Met hod for the sinultaneous double-side grinding of a plurality of

sem conduct or wafers, and sem conductor wafer having outstanding flatness 5
The subject matter of the present invention is a method for the

si mul t aneous doubl e-side grinding of a plurality of sem conductor wafers,
wherein each Mé%ﬁb&owtﬂ&e"‘@Eﬁhl‘thﬁ%oﬁ!cﬁ&ﬂﬁ.tngHdes %ffﬂay magegple in a
cutout of one of a_plurality of carriers 10 caused to _rotate %% means of a
rol | ing appar BiHS24A8Y| of { iRemdsPndRieronwateyel oi 3 tyeHansiyctather ei n
the sem condystar natehg ateseRABingdsiatABEEri al -renoving fashion between
two rotating working disks, wherein each working disk conprises a working

| ayer containing 15 bonded abrasive. The subject matter of the invention is
al 33 a Zebrﬂ ComHQC'fsQ]]?jWaf:gmaha\ﬁirggfolth%t piicisre tf Iialltvree&aonv\/rliscm QR Hed
produced by ans said,nethod. Prior_ art., 20, Electranigs,
nicroelectr02¥8§ aﬁﬂ“ﬁicF&QF@gﬁpgﬁgghan?%%bl?é Ye é§”§F§f¥5ngoﬁaté?ials
(substrates) p3ematdhguctof weferisamductext r ewefeequi r ewkbatsimadesaofh gl obal
and | ocal fl aLpGesonslaobe; Sidtnel oanced. fagal cpde 1 ainess, (nanaigpol ogy).,
roughness and cl eanness.  Sem conductor wafers are waf érs nade o

sem conduct or mofaakteal®, & reyertti cof apneoppoand lsedilddyd it orar BARNS as

gal | i um arsenidgsandcpr edeniBant! y.ahemet al ro3aMiPNAYCE oS, Sufty ass silicon
and occasionally 30 germanium [If appropriate, firstly layer structures are

produced on t RBSEBRY cAMHRL oPTwed efYChetare thed e usePEERLPr dehiRi ng

conponents. LayRhicshlUetdreSvactrs €afle MAaEBYhEQ- Gal My thélr Sd 14 caiowpner | ayer
on an insulator ("silicon on insulator”,, SC]Qhr r a straj ned 35

si i con- ger mahPERT PRy PEEYEERai Y HANaddR9) ingj | L8RS nafdierin
combi nati ons ehchhedtriing’ sdish nesmpsisécon abrikiadl atorer, SHAJininyg
accordancgs wi i LG BELIS LD MGG QRYS ¥ the invention is

also a semiconductor wafer having outstanding flatness

which can be produced by means of said method.

Prior art

20
Electronics, microelectronics and microelectromechanics
require as starting materials {substrates)
semiconductor wafers with extreme requirements made of
global and local flatness, single-side-referenced local
25 flatness (nanotopology), roughness and cleanness.

Semiconductor wafers are wafers made of semiconductor
materials, in particular compound semiconductors such
as gallium arsenide and predominantly elemental
semiconductors such as silicon and occasicnally
30 germanium. If appropriate, firstly layer structures are
produced on the semiconductor wafers before they are
used for producing components. Layer structures are
e.g. a device-carrying silicon upper layer on an
insulator {("silicon on insulator”™, S0I), or a strained
35 silicon-germanium layer ("strained silicon") on a
silicon wafer or combinations of the two ("strained

silicon on insulator™, sSOI).

In accordance with the prior art, semiconductor wafers



- 2 are produced in a nultiplicity of successive process steps which can
generally be classified into the follow ng groups: 5 a) production of a
nonocrystal |l i ne sem conductor ingot (crystal growth); b) separation of the
ingot into individual wafers; c¢) nmechanical machining; d) chem cal

machi ning; 10 e) chenonechani cal machining; f) if appropriate production of
| ayer structures. The conbination of theZindividual steps allotted to the
groups and their order vary_depending.on_the intended 15 application. A
nultiplicity ®Fes@dosaf siBps suBhtaBlérehni f seecrAglivAeasadass
packagi ng, etstepte whuehhergprequsedalThe mrchani:gali FrRehi Nigky sames to
renove undula%iﬁ s .20 that arose during the preceding separation of the
seni conduct or t? SBV}ngogrQREﬁple as a result of thermal drift over the |long
separation duration or dynam c self-dressing and -blunting processes.

Fur t her nore, e nical machi ning_serves for.the renpval of the 25
sur f ace Iéﬁergganaggﬁgﬁﬁ %?9st§ﬁ?iﬁ% fQ?HPSﬁyﬁgaﬂﬁé“ero&§W“§ﬁﬂ Yocess
and t he reducingatofctrhetalrfacethioughness. Primarily, however, the

nmechani cal maghi ni i d.fo I I i . the, sem duct or
waf er . variogg tegﬁg?ggggégr%£uggglﬁ£€etiﬁxg%cor%g%%%ua%tﬁg¥%2930 prior
art, such as,<for Bxahpnecal apprhyn{deubl e-side plane | apping using free

abrasive graig), stRgh€z8idgac8ihpdyng using a cup grinding disk
("single-side grinding", SSG, or Simultaneous doubl e-side grinding
bet ween thtb cBb gr FRENAGCANIRECBA PaChiREMY’ and rear 35 sides sinultaneously

(" doubl e- di skfgri ndingppr&PE) at OF20344603n Abt dﬁéﬁéf beeracreEbed t hat
conbines the kinematics known from | apping and the constrained - 3
The combination of the individual steps allotted to the
groups and their order vary depending on the intended
15 application. A multiplicity of secondary steps such as
cleaning, sorting, measuring, packaging, etc. are
furthermore used.

The mechanical machining serves to remove undulations
20 that arose during the preceding separation of the
semiconductor ingot, for example as a result of thermal
drift over the long separation duration or dynamic
self-dressing and -blunting processes. Furthermore, the
mechanical machining serves for the removal of the
25 surface layer damaged 1in c¢rystalline fashion by the
rough sawing process and the reduction of the surface
roughness. Primarily, however, the mechanical machining
is used for global leveling of the semiconductor wafer.
Various techniques are used here in accordance with the
30 prior art, such as, for example, lapping (double-side
plane lapping using free abrasive grain), single-side
grinding wusing a <cup grinding disk ("single-side
grinding™, SSG), or simultaneous double-side grinding
between two cup grinding disks on the front and rear

a5 sides simultaneously ("double-disk grinding", DDG).

DE 10344602 Al describes a method that combines the

kinematics known from lapping and the constrained-



force-free guidance with the advantages of bonded abrasive grain. In this
case, the sem conductor wafers are generally noved with a plurality of
carriers between an upper and a | ower working disk. The two 5 working di sks
have an abrasive cloth stuck to them by way of exanple. As in the case of
a lapping machine, the carriers, which Bn-each case have a plurality of
cutouts for receiving the sem conductor wafers, are in engagenent with a
rol ling appar&euss-toepri gihdanne10wihher thad adveuntegedri we ribegded a a

toothed ring ks pbe GRused g ahfQClcad Ol Bhy URKEHRALARAY JLhel, axis

and about the axis o rive rings, neans o ) apparatus, ‘such that
the seni condu®¥®r 9BPeFalieschpbed cyiéfbi dal pavkslisvat iofe tc@ntiengor ki ng

di sks which détkhékewase Gppate APuly theiér axickkildg has skeenrfound,
however, that the_senlconu tor wafers machined by this nmethod have a
series of > defREKENIwAtREEh8arEs @t AHAS e Sl onbiuck of Cnkbers &Y
obt ai ned are wagubtabd:anpire pansi dul atley desanditnga apppiagt meR%inet, has
t hus been shO@@? far _exanpl e i

t hat ., _general |y sem conduct or fers result
whi ch have a sadvantageo §x5%hvé§ Fﬁfékdﬁi epﬂé??léimpgﬂrg?lE¥oﬁ5Unced
edge rol |l - of fculitnet sefibconedwetiod ngaftéres 2midfdrehuatco hafersyr agal dn
undul ations i i hi ss, profi4 n I ou face with a
| ar ge danage?%é:%?%lﬁelbﬁana‘g%&gep? h Ig%lolulﬁloga b%p%ﬁ}%r%%odq{&g%%fﬁ%gt heatndept h,
cal cul at @ fromeheasdr ffaceowfer hérivenitéovadustior avaferthed whhgh anie
crystal lattiggswasusasd €8M™gedceti arolhslUnBSdmeRY RS UTRGRHNINGK ROUGh

sem conductor wafers wth |arge damage depth require conplex remachining
that nullifie3"dhaPoabvihtaged Sofoh He et hote df 5RFDskd Ngape £6344602 Al . 35

It is virtual é%péf@@@ﬂ ?b@cﬁ_r tll’l%‘-tsL@i@dé)ék_l‘ti/c&\ﬁ&lltﬂc@éﬁhwa@‘é}rb?)ﬁets@ﬁ%}/ert .
convex sem condugct or, er Into.the esired plane-parallel target orm by
means of the “¥% ?bﬂ%re C§Fléﬁ&VEhéWBnﬁgﬁhnWeakggﬁbs@kﬁﬁﬁu which

15 likewise rotate about their axis.

It has been found, however, that the semiconductor
wafers machined by this method have a series of
defects, with the result that the semiconductor wafers
20 obtained are unsuitable for particularly demanding
applications: it has thus been shown, for example, that
generally semiconductor wafers result which have a
disadvantageous convex thickness profile with a
pronounced edge roll-cff. The semiconductor wafers
25 often also have irregular wundulations in their
thickness profile and also a rough surface with a large
damage depth. Damage depth should be understood to mean
the depth, calculated from the surface of the
semiconductor wafer, to which the crystal lattice was

30 damaged, i.e. disturbed, by the machining.

Rough semiconductor wafers with large damage depth
require complex remachining that nullifies the
advantages of the method disclosed in DE 10344602 Al.
35 It is virtually impossible or possible only with high
outlay to convert convex semiconductor wafers into the
desired plane-parallel target form by means of the

customary chemical and chemomechanical subsequent



4 machining. The remaining convexity and the remaining edge roll-off |ead
to incorrect exposures during the photolithographic device patterning and
hence to the failure of the conponents. Sem conductor wafers of this 5 type
are therefore unsuitable for demanding applications. Gbject 10 It is an
obj ect of the present invention, therefode; to provide sem conductor wafers
whi ch, on account of their geonetry, are also suitable for producing

el ectronic conpohems. willte veeypasmahy |darewidiths @hdestiyn memesh)lingl5

Furthernore, ¢ Olﬂoqqt—o‘ﬁ%s £84@blishede Of r DLV R re@D §4P8EnY Oleh0f T from
ari sing durlngr1 production of sem conductor fers. The obj ct mas al so

establ i shed eyt %ﬁ?ﬁﬁ RPRIC J¢YgESneP? Earniagl tandubRNES, for téganpl e, a

thickness nmagiimumée not heneeabapofbntBe semicondueter wakeks agsegiiated with
a contlnu%uslﬁydecrea5|ng th%ckn £SS towar d .t he edge of t he mafer or a | ocal

t hi ckness Bam i A fhe cERTET %?etheu§éﬁﬂééﬁéﬁctor Yaf er 4e3BNGdNGt | on

The obj ect i samehi@vedohy. neans of a first nethod for the sinultaneous
doubl e-side grinding of a plurality of 30 sem conductor wafers, wherein each
sem conductor wafer |lies such that it is freely noveable in a cutout of one
of a pluralit§oifctarriers caused to rotate by neans of a rolling apparatus
and is thereby noved on a cycloidal trajectory, wherein the sem conductor
wafers are 35 machined in material-renoving fashion between two rotating
wor ki ng di%skslt wher@nnckaeht wefkithg BirsRenEompiessdoa, wohRIred orgy eit ©

cont ai ni ng bogded; @br &k VE€ondubes £l ﬂaf@ﬁstﬁﬁpéﬁat HheaRteuak! b#J thiithe
working gap - 5 is kept constant durln%_the machi ni ng,
geometry, are also suitable for producing electronic

components with very small linewidths {"design rules").

15 Furthermore, the object was established of preventing
an edge roll-off from arising during the production of

semiconductor wafers.

The object was also established of avoiding other
20 geometrical faults such as, for example, a thickness
maximum 1in the center of the semiconductor wafer
associated with a continuously decreasing thickness
toward the edge of the wafer or a local thickness
minimum in the center of the semiconductor wafer.
25

Solution

The object 1s achieved by means of a first method for
the simultaneous double-side grinding of a plurality of
30 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
trajectory, wherein the semiconductor wafers are
35 machined in material-removing fashion between two
rotating working disks, wherein each working disk
comprises a working layer containing bonded abrasive,

wherein the temperature prevailing in the working gap



The object is |ikew se achi eved by neans of a second nethod for the

si mul t aneous doubl e-side grinding of a 5 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 to rotate by neans of a
rolling apparatus and is thereby noved bn-a cycloidal trajectory, wherein
the 10 sem conductor wafers are nachined in material-renoving fashion

bet ween two riot dtenly ewrkiant dlsking viles elarchigaiotg wor ki ng di sk conpri ses a
wor ki ng | ayer containing bonded abrasive, wherein per unit tinme the
magni t ude of _the nunber of revolutions of the carriers about the 15

mi dpoi nt of tHee r8PPIERY dppat akedliandacdigvede 10 BaeRs & tde segendor ki ng

di sks is greai@thddafothe HRgHi hwlean&bud haolpmrbesigt rguelditipnss ol the
i ndi vi dual. carriers, about. their .resaecti ve m dpoints. 20 The object is
li kewi se Qchi%]s}érdajﬁvihear?g of SEMAPREUCHBEhod'd 0T the 1A% dheofEch

doubl e- si de gsemiticrgdwdter phafatityiek semictonducitor ivafeis, wheeeyn each
sem conduct or ie u t it is freely .nmoveaple in a_cutout of one
of a plurality o aelgclalérr}%r‘gl %’gtéggsg t65 ¢ tgtae %%/uﬁ%ghgyof’facla&rllﬁﬁé

appar at us andcdssed hiey ebytawow eldy oncansycfoadabliinpeeppryatuwierednishe

sem conduct or chined i i al-r i f j b en two
rotating mrk%%%?%gkgl?%ﬁhﬁgr% n(<aEl e%g%i?\foﬁil‘nléraﬁg%égggﬁrilﬁ%%ﬁm?&ﬁg | ayer
cont ai ni A§ 3CcHorREMresi vefenfesdien namh imashi tndaaseripd -remogiol the

di fference incddie JROYLuRS Ok wbherbbeoi gl G rk MeRr B9, ofnkheihwo

wor ki ng layers to the pean value of the magnitudes of the wear of the two
wor ki ng | ayer®ach o‘f’oé]’éblh?rgéﬁél SERLSGT r2 i‘%ofléls%gti‘ﬁaﬁe%{{ f@@_@?lﬁﬁéﬂe 35 the
magni tude of predddegselis Lad, Wweasroin epsh WRLKI Bomel ayer mbgnaicvee By 6 e
azalz+e2@?2 +1£}§e2_ %%fnb%r‘] gglvfﬁevolutions of the carriers about the
15 midpoint of the rolling apparatus and relative to each
of the two working disks is greater than the magnitude
of the number of revolutions of the individual carriers

about their respective midpoints.

20 The object is likewise 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
moveable in a cutout of one of a plurality of carriers

25 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 working disks, wherein
each working disk comprises a working layer containing

30 bonded abrasive, wherein the magnitude of the ratio of
the difference in the magnitudes of the theoretical
wear H(r) of the two working layers to the mean value
of the magnitudes of the wear of the two working layers
for each radial position r is less than 1/1000, where

35 the magnitude of the theoretical wear of each working

layer is given by



ai O 2r22222444Q~ a2-e2v;+w, 1 a de emrs 2 2(a +er +a a )-r -a
-e (- 22+ 2z ) r where aindicates the pitch radius of the circul ating
novenent of the carriers on the working di sks about the 5 mdpoint of the
rolling apparatus; e indicates the distance between the currently consi dered
reference point and the m dpoint of theécerresponding carrier; 1(e)
indicates the arc length - running within the area of the sem conductor
wafer - of the circlg with radius 10 e about the m dpoi nt of the

correspondi ng carri efmar i ndicat sﬂ;hezrac_t gp sition wth respect to the
m dpoi nt of th&feyk disks:aiV? Sai FaPed! r?cfr“?ir vel ocity(gf db
circulation of the c rrlw\ﬁj@@l}t’-+§hé+a?‘§?§l.pél.gi -8 Sti9eatvat k Pty ﬂl sKs:

i ndi cates the angul af ™5 Velocity of the inherent rdtat irdn of? the carrjiers
about their respective mdpoints, emrs = max{0; eecc - R} and enmax = eecc
+ R where R = radius of the sem conduct or wafer denote the | ower and upper
limts of the integration over e; eecc indicates the eccentricity of 20 the
seni conduct orwhvafer ai nindigcadary i ehe apdtche ragders of =tbef ari rdvd anpmer
vorking di sk Qbyéméntl b2' chBCchOVREr SVBRK LA %%'ﬁlhgd' 1235 elchas,d he
angul ar velocities ai and w ate he "upper "o ower wor |ng di sk.
25 The object®™idraidb £hi e Bplieans apPrarfdbusth ﬁetmcat@sm@e

si nul t aneous doyphecsi dse@iréddli NghOf @urinia) i tasfi fedLonductanaf ers,
wherei n each sem conductor wafer lies such that it is freely npveable in a

cutout of onePBtRh NGy aFPey RGNS ePE IH e atREHCEBOROL AT e WY Tiddris of a
rol ling apparayes anditstes hehebﬁrﬁD\ledeH a eyehohdalithaneaher \arasherein

the sem condu tgf} W%f er.s ar rT%ChI naefde ﬁerl al -re vin f ashj.on bet ween
two rotating Rg SEMHEPANGE S e S eh W ki 811"5 H%Flhséf Y¥or ki ng
| ayer cortCai nengbouz Homdeddabriasi vef wher e:qrrfecapo&abmg/\ockrngetayar t he

indicates the radial position with respect to the

=2

midpeint of the working disks; o; indicates the angular
velocity of the circulation of the carriers about the
midpoint of the working disks; ®; indicates the angular
15 wvelocity of the inherent rotation of the carriers about
thelr respective midpoints, epin = max{0; e, — R} and
Emax = €Secc + R where R = radius of the semiconductor
wafer denote the lower and upper 1limits of the
integration over e; eec indicates the eccentricity of
20 the semiconductor wafer in the carrier and the index
i = o for the upper working disk or i = u for the lower
working disk indicates whether the angular velocities

6; and ®; relate to the upper or the lower working disk.

25 The object is also achieved by means of a fourth method
for 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

30 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 working disks, wherein

each working disk comprises a working layer containing



magni tude of the theoretical wear 91(r) for each radial position r deviates
by less than 30% fromthe theoretical wear averaged over the entire working
5 layer, where the magnitude of the theoretical wear of each working |ayer
is given by emax a2Q 2+e20)i 2+(r2-a2-e2)6i (G 91)(r) i f. f2(ar 2 r 2 +a 2 a
2 )-r 4-a 4-e 4 (D--!i a2 2 ai+m 1(2) de 2 2 +e 2 r2 + 2-) emn 2 10 where
the synbol s have the neaning indicated- foar-the third nethod. Finally, the
object is also achieved by neans of a fifth method for the sinultaneous
doubl e- si de ¢PPRdeHg alIm vy phbedkiny &Fr semickondackongwalaysr winer ei n
each seni condugdf tvaé ebf' k88 sHeRrehakailt ye rﬂ??l»)’ fBPV%%*a'heffa'al%lCUt out

of one of apIuraH%ﬂg carriers caused_to rotate means of a rolling
apparatus andP?P3'ti#ereBy FVERSGT a RYcl bRaAl ttrhéjnect%Qy, fmemei fihehe 20

seni conduct OrtM@éﬂéSJ_@sﬁE rra@@rnedveaagaaer balerr elﬁﬁ\él ngntfigehi e Aatween two
rotating jo g di Skf‘ I’hEI n eac@ éﬁe I‘j ses a working | ayer
containin ARty aBPESFY &N SHBF SRhE it BFO% tHedt oV8RT Meterial
renoval that ea;chmderklm@ylahernasegi*aén%yrem)val br ought about by the
abrasive released in the course of the wear of the working layers is always
| ess than the proportion nmade up by the material renmoval brought about by
the abrasive fixedly bonded in the working |ayer. 30 By neans of the
abovenentioned met hdgdgx and, in M?Lg%a(ﬁz AL egg,ogdl ent conbi natipn of said
methods, it i Fifdsyi bl g—foproguge-sencendaeto] Jnafers_havilg)-de
significantly inpro @,{;11 propefares’r'3s’e’ ) 8 —dﬁw—ef’érg@#é;"t—he’—i-ﬂventl oh al so
relates to a

10 where the symbols have the meaning indicated for the
third method.

Finally, the object is also achieved by means of a
fifth method for the simultanecus double-side grinding

15 of a plurality of semiconductor wafers, wherein each
semiconductor wafer lies such that it 1is 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 trajectory, wherein the

20 semiconductor wafers are machined in material-removing
fashion between two rotating working disks, wherein
each working disk comprises a working layer containing
bonded abrasive, wherein the proportion of the total
material removal that is made wup by the material

25 removal brought about by the abrasive released in the
course of the wear of the working layers is always less
than the proporticon made up by the material removal
brought about by the abrasive fixedly bonded in the
working layer.

30
By means of the abovementioned methods and, in
particular, an expedient combination of said methods,
it is possible to produce semiconductor wafers having
significantly improved properties.

35



sem conductor wafer, featuring - an isotropic ground pattern, wherein
regions wwth grinding marks that run parallel or symetrically with 5
respect to a point or an axis of synmetry relative to one anot her nake up

| ess than 10% of the entire surface of the sem conductor wafer, a thickness
variation of less than 1 pmon the enti8e-sem conductor wafer mnus an edge
exclusion of 10 1 mm - a thickness variation of less than 0.7 mallotted
to a region tHerdfese.at theeedgényenthensemadmeductorlatved er tind has a

width of 1/104f; i @iet@lsof, thet s Fonductor wafer, 15 - a thickness

variation of less than 0.3 pmallotted to a region that lies in the center
of the seni conduci’rlfRfEPPaRdIRRYNE dadFerdr Jfhaysinf Ieaecndi diEher of

t he seni condugt {d Waf eharRs WahRtaRhnd vy 19fe i o £a6hmpase L8ssyt RaRKL15 pm
20 - an R roughness of less than 70 nmin the correlation Iength range of

1 mto 80°pm?* Ct atQept PO Y HRF c?YsPEL Sdtay M LY hECsaF+EEet8f  [ess
than 10 m 258 i slotlesermpks ompolesbethbagures dhethaventien ssréxpkai ned
further bel ow wth refe.renc(ﬁh to figures. 30 Figure 1 shows an apparat us

suitabl e for FartyF iy BLt et Pet' ot Hecording to the invention. Figure 2
shows the | ower wor kithd céingls sof vé heaappar atfusless| udtarat @dumn dn guhe 1 with

the rolling u 3 rrj e_.se 'g%pd r ers to be
machined, inp dﬁgv?gﬂéggpaﬁgggg ﬂaﬁ%gfraqggptﬁg g% gn%%%gﬁsﬁﬁ% gZSignnent
of 9 thdUchakawteristic elements in respect of the description of the

novement sequence { ki nerpidss)varfhouss 4rr eRE8SeNhA ©Ne dhamBhbieal
t hi ckness profile

to a region that lies at the edge of the semiconductor
wafer and has a width of 1/10 of the diameter of the
semiconductor wafer,

15 - a thickness wvariation of less than 0.3 um allotted
to a region that 1lies in the <center of the
semiconductor wafer and has a diameter of 1/5 of the
diameter of the semiconductor wafer,

- a warp and a bow of in each case less than 15 pm,

20 - an RMS roughness of less than 70 nm 1in the
correlation length range of 1 um to 80 pm, and
- a depth of the crystal damage near the surface of

less than 10 pm.
25 Brief description of the figures

The invention is explained further below with reference

to figures.

30 Figure 1 shows an apparatus suitable for carrying out

the method according to the invention.

Figure 2 shows the lower working disk of the apparatus
illustrated in figure 1 with the rolling apparatus, the
35 carriers and the semiconductor wafers to be machined,

in plan view.

Figure 3 illustrates the designation and assignment of



5 of a sem conductor wafer nmade of nonocrystalline silicon having a

di aneter of 300 mmthat was subjected to a grinding nethod that realized
all the features of the first, second, third, fourth and fifth nethods
according to the invention. TTV = 0.62 m 10 Figure 5 represents the

di anetrical thickness profile of a sem ®orductor wafer nade of
nonocrystalline silicon having a dianmeter of 300 mmthat was subjected to
a grinding nethed t¢karzetéizedial | alwndrdat urés of réSpehe fioft, tdecond,

third, fourthyagd-ipEtBnnBEheds m@@éﬂ%fﬂ:nge%f?eﬁgg (RYRORLORA- YTV = 1.68 pm
Figure 6 represents the thickness profile of a sem conductor wafer that was

subjected to a grinding 20 nethod that realized all the features of the

second, thirdrigadet ) andptebbhtpetihRdsd Pa6OF 8i 08l t @htiRenelsBVIHd ONe TTV =
3.9 m Figure represents HQF thicknegs profile of a 25 sem conductor

waf er t hat® wa8TsuBj ect®H IV Y G ndi ¥t Shret Rddet hat r £ANSd 3l ting
features of théllcosat havihigrd, dimmdtemnst fB00hmrethads wacc b ng-tieai t he
invention. TTVY_=_0.8.m..30 Figure, 8 shows chi ne ttings. (rotational speed
sets) and resEPtFn&%qﬂﬂiﬁ%ﬂﬁéﬁhﬁ%nkgiﬁ 132 lz?%oﬁiin&b&nt%ﬁ%&ﬁ%ﬂi
reference systbf).fimyt, metdwehd notthdand,i edoouthacgonddi figftlo tiethoveenti on;

(B): nmethod g k he ipv k C rLspngst features of 35 the
second, third g%gig%ﬂgt%gn%tﬁogs.8@?%8$é gﬁ?eprgég%t fhe trajectories 19
with resptt to upper and 20 with respect to | ower working disk that - 10

are associ at egighk8 bherppragBhes 9fsS Ao f+OME 8hickAbssMgl oo not

carried out atcording to the invention; (B) : nethod according to the
i nvention conBti sifng THE CAEHIUFDS ofaie® sBEfRd, ofhi MPRARF ¥t h et hods.

5 silicon having a diameter of 300 mm that was subjected

to a grinding method that realized all the features of

15 the first, second, third, fourth and £fifth methods
according to the invention. TTV = 1.68 um.

Figure 6 represents the thickness profile of a
semiconductor wafer that was subjected tco a grinding

20 method that realized all the features of the second,
third, fourth and fifth methods acccrding to the
invention. TTV = 3.9 pm.

Figure 7 represents the thickness profile of a

25 semiconductor wafer that was subjected to a grinding
method that realized all the features of the first,
third, fourth and fifth methods according to the
invention. TTV = 0.8 um.

30 Figure 8 shows machine settings (rotational speed
sets) and resulting invariant parameter sets
(concomitantly rotating reference system}. (A): method
not carried out according to the invention; (B): method
according to the invention comprising the features of

35 the second, third and fourth methods.

Figure 9 represents the trajectories 19 with respect
to upper and 20 with respect to lower working disk that



Figure 10 shows the radial wear profiles of the upper 25 and |ower 26
working | ayers that are calculated from the paraneter sets fromfigure 8.
(A): nethod not carried out according to the invention; (B): nethod 10
according to the invention conprising the features of the second, third and
fourth nmethods. Figure 11 shows the diffl&rences in the radial wear profiles
of upper and | ower working layer that are 15 calculated fromthe paraneter
sets fromfi are 8sspajatadt hddmotheaprirenetatr asdoy df ngmt £igiwarel Buent i on;
(B): met hod aggpor dj i iboR,.£0 LS} t at: f,t.he
second, thi rdngﬁdq?%%}%cﬁ ﬁghgggﬁﬂ% I@lleugg%gagﬁ%wgst ﬁiel%cé&rﬁégfc 28 "and
normal i zed | eh@pt hdn@thod hacraeRitAPng @ rgb@s ingienvidiong e@rRE}sie@indhen t he

ground sem copsliel 98 s Wef efise aSe @od&NCER O¥Y ofnd M@l U rt 10 m&M&id On with respect
to the notsch (0) inthe form of a histogram (A): obtained by the second
met hod 25-according to the invention; (B) : obtained by a nethod not
accordi ng to FipurevEhtsloows Lt dfadiefleresce pyphallesand abhe evipdeirons used

30 1 Upper i dj i .sk ot.ary axl e.aof the_working
disics 71 net et 9fsg 68 CiPaRehl; TRy PE gt Rk Rt i eing Fher 12
Lower wor ki ngthayeparar@®tCar risetad Qamutfiigeread.i er(AMlor medcdiod ngothe - 11
- sem conduct r Sem to : I nt t.h

sem conduct oré)%/\r/a er(_?l [ t%f?c(régg'gﬁé o?o}tl\ﬁ{eﬁ%ﬁ é%#rﬂdcg%o ’ tﬁfg)da&reitgpg 5in
rol ling dfpara¢eerdBiReter dite povanrt bdnt Rempsasdoadudior feateres of

the second, third and fourth methods.

Figure 11 shows the differences in the radial wear
profiles of upper and lower working layer that are
15 calculated from the parameter sets from £figure 8.
{A): method not carried out according to the invention;
(B): method according to the invention comprising the

features of the second, third and fourth methods.

20 Figure 12 shows the cumulated and normalized lengths of
the machining traces (grinding marks) found on the
ground semiconductor wafers as a function of their
orientation with respect to the notch {0°)y in the form
of a histogram. (A): obtained by the second method

25 according to the invention; (B): obtained by a method

not according to the invention.

List of reference symbols and abbreviations used

30 1 Upper working disk
4 Lower working disk
5 Rotary axle of the working disks
7 Inner drive ring
9 Quter drive ring
3 11 Upper working layer
12 Lower working layer
13 Carrier

14 Cutout in carrier for receiving the



19 Trajectory of the reference point of the sem conductor wafer on | ower
wor ki ng di sk 20 Trajectory of the reference point of the 10 sem conduct or
waf er on upper working disk 21 Mdpoint of the carrier 22 M dpoint of the
rolling apparatus 24 Edge region of reduced thickness of the sem conductor
waf er 15 25 Wear of the upper working tayer- 26 Wear of the | ower working

| ayer 27 Region of very high | ocal wear of the working |ayer 28 Regi on of
very high difference isemigenkdocglor 2afwear of the working |ayers 29

Di fference injghe weakaf MpRSL+aRdJ¢wer working |ayer 30 Wrking gap 33
Convexity of the sem conductor wafer 25 34 Cool ant/ | ubricant passages 35

| sotropi ¢ cumt®at ed dMiePeBati 6F &het BeMigpEANALRE ¥RA€Es (grindi ng narks)
36 Ani sotropi g7cunul aedcdi stddi i 88 ehet hei apmchi i Bg thacesa £ 81 éngli ng
marks) 30 A S. A. Wear ,of th ,morkin% | ayer a Di stance between the m dpoint
of the cartier and th& ﬁP&g&Pﬁta R&YSol | i ng apparatus A A S. A

bDi ffer encﬁ [ nl}she weaRe@fFerepn?r pﬁﬁdﬂ eferhewsehkipgnbayebr3vagebi st ance

et ween the reference pai.nt..of the . sem conductor wafer and the m dpoint of
the carrier ggcc Di st&nd& B8t Weert het 'dpS?ﬁ?r%?c?hepplf §§%i€§%ﬁuctor

waf er and the m dpoi nseofi coheluctanr werfef=oacdemeri gbtrkiofy tieksem conduct or
wafer in the Q%rr'er)Trajectory of the reference point of the

10 semiconductor wafer on upper working disk
21 Midpoint of the carrier
22 Midpoint of the rolling apparatus
24 Edge region of reduced thickness of the
semiconductor wafer
15 25 Wear of the upper working layer
26 Wear of the lower working layer
27 Region of very high local wear of the working
layer
28 Region of very high difference in the local
20 wear of the working layers
29 Difference 1in the wear of wupper and lower

working layer

30 Working gap
33 Convexity of the semiconductor wafer
25 34 Coolant/lubricant passages
35 Isotropic cumulated distribution of the

machining traces (grinding marks)
36 Anisotropic cumulated distribution of the
machining traces (grinding marks)
30 A.S.A. Wear of the working layer
a Distance between the midpoint of the carrier
and the midpoint of the rolling apparatus
AA.S.A. Difference in the wear of upper and lower
working layer
35 e Distance between the reference point of the
semiconductor wafer and the midpoint of the
carrier

Cace Distance between the midpoint of the



p (Polar) angle of the reference point on the 5 sem conductor wafer H Local
t hi ckness of the sem conductor wafer 1 (e) Length of the circle arc segnent
of the circle arc about the m dpoint of the carrier and through the
reference point of the 10 sem conductor wafer which runs within the area of
a sem conductor wafer NCL Nornmalized cunutated | ength of the machining
traces (per angle class) no Rotational speed of the upper working disk 15
n" Rotational speed ofemhechdwetoworkafhgr disid n;thiRot mti Hppndahtspeed tdfe t he

i nner rolling apparat ng..Rot, at | of the outer roll]i appar at us
ri Pitch radius of thgglrﬁggrlr rgl I %ggggt@%ggg?ﬂs ?£a Iﬂf}?%h S;earﬁlcu%n ol?dtcﬁlg out er
rolling apparatus 20 WaRadi ah dhstaaceipet ween the reference point on the
sem conduct or gwaf er andotfe)mMadpoidt I tRE FoHd 4 HEAPRRLRLUS se in

t he thi ckness(pof t he \r/a\/o?ki ng):j | ayer on account of wear %51R Ra?i?ﬁg&g? t he
sem conduct or wafer RRVREANAPCEBEi ¥REATon wor ki ng di sk p Radial position on
Sfm ﬁonductorﬂwafer SLA]E:QU engtlnn@fss} be thlaj Qéﬁ@&&s?@ﬁﬁtbﬁ wgtlgr;ence ]lcooi Rt

of the sem conduct or er. 30 Angul ar velocity of the circulatjion of the
nm dpoi nts of pﬁgscarr 8P§£5b85ta e T Pl it T of ge‘l%“l"i%r‘?:opl%i Capparatius

("m dpoi nt rotational arcel abbtiy") the Mi@oohht r obait i onal oetodt y avd h

respect to 35 the upper king_dji sk a" dpoi nt rotational velocity with
respect to the Iovvergaéf) I Yr%g di%@éw Anrgeu#\éle{:r 76l oci Pi?l(r)l]t theoil‘lnhe(r:tekh%/

rotation ¥ - 13 semiconductor wafer which runs within the area

of a semiconductor wafer

NCL Normalized cumulated length of the machining
traces {per angle class)

ol Rotaticnal speed of the upper working disk

15 nyg Rotational speed of the lower working disk
n; Rotational speed of the inner rolling apparatus
Nga Rotational speed of the outer rolling apparatus
r; Pitch radius of the inner rolling apparatus
r, Pitch radius of the outer rolling apparatus

20 r Radial distance between the reference point on

the semiconductor wafer and the midpoint of the
rolling apparatus
n Decrease in the thickness of the working layer

on account of wear

25 R Radius of the semiconductor wafer
RR Radial position on working disk
p Radial position on semiconductor wafer
s Arc length of the trajectory of the reference

point of the semiconductor wafer
30 © Angular velocity of the circulation of the

midpoints of the carriers about the midpoint of

the rolling apparatus ("midpoint rotational
velocity")
Co Midpoint rotational velocity with respect to
35 the upper working disk
oy Midpoint rotaticnal velocity with respect to

the lower working disk

w Angular velocity of the inherent rotation of



the carriers about their respective mdpoints ("inherent rotational

vel ocity") (O, Inherent rotational velocity with respect to the upper
working disk 5 (), Inherent rotational velocity with respect to the |ower
wor ki ng di sk Description of the apparatus used 10 Figure 1 shows the
essential elenents of an apparatus according to the prior art that is
suitable for carrying out the nmethods aktording to the invention. The
illustration shows the basic schematic diagramof a two-disk machine for
machi ni ng di sk- shapedt#®r IG5iedes s152kaeh ddedani EopRBet by wafisipoingisch as i s
di scl osed for exanpl e"iAhOFeA000dBI0iMaliveDoESPPEl i Ve view. An apparatus
of this type has an upper workin i sk and_ a.lower working disk 4 with
col l'i near rot%¢i onal g&?%gené dﬁ%: A B UbSEAREEEY! yWhFBnet pIReFT elto
arrangenment of 20 thethwrkppgrsuothtes @fskhe working disks with respect to

one another. Accordin prior, art., the working .disks 1 and are
fabricate fr@i‘n gr ay g%}égr'%l?gn,g%taas tongl; HF%E&%&’ee\“%gber%‘?ﬁ%e,c oiﬁosi te
materials or the |ikeheTheweorkpngisurdaskes are uncoated or provided 25
with a coating nade of, for exanple, stainless steel or ceramc, etc. The
upper wor ki ng_di sk, contai ns numerous holes 34 through which operating
agents can bePeEgriBtiemeofiokhe naPBaF2Bes U934 is a cooling lubricant (e.g.
wat er) for the application of such an apparatus as a 30 grindi ng machi ne.

The appar.gtus_is pro idﬁd with a roIIing apﬁaratus for carriers 13. The
rol l'ing p € sbnpriF¥és i AREPTHE £V e SrEAG ESarf ofif e PPR@LAMS i ng 9.
The carriers d8ceadinfavecat theasphrone egutouthwhi CAsCaguieedilee &or

mbodi od for CRRATHIE 2%l B e AR MG T s FAVEHR® Seartny drEPegRe ot her
customary typehefijgtasingtifor sheasohbeobasimai ntepanteéccaivegmaencd, a
production cogfs andy OWR4it2 for machining disk-shaped workpieces
15 such as semiconductor wafers, such as is disclosed for
example in DE 10007390 Al, in perspective view. An
apparatus of this type has an upper working disk 1 and
a lower working disk 4 with collinear rotational axles
5 and with substantially plane-parallel arrangement of
20 the working surfaces of the working disks with respect
to one another. According to the prior art, the working
disks 1 and 4 are fabricated from gray cast iron, cast
stainless steel, ceramic, composite materials or the
like. The working surfaces are uncocated or provided
25 with a cecating made of, for example, stainless steel or
ceramic, etc. The upper werking disk contains numerous
holes 34 through which operating agents can ke fed to
the working gap 30. This is a cooling lubricant (e.g.
water) for the application of such an apparatus as a
30 grinding machine. The apparatus 1is provided with a
rolling apparatus for carriers 13. The rolling
apparatus comprises an inner drive ring 7 and outer
drive ring 9. The carriers 13 each have at least one
cutout which can receive a semiconductor wafer 15 to be
35 machined. The rolling apparatus may be embodied for
example as pin gearing, as involute gearing or as some
other <customary type of gearing. For reasons of

maintenance convenience, production costs and owing to



- 14 generally large machi ne di nensions and the unavoi dable play of the
gear nechanisns that is associated therewith, the pin gearing, which is
noncritical in this regard, is preferred. Upper working disk 1 and 5 | ower
wor king disk 4 and inner drive ring 7 and outer drive ring 9 are driven at
rotational speeds no, n", n and n, abeui4essentially identical axes 5. In
the case where the apparatus is used for a nmethod 10 according to the

i nvention, eagAn@bakilg ldirgle Mmachirgardiesnsions sandr kibeg wrfeieakel evor ki ng

layer 11, 12 ,pgpef eroafbl Yt $OMPHLS-Ng nﬁelcq{aﬁﬁs(xﬁ@ve ou‘%(m 1ELged ad & tedCedf

flbermoven fabrics, g astic matrices with or wt ber 1™m ilms
(ronol ayer or CAEFEVERDer )tht PdansIesringwhode alppés Iav&¢51tha@lcane into

naterlal-renDthg At Wit hptdige Sei congdpelory et eh§ ATASI Ye 5
subst ance iﬂlncorporatedéﬁs ab{a5|ve An exanple of a f|In1SU|t§E1e for
t

carrying o WL o WO RGd dPfRg ﬂ&nﬁﬁe49$ﬂﬁn¥%ﬁ9|§ gnsclvs&r in US
6007407. ExanpteseotlnbthSxmﬁeﬁxﬂﬁmﬂ0@@dr$@ét1@%@ﬂpbpebﬂsm@ 99424248 and US

5863306 Exa s of r cIo W th a str ctured (textured,
"1i cro- replrgg ed® )aS%H%L?éﬁéﬂﬁ éil sﬁﬁﬁﬁ%lﬁﬁfﬁ US 25 6599177 B2. The

working |ayers are preferably adhe5|vely bonded onto the working disks. In

accordance wi th the Rlor AELe 4eh ghothsJiLus ard ayers are provi ded

with a 30 sel hesi ve coating on th ear~si da”and car e
wor ki ng dﬂ%ksa59°é@hﬁglﬁé3béﬁﬁlngnVPa?@P@ula?dghl|W0r$hemba§eSbf bppdr at uses

having | arge dhrensions, ithe whakliqf caerapn! Iacavsdx%ff& %'fé\rwe&k' NG | ayers
onto the mnrklng?dlsks w t hout fau ts such as included ait 35 bubbles,

conpr essi on, BFFEEERPHY SOMUIGINY of lPhBS visiwiely | kyektadd diddadie
removal of theiperkbngnl aeiriaf t epluseiar andhd #fdLdll toithhusr IR 2R84 219362A

specifies an odi nent _of h a worki.ng | ayer
P %Eger 1nlay? %%ims eﬁ%noléberyor multilayer) or foams
15 in whose upper layers that come into material-removing
contact with the semiconductor wafers abrasive

substances are incorporated as abrasive.

An example of a film suitable for carrying out the
20 methods according to the invention 1is disclosed in

US 6007407. Examples of «cloths are disclosed for

example in WO 99/24218 and US 5863306. Examples of such

films or cloths with a structured (textured, "micro-

replicated") working surface are specified in US
25 6599177 B2.

The working layers are preferably adhesively bonded
onto the working disks. In accordance with the prior
art, such cloths, films or layers are provided with a
30 self-adhesive ccoating on the rear side and are fixed on
the working disks by adhesive bonding. Particularly in
the case of apparatuses having large dimensions, the
fault-free application of such working layers onto the
working disks without faults such as included air
35 bubbles, compression, stretching or bulging of the
working layer and also the removal of the working layer
after use are difficult. Thus, JP 2001-219362A

specifies an embodiment of such a working layer



- 15 equipped with pores (channels) through which air bubbles included

bet ween wor ki ng di sk surface and cloth rear side can escape, thus resulting
in a planar, uniformcloth support. Furthernore, WO 95/19242 5 proposes
equi pping the cloth rear side with small hooks and a conpl enentary equi pped
wor ki ng surface of the working disks £"hdok and | oop fastener”), which
enable the working | ayers to be changed particularly rapidly and in a
manner free ofdrépPedeswithhe adbotes, fchasneld) f oahwooghl aydrishof tair cannot

be produced i p,8RgRI : e h i,nag: i ece by
uBBechi €681 udiReY iR eh %%r#?%? %ﬁ%@:%ﬁf¥§%§ﬂ§ﬁ§{é%é?h

piece onto large carrier substrates (fil | oth, foam ~etc. I'sis
di scl osed for T&R&npFedfn T 6 FAUHE BL.LMS | FegndEingo tarry dutande net hod

according to uhefokrAventileth t heddpdmg of sifyenMmidg | awgs sod orggxanpl e
by suctioq?by vacuum (through an _air-permeabl e | ayer of the working disk
0

) ir

conposed p8F8B§Sﬁﬁt§ﬂFéP,lF@rt%§x§ te &&REniSEe Wit diesks

el ectrost at i cahidxi ag 2hpdrenten teaver eqgipyedeansriofng ensirariceg deviges fitted
on the worKki sk, et i sy.furthernore suitable. The r.ki.n for med
bet ween t he mggEg%§5I§§5%§ 1 h%ﬁ%ﬂﬁﬁﬁf#%@% SASHRE®Gp ér%ﬁﬁfﬁﬁﬁa%%ﬁ§k 1 and
| ower 25 wor kihag wirddng, wiydairs Wwei de gapathded spaircdcdletrdy wedferdl ar e
machi ned, is dgsi gnat £dBvund® if-dd gure : Folgur S he A atus in
a plan view of the |ower &brkind;%igE f%sﬁﬁ?%%énﬁgﬁﬁdggﬁﬁpgﬁafgﬁgﬁ%B are 30
i nserted ttht ofeampi &rs 1By enghi ¢H-ff eCan ot re¢ epredured 48 quiededifes. The

sem conduct or Twatersrar eneat 14hxest ¥ connest ednbyeRoitd el yyorp farse
| ocki ng flttlgg wth the respective cutout of the carrier, with the result

that they can®fbfe fREEFy WRERKLEIt héUPS tEdEst s. (Tt he Prdter r dPdhse of
round semi condyet or Thakeis, diBcpaskdcHbar eaBmpDBELgNYST gL abbep Bl .t he
sem conductor wafers in the cutouts of the carriers is possible. Said
i nherent rotation is desirable since the

15 In order to carry out the method according to the

invention, the fixing of the working layers for example
by suction by vacuum (through an air-permeable layer of
the working disk composed of porous material, for
example ceramic), by magnetic or electrostatic fixing
20 or by covering by means of tensioning devices fitted on

the working disk, etc. is furthermore suitable.

The working gap formed between the working layers 11
and 12 fixed on the upper working disk 1 and lower
25 working disk 4, within which gap the semiconductor

wafers are machined, is designated by 30 in figure 1.

Figure 2 shows the apparatus in a plan view of the
lower working disk 4. The semiconductor wafers 15 are
30 inserted into carriers 13, which are also referred to
as guide cages. The semiconductor wafers are not
fixedly connected by positively or force locking
fitting with the respective cutout of the carrier, with
the result that they can move freely within the
35 cutouts. In the preferred case of round semiconductor
wafers, in particular an inherent rotation of the
semiconductor wafers in the cutouts of the carriers is

possible. Said inherent rotation is desirable since the



- 16 sem conductor wafers then assune a rotationally symetrical form
whi ch increases their flatness and symetry and is therefore advantageous
for the purposes of the invention. 5 Hereinafter the m dpoint of the

wor ki ng disks and rolling apparatus, that is to say of the entire
apparatus, shall also be designated by-2Pc The m dpoint of a sem conductor
wafer 15 in a carrier 13 shall be 10 designated by 16, and the m dpoint of
said carrier ssmaFpnguctesi gnektelrpy ZhenAn asbutearyarefmsstenceompaiing 18

descri bes a tEgRetQF 9 he r ' ayer.. 12 | o
wor ki ng di sk 49on ac%%ﬁ%t %?rl%’hedh?\gﬁatwgk%?g%%ex\%&lkﬁlng%% Sana"}ﬁ]e
rotation of tRAEUSLEY| g8 ifgdhrraders. arfvanvagseisst Soxl tdfe tthrmamas ers 13
circulate on afpthehiaiveakecd? that is concentric wth respect to the

m dpoi nt of the rolling apparatus. 20 Figure 3 defines further
characteristic variables for describing the novenent of the sem conduct or
wafer in theHgrendafigerachhae. miapbhis case,tihde wefleienceli Syst eAd S

chosen such t . ' i.sk nsidered, is at re in it .
(concoMtantI;J?g?%}g?i %E’Eégg}:gﬁce ga‘ss'ystlérr) Lo offy tﬁ?l&\%éar WOTid55y di sk 4
i's depicted i APPERatpEanshiréw RASPI her deBigsaskdl byd@2.giite rittpaint | engt h
of ‘the trajecbery Idemiciiguiler paee PASt; 18, Ol LG Seim candys! ¢, vaf er
15 in a carrier 13 over the worki ng Fayer J1 . The position Of "sai

ref er encel hoi ALS3B128eds Resdbibedndt B midPGyta padi adidi staandienr from

the nidpoint 2Ra0f bBedesllyha@eappgr atus aand N taGhe dd¥e (hlANg P @r
coor di nat es) Oﬁnn tg the rotations nii and na of 'the inner drive ring 7
and outer driv8 Fﬁgré e8nd CREIPGEREY o 20PNt hdendiRieTy "W NG HaYSHr rier 13
35 rotates atlanguf artheel Qoiwley nMwabrihgi t@i#m daoi B 23ccoand s@F d yHedpoi nt
21 C'rCUlatesr%%aggggl%%\%%gch%¥kg%g disk and the rotation of the
15 drive rings 7 and 9. The midpoints 21 of the carriers
13 circulate on a pitch circle 17 that is concentric
with respect to the midpoint 22 of the rolling

apparatus.

20 Figure 3 defines further characteristic variables for
describing the movement of the semiconductor wafer in
the grinding machine. In this <case, the reference
system is chosen such that the working disk considered
is at rest 1in it (concomitantly rotating reference

25 system). Only the lower working disk 4 is depicted in
the plan view in figure 3. s shall designate the arc
length of the trajectory 19 of the reference point 18
of the semiconductor wafer 15 in a carrier 13 over the
working layer 12. The position of said reference point

30 18 is described at any time by a radial distance r from
the midpoint 22 of the rolling apparatus and an angle ¢
(plane polar coordinates). Owing to the rctations n;
and n, of the inner drive ring 7 and ocuter drive ring 9
and the rotation of the working disk, the carrier 13

35 rotates at angular velocity ® about its midpoint 21,
and said midpoint 21 circulates at angular velocity ©
about the midpoint 22 of the entire apparatus. The

distance between the midpoint 21 of the carrier and the



about the mdpoint 22 of the entire apparatus. The distance between the

m dpoint 21 of the carrier and the - 17 mdpoint 16 of the sem conductor
wafer 15 is designated as the eccentricity ecc, of the sem conductor wafer
in the carrier. e shall designate the distance between the reference point
18 on the sem conductor wafer 15 and 5 the #ndpoint 21 of the carrier 13. R
is the radius of the sem conductor wafer 15. 1(e) is the length of the
circle arc wi Phdpadntslé abodhet Bemiicopdiunt 021 waffetrhd 5 dar rdesridiatwid ch runs
within the arga fhtt&cm'f@ﬂgyc or f 5 LpLI t:he first
met hod accordin th the inventi ongfcﬁ ,gﬁcﬁhﬁnﬁ%&%ﬁégﬁég#i r%gffg%etlﬁlod
according to Fﬁg CaBTiRYenti §halihdesdgpatst ke idisthacsobidtmeagapts kept

constant, to befprestse gyiefter a®l yundufhdgskhe ceRbiut@ordufftd on18f dhe
si mul tane&s ggubl e-si de Accor di ng tao t he, i nvention, durin
he

Rk o
gri ndi ng, ?e%gpgtlﬁ?g%%n ‘%ﬂgt%r RPRGLGEp 13 reaktir EAcak@Bosc &l gc% eg

by neans of stheableeireasucesri fwdffeer nERisulgd) tienpaiat LergteVib&t ehidf rom t he

desired tenpe ) e -ttg[’rp e_.c sured for, exampl e at defined
intervals or %%??%85& 3}”.1 y%cﬁﬁ% of %pﬁg%cﬁls anﬁl gp?le%eégt fftfe i the
wor ki ng gap, @atetermtlion ehiche ZBnwor kixighidi skshehatatesa br ofightthabout by

tenperature ghANYEnHgcANPI Js8d-pngst he working disks are kept in a
const ant ’]&?l ane-parallel form This results in a significantly inproved

geonetry t he machi ned sem conductor wafers, thereby enabling the

producti on 30p@gcipeibhongect gheValgrsaCCRABEKAA  AckBRdiRYeENtdON tHd One
enbodi nent of ,this, first nethod, each working disk has at | east one cooling

| abyrinth t hr58%R"*%PRh a coolant flows. In this embodi ment, the
tenperature or 35 the flowrate of the coolant is varied in a suitable

In accordance with the first method according to the
15 invention, the temperature in the working gap is kept
constant, to be precise preferably during the entire
duration of the simultaneous double-side grinding.
According to the invention, during the grinding, the
temperature in the working gap 1s measured and
20 corrected by means ¢f suitable measures if the measured
temperature deviates from the desired temperature. The
temperature can be measured for example at defined
intervals or continuously. By virtue of the constant
temperature in the working gap, a deformation of the
25 working disks that 1is brought about by temperature
change is avoided and the working disks are kept in a
constant, plane-parallel form. This —results 1in a
significantly improved geometry of the machined
semiconductor wafers, thereby enabling the production

30 of a semiconductor wafer according to the invention.

In one embodiment of this first method, each working
disk has at least one cooling labyrinth through which a
coolant flows. In this embodiment, the temperature or
35 the flow rate of the coolant is wvaried in a suitable
manner in order to counteract an undesirable
temperature change and to achieve a constant

temperature in the working gap. A suitable and



manner in order to counteract an undesirable tenperature change and to
achi eve a constant tenperature in the working gap. A suitable and - 18
preferred arrangenent of cooling labyrinths is disclosed in DE 19954355 Al.
Thi s arrangenent features an upper |ayer ("upper plate") pervaded by a
cooling labyrinth, a thermally insulating interlayer and a 5 | ower |ayer
("l ower plate") pervaded by a second Todtimg labyrinth. Furthernore, a
met hod for setti ng and regul ating the planarity of a polishing plate for

| appi ng, gri nAFRGEBFePol | 3FF MPVRE_bst Tt e SRFSTY | s ladiwdindded t Her ei n,
wherein the |oieclptatieial mn aosUBIeast, tihee- hayengdmpaki shisrg rlsate is
t enper at ur e- %gglﬂl ateerd J<'_iand thﬁr,; the te etra,ture IS éegt constant and the
upper plate of 't RE &Rt i T2 Tor Ki RGPEFskE TS tenBeFERAFE- MYGuf ate@ 4R t he

t enperature isalbynpied, t oa ttleermshect i ves\lladtiishy ng readessr n ssuch aa way
t hat 15 steeady- te mal, » Lti Le C i,nh the _polishing
appar at us 525 %Oﬁéegul %£2§£thé ?gﬂg%raggggg fegé?gﬁﬁggﬁdof EDtyheal oﬁ&goﬁlaate. A
cor r espondi ngteapp @ c dtdborr iindhal sBupbbsibbeei n & hmeghiendi Hior metetidd ng
according to the rBYGNLLIRg 2Gd tpisnPAlty cykar ypcgfleér?{rﬁ d 1?1%&%%“ to
keep the tenperature in the working gap constant by vary nB e

t enper at ure of3RPENY| oWTLREANGF thhepﬁgbﬁlilh@gl Qbr icHtrate) vefehe viorki ng

gap accordi ngdi oclbgedeasdred w5 LBEPIAt W lbwks B0 PSS DA L@ vary
both parane eratfre a%g flowrate, in a suitable manner in order

to keep the t@%%%?gte BT T R Sor KISy caH@Tent LsThitemppgéetare-
regul ati on haseginbabelantdgehenvehet esppeahuneer egukapicogoby tamansnal the
Cemperat ure | 5T QBBUE { AEIEt i neh Q0P od VarTe 12 Hebur BSKt na t he

t enper at ure ofemprrzoorantegrlated and the temperature is adapted to

the respective polishing process in such a way that

15 steady-state thermal conditions are created in the

polishing apparatus as a result of the temperature

regulation of the lower ©plate. A corresponding

application 1s also possible 1in the grinding method

according to the invention.

20
It 1s particularly preferred, however, to keep the
temperature in the working gap constant by varying the
temperature or the flow rate of the cooling lubricant
fed to the working gap according to the measured
25 temperature. It is also possible to vary Dboth

parameters, temperature and flow rate, in a suitable
manner in order to keep the temperature in the working
gap constant. This type of regulation has the advantage
over temperature regulation by means of the cocling

30 labyrinths that it is significantly less sluggish.

If a temperature lying above the defined desired value
is measured, then the temperature of the coolant or of
the cocling lubricant is lowered in a control loop. By
35 contrast, 1if the temperature lying below the defined
desired value is measured, then the temperature of the
coolant or of the cooling lubricant is increased, such

that the temperature in the working gap remains



the cooling lubricant is lowered in a control |loop. By 35 contrast, if the
tenperature lying below the defined desired value is neasured, then the
tenperature of the coolant or of the cooling lubricant is increased, such
that the tenperature in the working gap remains - 19 - substantially
constant. The tenperature in the workinggap i s neasured for exanple
directly by neans of tenperature sensors 5 incorporated into the surface of
t he wor ki ng dsslikstamtr oabhy ttengtdmin) wor ki ng | ayer or through snall
"measuring wi ndows" cut out in the working |ayer. Since the working disks
rotate during grinding, the neasured tenperature value is transmtted

ei ther by conf@et tempersluscanphe bYe muerisiiolg ebest risalned swiady- dowi on

contacts, oregombast! gsskyrifor sexamu s i acf adi@mpbphEared Qensors
i nductively. As an alternatjve, the tenperature in ]tohe wor ki ng gap can al so

be measured i HUFPERPFICRY nEdfs dfe asHEASGRenht ‘Whe t Motkdfser 84658 of the

cooling 15 |lubrbegmt ghschatwgimg fwomide werkimg gap.tnPes@h pisi@n 10f the
second met hod,according to &he ,invention,20 The second net hod cording to
Uhe i nvent | on €25 e | BURCPRS oPUCGRRE: I-0DEPBWHOF KiTHi & SHEPhod, FHe

wor ki ng di sksthhet abekahquiditshe asnteare adutirey entinéingppahat ueaatirkidgher

angul ar_vel ocl Ly, LPap, LS, GRLT 26, LALAL L BROUS hOS! £ f espgative Ay dpoi nts.
To put it nore pr ecl seYy, hi's means at "t he "nagni Yudes of the angul ar
vel oci ti 9 Q etampperbynveanndofowdectict calwslkidigadiask igne cpmdatodrst han t he

magni tude of the . dicff@nenca et ween Lhg-angul fr welag ty: ¥y 9feliher

i nherent rotation of the carriers about their 30 respective mdpoints and
the angul ar vENdEFEyvaby of Aehén dt@intiioe ofthihet eBPeraF4rabsnt tHife

m dpoi nt of therkenyi §gpr ehhi AYsappar akdsurdl hrkeweraak BRemsRmeadrof the
velocity distribution is therel:%y r%duced. The .
a measurement o the temperature of the cooling

15 lubricant discharging from the working gap.

Description of the second method according to the

invention

20 The second method according to the invention 1is
described in more detail below: in this methoed, the
working disks rotate about the center of the entire
apparatus at higher angular velocity than the carriers
rotate about their respective midpoints. To put it more

25 precisely, this means that the magnitudes of the
angular velocities €; of upper, Q,, and lower,
working disk are greater than the magnitude of the
difference between the angular velocity g of the
inherent rotation of the carriers about their

30 respective midpoints and the angular velocity o©p of the
circulation of the carriers about the midpoint of the
entire rolling apparatus, iQ;|2|l®w¢-0ol. The spread of
the wvelocity distribution 1is thereby reduced. The
relative velocities between the semiconductor wafers

35 and the working layers of the working disks are not
constant, but rather dependent on location and time,
due to the dictates of the method. The velocity

distribution should be understood to mean the frequency



rel ative velocities between the sem conductor wafers 35 and the worKking

| ayers of the working disks are not constant, but rather dependent on

| ocation and tinme, due to the dictates of the nmethod. The velocity

di stribution should be understood to nmean the frequency - 20 of the
occurrence of specific relative velocitids.- A velocity distribution with a
smal | spread is advantageous since it results in an isotropic machining of
t he sem conduef ofthfaf @¢ur¥ereeby fenabe¢hfl ¢ haesd apiggucrebacbtias. A

sem conduct Orvé\@é@I%ﬁCCQﬂ%@ﬂlﬁ@ti&@ imant i qn.  Igmdihe caphexdy of jtshe
second nethod ccordin he inventi t he trajectorles of the

sem conduct or *HEFRYR9€ %ﬁr%?%f?vét BGEHiﬁs f0t BB LROTROPRICNJaGindRd ngr e
preferably inoéachheaseempcbndﬁhebds wafersreguhamebyle@ghh&ﬂ@@ or:hghor t ened
epi cycl oi @s rnnre n_the gont t of the.second net.hod ccording
to the |ngﬁnt§ B9 6F2ferfgﬁuf IEECT gt RS 6F Fﬁglpﬁbj%%t5%|es whi ch
t he senlcondutmm¢ntM@mers cover in identical tines relative to the two
wor ki ng di sks to be approximately identical. This requirenent is regarded
as fulfilled particularly when 20 the nmagnitude of the ratio of the

di fference inl®hé&he| gritiextof of hdher ajeeend | Bstipdchadrrdiad coaddéror

wafers cover {g@bahtVén}forhBettwocworking desksel @emu@%%h%%rt WS rsand the
nmean valgg of the |eng ths of saidtrajectories is |ess than 20% However ,

there aré®s5 5?%%th%enﬁPlc§4MﬂcﬁP%nt NE o tEoNpI MR BIAT defli FERI a€ngth of

the traj ectorpesfebably hIJSn I a0t absel Usgl YrodIesESSAr Vi . Appregutatigl y
identical |engths of the ra+ector|es can CB}r€%hieved by choosing the

rot ati onal %%%t%?n?%eoEa? 5?%n?% PR EY ly lowin 30 conparison with

t he rotational speed of the working disks. The abovenenti oned neasures nean
that the fron?u?@ﬁermore, in the context of the second method
15 according to the invention, it 1is preferred for the
lengths of the trajectories which the semiconductor
wafers cover in identical times relative to the two
working disks to be approximately identical. This
requirement 1is regarded as fulfilled particularly when
20 the magnitude of the ratio of the difference in the
lengths of the trajectories which the semiconductor
wafers cover relative to the two working disks in
identical times, and the mean value of the lengths of
said trajectories is less than 20%. However, there are
25 also kinematics which entail a completely identical
length of the trajectories, but this is not absolutely
necessary. Approximately identical lengths of the
trajectories can be achieved by choosing the rotational
speed of the carriers to be relatively 1low in
30 comparison with the rotational speed of the working
disks.

The abovementioned measures mean that the front and
rear sides of the semiconductor wafers experience at
35 every point in time identical friction forces, starting
directions of the working layers, velocities and
accelerations. In particular, abrupt load changes are

avoided and a uniform inherent rotation of the



rear sides of the sem conductor wafers experience at 35 every point in tine
identical friction forces, starting directions of the working |ayers,
velocities and accelerations. In particular, abrupt |oad changes are

avoi ded and a uniforminherent rotation of the - 21 sem conductor wafers in
the holes in the carriers is supported. The velocity profiles are simlar
for the front and rear sides with regard to spread and tinme distribution.

This results in an approximately 5 symretrical material renmoval fromthe
front and reaPSMEFYPREUIGN alALEEEr ot c FHRodIRE S5t tRr (F1G t REFTERF®  IRar p/ bow

of the sem cosuapisdotedal @he ndetedi by pregatlieen-gdeperdenitiagr for the
front-/rear-s%de-gségwetrical .roughness or. crystal danagg near the surface

e rdplifj%%'. SASY rd% }Pt,retgﬁ sutf‘?a(,séjr dth%ndsgrﬁm(?onductor

(strain 10 induced
waf er beconesdpsandbuhani sotTlopi c mishidiE wanpages: anea pgefoorimattiedys such

as are knawn £ e@i‘f‘&TQien%%éﬁrailndié‘ﬂo@é‘i’e'f"r.oﬁnceﬂi%r f&%%rt%%ﬁcﬁ’”)re%& . edge
roll-of f" (thitkness decrease in the edge region) of grinding, 1Tapping or
pol i shing net #bdes i M@ coaAtancOt YRRIC t HEPIiDr patttenm addiht | dd ttilise

advantage is yafporeed tdrat the edga rfddadhat ywesrgengi@hdya phpduced
before carrying out the simultaneous double- sjide grinding is not changed

asymret ri cal | {Oeht PhelopeRYfkt ryOsf t He 08dgd L5asTiside S SpBEedsy cal
mai nt ai ned. DPesgrin@és onrofcthec41hi admagd heurt ket badsaaecarsdingn-to the

' ti 5 The third and fourth nethod ding to the i ti
descri bod'd n HERAPPndr Tk e Awof kiohy 1dyer i RGFSEFT dresiy -

properties isembgqondedtéor carfrepi ngbeadmehe mpatmadt acgwnddi igdrop3@ t he
or der o sont T hUAUTy aRESGs Uu CERaRe b asr et BRs ot et dead to a
uni form grinekagptharaet etgsindingn nawelot hetcandmy, elamassisdging  or
"edge roll-off" (thickness decrease in the edge region)
15 of grinding, lapping or polishing methods in accordance
with the prior art. In addition, the advantage 1is
afforded that the edge profile that was generally
produced before carrying out the simultaneous double-
side grinding is not changed asymmetrically and the

20 symmetry of the edge profile is thereby maintained.

Description of the third and fourth methods according

to the invention

25 The third and fourth methods according to the invention

are described in detail below:

since a working layer having self-dressing properties
is required for carrying out the method according to
30 the invention, the working layer must be subjected to a
certain finite wear in order to continuously uncover
new, sharp abrasive substances that lead to a uniform
grinding characteristic. On the other hand, excessively
high wear of the working layer from grinding to
35 grinding is not desirable since the thickness and form
of the working layer would then change too rapidly and
continuous tracking of the machining parameters

{machine and process parameters) would be necessary,



hi gh wear of the working layer fromgrinding to 35 grinding is not desirable
since the thickness and form of the working |ayer would then change too
rapidly and continuous tracking of the machining paranmeters (nmachi ne and

process paraneters) would be necessary, - 22 which wuld lead to a process
that is di sadvantageous by account of-i2% -being unstable. There is
therefore an optimmwear rate which just still guarantees self- dressing

properties, DiR1@gh vhBlet A@achaiel dodgoresss thadd i diwedviangalbepes that is

all too UnSta§§eacé%%ﬂW?UBfCﬁtEYbeﬂh&huﬁ§€a59§U|Thé?@tlg kaegelrsrat ahl e
machi ni ng process is possi bl e which reproducibly yields sem conductor

vaf ers havi nPR R HRs ¥S5TopERt Ped' i Tasé c%%é% ntI AR B8Ades. 10 In

oLder to be adm@sgmq)r@dio@reﬂth@sv,vea}ﬁu@f dohecM®r kither | BYAH, ddés | aadi ng by
the sem c

f hi.ned it t be det d |1
resol ved ash %"?fﬁ V)@ﬁwler?sr g’%’%.k'rlg% alﬁyglbﬁi sgu%ésc]re% pteqjgnm&?)% h:??‘tsiﬁﬁil‘é?or?/es
15 whi ch t he semeonoex by, wafiehs t&welreduliltngthmtchlanih@rg@l/pr sltlablwor ki ng
di sks. | h t at

isks. In a r%&{ﬁ& g SYPSEELL AL gssgwr;g%gg@@heeg%sﬁc y ye8 §df° ating

wor ki ng di sk (1 nvari ah rajec 8f an
arbitrary ref#treheengotinr 1&adffers séaivéoadutiornaws elpmlta?rrtala/sor khag di sk,

with the desjgnatdons, defined ‘bm%l]gég(ﬁ? can be witten in conplex
nunbers z(t) = x(t) + |y(t) as z(t ol ar +eei wt 25 (1) Wth the identity

el1S= cosx¥i sinx, equation (1) i mTedl ately yields the tenporal paraneter
representati oy obri&e Ebab@CTa%mé it T deaJt@% a@ealgooﬁo‘@h@' BRI nGX(t) ;
y(t)). The r dlal posi tion %{E—Iz andthemanlt t), e s (t) of
the path vel ?¥%INK%§& g??§1% Pée aemlconducto ers ma hined

by it must be determined in spatially resolved fashion.
This requires a precise description of the trajectories
15 which the semiconductor wafers cover during machining

over the working disks.

In a reference system that is concomitantly moved with
the rotating working disk (invariant reference system),
20 the trajectory z (t) of an arbitrary reference point 18
of a semiconductor wafer over a working disk, with the

designations defined in figure 3, can be written in

complex numbers Zz {(t) = x(t) + 1y(t}) as
- i i
) =ae' % +ee'® .
25 (1)
With the identity ef=cosx+i-sinx, equation (1)
immediately yields the temporal parameter

representation of the trajectory in real Cartesian
30 coordinates (x(t);y(t)).

The radial position =z(t) = |Z(t)| and the magnitude
v(t) = 5§ (t) of the path velocity Vu)=%a) emerge as a
result of magnitude formation and differentiation with

35 respect to time as



result of magnitude formation and differentiation with 35 respect to tine
as - 23 r(t)=a a +e2 +2aecos(a-cu)t and s(Q= aza2+e2cu2+2aeacucos(a-mt.
(2) I'n this case, s(t) denotes the arc length covered and a dot above a
vari abl e denotes the derivative thereof 5 with respect to tinme. The angle
c(t) of the position of the reference -pdiht-P in plane polar coordinates
(r(t);op(t)) and the tlrre derivative t(t) of the radial position r(t) are

finall 10 arctan
- Iug?a \>//v) si n( gl"\s\ﬁf‘j" +cfo§6‘l“¥‘é‘§’o§‘)\'/t aagd 2’(’2“3“ fra “’+é“24"2’é?€?§g§‘(“3’ 20)?' r(t) from

equation (2) and p(t) fromequation (3) yield 15 a paraneter representation
wWth respect to tine in plane polar coordinates. Taking account of Larctanx
= 2 the follown i +S obtai ned: 20 a26+ezw+ae(a+(0) cos(6-w)t a2 +e2
+2aecos(a- (0) 1" gl)llsl fe8fti Adtéqaarréas(sher arcr (Lte)“g ht 6OVRe& e8x BPés i ons

for S(t), i (aa,tambdvpa(t)a yv &t dshlde EeioteSPOBHENH b $XPT RS SitORT «aF a
function %f t he rrlad' al sgtlgn r on the working disk - 24 s(r)

a2a2( 1- 6) Fe2wBt 12 FSFBAO B°, " HPF)= 2wa -e2 +G0) and r(r)= 2ra
2(a2e2+a2r2+e2r2)-r4-a4-e4 . (5) Wthout further assunptions, the radially
dependent  wegy .9 o] n Lat Bat bitrary
ref erence poi n}'ltF1 1 I(lé% Iz’s(tl:gn conéﬁ%t OS§¥ ?g th% %%\L/%%g%g%é r §e¥work| ng
| ayer can be #Hes@liayed radapr o‘p@@t@bﬁ@t%o (tlrfe‘:)arﬂt(ﬂ)e’ngtﬁhdastfs%rttlﬂ@ver by

derivative r (t) of the radial position r(t) are finally

10 given by

gsinct+esin®! gnd ) = ~ae(c~w)sin(c-o)

(p = arctan
acosgi+ecos®f

Jaz +e” +2aecos(c—w)t ‘ (3)

r(t) from equation (2) and ¢@(t) from equation (3} yield
15 a parameter representation with respect to time in

plane polar coordinates.

d

Taking account of 5;3NﬂaHX==“——§ the following 1is
14+x
obtained:
20
o) = a 0‘+ezm+ae(cr+m)cos(c—u))t
a’ +e? +2aecos(c—n) (4)

Inserting equation (2) for r(t) into the expressions
for s§s(t), Fr(t) and ¢ (t) yields the corresponding

25 expressions as a function of the radial position r on

the working disk



reference point 18 per area elenent r 8r-&p and to the time at required
for this: 10 as-at - s rO4 rhk (6) Inserting the expressions found above
yields 91(r) x a2a2 +e2(02+(r2-a2 -e2)aw T 2 2 2 2 2) ,4 4 4 R~ a2-eZ a+m
22(ar +ter tae-a-e( 22+ 2) (7)) 15 Finally, the length I (e) of the
circle arc wth radius e about the mdppént of the carrier which runs
through the sem conductor wafer in the carrier is determned 20 nunerically
for all e in the perm for 93(r, e ., This therefore
takes account G‘(")Fhéa @(ﬁibﬁ)bm’énﬁmlﬂﬁ)avﬁcequiﬂa)e —h& i s+ BELt hg

seni conductor wafer with identical distance e about % her?ni dpdint of the
carrier which, /#mn1he-ex e, bf ehe 2nhedend rosati of the carrier all
at sone tine SVr\gFe)p oi’f‘e(r#'gt(ﬁee c%gstgr?ega j;ant r})E)f ?‘he' vvg;%lzl ng area in the
sanme way and contribute to the wear of said working area. Integration of

t he expression obtained over all e finally produces the expression 9tgeS(r)
sought for th@ithaGt weartbért hessompgthgnspyerhdy tdei 401wl idapafdeald

possi bl e refe e pnts . wit.hin .areal |y extended sem conductor wafer:
em a2a 2+e2r OP%QE( r'ig-?%g-%f) Ott'ttr% ‘é’égglﬁ?) iBlca)}e/erﬁﬂ PRy 23S "‘Tfa‘??%%r§¥eﬂr’2+a2e2
)-r-a-e(2.% 2Prhdergryg)reflararies pabe; LBe dindex semiconfupper) wafdr = u

(1ower - worki g dhak) ApagLs,ddie {Adi wbekahgangybar el o6l &8s, A au, Wa
and wu with respect to the respective workin sk, and emin=nax{0; R -
eecc) and emaRS= RROLtIPnalg fee the i cérdgthorfsabteeptcanvede dry anged

in diverse waySer8ntbepsahki BS pean Aal WiGRInEeXPredsifN and to the
time Ot required for this:

10
ga(r)‘x: Os-0f  _ 5_
roroe Ko (6)
Inserting the expressions found above yields
R(r) oc Jazoz re’0’ +(rt-a’-e* Yoo .
-2 02 +e%r 2 1aPe?) 1t gt ot (e el Lasa) (7)
15 '

Finally, the length 1(e) of the circle arc with radius
e about the midpoint of the carrier which runs through
the semiconductor wafer in the carrier is determined
20 numerically for all e in the permitted range of wvalues
for R(r,e). This therefore takes account of the
contribution of all equivalent points cf the
semiconductor wafer with identical distance e about the
midpoint of the carrier which, in the course of the
25 inherent rotation of the carrier all at some time sweep
over the considered point of the working area in the
same way and contribute to the wear of said working

area. Integration of the expression obtained over all e
finally produces the expression %g%(F) sought for the



for 1(e) which enables a closed solution for the integral in equation (8)
w Il not generally be 15 produced. In practice, therefore, for many val ues e
in the range of values {emn ... emax}, the value of 1 (e) is calculated
and, instead of the integration in equation (8), a sunmation over the
integrands over all e is carried out.-Qxasionally, 1(e) is also referred
to as 20 "shape function" that describes the arrangenent of the

seni conduct orweaf eraf i thehe weankdingr s lalyerprbyedthe beotaliang agebus,l it hen, to
choose par ane s ; 5PADIRFLIQNS A1 p M W 6 PF ; g V9£8§§lg and gy of an
25 apparatus suitable for carrying out the nethod according to the 1T nvention
for which theSHRaFORFUERRr WdERThg | ayer according to equation (8) varies as
little as possible over the entire radius of the working |layer, which |ed
to the definition of the 30 fourth nethod according to the invention. It can

t her eby be engyrzg eggt t he wor §#dg.%ALLS-aj&, Wor n  hgnogeneously, which
ensures a per meffe fcle _ (i Tor o~ IBLELE Al T gbyal, 717 o THe sem conduct or
wafers. Irregular diftdul atfons in the thicknesds profil

of the ﬁg ground
sem conductor wafers can thus be reliably avoided. - 26 What )nDre, it

is al so advantageous if the wear of the working |ayer according to equation

(8) is as siml . as i f e Jupp | qwe rking ers,
which is reflg%tggl?n ;qﬁﬁtﬁég% %é?%gdl'acgéﬁggﬁﬁnﬁo éﬂgginvgnéﬁgh% Thi s
| ast means i nWebktr@t@isker dsnehas the Angdaividdelomngld aratvied oofitiles

difference ig,the nBINALASs Pith heatbeor ethcaheWeREpRELN keOfidtrii8 ngt WO
wor ki ng layers to the mean val ue of the magnitudes 10 of the wear o? the two

, f
wor ki ng 1'&erSi$hr e@BH r Sdinal MBEEPEi o T Bfcct he @R kiShe: & $ke andunts to
less than 1/4008e |#hé hi SekDEOROEd0F: Ivafesr Al SAPr efeer radafrQfeq t he change

in the thickngfgepggbggggiE (ghér¥%¥¥gg%§1 an analytical expression
for 1(e) which enables a closed solution for the

integral in equation (8) will not generally be

15 produced. In practice, therefore, for many values e in

the range of wvalues {epin . €nax!., the value of 1I(e) is

calculated and, instead of the integration in equation

(8), a summation over the integrands over all e is

carried out. Occasionally, I{e) is also referred to as

20 "shape function™ that describes the arrangement of the

semiconductor wafers in the carriers.

It proved to be advantageous, then, to choose parameter
combinations &3 and w; for given values a and e, ¢f an
25 apparatus suitable for carrying out the method
according to the invention for which the wear of the
working layer according to equation (8) wvaries as
little as possible over the entire radius of the
working layer, which led to the definition of the
30 fourth method according to the invention. It <can
thereby be ensured that the working layers are worn
homogeneously, which ensures a permanently uniform
material removal from the semiconductor wafers.
Irregular undulations in the thickness profile of the
35 ground semiconducteor wafers «can thus be reliably

avoided.



| ayer on account of wear to anpbunt to less than a 15 hundredth of the
magni t ude of the thickness decrease of the sem conductor wafers during the
grinding machi ning, the thickness honogeneity of the working |ayer being
defined as the difference between | argest and snallest thickness over the
entire area of the working layer 20 that cones into contact with the

semi conductor wafers. A paraneter set-f3f the operation of the grinding
apparatus whi ch sinmultaneously neets the requirenments of the third and
fourth nmethods according to the 25 invention will preferably be chosen.

Sui t abl e machiyRgti ndepesdent iparadel 86oSald%ant88edus\Wo; U} h¥hiyeh yegt the
condition for ﬁ%;g%%rgggg optai ned fromthe known equations for planetary
syl

gear 30 nmech& 13T RqePrding tR reanetien r48)2 8 3Fa-r’ -1
u au 0 rl wsimilar-lad moskdble radgf, th) uppér -drt Qowdrnasoriig ra+ri
fromthe chi,ne- dependent par aneter _set no,.nu, nj . na} _ for, the drive
rotationaﬁ?spégggrﬁr Uﬁﬁ%c, rb?atf&ﬁiﬁC%g spegt o#hﬁppgpaﬁgﬂdqﬁﬁhﬁ%k; j =
u, | ower workiargodidsky, te *heotiatviepndlonspdid sofl aste mawrer it ivenaretge and na
= rotational h uter dr.i ri n eckd by.ipsert] in the
formula for ggggﬁg) fth\?/tnte%g%r }m% nﬁ‘%‘#ﬁ% ;élf?%ﬁlaer ac‘f.’}tﬁigD ocllﬁt eei%infefe%énljb&ér]a t hat
of the 10 out dp dhieveadmgtudrst hé Eaer itdreoretdcadcotmr off (ee off evhe

i ndependent degbeqs rifi iy el Oftd hensyabem vhhbe JraniHl n¥d el dsysyi tabl e
paranmeter_sets that neet” the )
10 of the wear of the two working layers for each radial
position r of the working disks amounts to less than
1/1000. In this connection, it is also preferred for
the change in the thickness homogeneity of the working
layer on account of wear to amount to less than a
15 hundredth of the magnitude of the thickness decrease of
the semiconductor wafers during the grinding machining,
the thickness homogeneity of the working layer being
defined as the difference between largest and smallest
thickness over the entire area of the working layer

20 that comes into contact with the semiconductor wafers.

A parameter set for the operation of the grinding
apparatus which simultaneously meets the requirements
of the third and fourth methods according to the

25 invention will preferably be chosen.

Suitable machine-independent parameter sets
{Go,04,00,0,) which meet the condition for Hi(r) are
obtained from the known equations for planetary gear

30 mechanisms:



condition. 15 Figure 8(A) shows an unfavorabl e paranmeter conbination {ai;

w } which does not have these properties, and figure 8(B) shows a favorable
par anmet er conbi nati on which does have these properties. The conversion of
the machi ne-dependent kinematic paraneters {no,n,,,nz,na} 20 into

machi ne-i ndependent ki nemati c paraneters27{ao,au,w ,wa} is explained in
greater detail for exanple in: Th. Ardelt, Berichte aus dem
Produkti onst echni schen , Zentrum Berlin, Fraunhofer-Institut fur
Produkt i onsanl agen and {Kofist r ukiei onstechpilk, 1 PK 25 Berlin, 2001, ISBN
3-8167-5609- 3. fkpr\t he |dppdr atus#t hat i s drschosed in DE 10007390 Al and is
suitable for carrying qutrthe mgthod,accqrdi to the invention and has
pitch radii r; j&hd L%héthﬁe SQuﬁollQng_' paj;qtus for the carriers with
characteristic|- 28" 4%guges rjJ(ra-r;)~0.45524 r;/(ra+ri)~0.262 the
conversion of |{%e|nmachi-né=de nt-Ipartnet’ed set (no, n,,, n, na) _ (30,
-36, -46, 12) rod*ﬁégnthéhﬁﬁchine- i qﬁg ndent parameter sdéfl(a,,, au,

wo, W') _ (-33.2,°"5 32.87 14 0Qa 80.®) 149 e trajectories 19 produced on
t he upper working | ayen 71t arg+ghown in the |eft-hand half of figure 9. The
trajectories 20 produced on the | ower working layer 12 10 are shown in the
right-hand half of figure 9. The working |ayers have an extrenely

i nhonogeneous wear according to equation (8) (figure 10 (A)) for the

par aneter combinati.gn according.to figure 8 (A)., For the |lower working
| ayer, ther ema%rrfaénestqb 098° ?)n?? e&%nfl%ﬂ{er p@&((j‘ggeﬁe%aﬁﬁi/ 4Bpi B tBdekgi on 27

wi th extrenel Yorhitgle | deaveweart sanicna W siggsed £9inon (35 =wict, h sorewhatal
i ncreased ar,..rel.atye e . of. the upper  working |ayer. The
differenceyfnsﬁﬁghtmg¥meg§gggf pﬁgﬁlﬁgrk%ﬁ%k1a r's %alc{ﬁ%ﬁgd W%g%%ﬁ%se
chosen net hoddi2®) paranet excdadts ogledwnspaedi gur ethé (IMng28)irive ring

and n, = rotational speed of the outer drive ring and
checking by insertion in the formula for R;(r), where r;

is the pitch radius of the inner and r, that of the

10 outer drive ring for the carriers. 0On account of the
few independent degrees of freedom of the system, this
rapidly yields suitable parameter sets that meet the
condition.

15 Figure B8(A) shows an unfavorable parameter combination
{o;/m;} which does not have these properties, and
figure 8(B) shows a favorable parameter combination

which does have these properties. The conversion of the

machine-dependent kinematic parameters {n,,n,,n;,n,}
20 into machine-independent kinematic parameters

{0,,04,0;,0,} is explained in greater detail for example

in: Th. Ardelt, Berichte aus dem Produktionstechnischen

Zentrum Berlin, Fraunhofer-Institut fir

Produktionsanlagen und Konstruktionstechnik, IPK
25 Berlin, 2001, ISBN 3-8167-5609-3.

For the apparatus that is disclosed in DE 10007390 Al
and is suitable for carrying out the method according
to the invention and has pitch radii r; and r,; of the

30 rolling apparatus for the carriers with characteristic



In contrast thereto, figure 8 (B) shows a choice of nethod paraneters
according to the invention. The wear of the upper and | ower working | ayers
(25 and 26) that 25 is obtained is symmetrical over the radius of the
wor ki ng di sk of the apparatus and virtually identical for the upper and

| ower working layers (figure 10 (B) ).- J#e-difference 29 in the wears of
the two working |ayers |s over 100 tinmes smaller than in the case of 30 the
exanpl e with &418HEFEe rof (parinePedd2t hat/ il satiot) ~0a@éér diey ¢anvtdmsiavent i on,
as specified bR £h8Urkadh{M-adhenddnt d Andnfdwit hsagt heds aggordjng to the
invention 35 pernlbgihe product i on of t he sem conductor Wwaf er according to
the i nventi onfPak e t S4fei ng2)obRBMneBrPEuERS i meaRHEof bot h
met hods are nﬁhdepéﬁubhanepalﬁehryeterZ%etDeS(Qﬂ;l pté.on of,,the, fifthamethod
according fo é Tgeﬂtlﬁg ﬁ TT? fifth method according to the invention is
descri bed h t 6d fhe proportion of the total materia

r enoval that i's nade up by the naterial renoval brought about by the

0Tt hon EREd ek bheor 00U 98 AfodiEhERl A NHH MY S Rds Bl vays

| ess 10 than t ro ortion ma the mat éri renova about
by the abrasi & fa%dspouanoﬂéu thetrﬂeefwmamwghaéﬁerofw a®dtable

choi ce Of_thet@ﬁ?ééﬂgr@BB' ip@d dQaficekb &{ the vpper wrik'lﬁg (i'a% ”! sis
achi eved % particul ar and preferably by neans_of a uniforml oadin of the
er

wor ki ng | agGer SRREN ent? r &1 ajredtidr Fanﬁor hagfj sopurfb@exe ;- | sbe?r eferred
to keep the teBRRiafUr BayéAst heawdr iMgegdapefONGt althhbfo§EROEERNGRANM th the

20 first nethod acaordln to the |nvent%?n i order .to ,h_qvoid a deformation
of the worki n§CGPERE Phat O s SFHGLER™ byt B %ﬁé&ﬂfblébaﬁiés AL a Msult, a

wor ki ng gap tbhatameter combination accordlng to figure 8 (A) For

the lower working layer, there arises close to its
15 inner edge a sharply delimited region 27 with extremely

high local wear and a wider region 2% with somewhat

increased wear relative to the wear 26 of the upper

working layer. The difference in the two wears of the

working layers calculated for these chosen method
20 parameters is shown in figure 11 (A) (28).

In contrast thereto, £figure 8 (B) shows a choice of
method parameters according to the invention. The wear
of the upper and lower working layers (25 and 26} that
25 is obtained 1is symmetrical over the radius of the
working disk of the apparatus and virtually identical
for the upper and lower working layers (figure 10 (B))

The difference 29 in the wears of the two working
layers is over 100 times smaller than in the case of
30 the example with a choice of parameters that is not

according to the invention, as specified in

figure 8 (A).

The third and fourth methods according to the invention
35 permit the production of the semiconductor wafer
according to the invention, the best results being
obtained if the requirements of both methods are met

simultaneously.



is parallel over the entire process and at every point arises between the

wor ki ng | ayers of
| ayers are | oaded

t he upper and 25 | ower working di sks, and the working

wi th constant force by the sem conductor wafers that are

| ed across them during the machining. A structural collapse of the grain
bondi ng of the working layers wth premature rel ease of unused abrasive
grain 30 ("parasitic |apping") on accoun€of overload is thus avoided in
the sane way as the |ikew se undesirable stopping of a uniform materi al

renoval fromthe

sem conduct or wafers on account of underload ("incision

threshol d for Deskriptibhe WE r dmNd fiFHH h fEHuElS DessXdlinyy €o t Nghe

invention ar

result, a honﬁ&gﬁg

e alsg.suitable for achieving a uniformloading and, as a
§™wear of the wor ki ng layers. - 30 The bonding of the

abr asi ve substances contained in the working layers is locally overl oaded
by the nonuni f,orm [ ni ces Jn.the case of non-uniforny worn
5) &%eThe L hsﬂ?ﬁﬁga %éé%rdf%%tito t 1nveqﬁﬁﬁﬁ

wor ki ng | ayers.

en wear out p

. cul ar § 5 rapi oc%ﬁly and
rel ease unusedesglgradiede bedxpessivetlyis Thetbodealkhed pPnacadiitcdne dfappieag”

occurs, that tiggah0 r3ak% A Bt IhRla ¥ e@éf@' 1 8r gdagi ﬂggtﬂl% We f%%%e%%fi n as

in the case of lapping wth Iapplng S
a uni f or m weaF e8P VeHRe NP WEHKi AGOLRY

urry. This c avoi

, d by ensuring
O's thehi zprdehds relsesedonduct®s wafers

havi ng si gni f iceantly Jreshd Quaness, tie Syt iialg dadpges depihyapgd Beggduced

edge roll-gff.
ho

nmeans of

and whi ch is brcughn paledet ably thehiabressibye Meansdof, thendatond neidod
i ntion. This is because, on account of, for exanple,

according to th%_ InVﬁ 0)
ﬁﬁ &shéYd force and on account of 20 cooling lubricant and

finite incisiof

FHGENeblE PHBATY B sTRFButiRNCWNi |dE  BRhesied | T¢19

grinding slurry transport

15

20

25

30

35

Alongside a suitable choice of the average applied load
of the upper working disk, this is achieved in
particular and preferably by means of a uniform loading
of the working layer over the entire trajectory. For
this purpose, it 1is preferred to keep the temperature
in the working gap constant 1in accordance with the
first method according to the invention in order to
avoid a deformation of the working disks that is caused
by temperature changes. As a result, a working gap that
is parallel over the entire process and at every point
arises between the working layers of the upper and
lower working disks, and the working layers are loaded
with constant force by the semiconductor wafers that
are led across them during the machining. A structural
collapse of the grain bonding of the working layers
with premature release of unused abrasive grain
("parasitic lapping") on account of overload is thus
avoided in the same way as the likewise undesirable
stopping of a uniform material removal from the
semiconducter wafers on account of underload ("incision

threshold force'").

The third and fourth methods according to the invention
are also suitable for achieving a uniform loading and,

as a result, a homogeneous wear of the working layers.

Furthernore, this requirenent. can al so be achi eved %32 15
pread

a



phenonmena, during grinding, the material renoval rate generally does not
necessarily vary proportionally to pressure and speed of the grinding
novenent. Therefore, an inhonbgeneous or spread velocity distribution would
25 generally load the working |layer nonuniformy and |ead to a nonuniform
material renoval and hence an wundesiral3loe-resulting formof the

sem conductor wafer. It is furthernore preferred to choose a sufficient
flow 30 rate TWfe thendtion) i thérilaasivwhi shbavandss anoekeessdven wear of the

wor ki ng |ayer»§orkT9¥q'1£§éPsCS?9' Bg;alllgbwv%aﬂtoa'd%%dsm}n tix{lgcf%npﬁ ??]9 of the

wor ki ng | ayer and thus” overl oa abrasive grai 0SS 0
capabi l'ity), RpdiiniBehdifegcss, én a‘éb%urﬁaﬁﬁ tHer man-35idppanyi owoand

pressure inCreASEndONAHLEOr MMRANC1RAR PHER GRAl nd.d UB&&E%BML{?@%S to
parti al f%oatln% Bf the. sem conductor wafers (" aquaplanlng and therefore

| i kewi se i rmehPCBt¥he FY or nFEYEBECt he WNUPEd nafkFRaLvEenoval .

I n Eartlru|amxddSSﬁW6ﬂﬁO ?m@febFedlﬂ@d W@%ﬂdyﬂﬂﬂﬁﬂﬁhppkﬁdﬁaéécﬁisIhe

wor ki ng | ayer ccaunt_ of wear, during ndi,ng, operation to anmount to
| ess than 10°ohaq: ajtl é.cu? ardy %r%?%?ﬁb?g ?%@%V?ﬂaﬁr%g/)gb?g?{}gytﬂ% RS
decrease of tdmigenhgonductios waber o fdutamginewighi Ndipi ropesatron. 10 Each
of the five rﬁ{l@déaﬁCBQr%:y:&the% tﬁ ér?y&ﬁlﬁjon %g@tfro'r%mh% r;ooprgﬁl cing a

sem conduct or wafer accor e i nven Feicularly Advan ageous
and in paPti dAiNTNyéAveEs prUbé@hle%e@ﬂSttﬁP seniconductor wahéerari se,

however, if tha iRAULLGAERL 8adb1 pf 1%5@ UF @l dilYe OF, 'Qeaérﬁa'naéﬂ afmggs met hods

accordlng to the 1nvention are net sinultaneously. Preferred enmbodiments 20
Preferred entdteds thatedeed 899 il laiaffof the methods according to
the invention are described below. a hard material having a Mbohs hardness ?

61s prEferr%%rthermore, this requirement can also be achieved by
15 means of a homogeneous velocity distribution which
exhibits little spread and which is in turn preferably
achieved by means of the second method according to the
invention. This is because, on acccount of, for example,

a finite 1incision threshold force and on account of

20 cooling lubricant and grinding slurry transport
phenomena, during grinding, the material removal rate
generally does not necessarily vary proportionally to
pressure and speed of the grinding movement. Therefore,

an inhomogeneous or spread velocity distribution would

25 generally load the working layer nonuniformly and lead
to a nonuniform material removal and hence an

undesirable resulting form of the semiconductor wafer.

It is furthermore preferred to choose a sufficient flow
30 rate of the cooling lubricant which avoids an excessive
wear of the working layers. Too 1little cooling
lubricant leads to local heating of the working layer
and thus overloading of abrasive grain (loss of cutting
capability), grain bonding or, on account of thermal
35 expansion and pressure increase, nonuniform wear. Too
much cooling lubricant leads to partial floating of the
semiconductor wafers ("agquaplaning") and therefore

likewise to an impairment of the uniformity of the



as abrasive bonded in the working | ayers. Possible 25 abrasive substances
that are known in the prior art are dianond, silicon carbide (SiC), cerium
di oxi de (Ce®), corundum (alum num oxide, A1203) , zirconium di oxi de
(Zr02), boron nitride (BN, cubic boron nitride, CBN), furthernore silicon
di oxide (Si02) , boron carbide (B4C) 390 Y¥hrough to significantly softer
subst ances such as barium carbonate (BaC03), cal cium carbonate (CaC03) or
magnesi um carbahatréal M\yeO8yalkHowever, dianond, silicon carbide (SiC and

al um num oxi de (A1203; corundun) are particularly preferred. 35 The average
grain size of the abrasive should be less than 9 m In the case of dianond
as abrasive, fRePagtdferdagd sizeldf alfe apidfanredrbphstbenddd akasse - 32

wor ki ng | ayer gebscQBea¥er age Qrolrktiﬂgglﬁgeé}n@_n Raluet! & YeddrefRiahly 0.1 to
6 m Then$ anonds arg,o\gref erabl y bonded individually or as clusters in the
bondi ng ri & offthet rk?ﬂﬁr?gi]/‘é‘i‘. A 1 Wse 'R B Fusterhorddi¥g, the

grai n di anet eparspecibred psefpraberr dégseltdian t D3| hefprih@aryhipdidsd e si ze
of the clustegr it ts,,. Wrking |ayers with ceram c _banding .are
preferably 1§eﬁg§§;§&a s%?rr}t hEbFc rsgénlqﬁoﬁléﬁﬁiscﬁé iswapger]fsl cuPBFEY9 pridfer red:
in the case ofirwwdkhggobayatsoni.th clusters also a hybrid-bonded system
(ceram ¢ bonding within the clusters and synthetic resin bonding between
clusters and working layer matrix). 15 The hardness of the working layer is

pr ef er abl}0 at Eapbasaf g¢hshokever, meahodsul a2 ¢9r died ertdbl fhet HwYidiany | ayer

is constructedoh@rihtbbayetof asprofucihg upper samhd@ueicdayensmfaving
di fferent hardnesses, with the 20 result that gol nt elasticity and | ong-wave

conpl i ance ofCFREIWBRKITRY FQ?erlrb‘éﬁPtHé’rb:daB?E leglepdymadigygitageous

and in particular inventive  properties of the
semiconductor wafer arise, however, if the requirements
15 of a plurality or ideally all of the methods according

to the invention are met simultaneously.
Preferred embodiments

20 Preferred embodiments that are wvalid for all of the

methods according to the invention are described below:

a hard material having a Mohs hardness = 6 is preferred
as abrasive bonded in the working layers. Possible

25 abrasive substances that are known in the prior art are
diamond, silicon carbide (SiC), cerium dioxide (CeQ;),
corundum (aluminum oxide, Al;03), zirconium dioxide
(Zr0Os), boron nitride (BN; cubic boron nitride, CBN),
furthermore silicon dioxide (Si0;), boron carbide (B4C)

30 through to significantly softer substances such as
barium carbonate (BaCOsz), calcium carbonate (CaCOs3} or
magnesium carbonate (MgCOs;). However, diamond, silicon
carbide (SiC) and aluminum oxide (Al,03; corundum) are
particularly preferred.

35
The average grain size of the abrasive should be less
than 9 pm. In the case of diamond as abrasive, the

preferred size of the abrasive grains bonded in the



requi renents i ndependently of one another. Prior to the first use of a
wor ki ng | ayer, the abrasive 25 substances bonded into the working |ayer are
preferably uncovered by renoving the topnost layer in order to nmake them
usable for the grinding operation. This initial dressing is carried out for
exanple with the aid of grindstones or bRades that are preferably 30
nmounted on specially nodified carriers and, in a manner simlar to that in
the nmet hod acwerdiing tdavess i nient pon, aareeageens®! Vestbed wyer, t hend wo

vorking di skeabyiRBans 0l diirdQldindo APPRLAAIGy, SSrifle ALaselAg 18
preferably effected using grindstones containing abrasive grain having a
simlar grai nPEPE&rapdyt mOdRdsiveivhdopdliordd ngs| sylarstetheds "dressi ng

bl ocks” may bgohakngxaigt €ianeyl arnandok-ReEt ethjd 0 R -t 133 cgxkeryal Iy
t oot hed drj ver rlng, sgch t hat they can he “gui ded al ong between the upper
and | ower or REHG FhyePSNdiRda s(iPEabIde atinn &l 3 tegans e diHe 9l 13sg

appar at uses oprtliergedndigigatteachonehdDupt Nfatyi FEIRG.c12 tdhez&r egsivmg bl ocks
preferably sween 9§%r %He e tirg area of the working |ayers and
particularly pre?e abe SEV net ﬁporally or else continuously run sonewhat
beyond the edge of said |layers. Preferably, the abrasive grain is bonded in

the dressing phagknin such 10 g;ugy Lbplnibe weaiing of dhe drgssing bl ocks
still permts an eCononic dressing operation, Dbu uring tthe d?gé I ng
process at0| edsedéne 4 aydynbhetbose rdsdssi lepndinek gsai rpdrst iatwaassl si t uat ed

in the workingrzeperchet woen vy essidgopl ngkéﬂg \m@?@&eg Wi S dAGe, with
15 the result that the dneSS|n%§ésSFredonlnant y e fecte& y free
[

(unbonded) gr &tA° Fhiybird dsbez Y ShE® HEST aFRGwWRP N g e tdviss Sihwy
process produgeasa@ecdistaHdedyvhanetineakstihe weudace bBtwiBnt he ywrddng

Payer. "t he tegth g wniEh bk Spat oy el T extent o fne o esei
15

The hardness of the working layer is preferably at
least 80 Shore A. Particularly preferably, the working
layer is constructed in multilayer fashion, the upper
and lower layers having different hardnesses, with the

20 result that point elasticity and long-wave compliance
of the working layer can be adapted to the method
requirements independently of one another.

Prior to the first use of a working layer, the abrasive
25 substances bonded into the working layer are preferably
uncovered by removing the topmost layer in order to
make them usable for the grinding operation. This
initial dressing is carried out for example with the
aid of grindstones or Dblades that are preferably
30 mounted on specially medified carriers and, in a manner
similar to that in the method according to the
invention, are themselves led over the two working

disks by means of the rolling apparatus.

35 The dressing is preferably effected using grindstones
containing abrasive grain having a similar grain size
to the abrasive in the working layers. These "dressing

blocks" may be for example annular and inserted into an



bl ock with excessively coarse grain inpresses on the working |ayer a
structure that is characterized by the grain of the dressing bl ock and not
by the properties 25 of the working layer. This is disadvantageous for the
desired process of self-dressing the working |ayer as wuniformy as possible
in the subsequent grinding operation- A3 excessively fine dressing bl ock
yields too little material renoval and | eads to an unecononi c 30 dressing
operation. Fisii98nally hagobeed SWoéwArt HaMg drawsh nghpteddwinasan ybby neans

of free dressjiidf &ibhng WedrcMEnOf upher rohhi 18,8PVEEERE QT 16hE dr essi ng
grain during the dressing novenent, exerts less directed forces’ on the

wor ki ng | ayert®t ha# drsé’s‘stlar}ibleoy BBNRRENs DY pRERAT n&ht | E119 xedOdit &88i ng
grain and theapgaasuﬁasags afdrteﬁase@rﬂ\@dikm@gmlaahﬁhe\mlmyﬁjtBﬁﬂﬂiﬂanPUQher

is partlcgl arlry §otro %Pref rabw a grain that is softer t han the
abrasi ve “grath ug&gsp n?heij%cr nBrF GEROTE B oPV8FeddlSig®BFLLEri i ng
t he wor ki ng | ey . oﬂ'héhdre’sxlkngggrlaayenss arphrpanw@nlyrpyepeeﬁbkybmﬁde of
corundum (A1203) on or in ti

accordance with nt he éc}Tal rrelgﬂﬁea% eflgélenggﬁghé?a %]fy %gﬁcegg Whaﬁl

| ayer and madtyfigar et eedge al@lfasﬁﬂédsublsim r esreiflesalbhat habe becorre
bl unt 10 thr%ﬁ%lm %aboaﬁeahgnwm@ N-d 6l A Fock efRVEdcand new

abr asi ve_substances w capacity for cutti ng are continuously
uncover ed? C%nWPMu&déafopéFlét |"t‘ﬁ’ﬁlii|d“3t o°fheconpreseiigard sickmestibiki ng

| ayers is thqx&baaws&m bkeondhis @peratihgg obere@Adn,i Gl @@@yﬁ i pher venl ng
subsequent dr nis referred to as ssin

interventi
of the vorki MFaHyEIS BRACFS® part (GRS | S Pr CPEPF o s #%%S%n‘éaaﬁﬁgnaf the
grai ns exposedsl ek t headur f Ase afwagde sdanlkiteg | Ayertshd nterkiegsuebage of the

between dressing block and working layer surface, with
15 the result that the dressing is predominantly effected
by free {unbonded) grain.

This is because it has been shown that the dressing
process produces a disturbed layer near the surface in
20 the working layer, the depth of which has approximately
the extent of the dressing grain. Therefore, a dressing
block with excessively coarse grain impresses on the
working layer a structure that is characterized by the
grain of the dressing block and not by the properties
25 of the working layer. This is disadvantageous for the
desired process of self-dressing the working layer as
uniformly as possible in the subsequent grinding
operation. An excessively fine dressing block yields
too little material removal and leads to an uneconomic
30 dressing operation. Finally, it has been shown that
dressing predominantly by means of free dressing grain,
on account of the rolling movement of the dressing
grain during the dressing movement, exerts less
directed forces on the working layer than dressing by
35 means of predominantly fixed dressing grain and the
result is a dressed working 1layer which, although

rougher, 1s particularly isotropic.



20 sem conductor wafers and the material renoval effected by the relative
novenment of working |ayer and sem conductor wafers are technically referred
toas "nultigrain grinding with a geonetrically indetermnate cutting
edge". 25 The grinding is preferably operated in such a way that the speeds
chosen for the drives of the grinding -apparatus | ead to sem conduct or
wafers that are as planar as possible. On account of the kinematic 30
coupl i ng of t&askeigpedrdent andrasnkpitede hevemditer (théandtar yalpeasive

mechani snt'),  ighe 1 MO VRRRING Ot HN G0 MY NG i SKiSs qadkd NESy N 08 0054 cﬁf chosen

i ndependently.” I n particul ar, novenent” sequences can occur In
wear of the WORRIREGay&RE nOrEAgEr éﬁy?ékesTbﬁac%r%%ﬁbm@te%?ah%nngéneously

over their enpiareicanaalylpeegkensl yt hadeooki agrhanens (ahowl)y. | ose their
initial form and, under certain circunstances, an occaS|onaIIy i nt erveni ng
trimm ng of the morklng | ayers - 35 in order to reestablish a
plane-paralleummnmﬁmg gpprasioassentdcaldingr eftes abkjte t hevwaortkiong | ayer i s

chosen so %goﬁgghgge ﬁféﬁ_QJ%§S%f$rﬁ%?rgskﬂgg“‘th t he Ieag 0f5|ble
i"n

wear, and the rives are set suc ggTay r ?oa e
uniformy as gbodiclel e ¢t womkingti ocrewéint h ahe semoénm@uctmrwaéeer;s,tu | |

having the best  Re%S blgpker 'f‘i‘cev"' &Bsagaegeseh rt hﬁgvéucleecbrﬁéerky
trimm ng operations have to be effecte requently as possible. For a

desired TIV ofthtRagly SOMLIGNRNE orsfaf ercfof Yhess a9 prAavpler a¥%dn i s

still deemed trenbeeecormm C hdyt ramegvaassbasl@gnceéf eGlied, aty nsiqrfter
every 20th run; for Iess t han it is still deened to be econom ¢

if trinmmng ﬁé‘?atc&tb’e e%/?léct & grtmﬁosta%?tetc‘)@\tféwo%tlﬁ 14¢Rered- i s
furthernore preheinedusoropbeathter gl tenoval tomplete wear of the

working layers 1is thereby possibkle. This operating
15 condition without intervening subsequent dressing
intervention is referred to as "self-dressing working"
of the working layers and 1is particularly preferred.
The engaging of the grains exposed at the surface of
the working layers into the surface of the
20 semiconductor wafers and the material removal effected
by the relative movement of working layer and
semiconductor wafers are technically referred to as
"multigrain grinding with a geometrically indeterminate
cutting edge"
25
The grinding is preferably operated in such a way that
the speeds chosen for the drives of the grinding
apparatus lead to semiconductor wafers that are as
planar as possible. On account of the kinematic
30 coupling of tool movement and workpiece movement
("planetary gear mechanism"), the movement of the
working disks can then no longer be chosen
independently. In particular, movement sequences can
occur in which the wear of the working layers nc longer
35 takes place completely homogeneously over their entire
area. Therefore, the working layers slowly lose their
initial form, and, under certain circumstances, an

occasionally intervening trimming of the working layers



be effected by predom nantly areal engagenent of the working |ayer. "Areal
engagenent” should be understood 20 to nean that that part of the area of
the working layer which is actually in contact with the sem conduct or

waf er on average during the grinding machining is significantly larger than
the contact area of the grinding coating of a cup grinding disk in the case
of 25 machi ning by neans of a conventi© —cup grinding disk grinding
process, for exan? In the case o t he contact area of

e DDG or SSG . ( f
t he grindi ng Yoat %%r ot t heS SR 4P R ndli RYPBFSRAF AL LRGayerEARInERBs 18p about
0.5%to 3% ofsddretirlea Prefheaben) cahductarkwved elayen tike clseeB0s6f SSG
it is about 0,5%to 5%. c . the nethod accordi to th
i nvention, t haeSSp?cigpo‘—jr({{?%endél]sts'lg%rfé?z:F%("?l%ﬁ{}%grC)cepaPtreartJt%r};mW%%;Fl a%ge pg??ﬁgul arly
preferably 109%3iB0%weds,|tand &hso grisfes r edef ovett hesehparhiat othehe
carriers swhigh cqme hL,arcont aglto;‘efetdh she g y oas Spctsgﬁiybcl%tﬁ n_no

nmetal. The carriers are prefera produced fromd c I"et metal -free
materi al, forc@xahptlelen - wagh ddrantenhapediaror Howdear  stehkki BRE1RAVI ng a

core made ofghd opeanplogsiptieel rermst aliDEesstisd ealeMicCch e c@ahed with
a non-netallic coating are alsp preferred. Such a coating preferably
conprises t herWopl GEtitE, P51 B A% EPEFabLgaAI 8aVRorigante RYBEFECRoRSner s
such as, foriexesplent F necer pbps(plsil i st e acoapaundy ,TTV amdthe

("di am)ng-l i ke car bo{g" ODLCiJa, but ﬁs an al %%%naticve al so a . hard chrom um
plating 6 ni tRECPHOAPHOT u¥@EEdat Phg 1o | FPPRe £l ofPREFASIES Fide of
metal or havisigi Bl neteamedcote, bée evadrdeuiaf tife tuiowisgf diaseda verg t he
sem conduct Ore YRl & &y ane HEIE! BBLY | INRA M 5B R (SGLATEG, Ml efl pesuch

that no direct contact arises 1 et ween t'he sém ¢conductor wafer and the
metal of the less than 2, it 1is still deemed to be economic if

trimming has to be effected at most after every 50th

15 run.

It is furthermore preferred for the material removal to
be effected by predominantly areal engagement of the
working layer. "Areal engagement"” should be understood

20 to mean that that part of the area of the working layer
which 1s actually in contact with the semiconductor
wafer on average during the grinding machining 1is
significantly larger than the contact area of the
grinding coating of a cup grinding disk in the case of

25 machining by means of a conventional cup grinding disk
grinding process, for example DDG or SSG. (In the case
of DDG, the contact area of the grinding coating of the
cup grinding disk in engagement makes up about 0.5% to
3% of the area of the semiconductor wafer; in the case

30 of 8SG, it is about 0.5% to 5%.) In the case of the
method according to the invention, the proportion is
preferably greater than 5%, and particularly preferably
10% to B80%.

35 It is also preferred for those parts of the carriers
which come into contact with the working layers to
contain no metal. The carriers are preferably produced

from a completely metal-free material, for example a



carrier. Preferably, the cutouts for receiving the sem conductor wafers in
the carriers are provided eccentrically wwth 20 respect to the center of
the respective carrier in such a way that the mdpoint of the carriers lies
outside the area of the sem conductor wafers. By way of exanple, in the
case of the machining of sem conductor- 3safers having a dianeter of 300 nm
this is an 25 eccentricity of nore than 150 nmrelative to the center of
the carrier. ¢eranritenapesietlablipvieasthraserniens dhvinut aucsreomade

sem conduct oroyal aics: DehDged aridaull ngr cperdtian, Beebsr aphyofl ugel o nine

carriers are simultaneous Situated in the grinding machine. 30 For the
magni tude s(tFeRFeY=1¥ED) B FIORTRETREtN &/ FRTIRT 9T e) ailep) prafenrioesh
arbitrary refgnencea paisdsid® qfrdherarsgm ts@ls Waheirsnokl apwvesqver the

working disks 1 and 4, a range of 0.02 to 100 ms i referred and a 35
fange of @ 02°TEA 0 nbE [REGATL Pt ahean s FEPFAE. ROV YRED ALY ohe

restrictions fibtclexdmplwgy otmexanPl e(a theisuitabtenpsppedpt ustideser bed in
DE 10007390 Al ,ha Lth.regard to fhe ratatignal eeds aqf .t he in drives
- 37 that car(| %legrfloeé\%iiglegs acn%%l? ch éJ:Lg)t’yplf%Lclgl % aanppé"‘rlaetfsflé—"s fat are
avai | abl e accatdbngat ohthd pchoomizmt gddtang swirt allie Kedr-pdarsppiorgsout t he
nmet hod accorgj)gl?ilt“?.the invention, arange of 0.2 to 6 nifsis 5
particularly preferred for the path velocity. The pressure with which the
wor ki ng 1ldyers are pressed against the sem conductor wafers during

machi ning, andn, the path ¥el egirty et HBBeSeH mARAUCLE HARTRIGS ORIt fihe 10
wor ki ng | ayers are preferabli/ chosen during the n | oad step su%that
the total renB9hf:rate i¥allfhet sufdf THEY hov T r %S0 Hbt 1S des of

the sem conduehdtomahetsr amadetrs tar2 t @Edredably Miinedl oadtat em shoul d

be understood to_nmean the nachi nin
ceramlc material, s5Uu

gh that no direct contact arises
15 between the semiconductor wafer and the metal of the

carrier.

Preferably, the cutouts for receiving the semiconductor
wafers in the carriers are provided eccentrically with
20 respect to the center of the respective carrier in such
a way that the midpoint of the carriers lies outside
the area of the semiconductor wafers. By way of
example, in the case of the machining of semiconductor
wafers having a diameter of 300 mm, this 1is an
2% eccentricity of more than 150 mm relative to the center
of the carrier. A carrier preferably has three to eight
cutouts for semiconductor wafers. During a grinding
operation, preferably five to nine <carriers are
simultaneously situated in the grinding machine.

30
For the magnitude S$@)=v)=[5®) of the path velocity

3(t)=3@¢), at which arbitrary reference points 18 of the

semiconductor wafers 15 move over the working disks 1
and 4, a range of 0.02 to 100 m/s is preferred and a
35 range of 0.02 to 10 m/s is particularly preferred. On
account of the restrictions which, by way of example,
the suitable apparatus described in DE 10007390 Al has

with regard to the rotational speeds of the main drives



15 phase within which the greatest proportion of the total renoval in the
entire grinding treatnent is brought about, in which case machi ning phase
should in turn be wunderstood to nmean a tinme segnment during which all the
nmet hod paraneters remain constant. Generally, the main 20 load step is the
machi ni ng phase with the highest pressafie-or the proportionally | ongest
duration or both. In the case of a working |layer with abrasive grains nmade
of di anond hahaty aprmvebagersizézefl, 3 wod 1%hmcha rammvatypatel of obet ween

2.5 and 25 gPdh oty ey PaRLL CUll |y eherd egcc@aiaggtw SepUl il ch the

wor ki ng di sks "exert on the sem conductor wafers duri the mai ad step,
a range of G007 an8 0. Darsyidablef efogd gagraipgangeusf 6thel12mgphed 0.3 bar

is particul arddedrdhy res. tker ihbkatispechl kgalkonr the PressuResi ssrel ated
to the total area of the senjconductor wafers _situated for machining in

the appar at uP2HREHRAT 4 RIFE FFettitfe MEhERdh @ ciet-ween wor ki ng | ayer

and sem conductor wafers. 35 Furthernore, it is preferred for the working

disks to rotate In an opposite sense with regard to the average
circulating:ﬁhﬁxp%ﬁs?%ggcg}#beﬁﬁlﬁﬁrF g I % YRS 38° ??85589
machi ni ng. | mgaldigt obhei semsgcpadtictokamiaferpr eflerimed hachimingy essdr es,

rovational spasdsand pence:paLh veloddiienddasging, dliLecent yalues for

t he various . ases."Finally, 1t is a particul arTy preferred
for the Workiwrkdirskslagerst sake Phefhsabare dwssd | Auspegi fike | Baipressure

machi ning phases (fepardu@utinPhases) tRUAN AsPRik- QukePhase i Sine
expedient, and therefore preferred, particularly right at the end of the

entire grindi¥ttreht nehe. I6TPHElcosRitRE | @BY i ffth useies tRE cBhRtext of
the methods aGEIdHdGE t ReFkPY eNiRnRsefer apl . CoPprjusaAsin. Main

load step should be understood to mean the machining
15 phase within which the greatest proportion of the total
removal 1n the entire grinding treatment 1s brought
about, 1in which case machining phase should in turn be
understood to mean a time segment during which all the
method parameters remain constant. Generally, the main
20 load step is the machining phase with the highest
pressure or the proportionally longest duration or
both. In the case of a working layer with abrasive
grains made of diamond having an average size of 3 to
15 um, a removal rate of between 2.5 and 25 pm/min is

25 particularly preferred.

For the pressure which the working disks exert on the
semiconductor wafers during the main load step, a range
of 0.007 to 0.5 bar is preferred and a range of 0.012
30 to 0.3 bar 1is particularly ©preferred. For this
specification, the pressure is related to the total
area of the semiconductor wafers situated for machining
in the apparatus, and not to the effective contact area
between working layer and semiconductor wafers.
35
Furthermore, it is preferred for the working disks to
rotate in an opposite sense with regard to the average

circulating speed of the carriers during the main load



a water-based m xture of one or nore of the substances nentioned bel ow

vi scosity-nodi fying additives, in 15 particul ar viscosity-increasing
additives such as, for exanple, glycols, e.g. short- or |onger-chain

pol yet hyl ene gl ycols, alcohols, sols or gels (e.g. additions of highly

di sperse silica) and sinmilar substances8whi ch are known as cool ants or

| ubricants. 20 pH-nodifying additives such as acids, alkaline solutions and
conposi te bufft@pr s@fut meabiaiag.f ufrherdiitel pref drtr eds Abratipeladditives
such as potapsr%mﬂwr odde t@@g"g_rg%%h%%%' umr%%leqeafa@ (KgOEBY, and
tetramet hyI anmoni um h roxr de (N( tetranmeth 25 anmnoni um car bonat e
(N (CH3) 4 enceanﬂﬁ PN %nalééaraﬁrhy‘mldaﬁ%e PRacH) ,
arehpart ihcul arley x,}mafcﬂrsr e(ﬂlazc-ﬁ’l@ll@i‘d Orphfa&%scoomlhgﬂl@}’brl gant nssl apé@Lerabl y
Wi thint range of 7.0 to 12_5. articular _those

Whi oh 1 or i c ST CHF kbl REBEST RS FHFL hEPmoa K Ta RIS Foeberat
particul arl y ipr etber exthnooobengel uibr | sgatlfscallscm-mressu/m emavhtihony any
additive. teng ol.i.phg ri.gant t arg, 5. wor ki ng
gap via the 3”?%%%2 ?n %%%Qu%%gr &g?ﬁ?gz dﬁgg% are pr era @ﬁas% lgothe
range of bet v@md}@tandan@othﬁnrﬁrforaanﬁran@sﬂ,arpq’rtpr@ibaabyyrbehv\een 0.5

and 20 1/ i nyy Thes Valdiese SRsidii et & RANL Y alesBasured - 39 over a
conpl ete rlndlng treatment and relate to an ™ effective working disk surface

area of_é proximately 1.5 n2, like that of, for exanple, the apparatus
which is di SM@S%dlmI@E 1000739 A g | ansuitlh@bl eochekx® CafryikRg out the
nmet hod accordin the 1 nyention. . Preferabl th ﬁg d accordlng to the
invention is™ § FCTRICHT M NP sERF cORYBRED ntFﬁﬁgr g GPmprise

nnnocrystalIimewﬁtéremms@@vmmgtardraﬁeba@ Qﬁ:gmﬁaiemflehéhanbetaeqeal to 100
mm parti cul sl RLELET ABLYNVI NG s A HATRIES 1300 ML SRt €Ly The

15 particular viscosity-increasing additives such as, for
example, glycols, e.g. short- or longer-chain
polyethylene glycols, alcohols, sols or gels (e.g.
additions of highly disperse silica) and similar
substances which are known as coolants or lubricants.

20 pH-modifying additives such as acids, alkaline
solutions and composite buffer solutions are
furthermore preferred. Alkaline additives such as
potassium hydroxide (KOH), potassium carbonate (K.COs),
tetramethylammonium hydroxide (N(CH3)40H), tetramethyl-

25 ammonium carbonate {N (CH3) 4CO3) , ammonium hydroxide
(NH,O0H) and sodium hydroxide (NaOH}, are particularly
preferred. The pH of the <cooling 1lubricant 1is
preferably within the range of 7.0 to 12.5. Complexing
agents, in particular those which form copper

30 complexes, can furthermore Dbe added. However, a
particularly preferred cooling lubricant is also pure

water without any additive.

The amounts of cooling lubricant that are fed to the
35 working gap via the passage in the upper working disk
are preferably within the range of between 0.2 and
50 1/min, and particularly preferably between 0.5 and

20 1/min. The values specified are mean values measured



t hi ckness prior to machining by the nethod according to the invention is
500 to 1000 m For silicon wafers having a dianeter of 300 mm an initial

t hi ckness of 15 775 to 950 pmis particularly preferred. The sem conduct or
waf ers are machined by the nmethod according to the invention after the
separation of the sem conductor ingots into wafers (for exanple by neans 20
of a wire saw, band saw or internal-dianeter saw) and prior to the
concluding fi®veh rachPmPhgtef orriadingd etrbptmeahns arid chredarmechani cal

pol i shing). Furtbetivauchimniiig shees hElMesD: Sepacatden it dhidHrifod
according to the invention or between the netho 55 according to t

i nvention andltReMoontt Xl B2t mifsh ¥ cr HIEE c ahh®pePreadRLyshehddded

wi t hout inpaitsngdidelosadt abi | iy 10hot7heockhai neddf eps urgs; wfptde syt hod
according to the invention for acgigvinﬁ t he underl%ing obj ect. These may
be for exanpl B2FE¥IRSroWechafi BaFIO302chenitad o thenbhEehbhPRal machini ng

steps fromgroups b), c¢) and d) of the machining sequence for producing

sem conduct or ch cified j.n the prior .art (see above). 35
The final thi %%g‘g‘égt& f het%:‘Be?nﬁ‘gBﬁ%gctao&rco\%a 100 591 &% nﬁ%ﬁ?%lé by %t he
met hod accor ditagdt o fidre imaeminbmgi s sepiebedabkpr500vafe960 madand of

particularly IHBESSJE?QHHZZ tQ B P awg tof alyLemRudl o f - &rddie sum of
the - 40 _individual renovals from bot S|,gs of the sem con uctor wafer
pr ef er ablhf anbbaRsofoequslt o 19§ wp: apa rpaciledilar Py efeahilabbaving o 90

pm 5 It is paetebfnedetoh it @M NogPBL hod, agrer girdget@edt NG fitnwantion to
be preceded b¥ a chani cal HHChlnlﬁg .method |n accordance with the prior
art after the h%%gg?éfiBHlBF tReMEERT BOREULY oF PENGEL PR GRRIEHET 10 1t s

furthernore pteéeritadritaquer st 30 goi NUOOQ prtet fead asCDi dbRg WaF <iide

i nventi on to' be, sygogeded. by, o furfhesodige Magh g It PRds,l,0 goqyr dance
15 775 to 950 um is particularly preferred.

The semiconductor wafers are machined by the method
according to the inventicn after the separation of the
semiconductor ingots into wafers (for example by means
20 of a wire saw, band saw or internal-diameter saw) and
prior to the concluding finish machining (for example
by means of chemeomechanical polishing). Further
machining steps between separation and the method
according to the invention or between the method
25 according to the invention and the concluding finish
machining can optionally be added without impairing the
suitability of the <c¢laimed features of the method
according to the invention for achieving the underlying
object. These may be for example further mechanical,
30 chemical or chemomechanical machining steps from groups
b), ¢) and d) of the machining sequence for producing
semiconductor wafers such as are specified in the prior

art (see above).

35 The final thickness of the semiconductor wafers after
machining by the method according to the invention is
preferably 500 to 950 um, and particularly preferably
775 to 870 um. The total removal, i.e. the sum of the



prior art prior to the concluding finish machining. 15 Finally, it is
preferred to supplenent the grinding nethod according to the invention

bet ween the ingot separation and the finish machining by pre- and post-
machi ni ng steps by nethods in accordance with the prior art. 20 It is
particularly preferred to subject the —s&hitonductor wafers, directly after

the separation of the_ingot, to_the grlndlngggethod accordln% to the
i nvent i on andlBgb¥idueht | y FeBoFadfenpredani dt5 psifshi ngind fil her mor e

Bot todcarry ngaaudﬁutblherwamr@&erl Blrefemrayl By Eﬁl@lhh'ﬂlsng £t ﬁpﬁ5 Wiy are to
e understood.as materia are ar tching treatnments,
| appi ng treatﬂ%ﬁtngra6?|ﬂﬂfﬁbcui?gﬁ h?tefgb&ﬁ iﬁ Fﬂe9ﬂnfﬁr|al t hi ckness
renoved from 30 the sem conductor wafers is greater than the thickness

iati TT ; j t ] th d
var oL fon { TTY. b 00! e 5 OBAUGH00 YAl ALEE LDBGTRLO0
sense, such a§hecli@a'ﬁinﬁgonett(§h|bﬁg prréedethgbpr apoleiodiindigadt epschiinings

material renoyalgoaf mssaé&@fum?etmceﬁne%%evabk%konarﬁTT\@té@ﬂ%@ ng on
t he sem conductor wafers that have been machi ned accordin

i nvention, or SeRRFAEARARI 0 Y AeEST FAGILEEPS, l%@@?lh@tgt@%geﬁﬁd steps - 41
that do not significantly alter the area of the sem conductor wafers, such
are not intended to be

as, for e edg undln or i shing
excl uded ﬁfh &gbylSS %ﬁ (HJ% L gnnEBndB%FB%tmeﬁ%ﬁ AN to the
i nvention Themeegubt aﬁcdﬂﬁan@pptbcamkonlmﬁemhﬁomethmd&eaeuocdedgd Yy to the

o S o noagRREbBF ol PLABRLE, CRERLBAL b 2LoS0RECE BEherall Y ol
prior art prior to the concluding finish machining.

15 Finally, it 1is preferred toc supplement the grinding
method according to the invention between the ingot
separation and the finish machining by pre- and post-
machining steps by methods in accordance with the prior
art.

20
It is particularly preferred to subject the
semiconductor wafers, directly after the separation of
the ingot, to the grinding method according to the
invention and subsequently to a chemomechanical

25 polishing and furthermore not to carry out any further
material-removing machining steps. What are to be
understood as material-removing are, in particular,
etching treatments, lapping treatments or grinding
treatments in which the material thickness removed from

30 the semiconductor wafers 1s greater than the thickness
variation (TTV) remaining on the semiconductor wafers
after the method according to the invention. Steps that
are not material-removing in this sense, such as
cleaning, etching, grinding or polishing steps with

35 material removals of less than the thickness wvariation
(TTV) remaining on the semiconductor wafers that have
been machined according to the invention, or

alternatively measuring steps, sorting steps and steps



the invention, is a sem conductor wafer having a small thickness variation
whose residual unevenness is not «critically determned by a so-called
"grinding navel" 15 (local thickness decrease in the wafer center) or a so-
called "edge roll-off" (thickness decrease in the edge region of the

sem conductor wafer) and whose surface- hhs-a largely isotropic, in
particular not centrosymetrical or radially symmetrical, distribution 20
of the machi nfA8tt r deesneéf esdoaitfd castdyi nailng rmarths @tk rafighrtass of

lless than 70 pamRVBndlBecgemaaRduct orgyaf eryaccording J %%mtp'l% i nvention has,
in particular, the follown ‘advant’ ageous pr opertl es: i i so op| C

ground pat t er ROURAERE] RTr &5 Wid-h Aft i el ngnRERRSAt Kat beuresanaldde| or
symetrical | ytwekbbyrespect to a point or an axis of symmetry relative to
one anoth make up | ess than 10% of the entire surface 30 of the

sem conductor wafer. The determ nation of the degree of isotropy of the
ground patterPessréppiannef thel semikogduetd? safes ReordiwgAttrd drengt hs of
the grinding j3oefRiks On a semi conductor wafer for each angle class as a
measure of the |sotropy of the machi ned sem conductor wafer (histogramin
pl ane pol ar coordinates). The cunulated Iengths are specified in a manner

normal i zed - r I t aII angl.es.
Figure 12(A) 2§ﬁ| %lgfgmf%h?feat?g%%%flgf. %Fs?ﬁlgb ec&é% Shii ng % aces 35

- in totall arE°| &h§eliypvEqitdion n in eﬁ@f’ﬁlcu raasérthd}@@d@ctcmmmmaenqm th an

i sotropic 5 gpeurdmpatd.erpracepslli fgale ire ﬂrﬂé/exﬂét%dév%'c:é&b% of¢ o the
cunul at ed grlgﬁ‘a gpmark | engt,hs per angle class |ess than ?el ative to

the average ¢ Z8Cd PP nditvg dref ROt W%rw%f?raﬁgl"ég-)? a Fsintj'tlrle 12(B)
represents thehgekndsng wariathicat oghase36r&i Ak 110 yariveahkeeRi Cisemgzonduct or

waf er that iscP?Eiggffﬁd%%%ermined by a so-called "grinding navel"
i5 (local thickness decrease in the wafer center) or a so-

called "edge roll-off" (thickness decrease in the edge

region of the semiconductor wafer) and whose surface

has a largely isotropic, in particular not
centrosymmetrical or radially symmetrical, distribution

20  of the machining traces referred to as grinding marks

and a roughness of less than 70 nm RMS.

The semiconductor wafer according to the invention has,
in particular, the following advantageous properties:
25
- an isotropic ground pattern, wherein regions with
grinding marks that run parallel or symmetrically with
respect to a point or an axis of symmetry relative to
one another make up less than 10% of the entire surface
30 of the semiconductor wafer. The determination of the
degree of isotropy of the ground pattern is explained
below.

Figure 12 shows the cumulated lengths of the grinding
35 marks on a semiconductor wafer for each angle class as
a measure of the isotropy of the machined semiconductor
wafer (histogram in plane polar coordinates). The

cumulated lengths are specified in a manner normalized



to the invention. In order to determne the values, the surface of a

sem conductor wafer is visually inspected and the nunber allotted to each
angle class (here: every 15; within 7.5), multiplied by the Iength of 15
the grinding marks, is determned. Since, in grinding nethods, the size and
depth of the grinding marks are simlar42o the dinmensions of the abrasive
grain used, such a nethod is reliable and practicable largely w thout

anbi gui ty dueteo Went avduagengromdiggy Mare éengOhveryeroalde ararlies .wit hin

the given Ilrrﬁggge tel@24a) é%hlﬁﬂt@' teenakirgel i tunis Al Qﬂsssﬂﬂkﬁltécpr

exanple, to %}p |cated angul arII\; resol ved scattered. |ight
nmet hod in whi ’EﬁcPhElﬁgostsr €§ pe> seml(‘?onEl‘ElE% r 2X&r faggedNoneSpatulidy |y

scattered Ilgmablgtﬁ Aeasured semﬁ',i)raﬂgﬂtendeneme@ntwiaﬁhlm angbtdopiangul ar
variation is _used syre of .the jsotr &yof t he

e
surface. The Zhgreg E?EtgﬁgciaFF FQPaltiovg%FoW«?ntr’r&Pch(
sem conduct or thaf erurfuicitodd = g@)indi@g- Wathi claresshssapeat | angbé Icﬂ.mst han 1

pm on the eniégg semgonﬁugépr uﬁ(\@{g{%‘gg nys, an ¢ dge V(]a I u5| on mglfla

where a thicknésSs variation 0 nm or even can ac fi%eved.
The term "t hi 6khBEiNgyapask i drﬁ'nﬁﬁbulod’ebe ahderanobes) n tBigurendd @) t he 35

customary par aaptekentdV” thleot YriltdyiGhnessaMari @li08d ramA BB CloFessy
variation of less than 0.7 pun allotted to a region that lies at the edge

of the sl coABLEPBFOP1G3 SARHION IS Haswal oF dthasf 119 1006f adrOLfidifet er of

the sem condugt @heWah@entWhar, e 1valode® rof oo G et@rali nee $heCaih 11 RS0 i
achi eved. ConsegEent ly, the sem conductor wafer acqordllgg{ to the invention

has no apprecf# @CEdé’é & FYMCHFUCEPE hyekFesd Sy ALSAE ofMIR&&E s%han 0. 3
mallotted tena reg omumriair | keSotRetinetscenriaeth obhnyhe seassondisdcor wafer

and has a di arreter f 1/5 f the arret f he se onduct or er,
where val ues SFST R +J{)§H tlplle§ bynkﬁ qen % \M¥

15 the grlndlng marks, 1is determined. Since, 1in grinding
methods, the size and depth of the grinding marks are
similar to the dimensions of the abrasive grain used,
such a method 1is reliable and practicable largely
without ambiguity due to contributions of very fine or

20 very coarse marks within the given limits (£ 10%). As
an alternative, it is also possible, for example, to
use a less complicated angularly resclved scattered
light method in which the gloss of the semiconductor
surface (non-specularly scattered light) is measured in

25 angle-dependent fashion and its angular variation is
used as a figure that is a measure of the isotropy of
the surface. The angles are specified relative to the

notch of the semiconductor wafer (notch = 0°).

30 - A thickness variation of less than 1 pum on the
entire semiconductor wafer minus an edge exclusion of
1 mm, where a thickness variation of up to 50 nm or
even less <can be achieved. The term "thickness
variation" should be understood in the sense of the

35 customary parameter "TTV" (total thickness variation].

- A thickness variation of less than 0.7 um allotted

to a region that lies at the edge of the semiconductor



50 nmor |ess can al so be achieved. Consequently, the sem conductor wafer
according to the invention has no appreciable grinding navel. 15 - A warp
and a bow of in each case less than 15 pm where values of 1 mor |ess can
al so be achieved. The paraneter "warp" is defined in accordance with ASTM
F 1390 and DI N 50441-5, and the paranmete#3"bow' is defined in accordance
with ASTM F 534 and DI N 50441-5. 20 An RMS roughness of |ess than 70 nm
wher e val ues wafer mAcrhaess cditdl sof bé/4Bhicdvethe THéampeekf iodd theal ues

relate to a cgemekahbaBtbengtalFrangs afe Jvamd&s 89 7y 2R orAl%Ool hef the

crystal damage near the surface of |ess than 10 m and through to 0.2 mor
| ess. Exanpl e&1580ProrRBrieVgichy %’&ﬂquﬁﬁlé’xar?&eesseiﬂjt@%ﬂ% ifelP el ow
with figure 4atectbguge 7o arh@ppaainitsoms hasednvhosgpréeatpies ddd are
rel evant t thelgnvggtl on are described in DE 10007389 Al and whi ch has

al ready been x rned further above (polishing ITB.ChI ne Peter Wlters
AC- 1500P3). For the exanpl es specified below, various "Trizact(r) Di anond

Til et' gl ass abr asi §4t?1|1%tk;1%ss\’\?’ﬁef‘: %%}%na%g areigg'qmaq‘y%é? M'aclkh.

provi ded by the - re descri bed for exa e in US
6007407. The ¢&bot s aregequi pp@datn dékB- aditesi the f azhitmr on01fhe thear si de

and were adhe%biﬁ%%n@%@%@ Meﬁcstgﬁd""%‘é' Qi%ét?E tch_;e flpgiblog- St!rgé?l | ed

machi ning 5 apparatus. The cl ot used in the exanpl es bel ow were
with di anbhd 84 2BBESSi \ﬁéf The FMHCRRIEt el stpitBlyi ohees Falugsmofin the

case of the chothm diseress @éﬁ"@l@‘o Ive 3adRdededtl h@:o&\a@re@le\h%l\ﬁﬁs fiexedly
bonded accordi n% to the |nvent£ vxgs onl y I%ose in
iconductor wafer accor to t invention has no

appreciable grinding navel.

15 - A warp and a bow of in each case less than 15 um
where values of 1 um or less can also be achieved. The
parameter "warp" is defined in accordance with
ASTM F 1390 and DIN 50441-5, and the parameter "bow" 1is
defined in accordance with ASTM F 534 and DIN 50441-5.

20
- An RMS roughness of less than 70 nm, where values
of 1 nm or less can also be achieved. The specified
values relate to a correlation length range of 1 um to
80 pm.

25
- A depth of the crystal damage near the surface of
less than 10 um and through to 0.2 um or less.

Examples
30
For bringing about the examples 1 to 4 described below
with figure 4 to figure 7, an apparatus was used whose
features that are relevant to the 1invention are
described in DE 10007389 Al and which has already been
35 explained further above {pelishing machine Peter
Wolters AC-1500P3). For the examples specified below,
various "Trizact® Diamond Tile" glass abrasive cloths

were used as working layers, which were provided by the



10 exanple 2, however, with the result that the abrasive coating rapidly
wore out and functioned as a "dispenser"” for grain not free according to
the invention in engagenent with the workpieces. 15 300 mmsilicon
single-crystal wafers having an initial surface as obtained after
separation (wire sawing) were used as-wbfkpieces. They had an initi al

t hi ckness of 915 m The material renoval was 90 pmin all of the exanples,
and the end tAPERARYs At erU¥bchiadichgawgs desehébeflor foB25amphe in

sem conduct or UME@O%WW THAS@nbed s i fe c%rqr b%dmiiiﬁ "1 f-adhesive
gl ass-fi ber-rﬁl nforced epoxy resin &LEP- %) had an initial thickness
of 800 pm (t hPERMEEs UbcFBESEFSRT a SHeSuI N f%&r)adh?ﬁéveélﬁarkﬁ@%mrl sed

in each case bhye ogd i e:ro&ka@egh mghs25>mneh%err¢1@@m@c§pdewaﬁaejhln1ihﬁ;

pressure t he vvorFl ng i sk dtrL{_él ng chi ni r}ge on th elwor Egl eces was about

340 daN ard WABPRR2FB3sed '§r WetriEasBicos W5 obFAMRICT eMGVAF MtiSs of 10

- 20 mmn onfavéedgewildh Watiemordei ors zeabnehd;iwa@ureTWaterg)rawas usiet as

cool i ng Iubrhggg 3990}’1"6‘%1] ed2to gu@nmrlﬁl egaea%% %<f a;:ﬁ gteen 3
e €

and 20 1/mn via es n upper ki ng |sk ure 4
shows the thi @Rﬂésgnpr@féimmletﬁ I sénmsdnductdre &bféﬁlﬁade'a@f flxedly

monocr ystal | i Benabhi §0BRAYKAYLE €haMaheknti8h; of JAQ MRINIRRASPD! al ned
by machining by a nethod_ acCording to the i nvention having all the features

of the fi4steX3aBRSAdZ ¢ ﬁ’iwvefrour‘fht}énﬁhﬁ AP Ut hbRRt &BEoraR TP 1Y t he

i nvention. Theokhigknessapi@fy| ewsas 5 deter mmed Byinateagidng és a
dianetrically, Er oceedi ng I vi dual measuregent s at Ood 45 135
rel ative to t ha'SPFBRBAL | orJfothargatiﬁlé}l APC nbfeh ofSERES1BEM 6’nd r

waf er. The thiaksassouaihathgagementt héthethereoskpieoaduct or wafer (total
t hi ckness variation, 10 TTV) is determ ned taking account of all the
nmeasur ed

15 300 mm silicon single-crystal wafers having an initial

surface as obtained after separation {(wire sawing) were
used as workpieces. They had an initial thickness of
815 um. The material removal was 90 pm in all of the
examples, and the end thickness after machining was
20 therefore 825 pm, The semiconductor wafers  were
inserted into carriers made "bf glass-fiber-reinforced
epoxy resin {EP-GRP) which had an initial thickness of
800 um {thickness decrease as a result of wear). The
charge comprised in each case five carriers each with
25 one semiconductor wafer. The pressure of the working
disks during machining on the workpieces was about
340 daN and was increased or decreased so as to obtain

removal rates of 10 - 20 pm/min on average.

30 Water (deionized ultrapure water) was used as cooling
lubricant, and was fed to the working gap at a rate of
between 3 and 20 1/min via holes in the upper working
disk.

35 Example 1

Figure 4 shows the thickness profile of a semiconductor

wafer made of monocrystalline silicon having a diameter



t hi ckness val ues and amounts to 0.62 pmin this exanple. The thickness
profiles were determined with the aid of a capacitive neasuring nethod in
which a pair of neasuring probes opposite one another 15 deternines the

di stances with respect to the front and rear sides of the sem conductor
waf er gui ded al ong between them The -ed@e-excl usion (non-neasurabl e edge
regi on of the sem conductor wafer) is 1 mm In the diagram H denotes the
t hi ckness of ahe3@enimontiichowa20 eefaindd noyi croheheéng) byand pedbndtes the

radial DS tan,afi ddiecs SHBCLLNA TEASHT G ) okngss Al Hea Ll

mllineters) Figure 5 shows the thickness |I8fof a
sem conduct ortheaffdr s¢f, a%é@ﬁé‘endﬁb%é@ waf@trtthatands rfetftrlfiacﬁlieﬁéédSS

according to ddeiduent tenchEhei ipderisd . r enpvah ifigradde, seri condyst or
waf er was pr om nat effected b freg (ynbonded) Jgral n duri ngf.rrachl ni ng
e

("parasitPc &M “Hd‘e) R% aRERERILRT t @F%IHEEBFF"" L¥ecBES5F§
whol e- ar ea rrmtrﬁu\&lduaelrmwaéasupémém@frge gm‘a) n Mbm 100t heafinee1Bofki ng gap
over the edge the sem@gnductor wafer to cen er th gof agg owing to

the | oss of ]i% TR iy hparfty bRt ‘é}r"%if‘?mc%‘ﬁr%% £ AP wRAr
depl eti on of spmicerirhwitgr reabeal dlbid | tyiokocess ﬁrlammatuh)e enimrtohehe

conter of theaemeoBdyelspauBl el geEnershare cilegmler Lok empyal 1o

hi gher at the e center of the sem conductor wa Thi s
results iR a Tohveksf defestings seniidehduetownwabér aldi tbhe heeﬁﬁuélzﬁess

decr easing t oy ki idies €dge) he8d9gndr Olalmo%fnft) 4, Thesd il sid. 68y 20
Exanple 3 Figure 6 shows the thjickness profile of a sem conductor wafer

after machi nisp Wi adgppbhhttRessi Panfd osr worechstAERi it FAENCI ai med
met hod in thecn@naed as£okdid@pacitive measuring method in which a

pair of measuring probes opposite one another
15 determines the distances with respect to the front and
rear sides of the semiconductor wafer guided along
between them. The edge exclusion {non-measurable edge
region of the semiconductor wafer) is 1 mm. In the
diagram, H denotes the thickness of the semiconductor
20 wafer (in micrometers), and p denotes the radial
position of the respective measured thickness value {in

millimeters).



to the invention, but with working disks that are not according to the

i nvention, nanely defornmed working disks. 30 Since the working disks are
conposed of different nmaterials having correspondingly different
coefficients of thermal expansion, a certain unavoi dabl e defornmation

al ways occurs given an unsuitable choi€ed®f-tenperature on account of the
"binmetal effect". Furthernore, such a 35 disturbance of the

pl ane- par al | eEkampéanZbe ef fected by time-dependent tenperature input
during the machining sequence itself, for exanple as a result of the

machi ning work performed in the working gap 30 (which - 47 leads to
heating): forEiINERN3, §PAME GREIFEACKERSSe® 2118 s @ tSFHARNIE tfkchi ni ng

tzpne 38 intg nth@?w[]d@' n)g @@rrﬁk@oﬂdw@b_ ]ﬁ’ wa@@rdet]gmm itshﬁnbﬁ@g Kﬁéétgiid{ezi@ (in
i me- dependen ashi on)_ . e sem conductQr wafers chi ne in this way
have a prgﬂouﬁgﬁar ORY X yEI33 &HVSH%lPHrcﬁﬁ§%§“?Ee¥ﬂglcéﬁ@@?a}egﬁﬁﬂ‘and

smal | thickneskei rentiterelge dregivafi¢r Wast herekanmmamishpwafifacteguns, 6

duri ng nmachi nj onl i.nade t.e measures have .been takgen for. keeping

t he tenperatgggein(ﬁﬂg%&gﬁaﬁngggaﬁncongféﬁﬁ (&%ﬁnﬁﬁﬂﬁ%& &ﬁﬁﬁ%f%)lqhe

t enper at ures ofppheglbublOa comidury: syEt ehe dfraniseowtr ki mgodisskexryi fsuf i ci ent

| of i h | 4 I i .15 fed
control of teNRecabuce apdauantitynebathe geoling |yl cantils dugrer) fe

to the morking gap). T [ sem conduct or wa tained in this
exanpl e iX0 3. 9hm freganpiréing2gap gyeed rheherge: v tHic kiRBCPIBIGIE of a

sem conduct or yaaterAftge FRERLRI Nhdrt AN APPALALHG acLordiNdoka tdre
invention, with uniformwear of the working |ayer di.nmensi gnal constancy)

according to the FREERTCor3RREL W (A t Eiped B2 HE eCBNE ST BATE di'8@%)or m kept
constant 25 agcdegiagiba blie girad@ntia@ingbutematianl abEhditse fcurdd nete i cs
that is not a%ﬁgrcgégkt(%g:h%h%nvgg%'gp. ér ethe semiconductor wafer.
15 Therefore, the material removal is higher at the edge
than in the center of the semiconductor wafer. This
results in a convex form of the semiconductor wafer
with the thickness decreasing toward the edge ("edge
roll-off") 24. The TTV is 1.68 pum.
20

Example 3

Figure 6 shows the thickness profile of a semiconductor
wafer after machining with an apparatus suitable for

25 carrying out the claimed method in the manner according
to the invention, but with working disks that are not
according to the invention, namely deformed working
disks.

30 Since the working disks are composed of different
materials having correspondingly different coefficients
of thermal expansion, a certain unavoidable deformation
always occurs given an unsuitable choice of temperature
on account of the "bimetal effect". Furthermore, such a

35 disturbance of the plane-parallelism can be effected by
time-dependent temperature input during the machining
sequence itself, for example as a result of the
machining work performed in the working gap 30 (which



magni t ude of the difference between inherent rotational velocity of the
carriers and circulating velocity of the carriers about the center of the
rolling apparatus 30 was sonewhat greater in magnitude than the nagnitude of
the circulating velocity of the carriers relative to the working disks,
with the result that the sem conductar jafers describe epitrochoids with
respect to one working disk and hypotrochoids with respect to 35 the other

wor ki ng di sk.1&adeetd hige gt ing) sps@QSacheﬁgerawr&h@rszﬂ@_@mea\e@l’s%saggi ttedly
out si de but sti IrlescHgs%I\?go %ge range accordclpnz%g 58 t.he invention, the result
is a still very §oo i LT 8 TR INIRS 2Bt eRP dTdihsthRe AORKEREd for

t he sinmul t aneduskslolbkrdsidde agri bk firmeoftlae phatrlednd yd 0§k seni aondmet-or

waf ers, wher el 5 i;conduct,or wafer li,es, such that it is.freely
noveabl e in aé%%elgﬁ ot f%%éﬁ'l% 'a ﬁl’hra Py COP G P ersd %Ié%sg‘&cgénﬁ tate by
means of & rolli dghispparat udamad s Rrieecsinredby ednor xd tyycl3di ddhigh
trajectory, whergl €3 nSeMCanduct,or S e chi ned. | .

mat eri al - renovi n('gh{ibogéf.'aéﬂj g?li'ebet Weenlot 5\%\@%%{1 atalﬁrglig gm%arl% nggﬂ{:gr&%?smﬁgr ein
each wor ki ng disiedEhpresednla: wor ki ng | ayer containing bonded abrasi ve,
wherein the tenperature prevailing in the working gap i s kept constant
during the hi%},:l ng. 15?3. The net hog_as claimed in claim1, wherein the
tenperaturengf VERS T PR € nEDQBP ki RgEEIBEE SO ke PY L 1 RENBASREPB)INERSHr i ng t he

t enper at ade iimddeqwirki mgasgapsandavar Weh t hakbhowrsat eccpitrte tasperature
or flow rateteahpdella erat.ure f the coolant, which flows 20 throggh in each
case at | east W& dbolihg Fabyfint KT hi@acdfRf TRE WOPRPHG taPLks,
accordi ng to ¢hwEicereaSuriee tenperatures 3f tThe dethbdd asothagnmegsiemel ai m 1,
wherein the 2o tEmer aliyS pevaldidd | niLig HQUg 9aRahs Kept sgonstant
by measuring the tenperature i the working
temperature and quantity of the <cooling lubricant
15 (water) fed to the working gap). The TTV of the

semiconductor wafer obtained in this example is 3.9 um.
Example 4

20 Figure 7 shows the thickness profile of a semiconductor
wafer after machining in an apparatus according to the
invention, with uniform wear of the working layer
(dimensional constancy) according to the invention and
with temperature and working disk form kept constant

25 according to the invention, but with a choice of
kinematics that is not according to the invention. The
magnitude of the difference between inherent rotational
velocity of the carriers and circulating wvelocity of
the carriers about the center of the rolling apparatus

30 was somewhat greater in magnitude than the magnitude of
the c¢irculating velocity of the carriers relative to
the working disks, with the result that the
semiconductor wafers describe epitrochoids with respect
to one working disk and hypotrochoids with respect to

35 the other working disk. Since the drive speeds chosen
in the example were admittedly outside but still close
to the range according to the invention, the result is
a still very good TTV of 0.8 um.



gap and varying the flowrate or the tenperature or flowrate and
tenperature of the cooling lubricant, which is fed to the working gap,
according to the 30 neasured tenperature. 4. A nethod for the sinultaneous
doubl e-side grinding of a plurality of sem conductor wafers, wherein each
sem conductor wafer lies such that it is freely 35 noveable in a cutout of
one of a plurality of carriers caused t® rotate by nmeans of a rolling

appar at us and is there noved on a cycloidal trajectory, wherein the

seni conduct or PREFRFsC i?éxﬁachined in material-renoving - 49 fashion between
two rotating working disks, wherein each morking di sk conprises a working

I d b :
Lhe. nunber of -1 ovoltuEFbECof CEhd iearr FBrS SHBGHE LS Tl ol e

rol ling apparafus apllurelatyveoft osemthondficthe m/arfe/mar ki nhedie$ks dascigr eat er

than the @Q”EEHgéon%cEng”%@?@ ‘i’fol Quolytdipns, i the i ndigvi dugl, r ” ers

about their respective mdpoints The fret hod as ¢l ai med in ¢
wherein the m@ﬁgﬁhéeoﬂntWeQMQﬂQRXQﬁl%%emhfcﬁ Pﬁér§é#¢60ﬁéhdﬁﬂﬂlﬂﬁﬁers

cover reIatlvgahgeghgotg@tg@gkbggmgbggsqu% r%HQ&%@' ﬁhﬂu@ﬁ@&kﬁ%] 15 6.
The nmethod as clained in claim wherein the mnagnitude of the ratio of the

di f ference i ntRRESPENGIANET 0PNt e FYSjeefati é%r%ﬁcdjd)lﬂhe YBRT8oRdUdtr

waf er s coverséﬁhabhuact@rth@ﬂe\m Vweklxﬂgcldiﬁéié and nidte medn- ramd e pf  the
| engt hs aof , sai.d ectorles is |ess A net hod for the

7.
si mul t anedlis 488 FB 5|?EFfﬁ?%dﬂﬂﬁj 5Pt5%6pﬁraV?F§189 SEhF Ednd oS Mhf er s,
wherein each eseh eordicyordiwef erorpressasicd whakiny ilaylreelgnt2h mpueabl e in

2 cutout of ongndlyd RUALLLY Al Sanl Leks (caused:ho-r gbale by eans of a

rolling apparatus and t iér eby moved Oh &~ ¢ j ector erein
t he the worklng gap is kept constant during the machlnlng

15 2. The method as c¢laimed in c¢laim 1, wherein the
temperature prevailing in the working gap 1is kept
constant by measuring the temperature in the working
gap and varying the flow rate or the temperature or
flow rate and temperature of the coolant, which flows

20 through in each case at least one cooling labyrinth in
each of the two working disks, according to the

measured temperature.

3. The method as c¢laimed in c¢laim 1, whereln the
25 temperature prevailing in the working gap 1is kept
constant by measuring the temperature in the working
gap and varying the flow rate or the temperature or
flow rate and temperature of the cooling lubricant,
which is fed to the working gap, according to the

30 measured temperature.

4. A method for the simultaneous double-side grinding
of a plurality of semiconductor wafers, wherein each
semiconductor wafer lies such that it 1s freely
35 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



sem conductor wafers are machined in material -renoving fashion between two
rotating working disks, wherein 30 each working di sk conprises a working

| ayer containing bonded abrasive, wherein the magnitude of the ratio of
the difference in the magni tudes of the theoretical wear 91(r) of the two
working layers to the mean value of the nagnitudes of the wear of the two
wor ki ng | ayers 35 for each radial p05|f|6% T is less than 1/1000 wher ei n

t he magni tude _of the thegretlc wear of each working la er glven by -

50  a26i 2+e2WERE 92 a2SEST A i DL RIOBA IRk HPIKENI(adly SeovsheESs 4 4 4
_i1-W a2-e2 akach wqﬁ@uhgIdibkwbmmprﬁsesladM©ame&gtmmgnﬁctbmﬁmhmmn@f t he

i dpoi nt of ¢ BETRER g SASs ar o Mo drae (e il LD e
currently con§héer%%mb%¢eﬂéhcéeVPbuhLO@ﬁdCﬂhethfckﬁﬁnniqﬁsthboccrr@m@ondlng
carrier; (e)nluggll%t%sf e af&lifvx@@tﬁﬁ awaagngn\eﬂ tﬂyﬂattl% H P of the

senlconductor wa of the circle Wth radius about the m dpoint of
t he correspon@|n&h@aﬁWQNwo¥le%d?é§¥%s1§h§rﬁééﬁélH&iﬂtﬁQﬁlW@%#ﬂ?%%bect to

the midpoint ogf thl@enww@mg:fdlmllﬁlbdmdﬁcairﬁes el AW Brcavei oed ty of
t he C|rculat|o§ %Be .carriers about .the, m dpoint of the working disks; w
i ndi cates t he2@RYGl 5P€15 £ﬁ§8P§FlV§IH&9P918FSrhe i nherent rotation of the

carriers about their respectlve m dpoints, emn = nax{O eecc - R and emax
= eecc + f@mh%re Rl adLug,, f ghe cf%fﬂé3 nduct " deggte the Iomer and

upper of the in egra i oh- OVer e, eect |n F%gteé t K Eal%cce ?r|0|ty

of the senlcod@mgtbﬁ mafertm¢|tﬁna1ﬁntanyes amtiiche thdexsémicendwrtaethe upper
working di sk Q& £ 3 co@@i’: t?@l%&"@é wer kipg digk LpdiGal tngdWQEEh rd he

angul ar velocities (Ti w rel ate to t he upper or the ower mo I ng di sk.
25 approx1mately identical

15 6. The method as claimed in claim 5, wherein the
magnitude of the ratio of the difference in the lengths
of the trajectories which the semiconductor wafers
cover relative to the two working disks and the mean
value of the lengths of said trajectories is less than

20 20%.

7. A method for the simultaneous double-side grinding
of a plurality of semiconductor wafers, wherein each
semiconductor wafer lies such that it 1is 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 working disks, wherein
30 each working disk comprises a working layer containing
bonded abrasive, wherein the magnitude of the ratio of
the difference in the magnitudes of the theoretical
wear H(r) of the two working layers to the mean value
of the magnitudes of the wear of the two working layers
35 for each radial position r is less than 1/1000, wherein
the magnitude of the theoretical wear of each working

layer is given by



8. A nethod for the sinultaneous double-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 30 caused to
rotate by nmeans of a rolling apparatus and is thereby noved on a cycl oi dal
trajectory, wherein the sem conductor- iud¥ers are nmachined in

mat eri al -renoving fashion between two rotating working di sks, wherein each
wor ki ng di sk conpri s a wor Ki ngWW@S bonded abr asi ve,
wherein for eag h%gn fng | ayer wHAesi-+e (margﬁl—tmd@;of t he th?frﬁfﬁl cal wear
97(r) for each Q@W@‘Wasﬁ,m@m " 300 THOF

t heoretical wear avémaged over {fhe encite vvorﬁl ng |ayer,2where the

magni tude of the theoretical wear of 5 each working |layer is given by a 6;
z+e2;.2 +(r2-az-ez)v'cil; ) PQ_m 222222444 am a2 2 a;+m e d
emnz 2(ur +ter +taa)-r -a -e (-2--- + .2 ) r where a indicates the
pi tch radi us Wretheaciipdiicationg the mbveheradanst e calei eigcorathagwor ki ng

di sks about thevemdipobnttid theriOFsifg enpPaydtisngeqdiBdkcabestt hee
di stance llget ween the currently considered reference” point and the m dpoint

of the correspHIRAMYL c&fri é'rrhe TP} NBdi RRRBL WY ar® 11&VaRtesr ufheng
within the argbstldn®f theervaedn cmctdmrrmftqw - c@hstlla@r@idrclref\énrtahcéadi us e

bout th d t of . t th di al
posi 11 on-vi t HTEEpegrsk ot e AP BRB T br Chhe ORI O Gd: CA*PRGF dat 65 t he
angul ar  vel ot{¢l vididwtes rchitadronlefigthe-cannnéng abohint hee2@rradpoi nt

of the worki dtﬁésseﬁﬁcbgﬂh‘&%ﬁswta*}%rang%'fa he"eégféié/ &?Etﬁhﬁa'd’iﬂgre”t

rotation of the carriers a hei'r respective m max{ 0;
eecc - RlO0ande ahaxt= tdeccnidrownér @R Ehe?a@msfe@poméngen%mm or

indicates the radial position with respect to the

midpoint of the working disks; o; indicates the angular
velocity of the circulation of the carriers about the
midpoint of the working disks; ®; indicates the angular
15 angular velocity of the inherent rotation of the
carriers about their respective midpoints, epin = max{0;
€ace — R} and €pax = €ecc + R where R = radius of the
semiconductor wafer dencote the lower and upper limits
of the integration over e; Cece indicates the
20 eccentricity of the semiconductor wafer in the carrier
and the index i = o for the upper working disk or i = u
for the lower working disk indicates whether the
angular velocities o; and ®; relate to the upper or the
lower working disk.
25
8. A method for 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
30 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 working disks, wherein
each working disk comprises a working layer containing

35 bonded abrasive, wherein for each working layer the



waf er denote the | ower and upper limts of the 25 integration over e; eecc

i ndicates the eccentricity of the sem conductor wafer in the carrier and
the index i = o for the upper working disk or i = u for the | ower working
di sk i ndi cates whether the angular velocities v and w, relate to the upper
or the Iower working disk. 30 9. The netlhoed as clained in either of clains
7 and 8, wherein the change in the thickness honobgeneity of each of the
wor ki ng | ayer®oni aedoupf bhewsheocambinnd wearl d8ért hAoraehuhdredtihlof the
magni t ude of ghei ¢ vckness 3% 1dgeleass, of segl.gondyet or er uring
the - 52 si#a{taneous double-sidéﬁg?ﬁ%diﬁésgmhgggﬁn ?ﬁ%{ tﬁ?@éneggg
honogenei ty ofPePEY¥KiHy |'4§2F | 3VEERgPRd G¥erdi £her erBEibet wwemkiiaggest and

smal | est thi ckngss, owkeret heeniddei tiea 6f the respactdve Wogkipgkayer
that 5 cgnes i contact, with the seniqgnductor wafers. 10. A nethod for
f

to
the simul Paneoifs’ dBULTEIS| &Y Gt i Hili Ho"SbfP% plurality of seni conduct or
waf ers, wherein each sem conductor wafer |lies such that it is freely 10
noveabl e in a cutout, of one of a plurality of carriers caused to rotate by
means of a rolling ratus and 1s; thegrepy;noyed—on a cycl oi dal
trajectory, whekeie|t he senicoNfifitts Yt &% 88 %mchi ned L D(e)-
mat eri al - r enovi ng féashﬁ.idfi‘/lgg,tzyh%h%wQZy_pig,t4ngEAmr__4§L:éfg,°di‘%§j<S, V\% rein 15

each working disk c ﬁﬁri%es a working layer contédinifg bbnded abrasive,
wherein the proportion of the total material renmpoval that is nmade up by the
material renoval brought about by the abrasive released in the course of
the wear of the morkin%dLayers IS almags | ess 20 than the proportion made up

by the mater i@ Y%endvaldibrsGshttbiboRt t8y tRELEBr & venei xedry1pbAhBEd in the
wor ki ng fayermodementhes fret o dc@sr L 86 ned the chat 1A, dvWbREEkBotiRethd5

thickness dGQ{ﬁﬂ§§iﬁ¥: %He %%%ki?gli?xgr éﬁbé?%ﬁ%ﬂ?} cg indicates the
distance between the currently considered reference
peint and the midpoint of the corresponding carrier;
l(e) indicates the arc length - running within the area
15 of the semiconductor wafer - of the circle with radius
e about the midpoint of the corresponding carrier; r
indicates the radial position with respect to the
midpoint of the working disks; o; indicates the angular
velocity of the circulation of the carriers about the
20 midpoint of the working disks; ®; indicates the angular
velocity of the inherent rotation of the carriers about
their respective midpoints, epin = max{0; eecc — R} and
Cpax = €ece + R where R = radius of the semiconductor
wafer denote the lower and upper limits of the
25 integration over e; e indicates the eccentricity of
the semiconductor wafer in the carrier and the index
i = o for the upper working disk or i = u for the lower
working disk indicates whether the angular velocities
o; and ®; relate to the upper or the lower working disk.

30
9. The method as claimed in either of claims 7 and 8,
wherein the change in the thickness homogeneity of each
of the working layers on account of wear amounts to
less than a hundredth of the magnitude of the thickness

35 decrease ©of the semiconductor wafers during the



wear during the sinultaneous doubl e-side grinding anpbunts to |less than 10%
of the thickness decrease of the sem conductor wafers. 30 12. The nethod as
claimed in claim1l, wherein the thickness decrease of the working |ayer on
account of wear during the sinultaneous doubl e-side grinding anounts to

| ess than 2% of the thickness decrease- &2 -the sem conductor wafers. 35 13.

The nmethod as clainmed in one of clains 1 to 12, wherein at |east 5% of the
area of each semtomgectsr welble-sidewaysyriimdiorg,act wheheihe wahki ng

| ayer - 53 dugi ' S goubl e-.sj i ndin : t hod as
clainmed in Ongﬁ%?ﬂﬁ%?ﬁgb%l—!%%ﬁ%g?y \?hqe%gi‘ﬁoﬁlgﬁ%\girﬁn%% ?gyérésfﬂa;rgg c%%nnect ed
to the 5 respeEievena®rkehyeanskangesd] egxhbseat beht ofhapdneas o¥agily be

changed. 15. dhe reihed asr&d abFednd ebapbBridveWRIBiihd heay¥er kinag | ayers
are connected to the respective worki nlg 0 di sk by adhesive” bondi ng, by

covering, IraghetfEattyC ePREErbsthth chllf ySepiCrRANSIDF WakEE ™ or hook and

| oop fastener. 16. The nethod as clained in one of clains 1 to 15, 15

wherein the argas pf_t wor.ki ng. | ayer that are in ontact w t.h t.he

seniconductorigafe smﬁgsgdafﬁﬁrgﬁ?sélmHhtapgngrdPHQ Cor1&GuAT 618G shor e

A. 17. The _rrecbﬁ_oda aslctal ined icrf_ oaexnbéonqiad:htsrlmta(feqr&,, Qﬁ)emjapeiemcmhe _

aver age gralnsgﬁﬁgogéﬁéggrab&§§b¥e that |%ué%nu%%%%n t pe r Ki l,ayer is
m . e ho e o

less than 9 p e et as claimed 1n on clarnms”I to 17,7 wherein
a dressi @ bl vekeabie andressitoytgradi revwhose a2plygralatyi o icRrad@dls to t hat

of the abrasi¥g,ge@i poUsBEatE bhenwanki Bg hayen i qusedaher yshe dr §ssi ng or
trimmng of the working layer. 19. The nmethod as clainmed in claim18,
wherein t he thereby moved on a cycloidal trajectory, wherein the
semiconductor wafers are machined in material-removing
fashion between two rotating working disks, wherein
15 each working disk comprises a working layer containing
bonded abrasive, wherein the proportion of the total
material removal that 1s made up by the material
removal brought about by the abrasive released in the
course of the wear of the working layers is always less
20 than the proportion made up by the material removal
brought about by the abrasive fixedly bonded in the

working layer.

11. The method as c¢laimed in <¢laim 10, wherein the
25 thickness decrease of the working layer on account of
wear during the simultanecus double-side grinding
amounts to less than 10% of the thickness decrease of

the semiconductor wafers.

30 12. The method as claimed in c¢laim 11, wherein the
thickness decrease of the working layer on account of
wear during the simultaneous double-side grinding
amounts to less than 2% of the thickness decrease of
the semiconductor wafers.

35
13. The method as claimed in one of claims 1 to 12,
wherein at least 5% of the area of each semiconductor

wafer is always 1in contact with the working layer



30 working layer is dressed or trinmred predom nantly by neans of | oose
grain no |longer bonded in the dressing block. 20. A sem conductor wafer,
featuring 35 - an isotropic ground pattern, wherein regions with grinding
marks that run parallel or symretrically with respect to a point or an axis
of symmetry relative to one another makiE up | ess than 10% of the entire
surface - 54 - of the sem conductor wafer, - a thickness variation of |ess
than 1 mon tderientihe semitoadectsrdoslbe-nidesyainedgg. excl usi on of 1
mm 5 - a thickness variation of less than 0.7 mallotted to a region that
lies at the edge of the sem conductor wafer and has a width of 1/10 of the
di aneter of the: sERf cBRdhOCoraswarbpimedy ifhijehmess ardiams oh 6f 18ss t han

0.3 mallotteghed®iho &héeglw@&ktllﬂ%t ligfedn tde cepbgheOfclihe cosemneonduct or
waf er and _has a di aneter of §%-the di anet er 3{ t he sem conduct or waf er,

- a warp and 59%%%FB%V?nW8£§ﬁn8a Slesint fgheesapme APIRVE r BUghéss of
| ess than 70 easibytibhe cidngedrel ation I ength range of 1 mto 80 m and - a
depth of the crystal danage near the surface of I|ess than 10 m
15. The method as claimed in claim 14, wherein the
working layers are connected to the respective working
10 disk by adhesive bonding, by covering, magnetically,
electrostatically, by means of vacuum or hook and locp
fastener.

16. The method as claimed in one of claims 1 to 15,

15 wherein the areas of the working layer that are in
contact with the semiconductor wafers have a hardness
of greater than or equal to 80 Shore A.

17. The method as claimed in one of claims 1 to 16,
20 wherein the average grain size of the abrasive that is

bonded in the working layer is less than 9 pm.

18. The method as claimed in one of claims 1 to 17,
wherein a dressing block with a dressing grain whose
25 grain size is equal to that of the abrasive grain used
in the working layer 1is used for the dressing or

trimming of the working layer.

19, The method as claimed in c¢laim 18, wherein the

30 working layer 1s dressed or trimmed predominantly by
means of loose grain no longer bonded in the dressing
block.

20. A semiconductor wafer, featuring

35 - an isotropic ground pattern, wherein regions with
grinding marks that run parallel or symmetrically with
respect to a point or an axis of symmetry relative to

one another make up less than 10% of the entire surface
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of the semiconductor wafer,

- a thickness variation of 1less than 1 um on the
entire semiconductor wafer minus an edge exclusion of
1 mm,

- a thickness variation of less than 0.7 um allotted
to a region that lies at the edge of the semiconductor
wafer and has a width of 1/10 of the diameter of the
semiconductor wafer,

- a thickness variation of less than 0.3 um allotted
to a region that lies in the <center of the
semiconductor wafer and has a diameter of 1/5 of the
diameter of the semiconductor wafer,

- a warp and a bow of in each case less than 15 um,

- an RMS roughness of less than 70 nm 1in the
correlation length range of 1 pym to 80 pm, and

- a depth of the crystal damage near the surface of

less than 10 ym.





