1 Method for Polishing a Semiconductor Wafer The invention relates to a method for polishing a
semiconductor wafer. Various polishing methods are already known in the prior art. So-called
double-side polishing (DSP) is described in US3691694 for example. 10 In accordance with one
embodiment of DSP as described in EP208315B1, semiconductor wafers in "carrier plates" composed
of metal or plastic, which have suitably dimensioned cut-outs, are moved between two rotating
polishing plates covered with a u polishing pad in the presence of a polishing sol on a path
predetermined by the machine and process parameters, and are thereby polished. DSP is

conventionally cartied outssinga palfiBa.0i 20 compgaed oLANAgeREQUS, Porous polymer foam.
as described in DE1000457801, for example, where it is also disclosed that the polishing pad adhering

to the upper polishing plate is permeated by a network of channels and the polishing pad adhering to
the lower polishiig Prateivds ashadeth surfacemwithodt Such atextsre nEhis measwersintended firstly
to ensure hggwageneous distribution of the polishing agent used during the polishing, and secondly to
prevent the semiconductor wafer from sticking to the upper polishing pad when the upper polishing
plate is lifted after polishing has been completed. 30 In addition to DSP, in the prior art so-called CMP
polishing is'\frecessanpiné/derto elintihats defects and 40 yeducesthe surface peughness: In the case
of CMP, a softer polishing pad is used than in the case of DSP. Moreover, only one side of the
So-called double-side polishing (DSP) is described in U53681694
for examplie. '
10
In accerdance with one embodiment of DSP as described in
EP208315B1, semiconductor wafers in “carrier plates” compesed
of metal or plastic, which have suitably dimensioned cut-outs,
are moved between two rotating polishing plates covered with a
15 polishing pad in the presence of & polishing sol on a path
predetermined by the machine and process parameters, and are

thereby polished.

DBP is conventionally carried out using a polishing pad

20 composed of homogeneous, porous polymer foam, as described in
DE1I0004578CL, for example, where it is also disclosed that the
polishing pad adhering to the upper rolishing plate is
permeated by a network of channels and the polishing pad
adhering to the lower polishing plate has a smooth surféce

25 without such a texture. This measure is intended firstly to
ensure homogeneous distribution of the polishing agent used
during the polishing, and secondly to bprevent the semiconductor
wafer from sticking to the upper polishing pad when the upper
polishing plate is lifted after volishing has been complated.

30
In addition te DSP, in the prior art so-called CMP pelishing is
necessary in order to eliminate defects and to reduce the
surface roughness. In the case of CMP, a softer polishing pad
is used than in the case of DSP. Moreover, only cne side of the

35  semiconductor wafer i1s polished by means of CMP, namely the



35 semiconductor wafer is polished by means of CMP, namely the 2 side on which components are
subsequently intended to be fabricated. The prior art also makes reference to finish polishing. CMP
methods are disclosed for example in US 2002- 0077039 and in US 2008-0305722. The German
Patent Application DE 102 007 035 266 Al describes a method for polishing a substrate composed of

silicon matedal, sampisilg Wampalishingsteps of the: EdRetype;whichaditierdndbhata polishing agent

slurry corgg@}n%g%rggon%jg abé%si\ée g%%stggce as aﬁ{se%lidrig #ntjr:%%uccedtbet\ﬁlgeg ttPle substrate and
the polishing pad in oné po |Shiﬁg scfep, Whils'in the Second po |§h|ng s?ep fhe pghsﬁlng agent slurry is
replaced by aigdlishing dehtsahitivhsthat s fldesoflsolits. FAP detrotps fixeéd abshadpolishing,

which desgripes-a;pglishing, meihed that usgs pelishing pads containing fixedly bonded abrasives. The
prior art therefore discloses polishing methods using polishing pads which contain no abrasives,

wherein abrasives in the form of a polishing sol are supplied in this case, and also polishing methods
using polishinggeadmeorainiig ahmsivesa wherein® pashiwrsal Ppesswt havade besupplied. All
the methods kn in the priaor, art are disadvantageous with regard_to the geometry and/o
e otono e B e ot He O A e (Ecge
Roll-Off). Famisidisadvdntagssusi withrggardepshe Sukfhee YédyHness. Ewibodimdiatssftheé invention

seek to prayide énﬁgﬂ@{'&b’ﬁéoé%%zﬁ‘&e@?ﬁi‘?ﬁ?w@éﬂé%%Hﬂﬂ@aﬁoéc?%ﬂﬁ@doﬁﬁ%% of the

invention, there is provided a methaod for polishing a semiconductor wafer, comprising polishing a

surface of HEEEATRBnAGcHr SféCusify FPJIRAMGShAPERIFER ittt & RthSRipplyPdra polishing
agent slugy«optdiniagi 3@abrasivas, sibseguerthhanding tle supply b thewpalshirgagert slurry and
in a second step with supply of.a palishing agent_solution having a.pH value of greater than or equal to
TP e G B eh i e DREIch B e O acnd S ot tb Siuctuned by means
of chemidzd bicHivigigrivaaiy-("Baffingrsintdiiy asfubiovdng andahé darfaE@ Biraemed esmprises

elevationsg opdhe sidesthat comes:igio epntachwith that sutface of the,semiconductar waler which is to
be polished, and wherein the polishing pad is free of substances with abrasive action. Preferably, the

polishing dg@ht SRR RIS FrRAE COMAAS OIS E SR EPRIR O RPERFBYEBF the group

consisting of oxides of the elements aluminium, cerium and silicon.
The prior art therefore discloses polishing methods using
pcolishing pads which contain nc abrasives, wherein abrasives in
the form of a polishing sol are gupplied in this case, and also
polishing methods using pelishing pads containing abrasives,

wherein a polishing sol does not have to be supplied.

A1l the methods known in the priocr art are disadvantageous with
regard to the geometry and/or nanotopology of the polished
wafers. DSP and CMP lead to a decrease in thickness at the edge
(Edge Roll-0Off). FAP is disadvantagéous with regard to the

surface roughness.

Embodiments of the invention seek to provide an alternative to

the method known in the priocr art.

According to an aspect of the invention, there is provided a
method for polishing a semiconductor wafer, comprising
polishing a surface of the semiconductor wafer using a
polishing pad and in a first step with supply of a polilishing

agent slurry containing



The size distribution of the abrasive substance particles is preferably monomodal in nature. The
average particle size is 5 to 300 nm, particularly preferably 5 to 50 nm. The proportion of the abrasive
substance in the polishing agent slurry is preferably.25 to 20% by weight, particularly preferably 0.25
to 1% by weight. The use of colloidal silica as polishing agent slurry is particularly preferred. By way of

example dhezagieess polishiagegenis/L evasil2)OremBayer A andHelapzaax 38004) from Fujimi
can be used. Tthe olishing agent slurry can cant in additig%s such as sogium ca%nﬁteﬁaZOOB),
potassiur%%%?bonsa giﬁﬁgﬁ%, %@diﬁmsﬁﬁ?r%mdg:(ﬁ%o‘ﬁ), pot%%gﬁmﬁf h? roxide jL,n monium
hydroxidex@eHa0#) L tetrbpre thgtahmgopiupd hydronieled(T Mt tHoweher; ther pefiskidg agent slurry
can contaip ongrormorefugther additives;for example.suifagesactiye;additives such aswetfing agents
and surfactants, stabilizers acting as protective colloids, preservatives, biocides, alcohols and 5
complexiftg GRS ST POfHiNG ag SAHSHUFGFuSed TFERRSeebnd &8 i8drefrabiWater or
aqueous golutians of thesc@npaunds sedivoredbonate (NaZ2093) pRptassiurhearbaraiadd <2003),

sodium 10 hydroxide (NaOH). potassium_hydroxide (KQH), ammonium hydroxide (NH40OH),
oot ST TR 02 B ATy Hoh oSt S TE tidraot COHRE phssiton of the
stated compuimds imiltdipolistingagéacks sdlutidveisysreferablio:0t 1o ¥6%&by weight. is

to be polished, and wherein the polishing pad is free of

substances with zbrasive action.

Preferably, the polishing agent slurry used in the first step
contains abrasives selected from one or more cof the group
congigting of oxides of the elements aluminium, cerium and

silicon,

The size distribution of the abrasive substance particles is

preferably moncmodal in nature.

The average particle size is 5 to 300 nm, particularly

preferably 5 to 50 nm.

The proportion of the abrasive substance in the pclishing agent
slurry is preferably 0.25 to 20% by weight, particularly
preferably ¢.25 to 1% by weilght.

The use of colloidal silica as polishing agent slurry is

particularly preferred.

By way of example, the agueous polishing agents Levasil® 200

from Bayer AG and Glanzox 3900% from Fujimi can be used.

The polighing agent slurry can contain additives such as godium
carbonate (Nz;C0:}, potassium carbonate (K;CO0;}, sodium hydroxide
{NaOH), potassium hydroxide {(KCH), ammonium hydroxide (NH,O0H),
tetramethylammonium hydroxide (TMAH) .



The pH value of the polishing agent solution is greater than or equal to 12. 20 The polishing pad used
preferably has a porous matrix. The polishing pad is preferably composed of a thermoplastic or
heat-resistant polymer. A multiplicity of materials may be envisaged for the material, for example
polyurethanes, 25 polycarbonate, polyamide, polyacrylate, polyester, etc. The polishing pad preferably
comprises solid, microporous polyurethane. 30 It is also preferred to use polishing pads composed of
foamed plates or felt or fibre substrates, which are ifppregnated with polymers. Coated/impregnated
polishing pads can also be configured suchthat they have a different pore distribution and different

pore sizes i;lg\otpgv%gstu@gg 0 1‘3% itlgl ose inthe coating. In order to control the porosity of the
polishing pad, fillers can ‘beﬁtro}{;b—eﬁntoé%netpé}sﬁﬁg pad  Corrmnardia Svalabig Folishing pads
which can bé'tised afftt A ErféSpording Stifacestopogiapts aas been pridduced areexh the 10 SPM
3100 from Redel lng. agdhe padsofibe DCPseries and ie Pads baying; the tade names 1C1000m,

PolytexTm 'm from Rohm & Haas.
y ﬁ%é%g%élve Colloids, preservatives, bioccides, aleoshols and

5 complexing agents.

The polishing agent solution used in the second step is
preferably water or agueous solutions of the compounds sodium
carbonate (Na,C03), potassium carbonate (KoCOs), sodium

10 hydroxide (NaOH), potassium hydroxide {KOH) , ammonium hydroxide
(NH,OH), tetramethylammonium hydroxide {TMARY) or any desired

mixtures thereof.

The proporticn of the stated compounds in the polishing agent

15 soclution is preferably 0.01 to 10% by weight.

The pH value of the polishing agent solution is greater than or

egual to 12.
20 The polishing pad used preferably has a porous matrix.

The polishing pad is preferably composed of a thermoplastic or
heat-resistant polymer. A multiplicity of materials mav be
envisaged for the materizl, for example polvurethanes,

25 polycarbonate, polyamide, polvacrylate, pelyester, etc.

The polishing pad preferably comprises solid, microporous

polyurethane,

30 It is also preferred to use polishing pads compesed of foamed
piates or felt or fibre substrates, which are impregnated with

polymers.



The use of hard or very hard polishing pads is preferred, 15 however. The hardness according to
Shore A should be at -east 80. By way of example, the SUBAtm 1200 from Rohm & Haas having a
20 hardness of 84 according to Shore A is suitable for this purpose. A polishing pad of the type
'SOBA'41 800T2 from Nitta Haas Inc. is likewise suitable, and an alternative thereto should have the 25
hardness according to ASKER C (SRIS 0101) of greater than 90. The use of a polishing pad having a
hardness of 80-100 according to Shore A is particularly preferred. 30 Pads of the type MH-524A from
Nitta Haas Inc. are specified for example with a hardness of up to 86 JIS-A (JIS K 6253A), where a

hardness according i, IlS-A couespands fo a hardness according fo Shore A, 6 The hardness of the
polishing pad is e‘sp:écgllly“preferabp 92-100 a%cording to %?ﬁ(s)?e k/i“(v‘écr)fl1 hard" b%ﬁsﬁﬁanpad). The

polishing padirefdiably A¥E piramidht o7 tife-BRASed S5strictuiesoThese Mikidstrecturescan
therefore havesforiexarnples tive forax of colupans-bavingra eylingicah ot pelygonal gross section or the
form of pyramids or truncated pyramids. The polishing pad preferably has round or oval elevations. 10

5 In order to control the poresity of the peolishing pad, fillers

can be introduced into the polishing pad.

Commercially available polishing pads which can be used after a

corresponding surface topography has been produced are e.g. the
16 SPM 3100 from Rodel Inc. or the pads of the DCP series and the

pads having the trade names IC1000™, Polytex™ or SUBA™ from

Rohm & Haas.

The use of hard or very hard polishing pads is craeferred,

15 howevar.
The hardness according to Shors 2 should be at least 80°.
By way of example, the SUBA™ 1200 from Rohm & Haas having a
20 hardness of B84° according to Shore A is suitable for this

puarpcse.

A polishing pad of the tvpe SUBA™ B00T2 from Nitta Haas

-

ne. is
likewise suitable, and an alternative thereto should have the

25 hardness according to ASKER C (SRI3 0101) of greater than 90,

The use of a polishing pad having a hardness of B0-100°

according to Shore A is particularly preferred.

30 Pads of the type MH-S24R from Nitta Haas Inc. are specified for
example with a hardness of up to 86 JIS-A (JIS K 6253A), where
a hardness according to JIS-A corresponds to a hardness

according to Shore A.



The polishing pad preferably has angular, e.g. hexagonal elevations.  The height of the structures or
elevations is preferably 15 greater than or equal to 10 pm up to a few mm. The extent of the elevations
is preferably at least SO pm to at most 400 um, particularly preferably 50-200 um. 20 The use of
polishing pads having circular elevations having a diameter of 50-200 pm is especially preferred. The
elevations are preferably arranged in regular fashion on the polishing pad. The distances between two
adjacent 25 elevations is preferably a few pm to appyoximately SOO um. The polishing pad preferably
has grooves or channels. The depth of the grooves or channels is preferably 10-200 pm. The distance

between twg,adjacent channels.qr grooves is preferably 30 a few lam.to approximately 500 pm. A
surface of the polishing pad is préferagbly"tgell:lltgg b%/ar%e%ﬁs%?%ﬁ%%ﬁaiéaﬁlyeé)ﬁﬁ%eiﬁa&‘dgr {s produce
such structhPés, SIEFATEHY  EhannelesfgrooliEaT YA Baridce of isd polisiiag pad is preferably treated

by means of mechanical grinding or milling in order to produce such structures, elevations, channels or
grooves. 54 surface é)lg;b%p,og%hi,pg &ad IS I:pref(%rably treated b){ means, Qf sintering or furrowing in
T POTISHING S Pdrerapl as pyvraprdal or &~
order to producé such structures, elevafions, channels or groo &5, 0F tile-shaped
5 structures. These microstructures can therefore have, for
example, the form of columns having a cylindrical or polygonal

cross section or the form of pyramids or truncated pyramids.
The polishing pad preferably has round or oval elevations.

The polishing pad preferably has angular, e.g. hexagonal

aelevations.,

The height of the structures or elevations is preferably

15 greater than or ecual to 10 um up to a few mm.

The extent of ths elevations is preferably at least 50 um to at

most 400 um, particularly preferably 50-200 um.

20 The use of polishing pads having circular elevations having a

diame;er of 50-200 um 1s especially preferred.

The elevations are preferably arranged in regular faghion on
the polishing pad. The distances between two adiacent

25 elevations is preferably a few um to approximately 500 um.

The polishing pad preferably has grooves cor channels. The depth
of the grooves or channels is preferably 10-200 um. The
distance between two adjacent channels or grooves is preferably

30 a few pm to approximately 500 um.

A surface of the polishing pad is preferably treated by means
of chemical etching in order to produce such structures,
elevations, channels or grooves.

35



Preferably, in the second step of polishing with supply of the 10 polishing agent solution, the polishing
pressure with which the polishing pad is pressed onto the surface of the semiconductor wafer is
reduced versus the polishing pressure used in the first step. 15 The invention provides abrasiveless
polishing with supply of a polishing agent solution having a high pH value of greater than or equal to
12. A polishing agent slurry is supplied in the __rat step of the polishing. This first step serves to start
the polishing process. 20 As soon as the polishing pyocess has started, the supply of the polishing
agent slurry is ended. Instead, an alkaline polishing agent solution is then supplied. Preferably, the
polishing timedn.t cond.step.of th lishing with. supply of a polishing agent solution is at least
50%, prefe?::':\FkJEJI))[/1 é?lgleigst%b‘yﬁgng éeféﬁ%ﬁ%ﬂ?/ pbfgfie/\:églfa%%e}zaesﬁ 0,38 ﬁ}g:’eLt% al'poli&Rfigtime.
Preferably, Only e -fomE &t eZdritheidsmiconatiétor Wafer isopolsheel vierdinthetotat material
removal is preferably aof maretthanch8 pran3@nEhe segond step.af the polishing with supply of a
polishing agent solution is preferably effected at reduced polishing pressure. In this case, the polishing
pressure is preferably approximately 70 to approximately 200 hPA, whereas at the 35 beginning of the
method, wherr & potishirffagést slokysing pad is preferably treated by means

of sintering or furrowing in order to produce =such structurss,

elevations, channels or grooves.

Preferably, in the second step of polishing with supply of the
10 polishing agent sclution, the polishing pressure with which the

polishing pad is pressed onto the surface of the semiconductor

wafer is reduced versus the polishing pressure used in the

first step.

15 The invention provides abrasiveless polishing with supply of a
polishing agent solution having a2 high pH value of greater than

or equal to 1Z. A polishing agent slurry is suppliad in the

53]

irst step serves to start

Fh

first step of the polishing. This

the polishing process.

4

20 As soon as the polishing process has started, the supply of the

polishing agent slurry is ended.

- Instead, an alkaline pclishing agent solution is then supplised.

Preferably, the polishing time in the second step of the

25 polishing with supply of a polishing agent solution is at least
50%, preferably at least 70%, and especizlly preferably at
least 85%, of the total polishing time. Preferably, only the
front side of the semiconductor wafer is polished, wherein the
total material removal is preferably not more than 1.0 .

36
The second step of the polishing with supply of a polishing
agent solution is preferably effected at reduced polishing
pressure. In this case, the polishing pressure is preferably
approximétely 70 to approximately 200 hPA, whersas at the

35  Dbeginning of the method, when a polishing agent slurry is



supplied, the polishing pressure is up to 560 hPa, preferably 250-400 hPa. Conventional polishing
machines such as e.g. the polishing 5 machine of the Reflection type from Applied Materials, Inc. are
suitable for carrying out the method. This polishing machine has hitherto been used in CMP polishing,
in particular. It is a multi-Plate polishing machine. This M polishing machine comprises a 5-zone
membrane carrier, which permits the pressure profile of the carrier to be set differently in 5 zones. In
conventional chemical-mechanical polishing methods, 15 polishing agent slurries (silica sol) having a
fixed pH value are supplied both in the case of DSP and in the case of CMP in order to obtain the

polishing remoyal; In,the case of FAP, abrasives are incorporated in the polishing pad itself. 20 In the
context of theg\éesent’inventibn, th%%&(%tigﬁ Of abrasives %pn%coes“s éy%ﬁﬁ/fo? EEBhghE polishing

process. Infmédiatelydfter the commencement of the polishing removal until the end of polishing, the
polishing is effected without addition of abrasive substances and without polishing pads 25 containing

abrasives. The poli hin&agent slurry initially added Se:rves exclusively as a catalyst that starts the
removal polis 1‘rﬁ)§n§rjb%‘é§§, B7d 7S e dEACIVALES. THE Gebmetry? andtBpBertaptiyiastermining

polishifg it8&lftelkes of the Reflection type from Applied Materials, Inc. are

suitable for carrying out the method.

This polishing machine has hitherto been used in CMP polishing,
in particular. It is a multi~plate polishing machine. This

10 pelishing machine comprises a 5-zone membrane carrier, which
permits the pressure profile of the carrier to be set

differently in 5 zones.

In conventional chemical-mechanical polishing methods,

15 peclishing agent slurries (silica sol) having a fixed pH value
are supplled both in the case of D3P and in the case of CMP in
order te obtain the polishing removal. In the case of FAP,

abrasives are incorporated in the polishing pad itself.

20 In the context of the present invention, the addition of
abrasives is necessary only for starting the polishing process.
Immediately after the commencement of the polishing removal
until the end of peolishing, the polishing is effected without
addition of abrasive substances and without pelishing pads

25 containing abrasives. The polishing agent slurry initially
added serves exclusively as a catalyst that starts the removal

polishing process, and is then deactivated.

The geometry- and topography-~determining polishing itself takes
30 place without the use of abrasives, whether in the form of
externally supplied silica sol particles or in the form of

abrasive particles incorporated in the polishing pad.



30 place without the use of abrasives, whether in the form of externally supplied silica sol particles or
in the form of abrasive patrticles incorporated in the polishing pad. 9 Conventional CMP process
parameters are otherwise employed in the method. The speeds of plate and polishing head are
preferably approximately 30-150 rpm. The volumetric flow rate of the polishing agent is preferably 100
to 1000 mi/min. It is also preferred for the polishing head with the wafer guided therein to be moved
over, the polishing pad in an oscillatory fashion durigg polishing. The local polishing pressure on the
surface of the W semiconductor wafer increases in particular where the local topography of the

semicondugtorwater comes-ipto contact with the local eleyations of the. palishing pad surface.
Together with the alkaline polishing ﬁFa;gﬁent s%hﬁ&, an‘abrééngf:ésts%\Etbvﬁﬁareaﬁgﬁ é)ﬁér?iléﬁ]t removal
polishing pFéGedesisEtfectdd enSES s sérhicotiuetanwater LTk i advaathgevus in comparison with
conventionat EMP pelighing, espesially Bs the-freely mevable alkalinerloaded silica,sal particles in
combination,with a soft finishing 20 polishing pad.effect further remoyal even at depressions on the
surface of %%Ngglr%ic%%ﬁj% or wafer. ‘rlléisj"csagr?%g%e?iﬁai%étyedEoSyEth%om]e?ﬁgd Be6Brding 16 the invention,
which fead3 6 arFinfgroveatent o thé topography of the sdrface bf tHesemifconductorwafer. 25

therein to be moved over the polishing pad in an oscillatory

fashion during pclishing.

The locel polishing pressurs on the surface of the

10 semicenductor wafer increases in particular where the local
topography of the semiconductor wafer comes into contact with
the local elevations of the polishing pad surface. Together
with the alkaline polishing agent solution, an abrasiveless
tapcgraphy-dependent_remsval polishing process is effected on

15 the semiconductor wafer.

This is advantagecus in comparison with conventional CMP

polishing, especially as the freely movable alkaline-loadsad

&)

ilica scl particles in combination with a soft finishing

26 polishing pad effect further removal even at depressiohs cnn the
surface of the semiconductor wafer. This can be eliminated by
the method according to the invention, which leads to an
improvement in the topography of the surface of the

semiconductor waler.

It is especially preferred to apply the method according to the
invention to the pclishing of the rear side of the
semiconductor wafer as an intermediate step between a double-
side polishing of the semiconductor wafer and the concluding

30, final pelishing of the front side of the semiconductor wafer,
that is to say as a process seguence of double-side polishing -
abrasiveless polishing of the rear side -~ polishing of the
front side. It is furthermore preferred for the concluding

polishing of the front side also to be configured as



It is especially prate ed to apply the method according 'to the invention to the polishing of the rear side
of the semiconductor wafer as an intermediate step between a double-side polishing of the
semiconductor wafer and the concluding 30 final polishing of the front side of the semiconductor wafer,
that is to say as a process sequence of double-side polishing - abrasiveless polishing of the rear side -
polishing of the front side. It is furthermore preferred for the concluding polishing of the front side also
to be configured as 10 abrasiveless polishing according to the method according to the invention. It
has been found that the polishing method claimed here is advantageous with regard to geometry and
nanotopolo inwv r ripute the advantageous properties of this predominantly abrasiveless
polishing to?%é%ga%g%h%%%e agt%elrgé iminates. 8%%&%%5% Bropetids of' fife BoISHiAG Bfurkies Wed hitherto
in the case df T¥5P Htid- CMP. A three-body 10 interaction of wafer, polishing pad and polishing slurry
occurs in the case of DSP and CMP. This leads to a non-selective material removal on the wafer. The
material reri%)vgl |Ss igggge?dent of tpejogp%raphy_: of the wafer in the case of DSP and CMP. 15 In the
case of the Polishing according to th& invEhtion of SHrconwaRFE6H £pahsHiAg teachiné of the
Reflection §pesrdmissplied'Materials ait haschemmfoundthat silican swafers bavingma slightly concave

initial fo_rm lead-to-gead ng_mgg@é) @%I_tgd%ggglgg@[sm hrg%gaagg 19 th% getomestry values that can
be obtained loc II% In order to achieve this, it was necessary to define the aver%be removal rate

during poligHiRg T a AN ge o HpptoxifsateRF 0 56 A EsmrinG hidk it enduredty polishing agent
solutions haeitigea ptlivalieafes disturbing properties of the polishing
slurries used hitherto in the case of DSP and CMP. & three-body
10 interaction of wafer, polishing pad and poelishing slurry occurs
in the case of DSP and CMP. This leads to a non-selective
material remocval on the wafer. The material removal is
independent of the topography of the wafer in the case of DSP
and CMP,
15
n the case of the polishing according to the invention of
silicon wafers on a polishing machine of the Reflection type
from Applied Materials, it has been found that silicon wafers
having a slightly concave initial form lead to good polishing
20 results, in particular with regard to the geometry values +hat
can be obtained locally. In order to achieve this, it was
necessary to define the average removal rate during polishing
in a range of approximately 0.05 - 0.15 um/min, which is
ensured by pclishing agent sclutions having & pH value of

25 greater than 12.

By comparison with FAP, a significant improvement in the

surface roughness of the wafer can be observed as a result of

the method according to the invention. Experiments have shown
30 that significantly fewer scratches and defscts on the surface

are visible by comparison with Fap.

What 1s advantageous about the invention is the fack that even

LS VO

very hard pelishing pads can be used.



25 greater than 12. By comparison with PAP, a significant improvement in the surface roughness of -
the wafer can be observed as a result of the method according to the invention. Experiments have
shown 30 that significantly fewer scratches and defects on the surface are visible by comparison with
LAP. What is advantageous about the invention is the fact that even very hard polishing pads can be
used. 11 With the use of silica sol as in the case of CMP, by contrast, the pad hardness that can be
used is upwardly limited since, in the case of CMP,;as uniform a removal as possible is realized as the
interaction of a compliant polishing pad surface and the 5 sol particles loaded with hydroxide ions

(OH-) in orgecto peess them as it were softly onto the wafer surface and thus softly to shear away the
material with simultaneous cﬁemr?'c"é aftack an‘:ansto"“tParTV\l]liéeor'f3 ﬁsée\e/va%/% 1Pt the LaS8'0f 1RE Substantially

abrasivelesd Foldfing TraiRfEhérfe bycontRist hiechydroxidieanns {OH-1 are dontacted with the
wafer surfacesina targetedmmnnes hy-means of theprefiled surfage stiucture.of.a preferably very hard
polishing pad, Wgéchilne@d%tcotal!}qlcaclg daelimited1incrgased remaqval rate at 15 the locations having the
highest local pressures, for examplé if & local slevationtot thé pofiShintpad Shiftaee FAPinges on an
elevatidn of the RBFEr Suitace.c T resils invan dealeemaval bakaviotn whick:leads to an 20

optimum planasizatien-of ke wafge surfage whilst at the. same time ayoiding defects of the wafer
surface. TQ;% §Qmic%ndu%gr wafer poli,_s}?ed by the method according to the invention is preferably a
WakwCowmoséd%fsncgnfgﬁcgﬁﬁy che material with simulTaneocus chemical

attack and to transport it away.

10 In the case of the substantially abrasiveless polishing claimed
here, by contrast, the hydroxide ions (OH~) are contacted with
the wafer surface in a targeted manner by means of the profiled
surface structure of a preferably very hard polishing pad,
which leads to a locally delimited increased removal rate at

15 the locations having the highest local pressures, Ifor example
if a local eslevation of the polishing pad surface impinges on

an elevation of the wafer surface,

This results in an ideal removal behaviour which leads to an
20 optimum planarization of the wafer surface whilst at the same

time avoiding defects of the wafer surface.

The semiconducteor wafer polished by the method according to the
invention is preferably a wafer composed of siliceon, silicon-
25 germanium, silicon dicxide, silicon nitride, gallium arsenide

and further sc-called III-V semiconductors.

The use of silicon in monocrystalline form, for exXample
crystallized by means of a Czochralski or float zone process,

30 is preferred.



25 germanium, silicon dioxide, silicon nitride, galliup arsenide and further so-called I1l-V
semiconductors, The use of silicon in monocrystalline form, for example crystallized by means of a
Czochralski or float zone process, 30 is preferred. PATENT CLAIMS 1. Method for polishing a
semiconductor wafer, comprising polishing a surface of the semiconductor wafer using a 5 polishing
pad and in a first step with supply of a polishing agent slurry containing abrasives, subsequently
ending the supply of the polishing agent slurry and in a second step with supply of a polishing agent
solution haareNe ptiaaae of greater than or equal to 12, which is free of solids, 10 wherein the
polishing pad used has a surface structure structured by means of chemical etching, grinding
("buffing™), sintering or furrowing and the surface structure comprises elevations on the side that
comes info-catdredvithipat sfaceBHRE semicorrItERPINERSTIWIiCh 16bese polistrepy 16and

wherein the polishing pad i freg of substances with abrasjve-action. 2-Methad according to Claim 1,
wherein the polishing agent slurry used in the first step contains abrasives selected 20from one or

more of the GIBUPTOHBHAG D DRfdesdf the-efbftents SRiIniibfh, EeREhark sificd? 3 Méthed
according to £&aint 1,a4berein thepolshidgagentshiyiyused inthestirgtsteplis celloidalsiliexe

supply of the polishing agent slurry and in a secondr step
with supply of a peolishing agent solution having a pH value
of greatei than or equal to 12, which is free of solids,
10 wheréin the polishing pad used has a surface structure
' structured by means of chemical etching, grinding (“bufiing”),
sintering or furrowing and the surface structure comprises
elevations on the s=ide that comes into contact with that
surface of the semiconductor wafer which is to be polished,
15 and - wherein the polishing pad is free of substances with

abrasive action.

2. Method according to Claim 1, wherein the polishing agent
silurry used in the first step contains abrasives selected
20 from one or more of the group consisting of oxides of the

glements aluminium, cerium and silicon.

3. Method according to Claim 1, wherein the polishing agent

slurry used in the first step is collcoidal silica.

25
4, Method according to any one of Claims 1 to 3, wherein the
polishing pad used has a porous matrix.
5. Method according to any one of Claims 1 to 2, wherein the
30 polishing pad used is composed ©of a thermoplastic or heat-

resistant polymer.

€. Method according to any one of Claims 1 to 3, wherein the
polishing pad used comprises pyramidal or tile-shaped

35 structures, -round or oval or hexagonal elevations or grooves.



25 4. Method according to any one of Claims 1 to Bﬁ/vherein the polishing pad used has a porous
matrix. 5. Method according to any one of Claims 1 to 3, wherein the 30polishing pad used is
composed of a thermoplastic or heat- resistant polymer. 6. Method according to any one of Claims 1
to 3, wherein the polishing pad used comprises pyramidal or tile-shaped 35structures, round or oval or
hexagonal elevations or grooves. 13 7. Method according to any one of Claims 1 to 3, wherein in the
second step of polishing with supply of the polishing agent solution, the polishing pressure with which
the polishingMestchisdpressed-dntothe sugfage ehthessenuteneisctar wafes is Jredveed, versusithe
polishing preggure tisedinhe frsLstep

soiution, the polishing pressure with which the polishing pad

thing with supply of the polishing agent

is pressed onto the surface of the semiconductor wafer is

5 reduced versus the polishing pressure used in the first step.



