Method for polishing a semiconductor wafer The invention relates to a method for polishing a
semiconductor wafer. 5 After grinding, cleaning and etching steps, in accordance with the prior art, the
surface(s) of the semiconductor wafers is (are) smoothed by removal polishing. M In the case of
single-side polishing (SSP), semiconductor wafers aretheld during processing on the rear side on a
support plate using cement, by means of vacuum or by means of adhesion. In the case of double-side
~ polishing (DSP), semiconductor M wafers are introduced loosely into a thin carrier and are polished on
the front and rear sides simultaneously in a manner "floating freely" between an upper and a lower
polishing plate covered with a polishing pad. This polishing method is effected with supply of a
polishing agent slurry contaisisighabrasive 120 animally ik genesakaethe basissef a silica sol. A
suitable double-side polishing machine is disclosed in DE 100 07 390 Al. 25 In the case of chemical
mechanical polishing (CMP), which, by contrast, comprises a final polishing only of the front side
("component sid&”) TG & s8ter polishing pad € 5GXAIEA hEs- e BelishinG PHFiSHRGTY, Abrasives
are likewise supplied-in the form of a polishing agent slurry. 30 The semiconductor wafer to be
polished is;usually a silicon wafer or a substrate having layer structures derived from silicon (e.g.

silicon-germar}LL%mg. Said.sigcon wafers are used jnéparticular for producing semiconductor
ter grln 1Ng, Cieanlng and etching steps, 1n Zccordance with
components such as

the prior art, the surfacels) of the semiconductor wafers is

(are) smoothed by removal polishing.

10 In the case of single-side polishing (SSP), semiconductor
walfers are held during preocessing on the rear side on a support

plate using cement, by means of vacuum or by means of azdhesion.

In the case of double-side polishing (DSP)}, semiconductor

] wafers are introduced loosely into a thin carrier and are
polished on the front and rear sides simultaneously in a manner
"floating freely" between an upper and a lower polishing plate
covered with a polishing pad. This polishing methed is effected
with supply of a polishing agen% silurry containing abrasives,

20 normally in general on the basis of a silica sol.

A suitable double-side polishing machine is disclosed in

DE 100 07 380 AL.

25 In the case of chemical mechanical polishing (CMP), which, by
contrast, comprises a final polishing only of the front sids
("component side") using a softer polishing pad as sco~called
haze-free polishing ("finishing"), abrasives are likewise
supplied in the form of a polishing agent slurry.

30
The semiconductor wafer o be polished is usually a silicon
wafer or a substrate having layer structures derived from
silicon {e.g. silicon—-germanium). Said silicon wafers are used

in particular for producing semiconductor components such as



memory chips (DRAM), microprocessors, sensors, light emitting diodes and many more. The
requirements made of silicon wafers for fabricating in 3 particular memory chips and microprocessors
are becoming more stringent. This concerns firstly the crystal properties themselves (e.g. with regard
to the defect densities, internal getters for trapping metallic impurities), but in particular also the
geometry and the flatness of the wafer. A silicon N wafer having two perfectly plane-parallel sides,
excellent flatness in particular on that sine of the silicon wafer on which components are to be
fabricated, and low surface roughness would be desirable. It would furthermore be desirable to be able
to utilize the entire area of the component side, M which is currently not possible on account of a
decrease in thigkness atthe edgerofthe waterand peeksgeometsy: innthe edgguegion dtis-known that
the conventiongl methods JO%QQUSQ{QQ@Z'O semiconductor wafers are responsible for this edge roll-off.
The edge geometry is usually quantified by specifying one or more edge roll-off parameters which
usually relate to the total thickness of a silicon wafer or to the edge geometry of its 25 front and/or rear
side and whichitan beausedtecharacterize the Custemariyrebserved deereasedn:the thickness of the
silicon wafer in its edgeregiones the ﬂ@g@%ssagfdfranjm‘g@aasggéw gtthe,silican watgr ikewise in its

edge region. A method for measuring the edge roll-off of silicon 30 wafers is describéd in Jpn. J. Appl.
PhyS.VOL1%36ﬁﬁﬁﬁg66f382ﬁ%5 concerns” flrstly the crystal properties

themgelves (e.g. with regard to the defect densities, internal
getters for trapping metallic impurities), but in particular
alsc the geometry and the flatness of the wafer. 2 silicon

16 wafer having two perfectly plane-parsllel sides, excellent

flatness in pa

T

Cicular on that side of the silicon wafer on

]
3
O

which components are to be fabricated, and low surface
roughness would be desirable. It would furthermore be desirable
to be able to utilize the entire area of the component side,

15 which 1s currently not possible on account of a decrease in
thickness at the edge of the wafer and poor geometry in the

edge region.

It is known that the conventional methods for polishing

20 semiconductor wafers are responsible for this edge roll-off.

The edge geometry is usually guantified by specifying one or
more edge roll-off parameters which usually relate to the total
thickness of a silicon wafer or to the edge gesometry of its

frent and/or rear side and which can be used to characterize

o
th

the customarily cbserved dscreass in the thickness of the
silicon wafer in 1ts edge region or the flatness of Front
and/or rear side of the silicon wafer likewise in its edge
region. & method for measuring the edge roll-off of silicon

30 wafers is described in Jpn. J. 2ppl. Phys. Vol. 38 (1%39),
pp. 38-39.

The pelishing of semiconductor wafers by means of "Fixed
Abrasive Polishing" (FAP) is furthermore known, in which the

35  semiconductor wafer is pelished on a polishing pad containing



The polishing of semiconductor wafers by means of "Fixed Abrasive Polishing" (FAP) is furthermore
known, in which the 35 semiconductor wafer is polished on a polishing pad containing an abrasive
material bonded in the polishing pad (“fixed-abrasive pad”). A polishing step in which such an FAP
polishing pad is used is 5 referred to hereinafter for shért as PAP step. DSP and CMP differ from PAP
in particular by virtue of the fact that in DSP and CMP the polishing pad comprises no abrasives and
abrasives are always supplied in the form of a polishing M agent slurry. 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 FAD type, which differ in M that, in one polishing step, a
polishing agentslushy-eentainingon-hondecd-abrasive: materiak as selidgnateriaf is introduced between
the substrate ag@rggeiggligggg )p_ad, while in the second polishing step the polishing agent slurry is
replaced by a polishing agent solution that is free of solid 20 materials. The object of the invention was
to provide an alternative polishing method which is advantageous with regard to the edge geometry of
the polished sémiconidictopowater 25T hé DlijectafitherinFertion is. achieyeskby means:of asmethod

for polishing a semicondustoryyafer bysmeans of a polishing pad which comprises fixedly bonded
abrasives of 5i02 having an average grain size of 0.1 to 1.0 pm, and with supply of an
DSP and CMP differ from FAP in particular by virtue of the fact
that in D8P and CMP the polishing pad comprises no abrasives
and abrasives are always supplied in the form of a polishing

0 agent slurry.

The German patent applicaticn DE 102 007 035 266 Al describes a
method for polishing a substrate composed of silicon material,
comprising twe polishing steps of the FAP type, which differ in
15 that, in one polishing step, a polishing agent slurry
containing non-bonded abrasive material as sclid material is
intreoduced between the substrate and the polishing pad, while
in the second polishing step the polishing agent slurry is
replaced by a polishing agent scolution that is free of solid

200 materials.

The object of the inveniticn was to provide an alternative
polishing method which is advantageous with regard to the edge

geometry of the polished semiconductor wafer.

The object cf the invention is achieved by means of a method
for polishing a semiconductor wafer by means of z polishing pad
which comprises fixedly bonded abrasives of SiC. haﬁing an
average grain size of 0.1 to 1.0 pm, and with supply of an

30 agueous polishing agent solution which comprises an alkaline
compoenent, is free of solid materials and has a variable pH
vatue of 11 to 13.5, wherein the polishing agent soclution has a
pH value of less than 13 during the polishing process, said pH

P

value being incresased to 13 to 13.5 for the purpose of ending

33 the polishing process.



30 aqueous polishing agent solution which comprises an alkaline component, is free of solid materials
and has a variable pH. value of 11 to 13.5, wherein the polishing agent solution has a pH value of less
than 13 during the polishing process, said pH value being increased to 13 to 13.5 for the purpose of
ending 35 the polishing process. 4 The invention provides an PAP polishing process using Si02
abrasives incorporated in the pad. A polishing agent solution that is free of solid materials is 5
supplied during the polishing process. The polishing agent solution is an aqueous solution containing
an alkaline component. W The polishing agent solution preferably comprises deionized water with the
purity customary in the semiconductor industry. The polishing agent solution during the polishing of the
semiconductoriwafer-preferably cemprises cempeungds such:as;M-sodiuun cashenate; (Na2003),

potassium carg%qgtgi(\lﬁgscggbos__%dgggkg)ﬁd&qg(iq% (NaOH), potassium hydroxide (KOH), ammonium

hydroxide (NH4O0H), tetramethylammonium hydroxide (TMAH) or any desired mixtures thereof as
alkaline component. 20 The proportion of the stated compounds in the polishing agent solution is
preferably 0.0Ftd>2095 by Weighe Particlldrhopreferebly frofr €01 fo 9:2% by aveight: Ls is

5  supplied during the polishing process.

The polishing agent sclution is an agueous solution containing

an alkaline component.

10 The polishing agent sclution preferably comprises deionized

water with the purity customary in the semiconductor industry.

The polishing agent sclution during the polishing of the
semiconductor wafer preferably comprises compounds such as

15 sodium carbonate {NapCOs), potassium carbonate (K,CO0s), sodium
hydroxide (NaOH), potassium hydroxide (KOH), ammonium hydroxide
(NH.OH)} , tetramethylammonium hydroxide (TMAH) or any desired

mixtures theresof as alkaline component,

20 The proportion of the stated compounds in the poliéhing agent
solution is preferably 0.01 to 10% by weight, particularly

preferably from C0.01 to 0.2% by weight.

The use of potassium carbonate is especially preferread.
25
The pH value of the polishing agent sclution is at least 11 and

at most 13.5.

The polishing agent solution can furthermore contain ones or
30 more further additives, for example surface-active additives

such as wetting agents and surfactants, stabilizers acting as

protective colloilds, preservatives, biocides, alcochols and

complexing agents.



The use of potassium carbonate is especially preferred. 25 The pH value of the polishing agent
solution is at least 11 and at most 13.5. The polishing agent solution can furthermore contain one or 30
more further additives, for example surface-active additives such as wetting agents and surfactants,
stabilizers acting as protective colloids, preservatives, biocides, alcohols and complexing agents. In
the method according to the invention, a polishing pad containing SiO4 bonded in the polishing pad
(FA pad) is used during the polishing process. 5 The polishing pad can have a surface topography
shaped by replicated microstructures. These microstructures ("posts") can have for example the form
of columns having a cylindrical or polygonal cross section or the form of pyramids or truncated
pyramids. 10 Mare: detaileddescriptionsiaisuch polshingspads-are eontained farexample in WO

92/13680 Al and LIS, 2005/222590,4)., The average e;aori@@ﬁi;gbq!a%%ﬁb%veagoagaéaed in the
PAP polishing pad.is preferably 0.1-1.0 um, particularly preferably 0.1-0.6 pm, and especially

preferably 0.2-0% thf. PEfisAing Hyent I eSS in the prior art of DSP and OMP or some PAP
methods are not supplied.

5 The polishing pad can have a surface topography shaped by
replicated microstructures. These microstructures ("posts™) can
have for example the form of columns having a cylindrical or
poelygonal cross section or the form of pyramids or truncated
pyramids.

14
More detailled descriptions of such polishing pads ars contained

for example in WC 92/13680 Al and US 2005/227%90 Al,

The average particle size of 5i0; abrasives contained in the
15 FAP polishing pad is preferably 0.1-1.0 um, particularly

preferably 0.1-0.6 um, and especially preferably 0.2-0.4 um.

Polishing agent slurries as in the prior art of DSP and CMP or
some FAP methods are not suppliled.

20
The pH value cf the polishing agent sclution is variable during

the perfeormance of the method.

The pH wvalue is regulated by an alkaline component containing
25 potassium carbonate and/or ons of the other compounds mentioned

above.

Prevision is made for controlling the polishing removal

exclusively by way of the alteration of the pH value of the
30 polishing agent soluticn.

The invention can be implemented as single-side polishing.

It is likewise preferred to carry out polishing of both sides

35  o©of the semiconductor wafer simultaneously.



20 The pH value of the polishing agent solution is variable during the performance of the method.
The pH value is regulated by an alkaline component containing 25 potassium carbonate and/or one of
the other compounds mentioned above. Provision is made for controlling the polishing removal
exclusively by way of the alteration of the pH value of the 30 polishing agent solution. The invention
can be implemented as single-side polishing. It is likewise preferred to carry out polishing of both
sides 35 of the semiconductor wafer simultaneously. 6 It is preferred to change the pH value of the
polishing agent solution during the polishing pass in such a way as to result in a semiconductor wafer
that is as flat as possible without wedge shape differences or wafer edge unevennesses (e.g. edge 5
roll off). This iseffeetedrby €orresponding:supphief the aikalire cOmpenent!dfsthepolishing agent
solution. The pi value,of the: polishing agentsplytion is preferably,contiplled; by means of suitable
polishing agent supply in.a W locally delimited fashion on thgfe§pective goligbinwlates}gnd/or pads.
This makes it pBssibie o SAPpIy PSIishiiig Zgeht Solutiorhavinga focdlly différent pH valte. Thus, by
way of examplesthespHhaiige of the polishmgrageater edge unevennesses (e.g. edge

5 roll off). This is effected by corresponding supply of the

alkaline component of the polishing agent sclution.

The pH value of the polishing agent solution is preferably

controlled by means of suitable polishing agent supply in a
16 locally delimited fashion on the respective polishing plates

and/or pads. Thils makes it possible tce supply polishing agent

solution having a locally different pH wvalue.

Thus, by way of example the pH value of the polishing agent

15 solution supplied in an outer region of the semiconductor wafer
{edge region) could pe chosen tc be approximately 11.5 to
approximately 12 in order to achieve a maximum removal rate in
the edge region of the semiconducter wafer, while a polishing
agent sclution having a significantiy higher pH vaiue is

20 supplied in other regions, e.g. in an inner zone, of the
semlconductor walfer.
Through local supply of polishing agent sclution having a pH of
approximately 13-13.5, it is even conceivable tc reduce the

polishing leocally to almost zero.

1
th

In conjunctiocn with the $i0;-FA pad, minimal removal rates -
virtually 0 pm/min - arise at a pH value of approximately 13 to
13.5.

36

Maximal removal rates are obtalned for pH wvalue in the range

o

of approximately 11.5 to approximately 1Z.

The prevalling temperature 1s dependent on a number of

33 parameters. Inter alia - besides the chemical reaction (pH value)



M solution supplied in an outer region of the semiconductor wafer (edge region) could be chosen to be
approximately 11.5 to approximately 12 in order to achieve a maximum removal rate in the edge
region of the semiconductor wafer, while a polishing agent solution having a significantly higher pH
value is 20 supplied in other regions, e.g. in an inner zbne, of the semiconductor wafer. Through local
supply of polishing agent solution having a pH of approximately 13-13.5, it is even conceivable to
reduce the polishing locally to almost zero. In conjunction with the Si02-FA pad, minimal removal rates
- virtually O pm/min - arise at a pH value of approximately 13 to 13.5. 30 Maximal removal rates are
obtained for a pH value in the range of approximately 11.5 to approximately 12. 7 - the polishing
pressure, the FAtgad itself {frictior) thveamountef pélishingiagenttsupplied,ietc; play:a part. The
polishing accorgling:te the invention.is preferably gffected S.in-a temperature range of between
approximately 25C and approximately 41C. A temperature of approximately 28 to approximately 37C
results given a polishing pressure of 270 hPA as reference pressure. 10 Maximal removal rates can be
obtained in a pHi valiic! rathge 8f 23 B 6 12%RdE withta t6iffpetattite of greaferthanoreeéqealteB1C.
Starting freom the pointinckmame of stoppingpalishirgthabis oximately 25°C and

approximately 41°C.

A temperature cof approximately 28 to approximately 37°C results
given a poliishing pressure of 270 hPR as reference pressure.

10 Maximal remcval rates can be obtalined in a pH valus range of
11.5 to 12 and with a temperature of greater than or equal to

3icc.

Starting from the peint in time of stopping polishing, that is
15 to say starting from the peint in time at which the pH value is
increased to greater than or equal to 13, the polishing
temperature decreases significantly. In the case of polishing
with a polishing pressure of 270 hPA, by way of example, the

E

polishing temperature decreases by approximately 1.5°C over a

4

200 Time duration of I min.
At higher polishing temperatures, for example in the case of
polishing processes at higher polishing pressures (e.g.

400 hPa) the temperature decrease 1s even more pronounced (more

[
L

than 5°C temperature reduction after just 15 sec).

What i1s advantageous about the method according to the
inventicon is that the pE value of an alkalins polishing agent
solution having the above-described composition (idealliy:

3 potassium carbonate or, IZor pH values of greater than or squal
to 12, mixtures of potassium carbeonate and potassium hydroxide)

can be varied very well and exactly in a range of 11 - 13.5.

In the method according to the invention, the polishing with
35  wvariation of fthe removal rate is preferably effected whilst

keeping all the other polishing parameters constant, such as



M to say starting from the point in time at which the pH value is increased to greater than or equal to
13, the polishing temperature decreases significantly. In the case of polishing with a polishing pressure
of 270 hP.PA by way of example, the polishing temperature decreases by approximately 1.5C over a
20 time duration of 1 min. At higher polishing temperafures, for example in the case of polishing
processes at higher polishing pressures (e.g. 400 hPa) the temperature decrease is even more
pronounced (more 25 than 5C temperature reduction after just 15 sec). What is advantageous about
the method according to the invention is that the pH value of an alkaline polishing agent solution
having the above-described composition (ideally: 30 potassium carbonate or, for pH values of greater
than or equal tocl2,smixtures ebpotassiumtcarbenate andapotassien hydeexide ) candie. waried very

well and exactly, in.a sange of 1dc= 135 » In dhe method.aceording to the invention; the polishing with
35 variation of the removal rate is, preferab) fffgcged whilst kgegigg all the other polishing parameters
constant, suchas g boﬁ}siﬁi%anﬁr“e“s%u?é‘, ret maéf?ing and “zjcs)%éup“rés’sures, polishing kinematics
(rotational speeds), amount and type of polishing agent, externally set (plate) temperatures. 5 On
account oktheamnusuab preperty describeshaliove; dhe:S5iQ24FA pathinicemunetion ndths atkaline

polishing agent solution.having.a pH, of greater than o equal ta 11.js apnropuate.for.a polishing

process regulated in respect of the rate of removal in conjunction Wwith constant process management

of the N polishiiiy pafametersthat hate™ midtharical®ect. With a typicaPEMP palishing précess this
would not be poskilsieigrwaccountef thedinstdlsilityiof thessiica soFintthds peicvaloé rasigev@l particular
at pH values of greaterthan d2:5)yith constant process management of the

i0  peolishing parameters that have a mechanical effect.

With a typical CMP polishing process this would not be possible
on account of the instability of the silica sol in this pH
value range {in particular at pH values of greater than 12.5)

15 as & result of gellation of the scl as a result of aggregation
of the scl particles at high pH values with downstreamn problems
such as scratch formation, defect gensration (incipilent
etching) on the wafer surface, contamination and encrustation

0f the polishing agent lines, blockage of the filter units.

The effect of the alkaline loading, growith and aggregation of
the 510; particles tTakes place in the case of the 510; FA pad on
the polishing pad suriface itseli, depending on which pH value

is employed during polishing.

[
wn

However, the comparatively hard A pad can rapildly regenerate
again since it does not store the pclishing agent in the pad
andc, in contrast to DSP and CMP, no "clumped" polishing agent
slurry l1s moved in the process or in the installation.

30
The pH wvalue of the polishing agent solution therefore lies in
a range of 11 to approximately 13.5 and is varied by
corresponding addition of the stated compounds in this pH value

range. The proportion of the stated compounds such as potassium

)
th

carbonate, for example, in the polishing agent scolution is



M as a result of gellation of the sol as a result of aggregation of the sol particles at high pH values with
downstream problems such as scratch formation, defect generation (incipient etching) on the wafer
surface, contamination and encrustation of the polishing agent lines, blockage of the filter units. The
effect of the alkaline loading, growth and aggregation &f the SiO, particles takes place in the case of
the Si02 FA pad on the polishing pad surface itself, depending on which pH value is employed during
polishing. 25 However, the comparatively hard FA pad can rapidly regenerate again since it does not
store the polishing agent in the pad and, in contrast to DSP and CMP, no "clumped" polishing agent
slurry is moved in the process or in the installation. 30 The pH value of the polishing agent solution
therefore lies ipeetange-af/11 to approximately £3:5yand is ¥atied hy: eokrespending.additionof the
stated compounds,in.this,pkl:valye range. The proportion of the stated compounds such as potassium
35 carbonate, for example, in thé polishing agent solution is 9 preferably 0.01 to 10% by weight,
particularly preferably from 0.01 to 0.2% by weight. It is especially preferred to combine the good
removal rate int5 the rangeofapproximdtely 44.5 to approximately 12 with-theofact thatitheimaterial

removal decreases tayirtually zerorstarting from aipH valug 9f 13cimately 12 with the
fact that the material removal decreases to virtually zero

starting from a pH value of 13.

For this purpose, preferably, in a first step of the polishing
16 process, which can be configured as single-side or double-side

peolishing, & polishing agent solution having the abovementionsd

composition with a pH of 11 to less than 13, in particular 11

To

[ 83

to 12.5, 1s supplied, the range of approximately 11.

approximately 12 being particularly preferred,

13
After the desired material removal has been reached, the
polishing prcocess is stopped in a second step by virtue of the
fact that - unlike in the prior art, which usually involved
virtually mechanical retardation by the addition of additives
200 that modify the viscosity of the polishing agent - the pHE value

cf the polishing agent sclution is increased by the alkaline
component being increased to at least 13, ideally approximately

i3.5.

25 The polishing process is therefors stopped by the variation of

the pH value of the polishing agent scolution.

For some applications it is advantageous to add in a third
step, in turn, a pelishing agent sclution having & pE value of
30 less than or egual tec 11.5. If the FA polishing using Si0;
abrasives is intended to be followed by a conventional
polishing with supply of a polishing agent slurry, such a step

serves to prepare fcor the slurry polishing.

35 Said slurry peolishing is then effected on the same polishing

pads containing Si0; abrasives. This, toc, can again involve



For this purpose, preferably, in a first step of the polishing M process, which can be configured as
single-side or double-side polishing, a polishing agent solution having the abovementioned
composition with a pH of 11 to less than 13, in particular 11 to 12.5, is supplied, the range of
approximately 11.5 to approximately 12 being particul&itly preferred. 15 After the desired material
removal has been reached, the polishing process is stopped in a second step by virtue of the fact that
- unlike in the prior art, which usually involved virtually mechanical retardation by the addition of
additives 20 that modify the viscosity of the polishing agent - the pH value of the polishing agent
solution is increased by the alkaline component being increased to at least 13, ideally approximately
13.5. 25 The polishing-process-sitheteford stoppettby the vaiatibn=ofdhepHwvatue of thie: polishing
agent solution,Eor same;applications. it is adyantagequs-to.add in a thirgdssteps in.turn,a polishing
agent solutionJLamving .pH value of 30 Iesjs_ than or equal tq 1h1,5. If the FA polishing using Si02
abrasives is intendéd to be foflowed by &conventional Potising WWith Stpply’ 6t4 polishing agent slurry,
such a step se?v8s 6 pregaricrthEstury polishiry. 35 ShicEskifs polishirg is theireffegted on the
same polishing pads containing 502 absasivesn This, d6er.can agair-dnalve 110 single-side polishing
(e.g. CM?) or gilg}lilgag]%qw%g?uggzgiggi%%l[shing of the semiconductor wafer such as DSP. Instead of
the polishing agent solution, a polishing agent slurry comprising abrasives of oxides of an element

selected from the 5 group consisting of silicon, aluminum and cerium is supplied during slurry
polishing. The slurry polishing preferably comprises two steps.

16 A polishing agent siurry having the abovementioned composition
with an average size of the abrasives of 10-30 nm is supplied
in a first step and a polishing agent slurry having said
composition with an average size of the abrasives of 35-50 nm
is supplied in a second step. The pH value 0of the siurry is

15 preferabiy less than or equal to 11.5.

The method according to the invention has diverse application

possibilities and advantages.

200 It i1s possible, through correspending regulation of the pH
valus of the locally supplied polishing agent solution, to
control the material removal lccally in situ in order to

improve the geometry and nanctopolcgy of the semiconductor

waler.

25
By increasing the pH value of the polishing agent sclution to
approximately 13 te 13.5, it is possible to stop the polishing
process, which leads to geometry and nanctopology improvements
and optimization of the wafer surlface.

30

The method is preferably employed in single-side polishing, the
rear side of the semiconductor wafer being held by means of a

wafer holding system (template, carrier;).

35 SBeguential application to the front and rear sides of the

semiconductor wafer results In & semiconductor wafer polished



The slurry polishing preferably comprises two steps. 10 A polishing agent slurry having the
abovementioned composition with an average size of the abrasives of 10-30 nm is supplied in a first
step and a polishing agent slurry having said composition with an average size of the abrasives of
35-50 nm is supplied in a second step. The ph value ofithe slurry is 15 preferably less than or equal to
11.5. The method according to the invention has diverse application possibilities and advantages. 20 It
is possible, through corresponding regulation of the pH value of the locally supplied polishing agent
solution, to control the material removal locally in situ in order to improve the geometry and
nanotopology of the semiconductor wafer. 25 By increasing the ph value of the polishing agent
solution to appsaximatelys134e 13s5ités passibie to stop theypelishingrpresesswhich leads to

geometry and nangiopology, imprevements,and optimization of the wafer surface, 30 The method is
preferably employed jn single-side polishing, the rear side of the semiconductor wafer being held by

means of a waferROIHRG Eystehh {temiplate “CaiFier) 35 SegtERtiEFapBication to the front and rear
sides of the semiconductor wafer results in a semiconductor wafer polished
5 Simultaneous double-side polishing with lapping kinematics or
planetary kinematics using Si0; polishing pads and an alkaline
polishing agent solution is also preferred. In this case, the
semiconductor wafers lie in cutouts in carriers which are
caused to rotate by means of an inner and an cuter toothed ring

10 and the semiconductor wafer is moved on a cycloidal trajectory.

In the context of the invention, double-side polishing with
orbital kinematics ls particularly preferred when polishing
semiconductor wafers having a diameter of 450 mm. Orbital

13 kinematics means that the semiconductor wafsr lies in a cutout
in a wafer holding system which is moved on & circular path,
but - in contrast to planetary kinematics - does not rotate

about its own axis.

20 In the case of orbitsl polishing methods with relatively smalil
polishing plates there is the risk of global wedge shape
problems of the wafers since the polishing kinematics bring
about larger local removal differences in comparison with
polishing methods with planetary kinematics and relatively

25 large polishing plates. This disadvantage can be suppressed by
locally differently coordinated pH wvalues of the polishing

mediumn.

It is especially preferred to combine the regulation of the

il

30 material removal with an in-situ measurement of +the wafer

thickness in order to influence the geometry of the wafer in a
targeted manner. This can largely be automated since, with the
exception of the pH value of the polishing agent solution, all

the other process parameters can be kept constant.

35



11 on both sides. Since the material removal can be controlled locally, the two sequential polishing
processes can be coordinated with one another in a targeted manner. Simultaneous double-side
polishing with lapping kinematics or planetary kinematics using 5i02 polishing pads and an alkaline
polishing agent solution is also preferred. In this case/the semiconductor wafers lie in cutouts in
carriers which are caused to rotate by means of an inner and an outer toothed ring 10 and the
semiconductor wafer is moved on a cycloidal trajectory. In the context of the invention, double-side
polishing with orbital kinematics is particularly preferred when polishing semiconductor wafers having a
diameter of 450 mm. Orbital 15 kinematics means that the semiconductor wafer lies in a cutout in a
wafer holding systemmwiich is:movetbon sugisewlas patty, bute ipn:contrastio panetanykinematics -

does not rotate,aboys its own axis, 20 mmg@e@é@rb@m@bmﬂwmd;s "éﬁ'&h relatively small
polishing plates there is the risk of J%%%%al wedge shape problems of the wafers cb e the polishing

kinematics brifig @bout targer foéal'remdval Fenc?esp h comparison ?/\Ilﬁlleﬁgﬁ ‘hethods with
planetary kinefistics and felativelyi2s largevpolishing pldes. Fhisidishuvantage @aﬁi‘oe soppressed by
locally differently:cocrdinatedphk values-obthe: palishinggvediumalt is especially prefersed to. combine

the regulation of the 30 material removal with ap.in S%Mg})eraégg%ggqggi y}e wafer thickness in order to

influence the geometry of the wafer In a targeted manner. This can largely be automated since/ with
the exception 6F & PHValué ofthe PolRAMG Aagent SoRffoh: AlltAE BthEr préc&ss pardmeters can be
kept constant.p22 TFEie inventiontis notrsuggested dyrthelpror-art. Although

16 A two-stage AP, embodied as sequentlial polishing of the rear
and front sides, by means of a pelishing pad comprising fixedly
bonded 5i0; abrasives, 1s especially preferred.

In this case, the two polishing processes, that i1s to say the
15 resar side polishing and the front side polishing, can be
coordinated with cne another, such that targeted influencing of
the wafer geometry and wafer nanotopology, espacially in the

wafer edge region, can be performed.

200 Both sides oI the semiconductor waler are pollished by means of
S10; polishing pads with supply of a pelishing agent solution
having a pH value of at least 11, preferably at least 11.2, and

egpacially preferably at least 11.5.

[
L

The method according To the inventlon leads to an improvement
in the gsometry in the outer edge reglon of the semiconductor
wafer, in particular in a range of 2 distance c¢f less tThan or
equal to 10 mm, particularly preferably in the range oI less
than or eqgual fto 5 mm with respect to the edge of the

30 semiconductor wa

In principle, the semiconductor wafers are pressed by the side

surface to be polished against the pclishing pad lying con a
polishing plate, with the aid of a polishing head.



DE 102 007 035 266 Al disclosed employing FAP with polishing agents in the alkaline range of pH
10-12, the method claimed therein necessarily provides two FAP polishing processes, once 5 with and
once without polishing agent containing abrasives, on one and the same side of the semiconductor
wafer. The method according to the invention necessaily takes place without polishing agents
comprising abrasives. W A two-stage FAP, embodied as sequential polishing of the rear and front
sides, by means of a polishing pad comprising fixedly bonded 3i02 abrasives, is especially preferred.
In this case, the two polishing processes, that is to say the 15 rear side polishing and the front side
polishing, can be coordinated with one another, such that targeted influencing of the wafer geometry
and wafer nanatapolagy.iespecially i1 the wafer.edge segiorn. can:be-performesk 20.Beth. sides of the
semiconductor.wafel e pelishad0y means of Y02 palisbing.pads with upply of apolishing agent

solution havind a pH value of at least 11, preferably at least 11.2, and especially pre eraBTy at least
11.5. 25 The riéthot adébrdfify td the vention8a8E 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 preferably-in thedange-filess than:or-agual tg 5-mm withsrespect to the edge of
the 30 semicondyctor wafe£. In princi ‘Iei Ihe semiconductor wafecg?f]grg PresseqL by .the side surface to

be polished against the polishing pad lying on a polishing plate, Wit the-aid 6f & pofishing héad. 13 A

polishing headfalRBAEIUYEECE PeGiMerTing WiieH idteraliFeRelo588 the Subswrate anesreveshts it from
sliding from th&pelishing head iduring-polishingp s thescase of modera-palishing heagds: that side

surface of the siliconanafer whichds remote from the polishing pad lies on an elastic membrane that
transmitsltgm polishing pressure exerted. The membrane is part of a possibly subdivided chamber

system
However, pollishing heads are alsc used in the case of which an

elastic support ("backing pad") is used instead of a membrane.

In this case, the polishing head can additicnally alsoc be moved
15 translationally over the polishing pad, whereby a more
comprahensive utilization of the polishing pad area is

obtained.

Furthermore, the method according to the invention can equally
20 be carried out on single-plate and multi-plate polishing

machines.

The use of multi-plate polishing machines having preferably

two, especially preferably three, polishing plates and

[
h

polishing heads 1s preferred.

By way oI example, the polishing machine AC20600 from Peter
Wolters, Rendsburg (Germany) 1s suitable for carrying out the
double-side polishing of the semiconductor wafer according to

30 the invention.

Sald polishing machine is equipped with pin interlocking of the
outer and inner rings in order to drive the carriers. The

apparatus can be designed for one or mors carriers. Owing to

L
Lh

the higher throughput, an apparatus for a plurality of carriers

is preferred, such as is described for example in DE-100 07 390



that forms a gas or liquid cushion. 1.0 However, polishing heads are also used in the case of which an
elastic support ("backing pad") is used instead of a membrane. In this case, the polishing head can
additionally also be moved translationally over the polishing pad, whereby a more comprehensive
utilization of the polishing pad area is obtained. Furtl&rmore, the method according to the invention
can equa 20 be carried out on single-plate and multi-plate polishing machines. The use of multi-plate
polishing machines having preferably two, especially preferably three, polishing plates and 25
polishing heads is preferred. By way of example, the polishing machine A02000 from Peter. Wolters,
Rendsburg (Germany) is suitable for carrying out the double-side polishing of the semiconductor wafer
according to 3@1the:inventioniSaid pelishingimachinevis equippedwith pirvintedacking.efthe outer
and inner rings: in.order {0 drive the cagriers The apparalig.can be designed for gne or.morg carriers.
Owing to 35 the higher through§ut, an a§paratus for a plurality of carriers is preferred, such as is
described for éXampiesin BEZ166 072360 14 Al Ahdin Whith the carriers iféie6n a planetary path
around the ceriter bf tiid apparais. The apparatds iridlhdes adowsr ol anupperpolishing plate,
which are freefy-ptatable hotizentally: and are covered with a polishing.pad. Pringdhe.touts

in the carriers and between the two polishing plates, which

rotate and exert a specific polishing pressure on them while a

polishing agent solution having a pH of 11-13.5 is continuocusly

supplied. In this case, the carriers are alsc set in motion,

10 preferably by means of rotating pin rings which engage in testh

on tThe circumference of the carriers.



5 polishing, the semiconductor wafers are situated in the cutouts in the carriers and between the two
polishing plates, which rotate and exert a specific polishing pressure on them while a polishing agent
solution having a pH. of 11-13.5 is continuously supplied. In this case, the carriers are also set in
motion, preferably by means of rotating pin rings whickengage in teeth on the circumference of the
carriers. Patent Claims 1. A method for polishing a semiconductor wafer by means of a polishing pad
which comprises fixedly bonded abrasives of 5102 having an average grain size of 0.1 to 1.0 m, and
with supply of an aqueous polishing agent solution which comprises an alkaline component, is free of
solid materials and has a variable pH value of 11 to 13.5, wherein the polishing agent solution has a
pH value of lesssthan:18duing the polishing process, said pH value being increased to 13 to 13.5 for
the purpose of ending the polishing process. 2. The method as claimed in claim 1, wherein the alkaline
component of Eheppolig%n ,agent 88?@9&9&'%0%@0@ co&%?i%qu grpénrthe group cog§is§ing of
sodium carbonaté (Na4003), potassiur carbonate (K2=3). sodiim ydro_xigg (NaMH), potassium
hydroxide (KOH), it Fsidrokide INERIHY, teframmeth ddnifBHRM FfexideTMAH). 20 3.
The methdd as cléirrediaclaiim dror2 swhereit ol onersideofthé semiconduetorandferisipolished.
4. The method asstlaimed ¢F claimadnosad; wherein both; sideshef el semiconductior water-ake: s
successively subjgcted §0.a polishing,pracess. 5 Themethod as;clajmed.in glaim, 1 or.2, wherein both
sides of the semi%an%ua%ggw eg}a&eugirggltqqe%%sl){ ?ogishvegg at the sgme tinle. 30 6. Thegméathod as
claimed in claim 5,"'wWherem app‘ollsdhln machine with plarﬁetarfﬁf?f’el?lna ics f"uséd: ™ 1I°Fivé method
as claimed in claiftf’5 Wwhefei’a p%ligﬁinﬁaﬁﬂ%‘éhﬁi% 357th Grbital Kindniadfits ishfsétf +ishing

10 process, said pH value being increased to 13 to 13.5 for the

purpcse of ending the polishing process.

2. The method as claimed in claim 1, whersin the alkalins
component of the polishing agent contains one or more
i3 compounds from the group consisting of sodium carboenate
(Na,;CO3}, potassium carbonate (K;COs), sodium hydroxide
(NaCH), potassium hydroxide (KCH), ammonium hydroxide
(NHsCH) , tetramethylammonium hydroxids (TMAH! .

20 . The method as claimed in claim I or 2, wherein only one sidse

(o8]

of the semiconductor wafer is polished.

4. The method as claimed in claim 1 or Z, whersin both sides of

the semiconductor wafer are successively subjected to =2

b2
(el

polishing process.

o

. The method as claimed in claim 1 or Z, wherein both sides of
the semiconducteor wafer are simultaneously polished at the
same time.

30

. The method as claimed in claim 5, wherein a polishing machine

with planetary kinematics 1s used.

7. The method as clailmed in claim 3, wherein & polishing machine

35 with orbkital kinematics is used.

8. The method as claimed in any of c¢laims 1 to 7, wherein the

pelishing agent sclution has z pH value of approximately 11.5



16 to approximately 12 during the polishing process, said pH value being increased to 13 to 13.5 for
the purpose of ending the polishing process. 5 9. The method as claimed in any of claims 1 to 8,
wherein, during the polishing process, the thickness of the semiconductor wafer is measured and the
pH value of the polishing agent solution is regulated ol the basis of the thickness profile determined.
10 10. The method as claimed in claim 9, wherein the polishing agent solution supplied between that
surface of the semiconductor wafer which is to be polished and the polishing pad locally into at least
one inner region and into at least one outer region of that surface of the semiconductor wafer has
different pH values in that at least one inner region and in that at least one outer region.

to approximately 12 during the polishing process, sald pH

value being increased to 13 to 13.5 for the purpose of ending

the pclishing process.

5 9. The method as claimed in any cf claims 1 to 8, wherein,
during the polishing process, the thickness of the
semiconductor wafer is measured and the pH value of the
pelishing agent solution is regulated on the basils of the

thickness proflle determined.

10
10. The method as claimed in claim %, wherein the polishing
agent sclution supplied between that surface of the
semiconductcr wafer which is to be polished and the polishing
pad locally into at least one ilnner region and into at least
13 one outer reglen of that surface cof the semiconductor wafer

nas different pH values in that at least cone inner region and

in that at lesast one outer reglon.



