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 strainedsiligan layer. 1t is-fund that part.of,the strain. of the S Gex, gradientlayer on

account qf the | tt'& e mismatch is rele%sed in the form of 35 regularly occurrin%lattice defects. The
|aHerf0nn%1ne edr4 and GeHCly, for example, on the surface or Dy Vapor

deposition using particle beams (Molecular beam epitaxy, MBE) .
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



of so-called dislocation defects (screw dislocation) at the piercing points of the growth surface. This
defect network leads 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
smoothir:jg Sii"%é@&efadﬂ@% m%tb@d&lh@\é@\_/% @?qh?rﬂlggg?ggb@e@aﬂé@m&MP), Wflle[]ein thle
semiconductor wafer is.moyed, with application of polishin essure, over a rotating polishing plate
orovided with o R S BRI Bl Sgunt Bt ATE bEh e s Baepitg Aad o he
Sii,Gex layer tote pblished Sthe' Ferhkirfisd Fotgfesse Ritasured by ARM ("atomic force
microscopy"), is in the best case 5 ARMS ("root mean 20 sguare), in relation to a measurement grid

having thezarea;eld Ompr x JOrym. bowever, asurface; polished n this way. has disiwehing. scratches
which, owing tobtheirt chgéyAdtgasu%néjdd%%hgjig tg% sybwyilcron.r nge, are %fgen‘ aléso referred to as
"nanoscratches™ Sﬁ, €, layers planarized according o known D5 methods &ré aé:co?g’i%gly still too
rough to be abl&6 YeposittHeletia EHafmed sificoR |87&? WHIER idafiERNAY fredlofHBTcts, smooth
and planar for particularlylderaandingrapplicatipns.i3Q0E T02-@@A 019 565 Al discloses a method for
the single-side polishing of semiconductor wafers provided with a relaxed Sii"Gex layer, comprising

the polishjng of Itjplicity. qf semiconductor wafers in a plurality of polishing passes, wherein one
polishing !pBass ([:%rrr%ﬁé%é fﬁ?%a&n%eaﬁﬁl?shgﬁg 3B6tED and at |é%s%%n%%ﬁh%£ﬁﬁﬁ%§ﬁci@* f
semiconductor Wifersaithe p8lished: 81 G ek fHyet i obmiatr dbtherend- 6héach pelishing pass; and
the movement dfi thecatl¢ast one Semiconductos weder during e akleashenepolisking Step lve

& chemical mechanical polishing (CMP), wherein the
semiconductor wafer is moved, with application of pclishing

15 pressure, over a rotating polishing plate provided with a
polishing pad, while a polishing agent is supplied between the
polishing pad and the 8i, ,Ge, laver to be polished. The
remaining roughness, measured by AFM ("atomic 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



4 with application of polishing pressure over a rotating polishing plate provided with a polishing pad,
and supply of polishing agent between the polishing pad and the at least one semiconductor wafer,
wherein a polishing agent containing an alkaline component and a germanium -dissolving component
is supplied. Particles which contain germanium and are left behind if silicon is dissolved under the
conditions of chemical mechanical polishing are regarded‘as the cause of the comparatively high
roughness and the nanoscratches after the polishing in accordance with the previously known
methods. Acict rdin {Q D_% 102 097 0%9 65 Al it does not suffice to remove these particles
mechanically, for éxample if the cotirse ‘of conhditioning thé pofisAing pab:- Bathar it is iecessary to
begin dissolVitig-fiiese patticles éiémicslly agd eail as diring PherpdlisHing SEpisodinentscofthg:e
present, inyentich seek-teiprovideran atternative dadhesmethod preposedds-DE,102007 919 565 Al.
According to,anaspgctaf.the present.inyention, there is proyided a.method for polishing a
semiconductor wf"lfer rovided ‘Wltttl a straine r,el%xed layer of SimmGe, , comprising a first step of a
mechanica?jfﬁas&i‘ﬁllﬁlé)-Ceofrfq&?tré%nwitﬁssﬁﬁiﬁﬁ ofa polishing agent solution that is free of solids - of the
Sig,Geg layer of the semiconductor wafer in a polishing machine using a polishing pad containing
fixedly bondedrabrasivelmaterialschaving-apariicle size at-0.55:pm veiless, and alsq asecond step of
chemomechanicakmachining,of the previpusly mechanically;machined, 3imGe. layerpfithe
semiconductor \{yafer ysing a pollshln%yad and with supply of a polishing agent slurry con(%alnlng
abrasive materials! Th prinéiple; the Semicohdudtor Wake? With the'aid sfa HoidhG hedd is pressed
with the sidé'areaito¥re polizhed (that withe thie SiimhGex layer)-agaifistthewislishihg pad lying on a
polishing plateviApalishing.head alsaincludes-a setainerg that/laterally encloses the substrate and
prevents it from sliding from.the polishing.head duting polishing. 51 the gase of modern polishing

heads, the side area of mle semiconduﬁctor wafer which is remote from the polishing pad bears on an
elastic membrane that transmits the polis TRgOredslite exditett THid mgmbrane € part of a possibly 10
subdivided'éhafmbetcsyistany that foris addas of Tiguid cushiomadoweles, pblishirg heads are also in
use in whickamelastit.support{thacking padi)used instead of a membrane. This elastic support is
generally applied on a solidly manufactured 15plate ("backing plate"). Between the "backing pad" and

the . . .
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.



rear side of the wafer, an air cushion can then optionally be generated over various zones on the rear
side of the wafer. Furthermore, there are also polishing heads in use in which the aida so-called
"template”, of 20a "backing 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 ds 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 translatibn&fy-dverie FeiRshirfy-pad JnRérshyemore 8sxortprehiensiveiuse dfthersdlishing
pad area is obtained - $amachines.Fherwse-of-mtlti-plate polishing machines havingnreferably

polishing head during polishing.

In the case of modern polishing heads, the side area of the
semiconductor wafer which is remote from the polishing pad
bears on an elastic membrane that 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



two, especially preferably three, polishing plates and 5 polishing heads is preferred. Different polishing
pads and different polishing agents can also be used in this case. The first step of the method
corresponds to a mechanical ultrafine grinding using a polishing pad containing 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 a) the machining is effécted in a 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 higr}%(g[@%lgtion 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 fﬁbgeiirﬁ@thmﬁs@rhims@eata@cgﬂjjmgﬂ@n@mgﬁgﬂl@%qu@lﬁ@ng%q JIS R Y

6001:1998). Gringling disks with12Q005 h,haye an average grain diameter of 251-7 gm
according tg the JIS- t%ni)j’%;rglé B\éq;c?ﬁ?r%%% %%g\yerg}ééggﬁéir? 8%%1% &r'of %%gt'tﬁgn dfequal to 0.55 gm
as in the first stép of the method according o tHe Mvention toHE3poRas Aebdrding s8I Sitaia
granulation of 1 HobThERA drFinet i sartieaiar the sangé. sf Olk:to:@ 8gniis claimed-30.as
particularly preferred for the present method, which corresponds to a granulation of 15 000 - 30 000

mesh (i71S). Thesecend step is.preferably. a conyentional CMP palishing. 35 The proportion of the
abrasive material;ip th igplishmi?n%qgnt slurry in‘écgorgd%hn%%s\ﬁftj}g e S€cond'SEpBFthE method
era

%P 3y 0°25 1572004 By WeigRE particutar: preférably8125:te21% by

according,j 0 theFi,nven ion is prefera
weight. 7 fine abrasives in bonded form. This 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



The size distribution of the abrasive material particles is preferably monomodal in nature. 5 The
average particle size is 5 to 300 mm, particularly preferably 5 to 50 rim. The abrasive material
comprises a material that mechanically removes the substrate material, preferably one or more of the
10oxides 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 Fujimi incorporated, Japan. The concentrate having a pH of 10.5
20 contains approximately 9% by weight of colloidal Si02 having an average patrticle size of 30 to 40
nm. The pH val f olishin : slurry preferably lies. within a range of 9 to 11.5 and is
preferably set b%éfc:gigtﬂi%ees gggw?:%%%Sggc%%méféarb%%a?eb%ﬁasz6’063)?%%%515%3m%%¥%&%t%s(KJZ?)OZ),

sodium hydroxidé (NSO potASStafridroxie" (KO/T ammonium hydroxide (NaOH),

tetramethylammonium hydroxide (TMAH) or any desired mixtures of these compounds. The use of
potassium sarbanateds especialiy prefered: 39-Thespelishing @gent slusky.¢an-furthermore contain

one or more furg&eé@,gpgg/@, for.example surface-active additives such as wetting agents and
surfactants, stabilizers acting as protective colloids, preservatives, biocides, alcohols and

35complexing agents.
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 second step of the method according to the invention is preferably also effected on a polishing
pad containing fixedly 8 bonded abrasive materials. It is likewise preferred to use a conventional
removal polishing pad containing no bonded abrasives. By way of 5example, a typical CMP polishing
pad (“finishing pad") such as the SPM 3100 from Rodel(r) is suitable for this purpose. 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, especi%lly 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 machipingsteps esseptially, 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 custémafy i EMP S addedldnred to use a conventional removal
polishing pad containing no bonded abrasives. By way of

5 example, a typical CMP polishing pad ("finishing pad”) such as

the SPM 3100 from Rodel® is suitable 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



the second step, i.e. the machining in the second step signifies a simultaneous 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 deionized water (DIW) having the
customary purity for use in the semiconductor industry. However, the polishing agent solution can also
contain 30compounds such as sodium, carbonate (Na2Q03), potassium carbonate (K2003), sodium
hydroxide (NaOH), potassium hydroxide (ICON), ammonium hydroxide (NH4OH), tetramethylam=nium
hydroxide (TMAH) or any desired mixtures thereof. The use of potassium carbonate is especially
preferred. In thi§5a§eﬁ@%§519&&@gge 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 furthermoré béntain bre Brmerestithep additivescior ekaniple surfacecautiveiaddithiees bsuch as
wetting agents and surfactaits, stabilizerseaactinghas prefestive sollgidspreservativesabiociass,
alcohols apd cogplgxing agents, The fitst step nvolyes:ysing,a polishing pad sontaining; .

protective colloids, preservatives, biocidem, alcoholg and

complexing agents.

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



10 bonded abrasive material having an average particle size of 0.55 gm or less, preferably abrasives
having an average particle size of greater than or equal to 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 as silicon carbide, boron nitride and diamond. 20 Particularly suitable
polishing pads have a surface topography shaped by reb(ficated microstructures. These
microstructures ("posts") have for example the form of columns having a cylindrical or polygonal cross

section or the formrgg pzyjréargids 25 ar %Uqga_teg ‘pEyIamids. M'Q_ja:( %%tailed descriptions of such polishing

pads, which are"also known as FAP polishing padbs (‘Iﬂ(P EhEike KgrséjéYv%sPSffﬁﬁﬁé"%fiar%xavaiIable

for example by Fedirs oFf WG 9271 3680°3GA1 lFTYS 005227690 ANThEdise st pulishirgrpads with
abrasives composed of aduminumaXide {microreicatebstructuressingeyeamid fars), andaraverage

particle size of Q. 3:pmds partigulady wellsuiteds 35:Such palishing pads ase gvailable.from 3M Corp.,
USA. 10 p?rticlgvséze of 0.1 ;9.5§Tgm, with ak%r ivesmc%m osed of aluminum oxide ("white aluminum
oxide") and having gﬁ%%e?gg‘e“]p%r icl& size G6f 0. '-10.55 (o] ‘or fiith abrasives composed of silicon
carbide ("green silicon carbide") and having an 5average particle size of 0.1 - 0.55 pm.

Poclishing pads of this type are offered e.g. by Nihon Micro

Coating Co.. Ltd., but are not provided for the polishing of
silicon or silicon-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



Polishing pads of this type are offered e.g. 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 / 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 PAP pad, namely the part with the microreplicated structures (replicated
microstructures), being removed beforehand. 20 The use of polishing pads containing abrasives

selected from %9%9&’&%@1%15@%9 qf.diamong aluminum oxide and silicon %rkﬂ@egi?éxi{‘&r%ﬁé/ﬁrage
particle size of 0,1 - 0.55 pm, for the mechanical machining of silicon-germaniumlayers is in itself
regarded as novel &R rvertive: 25 It has been shown that the method according to the invention is

particularly well suited to planarizing SilxGex-layers having a high proportion of Ge. Wafers having a
high proportion:0f.Gg .ase becopting increasinghhef ipterestewing:3atathedact that itisdasired to
deposit specific layet strlictires o0 such Sl Gexclayers.fo an ingreased extent.. The semigonductor
wafer which is machined by the method according to the inveniion is preferably a wafer composed of
35 monocrystafih@sdifidorf that i€ provistt- with a?%t%aiﬁ%@-r%%é&@ﬂf}o‘éﬂﬁﬁ%ﬁHThEOpr%Bgértion of Ge

in the strained-relaxed Sia"Gex-layer is preferably at least 20%, that is to say that x is greater than or
equalto 0.2. ror wafers hawving such a high proportion of Ge, a conventional
CMP polishing ig no longer sufficient to achieve the required
10 planaricy, geometry and nanotopology. However, the method
according to the invention now offers a solution in respect

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.



The oroportdon of Ge in the strained-relaxed Sii"Gex-layer of 5the 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 planarity, geometry and nanotopology. However, the method according to the
invention now offers a solution in respect thereof. The first machining step, essentially a mechanical
ultrafine 15 grinding step, makes it possible to achieve tHé necessary geometry of the wafer, while the
subsequent chemomechanical machining stem specifically influences the surface properties of the
SilixGex-layer by reducing the rou%hness"_aft r mechanical ultrafine grinding and eliminating the
defects of the Wﬁfc’erazljols%r abe it parieTiar T has bedh ShSwnIn &t e tiffe Rt properties ot Ricon
and germaniumRiHi¢Raté asspeiated withee difetsairemdéval behaviorare of cheimicalsiature and
play practically 25 ao:parhin apurely meckanicakremoval as in the first step of the method according
to the invention. This comes as a surprise. It is shown that the removal behavior proceeds significantly
more homoé;eneousl . Selective removal of Si and Ge, cannot be observed. Additional polishing

chemicals Such &8 30aGehts ForaissSiviny GaImARGR 8. o FRarsger perfoxite, Brone Soditmn

hypochlorite, soditiapetclibrdte - sodiubs chior&bdreothr oxidizing hgeatsyastin:the prick artare not
necessary, whicthmakesthe proeess easiertorhangle:and more.costr-effective hy. cemparisop with the
closest prior art .35 Ggod 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.
10 The polishing apparatus from Strasbaugh Inc. has one polishing

plate with one polishing pad and one polishing head, which
machines a semiconductor wafer fully automatically. 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
egtablished in two concentrié pressure zonssg, 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 polishing 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



By way of example, a CMP machine 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. 10
The polishing apparatus from Strasbaugh Inc. has one polishing plate with one polishing pad and one
polishing head, which machines a semiconductor wafer fully automatically. 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 custiions 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 or88r tHifs 6% ratEHSioh IHeE potistng et 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;.ane comprisesa 25 uretcarrying a plurality of polishing heads which are
arranged fixedly,with Jespect to one (ﬁnother%rkdjwhich%eac% relCc%l?vSe a %eeg)rrﬁi@o“n“dgu%tgﬂN%? The

semicondugtor wafers can be ‘_Ilzr‘?c‘)L\/leS further from bhePliskiifplaté to thetiexdasypehronously and

can be mathinet"SEEEesshely iiF eBeR &8ss ons30oneef theothwee polishing platesuThisHpelishing

machine comprises & 5-zoreimembranesearter; which.permits theresswue pﬁg@g@ggg carrier to be
IS

set differently in-azgness3adhe, polishing parameters pe, d_ on which polishing machine is used for
carrying out the_method %ﬁcﬂrdiré%t%the invention Thqugstyorﬁg@ pﬁ%cgg}sr iS{gt ings fof cétiveritional
&

polishing machines are knowH t& the 8&5’6%%@?&&%@%%?%@i@p@l%h’iﬁ@séﬁﬂ%ﬁdimﬁor wafers,

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.



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 apy 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 inygtggito&alg% vaithin the range of 15apprqximately 3 tp approximately 4 psi. The contact
pressure of the retainer ring Is 7-8 psi. When using a polishing machine from Strasbaugh Inc. of the
unHance 6EG" type, the polishing pressure chosen is preferably 203-7 psi, especially preferably 6-7
psi. The volumetric flow rate of the grinding or polishing medium (water/polishing agent) is pr(_—:'ferably
approximately 0.3 to approximately 1,0 liter per minute. A significantly 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 timies preferaizidie fvithisiithenange oicto sesdo 300:see.30:Ihgifotationa) spesd,efthe

polishing plaigy iz Breferahly 80434908 el RELA00S SLERA0 0PI S Raspig lady preferred.
of the semiconductor wafer in a polishing machine using a polishing pad containing
fixedly bonded abrasive materials having a particle size of 0.55 um or less, and also a
second step of chemo mechanical machining of 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



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 8il.,Ge, 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 f the abrasive material in the polishing agent slurry in

\
the second sat%rpa)%\f%%‘%g’t%gog@%ua}grl%grﬁ!g#)BWWe%I%?.SSS. 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® Fiethermetrigimnes danmeafiflairect &afimeieeis avhemialtheliatérageparticle

size in the poliskingagenisivey H&in:30Q Db & Thednethadas clpiraeddmelim 4, wherein the
average particle size in the polishing agent slurry is 5 to 50 nm. 6. The method as claimed in any of

claims 1 to 3,ywherein.the.abjasive-materalin the, @Ii@%iﬁ%%g% ﬁlg{rg?ct?g&%%s one.or, imﬁ’)ée of the

oxides of the elements aluminum, cerium or silicon. 7. The method as claimed in clairh 6, wherein the
polishing agBhf"&ard EoRtEHE Eotd dalpidperalainict &i@Cishinge WrsiHBE asBairiisd saany of
claims 1 to 3piidndrgip=the second step of the method is also effected on a poiishing pad containing
fixedly bonded abrasive materials. 15 abrasives having a granulation of 0.55 pm or less. 10. The

method as claimedripaneefsainschios wherging remayal pglishing nag, contajning na honded
abrasives is used in tt]e second stepﬁ)f the method. 11. The method as claimed in claim 9, wherein

the first and"S8EGHH Gt PR B & HSetlina et & dhrstivehon 2 glishing pRast seX fomdhm gniastihe using
the same paiighing pad.

13, The method as claimed in claim 12, wherein the polishing agent soiution of 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



12. The method as claimed in any of claims 1 to 3, wherein the first step of a mechanical machining is
effected with 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 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 (Na2003) potassium carbonate (K2C0O3), sodium hydroxide (NaOH),
potassium h¥drOX|de % Q mmonlum drOX|de NH40H), and tetramethylammonium hydroxide
(TMAH). 16 f Bd%d Ig%égd"'ﬁ?gl e 8k @%ﬁ’ff‘ﬁ‘@ﬁ‘r% {58fion of the compounds in the
polishing agent solutlon is 0.01 to 10% by weight. 17The method as claimed in claim 12, wherein the
pH of the pofiShing &gent"sdiesoRdicdaitbh i ralade offLowbaRiB. 118, esnethoatesatiained in any

of claims 1 taciswherei asp@éi@b&@@ pRchcoRiAIniNadPeRdnd abrasivasayigan ayRiRge paticle size

of greater than nar egu%lito TP gd Ie?s tharlf r equal to 0.55 pm is used in the first step of the
method. 19 mF he meﬁwodn S YHREGTR Bfaft W{E?éfﬁ ré”ﬁbll%’l‘ffﬁ’@ﬁ% WGP el Abrasives
having an aviéraltjerpatticle size of greater than or equal to 0.1 pm and less 16 than or equal to 0.3 pm

is used in the first step of the method, 20. The method as claimed in claim 19, wherein the abrasive
material of tide polistiiegreands seleiaieddronaa/grodpieensigingwainaticisselsilisacasbisigeoron

nitride, diam of the elements cerium, aluminum, silican, zirconium, iron or chromium.
21. The metﬁ%}ij %%Sgcqa(%ﬁ]qﬁénmaer% (5?1‘ c gi%éqgto gt hv%ﬁ%\rigfﬁp BHb SRR Gt SR F et d by the

method acceffinG 16 thel Rkt aTesmpHsEsa %Wﬁﬁ&h@dﬁrélaxed SixGe, layer, where x is greater than
or equal to 0.2.



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 or less, and also a second step of a
chemomechanical machining of the previously mechanigally machined S[ERR]G[ERR] layer of the
semiconductor wafer using a polishing pad and with supply of a polishing agent slurry containing

abrasive materials.
Abgtract

Method for poulishing a semiconduckor wafer with a strained-

relarxed £i, .Ge, laver

The invention relates to a method for polishing a
semiconductor wafer provided with a strain-relaxed layver of
Si.xGe,, comprising a first step of a mechanical machining of
the 5i,..CGe, laver of the semiconductor wafer in a polishing
machine using a polishing pad containing fixedly bonded
abrasive materials having a particle size of §.55 um or less,
and also a second step of a chemomechanical machining of the
previcusly mechanically machined Si; .Ge, laver of the
semiconductor wafer using a polishing pad and with supply of a

polishing agent slurry containing abrasive materials.



