1 Carrier, method for coating a carrier, and method for the simultaneous double-side
material-removing machining of semiconductor wafers 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 using 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

flatness (nanogapology), rmsfskeam@ﬁ@dafrmé&om imaurly-Rof s de pagicular metals.

Semiconductor wafers are wafers made of semiconductor_materials. Semiconductor materials are
compound semORBGERPE RHEN HE R ore TaiBIE Y ARt ArsehTRY SP8ISPRERAT 28% éthiconductors
stroll as principally silicon and occasiomais eremierham orefsekyer 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

gel. manlu%roﬁ&'ﬁé}? TPeZ5ng 16 ald the GRpErafer Bn & SR SbsHarE PP Silicon”,
s-Si), or cembinatiofismofithe twadlsiraingdtSiteormdn nsuiatdrids89)). Semicbndgctondnaterials are

preferably used ingnpgaerysialing form foielectionis somponenis o e 30igferably ysed in

polycrystalline form for solar cells (ﬁhotovoltalcs) In order to produce the semiconductor wafers, in

accordand®\HtRthe PrioF 4f, § f&@ﬁaﬁﬁl%rcﬁﬁé’&% pRddtR BRATch3s 3552ty LBparated into thin
wafers, usuady bhyimgans ebaidanultiwireisaw (tmultioditesliciny” MWSh Thisidfotiowed by one or

mor%nact}%gg__gtquj\ﬁgjcgﬁp ggggrg@@e classified into the following groups: 5 a) mechanical

machining; b) chemical machining;

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

15 side-referenced local flatness (nanotopology), roughness,
cleamnmesgg and freedom from impurity atoms, in particular
metals. Semiconductor wafers are wafers made of semiconductor
materials. Semiconductor materials are compound semiconductors
such as, for example, gallium arsenide or elemental

20 . semiconductors such as principally silicon and occasionally
~germanium or else layer structures thereof. Layer structures
are for example a device-carrying silicon upper laysr on an
insulating interlayer {("silicon on ingulator?, S80I}, or a
Jattice-strained silicon upper layer on a silicon/germanium

25 dnterlayer with germanium proporticon increasing toward the
upper layer, on a silicon substrate ("strained silicon®, s-8i),
or combinations of the two (%"strained silicon on insulator",
s50I) . Semiconductor materials are preferably used in
monocrystalline form for electronic components or are

30 preferably used in polycrystalline form for sclar cells

(photovoltaics).

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

35 firstly separated inte thin wafers, usually by means of a



¢) chemomechanical machining; d) if appropriate production of layer structures. 10 A multiplicity of
secondary-steps such as edge machining, 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; "sinﬁle-side grinding”, SSG; "sequential SSG") or 20
simultaneous double-side grinding of individual semiconductor wafers between two grinding disks

(simultanequs:"double-disk gringing’, RRE). s1 Ql%ﬁ@i‘ﬂ?' mashining compsisesetehing steps such as
alkaline, 25 acidic or combinaéj&l]&etch. (;hemor%echanical machining comprises polishing methods in
which a & ATVAITE SBERHES b HEEnY Bt fetali mBRBRTEht of semiSofdtictorfafer and

polishing clotte witheth&cactioniafBQforegand supply of a polishing slurry (for example alkaline silica
sol). The prior art describes batch double-side polishing (DSP) and batch and individual wafer
single-side polishing (mounting of the semiconductor wafers by means of vacuum, adhesive bonding
or adResién dﬂﬁﬁﬁ%ﬁé%%}isﬁﬁ‘?l machining on one side on a support). 3 For producing particularly
planar semicoriderctierabaferspartioglar importance is ascribed to those machining steps in which the

semiconduetor yafers.are. machineghlargely;ip a 5 constrained-force-free manner in “free-floating”
fashion without force-locking or positively locking clamping ("free-floating processing", FFP).
Undulatiofid shth P& protGed ToF BRI B theh ¥t dfft o1 et idting load in MWS are

eliminated by FFP particularly rapidly and with little loss of
10 A multiplicity of secondary steps such as edge machining,
cleaning, sorting, measuring, thermal treatment, packaging,

etc, are furthermore used.

Mechanical_machining gsteps in accordance with the priocr art are

15 lapping (simultanecus double-gide lapping of a plurality of
semiconductor wafers in the “batch"),‘single—side grinding of
individual gemiconductor wafers with gingle-side clamping of
the workpieces (usually carried out as sequential double-side
grinding; "single-sgide grinding", B5B8G; "seguential 88G") or

20 simultaneous double-side grinding of individual semiconductor
wafers between twe grinding disks (simultanecus "double-digk

grinding®, DDG).

Chemical machining comprises etching steps such as alkaline,

25 acidic or combination etch.

Chemomechanical machining comprises polishing methods in which
a2 material removal iz obtained by means of relative movement of
semiconductor wafer and polishing cloth with the action of

30 force and supply of a polishing slurry (for example zlkalins
gilica sol). The prior art describes batch double-gide
polishing (DSP) and batch and individual wafer single-side
polighing {(mounting of the semiconductor wafers by means of
vacuum, adhesive bonding or adhesion during the polishing

35 machining on one gide on a suppoxt).



10 material. FFP known in the prior art include lapping, DDG and 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 90 (1982) 5, pp. 242-244. A DSP method is described e.g. in
Applied Optics 33 (1994) 207945. 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-$haped 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 to the
working diks ofthcappasabs tisedy as sk psediirU SsR00TAOT, forrexarmflers4 (Si3E4), cerium
dioxide (Ge02).izircaniunygioxide(£x02); coumaun/alyminug, gxidessapphire (Al2Q2)and many other
ceramics havin q:rgin sizes of I?iss than 1 m%crgmeter up to a few tens of micro_met_ers. For the
machining’ gfl &ﬁcon,‘e‘lnsﬁa{?ﬁgﬁﬁ BG&holia S brefaned ARt HifRethiceai¥o K262, Sic and zr02.
The dlamendis-insdrpgotatat-cas ndividuahgein onbdfded by lmeansof aftesarnic; metallic or
synthetic esim grimarnyhanditedpEmsonglomerates « info theceramic mefahgr synthetic resin matrix
of the abrasive bodies. 10 DE 103 44 602 Al furtheimore, diskloses a method in which either a
muItipIicit? %?gﬁrjglﬁlg bSaRECdhtaining borided" § RV Bfe Sk 18 th&WorkingHiskE or in which
the abrasiveis $eatpddn kvlayacora Lot tandtlotis efrtid: type dresld $tuckie thesvorking disk.

There aredyrthepmeresfinposob the workingdayes bymeans of yacyupy, sciewing, ¢guering or by
means of hook and loop fastening, in electrostatic or magnetic fashion (see e.g. US 6019672 A).

Sometimé&ha Wwérking layers

FFP known in the prior art include lapping, DDG and DSP, where
DDG will not be considered in the context of this invention
{(different kinematicsa).
15 |
| A lapping method is.disklosed e.g. in Feinwerktechnik &
Messtechnik 90 (1982) 5, pp. 242-244.

2 DSP method is described e.g. in Applied Optics 33 [1954)
20 7945.

DE 103 44 602 Al diskleoses 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 cof a ring-shaped outer and a ring-
shaped inner drive ring, and are thereby held on a specific
geomatrical 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 PPE. The abrasive is compoged of a film or Ycloth® stuck toe the
working disks of the apparatus used, as disklosed in
us 6007407, for example.

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

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



are embodied as cloths or laminated sheets (US 6096107 A, 20 US 6599177 22). Sheets having
structured surfaces are also known, comprising elevated regions that come into contact with the
workpiece and recessed regions via which cooling lubricant can be supplied 25 and abrasive slurry
and spent grain can be diskharged. An abrasive tool (abrasive 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 pel.dts
a simple change of the abrasive tool on the working disk. 30 Suitable apparatuses for carrying out the
machining methods (lapping, DSP and PPG) appertaining to the invention essentially comprise a
ring-shape%up&) r and lower orkin%diskcarbd}a roéli{ljgca lz%iratuds, C%@ggsirﬁg} thed rings arranged

on 35 the iRAEr édgecalanr B t el%ﬁ%ereedggeeof He ting-s ape%} W(%r%ng disks per and lower

working disks an@uinial afdsute rrobltes HRRS BFe affahded contemeitdllyahd havereolingar drive

axes. Thexerkpieees=are iptredyced intadhin-guide cagesvihich are {pothed onsthe eutside, so-called
"carriers", which 5 are moved tweeplthe two warking (%isks furing{machining hy means of the rolling
T =1 Ticula

apparatus?Fn fhe'case B?B?"G, the Worﬁin“éagl‘%fi%%%?pr?ses, as mentionsd above, a Worrking layer with

fixedl§ bordedrabrasive FEG frethectascaotiappitigiemsedis madsof Wbrking 8isks 2856-cattéd:lapping

plates, compesgd pisast H@tﬁﬂ@bﬁﬁﬂﬁ@d@cﬁ stegd caﬁmi@gadugﬂ@gﬁamamdm?se contain
in addition to iron and carbon a.multilgligitx gf. nonferrous @egals in 15 different conc ntr%tions. In the
& na o

case of D§‘§f‘fh% \?vorlanﬁe@ﬁs?k%lgr’e Coveted with a p%:ﬁgﬁlna cjlgth?%%%zr}ei%%gap%ﬁs f?lg cloth is

composedforexapide Bieriiesmoplasiicoriivataerabliepolymer A foaragd 2ogplate oeaifelt or fiber
substrate which;is igypregratad-with a-polyapesds also suitable.

10
DE 103 44 602 Al furthermore diskloses a method in which either
a mittiplicity of abrasive bodies containing bonded abrasive
are stuck_to the working disks or in which the abrasive is
bonded in a layer or a "cloth" and cloths of this type are
15 stuck to the working diek. There are furthermore fixings of the
| working layer 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). Bometimes the working layers

are embodied as cloths or laminated sheets (U8 6056107 A,
20 US 6589177 B2).

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

25 and abragive glurry and gpent grain can be diskharged. An
abrasive tooi (abrasive cloth) structured in thisg way is
disklosed by US 6007407 A, for example. Here the abrasive cloth
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, DSP and PPE) appertaining to the invention
essentially comprise a ring-shaped upper and lower working disk
and a rolling apparatus comprising toothed rings arranged on

25 the inner edge and on the outer edge of the ring-shaped working



In the case of lapping and D5P, lapping and polishing agents, respectively, are additionally supplied.
25 For lapping, oils, alcohols and glycols are known as carrier liquids for the lapping agent (abrasive
substance slurry, abrasive substances), also called slurry. 30 For D5F, aqueous polishing agents to
which silica sol is applied are known, which are preferably alkaline and, if appropriate, contain further
additives such as chemical buffer systems, surfactants, complexing agents, alcohols and silanols.
composed of a first hard, stiff material, e.g. steel, infparticular high-grade steel, which are toothed on
the outside appropriately to match the rolling apparatus and have in their surface holes for passage of

the coolin% u L,g:angj ngl_o %gr§ aQre cult E r receiving_one or more semiconductor wafers,
wherein thegh%eé foﬁﬁjecei%ng thél;s}%rrnicor%uct?r éé?e%g a%él usﬁ%ﬁf finéd (\?vit%ug %écond, softer
material. THRIERfings BES itk EeERIBBSEly SRTF BB Cuit6 @ 100 (3RS A0YMa 649 bt fiedtin the latter

(EP 0 197:244-A2)-Fhe, fixing casrhe efectedby: adhesivehoading.enpesitivie decking Jk gppropriate
with support, by.enlarged contact areas, (corresponding poly in cutout and lining) or else by
anchoringvf)};l/ln%%aﬁg%f%%??%%%%na%zg&%dgr%ﬁtgs“ 3évé‘s€[)%il"§%lqgﬁlq> %uiﬁgﬁl??gl). éLt‘glﬁaIs known in
the prior afidr B FAINGETESEH. pOF VP cHIBFie PVE)Shs yedriage TRER IS IpYlene (PP),
polytetraflueroethyene {RTEE) 1ER0 288:31:B4), 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. gla3® datBoR®d?SyRthelRFiheBgIPA00DI2 7036H Do 588224 5 digkigesamfiers
composed:ei-pelyethesetrarketonedP BROR polyasd Biheikriene {BAERK)vpolyetherimide (PEI),
polyimide (PI), polyether sulfone (PES), polyamideimide (PAT), 30 polyphenylene sulfide (PPS),
polyethylene terephthalate (PET), polybutylene terephthalate (PET), acetal homopolymer (POM-H),

" acetal copblyriiée(FORRCY anddkRidEry t&ep clynier @ECPY ana Bpbxt <liEfs U S 5882245%Is0

diskloses gafsieiabayngrappliesbpreiedtive-goais ©f lagguer based srepexide (EP}-epaxide-
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 cf DSZ, the working disgks are covered with a

polishing cloth, 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 is 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, oils, alccohols and glycols are known as carrier
liguids for the lapping agent (abrasive substance slurry,

abrasive gubstances), alsc called slurry.

30 For D8P, agueous polishing agents to which silica gol is
applied are known, which are preferably alkaline and, if
appropriate, contain further additives such as chemical buffer

systems, surfactants, complexing agents, alcohols and zilanols.

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



35 acrylate mixture (EP/AC), polyurethane-acrylate mixture (PU/AC) 7 or
epoxide-acrylate-polyurethane (EP/AC/PU). For application in the case of lapping, use is usually made
of a single-layered steel or high-grade steel carrier with or 5 without a lining (cf. DE 102 50 823 B4).
Owing to the aggressive, less selectively material-removing free lapping grain in the lapping slurry, the
steel or high-grade steel carriers are subject to a high degree of wear. 10 The wear can be reduced
somewhat if the thickness of the carriers is chosen %o be significantly thinner than the final thickness of
the semiconductor wafers. In this case, however, it is still at least 0.2 - 0.4 gm per lapping procedure

with 90 gm, é%ggeggéeéng\éal Of{%%i{iaﬂg? tléeC JS_%rj_ni(%r?a{‘déJ%Eo;{l\’V""fers' 1559¥\(5i|t£g t(i ﬁhe continuous and

considerable crease In the ness of the carriers, there Is a c%'n%huous increase in_ the residual
overhang BRiffel$amheondtetordvarets BpBh-reathingthéir targeptHiciktheys dvis thekedidaal thickness

of the 20 casgetsyFhig lebglsde cantishously cRANDINg:Mashiag ¢ondiionsaThe achigvaple flatness

of the semslglq_,rkdau&torhwafeegs congdggably é@p@ﬁgd as alr.esuItlgggirggteglaéggrasl{%n Cf)rom the

carriers moreover leads to an o5 A |t‘|or§ael contamimation of the sgamlconaluctor waférs with trace
metalS. In"BPdEr - ¢1istire of FlabRECHiiTEREeBIthe SefficthRRSTGIORAEHS it the'rdceiing openings of
the carrierghthe=averbaagiaf e septicarducton waferavesdhe residuakibickngss of the-garrier that is

subject to ‘E‘h?ﬁ%ﬁr is, nat. (?O ‘gle{;ﬁglttedsgo g)lgl%eedsg%etc&flc ma:f\@(leryggl_\(alues. For_ some profile shap(_as of
the edges o?t e semiconductor Wa?ers, the total Wear of the carrier is not permitted to exceed as little
as 10 gm, since otherwise the semiconductor wafers leave the receiving openings of the carriers

during machiging and fragturereccurs -3elberelnie; the weatof the garriards agmajor problem in the
10 {JP 57041164} or fixed in the latter (EP 0 197 214 A2). The
fixing can be effected by adhesive bonding or positive locking,
1f appropriate with support by enlarged contact areas
(corresponding polygons in cutout and lining) or elsze by
anchering by means of corresponding undercuts ("dovetail?)
15 (EP 0 208 315 B1).

Materials known in the prior art for the lining are e.g.
polyvinyl chloride (PVC}, polyvethylene (PE), polypropylene
(PP}, polytetrafluoroethnylene (PTFE) (EP 0 208 315 B1), and

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

Carriers are likewise known which are produced from only a
gingle, 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 AZ2). US 5882245
digkloses carriers compoged of polyvether ether ketone (PEEK),
polyaryl ether ketone (PAEK), polyetherimide {PEI), polvimide
(PIL), polyether sulfone (PES), polvamideimide (PRI},

30 polyphenviliene sulfide (PP8), polyethylene terephthalate (PET),
polybutylene terephthalate (PBT), acetal homopolymer (POM-H),
acetal copolymer (PCM-C) and liguid crystal polymer (LCP) and
epoxide (EP). US 5882245 also diskloses carriers having applied
protective coats of lacquer basad on epoxide (EP), epoxide-

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



case of lapping, too. For application in the case of chemomechanical double-side polishing with
colloidal silica in-alkaline dispersion, 5 carriers having a coating composed of plasma-deposited
diamondlike carbon (DLO) have been proposed (US 2005/0202758 Al). The DLC coating effectively
prevents a contamination of the semiconductor wafers by metal. However, the production of the DLC
coating is extremely 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 abrasion from the carrier adversely affects the 15

cutting capacity (sharpness) of the working layers. Thi r{agétjg n uneconomically short lifetime of the
carriers a§5 n%y %%%‘“l Ates ?%ﬁﬁ%%?uﬁ%%@%ﬁi%garaﬁreg?g 0 th@vvorking layers. 20 Furthermore, a
very high degree of wear was observed in all carriers composed of plastics known in the prior art with

fiber reinfereemanti Saick wear amainded i@ at least Hyseup, to.a fewdensof micrometers.gdecrease in
thickness of the Ci”i,. A_Peé wpgc?raﬁj‘tn%froce%re}\{yjth 90, Am atfrial rem0\4qal fro@bthe 25
semicondictor Warsr. A a‘resulf', Re carfiers can grﬁ_i} e Gtilized for asmall number of procedures,
whiclPis uniéebaoinicd 1ERaS AFthertnorB et s AatfdditiShal o ubte-Sige coatings known in the
ComposedGLED: ERTAC, PLUAC. elos 56 fiShouci & . In S & B85 245 e L Sibieat (0 a very high
composed o : ,.etc., as disklo e.q. in are all subject to a very hig
degree of%eaalr?lnlfheégaéseléfp Eﬁ’nz%dé Eﬁggéedﬁ' ?‘n?xe%%gg'tir?d:s% rﬁ‘gﬁebgzéﬁ%ﬁeﬁ%a&l 0 particularly
rapid blun@iagof #e wasrRingUBYEC t e particlidy, dpeeifie hafd ¢eatngs Droved to be totally
unsuitable as coating for carriers for carrying out the PPG method. By way of example, a carrier

coat:%i wi;rhn:é2 pm DLC \évh'gbh can ge utyzedgor few hundred t%wgll overat Eand operating
procedures When tsedn aline silica sol

h ou
&7 tiseGh o%bfe%s}éceepoli%?nr?gw Pf‘wit% c%ll%ldlzﬁrf/no?gﬁ’er% ar _
(chemomeeharicatolishiy) swas completeliasrbled dowrytd-ihenbare rabtal stlfacé itk just a few
seconds when-used in 8P ReLMethed: Seramie or piharhard substance-coatings4reye Lo be just as
unsuitable, hFinaIIyé it, as b%eq] shO\évnOthgt some of the coati?ﬁg materials a[F)Tplgzd to the_carrier core are
exposed tb Very high-(fricfional forces tifat Tedd o tHe BEchite St CORINGS Brodutsd by means of
layer applitéation metheels ki v ilthefprisrtat Brhbbdive s of shapresehtdtiventiorisesk to provide

coategl carriers which, when they are used in lapping, polishing and grinding machines, are subject to
a particularly,low degree of wear,and whose coating, heres well. According to the first aspect of the
invention,?#éfégistp?o%dczao ¢ rlrfé"f’?glﬁtaﬂg‘ for Teca ?ﬁga %?18 SIS FEEEmIdondUGtor wafers for the
machining-thersofiadapfingh grindmgieryolishirrmachine sy eoiriprisingsa torecomrpased of a first
material, which;has;ahigh stifiness, saidecareelng, compigiebeer partly.coatgd with-a seeand
material, and also at least one, cutout for receiving a semiconductor. wafer, wherein the second
material istg?ﬁérrrr?%fe?%%lﬁ?réﬁwanetaseslag%%efl%%viﬁﬁ Salli%é”r e%g%?%?‘?ﬁ at orﬁli}?g to Shore A.
Prefefred embodimentSof theleadier accowivg toitbresinyentiomateglaimed im tiadms 2 to 14.

conditions. The achievable f£latness of the semiconductor wafers

ig considerably impaired as a result.

The material abrasion from the carriers moreocver leads to an

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

30 permitted to exceed sgspecific maximum values. For some profile
shapes of the edges of the semlconductor waiers, the total wear
of the carrier is not permitted to exceed as little as 10 um,
since otherwise the semiconductor wafers leave the receiving
openings of the carriers during machining and fracture ocours,

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



9a According to the second aspect of the invention, there is provided a method for coating a carrier
comprising a metallic core and at least one cutout, and suitable for receiving semiconductor wafers for
the machining thereof in lapping, grinding or polishing machines 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 core that has been
pretreated in this way, application of a polyurethané& prepolymer to the adhesion promoter by means of
potting, crosslinking and vulcanization to form a polyurethane layer, wherein some or all of the edges
of openin%%cs)rec%tzou%saof t{}? carj&ig(rjare thereby completely or partly covered in such a way that
front-side coating an fear-sile coating are connected to one another, and grinding back the
polyurethane layer to target thickness. According to the third aspect of the invention, there is provided

a method ferthesimubianeeus dauble-sidednateriak-remening-aachiningiela pluralityof
semicondu%@:rL V\ﬁajfers, W.hcehrfeigociei%hi %Ticsowyggoriv%afe{ﬂgiﬁ.lo s%ch thart itiigﬂ‘reely movable in a
cutout of 6rie of a p?L?rathy of carriers as claimed in any Stelains T to-14%Ratrare caused to rotate by
mearts of BabBHEFappErERRSari Komeraly AfVRasEa e clolddtajecnnE Witasketh fieond-
semiconduetes wafetscare (machineshia rpatesiabrepeviag faskiopdetweentwoyotating ag-shaped
working dgﬁé. c‘lc')h% {glateggkge&%vigg macl,rg@in psregerggh_/tigr\éolvgg a dout%leﬁi]de grinding of the
semiconductor waters, wheréin each vv%rlang 107 disk comprlses%nwo?k?ﬁg (f'ayer c%mprising abrasive

material. AYBubREISidenappirg e RenmiesiductBPWETES withsupplyBietslaryconipsing
abrasive materiadis:likewise peefereds 19 Aslaubla-sidepalishingwyith supply-efa gispession
compéising sejilicgnso.l ?iﬂse furg e{g}?{%irefgrcedé é/vhvee[ein %gcch \Ilzvo%gg gg);ek cq prises a polishing cloth
~as working lf\ayer. TH& Tnvention is p?alneg with re%’rencgefo?igures Bé&Tow. The 20 results were
obtained by means of a method for the simultaneous double-side grinding of semiconductor wafers in

which a mudtiplicity of Garrierssempasesofidiferant matedalsicoatings weye testes: &-corresponding
method is descrl%gg in DE 103 44 @%2 Al. A swtablg a&pé)ear%t S .foggStcgr%r%oggt e method is

disklosed &5 5A DE 10067300 A1 55, Tshowsthe Wasr fare of Caners Composed of various tested

materials. BEEFite Reshios tHet@#iowT rhzetial rdmodatficm thd sentedndadisrwaser-arsd wear of the
carries for&%i@yﬁéeﬁgﬁﬁﬁwa'@ﬁﬁwgﬂ%fll‘.h@ working layers. This leads

to an uneconomically short lifetime of the carriers and

necessitates frequent unpreoductive redressing of the working

layers.

20 Furthermore, a very high degree of wear was obgerved in all
carriers composed cof plastics 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 80 um material removal from the

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

utilized for a gmall number of procedures, which is uneconomic,

It has furthermore been shown that additiomal double-side
coatings known in the prior art without fiber reinforcement,

30 e.g. by means of lacquer or wear protection coatings composed
of EP, EP/AC, PU/AC, etc., as diskicsed e.g. in US 5 882 245,
are all subject to a very high degree of wear. In the case of
EP and EP-based mixed coatings, moreover, they led to
particulafly rapid blunting of the working layver.

35



tested materials of the carriers. Fig. 4 shows an exemplary embodiment of a carrier according to the
invention with an opening for receiving a semiconductor 5 wafer, comprising core, double-side coating
and lining, (A) in an exploded illustration, (B) in a perspective illustration, (C) - (E) in a detail
illustration ef-anexcerpt kparie contact zenaheiweepropering anddinirg 210 Figussheusian

exemplary emhodiment of a carrier according to the invention, wit ee openingsfor receiving three
semic%sndﬁg%l\/l(}gfer%rco?naprrf‘sll% %O?IZ?IQOﬁ%fer-Bé,f“dleg cc?aﬁr;cnggahned Tﬁ%ﬁg %A?%? a_fn ex%lodag% ilgfustration,
(B) inerprIspectite RBTERONC@FeEGYirtd detdirillisFatiohicha efsssES sédtidrf fittoddh tife contact

zone betyvesm gors, Gaatipgrandliaingofthecarrer.chabletk showsar gvesdewreiihedegtethcarrier
materials, The first column specifi reference symbols for assignment tq 20.the results that are
ﬁu&)lf;% 513@ %Eé%n% T]%E?g%l i¥(:il€§)aj{e% %SILS ﬁgﬁ? &, }%allne squca

presehte [ow in F?go. a abfe’ 17456 specifies er the carrier matéerial that
comesdito (chmmetraittewbekihgraydsantdgrindisg Sy ksl preseritet devating (Hh§eParsr

example-applied:y spraying. dippiag, spreading andhdtappiopriate. subsequent2b awinga as a film
or as a solid material. The secand column specifies the %’fe of carrier material jnvestigated. The

abbre R usEd in TaBRF 1 déHote: “CEF-SYigss fibar réiRforcBt Pigstic ¥ PPEP" LPP fibsr

reinforged: ptasgtics The 30 abbreviations for the various plastics are those which are generally

conventional: EP = epoxide; PVC = polyvinylchloride; PET = polyethylene terephthalate (polyester),

PTFE = polytetrafluoroethylene, PA = polyamide, PE = polyethylene, PU = polyurethane and PP =
o5 ked gy

polyproiRAend, DIPUEGBORT L tHEHIBS et B pSiflifetRans MastrierRith 80 Shdre ATA dHESs.

|
ZSV216 isthe carrier core are exposed to very high (frictional) forces that
lead to the detachment of coatings produced by meansg of layer

application methods known in the prior art.

Embodiments of the present invention seek to provide coated carriers
which, when they are used in lapping, polishing and grinding machines,
are subject to a particularly low degree of wear and whose c¢oating

adheres well.

According to the first aspect of the invention, there is provided a
carrier, suitable for receiving one or more semiconductor wafers for
the machining therecf in lapping, grinding or peolishing machines,
comprising a core composed of a first material, which has & 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 polyurethane

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

Preferred embodiments of the carrier according to the invention are

claimed in claims 2 to 14.



12 manufacturer's designation of a tested sliding coating and hard paper is a paper fiber reinforced
phenolic resin. "Ceramic" denotes microscopic ceramic particles embedded into the EP matrix
specified. "Cold" denotes application by means ofa film 5 rear side equipped in self-adhesive fashion,
and "hattdenotes adotlaminationdpraspssin whicththeifilieraarside aogpippeds withdatdaealt adhesive
was connected to the carrier core hy means of heating and pressing. The "carri ra{o " calumn
specif%%eesgﬁwgegwg%%t %3; iﬁggof%hec%)gﬁ%ée%ducr%ﬁn ti‘e% #e%r%onéétgﬂr lecwg?gghgt Ic‘?%1 m%%of tee!EJI "
semicBRBEUCTEF Wifer WaS OG- foralPcases. TheThafelalSRBVRG SIS cHCe SARbSIs 5% raAd p to
serve psch camparative example; Most ghthern, are plreathnknowr-as 5 Tnaterials forcatiassin
accordance it the.prior,att, Al materjals & to.0. and.p o L proved g, be unsutable.for achieying the
object. a%péarrlergcomprismg materal 6 ﬁ1e’rmop astic poﬁ/urefﬁaneci Was stiitabfe in principle but is
not prefefrédin tie corexcal thergreseditinventitt SieesBsds ShbRrrbERIVE, IS ifferttearrier s
having, a-¢pating cemposeg-afia thewnoset pelydrethansrelastomet 25 big: Heshawsthe weakrate A
{m/miréliofth{riersbcomprising mattercii'ils a to:C s.which come inr]go cqptact with the W(irkir;%@/ers. 30 For
each material 4 s&t of carriers ?vaz‘als@proaﬂ”ceél Lhd 153ded With Sémicondiictor wafers and g?frl]%ing
proceuneaswithdn eaehtdesedideaticabmatenatemdval fiwmshe Semicdndyctor wedersiwetracarried
out. 13-decreasgrintheithicknessafthg test naterals.af the carriers which come infe contagtwith the
workin%%]yers and the machining duration until reaching the tar%et removal from the semiconductor

wafers "Fhé detredde PPHicRTSsSWaS Hétahired 55y rrsansof WelgHing betsre aNE ftér &ach
grinding precedyrecant tieel knowauetativevdendityesf thectest miaterialsz A plurality of suchstest

proceduras; were cadied-outforeach catriemateridlorner, and grinding back  the

polyurethane layer to target thickness.

According to the third aspect of the invention, there is provided a
method for the simultanecus double-side material-removing machining of
a plurality of semiconductor wafers, wherein each semiconductor wafer

lies



10 The error bars in Pig. 1, Fig. 2 and Fig. 3 represent the range of variation of the individual
measurements 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 15 rates of the various materials extend over several orders of magnitude. 14 Abbrev- iation

Carrier material Type Application Car-rier load Layer Il111111Solid mater. [kg]
10

such that 1t ig freely movable in a cutcut of one of =&
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
thersby moved on a cycleidal trajectory, wherein the

5  semiconductor wafers are machined in material-removing fashion

between twe rotating ring-shaped working disks.

The material-removing wmachining preferably inveolves a double-
gide grinding cf the semiconductor wafers, wherein each working

10 disk comprises a working layer comprising abrasive material.

L double-side lapping of the semiconductor wafers with supply

of a glurry comprising abrasive material is Ilikewise preferred.

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

compriges a polishing c¢loth as working layer,

The invention is explained with reference to figures below. The
20 results were obtained by means of a method for the simultanseous
double~side grinding of semiconductor wafers in which a
multiplicity of carriers compesed of different
materials/coatings were tested. A corresponding method is
described in DE 103 44 602 Al. A suitable apparatus for
25 carryving out the method is disklosed e.g. in DE 100 07 3%0 Al.

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

tested materials.

30 Fig. 2 ghows the ratio of material removal from the
semiconductor wafer and wear of the carrier Lor various Cested

materials of the carriers.

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

35 the working layer with the machining duration for various



a EP-GFP X b EP-GFP X 4 ¢ PVC film [T 2 d PVC film I 4 e PET(cold)

11
tegted materials of the carriers.

Fig. 4 shows an exemplary embodiwment of a carrier according to
the invention with an opening for receiving a semiconductor

5 wafer, comprising core, double-side ceoating and lining, (&) in
an exploded illustration, (B} in a perspective illustration,
{Cy - (B} in a detail illustration of an excerpt from the

contact zone between opening and lining.

1¢ Fig. 5 shows an exemplary embodiment of a carrier according to
the invention with three openings for receiving three
semiconductor wafers, comprising core, double-szide coating and
lining, (&) in an exploded iilustration, (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 preszented below 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 appropriate, subseguent
25 curing), as a film or as a sclid material. The seccond column

gspecifies the type of carrier material investigated.

The abbreviations used in Table 1 denote: "GFPY = glass fiber
reinforced plastic, "PPFP" = PP fiber reinforced plastic. The
30 abbreviations for the various plastics are those which are
generally conventiocnal: EP = epoxide; PVC = polyvvinylchloride;
PET = polyvethvlene terephthslate (polyester), PIFE =
polyvtetrafluoroethylene, PA = polyamide, PE = polyethylene, FU
= polyurethane and PP = polypropylene, D-PU-E(60A) = thermoset
35 polyurethane elastomer with 60¢ Shore A hardness. Z8V216 is the



L 2 £ PET(hot) I 4 g EP-CFP I X 4 h PP-GFP X 4

12

manufacturer's designation of a tested gliding coating and hard
paper ig a paper fiber reinforced phenolic resin. "Ceramic"
denotes microscopic ceramlic particles embedded into the EP
matrix specified. "Cold" denotes application by means cf a film
5 rear side equipped in self-adhesive fashion, and "hot" denotes

a hot lamination process in which the f£ilm rear side equipped
with hot melt adhesive was connected to the carrier core by
means of heating and pressing. The "carrier lecad" column
specifies the weight loading of the carrier during the wear

10 tesgt, The weight loading of the semiconductor wafer was 5 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 carvierg in accordance with the prior art.

All materials a to n and p to r proved to be unsuitable Ifor

achieving the cbiect.

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

polyurethans elastomer.

Fig. 1 shows the wear rate 2 [am/min] of carriers comprising
materials a to s which come into contact with the working

lavers.

30 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 out.

25 The wear rate A of the carriers was calculated Zrom the



PP-PPFP IMIIl X 4 Hard paper I X 4 k PTFE 11 X 114 1 PA film

10

13

decreass in the thickness of the trest materials of the carriers
which come into contact with the working layers and the
machining duration until reaching the target removal from the
semiconductor wafers. The decrease in thickness was Getermined
by means of weighing before and after each grinding procedure
and the known relative density of the test materials. A
plurality of such test procedures were carried out for each

carrier material.

The error bars in Fig. 1, Fig. 2 and Fig. 3 represent the range
of wariation of the individual measurements of the individual
procedures relative to the average value cver all the
procedures {(round data poinits). The scale of the y axis in

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

magnitude.,



X 4m X nPE(l)X 40PLY X

14
Abbrev- | Carrier material
lation
Caxr-
Application rier
Tvpe toad
Layer Pllm Solid [kgl
mater.
a EpP-GFP X 2
b BP-GFP : X 4
c PVC film X 2
d PVC f£ilm X 4
e PET {celd) X Z
£ PET (hot) X 4
g EP-CFPR X 4
h PP -GFP X 4
3. PE-PPED X 4
i Hard paper X 4
k PTFE II X 4
1 PA f£ilm X 4
T PE {I) | X 4
n PR (II) X &
o] BEU X 4
D BP/ceramic X 4
o EP (Primer) % 4
r Sliding coat. X 4
ZEV216
(= D-PU-E (604) X 4

Table 1: Carrier materials

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

high degree of wear (Pig. 1)}. Carriers composed of such



4 P EP/ceramic X 4 4 EP(Primer) r Sliding coat. ZSV216 X

10

15

20

25

30

35

15

materials have uneconomically short lifetimes and, on account
of the continuous wear, lead to constantly changing process
conditicns since the overhang of the semiconductor wafers when
reaching the target fthickness over the remaining residual
thickness of the carriers increases continuously from test

procedure to test procedure.

Only the wmaterials o (reference symbol 1) and in particular s

{reference symbol 1la) have a high wear resistance.
This becomes particularly clear in Fig. 2.

Fig. 2 indicates the ratioc G of material removal fxrom the
semiconductor wafers obtained in a test procedure and the
resultant decrease in the thickness of the carriers owing to
wear for the tested materials. For material o, this "wear
ratic" G (reference gymbol 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

material s.

Finally, Fig. 3 indicates the development of the cutting
capacity (sharpness) 8 of the working layer in units relative
to a reference material {materisl c: PVC film with 2 kg test
load). The sharpness is determined from the actual rates of
material removal from the semiconductor wafers cobtained with
constant cperating parameters (pressure, kinematics, cocling
iubrication, working layver) in relation to the rates of
material removal from the semiconductor wafers obtained under
these conditions with the reference material. The working laver
wag freshly dressed and shar?ened at the beginning of each test
geries with a carrier material, such that identical initial
conditions were provided for each test series. A plurality of
test grinding processes on the semiconductor wafers were then

carried out with each carrier material and the resulting rates



D-PU-E(60A)  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 5 thickness
of the carriers increases continuously from test procedure to test procedure. Only the materials a

(reference symbol 1) and in particular s (reference symbol la) have a high wear resistance. 10
16

of material removal from the semiconductor wafers in um/min
were measured in each case after ten minutes (reference symbol
3), after 30 minutes (reference symbol 4) and after 60 minutes
(reference symbol 5} total operating time and related to those
5 of the reference material {likewise in pm/min). It is evident
that most of the carrier materials have the effect that the
working layers rapidly lose their initial cutting capacity
directly after dressing 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 small decrease in the cutiing

capacity of the working layers over the test duration.

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,
guch 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 ag is consumed on account of the wear during

machining.

only pelyurethanes (o and s) are therefore suitable as carvier
materials.

30
pPolyurethanes are a broad group of substances that comprises

materials having extremely different properties.

it is evident that only specific polyurethanes are particularly

35  well =suilted:



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 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 tayer in units relative to a reference material
(material c: PVC film with 2 kg test 25 load). The sharpness is determined from the actual rates of
material removal from the semiconductor wafers obtained with constant operating parameters
(pressure, kinematics, cooling lubrication, working layer) in relation to the rates of material removal
from the semeicoaductos waieta ehtaineturder-3ththesencanditidnsswith the referene@material. The

working layst vas.liealy digsseg, and sharpenas atifie.Reo'iaing il jes sgres 4ifg carrer

material, such that | cal initial conditions were provided for each test series. A plurality of test

grinding pF¥EEsERs Shteite dEMICUTRRR ST VateYs Wets ThéRBoarfedBut FrrettPBarfier material
and tbe restidting katesrl G of materakremovabfronpthie semicoridlistarmwsafters in Am/min were

measured in.each ﬁ%es?g{gr %Mgﬁé@g?epce symbol 3), after 30 minutes (reference symbol 4)
s(r

and after 60 minut eference symbol 5) total operating time and related to those 5 of the reference
material (likewise in Am/min). It is evident that most of the carrier materials have the effect that the
working layets: rapidbelosedbeis initakettting kapdcibsdirecthyaftergressing-andcrapidly become blunt.

These maigrials (349412908 lod atsiareloiganshitanis. 10 Qulyhespataials o and in particular

the material s according to the invention exhibit a very small decreaSe in the cutting capacity of the
workifig 18RS bG8 fie teRYuPRioP IBUhARE A Ct theserraaRfisCihe d8ceastSnth&Tutting
capacity is deternsned®rty. 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 ,
In the heardness range from approximately 20° Shore A to 90°

Shore A, thermoset polyurethanes have elastomeric {(rubber-like]

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

It ig evident, then, that a material suitable for coating a
carrier that can be used for carrying out the m@thod agoording
to the invention should have slastomeric 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 advantageous. However, materials having

25 these properties do not have a sufficilent 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 ls 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" compesed of a first, stiff material, e.g. {harden=d)

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



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 cutting 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 materials having extremely different properties. 17 The various polyurethane systems can
be classified into hot or cold curing casting systems (thermoset polyurethanes) and solid systems that
are processed gg injection moIdingﬁextrusion or the like or for vulcanization (post-crosslinking)

(thermopl85ACpokiYeMBREES Both Sy SHE BovErk bicad FRrdisssSaRgesdepdifing on foLiaulation
and treatment-hesthemmosaepeoiytteifanes dedihpariiculdizcamberatnulated with hardnesses of

600 Shore Ao,z 10.Sh0rR Do I 1he batdiness 2qge fromanpLaxingtely 20, Shote. Afo.9q Shore A

thermoset polyurethanes have elastomeric (rubber-like) 15 properties (thermoset polyurethane

elastomeP T PEREY. BESeVideRt them that TRRERAFSuRSbIEHSr OGR4 CArriddthat 8n be used
for cagryinge=eut thefuetiwil agcarditigdorbeanvention:skhatd-havelelastomeric praperties. 20 In

particular mategials, havino 2 high et stenathy(highnifel fqajcand fear propagation fesipiance),

elasticity (rebound elasticity), abrasion resistance and a low wet sliding friction resistance are

advantag&6a 158wEGer, FratehdEthViRG 28SHeSEYFETEs TR fAdtth & a BEFIGSSstiffness to
withstandriheHarcosathat| agtamthem wyringraorement trthewatingsdpparatus. An increase in the
stiffness bcyoglggrgfgrgggpgﬁeiggq&gg@_ent is unsuitable on account of the observed undesirable blunting

effeg:toof fibers on the working layers.

Exemplary embodimente of carriers are ghown in Fig. 4 and

Fig. 5.

Fig. 4 showsg a carrier having an opening 1l for receiving a

15 gemiconductor wafer,

A degign of this type ig produced if the semiconducteor walers
are large and the apparatus used for carrying out the wmethod
according to the inventiocn has working disks having a small

20 diameter. This isg the case for sxample for a two-disk precision
grinding machine of type "AC-1500" from Peter Wolters AG,
Rendsburg, whosge two ring-shaped working disgks have an external
diameter of 1470 mm and an internal diameter of 561 mm and
whose rolling apparatus 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 results in a pitch circle diameter of 482,85
for the outer toothing of the carrier. (The rcot diameter of
the cuter toothing of the carrier is 472.45 mm.}

30
Such a carrier having an available diameter of ~ 470 mm,
provided with corresponding openings, can receive e.g.
precisely one semiconductor wafer having a diametesr of 300 mm
(Fig. 4) or can be equipped with up to threes semiconductor

35 wafers having a diameter of 200 mm (¥ig. 5) or up to five



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 best
afforded by a thermoset polyurethane elastomer; anel preferably a third material, which lines the
openings in the carrier for receiving the semiconductor wafers and prevents mechanical (splintering,
fracture) or chemical (metal contamination) damage. 10 Exegglarérﬁmbodiments of carriers are

shown in FRPCRRGETESS, waERFY SROWES GrflérRETRY Hlopeing™ ©ofor YBcdifirgtaR%
semicondgster svafenoh sesigiret-thisibpenis produeec ifdhe semicenductoswaders are large and the
apparatus_used for catrying out the met rding 40 I I i Isks having a
small 20 (ﬁgr%n%?g%% (lgsl%sg%lg éésr?%fe?(%%n}%pggo?ié%v%o!%}iqsnl%%%::%%r?%?%,\(lj%rﬁ%g%a%&;ine of type

"AC-15008 #BHr PisChrsters Bey, ReRGEIG i osetworiio-eREp&d Working digks have an external
diameter ebl4&3panandiay intersalchameteriofchtl-nwa gedavhose rolling apparatus 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 results in a pitch circle diameter_of 482.85 for

the outer toidthinty GFtReTiFried (FHEYoBF GiafTter oP R GEEF tGEth AR GERETAAEPK A 45 mm.)
30 Such a-earries havirghanavailable diameter of - 470 mm, provided with corresponding openings,

can receive g0, precisely gne.semicondugtorwater having a diameter of 300 mm gig. 4) or can be
equipped with up to three semiconductor
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;
- a front-side cocating (%2} and rear-side ceoating {8k} 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 rolling apparatus of the grinding apparatus, said
rolling apparatus being formed from inner and outer toothed

30 rings.

The front- and rear-side coatings %a and %b which come into
contact with the working layers can be embodied over the whcle
area, that is to say completely cover the core 8 of tThe carrier

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



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 of high
stiffness, 10 which does not come into contact with2the 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; a front-side coating\éQ%z a %rear-side coating
(9b) composed s Bt érée%‘dﬁ% rﬁaf%?’*tél,‘%@ﬁi%hac%%ﬁfé:sr fiitd conhtiet Wiffrthe Wo Ing' iSk§ during the
machining.éf. thersemmicandictorwatedandWhichdmd ahigh wederesiSiahcewith reidpectto the action
of bonded.grain. Quarking.layen)and free-grain. (brasive slyizy ,ahrrsion an aeegunt of material
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 secofithienateraliiszethezmosey polytrethanéutistomaercFheeasridd, preferabiihave an outer

toqthing 1@0@1&%%@8’&%% roling,apparatus. gl the.grinding appacatusysaidrolling apparatus
being fo/ned from inner and outer, toothed 30 rings. The front- and rgar-sidf coatings 9a and 9b which

come into"ESTACENTH B working 1a78s JRPSE embbdiEY vel” Ble ared. thatis to say

completely cosgsthe-coress shtie camprrature. This counteracts an undesirable
deformation of the working gap formed between the working
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

rthe effective lifetime thereof.

15
The linings 10 of the carriers and the assccilated openings 11
of the carrier usually have matching cuter (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
carriers: on the left by means of positive locking with
undercuts (dovetail, JP 103 29 (013 A2), 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 achesion.

Fig. 5 (C) - Fig. 5 (@) indicate preferred embodiments for the
30 coating 9 on the front side {%a) and rear side (9b) of the core
8 of the carrier and for the lining 10 of the receiving
openings 11 for the semiconductor wafers. Each of the
illustrationsg shows a small excerpt 19 from the carrier in
cross section., Fig. 5 () shows the above-described embodiment

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



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. 5 The carriers usually contain further openings 15,
through which cooling lubricant can be 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 the working 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 abrasjves baonded in the working layers is improved and becomes more_uniform, and
this prolorgs theSef&divatifeimetherstt 5T e nGE o o HE LR St e TsHdated
openings thof thecagiekusually have matching outer (I7a) 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 FERPIHEFRERIPinEhiBn PH B e nicorés GRd %ﬁ&%%‘ﬁtﬁ?*&&ﬁi’&& gt the st by
mearts of positivg lockingsvitheordercuts (doveiaily P13 20:013:A2);andle middieafitla 25 smooth

interface (intetcannection hy.aphesive bondings presss fiing. Slem £R-9 208315 B1).and o the right
with a contact area enlarged by roughening for improved adhesion, Fig. 5 (C) - Fig. 5 (G) indicate

preferred BATDOHiHSATSfOr IHE S8 C0ting 8 6n 5 TRM SRR GrtEar St i) of the core 8 of

the carrieraaghéartthedingigpd ofth& kgceibingtoperiirgs: 11 Her theasemizobdistaradafers. Each of the
illustrations shows asmalkgxcerpt 194rqm 1he gagierin £ross. section, chgeii%sﬁevvféﬁe
above-described embodiment 35 with partial-area coatings 9a and 9b and free areas 13a and 13b

10 the semiconductor wafer, such that It replaces the lining 10

(8=10} .

Preferably, the layer thickness at the wall of the receiving
opening 11 is chosen to be correspondingiy thin (22), such that
15 a sufficiently dimensionally stable guidance of the

gemiconductor wafer is ensured.

It is likewise preferred if the coating 9 is led around the
edge of the core 8 at the cocling lubricant through cpesnings 15
20 {20) (Pig. 5 (E)). Leading the coating around the edges avoids
sharp abutting edges. This reduces the requirements made ¢f the
material adhesion between layer and core, which has to be

particularly good owing to tLhe peel forces that occur.

25 Therefore, it ig alsge 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 it is subject to a

30 higher degree of wear. These are primarily the ocuter regions of
the carrier in the wvicinity 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
of Fig. 5 (F) shows a coating which is reinforced (22} both at

35 the edge at the cocling lubricant through copening 15 and at 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 g 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 fFREEISIHFIUBREEAPHIrddyH ShehfiySSERIEBBHERDS (5] Vedtiny the tBathfy around the
edges aveaidg shaspablitingeedges s redueeltheaquiremente inadesobiherrhateriadadhesion

between layer and corewhich,has tee partiyarly 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 iFisrsubject tba 36 higheridegreelof wearf #hesé ate€ prinsaridypdive ogtet reglonsieiithe carrier
in the vicinify of the oyter faothing, buy alsp.the.gdges,at the.copling Iybriegnt, thraugh.opegpings 15 and
the receiving openings 11 for the semiconductor wafers. The example of Fig. 5 (F) shows a coating

which is réRfTcR4Y225 boltiat 58 Tive BdgE HAMETEbRAY Tt BitBhgRopEhing 15 and at the

openings 23 in the core, as illustrated in Fig. 5 (8). These
openings or "channels? 23 support the adhesion of the layer 9

10 by an additional positive locking. The ceoating & can then in
particular alsc be embodied over part of the area in such a way
that it is composed only of a plurality of individual "knoks" 8
having a small lateral extent, connected con the front/rear
sides via holeg 23. In this case, the holes 23 can have any

15 desired crbss sections, e.g. circular, angular, as "slots",

etc.

t is evident that the core ¢f the carrier must have a high
stiffness and a high tensile strength in order to withstand the

20 forces that occur during use in the rolling apparatus.

In particular? 2 high modulus cof 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 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 sides

and held in a movement plane.

30 It has furthermore been found that the core should have a high
gtrength (tensile strength R, or hardness) ip order that in the
event of deformation in the "overhang" and in particular under
the action of the forces arising from the pins of the rolling
apparatus on the tooth flanks of the carrier, the core of the

35  carrier is not deformed plastically, e.g. as a result of the



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 &fihe 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. thiasttc:egxel, ghe %Ie% 23 can h%ﬁ g@%’oln%dg?:ireadscgjs%seﬁiongfe'QF gircular, angular, as
"slots", eté T THis Evidént that the Core'of the ariier must fave a‘hlg?h stiffhess and aghlgﬁ tensile

strength in bretrrwithstahdthe 200ferées #mnieoecur 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 jn the region_of the quter toqthing which is situated 25 in each gcase in the "overhang"
between \%ré?ﬁ@ is ggdrg%éj 3ﬁ§ té%tﬁfngt%F th%o\golﬁ%lgsaﬁgar%t%&ssgﬁ Jfrg Whic ﬁw?éecarrier is not guided
by thé twoazkihgdisks ol ltise froneand reae sicrsmimrhéltdn sompveirsntpland?30 It has

furthermoge-beep.found thatdhe gore shoulbhave a:high streagthc(tensila sength-Rewerhardness) in
order that iﬂ thelevggt of defoimation in the ;'ioverh%n ; anq N garti ular undter the acéign of the forces
arising from the pins i tl(%or’é i%apéjﬁba%ﬁjs n the"tooth Tlanks of the Egrrlcér, fhe"Core 6tthe 35 carrier
is not deférmé&@plasticaly,dey. 4 awestk oitde LIS foraratien ofiehdssrundiilatenss BFas a result of

“flanging” of reateriad at the-togthyflarks: dt has been found that the modulus of elasticity of the 5
mat§rial for the core of the carrier should preferably be greater than 70 GPa and the tensile strength

shotfd be greater than 1 GPa (corresponding to a Rockwell hardness of more than 30 HRC) in order
to withstaRdghedercesshatocckrtiurpigtiysein tHesrolifigeapgarafine 10 Rhepisdwds bRelasticity of

the materigl forsthe Gareof the cawiey is prefesably k- 690 GRa-andpestiouady-prefesadly 100 - 250
GPa.
100 - 250 GPa.

15 The tensile strength is preferably 1 - 2.4 GPa {30 - 60 HRC)
and particularly preferably 1.2 - 1.8 GPa (40 — 52 HRC}.

The thermoset polyursthane alastomerApr@f@rably 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, FA,
PP, PC (pclycarbonate) or PET. Furthermore, linings composed of
PS, PMMA (polymethyl methacrylate), perfluorcalkoxy (PFA), 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 te the

35 carrier is preferably between 30% and $8%, particularly



15 The tensile strength is preferably 1 - 2.4 GPa (30 - 60 HRC) 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 égpolymethyl methaorylate), P erfluoroalkoxy (PFA),
LOP 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%,RiRtERafy Y2 @ prereeably HetdBen 95%0% antl 6695, 6P tota RIERABSS %ﬁﬁ@@arrier. The
coating preferabdrexists on both sides and is preferably 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 Am to 200 gm) 10

therefore ARSe Tepehdn PR fife BRIBbdReRt STIE oBRIcE of SR VBRffor s RRBECHIEED by means
of a methed faxapplyrgia palytiketraneccodingiossa daries conprisirg-aimetallic core and at least one
cutout for 15 receiving a semiconductor wafer, comprising the following

Layer thicknesses for the double-sgide coating of the carrier of

between a few micrometers (typically a few tens of micrometers)

and a few hundred micrometers (typically 100 um to 200 pm)

10 therefore arigse depending on the embodiment.

The cbject of the invention is also achieved by means of =
methed for applying a polyurethane coating to a carrier
comprieging a metallic core and at least one cutout for

15 receiving a semigonduotor wafer, comprising the following
steps: chemical activation of the core of the carrier by a
treatment with an acid or an alkaline sgolution, application of
an adhesion promdter to the carrier core that has been
pretreated in this way, application of & polyurethane

20 prepolymer to the adhesion promoter by means of potting,

crosselinking and vulcanization to form a polyurethane layer.

Preferably, the polyurethane layer is finally ground back to &
degired target thickness.

25
It has been found that the uncrosslinked prepolymers of
thermoset elastomer polyurethanes have a high viscosity ang,
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
{polvester or polyether pélyol], polyigocyanate and
crosslinkers (e.g. diols or amines), the subseguent

35 c¢rosslinking and vulcanization {post-curing) of which give rise



steps: chemical activation of the core of the carrier by a treatment with an acid or an alkaline solution,
application of an adhesion promoter 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 desired target thickness 25 It has been found that the uncrosslinked prepolymers of
thermoset elastomer polyurethanes have a high visgosity 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 polypi], P
olyisocyarigte RN ErcRishiARER (B3 dils Braarfitess thastbsequBht 5 RssFhky andE-
vulcanizatman- (post-curing) of which give rise 25 to polyurethanes having the characteristic urethane
group, -NH co-O-. The short pot life generally only permits the processing of the 5 preoolymer by
potting with minimum material thicknesses of a number of millimeters. Depending on the fol.mulation

and crossFREngBsHaRst: tHis PtHRFR SHecle 8RS G B hoE pbifigP 1OERMG ® e Mifimum
matesdal thieknesses-thabareadfenrmilinmetersthickya ceating produced:-By potitrzg hdssuch a high

inherent stabifiy.ihatn,{hevayet of fnctionalioading of the,coang,(load paraliglo the surface)

expansion and compression (load perpendicular tothe su.rface%at the 15 interface with the substrate
only tensil€resfmpre&sive B4t TorcesiSeRR WHIEH aré r&afieayFhmFiticatandTmpose

comparatiyelydniiepr 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 800 Shore A, by contrast, peel forces predominantly occur which
- impéde pattiémeryhigh defiande8h TR aahesiontetiRenIsEy iR drcdirie?tore. 25

millimeters thick, a coating produced by potting has such a
high inherent etability that in the event of frictional leading
of the coating {(load parallel to the surface), expansion and
compresgion {lcoad perpendicular to the surface) at the

15  interface with the substrate only tensile, compressive and
shear forces occur which are relatively noncritical and impose
comparatively minor demands on the adhesion between

polyurethane coating and substrate.

20 In the cage of layver 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 32, by contrast, peel forces
predominantly occur which impose particularly high demands on
the adhesion between PU layer and carrier core.

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

30 adhesion promoter.

The adhesion promoter ig 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.



In this case, what proved to be a problem was not the adhesion at the interface between the adhesion
promoter usually applied between substrate and coating and the RU coating, but rather the adhesion
between substrate (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. 26 It was found that the customary
pretreatment methods proposed for the adhesion grémoters 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
detergentSolutichstorby niderts ¢fsolvarsartgnrgémentokthe adiigsiols sprfapedscroughening,

e.g. by incipient gengding.ar sandblasiing, did pet withsiandsthe-highpeel foregs ta%:tag.qm? use, and
large-area deta}rﬁpments of the coating al_way%occurred. 15 The mec%anical %}[)retreatments grinding or
sandblastﬁﬂgﬁ}l' *6§ﬁi%ﬁFar?‘ Vedto bOe"pgﬁi ﬁFef‘rﬁlﬂdﬁﬁanﬁﬁﬁegﬁ - Kdm ?eadiy},nt%eoéﬂhesion
imprdéved slightypdsutaidt tha sufficiéatextent; however, the flatness of the carrier core 20 deteriorated
on account of roughness- and damage-induced asymmetrical strain. An undulatory carrier is
undesirable since the semiconductor w fe% hgn annot be.securel%f in ro%u%ed into the receiving

il PoRi

t
openings oP e Baftierd an emf:e‘—‘i"%% the i &s oF e Fe%%ﬁﬁﬁ&oﬁ% I 3%%ge region in some
25 instancesawithebebeipgimotieedhwithnthéresdli tratcd fraciupe b theosemidorduster Wifer occurs

when the ugper working-disk of the grrdina-Aneasatus;is lewered. Rrimarly, Boweves an undulatory
carrier is su%ect to 30 ngnungorm wear., This shortens its period of utilization and is theyefore

unet8nonicoitRariiaIar, hSwedar- Totatly SREFEM BVerFge of e SEmicdnliGaRT Witers over the
carrier arise lwhichsrestictetiacaslimyubricahbrapdpes berd themzibhisydhife flatssendiithe

semicondyctor Wafek,cipient grinding or sandblasting, did not withstand
the high peel forces that occur in use, and large-area

detachments of the coating always occurred.

The mechanical pretreatments (grinding or sandblasting), in
particular, proved to be particularly disadvantageous.
Admittedly, the adhegion improved gslightly, but not to a
gufficient extent; however, the flatness of the carrier core
20 deteriorated on account of roughness- and damage-induced
agymmetrical strain. An undulatory carrier is undesirable since
the semiconductor wafers then cannot be gecurely introduced
into the receiving openings of the carriers and overlap the
linings of the receiving cpenings in the edge region in some
25  instances without being noticed, with the result that a
fracture of the gemiconductor wafer ocours when the upper

working disk of the grinding apparatus is lowered.

Primarily, however, an undulatory 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 restricta the cooling lubricant transport and the
achievable flatness of the semiconductor wafers.

25



27 The adhesion problem between (metallic) core material and adhesion promoter interlayer was
solved by chemical activation of the surface of the core material. 5 The activation is preferably
achieved by means of etching using acids or alkaline solutions. By way of example, sodium hydroxide
solution (NaOH) or potassium hydroxide solution (KOH), in particular concentrated 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 agids, e.g. using hydrochloric acid (HC1), sulfuric acid
(H2S04), 15 phosphoric acid (H3PO4), nitric acid (HNOS3) or chloric acid (HC103, HC104). The

activation is particularly preferably effected by etching_ using oxidizing acids, in particular nitric acid
(NG, ot FAFR I oF FUBILE GRS U I ACHE HESEITIAG B8 8 odioing acics
produces &iteproducibieooxitde dayertiarpatierarais ocon high-Grade steel; said:oxidedayerforming a

particularlysgoad. adhesignbase for the. subseguents25 application of the adhesion promoter interlayer.
In addition, an activation of the surface of the metallic core material by means of low-pressure plasma,

in particular using an oxygen plasma, is also possible. 30 The small layer thickness required can be
obtaified Byrevacofiomiforonthiek poatieg by Imeanhotpottingvanttkyer pfogressibnaandsgritiding back

after crosglinking and.vylcanizatiqn, of the thick layer to a target dimension by 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. During crosslinking and vulcanization (post-curing), the polyurethane
experiendes asmatidegreamfaolyne shrinkagerAs deresultutheotayétiptiuced is strained and the

carrier begames-undulatas-Aftercamplate soatirgof both, sides:afthe carrier, the stresses on both
sides essentially comgensatf for ) ) . .
10 NaCH ‘or XKOE, if appropriate with addition of a sclvent, e.g. an

alaohol (ethanol, methanol), are suitable.

The activation is preferably effected by etching using acids,
e.g. using hydrochloric acid (HCl}, sulfuric acid (Hz804),

1% phosphoric acld (H;PO.), nitric acid (HNOC:;) or chloric acid
(HC1O;, HCLO.) .

The activation ig particularxly preferably effected by etching
uging oxidizing acids, in particular nitric acid (ENO3), with

20 addition of fluoride iong (hydrofluoric acid, HF).

Ecching using oxidizing acids produces a reprocducible oxide
layer in particular also on high-grade steel, saild 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-pressure plasma, in particular using
an oxygen plasma, is also possible.

30 |
The small laver thickness reguired can be obtained by way of
uniform thick coating by means of potting and layer progresgsion
and grinding back after crosslinking and vulcanization of the
thick layer to a target dimension by means of flat grinding.

35



10 one another. However, on account of the sequential coating of both sides, there always remains a
certain residual stress and thus residual undulation of the finished coated carrier. However, since the
strains lead to long-wave residual 15 undulations which are elastically compensated for during the use
of the carrier without relatively high and locally greatly fluctuating restoring forces, carriers produced in
this way are suitable for carrying out the method according to the invention. 20 A simultaneous coating
of both sides of the carrier core in a single machini@g step is advantageous, however.  This can be
done for example by potting and curing in a mold 25 into which the carrier core is held in centered
fashion. A simultaneous double-side co ti%read% to ,ta%et thickness i%particgla}rjl preferred. 30 A
whole-ardh Fi3gPessi6n ?tt?eoﬁblﬁ%p%%y Finthe mold Al Be Henfevet ina stifficient manner
despite thednorastd MiscositytofithedP  peépalymeratdithesnidltlayehehiclriaks ibtheprepolymer is
introduced, intp the mgldunder vacuum or by means of pressure. 29 Patent claims 1. 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 material, which has a high
stiffnéss, Saidicwe dehsg tomplee\podpamycvated Withra $ecend matéridl, andh#so at least one

cutout forseeeiving.a semiconpductar,waters whgrein the sesend matstiakis athermasst . s
10polyurethane elastomer hrﬁvin$ a hard essﬁof ,20-9ggccord'n§fg%ost ore A. 2. The carrier as claimed
in claim 13WRERI the TSt rEIGY il BRESLTGRUILS GFAIRLiSty 870 - 800 Gk 15

becomes undulatory. After complete coating of both sides of the

carrier, the stresses on both sides essentially compensate for
10 one another. However, on account of the seguential coating of

both gides, there always remaing a certain residual stress and

thug residual undulation of the finished cecated carrier.

However, since the gtrains lead to long-wave residual

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

20
A simultaneous coating of both sides of the carrier core in a

single machining step is advantageous, however.

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

25 into which the carrier core is held in centered fasghion.

A simultanecus double~side coating ready to target thickness is

particularly preferred.

30 A whole-area progression of the PU prepolymer in the meold 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 meld under vacuum or by

means of pressure.



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 first material has a Rockwell
hardness of HRC 30 to HRC 60. 5. The carrier as claimed in claim 4, wherein the first material has a
Rockwell hardness of HRC 40 to HRC 52. 25 6. The carrier as claimed in claim 1, wherein the first
material is a steel. 7. The carrier as claimed in claim 1, wherein the first 30material is a high-grade
steel. 8. The carrier as claimed in any of claims 1 t& 7, wherein the thermoset polyurethane elastomer
has a hardness of 40 Shore A to 80 Shore A. 30 9.The carrier as claimed in any of claims 1 to 8,
wherein a_cutout of t{me,carrier is lined in its edge region with a third material selected from the group
consistingpgftﬁa)?viﬁyﬁ*d'gﬁe difluoride (PVDF), polyamide (PA), polypropylene (PP), polyethylene (PE),
polyethylene terephthalate (PET), polycarbonate (PC), polystyrene (PS), polymethyl methacrylate

(PMMA), perfluogoalkoxy (RFA)of mixtres: of these natetials,The,catrier as claimed in any of claims

1 to 8, wherein a cutout of the carrier is lined in its edge re%ﬁ)n with a thermoset polyurethane

elastomer havin§ & H&ATELS 672 0¥ 355 ofGihg tH SHBTE A BFME ciiiet 2R el dith R RPARS of claims 1
to 105wherein agatahthickness okthegiatrigr salvétwveen,0.8@ane-1.Himm andathickmness=aiihe core of

the carrier compgsed of the firgfnateriah is Befyyeen,3Q06.and; 88%,of;the fofal thigkness gf he carrier.
being completely or partly coated with a second material,
and also at lsast one cutout for receiving a semiconductor
wafer, wherein the gecond material ig a thermoset
10 polyurethane elastomer having a hardness of 20-90

according to Shore A.

2. The carrier az claimed in claim 1, wherein the first
_ material has a modulus of elasticity of 70 - 600 GPa.
15

3. The carrier as claimed in <¢laim 2, wherein the first
material has a medulus 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 60.
5, The carrier as claimed in claim 4, wherein the first
material has a Rockwell hardness of HRC 40 to HRC 52.
25
&. The carrier azs claimed in claim 1, wherein the first
material is a steel.
7. The carrier ss claimed in claim 1, wherein the first
30 material is a high-grades steel.
8. The carrier as claimed in any of claims 1 to 7, wheregin

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



The carrier as claimed in claim 11, wherein the thickness of the core of the carrier is between 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 12, 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. A method for coating a
carrier comprising a metallic core 31 and at least e cutout, and suitable for receiving semiconductor
wafers for the machining thereof in lapping, grinding or polishing machines comprising the following

steps: chemical aglivatian.ofthe core f dhe cartjerby, S ehemica reatment, elegtiochemical
treatment or treatment with a plasma, application of an adhesion promoter to"the carrier core that has
been pretreated it #9S W&, dppficafeH 6F8 pélyuicivahd Pregoly et roagRedidAtbramoter by

means of potting; cresshinking-aad vilcanizations Adofeln g-pelyurethanetayes, wherein some or all
of the edges of openings or cutouts of the carrier a reby c letely or partly covered in such a
way that front-sié?gelc%‘é |ﬁ§£alr1%er%%rfgsﬁ¥é 885&% al(eS %%%%éc@é.{g%%}é%no{tﬁg, ‘and grinding back the
polyuethane laye? tgrarel 1SufckFess. 18> Tirtelisokas ERimedda widiny 15pwherein the

polyurethane is applied:to.the-eare afdhe ,caigg%@gpgghéiggs @apl{ta%qg,gyy%ggg . Thgymethod as
claimed in claim 15 or 16 w$erein the application of the polyurethane %polymer takes place in a
mold by means BRIATRITA dﬂ%l’éil:‘%?&&ﬁlé% 18%he M R RAMREEIN SR/ 9t Gaims 15 to 17,
wherein the adhasrimemaetér comainsieitans. 2% The method as claimed in any of claims 15 to 18,
wherein a third material for lining an edge of a cutout is introduced 30by means of a high-pressure
injection-molding method. 20. The method as claimed in claim 15, wherein the activation by chemical

treatfient}d a treRf &RWItF an Biciiamt dtsth aBiAny °f claims 1 to 8, wherein &

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 betwesen 0.3 and 1.0 mm
and a thickness of the core of the carrier composed of the
first material is between 30% and 928% of the total
thickness of the carrier.

20

12. The carrier as claimed in claim 131, wherein the thickness
of the core of the carrier is between 50% and 90% of the

total thicknese of the carrier.

25 13. The carrier as claimed in either of claims 11 and 12,
wherein the thicknesg of the lavers composed of the second

material is identical on both sides of the core,

14. The carrier as claimed in sither of claims 11 and 12,
30 wherein the coating ig 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



32 or alkaline solution. 21. The method as claimed in claim 20, wherein the etchant is selected from a
group consisting of phosphoric acid(H3PO4), 5nitric acid (HNO3), sulfuric acid (42904), hydrofluoric
acid (HF), hydrochloric acid (HC1) or mixtures of the acids mentioned. 22. The method as claimed in
claim 20 or 21, wherein an oxidizing agent additionally acts on the first material 10during etching. 23. A
method for the simultaneous double-side material-removing machining of a plurality of semiconductor
wafers wherein®¥th 8émiésadtctorwaferilesisuch ahdt it isfreshy enovable Adein aiefout of one of a

plurality of carrigss.as-elaimeskin.am of clains:L Lo 44 dhat a5 caused o rafate by means of a rolling

apparatus and isx@ne %kl) moved o%‘a C%(I:Ioidal trajectory, wherein the semicondtictor wafers are
machined in material-ramoving FsHiSH BewEER TS FotatmiPRng SKapei2 0ot kRiG 8%ks. 24. The
method as clairfiegnn:claine@8;atherein the naterifll-rémovinganachining indelves-a double-side

grinding of the semigensluciog walsrs andieach yiardng disk comprises a,25working layer comprising

abrasive material. 25. The method as claimed in claim 23, wherein the material-removing machining
involves a doublaSidé IapisGbf t(RESEf oIS WaferSRfitH ShpBRPBPasIufy coRtprising
30abrasive matexiati26. Thexmethochas daknedrclaiprdwhesein the matesial-feRaoving machining

inVOIVeSadou@@ﬁggﬂqwi%m&h gc?iyurethane prepolymer to the adhesion
promoter by means of potting, crosslinking and vulecanization
10 to form a polyurethane layer, wherein some or all of the
edges of openings or cutouts of the carrier are thereby
corpletely or partly covered in such a way that front-side
coating and rear-side coating are connected to one another,
and grinding back the polyurethane layer to target
15 thickness.

16. The method as claimed in claim 15, wherein the
polyurethane is applied to the core of the carrier on both
sides simultaneocusly.
20
17. The method as claimed in claim 15 or 16, wherein, the
application of the polyurethane prepolyﬁer takes place in a

meld by means of vacuum or under pressure.

25 18, The method as claimed in any of claims 15 to 17, wherein the

adhesion promoter contains silane.

19. The method as claimed in any of claims 15 to 18, wherein a
third material for lining an edge of a cutout is introduced

30 by means of a high-pressure injection-molding method.

20, The method as claimed in claim 15, wherein the activation by

chemical treatment is a treatment with an etchant of an acid



supply of a dispersion comprising silica sol, wherein each working disl_< compris_es a polishing cloth as
working layer. 5 10 15 20 25 30 34 Abstract Carriergmethod for coating a carrier, and methoq for the
simultaneous double-side material-removing machining of semiconductor wafers S The invention
relates to a carrier, suitable for receiving one or more semiconductor wafers for the mac_:hining_ thereof
in lapping, grinding or polishing machines, comprising a core cqmposed of a first r_naterlal, which has a
high stiffness, sakl abebieshéemgrcompletely or partly coated with a seconq m_aterlal, and also at least
one cutout for receiving a semiconductor wafer, wherein the second material is a thermoset
polyurethane el omerﬂ %{lnag a hardness of 20-90 according to Shore A. The invention additionally
ati

relates toamet %for ol ca? %Féna in claim 20, wherein the etchant is
selected from a group consisting of phosphoric acid (PO,

5 nitric acid (HNG)), sulfuric acid (8,80,), hydrofluoric acid (HF) ,

hydrochloric acid (HCl) or mixtures of the acids mentioned.

22. The method as claimed in c¢laim 20 or 21, wherein an
oxidizing agent additionally acts on the first material

10 during etching.

23. 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 movable

15 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 mééhs of
a rolling apparatus and is thereby moved on a cycloidal
trajectory, wherein the semiconductor wafers are machined in
material-removing fashion hetween two rotating ring-shaped

20 working disks.

24. The method asz claimed in claim 23 ., wherein the wmaterial-
removing machining involves a double-side grinding of the
semiconductor wafers and each working disk comprises a

25 - working layer comprising abrasive material.

25. The wmethod as claimed in claim 23, wherein the material-
removing machining involves a double-side lapping of the
gemiconductor wafers with supply of a slurry comprising

30 abrasive material.

26. The method as claimed in claim 23, wherein the material-

removing machining involves a double-side polishing with

35



15 and a method for the simultaneous double-side material-removing machining of a plurality of
semiconductor wafers using such carriers. Fig. 1 33

supply of a dispersion comprising silica sol, wherein each

working disk comprises a polishing cloth as working layer.
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