I MPROVED COVPQSI TI ONS AND METHODS FOR PCLI SHI NG Qiopsss -1
BACKGROUND OF THE | NVENTI ON Technical FieldIfes The
i nvention relates to the polishing of glasses,  sem conductors,
dielectric/nmetal conposites and integyated circuits. Mre particularly,
this invention 10 relates to i nprovenents in the surface preparation of
conposite materials where inproved differences in rate between silica
and ot her conponents are desired. Background Art
Conventional polishing conpositions or slurries 15 generally consist of a
sol ution whi ch contains abrasive particles. The part, or substrate is
bat hed or rinsed in the slurry while an el astoneric pad is pressed

agai nst the substrate and rotated so that the slurry particles are
pressed agai nst g HTIEION 2 3 eps RabonmERERGof t he pad
causes the slurry partlcles to nove across the substrate surface,
resulting in wear, volunetric renoval of the substrate surface. I n
many cases the rate of sur BACKGROTND | OF STHRt BNVENEZORS sol ely by the
degree of applied pressure, the gﬂﬁﬂﬁtﬁ¥an21Q%%pad rotation and the

chem cal activity of the slurry particle us, slurry particles with a
hi gh degree of m cal activit war d t he substrat e.qg., Ce(err]
ovar d- & 00) TR Sl 1or HRIAFSR dHor B0 | Paki PG, ot olassed,

semiconductors, dielectric/metal composites and
integrated circuits. More particularly, this invention
©w relates to improvements in the surface preparation of
composite materials where improved differences in rate
between silica and other components are desired.

Background Art

Conventional polishing compositions or slurries

s generally consist of a solution which contains abrasive
particles. The part, or substrate is bathed or rinsed
in the slurry while an elastomeric pad is pressed
against the substrate and rotated so that the sliurry
particles are pressed against the substrate under load.

» The lateral motion of the pad causes the slurry
particles to move across the substrate surface,

resulting in wear, volumetric removal of the substrate
surface. '

In many cases the rate of surface removal is determined
s solely by the degree of applied pressure, the velocity
of pad rotation and the chemical activity of the slurry
particle. Thus, slurry particles with a high degree of
chemical activity toward the substrate (e.g., CeOp
toward SiO;) show significantly higher polishing rates



-2-7 than nore inert particles (e.g. Laferr]derr] toward Sierr]).

" This enhancenent of chem cal activity of the polishing particle has been
t he basis of nunerous patents, for exanple U S. Patent No. 4,959, 113.

An alternative neans of increasing polishing rates is to add conponents
to the slurries which by thensel ves are corrosive to the substrate. Wen
used toget her w th abrasive particles, substantially higher polishing
rates may be achieved. This process, aofpen terned cheno- mechani cal
polishing (CW) is a preferred technique for polishing of sem conductors
and sem conductor devices, particularly integrated circuits. Exanples

ﬁf sugh CNE pﬂnnesmﬂsefimetnhpacedclesokbsbLn@agbggﬁdwaya\ﬁ?ﬁg)surfafes
ave been di e i RLU.S. t .. ) . er. et _al.
(0'S Paeont NS EppRnc@ens Br cReRlbal! afintsld or the SOV Siat;
teach the utipdnticke Onasibheenptbei bgsisr gife nugleronisyipatents hefqmol i shi ng

of dielectricdfitisie ucoPRELhe Kb UG YRS 154Ch as interconnect vias in
integrated circuit structures. Specifical’ly they teach t he introduction

of additives which acce] erate di ssol,uti on of the netal conponent. The
purpose off Ahi&LERNILHEE PERBSCAT: JOFFEGSINS PAI SHOT TAHESS 15
renove the netaladbréomponénthetoi the slwrries wHich? by andisapvesr f ace

b ohl y Qe isor TosTHEr B0 the, suBRREANA- ) W Uneth AHEEEET 2ai i on as
much as possiwith @prasiveaparticlies,Psubstantiallgshigier tpethshingher
i Mpr ovenrent s A0red MgPFhe! 4BAK bYaH.ON il SighlRfddd C/dRId CAROS e
» chemo-mechanical polishing (CMP) is a preferred ' '
technique for polishing of semiconductors and
semiconductor devices, particularly integrated
circuits. Examples of such CMP processes for enhanced
polishing of silicon wafer surfaces have been disclosed
s by Payne in U.S.Patent No. 4,169,337. Beyer et al.
{U.S.Patent No. 4,944,836) and Chow et al. (U.S.Patent
No. 4,702,792) teach the utility of CMP in improvingﬂ
rate selectivity in the polishing of dielectric/metal
composite structures such as interconnect vias in
» integrated circuit structures. Specifically they teach
the introduction of additives which accelerate
dissolution of the metal component. The purpose of
this and other related technigques is to preferentially
remove the metal portion of the circuit so that the
3 resulting surface becomes coplanar. The process is
ordinarily termed planarizatioﬁ.

It is highly desirable to improve the selectivity of

metal planarization as much as possible. Carr et al.

(U.S.Patent No. 4,954,142) teach further improvements
» in CMP planarization of dielectric/metal composite



-3- structures by addition of a chelating agent to the slurry which
‘"is selective for the netal conponent of interest. This results in a
further increase of the corrosion rate of the nmetal phase and increase
selectivity of nmetal versus dielectric phase renoval, maki ng t he

pl anari zati on process nuch nore efficient. A nunber of anions have been
denonstrated to chel ate or conplex with Si4[err] in such a manner as to
accel erate corrosion of silica or sidBcate materials. As 10 descri bed by
Bacon and Raggon [J. Aner. Ceram Soc. | vol . 42, pp. 199- 205, 1959] a
variety of weak acids were shown to accelerate the corrosion of silica
and si | | SHAPHEEPY Rrtditian 98| at rbaleping) agent to Widect was

ascribed to kmmnﬂyIwﬁﬂcuﬁléfﬁéiéeﬁlﬂélﬁaﬁ iﬁeokekﬁiiﬁadbéﬂéﬁﬁqgﬁte base)
to conpl ex t@; 4% r] fg%lon much _t h sane manner as t he

pyr ocat echol - nﬁ?%?%’ésdégcﬁ 58 IRISEFHRASH 2F aFhe (A
Rosenhei m COHEOS%Qﬂnnﬂﬁﬁ < Coacndbal zhaanoa@d uncxtdamen Chem,

vol . 196,,ppséw¥ké@%169N9£ ﬂ@téﬁOW@rQF%oﬁéglﬁg ric ghase gy osive

ani ons descrlb >}:I%;acon and gg ar structures which
ﬂ??é? 6°ByP68§P§§h9PQﬁL@PRﬁrﬁ@ﬁ%&&%@ﬁzene)

were in turn®™
namnel y,

A number of anions have been demonstrated to chelate or
complex with Si4* in such a manner as to accelerate
corrosion of silica or silicate materials. As

1w described by Bacon and Raggon [J. Amer. Ceram. Soc.
vol. 42, pp.199-205, 1959] a variety of weak acids were
shown to accelerate the corrosion of silica and
silicate glasses in neutral solution (pH~7). The
effect was ascribed to the ability of the free anions

s of the acid (conjugate base) to complex the Si%4t cation
in much the same manner as the pyrocatechol~silicate
complexes described by Rosenheinm et al. (A. Rosenhein,
B. Raibmann, G. Schendel; Z. anorg. u. allgem. Chemn.,
vel. 196, pp. 160-76, 1831) as shown below:

=
— =2

s | S10)

‘The corrosive anions described by Bacon and Raggon all
3 had similar structures which were in turn closely
similar to pyrocatechol (1,2-dihydroxybenzene), namely,
all were mono or dicarboxylic acids which had hydroxyl
groups at secondary or tertiary carbon sites which were

31



all were nono or di carboxylic acids which had hydroxyl groups at
secondary or tertiary carbon sites which were

-4- - | ocated at an al pha position with respect to the car boxylic
acid group. An exanple of an active versus an inactive compound i s shown
bel ow. HOOC- CHOH CHOH COOH: Tartaric acid (active) pKaJerr]=3 .02

ver sus HOOC-CH err] -CH err] - COOH: qugjgic acid (inactive) pKa[err]=4.2
The pKa is the logarithm of the association constant Ka for formation of
the free anion, as defined by the reaction: [err] Thus
a | ower pKa |nd|cates a stonger acid. At equi val ent pH a hi gher

conj ugat e baséoggt@shtatatdonagha Posiidlom $bFDt FEFPECT tPriiR art

corrosion ||teé%w>@l@.§%é|§§0&t—bﬁ% thean egomposi w eff ecdsi@é ¢ateghol in
static solution. . Er.nsber ger %J ﬁ Ceram Soc., vol. 42,
pp. 373-5, 19589 %ﬂﬁﬁ?ﬁ%ﬁ\?ﬁmﬁéPBEaﬁé% oyRy Bef9Fine 20 Di amine
Tetraacetic AaoﬁqHEHbH-enmn%COOHprodmm&arlceahadceddnnvemlpmaQ%B.02

soda- | i ne- S|Ibg%g%éﬂass in the pH range 10-14. The enhancenent was
si gni fi cant rates at |east twice as high as wth EDTA alone in the
solution. A HREMHH =TGR rCoRE:f oPNFNPH 2014, (1pgsEive hgpka=the

effect was atphibgied 19 €R8PEEYALI¥hfor the association constant Ka
for formation of the free anion, as defined by the
reaction:

R-coon<-—->R-coo-+Hf.

.. _[RCOO"TH,0"] [RCOO~YH,0*]
Ka= 2 3= 2 s Ka=Ka[H,0O]= .

[RCOOHTH,0]" 201 = co0m]
Thus a lower pKa indicates a stonger acid. At

equivalent pH a higher conjugate base concentration is
found in solution.

10

Prior art corrosion literature also describes the

corrosive effects of catechol in static solution. As

shown by Ernsberger (J. Amer. Ceram. Soc., vol. 42,

pp.373-5, 1859), addition of pyrocatechol to Ethylene
s Diamine Tetraacetic acid (EDTA) solution produces
enhanced corrosion of soda-lime-silicate glass in the
pH range 10-14. The enhancement was significant with
rates at least twice as high as with EDTA alone in the
solution. A maximum effect was found at pH 12.5. Once
again, the effect was attributed to complexation of
free Si4* cation with the catechol.

[

From the abo#e, it is clear that published literature
on the subject indicates that such additives have been

R



free Si4[err] cation wth the catechol. From the above, it is clear
that published literature on the subject indicates that such additives
have -been - 5- shown to be
corrosive to silica or silicates under static exposure. The node of the
corrosion is believed to be the formation of a conplex or chelate with
free Si 4+ cations. Thus, in |like manner to the teaching of U. S. Pat ent
No. 4,954,142, a higher silica renoval +8te during polishing woul d be

expect ed when such additives are present in the polishing solution.
Consequent |y,

thgie t%pes of addi%ives have neveé.be n useg ILn neta

pl anari zat i on, SRR R VS FPRECELY B PPV PRI LGRS OB X FRALERTES PRIBE seriously
degr aded. stifile expogurer armecmﬁdprgﬁeﬁbeeGOGQQSinedSabeQéevedappear
attractive, thgy gsaeésfmisﬁaak gr aghg&&&- or chefaktll wkhy £rlle

et chants iruxw§mg ed jnto prior art 15 slurries are isotrqpic, i.e.
they attack al$1®" GRFI®R®is ofPEfe 4RpikE PREEET togih@ £8a<HANFHQ% | on.
Thus si gni f4 canis i peePOriG i on, 964 ¢ eRgnkashigherCR1icas removal afaiten

| in-i S | h . d
features becoriotd RALEEAIAS roua by BE IRERCANA LBL SHAH SRRITRRTT
ef fect is ternsxedpeesent abu theepoddshingasoldiond offonseguentilatess when

a significant pREseOPyREst 88 88ASEETER havelheded HodtP WL rPindti MOr e
dur abl e conponent. |} Is h %hké undesi_r.abl e, as the object of polishing
e

i s hi _ ,
is to 25 produRtABRERERBIANp| & &PldSd 1158 SelGRtikihy; #as expected

w to be seriously degraded.

While the prior art CMP procedures described above
'appear attractive, they possess significant drawbacks.
Specifically, the etchants incorporated into prior art

s CMP slurries are isotropic, i.e., they attack all
portions of the exposed phase, regardless of position.
Thus significant incorporation of etchants into CMP
slurries often results in increases in surface
roughness and texture when recessed features become

» etched. In the polishing of integrated circuits this
effect is termed dishing and often occurs at the end of
the process when a significant portion of the substrate
surface is composed of the more durable component. It
is highly undesirable, as the cobject of polishing is to

s produce a uniform plane surface free from texture.

It is clear from the above discussion that if the
. polishing rate of the silica phase of a composite
structure could be reduced in a controlled manner,
» selectivity could be significantly improved. This
would allow use of solutions which are less aggressive
to the other (metal) phase, thus permitting efficient



It is clear fromthe above discussion that if the polishing rate of the

"silica phase of a conposite structure could be reduced in a controlled
manner, 30 selectivity could be significantly inproved. This woul d

al l ow use of solutions which are | ess aggressive to the other (netal)
phase, thus permtting efficient -
6 - CMP processing of metal/silica conposites with reduced di shi ng.
Accordingly, it is the object of this inyention to provi de a sol ution
for polishing silicon, silica, silicon-"or silica-containing articles
wherein the polishing rate of the silicon or silica phase is

nodul ated or cuptpodtessipgtot mdtalishléfaspempbsites sddint nedumed

conpl exi ng agﬁgé It is also the object of this invention to provide
an | mprove poT %hlng slurry and polishing nmethod for conposite
articles which results in inproved selectivity during the polishing

process, partwﬂbmiﬂgﬁ fot mBt Qhedbﬁb&&trb& %E&O&lriv%%ﬁl&hﬁlﬁ those
occurri ng

gtegratgﬁ C|rc%|t st gﬁres e and ot her
obj ects of? thBr?ﬁ§ fit R oROWRFECBe 859p° 15 Bgréﬁéﬁﬁ?ﬁ41 *8411ed in the
art after refsitiogntoo20sihichocophiaigimngseriticles ahemedianithes.
polishing rate of the silicon or silica phase is
modulated or controlled by the addition of specific

additive or complexing agents.

It is also the object of this invention to provide an
improved polishing slurry and polishing method for
composite articles which results in improved
selectivity during the polishing process, particularly

s for metal dielectric composites such as those occurring
in integrated circuit structures.

These and other objects of the invention will become
apparent to those skilled in the art after referring to
» the following description and examples.

SUMMARY OF THE IRVENTIOK

The object of this invention has been achieved by

s providing a composition for polishing silicon, silica
or silicon-containing articles, including a composite
of metal and silica, comprising an agueous medium,
abrasive particles, an oxidizing agent and an anion
which suppresses the rate of removal of silica. The

» anion is derived from compounds which contain at least
two acid groups and where the pKa of the first



SUMMARY OF THE | NVENTI ON The object of this invention has been

"achi eved by providing a conposition for polishing silicon, silica

or silicon-containing articles, including a conposite of netal and
silica, conprising an aqueous nedi um abrasive particles, an oxidizing
agent and an ani on whi ch suppresses the rate of renoval of silica. The
30 anion is derived from conpounds which £ontain at | east two acid
groups and where the pKa of the first

-7- di ssociable acid is not substantially larger than the pH of the

pol i shing co ot Q1L sy s £§%%$$ 7. ENTI ON
In the prese%g?%%gg'ﬁb&r? V\%c %‘vjés |°s%o?/%}fr’e' t egli%%gég%ggbi |ety of a
cl ass of comp®in@®§ ‘e RPrieing ¢P@PeeiFEPRng rate of objects whose

surfaces are conposed of silicon and silicates. Incorporation of 10

t hese conpounds into a polighi L urr I nirol of the polishing
rate of said surfaces, thusggﬁfr]"%\;(5§>F‘f‘§°Ny q?nﬁm%vel s of selectivity
when said surface is a conponent of a conposite article, e.g., a

di el ectric/metg] SUMASId e Wiibehes 54 e "RhGe ailBgYREEHES that the

prior art teache ese | sane con%ounds act as accelerants to the
corrosi on of une}peEkedimbslitra®E auflasssolingerpPsuidsc too FRPPrEss.

the polishing rate of objects whose surfaces are
composed of silicon and silicates. Incorporation of

©» these compounds into a polishing slurry allows control
of the polishing rate of said surfaces, thus allowing
unprecedented levels of selectivity when said surface
is a component of a composite article, e.g., a
dielectric/metal composite. What is even more

s unexpected is that the prior art teaches that these
same compounds act as accelerants to the corrosion of
silica and silicate surfaces under static conditions.

As discussed above, the rate-suppressing compounds in

» guestion are those which dissociate in sclution to
produce free anions of a specific class, said anions
are be;ieved to complex or bond to the silicon, silica
or silicate surface via interaction with surface |
hydroxyl groups (Si-OH).

Unexpectedly, we have discovered that the opposite is
true; the introduction of this class of anions into the
polishing composition actually suppresses the removal
of silica during the polishing process. This

» suppression effect is clearly demonstrated in the
examples set forth below. '



As di scussed above, the rate-suppressing.conpounds in guestion are those
“whi ch dissociate in solution to produce free anions of a specific class,
said ani ons are believed to conplex or bond to the silicon, silica or
silicate surface via interaction with surface hydr oxyl groups (Si-OH)
Unexpectedly, we have di scovered that the opposite is true; the
I ntroduction of- this class of anions into the pol i shing conposition
actual ly suppresses the renoval of _sglica during the polishing process.
This 30 suppression effect is clearly denonstrated in the exanpl es set
forth bel ow - 8- Mor e

speci fical |y yaose %%%’1‘@.&4’@ Sa&r—.d L SR Olﬁhé{‘esan.&aéﬁléﬁ@péfséhég
conmpounds nust have t WO characterlstlcs si mul taneously in order to

suppress t he T2%§ GIRRECSSOIS IFMPIURLS BRsS Yﬂéﬁwﬂust have at |east 5
two acid grouﬂ&upm&armsticsrunmnltznemmsywltﬁ crder tefseppressgptraati on

to the silic t o] first
di ssoci abl e ;1%1%(? %Jlfﬁ-%fn%%%e subslfzé&t[']'i aﬁ%oﬂgslc ﬂﬁg%hieégﬁof t he
pol i shi ng scorfRssiagish grpups fpxesent sin |%herat@uq19u§apphe§§| @nnt 0 occur.
Subst anti al | Yeftfledte b TEka HE6N toaﬁhQ ©1 VEh Sot PER1 96aBl) surface/Ci d

def j ned h f t h di bl
roton. Thesd L‘std%osn%u?éie RS S0P SEOLBE aseBBlifg SHIT St
sul foni ¢ and mustpirostpHomi sulgstaptialhy bbaygerethad ther pRybfgtheps are
preferred as Shesg, ME BoRE68 ti0nt PSrLPESL 1 ¥AE E1Y 180 rate

© Suppression to occur. Substantially is herein defined
as 0.5 units (pKa or pH).

Acid species are defined as those functional groups
having a dissociable proton. These include, but are

s not limited to, carboxylate, hydroxyl, sulfonic and
phosphonic groﬁps. Carboxylate and hydroxyl groups are
preferred as these are present in the widest variety of
effective species.

» The pKa of the first dissociable acid is strongly
influenced by structure. It is our finding that a wide
variety of structures are effective, as long as the two
necessary conditions set forth above are met.
Particularly effective are structures which possess two

3 or more carboxylate groups with hydroxyl groups in an
alpha position, such as straight chain mono- and di-
carboxylic acids and salts including, for example,
malic acid and malates, tartaric acid and tartrates and
gluconic acid and gluconates. Also effective are tri-

» and polycarboxylic acids and salts with secondary or
tertiary hydroxyl groups in an alpha position relative
to a carboxylate group such as citric acid and



ef fective species. The pKa of the first dissociable acid is strongly

“influenced by structure. It is our finding that a w de vari ety of
structures are effective, as long as the two necessary conditions set
forth above are net. Particularly effective are structures which possess
t wo or nore carboxylate groups wi th hydroxyl groups in an al pha
position, such as straight chain nono--anhd di- carboxylic acids and
salts including, for exanple, malic acid and nal ates, tartaric acid and
tartrates and gl uconic acid and gluconates. Also effective are tri- 30

and pol ycarboxyl i ¢ acids.and salts w th_ secondar r ectiary_hydroxyl
groups in an c&l%ﬁg:eﬁdsi ltﬁﬁo ree%'ﬁcf%ve 3% §°‘§§?%‘6§§| ﬁ?ggﬁ?‘}%ﬁgs Bch as
citric aci d &®tzene ring such as ortho di- and poly-hydgoxybenzoiitr at es.

Also effecti ue i LRIMAUIESL0N 2 Phifafic aBE8Z8R8 AEPE 84¥§RsAS Ortho di-
and pol y- hydr oxybenzoi c acids and, acid salts Ic_actd and acid

d . . pht hal
salts, py aﬂﬁiﬁﬁﬂ?°%nuﬂ%ﬁ99%},°bal¥?%1éﬁiﬂ°é§daﬁﬁlFé?éét&ﬁdand t anni ¢
acid and sanraimfic abial reasdadmditése Theffeasonepossthe these conpounds

lies in the e | 3 | egt e i i bseryed in.the.
Structures. SotbtdYhness fE SR0sE7CaRBOAAL TILR IR BE WheeiBive
for the conj wjactasaelpealizabhonaebservedcdy bhet sgruothawspKa val ues:

Gallic acid: o] idlcdartizatidR! 16ad8i €0 RKALGH' hedrfe of LRaHANIGACH O:
pKa[ err]=3.02 Citric,acid; pKa[err]=3.1 15"Phthali¢ acid: gggkgag]:Z.QS

for the conjugateée base in solution, as evidenced
© low pKa values:

Gallic acid: pKaj;=4.4
Malic acid: pKaj;=3.4
Tartaric acid: pKa;=3.02
Citric acid: pKa;=3.1

s Phthalic acid: pKaj;=2.95

The pKa limitations set forth in the present invention
are due to the requirement that the free anion or
conjugate base must be present in reasonable

= concentration for the rate suppressing effect to occur.
At pH<<pKa little free anion is present. .At pH=pKa,
the acid is 50% dissociated. At pH>>pKa, essentially
all of the acid is present as the anion. Thus the
dissociation constant must be chosen to reflect the

»s range of pH values normally encountered in polishing. -
Ideally, the pH of the polishing composition should be
equal to or greater than a value equal to the pKa; of
the additive used for silica rate suppression. If the
pKRaj of the additive is substantially greater than the

» composition pH, insufficient free anion is produced in
solution and the suppression effect does not occur.
Thus additives such as tartaric, citric and phthalic



_Thé bKa limtations set forth in the present invention are due to the

requirenent that the free anion or conj ugat e base nust be present in
reasonabl e concentration for the rate suppressing effect to occur.

At pH<<pKa little free anion is present. At pH=pKa, the acid is 50%

di ssoci ated. At pH>>pKa, essentially all of the acid is present as the
ani on. Thus the di ssoci ati on constant_ nust be chosen to reflect the
range of - pH val ues nornal |y encountered #% poli shing. | deal Iy, the pH
of the polishing conposition should be equal to or greater than a val ue
equal to the pKa[err] of the additive used for silica rate suppression.

I'f the p%@h@r%b&ﬁéﬂ'ﬁ%Eﬁhbﬁldebésesﬁééﬁiﬁblébéf Qrﬁﬁtﬁhnbﬂan the 30
conmposi tion pH_ insufficie t free anion_ is_produced ution and the

2
suppr essi on EOFEESER ?xﬁﬁﬁ norma,pl 5889?|§B§°§H@ﬁr 2t taric,
citric and pmdtﬂshing 5111cates (pH~a£1m)(aﬁd<ﬂoﬁldsbeub&é@enﬁé$mtive

H Eh L
ol 1 shihg s, 1t SOREHHE., R b Ut vpBdRechy 3068, IR0 Wt ' "
addition of Pplgcdecsissiyhlatcvety Mghdsalu&moyx P8 ,usaicl as might hi gh
sol ution pH @by MPhe p Qhéﬂﬂﬂg b# b&ewa@e@' R lwcd1d HFe, and

woul d have a nore restricted utll fective amounts of the
conmpound mhl@h“§Gﬁbﬂﬁ§%€%1?¢@§i@t%&%EYof reanaI of silica are usually 0.1
nol ar and greater, up to the solubility of. the conmpound in the

pol i shing CO@W%%cﬂf@E am £§E§eg?e£gguEEmEng%Fwhzch suppresses the
n rate of removal of silica are usually 0.1 molar and
greater, up to the solubility of the compound in the
pelishing composition at the temperature of use.

The abrasive particles in the polishing compositions of

s this invention may be any of those commonly used for
fine polishing such as Si0O;, 2r03, Ce0Oy, Al,05; and
diamond. Typically, the amount of abrasive particles
used in polishing compositions ranges from about 1% to
15% solids by weight in the polishing'composition. Iin

=» the examples which follow the abrasive partlcles used
are submicron particles of alumina {Al303}.

The oxidizing agent in the polishing compositions of
this invention may be any oxidant soluble in the

s agqueous medium provided that the oxidation potential of
the oxidizing agent is greater than the oxidation
potential of the metal in the composite being polished.
Common oxidizing agents are chlorates, perchlorates,
chlorites, nitrates, persulfates and peroxides. In the

» following examples hydrogen peroxide is used as the
oxidizing agent and was found to be effective for
accelerating the rate of removal of tungsten. The



The “abr asi ve particles in the polishing conpositions of 15 this invention

‘may be any of those commonly used for fine polishing such as SiJerr],
ZrQerr], Cederr], Alferr]dJerr] and di anond. Typically, the anount of
abrasive particles used in polishing conpositions ranges from about 1%
to 15% solids by weight in the polishing conposition. In t he
exanpl es which follow the abrasive partigles used are subm cron
particles of alumna (A f[err](err]). The oxi di zing agent in the
pol i shi ng conpositions of this invention may be any oxi dant soluble in
the 25 aqueous nedi um praovi ded that the oxjdation paotential of . t he

oxi di zi ng ag@ftals ¥ [GRAREFENER) 45t Fbﬁ compesideS HOTo MR netal in

t he conposi t e&neeiprd imdlirghetbmposithonsnodx iz Agvegdiion are chl or at es,

per chl or at es, or,j ' es u t er Qxl _In the

30 foll ow ng eeffaerﬁﬁciemse #ﬁ%%%%}%%{(i 8‘§B§%§u§%§e‘ ??“%ﬁg“&' 9{(%8% |ez"_7|'ng agent

and was foundmsb metad Meldfabl withapcther scopg fe the drventdmval of

]g unga;] _enh sThQ)xhidiz:’jng agents nighel senagfaalt h&m &_m&ﬁﬁ{&,_e% Red f?fb%C(Q#ﬁf)OS't tes
or ic e pol i'shing conposSitions o I s . nvention are effective

are tungst en,t&’cet)ﬂ%e‘rgl%ﬁo"gl%ﬁ'ﬁnﬁ?r#gﬁ o FomPOSLtiqhy é?u%\d’tﬂﬂ:fal | within

t he scope of #yEicadigntbenin théxrangengfade’t Ton4P¥. be used in anounts up

to 50% of t he wei ght of the polishing conposition, but nopst typically

be in the range of 10%to 40% Several exanples of conpositions
prepared by t$rveral examples of compositions prepared by the

©w present invention are set forth below in order to
demonstrate and clarify the essential features. They
are not meant to be restrictive in any way.

EXAMPLE 1

Two polishing compositions were prepared as shown
below. The compositions differed only in that the
second composition contained 0.3 Molar potassium
hydrogen phthalate as an additive introduced to

= suppress the polishing rate of Si0O,. Both compositions
were used to polish samples of CVD-deposited tungsten
metal film on Si substrates, and thermally grown SiO,
on Si substrates, using identical conditions on a
Strasbaugh 6DS Polishing Machine. Polishing conditions
s were:
Pressure: 7 psi
Spindle speed: 40 rpm
Platen speed: 50 rpm
Pad type: Rodel IC1000, 38% diam
% Slurry flow: 150 ml/min
Temperature: 230°C



10 present invention are set forth belowin order to denonstrate and
tlarify the essential features. They are not neant to be restrictive in
any way. : EXAMPLE 1 Two pol i shing
conpositions were prepared as shown bel ow. The conpositions differed
only in that the second conposition contained 0.3 Ml ar potassium

hydr ogen phthal ate as an additive i ntrodack to suppress the polishing
rate of SiJerr]. Both conpositions were used to polish sanpl es of
CVD- deposi ted tungsten metal filmon Si substrates, and thermally grown
Siderr] on Si substrates, using identical conditions on a St rasbaugh
6DS Polishing Magiorg+iky ishing conditions 25 were: Pressure: 7 ps
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- 12 - Conpogigoozn Hy0 1000g subm cron alum na slurry (33%

sol i ds) 10 er 2000m 50% H err]err]
pH=5. 6 Polggﬁqﬁirééég%EOWVnetal:436 Angst roms/ mn

Pol i shing rate of SpH=8&.+§ =140 Angstrons/mn
Polishing rate of W metal=436 Angstroms/min
Polishing rate of Si0;=140 Angstroms/min
Selectivity (W/5i05)=3.1:1 '

1w Composition 2
1000g submicron alumina slurry (33% solids)
1000g H,0
2000ml 50% Hy02
221.6g potassium hydrogen phthalate

15 pH=2.9 '
Polishing rate of W metal=1038 Angstroms/min
Polishing rate of SiO»=68 Angstroms/min
Selectivity (W/Si05)=15.3:1

= Addition of the phthalate salt resulted in a
reduction of slurry pH to approximately the pKaj; of
phthalic acid. The lowered pH led to an increase in
the tungsten polishing rate. Phthalate addition
resulted in a reduction of the S§i0O, polishing rate by a

s factor of 2. This resulted in a five-fold improvement
in the selectivity of removal for tungsten relative to
silica, a highly desirable result. In this example,
hydrogen peroxide was introduced into the composition
to accelerate the removal of tungsten. The high degree

» of effectiveness of composition 2 at such low pE is
surprising. This is in direct opposition to the
teaching of U.S.Patent No. 4,956,313 and U.S.Patent No.



Se{ebtivity (WSidJerr])=3.1:1 10 Conposition 2 1000g subm cron

‘alumina slurry (33% solids) 1000g Herr]O 2000m 50%
Herr]Jerr] 221. 6g pot assi um hydrogen phthal ate 15 pH=2. 9
Polishing rate of Wnetal =1038 Angstrons/ mn Pol i shing rate of
Sigerr]=68 Angstronms/mn Sel gc{j' vity (WSiJerr])=15.3:1
Addition of the phthalate salt resulted I'n a reduction of slurry pHto
approximately the pKa[err] of phthalic acid. The lowered pH led to an
i ncrease in the tungsten polishing rate. Phthal ate addition

resulted i Ny gglggdggfgl ORd %ﬂ té;}!e ﬁ&ﬂéﬁ‘r&aeﬁ' jtﬁgl gg Sgil})%@vg%lggct or of 2.

This resulte roveme ect’l renmoval
for tungsteﬁ°¥éFaPFvEHtéb°V3sﬁlﬁ%aQDEathﬁpylagﬁ ﬁﬁﬂﬁ??%%&ﬁ! f¢ﬁ this

exanpl e, tuﬁ&gtéﬁeﬂspekﬁ&iﬁhVE@mb@éleUQﬁﬁs|@d& Pt as [ i gnos  tO

accel erate e renoval of tungsten. The h of eff ct eness of
conposi ti on 1§te§ﬁéﬁaﬁbﬁﬁ§# nts §uP5F%g ssgﬁﬁ39iiyﬁﬂm e

opposi tion ppesbat invemrlimeofit. SpPatest tNothé mﬁ&mdoﬂ S. Pat ent
No. 4,992, 135, both of
whi ch teachn?ﬁeléF%P&§§f§)c c°nn‘§°51teolut|on pH above 6 to obtaln opti nmum

selectivity for tungsten vs. silica renoval. Thus conposition no. 2 of

this exanple represents a preferredggifipdigrent of the 3 present invention
as it applies to the polishing of

) - To more clearly show that the rate inhibition of
silica was not due to incorporation of hydrogen
peroxide, the test of Example 1 was repeated without
peroxide addition where an inactive salt (ammonium
nitrate) was added in equinormal concentration relative

s to the phthalate salt. Wafers and polishing conditions
were identical to those used in Example 1. As shown
below, while tungsten rates were identical, silica
rates were depressed by a factor of ~2 when phthalate
was added to the composition. 1In this example, the pH

x of the phthalate-containing composition is
substantially above pKa;.

Composition 3
1000g submicron alumina slurry (33% solids)
s 3000g H0
177g NH4NO5; (0.6 normal)
pH=7.6
Polishing rate of W metal=71 Angstroms/min
Polishing rate of 8i10,=227 Angstroms/min

Composition 4
1000g submicron alumina slurry (33% solids)



nmetal /di el ectric conposites. EXAMPLE 2

To nore clearly show that the rate inhibition of silica was not due to
i ncor poration of hydrogen peroxi de, the test of Exanple 1 was repeated
wi t hout per oxi de addition where an inactive salt (ammonium nitrate)
was added in equinormal concentration relative to the phthal ate salt.
Waf ers and polishing conditions wer e_ijdeptical to those used in Exanple
1. As shown bel ow, while tungsten rates were identical, silica rat es
were depressed by a factor of ~2 when phthal ate was added to the
conposition. In this exanple the pH of the phthal at e-cont ai ni ng
conposition is ‘il |y above pKaferr]. Conposition 3

0. R g A rpusas UGS, e

Wnet al =71 Angst r orpH=a 46 Pol i shing rate of Si O2=227 Angstrons/nin
30, Composition ghe ishing T%@QO&S#%&QQ?@ HALBRrshEhYn(33% sol i ds)
- - err

s Pollshxng rate of SiO5=119 Angstroms/min

EXAMPLE 3

© In order to demonstrate yet further the effect of
anions of the present invention on the rate of silica
polishing, varying concentrations of potassium hydrogen
phthalate were added to portions of a freshly prepared
1ot of composition no. 1 above. Wafers and polishing

is conditions were again the same as in Examples 1 and 2.
Test results are summarized below:

TABLE 1
» Test 1 T2 3 4
Moles Potassium
hydrogen phthalate 0.00 0.05 0.10 0.20
added
b+
pH 6.0 3.6 3.5 3.3
W polishing rate
angstroms/min 444 978 1164 1164
»
Sioy pollshlng rate
angstroms/min 167 137 83 76
Selectivity 2.7 7.1 12.5 15.3

3 (W/Si03)



221.6g pot assi um hydrogen phthal ate (0. 6nornal) pH=3. 6
"Polishing rate of Wnetal =71 Angstrons/mn 5 Pol i shing rate of
Siderr]=119 Angstronms/ mn EXVAPLE 3

In order to denonstrate yet further the effect of ani ons of the present

I nvention on the rate of silica pollsglng, varyi ng concentrati ons of
pot assi um hydr ogen pht hal ate were added to portions of a freshly

pr epar ed | ot of conposition no. 1 above. Wafers and polishing 15

conditions were again the same as in Exanples 1 and 2. Test results are
sunmari zed bel ow

1 2 B th3tungsten‘Pollsq&ﬂgﬁ;§%ﬁas§$£%pa pﬂ}aFBbBﬁ pht hal at e

0. 00 Ore&e, and0sklectivikyor thklecbmposjption without 6.0
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167 137 Silicggpolishing/gate degreasestgirectly !1%11 7.1

12.5 s15i%cRasiny Prdmildte concentration, while the rate of
tungsten polishing remains relatively constant at
phthalate additions above 0.05 molar. These data are
also in good agreement with the data for the phthalate-
containing composition no.2 of Example 1. These data

» clearly indicate that the effect of compositions of the
present invention is to suppress the polishing rate of
silica with correspondlng improvements in polishing
selectivity relative to a metal phase. 1In this

example, a critical concentration of ~0.1 molar is

¥ reguired for effectiveness. Additions of compounds
above such a critical concentration also represent a
preferred embodiment of this invention. They, of
course, are only useful up to a concentration equal to
their solubility in the composition at the temperature

® of use. For potassium hydrogen ﬁhthalate the
solubility limit is about 0.5 molar at room
temperature.

EXAMPLE 4

A portion of composition 2 of Example 1 above was
prepared and used to polish samples of both sheet
tungsten, sheet SiO; and samples of integrated
circuits. The integrated circuits consisted of a

» device containing interlevel connections (studs) and a
silica dielectric layer covéred with approximately 2000
angstroms of tungsten metal. The composition of the



Bot h tungsten polishing rate, silica polishing rate, and selectivity for

't he conposition without pht hal ate addition agree well wth the data of
Exanpl e 1. Silica polishing rate decreases directly with 5 increasing
pht hal ate concentration, while the rate of tungsten polishing remains
rel atively constant at pht hal at e additi ons above 0.05 nolar. These data
are al so in good agreenent with the g¢ata for the phthal ate-

cont ai ni ng conposition no.2 of Exanple 1. These data 10 clearly indicate
that the effect of conpositions of the present invention is to suppress
t he .polishing rate of silica with correspondi ng i nprovenents in

pO'iShirg shéffefﬁfétb¥wﬁ%| Héﬂtﬂd&ﬁiﬂﬂﬂﬁﬂaﬁﬂﬁﬁﬁiféﬁbdrﬁ? t?e exanpl e, a
Critlca cong ra (0] - require or. e ecll veness.
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course, are gp %¥ uggggk .up to a concentration equal to their solubility
in the conposSitron a Re t enperature of use. For potassi um hydrogen
pht hal at es t hBressurekuBi Pstly |init is about 0.5 nolar at room

tenperature. Carrier speed. 25 rpm EXAMPLE 4 A portion of
conposition 2_of Exanple 1 abové was prepared and used to polish

sanpl es of bBLRteRe8Peed: Z,FR%en, sheet Si 2 and sanpl es of integrated
circuits. Thpaantypeatmtqmuuuuts consisted of a 30 device containing

interlevel ¢ 1ect|ggs SEE&F%} nd. o silica dielectric |ayer covered

W th appr oxi tungsten netal. The conposition of
t he 10 Sheet tungsten wafers showed removal rates of 900

Angstroms/min, while the rate for sheet Sio, was 70
Angstroms/min, giving a selectivity of 12.9:1. This is
close to the selectivity observed using the different
machine conditions of Example 1. Polishing of the

s integrated circuit samples was continued until all
visible traces of metal coverage had disappeared.
Visual observation of metal features after polishing at
50X showed clean lines and studs. No evidence of
dishing was observed. The oxide layer looked very

» smooth, with no evidence of scratches, pits or haze.
Examination at 200X showed sharp lines and smooth metal
surfaces. No damage to the oxide layer was cobserved.
Measurement of surface topology using a Tencor Pl Wafer
Profilometer indicated that the Total Indicated Runout

2 (TIR) of wafers was between 1200 Angstroms and 4000
Angstroms over a 500 um scan length, depending on
location and feature, indicating that the circuit had
been successfully planarized. TIR is the difference
between maximum and minimum surface features over the

» scan length and is a commonly accepted measure of wafer
planarity.




- 16 - sheet wafers was identical to that contained in the
integrated circuit. Al sanples were polished on a St rasbaugh Model 6DS
Pl anari zer using conditions set forth below 5 Pressure: 7 psi

Carrier speed: 25 rpm Pl aten speed: 25 rpm Pad type: |C 1000

Slurry flow. 100 m/mn 10 Sheet tungsten wafer rates
of 900 Angstrons/ mn, while the rate fior sheet Sllmﬂmﬁmmeﬂ““ml
Angstronms/mn, giving a selectivity of 12.9:1. This is ¢ ¢l o%e t0*he
selectivity observed using the different machi ne conditions of Exanple
1. Polishing of the 15 integrated circuit sanples was continued until al

visible traces of nmetal coverage had dilsgmgear ed. Vi sual observation of

netal feature g o] Tple! stHQ§ No
evi dence of . dﬂsﬁémBQ%%gfb sgg%e8°1?%§l§§ gegPﬁgggﬁﬁ%%Egg very snoot h,
with no evi defédige §€Fﬁ§éﬁé§$ pRis aguepise mediumy BhrasiFe at 200X showed

sharp lines apdrﬁﬂaméb rrahabxldlaﬂhf;aeg&ntNanaaaa%ﬂpbddm oxxi de | ayer was
obser ved. asur
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was between 1@bersiysenachsofingadf)eonpongs ororempmmds samtaing mtscan
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maxi mum and nﬁﬁﬁﬁﬁﬁi§9iﬁaé€1ﬁe&§uP@§-&H&SQ§Q¥¥Ri%Xm%?#iﬁﬁﬁ?h%ﬁuF@% a
conmonl y accephledsneheupelebniabe compodidiiam.tl y.
w 2. A composition according to claim 1 where said
compound or compounds which suppress the rate of
removal of silica contain a benzene ring.
3. A composition according to claim 1 where said
compound or compounds which suppress the rate of
s removal of silica are straight chain mono- and di-
carboxylic acids and salts which have secondary
hydroxyl groups in an alpha position relative to the
carboxylate group. .
4. A composition according to claim 1 where said
» compound or compounds which suppress the rate of
removal of silica are tri- or poly-carboxylic acids and
salts which have secondary or tertiary hydroxyl groups
in an alpha position relative to a carboxylate group.
5. A composition according to claim 2 consisting
s essentially of water, abrasive particles, hydrogen
peroxide and potassium hydrogen phthalate, where the
sclution concentration of the phthalate component is at
least 0.1 molar.
6. A composition according to claim 5 consisting
» essentially of, in parts by weight; 3.2 parts water,
0.33 parts abrasive particles, 1.5 parts hydrogen
peroxide and 0.22 parts potassium hydrogen phthalate.




CLT7 - d ai ns 1. A conposition for

polishing a conposite of netal and silica conprising.—an-aqueous nedi um
abr-asi ve particles, an oxidizing agent and a conpound or ounds
whi ch suppress the rate of renpval of silica,

conpound or conpounds contai ns at | east two aC| ere the
pKa of the first di ssoci abl e acid is ot substantlél Iarger than the
pH of the polishing conposition. 2. A conposition according to claim1l
where said conpound or conpounds whi ch suppress the rate of remova

of silica contain a benzene ring. 3. A conposition according to claiml

where said crm@%% IS PN enoval
of silica arg s%r al ght chal 2 nono- % | - %%r b%%l#%ﬁam dnég%fd salts
whi ch have sé@dﬁ!l’alf siligan oA lifd R $H-EFREEDHD SR dhe el ative to
t he car qulﬁnix@f Qitﬁnpos:.tfbn Aacsasm'ﬁmglw ET&£Ds i s tsédai m 1 where

said 20 conmpqun Q u press the rate of r oV
silica are tEHqu‘ tgﬁ olaglg’ogggl |agsc '{'t @612 TRTRPHAY €econdary
or tertiary Mws gr:duq:;s'm, sikica o phiblpocates oinretichveheo a
carboxyl at e GdiiRning comfoEOROS! AEOBr AEAQ! EbNGLA P Ch AL Eog@nSi sting 25

essentially of water, abrasive particles per oxi de and

pot assi um hycﬁ"od‘er?‘?ﬂh?%l%&’ eP°Jvﬂfn‘JPe“‘ﬂ% °°"‘P€%¥-g?r oﬂn%oﬁ‘é‘éﬂ?F%’c‘T‘oﬁfof t he
pht hal ate conyiniemtis silticon, |ebbicd. drneidicates fn whichptletion

nCcor 010, ST g Wshabh o WSSSEALADLLY Slasky POEL R el 00 2.2
per oxi de and P22 mtlsocbo@%smbhshym ogeqompﬁar-at eone component of

which is silicon, silica or silicates in which the
polishing composition according to claim 4 is used.
11. A method of polishing a composite, one component of
which is silicon, silica or silicates in which the

s polishing composition according to claim 5 is used.
12. 2 method of polishing a composite, one component of
which is silicon, silica or silicates in which the
polishing composition according to claim 6 is used.
13. 2 method for polishing an integrated circuit whose

» surface is camﬁ%ised of metal and silica in which a
composition according to claim 1 is used.
14. A method for polishing an integrated circuit whose
surface is comprised of metal and silica in which a
composition according to claim 2 is used.

= 15. A method for polishing an integrated circuit whose
surface is comprised of metal and silica in which a
composition according to claim 3 is used. .
16. A method for polishing an integrated circuit whose
surface is comprised of metal and silica in which a

» composition according to claim 4 is used.



7. A nmet hod of polfshing a conposite, one conponent of which is silicon,

silica or silicates in which the pol i shing conposition according to
claim1 is used. ° 8. A nmethod of polishing a conposite, one conponent of
which is silicon, silica or silicates in which the ir S osition
according to claim?2 is used. 9. A nethod of pollllllmﬁﬂwnﬁm)&ﬂm)e one
conponent of which is silicon, silicagor silicates kn Ixh s he
pol i shing conposition according to claim3 is used. 10 10. A nethod of
pol i shing a conposite, one conponent of which is silicon, silica or

Jioning bo> por W " 020
csed. 1 mehon M LIS LiflBLEon LIgIWBbEY LS |
is silicon, $unfaseodssiqomprised Pivnetal endsshbiraningWBarBo3dition

accordi ng tocﬁin?idﬁiftﬂo% WRfbrding 1€o A1L&Bhhediefugeli shing a conposite,
one conponent_ 0 i Iis . siJicon, siligca or_silicates i.n which the

pol i shi ng comfosi®t i"iﬁﬁgg’é%ro(ﬁ r%dt’oéa'%? nT8 +§t_ﬁg’éﬁ£ed CiFTix %Pﬁ&d for

pol i shi ng san suntfegeatied asimpauisedihot enebal samf asklicacdnpwhdetl af netal and
silica in Whiddhgdhsiei PRSI g HEGOETRIE £O16! @bl 15 used 14. A
met hod for polishing an integrated circult ose surface i s conprised
of netal and 14 i @D idnhegxared cirggipothe| surfecs gtnWhiShcPg&im 2 is
used. 25 IlonfpriatDbf Giet] | 8HdNgidflcantegr #heahCitheUicongdeition

2ecording to B i (L {Eafped sty BATiERAN' RdeRSoi i shing an | ntegrat ed
circuit wwose20. Anrintegratednpircuiitotheesurfane of mbdch ishich a 30
conposi tion FeGRALH Lk (O Ghétd 4ahd 4$8¥ca for which the composition
of claim 2 is used as a polishing agent.
21. An integrated circuit the surface of which is
comprised of metal and silica for which the composition
s of claim 3 is used as a polishing agent.
22. An integrated circuit the surface of which is
comprised of metal and silica for which the composition
of claim 4 is used as a polishing agent.
23. An integrated circuit the surface of which is
» comprised of metal and silica for which the composition
of claim 5 is used as a polishing ageni.
24. An integrated circuit the surface of which is
comprised of metal and silica for which the composition
of claim 6 is used as a polishing agent.




-19-° 17. A method for polishing an integrated circuit whose surface

i s conprised of nmetal and silica in which a conposition according to
claim5 is used 18. A nmethod for polishing an integrated circuit whose
surface is conprised of netal and silica in which a conposi tion
according to claim6 is used. 19. An integrated circuit the surface of
which is conprised of netal and silica for which the conposition of
claim1l1l is used as a polishing agent. _ 2020-  An integrated circuit the
surface of which is conprised of netal and silica for which the
conposi tion of claim2 is used as a polishing agent. 21. An

integrated circuit the surface of whigbstgacr conprised of netal and silica
for which the conmposition 15 of claim3 is used as a polishing agent.

22. An integrated circuit the surface of which is conpri sed of netal
and silica for whi dMPRR¥ERORPURPSITRONS ANDf METHORS AFOR RMESHIVGa pol i shing
agent . 23. An integrated circuit the surface of which is conpri sed

ol 1 shi ng- agenitibrovelly SRRt Cll? W | b 1ebind o A1 Qi BERe cor

conpri sed $Fligangicont@isingcartielemi chnehedivunposeonpesite of wétaln &nd s

used as a gblicd)i ngoAgeiéing an aqibbus medium, abrasive particles, an
oxidizing agent an anion which suppresses the rate of removal of
silica are provided. The anion is derived from a class of compounds
which contain at least two acid groups and where the pKa of the
first dissociable acid is not substantially larger than the pH of
the polishing composition. Methods using the composition to polish
or planarize the surfaces of work pieces, as well as products
produced by such methods, are also provided.



