8 Japuary 2004 Title of the Invention: Chem cal Mechanical Abrasive

Conposi tion For Use In Sem conductor Processing Background of the

I nvention Field of the Invention 5 The invention pertains to a chem cal
mechani cal abrasive conposition.. The chenical nechanical abrasive
conposition is useful in polishing the surface of a seniconducto& fer.
Description of the Prior Art Chem cal mechanical poli shi rJ3aR @ﬁpa

pl anari zation techni que which 10 was devel oped to address the problem
associated with the difficulty in focus during a photalithography process
for producing integrated circuits owwng to the difference in the -height of

deposi ted fiTifke oﬁlﬁml‘fﬁénﬁ@&h@ﬂe‘ﬁﬂcaﬁMhéﬁﬁﬂﬁal %#Hl‘l@é‘g]edrﬁﬁgpgi(i{@{ appl i ed

to the production of the elenents wth a size 1n the or m crons.

Wth the reduction in tIRySUAR Bf SehiCERlfetor Pr6QRSiHA 15 mechani cal

pol i shing techni que was applicable to an 1 ncreased number of [|ayers. Until
the el enments were devel oped to the order of 0.25 mcrons, the chem cal

mechani cal pol i shi ng becane BackgiroumidofEtlsehavaitigh anar i zati on techni que.
In general, the polishing nethod for producing a wire circuit conprises
nmounting a sem conductor wafer on a spinning platen equipped 20 with an

abrasi ve hggdidpf¢ i n abrasive slurry conprising abrasive -
particles ang an o@?ggﬁ?ﬁﬁgﬁt he surface of the wafer to enhance the *

abrasion efficacy. -1 8 January 2004 U.S. Pat. No. 5,225,034 discloses a
chem cak mec P rasive slur .wWhi ch. conpri.ses. AgNC3, solid_abrasive
particl s, a% alﬁg%)@g"aﬁ?ﬂ%? E%?&ﬁgﬁ%yﬂf*ﬁfba?m Tasi MPR{ANSH: dgiﬁ
GO0 EREm®at tiebhafticdP §6kal composition is useful in polishing the surface of

a semiconductor wafer.

Description of the Prior Art

Chemical mechanical polishing (CMP) is a planarization technique which

10 was developed to address the problem associated with the difficulty in focus
during a photolithography process for producing integrated circuits owing to
the difference in the héight of deposited films. Chemical mechanical polishing
technique was first applied to the production of the elements with a size in the
order of 0.5 microns. With the reduction in the size of elements, the chemical

15  mechanical polishing technique was applicable to an increased number of
layers. Until the elements were developed to the order of 0.25 microns, the
chemical mechanical polishing became a main and essential planarization
technique. In general, the polishing method for producing a wire circuit
comprises mounting a semiconductor wafer on a spinning platén equipped

20  with an abrasive head and applying an abrasive slurry comprising abrasive
particles and an pxid_a.ﬁt to the surface of the wafer to enhance the abrasion

efficacy.



polishing a copper layer on a sem conductor wafer so as to produce a copper
5 WTe aon the wafer. U S Pat. No. 5,209,816 discloses a nethod for
polishing an Al- or Ti- containing netal |ayer with a chemical nechanical
abrasive slurry. The abrasive slurry contains; in addition to a solid
abrasive material, about 0.1- 20% by vol une of H3PO4 and about 1-3 0% by
vol ume of H202. 10 U.S. Pat. No. 4,959,113 discloses a met f&8WaBi2Q%i ng an
aqueous abrasive conposition for polishing nmetal surfaces. The aqueous
abrasive conposition conprises water, an abrasive, e.g. CeQ2, A1203, ZrQ2,
Ti2, Si@, SiC, Sn02, or TiC and a salt including a netal catien of
Goup I1A I 5\iB sy ' . ri brom:. i.odi de,
nitrate, su:\ﬂtﬁé 'e?{étp (93'8?1%6: ordfgglrogﬁ %?%%C%E@%‘fh%gc%la%bgﬁlggflso di scl oses

t he use of ] i, 0§ g sphori G - i g ul furic
acid to adj“rrt}isit{;'jlli ? ﬁ%bg#sg?@ﬁ%l %@#%é?@éﬁgggf%@?f’%%ﬁ atno&g(elgigtlns(g%"1?5(%36dsr ange of 1
to 6. U S ; . 91, IS¢ 0 i i1 or

pol i shi ng ﬂ;ﬁﬁ&?ﬁ’, Hg?(léjf (i:(aéég %ﬂéaﬁgégg%@{)?@iﬁ%g a rlgsults{a/(gT%%nposi tion -
conpri ses, i . a&ﬂ:q | t OfReRE iLde and
pot assi um 39 rs%légrfil p ﬁ%ﬁ“&te}egn%%ﬁﬁ%‘f@‘ﬁ%"" ,eﬁgl,agécgbpl scF%s(‘ré)g’égppol i shing
conposi ki on,-£Or. 4. ﬁ?lafla'?] num substrate conprising an alum na polishing agent
havi ng an average parti.cle size of 0.2 to 5 m and a polishing acceferator
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nitrate, |anthanum nitrate’ anmoniumceriu neodym um
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20% by volume of HsPO, and about 1-30% by volume of H,0,.

10 U.S. Pat. No. 4,959,113 discloses a method of using an aqueous abrasive
composition for polishing metal surfaces. The aqueous abrasive composition
comprisés water, an abrasive, e.g. CeO,, Al;0s, ZrO,, TiO,, Si0;,, SiC, SnO,,
or TiC, and a salt including a metal cation of Group ILA, IIIA, IVA or IVB and
an anion of chloride, bromide, iodide, nitrate, sulfate, phosphate or perchlorate.

15  This patent also discloses the use of hydrochloric acid, nitric acid, phosphoric
acid or sulfuric acid to adjust the pH of the abrasive composition to be in the
range of 1 to 6.

U.S. Pat. No. 5,391,258 discloses an abrasive composition for polishing B
silicon, silica or silicate composite. The abrasive composition comprises, in

20  addition to abrasive particles, hydrogen peroxide and potassium hydrogen
phthalate.

U.S. Pat. No. 5,114,437 discloses a polishing composition for an aluminum

substrate comprising an alumina polishing agent having an average particle

size of 0.2 t0 5 um, and a polishing accelerator selected from the group



SiC, Si3N4, or Fe2(3 particles), a transition netal chelated salt (e.g. :
amoni um iron EDTA) for use as a polishing accelerator, and a sol vent for

. said salt. U S Pat. No. 5,336,542 discloses a polishing conposition
conprising alum na abrasive particles and a chel ati ng agent sel ected from.
the group 10 consisting of pol yam nocarboxylic acid (e'%x@ﬁg%QEOﬁnd sodi um
and potassiumsalts thereof. The conposition may further °C se %eohnit

or an aluminumsalt. U S. Pat. No. 5,340,370 discloses a chem cal
mechani cal polishing slurry for tungsten or tungsten nitride film which
conprises an oxidizing agent such 15 as potassiumferricyanide, an

o oy OLehEr B IATID RS 1Ay i iR, P >
| ﬁ%&érré_fl uoride in a concentration sufficient to

said slurry.; L :
@&?@%&h@&}ﬁ}%}ﬂf i abrasive such as - 20 silica, and having

conpl ex sai Itani um m an
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' alumina abrasive particles and a chelating agent selected from the group
10 consisting of polyaminocarboxylic acid (e.g. EDTA) and sodium and
potassium salts thereof. The composition may further comprise beohmit or an |
aluminum salt.
U.S. Pat. No. 5,340,370 discloses a chemical mechanical polishing shury
for tungsten or tungsten nitride film, which comprises an oxidizing agent such
15  as potassium ferricyanide, an abrasive, and wa£er, and has a pH between 2 and
4,
U.S. Pat. No. 5,516,346 discloses a slurry for chemical mechanically
polishing a titanium film, said slurry comprising potassium fluoride in a
~ concentration sufficient to complex said titanium film and an abrasive such as -
20  silica, and having a pH less than eight.
WO 96/16436 discloses a chemical mechanical polishing slurry which
comprises abrasive particles having a median particle diameter less than 0.400

microns, a ferric salt oxidant, and an aqueous surfactant suspension of a

mixture of propyleneglycol and methylparaben.



commonly used to enhance the adhesion of copper to a silica insulator

| ayer. - Moreover, Ta or TaN filmis also commonly used as a barrier netal
film In 10 theory, Ta or TaN should be polished in a rate close to that
of »copper. Neverthel ess, since Ta has a high chem cal resistance and is
hard to be oxided, effective polishing of Ta is usually d'fficg%& to be
achieved in the process for producing copper circuits. ﬁhFPHaW é, si nce
the barrier filmis hard to be renoved by polishing, this normally causes
depressions on copper circuits. 15 Accordingly, in sem conductor
processing, need still exists for abrasive conpositions which are nore

econonmi cal , "Fh\éesah'b%@ﬁﬁﬁil' 86 Rkl 2k i @?lﬁlgxsfﬂaﬂqa?er e %g’ef}ﬁ: foaguce

.depr essions on netal” circuits. Sunmary nvention e present

i nvention ' ' ﬁ@}lg)% ' ?St?lﬁlﬁ | ttiH.an  for
sem conducgg@pﬁ%@gﬂgﬁﬂﬁgg c n);glgﬁt%tlaon | gbeéfgs@grg@gglpgg by corpri sing
a wat er - solHRkeveaNitRsd ﬁw@il%ﬁﬁbﬂdﬁtﬁtﬁﬁ%ﬁ%’ié ﬁ%féf?h&d @MPf&ﬁ{éiceCs'aed@tBa' can

be coated on the surface of a netal uring the polishing of said

metal fil mn%@es%ﬁafe%u%%é 'etﬂglkl?:aﬁjli‘l s} éﬁs%ﬁit{%'}etﬁ’&cedﬁ@ﬁqﬁ%io?@ﬁe eRgphe resul tant

11 -4 8 January 2004 cirCuits. I'n another aspect, the-present

I nventi §n ReoMedds 5@ \ iRCioRR! ' ' in the form
of a slurry conpri sai ﬁgi@gbggals%% by \?\ea?égﬁ nﬁ?@%ﬁ%ﬁgﬂf’ﬁ%ﬁ?ﬁ% 0. 1% 25% by

vei ght of aclabitidhyers s0a9%0 fediite e reMabAlty off1caN abrasion enhancer . and
ani o

0.01-1% by wei ght of a water-soluble ic chemcal. The chemi cal
mechani cal aly a8 HRce e prédRiind kel Hittd Bioyik TG SFAN LA §d O enhance
n-o g

the abrasion rate. Brief scriptio Draw n

commonly used to enhance the adhesion of copper to a silica insulator layér.
Moreover, Ta or TaN film is also commonly used as a barrier metal film. In -

10 theory, Ta or TaN should be polished in a rate close to that of copper.
Nevertheless,. since Ta has a high chemical resistance and is hard to be oxided,
effective polishing of Ta is usually difficult to be achieved in the process for
producing copper circuits. Furthermore, since the barrier film is hard to be
removed by polishing, this normally causes depressions on copper circuits,

15 Accordingly, in semiconductor processing, need still exists for abrasive
compositions which are more economical, have high polishing performance,

and are able to reduce depressions on metal circuits.

Summary of the Invention

20 The present invention provides a chemical mechanical abrasive composition
for semiconductor processing, which composition is characterized by
comprising a water-soiublé anionic chemical. The water-soluble anionic
chemical can be coated on the surface of a metal film during the polishing of

said metal film so as to eliminate the formation of depressions on the resultant

-4 -



10 Figure 1 is a graph show ng the copper renoval rate at various down
‘forCes for the slurries exenplified in the exanples. Detailed Description
of the Invention 15 20 The present invention provides a chem cal nechani cal
abr-asi ve conposition for sem conductor processing, which conposition is

characterized by conprising a water-soluble anionic Che@fa%arp/?oﬁﬁr ding to
the invention, said anionic chem cal can be coated on or cove he surface
of a netal film such as a copper film during the polishing of said netal
filmso as to elimnate the- formati on of depressions on the resultant

metal circuits in chemcal mechanical polishing. The anionic chem cal used
in the invemdtilasirong®. be any chenical which i's effectively coated on the
surface of a nmetal film The anionic chem cal may preferably conprise an

acrylic-, phosphether aspeot, tid presetr insehtihiPp@Nted ArdtRntltdldneSranfal anuary 2004
conmpound (e.g., ammonium al kyl phosphat e,” amoni um al kyl sul phonate, and

ammoni um alabgdsivieldongiazitionnidl theFor lof @@y EBfpridinga71DF 1594 Byaleifdo or nore
of these compound, pol yner and copol ynmer. According to one enbodi nent of

t he presenofanugnedmeding; hp260aby weiERtha inCairadbé as0vL. sition can
be prepared to be in the formof a gl urry, which conprises 70-99. 5% by

wei ght ®f areigitusfemsabiadon shhdhckr;2hi ©91- M8 ibghveight 6f £iakdrysdutle 15% by
wei ght, and nore preferably 0.5-8% by wei ght  of "an abr.asive; 0.01-2.0% by

wei ght, pr efhmnabtlyerficlll - Thehdiwicabin@thanisalthbragve capbsitioR nvay fukthkr 0% by
wei ght of an abrasi on enhancer; and 0.01-1% by 10 wei ght, preferably

0. 03- 0. 5% bympeisghh oxéduht bDeshdicelthe abtagiod @k 0. 5% by wei ght of a
wat er - sol ubl e ani onic chem cal. According to the present

P

~ Brief Description of Drawing

10 - Figure 1 is a graph showing the copper removal rate at various down forces

for the shurries exemplified in the examples.

Detailed Description of the Invention

The present invention provides a chemical mechanical abrasive composition
for semiconductor processing, which composition is characterized by
15  comprising a water-soluble anionic chemical. According to the invention, said
anionic chemical can be coated on or cover the surface of a metal film, such as -
. a copper film, during thc_ polishing of said metal film so as to eliminate the
- formation of depressions on the resultant metal circuits in chemical
mechanical polishing.
20 The anionic chemical used in the invention can be any chemical which is
effectively coated on the surface of a metal film. The anionic chemical may

preferably comprise an acrylic-, phosphate-, sulfate-, or sulphonate-containing

-



I nvention, the chem cal nechani cal abrasive conposition in the formof a
'slufry may further conprise an oxidant. The abrasi-ve used in the abrasive
slurry of the invention can be any 15 comercially avail abl e abrasi ve agent
in particle form such as Si 2, -A1203, Zr02, Ce®, SiC, Fe2(3, Ti 2,

Si 3N4, or any mxture thereof. These abrasive agents nogpﬂ#bg ¥g a hi gh
purity, a high surface area, and a narrow particle size distrigution, and
thus are suitable for use in abrasive conpositions as abrasive agents. 20
The abrasi on enhancer used in the abrasive slurry of the invention can be
any known in the art as being able to enhance the abrasion rate of an

abr asi ve ' e GRMURE ' L Ng ' i used in
The abr astonrolind (& BS RO, Sy P RSt Sl OB LR Al BRSNS
conponent PIRIR 8?8%50 ' ] r Xt ure of
the acid arﬁgﬂgglﬁ?;ﬁ%ﬂé?B Jaﬁﬁgpe 4@?%1@23}%3&51{%8’%53%&%&1?& ected
froman am i I , ﬁ% oxylic acid, a salt thereof, or
a m.Xture”‘g?ﬂ%éﬁgcgg%p%gﬁg,n%?lg?ﬁggﬁlg?ﬁo _erée}i n the amino acid may for
exanpl e be S@lc@ﬁfcﬁﬂgfd@ﬁ“égﬁlﬁﬁﬂﬁﬁ%netcﬁsfg.ﬁékgisgm%ﬁﬁe G 1€ chaftkaf he

carboxylic acid may for exanple romformc acid, acetic acid,

I oni ictlan; ' ' i i o i d,
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I nventi on nmay use water as a preparatiéon o abr asi ve

conposi ti 0Wei%hﬁgpﬁferaﬁﬂﬂo.BEPf%’lﬁb%}éigﬁ?fﬁiﬁnﬂlbfﬁ"ﬁllef&%m.S@A‘W&Eigh{my be

u§ed to nmake
L of an abrasive; 0.01-2.0% by weight, preferably 0.01-1.0% by weight, and

more preferably 0.1-1.0% by weight of an abrasion enhancer; and 0.01-1% b;y
10  weight, preferably 0.03-0.5% by weight, and more preferably 0.08-0.5% by
weight of a water-soluble anionic chemical. According to the present
invention, the chemical mechanical abrasive composition in the form of a
slurry may further comprise an oxidant.
The abrasive used in the abrasive slurry of the invention can be any
15 commercially available abrasive agent in particle form, such as SiO,, Al,O;,
Z10;, Ce0,, SiC, Fey0s, TiO,, SizNy, or any mixture thereof. These abrasive
-agents normally have a high purity, a high surface area, and a narrow particle
size distribution, and thus are suitable for use in abrasive compositions as )
~ abrasive agents. . -
20 The abrasion enhancer used in the abrasive shurry of the invention can be
any known in the art as being able to enhance the abrasion rate of an abrasive
shurry in semiconductor processing. The abrasion enhancer used in the

abrasive slurry of the invention may be a combination of (a) a component

| selected from phosphorous acid, a salt thereof, or a mixture of the acid and salt;



abrasive conposition into a slurry. The chem cal mechani cal abrasive
~conposition of the present invention may further conprise other
ingredients which are conventionally used in chem cal nechanical abrasive
conmpositions, only if they do not cause any adverse effect on the abrasive
conposi tion of the present invention. For exanple, in agcppp &52@bgduct|on
process, the abrasive conposition of the present invention nay Include
benzotriazole and/or its derivatives to protect copper fromrapid
corrosion. |If an abrasive slurry prepared according to the invention
contains 80-99.5% by wei ght of deionized water, the solid content of the

slurry may (bga bﬂmbbﬁent‘séwaﬂﬁl fr6:9BrCanRidoCcid % §%1)It ﬁﬁf&ﬁ’tacﬂ'b% @Q&M from 0.5
to 10% by wei ght, more preferably fromO0.5 5% by wel

- additives (ies%ﬁrﬂl&%dfaﬁ@lﬂn@ﬁ& ofttﬁeracid@taheﬁﬂf%aﬁs'wh&ehhﬁlera%ﬂbta%m S' urry
and the pH of the slurry is adjusted wth an acid or base to be in'the

. desired ramf&maﬁpp@ss@&elem@wgwu{é cpénﬁlerwi%qmﬂﬁé%u%é by, but not

limted to, the ~7 . 8 January 2004 fol | dw ng eXanpi es. 'Any nodifications

or changes catokytiefaeidamap féOetdiehle BeQERBted ﬂb’ﬁ%&ﬂﬂ: YlcabetRMchE €asily
acconpl i shed by persons skilled'in the Art wll be covered in the domain

of the pre hitvRAd, [ty rid afida r 1‘ _
| PEC/ V\ésteg@;}% B. 'Condi t?onsmlgﬁgggﬁr g&%{béas-iﬁéfda?lkal?}?gggﬁir’ gﬁl tang
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10

The chemical mechanical abrasive composition of the present invention
may use water as a medium. In the preparation of the abrasive composition,
water, and preferably conventional deionized water, méy be used to make the
10  abrasive composition into a slurry. |
The chemical mechanical abrasive composition of the present invention
may further comprise other ingredients which are conventionﬁlly used in
chemical mechanical abrasive compositions, only if they do not cause any
adverse effect on the abrasive composition of the preseﬁt invention. For
15  example, in a copper production process, the abrasive composition bf the
present invention may include Benzotn'azole and/or its derivatives to protect
* copper from rapid corrosion.
If an abrasive slurry prepared according to the invention contains 80-99.5% -
by weight of deionized water, the solid content of the slurry may be in the
20 range from 0.5 to 15% by weight, preferably from 0.5 to 10% by weight, and
more preferably from 0.5 to 5% by weight. The additives described above are |
then introduced into the resultant sturry and the pH of the slurry is adjusted
with an acid or base to be in the desired range.

The present invention will be further described by, but not limited to, the



Pad type: Rodel: 1C 1400 Slurry flow 150 ml/mn 15 C. VWafer: Cu film
-comercially available fromSilicon Valley M croelectronics, Inc., which

i s obtained by depositing a thermal oxide of silica with a thickness of
1000 A, Ta film wth a thickness of 300 A, and copper filmwth a

t hi ckness of 10000 A 5% on a 6 inches silicon wafer 20 I9¥;
Prepared by m xi ng each of the slurries of the follow ng quyghﬁléogztvx,ith 30
% H202 at a volune ratio of 9:1, and wuniformy agitating the resultant

m xtures Abrasion Test Procedure a+ -8 8 January 2004 Both before and after
abrasion test, the thickness of the wafer to be polished should be

measur ed byfoHowingktiesslefreAsiyhodifikRANSs orldRngReRithefdréddeMblte Of the
metal filmis nmeasured by a 4-point probe. The thickness of the filmis

det er mi ned pryseinbénvieatibnwitiigh eabe ieasily Socbmplished by Pehdonyiskiledqgfhd ci ent
wherein T represents filmthickness (A, and R represents sheet resistivity

(Qcnk). Fairt wilt bowsveret ah thd doMhaint dthe pedseht Miveitigoef ficient will be a
constant. 10 15 20 The present invention used Mddel RS 75 of KLA-Tencor
Conmpany to determne the nmetal filmthickness. The abrasion rate is
determned as follows: A netal filmthickness T1 is first determ ned by the
appar at gs of Mddel RS75. The fiIn1E§aBﬂhb§hed by an exenplified slugry
under the above- .

Abrasion Test
A. Apparatus: [PEC/Westech 472
B. Conditions: Pressure: 4 psi
Back pressure: 0.5 psi
10 Temperature: 25°C
Spindle speed: 55 rpm
Platen speed: 50 rpm
Pad type: Rodel: IC 1400
_ Slurry flow: 150 ml/min
15 C. Wafer: Cu film: commercially available from Silicon Valley
Microelectronics, Inc., which is obtained by depositing a
thermal oxide of silica with a thickness of 1000 A, Ta film _
with a thickness of 300 A, and coppef film with a thickness of
| 10000 A + 5% on a 6 inches silicon wafer
20 D. Slury: | Prepared by mixing each of th¢ slurnies of the following
- examples with 30 % H,0, at a volume ratio of 9:1, and

uniformly agitating the resultant mixtures

Abrasion Test Procedure



mentioned conditions for 1 mnute. Thereafter, the wafer. is cleaned by the
rappar atus of Evergreen Mdel 10X of Solid State Equi pnent Corporati on.

After spray-drying the wafer, a netal filmthickness T2 is measured by the
apparatus of Mddel RS75. The abrasion rate of the netal filmfor the
exenplified slurry is represented by T1l---- T2. Exanple 1 AR bye slurry
was prepared by using colloidal silica as the abrasive. e resultant
slurry has the follow ng constitution: colloidal silica: 3.0% by weight;
benzotriazole (BTA): 0.1% by wei ght; phosphorous acid: 0.2% by wei ght
glycine: 0.2% by weight; -9 8 January 2004 an acid or base to adjust the pH

and dei oni zeBolabefore aid afted siasion the, theshlckaewlofahe Wdf&ntotlﬁ:?olﬁhea he
resultant abrasive slurry are listed in Table 1. Exanple 2 An abr asi ve

sl urry havihgild beanedsuted bya tﬁibkilés@rméa@uﬁh?&n&hs.E’Fh@%h@et]f_emﬁyitjp pepar ed
except that 0.045 % by wei ght of Rhone-Poulenc RS-610 (which is a

phosphat e- tenhatahifihg is arekirsdby MaspatdiriobendihkhrRUtdes Jfaht femskurry. The
results of abrasion test of the resultant abrasive slurry are listed in

Table 1. détetmbrndl ey theAblisbigseyitativhtr ry having a constitution sinmilar to
that of Exanple 1 was prepared except that 0.045 % by wei ght of ammoni um

dodecyls sul fonat e 'ﬁaGRadtﬁsigtﬁvﬁtgldogfmgﬁd to the slurry. The results 1pf
‘abrasion test of the resultant abrasive slurry are listed in ‘

wherein T represents film thickness (A), and R represents sheet resistivity

(€©/cm®). For various metal films, the resistivity coefficient will be a constant.
The present invention used Model RS 75 of KLA-Tencor Company to

determine the metal film thickness. The abrasion rate is determined as follov-fs:

10 A metal film thickness T is first determined by the apparatus of Model
RS75. The film is polished by an exemplified slurry under the above-
‘mentioned conditions for 1 minute. Thereafter, the wafer is cleaned by the
apparatus of Evergreen Model 10X of Solid State Equipment Corporation.
After spray-drying the wafer, a metal film thickness T, is measured by the

15  apparatus of Model RS75. The abrasion rate of the metal film for the
exemplified slurry is represented by T —Ts. |

Exarﬁple 1
‘An abrasive slurry was prepared by using colloidal silica as the abrasive. -
20  The resultant slurry has the following constitution:
colloidal silica: 3.0% by weight;
benzotriazole (BTA): 0.1% by weight;
phosphorous acid: 0.2% by weight
glycine: 0.2% by weight;



15 Table 1. Exanple 4 An -abrasive slurry having a constitution simlar to
“that of: Exanple 1 was prepared except that 0.045 % by wei ght of

Rhone- Poul enc RE-610 (which is a phosphate-containing copolyner) was
additionally added to the slurry. 20 The results of abrasion test of the
resul tant abrasive slurry are listed in Table 1. --10 8 gaparyoatil04 Tabl e
.1 5 abrasiveabrasivesol i dani oni cpHcopper renoval rate (A/mn)
slurrycontentchemcal 4 psi 3 psi2 psil psi Exanplecolloidal 3---3.5-4.0
1silica5601508144962864 Exanpl ecol | oi dal 3RS-610 of 3.5-4.0

2si | i caRHONE- 3665260964721 POULENC Exanpl ecol | oi dal 3anmoni un8. 5- 4.0

3si | i cadodecnh4iRbEBRALE0 hdfiss thd pHaind deiaiiRé® aatdrottdBatiieed10 of 3.5-4.0
4si | i caRHONE- 460227441961569 POULENC Fi gure 1 shows the copper renoval

rates for thd&hexesyts df sbalasibmtast ©F tled restidaritebsastaysluigraesishasigd on the
data in Table 1. Figure 1 reveals that the

Table 1.
Example 2
5 An abrasive slurry having a constitution similar to that of Example 1 was _
prepared except that 0.045 % by weight of Rhone-Poulenc RS-610 (which is a
phosphate-containing copolymer) was additionaﬂy added to the slurry.
Th_e results of abrasion test of the resultant abrasive slurry are listed in
Tdﬂeli
10 Example 3
An abrasive slurry having a constitution similar to that of Example 1 was
prepared exceﬁt that 0.045 % by weight of ammonium dodecyl sulfonate was
additionally added to the shurry. |
The results of abrasion test of the resultant abrasive siu.rry are listed in
15 Table 1.
Example 4
An abrasive slurry having a constitution similar to that‘of Example 1 was
prepared except that 0.045 % by weight of Rhone-Poulenc RE-610 (which isa -
phosphate-containing copolymer) was additionally added to the shurry.
20 The results of abrasion test of the resultant abrasive shurry are listed in
Table 1.
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abrasive conposition of the present invention which conprises an anionic
chemical can effectively reduce the netal renoval rate at |ower pressures
so as to inhibit the formati on of depressions on the netal. 11 . 10 8
January2004 Claims: 1. A chenical nechanical abrasive slurry conprising:
70-99. 5% by wei ght of an aqueous nedium 0.1-25% by. wei ghy g qrasi ve;
0. 01-2% by wei ght of a conbination of (a) a conpound selec% fronlthe
group consisting of phosphorous acid, a salt thereof and a m xture of said
acid and said salt and (b) a conponent selected from'the group consisting
of an amno acid, a salt of an amno acid, a carboxylic acid, a salt of a
carboxylic acid and a m xture of two or nore of the above conponents; and
0.01-1 % by weight of a water-soluble anionic chemcal. 2. The slurry
according to Claiml wherein the abrgghne i s sel ected fromthe group
consisting of Si 2, A1203, Zr@2, Ce®2, SiC Fe203, Ti2, Si3N4, or a mxture
thereof. 3. The slurry according to Caiml wherein the ani oni ¢ chem cal

conprises BR{ ; o 3 sulph At ETantarni ng
conpound; E(S;?gf %eglhrcrgr fﬁa mxtupgerr?m‘f r(ﬁlr%?e of |t he
conpound, o(f YIer 4. The slurry according to Caim!l

wher ei n sa d am Mo aC|d i'S <e| ected| from tHhe—g

F-ouPp conSHSi ng fa nl \‘/CI ne,
Thd—slurrvl accordi PS5k
S+tH-Y L

F‘%E_ﬁlm 1 z\ﬂsﬂpr o] Psém 3|

creatine, pr—al-pm-ne—8—TFhd—shurryl accor d
car boxylic ctd [from fof RSt 04dcid. aketic acid p[[ OEI OI’II]C aci d,
butyric ac cid _lhexanoil acid A0 honi 5984 | 44%;1 6t _aci d,
adi pi ¢ aci ild, 3 ngIRScE18ef p3-5th@ tlari ¢ acid, on oxalil acid| 6. The
slurry acc i m 1 |fRHEQNEr | conpri|si3Aef aj t2608z¢ b4donpo?dd 4nd/ or a
‘derivativelthereof, POULENC
o Example | colloidal | 3 |ammonium| 3.5-4.0 -
3 silica |- dodecyl 4686 2822 1851 63
sulfonate
Example | colloidal | 3 {RE-610 of | 3.5-4.0
4 silica RHONE- 4602 2744 1961 569
POULENC :
5 Figure 1 shows the copper removal rates for the exemplified slurries at

various down forces based on the data in Table 1. Figure 1 reveals that the
abrasive composition of the present invention which comprises an anionic
chemical can effectively reduce the metal removal rate at lower pressuzes so as
to inhibit the formation of depressions on the metal.
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7. The slurry according to Claim1 further conprising an oxidant. 12 Title
of the Invention: Chem cal Mechani cal Abrasive Conposition for Use in

Sem conduct or Processing Abstract of the Disclosure The invention provides
a chem cal - nechani cal abrasive conposition for sem conductor processing,
whi ch conposition is characterized by conprising a watergShH\&gaRi onic
chemi cal. According to the invention, said water-soluble anionic chem cal
woul d be coated on the surface of ‘a nmetal filmduring the polishing of said
nmetal filmso as to inhibit the formati on of depressions on the resultant
metal circuits. In another aspect, the invention provides a

chem cal - mechani cal abrasive conposition in the formof a slurry

conpri si@gimé0- 99. 5% by wei ght of an aqueous nedi um 0. 1-25% by wei ght of
an abrasive particle; 0.01-2.0%by weight of an abrasion enhancer; and

0. 01- 1% by cherhBitmR@harfcal\eir&fve SRy RbBprisitgl ONi ¢ cheni cal . The
chem cal - nechani cal abrasive conposition of the invention may further

conpr i se709.50Kbyiasiphitod aesfians ecifutn; abr asi on rate. (FIGURE 1 IS SUGGESTED
FOR PUBLI CATI ON)
0.1-25% by weight of an abrasive;

0.01-2% by weight of a combination of (a) a compound selected from the group
consisting of phosphorous acid, a salt thereof and a mixture of said acid and said
salt and (b) a component selected from the group consisting of an amino acid, a

salt of an amino acid, a carboxylic acid,
a salt of a carboxylic acid and a mixture of two or more of the above components;

and 0.01-1 % by weight of a water-soluble anionic chemical.

2. The slurry according to Claim 1 wherein the abrasive is selected from the group
consisting of Si0,, AL;Os, Zr0;, CeQ,, SiC,Fe,0,, TiO,, SisN4, or a mixture thereof.
3. The slurry according to Claim 1 wherein the anionic chemical comprises an
acrylate-, phosphate-, sulfate-, or sulphonate-containing compound; polymer and/or

copolymer, or a mixture of two or more of the compound, polymer and/or copolymer.

4. The shurry according to Claim 1 wherein said amino acid is selected from the group
consisting of glycine, creatine, or alanine.

5. The slurry according to Claim 1 wherein said carboxylic acid is selected from formic
acid, acetic acid, propionic acid, butyric acid, valeric acid, hexanoic acid, malonic acid,

glutaric acid, adipic acid, citric acid, malic acid, tartaric acid, or oxalic acid.

6. The slurry according to Claim 1 further comprising a triazole compound and/or 2
derivative thereof.
7. The slurry according to Claim 1 further comprising an oxidant.
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