Met hod for the sinultaneous grinding of a plurality of

sem conduct or wafers The present invention relates to a

nmet hod for the 5 sinultaneous doubl e-side grinding of

a plurality of sem conductor wafers, wherein each

sem conductor wafer lies such that it is freely

noveable in a cutout of one of a plurality of carriers
caused toQ rotate by neans of a rol]ing apparatus and
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$ad), or a lattice- strained silicon upper |ayer on a
silicon/germanium interlayer wth germani um proportion
i ncr F&dPkgafbward the upper layer, on a silicon
substrate ("strained 35 silicon", s-Si), or
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global and local flatness, single-side-referenced local
flatness (nanotopology), roughness, cleanness and
freedom from impurity atoms, 1in particular metals.
Semiconductor wafers are wafers made of semiconductor
25 materials. Semiconductor materials are compound
semiconductors such as, for example, gallium arsenide
or elemental semiconductors such as principally silicon
and occasionally germanium or else layer structures
thereof. Layer structures are for example a device-
30 carrying silicon upper layer on an insulating
interlayer ("silicon on insulator"™, SOI), or a lattice-
strained silicon upper layer on a silicon/germanium
interlayer with germanium proportion increasing toward
the wupper layer, on a silicon substrate ("strained
35 silicon", s-Si), or combinations of the two ("strained
silicon on insulator™, sSOI).
Semiconductor materials are preferably used in
monocrystalline form for electronic components or are

preferably used in polycrystalline form for solar cells



2 - (photovoltaics). In order to produce the

sem conduct or wafers, in accordance with the prior

art, a sem conductor ingot is 5 produced which is

firstly separated into thin wafers, usually by neans of
amltiwvire saw ("nmultiwire slicing", MA§). This is

foll owed by one or nore nmachining steps which can
generally be classified into _the_follow ng groups: 10

a) nechani cal machining; b) chem cal nachining; c)
chemommhaniLal,iaghi ning; d) if appropriate production

of layer structures. 15 The conbi nation of the
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18i ngl e-side grinding", SSG "sequential SSG') or

si mulghanegusnhdauble-shdgigLaddi ng of individual 30
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radi al spin-off by wafer rotation ("spin etch") or 3 -
groups and thHeir order vary depending on the intended
application. A multiplicity of secondary steps such as
edge machining, cleaning, sorting, measuring, thermal

20 treatment, packaging, etc. are furthermore used.

Mechanical machining steps in accordance with the prior
art are lapping (simultaneous double-side lapping of a
plurality of semiconductor wafers in the "batch"),
25 single-side grinding of individual semiconductor wafers
with single-side clamping of the workpieces (usually
carried out as sequential double-side grinding:;
"single-side grinding", SSG; "sequential S3G") or
simultaneous double-side grinding of individual
30 semiconductor wafers between two grinding disks

(simultaneous "double-disk grinding", DDG).

Chemical machining comprises etching steps such as
alkaline, acidic or combination etch in the bath, if
35 appropriate while moving semiconductor wafers and
etching bath (“laminar-flow etch”, LFE), single-side
etching by applying etchant into the wafer center and

radial spin-off by wafer rotation ("spin etch") or



etching in the gas phase. Chenonechani cal nmachi ni ng
conprises polishing nethods in which a nateri al

renoval is obtained by neans of 5 relative novenent of
sem conduct or wafer and polishing cloth with the action
of force and supply of a polishing slurry (for exanple
al kaline silica sol). The prior art describes batch
doubl e- si de polishing (DSP) an? bat ch and i ndi vi dua
waf er singl e-side polishing 10 {rounting of the
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nDre FP at Ege star chini ng sequence, .that
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20 particular importance 1is ascribed to those machining
steps in which the semiconductor wafers are machined
largely in a constrained-force-free manner in "free-
floating" fashion without force-locking or positively
locking clamping ("free-floating processing”™ FFP).

25 Undulations such as are produced for example by thermal
drift or alternating load in MWS are eliminated by FFP
particularly rapidly and with little loss of material.
FFP known in the prior art include lapping, DDG and
DSP.

30
It is particularly advantageous to use one or more FFP
at the start of the machining sequence, that is to say
usually by means of a mechanical FFP, since, by means
of mechanical machining, the minimum required material

35 removal for completely removing the wundulations is
effected particularly rapidly and economically and the
disadvantages of the preferential etching of chemical

or chemomechanical machining in the case of high
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The FFP obtain the advantageous features descri bed,
however, only if the nethods can be carried out in such
5 a way that a largely uninterrupted machining is
achieved fromload to load in the same rhythm This is
because interruptions for possibly required setting,
truing or dressing processes or frequently required
tool changes |lead to unpredictable "cold start” 10
|nfluences whi ch nuII|fy the dedired features of the

met hods, g adversg affect the economc viability.
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during transport from the edge to the center of the
semiconductor wafer, lapping always yields
semiconductor wafers having a disadvantageously convex
thickness profile with wafer edges of decreasing

25 thickness ("edge roll-off" of the wafer thickness).

DDG causes, for kinematic reasons, in principle, a
higher material removal in the center of the
semiconductor wafer ("grinding navel") and,
30 particularly in the case of a small grinding disk
diameter, as is structurally preferred in the case of
DDG, likewise an edge roll-cff of the wafer thickness
and also anisotropic - radially symmetrical - machining
traces that strain the semiconductor wafer ("strain-

35 induced warpage").

DE1034460221 discloses a mechanical FFP method in which

a plurality of semiconductor wafers lie in a respective



thereby held on a specific geonetrical path and 5

machi ned in material -renovi ng fashi on between two

rotating working di sks coated with bonded abrasive. The
abrasive is conposed of a filmor "cloth" stuck to the
wor ki ng di sks of the apparatus used, as disclosed in
Us6007407, for exanple. 10 It has been found, however,

that the sem conductor wafers machi ned by this nethod
have a series of defects, withSthe result that the

sem conductor_wafers obtained are unsuitable for
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Rptterning and hence to the failure of the conponents.
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often also have irregular wundulations in their

20 thickness profile and also a rough surface with a large
damage depth. The high damage depth necessitates
complicated subsequent machining that nullifies the
advantage of the method disclosed in DE10344602A1. The
remaining convexity and the remaining edge roll-off

25 lead to incorrect exposures during the
photolithographic device patterning and hence to the
failure of the components. Semiconductor wafers of this
type are therefore unsuitable for demanding
applications.

30
It has furthermore been shown that, in particular when
using the particularly preferred abrasive diamond, the
carrier materials known in the prior art are subject to
high wear and the abrasion produced adversely affects

35 the cutting capacity (sharpness) of the working layer.
This leads to an uneconomically short lifetime of the
carriers and necessitates frequent unproductive

redressing of the working layers. It has been shown,



particul ar stainless steel, such as are used in |apping
in accordance with the prior art and have an

advant ageous | ow wear in that case are particularly 5
unsui table for carrying out the nmethods according to
the invention. Thus, by way of exanple, the known high
solubility of carbon in iron/steel in the case of the
(stainless) steel carriers |leads to an inmediate
enbrittlement and bl unting of "t e~ di anond that is 10

preferabl use the nethods according to th .
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such as, for exanple,
Moreover, the eruptlon of entire abrasive grains which
20 then repeatedly occurs leads to an undesirably high
roughness and damage of the semiconductor wafers. The
inherent weight of the carrier leads to different
degrees of blunting of upper and lower working layer
and thus to different roughness and damage of front and
25 rear sides of the semiconductor wafer. It has been
shown that the semiconductor wafer then Dbecomes
asymmetrically undulatory, that is to say has
undesirably high values for "bow" and "warp" (strain-
induced warpage).
30
Object

It is an object of the present invention, therefore, to
provide semiconductor wafers which, on account of their
35 geometry, are also suitable for producing electronic
components with very small linewidths ("design rules").
In particular, the object was established of avoiding

geometrical faults such as, for example, a thickness



maxi mumin the center of the sem conductor wafer
associated with a continuously decreasing thickness

toward the edge of the wafer, an edge roll-off or a

| ocal thickness mnimumin the center of the 5

sem conductor wafer. Furthernore, the object was
establ i shed of avoiding an excessive surface roughness

or danage of the sem conductor_wafer. In particular,

the object was to 10 produce a defri conduct or mafer with
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bonded abrasive, wherein the formof the working gap 30
formed between the working layers is determ ned during
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135 foeperadhenobject is |ikew se achieved by nmeans of a
second nethod for the simnultaneous doubl e-side

grinding of a 8 plurality of sem conductor wafers,

wher 8phubtdem semnmi conductor wafer lies such that it is
freely noveable in a cutout of one of a plurality of

carriers
The object is achieved by means of a first method for

20 the simultaneous double-side grinding of a plurality of
semiconductor wafers, wherein each semiconductor wafer
lies such that it is freely moveable in a cutout of one
of a plurality of carriers caused to rotate by means of
a rolling apparatus and is thereby moved on a cycloidal

25 trajectory, wherein the semiconductor wafers are
machined in material-removing fashion between two
rotating ring-shaped working disks, wherein each
working disk comprises a working layer containing
bonded abrasive, wherein the form of the working gap

30 formed between the working layers is determined during
grinding and the form of the working area of at least
one working disk is altered mechanically or thermally
depending on the measured geometry of the working gap
in such a way that the working gap has a predetermined

35 form.

The object is likewise achieved by means of a second

method for the simultaneous double-side grinding of a



caused to rotate by neans of a rolling apparatus and is
5 thereby noved on a cycloidal trajectory, wherein the
sem conductor wafers are nmachined in material -renovi ng
fashi on between two rotating ring-shaped working disks,
wherei n each working di sk conprises a working |ayer
cont ai ni ng bonded abrasive, wherein the sem conductor
10 wafers, during machining, with part of their area
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20

The object is furthermocre achieved by means of a third
method for the simultaneous double-side grinding of a
plurality of semiconductor wafers, wherein  each
semiconductor wafer lies such that it is freely
25 moveable in a cutout of one of a plurality of carriers
caused to rotate by means of a rolling apparatus and is
thereby moved on a cycloidal trajectory, wherein the
semiconductor wafers are machined in material-removing
fashion between two rotating ring-shaped working disks,
30 wherein each working disk comprises a working layer
containing bonded abrasive, wherein the carrier is
completely composed of a first material or a second
material of the carrier is completely or partly coated
with a first material in such a way that, during
35 grinding, only the first material comes into mechanical
contact with the working layer and the first material
does not have any interaction with the working layer

that reduces the sharpness of the abrasive.



suitabl e for producing a sem conductor wafer having
significantly inproved properties. 5 A conbination of

two of the three or particularly preferably of al

t hree nmet hods nentioned above is furthernore suitable

for producing a sem conductor wafer having

particularly significantly inproved 10 properties.

Brief description of the figures Figure 1 shows an
apparatus suitable for carrying9uut 15 the nethod
according to the invention in perspective view Figure

2 shows an apparatus suitable for carrying out the

mﬁt hl(EiacafICQﬁd%(ﬁgddegl_ t Eﬁei':_@ﬁeni:lh%n aﬁ@vém@%@ﬂoﬁé@Wn@{tho&f@ is
the | ower rkKi.n IS -l gur e Shows rinci_ple .of .

a worttmg d&p foglt%ﬁ%ﬁfc @%brairEFW%FQQéyq enWPS%r- fiaving
bet weergntife cawoi ki ngpdos&d pfopert@psar at us suitable for
carrying out 25 the nethod according to the invention.
Figure 4 shows radial profiles of the working gap .

forméd B9mPRBathRR witki fgodi eks Bte arth4igsar afusparticularly
Sui t pilegefrablgars§i ng 10Ut hirbe MRéhosHACeaRMdidGcH0 db6ve is
30 invention, for dL%fEient tenperaéures. Figure 5 t
showd W& EREPat SUE FPeGueh’y dPECYTIBERT on of STHE AP tOr
of semifegndubtvingaf epasrviiclanier e saghifiédantdyh aimproved
YOI kifnggap gkt ered according to the invention, 35 in
conmpari son wth the geonetry distribution of

sem conduct or wafers which were machined with a working
gap BRie#l HesedipELonh dbAGtH® filpudgwvention. (TTV =

total thickness variation; difference between 10 the

| argest and snal |l est thicknesses of the sem conductor

waf eFigukeglr esBowhons tbpagapes- smeasbied four igayryiag out
Bs maghieni g o Pf a£8SrWREKT RE G8R WL GO, WASK KERL perspective
approxi mately constant according to the invention by

cont PoFFirng the working disk form and also resulting

Figure 2 shows an apparatus suitable for carrying out
the method according to the invention in a plan view of

20 the lower working disk.

Figure 3 shows the principle of a working gap -
altered according to the invention - between the
working disks of an apparatus suitable for carrying out

25 the method according to the invention.

Figure 4 shows radial profiles of the working gap
formed by the two working disks of an apparatus
suitable for carrying out the method according to the

30 invention, for different temperatures.

Figure 5 shows the cumulative frequency distribution
of the TTV of semiconductor wafers which were machined
with a working gap altered according to the invention,
35 in comparison with the geometry distribution of
semiconductor wafers which were machined with a working
gap not altered according to the invention.

(TTV = total thickness wvariation; difference between



surface tenperatures at different |ocations in the
wor ki ng gap. (Gape = difference between the width of 10
t he working gap near the inner edge of the working disk
and that near the outer edge of the working disk.)
Figure 7 shows the gape - neasured during the

machi ning - of the working gap which was not controlled
15 according to the invention during the machining, and
the changi ng tenperatures at dif¥erent |ocations of the

wor ki ng gap. Figure 8 shows t t hi ckness profile of_a
20 s&ﬁ%con QS%tmaféPdmhiEﬁaaggsﬁachF%%ﬂk SSSeSet iy  the

accoreimigondutheri wyeéati pn, in which the sem conductor

waf er tenporarily | eaves the working gap with part of

its area during the machining. 25 Figure 9 shows the

t hi cEAgugepfof Fhewsf athseni cdpduct Beamdiref whictiyripgs the

nmchipediByng mebhod md  @eeRiALNg 4 t hgniiRyent 198, kept
in which the sem conductor wafer remains with.its

whol 8PRFEXIPATERE \GWAG tgapCCt it oifhbaL tiie invention by
machicbhngol3in&i ghee vk ishowsdidle thitkness priefd |eeoflting

a sgnieon .“C’c&g. g\f%ﬂrg@i ch %ﬁf%?&hﬂedlgﬁa@iﬁé hod,  the
not ~according B e |nveﬁ%|on, in I'ch e
serm gonddpgordamvaf éFapenpodaf f¢yeneavbstrhenwdiid ngigap of
Vot hepar hofkidg Lhs ALSA, thUtjMhdh @)@ﬁstsﬂé/evlzd/r]ii%f%%isk
area rgglgn duri t he ”BCQ1n'n - floure 11 sagmi the
aver 348 FAeEs"oRT t He® mitety f0de EnYPEI P PofmSk-)

sem conduct or wafers during successive machining runs

W t hFi‘%EEh‘?grgfﬁé’édi ”gﬁéo. t%ﬁe! NVEALLOPeg! N %Eg‘ilag the

carr —at to the invention were used.
Fi gurachiningws ¢heths eveigel ne il vhigheg'as giat controlled

1HICCRESHY Q1 ARCRIONI 11k I UATeHLt Bna ptined ! AseRidiAg, and
to the invention, in which carrlgis:pot ac%prdln% to
t he h%eﬁP?B%l%%TEFTEﬁiﬁtures at different locatidons of the

working gap.

Figure 8 shows the thickness profile of a
20 semiconductor wafer which was machined by a method
according to the invention, in which the semiconductor
wafer temporarily leaves the working gap with part of

its area during the machining.

25 Figure 9 shows the thickness profile of a
semiconductor wafer which was machined by a method not
according to the invention, in which the semiconductor
wafer remains with its whole area in the working gap
throughout the machining.

30
Figure 10 shows the thickness profile of a
semiconductor wafer which was machined by a method not
according to the invention, in which the semiconductor
wafer temporarily leaves the working gap with part of

35 its area, but with an excessively large area region,

during the machining.

Figure 11 shows the average rates of the material



10 Figure 13 shows the warp of a sem conductor wafer

whi ch was nmachi ned by a nmethod according to the

invention, in conparison with a sem conductor wafer

whi ch was nmachi ned by a nmethod not according to the
invention. 15 Figure 14 shows the surface danmage depth
("sub-surface damage", SSD) of front and rear sides of

a seniconductor wafer which were nmachi ned by a net hod
according to the invention withldentical material 20
renmoval by _the two working |layers of the apparatus, in
conpdEredaini £hoR wesRiCcoR AU ittequaif erat e AING enpietessive

t hat pwas iRehghmachimed RceRr diang dxHNe | AveFtdDRy  to  the

Fi gure 15 shows,the surface roughness of front _.and rear, .

25 si-8&§751 8 sdfti ¥Bhd cF%Fr%ﬁgra%‘?’& Rre ndthi Hegpntion

by awemret heddaccording to the invention with identical
terial renmoval by the two working |ayers of the

apparatus, in conparison with a wafer with unequal
mat eFigurechBvalovhat WS nAVSFROR nedSBE¥dF di ngRERS t hdrom

30 i BveRkkoNve Fnguhenlfgshoms diaretsi maths8ChioeNsaording
t he %’gl c%}rg?ess grofl le of a sggl conduct or waf er whi ﬁh

was MicHifed By Mt holl AEC6 di Tff T8 The? hv FEPEHRINY to
Wi t htaeconteotied wab woydkdng gap. Figure 17 shows
jametrical sections of the thickness profile of a

sem conduct or wafer which was machined by 12 a nethod

not Higwrei b3 shrihethqventr ot i $emigrndusdem rgifieed which

wor k_wag £aBhifrégube d8nshioNs dheoveiyg et e Haf itrh}%n_tion, in

carriers in the 5 "accelerat ed%%,/gar test" JIoor VaBI,O S

t est SGTRAFETPAI sVItRi gdr e IPEHRATURT r afdRof Which  was

mat eméahinedoval a frsrhddenots emicoandugt op whe ef naadt vear
the carrier in the "accelerated wear test" for

various tested materials of 10 the carriers. Figure 20

shovBigere 14 athans ather abréAcef demageurephy Caprrisayface
of tagm¥eekj ngdsayer ¥&th fhetCchhAi NGear sides of a

semiconductor wafer which were machined by a method
according to the invention with identical material
20 removal by the two working layers of the apparatus, in
comparison with a wafer with unequal material removal

that was not machined according to the invention.

Figure 15 shows the surface roughness of front and rear
25 sides of a semiconductor wafer which were machined by a
method according to the invention with identical
material removal by the two working layers of the
apparatus, 1in comparison with a wafer with unequal
material removal that was not machined according to the

30 invention.

Figure 16 shows diametrical sections of the thickness
profile of a semiconductor wafer which was machined by
a method according to the invention with a controlled

35 working gap.

Figure 17 shows diametrical sections of the thickness

profile of a semiconductor wafer which was machined by



duration in the "accelerated wear test" for various 15
tested materials of the carriers. Figure 21 shows

exenpl ary enbodi nents of nonol ayer carriers (solid
material) according to the invention. 20 Figure 22

shows exenpl ary enbodi nents of nmultilayer carriers
according to the invention with full or partia

coating. Figure 23 shows exenpl ary enbodi nents of

carriers 25 according to the-ih¥ention with

partial -area coating in the formof one or nore

"knobs" msrtheldongate 2papsding Filgur £l dgwetapn, with an

exenmlfshemnadiaept-kehgageprrier according to the
i nvention, conprising atoothed outer 30 ring and an

insert. Figure 25 shows the principle of the adjustnent
accorgliiquyd a8t howsveritd oneaf trheef arfin theacaorkeng in the

dizsk , ti0 tE] ' ar
Ces e DB ANl SYITE! el AL e Biretane.
to the invention of the geonetry of the working gap by

Corfbiﬂ%ﬁn 10f sdohast-neontyalo ofr the damperaddbv 1l et the

- 13 %ap and _a sl ow control of the formof the
wor ki SFFAOSKUCEPSt B L ¢t &nehckedynidl stARg carrier in  the
abbr evdaidlenatesedead tebppetfoworkiDgudi s&stdd Laesrials of
r Ki i_SK . Inner drive ring 9 Quter drive ring 10
Uﬁgg? ﬁ%F%F%a'Iayer 12 Lower working layer 13
Carrier 14 Cutout for receiving the sem conductor wafer

15 Sw%%dget ghoWaf ehel3 6 tMdpRiite @t ibRe o the cutting
sem ¢€on r wafer 17 Plt%3§0|rcle of m dpoi nt

o o
carrF@PaFﬁtVolP?ngthﬁppﬂPﬁ g layer wit the machining
duration in the "accelerated wear test" for wvarious

15 tested materials of the carriers.

Figure 21 shows exemplary embodiments of monolayer

carriers (solid material) according to the invention.

20 Figure 22 shows exemplary embodiments of multilayer
carriers according to the invention with full or

partial coating.

Figure 23 shows exemplary  embodiments of carriers
25 according to the invention with partial-area coating in

the form of one or more "knobs" or elongate "bars".

Figure 24 shows an exemplary embodiment of a carrier
according to the invention, comprising a toothed outer

30 ring and an insert.

Figure 25 shows the ©principle of the adjustment
according to the invention of the form of a working
disk by the action of symmetrical, radial forces.

35
Figure 26 shows the principle of the control according
to the invention of the geometry of the working gap by

combination of a fast control of the temperature in the



18 Reference point on sem conductor wafer 19 Trajectory

of a reference point on the 20 sem conductor wafer 21

M dpoint of the carrier 22 Mdpoint of the rolling
apparatus 23 Actuating elenment for wafer deformation

30 Wrking gap 25 30a Wdth of the working gap outside

30b Wdth of the working gap inside 34 Holes for

supply operating agent 35 Measuring apparatus worKki ng

gap tenperature (inside) 30-383Measuring apparatus
wor ki ng gap tenperature out si de) 37 Measuring
appagtrlsndorddgagdp i élevw(ieeildedl 38 Messurfiomy of the

appagat-usn¥ogkirg gap Wi dth (outside) 39 TTV
di stribution (nmachined with supervised working 35 gap)

40 TTV distribution (wth unsupervised working gap) 41
Wr kLagtgap fefépsnde esyiibdlyg anal Abbregid2idnapesadur e
i@ the working gap outside 14 43 Tenperature in the
wor ki ng gap inside 44 Tenperature in the working gap
cent &r 45UmpeEkieelsings oiliske after machining with

over gun #ABydhi gk RL:efd | e after machi ni ng wi t hout
overrun 47 Edge rol ) -off after nachining wthout

over fun 48°RehovatVs dtd i th carrier not inpairing
shar pnessOoud®r Renbxalrirat e wi th carrier reduci ng

ar pness 'gﬁggﬁa rofile in direction of notch 51
]ﬁ:ic gessulgé)%%ihfe : 'lt%ﬁ%rljespect to notch 10 52
Aver dde thewkinesyr pimef ilage33 Thi ckness profile 135 with
respegt teaneotoh 54 Warp after asymmetrical materi al

Lgrm?\@! 5(1{:} V\.ﬁrgséofterre symyet ri %al mat, elcr)i 1'1 remval 56
tch®in thet ot St dLEOv &Gy EFPURCT8UE T
Tenpks at u¥enigprupperomoralfieng di sk (vol une)
15 16 Midpoint of the semiconductor wafer
17 Pitch circle of midpoint of carrier in rolling
apparatus
18 Reference point on semiconductor wafer
19 Trajectory of a reference point on the
20 semiconductor wafer
21 Midpoint of the carrier
22 Midpoint of the rolling apparatus
23 Actuating element for wafer deformation
30 Working gap
25 30a Width of the working gap outside
30b Width of the working gap inside
34 Holes for supply operating agent
35 Measuring apparatus working gap temperature
(inside)
30 36 Measuring apparatus working gap temperature
(outside)
37 Measuring apparatus working gap width (inside)
38 Measuring apparatus working gap width (outside)
39 TTV distribution (machined with supervised working
35 gap)
40 TTV distribution (with unsupervised working gap)
41 Working gap difference during machining

42 Temperature in the working gap outside



58 Roughness/damage after symetrical material renoval
59 Roughness/ damage after asymetrical materi al

r enoval

20 65 Thickness profile 90 with respect to

notch 66 Convexity in the case of unsupervised working
gap 67 Material reference synbol of the carrier 68

Wear rate of the carriers 69 Ratio of material renoval
of the sem conductor 25 wafer and wear of the carrier
70 Cutting capacity of the worKiédng | ayer after 10 nin
71 Cutting capacity of the working layer after 30 mn

72 C88tin

epRPERTEie of N t e WHIiAG 198Peingfif€r 60 nin

73 Cyhat i NgegpPastiye Ofn tire: WIiing lgayeceatker 10 to
30 62 mn_74 Tquoral evel opnent of .the CUt%én%u
Pty OPCHRes ki mg§ S MREOTPr-EPel’* utersn

capa

t oot A46ng Dhitkeesarprefiled al@mutchintihg vachbet 8%e77un

L ni g ME&%@ P&ﬂuéﬁffﬁt%ﬁ%@cﬂi Qy%P%itﬁSHECSGQPE&Rr

waf er 78 Toothing for t

ositive ockl ng connection

of #B8ni ngeBRREardieiE cAIFiEronPlsineaébangnghafprness
E ge 49r;ile$mox7£p ﬁecaarh -vb‘iiﬂiﬁld‘dl&tiife&gﬁ@ﬁubhﬁgCthi:pﬁe§Q

ge eft ree 1n the .athg the carrl er
pareh T LTy R 0 ek SR bhePE R of 5 a
r ounSil " kbl clgge Pamricdi-lar dd ‘codtthngespethetcanotehn in

ighe gorm

erfb €ipnoate s balr1§3 Adhesive bonding of

t he gartia -area coatlnqééo the carrier 10 84
15K

Cont

Buoushipeges RIQE ]

3%g paFhi GRSEPER TROAPTHY of

the sarriwirSSGalked rhiatetied) aakrNHOUSeparii al - area

coatégg
56

15 57
58

59

20 65
66
67
68
69
25
70
71
72
73
30
74

75
76

35 77

78

Wgrgrg%égngfﬁﬁetrical material removal

Notch in the case of excessive overrun

Temperature in upper working disk (volume)

Roughness/damage after symmetrical material
removal
Roughness/damage after asymmetrical material
removal

Thickness profile 90° with respect to notch
Convexity in the case of unsupervised working gap
Material reference symbol of the carrier

Wear rate of the carriers

Ratio of material removal of the semiconductor
wafer and wear of the carrier

Cutting capacity of the working layer after 10 min
Cutting capacity of the working layer after 30 min
Cutting capacity of the working layer after 60 min
Cutting capacity of the working layer after 10 to
60 min

Temporal development of the cutting capacity of
the working layer (incomplete)

Outer toothing of the carrier

Cutout in the carrier

Lining of the opening for receiving the
semiconductor wafer

Toothing for the positively locking connection of

lining and carrier



86 Toothed outer ring of the carrier 15 87 Insert of
the carrier 90 Measurement variable inner gap measuring
sensor 91 Measurenent variabl e outer gap measuring
sensor 92 Differential el enent distance signal 93
Control elenment gap adjustnment 20 94 Mani pul at ed

vari abl e gap adj ustnent 95 Measurenent vari abl e inner
tenperature sensor 96 Measurenent variable outer
tenperature sensor 97 Differeritial elenment tenperature
signal 98 Control elenent gap tenperature adjustnent 25
99 MASepuFaped-vafpabPet Hap ¢enpw atanrdeadj ust ment A

RegablgﬁeDmg_%t Eabe @éatﬁhegc:@frﬁreet Raﬁ&%t fétz][ ki n? di sk
raadl us | C orce |10 O eria

o R R A A B R Lk g L

carr sar (Péktﬁateaféakb&ﬁenmgn@@ f{Heorcatmdatied the form of

d%str|but og §¥§xage renoval rate R Radius (of
e sem con uc?or 35 RG Rel ative gap wi dth

(rel 88i vePaab}alesewo@@am &fgudre;camuigihdgs e form of
Rel ative ggtglagggg@ambgynof the working | ayer SSD

Sub- sur mage .16 - t Ti erature TTV To
thlcéﬁe ggﬁ??ﬁY o O AAREr p° €EE£§CﬂP (ﬁr%ﬁlcanlng to

appar at ustsai tabteef or carryi ng out the nmet hods

COEQ' ”gcéﬁtiﬁ?oﬁé‘vem E%ig&%i 1 %%%‘tlﬁn he Spsaiﬁé“itaila—'area

enents of "an apparatu acc rdi ng he prior art
that i s sepPebbre @%rthﬁmﬁ&%ﬁ%ﬁ} out the nethods

accoggi ngcipkéde (imvertedon. codhenddddispaati an-shews dd¥ing

basi c schegatﬂg £g§¥¥é¥h of a

86 Toothed outer ring of the carrier

15 87 Insert of the carrier
90 Measurement variable inner gap measuring sensor
91 Measurement variable outer gap measuring sensor
92 Differential element distance signal
93 Control element gap adjustment

20 94 Manipulated variable gap adjustment
95 Measurement variable inner temperature sensor
96 Measurement variable outer temperature sensor
97 Differential element temperature signal
98 Control element gap temperature adjustment

25 99 Manipulated variable gap temperature adjustment
A Relative wear rate of the carrier

ASR Working disk radius

D Thickness
F Force
30 G Ratio of material removal of the semiconductor

wafer and wear of the carrier ("G factor")
H Frequency (for cumulated distribution)
MAR Average removal rate
R Radius (of the semiconductor wafer)
35 RG Relative gap width (relative gap)
RMS Root-mean-square; roughness
S Relative cutting capacity of the working layer

SSD Sub-surface damage



two-di sk machi ne for machi ni ng di sk-shaped wor kpi eces
such as sem conductor wafers, such as is disclosed for
15 exanpl e in DE10007390A1, in perspective view (Figure
1) and in a plan view of the | ower working disk
(Figure 2). An apparatus of this type conprises an
upper working 20 disk 1 and a |ower working disk 4 and
arolling apparatus formed froman inner toothed ring
7 and an outer toothed ring-9,lécarriers 13 being
inserted into said rolling apparatus. The worKking

di sk& of &mmeapparatus of this type are ring-shaped.
The garri eesplpaba¥e cutouts 14 which receive the

sem conduct or fers 15. The cutouts are generally
ar r anged EBEﬂlrﬁ%%C¥Wﬁfsrﬁ?ﬁﬁﬁqﬂQ¥ 16 of the

sem wonduwéop wafers lie with an eccentricity e with
respect to the center 21 of the <carrier. 30 During the
machi ni ng, the working disks 1 and 4 and the toothed

ri ngBefcaiptior orft emtapparatumasutrials fior carryipg out

and RReCROEROAS ! £8LdYa AP Wo i TndRAkAbn22 Of the
entire apparatus (four-way drive). As a result, the 35

carriers on the one hand circulate on a pitch circle 17
a_bouFigjfenidpbbmS zmearmlsmﬁm oélmwgremzmdof an apparatus
ixY ”“LE?B?&HE y formg ';S‘gle&?ma{t"t. Han ahouts Lhelh o - gor
respectrve nidpoints 21.” For an arbitrary refereéence fﬁl
poi NnE21SY HJ a O Hemduetbpdaafa@cordinbartrt hestinvention.

traj egtof Y148t £kt NSBEN 689 #1085 WS WM ddham@EReClibQrhhe of a

| ower wor ki ng dlgk 4 0 morklgg | a er,lg, ﬁald .

traj E¥POTYS HeMAGRFBRerT¥d PRCRE Y r §ERGT GN2REEr SHSP ECes

5 i ssutideast sediasntthetgeneaersy sficlal bsrégulddsclosed for
or r.le 6??5 i - l:Qi dS, .

]gﬂd %%&ﬁg%ﬁo?iiﬁgigfs 4 éafﬂ{ rKi 3%%§3§r§1f¥pggﬁéﬁ§§fl)

contaP@i ng"boRdedl@r asTiRY Nt abhe WHPREAg WPOKEAJer §isk

are dpg@gi-@@l) Jn US6007407, for exanple. The working

| ayers are preferably configured in such a way that

they can be rapidly nounted or denobunted. The
An apparatus of this type comprises an upper working

20 disk 1 and a lower working disk 4 and a rolling
apparatus formed from an inner toothed ring 7 and an
outer toothed ring 9, carriers 13 being inserted into
said rolling apparatus. The working disks of an
apparatus of this type are ring-shaped. The carriers

25 have cutouts 14 which receive the semiconductor wafers
15. The cutouts are generally arranged such that the
midpoints 16 of the semiconductor wafers lie with an
eccentricity e with respect to the center 21 of the
carrier.

30
During the machining, the working disks 1 and 4 and the
toothed rings 7 and 9 rotate at rotational speeds n,,
n;, n; and n, concentrically about the midpoint 22 of
the entire apparatus (four-way drive). As a result, the

35 carriers on the one hand circulate on a pitch circle 17
about the midpoint 22 and on the other hand
simultaneously form an inherent rotation about their

respective midpoints 21. For an arbitrary reference



i nterspace fornmed between the working layers 11 and 12

is referred to as working gap 30, in which the 15

sem conduct or wafers nove during the machining. The

wor king gap is characterized by a wwdth that is

measur ed perpendi cul ar to the surfaces of the working

| ayers and is dependent on the location (in particul ar

on the radial position). 20 At | east one working di sk,

for exanple the upper working Idisk 1, contains holes

34 through which operating agents, for exanple a

cool iRsgTCubtBcat , aca?ﬁmlb@réiwqredwﬁéefhe%?R@ﬁ@c‘gﬁﬁls’clc
30. 25aljRcenaer 1t90 Calaeha@Ulesh he-dshun st mttlﬂloqre%%'tmﬂtg the
to the inventiagn, pref rably at Ieasﬁ one of the }

wor kit €Tdi 40 KRGy | & t HE upPer<Ws ki s sk12'| g said
equi pped ecwiotrly mlhga&tefMedeasuralsnga appartatitsesA 37rochoid
and h pref Iy ( [ rranged,.

ngar q%s qnés%%sg&g%t 0 thee{}ﬁegerg gg&aﬁ?t)yt hzjfral n%ﬁsha &%‘lar'
wor kusﬁ@rt@r@ré andlengtiiesydephr r%gjéﬂ?%‘é’ cA@addsas

possible to the outer edge of the working disk and

whi ¢ erform cont act | asur nt of the
o oefredl Bed 1580 Gb R TR RSkt VN et Lavers 11
Apparatius®®2 dfortttdisiitngpeboadedkrbwrsive.heSpitablar tworking

fd %g‘ékgse é”de%}9§Q940§94%%/6\607£8"7 SXYP! Exadflre. The

artic erre enment at i on of
firsWorEiRed laafééfsduaﬁg PaeffrEabhvesendhguaed| éastughe @ way

gf L Iﬁﬁat‘:\/\Dta}\é@jtF klcragll :j]bé Kssa il yexasih€ed :ﬂ%xu?at@ihom@tgd Ng The
I S IS a LTI Qna e a ea

meastPERG HAGe apcied S9kRRTEReoMofkiBR BrUpEranty and 12
one (85) researednged adsneaprasnpossibl 8G,0 tire iwingth the
£sgesoh ;i EBRqLEPY: Shaped W%E'v@g &U]_Sl‘&qgan@h%nemééﬁiniﬁg The

arranged as near as p055|b e to the outer edge .
wor KIFAgX§rek 4aB Wchclb%w%i%%laz%aéq}f er?entm@ftft hethPG is
t enppeaburedabpetrbentespesti o lorats@Ntaddi £t RBe working

“Drk129e9§pand is dependent on the location (in particular

on the radial position).

20
At least one working disk, for example the upper
working disk 1, contains holes 34 through which
operating agents, for example a cooling lubricant, can
be supplied to the working gap 30.

25

In order to carry out the first method according to the
invention, preferably at least one of the two working
disks, for example the upper working disk, is equipped
with at least two measuring apparatuses 37 and 38, of

30 which preferably one (37) is arranged as near as
possible to the inner edge of the ring-shaped working
disk and one (38) is arranged as near as possible to
the outer edge of the working disk and which perform a
contactless measurement of the respective local

35 distance of the working disks. Apparatuses of this type
are known in the prior art and disclosed in
DE10200404042921, for example.



According to the prior art, the working disks of
apparatuses of this type generally contain an apparatus
15 for setting a working tenperature. By way of

exanpl e, the working disks are provided with a cooling

I abyrinth through which flows a coolant, for exanple
water, which 1is tenperature-regul ated by neans of
thernostats. A suitable apparatus is disclosed in
DE19937784A1, for 20 exanple.~ I8 s known that the form

of a working disk is altered if the tenperature of
sai dFRBr kR ngPRF skCUu ke LreERE LHFl of MBI EMPLFEREP RO  the
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forces bei ng generated by means of a mechanically
hydr%@F ¥ERAd¥iRt i ng devi ce. By changing the pressure in
such a hydraulic adjusting device, it is possible to 19
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20 example. It is known that the form of a working disk is
altered 1if the temperature of said working disk

changes.

The prior art furthermore discloses apparatuses which
25 can be used to alter the form of one or both working
disks and thus the profile of the working gap between
the working disks in a targeted manner by virtue of
radial forces acting symmetrically on that side of the
working disk which is remote from the working gap.
30 Thus, DE19954355A1 discloses a method in which said
forces are generated by means of the thermal expansion
of an actuating element which can be heated or cooled
by a temperature-regulating device. Another possibility
for the targeted deformation of one or both working
35 disks may consist for example in the required radial
forces F being generated by means of a mechanically
hydraulic adjusting device. By changing the pressure in

such a hydraulic adjusting device, it is possible to



formof the working gap 30 can be altered by virtue of
an adj usting apparatus 23 acting on the upper working
disk 1 and deforming the latter. 15 Such apparatuses
can be used to set in particular in a targeted manner
convex or concave deformations of the working disk.
These are particularly well suited to counteracting

t he undesirabl e defornmati ons of the 20 worki ng gap by
the alternating | oads during the machining. Such
concave (left) and convex (right9 - deformati ons of the
wor ki ng disks are illustrated as a basic schematic
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ent i r eSwrteapphrehesewréamipedivsks ts sewtircqumdonlah I a

wor ki ”&ﬂg%)ﬁ%ﬁ malBe EXBLEPSE Ofr "c‘f‘brijéaj%elQieCffoth%M Kb Othe
di sks" e underst ood to nean the_ ring w dth

of
t hat a"il Kror KI5 d?%eksp%frjc‘?ﬁ% y' lwell" suted to

counteractlng the - undesirable deformations of the

20 working gap by the alternating loads during the
machining. Such concave (left) and convex (right)
deformations of the working disks are illustrated as a
basic schematic diagram in Figure 3. 30a denotes the
width of the working gap 30 near the inner edge of the

25 ring-shaped working disk and 30b denotes the width of
the working gap near the outer edge of the working
disk.

Description of the first method according to the

30 invention

In accordance with the first method according to the
invention, the form of the working gap formed between
the working layers 1s determined during grinding and
35 the form of the working area of at least one working
disk is altered mechanically or thermally depending on
the measured geometry of the working gap in such a way
that the working gap has a predetermined form.



coated with a working layer. "At |east during the |ast

10% of the material renoval" neans that the condition

"at nost 50 ppnf is net during the last 10 to 100% of

15 the material renoval. This condition can therefore

also be net according to the invention during the

entire grinding nethod. "At nost 50 ppmi' neans a val ue
within the range of O ppmto 50 ppm 1 ppmis

synonynous with the nunber 10-286. -20 Preferably, during
grinding, the course of the gap is neasured
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Preferably, during grinding, the course of the gap is
measured continuously by means of at least two
contactless distance measuring sensors incorporated
into at least one of the working disks and at least one

25 of the two working disks 1s constantly readjusted by
measures for targeted deformation in such a way that
despite an alternating thermal locad input during the
machining, which, as is known, brings about an
undesirable deformation of the working disks, a desired

30 course of the working gap is always obtained.

In one preferred embodiment of the first method
according to the invention, the above-described cooling
labyrinths in the working disks are used for
35 controlling the working disk form. This involves
firstly determining the radial profile of the working
gap in the rest state of the grinding apparatus used,

for a plurality of temperatures of the working disks.



dependi ng on the tenperature. During the machi ning,

t hrough conti nuous neasurenent by neans of the
contactl ess di stance neasuring sensors, a 15 possible
change in the radial working gap profile is then

determ ned and counteractively controlled by a

targeted change in the operating disk tenperature

regul ati on according to the known tenperature
characteristic in such a way st the working gap 20

al ways maintains the desired radial profile. This is

done Foar ténxlasnmue:pb))sechalygiwagf iaf anar@]ei,edthmmrmert heorking
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with the varying sharpness state of the grinding tool.

Mechani cal deformations of the working disks al so occur
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done for example by changing in a targeted manner the
flow temperature of the thermostats for the cooling

labyrinths of the working disks during the machining.

25 This first method according to the invention is based
on the observation that an undesired alteration of the
form of the working gap always occurs during the
machining, which alteration cannot be avoided by
measures in accordance with the prior art such as, for

30 example, a constant working disk temperature
regulation. Such an undesirable gap change is brought
about for example by the input of alternating thermal
loads during the machining. This may be the material-
removing work performed during the material removal in

35 the course of the machining on the workpiece, said work
fluctuating depending on the machining progress with
the wvarying sharpness state of the grinding tool.

Mechanical deformations of the working disks also occur



vari abl e operating conditions. In a further enbodi nent
of this first nethod, the tenperature regul ation of
the working gap is performed 15 using operating medi um
(cooling lubricant, "grinding water") supplied to the
wor ki ng gap during the machining, by varying the
tenperature progression or volunetric flow rate of
said mediumin such a way that the working gap assunes
the desired form It is 20 partdZcul arly advantageous to

conbi ne the two control measures since the reaction
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during the machining. The control according to t he
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20 particularly advantageous to combine the two control
measures since the reaction times of the change in form
as a result of the temperature regulation of the
working disk and the grinding water supply are
different and control of the working gap that is even

25 Dbetter adapted to the requirements 1is thus possible.
The control requirements vary for example in the case
of varying desired material removals, different
grinding pressures, different cutting properties of
working layers of different compositions, etc.

30
It is also preferred to use temperature sensors which
determine the temperature in the working gap at
different 1locations during the machining (temperature
profile). This is because 1t has been shown that

35 temperature changes in the working gap often precede
the undesirable changes in the form of the working gap
during the machining. The control according to the

invention of the form of the working gap on the basis



operating agent supplied to the working gap (thereby

bri ngi ng about a change in tenperature of the working

gap and therefore al so of the working disks, which

alter the formof the working gap) . It is particularly

15 advant ageous to control the working gap by detecting
the widths of the working gap or the tenperatures
prevailing therein, feeding back the neasured val ues

into the control unit of the -af#aratus and tracking
pressure or tenperature (direct change in form or 20
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used for determ ning the control deviation. The use of
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Z?P?%%éﬁpm%lﬁf’qéﬂiﬁwt (“?erﬁﬁtlje\{:%l %ha%%%t rj.91| f%?&ng in a
closed control loop. For both methods - direct or
indirect change in form of the working gap - the width
or the temperature of the working gap can optionally be
used for determining the control deviation. The use of
25 the measured width of the working gap for determining
the control deviation has the advantage of absolute
consideration of the gap deviation (in micrometers) and
the disadvantage of the time delay. The use of the
temperatures measured in the working gap has the
30 advantage of the higher speed, since control deviations
are already taken into account even before the working
disk has deformed, and the disadvantage that precise
prior knowledge of the dependence of the form of the
working gap on temperature must be available (reference

35 gap profiles).

A particularly advantageous embodiment consists in a

combination of the two methods. Preferably, the form of



10 One configuration of this particul arly advantageous
enbodinment is illustrated schematically in Figure 26.

In a first, slow control |oop, the contactless distance
sensors 37 and 38 continuously transmt measurenment 15
signals 90 and 91 to a control elenent 93 via a
differential elenent 92. Said control elenment transmts

a mani pul ated variable 94 to an actuating el enent for
waf er deformation 23. A slow-dpisft in the geonetry of

t he working gap can thus be corrected. In a second, 20
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20 fast control loop, the temperature sensors 35 and 36
transmit measurement signals 95 and 96 to a control
element 98, the manipulated variable 99 of which,
depending on the predetermined desired temperature
profile, affects the temperature and/or the flow rate

25 of a cooling lubricant supplied to the working gap. A
temperature change in the working gap can thus be
counteractively controlled even before the gap gecmetry

is influenced thereby.

30 It has been shown that the greatest flatness of the
semiconductor wafers in the case of machining by the
method according to the invention is obtained if the
working gap has a largely uniform width in the radial
direction during the machining, that is to say that the

35 working disks run parallel to one another or have a
slight gape from the inside toward the outside. In a
further embodiment of this first method, therefore, a

working gap which is constant or widens slightly from
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1380 mm (outer sensor) and 645 nm (i nner sensor), such

10 that the sensor distance is 367.5 mm that is to say
around 400 mm A radial profile of the width of the

wor ki ng gap between inner and outer sensors within the
range of O pm (parallel course) to 20 pm (w dening from
the inside toward the outside) has proved to be 15
particularly preferred. The ratio of the difference

bet ween the width of the work+rdp gap at the outer and

i nner edges to the width of the working disks, which is
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EorL A S Rphgg BTN U lE ML oo

accoediongdt ot Qe nvBnthask al( 4oncf e Aét Ho® a¢Edrlli pg§ the
tot m@rikaylgntgia?ﬁ Bt wee@Ntir@ldr RGd e tedr Kb @b W83t the

to significan etter. TTV values. (T TTV, = "t ot al
Lo crrBge 5870, JBhER LAl GeaE E het e 16 b bE S b Ton
t he lkaegestsidad snabhkdst thhi chunessds) neesur gorowed tthe be

£t F}Srt§§ﬂ%§92€§%@%ﬁré’@e%: The TIM val ugs %Hgﬁ%ﬁfzence

det ern ne ] capacl Tl Ve measuring ne
5 | f bgtpapni Chcaidtdned] g aVoreiRg | afPr éfp e jofiter and

dermandadrf eagtBetBRERE N RGBT of hens epd elondycd sk syafiglisch is
by tttwe net hod accor di ng to th?1 i nvention, the nachinin

aken into accoun in the measurement, 1is therefore

particularly preferably between 0 and

20 20 um/400 mm = 50 ppm.

The suitability of this first method for achieving the
object - on which the invention is based - of providing

particularly planar semiconductor wafers is illustrated

25 by the figures: Figure 5, Figure 6, Figure 8 and
Figure 17.

Figure 5 shows the frequency distribution H (in
percent) of the TTV of semiconductor wafers which were
30 machined with a working gap controlled according to the
invention by means of cooling labyrinths and
measurement of the width of the working gap (39), in
comparison with the distribution of the TTV of
semiconductor wafers which were machined with the
35 working gap not controlled according to the invention
(40). The method according to the invention of
controlling the working gap leads to significantly
better TTV values. (The TTV = "total thickness



duration is often shorter than the reaction tinme of the
10 descri bed neasures according to the invention for
controlling the working gap. It has been shown that in
such cases it suffices for the working gap to run with
the preferred radially honogeneous wi dth or slight gape
fromthe inside toward the outside at |east toward the
15 end of the machining, that is to say during the | ast
10% of the materi al reanaI.'Fﬂ@hre 6 shows the
di fference 41 - neasured in a nethod according to the

i nveNBFreAtiopst SER e Wit A15FCFRRCE 2BRBERANG aplargest

near ahbe isplenealk dicanekeesand thadshnead theeextetidalentire

di anet er, of th wor Ki dISk dur| t he nachln g,

The ESTACCRGRATRF ng 1A Vet GES5 0 ghgUn, were

t ot abefretrmined bgnmvamso¢ftdmyaganxnmm&ucmxﬂsunmmgemstbbd )
m was obtai ned. The average renoval rate 25 was

therefore approximately 9 mmn. The working gap runs,
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enl ng rom
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oo he" rBe Pt B OPhr R o A NS PR DS ning
30 |9uappngn|matefyensspﬂr@@totmnmmﬁhQ)I¢&pn1nnﬂﬁmmﬂwof the
1ihe Eé982?13!5&1kefﬁ’éé§u§@§""5aé$@rc§ﬁf&3ertaé urgse - {Basitied  rfor

during the machining - at different |ocations of the _
surf%@%tgoaéF?ﬂiFbﬁgWPHElﬂﬁrﬂPHg 65phﬁéw§@§noﬁ@o¥Pdéhat in
35 oéuthecupper1%0@&Em@cdbskomeahetMerkﬁhgr@ab dba&mhemlth
of t ring=shaped r ki di sk e gen

(44) Pﬁe n%g(rerf%g ex er%f h P ANE 84251&t aI so gthﬁc gape
averég@mt éhpeﬂatsulde 5pwandt héev@mﬁed@f atthe apsrtkitya2@ the

14 Skendhe f arym %Qcﬁﬁm?%at th &t Of st he worKi BGrﬁh?ktW@r Qast
controll ed 1|_’llx%the described nethod accor Ing to the
[

i nveht ? ot RS iRy 19 3 he wor ki ng gap runs
according to the |nvent|on in parallel fashion or with

S S'b%‘grg?@edﬁﬁer%%e&gfféxeed&chil”i N ﬁqa{gm‘ed( Cfn al %@Qhod

diff et ween gap w nmeasur ed
t he 2@EPERIBMALEN thise HRasitden ASYetweenpdilg uvedigh pﬁethe

201 ki; ok Sh$K gapr frRGa- | fhé henvekHA®; ASRRt=t e4mer ahif €near
the external diameter of the working disks during the
machining. The total machining time was approximately
10 min. A total material removal of the semiconductor
wafers of 90 pm was obtained. The average removal rate

25 was therefore approximately 9 um/min. The working gap
runs, apart from the pressure build-up phase within the
first 100 s, according to the invention in parallel
fashion or with slight gape. The gap widening from the
inside toward the outside at the end of the machining

30 is approximately 15 um according to the invention.

The figure likewise shows the temperatures - measured
during the machining - at different locations of the
surface - delimiting the working gap toward one side -
35 of the upper working disk near the internal diameter
of the ring-shaped working disk (43), in the center
(44) and near the external diameter (42), and also the

average temperature 57 1in the volume of the working



at the working disk surface on the outside; 10 ASO =
tenperature at the working disk surface on the inside;
ASOM = tenperature of the surface in the center

between "inside" and "outside"; T = tenperature in

degrees Celsius, t =tine). 15 Figure 16 shows the

associ ated thickness profile of this sem conductor

waf er machined with a controlled working gap according

to the invention. The illustrda’on shows four

diametrical profiles of the thickness, carried out at

0 (5@)sk45Ghes frrmeod( 65repatnge 185 tB8) wor khng edpeetwere

to thenkebaheal Hhe tnseniconsusd Or neahel. R2cdePRFeBbS the
the dianetrical, profile averag%?)ﬁover the faqur
i ndi vRIGRIE PFof iTessUYD 2 |64l ifckhgs WHFking gap runs

m cr apeberdsngRte rad alnvepadsion dm qfaddid edeniacdnicuctaar with
fer i i1 et : .geasur lues. were ~ _ »
A o e e
nmeasdiffgreachid. diffiegenegamsite’eeshoidP ovigdhle measured on

sem ¢aadyekeueahar oRBEAENedt Wi &8; ans¢ont £ Ghl &k MFKING the
gap acc%rdl ng,.to the invention, the TTV, that is t

; 0
say tREXAPPf e entt he'g af gEdie 3073 SnefTRegtature
t hi cknesselkeovevotiiemgent dieksenswofuteet oron watkee, icutside;

55, kA~ FEi rati t
fhorabl 5 SURBelasloteasitd SOIAG MEPIAELSpe I8 one
on t hesids’i ASPHYe=4Bemperatiare enf efhd4sunfpaael oty denter

42 apdtiBehhervakuge"57ahd argetdHogethatris nipLatired in
out _accor dlgg%to the i nvention. The tenperatures and

f or nf€8R&RGe Bh At ount™ of e descri bed al ter nati ng

thermal 28 and nechanical | oads input during the

Jnachin| e i ga ; read]

e e L o e e ehe e Sty oa - hopt foe of

accofBifg I¥IFRPAYGHRENt FBRer BlRdEppraski Matel ya 25 qavhrolled

fronmybhRihgSi gga;ﬁ_S t Qveseide Owsi dechdi gUItBrelnt iHOWS The
ated t

wat of L 0T CEREHPhod K0Gor APRD 5L AT 1 TenErBh TSt HE  the
conpbhatkvesexanpkeiednowhi et tHe (50), 45° (51), 90° (65)
20 and 135° (63) with respect to the notch of the
semiconductor wafer. 52 represents the diametrical
profile averaged over the four individual profiles
(D = local thickness in micrometers, R = radial
position of the semiconductor wafer in millimeters).
25 The measured values were determined by means of a
capacitive thickness measuring method. In the example
shown of the semiconductor wafer machined with a
controlled working gap according to the invention, the
TTV, that is to say the difference between the largest
30 and smallest thicknesses over the entire semiconductor

wafer, is 0.55 pm.

Figure 7 shows, as a comparative example, the profile
of working gap difference 41 and temperatures on the
35 inside 43, in the center 44, on the outside 42 and in
the volume 57 in a method that is not carried out
according to the invention. The temperatures and form

change on account of the described alternating thermal



10 working gap was not controlled according to the

i nvention during the machining. The extrenme convexity

of the sem conductor wafer obtained is clearly

di scernible, with a pronounced point of maxi nmum

t hi ckness 66. On account of the size of the apparatus

15 used (ring width of the working disk 454.5 mm and
the size of the sem conductor wafers (300 nm, each
carrier can only receive one sem conductor wafer. The
eccentricity e of the m dpoint 236-of the sem conduct or
wafer with respect to the mdpoint 21 of the carrier 20
was e and Smevh{iEqulr etadds Thpupoiduiri6g§ dhenmmeachiming. The
t hi ckngss, Gor reepond Bglcyr!eéﬁfusao%@r %arrata%l ¥hZ5eHH‘ of the

eccentrical 'y wth respect to the center of h
senm coPRRBGPInai&s (Fi {j?ﬁ%trllﬂtlo‘?he I?“Eéuf“f?‘?ﬁjjmg to the
senm cohdusttdonwafley iappirbeiBéigly n@d pot afromaltdhe 25nside

symret £4.6ald Ynel BuPidd.cul ar. The TTV of the
sem conduct or wafer shown in the conparative exanple

not according to the invention is 16.7 pm Description
of therpcend7nehbnsl Hecesdboatea tthe ckB88ss nueritilenofhehe

Seconds Jggﬁu@ggfr %rf%rt 0 5@6 Iﬁ Vﬁg‘éhona&éorcﬂ%%cr ltgedthe

in nmore detail i'n this met
sem coHRAtGP water §hedlfr°imﬁﬁr??ﬂe"%€ﬁ?¥ﬁ?}?g t’“@rrﬂfﬂl&lh |§,he
350 eanerking wWgrki Ngagapoti t coatspeted i caqantiiing ofo  the

their 1rﬁfe‘?ﬁ1@ﬂd dhtﬂ@n&' Bﬁgaﬁlégﬁlxﬁ gI herHechidleRE AbRvexity
preferably _chosen, in such hat . on account

of
this "Yver Fif" sﬁlf‘lT‘}Féi%EﬂFcoﬂa Ef or °RERLPSA | N1 heclearly
cour sedigfcemadhilaj ngwitl?9 a gradualungetihe pehhtr ecfir eaanfmum

t he workidigekay 86s Ohnﬁlzé’cq,{r{w diaiye edge rL20igRs ab?aratus

swept over caqnpl et and substantially equall

T\ﬁ@ "dbseerdru(ﬁlnﬁswj-g%}%/ Hed s Wﬁ@?%n@%ﬁg -452155?3 édaP the
the radizzl oF dhees¢norondebtdr weaflearst R800omK) ngadhskgrrier
by whigh a ;sepm CQBQé‘PJé” ¥Rl er sgﬁ@b@&&tﬁ:t@%yo%f&e The

poi nt. SHFEREC L F 1 Grin i HEo Roob o i SR contiictor
i nventWadier tWigh mmsprom b6 the oudpoeint i 21t be kheli ghrrier
digpectjan ES="Ps g (Figure 2). The point 66 of maximum
thickness correspondingly lies approximately 75 mm
eccentrically with respect to the <center of the
semiconductor wafer (Figure 17} . The resulting
semiconductor wafer is therefore not rotationally
25 symmetrically, in particular. The TTV of the
semiconductor wafer shown in the comparative example

not according to the invention is 16.7 um.

Description of the second method according to the

30 invention

The second method according to the invention 1is
described in more detail below: in this method; the
semiconductor wafers, during the machining, temporarily
35 leave the working gap with a specific portion of their
area and the kinematics of the machining are preferably
chosen in such a way that on account of this "overrun”

of the semiconductor wafers in the course of machining



10 than 0% and at nost 20% of the dianmeter of the

sem conductor wafer. In the case of a sem conductor

waf er having a diameter of 300 mm the nmaxi num overrun

is therefore nore than O mmand at nost 60 mm 15 This

second nethod according to the invention is based on

the observation that in the conparative exanple of a

grinding method in which the sem conductor wafers

al ways remain conpletely withi % ke worki ng gap, a

trough-shaped radial profile of the working | ayer 20
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I nner ut er edg the ing layers, a _wea
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r|ngl$AUh@r©ﬁ01$enwmﬂ¢©hﬁy Q m@eﬁnﬁahesmpbacép no-
trough-shaped radial profile of the working |ayer

thi ckness is fornmed, and no edge roll-off of the

$eni BohtluteepdaFeEhadcArfeldaedordi Aje SnVenthen is based

| NVes i e | dbddiva By | hdy aughithaahidpadat ioRe example of a

enbodi nent of thji.s second t hod, .the eccen e

o S R o et ol o R e els g St Hduicsk i fers
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according, 19,4 4100 rt %ff the argaddhgt heaver

{§y
Sem con ctor wa er ond
20 thickness results 1n the course of the wear of the

working layers. This has been shown by measurements of

the gap profile according to the method from Figure 4.

The larger thickness of the working layer toward the

25 inner and outer edges of the ring-shaped working disks
leads to a reduced working gap there, which brings
about a higher material removal of those regions of the
semiconductor wafer which sweep over this region in the
course of machining. The semiconductor wafer acquires

300 an undesirable convex thickness ©profile with a
thickness that decreases toward its edge ("edge roll-
off").

If, in the context of the second method according to
35 the invention, the conditions are then chosen in such a
way that the semiconductor wafer temporarily runs with
part of its area beyond the inner and outer edges of

the working layers, a wear that is 1largely uniform



the working | ayer takes place during the machining. In
anot her enbodi nent of this second nethod, the 15
working layer is trimed in ring-shaped fashion at the
i nner and outer edges in such a way that a tenporary
overrun according to the invention of part of the area
of the sem conductor wafer beyond the edge of the
wor ki ng | ayer takes place during the machining. 20 In a
further enbodi nent of this secand method, an apparatus
I's chosen with such a small diameter of the working

di skgadhatl 1heosem G:Q{éduéhﬂiréi\/afﬁﬁlg{ eﬁp@ﬂar idfy thEnSworking
accordln% t.o.the i ventlon its ar
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(AC = alternating current) principle
Mari apreocgerdyoBetons petedingdsd ri'édi‘ alﬁdf%mm af pprt of
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to tbe ittwentdeaticohd@caver ruaraas bXyana tThe edge of the

working layer takes place during the machining.

20
In a further embodiment of this second method, an
apparatus 1is chosen with such a small diameter of the
working disks that the semiconductor wafer temporarily
runs according to the invention with part of its area

25 Dbeyond the edge of the working disks.

A suitable combination of all three embodiments

mentioned is also particularly preferred.

30 The requirement of this second method according to the
invention that the semiconductor wafers gradually sweep
over the entire area of the working layers including
their edge regions completely and substantially equally
often is met by virtue of the fact that the main drives

35 of an apparatus suitable for carrying out the method
according to the invention are generally AC servomotors
(AC = alternating current) in which, in principle, a

variable delay occurs between desired and actual



sem conductor wafer has only small randomthi ckness 15
fluctuations and has, in particular, no edge roll-off.

The TTV is 0.61 m Figure 9 represents, as a

conparative exanple, the thickness profile 46 of a

sem conductor wafer having a 20 dianeter of 300 nm

that was not machi ned according to the invention,

during the machi ning of which the sem conductor wafer
always remained with its whole 3@rea in the working

gap. This results in a pronounced thickness decrease

47 i ot iedgd r egperdof (heailbigentoohedlct oEveaf erif  the
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BigeloPcEupbinafernd ﬁ‘atshe 1nc RAF G Tov YT i I Tht 5P EE-
not exeessvvekyolaigem.the 10 sem conductor wafer, when
entering the working gap again, is forced back into

the cutout under friction; in the case of an
exceEbgyueeyShi grOovesrsy, (3 s of aicPaparatdgeur $xamelehe the

sem ¢pndusL s Waben18r agksr Hiseni aRRItBE Rader iMkang a

the carrier cutout |eads to

20 diameter of 300 mm that was not machined according to
the invention, during the machining of which the
semiconductor wafer always remained with its whole area
in the working gap. This results in a pronounced
thickness decrease 47 1in the edge region of the

25 semiconductor wafer. The TTV is more than 4.3 um.

Figure 10 represents, as a further comparative example,
the thickness profile of a semiconductor wafer having a
diameter of 300 mm that was not machined according to
300 the invention, during the machining of which the
overrun was large, namely 75 mm, in a manner not
according to the invention. Significantly pronounced
notches 56 occur at a distance from the edge of the
semiconductor wafer which corresponds to the width of

35 the overrun (75 mm).

Specifically, it has been shown that in the case of

excessive overrun on account of the lack of guidance of



15 excessively increased material renoval in the region

of the edge of the working |ayer. This produces the

not ches 56 occurring in the conparative exanpl e of

Figure 10. The TTV of the sem conductor wafer of the
conparative exanple is 2.3 m The notches 56 are 20
particularly harnful since, on account of the greater

mat eri al renoval there, the roughness and danage depth

are increased and the great cur3#ature of the thickness
profile in the region of the notches 56 has a
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unsuhbebhésf O CRYIREnguUt 14 hec i | RAipd AR had. eﬁéﬁple of
Car rl ers CO{IS)OS %eOfTTr{fEt glf g’c %h saesmlacro%d%sc’:%%rf nga er ngf the
comparative example 1is 2.3 pum. The notches 56 are
20 particularly harmful since, on account of the greater
material removal there, the roughness and damage depth
are increased and the great curvature of the thickness
profile in the region of the notches 56 has a
particularly adverse effect on the nanotopology of the

25 semiconductor wafer.

According to the invention, the overrun is more than 0%
and less than 20% of the diameter of the semiconductor
wafer and preferably between 2% and 15% of the diameter

30 of the semiconductor wafer.

Description of the third method according to the

invention

35 The third method according to the invention is
described in more detail below. This method involves
the use of carriers with a ©precisely defined

interaction with the working layers. According to the



during | apping and during doubl e-side polishing are
subject to extrenely high wear during the grinding

nmet hod and enter into an undesirably great interaction
with the working | ayer. The working | ayers preferably

20 contain di anond as abrasive. The hi gh wear observed

is caused by the known hi gh abrasive effect of dianond

on hard materials; the undesirable interaction

consists for exanple in thef&&t ~that the carbon of

whi ch dianond consists alloys in particular into iron

met alisvestisneekthesrarniiess stebey antarhiighor at eerfhemall

di amppd. -REEPHES JHﬂHt|t%eanGo£§Ph9|)id§¥¥%es LhehCUERdN the
ef f ect such that the working |ayer becones bl unt and

has FBtBéngrQBPégé%H Oéuéﬁefﬁéﬁﬁéﬁtl@e@@@s§ﬁﬁ@lF@§dsoFothe
uneceaeni 6rs CIRIHIt i 0o ofa Woakt hgulayef greeti alnteraction

desi. bI 30 fr quent, interruptions of he machi ni
aha Thtfneher et R e S BREEE ST F e i king
for éayéacailc@nstargﬁt@m n@@mnmandsm¢hckmess said working

fonsi%@%y a9k t&ﬁ;tﬁ%u‘é‘i@z‘ju&fé’ésé@f S{Ufs Hﬁ‘?%@e%é&ining

In ad |on contamnation o
seni %haucﬂt%r aﬁéﬂ@we\ﬂn t khaeval| iz 35ixsPdgedhatesi #f the

I s undestiabl ef Sidandardiergi sadvant ageous properties
%Fre al so observed on other <carrier materials that

]mere i kewi se tested, for exanple alum num anodized
al unTheinthied arhétlc@cﬂlq/c@mrdn@tm Der rirereit(ifoor isx dmsled on

har deghr ?%@%E’Lhat %%se‘}fv%tt%%h' Vecﬂé‘yﬁeE@ePIaié"y?B% carriers

conposed of ni ckél - phosphorus). protection
coat VmbEh of 2¥he EWH erlrton%%ecprdfor naré:n AL h&Argekely

hi ghuﬂﬂ@ﬁﬂm@;&; | oyt coebtigingt eht skhdi ngriihidéhigonmethod.
according to Sceodg‘pg at Y tsabl es, Iroewu\g% d%rXam e
r|§|&1ﬁe T OWH ﬂ%f ‘ﬁ% or art. P
t heydexindi tlapgiyd i ende dw%NHQ(JdonbleanQEe mnﬁlsﬁ}ng are
dOUbé@oj‘Sé&e RYY i éQ'tE‘lm@ﬂQ Cl@fc_fﬂ e&z%arcoéhﬁﬁnﬁhe{k?é/\” tg‘hndlnc_;;

withstand up to a few thousand nmachining cycles, it
haslﬁﬁgﬁxéhﬁm% BREEL stBRO ﬁBn#@@&ﬁPF@bﬁér&rééétGﬁ§§r§F§lon
subjwerth t ehexwioemehy Migher WeBtie dubrROndg heagerBdipi@ferably

2%Etm%%ég¥keﬁlam£$ eggrgbra51ve The high wear observed is
caused by the known high abrasive effect of diamond on
hard materials; the undesirable interaction consists
for example in the fact that the carbon of which
diamond consists alloys in particular into iron metals
25 (steel, stainless steel) at a high rate. The diamond
becomes brittle and rapidly losses its cutting effect,
such that the working layer becomes blunt and has to be
redressed. Such frequent redressing leads to uneconomic
consumption of working layer material, undesirable
30 frequent interruptions of the machining and to unstable
machining sequences with poor results for surface
constitution, form and thickness consistency of the
semiconductor wafers machined in this way. In addition,
contamination of the semiconductor wafer with metallic
35 abraded material is undesirable. Similarly
disadvantageous properties were also observed on other
carrier materials that were likewise tested, for

example aluminum, anodized aluminum, metallically



15 unsuitabl e. Exanples are ceram c or vitreous
(enanel) coatings and al so coati ngs conposed of

di anond-1i ke carbon (DLC). It has furthernore been
observed that during the 20 grinding nmethod, each
investigated material for the carrier is subject to
greater or |lesser wear and that the material abrasion
that occurs generally enters into an interaction with
the working layer. This usually4 Feads to a rapid | oss

of shargness (cutting capacity) 25 or great wear of the
wor KFRGTPAy eFarBéehsar € foind&iaFREPe. Nat or detray Wiigated
sui t pbbeepBi @i allsybes cayd i ersyavd cheodlpo ol have thekel-
disadvantages fentioned, a multiplicity 30 of specinen
car r PBPEPURF @S] hvestigated. It was found that some
materials or coatings of the. carrier, if they are

| Vigsibl Gl diQ dhecagt] g, Ol Nenu0rdd g LY etmooseq of
al one, actual ave the expected properties. B ﬁ%y 0
exanprESrtdhfrerévarpy avhie blh@rgiélﬁéélrleldovvsppa¥ﬁgce%flt of
coat §ng8in@®r rriedioRr ahest kehoeaahfinNgs" conPparexamel @ ables,
conposed 02890| Eetr%%#yg?oethglen (PTFE) prove to be h
resi SOV ve' S t RBUSEL i O OF Thebr K™ ag6rcafong. 4%, the
howeweior camti.er Bhtdat ethdyn ekhsbway,veshenldatiyi ngeagut for

ho ccor di in ! ar -

D ot o thE B O HE bR T ager A FFexers
act i 8?2 8¥d t heheyevheh ngv5Fustand hatP i stpr oducé&gvby thrasand
machhadmhatgd eoplasNs sid i ceds fpeeaxamldn themat t such
was foundtt at ﬁgfa'd sl.i.ding or pr%}ecti n %%%tingz high
al so"WET-Ext TR Efl‘?ofﬁﬁl&%f. 3 £ e o & SFELY DY
t hatwedre diwmord ftiheedbyibdndged méthade awst kiang | &perefore

18" odyeess dgd NAERGSTLeChranddilin: 10, ST Lk EeBous! khGRe1)

i oxi de and other particles contalned ?oose In the _

si | i S N9 r 21 odliged FHOdEEE aCOPRBREAg %ﬁv f ddgmopgi-dike
m xesh to@di rg.aansi sting of grinding and | appi ng
constitutes a conpletely different |oading for the
carrier materials fromthat effected by 15 grinding or
| appithg I nefuntheantoeasdeen observed that during the

20 grinding method, each investigated material for the
carrier 1is subject to greater or lesser wear and that
the material abrasion that occurs generally enters into
an interaction with the working layer. This usually
leads to a rapid loss of sharpness (cutting capacity)

25 or great wear of the working layer. Both are

undesirable.

In order to find suitable materials for carriers which
do not have the disadvantages mentioned, a multiplicity
30 of specimen carriers were investigated. It was found
that some materials or coatings of the carrier, if they
are only subjected to the action of the working layer
alone, actually have the expected properties. By way of
example, commercially available so-called "sliding
35 coatings" or "wear protection coatings", for example
composed of polytetrafluoroethylene (PTFE) prove to be
resistive to the action of the working layer alone. If,

however, carriers coated in this way, when carrying out



For bringing about the third nmethod according to the

invention, a nultiplicity of carriers conposed of

different materials were produced and subjected to a 20

conparative test for determning material wear and

interaction with the working |ayer. This "accel erated

wear test" is described bel ow. an apparatus suitable

for carrying out the nmethod according to the invention

in accordance with Figure 1 and3%igure 2 is used. The

25 upper working disk is not used during the test and

is pihrotmedhost acBergiadbégi thiengnvhatiest seei esbiegted to

carritgfe NBt©EIdRl or t PRl QWRKI NG KbDEr! QWA the iscdibeash the

case dressed freshly and by a dressing nethod that is
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behavior i's't0 be 1n estlgaﬁea 'S neasured at a

pl ur laiptiylleyf. points (mcroneters) and as an

alternative, given knowl edge of the relative density of

35 carrier and coating, determ ned by neans of .

wei gRirg. 1STHESC&Pr it8F ifactnsBrtednPntioaTARd  6fFfiyy Ponded

appariat tdhe’/ woakdng angelkopdbagcani oyl ydwhd hefédt Sdind the

i ght.,.The aver.age thickness a sem conduct o er.

18" PR3 T0R,  ZITT9R, DS S| SRl Gl Bl tnea

of wePgkiltig. iThetbeni sdAdactor skafey |iBrodgesd edigure a

the 163phher ardeleadedyuni f ofimay Witdh A rRecash i@y of

The | ower morklng disk 4 with the | ower morklnf quer

12 593A89LRE PBFI LAGPAPParaREsi T IERY @ GPEPLetety different

not i apadwhyhfbirxedepeasel eet gdt & ol al ¢ ofiedm Speedse fyctaed by

ecific . .ti d ion. _After. the ti as el apsed,

?ﬁe ﬁ%\%é%h?nglrsyéséhp%d?ﬁ%%? rllnereaacr?d%s%es%'conduct or

wafer are renoved and, after cleaning and drying,

thei poaverage i Hy thicknesaes w@rieqdeiamidedccHaing £Be the

nmovenent of morkln% di sk_and rolling apparatus 4 £

r el atPVE F5°Rar r fer MAhHPEEM ©ondUct of 2 Wak S urfgdpposed o

| caddiafenteti alateeraval wdrmdpsodabée wear )sdlspmtde to a

ST L8hoand: g gRterial cdemonal fEAThihen 3 L EAN AU ana

waf er esired grindin
interaction with the working layer. This "accelerated
wear test" 1is described below: an apparatus suitable
for carrying out the method according to the invention
in accordance with Figure 1 and Figure 2 is used. The

25 upper working disk is not used during the test and is
pivoted out. Before beginning the test series for a
carrier material, the lower working layer 12 is in each
case dressed freshly and by a dressing method that is
kept constant, in order to create identical starting

30 conditions. The average thickness of a carrier 13
composed of a material whose wear and interaction
behavior 1s to be investigated is measured at a
plurality of points (micrometers) and as an
alternative, given knowledge of the relative density of

35 carrier and coating, determined by means of weighing.
The carrier is inserted into the rolling apparatus 7
and 9 and loading uniformly with a first weight. The

average thickness of a semiconductor wafer 15 1is



15 effect) take place. This sequence of weighing,
wear/renoval action and weighing is repeated a nunber

of tinmes. Figure 18 shows the average thickness |oss
determined 20 (wear rate A) for carriers in gmmn for

a multiplicity of materials, plotted

| ogarithnetically. The materials 67 of the carriers

whi ch cone into contact with the working |layer and the
grinding slurry fromthe renovalé -of the sem conductor

waf er during the test and the 25 experi nent al
condinepgnsedr e Ipecipreikiablivabl edatermalsie 1bnl sgeans of

specw@agﬁlwﬁethﬁe %@%1%@haheeoﬁahgﬁé§|lsth%geQQ@eslhBBOthe
contact wt g ayer _and grln ing slurry
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Spraybhgr iopiing, dsm}eam ngtand;hel f13mappoopin@t @ayer 12
bs ent cu a 0 S sqlid ecjal_. ..
The BB At Tol g S8pBate kit o7, Ml 87 & iRk CLh Aot ion
gIaswithbémxeéunfeﬁeé@cp¢®sxmtat10ﬁa@F%pefd@Dﬂdﬂuﬂ‘Specific

rei ntopced,phasth C- o fhe, abhr evial 'k?a[‘ss elfagj’setche MR IR ment
pl astics are those which are generall conventi onal :

EP —lépaRPa%edFm@?ﬁrb%¥y@¢%y$e%ﬁﬁQﬂ4%ﬁ¥or piefer are removed

polyehhylenﬂﬂﬂﬁgephnbahahg (ptyestder)ing, PTFEhsir average
Iy fluoroethlen PA .= pol yam de PE—

B(gl y£e ehe; Py —lyepoldse,&reé: lélr?g anguf’bnq Y gipvement  of

pr opy@veheng ZS$V2k6and trld limaukapeyrtus d@éagmatal 6n chrgier

teSt§ﬁd35éﬁi88n&19é‘1§bf‘gw§99r héﬁQePa@ééd' S a8 AR aflli Behoval
rei nforced. phenolic resin. "Ceramc” denotes

mcr 6%%%?@%%mw(,eaﬁért FEPRs Wibea&d PRt 02 Tfe Fprgterial
mat rrémspeci fred. theolsdnidenduesoappkiteat i a@sbyems@mandlng

f ] @y ear ide UI ped. in_sel f-adhesi ve fas
1<§1‘%nd %f% deno %s a o E%)am Eiél_%l on Spelr 5CESs | no\%\,hl chglgﬁmg’
fil nwezefrenaie: leqacpped whth Weduhinbt izdhespeatemsa number
conngetedydp the carrier core by nmeans of heating and

10 pressing. The "carrier |oad" colum specifies the

wei ght | oading of the carrier during the wear test. The

wei ghigusadiggsbdws he heend wandiect ol slafess Wwass9 kigtkemined
2@" ﬁﬂéﬁé'rate A) for carriers in um/min for a multiplicity
of materials, plotted logarithmetically. The materials
67 of the carriers which come into contact with the
working layer and the grinding slurry from the removal
of the semiconductor wafer during the test and the
25 experimental conditions are specified in table 1.
Table 1 also specifies whether the carrier material
that comes into contact with working layer and grinding
slurry was present as a coating ("layer", for example
applied by spraying, dipping, spreading and, if

30 appropriate, subsequent curing), as a film or as a

solid material. The abbreviations used in table 1
denote: "GFP" = glass fiber reinforced plastic,
"PPFP" = PP fiber reinforced plastic. The abbreviations

for the various plastics are those which are generally
35 conventional: EP = epoxide; PVC = polyvinyl chloride;
PET = polyethylene terephthalate (polyester),
PTFE = polytetraflucroethylene, PA = polyamide,
PE = polyethylene, PU = polyurethane and PP = poly-



Abbreviation Carrier material Application Carrier Type
load Layer FilmSolid (kg] mater. a EP-GFP X 2 Db
EP-GFP X 4 c¢c PVCfilmX 2 dPVCTfilmX 4 e PET

(cold) X2 f PET (hot) X4 g EP-CFP X 4 h PP-GFP X 4

i PP-PPFP X 4 | Hard paper X4 k PTFE Il X 4 1 PA
filmX4 mPE(l) X4 nPE(lIlI) X4 oPUX4 p
EP/ceramic X 4 q EP (primer) X4 r Sliding X 4 coat.
ZSV216 15 Table 1: Carrier nate3ials for wear test It

is apparent that the various materials for the

carr ipgeropyleder. tZiB&2¢6npkexhni nedufeating' sodsss¢naigiwf of a
- 38 i.ndi ffe e I.NGg :
Iappitr?%[tegf e%tdglél ug}éﬁctg;r/l@t %él%rhltaﬁg‘l gagrﬂgréyé%ﬁ&aﬁ&d fiber
accoURNéPreReé  nmPeeiall¢ enpviEisifiv.om t heegsaRieonducdenotes

Wﬁfe&dc&b%%@p%@Xt&@HE?chiﬁéﬁﬂﬁﬁ%&&ﬁﬁgg%?ﬁga fontbhethe EP
carrier. . e val.ue T10of Lrila er .
 FErEd TR nolCO by dUFBPhFheaPPerrabign by means
(daslhgd d i el areareaside neqtipgsd nin asell Braditedpiare | fashion,
Fi gure 418), [he f 3h 85 &n SHONL L O 5 EXAPLE 1
by P\? (c f)or gegéﬁtgtgstge Fgag anr(?iad ?rcl)rgﬁ%:%ételst . ©
|oadf;lpETr%@;f(ﬁ1q§ equipped with hot melt adhesive was
connected to the carrier core by means of heating and
10 pressing. The '"carrier load"™ column specifies the
weight loading of the carrier during the wear test. The
weight loading of the semiconductor wafer was 9 kg for

all cases.

\Abbreviation Carrier material

Application Carrier
Type load

Layer | Film | Solid [kg]
mater.

EP-GFP X

EP-GFP X

PVC film

PVC film

PET (cold)

b P P

PET (hot)

EP-CFP

PP-GEP

PP—-PPFP

Hard paper

PTFE IT X

PA film X

PE (I)

PE (II)

PU

EP/ceramic

EP (primer)

HIQ|D|O(P|B | mu k|| 0|0 |bp
bl
XN PN IO TS NS RS R N S RS N S S IS S IS N N

bRl Pl B Pl e

Sliding
coat. ZSV216

15 Table 1: Carrier materials for wear test

It is apparent that the various materials for the

carrier, under the complex mixed loading consisting of



10 thernopl astic self-adhesive filmwith 2 kg test | oad
and f for a filmof crystalline PET applied by neans of
a hot lamnation nmethod) , PP (h) and PE (mfor a very
thin soft filmof LD-PE and n for a thicker, harder
filmof LD-PE having a different nolecular weight). A
15 particularly low wear rate is obtained with an

el astomer PU (0). Figure 19 shows the ratio of naterial
renmoval fromthe sem conductor wafer obtained during a
test cycle and 20 the measured®$wear of the carrier.

This plotting directly incorporates the cuttin _
capac‘frt%}“%s'}?fgr ) CagethEYwd R Wﬁrlkéﬁgrtla%ﬁ?cﬁn%%appmg
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waf er eggval becones _ even | ess favoraple.
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Advatttag&6usSFy-Rfgh Tl 1l ¥ orldpRacd: g1t dror measurement

( mat grdialt- r emdviewramat bay tihws Fdl f 18d .areha0 lowest wear
af f or y ro (:_E?mpo ﬁ P§( nd_d PET
and fr%etger% %]gé?arsnhg%ar |cl%§ R ¥ Pﬁ(%](‘()a; gﬁokg&er%, }{qﬁeteSt
rati doget erafiched f ofoPU 4 A9 i stssiti | 1oatle t R a facther a

e e oo L hieracty on &7 (st Le=d
abr a?i“gn HEThE gfclalffnr iCdr Cﬁé’?é?ﬁgﬁnw FhTt ﬁ@pib?gi Ry means of
| ayefa. hidte larinsstiat imetisitiws khe(kespedt PZe (meniala very
rate%hﬁﬁl'séﬁ%: 99&ﬂ'Qﬁg Hﬂgﬁi EHS onféﬁn%.téﬁﬁﬁkerio harder

conditions ter a test duratron of respectively

mn E8) S0 BPnPE 7hyviagdacGiiffierens) nalacatliare weolqhie - A
ayer agechenuah yr atiey, ofed:he referense mpiRnindd € fiRYC an
filmw th 2 kg bezt 5 load). A decrease in the renoval

r at e S6PSERESHoFKi A8’ *1 ayer over tine is undesirabl e.

Such a carrier rapidly nmakes the working | ayer blunt

Zﬂﬂ ‘ﬁ‘igléger §§g's&18irwg thle QUGN ARSI NG AN HASHAR &m the
semiconductor wafer obtained during a test cycle and

20 the measured wear of the carrier. This plotting
directly incorporates the cutting capacity (sharpness)
of the working layer, which was freshly dressed in each
case before the beginning of the experiment. Some
carrier materials rapidly make the working layer blunt,

25 such that only a relatively low removal rate is
obtained for the semiconductor wafer and the ratio of
carrier wear and semiconductor wafer removal becomes
even less favorable. Advantageously high values for the
"G factor" (material-removing ratio) thus clarified are

30 afforded by carriers composed of PVC (e¢ and d), PET (e
and £) and ceramic particle filled EP (p); however, the
ratio determined for PU (o) is still more than a factor
of ten higher than that of the abovementioned
materials.

35
Figure 20 shows the interaction of the abrasion of the
carrier material with the working layer. The

illustration shows the respective removal rates 73



sequences. For sone carrier materials, the sharpness of
10 the working | ayer decreases so rapidly that it is
totally blunt at 30 min or 60 min, or the carrier
conposed of the material was so unstable that it was
conpletely worn or broken after a few m nutes (dashed
lines 74), for exanple for Pertinax (a phenolic resin
15 inpregnated paper, generally referred to as "hard
paper"”) j, PEfilmmor the tested EP prinmer coating
or the "wear protection coating® ZSV216 r. Carrlers

conposed, of the materials PA (1) and PE (n) .proved
be aBbhatagRodddht htP%gW%t@WtomF%$ﬁnﬁ%&l&lopﬁe %ter a
shar paessdotathenwerkiregpkayervel lowevatn dmnogl asoneni q71)

PU ( I SAP [ ri nd hi | I
qung%%g%O géétqq5§fhéezé%gbﬁegg 8 ﬁgekégéiﬁ%mogﬁérFates
Fur t bér imbree, r@f@nﬁr@ezonestmmealt hat @Hﬁr ifdrlmrew 8¢k alskpntest

Zp Whpeh) a i befoF&idy ofcednl ayeno¢ames Jdut 0, £0RhaClorking
w th the wor ki ng layer lead to particularly rapid

bl unt®RgT BFVSEnEIMEr RNy rgyérabife §PFRdengagrfest tgpidly
t he myweki nghd ay@rrkiag alaﬁya@ﬂy hieﬁfteaSQd d«z@ﬁldca}dsmlt in

afte 10 min _for exa le f an EP- CFP
(g) ‘gﬁ%q%%mbprﬁgﬁe(sﬁ)l a Cgt %%gt%: e an g onomlc work

nost conp
af t epeq@uérees mofer n$ong ecsarnlrerwmrimlgdﬁ,vmtm qlha@@ness of

ffd befn& eipfariGRA 1BPcta @0d-dsed oAt kﬁﬁléi@i?poﬁ%{t ofit is

EP wi thout glass fibers (p) blunts the working | ayer

si gnFPtEh | Piitye as owy“lnfhé’rref 8Pelify QT pridicer Fagrier
for ¢hepddest 0B85 tmat Qﬁataslrlta(l oo asb ngsglhase fiHar sit was
no carb n fibhers _and_n ram_c. fibers,. For irst

CboaT e o Bt e @ SEE o d aecor Fg 4B TpbEp nddashed
i nvehtienh '(/éarruf@fc wizehpllet tlog | Brwfiaetd ofg , pheeolig resin
1wede; i r &y dd erpadich 'g%n‘émll§telr)éf%9gggse@o°f a8 "hard

f | I
(sl of bears UL or pRL gl Comin oin o

5 comes thet o"weat agirosethibhe cw»:arﬂmm;g | aggeldurd.ngChheiers

naChcl:cmgﬂ%eeds f' Ehés a@@%%%h? Pﬂavhg %Iof“ G0 Ak 85L00ed to

resi st ur et hane
teréyhtﬁgwgpéa@pgmy with regard to low bluntlng of the

20 sharpness of the working layer. However, an elastomeric
PU (o) 1is particularly stable and exhibits a low

blunting effect on the sharpness of the working layer.

Furthermore, Figure 20 shows that carrier materials in
25 which a fiber reinforced layer comes into contact with
the working layer lead to particularly rapid blunting
of the working layer: the grinding effect of the
working layer has already decreased drastically after
10 min for example for EP-GFP (a and b), EP-CFP (g) and
30 PP-GFP (h), and stops almost completely after a few
more minutes. In comparison with glass fiber reinforced
EP (a and b), a coating composed of EP without glass
fibers (p) blunts the working layer significantly more
slowly. Therefore, it 1is preferred for the first
35 material to contain no glass fibers, no carbon fibers

and no ceramic fibers.

For a first embodiment of this third method according
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10 silicone, rubber, polyvinyl chloride (PVQC),

pol yet hyl ene (PE), pol ypropylene (PP), polyam de (PA)

and pol yvinyl butyral (PVB), epoxy resin and phenolic
resins are preferred for said first material.

Furt hernore, polycarbonate (PC), polynethyl 15

nmet hacryl ate (PMVR), pol yether ether ketone (PEK),

pol yoxynet hyl ene/ pol yacetal (PON), polysulfone (PSU),

pol yphenyl ene sul fone (PPS) andigpal yet hyl ene sul fone

(PES) can al so advant ageously be used. 20 Pol yur et hanes

in the fidremiofvantdomoplcastierevashoietsle (TREethciaten), use
parti.cul ef e L _Li kewi,se _p [C rly
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el astfdmeit) , makesipicone besirs, #urfithker nore prgbbet grating

the forpuatqvcan 2oy ubher Hutadiens 25 SI etes layer
rybber SBR), acrylonitrile rubber ( BJ'\I?, , h
et hy[“€HeSpr efiBRHR Ehe VI tBbe S Ingt tayeqndugrgg the
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Figure 21 to Figure 24. Figure 21 shows carriers 15 10

gg”CBo?§Srg8Q§AgéeEX %SQPQ§%gnogfaf@e&%&pq%%%ﬁga%ﬂastomers
(TPE-U) are particularly preferred. Likewise
particularly preferred are silicones as silicone rubber
(silicone elastomer), or silicone resin, furthermore
rubber in the form of wvulcanized rubber, butadiene-
25 styrene rubber (SBR}), acrylonitrile rubber (NBR) ,
ethylene-propylene-diene rubber (EPDM), etc., and also
fluororubber. Furthermore, particular preference 1is
attached to PET as partly crystalline or amorphous
polymer, in particular (co)polyester-based
30 thermoplastic elastomer (TPE-E), and also polyamide, in
particular PA66 and thermoplastic polyamide elastomer
(TPE-A), and polyolefins such as PE or PP, 1in
particular thermoplastic olefin elastomers (TPE-0).
Finally, PVC, 1in particular plasticized (soft) PVC
35 (PVC-P), is particularly preferred.

For coating or =solid material, fiber reinforced

plastics (FRP; compound plastics) are likewise



(nmonol ayer carriers). By way of exanple, Figure 21(A)
shows a carrier having one opening 14 for receiving one
sem conduct or wafer and Figure 21(B) shows a carrier
having a plurality of openings 14 for simultaneously 15
receiving a plurality of sem conductor wafers.

Al ongsi de sai d receiving openings, the carriers always
conprise an outer toothing 75 which engages into the
rolling apparatus - forned froml rner and outer pinned
wheel s - of the machining machi ne, and optionally one
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in Figure 21(C). e sui.table thir nate
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serve for the better through-flow and exchange of the
cooling lubricant supplied to the working gap between

front and rear sides (upper and lower working layers).

25 Figure 21(C) shows a monolayer carrier according to the
invention composed of a first material in a further
exemplary embodiment, in which carrier the opening 14
for receiving the semiconductor wafer is lined with a
third material 77. This additional 1lining 77 1is

30 preferred if the first material of the carrier 15 is
very hard and, in direct contact with the semiconductor
wafer, would lead to an increased risk of damage in the
edge region of the semiconductor wafer. The third
material of the lining 77 is then chosen to be softer,

35 thereby precluding edge damage. The lining is connected
to the carrier 15 for example by adhesive bonding or
positive locking, 1if appropriate by means of a

"dovetail"” 78 enlarging the contact area, as shown in



protected (stainless steel) and/or spring steels, and
fiber reinforced plastics are particularly preferred

for the carrier core. In this case, the coating, that

is to say the first material, is preferably conposed of

15 an unreinforced plastic. The coating is preferably
applied to the core by deposition, dipping, spraying,

fl oodi ng, warm or hot adhesive bondi ng, cheni ca

adhesi ve bonding, sintering er4positive |ocking. The
coating may al so be conposed of individual points or 20
striphewmxampﬁaiwr&nhddﬂMémucﬁmn_¢ggng ablek. | Bxehples of
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core by Jjoining or pressing, injection molding or

adhesive bonding.

Exemplary embodiments of such multilayer carriers,
25 comprising a core 15 composed of the second material
and a front- (79a) and rear-side coating 79 composed
of the first material, are shown in Figure 22. In this
case, Figure 22(A) describes a carrier in which the
front and rear sides thereof are coated over the whole
30 area of the core 15, while Figure 22 (B) describes a
carrier which is coated over part of the area and in
which, in the exemplary embodiment shown, by way of
example a ring-shaped region 80 was left free at the
opening for receiving the semiconductor wafer and at

35 the outer toothing of the carrier.

Advantages of carriers coated over part of the area

according to the example in Figure 22(B) include the




A fiber reinforcenent conposed of stiff fibers, for
exanpl e gl ass or carbon fibers, in particular ultrahigh
nodul us carbon fibers, is preferred for the plastics of

15 a core which does not cone into contact with the
wor ki ng | ayer. The coating is particularly preferably
applied in the formof a prefabricated film by neans

of lam nation in 20 a continuous nethod (rol

am nation) . In this case, the¥i-lmis coated on the

rear side with a cold-bonding adhesive or,

part ifegkarihatprefer abhy, edigeh & wahen openhot man:receiving

adhe e I Qs iSin p r.S
OB (O AR eSO | 54 HOBPALYIELS 1ining

acet SPBPPEVAC) Tor at i 272 i oo s ih Figure 21(0),

pr gf ehﬁeﬂl fomthe @ar rdrﬁry t@on@@mb dseoa id f ﬁa@@?ﬁ atond
i vi dual _spacers, spacer ei ng_conpo an
ra5|gﬁr%% |$taﬁ: (f?ﬁﬁe a?naagﬁﬂggpgwrgﬁﬁgyn e applied

reS|beﬁnce andaEEBngtharcangmgjrpBLMﬂatiawg/tﬂhﬂ ndggon of

cor efgesael: GOMER iR 5 LORLAC fz\_“ér%h o ENE ROl G,cl3Y & ot

during the machi ni ng odi nent s
carrWéF@rhﬁ%lﬁ@dspéée?sr%Fu Brt%%%tWSRkPQHW?WQﬁﬂ@éséﬁﬁ@@lon

in FuguraafoaaiedTh@nsa&s?eer soGaBe her foblexagpliey "kKReObsolling

" t . "b 82 lied th
A onfEkT HECt813] it TEar St "L BIBF and havi ng i n

each case any desired formand in 44 any desired

nu”’oﬁf il gur %%ﬁ%}%emém?s% 3 %BS 82a st( fefong ;154 de

of the carrier) (rear can exanpl e
conn@EBRY ¢ og%ﬁ%s c%d? r%}fb%— %m?ﬁﬁre lze(ﬁsal)tl%g}aardwééar@@lgh
bondhd@ules gea Byoreaiise ©f, ad gifefddesadr &h@dfﬁﬂ&ls‘tacs of

83 of .t.h di vi d I 2
tny s okt Pl | Y A GG e ser i gha | ene

hoIeBOIknmmel@E¢r4er or be elenments 85 that |ead

through holes in the carrier and are w dened (pressed,
etc.ﬁQ%n the front and rear. sides of the 10 carrier in,
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the film is coated on the rear side with a cold-bonding
adhesive or, particularly preferably, with a warm or
hot melt adhesive (hot lamination), comprising base
polymers TPE-U, PA, TPE-A, PE, TPE-E or ethylene vinyl

25 acetate (EVAc) or the like.

Furthermore, it 1is preferred for the carrier to
comprise a stiff core and individual spacers, the
spacers being composed  of an abrasion-resistant
30 material having low sliding resistance and being
arranged in such a way that the core does not come into

contact with the working layer during the machining.

Exemplary embodiments of carriers having spacers of
35 this type are represented in Figure 23. The spacers can
be for example "knobs" or "points" 81 or elongate
"bars" 82 applied on the front side (8la) and rear side

(81b) and having in each case any desired form and in



t he exenplary enbodi ments in Figure 22 can be connected

to one another by neans of a plurality of webs running

15 through holes in the carrier in accordance with the
exanpl e of the coating elements 84 and 85,

respectively, in Figure 23(B) and can thereby afford an
addi tional safeguard agai nst undesirabl e detachnment of

the applied coating 79. 20 Finally, it is preferred for
the core conposed of the secord material to be

conposed exclusively of a thin outer ring-shaped frane
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20
Finally, it is preferred for the core composed of the
second material to be composed exclusively of a thin
outer ring-shaped frame of the carrier, this ring
comprising the toothing of the carrier for the drive by
25 the rolling apparatus. An inlay composed of the first
material comprises one or a plurality of cutouts for a
respective semiconductor wafer. Preferably, the first
material 1is connected to the ring-shaped frame by
positive locking, adhesive bonding or injection
30 molding. The frame is preferably substantially stiffer
and exhibits substantially less wear than the inlay.
During the machining, preferably only the inlay comes
into contact with the working layer. A steel frame with
an inlay composed of PU, PA, PET, PE, PU-UHWM, PBT,
35 POM, PEEK or PPS is particularly preferred.

As illustrated in Figure 24, it is preferred for the
ring-shaped frame 86 with the toothing to be thinner



Figure 23(B). It is particularly preferred if the above
spacers that 15 are subject to wear as a result of
contact with the working |ayer can be easily repl aced
by joining in holes in the core or by adhesive bondi ng
onto the surface of the core. 20 It is |Iikew se
particularly preferably the case that the worn
partial - or whol e-area coating can easily be stripped
fromthe core and be renewed by the application of a
new coating. In the case of sui#able substances, the
strlpglng is effected the nost sinply 25 by neans of
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Partyggégély3p§pferably in this case the coating is

appl Ted congruently by neans of lam nation in the form

5 of a filmwhich has previously been cut to the
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20 It is likewise particularly preferably the case that
the worn partial- or whole~area coating can easily be
stripped from the «core and be renewed by the
application of a new coating. In the case of suitable
substances, the stripping is effected the most simply

25 Dby means of suitable solvents (for example PVC by
tetrahydrofuran, THF), acids (for example PET or PA by
formic acid) or by heating in an oxygen-rich atmosphere

(incineration).

30 In the <case of a core composed of an expensive
material, for example stainless steel, or metal which
is calibrated to thickness in a complicated manner by
material removal (grinding, lapping, polishing) and is
heat-treated or aftertreated in some other way or

35 coated, such as steel, aluminum, titanium or alloys
thereof, high-performance plastic (PEEK, PPS, POM, PSU,
PES or the 1like, if appropriate with an additional

fiber reinforcement), etc., it 1is preferred to reuse



plastic. 15 In the case of a core conposed of an

i nexpensive material, for exanple a possibly

additionally fiber reinforced plastic such as EP, PU

PA, PET, PE, PBT, PVB or the like, a single coating is
preferred. In this case, the coating is particularly
preferably already 20 effected on the blank (slab) for

the core, and the <carrier is only separated fromthe
"sandwi ch" slab - forned from u&ar-si de coating, core

and front-side coating - by nmeans of mlling, cutting,

wat ethpetcamutdn ngfteasesxtangtivy seatheof i kbhe Afd®ring by
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carrier 1is only separated from the "sandwich" slab -
formed from rear-side coating, core and front-side
coating - by means of milling, cutting, water jet
cutting, laser cutting or the like. After the coating

25 has worn down almost to the core, the carrier is then

discarded in this exemplary embodiment.

Figure 11 represents, as an example, the average
removal rate MAR of the semiconductor wafer that was
30 obtained for successive machining passes F, wherein a
carrier which, according to the invention, did not
influence the sharpness of the working layer was used.
The average removal rate remains substantially constant
(48) over the 15 machining cycles shown here. The
35 material removal from the semiconductor wafer during a
machining cycle was 90 um. The carrier comprised a
stainless steel core provided with a 100 pm thick PVC

coating on the front and rear sides. The decrease in



resin. The decrease in thickness of this coating on 15
account of wear was on average 3 m per machi ni ng

cycle. For a second enbodi ment of the third method
according to the invention ("dressing carrier™), use

is made of a 20 carrier which is conpletely conposed

of a second material or as a coating of the parts which
come into contact with the working | ayer conposed of a
second material, said second A#@terial containing
substances which dress the working layer. 25 It is
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8 l'eased Fromt e flrg% r]terl Bf The carrier® ard

o) fsmm (Br02ialts02)more thedn gB@immAlize isosolssal | than
(A1203n AliG %&len t@ﬁé ﬁn@YmgghQQEnané§@¥€%tig%own 5The

roughness and damage d t he semi. conduct or waf er
sur fREE 1 8fhi ERS| §O&@Péreﬁ% n%% B;J;afSﬁe TR R IR GG epoxy
abr asesaea f Then tdenarsd ngn | ayﬁrcknb@sgamr a8hist hating on

egre |nt ac etmeen carri rkin -
Sa é?cco fPeren% ?or The T averﬁg mgyersga$ﬁfglng

i's duéﬂﬁbr exanple to the |nherent melght of the
carrier, which leads to an increased interaction wth
the | ower wor ki ng

I or the distripution of the ,
operty iy ﬁﬁgﬂ?d(éﬂgpgﬁﬂepﬁbplcégﬁth Mﬁ’cﬂeFEOd according
to the invention ("dressing carrier"), use is made of a
20 carrier which 1is completely composed of a second
material or as a coating of the parts which come into
contact with the working layer composed of a second
material, said second material containing substances
which dress the working layer.
25
It is preferred for said second material to contain
hard substances and to be subject to wear upon contact
with the working layer, such that hard substances that
dress the working layer are released as a result of the
30 wear. It is particularly preferred for the hard
substances released in the course of the wear of the
second material to be softer than the abrasive
contained in the working layer. It is particularly
preferred for the released material to be corundum
35 (A1,03), silicon carbide (SiC), =zirconium oxide (ZrO:),
silicon dioxide (Si0,) or cerium oxide (Ce0O;) and for
the abrasive contained 1in the working layer to be

diamond. Particularly preferably, the hard substances



supplied to the worki ng gap and whi ch produces a 15
different cooling lubricant filmon the top side and
underside. Particularly in the case of a carrier which

is not according to the invention and which reduces the
sharpness of the working layer, the result is a highly
asymmetrical blunting between upper and | ower working

20 |l ayers. This brings about a different renoval from

the front and rear sides of _t hg sem conductor wafer,

and an undesirabl e roughness-induced deformation of

t he r%@ﬁhé@ﬁdtﬂ@bﬁr twaf @ir@@cmcas;eraéll:bgurtael%a&li@w& a&‘é so
an exanpl e $ w of a_u§en1conductor waf er 11
rrachisﬁgg vﬁjh 24 \QQ? Ver Phat™ 5% a8¢srti ny1% tlﬁe 38 sma

i nvenfilgrs,andils cﬁn@ﬁsedt@btPV€heyandp asofa increase the
corm%aghﬂssgxaﬁe' Yardd PPl of LHEMLONUELOEYRT Gaser

i ned . rler s not_according
t% tﬁérﬁﬁg%ntW@ﬁChTh@SCQ?F$%le%%thStnﬁﬁm%ﬁ%kﬂkﬂ%g Yothe

the bpyesives fsootmosethestiakl-ess steel in the
exanpl e shown. Carbon of the dianond of the working

| ayer is released in the stainless steel, the dianond
becofes genetrtlle dame tdegymes kohgihageacBichebemwsebl watrrier

Due gqt %M&&#t 1&% Fhelscaerﬁ Erchpe gdnt %5@0%@51 Qforking

the carrier wt ower vvor g ayer reater
thanleérers nt Brhet ionditpt ﬁotrhéxéﬁlﬁ B ®Or Pahﬁg inhggent weight

suchofhahetb@rfpa\@,r T & NDed @y edo hecomms-ddant int4%action

t te
he KRR cORfuct D el et “t Rt TFEohT gy GSmiabFFbartion of
bet weka Lﬂp&ﬂ&nxng'am@emap dicdelimgt hlgrehtdtyidi)f f etheeh is

fronéulgﬁﬁlé&artos' dg,d OUZRREEFESqah VRLR A, (Sptrfo%l'u%eé a
i nduced war page)._The warp 1S ? ted agal nst the

15q4i &t ﬁ%&@ﬂ%eﬁ@ﬂ%lﬁ%sﬁPPSﬁCRHBnfFHél§@ﬁ1Eéﬁddﬁﬂbr51de and
waf etinddiei dwar pPéNtdmima@sm hien metxe Nt ©f of ha thextiee a@hich

a Se”écond”é“or Jater, froynt ed i thout a2 wpdthelices the
account Gcecf ormati on or St raln over i1Its ent| re B
di an%ln@lrpnéﬁfe wvar phef woheiseniepeductior wasett nhghinédghly

accof i 1,0 die b IVeREAPNpESwdeM BBt NAg OlohdE working

sem conduct or. waf er not machi ned according to the

20 layers. This brings about a different "removal from the
front and rear sides of the semiconductor wafer, and an
undesirable roughness-induced deformation of the

semiconductor wafer occurs.

25 Figure 13 shows, as an example, the warp W of a
semiconductor wafer (55) machined with a carrier that
is according to the invention and is composed of PVC,
and, as a comparative example, the warp of a
semiconductor wafer (54) machined with a carrier that

30 is not according to the invention. The carrier that is
not according to the invention is composed of stainless
steel in the example shown. Carbon of the diamond of
the working layer is released in the stainless steel,
the diamond becomes brittle and the working layer

35 Dbecomes blunt. Due to the weight of the carrier, the
interaction of the carrier with the lower working layer
is greater than the interaction with the upper working

layer, such that the lower working layer becomes blunt



invention is 56 m 15 Figure 14 shows, as an exanpl e,

t he damage depths (sub- surface damage, SSD) of the
underside (U) and top side (0) of a sem conductor

waf er (58) machined with a carrier according to the
invention (PVC film lamnated onto a core conposed of
stainless steel) and, as a 20 conparative exanpl e,
those of a sem conductor wafer (59) machined with a
carrier not according to the invention (glass fiber
reinforced epoxy resin) . In-the -case of the

sem conduct or wafer 58 nmachi ned according to the

i nvenbiren,raphe1 $SDThS si desrtileal frorabethesides r2hoval from

Wi t hltpl t hg Igl cﬁqedu%ftotfrh? gggurg}pagc error, % 3%3%]53@‘?“%&1%1

the sem con not nmachi ned a
t he baveaeiRonndehei$sDanf the silde,0viadhigredtdy tHdferent

Uppeﬁfr%’ﬁkbﬁg &@xgr IlaeSIr%thséaélsy howaﬁsparf@ﬁn@e %%Qam-
of the sid mac |ned by the | ower work ? g | ayer s

s gnﬁFF‘ESﬁ‘?l VHIRARS t hdi St h4P Bbt &F nekt Cbotargaé“cfés the
of thedsem coswhicicatental @ostacbhner ascortthang demitdedductor

| nvent kop. n@{i‘% f%%%&%%%“ﬂ%%ﬁé&ﬂdma t%%o%ﬁ%'x%re of

measuri ng measur enen sound di spersio
aft et Iaﬁré{comqllugéoacwaéﬂ omMpungsdFi wiirheouts @hwsfogses on

an exaaphes the RMxJouahngsses RBrLoh tReopisisdecntire
1&g and underside ( sem conduct or wafe

r. (58 ,
chih@Bewiih Shear? @rOgoth&c@@@&?ﬁﬁdFGtPﬁewFﬁ@%nP%Gﬁlned
(PVCaooosdaiqil ess tdteeelpveattion assa Toopar abdvehat of the

exa@éﬁlc&@cﬂ?&o‘}f 3,80 C%%dc“%l%tcﬁu‘%%er a(c%%kd!f?éh' pgd ¢

th a carrier not according t I'nvention | ass
f|be%nY%¢%W%?G@ﬁf%b¢%lde) In the case 5 of the
sem conduct or wafer (58) machi ned according to the

i_nvention, the roughness is ide tlca faor both [

T t tﬁlhﬂ-’ﬁf‘egogﬁ?wo?' te %Pea?giﬁfﬁp §rerrér & aF‘ﬁ‘thélepEg% sub=
of t$mmﬁﬁnncmnmhgﬁstsmwewfsehaoun@®m$nm®d Uacamddtng side
to th? 'QM?”E'OQem££Gh& e%%f%f th§ #ﬁﬂ&éd with a

nachlned by the upper wor layer |s SI cant |
| oweFR B HRE §9 d?het ﬁélvgn@éoa raYRi ﬁéélmby lﬁﬁénated

onto a core composed of stainless steel) and, as a
20 comparative example, those of a semiconductor wafer
(59) machined with a carrier not according to the
invention (glass fiber reinforced epoxy resin). In the
case of the semiconductor wafer 58 machined according
to the invention, the S8SD is identical for both sides
25 within the scope of the measuring error. In the case of
the semiconductor wafer 59 not machined according to
the invention, the 8SD of the side O machined by the
upper working layer is significantly lower and the SSD
of the side U machined by the lower working layer is
30 significantly higher than that obtained for both sides
of the semiconductor wafer machined according to the
invention. The 8SD was determined by a laser-acoustic
measuring method (measurement of the sound dispersion
after laser pulse excitation).
35
Figure 15 shows, as an example, the RMS roughnesses RMS
of the top side (0) and underside () of a

semiconductor wafer (58) machined with a carrier



| ower working layer is significantly higher than that

obtai ned for both sides of the sem conductor wafer

machi ned according to the invention. (RM5 = root nean

15 square, RMS val ue of the roughness anplitudes.) The
roughness was determ ned using a stylus profiloneter

(80 pmfilter length). 51 PATENT CLAIMS 1. A nethod

for the simultaneous double-side grit ling of a

plurality of sem conductor wafemns- wh rein each

sem conductor wafer |lies such that i is freely
noveabberdmng cut ottheof irorentafora mPucakﬁitytamhless steel)

Carr%ﬁﬁs u%e?g}n?ﬁ% g\gg Q¥a S tq{o S d"a} "mi conductor

appar at Us an m)ve on a cyc
traj #efery (5S@hererhinge @b‘ﬁhc@n@@@tﬂcﬁr Viefteracqprging to the

rmChELHQ@ntEoHat( Iéé’é ffﬂ@ﬂ'ﬁ&lﬁm&q etiﬁkéw t% the case
tatln r|n a dISkS wher ei gac
vor kPR %ﬁﬁa Wi g (P8) eFSEBAES z.aﬁgordmg to
bondeﬁeab:traxsen/tfu,on/meltmen tbeghosss ofist hedeotKeay Hap both
for t h | aye | e ur i-ng
grin ?nggawg%pﬁé ?ornfh%egh(ﬁy ps 86a§§%a£ Qggoféagﬁ_the
one @BFRi nefdi &hes S&mﬂépééuﬁééﬁanWégPFy &P tW@ﬁwmeFhlned
depeﬁ@bﬁﬁd@ﬁgtb@ tm@a§ﬁWéﬁk£EH”ﬁﬁHé/ﬂﬁhdﬂﬁ%swobkl&%egéﬁde o]
% suchh< mgy the workin as a predeter, 1
kbr pashing FPé(th a8PEFai ted g(:I ¥R4, +Rherdh ém y
morklngegapndsthenum@bhe@ssnQﬁﬂﬂhaaxw@et@amathEned by the
magny Lyde gErUﬂﬁ Of é h? %ﬁ £ 1115? th%Hethat
maxi num an % 0
wi dt pPerineR Wﬁﬁklhgtblsksde%t<ﬂ%a§hedus©mﬂCQ¢ﬁP¢Eﬂﬁ wafer
10%h@%cﬁbﬁe?abébbﬁﬁlﬁ§rﬁ%a|tlhé a%@@e@@%% 5QRQQm= §?ot€ Eﬁ\ean
od as c cl ai erein e r e
T 1 STunte boMieeke 1o it hae of QL hed: koL et ) The
t he potghneskye wasd @&tdﬂmnq$meusedgeaiosthEuMA¢nbfaﬂometer
t he p@@ﬁ&pgﬂgh§5§ﬂé%dg%)peen 0 and + 50 ppm



4. The nmethod as clainmed in claim1, wherein at llast
one of the working disks contains an apparatus for
changi ng the tenperature of said working disk, and 52
wherein the formof ogg¢ working gap is control led by
the tenperature of said working disk and, s a result,
the formof its working area being altered. 5. The

PATERN: S8 claimed in claim 1, wherein the tenperature
of the working disk is change by either or both of the
tenperature and the  voJunetric fl rate.of a.cqoling

L) i i e T H BT v R B SSRS R ha e
macthi ai nglutal The weEt hodnasocdat ted wafela@, m 4h whenei n

one of. t he mork'ng disks hﬁﬂﬂgchégjcaLly

a: S:
dé?%?heéeméF0P§¥c%8FkiH% af ea’ by" means’ of & hydrauf e
adjnestliyngndenalzlee and &heufonm of tohme wor ki nglgapliis

C r t e re in.t hydr aul.i. c
a Juég%%ggﬁg%ice.v?.q%%éﬁﬁ%tE% agﬁi %ﬁnﬁg ?n¥glé?h$1,
wiareinatats eastd ofe ofeldiey wirkiaty dinsks i Sydef ofaed

attrjatj%ct\@%_ﬁ)(,i NGna+£an by Heans:, 0f o REEZ08) eGLIAL-Or 2 re
magnet ostri'cti ve or el ectrodynam c actuating elenents

afd & sCor it offaE RE L Ror KERGV GRS ESRTEEN &tF DY FreahdC of

t he relraGly i E;@hg\/%&%édorwortkﬁ@lge' &CiKEC RNt | Bathe
actuating elenents S, The nethod as clained in claima1,
WHEITEI RSt e S5r RPTPT HFEE hé Wﬁ?&?ﬁﬁig%iV?E deterni*ned by
mMeasiddngabtSs 1w dt hhdueiAg tgid nEbRg af athd east <L wo
poi_nt b¥ﬁr%§ans of contact]ess distance asuring

s

&ror | e2SE¥OR8 wor'ki ng "§°SK W t h14Y S East “Bne
dicsttanve reensdnrhegr d¢iiendinmmer sedgecaad airnid agt tbae

di S r near_the outer e th rkin
L2La ! . : s
dﬁgk. %% gg%gheoﬁet%%d é?“% aF%%% Wﬁgglg%n1¥gswher%|n,
duditwged mechanically or thermally depending or the
measured geometry of the working gap in such « way

that the working gap has a predetermined form.

2., The method as c¢laimed in c¢laim 1, wherein the
working gap is controlled in such a way that the
magnitude of the ratio of the difference bet /een
the maximum and minimum widths of the workinc gap
to the width of the working disks, at least du "ing
the last 10% of the material removal, 1is at ost

50 ppm.

3. The method as claimed in c¢laim 1, wherein the
ratio of the difference between the widths o: the
working gap at the outer edge and at the . iner
edge to the width of the working disks is bet reen
0 and + 50 ppm.

4, The method as claimed in claim 1, wherein at 1 :ast
one of the working disks contains an apparatus for

changing the temperature of said working disk, and



grinding, the tenperature in the working ga is
neasured at at ieast two points, and whereto by
conparing the tenperature profile thus nmeasured n the
wor king gap with tenpgpature profiles nmeasured before
the beginning of grinding and the fort 3 of the
wor ki ng gap that are respectively neasure. for said
t enperatrurengr 6birhesf tthe fuormhiofs tdwp wos scpgtrgapetls

r e i ndi 1 cl aime
.n>§|§5§1§ ngFgé ggrggld 8?F%g%ﬁg,]nﬁg(ggnperature
i reashel wor ki bRy gﬁorﬁea§éredaﬁ atonldast tweSpoi ht:gng

whereifepy conparing the tenperature profile thus
nmeasured in the working gap with tenperature profiles

measured before the beginning of grinding and the forn
ofThd hecwpok ngsga@atlh@éd are respeetivel yrmasuresnhtor

said tenperature profil edi ction of tae change
i i FETRB e Shor kg @ 5k}%£nég€”%ndf*aF@anﬁﬁednglon
I ssiused fobra foasth capt r othef tl@&p@&atlmeemré&m@g gap,

and wherei n uag i S made of %he nmeas enent oL

wi S THe wol R ngTghp af™ | éast Tt Poi nt § forapﬁe
supernddiaEt of ihhe a.theal wédormepf the waiki gy gaphand
far gnpensc ion of a possible drift of the form

%ﬁqﬁyﬁéﬁ inc cap for a slowcontrol. -_1. The nethod
as clainmed in claim 10, wherei: at |east one of the

wor i nge i Sk af§0@19i'rﬁt§d JED @P&ﬁﬁ ai USqy %Q%Qﬂaagl ngagpe
tenperature o Ing d erein the form
ofonieheC ot e ngorgapdi §il§é$r$t rici |r@%p1pmma6@bh1rr eefl eppd

wher eiin & heo di:ffer enee betweensthe wrdths af,qtheric
wor ki ng cap _at the inner and outer edges of the
mdFQ%%}%m%kde%bﬁ%tPPQtéWﬁmf%%ﬁt?BlF@?\%ﬁ?%&ﬁ% JtHe

t armeb@hu&alqédt hByVVQﬂYéﬁrﬁg difskcgonsdidd@se the. the
Ladfd v r|able d the tenperatures nmeasured 54
EH@ |%%ﬁe t he di sturbance

varlables
The method as claimed in claim 1, wherein at =ast
one of the working disks i1s deformed at ics
working area by means of piezoelectric or
magnetostrictive or electrodynamic actu. ting
elements and the form of the working ga LS
controlled by means of the electrical voltac or

the electric current in the actuating elements

The method as claimed in claim 1, wherein the ‘orm
of the working gap is determined by measurinc its
width during grinding at at least two point by
means of contactless distance measuring sensol s in
at least one working disk with at least one
distance sensor near the inner edge and at 1 ast
one distance sensor near the outer edge of the

working disk.



10.

11.

2. The method as clained in claim11l, wherein the
tenperature of the working disk is influence by neans
of the tenperature or the volunetric flow rate of a
cooling lubricant intggduced into the working gap du
ring the machining. 13. The nethod as clained -n claim
10, where. at |east one of the working di sks contain:
a They dreiee adj aseingddedi cdaland WHEFRTHER hedf ot ¥ of
t RE-WRIikiNg 93P _t-cSnpeontiell ethi rna ceptkohg 1ROP, is
wherein the difference between the width of the
WFET SShpP at SFhd Sofer- Hhob Ot BT+ 6858 CHE VHTki ng”
dicsknpeonisig tiHee st donee eontreolgred 1 mardlad encdberpiessur e
in.the hydraulic adjustin device constjtutes th
Ul Brd & AbY 6 And R et Brperat uf S nbagur 63 n
t e fworek i e gapgiooisy | ¢t grtheéidgstudbdrice Vari abbés.

14. T t ' [ i m_ 10, i,..at ast
o TR LS FIALTE A8 A0ID, erel ol e
megriet dstesta e corpr ad idetsr odynfaniarract Lat hgrg  <1ng

el LS geand-wherein Lhe fonmiaf the working quo is
céﬁgfglle in a controﬁ %Igop, ﬁﬂérein the difference
between the width of the working gap at The inner and

outer RAge;s Oks EB@iM@&kHchq%§%F%ﬂ“%ﬂéf%?ﬁ,tBE:ing
control] led variable, the electrical voltage or the
ol%B3 31T cuF Fentt STHRE U6t uBt | 1§ Cel ERERt S cGifst i t it es

t ke agwmRipulzat edcvanieabke and tbeitesperahdresnneasyred

L%ﬂ%r\é_\g{gkltr}% gcaé)mpceorr}alsﬁtulrtel'lt}_:g:)rotg1 ie_L edltsfgl,llg bnqengseure 1 in
the working gap with temperature profiles mea ired
before the beginning of grinding and the form; of
the working gap that are respectively measurec for
said temperature profiles, a prediction of <the
change in form of the working gap is made and said
prediction is used for a fast control of the ‘orm
of the working gap, and wherein use is made o: the
measurement of the width of the working gap ¢ . at
least two points for the supervision of the ac ual
form of the working gap and for the compens:s ion
of a possible drift of the form of the workinc gap

for a slow control.

The method ag claimed in claim 10, wherei: at
least one o©of the working disks contains an
apparatus for changing the temperature of .aid
working disk, and wherein the form of the wor :ing
gap 1s controlled in a control loop, wherein the
difference between the widths of the working gap
at the inner and outer edges of the working isk
constitute the controlled variable, the
temperature of the working disk constitutes the

manipulated variable end the temperatures meas red



12.

13.

14.

54

in the working gap constitute the distur ance

variables.

The method as claimed in claim 11, wherein
temperature of the working disk is influence
means of the temperature or the volumetric
rate of a cooling lubricant introduced into

working gap during the machining.

The method as claimed in claim 10, whereil:
least one of the working disks contain
hydraulic adjusting device, and wherein the

of the working gap 1s controlled in a co.
loop, wherein the difference between the widt!
the working gap at the inner and ocuter edge
the working disk constitutes the contrc
variable, the pressure in the hydraulic adju
device constitutes the manipulated variable
the temperatures measured in the working

constitute the disturbance wvariables.

The method as claimed in c¢laim 10, wherei
least one of the working disks cont
plezoelectric or magnetostrictive

electrodynamic actuating elements, and whereir
form of the working gap is controlled in a cor
loop, wherein the difference between the width
the working gap at the inner and outer edge:
the working disk constitutes the contrc
variable, the electrical voltage or the elec
current in the actuating elements constitutes
manipulated variable and the temperatures meas
in the working gap constitute the disturkt

variables.
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