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scrat ches ebmihemgeacks.at ed in two main ways: - alum nium oxide, which forns
natural |y on theo 4y a@tenéthafichinbhBinital polBhig RATHEAuMMILes bedlufinaim al un ni um

The particles @of this al : er, once abraded, can aggl onerate
t hen scrat gﬁoytlméersﬂxé %h%gggﬂeﬂ{awg}sgﬁ%gn@oﬁleﬁdﬁ’n An abrasive conposition nust

thus be used whrtt Bttagknpmithe subiaeent slligalt PYde dves Aisucales eipfian-uMfi®xi de

and/ or avoi ds tingodggkatgeaidcally ahd & cacte-prdduttive torthexdettrepaimiofl es, - the
particles whi Chpl‘Iiﬁ’é}tha{iéﬁJte t he abrasive conposition can also scratch the
surface of the alumniumif their formand their roughness are badly
control l ed, which favours the colloidal suspensions of silicg,gere than

abr asi ves based on funed silica or alum niumoxide. It was proposed in

EP-A-0 779 655 to use an abrasive conposition conprisin \““T of
fumed silica for polishing alumniumor alum nium all oyj%ﬂ%\mm\‘m



WO A- 971 13889 descri bes a process intended for polishing alum nium copper,
ni ckel or tantalumfilns using an abrasive solution conprising a suspension
of alum nium oxide particles. At a different stage of manufacturing
electronic circuits, very nuch upstream EP-A-0 520 109 desd&rki APR 20809pri mary
pol i shing process for silicon trenches2using a conposition conprised of a
col l oidal solution of silica stabilized by anmmoni um hydr oxi de, a
bactericide of the quaternary anmoni um hydroxide famly, and up to 0.1 % by

wei ght of chl @i deerqiolishitfiguof thepimtéiconnéetinghlingein dvotreathes,fdles ealledt age
pol 1 oni ng. pr ocasogts NEEANy Bbes ik WemanterbyCato GehIBREiges S dhd
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slurry with a-iﬁ&%@é@fm‘] I%qgggﬁégn salt, a base and hydrogen peroxide, in

y vol ume 0

which the ratio slurry to hydrogen peroxide is high,
particul arly dheseitwedrhsnomena acomainly due te @ poormmlishingesfanityqfdbei bes a
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al um ni um al | qheRbalcPatched Baf Hetderithted iHWBIHANSWAysiCe State to be
obt ai ned. A subject of the esent invention ig therefor rocess for
mochani cal  ch@HBEIuPEpide WhICBrTomms Aturally ofmthe SHifase Al SRR S al 1 oy
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i nprovi ng t he obabragacaluptivipet exids rRaticles.asi ve conpositions of the
composi ¢ on. e Parfides Bifieg cone t“'-‘@o“"é‘@b"%s‘?é*"’“ﬁco et il
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not ably have 4% UEGRRQTdBE HURIALT 8 tRg Tean D ISNREERER B8 and
1_1|. _ TheseI i’ibr adhtrelied nwhich favwlrsahebmlbiuaiisu_sqben’simmeaﬁs?ﬁf:a_,rgoleé rtlg?a _
silica coll oi 2 This colloidal solution
of silica wil I%%h{lgésgéégﬁébZ@hghzsj%@\é%%@@ﬁgmﬂggr esin to elimnate the
sodi um pr esentlt, wasepréposest iR HyDafm® rBamtaydse xaniabrasivet compesitioabl e

al kal i ne u i I : idH b i int Mr asi ve
conposi ticgﬂtﬁgg@a%t ig ouss%hor0 ?Jﬁsﬁehgggﬁgcﬁééh%B?%ﬂﬁ&é%r\?iewrﬁgﬁﬂ g’rﬂténl(r)\l)t ai ned

usi ng col@8Y 8Hrfag®s.i ca with individual i zed particles, not linked to each
~ APR 2000 4 quDeA-d7y1388%xrieeribesds peacksiantarieay f6rapoligtang i allmirtlumyet er s

and very SHRPEH c ISP o e ARl i diREoA | AErabiyes seidhg SRIBY o used
accor di nguspensien iofiaeminam oxide partielesve particles are agivant age(())/usl y
STl y polSage BARACRAN, V6 GRS RSRIRE SRS SR et |, o
appr oxi mapstreagokP-A-0 520 109 describes a primary polishing process for silicon
trenches using a composition comprised of a colloidal solution of silica stabilized
by ammonium hydroxide, a bactericide of the quaternary ammonium hydroxide
family, and up to 0.1% by weight of chlorite or sodium hypochlorite.
Af yet another different stage of manufacturing electronic circuits, EP-A-0
853 335 describes a selective polishing process between a silicon oxide layer



The tetraal kyl ammoni um hydroxi de used to stabilize the abrasive
conpositions according to the invention is preferably chosen from

t et ranet hyl anmoni um hydr oxi de, tetraethyl anmoni um hydr oxi de,

t et r apr opyl anmoni um hydr oxi de and nost particularly tetranet rLryl1 éﬁ%m
hydr oxi de. This tetraal kyl anmoni um hydiSoxi de coul d preferably be used at a
concentration conprised between 0.1 %by weight and 1 % by weight relative
to the initial silica and nost particularly at a concentration of

appr oxi nedr@ y sﬂucé%rhuaweragar ubitlgad 'rchﬂilﬁéd slifry dbfairld 5 bbFn%)mr gea 3lrgsi ve

conposi tiaps ust q he |nvent|o re er abl contarn 5%d 10%
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er oxi e rogen er oxl de e oxidlzin agent w
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pr ef er abl oxl de. A preferred conposition above is
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Application is the use of an, abrasive c nposi tion conprising an al kal i ne
aqueous Susper?é} %?FFeE'FnF ﬂ'éI'WPH%PP 8eF 8% 0i dal silica particles not |inked

to each &b berobizinedl oxane bonds, a tetraal kyl anmoni um hydr oxi de and an
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SHica 0 he abRKE cofbastions USed Boeomifdpobeyiaventipn il ingiably
acccr)]r di ngnlalve d bH ocmmrr&ed)lﬁemmrﬁlandhaapr?‘dramrmo Brampl €. of 0 A
mechani ca n

t hi ckness is %&% ?t?rgklv'% éd}ﬁ%%tr'&%cp‘ﬁ'g&% %’tgh :alcg(% %)?airﬂéle #H@g %ség are
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Tagsery
speed 30 rpm - abrasive terrpera ure rasron rate abric
| C 1000 ﬁgﬁrar@ﬁ,&yﬂar@mm| hysirgxjdetq obtain a stable alkaline aqueous suspensron

a subject of the present invention.
Abrasive compositions advantageous for use according to the invention
are obtained using colloidal silica with individualized particles, not linked to each



usi ng an abrasive obtained in exanple 1. , G- ~0- APR 2~ 6 This abrasive

conposition allows the followng results to be obtained: - an al um nium
pol i shing speed of 1700 A/ rm, - an excellent surface state (ng s&ggt @es
observed under the optical mcroscope), - a polishing non-uni 'é’r y2 qual

to 8% COVPARI SON EXAMPLE 1 Exanpl e of 4rechani cal chem cal polishing with
an abrasive identical to that of exanple 1, w thout the addition of

hydr ogen peroxide. Using slices identical to those in exanple 2 and under
t he sane rgli g diniQRS S EOer%% : L g lkal i ne
aqueous Sﬁéﬁeﬁ [ oﬁlb)%?]%cg}org?dgﬁ&sﬁ??cg st abrl @é@"%@a@gg@%@ \%gllq] ﬁ'tgggf

t et r amet RgieRDNILAMKPEE o1Q4BM, tRTeferRRlvabebyealt 36n1Bf anghi Zhnay and heery

fol I ow n@articudilyodf 4B oRFEREHS50 nm. . .
en ON:. . . L e e e e e e e e e e e e e e e e e e e e e e e e e e e e -
surfacer o In 4l the ‘Sompositions Used acesrding 1o the’ invention, te abrasive. | < g

non-uni formt 0 : U ' : t
Coratches on 1pE dBlrafyieifolfint PYetrofdL °ussE PRICLEBIBEIMNE BHrAUPET DS
the use BPMPRBHIOPSocaCEPTHRY nitki rihei nihuerlemeds i riyefarablys rhosgrunifignim

usi ng t hestAARBGGRIMMBRRARSS . REFRAMRISON EXAMrbthyAnkmaARing of APERaRiccal
chem cal polishing with an aprasive conprising an al kal i ne _agueous,
suspensi tsirapropyp %P"’Sir]'mdg%x' BaBl ig‘g}?tbgar%pg%lgyt%rgﬁkhy@mmgglum
(Kl ebosohy@@xieh0 PHN from O ariant Fr ancs SA) and f:_orrpri si ngt 7. 5;%) {oy .
1 exanpl e 3 ARG eERRY bt By AR ot  Pestel T  hEc Db Bl o 2.
and usi ngorgendtfadtiain cemprised betwespéntiooby wfeightl and A% byi weight selative tged by
1. 2% by e @ittal QfiichiEhd a8t FRAICARIR 45 b6Rc&itraldhot Hfolimndtol! P48, by - PH
of the aqueous SUSPENSI ON: . & . . ... . ... D o 11 -
speci f i cweightgelative to the initial silica. . .. ... ... .. ... ... .
------------- The- abrasive - comp8ditidRé Jused™' in4 tRné&fon preferably contain
between 0.5% and 10% by volume of oxidizing agent. This is notably chosen
from chlorates, perchlorates, chlorites, iodates, nitrates, sulphates, persulphates,
peroxides, ozonized water and hydrogen peroxide.

The oxidizing agent will preferably be hydrogen peroxide. A preferred
composition above is characterized in that the quantity of hydrogen peroxide
diluted to 30% present in said abrasive composition is comprised between 0.5%
and 10% by volume relative to the total of said abrasive composition and notably
is approximately 7.5% by volume relative to the total of said abrasive
composition.

The compositions used in the invention have remarkable properties which
justify their use in the polishing of a layer in an aluminium or aluminium alloy
based conducting material, being able to be for example an aluminium-copper
alloy or an aluminium-silicon-copper alloy.

A further subject of the present Application is an abrasive for mechanical
chemical polishing of an aluminium or aluminium alloy conducting maternial used
in the microelectronics semi-conductors industry , characterized in that it contains
an abrasive composition which comprises an alkaline aqueous suspension of
individualized colloidal silica particles not linked to each other by siloxane bonds,

a tetraalkylammonium hydroxide and an oxidizing agent.



7 - average dianeter of the elenental particles of coll oidal

silica:...... .50 nm- concentration by weight in colloidal

silicar.. ... 30% to which 7.5% by qulﬂgﬁﬁi’
hydr ogen peroxide diluted to 30%is added, the follow ng results

obt ai ned: - an al umi ni um pol i shing spe@d of 1600 A/m, - a polishing

non-uniformty equal to 10% However, it generates nunmerous scratches on
the surface of the alum nium This poor surface state forbids the use of
thi s process fRimaliyaka rsuibjett esfctienpoeseny Application nisathenuse wsh &y dbrasive

d I ical.. chenical
ol 1 ohi ngolHERET cotEritha o S ety Sushe 68t RuniET-5R

col | oi dalcolipidat asilica epagiclessmna Hoked ota Gpagh avtherr byic silemneariibridss @by

vol ume Ofteé?%&\kﬂgﬁﬂnmhﬁi(Egarcgdi&é”aﬁé ér?.o?tfb“(zin#’?q&t%f ﬁ?e%Hﬁﬂ?dé‘i 'cﬁ%lniéél those
in exanple 2 a under thé same operating conhditions as those or exanple 2,
usi ng an PoskiNg agualbIN’IR iy §{WRINBM calfayoicerAusting drateriab usesr irttbei stics

of whi ch it dlidstrdriits s¥mmdondudtbrPindubgy aqueous

SUSPeNS| ON: . . i ertéd ‘conditions’ of Using’ the polishiing " processes descrbed absbe’ ' ©

54 m /g -alstvapplygdo theiothierrsubjedtd of tHecinwention pavisagéd abote.col | oi dal
silica:r.......¢ 0 S i.0 i ' ' .

Silica .. ... THEsB5Bs of e TbditonCart be"Ghdhlitdd iRFbY 3btering dp dhe of
hydr ogen examplési@ivin betawt thesaimi of whithdis turexplais ther advantages of Hbe
surface giyddigna! um ni um are generated. This poor surface state thus
forbids the use of the process for making interconnecting tracks in

al um nium by the damascene process. ,~ ~ APR 2D03 8 CLAIM5S 1. A process
for mech@axAaPLeheAb@aksivieddriposiBo®f a | ayer of an al um nium or al um nium
al | oy conducti terial us % in the mcroel ectraonjcs, sem -conductors

i ndustry, sai (j] ouRY nYIHMS Ok dﬁ‘{}ﬂgﬁ% RErPYIde) a@é‘ﬁgl Lo ;@r/gdéda@@?cﬂdoaﬁ

abr asi ve susppesiohi oof whialloidainpsilisas stabiliziedl | by a@ue¥hus byus peighton aff

i ndi vi dugl i i) 4 icle | 4 . t

o1 oxane EEE ARl Ry EReR aRlscPL 208 1 Gl Bef BReh<RSRL 4R

char act echaeatteristidsanf wiieh gre @b feligws:al kal i ne aqueous suspensi on of

i ndi vi dual i ze j il d icles not linked to each her by

si | oxane bondg)ifgf_{fh?o%uf&%g étl‘c%’;fbleiiq§I’<r'§1)?11él''t"ﬁ'é''éi\'/'é'r'éig';'é''('Jli' 'éfr'riét"é'r""ci1"q':1 he, abr asi ve
particles of iSRrificusiaceed - colt-oi-dat - si-l+ca--parti-cles-of -sai @dBfosi ti on
is between 12 aiv@r@qgidih%téﬁbf the dleimenety panticles 8f balidigaldiian. 50 nm _
characterized in t of the colloidal si a abrasive

t.the average di.anefer

particles of %HGB@MEYW@@&&&S 'HSL%[!c%etWeerr'35"n'm'and"5 m 3. A
process accor Amgbtasiveneompositian escdrding @ thehiaventicr iszhds obtaimed. t he
concentration by weight in abrasive particles of said conposition is

conpri sed between 5% and 50% 4. A process according to one of clains 1 to
3, char a&XAMPAE 2. Exampler ofanechaniealohemiealpolishinght i n abrasi ve particles
of said conmpoghp le@th Iptate HieC AIIRINIRR bf AD0BOR &¥idknens 1B dEpYsRed gigor di ng
to one of clai mégb/%o_,& characterized in that the stabilizing agent for

i ndi vi dul@¥&/&f 180014 SHSPN OXd&a particles not linked to each other by

si | oxane bondsTHesslicgisraratthbn ipalisived omDPRES I Eld60tmilishet Withahedoliowing

hydr oxi d tetr | ammoni um hydroxi de. 6. A process according to one
of clai n%oﬁg?'h8§°%@h%(:t erized in that thg gquantity of tetral kyl ammoni um

hydr oxi de i s ceppied psessuseween 0. 10.2%daN/emi ght and 1 % by wei ght rel ative
to the initialg,Shi A proce ording to one of clains 1 to 6,
characterized t}lﬁit{)l?}lé?pteég quanti t)s/®o$ﬁ\tqet ral kyl ammoni um hydr oxi de is

appr oxi mat el y h@agospgedaei ght rel at3&BMo the initial silica.

- abrasive temperature 20°C
- abrasion rate 100 cm®/mn
- fabric IC 1000 furrows from Rodel Products

using an abrasive obtained in example 1.



~~ ~ APR 2003 9 8. A process according to one of clainms 1 to 7,
characterized in.that the oxidizing agent is chosen from chl orates,
perchlorates, chlorites, iodates, nitrates, sul phates, persul pQ t

per oxi des, ozoni zed wat er and hydrogen peroxide. 9. A process’ ?cﬁ%hm to
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- concentration by weight in colloidal silica:................................. 30 %

the following results are obtained:
- an aluminium polishing speed of 1450 A/mn,
- a polishing non-uniformity equal to 15%.

Moreover, this suspension generates numerous scratches on the surface
of the aluminium.

This poor surface state forbids the use of this process for making
interconnecting tracks in aluminium using the damascene process.

COMPARISON EXAMPLE 2

Example of mechanical chemical polishing with an abrasive comprising an
alkaline agueous suspension of colloidal silica stabilized by 1.2% by weight of
NH; (Klebosol® 30 N 50 PHN from Clariant France SA) and comprising 7.5% by
volume of hydrogen peroxide diluted to 30%.

Using slices identical to those in example 2 and under the same operating
conditions as those in example 2, and using an alkaline aqueous suspension of
colloidal silica stabilized by 1.2% by weight of NH3, the characteristics of which
are as follows:

- pH of the agqueous SUSPENSION:....... . ... e, 11
- SPECIfIC SUMACE ... ..o ettt e e 57 m?/g
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- a polishing non-uniformity equal to 10%.
However, it generates numerous scratches on the surface of the
aluminium.
This poor surface state forbids the use of this process for making

interconnecting tracks in aluminium by the damascene process.

COMPARISON EXAMPLE 3

Example of mechanical chemical polishing with an abrasive comprising an
acidic aqueous suspension of colloidal silica (Klebosol® 30 H 50 from Clariant
France SA) and 7.5% by volume of hydrogen peroxide diluted to 30%.

Using slices identical to those in example 2 and under the same operating
conditions as those of example 2, using an acidic aqueous suspension of
colloidal silica, the characteristics of which are the following:

- pH of the aqueous SUSPENSION:..........covviveiii i, 2.2

- SPECIIC SUMACE: ... ...ttt et e et ee e 54 m?/g
- average diameter of the elemental particles of colloidal silica.......... 50 nm
- concentration by weight in colloidal silica:.....................ooiein 30%

to which 7.5% by volume of hydrogen peroxide diluted to 30% is added,
numerous scratches on the surface of the aluminium are generated.

This poor surface state thus forbids the use of the process for making
interconnecting tracks in aluminium by the damascene process.
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semi-conductors industry, said aluminium or aluminium alloy layer is abraded
using an abrasive composition which comprises an alkaline aqueous
suspension of individualized colloidal silica particles not linked to each other by
siloxane bonds, a tetraalkylammonium hydroxide and an oxidizing agent,
characterized in that the pH of said alkaline aqueous suspension of
individualized colioidal silica particles not linked to each other by siloxane
bonds is from 10.5 to 11 and the average diameter of the abrasive particles
of individualized colloidal silica particles of said composition is between 12
nm and 100 nm.

2. A process according to claim 1, characterized in that the average
diameter of the colloidal silica abrasive particles of said composition s
comprised between 35 nm and 50 nm.

3. A process according to one of claims 1 to 2, characterized in that the
concentration by weight in abrasive particles of said composition is comprised
between 5% and 50%.

4, A process according to one of claims 1 to 3, characterized in that the
concentration by weight in abrasive particles of said composition is comprised
between 25 and 35%.

5. A process according to one of claims 1 to 4, characterized in that the
stabilizing agent for individualized colloidal silica particles not linked to each other
by siloxane bonds is tetramethylammonium hydroxide, tetraethylammonium
hydroxide or tetrapropylammonium hydroxide.

6. A process according to one of claims 1 to 5, characterized in that the
quantity of tetralkylammonium hydroxide is comprised between 0.1% by weight
and 1% by weight relative to the initial silica.

7. A process according to one of claims 1 to 6, characterized in that the
quantity of tetralkylammonium hydroxide is approximately 0.4% by weight relative
to the initial silica.
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the oxidizing agent is hydrogen peroxide.

10. A process according to claim 9, characterized in that the quantity of
hydrogen peroxide diluted to 30% in said abrasive composition is comprised
between 0.5% and 10% by volume relative to the total of said abrasive
composition.

11. A process according to one of claims 9 and 10, characterized in that
the quantity of hydrogen peroxide diluted to 30% in said abrasive composition is
approximately 7.5% by volume relative to the total of said abrasive composition.

12. An abrasive for mechanical chemical polishing of an aluminium or
aluminium alloy conducting material used in the microelectronics semiconductors
industry, characterized in that it contains an abrasive composition which
comprises an alkaline aqueous suspension of individualized colloidal silica
particles not linked to each other by siloxane bonds, a tetraalkylammonium
hydroxide and an oxidizing agent.

13. Use of an abrasive composition comprising an alkaline aqueous
suspension of individualized colloidal silica particles not linked to each other by
siloxane bonds, a tetraalkylammonium hydroxide and an oxidizing agent, for
mechanical chemical polishing of an aluminium or aluminium alloy conducting
material used in the microelectronics semi-conductors industry.



