|  Method for polishing a sem conductor wafer with a strained rel axed

Sil xGex layer The invention relates to a nethod for polishing a 5

sem conductor wafer provided with a strained-relaxed SilxGex |ayer. Mdern
applications of mcroel ectronics such as informati on and conmuni cation
technol ogy, for exanple, demand ever higher 10 integration density and ever
shorter response tines and cl ock breaks of the underlying mcroelectronic
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vel ocity the charge carriers in the crystal lattice of the sem conductor
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15 Semiconductor materials comprise elemental semiconductors such
as silicon and occasionally also germanium cor compound
gsemiconducters such as gallium arsenide (GaAsg), for example.
Cne measure of the switching speed is the mobility of the
charge carriers (free electrons, holes). The mobility is the

20 average drift velccity of the charge carriers in the crystal
lattice of the semiconducter material relative te the applied
electric field (electrical vcltage per unit distance). The
electron mobility is significantly lower for pure silicon than
for GaAs, for example. Nevertheless, silicon is the standaxd

25 material in micreoelectronics owing to numerous advantages.
Silicon i1s available expediently, easily and virtually without
limit, and it is non-toxic, can be produced very cleanly, can
be processed well and with high freedom from defects and has a
stable oxide (dielectric). Therefore, there is a desgire 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 mobility only by artificially altering the properties
35 of the crystal lattice. It is known from theoretical
investigations that, in particular, a strain of the crystal
lattice {extensicn, distortion) increases the mobility. The

average atomic spacing (lattice constant) of germanium, which



| attice (extension, distortion) increases the nobility. The average atomc
spacing (lattice constant) of germanium which 2 1is honol ogous with respect
to silicon, is approximately 4% greater fhan that of silicon. A silicon
crystal with incorporated germanium atons therefore has a higher lattice
constant than pure silicon. It is produced by depositing, on a 5
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15 further relaxation is achieved by finally depositing a

stoichiometrically constant buffer layer with the germanium
proportion of the last layer of the 8i;, Ge, gradient layer. The
overall layer construction is referred to as a relaxed layer

{"strain-relaxed layer").

20
If pure silicon with a small layer thickness igs 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 to as lattice-strained

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

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

to the germanium proportion in the relaxed layer.

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 layer 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 dislocation defects (screw dislocation) at the
piercing points of the growth surface. This defect network

leads to regular height modulaticns of the surface. On the



found that part of the strain of the Sil_xGex gradient |layer on account of
the lattice msmatch is released in the formof 35 regularly occurring

| attice defects. The latter forma network of so-called dislocation defects
(screw dislocation) at the piercing points of the growh surface. This
defect network |eads to regular height nodul ati ons of the surface. On the 3
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102 007 019 565 Al discloses a net for the single-sid
15 pressure, over a rotatlng pollshlng plate prov1ded with a

polishing pad, while a polishing agent is supplied between the
polishing pad and the S5i,.,Gex layer to be polished. The
remaining roughness, measured by AFM {"atomic force
microscopy”), is in the best case 5 A RMS ("root mean

20 square"), in relation to a measurement grid having the area of
10uym x 10um. However, a surface polished 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". S5i; «Gex layers planarized according to known

25 methods are accordingly still too rough to be able to deposit
thereon a strained silicon layer which is sufficiently free of
defects, smooth and planar for particularly demanding

applications.

30 DE 102 007 019 565 Al discloses a method for the single-side
polishing of semiconductor wafers provided with a relaxed
Sii.xGey layer, comprising the polishing of a multiplicity of
semiconductor 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 of semiconductor
wafers with a polished 8i;..Ge, laver is obtained at the end of
each polishing pass; and the movement of the at least one

semiconductor wafer during the at least one polishing step



pol i shing of sem conductor wafers provided with a relaxed Sil_, Gex |ayer,
conprising the polishing of a nultiplicity of sem conductor wafers in a
plurality of polishing passes, wherein gne polishing pass conprises at

| east one polishing 35 step and at | east one of the multiplicity of

sem conductor wafers with a polished Sil_, Gex layer is obtained at the end
of each pOlIShlhg}PaSS and_t he, novenent of the at | east one. sem conductor
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pol i shing mac | fe u5|n a polishing pad containing ed abrasive
mat er it@l s @§V¢@@dgtlonlng the polishing pad. Rather, it is necessary to

begin dissolving these particles chemically as early as during

the polishing.

It was an object of the present invention to provide an
20 alternative to the method proposed in DE 102 007 019 565 Al.

This object is achieved by means of a method for the single-
gside polishing of semiconductor wafers provided with a
strained-relaxed layer of Si; .Gey, comprising a first step of a

25 mechanical machining - effected with supply of a polishing
agent solution that is free of scolids - of a side 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

30 chemomechanical machining of the previously mechanically
machined side of the semiconductor wafer using a polishing pad
and with supply of a polishing agent slurry containing

abrasive materials.

35 In principle, the semiconductor 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 polishing plate.



particle size of 0.55 gmor less, and al so a second step of 30
chenmonechani cal nmachi ni ng of the previously nechanically nachined side of

t he sem conductor wafer using a polishin% pad and with supply of a
pol i shing agent slurry containing abrasive materials. 35 In principle, the
sem conductor wafer, with the aid of a polishing head, is pressed with the
side area to be polished (that with the Sil_xGex |ayer) against the
polishing pad lying on a polishing plate. 5 A polishing head al so incl udes

a retainerp rﬁ@ﬂié}b@sg{lﬁéé‘d{ Alyo BRel @ses 4 heosaisdF at e @neh Rt evgpesally from
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15 plate ("backing plate"}. Between the "backing pad" and the
rear side of the wafer, an air cushion can then optionally be
generated over varioug zones 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 to 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 maintains 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 i1s involved.

The gemiconductor wafer is polished with supply of a polishing
30 agent between the substrate and the pcelishing 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.

Furthermore, the method according to the invention can eqgually

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



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

sem conduct or wafer is polished with supply of a polishing 30 agent between
t he substrate and the polishing pad and W§th rotation of the polishing head
and of the polishing plate. In this case, the polishing head can
additionally also be noved translationally over the polishing pad, whereby
nore 35 conprehensive use of the polishing pad area i s obtained.

Fur t her nor®acH@eset hod according to the invention can equally be carried
out on single-plate and nulti-plate polishing 6 nachines. The use of
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fine grinding, which is wused in part in silicon technology, e.g. as a DDG
("double disk grinding") step using grinding disks with fine granulation,
in that a)ThhefhEehi PFeg ¢5 @h¢e@eb@ognCqugsm@mdghtﬁgan@@ﬁhﬁ@leaifferent

ki nemat i CSmlB_Paﬂﬂl@%f%@iﬁ%susiﬁéta‘%,@li@ﬂ)n?nﬂa@)céﬁ@agfziﬂ | 89t depksyl n
t he cqﬁe of . fine grinding have _a_significantly hlgher‘granu ation in
conmparPsont 1@ t T REIHOF | Ehi RgRpadstWih BB aisheeROendt TAPESUSEE™ Met hods

and appar at¢isesnt pondhes sngfaceograndbng-ofda senikcgnduat af, 20hvahet sare
known for exanple fromUS 5,400, 548 or fionlEP 0955126. Gﬁ&nﬂng I sks
having a grafd &7 Z8°bF Yo0dl8bee” heshtaredYisudt¥y ased PRCt heS8 R:Ehods

(grain sizésslacgoindingg "I osdapaneseg | gdissdingl dSseadai dhJEEn& 6001: 1998) .
m accor di i 5Tt he Sh S St andar o By Eoner st ant Bverhgetedr oGl ameter of |
| ess tithan peleguahstmachbde ghdaifénenhekinematics, 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 cor 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 6001:19298). Grinding
disks with 2000-8000 mesh have an average grain diameter of
25 1-7 um according to the JIS-Standard. By contrast, an average
grain diameter of less than or equal to 0.55 um as in the
first step of the method according to the invention
corresponds according to JIS to a granulation of 10 0CC mesh
or finer, In particular the range of 0.1 to 0.3 um is claimed
30 as particularly preferred for the present method, which

correspondg to a granulation of 15 000 - 30 000 mesh (JIS).
The second step is preferably a conventional CMP 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 to 20% Dby
weilght, particularly preferably 0.25 to 1% by weight.



first step of the method according to the invention corresponds according
to JISto a granulation of 10 000 mesh or finer. In particular the range of
0.1 to 0.3 kmis clained 30 as particularty preferred for the present

met hod, which corresponds to a granulation of 15 000 - 30 000 nesh (JIS).
The second step is preferably a conventional CWP polishing. 35 The
proportion of the abrasive material in the polishing agent slurry in
accordance with the second step of the nmethod according to the _ invention is
preferanyTb92§lF8 dosEbjyouiérghef phet PRUREEVS waéﬁéﬁaglpa@tzslﬁé 1% by

wei ght. 7 pfBecshReydinshbinbdklonnohatheeabrasive material particles is
preferably nmononodal in nature. 5 The average particle size is 5 to 300 nm

particularly preferably 5 to 50 nm The abrasive material conprises a
nmateri g tiat geebagecpklkyiclenmsyes thessubsBoat ampapatiakulpeelerably one
or nore of thﬁ 1% ox'dgs gé the el enents alum num ceriumor silicon. A
pol i shi ng B§EhFTE 6¥r§ 8ntdi Ki'g col l oidally dispersed silicic acid
(silicasol) is particularly preferred, e.g. the pollshlng agent slurry
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cont aips aBREQéb”BEeEMe9éQQﬁeﬁ%bgﬁiugﬁnﬁH||€b9§hm3b9259§!b6& an average
particle size of 30 to 40 nm The pH value of the polishing agent slurry

preferably lies wthin a range of 9 to 11.5 and is preferably set by
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prefeH%ed'"Glanzox 3900,

"Glanzox 390¢" 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 $i0; 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
25 such as sodium carbonate (Na;CO;), potassium carbonate (K,CO;),
godium hydroxide (NaOH) potassium hydroxide (KOH), ammonium
hydroxide (NaOH), tetramethylammonium hydroxide (TMAH) or any
desired mixtures of these compcunds. The use of potassium
carbonate is egpecially preferred.
30
The pelishing agent slurry can furthermore contain one or more
further additives, for example surface-active additives such
as wetting agents and surfactants, stabilizers acting as
protective colloeoids, preservatives, biozides, alcohols and

35 complexing agents.

The second step of the method according to the invention is

preferably also effected on a polishing pad containing fixedly



30 The polishing agent slurry can furthernore contain one or nore further
additives, for exanple surface-active additives such as wetting agents and
surfactants, stabilizers acting as protective colloids, preservatives,

bi ozi des, al cohols and 35 conpl exi ng agents. The second step of the nethod
according to the invention is preferably also effected on a polishing pad
containing fixedly 8 bonded abrasive materials. It is |ikewi se preferred to
use a convBRLFEHaPPFERDYEI Mah6FLehsng pad containi ng no bonded abrasives. By
way of 5 exanple, a typical CWP polishing pad ("flnlshlng pad") such as the

SPM 3100 f is suitable for this olishing pad is
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pad, the twoe $8Mna¢ﬁDnﬁngmsRedsl@ssensuatapldlEberthg5|@uKD@Eea pol i shi ng
agent solution that is free of solids and contains no polishing chen cal
(mhlch woul d cause chemcal, i.e. e.g. etching mll) is added in the first
step, i.e. Thﬁeppﬂn§b1§gepadbnsn§§e§5éablwupéEyWhééhanﬁéaunnﬁb@rﬁawsﬁennval
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second step, 1.e. the machining In the second steg signifies a_sinultaneous
cheni ddl aRd# %ﬁéﬁanpééFlFEﬂrﬁ§éV PTﬁéeﬁéPﬂS’hpné Hgent “Bol GEPER1PA laccor di ng
with the fpesteshBpy 285106 . thgmmethod according to the invention is water in
the sinplest case, preferably dei oni zed water (DIW having the customary
purity for use in the sem conductor industry. However, the polishing agent
sol ution can aksespestailny3prevapeeddsosuahrasoaedbufhcarbprabe cNa2@qa) ,
pOtaSSIumthe 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
prolishing 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 a simultaneocus chemical and mechanical removal.

The polishing agent sclution 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 contailn

30 compounds such as sodium carbonate (Na,CO;3), potassium
carbonate (K,C03), sodium hydroxide (NaOH), potassium hydroxide
(KCH), ammonium hydroxide (NH40H), tetramethylammonium
hydroxide (TMAH) or any desired mixtures thereof. The use cof
potassium carbonate is especially preferred. In this case, the

35 pH value of the polishing agent solution preferably lies
within a range of 0 to 12.5 and the proportion of the
compounds mentionad in the polishing agent solution is
preferably 0.01 to 10% by weight, particularly preferably 0.01



carbonate (K2CO3), sodi um hydroxi de (NaOH), potassium hydroxide (KOH)
ammoni um hydr oxi de (NHAOH), tetranet hyl ammoni um hydroxi de (TMAH) or any
desired m xtures thereof. The use of pot955|un1carbonate is especially
preferred. In this case, the 35 pH val ue of the polishing agent solution
preferably lies wthin a range of 0 to 12.5 and the proportion of the
conpounds nentioned in the polishing agent solution is preferably 0.01 to
10% by wei §ift O -pér Pivcwedebyf -preferably 0.01 9 to 0.2% by wei ght. The
pol i shi ng agent solutlon can furthernore contain one or nore further
additives, for e |l.e surface-active additives 5 such as mettlng agents
and surf acf&ft §° %F 3G 2868 LaSOING IR RS dUEPETERCoICEL S SAR &5 ves,
bi ?)m ﬁes aiog@h(fb&ta@d a@@ﬁmh@élsng f@%el&&&mp'ﬂ@e sblrrfatcesfamwaav@ld&s:lu@mg a
pol i shing pad,cantainin bon rasive materia an average
Par t el s PRero R HeBe T Boe RS Srl e A ar o Aa AT g AU Ege
particle spz@t@ttgweateﬂlbhda opre@@awatav@sl bricandeses s ltdvdnw 1 sorarequal to
0.55 gm or, .t 1@&5 gg%%ger way 30 000- 10 000 nesh according to JIS. 15
Sui t abl e abra ive te S, for exanple particles of oxides of the

el ements cerium alunlnun1 silicon, zirconium iron, chromum and
particles hatr ial a 0 I istrside and

di anond. 23%Sa?€?§§a§§|? éﬁW?g%%g %gﬁhghg 8019%59?% gagpsu t%g%ui pogr aphy
shaped'®y b@ﬁﬁﬁéaﬁ@éfaﬁ]l@leoWrt@clftl@rleélav'lfmsémnﬁé’leé@tgleu@tamté§le( "post 99 have

for exanpl ¢ tRe fOoLm 960l E)%%e%‘b‘l@zg abr @Y hieRdhHaGah O PG cross
section or the formof pyramds 25 or truncated pyram ds. More detail ed

descri pti oRSTEF CsBcR1B6I PEhPRGasEds thami O gAalatdo Ukdow 289 ARSSolthem ng
pads (FAP sr"Ekped ABrasisve um, or to put it another way 30 000- 10 €GO

mesh according to JIS.

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 replicated microstructures. These microstructures
{(*posts”) have for example the form of columns having a
cylindrical or polygonal cross section or the form of pyramids

25 or truncated pyramids.

More detailed descripticns of such polishing pads, which are

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

Polishing”), are available for example by means of WO 92/13680
30 Al and US 2005/227590 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 likewise especially preferred is the use of polishing

pads with abrasives composed of diamond and having an average



Pol i shing"), are avail able for exanple by neans of WD 92/13680 30 Al and US
2005/ 227590 Al. The use of polishing pads with abrasives conposed of

al umi num oxide (mcroreplicated structurgs in pyramd forn), and an

average particle size of 0.3 gmis particularly well suited. 35 Such
polishing pads are available from3M Corp., USA. What is |ikew se especially
preferred is the_use, of poglishing ads with abrasives conposed of di anond
and havingpaﬁtéGE?aééZQOOfpgrgiElg-gﬁzémofwa@ abpasLvEf CRIMPRSERr 84 ves
conposed ofluRkHainEALaxi dewhiwbi heuRl HIWNURE @8 dedhdandvhayi g akveavgeage
particle size of . 0.1.- 0.35 gg1or m% h abrasiveﬁ cgngosed of siligon

carbi de ("GPEERCSFI FLBR R4rBi de™) Cand HBvPhgWah52B78PAYESpaPTPEFEYsPe of
0.1 - 0.55sgincPpl cshbihgepatdgroént hi $itypecarpidéf gr eddehgvihy Bnhon M cro

Coati ng Co, . . not provided far.the polishing of silicon or
siIico%—ge?ﬁ%%%%ﬁ]pgg%lgggh%?zgpggiPfgalIg'?%rﬂTO polishing glass (LCD gl ass
panels / fiber-optics). Therefore, these pads, unless produced differently

as require - kZe.an t i pRropr,i at Of;- in
conventi onaf eiend PaUErof ok PR P8, ok EePOn BEDLOBY AifohPhlEs, T 1y
t hese padsCberhgoctie-tolsilze Bnd adhespvepyotrsdpdnied &hg. peoaishangrap

pol i shing pad; ctheot 0pIDStohayeinghiuhherkAPRaterNaBBLY £ BEIRG! koWi th the
m croreplicated  structures érepllcated m crostructures), belnggrenoved

bef or dandPo2bsirhegugéas pbFPsElAGSpRABSEdN! af HPRE-8BFaSPVes TEEFEEPER from
a group censkstpadsof udiagengdroal:BBHNENY exiderapdasi kegQRre6ar Bade, ahavi ng
an average particle S|%e of 0.1 - 0.55 gnl for ., the_nechani ¢cal nmachini ng of
si |'i con- gePmBfi 8RR Syef STPstNAL LEsBPF PRYAPBEH2EE RBYeHSEndDi nventive. 25
It has beegoshempithal theieehhpdiashondi ngchonkbe Howentkonthis can be
particularly webl guted,L9.PLaR8 L2t NG Sl B, LAYE Sna adnesively
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 layers is in
itself regarded as novel and inventive.

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

30 to the fact that it is desired to deposit specific layer

structures on such Sii;.xGey-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 Si, Ge,-laver.

The proportion of Ge in the strained-relaxed Si; «Gey-layer is



havi ng a high proportion of Ge. Wafers having a high proportion of Ge are
becomi ng increasingly of interest owwng 30 to the fact that it is desired to
deposit specific layer structures on such Sil_xGex-layers to an increased
extent. The sem conductor wafer which is'!machined by the nmethod according
to the invention is preferably a wafer conposed of 35 nonocrystalline
silicon that is provided with a strained- relaxed Sil_xGex-layer. The
proportionpvef@eabhythe bepafn2ddretlagedi Si toxsex- tagerxi ss1drepkefrethdhy at
| east 2096O£h@%£é§ t9 say that x is greater than or equal to 0.2. The
proportion of in the strained-relaxed Sil_xGex-layer of 5 the

sem conduct or wafer machined by the nethod is preferably greater than or

equal to ZQP{@aﬁﬂowﬁ@l&ﬁa@fO@eegﬂathéosgﬁg/enec&ofemiéa%bpveagm ahi gh
proporélon of GCe, nvent i onal is no |longer sufficjient to

achi ev thEh?eﬁ%‘i“%%ﬂn B¢ hPaAnERF €Y, ma%lah%%@s 'ngh%dﬁ%%aél o9yPrR6GEIBIY t he

method acgpediag tiRahheri syeali s Now ghfierssa sRaNt boNehhalespesds.
thereof . The first nmachining step, essentially a mechanical ultrafine 15
grinding step, nmakes it possible to achieve the necessary geonetry of the
waf er, mhiFertm&fsn@sbqweng shehnaehh@hipﬁbponﬁthmnbﬂgGetea speeehttahby

i nfl uences ace propert X- | a er edu Lh
QY rS B et OAF 01 | P Rt Fha WG ok o e, FRG. [ R gBP et s

roughness ra Fhe®gr rndrfig-an |n1nat|n
of théomafplaQQrsuwfa@eom$nrpaamdcuaamtopolhgg bﬁeweshnmnthhametheddlfferent

properties c8$r<§1111 gfég%em C P gIm WA, chr AL 5 355064 At £d ""!Lﬁhgésg!efzﬁere”t

removal behavi or hature and p ay practlc part in a
purel y necHagieaf . reanaI as in the first step of the nethod according to
the invention. This conmes as a surprise. It is shown that the renova

behavi or proceeds significantly nore honogeneously. Selective renpval of S
and The first machining step, essentially a mechanical ultrafine

15 grinding step, makes it possible to achieve the necessary
geometry of the wafer, while the subsequent chemomechanical
machining step specifically influences the surface properties
of the 8i, «Geyx-laver by reducing the roughness after mechanical
ultrafine grinding and eliminating the defects of 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 invention. This comes as a
surprise. It is shown that the removal behavior proceeds
significantly more homogenecusly. Selective removal of Si and
Ge cannot be observed. Additional polishing chemicals such as
30 agents for dissolving germanium (e.g. hydrogen peroxide,
ozone, sodium hypochlorite, scdium perchlorate, sodium
chlorate or other oxidizing agents) as in the prior art are
not necegsary, 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.



Ge cannot be observed. Additional polishing chem cals such as 30 agents for
di ssol ving germani um (e.g. hydrogen peroxi de, ozone, sodium hypochlorite,
sodi um perchl orate, sodium chlorate or ofher oxidizing agents) as in the
prior art are not necessary, which mekes'’t he process easier to handle and
nore cost-effective by conparison with the closest prior art. 35 Good
properties with regard to geonetry and nanotopol ogy, good roughness and
freedom frdm défeady oenthenedrpheeer ebobh souetarplaie apd apgéédplate

menti oned g@@yghlaetmaéhmﬁég pl-at suandpml Ehepkal-eyiRg! baki Rae"RehiBAS are
suitable for carry gﬁout the nmethod according to the invention. 5 By way

of exanpleaCEOEQFnﬁa i pBef +BHEBELE8baugh Inc. of the "nHance 6EG' type is
suitable. A nulti-plate machine such as the AVAT reflection from Applied

Nhterlgls Inc. is Likew s suitable. 10 Thf gollshlng Bﬁaratus frog
St r asbBugh®BY nEeY has BRa™BOFi shi Y- PREEEG f hoOBnethaFPeRPRgIRSd 8hd “BRe
pol i shi ng headncwhéeh” ﬁyphlmesSalsabléondumﬁmtlmpiatefmhbylauteﬂahlaalIy

The polishjng d i nted car ses a fix ase

ol at e cont Ao VPER oz D LERFAG phion SHAL AoHoUabr 6 Fobarher 18 MG Thr ough
holes in theibabéeplate alr cushions can be established in two concentric
pressure zones, an inner and an outer zone, the sem conductor wafer

floati ng on said air cushions during polishing. Pressure can be applied to
the rBvabTeererdineingi agpbyaneansron Sonpressed ane.bbhEowasei po2dsbider

thus to pr?i&gé'Qﬂtﬁhg?gobb§EEHQnBaﬂaHp8HdCBH%§g§1%%%BngtH@aae”hﬁQEHUCtOr

waf er and eep It ane contrast ['edtion has three
pol i shi ng @ﬁ@hé@eswﬁléﬁmééﬁn@H¢F9rdWPf@Feﬁﬂlbblﬁﬁhpﬁgtb§§§1Yath€onprlses a

25 turret §§I5¥hﬂﬁgah@£arﬁé'&Muﬁﬁe@okb§@hﬂ9c3§@95aﬂﬁ'EBm@E@s@%ra”9§QeH'X9d|y
wi th respect to one another and which each receive a sem conductor wafer.

The seni coRdset Brahaf epatednwpelr a “backing pad”, and a movable retainer
15 ring. Through holes in the base plate, air cushions can be

egtablished in two concentric pressure zones, an inner and an
cuter zone, the semiconductor wafer floating on gaid 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 comprises 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 5-zone membrane carrier, which permits the
pressure profile of the carrier to be set differently in o

zones.

35 The polishing parameters depend on which polishing machine is
uged 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



noved further fromone polishing plate to the next synchronously and can be
machi ned successively in each case on 30 one of the three polishing plates.
Thi s polishing machine conprises a 5-zone nenbrane carrier, which permts
the pressure profile of the carrier to be set differently in 5 zones. 35
The polishing parameters depend on which polishing machine is wused for
carrying out the nethod according to the invention. The customary process
settings RSyl iGrivEhtsepHalonsBIatsh mipfarchi nes are known to the person
skilled in the art of 13 polishing sem conductor wafers. Particularly
sui t abl e process paraneters when using an AMAT Refl ection, polishing nmachi ne
and essentietigirEgrian cod GRE PLEEFET A IHETFardIfE 1S 1D He Pé‘ﬁ%‘sen if a

St r asbaughkrgiianea orb Bo1isHiSRA ndic@ ipleseid edelaw] Tie rpegiddedopar amet er

ranges. speci f rocess wi ndows that can be worked in sg as . to .successfull
el oyD ¢ he SRS T CORIIERT A HHE vt (DB BULE @ & TS HAEhdir e

restrict tdeEs genersald earcepteseintdie BH) dwnvaiid aipdon famd wramketse=pr ef er r ed
pressure profiles of.%he nenbrane.cqirier of the gﬁwﬁT @Zf ection both in

e
the first andin the secénd s Sesp o tte tr?&théj " ceor""cﬂrnge o't he’ iansvetncfi on

i e withi sudeessdngd yofentd cappriex imeetheldy a8 doordappr dod nEtee| ynvergsion THeit

contact pressuyr .Qf t ai ing .S 7- i, i ol i shi ng
machi ne fré(;errsﬁ étoﬁtasl(bgletfl?gh%eeldngo ()I]f%%'[thlrel& nelien ee%ﬁ%é'l tcy\égl?,ﬁéﬁed%oﬁeghi ng
pressiff e dhivsertiion pgrefeenabliay. 20 3-7 psi, especially preferably 6-7 psi.
The volunetric flow rate of the grinding or polishing nmedi um

(wat er/polishing agent) is preferably approxinmately 0.3 to approxi mtely
1.0 liter Ther trafare edabgigpivie a8 g e ysidmens caroves ffe 81 up

to 3.0 |itefasr RRITIEMIR o @ dHeefranad 41n tihe asefoddes iy asbaugh
nHance 6EG_. The pol jshing t.ines pr?fer_abl y lie within the range of 10 sec
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
“nHance 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

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 times preferably lie within the range of 10 sec
to 300 sec.

30
The rotational speed of the polishing plate is preferably &0
to 200 rpm. The range of 80 to 140 rpm is particularly

preferred.



to 300 sec. 30 The rotational speed of the polishing plate is preferably 60
to 200 rpm The range of 80 to 140 rpmis particularly preferred. 14

Patent clains: 1. A nethod for polishing a sem conductor wafer provided with
a strained-rel axed layer of Sil_xGex, conprising a first step of 5 a
mechani cal machining of the Sil_xGex |ayer of the sem conductor wafer in a
pol i shing machine using a pollshlng pad containing fixedly bonded abrasive
mat eri al s Prbvemy aladwsticle size of 0.55 4mor less, and al so a second step
of a chenmp nechani cal machining of the previously nechanically 10 machi ned

Sil_xGex | ayer of the sem conductor wafer using a polishing pad and wth
supply of la pblITeRrny heenposisRriyy %oﬁ?lairﬁ%@u%%sw@éeﬁa%waﬁ@d Yithhe

met hod as é?@ttf@ﬂqé@—ﬁém%& 1&\@& ecbﬂ Sﬂex@épp@drﬂpﬁfls}fng 1D fihesahyas) wer
mat erl inth ol i s %gent sl |n accordance the second step
t

of the rret‘?'no‘&e? SH-Gfre WM Ho® s ai med in eit her
of clains éezambrzdu&\ttmf amfeﬁolxhhee pdspp@lﬁim@nn@éhm@ @@m@ sepobienial in

t he pO|IShIn ent sl ur o] with the second step.of the nethod
s 0.25 (%" S e RS R Dy e PR A bR B T to 5,
wherein t@ar@ﬁcbaesjam pard i eh eusi e 1@s$hearp<ﬁ)la3s$mn@ ageohdststuepyofsab to

300 nm 5. T a I | erel t a artlcle
size in the %g?l %@ﬁ%ﬁﬁ(‘g‘%ﬁtﬁé T IIP?SJ)% '?1](1) 5% %byg.%eglﬁ%ﬁ 9%1111
cl ai mdd i manyiotd G ai need ey s, oﬁnéﬂa mmomwwaMIemwnq et he

ol i shi I t
gl u'msnhz]g @tgﬁ%%f‘%ér”ﬁé’d(?%r IS ONEr1 P o F0L &0 1 LEngXhgES e Ok 1 b ey €l ements
containing abrasive materials.

2. The method as claimed in claim 1, wherein the proportion of

15 the abrasive material in the polishing agent slurry in
accordance with the second step of the method is 0.25 to 20%
by weight.

3. The method as claimed in either of claims 1 and 2, wherein

20 the proportion of the abrasive material in the polishing agent
slurry in acceordance with 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
25 average particle size in the polishing agent slurry is 5 to
300 nm,

5. The method as c¢laimed in claim 4, wherein the average

particle gize in the polishing agent slurry is 5 to 50 nm.

30
6. The method as claimed in any of Claims 1 to S, wherein the
abrasive material in the polishing agent slurry comprises one
or more of the oxides of the elements aluminum, cerium or
silicon.

35

7. The method as claimed in claim 6, wherein the polishing

agent slurry contains colloidally disperse silicic acid.



silicon. 35 7. The nethod as clained in claim®6, wherein the polishing
agent slurry contains colloidally disperse silicic acid. 15 8. The nethod
as claimed in any of clains 1 to 7, wherein the second step of the nethod
is also effected on a polishing pad contﬁlnlng fi xedly bonded abrasive
materials. 5 9. The nethod as clainmed in claim8, wherein a polishing pad
containin% fine abrasives having a granulation of 0.55 gmor less is

i nvol ved. 810. TiThengididrddraisc bt dnerddl i remnyobfc d mngsl 1t@ o7 9, whgreeei ntlae 10

removal  pald &g Rad SONLA Hdichde honded, 3@@@&6’&? or$ él%ﬁgllé}&ﬁ%]h gageond

step of the nethod. 11. The nethod as clainmed in claim?9, 'wherein e first
and  secorffPHecHHfithd sty HDEF VAP GIF IGc1Tshihg plate of a 15

pol i shing machi ne using the same pollshlng pad. 12 The nethod as clainmed in

any of cI mhereln t irst, step a nechanl nmachining is
ef f ect2d thT}éeildb?é"o%fa% a@fﬂﬁ <ol Ut %E%Iha% P %?%Jen%fp%%l i ds.

20 13. The-greddiad rap ﬁ.ln?et rmd:aﬂxcésalﬂax&ﬁlg vhereirmutde qaoléshi g5 agent

sol ution i,n accordanc h the first step of the nethod is water. 25 14.
The met hod & cl%i e Ve 1ai m 13, wherein deionized water is involved. 15.
The method as clainmed in any of clains 1 to 14, wherein the polishing agent

sol ution nt [ ounds 30 eI cle consi sting
of sodi um&@ar onangeqtrlﬁ\ﬁﬁosfa po assi utncar on'lg e %K@ﬁ]) %J]Em y%rom de
(NaOHJQ potassiaimp dlyidiroxia eed KO t aimmiorg um Hyarded dﬁal(wmg is used

Tetramet hyl.a ié@@&ﬁﬁ”é?% e§ﬂ1@ggﬂmegggéﬁ The nethod as clainmed in claim

15, wherein' the proportion sai d conpounds in the polishing agent
solution is 0.01 to

11. The method as claimed in claim 9, wherein the first and
second machining steps are effected on a polishing plate of a

15 polishing machine using the same polishing pad.

12. The method as claimed in any of claims 1 to 11, wherein the
first step of a mechanical machining is effected with supply
of a polishing agent solution that is free of solids.

20
13. The method as claimed in claim 12, wherein the polishing
agent soluticn in accordance with the first step of the methed

is water.

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

1s involved.

15. The method as claimed in any of claims 1 to 14, wherein the
polishing agent solution contains one or more compounds

30 selected from a group consisting of sodium carbonate (Na-CO:),
potassium carbonate (K;CO;3), sodium hydroxide {(NaQH), potassium
hydroxide (KOH}, ammonium hydroxide (NH;0E),
Tetramethylammenium hydroxide (TMAH) .

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



10% by weight. 16 17. The nethod as clained in any of clainms 1 to 16,
wherein the pH value of the polishing agent solution lies wthin a range
of 10 to 12.5. 5 18. The nethod as clainggd in any of clains 1 to 17, wherein
a polishing pad containing bonded abrasives having an average particle
size of greater than or equal to 0.1 mand less than or equal to 0.55 mis
used in e first step of the nethod. 10 19. The nmet hod clainmed in claim
18, vvhertetign #%dﬁ“?@?ﬁcﬁgaia%la%% aihity v d“e]cﬁja{%‘?‘ajsi%sfiav“i’%@r?frpa T age
particl e 8 2ealofe off edteerpdhisshiorg equealt tamitlion dnded esstihamna aramgpial to
0.3 misofgslecg in1t2t195fi rst step of the nethod. 15 20. The nmethod as cl ai ned
in claimil18 or %b, wherein the abrasive material of the polishing pad is
selected froma group consisting of particles of silicon carbide, boron
nitrige, ;di apn | de f . el j nj pu siljcon,
zi rconi umg'i T oepnlq%r Cc @gﬁu%%égﬁr?w%?h%%%@& g%?jred i n%%enyéo %I ainms 1
to 20, wherleishimie paskrdgorRiutiier heafdad rduti netehynahie dretth ot «ict®? di ng to
the inventlon GONIriSess %ﬁét@éf‘%éﬁ'&x%@ﬂ RX 1 AURTandBLEs Xehd $
greater than or equal to 0.2. 25 22. The use of polishing pads contailning
abr asi veL% B8t ledC 4-om ayrigupshsitstihfy O st aifoRl, ofal ke A i de and
silicon carbide, having an average particle size of 0.1-0.55 m for the
nech%?ical chining of siljcon-germanjum | ayers. , ,

1%. The method as claimed in c¢laim 18, wherein a polishing pad

containing bonded abrasives having an average particle size of

greater than or equal to 0.1 um and lesgs than or egqual to 0.3

um is used in the first step of the method.

15 20. The method as claimed in claim 18 or 19, wherein the
abrasive material of the polishing pad is selected from a
group ceonsisting of particles of sgilicon carbide, boron
nitride, diamond and oxides of the elements cerium, aluminum,

silicon, zirconium, 1lron or chromium.

20
21. The method as claimed in any of claims 1 to 20, wherein the
semiconductor wafer machined by the method according to the
invention comprises a strained-relaxed Si,_ ,Ge, layer, where x
is greater than or equal te 0.2.

25

22. 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 layvers.



