2008P00107DE/ Ki  Device for the Doubl e-Si ded Processing of Flat Wrkpieces
and Method for the Sinultaneous Doubl e-Si ded Material Renobval Processing of
a PluratdoyrodlGemEgonduct or Wafers 5 The invention relates to a device for
t he doubl e-sided processing of flat workpieces, conprising an upper worKking
disc and a | ower working disc, wherein at | east one of the working discs
can be driven in rotary fashion by neans of a drive, and wherein the
wor ki ng di scs form between thensel ves a working 10 gap, in which is arranged
at least one carrier disc wwth at |east one cutout for at |east one

wor kpi ecBevicefprothesBdubleh8ided PhecasslingspfoRdataWerkpidies Bad teeth

on its ci r e y i tR:LL ar ag_li and an
out er " goar “apiel ERE EndY sERaIRabboll BPbEEL Bikby Bater 101 RabBPEL T
rings is set iBrpoeasiog, ofharBilnrahistyecaf SbmébenductprnWaFegs each have a
multiplicity of gear or pin arrangenments with which the teeth of the

carrier discs enter into engagenent during rolling. 20 Wth devices of this

typé, fTiad ivovdpiberes;elareexand edewing comduchordoabesssidad be subj ected
to materjal renoval ocessin for exanpl e honing, |appin ol i shing or
or i ndi g CCRBT LRG| B phif Postor HRLGOT ki Bt 31 'e8 HET (PERET | Btk Tef {9 on i n
cut out samdd galswer whsketn@uites, | wheod ot yatf abdd o die tde 25 WasKikngg gap and
are si Itaneoushéaﬁ%ggessed on both i§§s. In this case, the morhgieces
descri b & Tyt Feht 1T QY PP 2. TSR Shich el ees2'? at

wor Kpi egiesr&ah Bige 6 OELSS edhi S bed b Shlesed Endthadl ve Precisex@pner. 30
The contact between the outer teeth of the carrier discs and the teeth of

t he Cgead@mhebt sV btCR nks prhsaged et pl e st e ¢a5iies Fheswatt®rdt he gears

or pinsicddtisnd heiedeor ecdnonn 1440M O 295 B0 d4d 14 nd rpidsLdngs, to
mount sleeves in rotatable fashion on the pins of the pin rings, wherein

the 35 EeFeEr Hiecat chast mie erryalged®e rdlse thes neeatoevesitsn t he

circumference, by means of which teeth it rolls on an inner and
an outer gear wheel or pin ring 1f at least cne of the gear

15 wheels or pin rings is set in rotation, wherein the gear wheels
or pin rings each have a multiplicity of gear or pin
arrangements with which the teeth of the carrier discs enter

into engagement during rolling.

20 With devices of this type, flat workpieces, for example
semiconductcocr wafers, can ke subjected to material removal
processing, for example honing, lapping, polishing or grinding.
For this purpose, the workpieces are held in floating fashion
in cutouts in carrier discs guided in rotary fashion in the

2% working gap and are simultaneously processed on both sides. In
this case, the workpieces describe a cycloid movement in the
working gap. With such devices, flat workpieces can be

processed on both sides in a highly precise manner.

30 The contact between the ocuter teeth of the carrier discs and
the teeth of the gear wheels or the pins of the pin rings
results in wear on the gears or pins. It is therefore known
from DE 295 20 741 Ul, for pin rings, to mount sleeves in
rotatable fashion on the pins of the pin rings, wherein the

35 carrier discs come intec engagement with the sleeves. In the

case of an embodiment of this type, frictional stress no longer




case of an enbodinment of this type, frictional stress no |onger
2008P00107DE/ Ki 2 occurs between the carrier disc teeth and the pins.

Rat her, 0B ROGIOEEE /kdkes pl ace between the sleeve and the pin. However,
since the sl eeve bears on the pin over a much greater |ength, the surface

| oadi ng and hence the possible abrasion are 5 correspondingly | ower.
Furthernore, the sleeves can be replacedZin a sinple manner in the event of
wear. By contrast, replacing the pins is conparatively conplicated. Further
configurations of such sl eeves have been discl osed by DE 101 59 848 Bl and
DE 102 18 483.1E4 beftpegn7ghescRIBLedi sidises ésedheaviss thenpdged &ather,a

plastic maues dlonddbrl e 16858 10k bediiatn daviseavonaprohl gmys that the

| oadi ng of the carrier discs on account of contact mnt t he ears or pins
and sIeev@@W@aﬁrheédﬁm@ tthe tséeriveofoeths car rtiher p1B divee e imighb eirte adway

upward or % ghevau%a %glilo%rdl%ﬁjk%%%s hetn%ed%rﬁ%]%o %1418 gé%'l%%e%raend

al so the mn i'Scs or th i'ng layer unt o
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di scs that.  are. otqgrmnse deS|r%% Ven rena? t he .car.rier
% i

20 discs ¢&n “occtt in the“¢aséd ag%’bééﬁﬂﬁglpﬁé
c?rrLer dk&ehﬁam$tablwoh@@me$1w@&ymmdmpniqam@d| munmmaw<ndmﬂ1qwmath©nmeglon
of the gear eels.or _pin, ri whi ch .can | e .vertjcal
novenent s < %t é’p SPa ik V6t e&ﬁﬁ di&r‘?c‘féfotsﬁéir yb$$&§%§ 82@ %&p r'\‘/%hen this
part of tlm: a&zcarsr 14633 @i4sc mpe@nt7arrs staze R0 IdKIsRY. @, sSaletra¥0\ommpiised ead to
undesL abl e ontact between the carrier disc surface and the edge of the
wor ki @ d@s a5t Ah &Rt i*'ng layer, as a result of which intensified

wearing of the carrier disc surface occurs. 30 The present invention also

relates to a nethod for_the i ,
In the case of the known devices, one problem is that the

loading of the carrier discs on account of contact with the
gears or pins and sleeves can lead to the teeth of the carrier

15 disc being bent away upward or downward, which regularly leads
to damage to the workpieces and also the working discs or their
working layers. On account of the low strength, this is
particularly critical in the case of plastic carrier discs that
are otherwise desired. Moreover, premature wear of the carrier

20 discs can occur in the case of the known devices. This is
because the carrier disc partially leaves the working gap, in
particular in the region of the gear wheels or pin rings, which
can perform undesirable vertical movements owing to the lack of
guidance there by the working gap. When this part of the

25 carrier disc reenters the working gap, said movements lead to
undesirable contact between the carrier disc surface and the
edge of the working discs or their working layer, as a result
of which intensified wearing of the carrier disc surface
occurs.,

30
The present invention also relates to a method for the
simultaneous double-sided material removal processing of a
plurality of semiconductor wafers, in which each semiconductor
wafer lies freely mobile in a recess of one of a plurality of

35 carrier discs set in rotation by means of an annular outer

wheel or pin ring and an annular inner gear wheel or pin ring



- si mul t aneous doubl e-sided material renoval processing of a plurality of
sem conduct or wafers, in which each sem conductor wafer lies freely nobile
in a rece9gsseoangDal/ka plurality of 35 carrier discs set in rotation by
means of an annul ar outer wheel or pin ring and an annul ar inner gear wheel
or pin ring 2008P00107DE/ Ki 3 and thereby noved on a cycloid path curve,
while the sem conductor wafers are prodessed so as to renove materi al

bet ween two rotating annul ar working discs, and the carrier discs and/or
sem conductor wafers tenporarily |eave the working 5 gap, delimted by the
wor ki ng éinslc$hewebly moﬁﬁdtOGfatﬁ@FﬂOiﬁuPﬁébeCdMNEmngﬁéEpﬁb@essing For

el ectronies,; JThareekeclLenlcs aad @b%r%s%he%Ergge%g ?e&ﬁve %%%%QQQUCtor
waf er s mnt extrene reqU|renents obal ocal anarity,

one- si debegiveranted rocatlpgaaanuﬂyr(wam@uogoﬁagyﬁ, a@dghhessaamdealeanness

are used 3Rt ArLNg STRLELLALS (3URsLLatenl, SEMLOaNAYGtarL WRLels Aigs

waf ers of " "sém conduct or 88 ound “sem-condue
such as gaphid&ﬂamseaddbyothel@mmmuagydsenscowdmhtarpaxmcbfa$he15 silicon
and ger mani u o_the pri.or art, sem conductor wafers are produced

in a nuIF|6IF@lt%ugﬁngugggsgfygeﬁﬁéggSs steps. In general, the following

production sequence is used: 20 - production of a nnnocrystalline
sem cond ctor - .cutting the r i nt o _individual

crystal h
vt er o (Forartat trbretar mirdosss tuanity ShniAEar e hatuk trtigeat i on
(1 appi ng segiiicRgidngtor- welfeisC &l thaker reepakaiili eemealtkalriore gobbadi dnet chi ng)

30 -1gheq%cg%ch%nlcal waf er preparation: doubl e-sided poli shing
planarity, one-side referenced local planarity
(nanotopology), roughness and cleanness are used as starting
materials (substrates). Semiconductor wafers are wafers of
semiconductor materials, in particular compound semiconductors
such as gallium arsenide cor elementary semiconductors such as

15 silicon and germanium.

According to the priocr art, semiconductor wafers are produced
in a multiplicity of successive process steps. In general, the
following production sequence is used:

20
- production of a monocrystalline semicconductor rod {crystal

growthyj,

- cutting the rod into individual wafers (internal hole or wire

25 sawing),
- mechanical wafer preparation (lapping, grinding),

- chemical wafer preparation (alkaline or acid etching)

30
- chemo-mechanical wafer preparation: double-sided polishing
(DSP) = stock polishing, single-sided haze-free or mirror
polishing with a soft polishing pad (CMP)

35 - optionally further coating steps (for example epitaxy,

annealing)



- (DSP) = stock polishing, single-sided haze-free or mrror polishing with a
soft polishing pad (CMP) 35 - optionally further coating steps (for exanple
epi t axy, 20e8nealongr/RP08P00107DE/ Ki 4 Mechani cal processing of the

sem conductor wafers serves primarily for global planarization of the

sem conductor wafer, also thickness calibration of the sem conductor wafers
as well 5 as renoval of the crystalline4damaged surface | ayer and of
processing traces (sawing cuts, incision marks) caused by the previous
cutting process. Methods known in the prior art for nechanical wafer
preparation 10 are single-sided grinding (SSG with a cup grinding disc

whi ch bound i ndi i ndi f both id
of the SORFEGRIGREORL HAPEP -t BgBEnErC DBCRBEIM T UG RO ar PRl ROSBrSCs |

("doubl epdiimaergt iyndopgylobRO) paaﬁakap@tmgnb@f hthei desiebnauptvrakk E¥rof
senicondugtor waf S|nugtaneousl bet ween two annul ar wor ki ng gISCS

whi | e suppf§i h BlSEE‘FEFr(}a %brﬁaéoarpﬁdw.a SERAECLdBERPE- @ﬁé@aspﬁan@e drallel

| apping, as" kappiay" b E)Eeleﬁ?/ééaﬁﬁ)zn&daﬁﬂggﬁ 40r-2006 032458nAl odi scl ose
met hods for 20, sinul taneous grinding both sides of a plurality of

senlcondEEPS?SﬁéF%r§r96§§tﬁ%ﬁwﬁpghcétﬁnvéﬂﬁhﬁlﬁﬁo@é§§sélﬁﬁPﬁ?d by that of

| appi ng, pggglgbgr@gggghge?rggegge use of a grinding agent which is bound
firmy in working | ayers films", "pads") which are applied onto the
wor ki ng discs. Such a method is 25 referred to as "fine grinding with

l'appi ng KEPRABL! 80wl in' E‘hé”ﬁ&%i‘ pad 95&” LBgan( ER) Wa%gkgggpéﬁé{giénUSEd

in PPG which are adhesively bonded onto e tmo wor k g are
desckl bedrfopiegafpbeded 08 n6i007,46%) Awahﬁ wScep599ind nBZdlEﬂrWthhhe

pr ocessi pgcL8Rs30 BENLAORUYAOR"BLERS, AL enhl 25801 g1 RhBngUbdensages,

sides of the semiconductor wafer together between two cup
grinding discs ("double-disc grinding", DDG) and lapping both
sides of a plurality of semiconductor wafers simultanecusly

15 Dbetween tTwo annular working discs while supplying a slurry of
free grinding agent {double-sided plane-parallel lapping,
"lapping").

DE 103 44 602 Al and DE 10 2006 032 455 Al disclose methods for
20 simultaneously grinding both sides of a plurality cf
semiconductor wafers together with a movement process similar
to that of lapping, but characterized by the use of a grinding
agent which is bound firmly in working layers {("films", "pads")
which are applied ontc the working discs. Such a method is
25 referred to as "fine grinding with lapping kinematics" or

"planetary pad grinding"” (PPG).

Working layers used in PPG, which are adhesively bonded onto
the two working discs, are described for example in US
6,007,407 A and US 6,599,177 B2. During the processing, the

30 semiconductor wafers are placed into thin guide cages, so-
called carrier discs, which have corresponding openings for
receiving the semiconductor wafers. The carrier discs have
outer teeth, which engage in a rolling device comprising an
inner and outer gear wheel and are moved by means of it in the

35 working gap formed between the upper and lower working discs.



called carrier discs, which have correspondi ng openings for receiving the
sem conduct or wafers. The carrier discs have outer teeth, which engage in a
rol lingzdesboe169pRrkSi ng an inner and outer gear wheel and are noved by
means of it in the 35 working gap fornmed between the upper and | ower worKking
di scs. 2008P00107DE/Ki 5 The ability to carry out the PPG nethod is
crucially determned by the propertieg of the carrier discs and their
guiding during the rolling nmovenent. 5 The sem conductor wafers nust
tenporarily | eave the working gap with a part of their surface during the
processing. This tenporary projection of a part of the area of the

wor kpi eces _fr t he wor ki ng p, W | e referred to as e "workpiece 10
expursi@ﬁe.a?ﬁgf%ﬁtfgrcﬁﬁgﬁr%ggthg? g?& W%B?8ﬂslﬁfcfﬂﬁl?%gy Q?Eerﬁéﬁﬂg

uni fornby 8nd pxpperence oni £9EMyEAl e WNHCHCHT £6€T VRSi L hguighageduandgt he
desired ﬁlane-ﬁarallel shage is inparted to their sem conductor wafers

wi t hout “BaFPHhghd (TAVERARSs reduction toward the margin of the
semixonductor wafer). The 15 same applies simlarly for lapping with a free

| appi ng_, abrasive. The net hods of PPG grinding known in the prior art, for
exanpl eTP8eSePi RANATDE 183°1g BOSt AFCHRAAr 2RI DE 162PB0BNG3P0REENE JaBre 20

however di gagdvgat 896eusht -t Biisrh g2k Gr: Nt PpL g ABLEOHR kneunsfrom the
prior art, it is not possible to provide sem conductor Wwafers with
suf fi ci epPPPprararPryiastiar af aheasbtefnbbe ahrargbharheeypdhpieopeeh are

sui t abl r ril I epandi .cation f ul nol ogy
generat?gég.tgg %%ggégécé?ﬁyggpg ﬁ%srgggkkggukg %ﬁ:?g?he%§%§?§gggdiscs are
susldept esterssonért Toal ldtseocansoneérohathall cegicas pbstheonoclinaik they

diSengagge&rgg1kggm59|ggggeggggfgnggﬁQgi£8r3t§ggg which preserves the
shape, and the desired plane-parallel shape is imparted to
their semiconductor wafers without "pballing”™ {(thickness
reduction toward the margin of the semiconductor wafer). The
15 same applies similarly for lapping with a free lapping

agbrasive.

The methods of PPG grinding known in the prior art, for example
described in DE 103 44 602 Al and in DE 10 2006 032 455 Al, are

20 however disadvantageous in this regard. With the methods known
from the prior art, it is not possible to provide semiconductor
wafers with sufficient planarity as far as the outermost
marginal regicn, which are suitable for particularly demanding
applications and future technclogy generations.

25
Specifically, it has been found that the carrier discs are
susceptible to vertical dislocation from their central position
until they disengage from the rolling device owing to strong
bending. This is to be expected in particular when high or

30 strongly alternating process forces act on the carrier discs as
in the case of high removal rates, unfavorably selected process
kinematics or when using particularly fine abrasives in the

grinding pad.

35 The dislocation of the carrier discs 1s promoted because they

have only a small total thickness (at most slightly greater



bending. This is to be expected in particular when high or 30 strongly
alternating process forces act on the carrier discs as in the case of high
renmoval 20ages010mbayrtably sel ected process kinematics or when using
particularly fine abrasives in the grinding pad. 35 The dislocation of the
carrier discs is pronoted because they have only a snmall total thickness
(at nost slightly greater 2008P00107DEEKI 6 than the final thickness of the
sem conductor wafers to be processed) and thus have only a limted strength
agai nst bending. Furthernore, the carrier disc is conventionally made of a
steel cbhenwhhehfisaprbiidedesstbfatpeosenitvediayer. wsfdrsetd bentact of

the ste d e erabl v, ed. in |annnd, | eads
to mearsé?ggﬁgeﬁrc?%gdtgggo a¥§h§ng¥anngﬁ% ﬁn%tgﬁf ggi%g?ﬁ i gh
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acuity of the rkin S. beln 10. Fre har p gnin associ at ed
with hlaﬁ ﬁeﬁFe FﬂﬁgmﬂﬁﬁFh lsl8§ aAWﬁtha @ E%ﬁf%gﬁt ﬁﬁ%?able process
nan&genemtecmoubdtaatsofcah@reﬂese tBEepan@etheeabﬁésihe pesteoadugt or

waf ers reb ocessed ,and t herefore ke the use of PPG net hods _not 15
bty unBeBioReRBE o e naa ey ey Crots Fabr o T op L B BLOF BRRFGR ogs

gener at tpBSdiABohs KPOYAs bh@n@r@be@héVElhﬁy§b§uﬁppht§do@nb9rbbﬁ steel core
of the carrier dISC experience wear. They should therefore have @20 a usable

t hi ckne$&%%hi eRdi §hageFargeraRifosespl 81 FReoFHEEIRE aFR&W e€bnbifcal

I|fet|n§§rgjn5h§a9@9§uggbhﬁ gepgtituted by the "carrier disc". The
protective layers are furthernore required in order to achieve |ow sliding

frlkﬁlon between the working layers and the carrier discs. Suitable layers
gggs'StFrEQﬁeﬁg §%é99&ﬁin8faQQB%EE%&BaQchTﬁﬁgEaM@ér'éfC9H¥eQEkQEﬁ5|y sof t

layers, with the concomitant unstable process management, would

also compromise the properties of the semiconducter wafers

thereby processed and therefore make the use of PPG methods not
15 only uneconomical, but possibly even unviable for future

technology generations.

As is known, the protective layers applied onto the steel core
of the carrier disc experience wear. They should therefore have

20 a usable thickness which is as large as possible, in order to
allow economical lifetimes of the consumable constituted by the
"carrier disc". The protective layers are furthermore required
in order to achieve low sgliding friction between the working
layers and the carrier discs. Suitable layers consist, Ifor

25 example, of polyurethane. The layer 1s conventionally soft and
does not therefore contribute to the stiffness of the carrier
disc. The remaining steel core is therefore much thinner than
the target thickness of the semiconductor wafers after the
processing by means of PPG.

30
If the target thickness of a semiconductor wafer with a
diameter of 300 mm after processing by means of PPG is for
example 825 um and the total thickness of the carrier disc
peing used is 800 um, then 500 - 600 pm of this 800 pm total

35 thickness of the carrier disc is given over to the steel core

which imparts stiffness, and 100 - 150 pm each to the anti-wear



does not therefore contribute to the stiffness of the carrier disc. The
remai ni ng steel core is therefore much thinner than the target thickness of
t he sem20dBdVEL@7DEXfKer s after the processing by neans of PPG 30 If the
target thickness of a sem conductor wafer with a dianmeter of 300 nmafter
processing by neans of PPGis for exanple 825 pmand the total thickness of
the carrier disc being used is 800 pm7 then 500 - 600 pmof this 800 pm
total 35 thickness of the carrier disc is given over to the steel core
which inparts stiffness, and 100 - 150 pm each to the anti-wear
2008PO0tORDENKI O theattiveg sdrletshe two sides. If for conparison the target

t hi ckness of the sem conductor wafer after processing by neans of | apping
is likewse 825 pm 5 then the carrier disc used for the | apping consists
entirel yfoffogt ichinpesd siompahei ngreeeelthandnkas aft heksesd cohdd@@orm  Since

oo oo %R o BBcckd 8 SRR T L S0, T 19 2 205 2

desi gn, 1S kKnown to-vary w M carri er
di scowi tthea 50@ prrtiieek ditseelisear €orbehds ldwping RPRGsdbaut chaureliimes as
much as an 800 pm.thick. carrier, disc during. l.apping. For carrier disc
with a é%df%ﬁmetsﬁ*r RPEEEED I SEES Lt RRD LA ﬁ‘g%hi@?‘%&rs%n&fpﬁé%i stil| 2.4
times that of an 800 pmthick carrier disc during lapping. In the working

gap, the .maxi mum devi gtion fromthe plane, setting of the carrjier disc is
limit ed%ﬁy%% SFehde O30 et RtEn (The &&Fr SERSIFSE ShipdkRESS takd

i nst ant %@Q@U%haﬁiec kRes Sle sQfynt, e sS eMcG@NeUC Ak Wafi@hS t hENith 1S byRiegaldsy at
nost 100 pm erever the carrier disc ojects inward and outward fromthe

[ i} 1 1 r 0
anntf ar WS kit g&F Sand ERgagES FARES Wﬁéarélﬁp@gpﬂeﬁﬁéékbéﬁﬁﬁﬂsﬁﬁéethe i nner
and out @erRish iy PRCTRRDAEFORATE times as much as an 800 pm thick

carrier disc during lapping.

For a carrier disc with a 600 pm thick steel core, the bending
15 during PPG is still 2.4 times that of an 800 pm thick carrier
disc during lapping.

In the working gap, the maximum deviation from the plane
setting of the carrier disc is limited by the difference

20 between the carrier disc thickness and instantaneous thickness
of the semiconductor wafers. This is typically at most 100 pm.
Wherever the carrier disc projects inward and outward from the
annular working gap and engages into the rolling device
comprising the inner and outer pin ring, no measures are

25 implemented in the prior art of PPG methods to limit the
possible bending of the carrier disc. Owing to the workpiece

excursion reguired, this unguided region is particularly large.

Bending of the carrier discs leads to the following
disadvantages for the semiconductor wafers and for the carrier
30 discs, and therefore to an unstable and critical overall

process:

a) The semiconductocr wafer always extends partially from the
reception opening of the carrier disc and is forced back in

35 when it re-enters the working gap. This alsc bends the



25 inplenented in the prior art of PPG nethods to limt the possible
bendi ng of the carrier disc. OMng to the workpi ece excursion required,
this unguided region is particularly large. Bending of the carrier discs
| eads t 2GHEPFOIO VA KL di sadvant ages for the semi conductor wafers and for
the carrier 30 discs, and therefore to an unstable and critical overall
process: a) The sem conductor wafer always extends partially fromthe
reception opening of the carrier disc ahd is forced back in 35 when it
re-enters the working gap. This al so bends the 2008P00107DE/ Ki 8

sem conductor wafer and presses it onto the outer or inner edge of the
gri ndi ng® PAECTH - Tar’a Iy (e T o et oo T futsierel cheseamiae

geonet rical ¢ efectsi ity the) Mefgi Nata d egion @ i #Ordde; it eased, gri nding
effect. 5 b) The continual insertion and extraction of the sem conductor
waf er i Meraihesy omd iEeggesfiriceay idalentse Ipugremaigicalk deeptoDrowpehi ng of

the carrderqi %cﬂ@%ﬁi%ﬂ%?'éﬁfé'@?d with an insert nmade of a soft

pl astic. Sonetines, t ning of 10 the reception opening nay even be torn
out &f the carrier disc. In any event, the service life of the carrier

di scs bain e Is. i ment y. e 1o hﬁg; j Ni e
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|l ead to j efects of the semconduct or fer in respe f. gl obal
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In any event, the service life of the carrier discs being used

suffers detrimentally.

¢) The roughened lining of the reception opening of the carrier

15 disc brakes or stops the desired free rotation of the
semiconductor wafers inside the reception cpening. This can
lead to planarity defects of the semiconductor wafer in respect
of global planarity (for example TTV = total thickness
variance) and local planarity {(nanctopcgraphy).

20
d) The carrier disg, bent in its excursion, exerts high forces
on the grinding bodies when it re-enters the working gap, in
particular on the outer and inner edges of the annular working
layer. The working layer can thereby be damaged. Entire

25 grinding bodies ("tiles") can be torn out, or at least parts
thereof can be displaced. If these fragments enter between the
semiconductor wafer and the werking layer, fracture of the
semiconductor wafer is possible owing to the high point
loading.

30
e) The bending of the carrier disc, with increased point
loading of its protective layer at the points which sweep over
the edge of the working layer, leads to greatly increased local
wear. This considerably limits the lifetime of the carrier disc

35 and makes the method uneconomical. The increased wear of the

protective layer furthermore makes the working layer blunt.



- particular on the outer and inner edges of the annular working |ayer. The
wor ki ng | ayer can thereby be damaged. Entire 25 grinding bodies ("tiles")
~can be t2008P0O0L0DDEAKi| east parts thereof can be displaced. If these
fragnents enter between the sem conductor wafer and the working | ayer,
fracture of the sem conductor wafer is possible owng to the high point

| oadi ng. 30 e) The bending of the carrier disc, with increased point

| oading of its protective |ayer at the points which sweep over the edge of
the working layer, leads to greatly increased |local wear. This considerably
limts tBeifiheceapivftehefcaguert déskaBbenindgnpkeseshesnmehhod consume

unecononi . e | ed a f.{he rotective | r.furthernore nmakes
t he morﬂ%%%él%%Qrm%P%%?gf20%§§0%i§7 R?fgreTﬁ?érﬁgﬁggéitg?eéﬁ?requent

r eshar peatngopiocessiesiwhychf consunethodrerandheaheréal thandrageehheref ore
detrinmental to the econgnic véabilit% of . the n?thog. Fugﬂhernnre t he
frequent PTBFEeRsE T RF EYPEHYIEnE have ReRRAY T VBT EFFRcP oh E BT BPEhEFEFes 5
of the sefi thadsehbcomafietsrt hasepsotkssedrodPs34854303 A2 di scl oses a
device for guiding the carrier discs, which consists of two upper and | ower

spacers which converge conically or in a wedge shape and which are arranged

10 on thepri DDRF4BBRORD @isaDogutesn geaicwhest efilihey! eppi Bgrri@ehi ne. The
deformati,on of thin carrier discs is intended to be able to be prevented by
means of 94TER’ Qe cEONFbRbTePT THe URBEFfFLHt {OHCHeSERFBEY YREFRI n for the

| appi ng sBEENge WBhEBa11Drepven hsSywdhgectREpat ahhewRiogesstngrehingkbass
substrates, has 15 substantial di sadvantages and is unsuitable for carrying
out 1Gret ABdEN®f 1NARHI Rerahd PPGEr PREFRGIREhWIBRkpPEcEhexe@PBiBA. Both

when | apphpgi Mkt NTHECe EHLLLRYoAPHASEN Eni B2 Br SLUT Y5 8BU; 5T Oht ERG-Ar £BdI NG
wi th abrasive bound firmy in grlndlng pads,
be able to be prevented by means of such a device. However, the
modification described therein for the lapping machine, which
moreover is directed at the processing of glass substrates, has
15 substantial disadvantages and is unsuitable for carrying out

methods of lapping and PPG grinding with workpiece excursion.

Both when lapping with free cutting abrasive in a slurry and
for PPG grinding with abrasive bound firmly in grinding pads,

20 the working layers {cast-metal lapping plates or grinding pad)
experience constant wear. The height of the lapping plate or
grinding pad decreases continucusly and the position of the
plane, in which the carrier discs move in the working gap
formed between the lapping plates or grinding pads, is

25 displaced progressively.

With increasing wear of the working layer and displacement of
the movement plane of the carrier discs, the forcible guiding
device disclosed in JP 11254303 A2 constrains the toothed outer
30 region of the carrier discs to roll increasingly in a different
plane. This means that the wedge-shaped guide blocks, screwed
firmly to the cuter toothed wheel, would additionally bend the
carrier disc with increasing wear of the working disc, which 1s
disadvantageous.
35
Another disadvantage is that the guide blocks need to be



- 20 the working layers (cast-netal |apping plates or grinding pad)

experi ence constant wear. The height of the | apping plate or grinding pad
decreasegpecenbonovoslyiand the position of the plane, in which the carrier

“discs nove in the working gap fornmed between the | apping plates or grinding

pads, is 25 displaced progressively. Wth increasing wear of the working

| ayer and di spl acenent of the novenent 1pl ane of the carrier discs, the

forcible guiding device disclosed in JP 11254303 A2 constrai ns the toothed

outer 30 region of the carrier discs to roll increasingly in a different

pl ane. Thnscreand bhavrehetwedgpeshapéd goi deabfeckse seremed dibcn1y to the

outer to e |.d ddlt onal carrler sc W t
|ncrea3|ﬁétﬂg\ga\rﬂ/{é| ﬁgFﬁe §o¥k?ﬁ°m SE° #% gﬁm?s ?g?g 85?588 35 Another
d|sadvanaagetLsnahabutmeyQU|de blocks need to be 2008P00107DE/K| 10
unscrewed before it is possible to change the carrier disc, whichis
necessary fromtinme to tinme. This represents additional outlay. 5 In PPG

gri ndi ngInerhedgrinatnyencdheas, acereonyeat kepakky ysadenwibhadl goakkny,
which is ne essar in order to av0|d direct ., contact between the

stiffnes¥dt ﬁrFP §1e8r e"of ChhisScarFPEFaTYi LR ghdethkCapVadfivel6ECthe

grlndlngc@ﬂﬂaétobeewa€ﬁ|@hedb@mﬁﬂﬂéssCMmﬁQrthéh@oQ@Sbﬁnthéh@a%@@éerS
descrlbmgéln JP 10 11254303 A2 engage far into the carrier disc and in each

case BCovBfl the eBaRFmySoP it EeCQF%P@FnalgédlﬁfPFseﬁﬁwgiﬁal r egi on.

Owi ng togdthroMasti 6akngoRSt EAENHAEY: AT CeReWBbERPSCHEscHYRpEAG  Hhgpaui di ng of
the carrier disc, the Coating of the carrier discs is therefore exposed to

par tiGul ALR§4RP§hAdeangpae1Earhangai Bbd FagroAr Wheh andevnceasbc6REFNg to

gfoéégggggéeﬁzohér enel oyedingngtherndigadyant age of usiBOLLDE A uti on

region. Owing to the vertical constraining forces which occur
during the guiding of the carrier disc, the coating of the
carrier discs is therefore expcsed to particularly high wear in
15 the guided region, when a device according to JP 11254303 A2 is
employed. Ancther disadvantage of using the solution proposed
in JP 11254303 A2 for PPG methods is therefore that the guide
ring is engaged far into the carrier disc and can thus damage
the carrier disc coating {for example polyurethane).
20
No satisfactory sclution to the problem of carrier disc bending
in the region of the workpiece excursion is therefore known

from the prior art.

25 It is an object of the present invention to provide a suitable
device with which the wear and the risk of damage of the
carrier discs and of the workpieces (e.g. semiconductor wafers)
can be minimized, and furthermore a method for the simultaneous
double-sided material removal processing of a plurality of

30 semiconductor wafers, which prevents the carrier disc from
bending out of the movement plane in the region of the

workplece excursion.

The invention achieves this object firstly by means of a device
35 for the double-sided processing of flat workpieces (1),

comprising an upper working disc (4b) and a lower working disc



in JP 11254303 A2 for PPG nmethods is therefore that the guide ring is

- engaged far into the carrier disc and can thus damage the carrier disc
coating (for exanple polyurethane). 20 No satisfactory solution to the
_probl em 8P 06&0OILEDli/&d bending in the region of the workpiece excursion is
therefore known fromthe prior art. 25 It is an object of the present
invention to provide a suitable device with which the wear and the risk of
damage of the carrier discs and of the Morkpieces (e.g. senm conductor
wafers) can be minimzed, and furthernore a nethod for the simnultaneous
doubl e-si ded material renoval proce55|n% of a plurality of 30 sem conduct or
waf ers, Whkem pPevernsathéeastr ree Qifséher omrkBeadiagosut(4et he soveRent

pl ane 'nd&ﬂ%eheghoQo%%r&h?asWQBKpb%C%eﬁﬁ%u6%'%nd Ihe, 'e%anhgggeaﬁhkﬂges this
object firstly by neans of a device 35 for the éoub 'e-sid processi ng of

flat wor kpir&kéag @ipcs déapr i ng Lanmuppéresdr khrgseilyes(4abyoakdng bewer
working dsag 2908FROLATEES Kl Lhaeltal, uheteleatalboast anecofchhe uarking

di scs (4a, can ven | rotary fashion by neans 0 , and
wher €% n Bﬁe16ﬂ6¢kpng guseost(4a5)4b6pr Bor Achestwesr whekpékves (3)wirkbrg gap

(64), '”Eg% %Esea arhanaed %he'%%shegg% %@ b%%r9%§cd9§% 35“W% akee% st one

cut out ( at ['eaSt on€ Wworkp r ocess &refh the at
| east ondl©aroneatdlsarCBbeasnbeetby m&ahsonflw91chr¢e&ter&MCeplb$ weans of
whi ch teeth, an _inne Qut er. _gear pi.n ring (7a,
70y 1t abn tehsr ahe & pREhedrowndire P o Pin Eage (78, 75 e BhCin 10
rot ati onlealser ens bﬁetgeagewheahseas pmnpﬁanSn@§a 7&h) 7eachs haveia

It I f t h_whi h the  _t 10) .of th
car 181 GPeLto) BheSPints e RBAGCHERE L odar | R GNP, Tiner B n AP cast

one of th@v@lﬁ afnnangeAenty of gear or pin arrangements with which the

teeth (10) of the carrier discs (5) enter into engagement
during rolling, wherein at least one of the pin arrangements
has at least one guide (48) which delimits a movement of the

15 margin of the at least one carrier disc (5) in at least one
axial direction, wherein one guide (48) is formed by at least
one shoulder (50) extending arcound the circumference of the pin
arrangmeent between a first, larger diameter and a second,
smaller diameter of the pin arrangement and a further guide

20 (48) 1s formed by the side surfaces (56, 58) of at least one
groove (1%) extending around the circumference of the pin

arrangement.

The shoulder can particularly be perpendicular to a

25 longitudinal axis of the pin arrangement or the sleeve
respectively. The shoulder can also be formed by a sloped
surface. The groove can also be perpendicular to the
longitudinal axes of the pin arrangement or the sleeve
respectively. The grove can have a square-shaped cross-section.

30 The edges of the carrier discs are thereby guided by the side
surfaces of the groove and therefore delimited in their
movement on both sides in axial direction. The combination of
shoulder and groove increases the flexibility of the use of the
device as carriers with very different thicknesses can be used,

35 wherein one type of carriers is guided in the groove and

another, possibly much thicker type of carriers is guided by



-has at | east one guide (48) which delimts a novenent of the 15 margin of
the at | east one carrier disc (5) in at least one axial direction, wherein
one gui de(EPHOI0ToR/med by at | east one shoul der (50) extending around the
circunference of the pin arrangneent between a first, larger dianeter and a
second, snaller diameter of the pin arrangenent and a further guide 20 (48)
is formed by the side surfaces (56, 58) bt at | east one groove (15)
extendi ng around the circunference of the pin arrangenent. The shoul der can
particularly be perpendicular to a 25 |ongitudinal axis of the pin

ar r angengrite gthailelest.eeve respectively. The shoul der can al so be forned by
a sloped surface. The groove can al so be perpendicular to the | ongitudinal
axes of the pin arrangenent or the sleeve respectively. The grove can have
a squar e-Bimpethcros $isectniomgS@nihe sadgesliofy tthe dar rirererdiisos @are t her eby
gui ded by the si f ac of _th rqave and therefore delimted in their
novenent %oar?mbo(fjhggﬁrc?}g iaera%agtieita rédio‘ravec iOtone.l hoeutceornbcflhracfulr% Y5t “Shdulter and
groové i noyregisesiitrtel flexiddidl)y difrddteiarse of the device as carriers with
very different thicknesses can be used, 35 wherein one type of carriers is
guided in the groove and another, possibly nuch thicker type of carriers is
gui ded byrr20G8ROG D dfiertk: ddre shaulidars alhantgeam ira divn AfIraRDee s
according. to the invention can have different dianeters over their outer

ci rcunfer *in a 5 longitudinal (or axial) direction. The pin
arrangenments can each have a substantially cylindrical form 10 They have

on their quter surface, for exanple extending around their circunference, a
gui déwhi CHEEIFTR 1 (e ki Bt StoveHEmCe off $th& it e re i S img @LRING t h

the resulgndihatcthid@dtdice, a guide which delimits the axial movement
of the carrier disc margins, with the result that the latter
are held substantially in the carrier disc plane. The gear
arrangements can have corresponding guides. The guide can
15 delimit the movement of the margins of the carrier discs in one
or both axial directions, that is to say for example vertically

upward and/or downward.

Furthermore, the delimitation can completely prevent the
20 movement in the at least one axial direction or still permit a

slight movement.

According to the invention, therefore, the undesirable wvertical
movement of the carrier discs, in particular outside the

25 working gap, is largely avoided by means of the guide. The risk
of damage to the carrier discs and the workpieces to be

processed is minimized.

The workpieces that are simultanecusly processed on both sides
30 by means of the device can be semiconductor wafers, for

example,

Material removal processing, for example grinding, lapping,
polishing or honing, can be effected by means of the device

35 according to the invention.



are held substantially in the carrier disc plane. The gear arrangenents can
have correspondi ng gui des. The guide can 15 delimt the novenent of the
mar gi ns of2a0eP@ErG i /K scs in one or both axial directions, that is to
say for exanple vertically upward and/or downward. Furthernore, the
delimtation can conpletely prevent the 20 novenent in the at |east one
axial direction or still permt a slightl3rovenent. According to the
invention, therefore, the undesirable vertical novenent of the carrier
discs, in particular outside the 25 working gap, is largely avoi ded by neans
of the guilde thes miwkoosst, ddrmgeonioiithelicrs iean diacs anidahe workipiteres to
be procegﬁﬁﬂﬂkﬁ m ni mzed. The workpi eces that are sinmultaneously processed
on both sides 30 by neans of the device can be sem conductor wafers, for
exanpl e. Material renoval processing, for exanple grinding, |apping,

pol i shi ng i ng,. C . effected by neans. of, t he devi ce 5 according to
t he invenﬁg%ﬁgggﬁgg566%%%a§ﬁgeﬁﬁféﬁﬁnlgrﬁ%ﬂ%ﬁ?gﬁgé,%tﬁ}%&ﬁ ﬁ%@(ﬁfscs can
have sbit aldewor ldigrs layerts pAcoardidig Tree thettiewerdn aimy turrparavew ar, a
plurality of 5 carrier discs ¢ be provided. The latter can in turn have a
plurality pg'furcault%ﬁ so":; S Sq%ff;% t% po]fmiﬁg]r i eocfgs“.ror'll?%l%er%pi eces held in
the carrier discs nove along a cycloid path in the working gap. 10 Each pin
ar rangene can have a i de according to, the , invention.. However, jt, s
o o oo R G e e S PR D Fr S Mo W ih
gui de. 15 phhenh geartiy widkiadd apgenents can be enbodied in one part or in
10
Fach pin arrangement can have a guide according to the
invention. However, it is also conceivable to provide at least

some of the pin arrangements with a guide.

15 The gear or pin arrangements can be embodied in one part or in

multiple parts.

In principle, it is conceivable for the pin arrangements to
consist in each case only of one pin, on whose outer surface

20 itself the guide is formed.

However, it is also conceivable for the pin arrangements to

consist of a plurality of parts.

25 In this case, therefore, the expression gear or pin arrangement
encompasses not only the pins or gears themselves, but alsc for
example separate component parts which, however, are connected

thereto.

30 Likewise, the feature that at least one gear or pin arrangement
has a guide also encompasses for example the provision of the
guide between adjacent pins or gears, whether or not said guide

is connected to the pins or gears.

35 According to a further embodiment the at least one groove is

formed at the larger diameter portion of the pin arrangement.



multiple parts. In principle, it is conceivable for the pin arrangenents to
consi st in each case only of one pin, on whose outer surface 20 itself the
gui de i s ROOBSIO1BOWEVEL, it is al so conceivable for the pin arrangenents to
consist of a plurality of parts. 25 In this case, therefore, the expression
gear or pin arrangenent enconpasses not only the pins or gears thensel ves,
but also for exanple separate conponent igarts whi ch, however, are connected
thereto. 30 Likew se, the feature that at |east one gear or pin arrangement
has a gui de al so encon%asses for exanple the provision of the guide between
adj acent phxshermgagr $hewsephderodinpetsai @fglinge Pins agoangeredtt canhengi ns

or gears. ;35 A%%%%d B% %h%“%&%e%r% g@h%%@tskg§tﬁhﬁl%§%&%%ﬂ% 4haAYQelrS

fowmdatthe wmun ortion o pi n arrargenen
2008P001OWDEtht1¢ndeﬂam@¢ﬁmrenﬂheggmahter di aneter of the pin arrangenent
can end in a free end of the pin arrangenent starting fromthe shoul der

w t hout any dianeter enlargenent. 5 It is furthernore preferred if the pin
arrangenents ief fatrtheasbreopeedkricke pitn thiengd nake rhagreenits eéchtcasestrom
a pin and a sle ée mounted i n rot%tabl fashlo on th wher ei

fonst oneo0F o bfebule FiAFSnarE COERETai Of e srottl o Git aRand o,

has the guildevennmvheteut én @bt@ﬁ&b&@eﬁ@%h&b@reﬁfthbopihe siheewas, awhi ch can
be enbodied in one p

in nultiple arts, can ﬁ ged on the pin

i rectly LR 25 PRokPGnsOreTtan Be BPRaGU4 260 Hike bt iFo 1683REr6 BBy
means of agaimpner, heasithe g@fivkengnathe shidirngikeanifdgente Thergwicde can be
|ncorf8rated Into the sleeve itself.

The sleeves, which can be embodied in one part or in multiple

parts, can be arranged on the pin directly in rotary fashion or

can be arranged on the pin for example by means of an inner

casing serving as a sliding bearing.

15

The guide can be incorporated into the sleeve itself.

However, it 1is also conceilvable, of course, to arrange on the
outer surface of the sleeve a further device, for example a

20  ring or the like, which then forms the guide.

Through the use of sleseves, the wear of the carrier discs and

of the pin rings can be reduced in a manner known per se.

25 At the same time, the wear and the risk of damage of the
carrier discs are minimized further by the guide formed on at

least one of the sleeves.

The sleeves can be provided in particular on the outer and the

30 inner pin ring or just cone of the pin rings.

They can furthermore consist for example of a steel material

(e.g. a hardened steel material, in particular high-grade steel

meterial). Such a material is particularly resistant to wear.
35

However, it is also conceivable to produce the sleeves from a



However, - it- I-s-al so-concei vabl e, of course, to arrange on the outer surface
of the sleeve a further device, for exanple a 20 ring or the |like, which
then forns the guide. Through the use of sleeves, the wear of the carrier

di scs and 200fs HolweL oiDE /MKings can be reduced in a manner known per se. 25 At
the sane tine, the wear and the risk of damage of the carrier discs are
mnimzed further by the guide fornmed on at |east one of the sleeves. The
sl eeves can be provided in particular onihe outer and the 30 inner pin
ring or just one of the pin rings. They can furthernore consi st for exanple
of a steel material (e.g. a hardened steel material, in particular

hi gh- gr adelistfeslentmatedreirdala)l, Swoh cxamatler iaalplias thar tiatwirdrlly Megiadt ant to

wear. 35 r, ..t is.also,conceivable to.produce the sleeves froma
2008P0010f%ﬁ%f515diaﬁoé%ee§t b oA % & p&)‘?g 56 a plastic material .
Metal abrasion is avoided by choosing a plastic. According to one
configuration, at |east one of..the the guide 5 can have at | east qne
radially gacé’ﬁ(‘i’ialﬁ‘& G 88Cs GPPdE éronguia%eﬁ?&}sfta(?@eeftfeﬁg’? itﬁ]ea JHGes

pl ane, 5t hatari $iatve say ligdstpahnk culddizla yhesdtzentialy phdre. sTheaear.r itelke di sc
then bears gon_ the radial %ui de ,surface during processi n% and t he novenent
of its MmN SHAIRGE GEERICed™ A dEWEasPIoRE akiPal difr &t PG, 1710

Fur t her noggrttikelatr lzeaste 1086 tRIlN pdbhangemRN a0 1S @M CahenN®Rrd on
plurality of grooves which are spaced apart axially with respect to one

anot her, ~ éxXedr@rdu i 1Re SETEQGTH SUEiEs B oss S1pion 28 &hge FOVETS ts 0dev e

and the sijqe sliiAces Okl eilihilaseash gasedel ighd 3imVeerl-tQlbnt.he
margin of the at 1east one <carrier disc in an axial direction. The grooves
can iR0turn extend perpendicular to the

Furthermore, the at least one pin arrangement or sleeve can
have a plurality of grooves which are spaced apart axially with
respect to one another, extend around the circumference of the
pin arrangement or sleeve and the side surfaces of which in

15 each case delimit a mevement cof the margin of the at least one

carrier disc 1in an axial direction.

The grooves can in turn extend perpendicular to the
longitudinal axis of the pin arrangement or sleeve.

20
The grooves can furthermore have different widths. In this
case, the groove width can be adapted to the thickness of the
carrier discs that are to be guided in each case. In this way,
by means of a suitable height adaptation of the pin

25 arrangements, carrier discs of different thicknesses can be
guided with the same pin arrangemenﬁs or sleeves. This

increases the flexibility of the device.

It goes without saying that the radial guide surfaces,
30 shoulders and/or grooves according to the invention can be

combined with one another in any desired manner.

Thus, by way of example, the pin arrangements or sleeves can
each have at least one such shoulder and/or at least cne such
35 guide surface and/or one or a plurality of such grooves. The

scope of use of the device is thereby extended. In particular,



| ongi tudi nal axis of the pin arrangenent or sleeve. 20 The grooves can
furthernore have different widths. In this case, the groove wdth can be
adapted to the thickness of the carrier discs that are to be guided in each
case. In tRCS8RAPL07PE/Héans of a suitable hei ght adaptation of the pin 25
arrangenents, carrier discs of different thicknesses can be guided wth the
sane pin arrangenents or sleeves. This increases the flexibility of the
device. It goes without saying that the radial guide surfaces, 30 shoul ders

. and/ or grooves according to the invention can be conbined with one anot her

in any desired manner, Thus, by way ] i

sl eeves caWOTERERCREVEIUL PeaStS6AETSlEH SROGFPAEN tald/ 6k & SPEast 0N 8uch
35 gui de sunkacecapdiakdonetar tdePkimdl by akrsHebmgheaves. The scope of use
of the device is thereby extended. In particular, 2008P00107DE/ Ki 16

wor kpi eces having considerably different thicknesses can then also be

gui ded w th theqsagetbi B 2nLaRgemenhs i Aceerdhngato1d5ur bher (¢erlkgusat i on
at |east one groové can 5 have a wdth which is greater than'the thickness
of the at hp&gse vadtBarhiieh diserestbs Gopdedhby toickpeseood. ShematThi s

way of _exampl e, the gin arrangenents_or

-~ provi des al%%%k'oﬁ%“%@&r%%rphﬁﬁcf@ﬁ Bgegﬁﬁgﬁhehgdb§§ W £Beo . gr gaverapgni ng

whi ch reduces the wear. According to"a further configuration, the at

-l east one gubdédesupf sweldr ambanit offepsbyohiershibal derréert Hasat lhe&se one

~ groove capgggwg a eg?ﬁgtwﬁﬁﬁhCEEﬁﬂ gr%ﬂgi%%a evel. Such a bevel leads to

,a facilita

entr he 'carrier di'Scs into the guide, for exanple the
groove, and thus to a reduced wear. The risk of 15 danage to the carrier

i sos A0 bhecwiinl eces ks, Lhereby, feduged.Thenevel 3.630 Be.f giTed o

. the e

surface or the at least one shoulder or the at least one grocve
can have at least one circumferential bevel. Such a bevel leads
to a facilitated entry of the carrier discs into the guide, for
example the groove, and thus to a reduced wear. The risk of

15 damage to the carrier discs and the workpieces is thereby

reduced.

The bevels can be formed at the edge of the shoulder or at one
or both edges of the groove opening and in a manner extending

20 around the circumference of the pin arrangement or sleeve.

It has proved to be particularly suitable in practice for the
bevel tc have an opening angle of 10° to 45° relative to the
guide surface or relative to the shoulder or relative to the

25 groove.

As an alternative to the provision of bevels, for the same
purpose it may also be provided that the at least one guide
surface or the at least one shoulder or the at least one groove
30 has at least one rounded edge. In turn, it is correspondingly
possible in the case of grooves, of course, for both edges of

the groove opening to be rounded.

Owing to the fact that for the carrier discs the risk of damage
35 is minimized according to the invention, it is advantageously

possible, in accordance with a further configuration, to



or both edges of the groove opening and in a manner extending 20 around the
circunference of the pin arrangenent or sleeve. It has proved to be

parti cul i in practice for the bevel to have an opening angl e of
10 to 45?é% %??%%ﬁ$%ﬁ$%e gui de surface or relative to the shoul der or
relative to the 25 groove. As an alternative to the provision of bevels,

for the same purpose it may al so be proyided that the at |east one guide
surface or the at | east one shoulder or the at | east one groove 30 has at

| east one rounded edge. In turn, it is correspondingly possible in the case

of grooviesed@te COM GezafOle PN OLERs AdiEndr SOVE: GRS POs1 0 De rounded.
OnMng to the fact that_for the carrier discs the risk of damage 35 is

mi ni m zeRPEetor AR tRLAHE ¢ nvEnt T, PT0T Ay afit ey etridNgtabok@i bl e, in
accordanggrmdh @ fusthes wonfi o @tipsd 0, 2008POOI O/DEIE sk pspduce said

carrier discs froma nonnetallic material, in particular a plastic. In the
prior arfamagehtimorket@@Treer c&¥¥¢%®r discs are virtually inpossible owing to
the i sk of damage to the carrier discs. 5 According to a further
configuration, the gear wheels or pin rings can be nounted by neans of a
hei ght - atfesrabie hountfurvier etonel gutatinn deviicegear prlove bedof apin he

mount. T i f p? i i-ngs ir gear or
pin 10 a?fré ge&n%ﬁlt%gc%él %@%"}@%ﬁ%d&f I#) Q%feélg%éa}gﬂgsrg%#%%qg?&gg eeves
have f orvwkxesph ez al pfurad | dyviofe gus desospaeedf @patite imoumn. dkhal heigkcti on,
e.g. grooye nd/ or shoul der avin ifferent_ thicknesses y _Ireans of the
heght <Ot cog THet STERLETE ST Dot I e i te erT Fen T Ioh LTS the 15
cor 1@s poandr gy e f £rcah sidsudave ngg i dd erBhttliidi gkanesses. piie @bj ect i s

further gfgégggdhgyeafgérgéaﬁgigqg §T§¥gfg€§ é? guides spaced apart in
an axial direction, e.g. grooves and/or shoulders having
different thicknesses, by means of the height setting it is
possible to set the gear wheels or pin rings to the

15 corresponding carrier discs having different thicknesses.

The obiject is further achieved by a first method according to
the invention for the simultaneous double-sided material
removal processing of a plurality of semiconductor wafers, in
20 which each semiconductor wafer (1) lies freely mobile in a
recess of one of a plurality of carrier discs (5) set in
rotation by means of an annular outer drive wheel (7a) and an
annular inner drive wheel {(7b) and thereby moved on a cycloid
path curve, while the semiconductor wafers (1) are processed so
25 as to remove material between twe rotating annular working
discs (4a) and (4b), and the carrier discs (5) and/cr
semiconductor wafers (1} temporarily leave the working gap,
delimited by the working discs (4a) and (4b), with a part of
their surface (6) during the processing, wherein the carrier
30 discs (5) are guided in a movement plane which essentially
extends coplanar with a midplane of the working gap by the
carrier discs being guided in that movement plane, during the
excursion of a part of the area of the carrier discs and/or
semiconductor wafers from the working gap, in grooves (15) of a
35 plurality of grooved sleeves (12) mounted on a pin {11) and

fitted on at least one of the two gear wheels (7a) or (7b).



the invention for the sinultaneous doubl e-sided material renoval processing
of a plurality of sem conductor wafers, in 20 which each sem conduct or wafer
(1) lies f2eEE30MbIibEe/kN a recess of one of a plurality of carrier discs
(5) set in rotation by means of an annul ar outer drive wheel (7a) and an
annul ar inner drive wheel (7b) and thereby noved on a cycloid path curve,
while the sem conductor wafers (1) are prbgtessed so 25 as to renove nateri al
between two rotating annul ar working discs (4a) and (4b), and the carrier
discs (5) and/or sem conductor wafers (1) tenporarily | eave the working
gap, delimted by the working discs (4a) and (4b), with a part of their

s oce, (st 108 BOSTERLD. R iR SRR ekl oare

gui ded in a novenent 'pl ane ext en anar wt

m dpl ane ofcedvedime kingtlyapiientieon cn%mr |1ehre ohismslﬁmnw@@meﬁﬁim
nmovenent r 9@5 rrier
di scs and%a?pgsle%lycfo uc%%rpr\?\ﬁ(fcegr%i t% @;hgf aéel%ﬁl%’%%%@é% f(3115) of
a 35 pburatafgrof moﬁvmlsémesel(lﬂsﬁ:)ndMMIedﬂmla pln Xid9 ﬁmjelm tted on

at | east an f the two gear eel s a 7b)... 2008P00107DE/ Ki
Fur t her nor eebf‘he JC)%jaeclfel ssséléé\%c: %I&%icge% E%/u’éaﬁ)etc\én%Pn%?%Jde a%lc%?%ll 51% to
the inventsen frorrétet somby aneaus sdunt earsiuled: omter iddivenmvatl ptoeessi ng

(1)1 Pes THER197 ORI Tk T Shoses b ork DIk B GTI9o b SR 18 @ scs.

(5) set lcfydsmfedim}bycm@@@ﬁ v i ﬂﬂm%@ﬁl@ﬂcﬁﬂcwi V»eaﬁdfml (17areand an
annul%r i nner drive wheel and therg@y ved on a cycI0|d ath curve,
whi | e 1fhe RENGEHH c?%ra%va)?%r eaye Jpgt ﬁ‘)fg?:%‘%"%‘%‘%f“ SRS YR EHDVRN L RY | al

bet ween t%f}@ir@gl@gs@@npd@)r a®r Kimg wh 568 &&@@rfé@ Mﬂ%m@lp@y@mrwﬁ
wor ki ng | ayer S(mét? and (3b), and the carrier cs (5), and
seni conducl®ft r sAnq 1519 obRyer k7 | §13 eRvED X r?en Ki Frfbmg%”id%’wi‘?n yatery

the working)) temporarily leave the working gap, delimited by the working

discs (4a) and (4b), with a part of their surface (6) during

15 the processing, wherein the carrier discs (5) are guided in a
movement plane which essentially extends coplanar with a
midplane of the working gap by the two working discs (4a) and
(4b) respectively comprising an annular region (18a) and (18b),
which centains no working layer (3a) and (3b) and ensures

20 guiding of the carrier disc (5) during the excursion of the
carrier discs (5) and/or semiconductor wafers {1) from the

working gap.

The first and second claimed methods preferably involve double-

25 sided grinding of the semiconductor wafer, each working disc
comprising a working layer of abrasive material (in particular
PPG methods).

In the first method according to the invention, double-sided
30 lapping of the semiconductor wafers, while supplying a
suspension which contains an abrasive material, is likewise

preferred.

Lastly, the first and second methods according to the invention
35 may also involve double-sided polishing, while supplying a

dispersion which contains silica sol, in which case each



discs (4a) and (4b), with a part of their surface (6) during 15 the
processing, wherein the carrier discs (5) are guided in a novenent plane
whi ch essent RalbByoexemdgkaopl anar with a nidplane of the working gap by
the two working discs (4a) and (4b) respectively conprising an annul ar
region (18a) and (18b), which contains no working |ayer (3a) and (3b) and
ensures 20 guiding of the carrier disc (5) d@ring the excursion of the
carrier discs (5) and/or sem conductor wafers (1) fromthe working gap. The
first and second clai ned nmethods preferably invol ve doubl e- 25 sided
grindi ng of whakiemi démducroprrwater 2 padhswonki pgddiesca womprngi Bgyerwoiki ng

| ayer of abrasiye terl (L rt.ircul.ar S _fir met hod
according to%gﬁé’i%@e%ﬁ?gh}gggugggpggggg tggggggﬁ%ﬁggo?nthguéggig%ggéctor
waf ers, whil goddppliyigngNavestaspérssenthki chredrtradiscaneabrgsi Yeomatéei al |

is |likew se ref.erred. Lastl fir nd. second t hods.accarding to

t he inventingr%%%ﬁa9g§|§Xe%n§8|@§$d88bﬁé?§i%&&%689i§ﬁ§n§3rﬁﬁFFe% ﬁﬁﬁlying a
di spersi oh whicchrddntaicns thkl ifdassohethndwhicebrdaag eachh2008RP8ALAYBEAKI 19
wor ki ng di sc Eonprises a %olisging ggd as a working layer. In fact, no
wor kpi ece ex&drSi 8 VERKESCEPEc&S i R doubl e-si ded pol i shing. Nevert hel ess,
the carrier discs energe fromthe working gap even in DSP so that guiding

the carrier gisc @ accor Lng t% %Eg i.rst nmethod according to the invention
is also adv ﬁf&%e GS§FIP B8P, °Br | §8FPFtion of the Figures 10 Fig. 1
shows the basic construction of a device according to the invention for the
doubl e- sj ded proc&ssing of flat  workpieces in a perspective view. Fig.

1 , 2
shows a &Y ee¥egrot £MpIS GPeabrhcr FRGSERUET4Pe OFi Bwdpiice according to

the invention for the double-sided processing of flat

workpleces in a perspective view.

, Fig. 2 shows a sleeve for a pin of a pin ring in a side view in

! 15 accordance with the prior art.

Fig. 3 shows a sleeve according to a first exemplary embodiment

of the invention in a side view.

20 Fig. 4 shows a sleesve according to a further exemplary

embodiment of the invention in a side view.

Fig. 5 shows a sleeve according to a further exemplary
embodiment of the invention in a side view.

25
Fig. 6 shows a sleeve according to a further exemplary

embodiment of the inventicon in a side view.

Fig. 7 shows a sleeve according to a further exemplary

30 embodiment of the invention in a side view.

Fig. 8 shows the sleeves illustrated in Fig. 1 in a partial

side view in an operating position.

Fig. 9 shows by way of example the carrier disc guiding on the

35 pin ring.



15 accordance with the prior art. Fig. 3 shows a sl eeve according to a first
exenpl ary enbodi nent of the invention in a side view. 20 Fig. 4 shows a

sl eeve accor diongprpoia7buykher exenplary enbodiment of the invention in a
side view Fig. 5 shows a sleeve according to a further exenplary

enbodi nent of the invention in a side view 25 Fig. 6 shows a sl eeve
according to a further exenplary enbodi nent0of the invention in a side
view. Fig. 7 shows a sleeve according to a further exenplary 30 enbodi nent
of the invention in a side view. Fig. 8 shows the sleeves illustrated in
Fig. 1 in a partial side viewin an operating position. Fig. 9 shows by way
of exanple t IS n_th 3 i 2 0

Fig. 10 showgggnbgglﬁéﬁgs %Pg?ﬁgh%gFglg% ch%agk 5& Qg§80%§§gqg% EQE%§51%%
i nvention bytneahs mhvgnmdmadbplmeaheewéSgrﬁoEeg pim shewsean enbodlnent of
the guiding of the carrier discs according to the invention by an annularly
renmoved working |ayer of the working disc. Fig. 12 shows the bending of the
carrier discwlbn uneszWGraarémbbaimedtguﬁdthg gﬁiUEEgcafrthe dh&eiby aiscs
support ring. g %h 2% an overall i ew of thg I_l?gwer kln% %sc with a
wor ki ng |ayePC‘08 Firlflgr 8i SB8, 1PSFRFAGRAEYi 88 SRAULERIEORGROVSH “Raférd 15
Flg 14 show&ayamc&ﬁeﬁﬁepm@&khggaaqsglan vi ew of sem conductor wafers,

whi ch have been processed with guiding of the carrier discs according to
the invention (6B) and not according to the invention (6A, 6C, 6D).

Fig. 12 shows the bending of the carrier discs in the prior art

10 and guiding of the carrier disc by a support ring.

Fig. 13 shows an overall view of the lower working disc with a

working layer, carrier discs, rolling device and semiconductor

wafers

15
Fig. 14 shows thickness preofile and plan view of semiconductor
wafers, which have been processed with guiding of the carrier
discs according to the invention (6B} and not according to the
invention (6A, 6C, &D).

20

List of References

1: workpiece {(in particular semiconductor wafer)
25 2a: lower working layer carrier

2b: upper working layer carrier

3a: lower working layer
30

3b: upper working layer

4a: lower working disc

35  4b: upper working disc



20 List of References 1: workpiece (in particular sem conductor wafer) 25
2a:. |l ower working layer carrier 2b: upper working layer carrier 3a: |ower
wor ki ng | agéps8B003bB7DEPEer wor ki ng | ayer 4a: |ower working disc 35 4b:
upper working di sc 2008P00107DE/ Ki 21 5: guide cage for workpieces
("carrier disc") 6: workpiece excursion 5 7a: outer drive wheel (gear whee
[ pinring) 7b: inner drive wheel (gear ®hHeel / pin ring) 8: nmachine base
10 9: pin ring height adjustnment 10: outer teeth of the workpiece guide cage
15 11: pin 12: pin sleeve 13a: |lower carrier disc guide 20 13b: upper
carrier di §¢ guide tade fhrckaessideerediecaduéerodneai’)of the | ower working
| ayer 25 14b: thickness decrease due to wear of the upper working |ayer

15: groove 16: limted bending of the workpiece guide cage 30 17:

proj ect i on%ef wohEpwerkpescerbiom t he gui de cage | sa: separated workpi ece
carrier in the workpiece excursion / ring, bottom

5 Ta: ocuter drive wheel (gear wheel / pin ring)

Tb: inner drive wheel (gear wheel / pin ring)

8: machine base

10

9: pin ring height adjustment

10: outer teeth of the workpiece guide cage
15 11: pin

12: pin sleeve

13a: lower carrier disc guide
20

13b: upper carrier disc guide

14a: thickness decrease due to wear of the lower working layer

25 14b: thickness decrease due to wear of the upper working layer

15: groove

16: limited bending of the workpiece guide cage

30
17: projection of the workpiece from the guide cage
18a: separated workpiece carrier in the workpiece excursion /
ring, bottom

35

18b: separated workpiece carrier in the workpiece excursion /



35 18b: separated workpiece carrier in the workpi ece excursion /
2008P00107DE/ Ki 22 ring, top 19: height adjustnent of guide cage support
ring 5 2@008Pa&SLIOIDEYKII ng ("insert") 21: migration of the workpiece from
t he gui de cage 22: eruption of the plastic nolding fromthe gui de cage 10
23. fracture of the sem conductor wafer 24: margi nal region of the

seni conductor wafer, which enters excursidon 15 25: reception opening for
sem conductor wafer 26: readjustnent of the guide device 20 27: play of the
sem conductor wafer in the reception opening 28: excerpt (detailed

repr esent &L'@n) t29: anti-wear coating of the carrier disc 25 30: (steel)
core of the carrier disc 31: support ring 30 32: opening of the guide
device for the carrier discs 33: funnel-shaped groove opening 34: opening
in the calfiehedigbt gdidetmentt hé puAdel cege sBBP3ZL réagced t hi ckness of
the sem conductor wafer due to 2008P00107DE/ Ki 23 elevated grinding effect
at the margin of the working |layer 36: slight decrease in the thickness of
the sewi c@fduptestiaf mold3ngd7:("pneeesSiing traces (sawing cuts; anisotropic
roughness) 38: region of the sem conductor wafer which sweeps over the

21: migration of the workpiece from the guide cage

22: eruption of the plastic meolding from the guide cage

10
23: fracture of the semiconductor wafer
24: marginal region of the semiconductor wafer, which enters
excursion

15

25: reception copening for semiconductor wafer
26: readjustment of the guide device
20 27: play of the semiconductor wafer in the reception opening
28: excerpt (detailed representation)
29: anti-wear coating of the carrier disc
25
30: (steel) core of the carrier disc
31: support ring
30 32: opening of the guide device for the carrier discs
33: funnel-shaped groove opening
34: opening in the carrier disc guide for the pin sleeve

35

35: reduced thickness of the semiconductor wafer due to



mar-gi n of the working |ayer in the workpi ece excursion 10 39: increased
roughness 40: |ocal decrease in the thickness of the sem conductor wafer in
t he margi nal 208gP6A101BE4KL unlim ted defl ection of the workpi ece gui de cage
42: doubl e-si ded processi ng nachi ne 43: upper pivoting arm 20 44: base 45:
pivoting device 25 46: rotation axis 48: guide of the sleeve 50: shoul der
on the circunference of the sleeve 30 52: guide surface 56, 58: side
surfaces of the groove 35 60: bevel at groove edge 2008P00107DE/ Ki 24 62:
wor kpi ece 64: working gap 5 Detailed Description of the Invention The

i nvention wi PLeBatadseribednpnedéeat! abebb®w WrrEinhefakbcororkigy 1ayar 10
Unl ess indicated otherwi se, identical reference synbols designate identical
objects in the figures. Fig. 1 shows the basic construction of a device
accordi ng to36thelighéntronehoe thetbeoubhéckhded pfotheskagiopnfingtorswatfer
wor kpi eces. A doubl e-si ded processi ng nmachine 42 with planetary ki nematics
is illustrated in the exanple in Fig. 1. The device 42 has an upper

pi voti ng -ar m343, rwhicelRscan btapevotledwaboutudisvernicakr2piaxirsubyngeans of a
pi voting device 45 nounted on a | ower base

38: region of the semiconductor wafer which sweeps over the

margin of the working layer in the workpiece excursion
10  39: increased roughness

40: local decrease in the thickness of the semiconductor wafer

in the marginal region.
15 41: unlimited deflection of the workpiece guide cage
42: double-sided processing machine
43: upper pivoting arm
20
44: base
45: pivoting device
25 46: rotation axis
48: guide of the sleeve
50: shoulder on the circumference of the sleeve
30
52: guide surface

56, 58: side surfaces of the groove

35 60: bevel at groove edge



44.- An upper working disc 4b is carried on the pivoting arm43. The upper
wor ki ng di sc 4b can be driven in rotary fashion by neans of a drive notor
(not illustrapedrPAlABPB/Epecific detail in Fig. 1). On its underside (not
illustrated in Fig. 1), the 25 working disc 4b has a working surface, which
can be provided wth a working | ayer depending on the processing to be
effected. The base 44 has a carrier section28, which carries a |ower
working disc 4a. It likew se has a working surface on its top side. The

| ower working disc 4a can |ikewi se be driven in a 30 rotary fashi on by means
of a drive ng?brw?ﬁBPl?FPustrated), in particular in the opposite direction
tio the upper working disc 4b. Arranged on the | ower working disc 4a are a
plurality of carrier discs 5 each having cutouts 25 for workpieces to
process, in Phée PPEKERY €aBe seniconductor wafers to be 35 processed. In the
exenpl ary enbodi nent illustrated, the carrier discs 5 consist of a plastic.
The carrier discs 5 have outer 2008P00107DE/Ki 25 teeth 10, with which they
cone int® enbateidad Desarintioncef phe Invgntboand an outer pin ring 7a of
the device. The inner pin ring 7b and the outer pin ring 7a each have a
multiplicity of pin arrangenents, which, in the exanple illustrated, are 5
formed in eathecaseehitbonawiylihdrieatrpbedand deshbéveehounveth the aid of
rot at abl e faﬁg'onlgf the pin. Arolling device is forned in this way,
wherein the carfier Qiscs 5 are likewise set in rotation in the event of a
rotation of the |ower working disc 4a by neans of the inner pin ring 7b.

Th ' d 10 i touts.in, th ier_di h
a'ong oyl of L BAP neHaEG7 OBoRbREF RG-S Pur pUSRELERE GPFRAPRERSSTEOBL pr ocessed
are insertedeshynatbeiguhoitsl 25bfiactbeinatneerigdises.5 (not 15

illustrated). As a result of the pivoting of the pivoting arm 43, the two
wor ki ng di scs 4a, 4b are aligned coaxially with

Fig. 1 shows the basic construction of a device according to
the invention for the double-sided processing of flat

15 workpieces.

A double-sided processing machine 42 with planetary kinematics
is illustrated in the example in Fig. 1. The device 42 has an
upper pivoting arm 43, which can be pivoted about a vertical

20 axis by means of a pivoting device 45 mounted on a lower base
44, RAn upper working disc 4b is carried on the pivoting arm 43.
The upper working disc 4b can be driven in rotary fashion by
means of a drive motor (not illustrated in more specific detail
in Fig. 1). On its underside {(not 1llustrated in Fig. 1), the

25 ‘working dizc 4b has a working surface, which can be provided
with & working layer depending on the processing to be
effected. The base 44 has a carrier section 8, which carries a
lower working disc 4a. It likewise has a working surface on its
top side. The lower working disc 4a can likewise be driven in a

30 rotary fashion by means of a drive motor (not illustrated), in
particular in the opposite direction to the upper working disc
4b. Arranged on the lower working disc 4a are a plurality of
carrier discs 5 each having cutouts 25 for workpileces to
process, in the present case semiconductor wafers to be

35 processed. In the exemplary embodiment illustrated, the carrier

discs 5 consist of a plastic. The carrier discs 5 have outer



respect to one another. They then form between thenselves a working gap, in
whi ch are arranged the carrier discs 5 with the workpieces held by the

latter. Midgpfoiloedgl/kne rotating upper 20 or |ower working disc 4a, 4b,
afterward the upper morklng disc 4b, for exanple, is pressed onto the

wor kpi eces by neans of a highly precise | oading system Fromthe upper and
| oner working discs 4a, 4b, in each casg a press-on force thus then acts on
t he wor kpi eces to be processed and the latter are 25 sinmultaneously
processed on both sides. The construction and the function of such a

doubl e- sicded rpriQGessithy WG Recql @omeh QMR PRG3R hkrith RSN SON isiidd ed in
the art. Fig 2 illustrates a sleeve 12 accordlngéfo the prior art. The 30

known sl &eve 139 ﬂ§éa§dhépi8wi@¢lpﬁérﬁéﬁﬁ f1Gr Mt @ﬁ“ﬁfe @Faﬂ@@ﬁris

pl aced orfi@ thePimms 2 khe burer N of neutzer el%'c'Fl hra'v@ a7am17ct1qulcatqﬁw ce
as shown in Fig.” 1. In this case, it is nounted on the respective pinin a
manner s@¢h AR HAENEENHES r BRECEd dlNoger KEaSLat iidd Uptitates. i |rgst r at ed

in a daskrfaldedn %%d?&ﬁ%%% i o G &u%%@%%%@%gaalﬂd 20 s 1kleGre RO a

sl eeve 12 according to a first exenplary enbodinent of the invention. The
sl eeve 12n [Hogsttadtled fioshriog. o [Hhicewiise Ragod 18 nguigsivams disl yf ogyisichdai cal

cutout by means of G trcan e s obl agedont 9.2 B0k dhedhi 0 ings 7a

7b. In this cas particul ar all sonme o pins of one or both pin
rings 7a,rotAfican lble theoviveed witt mrataogﬂ odv & e lome: slogdiggy disc

{he oxamie 1 FetFabd s T Ored By o Chadl der 50t MBrsae: Ag 5 Bind t ho

t he exanple I stratéd, orme der I ng ar

ci r cLdf erdendéeofcutiverts| aelvé:hbz cartmteweeirlsa:s f5i rdten Imervge = ldingnetyericdnd a
second, IIer di aneter of the sleeve 12. In this case, the guide 48 has a
radiaIIyF%Etendlng gui de surface 52 as a result of this shoulder 50. During

For processing purposes the workpieces tc be processed are
inserted into the cutouts 25 in the carrier discs 5 (not

15 illustrated). As a result of the pivoting of the pivoting arm
43, the two working discs 4a, 4b are aligned cocaxially with
respect to one another. They then form between themselves a
working gap, in which are arranged the carrier discs 5 with the
workpieces held by the latter. With at least one rotating upper

20 or lower working disc 4a, 4b, afterward the upper working disc
4b, for example, is pressed onto the workpieces by means of a
highly precise loading system. From the upper and lower working
discs 4a, 4b, in each case a press—on force thus then acts on
the workpieces to be processed and the latter are

25 simultaneously processed on both sides. The construction and
the function of such a double-sided processing machine are

known per se to the person skilled in the art.

Fig 2 illustrates a sleeve 12’ according to the prior art. The
30 known sleeve 12’ has a hollow-cylindrical form and during
operation is placed onto the pins of the inner and/or outer pin
ring 7a, 7b of a device as shown in Fig. 1. In this case, it is
mounted on the respective pin in a manner such that it can be
rotated along the rotation axis 46 illustrated in a dash-dotted

35 manner in Fig. 2.



‘case of th

15 operation, the carrier discs 5 engage by their outer teeth into the
region of the sleeve 12 having the snaller dianeter, wherein the radial
- gui de surfggﬁgggogghbﬁyk§ t he novenent of the margins of the carrier discs
5in an axial direction in such a way that an axial novenent in the figure
downward is 20 prevented. Fig. 4 shows a sleeve 12 according to the
invention according to a further exenplary enbodi nent. As the guide 48,
this sleeve 12 has a cross-sectionally rectangul ar groove 15 extendi ng 25
around the circunference of the sleeve 12. In this case, the carrier discs

- 5in turn ppgage Enbesthesiegironiofatbersiegveol rhavingzampmakier

. dianmeter, sajd region being fornmed by the base of the groove. Side surfaces
. 56, 58 of ERECHLBOUE 25 FBFniAveyhi@R-of the margins of the carrier discs 5
~in such a way that 30 these can nove out of the groove neither in an axi al

. direction upward nor_in_an axial direction downward. The groove can permt
"~ a smal | anBlft SéPeBray2otlihetEafedetndFigs 3 bykovisaehasfathe fact that it

' has a w dt i ] r t i fobhgnecanri er ~4djSg5
guided T CheSGrasua 1e by SAtE i feoh s e 200eRhoI Y K 59 PR ¢ he
- case of thelagedpbar9 enbodi aenthefpansréege 12, decofdi hgicocehe,i hvention

" as illustr ) o] y ~kN n tQ:the_ex | ary odi om. Fi g.
& two ol Pon Sveht L3 o760t 1B Rt g AT PEr ST G dPRE A B ar s 5
- provided. By meanseoprotiededowitboveshls, staeveet2di Sos Slehmeisng different

5 thiCk”es5621%&Qt95t8ﬁLQSdFP¥F}g?hﬁégfﬁﬁ'€E¥fr dare FOLuE Léepgr§ﬁ§8e 4 the

‘ evice shown 1n e Inner prnring 7a an e outef pin
, ring 7 canhbeh, mbuntkd byampaasibdluathetglii - adj fistmblebpoanshowhéeri h0a-10
" lifting dey rovide t he nmo of .t he devic

it s poss?%ﬁgnﬁgngd?ﬁg?ngh%g%erﬁ?u%?g%ﬁﬁg%i%Fagge SULAR P

{ first, larger diameter and a second, smaller diameter of the
sleeve 12. In this case, the guide 48 has a radially extending
gulide surface 52 as a result of this shoulder 50. During

15 operation, the carrier discs 5 engage by their outer teeth into
the region cof the sleeve 12 having the smaller diameter,
wherein the radial guide surface 52 delimits the movement of
the margins of the carrier discs 5 in an axial direction in
such a way that an axial movement in the figure downward is

20 prevented.

Fig. 4 shows a sleeve 12 according to the invention according
to a further exemplary embodiment. As the guide 48, this sleeve
12 has a cross-sectionally rectangular groove 15 extending

25 around the circumference of the sleeve 12. In this case, the
carrier discs 5 in turn engage intc the region cof the sleeve 12
having a smaller diameter, said region being formed by the base
of the groove. 5ide surfaces 56, 58 of the groove 15 form a
guide of the margins of the carrier discs 5 in such a way that

30 these can move out of the groove neither in an axial direction
tpward nor in an axial direction downward. The ¢groove can
permit a small amount of play of the carrier discs 5 by virtue
of the fact that it has a width w that is greater than the
thickness of the carrier disc 5 guided in the groove 15 by

35 0.1 mm to 0.5 mm.



rings 7a, 7b and with themthe sleeves 12 arranged on the pins. 1In this
way, the pins with the sleeves 12 nounted thereon in rotatable fashion can
be aligned weOh8PAG1EBPEAEL hei ght 15 position for the carrier disc 5 to be
gui ded in each case. The exenplary enbodi mrent shown in Fig. 6 conbines the
circunferential shoulder 50 with the circunferential radial guide surface
52 fromFig. 3 with the circunferential grodve 15 20 fromFig. 4, on the
other hand. It is once again possible, through a suitable height adjustnent
by means of the |ifting device, with the sleeve 12 illustrated in Fig. 6,
both to del LR EREheafBvekehbcorxampbapir abbPodiperhi Afcar Flepvei 8 5 on

both sides axkablk¥ihg EB%HH%%EE@BB' ak 91oQ¥erdbeandnt pigd g¢ligit for
exanpl e the novenent of carrier discs or other tools of consi der abl e

thi ckness byCRBAA3SHf tPhEhraBkampdardecrsodiaeats2ron Fhg. shoutder 50 on one
si de axi all y81$ﬁhiﬁf LBaEea e@r%P@ey exl gé%ﬁél giﬂ;@?e%v ;E/Stﬁgc%?r di g fo attfée

i.nvention. Eeves ustrate argel'y "correspond to
sl eeves shownrpmifipg. By Mﬁanhe0§agbeotwohgrsbeeveliZ carFigr @ishewever,

the groove lgaggﬁaad$EE8EEEE H%gﬁ£§g§¥ %Q bén ?SQdPﬁg +RL Both §9%§§§8f

its groove openin ave-an Opéni ng angle a o
45 in each ca8e Fekathye porpheegrmnvéheandsenoﬁathécdbaiceebhbwnelno its

side surf aces, J00GPORROTRELKL 28, 50,099, The PEVCLLDGE 81,1 be.grogveAS,.

facilitate t recéi ving e"cartrfef dISCS roove tce
the risk of mdanagd bg thbensaofi erhdighs- EdJEseabléomghncprwaspemdlag bevel s

60 ly at.th 1so 5 b
of cour S8 1 f LERYY daVAPSghPuB Sl faflorss BReLRESAEnoRY aBE B0 06 Rabe a

correspondi ngibeyay. devkew| set oBepessablpl ubahifyusef teer nesgpadbagrhevels
can be prOV|ded in_the_case

ings 7a, 7b and with them the sleeves 12 arranged on the pins.
In this way, the pins with the sleeves 12 mounted thereon in
rotatable fashion can be aligned with the correct height

15 position for the carrier disc 5 to be guided in each case.

The exemplary embodiment shown in Fig. 6 combines the
circumferential shoulder 50 with the circumferential radial
guide surface 52 from Fig. 3 with the circumferential groove 15
20 from Fig. 4, on the other hand. It is once again possible,
through a suitable height adjustment by means of the lifting
device, with the sleeve 12 illustrated in Fig. 6, both to
delimit the movement of a comparatively thin carrier disc 5 on
both sides axially in the circumferential groove 15 and to
25 delimit for example the movement of carrier discs or other
tools of considerable thickness by means of the radial guide
surface 52 of the shoulder 50 on one side axially. This
increases the flexibility of the device according to the
invention.
30
The sleeves 12 illustrated in Fig. 7 largely correspond to the
sleeves shown in Fig. 6. In the case of the sleeve 12 in
Fig. 7, however, the groove 15 has a circumferential bevel 60
in each case at both edges of its groove opening. The bevels 60
35 can have an opening angle o of 10° to 45° in each case relative

to the groove, and in particular relative to its side surfaces



of the exenplary enbodi nents of the sleeve 12 as shown in Figs. 3 to 6.
Instead of the bevels, it is also conceivable to 10 round the edges of the
grooves 15 and/or of the radial guide surfaces 52. The sleeve 12
illustrated 2AOBPGOIPTDE/Ehown partially in an operating position by way of
exanpl e and extrenely 15 schematically in Fig. 8. It goes w thout saying
that the proportions of the individual conponent parts are not depicted
realistically for the illustration. The figuBe reveals the carrier disc 5,
which holds in its cutouts 25 in each case workpieces 62 that are

si mul t aneously processed on both sides 20 in the working gap 64 between the
upper wor ki n§°di $8 - 4Bhangevréinpewei @bEkgﬁgoaeSé54§aCIgét@§erﬁéﬁ deseiging
in engagenenbfb¥he'E§r9§g§rd&%egh 19w 1A g?soégegseaaﬁ 2ad,ta E@@t&ggkaaf
the section formed by the base o the groove wthin the groove 15 having a
smal | er di andempgeThe thercerrdescddsis el Enenedh28gaxcarlrgswondingghedets

its novenent -y a - Y gl h o] > Nsboth
di recti ons. Epg%%gi ggggbgacgg?&cgﬁ Eh%vgﬁggygogdgﬁg ggr%?gf gfs%ESana%ﬁg
regi on oui si deschbleworKi ngugap,64oirsthel rabliplagoidedsumfehes5@apt 8Belt is
poi nted out that .even-t.houg machi ne_havi in rings..(7a,_7b) is

Foscri bea i not B ESE P a Py BadsarneRt trr penaBe e b o the it pf anghierEs
correspondi ngllyrhavicggod guirdespondthg beaelkeradi bespraccaedi g thet hase
i'nvention a chi ne havi a ar,.wheel arr ement, that is to say an
ner and oublr thBar akbamcd <MRBRAEAREr DheERERETCENE oot aP SPAVEI NG coul d
| i kewi se berpgevi Gedo BN Whschacas€ the pearlalrangesealsocanntbeRabaveto
2008P00107DE/ Ki éQ corresponging gui des. Fig. 13 sho t he glan vi ew, of the
| over worki ngCHPEcths §F9585 @bublE- §ra8yepr bcedBRAG NRENFRE SaFtahI Uigr

qarrying out stheacBsmephod according to the invention.

The sleeve 12 illustrated in Fig. 7 1s shown partially in an
operating position by way of example and extremely

15 schematically in Fig. 8. It goes without saying that the
proportions of the individual component parts are nct depicted
realistically for the illustration. The figure reveals the
carrier disc 5, which holds in its cutouts 25 in each case
workpieces 62 that are simultaneously processed on both sides

20 in the working gap 64 between the upper working disc 4b and the
lower working disc 4a. The carrier disc 5 is in engagement by
its outer teeth 10 with the sleeve 12 and in particular the
section formed by the base of the groove within the groove 15
having a smaller diameter. The carrier disc 5 is delimited

25 axially with regard to its movement with a small amount of play
in the groove 15 in both directions. A considerable vertical
movement of the carrier disc 5 in the region cutside the

working gap 94 is reliably avoided in this way.

30 It is pointed out that even though a machine having pin rings
(7a, 7b) is described in the exemplary embodiment illustrated,
the pin arrangements correspondingly having a guide for the
carrier discs, according to the invention a machine having a
gear wheel arrangement, that is to say an inner and outer gear

35 wheel instead of the inner and outer pin ring, could likewise

be provided, in which case the gear arrangements can then have



The | ower working disc 4a is represented with the applied | ower working

| ayer, consisting of a working |layer carrier 2a and a working | ayer 3a, and
the rolling dewviseeohormedkhly the inner 10 pin ring (7b) and outer pin ring
(7a) for the workpiece guide cage ("carrier discs", 5) with inserted

wor kpi eces 1 (sem - conductor wafers). 11 and 12 denote the pin and pin
sleeve of the pin ring. 15 Fig. 133 depictg% detailed representation of
excerpt 28 from Fig. 13A In order to avoid damage on the sem conduct or
wafer 1 due to hard contact (fracture, splintering) or contamination wth
the e.g. netalblrirespeteriingl gofidelse carrier disc 5, the reception opening 25
of the carrier disc 5is lined with a 20 plastic insert 20. On its path over
the working layer 3a, a part 6 of the sem conductor wafer 1 tenporarily
proj ects bey®ig. fil3e shomer the @uaervéé@eodfthbelwwekin@rkamgrddwbngat@fthe
rotation of the carri, s, refe

excursi on”. SPHOESTR é%§gnP58ﬁ838989 WﬁF@an F§1g§%ﬁﬁszpfemor gﬁnﬁl &2 F%nt o

the recepti omedped BGcATdohot ke tear Aingendiise .5 it can rotate freely so
t hat an annular region 24 of the sem conductor wafer 1 enters into
excursion 6 in the course of the processing. 30 OM ng to wear, the working

| 'ayer experi enees ovelrhiehkRess drieduati R @@E'r@%eh'ﬂ%dpm%ﬁs $ihilg apﬁmlsgdt akeer
pl ace inside the annular surface gver t he sem conduct or wafers sweep

in the cour§@I$ﬂnﬂhéaﬁﬁéce§§P§@St%ﬁénO@hé HREULAD daVPaCETTeET PAsPAE Phe

ahnul ar wDrkm&&khégeﬁay%r"@@Ougadsﬁﬁ%e@ 18 hingkpeSs 35 R ekl 8y $heelintRr
radi al |y over the mnrklgg ayer. This |leads "to enhanced material renoval at

the edgeldf PHE Fdmidcdridicead 9@@8%@1@79@@ 37@ wareithe" #gg&kriece- euflde,
Wh' chis U”d%%gf G Yel \é/@e'alga%" wap k %h' Y8k e Wil \l%ec%%' de (ke isvept

annul ar surfac the ~sem conduct or ma ers experlence a kplece excur5|on
and an conductor wafers). 11 and 12 denote the pin and pin sleeve of

the pin ring.

15 Fig. 13B depicts a detailed representation of excerpt 28 from
Fig. 13A. In order to avoid damage on the semiconductor wafer 1
due to hard contact (fracture, splintering) or contamination
with the e.g. metallic material of the carrier disc 5, the
reception opening 25 of the carrier disc 5 is lined with a

20  plastic insert 20. On its path over the working layer 3a, a
part 6 of the semiconductor wafer 1 temporarily projects beyond
the inner or ocuter edge of the working layer owing to the
rotation of the carrier disc 5. This is referred to as
"workpiece excursion". Since the semiconductor wafer 1 is

25 inserted with play 27 into the reception opening 25 of the
carrier disc 5, it can rotate freely so that an annular region
24 of the semiconductor wafer 1 enters intc excursion & in the

course of the processing.

30 Owing to wear, the working layer experiences a thickness
reduction during the processing. This takes place inside the
annular surface over which the semiconductor wafers sweep in
the course of the processing. When the annular surface lies
inside the annular working layer, a "trough-shaped” thickness

35 profile is set up radially over the working layer. This leads

to enhanced material removal at the edge of the semiconductor



edge roll-off does not occur. 5 A workpiece excursion is known, for exanple,
fromDE 102 007 013 058 Al. On ng to a workpi ece excursion, the carrier

di sc al so ppopecnso7b@/ayver a sizeable | ength w thout guiding fromthe

wor ki ng gap fornmed by the upper and | ower working discs. The bendi ng of the
carrier disc in the prior art and also the guiding of the carrier discs

out side the working gap by neans 15 of a38upport ring are illustrated
schematically below (Fig. 12). Fig. 12A shows the cross section through the
upper 4a and |l ower working disc 4b with an upper 3b and | ower working | ayer
3a on 20 WBERENG"Edyger realrp&fl) 2bwhndh2as undealcadri 8etdivbensStheth a
reception L rqt b conduet,ar f I e in a
pin 11wt AORebrd SRuele Rt FETRE e s e Slhppe MDA C00R0E8e, MR,
carrier disemisondticgardedfienst Bepeexencsi enwoegpdacé ardubeyondatd ats

outer teeth : n e senm.conductor wafers are noved during the
processing?dégergiglP%?gdégeigg%tgggggfts high forces to the carrier discs.

The cdrrier discs then sonetines bend considerably in the ungui ded
excursion region..This i s known from | appi in_which | ar C ion is.
preferred.A38OFEP%$@?n%?ﬁBﬁg}oPhésbghBWﬁg ?gtfﬁ??ﬂg €pr ﬁﬂWegEb§8éh§62arrier
di scs consD$Bi ngsonly of a thin stiffness-inparting core material 30, for

exanpl e of steel, which is coated on both sides with an anti-wear coating
29 that does not contribute to 35 the stiffness (Fig. 12C and Fig. 12D)

2008P00107BRAKYy 84 aFRbrkpecPRGepetRedon! Othingadevkbeegi vkt oYL prasures for
QU|d|nq)the carrier discs in the npvenent plane are therefore, .
T over a sizeable length without guiding from the working gap

formed by the upper and lower working discs.

The bending of the carrier disc in the prior art and also the

guiding of the carrier discs outside the working gap by means
15 of a support ring are illustrated schematically below

(Fig. 12).

Fig. 12A shows the cross section through the upper 4a and lower
working disc 4b with an upper 3b and lower working layer 3a on
20 working layer carriers 2b and Za, and a carrier disc 5 with a
reception opening 25 for the semiconductor wafer 1, which
engages into a pin 11 with a pin sleeve 12 of the outer gear
wheel. In the prior art, the carrier disc is not guided in the
excursion region 6 and beyond to its outer teeth 10. When the
25 semiconductor wafers are moved during the processing, the
rolling device transmits high forces to the carrier discs. The
carrier discs then sometimes bend considerably in the unguided
excursion region. This is known from lapping, in which a large
excursion is preferred.
30
In PPG methods, the bending is further promoted by the carrier
discs consisting only of a thin stiffness-imparting core
material 30, for example of steel, which is coated on both
sides with an anti-wear coating 2% that does not contribute to
35 the stiffness (Fig. 12C and Fig. 12D).



unsuitable. 5 In the prior art wthout carrier disc guiding in excursion
(Fig. 12A), the carrier disc is then sonetines bent (41) so that its outer

teeth 102b%@$%05%9D%Zk§'n9 by the pin 11 and pin sleeve 12 of the pin ring
7a a over urthernore, the sem conductor wafers 1 sonetines

prolect (17) fromthe carrier 10 disc 5 so nuch that they are no | onger
guided by its reception opening. Wen the carrier disc 5 rotates further
and the working discs 4a and 4b or the working layers 3a and 3b force the
carrier disc back into the working gap, the edge of the sem conductor wafer

may be dagggede obcf HAChUYHE HBY196GUHevieekNytREoDE! AEaBhiesSUbLLabl e carrier
di scs usual ly have ' plastlc insert"” which lines the reception opening. An

exanmpl e H@l@ﬁaﬁmth@yCﬁ?éleizélSVﬁeﬁntﬁées@ﬁV@@ﬁaacpéﬁnﬁaﬁéﬁ t&er8E0E8 back
into thegnkeeerihien openi ng upon re-entering the working gap, as 20 shown by
Fig. 12D, the plastic insert 20 therefore often erupts (22) or the

sem conduct or wafer itself breaks (23). This leads to damage or destruction

of the SQﬁ‘QRQdP%EB& QEEe%ﬁtﬁB@tthrrﬁé&rBEEC Rﬁ%&angng nuguallyibherefore

al so danmage of ayers 3a and 3b o ragnents of the two
in the mdFRgnglzé5 gape A§r§l§ﬁ|ﬂaﬁpeléoﬁhﬁérﬁ@@@ﬁﬂ@eSFbgntIZBlﬁeﬁpesents a

device iny.the Lopm af. %e@%hgﬁb %QFH%t%BEe El%lngoggagh%d ﬁ“ goﬁh @arrler

31. Although the support ring can I'imt dessiv ing o
disc in sﬁeederé@tpént@EGPinitidge§anandhdmamprovgméveﬁUrmhaempmed tpwar d

departur n1th in ri gyi 4 .ha t deyice cording.to
Fig. 4B %8@% no Sw wa 95 %% Q IJﬁégc ?CEUIE?%Q%¥R§ gg%rgggr %gc
wi t hout desapbi ep mndhwmhbtlahegoaxbraonﬂnggbmrge&dhd blge iéxcurskepn i85

(29,00 L9cBRREh el LRoa ooyl belenl dsocee, 01 L gulisp anand. 1
working discs 4a and 4b or the working layers 3a and 3b force
the carrier disc back into the working gap, the edge of the
semiconductor wafer may be damaged, or fracture may occur.

15
In the prior art, suitable carrier discs usually have "plastic
insert™ which lines the reception opening. An example is shown
by Fig. 12C. When the semiconductor wafer 1is forced back into
the reception opening upon re-entering the working gap, as

20 shown by Fig. 12D, the plastic insert 20 therefore often erupts
(22} or the semiconductor wafer itself breaks (23). This leads
to damage or destruction of the semiconductor wafers and the
carrier discs, and usually therefore also damage of the working
layers 3a and 3b owing to fragments of the two in the working

25 gap.

As a suitable countermeasure, Fig. 12B represents a device in
the form of a height-adjustable (19) so-called "support ring"
31. Although the suppcrt ring can limit excessive bending of

30 the carrier disc in one direction (16), it does not however
prevent undesired upward departure from the pin ring guide
(41), so that the device according to Fig. 4B does not allow
the object of securely guiding the carrier disc without
eruption and with low constraining forces in the excursion

35 region to be achieved to a sufficient degree, On the other

hand, it prevents unimpeded flow of the cooling lubricant



32 (water) and grinding slurry out fromthe working gap over the edge of
the working disc. This nay |lead to "aquapl aning” with [|oss of grinding
action, anr80BROPaPYPEYKar undesired heating in the working gap. Such
heating may | ead to deformation of the 5 working discs, which may entail a
deterioration of the plane- parallelity achievable for the sem conductor
wafers processed in this way. The use oBZsupport rings according to Fig.

128 in PPG methods is therefore less preferred. 10 Fig. 9 shows exanples of
doubl e-sided carrier disc guiding in excursion. Fig. 9A shows a |ower (13a)
and an upéaﬁt@ﬁodénﬁuﬁgl@ébngfﬁéﬂéay eﬁttﬁéOﬁeraﬁtwaaﬁagﬂaaﬁ@ gtieér then ring

7a - and kg @no%5th@eﬂhkﬁ§hgfeigbonThﬂg mQQGEeHHntB'"9qu9pi99£n§h0W@kh They
form an opénin which i's sonewhat wi der than the thickness of the

carrier dﬁ@éSSOgnGrEF@#égaBFPlﬂpdeﬁédlhnapﬁﬁhhﬁpléﬁapéde§éreﬁhh?ath@gcaﬂr|er
di sc can egsi |y Reng 'ﬁﬁﬁrtgg aﬂgathﬂg ﬂégtiéHBan HE%oQMEEEoEeSEhFﬂQ do not

remai n hanging from’tAe 20 gul de openrng I'n machinés suitab
carrying sarkihe dﬁé?ﬁodwhéébrmﬁﬁgeﬂba@healdeéﬁrﬂgﬁat@hé pEnthiengsara-and 7b

are he'QBBrQthiE?g'gcﬁgévaEES gg%rkﬁ%el %Ecgﬂﬁgﬁtégawgﬁgr%BPrgéessed

t her ef or e const ant e readj ust SO t ways possi bl e
to conpensatéhﬁsrwaypo§heioﬁechéngeppbrth@lzsscaccpedldgsts Bag - té2ﬁean of

t he morklggG ﬁgg QSSQSt@gér%9§§ecﬁeéée§ﬁ8k§%rea guided with | ow forces

wi t hout force € casé’in which the |lower (3a) and
upper working |ayer 3b have respectlvely experienced wear 1l4a and 30 14b,

so t the pl gne.in _which he carrie s¢ .and __sem conduct qr fer.are
novegﬂin ?ﬁg' rEFR&SgSSamE 8|58?a383£l S%Heaaﬁﬁﬁn%eEGHlﬁeagjué?%%n%nof t he
gui de devegeutdacand 13b |ikew se by thls anount 12 then always leads to
guiding of the <carrier discs without constraining forces in excursion. 35
Fig. 9A shows a lower (13a) and an upper guide ring 13b, fitted
on the height-adjustable outer pin ring 7a - and in an
15 identical form on the inner pin ring 7b (not shcown). They form
an opening 32, which is somewhat wider than the thickness of
the carrier disc 5 and preferably widens in a funnel shaped so
that the carrier disc can easily be "inserted" and, in
particular, its outer teeth 10 do not remain hanging from the
20 guide opening 32. In machines suitable for carrying out the
method according to the invention, the pin rings 7a and 7b are
height-adjustable (9). The carrier disc guide 13a and 13b can
therefore constantly be readjusted in height so that it is
always possible to compensate for a position change of the
25 carrier discs due to wear of the working layers, so that the

carrier disc 1s guided with low forces without forced bending.

Fig. 9B shows the case in which the lower (3a) and upper
working layer 3b have respectively experienced wear l4a und

30 14b, so that the plane in which the carrier disc and
semiconductor wafer are moved in the working gap is displaced
by the amount 26. Readjustment of the guide device 13a and 13b
likewise by this amount 12 then always leads to guiding of the
carrier discs without constraining forces in excursion.

35
The upper carrier disc guide 13b may be guided around the pin



The upper carrier disc guide 13b may be gui ded around the pin
2008P00107DE/ Ki 33 sleeves 12, as shown in Fig. 9A and Fig. 98, so that it
i kewi se ensaPé8pOSILLI’TORI/EG of the sleeves 12 on the pins 11, or they may
be QU|ded t hrough between the sleeves as shown in Fig. 9E. In this case,
the pin sleeves 12 project through 5 correspondi ng openings 34 into the
upper carrier disc guide 13b. Further varia&3ts consist in fitting the upper
carrier disc guide 13b on the machine frame 8 (Fig. 9C) or on the upper 10
working disc 4b (Fig. 9D). In the former case the upper guide 13b cannot be
r eadj ust ed sélﬁﬁﬁﬁs wRenasr 88RWAginhEigondA gordEig138B, t Re §hibdeifap 32

w dens i n Lheigauise ohouear patLhen uar kinarkayets,da and gbchy heampun

of t he morklng ayer wear, r|er |sc becones
Iooser 150Th¢§ewsmﬁatbho@eveeddehmpnehtabtyEﬁoethﬁhe&eeseﬁgamoshpwg in

| ayers Su'taﬁkg.f9&.0%5r¥h9§ Bﬂgeﬁhﬁhgegﬁﬂds e%yﬁbcﬁkoﬁéé@'%hrgﬁbﬂhts of
max 1 mm the Carrier disc can In' no ca bénd so mich tHat t he

sem condutt ocowmaEepochdangs opkeingeepti antopéhengpper dammges thecpbastiec
insert, or tﬁg carrier disc can actually 20 disengage fromthe rolling
device. Int I"atter case (Fig. 9D), the effect of the wear 14b of the
upper working |ayer 3b is that the upper carrier disc guide 13b presses t he
carrier disc b her e %ga n, S _not

Tl oy C e Ry XA ARas, 08 eS sR0 I e YR T pey bR Pl eb0dlsg

the upper caguiige dBpcoguitte h3bhiine Febaki on (Fagthechovwer oceathkeupgesc
gui de 13 and articul ar

i SR b, R ShB 0ot Qe Copr er d pes s which, ratate
out er (7a) 0&3bnaehn@tnbelaeaeﬁhbteaOSEIQhato shews texennhar yhembediereat:s de
for carrying_out the first
_ 3a, the guide gap 32 widens in the course of wear of the
working layers 3a and 3b by the amount of the working layer
wear, and the carrier disc guiding becomes somewhat "looser”.
15 This is not however detrimental since, when using working
layers suitable for carrying out the method with typical usable
heights of max 1 mm, the carrier disc can in no case bend so
much that the semiconductor wafer leaves the reception opening
or damages the plastic insert, or the carrier disc can actually
20 disengage from the rolling device.
In the latter case (Fig. 9D), the effect of the wear 14b of the
upper working layer 3b is that the upper carrier disc guide 13b
presses the carrier disc 5 down somewhat; here again, however,
this is not to a detrimental extent. Another disadvantage is
25 the high relative speed of the upper carrier disc guide 13b in
relation to the lower carrier disc guide 13a, and particularly
in relation to the carrier discs 5 which rotate essentially
with the rotational speed determined by the slowly rotating
outer (7a) or inner pin ring (7b).
30
Fig. 10 shows exemplary embodiments for carrying out the first

method according to the invention.

Fig. 10A shows & pin sleeve 12, which contains circumferential
35 grooves 15. The base circle diameter of the grooving is equal

to that of the outer gearing 10 of the carrier disc 5. The



met hod according to the invention. Fig. 10A shows a pin sleeve 12, which
contains circunferential 35 grooves 15. The base circle dianeter of the

gr oovi ng-} v .hat of the outer gearing 10 of the carrier disc 5.
The ZOOBEBgﬁgggEbKPEgQE grooves or channels 15 are preferably w dened

outward (33), so that the carrier disc can easily be "inserted" during the
rolling process. Also preferably, the piyp sleeve 12 is provided wth a
plurality of channels 15 so that the channels can be 5 changed after wear
due to use. According to the invention, preferably only the outer pin ring

7ais GQQEQBQQSWbEhchQHQng|@Q ék@eﬁﬁéfégabiynﬁgdbhédtQﬁgwé§daQBBm9 QB the
carrier disc are higher here and the carrier discs can nore easily be

pl aced |ﬁ?éttEBerSPFFﬁ@rdgﬁﬁéeCFBrﬁéél%y PRe"b0FBELPE " aRHTLRACERS0 pin ring

7b and r%B@Y?HgaﬁﬁbBesbt Aiseo§@¥%érab§? pﬁﬁéebiﬁdsﬁ@évebQEhlg'Brbbﬂg§dt0 be
equi pped with grooved sl eeves OB shows the inventive use of

grooved Yi&Bvaspiprafisey théhé@@aﬂﬁeﬁéeSQftméartmaaCBﬂnﬂﬁéS|5ﬁérb93a) and
14b of tBﬁﬁnaéduBﬁ%r%gknsuéaxeru§Q géeoga_%agaesn%me %ﬁvgktaaﬁ movenent

pl ane of the“carrier disc 5 and sem conduct or resulting fromthe
wear canpbefeoapérsaneésd tbe bythei ght adpdsVeeant 9dvippedewpih ring 7a, so

that the t d
w thout  FarRng BanaTesTe50 i Shickarfis, FoRfe Aoprat Bh' pkothiiuges an
however, diiess5 pref bigbdr Waen asdnghﬁubarphyrgdéevedcshemves ¢2pily bs

f b '
prefor bl 848" 0819409, 3y SLG! 8L, SERC B hRAPLCE Ll phBLE, ponablier digove
abdehtepynnemagsabyanESrEmgseﬁOEQEQntCEtshsmhoWbeereaéﬁplpryfenbedlﬁemts of

gr ooved s%geves 12 _acc |.ng to.the |nv§ tion ac %Ehe nunber of

Shonmer s bRERCBED T29B8 BhobadshibPeal RYERL b2aeReEr ST Be!

Fig. 10B shows the inventive use of grooved sleeves 12 after
the occurrence of wear 1l4a of the lower (3a) and 1l4b of the

15 upper working laver 3b: the displacement 26 of the movement
plane of the carrier disc 5 and semiconductor wafer 1 resulting
from the wear can be compensated for by height adjustment 9 of
the pin ring 7a, so that the carrier disc 5 is guided in a
planar fashion with low forces and without forced bending.

20 Height adjustment 9 of the pin ring 7a is, however, less
preferred. When using multiply grooved sleeves 12, it is
preferable when changing a carrier disc 5 to place it into
another groove or channel 15, cf. Fig. 10F. Height adjustment 9
of the pin ring 7a is not absolutely necessary.

25
Figs 10C to 1l0E show other exemplary embodiments of grooved
sleeves 12 according to the invention according to the number
of channels 15 (Fig. 10C, Fig. 10D) or, in the case of a simple
rolling device, only with fixed pins 11 and without freely

30 rotatable sleeves 12 (Fig. 10E).

The pins 11, or pin sleeves 12, of the inner and outer pin

rings 7a and 7b of the PPG grinding device transmit all the

forces required for rolling and movement of the carrier disc 5
35 in the working gap. High compressive forces therefore occur

between the (rotatable) pin sleeve 12 and the flank of the



rolling device, only with fixed pins 11 and without freely 30 rotatable
sleeves 12 (Fig. 10E). The pins 11, or pin sleeves 12, of the inner and
outer pin 2009RG0Ya7BmMK7b of the PPG grinding device transmt all the
forces required for rolling and novenent of the carrier disc 5 35 in the
wor ki ng gap. Hi gh conpressive forces therefore occur between the
(rotatable) pin sleeve 12 and the flank o85the 2008P00107DE/ Ki 35 outer
teeth of the carrier disc 5, and also friction forces in the case of pin
rings 7a/7b with stiff forces (non-rolling running). The pins/pin sleeves
11/ 12 and ®woth téehiksofushe cheridordipave abighlsaterieticnrenytds The
material o h C } j - WA L opa the,stiffness
nocessary ToF TRES ot Bt Lt o A ey aror e Ustar T iy staL g
(har dened)rsneehg) arbtherithapdenethenes al 1612 sard i beothr &l aflos ceddt
conposite of high-strength plastic atq sfi S r h. conditj
anyway. Si %h?%érj'g% ekﬁei“é(?sav&g) Jtﬁhrft%%e%fér%n%%ﬁ&i% athI?%WI@\\g%rrl ajr')egfpr{é}?%red
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igcb). FOF?fCE)lh&i@@hec&ppétﬁ@Ijmatlg@ry\ﬂh@fd@f)ém)arﬂ@l?dlagfoi t hebaor k}oi eces
y metal abrasion nust be avoided, it is also preferable tp use sl eeves
T5 pade. of PaTRIGRE ST crgtee Shipaes reigh est Fetoth Pl ool st frhise B¢
carbon fi betr&e orsed: PEEK &@Wé/ﬁ heimi Bi hefa ket 0ARY @It Ot REGH t HeraRgter

duroner. conposite plastics, as we as those made of materials with high
abr asiléh strenyth PRARTJrPIBIPSTdi Tt FERRtPoRS Fbragdanphesleeves 12
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pol yphenyl (PPS), polysul fone (PSU). The enbodi ment of pin rings in which
the pins 19teat ryr 25n¢0ear abhard¢eedbsnaiat hapaehhcibh T oW BYCEDFBPHY i ©h t he

relative hard metal (cemented carbides, tungsten carbide etc.). For

critical applications, in which contaminaticn of the workpieces

15 by metal abrasion must be avoided, it is also preferable to use
sleeves 12 made of a high-strength composite plastic, in
particular glass- or carbon fiber-reinforced PEEK (polyether
ether ketone) or other thermo-~ or duromer composite plastics,
as well as those made of materials with high abrasion strength

20 and/cr low sliding friction, for example fiber-reinforced
polyamide ("nylon"), aramid (PAI, PEI), polyacetal (POM),
polyphenyl (PPS), polysulifcne (PSU}.

The embodiment of pin rings in which the pins 11 carry

25 rotatable sleeves 12 that can follow by corotation the relative
movement between the gear wheel 7a/7b and the cuter teeth of
the carrier disc 5, which cccurs during the rolling of the
carrier disc 5, i1s particularly preferred. So that the sleeves
12 can rotate particularly easily and with low wear on the pins

30 11, the sleeve 12 may zlso be configured in multiple parts and
consist externally of the particularly suitable high-strength
material described, which enters into engagement with the
carrier disc 5, and internally of a material with a low sliding
friction coefficient (for example polypropylene PP,

35 polyethylene PE, polyamide [nylon 6, nylon 12, nylon 66],
polyethylene terephthalate PET, polytetrafluoroethylene PTFE



novenent between the gear wheel 7a/7b and the outer teeth of the carrier
disc 5, which occurs during the rolling of the carrier disc 5, is

parti cul . So that the sleeves 12 can rotate particularly
easily a%gbﬁfpﬂﬁpg&ﬁagér on the pins 30 11, the sleeve 12 may al so be
configured in nmultiple parts and consist externally of the particularly
suitable high-strength nmaterial descrihgd, which enters into engagenent
with the carrier disc 5 and internally of a material with a |low sliding
friction coefficient (for exanple polypropyl ene PP, 35 pol yethyl ene PE,

pol yam derfaytgn»6, ﬁMh?ﬂiA%liﬁ%h@ndﬁﬁluorEQEY§be|@E@.§@rﬁﬁbtﬂﬁh@ke PET,
pol ytetrafl uoroet hyl ene PTFE 2008P00107DE/ Ki 36 (" Teflon"), polyvinylidene

di fluori 8é1PVDE ép¥eY. MFkelEnfeRfigrrafngn er fra) B€ 8BniPgEFed in the

form of éBaEEHﬁE o£08hhBY, sPbelBEChrSLERYES, AL chi NE8 WhEEBear 8 -Pressed or
adhesively bonded in. 5 Vertically, the Sleeves 12 are preferably guided

| oosel y BghesévenEdboedps"i6f the pins 11 or by a ring connected to the
entire outer pin ring 7a/7b, so that they cannot slip off the pins and are
guided on themwith a nore or less large play in 10 the vertical direction,
nore or Vessigallwrntiei alacpbanéd? aThepcafereblyi gusdsdplepeedpl yconsi st

of harde eh| w(fQr a rden t : enga nt
surface gﬁg?ﬂga o%?é? tégtﬁﬁéjgﬁhghggs geggsglggéé ?ﬁggﬁﬁﬁgﬁiﬁg gg??b is
very 15 sntlike Fheepi pisl eéugs7d27bhesef bhetekpeyi envsokbneteépsedfwehe. The

wear is particularly hi i _th uter,.pin ring 7a, ;sinc high;torgues are
transnitgéastﬁggeaférgggg?dlSgefygmhﬁFngFymaF%osgdléﬁgeg ggfzgé%g A
pr efr abkjieusedrisbhcdias20idhf f abeat oehanpel uhbhfoamlpeiusedpabher wear

wi thout having to replace the entire sleeve. Fig. 2F shows the use of the
| ower channel in a sleeve 12, for exanple after the upper channel has

The carrier discs 5 preferably consist of hardened material
{(for example hardened steel}, and the engagement surface of the
outer teeth with the sleeves 12 of the pin ring 7a/7b is very
15 small. The pin sleeves 12 therefore experience increased wear.
The wear is particularly high in the outer pin ring 7a, since

high torgues are transmitted there (greater lever).

Multiply grooved sleeves 12 are preferably used, since a

20 different channel 15 can be used after wear without having to
replace the entire sleeve. Fig. 2F shows the use of the lower
channel in a sleeve 12, for example after the upper channel has
been worn. The channel 15 to be used is selected by placing the
carrier disc into the corresponding channel, preferably after

25 height adijustment ¢ of the pin rings 7a and 7b.

In the PPG grinding method, carrier discs are used which are
provided with a coating that prevents contact of the (metallic)
core of the carrier disc with the abrasive of the working

30 layer. During processing of the workpieces with the PPG
grinding method, the carrier discs in the working gap slide
over the working layer (grinding pad). Shear and friction
forces then occur on the coating of the carrier discs. At
contour edges of the coating, these forces are particularly

35 high and particularly detrimental peel forces occur. In order

to avoid detachment of the coating or increased wear, in



been worn. The channel 15 to be used is selected by placing the carrier
disc into the correspondi ng channel, preferably after 25 height adjustnent 9
of the p 7b. In the PPG grinding nmethod, carrier discs are
used mhlgﬁog?ggﬁgiggﬁggd with a coating that prevents contact of the
(metallic) <core of the carrier disc with the abrasive of the working 30

| ayer. During processing of the workpieges with the PPG grinding method,
the carrier discs in the working gap slide over the working |ayer (grinding
pad). Shear and friction forces then occur on the coating of the carrier

di scs. Abar€oBLOHE sﬁggﬁeoéoﬁhéuﬁoé&ggg,o%hﬁﬁé é9£9§§raa§sea&ga€yharly 35
hi gh and gartlcularly detrinental peel forces occur. In order_ to avoi d

det achnmehfeoforReNE oAt PAGL bE UL AEE BasRdt eaFasenoP0oBPPORBYDEAK] SB7face
paft'CU'é5aeﬂn5hﬁlﬁgﬁigéfa898§§19% EQetﬁéfihQénéiéﬁ CO@E'BgnﬁlgﬂfeQOQB'ng -

particularly 1n the case of artial surface coatin ew se_according
to the ihhentfoa lengtboﬁflgb@e@ogbouthaﬂgeﬁelseagtﬁh@rtth@ poRcdlieedges is

as short ,gg 98%i§?#?1§e389 £E§686g #era%?égehﬁgnéﬁy5a€993§ QH%cﬁ”%¥étures

which are as s 0SSl erefore, In partrcular an
e.g. annabasmedgien abaagbihe Breferebby,thbenafereteénhpattihelacaanier

di scs is| ftaH{%ﬁ??{;‘eQe%feﬁ 18 'grﬁ tB?o%ﬁEgé g8 ‘cﬁetﬁ%%kg’éégghd %CH#LSH y

and ext eRdéd on far as€ ClI'rcle of the
out er teeahrlearﬁusuhamsyleﬁteﬁecahtgd t Rerderampee, othsuchaaingr tal ar
coatlng |s ven er, than the base rcle, diapet of .t he outer
Leet h. hE0seRorEhaRue S e PR P BREREFE PPEG DO°LRECEhaFERG: AULY A8t be
o) H&TgefhbahspahésbaéethﬁreXeosédth@tﬁhtEE taether Pabtgestaedye cone in

t act th the_di d. of t di d. i t o pendi
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addltlOﬂsbﬁehhgttQﬁémléefthaﬂnﬁﬂétﬁésenéiﬂ@léhéigﬁéeeﬁlb§|€h@fohhér0Uter
teeth, I%eeth. (On the other hand, the region left free by the coating
must not be so large that parts of the exposed metallic carrier
15 disc core come in contact with the diamond of the grinding pad
owing to bending of the carrier disc. The preferred width of
the annular regicn, exposed in addition to the teeth left
uncoated inside the base circle of the outer teeth, is
therefore 0 - 5 mm.)
20
In the preferred embodiment of the present invention for
gulding the carrier discs in the region of the workpilece
excursion in the form of grooved pin sleeves or pins, the
guiding channels come into contact with the carrier disc only
25 along the tooth flanks of the outer teeth. In particular, the
grooved pins or pin sleeves therefore never come in contact
with the coating of the carrier discs, so that this 1s spared
and not exposed to any additional wear. It is particularly
preferable to coat the carrier discs with a thermosetting
30 polyurethane elastomer with a layer hardness of from 50 to 90

Shore A, and particularly preferably from 60 to 70 Shore A.

Fig. 11 shows exemplary embodiments of devices for carrying out
the second method according te the invention, in which the
35 guiding of the carrier disc is effected by an annularly removed

working layer, i.e. by an annular region of the working disc or



therefore 0 - 5 M) 20 In the preferred enbodi nent of the present invention
for qguiding the carrier discs in the region of the workpiece excursion in
the for sl eeves or pins, the guiding channels cone into
contactnbgbﬁgpggﬁggF?Fgr disc only 25 along the tooth flanks of the outer
teeth. In particular, the grooved pins or pin sleeves therefore never cone
in contact wth the coating of the carmpiger discs, so that this is spared
and not exposed to any additional wear. It is particularly preferable to
coat the carrier discs with a thernosetting 30 pol yurethane elastonmer with a

| ayer hatdeegsr@finh’ 081,80 tar$9ershnech cangdrpacti aul abkkipgehgkakly from
60 to 70 Shore A. "Fig. 11 shows exenplar enbodi nents of devices for

carrylngTBGtWOFKéngeééMBrﬁeﬁﬁéHaﬁé@ofé?nﬁaFéYﬂﬁé PHefitPofeCPRIWARERCENe 35

gui di ng QEchalﬁaf%beEhg'§ﬁvbﬁt§5£eﬁkége9¥b§9 éBHHH%E'%fFEWQH%Gk gpor ki ng
| ayer, i.e. by an annul ar region of the working disc or 2008P00107DE/ Ki 38

t he mnrkpﬁgrﬂQVeﬁa&QKrﬁér (bahten) céﬁﬁrﬁbeétﬁﬁ WeRKi ffinagsr workh&gwor ki ng
layers Sﬂbg 9350 nﬁaﬁby'QﬂleytcEB@a§ECQBgag§5QOQn agggrgbnggtgothe

i nvention erab y consist of a thrc carrier ayer ottom and 2b
(top) andemhwﬁnaatﬂmﬂaﬂngTEelayedsneaOénthbcaWMﬂeh domtai aAnabhaseve and act

so as toexenggégxgg%g Ighgggge gugghgg @ PE £GaLr kgL ﬁb§%§nb 1%9%%% 3 are

exenplary € Feved in worki'ng l'ayers~3a “an
set backasd Bbaarehee@ebackdswothptetheeﬁeaisednwﬁrkpseobtaxnedsibut6the
wor ki ng l.ay

carrler 10 la a i? gother rklng
'ayer) “afs FBFAGa-t DLt FSeHBE I6F LAE horRERGTH S8 drobeen BEJORA 1. so
thatl@hela&emleandlab (Btham bemﬁlﬁglyagyra aﬁalanmadnUplﬁobeheredgb bear s
on one off %ge wor ger carrler gr %b gh %r%ger bendlng thus
prevent ot PG, MPTS SofetEnaE PRETABRYERE: bhrweohha cafrier
5 can bend only by a small amcunt 16 before it bears on one of
the working layer carriers 2a or 2b, and further bending is
thus prevented. Fig. 11B shows that the deflection with
15 increasing wear l4a, 1l4b of the working layers is limited even
more effectively. With the working layers suitable for carrying
cut the method according to the inventicn, having a low usable
height of the working layers, the maximum bending of the
carrier discs 5 1s preferably so small that their cuter teeth
20 10 always engage into the pin sleeves 12 of the gear wheel 7a

(outer) and 7b (inner; not shown).

Partial coating of the working layer carrier with a working
layer, however, is difficult in terms of manufacturing

25 technclogy.

The embodiment in Fig. 11C is therefore particularly preferred,
which uses working layers 3a (bottom) and 3b (top) and working
layer carriers 2a and 2b in one piece and surface-wide up to
30 the desired size for the necessary workpiece excursion 6, and
additional rings 18a (lower working disc) and 18b (upper

working disc) are fitted.

Quter rings 18a and 18b which are mounted outside the outer
35 edge of the working layer (Fig. 11C), and inner rings which are

mounted inside the inner edge of the working layer (not shown),



15 -increasi ng wear 14a, 14b of the working layers is limted even nore
effectively. Wth the working |layers suitable for carrying out the nethod
accordi ng to20berPb0¥enbEgri having a | ow usable height of the working

| ayers, the maxi mum bending of the carrier discs 5is preferably so snal
that their outer teeth 20 10 always engage into the pin sleeves 12 of the
gear wheel 7a (outer) and 7b (inner; not sBéwn). Partial coating of the
wor ki ng | ayer carrier with a working |layer, however, is difficult in termns
of manufacturing 25 technol ogy. The enmbodinment in Fig. 11Cis therefore
particul arl yapeepeefedablwhiiedduses working | ayers 3a (bottom) and 3b (top)
and working |layer carriers 2a and 2b in one piece and surface-wide up to 30
the desired size for the necessary workpi ece excursion 6, and additional
rings 18a (| derowbeki agddiscyrantnd8bptappeablwonkiragtieseymar eihigt wédth,

T i 195 38380400, 0L 610081 e DoUBE e QUL SLOBL EDE RUKSE 32, 600,81 the
wor ki ng | ayer I'g. '11C), "and i nner ring Fch are  nounted rhsi de"the

i nner edde ofitherdbrksngshayey {aentshawn), 2008PO0107DE/ Ki 39 are
preferably used. The outer and inner rings preferably have the sanme ring

wi dth, since the extent of the workpiece excursion "outward” and 5 "i nward"

i's usual ly idrsatinakr dhemeteerodi anetentet thegeulerefiagstbsceqyakateror
great er thag t he guter di anet er _of tge morking,lay r carriers 2a/§b ith a
wor ki ng | ayer33/ 8B GHESFheleUeERr dPAnkler YBFFLRE {AKEF $BTFLRYS 'é/éﬁhal
to or |less thannt hewbhRehgdiageiteRa@Bbl hendWenki Bgrkayglagaterens 2aE2hnwkth

a working layer 3a/3b. Particularly preferably, the quter nmargins of the
out er rﬂ%bs Iapgst k@ PHARBE hargrnsedf theni Rher L1rnagsdprBreet BEyERE the 15

outer and inperredgesagar(batt-oatsapd /4B (1OR) = 68RERYI Y8 ¥r 3a/3b.

Particularly preferably, the outer margins of the outer rings
and the inner margins of the inner rings project beyond the

; 15 outer and inner edges 4a (bottom) and 4b (top), respectively,
and as close as possible to the sleeves 12 on the outer (7a)
and inner pin ring 7b (not shown)}, so that the carrier discs
are guided over a region which is as large as possible and only
very small maximum bending of the carrier disc is achieved (16

20 in Fig. 11C).

The present invention also relates to a semiconductor wafer.

Semiconductor wafers, which are produced by PPG according to
25 the prior art, have a range of undesired properties which makes

them unsuitable for demanding applications.

Thus, the migration 21 described in Fig. 12D of the
semiconductor wafer 1 out of the reception opening 25 of the

30 carrier disc 5 bent (17) in excursion 6 does not necessarily
lead to fracture 23 of the semiconductor wafer, damage of the
carrier disc or loss 22 of the plastic insert 20 upon re-entry
into the working gap. Often, the semiconductor wafer is simply
only forced under temporarily very elevated pressure beyond the

35 outer and inner margins of the lower 3a and upper working layer

3b and "jumps" back into the reception opening 25 of the



and as close as possible to the sleeves 12 on the outer (7a) and inner pin
ring 7b (not shown), so that the carrier discs are guided over a region
which is as |arge as possible and only very snmall maxi num bendi ng of the
carrier di OGO 51(16 20 in Fig. 11C). The present invention also
relates to a sem conductor wafer. Sem conductor wafers, which are produced
by PPG according to 25 the prior art, have a range of undesired properties
whi ch nakes them unsuitable for denanding‘%bplications. Thus, the migration
21 described in Fig. 12D of the sem conductor wafer 1 out of the reception
openi ng 25 of t.he Q carrier _dis¢c 5 hent 7) .in.excursion does nat
necessariI§Ef§§§It5éfFé@§ﬁPerf§e %Iphéngéh&é5%353#8pqm%ﬁﬁﬁ TiEmege "5 Tche
carrier di sfferct ader2dbyobrtilkd 1§ asihiatidenisdnt t2@ ey inerlemagy on Aleadshe o

wor ki ng gap., Oten, .the sem conductar wafer is_sinpl anly forced under
temporarily SrevArEd [HEESET % SOGE SEife 185 Ot éleg&r? ior‘f(r)n,;?‘errar gi ns of

‘the | ower 3@rampdadRpeixamiskiong | ayer 3b and "junps” back into the reception
- openi ng_25 of the 2008P0O0107DE/ Ki 40 carrier disc upon re-entry into the

- wor ki ng
- region | eadsd.0 14@haagierinst irgdieduced ddiieeln@seas lian drhe regiierefudths:
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5gap. The grinding effect thereby briefly enhanced in the marginal

wor kpi ece excursion. 5 Fig. 14A shows the radial thickness profile of a
seniconducM@ﬁeﬁmﬁﬂﬁcﬁﬁﬁ@@g§§bﬁwﬁ@oﬁ§tW@ﬂsaﬁ@PrQé@@rGPhéh@oﬂﬂ%@qﬁﬁﬁﬂﬂiﬂﬂ?
The 1 ocal jiJckness ddessh o GHOMRIELRhe ), is)PliQ! AG 30 Nefaithg dradi us
R(inmllinmeters, nm. \Werever the sem conductor wafer 10 has experienced
an i ncreasé@grisndi rig refiddtimpyeiive dige #hereerndiie renispadugior metamn ry
e ConIUGTEr T o T or BT T o T Aocbtr ey Spo 1o o ke HartiCer
di sc, working layer upon re-entry into the working gap (38), its
thickness is reduced (35). Owing to the semiconductor wafer's
own rectation in the reception opening of the carrier disc,
these "re-entry marks" are then distributed more or less
15 circularly at the distance 38 around the semiconductor wafer.
Owing to the forced jumping of the semiconductor wafer back
into the reception opening, the plastic insert 20 is often also
damaged only locally, usually roughened. The semiconductor
wafer's own rotation in the reception opening 25 of the carrier
20 disc is impeded by the increased friction and individual
flattenings 40 are formed in the excursicon region {Fig. 14C,
left) which are shown as a unilateral (asymmetric) thickness
reduction in the radial thickness profile of the semiconductox
wafer (Fig. 14C, right). Fig. 14C shows this in plan view
25 (left) and in the semiconductor wafer's thickness profile

obtained along the section axis A-A’ (right).

Furthermore, semiconductor wafers processed by PPG methods not
according to the invention often have an anisotropic

30 distribution of the processing marks (grinding cuts) due to the
PPG processing. 37 denotes grinding marks which have been
imparted with a preferential direction along the grinding tool
movement in the excursion region of the semiconductor wafer
(Fig. 14D, left). They are noticeable in that they extend with

35 the curvature of the outer or inner margin of the annular

working layer and predominantly tangentially to the margin of



these "re-entry marks" are then distributed nore or less 15 circularly at

t he di stance 38 around the sem conductor wafer. Oamng to the forced junping
of the sem conductor wafer back into the reception opening, the plastic
insert 20 48RP FIEEL danaged only local Iy, usually roughened. The

sem conductor wafer's own rotation in the reception opening 25 of the
carrier 20 disc is inpeded by the increased friction and i ndivi dual
flattenings 40 are formed in the excursiohtregion (Fig. 14C, left) which
are shown as a unilateral (asymretric) thickness reduction in the radial

t hi ckness profile of the sem condugtor wafer (Fig. 14C .right). Fig. 14C
shows this %1??%%?%ﬂiﬁﬁ (W%§)5‘gﬁHﬁI?QHﬁQQﬁﬂﬁﬁénﬁiﬂﬁ§ﬂ W8t s t hi ckness
profile abicdgred idlongddg seal birhds Avindd4ighthi FrHdNEerd®rshape

sem conduct or, waf ers processed b PG nmet hods not  according to the

nvent | on GG SRRy & it i SHYGHIEEE RGOt (e bt GOBRE 37 rar ks
(grindi ng wutigcdue - dhed PRadHREes it sudbk denote a4 i ap e kghavhi ch
have been _inmparted with a preferential direction along the grinding tool
movenent iWAHESE RGOS & Fidor 14 Leddnduct or wafer (Fig. 14D,

| eft). They are noticeable in that they extend with 35 the curvature of the
outer or inner margin of the annular working |ayer and predom nantly

t angent i alft B AREURTYG 11V adfe 2 CUBRBGERTDE Kime4 10 dsh @ S Hast i@ dhenaf er .

Thi's ani SotfRR{iC dd NiSD Wi APl hQEESSAY | ASSRE iBdiaM L ahASHTERIdHC
t hi ckness or shape variation of the sem conductor wafer; rather, it is
expr essed PIRng gEdIhdufc rsdsdd adaghiess avd stisdurtfease dlafsE 39 in the 5

thi ckngss @f i l@f. Mg IARKdd GtdroA 13eML 101 WA €1 Rf agessed by
met hods according to the invention, in which the carrier 'disc was guided in
t he novemsurfaseams wintthaamicorstucdion wafses hest showtthege ddfiguits 10 (Fi g.
14B). The hgkness, Aohld & eh IR S 2s AN AiMing marks or

flattenings in the marginal region. In the worst case, only a

slight reduction in the thickness of the semiconductor wafer is

15 observed toward the marginal region, although in terms of size
and curvature it does not represent any substantial degradation
of the high quality of a semiconductor wafer processed

according to the invention (36 in Fig. 14B}.

20 The method according to the invention therefore also provides a
semiconductor wafer which has particularly good properties in
respect of isotropy, rotational symmetry, planarity and
constant thickness, and is therefore suitable for particularly
demanding applications.

25

Examples

A Peter Wolters AC-1500P3 polishing machine was used for the
examples. The technical features of such a device are described
30 4in DE 10007389 Al.

Grinding pads with abrasives firmly bound therein were used.
Such grinding pads are disclosed in US 6,007,407 A and
Us 5,958,794 A.

35

Monocrystalline silicon wafers with a diameter of 300 mm were



surface of the sem conductor wafer has an isotropic finish wthout |ocal
rougheni ngs, increased grinding marks or flattenings in the marginal

regi on. t,..case, only a slight reduction in the thickness of the
senicon%é@?%be&ggég/ﬁé 15 observed toward the margi nal region, although in

terms of size and curvature it does not represent any substanti al
degradation of the high quality of a i%niconductor waf er processed
according to the invention (36 in Fig. 'I4B). 20 The nethod according to the
invention therefore also provides a sem conductor wafer which has

particu @5bxdgeogspwepﬁbaé@és'eo B@SEESEeQEeHSO&BQEM héatgﬁi9§§£i§xnﬂﬁtry,

pl anari é constant thi ckness, and is therefore suita
parti cuf #F&meaénﬁﬁdﬁhé appl I@ath@nBPngrEadmgesmaAepe@érrwwtréﬂsoi&c- 1500P3

pol i shi o S echn es of such
a dewcggapB gggr 388 %g ?QAEEP§808§§§E gﬁ%c éuﬁg %g Sﬂfﬁhggbra5|ves
firmy b@ﬁﬁuSthéternp%ecesaéeg.WaSuahOgti&aﬁngmpads are disclosed in US
6,007,407 A and US 5,958,794 A 35 Mnocrystalline silicon wafers with a

di aneter of 300 mm were 2008P00107DE/ Ki 42 provided as workpi eces to be

pr ocess@de mbtchehadiausinseﬂahadthiskae%scofe9WStpna thitkeePPCGofr £0di ng,
mat eri al re t hi ckness of the

Sy pm wero coa § tOB gl gcg SOwt p@t tE]S fll’lgal—w p chn.
silicon aFft &f ? c88sPhg was“abotit “825 B rhe"car r &Y Hi scs used
had a sheehngoaeth&thmasshoﬁkaSSpmfoﬁO@acbnsaﬂd.mere coated on both sides
with a PU anti-wear |ayer having a thickness of 100 pm on each si de.
10 The process pressure selected for the working discs was 100 -
300 dalN to simulate different loading situations, and on

average gave removal rates of 10 - 20 um/min.

Deionized water (DI water) was used as a cooling lubricant with
15 flow rates of between 3 and 20 1/min, adapted to the
respectively resulting removal rates and the different heat

inputs resulting from this during the processing.

In the first example, a corresponding process was carried out

20 without any carrier disc guiding.

Even during the first run, damage of the silicon wafer at the

margin occurred owing tc the insert being torn out of the

carrier disc and a grinding block or parts thereof being torn
25  off.

In a second example, a process was carried ocut with a removed

grinding pad section taken off.

30 No damage of the silicon wafer occurred here, although there
was slight roughening of the semiconductor wafers in the outer
marginal region. The geometry of the silicon wafers was

acceptable.

In a second example, a process was carried out with carrier

35 disc guiding by grooved in sleeves on the outer pin ring.



10 The process pressure selected for the working discs was 100 - 300 daN to
sinmul ate different |oading situations, and on average gave renoval rates of
10 - 20 umdmn. Eeionbzed water (DI water) was used as a cooling |ubricant
with 15 fA0SWECHES D6 Het ween 3 and 20 1/nmin, adapted to the respectively
resulting renmoval rates and the different heat inputs resulting fromthis
during the processing. In the first exanple, a correspondi ng process was
carried out 20 without any carrier disc‘%%iding. Even during the first run,
damage of the silicon wafer at the mnargin occurred owng to the insert
being torn out of the carrier disc and a grinding block or parts thereof
being torn 25 off. In a second exanple, a process was carried out with a
removed @Ghiendiinlg cpad weeetriso s hicadeein gofofd. @0 miHd rdamagécafodelmecgid | con waf er
occurred here, although. there sl i_ght. rougheni ng, of the nm _conduct or
hafor s | nAREOGTESE SaiG AHE e TFHE e d et A7 SETERE G (s waf er o was
Sccept ablj%.ezdﬂgoauﬁmmg u@)f@lf{)le@i,gea momehmnwas;ecz@r pioad ielte wiitthoearrier 35

i sc guidi rooved ,in sleeyes on the outer pin ri,ng. 2008P00107 Ki 43
The-si F1 cOR AT EO G By S6d LhBorretry P ta oSgerdbus THR ar ogt B A 10 ¢ he
waf er mar gind warthote Garaege ofr tthe r iSQMoTo Rt ook arafer eddedimeuib ok wer e
possi bl e wi thout 5 damage/rougheni ng of the running discs, the insert, the
coating and wi thout attack or tearing of the outernpst grinding bl ocks.
2008P00107DE/ Ki 44 Patent Clainms 1. A device for the doubl e-sided
processing of flat workpieces 5 (1), conprising an upper working disc (4b)
and a | ower



wor ki ng di sc (4a), wherein at |east one of the working discs (4a, 4b) can
be driven in rotary fashion by means of a drive, and wherein the working

di scs (4a, bet ween thenselves a working gap (64), in which is

ar r anged a?0p§§§91965@451carr|er disc (5) with at |east one cutout (25) for
at |east one workpiece (1) to be processed, wherein the at |east one
carrier disc (5 has teeth (10) on its circunference, by nmeans of which
teeth it rolls on an inner and an outer d@ar wheel or pinring (7a, 7b) if
at |l east one 15 of the gear wheels or pin rings (7a, 7b) is set in rotation,
wherein th(i,a ear eels or pinrings (7a, 7b) each have a nultiplicity of
gear or pin artan ﬁ%ﬁfs with which the teeth (10) of the carrier discs (5)
enter into engagenent during rolling, wherein at |east one of the pin
arrangenments 20 has at | east one guide (48) which delimts a novenent of the
margin of the at |east one carrier disc (5) in at |east one axial

direction, 1whey elgviore faH deo 4@hulefsamed i Rls s ingasts m%ts heuigere dez0)
ext endi ng around the circunference of the pin arrangenent between a first,

“larger di anet ér’ an@of@ré3§@@bﬁ@-U§W§Flﬁpr&ﬂ§ﬂepéﬁcof e 3% 2arCaifdenent and
~a further guigei4d) disd qr4rae;d QJYletrléQ.nS'a(%e 184haces @,th@)mzq&fu@t diegsd

one groove (15) extendi ng around the «circunference of the pin arrangenent.
30 2. The devild@ add| giameds Hrdlvainmit, rwiheresl fashd oft yedsersne®t gr oove

- (15) is for ”EQir%tvet h%rﬂdarv&%rre@na%tee%o&%ﬂrﬂgo'al% & N&a,Pigh)ar RNYEMRAL e o3

" The device as claimed inclaim1 or in claim?2 , mherern the 35 snmul | er
dianeter of tR&episelacsargawaring gier @ 4inomnt Whicdhdw aeraraEy efddeast

W thoufo any dicpet-er snlalgeren )i §:3 -2008R00L07RELKIc A% 198,008, 0fs.t he

. pi n arrangenent. he device as clainmed in any of th rece |ng cl &l i s,

| least one workpiece (1) to be processed, whereln the at
least one carrier disc (5) has teeth (10) on its
circumference, by means of which teeth it rolls on an inner
and an outer gear wheel or pin ring (7a, 7b) if at least one

15 of the gear wheels or pin rings (7a, 7b) is set in rotation,
wherein the gear wheels or pin rings (7a, 7b) each have a
multiplicity of gear or pin arrangements with which the
teeth (10) of the carrier discs (5) enter into engagement
during rolling, wherein at least one of the pin arrangements

20 has at least one guide (48) which delimits a movement of the
margin of the at least one carrier disc (5) in at least one
axial direction, wherein one guide (48) is formed by at
least one shoulder (50) extending around the circumference
of the pin arrangement between a first, larger diameter and

25 a second, smaller diameter c¢f the pin arrangement and a
further guide (48) is formed by the side surfaces (56, 58)
of at least one groove (15) extending around the

circumference of the piln arrangement.

30 2. The device as claimed in claim 1, wherein the at least one
groove {15) is formed at the larger diameter portion of the

pin arrangement.

3. The device as claimed in claim 1 or in claim 2, wherein the
35 smaller diameter of the pin arrangement starting from the

shoulder (50) ends without any diameter enlargement in a



wherein the pin arrangenents of at |east one of the pin 5 rings (7a, 7b)
are in each case forned froma pin and a sleeve (12) nounted in rotatable
fashion on the pin, wherein at |east one of the sleeves (12) has the guides
(48) on it g008HO8L OJDECEA erence. 10 S. The device as clainmed in any of the
preceding clains, wherein one of the at |east one guides (48) has at |east
one radially extending guide surface (52). 6. The device as clained in any
of the preceding clains, 15 wherein the at#J east one pin arrangement has a
plurality of grooves (15) which are spaced apart axially with respect to
one anot her, extend around the circunference of the pin arrangenent and the
si de surfaces IES6 58) ot TS OHD RT&RCNCTEEse delinit a novenent of the
margin of the at | east one 20 carrier disc (5) in an axial direction. 7. The
device as clainmed jn claim®6, wherein the grooves (15) _have different

wi dths (w) 2-2518 deid Cdeisc € 1ad MeCailie d1ivh Odny hef PERE S dCe dilig ™Si-ai s,
wherein at | gk @18 3HROVE n( 1R WA (W 1WRIsth dre & e@lehithan the
thi ckness of the at | east one carrier disc (%) by 0.1 nmto 0.5 nm 30 9. A
devi ce as cl aitfd@s i 7any 761 BFe pitecedingacicailggmaghdrein a i@ &nd @ast one
shoul der (50) .ar. e @bl alg : | .east, 0 -
circunferentigﬁegggéﬁqgéO?QE%gggﬁégﬁg@*%gagééiFggﬁéghiﬁ%bﬁgfnggﬁ”wﬁgﬁé%&Q:he
bevel (60) hagt 3Bazt openiodg taeglsd eeiver0 (1@ )4haseltar walitdest Hd 8dhow dérs
(50) or relatjve to;the groaye (15). 2008P00107DE/Ki 46 11.The device as
claimed in claimBs of as ¢lainmedinclaim5 and in any of clainms 2 to 4 or

-6 to 10, wherein the at |east one guide surface (52) has at |east one

;CIrcunfﬁre%{|%%65d%%%%% %%0%1aimed in any of the preceding claims,

wherein one of the at least one guides (48) has at least one

radially extending guide surface (52).

6. The device as claimed in any of the preceding claims,

15 wherein the at least one pin arrangement has a plurality of
grooves (15) which are spaced apart axially with respect to
one another, extend around the circumference of the pin
arrangement and the side surfaces (56, 58) of which in each
case delimit a movement of the margin of the at least one

20 carrier disc (5) in an axial direction.

7. The device as claimed in claim 6, wherein the grooves (15)

have different widths {(w).

25 8. The device as claimed in any of the preceding claims,
wherelin at least one groove (15) has a width (w) which is
greater than the thickness of the at least one carrier disc
{5) by 0.1 mm to 0.5 mm.

30 9. A device as claimed in any of the preceding claims, wherein
the at least one shoulder (50) or the at least one groove

(15) has at least one circumferential bevel (60)}.

10.The device ags claimed in claim 9, wherein the bevel (60) has
35 an opening angle of 10° to 45° relative to the shoulder (50)

or relative to the groove (15).



12.°The device as clainmed in claim11l, wherein the bevel (60) has an opening
angle of 10 to 45 relative to the guide surface (52). 10 13. The device as
claimed in any of the preceding clains, wherein the at |east one shoul der
(50) or the0@8P0@ETDBAEL groove (15) has at |east one rounded edge. 15

14. The device as claimed in claim5 or as clained in claim5 and any of
clains 2 to 4 or 6 to 13, wherein the at |east one guide surface (52) has
at | east one rounded edge. 15.The device 48 clained in any of the preceding
clainms, 20 wherein the at |east one carrier disc (5) consists of a
nonnmetallic material, in particular a plastic. 16. The device as clained in
any of the preceding clains, wherein the pin rings or the gear wheels are

mount ed byi1 25,80@851 68 ashei Shheadi Nstable ﬂngftaéngléiﬁé&tiﬂgc9§YhC§ s
provi ded for the nmount. 17.Use of the device of one of clains 1 for

t he 5|nultan@%ﬁsl@o@%Yeoﬁl@b@lmﬁt%rtﬁl4r@ﬁn@aﬁopl%ceﬁﬁﬁﬁglﬁfthe @O leaSt
plurality of §§@1§99§@C§9£fx¢é [52) 1824 gﬁtf@93{05néhelfbgytéféﬁeyé

doubl e-sided material renova proce53|ng of a plurality senlcon%uctor
waf ers? i n whpereleheh) senmi conduct or wafer (1) Iles freely mobile in a
recess 35 of one of a plurality of carrier discs (5) set in rotation by
means of an annul ar outer gear wheel (7a) and an annul ar 2008P00107DE/ Ki 47
i nner dri ve2 whkee| d¢Thye antl theirdy hmvebatn alcyeherdipathe kevek, (While the

sem conduct or g@fgﬁs ééﬁlg%e éf es egos a 5$Oré§a v en@ge{ﬁgl geémeen t wo
rotating annu?ar wor % and %%b? whi ch™ conpri se wor % |ng | ayers
(3a) and 5 (3b)yrfans (h%}carrler dISCS (5) and/or sem conductor wafers (1)
tenpOE%rin | eave the working gap, delimted by the
13.The device as claimed in any of the preceding claims,
wherein the at least one shoulder (50) or the at least ocne

groove (15) has at least one rounded edge.

15 14, The device as claimed in claim 5 or as claimed in claim 5
and any of claims 2 to 4 or 6 to 13, wherein the at least

one guide surface (52) has at least one rounded edge.

15.The device as claimed in any of the preceding claims,
20 wherein the at least one carrier disc (5) consists of a

nonmetallic material, in particular a plastic.

16.The device as claimed in any of the preceding clains,
wherein the pin rings or the gear wheels are mounted by
25 means of a height-adjustable mount and a lifting device is

provided for the mount.

17.Use of the device of one of claims 1 to 16 for the
simultanecus double-sided material removal processing of a

30 plurality of semiconductor wafers.

18.A method for the simultaneous double-sided material removal
processing of a plurality of semiconductor wafers, in which
each semiconductor wafer (1) lies freely mcbile in a recess

35 of one of a plurality of carrier discs (5) set in rotation

by means of an annular outer gear wheel (7a) and an annular



working discs (4a) and (4b), with a part of their surface (6) during the
processing, wherein the carrier discs (5) are guided in a novenent plane
whi ch essentially extends 10 coplanar with a m dplane of the working gap by
the two wWBPRBREOAPEBE/K4a) and (4b) respectively conprising an annul ar
region (18a) and (18b), which contains no working |ayer (3a) and (3b) and
ensures guiding of the carrier disc (5) during the excursion of the carrier
di scs (5) and/or 15 sem conductor wafers €%) fromthe working gap. 19.The
method as clained in claim18, wherein the material renoval processing

i nvol ves doubl e-si ded %rinding of the sem conductor wafers (1) and each
wor ki ng di sc EB)SEoRpivEe¥he6ra (\iBP kPRE FAgERPY3NCEEdaBRadi ¢¥CHREEr PAIED

20. The ”EthOdc@§v%|aWH§Qe'Eh@'@bﬁhégndﬂﬁﬁb%'Qa?@%s”&&?rb§b phk8eRvakd so
processi ng i nvol ves doubl e-si ded olishing while supplying a dispersion,
whi ch cont ai n&SsitPi €5MEHE, MaAEK188 WEEKERE @FSCTOARLABAPRNBNAGTavpEKiEHI ng
pad as a workipgos! 34gh Ak éaéﬂmﬁl%t bofloasse! abrrdabniclakm 48.)waggel n
t he gui di ng of he carrier disc Is ef Fecte out By an~annul ar “set - back
30 wor Ki ng Iayéb ¢ 3andatiie( %yrlg@ tihét:St HE) desiVed wemippadecérEursiEens(6)

|5 achieved byt he.MRLki0g,| 3U80CRLE! Gb.(2a) oand (20)yhseliopiediup Lo the

mar gi n of the wor I'SC eyon nmet ho ainmed in

. claim 18, wheweirkithedfiakk ééaﬁaaed éﬂbﬁhewmbhkﬁngatayeﬁstbeaﬁ andf@s8b) and

- the wor ki ng Iggzgga92§§09%g7ﬁg%g%sggagca&g (%ﬁéd grg%?)dkgcgs?%éagEethe

requi red workpi Xcursiro {héy carr ironal” rings

fthe | ower mnghﬁdgddﬁsca(maYeaadtrpmgse(mamﬁhoasshatmpméy egtkndg disc

:(4b),:Mpich bear .no_wor %Hga

Coplanar wil Xgﬁiane of the working gap by the two
working discs (4a) and (4b)} respectively comprising an
annular region (18a) and {18b), which contains nc working
layer (3a) and (3b) and ensures guiding cof the carrier disc
(5) during the excursicn cf the carrier discs (5) and/or

i5 semiconductor wafers (1) from the working gap.

19.The method as claimed in claim 18, wherein the material
removal processing invelves double-sided grinding of the
semiconductor wafers (1) and each working disc (4) comprises

20 a working layer {(3) of abrasive material.

20.The method as claimed in claim 18, wherein the material
removal processing involves double-sided polishing while
supplying a dispersion, which contains silica sol, each
25 working disc (4) comprising a polishing pad as a working

layer {(3).

21.The method as claimed in claim 18, wherein the guiding of
the carrier disc (5) is effected out by an annular set-back
30 working layer (3a) and {(3b), so that the desired workpiece
excursion (6) is achieved but the working layer carrier (2Za)
and (2b) is formed up to the margin of the working disc or

beyond it.

35 22.The method as claimed in claim 18, wherein the full surface

of the working layers {3a) and (3b) and the working layer



5 23. The nmethod as clained in claim22, wherein the outer rings (18a) and
(18b) are nounted outside the outer edge of the working |ayer and the inner
ri ngs aréosmdiXldd DEr¥iide the inner edge of the working layer. 10 24. The
method as clained in claim23, the outer and inner rings have the sanme ring
wi dth. 25.The nethod as clained in claim23, wherein the inner 15 di aneter
of the outer rings is equal to or greatdr than the outer dianeter of the
wor ki ng | ayer carriers (2a)/(2b) with a working layer (3a)/(3b), and the
outer dianeter of the inner rings is equal to or |ess than the inner

di anet er ofcantienforldaig ardl eiZkoarks arssd ZY (9 nEdh-redwrdkigdcesyer 20

(32)/(3b) . excursion (6) and they carry additional rings (18a) on the
lower working disc (4a) and rings (18k) on the upper working
disc (4b}, which bear no working layers.

5

23.The method as claimed in claim 22, wherein the outer rings
{18a) and (18b) are mounted outside the outer edge of the
working layer and the inner rings are mounted inside the

inner edge of the working layer.

10
24.The method as claimed in claim 23, the outer and inner rings
have the same ring width.
25.The method as claimed in claim 23, wherein the inner
15 diameter of the outer rings is equal to or greater than the

outer diameter of the working layer carriers {(2a)/(2b) with

a working layer (3a)/(3b), and the outer diameter of the

inner rings is equal to or less than the inner diameter of

the working layer carriers (2a)/(2b) with a working layer
20 (3a) / (3b) .



