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. 10 In the case of
single-side polishing (SSP), semiconductor wafers are held 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 contaffifgbratR e bbsigimmIy ifrgemsientne esffeof a silica sol. A
suitable double-side polishing machine is disclosed in DE 100 07 390 Al. 25 In the case of chemical

mechanical palihing (EMB)ch, by.conrastcampyses 2 nalnalsning only ofihe ot side
("component gng(g"é)vusing a softer polishing pad as so-called haze-free p%lishing ﬁnlsﬁln“guﬁ, abrasives
are likewise suppliéd 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-germanifite): Said:silice)n wafersare;used inpaticularforproduging semiconductor
- components sugh g%ior art, the surface(s) of the semiconductor wafers is

tare) smoothed by removal polishing.

10 In the case of single-side polishing (8SPY, semiconductor
wafers are held 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 (RSP}, semiconductoi

15 wafers are introduced locsely into & thin carrier and are
polished on the front and rear sides simultaneously in a manner
"floating freely" batwesen an upper and a lower polishing plate
covered with a polishing pad. This polishing method is effécted
with supply of a polishing agenf slurry containing abrasives,

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

A sultable double-side polishing machine is disclosed in
DE 100 47 390 al.

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

30

The semiconductor wafer to be polished is tsually & silicon
wafer or a substrate having laver structures derivad Irom
silicon (e.g. silicon-germanium). Said silicon wafers are used

in particular for producing semiconductor components such as



2 memory chips (DRAM), microprocessors, sensors, light emitting diodes and many more. The
requirements made of silicon wafers for fabricating in 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 wafer having two perfectly plane-parallel sides,
excellent flatness in particular on that side 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, which is currently not possible on account of a
decrease in tHick&ss at e edge of the et T FE5F §EometREiTthe Sdgé re§Bh: FiiR%known that
the conventioRaPrrethads foepsligiing-20 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 ﬁ% éher t%tuaj ;réicé(rqgss "ﬂog aesi!)igoré y\iqur or to Qeredgevgeﬁomgtry_qf_jts 25 front and/or rear
side and which can bé used to characterize the customanty bservéd decraads i thé thickness of the
silicon wafer iR3S-edge TEgITTEF thé flakfesysf frémrand/or rearsideofthessilicomwaler Hkewise in its
edge region. Amaethoehfar measutisgdberedge: reltoff of isilicon,3Qwafers s descebed in Jpn. J. An .
Phys. Vol. 384%@%@;,1%538(-;‘399_ %Q@kpoyég%ogge%%ongyxctor wafers.bcy means of "Fixed Abrasive

e L ! eract densitles tern . L
Polishing" (FAP) is furthermore’known, in which the 35 semiconductor WafeF 18 boﬁs?hed:oﬁia polishing
padconuﬂanEtters for trapping metallic impurities), but in particular

alsc the geometry and the flatness of the wafer. & silicon
16 wafer having twe perfectly plane-parallel sides, excellent

flatness in particular on that side of the gilicon wafe

+4

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

15 which is currently not possible on account of a decrzase in
thickness at the edge of the wafer and poor geometry in the

edge region.

Tt 1s known that the conventional methods for polishing

20 semiconductor wafers are responsible for this edge roll-off.
The edge geometry is usually quantified by specifying one or
more edge roll-cff parameters which usually relate to the total
thickness of a silicen wafer or to the edge gsometry of its

25 front and/or rear side and which can be used to characterize
the customarily chserved dacrease in the thickness of the
gsilicon wafer in its edge region or the flatness cf front
and/or rear side of the silicon wafer likewise in its edge
region. A method for‘measuring the edge rell-off of silicon

3¢ wafers is described in Jpn. J. Appl. Phys. Vol. 38 (1989),

bPp. 38-35.

The polishing of semiconductor wafers by means of "Fixed
Abrasive Polishing" (FAP) is furthermore known, in which +he

35 semiconductor wafer is polished on a polishing pad containing



3 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 short as FAP step. DSP and CMP
differ from FAP in particular by virtue of the fact thafin DSP and CMP the polishing pad comprises no
abrasives and abrasives are always supplied in the form of a polishing W agent slurry. The German
patent applicalisit DEVEO 180 2 03% 268 AfgEs cribesliemetHotsfor polisHfg 8 'dibise@te composed of
silicon material ceMRSising two 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 solid material is introduced
between the substrate and the polishing pad, while in the second polishing step the polishing agent
slurry is reptaseddly:agokdtang agenhsalntiendatas frEabf solid 28 imatepaly. Emnbogiments of the

invelgtion P@efé&t? ?ri%oxéige Ilﬂg@_@&p%@i%gﬁh%%wp@ ig@&@ntageous with regard to the

edge geometry of the polished semiconductor watfer. 25 According to an aspect of the invention, there
is provided a method for polishing a semiconductor wafer by means of a polishing pad which

comprisesdixedlybengedalirasives kG2 baving gaavesage grayy sizereh 1 4e 1ihegms apd with
supply 30 of an aqueous polishing agent solution which comprises an alkaline comé)onent, is free of

solid matEfals 2t REE a VaRablE i VaIRCOF-F15E3 B2 h Sk THe 581idhin G Rb8ReSotition has a
pH valueanidessothan ik3:duringethelpalishirmgpotess, said pHevalvebem iaceaséda 18 to 13.5 for

the 3P ptgagietofﬁ%@gg the polishing process.

The CGerman 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 FAP type, which differ in
15 that, in one polishing step, a polishing agent slurry
containing non-bonded abrasive material as solid material is
introduced between the substrate and the polishing pad, while
in the second polishing step the polishing agent slurry 1is
replaced by a polishing agent solution that is free of solid

20 materizls.

Embodiments of the invention seek to provide an alternative
pelishing method which is advantageous with regard to the edge
geometry of the polished semiconductor wafer.

25
According to an aspect of the invention, there is provided a
method for polishing a semiconductor wafer by means of a
polishing pad which comprises fixedly bonded abrasives of Si0C;
having an average grain size of 0.1 to 1.0 um, and with supply

30 of an agueous 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, salid pH value being increased to 13 to 13.5 for the

35 purpcose of ending the polishing process.



4 The invention provides an PAP polishing process using 8i02 abrasives ihcotporated 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 agueous solution containing an alkaline component. M 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 semiconductor wafer preferably
comprises compounds such as M sodium carbonate (Na,CO3), Potassium carbonate (K2003), sodium
hydroxide (NaOH), potassium hydroxide (KOH), ammonium hydroxide (NH4OH),
tetramethylammonium hydroxide (TMAH) or any desired mixtures thereof as alkaline component. 20
The proportioR st the statetktompouhdssinaheipdlishirg agenyselutionss prefergably:8.01 to 10% by
weight, particularty=preferably-freps 09410 9:2%:fy weight. 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.
A polishing agent sclution that is free of solid materials is

5 supplied during the polishing process.

The pelishing agent solution is an agqueous solution containing
an alkaline componsnt,

19 The polishing agent solution bpreferably comprises deionized

water with the purity customary in the semiconductor industry.

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

15 sodium carbonate (Na:C0:), potassium carbonate (E2C0Ox), sodium
hydroxide (NaOH), potassium hydroxide (KCH), ammonium hydreoxide
(NH4,0H) , tetramethylammonium hydroxide (TMAH) cr any desired

mixtures therecf as alkaline component.

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

preferably from 0.01 tec 0.2% by weight.
‘The use of potassium carbonate is especially prefesrred.

The pH value of the polishing agent solution is at least 1l and

at most 13.5.

The polishing agent solution can furthermors contain one on
30 more further additives, for example surface-active additives

such as wetting agents and surfactants, stabilizers acting as

protective colliolds, pressrvatives, biocides, alcchols and

complexing agents.



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. 5 In the method according to the
invention, a polishing pad containing 5i.02 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 More detailed
descriptions of such polishing pads are contained for example in WO 92/13680 Al and US
2005/227590 At The average paticlaisize of Gi0Rabrasives tontaineddn the FFAPHRalishing pad is
preferably 0.1-b:0-umy payticularly. preferably %@-gwsﬁ@qﬁsgg&iidb'pp&%%ﬁab% 02044 pm.
Polishing agent slurries as in t_theSEr.ior art of DSP and CMP or some FAP methods are not supplied. 20

The pH value ol%rtﬁggooﬁfls%ir?é) agenjf%%llﬁﬁ)%ciessvsariableduring the performance of the method. The

pH value is regulated by an alkaline component containing 25 potassium carbonate and/or one of the
other compourigs mentisinecbapave.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
More detailled descriptions of such polishing pads are contained

for example in WO 82/13680 AL and US 2005/227590 At

The average particle size of Si0, 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 pm.

Polishing agent slurries as in the prior art of DSP and CMFE or
some FAP methods are not supplied,

20
The pH value of the polishing agent solution is variable during

the performance of the method.
The pH value is regulated by an zlkaline component ceontalning
25 potassium carbonate and/cr 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 preferr

@

d to carry out polishing of both sides

35 of the semiconductor wafer simultaneously.



Provision is made for controlling the polishing removal  exclusively by way of the alteration of the pH
value of the 30 polishing agent solution. invention can be implemented as single-side polishing.  Itis
likewise preferred to carry out polishing of both sides 35 of the semiconductor wafer simultaneously. It
is preferred to change the ph value of the polishing aﬁeht 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 is effected by corresponding supply of the
alkaline component of the polishing agent solution. The pH value of the polishing agent solution is
preferably controlled by means of suitable polishing agent supply in a W IOcally delimited fashion on
the respective poli§hiticf prate§ antiforpads =T His make§ itlpossitile tossupply: polishingragent solution
having a localy differentqan-vatie: Thuse by avay. of example the ph valweof:the-polishingagent M

solution supplied in a.outerfegion.of the-semicanductor wafer (edge region) could be chosen to be

approximateléll.S to approximately 12 in order to achieve a maximuim removal rate in the edge
region of the 46MiCofdiEdr Wwafer \WRTE & polisting ageti SokRBVERAAAG % sighiffcaritfRigher ph
value is 20 suppliedrinfothetiregiors, eid sintatirmer zone; 9f thel semiconduetos wafes. Through local
supply of polishingn agentselutioa-having arH0f 1 sapproximately 13-13:5,it is even conceivable to
reduce the 25 polishing locally to almost zero. _

The pl value of the polishing agent solution is preferably

controlled by means of suitable polishing agent supply in a

10 locally delimited fashion on the respective polishing plates
and/or pads. This makes it possible to supply polishing agent

solution having & locally different pH value.

Thus, by way of example the pH wvalus of the polishing agent
solution supplied in an outer region of the semiconductor wafer
(edge regicn) could bs chosen tTo be approximately 11.5 to
approximately 12 in order to achisve a maximum removal rate in
the edge region of the semiconductor wafer, while a pclishing
agent solution having a significantly higher pH value is

20 supplied in other regions, e.g. in an inner zone, of the

semiconductor wafer.

Through local supply of polishing agent sclution having a pH of

approximately 13-~13.5, it is even conceivable to reduce the

25 polishing locally to almest zero.
In conjunction with the Si0;-FA pad, minimal removal rates -
virtually 0 um/min -~ arise at a pH valus of approximately 13 1o
13.5.

35

Maximal removal rates are obtained for a pH value in the range

o]

of approximately 11.5 to approximately 1

The prevalling tempesrature is depsndent on z number of

.35 parameters. Inter alia - besides the chemical reaction (pHE wvalue)



In conjunction with the 5132-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 FA pad itself (friction) the
amount of polishing agent supplied, etc. play a part. The polishing according to the invention is
preferably, effected 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 pH value range of 11.5to 12
and wih a temperature of greater than or equal to 31C; Starting from the point in time of stopping
polishing, thaf is“15 t6 S5y StHfing Fromthe: p&int ir tinfeat whieh the BH valuseis indreased to greater
than or equal @48} thepaolishing temperaturesdecieases significanily ln therease of polishing with a
polishing pressure of 270 hPA by way of example, the polishing temperature decreases by
approximatelﬁ%bS%cgy%@%Q tig)g duration of 1t%15i3n.__Atvhigber polishing temperatures, for example in
the case of polishing processes at higher POIishifg pressired (8. o Ao RPA) the fermperattre
decrease’is evEnorEpFGIToURGed fi@ke °L between approximately 25°C and
approximately 41°C.

A temperature of approximately 28 to approximately 27°C results
given a polishing pressure of 270 hPA as reference pressure.

10 Maximal removal rates can be cobtained in a pH value range of
11.5 to 12 and with 2 temperature of greater than or egqual tTo

31°C.

s

Starting from the point in time of stopping polishing, that is
I5  to say starting from the point in time at which the pE value is
increased to greater than or egqual to 13, the polishing
temperature decreases significantly. In the case of polishing
with a polishing pressure of 270 hPA, by way of axample, the
polishing temperature decreases by approximately 1.5°C over a
20 time duration of 1 min.
At higher polishing temperatures, for example in the case of

a e
polishing processes at higher polishing pressures ie.g.

400 hPa) the temperature decrease is even more pronounced (more

e
1%

than 5°C temperature reduction after Just 1% 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 egual
to 12, mixtures of potassium carbonate and potassium hydroxnide)

can be varied very well and exactly in =z range of 11 - 13.5,

In the method according to the invention, the vpolishi

Lk
Lo

n
variation of the removal rats is prefefably effected whils

keeping all the other polishing paramsters constant, such as



25 than 5C temperature reduction after just 15 sec). What is advantageous about the method
according to the invention is that the pp value of an alkaline polishing agent solution having the
above-described composition (ideally: 30 potassium cgarbonate or, for pH values of greater than or
equal to 12, mixtures of potassium carbonate 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 variation
of the removal rate is preferably effected whilst keeping all the other polishing parameters constant,
such as polishing pressure, retainer ring and zone pressures, polishing kinematics (rotational speeds),
amount and type of polishing agent, externally set (plate) temperatures. 5 On account of the unusual
property describetandive Hh&SS ¥ fadsifi Conjictioh Wit ke pBisHing tgentsolitan faving a pH
of greater thahigreggudlde 1Iriscappropriaterfer polishiagprocess segiated in pespeatiafdhe rate of

removal in cogjunctionwith constant procgss.management.of the W polishing 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) M as a
result of gellatBn3oTIRE S0l &S & PEStlk &F trRygregatic = of drefrssbparticiesat highepHlivalugs with
downstream problemscsuchiasscratoh formation defect generation {incipient etching) on the wafer

surface, cont@@yﬁtj}ogzgg %rbj§gﬂgg}og}[&%p8§sh;g%%egt Iigfsiblockage of the filter units. The
: i

: < 2 riat L&
effect of the alkalll,ne loading, growth and aggregation of the élo 2 pal’tIC%EDSP taﬁ%splpﬁage iy the case of
the 5i02 FA pad o1 the olishing fad St faceitself: depanitig oh WhthstSvakietistemployed during
polishing. Howevepnthercorparatively drard FA padcare Eapidlyregenetate-ggainssince it does not
store thgpolighing=agent indhepad and;: in contrast tg DSP.and CMP, po."clumped” polishing agent
slurry is moved in the process or in the installation.
With z typical CMP polishing process this would not be possible
on account c¢f the instability of the silica sol in this pH
value range (in particular at pH values of greater than 12.5;}
15 as a result of gellation of the sol as a result of aggregation
of the sol particles at high pH wvalues with downstream problams
such as scratch formation, defect generation (incipient
etching) on the wafer surface, contaminétion and encrustation

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

The effect of the alkaline loading, growth and aggrégation of
the 810, particles takes place in the case of the 3iG,; FA pad on
the polishing pad surface itsslf, depending on which pH value

is employed during polishing.

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 DSF 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 in
& 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

(4%
i

carbonate, for example, in the pclishing agent solution is



30 The pH value 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 35 carbonate, for example, in the polishing
agent solution is 9 preferably 0.01 to 10% byparticuldrly preferably from 0.01 to 0.2% by weight. It is
especially preferred to combine the good removal rate in 5 the range of approximately 11.5 to
approximately 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 M process, which can be
configured as single-side or double-side polishing, a polishing agent solution having the
abovementiomed Conyposition With-a pH ©fidd tesless than::3; inpasticylap 1d Ae-E2 by isrsupplied, the
range of approximately 41:5 tg appreximately 12 being:particularly preferred. 15 After the desired
material removal has been reached, the polishing process is stopped in a second step by virtue of the

n

15

20

e

It is especially preferred to combine the good removal rate in

1.5 to approximately 12 with the

[

the range of approximately
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
process, which can ke configured as single-side or double-side
rolishing, a2 polishing agent sclution having the abovementicned
coemposition with a pH of 11 to less than 13, in particular 12

to 12.5, ils supplied, the range of approximately 11.5 to

After the desired material removal has been reached, the
pclishing process is stopped in a second step by virtue of the
fact that - unliks in the priocr art, which usually involved
virtually mechanical retardation by the addition of additives
that modify the viscosity of the polishing agent - the pPH value
of the polishing agent solution is increased by the alkaline
component being increased to at least 13, ideally approximately

i3.5.

The polishing process is therefore stopped by the variation of

the pH value of the poliszhing agent solution.

For some applications it is advantageous to add in a third
step, in turn, & polishing agent soluticn having a pH wvalue of
less than or equal to 11.5. If the FA polishing using Si0.

abrasives is intended to be followsed by a conventional
is

Y]
T
O
=0

polishing with supply of hing agent slurry, such a step

—

serves to prepare Ifor the

1]

lurry polishing.

Said slurry polishing is then effected on the same polishing

=

pads containing 5i0:; abrasives. This, too, can again involve



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 is therefore stopped BY the variation of the pH value of the polishing
agent solution. For some applications it is advantageous to add in a third step, in turn, a polishing
agent solution having a pH value of 30 less than or equal to 11.5. If the FA polishing using Si02
abrasives is intended to be followed by a conventional polishing with supply of a polishing agent slurry,
such a step serves to prepare for the slurry polishing. 35 Said slurry polishing is then effected on the
same polishingipads containing. SI02 abrasives. THi3) tag, cairagaisrisvalved dfk-siagle-gigle polishing
(e.g. CMP) orsimultaneous=deuble=side pelishing of the semiconductopwafersuch as DSP. Instead of
the polishing a gnitjgglyst'&%%a polishjn% aggp; slurry corqp,risliln abrasives of oxides of an element
selected fromthe group consisting of siiicon; altiminurm ard ceri mAi€%tippied ddring slurry polishing.
The slurry polisHiRg preferabhy é6mptisedtwo steps. 10 Apotishiftragent-sierschaving thee
abovementioned-compositien with an averagersize bhittie alrasives of 16:30 tinxissupplied in a first
step and a palighing, agent slurty.having,said composition with an average size of the abrasives of
35-50 nm is supplied in a second step. The pH value of the slurry is M preferably less than or equal to
11.5.

The slurry polishing preferably comprises two steps.

10 A polishing agent slurry having the abovementioned compositicn
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 n

=

L
is supplied in a second step. The pH value of the slurry is

15 preferably less than or equal to 11.5.

The method according to the invention has diverse application

pessibilities and advantages.

20 It is possible, through corresponding regulation of the pH
value of the locally supplied polishing agent solution, to
centrol the material removal leocally in situ in order o

improve the geometry and nanctopology of the semiconductor

wafer.
25
By increasing the pHE value of the polishing agsnt solution to
' approximately 13 to 13.5, it is possible to stop the polishing
process, which leads to geometry and nanotopclogy improvements
and optimization of the wafer surface.
30

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

wafer holding system {(template, carrier).

[¥5)
il

Seguential application to the front and rear sides of the

semiconductor wafer results in a semiconductor wafer polished



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. 15 By incréasing the ph value of the polishing agent
solution to approximately 13 to 13.5, it is possible to stop the polishing process, which leads to
geometry and nanotopology improvements and optimization of the wafer surface. 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). Sequential application to the front and rear sides
of the semicoAduetorwaferaesulis irra semiconthicteriwaterpelishesh |len both sides: Since the
material removatganihe eantrelled Jacally, the 1“’;9&1%%@%?' polishingprocessgs can be coordinated
e

with one anothg{r&ggg&%ed,r._nfgnner. Sirg%k%qeous double-side polishing with lapping kinematics or

planetary kinematics using Si.02 polishing pads and an alkalfife poliSRRgcagent solution is also
preferred. In this case, the semiconductor wafers lie in cutouts in carriers which are caused to rotate
by means’ of &niimrier=anrd an cuter tecthedering W anchthe.semicongucter waferis-meved.on a

cycloidal trajectQye 2y 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 outer toothed ring

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

in the context of the invention, double-side polishing with
crbital kinematics is particularly preferred when polishing
semiconductor wafers having a diameter of 450 mm. Orbital

kinematics means tThat the semiconductor wafer lies in a cutout

[
Ui

in a wafer holding system which is moved or a circular path,
but - in contrast to planetary kinematics - does not rotate

about its own axis.

200 In the case of orbital polishing methods with relatively small
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
r

(28
i

large polishing plates. This disadvantage can be suppressed by

locally differently coordinated pH values of the polishing

medium.

It is especially preferred toc combine the regulation of the

3¢ 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.



In the context of the invention, double-side polishing with orbital kinematics is particularly preferred
when polishing semiconductor wafers having a diameter of 450mm. Orbital kinematics means that the
semiconductor wafer lies in a cutout in a wafer holding system which is moved on a circular path, but -
in contrast to planetary kinematics - does not rotate é%out its own axis. 20 in the case of orbital
polishing methods with relatively small. 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 values of the polishing
medium. It is Bspecialipreterred tbConmbifethesrediifafion of the>30Hmaterial Fmioval with an in-situ
measurementdf the wafer thiekness ktorderdodnfidenee the geontetry of the waferiniadargeted
manner. This.can,largely bg autemated since, yuith, the exegption of the pH yalue of the polishing agent

solution, all the other process parameters can be kept constant., 12 The invention is not suggested by
the prior art. AltFSGGH DETOZ 807 035 266 At disciBSed employing BAP WHABSIEHIng dyents in the
alkaline range of pH10- P2 aheheiived claimeththerercaatessarily providestwasRAPspolishing
processes, onge Dwith-ard onee witheutpolishing agent.contaiping.abrasives,; oneneand the same
side of the semicondiictor wafer, The method according to the invention necessarily takes place
without polishing agents cb?npriginglg ‘a‘ﬁraé@%‘s’. Wﬂetsvﬁofstéliae Eaﬁlg,ser%b%%?edd é§ré)éeﬁhential polishing
of the rear arfdfrorfit'sides® By heans™®t a-pdhishiAg s €8mprising fixedly bonded SiO2 abrasives, is
especially preferred. In this case, the two polishing processes, that is to say the

10 A two-stage FAP, embodied as sequential polishing of the rear

and Zront sides, by means oI a polishing pad comprising fizedly

bonded S5i0; abrasives, 1s especlally preferred.

i

n

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 targsted influencing of

the wafer geomstry and waflfsr nanctopology, especially in the

wafer ecge region, can be performad.

20 Both sides of the semlconductor wafer a

¥

e polished by means of

510; polishing pads with supply of a polishing agent solution
having a pH value of at least il, preferably at least 11.2, and

especlally preferably at least 11.35.

j
LA

The method according tc the invention leads to an improvement
in the geometry in the outer edge region of the gsemiconductor
water, 1in particular in a range oI a distance cof less than or
egual to 10 mm, particularly preferabply in the range of less
than or egual to 5 mm with respect to the edge of the

30 semiconductor wafer.

In principle, the semiconductor wafers are pressed Dy tThe side
surface to be polished against the polishing pad Ilving on a

polishing plate, with the aid of a polishing head.



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 nanotopology, especially in the wafer edge
region, can be performed. 20 Both sides of the semiconductor wafer are oolished by means of 5i02
polishing pads with supply of a polishing agent solutioh having a pH value of at least 11, preferably at
least 11.2, and especially preferably at least 11.5. 25 The method according to the invention leads to
an improvement in the geometry in the outer edge region of the semiconductor wafer, in particular in a
range of a distance of less than or equal to 10 mm, particularly preferably in the range of less than or
equal to 5 mm with respect to the edge of the 30 semiconductor wafer. In principle, the semiconductor
wafers are préssed-bythe side strfatectoibe polistied againstithe polishing:pad Iyiagon alpolishing
plate, with the=aidiefsa potisbing:bead 13 Arolishing-head:alse ingludes a;refaiper ring.which laterally
encloses the ggggtg%@n%nggggv%&sii}lgor%flidsilgggrom the polishing head during polishing. In the
case of modern polishing heads, that s'depsur]face of the silicon wafer which is remote from the
polishing pan lies on an elastic membrane that transmits the polishing pressure exerted. The
membrank is parttdifca possibly subdivided chasmbercsystersthat farms aigas or iguid eushion. 10
However, polishing-Beads are alse useddin.the case-otwhich.an elastic. suppart (*hacking pad”) is used
instead of a rrée,rggjéalne.mln r_&ms ggsghtfgl%e Qg_rlishing;bﬁea;w can a_tg*gitioﬂ,nally also be moved transiationally
over the polishing pad, whereby a more comprenensive Gtifzation of the paIfsHing patfaied'is

‘ The membrane is part of a possibly subdivided chamber system

that forms & gas or liguild cushion.

0
However, polishing hesads 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
15 translationally ovar the polishing pad, whereby a more
comprehensive 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
twe, especlally preferably three, polishing plates and

25 polishing heads is preferred.

Ih

By w of example, the peclishing machins AC2000 from Petrer

&
s

Wolters, Rendsburg {(Germany) is sultable for carrying cu:t the
double-side polishing of the semiconductor wafer according o

30 the invention.

Sald polishing machine is eguipped with pin interlocking of the
outer and inner rings in order to drive the carriers. The
apparatus can be designed for one or more carrie

Tor & plurality cof carriers

t

35 the higher throughput, an apparatus
i

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



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 25 polishing heads is preferred. By
way of example, the polishing machine A02000 from Pete Wolters, Fendsburg (Germany) is suitable
for carrying out the double-side polishing of the semiconductor wafer according to 30 the invention.
Said 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 more carriers. Owing to 35 the higher
throughput, an apparatus for a plurality of carriers is preferred, such as is described for example in
DE-100 07 3981 14rAl and imwdiich the terriers move-on aplanetannpath-around the-center of the

apparatus. The.apparatus includes aower and.an upper polishing, plate, which are freely rotatable

. . : 3 5 A . er and
horizontally ar(_ll% are cg\r/er%ciyvg?hago1l§mng pad. During the polishing, the semiconductor wafers are
situated in the CutoUts in fHe cartists e batweeh fife &6 poligRing prateSARARh rotate and exert a
specific polishifi§ pressurelon tiemawhile avpolishing tgent solutionihavinga pehafi ht-1305 is
continuously supplied i thisieasesthe cafiers-are.alse setin-matien,-1Q preferaply by, means of
rotating pin rings which.engage in feeth gn the circumference of the carriers. .o,

rotate and exert a specific polishing pressure on them while a

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

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

10 preferably by means of rotating pin rings which angags in teeth

on the circumference of the carriers.



15 Patent Claims 1.A method for polishing a semiconductor wafer by means of a polishing pad which
comprises fixedly bonded abrasives of 5Si02 having an average grain size of 0.1 to 1.0 gm, and with
supply of an aqueous polishing agent solution whichscomprises 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 10process, 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 the polishing agent contains one or more 15compounds from the group consisting of
sodium carBehat (I¥a2&®s), potassium carbonate (1(2003), sodium hydroxide (NaOH), potassium
hydroxide (KOH), ammonium hydroxide (NH4OH), tetramethylammonium hydroxide (TMAH). 20 3.

The method aiQll(gég}?gdmfg@r%&ﬂrs%l\ﬁgerelg grply %1 s@gcof thefsem conductor wafer is polished.

4. The method as claimed in claim 1 or 2,"wherein bot es o the semlcgnguaor wafer are
succes&veh/éﬂ%ﬁ%ﬁ&&%géfad which comprlses flxedly bonded abrasives of

3 510, having an average graln size of 0.1 to 1.0 um, and with
supply of an aqueous polishing agent solution which comprises
an alkaline component, is free of golid 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:

10 = process, said pH value being increased to 13 to 13.5 for the
purpose of ending the pcolishing process.

2. The method as claimed in claim 1, wherein the alkaline
componént of the polishing agent contains one or more
15 compounds from the group conrsisting of sodium carbonate
(Na C0;) , potassium carbonate (K,C0:), sodium hydroxide (NaCH),
potassium hydroxide (KOE), ammonium hydroxide (NH,0H),
tetramethylammonium hydroxide {(TMAH).

20 3. The method as claimed in claim 1 or 2, wherein only one side
of the semiconductor wafer I1s polished. '

4. The method as claimed in claim 1 or 2, wherein both sides of
the semiconductor wafer are successively subjected to a
25 polishing process.

5. The method as claimed in claim 1 or 2, wherein both sides of
the semiconductor wafer are simultaneously polished at the

same time.

30
6. The method as claimed in claim 5, wherein a polishing machine
with planetary kinematics is used.
7. The method as c¢laimed in claim 5, wherein a polishing machine
35 with orbital kinematics is used.

8. The method as claimed in claim 1 or 2, wherein the peclishing
agent solution has a pH value of 11.5 to 12 during the



25polishing process. 5. The method as claimed in claim 1 or 2, wherein both sides of the
semiconductor wafer are simultaneously polished at the same time. 30 6. The method as claimed in
claim 5, wherein a polishing machine with planetary kinematics is used. 7. The method as claimed
in claim 5, wherein a polishing machine 35with orbital kinematics is used. 8. The method as claimed in
claim 1 or 2, wherein the polishing agent solution has a pH value of 11.5 to 12 during the 16 polishing
process, said pH value being increased to 13 to 13.5 for the puLpose of ending the polishing process.
9. The method as claimed in claim 1 or 2, wherein, during the 5polishing process, the thickness of the
semiconductoPRaiéTisTHHesiredsihd e HrVallielithe pdlishing cigentsolution:is regulated on the

basis of the thickness grofiiealeierpined. 49. dheimethodag sleired-in glaim-2swherein the polishing
agent solution supplied between that surface of the semiconductor wafer which is to be polished and
the pO|IShIn§J p§g Ioca\xfygln o0 at least one.inper reggon and into at least one outer region of that surface

of the semidondtictSrwarst 7l ditRrdiihHVafiés T thabat eastBishfer AHIGRANENA that at least

One(nﬁerre@@ﬁilshlng Trocess, the thickness of the semiconductor wafer
is measured and the pH value of the polishing agent sclution
is regulated on the basis of the thickness profile determined.

10, The method as claimed in claim 9, wherein the polishing
10 agent solution supplied between that surface of the
semiconductor wafer which is to be polished and the polishiﬂg
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
15 in that at least one outer region.



