni um hydr oxi de,
t efPRBUYFy| ammoni um  hydroxi de, tetra cethyl anmo niwf
hydr oxi de, henzyhrnnet hyl an]mm . ?inltni  hydroxi de,
1 nEd ¢opmpiisditon. aeceidingotel elanhy dwbsietiethe surfactant is selected from
tetrapropyl anii noniuin hydroxi de, phosphazenes. and
amtheesgroif consisting of alkylsulfonic acid, alkylbenzenesulfonic acid,

alkylsulfuric acid, sulfosuccinate, 2-aminoethanesulfonic acid, nonoxynol-4
sulfate, and secondary alcohol ethoxylate.

13.  The composition according to claim 2, wherein the surfactant is present in an
amount from 0.001 to 10% by weight based on the total weight of the acidic
post-CMP cleaning composition.

14. The composition according to claim 1, further comprising one of
tetramethylammonium hydroxide, ammonium hydroxide, tetrabutylammonium
hydroxide, tetracthylammonium  hydroxide, benzyltrimethylammonium
hydroxide, dimethyldiethylammonium hydroxide, tetrapropylammonium

hydroxide, phosphazenes, and amines.



