Method and apparatus for trimming the working layers of a double-side grinding apparatus The
present invention relates to a method and an apparatus for 5 trimming two working layers which
contain bonded abrasive and are applied on the mutually facing sides of an upper and of a lower
working disk of a grinding apparatus for the simultaneous double-side processing of flat workpieces. M
Prior Art Electronics, microelectronics and microelectromecnanics require as starting materials
semiconductor wafers with extreme requirements made of global and local flatness,

single-sidereferenced flatness (nanotopology), roughness and cleanness. Semiconductor wafers are
wafers composadtofdemichrttrtaertate s stEhEiee mata et BRI GERTS Esifidor? germanium),

compound semiconductors .(for gxapile s9MPQsLt-Af g aelewenkelthe third main group of the
periodic table such as 20 aluminum, gallium or indium and an element of the fifth main group of the

periodic table such as nitrogen, phosphorus or arsenic) or the compounds thereof (for example Sii,Ge,
0 < x < 25Thacooedance withidhe prior aet] serficsrductorvatstsaire PodaEsd by Héans of a

multiplicity.of:syccessiveprosess steps-which can: aenersly berclassified into:the folowing groups: (a)
producing a usually monocrystalline s_emiqcinfdugor.rod;éb):iselicingfthmeﬂrqud$inégirgadv!\éidu@ g/afers; 30(c)
mechanicd iof&&sing(dj thenficaiProtessing™ (€) chemomechanical processing: (1) if appropriate
additional productionrofilayedstsiictafess grinding apparatus for the simultaneous

double-side progessing of flat workplecss.
10  Priocxr Art

miectronics, microelectrenics and microelectromechanics reguire
as starting materials semiconductor wafers with extreme
requirements made of global and local flatness, single-side-

15 referenced flatness {nahotopoiogykf roughness and cleanness.
Semiconductor wafers are wafers composed of semiconductor
materizlsa such as =lesmental semiconductors (silicon,
germanium), compound semiconductors (for example compozed of an
clement of the third main group of the periodic table such as

20 aluminum, callium or indium and an element of the fifth main
group of the pericdic table such as nitrogen, phosphorus or
arsenic) or the compounds thereof (for example SijaGey, U < x <
).

15  In accordance with the prior art, semiconductor wafers are

sroduced by means of a2 multiplicity of successive process steps

1
which can generally be classified into the following groups:
(é) producing & usually monocrystailine semicoaductor rod;
(b} slicing the rod into individual wafers:
30 {c) mechanical processing:
d) chemical processing;
{e} chemomechanical processing;

(fy if appropriate additional production of layer structures.



A method designated "planetary pad grinding (PPG)" is'’known as a particularly advantageous method
from the group of mechanical processing steps. The method is described for example in
DE102007013058A1, and an apparatus suitable therefor is 5 described for example in
0E19937784A1. PPG is a method for the simultaneous double-side grinding of a plurality of _
semiconductor wafers, wherein each semiconductor wafer lie such that it is freely movable in a cutout
in one of a plurality of carriers (guide cages, "insert éarriers") caused 10 to rotate by means of a rolling
apparatus and is thereby moved on a cycloidal trajectory. The semiconductor wafers are processed in
material-reianangy fashier between tWoretatingrworking gisksd Eagh (#arking disk icomprises a working

laver containing honded.alirasive, 15 The working layers-are,presentip he foem.of strictured abrasive

pads which are fixed on the working layers adhesively, magnetically, in a positively locking manner (for
example hBoR afid 1668 fastenar) Heansof VATt ‘StifdhIé Workifgre0 fayEts in the form of
easily exchiatigeahle abtasive. padsdesigned-toshe: self-adhesitel en theredicside are described for

example inU55958234 - The abrasive used:p he abrasiye pagsds preferably diamepd. 2p A similar

method is sq-callgd “flat honing" or "fine grinding”. In this case, a plurality of semiconductor wafers in
the arrangérmiBnt HE8&EY 4Bbve T6I°PP6 Areldlided S te Enathiteristic tycloidal paths between
two large retatihgonorking disks £ Absasive grainsis &ixedlyskondechimte: the: 3@ aferkingieisks, such that

the materiaggg@ogﬁg is gffected @8@§%n§&$g}5iggin& In the case of flat honing, the abrasive grain can

be bonded directly into the surface of the working disk or be present in the form of an areal covering of
the working HiskeBy iedis 6Fd Fidfiliciy of iidivRRT abrasiié 35 Boties, Soicalléd {F&ifets”, which
are maunted onte: theewbrking a3 €liskf(R: Beyel atal.atndusirie Diamanien Ruadsehamdb&i39 (2005)
lll, page 2Qq). Qe the cqurse.oLlime. i the case aithe grinding methods s aye
processed in material-removing fashion between two rotating
working disks. Each working disk comprises a working laver
containing bondsed abrasive.
15
The working layers are present in the form of structured
abrasive pads which are fixed on the working layers adhesively,
magnetically, in a2 positively locking manner {for example hock
and icop fastener) or by means of vacuum. Suitable working
20 layers in the form of easily exchangsable abrasive pads
designed to be self-adhegive on the rear side are described Zor
gxample in US5958794. The abrasive used in the abrasive pads is

preferably diamond.

25 A similar method is so-called "flat honing” or "fine grinding”.
In this case, & plurality of semiconductor wafers in the
arrangement described above for PPG are guided on ths
characteristic cycloidal paths betwesen twoe larges rotating
working disks. Abrasive grain is fixedly bondad into the

30 working disks, =such that the material removal is seffected by
means of grinding. In the case of flat honing, the abrasive
grain can be bonded directly into the surface of the working
disk or be present in the form of an areal covering of the
working disk oy means of a multiplicity of individual abrasive

35 bodies, so-called "pellets", which are mounted onto the working



5 described, the shape of the working layers changes as a result of constant wear, residual grain
breaking out from the bonding matrix and fresh grain being uncovered. It is known that the wear
proceeds radially non-uniformly across the working disk. Over time, the working layers in this way form
a trough-shaped W radial profile, such that the resulting shape of the processed semiconductor wafers
worsens to an increasing degree over the course of the wear. Depending on the materials of the
grinding tool and of the M processed workpieces, mareover, the cutting capacity of the grinding tool
can decrease over time. In addition, it is generally necessary for a new grinding tool to be dressed
prior to thedfirskuse,. bypmeans=of the .bonding: matrix beirgrsuperficiallyrentovediand #ie abrasive
grain embq%dﬁ%t}heﬁifgggsglgg@@ overed. Therefore, the prior art includes trimming new or used
grinding tools. During trimming, suitable trimming tools are moved under pressure and relative to the
tools to be trimmed, such that 25 material removal from the working disks or layers takes place.
"Trimmingbissunderstond.tosmean bhothdhe teestablishmentdf thestaggatrshape efsthecgrinding tool

(‘truing"), aqd the dressing thereot, L e, the: ieesiahlishiment of its.cutting capacity. 30.B. Beyer atal.
Industrie Diamanten Rundschau IDR 39 (20 5) IlI, page 202 and DE102006032455A1 disclose

trimming aPparatisés ebmpFRing Fifiming fings aht att Gater tdothirty WHth C&F bRIRSEREd into the
grinding apparatus liesa 4 eatrierand.car begnaved relative ta the workingrdisks:by the drives of said

grinding apparatus, The timming, rings, described in P, Beyer etal, Industrie,5 Diamanten Rundschau

IDR 39 (2005) 1lI,” page 202 support a working layer ha}_vmg materlgl-removmg action, said working
layer contaifig derafmicalffosrhtet: BRmMGHEFAS abfasiVe SSHRMImRM G rings 2F& oRASGithble for
dressing theawoeKing tayers eesetibedhiy=R. Beyer-et=all, tnhich eteponposgcofaccessed

semiconductor wafers worsens to an increasing degrese over the

course of the wear.

Depending on the materials of the grinding tool and of the
13  processed workpiecss, moreover, the cutting capacity of the
grinding tool can decrease over time. In addition, it is
generally necessary for a new grinding tool to be dressed prior
to the first use, by means of the bending matriz being
superficially removed and tThe abrasive grain embedded therein

20 being uncovered.

Therefore, the prior art includes trimming new or used grinding
tools. During trimming, suitable trimming tools are moved under
pressure and relative to the tools te be trimmed, such that

25 material removal from the working disks cor layers takes place.
"Trimming®™ is understood to mean both the reestablishment of
the target shape of the grinding tocl ("truing®™:, and the
dressing thereof, i.e. the reestablishment of its cutiting
capaclty.

36 |
P, Beyer et al., Industrie Diamanten Rundschau IDR 29 (2005
ITI, page 202 and DE1IQ2006032455R1 disclose trimming
apparatuses comprising trimming rings and an outer toothing

which can be inserted intc the grinding apparatus like a



W multiplicity of sintered (vitreous), metallically bonded or synthetic-resin-bonded abrasive bodies -
so-called pellets. Upon the use of the trimming apparatus disclosed therein and of the method
specified therein for trimming abrasive pads, however, the specified trimming rings subject the
abrasive pad 15 to wear, without attaining an appreciable dressing effect. Moreover, the dressing
apparatus specified therein has proved to be unsuitable for producing a defined target shape of the
working layer. 20 "3M7m Ti zactl™ Diamond Tile 67%XA Pad Conditioning Procedure Rev. A", 3M
Technical Application Bulletin, September 2003, specifies a method for the initial dressing ("break-in")
of a workingzlayée eontaihing hhone edcatrrasive] ét which: thirt,reircutardorasiesfitmstaretstack to steel

disks. The steel.25 disks are t(&gt@ggﬁ.ng g%b%r}m.and outer pin wheels of the grinding apparatus.

Material removal from the working layer’is achieved by relative movement between steel disk and
working disks under pressure and with addition of water. This method is actually suitable for
subsequertly=dressitgi;warkirightayets thati3@Have becomeyklungtorfor pravidingmewely applied

working laygrs, 0106 surfage of which abgasive fiag nat yet bgrsgeewegmdow@ic@ therefore do not

yet exhibit a cutting effect, with initial dressing for providing a first cutting effect. The method is
extremely fifprattigaBiey Rowevar, ¥indé 35ha thinabrasive s &pplietPby atifédivé Honding are
usually 5 werrewithitha single t1seswhich: rasuitshinafeextremalyrunstable-dressing . proeéss with

fluctuating dregsing results, Mareover, ,the abrasive filims,specified proved o, be ynsyjtable for
obtaining trimming of the vfforking layer to form a defined ta(%ej[ shape - preferably plane-parallel

surfaces of-tHéStiio WOk PaFersYDE10200803245581 1 tedlhes that the fitRATAG i advantageously
effectad predominantly: using free grairsthe timminggingSmetallically bonded or

synthetic-resin-bended abrasive podies - sco-called pellets.
Upon the use of the trimming apparatus disclosed therein and of
~the method specified theresin for trimming abrasive pads,
however, the specified trimming rings subject the zbrasive pad

15 to wear, without attaining an appreciable dressing effect.
Moreover, the dressing apparatus specified therein has proved
t¢ be unsuitable for producing a defined target shaps of ths

working laver.

20 "3AM™ Trizact®™ Diamond Tile 677XA Pad Conditioning Procedurs
Rev., A", 3M Technical Application Bulletin, September 2003,
specifies a method for the initial dressing ("break-in'"] of a
working laver containing bonded abrasive, in which thin,
circular abrasive films are stuck to siesel disks. The steel

25 disks are toothed and roll on inner and outer pin wheels of the
grinding apparatus. Material removal from the working layer Iis
achlieved by relative movement between steel disk and working
disks under pressure and with addition of water. This method is
actually suitable for subseguently dressing working layers that

30 have become blunt, or for providing newly applied working
lzyers, on the surface of which abrasive has not vet been
exposed and which therefore do not yet exhibit a cutting
effect, with initial dressing for providing a first cutting
effect. The method is extremely impracticable, however, since

35 the thin abrasive films applied by adhesive beonding are usually



10 disclosed therein continually release abrasive as a result of constant wear, said abrasive ultimately
providing for the necessary material removal from the working layers. It has been found, however, that
targeted dressing and, in particular, targeted production of a defined target shape of the working -15
layers are not possible using trimming rings of this type. In addition to the abovementioned specific
disadvantages of the cited prior art, the following problems generally occur during trimming in
accordance with the prior art: 20 The trimming lead$ to a direction dependence ofe grinding behavior
of the dressed working layers. It has been observed, for example, that some abrasive pads used as a
working layeralready: have asgreereed ehirection @ araaniéegdveraedi-25peaduction. The

fashioningﬂ&e@f@”&m@ﬁt}?nﬁ%%guc&% agesult of the.yse aRdASa resutof-the trimming

itself. Preferred direction should be understood here to mean that the abrasive pad, with identical
I :

pressure, ieREREFotatioral Speats End rothtorrdl Speed Tatise {kiternatics”) o the 36 drives,

identical sliape of the wiorking :gapibetyweeh theeworking diskszard-identi€akcoslingdbbriestion,
achieves atg@%%@a'gﬁgwal raﬁ@é@%@@%@%@%@éﬁ%@sgm opecation with-sotafional speeds
that are in each case exactly the opposite’in terms of sign, but identical rotational speed 35 ratios and
identical pr&ssiré dyag €Rdpe and cooling 6 lubrication. The directional dependence of the grinding
behavior has the effect that only very limited rotational speed combinations can be used for the drives

of the grinding appasatis, in addition. durng.operation in-qply;qne dicection, the thin.carrjers for the
semiconductor wafers only ever roll in one direction and wear non-uniform% and hence more rapidly

by comparfSohEith tBresGforf idatiing Gulifg Opetafidifwith & 18 -Xming rings

10 disclosed therein continually release abrasive as a result of
constant wear, said abrasive ultimately providing for ths
necessary material removal from the working layers. It has been
found, however, that targeted dressing and, in particular,
targeted production of a defined target shape of the working

15 layers are not possible using trimming rings of this type.

Tn addition to the abovementioned specific disadvantages of the
cited prior art, the following problems generally occur during
trimming in accordance with the prior art:

20
The trimming leads to a direction dependence of the grinding
behavior of the dressed working layers. It has been observed,
for example, that some abrasive pads used as a working laver
already have a preferred direction in & manner governed by

25 production. The fashioning of a preferred direction also cccurs
as a result of the use and as a result of the trimming itself.
Preferred direction should be understood here to mean that the
abrasive pad, with identical pressure, ldentical rotational
speeds and rotational speed ratics ("kinematics®) of the

30 irives, identical shape of the working gap between the working
disks and identical cooling lubrication, achieves a higher
material removal rate in one direction than in the case of
operation with rotational speeds that are in each case exactly
the opposite in terms of sign, but identical rotational speed

35  ratios and identical pressure, gap shape and cooling



IC changing direction. This reduces the usable life of the expensive carriers and makes the method
uneconomic. The working layer, too, constantly alters its properties during grinding operation only in
one direction. Changing operation 15 with directions of rotation of the drives of the grinding apparatus
that alternate from pass to pass or at least from pass block to pass block counteracts that and thus
permits more uniform operating conditions. 20 If the working layers have a preferred direction,
however, operation with alternating drive direCtiong'is not possible since thickness, shape, removal
rate and surface roughness of the workplaces would then constantly alternate, constantly changing
heat inputswiatildanake extremely seirigertab réepireATsnes obPthe Ry Wate 678 desirably uniform

processing pracass-and,.moreover sihe-working fayeFsyaquld benwernditerentlyaad waidddave to be
frequently trimmed or dressed, which ne e§sitate§ adéiitional proces sﬂintejrrgl%pﬁgorps that adversely
affect the EEBHomcviablity OF tHe" maisy. 30" TheSe tadtfictions make the othérwise advantageous
PPG methggband thes measures known in the prior art for keeping constant the shape and cutting
behavjor of the working layers unsuitable for producing semiconductor wafers of high flatness for 35

articularly demanding applications. 7 , , 4 . s
P %n additi%nppduring operaticn in only one direction, the thin

carriers for the semiconductor wafers only ever roll in one

direction and wear non-uniformly and hence more rapidly by

comparison with more uniform leoading during cperation with a
10 changing direction. This reduces the usable life of the

expensive carriers and makes the method uneconomic.

The working layer, too, constantly alters 1ts properties during
grinding operation only in one direction. Changing operation

15 with directions of rotation of the drives of the grinding
apparatus that alternate from pass to pass or at least from
pass block to pass block counteracts that and thus permits more

uniform operating conditions.

20 If the working layers have a preferred directicn, howsver,
operation with alternating drive directicons is not possiblie
since thickness, shape, removal rate and surface roughness of
the workpieces would then constantly alternate, constantly
changing heat inputs would make extremely stringent

25 reguirements of the regulatiocn of a desirably uniform
procesging process and, morecver, the working layvers would be
worn differently and would have to be freguently trimmed or
dressed, which necessitates additional process interruptions
that adversely affect the economic viability of the method.

30
These restrictions make the otherwise advantagecus PPC method
and the measures known in the prior art for keeping constant
the shape and cutting behavior of the working lavers unsuitable
for producing semiconductor wafers of high flatness for

35 particularly demanding applications.



When the working layers are used for grinding workpieces such as semiconductor wafers, for
example, the upper and thelower working Myers can be subjected to wear of differing 5 magnitudes.
The known trimming methods are not able to take account of this different wear, for which reason
generally more material than necessary is removed from one of the working layers during trimming.
This unnecessary material removal has the effect that the working layers have to be changed more 10
frequently than necessary. The toothed rings or pin wheels of the rolling apparatus of the grinding

. machine have a small height coordinated with the thickness of the workpieces usually processed,. and
are also 15 height-adjustable only to a small extent. Consequently, it is not possible to use trimming

bodies of ay, desired hickess whioh.lead Jo afislght of consspanding magnd for fog imming
e

apparatuses. This has effect that the trimming apparatuses or at least the trimming bodies have to
be 20 freqééntiFehasged CorsetUehfly; tHeopresertiventibhsvasbased oh thesfolleWig objects: 25
A first objegt wasn duringdrmnaing, -aveid the pradyetion:af-a preferregkdireetion of the working layer
and to_reliably eliminate a referred direction already. present. A secand gbject was to improve the
fIatnesSS, agﬁéSég:%Bbef 30%5&?%1 o {hettlrﬁﬁmrﬂ%nm , on%%/kem\}/\%rkﬁ\rgﬁa%rs aar?((iﬁhljjtsO of t%éeworking gap.

B only as ratieR Hate?ial A5 hecesdarylis Fémoved framboth WarkifRayErLaGRHG tiinfifg €A fourth
object was-g-enable lenger use-ektbetimmingtools Desesiptionof dtie invention:The first object is
achieved by means of a method for trimming two warking layers thllgrzlj contain bonded, abrasive and

. ol 1 1IN i I Ehagll L haw . .
which are aSﬁl‘?erdgon%ﬁérfﬁutﬁ‘gﬁWagﬁg sides of an upper and of a lower WOI‘RII[I}]%V&SK ofa grinding

apparatus férethefsirtiitahests Botblesigensrocessing ofdtat wotkpie ces 2by ftedifs-6f at least one
carriephaving: an Qutertoothing-whekein the at least one carrier is moved between the rotating
- working disks by means of a rolling apparatus and the outer toothing under pressure on cycloidal
paths relative to the working layers, wherein loose abrasive is added to the working gap formed
between tHewokdiR§ Igyers rwhich Waiking:gap thé cakfisrsiwithoumtdvéerkpieces inserted tierein
move, andynaterial semovak fremrtheavarking layers is;thereby: effeqtedeand, whereindthe loose lapping
grainis adgggégéhe% gvoét%mgh%a%gg’ {%Eggoég tgguba(igjig’mgggégé@@?génd are also
15  height-adiustable only fto a small extent. Consequently, 1t is

not possible to use trimming bodies of any desired thickness

which lead to a height of corresponding magnitude for the

trimming apparatuses. This has the effect that the trimming

apparatusses cor at least the trimming bodies have to be

260 freguently changed.

Conseguently, the present invention was based on the following

obiects:

25 A first obiject was, during trimming, to aveid the production of
a preferrsed direction of the working layver and to reliably

eliminate any preferred directicon already present.

A second cbject was to improve the flatness, achievable by
30 means of the trimming, of the working layers and thus of the

working gap.

A third cbject was to tTake account of non-uniform wear of ths

upper and of the lower working layer during trimming such that



The first object is likewise achieved by means of a second method for trimming two working layers
which contain bonded abrasive and are applied on the mutually facing sides of an upper and of a lower
working disk of a grinding apparatus for the simultaneous double-side processing of flat workpieces,
by means of at least one trimming apparatus, comgprising a trimming disk, a plurality of trimming bodies
and an quter toothing, wherejn the at least one trimming acp\?arat Sis rgoggd betﬁleen tpe rotating
workifg sy R 5F A 1atling apraraiis ahd the oY 18othing uRde? pressirFand Witk addition
of a cdolinigduliridanti mdich contains no substances with abrasive action, on cycloidal paths relative to
the working layers, wherein the trimming bodies release abrasive substances upon contact with the
working layers and thus effect material 9 removal from the warking layers by means of loose grain,
wheréin TR HBh 6T otafon Of FHARE IR BT thE Grinding* Spparattsie chatiged at least twice
during the trimming or dressing. The second object is achieved by means of a third method for
trimming twaq warkinglavars which.goniain bonded abrasive and are applied on the mutually facing
sides of an upper and of a lower working disk of a grinding apparatus for the simultaneous to
double-side processing of flat workpieces, by means of at least one trimming apparatus, comprising a
trimmirtgedisk,xa plusatityaf trimming bedies and ar auterddothinge viheleificdthe @t ieasigne-trimming
appargtus is moyed hetween the rotating, working disks by;meags of a-solipd.aapagaius and.the outer

toothing 15 und%ﬁressure and with addition of a cooling lubricant, which contains no substances with
abrasiecadtitiion ¥y dpiddipathee tekitiventothestoftfg Myérsl fetefPe i Mg bobiés release
abrasiye; suhisianeep 4poneomaet with themwdtkingdayerscand ¢hus effeptkmatesahperaoval rom the

working layers 20 by means of logse grain, wherein at | 0%, of re he trimmi odies
o S5 o G e R B e the
trimmireediskRwhere tthbaRRith S afd fikgeshdfe A PEGIBN4S étRie e AV, a1 9594 JfthE didmeter of
the trigyyaing disk, asshwheyeina 254he arga epthe-timming.bodies tha:weorking dayersgocenies 20%
ring-sh%g%g&e:giog. The seco aq ob'gg#is Iikes_{visce achitec\)/_e(%ltl) means of aé memigg 30 %%Paratus for

ri
. &g e v WOrKing Jla ; in .
trimminig two worklﬁg %cergh ich €ontain bonded abrasive and are applie oh the’ mutua y f%cmg

sides éPapeupperaidef adoweravbrkingtdisk vPakgrgdiagapharatsd for tHegimohaneeysing

double-sided; pracesging:af flat- workpigees, \ampisingea ¥inrmning disksarpialiy=of tHpuRigi bodies

and 3%ggrgg§r%%%@,l ngdn\gh%?ég]mg{rl@ép{{ggagod%%géelgggeﬁggg%\{g layers is thereby
effected and wherein the loose lapping grain is added to the working

gap once before the beginning of trimming.

The first object is likewise achieved by means of a second method for
trimming two working layers which contain bonded abrasive and are
applied on the wmutually facing sides of an upper and of a lower
working disk of a grinding apparatus for the simultaneous double-side
processing of flat workpieces, by means of at least one trimming
apparatusg, compriging a trimming disk, a plurality of trimming bodies
and an outer toothing, wherein the at leagt cne trimming apparatus is
moved between the zrotating working digks by means of & reclling
apparatus and the outer toothing under pressure and with addition of a
cooling lubricant, which contains no substances with abrasive action,
on cycloidal paths relative to the working layers, wherein the
trimming bodies releazme abrasive substances upon contact with the

working layers and thus effect material



10 substances upon contact with the working layers and can thus .effect material removal from the
working layers by means of loose grain, wherein at least 80% of the area of the trimming bodies which
comes into contact with the working layers is 5 arranged within a ring-shaped region on the trimming
disk, wherein the width of said ring-shaped region is between 1% and 25% of the diameter of the
trimming disk, and wherein the area of the trimming bodies which comes into contact with the working
layers occupies 20% to 90% of the total area of the¥10ring-shaped. region. The third object is achieved
by means of a fourth method for trimming two working layers which contain bonded abrasive and are
applied oncthrecmetuaflyfacingesides lofan Upperzndoof a4Stewel wbikiag disiééfa grinding apparatus

for the simyltangoys double-side pracessingaf-flat workpieces, byaneans,ekatleastene trimming
apparatus, comprising a trimming disk, a plurality of timming bodies %nd an outer toothing, wherein

the at least HRBYiRPGFagParatus & Movad betweenTRE rotating working 20 disks by means of a
rolling appardtusang the cutes tdothing under pressure and with addition of a cooling lubricant, which
contaips no substances with abrasive action, on cycloidal paths relative to the working layers, wherein
the trimming bodies release__ abrasjve substances upon contact with yﬁﬁ \LvorkinhZS dla%zegs and thus
effect matefidl réRfoRAT HORY B working 1ayers by rears ot 186sé gralfi-Wharein firstly the radial
shape profile iof:the gwowvorking: layers ismeasuted-andhe sinirardmatedal s6movabrequired for
reestablishing aflat surface is determined:therefrom for sach of the two woskingdayerst and 30

wherein the trimming process is then carried out, wherein the remoyal rates from 1t_r](; ugger\gnd the
lower workii® fyet 3ré Sa¥ b§ méans of aSSuitabie' eh6ide bt the Flow ratd oF the Coolig [ubticant and
also the pressireswith avhich the aipper workinyadisk s pressed agdinstrthe tewef watkingaisk during

trimming sych that;their rati corresponds ta.the ratio,of minimumm.matesial remgvals. Fhe foyrth object
is achieved by means of a fifth method for 5 trimming two working Iaxers,which conjalp bonded

abrasive afd aré Hpphied GrrtheemuERRyARciy-Sitdes B B tiper aid 614 lowsr Working disk of a
grinding apparatusifonthe sipultaneous deublesside iprovessing of flatwarkpigces; hyimeans of at
least one trimming.apparatus, cemprising 2 timming.disk..a phurality Weoefddmming-badies and an

outer toothing, wherein the at least one trimming apparatus is moved between the rotating working

disks By meaRE bf ALY ApparALTE ARd e bt tobthifig Thdet Presstirg ardf With Adtition of a
cooling lubgisant which coataias aocsubstanteswith abrasivetaction, on oygloidalgathyaths

relative to the working lavers, wherein the trimming bodies
release abrasive substances upon contact with the working
layers and thus effect material removal from the working layers

20 by means of loose grain, wherein at least 80% of the area of
the trimming bodies which comes into contact with the working
layers is arranged within a ring-shaped region on the trimming
disk, wherein the width of said ring=-shaped region is between
1% and 25% of the diameter of the trimming disk, and wherein

25  the area of the trimming bodies which comes inte contact with
the working layers occupies 20% to 80% of the total area of the

ring-shaped reglion.

The sescond obiject is likewise achieved by means of a trimming
30 apparatus for trimming two working layers which contailn bonded
abrasive and are applied on the mutually facing sides of an
upper and of a lower working disk of a grinding apparatus for
the simultaneous deouble-sided processing of flat workpieces,
comprising a trimming disk, a plurality of trimming bodles and

an outer toothing, wherein the trimming bodies release abrasive

L
e



15 relative to the working layers, wherein the trimming bodies release abrasive substances upon
contact with the working layers and thus effect material removal from the working layers by means of
loose grain, wherein the outer toothing is height-adjustable relative to the trimming disk. 20 The fourth
object is likewise achieved by means of a trimming apparatus for trimming two working layers which
contain bonded abrasive and are applied on the mutually facing sides of an upper and of a lower
working disk of a grinding apparatus for 25 the siméftaneous double-sided processing of flat
workpieces, comprising a trimming disk-, a plurality of trimming bodies and an outer toothing, wherein
the trimmingbodiesretease abrasive substahites UporccoURtact With Bié wdtiking3ayérsahd can thus
effect materialremoyal from the working layers ynmeansiof:39 lpese grainy whetein the outer tooing is

height-adjustable relative to the trimming disk. Thg égethgdghaé:cording lo thC?aneg;i @are suitable, in

particular, f8P i Abralhve Bats “The Expression "abrasivé pad" s-defined further below in the

context of the tlescrifitiarhof-thesapparatus: Briefelesetiptiort of the figires 5 THe%fveérition is escribed

in detail below.ith reference, to.figyres. Eigie dA,shows, as-a eamparative exprple; the material
removal 10 rates from semiconductor wafers which %re obtaipedi%fﬁer%tri rgip‘gé not F?gc%r éng to the
invention, IH'grifdifg Procéding passaa Wit a UireZtion of rotation of all the drives that alternates from
pass to pass2tsFigure 1Bishavs the matbralremoval yatesFrom BeiicbrdGEDr Waferdt®hich are

obtained after trimming aceqrding tq the second methad accarding {a the inventiendn grinding
processing passes with a direction of rotation of all gb% dri¥es that altgrnates from pass to pass. 20
working iLayers occuples 20% to % of the total area of tThe

10 ring-shaped region.

The third object is achieved by means of & fourth method for
trimming two working layérs which contain bonded abrasive and
are applied on the mutually facing sides of an upper and of a

15 lower working disk of a grinding apparatus for the simultaneous
double-side processing of flat workpieces, by means of at least
one trimming apparatus, comprising a trimming disk, a piurality
of trimming bodies and an outer toothing, wherein the at least
one trimming apparatus is moved between the rotating working

20 disks by means of a rolling apparatus and the outer toothing
under pressure and with addition of a cooling lubricant, which
~ontains no substances with abrasive action, on cycloidal patis
relative to the working layers, wherein the trimming bodies
velesse abrasive substances upon contact with the working

25 layers and thus effect material removal from the working layers
by means of loose grain, wherein firstly the radial shape
profils of the two working layers is measured and the minimum
material removal regquired for reestablishing a flat surface is
determined therefrom for each of the two working layers, and

36 wherein the trimming process is then carried out, wherein the
removal rates from the upper and the lower working layer are
set by means of & suitable choice of the flow rate of the
cooling lubricant and also the pressure with which the upper

working disk is pressed against the lower working disk during



Figure 2A shows the radial profile of the width of the-working gap after trimming of the working layers
by means of the third method according to the invention. 25 Figure 2B shows, as a comparative
example, the radial profile of the width of the working gap after trimming of the working layers by
means of a method not according to the invention.  Figure 3A snows elements of a trimming
apparatus suitable for 30 carrying out the fifth method according to the invention. Figure 3B shows a
complete trimming apparatus suitable for 13 Figuréi30 shows a further trimming apparatus suitable for
carrying out the fifth method according to the invention, comprising thick trimming bodies. 5 Figure 3D
shows thettriimmingeapparatusiastratetiinRigare 30 rwitk thindgofretrivimingpbediest Figure 4A
shows an embgodiment of.a tdmmipg apparatus suitable for carrying out the third method according to
the invention, W with trimming bodies arranged on one pitch circle. Figure 4B .shows an embodiment
of a trimming apparatus suitable for carrying out the third method according to the invention, with
trimming bbigiestarranyedonea pluralitycfipitehcciicle 15 Figure 205showss ainembodifient of a
trimming apparatts. suitable for.ganyingout the third methad acgording e the inventienawith trimming
bodies shaped in elongate fashion. ZQ*I*—'_lgure 40 shj,ows an embodjmerpt of aﬂtrlmrpll g.apparatus
suitable fof E&riRRy-OGEth& third mBthod according todhE Tivehtidn, With tFraming bodies having
different shapes-asranged ondd pluralityzofepitchdirelesip 26 Figure 5 showsca grindingapparatus
whose working layers ganbetrimmed by means:offhe methods according te the inventionstist of
reference symbols o o . - -

one trimming apparatus, comprising a trimming disk, a plurality

10 of trimming bodies and an outer toothing, wherein the at least

one trimming apparatus 1s moved between the rotating working

disks by means of a rc¢lling apparatus and the outer toothing

under pressure and with addition of a cooling lubricant, which

contains no substances with akrasive action, on cycloidal paths

15 relative to the working layers, wherein the trimming bodies

release abrasive substances upon contact with the working

layers and thus effect material remcval frem the working layers

by means of loose grain, wherein the outer toothing 1s height-

adiustable relative to the Ttrimming disk.

The fourth obiject is likewise achleved by means cof a trimming
apparatus for trimming two working layers which contain bonded
abrasive and are applied on the mutually facing sides of an
upper and of a lower working disk of a grinding apparatus for

25 the simultaneous double-sided processing of flat workpileces,
comprising a trimming disk, a plurality of trimming bodles and
an outer toothing, wheresin the trimming bodies release abrasive
substances upon contact with the werking layers and can thus
effect material removal from the working layers by means of

30 loose grain, wherein the outer toothing is height-adjustable

relative to the trimming disk.

The methods according to the invention are suitable, in

particular, for trimming abrasive pads. The expression



30 1low material removel rate after trimminc not according to the invention 2high material removal rate
f':lfter trimming not according to the invention 14 3a material removal rate achieved during processing
in one direction of rotation after trimming according to the invention 3b material removal rate achieved
during processing in an 5apposite direction of rotation after trimming according to the invention 4small
chal working gap width after trimming according to the invention large local working gap width. after
trimming according to the invention 6stall local working gap width after trimming not according to the
invention 7large local working gap width after trimming not according

"abrasive pad” is defined further below in the context of the

description of the apparatus.
Brief degeription of the figures

The invention is described in detail below with reference to

figures.

LES

igure 1A shows, as a comparative example, the material removal

1

k4

ares from semiconductor wafers which are obtained after

[

rimming, not according to the invention, in grinding
processing passes with a direction of rotaticn of all the

drives that alternates from pasg to pass.

15 Figure 1B shows the material removal rates from semiconductor
wafers which are obtained after trimming according to the
second method according to the invention in grinding processing
passes with a direction of rotatiocn of all the drives that

alternates from pass to pass.

Figure 2A shows the radial profile of the width of the working
gap after trimming of the werking layers by means of the third

method according to the inventicn.

25  Pigure 2B shows, as a comparative example, the radial profile
of *he width of the working gap after trimming of the working

layers by means of a method not according to the invention.

Figure 3A shows elements of a trimming apparatus sultable for

30 carryving cut the fifth method according to the invention.

Figure 3B shows a complete trimming apparatus suitakle for

carrying out the fifth method according to the invention.



to the invention 15 8trimming body 9trimming disk 10outer toothing lla hole in toothing llb hole in
trimming disk 20 12shoulder in trimming disk for lowering the toothing 15trimming body with large
remaining useful height 16trimming body with small remaining residual useful height 17pitch circle of
the arrangement of the trimming bodies on the trimming disk 25 18a external diameter of the
ring-shaped region within which the trimming bodies are arranged on the trimming disk 18b internal
diameter of the ring-shaped region within which thelfrimming bodies are arranged on the trimming disk
19further pitch circle of the arrangement of the trimming 30bodies on the trimming disk 20fixing or
centering olesmof the trimmingdobiiesher trimming apparatus suitable for

carrving out the fifth method according to the invention,
comprising thick trimming bodies.

kgl

5 Figure 3D shows the trimming apparatus illustrated in Figure

3¢, with thin worn trimming bodies.

Figure 44 shows an embodiment of a trimming apparatus suitable
for carrying ocut the third method according to the invention,

10  with trimming bodies arranged on one pitch circle.

Figure 4B shows an embodiment of & trimming apparatus suitable
for carrying out the third method according to the invention,

with trimming bodies arranged on a plurality of pitch circles.

-
A

Figure 4C shows an empbodiment of a trimming apparatus suitable
for carrying out the third methed according to the invention,

with trimming bodies shaped in elongate fashion.

26 Figure 4D shows an embodiment of a trimming apparatus suitable
for carrying out the third method according to the invention,
with trimming bodies having different shapes arranged on a

plurality of pitch circles.

25 Tigure 5 shows a grinding apparatus whose working layers can be

trimmed by means of the methods according to the invention.

Lizt of reference symbols

a0 1 low material removal rate after tvrimming net according to
the invention
2 high material removal rate after trimming not according to

the invention



51 upper working disk 52lower working disk 53rotational axis 35 54holes for feeding cooling lubricant
15 55working gap 56carrier 57inner guide ring 58outer guide ring 5 59workplace 60upper working
layer 61lower working layer Description of the apparatus used 10 Figure 5 shows the essential
elements of an apparatus according to the prior art whose working layers can be trimmed by means

14

3a material removal rate achleved during processing in one
direction of rotation after trimming accerding to the
invention
3b material removal rate achieved during processing in an
3 cpposite direction of rotation aiter trimming according to
the invention
4 small local working gap width after trimming according to

the invention

S )

large local working gap width after trimming according to
10 the invention
2 small local working gap width after trimming not according
+o the invention
7 large local working gap width after trimming not according

to the invention

15 8 trimming body
9 crimming disk
10 cuter toothing

l1la. hole in tocthing
11b hole in trimming disk
26 1z shoulder in trimming disk for lowering the toothing
1 trimming body with large remaining useful height
1 trimming body with small remaining residual useful helght
17 pitch circle of the arrangement of the trimming bodies on
the trimming disk
55 18a external diameter of the ring-shaped region within which
the trimming bodies are arranged on the trimming disk
18b  internal diameter of the ring-shaped reglon within which
the trimming bodies are arranged on the trimming disk
19 further pitch circle of the arrangement of the trimming
30 bodies on the trimming disk

20 firing or centering holes of the trimming bodies

51 upper working disk
52 lower working disk
53 rovational axis

35 54 holes for feeding cooling lubricant



of the methods according to the invention. The illustration shows the basic schematic diagram of a
two-disk machine for 15 processing disk-shaped workplaces such as semiconductor wafers, as is
disclosed for example in DE19937784A1, in perspective An apparatus of this type has an upper
working disk 51 and a lower working disk. 52 with collinear rotational axes 53 and with substantially
plane-parallel arrangement of the 20 working surfaces of the working disks with respect to one
another. According to the prior art, the working diskss51 and 52 are fabricated from gray cast iron, cast
stainless steel, ceramic, composite materials or the like. The working surfaces are uncoated or
provided ax®atinganadaepf-tas example, 25 stainless steel or ceramic, etc. The upper working disk
contains n%@ero%%gglleésr54 through which a. cooling lubricant (e.g. water) can be fed to the working
gap 55. The apparatus is provided with a rolling apparatus for carriers 56. The rolling apparatus
consists of-ah innettfived g 57 aretouter drive 30 ring 58. The carriers 56 each have at least one
cutout whichs can seeeive uweskplaee 59 to be processed, for example a semiconductor wafer. The
rolling appatatus ‘Jgggzgjeigglgodied for example as pin gearing, as involute gearing or as some other
customary type of gearing. Upper working disk 51 and lower 35 working disk 52 and inner drive ring 57
and outer drive riHg®O ar drively at-fot&fonal speeds no, nu, 12 and no about 16 substantially
identical a¥gs 531 hwithis case;isybstaptially” means that the offset of the axes of rotation of the
individual drives relative to the central axis of all the drives amount to less than one per mule of the
diameter of the working disks, and the tilting of the axes with respect to one another amounts to less

than 2. A CATFATERESPBNEON Bith8RRER Wtkitdisk 51 compensates for any residual tilting of the

axes,!8uch that the mutually facing working surfaces of the working disks can be moved with

azimuthally-identically distributed force.and ;=1 eiements of an apparatus according
to the prior art whose working lavers can be trimmed by means
of the methods according to the invention. The illustration
shows the basic schematic diagram of a two-disk machine for

15 proéessing disk-zshaped workpleces such as semiconductor wafers,
as 1s disclosed for example in DE1S837784A1, in perspective

- view. An apparatus of this type has an upper working disk 51
and a lower working disk 52 with collinear rotational axes 53
and with substantially plane-parallel arrangement of the

26 werking surfaces of the working disks with respect to one
ancther. According to the prior art, the working disks 51 and
5Z are fabricated from gray cast iron, ¢ast stainless steel,
ceramic, composite materials or the like. The working surfaces
are uncoated or provided a coating made of, for example,

25  stainless steel or ceramic, etc. The upper working disk
contains numerous holes 54 through which & cooling lubricant
{e.g. water) can be fed to the working gap 55. The apparatus is
provided with a rolling apparatus for carriers 56. The rolling
apparatus consists of an inner drive ring 57 and outer drive

30 ring 58. The carriers 36 each have at least one cutout which
can receive a workplece 59 to be processed, for sxample a
semiconductor wafer. The rolling apparatus can be embodied for
example as pin gearing, as involute gearing or as some other
customary type of gearing. Upper working disk 51 and lowsr

35 working disk -Z and inner drive ring 57 and outer drive ring 58

are driven at rotatiocnal speeds n,, o, 5

4

and n, abour



W without wobbling movement relative to one another. Each working disk 51, 52 supports a working
layer 60, 61 on its working surface. The working layers are preferably abrasive pads. An "abrasive
pad" is understood hereinafter to mean a working layer composed of at least three layers, comprising -
a closed, continuous or interrupted useful layer, facing away from the working disk, in the form of a
smooth or structured 20 film, a woven fabric, felt, knitted fabric or individual elements, which contains
bonded abrasive and has a useful thickness of moré&than one abrasive grain layer and at least one
part of which makes direct contact with the workpieces to be processed and thereby brings about
material resnovel 275 + mldentialwlosed; oratdsast Tontinubus suppottlayerih theférm bf v'smooth or
structured il a woven fabiic, kritted fabrie;o felt, which supportsthe ysefuldayerand gannects all
the elements of the ysefuln‘_l%yermto form a continuous ynit; and 30 - %clo%%d, continuous or interrupted
mounting [Ayer Swhich Taces the Rorkifg diek-and, sverthd %e?i”b’d of the Usedble e Gt the Useful layer
or a shortergreriot; eetemsined hytheiser fforins alfcreedocking ok jpositiveliiogkingsdemposite
assemply l\A/HEI t@%@vqumi?ﬁigtg@f ta%gri?gm apRal ailéssf;f;\,c%5 %aa}péle QM&EQ@E}E @ﬁg@ﬁ%@ﬁm (sealed
mounting layer), magnetically (mounting layer contains a ferromagnetic layer), 17 hook and loop
fastener (GG 1P ANt WoRkiTg e o FBOR: SHd oot atfeae B (mounting
layer is proViged dithcselbathesive ofctivatable adHesive layén netco Thélabragive patlishelastic and
can be detaghed from the workingsdisk by pesling-govementhe,abrasive;pad an, padieslarly when

Covenngp%&%%&§%ﬁ%§%¥%¥%@gé%%ﬁ%tf%lly identically distributed force and

10 without wobbling movement relative to one another.

Each working disk 51, 52 suppocrts a working layer 60, &1 on its
working surface. The working lavers are preferably abrasive
pads.

15
An “abrasive pad” 1ls understood hereinafter fo mean a working
laver composed of at least three layers, comprising
- a cleosed, continucus or interruptaed useful layer, facing away
from the working disk, in the form of a smocth or structured

20 £film, 2 woven fabric, felt, knitted fabric or individual

elements, which contains bonded abrasive and has & useful

M

and at least

4 + Y
thicknes

n

of more than cne abrasive grain laye
one part of which makes direct ceontact with the workpisces to

be processed and thereby brings about material removal;

o]
in

- & central closed, or at least continucus support layer in the
form of a smooth or structured film, a woven fabric, knitted
fabric or felt, which supports the useful layer and connects
all the elements of the useful layer to form a continuous unit;
and
30 - a closed, continuous or interrupted mounting laver, which
faces the werking disk and, over the pericd of the useable life
of the useful laver or a shorter period, determined by the
user, forms a force~locking or positively locking composite
assembly with the working disk of the grinding apparatus, for
35  example by means of vacuum (sealed mounting layer),

magnetically {(meunting layer contains a ferromagnetic layer),



subdivided into up to eight segments which can be removed or mounted individually to form a gap-free
parquetting of the working disk area to be covered. 10 Suitable abrasive pads are described for
example in 055958794, The abrasive pads are preferably structured in the form of small regular units.
Preferably, these units consist of regularly arranged "islands" (uniformly elevated regions) and
"trenches" (recessed regions). In this case, the islands become engaged with the workpieces and thus
bring about material removal. The trenches feed in Tooling lubricant and carry away resulting grinding
slurry. The absolute size of islands and trenches and the area ratio thereof (supporting area proportion
20 of the warking:laye)ccansfitisteoracial featurestfor thematenal-repoving fdictiorceftheiworking

layer. The islands oggae%e%vﬁp%ﬁ@g is,referably, ysed {Trizactim RiamondsTile 677XA or
677XAEL from 3M Company) have for example a square shagﬁ havinrg an eggiﬁleg%h of a few

millimeter$’4R4 578 95"sdparafed by tHenchds habing a Width "o dpproximately ofe Millimeter, thus
resulting ireasuppotting-area. proportion of betwaerr 5096 and 609%. Tid abrasive usedifthe abrasive

pads is preferably diamand; 30 flowevey, atheshard substances-areikewdse-able, (for example cubic
boron nitride (CEN), boron carbide B4C%, silicon carbide (dﬁlc “carborundum m lC(}),)\(ide
€

ablg (fo
(205, BRI Sdo o RHE (oHE), SELA SHORds (ol SRR Sani e

U, *'quartz”), cérium oxide (Ce02) and
many othessio¢8 Holwever; the abrdsive jedin cancalsd be difdatly sernddtkinte iy sdrfaée of the

working digk o, be presentinthe form of anareal cevering-ektheswerking disk byr means of a
multiplicity of individual grinding bodies, so-called "pellets”, which are 5 mounted onto the working
disk. The W8W8a§*§|&m§§%%nﬁgeﬁ?hggv%@r’kﬁﬁa'Iavers 60 and 61 fixed on the upper working disk
51 and lower working disk 52, within which gap the semiconductor wafers are processed, is
Suitable abrasive pads are described for example in US5958794.
The abrasive pads are preferably structured in the form of
small regular units. Preferably, these units consist of
regularly arranged “islands” (uniformly elevated regions) and
15 “trenches” (recessed regions). In this case, the islands become
sngaged with the workpieces and thus bring about material
removal. The trenches feed in cooling lubricant and carry away -
resulting grinding slurry. The absclute size of islands and
trenches and the area ratio thereof (supporting area proportion
20 of the working laver) cecnstitute crucial features for the
material-removing function of the working layer. The islands of
one abrasive pad that is preferably used {(Trizact™ Dlemcnd Tile
E77¥A or 677XAEL from 3M Company) have for example a sguare
shape having an edge length cf a few millimeters and are
25 separated by trenches having a width of approximately one
millimeter, thus resulting in a supporting area proportion of

between 50% and ©60%.

The abrasive used in the abrasive pads is preferably diamcond.
30 However, other hard substances are likewise suitable (for
example cubic boron nitride (CBN), boron carbide (BsC}, silicon
carbide (38iC, “carborundum”), aluminum oxids (Al:0s,
“eorundum”), zirconium oxide (ZrQy), silicon diocxide (810,

“guartz’), cerium oxide (C=20;} and many others.



10 designated by 55 in Figure 1. Description of the first method according to the invention In the first
method according to the invention, loose abrasive (also referred to as "lapping grain”) is added to the
working gap formed between the working layers, in which working gap the carriers move, and material
removal from the working layers is thereby effected. Preferably, a liquid, for example water, is
additionally added. No workpieces are inserted into the 20 carriers in this case. Specifically, it has
been found that the working layers, upon losing theirgcutting capacity, can be dressed again in a
simple manner by a procedure in which the carriers, which otherwise 25 carry the semiconductor
wafers duringsthe:grinding processing, are:eft inhe giindingsapparatus, some toaseilapping grain and,

if appropriatg, sqmediquid are added and the carcers, arg then.moved bymeaps of the Lalling

apparatus under pressure on cyclq_iplal paths relative to the working layers. Th?is f,un?c,tions 30 very well
particularly*when dffe&st paft Bfthie Surfadewith ViHich the' cBfTEHS comé intd Corkact With the working
layers consistsiefanr etastic matetidl.noCariers prefecably Used inthe RRG methiodcaresdescribed in

35DE%OZOHgQg@ggSégltghg%goggilsjtgg;@ steel,core, for example, which brings about the necessary
stability during the rolling 19 movement under load, and a coating made of a softer but very tough and

abrasion-resistant material, for example a polyurethane, which forms wear protection against wear
caused by the frictionah ccutting, Sheeeih goand peelirnd forees bi tie baabrasive(grainibéided in the

abrasive pad,said jarceshaying an.gffect duriggdirogessing. i hasnaw peendound thatloose lapping
grain introduced, into the ap]aetween carrier and working layer settles ggrtlxaand éemgorarily in the
elastic coating bfth& samer? AR a rEsUTCTHE CRFHETS @htriit tHe® &7¢ processed, is

10 designated by 53 in Filgure 1.
Description of the first method according to the invention

In the first method according to the invention, loose abrasive
15 (also referred to as “lapping grain®) is added To the working
gap formed between the working lavers, in which working gap the
carriers move, and materizl removal from the working iayers is
thereby effecited. Preferably, a liguid, for example water, is
acdditionally added. No workpieces are inserted into the

20 carriers in this case.

Specifically, it has been found that the working layers, upon
lo=zing theilr cutting capacity, can be dressed again in a simple
manney by a procedure in which the carriers, which otherwise

25 carry the semiconductor wafers during the grinding processing,
are left in the grinding apparatus, some loose lappling gralin
and, 1f appropriate, some liguid are added and the carrisrs are
then moved by means of the rolling apparatus under preéessure on
cycloidal paths relative fo the working layers. This functions

30 very well particularly when at lzast part of the surface with
which the carrisrs come into contaci with the working layers

consigts of an elastic material.

Carriers preferably used in the PPGC method are described in
35 DE10Z007013058A3. They consist of a steel core, for example,
1
e

which brings about the necessary stability during the ro



W lapping grain over the working layer and release it again uniformly, such that material removal from
the working layer is brought about by relative movement between the carrier with the lapping grain
thus entrained in a semisolid fashion and the working layer. IS Investigations with carriers having a
hard, inelastic surface known from lapping or double-side polishing have shown that loose lapping
grain is immediately stripped away from their smooth surface owing to the large edge length and small
extent 20 of the islands of the abrasive pads used (&5 described above) and is carried away without
effect via the trenches. Only the use of carriers of which at least one part of the surface that becomes
engaged withvthe=abrasivespad cansistxof & sefizedmpliaptonatetial hasra suffisientdtVing effect”" on

the 25 lapping grain jn ardet to guide dhe Jatier oyer.the surface of the islands of the abrasive pad that

becomes engaged with the workpieces and thereby to bring about material removal from them. 30 It
has been l556Véd thatiEsuffices o A08HapPiRg it bRce beforédhe belyirifing of TS Hessing. It
has been foundikatithedappingigrain; owing to the softanteweap ts/feis of fhe-carriers, remains long

enough for dressing of the.working;layers, in the warking gap,formed beqween the working Jayers and

35 does not constantly’have to be rﬂeplenisﬁhed. As aresult, the 1coo|ing:lubrican_t feeds in the upper
working dig€ofthes Grinditig-8fparatiis femam-fréé of fapginy graiftand “After e wofkiTg layers have
been dresseg-initiis way ithelgrindidgappatatus careegsily be pusged and imarediatély used again for
the procesging,afsemiconductor wafers,in.the.next passywithout productiop of Lindesired scratches as
aresu“Ofcoating of the carrier. As a result, the carriers entrain the
10 lapping grain over the working layer and release it again

uniformly, such that material removal from the working layer is

brought about by relstive movement between the carrier with the

lapping grain thus entrained in a semisolid fashion and the

working laver.

Investigations with carriers having a hard, inelastic surface
known from lapping or double-side polishing have shown that
loose lapping gralin ls immediately stripped away from their
smooth surface owing to the large edges length and small extent

20 of the islands of the abrasive pads used (as described above]
and is carried away without effect via the trenches. Only the
use of carriers oi which at least one part of the surface that
becomes engaged with the abrasive pad consisis of a2 sof:,
compliant material has a sufficient “driving effect” on the

25 lapping grain in order to guide the latter over the surface of
the islands of the abrasive pad that becomes engaged with ths
workpieces and thereby to bring about material removal from

them.

30 It has been observed that it suffices to add lapping grain once
before the beginning of this dressing. It has been found that
the lapping grain, owing to the soft anti-wear lavers of thes
carriers, remains lcong encugh Zor dressing of the working
layers in the working gap formed betwesn the working lavers and

33 does not constantly have to be replendshed. As a result, the

cooling lubricant feeds in the upper working disk of the



lapping grain that has remained in the grinding apparatus or lapping grain residues released by
purging in an uncontrolled manner from the cooling lubricant feeds on the semiconductor wafers. 10
The hardness of the described parts of the surface of the carrier is preferably between 50 Shore A and
90 Shore D. Particularly preferably, the hardness is between 60 Shore A and 95 Shore A. The lapping
grain used preferably has an average grain size of the order of magnitude of the abrasive grain the
working layers that brings about the material remowvail from the semiconductor wafers. The abrasive
bads Trizactfl' Diamond Tile 677XA or 677XAEL from 3M Company have grain sizes of between 1 and
12 pm, depeniditigran thepspecificatiomnd he ZQ tappidg Drain preferablyrusedhfor cafnying oukthe first
method acggrding fo the inventionhas.a grain.size of betwegn 2,and 15 pm. Syitahle lapping grain

consists of aluminum oxide (corundum), silicon carbide, boron nitride, cubic boron nitride, boron
Carbide, zZREBAIGAT BRide En ¢ Afirti¥es theétBoE $thaS beeMI5(nd Hiatthis aressFigdnly Bings about
very little material remmevalfromitheawdrkingllayers: Fhdtds advantageous:for passly dressing the

working layersihecause firstly the, shape, of the working.layers s not changed as a.30 result, and
secondly, moreqgver, an unnecessarily large amount of material is not removed from the expensive

working layéiaP préte ity Cohtiifing diamoht: espite the snidit FfatéfalFehidvar the tressing effect
proved to Begpbdglroparticular s thitalrasiverpad dressedinahisyway had nooronied verdy 35 small

residual pfﬁfﬁ{ﬁ%d:dllf%ﬁp%k!@a%%m%?@’ yiglded-identieal-01 viguallyidentical- semiconductor material
removal wafers.
10

The hardness of the described parts ¢f the surface of the

(1

arrier is preferably between 50 Shore A and 90 Shore D.
Particularly preferably, the hardness is between &0 Shore A and
9% Shore A, The lapping gralin used preferably has an average

15 grain size of the order of magnitude of the abrasive grain of
the werking layers that brings about the material removal Ircm
the semiconductor wafers. The abrasive pads Trizact™ Diamond
Tile 677XA or &77XAFEL from 3M Company have grain sizes of
between 1 and 12 um, depending on the specliiication. The

20  lapping grain preferably used for carrying out the first method
according to the invention has a grain size of between Z and
15 pm. Suitable lapping grain consists of aluminum oxilde

{corundur), silicon carbilide, boron nitride, cubic boron

“<

nitride, boron carbide, zirconium oxide and mixtures thereof.

It has been found that this dressing conly brings about very
little material removal from the working layers. That is
advantageous for purely dressing the working layers because
firstly the shape of the working layers is not changed as a

30 result, and secondly, moreover, an unnecessarily large amount
of material 1s not removed from the expensive working lavers,
preferably containing diamend. Desplte the small material
removal, the dressing effect proved to be good. In partlcular,
the abrasive pad dressed in this way had no or only a very

35 small residual preferred direction, that isg tce say yielded

identical or virtually identical semiconductor material removal



21 rates in the subsequent grinding processing of semiconductor wafers in both directions of rotation.
This method proved to be very well suited to dressing. A change in shape ("truing") cannot be carried
out by this means. The working layers are too robust for this. Finally, it was found that, during dressing
with carriers and loose lapping grain, the coating of the carriers was subjected to higher wear than in
the case of their use as guide cages iO during the grinding processing of semiconductor wafers. As a
result, a coating of the carriers that was initially toozhick or non-uniform, for example, was able to be
thinned or leveled without the need to carry out for this purpose a large number of passes with
semiconduciarwaferstirkichighosdo: bave heendejerted asnwn=dinerfsicrally-acciratesrejects. (Direct

thinning by, gtinding:or leyeling, of pon-uniformly coated:carriers hy, movement hefween.the,working

layers under pressure and without addition of lapping grain does not work: it was found that the
working lay&retthBfdty Beddie BitinEv&S Taprily 2051 Hiateral Feiicval no6ngér takes place.)
Descriptiorafithe: seeond methdd@according o theviraventiofida the second methot according to the
invention, theweorking 25 layers are trimmed using a trimming apparatus which has trimming bodies
having bonded abrasive which release abrasive during the trimming. The trimming takes place with
repeated reversal, i.e. reversal at least twice, of the direction of all the drives (upper and lower working
disks and &utez hhd.inner 88 drifeuingd)iof the grinding dpparatuss FhHetinveationds based on the

observationhatthe-ramevalbehayior:of many workingdayers is nfluenced by the,praviqusiuse
thereof. It was observed that the V\Y/\orking._%aéer has, Wuh+%§mrejga?rd to its grirgdicpeg behavior, a more or
less highly Prondancad *iiemary*'of 8 pratreafiient, to be précise hoth 2oro® =ades

10 during the ¢rinding processing of semiconductor wafers. As a
result, a coating of the carriers that was initially too thick
or non-uniform, for example, was able Lo be thinned or leveled
without the need to carry ocut for this purpose a large number
of passes with semiconductor wafers which should have bsen

13  rejected as non-dimensionally accurate rejects. (Direct
thinning by grinding or leveling of non-uniformly coated
carriers by movement between the working layers under pressure
and without addition of lapping grain does not work: it was
found that the working lavers thereby become blunt very rapidly

20 and material removal nc longer takes place.)
Description of the second method according to the invention

In the second method according to the invention, the working

25 layers are trimmed using a trimming apparatus which has
trimming bodies having bonded abrasive which release abrasive
during the trimming. The trimming takes place with repeated
reversal, l.s. reversal at least twice, of the direction of all
the drives (upper and lower working disks and cuter and inner

30 drive rings} of the grinding apparatus.

The invention is based on the observation that the removal

behavicr of many working lavers 1s influenced by the previous

use thereof. It was observed that the working layer has, with
35  regard to its grinding behavior, z mors or less highly

pronounced “memory” of its pretreatment, to be precise both



92 with regard to the direction of preceding trimming and with regard to the direction of the preceding
grinding operation. Some working layers even have a preferred direction in a manner governed by
production. In the context of the investigations leading to the present invention, it had emerged that, in
particular, the direction of the last trimming process crucially influences the preferred direction of the
grinding behavior of the working layers. It 10 had furthermore been found that the difference between
the material removal rate during operation in the préferred direction and that during operation precisely
counter to the preferred direction became all the more greater, the longer and the greater the material
removal with whicle thertiimming wasits effectede ft hadlikeWise beemrfound thatithe: manifestation of a
preferred direction quantified in thisway, becamgall the-greater, the longer the warking, Jayers had

previously been used in one direction and the greater the amoun of associated pad wear involved in
such use. 26y Virtté 'dihe F&7é3af i dird@ih 6f aF fiesdrives Atteast tiite Hthe®nTaférif femoval
per partial step:carkdooutdnanesditection and hence the manifestation of a preferred direction are
reduced. Preferably, during each subsequent partial step of themming process, that is to say from
direction reversal to directiog reversal, less and less material is always removed from the working
layers thar ih the“preRBamy partial Sep” ThiSEar he 30 achieded by reduting BERifAfion of such a
partial step,rbyedécreasingtthequtessenecauring trimming pe by redueing thepath speedqshortened
length of the, rajeciery-duning 8 pastial Hauning.process). 3pharticuladypreferably. the partial steps
are progregswel ‘shortenfed such that, during the last Partlal step, the . |
lrection of tne grinding behavicr oI the working lavers. It
it had furthermore been found that the difference between tThe
material removal rate during cperation in the preferred
direction and that during operation precisely counter to the
preferred directicon became all the more ¢greater, the longer and
the greater the material remcval with which the trimming was
15 effected. It had likewise been found that the manifestation of
a preferred direction guantified in this way became all the
greater, the longer the working lavers had previcusly been used
in one direction and the greater the amount cf associated pad

wear invelwved in such use.

20
By virtue of the reversal in dirsction of all the drives at
least twice, the material removal per partial step carried out
in one direction and hence the manifestation of a preferrsd
direction are reduced.

25

Preferably, during each subseguent partial step of the trimming

process, that is to say from direction reversal to direction

!

raversal, less and less material 1ls always removed from the

working layers than in the preceding partial step. Thie can be

]

30 achieved by reducing the duration of such a partial step, by
decreasing the pressure during trimming or by reducing the path
speed (shortened length of the trajectory during a partiazl

trimming process).

35 Particularly preferably, the partial steps are progressively

shortened such that, during the last partial step, the



thickness of the working layers decreases by less than the average diameter of the abrasive grain
bonded in the working layers. Particularly preferably, the material removal from each of the working
layers during the last partial step is between 10% and 100% of the average grain size of the abrasive
grain bonded in the working layers. 100% thus corresponds on average to precisely one “grain layer"
of the working layer. It was found 10 that a further reduction of the last removal below 10% of the
average grain size affords no further advantage or &y possible advantage no longer justifies the
disadvantage of the increased time expenditure. It was likewise found that material removal of more
than one graiilayerefter stilldeaves:a preferredrEsdiractions Hthegrafedistritrion@nd mixture of the
working Iag%i%[bcg knowyn. exactly: the averagesgrain size: can bedetermineddna-simplg manner. For
this purpoese, the grain is extracted from 20 the bonding matrix mechanically (by comminution),
chemically-@ii$sofution or separation of bonding matrix and fillers) or thermally (separation by melting)
or by a combination of these methods, and is applied in a thin layer to a specimen slide and a
micrograpl is-produced: J higrg;rgu;,}gg% that.canhe discerned-75.an the-sricrograph are then counted
using a. set of shape stencils. The average glrain size g_nﬁd%ny gceaviagign%éro‘m normggz%%gtandard
grain size Hfstibutibrs can immettatdly Be read front the fesultant histogram of the grain size
distributiork 0ltte aécuraey auith-awdifchotheigrain sizes taifise 8Dt fineHeVeasing Sikple
laboratory mgans inthesimple mannerspecified issufficipphinsany eventfag earying out the trimming
methods according 1o the invention. The effect Ef the second methad according tq the invention is 35
elucidated®beiow on the basis Of an example an a“c‘omﬁarétlv'egex”éanﬁé (Figure 7). In this case,
identidal abfasiverp4ds Wese gaduction of the last removal below 10% of the

average grain size affords no furthsr advantage or any possible
advantage no longer Jjustifies the disadvantage of the increased
time expenditure. It was likewise found that material removal
of more than one grain laver often still leaves a preferred

15 direction.

P

If the grain distribution and mixture of the working layer is
not known exactly, the average grain size can be determined in
a2 simple manner. For this purpose, the grain is extracted from

20 the bonding matrix mechanically {(by comminution), chemically
(dissolution or separation of bonding matrix and fillers) or
thermally (separatiocn by melting) or by a combination of these
methods, and is applied in a thin layer to a specimen slide and

a micrograph is produced. The grain sizes that can be discerned

-3
A )

on the micrograph are then counted using a set of shape
stencils. The average grain size and any deviations from
normalized standard grain size distributions can immediately be
read from the resultant histogram of the grain size
distributicn. The accuracy with which the grain sizes can be
30 determined even using simple laboratory means in the simple
manner specified 1s sufficient in any event for carrying out

the trimming methods according to the invention.

-

he effect of the second method according toe the inventilon is
35 eiucidated below on the basis of an example and a comparative

examplie (Figure 1). In this case, ldentical abrasive pads were



trimmed once according to the invention (example) and once in a manner not according to the
invention (comparative example). In the example, during t.g, the direction of all the 5 drives was
reversed seven times, that is to say that a total of eight trimming passes were carried out. In this case,
the material removal was additionally reduced upon every second trimming pass. In the example, this
progressive removal reduction was effected by repeatedly shortening the duration of 10 an individual
trimming pass from initially one minute to finally fivé4econds. Pressure and rotational speeds were
kept the same for all the individual trimming passes. Initially, the working- layer, as determined by pad
thickness measurements: isincthisicase remoued by tol 20 uheriarthedastayabsy thie 15¥emoval was
below the measurement linit (1.um), Inthecomparative sxamplethe-abrasive.pad-was trimmed in the
same way as described for the example, but without the reversal of the direction of the drives. 20 The
abrasive pads trimmed according to the invention and not according to the invention were
subsequently used fordmeach caseits stcdessive; grindimgiiassesi 45 wife-sawntimonocrystalline
siliconwafgrs: having the orientation (100).and: 23 baving.a diameter.of 300-nm were processed during
each grindin‘gé;%ass. Five carriers were each e%gligft)ed with three silicon wafers. FLnglJée 1 shows, on the

y-axis, the ThateriaF FeBvafaté KRR Sbtaie A ca88tin uf/min- The'time | i tinits of

successiverPP& grndingpasses-earriedDiits tndidate dzerfi802He Weaxis e Faeh ditapoint therefore

corresponds.to.a BRGpass. From-ene grinding-nass-to-thenaxt.the: dicectionefrotation of all the
drives of the %rirldipg aphparagnu%@p@er nd lower V\Loigifﬁ disks, inner and outer drive,rings of the
rolling apparatis forthe Eirigrs) Was in 83ch c3SE exactly ?nv%jfteedqgg(%hénﬁe olflélg“n for all rotational
speed8). The unfiledidual trimming pass from initially one minute to

finally five geconds. Pressure and rotational speeds were kept

the same for all the individual trimming passes. Initially, the
working layer, as determined by pad thickness measurements, is

in this case removed by up to 10 um; in the last pass, the

15 removal was below the measurement limit (I um).

in the comparative axample, the abrasive pad was trimmed in the
same way as described for the example, but without the reversal

of the direction of the drives.

20
The abrasive pads trimmed according to the invention and not
according te the invention were subseguently used for in each
case 15 successive grinding passes. 15 wire-sawn
monocrystalline silicon wafers having the crientation (100} and
25  having a diameter of 300 mm were processed during each grinding

pass. Five carriers were each eguipped with thres silicon
wafers. Figure 1 shows, on the y-axis, the material removal
rate MRR obtained in this case in um/min. The time T in units
of successive PPG grinding passes carried out is indicated on
30 the x-axis. Fach data point therefore ccrresponds to a PPG
pass. From one grinding pass to the next, the direction of
rotation of all the drives of the grinding apparatus {(upper and
lower working disks, inner and outer drive rings of the rolling
apparatus for the carriers) was in each case exactly inverted

35 (change of sign for all rotational speeds). The unfilled
a



symbols 1 and 3a therefore all correspond to an identical 25 rotational speed configuration of the
drives, and the filled symbols 2 and 3b correspond to such a configuration with in each case exactly
inverted directions of rotation. Apart from the reversal of the direction of rotation, all of the grinding 5
passes in the example and the comparative example were carried out in an identical manner. Example
and comparative example differ only in the above-described manner of trimming the abrasive pads
before the latter are used. 10 Figure 1B shows the egsult of the example with the abrasive pads
trimmed according to the invention: It is evident that the removal rates obtained are virtually identical
for both direstians of satatioecH is oot possibleitordiscenrhanyiipreterred ditectien "fuflaneddirection of

rotation Or.&@%é@ghgga%{%‘eﬁygoxsm%%exA%Emgyngai,rgog(%%df%@pmixﬁ Ragiprodyction. Figure

IA shows the result of the comparative example with the abrasive pads trimmed not according to the
invention. A0 pfatiurcédPreterted Birettion of fHe-abrasivelpad s Eledly disterhibfe Al the
removal rates:2 i oaeditectiontare significanthy:higher ¢hart therremovalkratesh# inthendorresponding
opposite direction.of all the drves. Fhe difference inremovalrates.betyeen ope direction and the other

25 is up to almost 100% (relative to the lower removali1 rate 1). A PPG process of this type is very
unstable. £PPG Apphrdtts Yenetaly" RS &h app HAUSof Re Uiy the iH§tant&i8ous thickness of
the semicondiictive wafersiduring pedcessity; svhich 80 erds e processinguporithe target thickness

being attained {end point switch-aff). The.end, point switch-oftis realized for example by means of
eddy current sensors incorporated in the surface of one of the working disks, which sensors determine

the distance between said surface and the surface of 35 the other working disk. An example of
suitable sefisgrs;e288 shows the result of the example with the abrasive

pads trimmed according to the invention: It 1s evident that the
removal rates obtalined are virtually identical for both
directions ¢f rotation. It is not possible to discern any
"oreferred direction” of one direction of rotation or the

15 other, either governed by trimming or governed by abrasive pad

production.

Figure 1A shows the result of the comparative example with the
abrasive pads trimmed not according to the invention. A

20 pronounced preferred directicn of the abrasive pad is clearly
discernible: A1l the removal rates Z in one direction are
significantiy higher than the removal rates 1 in the
correspending opposite direction of all the drives. The
difference in removal rates between one direction and the other

is up to almest 100% (relative to the lower removal rate 1).

134
L)

A PPG process of this type is very unstable. A PPG apparatus
generally has an apparatus for measuring the instantanecus
thickness of the semiconductive wafers during processing, which
30  ends the processing upon the target thickness being attained
(end peoint switch-off). The end point switch-off is realized
for example by means of eddy current sensors incorporated in
the surface of one of the working disks, which sensors
determine the distance between sald surface and the surface of

35 the other working disk. An example cf suitable sensors,



arrangements and measuring processes is described in DE3213252A1. Owing to the essential run-on
of the drives (braking of the working disk), an unavoidable "subsequent grinding" of the semiconductor
wafers inevitably occurs after the target thickness has been attained, even with a rapidly reduced
working pressure. Therefore, after the actual end of processing, the thickness of the semiconductor
wafers is 10 somewhat smaller than the final thickness determined by the measuring apparatus.
Owing to the different removal rates during the ope#ation of the grinding apparatus in one direction
compared with operation in the other direction (symbols 2 and 1, respectively, in Figure 1A), said
subsequentgravdirg differs grdathe forthénwordirectionssn this domparative £xample not according to
the inventipp;Serieanductor wafers from different processing passes therefore have different actual
final thicknesses. Moreover, the geometry (plane- parallelism) of the semiconductor wafers fluctuates
greatly 20 from one pass to the next since the heat inputs (grinding work, machining work) fluctuate on
account ofdheémdifferent remevakrates. ‘Thisieads tofaniunstable procéssawith sesultaritsemiconductor
wafers;whigh,are.unsyitable for,depmanding applications,Jihep the frimming progess,is carried out
according to the invention with repeated reversal of the Qirgptiog of all the drives, these problems do
not occur H&TE- 58 ctekr evidBAt from Efyird 1B B0 DEE&Hifdn 6fthe thirdHéthod according to the
invention andicfthesspgaratusased theréford A eriraming apparatas edmprising adriming bodies is
used in the,35 third method according te the invention, Thedrimming:badies are at least predominantly
arranged within a ring-shaped region_27 on the trimming disk, the width of §ai_g rin%-shaped region
being between 1% and 259 5 and préferably bewween 3.5% 334 495 of the' pitch circle diameter of the
trimmifg diskoait ledst BOW-and Praferably dtieast J0% o Hse ares b tie trivdming Bbdies which
comes inta.eantact withdhe avarking, layeisis sitiated withie saighring-shaped. regiens The area of the
trimming bgg!&s Whicib comes into {g:rcl)né%cttm}/liéh %hreiwg£lggg Eli%earg ac%rsesggngs to

ng the opéraci he dirsction

compared with operation in the other direction (symbols Z and
1, respectively, in Figure 1A), s3alid subsequent grinding

15 differs greatly for the two directions in this comparative
example not according to the invention. Semiconductor wafers

rom different processing passes therefore have different

Fh

actual final thicknesses. Moreover, the gsomelry {plane-
paralielism) of the semiconductor wafers fluctuates greatly

20 from one pass to the next since the heat inputs (grinding work,
machining work) fluctuats on account ¢f the different removal
rates. This leads to an unstable process with resultant
semiconductor wafers which are unsuitable for demanding

applications.

3
When the trimming process 1s carried out according to the
invention with repeated reversal of the directicon of all the
drives, these problems do not occur here, as clearly svident
from Figure 1B.

30

Description of the third method according to the invention and

of the apparatus used therefor

trimming apparatus comprising trimming bodies is used in ths
35  third method according to the invention. The trimming bodies

are at least predominantly arranged within a ring-shaped region



29% to 90%, preferably 40% to 80%, of the total area of the ring-shaped region. 10 The choice of the
dimension figures specified resulted from the following considerations and observations in the course
of experiments concerning the dimensioning of a trimming apparatus suitable according to
theinvention: 15 Firstly, one or a plurality of the trimming bodies fitted on the trimming disk together
should, in the course of the rolling movement of the trimming apparatus between the pin wheels of the
grinding apparatus, sweep over the entire ring-shaped 20 region of the working layer which comes into
contact with workpieces during grinding in order to bring about material removal and hence trimming of
the entire used region:ofthe watking, layer Thisidefinés dhe preférred exiemal disgmeter of the
ring--shapgd Goyeying, with, trimming; bodies, Secondly, the, investigations shawed.that immng of the

working layers to a defined target shape - here preferably a highest possible degree of

plane-pardligfishi-&fthoSé Sutfaces BHHhe watking By ersWhichhétonte ehgaged Wit the workpieces
30 with respetctito oferandther £ car hetolst@inedionlydf theeing-Shaped tedioniwith theltrimming
bodies has,at most the width:specified aboye In the cage.of an.arangement with.grinding bodies even

further in the center of the trimming disk than is provided accorc ing to the invention, and in partioul 35
substantially BRiBrmR disfribtRed LaRpletecovEring 0ftha Hvailable area or tHa™ Amnving disk with
trimming bedies; itt@8asas notpossiblecto elitain goed plarie-parallelismsoftthengerkimgayers. In this
case, it wasfound thatit syffices it the trimmingbedies are arranged:substantially=withia the ring

widths specified, that is to say that individual trimming bodies can
ring-shaped region.

16
The choice of the dimension figures specified resulted from the
following considerations and observations in the course of
experiments concerning the dimensioning of a trimming apparatus
suitable according to the invention:

15

Firstly, one or a plurality of the trimming bodies fitted on
the trimming disk together should, in the course of the rolling
movement of the trimming apparatus beltwsen the pin wheels of
the grinding apparatus, sweep over tThe entire ring-shaped

20 region of the working layer which comes intoe contact with
workpieces during grinding in order to bring about material
removal and hence trimming of the entire used region of the
working laver. This defines the preferred external diameter of

the ring-shaped covering with trimming bodies.

25
Secondly, the investigations showed that trimming of the
working lavers to a defined target shape - here preferably a
highest possible degree of plane-parallelism of those surfaces
of the working layers which become engaged with the workpieces
30 with respect to one another - can be obtained only if the ring-

shaped region with the frimming bodies has at most the width

specified above. In the case of an arrangement with grinding

bodles even further in the center of the Trimming disk than :is

provided according to the inventicn, and in particular with a
1

35 substantielly uniformly distributed complete covering of the

available arsa of the trimming disk with trimming bodies, it



also be fitted further toward the inside, provided that theplurality of the trimming bodies is fitted within
the dimensions specified. However, arranging individual trimming 10 bodies outside the ring width
specified does not afford an advantage; rather it was found that a poorer trimming effect is obtained
with an increasing number of trimming bodies arranged further toward the inside. The method then still
functions, but with a poorer result, for which reason the exclusive 15 arrangement in the ring region
specified is preferred. Its found, in particular, that oB& or a plurality_ of trimming bodies can be
arranged with part of the area thereof or completely by together up to 20% of the total area of all 20
the trimming bodigs oktheifrieming apparatussthat comessinta centaet with thé warking disk outside
the ring regjop descri without any disadvantage being observed in the trimming of the working
layer to form a defined target shape. The trimming result of an arrangement with together up to 10%
25 of the trimming body area outside the ring region is indistinguishable from that of an arrangement of
the trimmiAg bodies cempletely within theningregion aceorfing-tosthefinvéstion: dfbétween 10% and
20% of the,ttimming, bady. area les outside the ringregion, @ithough the trimming xesult is 30
distinguishable from that of trimming with trimming bogcgss arranged compfeteg/o\ggthin the ring region, a
C

target shap&of the Forkingayerthal iswéll ddfined s %?éiﬁaqto e TVehtion Car st Bé achieved,
for which reasontan driangemént bhthis typesisdtiflraccordingao the ivettiont 351f mote than 20% of

the trimming body area liesautside the claimed ring region: however; atargetshape that is well 19
defined according to the invention cﬁaﬁn no longer be achieved, for chi(_:h reason_an arrangement of this

type is the o 1o b%?‘%cégfe Tﬁ“ﬁ t§'tHe ihvention. It ShotitPbe clattied that fhe é“)%ﬁﬁrnelxgé% “lying within

the ritlgy-shapedaregionshdans tisattharellaht trivAiid bodictoare sitiatéd dhtHesrea of the

ring-shapegregion: 4 position.of a trimming body: funther toward the cepterof the dummingdisk is

referred to here as "outside the ring-shaped region®. 10 _ . . o :
obtalned wifhl an 17credsing number of Trimming bodies arrangad

further toward the inside. The method then still functions, but
with a poorer result, for which reason the exclusive

15 arrangement in the ring region specified is preferred.

It was found, in particular, that one or a plurality of
trimming bodies can be arranged with part of the area thereot
or completely by together up to 20% of the total area of all
20 the trimming bodies ¢f the trimming apparatus that comes into
contact with the working disk cutside the ring regicon
descriped, without any disadvanitage bsing observed in the
trimming of the working laver to form a defined target shape.

The trimming result of an arrangement with Together up to 10%

2
to

of the trimming body area ocutside the ring region is
indistinguishable from that of an arrangement of the trimming
bodiss complstely within the ring region according to the
invention. If between 10% and 20% of the trimming body arsa
lies outside the ring region, although the trimming result is
30 distinguishable from that of trimming with trimming bodies
arranged completely within the ring region, a target shape ol
the working layer that is well defined according to the
invention can stilll be achisved, for which reascn an
arrangement of this type is still according to the invention.
35 If more than Z0% of the trimming body area lies outside the

claimed ring region, however, a target shape that is well



Figure 4 illustrates the apparatus used for carrying out the third method according to the invention.
Figure 4A shows a trimming apparatus according to the invention, comprising trimming bodies 8 on a
trimming disk 9 with a toothing ("outer 15 toothing™) 10 fitted to the circumference of the trimming disk,
and corresponding to the rolling apparatus of the PPG grinding apparatus. In the example shown here
the grinding bodies 8 are arranged uniformly concentrically around the trimming disk 9 on a pitch circle
17. The width of the ring-shaped arrangement of 28%he trimming bodies is described by the ring width
between inner envelope curve 18b and outer envelope curve 18a. In the example shown, the ring
width is exactliridenticaltodhe didmetarof the tifbiing boelies 8 sincedll fife &G Bodies are
arranged en a pitch-eirgle A7, Figure-49 shewsanother 75 exemplaryiembadiment aecarding to the
invention,withc 1 iden trimming hodies 8,on two pitch circles 17 and 19. The width of the ring-shaped
arrangem&ft6Fthe tmming Bodied B, tat I$ to say the ring width between inner envelope 'curve 18b
and outer envelope curve 18a, is greater here than the diameter of 30 an individual trimming body 8.
The shape of the-trimming bodies:8 for careying put thessecancmethed agcarding to theinvention is
not restrcied Figyre 40,shows, by way, of.example. {imyning.bodies 8 haying.a eciangulaycross
section (in“an ex mpﬁ’ary arrgngement on a pitc C|rcIe); Figure 40 shows triangular, quadrangular,
hexagonakarid-ateforal grindiEBodits B:6n AR EXeMBRAT aitafgement ontwd-pitch Bircies). 30
Preference is givendogimming:-hedies S8-haviag arcircudarenting-shaped ciossi sectivrs fast #ustrated
in Figures 4A_and B), that,is tq say trimming bodies of cylindrical ar-hallow-.5 eylindrical shape. it was
found thatrtﬁaekgé: jf:g%? b%eop?6edru%e%¥parﬁgﬁlgﬂ§€e5?§%u"c%llg] a%ﬁg\#vﬁ& réaé((??llyyogre}c/lictable shrinkage
duringthe sintering process and are therefore dimensionally accurate. This is desirable particularly
when, afterwear0f the trinuning thodies,dhepesiduesthereof afe 1 Ocemovetfromtthenimming disk

and replaced by,neutrimming bodies preferably havingddentical timensipns ang.graperties, such that
the entire timming process remains uhchanged even after the trimming tool has been changed. It was

furthermoreFouRd HaPor e effeclve BfAdtdn 6t thRabragivR Yrai b6rdEd i the trimming bodies a

maximuma: of areancomientes 8 on a trimming disk ¢ with = toothing (Mouter

15 toothing”) 10 fitted to the circunference of The trimming disk,
and corresponding fo the rolling apparatus of the PPG grinding
apparatus. In the example shown here the grinding bodies 8 are
arranged uniformly concentrically around the trimming disk ¢ on
a pitch circle 17. The width of the ring-shaped arrangement oI

20 the trimming bodies is described by the ring width between
inner envelope curve 1B8b and outer envelope curve l18a. In the
example shown, the ring width is exactly identical to the
diasmeter of the trimming bodies 8 since all the trimming bodies
are arranged on a pitch circle 17. Figure 4B shows anothsar

exemplary embodiment according to the invention, with identical

i3
i

trimming bedies 8 on two pitch circles 17 and 18. The width of
the ring-shaped arrangement of the trimming bodies 8, that is
to say the ring width between inner envelope curve 18b and
outer envelope curve 18a, 1s greater here than the diameter of

30  an individual trimming body €. The shape of the trimming bodies
8 for carrying out the second method according to the invantion
is not restricted. Figure 4C shows, by way of example, trimming
bodies § having a rectangular cross section (in an exemplary
arrangement on a pitch circle); Figure 4D shows triangular,

35 guadrangular, hexagonal and octagonal grinding bodies 8 (in an

exemplary arrangemant on two pitch circles).



(from which the material-removing grain is released) to edge length of the trimming bodies (via which
the grain leaves the contact zone between trimming body and working layer and thus becomes
ineffective) is preferred. This results in a preferably 20 cylindrical shape of the trimming bodies. A
hollow-cylindrical shape (cylinder having a concentric hole) likewise still a roximately meets this
requirement. The hole 20 (Figure 3) in the center can advantageously be used in order, when the
trimming bodies 8 are fixed on the trimming disk 9, ¥hich is 25 effected by adhesive bonding, for
example, by means of centering pins through the hole 20 and corresponding holes in the trimming disk
9, to prevent the trimming bodies B from slipping during the fixing process. 30 In addition, cylindrical or

hollow-cylipdgieal imming bedieshave enlyacuryed.edge-and ne.shasp comers. Specifieally, it was
found that tr_imm‘iér;sg bpdies having corners, that is t sag/_th0§e ha"}h%@é{?@’ on%ch%s %gction, but in
particular friangles. BXRICACRE COTHers sotfie iNStAncES ah-35 ihcré

] sed tendency towafd spalling
of relativelyiargeipietes of the trimmimg body eateribl. cThattisi bhdesirablelseleawise the 31 working

layer is thereby damaged and.in the case of theHse of structured werking:layersisuelyas are
described as "tiled! abrasive é)adsj_:r_] 055958794, far_example, even entire 'tiles” can be torn away.
However, H#iimiiy' bodied Having apolygondl base aréa can likewise be Uséd efficiently, particularly
those havial six:oraforéwokherstaisd Hihé faterchavecangles DTalwags Mreahan Do, that is to say

preferably segulas pelygons. 1@ heseavering ef the rirg-shaped zonewan:thesttimming:disk with
annulus segments that almostt_progluce a.closed annulus, .as d,,esscrz%)gdgf%%@é%meggg. Beyer et al.,

3 rad ]

Industrie Diamantén Rundschat |Di§l§-§1 %S@oéﬁﬁ"’“ﬁége ?6% is not agvantageoqé". it was found that
the foite applied 26 tHe timiiifig boey tthg thetrifiifine protess i®heirdiskibdted ®¥er an
excessivelydarge-arear sach ihationditie,abrasive iscteleased:and dhe desited temming effect is not

achieved with g low hearing force. The bearing force alsq canngt be increased arbitragily,in order to
counteract tﬁe dIStrI%Utlon over a“large area. B
after the trimming tool has been changed. It was furthermore
found that for the effective utilization of the abrasive grain
15 Dbondad in the trimming bodies a maximum ratic ¢of area content
from which the material-removing grain is released) to edge
length of the trimming bodies (via which the grain leaves the
contact zone betwesn Lrimming body and working laysr and thus
becomes ineffective) is preferred. This results in a preferably
20 cylindrical shape of the trimming bodies. A hollow-cylindrical
shape {cylinder having a concentric hole) likewise still
approximately mests this reguirement. The hole 20 (Figure 3) in
the center can advantageously be used in order, when the
trimming bodies 8§ are fixed on the trimming disk 9, which is
25  effected by adhesive bonding, for example, by means of
centering pins through the hole 20 and corresponding holes in
the trimming disk 8, to prevent the trimming bodies 8 from

slipping during the fixing process.

30 In additieon, cylindrical or hollow-cylindrical trimming bodies
have only a curved edge and no sharp corners. Specifically, 1t
was found that trimming bodies having corners, that is to say
those having a polygonal cross section, but in particular
triangles, exhibit at the corners in some instances an

35 increased tendency toward spalling of relatively large pleces

of the trimming bedy material. Thet is undesirable because ths



20 Specifically, it was found that the working layer, which generally always has a certain elasticity (e.g.
on account of a synthetic resin bonding or owing to soft fillers), is then elastically deformed to an
excessively great extent and good flatness cannot be obtained. Moreover, trimming with only 25 little
addition of water is desirable. This results in friction, which is desirable in order to release grain from
the trimming bodies. If said friction becomes excessively high on account of excessively high pressure
forces, the machine drives can be overloaded or seVere rattling is produced by "stick and 30 slip" of
the working layers on the trimming apparatuses. In some instances, the forces become so great and
irregular that:tiimmingaodies werb ¢orbawdyriron the mdmming diskciasthiscdage: T hesgesifed flatness

cannot be produged inithis, way, This-effect of disadvantageously largescarnected &hmming bodies is
35 intensified by dry running on accougéq% Ehe versized contact area. 3’{: It was Egﬁvgis's,g found that
| s

choosing tOBT&w: I paftictlar smalf, trimming bdies i URfavorabls. Inthat tase, even at the low
bearing forces Whichaare atteast revessary incordernio ensarelwobbisifred movemERLsEthe
cardanically;mounted; selig, upper-working disk sucha highpressyresisthen.allotied te the ew
trimming bodies that too much %rain is re‘lgasedﬁ (ﬁlg@ggige vaiqc%sre%%qfomgélcndiigg}v%r}lages, this
proved to B& tissivahtagdods %of??ra%“é‘tr“? excessively thick il of free 10 grain arises between
trimming bediesyand workingdayél As ahvesultstHechighly fatesirzide'of theIHmiding bodies, which
surface is glwaystesforming as a result of constant wear and is self-leveling owing to the kinematic
properties of the rolling system (planetary gearing) can no longer be mapped is directly onto the
working layer. With an excessively thick grain film, the working layers do not attain the desirably high
measlire of paralislisini-withaEspaet toisie ahetet. Therefsre, Bidedrée St il dfetieeh 20% and
90% is 20 preferred. Pegree of fillingishould be understeodtosneandhe natio obthestotal area of the
trimming bqdies applied aqn the trimming disk which has conta twithg%&q‘rg@gﬂ%ﬁl@h‘g{u@@ the
trimming prggcse“’sIéltlcj:) ﬁé a%nrgg of the. %%%ufu%%ﬁh%\ﬁﬁlléh%he tr%rhrmiﬁg bodies are arrangég, A degree
OfﬁmngofRundschau IPR 29 {2003) III, page 2@2, is not advantageous. It

was found that the force applied to the trimming body during

15 the trimming process is then distributed over an excessively

large area, such that too little abrasive is released and the

desired trimming effect i1s not achieved with a low bearing

force. The bhearing force also cannot be increased arbitrarily

in order to counteract the distribution over a large area.

20 Specifically, it was found that the working layer, which

£

generally always has a certain elasticity (e.g. on account of

lers), is then
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ittle addition of water iz desirable. Thi
friction, which is desirable in order to release grain from the
trimming bodies. If said friction becomes excessively high on
account of excessively high pressure forces, the machine drives
can be overloaded or severe rattling i1s produced by “stick and
30 slip” of the working layers on the trimming apparatuses. In

some instances, the forces become so great and lrregular that

5]

trimming bodies were torn away from the trimming disk in thi

¥

case. The desired flatness cannot be produced in this way. This
sffect of disadvantageously large, connected trimming bodies is
35  intensified by dry running on account of the oversized contact

area.



25 between 40% and 80% is particularly preferred. Preferably, the degree of filling of the side of the
trimming disk whose trimming bodies become engaged with the upper working layer during the
trimming process is exactly equal to 30 the degree of filling of the side of the trimming disk whose
trimming bodies become engaged with the lower working layer during the trimming process.
Particularly preferably, it is even the case that trimming bodies respectively identical in terms of shape
and area for upper and lower working layers are 353espectively arranged one directly above another.
In the 33 preferred case of the use of hollow-cylindrical trimming bodies, the latter are then fixed
during mounting in each case simultaneously with the same centering pin via the corresponding holes
in the trimming, disk; 5 The describediarrangement of the trinaming,bodies on-thetrimming disk is also
suitable, in particular, for an application in the context of the secon% fourth and fifth methods
according f8'fhetinventibi-16 P?Sf%Jrﬁﬁlyf‘ﬁwe“ﬁr%}é%%%% Fegion with thé Biimming bodfes is arranged
concentricaly: ohdhe temmiing disk: Rreferenhce is giver; inpagiculars tecan ayranyeprsitiwhich
ensurgs that at leas, gne of the timmipg hadies,in each casetempararily Ans,18 with-pad of the area
thereof beyond the inner and outer edges of the region of the workin I% ers that is swept over by the

workpieced Bréceséetiin'ifie Ytmbing Hipafatis: It hBE BeehTound that as™a résuit st wear of the
working 2CGlayel during the gnimdinglprocessily afoworkpigcest aitrough-shaped eepression (“traveling

track”) develops,inithe werking, layer within the;region swept over by the semiconductorwafers. Since
the Workln% layer is then no longer flat, the semiconductor wafers, with IncreaSIng wear of the working
igadvantageous inscfar as an excessively thick film O0f free

10 grain arises between trimming bodies and working layer. As a

result, the highly flat surface of the trimming bodies, which

surface is ziwavs re-forming as a result of constant wear and

is self-leveling owing to the kinematic properties of the

rolling system {planetary gearing) <an no longer be mapped

i5 directly onto the working laver. With an excessively thick

grain film, the working layvers do not attain the desirably high
measure of parallelism with respect to one another.
Therefore, a degree of f£illing of betwesn Z0% and 90% is

20 preferred. Degree of filling should be understood to mean the

ratio of the total area of the trimming bodies applied on the

trimming disk which has during

the

contact with the working layer

trimming process to the area of the annulus within which

the trimming bodies are arranged. A degree of filling of

between 40% and 80% 1is particularly preferrad.
of the =zide of the trimming

Preferably, the degree of filling

disk whose trimming bodies bescome
working laver during the trimming

30 the degree of filling of the side

engaged with the upper
process ls exactly egual to

of the trimming disk whosse

trimming bodles become engaged with the lower working layer

during the trimming process.
even the case that trimming

terms ©f shape and area for

Particulariy preferably,

respectively arrzanged one directly above another.

it is

respectively identical in

upper and lower working lavers are

In ths



25 layer, assume an increasingly non-flat - convex - shape, which is undesirable and necessitates
trimming of the working layer. It has furthermore been found that a sufficient planarity of the working
layer as a prerequisite for obtaining flat semiconductor wafers can be achieved only if, during trimming,
30 the trimming bodies B (Figures 3, 4) on the trimming disk 9 with toothing 10 sweep over a region
extending beyond the region previously swept over by the semiconductor wafers. It is only in that case
that, as a result of the trimming, the trough-shaped tepression in the working layer on account of 35
wear is removed and a planar region is produced which projects 34 beyond the region swept over by
the semicenduttarwdfers agairt duringthe subseguéntprogessing,with the resdltthat the

semiconductar wafers,agajn 'see” a flat working Jayer as.a prereguisite; for obtaining,particularly flat
semiconductor wafers. DE102007013058A1 discloses that the working Ig%%r is advantageously

already diffsionddcsitirthat e séicoritictGrafers &t tiines éxtendiith part of their area
beyond the edgedtoafthegvorking layer by certainiamodnt A trough-shaped depression cannot then
form in the event of wear of the working layer. However, in the case of such an "excursion” of the
semiconductor Wafers, too, the working layers are subjected to radially non-uniform wear

(DE10200808245541)- 27 S5 tsyrrirs to Bé régdiany tHmed ifordet t6'obtaif a semiconductor
wafer whose flatness ig:istittable tor densandiag applicatiors: 1 thiszcasef tao,zhe trimming bodies of

the rimming appatatys, dyring frimming..should preferably tlempogayily pass it pagkof the area

beyond the edge of the region swept over by the 20 semiconductor wafers during processing - and
hence beyBR8tRe e STREWorking- Ay et G darfYing out the methods according to the invention
two fusther measures proved to be advantageous in order to obtain 25 the desired parallelism of the

working laygie 4t sespecttq ope-anaiher,and the substantally planar share phapld working layers.

Firstly, the trimming disk on which the trlmmlncgpbodies_ are 30 arranged should have sufficient stiffness
and dimengiorrt SEbility > FRRiInG disks Which Gefofmtinder the IdadingForced ce +2

given, in particular, to an arrangement which ensures that at
least one of the trimming bodies in each case temporarily runs
13 with part of the ares therecf beyond the inner and cuter edgses
of the region of the working layers that is swept over by the

workpleces processed in the grinding apparatus.

It has kbeen found that, as a result of wear 0f the working

20 layer during the grinding processing of workpieces, a trough-
shaped depression ("traveling track™) develops in the working
laver within the region swept over by the semiconducter wafers.
Since the working layer is then no longer flat, the

semiconductor wafers, with increasing wear of the working

o
Lo

layer, assume an increasingly non-flat - convex - shape, which
ig undesirable and necessitates trimming of the working layer.
It has furthermcre been found that a sufficient planarity of
the working layer as a prereguisite for obtaining flat
semiconductor wafers can be achieved only 1, during trimming,
30 the trimming bodies B8 (Figures 3, 4) on the Trimming disk 3
with toothing 10 sweep over a region extending beyond the
region previously swept over by the semiconductor wafers. It is
only in that case that, as a result of the trimming, the

trough-shaped depression in the werking laver on account of

La2
LA

wear is removed and a planar region is produced which projscts



during the trimming process and in padticular when non-fiat shapes of the working layers are initially
present, which trimming disks thus constantly adapt in part to any unevenness 35 present, are not
advantageous for trimming the working. layers 35 to the desired defined target shape. Working disks
composed of sheet metal having a thickness of 6 - 10 mm have proved to be sufficiently stiff and
dimensionally stable. For reasons of weight, the trimming disk is in this case preferably embodied 5 in
ring-shaped fashion, that is to say that only the parf4vithin which the trimming bodies are applied is
provided, and a lightweight metal (e.g. aluminum) or a composite plastic (e.g. carbon fiber-reinforced
epoxy) is ¢hosendas haterall Thesteething bymbans of wiich. thattinmiig apparatus eslisbetween 10
inner and gutey pin wheels gt the grinding appacatus betweendthe twowarking, disksyith the working
layers and which'is fixed to the guter circumference, of thgmtrimmin{%gigfg iigreferably roduced from
S foun

high-grade® STeeF RSt Gt BB ity Feddons @brasion 15 Secoridly it *tRat the ffimming of the
working lapersitethesdesiretiodefiietktangets rgpe: succesdsypditietlaslymikien thesaiface of the
trimming apparatus itself already has a very high degree of plane-parallelism. This is initially not the 20
case after the mounting of the trimming bodies onto the trimming disk, since the sheet metal of which
the trimming disk preferably consists has thickness fluctuations and undulations and, moreover, the
trimming borliesziiavie ngividnal shapel and thickaess flectuations as e tesultiof the sintering process
for producing,them. Fortunately; itds in,the; pature of the planetary.gearing kingmalics.{hatupon
relative movement of planets (trimming apparatuses) and working disks, if both friction é)artners are
subjected tRWR4AF - fre ﬁWWn&%Bﬁﬁ%atﬂéé§ a8 restitt of thie Tefehsd STHE ain the 38 Working
layersoas astestitt=ofiahrasion -lprecisety agplarne-patallelrshape is £statlishad $have dase of the friction
partners. Itwas found, however, thatthis:holds true particylarly whenthe-order:ofshg arrangement of

the individual trimming apparatuses in the rolling apparatus is ‘ ,
layer. However, in the case Of such an "ezxcursion” of the

semiconductor wafers, too, the working lavers are subjected Lo
radially non-uniform wear (DE102006032455R1), and so they have
15 to be regularly trimmed in order to obtain a semiconductor

warle

[

whose flatness is suitable for demanding applications. In
this case, too, the trimming bodies of the trimming apparatus,
during trimming, should preferably temporarily pass with part
of the area beyond the edge of the region swept over by the

20 semiconductor wafers during procsssing - and hence beyond the

edge of the working laver.

For carrying ocut the methods according to the invention two

further measures proved to be advantageous in order te obtain
25 the desired parallelism of the working layers with respect to

one another and the substantially planar shape of said working

layers.

Firstly, the trimming disk on which the trimming bodises are

30  arranged should have sufficient stifiness and dimensional
stability. Trimming disks which deform under the loading forces
during the trimming process and in particular when non-flat
shapes of the working layers are initially present, which
rrimming disks thus constantly adapt in part to any unevenness

35 present, are not advantageous for trimming the working layers



35 changed multiply during such "trimming of the trimming 36 apparatus", since otherwise the
cardanically suspended upper working disk always follows possible initial differences in the average
thickness of the individual trimming apparatuses by a wobbling movement and a desirable identical
thickness of all the trimming apparatuses cannot be produced. In practice, the procedure in this case is
preferably such that a set of trimming apparatuses freshly equipped with trimming bodies that do not
have identical thicknesses owing to 10 production @fe moved relative to one another for a few minutes
between used working disks bearing working layers due for replacement, under pressure and with
addition ofwatensThie pidecofthéiareshgemeat ofthergiming-apparaiyses prthersfifgedpparatus

formed by inner.and. puter;pin wheels of the 13 grinding apparatus. is-then ¢hanged. ddepuse of four
trimming appaqgatu,ses arranged at an angle %f in ,eachqiqase %O g\ﬁith res ect to one another has proved
to be practichl CAREFHAtNY pairwise TBPlacEialt of 18<pectiely mutuall opposite and respectively
adjacent trimming apparatusesus. partititarly. 20 expedient i tis kasé erpddditisropréieably in each

case ane afthe two trimming apparatysesdieplaced inpajts,can be tumned, fravided:hat the
construction thereof allows this. (After turnin% as well, the outer.tpo igg of the trgg in% a(g)pgratus

must, of colirs& Engage ihtd the roiRG apparafis ™5 ahd be-abiaTo Move asintended.) A% & result of

this procedurehawpldng-paralist shapeof thé individual apparateses and at the saite timedan identical
thickness of.all.the tripyping apparatuses are.established, after.afew.repetitions obthe process
descnbedfoothing by means of which the trimming apparatus rolls between
10  inner and outer pin wheels ¢of the grinding apparatus between
the twe working disks with the working layers and which 1s
fixed to the outer circumference of the trimming disk 1s
preferably produced from high-~grade steel for durability

reasons {abrasion).

Secondly, it was found that the trimming of the working layers
to the desired defined target shape succeeds particularly when
the surface of the trimming apparatus itsell already has a very
high degree of plane-parallelism. This is initially not the

20 case after the mounting of the trimming bodies onto the
trimming disk, since the sheet metal of which the trimming disk
preferably consists has thickness fluctuations and undulations
and, moreover, the trimming bodies have individual shape and
thickness fiuctuations as a result of the sintering process for

25 producing them. Fortunately, it is in the nature of the
planetary gearing kinematics that upon relative movement of
planets (trimming apparatuses) and working disks, if both
friction partners are subjecited to wear - the trimming
apparatuses as a result of the release of the grain, the

30  working layers zs & result of abrasion -~ precisely a plane-
parallel shape is established in the case of the friction
partners. It was found, however, that this holds true
particularly when the order of the arrangement of the

individual trimming apparatuses in the rolling apparatus 1s

(75
n

changed multiply during such "trimming of the trimming



30 The measures implemented in the context of the third method according to the invention have the
effect that the working gap is trimmed exactly in plane-parallel fashion relative to those surfaces of the
working layers which become engaged with the 35 semiconductor wafers. 37 The prior art describes
methods and apparatuses with which the profile of the working gap which is formed between the
working disks and in which the semiconductor Wafers move during processing can be measured and
the shape of the working disks can be adjusted, suéh that a desired radial target shape of the working
gap can be set. By way of example, US2006/0040589A1 describes an apparatus comprising two
ring-shapegowerkdrig diskss imtbre mtityallyifacing surfacesofiwhichy ircdifferentaw raelia ;positions,

contactlesg, distance measuring.sensors are incorparated, which;make itnessibledq determine the
radial profile of the width of the gap formed between the two working disks. The. working disks

generally CORSTt BT chst §i8eT The Sensors Mtasire the distarte "He8Fi s8al *§iiithBle contactiess
measuring-sensors gandeembodiedifor ekamipletinductively, ommthetbasis ot tire eddy clrrent
measurement principle, \the, apparatys described in US2006/0040589A1 can furthermore alter 20 the

shape of one of the working disks in a targeted manner. This is possible for example thermally by
means of two stacked, differently temperature-regulated cooling labyrinths in the working disk
("bimetallicreffects): hiEiO2007613058 Addesciibesta method: by whick e workingugap tanbe kept

substantially 23 constant despite deforming forcessthathave an efect during, «rimming
bodies that do not have ildentical thicknesses owing to

10 production are moved relative to one ancther for a few minutes
between used working disks bearing working laysrs due for
replacement, under pressure and with addition of water. The
order of the arrangemsnt of the trimming apparatuses in the
rolling apparatus formed by inner and ocuter pin wheels of the

15  grinding apparatus is then changed. The use of four trimming
apparatuses arrangsd at an angle c¢f in each case 90° with
respect tTo one anotner has proved to be practical, Alternating
pairwise replacement of respectively mutually opposite and
respectively adjacent trimming apparatusss is particularly

20 expedient in this case. In addition, preferably in each case
ona of the two trimming apparatuses replaced in pairs can be
turned, provided that the construction thereof allows this.
(After turning zs well, the outer toothing of the trimming

apparatus must, of course, engage into the rolling apparatus

25  and be able to move as intended.} As z result of this
procedure, a plane-parallel shape of the individual apparatuses
and at the same time an identicel thickness of all the trimming
apparatuses are established after a few repetitions of the
process described,

30

The measures implemented in the context of the third method
according to the invention have the effect that the working gap
is trimmed exactly in plane-parallel fashion relative to those
surfaces of the working lavers which become engaged with the

35 semiconductoer wafers.



processing. However the prior art does not disclose how a uniform basic shape of the working gap can
be obtained such that, in the context of the measurement and adjustment possibilities described
above, overall it is possible to 30 produce a gap prorile which is so uniform that plane-parallel
semiconductor wafers can be produced. Specifically, it has been found that the methods known in the
prior art permit only very restricted and long-wave adjustment 35 possibilities and the resultant shape
is detected only at a 38 small number of support péints (measurement points), such that only an
average gap gape, and in the optimum case also a gap curvature can be set. Consequently, only a
change of the first order and at most second order Of the real gap thickness d = d(r) is possible, if the

latter is deggribed for-example-ky-a polynemial-dis de ¢ dpsdr:363-13 +r (= radiusedo =

average gap distance, dl = gap gradient L%a pe, wedge shape],.d2 = ga rvature). A fine setting
of the gap%TSfﬁéi}ﬁ the shidr -v%é%z{ radia 'etlg)g %?gﬁgé“i% r?fo%rp%gsgsiﬁé in %ﬁ‘lg \%%Waf% 138 furthermore

been found tisatssirape trimmingin thesshsrwavedange(higher brdEsv6f the YapEpolynomial) is
likewise negessary, :however. fheqaventianishased.en the ghsemwatign, then; that in thiss15 case the
shape of the w rkinaq disks daes not a\‘/$< t% be tgmme exa(;tl)éin qun_ar faschion at all; ;atbﬁg it suffices
for the working I&yers appiied onthe working disks t6 betrifmed in prne-paralier fashor with respect
to one another e wimpmiraotheaesrkify |ayeys F ferrraplanarlSitfite/is P éfiééted in the third

method acgerdingita the inventiondyy,material removal f1om theworsiagdayers in skgh a way that th
thickness profile of the working layer after trimming is exactly complementary to the. deviation of the
surface of the GRder§ing Working'disk-fror CaLrTniCtrje%}"ﬁfa%%?An?/Ingk%ncgr‘fayie\r;i timmed gf?gording to the
invention therkfere compehsates fopthie ramaiing uatvamsessessofthe Urtiyingwatking disk.

Since the measuementmetheds-desgrined; in therionart enly.determinesthe-gap profile between the
working disks ("steel tg steel"), but not as the actual gaE%ﬁ)rofil‘e between the Workin‘9930 layers ("pad to

pad"), the BoRprerheRtary Hhickness pfofile of tiE orking Tayers that s Brodght about by trimming has
to be detemmined-in order during the subsequent grinding of semiconductor wafers - with _
corresponding-correction - to be able to use the gap profile measurements "steel to steel” for 35 an

actualsgaplprofile description "pad to pad". , L
1 ne working disks generally consist of cast steel; the gensors

measure the distance "steel to steel". Suitable contactless
measuring sensors can be embodled for example inductively, on
the basis of the eddy current measurement principle. The
apparatus described in US2006/0040588%R1 can furthermore alter

20 the shape of one of the working disks in a targeted manner.
This is possible for example thermally by means of two stacked,
differently temperature-regulated cooling labyrinths in the
working disk ("bimetallic effect™}. DBELOZCO7013058A1 describes
a method by which the working gap can be kept substantially

25 constant despite deforming forces that have an effect during

| processing. However the prior art deoes not disclose how a

uniferm basic shape of the working gap can be obtained such
that, in the context ¢ the measurement and adjustment
pozsiblliities described above, overall it is possible to

3¢ produce a gap profile which 1s so uniform that plane-parallel

semiconductor wafers can be produced.

Specifically, it has been found that the methods known in the
prior art permit only very restricted and long-wave adjustment

35 possibilities and the resultant shape is detected only at a



39 This is done by firstly measuring the exact radial profile of the surfaces of the working disks relative
to one another and also that of the at least one working disk with respect to an 5 absolute reference
line. For this purpose, the two working disks without mounted working layers are moved toward one
another and kept at a specific distance by, for example, three gage blocks positioned in the area
centroids of imaginary uniform 120 segments of the ring-shaped upper working disk. 10 The upper
working disk rests on the gage blocks and hence th& lower working disk with a pressure that 'is So low
that the constraint deformation by application of pressure is still as small as possible, but that is at
least still higlzéhoughithat thé frctigr of thecdardanicrsaspersien. of thelapper. werkdhg 15adisk is

overcome and.the upper working. disk rests with, substantially identical force on.all of the,gage blocks.

The radial gap profile of the'gap distance roughly defined by the gage blocks is then determined

=

precisely usig & didiFyaiige. Ktetiard & preECSon ruter iS placet 4TS BEs8S! Potfits™7d dhto two
gage blocksrwhichsaré set upsymaetricallyoeniardiametérsofthelowar workingrdisk, andthe radial

profilesof the 958@%%9@%3% lower waorking disk.and precision tuler is measured using g dial gauge.

The latter measurement yields the absolute shape profile of the lower working d[sk directly; the 25
difference BEtWEEH #ie- forinet dffd Tatfer MeastitefenitsYiefds the-abolTite ERape prdifle™of the upper
working disk:ctheywogkingddyersr(abrasive-pags) age thieremouited ansteimmedde the best possible
plane-paralielismiby means gf the third, 30 methad aggording {9 the invention This,is checked by the
working disks vv_itl11 the trimmed working layers being moved , , .

in the short-wave radlal length range is not possible in this

10 way. It has furthermore been found that shape Lrimming in the
short-wave range (higher orders of the gap pelynomial) is

likewise necessary, however.

The invention is based on the obssrvation, then, that in this

15 «case the shape of the working disks does not have to be trimmed
exactly in planar fashlon at all; rather it suffices for the
working lavers applied on the working disks to be trimmed in
plane-parallel fashion with respect to one another. The
trimming of the working layers to form a planar surface is

20 effected in the third method according to the invention by
material removal from the working layers in such a way that the
thickness prefile of the working layer after trimming is
exactly complementary to the deviation of the surface of the

underlying working disk freoem an ideal plane. Any working layer

i
wh

trimmed according to the invention therefore compensates for
the remzining unevennesses of the underliying working disk.
Since the measurement methods described in the prior art only
determine the gap profile between the working disks ("steel to
s3teel”), but not as the actual gap profile between the working

36 layers ("pad to pad™), th

o

complementary thickness profile of
the working lavers that is bhrought about by trimming has to be
determined in order during the subseguent grinding of
semiconductor wafers - with correspeonding corraction - to be
able to use the gap profile measurements "steel to steel” for

35 an actual gap profile description "pad to pad”.



towards one another onto gage blocks - the gage blocks then determine the measurement distance
pad to pad - and the radial gap profile is determined by means of a dial gauge. Afterward, 35 a
precision ruler is placed onto the lower working layer by 40 means of gage blocks and the radial
shape profile of the lower working layer with respect to the ruler is measured- The former
measurement yields the radial profile of the gap width between the working layers, and the latter
measurement yields the 5 absolute planarity of the idwer working layer and, after difference formation,
also that of the upper working layer. It was found, then, that in order to obtain particularly plane-parallel
semiconductor wafers the distance between the working 10 layers is permitted to deviate by not more

than 3 pm-gyer. the eptire.ring width.ofi the.fing-shaped workingJayers.in:the casesof:an euter working
disk diameter of 2000 mm and a ring width of a good 650 mm (parallelism of the_ o[kingj ap formed
between th fofking345&rsy ‘it that e Wedigs shape and* car/atdrd %e%ﬂ?ﬁ%voaw rking layers
with respeef.toca téfetende straight line{reasurement kelgtive. toithel precisiop #ufer)ttogether are

permitted to.-he yp.to 100-pm-over the entire ring.width of 70 sam, but the, higher prders of the shape
deviation together must be smaller than likewise 3 um. The Workin% 20 layers are therefore permitted

to be wed§e-EFap&d BRI CURRY 16 ScAttdin degreé E8Tiong 58 the baraltelisht of th working layers

with respestitotore anotherds goad andsthere e ndiigheserder,shape deviations. 25:Figure 2A
shows the gg@évsiwgkee% profile,of the working.gap. formed, between-thewgrking layers over the

radius R of the ring width from the outer diameter OD to the inner diameter ID, of thefriqg-shaped
working lay&rs’éh the- Aifg-sHaPBEWSriing Hisks affet the Bimming Bt thé Working 18y&rs by means of
the 3@uthird imethpdsacceordindgrto the shventions Tiwe ring width<ofithe workmgrlayenokthe grinding
apparatus psed is 654,mm. (hefirgtand the,last s mm ofthe working gap qannot bemeasured on

account of the size of the bearing and measurement areas of the gap dial gauge.) In the example
according ftHehvéhtion B5EHB: MeTBIRRBHHIKNESE pRofilB EAPTSF the gap ~+ &7

small as posaible, but that is at least still high enough that
the friction of the cardanic suspension of the upper working

15 disk is overcome and the upper working disk rests with
substantially identical force on all of the gage blocks. The
radial gap profile of the gap distance roughly defined by the
gage blocks is then determined precisely using a dial gauge.
Afterward, a precision ruler 1ls placed at its Bessel points

20 ontoe two gage blocks which are sef up symmetrically on a
diameter of the lower working disk, and the radial profile of
the distance between lower working disk and precision ruler is
measured using a dial gauge. The latter measurement yields the
absolute shape profile of the lower working disk directly; the

25  difference batween the former and latter measurements yields

the absolute shape profile of the upper working disk.

The working layers (abrasive pads) are then mounted and trimmed
to the best possible plane-parallelism by means of the third

30 method according to the inventicn. This is checked by the
working disks with the trimmed working layvers being moved
rowards one another onto gage blocks - the gage blocks then
determine the measurement distance pad to pad - and the radial
gap profile is determined by means of a dial gauge. Afterward,

a precision ruler ls placed cnto the lower working laver by

L
Lh



41 fluctuates only by -0.8 um (measurement point with reference symbol 4) to +.0.8 pm (measurement
point 5). Figure 28 shows, as a comparative example, a gap profile timmed by means of a method not
according to the invention, in accordance with the 5 prior art. The gap profile deviates from the desired
plane-parallel profile (GAP = 0) by -10 pm (measurement point 6) to +7 pm (Measurement point 7).

Four trimming apparatuses of an embodiment as shown in Figure 10 38 were used in the example

shown (Figure 2A). Each trimming apparatus consisted of a trimming disk 9, on which, on the front and
rear sides, in each case 24 hollow-cylindrical trimming bodies with a diameter of 70 mm, a hole having
a diametemefak® mn aprban Mitialdseightiof:25 mmgiivhichewere: 156 adhiesively bohded @rea pitch circle

having a digmeter, of 604.mm, and an guter. L eathing. 10, which:engages.inte the ralling apparatus
composed of inner and outer pin wheels of the grinding apparatus. The sur;‘?.Z

in e ding IS orting area proportion,
that is to s&§ #7& 478 BFoportio ©f tHE hERCe 0 MR WidE riRg of the ZVFtrififing By afrangement

which is caneted avithitrimming: bediesnwasithelefore arowrds68%rand theddmemingebodies during the
rolling novement allpassed beyond the outer apdiinper edges of the ringzshaped.working layer

symmetrical!y;?r)/ 10 mm. The working disk consisted qj 10 mm thick alumi;,n_,um, that gg is to say was
very stiff. The frimtimitg boaieas whih irfitidly Frathnof-uniform Highits SHerathesive bonding, were
firstly brought to uniform thickness by relatively long running of the trimming apparatus on an old,

almost complefely worn working. layer that was dugta be.changed, under p&%%%@fq@lwgaso

addition of water, with the result that trimming apparatuses that were highly precisely identical in

-~

thickness &t plarfetp&ANeFRaTE GhaibIE2 fiths £55e the tRARTRINGHPPHTatses Wardirsty
exchanged unjeairs inseaeh-case after a fewwvmattes (1 dor3 a2 for 4;thend3fonR arve: 8 fohd) and 35

additionally. furped. fﬁ{ﬁh%iﬁt&% the oyter toqthing, 9,42 Figure 38, hasdo be mounted from the front

side to the rear side of the trimming disk in order to be able to engage into the pin wheels of the

grinding apparafus’AG&iR afer the furiiig of HaGinthing apParatds 7RIS i€ conmplicteddnd actually
only necessdryoneadudng the bgsic-triimmingof the trilmming-apparatus-afferthedmountingrof new

tﬂmnﬂngbgﬂ@s&or ing layers), but that the wedge shape and curvature of

15 one of the two working layers with respect to a reference
straight line (measurement relative to the precision ruler)
together azre permitted to be up to 100 um over the entire ring
width of 700 mm, but the higher orders of the shape deviation
together must be smaller than likewise % 3 um. The working

20 layers are thersfors permitted to be wedges-shaped and curved to
a certain degree as long as the parallelism of the working
layers with respect to one ancother is good and there are no

higher—-order shape deviations.

25 Figure 2A shows the relative thickness profile of the working
gap formed between the working layers over the radius R of the
ring width from the outer diameter OD to the inner diameter ID
of the ring-shaped working layers on the ring-shaped working
disks after the trimming of the working layers by means of the

30 third method according to the invention. The ring width of the
working laver of the grinding apparatus used is €54 mm. (The
first and the last 5 mm of the working gap cannot be measured
on account of the size of the bearing and measurement areas of
the gap dial gauge.) In the example according to the invention

shown, the relative thickness proiile AGAP <f the gap

()
wh



_ The w king layer was trimmed by means of a plurality of trimming cycles with alternating drive
directions of upper and lower working disks and inner and outer pin wheels of the grinding apparatus.
The rotational speeds of the upper, lower, inner, outer drives were in this case +9.7; -6.3; +6.4; +0.9
RPM (revolutions per minute), and upon reversal correspondingly -9.7; +6.3; -6.4; -0.9 RPM (all drives
viewed from above the grinding apparatus, "+" = clockwise direction, "-" = counterclockwise direction).
In this case, the upper working disk rested with a féfce of 1 k11, corresponding to a pressure of
approximately 2.7 kPa between trimming bodies and working layer. The trimming time was 4 x 1 min,
and 0.5 tofli imin:af 26 watey was addéd itherrprking gap-cortintbusi dudifg fitfiffitg. The four

timming apparatuses were.exchanged-dapans.anse: Theywers inserted-iatothesoling, apparatus
uniformly every 90. 25 In the%cﬁ%%gﬁrative example of trimming notc?cgordin lo tn%inayention, which

led to the fadfafBrofi df'the § gap thickn8&S asShown in Eigure 2B rimming apparatuses
were usedwhereinnort eachside,in eachtdasel6l #irhhting bodieshavifgadiarmeteér 6£70 mm and a

hole having.a diameter of 40 maywere 30:arranged: substantially yaifersaly over the eatire area of the
trimming disk. The ipdividqrqlﬁ_trim{mln bo_dieo‘ thus hag the sqmpeﬂdlgr}:%r;%oms gg:{q;h%ex ronple
according ¥6 fiie-iventidf - th'the 'SSHE way is i the example aecording to the invention, 24 trimming
bodies were’mounted ema pitet: tirpleidiaméter of 35 604 mm, but in addition 18 on pitch circle
diameter 455 mm, 12 43 on pitch circle diameter 305 Tffn, 6 on pitch circle diameter 155 gm and one

trimming body in the center. All the trimming bodies were arranged uniformly on the respective pitch
circles, and this r%§&ﬁ€d%9e?§fﬂﬁ*\ﬂﬁﬁ§[ﬁfuﬁﬁo Rk it ek

offf ¢ %an of the ntire Gircular area, i.e. with small
fluctuationg in distances:(7 to:1tmem} batwéen gachtriniaingisodfand s Heidhiboirs " Fhe bearing

force was %%%Lp mg%@ééb@?ye@égﬂm&@%% disk 9, on which, on ths

front and rear sides, in each case 24 hollow-cylindrical
trimming bodies with a diameter of 70 mm, a hole having a
diameter of 10 mm and an initial height of 25 mm, which were

15 édhesively bonded on a pitch circle having a diameter of
504 mm, and an outer toothing 10, which engages into the
rolling apparatus composed of inner and outer pin wheels of the
grinding apparatus. The supporting area proportion, that is to
say the area proportion of the hence 70 mm wide ring of the

20 trimming body arrangement which is covered with trimming
badies, was therefore around 68%, and the trimming bodies
during the rolling movement all passed beyond the outer and
inner edges of the ring-shaped working layer symmetrically by
10 mm. The working disk consisted of 10 mm thick aluminum, that

25 is to say was very stiff. The trimming bodies, which initially
had non-uniform heights after adhesive bonding, were firstly
brought to uniferm thicknéess by relatively long running of the
trimming apparatus on an old, almost completely worn working
layer that was due to be changsad, under pressure and with

30 addition of water, with tne result that trimming apparatuses
that were highly precisely identicél in thickness and plane-
paraiiel were availlble. In this case, the trimmiﬁg apparatuses
were firstly exchanged in pairs in each case after a few
minutes (1 for 23, 2 for 4; then 1 for 2 and 3 for 4) and

35 additionally turned. (For the latter, the outer toothing 9,



resulting in a same pressure of 1 kPa as in the case of the trimming carried out according to the
invention (Figure 2A). M Rotational speeds and pairwise exchange and single turning took place as in
the case of the trimming example according to the invention, and identical trimming durations were
chosen. Description of the fourth method according to the invention 15 In the fourth method according
to the invention, firstly the radial shape profile of the two working layers is measured and the minimum
material removal required for reestablishing a flat sdtface is determined therefrom for each of the two
working 20 layers. Afterward, the trimming process is carried out by means of at least one trimming
apparatus {fogexanfjile ds=degoribed for the thirdcerfifth methodracceiding to thégmvention). In this
case, the removal ratesfrom the uppes and the lower warkingJayen are.sethymeansof a suitable

choice of the flow rate of the coaling IubricanL and also of the pressure with which the upper working
disk is pre$$6d BgRingt it ovidr workiry disk diffirPiinming sGaf tat3héi Tatid Borresponds to the
ratio of thezmivimn afaterial remewals 3@ Bseferably, iITthis case eanh warkingdayeriis trimmed in
such a,way, that,material is remaved on.averade gadially, upiformly, such thatthe warking,layer in

particular oes not become "Wedge-sh%aped'[from the inside toward the outside. As a result of such
uniform wear - iHe-foRgRRPRESSIBR Gvérall serficBHite: 3574 theé witkingTlaférisimadé poSsible and the
working gap 44 between the surfaces of the working layers, even after a plurality of such trimming

cycles, alwyg s sribstantialy nardllel Jodhe gapbatuiesh the working.dipke, Mg resulting in

constant positional and hence operating conditions. The working disks, which dre usually produced
from cast Stéelaté Brigifatiy trifhined dntsater dssefiibly 8f the §iindingapharskR By e
manufactureriscachrtase byl themselves {stationansdressing apparates); andfeldtive to one another

(double-si%%ﬁp&iq@ %@%Q%&%%ea%qga%g%fggal speeds of the upper, lowsr,
inner, outer drives were in this case +9.7; =6.3; +6.4; +0.9

RPM (revolutions per minute), and upon reversal correspondingly

-9.7; 46.3; ~6.4; ~0.% RPM (z2ll drives viewed from above the
15  grinding apparatus, "+" = clockwise direction, "-" =
counterclockwise direction). In this case, the upper working

disk rested with a force of 1 kN, corresponding to a pressure
of approximately 2.7 kPa between trimming bodies and working
layer. The trimming time was 4 x 1 min, and 0.5 to I 1/min of
20  water was added to the working gap continucusly during
trimming. The four trimming apparatuses were exchanged in palrs
once. They were inserted into the rolling apparatus unifermly

avery 9¢°.

25  In the comparative example of trimming ncet according te the
invention, which led to the radial preofile of the working gap
thickness as shown in Figure 2B, trimming apparatuses were usad
whearein, on sach side, in each case 61 trimming bodies having a
digmeter of 70 mm and a hole having a diameter of 10 mm were

30  arranged substantially uniformly over the entire area of the
trimming disk. The individual trimming bodies thus had the same
dimensions as in the example according to the invention. In the
same way as in the example according to the invention, 24
trimming bodies were mounted on a pitch circle diameter of

35 604 mm, but in addition 18 on pitch circle diameter 455 mm, 12



dressing-typical radial unevennesses. The latter were determined at a chosen temperature and for
different pressures of the hydraulic plate shape adjustment of the upper working disk beforehand, as
described above in the context of the third method, according to the invention, in a relative fashion
(gage blocks) and in an absolute fashion (ruler) and subsequently remain unchanged as
apparatus-specific features. The working layers are mounted and their radial thickness profile is
measured. For this purpose, the working layers are4provided, on 20 at least one radius, with a plurality
of holes through which the underlying working disk can be sensed by means of a thickness probe.
From the resuliant nadiakthieknéssprofite Gfiithenworkinglayets ahd the khewnishape:profile of the

working layef it i, this possible fo geterming the shapg profile.of. 25 gach working; layet.in absolute

fashion and of the two working layers réelative to one another. In accordance with this working layer
measurentetit th t8Riiferatires &f both Workifig disks aRd tie Aydraulit Shapkadjtsthieritpressure of
the upper wotking disk-ara:Set=i0 stiokra Way:thatthe-calrse af:the sworkingvgap 30 fotmedbetween

the warking Jayers is a5 plane-parallel as possible; In.ihis case, parallelism has, priority aver planarity.

The latter, after all, is only intended to be established by the trimming of the working layers, 45 After a
fresh working [@yer ha&beerfmbaRted 2t nifidlyHas fo BeSubféded t6 baskIRmithing sincé, owing to
productior; s hot flatand asayet thenesissnralabrasitenexpesedatitssarfacein thisaease, the topmost
plastic 'ay%rei&!?@l%’ge‘jﬁ!}“ 2 e pase ol Hhe FPG Abragive pad Ttizagh. Diamand file,677XP. from 3M

Company, approximately 50 pm of material have to be removed in order to uncover abrasive
(productiofs ‘oFHe RattrRyFroperty) arftFirraddition ritiale56 = 180%uMtin bfdértotcarfipensate for
unevennessessafitheagorking: diskashape.ithe 10 exact yalye efithedastsmentiared minimuim removal

for compensaling for the wayking. disk upeyganess depeads o0 fhe AccuiaCY WL which fhe working
disks were initially subjected to basic trimming, an.therefore individually differentfrom
invention, and identical trimming durations were chosen.

Description of the fourth meithod acgording to the invention

15
In the fourth method according to the invention, firstly the
radial shape profile of the twe working layvers 1s measured and
The minimum materisl removal reguired for reestablishing a flat
surface is determined therefrom for each of the two working

20 layers. Afterward, the trimming process is carried out by means
of at least one trimming apparatus (for example as described
for the third or fifth method according to the inventicn). In
this case, the removal rates from the upper and the lowsr
working layver are set by means of a suitable choice of the flow

25 rate of the cooling lubricant and alsc cof the pressure with
which the upper working disk is pressed against the lower
working disk during trimming such that their ratio corresponds

to the ratio of the minimum materizl removals.

3 Preferably, in this case each working layer is trimmed in such
a way that material is removed on average radially uniformly,
such that the working layer in particular does not become

de. Az a result

"wedge~shaped” from the inside toward the outs

of such uniform wear, the longest possible overall service 1life

L
A

of the working layer is made possible and the working gap



one specimen of a grinding apparatus to another. The working layer trimmed in this way is then used
for grinding, until, despite the procedurally customary measures of shape tracking of the working gap
via temperature and hydraulic pressure, the flatness of the semiconductor wafers obtained exceeds a
predefined limit, for example TTV > 3 pm for three successive 20 passes despite good setting of a best
possible plane-parallelism of the working layers with respect to one another. The wear-induced
decrease in thickness and alteration of the shape of‘the working layers are determined by thickness
measurement as described. The difference between the thickness 25 profile measured in this way for
each of theswearorkia:layers and the feference profile trimmfatkin slane-parakal fashion beforehand

yields, for gach warkinglayer, the-average thisknesssreduiction {averagevean and the;shape
deviation (radial wear profile). The trimrping acc%rdirh%t the fo%féthkso mtethod accoqdcin to the
invention iS¥i&r batforMed Sudkihat e Brbunt of KritérialfremsVad from 8adty oF the o working
layers is exacthythe:amount by which the sHaperafter wvear deviates from theshape after plane-paraliel
trimming. 46 During the trimming process, generally only a small volumetric flow of cooling lubricant
(e.g. Wateg is added to the warking ap, to be precise on the ogeﬁh{aﬁd,as much as necessary to just

still provide SBfEEHtEsbIft A to'Support Ghifai stiding™ oF Fibbing of thé tfhnfing Bodies on the
working layers (moi'stick Bnd dliptpnesqueakng)f batontkeotier kahd-akomsihittleras possible to
produce a high friction between timming-bodies and working layers, such:that the fimming bodies

release enough abrasives to bring about a removal effect. For. W the example of an ap aratus for the
PPG processiig bf BamicoHduitior Rafets it rifig-shaped Working disk§ halfhg AR olitér diameter of
almost 200Qimrh landsa dimglwidth ofa good 650 mmpaaeiimetricsfldw patenef-0.3:10 3 1/min of water

fed to the working gap during, the.timming, prosess preved ta-he 15,0ptimal, . Systematic variations of
the water flow rate and also the intensity with which the porous trimming bodies had been "watered"

(had been HbH& T8 HBEGMR s&turAted SHith-FarsT befdre (RBtrimming process théir §i5edthat, as a

result of amf the hydraulic plate shape adiustment of the upper working

disk beforehand, as described above in the context of the third

15 method according to the invention, in a relative fashion (gagé
blocks) and in an absolute fashion (ruler) and subsequently
remain unchanged as apparatus-specific features. The working
layers are mounted and their radial thickness profile is
measured. For this purpose, the working lavers are provided, on

20 at least one radius, with a plurality of holes through which
the underlyving working disk cean be sensed by means of a
thickness probe. From the resultant radial thickness profile of
the working lavers and the known shape profile of the working
layer it is thus possible to determine the shape profile of

25 each working laver in absolute fashion and of the two working
layers relative to one another. In accordance with this working
layer msasurement, the temperatures of both working disks and
the hydraulic shape adjustment pressure of the upper working
disk are set in such a way that the course of the working gap

30 formed between the working layers is as plane-parallel as
possibkble. In this case, parallelism has priority over
planarity. The latter, after all, 1s only intended to be

gstablished by the trimming of the working layers.



increased addition of water during the trimming process, the 20 friction of the trimming bodies on the
lower working layer could be reduced, with a correspondingly reduced material removal from the lower
working layer relative to the upper working layer. Since the water that was fed accumulates on the
lower working disk owing to the force of gravity, partial 25 "floating” (aquaplaning effect) was evidently
able to be achieved here. It is known that the trimming effect is determined by the path speed with
which the trimming bodies are guided over the 30 wérking: layers, and by the pressure between
trimming bodies and working layers. The faster and the more pressure under which the trimming
bodies aretmovedathegreatercthelmaterial temoval reanthieworking lagersithat isleffedted during.

trimming. A desired material siemovakcan thus; he achieved by meansofia, 35 shert-trimming process
at great pressure (angrygher path. 47 spe_eg or by means of g_cogrespopdln ly.longer trimming
process atibwe? ptéssuredhnad™it appropitats fofier Path Spaatf St Wasthen T6tnd thatthe inherent

weight of thetfiamring’apparatuscbecomées éndreasingty significant atkever lower Sirinaming pressures.

Therefore .With a.decrgasingdrisyming ressyie, the ferce exerted:gn the ypper wogking layer
decreases to a greater extent than the force exerted on the lower Workincl? I!a%er. This situation is
ing

correspondihgly applicibié e thé Rateratehfovals oridtefore "By Téddding K& 16%rinming pressure
it is possibietoredicerthermaterial removakfrortthesipper workihgr layer to & greaterexténtthan the
material remoyal fram the Jowerworking layer; it was.thep foynd thab by,means ofdrimming with
additional ' ) )
compensate for unevennesses oI the working disk shape. The
10 exact value of the last-mentionad minimum removal for
compensating for the working disk unevenness depends on the
accuracy with which the working disks were initially subjected
to basic trimming, angd is therefore individually different from
one specimen of a grinding apparatus to another. The working
13 laver trimmed in this way is then used for grinding, until,
despite the procedurally customary measures of shape tracking
of the working gap via temperature and hydraulic pressure, the
Flatness of the semiconductor wafers obtained exceeds a
predefined limit, for example TTV > 3 pm for three successive
20 passes despite good setting of a best possible plane-
parallelism of the working lavers with respect to one another.
The wegar-induced decrease Iin thickness and alteration of the
shape of the working lavers are determined by thickness
measurement as described. The difference between the thickness
25 profile measured in this way for each of the two working layers
and the reference profile trimmed in plane-parallel fashicn
bheforehand vields, for each working laver, the average
thickness reduction {average wear) and the shape deviation
{radisgl wear profile). The trimming according to the fourth
30 method according to the invention 13 then performed such that
the amount of material removed Ifrom sach o the two working
layers 1s exactly the amount by which the shape after wear

deviates from the shape after plane-parallel trimming.



15 addition of cooling lubricant or reduced trimming pressure,. material removal from both working
layers that is asymmetrical within wide limits can be obtained, to be precise such that in removed from
the lower layer relative to the upper working layer (addition of lubricant) or in a targeted manner more
material was from the lower working layer relative to the upper layer (decrease in pressure).
Depending on the results of the measurement of the shape profile of the worn working layers, addition
of cooling lubricant and trimming pressure can 25 at§o be chosen precisely such that the material
removal from both working layers is exactly identical. The removal asymmetry that can be obtained by
additional addition dffcooting-iabricant (eay: watersisdatérhined Iy thes3@ thicknesssfitheavater film
which can be gstablished betyeen lower-timming bedies and:lqwegworking layer. Jhewater film, is all
the thicker, and thus the material removal from the lower working layer is all the smaller, the larger the
working aréaRf the thmmih§ botieS LikdWise™ the ffatertal ré Va‘%%5nf?6“r%stﬁglfé/w59wﬁfﬁﬁg layer is
all the smallet, lthedargerdhe s48 ibovesdescribédrislands and thersupporting aeea pedportion (ratio of
the arga ot ,the islands fo the total areaqf the abrasive pad)of.thelower working,layer. in practice, a
ratio of the removal rates of the upper working layer to those of the 5 lower working Ig\s/er of up to 3:1
was achiev@db;‘?]éd?ﬁ"t%ngdf“@odlirfb%ﬁﬁlfgﬁfmg) ¢ PUT on The other hand alsc as

little as possible to produce a high friction between trimming

bodies and working layers, such that the frimming bodies

r}
O
B

release snough abrasives to bring about a remcval effect.

10 the example of an apparatus for the PPG processing of
semiconductor wafers with ring-shaped working disks having an
cuter diameter of almest 2000 mm and a2 ring width of a good
650 mm, a volumetric flow rate of 0.3 to 3 1/min of water fed
to the working gap during the trimming process proved to be

15 optimal.. Systematic variations of the water flow rate and also
the intensity with which the porous trimming bodies had been
"watered” (had bzen able ¢ becoms saturated with watsr) before
the trimming process then showed that, as a result of an
increased addition of water during the trimming process, the

20 frietion of the trimming bodies on the lower working layer
could be reduced, with a correspondingly reduced material
removal from the lower working layer relative to the upper
working layer. Since the water that was fed accumulates on the
lower working disk owing to the force of gravity, partial

25 "floating™ {aguaplaning effect) was evidently able to be

achleved here.

It is known that the Trimming eiffect is determined by ths path
speed with which the trimming bodies are guided over the

30 working lavers, and by the pressure between Trimming bodies and
working layers. The faster and the more pressure under which
the trimming bodies are moved, the greater the material removal
from the working lavers that is effected during trimming. B
desired material removal can thus be achleved by means of a

35 short trimming process at great pressure {(and higher path



A practical limit of the asymmetrical material removal rates of upper with respect to lower working layer
that are obtainable 10 by utilizing the weight force of the trimming apparatuses is given only by the
minimum bearing force with which the upper working disk has to be pressed on in order to overcome
the frictional forces in its cardanic mounting and thus always bear securely on the trimming
apparatuses. If this force is undershot, the upper working disk wobbles or "dances” (partial lifting-off),
and a flat working layer cannot be obtained. A ratio®df the removal rates of the upper with respect to
those of the lower working layer of up to 1:3 can be achieved in practice. 20 In the case of the grinding
apparatus spestionetbp wascetexarhpte, pressures vl betWween aarfd 20 kP& pioved e 1 éxpedient

bressure r300es - rigning.wih substantially ddsalical sermpvalsates ot ppepaad jaweeworking
layers; 25 pressures of between 2 an 12..kPha grem[garticylegb/ prgf%rlged.?wlg%thqjcgse of the grinding
apparatus fAEntOEd by Wiy &f @xampfe, Préfetred vltmetric flow tates of the cooling lubricant fed to
the workingmgaprfor assubstantallyl dentisalimaterict FemoVarfom afparatd lows working layers are
30 between 0.2.and.5 1iin; yolumedic.flawates qf:hetweenQ.bandi2d/min arei particularly
preferred. In the stated ranges for volumetricdflow r%the and Bressure,krlot aIchr;ra]pinations are suitable
for obtainifg 8EARetriddl material FéRovAIS This, Cooling lubricant volametric flow rates at the upper
end of the 4@ the: lovrertend: obthesspecified prafetietirangesfand vicexrarsadintdrder that the gravity

effect (inherept wejght,of the ttimming-apparatus) whieh then akeady peeursrand the sliding effect
(floating in the case of a large amount oj{co}olin lubricant) gﬁcgmpge}g(sate fokr) eagg C?}@‘f{% a %vice versa.
In order toUBRaAnE Feduced materidl TBhioval Fats Of tha Tower working layer compared with the upper
working layer:during;. mingsinithe grinding apparatds ntentionéed: eoblity Tubticaht L05aIaTetric flow
rates of bepagen 2.and.10.1/mjn, @:&Pﬁ?%ﬁé@f at least AkRa provedto:he suitabledn order that the

t

floating effectd_is not nullified aqain by the inherent wei ‘h}fffectpf tge trimming apparatus. Conversely,
an IncreasBa riatefial FEMOVArTate SF thie fowdr WWorkiig 15y/8F compared with the upper working layer
can be obtained if the pressures during trimming

it was then found that, by means of trimming with additional
15 addition of cooling lubricant or reduced trimming pressure, .
material removal from both working layers that is asymmetrical
within wide limits can be obtained, to be precise such that in
a targeted manner less material was removed from the lower
working laver relative to the upper working layer ({(addition of
20 cooling lubricant) or in a targeted manner more material was
removed from the lower working laver relative to the upper
working layer {(decrease in pressure). Depending on the results
of the measurement of the shape profile of the worn working
layers, addition of cocling lubricant and trimming pressure can
75  also be chosen precisely such that the material removal from

both working layers is exactly identical.

The removal asymmetry that can be cbtained by additional
addition of cooling lubricant (e.g. water) ls determined by the
30 thickness of the water film which can be established between
lower trimming bodies and lower working layer. The water film
is all the thicker, and thus ths material removal from the
jower working laver is all the smaller, the larger the working
area of the trimming bodies. Likewise, the material removal

from the lowsr working laver is all the smaller, the larger the

Lo
h



in the processing apparatus mentioned by way of example are below 4 kPa at cooling lubricant
volumetric flow rates of below 4 1/min. 20 A grinding apparatus suitable for carrying out the methods
according to the invention, as described in DE19937784A1, for example, was used for all indications.
The outer diameter of the working disks was 1935 mm with a ring width of 686 mm. The working layers
were chosen to be somewhat smaller than the 25 working disks with an outer diameter of 1903 mm
and a ring width of approximately 654 mm. The trimifning pressure is established by way of the applied
load of the upper working disk. Four trimming apparatuses such as have been described as an
exemplaneembotimentwithdespectrtdthenhird nfethod3or&ccsidingod thedRIERtsH were used
during the trimming procgss -thuls resultings casenteo, 4n ademposany. 59:By: selecting

abovementioned ranges for pressure igdvolume Lic f|OV\§ rate duriﬂg trimnaingciét was pg§§igle to vary

the ratio of e Mat&r&@mdVal Srates OF Gpparwith Tespect tb lower Working layer bétween

approximatély:0:8 angr3vinlthisicase, G tHeworking fayers hiatcan averageryralirs 8izecof the%abrasives

(diamgnd);honded therein 0f:2,(0.6 pm, and the material:pf {be timming posies wasrpasous high-grade
corundum pink havinﬂg a grain size of approximately 5 to 15 pm. 10 Description of the fifth method
according $6 e Tentioh S '6f the apparatus used therefor Trimming apparatuses whose outer
toothing is height-adjustable relative to the trimming disk are used in the fifth method

A practical limit of the asymmetrical material removal rates of
upper with respect to lower working layer that are obtainable
10 by utilizing the weight force of the trimming apparatuses is
givéh 5nly by the minimum bearing force with which the upper
working disk has to be pressed on in order to ovVercome the
frictional forces in its cardanic mounting and thus always bear
securely on the trimming apparatuses. If this force is
undershot; the upper working disk wobbles or “"dances" (partial
ifting-off), and a flat working layer cannot be ohtained. A
ratic of the removal rates of the upper with respect to those
of the lower working layer of up to 1:3 can be achieved in
practice.
20
In the case of the grinding apparatus mentioned by way of
example, pressures of between 1 and 20 kPa proved to be
expedient pressure ranges for trimming with substantially

identical removal rates of upper and lower working layers;

3
A

pressures of between 2 and 12 kPa are particularly preferred.
In the case of the grinding apparatus mentioned by way of
example, preferred volumetzic flow rates of the cooling
lubricant fed to the working gap for a substantially identical
material removal from upper and lower working layers are

30 petween 0.2 and 5 1/min; volumetric flow rates of between 0.5
and 2 l/min are particularly preferred. In the stated ranges
for volumetric flow rate and pressure, not all combinations are
suitable for obtaining a symmetrical material removal. Thus,
cooling lubricant volumetric flow rates at the upper end of the

35  specified ranges have to be chosen for trimming pressures at



15 according to the invention. According to the prior art, the rolling apparatuses, that is to say the inner
and outer drive rings of an apparatus suitable for carrying out a PPG method are not height-adjustable,
or are 20 height-adjustable only to a small extent, for structural reasons. This results from the
necessity of stiff, play-free and precise guidance of the toothed rings or pin wheels which form the
rolling apparatus. In order that a trimming tool with its outer toothing can engage securely into the
rolling 25 apparatus, according to the prior art said 4¥imming tool either has to be very thin or has to
support a tootling projecting asymmetrically toward one side ("trimming pot"). This leads to insufficient
planarity of the Workingdayertfinunedsn thisayl becaisenhe thaming toshéarybeédeformed. 30

Moreover,.it is.possible fo use only trimming hodies; having.a smalheight: alleagt forthoseavhich
become engaged with the lower worki‘ngﬁdisllg_. Since 1these are subject to wear, they .hﬁ/g to be
frequently ‘ChHAGE b r R he-Eritird trifing S Bpparatas 35 Has To bé discarded after wear. This
leads to highfearnsundition: Hiccasts, Hrequently cifarging tdrmnding wohditionsawith Tshg set-up times

and thus te nonsrenreducible process cenditionsy, Thetmming.disk bearjag the trimming bodies and a
toothing could be made sufficiently thick and thus advantageouslyff as long as it is still ensured that at
least a portion of the pins

In order to obtain a reduced material removal rate of the lower

working layer compared with the upper working layer during

trimming in the grinding apparatus mentioned, cooling lubricant
10 volumetric flow rates of between 2 and 10 1/min at pressures of
a2t least 4 kPa proved to be suitable in order that the floating
effect is not nullified again by the inherent weight effect of
the trimming apparatus. Conversely, an increased material
removal rate of the lower working layer compared with the upper
working layer can be obtained if the pressures during trimming
in the processing apparatus mentioned by way of example are
helow 4 kPa at cooling lubricant volumetric flow rates of below

4 L/min.

20 A grinding apparatus suitable for carrying out the methods
according to the invention, as described in DEL9037784A1, for
example, was used for all indications. The cuter diameter of
the working disks was 1935 mm with a ring width of 686 mm. The
working layers were chosen to be somewhat smaller than the

25  working disks with an outer diameter of 13803 mm and a ring
width of approximately €54 mm. The trimming pressure is
established by way of the applied load of the upper working
disk. Four trimming apparatuses such as have been described as
an exemplary embodiment with respect to the third method

30 according to the invention were used during the trimming

| process, thus resulting in this case, too, in a temporary
excursion of the trimming bodies by up to 10 mm beyond the

cuter and inner edges of the ring-shaped working layers.



of the inner and outer pin wheels of the grinding apparatus still engages into at least a portion of the
toothing of the trimming apparatus; here as well, however, the disadvantage remains that the trimming
bodies engaging with the lower io working layer would have to be very thin - with the discussed
disadvantages for economic viability and process stability of the grinding method. In the case_where
the trimming tool is embodied as an asymmetrical "trimming pot", it is likewise possible to use only
trimming bodies having a small thickness isor it is pdssible to use only the small part of thicker
trimminc bodies which projects beyond the toothing, that is to say the remaining part of the difference
between the height of ihe relling apparatus4pinreripoth heightyand thre depth obtheengagement of

the toothing, af the trimming: tool into the 20 rolling,anparatus; Fiqure 3 ustratesvariqus,embodiments
of the trimming apparatus used for the fifth method accordin };[o the invention. In order that all of the
essential él8Mats &anbe MEBE 5 ViEbIE thetritithing ﬁﬁp%raﬁfs%%e%vﬁ? i Effftfe 3 are illustrated

upside downthatds tegay thatthe ¢rimming dodies. af theltop iarkiglre 3itrimithe lowee working layer
and the partly concealed timming bodies at the bottomytrim the. uppet,working layer. (Ipper and outer

pin wheels of.grinding 30 apparatuses suitable for ca%ying out the method according to the invention
c

are generalfy arariged BRYIAREr &Md bEtet Grcumitlericend &t the i ndf e dwetr working disk,
although anramarigement; iwith additipnaboutlay ahdyvithout @dvantage, wiould hevgassille, in
principle, qn.the. upper.3awotking disk; 19a.) .52 Figure 3A,shows the annular trimming disk 9, on
which trimming bodies 8 are arfanged. (The trimming disk 9 can also be

10 Description of the £ifth method according to the invention and

of the apparatus used therefor

Trimming apparatuses whose outer toothing is height-adjustable
relative to the trimming disk are used in the fifth methed

15  according to the invention.

According to the prior art, the zolling apparatuses, that is to
say the inner and outer drive rings of an apparatus suitable
for carrying out a PPG method are not height-adjustable, or are

20  height-adjustable only to a small extent, for structural
rezsons. This results from the necessity of stiff, play-free
and precise guidance of the toothed rings or pin wheels which
form the relling apparatus. In order that a trimming tool with
its outer toothing can engage securely into the rolling

25 apparatus, according to the prior art said trimming tool either
has to be very thin or has to support a toothing projecting
asymmetrically toward one side {("trimming pot"™). This leads to
insufficient planarity of the working layer trimmed in this
way, because the trimming tool can bs deformed,

30
Moreover, it is possible to use only trimming bodies having a
small height, at least for those which bhecome engaged with the
lower working disk. Since these are subject to wear, they have
to be freguently changesd or even the entire Lrimming apparatus

=

35 has to be discarded after wear. This leads Lo high consumption



embodied in circular fashion, but this is not preferred for 5 reasons of weight.) The trimming bodies 8
can be fixed on the trimming disk 9 by means of adhesive bonding, screwing - Figure 3A shows
trimming bodies having suitable holes 20 for screwing or for centering in the case of adhesive bonding
- or other customary methods. Figure 3B shows the complete trimming M apparatus according to the
invention, comprising a trimming disk 9, trimming bodies 8 and an outer toothing 10. The outer
toothing 10 is separate from the trimming disk 9. Béth are preferably screwed to one another by
corresponding holes lla in the toothing and lib in the trimming disk. The connecting . 15 screws are not
shown, foraeasens Of etarity By neeang ofdifferéntdéngthscofiheserews and Spacers ¢dleeves), it is

possible to.adapt the distance.between togthing andhttimming.disk as-desired, i the.fimming bodies 8

wear and lose height during trimming use, the screw connection can thus alyvgg;: be 20 {}iadjusted
‘such that the g B6dies B2 in eakh casajusPproféctBeydhd the toothing “AS 8 esult, a
trimming apparatus cfithisitypecahvalsb bekusediinthescasevef grinding appardtusés eaving rolling

apparatuses, thatarenot ar are only slightly. height-adjystable or thoge having short pinsorteeth, 25
and it is ensuréd according to the invention that the outer toothing never comes into contact with the

working la§ersiithé Botrs& of i wRhr Bt the' tHriitiing bolies. The SUERF tSttRingAs Preferably
composedsdfia inetakie gratetiat and parteudarly preferalbly compdsed-ofsteehar kightgrade steel, 30

and contagt.befyeen the steeland the.diamand preferably, used as.alrasive.in the working layer is
thus avoided. This iS because it is known (DE102007049811A1) that contact and abrasion with iron

metals cautsddiafforid forb&ESmeITRE 38 £ RSt WARRATHE dfinding Hiethdd Would not be able to

be 35&arried-out-ar Weylerberableitober eatriecdboutranly with.n - with the discussed
disadvantagss for economic viability and process stability of
the ¢grinding method. In the case where the trimming tool is
embodied as an asymmetrical "trimming pot”, i1t is likewlse
possible to use only trimming bodies having a small thickness

15 or it is possible to use only the small part of thicker

trimming bodies which projects beyond the toothing, that is to
say the remaining part of the difference between the neight of
the rolling apparatus {pin or tooth height) and the depth of
the engagement of the tocthing of the trimming tool into the

20 rolling apparatus.

Figure 3 illustrates various embodiments of the trimming
apparatus used for the fifth method according to the invention.
In order that all of the essential elements can be mads

25 visibkble, the trimming apparatuses shown in Flgure 3 are
illustrated upside down, that is to say that the trimming
bodles at the top in Figure 3 frim the lower working laver and
the partly concealed trimming bodies at the bottom trim the
upper working layer. (Inner and outer pin wheels of grinding

30 apparatusss sultable for carrying out the method accerding to
the invention are generally arranged on inner and ocuter
circumference and at the level of the lower working disk,
although an arrangement, with additicnal outlay and without
advantage, would be possible, in principle, on the upper

35  working disk, too.)



53 considerable additional outlay(frequent redressing of the working layers) and poor results (process
instability as a result of frequent interruption for redressing). Figure 30 shows one preferred
embodiment, wherein the trimming bodies 8 are adhesively bonded or screwed onto a shoulder 12
incorporated into the trimming disk 9. As a rseult, the outer toothing 10 can descend into the working
disk 9 in such a way that its upper edges become situated in an areally flush 10 manner. As a result,
the trimming bodies 6 can be used completely up téZheir adhesive bonding or screw connection with
the trimming disk. Figure 30 shows the trimming bodies 8 with a still large useful height 15, and Figure
3D shows them after almost complete wear (small remaining useful height 16) 15 and with toothed ring

10 having deseended, intp the waorking disk 9, Thesipuentionithus permits thesuse of.comparatively thick

trimming bodies and at the same time the use qf}heir complete 20 thickness. Therefore, the trimming
apparatus@8 at&Srding 6t irfveffion habeo e féptaced orqdippdt Wit ie®Ftrimming bodies
significantlydessi ofténthaniracterdafeehiith thecprior art 25 Preferrgdrerbodients:for the second

to fifthmethods aecording to the invention Trimming bodies.suitahle for.carying out the second to fifth

methods according to the invention are available from various 30 manufacturers for grinding materials.
The hard SUbSTERCES KiidWn 1h five BR6PErI6r §ARGG Turfe8es Mich™E $8r ékample: $8abic) boron
nitride (OEN), boton catbide {B40);silicon carbides(SiC] tearberundum)2 alufninuatoxelen(Al203,

r for centering in the case of adheslve bonding - or other
customary methods. Figure 3B shows the compliete trimming

16 apparatus according to the invention, comprising a trimming
disk ¢, trimming bodies 8 and an ocuter toothing 10. The outer
toothing 10 is separate from the trimming disk 3. Both are
preferably screwed to one another by corresponding holes 1la in
the toothing ard 1lib in the trimming disk. The connecting

15 screws are not shown, for reasons of clarity. By means of
different lengths of the screws and spacersg {sleseves}, it is
possible to adapt the distance between toothing and trimming
disk as desired. If the trimming bodies 8§ wear and lose height
during trimming use, the screw connectlon can thus always be

20  readjusted such that the trimming bodies 8 only in each case
just project beyond the toothing. As a result, a trimming
apparatus of this tvpe can also be used in the case of grinding
apparatuses having rolling apparatuses that are not or are only

slightly height-adiustable ¢r those having short pins or teeth,

fo
L)

and it iz ensured according to the invention that the outsern
toothing never comes into contact with the working layers in
the course of the wear of the trimming bodies. The outer
toothing is preferably composed of a metallic material and
particularly preferably composed of steel or high-grade steel,
0 and contact betwesan the stzel and the diameond preferably used
as abrasive in the working layver is thus avoided. This is
because it is known {DEICZ2007048811A1) that contact and
abrasion with iron metals cause diameond to become blunt, as a

restlt of which the grinding method would not be able te be

2
Lh

carried out or would be able to be carrised out only with



"corundum”), zirconium oxide (Zr02), silicon dioxide 5102, 35"quartz"), cerium oxide (Ce02), and
mixtures thereof, can be 54 used. These materials are generally - to form abrasive bodies - pressed,
sintered, metallic, glass- or plastic-bonded and can be used as trimming bodies for carrying out the
methods according to the invention. Alongside grain type and grain mixture, grain size and grain size
distribution, these abrasive bodies are characterized by bonding type and bonding hardness, porosity,
fillers, etc. What is essential to the invention for the8econd to fifth methods is the targeted release of
the material bonded in the trimming bodies upon movement under W pressure and with addition of
cooling lubricant e xpinateg)coViet the Morkingilayers: Te aliovemeatioriad:propertiés of the abrasive
bodies used, ag trimminghodies are geperally notcommunicated imdetailiby the abrasive
manufacturers arld, if they are so communicated, then com a1rhabcilit%/ between different 15 abrasive
bodies, in pafticufarBetveer Gifferent mantfactiters, 1§ ofeR not possible, owing to lack of
communication of the precise measurement conditions under which these parameters were

determined. In paytisdlasthe bopding hareiness gwhigh-erugially deteumines thedelease-ofigrain that is
essential to 20 the invention, differs from manufacturver;[o manufacturer and kils 1de igpa:%d by their own
in-house patarteters. Fheréfors Thé bedt procedtre adoptéd it pri'tice” i§ Steh that firstly various
commerciathcconventiondl abrasivebodiesrrom@5ioné of mdre manafactirers are testéd for

suitability a3, frimming bedies, inwhich,case the grain,sizes apd-bonding hardnesses stated by the
manufacturer are initially regarded only as guide values. If the abrasiye tﬁgy ?§OVQ§ to be too soft, an
abrasive bod§ desighated &s RAEer i fHe 36 nfariutatiiters interal idmenciatife'is used. If it proves

to betno haxdna softes one is sofrespondingly: oeed: df thedate of nrateriakremseval from the working
layer is toq.highyand the working Jayer.has;a significantly.roughst sydace directly after grimming than
after a few passes of gtrln.dlng use, when a 35 self-dressing equilibrium has . become ,estal%llshed, a
ﬁnergﬁﬂnWith the trimming disk. Filgure 3C shéws the trimming boales
with a still large useful height 15, and Figure 3D shows them
after almost complete wear {(small remaining useful height 16)
15 and with toothed ring 10 having descended into the werking disk

9.

The invention thus permits the use of comparatively thick
trimming bodies and at the same time the use of thelr complete
20 thickness. Therefore, the trimming apparatuses according to the
invention have to be replaced or equipped with new trimming
bodies significantly less often than in accordance with the

prior art,

25 Preferrsed embodiments for the second to Fifth methods according

to the invention

Trimming bodies suiltable for carrying out the second to fifth
methods according to the invention are available from various
30 manufacturers for grinding materials. The hard substances known
in the prior art for grinding purposes, such as, for exampile,
(cubic) boron nitride {CBN), boron carbide (BsC), silicon
carbide (5iC, "Tcarborundum”), aluminum oxide (Al:0:,
"sorundum”}, zirconium oxide (Zr0;), silicon dioxide (Si0g,

35 "guartz"), cerium oxide (Ce0;), and mixtures thereof, can he



55 in accordance w4th information from the manufacturer is chosen; in the case of insufficient material
removal and the absence of a dressing effect on the working layer, a correspondingly coarser grain is
chosen.. On account of the good availability of 5 a wide range of hardnesses, grain sizes, etc., this is
always possible easily and through a small number of experiments. By way of example, the trimming
bodies used in the exemplary embodiments were found after only four experiments with different
abrasives from only one manufacturer, as a result 8 M which the empirical selection method described
proved to be practicable. Initially any trimming tool that has a removing effect on another material by
its nature veledsed neateriaE WHetReFtHS fs dE&FEE OF Rot, Actor@ing t8tha TAventidh- however, this
takes place.fos she methads described hiete t9 precisely stichrdn: extent thatdhding thecttimming

process ablayers%f released. grain is sityated hetween trimming bady.and wor;ing; layer, the thickness of
which is oneavuerage between a*hglf 8|am§tér and 20 ten diameters of the average size of the released
grains. Specificatly it the rateat WHieR giain-is teRassHd8 166 W, onfy anfindd8gdate trimming effect

takes placg; (e, slow,pheconemis). dhihegrade is too-kigh; sueh thatiatayert thickerthantenaverage

grain diameters is formed on average, then the L. inning apparatus preaned .in. an extremely
plane-parg?e%ﬁ?g’nr?tgreascgg§€rf§£egd é}él?’rﬂ3 %e(?igngmgrlll %%veg a s%%iqient shapingi%fecg on the working layer
("copying'rofithe ¥eferefiéd piaifarity); but Father i€ "BRaABH" b thé thick Sundefimed it 6ffoose
trimming grain. and-with admittedly-high 30:-capacityfor materiakrenedvad from thesmorking layer - it

not possible to obtajn a warking layer, form which is planeznarallel agearding.fo thedavention.

16 pressure and with addition of cooling lubricant (e.g. water)
over the working layers. The abovementioned properties cf the
abrasive bodies used as trimming bodies are generally not
communicated in detail by the abrasive manufacturers and, 1F
they are so communicated, then comparability petween different

15 abragive bodies, in particular between different manufacturers,
iz often not possible, owing to lack of comnunication ¢f the
precise measurement conditions under which these varameters
were determined. In particular the bonding hardness, which
crucially determines the release of grain that is esgential to

20 the invention, differs from manufacturer to manufacturer and is

designated by theilr own in-house parameters.

Therefore, the best procedure adopted in practice. is auch that
firstly varicus commercially conventional abrasive bodies from

75 one or more manufacturers are tested for suitablility as
trimming bodies, in which case the grain sizes and ponding
hardnesses stated by the manufacturer are initially regarded
only as guide values. If the abrasive body proves to be too
soft, an abrasive body designated as harder in the

30 manufacturer's internal nomenclature is used. 1f it proves o
be too hard, a softer one is correspondingly used. I the rate
of material removal from the working layer is too high and the
working layer has a significantly rougher surface directly
after trimming than after a few passes ol grinding use, whearn &

35  self-dressing equilibrium has become established, & finer grain



56 In particular, the features of the trimming apparatuses used in the third and fifth methods according
to the invention can be combined with one another without any problems. Advantageously, trimming
apparatuses having the features of the trimming 5 apparatuses used in the third or fifth method are
likewise used in the second and fourth methods according to the invention. Particularly preferably,
trimming apparatuses having the features of the trimming apparatuses used in the third and fifth
methods according to the invention are used in thesecond 10 and fourth methods according to the
invention. The second and fourth methods according to the invention can also advantageously be
combined.i 57=Ratent &taimnss 1t 1A meflbodforittmingutwcworking fayers wehich contaifdionded

abrasive and arg_applied on-the mutually facing, sides of;an.upper-and ohalower workipg disk of a

grinding apparatus for the 5simultaneous double-side processing of flat worg_P eces, by means of at

least one GarfiBFRAVInG &1 obiter t5BtHING, WhHérEm the "t Téast orie"carrier € hovéd between the
rotating warkingsedisks hyimeans df asraflingCapparatus: and the baterdtodthing Uhdet piessuré on

cycloidal paths relative ta.the-working layers, whetgip lgose. abrasive is added tasthe working gap

formed between the working layers, in which working gap the carrier7§ without workpieces inserted
10therein RIGV&BRE MARTHEY réMovarfomtheiviking dyere ihdre sy BRECHET arid wheérein the
loose lappingygrain is<added to the:working gap once beforedhie beghiningoftimming. 2. The method

as claimed i clgim L, wheeip.a bguidds addiionally fed o the arkinggan, 152 The method as
claimed in claim 1, wherein at least part of the surface of the at least one carrier with Whlcohfthe latter

comes intGedHaEENithaREdTorkiy [yers 8ondisy 6 4 BIAEHE maferial 2 & F8su-t

10 which the empirical selection method described preved to be

practicable.

Initially any trimming tocl that has a removing effect on
ancther material by its nature releases material, whether this
15 is desired or not. According to the invention, however, this
takes place for the methods described here to precisely such an
extent that during the trimming process a2 layer of released
grain is situated between trimming body and working layer, the
shickness of which is on average beiween a half diameter and

20 ten diameters of the average size of the released grains.

o
o

Specifically, if the rat ¢ which grain is released 1s Too
low, only an inadequate trimming effect takes place (too slow,
uneconomic). If the rate is too high, such that a layer thicker

than ten average ¢rain diameters is formed on average, then the

-2
¥ 5]

trimming apparatus pre-itrimmed in an extremely plane-paralie:
manner as described can no longer have a sufficient shaping
effect on the working laver ("ceopying” of the re

planarity), but rather is "blurred" by the thick, undefined
film of loose trimming grain and - with admittvedly high

30 capacity for material removal from the working layer - it 1s
not possible to obtain a working layer form which is plane-

parallel according to the invention.

It goes without saying that it is particularly advantagecus to

35 combine two or more of the methods according to the invention.



4. The method as claimed in claim 1, wherein the at least one carrier has a coating, the 20thickness of
which is reduced during the dressing of the working layer by material removal from the coating. 5. A
method for trimming two working layers which contain bonded abrasive and are applied on the
mutually facing sides of an upper and of a lower working disk of a grinding apparatus for the
25simultaneous double-side processing of flat workpieces, by means of at least one trimming
apparatus, comprising a trimming disk, a plurality of¢rimming bodies and an outer toothing, wherein
the at least one trimming apparatus is moved between the rotating working disks by means of a rolling
apparatus and:thetdute taothinigeunder tpressuretandh with-additiony of arcootingdalsricartgdwirich
contains no;substances with abrasive action.on cycloidal paths rejative, 3010 the working layers,

wherein the trimmin bqoﬂes release abrasive sybst%nces upon contact with the working Ijayers and

thus effectTRERSrH Feroval fidf theworking fdyers byAh&ans of 6ok gt AérdRP te-direction of
rotation of atlithe dityesrofthe gundingrapparatus: & changed:at least twice duningithe trimming. 58 6.
The methad as elaimed.in.claim $.chajaciarized ip that the material semoyal from,theworkdng layers

that is obtained between two changes in the direction of rotation decreases with each change in the
direction of Fotafién S5F e Afsthod & Claifed fEEIafh 86 "FhErein Hie MAERAF &moval from
each of theetina inorking:layetslietweentherlastehange potheaditectonefrotatiornand the end of
trimming is-between, 10% and 100%,of the average.grain size of the abrasive grainbonded in the

working layers. 108. A trimming apparatus for trimming two working layers which contain bonded
abrasive anddré dpplieach tHeemitialR fating Sidés i an’dPperand'6f4 lowe-workifgUisk of a
grinding apparatus:forihestmulianeaus-dadble-side precassiag of flat workpieeesyreomprising a
trimming disk, 2 pluality, of rirgming. hedies.and an oytet toothing, whetein the trimming bodies
release abrasive substances upon contact with the working layers and can thus effect material
15removal¥Foithe SFoTking |ayBr<BY-rieds of loose grain, wherein at least 80% of the area of



the trimming bodies which comes into contact with the working layers is arranged within a ring-shaped
region on the trimming disk, wherein the width of said ring-shaped region is between 1% and 25% of
the diameter of the trimming disk, and wherein the area of the trimming bodies which comes into
contact with the working layers occupies 20% to 90% of the total area of the 20ring-shaped region. 9.
A method for trimming two working layers which cBhtain bonded abrasive and are applied on the
mutually facing sides of an upper and of a lower working disk of a grinding apparatus for the
simultanegissidObes side processing of flat workpieces, by means of at least one trimming
25apparatus, comprising a trimming disk, a plurality of trimming bodies and an outer toothing, wherein
the at least one trimming apparatus is moved between the rotating working disks by means of a rolling

apparatUs Amtethrd derEstog iCUMRIKINSriBy SR &vhinl pimtaidepndateiarasivingddstieaniied/bich

containgmorsulasiansangideabrasive sation encyalsidal-paths Rty giadhg wpHingdavars wherein
the grimrnlingI hodies E%Ii) se.abrasive subs es lfp?enc ggq)tact 30 Witfhattl]e workin%}ﬁgfé? and thus
§ . e

effect mgfgrlé Temoval from the Working Iz(i)ye'?‘s\’k\s(i/r E5ne oY 16658 Sgroaln, \?ﬁ%%ﬁ a 85% of the

area of PRAHETHAAY BOIES RRithe@sastinte samieds Wity eHdelvranghayetaling aretegdsiithin a

ring-shapgeheaginst aroliie; taisparigstisk, mdseintdagnmisthof ssisking-shapedisaoiamis between 1%
and 25% ?f the d%%gneteﬁ.of }he trimrﬂg}gmﬁg disk, and whergé%%?g 1$rea of the trirqminﬁq 8bodies which
00

comes into. %‘E)en actwith the V%Er}kslh\év layers %%Sceu%?é%sﬁ@o‘/g f5 HOYEP A 8 ring-shaped

region. PEMeRN thethetiias leiaracl mhishinvodingarihatrsaeisorthaibneifgieineengdrarily runs

wittpSat tieastroabvef she rearihewaikesenttaaipgesasandatdeosRpR i HRaRG BRdYe
tempora{(i)lisrqns with at least part.of %he arﬁ? thereof beyond the %uter ed %gif_the_ring-shaped.region

of the wor |ﬁgﬁ%§}8?sgfﬁ§ttlssagv%ee% %Eeer%?/r “g\%‘h?p”.%%g% BF%ce%sgai?ﬁ" fﬁa’i?{agapparatus. 1011.

The method as claimed in claim 9, wherein the outer edge of the ring-shaped region runs beyond the

inner edgeTagan&tRAUe cRMESIGH BIsng whaketa egirnobiasivvikingd ayels Waatily aspt over by the
workpieces processed in the grinding apparatus.
15 3. The method as claimed in claim 1, whérein at ieast part of the surface of the at least one
carrier with which the latter comes into contact with the working layers consists of an elastic

material.

4. The method as claimed in claim 1, wherein the at least one carrier has a coating, the

20 thickness of which is reduced during the dressing of the working layer by material removal from
the coating.
5. A method for trimming two working layers which contain bonded abrasive and are applied on
the mutually facing sides of an upper and of a lower working disk of a grinding apparatus for the

25 simultaneous double-side processing of flat workpieces, by means of at least one trimming
apparatus, comprising a trimming disk, a piurality of trimming bodies and an outer toothing,
wherein the atleast one trimming apparatus is moved betwsen the rotating working disks by
means of a rolling apparatus and the outer toothing under pressure and with addition of a
cooling lubricant, which contains no substances with abrasive action, on cycloidal paths relative

30 to the working layers, wherein the trimming bodies release abrasive substances upon contact
with the working layers and thus effect material removal from the working layers by means of
loose grain, wherein the direction of rotation of all the drives of the grinding apparatus is
changed at least twice during the trimming.



12. A method for trimming two working layers which contain bonded abrasive and are applied 150n the
mutually facing sides of an upper and of a lower working disk of a grinding apparatus for the
simultaneous double-side processing of flat workpieces, by means of at least one trimming apparatus,
comprising a trimming disk, a plurality of trimming bodies and an outer toothing, wherein the at least
one trimming apparatus is moved between the rotlé%'ng working disks by means of a rolling apparatus
and the outer toothing under pressure and with addition of a 20cooling lubricant, which contains no

substangespyitheaiy@sly eiastion» ehryeloidalRathsdelative: P dheaneBiiRg-Que rwherein the trimming
bodies rele%?\e F\bras%e sub ianc ugon cgntacht with the working layers aE]d thus effect rri%terial
removal'fPORT thEXwSr ﬁb'ﬁaﬁﬁ ?&“8@ VR MR ERGRSIT (NRSISR AL A PAIPSRSERR kbrile of the
two working khyees inrtrectitadipantirgtrsioninimum material removal required for reestablishing a flat
surface is determined therefrom 25for each of the two working layers, and wherein the trimming

Cot by o RE BTEEEAAEEHEE SYRE Ao Y1E 8PS BB Ve AR Ah M win

which theodgpe fayenkiregvdisk iseprst sbdragainibetdisccivaroivtiiiag disk Harng titimmigsisch that their
ratio corggapondsig the: radinolithe QUBITYY-a s abf BRIk dhRisAsthAd Asrigimed in

claim 12, wherein an increase in the flow rate of the cooling lubricant reduces the removal rate from
the loweP¥fG¥king disk in relation to the upper working disk, and vice versa. 60 14. The method as
claimed in claim 12 or 13, wherein a reduction of the pressure with which the upper working disk is

pregsedagainshing lonsrnRHgNgidislng Wi s sy iRgediass LBrisnmeuabiaieriare the urper

working disk in relation to the lower working disk, and vice versa. 515. A trimming apparatus for
trimminG WP BT THTOVRRE SE] BBHBRET ABR-7e i working ik f e Srinding

apparatus for the simultaneous double-side processing of flat workpieces, comprising a
frimming disk, a plurality of trimming bodies and an outer tcothing, wherein the trimming bodies
release abrasive substances upon contact with the working tayers and can thus effect material
15 removal from the working layers by means of loose grain, wherein at least 80% of the area of
the trimming bodies which comes into contact with the working layers is arranged within 2 ring-
shaped region on the trimming disk, wherein the width of said ring-shaped region is between 1%
and 25% of the diameter of the trimming disk, and wherein the area of the trimming bodies
which comes into contact with the working layers occupies 20% o 90% of the total area of the
20 ring-shaped region.

9. A method for timming two working layers which contain bonded abrasive and are appilied on
the mutually facing sides of an Opper and of a lower working disk of a grinding apparatus for the
simultaneous double-side processing of flat workpieces, by means of at least one trimming

25  apparaius, comprising a trimming disk, a plurality of trimming bodies and an outer toothing,
wherein the at least one trimming apparatus is moved between the rotating working disks by
means of a rolling apparatus and the outer foothing under pressure and with addition of a
cooling lubricant, which contains no substances with abrasive action, on cycloidal paths relative
to the working layers, wherein the trimming bodies release abrasive substances upon contact

30  with the working layers and thus effect material removal from the working layers by means of
loose grain, wherein at least 80% of the area of the trimming bodies which comes into contact
with the working layers is arranged within a ring-shaped region on the trimming disk, wherein
the width of said ring-shaped region is between 1% and 25% of the diameter of the frimming



are applied on the mutually facing sides of an upper and of a lower working disk of a grinding _
apparatus for the simultaneous double-side processing of flat workpieces, comprising a trimming disk,
a plurality of trimming bodies and an outer toothing, wherein the trimming bodies release abrasive
substances upon contact with the working layers and can thus effect material 10removal from the
working layers by means of loose grain, wherein tHé€ outer toothing is height- adjustable relative to the
trimming disk. 16. A method for trimming two working layers which contain bonded abrasive and are

applied grghgrauialy-f NGt ohan AR oand OhRIPWRTVARIRG AR RfiR HEnding.gpparatus
for 15th<? S|muItaneousg%?fiﬁﬁtg%fprocesijn ofgat workpieces, by means of at least one trimming
Tl

apparatu® CORPHEIS e LHLPLRR PoF IR ARAITAP68IBYRAd an outer toothing, wherein

the at least one trimming apparatus is moved between the rotating working disks by means of a rolling

apparatyp arkbthr@ulesdepiing HngarresskrsRatiwth AAdiaR AL lg}qﬁ&bﬁ#ﬁ?ﬂ%m{ﬁh /
contains n% %L.J}k?targlé.es with aﬁrasze action, on cycloidal paths relative 20 to the working layers,
|

wheteinh iy BERse Raes bﬁgf’ggi%es'ﬂﬁg'fﬁﬁi@@saﬂﬂﬁﬁ'%ﬁt&?ﬁ* WAPRHE RePking layers and
thus effdetmnpar@iinrvemeivalirsastiherivirikiagres érsrbyf bmans tfdoose gdanpithengin-themedter

toothing s pgidhiseeisiapledRAfG R URIIENEING 4kuosd Eolb e mElhal pRclaipghp dlaim 16,

wherein the trimming disk is provided with a cutout that 25receives the outer toothing, such that the
trimmingaB%?:ﬁ% %an be completely worn without parts of trimming disk or outer toothing coming into
engagement with the working layer.  18. The method as claimed in any one of claims 1, 5, 9, 12 or

16Wherginmeach ahdacworing Bvasisoelasicir an bedplaghed Jﬁ@%@@ﬁ&é@&%@ﬁﬂ&%mg disk by

peeling movement and 30comprises at least the three following layers: - a useful layer, which
faces a SVW(EP FhENREALRS WK SHIETRIBBRGEY dbPathnesthir9ias of theowrringdiaues ahisre than
one abraviopt graEntaies; workpicaeepmrat satinuice g sugipoddayetywhich supports the useful layer and
connects all the elements of the useful layer to form a continuous unit; and 61 - a mounting layer,
which fages the working, disk and forms a force-locking or positively locking composite assembly with
the work%ﬁg%@ﬁtg?/ i‘tﬁ ‘B@?\B‘EitHPtW«Q"b'Ead?éﬂﬁ?%‘%‘P'ﬁgeCBEE’FGl989@%.‘1 abrasive and are applied

15 onthe mutually facing sides of an upper and of a lower working disk of a grinding apparatus for
the simultaneous double-side processing of flat workpieces, by means of at least one trimming
apparatus, comprising a trimming disk, a plurality of trimming bodies and an outer toothing,
wherein the at least one trimming apparatus is moved between the rotating working disks by
means of a rolling apparatus and the outer toothing under pressure and with addition of a

20 cooling lubricant, which contains no substances with abrasive action, on cycloidal paths relative
to the working layers, wherein the frimming bodies release abrasive substances upon contact
with the working layers and thus effect material removal from the working layers by means of
loose grain, wherein firstly the radial shape profile of the two working layers is measured and
the minimum material removal required for reestablishing a flat surface is determined therefrom

25 for each of the two working layers, and wherein the trimming process is then carried out,
wherein the removal rates from the upper and the lower working fayer are set by means of a
suitable choice of the flow rate of the cooling lubricant and also the pressure with which the
upper working disk is pressed against the lower working disk during trimming such that their
ratio corresponds to the ratio of the minimum material removals.

30
| 13. The method as claimed in claim 12, wherein an increase in the flow rate of the cooling
| tubricant reduces the removal rate from the lower working disk in relation to the upper working

disk, and vice versa.



62 Abstract Method and apparatus for trimming the working layers of a double-side grinding apparatus
The invention relates to a method and a trimming apparatus for trimming two working layers which
contain bonded abrasive and are applied on the mutually facing sides of an upper and of a lower
working disk of a grinding apparatus for the simultaneous M double-side processing of flat workpieces,
by means of at least one trimming apparatus, comf’ﬁ’ising a trimming disk, a plurality of trimming bodies
and an outer tootning, wherein the at least one trimming apparatus is moved between the rotating

working gisksyBiesnatiarRINg Appal atsaNdiBe:AULGELReHIINGr LR URESE PSR SRRt

addition of a cool%llébricant, which contains ho substances En h abrasive action, on cycloidal paths
ing

relative t6° 17 Wi IS RISRBRT SRR IR BHIRS ASE SUENGRRIDS (LSRR &2 upon contact
with the WwoYkiagrédy dramaiie thpereferbing dishial relatiovdbftosrdiverworking dsfemn20iby vaeans of loose
grain. A plurality of measures for improving this method are implemented: The trimming bodies are
arranged within a ring-shaped region having a defined width on the trimming disk. The outer toothing
2 31 e BT B R LA TR S VTS BHE I HG A PO BRNS Foation of ol
the drivessobtindagrivrding rapiraliztiasiig citesgedatipstandcd dlowey w@kmmdﬁhg)ba dr’eﬁi;_igg.
Dependigehamiherar vdipiiianeasy iR sRaRsRRilesoh 6: e wirkkiBg et piig gnaterial removal
30 from the lower and the ulp er working layer can be varied independently of one another, Fig. 3D
frimming disk, a plura ltf/) of trlmmzng bodies and an outer toothing, wherein the trimming bodies
release abrasive substances upon contact with the working layers and can thus effect méterial
10 removal from the working layers by means of loose grain, wherein the outer toothing is height-

adjustable relative to the trimming disk.

18. A method for trimming two working layers which contain bonded abrasive and are applied
on the mutually facing sides of an upper and of a lower working disk of a grinding apparatus for

15 the simultaneous double-side processing of flat workpieces, by means of at least one trimming
apparatus, comprising a frimming disk, a plurality of trimming bodies and an outer toothing,
wherein the at least one trimming apparatus is moved between the rotating working disks by
means of a rolling apparatus and the outer toothing under pressure and with addition of a
cooling lubricant, which contains no substances with abrasive action, on cycloidal paths relative

20 to the working fayers, wherein the trimming bodies release abrasive substances upon contact
with the working layers and thus effect material removal from the working layers by means of
ioose grain, wherein the outer toothing is height-adjustable relative to the trimming disk.

17. The method as claimed in claim 16, wherein the frimming disk is provided with a cutout that
25  receives the outer toothing, such that the trimming bodies can be completely worn without paris

of trimming disk or outer tocthing coming into engagement with the working layer.

18. The method as claimed in any one of claims 1, 5, 9, 12 or 16, wherein each of the working
layers is elastic, can be detached from the respective working disk by peeling movement and
30  comprises at least the three following layers:
- a useful layer, which faces away from the working disk, contains bonded abrasive and
has a useful thickness of more than one abrasive grain layer;
- a central continuous support layer, which supports the useful layer and connects all the
elements of the useful layer to form a continuous unit; and



61

- a mounting layer, which faces the working disk and forms a force-locking or positively
tocking composite assembly with the working disk over the period of the usable life of the useful
fayer. ‘



