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COMPOSITIONS AND METHODS FOR POLIEHING
AND PLANARIZING BURFACES

Field of the Invention

5 The present invention'is directed to
compositions useful for polishing and planarizing the
surfaces of various work pieces, such as the surfaces of
semiconductors, as well as methods for their use and

products produced thereby.

10 Background of the Invention

Compositions useful for polishing the surfaces
of various work pieces are well known in the art.
Conventional polishing compositions, which are used for
polishing the surfaces of semiconductors, glass, crystal,

15 metal and ceramic work pieces, generally comprise agueous
slurries of an appropriate abrasive agent or mixtures of
such agents. KXnown abrasive agents include cerium oxide,
aluminum oxide, zirconium oxide, tin oxide, silicon
dioxide, titanium oxide, etc. Compositions comprising

20 such agents are generally used by first applying the
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5 ’ The present invention is directed to conpositions usefu

for Ppolishing and planariéing t he surfaces of various work pieces, such
‘as t he woEF3azases3 of sem conductors, as well as nethods fP&r’ng?’Pleg‘e and
products produced thereby. 10 Background of the

4 nvention Conposi tions useful for polishing the surfaces

of various work pieces are well knowa pn-the art. conventi onal
pol i shi ng conpositions, which are used for pol i shing the surfaces of
*sen conductampns il i&xws, tary spal i shily e dl ot cenanser fimc& poebes,
general ly conprise agueous slurries of an appropriate abrasive agent

or nixturawlgfshed. <Thd pgehtlinKivwvh EHrteveaRgbhed tacthée cerium

oxi de, i L . .
surface, which causes the abrasive particles contained

within the composition to mechanically abrade the surface,

5 thus effecting the polishing action. However, such
conventional polishing compositions cannot produce the
high;y specular and planar surfaces reguired in
semiconductor and microelectronic component technology.
Moreover, conventional polishing compositions have

10 demonstrated disadvantages, such as poor polishing rates
and poor surface quality, in polishing other work pieces.
For example, the surfaces of glass, metals,
semiconductors, etc., polished with such compositions
demonstrate various defects such as haze, étains,

15 scratches, "orange peel", undulations, undercuts, mesas,
etc,

Thus, attempts have been made to improve the
efficiency and guality of polishing compositions. Two
methods of attaining improvement in these areas have been

20 directed to combining various abrasives and/or adding
various adjuvants to the éompositions.

Polishing compositions comprising specific
combinations of abrasive particles are disclosed, e.g., in
U.5. Patent No. 4,601,755 which discloses polishing

25 compositions comprising at least one crystalline phase of

This Sheet Has Been Reﬁlaced

swssrvreoneer | [{MRAININ




alunlnun1OX|de zirconium oxide, tin oxide, silicon di oxi de, titanium
- oxide, etc. Cbnpositions'conprising 20 such agents are generally used by
first apingidne PCT/U593/60046

conposition to a polishing pad or to the surface to be pol i shed. The
polishing pad is then applied to the surface, which causes the abrasive
particles contained within the cqngogition to nmechanically abrade the

sur f ace,
) cerium oxide and a rare earth pyrosilicate. U.S. Patent

No. 4,786,325 discloses a glass polishing composition
comprising ceric oxide and at least one oxide of a
lanthanide or yttrium rare earth. Likewise, U.S. Patent
5 No. 4,769,073 discloses cerium-based polishing
compositions for polishing organic glass surfaces which
comprise ceric oxide, a cerous salt and optionally,
pyrosilicates or silica. |
Examples of the use of adjuvants in polishiné
10 composiiions are disclosed, e.g., in U.S. Patent No.
4,959,113 which di;closes compositions useful for
polishihg metal surfaces which comprise water, an abrasive
agent and a salt or a combination of salts to promote the
polishing effectiveness of the metal surface by the
15 abrasive agent. Similarly, U.S. Patent No. 4,462,188 is
directed to semiconductor polishing compositions which
comprise a colloidal silica sol or gel, a water soluble
amine and a water soluble gquaternary ammonium salt or
base. U.S. Patent No. 4,588,421 discloses compositions
20 useful for polishing silicon wafers comprising an agqueous
colloidal silica solution gel and piperizine. If is
disclosed that the addition of piperizine provides
increased polishing efficiency among other benefits. U.S.
Patent No. 4,954,142 discloses methods for polishing

25 electronic components comprising contacting the surface of
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5 thus effecting the polishing action. However, such conventi onal
pol i shing conp03|t|ons cannot produce the hi ghly specul ar and pl anar
stir f acewOfsgranoad i n sem conduct or and m croel ect roni ¢ IFHERYREO46
t echnol ogy. Mor eover, conventional polishing conpositions have 10
denonstrat ed di sadvant ages, such as poor polishing rates and poor
surface quality, in polishing other wogk_pieces. For exanple, the
surfaces of glass, netals, sem conductors, etc., polished wth such
“conposi ti @A compoteMNSLItH & \Girays deimalss rijidibass hag partiad s, 15
scratches, "orange peel”, undul ations, undercuts, nesas, etc.
Thus, attenprankateopeeretrdetadatmt e tt end a safverti enchiand qual ity of
pollshlng conpositions. Two met hods of attaining inprovement in these
areas havpabepf further discloses that the abrasive particles may
be any of those commonly used such as silica, ceria,
5 alumina, silicon carbide, silicon nitride, ferric oxide,
etc.
However, even with such combinations of abrasive
agents -and the addition of adjuvant materials,
conventional polishing compositions cannot produce the
10 planarized surfaces needed in modern semiconductor and
microelectronics technology.
Preparation of semiconductors and other
microelectronic components generally involves building
many interconnected layers of components, which may
15 include products like very large scale integrated circuits
(VLSIC) and ultra large scale integrated circuits (ULSIC).
Thus, compositions useful for polishing or planarizing
semiconductors must be able to polish complex,
anisotropic, composite surfaces which are comprised of
20 multiple layers of interconnected high density integrated
circuits both at and below the surface. In preparing
semiconductors, the structure resulting from the
interconnected layers of integrated circuitry is polished

down to a predetermined planar level which may comprise

25 components of varying size, shape and hardness, as well as
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20 directed to combining various abrasives and/or adding vari ous

adjuvants to the conp03|t|ons Pol i shing conposi tions
“conpri \waodzsnesific combi nations of abrasive particl eBCBAUSI WOpbsed,
e.g., in U S. Patent No. 4,601, 755 which discloses polishing 25

sconposi tions conprising at Ieast one crystalline phase of
ceriumoxide and a rare earth pyrosilhfate. U. S. Patent

trenches, holes and valleys of various depths and shaﬁes.
After such polishing, semiconductor preparation may
continue by various other procedures, such as chemical
vapor deposition, metalization via vapor deposition,

5 photolithographic patterning, diffusion, etching, etc., as
will be recognized by one skilled in the art.

To provide superior results, the composition
used to polish or planarize the surface of the prepared
semiconductor work piece must produce an extremely flat

10 and level surface with a high guality poliéh, i.e., a
planar surface. However, unlike conventional polishing,
to provide a planar surface, the polishing action must be
restricted to the level surface of the work piece and must
not affect the topography, morphology and/or structures

15 below that surface. Only such selectiye polishing action
will produce the desired planar surface. Conventional
polishing compositions are not suited for such procedures
as they merely produce uneven, undulating surfaces by
abrading certain regions on, below and within the surf;ce

20 of the work piece. It has proven difficul£, if not
impossible, to use conventional polishing products to
obtain smooth defect-free surfaces wherein the polishing
composition does not adversely effect the underlying

structure of the work piece.
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Nb: 4,786, 325 di scl oses a gl ass polishing conposition conprising ceric

oxi de and at 1east one oxide of a | anthanide or yttriumrare earth.

"Li kewi sepsd/RiofPatent 5 No. 4,769,073 discloses ceri um b&634UpRYPEHHNng
conpositions for polishing organic glass surfaces which conprise ceric
;oxi de, a cerous salt and optionally, pyrosilicates or silica.

Exanpl es of the use of adj uvants in pol®% shing 10 conpositions are

di scl osed,

e.g., in ch di.sc| oses

'conpositions usef ul E%hese ?Rﬁ?%?ﬁ+@ﬁﬁe€§?§§ﬁr?gcggmﬁﬁPEﬂuﬁ RPr?e water,

an abr asi
pollshlng%gf?

ec%l&g&“ma@d LG R S U R A

i veness of t al ace asi ve agent.

SimilarlycddpandtAl LM e MOt née A02nd88cd§ within tiny chips of

10

15

20

silicon, ceramic or other insulator work pieces,
extraordinarily planar surfaces are réquired at many
levels. Otherwise, the function of the_semiconductor or
other device may be adversely affected to the point where

it is worthless. Thus, the many microprocessing steps

. used to make such a device and the associated labor and

equipment may be wasted by only one surface which may be
defective because planarization techniques did not produce
sufficiently planar surfaces.

Accordingly, it can be seen that there has been
a long-felt need for compositions which provide improved
polishing activity at improved rates, which will produce
planar and defect-free surfaces, as well as methods for
the use of such compositions. The present invention

satisfies such long-felt need.

summary of the Invention

One aspect of the present invention is an
abrasive composition for use in polishing or planarizing

the surface of a work piece comprising about 30 to about
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dlrected to sem conductor polishing conpositions which conprise a

col I'oi dal siliica sol or gel, a water soluble am ne and a water sol uble
" quat er vaOP3@moRni um salt or base. U.S. Patent No. 4,5&ETAPI9MPWd6 oses
conpositions 20 useful for polishing silicon wafers conprising an agueous
scolloidal silica solution gel and piperizine. It is di scl osed that the
addi tion of piperizine provides - hncreased polishing efficiency anong
ot-her benefits. U S Patent No. 4,954,142 di scl oses net hods for

*pol i shingo Zeriatt roni cechpaseids; capmit S8 ngocabbact i20g pelreeaur bace of

fumed silica and about 15 to about 45 percent of
precipitated silica.
Another aspect of the present invention is an
5 agueous slurry for polishing or planarizing a work piece.
The present aqueous slurry is comprised of water and about
5 to about 20 percent by weight of the present abrasive
composition.
Still another aspect of the present invention is
10 a method of polishing or planarizing the surface of a work
piece comprising
(a) applying an agqueous slurry of the present
abrasive compositions to the surface of a work piece to be
polished or planarized; and
15 (b) polishing or planarizing the surface of the
work piece by mechanically and chemically causing the
agueous slurry to abrade the surface of the work piece to
a predetermined extent. |
The present invention also relates to products
20 made using the polishing or planarizing method disclosed
and claimed herein. Particularly desirable is a
planarized semiconductor product made using the method set

forth herein.
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- 4 - " the conponent with a slurry conprising abrasive particles, a

transition nmetal chelated salt and a solvent. This patent further

“di scl o203 he abrasive particles may be any of thd’s@"&’%?fﬁm‘?’ used
such as silica, ceria, 5 alumna, silicon carbide, silicon nitride,
-ferric oxide, etc. However, even with such conbi nations
of abrasive agents and the addition of adjuvant material s,

conventional polishing conpositions c&mmot produce the 10 planarized
‘surfaces needed in nodern sem conductar, .and m cr oel ectronics

t echnol ogy. Prepaﬁﬁéﬂé¥5@ﬁ55%niconductors and ot her

“Particle size" as used herein refers to the
average diameter of the particles, or if the particles are
not substantially spherical, the average maximum dimension

5 of the particles,

"pPercent" or "%" as used herein, unless
otherwise stated or unless it is otherwise clear from the
context in which it is used, refers to the percentage by
weight of thé indicated components in relation to the

10 total weight of the abrasive components in the present

compositions.

Detailed Description of the Preferred Embodiments

The abrasive compositions of the present

invention comprise about 30 to about 50, percent and

15 preferably about 42.5 to about 48.0 percent of the cerium
oxide component. Most preferably, the present
compositions comprise about 45 percent of cerium oiide.
The cerium oxide used in the present compositions should
have a particle size of about 100 to about 2,000 nm and

20 preferably about 100 to about 500 nm. Most preferably,
the cerium oxide has a particle size of about 100 to about

300 nm. It is preferred that the cerium oxide used in the
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n1croe|ectron|c conponents generally involves buil ding many
i nt ér connect éd | ayers of components, which may 15 include %jpducts
“very | avge3sabe integrated circuits (VLSIO) and ul tr&Y L\ e %3 QQ%I"
integrated circuits (ULSIC). Thus, conpositions useful for polishing
=or planarizing sem conductors nust be able to polish conpl ex,
ani sotropic, conposite surfaces which qare conprised of 20 nultiple |ayers
of interconnected high density integrated circuits both at and bel ow
*the surfapeesbAtpEeRBbEAgions beeghemlddtlor se flikedt rpeifaaypsuding from
t he I nterconnected | ayers of integrated circuitry is polished
down to aappedétgroifned peasarabeut! 98hBé&h waEheortpmiagH ox2F icmponent s of
varying size, shape and hardness, as well as
trace elements, such as thorium.
The abrasive compositions of the present
5 invention further comprise about 8 to about 20 percent and
preferably about 17 to about 19 percent of the fumed
silica component. Fumed silica is available commercially
from several sources. Generally, fumed silica (fumed
silicon dioxide) is manufactured by hydrolysis of a
10 volatile silane compound, such as silicon tetrachloride,
in an oxygen-hydrogen gas flame. The manufacturing
techniques are well known and documented. Most
preferably, the present abrasive compositions comprise
about 18 percent of fumed silica. The fumed silica used
15 in the present compositions should have a particle size of
about 10 to about 1,200 nm, preferably about 7 to about 40
nm and most preferably about 10 to about 30 nm.
The present compositions also comprise about 15
to about 45 percent and preferably about 35 to about 39
20 percent of precipitated silica. Precipitated silica also
is available commercially from several sources.
Generally, precipitated silica (precipitated silicon
dioxide) is made by reacting an alkaline silicate

solution, such as sodium silicate (waterglass) with a

25 mineral acid, such as sulfuric acid, generally under
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trenches, holes and valleys of various depths and shapes. After such

pol.i'shing, sei conductor preparation may conti nue by various other
‘procedungses/gam3 as chenmical - vapor deposition, metalizatGEWSIBH04pOr
deposition, 5 photolithographic patterning, diffusion, etching, etc., as
W Il be recognized by one skilled in the art. To provide
superior results, the conposition gsed to polish or planarize the
surface of the prepared seni conductor work pi ece nmust produce an

extrenel y,hikab ine reaction conditions. Silica is the major
reaction product formed by precipitation. The silica is
filtered, Qashed, dried and separated from residues of
other reaction products, all of which are standard
5 techniques well known to those skilled in the art.
Preferably, the present compositions comprise about 35 to
about 39 percent and most preferably about 37 percent of
the precipitated silica component. The precipitated
silica useful in the present abrasive compositions should
10 have a particle size of about 25 to about 4,000 nm and
preferably about 50 to about 2,000 nm. Most preferably,
the precipitated silica has a particle size of about 100
to about 300 nm. It is further preferred that the
precipitated silica have such a purity that it contains
15 1less than about 1% sodium.
A currently more preferred composition in
accoxrdance with the present invention comprises about 45
percent of cerium oxide having a particle size of about
100 to 2,000 nm; about 18 percent of fumed silica having a
20 particle size of about 10 to 1,200 nm; and about 37
percent of precipitated silica having. a particle size of
about 25 to 4,000 nm.
The present invention is based on the important
discovery that both fumed silica and precipitated silica

25 must be used in combination with cerium oxide (ceria) to
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10 : and level surface with a high quality polish, i.e., a pl anar

surface. However, unlike conventional polishing, to provide a glanar
‘sur f acewOot93é2peBi shi ng action nust be restricted to t RETVEGEYOUHF ace
of the work piece and mnust not affect the topography, norphol ogy
:and/or structures 15 below that surface. Only such selective polishing
action w Il produce the desired pl anar surface. Conventiona
pol i shi'ng conpositions are not suited for such procedures as they
“nerel y prododecenevendesided atesgl suyr f dbes dbi/f ferentbradi ng certain regions
on, below and within the surface 20 of the work piece. |t has proven
di fficul tchatagberisticgnpbsthese tve dsefexpnentyphal ©poFrksAFAg products
to obtain smooth defect-free surfaces wherein the polishing
conposi t i BPP BRI ntt tRAJYRE SERYIRR f ¥ heP TR FHPRGILLe Tor th
enhanced polishing capability of the abrasive compositions
5 and aqueous slurries of the present invention, although
the reason for this is not présently known. It is the
combination of these three abrasives, i.e., cerium oxide,
precipitated silica and fumed silica, which provides the
‘excellent planarization action of the present abrasive
10 compositions. The agueous slurries of the present
invention provide superior polishing and planarization
compared to agueous slurries of cerium oxide alone, fumed
silica alone, precipitated silica alone or any combination
of only two of these three abrasive components. The
15 combination of these specific abrasives in the present
composition provide a synergistic effect resulting in a
superior planarization action.
When used to polish or planarize the surface of
a work piece, the present compositions will be used in the
20 form of an agueous slurry of the present compositions and
water. The aqueous slurrieé of compositions of the
present invention may be prepared by appropriate methods,
as will be evident to the artisan. However, it is
preferred that the present compositions be prepared by
25 adding the solid components of the abrasive composition to
This Sheet Has Been Replaced
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structure of the work piece. In these

speci ali zed f'ields of sen conductor and m cr oel ect roni ¢ _conponent

‘pr epar avom3/22028r e | ayers of conponents are int erconned@dﬁgﬁlﬁpw(‘ti ny
chi ps of silicon, ceram c or other insulator work pieces,
.extraordinarily planar surfaces are required at nmany Ievels. O herw se,

the function of the sem conductor o~ 12 -other device may be adversely
affected to the point where
a suitable vessel containing the appropriate amount of
water, and mixing, such as a high energy, high shear
blender or homogenizer. Blending or mixing should be
continued until a homogenous composition is obtained.

5 The slurries of the present abrasive
compositions and water may further comprise various
suffactant compounds or mixtures of surfactant compounds.
The surfactant compounds act as suspension agents, thus
aiding in the preparation of the presént compositions.

10 The addition of the surfactant acts to allow the aqueous
slurries containing the present abrasive composition to
take the form of a thixotropic composition. Moreover, it
is believed that the surfactant compounds may provide an
"anti-scratching" effect on the surface of the work piece

15 being polished or planarized, thereby further decreasing
the extent of surface defects caused by the abrasive
agents.

The surfactant compounds may be present in the
aqueous slurries in an amount of about 0.01 to about 2.0

20 percent and preferably about 0.015 to about 0.15 percent
based on the weight of the slurry composition. Suitable
surfactant compounds include any of numerous non-ionic,
anionic, cationic or amphoteric surfactants known to those
skilled in the art. The use of appropriate surfactants

25 for a particular application will be evident to one of

e




it js worthless. Thus, the many nicroprocessing steps used to make such
a device and ‘the associ ated | abor and 10 equi pnent nmay be wasted by only
‘one surwaces/akiosh may be def ective because pl anari zat iPF§F/P8HAPY¢es
di d not produce sufficiently planar surfaces.-

:Accordingly, it can be seen that there has been a long-felt need for
conpositions which provide inproved 15 polishing activity at inproved
rates, which will produce planérlana defect-free surfaces, as well as

"ethods {8Eaparyt I uae O HCh-RORRESL LRBR clhe G [nvention

satisfies Suc It he _ ummary of the
Inventiongig@iosure. Howd¥@rASAECH sOb ke REaSeRat NVention is an

octylphenylethyleneoxide, nonylphenylethyleneoxide,
octylphenoxypolyethoxyethanol, polyoxyethylene (10)

5 octylphenol ether, nonyl phenol polyether, polyoxyethylene
{(20) sorbitan monooleate, poly(oxy-1l,2-ethanediyl)-
alpha(nonylphenyl)omega-hydroxy, aliphatic ethoxylates,
salts of carboxylic acid polyamine amides, alkylammonium
salts og polymers having anionic or ionic character,

10 polycarboxylic aci@s, acrylic acid copolymers or mixtures
thereof, be used as the surfactant. Most preferably, the
nonionic surfactant, octylphenoxypolyethoxyethanol is used
a§ the surfactant in the present compositions. This
surfactant is commercially available as "“TRITON® X-102"

15 from Rohm and Haas Co.

Generally, the agueous slurries of the present
compositions should be maintained at a pH of about 4 to
about 12 and preferably at a pH of about 6 to about 11.4.
In order to maintain the pH within the desired ranges, the

20 present compositions may further comprise an appropriate
acidic or basic substance in an amount appropriate to
maintain the desired pH. Examples of suitable acidic and
basic substances which may be used in the present
compositions include hydrochloric acid, nitric acig,

25 phosphoric acid, sulfuric acid, potassium hydroxide,
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abra5|ve conmposi tion for use in polishing or planarizing t he surface
of a work pi€ce conprising about 30 to about

-7- wem3pzx168nt of cerium oxi de; about 8 to about 20 perP&dibS83/00046
fumed silica and about 15 to about 45 percent of precipitated silica.
:Anot her aspect of the present invention is an 5 aqueous slurry for
polishing or planarizing a work plecg4 The present aqueous slurry is

conprised of water and about

ammonium hydroxide or ethanolamine. Appropriate acids and
bases as well as appropriate amounts thereof for a
particular application will be evident to one skilled in
the art based upon the present disclosure.

5 The present invention is further directed to a
method of polishing or planarizing the surfaée of a work
piece comprising: (a) applying an agueous slurry of the
present abrasive composition to a surface of a work piece
to be polished or planarized; and (b) polishing or

10 planarizing the surface of a work piece by mechanically
and chemically causing the aqueous slurry to abrade the
surface of the work piece to a predetermined extent.

When used in such a method, the present
composition acts to mechanically and chemically abrade and

15 dissolve the surface of the work piece to a predetermined
and desired.extent. The present composition acts only at
the level surface of the work piece to provide a planar,
smooth, defect-free surface without adversely affecting
the underlying morphology and structure of the work piece.

20 | When used to polish or planarize the surface of
work pieces, the present compositions are generally used
as agueous compositions having a solids concentration of

about 5 to about 20% by weight of the present abrasive

This Sheet Has Been lleilaced
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5 ro.aboht 20 percent by wei ght of the present abrasive conposi tion.

" Still another aspect of the present invention is 10 a nethod of polishing
‘or pl anwg 23mgiashe surface of a work pi ece conprising PCT/US93/060046
(a) applying an aqueous slurry of the present abr asive conpositions to
t+he surface of a work piece to be polished or planarized; and 15
(b) polishing or planarizing the §uE%age of the wor k pi ece by
mechani cal |y and chem cally causi ng e aqueous slurry to abrade the

?ﬁ;fgf252%?5?%%2g§§Oﬁégﬁggﬁgg}afg%§?grgggggg?§9%§8%§;§2§3§fﬁab%Eé pol i shi ng
or planaghgi Agmpetheslodsabosed final solids concentration of
about 10 to about 16% by weight.
Although it has unlimited use in polishing
5 wvarious work pieces, the present method is advantageocusly
used in polishing or planarizing the surfaces of
intercénnected, integrated circuits in semiconductor
preparation. The present compositions are used to polish
the dielectric layer down to a predetermined, planar level
10 which may be composed of components of varying size, shape
and hardness, as well as trenches, holes and valleys.
Once the polishing of the dielectric layer such as
amorphous silica is completed, a conductive layer such as
tungsten may be deposited on top of the integrated
15 surface, such as by chemical vapor deposition. This
surface may then be further planarized or polished to the
desired extent.
Thus, the present compositions can be used to
polish or planarize the complex, anisotropic composite
20 surfaces of semiconductor wafers to provide the extremely
flat and level surfaces necessary in semiconductor
technology. The present compositions can be used to
polish surfaces of semiconductor wafers having a
predetermined planar level, above which no portion of work

25 piece is desired and below which exists electronic
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éﬁd claimed herein. Particularly desirable is a pl anari zed

sem conductof product made using the nmethod set forth _herein

- Def i ni Ww®03/22103 "Particle size" as used herein rEF'Ef‘éS%éootoﬁ%

average dianeter of the particles, or if the particles are not

.Substantially spherical, the averagelgafinun1dinension 5 of the particles.
components which are defect-free. The surface can be
planarized to the planar level without substantially
causing adverse defects in the wafer below this planar
level. Thus, the present method can be used to polish or

5 planarize semiconductor wafers having regions of
relatively less and relatively more electronic device
integration density, wherein the surface of the work piece
comprises a plurality of steps and a plurality of gaps
between the steps.

10 " In general, in practicing the method of the
present invention, the present compositionlis applied to
an appropriate polishing pad. The pad is then placed
sufficiently proximate to the surface of the work piece at
a sufficient pressure and for a sufficient time to polish

15 or planarize the surface of the work piece by mechanically
abrading the surface to a predetermined extent. Suitable
polishing pads include Rodel-IC polishing pads and SUBA IV
polishing pads, both available from Rodel, Inc., the
assignee of this invention. The present compositions may

20 be used in any conventional polishing or planarizing
apparatus, such as the R.H. Strasbaugh 6DS-SP Planarizer
manufactured by R. Howard Strasbaugh, Inc. of San Luis

Obispo, CA or the Westech Model 372 Automatic Wafer

Polisher by Westech Systems, Inc. of Phoenix, AZ.
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"Percent"” or "% as used herein, unless ot herwi se stated or unless it
I's Otherw se'clear fromthe context in which it is used, refers to the
© per centwgestrz1os  wei ght of the indicated conponents in rePalin?P3{®04he 10

total weight of the abrasive conponents in the present conposi tions.
.Detailed Description of the Preferred Enbodi nents The
abrasi ve conpositions of the present 17 - invention conprise about 30 to
about 50 percent and 15 preferably about 42.5 to about 48.0 percent of the
-cerium oxi de Cbwep@restentMisty epricifcer adil h), ridwe pe esEhistrateddaypositi ons
conprise about 45 percent of cerium oxi de. The cerium oxi de used in

t he preserfesempgsito dihe fleddlawing specific, non-limiting

examples.,

Examples

5 Example 1

Sevea sample compositions were prepared
comprising the yarying amounts of abrasive components set
forth in Table I below. The cerium oxide used in all
samples was “OPALINE" cerium oxide available from Rhone-

10 Poulenc Basic Chemicals Co. having a particle size of 300
to 500 nm. The fumed silica used in all samples was
"AEROSILY silica available from the Degussa Corporation
having a particle size of 15 to 25 nm. The precipitated
silica used in all samples was 22LS available from DeGussa

15 having a particle size of 300 to 500 nm.

Agueous slurries of the sample abrasive
compositions were prepared by adding a total of 100 grams
of the appropriate abrasive components in the percentages
set forth in Table I to 900 grams of deionized water in a

20 high shear blender. 1In all samples, 0.14 grams of the

non-ionic surfactant octylphenoxypolyethoxyethanol,
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have a particle size of about 100 to about 2,000 nmand 20 preferably

about 100 to about 500 nm Mbst preferably, the cerium oxi de has a
“parti clveos3zaiod about 100 to about 300 nm It is preﬂﬁﬂvuaiyhﬁﬁéthe
cerium oxide used in the - 9-
-present conpositions be chemcally refined, preferably to a purity of
at | east about 99.9% w thout radioactive trace elenents, such as

t horium The abrasi ve genpositions of the present

“TRITON® X-102", was then added. The samples were mixed
thoroughly in a Waring Laboratory Blender or Homogenizer
for approximately 3 minutes at room temperature.

Each sample was then individually used to polish

5 a work piece. The work piece polished was a 6 inch
diameter silicon wafer having planar circuity. The
present slurry composition which was fed onto the
polishing pad was thixotropic and fluid. The abrasive
components did not settle out and stayed in suspension ani

10 therefore, did not reguire stirring. The slurry
composition was used at room temperature.

Each sample composition was separately applied
to a wafer. The wafer and sample composition were then
placed in a Strasbaugh 6CA polishing machine outfitted

15 with a polishing pad. The polishing pad comprised a Rodel
IC-60 polishing pad laminated on top of a Mylar sheet
which in turn was laminated to a Rodel-SUBA IV polishing
pad. The Rodel IC-60 and SUBA 1V pads are available from
Rodel, Inc. The wafer was then polished at a constant

20 pressure of 7 psi for 2 minutes. The polishing
composition was supplied fo the polishing machine at a
constant flow rate of 150 ml per minute.

Each sample composition was tested in four
different final solid concentrations as set forth in Table

25 I below. Specifically, each sample composition was tested

Sheet Has Been Reraced
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5 invention further conprise about 8 to about 20 percent and preferably
| about 17 to about 19 percent of the fumed silica conponent. Funed
"si'licawe9aiioabl e comrercial ly from several sources. P@h@%/i"y"‘ﬁf umed
silica (funmed silicon dioxide) is manufactured by hydrolysis of a 10
-vol atil e silane conpound, such as silicon tetrachloride, in an

oxygen- hydrogen gas flane. The manuf®&t-uri ng techni ques are well known
and docunent ed. Most preferably, the present abrasi ve conpositions
“conpriseat fimpbaolyd peenesntatiemedSitt caBiTheOkuard dRRi-ca used 15

in the present conpositions should have a particle size of about 10 to
about 1?????nﬁ°?#%ﬁ%¥%%+?n abtrdesy f%f%Bdﬁg Upe total aRQYnkpSf preferably

about 10 4 bout n The presept np03|t|ons al so
conprlse a Lﬁ 4 t EQnal compositions appP;eg b &RY wafe

After polishing under the conditions described above, the
5 amount of material removed from the wafer was measured in
angstroms of material and tabulated. The results are set

forth in Table I:

This Sheet Has Been Reﬂlaced
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fo about 45 per cent and preferably about 35 to about 39 20 percent of

precipitated’'silica. Precipitated silica also

is avail abl e

*Using slurries having indicated concentrations of. indicated abrasive

15 composition sample, based on weight of slurry.

- This Sheet Has Been Repl
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* commer WabdAz2fa30m several sources. General |y, precipi Pal&éB7000d4
(precipitated silicon di oxide) is nade by reacting an al kaline
.Silicate solution, such as sodiumsilicate (waterglass) with a 25
m neral acid, such as sulfuric acid, 2gererally under WO 93/ 22103
- .10 al kaline reaction conditions. Silica is the major
Table I
Abrasive Composition
(Percentage by Weight) Angstroms Removed*
Sample Fumed Ppt.
5 No. Ceo, Silica Silica 5% B% 10% 12%
1 100 0 o 1800 1850 1900 1800
2 0 100 0 2 2.5 3 3.¢%
3 o o 100 2 2.5 3 3.5
4 45 55 0 1800 1600 1300 1100
10 5 45 0 55 1800 2100 2150 2000
6 0 36 64 2 2.5 3 4
7 45 18 37 1800 2200 4500 3100



. reaction product forned by precipitation. The silica is filtered,

" washed, dried and separated from residues of ot her reaction roduc
‘al | of WeL¥H22408 standard 5 techniques well known to tho&&TEKP /QHW%n t he
art. " Preferably, the present conpositions conprise about 35 to

.about 39 percent and nost preferably about 37 percent of t he
precipitated silica conponent. The pregcipitated silica useful in the
present - abrasi ve conpositions should 10 have a particle size of about 25
-t o about 4,000 nm and preferably about 50 to about 2,000 nm Most
preferably, "the precipitated silica has a particle size of about 100
to about 300 nm |tAsschnrbdieseqt efwom eThivhatI| hehe agupveei piithgked silica
have such a purity that it contains 15 |ess than about 1% sodi um

A currentby hbeeppeeéntrednponibbing orwliich comprise a combination

of cerium oxide, fumed silica and precipitated silica,
remove significantly more material than when these
5 abrasives are used in agueous slurries alone or in other
combinations at the same solidé concentration. Moreover,
it can be seen that compositions comprising fumed and
precipitated silicas, either alone or in combination with
each other, remove relatively smaller amounts of material.
10 After completing the measurements discussed
above, the surfaces of the wafers were inspected for the
presence of stains, scratches, surface defects, etc. by
viewing the wafer surface with the unaided eye in bright
light, and by looking at the surface under a 100X
15 magnification in a dark field microscope. No stains,
scratches or other surface defects were apparent on fhe
surfaces of the wafers.
The degree of planarity of the surface of the
polished wafers was then inspected with an "ALPHASTEP 200
20 PROFILOMETERY available from Tencor Corp. of Mountain
View, california, which measures the displacement change
in the height of an ultrafine needle riding across the
surface of the wafer. This instrument scans a length of

about 2,000 microns. The surface of each polished wafer

st i



accordance with the present invention conprises about 45 per cent of
ceri'um oxi de ‘having a particle size of about 100 to 2,000 nm about 18
- per centwofo3farresl silica having a 20 particle size of aboRETAYSI30004000
nm and about 37 percent of precipitated silica having a particle size
.of about 25 to 4,000 nm The present invention is based
on the inportant di scovery that ppth fumed silica and precipitated
S|I|ca 25 nust be used in conbination with ceriumoxide (ceria) to

was analyzed for the deviation from planarity in angstroms

in comparison to the original feature height. The
deviation from planarity in angstroms of the surface of
each polished wafer in comparison to the original feature

5 height is set forth in Table II below:

Table IX

Deviation from Planarity in Angstroms

5% 8% 10% 12%
Sample

10 1 1800 1250 1825 1800
2 10000 12000 11000 12000

3 12000 11500 12000 12000

4 1600 1200 1400 1200

5 ' 1100 1000 1200 900

15 6 12000 11500 11500 11500
7 650 480 215 380

As can be seen from the data set forth in Table
II above, the present compositions demonstrate a
significantly lower deviation in planarity from the
20 original feature height in comparison to compositions
comprising any one of the abrasives alone or only two of
the abrasive agents in combination, at the same solids

concentration.

is Sheet Has Been Replaced
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- produce the desired results. The different characteristics of these two
"different types of silica, together with the cerium oxide, are
r espons P 83423103 he enhanced pol i shing capability of t hRCHi}SE3/0pa46
eQqupositions 5 and aqueous slurries of the present invention, although
the reason for this is not presently known. It is the conbi nation of
these three abrasives, i.e., ceri um oxi_de, precipitated silica and
fumed silica, which provides the é2cél | ent pI anari zati on actl on of the
present abrasive 1(} co 05|t|ons The aqueous sl urri sdof resent

in éD

i nvention provide superl ese(ﬂ slﬁlvﬁﬁ'téﬁ(ﬁ’ -0t 2 ek red to
aqueous sggr rc'l‘%sicOffo‘}‘?Jé Wt@?ﬂu@ed% Qe fgurf%@m the ¥gi:ft APne,

preci pitat I'i ca al one or any coOnbi nat
essent1a1 attributes thereof and, accordingly, reference

should be made to the appended claims, rather than to the
5 foregoing specification, as indicating the scope of the

invention.

heet Has Been Replaced
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of - only-two of these three abrasive conponents. The 15 combi nati on
t hese specifi-c abrasives in the present conposi tion provide a
- syner gizgs §3728fdsect resulting in a superior pl anari zat PEl UR93{(9a46

When used to polish or planarize the surface of a work piece, the

pr esent

.nmet hods,

preferred that the present conpositions be prepared by 25 addr
conponents of the abrasive conposition to

10

15

of

conpositions will be used in the 20 formof an aqueous slurry of
“the present conpositions and watgr .. The aqueous slurries of
conpositions of the pr esent i nventi on may be prepared by appropriate

as will be evident to the artisan. However, it is
Beet‘ E{

i I

coanus i

1. An abrasive composition for use in
polishing or planarizing the surface of a work piece

comprising about 30 to about 50 percent of cerium oxide:;

‘about 8 to about 20 percent of fumed silica and about .15

to about 45 percent of precipitated silica.

2. A composition as in claim 1 comprising about
42.5 to about 48.0 percent cerium oxide, about 17 to about
19 percent fumed silica and about 35 to about 39 percent

precipitated silica.

3. A composition as in claim 1, comprising
about 45 percent of the cerium oxide; about 18% percent of

the fumed silica; and about 37 percent of the precipitated

silica.

4. A composition as in claim 1, 2 or 3,
wherein the cerium oxide has a particle size of about

100 nm to about 2,000 nm, the fumed silica has a particle

h

1]
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a suitable vessel cont ai ning t ke Bmmmjﬂambunt of wat er, and

-m Xi'hg,. such as a hi gh energy, ' bl ender or honogeni zer.
Bl endi ngyero3nd24ip8g shoul d be a honogeno®€TLSY33800:4H oN
is obtained. 5 The sI e present abrasive

conpositions and water may further conprise various sur f act ant
conpounds or m xtures of surfactant cospgounds. The surfactant conpounds
act as suspension agents, thus aiding in the preparation of the present

conposi ti ansze 40 Fheuvaddiot hantof abbatsar baot ant andt sheopakbops theeaqueous
silica has a particle size of about 25 nm to about

4,000 nm.

5. A composition as in claim l, 2 or 3,

5 wherein the cerium oxide has a particle size of about
100 nm to about 500 nm, the fumed silica has‘a particle
size of about 7 nm to about 40 nm and the precipitated
silica has a particle size of about 50 nm to about

2,000 nm.

10 6. A composition as in claim 1, 2 or 3,
wherein the cerium oxide has a particle size of about
100 nm to about 300 nm, the fumed silica has a particle
size of about 10 nm to about 30 nm and the precipitated
silica has a particle size of about 100 nm to about .

15 300 nm.

7. An aqueous slurry for polishing or
planarizing a work piece comprising water and about 5 to
about 20 weight percent of the abrasive composition of

claim 1.

AR O
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slurries containing the present abrasive co OP%%ion to take the form
of a thixotropic conmposition. M HasBeen Repacels 1o j ayed that the
" sur f acvapb3casgounds may provi de “I" Hm llfcrat chi ng" PETFERA3/HR4¢ he
surface of the work piece 15 be pl anari zed, thereby
further decreasing the extent of surface defects caused by the
abr asi ve agents. The surfactant conpounds nay be
present in the aqueous slurri€s % an anmount of about 0.01 to about

:2.0 20 percent and, preferabl bo 015 tpo a 0. 15 t based
on the wei ght of tﬂ%’sﬁ%ﬂrﬁfﬁg%ﬁ%%5| ?%?. %%i%%b%gglm 7’5%&%%%?§n%h%onpounds

| ncl ude iQfm YLD 9051-;59{'&9?(1‘? siz@NbPMhGoutal bONHE €5 ABBhoteric
surfactants known 1o those skilled in the art. The use of appropriate
surfactant,$00 nm, the fumed silica has a particle size of about

10 nm to about 1,200 nm and the precipitated silica has a

5 @particle size of about 25 nm to about 4,000 nm.

9. An aqueous slurry as in claim B8, further
comprising about 0.01 to about 2.0 percent of a

surfactant.

10. An agqueous slurry as in claim 9, wherein
10 the surfactant is selected from the group consisting of
non-ionic surfactants, anionic surfactants, cationic

surfactants, amphoteric surfactants and mixtures thereof.

11. An agueous slurry as in claim 10, wherein
the surfactant is selected from the group consisting of
15 octylphenylethyleneoxide, nonylphenylethyleneoxide,
octylphenoxypolyethoxyethanol, polyoxyethylene (10}
octylphenol ether, nonyl phencl polyether, polyoxyethylene
(20) sorbitan monooleate, poly(oxy-1,2-ethanediyl)-
alpha(nonylphenyl)omega-hydroxy, aliphatic ethoxylates,

20 salts of carboxylic acid polyamine amides, alkylammonium

-
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. 25.for a particul ar applicati ofi\Whdel HRBG\HPRRL t0 one of
- ordinary skill in the art based ent di scl osure. wever ,
it 1S ppedesneshi hat octyl pﬂmﬂm mlﬂmnm de, PCT/US93/00046

nonylphenylethyleneoxide, o] yet hoxyet hanol ,
pol yoxyet hyl ene (10) 5 octyl phenol ether, nonyl phenol polyether,
“pol yoxyet hyl ene (20) sorbitan monppl eate, pol y(oxy-1, 2- ethanedlyl)

alpha(nonylphenyl)onega hydr oxy, allphatlc ethoxylates
salts of polymers having anionic or ionic character,

polycarboxylic acids, acrylic acid copolymers and mixtures

thereof.

12. An aqueous slurry as in claim 11, wherein

5 the surfactant is octylphenoxypolyethoxyethanol.

13. An agueous slurry as in claim 8, further
comprising an acidic or basic material to maintain the pH

of the composition at about 4 to about 12.

14. An aqueous slurry as in claim 13, wherein
10 the acidic or basic material maintains the pH at about 6

to about 11.4.

15. An aqueous slurry as in claim 13, wherein
the acidic material is selected from the group consisting
of hydrochloric acid, nitric acid, phosphoric acid and

15 sulfuric acid, and the basic material is selected from the
group consisting of potassium hydroxide, ammonium

hydroxide and ethanolamine.

16. An agueous slurry for polishing or
planarizing a work piece comprising water and about 10 to

20 about 16 percent of the abrasive composition of claim 2.

SUBSTITUTE SHEET IIIIIIII Ll IIIII lllll ll |III



galts of carboxylic acid pol yam ne am de rﬁhﬁ lgnmoni um salts of
- pol yners havi-ng anionic or ioni CT"FHﬂi‘ﬂiiiir pol ycar boxylic acids,

-acrylic ' | ymers or m xtur Mﬂ\ , be used agCrThdsS93/00046

surfactgﬁg&gﬁggﬁppreferably, t he [ urfactant,

oct yl phenoxypol yet hoxyet hanol is used as the surfactant in the present
“conpositions. This surfactant is Qggnercially avai |l abl e as
"TRITONerr] X-102" 15 from Rohm and as Co. General ly,
.the aqueous slurries;$f tRhg PLESSNS s1urr§OHBOSK icARS mSh@UkMeRe iRmi Nt ai ned
at a pH of about 4 to about 12 and preferably at a pH of about 6 to
about 11.4nhe ceriWimossfiedet RagBaNpATDithe phize bfi avdw desi hedtbanges, the
20 present conpositions may further conprise an appropriate acidic or

basi ¢ subsilamee $®0 anmanbbat fappdopilate hes a particle size of
about 7 nm to about 40 nm and the precipitated silica has

5 a particle size of about 50 nm to about 2,000 nn.

18. An aqueous slurry for polishing or
planarizing a work piece comprising water and about 10 to
about 16% by weight of the abrasive composition of

claim 3.

10 19. An agueous slurry as in claim 18 wherein
the cerium oxide has a particle size of about 100 nm to
about 300 nm, the fumed silica has a particle size of
about 10 nm to about 30 nm and the precipitated silica has

a particle size of about 100 nm to about 300 nm.

15 20. An agueous slurry as in claim 19 further
comprising about 0.01 to about 2.0 percent of a surfactant
selected from the group consisting of
octylphenylethyleneoxide, nonylphenylethyleneoxide,

octylphenoxypolyethoxyethanol and mixtures thereof.

20 21. A method of polishing or planarizing the

surface of a work piece comprising:

el
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maint ai n"t he desired pH , Exanpl eg.qof suitable acidic and basi c

"sebst ances whirch may be used in conposi tions include
‘hydr ochl wo g3/2zi0d, nitric acid, ﬂlmmm;ﬂ <ﬂ
pot assi um hydr oxi de,

aci d, sul f urkPCT/359¥,00046
- 14 -

ammoni um hydr oxi de or et hanol am ne. Appropriate acids and bases as wel |

as appropriate anpunts thereof for a. »g particular application will be

evident to one skilled in the art based upon the present disclosure.

. (a) applying the agueous slurry of any of

claims 7 through 20 to a surface of the work piece to be
polished or planarized:; and
(b) polishing or planarizing the surface
5 of the work piece by mechanically and chemically causing
the agueous slurry to abrade ﬁhe surface of the work piece

to a predetermined extent.

22. A method as in claim 21 comprising applying .,
the agqueous composition to a pad and then causing the pad
10 to be sufficiently proximate the surface of the work piece
at a pressure and for a time sufficient to polish or

planarize the work piece.

23. A method as in claim 22 wherein the work
piece is a semiconductor wafér having regions of
15 relatively less and more electronic device integration
density, the surface of the wafer having a plurality of
steps and a plurality of gaps between at least some of the

steps.

24. A method as in claim 23 wherein the surface
20 of the wafer has a predetermined planar level above which
no work piece material is desired and below which there

exists electronic components which are desirably defect-

e
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drected to a thod of
polishing or:planarizing the su ]i] 1? pi ece conprisin
-~ appl yi we ear2amaeous slurry of t | brasi ve co 1S90
surface of a work piece to be polished or planarized; and (b) poI [ sh| ng
or 10 planarizing the surface of a work piece by rrechani cally and
chem cal Iy causing the aqueous slurryote abrade the surface of the
work piece to a predeternm ned extent. When used in such a
; met hod, fheeprekennethod étmpbsrtcgmpacssngophaohamzwgl yerend chenical ly
abrade and 15 dissolve the surface of the work_piece to a predetern ned
and desiFeufa%e ePf . thRevpfeseh? EBﬁpB%PPPBnlﬁgﬁé YAt oxt the | evel

Surf ace TYOROLR CabLPsBTyebrr cipFRgEs iR ERE warer nRTRR Rndietect-ree

planar level.

5. * The present i nventTthhpE

5 25. A planarized work piece produced by the

method of claim 21.

26. A polished work piece produced by the

method of claim 21.

A
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t he undeflying mor phol pgy and structure of the mork'piece. 20

When used to polish or planarize the surface of. wor k pi eces, the
present conpositions are generally used as aqueous conpositions having
a solids concentration of about 5 to about 20% by wei ght of the

present abrasive =31 - - 15 -
conposition as a final solids concentration. Preferably, t he
gonpositions have a final solids concentration of about 10 to about 16%

dy. wei ght .

Abstract of the Disclosure

An abrasive composition for use in polishing or
planarizing the surface of a work piece is provided
comprising about 30 to 50 percent of cerium oxide:; aboutls

5 to about 20 percent of fumed silica; and about 15 to about
45 percent of precipitated silica. Meﬁhods using the
composition to polish or planarize the surfaces of work
pieces, as ﬁell as products produced by.such methods, are

also provided.
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An abrasive composition for use in polishing or planarizing the surface of a work picce is provided comprising about 3010
50 percent of cerium oxide; about 8 to about 20 percent of fumed silica: and about 15 to about 45 percent of precipitated silica.
Methods using the composition 10 polish or planarize the surfaces of work pieces, as well as products produced by such methods,

are also provided.
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polish or planarize the conpl ex, anisotropic conposite 20 surfaces of

sem conduct or wafers to provide the extrenely flat and | evel surfaces
necessary i n sem conduct or t echnol ogy. The present conpositions can be
used to polish surfaces of sem conductor wafers having a

predeterm ned planar |evel, above which no portion of work 25 piece is
desired and bel ow which exists electronic
Dat e:

: B 8G |

v b i opaged ML
v : Co ¥ paged 3. %_

S paged ... !

4 o 3o paged . i

L T T AT T T L)

COMPOSITIONS AND METHODE FOR POLISHING
AND PLANARIZING BURFACES

Field of the Invention

5 . The present invention is directed to
compositions useful for polishing and planarizing the
surfaces of various work pieces, such as the surfaces of
semiconductors, as well as methods for their use and

products produced thereby.

10 Background of the Invention

Compositions useful for polishing the surfaces
of various work pieces are well known in the art.
Conventional polishing compositions, which are used for
polishing the surfaces of semiconductors, glass, crystal,

15 metal and ceramic work pieces, generally comprise aqueous
slurries of an appropriate abrasive agent or mixtures of
such agents. KXnown abrasive agents include cerium oxide,
aluminum oxide, zirconium oxide, tin oxide, silicon
dioxide, titanium oxide, etc. Compositions comprising

20 such agents are generally used by first applying the

This _is. the repidcement sheet
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conponents which are defect-free. The surface can be pl anari zed to the

pl anar | evel w thout substantially causi ng adverse defects in the wafer
bel ow't hi s pl anar | evel . Thus, the present nmethod can be used to polish
or 5 planarize sem conductor wafers having regi ons of relatively | ess
and relatively nore el ectronic device I ntegration density, wherein the
surface of t'he work piece conprises a plurality of steps and a
plurality of gaps bet ween the steps. 10 In general, in
practicing the method of the present invention, the present conposition
is applied to -2 -

composition to a polishing pad or to the surface to be
polished. The polishing pad is then applied to the
surface, which causes the abrasive particles contained
within the composition to mechanically abrade the surface,

5 thus effecting the polishing action. However, such
conventional polishing compositions cannot produce the
high}y specular and planar surfaces reguired in
semiconductor and microelectronic component technology.
Moreover, conventional polishing compositions have

10 demonstrated disadvantages, such as poor polishing rates
and poor surface quality, in polishing other work pieces.
For example, the surfaces of glass, metals,
semiconductors, etc., polished with such compositions
demonstrate various defects such as haze, étains,

15 scratches, "Yorange peel", undulations, undefcuts, mesas,
etc.

Thus, attempts have been made to improve the
efficiency and quaiity of polishing compositions. Two
methods of attaining improvement in these areas have been

20 directed to combining various abrasives and/or adding
various adjuvants to the compositions.

Polishing compositions comprising specific

] combinations of abrasive particles are disclosed, e.g., in
U.S. Patent No. 4,601,755 which discloses polishing

25 compositions comprising at least one crystalline phase of

This is the replacement gheet
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an appropriate polishing pad. The pad is then placed sufficiently

proxi mate to the surface of the work piece at a sufficient pressure and
for a sufficient tine to polish 15 or planarize the surface of the work
pi ece by nechanically abrading the surface to a predeterm ned extent.
Suitable pol i shing pads include Rodel -1C polishing pads and SUBA |V
pol i shing pads, both avail able from Rodel, Inc., the assi gnee of this

i nvention. The present conpositions may 20 be used in any conventional
pol i shing or planarizing apparatus, such as the R H Strasbaugh 6DS- SP
Pl anari zer manuf actured by R Howard BtTtasbaugh, Inc. of San Luis

bi spo, CA or the Westech Mddel 372 Autonmatic vat§n Pol i sher by
West ech SySteﬁﬁFlPﬁCPX&PEPW@QHPXFaAZ.earth pyrosilicate. U.S. Patent

No. 4,786,325 discloses a glass polishing composition
comprising ceric oxide and at least one oxide of a
lanthanide or yttriqm rare earth. Likewise,-ﬁ.s. Patent

S No. 4,769,073 discloses cerium-based polishing
compositions for polishing.organic glass surfaces which
comprise ceric oxide, a cerous salt and optionally,
pyrosilicates or silica.

Examples of the use of adjuvants in polishiné

10 composi£ions are disclosed, e.g., in U.S. Patent No.
4,959,113 which di;closes compositions useful for
polishing metal surfaces which comprise water, an abrasive
agent and a salt or a combination of salts to promote the
polishing effectiveness of the metal surface by the

15 abrasive agent. Similarly, U.S. Patent No. 4,462,188 is
directed to semiconductor polishing compositions which
comprise a colloidal silica sol or gel, a water soluble
amine and a water soluble guaternary ammonium salt or
base. U.S. Patent No. 4,588,421 discloses compositions

20 useful for polishing silicon wafers comprising an agueous
colloidal silica solution gel and piperizine. It is
disclosed that the addition of piperizine provides
increased polishing efficiency among other benefits. U.S.
Patent No. 4,954,142 discloses methods for polishing

25 electronic components comprising contacting the surface of
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‘The present invention will now be illustrated by reference to the
follow ng specific, non-limting exanpl es.

Exanpl es 5 Exanple 1 Seven sanpl e conpositions were
pr epar ed conprising the varying anounts of abrasive conponents set

- & -

the component with a slurry comprising abrasive particles,
a transition metal cheiated salt and a solvent. This
patent further discloses that the abrasive particles may

be any of those commonly used such as silica, ceria,

(8]

alumina, silicon carbide, silicon nitride, ferric oxide,
etc.

However, even with such combinations of abrasive
agents -and the addition of adjuvant materials,
conventional polishing compositions cannot produce the
10 planarized surfaces needed in modern semiconductor and

microelectronics technology.

Preparation of semiconductors and other
microelectronic components generally involves building
many interconnected layers of components, which may

15 include produc;s like very large scale integrated circuits
(VLSIC) and ultra large scale integrated circuits (ULSIC).
Thus, compositions useful for polishing or planarizing
semiconductors must be able to polish complex,
anisotropic, composite surfaces which are comprised of

20 multiple layers of interconnected high density integrated
circuits both at and below the #urface. In preparing
semiconductors, the structure resulting from the
interconnected layers of integrated circuitry is polished

down to a predetermined planar level which may comprise

components of varying size, shape and hardness, as well as
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forth in Table |I below The cerium oxide used in all sanpl es was
"OPALI NE" cerium oxide avail able from Rhone- 10 Poul enc Basic Chem cal s

Co. having a particle size of 300 to 500 nm The funed silica used in
all sanpl es was "AERCSI L" silica available fromthe Degussa Corporation
having a particle size of 15 to 25 nm The precipitated silica used in
all sanples was 22LS available from DeGussa 15 having a particle size of
300 to 500 nm Aqueous slurries of the sanple abrasive
conpositions were prepared by adding a total of 100 grans of the
appropriate abrasive conponents in the pergentages set forth in Table

| to 900 grans of deionized water in a 20 high shear blender. In al
sanpl es, 0. 14 raendd, HGles andOWal € SUTRAELIAN depths and shapes.

oct yl phenoxypol yet hoxyet hanol ,

. After such polishing, semiconductor preparation may
continue by various other procedures, such as chemical
vapor deposition, metalization via vapor deposition,

5 photolithographic patterning, diffusion, etching, etc., as
will be recognized by one skilled in the art.

To proviée superior results, the composition
used to polish or planarize the surface of the prepared
semiconductor work¥ piece must produce an extremely flat

10 and level surface with a high guality polish, i.e., a
planar surface. However, unlike conventional polishing,
to provide a planar surface, the polishing action must be
restricted to the level surface of the work piece and must
not affect the topography, morphology'and/or_structures

15 below that surface. Only such selectiye polishing action
will produce the desired planar surface. Conventional
polishing compositions are not suited for such procedures
as they merely produce uneven, undulating surfaces by
abrading certain regions on, below and within the surface

20 of the work piece. It has proven difficult, if not
impossible, to use conventional polishing products to
obtain smooth defect-free surfaces wherein the polishing
composition does not adversely effect the underlying

structure of the work piece.
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""TRITAIl[err] X-102", was then added. The sanples were m xed t hor oughl y

in a Waring Laboratory Bl ender or Honobgeni zer for approxinmately 3

m nutes at room tenperature. Each sanpl e was then

i ndividually used to polish 5 a work piece. The work piece polished was
a 6 inch di ameter silicon wafer having planar circuity. The pr esent

slurry conposition which was fed onto the

-6 -

In these specialized fields of semiconductor angd
microelectronic component preparation, where layers of
components are interconnected within tiny chips of
silicon, ceramic or other insulator work pieces,

S extraordinarily planar surfaces are reguired at many
levels. Otherwise, the function of the semiconductor or
other device may be adversely affected to the point where
it is worthless. Thus, the many microprocessing steps

. used to make such a device and the associated labor and
10 equipmen} may be wasted by only one surface which may be
defective because planarization techniques did not produce
sufficiently planar surfaces.

Accordingly, it can be seen that there has been
a long-felt need for cbmpositions which provide improved

15 polishing activity at improved rates, which will produce
planar and defect-free surfaces, as well as methods for
the use of such compositions. The present invention

satisfies such long-felt need.

summary of the Invention

20 One aspect of the present invention is an

abrasive composition for use in polishing or planarizing

the surface of a work piece comprising about 30 to about

This is the replacement sheet

Date: 2 4 AN 1397



‘pol i shing pad was thixotropic and fluid. The abrasive conponents did
not settle out and stayed in suspension and 10 therefore, did not require

stirring. The slurry conposition was used at roomtenperature.

Each sanpl e conposition was separately applied to a wafer. The wafer
and sanpl e conposition were then placed in a Strasbaugh 6CA polishing
machine outfitted 15 wth a polishing pad. The polishing pad conprised a
Rodel | C-60 polishing pad |am nated on top of a Mylar sheet whi ch
in turn was |lam nated to a Rodel SUBA IV&FoIishing pad. The Rode

| C-60 and SUBA |V pads are available from ~ Rodel , Inc. The wafer was

then pol | sheg,abe 8-gRISLENG e 20nPLESSN! CaBbuf BSkof UbotitMaY bt cehle o
pol i shi ng Bonp05|t|on was supplred £6 the poli shing machine at a
fumed silica and about 15 to about 45 percent of
precipitated silica.
Another aspect of the present invenéion is an
5 aqueous slurry for polishing or planarizing a work piece.
The present agueous slurry is comprised of water an§ about
5 to about 20 percent by weight of the present abrasive
composition;
Still another aspect of the present invention is
10 a method of polishing or planarizing the surface of a work
piece comprising
(a) applying an aqueous slurry of the present
abrasive compositions to the surface of a work piece to be
polished or planarized; and
i5 (b} polishing or planarizing the surface of the
work piece by mechanically and chemically causing the
aqueous slurry to abrade the surface of the work piece to
a predetermined extent.
The present inventioﬁ also relates to products
20 made using the polishing or planarizing method disclosed
and claimed herein. Particularly desirable is a
planarized semiconductor product made using the method set

forth herein.
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constant flow rate of 150 mi per m nute. Each sanpl e

conposition was tested in four different final solid concentrations as
set forth in Table 25 | below. Specifically, each sanple conposition was
tested - 19 - at final solid

concentrations of 5% 8% 10% and 12% These concentration ranges refer to
the total anbunt of solids in the final conpositions applied to the wafer.
After polishing under the conditions descri bed above, the

- 8 -

Definitions

“"Particle size" as used herein refers to the
average diameter of the particles, or if the particles are
not substantially spherical, the average maximum dimension

5 of the particles.

"Percent" or "%“ as used herein, unless
otherwise stated or unless it is otherwise clear from the
context in which it is used, refers to the percentage by
weight of the indicated components in relation to the

10 total weight of the abrasive components in the present

compositions.

Detailed Description of the Preferred Embodiments

The abrasive compositions of the present

invention comprise about 30 to about 50, percent and

15 preferably about 42.5 to about 48.0 percent of the cerium
oxide component. Most preferably, the present
compositions comprise about 45 percent of cerium oxide.
The cerium oxide used in the present compositions should
have a particle size of about 100 to about 2,000 nm and

20 preferably about 100 to about 500 nm. Most preferably,
the cerium oxide has a particle size of about 100 to about

300 nm. It is preferred that the cerium oxide used in the
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‘amount of material renoved fromthe wafer was neasured in angstrons of
material and tabulated. The results are set forth in Table I

- 20 - . Tabl e |

- g -
present compositions be chemically refined, preferably to
a purity of at least about 99.9%, without radioactive
trace elements, such as thorium..
The abrasive compositions of the présent
3 ipvention further comprise about 8 to abount 20 percenﬁ and
preferably about 17 to about 19 percent of the fumed
silica component. Fumed silica is available commercially
from several sources. Generally, fumgd-silica {fumed
silicon dioxide) is manufactured by hydrolysis of a
10 wvolatile silane compound, such as silicon tetrachloride,
in an oxygen-hydrogen gas flame. The manufacturing
techniques are well known and documented. Most
preferably, the present abrasive compositions combrise
about 18 percent of fumed silica. The fumed silica used
15 in the present compositions should have a particle size of
about 10 to about 1,200 nm, preferably about 7 to about 40
nm and most preferably about 10 to about 30 nm.
The present compositions also comprise about 15
to about 45 percent and preferably about 35 to about 39
20 percent of precipitated silica. Precipitated silica also
is available commefcially from several sources.
Generally, precipitated silica (precipitated silicon
dioxide) is made by reacting an alkaline silicate
solution, such as sodium silicate (waterglass) with a

25 mineral acid, such as sulfuric acid, generally under
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Abr asi ve Conposition (Percentage by Wi ght)

Angstrons Renoved# Sanmpl e Funmed Ppt . 5 No.

Ce err] Silica Silica 5% 8% 10% 12%

1 100 0 0 1800 1850 1900 1900 2

0 100 e 2 2.5 3 3.5 3.

0 wo ”’21‘8?6 2 2.5 3 3.5 4

45 55 1800 1600 °~ 1300 1100 10 5

45 0 55 1800 2100 2150 2000 6

0 36 64 2 2.80 - 3 4 7

45 18 2200 *Usi ng

ﬁ 3100 .
slurries havFﬁbaﬂﬁﬁlC§F8dt68ﬁ08ﬁPFéPﬁ8H§ of St dlcaﬁedgﬁﬁwﬂﬁlﬂf 15
conposi tion §@%Ek§onb%§%QuQQ %@%ﬂ@h Q§ ﬁkQE i¥itation. The silica is

filtered, washed, dried and separated from residues of
other reactibn products, all of which are standard
S technigues well known to those skilled in the art.
Preferably, the present compositions comprise about 35 to
about 39 percent and most preferably about 37 percent of
the precipitated silica component. The precipitated
silica useful in the present abrasive compositions should
10 have a particle size of about 25 to about 4,000 nm and
preferably about 50 to about 2,000 nm. Most preferably,
the precipitated silica has a particle size of about 100
to about 300 nm. It is further preferred that the
precipitated silica have such a purity that it contains
15 1less than about 1% sodium.
A currently more preferred composition in
accordance with the present invention comprises about 45
percent of cerium oxide having a particle size of about
100 to 2,000 nm; about 18 percent of fumed silica having a
20 particle size of about 10 to 1,200 nm; and about 37
pexrcent of precipitated silica having a particle size of
about 25 to 4,000 nm.
The present invention is based on the important
discovery that both fumed silica and precipitated silica

25 must be used in combination with cerium oxide (ceria)} to
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As can be seen from Table I, the aqueous slurry of the present

conposi tions, which conprise a conbination of cerium oxide, funmed
silica and precipitated silica, renove significantly nore nmaterial than
when these 5 abrasives are used in aqueous slurries alone or in other
conmbi nations at the sane solids concentration. Moreover, it can be seen
t hat conpositions conprising funmed and precipitated silicas, either

al one or in conbination with each other, renove relatively smaller
amounts of material. - 11 -

produce the desired results. The different
characteristics of these two different types of silica,
together with the cerium oxide, are responsible for the
enhanced polishing capability of the abrasive compositions
5 and aqueous slurries of the present invention, although
the reason for this is not presently known. It is the
conbination of these three abrasives, i.e., cerium oxide,
precipitated silica and fumed silica, which provides the
-excellent planarization action of the present abrasive
10 compositions. The aqueous slurries of the present
invention provide superior polishing and planarization
compared to agueous slurries of cerium oxide alone, fumed
silica alone, precipitated silica alone or any combination
of only two of these three abrasive components. The
15 combinaﬁion of these specific abrasives in the present
composition provide a synergistic effect resulting in a
superior planarization action.
When used to polish or planarize the surface of
a work piece, the present compositions will be used in the
20 form of an aqueous slurry of the present compositions and
water. The aqueous slurries of compositions of the
present invention may be prepared by appropriate methods,
as will be evident to the artisan. However, it is
preferred that the present compositions be prepared by

25 adding the solid components of the abrasive composition to

This is the replacement sheet

it Dale: Z ig JM‘( ‘\%%71



e m——

- 10

After conpleting the neasurenents di scussed above, the

surfaces of the wafers were inspected for the presence of stains,

scr at ches,

surface defects, etc. by viewi ng the wafer surface with the

unai ded eye in bright light, and by | ooking at the surface under a 100X
15 magnification in a dark field m croscope. No stains, scratches or

ot her surface defects were apparent on the surfaces of the wafers.

The degree of planarity of the surface of the pol i shed wafers was then
i nspected with an "ALPHASTEP 200 20 PRQFILCNETER' avai | abl e from Tencor
Corp. of Muntain View, California, which measures the di spl acenent

change

surface of the wa

10

15

20

25

al QuiRAHY Yl ) AbHlAAMN 2 SR Il BRSSP
This I nstrunment scans a length

water, and mixing, such as a high energy, hzgh shear
blender or homogenizer. Blending or mixing should be
continued until a homogenous composition is obtained.

The slurries of the present abrasive
compositions and water may further comprise various
surfactant compounds or mixtures of surfactant compounds.
The surfactant compounds act as suspension agents, thus
aiding in the preparation of the presént compositions.
The addition of the surfactant acts to allow the aqueous
slurries containing the present abrasive composition to
take the form of a thixotropic composition. Moreover, it
is believed that the surfactant compounds may provide an
“anti-scratching" effect on the surface of the work piece
being polished or planarized, thereby further decreasing
the extent of surface defects caused by the abrasive
agents.

The surfactant compounﬂs may be present in the
agueous slurries in an amount of about 0.0l to about 2.0
percent and preferably about 0.015 to about 0.15 percent
based on the weight of the slurry composition. Suitable
surfactant compounds include any of numerous non-ionic,
anionic, cationic or amphoteric surfactants known to those
skilled in the art. The use of appropriate surfactants

for a particular application will be evident to one of
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“about 2,000 microns. The surface of each polished wafer

- 22 - was anal yzed for the deviation fromplanarity in angstrons
in conparison to the original feature height. The deviation from
planarity in angstrons of the surface of each polished wafer in

conparison to the original feature 5 height is set forth in Table I
bel ow

- 13 -

ordinary skill iﬁ the art based upon the present
disclosure. However, it is preferred that
octylphenylethyleneoxide, nonylphenylethyleneq;ide,

octylphenoxypolyethoxyethanol, polyoxyethylene {(10)

on

octylphenol ether, nonyl phencl polyether, polyoxyethylene

(20) sorbitan monooleate, poly(oxy-1,2-ethanediyl)-

alpha(nonylphenyl)omega-hydroxy, aliphatic ethoxylates,

salts of carboxylic acid polyamine amides, alkylammonigm
salts of polymers having anionic or ionic character,

10 polycarboxylic acidg, acrylic acid copolymers or mixtures
thereof, be used as the surfactant. Most preferably, the
nonionic surfactant, octylphenoxypolyethoxyethanocl is used
aé the surfactant in the present compositions. This
surfactant is commercially available as "TRITON‘ X-102"

15 from Rohm and Haas Co.

Generally, the aqueous slurries of the present
compositions should be maintained at a pH of about 4 to
about 12 and preferably at a pH of about 6 to about 11.4,
In order to maintain the pH within the desired ranges, the

20 ' present compositions may further comprise an appropriate

acidic or basic substance in an amount appropri;te to

‘maintain the desired pH. Examples of suitable acidic and

basic substances which may be used in the present

compositions include hydrochloric acid, nitric aciqg,

25 phosphoric acid, sulfuric acid, potassium hydroxide,
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Table 11 Deviation from Pl anarity in Angstrons

5% 8% 10% 12% Sanple 10 1

1800 1250 1825 1800 2 10000

12000 11000 12000 3 12000 11500

12000 12000 4 1600 1200 1400

1200 5 1100 1000 1200 900 15

6 12000 11500 11500 11500 7

650 ) 480 215 380 As can be seen fromthe
data set forth in Table |1 above, itshe present conpositions denonstrate
a significantly | ower deviation in planarity fromthe

ammonium hydroxide or ethanolamine. Appropriate acids and
bases as well as appropriate amounts thereof for a
particular application will be evident to one skilled in
the art based upon the present disclosure.

5 The present invention is further directed to a
method of polishing or planarizing the surface of a work
piece comprising: (a) applying an aqueous slurry of the
present abrasive composition to a surface of a work piece
to be polished or planarized; and (b} polishing or

10 planarizing the surface of a work piece by mechanically
and chemically causing the aqueous slurry to abrade the
surface of the work piece to a predetermined extent.

When used in such a method, the present
composition acts to mechanically and chemically abrade and

15 dissolve the surface of the work piece to a predetermined
and desired extent. The present composition acts only at
the level surface of the work piece to provide a planar,
smooth, defect-free surface without adversely affecting
the underlying morphology and structure of the work piece.

20 When used to polish or planarize the surface of

work pieces, ‘the present compositions are generally used
as aqueous compositions having a solids concentration of

about 5 to about 20% by weight of the present abrasive

This is the replacement shest

Date: 7 ¢ AN 1997



20 original feature height in conparison to conpositions conpri sing
any one of the abrasives alone or only two of the abrasive agents in
conmbi nation, at the sanme solids concentration.

- 23 - The present invention may be enbodied in ot her
specific fornms wi thout departing fromthe spirit or essenti al
attributes thereof and, accordingly, reference
- 15 -
composition as a final solids concentration. Preferably,
the compositions have a final solids concentration of
about 10 to about 16% by weight.
Although it has unlimited use in polishing
5 wvarious work pieces, the present method is advantageously
used in polishing or planarizing the surfaces of
intercénnected, integrated circuits in semiconductor
preparation. The present compositions are used to polish
the dielectric layer down to a predetermined, planar level
10 which may be composed of components of varying size, shape
and_hardness,_as well as trenches, holes and valleys.
Once the polishing of the dielectric layer such as
amorphous silica is completed, a conductive layer -such as
tungsten may be deposited on top of the integrated
15 surface, such as by chemical vapor deposition. This
surface may then be further planarized or polished to the
desired extent.
Thus, the present compositions can be used to
polish or planarize Fhe complex, anisotropic composite
20 surfaces of semiconductor wafers to provide the extremely
flat and level surfaces necessary in semiconductor
technology. The present compositions can be used to
polish surfaces of semiconductor wafers having a
predetermined planar level, above which no portion of work

25 piece is desired and below which exists electronic
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shoul d be nade to the appended clains, rather than to the
specification, as indicating the scope of the

- 24 - CLAI M5

5 foregoi ng
i nventi on.

- 16 -
components which are defect-free. The surface can be
planarized to the planar level without substantially
causing adverse defects in the wafer below this planar
level. Thus, the present method can be used to polish or

S planarize semiconductor wafers having regions of
relatively less and relatively more electronic device
integration density, wherein the surface of the work piece

comprises a plurality of steps and a plurality of gaps
between the steps. |

10 In general, in practicing the method of the

present invention, the present composition is applied to
an appropriate polishing pad. The pad is then placed
sufficiently proximate to the surface of the work piece at
a sufficient pressure and for a sufficient time to polish
1S or planarize the surface of the work piece by mechanically
abrading the surface to a predetermined extent. Suitable
polishing pads include Rodel-IC polishing pads and SUBA IV
polishing pads, both available from Rodel, Inc., the
assignee of this invention. The present compositions may
20 be used in any conventional polishing or planarizing
apparatus, such as the R.H. Strasbaugh 6DS-SP Planarizer
manufactured by R. Howard Strasbaugh, Inc.- of San Luis

Obispo, CA or the Westech Model 372 Automatic Wafer

Polisher by Westech Systems, Inc. of Phoenix, AZ.
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1. An abrasive conposition for use in polishing or planarizing the

surface of a work piece conpri sing about 30 to about 50 percent of
ceriumoxide; 5 about 8 to about 20 percent of funed silica and about 15
to about 45 percent of precipitated silica. 2. A
conposition as in claim1 conprising about 42.5 to about 48.0 per.cent
cerium oxi de, about 17 to about 19 percent funed silica and about 35 to
about 39 percent 10 precipitated silica. 3. A
conposition as in claiml1, conprising 7ab_out 45 percent of the cerium
oxi de; about 18% percent of the fured ’silica; and about 37 percent of

the precipitated The present invention will now be illustrated by

reference to the following specific, non-limiting

examples.

Examgl es

5 Example 1

Seven‘sample compositions were prepared
comprising the varying amounts of abrasive components set
forth in Table I below. The cerium oxide used in all
samples was "OPALINEY cerium oxide available from Rhone-

10 Poulenc Basic Chemicals Co. having a particle size of 300
to 500 nm. The fumed silica used in all samples was
"AEROSIL" silica available from the Degussa Corporation
baving a particle size of 15 to 25 nm. The precipitated
silica used in all samples was 22LS available from Decﬁssa

15 having a particle size of 300 to 500 nnm.

Aqueous slurries of the sample abrasive
compositions were prepared by adding a total of 100 grams
of the appropriate abrasive components in the percentages
set forth in Table I to 900 grams of deionized water in a

20 high shear blender. 1In all samples, 0.14 grams of the

non-ionic surfactant octylphenoxypolyethoxyethanol,
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‘silica.

wherein the cerium oxide has a particle size of about
2,000 nm the funed silica has a particle

- 25 -

15 4. A conposition as in claiml1, 2 or 3,

100 nmto about

size of about 10 nmto about 1,200 nm and the precipitated

silica has a particle size of about 25 nmto about

10

15

20

25

1 below. Specifically,

_le.-

YTRITON® X-102", was then added. The samples were mixed

thoroughly in a Waring Laboratory Blender or Homogenizer
for approximately 3 minutes at room temperature.

Each sample was then individually used to polish
a workX piece. The work piece polished was a 6 inch
diameter silicon wafer having planar circuity. The
present slurry composition which was fed onto the
pelishing pad was thixotropic and fluid. The abrasive
components did not settle out and stayed in suspension an3
therefore, did not require stirring. The slurry

composition was used at room temperature.

Each sample composition was separately applied
to a wafer. The wafer and sample éomposition were then
placed in a Strasbaugh 6CA polishing machine outfitted
with a polishing pad. The polishing pad comprised a Rodel
IC-60 polishing pad laminated on top of a Mylar sheet
which in turn was laminated to a Rodel SUBA IV polishing
pad. The Rodel IC-60 and SUBA IV pads are available from
Rodel, Inc. The wafer was then polished at a constant
pressure of 7 psi for 2 minutes. The polishing
composition was supplied éo the polishing machine at a
constant flow rate of 150 ml per minuté.

Each sample composition was tested in four

different final solid concentrations as set forth in Table

each sample composition was tested
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4,000 nm 5. A conposition as in claiml, 2 or 3, 5

" wherein the cerium oxide has a particle size of about 100 nmto about
500 nm the funed silica has a particle size of about 7 nmto about 40
nm and the precipitated silica has a particle size of about 50 nmto
about 2,000 nm 10 6. A conposition as in claim1l1, 2 or
3, wherein the cerium oxide has a particle size of about 100 nmto
about 300 nm the fumed silica has a particle size of about 10 nmto
about 30 nm and the precipitated Si I_iclag has a particle size of about

100 nmto abougﬂt ZfL5 300 nm

1nal solid concentrations of 5%, 8%, 10% ang 12%

These ¢ i
oncentration ranges refer to the total amount f
‘ o
solids j i iti
in the final compositions applied to the wafer
After ishi |
polishing under the conditions described above

amount of i
material removed from the wafer was measured j
in

forth in Table I
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. 7. An aqueous slurry for polishing or
conprising water and about 5 to
abr asi ve conposition of claim1.

- 26 - _ 8. An aqueous slurry as in claim7, wherein the

pl anari zing a work piece
about 20 wei ght percent of the

- 20 -
Table I
Abrasive Composition
{Percentage by Weight) Angstroms Removed+*
Sample Funed pPpt.
5 No. Ce0, Silica Silica 5% 8% 10% 12%
1l 100 0o 0 1800 1850 1900 1900
2 0 100 o ' 2 2.5 3 3.5
3 0 0 100 2 2.5 3 3.5
4 45 55 0 1800 1600 1309 1100
10 5 45 0 55 1800 2100 2150 2000
6 o 36 64 2 2.5 3 4
7 45 ls 37 1800 2200 4500 3100

*Using slurries having indicated concentrations of. indicated abrasive
15 composition sample, based on weight of slurry.
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cerium oxide has a particle size of about 100 nmto about 2,000 nm the

funmed silica has a particle size of about 10 nmto about 1,200 nm and
the precipitated silica has a 5 particle size of about 25 nmto about
4,000 nm 9. An aqueous slurry as in claim8, further
conprising about 0.01 to about 2.0 percent of a surfactant. .

10. An aqueous slurry as in claim9, wherein 10 the surfactant is

sel ected fromthe group consisting of non-ioni c surfactants, anionic
surfactants, cationic surfactants, anphoteric surfactants and m xtures
t her eof . _ 11. An aqueous-stur+y as in claim10, wherein

ks can be seen from Table I, the aqueous slurry
of the present compositions, which comprise a“combination
of cerium oxide, fumed silica and_précipitated silica,
remove significantly more material than when these
5 abrasives are used in agueous slurries alone or in other
combinations at the same solidé concentration. Moreover,
it can be seen that compositions comprising fumed and
precipitated silicas, either alone or in combination with
each other, remove relatively smaller amounts of material.
10 After completing the measurements discussed
above, the surfaces of the wafers were inspected for the
presence of stains, scratches, surface defects, etc. by
viewing the wafer surface with the unaided eye in bright
light, and by looking at the surface under a 100X
15 magnification in a dark field microscope. No stains,
scratches ox othér surface defects were apparent on the
surfacés of the wafers.
The degree of planarity of the surface of the
polished wafers was then inspected with an “ALPHASTEP 200
20 PROFILOMETER" available from Tencor Corp. of Mountain
View, California, which measures the displacement change
in the height of an ultrafine needle riding across the
surface of the wafer. This instrument scans a length of

about 2,000 microns. The surface of each polished wafer
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.the surfactant is selected fromthe group consisting of 15
octyl phenyl et hyl eneoxi de, nonyl phenyl et hyl eneoxi de,
oct yl phenoxypol yet hoxyet hanol , pol yoxyet hyl ene (10)
nonyl phenol pol yether, polyoxyethyl ene (20) sorbitan nonool eat e,

pol y(oxy- 1, 2- et hanedi yl ) - al pha(nonyl phenyl ) onega- hydroxy, aliphatic

et hoxyl ates, 20 salts of carboxylic acid pol yam ne am des, al kyl ammoni um
-27- '

octyl phenol et her,

_..22.-
was analyzed for the deviation from planarity in angstroms
in comparison to the original feature height. The
deviation from planarity in angstroms of the surface of

each polished wafer in comparison to the original feature

5 height is set forth in Table II below:

Table IIX

Deviation from Planarity in Angstroms

5% 8% 10% 12%
Sample

10 1 l1800 1250 1825 1800
2 10000 12000 11000 12000

3 12000 11500 12000 12000

4 1600 1200 1400 1200

5 | ‘ 1100 1000 1200 900

15 6 12000 11500 11500 11500
7 650 480 215 380

As can be seen from the data set forth in Table

II above, the present compositions demonstrate a
significantly lower deviation in planarity from the
20 original feature height in comparison to compositions

comprising any one of the abrasives alone or only two of

the abrasive agents in combination, at the same solids

concentration.
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salts of polyners having anionic or ionic character, pol ycar boxylic

“acids, acrylic acid copolymers and m xtures t her eof . 12.
An aqueous slurry as in claim1ll, wherein 5 the surfactant is
oct yl phenoxypol yet hoxyet hanol . 13. An aqueous slurry as in
claim8, further conprising an acidic or basic material to maintain the
pH of the conposition at about 4 to about 12. -14. An
aqueous slurry as in claim13, wherein 10 the acidic or basic nmaterial
mai ntai ns the pH at about 6 to about 11. 4. 15. An

aqueous slurry as in claim13, wherein - 29 .-

1 t s r} F f

shoulad
be made to the appended claims, rather than to th
e

lfl ’

invention.
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-the acidic material is selected fromthe group consisting of

hydrochloric acid, nitric acid, phosphoric acid and 15 sulfuric acid, and
the basic nmaterial is selected fromthe group consi sting of potassium
hydr oxi de, amoni um hydr oxi de and et hanol am ne. 16.

An aqueous slurry for polishing or pl anari zing a work piece conprising

wat er and about 10 to 20 about 16 percent of the abrasive conposition of
claim 2.

CLAIMS

1. An abrasive composition for use in
polishing or planarizing the surface of a work piece
comprising about 30 to about 50 percent of cerium oxide;
-about 8 to about 20 percent of fumed silica and about .15

to about 45 percent of precipitated silica.

2. A composition as in claim 1 comprising about
42.5 to about 48.0 percent cerium oxide, about 17 to about

19 percent fumed silica and about 35 to about 39 percent

10 precipitated silica.

3. A composition as in claim 1, comprising
about 45 percent of the cerium oxide; about 18% percent of

the fumed silica; and about 37 percent of the precipitated

silica.

15 4. A composition as in claim 1, 2 or 3,

wherein the cerium oxide has a particle size of about

100 nm to about 2,000 nm, the fumed silica has a particle

e e - This is the replacement sheet
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- 28 - 17. An aqueous slurry as in claim16 wherein t he
ceriumoxide has a particle size of about 100 nmto -about 500 nm the
fumed silica has a particle size of about 7 nmto about 40 nm and the
precipitated silica has 5 a particle size of about 50 nmto about 2,000
nm 18. An aqueous slurry for polishing or

pl anarizing a work piece conprising water and about 10 to about 16% by
wei ght of the abrasive conposition of claim 3. 10 19. An
aqueous slurry as in claim 18 wherein

...25...
'size of about 10 nm to about 1,200 nm and the precipitated

silica has a particle size of about 25 nm to about

4,000 nm.

5. A composition as in claim 1, 2 or 3,
5 wherein the cerium oxide has a particle size of about
100 nm to about 500 nm, the fumed silica has-a particle
size of about 7 nm to about 40 nm and the precipitated

silica has a particle size of about 50 nm to about

2,000 nm.

10 6. A composition as in claim 1, 2 or 3,
vherein the cerium oxide has a particle size of about
100 nm to about 300 nm, the fumed silica has a particle
size of about 10 nm to about 30 nm and the precipitated

silica has a particle size of about 100 nm to about

15 300 nm.

7. An agueous slurry for polishing or
planarizing a work piece comprising water and about 5 to

about 20 weight percent of the abrasive composition of

claim 1.

p—_— —= This is the replacement shest
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.the cerium oxide has a particle size of about 100 nmto about 300 nm
the funmed silica has a particle size of about 10 nmto about 30 nm and
the precipitated silica has a particle size of about 100 nmto about

300 nm 15 20. An aqueous slurry as in claim19 further
conprising about 0.01 to about 2.0 percent of a surfactant sel ected
fromthe group consisting of oct yl phenyl et hyl eneoxi de, o
nonyl phenyl et hyl eneoxi de, oct yl phenoxypol yet hoxyet hanol and m xtures
t her eof . 20 21. A nmethod of polishing or planarizing the

surface of a work piece conprising: - 56 -

8. An aqueous slurry as in claim 7, wherein the
cerium oxide has a particle size of about 100 nm to about
2,000 nm, the fumed silica has a particle size of about
10 nm to about 1,200 nm and the precipitated silica has a

5 particle size of about 25 nm to about 4,000 nm.

9. An aqueous slurry as in claim 8, further
comprising about 0.01 to about 2.0 percent of a

surfactant.

10. An agueous slurry as in claim 9, wherein
10 the surfactant is selected from the group consisting of
non-ionic surfactants, anionic surfactants, cationic

surfactants, amphoteric surfactants and mixtures thereof.

11. An agueous slurry as in claim 10, wherein
the surfactant is selected from the group consisting of
15 octylphenylethyleneoxide, nonylphenylethyleneoxide,
octylphenoxypolyethoxyethanql, polyoxyethylene (10)
octylphenol ether, nényl phenol polyether, polyoxyethylene
(20} sorbitan monooleate, poly(oxy-1,2-ethanediyl)-
alpha (nonylphenyl)omega-hydroxy, aliphatic ethoxylates,

20 salts of carboxylic acid polyamine amides, alkylammonium
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- 29 - -~ (a) applying the aqueous slurry of any of
‘claims 7 through 20 to a surface of the work piece to be pol i shed or

pl anari zed: and (b) polishing or planarizing the

surface 5 of the work piece by nechanically and chem cally causing t he
aqueous slurry to abrade the surface of the work piece to a

predet er mi ned extent. 22. A nethod as in claim?21
conpri si ng applying ~-27-

-

salts of polymers having anionic or ionic character,

polycarboxylic acids, acrylic acid copolymers and mixtures

thereof.

12. An agueous slurry as in claim 11, wherein

5 the surfactant is octylphenoxypolyethoxyethanol.

13. An agueous slurry as in claim 8, further
comprising an acidic or basic material to maintain the pH

of the composition at about 4 to about 12.

14. An agueous slurry as in claim 13, wherein
10 the acidic or basic material maintains the pH at about 6

to about 11l.4.

15. An aqueous slurry as in claim 13, wherein
the acidic material is selected from the group consisting
of hydrochloric acid, nitric acid, phosphoric acid and

15 sulfuric acid, and the basic material is selected from the
group consisting of pothssium hydroxide, ammonium

hydroxide and ethanolamine.

16. An agqueous slurry for polishing or

planarizing a work piece comprising water and about 10 to

20 about 16 percent of the abrasive composition of claim 2.

LS
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t'he aqueous conposition to a pad and then causing the pad 10 to be
sufficiently proximate the surface of the work piece at a pressure and
for a‘tine sufficient to polish or pl anari ze the work piece.
23. A nethod as in claim?22 wherein the work pi ece is a sem conductor
waf er having regions of 15 relatively |less and nore el ectronic device
I ntegration density, the surface of the wafer having a plurality of
steps and a plurality of gaps between at |east some of the st eps.
24. A nethod as in claim23 wherein the surface 20 of the wafer has a
predet ernmined planar | evel above which - 28 mo work piece naterial is
desired and bel ow which there ) . .
17. An agueous slurry as in claim 16 wherein
the cerium oxide has a particle size of about 100 nm to
about 500 nm, the fumed silica has a particle size of
about 7 nm to about 40 nm and the precipitated silica has

5 a particle size of about 50 nm to about 2,000 nm.

18. An aqueous slurry for polishing or
planarizing a work piece comprising water and about 10 to

about 16% by weight of the abrasive composition of

claim 3.

10 19. An agueouns slurry as in claim 18 wherein
the cerium oxide has a particle size of about 100 nm to
about 300 nm, the fuméd silica has a particle size of
about 10 nm to about 30 nm and the precipitated silica has

a particle size of about 100 nm to about 300 nm.

15 20. An aqueous slurry as in claim 19 further
comprising about 0.01 to about 2.0 percent of a surfactant
selected from the group consisting of
octylphenylethyleneoxide, nonylphenylethyleneoxide,

octylphenoxypolyethoxyethanol and mixtures thereof.

20 2. A method of polishing or planarizing the

surface of a work piece comprising:

This is the replacement shest
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exi sts el ectronic conmponents which are desirably defect-

- 30 - free, the nmethod further conprising planarizing the surface
of the wafer to the planar |evel wthout substantially adverse defects
in the wafer bel ow the pl anar | evel . 5 25. A planarized
wor k pi ece produced by the met hod of cl aim 21.

—_ 29 —

(a) applying the aqueous slurry of any of
claims 7 through 20 to a surface of the wor)k piece to be
polished or planarized: and

(b) polishing or planarizing~£he surface

5 of the wvork piece by mechanically and chemically causing
the agueous slurry to abrade the surface of the work piece

to a predetermined extent.

22. A method as in claim 21 comprising applying .
the agueous composition to a pad and then causing the pad
10 to be sufficiently proximate the surface of the work piece

at a pressure and for a time sufficient to polish or

planarize the work piece.

23. A method as in claim 22 wherein the work

piece is a semiconductor wafer having regions of
15 relatively less and more electronic device integration
density, the surface of the wafer having a plurality of

steps and a plurality of gaps between at least some of the

steps.

24. A method as in claim 23 wherein the surface
20 of the wafer has a predetermined planar level above which
no work piece material is desired and below which there

exists electronic components which are desirably defect-

This is the replscement shee!
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im21.
26. A pol i shed work piece produced by the met hod of cl ai

- 30 -
free, the method further comprising planarizing thé
surface of the wafer to the planar level without
substantially adverse defects in the wafer below the

Planar leve].

5 25. A planarized work piece produced by the
method of claim 23.

26. A polished work piece produceg by the

method of claim 21.
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COMPOSITIONS AND METHOD FOR POLISHING AND PLANARIZING
SURFACES

Abstract of the Disclosure

An abrasive composition for use in polishing or
planarizing the surface of a work piece is provided
comprising about 30 to 50 percent of cerium oxide; about.s
to about 20 percent of fumed silica; and about 15 to about
45 percent of precipitated silica. Methods using the
composition to polish or planarize the surfaces of work

pieces, as well as products produced by such methods, are

also provided.
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