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 seniconductoE fer
Description of the Prior Art Chem cal mechanical poli shi rJ3aR qﬁpa

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

for producing . ui t to ._ | t ot
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to the production of the elenents wth a size In 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¢ | n abrasive slurry conprising abrasive -
particles and 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 cal mechajlialy Pértaitis % §%hdmical mechanical abrasive composition. The

chemical mechanical abrasive composition is useful in polishﬁng 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.



whi ch conprises AgNG3, solid abrasive particles, and an oxi dant . sel ected
from H202, HOCI, KOCI, KMgO4, or CH3COOOH. The slurry is used for

pol i shing a copper |ayer on a semiconductor wafer so as to produce a copper
5 wire on the wafer. U S. Pat. No. 5,209, 816 discloses a nethod for
polishing an Al- or Ti- containing netal layer with a chem cal mechani cal
abrasive slurry. The abrasive slurry contains, in addit i a2 i d
abrasive material, about 0.1- 20% by vol ume of H3PO4 and about 1-3 0% by
vol une of H202. 10 U. S. Pat. No. 4,959, 113 discloses a nethod of using an
aqueous abrasive conposition for polishing netal surfaces. The agueous
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conpri sgs, o éa,g,%ﬁt%l on to abrasive particles, hydrogen per oxi de and
pot assi um hy rogen alate. U. S. Pat. No. 5,114,437 discloses a polishing
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nitrate, |anthanumni anmoni um Cer |
abrasive slurry contains, in addition to a solid abrasive material, about 0.1~

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



nitrate, and neodymumnitrate. U S. Pat. No. 5,084,071 discloses a
«chenical mechanical polishing slurry for an electronic conponent

. substrate. The polishing slurry conprises no 5 nore than 1 wei ght percent
of ,alum na, abrasive particles (e.g. SiQ2, Ce®, SiC, Si3M, or Fe2d3

particles), a transition netal chelated salt (e.g. amnglu‘{anu%ﬁgaogDTA) for

use as a polishing accelerator, and a solvent for said s at . No.
5,336, 542 di scl oses a. polishing conposition conprising alumna abrasive
particles and a chel ating agent selected fromthe group - 10 consisting of
pol yam nocar boxylic acid (e.g. EDTA) and sodi um and pot assi um sal ts
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for tungst Eiﬂtrg{eaﬁﬁ'(ilgg&ﬁg'rrﬁ%ﬁ Htf!i?efi | m which conprises an oxidi zi ng agent

such 15 as potasstumt’érricyani de, an abrasive, and water, and has ‘a pH
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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.



(such as Fe(NOB)3 and K3Fe(CN)6) or potassiumions (such as Kl G3).

‘However:, these nmetal ions would contaminate wafers and CMP device so as to
necessitate subsequent cleaning steps and to reduce shelf life of the CMP 5
device. In addition, potassiumi.ons are so nobile that they will penetrate
dielectric layers so as to reduce the reliability of IC J he pr.acess for
produci ng i nt ggrat ed circuits, Ta or TaN filmis npst cc?ﬁ%h??%ggd to
enhance the adhesion of copper to a silica insulator |ayer. Mreover, Ta
or TaN filmis also coomonly used as a barrier netal film In 10 theory,
Ta or TaN should be polished in a rate close to that of copper. -

Never t hel €5 Tiel S olferdito uled P EEMARE Fp@%@ﬁ@gﬁfﬁﬂg fefidRg [0 he

oxi ded, -effective polishing of Ta IS usua t to ieved in

the procesgsid as W(m%% MKg@%ﬂﬁfﬂ%&iﬁ&mﬂ%ﬁ%@?@KI% ce the barrier

filmis hard to be " refnoved g, t y causes depréssions
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exi sts for abrasive conpositions I ch are nore econom cal, i gh
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circuits. Sunmary of the Inve e present 1 nvention provides a
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whi ch conposition is char conprising awater-s l e anfonic

chem el BNIRmGtySSLuth . shgaie. g e be cont o on {he surface
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| ' 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 -



metal circuits. In another aspect, the-present invention provides a
chefmi cal mechanical abrasive conposition in the formof a slurry
conprising 70-99.5% by wei ght of an aqueous nedium O0.1-25% by wei ght of
an.abrasive; 0.01-2.0% by weight of an abrasion enhancer; and 0.01-1% by
wei ght of a water-soluble anionic chem cal. The chem cal |al
abrasi ve conposition may further conprise an oxidant to Sﬁggwot%%e ‘
abrasion rate. Brief Description of Drawing 10 Figure 1 is a graph show ng

t he copper renoval rate at various down forces for the 'slurries

exenplified in the exanples. Detail ed Description of the Invention 15 20

The presentndtaivgntuitgn provi des a chem cal nechani cal abrasive conposition
for sem conductor processing, which conposition is characterized by

conpri sing almahethesaipebt, eherpiegitCin OB flovide aadhdintitallifedHiidabvent i on,

said anionic chem cal can be coated on or cover the surface of a netal

film suchabsmsive copmpsitidd innthe duith o atdherrp ebinplikig 70-99 396 byateikhf i | m so as
to elimnate the fornmation of depressions onthe resultant nmetal circuits
in chem cabf araghenisaatdingl;i05h25%s by eeigit (iinCatZhave,aR01256% byh t he

I nvention can be any chem cal which is "effectively coated on'the surface

of a mesal wdighnofameabmmmbﬁhaﬁmﬂ;imllo.m%rbsre&ﬁgn@bﬂa oQrgLdodeblan acrylic-,
phosphat e-, sul fate-, or sul phonate-containing -5- 8 January 2004 conpound

(e.g., ammanionio ehétyical MDlse bladraicabmpehinitalabydive cbmpesdbe manthrther

comprise an oxidant to enhance the abrasion rate.

~ 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

-



amoni um al kyl sul fate), polynmer or copolynmer, or a mxture of two or nore
of fhese conpound, polyner and copol yner. According to one enbodi ment of
the present invention, the chenical 5 nechanical abrasive ‘conposition can
be. prepared to be in the formof a slurry, which conprises 70-99. 5% by
wei ght of an aqueous nedium 0.1-25% by weight, pref eralg yan?:a%’#?% by

wei ght, and nore preferably 0.5-8% by weight of an abrasive; G.0I-2.0% by
wei ght, preferably 0.01-1. 0% by weight, and nore preferably 0.1-1.0% by
wei ght of an abrasi on enhancer; and 0.01-1% by 10 wei ght, preferably
0.03-0.5% by weight, and nore preferably 0.08-0.5% by weight of a

wat er - sol u Lo GReAY T ol : . ] .o, the
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further . conifhSRu IR rasi | ] Y rry of
the invention %gn bemglnﬁ%e)égmi%ﬁo?%mﬁgtﬁe a ra??\?goaogéﬁn{)ﬂéi ny
particle f i , Ce@2, SiC, Fez2®3, Ti 2, Si3M,
or any m'_x?ﬁ@ees?lﬁé@@%@%&@é%’?@léﬂ?é&%&%ts normal |y have a hi gh purity,
a high surf apecaidi 170fe BuBBREAMRTHL ph&eit ARefhioh hoUhiAfka 20d Lhus are

suitable for use 1 n abrasive conpositions as abrasi’'ve agents. 20 The

abr asi 05 eRftRRafalfsive cbiposioAXatohitphabddb el he¥&ih bPA SR, De_ any

known in the art as being able to enha rasiton r an “ab¥ asi ve
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abrasive slurry of "the inventio eac I nation 6 onponent
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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;



10 15 20 (b) a component selected froman amno acid, a salt thereof, a
carboxylic acid, a salt thereof, or a mxture of the acids and/or salts,
“wherein the amino acid nay for exanple be selected fromglycine, creatine
, or alanine, and the carboxylic acid may for exanple be selected from
formc acid, acetic acid, propionic acid, butyric acid, 8V‘_%!nﬁ£r!y(‘20§ﬁ! d,
hexanoi c acid, malonic acid, glutaric acid, adipic acid, citric acid,
malic acid, tartaric acid, or oxalic acid. The chem cal nechani cal abrasive
conposition of the present invention nay use water as a nmedium In the
preparation of the abrasive conposition, water, and preferably -

convent i ongh) slebRpbAGH SERCA frOMArDANIDOLId O SMKGtd, o BRLBRYNE ag@MPOSI ti On

into a slurry. The chem cal nmechani cal abrdsive conposition of the present

- invention ag therebl&r RIS tBE RETdsidnd/ R SaRE L WhiRif the3Fing QRYENL i onal |y
used in chem cal nechanical abrasive conpositions, only if they do not

-cause any raglvRreRafibleebd sdlBctbd SroRb ERRINES PRSI driabhifd, AnAgher esent

i nvention. For exanple, in a copper production’process, the abrasive

conposi ti oraffoxiHie acil BaPTor LAMGIIE bRRe[BRied AEMUBEMACAAQ! ddetie el and/ or its
derivatives to protect Tcopper fromrapid corrosion. |If an abrasive slurry

prepared ageepidhitthcid Hdl‘i!ﬁié BYiEMAIeAc T AkRMdi0asid, RMlodlY aWRl, gﬂﬁaﬁxfs .

dei oni zed water, the sol1d content of the slurry may be in th -range from

0.5 to 15%abid, wlipibhcidPe@fiehéill alic @Rld) tatdd: QX0 ByovRicoftid. and nore
preferably from0.5 to 5% by wei ght. The additives descri bed above are

then introdud®d dheidcd] Bedh@fithl fasivk Cofihodtbn AEthRpr&ent ifedtibhr Y i'S

. adjusted wth an acid or base to be in the desired range.
: 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



The present invention will be further described by, but not limted to, the
-~7 . 8 January 2004 follow ng exanples. Any nodifications or changes wth
reference to the present invention which can be easily acconplished by
persons skilled in the Art will be covered in the domain of the present
invention. 5 Exanples Abrasion Test A Apparatus: |PEC B.
Conditions: Pressure: 4 psi Back pressure: 0.5 psi 10 ¥§ﬁ%§g§ é%@? 25C

Spi ndl e speed: 55 rpm Platen speed: 50 rpm Pad type: Rodel: 1C 1400
Slurry flow. 150 mi/mn 15 C. Wafer: Cu film comercially available from
Silicon Valley Mcroelectronics, Inc., which is obtained by depositing a

thermal oxifglowingétampleni ARyanbdificliessorathahP8OwAth réferéddeto theth a
t hickness of 300 A, and copper filmwth a thrckness of 10000 A 5%on a 6

i nches si | ipreseneafventiah whickStak by eaﬁtyewoﬁibmhembyipagsoﬁafsﬁmﬁ ihffige sl urries
of the followng exanples with 30 % H202 at a volunme ratio of 9:1, "‘and

uni formy agiwill bagovdredieshd d@nhinoxhy pesseAPindehOsn. Test Procedure a+

5 | Examples ;

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



-8 8 January 2004 Both before and after abrasion test, the thickness of the
‘waf ér t.o be polished should be neasured by a thickness nmeasuring neans.
The sheet resistivity of the nmetal filmis nmeasured by a 4-point probe.
The thickness of the filmis determned by the follow ng equation: 5 T x R
= resistivity coefficient wherein T represents filmthic and R
represents sheet resistivity (QcnR). For various netalkgg?%%&é%ﬁg
resistivity coefficient will be a constant. 10 15 20 The present invention
used Model RS 75 of KLA-Tencor Conpany to determine the netal film

t hi ckness. The abrasion rate is determned as follows: A netal film

thi ckness T1Bioth btfosé anbfieniiagiontedthheahRRhadsWT RE Wbl bdFollRhedhe film
is polished by an exenplified slurry under the above- nentioned conditions

for 1 mi nutkouldibensedsutsd by AehioRAess rheasatingRRchnby The&hesRRAEATHS 0ff |
Evergreen Model 10X of Solid State Equi pnent Corporation. After

spray-dryi tig mbeal filhds meastRidly 4 4lppihthobee The FickBedssFIHE Elindy t he
apparatus of Mddel RS75. The abrasion rate of the netal filmfor the

exenpl i fi edetgtmirted bysthedplie eguaonT1l--- T2. Exanple 1 An abrasive slurry
was prepared by using colloidal silica as the abrasive. The resultant

slurry $as the fol TOt\ARr#grasimiSAtytd@Efmam(iol loidal silica: 3.0% by weight;
benzotriazole (BTA): 0.1% by weight; o
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;



phosphorous acid: 0.2% by weight glycine: 0.2% by weight; -9 8 January
2004 an- acid or base to adjust the pH and dei oni zed water: the bal ance. The
results of abrasion test of the resultant abrasive slurry are listed in
Table 1. Exanple 2 5 An abrasive slurry having a constitution simlar to
that of Exanple 1 was prepared except that 0.045 % by wed @HuaRf2004

. Rhone- Poul enc RS-610 (which is a phosphate-contai ning copol yner) was
additionally added to the slurry. The results of abrasion test of the

resul tant abrasive slurry are listed in Table 1. 10 Exanple 3 An abrasive
slurry having a constitution simlar to that of Exanple 1 was prepared

except that @nGéid éb base\/teiad{ﬁst tlie gHMA defortiaed tersthef Naice. Was
additionally added to the slurry. The results of abrasion test of the

resul tant abfTdsiresulss ofrdtyasio® tdst oF €k feBultddt abakie 8MiseddnAn abrasi ve
slurry having a constitution simlar to that of Exanple 1 was prepared
except thatTabl®#5 % by wei ght of Rhone-Poul enc RE-610 (which is a
. phosphat e- cont ai ni ng copol yner) was additionally added to the slurry. 20
The resul t EsafopAbPasi on test of the resultant abrasive slurry are listed in
Table 1. --10

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
Table 1. |
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.

=10 -



8 January 2004 Table 1 5 abrasiveabrasivesolidani oni cpHcopper renoval rate
‘(Amin) slurrycontentchemical 4 psi 3 psi2 psil psi

Exanpl ecol | oi dal 3---3.5-4.0 1silica5601508144962864 Exanpl ecol | oi dal 3RS-610
of 3.5-4.0 2silicaRHONE- 3665260964721 POULENC

Exanpl ecol | oi dal 3amoni un8. 5-4. 0 35iIicadodecyl468628221§§%§@ @g@@gnate
Exanpl ecol | oi dal 3RE-610 of 3. 5-4.0 4silicaRHONE- 46022744196 8 LENC
Figure 1 shows the copper renoval rates for the exenplified slurries at

vari ous down forces based on the data in Table 1. Figure 1 reveals that the
abrasive conposition of the present invention which conprises an anionic
chem cal 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

Januar y2004 Table 1
abrasive | abrasive | solid | anionic pH | copper removal rate (A/min) -
shurry content| chemical
%
4 psi 3 psi 2 psi 1psi |+
Example | colloidal [ 3 - 35-4.0 '
1 silica ‘ 5601 5081 4496 2864
Example | colloidal:| 3 [RS-610 of | 3.5-4.0
2 silica RHONE- 3665 2609 647 21
POULENC
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.

‘10

-11 -



Clains: 1. A chemcal nechanical abrasive slurry conprising: 70-99.5% by
wei ght of an aqueous nedi unm 0. 1-25% by wei ght of an abrasive; 0.01-2% by
wei ght of a comnbination of (a) a conpound selected fromthe group

consi sting of phosphorous acid, a salt thereof and a nixture of said acid
and said salt and (b) a conponent selected fromthe gr O%pJa‘ﬁgﬁr?'ﬁPhng of an
amno acid, a salt of an amno acid, a carboxylic acid, a sa 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 abrasive is selected fromthe group
consisting of Si(2, Al1203, Zr2, Ce®2, SiC Fe203, TiQ2, Si3N4, or a mxture
t her eof .Claigis: The slurry according to Claiml wherein the anionic chem cal
conprises an acrylate-, phosphate-, sulfate-, or sul phonate-containing
conmpound, Aﬂﬂi&xﬁmrm@ﬂﬂﬁ&labraﬁs%@luﬁ?%mpri%‘inga m xture of two or more of the
conpound, polyner and/or copolyner. 4. The slurry according to Claiml
wher ei n RGBT weighaf an dfuesithR@iugd from the group consisting of glycine,
creatine, or alanine. 5. The slurry according to Claim21 wherein said

car boxyll. 226 byl weighselagabredve rom form ¢ acid, acetic acid, propionic acid,
butyric acid, valeric acid, hexanoic acid nalonlc aci d, glutaric aci d,

adi pi ¢ {1527 by peisht of @jcqmbination of () p qompoypd selecied Femdhe BuPoxal i ¢ acid. 6. The

slurry agaaadls ngﬂogphg'cﬁ's gelé alshif nBSbf 48 lktﬁﬂe'ags deid ﬁg%@ conpound and/or a

derivative thereof e slurry according to a| m urther conprising
an oxi danitandj(B)ammﬂoeermfselwﬁé fromvihe ticomcontistangiof ad aﬂ\fhﬁ:h’tﬂi}lacal Abr asi ve

Conposi t i snf? Qfafnoamu%s 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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I n Sem conduct or Processing Abstract of the D sclosure The invention
provi des a chem cal - nechani cal abrasive conposition for sem conductor
processi ng, which conposition is characterized by conprising a

wat er - sol ubl e ani onic chem cal. According to the invention, said

wat er - sol ubl e ani oni c chem cal would be coated on the sur met al
filmduring the polishing of said netal filmso as to i n%]%ﬁaw%@zl
formati on of depressions on the resultant nmetal circuits. |In another

aspect, the invention provides a chen cal -mechani cal abrasive conposition
in the formof a slurry conprising 70-99.5% by wei ght of an aqueous

medi um 0. 1- 25% by wei ght of an abrasive particle; 0.01-2.0% by weight of
an abrasi on enhancer; and 0.01-1% by wei ght of a water-soluble anionic
chem cal . The chem cal - mechani cal abrasive conposition of the invention may
further conprise an oxidant to enhance the abrasion rate. (FFGQURE 1 1S

SUGGESTEITi#iesf thBbhventidAN)Chemical Mechanical Abrasive Composition for Use

in Semiconductor Processing

Abstract of the Disclosure

The invention provides a chemical-mechanical abrasive composition
5 for‘ semiconductor proéessing, wﬂich composition is characterized by
comprising a' water-soluble anionic chemical.  According to the
invention,- said water-soluble anionic chemical would be coated on the )
surface of a metal film during the ﬁolishing of said ﬁetal film so as to
inhibit the formation of depressions on the resultﬁnt metal circuits.

10 In another aspect, the invention provides a chemical—mechaﬁical abrasive
composition in the form of a slurry comprising 70-99.5% by weight of an
aqueous medium; 0.1-25% by weight of an abrasive particle; 0.01-2.0% by
weight of an abrasion enhancer; and 0.01-1% by weight of a water-soluble
anionjc.chemical. The chemical-mechanical abrasive composition of the

15 invention may further comprise an oxidant to enhance the abrasion rate,

(FIGURE 1 IS SUGGESTED FOR PUBLICATION)
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