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 U53691694 for example. 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 polishing pad in the p]resence of a polishing sol on a path
predetermined by the machine and process parameters, and are thereby polished. DSP is
conventionally carried odf&Shica HoKsHHrg pabixtscempessd-ohidimbgendamBeporous polymer foam,
as described in DE10004578C1, for example, where it is also disclosed that the polishing pad
adhering 1;9 the upper olishinge late is germeated by a network of channels and the polishing pad
adhering to the TOW&r poisRing gﬁFeeﬁa 3 nEGthiufrat8 2 5RMitHGUL 'stigha teRTuFE STRiS Bhedsure is
intended firstheto. ensure homogeneous distribution of the polishing agent used during the polishing,
and sgcondly 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 ERB PofishiAg i hecessaR) fcsttler i elimirte tefeetsand Yo Fetucethe sugfate
roughness. In the case of CMP, a softer polishing pad is used than in the case of DSP. Moreover, only

one side of the 3p,semigandyctor wafer Is polished by means of CMP, namely the  3ec1694

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

15 polishing pad in the presence of a polishing sol on a path
predetermined by the machine and process parameters, and are

thereby polished.

D5P is conventionally carried out using a polishing pad

20 composed of homogeneous, porous polymer foam, as described in
DE10004578C1l, for example, where it is also disclosed that the
polishing pad adhering tc the upper polishing plate is
permeated by a network of channels and the polishing pad
adhering to the lower polishing plate has a smooth surface

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 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
necessary in order to eliminate defects and to reduce the
surface roughness. In the case of CMP, a softer pelishing pad
is used than in the case of DSP. Moreover, only one side of the

33 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, S 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 the PAP type,
which differ in that a polishing agent slurry containing non-bonded abrasive 10 substance as a solid is
introduced between the substrate and the polishing pad in one polishing step, while in the second
polishing step the polishing agent slurry is replaced by a polishing agent solution that is free of solids.
FAP denofesifixétalitasive olisRmiE Whicrrdescripesaaysiishivy et ot Esithar uses polishing pads

containingstixeely-headed aheasimescthespriorart therefare disclosespalishingsmethods using
polishing acisivsvgilcrq cor;é%ilg no %%ragives%wh%%ein abrasives in the form of a polishin%sol are
and also 20 polishiriy thethods &G pofidhifg paEs Bontainifg abfsives,

supplied i this case,’an
wherein alolishing sohdoés ndEhave to-B& sapplied. All the methods known in the prior art are
disadyantageous with regard to the geometry and/or nanotopology of the polished 25 wafers. DSP and
CMP lead to a decrease in thickness at the edge (Edge Doll-Off). PAP is disadvantageous with regard
to the surfalE rGagRIEsST 2t Site SbjRetGFthé Taverfion Was R provideff akdrndtive 1086 the:

method kmewmn itithecprigraltishing a2 substrate composed of silicon material,

comprising two polishing steps of the FAP type, which differ in
that a polishing agent slurry containing non-bonded abrasive

10 substance as a solid 1s introduced between the substrate and
the polishing pad in one polishing step, while in the second
polishing step the polishing agent slurry is replaced by a
polishing agent solution that is free of solids. FAP denotes
fixed abrasive polishing, which describes a polishing method

15 that uses polishing 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
20 polishing methods using polishing pads containing abrasives,

wherein a polishing sol deces not have to be supplied.

All the methods known in the prior art are disadvantageous with
regard to the geometry and/or nanotopology of the polished

25 wafers. DSP and CMP lead to a decrease in thickness at the edge
(Edge Roll-0ff). FAP is disadvantageous with regard to the

surface roughness,

The object of the invention was to provide an alternative to

30 the method known in the prior art.

The object of the invention is achieved by means of a method
for polishing a semiconductor wafer, comprising polishing a
surface of the semiconductor wafer using a polishing pad and in

35 a first step with supply of a polishing agent slurry containing



The object of the invention is achieved by means of a method for polishing a semiconductor wafer,
comprising polishing a surface of the semiconductor wafer using a polishing pad and in 35 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 having a pH value
of greater than or equal to 12, which is free of solids, wherein the polishing pad used has 5 a surface
structure comprising elevations on the side that comés into contact with that surface of the
semiconductor wafer which is to be polished, and wherein the polishing pad is free of substances with
abrasive &ttionSPrStErably 1A Pofishing ageAtsltryisedun i/ first stépacamtaihstabrasives selected

from one akmote @Mh@r@rogﬁccomismg@é@i@@eg@w%@m%@?ﬂ&jﬂi@w& ﬁh%@mgsi”con- 15
‘The size gisgibytiggqu the atggésiv‘e substancevpa%rticles is preferably monomodal in nature. The
average particle size"is 516 300 nm: Baftichiarly préferatly 540807 mt 96 T He pro@Brtion-6F the
abrasive Substarickdh the pblisking Agentlslury isrhreferably:-0.25:0 209 by weight, paricularly
prefesably,0.25.4¢ 436 by wielght, 25 Therse aficallodal slicg as palishing.agent slurry s partieularly
preferred. By way of example, the aqueous Eolishlng agents evasilo 200 from ayer AG and Glanzox
39000.ﬁdﬁ?ﬁ%ﬁnﬁ%gﬁb%QEﬁ%EQOWlt“ that surface of the semiconductor wafer

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

of substances with abrasive action.

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

silicon.

13 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 0.25 to 20% by weight, particularly
preferably 0.25 to 1% by weight.

25 The use of colloidal silica as polishing agent slurry is

particularly preferred.

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

from Bayer AGC and Glanzox 3900® from Fujimi can be used.

The polishing agent slurry can contain additives such as sodium
carbonate (NayCOsz), potassium carbonate (XK.COs), sodium
hydroxide (NaOH), potassium hydroxide (KOH)} , ammonium hydrosxide
(NH4OH}, tetramethylammonium hydroxide (TMAH).

35



The polishing agent slurry can contain additives such as sodium carbonate (Na2003), potassium
carbonate (K2003), sodium hydroxide (NaOH), potassium hydroxide (KOH), ammonium hydroxide
(NH40H), tetramethylammonium hydroxide (TMAH). 4 However, the polishing agent slurry can
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 5
complexing agents. The polishing agent solution used in the second step is preferably water or
aqueous solutions of the compounds sodium carbonate (Na2CO3), potassium carbonate (K2003),
sodium 10'RYEBkite (NHOHY, pofassitin dyardxide: IKOM) Safinforitm Hydrodde INHAO#),
tetramethylammeniue-hydrexide (TWMAH)-0r-a0y  desiredmixturesthereof, jthe- proportion-gf the stated
compounds in the polishing agent sOlution is preferably 0.01 to 10% by weight. The pH value of the
polishing Agentsd t%%%%%?e&%étﬁa% F &L%T%& 12?’%é}%'h%lﬁo%ﬁinﬁcﬁajo“@sétﬁpreferably has a
porous matrixtEle polishing padds preferabiy camposed obadhermoplasticcorheai-resistant polymer.
A mugipliq@tcyng;f%g{tggglsaragxgg_envisaged for the material, for example polyurethanes, 25
polycarbonate, polyamide, polyacrylate, polyester, etc. The polishing pad preferably comprises solid,

microporous polyurethane.
The polishing agent sclution used in the second step is

preferably water or agqueous sclutions of the compounds sodium
carbonate (Na,C03;), potassium carbonate (K,CO;), sodium

10 hydroxide (NaOH), potassium hydroxide (KOH), ammonium hydroxide
(NH4OH) , tetramethylammonium hydroxide (TMAH) or any desired

mixtures thereof.

The proportion of the stated compounds in the pelishing agent

15 solution 1s preferably 0.01 to 10% by weight.

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 impregnated with

polymers.



30 It is also preferred to use polishing pads composed of foamed plates or felt or fibre substrates,
which are impregnated with polymers. 5 Coated/impregnated polishing pads can also be configured
such that they have a different pore distribution and different pore sizes in the substrate compared with
those in the coating. In order to control the porosity of the polishing 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 W SPM 3100 from Rodel Inc. or the pads of the
DCP series and the pads having the trade names IC1000', PolytexTM or SUBATM from Rohm &
Haas. THRAGSS SEREHESSHVERE RaRP polsHiAG padsii sreferidd d Showever, Tiheckardaess according

to Shore Asheuldrheatleast 80.q Byrway of example; the SUBATR, 1200 from Rebm&Haas-having a
20 hardness of 84 .accordin t% Shor%A is suitable(;ror thi puq‘zose. A polishing pad, of the type
SUBATM B800T2 fiom Rﬁt?a %%a%qﬁg i§ k&R titable: And AP Slteriative tHePéto'SHbuld have the

25 hardness according to ASKER C (SRIS 0101) of greater than 90.
5 In order to control the porosity of the polishing 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
10 SPM 3100 from Redel Inc. or the pads of the DCP series and the

prads having the trade names ICI1000™, Polytex™ or SUBA™ from

Rohm & Haas.

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

15  however.
The hardness according to Shore 2 should be at least 280°.

By way of example, the SUBA™ 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 SUBA™ 80072 from Nitta Haas Inc. is
likewise suitable, and an alternative thereto should have +the

25 hardness according to ASKER C (3SRIS 0101} of greater than 20.

The use of a pclishing pad having a hardness of 80-100°

according to Shore A is particularly preferred.

36 Pads of the type MH-S24A 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 use of a polishing pad having a hardness of 80-100 according to Shore A is particularly preferred.
30 Pads of the type MH-S24A 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. 6 The hardness of the polishing pad is especially preferably 92- 1000 according to Shore A
(very hard polishing pad). The polishing pad preferably has pyramidal or tile-shaped 5 structures.
These microstructures can therefore have, for exam&e, the form of columns havihg a cylindrical or
polygonal cross section or the form of pyramids or truncated pyramids. The polishing pad preferably

has round'fovit VTSNS 110- The Polisiig padasreferably Heacdmyular, B hexagénal Blevations.
The height of thesstructdrescorelevations is preferaply, 15 greater thanor edidal to 10 pm up to a few
mm. The extent of the elevations is preferably at least 50 pm to at most 400 pm, particularly preferably
50-200 pm. 20 The use of polishing pads having circular elevations having a diameter of 50-200 pm is
especiallylpreferred. Sheraleyvatibnsarespreferably asrangeekin degular fashion-em the=polishing pad.
The(Hga@%%h@%ﬁ@ggIwﬁﬁgg@p%%crostructures 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.
10
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 um up to a few mm.

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

most 400 pm, particularly preferably 50-200 um.

200 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 eslevations is preferably a few pm to approximately 500 um.

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

36 a few um 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



25 elevations is preferably a few pm to approximately 500 pm. The polishing pad preferably has
grooves or channels. The depth of the grooves or channels is preferably 10-200 pm. The distance
between two adjacent channels or grooves is preferably 30 a few pm to approximately 500 pm. A
surface of the polishing pad is preferably treated by means of chemical etching in order to produce
such structures, elevations, channels or grooves. 7 A surface of the polishing pad is preferably treated
by means of mechanical grinding or milling in order t6 produce such structures, elevations, channels or
grooves. 5 A surface of the polishing pad is preferably treated by means of sintering or furrowing in

order to pfodticeisifeh striuctirgs Pélevationss chadnéls OF GRoGVEED Preferabiy, dr the seeontsstep of
polishing with-supplyrafdhe 19:polishing agent solution, the polishingdressurgwith which the polishing
pad is pressed onto the surEace of the semi onducior wafer is reduced versus the polishing pressure
used in th(sjﬁgtcsttgﬁ.efs The fivention provides Abrasivaless Balishig 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 first stgp QEPE%Q@"%E”Q@@'%QE_% %%%ﬁe@!qeﬁ q §t%§:@§&%|}§§§]gtpf8g%%sd by means
of sintering or furrowing in order to produce such structures,

elevations, channels or grooves.

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
first step of the polishing. This first step serves to start
the polishing process.

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

polishing agent slurry is ended.

Instead, an alkaline polishing agent solution is then supplied.
Preferably, the polishing time in the second step of the

25  polishing with supply of a polishing agent scolution is at least
50%, preferably at least 70%, and especially 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 pm.

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, whereas at the

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



20 As soon as the polishing process has started, the supply of the polishing agent slurry is ended.
Instead, an alkaline polishing agent solution is then supplied. 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 especially 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 pm. 30 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
approximateRF70 fapproRintatelS200 AP AL Whekeas dtthaB5tsegiiiing oA theorreflsoth iwhen a
polishing agentsiyarry iss B 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 mEMR: polishingdn partictdar i ds armultisplate Qoéishin@.maﬁ@ngo[ﬁi&m@olishi_ng
machine GaMmprises & p-290e MEMPLANS Samier, Whieh Rermyts the Rregsurs, profile of the carrier to be
set differently in 5 zones. o

suitable for carrying out the method.

This polishing machine has hitherto been used in CMP polishing,
in particular. It i1s a multi-plate polishing machine. This

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

differently in 5 zcnes.

In conventional chemical-mechanical polishing methods,

15 peolishing 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 obtalin 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 pelishing process.
Immediately after the commencement of the peolishing removal
until the end of polishing, the polishing is effected without
addition of abrasive substances and without polishing pads

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

poelishing preocess, 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.



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 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 polishing, the
polishing is effected without addition of abrasive substances and without polishing pads 25 containing
abrasives. The polishing agent slurry initially added serves exclusively as a catalyst that starts the
removal poftsHife ptoeess, ald iPiHerafeacivatids Theyedhifetsyt AR Op6gphywetsmining

polishing itself takes 30 plagewitheutdhe diseof abrasives, whether inthe faum of externally supplied
silica sol particles or in the form of abraslive %rticles incorporated in the polishing pad. 9 Conventional

CMP procdss paramaters 2ré sthemise employed in & method. The Sheedsof piatd ardsolishing
head are prefetablyapgpreorimately36:15Q spmr e vohinettic flovwrate ob the palishingragent is

prefecably.3Q0.to.100Q ml/ 'nfl P 2 @lso prefer ed for.the polishing head with the wafer guided
therein to %e moo\?ed over tﬁ% poc%ishingépa%%iﬁlasnﬂcjigglI&%@%a@ﬁ?&% ugfﬁgwﬁo%:%ﬁin%{fﬁ%gocal
polishing pressaie of thé SuHacEsf theaw semsiconductbi wafepdntréasesuinoparticdlat where the local

topograpkwa@fﬁmg§eaﬂgqrmyc£gql\/y@fﬂgemes into contact with

The local polishing pressure on the surface of the

i0  semiconductor 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
topography-dependent removal polishing process is effected on

15 the semiconductor wafer.

This is advantageocus in comparison with conventional CMP
polishing, especially as the freely movable alkaline-loaded
silica sol particles in combination with a soft finishing

200 polishing pad effect further removal even at depressiocns on 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 wafer.

It is especially preferred to apply the method according to the
inventicon 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



the local elevations of the polishing pad surface. Together with the alkaline polishing agent solution, an
abrasiveless topography-dependent removal polishing process is effected on 15the semiconductor
wafer. This is advantageous in comparison with conventional CMP polishing, especially as the freely
movable alkaline-loaded silica sol particles in combination with a soft finishing 20 polishing pad effect
further removal even at depressions on 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 wafer. It is especially preferred to apply the method according to the
invention ®RthéHofishingofihe fedriside ef tersimigohdudtor wafdriasiam internedigtetsteptbetween
a double-side palishing 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 potishing of therfrantside atsottadheeanfigured as<16, abrasivelessipolishing according to
the m;thog&rcacg%n%é%the"\]i{%/}elngiﬁon.a!trgascgeen found that th \Eéolishin%method claimed here is 5
advantageous wit ?egara to geomeefl%/ and nan&%%&“l%’b?%ﬁéﬁ hVentors eribtfe’ theTéﬁ/antageous
propertiesiofihissredomiriantly dbtasivelesd palishing to thepfach that theslattér eliminates disturbing

propertiesaidhe Rolishing slures used hilhierta In the gase alDSEANLENR, A fhree-body W

interaction of wafer, palishing pad and polishing slurry occurs in the case of DSP an CMP. This leads
to a non-sefectivé nidtefialenisval b tHe Watsr. Thernatekabremovdl & eiepehdeant of the

topography.ef:the waferiadhe case of SR agd CMBse of DSP and 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 removal is
independent of the topography of the wafer in the case of DSP
and CMP.

15
In the case of the pelishing according to the invention of
silicon wafers on a polishing machine of the Reflection type
from Applied Materials, it has been found that silicen wafers
having a slightly concave initial form lead to good polishing

20 results, in particular with regard to the geometry values that
can be obtalined 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 polishing agent solutions having a 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 defects on the surface

are visible by comparison with FAP.

What is advantageous about the invention is the fact that even

very hard polishing pads can be used.



15 In 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
that 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 pm/min, which is ensured by polishing
agent solutions having a pH value of 25 greater tharm 12. By comparison with RAP, a significant
improvement in the surface roughness of the wafer can be observed as a result of the method
according’té ‘the Trivention. BXperiments Have showr30 tisat sigrificahtlyféweb scratchieszand, defects

on the surface arevisible:by campason with FAR What is adyantageous;gbqut the inyeption is the
fact that even very hard polishing pads can be used. With the use of Silica sol as in the case of CMP,

by contrast. fhePacFhardneds thatcanbe L8 i GFNarah lified Shitebiktthe TaseoF NP, as
uniform asemoual as:pessibleisrealized asdhe interactioniof encommpliant polishing pagk-surface and
the 5 SO1 particles loaded with hydroxide jons (OH-) in order to press them as it were softly onto the
Waferf’ssurfi’j;l%aeL a%%ﬁﬁﬁgqsgﬁlyjlg%%%%? \gl\:}“v%%} pﬁé( rﬁ“acf%r‘la ewi%horsli?nu@l%ebu%%hgﬁfﬁc% attack and to
transport R aR&y. 109h thes case vithe subStantially brasiveless polishing elaimed fietéy by contrast,

the hydroxide dans (QH3:arg conipried wihife wafer syfage 0.4 fargeted anngr by means of the

profiled surface structure of a preferably very hard polishing pad, which leads to a ocai]lya elimited

increasedrehfsval Adte at 25%Re MG&BRS Havitiftle highest local pressures, for example if a local

elevation of the polishing pad surface impinges on an elevation of the wafer surface. This results in
‘ plaparization of the wafer surface whilst at

an iqgal rirgoxtlﬁlebegaé/éour %/vq:l%h Iesal%s, to an 20 optimum he wa
the same time-avoiding detacts bt the Watér surfice? TR Semiddndittoriiafer Polisheéd-By- it method
accordingiteithe imventiontis peeferabhye awaferedmposed: of sitieon, siliconsontacted 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, for example
if a local elevation 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 semiconductor wafer pclished by the method according to the
invention is preferably a wafer composed of silicon, silicon-
25 germanium, silicon dioxide, silicon nitride, gallium arsenide

and further so-called TII-V semiconductors.

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

30 is preferred.



25 germanium, silicon dioxide, silicon nitride, gallium arsenide and further so-called IlI-V
semiconductors. The use of silicon in monocrystalline form, for example crystallized by means of a
Czochralski or float zone process, 30 is preferred. 12 Patent Claims: 1. Method for polishing a
semiconductor wafer, comprising polishing a surface of the semiconductor wafer using a 5polishing
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 in4 second step with supply of a polishing agent
solution having a pH value of greater than or equal to 12, which is free of solids, wherein the polishing
pad used Ra§erdurfat@idtficture comprising elevations on the side that comes into contact with that
surface of the semiconductor wafer which is to be polished, and wherein the polishing pad is free of
substanc ith.abrasive action..15 2. Methad according to Claim 1, wherein the polishing agent slurry
used in tr?gﬁ‘\il\r%tegt}é%gco}éﬁging%‘b?a%\“}”élg s&eﬁt%%%%r%%%%g&rm&ae of the Groty %gﬁgigting of oxides of
the elements &uiminiuim dceriuri ahdcsilicon. 208, Method macoording teaClaim s wherein the polishing

agentssiurry ysedin the first step.isccollgidal silica  4=Methad acqording ta any of Claims: 1, fo 3,

wherein the 25polishing pad used has a porous matrix. _ ‘

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 having a pH value
~of greater than or egual to 12, which 1s free of solids,

10 wherein the polishing pad used has a surface structure
comprising elevations on the side that comes into contact
with that surface of the semiconductor wafer which is to be
polished, and wherein the polishing pad is free of substances
with abrasive action.

15

2. Method according to Claim 1, wherein the polishing agent
slurry used in the first step contains abrasives selected
from one or more of the group consisting of oxides of the
elements aluminium, cerium and silicon.

20

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

slurry used in the first step is colloidal silica.

4. Method according to any of Claims 1 to 3, wherein the

23 polishing pad used has a porous matrix.

5. Method according to any of Claims 1 to 4, wherein the
polishing pad used is composed of a thermoplastic or heat-

resistant polymer.

6. Method according to any c¢f Claims 1 to 5, wherein the
polishing pad used comprises pyramidal or tile-shaped

structures, round or oval or hexagenal elevations or grooves.



5. Method according to any of Claims 1 to.4, wherein the polishing pad used is composed of a
thermoplastic or heat-resistant polymer. 30 6. Method according to any of Claims 1 to 5, wherein the
polishing pad used comprises pyramidal or tile-shaped structures, round or oval or hexagonal
elevations or grooves. 13 7. Method according to any of Claims 1 to 6, wherein a surface of the
polishing pad is structured by means of chemical etching, grinding ("buffing™), sintering or furrowing. 5
8. Method according to any of Claims 1 to 7, whereirt in the second step of polishing with supply of the
polishing agent solution, the polishing pressure with which the polishing pad is pressed onto the
surface of the'&&MRBnBGEDRF Wakér i§ FedtickdPversts #xepdlishinf predsaredsediinsthe fiststep.

of the polishing pad is structured by means of chemical

etching, grinding (“buffing”), sintering or furrowing.

5 8. Method accerding to any of Claims 1 tec 7, wherein in the
second step of polishing with supply of the 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.



