2009P00029DE/Ki Polishing pad and method for polishing a semiconductor wafer  The invention
relates to a polishing pad and to a 5 method for polishing a semiconductor wafer. The semiconductor
wafer to be polished is usually a silicon wafer or a substrate having layer structures derived from
silicon (e.g. silicon2§&FBaRRAFPEEE 10 silicon wafers are used in particular for producing
semiconductor components such as memory chips (DRAM), microprocessors, sensors, light emitting
diodes and many nmkidhikie sadusemaenisodd € of gichhsivafersfosdalitoativgtwparticular
memory chips and microprocessors are becoming,nere and more stringent. This concerns firstly the
crystal properties themselves (e.g. with regard to the defect densities, internal getters for trapping 20
metallic impurities), but in particular also the geometry and the flatness of the wafer. A silicon wafer
having two perfectRrplarieyeraliersides] ekesllehoflatneds #i paiiculapoh tiRECsideof the silicon wafer

on which componerisiare tedie falricaiey andsems 2brstutacerronghness would be desirable. It would
furthermore be desirable to be able to utilize the entire area of the component side, which is currently
not possible on account of a decrease in thickness at the edge of the wafer andgﬁor geometry in the

edge 30 region. It KRNoWH HERECSHve HAGRA niéth&Fs BPpof&ifg S8micoittictor fvafers are
responsible for this ebigecroll-o#t These includefrsHyp doublewside poksieing structures

derived from silicon ({e.g. silicon-germanium). Said

10 silicon wafers are used in particular for producing
semiconductor compeonents such as memory chips (DRAM},

- microprocessors, sensors, light emitting diodes and

many more.

15 The requirements made of silicon wafers for fabricating
in particular memory chips and microprocessors are
beconming more and more stringent. This concerns firstly
the crystal properties themselives (e.g. with regard to
the defect densities, internal getters for trapping

20 metallic impurities), but in particular alsc the
geometry and the flatness of the wafer. A silicon wafer
having two perfectly plane-parallel sides, excellent
flatness in particular on that side of tﬁe silicon
wafer on which compoﬁents are to be fabricated, and low

25 surface roughness would be desirable. It would
furthermore be desirable to be able to utilize the
entire area oflthe compenent side, which is currently
not possible on account of a decrease in thickness at
the edge of the wafer and poor gecmetry in the edge

30 region.

It is known that the conventional methods for polishing
semiconductor wafers are responsible for this edge
roll-off. These include firstly double-side polishing
35  (D8SP), which provides for simultaneocusly polishing both

sides of a semiconductor wafer by means of a polishing



35 (DSP), which provides for simultaneously. polishing both sides of a semiconductor wafer by means
of a polishing 2009P00029DE/KIi- 2 - pad with the supply of a polishing slurry as removal polishing,
and chemical mechanical polishing (CMP), which, by contrast, comprises a final polishing only of the
front side ("compouaentsidetrysingra softer polishing pad as so-called haze-free polishing (“finishing”)..
In both these polishing processes, the abrasives are supplied in the form of a polishing agent slurry. 10

Whatisrelatively neyy inthg pplishing ef;sgmjcanductop,yafers; hut Q@éﬁlﬂpagg begnknown and well
understood for a fairl)i Ionqtime in tr&e c%pepqn%gts industry,.is So-called ™"fixed abrasive polishing"
(FAP) technology, Y Which fi%é seRficonductor- 5 walEF e hofiéhed Bita Folisfing B4k ontaining an
abrasive substanc¥betitledin thergselisHing paabCired-abradivepadr}i shimpokstingstep in which
such an FAP polishing pad:20 ussskis refersegdadrereinaftes for sheras FAP siep: &n essential

difference frony DSR andGMP is fheyfact hat the, polishing pad compises no aliragives,in DSP and
CMP. 25 The Germgg Patent I,j?r%gplication DE 102 007 035 266 Al describes a method for polishing a
a

( teriat "conTprising §66 pBiehifg EpLEPEAT five, Which differ in

substrate composed ot itiedh
that, in one polishiA§SEP VS BF6listing dageht Sturkp eoAtdiningtnen bohtisdalyrasiva aterial as a
solid material is insadueed between the substrate and the polishing pad, while in the second polishing
step the polishing agent slurry is replaced by a polishing agent solution that is free of solid 35

materials. i . ) _ .
1¢ What is relatively new in the polishing of

semiconductor wafers, but has already been known and
well understecod for a fairly long time in the
components  industry, i  so-called "fixed abrasive
pelishing™ (FAP) technology, in which the semiconductor
1% wafer is polished on a peolishing pad containing an
abrasive substance bonded in the polishing pad ("fixed-

abrasive pad").

A polishing step in which such an FAP polishing pad is

20  used is referred to hereinafter for short as FAP step.

An essential difference from DSP and CMP is the fact
that the pclishing pad comprises no abrasives in DSP
and CMP.

25
The German Patent Application DE 102 007 035 266 Al
describes a -method for polishing a substrate composed
of silicon material, comprising twe polishing steps of
FAP type, which differ in that, in one polishing step,

30 & polishing agent slurry containing non-bonded abrasive
material as a sclid material is dintroduced between the
substrate and the polishing pad, while in the second
polishing step the polishing agent slurry is replaced
by a polishing agent solution that is free of solid

35 materials.



- 3 - As already mentioned above, semiconductor wafers polished in accordance with the prior art
exhibit an undesirable decrease in their thickness in the edge region (edge roll-off). The edge
geometry is usually quantified by specifying one or more edge roll-off parameters which usually relate
to the total thickness of a silicon wafer or to the edge geometry of its front and/or rear side and which
can be used to characterize the customarily observed decrease in the thickness of the silicon wafer in
its edge region or the flatness of front and/or rear side of the silicon wafer likewise in its edge region. A

method for measying the, edgg rolfafhof siican walers is deserihed i Jan, J. AppkBys. Vol. 38

(1999), pp. 38-39. Alcic,ordin to an a?(pect of the invention, there is provided a method for polishing a
semiconductor water: WikiSintTh & FrSESBB fhe oA sidofthe YerfitonGitoPwatéfs polished by

means of a polishirefssd seinpasingeieehssondad abigsives havialzegain size 6f%:1-1.0 m, and
with the supply ofegpelishingi agent salitionayhich £ free of solid materials and which has a pH value
of at least 11.8, and wherein the polishing agent in the first step is an aqueous solution of the

compounds sodiu calr@tg)nate Na2CO3), otassil,&rg‘farbonate K2003), sodium_hydroxide (NaOH),

)
potassium hydroxic H, %f%ﬁ%ﬁﬁ?ﬁ drBsi HASR Ctetraiie Ay IR Fohtim 1 droxide
(TMAH) or any dexied @dixtliriscth@@ot, Bal bl in dszesd step, ifebnt sitmoflthe
semiconductor wafeLig polishethavhereil atpolishirg agent bavwingiaphl walpeofdessthan 11.8 is

supplied. The invepiar Qag&g%@gpa&w%p@w g}gdr;e& side. of tggégnéiﬁanductor wafer

using a polishing pad comiprising fixedly honded abrasives and also_an abrasive-free polishing agent

having a pH of gré&teT thantot effialts 3.8t the By OHSSH 6Fthé Bfickned5 Bete: S€miconductor
wafer that is obsePpegiedndentisaarpaistihg ndtderdseohotbecsar L2009PO80ZODE/KI- 4 -
rather the semicongucter wates palished iBihiwayeveiebas an ineteasaimiha-thielkness at the edge.

It has been foundghat the: pi yalue of the nplishing,agentisdhe.erycial arijeriondg this regard. 5 By
means of a subsequentgér)ocess of&%&;hmg the front side usm%a polishing agerit that has to have a

pH value of less thal%1. ,C?anf8ﬁts siiaie] agegé%n‘?é%%ﬁoﬁﬂ Setnitofductor wafdt can be
produced irrespettieet® ofwhéethefr tHeopdlishingpad cohtaifiBixedl§chded @brasifes or whether it
is free of abrasives{ke¢onyamtional-GMP polishing pads).

According to an aspect of the invention, there is
provided a method for polishing a semiconductor wafer,
wherein, 1in a first step, the rear side of the
gemiconductor wafer iz polished Dby means of a
polishing pad comprising fixedly bonded abrasives
having a grain size of 0.1-1.0 um, and with the supply
of a polishing agent solution which is free of sgolid
materials and which has a pH value of at least 11.8,
and wherein the polishing agent in the first step
is an agqueous soclution of the compounds sodium
carbonate (Na,C0,;), potassium carbonate (K,CO;),

sodium  hydroxide (NaCH) , potassium hydroxide
{KOH) , ammonium hydroxide (NH,0H) ,
tetramethylammonium  hydroxide (TMAH) or any

degsired mixtures thereof,



This is due to the fact that FAP methods using 15 polishing agents having a pH of less than 11.8, in a
similar manner to conventional CMP polishing methods (which are largely independent of the pH value
of the polishing agent), tend toward producing an edge roll-off. 20 Since, however, an increase was
previously produced at the edge during the polishing of the rear side, the polishing of the front side
results in a compensation of these two effects. 25 This results in a semiconductor wafer having no
edge roll-off of its thickness whatsoever. A long-standing need is thus satisfied, especially 30 since
precisely the edge roll-off and the poor geometry in the edge region of the wafer were responsible for

the fact that rather tgan the whole wafer reaStonEI)/ a vggfeer ea minus ad%pe(gtﬁic eggg exclusion (2-3

mm) was able to be Utilizad fo?thesr?r%%ction 0 c’omponents.rxrgS hﬁ:’é’e incréase in productivity can
be expected as agesuilt of:thiscinventiomadinee, by meansdfithbed, wherein a

poliishing agent having a pH value of lessg than 11.8 is

supplied.

The inventor has recognized that when polisghing the
rear side of the semiconductor wafer using a polishing
pad comprising fixedly bonded abrasives and also an
abrasive-free polishing agent having a pH of greater
than cr egqual to 11.8, the edge roll-cff of the
thickness of the semiconductor wafer that is
cbgerved in conventional peolishing methods does not
oceur,



2009P00029DE/Ki- 5 invention, the edge exclusion is reduced practically to zero and a semiconductor
wafer in which the entire wafer area can be utilized is actually made accessible for the first time. 5 The
invention was not suggested by the prior art. Although it was known from DE 102 007 035 266 Al to
employ FAP using yiishing agenixin the alkaline range-of pH 10-12, the method claimed therein
necessarily 10 provides two FAP polishing processes, one with and one without polishing agent

containing abrasivesa.one aod tisseaieside,of the semiganduiciorwaier. Thecopination of an
FAP polishing process on the rear side and a second FAP, or CMP polishing process 'OR the 15 front

side of the semicoRductor Waféris n%ﬁﬁ&%sé‘& NiBFedvet CHERRES n6itreEBGniz 88N thE prior art that
at a pH of greater tdh BEeQuar ¢l Baseld@ivdinfeaetal removal resiitsbindgrtagsafdess material

20 being removed is tha<€dgeasregion of the:semiconducier wakerdhan e.g. in the center of the
semiconductogwafer There is also no reason to carry out investigations in this regard since the
person skilled in the art previously assumed that the pH value both in 25 the case of FAP and in the

case of CMP couldRoTRaNe Siicha SBREG B S BLf Fathef dhehtitaiveupperésamplifies the
mechanical removal 8y the Abeasive s bohdednia thapotishing padésthecase ot FAP @ihd chemically
supports or amplifiesithe reechanieal traioval 39 byame@biaggéedma{ger@@go@@gg@qg@the polishing

agent in the case o:CMP, and this chemical support %%a@%)h ication, ta(tl;(es rplace unlformly over the

entire wafer area. 009P00029DE/K| 6 - allows su a sele Ve remové] IS suTprising. The fact that

FAP technolgay Sl B Shitble 5t pRacticaiy FoniigteRPaifiating %ﬁ@@d@egﬁﬂ%ﬁthat otherwise

always occurs in abgelishing methodbsvdsby ad mbansree of abrasives (like
conventional CMP polishing pads).

This is due to the fact that FAP methods using
15 polishing agents having a pH of less than 11.8, in a
similar manner to conventional CMP polishing methods
(which are largely independent of the pH value of the
polishing agent), tend toward producing an edge roll-

off,
20 _
Since, however, an increase was previously produced at
the edge during the polishing of  the rear side, the
pelishing of the front side results in a compensation
 of these two effects.
25

This results in a semiconductor wafer having no edge

roll-off of its thickness whatsoever,

A long-standing need is thus satisfied, especially
30 since precisely the edge roll-off and the poor geometry
in the edge region of the wafer were responsible for
the fact that rather than the whole wafer area, only a
wafer area minus a specific edge exclusion (2-3 mm) was
able to be utilized for the production of compenents. A
35 huge increase in productivity can be expected as a

resuit of this invention, since, by means of the



5 foreseeable. Those skilled in the art previously assumed that it is necessary to keep the material
removals in any polishing methods as small as possible and to attempt, by means of concave or
convex polishing of the semiconductor wafer, to restrict the edge roll- 10 off as far as possible to the
outermost edge regidrd FACcEEMg§ithe edge roll-off th polished wafers was accepted as given. 15 In
subsequent epitaxy steps, attempts were made in the prior art to compensate for said edge roll-off in

pretreatment steps iy the: epitaxy rRacgEOthenaitampts to remavedhe poor geometrydn the edge 20
region by edge griggiﬂg do rcliot congtituteoanagié%glre sggjgion, %sfpe%iﬁlllgbsin%% the d%ma%e produced at

the edge in the process, (fl?rlng an(?ﬁhlgc, constitutes a wﬁﬁally intracta qe pro%le?ﬁ fhat is to say that

the edge grinding Wthd irfaR§ ev8Rt Raveltd béMfowed Hy2s ahvedfsiBoRsHif§ Protess. Although
this would be suitafite fahrermoving thienedge roll-off after DSP, an edge roll-off would be established
again after a lgter CMP step, such that this hardly proves to be economic either. 30 Thus, the method
claimed here cons%jl;[lutes_th‘(; %r,él%cpossibility for_providin %é‘igeléﬁolisged wafer (after CM? or FRP of

the front side) without such an & g% rOI-off &Cr)écctl)? AHeF e poli ingJ;E of thBFSht 355ide and without

any additional medsiif&e92009P00TFODENRKY - 1 e cdurs8ofiRé ptaduefiénibeédming ever
more important - ofuyefeys havingsoutstardibgigeometrca] anthnahetopbleditakpropertes -
specifically in the gentest ofithe; 22 nr desiga sylesrequisements tageoiding.lo- LR S.= ilsr,aternational
TeChnkaD/§8adgg%%{gggegggo@%gj%g&kéIy%g processes, one with and one

without polishing agent conteining abrasives, on one

and the same side of the semiconductor wafer. The

combination of &n FAP polishing process on the rear

side and a second FAP or CMP pclishing process on the

15 front side of the semiconductor wafer is not disclosed.

Moreover, it was not recognized in the prior art that
at a pH of greater than or equal to 11.8 a selective
material removal results by virtue of less material
20 being removed in the edge region of the semiconduétor
wafer than e.g. in the center of the semiconductor
wafer. There i1s also no reason to carry out
investigations in this regard since the person skilled
in the art previously assumed that the pH valus both in
25 the case of FAP and in the cases of CMP could not have
such a selective effect, but rather chsmically supports
or amplifies the mechanical removal by the abrasives
bonded in the polishing pad in the case of FAP and
chemically supports or amplifies the mechanical removal
30 by the abrasive materials contained in the polishing
agent in the case of CMP, and this chemical support or
ampiification takes place unifermly over the entire

wafer aresa.

35 The fact that this turns out to be gquite different in
the case of FAP and the pH value of the polishing agent



progressiveenlargementof (transition from 300 nm to develop polishing methods that meet these
requirements. 10 Especially in the context of obtaining the requisite geometry, here primarily the wafer
edge geometry and the nanotopology, it had already been apparent for a fairly long time that a
material-removing ZoiRedtiohaba skchemical mechaniéatpolishing (CMP) would no longer be able, in
terms of process engineering, to meet these requirements, in particular with regard to the edge wafer

and, or allows such a selective remeoval is surprising. The fact
that FAP technology could be suitable for practically

completely eliminating the edge roll-off that otherwise

always occurs in all polishing methods was by no means

5 foreseeable. Those skilled in the art previously

assumed that it is necessary to keep the material

removals in any polishing methods as small as possible

and to attempt, by means of concave or convex polishing

of the semiconductor wafer, to restrict the edge roll-

10 off as far as possible to the outermost edge region.

Accordingly, the edge roll-off in polished wafers was

accepted as given.

15 In subseguent epitaxy steps, attempits were made in the
prior art to compensate for saild edge zroll-off in

pretreatment steps in the epltaxy reactor.

Other attempts to remove the pecor geometry in the edge

20 region by edge grinding do not constitute a suitable
solution, especially since the damage produced at the
edge in the process, during handling, constitutes a
virtually intractable preblem, that is to say that the
edge grinding would in any event have to e followed by

25 an edge polishing process. Although this would be
suitable for removing the edge roll-off after DSP, an
edge roll-off would be established again after a later
CMP step, such that this hardly proves to be ecoromic
either,

3¢
Thus, the method claimed here constitutes the only
possibility for providing a finely polished wafer
{after CMP or FAP of the front side) without such an
edge rell-off directly after the polishing of the front

35 side and without any additional measures.



associated 20 semiconductor wafer that can be utilized with regard to the required geometry
properties (the person skilled in the art also uses the term "fixed quality area™). The polishing process
according to the invention using 25 a polishing pad comprises fixedly bonded abrasives in the claimed
range of pH value% P EZREE BGE&lther in the context bfa single-side polishing of only the rear side or
in a simultaneous double-side polishing process. 30 During the method, the pH value can be varied or
can be set to a constantvalwe;dependingbr the mitiatgeometrpetthel semicoaduaioravafer to be

polished. 2009P0SRRIDEIK- a.- compyjsifgixedlyhanded. ahrasives, js gsnegially preferred. In this

case, the two polishljgg p_rocetsseslthat isto5 saé the rear side Eolis,hin and the front side polishing,
can be coordinated With 6e Snother STah that Targetedinflue fERG of tha-wafer-JeorR&try and wafer
nanotopology, espetidifiFin theafet@tige feyibi, cafEtsd perforivdd. 10 Forthizeparsase, according
to the inventioh, tharearsidedasdo BiErpolishétrusing & diffesentiaikdhedie shamtheifropt side. 15

Thus, by superposing thestwe polishing,profiles (frontsigle apd.tear §'@(§gri@ pagticulan.a very specific
resultant edge profile, can be produced and the edge foll-off can ideally be redyced to zero.
(transition from 300 nm to 450 nm}, it was important to
develop polishing methods that meet these regquirements.

10 _
Especially in the context of obtaining the reguisite
geometry, here primarily the wafer edge geometry and
the nanotopology, it had already been apparent for a
fairly long time that a material-removing conventional

15 chemical mechanical pelishing (CMP) would no longer be
able, in terms of process engineering, to mest +these
requirements, in particular with regard to the edge
roll-off of the semiconductor wafer and, associated
herewith, the edge exclusion or the area on the

20 semiconductor wafer that can be utilized with regard to
the required geometry properties {(the person skilled in

the art also uses the term "fixed quality area™).

The polishing process according to the invention using
25 a polishing pad comprises fixedly bonded abrasives in
the claimed range of pH values is carried out either in
the context of a single-side polishing of oniy the rear
gide or in a simultanecus double-side polishing
process.
30
During the method, the pH value can be varied or can be
set to a constant wvalue, depending on the initial

geometry of the semiconductor wafer to be polished.

35 A two-stage FAP, embodied as seguential polishing of

the rear and front sides, by means of a polishing pad



20 The variation of the pH value is thus used according to the invention for changing the thickness
profile at the outer wafer edge. By contrast, the diverse chemical mechanical polishing 25 methods,
irrespective of the way in which the method is carried out (double-side polishing, single-side polishing,
removal or haze-fré@5GIRHiRGP B8 carried out using® fixed pH value. Targeted influencing of the
geometry in the edge region of the semiconductor wafer 30 is thus precluded. The method according
to the invention aftorals atvantagesi kepasticibantixdhe gotishingef sertucordyetot siafers of the new
technology generatian:3s haying a diameter of 450 mm, especially since the problems of the geometry
in the edge region with the 2009P00029DE/Ki- 9 - use of conventional polishing methods are

- accentuated in the case of such large diameters. The pH-controlled polishing, as claimed in the
method according 48 thé#fveffidh; elifatds tiRese froBieme B FheswRthdd agcdrdink o the invention.
leads to an improvergenttinghe geometsy i theooLieradge regian ofiibe semiaandudios wafer, in

particular in a rangg, of adigtance of less than, o5 gaual to 10 mm.particllarly 10 preferably in the

range(ﬁleSSthanéﬁé%qu%Lg%g{gg] influencing of the wafer geomestry and

wafer nanotopology, especially in. the wafer edge
_ region, can be performed.
16
For this purpose, according to the invention, the rear
side has to be polished using a different pH wvalue than

the front side.

15 Thus, by superposing the two polishing profiles (front
side and rear side), in particular a wery specific
resultant edge profile can be produced and the edge

roll-off can ideally be reduced to zero.

20 The variation of the pH value is thus used according to-
the invention for changing the thickness profile at the

outer wafer edge.

By contrast, the diverse chemical mechanical polishing
25 methods, irrespective of the way in which the method is
carried out {double-zide polishing, single-side
polishing, removal or haze-free polishing), are carried
out using a fixed pH wvalue. Targeted influencing of the
geometry in the edge region of the semiconductor wafer

30  is thus precluded.

The method according to the invention affords
advantages in particular for the polishing of
semiconductor wafers cof the new technology generation
35 having a diameter coi 450 mm, especially since the

problems of the gecmetry in the edge region with the



with respect to the edge of the semiconductor wafer. The polishing agent solution during the polishing
of the rear side of the semiconductor wafer preferably 15 comprises compounds such as sodium
carbonate (Na2CO3), potassium carbonate (K2CO3), sodium hydroxide (NaOH), potassium hydroxide

(KOH), ammoniun» hydeaxide {MJ4QH)r tetramethylagnmonium hydroxide (TMAH) or any desired
mixtures thereof. 20 The proportion of the stated compounds in the polishing agent solution is

preferably 0.01 to 1036 y: weight. particularl B&‘?JQH%‘?J% from 0.Q4 10.9.6%, by weighL 2p The use of

potassium carbonate is especially preferred. The pH value of the polishing agent solution is at least

11.8. 30 The polishfhg-@§erfi&Butin E37 furtiéfhort ESRERT Sne TH s Rt dddtves, for
example surface-artivesadditivesasuchlas mestting adgerits antisuifastantsdérabilizerstdsting as

protective colloids; preservatives.ibiacides aleahals a3dsommplexing 35 agents. 2009P00029DE/Ki-
10 - In the method according to the invention, a polishing pad containing an abrasive material bonded
in the polishing pad (FAP or FA pad) is used during the polishing of the rear side. 5 Suitable abrasive

materials comprise 15r X&RE pAtERESRExidss of e el 8BriuntaSBimiraim2Silicon,
zirconium and partislescohsmcmateridls sishras siticon ¢arbide: froroadutideandrdiamond.

the semiconductor wafer, in particular in & range of a
distance of less than or egual to 10 mm, particularly
10 preferably in the range of less than or equal to 5 mm

with respect to the edge of the semiconductor wafer,

The pelishing agent solution during the polishing of
the rear side of the semiconductor wafer preferably
15 comprises compounds such as sodium carbonate (NazCOz),
potassium carbonate (K03}, sodiuvm hydroxide (NaOH),
potassium hydroxide (XKOH), ammonium hydroxide {NH,0H),
tetramethylammoniitm hydroxide (TMARH} or any desired
mixtures thereof.
20
The propertion of the stated compounds in the pollshing
agent solution is preferably 0.01 to 10% by weight,
particularly preferably from 0.01 to 0.2% by weight.

25 The use of potassium carbonate 1s especially preferred.

The pH wvalue of the pelishing agent solution is at
least 11.8. '

3¢ The polishing agent solution can furthermore contain
one or more further additives, for example surface-
active additives such as wetting agents and
surfactants, stabilizers acting as protective colloids,
preservatives, biocides, alcohols and complexing

3% agents,.



10 Particularly suitable polishing pads have a surface topography shaped by replicated
microstructures. These microstructures ("posts") have for example the form of columns having a
cylindrical or polygonal cross section 15 or the form of pyramids or truncated pyramids. More detailed
descriptions of suct pBRSKiHYIPEIE are contained foriéxample in WO 92/13680 Al and US
2005/227590 Al. 20 The use of cerium oxide particles bonded in the polishing pad is particularly
preferred, cf. also [566R21%éEA0A5 ddwaveragetpartitle sizerehtheabrasivesigamainged in the FAP

polishing pad is Drsé%fab&&la-ﬂnqrpgn' particulady preferably Q.1:9.6 pm, and especiglly preferably
0.1-0.25 pm. 30 Aﬁ)olishin%lgad havinr?ga multilayered construction is particularly suitable for carrying

out the method. ORS ofthe12yePE 8t tHE Polishing Had R mpliiint i fifis ¢&Se “fhe P4Y height can
thus be adapted anReXoHbhrcomtinddgs famsitior: The compliant layer is 35 preferably a non-woven
layer. A layer gomposed of 2009P00029DE/Ki- 11 - polyester fibers impregnated with polyurethane is

particularly suitabIgu(é_'@le\g(_)veég):agl%go.nmg@gkl_]aé/fg preég;&@x é:grre%gnds%ga}gbelg bottom-most

layer of the polishing pad. Situated above it is preferably a foam layer composed of polyurethane, for

1 1

example, which is¥Xed 6fthe BOmpTiaRERySF by Hieahs B SdirESvEtay &t SATEd above the PU
foam is a layer cofiposeriiof & hapdel wtifepratedal 10 seferhbhr cdnpusediefla heidiplastic, for
which polycarbonate, fenexampie -isisitallerSituated-abevethissstiflayer is the layer having the
micro-replicatgd structures, that is to say the actual fixed abrasive layer.

Particularly suitable polishing pads have a surface

topography shaped by replicated micreostructures. These

microstructures ("posts") have for example the form of

columns having a cylindrical or polygonal cross section

15 or the form of pyramids or truncated pyramids.

More detailed descriptions of such polishing pads are
contained for examnple in WO 82/13680 Rl and
US 2005/227590 AlL.

20
The use of cerium oxide particles bonded in  the
polishing pad is particularly preferred, cf. also
US6602117B1.

25 The average particle size of the abrasives contained in
the FAP polishing pad 1is preferably 0.1-1.0 um,
particularly preferably 0.1-0.6 pm, and especially
preferably 0.1-0.25 pm.

30 A polishing pad having a multilayered construction is
particularly suitable for carrying out the method. One
of the layers of the polishing pad is compliant in this
case. The pad height can thus be adapted and follow
continuous transitions. The compliant layer is

35 preferably a non-woven layer. A layer composed of



15 However, the compliant layer can also be situated between the foam layer and the stiff layer or

directly underneath the fixed abrasive layer. 20 The various layers are fixed to one another preferably
by means of pressure-sensitive adhesive layers (PSA). The inventor has recognized that a polishing
pad without the P2 §6&R1E2PDARAES always presentlih the 25 prior art of FAP polishing pads leads to
good results. In this case, the polishing pad comprises a layer having the microreplicated structures, a

compliant layer angaa {ayglrecompesed of a siif-plastiestichas:30 pglycarkenate, avhergin the
compliant layer caﬂa%ec e&@gg}ii; ngi@?]ceagi %he( br(i)&gm-o@gst.,lgyer of the polishing pad. These novel

polishing pads are suitable in pdrticular 35 for use in a muﬁi-plate polishing machine (AMAT
Reflectionfrom Applied Materials,Inc.).This 2009P00029DE/Ki- 12 - polishing machine comprises a 5
zone membrane c@hser, edrph permitsitespressued prefileyof thewarrepptalbe set differently in 5
zones. In conjsinction with-theseompliant Ralishing padssihis leadsdo auitstanding ayssults with regard
to the geometry of.t@e‘polishe W f(ir . eggolistfin agent containing abrasives. is_preferably used
during the polishinjg o#&&ﬁgnﬁgf%}égtﬁeZ sem%%ﬁd&&%?%aefé:.og poi‘yuretﬁapne, '

or example, which is fixed on the compliant layer by

means of an adhesive layer. Situated above the PU foam

£

is a 3layer composed of z harder, ztiff material,

10 preferably composed of a haxd plastic, for which
polycarbonate, for example, is suitable. Situated above
this stiff layer d1is the layer having the micro-
replicated structures, that is to say the actual fixed
abrasive laver.

15
However, the compliant layer can also be situated
between the foam layer and the stiff layer or directly

underneath the fixed abrasive layer.

20 The various layers are fixed to one another preferably

by means of pressure-sensitive adhesive layers (PSB).

The inventor has «zrecognized that a polishing pad
without the PU foam layer that is always present in the
25 prior art of FAP polishing pads leads to good results.

In this case, the polishing pad comprises a layer
having the microreplicated structures, a compliant
layer and a layér composed of a stiff plastic such as
30 polycarbonate, wherein the c¢ompliant layer can be
either the middle or the bottom~most layer of the

polishing pad.

These novel polishing pads are suitable in particular
35 for use in a multi-plate polishing machine (AMAT
Reflection from  Applied Materials, Inc.}. This



The proportion of the abrasive material in the polishing agent slurry is preferably 0.25 to 20% by.
weight, particularly preferably 0.25 to 1% by weight. 15 The size distribution of the abrasive material
particles is preferably monomodal in nature.  The average patrticle size is 5 to 300 nm, particularly
20 preferably 5 to 80U#R0 TheSabrdsive material compéses a material that mechanically removes the
substrate material, preferably one or more of the oxides of the elements aluminum, 25 cerium or

silicon. A polishingagesthshurycomaining cafieiciody @smr%g@ié&@@%ﬁwl@rﬁﬁgﬁgred. 30 The
polishing agent sl preferanly:conialhsadded i addiives sychpe Sé)ﬁdéyﬂ%fégo ate (Na2003),

potassium carbonate (K2003), sodium hydroxide (NaOH), potassium hydroxide , ammonium
hydroxide (NH4OHT tetfrhEaRiRmontdim Ry drdRife (TMAHIC2089260629ERR- £8 However, the
polishing agent slwegrzdieedntahe bhehdnmonesfirthertddditivészfor example seirfacétactive additives
such as wetting agessand suractanissstabilizers aetingagpretectire calloidseds shea
preservatives,bioqig%seggc.ohols and complexing agents. The pH value during the polishing of the front
side must be less than 11.8. 10

A polishing agent. containing abrasives 1s preferably
used during the polishing of the Ifront side of the

10 semiconductor wafex.

The proportion of the abrasive material Iin the
polishing agent slurry is preferably 0.25 to 20% by
weight, partiecularly preferably 0.25 to 1% by weight.

15 '
The size distribution o¢f the abrasive material

particles is preferably monomodal in nature.

The average particle size is 5 to 300 nm, particularly
20 preferably 5 to 50 nm,

The abrasive wmaterial comprises a materizl that
mechanically removes the substrate material, preferably
one or more of the oxides of the elements aluminum,

25 cerium or silicon.

A polishing agent slurry = contdining colloidally

disperse silica is particularly preferred.

30 The peolishing agent slurry preferably contains added to
it additives such as sodium carbonate {N&2CO03} ,
potassium carbonate {Kp;C0a), =odium hydroxide ({NaOH},
potassium hydroxide (KCH), ammonium hydrozide (NH.0H),
tetramethylammonium hydroxide (TMAH)

35



The pH value preferably lies in the range of 10-11.5. A polishing pad comprising no fixedly bonded
abrasives is preferably used during the polishing process. 15 Conventional CMP polishing pads are
suitable for this purpose. The CMP polishing pads used are polishing pads having a porous matrix.
The polishing pad praferatdly £omapises a thermoplastig 20 or heat-curable polymer -
e.g.polyurethanes, polyacrylate, polyester material. A multiplicity of materials,

polycarbonate,polyﬁ'a(%%iggé > Ft . are.app riate as 25 -Ql% Pglishigﬁ pcacgﬂggeferatggcomprisessolid,

microporous polyurethane. = The uge of .ojﬁgﬁin%gga S compo%ea 0 foamedlﬁla?es QrOFeIt or fiber
substrates which afé fprégifatedtwitd X0 poifters i§Uso prevaper. surface-active

additives such as wetting agents and surfactants,
stabilizers acting as protective colloids,
5 preservatives, Dbiocides, alcohols and complexing

agents.,

The pH value during the polishing of the front side
must be legs than 11.8.

10 ‘
The pH value preferably lies in the range of 10-11.5.

A polishing pad comprising no fixedly bonded ahrasives
is preferably used during the pélishing process,
15 Conventiconal CMP polishing pads are suitable for this
puxpcée, The CMP polishing pads used are polishing pgds

having a porous matrix.

The pdlishing pad preferably comprises a thermoplastic
20 or heat-curable polymer. A multiplicity of materials,
e.g. polyurethanes, .polycarbonate, polyamide,
polyvacrylate, polyester, etc., are approprlate as

material.

25 The pelishing pad preferably comprises solid,

microporous polyurethane.

The use of polishing pads composed of foamed plates or
felt or fiber substrates which are impregnated with

30 polymers is also preferrsd.

Coated/impregnated polishing pads can also  be
configured in such a way that there is a different pore
distribution and sizes in the substrate than in the

35 coating.



Coated/impregnated polishing padscanalso be configured in such a way that there is a different pore
distribution and sizes in the substrate than in the 35 coating. 2009900029DE/Ki- 14 - The polishing
pads can be substantially planar or else perforated. In order to control the porosity of the polishing
pad, fillers can be AFSEICEE FtBAKE polishing pad. €émmercially available polishing pads are e.g. the
SPM 3100 from Rodel Inc. or the pads of the DCP-Series and also the pads with the trade marks

IC1000/m, Polytextor=1@SUBATM fressRatwn &Hasssinsierd of the polishing padsidescribed,
however, it is possifilerwhich is likewise preferred, to use an FAL' pad such as the one used during the
polishing of the 15 rear side. In principle, the semiconductor wafers are pressed by the side surface to

" be polished against the polishing pad lying on a polishing plate, with the aid of a
In order to ceontrol the porosity of the polishing pad,

5 fillers can be introduced into the peolishing pad.

Commercially available polishing pads are e.g. the 8PM

3100 from Rodel Inc. or the pads of the DCP-Series and

also the pads with the trade marks ICL000™, Polytex™ or
10 $SUBA™ from Robm & Hass.

Instead of the polishing pads described, however, it is
possibie, which is likewise preferred, to use an AP
pad such as the one used during the polishing of the

15 rear side.

In principle, the semiconductor wafers are pressed by

the side surface to be polished against the polishing

pad lying on a polishing ?late, with the aid of =a
20  polishing head.

A polishing head also includes a retainer ring which
laterally encloses the substrate and prevents it from
sliding from the polishing head during polishing.
25
In the case of modern polishing heads, that side
surface of the silicon wafer which is remote from the
polishing pad lies on an elastic membrane that
transmits the polishing pressure exerted. The membrane
30 is part of a possibly subdivided chamber system that

forms a gas or liguid cushion.

However, polishing heads are alsoc used in the case of
which an elastic support ("backing pad") is used

35 instead cf a mambrane.



20 polishing head. A polishing head also includes a retainer ring which laterally encloses the substrate
and prevents it from sliding from the polishing head during polishing. 25 In the case of modern
polishing heads, that side surface of the silicon wafer which is remote from the polishing pad lies on an
elastic membrane 2RACFEASHIREABpolishing pressuké exerted. The membrane 30 is part of a possibly
subdivided chamber system that forms a gas or liquid cushion. However, polishing heads are also
used in the case ofwhichnastelastic sapportitbacking pads) isekeshininsigadof semembrane.

2009P00029DE/Kisi k3,1 The subsirale, ispplished with, apolishing agens heing :supplied between the
substrate and the %ggsh‘jqng adtggd with,the, golispbienagdhead and the polishing plate being rotated. 5 In

this case, the polishing héad can additiona )%aso e mO\a/lélﬁ1 tranSiat oonajlﬁl over tﬁé%%ﬁshing pad,

whereby a more cBfigrehepsiiettilization of the polishing pad area is obtained. 10 Furthermore, the
method according to the invention can equally be carried out on single-plate and multi-plate polishing

machines. 15 The yse.ef;multiplate polishing;machines.having prefesably wo,gspecially preferably
three, polishing plates and pqlishing heads s preferfed: EXAMBE. o1 cning  paa,
whereby a more comprehensive uwtilization of the
polishing pad area is obtained.
0
Furthermore, the method according to the invention can
equally be carried ocut on single-plate and multi-plate

polishing machines.

15 The wuse of multi-plate polishing machines having
preferably two, especially preferably three, polishing

plates and pelishing heads is preferred.

Example
20
In a first step, by means of a polishing pad comprising
fixedly bonded abrasives with the supply of a polishing
solution set to a specific pH value, the rear side of a
silicon wafer having a diameter of 300 mm is polished
2% 1in such a2 way that a specific thickness profile zarises

at the edge.

The polishing pad comprises microreplicated structures
in the form of truncated pyramids having particles of

30 cerium oxide {Ce0y}.
The particle size is 0.1 to 1.0 pm.
The FAFP polishing process is able, exclusively by means

35 of an increase in the pH value of an alkaline solution,

without the use of a silica scl, to convert the



20 In a first step, by means of a polishing pad comprising fixedly bonded abrasives with the supply of a
polishing solution set to a specific pH value, the rear side of a silicon wafer having a diameter of 300
mm is polished 25 in such a way that a specific thickness profile arises at the edge. The polishing
pad comprises migrgsephieriedrsinyetures in the formygf truncated pyramids having particles of 30
cerium oxide (Ce02). The particle size is 0.1 to 1.0 pm. The FAP polishing process is able, exclusively
by means 35 of an '

convert the 2009I8 %%rgg%%?('t.hg C\:/@gé{e_of&glkal%e%%glgggn,gﬁghggt thaenuseeo% silica sol, to

J i- 16"~ otherwise expecte ge roll-off into an edge elevation, that is to
say to produce cuR/iTifes RPoppblfte ditéctibRs §&Yeqtfted BPAEre SHIT BT t& pDlishing of the rear
side by means of aprabraswedfiee polishing: soldion.hading a pH value of at least 11.8, an elevation is
produced in the wafer edge region and a bias is thus created which, during a subsequent process of
polishing the front side 10 of the wafer, which.takes place with a pH value of 11.2, compensates for the
edge roll-off téat tehds torggl%g?mg irrlC %s%%%%%%&a% ant;}?/vagf?e?xedséc{r)‘ég]?gn fgetﬁ]g formed. 15 In
this case, the poliSHing®f Bt ERIE SR b&hpRimeAted asUuF ea8toMaR EMPstéior as fixed
abrasive polishingwwithsa plfl alué ed desd than 14:8.eBettrpdkishing nrethdasdeadtothe formation of a
wafer edge roll-off, Ihe-methad accgrding o shesinygrtion;20 was sarded-euisuggessfully for both
types of front side dcl)l%lgsrpén%

subsequent process cof polishing the front side
10 of the wafer, which takes place with a pH wvaluve of
11.2, compensates for the edge roll-off that tends to
be formed in this case, and a planar wafer edge region

is thus formed.

15 In this case, the polishing of the front side can be
implemented as & customary CMP step or as fizxed
abrasive polishing with a pH wvalue of less than 11.8.
Both polishing methods lead to the formation of a wafer
edge roll-off. The method according to the invention

20 was carried out successfully for both types of front

side polishing.

It was found din  the experiments that it is
adﬁantageous, for setting a desired surface roughness
25 of the rear side of the wafer, toc carry out a second
partial polishing step using a suitable silica sol,
such as e.g. Glanzox 3200%, which likewise Takes place

on the FAP polishing pad.

3¢  *Glanzox 3800 is the product name for a polishing agent
slurry that 1s offered as a concentrate by Fuiimi
Incorporated, Japan. The concentrate having a pH of
10.5 contains approximately 9% by welight of colleidal
510, having an average particle size of 30 te 40 nm.

35



It was found in the experiments that it is advantageous, for setting a desired surface roughness 25 of
the rear side of the wafer, to carry out a second partial polishing step using a suitable silica sol, such
as e.g. Glanzox 3900w, which likewise takes place on the FAP polishing pad. 30 *Glanzox 3900 is the
product name for agpolishitgpagentsiurry that is offered as a concentrate by Fujimi Incorporated,
Japan. The concentrate having a pH of 10.5 contains approximately 9% by weight of colloidal Si02

having an average patle Size. 0130 ta.40,im: 200800291y 11 FLULAEY yRisgl conventional

CMP polishing steps (soft pad + alkaline silica so|) can be added at any time as haze-free polishing
processes with snidlfrem6vaid forfurfiet reducfion of tRe BErABE$8uGindSy ahd™5r §¥eduction of the
defect density (e.dia4sS Erdecatizéd sigh scaraess'yebutvdrenotessentinothésutesss of the
invention. -18- Patept &daims:=duAcmethodsfor palishing a=semicondueier walgsscomprising, 5in a
first step, polighing the rear side.of. the %@gcgpdu&%rsv%ﬁgpr gy e ofa PE[’JJEQH‘QZBSC’ comprising

: ) . TE Ul ol

fixedly bonded abrasives having a grain size of 0.1-1.0 m, and with supply of @ polishing agent
solution which is fredBF sofff Maeiafeand wiith h&§ pHot at REREIRL8 hind RheF&R the 10
polishing agent inthedirsssted itten aguentisaolution of the compounds sodium carbonate (Na2003),
potassium carbonate (1(2003), sodium hydroxide (NaOH), potassium hydroxide (KOH), ammonium
hydroxide (NH40OH), tetramethylammonium hydroxide (TMAH) or any desired mixtures thereof, and, in
. a second step, 15 the front side of the semiconductor wafer is polished, wherein a polishing agent
having a pH less than 11.8 is supplied.



2. The method as claimed in claim 1, wherein the pH of the polishing agent solution is 11.8 to 12.5 and
the proportion of 20 the compounds in the polishing agent solution is 0.01 to 10% by weight. 3. The
method as claimed in claim 1 or 2, wherein the polishing agent in the second step is a polishing agent
slurry 25 containing abrasive materials and a propartion of the abrasive materials in the polishing
agent slurry is 0.25 to 2% by weight. 4. The method as claimed in claim 3, wherein the proportion of
30 the abrasives in the polishing agent slurry is 0.25 to 1% by weight. -19- S. The method as claimed
in claim 4, wherein the average patrticle size of the abrasives is 5to 300 nm. 6. The method as

claimedli,n 'Elearix %i/éq%{gln the average 5 particle size of the abrasives is 5 to 50 nm. 7. The method
as claimed in claif “wherein the abrasive substance in the polishing agent slurry comprises one or
more of the oxides of the elements aluminum, cerium or silicon. 10 8. The method as claimed in claim

7, wherein the polishing agent slur. ntains_colloidally disper ilica. 9. The method as claimed
in claim3; w errglanét %gpl—fg\%:lu}gé {Lé%wl(ter? goI%hiég%zggﬁt S uﬁégl)séin%%’é;’ ?gﬁgecﬁuﬁ%sgf ! 10. The
method as claimaddt claire®, whelsisthepHatuersfahe polishingfagemt skendiissaiby means of

ﬁdditi"?jaég\'fez?t froﬁéi%@“r%faré’o%%%:%%%?’)g%?s'éh df@&%%%?_fﬁ%%%?@@ﬁ%&‘m
ydroxide (NaOHy}, potassium hydroxide (K “) mmonium roxide (NH4AOH),
tetramethyiemsionrimis/dioxide {TMARLor apy tesired mitured tferebfu]m, and with
supply of a polishing agent sclution which is free of solid
materials and which has a pH of at least 11.8 and wherein the
10 polishing agent in the first step is an agueous solution of
the compounds sodium carbonate (N2,C03), potassium carbonate
(K,CO:), sodium hydroxide (NaOH), potassium hydroxide (KOH),
ammonium  hydroxide {NH,OH)} , tetramethylammonium hydroxide
(T™MAE) or any desired mixtures thereof, and, in a second step,
15 the front side of the semiconductor wafer is polished, wherein

a polishing agent having a pH lesgs than 11.8 is supplied.

2. The method as claimed in claim 1, wherein the pH of the
polishing agent solution is 11.8 to 12.5 and the proportion of
20 the compounds in the polishing agent solution is 0.01 to 10%

by weight.

3. The method as c¢laimed in claim 1 or 2, wherein the
polishing agent in the second step is a polishing agent slurry

25 containing abrasive materials and a proportion of the abrasive
materials in the polishing agent slurry is 0.25 to 20% by
weight.

4. The method as claimed in claim 3, wherein the proporticn of
30 the abrasives in the polisghing agent slurry is 0.25 toe 1% by
welght.



11. The method as claimed in claim 1, wherein the polishing 25 pads used in the first step contain
abrasive materials selected from particles of oxides of the elements cerium, aluminum, silicon or
zirconium or particles of hard materials. 12. The method as claimed in claim 11, wherein the average
30 particle size of the abrasives contained in the. ffAP polishing pad is 0.1-0.6 m. -20- 13. The method
as claimed in claim 12, wherein the average particle size of the abrasives contained in the FAP
polishing pad is 0.1-0.25 m. 5 14. The method as claimed in any of claims 11 to 13, wherein a
polishing padréentaisibfabrasivesdis aseedn the secoadmstep as wehxEs Thehethed esagiaimed in

any of c%aérpéiléltg 13 %h%girlc%l%tr}ﬁq@gj'g%pg% cgn@&nig% gbgl%s.ives is multilayered and

comprises, alongside a layer having microreplicated structures composed of abrasive particles, a
compliant, non-woven layer and a stiff plastic layer. 15 16. The method as claimed in claim.1, wherein

the semjconduglor wafey s a silicopwafgr Raving a dhamgter-of 300, mum pr gregler. 2l Absact

Polishing pad and method for polishing a semiconductor wafef 5
5 particle size of the abrasives is 5 to 30 nm.

7. The method as claimed in claim 3, wherein the abrasive
substance in the polishing agent slurry comprises one or wmore
of the oxides of the elements aluminum, cerium or silicon.

10
8. The method as claimed in claim 7, wherein the polishing

agent slurry contains colloidally disperse silica.

9. The method as claimed in claim 3, wherein the pH value of

15 the polishing agent slurry is in the range of 10 to 11.5.

10. The method as claimed in claim 9, wherein the pH value of
the polishing 'agent slurry is set by means of additives
selected from sodium carbonate (N2,C0;)}, potassium carbonate
20 (K:CO5), sodium hydroxide (NaOH), potassium hydroxide (XCH},
ammonium  hydroxide (NH4CH) , tetramethylammonium  hydroxide

(TMAH) or any desired mixtures thereof.

11. The method as claimed in claim 1, wherein the polishing
25 pads wused in the first step contain abrasive materials
gelected Zfrom particles of oxides of the elements ceriunm,

aluminum, silicon or zirconium or particles of hard materials.

12. The method as claimed in claim 11, wherein the average
30 particle size of the abrasives ccntained in the FAP pclishing

pad is 0.1-0.6 um.



A method for polishing a semiconductor wafer, wherein, in a first step, the rear side of the
semiconductor wafer is polished by means of a polishing pad comprising fixedly bonded abrasives
having a grain size 10 of 0.1-1.0 m, and with the supply of a polishing agent which is free of solid
materials and which has a pH value of at least 11 8,-and, in a second step, the front side of the
semiconductor wafer is polished, wherein a polishing agent having a pH value of less 15 than 11.8 is
supplied. A polishing pad for use in apparatuses for polishing semiconductor wafer, comprising a layer
containig-abidsiveset yér eemposetind @ siff plasticlandldso 201acempliddtencrveoees layer,

wherein hielayars ate bonded ta,ane.anathet iy means of pressute-yqnsitivg Adhesive aygys. No

Figure.
pad is 0.1-0.25 um.

5 14. The method as claimed in any of claims 11 to 13, wherein a

polishing pad containing abrasives is used in the second step

as well.

15. The method as claimed in any of claims 11 to 13, wherein
10 the polishing pad containing abrasives is multilayered and
comprises, alongside a layer.having microreplicated gstructures
composed of abrasive particles, a compliant, non-woven layer

and a stiff plastic lavyer.

15 16, The method as claimed in claim 1, wherein the.
semiconductor wafer is a silicon wafer having a diameter of

300 mm or greater.
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Abstract

Polishing pad and method for polishing a semiconductor

walfer

A method for polishing a semiconductor wafex, wherein,
in a first step, the rear side of the semiconductor
wafer 1s ©polished by means of a peclishing pad
comprising fixedly bonded abrasives having a grain size
of 0.1-1.0 pm, and with the supply of a polishing agent
which is free of solid materials and which has a pH
value of at least 11.8, and, in a second step, the
front side of the semiconductor wafer 1s polished,
wherein a polishing agent having a pH value of less

than 11.8 is supplied.

A polishing pad for use in apparatuses for polishing
semiconductor wafer, comprising a layer containing
abrasives, a layer compcosed of a stiff plastic and also
a compliant, non-woven layer, wherein the layers are
bonded to one another by means of pressure-~sensitive

adhesive layers.

No Figure.



