1 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. W
Prior Art Electronics, microelectronics and microeleciromechanics require as starting materials
semiconductor wafers with extreme requirements made of global and local flatness, single-side- 15

referenced flajpess {Rancigraiogy)- seughness andclsanness, Semicqndystarwaters age wafers

composed of semiconductor materials such as elemental Semiconductors (silicon, germanium),
compound semiconductors (for S&NIE tHREos8H Tt dhrde FBREGEREINird main group of the
periodic table such as 20 aluminum, gallium or indium and an element of the fifth main group of the

periodic t gle such as nitrogen, phosphorus or arsenic) or the compounds thereof (for example
010-Gox 0% X 5 I B AR L 06 oo, SoreTaetr S BEra B con by
means oftarAruitiphicity ofsitcreksivg processsteps whickeeanigeneraigbe ciassifiedviftoithe following
groups: () Rrodueing ajusyallymonagrystaliipe semiconductorrod;-(b) slicing dhe rodhinte-individual
wafers; 30(c) mechanical processing; o ,

lower working disk O a grinding apparatus for the simultaneous

double-side processing of flat workpieces.
10 Pricr Art

Electronics, micreoelectronics and microelectromechanics regulire
as starting materials semliconductor wafers with extrems
regquirements made of global and local flatness, single-side-

15 referenced flatness (nanotopclogy), roughness and cleanness.
Semiconductor wafers are wafers composed of semiconductor
materials such as elemental semiceonductors (silicon,
germanium), compound semiconductors {(for example composed of an
element of the 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 theresof (for example Si,.4Ge;, 0 < x <

1),

25 In accordance with the prior art, semiconductcr wafers are
produced by means of a multiplicity of successive process steps
which can generally be classified into the following groups:

(a) producing a usually monocrystalline semiconductqr rod;
(b} slicing the rod into individual wafers;
30 {c) mechanical processing;
(d} chemical processing;
(e) chemomechanical processing;

(£} if appreopriate additional production of laver structures.



(d) chemical processing; (e) chemomechanical processing; (f) if appropriate additional production of
‘Lave._ structures. 2 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
DE19937784A1. PPG is a method for the simultanegus double-side grinding of a plurality of
semiconductor wafers, wherein each semiconductor wafer lies such that it is freely movable in a cutout

in one of & Rhuali.e! saviers (ouide agescTnsert earers) cause! 1iovotate by means of a roling

apparatus and is thereby moved on a cycloidal trajectory. The semiconductor wafers are processed in
material-remcvirig fashioh betf/eBa twd Fotafigorkitg diskd? Ede Vidrkitg disk @Sﬁﬁﬁﬁg%%lworking
layer containing bonded abeasive. Ti5=The working layess are. peesentbin the ferm of stfuctured abrasive

pads whi re fi orking layers adhesively, magnetically, in.a positively locking manner (for
example %gk(%m%%%fggggéf) 3% ‘65; Means’o 53%u¥f§m.s%ﬁﬁ%eg\/vo{mien‘g%olgyé% in the form of
easily exchangeablecabrasive pads desighediid beSselfddhesivie on thie rearsidecarefdescribed for

example ip;U53958794, The abrasive used in-theabrasive padsiis preferably.diamond. 25 A similar
method is so-called "flat honing" or "fine %jréndlng". In this case, a plurality of semiconductor wafers in

the arranG&MeRCaEEtribey ahovs T6r PBEAR GuUIGEF Bn TRE-ERArALETSTE cYEbfial pafts between
two large sotating meotking disks: Absasivengrain is:fixedly bended inta thesne of a

plurality of carriers (guide cages, "lnsert carriers") caused

10 to rotate by means of a roiling apparatus and is thereby moved
on a cycloidal trajectory. The semiconductor wafers are
processed in material-removing fashion between two rotating
working disks. Each working disk comprises a working layer
containing bonded abrasive.

15
The working layers are present in the form of structured
abrasive pads which are fixed on the working layers adhesively,
magnetically, in a positively locking manner (for example hook
and loop fastener) or by means of vacuum. Suitable working

20 layers in the form of easily exchangeable abrasive pads
designed to be self-adhesive on the rear side are described for
example in USH59587%4. The abrasive used in the abrasive pads is
preferably diamond.

) =g

A gimilar method is gso-called "flat honing” or "fine grinding®.

o]
Ch

In this case, a plurality of semiconductor wafers in the
arrangement described above for PPG are guided on the
characteristic cycloldal paths between two large rotating
working disks. Abrasive grain is fixedly bonded into the

30 working disks, such that the material removal is effected 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 by means of a multiplicity of individual abrasive

35 bodiss, so-called "pellets™, which are mounted ontc the working



30 working disks, such that the material removal is effected 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 by means of a multiplicity of individual abrasive 3
disk (P. Beyer et al., Industrie Diamanten Rundschau IDR 39 (2005) Ill, page 202). Over the course of
time, in the case of the grinding methods 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 s knowrsthat the wear procgeds radially pon:niformly: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 th%oﬁr%g&egeﬁ sétfrdndietor wafers worsens to an increasing degree over the course of the
wear. Depending on the materials of the grinding tool and of the 15 processed workpieces, moreover,
the cuttin% ggga%i%/ of the grinding tool can decrease over time. Lr}gdditign, C{E |r'ls eneralg/ necessary

for a new grinding tool fo e’ 8reos§e5 lﬁ?i%’r to fhetﬁ}%t ﬁgés,ebyomeéri’s of the 'Hor nén Fatrix %eing

supefficially semoved and ‘the abrasivecdraimembedded theéreirn:26 beimgngrrcovered: Therefore, the

prior art includestimming, nevy. or used grinding.toqls. Purng trimming, %‘%‘H@"ﬁ@%%? are
A

moved under pressure agd relative to the tools to be trimmed, such that 25 material removal from the
working disks™orfayers takes plage 2 rrimiRiig? i indereiced-to thears bSi iR reBatabliéfment of the
target shapezof the grinding toabf'trung"); andihe tressing thereefs i.ertheweestahlishment. of its
cutting capacity. 30 EL Beyer et al,,.Industrie Diamanten Rundschau IDR 39 20095) 1ll, page 202 and
DElOZOS@B@fﬁ%&&FGSgﬁée ﬁ%ﬁﬁﬁg iayers n Ihls wWay rorm a trough gkgped
10 radial profile, such that the resulting shape of the processed
semiconductor wafers worsens to an increasing degree cover the

course of the wear.

Depending on the materials of the grinding tool and of the

15 processed workpieces, moreover, the cutting capacity cof 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 bonding matrix being
superficially removed and the abrasive grain embedded therein

20 being uncovered.

Therefore, the priocr art includes trimming new or used grinding
teoeols. During trimming, sultable trimming tocls are moved under
pressure and relative to the tools to be trimmed, such that

25 material removal from the working disks or layvers takes place.
"Trimming™ is understcod to mean both the reestapbplishment of
the target shape of the grinding tool ("truing"), and the
dressing thereof, i.e. the reestablishment of its cutting
capacity.

30
P. Beyer et al., Industrie Diamanten Rundschau IDR 29 (200%)
ITI, page 202 and DE10Z200603245521 disclose trimming
apparatuses comprising trimming rings and an outer toothing

which can be inserted into the grinding apparatus like a



apparatuses comprising trimming rings and an outer toothing which can be inserted into the grinding
apparatus like a 4 carrier and can be moved relative to the working disks by the drives of said grinding
apparatus. The trimming rings described in P. Beyer et al., Industrie 5 Diamanten Rundschau IDR 39
(2005) III, page 202 support a working layer having material-removing action, said working layer
containing ceramically bonded diamond as abrasive 4Said trimming rings are only suitable for dressing
the working layers described by P. Beyer et al., which are composed of a multiplicity of sintered

(vitreous) .metallically honded qrsynthetic-resinshqnded abragive hogjas, - sosealied pellets, Upon the

use of the trimming apparatus disclosed therein and of the method specified therein for trimming
abrasive pads; howevef ahe specifidd Hmating Fings Subject the abrasive pad 15 to wear, without
attaining an appreciable dressing effect. Moreover, the dressing apparatus specified therein has

proved to hbe unsuitable for producing a defined target shape of the working layer. 20 "3De TrizactTm
Diamond Til& 677XA PAd oﬁ%ﬁ%n#gsﬁfd‘clgee uré Rev; A%,GSW Te%ﬁn%gl‘ Apglixc:%alﬁ%%ueﬂetin,
Septémbéri2008; specifies dsnethodTBR thefinitial dfessingl("breaksn?) (of aswoking:-lager containing

bonded ahrasjvg, in whichthin, cirqulay, abrasjve, films,are:siuck, to.stegl disks. JThe steel 25 disks are
toothed and roll on inner and outer pin wheels of the grinding apparatus. Material removal from the
working laysf§< achiavéd By #élatifie Afoveinent Detesn steetdiskartfwarkifg digks undefpressure
and with additieni atwatergEhisaethod s actually suitable for-subsequently dressing-working layers
that 30 have become blunt, or for proyiding newly applied working layers, on the surface of which
abrasive e oty QL e Bebbasd and VISR i STGTs o etk corb & BEs sife, Gith iniial
dresSing for providing ‘a-firse éutting effeet! Thelrhethodsis extrenrely inpracticabladsswever, since 35
the thin abrasive-films applied hy-adhesive-bonding are, ysually. so-cailed pellets.

Upon the use of the trimming apparatus disclosed therein and of

the method specified therein for tTrimming abrasive pads,

however, the specified trimming rings subject the azbrasive pad

15 to wear, without attaining an appreciable dressing effect.
Moreover, the dressing apparatus specified therein has proved

Lo be unsultable for producing a defined target shape of the

working laver.

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

25 disks are toothed and roll on inner and ocuter pin wheels of the
grinding apparatus. Material removal from the working laver 1is
achieved 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
layers, on the surface of which abrasive has not yet been
exposed and which therefore do not yet exhibit a cutting
effect, with initial dressing for providing a filrst cutting
effect. The method is extremely impracticable, however, since

35 the thin abrasive films applied by adhesive bonding are usually



5 worn within a single use, which results in an extremely unstable dressing process with fluctuating
dressing results. Moreover, the abrasive films specified proved to be unsuitable for obtaining trimming
of the working layer to form a defined 5 target shape - preferably plane-parallel surfaces of the two
working layers. DE102006032455A1 teaches that the trimming is advantageously effected
predominantly using free grain. The trimming rings 1€ disclosed therein continually release abrasive as
a result of constant wear, said abrasive ultimately providing for the necessary material removal from

the working layegs..Ithas heen found, however, that targeted dressing,and,n padicular, targeted

production of a defined target shape of the working 15 layers are not possible using trimming rings of -
this type. i 2b8itioR t6 Tif& aboverménisied Spediicdisadvaritagés ofthdited priot art the following
problemsigenerallyr-gcctin durpg rEmmind i accorgancerwith the-priesartc2hEhe frimming leads to a
direction %%Qﬁenodbqﬁné:g o.lfrtlhe g[jgldpl,ggnbehg;liolﬁé t%eog&efzsled ngrkigg %%ye,ﬂrg.rlt hgs gggroggerved, for
example, that some abrasive pads Gsed as atworklng“layergalrea\fjey*have a pfé?erre diréction in a
manrier governed 125 productioAsThe fashidning of apréfeereddirection also oddurs aga result of
the use and asa,resulf.af the trimming itself. Preferred direction should be understood here to mean
that the abrasive pad, with identical pressure, identical rotational speeds and rotational speed ratios
("kinematics") of the 30 drives, identical shape of the working gap between the working disks and
identical cooliogduricationsachieves:-adighet:material remonal rate i one-directior thantin the case

of operatlg% g\étchtroéatlonal S%Gi%%sn t are in eacipr%aese %Xaany tl%% opposite in terms I% sign, but

identical ro atlona(i—jspgerdce %8 ratios and identical pressur% gap shape and coolin
10 disclosged thereln continually release abrasive as a result of
constant wear, saild 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 werking

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

In addition to the abovementioned specific disadvantages of the
cited prior art, the feollowing preblems 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 laysr
already have a preferred direction in a manner governed by

25  production. The fashioning of a preferred direction also occurs
as a result of the use and as a result of the trimming itself.
Preferred directicon sheuld ke understocd here to mean that the
abrasive pad, with identical pressure, ldentical reotaticnal
speeds and rotational speed ratios ("kinematics") of the

3¢ drives, ldentical 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 rotatiocnal 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



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 apparatus. In addition, during
operation 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 loading
during operation with a 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

operatiomqply. in-gne directian. Ghanging operatign is.with directigns.efrotationaf{he drives of the
grinding apparatus that alternate from pass to pass or at least from pass block to pass block
counteracts ¥Rt 4 thtis peimits ffcre unifofm dperating conditidhst 28 IFthekdikirigHajershave a
preferred dirgction,-howeveroperation withralternatingidrive-directions 4s net passile since thickness,
shape, removal rate and surface roughness of the workpieces would then constantly alternate,
constantl?%ﬁ%ﬁ&né%éat inputs would make extremely stringent requirements of the regulation of a
desirably uniform processing process and, moreover, the working layers would be worn differently and

would have tq,be frequentlyiimmed g5 dressed, which,necessitates additional process inferruptions
that adversely affect the economic viability of the method. 30 These restrictions make the otherwise
advantagedus PPE method ARd THE ricdtreskhowit ifthe pridth ArtdF ke&hing cbRstant the shape
and cuttingi behavier-ofdhe warking dayerswhsuitabile famproducing semieonductariwaters of high
ﬂavmssf%%%%&%ﬁ%@k”%ﬁ#ﬁn%%¥@g899@%¥§nfbading during operation with a

16 changing direction. This reduces the usable life of the

expensive carriers and makes the method uneconomic.

The working laver, 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.

200 If the working layers have a preferred direction, however,
operation with alternating drive directions 1s not possible
since thickness, shape, removal rate and surface roughness of
the workpieces would then constantly alternate, constantly
changing heat inputs would make extremely stringent

25 requirements of the regulation of a desirably uniform
processing process and, morecover, the working layers would be
worn differently and would have tc 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 metheod
and the measures known in the prior art for keeping constant
the shape and cutting behaviocr of the working layers unsuitable
for producing semiconductor wafers of high flatness for

35 particularly demanding applications.



7 When the working layers are used for grinding workplaces such as semiconductor wafers, for
example, the upper and the lower working layers 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 Hiy deshed thicknéss whichléad 5 a hefght 'of Eofféspohiding iagRruAE 61 thetFimming

apparatuses. Jhis; has the-effect thatdhe jrimming apparatysesror atleast the rimming bodies have to

be 20 frequ changed. Conseq ently, the resent invention was ha on the following objects: 25
A first obj‘(“égtr r\)ﬁgg gd?]{; eﬁl%rﬁ‘?\p \%0%’ I?p E)Poduc?oﬁj%?a prgfegre%%grectlgn of the working layer

and to reliably: elimihate aﬁiﬂ@réﬁ&ﬂfed direction alyeady present rA secongolsjectowasttezimprove the
flatness, achigyalle by 30,means ekthetimming, of the working,layers.and thus.gf the warking gap.
material than necessary is removed from cne of the working
layers during trimming. This unnecessary material removal has
the effect that the working lavers 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 usualiy processed, and are alsco

15  height-adijustable only tc a small extent. Consequently, it 1s
not possible to use trimming bodies of any desired thickness
which lead to & height of corresponding magnitude for the
trimming apparatuses. This has the effect that the trimming
apparatuses or at least the trimming bodies have to be

20 frequently changed.

Consequently, the present invention was based on the following

opjects:

I~
h

A first obiject was, during trimming, to aveid the production of
a preferred direction of the working layer and to reliably

eliminate any preferred direction already present.

A second object was to improve the flatness, achievable by
3¢ means of the trimming, of the woerking layers and thus of the

working gap.

A third object was to take account of non-uniform wear of the

upper and cof the lower working layver during trimming such that



8 only as much material as necessary is removed from both working layers during trimming. A fourth
object was to enable longer use of the trimming tools. 5 Description of the invention The first object is
achieved by means of a method for trimming two working layers which contain bonded abrasive and
which are 10 applied on the mutually facing sides of an upper and of a lower working disk of a grinding
apparatus for the simultaneous double-side processifng of flat workpieces, by means of at least one
carrier having an outer toothing, wherein the at least one carrier is moved between the rotating

working disks, by.means of i5.a rolling apparatus.and the outer faothing under pressyre op cycloidal

paths relativeto the working layers, wherein loose abrasive is added to the working gap formed
between tHeRFerking RyeFs, i WRith \Working gap the carriers without workpieces inserted therein
move, and material removal from the working 20 layers is thereby effected. The first object is likewise
achieved Zgy eans of a §ecgnd met@od for éﬁTé““%‘% 1tv(\}zo %/vorkiggol%yecrﬁ which r%%gtgin Q%% ed
abrasive an %lr“eréplpl?edﬁr? méﬁﬁn%tuﬁlyefgcmg sides of an 25 Upper and of alower wor ing disk of a
grinding apparatus for the simultaneous double-side processing of flat workpieces, by means of at

least onegmming, apRaratys «samprsing, a fimming disk, a plurality of timming bodies and an outer
toothing, wherein the at least one trimming apparatus is moved between 30 the rotating working disks

by means of a rolling apparatus and the outer toothing under pressure and with addition of a cooling
lubricant, wyhiclr centainsoie substaneeswith @abrasivenaetion, on cycloidal pathis relativentoithe working

layers, wherein thg‘tgimmiﬂg bodies release abrgsive skljjbst nces upon 35 contactw\%i;hcg]eav%/grking

O WOL K4l TETS whilCo contallt Doh &s Ve and
layers ang s efféct material
10 applied on the mutually facing sides of an upper and of a lower

working disk of a grinding apparatus for the simultaneous
double~gide processing of flat workpieces, by means of at least
one carrier having an outer toothing, wherein the at least cne
carrier is moved between the rotating working disks by means of
15 a rolling apparatus and the outer toothing under pressure on
cycloidal paths relative to the working layers, wherein loose
abrasive 1s added to the working gap formed bestween the working
lavers, in which working gap the carrilers without workpileces
inserted therein move, and material removal from the working

20 layers 1s thereby effected.

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

25 upper and of a lewer werking 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 cuter toothing,
wherein the at least one trimming apparatus is moved between

30 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 to the working layers,
wherein the trimming bodies relesase abrasive substances upon

35 contact with the working lavers 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 or dressing. 5 The
second object is achieved by means of a third 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, comprising a trimming disk, a plurality of trimming bodies and an outer

toothing, wherein the-at|eastane yimming @9@«&@%@ meved;between the rotating working disks by

means of a rolling apparatus and the outer toothing under pressure and with addition of a cooling
lubricant, X#HER €Bntalifs Mo §GEStaREeS With Abfasivé attior? ‘on Sythoitlalpatfis felativito the working
layers, whereittthedrimming bogdies release aprasive substances upondoniact withethe working layers
and thus effect material reé’r;oval from the working layers 20 by means of loose grain, wherein at least
80% of the%r%%?%eoﬁimm?nsgsﬁg(%és which comes into contact with the working layers is arranged
withid a ring-shaped region on the trimming disk, wherein the width of said ring-shaped region is

between &%.and. 25%.of the diameter of the.trimming disk,.and wherein 25.the area of the trimming
bodies which comes into contact with the worklgajlayers occupies 20% to 90% of the total area of the

ring-shaped FBEiRI THhE Selord bbfect RikewisE attieved b§ e &t 6F L triihiy 36 apParatus for
trimming byve werking éayess which eantaiihondedcahrasive dand are appliedon:themutually facing
sides of an upper and. of a lower warking disk of a grinding apparatus for simultaneo
double-sziidngaP %)Foc%%"’s“ﬁgncdf flat ig/v%rlgﬁlﬁ'ljec%esc{ “c%)rrlnqplfgs%gaé] r?rﬁ%?ﬁ% d%i%a%l%ra?t%@%r%ﬁ%ﬁg bodies
and 85 arfeutet tovthifry, Whersin IR Triraming BEdiES ¥&lease abradive MOPSUbstance’s ugohscontact

with the working Jaygrs.andcanthus effect material remoyalfram:the working layers by.raeans;of
loose grain, wherein at least 80% of the area of the trimming bodies which comes into contact with the
working I&Sferg S BraRGe P Rithifta fing-shap8t rédion BhthetAmntiig sk whiteifi the Width of said
ring-shapedaegionns betwesrpi¥sand: 25% ofthe diametes of thentrimmirgtdisk, androwherein the area

of the trimming bodies,which comes info contact with fhe working layers geunies 20%,19,30% of the
total area of the
15 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 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
lavers i1s arranged within a ring-shaped region on the trimming
disk, wherein the width of said ring-shaped regicn is between
1% and 25%% of the diameter of the trimming disk, and wherein
25 the area of the trimming bodies which comes into contact with
the working layvers occupies 20% to 90% cof the total area of the

ring-shaped region.

The second.object is likewise achieved by means of a trimming
3¢ apparatus for trimming twoe 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-sided processing of flat workpieces,
comprising a trimming disk, a plurality of trimming bodies and

35 an outer toothing, whersin the frimming bodies release abrasive



10 ring-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 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, 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 20 disks by means of a rolling apparatus and the outer toothing under

pressure angd with.addition, of,a coqling. lubricant, which,centains no.substances with, abrasive action,
on cycloidal paths relative to the working layers, wherein the trimming bodies release abrasive
substanc&d §66ﬁ CORteRT With tREMNORIng 25 RyefstantP this effect iffaterial YeMBaISrdh the working
layers by maeans efleese graiewherein firstly she sadiakshape-prefile-ofdiie the working layers is
measured and the minimum material removal required.for reestablishing a flat surface is determined
therefrom%fé%“é%%h% fﬁ%tvfoo\i}ﬁv%ﬁ(iﬁg Faci/ecrzéj,na{n%l%o %ﬁge%e?ﬁ%fﬁe ﬁ?ﬁr’ﬁ%rlggp%%ggga is tﬁ%n carried out,
whergin the removal ratesfromahe Lippesandehe lotrworkingtlayertareset by méans of a suitable
choice of the flow,rate,af the cogling lubricant-and also-the pressure with-which fhe ypper warking disk
is pressed against the lower working disk during |l trimming such that their ratio corresponds to the
ratio of the Hinfhuf fRafSrRIMFRovAS. THE fourtiBHjRE: iS-athieval by Meand Bf & fifth éthod for 5
trimming o wesking layers whichidentaimbended-atarasive and-aretapptied onrthe mautually facing
sides of an.uppet and. of 8 lower working diskot 2 gdnding anparas fanthg sinuitanegys double side
processing 0 lat %vor[?ﬁ’leces, y means of at least one trimming apparatus, comprising a trimming
disk!@ plurality\wheframning bedies 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 g:oolin%lubricantw which contains ng suﬁgiéances with
abrasive attion: 'oh'&ycididal paths 15 FEARVE to the Workiny I%lgef:s, Whetein the tilming bodies
release abtasivel substances-upameontagtwith thelwbrkinglayérs and thus effect miaterialrémoval
from the working layers by means of leose, grain,; wherein_tk terdoqthing.| ight-adjustable
relative to the t#ﬁ%ﬁﬁ%l&n 2 'I"ghct;f)\n oﬁ%lo jercktéllg}i égwigsgga(%ﬁigtetdgg?/ r#w%gﬁ%e o%%ﬁcri#ni%g
appafatus foremndineg b6 wbkRingdayersIhick eoftafiBerdedis 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

20 disks by means of a rolling apparatus and the outer toothing
under pressure and with addition of a cooling lubricant, which
contalins no substances with abrasive action, on cycloldal paths
relative to the working layers, wherein the trimming bodies

release abrasive substances upon contact with the working

4]

25 layers and thus effect material removal from the working layers
by means of lcose graln, wherein firstly the radial shape
profile of the two working layers i1s measured and the minimunm
material removal required for reestablishing a flat surface is
determined therefrom for sach of the two working layers, and

30 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 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



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 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
removal from the working layers by means of 30 loosge grain, wherein the outer toothing is
height-adjustable relative to the trimming disk. The methods according to the invention are suitable, in

particular, for timming abasive, pads, Jhe expression . 12 :abrasive padt is.defined fuker helow in
the context of the description of the apparatus. Brief description of the figures 5 The invention is
describedirPdétail vBfowr with refefBIitEtbigures. Figure IA shows, as a comparative example, the

material removal W rates from semiconductor wafers which are obtained after trimming, not according

to the invgntion, in grinding processing passes with a direction of rotati all the drives that
atormatod Hom DSe 1o PAAL FigurE 18 Ehone o Malerl roroval ratbe o Somioretisor wafers
which aretobtitainectafterdriming accrliy © theiseeondniethod aeaciding:torthe ingerition in

grinding l%rs;ge%%%q passes,with a directign of rotation of all the.drives.that,alterpatesfrerm pass to
pass. Figure 2A shows the radial profile of the width of the working gap after trim_min% of the working

layers by Hi&5is 6FthEthd method dcfording toithe ifvatibA-w> tor the simultaneous

double-side processing of f£lat workpieces, by means cf at least
one trimming apparatus, comprising a trimming disk, a plurality
10 of trimming bodies and an cuter 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
15 relative to the working layers, wherein the trimming bodies
release abrasive substances upon contact with the working
lavers and thus effect material removal from the working layers
by means of loose grain, wherein the outer toothing 1s height-

adijustable relative to the trimming disk.

20
The fourth cobiect is likewise achieved by megans of a trimming
apparatus for trimming two working layvers which contain bonded
abragsive and are applied on the mutually facing sides of an
upper and of a lower working disk of a grinding apparatus for
25 the simultanecus double-sided processing of flat workpieces,

comprising a trimming disk, a piurality of trimming bodies and
an outer toothing, wherein the trimming bodies release abrasive
substances upon contact with the working lavers and can thus
effect material removal from the working layers by means of

30 leoose grain, wherein the ocuter toothing is height-adjustable

relative to the Trimming disk.

The methods according to the invention are suiltabie, in

particular, for trimming abrasive pads. The expressicn



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
shows 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 carrying out the fifth method
according to the invention. 13 Figure 30 shows a fuyther trimming apparatus suitable for carrying out
the fifth method according to the invention, comprising thick trimming bodies. Figure 30 shows the

trimming apparatys, ilustiated in Figure 30, with,thinawogn yimming badies. , Figure 44-shows an
embodiment of a trimming apparatus suitable for carrying out the third method according to the
invention “REFIth Bimiing bodie’ atRfed Stone pitch circle. Figure 40 shows an embodiment of a

trimming apparatus suitable for carrying out the third method according to the invention, with trimming

bodies aréaxrkg?e%%{% a é)rllirajétyaof pcl}t%h %clei“silS Fl%ure 40 shows an embodiment of a trimming
suitablé e

apparatus or car?ymg out ird method according to the invention, with trimming bodies

shap&d in elongate fashion. Figure 40 shows an embodiment of a. trimming apparatus suitable for

carrying aytthe third methpd according {g the inyeqlion,;with, imming; bedies having different shapes
arranged on a plurality of pitch circles. 25 Figure 5 shows a grinding apparatus whose working layers
can be trimfi&d B§ means of the methods according to the invention.

Figure 1A shows, as & comparative example, The material removal
10 rates from semiconductor wafers which are obtained after

trimming, not according toe the invention, in grinding

processing passes with a direction of rotation of all the

drives tThat alfernates from pass to pass.

13 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 rotation of all the drives that

alternates from rass To pass.

Figure 2A shows the radial profile ¢f the width of the working
gap after trimming of the working lavyers by means of the third

mathod according to the invention.

25 Figure 2B shows, as a comparative example, the radial profile

f the width of the working gap after trimming of the working

O

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

Figure 3A shows elements of a trimming apparatus sultable for

30 carrving out tThe f£ifth method according fo the invention.

Figure 3B shows a complete trimming apparatus suitable for

carryving out the fifth method according Lo the invention.



List of reference symbols 30 1low material removal rate after trimming not according to the invention
2high material removal rate after trimming not according to the Invention 14 3amaterial removal rate
achieved during processing in one direction of rotation after trimming according to the invention 3h
material removal rate achieved during processing in an opposite direction of rotation after trimming
according to the invention 4small local working gap ydth after trimming according to the invention
5large local working gap width. after trimming according to the invention 6small local working gap

VWdﬂ]aﬂe%f@@?@”%eogﬁg%gd@gfurther trimming apparatus suitable for
carrying out the fifth method according to the invention,

comprising thick trimming bodies.

5 Figure 3D shows the trimming apparatus illustrated in Figure

3C, with thin worn trimming bodies.

Figure 4A shows an embodiment of a trimming apparatus suiltable
for carrying ocut the third methoed according to the inventicn,

10 with trimming bodies arranged on one pitch circle.

Figure 4B shows an embodiment of a trimming apparatus suitable
for carrving out the third methed according to the invention,

with trimming bodies arranged on a plurality of pitch circles.

—
“h

Figure 4C shows an embodiment of a trimming apparatis suiltable
for carrying out the third method according to the invention,

with trimming bodies shaped in elongate fashion.

20 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

clurality of pitch circles.

25  TFigure 5 shows a grinding apparatus whose working lavers can be

trimmed by means of the methods according to the invention.

List of reference symbols

30 1 low material removal rate after trimming not according to
the invention
2 high material removal rate after trimming not according to

the invention



to the invention 7large local working gap width after trimming not according to the invention 15
8trimming body 9trimming disk 10outer toothing lie hole in toothing lib 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 whichthe timming bodies,are artanged.onthe timming,disk. s s i ng in one
direction of rotation after trimming accerding toe the
invention
3b material removal rate achieved during processing in an
5 opposite direction of rotation after trimming acceording tcoc
the invention
4 small local working gap width after trimming according to

the invention

5 large local working gap width after trimming according to
10 the invention
3 small local working gap width after trimming not according

to the invention
7 large local working gap width after trimming not according

to the invention

15 8 trimming body
9 Trimming disk
10 outer teoothing

11z hole in toothing
11k hole in trimming disk
20 12 shoulder in trimming disk for lowering the toothing
b trimming body with large remaining useful heilght
ie trimming body with small remaining residual useful heilght
17 pitch circle of the arrangement of the trimming bodies on
the Trimming disk
25 l8a external diameter of the ring-shaped region within which
the trimming bodies are arranged on the tfrimming disk
18b internal diameter of the ring-shaped region within which

the trimming bodies are arranged cn the trimming disk

19 further pitch circlie of the arrangement of the trimming
30 bodies on the trimming disk

20 fixing or centering holes of the trimming bedies

51 upper working disk

52 lower working disk

53 rotetional axis

35 54 holes for feeding cooling lubricant



19further pitch circle of the arrangement of the trimming 30bodies on the trimming disk 20fixing or
centering holes of the trimming bodies 51upper working disk 52lower working disk 53rotational axis 35
54holes for feeding cooling lubricant 1.5 55working gap 56carrier 57inner guide ring 58outer guide
ring 5 59workpiece 60upper working layer

15

55 working gap

56 carrier
o7 inner gulide ring
58 outer guide ring

5 59 workplece
6 upper working laver

61 lower working layer

Description of the apparatus used

Figure b shows the essential eslements of an apparatus according
to the prior art whose working lavers can be Trimmed by means
cf the methods according to the invention. The illustration
shows the basic schematic diagram of a two-disk machine for

13  prccessing disk-shaped workpieces such as semiconductor wafers,
as 1s disclosed for example in DE19937784A1, in perspective

 view. An apparatus of this type has an upper working disk 51
and a lower working disk 5Z with collinear rotational axes 53
and with substantially plane-paraliel arrangemsnt of the

200 werking surfaces of the working disks with respect to one
another. According to the prior art, the working disks 51 and
52 are fabricated from gray cast lron, cast stainless steel,
ceramic, compcesite materials or the like. The working surfaces
are unccated or provided a coating made of, Ifor example,

25 stainless steel or ceramic, etc. The upper working disk
containg numercus holes 54 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 an inner drive ring 57 and outer drive

30 ring b58. The carriers 56 sach have at least one cutout which
can receive a workpilece 59 to be processed, for exanple a
semiconductor wafer. The rolling apparatus can be embodied for
example as pin gearing, as invelute gearing or as some other
customary type of gearing. Upper working disk 51 and lowex

35 working disk 52 and inner drive ring 57 and outer drive ring 58

are driven at rotational speeds n,, n,, n; and ng; about



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 of the
methods according to the invention. The illustration shows the basic schematic diagram of a two-disk
machine for IS processing disk-shaped workpieces such as semiconductor wafers, as is disclosed for
example in DE19937784A1, in perspective view. An;gpparatus 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

arrangemefy, QE%%%W%N ng sudfaces ofthe werkingdisks,with Lespect iq,0ne anpther, Aceording to

the prior art, the working disks 51 and 52 are fabricated from gray cast iron, cast stainless steel,
ceramic, E5mpBsitd fatéridls O fHelike® The\Forkirfg s tfaces dte tinitoated Srrovided 20¢Gating
made of, foriexampte, 125 stainless steel oeeeraniic,£ie.sTherupper working-disk coatains-numerous
holes 54 truah which 8, caling Jufricant (e.g.water).¢an be fedq the warking gan, 58, The
apparatus is prowdela with agolﬁng apparatus for carrler's% - The Tol ing apparatus consists’of an inner
driveing@BTFard sufet 88 B0aing-58. FieEarriefd 56 aEk hiavé at feast oRe tlfout wWHieH €&n

receive aworkpiese ©9:19 be°progessead; fori examplea.semicopduetor Wafer= The solling apparatus
canbee boi(ieg forpxargEIe as pin earin%, as involute ge r.iQ%or as stt%other customa% type of
gearing. Upp rw&rk?’n%mEE‘ B1'and lower 35-warking disk 52 and ififerdrive reisngaé‘ﬁfsahdso%(fer drive
ring 58 areldrivenrat rotationallspesdsiman"wnb ahd na abouf 216 substaniiatlyvidenitival akess 58. in this
case, "substanfially, means that, the,offset,of the axes.qgfrotation, of fhe individual drives selativg to the

central axis of all the drives amount to less than one per mille of the diameter of the working disks, 5

and the tilfihg ot the BREE withTeBpd& 6 bhe dnbiier modhtei6 I€881haR 2: A cardanic suspension

of the upper working disk 51 compensates for any residual tilting of the axes, such that the mutually

facing w i@%%ﬁ%ﬁ?ﬁ% the working disk 8%%8%{‘%0‘59%‘@%%5“‘i@%\éid@@f‘c%”})/ diztributed
force and W without wobbling movement relative to one another.
working surface. The working lavers are preferably abrasive

pads.

An “abrasive pad” 1s understood hereinafter to mean a werking
layer composed of at least three lavers, comprising
- a closed, continucus cor interrupted useful layer, facing away
from the working disk, in the form of a smcoth or structured

20 film, a woven fabric, felt, knitted fabric or individual
elements, which contains bonded abrasive and has a useful
thickness ¢f more than one abrasive ¢grain laver and at least
one part of which makes direct contact with the workpieces to

be processed and thereby brings abocut material removal;

o]
A

- a 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 laver and connects
all the elements of the useful layer to form 2 continuous unit;
and

30 - a closed, continucus or interrupted mounting layer, which
faces the working disk and, over the pericd of the useable life
of the useful layer 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

5]
th

example by means of vacuum (sealed mounting layer),

magnetrically {mounting layer contains a ferromagnetic layer),



Each working disk 51, 52 supports a working layer 60, 61 on its working surface. The working layers
are preferably abrasive pads. 15 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 more 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 mataal iempydl 25,4 caniral clased. ar at legstegntinuous
support layer in the form of a smooth or structured film, a woven fabric, knitted fa ric or felt, which
supports t efuRaver dritPEonnecls & tHe’ 8lefidtits bEth& et aFertd 6/ asontinuous unit;
and 30 - g elosedepntintpus QI taypteduounting-tayes which: faces4be workingglisk and, over
the period@g&thenj,ﬁseeagli@rlifg o{;{the u%efgglagfggga sh%t r p%rlilodﬁ deé%grglig d y%l}%r%sgl},léorms a
force-locking or ﬁ)osnive y focﬁin% g&mposﬁe”asse?nﬁﬁy with the Worﬁing iSk of the grinding apparatus,
for 35 exampleibyemeans obvacutfim (Senlad vsoifting |1yer), ahagastically {Mouating layer contains a
ferromagpeticlayer). 114 hook and lopp-fastener {mounting @yfr andqyworkingidisl centains’hoak” and
"loop"), adhesive bonding (mounting layer is provided with self-adhesive or activatable adhesive layer),
etc. The abFaSivE pals eibstic ARd canhed detatRgH FonT the's Working digk By Pedifiy Mbvement.
The abrasive padcannparticdlanly Wherocavermgaparticudrhye: large working disksq be subdivided into
up to eight segments,which.can be remaved or. moynted individually to form a gap-free parguetting of

T d

the working disk area to be covered.

10
Suitable abrasive pads are described for example in USH2hETS%4.
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 regicns). In this case, the islands becoms

engaged with the workpieces and thus bring about material
removal . The trenches feed in cooling lubricant and carry away -
resulting grinding slurry. The absolute size of islands and
trenches and the area ratic thereof (suppcrting area proportion

20 of the working laver) constitute crucial features for the
material-removing function of the working laver. The islands of
cne abrasive pad that is preferably used {Trizact™ Diamond Tile
6T7XA or 6T77XAEL IZrom 3M Company) have for example a sguare
shape having an edge length of a few millimeters and are

25 separated by trenches having a width of approximately one
millimeter, thus resulting in a supporting area propoertion of

between 50% and 60%.

The abrasive used in the abrasive pads is preferably diamond.
30 However, other hard substances are likewlse sultable (for
example cubic boron nitride (CBN), boron carbide (B,C), silicon
carbide (5iC, “carborundum”), aluminum oxide {Al,0s,
“corundum”), zirconium oxide (Zr0.), gilicon dioxide (310;,

“guartz”), cerium oxide (Ce0;) and many others.



10 Suitable abrasive pads are described for example in U55958794. 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 engaged with the workpieces and thus bring about material removal. The trenches feed in
cooling lubricant and carry away, resulting grinding skurry. The absolute size of islands and trenches
and the area ratio thereof (supporting area proportion 20 of the working layer) constitute crucial

features for the materigl-rempying functign.of the working layer. The islands gf.ane abrasive pad thatis
preferably used (Trizact'm Diamond Tile 677XA or 677XAEL from 3M Company) have for example a
square shiap@ Faving af edge téifgthOf alfed millimetefs Bfd aFé 25'Separatéd by tRerthes haling a
width of approximately ene millimeter thus-resulfingiinia suppesting:area proportion-ofibetween 50%
and 60%'0@%%%29%\’&”\816(1 igéthg abrasive,pads is Or_@éea[ilt%lg ia\molgg. 30 However, other hard
substances are likewise %uita%é? or e‘%amp?é‘cubic oron nitride (é)g ,%oror’l car Tgé (@E&), silicon
carbifle (SiC:réarBorunduniicalyminiuim ©xides(A203, "corundum™), zirconium oxide (3r02), silicon
dioxide (SiO4, "quartz"), cerium oxide (Ce02) and many others. 18 However, the abrasive grain can
also be directly bonded into the surfacgoqf the workin% disk or be present in the form n areal

f
covering RG0SR By MEAH o MU RO 5 TORIdUE gRRdRE oo &5 dalied "pellets”
which aref5 rratinted ohto theweorkingdisk cTheiworkinlg gap: formesi-betweken:the aviarkingdayers 60
and 61 fixgrl. o the,upper working,disk, 51, and.lawer working-disk 52, within which.gap the

semiconductor wafers are processed, is
10 designated by 55 in Figure 1.

Description of the first method according to the invention

In the first method acccrding to the invention, locse abrasive
15 {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 liguild, for example water, is
additicnally added. No workpleces are inserted into the

20 carriers in this case.

Specifically, 1t has been found That the working lavers, upon
losing theilr cutting capacity, can be dressed again in a simple
manner by a procedure 1n which the carriers, which octherwise

25 carry the gemiconductor wafers during the grinding processing,
are left in the grinding apparatus, some loose lapping grain
and, if appropriate, some liquid are added and the carriers are
then moved by means of the rolling apparatus under pressure on
cycloidal paths relative to the working lavers. This functions

30 very well particularly when at least part of the surface with
which the carrisers come into contact with the working layers

consists of an elastic material.

Carriers preferably used in the PPG method are described in
35 DE102007013058A1. They consist of a steel core, for example,

which brings about the necessary stability during the rolling



W designated by 55 in Figure 1. Description of the first method according to the invention In
themethod according to the invention, loose abrasive 15(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 {he 20 carriers in this case. Specifically, it has
been found that the working layers, upon losing their cutting capacity, can be dressed again in a

simple MARALRYA Pracegire hich ihe cadisrs. wRch ofiersse, 25 sy ne gemisapluctor
wafers during the grinding processing, are left in the grinding apparatus, some loose lapping grain and,
if approprigte dSorié fiqid are stiet Hhathd tarfiersdre ten Afoved by ieé&ns of the rolling
apparatugunderpressure, on,eycoidalpaths welative to theawarkingslayerss T hisfunctienss30; very well
particular%/ wi%?n at;llgggttggrt of the surface with which, the cgggersmco e int% contact with %Qe working

layers consists of an elastic material " Carriefs Epe?gr%bWus%n in‘the method are described in

35DE1026070E3058AL: Theylvonsistofia stdet core; 461 exarnple, whichcbrirgs alsout #hie necessary

stability dyring the.ralling, 19, movementunder load, anda geating.made af assafterbut vertough and
abrasion-resistant material, for example a polyurethane, which forms wear protection %‘gainst wear

caused by R REAAIR ChttinG - SHeatmg and Péeling fofcHs ot ihd abrasive grain bafded in the
abrasive pad;isaid; faregs: having aheeffget dofing pracessinge ttzhasinow beeh#owid: that doose lapping
grain introducedinto the gap between carrier and warking laygrsettles partly and-temporagly in the
elastic coating 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 relative movement between the carrier with the
lapping grain thus entrained in a semisclid fashion and the

working lavyer.

Investigations with carriers having a hard, inelastic surface
known from lapping or double-side polishing have shown that
locse lapping grain is immediately stripped away from their
smooth surface owing tce the large edge length and small extent

20 of the isliands of the abrasive pads used (as described above]
and 1s carried away without effect via the trenches. Only the
use of carriers of which at least one part of the surface that
becomes engaged with the abrasive pad consists of a soft,
compliant material has & sufficlent “driving effect” on the

25 lapping grain in order to gulde the latter over the surface of
the i1slands of the abrasive pad that becomes engaged with the
workpieces and thereby to bring about material removal from

them.

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

35 does not constantly have to be replenished. As a result, the

cooling lubricant feeds in the upper working disk of 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 relative movement between the carrier with the lapping grain
thus entrained in a semisolid fashion and the working layer. 15 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 smootk;surface owing to the large edge length and small
extent 20 of the islands of the abrasive pads used (as described above) and is carried away without

effect via ghe yranchies, Only dh use gf ganers sbwbichatdeast pne.pahof hieuriacs dnathpromes

engaged with the abrasive pad consists of a soft, compliant matérial has a sufficient "driving effect” on
the 25 lappitid §f&in 1 Bfdet 18 YUfde hR affersuei the Suffade of therisiahbls BF tHabrasive pad that
becomesengaged with-the werkpieges andtherebydodbringratut meterialasemavakfromibem. 30 It

has been gbserved that it suffices A(o] .add lapping grain anee pefore,the bs??ggﬁm%% of.this dressing. it

has been%ouné)fhat the fap ing grain, owing to the soﬁj anti-wear layers of the Carriefs, remains long

enough faridressing oF Helworking fHyers ttheFerkig gap formedhetwéef the wotking layers and

35 does notsenstangy have e be replenished: As@ resultnthesooling upricapt feedsdn the upper

working disk of the %Ir\jnding appar &lés remain free oglar;%ié\% GqALrI:;}in, and, after the Workifigelgyers have
aslily

been dressétfin'this rf%f‘,r%he grin ingsap%%rgtﬁg%an'éf e pu?gtf}élpl aﬁa i%?n%%?&téi‘i/ used again for

the processingof sénvcoriductorawafersyinithl nexe pass awithour préductisarof anddsired scratches as
a result of lapping grain that has remained in the grinding apparatus or lapping grain residues released
by pi%rging in an uncontrolled manner from the cooling lubricant feeds on the semiconductor wafers.

The hardness of the described parts of the surface of the
carrier is preferably between 20 Shore A and 80 Shore D.
Particularly preferably, the hardness is between 60 Shore A and
95 Shore A. The lapping grain used preferably has an average

15  grain size of the crder of magnitude cof the abrasive grain of
the working lavers that brings about the material removal from
the semicenductor wafers. The abrasive pads Trizact™ Diamond
Tile 677XA or 677XALEL from 3M Company have grain sizes of
between 1 and 12 um, depsnding on the specification. The

20 lapping grain preferably used for carrying out the first method
according to the invention has a grain size oi between Z and
15 pm. Suitable lapping grain consists of aluminum oxide
{corundum), silicon carbide, boron nitride, cublc boron

nitride, boron carbide, zirconium oxide and mixturesgs therect.

It has been found that this dressing only brings about very
little material removal from the working layers. That 1s

advantageous for purely dressing the working layers because
firstly the shape of the working layvers i1s not changed as a

sult, and secondly, moreover, an unnecessarily large amount

L2
o
3
4

of material is not removed from the expensive working lavers,
preferably containing diamond. Despite the small material
removal, the dressing effect proved to be good. In particular,
the abrasive pad dressed in this way had no or oniy a ver

33 small residual preferred direction, that is to say yielded

identical or wvirtually identical semicenductor material removal



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 15 grain size of the order of magnitude of the abrasive
grain of the working layers that brings about the material removal from the semiconductor wafers. The
abrasive pads TrizactP5 Diamond Tile 677XA or 67#XAEL from 3M Company have grain sizes of
between 1 and 12 pm, depending on the specification. The 20 lapping grain preferably used for

carrying qutthe first method accarding to the-ipventionhas-a grain sizecofhetween 2 .and,15 um.
Suitable lapping grain consists of aluminum oxide (corundum), silicon carbide, boron nitride, cubic
boron nitffde: Hofort TarBitR, FtcoifilimOXe and fixtbirés therdofS "5 AR hédrP fotid thabhis
dressing enlysprings about very litde materalremovatiramdhe workingdayers:-That-is ‘advantageous
for purely dregsing,the working layers bigcause firsfly the shape of theworking layers is not ghanged
as a 30 ré’surllt, and secondly, moreover, an unnécessarily large amount 6TJméte¥iaF|s not removed

from the expensivefwerking: fayers, preferably containing diamond. Despite the small material removal,
the dressing effect proved to be good. In particular, the abrasive pad dressed in this way had no or
only a very 35 imall residual rJ?ferre %irection, that is to say yielded identical or virtually 1i{gic?ntical

at

semiconductst materiaf refidval “21 Fates i the Stibsaquent gritdittg Brocessing of semiconductor
wafers in boths directionsrof rotation, Thisemethod iprgved to-be verrwelk sdited:to dressiagt Acchange
in shape €fuing).cannat be qarded out by, this means: Thg warkingJayers are 00 cages
10 during the grinding processing of semiconductor wafers. As a
result, a coating of the carriers that was initially too thick
or non-uniform, for example, was able to be thinned or levelesd
without the need to carry ocut for this purpose a large number
of passes with semiconductor wafers which should have been
15  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 withcut addition of lapping grain does not work: 1t was
found that the working layers thereby become blunt very rapidly

20 and material removal no longer takes place.)
Description of the second method according te the invention

In the second method according to the invention, the working

25 lavers 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, 1.e. reversal at least twice, of the direction of all
the drives (upper and lower working disks and outer and inner

30 rive rings) of the grinding apparatus.

The invention is based on the observation that the remcval

behavior of many working lavers is influenced by the previous

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

proncunced “memory” of 1ts pretreatment, to be precise both



5robust 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 10
during the grinding processing of semiconductor wafers. As a result, a coating of the carriers that was
initially too thick 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 semiconductor wafers which should have
been 15 rejected as non-dimensionally accurate rejects. (Direct thinning by grinding or leveling of

non-unifofmiy cqated, carmiers by meyement hetween t;}%:}ee}é’é’ﬁﬂ% 'acyﬂ%d%%: Rregsyregnd without

addition of lapping grain does not work: it was found that the working layers thereby become blunt very
rapidly 20- &R riaterfal rBmovaliié origer takestace F BRSériftich-of thé SécoRd hieth6d according to
the inventiemin thersecend method accerding: tasthe ipvertion; e working 25:/ayers are.dimmed
using a trirgr\pienlgraepdo%atusrvg)l%jpg #hgg érimming bodies having bonded abrasive which release
abrasive gurlng the trin%/mi%g. he frimming takes place with repeated reversal, i.e. reversal at least
twice] of the direction of all the drives (upper and lower working disks and outer and inner 30 drive

rings) of the grinding-apRaratuss Thednvention4s based 9B the ghseryation that the remgyal behavior
of many workin[géaéers is influenced by the pr%vious use thereof. It was observed that the worléing

layer has Wit '35 regard to its"grinding BeRavior & more BRiess fighly « -7 @-Fection o

¥
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 betwsen the
material removal rate during operation in the preferred
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 which the trimming was
effected. It had likewise been found that the manifestation of
a preferred direction quantified in this way became all the
greater, the longer the working layers had previously been used
in one direction and the greater the amount cof associated pad
wear involved in such use.
20

By virtue of the reversal in direction of all the drives at

least twice, the material removal per partial step carried out

in one direction and hence The manifestation o0f a preferred

direction are reduced.

Preferably, during each subseqguent partial step of the trimming
process, that 1s to say from direction reversal to direction
reversal, less and less material is always removed Ifrcm the
working layers than in the preceding partial step. This can be
30 achieved by reducing the duraticon of such a partial step, by
decreasing the pressure during trimming or by reducing the path
spead (shortened length of tThe Trajectory during a partial

trimming process).

(V5]
wh

Farticularly preferably, the partial steps are progressively

shortened such that, during the last partial step, the



pronounced "memory" of its pretreatment, to be precise both 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 preferrgd direction of the grinding behavior of the working
layers. It W had furthermore been found that the difference between the material removal rate during

operation.ip {the preferred direction, and thatduring.operation precisely eaunter fo.thegpreferred

direction became all the more greater, the longer and the greater the material removal with which the
trimming WASTESFEfféctad St Rad Tikewise GeSTROURE thatthe maRifetation o préterfed direction
quantified i thissway became all the greater, the longer the working layers had previously been used
in one direction and the greater the amount of associated pad wear involved in such use. 20 By virtue
of the reversal in direction of all the drives at least twice, the material removal per partial step carried
out i oné diféetivhland heree thermanifesthfion BF & préferreddirettion aréTediited. 25 Préferably,

during eagh skbsgquentpastial.step. of therimminggreecass: thatds ta say-kemedirection reversal to

direction rey isalfle% and less material ish algv,a S rgg]oygg fr%n} thSe. \X/fvgrg\[% Ila%e%sotgl N #n jFge
precedinge% r%ia?ste‘p. This'can Be 38athieved y reducing the duration of stich a partial step, by
decreasirgthenmressure duringtamming ‘ortbyredacingthe patiespeed(shoaeaed fength of the
trajectory during.a. partiah gimming; procgss):- 35 Particllarly; preferably, the- partial sieps@tend

progressively shortened such that, during the last partial step, the thickness of the working layers

decrdases'Heds thanthe averaye diamet8rof-the abPssive grain honded i the-Working &yers.

average grain size affords no further advantage or any possible
advantage no longer justifies the disadvantage of the Increassd
time expenditure. It was likewise found that material removal
of more than one grain layer often still leaves a preferred

15 direction.

If the grain distribution and mixture of the working laver is
not known exactly, the average grain size can be determined in
a simple manner. For this purpose, the grain i1s extracted from
20 the bonding matrix mechanically (by comminutlon), chemically
(dissolution 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 tc a specimen slide and

a micrograph i1s produced. The grain sizes that can be discerned

S
Lh

on the micrograph are then counted using a set of shape
stenclls. The average grain size and any deviations from
normalized standard grain size distributions can immedliately be
read from the resulfant histogram of the grain size
distribution. The accuracy with which the grain sizes can be

30  determined even using simple laboratory means in the simple
manner specified i1s sufficient in any event for carrying out

the trimming methods according to the invention.

The effect of ths second method according to the invention is
35  elucidated below on the basis of an example and a comparative

example (Figure 1). In this case, identical abrasive pads were



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 M that a further reduction of the last removal below 10% of the average grain size affords no
further advantage or any possible advantage no longer justifies the disadvantage of the increased time
expenditure. It was likewise found that material removal of more than one grain layer often still leaves

2 preferred 1ggiestion. f the graim distriution, and midyte.afhe sarkiog Javer s ngtigiown exactl,

the average grain size can be determined in a simple manner. For this purpose, the grain is extracted
from 20 tH& BBAdIng Thatfix Frecherically (by @orimiRttion chémitady {dis¥s1uficit BF séparation of
bonding matrix and fillers) or thermally (separation by melting) or by a combination of these methods,
and is apel}iledﬂin a thin I%%fé to 8L§P§cimgn slide and ag;']?@%ﬂf%@%{s groduged. 'Ehetﬁrain sizes that

can be dlscerngg 250N the micrograrﬁﬁ aré then counted using a St 0f shoabeas]’[enu S The average

grainsizedarid afy deviatiense froarneravalizet Starfdard igpain size-distibutions can imfriediately be

read fromdhesresuyltanthistggram otthe,grain size distribuion. The aceuracywith which the grain sizes
can be 30 determined even using simple laboratory means in the simple manner sgecifieq is sufficient
h

in any ev8RtTOF GartyihgBUY the Ty ThetHEis ackording & the VBnfoH: © The SHddt of the
second methiodthaccordmgsto the inventiendsi85 «)ucidated beloyw onthe basisiafanlexample and a

comparative example (Figure 1)-In this case, identical abrasive, pads were .24 trimmed once, ¢

according to the invention (example) and once in manner not according fo the invention (comparative
exarttble)2fh theExanibié lddring FimiiAings Sthe diettidn f aff thedivss Wad réverséd seven times,
that is to Say-thial @ totaref eighbtrilaming-passesaverecarried oubra thiscase stheanateratremoval
was additionally reduced.upon every seegnd trmiming pass, in ihe example. i progregsivesgmoval
reduction was éffecte %y repéatedly shortening the duration of -

working laver, as determined by pad thickness measurements, 1is

in this case removed by up tce 10 pm; in the last pass, the

-

13 removal was pelow the measurement limit (I um).

In the comparative example, 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 to the invention were subseguently used for in each
case 15 successive grinding passes. 15 wire-sawn
monocrystalline silicon wafers having the orientation {100) and
25  having a diameter of 300 mm were processed during each grinding
pass. Five carriers were each eguipped with three silicon
wafers. Figure 1 shows, on the y-axls, 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
300 the x-axis. Each data polnt therefore corresponds 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
lowsr 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 unfillied

symbols 1 and 3a therefore all correspond to an identical



W an individual trimming pass from initially one minute to finally five seconds. 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 pm; in the last pass,
the removal was below the measurement limit (1 m). In the comparative example, 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 to the invention

were subsequently used for in each qase, 15, sycgessive grinding passes. 18 wire:sawn 1 o4

monocrystalline §i|icon wafers having the orientation (100) and 25 having a diameter of 300 mm were
processed WG Bachdjinding (Fasst FRRCEATTiERs WeFe' edctegdipped diththres Sificorwafers.
Figure 1 shows, ©ndbearaxis,the materiak-removad ratedVIRRoabtatnegdin dhis casea in uminin. The
time T in units of successive PRG grinding passes carried out.is indicated o the x-axis. Each data
point therefore corresponds to at%%é@ %gégs&l:lrgrrﬁ Sri 6?%51@%&’55% ?h(—‘? n]%ne%?,1 f egéi%élc%‘bﬁgof
rotatidn obal tieeddvestfthe Gy apparafus (Gpperasd lowWersicrRMbeEdisks; snrier andssuter

drive rings of the rolling: apparatusiforthe.carriers) wasi in each caserexastly invededg5(change of
sign for all rotational speeds). The unfilled symbols 1 and 3a therefore all correspond to an identical
25 rotational speed Confightation ofthe ‘a?ivé!gsé:rfdl B hilBA S iboid 2 Entd 3 86rrédpond to such a
configuratibir withnin eagh €ase exactlyinverted directians ofsretation. Apart from the reversal of the
direction of rotation, all of the grinding passes in the example and the comparative example were

carried
16 Figure 1B shows the result 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
directicns of rotation. It 1s not possible to discern any
"preferred 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 direction of the abrasive pad is clearly
discernible: All the removal rates Z in cone direction are
significantly higher than the removal rates 1 in the
corresponding copposite direction of all the drives. The

difference in removal rates between one direction and the other

-2
[ ]

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

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

35 the other working disk. An example of sultable senscors,



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. Figure 1B shows the result 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 directions of rotation. It is not possible to discern any "preferred
direction" of one direction of rotation or the 15 otherpgither governed by trimming or governed by
abrasive pad production. Figure IA shows the result of the comparative example with the abrasive
pads trimmed.not.according to,the-invention; A,20 pranounced preferred; directign of the abrasive pad
is clearly discernible; All the removal rates Z in one direction are significantly higher than the removal
rates 1 in'the %6??%@6311ding opposite direction of all the drives. The difference in removal rates
between one direction and the other 25is up to almost 100% (relative to the lower removal. rate 1). A
PPG procass of this tpe isuery unstable, &y PEG apparalus generally s, gn appaatus for measuring
the instantaneous thickness of the semiconductive wafers during processing, which 30 ends the
procéssingUuporthetafget thigknesshieing @iamedi(eh8 Poirt sSwiteh-cH 1THE efid polirit switch-off is
realized ferexampledy-means of eddy gurrentsensors ingerparatesindhe suefage of one of the
working dishks hich sensor determine the distance betw%en said surfgfe and the Sélrface of 35 the
kel I]I?SE a5 6?61’1 at.fabj]nea everbém_ n g Iaﬁ%l % regduce .

other worﬁlng ISk ~An example of suitable Sensors, arrangenients and measuring processes is
describedin:BDE321 3252411 :0wing 1o the essential fun-oh iof tiecdrives @raking of the working disk),
an unavoidable.subsequentgringing:.of he semiconductor walersdngvitably-accurs after the target
thickness has been attained, even with a rapidly rqduced working pressure. Therefore, after the actual
end ' procEssing: the thickriess 'of the Semicondictor WS 10 5onTewhatSmaliér than the final
thicknessndetenmined bythe measuringvapparatus: Owing. tofthesdiffereatrermaval xates during the
Opera“onaﬂé'l;n?“Qﬂ'é‘go%f’e“ﬁé%tﬂéd” gpe rgcggqﬁt)amp@redwgt} (55’9853‘!9& In,the giher direction
(symbols 2 and 1, respecflveT , In Figure 1A), said subsequent grinding

compared with operation in tThe other direction (svmbols Z and

1, respectively, in Figure 1A), said subsequent grinding

15 differs greatly for the two directions in this comparative

example not according to the invention. Semiconductor wafers

firom different processing passes Therefore have different

actual final thicknesses. Moreover, the gecmetry {(piane-

parallelism) of the semiconductor wafers fluctuates greatly

200 from one pass To the next since tThe heat inputs (grinding work,

machining work) fluctuate on account of the different removal

rates. This leads o an unstable process with resultant

semiconductor wafers which are unsuitable for demanding

applications.

25
When the trimming process 1s carried cut according to the
inventicon with repeated reversal of the direction of all the
drives, These prchlems do not occur here, as clearly evident
from Figure 1B.

30

Description of the third method accoxding to the invention and

of the apparatus used therefor

frimming apparatus comprising trimming bodies is used in the
35 third method according To the invention. The trimming bodies

are at least predominantly arranged within a ring-shaped region



15 differs greatly for the two directions in this comparative example not according to the invention.
Semiconductor 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 of the different removal rates. This leads to-,an unstable process with resultant semiconductor
wafers which are unsuitable for demanding applications. 75 When the trimming process is carried out
according tp thenyention: with repsated reversaj,of the dirgction of all the drives, thesg,problems do

not occur here, as clearly evident from Figure IS. 30 Description of the third method according to the

invention Shd'6f the dpparatis usad thetefgi™ A Hinimitg apparkfis Eortprising trifming bodiés is
used in then35 third-methad-aecatdimg:to dhe inventien c Fhettimmingi bedies are atikeastpredominantly
arranged within a ring-shaped, region 27 gp the trimming, disk, the width of said ring- egion
being betWé%]npﬁ%g%ﬁ fS%o? and %r% esr%bl%abcét%vjéeﬁ %éS%)gaén% 1594‘%\%0}:1‘;%;1(3L jfﬁ)lit?:[lhﬁgll?c eﬁg(?gr%gts(rer of the
trimnAing diskC At f6d8E 8094 415d pratérably dtileBst™dToe 6t tHe afea 6ftheé frihinifig Bodie3™s which
comes intg; eontactawithy the werking layers-issituatedrwithia said Hrg-shaped.iregion: Thearea of the
trimming bodies which comes into_contact wigh&het\%grkir}grlgyers orresponds fo 20% to 90%,
preferablf/‘] 121ff')§o to 86Y% of the totar 'aréa of the rihg-sﬁaﬁved“ regﬁl&. 0*The chioice of the éllmension
figures spstifictbresiited fronfthieably 40% to 80%, of the total area of the

ring-shaped reglon.

10
The choice 0f the dimension figures specified resulted from the
feollowing considerations and cobservations in the course of
experiments concerning the dimensioning of a trimming apparatus
suitablie 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 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
workpileces during grinding in order to bring about material
removal and hence trimming of the entire used region of the
working layer. This defines tThe 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-parallellsm of those surfaces
of the working lavers which become engaged with the workpieces
30 with respect te one ancther - can be obtained oniy 1f the ring-

shaped region with the trimming bodies has at most the width
specified above. In the case of an arrangement with grinding
bodies even further in the center of the trimming disk than is
provided according to the invention, and in particular with a
35  substantially uniformly distributed complete covering of the

available area of the trimming disk with trimming bodies, it



following considerations and observations in the course of experiments concerning the dimensioning
of a trimming apparatus suitable according to the invention: 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 copges into contact with workpieces during grinding in
order to bring about material removal and hence trimming of the entire used region of the working
layer. Thig defings the preferred exterpal diameter of the ng;shaged govering with trimming bodies.
75 Secondly, the investigations showed that trimming of the working layers to a defined target shape -
here preféfably-& highest péssible 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-sggp%% Eesgigrall gvegth tbg trimmi@%]gﬁgieghhagcs at.mgstthe %/\éigthi%pefcgieed_%%g{\ég In,the case of

) 25 AL T , 11 :
an arrangément with grinding ogles even further in the center of the trimming dis an i provided

according e the Snvettion L AA8 #F Partict ik withia: 3% substantially: BfifcHilg diskibutéd complete
covering gftheavalablearea of the timming:disk with triciaing Pogdiesyit: 28 wasdietpassible to
obtain good plane-parallelism of the working layers..In this case, it was found,that it suffices if the
imming S YEICE ot S e STy S HE A Wilths SEEUNET nE S to S4 that
individuakttimming hodies ¢arealsobefitted forthertowardthé frside; provided tisat the plurality of the
trimming hodies s fitted within; the dimensipns specified . However, airanging.individug), trimming

bodies outside the ring width specified does not afford an advantage; rather it was found that a poorer

trimMing BRECSS oBthiied fith 2 iherhsig imBEES - thiffHing BodidarrdndétFflirtier toward the
inside. Thedmethodthen siitl fenctionsybut viithuagpoorer-resultcfor whichrreason the: €éxelusive s

a”ange”gﬁ{QH@&J%Q&%QQﬁﬁ&%%%%%@ﬂHsﬂ%ﬁﬁker of trimming bodies arranged
further toward the inside. The method then still functions, but
with & poorer result, for which reason the exclusive

15  arrangement in the ring region specified i1s preferred.

It was found, in particular, that one or a plurality of
trimming bodies can be arranged with part of the area thereof
or completely kv Together up to 20% of the Total area of all
200 the trimming bodies ¢f the trimming apparatus that comes into
contact with the working disk outside the ring region
described, without any disadwvantage being observed in The
trimming of the working layver fo form a defined target shape.

The trimming result of an arrangement with together up toe 10%

b2
(i

of the trimming body area outside the ring region is
indistinguishabkle from that of an arrangement of the trimming
bodies completely within the ring region according to the
invention. If between 10% and 2Z20% of the trimming body area
iies outside the ring region, although the trimming result is
30 distinguishable from that of trimming with Trimming bodies
arranged ccempletely within the ring region, a target shape of
the working layer that is well defined according to the
invention can still ke achieved, for which reason an
arrangement of this type 1s still according to the invention.
35 Tf more than 20% of the trimming body area lies ocutside the

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



It was found, in particular, that one 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 bodies of the
trimming apparatus that comes into contact with the working disk outside the ring region described,
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 tegether up to 10% 25 of the trimming body area
outside the ring region is indistinguishable from that of an arrangement of the trimming bodies
completely.within the, ring region according fo,the invention, if between 0% and20% of the trimming
body area lies outside the ring rfegion, although the trimming result is 30 distinguishable from that of
trimming With thfiig Boded adanged EopRREly withirt thesring Fégion, a-tirdet Shape tithe
working layerdhbatiisovelbdefinediaccanding:to the invention can still be achieved, for which reason an
arrangement of this type is still according to the invention. 35 If more than 20% of the trimming body
area lies outside the claimed ring region, however, a target shape that is well defined according to the
inverition EandierlehgerBe abhieved Sfor Which reaof #n-&fangementofthistypetisthefisho longer
according to-the Javention: 84t should berclarifiedthahtherexpression tlyingwithin e ring-shaped
region" means tt%at dFhe reltevant trimming Qodgsesrarﬁgs:jtg%aée% on the area of the ring-shaped.region. A
position osfjatt}li%r%ing%%dy%rtﬁér”t%wa"‘“rd the cénter of the trlmmln% disk is referred fo here as "outside
the ring-shapad:tegion>A0 Eiguite 4 illustratestheapparatos Used forcarkyingeiitthecthitd méthod
according torthe invention. Figure 4A-shows adrimming apparatus,ascordingq-the invention,
comprising trimming bodies 8 on a trimming disk 9 with a toothing ("outer toothing") 10 fitted to the
circtfhference of the trimming disk, and corresponding to the rolling apparatus of the PPG grinding
apparatug:ily:the exarmple:showrt dere the grinding bodies Bearefarrangedryniformiyitoriéentrically
around the, frimmina.disk.9 o a,pitah.cirdlg 17, Ihe width.of the ring-shaped arngement of 20 the

trimming boaies is described by the ring width between inner envglc_)pe curve 18b and outer envelope
curve 184 TATHE-BRampRAESHOWT, thE Tingwitth isexattly identicalto'the diathetsf of the trimming
bodies 8 sipegyallithe trimming bodiesare afranged onia pitch cirele 17. Figure 48showsuanrother 25
exemplary embodiment according tg the invention, with identical trimming bodies 8 on twg.pitch circles
17 gr}id 15.015#31 width E(1)f Ew%e rTnlg“-gﬁgpgé’ a?c\r%‘ﬁggr%lgﬁ%‘ 0 '[ﬁg@[ﬁl%?niﬁé b%g?es%,:lf atjiggito say the ring
width between feretiveloperclrie 18bantcoutéenvaleFe etrve 184, isHreatBr hére-thah the

diameter 9f,3Q an-individual rimaming:hedy-8.cThe,shape-ef thedrimming hogias-8 farcagrying.out the
second method according to the invention is not reggricted. Fi% re 40 shows, hy wa o]; gxgmgée,

trimming BOdRE B Havifig ATeCtangtiEr Tréss section (indr Exemplary -F - SES

a pitch circle 17. The width of the ring-shaped arrangement o©f

20 the trimming bodies i1s described by the ring width between
inner envelope curve 18b and outer envelope curve 18a. In the
example shown, the ring width 1s exactly identical to the
diameter of the trimming bodies 8§ since all the trimming bodies
are arranged on a pitch circle 17. Figure 4B shows another

25 exemplary embodiment according to the invention, with identical
trimming bodieg 8 on two pitch circles 17 and 19. The width of
the ring-shaped arrangement of the trimming bodies 8, that is
to say the ring width between inner enveliope curve 18b and
cuter envelope curve 18a, is greater here than the diameter of

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

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

exemplary arrangemeni on two pitch circles).



arrangement on a pitch circle); Figure 40 shows triangular, 35 quadrangular, hexagonal and octagonal
grinding bodies 8 (in an exemplary arrangement on two pitch circles). 30 Preference is given to
trimming bodies 8 having a circular or ring-shaped cross section (as illustrated in Figures 4A and B),
that is to say trimming bodies of cylindrical or hollow- 5 cylindrical shape. It was found that these can
be produced particularly reproducibly and with readity predictable shrinkage during the sintering
process and are therefore dimensionally accurate. This is desirable particularly when, after wear of the
trimming bodies, the residues thereof are N removed from the trimming disk and replaced by new
trimming bodies, preferably having identical dimensions and properties, such that the entire trimming

process réffaiis GRcHanhedEVER affer the it (6o has beeh Thahged. IEwaS faAfieore found
that for theieftective pititizationsof the abtasive) grain 15 bondeddn the:trimming=kRodies amaximum ratio
of area contegt (fiom which the mgterialremaying grginds elgasad) o edgeylengtn. et the trimming
bodies (via Which the gralnYeavest e contact zone between trimming bod'y and working laver and
thus becoiies inéfeetive) 36 pEsferréd. THIS résuttstin @ preférabRE20 eylineficRI SHEpeSst the trimming
bodies. Aholow-eylindrical:shapedgyinder having.a eancentric hole) likewise gtill approximately
meets this }rleq_uigiementaThe holem%o (Figuge 3).in thegenter can a}éivanta egusg/fbe used in order,
when the?rir%rﬁ’%n(f:?l bodies’8 4% fixkd on the trint in%*éigl?ﬁ,s whit iére?fecfe%rby“é)gﬁesive bonding,
for examplerisy: mieans bf centeringadins thrbigh ihte Helei20:ddd corresponding holeg'irthe trimming

disk 9, to prevent the. trimming bodies &.from slipping during the fixing process. 30Ja addition,
cylindrical or hojlow-cylinerg:aI trimming bodies have only a. curved edge and no sharp corners.
Spelfficaly2 I WaS fourfth Al fintmhiry Hoe S haling Lorm&m.; fat s ©¥sdifosé haVing% polygonal
cross sectiod, but,in padicutartiigngles exhibit attheccarnersiarsomen mstant es a5 inceeased

e QU nalng ! Sl s peces oLl G el s esiati
after the frimming tool has been changed. It was furthermore
found that for the effective utilization of the abrasive grain

15  bonded in the trimming bodies a mazimum ratlio 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 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
approximately meets this requirement. The hole 20 (Figure 3) in
the center can advantageously be used 1n order, when the

rimming bodies 8 are fixed on the trimming disk 9, which is

tri
effected by adhesive bonding, for exampie, by msans of

[
Lh

centering pins through the hele Z0 and corresponding holes in
the trimming disk 9, to prevent the trimming bodies 8 from

slipping during the fixing process.

30 In addition, cylindrical or hollow-cylindrical trimming bodies
have only a curved edge and no sharp corners. Specifically, 1t
was feound 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 pieces

of the trimming body material. That is undesirable because the



structured working layers such as are described as "tiled" abrasive pads in U55958794, for example,
even entire "tiles" can be torn away. However, trimming bodies having a polygonal 5 base area can
likewise be used efficiently, particularly those having six or more corners and if the latter have angles
of always more than 900, that is to say preferably regular polygons. 10 The covering of the
ring-shaped zone on the trimming disk with annulusssegments that almost produce a closed annulus,
as described, for example in P. Beyer et al., Industrie Diamanten Rundschau IDR 39 (2005) Ill, page

202, is ot adyantagegus. It was fpund that the force applied to the trimming bedy:duringdhe trimming

process is then distributed over an excessively large area, such that too little abrasive is released and
the desirédh FiAMIGEETEEE I AEtachigedwith @lofbedrmg6rer Thebeafing forcehiso cannot be
increasedsarhitedrily in-arder te coynteract the distributionrovet a largerareat 2@ Specifically, it was

found that the working layer, which generally always has a certain elasticity (e.g. onaccount of a
syntheticCfélsrin%%ril%%%noragjvﬁﬁg tl(%i ggﬁﬁl%ré)?aig"f‘ erji; %e, s}ﬁca!aé deformed fo an ngc%?giveli great
exterft antdapodHfiatresscanhot Be iobtained UNdtesviet LeiAfrihG it 6Ty 254itfe” additioR of water is

desirabley, Ehis{gsults-indriction; whicht is-desitable infordaetolrelease grain-fremdhe #rimming bodies.
If said friction becomes ex_rcessiv§léchigt% ontaccougt of excessi\églg haiggl gre;g,ur%gorrces, the machine
drives cafi b&oVerBad&d of 8Bveré rattiing's produfed By 'stick ant 30 slip" of the working layers on
the tig appatatysess In some instances, the forces become so great and irregular that trimming bodies
were torn away from the trimming disk in this case. The desired flatness cannot be produced in this
way. This effect of disadvantageously large, connected trimming bodies is 35 intensijfied by dry running

on alcount'st the BrerdigedCorftatt dreRd 33 RS KeWisefouhd that'cHBbsiHg (00 Téw! m particular
small, trinamyngl bedies isngnfavorabie: |a thatcaseyrevercat theddw brsdriag:forces which are at least

e LIO] S YN ool e el oL e o

Rundschau IDR 29 (2005) 1il, page 202, 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 is not achieved with a low bearing
force. The bearing force also cannot be increased arbitrarily
in order to counteract the distributiém 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 a

synthetic resin bonding or owing to scoft fillers), is then

o

lastically deformed to an excessively great extent and good
flatness cannot be obtalined. Moreover, trimming with conly

desirable. This results in

t
6]
i

r i

lirttle addition of wa

[
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friction, which is desirable in corder 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 lrregular that
trimming bodies were torn away from the trimming disk in this
case. The desired flatness cannot be produced in this way. This

effect of disadvantageously largse, connscted trimming bodies is

L
Lh

intensified by dry running on account of the oversized contact



Alongside obvious economic disadvantages, this proved to be disadvantageous insofar as an
excessively thick film of free W grain arises between trimming bodies and working layer. As a. result,
the highly flat surface of the trimming bodies, which surface is always re-forming 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 15 directly onto tite working layer. With an excessively thick grain
film, the working layers do not attain the desirably high measure of parallelism with respect to one
another. Therefore, a degree of filling of between 20% 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 haécontddt Withtthe Wotkihglager dititigfthedrimiting Pracess tB3Re ared 8fthe annulus
within whighathe trimpiing bodies@afe afrangednAdegrae otfilling of 85 between 40%=and80% is
particularly preferred, Preferably. the degree of iling of the, side of the.trimming digk whose timming
bodies become engagedr\fvnﬁ the upper Worjklng I%yer uring t%e“trimming proéess is exacily equal to
30 the degrea:offilingof thd side oftNetimming diskavhosedfmming bodiss Bécoine ehgdged with

the lowerworking,Jayer:diying;the trimyming process. Radicularly preferably, i is eventhercase that
trimming bodies respectively identical in terms of shape and area for upper and lower working lavers

are 35 reSpsctivel) arfanged She aire@ly abtve dritth8 i tHe" 33 preferret Gi&e%t the use of
hollow-cyfindnicad trimaming bodies stherlattércargithen fixed dyring mounting:Hdn-eachicases

e e e e an
10 grain arises between trimming bodies and working layer. As a
result, the highly fiat surface of the trimming bodies, which
surface is alwavs re-forming as a result cf constant wear and
isg self-leveling owing to the kinematic properties of the
rolling system (planetary gearing) can no longer be mapped
15 directly onto the working layer. With an excessively thick
grain £ilm, the working layers do not attain the desirably high

measure of parallelism with respect To one another.

Therefore, a degree of filling of between 20% and 90% Ls

20 preferred. Degree of filling shouid be understood to mean the
ratio of the total ares of the trimming bodies applied on the
trimming disk which has contact with the working layer during
the trimming process to the area of the annulus within which
the trimming bodies are arranged. A degree of filling of

25  betwesn 40% and 80% 1is particularly preferred.

Preferably, the degree of fiiling of the side of the trimming
disk whose trimming bodies become engaged with the upper
working laver during the trimming process is exactly egual tc
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, 1t is
even the case that trimming bodies respectively ldentical in
terms of ghape and area for upper and lower working lavers are

35 respectively arranged one directly above another. In the



application in the context of the second, fourth and fifth methods according to the invention. 10
Preferably, thering-shaped region with the trimming bodies is arranged concentrically on the trimming
disk. Preference is given, in particular, to an arrangement which ensures that at least one of the
trimming bodies in each case temporarily runs 15 with part of the area thereof beyond the inner and
outer edges of the region of the working layers that is swept over by the workpieces processed in the
grinding apparatus. It has been found that, as a result of wear of the working 20 layer during the

grinding prpcessing of workpieges, a.rough-shaped:depression (draveling frack,) deyelops in the
working layer within the region swept over by the semiconductor wafers. Since the working layer is
then no IG1Rger Fiat, the Semicdrituctorvadfers! withiReredsing We o thé Morking 5 fayef Hssume an
increasinglymon:-flate convex « shape nwhighis:undesitable; and necessitates-trimming of the working
layer. It has furthermocge been fiund that a suﬁiciegtﬁplanar#y OJI the working layer as a prerequisite for

.. r 1 Th i 4 k .o . . . . .
obtalnlngcf%f ggﬁﬁcoorhdh%%rk\l/\?a &8s can be achiieve Jbrﬁ%/ | dsurlng trimming, 30 the trimming bodies 8

(Figures 3, 4) on the trimming disk 9 with toothing 10 sweep over a region extending beyond the

region previgusiy swept gverby-the-semiconductor, wafers it is.only dnjthat case that, as a result of the
trimming, the trough-shaped depression in the working layer on account of 35 wear is removed and a

planar reGibhTE hrEHUEEE wHich Projects B4 Heyond the ragibh-swept buerbY tHd'semiconductor
wafers agaim duting {he:subsedguent processing fwith ¢he sesulicthatthersemicanductarwafers again
"see" a flianteq%rggﬁg Igggro asa éeucecgujcsijltg f% _%%tg'knjig% particularly flat semiconductor 5wafers.
10
Preferably, the ring-shaped region with the trimming bodies 1s
arranged concentrically on the trimming disk. Preference 1is
given, in particular, to an arrangement which ensures that at
least one of the trimming bodies in each case femporarily runs
15  with part of the area thereof beyond the inner and outer edges
of the region of the working layers that is swept over by the

workpieces processed in the grinding apparatus.

It has been found that, as a result of wear of the working

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

semiconductor wafers, with increasing wear of the working

[
h

layer, assume an increasingly non-flat - convex - shape, which
is undesirakle and necessitates trimming of the working laver,
It has furthermore been found that a sufficient planarity of
the werking layer as a preregulsite for obtaining flat
semlconductor wafers can be achieved only 1f, during trimming,
30 the trimming bodies 8 (Figures 3, 4) on the trimming disk 9
with toothing 10 sweep over a regilon extending beyond the
reglon previocusly swept over by the semiconductor wafers. It is
only in that case that, as a result of the trimming, the
troughn-shaped depression in the working layer on account of

35  wear is removed and a planar region ils produced which projects



DE102007013058A1 discloses that the working layer is advantageously already dimensioned such
that the semiconductor wafers at times extend with part of their area beyond the edge of the working
layer by a certain amount. 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-uniformswear (DE102006032455A1), and so they have to
be regularly trimmed in order to obtain a semiconductor wafer whose flatness is suitable for

demanding.applications.,|n this,casg. 100, the.timping hodies, of the frimming.appayatus .during
trimming, should preferably temporarily pass with part of the area beyond the edge of the region swept
over by tHE'36 BEmicthdtictor Sharere daHiiF frote8sing L and Heticetsey/ontl thE edge bt the working
layer. For-carryinthautthemethpdsacsarding tosthe invermtion-twasfurthers meagaressproved to be
advantage%us ien %rdee:rL %o olgté;\ln g}oet%esﬂrfrg Opargllgli&rjn 92 thie w%ﬁ(ing Iagerj:s,cvgg% &g@p{)egt to one
another and the %ubstan?lalfy planar sﬁ"ape of $aid Worﬁingﬁa)yers. E’i?stﬁy, the trimming disk on which
the timmirgfisodies are 30 arranged should have sufficient stiffness and dimensional stability.
Trimming disks which deform under the loading forces during the trimming process and in particular
when non-flat shages of the working layers are initially present, which trimming disks thus constantly

adapt in gt ! QeVenifels B555re S8R afd Adt ddVantigeotisFor-fiffhing the working layers 35
to the desired-definediarget shape a\Working eisksccompasedrofisheet ntetaldavingadhickness of 6 -
10 mm have_ proved to Q‘? sufficiently stiff and di ionally.stahle._Far._re, f wejght, t

trimming a%&%s? in tﬁs cds%egre?ér% R’/&erﬁl%f)%}egéggiﬁ r?n*g-gﬁlégp*ekd %lé%l%ngﬁ%%ﬁlg towsﬁa%q/ é%?%nly the
part Withi WhicketHectriiming loudhes &ré apphied is providledirand & lightweght Phétake.g. aluminum)

or a compgsitelastic-(e-g.cagkon fiber-reinfrced epoxy) is-chosen as-material.rHhe tpothing Hy
means of which the trimming apparatus rolls between W inner and outer pin yvr;ggfls#of the grinding

apparatus Béfeen fREGND Workind diskS®ith the workingTayers And Which is fiXed {5 the outer
circumfereree obthetrimuming:disk ks, prefesably produced. fromlkigh-gsade steel:.for elurabilityreasons

(amasmn}ééﬁally non-uniform wear {(DE10200603245547), and so they have

15 to be regularly trimmed in order to obtain a semiconductor
wafer whose flatness 1s suitable for demanding appilications. In
this case, toc, 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 processing - and hence beyond the

edge of the working laver.

For carrying out the methods according to the invention two

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

one another and the substantially planar shape of said working

layers.

Firstly, the trimming disk on which the trimming bodlies are

30 arranged should have sufficient stiffiness and dimensional
stabllity. Trimming disks which deform under the loading forces
during the trimming process and in particular when nen-flat
shapes of the woerking 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



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 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 trimining bodies have individual shape and thickness
fluctuations 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; (triraming, apparatuses) and
working disks, if both friction partners are subjected to wear - the trimming apparatuses as a result of
the release*6Fthe it tHe 30 Working Tdyete 983 resuft of abraditn Dprecisely Aptané pafallel shape
is establishedrindhe case of therfriction partnerss itovas. foune; bowever thatthisdwlds trge particularly
when the order of the arrangement of the individual timming apparafuses in,the rolling apparatus is 35

changed Mrh%}t?pkfy during such I“%Fijr”nnn(%inglosf the trimming ‘36 apparaﬁjrsﬁ,ismce _()%e?Wlse the
cardanically suspendéd apperinsiking disk ahtayssfollows piossibie-initial diffdréndestih the average

thickness, of the individual timming apparaiusesipy: 8 wehbling.mowement ad,a desifablejdentical
thickness of all the trimming apparatuses cannot be produced. In practice, the procedure in this case is

preferably sEEHHat A et BF trimmirty SpparatiseeHPeshi eGuipBRE With thiniming bodieSthat do not
have identicakthickhesses-awingtorki:productian atesmavedselative ta one andtherlfer a few minutes

between nsed working,disks hearing warking Igyers du [0t [eplagement. Lodgr pressice, and with
addition o Water. The order of tﬁe arrangement of the tﬁmr‘nang, a%paratu“ses in the rolling apparatus
forméd by lHner apd duterisin wheels'brthes3°grindifig 2pparstis isthen ehanged SThE ase of four

trimming apparafusesarangedatanangle:of in.each case, 90 with-respeelto.ane-another has proved
to be practical. Alternating ) e . :

fixed to the outer circumference ¢of the trimming disk is

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 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 bodies have individual shape and
thickness fluctuations 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 subjected to wear - the trimming
apparatuses as a result of the release of the grain, the

30 working layers as a result of abrasion -~ precisely a plane-
parallel shape is established in the case cf the friction
partners. It was found, however, that this holds true
particularly when the order of the arrangement cf the
individual trimming apparatuses in the rolling apparatus 1s

changed multiply during such "trimming of the trimming

(%)
L



pairwise replacement of respectively mutually opposite and respectively adjacent trimming
apparatuses is particularly 20 expedient in this case. In addition, preferably in each case one of the
two trimming apparatuses replaced in pairs can be turned, provided that the construction thereof
allows this. (After turning as well, the outer toothing of the trimming apparatus must, of course, engage
into the rolling apparatus 25 and be able to move agintended.) As a result of this procedure, a
plane-parallel shape of the individual apparatuses and at the same time an identical thickness of all

the timmipg.appargtuses are established after afew repefitions.of the progess descripad. 30 The
measures |mplemented in the context of the third method according to the invention have the effect

that the WETKiRg gapis imeiedacty-in PlaheparatérfasHibn réftive o tHose surfaces of fife
working layess sdich become engaged withithe 35i semiconduetol wafersc 372Fhespriorart describes

methods and apparatitses with which,the profile of the working gap,which is formed etween the
working disks and in which the semiconductor Waﬁ‘ers move during processing can be measured and

the shape-bEthemiorkingcdisks eans be srijustéd stichtthaPd désitéd radial target shape of the working
gap can be set. By way of example, US2006/0040589A1 describes an apparatus comprising two
ring-shaped working disks, in the mutually facing surfaces of which, in different W radial positions,

contactles didtck iasdrity Sesors aF&intbrpdtated: Whfch make ft possible’ td° Y&t mite the
radial profilesafithe widthiofthe gapdormed between-thertivo workingodisks: Tfiie warking disks

generaly consistol gast seel e sensers megsyre the.distange isigel 9 stegl” Suitable contactiess

measuring sensors can be embodied for exampTe inductively, on the basis of the eddy current
meaSurerRBAEPYICIpIE. THE aPpafaius Beddribed ihUSPE061004058oAI Cart furthériore aftér 20 the
shape of pae ok the werking.disks in;adargeted manner This isipessible for-example shermally by

e o A Gl s e ol IS kg Sk
order of the arrangement of the trimming apparatuses in the
rolling apparatus formed by inner and outer pin wheels of the

15 grinding apparatus is then changed. The use of four trimming
apparatuses arranged at an angle of in each case 90° with
respect to one another has proved to be practical. Alternating
pairwise replacement of respectively mutually opposite and
respectively adjacent trimming apparatuses 1s particularly

20 expedient in this case. In addition, preferably in each case
one of the two trimming apparatuses replaced in palrs can be
turned, provided that the construction thereci allows this.
(After turning as well, the outer toothing of the trimming

apparatus must, of course, engage into the rolling apparatus

25 and be able toc move as intended.) As a& result of this
procedure, a plane-parallel shape of the individual apparatuses
and at the same time an identical 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
A

surfaces of the working lavers which become engaged with the

35 gsemlconductor walfers.



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 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 dap profile which is so
uniform that plane-parallel semiconductor wafers cagybe 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 points
(measurement points), such that only an average gap gape, and in the o%tim,um case also a %ap

curvature'Chh B& s8F Consegténtly: snfy Achange of the fitSESTHRF AR at Friost sEE0d ofdeF of the
real gap thickness der'5 dfi} isvpessible, if she latter is descfibeddor examplerby:a polynoiialgd = do +
drr + d2.rgI fs%%-r:” =yl -ﬁrgdwigg = gl\%ergg% gggndﬁg%%% di a:f%azpsngeéﬂ ég&g%pe, V\_/edge shape],
d2 - gap curvaturg). fine setting of the gap profile in the short-wave radial length range is not
possible IRTABSEFWAY. IEhEs farttierriots Béeptouridithat 8RaFe Bimiing e SHortWwave range

(higher orders ptthegap:pelynomialyisdikgwise necessary, hawever. dhejaventionds basedion the
observation, then, that in this 1§acase the shape of the working.disks gg ) r%ot ?%av&tg e timmed
exactly in'Blanarfashion st fthéfit suffiéed for theé w%%%%g V&yjers “ép%l[i)ed 6h e Working disks to
be trimmet:plahegparalled fashicr with respect t0. ope @mother nThe trimmingyof-therworking layers to

fOWnawﬂ%¥g§yﬂhfgi%he mutually facing surfaces of which, in different

16 radial pesitions, contactless distance measuring senscrs are

incorporated, which make it possible te determine the radial
profile of the width of the gap formed between the two working

disks.

15 The working disks generally consist of cast steel; the sensocors
measure the distance "steel to steel". Suitable contactless
measuring sensors can be embodied for example inductively, on
the basls of the eddy current measurement principle. The
apparatus described in US2006/0040585A1 can furthermore alter

20 the shape of one of the working disks in a targeted manner.
This is possible for examplie thermally by means of two stacked,
differently temperature~regulated cooling labyrinths in the
working disk ("bimetallic effect"). DE102007013058A1 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 does not disclose how a
uniform basic shape of the working gap can be obtained such
that, 1n the context of the measurement and adjustment
possibilities described above, overall 1t is possible to

30 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

possibilities and the resultant shape is detected only at a

(5]
A



20 effected in the third method according to the invention by material removal from the working layers
in such a way that the thickness profile of the working layer after trimming is exactly complementary to
the deviation of the surface of the underlying working disk from an ideal plane. Any working layer 25
trimmed according to the invention therefore compensates for the remaining unevenhesses of the
underlying working disk. Since the measurement methods described in the prior art only determine the
gap profile between the working disks ("steel to steel"), but not as the actual gap profile between the

working 3Q-Jayers.(;pad to pad'y,the.complementary thickness-prefileof the working Jayers dhat is
brought about by trimming has to be determined in order during the subsequent grinding of

semicondUttot WwafePd St EofreBp8hdifig coffection © ib&Bbig W usethe gap Profile® 2F
measurements:'isteel ta steef=for 85 ancactualgapprofile descriptiontpad;to pad': 139 This:s done by

frstly meaguying the exact fadial profile, of the surfaces of the warking disks relative.tg ape.another and
also that of the at least one WorT<|n'g ISt with respect to an 5 absolute reference line. For this purpose,
the two wfking Hisksagithidut tnolnted Working Tayers are fiovedteWatid6né anvthet and kept at a

specific distance. by for example, three gage blocks positioned in the area-centraids of kpaginary
uniform 120 segments of the ring-shaped upper working disk, 10 The upper working disk rests on the

gage blockESat el fCE the IGwar workify diskdfith A pressite thafi’ 66t thafthe constraint
deformationayyeapplicationagt pressurve isustidl) as small as possibiedut thatlis atleaspstillfhigh enough

that the fdﬁg%%f the 9@%@%%%&“ q]fe@sappﬁgwgékiag 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 Hap distincd Foughty defifdecBthesyaReploERs R theh YetetimRed precidely: dsing a-dial gauge.
Afterward; g-precisionerulerris placed atdts Basselpoints 20, ento-twa-gage blocks which are set up
symmetrically on a diameter of the lower working disk, and the radial profile of the distance between
lower Wo;&%egi%ﬁ%nlaep%gigﬁoﬁymIé?cffﬁw%%rsmed using a dial gauge. The latter measurement yields
the absolute shape profile of the lower working disk directly; the 25 difference between the former and

latter measprements yields the absalute shape, prafile of the upper warking disk, Theworking layers
(a_brasive pads) are then mountgd%anql trimmed to the best Cszossible Elane-parallelism by means of the
thirds <case the shape of the working disks does not have to be trimmed
exactly in planar fashion at &all; rather it suffices for the
working lavyers 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 1s
20 effected in the third method according to the invention by
material removal from the working layers Iin such a way that the
thickness profile of the working layer after trimming is
exactly complementary to the deviation of the surface of the
underlying working disk from an ideal plane. Any working layer
25 trimmed according to the invention therefore compensates Iror
the remaining unevennesses of the underlying workling disk.
Since the measurement methods described in the pricr art only
determine the gap profile between the working disks {"steel to
steel™), but not as the actual gap profile between the working
30 layers {("pad to pad"), the complementary thickness profile of
the working lavers that is brought about by trimming has to be
determined 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 actual gap prefile description "pad to pad”.



30 method according to the invention. This is checked by the working disks with the trimmed working
layers being moved 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 wih 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 lower working layer and, after difference formation,
also that of the upper working Ig__yer. It was found, then, that in order to obtain particularplane- parallel

semiconduttcr watefSTHe digtantd etwedF fitworking 185 efsR Permittedto deviate 5y figt more
than 3 pm byerthefentise ring width efdthe ring-shaped werkingilayersdndhe case of.an outetr working

disk diameter of 2000 mm and a ring width of a goo 0 mm.(payallelism of the warking gap formed
between ﬁ1£eﬁ’v(\3/oﬁ<2rilr‘?g°Iac))/érs%ljpll%ut&t!ﬁat—‘kL %%Sv%egéleg swagp;:e and cﬁ%sa]tzur‘éo‘fgiﬁ gr?és of %u'ett\%c% working
layers withirespedtao aereference straight life (mehduramerit selative fethepredisiont fiffer) together

are permifed tq be:up,t0,10Q paever the entire;ring yddth of 700mme. But theshighererders of the
shape deviation together must be smaller than likewise 3 um. The working 20 Iﬁéers are therefore

permitted0 be \wedgEShAFEd afdl clinetffoa certain“degres a8 Yong 8 tHe parafidsn of ffe working
layers withaespecido ioneranatherds goodrandthere-are nehighei<osderishapeadeviations. 25 Figure

2A shows therelative fhickness profile 8f€thghv&orgkqgcg%%%@gd‘g§§\ggeQ 5@‘?4‘!"195“@% layers over the
tot lam

radius R of the ring width fronr'the outer diameter OD" e’inner eter 1D of the ring-shaped
workfhg |18Yers @prths rifgrshdapediwerkintEdisks aftel e tHRTTIng of #ie working fayets by eans of
the lower working disk with a pressure that is sc low that the
constraint deformation by application of pressure i1s still as
small as pessible, but that is at least still high enough that
the friction of the cardanic suspensicn of the upper working
15 disk is overcome and the upper working disk rests with
substantially identical force con all of tThe 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, & precision ruler 1s placed at 1ts Bessel points
26 onto two gage blocks which are sst 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 between the former and latter measurements yields

the absolute shape profile of the upper working disk.

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

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

35 & precision ruler is pilaced onto the lower working layer by



30 third method according to the invention_ The ring width of the working layer of the grinding
apparatus used is 654 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 35 shown, the relative thickness profile AGAP of the gap 41 fluctuates only
by -0.8 pm (measurement point with reference symhgl 4) to +0.8 pm (measurement point 5). Figure 2B
shows, as a comparative example, a gap profile trimmed by means of a method not according to the

invention, in.accordance with, the-priorarty The-gap, profile devigtes from the desired, planesparallel
profile (GAP = 0) by -10 pm (measurement point (Segto +7 pm (measurement point 7). Four trimming
apparatu$és 6f-ars erfbdtimenttas oW ?nEFibﬁr 48 3B'were tsed MR EX@mpid ShoWh tRigure

2A). Eachntrimmmingr@pparatus)eonsisted of @ tdmming tisk-9,coh whichgep the front ard resrrsides, in

each case 24 hollow-cylindrical trimming bodies with a digmeter of 1O mm, a hole haying a diameter of
10 mm ar%1 én“fr%glhrégr%aa{‘ez%smm?r@v icPhh Vv;g é ﬁés@%@gﬁ)gﬁe eé)%n ﬁﬁ%ﬁl%ircle aving a
diaméter @P604 wirh, ard AROUeT otHING 10 CWRICh8Hgages intd ke réllifg appafatus composed of

inner and guterpin.wheels pfthe: grinding agparatus. Jthe- supposting-area-nropertion, dhat is to say the
area proportion of the hence 70 mm wide ring of the 20 trimming body arrangement which is covered
with trimming bodies, was therefore around 68%, and the trimming bodies during the rolling movement

all passed bey_amd If_rml@lcﬁte( ahdﬁnne‘:rkedgeﬁsmfdheidgtshapbdmkmgﬂay&nswmgtriphaynby 10
imiing BEABS-hich LAl hAd Fon-uniform heIgnts aer Siesie bending. were frSiy brought o
uniféfm thiekitess bysretativelilong rianifdg of e rimminy apparatus érilan oldralfvstcomipletely
worn working Jayer thatwas dug te beiohanged cunderdpressure andawith 30 addition-ofwatesuith the
wore avalioeh 18 Sd: Bt NG p S LIS et 700y oxEhaRead Tn BAle I SA case afier
a few minufes:(lofor 3@, 2F0r Apthénarfot 2eands3: farid)drm additionallytametc (Fercthedatters the outer
tOOH“ngS%he working 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 are 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 pm. The working
20 layers are therefore permitted to be wedge-shaped and curved to

a certain degree as long as the parallelism of the working

layers with respect to one ancther 1s good and there are no

higher-order shape deviations.

25  Figure ZA 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 0D to the inner diameter ID
of the ring-shaped working layers on the ring-shaped working
disks after the trimming of the working lavers 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 cannct 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

35 shown, the relative thickness profile AGAP of tThe gap



42 Figure 3B, has to 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 apparatus again after the turning of the trimming
apparatus. This is complicated and 5 actually only necessary once during the basic trimming of the
trimming apparatus after the mounting of new trimming bodies.) The working 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, eutek drves,were in this)case;#9. (6. 31, +84: £ 0. LRPM-(revaelutionsrper.minute), and
upon reversal correspondingly -9.7; +6.3; -6.4; -0.9 RPM (all drives viewed from above the M grinding
apparatu$ ¥ 4% 2lcidckwiSe difectiol " EEHURSTETEkwWiSE difection). fin TS tast, ﬁ]}éodbsp’er?l%orking
disk rested withvadorceiafl kiNacorrespanding-toa pressure of approxiwately=2.7 kPa between

trimming rplogﬁgsaanrgovyog(g:nc%ll%% ThEeOtriJE@_[ningntipg?i was 4 x 1 min, and 0.5 19 1 1/min of 20 water
was addedetb the WorI?ing gap cd"nt%uously dﬁj(lng!trimmingf The four trimming apparatuses were
exchangedkihpairsionce! They avereindertetl ity theroflingrapbakattis Yol évery 90. 25 In the

comparativerexanapleof timming nekaceordingio the inyention-whichded te- theragial profile of the
working gap thickness as shown in Figure 2B, trimming apparatuses were used wherein, on each side,
in each case BT trifffig boliEd having & diameter 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 98%?5ﬁ%ﬁﬁ%@léﬁ‘%ﬁg%‘%"é@&%ioﬁ aindhe example according. g the, nveglion. In the

same way as in the example according to the invention, 24 trimming bodies were mounted on a pitch
circled) diamBtetof 85604 Mk, Butdn adaitionA856riteR cirtleddametet 4555 AT 125 48%on Pitch circle

diameter 305 M §:On-pifch: ciecle; diameter 15a:mm-ang ene trimmsing.badyHin the center. All the

tnmn“ngfront and rear sides, in each case 24 hclliow-cylindrical

trimming bodies with a diameter of 70 mm, a hcole having a

diameter of 10 mm and an initial height of 25 mm, which were

15  adhesively bonded on a pitch circle having a diameter of
604 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
bodies, was therefore arcund 68%, and the trimming bodies
during the rolling movement all passed beyond the outer and
inner edges of the ring-shaped working layver symmetrically by
10 mm. The working disk consisted of 10 mm thick aluminum, that

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

30 addition of water, with the result that tTrimming apparatuses
that were highly precisely identical in thickness and piane-~
paraliel were availble. In this case, the trimming apparatuses
were firstly exchanged in pailrs in each case after a few
minutes {1 for 3, 2 for 4; then I for 2 and 3 for 4) and

additionally turned. (For the latter, the ocuter toothing 9,

2
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bodies were arranged uniformly on the respective pitch circles, and this resulted overall in virtually
uniform covering of the 5 entire circular area, i.e. with small fluctuations in distances (7 to 11 mm)
between each trimming body and its neighbours. The bearing force was increased to somewhat above
2.5 kN, thus resulting in a same pressure of 1 kPa as in the case of the trimming carried out according
to the invention (Figure 2A). 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 chogen, Desciiptiop of the,faurthmethod aceprding 10 the-ipventionsis 1pdhe fourth.method
according tothe invention, firstly the radial shape profile of the two working layers is measured and the
minimum ateriafrerhsyat FedtiretPiof réestablishirg a flaPsifaceis Yetemfingd fereffdm for each of
the two werking 20 layers : Aftemvard=thetrimming prpeess:is carrietkout byrmeans iof at least one
trimming.kaﬁ[)ag_%tus <gfgr ggamgl% as dgscgbeda@r _;LQJ% thi%qrqfifmsmeg%gdlalcgg_{di%g 1o 5he invention).
In this case, the Témoval Tates f“rorlrr{%r%e%pp%]ﬁ)ané1 the fower“\/\“/orf(lngﬁaygr are set y means of a
suitable choicezoftlve flowy23: eate ©f #iey covling ldbridart andealse: 6 thepressuredvith- which the
upper working disk is pressedagainstthe lower working: disk during frimming.sych that their ratio
corresponds to the ratio of the minimum material removals. 30 Preferablyr in this case each working
layer is trimmed in such a way that material is removed on average radially uniformly, such that the
working layet inparicutar does:not Hecameriwed gesshapedt from thednside towardthe outside. As a
result of such uniform wear, the longest.possible overall seyvice life 35 of t arking layer is made
possible and %Wé’rkﬁ?’g&g‘%& 4n BgtV\?eLep%ﬁ %%ﬁ%fgge§ of the wor ?ncg“‘ I%\?/épr%,Véé"\?ehP Zgflgt{g%aﬂplrﬁcjj{rglity of
sucHarimeintpeycies; alway sl ivrs s uostantiay pardliel fotthergdp betweanthe Working disks, thus

resulting in.congtant positional-and henee pperating,conditions <3 o 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 Ifrom above the
15 grinding apparatus, "+" = clockwlse directicn, "-" =
counterclockwise direction). In this case, the upper working

disk rested with a force of 1 kN, corresponding te a pressure

of approximately 2.7 kPa between trimming boedies 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 continuocusly during

trimming. The four trimming apparatuses were exchanged in palrs

once. They were inserted into the rolling apparatus uniformly

every 90°.

25 In the comparative example of tfrimming nct according to the
invention, which led to the radial profile of the working gap
thickness as shown in Figure 2B, trimming apparatuses were used
wherein, on each side, in each case 61 trimming bodies having =z
diameter of 70 mm and a hole having a diameter of 10 mm were

30 rranged 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



The working disks, which are usually produced from cast steel, are originally trimmed once after
assembly of the grinding apparatus by the manufacturer in each case by themselves (stationary
dressing apparatus), and relative to one another (double-side lapping) and have in each case lapping-
and dressing-typical radial unevennesses. The latter were determined at a chosen temperature and for
different pressures of the hydraulic plate shape adjugtment 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
(9age blagks).and.jn an absqlute;fashion (rulee) and subsequently-remain unchanged as -
apparatus-specific features. The working layers are mounted and their radial thickness profile is
measured “ForthisPpUitp6sE. the Wotking I2&r¥ até proVidéd 20 af'tehstdfie FaditiS-With a plurality
of holes threughewhichdhe undedying working:disk can be senseg by means-afta-thickhess grobe.
From the resultant radial thickness profile of the working layers and.the known shape profile of the
working Igi}é]r itL’?%Jtﬁug %cs)élsﬁEFe ood%fé:r%ge the gﬁéﬁ@%% ile of 2 Cé?frgh %v%‘?l%%é ‘Igye%ﬁm JzEﬁlJ%olute
fashibn andof the twowoiking fayets ralative toiore arigther. Jn accorahesd withthiswarkirit:fayer
measurement, the temperatisres of hoth,working disks andthe hydraulic shape adiustment pressure of
the upper working disk are set in such a way that the course of the working gap 30 formed between
the working Tdyertd is 4 pankdraralisl d835658ibie. 17 AR Take, faralislism has priofitySver planarity.
The latter; @fter all,rHis only intended tp besesiablished bykthe teimming ofthecwerking layees. 45 After a
fresh working.ayel,nas.hsan moynied, JLiniial, has [o be subleglettphasi¢tamIng since, owing to
production;, it'Is fot flat and as yet there is no abrasive exposed at its surface. Tn this case, the topmost
plastic layeartis rembedd. InSethe cHze 6fhe PP abrasiviEsead TrZactad DigmoRd Tile 677X A from
3M Company, approximateh:5Q parotmaterial haveto he rememed in ardes teuneover abrasive
(productign of the cutting property), and in addition initially 50 - 100 pm in order to compensate for

unevenne<sesoF té workiflg Hitk Shiape! The W48t vAlGE bf e la¥EmentioR&S minimum removal

for compensating for the working disk unevenness depends on the accuracy with which the working

§%Tsct§9 t%z?ésFoﬁqgs}gﬂi ng.28dis therefore individually different from, one

disks wer}x_;einict:igln!.)é
specimen oFa grinding apparatus to another. The working 15 layer trimmed in this way is then used for

grinding, until, despite the procedurally customary measures of shape tracking of the working gap via
temperatyre and-hydraulic, pressure; the flatness of the semicopduetor wafers obtained exeeeds a

mEdeﬁngngygfogggggpggggﬁiéBgg]%ﬁ&ﬂ%%gU%%%ﬁ@ﬁ% lavers is measured and

the minimum material removal reqguired for reestablishing a flat
surface 1is determined therefrom for each of the two working

20 layers. Afterward, the trimming process 1s carried out by means
of at least one trimming apparatus {(for example as described
for the third or fifth method according to the invention). In
this case, the removal rates from the upper and the lower
working layer are set by means of a suitable choice of the flow

25 rate of the cooling lubricant and alsc of 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 Preferably, in this case each working layer is trimmed in such
a way that material 1s removed on average radially uniformly,
such that the working layer in particular does not become
"wedge-shaped” from the inside toward the cutside. As a resul:

of such uniform wear, the longest possible overall service life

L
(]

of the working laver i1s made possible and the working gap



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
profile measured in this way for each of the two working layers and the reference profile trimmed in
plane-parallel fashion beforehand yields, for each werking layer, the average thickness reduction
(average wear) and the shape deviation (radial wear profile). The trimming according to the fourth 30

method aggerding, to-the inventionds then pgrformed such that the,amouphotmaterial removed from

each of the two \{vp[king Layers is exactly the amount by which the shape after wear deviates from the
shape after piielparaliél tifming = 48 B tn e thimming Frécess yen8rll§ oAl a Siall volumetric
flow of caeling lukricant (e-gewater) iscaddedrtotthe working gapqto:he precisesom ¢herdne hand as

much as necessary to just still. provide, sufficient coolin fo suppart unjform sliding 5 or rubbing of
the trimmT"nng Bodies %rrllll’[hg (\)Nsolrkiﬁaqg‘ferg?#o?}gﬁlc eang(f%]%ﬁ, no éqt%grﬁing), but on the other hand
also as little as possible to produce a. high friction between trimming bodies and working layers, such

that the tHmming, bedies release enpughiabrasivessto-hring about a-temavalgffeets Fog Wathe example
of an apparatus for the PPG processing of semiconductor wafers with ring-shaped \gorking disks
having arf6iteP tiameRr of alnfost2880 Himtarid & rihg WidfH oF & g8od 656 ngf}r)ﬁ“:ll voitimetric flow
rate of 0.3 @ 3Admirsobwaten fechtonthawaorking gam dednd theesinmingtpreness. proved to be 15

optimal. Systgmalls yetauanel e zvﬁégg%fé%a%féa%%ﬁ%ﬂ%@1%si@_/owighwh;lel?ot@ﬁ@9rous

trimming bodies had been “watered een able to become saturated with water) before the
trimifing processehen Showedidtdas altéstlf bhan hcréaded addition BPWAEET diffifig the trimming

process, the-20. friction of the; trimmingshodigs parthe dower warking layeeeould be reduced, with a
correspondin%ly reduced material removal from the lower Work?gja}g@r;elative to the ugegg working

layer. Sint& the WatE that was 8¢ SEEUMGTALES 61 the lofer working disk owing 10 tha force of

gravity, pattiathe hydraulic plate shape adjustment of the upper working

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

13 method according toe the invention, in a relative fashion (gagé
blocks) and inn an absolute fashion (ruler) and subseguently
remain unchanged azs apparatus-specific features. The working
layers are mounted and theilr radial thickness profile is
measured. For this purpose, the working layers are provided, 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 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 layer in absolute fashion and of the two working
layers relative to one another. In accordance with this working
layer measurement, 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 1is as plane-parallel as
possible. In this case, parallelism has priority over
planarity. The latter, after all, is only intended to be

established by the trimming of the working layers.



75 "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 working
layers, 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 layers that is effected during trimming. A degired material removal can thus be achieved by
means of a 35 short trimming process at great pressure (and higher path 47 speed) or by means of a

correspondingly lgngertimming ;pf%eSﬁa?Ié@Wﬁger%égfe (@ngx if apprapriate,lower path.speed). It
was then found that the inherent weight of the trimming apparatus becomes increasingly significant at

ever lower® Fnmity pres8ares CTRERGTe - With A decraasig trimifing présSuré,the fdrek exerted on
the upper:workinglayer tecreases tosa greaten extent thancthedarce:exertedbars the lewet working

layer. This situation is,corespondingly applicaple {p ihe matgtialremavals. Therefore, by redhicing the

10 trimming pressure 1t Is possibi:eato reduce the mateérial‘rémoval from-the upper working layer to a

greater extent thatethe imatetiaFiemaovar froav thetlowef Working Tayeranwas théa found'that, by

means of trimming with.adgitjonal 15.additien ef cooling, lubricant of Leduced:tmmipg pressure,
material removal from both working layers that is asymmetrical within wide limjts can be obtained, to

be precisé SHeH thatif & tafgeted hahHe? 16ds Attt Was rBRTovEd from tie lowst wotking 18yer
relative tathepuppey working layers(@dditionrof initially 50 - 100 um in order to

compensate for unevennesses of the working disk shape. The

10 =xact value of the last-menticned minimum removal for
compensating for the working disk unevenness depends on the
accuracy with which the working disks were initially subljected
to basic trimming, and is therefore individually different from
one specimen of a grinding apparatus to another. The working

15 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 hydraullc pressure, the
flatness of the semiconductor wafers obtained excesds a
predefined limit, for example TTV > 2 um for three successive

20 passes despite good setting of a best possible plane-
parallelism of the working layers with respect to one ancther.
The wear-inducsd decrease in thickness and alteration of the
shape of the working layvers are determined by thickness
measurement as described. The difference between the thickness

profile measured in this way for each of the two working layvers

-2
[ 43

and the reference profile trimmed in plane-parallel fashion
beforehand vields, for each working layer, the average
thickness reduction (average wear) and the shape deviation
(radial wear profile). The trimming according to the fourth
30 method according to the invention is then performed such that
the amount of material remcoved from each of the two working
layers is exactly the amount by which the shape after wear

deviates from the shape after plane-parallel trimming.



20 cooling lubricant) or in a targeted manner more material was removed from the lower working layer
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 cooling lubricant and
trimming pressure can 25 also 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 of
cooling lubricant (e.g. water) is determined by the 30 thickness of the water film which can be

established, betyseenlower trimming bedies and I%wz% working layer. The water filonis,all the thicker,
and thus the material removal from the lower working layer is all the smaller, thg larger the working
area of the'ththriing Bodtes! Likewise, 1Hé ’ma(t':érigl'reﬁ%% 35 ffoni HELOWe? workingd&yeri§ all the
smaller, thejgrgenthe: 48:above«described islards.and thessuppatting areacproportiont(satia: ef-the

area of the islands to the total area of the abrasive pad o(ﬁthe lower working layer. In pracfice, a ratio
of the remsg\faﬁat%s% St the uS;51(e*r%V\l/(()9r"‘F<%nngfla():/Ce)F§ thoﬁ?f sg% the 5 %\ﬁgrovgérk%g%%@grnog L% %Jo %% was
achiéved by additioref coolingdubricant iR practicarlimitof tHecasypimetiical Aigeédal refoval rates of

upper with gespect 10, lower workingJayer that are,qbtainable; by utilizing the- weight farce of the
trimming apparatuses is given only by the minimum bearing force with which the upper working disk

T 4 y e e !
has to be'pré&sedl 617 i Grifet to Bvéreofie>tié Ticona $orcés hiits Rhrdanic motintifig fid Hus
always béarcseedrely onithe trimmirig: apparatusesh Ifithistfordesis uniershot, thedipper working disk
wobbles %"98%8 s'(parual litting:off), and a flag w éi”%%%e{ C%“PQ be obtained. A ratio of the
removal rates of the upper with respect to those of thé lower working layer of up to 1:3 can be
achiBved i practiear2e of an apparatus for the PFPG processing of

semiconductor wafers with ring-shaped working disks having an
outer diameter of almest 2000 mm and a 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 intenseity with which the porcus trimming bodies had been
"watered” (had been able to become saturated with water) before
the trimming process then showed that, as a result of an
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 laver relative to the upper
working laver. Since the water tThat was fed accumulates on the
lower working disk owing to the feorce of gravity, partial

25 "floating"” (aguaplaning 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

3¢ working layers, 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 1s effected during trimming. A
desired material removal can thus ke achieved by means of a

35  short trimming process at great pressure (and higher path



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; 25 pressures of between 2 and 12 kPa are particularly preferred. In
the case of the grinding apparatus mentioned by way of example, preferred volumetric flow rates of the
cooling lubricant fed to the working gap for a substagtially identical material removal from upper and
lower working layers are 30 between 0.2 and 5 1/min; volumetric flow rates of between 0.5 and 2 1/min

are particujarly preferred, In,the, stated ranges fryolumetyic f W@{S@Pd@§ﬁﬂrﬁgn$%!:ess
combinations are suitable for obtaining a symmetrical material removal. Thus, cooling lubricant

volumetri€ flow4fes arthetipper eRHDf the" 35 2BeC Ed Farfgesalertorse EnGsdiefor trimming
pressuresyatk 40rbe lawemnend bhthetspecifiedpreferredramges cancd viee versa; imgrder that the

gravity effaect erlggrggt }\:/)vgight é)gf tr}_% gi%@gn%%qpargys% WP{C@ t:{tllpnaaTlreeagé% ?Qcc%se@nd the sliding
effect (floaﬁﬁg in the case of a large amount 0 ccyolingqu%rlcan?) compensaté for each other, and vice

versd. In drlieric obtain asreduesd maierial femovalrate ofthedower working fdyencompared with the

upper wogking; laye during trimming in.theqrinding %E%Féa@&b%@e%%%i@ﬁ%kumcam W
volumetric flow rates of between 2 and 10 1/min at pressures of at least 4 kPa proved to be suitable in
order that{ReFAfiRG effectisHiot hufified syt by tHe'inhBFent WeightBHect 6F thetrifiifing
apparatus.cGenversealy,iany inctgased matetiat remavalsateiof the towemwarking;layer compared with
the upper_15 nglg% Iaygr can bemobctainedjif thenpg%ssures gHgn%%rimmin%in the 1{853,%5%%@%@

apparatusa Fentione %y V\?ay of exaam&gla% below 4 kPa at cooinng Tubricant volumetric flow rates of

belo 4 17/iAIROW gFinding apfpalatus Suitableifbr earrying otit fife Mmethdtiktaccording 6 e -
invention ras,desqtibed in DE1R937784AL, {ar example (was; used for-all {ndicgtions: ;The outer

diameter of the working disks was 1935 mm with a ring width of 686 mm. The working layers were

chosen t0'Bé Sorevhiat Smafer tharthe 55 workiny disks with arf'ddter diameter of 1903 mm and a.

ring width of approximately 654 mm. The trimming pressure is
It was then found that, by means of trimming with additioconal
13 addition of cooling lubricant or reduced trimming pressure,
material removal from beth working layvers 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 lavyer relative tTo the upper working layver {addition of
20 cecoling 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 ¢f the shape profile of the worn working
layers, addition of cocling lubricant and trimming pressure can
25  also 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 of cooling lubricant (e.g. water) is determined by the
30 thickness of the water film which can be established beiween
lower trimming bodies and lower working laver. The water film
is all the thicker, and thus the material removal from the
lower working laver is all the smaller, the larger the working
area of the trimming bodies. Likewise, the material remowval

from the lower working layer is all the smaller, the larger the

Ly
th



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 outer and inner edges of the ring-shaped
working layers. 50 By selecting abovementioned ragges for pressure.. and volumetric flow rate during
trimming, it was possible to vary the ratio of the material removal -rates of upper with respect to lower

working layer hetween approximately, Q.3 and. 3. in.this case, b the working layers had-an average

grain sizefof the abrasives (diamond) bonded therein of 2 to 6 pm, and the material of the trimming
bodies was pordusHigh-gtade E6rundunyink adirgSa graifr Size st dppréximatély 5485 pm. 10
Descriptiem ok the-fifith-methasgraceosding4e thesinvention angof therapparatus:used therefot Frimming
apparatuses whose outer tooth r]geig h{)e;g t-adjustable worf}lﬁt%’gt the trir'n_gnia%gig,g are u_&q{cei in the

fifth method 1 aecc%?a}ﬁg% the invention. &cﬁa’co}l&ﬁg 1o the prior-ar ,atﬁée fol ing apparatuses, that is to

say the inner andvouteridriveldntgs ofcdn apparatus:suitable forlcanyirg dut a2PPGtmethodtare not
height-adjustahle ,or a6, 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 1 wheels which form
the rolling apparatus. In order that a trimming tool with its outer toothing can engage securely into the
rolling 25rappasatys caccordingto 4ie prier art saiddrimming toal-eithes hassmbeakery thie or bas to

support a. toothing projecting asymmetrically toward one. side (“trimming pot"). This le o)

insrzjrlzficierlfip gﬁarﬁiyg%%three\%%ﬁ(%g a@e?%?%%e"é%qﬁg%vay? egzanllfrgea%epatﬁgmrr%i%éatég%%aﬁnebe

defdfmedoy utilizing the weight force of the trimming apparatuses 1s
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

15 undershot, the upper working disk wobbles or "dances" (partial
lifting~off), and a flat working layer cannot be obtained. A
ratic of the remcval rates of the upper with respect to those
of the lower working laver of up to 1:3 can be achieved in
practice.

20
In the case of the grinding appraratus menticned 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 werking lavers;

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

3¢ between 0.2 and 5 1/min; volumetric flow rates cof 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 obitaining a symmetrical material removal. Thus,
cooling lubricant volumetric flow rates at the upper end of the

35 specified rangss have to be chosen for trimming pressures at



30 Moreover, it is possible to use only trimming bodies having a small height, at least for those which
become engaged with the lower working disk. Since these are subject to wear, they have to be
frequently changed or even the entire trimming apparatus 35 has to be discarded after wear. This
leads to high consumption 51 costs, frequently changing trimming conditions with long set-up times
and thus to non-reproducible process conditions( The trimming disk bearing the trimming bodies and a
toothing could be made sufficiently thick and thus advantageously stiff as 5 long as it is still ensured

that at leasta portian of the pips of thesinner and guterpin wheels of the grinding apparatus still

engages into at least a portion of the toothing of the trimming apparatus; here as well, however, the

disadvant&geremais that e tritarning Bodies Bhgdging vith-the 1owEr MorkinG fayer would Rave to

be very thin riith-ihe gliscussed djsadvantagesdor edonamie viahility andptocess stabititynof the

grinding r,r]%thod In(%lfocaase where ttgg érirg_msigg gowpl aifc, Er&pbo ied as an ag%mgwoeérli%aql)”trimming pot", it
[

is likewise p%esaﬁ le 'to uset&r‘n)g trf"rrﬁmlng bodies having a sr%%% tﬁfgkness or it is poss C‘ije to use only

the sall paetrofthicker tripmgssodies Whichaprojeets Beyori the to6thinits: Hifat is to say the

remaining part of the difference between the height of the rolling apparatus (pin or tooth height) and

the depth of the engagement of the toothing of the trimming tool into the 20 rolling aggéar tus. Figure 3
ace

illustrates Varfotieembsdifients-of the tHMATAG appardtus usEGToriRe fifth iethod according fo the

inventionwirorderthas alt of thenessentialelemerits: canbe:made R5:visibleythe trimmiing apparatuses
shown Tn 0 & are lustiated upsige dow, tat s (a sak hat dhe [rmming bodles g ine.topdn
Figure 3 trim the Tower working fayer andthe partly concealed trimming bodies at'the bottom trim the
uppét workidgHas/er. {(ner aind outerpin wirsels e grirding 301dpparituSes Suikdlie $oréatnfing out
the methed ageording 4o the invention are ggrerally agranged.ondnner-and, edter circumierenae and at
the level of the lower working disk,, . . . . _ . -

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
15  working layer can be obtained if the pressures during trimming
in the processing apparatus menticned by way of example are
below 4 kPa at cooling lubricant volumetric fliow rates o below

4 1/min.

20 A grinding apparatus suitable for carrying out the methods
according to the invention, as described in DEL2937784A1, for
example, was used for all indications. The ocuter diameter of
the working disks was 1935 mm with a ring width of 686 mm. The
working lavers 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 trimming pressure 1s
established by way of the applied locad 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

outer and inner edges of the ring-shaped working lavers.



although an arrangement, with additional outlay and without advantage, would be possible, in
principle, on the upper 35working disk, too.) 52 Figure 3A shows the annular trimming disk 9, on which
trimming bodies 8 are arranged. (The trimming disk 9 can also be embodied in circular fashion, but this
is not preferred for reasons of weight.) The trimming bodies 8 can be fixed on the trimming disk 9 by
means of adhesive bonding, screwing - Figure 3A skows 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 10-apparatys.agcording to theinvention, comprising.a trimaming:disk 9,
trimming bodies 8 and an outer toothing 10. The outer toothing 10 is separate from the trimmi%g disk
9. Both afe preférably Stiéwed & bnsHother by Ef“@r?eéb%ﬁﬁ?%ﬁlﬁ’o%? X the toBtHiRG aRd b in the

trimming disk. fhe €phaectingnty screws:are rot shpway for reasanssokclarityoBy saeans of different
lengths of the Screws %gg ﬁst aegg%se(gllleefi\/%egé A 0ssiple (?)I o%d%%&'h% gilsfgncterlq%n/ygggetoothlng and

trimming‘gl% 45 desir e trimming ies 8 wear and lose height during trimming lus'e, the screw
connécticieanthosidlways Be 20 readjustedsiscrthat tHetimingthsties BoniPiceacktease just

project beyongd the foothing: As a rasult; a tdmming apparatys afthis-typercan-alse bedisedrin the case
of grinding apparatuses having rolling apparatuses that are not or are onl §qu{htl>{ he,i%ht-adjustable or
those havifig SHoR Pir S teath’ 25 &Hitr it i ensifed ALESraing o the ihventidn that theouter toothing
never coraes into €ontach Withrthe avarkimgdayers in thel 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, 30 and contact between the steel and the diamond preferably used as

abraéive PemeNiorkimeriagdr ishruS abditeetiieds BECATIELRE Kitowii D ETOZ00762983241) that
contact ape apiasiepmithdran-matals cause-diggond to become blunt, as a result of which the

grinding method would not be able to be 35 carried out or would be able to be carried out only with
Trimming apparatuses whose outer toothing is height-adjustable
relative to the trimming disk are used in the fifth method

15 according to the invention.

According tc 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-adijustable, or are

20 height-adijustable only to a small extent, for structural
reasons. This results from the necessity of stiff, play-free
and precise guldance 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 cne side ("trimming pot™). This leads to
insufficient planarity of the working layer trimmed In this
way, because the trimming tool can be deformed.

30
Moreover, 1t 1s possible to use only trimming bodies having a
small height, at least for those which become engaged with the
lower working disk. Since these are subject to wear, they have
to be frequently changed or even the entire trimming. apparatus

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



53 considerable additional outlay (frequent redressing of the working layers) and poor results (process
instability as a result of frequent interruption for redressing). 5 Figure 3C 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 sityated in an areally flush W manner. As a result,
the trimming bodies 8 can be used completely up to their adhesive bonding or screw connection with

the trimming.disk. Figure. 3G shows:the trimming bodies8 with & stilJarge,usefub heights15, and Figure
3D shows them after almost complete wear (small remaining useful height 16) 15 and with toothed ring
10 having dB&cerftiéd ihtd the Workiny disk BoTHE itERtIBA ThGS et the G8&0f cdifparatively thick
trimming bedies:ang atitbe samertime the sise of theineomplete 20 4hickness: Thietefore; dhe #rimming
apparatuses acc rdingﬁtlg the invgftiogggvg tQ bg rgglaced r ggyi egl, vgi;h n \gitr{jmming bodies
significant § Iéﬂsasdogfte?nh %ﬁﬁﬁ%%éo?éaﬁcéc\:/vlthat%e p"rloljfsart%ggop éﬁ?edl eﬁ%o%irﬁéﬁtg for the second
to fifth methods ascordingetothe invehtivh Fiminiig-bédies saitable foredriying ot thesserbhd to fifth
methods gecarding;te.the inventign-are avajlahle ftom various, 30 manufacturersfergrinding materials.
The hard substances known in the prior art for grinding purposes, §uch as, for, examgleégubic) boron
nitride (CBNY boronithide 1B48), SficoRtbide {8IC, “Carborundim™ CaiuiRGm oxide ta203,
"corundum)i,;zttcaniuapgxide (Zr2) hsiticoredioxidel(SiQ Sbiquartz"), lceridisexide (€ed2), and
rnmu”esggﬁggkga@£§t the trimming bodies engaging with the lower
10 working lavyer would have to be very thin - with the discussed

disadvantages for economic viability and process stabllity of

the grinding method. In the case where the frimming tool is

embodied as an asymmetrical "trimming pot”, it is likewise

possibkble to use oniy 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 tcothing, that is to

say the remaining part of the difference between the height of

the rolling apparatus {(pin or tooth height) and the depth of

the engagement of the toothing of the trimming tool into the

20 rolling apparatus.

Figure 3 1llustrates various embodiments of the trimming
apparatus used for the fifth method according to the invention.
In order that all of the essentiazl elements can be made

25  visible, the trimming apparatuses shown in Figure 3 are
iilustrated upside down, that 1s to say that the trimming
bodies at the top in Figure 3 trim the lower working layer and
the partly concealed trimming bodies at the bottom trim the
upper working laver. (Inner and cuter pin wheels of grinding

30  apparatuses suitable for carrying out the method according to
the invention are generally arranged on inner and outer
circumfaerence and at the level of the lower working disk,
although an arrangement, with additlional outlay and without
advantage, would be pcssible, in principle, on the upper

35 working disk, too.)



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 5 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 the second to fifth metheds is the targeted release of the material bonded
in the trimming bodies upon movement under 10 pressure and with addition of cooling lubricant (e.g.
water) over the working layers. The abovementioned properties of the abrasive bodies used as
trimming bodies are generally not communicated in detail by the abrasive manufacturers and, if they
are so coﬁ?rﬁﬁt‘“ﬁ@at%g, e Comparabilty bétveen different 15 Sbrasive BoliesCin partictiarBetween
different manutacturees; és afternetpassitiaszowingta:laek aficommunication of the=precise

measurement ¢ ,ndciitions under vxhich hese. para et%rsJ_vgere determined. In barticular.the bonding
empoGie .]_ﬁ ’“;FCH 4ar oS _E_O‘.Q, u e ﬁ_S 1S ﬁOL.a}?er 8"'%8& T OY .
hardness, Which cricially determines therelease of grain that is ‘essential to 20the invention, differs

from manufacties to mantiadttrer ahdds designated by thefrsown iritholse parseeters. Therefore,

the best procegurg adepted in practice is-such that.firstly varioys:commercially, conventiongl abrasive
bodies from 25 one or more manufacturers are tested for suitability as trimming bodies, in which case
the grain size& B OHTT hARINSSeS §tatéd by $he Mantfdcturer afe intallf e g&rded"orly as guide
values. If e abtasivenhedy: proves ta be toa softpdn abirasivesbody-designatedas hardert-in the 30

manufacturer's internal nomenclatute is used. If it proyes %%ge log hard, a softer one js
corresponcﬁng y lsed. Ifthe rate of mateérial remova?ﬁom the Worrlgﬁlgﬁayer is foo hlg%vand the working
layelthas &-sigaificant 2 rotghel sarface diréctyaftstidimming S aftera féw passesioigrinding use,

when a 35§§!£-0b;¢ssj@gﬁqyﬂigrigmﬁb%cqm@ established, &:ﬁﬁﬁ;&%ﬁ@ 95 in-ageordanee with
information from the manufacturer is chosen; in the case of insufficient material removal and the

absence 6F4 tFedsing effect o tha AdrkingIaYer: Acdrrespbndingly coarser §fain is‘chosen. On

account of thef goad avadahilityof to one another by corresponding holes 1lla in

the toothing and 1lb in the trimming disk. The connecting

15 screws are not shown, for reasons of clarity. By means of
different lengths of the screws and spacers (sleeves), 1t 1is
possible to adapt the distance between toothing and trimming
disk as desired. If the trimming bodies & wear and lose height
during trimming use, the screw connection 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 type can alsc be used in the case of grinding
apparatuses having rolling apparatuses that are not or are only
glightly height-adjustable cor tThese having short pins cor teeth,

25  and 1t i1s ensured according to the invention that the cuter
toothing never comes into contact with the working lavers 1n
the course of the wear of the trimming bodies. The outer
toothing 1s preferably compesed of a metallic material and
particularly preferably composed of steel or high-grade steel,

30 and contact between the steel and the diamond preferably used
as abrasive in the working layer i1s thus avoided. This is
because it is known (DE10Z007049811A%1) that contact and
abrasion with iron metals cause diamond to become kiunt, as a
result of which the grinding method would not be able to be

35 carried out or would be able toc be carried out only with



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
of W 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 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 anextentthatiduring thestrimming processa layer ot released.grairrisisituated between
trimming bo’rqé and working layer, the thickness of which is on average between a half diameter and 20

ten diaméters<ofthe Serdge siz8 Of B reld&std Jrains’ Spetfically. A8 Tate at ilfich grain is
released isstoollewq only mrninadequate drimoting effecttakes place{toasslow, uneconomic). If the rate
is too high, such that a layer thicker than ten average grain diameters is formed on average, then. the
25 trimming apparatus pre-trimmed in an extremely plane-parallel manner as described can no longer
havesa sUfficienteshapird: effectorfthe workingeidy EFEessying of the refetence Slanarii)y bt rather is

"blurred” By he thiek, indefined film of lpose trivning geaincand; - withadmitiedlyhigh 30 capacity for
material removal from the working layer - it is not po sibleé? obtain a Workiigtlayer form which is

plane-parall&P&éedrding to the- ihvehfior 5B partictfdr, the featufes dFthe trimming Apparatuses
used in thesthirdiangd fifth methatssacoodding to thenmventidn. can be contbined withiore argther

without apy protjems, Advantageausly, ipyming apparalses haying the feaiures,of the trimming

apparatuses used in the'third or fifth metho are ﬁkewise used in the second and fourth methods
accofdingiforehelinvérition. PagticularlypreférabRyraiamir dfraratuses HavingShe features of the
trimming apparatuses used indhe third-and fith metheds aceerding todhe inventionare sised in the
second and fourth methods accorclin%)to the inventijgt&. TShe secor}(lj and fourth mejtahggieasccgrding to

the inventior caf Afso-adVARtAGeSUsTy ‘be tomblved: = SHOWS Hhe LrLTmIng

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 working 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

pricr art.

25 Preferred embodiments for the second te £ifth methods according

to the invention

Trimming bodies suitable for carrying cut the second to f£ifth
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 example,
(cubic) boron nitride {CBN), boron carbide {BsC), silicoen
carbide (8iC, "carbkorundum"}, aluminum oxide (Al,0s,
"corundum™), zirconium oxide (ZrQ;), silicon dioxide (Si0s,

35 "guartz"), cerium oxide (Ce0:z), and mixtures thereof, can be



57 Patent claims 1. A method for trimming two working layers which contain bonded abrasive and are
applied on the mutually facing sides of 5 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 carrier having
an outer toothing, wherein the at least one carrier is moved between the rotating working disks by
means of a rolling apparatus and the outer W toothirg under pressure on cycloidal paths relative to the
working layers, wherein loose abrasive is added to the working gap formed between the working

layers, inwhigh werking gapithe carriers witheshweskpieces insertediherpinamove, andimaterial
removal from the working layers is therehy effected. 15 2. The od a%clagned in %Iaim 1, wherein
8§ 1C-DON nd. ¢

the looseHaping grainis add ]

ren , gy et
to the-Wor J|”rC1:g ggﬁ%sr’lsce b%%or%rﬂﬁg’ eginning gf]tri?nmlngf?“]io 3. The
method aseclaired ia_seime@mﬂrm@aﬂns)@camz,ﬁ@herema}}iqm@ isatditionalefedcdsthe working gap.
4. The me-hod as claimed inany: gi,claims, 1 to 3; whetein at least part gt the. surfage. of the at least

one carrier with 25 which the latter comes into contact with the working layers consists of an elastic
matetial. /5. THe Metibthas chiméd #iiany 6R¢RInTs 150 Whetdi the At IeadEsfRe @At has a
coating, thedhickness-of nbich is: 36 reducesh dwingthecdressing shthe-working layer by saaterial
removal from the coatir% o 16. A method f%ykltrimming two working I%e@ which contain bonded
abrasive Bnd are applied on e mutually facing sides of 35 51 tipper and of & lowear working disk of a
grinding apparatusond to f£ifth methods is the targeted release of the

material bonded in the trimming bodies upon movement under

10 pressure and with addition of cooling lubricant (e.g. water)
over the working lavers. The abovementioned properties of the
abrasive bodies uged as trimming bodies are generally not
communicated in detail by the abrasive manufacturers and, if
they are so communicated, then comparability between different

i5 abrasive bodies, in particular between different manufacturers,
is often not possible, owing to lack of communication of the
precise measurement conditions under which these parameters
were determined. In particular the bonding hardness, which
crucially determines the release of grain that is essential to

20 the invention, differs from manufacturer to manufacturer and Ls

designated by their own in-house parameters.

Therefore, the best procedure adopted in practice is such that
firstly various commercially cenventional abrasive bodies from

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

30 manufacturer's internal nomenclature 1s used. I 1t proves to
be too hard, a softer one is correspondingly used. If the rate
of material removal from the working layer 1s too high and the
working layer has a significantly rougher surface directly
after trimming than after a few passes of grinding use, when a

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



58 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 5 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 cyclgidal paths relative to the working layers, wherein
the trimming bodies release abrasive W substances upon contact with the working layers and thus
effect material removal from the. yorking layers; by means afloose grain, wherein the dirgstion of
rotation of all the drives of the grinding apparatus is chanced at least twice during the trimming. 15 7.
The methol ds'@aififetfinclaini 6 “éhdrad@rized i fivat the ARSI removalfiém RE Working layers
that is obtainge:betweendwo-changesim the.direction ofsotation degreasesywih eaehychange in the
direction of rotation. 20_8. The methaod as claimed in ,eittger of claims 6 and 7, wherein_the material
removal from each of the two Working fayers between the I8st change i thé diréctidn'of rotation and
the eid of trimmingrizbetwedn 18% ' and 160% ofthéraverage graift 25 siZe ofithe abrasive grain

bonded i’%@@s‘(’!@f@%@éﬁlﬁy %féitrﬁﬁ@&ggﬁp%a@%ﬂg frimming two working jayers, which contain

bonded abrasive and are applied on the mutually facing sides of an upper and of a lower working disk
of a grindiffyy30 apfaratiisifor the' SimultdMeous dotble=side Processing 6f ffat Watkpieées, comprising
a trimmingalisk; arplurality-eftmmingbogdfes-andan putertoothing whereinthe frimming bodies
release agta§%/§rseunhﬂit%%ces up&angcqu%%[ vgi%lltheoggrkjﬂrégl@]yegs_%r}% can 5hus effgec; rqaﬁteg%l
removal from the working Jé%ﬁéyé’r“s by means of 10056 grain, wherein at least 80% of the

10 which the empirical selection method described proved to be

practicable.

Initially any trimming tocol that has a remcving eflect on

another material by its nature releases maiterlal, whether this
15 ig desired or not. According to the invention, however, this

takes place for the methods described here to precisely such an

Fog

extent that during the trimming process a layer of released
graln 1is situated between trimming body and working layer, the
thickness of which is on average between a half diameter and

20 ten diameters of the average size of the released grains.
Specifically, if the rate at which grain is released 1s too
low, only an inadequate trimming effect takes place (too slow,
uneconomic;. If the rate is tcce high, such that a laver thicker
than ten averags graln diameters 1s formed on average, then the

trimming apparatus pre-trimmed in an extremely plane-parallel

2
wh

manner as described can no longer have a sufficient shaping
effect on the working layer ("copyving" of the reference
wlanarity), but rather is "blurred" by the thick, undefined
£ilm of loocse trimming grain and - with admittedly high

3¢ capacity for material removal from the working layer - 1t Ls
not possible to obkbtaln a working layer form which 1s plane-

parallel according to the invention.

It geoes without saying that it is particularly advantagsous to

33 combine two or more cf the methceds according to the invention.



59 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 5 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 ring-shaped
region. 10. A method for trimming two working layegg which contain W 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 simyltaneous double-side.processing of flat workpieces, by means-of at least oneddmming

apparatus, comprising a trimming disk, a plurality of trimming bodies and an outer toothing, wherein
the at leaSt'6né frimmirig Apparatis BmovEtF bétweehth Fotating Working sk by AFansof a rolling
apparatus:and the guter teotbing underipressure anduwigh additiop DEacooling ibricaat wich
contains no sr%rt[)lgtgnces wggaa,rbr%%i\ée ag%;g@, Ontgsgcl?ggk%aggg n%I%ti\gE;1 to thi%% working layers,
wherein thé ]trlmmlﬁg Boties Teltass abrasive substances upon contact with the working layers and
thus effectppaterialreatovat romi theberkirgllagerstbyt iieahnsiof Idose grain, whereinst |esst 80% of
the area qf thetimming bedieswhich comesdatacantact withthe werking, layers isarranged 25 within
a ring-shaped region on the trimming disk, wherein the width of said ring-shaped region is between 1%
and 25% of fie- ianfetérofthé timming disks alit whergitAe Ards of thetfimtHing Bodies which
comes intb=coniaetwithrthenworkingrlayers aeguipias:20%:t019094 of thectotal@tea of thedring-shaped
30region..11. The method as claimed in claim 10, wherein. at least one tri in t rily runs
with at Iegét%ptar}t of t q‘el%lcriga \ereo *gfonjﬁothé]fﬁné"rng(%gne“éﬁél at%llre‘zéts%l ér%?rfrﬁmbﬁggbgg%%%
temporariyRelinsowith bt leastpart of thecaiealthiefedf beyondwoition. The second and

fourth methods according to the invention can also

advantageously be combined.



the outer edge of the ring-shaped region of the working layers that is swept over by the workpieces
processed in the grinding apparatus. 12. The method as claimed in claim 10, wherein the outer edge
of the ring-shaped region runs beyond the inner edge and the outer edge of the ring-shaped region of
the working layers that is swept over by the workpieces processed in the grinding apparatus. 10 13. A
method for trimming two working layers which contaimn 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
simultangguls double-side brocessing 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 outerzoething-underpressuneiang with 20addition dfzareaalingHibricantywhich contains no
substances Wil AIgslys agtion, on ayaloigalhaths reipiya, [0 Hieeatqng layeis, pherginng trimming
bodies release abrasive substances Upon contact with the working layers and thus effect material
remoVal fesm ¥he working |&yjers by Treans o 16686 28 gr&in® wheréin firstiy the 3adiar sfiapfe profile of

the two wegking layess is measured-ang.theiminimym material temevalreguized fos reestablishing a
flat surface is determined therefrom for each of the twq working Iaxers, and wherejn, the trimming

process IS th&tFEiTied out, W& the YenToval rites 30 Frdi the upperand (' iowaP working layer
are set bwmeansrof asuitableLehaite of:thecflow rate of thencoelihgilabrieant arivealso thepressure

with which the ypReraiking, disk s pressed.against g loyer working disl duno bimiping such that
their ratio corresponds to the ratio of the minimum material 35removals. 6l 14. The method as
clairfed iy efaiming, wherein R fictBase i theffov faté bf Bfe-edolirgiabrdcant Fedices the removal

rate fromthe- lower warkingdisk in-relation tothe uppes working disk: asd vice versa.wd5xThe method
as claimed in eghgr of cIaer%s 13 and 14, ‘,’Vhﬁreirﬂ' a reduction of theW ressure vyll'[{q Whicohathetgpper
working disitis relss ggaﬁﬁigte’fﬂeng\f\e/eFN Working disk*during M 'trifiming réduices the ¥émovalrate
from the upperiworkingidisk irtrelatiornctosthe dowerswolkday diskrand vicewersand material
removal from the working layvers 1s thersby effected.
15
2. The method as claimed in claim 1, wherein the loose lapping
grain is added tc the working gap once before the beginning of

trimming.

20 3. The method as c¢laimed in either of claims 1 and 2, wherein a

liguid is additicnally fed to the working gap.

4, The method as claimed in any of claims 1 to 3, wherein at
least part of the surface of the at least one carrier wilith
25  which the latter comes into contact with the working lavers

consists of an elastic material.

5. The method as claimed in any of claims 1 to 4, wherein the
at least cone carrier has a coating, the thickness of which is
30 reduced during the dressing of tne working layer by material

removal from the coating.

6. A method for trimming two working layvers which contain
bonded abrasive and are applied on the mutually facing sices of

35  an upper and of a lower working disk of a grinding apparatus



16. A trimming apparatus for trimming two working layers which contain bonded abrasive and are
applied on the mutually facing. 15 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 20 layerssand can 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. .17 Asmethad.for timming, fwe workiag Jayers which.contain;95-bonded abrasiye and

are applied on the mutually facing sides of an upper and of a lower working disk of a grinding
apparatu$ Yor'thé simittaridous doublé2Side ProlBeding BPRANGRBieceS Y means of at least one
trimming apparatus; compising @ Irinaiing disks atpluratityrof timmirg bedis:andoart euter 30
toothing, wherein the at least one trimming apparatus is moved between the rotating waorking disks by
means of%)fo |nigngbpéﬂr%teursealr?d th%eoditgr ?ege%siﬁg ﬁrﬁge?gﬁe?g@%?égarﬁ) %ﬁﬁa:i%@ltio%so%g gégoﬂc:ng
lubridant, vehiels eontairs He Sabstaficeswith abrasive: action, Toreeyelcidalidpathis felative to the 35
working layers whetein the trimmingodies ralease,abrasive substances ipon.contact with the
working layers and thus effect material removal from the working layers by means of loose grain,
wherein the Sttertofting'isHSighEadjustable Yelktive 16 the timmiry - disk 185 FhE Yﬁ’éiﬁgg as
claimed imr claimak; aehiereinaghe tbmming diskds pievtdecbwitha cutdat-thatreceivesthe outer
toothing, such that the frimmin ' an. ompletely wi ithout parts.of trimmi isk or outer
toothing (EA(F)%rr]iﬁ%gl]n:arliqtoL égr?gg;’g%e%r%l %vitlﬁ t%ﬁ%%rﬁ%ﬁ?jér. %%& \ﬁll' IQé r%%fh%)%%;%s éllgl}[[rr.%eg i‘rgéany of
clairts 1 & TReCES 170611 8 Whetein edch of the Wistkingayeks 1§ fashie dean beé detached from
the respegtive working glisk by, peeling mpvement.and comprses atleastthe three follawing layers: a
useful layer, which faces away from the working di%k, contains bonged iﬁrqﬁ%ve gnq has a L%seful
thicknessSdfmbre thAR Ore abrasive grainlayer: ©a ééntrar eoRtiftiou support 1ayer which supports
the usefut2@ layei mndrepnaectsralitthe elementsnafdhie arsefud layer torform a contimuouseunit; and

Trimming.

15
7. The method as claimed in claim 6, characterized in that the
material removal from the working layers that is obtained
between two changes in the direction of rotation decreases with
each change in the direction of rotatlion.

26

8. The method as claimed in either of claims ¢ and 7, wherein
the material removal from each of the two working layers
between the last change in the direction of rotation and the
end of trimming is between 10% and 100% of the average grain

25  size of the abrasive grain bonded in the working layers.

9. 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 & grinding

30 apparatus for the simultaneous doubkle-side processing of flat
workpieces, comprising a trimming disk, a pluraiity of trimming
bodies and an outer toothing, wherein the frimming bodies
release abrasive substances upon contact with the working
layers and can thus effect material removal from the working

35  lavers by means of loose grain, wherein at least 80% of the



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

h
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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 1s
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 occuples 20% to 90% of the

total area of the ring-shaped region.

10. & method for trimming two working layvers 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 simultanecus double-side processing of flat workpieces,
by means of at least one tTrimming 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 cooling lubricant, which contains no substances
with abraesive action, on cycloidal paths relative to the
working lavers, wherein the trimming bodlies release abrasive
substances upon contact with the working layvers and thus effect
material removal from the working lavers by means of loose
grain, wherein at least 80% of the area of the trimming bodles
which comes into contact with the working layers is arranged
within a ring-shzped 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 ring-shaped

region.

11. The method as claimed in claim 10, wherein at least one
trimming body temporarily runs with at least part of the area
thereof beyond the inner edge and at least cone trimming body

temporarily runs with at least part of the area thereof beyond
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the outer edge of the ring-shaped region of the working lavers
that 1s swept over by the workpieces processed in the grinding

apparatus.

12. The method as claimed in claim 10, wherein the outer edge
of the ring-shaped regicn runs beyond the inner edge and the
outer edge of the ring-shaped regicn of the working lavyers that
is swept over by the workpieces processed in the grinding

apparatus.

13. 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 simultaneous double-side processing of flat workpileces,
by means of at least one trimming apparatus, comprising a
trimming disk, a plurality of trimming bodies and an outer
toothing, whersin the at least one trimming apparatus 1s movad
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 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 lavers by means of loose
grain, wherein firstly the radial shape profile of the two
working lavers is measured and the minimum material removal
required for reestablishing a flat surface i1s determined
therefrom 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 laver are set by means of
a suitable choice of the flow rate ©of the cocoling lubricant and
also the pressure with which the upper working disk is pressed
against the lower working disk during trimming such that their
ratic corresponds to the ratio of the minimum material

removals.
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14, The method as claimed in claim 13, whereln an increase in
the flow rate of the cooling lubricant reduces the removal rate
from the lower working disk in relation to the upper working

g

disk, and vice wversa.

15, The method as claimed in either of claims 13 and 14,
wherein a reduction of the pressure with which the upper
working disk is pressed against the lower working disk during
trimming reduces the removal rate from the upper working disk

in relation to the lower working disk, and vice versa.

16. 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 double-side processing of flat
workpieces, comprising a trimming disk, a plurality of trimming
bodies and an outer toocthing, whereir the trimming bodies
release abrasive substances upon contact with the working
layers and can thus effect material removal from the working
layers by means of loose grain, wherein the outer toothing is
height-adijustable relative to the trimming disk.
17. 2 method for trimming two working layers which contailn
nd

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, comprising &
trimming disk, a plurality of trimming bodles and an outer
toothing, wherein thes at least one Trimming apparatus is moved
between the rotating working disks by means of a rolling
apparatus and the cuter 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 release abrasive
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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.

18. The method as claimed in claim 17, wherein the trimming
disk is provided with a cutcout that receives the outer
toothing, such that the trimming bedies can be completely worn
without parts of trimming disk or outer toothing coming into

engagement with the working layer.

19. The method as claimed in any of claims 1 to 8, 10 to 13z, 17
or 18, wherein each of the working layers is elastic, can be
detached from the respective working disk by peeling movement
and comprises at least the three following layers:

-~ a useful laver, which faces away from the working disk,
contains bonded abrasive and has a useful thickness of more
than one abrasgive grain layer;

- a central continuous support layer, which supports the useful
layer and connscts all the elements of the useful layer to form
a continucus unit; and

- a mounting layer, which faces the working disk and forms a
force-locking or positively locking composite assembly with the
working disk over the period of the usable 1ife of the useful

layer.



