- 1 - Method for providing a respective flat working layer on each of the two working disks of a
double-side processing apparatus 5 Subject matter of the invention The present invention relates to a
method for providing a respective flat working layer on each of the two working disks of a double-side
processing apparatus 10 comprising a ring-shaped upper working disk, a ring-shaped lower working
disk and a rolling apparatus, wherein the two working disks and also the rolling apparatus are mounted

in a manner rom@}gdﬂbgayrig%gg_%n@egggég&etg%blgféqg grgjgﬁgggg r%%pag%tus. Prior art

Electronics, microelectronics and microeléctromechanics 20 require as starting materials
semiconductor$#iBrs Wih efthsine FRIire WK AfhdeBr Fobal 8fd IRal ahbde-side
single-side-refarences dame sedpeaarabpaeiogy), roughness and cleanness. Semiconductor wafers are
wafers composed of semiconductor materials such as 25 elemental semiconductors (silicon,

germaniurg), C oun%ﬂsem&onduc&or glgor exam%l:e composed of an element of the third main group
of the periodic ta e 8Gcnh B8 EhHhintim, Ganiuh or ihdidM and an element of the fifth main group of the
periodic table such as nitrogen, 30 phosphorus or arsenic) or the compounds thereof (for example

SilixGex, 0 < x 1) praceordancewith the,prenartsemisondugiomwafersarergduead By means of
grrgl:[l)t;pllcny of §UC§§§§%’8 t3’15 Drocess gteE% Wi%hgcaf a%/eé’lgralc%bee%%%smgg m;&tge fco"ygwmg
working disks of a double-side processing apparatus
10  comprising a ring-shaped upper working disk, a ring-
shaped lower working disk and a rolling apparatus,
wherein the two working disks and also the rolling
apparatus are mounted in & manner rotatable about the
axis of symmetry of  the double-side processing

15 apparatus.

Prior art

Electronics, microelectronics and microelectromechanics
20 require as starting materials semiconductor wafers with
extreme requirements made of global and local flatness,
single-side~referenced flatness (nanotopoliogy),
roughness and c¢leanness. Semiconductor wafers are
wafers composed of semiconductor materials such as
25 elemental semiconducters (silicon, germanium), compound
semiconducters {(for example composed of an element of
the third main group of the periodic table such as
aluminum, gallium or indium and an element of the fifth
main group of the periocdic table such as nitrogen,
30 phosphorus or arsenic) or the compounds therecof (for

example Si;—xGe,, 0 < x < 1).

In accordance with the prior art, semiconductor wafers
are produced by means of a multiplicity of successive
35 process steps which can generally be classified into

the fcllowing groups:



- 2 - (@) producing a usually monocrystalline semiconductor rod; (b) slicing the rod into individual
wafers; (c) mechanical processing; 5(d) chemical processing; (e) chemomechanical processing; (f) if
appropriate producing layer structures. In the production of semiconductor wafersfor 10 particularly
demanding applications, advantageous sequences in this case include sequences which comprise at
least one processing method in which both sides of the_semiconductor wafers are simultaneously
processed in m?g rial-rgrcpovi.n fashiog in one processéin%steé) y, 15 means of two wo#king surfaces,

. . I uc ad Sila Mo C sCallline sehnicConducior
to be precise in's cha way that the processmgyforces ac n¥g 6N the SEmiEShaucior Wafer on the front

and rear sides d@frg the material removal substantially compensate for one another and no
constraining for¢es aze exerigd nethe 20 semiconducter wader by=a guige apparatus, that is to say that

the semicondu ax \A{ﬁté%rhigrp{g%%ssgg d? gtorgqhggating" fashion. In the prior art, preference is given to
sequences in 25 which both sides of af least thrée semiconductor wafers are simultaneously

processedin maferidft&fbving RERBRIEREEN two ring-shaped working disks, wherein the
semiconductor Wwaferstamednsertech looseélydntocreeeiving openings of at least three guide cages 30

(carriers) toothed: on the gufside.whieh ai gyidecky means of ayliag apparatus and the outer

toothing under pressure on cycloidal paths through the working gap formed between the working
disks, such that in this case they can rotate completely around the midpoint of 35 the double-side
processing appafatust Methos sitht@mpioy rotating cameérscantlplocess bof sides offoplurality of

semicondugtor yeafersssimpitaneousheilanding applications, advantageous
seguences in this case include sequences which comprise

at least one processing method in which both sides of

the semiconductor wafers are simultaneously processed

in material-removing fashion in one processing step by

15 means of twoe working surfaces, to be precise in such a
way  that the processing forces acting on the
semiconducter wafer on the front and rear sides during

the material removal substantially compensate for c¢ne
ancther and nc¢ constraining forces are exerted on the

20 semiconductor wafer by a guide apparatus, that is to
say that the semiconductor wafer is processed in "free

ficating" fashion.

In the prior art, preference is given to sequences in
25 which both sides of at least three semiconductor wafers
are simultaneously processed in material-removing
fashion between two ring-shaped working disks, wherein
the semiconductor wafers are inserted loosely into
receiving openings of at least three guide cages
30 {carriers} toothed on the outside, which are guided by
means ©of a rolling apparatus and the outer toothing
under pressure on cycleoidal paths through the working
gap formed between the working disks, such that in this
case they can rotate completely arocund the midpoint of
35 the double~side processing apparatus. Methods that
employ rotating carriers and process both sides of a

plurality of semiconductor wafers simultaneously in



- 3 - material-removing fashion over the whole area in this way include double-side lapping ("lapping"),
double-side polishing (DSP) and double-side grinding with planetary kinematics ("planetary pad
grinding”, PPG). 5 Of these, in particular DSP and PPG are of particular importance. In contrast to
lapping, the working disks in the case of DSP and in the case of PPG additionally each comprise a
working layer, the mutually facing sides of which constitute the working surfaces. PPG and 10 DSP are
known in the pr}gr@étra%ciyyyl gggggcribgd t}{iefl below. "Planetary pad grinding” (PPG) is a method
from the group of mechanical processing Steps which Bings Abodt 58 maf&ifal rémdvat By means of
grinding. It is dé&tYibetFfor eX8mple P DE1920670130658A L and asmppardtis suitableltherefor is

described for exaindple inddE:99347 8445 in thesgase abRRGe eaghworking disk,gomprisgs a working
layer containing,handed abrasive, he working layers are present in the form,of sfructured grinding
pads which are%‘ixed on th9e wprl%ﬁ%%g !Eegrés ad e%%v%%&ﬁ%@ﬁeﬁ%ﬁyﬁﬁ énﬁiols]’i’tﬁ/ew égﬁg manner (for
example hdok &hd 1685 Fasteriet) @%gﬁﬂ%%ﬁé of aduup: Fhé Worldig layérsivaveia2s sufficient

adhesion on the- morkingmisk. in drdec oot toale: displaced; geformed fformation eba bead)or detached

during processiag. ewevars ineycansaasily be ramoyed amhg woddng disks Py meags of a peeling
)

movement and can therefore rapidly be exchanged, such 30 that, without long set-up tim is

possible to chafige rapid Bativeen diffefsHt types ofgHfiding p%%eforlﬂ*iﬁféféﬁtlé’ppl'fc%‘ﬁéﬁg. Suitable
working layers PritAe o oF §rinding pads designetito beself:adhesivefarcthe. reapsiderate described

for example in 3% 1559587040 Fhe abrasive usad inthe gendingpadsiis preferably diamond. - 4 -
Double-side po '%ggﬁgsggi%a method from the group of chemomechanical processing steps. DSP
processing of silicon wafers’is déscribed for example in U52003/054650A and an apparatus suitable

therefor is 5 described in DE10007390A1. In this description, "chemical mechanical polishing” should
be understood &xdlasiwelytp mean aqsatatakremovalby;means af ayaixed effectgomprising
chemical etChir}Qx@ﬁB‘eé‘Psﬂééﬁaﬂl'i%E‘f S;?J:Lglé)é] s%rldn@e%r%%rﬂaigalw r?%ign}?i{inﬁ%%nsaggut
15 a material removal by means of grinding. It is
described for example in DE102007013058A1, and an
apparatus suitable therefor is described for example in
DE19937784A1. In the case of PPG, each working disk
comprises a working layer containing bonded abrasive.
20 The working layers are present in the form of
structured grinding pads which are fixed on the working
layers adhesively, magnetically, in a positively
locking manner {for example hook and loop fastener) or
by means of vacuum. The working layers have a
25 sufficient adhesion on the working disk in order not to
be displaced, deformed (formation of a bead) or
detached during processing. However, they can easily be
removed from the working disks by means of a peeling
movement and can therefore rapidly be exchanged, such
30 that, without long set-up times, it is possible to
change rapidly between different types of grinding pad
for different applications. Suitable working layers in
the form of grinding pads designed to be self-adhesive
on the rear side are described for example in
35  US5958794. The abrasive used in the grinding pads is
preferably diamond.



10 loose grain dispersed in the aqueous medium, which is brought into contact with the semiconductor
wafer by a polishing pad, which contains no hard substances that come into contact with the
semiconductor wafer, and thus brings about a material removal from the 15 semiconductor wafer
under pressure and relative movement. In the case of DSP, the working layers are present in the form
of polishing pads, and the latter are fixed on the working disks adhesively, magnetically, in a positively

preferably has X oH-das o1 belen & Shg 1340ng cheretl EatRareat boriing atirthe grain.
dispersed thereir isPeRFEBIy R EG RAdally BRpRESE BlicaSSG Praving Yraik S8 0T 25ahe Sol particles

of between 5 nmidnictafew mierbmeters. YWhat isczospmonda PPGrard DSPxdsrtpatthe flatness and

paralielism of theswordng sudages diea!ly feteqpine. 30 e obtanaple latngas.and paraleliom of the

semicondyctor wafer processed by them. For PPG this is described in DE DE102007013058A1. For
particularly den&iding 2FPlicatidhs, gartdiiariy SPgent retfliirenténits mads HF theblafa-parallelism
of the 35 semicontiactor akafemand tmissefltherplaneparallélisehofthe wbrking sdfacesare

applicable. - 5 & The flatness,of the warking surface:isifirstly ceitically,determined -y the flatness of the
working disk which ggrrig%b}e ¥vorkin%la¥§r. The fo%owingg ethads are known for making, the working

Sai §pbsible "By Wy of 8XafiiB furrig of the

disks of double-Side processﬁg hppara?use%la%gflai:
working disk blé&sk By ifelaiiscof Thipiierioval by anefiing iool Is krioved.cThesfaceearningoi§ preferably
effected after theoweeking-£Q disk hagbeesdnountedhia thageuhle-sideraeessing:apparaus, since
subsequent m%%ﬂ%l—?@” f}{@g‘ ogo%qgr& th&"%&%fkg}gedis'(e%g%!ghéﬁ%r{‘glﬁve'w% ftgg V\g)rking disk can
also be processed prior to mounting on a correspon ‘|nglys]arger processing apparatus for5s example
by lapping towdt8 paiarity ard then'Hasth b FRGHHES inEPmaFRer exHibftfrsaErticutdriytiow strain.
What is commorctoaall ohthe knowhnaneasureshhoweyer sisithatdhey can admittedly, impreve the

flatness of the werking digk, byt not 1o the extent that wouldhe o ova1  from  the
15 semiconductor wafer under .pressure and relative
movement., In the case of DSP, the working layers are
present 1in the form of polishing pads, and the latter

are fixed orn the working disks adhesively,
magnetically, in a positively locking manner (for

20 example hook and loop fastener) or by means of vacuum.
The alkaline solution preferably has a pH value of
between 9 and 12 during chemical mechanical polishing,

and the grain dispersed therein i1s preferably a
colloidally disperse silica sol having grain sizes of

25  the sol  particles of between 5 nm  and a faw

micrometers.

What is commen to PPG and DSP is that the flatness and
parallelism of the working surfaces directly determine
30 the cbtainable flatness and parallelism of the
semiconductor wafer processed by them. For PPG this is
described in DE DE102007013058A1. For particularly
demanding applications, particularly stringent
reguirements made of the plane-parallelism of the
35 semicenductor wafer and thus of the plane-parallelism

of the working surfaces are applicable.



20 necessary for the production of semiconductor wafers for particularly demanding applications. The
parallelism of the working surfaces with respect to one another is likewise firstly critically determined
25 by the parallelism of the working disks each carrying a working layer. The following methods are
known for making the working disks of double-side processing methods as parallel as possible to one
another: 30 Firstly, one working disk, preferably the lgwer one, which is generally mounted rigidly in

the o_Iouble-sideﬂ?lrgceslsirggcggg%ratugfis rr%ef%e as ‘ﬂ%; as rpéqss.iglgr?a%jﬁéninggfter ricrosfggratlon or by
lapping on a separate processing apparatus before incorpaoration into the 35 double-side B?ocessmg

apparatus. TheRXthelothert-Workig disk Steferibly the ugpkr BReSWhieH is generdiy bimted
cardanically and tak thenehyhat teast i-<6- gioballywarr averagelalways beradentesi parallekio the lower

working disk isaeepaeateglato ihe-dauble:side pracesgindapparlisanlanped,ig against the

lower working disk..Preceding face turning of the upper 5 working disk in a Separate processing
apparatuskigs CcORCERAGIES hdtueREP IR BTt thsB PR RhRGES AN~ finally: ForPthelttdSworkig disks, after

incorporation into the double-side processing apparatus, to be lapped against one another in order to
remove the progessiag: or example, turning of the working disk blank by
means of chip removal by a turning tool is known. The
face turning is preferably effected after the working
10 disk has been mounted in the double-side processing
apparatus, since subsequent mounting c¢an strain or
deform the working disk again. Alternatively, the
working disk can also be processed prior to mounting on
a correspondingly larger ©processing apparatus for
15 example by lapping toward planarity and then has to be
mounted in a manner exhibiting particularly low strain.
What is common to all of the known measures, however,
is that they can admittedly improve the flatness of the
working disk, but not to the extent that would be
20  necessary for the production of semiconductor wafers

for particularly demanding applications.

The parallelism cof the working surfaces with respect to
one another is likewise firstly critically determined
25 by the parallelism of the working disks each carrying a
working layer. The following methods are known for
making the working disks of double-side processing

methods as parallel as possible to one anocther:

30  Firstly, one working disk, preferably the lower one,
which 1is generally mounted rigidly in the double-side
processing apparatus, is made as flat as possible by
turning after incorporaticn or by lapping on a separate
processing apparatus before incorporation into the

3% double-side ©processing apparatus. Then, the other
working disk, preferably the upper one, which 1is

generally mounted cardanically and can thereby at least



10 traces of turning or the deposits from the multiple changing or redressing of the turning tool that is
necessary owing to the large chipping volume. Since the working disks finally always have to be 15
lapped, at the end of the leveling process they have a convex profile and their surfaces facing one
another therefore run parallel to one another only to an insufficient extent. 20 The prior art discloses
possibilities for ensuring that a best possible plane-parallelism of the working surfaces - once it has

been established ; is maintained even under thermal and mechanical cyclic loading. A particularly stiff
working disk wit 808?0 o%% is %%%%%riﬁe}dﬂ %%xgr%plgrlﬁ' ﬁ@f@%ﬁé%& N %ogcs iI%?é% for actively
setting the workifif tisk forrtaFedisticsed forfexamplein DETG2D04040429A% odouble-
DE102006037490x: . Howeves fiese metbedsfonthe tatgetertkdeformation efthe varking,disks during

30 processing arg,unsujtable-for making anpinitially uneven working disk flat to an extent such that the
working surface of a workin ,lla [qer applied on the wlorf?ing délﬁz\s,{ has the%f at%)gssge}tqned Efl%ﬁglism of both

working sutfac&S with tspéct 6 onkanéthet 38 B55equirtd torhe praduditit 6R&ermicontiuctor
wafers for particgiafly dearanzling applivations.1n7 £ HHEmally,2he flathessiof theawerkingrsyrfaces and

the parallelism of batworking.surfaces yithsespectdo ong anotherare defermined.by fhe thickness
profile of the work'ncg nggrsé&p}ﬂlji?d to tfgje working disks. The 5 working layer can, if it is highly
elasti

constant in its thickness'an & arpest BihmiiERthe Yorit B e Working disk. FiRERE $he prior art
discloses meth8ds ferIrmatisy FOtHeworking |8edsTrintmingdgondersivad to nesssthedargeted

material temovabfiem= ted. A distinetion is-made-betwerisshaping-simming (“taiing) @nd trimming

that alters the surface properties of the tool.("dressing”, ‘conditionin seasoning”). In the case 15 of
shaping trimming, m§€er%l isor!im%sgf r%%nl(t{h% to%?wiﬁwht%e%‘! ror}lsuﬁabgeot?%m?r%agppéFatuses in
such a way that' 3e$8d Yarget fsfnt6f theeldEf’s GHEERIIVHIER éBme into contact with the

workpieces arises. In contrast thereto, in the case of trimming
Since the working disks finally always have to be
15 lapped, at the end of the leveling process they have a
convex profile and thelr surfaces facing one another
therefore run parallel to one another only to an
insufficient extent.

20 The prior art discloses possibilities for ensuring that
a best possible plane-parallelism of the working
surfaces - once it has been established - is maintained
even under thermal and mechanical cyclic loading. &
particularly stiff working disk with good cooling is

25 described for example in DEL0007390R1. Possibilities
for actively setting the working disk form are
disclosed for example in DE102004040429A1 or
DE1020060374%0A1. However, these methods for the
targeted deformation of the working disks during

30  processing are unsuitable for making an initially
uneven working disk flat to an extent such that the
working surface of a working layer applied on the
working disk has the flatness and parallelism of both
working surfaces with respect to one another as

35 required for the production of semiconductor wafers for
particularly demanding applications.



20 that only alters the surface properties of the tool, so little material is removed that the desired
property change, for example roughening, cleaning or redressing, is just achieved, but a critical
change in the form of the tool is avoided in the process. 25 In the case of DSP, however, shaping
trimming of the working layers (polishing pads) cannot be carried out since the useful layer of a
polishing pad is extremely thin. The useful layer is_sg;thin because the polishing 30 pad is subject to

practically no materigl-removing wear in the coutse of its use. Since shaping trimming cannot be
carried out in the case@ DS ,%an%n%%/ré%ﬁgssoo t&%ﬁm?ﬁ%@ﬂ%c@%@ﬁﬁ& fréfiantitfeven
working disk cafRétHe Bdretted B50081 efmgarfehnent with flre semigsmnductor syaferranddrings about

the material remowval undeipressire anskwith relativesRpoveraent The geinding pagiis therefore subject
to wear. Since thg PPG.grnding pad & gub%;%!?it%&/ve@é, its useful layer %éan rally has a considerable
illi ands

thickness (at least a few tenths of a'millimeter), and so economic use without rédtient &%ﬁuction
interruption’s caliS&d b Eharfyiitg thé finding pattis péssibleHeits flatfesscan ba regstablished by
10 repeated trimiimirgkihe tise prior art zditectly after aanew grinding paditas beenappliedtiimming is
carried out in okgler 10 gxpesesabrasive grain at the working surface (initial dressing). One method for
initial dressing is described for example in T. Fletcher et 15al., Optifab, Rochester, New York, May 2,
2005. Both initial dressing by itself and regular trimming for reestablishing the form of the working
surface are assbéfated-With Slich srakh matertal rbimovats femtiee 20avorking layet that this does not

significantly sharten the seviee life v the grinding Rad.iln principles in.the case QLERG. in.contrast to
DSP,nisposﬂpgggég@ghgg@ggggya¥g%g QE%¥§6£ a tool. A distinction is

made between shaping trimming ("truing") and trimming
that alters the surface properties of the tool
{"dressing", "conditioning", "seasoning™). In the case

15  of shaping trimming, material is removed from the tool
with the aid of suitable trimming apparatuses in such a
way that a desired target form of the elements of the
tool which come into contact with the workpieces
arises. In contrast thereto, in the case of trimming

20 that only alters the surface properties of the tool, so
little material is removed that the desired property
change, for example roughening, cleaning or redressing,
is just achieved, but a critical change in the form of
the tool is avoided in the process.

25
In the case of DSP, however, shaping trimming of the
working layers (polishing pads) cannot be carried out
since the useful layer of a polishing pad is extremely
thin. The useful layer is so thin because the polishing

30 pad is subject to practically no material-removing wear
in the course of its use. Since shaping trimming cannoct
be carried out in the case of DEP, an unevenness of the
working surface resulting from an uneven working disk
cannot be corrected.

35
In the case of PPG, the working layer (grinding pad),

by means of the abrasive bonded in it, enters into



25 considerably lengthened shaping trimming such that a flat working surface is obtained even on an
uneven working disk such as cannot be produced better in the prior art. In this case, however, a
considerable portion of the initial useful layer height of material 30 has to be removed from the grinding
pad, for example more than one third. This makes the described method uneconomic (high
consumption of expensive grinding pad, high consumption of the trimming blocks, lengthy trimming

process with lon e of the installation). 35 Ohject - 9 - The object on which the invention is
based consists, %h‘ggeg?ore?%ﬁ fur"fyhlestrﬁl‘mp‘%\%ﬂg?ﬁén #g%%%gﬁ%arplaﬁJea-%gFalleﬁg olhﬁé%king layers
of a double-sidé&ProtessittFapparatis for DSPRIRRG, WitH6ut repifrifd consitiérablethaterial
removal by shapirigettimnaingmd thenatetking feiyer Dgscripiion©f thesiavention 10-Ehe ebjest is
achieved by means;of.a methag for praviding. arespegtive flatworking layer on.each af the two
working disks of a double-side processing apparatus comprising a ri g-ghapedsupper ?/vorking disk, a
ring-shaped lowét Working disicartFs F&ﬁng&@’%ﬁp&%%\;ﬁ&eiﬁ%ﬁe fiva RBAGE 8BRS and also the
rolling apparatusharekneussted &t a hesrmter zotatablel abotitthe axis of symmetneefithe gogble-side

processing apparatus, apdywherein the method, compyises theffgg%y' = tepsﬂg the, é@%% order: 20(a)
applying a lower intermediate Iag/er on the surface %1; the lower working disk and an upper intermediate

layer on the sufface of R UPPET womking Aisk:Y (bf Sittitai8ousRAe it Bot inkiledidte layers by
means of at lea8f fifée mniifigl apparatuses ieach5 camprising arttiemrhigldiskeat least one
trimming body cefainingian-abrasivecsubstanee,ang aneuter,teothing whergin the:imming
apparatuses arg moved. eans of the rolling apparatys and the auter, toothing under pressure and
with addition of aég]ooi?gé?g% u§ric§3a%?, which %%ref ainso §ueb%s‘tan%3é§%fhn§bré§ivg %Eﬁc}ﬁ,gon cycloidal
paths over the fitérmeBiafellayérs aRd THROsingEbeus Rateral ¥ameval frbm the intérmediate
layers; and (c)sppldng a lgwet working dayes of igiform diieknessthod  for initial
dressing is described for example in T. Fletcher et

15 al., Optifab, Rochester, New York, May 2, 2005.

Both initial dressing by itself and regular trimming
for reestablishing the form of the working surface are
associated with such small material removals from the
20 working layer that this does not significantly shorten

the service life of the grinding pad.

In principle, in the case of PPG, in contrast to DSP,
it 1is possible to trim the working laver by means of
25 considerably lengthened shaping trimming such that a
flat working surface 1is obtained even on an uneven
working disk such as cannot be produced better in the
pricr art. In this «case, however, a considerable
portion of the initial useful layer height of material
30 has to be removed from the grinding pad, for example
more than one third. This makes the described method
uneconomic (high consumption of expensive grinding pad,
high consumption o¢f the trimming blocks, lengthy
trimming process with long outage of the installation).
35
Object



35 to the lower intermediate layer and an upper working layer of uniform thickness to the upper
intermediate layer. - 10 - The method according to the invention is able to
providehighlyflatworkingsurfaceswithout necessitating shaping trimming. Therefore, the method 5 can
also be employed in the case of DSP, where shaping trimming of the working layer is not possible on
account of the small thickness thereof. In the case.of;PPG, it is possible to avoid a considerable

reduction of the.thickness and hence .of the passible service life 10 of the warking layer that is
associated Wit?ﬁéap%%%t?i%ntmir?gl. B%i%% ges&?ﬁﬁonlo%‘fﬁg @'Srnes 15 Fl%ﬁlj?ée %: ag |§¥Lpsr%ﬁl’e of the
distance betweeR$hE WoFRing HiskEUEGURE 21 RAHRY prstiletbfthé f6rar BF theald@ePWaneng disk. 20

Figure 3: Radiabprefile of therdistahcechetween:therworking/surfacesrafter peepasationsbyia method not
according to the Inyeion, 25 Eigute 4: Radiabprofle.of e gigiance petyiesn therorking,surfaces
. ; iy cd

after preparation by the method according to the invention. Figure 5: Schematic il stration of the
essential 30 elgrné%r/ﬂg%?doleorﬁf%]r@siﬁ@ ProCEssingER PR At 1h aCcRdatte Wit e Sriocr &rt.  Figure
6: Exemplary ehibodimentiofia frirmeing apparatus for leveling the intermediate layer according to the
35 method according to the invention.

DPescription of the invention

10 The object 1s achieved by means of a method for
providing a respective flat working layer on each of
the two working disks of a double-side processing
apparatus comprising a ring-shaped upper working disk,
a ring-shaped lower working disk and a rolling

15 apparatus, wherein the two working disks and also the
rolling apparatus are mounted in a manner rotatable
about the axis of symmetry of the double-side
processing apparatus, and wherein the method comprises
the following steps in the stated order:

20 (a) applying a lower intermediate layver on the surface
of the lower working disk and an upper intermediate
layer on the surface of the upper working disk;

(b) simultaneously leveling both intermediate layers by
means of at least three <trimming apparatuses, each

25 comprising a trimming disk, at least one trimming body
containing an abrasive substance, and an outer
toothing, wherein the trimming apparatuses are moved by
means of the rolling apparatus and the outer toothing
under pressure and with addition of a cooling

30 lubricant, which contains no substances with abrasive
action, on cycloidal paths over the intermediate layers
and thus bring about a material removal from the
intermediate lavers; and
{(c) applying a lower working layer of uniform thickness

35 to the lower intermediate layer and an upper working
layer of uniform thickness to the upper intermediate
layer.



- 11 - Figure 7: Schematic illustration of steps a) to c) of the method according to the inv_entio_n. Li;t of
reference symbols and abbreviations 5 1Radial profile of the distance between the working disks in the
case of 00 azimuth (method not according to the invention) 2Radial profile of the distanc‘e between the
working 10disks in the case of 90 azimuth (method not according to the invention) 3Ra_d|al profile of
the distance between the working disks in the case 9,180 azimuth (method not according to the
invention) 15 4Radial profile of the distance between the working disks in the case o_f 270 azimuth _
(method not according to the invention) 5Radial profile of the form of the lower working layer in
the case of 0 aZifftith {ifeftistl ntaedsrding t@theiwentioention is able to

provide highly flat working surfaces without
necessitating shaping trimming. Therefore, the method

5 can also be employed in the case of DSP, where shaping
trimming of the working layer 1is not possible  on
account of the small thickness thereof. In the case of
PPG, it is possible to avoid a considerable reduction
of the thickness and hence of the possible service life

10 of the working layer that is associated with shaping
trimming.

Brief description of the figures

15 Figure 1: Radial profile of the distance between the

working disks.

Figure 2: Radial profile of the form of the lower
working disk.

20
Figure 3: Radial profile of the distance between the
working surfaces after preparation by a method not
according to the invention.

25 Figure 4: Radial profile of the distance between the
working surfaces after preparation by the method

accerding to the invention.

Figure 5: Schematic illustration of the essential
30  elements of a double-side processing apparatus in

accordance with the prior art.

Figure 6: Exemplary embodiment of a trimming apparatus
for leveling the intermediate laver according to the
35 method according to the invention.



6Radial profile of the form of the lower working layer in the case of 90 azimuth (method not according
to the invention) 7Radial profile of the form of the lower working 25layer in the case of 180 azimuth
(method not according to the invention) 8Radial profile of the form of the lower working layer in the
case of 270 azimuth (method not according to the invention) 30 9 Radial profile of the working gap
between the working surfaces in the case of 0 azimuth (method according to the invention) 10 Radial
rofile of the weyk| ap,het WOrkj urfaces.in the case.of 90 azimyth (metho
gSaccording togt%eéqi%rvgén?dn)\g-gig% %L%%L%%dfg[g&gfﬁé % t %}Lwc?r inS%%%%e? eel{nothgs\a/vocr)lgng surfaces
in the case of 1800 &Fmbfif(réRBdacesrding td thelinVértioryn2 Radial profile of the working gap
between the 5working surfaces in the case of 270 azimuth (method according to the invention) 13

Upper working gliski14, gepugnducil Walehols and abbreviations

5
1 Radial prefile of the distance between the working
disks 1in the case of 0° azimuth (method not
according to the invention)
2 Radial profile of the distance between the working
10 disks in the <case of 90° azimuth (method not

accoraing to the invention)

3 Radial prefile of the distance between the working
disks in the case of 180° azimuth {(method not
according to the invention)

15 4 Radial profile of the distance between the working
disks in the <case of 270° azimuth {method not
according to the invention)

5 Radial profile of the form of the lower working
layer in the «case of (0° azimuth (method not

20 according to the invention)

& Radial profile of the form of the lower working
layer in the case of 90° azimuth (method not
according to the invention)

7 Radial profile of the form of the lower working

25 layer in the case of 180° azimuth (method not
according to the invention)

8 Radial profile of the form of the lower working
layer in the case of 270° azimuth (method not
according to the invention)

30 9 Radial profile of the working gap between the
working surfaces in the case of 0° azimuth (method
according to the invention)

10 Radial profile of the working gap between the
working surfaces in the case of 90° azimuth (method

35 according to the invention)



15 Carrier 10 16 Upper intermediate layer 17 Working gap between the working surfaces 18 Channels
for feeding liquid operating medium 19 Lower working surface 20 Outer pin wheel - 15 21 Inner pin
wheel 22 Apparatus for measuring the gap width between the surfaces of the working disks near the
inner circumference 23 Apparatus for measuring the gap width between the 20surfaces of the working
disks near the outer circumference 24 Axis of rotatignyotf-the upper working disk 25 Axis of rotation of
the lower workir?'g_ disk 26 Lower wo lirlI% disokf25 1ggeOpenin inthecarrierforéjeceivin%i ;%Qéconductor

wafer 28 Axis of fotation and sy%rrﬁetry of the entire dou%?e-sfﬁrégprogggsin gﬁ‘ﬁgl%
working surfaces in the case of 180° azimuth

(method according to the invention)
12 Radial profile of the working gap between the
5 working surfaces in the «case of 270° azimuth
{(methed according to the invention)
13 Upper working disk
14 Semiconductor wafer
15 Carrier
10 16 Upper intermediate lavyer
17 Working gap between the working surfaces
18 Channels for feeding liguid operating medium
18 Lower working surface
20 Outer pin wheel
15 21 Inner pin wheel
22 Apparatus for measuring the gap width between the
surfaces o¢f the working disks near the inner
circumference
23 Apparatus for measuring the gap width between the
20 surfaces of the working disks near the outer
circumference
24 Axis of rotation of the upper working disk
25 Axis of rotation of the lower working disk
26 Lower working disk
25 27 Opening in the carrier for receiving a
semiconductor wafer
28 Axis of rotation and symmetry of the entire double-
side processing apparatus
29 Lower intermediate laver
36 30 Surface of the lower intermediate layer before
leveling
31 Surface of the lower intermediate layer after
leveling
32 Lower working laver
35 33 Flat working surface of the lower working laver
after preparation by the method according to the
invention



29 Lower intermediate layer 30 30 Surface of the lower intermediate layer before leveling 31 Surface
of the lower intermediate layer after leveling 32 Lower working layer 35 33 Flat working surface of the
lower working layer after preparation by the method according to the invention - 13 - 34 Trimming disk
35 Upper trimming body 36 Lower trimming body 37 Outer toothing of the trimming apparatus 5 38
Upper working surface 39 Upper working layer 40.Syrface of the upper intermediatfa layer before
leveling 41 S}J‘Ifac.ia %&:@?ﬁj pgr i termediate layer after 10leveling 42 Flat working surface of the

upper working Ia)éer after preparation by the method according to the invention
3 Upper trimming body

36 Lower trimming body
37 Outer tocthing of the trimming apparatus
> 3B Upper working surface
39 Upper working layer
40 Surface of the upper intermediate layer before
leveling
41 Surface of the upper intermediate layer after
10 leveling
42 Flat working surface of the upper working laver
atter preparation by the method according to the
invention
W Distance between the mutually facing surfaces of
15 the werking disks
U Height (thickness) of the lower working disk
G Distance between the working surfaces
R Radial position on the working disk
n, Rotational speed of the upper working disk
20 n, Rotational speed of the lower working disk
n; Rotational speed of the inner pin wheel

n, Rotational speed of the outer pin wheel

Detailed description of the invention
25
The invention 1s described in detail below with

reference to figures and exemplary embodiments.

Figure 5 shows the essential elements of an apparatus
30 for the simultaneous material-removing processing of
both sides of a plurality of semiconductor wafers with
rotating carriers, to which the present invention
relates: an upper, ring-shaped working disk 13 and a
lower working disk 26 rotate on collinear axes 24 and
35 25 with rotational speeds n, and n,. An inner pin wheel
21 i1s arranged within the internal diameter of the

ring-shaped working disks 13 and 26 and an outer pin



Distance between the mutually facing surfaces of the working disks Height (thickness) of the lower
working disk Distance between the working surfaces R Radial position on the working disk nu
Rotational speed of the upper working disk 20 nu Rotational speed of the lower working disk ni
Rotational speed of the inner pin wheel n. Rotational speed of the outer pin wheel Detailed description
of the invention 25 The invention is described in detail below with reference to figures and exemplary

embodiments. Figure 5 shows the essential elements, of an apparatus 30 for the simultanepus
Wiec %' g eA O{RSl%ﬁy or}lseem?c%{(?n%%?&r \A%ﬁ‘@rlg%ﬁﬂo?afing carriers,

material-removing processmgsof both sides of & plurali
to which the préstht ifierfliof1EREES: APUFRETIring shaped Workaigldiska3 asgéad pin
wheels rotating at rotational speeds n: and 1.
collinearly with respect to the working disks and hence

5 about the common overall axis 28 of the double-side
processing apparatus. Inner 21 and outer pin wheels 20

form & rolling apparatus, intc which are inserted at

ieast three carriers 15 with an appropriate outer

toothing. Figure 5 shows a double-side processing

10  apparatus into which five carriers 15, for example, are
inserted. The carriers 15 each have at least one, but

preferably a plurality of openings 27 for receiving
semiconducter wafers 14. In the example shown in figure

5, three semiconductor wafers 14 are respectively

15 inserted into each of the five carriers. In this
example, therefore, fifteen semiconductor wafers 14 ars

processed simultaneously per processing pass {(machine
batch) .

20  According to the invention, the two working disks 13
and 26 carry intermediate layers (upper intermediate
layer 16 in figures 5, 7 and lower intermediate laver
29 in figure 7) on their surfaces facing one another.
The mutually facing surfaces of the intermediate layers

25 carry working layers (upper working layver 39 in figure
5 and lower working layer 32 in figure 7). The mutually
facing surfaces of the working layers 3% and 32 form
the working surfaces 38 and 1%. The latter come into
contact with the front and rear sides o©f the

30 semiconductor wafers 14 during processing.

By means of the rolling apparatus 20, 21 and the outer
toothing, the carriers 15 with the semiconductor wafers
14 are guided on cycloidal paths simultaneocusly over
35 the upper 38 and the lower working surface 19. What is
characteristic of the double-side processing apparatus

shown in this case is that the carriers in this case



lower working disk 26 rotate on collinear axes 24 and 35 25 with rotational speeds no and nu. An inner
pin wheel 21 is arranged within the internal diameter of the ring-shaped working disks 13 and 26 and
an outer pin - 14 - wheel 20 is arranged outside the external diameter of the ring-shaped working
disks 13 and 26, said pin wheels rotating at rotational speeds ni and na collinearly with respect to the
working disks and hence 5 about the common overalkaxis 28 of the double-side processing apparatus.
Inner 21 and outer_pin wheels 20 form a_rollin paratus, into which are, inserted at least three
carriers 15 Withragntgp%rop??atep(?uatgre 'Eco%{ﬁ]in . ;%glusfe 5 %ﬁgv%s a\lév Bgubfie:%iae ér ce%gind: 6 apparatus
into which five GarFiére152 k5@ Sle, afé fiserfdth Fthe Chfrits 15 eath1ies@ ableaseene, but
preferably a plurality of openings 27:fof seesiving semiganductor wafers 14. Ingheexample shown in
figure 5, three sermieqaductor yafers 1,ar¢ resnectively 42 Jasertad inta gach gl e fivg garmers. In
this example, therefore, fifteen semiconductor wafers 14 are processed smultaneougly er processing

pass (machine batchY S0 REc RGO theInverition Sl o drkirtrdisks ¥3 AAd 265k
intermediate layers tupper intetrediatedayenitbinifigures. 57 aad lowet intermediaterlayer 29 in

figure 7) on thejs sutfaces facing;one anether The mutually faging sudaces, of the,intermegliate layers
25 carry workinggayers (upper working layer 39 in figure 5 and lower working layer 32 in figure 7). The
mutually facing'suifaces of the working layers 39 and 32 form the working surfaces 38 and 19. The

latter come into contact with the front and rear sides of the 30 semiconductor wafers 14 during
processing By neaniscof dhe roling appaiaies-20 21 and the-uten toothing.the cagriers 15 with the
semiconductor gvaferlssl4 g ggidedfgg CyClc%de%langqs Simrrlijeltc nggg%lgloverdoubl@—s ide
polishing, the working layers 3% and 32 are polishing
pads containing no hard substances with abrasive action
which come into contact with the surfaces of the
15 semiconductor wafers 14 during processing. The
operating medium fed to the working gap 17 via the
channels 18 1is a polishing agent, which preferably
contains a colloidally disperse silica sol having a pH
value of between 9 and 12.
20
If the double-side processing apparatus shown in figure
5 is used for double~side grinding according to the PPG
principle, the working layers 39 and 32 are grinding
pads containing fixedly bonded abrasive substances in
25 contact with the surfaces of the semiconductor wafers
14. The cperating medium fed to the working gap 17 via
the channels 18 is a cooling lubricant containing no
substances with abrasive action. Preferably, pure water
without further additives 1is used as the cooling
30 lubricant in the case of PPG.

The material removal is finally brought about by the
described relative movement of the semiconductor wafers
14 with respect to the working layers 39 and 32. In the
35 case of DSP, the material removal 1s effected by means
©of a three-body interaction of (1) polishing pad, (2)

silica sol comprising reactive OH  groups of the



35 the upper 38 and the lower working surface 19. What is characteristic of the double-side processing
apparatus shown in this case is that the carriers in this case - 15 - rotate on planetary paths about the
axis 28 of the entire apparatus. That space which is formed between the working surfaces 38 and 19
and in which the carriers move in this case is designated as working gap 5 17. During processing, the
upper working disk 13 exerts a force on the lower-warking disk 26, and an operating medium is fed via

channels 18 in r working.disk 13. 10 If the double-si rocessing apparatus shown in figure
5 is used for ch%ﬁ%qg&rﬁgcha%?c% %l%ﬂ“&%-si&eg S&EShina@?fﬁe ﬁgrﬁingﬁ3§£§%% anoc%[ 32 %geepolishing
pads containing® AB-hard SHEStaRcEEAWRI aBrasive a&tion Whith EsFkeints Eentactiitiedsurfaces of

the 15 semicondector wiafers: b4 dutingsprocessipgclhe operatingupediim fedkigtheworking gap 17
via the channelg §§é'§@e%0”%}mgr@§ﬂé whigh %ref%r‘gg%%odgairksn% gg[]jlcg:lg%I(lyndlsggrse( fl)hca sol
having a pH value of between™9 and 12. 20 _ )
2 grinding pad having bonded abrasive and {2) surface of
the semiconductor wafer 14 facing the respective

grinding pad.

The form of the working gap 17 formed between the
10 working surfaces 38 and 19 critically determines the
form of the semiconductor wafers 14 processed in said
gap. A gap profile that 1s as parallel as possible
yields semiconductor wafers 14 having highly plane-
parallel front and rear sides. By contrast, a radially
15 gaping or azimuthally undulatory ("wobbling™) gap
vields a poor plane-parallelism of front and rear
sides, for example in the form of a wedge shape of the
thickness or wundulation of the semiconductor wafer
surface. Therefore, some double-side processing
20  apparatuses have sensors 22 and 23 which are arranged
at different radial positions in the upper working disk
13, for example, and which measure the distance between
the mutually facing surfaces of the working disks 13
and 26 during processing.
25
The measurement of the distance between the working
disks 13 and 26 indirectly permits conclusions about
the distance between the working surfaces 38 and 19,
which bring about the material removal from the
30 semiconductor wafers 14 and are therefore critical.
From this ~ at least indirectly and given knowledge of
the thickness of the working layers 39 and 32, for
example Dbecause the latter are subject to a constant
and hence predictable wear - the thickness of the
35> semiconductor wafers 14 can be deduced. This permits a
targeted final turn-off when the target thickness of

the semiconductor wafers 14 is obtained,.



If the double-side processing apparatus shown in figure 5 is used for double-side grinding according to
the PPG principle, the working layers 39 and 32 are grinding pads containing fixedly bonded abrasive
substances in 25 contact with the surfaces of the semiconductor wafers 14. The operating medium
fed to the working gap 17 via the channels 18 is a cooling lubricant containing no substances with
abrasive action. Preferably, pure water without further additives is used as the cooling 30 lubricant in
the case of PPG. The material removal is finally brought about by the described relative movement of
the semiconductor wafers 14 with respect to the working layers 39 and 32. In the 35 case of DSP, the
material removaE efeERAIS méaTs 6FE thide-Bodyinteractfan of £1)glishing pad, @) silica sol

comprising reactiveOhtagroaps atthe: £ 16 r aikaling polishingagentand (hgurface afithe
?emiconductorg@@éﬁ{&%fa&is}gct%%_?éa%ct%&ogisgw RadIn the Gase, o PRGthe material removal
is effected by means of a two-body interaction of (1 ,

57 good temporal® resolution of the distance measurement
and an absolute angle encoding of the rotational angles
of the two working disks - at least in principle alsc
about the azimuthal profile of the working gap 17. Some
double-side processing apparatuses are therefore

10  additionally eguipped with actuating elements which
bring about a deformation of the working gap - usually
only in a radial direction (gape) and with a defined
ocne-parameter characteristic - for example by the
deformation of a working disk. If this deformation

15 according to the measured distance 1is effected
continuously in & c¢losed control loop, a largely
parallel working gap can be set and can be kept
constant even under a thermal and mechanical cyclic
load during processing.

20
Figure 7 elucidates the partial steps of the method
according to the invention which are required for the

preparation of a uniform working gap.

25 In step (a), an upper intermediate layer 16 and a lower
intermediate layer 29 are applied (figure 7 (B)) to the
uneven upper working disk 13 and lower working disk 26
{figure 7 (A})). The intermediate layers 16, 29 applied
preferably have a certain degree of elasticity in order

30 to be able to follow the form of the respective working
disk, 1n order to form a positively locking composite.
Since they follow the form of the working disk, their
mutually facing surfaces 40 and 30 are Just as uneven
as the surfaces of the working disks 13 and 26.

35
A plastic 1is preferably chosen for the intermediate

layers. Plates composed of plastic are available even



5 grinding pad having bonded abrasive and (2) surface of the semiconductor wafer 14 facing the
respective grinding pad. The form of the working gap 17 formed between the 10 working surfaces 38
and 19 critically determines the form of the semiconductor wafers 14 processed in said gap. A gap
profile that is as parallel as possible yields semiconductor wafers 14 having highly plane-parallel front
and rear sides. By contrast, a radially 15 gaping ar azimuthally undulatory ("wobbling") gap yields a
poor plane-parallelism_of front and rear sides, for example in the form of a wedge shape of the
thickness or unéﬁla%grlf %?th%lsme@rﬁll%(l)ﬁgﬁctgfi véafg%%rfa%%? h&retsiaS $6ma dodibRIdias hrocessing
20 apparatusesRiave $eéisorse2® akdl 238fhicParcarargtd atwifferertyadial positions. irsthe upper
working disk 13f demexamplerand whishmaeasure thedistapceaefween thegnutualhy-fasing surfaces of
the working disks 13.and - ri racessing,25.The measurement of the distance between the
working disks 153%an3cijll 2 ﬁgf%%t%g%gr%ﬁfs i%rln%:ﬁsllsonég Xbo%lte t%%sdis?aﬁceugétr\}vsteee%%HQWodfking
surfaces 38 an§ 1A Bring A6GUtTRE nidtefidFrenfolaliFeinthe S0sentidddirtsismafers 14 and
are therefore crticalt Feonuthis: £atleast indirectlyrand igiven knawledge of theithickness of the working

layers 39 and 32 forRxample begausetheatier are.subject to,a constant and hence predictable wear
- the thickness of the 35 semiconductor wafers 14 can be deduced. This permitsa targeted final

turn-off when tHe targst thickRes Sfthe Semicormtictsrivatars 1958 ohtained. POPZ - rmore, the

use of a plurality ot Eenserss22 dhe 28 arranged as different vadidlipositions additioanlly permits
conclusions abeutithie radial proéie: ard qudth.d-goed temporalsesolutionof the distance,peasurement

2o about he SRS SIS of 116 Wk 4 T arhe HB(HE e BibeBeding aopiratuses are
therefore 10 adbitforaiy eyuipised withsttusting elemens Whickibisg Rdbiba deférmatioh of the
working gap - ussially oaly:in arradies direetions(gape-and-with a defined ene-parameter, ¢haracteristic -
for example by {he defarmation af.aworking disk. It this deformafion. o4 crion s
15 still sufficient even after the intermediate layer has
been applied. Plastics having an increased thermal
conductivity are preferably used for the intermediate
layer. These are generally filled with graphite (carbon
black} or else aluminum, metal oxide or copper and
20  readily available.

Preferred plastics for the iIntermediate layers are

pelyamide (PA), acetal (polyoxrymethylene, POM), acrylic

(poclymethyl methacrylate, PMMA; acrylic glass},
25 polycarbonate (PC), polysulfone (PSU), polyether ether
ketone (PEEK) , polyphenylene sulfide (PPS),

polyethylene terephthalate (PET) or polyvinyl chleride
(PVC) . Thermosetting plastics such as epoxy resin (EP),
polyester resin (UP), phenclic resin or non-elastomeric
30  polyurethanes (PU) are particularly preferred. A glass
or carbon fiber reinforced epoxy resin (GFRP-EP,
CFRP-EP) 1s also especially preferred. As a result of
the fiber reinforcement it is dimensionally stable, but
with thin thicknesses it 1s sufficiently elastic to
35 follow the contour of the uneven working disk and to
enable a positively locking composite. The

thermosetting plastics specified can be processed well



15 according to the measured distance is effected continuously in a closed control loop, a largely
parallel working gap can be set and can be kept constant even under a thermal and mechanical cyclic
load during processing. 20 Figure 7 elucidates the partial steps of the method according to the
invention which are required for the preparation of a uniform working gap. 25 In step (a),, an upper
intermediate layer 16 and a lower intermediate layer 29 .are applied (figure 7 (B)) to the uneven upper
working disk 13 and Jower working disk 26 (figure 7 (A)). The intermediate layers 16, 29 applied
preferably havgbg certaimn: aegﬁle%e of%lzétsjﬁél%/n?r)lvol”ragr 385 58 Ablé i follow tﬁeafé?ﬁlcé?gltﬁg respective
working disk, infortie?to fofm blbssitivenl IbERFRECONTISSIE. SiRed ey fBNGW theaform bfthe working
disk, their mutuadly faeing sufaces 40cantk30 ate justaswunevenasdhe sudaces of the marking disks

13 and 26. _35 L8 _I'in I%rlge_@mgns@gean%yitha% d.dimensional %ﬁéuralggiannd can egsily be _
processed in material-removing fashion. The intermediate layers can also be cor%posgé) of a plurality

of plates by meBRs df unimt&rripted B ar§uéting: PeSibhy inftd Biffefdndes i Midkid<des at the
abutting edges of thee indlivdduah ttiléstvarenrermovad: by thei timmibgstep)thus resulting #xa

homogeneous geveripgRlastics arggenerallypoqr heat condpetors,, The heat transfer from the

working gap, in Oewhicht e semic%c:#ctor wafers move later, into the working disk, which is
generally pervadéd By a todling 156yri

Randhis Brifgs SbERHESpatiBh6f thETEdsitart processing
heat, takes placs 8wérithie @plireysrfdes, dwevertsushetatthe hbayeonductienis s stilksufficient
even after ¢he igt@rmediate tayex has been applied. Plastics having an increased thermal conductivity
are preferably used for the intermediate layer. These are generally filled with graphite (carbon black) or
else aluminum, metal oxide or copper and 20 readily available. Preferred plastics for the intermediate
layers are polydmftle PPAT: dtétaf (polyBRymetiiERe PONMY, atalie{polymetRyiméthaciyiate, PMMA;

acrylicglass), working disk 13, 26 is preferably produced by permanent

bonding. Whenever a new working layer 32, 3% is

15 mounted, which, after all, is subject to wear and
therefore has to be changed regularly, the intermediate
layer 1is intended to remain as a carefully prepared,
very flat reference surface permanently on the working
disk.

20
In the next step (k), simultaneous shaping trimming of
both intermediate layers 16 and 29 is carried out by
means of at least three trimming apparatuses, each
comprising a trimming disk 34 (see figure 6), at least

25 one trimming body 35, 36 and an outer toothing 37,
wherein the trimming apparatuses are moved by means of
the rolling apparatus 20, 21 and the outer toothing 37
under  pressure and with addition of a «cooling
lubricant, which contains no substances with abrasive

30  action, on cycloidal paths over the intermediate layers
16, 29 and thus bring about a material removal from the
intermediate layers 16, 29.

A trimming apparatus as shown schematically in figure 6
35 is suitable for the shaping trimming of the
intermediate layer. The trimming apparatus comprises a

trimming disk 34, at least one trimming body 35, 36 and



25 polycarbonate (PC), polysulfone (PSU), polyether ether ketone (PEEK), polyphenylene sulfide
(PPS), polyethylene terephthalate (PET) or polyvinyl chloride (PVC). Thermosetting plastics such as
epoxy resin (EP), polyester resin (UP), phenolic resin or non-elastomeric 30 polyurethanes (PU) are
particularly preferred. A glass or carbon fiber reinforced epoxy resin (GFRP-EP, CFRP-EP) is also
especially preferred. As a result of the fiber reinfarcement it is dimensionally stable, but with thin
thicknesses it isa%ufg%iggtrly %Iasi;é%l:o 35 fallow_the contour of the uneven working disk and to enable a

positively locking composite. THe thétmoseétting Plastics Specified tart be prééeséed wetll 219 - by
means of chip-réAfovisg proeessing,dh palticutdr filled ot filserereimfdrond repoky tasirisy They can also
be permanently-herdestto thewetking disk particulady mell. inthe case-of adhesiveshonding using
epoxy 5resin, t ing is ted by means of paolyaddition. Therefore, no.low molecular weight
byproducts suc%%kgjl ogrge(é(a?hgpﬁgl, v%gtéé(r 'r%i?ncg bo%y%o% é“nssa(ﬁgﬁ%’ccgr?’: %%%nggé% n%ed for
solvents to"esc&PE wiHERTTOHIE beliteatiFdeldled byfthe Ftermégiateayer coverhg thecl0 adhesive
joint. The bondihg ifithe intésmediatesiayes d.6,:20:t0 the woskdngsdisk: 13226 is preferably produced by

permanent bondings Yenever ievperking.layen 22, 39 s 15 mounted wiyeh, after all Is subject to

= . .a
wear and therefore has to he changed reﬁularly, the intermediate’layer is nded to remain as a

carefully preparsd” VeRFflat tétérenté siftace patiianently Dn ke Gofang diskP26 Hi tesnext step (b),
simultaneous sRaging wimmitg of bothdntEtmediaté dayefs ¥6and @9iis catriethautdyameans of at

least threegrimming,apparatuses eaGhearprising Adtimming disk34 (see-figure 6)..af feast 25 one
trimming body 35 D3a6r%r%% an ggter.togthin 3%,hwhere!€, the rim{nin% apparatuses are moved by
means of the roﬁl}i’jng apparatus 20, 21 and the ollter'd %h‘fﬁé@?‘unﬁ Firesiire &%d ®ith"Hddition of a

cooling lubricantPwhitAtontdins B Substirees withiabrasive BD@ction, on eycleitalgsths over the
intermediate layers 16;:2%=and thusrhring:abeutia material remoyal freathe intgrmediatglayers 16, 29.
trimming body 36, which come into engagement with the
15 upper and lower intermediate layers. In the case of
respectively precisely one upper trimming body 35 and
precisely one lower trimming body 36, these are
preferably ring-shaped.

20 The trimming can be carried out by means of trimming
bodies 35 and 36 which, in contact with the
intermediate layer, release abrasive substances and
thus bring about a material removal from the
intermediate layer with loose grain. This differs from

25 lapping, which, after all, likewise brings about a
material removal with loose grain, crucially by virtue
of the <fact that the material-removing grain is
released and works directly at the active location. The
disadvantages of lapping, namely a convex form of the

3G ilapped workpieces (here: the intermediate layer) on
account of lapping agent depletion during transport
from the edge to the center of the workpiece, is
avoided in this way according to the invention.
Therefore, the intermediate layer cannot be leveled

35 according to the invention by trimming by means of
lapping with grain supplied. It is also not possible

for the trimming by means of the trimming apparatus



A trimming apparatus as shown schematically in figure 6 35 is suitable for the shaping trimming of the
intermediate layer. The trimming apparatus comprises a trimming disk 34, at least one trimming body
35, 36 and - 20 - an outer toothing 37. The trimming disk 34 serves as a carrier, on which the at least
one trimming body 35 is applied. However, the trimming apparatus can also be embodied from one
piece. In this case, trimming disk 34 5 and trimmingbpdies 35, 36 are identical and the trimming body
35, 36 thus pasiﬁ géinﬂgg%neg%slybigto gg}g%g%@entlg%ithagtg\ein%elrmedigteé /ers a lied on the
working disks of the 5ouble-side processing appara(fus. e outer %otﬂlng is thef fixed to it or
integrated 10 irfte ftXPret8fabhR howefera BRLk&SIE tAMNITY appatatts condistssf the yadividual
elements, as shdwrsin figurepe. The trimeing diskndsthertearries atdeasy onepipper driguming body 35
and at least ong, Mqﬁiggningoboq%g& WH@&CP%% intg fﬁg&geg%ecm ngi_thntcge d%g ygggr ﬁnd lower

g bo an

intermediaﬁe layers. In the case of respectively precisely one upper trimmin Jy 3 8 precisely
one lower tHmnTing bty 36X esd-Afe préfefabld fifg-ShapBh 198 THE GintfainG can bécafried out by
means of trimming:bodies 35 anur3G which) in coatact withethe intetmedidte layer; yeleasetabrasive
substances and thys bgpg aheut agnatesial emayal. frem the igtermediate layer with loose grain. This
differs from 25 Ia@gin%\ whi%h fter all, likewise brings about a material removal with' loosé grain,
crucially by virtGe of the-fact that te materal-rEmoving grain is released and works directly at the
active location. The disadvantages of lapping, namely a convex form of the 30 lapped workpieces

(here: the intermpediate 1ayer} gpaccoent etlappingagent depletiondwing trgpsnert frop, the edge to

the center of thg&oa{gg@ge, 5raev§ﬁj%%q%i thiscwg)é gcc%rdirég to the inventio.nd The@ffr , the

intermediate layer_cannot be’levele efccoréllng {6 e invention: %Iff triﬁwﬁin& by me%m%J of lapping
with grain suppfied- i RFalSFRGtpEssibietfor theZttiffing By neansifthe fifiming &ppaatus - 21 -
described to bercarriéd®out tiectly anthemvorkingodisks and for the application(afian intesmediate
layer thus to beavoided, gggg,\{ygfetrirr@gg@g)apg@fatg&%ta&gggding lothe énv%n&jg&%rljlrlgagbout no
material 5 removal from the materials of which the working disk consists - preferably cast steel (ductile
gray castiron JFER5tSHfiffess steel) - or wear very rapidly and thereby lose their form.

The trimming of the intermediate layer can also be
carried out accerding to the invention by means of
trimming bedies 35 and 36 which contain fixedly bonded

20  abrasive 1in contact with the intermediate layer and
thus bring about a material removal with fixedly bonded
grain. This trimming, too, cannot be used for directly
trimming the uneven working disk itself since the
abrasive fixedly bonded in the trimming bodies 35 and

25 36 is preferably diamond or silicon carbide (SiC),
particularly preferably diamond. Diamond is not
sultable for the processing of steels. Diamond has a
high solubility for carbon, which, after all, is what
diamond consists of. In contact with steel, the cutting

30 edges cof diamond are immediately rounded and the
trimming bodies become blunt.

When the intermediate layer is trimmed with fixedly
bonded grain, the turning bodies preferably comprise
35 so-called diamond "pellets™. "Pellets" are generally
understood to be a series of uniform bodies having at

least two side surfaces which run in plane-parallel



10 in this case of trimming with released grain, the abrasive preferably contains aluminum oxide
(AlI203), silicon carbide (SiC), zirconium dioxide (Zr02), boron nitride (BN), boron carbide (340), quartz
(Si02) Or cerium dioxide (Ce02) or mixtures of the substances 15 mentioned. The trimming of the
intermediate layer can also be carried out according to the invention by means of trimming bodies 35
and 36 which contain fixedly bonded 20 abrasive in ggntact with the intermediate layer and thus bring
about a material remoyal with iﬁEdIYC bon%ecdc gra{n. This trimming, .too, canpot be used for directly
trimming the uneven working dis itself since the abraSive fixé y onded irf the trm% odies 35
and 2536 is preferabliFgiafnond of sifivon CatEiBEYSIC), Partietlasy preferablyidiansaric: Diamond is
not suitable for the: progessing v steglst Riamopdihas-a high selubility for carbgrawhich cafter all, is

what diamond eansists ol n gapiagt i sfeel e guing 30 edags.of diamong,are Jmmediately

rounded and the trimming bodies become blunt. When the intermediate layer is timmed with fixedly

bonded grain, the turnify badibs Prefe¥ably cBRipRE 35 sd-2aflddBiamond et 1Peiets” are
generally understadt:toshe. a,sewes of uniferni hodiesdaving:at least twal side- surfaees, which run in

manepaﬁmelP%%‘grinding pad 1is also used as trimming beoedy, said
grinding pad being adhesively bonded ontc the trimming
disk 34 on both sides (figure 6). The PPG grinding pads
10 were originally developed for the material-removing
processing of glass (optics) and are  therefore
particularly well sulted to the effective processing of
glass fiber-filled epoxy resin having a high proportion
of glass. '
15
In crder, when the intermediate layers 16, 29 have been
applied, to further improve tThe heat conduction from
the working gap 17 to the working disks 13, 26,
preferably during the shaping trimming of the
20  intermediate layers so much material is removed that
the respective intermediate layer Just still covers the
highest elevations of the relevant working disk at the
end of the trimming process. At all events, after
trimming the intermediate layer is intended to still
25 completely cover the entire working disk to which it is
applied, that is to say that the intention is for no
perforaticns to occur. A wvalue at which the thickness
remaining after trimming at the thinnest location is a
maximum of one tenth of the remaining thickness of the
30  thickest location of the intermediate layer has proved
to be practicable. In the case of a working disk having
an unevenness with an amplitude cof approximately 20 um
(figure 2), it therefore suffices if the intermediate
layer is only a few micrometers thick at the thinnest
35 locations after trimming. Such a thin intermediate

layer then nc longer impairs the heat conduction at
atl.



fashion with respect to one another, for example cylinders, hollow cylinders or prisms, which contain
the abrasive with synthetic resin, by means of sintering and baking (ceramic or vitreous bonding) or 5
in metallically bonded fashion. Particularly preferably, when the intermediate layer is trimmed, a PPG
grinding pad is also used as trimming body, said grinding pad being adhesively bonded onto the
trimming disk 34 on both sides (figure 6). The PPG grinding pads 10 were originally developed for the
material-removing processing of glass (optics) and are therefore particularly well suited to the effective
processing of glass fiber-filled epoxy resin having a high proportion of glass. 15 In order, when the
intermediate layers 161124 haws bdert apliets te furtherimpeoverthd heat canductiamfrom fhe working

gap 17 to the werking disksk3,26 qpreferablyduring the-shaping timming ot the 20 intermediate
layers so much ma %g%lei% reﬁfgoveddtha_,}t%thecgeggegft%/we interrcrile%i%te I?ép/er 'Ltﬁést still coyers the highest
S

elevations of the relévant working disk at the end of the triniming proc Bfifeveérits ker trimming

the intermediate' RY8F is iritbAidae 6 atiF25lcorpletél) cover tHecentired@oiking disk:teewhich it is
applied, that is tecsayithat thiesitertionas forzo, perforations to occur. A value at which the thickness
remaining after trimming at the thinnest location is a maximum of one tenth of the remaining thickness
of the 30 thickest location of the intermediate layer has proved to be practicable. In the case of a

working disk halih§Hrfunéveniiss Wi ER aniplftudé bF apsteRfRdtey SOBM-Gibiee 2 Hetherefore
suffices if the intereresliate Yayeris onlyca feve midrometers thigk at thiethinneist 35 locatioss after

timming. Such a.thiniptesmediate Jayarthen, ng longes impajrs. the heat }QQHQ;@' peatally g 23 -
Extremely good %neh%s@ can tf ggodgced iymeans of the trimming described. Figure 7 (C) shows
the fiat surfaces A and 31 tAHS obtained Bfthetupper 16%nd 5 lower tefm&digiteRy&r-29 on the
underlying unev@aidérkirty disks 43chnd 26. Figured7 (D) showsthesarrangermeat comptisiag the

flatne$s of the intermediate layers 16 and 2%, the

working layers 39, 32 also already have very flat

15 working surfaces 42, 33 directly after application.
They are suitable without further trimming measures for
the processing of semiconductor wafers for particularly

demanding applications.

20 Optionally, however, a non-shaping trimming of the
working layers 39 and 32 can additionally be carried
out in step (d). The trimming methods described for

step (c) can likewise be used for this purpose.

25 In the case of a polishing pad for the DSP method, by
way of example, a non-shaping trimming (conditioning,
dressing) may be necessary in order to perform fine
smoothing. A maximum permissible removal of 1/10 of the
initial thickness of the available useful layer of the

30  working layer has proved to be practical. In the case
of a polishing pad for the DSP method, the useful layer
height 1is only a few 10 pm to & maximum of
approximately 200 um. Therefore, only preferably less
than approximately 5 um, particularly preferably

35 however only 1 - 3 um, should be removed. Preferably,
the trimming bodies 35, 36 in this case c¢ontain a

fixedly bonded abrasive substance, such that they bring



uneven working disks 13 and 26 with the leveled 10 intermediate layers 16 and 29 and the working
layers 39 and 32 - applied finally in step (c) - with the working surfaces 38 and 19 facing one another.
Owing to the flatness of the intermediate layers 16 and 29, the working layers 39, 32 also already have
very flat 15 working surfaces 42, 33 directly after application. They are suitable without further
trimming measures for the processing of semicondugtor wafers for particularly demanding

applications. 20 Qptionally, however, .a ngn-shaping trimming of the warking layers 39 and 32 can
additionally be gégrcgi%% olit inmgte%r(%iiﬁhé: ?ﬁrﬁ%%% rr%ré:tcﬁ%ds%&eesc%%]g(ﬁo?gteag/?éﬁec%% likwise be
used for this puRFESES 25 Mfthe &6 polisting pad féFthe DBPEfmRINRE by way oféxample, a
non-shaping trimming {cenditidtung, dressiagmay beinacessary il erderdo perorm finesmoothing. A
maximum pern@@%gmpg%qf_lllo of the initial thickness of the available useful layer of the 30
working Ia#ter has proved to be practical. In the case of a polishing pad for the DSP method, the useful
layer height is only a few 10 p.m to a maximum of approximately 200 Rm. Therefore, only preferably

less than approXimately 5qo.he pattientarly preferablhas however omtyl by 3dRim, showdd be:removed.
Preferably, the fimening;bodies,3%, 36 this case.contain & fietll bonled atusiye, substance, such
ro

that they bring - 24 - about a materjal removal from trgg-?workin layers by means of bonded grain. The

preferred abrasive Substarice€ for't i Jppiicatior are diEmOnd afd siticon cafbidd (SiEF 0N the
other hand, a nBA-shaping imining malraise bedecessalsin omer toperferns initidl dressing in the

case of aigrindingpadser the RRGJrethpd. 19 the gase oifhe initial dressing.a few micrameters of the
10 topmost layer of the arinding are removed in order tq uncover cutting-active abrasive. In the
case of a PPG%rﬁndthr}ligc%a (,]lgtlhecj?l%(z:'C u?%y%?t l|é"rkene§]‘s¥D %aaspzp\r}r('?Xima?trély O p'ii for é’xgamaple.
Trimming of at mMdst 100 194t paitfcularly-prefersisly Feweverawly 4 t6115%6:RasTan be rated as
non-shaping. Irgenesal; therefore dntheueasecof-a BRGgrindingrpacrless;than 140 eftbe initial
useful layer thickpess,is+e ed, Breferably, in this.case trimming hodies 35, 36 release abrasive
substance upon contact Wim%}r{fe foaworking iaayegrz, 'such ﬁl%%%f aﬁﬁ‘gﬁr%?ﬁ:ov%? rE)/m‘/{heg evorking

layers is brougfit aBbut by AfeanS Bf 1068& GFhin. #F thid'Cises it iming Hodie§ $BRtEd at least one
of the followingBubstafices: alumirnim oxiae=(A203), sifconearbidier(SiCk ajrcarige diaxide 25(Zr0O2),
boron nitride (BN)slorgn carhide (1340); \seryu1 layer thickness is removed.
Preferably, in this case, the trimming bodies 35, 36
release abrasive gubstance wupon contact with the
20  working layers, such that a material removal from the
working layers is Dbrought about by means of loose
grain. In this case, the trimming bodies contain at
least one of the following substances: aluminum oxide
(A1,0s), silicon carbide (1), zirconium dioxide

25 (Zr0z), boron nitride (BN), beron carbide (B,CY.
Example and comparative example

A double-side processing apparatus of the AC2000 type
30 from Peter Wolters GmbH (Rendsburg, Germany) was used
for the example and the comparative example. The ring-
shaped working disks of the apparatus have an external
diameter of 1935 mm and an internal diameter of 563 mm.
The ring width is therefore 686 mm.
35
Figure 1 shows the profile W = W(R) of the distance W

(in micrometers) between the mutually facing surfaces



Example and comparative example A double-side processing apparatus of the A02000 type 30 from
Peter Wolters GmbH (Rendsburg, Germany) was used for the example and the comparative example.
The ring-shaped working disks of the apparatus have an external diameter of 1935 mm and an internal
diameter of 563 mm. The ring width is therefore 686 mm. 35 - 25 - of the working disks of the
double-side processing apparatus as a function of the working disk radius R (in millimeters). For the

distance measurement, the upper working disk was mounted onta three gage blocks 5 positioned at
1200 on the Iov?e%r Worhﬁng "é%pﬁjrﬂg gacgt% k%%ckg%vieréqé?tua%eo&l g?llfde% i(gaell rg)djﬁ?ﬁ/%fc%gﬁgre chosen
such that the fl&&RR& oF e upper workifigFdiskunder gidvitationalidie Whel supsdred ofto these

three bearing points hecamenapproximateleminimed. 10 These pointsof an:anmtar plateneorrespond
to the so-calle %%sgl QI Aiy: paints;Qnto which a ber ogrollg l%%%m w%tgruniform line lo as to be
placed onto tw%u%oints, in order that itl has a minimumrﬁexure over its entire I%%%% %g 8r(}:?((asradial profile

of the working &SR distaiefwas mealured by Hganed distitcstial Gags: TAE A0266E has an
apparatus for adjustikg thesadial Sormuetthe upper wosking disk. Thedfoimn cam belsetdbetween convex

20 and concave relative 19,1hs lower.warking disk, The sekting fhat prodyced.a fadial profile of the gap

between the working disks that was, as ugifogm as possible was used. Figure 1 shows the resultant

radial profiles of t& Workihg HSICAisfNRS fof FoUr25 UiffeFentaHYISS o fotafiSi Eazifufif of the upper

relative to the IGR&eworkiredisk gcurve Arfos 0, surveefor 9@ rotrve Bor180 and Timel4 for 270)
with a constantTheasurgiment tackromnthedawen werking disk.-Qr acsauof the dimensgions of the dial
gage 30 (beari only the radial range of 302.5 R 942.5 was.accessiple tq a measurement.
Therefore, 640%&?% (%heg %rsfgS %évi?lé a%"}‘”og\)érﬁpv%nr&i Y0 éﬁ& mvr%lvlv%% maeaBsﬁFégdl. 38 T%%afﬂate form
shown was obt#inett by1apping i ab€ordance With the prer &t acesh elcarly besaeniinfigure 1 that
the distance betweernrtherwarkimg diskshas a minimum flexure over its entire

length.
i5
The radial profile of the working disk distance was
measured by means of & distance dial gage. The ACZ2000
has an apparatus for adjusting the radial form of the
upper working disk. The form can be set between convex
20  and concave relative to the lower working disk. The
setting that produced a radial profile of the gap
between the working disks that was as uniform as
possible was used. Figure 1 shows the resultant radial
profiles of the working disk distance for four
25 different angles of rotation (azimuth) of the upper
relative to¢ the lower working disk (curve 1 for 0°,
curve 2 for 90°, curve 3 for 180° and curve 4 for 270°)
with a constant measurement track on the lower working
disk. On account of the dimensions of the dial gage
30 (bearing feet), only the radial range of 302.5 £ R <
942.5 was accessible to a measurement., Therefore,
©40 mm of the ring having an overall width of 686 mm

was measured.

35 The plate form shown was obtained by lapping in
accordance with the pricor art. It can clearly be seen

in figure 1 that the distance between the working disks



- 26 - varies principally in a radial direction. It is largest at the outer and at the inner radius and
smallest approximately at half the ring width. This corresponds to a decrease in the working disk
thickness at the 5 inner and at the outer edge such as is characteristic of lapping processing. The
smaller azimuthal deviation (different profiles W(R) 1 and 3 relative to 2 and 4 particularly at large radii
R > 700) indicates a strain of the working disks alonga& bend line running 10 diametrically through the

axis 28 of symmetry of the apparatus. Figure 2 shows the profile U.= U(R) of the height U (in
micrometers) of t%e)%gvsve @%%%%E %;fsjkyof‘tﬂe asar%%%gppgalrgﬁ%talség fun%cl%oﬁ Sofﬂhagf \%%ﬁéng disk
radius R (in milfrhetérd} FEFthgmeastremént, d lexdramestiff Sttt wiler avh prieed didrmetrically

over the lower wprking:disk tonte tweo gage blocks:arranged at e Begsel poists-ard the-distance
between hat suiace, of 200 awer wprkig.is uiich faces e 1 and 1 Ul was determined

by means of a dial gage for different radii. The measurements were carried out at the same angles

(azimuth) &s thé ufBtflerft of theSwdtRingdiSCHSaft W (RF as ShowifrifiguRé 15(tfve 25 5 at 0,
curve 6 at 90, cufveiZ2at1i8Q and curessd at27MhFhestonier svorking diskds addecdreasein its height

toward the outer andsdnnperedges andhhas its largest thickpess (-bylge’).at aradius of spmewhat larger
than half the ring width. 310 Tgeupap bly (cardanically) and therefore not

yidth. 30 T er\ﬁ;/orkingdisggmo ntgd%?eg
accessible to airect eadtremént of 7t $5mi By Medns of fie fuler Medfod However ts form results
directly from thé 8iffefétfce 35 Bétiveen tHé profilesWERY (figaire Deart U{R@igure2): The maximum
of the height differenee in figure\2 iShrough the axis 28 of symmetry of the

apparatus.

Figure 2 shows the profile U = U(R) of the height U (in
micremeters) of the lower working disk of the same
15 apparatus as a function of the working disk radius R
(in millimeters). For the measurement, a flexurally
stiff steel ruler was placed diametrically over the
lower working disk onte two gage blocks arranged at the
Bessel points and the distance between that surface of
20 the lower working disk which faces the ruler and the
ruier was determined by means of a dial gage for
different radii. The measurements were carried out at
the same angles {azimuth) as the measurement of the
working disk distance W{R) as shown in figure 1 (curve
25 5 at 0°, curve 6 at 90°, curve 7 at 180° and curve & at
270°). The lower working disk has a decrease in its
height toward the outer and inner edges and has its
largest thickness ("bulge”) at a radius of somewhat
larger than half the ring width.
30
The upper working disk is mounted movably
(cardanically) and therefore not accessible to a direct
measurement of its form by means of the ruler method.
However, its form results directly from the difference
35 between the profiles W(R) {figure 1) and U(R) (figure
2). The maximum of the height difference in figure 2 is

approximately 17 pum and the maximum of the distance



approximately 17 4m and the maximum of the distance - 27 - difference in figure 1 is approximately 32
kim. The gap between the ring-shaped working disks that gapes to the outer and inner edges is
therefore distributed approximately uniformly between upper and lower working 5 disks, which have
approximately an identical "bulge" in the ring center. Comparative example 10 In the comparative
example, a PPG grinding pad of the 677XAEL type from.3M as working layer was adhesively bonded
directly onto eaggggég%%vgékin di§l§s - characterized b¥ fig{ure 1 %Td fi%gre 2 - of the double-side

ic erlSing Suppoit 182%, with which

. ux 1, @) a
processing apparatus described. It consists of a' 15 65}% mm]"[ﬂlck
the pad is adhesRiehE BEndetEor i intarARSRatedayer shd< 8 S mbTeHickogsser |ayertofwhich a
maximum of 650uktarcandredused aserusetulitayer. The tworgrinding pads weredlevelgd by means of a

wimming methaghip, 29 upich.on avgrage Ineach case apprasmately, 0 p.,otmaerial was removed
from the upper and from the lower grinding pad. Trimming apparatuses in"a similar me 6d as
described for tHEFifTming o the R EREIEI SR eREmpRAcraFRter Rete Bted for this
purpose. 25 Thehtamming was¢arried out in the case of a setting of the apparatus for adjusting the
radial form of the upper working disk for which previously, between the working disks not subjected to
adhesive bondi? mtherr;lxg%i‘rrnalI(;/ unifoim radial profile of the gap between the 30 working disks had
been measure ?oﬁﬁmum w%rklﬁ‘gmpgm?'). Figure 3 shows the profile G = G(R) of the distance G
between the two working surfaces after trimming. The 35 distance G denotes the width of the working

gap 17 inifigurers. +28 - Thepatedakremoyakefion averagedn each gase approxigiately, 60 um
achieved during itypining is A more fhan ould haye, heen fequiied for, 3 pon;shaping tymming for
initial dressing (exposure of abrasive Y
bonded directly onto each of the working disks -
characterized by figure 1 and figure 2 - of the double-
side processing apparatus described. It consists of a
15  0.76 mm thick underlying support layer, with which the
pad is adhesively bonded on the intermediate layer and
g 0.8 mm thick upper layer, of which a maximum of
650 pm can be used as a useful layer. The two grinding
pads were leveled by means of a trimming method in
20 which on average in each case approximately 60 pm of
material was removed from the upper and from the lower
grinding pad. Trimming apparatuses in a similar method
as described for the trimming of the intermediate laver
in the example hereinafter were used for this purpose.
25 The trimming was carried out in the case of a setting
of the apparatus for adjusting the radial form of the
upper working disk for which previously, between the
working disks not subjected to adhesive bonding, the
maximally uniform radial profile of the gap between the
30 working disks had been measured ("optimum working
point").

figure 3 shows the profile G = G(R) of the distance G
between the two working surfaces after trimming. The

35 distance G denotes the width of the working gap 17 in
figure 5.



5 grain), but evidently still too little to obtain a uniform gap G(R) = const.: although the non-uniformity
of the distance W = W(R) of the working disks (figure 1; approximately 32 um) was able to be reduced,
with an amplitude of approximately 17 pn it is still much too 10 large to be able to obtain thereby
semiconductor wafers having plane-parallelisms of their surfaces that are suitable for demanding
applications. Figure 3 only shows the gap profile 344ar Q. The azimuthal non-uniformity of the gap was

largely eliminated, such that 15 the radial non-uniformity predominates and a gap profile 34 for one
o Tihe b l O](Plf f:h?é watrkingA&yer applie %%tg be®h™4 polishing

angle completely (fescrl ’ &s the entlrlée\}ﬂvagﬁ(mg gap.
pad, 20 the mateHAF &6\ DF AppkoxifateKBO pirest materibhas a-rebuit vithe fimnfiag would have
already made theopelishingrpadainusabie since dae usefufihickaess of a polishingpadispnly a few 10
gm - and a unifar. ing wo 2yerthel not have been 25 obtainable. Example The
working disks c%a%%ge,&t{?eirliﬁzged %%/p%he %qéggéﬁes?ei%os fllr&gtratge%%ﬁ?@lﬂlr:ees 1oa]i§d i?f\}:earg 3E'JER)G%esively
bonded in quadfEits With 0B mmIFieRGrase TibEr felrforéstPepdiy Fesin phatescdiit 6 Bizesin
ring-segment-shapietbfashipadrob Blate-blanks having arsize:ah1000:x HQ0- M 2.ckhis is,a plastic

that s very well35 suled 4q garying ot theymethod aceaiding lo the jpventiop, It IS eaglly avalable in
large dimensionlsl with good.dimensional accuracy and with constant - 29 - quality, since GFRP-EP is

used in large quantifi®s a8’ SRRAAR matdliHl if'iie FrotiGictich Stteld&rBHiE Brintéd dircait boards.
The adhesive beRgingwas firstly effected byatedns dfa BRotthick usstipported chighly@dhesive

synthetic Tesin adhesiverlayse syish shatdn the sventof failure the.applisdintermediate layer could
have been rem%\éqgi%%ain vlvgg%qt raegia enghe adheﬁivgka er is held by a protective film and was
bonded to the CUE-{0-Size BPOXY resin plates with heat 10 and thdet pré&Siiia (irofifg). Affer the

protective film hadrbeEn tripped aviEs/ el CERP @BRid-sias bisces wéretherefore conmfigared in
self-adhesive fashionsandnsere thus aebesively bondeskto the working disk:A €994d foregrlocking and
positively locking hond hetween warking disk and int iate layer.was obtained by subsequent
manual ralling. Trimming étgg;%aratuses ngg.%‘l% tygg il u%ggtge%yin S%Fé% W%e?g used “fgr Ig\%/{eling the
Hﬂewnedé&ﬂaﬁﬁ?tmﬁﬁdlal non-uniformity predominates and a gap

profile 34 for one angle completely describes the
entire working gap.

If the working layer applied had been a polishing pad,
20 the material removal of approximately 60 pum of material

as a result of the trimming would have already made the

polishing pad unusable since the useful thickness of a

polishing pad is only a few 10 um - and & uniform

working gap would nevertheless not have been
25 obtainable.

Example

The working disks characterized by the unevennesses
30 illustrated in figures 1 and 2 were adhesively bonded
in guadrants with 0.5 mm thick glass fiber reinforced
epoxy resin plates cut to size in ring-segment-shaped
fashion from plate blanks having a size of
1000 x 1000 mm®. This is a plastic that is very well
35 suited to carrying out the method according to the
invention. It is readily available in large dimensions,

with good dimensional accuracy and with constant



20 applied. Each of the trimming apparatuses comprised a ring-shaped trimming disk 34 composed of
15 mm aluminum, a ring-shaped outer toothing 37 composed of 6 mm stainless steel that is screwed
thereto and engages into the rolling apparatus formed from inner 25 and outer pin wheels of the
double-side processing apparatus, and cylindrical abrasive bodies 35, 36 adhesively bonded onto the
trimming disk in a number of 24 on the front side and@®4.on the rear side and having a diameter of 70

mm and a height of .25 mm and co d_30 af high-grade corundum pink, which are arranged
uniformly on a p%%lé"lsrcefé h%l%%ea giamgetéé?%f%%ﬁr%%q FoUr rimming rafusBE of thig type were

inserted into thé d®UBRESIde PPOCESSEY apidaratts$n avmieraly distribgted nedrmerr851i<c30 - lower
working disks ipoppasite ditections of appreximately B@dMin {revoltions perRYAWE) relative to the
trimming apparg%g,g,l\ﬁyhg:gffgg(glggd gga%r%gn%tglyall@w in th%}pi%%esghn&gpg%ag%ug and 5
rotated at gpprgﬁi(mately 6/min about their own respective axes. The trimming was again carried out at
the optimurh workiHy poirt FhaxinT&ly SHRGHERorking Gad be e ti%d- H8hesRELondifig ©F the
intermediate layers). The trimmingvafithe imfermediate dayetsawasoiQ effeictad ireaphdality-of partial

removals in orde o be ablet chedk.the semovalisuceess inthe meantime, and to. measure the
flatness achlev?lql[ The £poxy resin S),Iates, hac%prew usly beén provided with smal?openlngs ata
[

plurality of locafions, Hrotigh which ftwas T5 PossiblettoseRE e trdetyirig-fofdig HRK using a

measuring app&fatds and thuslts determie thezeesidbakihickeessofithe epexyiasin plate: At the end
of the trimming pracessathe thinnestlosation-ageessible A any measurerpent was; stilljyst.under 100
pin, and the 20,a¢ algye 'nn‘%%tggcatié)cg] ngaestim%tgg a gm. Th{sm%or[esponds to the thickness of
a glass fiber Iayer%ls pin) . Therefore, even at Its thihhest locations. theqintermediateI&yér is still
stable and is al¥6 hot JERERES BF d&TEFReT WIS the wafkiig RyerRichanges 2B thadourse of
which, after all, wemsiletforcesaaitous (stepping @wsyHofitbe wesking layen by means af a;peeling
movement). Afta%Q&%@SE&QQW‘?A%@fm%%@@t'%%rfya PJF_)g’cking bond between

1> working disk and intermediate layer was obtained by

subsequent manual rolling.

Trimming apparatuses of the type illustrated in figure
> were used for leveling the intermediate lavers thus
20 applied. Each of the trimming apparatuses comprisad a
ring-shaped trimming disk 34 composed of 15 mm
aluminum, a ring-shaped outer toothing 37 composed of
© mm stainless steel that is screwed thereto and
engages into the rolling apparatus formed from inner
25 and outer pin wheels of the double-side processing
apparatus, and cylindrical abrasive bodies 35, 36
adhesively bonded onto the trimming disk in a number of
24 on the front side and 24 on the rear side and having
a diameter of 70 mm and a height of 25 mm and composed
30  of  high-grade corundum pink, which are arranged
uniformly on a pitch circle having a diameter of
604 mm. Four trimming apparatuses of this type were
inserted into the double-side processing apparatus in a
uniformly distributed manner.
35
The trimming was effected with a bearing force of the

upper working disk of 400 daN and rotation of upper and



30 grinding pad of the 677XAEL type from 3M as working layer was in turn adhesively bonded onto
each of the two intermediate layers. Initial dressing was finally performed. On account of 35 the
excellent planarity already after mounting onto the highly flat intermediate layer, material removal of
approximately 10 gm sufficed for dressing all "tiles" - 31 - in all regions of the grinding pad. This was
checked by means of color markings which had beerpapplied in scattered fashion at various locations
of the pad surf ore frimming and had. all been removed 5.uyniformly after trimming. For the initial
dressirﬁ)g, the t??ngrh%% a,pggr!r;%ggi We?%"l“j’équ in a'similar) r%%ﬁw%lc as dcel’{)é(?::r(ﬁ:%:ei‘:ofL gbove for the trimming
of the intermed Rt 2T EREMY, (P WBiKking SRtk s iviers Tleaned By imbasive ARsiAg OF loose
residual corundum. 1@ Fégure-4 showsdhe radiah pecfile otthe width & (in micremeters) of the working

gap between th%%@y%g@g@% wqrymgnsur{qlcesﬁ@lfethep\%%rg{%tlg%{ars f\ﬁ%%%dcm this way. Over the
|

radial rang accesgsibleeéso the 15 measurement of 640 mm of t al rin 9%86 mm, the width
of the working gap-7arfés onfifby PERT SFHE mEGsiremBAlWES otANEH aftér teférmafieiit of the
upper working disk e ah optinmaily sinifdrne workingrgap ane snoumding of-therupper workiag disk on 20

three gage blocksplaged omihe lower workingdisk. Themeasurement aceuracy of thisimethod is
approximately 1 p.m %nedfgeésglts from thgiﬁccuracy of th Kbearlngof the foot, which has to be large

2 & thES intd Whith the Yrindifg padF 28 & Hictirad and

enough to beargse%urely ona pla'ra?lty d
which have a siz8 6t &pluralityof Squdrahniimeterstand thetsensiicfithe dpnosite wesking surface
by means of a measurestent:seasen which likewdse pas {0 bearseguely onia:plyrality- ot tiles, and
:'fgt ;fl‘e measugement accyracy gfthe digl gage 30itself. Five canrers,each having three openings with
and to measure the flatness achieved. The epoxy resin
plates had previously been provided with small openings
at a plurality of locations, through which 1t was
15 possible to sense the underlying working disk using a
measuring apparatus and thus to determine the residual
thickness of the epoxy resin plate. At the end of the
rimming process, the thinnest location accessible to
any measurement was still just under 100 upm, and the
20 actually thinnest location was estimated at 50 um. This
corresponds to the thickness of a glass fiber layer
(50 um). Therefore, even at its thinnest locations, the
intermediate Jlayer 1s still stabkle and is also not
detached or deformed when the working layer is changed,
25 in the course of which, after all, tensile forces occur
{stripping away of the working layer by means of a
peeling movement) .

After the leveling of the intermediate lavyers, a PEG
30 grinding pad of the 677XAEL type from 3M as working
layer was 1in turn adhesively bonded onto each of the

two intermediate lavers.

Initial dressing was finally performed. On account of
35 the excellent planarity already after mounting onto the
highly flat intermediate layer, material removal of

approximately 10 um sufficed for dressing all "tiles"



of 15 semiconductor wafers having a diameter of 300 mm inserted therein were inserted into the
double-side 35 processing apparatus prepared according to the invention and a control pass was
performed. Despite the small material removal during initial dressing, the - 32 - working layer exhibited
the occurring grinding forces and material removal rates familiar from preliminary experiments without
a leveled intermediate layer and with considerably inareased shaping initial trimming 5 (150 um

removal). The cantrol pass was performed with the setting of the best possible parallelism of the
working disks with respect t)gone another, egai rslett(?nl%éie%a?ihov?/ﬁ]frsorﬁ %gligrgﬁg%%érv@e%. The form
e

of the working HIEREVasTeadfiisted duFiRg tHE Bass e Kept 20 Sonkefit unier iHetherital and
mechanical cycliciogusrecturing nThe pracessed sémiconductos tiafees had a flatressoefd

approximately Lum:TTV. Finallythas heen found that primarily the; 15 parallelism of the working

surfaces that proce%s the semiconductor wafer in material-removing fashion with respect to one
another is triticalfor & oBtaitatié fiafmeSebhte SéthicoRGuctorwafer. IFEMEFged that RSsuffices if
the individual working sutfacasraresinthis 20vwwase flasenly inrshert-wavé fashiors theyarespermitted to

be deformed indeng-wavedashion as leng as they enly-have working:susfaces-paralleltg-qne another
at each angular, position. En thig_fase, " hortw%vqé'ishould bngnderstood to m%ran Iength that are 25
0

i . e . .
greater than those lengths above Which the Smiconductor Watsre-call be deforfddh atount of their

finite stiffness, BIAGWRIEh He Sighificahtly Smialied tharethecdimensionssh Bfe semiconductor wafer;
"long-waue' should be understood to mean lengths which 30 are significantly greater than the

diameter of the jcanduct er o] 0_the di ter of t ble-si rocessing apparatus
(one to two metE:',rE}:ge.J EI'%e gtrugc%%g gf}tgg P%géhg}ﬁl%in% pag E?heogoerr%%%a ‘f%grrgu tigicici?ylgf regularly
arranged "tiles™5rid" WEHCHES! having difextBht 6f-8 oW Alllinfetdréaf ead CasB fiaérdforE does not

adversely affecttheing working surfaces of the working layers prepared
in this way. Over the radial range accessible to the
15 measurement of €40 mm of the total ring width of
686 mm, the width of the working gap varies only by
t]l pm. The measurement was obtained after deformation
of the upper working disk to an optimally uniform
working gap and mounting of the upper working disk on
20  three gage blocks placed on the lower working disk. The
measurement accuracy cof this method is approximately
1 um and results from the accuracy of the bearing of
the foot, which has to be large enocugh to bear securely
on a plurality c¢f the tiles into which the grinding pad
25 is structured and which have a size of a plurality of
sguare millimeters, and the sensing of the opposite
working surface by means of a measurement sensor, which
likewise has to bear securely on a plurality of tiles,
and also the measurement accuracy of the dial gage

30 itself.

Five carriers each having three cpenings with a total
of 15 semiconductor wafers having a diameter of 300 mm
inserted therein were inserted into the double~side
35 processing apparatus prepared according To the
invention and a control pass was performed. Despite the

small material removal during initial dressing, the



- 33 - obtainable flatness since the semiconductor wafers, on the millimeter scale, on account of their
stiffness, cannot adapt to the form of a working surface structured in this way. On account of the
rotational 5 symmetry of the double-side processing apparatuses suitable for carrying out the method
according to the invention, therefore, the intermediate layers can be slightly curved radially
symmetrically with respect to the axis of rotation, that:is to say for example one 10 working surface

concave and thegther yorking surfage, egavexin a,Ianner.exaqlly.complementaniiiereto. I
eficall i

. . OICEiS
practice, working layers'sphefically curve approxmate%y In opposite directions (spherical shells) are
[

usually obtaine& Huriffritdminy. ASTMGHs tHe 18 nakiftin HifferchEen thE HewiakipATom a flat
form over the eatireaworkimg: kyerdis lessitham 50 e isemicbnductos wipders atesghtainedhfaving the

same plane-pagaliglism-ofithelr sprfages ashyRrocessingyyth perfectly: plane-paraliglwarking
surfaces. - 34 - Pg\ ent claims 1.A gethod for providing a respective flat working layer (32; 39) on each

of the two Workirg disk&'s FEE283 bf a dotible SHE grote Ry apiarateS comblising & riny-shaped
upper working disk (18} wfing-shaped lowebwotkingaiski(26} anchazélling apparatiis (20 21),
wherein the twe,werking disks €3 3:26)and also-the relling 10 apparatus (2Q,:21) axe moydted in a
manner rotatabkljeeglbout glrgeo%gs %fr%mn&%tiyi 21821 Jgi the dogbl}g-gide g[ioces ingnlarl)ﬁp rq% s, and
wherein the metho&lgomprlses the tollowing steps ifi the Stated order: %(afsgﬁp yi §aa Wer
intermediate layér{(29)8n e Sarfaces ofthedows-werkiirdisk (26)carkas uppecintetaietiate layer
(16) on thetsurface ©f the: uppetavorking disk:(23) 1 (b) simuttapeauslylevelingbothintegnediate

occurring. The processed semiconductor wafers had a

flatness of approximately 1 um TTV.

Finally, it has been found that ©primarily the
15 parallelism of the working surfaces that process the
semiceonductor wafer in material-removing fashion with
respect tTo one another is critical for the obtainable
flatness of the semiconductor wafer. It emerged that it
suffices i1f the individual working surfaces are in this
20  case flat only in short-wave fashion; they are
permitted to be deformed in long-wave fashion as long
as they only have working surfaces parallel to one
another at each angular position. In this case, "short-
wave" should be understood to mean lengths that are
25 greater than these lengths above which the
semiconductor wafers can be deformed on account of
their finite stiffness, but which are significantly
smaller than the dimensions of the semiconductor wafer;
"long-wave" should be understood to mean lengths which
30 are significantly greater than the diameter of the
semiconductor wafers through to the diameter of the

double-side processing apparatus (one to two meters).

The structuring cf a PPG grinding pad in the form of a
35 multiplicity of regularly arranged "tilesg" and
"trenches" having an extent of a few millimeters in

each case therefore does not adversely affect the



20 layers (16, 29) by means of at least three trimming apparatuses, each comprising a trimming disk
(34), at least one trimming body (35, 36) containing an abrasive substance, and an outer toothing (37),
wherein the trimming apparatuses 25 are moved by means of the rolling apparatus (20, 21) and the
outer toothing (37) under pressure and with addition of a cooling lubricant, which contains no
substances with abrasive action, on cycloidal paths gwer-the intermediate layers (16, 30 29) and thus
bring about a material re valg the intermediateg? ers (16, 29); and (c) applying a lower working
layer (32) of uniﬁ)gsrcnat ?grgrl%gs oft?r?%q%%ser intermedr g |aS &P (ST ERY AP Gt Wdrking PAyer (39) of
uniform thickne$$:85t8\he- ipiserdhtefriédiate |ayer (B)OURS - 2 fTHehmithod s Thaimed,in claim 1,
wherein the intersediate layerso16, 29) consist ofra plastics 8. The methogd: as; claiggd-ingither of
claims 1 and 2, i at.lea trimming hod gS 36), in step (b), releases abrasive
substance uponég\o@n%%tﬂv%%%thé%nfér?n%dia"%g ¥a{yerign(1é %?%Irll thou%st, bpﬁ%gs é:tg)ci):uafta‘“r%%?erial removal
from the interm&diBREETErs (26, 286y NEARE oF I60SES10gPAiA & STHE fhetiatPas elairaed in claim 3,

wherein the abrasive substafice cartaingthip theuat least one triromingdaedy (B35 36)contains at least

one of 15 the following:suhstanes alemium eide (103 sijean carbigg (510) Zliconium dioxide
(Zr02), boron nitr'id,e EN), boron carbide (BC), quartz (Si02), cerium dioxide ( eOZS. 0 5.The method
as claimed in either EIIaYmé‘lira‘ﬁeddeﬁﬁgéﬁ' the S TEHRE ORE TmhinG-BEdyBBP36); in“Step (b),
contains a fixedly¥sonded abrasivesibstance thatirings about aawvateérial remaval fronothe

intermediate layess (6 29kby means@fncave and the other working surface
convex 1n a manner exactly complementary thereto. In

practice, working layers spherically curved
approximately in opposite directions (spherical shells)

are usually obtained during trimming. As long as the

15 maximum difference in the deviation from a flat form

~ over the entire working layer is less than 350 um,
semiconductor wafers are obtained having the same
plane-parallelism of their surfaces as by processing

with perfectly plane-parallel working surfaces.



25fixedly bonded grain. 6. The method as claimed in claim 5, wherein the abrasive substance
contained in the at least one trimming body (35, 36) contains diamond or silicon 30carbide (SiC). 7.
The method as claimed in any of claims 1 to 6, wherein, after step (b) has been carried out, each
oftheintermediatelayers(16,29)still 35 completely covers the respective working disk (13, 26) and the
remaining minimum thickness of each intermediate tayer (16, 29) is a maximum of 1/10 - 36 - of the
remaining maxigay,thickness,ef the relevant intermediate layer (16, 29). 8.The method as claimed in
any of claims 1 to 7, 5wherein the working layers (32, 39) are polishing pads which are suitable for the
chemical mechanical polishing of semiconductor wafers and which contain no abrasive substances. 10
9.The method ds clairhedriattainh 8 avhepeinvaftersiepa(c)ran@editional step {d)isperformed,

comprising simultanequshy rimming batyy warking layers (32, 39) by means of atleast fhree trimming
apparatusgs, each co?gélsmg%% trimming 15 %ISL( (34), at least one trimming body (35, 36) containing
a fixedly bdnded abrasive 'subsfance’ andian St tGothindf (3B FRAGRET e tihRfitG affaratuses
are moved by means 6Pthierolihg@apparatus (28, 20 dndithiesouterdosthing (@73 RO uhder, pressure

and with addition of a gooling-lybeeanrte which-cantaing neisubsgtanges with ahrasive ggtion, on
cycloidal paths over the \g%kén Iagers (Ba%t BSS)) an %ms b%ﬂ aboutna material It moval from the
working layers (32, 39) 25 by means of bonded grain: wherein the Maferiat femovar is 1685 than 1/10 of
the useful layer thickn88$ bf-fife redpéctive Werking lager (32ng9). also the rolling

10 apparatus (20, 21) are mounted in a manner
rotatable about the axis of symmetry (28) of the
double-side processing apparatus, and wherein the
method comprises the following steps in the stated
order:

15 (a) applying a lower intermediate layer (23) on
the surface of the lower working disk (26) and an
upper intermediate laver (16) on the surface of
the upper working disk (13);

(b} simulitaneocusly leveling both intermediate

20 lavers (16, 29) by means of at least three
trimming apparatuses, each comprising a trimming
disk (34), at least one trimming body (35, 36)
containing an abrasive substance, and an outer
toothing (37), wherein the trimming apparatuses

25 are moved by means of the rolling apparatus (20,
21) and the cuter toothing (37) under pressure and
with addition of a cooling lubricant, which
contains no substances with abrasive action, on
cycloidal paths over the intermediate layers (16,

30 29) and thus bring about a material removal from
the intermediate layers (16, 29); and
(c) applying a lower working layer (32) of uniform
thickness to the lower intermediate layer (29) and
an upper working layer (39) of uniform thickness

35 to the upper intermediate laver (16).



30 10. The method as claimed in claim 9, wherein the abrasive substance contained in the at least one
trimming body (35, 36) contains diamond or silicon carbide (SiC). 35 11. The method as claimed in any
of claims 1 to 7, wherein the working layers (32, 39) are grinding pads which are suitable for the
grinding of - 37 - semiconductor wafers and which contain fixedly bonded abrasive substance. 12. The
method as claimed in claim 11, wherein, after 5 steggc), an additional step (d) is performed,
comprising simyltaneaqusly trimming.both working layers.(32, 3 %b means of at least three trimming
apparatuses, egc'h coor#p?ﬁlsin%eg%rfgnjmiﬁg dié?&gﬁ?ﬁ Ieja(%t oﬁg rjl‘émi b b&dy £55:36)- 19 and an
outer toothing (37), wheté e rimhfing apparatusés aremoved: by Fiearts of theaeling apparatus
(20, 21) and the outer toothing (37) under pressure and with addition of a cooling lubricant, which
contains no substances it 5 ahrasive ation.on eyclaidalpaths pver the working lavers (32, 39),
wherein the at least one trimming body (35, 36) releases abrasive substance upon coritact with the
working Ia§ers (32, 39V ARG Thils Britgs abodtSs Matetaf refoVaRfBfm the20 Wérkingd&yers (32, 39)
by means of loose graim; ansiwhereibthe matdriad semovakis dessvban 456 of thesusefykiayer

thickness of the respegtiva working;layer.(32, 39) 25,13; The Mmethod as claimed in,claim 12, wherein
the abrasive substancg§ggtaig%d in the af least one trimming body (35, 36)_contains at least one of

y
the following substances: &lunfihufSxidg (A1203)?silfé6 Sartide ($1E}CZifconiardoxides(5r02),
30boron nitride (BN), Béybaagsida{840)avers (16, 29) by means of loose

10 grain.

4, The method as c¢laimed in c¢laim 2, wherein the
abrasive substance contained in the at least one

trimming body (3%, 36) contains at least one of

15 the following substances: aluminum oxide (A1,0),
silicon carbide (SiC), =zirconium dioxide (Zr0,),
boron nitride (BN), boron carbide (BsC), gquartz
{8103}, cerium dioxide (C=204).

20 5. The method as claimed in either of claims 1 and 2,

wherein the at least one trimming body (35, 363},

in step (b), contains a fixedly bonded abrasive

substance that brings about a material removal

from the intermediate layers (16, 29) by means of
25 fixedly bonded grain.

é. The method as claimed in claim 5, wherein the
abrasive substance contained in the at least one
trimming body (35, 36) contains diamond or silicon

30 carbide ({35iC).

7. The method as claimed in any of claims 1 to 6,
wherein, after step (b) has been carried ocut, each
of the intermediate lavyers (le, 29) still

35 completely covers the respective working disk (13,
26) and the remaining minimum thickness of each

intermediate layer (16, 29) is a maximum of 1/10
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- 36 -
of the remaining maximum thickness of the relevant

intermediate layer (16, 29).

The method as claimed in any of c¢laims 1 to 7,
wherein the working layers (32, 39 are polishing
pads which are suitable for the chemical
mechanical polishing of semiconductor wafers and

which contain no abrasive substances.

The method as claimed in <¢laim 8, wherein, after
step (c¢), an additional step (d) is performed,
comprising simultaneously trimming both working
layers (32, 38) by means of at least three
trimming apparatuses, each comprising a trimming
disk {34), at least one trimming body (35, 36)
containing a fixedly bonded abrasive substance,
and an outer toothing (37), wherein the trimming
apparatuses are moved by means of the rolling
apparatus (20, 21) and the outer toothing (37
under pressure and with addition of a cooling
lubricant, which contains no substances with
abrasive action, on c¢ycloidal paths over the
working layers (32, 39) and thus bring about a
material removal from the working layers (32, 39}
by means of bonded grain, wherein the material
removal 1s less than 1/10 of the wuseful layer
thickness of the respective working layer
(32, 39).

The method as claimed in c¢laim ¢, wherein the
abrasive substance contained in the at least one
trimming body (35, 36) contains diamond or silicon
carbide {(SiC},

The method as claimed in any of claims 1 to 7,
wherein the working layvers (32, 39) are grinding

pads which are suitable for the grinding of
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- 37 -
semiconductor wafers and which contain fixedly

bonded abrasive substance.

The method as claimed in c¢laim 11, wherein, after
step {c), an additional step (d) is performed,
comprising simultaneously trimming both working
layers (32, 39) by means of at least three
trimming apparatuses, each comprising a trimming
disk (34), at least one trimming body ({35, 36),
and an outer toothing (37), wherein the tfrimming
apparatuses are moved by means of the rolling
apparatus (20, 21) and the outer toothing (37)
under pressure and with addition of a cooling
lubricant, which contains no substances with
abrasive action, on cycloidal ©paths over the
working layers (32, 39%), wherein the at least one
trimming body (35, 36) releases abrasive substance
upon contact with the working layers (32, 392) and
thus brings about a material removal from the
working lavers (32, 39) by means of locose grain,
and wherein the material removal is less than 1/50
of the wuseful layer thickness of the respective
working layer (32, 39).

The method as claimed in claim 12, wherein the
abrasive substance contained in the at least one
trimming body {35, 36) contains at least one of
the following substances: aluminum oxide (A1.,0;),
silicon carbide (SiC), =zirconium dioxide (Zr0,),

boron nitride (BN}, boron carbide (B,C).



