Carrier, method for coating a carrier, and method for the simultaneous double-side material-removing
machining of semiconductor wafers 5 The invention relates to a carrier for receiving semiconductor
wafers for the machining thereof in grinding, polishing and lapping machines, a method for coating a
carrier, and also a method for the simultaneous double-side material-removing machining (lapping,
grinding or polishing) of semiconductor 10 wafers Li'sing such carriers. Electronics, microelectronics
and microelectromechanics require as starting materials (substrates) semiconductor wafers with
extreme requirements made of global and local flatness, front- 15 side-referenced local flathess
(nanotopology), roughness, cleanness and freedom from impurity atoms, in_particular metals.

Semiconductorafets are WHHBRINERe SRS BUCHF FidtEriaR S HRESRGUABF nidtérials are
compound semiedmdiictarsesuch dsufol examize pgalbarhsdrsenitevdrelenseritdb2hSenticonductors

such as principally silicon and occasionglly, germanium.or.else layer structures thereof. Layer
structures are for example a device-carrying silicon upper layer on an insulating interlayer ("silicon on

insulator”, SOI), or a :lattice-strained silicon upper layer on a silicon/germanium 25 interlayer with
germaniunTpeopartien inecreaswgatosvard dhe upper fayer for arsikconvsulgstrate (¢strained silicon”,
s-Si), or combipations,af the.twa (istrained siiean oa ingulaiar, S9Q1). Semicenductonmaterials are
preferably used in monocrystalline form for electronic components or are 30 preferably used in

polycrystalifiBRémG fORSOIAFESIs RRETRthICST FPafdeidoProdade fe sEmitdhdtictdr wafers, in
accordancearitvthefpriortart, & seniicendusier Moot isprodikedatkich s 354irstly. sgparated into thin

wafers, usualluby, meaneala 2l e say Gyt wressicings) MOWS)<Rhsds pllowsad by one or

more machining stepS which can generally be classified into the following groups: 5 a) mechanical

machifing "B 8Fémicat iacHifRgCef Ehémdmechanical machining; d) if appropriate production of
layer structures. 10 A multiplicity of secondary steps such as edge machining,

Electronicg, microelectronics and microelectromechanicé reguire
as starting materials (substrates) semiconductor wafers with
extreme reguirements made of global and local flatness, front-

15 side-referenced local flatness (nanotopclogy), roughness,
cleanness and freedom f£rom iwpurity atoms, in particular
metals. Semiconductor wafers are wafers made of semiconductor
materials. Semiconductor materials axe dompound semiconductors
such as, for example, gallium arsenide or clemental

20 . semiconductors such as principally silicon and occasgionally
.germanium or else layer structures thereof. Layer structures
are for example a device-carrying silicon upper layer on an
insulating interlayer (*silicon on insulator®, 80I), or a
Jattice-strained silicon upper layer on a silicon/germanium

25 -interlaver with germanium proportion increasing toward the
upper layer, on a silicon substrate ("strained silicon', s~5i),
or combinations of the two ('"strained silicon on insulator",
s80I) . Semiconductor materials are preiferably used in
monocrystalline form for electronic components oxr are

30 preferably used in polycrystalline form for solar cells

{(photovoltaics}.

In order to produce the semiconductor wafers, in accordance
with the prior art, a semiconductor ingot is produced which is

35 firstly separated into thin wafers, usually by means ©f a



cleaning, sorting, measuring, thermal treatment, packaging, etc. are furthermore used. Mechanical
machining steps in accordance with the prior art are 15 lapping (simultaneous double-side lapping of a
plurality of semiconductor wafers in the "batch"), single-side grinding of individual semiconductor
wafers with single-side clamping of the workpieces (usually carried out as sequential double-side
grinding; "single-side grinding”, SSG; "sequential SSG") or 20 simultaneous double-side grinding of
individual semiconductor wafers between two grindihg disks (simultaneous "double-disk grinding",
DDG). Chemical machining comprises etching steps such as alkaline, 25 acidic or combination
etch. Chemomechanical machining comprises polishing m ds in.which a material r val is
obtained BK} BAHS O rgl%‘i’ivé "rﬁll’irl]\%rﬁe‘ﬁr of ses’r%ﬁc%ﬁ%%%for%\%/vﬁagf’ef a%%lpsolijéﬁir%ogc{)ﬁ}w% h'the action of
30 force andsupplyrof-a potishibgigiarry tepexahiple alkalingsifceeddly. Tite priosaitdexéribes batch
double-sidepolishing HASP)andpateh.and individual wafer single-side polishing (mounting of the

semiconductor wafers by means of vacuum, adhesive bonding or adhesion during the polishing 35
machining on one side on a support). 3 For producing particularly planar semiconductor wafers,
particBlar mmportaicariscascrivedhtorthnse machining steps in which the semiconductor wafers are
machined jargely:in; & £enstiainediferce-free manner in “free-floating” fashion without force-locking or
positively locking clamping (“free-floating. processing", FFP). Undulations such as are produced for
example bﬁ}thégﬁg?ﬁﬁ%%%ﬁ%%atﬁ%c%%Jirl% FAWS are eliminated by FFP particularly rapidly and with
little loss ot 0irhateratoBE Pakrovay irtthetphor arf incide” |appivg, D E&sand DSP, where DDG will not
be considered in the context of this invention (different kinematics). 15 A lapping method is disklosed
e.g. In Feinwerktechnik & Messtechnik an(%982)c5, pp. 242-244. . A DSP pﬂethod is described e.g.
YO8 ining,

in ApPliedOPE 38 160426048 <01 epe such as esdge mac

cleaning, sorting, measuring, thermal treatment, packaging,

etc. are furthermore used.

Mechanical machining steps in accordance with the prior art are

15 lapping (simultaneocus double-side lapping of a plurality of
semiconductor wafers in the "batch“),‘single—side grinding of
individual semiconductor wafers with single-side clamping of
the workpieces (usually carried out as segquential deouble-side
grinding; "single-side grinding", 88G; "sequential S8G") or

20 simultaneous double-side grinding of individual semiconductor
wafers between two grinding disks (simultaneocus "double-disk

grinding", DDG).

Chemical machining compriszes etching steps such as alkaline,

25 acidic or combination etch.

Chemomachanical machining comprises polishing methods in which
a material removal is obtained by means of relative movement of
semiconductor wafer and polishing cloth with the action of

30 force and supply of a polishing sliurry (for example alkaline
gilica sol). The priof art deacribes batch double-gide
polishing ({DSP) and batch and individual wafexr single-side
polighing {(mounting cof the semiconductor wafers by means of
?acuum, adhesive bonding oy adhesion during the polishing

35 machining on one side on a support).



DE 103 44 602 Al diskloses a further mechanical FFP method in which a plurality of semiconductor
wafers lie in a respective cutout of one of a plurality of carriers that are caused to 25 effect rotation by
means of a ring-shaped outer and a ring-shaped inner drive ring, and are thereby held on a specific
geometrical path and machined in material-removing fashion between two rotating working disks
coated with bonded abrasive. This method is also dubbed "Planetary Pad Grinding" or simply 30 PPG.
The abrasive is composed of a film or "cloth” stuck tp the working disks of the apparatus used, as
disklosed in US 6007407, for example. (Si3N4), cerium dioxide (Ce02), zirconium dioxide (Zr02),
corundum/aluminum oxide/sapphire (Al203) and many other ceramics having grain sizes of less than-1
micrometer up to a few tens of micrometers. For the machining of silicon, in particular diamond is
preferred, o fgrbaunare;alsaAI203) 8iC andiz03 The diameandds licarpaiated - as individual grain
or bonded hy means of a, cerami tallic or. synthetic resin, primar n form conglomerates -
into the ce g}/rrﬁ?c %hi(;ft% o%% r%%%%%?gsijﬁsmgﬁ%éhﬁe a grasgﬁ/% eod?({‘aas.%fg%oﬁglﬁg 3553012nAI
furthermorétdiSkios88 aaRBHiGNRuWRith &ifer BemukipliRy bl BBFasiie 86digsddntaining bonded
abrasive arestitcklOribe Werking- disks andmmhich therabrasiveLishanded ip=aslayern or a nclothu and
cloths of thjs s, are. 43 sludkfo e wating, disks Thete arefithermorg Ixngs ofdhgaorking layer
by means of vacuum, screwing, covering or by means 6f hook an loop tastening, in electrostatic or
magnetic fasRfT 2§ 656089672 A SoMedithestthenfofiTg aersafe BatBHFed as cloths or
laminated sheets@d4H 60963071 26: U SIGE Y] 64-E2). fBhents haying sHucttredrsugaees are also
known, comprisi e o] t into twi Kpi nd S regions
Via whioh CaOg et can be e bR ob AN AETactid shby S St 5 o Lo diskharget.
An atasivetdor y(él%fasive cloth) structured in this way is disklosed by US 6007407 A, for example.
Here the abrasive cloth is self-adhesive on the rear side, which permits a simple change of the
abrasive (99koNNSMONNG flok, 20 Sulahle ARORIAIUCeS ar Carv g UL e Bas g ethods
(lapping, DSP and PPG) appertaining to the invention essentially comprise a rlng-shape upper and
lower workiR dfdid An&&roRhCaBIFr AR Eomprisiig BB INGS afrfah§ed B35 #i&inner edge
and on the( autet ecge-ofidhadng:shaped working

15
A lapping method 1g disklosed e.g. in Feinwerktechnik &
Meggtechnik 90 (1882) 5, pp. 242-244.
A DSP method is described e.g. in Applied Optice 33 {1954)
20 7945,

DE 103 44 502 Al diskloses a further mechanical FFP method in
which a plurality of gemiconductor wafers lie in a respective
cutout of one of a plurality of carriers that are caused to

25 effect rotation by means of a ring-shaped outer and a ring-

| shaped inner drive ring, and are thereby held on a specific
geometrical path and machined in materialvremoving fashion
between two rotating working disks coated with bonded abrasive.
This methoed is alsc dubbed "Planetary Pad Grinding® or simply

30 PPGE. The abrasive ig composed of a film cr ¥cloth® stuck to the
working disks of the apparatus used, as disklosed in

uUs 6007407, for example.

Hard substances are used as the abrasive, e&.g. diamond, siliceon

35 carbide (8iC), cubic boron nitride (CBN), silicon nitride



5 disks. Upper and lower working disks and inner and outer toothed rings are arranged concentrically
and have collinear drive axes. The workpieces are introduced into thin guide cages which are toothed
on the outside, so-called "carriers”, which are moved between the two working disks during machining
by means of the rolling apparatus. In the case of PPG, the working disk comprises, as mentioned
above, a working layer with fixedly bonded abrasive. 10 In the case of lapping, use is made of working
disks, so-called lapping plates, composed of cast material, generally a steel casting, e.g. ductile gray
cast iron. These contain in addition to iron and carbon a multiplicity of nonferrous metals in 15 different
concentrations. In the case of DSP, the Workinggdisks are covered with a polishigg cloth, wherein the

polishing cléthi:eompeEedTordscimpie dFEther mbblkedicidihekt it ahie FoiPmer. A foamed 20
plate or a fett:arfther saubstratemwhichiddipapghated With s0pblymer iszalso suitablecin:the . case of

lapping anHaQé%g@Pﬂ%aQQQQQSB'IE%%%%“%hg%pﬁcl;h\i%%ﬂ[&%@diﬂgn%‘g’ supplied. Zo.For lapping,

oils, alcohols and glycols are known as carrier liquids for the lapping agent (abrasive_substance slurry,

abrasive sGbsBHEES SIS EalldPEIuFhYE I0ASEEBEPY aflieSdd pERBhingTadehts tEWhich silica sol is
applied aretkamwnadwhichoater preferhbly atkafine @net-ifcappreprates tomdairsfurthendddittves such as

chemical buffer sysieanm surfacianis, complexing ageqts; alcohols agd silangls. E&E&%‘&S%&Of afirst

hard, stiff material, e.g. steel, in particular high-grade steel, which aré toothed on the outsid
appropriatdfABMahanESofAY ap St aftistad Fave TR KT SGrfAGs hBI R TP paEs&FE0f te cooling
lubricant afdone-ong orercutests-fot nmeceiving are-armore semitonductonwiadersowhesemn the

holes for receiying the semicgnductor wafers. are usually lined with a second, softer material. These
linings are introduced loosely into the cutouts 10(JP 57041164) or fixed in the latter (EP 0 197 214

A2). The fixing can be effected by adhesive bonding or positive locking, if appropriate with support by
enlarged contactareds ¢carraspondindgpotygonsdn skictemnddimaghorielse byhanthaeringhby means of

COWGSPO”%“ﬁdﬁ%&gﬁ@@ﬂé?“&%aggrasive bodies containing bonded abrasive
are stuck to the working disks or in which the abrasive is
bonded in & layer or a "cloth" and cloths of this type are

1% stuck te the working disk. There are furthermore fixings of the
| working laver by means of vacuum, screwing, covering or by
means of hook and loop fastening, in electrostatic or magnetic
' fashion (see e.g. US 6019672 A). Sometimes the working lavers
are embodied as cloths or laminated sheets (US 6096107 A,

20 US 6599177 B2).

Sheets having structured surfaces are also known, compriging
elevated regions that come into contact with the workpiece and
recessed regions via which cooling lubricant can be supplied

25 and asbrasive slurry and spent grain can be diskharged. An
abrasive tool (abrasive cloth} gtructured in thig way is
disklosed by US 6007407 A, for example. Heres the abrasive clioth
is gelf-adhesive on the rear side, which permits a simple
change of the abrasive tool on the working disk.

30
Suitable apparatuses for carrying out the machining methods
{(lapping, DSPF and PPG) appertaining to the inventicn
egsentially comprise a ring-shaped upper and lower working diesk
and a rolling apparatus comprising toothed rings arranged on

3% the inner edge and on the outer edge of the ring-shaped working



15(EP 0 208 315 B1). Materials known in the prior art for the lining are e.g. polyvinyl chloride (PVC),
polyethylene (PE), polypropylene (PP), polytetrafluoroethylene (PTFE) (EP 0 208 315 B1), and 20 also
polyamide (PA), polystyrene (PS) and polyvinylidene difluoride (PVDF). Carriers are likewise known
which are produced from only a single, sufficiently stiff material, e.g. a high-performance 25 plastic or a
plastic having a reinforcement made of e.g. glass, carbon or synthetic fibers (JP 2000127030 A2). US
5882245 diskloses carriers composed of polyether ether ketone (PEEK), polyaryl ether ketone
(PAEK), polyetherimide (PEI), polyimide (Pl), polyether sulfone (PES), polyamideimide (PAl), 30
polyphenylene sulfide (PPS), polyethylene terephthalate (PET), polybutylene terephthalate (PBT),
acetal homobBline P BREM- B hktdrdo pihn R e OMEES Midtﬁa‘ﬁyﬁgfjp&b‘ﬁ%? (LOP) and
epoxide (ERPPadB588224=alsodisiiesesedrrisradaning applied profettivescaats b facgtier based on
epoxide (EF).;gR0de:35 @ﬁgyl@@&%ﬁg%@%@&hg@%&%@é@ew&a&%ww ABULAGL7 of
epoxide-acrylate-polyurethane (EP/AC/PU). For application in the case of lapping, use is Usually made
of a single-f: d%tEelGFHGRYrbe Shel CarAdr Rith I SSRGS & iAfRGIEEDE 102156 823 B4).
Owingsto theraggressiveydessesaelectivelywnateriakiemodingreedlapping geathim theyldpping slurry, the

steel or highsgrade stegel carrigrs %_SHBJS&LEOCQQW degree of wear. 10 The wear can be reduced

somewhat if the thickness of the carrierS’is chosen to be significantly thinner than the final thickness of
the semiconductor wafers. In this case, however, it is still at least 0.2 - 0.4 Am per lapping procedure
with 90 gmItargét=remsmal of nkteriakitenvihelsemicdhdiuctoomarers= 45 Qwing:to-thereentinuous and

considerable, decrease,jg,the fhickness of the, carriers thefe is 4 gonfinuqus increase in the residual
overg%ng of the semiconductor wafers upon reaching
In the case of lapping, use is made of working disks, so-called
lapping plates, composed of cast material, generally a steel
casting, e.g. ductile gray cast iron. Thege contain in addition
to iron and carbon a multiplicity of nonferrocus metals in

15 different concentrations.

In the case of DSP, the working disks are covered with a

polishing clioth, wherein the polishing cloth is composed for

example of a thermoplastic or heat-curable polymer. A foamed
20 plate or a felt or fiber substrate which ig impregnated with a

polymer is also suitable.

In the case of lapping and DSP, lapping and polishing agents,
respectively, are additionally supplied,

25
For lapping, oilsz, alcohols and glycels are known as carrier
liguids for the lapping agent (abrasive substance slurry,

abrasgsive substances), also called slurry.

30 For DSP, agueous polishing agents to which zilica sol is
applied are known, which are preferabliy slkaline and, if
appropriate, contain further additives such as chemical buffer

systems, surfactants, complexing agents, alcohols and silancls.

35 In the prior art, carriers are known which comprise e.g. disks



their target thickness over the residual thickness of the 20 carriers. This leads to continuously
changing machining conditions. The achievable flatness of the semiconductor wafers is considerably
impaired as a result. The material abrasion from the carriers moreover leads to an 25 additional
contamination of the semiconductor wafers with trace metals. In order to ensure a reliable guidance of
the semiconductor wafers in the receiving openings of the carriers, the overhang of the semiconductor
wafer over the residual thickness of the carrier that & subject to the wear is not 30 permitted to exceed
specific maximum values. For some profile shapes of the edges of the semiconductor wafers, the total
wear of the carrier is not permitted to exceed as little as 10 Am, since otherwise the semiconductor

wafers leaf@ TR FECITihgPoperiitgs BRFf catierd dlifhg idchinifgsandfr&6ttre Hecurs. 35
Therefore, gthewearieithe canrierriscemajercjroblémdh there8 casebEthppmg;Heoskosagplication in

the case o cg@';cal [ olishy I I0i lica.in alkaline.dispersion, 5
carriers ha%%%i?%g%%ng com}%%ﬁ%ﬁp%%a%gﬁ%ﬁza%%%ﬁée gc%%bon (D L%:q){ h%%?ggen

proposed {Y$ 5pB8/0B0EASERY. PRE BAIS cBatihG R ffeChver) Prevetits PN tERInai6h BFthe
semicbndustarwatersibysmetat. Heowevel rtheqreduction obthe=DLi Ccoatinmgds exérberely complicated

and expengiye.and, makes,149 the eatre polishing, pragess.very expensive oveLall.la papticular when

using the abrasive diamond, the carrier materials known in the prior art are subject to very high wear.
The materi&Fabrasion Forfl the: Edrfor SRRRPSely SHECE tHePf5 Edflihg capacity (sharpness) of the

working layers. This leads to an uneconomically short lifetime of the carriers and necessitates frequent

unproductiyg, redressing,of the, working Jayers 29 Eurtbermere, a yery high degree of wear was

observed in all carriers composed of plastics known in the prior art with fiber reinforcement. Said wear

amotfted {5 Bt R e uFto S 58RTehB of MicldhERrs dBRreéhstA thitknBéd of T carrier per
operating grocedyre with-@0 AAT matedalne neeirat drione the 28 semiconductiot watel &s< ngsult, the

carriers Caqu%,g@cﬁ%@gggomam%gwg@r&t procedures, whichds unecagamic. It has furthermore

been shown that ad nal double-side coatings known inthe prior art without fiber reinforcement, 30

e.g. by medRSof IR B pite o c st caifosed o FEP, BP/RESPWIAC, etc., as
disklosed exgehntdtShb 889 245 rare @fl subjeettpandénshighdiegres of Wedevietthelcase of EP and

EP-based @'ig,eq cgggngsl,smgiqo_ver, they led to

Materials known in the prior art for the lining are e.g.
polyvinyl chleride (PVC), polyethylene (PE), polypropylene
(PP}, polytetrafluoroethylene (PTFE) (EP 0 208 315 B1l}, and

20 also polyamide (PA), polystyrene (PS) and polyvinylidene
difluoride {(PVDF).

Carriers are likewise known which are produced from only a
gingle, sufficiently gtiff material, e.g. a high-performance

25  plastic or z plastic having a reinforcement made of e.g. glass,
carbon or synthetic fibers {JP 2000127030 AZ). US 5882245
diskloses carriers composged of peolyether ether ketone (PEEK),
pelyvaryl ether ketone (PAEK), polvetherimide (PEI), polyimide
(PI}, polyether sulfone (PE3), polyamideimide (FPAI],

30 polyphenylene gulfide (PP3), polyethylene terephthalate (PET),
polvbutylene terephthalate (PBT), acetal homopolymer (POM-H),
acetal copolymer (POM-C) and liguid crystal polymer (LCP) and
epoxide (EP). US 5882245 also diskloses carriers having applied
protective coats of lacguer basgsed on epoxide (EP), epoxide-

35  acrylate mixture (EP/AC), polyurethane-acrylate mixture {(PU/AC)



particularly rapid blunting of the working layer. In particular, specific hard coatings proved to be totally
unsuitable as coating for carriers for carrying out the PPG method. By way of example, a carrier
coated with 3 #m DLC which can be utilized for a few hundred to well over a thousand 5 operating
procedures when used in double-side polishing (DSP) with colloidally disperse alkaline silica sol
(chemomechanical polishing) was completely eroded down to the bare metal surface after just a few
seconds when used in a PPG method. Ceramic or gther hard substance coatings prove to be just as
unsuitable. 10 Finally, it has been shown that some of the coating materials applied to the carrier core
are exposed to very high (frictional) forces that lead to the detachment of coatings produced by means
of layer applic&HSHhfthaas kndWh TRIBT WS SHGT gt (FRAHFEbject of the present invention to
provide coated carriers which, when they are used in lapping, polishing and grinding machines, are

subject to 3 particulacly low, dearee of, 20 wear and whose coating adneres well This abject has been
achieved by me of a carrier for lapping, grinding ah polishing machines, co.r%prlsing a core
composedeofa fiEst frateYial Sthisth fas LHigh sifriesacsaid T eoreFeing e ofipietely or partly coated

with assecendmaterial, aneialso atfeastoneccutout for yesaivingoar seicendigtor wafer, wherein the
second material is_a thermaoset polyurethane-elastomer.having a hardness. of 20- ording to Shore
iﬁ,nless ﬁ?&%%&fbgf% % té%laa—rggoéa %”g%%e a .?8

A. 30 Prefgﬁgaeesrﬁﬁo ments of the carrier according to the invention claimed’in claims 2 to 14.
The inven@iBi®afsolieldtes toPmetibFfot iRy siffiifafé6ss-deibleiside Fraefiakfeéifibving machining

of a pluraligs ef-35 senicenduetoewafers, wherein eachrsemisondustor wafer lies 10

L0 The wear can be reduced somewhat if the thicknegs of the
carriers is chosen teo be significantly thinner than the final
thickness of the semiconductor wafers. In this case, however,
it 48 gtill at least 0.2 - 0.4 um per lapping procedure with
90 pm target removal of material from the semiconductor wafers.

15 |
Owing to the continuous and considerable decrease in the
thickness of the carriers, there is a continuocus increase in
the residual overhang of the semiconductor wafers upon reaching
their target thickness over the residual thickness of the

20 carriers. This leads to continucusly changing machining
conditicons. The achievable flatness of the semiconductor wafers

is considerably impaired as a result.

The material abrasion f£rom the carriers moreover leads to an

25 additional contamination of the semiconductor wafers with trace
metals, In order to ensure a reliasble guidance of the
semiconductor wafers in the receiving openings of the carriers,
the overhang of the semiconductor wafer over the residual
thickness of the carrier that is subject to the wear is not

30 permitted to exceed specific maximum values. For some profile
shapes of the edges of the semiconductor wafers, the total wear
of the carrier ig not permitted tc exceed as little as 10 um,
since otherwise the semiconductor wafers leave the receiving
openings of the carriers during machining and fracture occurs.

35 Therefore, the wear of the carrier is a major problem in the



such that it is freely movable in a cutout of one of a plurality of carriers as claimed in any of claims 1 to
14 that are caused to rotate by means of a rolling apparatus and is thereby moved on a cycloidal
trajectory, wherein the 5 semiconductor wafers are machined in material-removing fashion between
two rotating ring-shaped working disks. The material-removing machining preferably involves a
double-side grinding of the semiconductor wafers, wherein each working 10 disk comprises a working
layer comprising abrasive material. A double-side lapping of the semiconductor wafers with supply of a
slurry comprising abrasive material is likewise preferred. 15 A double-side polishing with supply of a
dispersion comprising silica sol is furthermore preferred, wherein each working disk comprises a
polishing détheasiwo I&ifér. TRE invention is explained with reference to figures below. The 20
results were obtained by means of a method for the simultaneous double-side grinding of

semiconduelor walersn wiich amulipliety,of earmiets campased ol different matgriglg/coatings were
tested. A corresponding method Is described in DE 103 44 602 Al. A suitable apparatus for 25 carrying
out the metRdd ’'dieklotea’e. § I DEFD 67 390511 BiF H-enows tie RRSF Fateof carriers composed

of varibus tested ma:,teriaisiﬁg FHgc2shows tdae_mrpﬂ@@i maep:ahryﬁmevmﬁm tlael s_éﬁnaiﬁ'mﬂuctor _Wafer
and wear qf;the carier for yariys testedymaterials.of-thecarfiers, oL lested matefials offhe carriers.

Fig. 4 shows an exemplary embodiment of a carrier according to the invention with an opening for
receiving 2EEMiCSHeetors afdr BB mpritiRy Ere® douBRASHB EHatihg arRFIinifi§, (A) in an exploded
illustrations@B)iibanperspeetive fkistratonmdEXE) inandstail jllustratiproiat-axeerptfrorethe contact

ZonebenNﬁEE(%ggggh%nqgng§kremely complicated and expensive and makes

10 the entire polishing process very expensive overall.

In particular when using the abrasive diamond, the carrier
materials known in the prior art are subject to very high wear.
The material ebrasion from the carrier adversely affects the
15 cutting capacity (sharpness) of the working layers. This leads
te an uneconomically short lifetime of the carriers and
necegsitates freguent unproductive redressing of the working

layers.

20 Furthermore, a wvery high degqree of wear was obgerved in all
carriers composed of plastice known in the prior art with fiber
reinforcement. Said wear amounted to at least three up to a few
tens of micrometers decrease in thickness of the carrier per
operating procedure with 90 um material removal from the

25  semlconductor wafer. As a result, the carriers can only be

utilized for a small number of procedures, which is uneconomic.

It has furthermore been shown that additional double-sgide
coatings known in the prior art without fiber reinforcement,
30 e.g. by meane of lacquer or wear protection coatings composed
of Ep, EP/AC, PU/AC, etc., as diskiosed e.g. in US 5 882 245,
are all subject to a very high degree of wear. In the case of
EPF and EP-based mixed coatings, moreover, they led to
particulafly rapid blunting of the working laver.

35



10 Fig. 5 shows an exemplary embodiment of a carrier according to the invention with three openings
for receiving three semiconductor wafers, comprising core, double-side coating and lining, (A) inan _
exploded illustration, (B) in a perspective illustration, (C) - (G) in a detail illustration of a cross 15
section through the contact zone between core, coating and lining of the carrier. Table 1 shows an
overview of the tested carrier materials. The first column specifies the reference symbols for
assignment to 20 the results that are presented belew in Fig. 1, Fig. 2 and Fig. 3. Table 1 also
specifies whether the carrier material that comes into contact with working layer and grinding slurry
was present as a coating ("layer”, for example applied by spraying, dipping, spreading, and, if

appropriateé 'sUBSEgtEnt 25 Ut 4 8 ATSt £98 Shid T&Erar i s&CoriPESILmh specifies the
type of carresmatetidldnvestigatedndhé abbranatiensused indablel hdenote: tBEPPE glass fiber

reinforced plastics "PREP, 5 PRANSr teiofarced plastic; The 30 ablreyiations fay the vagjgus,plastics
are those which_are generally conventional: EP - epoxide; PVC_= polyvinylchloride; PET =
polyethylef& ferephthatdte?Pdlyeied, BFEELPOHEr Afudiethyidhe, Pa 2 559aRde, PE =
polyethylermgeRE = polyurethade:arrd PRanpolypiopylederbDiRY 560 Ay thehmoset BEHolyurethane

elastomer yith;6Q.5horg ARardnessp£o¥216 isthe: 12 mapufactueer's dasignation.afa tested sliding

coating and hard paper is a paper fiber reinforced phenolic resin. "Ceramic" denotes microscopic

ceramic patficiEEERIeddES it TRE B Iatfix SPEtifiga "t 5 Hefot S Pifcation By fidahs of a
film 5 rear sittecequippedan Self-adhmsidefashon, awet'hot' demetesreehdtddmifatiemprocess in which

the film rear,side. equinped,with hotmels gdhesive yas,conneeted 10 the garrigrgore hymeans of

heating and pressing. The "carrier load" column specifies the weight loading of the carrier during the

wear-
Finally, it has been shown that some of the coating materials

applied to the carrier core are exposed to very high
{frictional) forces that lead to the detachment of coatings
produced by means of layer application methods known in the

15 prior axt.

It was an object of the present invention to provide coated
carriers which, when they are used in lapping, polishing and
agrinding machines, are gubiject to a particularly low degree of

20 wear and whoge coating adheres well.

This object has been achieved by means of a carrier for
lapping, grinding and polishing machines, comprising a core
compoged of a first waterial, which has a high stiffness, said
25 core being completely or partly cecated with a second material,
and alsc at least one cutout for receiving a semiconductor
wafer, whersin the second material is a thermoset polyurethane

elastomer having a hardness of 20-90 according to Shore A.

30 Preferred embodiments of the carrier according to the invention

are claimed in clains 2 to 14.

The invention also relates te a method for the simultanecus
double-szside material-removing machining of a pluralicy of

35 gemiconductor wafers, wherein each semiconductor wafer lies



10 test. The weight loading of the semiconductor wafer was 9 kg for all cases. The materials having
reference symbols a to n and p to r serve as a comparative example. Most of them are already known
as 15 materials for carriers in accordance with the prior art. All materials a to n and p to r proved to be
unsuitable for achieving the object. 20 Carrier comprising material o (thermoplastic polyurethane) was
suitable in principle but is not preferred in the context of the present invention since, as is shown
below, it is inferior to carrier s having a coating composed of a thermoset polyurethane elastomer. 25
Fig. 1 shows the wear rate A [4m/min] of carriers comprising materials a to s which come into contact
with the working layers. 30 For each material, a set of carriers was produced and loaded with

semiconduBtsFWaTErS alfd §findilig PrEcERRRAFitH h BalitEq8E iRNtRBF nRitefial removal from the
semicondusiorwalers wareccariied out 2 d 3cdecraade imthenthiekhessaofrihe testmaterigis.iof the

catriers which come o contact wih the yorkina Jayers and themagpioing. duraliag until reaching the
target removal from the semlconauctor afers. The decrease In thickrniess was determined by means
of weighin§efslevamPHEfer eBck gV frocetitife GREIKRY kndiRt fetative Gensity of the test
materials. Acpluralityof sueh fegtireceduresavarmearried euitfereach canierimatetiadrt@The error
bars in Fig, 1, Fig. 2 and Fig. 3 represent the range of variation of the individual measurements of the
individualggr%%‘é uIrles}% Veﬁaﬁg’é: iﬁo‘gtjh%ga\3’F¢a:l'rr<'§1%ésvaél1 & over gkf%ﬁleg p?{&cse%%'res (round data points). The
scale of the y axis in Fig. 1 and Fig. 2 is chosen to be logarithmic since the wear 15 rates of the

various maigralg-exend pvessevera) ordensiefimagpitede 14 AbbrevoSatipreCasias raaterial
side grinding of the semiconductor wafers, wherein each working

10 disk comprises a working layer comprising abrasive material.

A double-gide lapping of the semiconductor wafers with supply

of a slurry comprising abrasive wmaterial is likewise prelerred.

15 A double-side polishing with supply of a dispersion comprising
silica sol is furthermore preferred, wherein each working disk

comprises a polishing cloth as working layer.

The invention is explained with reference tc figures below. The
20 results were obtained by means of a method for the simultaneous
double-gide grinding of semiconductor wafers in which a
multiplicity of carriers composed of different
materials/coatings were tested. A corresponding method ig
described in DE 103 44 602 Al. A suitable apparatus for
25 carrying out the method is disklosed e.g. in DE 100 07 320 Al.

Fig. 1 shows the wear rate of carriers composed of various

tegted materials.

30 Fig. 2 shows the ratio of material removal from the
semiconductor wafer and wear of the carrier for various tested

materials of the carriers.

Fig. 3 shows the relative alteration of the cutting capacity of

35 the working layer with the machining duration for wvarious



Type Application Car- rier load Layer Film Solid mater. [kg] a EP-GFP X 2

i0

15

20

30

11

tegted materials of the carriers.

Fig. 4 shows an exemplary embodiment of a carrier according to
the invention with an opening for receiving a semiconductor
wafer, comprising core, double-side coating and lining, (A) in
an exploded illustration, [(B) in a pergpective illustration,
(Cy - (B) in a detail illustration of an excerpt from the

contact zone between cpening and lining.

Fig. 5 shows an exemplary embodiment of a carrier according to
the invention with three openings for receiving three
gsemiconductor waferg, comprising cores, double-side coating and
ilining, {(A) in an exploded illustration, (B} in a perspective
illugtration, (C) - (@) in a detail illustraticn of a cross
gection through the contact zone between core, coating and

lining of the carrier.

Table 1 shows an overview of the tested carrier materials. The
first cclumn specifies the reference symbols for assignment to
the results that are presented below in Fig. 1, Fig. 2 and
Fig. 3. Table 1 also specifies whether the carrier material
that comes inte contact with working layer and grinding slurry
wasg present as a coating {"layer", for example applied by
spraying, dipping, spreading, and, i1f appreopriate, subseguent
curing), as a film ¢or as a sclid material. The sescond column

specifiles the type of carrier material investicated.

The abbreviations used in Table 1 denote: "GFP" = glass fiber
reinforced plastic, "PPFR" = PP fiber reinforced plastic. The
abbreviations for the various plastics are those which are
generally conventional: EP = epoxide; PVC = polyvinylchloride;
PET = polvethyvlene terephthalate (polyester), PTIFE =
polvtetrafluorocethyliene, PA = polyamide, PE = polyethylene, FU
= polyurethane and PP = polypropylilene, D-PU-E(60A) = thermoset
polyurethane elastomer with 60° Shore A hardness. Z8V216 1lsg the



b EP-GFP_ X4c PVC film X 2dPVCfilm X 4e

10

15

20

25

20

35

=
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manufacturer's designation of a tested gliding coating and hard
paper is a paper fiber reinforced phenolic resin. "CeramicV
denotes microscoplc ceramic particles embedded into the EP
matrix specified. "Cold" denotes application by means of a film
rear side equipped in self-adhesive fashion, and "hot" denotes
a hot lamination process in which the f£ilm rear side eguipped
with hot melt adhesive was connected to the carrier core by
means of heating and pressing. The "carvier lcad" column
specifies the welight loading of the carrier during the wear
tegt, The weight loading of the semiconductor wafer was 9 kg

for all cases.

The materials having reference symbols a to n and p to r serve
ag a comparative example. Most of them are already known as

materials for carriers in accordance with the prior art.

A1l materials a to n and p to r proved to be unsuitable for

achieving the object.

Carrier comprising material o (thermoplastic polyurethane) was
suitable in principle but is not preferred in the context of
the present invention since, as 1s shown below, it is inferior
to carrier s having a coating composed of a thermoset

polyvurethane elastomer.

Fig. 1 shows the wear rate A [um/min] of carriers comprising

materials a to s which come into contact with the working

layers.

For each material, a set of carriers was produced and loaded
with semiconductor wafers and grinding procedures with in each
case identical material removal from the semiconductor wafers

were carried ocut.

The wear rate A of the carriers was calculated from the



PET(cold) X 2fPET(hot) X 49 EP-CEP X 4 h PP-GFP

16

13

decrease in the thickness of the test materials of the carriers
which come into contact with the working lavers and the
machining duration until reaching the target removal from the
semiconductor wafers. The decrease in thickness was determined
by means of welghing before and after each grinding procedurs
and the known relative density of the tegt materials. A
plurality of such test procedures were carried out for esach

garrier material.

The srror bars in Fig. 1, Fig. 2 and Fig. 3 repregent the range
of wvariation of the individual meszsurements of the individual
procedures relative to the average value over all the
procedures {(round data points). The scale of the y axis in

Fig. 1 and Fig. 2 is chosen to be logarithmic since the wear
rates of the various materials extend over several orders of

magnitude,
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Table 1l: Carrier materials

The carrier materials a to n and p to r are subject to a very

high degree of wear (Fig. 1). Carriers composed of such



41PAfilm X 4mPE() X 4nPE(l) X

1=

materials have uneconomically short lifetimes and, on account
of the continuous wear, lead to constantly changing process
conditions since the overhang of the semiconductor wafers when
reaching the target thickness over the remaining residual

5 thickness of the carrierg increases continuously from test

procedure to test procedure.

Only the materials o (reference symbol 1) and in particular =

{(reference gymbol la) have a high wear resistance.

This becomes particularly clear in Fig. 2.

Fig. 2 indicates the ratic @ of material removal from the
semiconductor wafers obtained in a test procedure and the

15 resultant decrease in the thickness of the carriers owing to
wear for the tested materials. For material o, this "wear
ratio® @ (reference symbol 2) is more than one order of
magnitude better than that of the next best material
investigated. A further improvement is evident in the case of

20 material s.

Finally, Fig. 3 indicates the development of the cutting
capacity (sharpness) S of the working layer in units relative
te a reference material (material c: PVC f£ilm with 2 kg test

25 load). The sharpness is determined from the actual rates of
material removal from the semiconductor wafers obtained with
congtant operating parameters (pressure, kinematics, cooling
lubrication, working laver) in relation to the rates of
material removal from the semiconductor wafers obtained undexr

30 these conditions with the reference material. The working laver
was freshly dressed and sharpened at the beginning of each test
series with & carrier material, such that identical initial
conditiong were provided for each test seriesgs, A plurality of
test grinding procssses on the semiconductor wafers were then

35 garvied out with each carrier material and the resulting rates



40PU X 4P EP/ceramic X 4 cl EP(Primer) X

16

of material removal from the semiconductor wafers in pm/min
were measured in each cage after ten minutes {(reference symbol
3}, after 30 minutes (reference symbol 4) and after &80 minutes
{(reference symbol 5) total operating time and related to those
5 of the reference material (likewise in um/min). It is evident
that most of the carrier materials have the effect that the
working lavers rapidly lose theilr initial cutting capacity
directly after dresging and rapidly become blunt. These
materials {(a to n and p to r) are therefore unsuitable.
10
Only the materials o and in particular the material s according
to the invention exhibit a very smwmall decrease in the cutting

capacity of the working layers over the tesat duration.

15 In the cage of these materials, the decrease in the cutting
capacity is determined only by the properties of the working
layer used in the tests. The working layer was chosen to be
relatively hard, such that it did not permit "self-dressing"
cperation. "Self-dressing” generally denctes the action when

20 the resetting of the bonding of the abrasive tool on account of
loading takes place at least as rapidly as the wear of the -
"working" - abrasive grains situated freely at the surface,
such that in a dynamic eguilibrium the amount of new grain
having a high cutting capacity that is released is always at

25 least as much asg is consumed on account of the wear durin

machining.

Only polyurethaneg (o and s) are therefore suitable as carrier
materials.

30
Polyurethanes are a broad group of substances that comprisses

materials having extremely different properties,

It is evident that only specific polyurethanes are particularly

35 well suited:



4 r Sliding coat. ZSV216 X 4 s D-PU-E(60A) K 4 Table 1: Carrier materials 15 materials have
uneconomically short lifetimes and, on account of the continuous wear, lead to constantly changing
process conditions since the overhang of the semiconductor wafers when reaching the target
thickness over the remaining residual

17

The wvarious polyurethane systems can be classified into hot or
cold curing casting gystems (thermcoset polyurethanes) and solid
systems that are processed by injection meolding, extrusion or

% the like or for vulcanization {post-crosslinking)

{(thermoplastic polyvurethanes).

Both systems cover a broad hardness range depending on
formulation and treatment. The thermoset pélyurethanes, in
10 particular, can be formulated with hardnesses of 60° Shore R to

» 70°¢ Shore D.

In the hardness range from approximately 20° Shore A to 80°
Shore 2, thermoset polyurethanes have elastomeric {rubber-like)

15 properties {(thermoset polyurethane elastomer, D-PU~E}.

Tt 1s evident, then, that a material suitable for coating a
carrier that can be used for carrying out the method accerding
to the invention should have elastomeric properties,

20
In particular materials having a high tear strength (high
initial tear and tear propagation resistance), elasticity
{rebound elasticity), abrasion resistance and a low wet sliding
friction resistance are advantageocus. However, materials having

25 these properties do not have a sufficient stiffness to
withstand the forees that act on them during movement in the
rolling apparatus. An increase in the stiffness by means of
fibher reinforcement is unsuitable on account of the obssarved
undesirable blunting effect of fibers on the working layers.

30
The inventors have recognized that carriers should be
constructed in multilayver fashion and from different materials,
namely
- a "core" composed of a firset, stiff material, e.g. (hardened)

35 (high-grade) steel, which imparts to the carrier a sufficient



5 thickness of the carriers increases continuously from test procedure to test procedure. Only the
materials o (reference symbol 1) and in particular s (reference symbol la) have a high wear resistance.
10 This becomes particularly clear in Fig. 2. Fig. 2 indicates the ratio G of material removal from the
semiconductor wafers obtained in a test procedure and the 15 resultant decrease in the thickness of
the carriers owing to wear for the tested materials. For material o, this "wear ratio" G (reference
symbol 2) is more than one order of magnitude bettegthan that of the next best material investigated.
A further improvement is evident in the case of 20 material s. Finally, Fig. 3 indicates the development

of the cutting capacity (sharpness) S of the working layer in units relative to a reference material
(material c& PG Hilrf Yvif2 Jg2BstPs | Fa) CFhedhalpieds RU&BmPRETIGH theéwttual rates of

material repagval frem dhe semiconducier watessobiajned wittecorstanteperating parameters

(pressure, kinefnatics, coolipa lbiication, working.layen) infelation to e rajes of materigl gemoval
from the semiconductor wafers obtained under these conditions with the retérence material. The

working lapefwas fe s aFed sea eriiisHarpaned 2t e begirHnty ofugelt iast sekidssvits a carrier
material, sygbdharritentied iniiakcengditionswerefrovidedionheae st seges. Aplurality of test
arinding processes ofyhe semiganduqiar wafers were,then 3,carriedl o gagh carigr materia
and the resuFﬁng rates 16 6f material removal from the semiconductor warers in gm/min were
measured & BaeR T aSeaftE? 6 WiRttdd GeRPEACOBFVBDP), vEfe? 30 MitltBE fretdiehce symbol 4)

and after G:-minutes1eferancersymbold) total operatingtimenand elateckiodhvse 5 of the reference
material (likewise in %mlmirz]. Iéis evident that most of the carrier materials have the effect that the

. Contaml 10711 amnage . . . . . .
working layers raplé}y ose their mm%?cuttlng capacity directly after dressing and rapidly become blunt.
Thesé®materials (a to n and p to r) are therefore unsuitable. 10 Only the materials o and in particular
the materigksagteringidtheiinventornexhibita very small deeteaserinkhe cuttingneéapacity of the
working Ia¥;§rgs oyer the test duration.

Fig. 4 shows a carrier having an opening 11 for receiving a

18 semiconductor wafer,

A design of this type is produced if the semiconductor wafers
are large and the apparatus used for carrying out the method
according to the invention has working disks having a small

20 diameter. Thig ig the case for example for a two-disk precision
grinding machine of type "AC-1500" from Peter Wolters AG,
Rendsburg, whose two ring-shaped working disks have an externsl
diameter of 1270 mm and an internal diameter of 561 mm and
whose rolling apparatusg for the carriers comprises an outer

25 toothed ring having a pitch circle diameter of 1498.35 mm and
an inner toothed ring having a pitch circle diameter of
532.65 mm, which regults in a pitch cirele diameter of 482,85
for the outer tocthing of the carrier. (The root diameter of
the outer toothing of the carrier is 472.45 mm.)}

30
Such & carrier having an available diameter of ~ 470 mm,
provided with corresponding openings, can receive &.d.
precisely one semiconductor wafer having a diameter of 300 mm
(Fig. 4) or can be eguipped with up tc three semiconductor

25 wafers having a diameter of 200 mm (Fig. 5} or up to five



15 In the case of these materials, the decrease in the cutting capacity is determined only by the
properties of the working layer used in the tests. The working layer was chosen to be relatively hard,
such that it did not permit "self-dressing" operation. "Self-dressing" generally denotes the action when
20 the resetting of the bonding of the abrasive tool on account of loading takes place at least as rapidly
as the wear of the - "working" - abrasive grains situated freely at the surface, such that in a dynamic
equilibrium the amount of new grain having a high cudting capacity that is released is always at 25
least as much as is consumed on account of the wear during machining. Only polyurethanes (o and s)
are therefore suitable as carrier materials. 30 Polyurethanes are a broad group of substances that
comprises srateriaisinaving exteerely ldifferemt propenies e17che Gdrious polyurethaneigystems can
be classified.ipie.hotor cold guing-casting systems: dhermasel polyurethanes)-and solid systems that
are processed by injection moldjng, extrusion or 5 the like or for vuylcanizatign (post-crosslinking)
(theimoplaStié 5%/ @é’aﬁﬁ%rgy &(ﬁ%%%t&ﬁE%%rglﬁ%a Hﬁ‘?&ﬁé%”?aﬁadégd ifig on foimulation
and treatmestiTeathernroserpbiyuréthases] im0 pankcutar canbe foimulated with hardnesses of 60

Shore:A toz 20300542 17 the, hardnesstangefrp appraximately 20 Shore A to 90 Shore A,
thermoset polyurethanes have elastomeric (rubber-like) 15 properties (thermoset polyurethane

elastomer, D-PU-E). It is evident, then, that a material suitable for coating a carrier that can be used
for carrying &gt tie aeth8d @ccardiigto Ine frentcn shoukliiiay e 8lastomens propexieding In
particular materials having-a high tear strength (high initial tear and tear propagation resistance),
elasticity (rebound elasticjty), abrasion resistance and a low wet sliding friction resistance are
advantageous Flowever, mgte?%?? ﬁ%@ﬁ?go‘ 2°% 8088 AL 21908 BEgy' SBITENCES

10 which does not come into contact with the working layers and

which imparts a mechanical stability to the carrier, such that
it withstands the forces that act on it during the rolling
movement between the working disks without plastic deformation;
~ & front-side cecating (%a) and rear-side coating (9b) composed
15 of a second material, which comes into contact with the working
disks during the machining of the semiconductor wafer and which
has a high wear resistance with respect to the action of bonded
grain {workiﬁg layer) and free grain (abrasive slurry, abrasion
on account of materizl removal from the semiconductor wafers);
20 and
- one or more linings 10 composed of a third material, which
prevents a direct material contact between semiconductor wafer

and core 8 of the carrier.
25 The second material is a thermoset polyurethane elastomer.

The carriers preferably have an outer toothing 16 corresponding
to the relling apparatus ¢f the grinding apparatus, said
rolling apparstus being formed from innesr and outer toothed

30 rings.

The front- and rear-side coatings fa and 9%k which come into
contact with the working lavers can be embodied over the whole
area, that is to say completely cover the core 8 of the carrier

35 on the front and rear sides, or they are embodied over part of



25 these properties do not have a sufficient stiffness to withstand the forces that act on them during
movement in the rolling apparatus. An increase in the stiffness by means of fiber reinforcement is
unsuitable on account of the observed undesirable blunting effect of fibers on the working layers. 30
The inventors have recognized that carriers should be constructed in multilayer fashion and from
different materials, namely - a"core" composed of a first, stiff material, e.g. (hardened) 35
(high-grade) steel, which imparts to the carrier a sufficient 18 stability against the forces that act on
the carrier when carrying out the method according to the invention; a preferably double-side coating
composed of a wear-resistant and soft second material, according to the invention, this is 5 best
afforded by 2&h&RfRBsefpSiyGifethaa Blddainet T and oreteribh fhirPiaténd: whictPines the
openings in4he catnrer for receivingdhésemisanductdr waders=aintkprevenis nechanicah$splintering,
fracture) or.ghemical (@eé%qgami%BMQ%i]&Eég@%¥mQOQiggpg}t§ of carriers are
shown in Fig. 4 and Fig. 5. ig. 4 shows a carrier having an opening 11 for receiving a 15
semiconductor wafer. A design of this type is produced if the semiconductor wafers are large and the
apparéatus Tiseddercaryimgueutdhé ynethod:=siccof dingitertheirarention Hds wohkinggliskghaving a
small 20 digmeter, This,is.ihe fase.fof examplerfor adwosdisk precisign.arinding machine of type

"AC-1500" from Peter Wolters AG, Rendsburg, whose two ring-shaped working disks have an external
diameter O HFOENTARESN iARTHAFdRMEPET 58I AFRFWHBSE Yafing BppEFaftisSior the carriers
comprisesanayter 25 taothedhrag havingra pitch circle diameter et-24988. 3srmmmdad areinher toothed

ing havings IEhGTce iamees 532 0% minpbicgsls 8 Achyerce damete of 48285 for

the outer toothing of the carrier. (The root diameter of the outer toothing of the carrier is 472.45 mm.)

30 SUh a BYFErh&VIRG S a B GlateteP bf 5 A7 YR brSvid8d with E6rr¥&Fdndifg openings,
can receivésgsprecisely onaisenficohauatol watprhaving adidmetel 0308 mimg Load.

In addition, the cooling of the abrasives bonded in the working
layers is improved and becomes more uniform, and this prolongs

the effective lifetime thereorl.

15
The linings 10 of the carriers and the associated openings 11
of the carrier usually have matching outer {17a) and inner
contours (17b} and are connected to one another by means of
positive locking or adhesion (adhesive bonding) (17}. Fig. 4
20 (C) shows, in an enlarged illustration of an excerpt 18 from

~the carrier, various embodiments known in the prior art for the
interconnection 17 between core 8 and lining 10 of the
carrierg: on the left by means of positive locking with
undercuts {dovetail, JP 103 29 013 AZ), in the middle with a
25 smooth interface ({interconnection by adhesive bonding, press-
fitting, etc.; EP 0 208 315 Bl), and on the right with a

contact area enlarged by roughening for improved adhesicn,

Fig. 5 (C) - Pig. 5 (G) indicate preferred embodiments for the
30 coating 8 on the front side (%a) and rear side {%b) of the core
8 of the carrier and for the lining 10 of the receiving
apenings 11 for the semiconductor wafers. EBagh of the
illustrations ghows a small excerpt 19 from the carrier in
cross section. Fig. 5 (C) shows the above-described embodiment

35 with partial-area coatings 9%a and %b and free areas l1l3a and 13b



(Fig. 4) or can be equipped with up to three semiconductor 35 wafers having a diameter of 200 mm
(Fig. 5) or up to five 19 semiconductor wafers having a diameter of 150 mm or up to eight
semiconductor wafers having a diameter of 125 mm. Given correspondingly larger working disk
dimensions and smaller semiconductor wafer dimensions, the carriers can receive 5 correspondingly
more semiconductor wafers. Fig. 4 and Fig. 5 show preferred elements of carriers according to the
invention: the "core" 8 composed of a first material pf high stiffness, 10 which does not come into
contact with the working layers and which imparts a mechanical stability to the carrier, such that it
withstands the forces that act on it during the rolling movement between the Working disks without

plastic deforndtith; & Fromi-sitfe £G4t @) MhdHHERFIGaE Lo AT ESE) Efipdssd 15 iisecond
material, which ¢amesgntoicontact with the working disks during the machining of the semiconductor
wafer and which has a high wear resistance with respect to the action of bonded grain (working layer)
and free grain (abrasive slurry, abrasion on account of material removal from the semiconductor

wafers); 26 BRESHEBF Mére IMfyS 0 CoRTosEd 614 Bird Rutdhdirfhrat srevehts aitdet material
contac¢t befwieemgemicaoriductercwaferandgereitgbthe-eartive 2Ehhesetapddnaterivdissa thermoset

polyurethapg elastamaloe£artarsreferaiydaave. an Aueipglling poerrespading 4g he rolling

apparatus of the, grindin%,apparatus, said rolling apparatus being formed from inner and outer toothed
30rings. TREHOME R fearkeie 05fRgs FaaRFEFRREN cBIfE RiFEBRtatEwithithe working layers
can be embedigekaverdhewhole ated@ithat & tthsay sempletbly cover the core 8 afdhe carrier

around the edge of the core 8 at the receiving opening 1L for
10 the semiconductor wafer, such that it replaces the lining 10

{8=10) .

Preferably, the layer thickness at the wall of the receiving
opening 1l is chosen to be correspondingly thin (22), such that
15 a sufficiently dimensionally stable guidance of the

semiconductor wafer ig ensured.

It is likewise preferred 1if the coating 9 ig led around the
edge of the core 8 at the cooling lubricant through openings 15
20 (20) (Fig. 5 (E)). Leading the coating around the edges avoids
sharp abutting edges. Thig reduces the reguirements made of the
material adhesion between layer and core, which has to be

particularly good owing to the peel forces that occur.

25 Therefore, it is also particularly advantageous if the edges of

the coating 9 are broken, that is to say e.g. rounded {(21).

Furthermore, it is particularly preferred if the coating is
made thicker at the locations at which 1t ig subiject to a

30 higher degree of wear. These are primarily the outer regions of
the carrier in the vicinity of the outer toothing, but also the
edges at the cooling lubricant through openings 15 and the
receiving openings 11 for the semiconductor wafers. The example
cf Fig. 5 (F)} shows a coating which is reinforced (22) both at

35 the edge at the cooling lubricant through copening 15 and at the



35 on the front and rear sides, or they are embodied over part of 20 the area in such a way that
arbitrary free areas, e.g. 13 or 14, arise at front side (13a) and rear side (13b), but without the core 8
coming into contact with the working layers. The carriers usually contain further openings 15, through
which cooling lubricant can he exchanged between lower and upper working disks, such that upper
and lower working layers are always at the same temperature. This counteracts an undesirable
deformation of the working gap formed between thesworking 10 layers through deformation of the
working layers or working disks on account of thermal expansion under alternating load. In addition,
the cooling of the abrasives bonded in the working layers is improved and becomes more uniform, and
this prolongs tfe BHegtive fifetirie thereBF 15 Fhé fireRNEY 6F the darfiets and théaSBodiated
openings kliaf theeerrrier useallybavematebingiautes (1 Za)-antkinger cagtayss(17b) aad are

connectedggé)nge%g%g@é‘ﬁ%(@ga@%g%go%iggdgo_king or adhesion (adhesive bonding) (17). Fig. 4 20

(C) shows, in an enlarged illustration of an excerpt 18 from the carrier, various embodiments known in
the prior art for the interconnection 17 between core 8 and lining 10 of the carriers: on the left by
means of [rasitve locking withpindereutsHdovetaile 12403129 18342 ) 4n thienmiddlenwithi as2b smooth
interface (igterconpection by aaglhggiVﬁrb%q%nggrlegségttic s e{l&'eEPo% 2%%3&%5: %:1%1 andngn the right
with a contact area enlarged by roughening forimproved ac esmn.aﬁ:ig. 5 ? ig. ?G? indicate
preferred &RBddRERtsTor #e36ThatifAg Yok e fibhESide( 98T andtear&ife (®B) of the core 8 of
the carrierameifordiae fining:1@ né thesteceivieg Opeaitgsst Eforithemagnicenduagtor weadees. Each of the
llustrations, shows 3 smallexcerptA R rops the. gaitier in ¢Loss-sealion, Fig. 3.6 shows the
above-desc[r%bed egr%bo iment 36 with partial-a ega coatings 9a an Qghan free areagy%Ba and 13b
10 Dby an additional pogitive locking. The ¢oating 9 can then in
particular also be embodied over part of the area in such a way
that it is composed only of & plurality of individual "knchs" 8
having & small lateral extent, connected con the front/rear
sides via holes 23. In thie case, the holeg 23 can have any
15 desired cross sections, e.g. circular, angular, as "slots",

etc.

It is evident that the core of the carrier must have a high
stiffness and & high tensile strength in crder to withstand the

20 forces that occur during use in the rolling spparatus.

In particularf a high medulus of elasticity has proved to be
advantageous in order to avoid an excessive deformation of the
carrier in the region of the outer toothing which is situated
25 1in each case in the "overhang" between working disk edge and
toothing <of the rolling apparatus and in which the carrier is
not guided by the two working disks on the front and rear sgides

and held in a movement plane.

30 Tt has furthermore been found that the core should have a high
strength {tengile strength E, cr hardness) ig order that in the
event of deformation in the "overhang" and in particular under
the action of the forcess arising f£rom the pins of the rolliing
apparatugs on the tooth flanks of the carrier, the core ¢of the

35  carrier ig nobt deformed plastically, e.g. as & result of the



21 in the region of the cooling lubricant through opening 15 and the lining 10. Embodiments of the
carriers in which the third material for the 5 lining of the receiving openings for the semiconductor
wafers is also composed of a thermoset polyurethane elastomer are also particularly preferred. One
exemplary embodiment in this respect is shown in Fig. 5 (D). Here the coating 9 is led around the edge
of the core 8 at the receiving opening 11 for 10 the semiconductor wafer, such that it replaces the
lining 10 (9=10). Preferably, the layer thickness at tl2& wall of the receiving opening 11 is chosen to be
correspondingly thin (22), such that 15 a sufficiently dimensionally stable guidance of the
semiconductor wafer is ensured, It is likewise preferred if the coating 9 is led around the edge of the

core 8 at th&TBBling TSt icantBtdugh oPeRings 1829 (56) (g5 TEft-dadifg the ToatRG around the
edges avoids strarpzabutting edges tPhistredliees the requirements made of the material adhesion
between layer and core, which has to be particularly good owing to the peel forces that occur. 25
Therefore, it is also particularly advantageous if the_edges of the coating 9 are broken, that is to say

e.g. roundeéd (3L PiFtHermore st i partichiarfratetted it the 28hfifg i nabie hcker at the locations
at whigh itis: sebjeet ta@B30tigherdegret tiwear Mhese areqrimaplydiie mritéryregions of the carrier

in the viciniyofithe outerfopthing.bulplse the Ldges at the,cooling lubrican through.gpenings 15
and the rece|V|ng|Jeopen|n s 11 for the semiconductor wafers. The example of Fig. 5 (F) shows a

coating whithTs reifforced 2) Bat At 353hE ey At thETooling Tabicaht Wrdlightopdiifg 15 and at

the 30 HRC) in order to withstand the forees that cccur during use
in the rolling apparatus.
10
The modulus of elasgticity of the material for the core of the
carrier is preferably 70 - 600 GPa and particularly preferably
100 - 250 GPa.

15 The tensile strength is preferably I - 2.4 GPa (3¢ - 80 HRC)
and particularly preferably 1.2 - 1.8 GPa {40 — 52 HRC).

The rthermoset polyurethans elastomer‘preferably has a hardness
of 40° Shors A to 80° Shore A.

20
The linings of the openings in the carrier for receiving the
gsemiconductor wafers are preferably composed of a thermoplastic
that can be processed by the high-pressure injection-molding
method.

25 _
rarticularly preferably, the linings are composed of PVDF, PA,
PP, PC (polycarbonate) or PET. Furthermcre, linings compesed of
PS, PMMA (polymethyl methacrylate), perfiucroalkoxy (PFA}, LCP
and PVC are preferred.

30
The carrier preferably has a total thickness of between 0.3 and

1.8 mm.

The thickness of the stiff core imparting stability to the

35  carrier is preferably between 30% and S8%, particularly



22 receiving opening 11 for the semiconductor wafer and which is additionally led around the edge of
the receiving opening for the semiconductor wafer (9=10). Finally, it is particularly preferred if the
coating 9 embodied over the whole area or over part of the area of front side and rear side of the core
8 is connected to one another via openings 23 in the core, as illustrated in Fig. 5 (G). These openings
or "channels" 23 support the adhesion of the layer 9 10 by an additional positive locking. The coating 9
can then in particular also be embodied over part ofsthe area in such a way that it is composed only of
a plurality of individual "knobs" 9 having a small lateral extent, connected on the front/rear sides via
holes 23. In this case, the holes 23 can have any 15 desired cross sections, e.qg. circular, angular, as
"slots”, etcPTRI§EvfRelEnt BSFMRBE0ME Df M6 clFfer RdisthiseaHigh SHfHTESEET 3higH%ensile
strength incerder ta-withstand the 20 forces that occur during use in the rolling apparatus. In particular,
a high modulus of elasticity has proved to be advantageous in order to avoid an excessive deformation
of the carrier in the region of the outer toothing which is situated 25 in each case in the "overhang"
between wWHHRINGLHSK BEg8 EREERHiHg Uf Hie Folfifly Bpharath s ehdimvhien BFE E8R7&T¥ not guided
by thestwo y¥orking-disks Dnithe dkanandreasside ssadd detesFincamaveredrt-plane. 30 It has
furthermore been found that the core should have a high strength (tensile strength R, or hardness) in

order that in the event of defoimation in the "overhang” and in particular under the action of the forces
arising frofaRB PiNSbFIERIRTY Appaldits SRR Tostfarkeadrithe Gfriéhth&RbFe-8F i 35 carrier
is not defobuedatasticaligwe §i asenessit=of thep23 farmationfefbenrdssontindilations s as) a result of
"flanging" of material at the tooth f Ji.has been found that the mpodulus of elastigity of the 5
material fo?ztjh@e %or%j Bgf ﬁ%%%grﬁgr S c%%ld b’re%erabl@ ggagreatet}r;th*an 70 GPa and thgﬂgnsile strength
should be ghesatefaimh 2EPEE (CRPSESHTEINGTo B0 &WEIPRERMess of more than 30 HRC) in order

to withstand the forces that occur during use in the rolling apparatus. 10 The modulus of elasticity of
e T e it e prelanby 15 0000Te A Y gy 100-250
method for applyving a polyurethane coating to a carrier
comprising a metallic core and at least one cutout for
15 receiving a semiconductor wafer, compriging the following
steps: chemical activation of the core of the carrier by a
treatment with an acid or an alkaline solution, applicaticn of
an adhesion promdter to the carrier core that has been
pretreated in this way, application of a polyurethane
20 prepolymer to the adhesion promoter by means of potting,

crosslinking and vulcanization to form a polyurethane layer.

Preferably, the polyurethane layer is finally ground back to a
degired target thicknesgs.

25
It has been found that the uncrosslinked prepolymers of
thermoset elastomer polyurethanes have a high viscosity and,
depending on the formulation, in some instances very short
processing times until commencement of the polyurethane

30 crosslinking.

Prepolymer denctes the uncrosslinked mixture of polyol
[polyester or polyether polyol], polyisocyanate and
crosslinkers {e.g. dicls or amines), the subseguent

35 crosslinking and vulcanization (post-curing) of which give rise



and particularly preferably 1.2 - 1.8 GPa (40 - 52 HRC). The thermoset polyurethane elastomer
preferably has a hardness of 40 Shore A to 80 Shore A. 20 The linings of the openings in the carrier
for receiving the semiconductor wafers are preferably composed of a thermoplastic that can be
processed by the high-pressure injection-molding method. 25 Particularly preferably, the linings are
composed of PVDF, PA, PP, PC (polycarbonate) or PET. Furthermore, linings composed of PS,
PMMA (polymethyl methacrylate), perfluoroalkoxy (BP&A), LCP and PVC are preferred. 30 The carrier
preferably has a total thickness of between 0 3 and 1.0 mm. The thickness of the stiff core
imparting stability to the 35 carrier is preferably between 30% and 98%, particularly 24 preferably
between 50% BRd V0% -GRMABIo THERNESS of e cdiFier » S tHife EoaTTFpreféizbiy exid¥s on both
sides and igcpreterably 5 of identical thickness on both sides of the carrier. Layer thicknesses for the
double-side coating of the carrier of between a few micrometers (typically a few tens of micrometers)
and a few hundred micrometers (typically 100 gm to 200 gm) 10 therefore arise depending on the

embodimeRb T H&BBjecPBf thelinte At 1$alss achev&EB) hidarid6f R FRAR6E foFapplyiig a
polyursthape ceatingde a-gariet comprising arnetaticrcatemand at least orasuiay for 15 receiving a

semlcondur(l:glor vg%feégc%gwfil%ln&tgg J?"BYQ:"”&;%IFFQ? 8%e@;ggl gﬁ %%Hoaq:gfo gjea%q:{e of the ca_lrrier by a
treatment with an acid or an alkaline solution, application of an adhesion promoter to the carrier core

that has begrPffeticatesdn BHsSava\P Bpphtafo®oF &ty dretifine=20 pre fSly et fo e ethesion

promoter hy-weang of potting, crosslinking and vulcanization to form a polyurethane layer.

10 Owing teo the minimum material thicknesses that are a few
millimeters thick, a coating produced by potting has such a
high inherent stability that in the event of fricticnal loading
of the coating (load parallel to the surface)}, expansion and
compresgion {(load perpendicular to the surface) at the

15 interface with the substrate only tensile, compressive and
shear forces ocour which are relatively noncritical and impose
comparatively minor demands on the acdhesion betwesen

polyurethane coating and substrate.

20 In the cagze o©f layer thicknesses in the range of & few tens to
hundreds of micrometers and low hardnesses of the layer of
between e.g. 40° and 80° Shore A, by contrast, peel forces
predominantly occur which impose particularly high demands on
the adhesion between PU layver and carrier core.

25
In this case, what proved to be a problem was not the adhesion
at the interface betwezen the adhesion promoter usually applied
between substrate and coating and the PU coating, but rather
the adhesion between subsgstrate {metal core of the carrier) and

30 adhesion promoter.

The adhesion promoter is firstly applied to the core of the
carrier by means of spraying, dipping, flooding, spreading,
rolling or blade coating and dried. The actual coating is then

35 applied.



Preferably, the polyurethane layer is finally ground back to a desired target thickness. 25 It has been
found that the uncrosslinked prepolymers of theLmoset elastomer polyurethanes have a high viscosity
and, depending on the formulation, in some instances very short processing times until
commencement of the polyurethane 30 crosslinking. Prepolymer denotes the uncrosslinked mixture of
polyol [polyester or polyether polyol], polyisocyanate and crosslinkers (e.g. diols or amines), the
subsequent 35 crosslinking and vulcanization (postsiring) of which give rise 25 to polyurethanes
having the characteristic urethane group, -NHCO-0-. The short pot life generally only permits the

- processing of the 5 prepolymer by potting with minimum material thicknesses of a number of
millimeters. Depending on the formulation and crosslinking behavior, this potting is effected as cold or
hot pottingI tOv@wingpiathetmitmune maietahthicknesses thairmsata teyr rullimeterssihek] a coating

produced by potting hag,sugh.a high,jpherent giablity jhatn (e gvant gLiricignal Ioading. gf the
coating (load parallel to the surface), expansion and compression (load perpendicular to the surface)
at the 15 irfteff4Eé fiftiHe SRRSO DRI tEHENES L6 pPESERRE 8id SheaF forees bekdr fhich are
relatively ngneriticalkard: impese-eamparatively minor demands on the adhesion between polyurethane
coating and substrate. 20 In the case of layer thicknesses in the range of a few tens to hundreds of
micrometers and low hardnesses of the layer of between e.g. 40 and 80 Shore A, by contrast, peel

forces predSRMAAR octur Whidt ffipoe PatiCuISMP hifrdéRandsth thachdtieion between PU
layer and gardereare:@Safthis=cases veratlprosed4e: befa piiidencnapnohtheadhesiontat the

interface bgfyeen the, adhesion nremalter usualy.applied between substiale and gpafing and the PU

coating, but ratherthe’adhesion between substrate (metal core of the carrier) and 30 adhesion
promidter. FREZHESTEh Bromdter 1S sty At B he cord oF i Sairier By MEaRS of Spraying,
dipping, floodingrspreadigerdling endladesfoatirg artickibdn Thexatival ¢oatingusithening,
e.g. by incipilent grinding or sandblasting, did not withstand
the high peel forces that occur in use, and large-area
detachments of the coating always occurred.
i5
The mechanical pretreatments (grinding or sandblasting), in
particuiar, proved to be particularly disadvantageous.
Admittedly, the adhesion improved slightly, but not to a
sufficient extent: howsver, the flatness of the carrier core
20 detericrated on account of roughness- and damage-induced
agymmetrical strain. An undulatory carrier is undesirable since
the semiconductor wafers then cannct be securely introduced
intc the receiving openings of the carriers and overiap the
linings of the receiving openings in the edge region in some
25  instances without being noticed, with the result that a
fracture of the semiconductor wafer occurs when the upper

working disk of the grinding apparatus is lowered.

Primarily, however, an undulatory carrier is subject to

3¢ nopuniform wear. This shortens its periced of utilization and is
therefore uneconomic; in particular, however, locally different
overhangs ¢f the semiconductor waferg over the carrier arige,
which restricts the cooling lubricant transport and the
achievable flatness of the semiconductcor wafers.

3B



35 applied. 26 It was found that the customary pretreatment methods proposed for the adhesion
promoters were inadequate by far for obtaining a sufficient adhesion of adhesion promoter and PU
coating on 5 the core of the carrier. Coatings in the case of which the carrier core had been pretreated
before the application of adhesion promoter and PU coating by means of methods known in the prior
art such as 10 degreasing by cleaning in detergent solutions or by means of solvents and enlargement
of the adhesion surface by roughening, e.g. by incigient grinding or sandblasting, did not withstand the
high peel forces that occur in use, and large-area detachments of the coating always occurred. 15 The
mechanical pretreatments (grinding or sandblasting), in garticular, proved to be particularly

disadvantdg&o RS dRE Bhe SBhBeorERTbroved &ligAtfy, KR FDL B 5t fidieAtéxtent; however,
the flatnesadlidbe @ariet-eares20 datesioratesronascewitaidobghaess:ard damageandaaed

asymmetrical §%%inségf%r&%ulgt@r¥ﬁgrr@£§ L{QQ{E@J"{%Q@_SMCG the semiconductor wafers then cannot

be securely introduced into the receiving openings of the carriers and overlap the linings of the
receiving openings in the edge region in some 25 instances without being noticed, with the result that
a fracture ohthessemicontustaravates becutrs whentihe wppebworkiagsdisk o thengrindingapparatus is
lowered. Primarily, howeyer, an.undylatary carrier is subject to 30 nonuniform wear. This shortens its
period of utilization and is therefore uneconomic; in particular, however, locally different overhangs of
the semiconductor wafers over the carrier arise, which restricts the cooling lubricant transport and the
achievablesflatnegsaf theseniieonducionwalierdr o4 dhemdhesiompraiderd between (metallic) core

material and adhesian promalet itedayer.was spived by chemical acfivation.gf the,syrfaceof the core

mater 5 The activation is preferably achieved by means of etching using acids or alkaline solutions. By
way bf exalfpie, Soditint hytfod8E SoRtiH- NG HY of Potdssiim Hydfoxitte EottitiorF (-EOHF in
particular ednegntlatédthanol, methanol), are suitable.

The activation is preferably effected by etching using acids,
e.g. using hydrochloric acid (HC1), sulfuric acid (H,804),

15 phosphoric acid (HzPO4), niltric acid {(HNO;) or chloric acid
(HC1lOz, HCLO,) .

The activation is particularly preferably effected by @tching
using oxidizing acids, in particular nitric acid (HNO;), with

20 addition of flucride ions (hydroflucric acid, HF).

Etching using oxidizing acids produces a reproducible oxide
laver in particular also on high-grade steel, said oxide laver
forming a particularly good adhesion base for the subseguent

25  application of the adhesion promoter interliayer.

In addition, an activation of the surface of the metallic core
material by means of low-pregsure plasma, 1n particular using
an oxygen plasmza, iz also possible.

20 _
The small layer thickness required can be obtained by way of
uniform thick coating by means of potting and laver progression
and grinding back after cregslinking and vulcanization of the
thick layer to a target dimension by means of flat grinding.

35



10 NaOH or KOH, if appropriate with addition of a solvent, e.g. an alcohol (ethanol, methanol), are
suitable. The activation is preferably effected by etching using acids, e.g. using hydrochloric acid
(HC1), sulfuric acid (H2504), 15 phosphoric acid (H3PO4), nitric acid (HNO3) or chloric acid (H0103,
HC104). The activation is particularly preferably effected by etching using oxidizing acids, in
particular nitric acid (HNO3), with 20 addition of fluoride ions (hydrofluoric acid, HF). Etching using
oxidizing acids produces a reproducible oxide layer s particular also on high-grade steel, said oxide
layer forming a particularly good adhesion base for the subsequent 25 application of the adhesion
promoter interlayer. In addition, an activation of the surface of the metallic core material by means of
low-pressftea&ha; i partEoRE tR8h P an Ox§gER PrASHa iR isd Podshle RATRE small layer
thickness resmireshcart be obdained tyavay of ubiternatidick eatingdysneans of pettingy ahe layer
progressiona@rdiggngi .back after crosslinking and vulcanization of the thick layer to a target
dimension(i:)y means of flat grinding. 28 A double-side coating of the carrier core is achieved by
sequentially machining just one and then the other side of the carrier core. 5 During crosslinking and
vulcamizationA{past-eutag), ine: polyuseibhane expetieaceésa sipaks tdegree agvoluntesshrinkage. As a

result, the Javerpradueed . sigained, che cayer bacemes undulalenn Aflarcamplgte caaling of
of t on

both sides e carrier, the stresses oth sides essentially compensate for 10 on€ another.
However, Bn&REBUAt of e Setilfential eaRFRf of BothidigeSaRerdIWaR EAFEINEA certain residual
stress andiBustesiduatundilation of thefinished coatedcarrieticHoWwevet 'sindeithe stfairisdead to

long-wave [esidiial Lo slulatiansqwbich:rp s astically comnenaaied o7 duginetfiesiise pLihe carer

without relatively high and locally greatly fluctuating restoring forces, cafrriers produced in this way are
suitabfe foPB&ryRgARthe TR FacHRdRGIBHRE ifferftioR. 28R SMrdifan &R S iy of both
sides of the«airies care, intehsingleahachiningstelnis advantageaus; dovbvel. stihisscamde done for

example by,Rolting and, cLing.ia.a mold. 25 jnto.which the carder. care ds held.iny gentered fashion.

Howeveyr, since the strains lead tc long-wave residual

15 undulations which are elastically compensated for during the
use of the carrier without relatively hich and locally greatliy
fluctuating restoring forces, carriers produced in this way are
suitable for carrying out the method accoiding to the
invention.

20
2 simultanecus coating of both sides of the carrier core in a

single machining step is advantageous, however.

Thig can be done for example by potting and curing in a mold

25 inte which the carrier core is held in centered fashion.

A simultaneous double-side coeting ready to target thickness is

particularly preferred.

30 A whole-area progression of the PU prepolymer in the mold can
be achieved in a sufficient manner despite the increased
viscosity of the PU prepolymer and the small layer thickness if
the prepolymer is introduced inte the mold under vacuum or by

means of pressure.



A simultaneous double-side coating ready to target thickness is particularly preferred. 30 A whole-area
progression of the PU prepolymer in the mold can be achieved in a sufficient manner despite the
increased viscosity of the PU prepolymer and the small layer thickness if the prepolymer is introduced
into the mold under vacuum or by means of pressure. 29 Patent claims A carrier, suitable for receiving
one or more semiconductor wafers for the machining thereof in lapping, 5 grinding or polishing
machines, comprising a core composed of a first matgrial, which has a high stiffness, said core being
completely or partly coated with a second material, and also at least one cutout for receiving a
semiconductor wafer, wherein the second material is a thermoset 10polyurethane elastomer having a
hardness df£20290 actaidiag to Shore A. 2The carrier as claimed in claim 1, wherein the first material
has a modulus of elasticity of 70 - 600 GPa. 15 3. The carrier as claimed in claim 2, wherein the first
material has a modulus of elasticity of 100 - 250 GPa. 4. The carrier as claimed in any of claims 1 to 3,
wherein 20the firét Materst hasHRotkwell HAFdFESEIVHRE 38%0 BREVEE The carrier as claimed in
claim 4, wherein #erfirsbndatetiakhas ddReckivel]l harenessiof HRG 4dtarHBC 52. 2567 hescarrier as

da”“@ﬁianﬂ”‘%ﬁyﬂﬁgﬂﬁtggﬁﬁglishing machines, comprising a core composed
of a first material, which has a high stiffness, said core
being completely or partly cocated with a second material,
and also at least one cutout for receiving a semiconductor
wafer, wherein the gecond material is a thermoset
10 polyurethane elastomer having a hardness of 20-90

according to Shore A.

2. The carrier as cladmed in claim 1, wherein the first

material has a modulus of elasticity of 70 - 600 GPa.

15
3, The carrier as claimed in claim 2, wherein the first
material has a modulus of elasticity of 100 - 250 GPa.
4. The carrier as claimed in any of claims 1 to 3, wherein
20 the first material has a Rockwell hardness of HRC 30 to
HRC &0.
5. The carrier ag claimed in claim 4, wherein the first
material has a Rockwell hardness of HRC 40 to HRC 52,
25
€. The carrier as claimed in claim 1, wherein the first
material is a stesl,
7. The carrier ag claimed in claim 1, wherein the first
30 material is a high-grade gteel.
8. The carrier as claimed in any of claims 1 to 7, wherein

the thermoset polvurethane elastomer has a hardness of 40°
Shore A to 80° Shore A,
35



material is a steel. 7The carrier as claimed in claim 1, wherein the first 30material is a high-grade steel.
8The carrier as claimed in any of claims 1 to 7, wherein the theimoset polyurethane elastomer has a
hardness of 400 Shore A to 80 Shore A. 30 9.The carrier as claimed in any of claims 1 to 8, wherein
a cutout of the carrier is lined in its edge region with a third material selected from the group consisting
of polyvinylidene difluoride (PVDF), polyamide (PA), 5polypropylene (PP), polyethylene (PE),
polyethylene terephthalate (PET), polycarbonate (P£3), polystyrene (PS), polymethyl methacrylate
(PMMA), perfluoroalkoxy (PFA) or mixtures of these materials. 10 10. 15 11. 20

g. The carrier as claimed in any of claims 1 to 8, wherein a
cutout ¢of the carrier ig lined in ites edge region with a
third material sgelected from the group consisting of
polyvinylidene diflucride (PVDF), polyvamilide (PA},

5 polypropylene (PP), polvethvlene {(PE), polyvethylene
terephthalate (PET), polycarbonate (PC), polystyrene (P5),
polymethyl methacryliate (PMMA), perflucrcalkoxy (PFA) or

mixtures of these materials.

10 10. The carrier as claimed in any of claims 1 to &, wherein a
cutout of the carrier is lined in its edge region with a
thermoset polyurethane elastomer having a hardness of 20-

90 according to Shore A.

15 11. The carrier as claimed in any of claims 1 to 10, wherein a
total thickness of the carrier is between 0.3 and 1.0 mm
and a thickness oi the core of the carrier composed of the
first material isg between 30% and 98% of the total
thickness of the carrier.

20
12. The carrier as claimed in claim 11, wherein the thickness

of the core of the carrier 1s between 50% and 920% of the

total thickness of the carrier.

25 12, The carrier as claimed in either of ¢laims 11 and 12,
wherein the thickness of the layers composed of the second

material is identical on both sides of the core.

14, The carrier ag claimed in either of c¢laims 11 and 12,
30 wherein the coating is thicker in the region of some or
all of the edges of the openings in the carrier than in

the remaining regions.

15. A method for coating a carrier comprising a metallic core



12. 2513. 14. 30 15. The carrier as claimed in any of claims 1 to 8, wherein a cutout of the carrier
is lined in its edge region with a theLmoset polyurethane elastomer having a hardness of 20- 90
according to Shore A. The carrier as claimed in any of claims 1 to 10, wherein a total thickness of the
carrier is between 0.3 and 1.0 mm and a thickness of the core of the carrier composed of the first
material is between 30% and 98% of the total thickness of the carrier. The carrier as claimed in claim
11, wherein the thickness of the core of the carrier is;hetween 50% and 90% of the total thickness of
the carrier. The carrier as claimed in either of claims 11 and 12, wherein the thickness of the layers
composed of the second material is identical on both sides of the core. The carrier as claimed in either
of claims 11 and #PAvRérelfare coatn§ s Biskerdathe tediog dfsonfedi alvbithesedges of the

openings in the catiieriban inthe kemaBing regions.Araetheddgrcoating @ cafel-cQmPHsNg a

metallic core
5
10
16.
15 17.
18,
20
19.
25
20.
30
21.

Creatment, electrochemical treatment or treatment with a
plasma, applicaticn of an adhesion promoter to the carrier
core that has been pretreated in this way, application of
a& polyurethane prepolymer to the adhesion promoter by
means of potting, crogslinking and vulcanization to form a
polyurethane layer and grinding back the polyurethane

layer to target thickness.

The method as claimed in claim 15, wherein the
polyurethane ig applied to the core of the carrier on both

gides simultaneocusly.

The method as claimed in claim 15 or 16, wherein the
application of the polyurethane prepclymer takes place in

a meld by means of vacuum or under pressure.

The method as claimed in any of claims 15 to 17, wherein

the adhesion promoter contains silane.

The method as claimed in any of claims 15 to 18, wherein a
third waterial for lining an edge of a cutout is
introduced by means of a high-pressure injection-molding

method.

The method as c¢laimed in any of claims 15 toc 19, wherein
the polyurethane cecating is led completely or partly
around some or all of the edges of openings or cutouts of
the carrier in such a way that front-side coating and

rear-side ceating are connected to one another.

The method ag claimed in claim 20, wherein the activaticn

by chemical treatwent is a treatment with an etchant {acid



31 and at least one cutout, comprising the following steps: chemical activation of the core of the carrier.
by chemical treatment, electrochemical treatment or treatment with a plasma, application of an
adhesion promoter to the carrier 5core that has been pretreated in this way, application of a
polyurethane prepolymer to the adhesion promoter by means of potting, crosslinking and vulcanization
to form a polyurethane layer and grinding back the polyurethane layer to target thickness. 10 16. The
method as claimed in claim 15, wherein the polyurethane is applied to the core of the carrier on both
sides simultaneously. 15 17. The method as claimed in claim 15 or 16, wherein the application of the
polyurethane prepolymer takes place in a mold by means of vacuum or under pressure. 18. The
method as claiméd irkaiy bl eRims L8 L7, -wherein 20the adhesion promoter contains silane.  109.
The method as claimed in any of claims 15 to 18, wherein a third material for lining an edge of a cutout

is inztrzodw:ﬁ%l b megang of a high-pressure ir:%e%ction-molding 25method. 20. The method as
claimed in&hy of SEINMS 1596 19° wheralithe Polirdtiade codfiTd fed CommeERior phftly around

some or all of thesedges ofopenings auutoutscof30the marrdt infsushteoway thatifiont-side coating
and regr-side coatingagre connested ip.one anater. 32 orakalingsalutignko, ) |,
hydrofluoric acid (HF), hydrochloric acid (HC1l) or

mixtures of the acids mentioned.

23. The method as claimed in claim 21 or 22, wherein an
10 oxidizing agent additionally acts on the first material

during etching.

24. A method for the simultaneous double-side material-

removing machining of a plurality of semiconductor wafers,

15 wherein each semiconductor wafer lieg such that it is
freely movable in a cutout of one of a plurality of
carriers as claimed in any of claims 1 to 14 that are
caused to rotate by means of a rolling apparatus and is
thereby moved on a cycloidal trajectory, wherein the

20 semiconductor wafers are machined in material-removing

faghion between two rotating ring-shaped working disks.

25. The method as claimed in claim 24, wherein the material-
removing machining involves a double-gide grinding of the
28 semiconductor wafers and each working disk comprises a

working layer compriging abragive material.

26. The method as claimed in claim 24, wherein the material-
removing machining invelves a double-gide lapping of the
30 semiconductor wafers with supply of a slurry comprising

abrasive material,

27. The method ag claimed in claim 24, wherein the materiazl-

removing machining involves a double-side polishing with



22. The method as claimed in claim 21, wherein the etchant is selected from a group consisting of
phosphoric acid (H3PO4), nitric acid (HNO3), sulfuric acid (H2SO4), hydrofluoric acid (HF),
hydrochloric acid (HCI) or mixtures of the acids mentioned. The method as claimed in claim 21 or 22,
wherein an oxidizing agent additionally acts on the first material during etching. A method for the
simultaneous double-side material-removing machining of a plurality of semiconductor wafers, wherein
each semiconductor wafer lies such that it is freely gwvable in a cutout of one of a plurality of carriers
as claimed in any of claims 1 to 14 that are caused to rotate by means of a rolling apparatus and is
thereby moved on a cycloidal trajectory, wherein the semiconductor wafers are machined in
material-removing¥aRhibr e edh o otan g ARG SHabRE orkifgRdRRS. THEFR&thBd $&8laimed in
claim 24, whereiwdiré imatedakbie moving Isachiningahvelésa dduble-side gandingoofithesr.
semiconductor wafers and each working disk comprises a working layer comprising abrasive material.
The method as claimed in claim 24, wherein the material-removing machining involves a double-side
lapping of the semiconductor wafers with supply of a slurry comprising abrasive material. The method
as claimed in claim 24, wherein the material-removing machining involves a double-side polishing with
33 supply of a dispersion comprising silica col, wherein each working disk comprises a polishing cloth
as working layer.



