Method for polishing a semiconductor wafer with a strained- relaxed Sii"Gex layer The invention
relates to a method for polishing a 5 semiconductor wafer provided with a strained-relaxed SilGe
layer. Modern applications of microelectronics such as information and communication technology, for
example, demand ever higher 10 integration density and ever shorter response times and clock breaks
of the underlying microelectronic components. Examples of components are memory cells, switching
and control elements, transistors, logic gates and the like. These are produced from substrates
composed of semiconductor materials. 15 Semicondtictor materials comprise elemental
semiconductors such as silicon and occasionally also germanium or compound semiconductors such
as gallium arsenitfé {2 ST forerahfilé"ond RERGRIGPREEWITEHTT sPdddiSthe hsbilty of the
charge carriers (free electrons, holes). Thesmibbiley isthe.26.avierage drift velocity of the charge
carriers in the crystal lattice of the semiconductor material relative to the applied electric field (electrical
voltage per uni&digta?l%ee). tThe elect{on mobcility IS %nﬂg%anllg/ IowO f%rhglglrg sgllicon than for GaAs, for
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example. Nevertlﬁeless, SIﬁICOH |slfﬁ”’e sf‘andara f5 material in mlc?oe ectroniCs owing to numerous

advantagés. SifiEsn IS adatasE expedientlyBasirand Virtdalgowhowdingie sreEitisSron$6xic, can be
produced very tleasty, can be processed well and with high freedom from defects and has a stable
oxide (dielectric). Therefore, there is a desire to 30 realize particularly fast components likewise on the

basis of silicon technology. For a given material, it is possible to increase the charge carrier mobilit
P fge carrier mobily
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only by artificially Afteringthe §iopefties 35 of te &yt tattice St ikowR froh ‘
investigations that inparticilas ta strairestthe aystal Etice{edension Cdismittor)ifiEreasesshe
mobility. The average-atomic spacing (latiice constant)of getmasiswhich imes and clock

breaks of the underlving microelectronic components. Examples
of components are memory cells, swibching and contrel
elements, transistors, logic gates and the like. These are
produced from substrates composed of semiconductor materials.
15 Semiceonductor materials comprise elemental semiconductors such
as silicon and occasionally also germanium cor compound
semiconductors such as gallium arsenide (GaAs), for example.
One measure of the switching speed ig the mobility of the
charge carriers (free electrong, holes). The mobility is the
20 average drift velocity of the charge carriers in the crystal
lattice of the semiconductor material relative to the applied
electric field {electrical vecltage per unit distance). The
electron mobility is significantly lower for pure silicon than
for GaAs, for example. Nevertheless, silicon is the standard
25 material in microelectronics cowing to aumercus advantages.
Silicon is available expediently, easily and virtually without
limit, and it i1s non-toxic, can be produced very cleanly, can
he processed well and with high freedom from defects and has a
stable oxide (dielectric). Therefore, there is a desire to
30 realize particularly fast componentis likewisze on the basis of

silicon technology.

For & given material, it is possible to increase the chargs
carrier mobility only by artificially altering the properties
35 of the crystal lattice., It is known from theoretical
investigations that, in particular, & strain of the crystal
latrtice [(extension, distortion) increases the mobllity. The

average atomic spacing (lattice constant) of germanium, which



2 is homologous with respect to silicon, is approximately 4% greater than that of silicon_ A silicon
crystal with incorporated germanium atoms therefore has a higher lattice constant than pure silicon. It
is produced by depositing, on a defect-free, planar and pure silicon starting surface, a silicon layer with
a germanium proportion that increases slowly with the layer thickness. This is done from the vapor
phase by means of thermolysis ("chemical vapor deposiﬁion", CVD) of gaseous germanium-containing
precursors, such as GeH4, 10 GeC14 and GeHC13, for example, on the surface or by vapor
deposition using particle beams (Molecular beam epitaxy, MBE). This gradient layer having variable
Si/Ge stoichiomginnkeens.dews the styain byili-up e account,of thedattice mismatch-af silicon and
germanium in thge: g@éségl (gl%rén ttf}]ea%rogvghSAﬂS{j‘gghegreslaﬁation is achieved b%{ fipally depositing a
stoichiometricaﬁy constant butter layer with the g’erm“an|umlprlocf)%ﬁiocnrgfS the'la¥ I%Yer of the Sii,Gex
gradient layer. THE OVRralffaver E6ASHECHEh RYeRtréd iy &3 arreldxed Rybdi plfaint rdlaiee layer”).
20 If pure siliconawith: arsmalhfayep thieknessiiscdepasited oncthesnelaxe dlayeethe Jayercconstrains its
atomic spaging an-the.sikcen.atoms.\the deposited silican layer s laterally extended and is therefore
referred to as Iastgicl;%-strf{lirlead %@ silicgg (Istrained sglicong. Com%onents structured in such a strained
silicon layer have & charge Caffier mobility frat s heraased BR&ortiy to'the d&ge&™st%irain and thus
according to thé tfetHanitinh jpropertionf thé rélaksa tayerT’BOA preréauisittfonfudttionapor
components having:shoferswitehing andschasge hsrieritarspark limesds substantial freedpom from
defects in the serained.silican layex. It is-found that pat.of,the stiain. of the St Gex, gradientiayer on
account qfOthe I é[&t&ctg mismatch is rele%sed in the form of 35 regularly occurring lattice defects. The

2 o HETES (sCrowW diRICEATIONS &t fHe Fierdiig Points of the

latter forma network' o %8—c%‘ﬁ5{8]cﬁsm ;
growth surface “FRIRSdeTeernetiork |axristtocrbg Ul aveig Himbetlation siofaite enifaseyOridhe) .

This gradient layver having variable S8i/Ge stoichiometry keeps
down the strain built up on account of the lattice mismatch of
silicon and germanium in the crystal during the growth. A

15 further relaxation is achieved by finally depositing a
stoichiometrically constant buffer layer with the germanium
proportion of the last layer of the Si,_,Ge, gradient layer. The
overall layer construction is referred to as a relaxed laver

{("strain-relaxed layer").

20
If pure silicon with a small layer thickness is deposited on
the relaxed layer, the layer constrains its atomic spacing on
the silicon atoms. The deposited silicon layer is laterally
extended and is therefore referred $£0o as lattice-strained

25 silicon ("strained silicon"). Components structured in such a

strained silicon layer have a charge carrier mobility that is
increased according to the degres of strain and thus according

toc the germanium proportion in the relaxed lavyer.

30 A prerequisite for functional components having shorter
switching and charge carrier transport times is substantial
freedom from defects in the strained silicon layer. It is
found that part of the strain of the Si;..Ge. gradient laver on
account of the lattice mismatch is released in the form of

35 regularly occurring lattice defects. The latter form a network
of so-called disglocvation defects (screw dislocation) at the
piercing points of the growth surface. This defect network

ileads to regular height modulations of the surface. On the



preferred Si(100) substrate, these faults resemble a rhomboidal patching of the surface and are
therefore referred to as "cross-hatch defect pattern”. 5 The surface of SixGel" layers is therefore often
characterized by a pattern caused by dislocations and known as "cross hatch", and must generally be
smoothed before one or more further layers can be deposited thereon. 10US 6,475,072 and also
Sawano et al., Materials Science and Engineering 389 (2002) 406-409, describe polishing methods
directed towards smoothing Sii"Gex layers. The methods involve a chemical mechanical polishing
(CMP), wherein the semiconductor wafer is moved, with application of polishing 15 pressure, over a
rotating polishing-plate previded with apolishing pad,.while-a polishing.agentis supplied between the
polishing pad and the Sii.Gex layer to be pelished. The.remaining roughpess, measured.by AR
("atomic force m%?ggg&qu : ig?l¥ %ﬁé”ﬁgstg c?as%ehg Aﬁ'«’]l\r/lgaﬁgoo?%gegﬁ §O ‘2%%5% ?ﬁlere]fgtfg% 0 a
measurement grfil Ravingihiésired of Joffh SCTomAt 1iéWéver, a surface polished in this way has
disturbing scratches which, owing to their typical widths and depths in the submicron range, are often
also referrgd to-as."nanoscralches’s SikGe, layers.nlanarized-acoqrdingte-known.25 metbpdsare

accordingly stiIII;[oo arougbﬁtgrbrgz %ngstg éi%oos' thEE,ecorl a C;t{sain(mjed@sijjx(r:ion layer which is sufficiently free
of defects, smooth and planar for partlcula?fy emandal‘rTg a“ppliceﬁmns. 9DE T2 667019 565 Al

discloses a methderfor thézthdleSidé BoRiing of SBNFEGHHUESr Wafe?s ProviGed Witho Felaxed
Sii"Gex layer, comyrising the pofishing dfa medtiplicity ©f semieanductor wafers in a plurality of
polishing passes, wherein one polishing pass comprises at least one polishing 35 step and at least
one of the multiplicity emiconductor wafers with a polished Sii"Gex |ayer is obtained at the end of
each poliié?ng lpggss%éiﬁg ﬂgé}%woav%cr}cnéiﬁtso%t 'K east orie semidonducdr water §lifity e at least
one polishing st&p Wsthiapplid&tion ©F polisking pre8suressier drtating polisking pite Provided with
a polishing padsiandstpply of-polishisg.agent hetvwaen the. polishing padandthenatdeasiene ve
semiconductor wafgt.wherein, a polishing agent cantainingan alkalipg component and a germanium

-dissolving component is, supplied. Pqﬁrticles WhiChﬁ%ﬁOl’] ain.germanium and are left behind if silicon is
dissolved undeF the coRtitions of EherficaPmBtKs Cal”ﬁ&lﬁh?r?gm A flyarded sife tals8%f the
comparatively Hghssuganesy andahs Hanoseeatehes afiernthepolishing vvactetdandéwith the
previously known methoss. Aceording te: DE 302 007010 265/ it:does petisutiice-to:-kemeove these
particles mechapieally fpr cxample in the.courseof condigning the, palishing pad. Rather, itis
necessary to begin dissolving these particles c]hemlcally as early as during the polishing.
remalning roughnesg, measured by AFM ({ratomicd force
microscopy"), is in the best case 3 A RMS ("root mean
20 square”}, in relation to a measurement grid having the area of
10um x 10pum. Howevey, a surface polisghed in this way has
disturbing scratches which, owing to their typical widths and
depths in the submicron range, are often also referred to as
*nanoscratches”. 8i,.,Gex layers planarized according to known
25 methods are accordingly still too rough to be able to deposit
therson a strained silicon layver which is sufficiently free of
defects, smooth and planar for particularly demanding

applications.

30 DE 102 007 C19 565 Al discloses a method for the single-side
polishing of semiceonductor wafers provided with a relaxed
Si; xGey layer, comprising the polishing of a multiplicity of
semiconductor wafers in a plurality of peolishing passes,
wherein one polishing pass comprises at least one polishing

35 step and at least one of the multiplicity of semiconductor
wafers with a polished 8i. .,.Ge, layer is cobtained at the end of
each pelishing pass; and the movement of the at least one

gsemiconductor wafer during the at least one polishing step



Embodiments of the present, invention seek to provide an alternative to the method proposed in DE
102 007 019 565 Al. According to an aspect of the present invention, there is provided a method for
polishing a semiconductor wafer provided with a strainedrelaxed layer of SimmGe, , comprising a first
step of a mechanical machining - effected with supply of a polishing agent solution that is free of solids
- of the Sig,Geg layer of the semiconductor wafer in a poli%hing machine using a polishing pad
containing fixedly bonded abrasive materials having a particle size of 0.55 pm or less, and also a
second stegit%fhcge o_,rggchanic ma%hir%ing of the previously mechanically machined SiimGe, layer of
the semiconductSrWafer using & pdlishing pad Aha"With“supply ot & poishitg Bgent Sidtry Rbhtaining
abrasive matériake In'prificiple thesse rficonductsrvare wittrtheeaid ot rpolisiiing headsspressed
with the sidecarea tedbepolishedi(thatwithcthe:SimGexidayer)against the peolishing pad lying on a

polishing plate; A polishing:head alse incjudes.a tetainerg. that laterally, encloses the sybstrate and

prevents it érlorgosilibgiig fr%m thre Rglishin he:ild dO%Jring polishing. 5 In the case of modern polishing
heads, the Sidé area of the semiconductotwaferWhich is remote from the polishing pad bears on an

elastic membrane that transmits the polishing pressure exerted. The membrane is part of a possibly 10
subdividedrehamber=systean thatforms a-gas ot liquid.cushion However,polishing heads are also in

use in which,an.elastic.suppad L hagking pad‘)used stead, of a)membrane. This slaslic support is
generally e&gplleg ona sglldlg/ méanufactured 15plate ("bagﬁkjng plate"). Between the "backing pad" and
the rear side of the wafet, an air cuSRion c8h theh GTBRATTY bEJenEratBd VeI afisus Zdnes on the
rear side of ftfe Viafet - FuFtHerore; thetd aredlselpolishing heads'imasein whighethe aida so-called
"template” pot:20albackingwn methods. According to DE 102 007 019 565 Al it

does not suffice to remove these particles mechanically, for
example in the course of conditioning the polishing pad. Rather,
it is necessary to begin dissolving these particles chemically as

early as during the polishing.

Embodiments of the present invention seek to provide an alternative to

the method proposed in DE 10Z C07 (019 565 AL,

According to an aspect of the present invention, there is provided a
method for polishing a semiconductor wafer provided with a strained-
relaxed layer of 8i,.Ge,, comprising a first step of a mechanical machining
- effected with supply of a polishing agent sclution that is free of
solids - of the 5i,..,Ge, layer of the semiconductor wafer in a polishing
machine using a polishing pad containing fixedly bonded abrasive
materials having a particle size of 0.55 pm or less, and alsc a second
step of chemomechanical machining of the previcusly mechanically
machined 3i,,Ge, layer of the semiconductor wafer using a polishing pad
and with supply of a polishing agent slurry containing abrasive

materials.

In principle, the semicondﬁctor wafer, with the aid of a polishing head,
is pressed with the side area to be polished (that with the Si,.Ge, layer)

against the polishing pad lying on a pcelishing plate.



that is to say by means ofplate” and a retainer ring applied to the elastic support ("backing retainer
ring, which has a defined thickness, wafer maintains its position in the carrier during the polishing. The
thickness of said retainer ring can be chosen 25such that it is either thicker than the wafer itself - this
then being referred to as a so-called "wafer underhang" - or thinner, in which case a so-called wafer
overhang is involved. The semiconductor wafer is polished with supply of a polishing 30 agent
between the substrate and the polishing pad and with rotation of the polishing head and of the
polishing plate. In this case, the polishing head can additionally also be moved translationally over
the polishing pad, whereby more 35 comprehensive use of the polishing pad area is obtained. 6
machines. The use of multi-plate polishing machines having preferably two, especially preferably
‘three, polishing’plates ait-5pokishing Hestisiis Prefesred Differshtpolishing padstarid:tiferent
polishing agents:canaise betusedlinsthiszcasex Thefirst-stepsofithe fpethod cofrespondsHome

mechanical ultrafine grnding.using & Ralishing.pad.coptaining extreme 10fine abrasives in bonded
form. This method differs from conventional single- or double-side fine grinding, which is used in part

in silicon technology, e.g. as a DDG ("double disk grinding") step using grinding disks with fine
granulation, in that aitheafehidingesieffactediaghing heads, the side area of the

semiconductor wafer which is remote from the polishing pad
bears on an elastic membrane thet transmits the polishing
pressure exerted. Thne membrane is part of a possibly

10 subdivided chamber system that forms a gas or liguid cushion.

However, polishing heads are alse in use in which an elastic
support ('backing pad") is used instead of a membrane. This
elastic support is generally applied on a solidly manufactured
15 plate ("backing plate“}. Between the “"backing pad® and the
rear side of the wafer, an air cushion can then optionally be
generated over various zZones on the rear side of the wafer.
Furthermore, there are also polishing heads in use in which
the wafer is polished with the aid of a so-called "template”,
20 that is te say by means of a "backing plate® and a retainer
ring applied to the elastic support ("backing pad"). The
retainer ring, which has a defined thickness, ensures that the
wafer maintaing its position in the carrier during the
polishing. The thickness of said retainer ring can be chosen
25 such that it is either thicker than the wafer itself - this
then being referred to as a so-called "wafer underhang® - or

thinner, in which case a so-called wafer overhang is involved.

The semiconductor wafer is polished with supply of a polishin
30 agent between the substrate and the polishing pad and with

rotation of the polishing head and of the polishing plate.

In this case, the polishing head can additionally alsc be
moved tranglationally over the polishing pad, whersby more

35 comprehensive use of the polishing pad area is obtained.

Furthermore, the method according to the invention can eguall

be carried out on single-plate and multi-plate polishing



15 polishing machine (different kinematics, no grinding disks that are fed) and b) the grinding disks in
the case of fine grinding have a significantly higher granulation in comparison with the polishing pads
with abrasives that are used. Methods and apparatuses for the surface grinding of a semiconductor 20
wafer are known for example from US 5,400,548 or from EP 0955126. Grinding disks having a grain
size of 2000-8000 mesh are usually used in these methods(grain sizes according to Japanese
Industrial Standard JIS R 6001:1998). Grinding disks with 2000-8000 mesh have an average grain
diameter of 251-7 gm according to the JIS-Standard. By contrast, an average grain diameter of less
than or equal to -85, 9n.as in the first step of the method according to the invention corresponds
according to JIS to a granulation of 10 000 mesh or finer. In particular the range of 0.1 to 0.3 gm is
claimed 30 as particularly preferred for the present method, which corresponds to a granulation of 15
000 - 30 000 meBh«(i71S}. Thiesetond step is preferably:a canventienakGMP, polishing, 35 The
proportion of thecabrasive.materiakin.the polishin qglergeslurrgé in aﬁcordange with the ﬂseco“n}(;j step of
the methoogacc%rgir}h%it_lq the @é]ve%t)ion is grefera%?y 0.25 to 26% 637 Wlé?gnt? p%ﬁ%ﬁlaar%referably 0.25

to 1% by weight. 7 The size distribution 6f the=Abrasiverhatéra Parfisies i preferabis morbmodal in

nature. 5 The averag8 paHicRSiZ 61515 %o 308rhm, partiedlardy preferatly 1050 Hmsa sEhe abrasive
material comprises a material that mechanically removes the substrate material, preferably one or
more of the 100xigessaf.the eg,%glgn&%awnﬂg%hcgéiugn or silicon..A polishing agent_ slurry containing
colloidally dis.pelrlgbq:dr silicic acid (silicasol is, particularl C.)ﬁr%fesr?é)&des.g?fﬁeap ) %(ﬁ%??ﬁlé(jéﬁt slurry
generally known by the desighation 15'Ginzdk 39861 shing pad containing extremely

fine abrasives in bonded form. Thie method differs from

conventional single- or double-side fina grinding, which is
used in part in silicon techmology, e.g. as a DDG ("double
disk grinding") step using grinding disks with fine
granulation, in that a) the machining is effected in a
15 pelishing machine (different kinematics, no grinding disks
that are fed) and b) the grinding disks in the case of fine
grinding have a significantly higher granulation in compariscn
with the polishing pads with abrasives that are used. Methods
and apparatuses for the surface grinding of a semiconductor
20 wafer are known for example from US 5,400,548 or from
EP 0855126. Grinding disks having a grain size of 2000-8000
mesh are usually used in these methods {grain sizes accordinc
Lo Japanese Industrial Standard JIS R 8001:1998) . Grinding )
disks with 2000-8000 mesh have an average grain diameter of
25 1~7 um according to the JIS-5tandard. By contrast, an average
grain diameter of less than or equal to 0.5% um as in the
first step of the method accoraing to the invention
corresponds according to JIS to a granulation of EC 000 mesh
or finer. In particular the range of 0.3 to 0.3 um is claimed
30 as particularly preferred for rhe cresent method, which
corresponds to a granulation of 15 (000 - 30 000 mesh (JIsy.

The second step is preferapbly a conventional CMDP polishing,

35 The proportion of the abrasive material in the polishing agent
slurry in accordance with the second step of the method
according to the invention is preferably 0.25 o 20% by
weight, particularly preferably 0.25 to 1% by weight. d



"Glanzox 3900" is the product name for a polishing agent slurry which is offered as a concentrate by
Fujimi incorporated, Japan. The concentrate having a pH of 10.5 20 contains approximately 9% by
weight of colloidal Si02 having an average particle size of 30 to 40 nm. The pH value of the polishing
agent slurry preferably lies within a range of 9 to 11.5 and is preferably set by additives 25such as
sodium carbonate (Na2003), potassium carbonate (K2002), sodium hydroxide (NaOH) potassium
hydroxide (KOH), ammonium hydroxide (NaOH), tetramethylammonium hydroxide (TMAH) or any
desired mixtures of these compounds. The use of potassium carbonate is especially preferred. 30 The
polishing agent slurry can furthermore contain one or more further additives, for example

surface-active agddlitives such;as wefting agents and surfactants, stabilizers acting as protective
colloids, preser\/martglgs, bioi:idles, alcohols and '35"60?“)np eﬁ%ﬁﬁ@é}én S “fhe gi::@r'ﬁ? gtjé%igfs the“method
according to the ihveRtion i’ pfetardbi arso étrétdéd b -a polishing pad containing fixedly 8 bonded

abrasive materials. It is likewise preferred to use a conventional removal polishing pad containing no
bonded abfasives:-By way-efbexample: a typical CMR pelishing pad ("finishing pad:) such as the SPM
3100 from Rodelr) is.suitahle for,this;purpose. )

The abrasive material comprises a material thatr mechanically
removes the substrate material, preferably one or more of the

10 oxides of the elements aluminum, cerium or silicon.

A polishing agent slurry containing colloidally dispersed
silicic acid (silicasol) is particularly preferred, e.g. the
polishing agent slurry generally known by the designation

15 "Glanzox 3900,

"Glanzox 3900" is the product name for a polishing agent
slurry which is offered as a concentrate by Fuiimi
incorporated, Japan. The concentrate having a pH of 10.5

20 contains approximately 9% by weight of colloidal Si0, having an

average particle size of 30 to 40 nm.

The pHE value of the polishing agent siurry preferakly lies
within a range of 9 to 11.5 and is preferably set by additives
25 such as sodium carbonate (Na,C0s:), potassium carbonate (KaC03)
sodium hydroxide (NaOH) potassium hydroxide {(KCOH}, amnonium
hydroxide (NaOH), tetramethylammonium hydroxide (TMAH) or any
desired mixtures of these compounds. The use of potassium
carbonate is especialily preferred,
30
The polishing agent slurry can furthermore contain one or more
further addivives, for example surface-active additives such
as wetting agents and surfactants, stabilizers acting as
protective cclloids, preservatives, bioczides, alcohols and

35 complexing agents.

The second step of the method according to the invention is

preferably also effected on a polishing pad conteining fixedly



The polishing pad is preferably one which, as in the first step, contains fine abrasives having a
granulation of 0.55 gal 10or less, particularly preferably 0.1-0,55 um, especially preferably 0.1-0.3 um.
It is especially preferred to carry out both steps on one and the same polishing plate using the same
polishing pad, the two 15 machining steps essentially differing in that a polishing agent solution that is
free of solids and contains no polishing chemical (which would cause chemical, i.e. e.g. etching mill) is
added in the first step, i.e. the first step brings about purely mechanical material removal, while a 20
polishing agent slurry that is customary in CMP is added in the second step, i.e. the machining in the

second step signifies &ssigplitaneous, chemical and mechanical removal. The polishing agent solution
in according with the first step 25 of the method according to the invention is water in the simplest

case, preferably*deiqnize.d water (DIW) having the customary purity for use in the semiconductor
industry. However, the palishirig aigenessiutien can alse contain 38compouihds suckas sodium,

carbonate (Na2@@3); giotassipacarbenate; (k2003), g@g@g@hxg@%qa,ggao ppg@s%@n hydroxide

(ICON), amymonium géomge ‘}QH") amethylam=nium hyd,r xide (TM ora ydeslred

mixtures thereof Thré%se of ofassium éca or%fle élgles %c%?ly pre erred. nﬁ%s ase thg" <" =2
PM ¢ from Rodel® is SJlLabLe for this purpose.

The polishing pad is preferably one which, as in the first
step, contains fine abrasives having a granulation of 0.%55 um

10 or less, particularly preferably 0.1-0.55 um, especially
preferably 0.1-4.3 um.

It is especially preferred to carry out both steps on one and
the same polishing plate using the same polishing pad, the two

15 machining steps essentially differing in that a polishing
agent solution that is free of solids and contains no
polishing chemical (which would cause chemical, i.e. e.g.
etching mill) is added in the first step, i.e. the first step
brings about purely mechanical material removal, while a

20 polishing agent slurry that is customary in CMP is added in
the secend step, i.e. the machining in the second step

signifies a simultaneous chemical and mechanical removal.

The poliishing agent sclution in according with the first step
25 of the method according to the invention is water in the
gsimplest case, preferably deionized water {DIW} having the

customary purity for use in the semiconductor industry.

However, the polishing agent solution can also contain

30 compounds such as sodium carbonate (Na,C0;), potassium
carbonate (K.C0:), sodium nydroxide (NaOH), potassium hydroxide
(KCH}, emmonium hydroxide (NH,OH), tetramethylammonium
hydroxide (TMAH} or any desired mixtures thereof. The use of
potassium carbonate is especially preferred. In this case, the

35 pH value of the polishing agent solution preferably lies
within a range of ¢ to 12.5 and the proportion of the
compounds mentioned in the polishing agent solution is
preferably 0.0l to 10% by weight, particularly preferably 0.01



35 pH value of the polishing agent solution preferably lies within a range of 0 to 12.5 and the
Proportion of the compounds mentioned in the Polishing agent solution is preferably 0.01 to 10% by
weight, particularly preferably 0.01 9 to 0.2% by weight. The polishing agent solution can furthermore
contain one or more further additives, for example surface-active additives 5such as wetting agents
and surfactants, stabilizers acting as protective colloids, preservatives, biocides, alcohols and
complexina agents. The first step involves using a polishing pad containing 10 bonded abrasive
material having an average particle size of 0.55 gm or less, preferably abrasives having an average
particle size of Qrga@erztgquorh%q%{q 0.1 gm and less than or equal to 0.55 gm, or to put it another
way 30 000- 10 000 mesh according to 6TIS. 15 Suitable abrasive materials, for example particles of
oxides of the elements cerium, aluminum, silicon, zirconium, iron, chromium, and particles of hard
materials such 8% silieonicatbicte, borSH-nitde: Anddigmondy 20 Pamicularly suitable polishing pads
have a surface tepagraphyshapeddydepkeateddnicsastiyctures; These-nmierasteuciures:( pests”) have
for example the form of columns, having.a cylindrical or polyganal Fr.%ftsa%%%%‘e?ﬁhgcf&’ﬁ@go%y ramids

25 or truncated pyramids. More détailéd descriptions gf,such polishing pads, which are alsq known as
FAP polishing pads AP 25 Fited RbASive’BORSHING S 4Fe avaitaiié $6rexampie By nddits of WO
92/13680 30Al and)S2005/2275905Al.

The first step involves using a polishing pad containing

10 bonded abrasive material having an average particlie size of
0.55 um or less, preferably abrasives having an average
particle size of greater than or egual to 0.1 um and less than
or equal to 0.55 um, or to pui it ancother way 30 000- 10 000

mesh according to JIS.

15
Suitable abrasive materials, for example particles of oxides
of the elements cerium, aluminum, silicon, zirconium, ilron,
chromium, and particles of hard materials such as silicon
carbide, boron nitride and diamond.

20

Particularly suitable polishing pads have a surface topography
shaped by replicated microstructures. Thesze microstructures
{*pests”} have for example the form of columns having a
cylindrical or polygonal cregs section or the form of pyramids

25 or truncated pyramids.

More detailed descriptions of such polishing pads, which are

also known as FAP polishing pads (FAP = “Fixed Abrasive

Polishing”}, are available for example by means of WO 92/13880
30 a2l and US 2005/227%90 al.

The use of polishing pads with abrasives composed of aluminum
oxide {(microreplicated structures in pyramid form), and an
average particle size of 0.3 um is particularly well suited.

35 such polishing pads are available from 3M Corp., USA.

What is likewisge especially preferred is the use of polishing

pvads with abragives composed of diamond and having an average



The use of polishing pads with abrasives composed of aluminum oxide (microreplicated structures in
pyramid form), and an average particle size of 0.3 pm is particularly well suited. 35 Such polishing
pads are available from 3M Corp., USA. 10 particle size of 0.1 - 0.55 gm, with abrasives composed of
aluminum oxide ("white aluminum oxide") and having an average particle size of 0.1 - 0.55 gm or with
abrasives composed of silicon carbide ("green silicon carbide") and having an 5average particle size of
0.1 - 0.55 pm. Polishing pads of this type are offered e.d.{}by Nihon Micro Coating Co., Ltd., but are not
provided for the polishing of silicon or silicon-germanium, but rather specifically for 10polishing glass

(LCD glass panels /tfgb%réopstéuczsg. ‘Iﬂ;r%e'r(?fqrei ﬂ?ﬁ%% pagﬂs, L\i’nlgls%s P ozgusgfz‘g%fkf]%)elgtl Sasdreéqllzjlred, have

a size and/or foprﬁlfhétcis not appropriate for use’n p%nVentJiqnal silicon po ng achines: However,
this can be rectﬁi%ﬂ“ﬁy"’fﬁ%s@‘ﬁé@% B cuR t6 Sl a1 aghesively B5'Bokhdsd ey a8hts SrrEAR

polishing pad, the:tapmost kayes of thedPAP-pad Siamely-thewpart:with the inigroreplicatedstructures

(replicated micrgstructures), pging-remeved.heforehand. 2Q The qise, ofpofishing pads, containing
abrasives %elec}:aed from aii%rgu c?n5|st|n%hoftdl%m?ng, alrl#gnum oxide and silicon carbide, having an
o

. vers r 2 Z o] 0 I, I . e
average particle size oqfeo, 055 pm,Sf%)r € mechanic cHinihg of silicon-germanium layers is in

itself regarded as novel and inventive. 25 It has been shown that the method according to the
invention is particulasty:well suited 4d ptanatizing SilxGexdayersdrnvingsa high prepertion of Ge.
Waters having & bigh propostion of &e agg becoming,ingreasingly of injerest owing 301q fhe fact that it
is desired to deposit specific layer, . ‘ o
siircon or gillcon-germanium, but rather specifically for
10 polishing glass (LCD glass panels / fiber-optics). Therefore,
these pads, unless produced differently as required, have a
size and/or form that is not appropriate for use in
conventional silicon polishing machines. However, this can be
rectified by these pads being cut to size and adhesively
15 bonded e.g. onto an FAP polishing pad, the topmost layer of
the FAP pad, namely the part with the microreplicated
structures (replicated microstructures), being removed
beforehand.

20 The use of polishing pads containing abrasives selected from a
group consisting of diamond, aluminum oxide and silicon
carbide, having an average particle size of 0.1 - 0.55 um, for
the mechanical machining of silicon-germanium lavers is in
itzelf regarded ag novel and inventive.

25
It has been shown that the method according te the invention
is particularly well suited to planarizing Si: . Ge.-layers
having a high proportion of Ge. Wafers having a high
proportion of Ge are becoming increasingly of interest owing

30 to the fact that i1t is desired to deposit specific laver

structures on such Si, . Ge,~layers to an increased extent.

The semiconductor wafer which is machined by the method
according to the invention is preferably a wafer compoged of
35 monocrystalline silicon that is provided with a strained-

relaxed Si, .Ce,-laver.

The proportion of Ge in the strained-relaxed 8i,..Ce,~laver is



structures on such Sil,Gex-layers to an increased extent. The semiconductor wafer which is machined
by the method according to the invention is preferably a wafer composed of 35 monocrystalline silicon
that is provided with a strained-relaxed SiL,Oex-layer. The proportion of Ge in the strained-relaxed
Sia"Gex-layer is preferably at least 20%, that is to say that x is greater than or equal to 0.2. The
oroportdon of Ge in the strained-relaxed Sii"Gex-layer qf15the semiconductor wafer machined by the
method is preferably greater than or equal to 20% and less than or equal to 80%. For wafers having
such a high proportion of Ge, a conventional CMP polishing is no longer sufficient to achieve the

required 10 plaparity, geometry and nanotonology, However, the method according 4g the invention

now offers a solution in respect thereof. The first machining step, essentially a mechanical ultrafine 15
grinding step, Maké&&§itbossiblé td achieve the necessary geometry of the wafer, while the subsequent
chemomechanical machining stem specifically influences the surface properties of the SilixGex-layer

by reducing therraughness:aftessnechanical-ultrating grindingiand eliminating the-Jefecis of #re wafer

20surfaceqIn paricular, Il nasheen showb hat the, digeent properties. g aiicoh and getmapiym which
are associated With a different removal behavior are of chermical nature and play practica lX 5 no part

in a purely medHarfical Temefal a8 it tHtPfirst Step’df FREmERTS 26G0YdiNy RAPRYNYENGOT. This

comes as a surprise. It is shown that the removal behavior proceeds significantly more
homogeneously.gelactive femoyakef atand Se.camnelhe.abserveds, Adgitional palishing chemicals
Sud1aS30age@§505gf§§wgg%gggﬂggh{%hf% '@ﬁ%%?%? é%oﬁgeachieve the reguired
10 planaricy, geometry and nanotopology. However, the method
according to the invention now offers a solution in respecdt

thereotf.

The first machining step, essentially a mechanical ultrafine

15 grinding step, makes it pogsible to achieve the neceszary
geometry of the wafer, while the subsequent chemomechanical
machining step specifically influences the surface properties
of the Si,_,.Gey-layer by reducing the roughness after mechanical
ultrafine grinding and eliminating the defects 0f the wafer

20 surface,

In particular, it has been shown that the different properties
of silicon and germanium which are associated with a different
removal behavior are of chemical nature and play practically
25 no part in a purely mechanical removal as in the first step of
the method according to the inventicn. This comes asg a
surprigse. It 1s shown that the removal behavior proceeds
significantly more homegenecusly. Selective removal of $i and
Ge cannct be observed. Additional polishing chemicals such as
30 agents for dissclving germanium {e.g. hvdrogen peroxide,
ozone, sodium hypochlorite, scdium perchlorate, sodium
¢chlorate or cother oxidizing agents) as in the prior art are
not necegsary, which makes the process easier te handle and
more cost-effective by comparison with the closest prior art.
35 Good properties with regard to geomebtry and nanotepology, good
roughness and f{reedom from defects of the surface result

overall.



ozone, sodium hypochlorite, sodium perchlorate, sodium chlorate or other oxidizing agents) as in the
prior art are not necessary, which makes the process easier to handle and more cost-effective by
comparison with the closest prior art. 35 Good properties with regard to geometry and nanotopology,
good roughness and freedom from defects of the surface result overall. 12 As already mentioned
above, both single-plate and multi-plate polishing machines are suitable for carrying out the method
according to the invention. By way of example, a CMP midchine from Strasbaugh Inc. of the "nHance
EEG" type is suitable. A multi-plate machine such as the AMKT reflection from Applied Materials Inc. is
likewise suitable, 10a'lihe $8Iishin ap aratusgrom Strasbaugh Inc. has one polishing plate with one
polishing pad and ofie pofisking Head, Witich PACHingS B semicenaunBior Warsrfull attomatieafy. The
polishing head iEPiduRted<Cardamicany andcomprises. g fiked baserplateccoated With adbacking pad”,
and a movable retained1bging THireughheles krthe base plate, air cushions can be established in
two concentric pressure zones, an inner and an outer zone, the semiconductor wafer floating on said
air cushiong duri?r)lg olishing. Pressure can be applied to the movable retainer ring by means of

compressed air BEIBWS if 20738 thus To pretensionthe polisRing pad ipoR Contict with fHee
semiconductor WakEFHiRl fofkdep itiptans. By:conirast; the MAT Reflectiondais threespolisking plates

which can carrywifferent polishing-pads: ane-somprisesa 35 tutret carrying-a plurality,of palishing
heads which are arranged fixedly with respect to one another and which each receive a semiconductor
wafer. The semiconductor wafers can be moved further from one polishing plate to the next
synchronously and can be machined successively in each case on 30one of the three polishing plates.
This polishthg nféchime toripriseszbazonemefnbrans tarkes wehich permits the-peessyire gafile of
the ca_lrrie_r to be;g%tgggﬁar?mlydﬂé mg%%@%@glig@i@g&@éag@igr%qgf%%@yvm pplishing
machine is useq forcarnving oyt the method according tq the Invention, < ca11y. The
polishing head is mounted cardanically and comprises a fixed
base plate coated with a ‘“backing pad”, and a movable retainer
15 ring. Through holes in the base plate, air cushions can be
established in two concentric pressure zones, an inner and an
outer zone, the semiconductor wafer floating on said air
cushions during polishing. Pressure can be applied to the
movable retainer ring by means of compressed air bellows in
20 order thus to pretension the polishing pad upon contact with

the semiconductor wafer and to keep it plane.

By contrast, the AMAT Reflection has three polishing plates
which can carry different polishing pads, and comprizes a

25 turret carrying a plurality of polishing heads which are
arranged fixedly with respect to one another and which each
receive a semiconductor wafer. The semiconductor wafers can be
moved further from one polishing plate to the next
synchronously and can be machined successively in each case on

30 one of the three polishing plates. This polishing machine
comprises a $-zone merbrane carrier, which Dermits the
pressure profile of the carrier to be set differently in 5

Zones.

35 The polishing parameters depend on which poelishing machine is
used for carrying out the method according to the invention,
The customary process settings for conventional polishing

machines are known to the person skilled in the art of



The customary process settings for conventional polishing machines are known to the person skilled in
the art of 13 polishing semiconductor wafers, Particularly suitable process parameters when using an
AMAT Reflection polishing machine and essential differences with respect to the parameters to be
chosen if a Strasbaugh nHance 6EG is used are presented below. The specified parameter ranges
specify process windows that can be worked in so as to successfully employ the method according to
the invention, but are not intended to restrict the general concept of the 10invention in any way.
The preferred pressure profiles of the membrane carrier of the AMAT Reflection both in the first and in
the second step of}the method according to the invention lie within the range of 15approximately 3 to
approximately 47551 FHe ontat prassiretsrthedétaiser ring is 7-8 psi. When using a polishing
machine from Strasbaugh Inc. of the unHance 6EG" type, the polishing pressure chosen is

preferably 203-£ask espesially prglerablyb-7.nsi.Lhe yolumetric flow rate of the grigldin or polishing

medium (water/palishing agent) is.preferably approximately 0.3to0 ~  ap roxﬁ’n‘“afely o) “per
minute. A gignificaﬁt%%gig genr ﬁ)g Vot I%/%Cv%lfféig Gt'tip &S ke petirhirrrensaopreferred in

volumetfic
the case of the 5trasbalighhHarce BES THerpolishirg tintesspreferably liewithintherangerefs10 sec
to 300 sec. 6EG is used are presented below., The specified parameter
ranges specify process windows that can be worked in so as to
successfully employ the method according to the invention, but
are not intended to restrict the general concept of the

10 invention in any way.

The preferred pressure profiles of the membrane carrier of the
AMAT Reflection both in the first and in the second step of
the method according to the invention lie within the range of

15 approximately 3 to approximately 4 psi. The contact pressure
of the retainer ring is 7-8 psi.

When using a polishing machine from Strasbaugh Inc. of the
“nHdance 6EG” type, the polishing pressure chosen is preferably
20 3-7 psi, especially preferably 6-~7 psi.

The volumetric flow rate of the grinding or polishing medium

(water/polishing agent) is preferably approximately 0.3 to

approeximately 1.0 liter per minute. A gignificantly higher
25 volumetric flow rate of up to 3.0 liters per minute is also

preferred in the case of the Strasbaugh nHance 6EG.

The polishing times preferably lie within the range of 10 sec
to 3200 sec,

30
The rotational speed of the poiishing plate is preferably 60
te 200 rpm. The range of 80 to 140 rpm is particularly
praferved.



30 The rotational speed of the polishing plate is preferably 60 to 200 rpm. The range of 80 to 140 rpm
is particularly preferred. 14 Patent Claims 1. A method for polishing a semiconductor wafer provided
with a strained-relaxed layer of Sil_.Gex, comprising a first step of a mechanical machining of the
SilGe, layer of the semiconductor wafer in a polishing machine using a polishing pad containing
fixedly bonded abrasive materials having a particle size of 0.55 pm or less, and also a second step of
chemo mechanical machining of the previously mechanically machined Sil.,Ge, layer of the
semiconductor wa{gageﬁiéggi&polishing pad and with supply of a polishing agent slurry containing
abrasive materials. 2. The method as claimed in claim 1, wherein the proportion of the abrasive
material in the polishing agent slurry in the second step of the method is 0.25 to 20/0 by weight. 3.
The method as claimed in claim 2, wherein the proportion of the abrasive material in the polishing
agent slurry in the second step of the method is 0,25 to 1% by weight. 4. The method as claimed in
any of claims 1 to 3, wherein the average particle size in the polishing agent slurry is 5 to 300 nm. 5.
The methodas claifmedtinelaion dolishieren dhempverngeoparticle sizeidrihgipoliskinghagealskury is 5
to 50 nm. 6 th s.claj ' of.claims 1 to 3, wherein the abrasive material in the
polishing agtea-r?taglé?%} 16%%%%??&%%@‘ raanﬁﬂéértegg%%r?re? 8@(%5 apiia %ﬁ%‘?ﬁ@?@ g?ﬁtr{ﬁ n‘glﬁﬁ ST or
silicon. 7. The hfethInieRNENTHB A 4R 6o QR BiRIN TRe Polishiiipagertishiny pentaiostsnimdally

disperse siligiezagichofudheunaibedaseiaimes inpayafeRims d doBswhipreip the sgegngkstep of the

method is algéj 8‘;{8%%1 oré ahg%igashinghpad antai 'ln?nfixedl bonded abrasive materials. 15 abrasives
having a granlﬁatlon P PEE IS S fjgkianical machining ot the previously mechanically machined

Sh.Gey layer of the semiconductor wafer using a polishing pad and with supply of a
polishing agent slurry containing abrasive materials.

2. The method as claimed in claim 1, wherein the proportion of the abrasive
material in the polishing agent siurry in the second siep of the method is 0.25 to 20% by
weight.

3. The method as claimed in claim 2, wherein the proportion of the abrasive
material in the polishing agent slurry in the second step of the method is 0.25 to 1% by
weight.

4. The method as claimed in any of claims 1 to 3, wherein the average particle size
in the polishing agent slurry is 5 to 300 nm.

5. The method as claimed in claim 4, wherein the average particie size in the
polishing agent slurry is 5 to 50 nm.

6. The method as claimed in any of claims 1 to 3, whersin the abrasive material in
the polishing agent siurry comprises one or more of the oxides of the elemenis
alumirtm, cerium or silicen.

7. The method as claimed in claim 8, wherain the polishing agent slurry contains
colioidally disperse silicic acid.

8. The method as claimed in any of claims 1 to 3, wherein the second step of the

method is also effected on a polishing pad containing fixedly bonded abrasive materials.

9. The method as claimed in claim 8, wherein the polishing pad contains fine



10. The method as claimed in any of claims 1 to 3, wherein a removal polishing pad containing no
bonded abrasives is used in the second step of the method. 11. The method as claimed in claim 9,
wherein the first and second steps of the method are effected on a polishing plate of a polishing
machine using the same polishing pad. 12. The method as claimed in any of claims 1 to 3, wherein
the first step of a mechanical machining is effected viih supply of a polishing agent solution that is free
of solids. 13. The method as claimed in claim 12, wherein the polishing agent solution of the first step
of the methodPis wate[ﬁ‘\'14. The metf}gd %? clqa'med in claim 13, wherein the water comprises

FSMES RS SHE HE S YHifl B¥Swherein the polishing agent solution contains

deionized WateT:
one or more compounds selected from a group consisting of sodium carbonate (Na2003), potassium

carbonate (KE8CO3Y SotiehicRyRr SEiBsEonY, Potatsm wydredide Ko rMmarshiorishinbydoxide
(NHAOH), anehtetrangeih yanaeoaias Dydiexides (FMAHe o Theaethodasclaimed in claim 15,

wherein the proportion of the compounds in the polishing agent solution is 0.01 to 10% by weight.

17The methed as ciaimed n-clan d2ruhereidhe BH.AIdhe PolsTing agerisaliondies win 2

range of 10 to 12.5. 18. The method as claimed in any of claims 1 to 3, wherein a polishing pad

containing bSREYY dBfagesRAvTY arPRTeiEge Pakick sopitiaatdrirhinerisiimml 120 Bpm and
less than or mdiealty €85 pm is used in the first step of the method. 19. The method as claimed in
claim 18, wherein a polishing pad containing bonded abrasives having an average particle size of

greater thamor equakdoRstnpm aadigssed Githan Areguahlo 0.3 P isused i&@%r%{sgz%tgp pf.the
|

method, 20. The method as. c_Iaimed%n claim 19, wherein the abrasive material of the polishing pad is

selected from& §iOUH' CORSNERG b parheiaL ik SHEsl GlbinsiturerrarRdRHign &, arfteeabes of

the elementsaigeum, aluminum, silicon, zirconium, iron or chromium. 21. The method as claimed in
any of claims 1 to 3, wherein the semiconductor wafer machined by the method according to the

invention comyprisesi siained-selanpainGealayen Wik itereaienan inequalis0 A the

first step of the method is water,

14. The method as claimed in claim 13, wherein the water comprises deionized
water.

15. The method as claimed in claim 12, wherein the polishing agent solution
contains one or more compounds selected from a group consisting of sodium carbonate
{NaxCOg), potassium carbonate (KoCOj), sodium hydroxide (NaOH), potassium
hydroxide (KOH), ammonium hydroxide (NH,OH), and tetramethylammonium hydroxide
(TMAH).

186. The method as claimed in claim 15, wherein the proportion of the compounds in
the polishing agent solution is 0.01 to 10% by weight.

17. The method as claimed in claim 12, wherein the pH of the polishing agent

solution lies within a range of 10 to 12.5,

18. The method as claimed in any of claims 1 {o 3, wherein a polishing pad
containing bonded abrasives having an average particie size of greater than or equal to
0.1 ym and less than or equal to 0.55 pm is used in the first step of the method.

19. The method as claimed in claim 18, wherein a poiishing pad containing bonded

abrasives having an average particle size of greater than or equal fo 0.1 um and jess



Abstract Method for polishing a semiconductor wafer with a strained- relaxed [ERR] layer The
invention relates to a method for polishing a semiconductor wafer provided with a strain-relaxed layer
of SI[ERR]G[ERR], comprising a first step of a mechanical machining of the SI[ERR]G[ERR] layer of
the semiconductor wafer in a polishing machine using a polishing pad containing fixedly bonded
abrasive materials having a Particle size of 0.55 gm agless, and also a second step of a
chemomechanical machining of the previously mechanically machined S[ERR]G[ERR] layer of the

semiconductor wafer usi olishing pad and with supply of a polishing agent slurry containing
abrasive ma%ge?% Sr: ecguaﬂg Sg pUmis L?Sgd in the first step afxthe method,

20. The method as claimed in claim 19, wherein the abrasive materal of the
polishing pad is selected from a group consisting of particles of silicon carbide, boron
nitride, diamond, and oxides of the elements cerium, aluminum, silicon, zirconium, iron

or chromium.

21. The method as claimed in any of claims 1 o 3, wherein the semiconductor wafer
machined by the method according to the invention comprises a strained-relaxed Si..

(38, layer, where x is greater than or eqgual o 0.2.



