Pollshlng 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.
silicon-germanium). Said 10 silicon wafers are used in particular for producing semiconductor
components such as memory chips (DRAM), microprocessors, sensors, light emitting diodes and
many more. 15 The requirements_made of silicon wafers for fabricatin rgsm partlcular memory chips and

microprocessors; BN S AR PR GRCSrRGENP This o RS 8RR St Properties

themselves (e.g. Wlth regard to the defect densitiesaifeernal getters for trapping 20 metallic impurities),
but in particular also 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 the silicon wafer on which

components ard§ belABRE4EANaNA%AR DSSsurfate FoudiinesSiad Radesifdifle. ENodid

furthermorg beﬁgﬁwweﬁ@pe@e_ o utilizestheantice akac-adhewonyaonent side, which is currently
not possible on account of a decrease in thickness at the edge of the wafer and poor geometry in the

edge 30 region. It is known that the conventional methods for polishing semiconductor wafers are
responsible forThis eduariotico et inchietirsty ddyblersidé pofishinga35 B8P3 Wwhich provides

for simultaneously; RRIiSRING DO or .a substrate having layer structures
derived from silicon ({e.g. silicon-germanium}. Said

10 silicon wafers are used in particular for producing

- semiconductor components such as memory chips (DRAM},

‘ microprdcessors, sensors, light emitting diodes and

many more.

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

20 metallic iImpurities), but in particular also the
geometry and the flatness of the wafer. A silicon wafer
having two perfectly plane-paraliel sides, excellent
flatness in particular on that side of the silicon
wafer on which components 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 of the component side, which is currently
not possible on account of a decrease in thickness at
the edge of the wafer and poor geometry 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 {(DSP), which provides for simultaneously polishing both

sides of a semiconductor wafer by means of a polishing



sides of a semiconductor wafer by means of a polishing -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 ("component side") using a softer 5 polishing pad as so-called haze-free
polishing (“finishing™). In both these polishing proce§s§s,_the abrasives are supplied in the form of a
polishing agent slurry. 10 Whatisrelatively new inthe polishing of semiconductor wafers, but has
already been known and well understood for a fairly long time in the components industry, is so-called

“fixed abrasive PRfishitigt IF AMete chiridgy, fvhichRite Semicthd §tBir T5 wafer Begblishéd on a
polislhir;]g pad CQB@i@iﬂ%ﬁ@ ,ar?raﬁjme whﬁmﬁv@apor&quﬂgﬂ%@mis i @(j%@afﬁiéed-@@@iiye r;]ad")-
A polishing step in which such an FAP polishing pad is 20 used is referred {o, hereinafter for short as
FAP step. An e%é& dﬁf"érécnoéétﬁ@rﬁ%sﬁ%’ﬁ%%ﬁ%s ﬁwe%é%a?ﬁélﬁ&%ﬂﬁ]goﬁ%c prises no
abrasives in DSPand OMRL25 FhdderfiarrRatentApplicatide DE 102007 035 266c4ldescribes a
method fogpolighing &guhptrate,ggmpoged of silicon Mmatgrial, gamprisipgwo polishing;sieps of FAP

type, which differ in that, in one polishing_step, 30 a polishing agent slurry containing non-bonded

abrasive material S5 Sl aterial ;& inf8itice ittt dnthe SubeFate BRELRE PBlishitpad, while
in the second paitishingwstep theepatishinyiagent sluttyas feptacesitbyaa polisling ageniggniytion that is
free of solid 354‘%@?9@.

10 What is relatively new in the polishing of
semiconductor wafers, but has already been known and
well understood for a fairly long time 1in the
components  industry, is so-called "fixed abrasive
polishing" (¥FAP) technology, in which the semiconductor

15 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 polishing 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 two polishing steps of
FAP type, which differ in that, in one polishing step,

30 a polishing agent slurry containing non-bonded abrasive
material as a solid materizl is introduced between the
substrate and the polishing pad, while in the second
poelishing 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 o§ its front and/or rear side and 10 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 measuring the edge rsikRdtY of sitkoh IS wefersibeeseribed sIpe I PP PhysaVer 88 (1999),

pp. 38-39. The,pbjectiof the jnventionsisachieved byrmeans oba mathagd-tor palishing-a semiconductor
wafer, wherein, in 20 a first step, the rear side,of the semiconductor wafer is polished by means of a
polishing pad cobshF ety Dontgd ShrasiVes Hiving a%féfﬁ 78 9f ottt 1.@"&71, 2R&Swith the

supply of a polisamnipeagetw ddchris fteecdffalid materials and which has a pH value of 25 at least
11.8, and,gn a second step, the front side of the semiconductor wafer is polished, wherein a polishing
agent having a pH value of less than 11.8 is supplied. 30 The inventor has recognized that when

polishing the rédisideiehedSeprieSATucict wifditdsing &psfidhidd Bdd BampHRsg fixddt§ bonded
abrasives and alge amabragies=lreeqplishinglagent havingrapktceigreaigt tban onequaltp 11.8, the

edge roll-off of ing 3p thigkness of the.semicndycioLwaler that 15,9958 darer or to

the edge geometry of its front and/or rear side and

10 which c¢an 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 regiocn.

A method for measuring the edge zroll-off of silicon

15 wafers is described in Jpn. J. BAppl. Phys. Vol., 38
(1999), pp. 38-39.

The object of the invention is achieved by means of a
method for polishing a semicenductor wafer, wherein, in
20 a first step, the rear side of the semiconductor wafer
is polished by means of a polishing pad comprising
figedly 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
25  at least .11.8, and, in a second step, the front side of
the semiconductor wafex is polished, wherein a
pelishing agent having a pH value of less than 11.8 is

supplied.

30 The inventor has recognized that when polishing 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 or equal to 11.8, the edge roll-off of the

35 thickness of the semiconductor wafer that is observed

in conventicnal polishing methods does not occur,



in conventional polishing methods does not occur, rather the semiconductor wafer polished in this way
even has an increase in the thickness at the edge. It has been found that the pH value of the polishing
agent is the crucial criterion in this regard. 5 By means of a subsequent process of polishing the front
side using a polishing agent that has to have a pH ,yag,uemof less than 11.8, an outstanding edge
geometry of the semiconductor wafer can be produced irrespective 10 of whether the polishing pad
contains fixedly bonded abrasives or whether it is.free of abrasives (like conventional CMP polishing
pads). This is difsteake faBEthat FRFCRRANGILEsIHERES Bolistind aberts Ravingd-BH BREss than

11.8, in a similar@anmerdo genventigeaal MR potishing methadsswhich ara dargelydndependent of
the pH value of the polishing agent), tend toward producing an.edge roll-aff. 20,.Since, however, an
increase was pt?s\ﬁo%ﬁffrbrojg&%ég a %‘r?e“e%yg dﬁrglnér %%ugol%ﬁir%% ot tﬁ’ec}o%elasﬁlsjl‘élé{ the %%Flshing of the
front side resulissintéeompendationcafihesd oo effettsi 85 Tdmmedults in a semiconductor wafer

having no £dge 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 ed%e region of the wafer were
lespongbbfoﬁy means of a subsequent process of polishing the front

side using a polishing agent that has to have a pH
value of less than 11.8, an outstanding edge geometry
of the semiconductor wafer can be produced irrespective
10 of whether the polishing pad contazins .fixedly bonded
abrasives or whether it 1s free of abrasives (like

conventional CMP peolishing pads).

This 1is due to the fact that FAP methods wusing
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 wvalue 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 whatsocever.

2 long-standing need is thus satisfied, especially
3¢ 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 components. A
35 huge increase in productivity can be expected as a

result of this invention, since, by means of the



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 components. A 35 huge increase in productivity can
be expected as a result of this invention, since, by means of the -5 invention, the edge exclusion is
reduced practically to zero and a semiconductor Wa_fegin_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 polishing agents in the
alkaline range ¢ DIEN the RRURPGaIRTEH RO neteSRHMF O pRIATESI G LAP 0 lishing
processes, onexwith anghene withewih pekshing-agent cadigining abragives orpae aitthessame side

of the semiconductor wafer. The cor%bénation of an LAP poli%hirlagﬁrocess on the rear ff'%eeand a

second LAP or" E’rpoﬁgﬁﬁg %rao%ess on JéliLg <?r%ntl Sidé Gt séﬁiggﬁiﬁcﬁﬁ%ﬁ%r IS ot

‘disclosed. Moréevertirovabirios tedogngzed in the prior art that at a pH of greater than or equal to 11.8
a selectivesmaterial removal results by virtue of less material

The invention was not suggested by the prior art.
Although it was known from DE 102 007 035 266 Al to
employ FAP using polishing agents in the alkaline range
of pH 10-12, the method claimed therein necessarily
10 provides two FAP polishing processes, one with aﬁd one
without polishing agent conteining abrasives, on one
and the same side of the semiconductor wafer. The
combination of an FAP polishing process on the rear
side and a second FAP or CMP polishing 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 semiconductor
wafer than e.g. 1in the center o¢f the semiconductor
wafer. There is alsc no reason to carry out
investigations in this regard since the perscn skilled
in the art previously assumed that the pH value both in
25 the case of FAP and in the case of CMP could not have
such a selective effect, but rather chemically supports
or amplifies the mechanical removal by the abrasives
bonded 1in the polishing pad in the case of FAP and
chemically supports or ampiifies the mechanical removal
30 by the abrasive materials contained in the polishing
agent in the case of CMP, and this chemical support or
amplification takes place uniformly over the entire

wafer area.

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



20 being removed in the edge region of the semiconductor wafer than e.g. in the center of the
semiconductor wafer. 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 could not have such a selective effect, bgit rather chemically supports or amplifies the
mechanical removal by the abrasives bonded in the polishing pad in the case of LAP and chemically
supports or amplifies the mechanical removal 30 by the abrasive materials contained in the polishing

agent in the caSe bPEME YA this TheRfC LBppSReY aplificatibrrtakss Bhice thfoffover the
entire wafer aremat6 FraHows: suchbasgiecivaitaiadval issttpising. Fhe-faptihat EARLeghnology

could be suitable fo cticall mpletely eliminatin ed oll-off that atherwise always occurs in
all polishing mé]’:[ﬁlgnésf év%a%j[% r%oi%rggﬁgﬁo}"r% ggg%e.%o%e%%%#ed%r% tJ:fhet %ﬁqéreov%lt?s 3 Jélgéé;med that it
is necessary todéeiPie PEREHE rémoddls iPary: poHSHIng @eiltsts deesmallVasisoseaand to

attempt, by meaps o saagaAve or con¥eXk polishing efthe samicepductarwafer, @ ¢astiictithe edge roll-

10 off as far as possible to the %utermost edge region. Accordingly@,\?the ed§§ roll-off in oI'?hed wafers

was accepted &8 §%ﬁgl5ﬁﬁgubsé&ueﬁtsepit%?§ s?és’pasr,%ttanopts &8 mad€in ﬁl\aetﬁ or-art to

compensate forsaiohvedge rol-offiry pretrbaghemssteps-inctie epitaxgmeadttor Othesatiémpts to
remove the pogr.geqmety indhsedgs20gegion by-edge, gunding donot canstitye agyitable solution,

especially since the damage produced at the edge in the process, during handling, constitutes a

virtually intract@file PhébISRPtHEP RIS Ah &ahE BrgE YrinGRbgwiiid iny &Rt Eve-fo be
followed by 25@fifedge [Falishing prosedsh Adthooghlikisoutiddhesstitatilefor remaving 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 economic either. 30 Thus, the method claimed here constitutes the only possibility
for providing a%ifieRL4sbtisEd waleh fafRECMPBLEAPIH tHefratR Sy SithArSeER alatige roll-off
directly after theqeadishing ofd¢hefrpeh35 side and without any additional measures.

15 In subsequent epitaxy steps, attempts were made in the
" prior art to compensate for said edge roll-off in

pretreatment steps in the epitaxy reactor.

Other attempts to remove the poor 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 problem, that is to say that the
edge grinding would in any event have to be fcollowed by

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

30
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 roll-off directly after the polishing of the front

35 side and without any additional measures.



-7-. In the course of the production - becoming ever more important - of wafers having outstanding
geometrical and nanotopological properties - specifically in the context of the 22 nm design rule
requirements 5 (according to ITES = "International Technology Roadmap for Semiconductors") - and
with regard to the progressive enlargement of the wafer diameter (transition from 300 nm to 450 nm), it
was important 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 beéh app&reIBr & FaiRflond Em@ ARt e hiidtiarre PRGATGICHhVETRRaME Enemical
mechanical polishirg-(GMP) woulsimhovarigarde hblej iytermsefprodessyenginaesing iameet these
requirements, i rti ' rd to,the_edge roll-off of the semicanductor wafer and, associated
herewith, the egégex%%ﬁ%ﬁégg gmge%éLr%aloneﬁfg%(? gé’r%necso.nductso??v%%glt gtﬁ' (é‘rayn_bsélgutiﬁcgieed with
regard to the refifedgeometfy prépertiesdtheersoAeRHEn in the hft alsé edud HErRTS fixed
quality are"). Tae pekishing prosessrageosdingriotbe drventinn Usigc2na Delishitg Radgemprises

fixedly bonded brasivgs in the %Jaimed range of pH valges is caI[Lried out eitr&er ir]cthe cgﬂtext of a
. . Lor emigonductors . - Wl regarg,. Lo a
single-side pohsﬁlng o] orzﬂy?he fear side of in a simditaneou& dotible*Sidé polishing process. 30

During the methoggthessH velue camlizerganieehndr candde setttb@ consteit valuefddeperiding on the
initial geometry, of,the semicenductar wafer 1gbe Rolishedn38, it was important to
develop polishing méthods 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 conventional
15 chemical meéhanical polishing {CMP} would no longer be
able, in terms of process engineering, to meet these
regquirements, in particular with regard to the edge
roll-off of the semiconductor wafer and, assocociated
herewith, the edge exclusion or the area on the
20 semiconductor wafer that can be utilized with regard to
the reguired geometry properties (the person skilled in

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

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

geometry of the semiconductor wafer to be polished.

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

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



comprising fixedly bonded abrasives, is especially preferred. In this case, the two polishing processes,
that is to 5 say the rear side polishing and the front side polishing, can be coordinated with one
another, such that targeted influencing of the wafer geometry and wafer nanotopology, especially in
the wafer edge region, can be performed. 10 For this gurpose, according to the invention, the rear side
has to be polished using a different pH value than the front side. 15 Thus, by superposing the two

polishing profiles (front side and rear side), in particylar a very specific resultant edge profile can be
produced and tﬁgg@%ﬁ%srﬂsﬁl-%ff c ﬁ’f&gahi{/ begn%?fé%gd tc%’gr%.sig%e varfatioff SR FH Wlue is thus

used accordingetoethie Imethtion 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-free polishing), are carried

out using a fixebpH-YdiGe. S3FGeted MiluEHEN G BE-theYa etAR ¢ie 88ge éfthéo
semiconductor seafer 3this thusspreclugdedeTheoletkod aecording to tesinverttiontaffosdsiadvantages

Ciameter of 458 Tk Lotbialy Shce e SLCbTL D e (o ctiry g doRaEg ot the
that targeted influencing of the wafer geometry and
wafer nanotopology, especially in the wafer edge
region, can be performed.
10
For this purpose, according to the invention, the rear
side has to be polished using a different pH value than

the front side.

15 Thus, by superpesing the two polishing profiles (front
side and rear side), in particular a very specific
resultant edge profile can be preduced and the edge
roil-cff 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-side polishing, single—side
polishing, removal or haze-free polishing), are carried
out using a 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 affords
advantages in particular for the polishing of
semiconductor wafers of the new technology generation
35 having a diameter of 450 mm, especially since the

problems of the geometry in the edge region with the



- 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 to the invention, eliminates these
problems. 5 The method according to the invention leads to an improvement in the geometry in the
outer edge region of the semiconductor wafer, in particular in a range of a distance of less than or
equal to 10 mm, particularly 10 preferably in the raﬁg@ of less than or equal to 5 mm with respect to
the edge of the semiconductor wafer. The polishing agent solution during the polishing of the rear side
of the semiconduetorafaferqretenatily ddlcopyriteh tampaundssich assodivnecarhanate (Na2003),

potassium carbona 2C03), sodi droxide (NaQO siu Xi ammonium
hydroxide (NH4011 ,t%iragr%gt yfg%:nggr%m g;/%Qegxi(?el %E%?gr ar?}/1 %é &d%%ﬁ%gggj’[ﬁg‘reof. 20

The proportion Rf i Beatety corfhoGrdd ittte pBlishing agertsviutisf TP peEkambly®.0ah® 10% by

weight, particulafyfreferably Eomnd firted). 2%taewWeight 125,Ehe use of potassium carbonate is
especially preferred. The pH value of the polishing agent solution is at least 11.8. 30 The polishing

agent solution can furthermore contain one or more further additives, for example surface-active
additives such @bavetting agentsasarbsdiiagtants; stallikzers meeng dsproteetivs colloidsan

preservatives, bigGides.alcahols and:comPIeXAgry in the outer edge region of
the semiconductor wafer, in particular in a range of a

distance of less than or equal to 10 mm, particularly

10 preferably in the range of less than or egual to 5 mm

with respect to the edge of the semiconductor wafer.

The polishing agent solution during the polishing of
the rear side of the semicenductor wafer preferably
15 comprises compounds such as sodium carbonate (NazCOs),
potassium carbonate (K2CO3), sodium hydroxide (NaOH),
potassium hydroxide (KOH), ammonium hydroxide (NH40H),
tetramethylammonium hydroxide (TMAH) or any desired
mixtures thereof.
20
The proportion of the stated compounds in the polishing
agent solution is preferably 0.01 to 10% by weilght,

particularly preferably from 0.01 to 0.2% by weight.
25 The use of potassium carbonate is especially preferred.

The pH wvalue of the polishing agent soclution is at
least 11.8. '

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

35 agents.



35 agents. - 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 for example particles of oxides of the elements cerium,
aluminum, silicon, zirconium and particles of hard materials such as silicon carbide, boron nitride and
diamond. 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 pdijigoHat crss Beetion assidhe JorfPof Pyrandias opfiadated pyramidé Mere detailed

desc;iptions Oflisa@h p@H%'ﬂﬁ&;?@ﬁl@ ar%ﬁog@&%fp&@gaﬁwﬁem\gp 9%&@@38 Aéﬁmd YRe .
2005/227590 Al. 20, The use of ceriu ide particles bon in the polishing, pad is particularly
preferred, cf. af%gadﬁ 17851° 25&%av§r’ége §art%% ize b?theggﬁélsi\%egrclonrﬁain Sn the FAP
polishing pad igpiefetabhg0 3£l .0hpm yeaticady preferably 0.1-0.6 pm, and especially preferably

0.1-0.25 pen. 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 jn this case. The pad height can

thus be adaptedHncPfohEw cFREBHY FrandRdE ThecomBRIM TR is 35 prefet &R Fon-woven

layer. A layer composetlenf of oxides of the elements cerium, aluminum,
silicon, zirconium and particles of hard materials such
as silicon carbide, boron nitride and diamond.

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 such polishing pads are
contained for example in WO 92/13680 Al and
US 2005/2275320 AlL.

20 _
The use of cerium oxide particles bonded in the
polishing pad 1s particularly preferred, cf. also
US6602117B1. |

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

30 A polishing pad having a multilayered construction is
particularly suitable for carrying out the method. One
of the lavers 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 layver composed of



polyester fibers impregnated with polyurethane is particularly suitable ("non-woven"). The compliant
layer preferably corresponds to the 5 bottom-most layer of the polishing pad. Situated above it is
preferably a foam layer composed of polyurethane, for example, which is fixed on the compliant layer
by means of an adhesive layer. Situated above the Pﬂfo_am is a layer composed of a harder, stiff
material, 10 preferably composed of a hard plastic, forwhich polycarbonate, for example, is suitable.
Situated above this stiff layer is the layer having the micro-replicated structures, that is to say the
actual fixed abpsivedayerr 15 However, tHawaaghiatddyer ¢ablalsodelsitietdd: batveehshe foam

layer and the sfiff layer.Qf directlysunderneath thg fixed ahrasiye 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 PU foam layer that is always present in the 25 prior art of
FAP polishing pads leadaitd geod reslitgeln thisoader el yolishingyEazbeondprisesoa layee having the
microreplicated Styclyres, a.compliant layer angd adayarsom, £f asiiffplastie spgh.as 30
polycarbonate, v?/}here#l]qtﬁg comp g%t layer c:an%gIJ eithe? the %?ii%%e or tﬁe%ottom-most layer of the

polishing pad. ifheise el péfshiny padLam stitidle RPRRHERST 5P RsEYT aihaRicplate
polishing machiner(AdMARhRedectionirom Appligd Materals, 16 Thisnpliant layer by

means of an adhesive layer. Situated above the PU foam
is a layer composed of a harder, stiff material,
10 preferably composed of 'a hazrd plastic, for which
polycarbonatg, for example, is suitable. Situated above
this stiff layer is the layer having the micro-
replicated structures, that i1s to say the actual fixed
abrasive layer.
15
However, the compliant layer c¢an 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 PU foam layer that is always present in the
25 prior art of FAP pclishing pads leads to gcod results.

In this case, the polishing pad comprises a layer
having the microreplicated structures, a compliant
layer and a layer composed of a stiff plastic such as

30 polycarbonate, wherein the compliant 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 wmulti-plate polishing machine (AMAT
Reflection from  Applied Materials, Inc.). This



- 12 - polishing machine comprises a 5 zone membrane carrier, which permits the pressure profile of
the carrier to be set differently in 5 zones. In conjunction with the compliant polishing pads, this leads
to outstanding 5 results with regard to the geometry of the polished wafers. A polishing agent
containing abrasives is preferably used during the polishing of the front side of the 10 semiconductor
wafer. 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 prefefaih Rigd nittal i fatGrEP T THeSa\Rrate FRIMCIAEHEE 1$5% 360 Kt articularly

20 preferably Sy¢p HOiIpeThe abrasive patasiaheemprses asnalgriaibatyneehanically negoves the

substrate materialt prgf.ef%bl}_{ one.Qr more thg oxidses o] It}he glementsgluminumt 5 CF rium or
silicon. A polishslr?g agein sFUrreS/ cor?fainlng collou§’§f§/ disperse sﬁ%é%nﬁa iglrflarYg/lp ferréd. 30 The
polishing agentcsionry: peafératily toataimgadiedito it dulitveslstrfisas sodiumitaibondie:tNa3CO3),

potassiumgarbogate (20Q3) sodiwg Sydroxide (NaOH)-paiassiym bydrexide s )sagamonium
hydroxide (NH40OH), tetramethylammonium hydroxide (TMAH) - 13 - However, the polishing agent
slurry can cont¥in or more further additives, for example surface-active additives such as wetting

agents and surfactants, stabilizers acting as protective colloids,
A polishing agent containing abrasives 1is preferably
used during the polishing of the front side of the

10 semiconductor wafer.

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

The abrasive materiazl comprises a material 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 containing colloidzaliy

disperse silica is particularly preferred.

30 The polishing agent slurry preferably contains added to
it additives such as sodium carbonate {(NasC03),
potassium carbonate (KzC03), sodium hydroxide (NaCH),
potassium hydroxide (KOH), ammonium hydroxide (NH.OH),
tetramethylammonium hydroxides (TMAH)

35



preservatives, biocides,alcohols and complexing agents. The pH value during the polishing of the front
side must be less than 11.8. 10 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 forghiigu[pose. The CMP polishing pads used are
polishing pads having a porous matrix. The polishing'pad preferably comprises a thermoplastic 20 or
heat-curable polymer. A multiplicity of materials, e.g. polyurethanes, polycarbonate, polyamide,
polyacrylate, pélypestes eic. tare applidmidteas agatetials25:Thyg polishingppad preferablyor

comprisessolidymicropgrous polyurethane ; Ehe usergfpolighing pads @m&%?g%ear@@d plates or

felt or fiber substrates which are impregnated with 30 polymers is also preferred.

Coated/impregA&eHpoigiing fadstanafo BE tomiguretPifisueh LRdy tHt & e e diferent pore

distribution andssizes. nithersubstratedhdamin the 35coatingsrotective colloids,
5 ©preservatives, biocides, alcchols and complexing
agents.

The pH wvalue during the polishing of the £ront side
must be less than 11.8.

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

A polishing pad comprising no fixedly bonded abrasives

is preferably wused during the polishing process.

15 Conventional CMP polishing pads are suitable for this
| purpose. The CMP polishing pads used are pbiishing g&ds

having a porous matrix.

The polishing pad preferably comprises a thermoplastic
20 or heat-curable polymer. A multiplicity of materials,
e.g. polyurethanes, polycarbonate, polyamide,
polyacrylate, ©polyester, etc., are appropriate as

material.

25 The polishing 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 preferred.

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

35 coating.



- 14 - The polishing pads can be substantially planar or else perforated. In order to control the
porosity of the polishing pad, 5 fillers can be introduced into the polishing pad. Commercially 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 IC1000TM, PolytexT" or 19 SUBATM from Rohm & Hass. Instead of the
polishing pads described, however, it is possible, which is likewise preferred, to use an FAP pad such
as the one used during the polishing of the 15 rear side. In principle, the semiconductor wafers are
pressed by theHige sitfdcetdHe RAdRedafaiRst tREPBisHI G pad Wiy 8Raholishifg Pfate, with the
aid of a 20 polighing headeA polishing head also includes a retainer ring which laterally encloses the
substrate and prevents it from sliding from the polishing head during polishing.

In order to control the porosity of the polishing pad,

5 fillers can be introduced into the polishing pad.

Commercially 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™, Polytex™ or
10 SUBA™ from Rohm & Hass.

Instead of the polishing pads described, however, it is
possible, which is likewise preferred, to use an FAP
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 lylng on a polishing plate, with the aid of a
20  pelishing head.

A polishing head alsc 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
suxface of the silicon wafer which is remote £rom 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 alsc used in the case of
which an elastic support ("backing pad”} is used

35 instead of a membrane.



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 liquid cushion.
However, polishing heads are also used in the case gfawhich an elastic support ("backing pad") is used
35 instead of a membrane. - 15 - The substrate is polished with a polishing agent being supplied
between the substrate and the polishing pad and with the polishing head and the polishing plate being

rotated. In this €48, $P BSHMRY HehdR &g Horahyas® vedhdvdd fgnsatarally Bad the
polishing pad, wherebyedmarecosytehensive uilizationeof thedolighingmstlianesris ojaimed. 10
Furthermore, the me ccprding to the inventign equally be carried.out.on single-plate and
multi-plate polié%l?g %ggﬁnegﬁ%ﬁﬁwgelﬁgg%\%%ulq[‘ll?p%?e S%ﬁ%hiﬁ%‘l?nagﬁgég %%%g reafgreably two,
especially pref&abiathisd: pofishing plates and polishing heads is preferred. Example 20 In a first
step, by mgans of a polishing pad comprising fixedly bonded abrasives with the supply of a polishing

solution set to g specific pH value, the rear side, of a siljcon wafer having,a diameter of 300 mm is
polished 25 in gﬁlch%gi Way fhaa%%’spgécﬁic %@%ﬁ&é&roiﬁ% is&& 8t tﬁgﬂgﬁ@%‘?nai y a-so

be moved translationally over the polishing pad,
whereby a more comprehensive utilization of the
polishing pad area is obtained.

10
Furthermcre, the method according to the invention can
equally be carried out on single-plate and multi-plate

polishing machines.

15 The use of multi-plate polishing machines having
preferably two, especially preferably three, polishing
plates and polishing heads is preferred.

Example
20 |
In a first step, by means of a polishing pad comprising
fizedly bonded abrasives with the supply of a polishing
solution set to a specific pE 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 microreplicated structures
in the form of truncated pyramids having particles of

30 cerium coxide (Cels).
The particle size is 0.1 to 1.0 pm.
The FAP 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 sol, to convert the



The polishing pad comprises microreplicated structures in the form of 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 increase in the pH value of an alkaline solution, without the use of
a silica sol, to convert the - 16 - otherwise expected edge roll-off into an edge elevation, that is to say
to produce curvatures in opposite directions as rec"iuiile%.”’s As a result of the polishing of the rear side
by means of an abrasive-free polishing solution having a pH value of at least 11.8, an elevation is
produced in the>wiaéeredge regiomand adias éthas crealed-wiiich, durirga sulisequeagprocess of
polishing the front si% of th zger, which takes plage with a pH value of 11.2, compensates for the
edge roll-off thz(a%tlitgﬁ s% t%gg'é for%ml%'1 in this cgge, %%g a%?anfr%a%grc gdgg L%éféﬁ%ﬁl'i‘sr tus formed. 15 In
this case, the poliBRiIRd e? bl frentisioa an elffplémiefited as a customary CMP step or as fixed
abrasive polishing with a pH value of less than 11.8. Both polishing methods lead to the formation of a
wafer edge roll-off. The method agcor ing:to the in,ventio% 20 was carried qut successfully for both

types of frant sitfé SoliSMiRY: fr Wk fould M3ne ExpRfmehts tHE: iER3vENEGeBYs 157%ting a
desired surface foughmess25esfithe réaesidersf the wiater, te cay buta secondpartial palishing step

using a suitablg gilica sgk sweh ag e Glangox 390Q5 which; ikewise jaksg place qn the,EAP
polishing pad. 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
12.2,“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 polishin_g 0f the front side can be
implemented as a custdmary CMP step or as fixed
abrasive polishing with a pH value of less than 11.8.
Both polishing methods lead to the formation of a wafer
edge roll-off. The method accerding to the invention

20 was carried out successfully for both types of £front.

side polishing.

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 3900%, which likewise takes place

on the FAP polishing pad.

30 *Glanzox 3900 is the product name for a polishing agent
slurry that 1s offered as a concentrate by Fujimi
Incorporated, Japan. The concentrate having a pH .of
10.5 contains approximately 5% by weight of colleidal
5i0; having an average particle size of 30 to 40 nm,

35



30 *Glanzox 3900 is the product name for a polishing agent slurry 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 particle size of 30 to 40 nm. - 17 - Further typical conventional
CMP polishing steps (soft pad + alkaline silica sol) can be added at any time as haze-free polishing
processes with small removals for further reduction of thé surface roughness and for 5 reduction of the
defect density (e.g. LLS = "localized light scatterers"), but are not essential to the success of the
invention. -18-mRatent&laigsiil A patishingrpachios LUseiPappatatskes tor pokshing sefiiconductor
wafers, compriging a,Jaygr 2 coniaining Abrasivep, a yer sampgsedoly sif plastgand aiso a
compliant, non=woven layer, Whereir the ayers are bonded to one another by means of
pressure-sensiti?& adhesive [BYeiss1ORITHeso8EIRGSpad Harclafiwad In FareY adBeréifthe layer
composed of asstiffastic campHsewROlysarbanate. su3d-rFEaspolishinghpad as daimedtirclaim 1 or 2,

lSWh@EWgheBg@ﬁ@@%gﬁdggn%ﬂge%ggg%@ﬂmgggsity (e.g. LLS = "localized

light scatterers”™), but are not essential to the

success of the inventiocn.



layer composed of polyurethane form. 4. The polishing pad as claimed in-any of claims 1 to 3,
wherein the compliant layer comprises polyester 20fibers. 5. The polishing pad as claimed in any of
claims 1 to 4, wherein the layer containing abrasives comprises particles of oxides of the elements
cerium, aluminum, 25silicon or zirconium or particles of hard materials such as silicon carbide, boron
nitride or diamond. 6. Polishing a semiconductor wafer using a polishing pad containing abrasives as
claimed in claims 1 to 5. 30 -18

Patent Claims:

1. A polishing pad for wuse 1in apparatuses for
polishing semiconductor wafers, comprising a layer
5 containing abrasives, a layer composed of a sgtiff

plastic and also a compliant, non-woven layer, wherein
the layers are bonded to one another by wmeans of
pressure-sensitive adhesive layers.

10 2. The polishing pad as claimed in claim 1, wherein
the layer composed of a stiff plastic comprises
pelycarbonate.

3. The polishing pad as claimed in claim 1 or 2,

15 wherein the polishing pad comprises an additional

layer composed of polyurethane form.

4. The polishing pad as claimed in any of claims 1
to 3, wherein the compliant layer comprises polyester
20 fibers.

5. The polishing pad as c¢laimed in any of claims 1
to 4, wherein the layer containing abrasives comprises
particles of oxides of the elements cerium, aluminum,
25 gsilicon or zirconium or particles of hard materials
such as gilicon carbide, boron nitride or diamond.

6. Polishing a semiconductor wafer using a polishing
pad containing abrasives as claimed in claims 1 to 5.
30



