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Met hod for the sinultaneous doubl e-side grinding of a
plurality of sem conductor wafers, and sem conduct or
waf er havi ng outstanding flatness 5 The subject matter

of the present invention is a nethod for the

si mul t aneous doubl e-side grinding of a plurality of

sem conductor wafers, wherein each sem conductor wafer

| il‘feé'—hs;dchfqmathm signylitaslepusnieuipl @-side guiondingf of a

O?ﬂu‘}falﬁ.tg ug iéé(mzpéo%chi_@f Sw% e%usegnho §&L§&§n&\¥ctor

nméans of | ing apparatus an t hereby noved on a
cV@fGdePVFPE @@ﬂ@&ﬁndmnsréﬂﬁtpﬁés sem conductor wafers

are machined in material-renoving C ., fashion between
two rotating working disks, wherein each working disk
cORfr iSS®S g YRy 108y drhec gt 8Tl gl NV biiiels a method

abasi Vene Th%l%HHJtedHedI&,t tego@b1bheibBveniaigg al 3¢ a a
sen1conductor waf er havin outstandlng flatness ~ which

cEAUBE Lptyduced bySFREFRIGICERS d wetifFE . PrivBEr8in  2@ach

Els@mtle@ﬁu@&,tom crgtact rpnées andhm enael egty omeshaniesly
U|r§ as starting material s %&gbstrates
VEGRAGC S hafRt Ui Ph 8Rer & dYHT Lhegdrpters

glce]plaledart@ lrecalt d lat lﬁl@e(:‘ns Segigle:| er@lbljaacj Sei@%smads | ggal is

al ness n notopo 0 , roygnness a Cl eanness.

SIhet B or S arty o8 ot hiepd e Se fPeek colltiany the

nabmncahﬁucmnqxwafemdaareompchmdeﬂemncamduerbas seebving
seni de_and

;| |y .el enent al ,
SRR P arRERh e ne Rl T o e O RARRY - sgvherein
geﬁﬂthﬂnkﬂﬁgEmmmbpcompe;sésrstMpﬂknug Kyeict oopsaaneéng

p'i»%g‘cﬁf%%d a%r%agrl%ese“i‘hco%%g]tefét Her b<‘§f of t{‘ﬁvyer‘?{fon is
use uci ng co n ayer struc ures are
eagsoa admmec@radugtqng warfecoﬂnawpp)@r dulyeramghign flatness

gfh‘i' tarn( Bl b&%‘& c%réi | é/s&h' ahQr o 3 1)d m%rth%;ft rai ned

i con- ger mani um 1 ay stralne ['I'con on a
silicon wafer or conbinations of the tmo ("strained

Siphlije@Na@f i nsulator”, sSA).

Electronics, microelectronics and microelectromechanics
require as starting materials (substrates)
semiconductor wafers with extreme requirements made of
global and local flatness, single-side-referenced local
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 occasionally
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", SOI), or a strained
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
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In accordance with the prior art, sem conductor 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 line sem conductor ingot (crystal growth);
b) separation of the ingot j:#(li ndi vi dual wafers; «c¢)
mechani cal nmachi ni ng; d) cherfical machining; 10 e)

chenonechani cal .machini ng;. f.). i.f. _appropriate production

of HrayRf ORPT TRt dress TETHECSHNATT of d5E a Ve Drocdss

i sdiepisdualhisthepscaal | ajdarexkald yt héoe grolgss afhied heimto the

0%%%&6%%%& $%%$%%hng on the intended 15 application. A
0

mul tiplicit secondary steps such as cl eaning,
sorting, measuring, packaging, etc. are furthernore

used. d i cal ¢ maghi nj t.q J e ;
ungulaﬁﬁghg%%g%%thg%far%seqﬁﬁ?¥%§£¥ﬁgjﬁ$§{eg?%glcondUCtor
sepaiodt i (e yoftathgrogdmildonduct or i ngot, for exanple as
ay)esulste@fr tehemmels HW@'E%g%%eﬁnEQeihﬁﬂgi%%%@F%@f@}s;
duration or dynamc self-dressing and -blunting
pracesfEshapicede Mipghd Nie  nechani cal nachi ni ng

senves chemitdhe mermpvalinef; the C., 25 surface |ayer
danaged in crystalline fashion by the rough saw ng

p@@ces§h§W@m@ﬁ§aPé&@étW@ﬁhéplpﬁé surface roughness.
Preymar iilfy appawprait e pedRehadinCalr magkimistgudtuirésed
for global leveling of the sem conductor wafer.

Vari ous techni ques are used here in accordance with the

3Qhpr icomkdmat isuc b fasshd oinexamplL, e ngllotted to the

(daubl e-si d | ane | apping using free abrasive grajn
SERpres et she Rl st e e Efafng i g ViRt Bhaea
('apipidloatdiote Agrmutt gl i cB8SE) of osesomdbtrgnetieps such as
do%@ %lside riqgjn betmeenikmo cup %riqding digks on. ..
t fe Frond and® ear" 35 sI'aesvEiidr t akésd ?ﬁy“g' ete. @
('faauhleemdirsk ugreidndi ng”, DDG) .

The mechanical machining serves to remove undulations
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
surface layer damaged in crystalline 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
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

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

DE 10344602 Al describes a method that combines the

kinematics known from lapping and the constrained-
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DE 10344602 Al describes a nethod that conbines the

ki nematics known from | appi ng and the constrained - 3
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
wor ki ng di sks have an abraS|&% cloth stuck to them by

I i.n th ase . of i_ng mach
mﬁérggr??§§2 Smﬁ &R n eacﬁ cgge h%égaﬂﬁ%§%1ﬂ|?% gkmded
cabDaE$V€o@rﬁe@e|ﬁnuﬁm1@ sastcontactsemiwaimehstar evafers

eggégeggggr\é’il&gt glr IdI NG 1gMPary at ;bﬁurca(imw S'J@ a@a d]_ers

I nner an o Ive ring, a toot rrng an
abetvagsedn ou@fpﬁéct aadr @t aﬂywwvewmrﬂtlramoml stkhei Thaxitvo

apdrabayt dtllg?ma)ﬂa% th%)fgé Ve r&f&?h by [BaNS Oftkﬁeﬂ)d by

appar at is, such that the sem conductor wafers desc
CV%YOFH%IG%%W?%ereRQtHVE tlee t keskorddi ny diepled nghirdchirs:,

| tK@Wc%errrletr%t e @bosh theida@xi 8askt g% b§e@lfu%'1q’ty of
however, that ‘t he seni conductor wafers machined

t AREOHEEhE@ThARCS Eid1d sh®f SebFelrdectoF t HatfﬁéSnes?met in

t BagabRenem GopduciorryBf kg 28pbtat ned aESmprising
unsui tabl e for particularly demandi ng g@llcatlons |t

hAERERUS et SHOWE f61 VExddte, ifat? GBRGPAL yFing and

saﬁecaads@aoto\/\@ff@'es:tr @S Wdt i efdvieaes ta about thelr axis
dis g S canvex_t |ckness profile with a .
P ERoBREHA  Ge O OF DS A SaR EORBRCPYr Mharst F pipid
oépparatss, hawehlnﬂagulameueémhabhdnstbn tWadlars describe
thlc prof q glso a,_rough surf%pe MAth ? | ar €1
dgﬁﬁg%lggﬂ)t P grg G&BtR shBul'd e "OAdd St 084S ES

t hekdepsh, roaktal abedtf thaitrhexsuarface of the

sem conduct or wafer, to which the crystal lattice was

30 danmged, i.e. disturbed, by the machi ning. Rough

séhi clomsludiesn wefoarsl wi hiowkearege dahage dept hsemecpndector

CRIPLES, BEESCAPLNOG gt LRl Dbt e of oo
defects, with the result that the semiconductor wafers
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-off. The semiconductor wafers
often also have irregular undulations 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

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.
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
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35 1t is virtually inpossible or possible only wth
high outlay to convert convex sem conductor wafers
into the desired plane-parallel target form by neans
of the customary chem cal and chenonechani ca
subsequent 4 nmachining. The remai ning convexity and
the remaining edge roll-off Jead to incorrect
exposures during the photolithographic device

pﬁg&ﬁmgﬂgtanﬁh@e%%a?mﬁ gm(é%{@g I{J; ”DP&ﬁmmg

Sem con or wafers o e ere ore
usddet aptlel Tof £ déraddi ty lapptrlreefcu momeet dur@ngt the

'%h@_’ﬂo@?kﬁ%brgfp ke @é%; gae\e%%'ﬁgrn ansrqfé}{@e tte the

provi de semi con uctor wa ccount of their

géaiplEg, Oir &hgl wwmm% fSemisadwsitiny elaf@aromk this

cegrgenentasrémthw%%fwell Linaw idise (" degign redgsnding
urthernore, the object was established of

pPBPEAEPRGONEN edge rol | -of f from arising during the
production of sem conductor wafers. The object was
IE tabllshed of avoiding other 20 geonetrica
f8 PF§ such as, for exanple, a thickness maxinmmin
the center of the semiconductor wafer associated with

a_continuousl.y decr i ng thickness toward the e

CRE Rt BR SPRod i et RNy SRSy « HeS TR £
obrokedseriemdnduciuert ovafvarfe ras whdlait,i an ddweowuty esf tiseir
achi eved by neans .of a firsg,nmethod for . the .
B ReRES en LA o st LEPAET i Tor PRgiRRe (L ertsgnic
sephmhpondutsowiwhf eesy whedéi hisashdsen ddddscigar rwdkesr”) .
lies such that it is freely noveable in a cutout of one
of a plurality of carriers caused to rotate by neans of
aFnokhengoappartiaisobndcks waser epyalpbiededn of cyrévénialing

tBﬁJ %) ?%r Yoo WNES £ ”ff&ﬁ §§E‘E‘£H§d%&% wafier Zp%cﬁ;é’éon of
machi n in materi removi ng fashion betme
semiconductor wafers.

The object was also established of avoiding other
geometrical faults such as, for example, a thickness
maximum in 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.
Solution

The object 1is achieved by means of a first 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 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 bonded abrasive,

wherein the temperature prevailing in the working gap
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rotating working disks, wherein each working disk
conprises a working |ayer containing bonded abrasive,
wherein the tenperature prevailing in the working gap -
5 is kept constant during the machi ning. The object is
i kew se achi eved by neans of a second nethod for the
si mul t aneous doubl e-si de g[jﬁdtng of a 5 plurality of
sem conduct or wafers, wherein each sem conductor wafer
li,es able in a cutout of

h t
LhE” KRBE shistaht WRrtRgCHhe HRYERRLEG 2 Sihle by

means of a rolling apparatus and is thereby nmoved on a
Cﬂ%ko' ‘i:g;'r d¢ aj & tﬁrk%m%eraeéﬁ&%%e a 18 S%{Q %? ﬁft A second
ers e nac ned in material-reno on
beekbed tier r*oln@t |Sng1uwt|ak1|e|®ng|d;kJé>laMﬁeerh& ngrtndass of a
vRih0g; disk SOMPISER ARG LBYEESCONt 3hBLRGn  each
asi ve, erein per unit tine the nagnitude ot
t FEMAGABERCEPTT eviif@r onksies t%leCf@:athéF-s aboutis hefrasly

mnep@beqeofmt @e Pl 0 APPRE awsaa@qu&%llqteweof Oc £tk rs
of the two working disks is greater than the magnitude

oFaPﬁédnGﬁbéPtéﬁer@WbW@ﬁQﬁn?ﬂﬁatqﬂih%ﬂﬂ\ﬂRﬂﬁﬂaﬁﬁﬁrQQQSls

abadtrebheiforaspeat i ye cfcdBoyats. tQAJJJ@@o J €Ghelréin the
i kew se achi eved by nmeans of a third net od for the

s PRBLEAREBEE OdOBIERS dor G PAANABCES & T bt Bid+yrROving

SEREBOBHUCHOt w¥BH Er'tSvo WHEStRItl rRACRo rk&HIgCOAGURE DI Wisd ££1n
l'ies, such thatc{Jt is freel nmoveabl e in _a cutout of

oR&CBf Wé’%‘ll@rgal s))‘ ofORBF +F@F s2 28§t 28d ]tao‘/errot%?’ét%k/nlng
nmeandedf aBraglilveng whppariat lp%ral’m(ﬂlllts t ilnkerahy nEyredt wde aof

| oi dal traj sem conduct or_. waf er
aF Be bR fhe

t
¥ AP ED B imgth Fadi o et waBH o
rmtdpomgtmmﬁhtn;chsksln@MEppanateachndombha;uﬁeﬂ¢o each

C rise WO n cont ai_ni.ng_30.haonded .
CBERESES UL LAYEE 00 8000, SRRl mpqps e
dbffehen@embertbé|nﬁyuhunﬂansﬁoﬂruhqrmnﬁkﬂidnal oEariers

t%gghtoghgggeg g@%ﬁbggmlgéﬁgﬁhgo the mean val ue of

e magnitu P~the “wear e two working |ayers

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 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
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 magnitude of the ratio of
the difference in the magnitudes of the theoretical
wear #(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
the magnitude of the theoretical wear of each working

layer is given by
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for each radial positionr is |less than 1/1000, where
35 the magnitude of the theoretical wear of each
working Jlayer is given by - 6 emax a2v ~Jt,{r)=
2+222-2-2 f emr +(rae)am 1(e) de |-w 2r2+e2r2+ae2
2)4 4 4 a2-e2 ai+ffi emnz - 2(a-r -ae (z2+2z)
where a indicates the pitch r@dius of the circulating
novenent of the carriers on the working di sks about the
5 mdpoint of the rolling apparatus; e indicates the
di st ance betmeen the currently considered reference
poi nt and®™ahe n1dp0|n cﬁBZQQQDé teshaos o carrier;
1( Ri{miei|cdt es ; Mo At he—ar ia)-de
C of the gemgé%”h ac:tzoha%fa%mle ) ot d%e“(:i#%lfe—wﬂii‘fi)
radi us e about the m dpoint of the correspondlng
carrier; r indicates the radial position with respect
to the mdpoint of the working disks; 6 indicates the
ular velocity of the circulation of the carriers
r'& he lﬁﬂéﬁé¥ﬁ§ dthe hel weh kragideskes; Whe ndieanéating

tlﬂ%\fé‘?{ﬂiﬂtaroflzscfyeel@&fijefg &lﬂetl‘lé]hv%@}@in of 8k kONaBbut hene
carriers about their respective mdpoints, emrs =

mBiAPOiddcc OF RFDENTORRIRT = FRRATALUR het e 1RO caggisys the

ofd itdrey neeym %@&dxé@tnor theaf e rdenet ¢ t Benkowekcand rdppeEnce
limts of the n%ﬁaratlon over e. eecc indicates the

eé%%ﬁ?%u%??y‘%ﬁfz Re18ENiYonkliEt SOEFHON R thecarrier;
gazr«e)erlmctatﬂ% Iﬂ’l’deeXarl&llemg’Eh&fﬂﬁnlghe?(uxppshlmtkéngrea
| r 1 =u or the lower WwWorkin | S |.NAl cal es

Gl e | nentingiiuc P BATRr oo bk el oIl GFLRT padius
t ke aippet dhet heidim@mtmrfkitﬂge dbskregﬁoﬂildengbjcm:ﬁrm;r, r

chi eve urth nmethod e
S|nﬁP%bEéous 5buble SI grSlglﬁg on%E chE §p the
sgmdpmumnnqﬁ w%ﬂewsrkmn@rélakeachl B@@lc@h@ﬂctbe wafbelar
RS T%‘icc@ that th% c%TJ ueleaJtB&on”Dé’Fa'BBS I A QPO the
one o | ural

mldp01nt of the worklng dlSkS, ®; indicates the angular

velocity of the inherent rotation of the carriers about
their respective midpoints, epin = max{0; e — R} and
€max = €ece + R where R = radius of the semiconductor
wafer denote the lower and upper limits of the
integration over e; ee. 1indicates 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.

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
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
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30 caused to rotate by neans of a rolling apparatus and
is thereby noved on a cycloidal trajectory, wherein

the sem conductor wafers are machined in
materi al -renoving fashion between two rotating working
di sks, wherein each working disk conprises a working

| ayer containing 7 bonded alkrasive, wherein for each
wor ki ng | ayer the nagnitude ‘of the theoretical wear
fi(r), for_each,radi al osition r deviates by less tha
SbSHEgm HRESt FBor AR TheSo tayet Sed TGN haSERE T Ehe
mn@@hﬂ?uﬁelaﬁemhﬁymﬂé?féﬁﬁd&KﬁWéMﬂeﬁg&ﬂﬂﬁbﬂf&ﬁﬁ&tf@@dal
wear .of. _eac rkin ayer i i ven e o

2ROSIEI6D 24 1 298518554 NPVl J AEdS rCRTRy ops  from  the
2tb2o2ed2ad)l4 4ehrbi 'Jveragdde? dBietm the eremt Pre-2(@orking
- a- --2- + . re the s _have_th

ngﬁﬁfgg %ﬁllé%téﬁef%P%gﬁgﬂgfhng %@%ﬂgg?%ﬁFﬁéFﬁ%,%??ﬁ§ ot
okpebt wiogkahgo lagkirevied ghyemebys of a fifth nmethod for

t he simul taneous doubl e-side grinding 15 of a

plurality of sem conductor wafers, wherein each
senicondector wafer lies such that it is freely

moveabl ef“Pw a cut out./g¥s. bf,a plynalj ty of carriers
cadB4e) ﬁmﬁ%ﬁ%ﬁn&@wd@d ,
t her eby fepyet;Hn2a Ry eirbafal )—t#—afec"t(drﬁ%-q@ﬁefgéy%)the 2
sem conductor wafers are nmachined in matefial -renoving
fashi on between two rotating working disks, wherein

each working disk conprises a working |ayer containing
bahded alHaskyebowserieive t bBRephRREYitiPNiNditheeliotfdr the
nghgrial rg val that is made up by the material 25

r &ROYS "6F8Gght about by the abrasive released in the
course of the wear of the working layers is always | ess

t han e proportion de up the.materjal renoval
b?&&ﬁ%?yabo eb;?ki%eecr%bﬁﬁsi%ﬁy?i?é’&lfv gnd%& i qe of 2
wddKichg Meshyerd for the simultaneous double-side grinding

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
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 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
than the proportion made up by the material removal
brought about by the abrasive fixedly bonded in the

working layer.

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.
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30 By neans of the abovenenti oned nethods and, in
particul ar, an expedi ent conbi nati on of said nethods,

it is possible to produce sem conductor wafers having
significantly inproved properties. 35 8 Therefore, the
invention also relates to a sem conductor wafer,
featuring an isotropic gr ou_nd8 pattern, wherein regions
with grinding marks that run’ parallel or symretrically

to a point. or _an a

Wit h respect is of s try
reTIIhaetrie\%é)rted oneHhot heP VFRkECp |8§§°t haﬁ%{%feosf the® @
ermamiegufcdeoer wifarmhe feafivcdmduct or waf er, a thi ckness
vari ati_gn o . th N e tir. . :
S corducrert SaT "PatntioRaBRel A, ofRLIGE reaigng with
myr iadimioc kreeses vahatit ron phraddelt van Oymmetnlitatiedwith
t i t hat, l:i.es e e .of glyg ] C
Wz;.ffe%lpr eg%doabasgabv?ﬁlg? hogé %ﬁllﬁgg? tO Ee i amet er g{f’ﬁ%&é to
S @fiec giidtesT Mgdfeerup 15ess athan ckivesst veheaenbhref shegsce
t RAN 9.3 eIt ed r Lt fegion that lies in the

f the '

center o [ sem conduct o’ waf er and has a di amet er
of~ 1/ 5 2of thhekn@pamstaiaffiatheoerh @dnddEsr hafer ona the

Vet iaied ferpovbudfoagh reaseilgss dhargle MxcBPsto@Nos
RVS roughness of less than 70 nmin the Ccorrelation
IéLn&nh range of 1 mto 80 m and a depth of the crystal

damage anedri diie sirdacentofon | &8S1ddantHén po 7QuiSaBrbeted
dg-?{“ ption of the ﬁl,gures The |nvent|€n I s expl ai ngd
f Ut Rerr BEt G Wheh LeFer hcdhe £I9GUrEstP80SERyGPRITCTOL
shewe ram@pppast s widtiabbe flonocasf ytne @ifamdth® of the
met had accor di ng. tfo t he invention.
semiconductor wafer,
- a thickness variation of less than 0.3 pum 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 in 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.
Brief description of the figures

The invention is explained further below with reference

to figures.

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
carriers and the semiconductor wafers to be machined,

in plan view.

Figure 3 illustrates the designation and assignment of
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Figure 2 shows the | ower working disk of the apparatus
illustrated in figure 1 with the rolling apparatus, the
35 carriers and the sem conductor wafers to be

machined, in plan view. Figure 3 illustrates the
desi gnation and assignment of 9 the characteristic
el ements in respect of the scription of the novenent

sequence (kinematics). Figure 4 represents the

d't?%et r Egékaﬂﬂ' ¢kaess pr j’rérkgn?s of 7 Se'Pe%%%%%Ct %Lt  the

nonocryst a i li'con havrng
didgsetrdp téfor3ed ramet h@tvam@slts@lﬁque (ﬁconan@rtulmasu ng
net hod that realized all the features of the first,
second third, fourth and fifth methods according to
| GEPIEPENES). Hpe nfiageFrgaré 3hisgmesentprofele

dlo@metarl cabmt BbcKnEsSy P Qhicke qfad% SR COIEQHS&Pgsw@;ﬂne

made of nonocrystalline silicon havin I anet
360 Lieonhdta id subfléemebert 8fa 390 AaN ridatetwod swajected

r%%'kiefkfﬂﬁlﬂ@emé€ﬁé@r€§a9fr@élﬁ&%dquqtdﬂﬁ?cﬁggtures of
third urth and fifth nethods according to

i fPent FORSETT\VAeCqNdg prhi kg gurfevsr hepP@sentd fthe methods
t hiceloraissigpref ithe ahvantsem.canguet or, gpajgr, that was
subjected to a grinding 20 nethod that realized al
the features of the second, third, fourth and fifth
&bcomﬂu@@dmlﬁfﬁhelﬂvembt@mcaTT%hidkﬁbﬂﬁ profile
ure 7 represents the thickness roflﬁe of

a
cShduBtdt CRRFRT Eohat YRS s ub] I&O@?Fﬁ&?ﬁallme
neuhd@dmuﬂavxﬁd|zedlamétéheoﬁe8w@rmm afhdthewd$ r sibjected

third, four and h hods accarding to t

e bRk DRgt yo e Bt R R %6 e tiknfratures of
s&helngsretotaséouad sp@@ﬂrdsetﬁgunﬂhd resul fifigh methods
i AR ra er. tan Iy rotating
r%%greﬁgé9233te ln%%%%lo no? gﬁrfm%d out
according to the invention; (B) met hod

Figure 6 represents the thickness profile of a
semiconductor wafer that was subjected to a grinding
method that realized all the features of the second,
third, fourth and fifth methods according to the
invention. TTV = 3.9 pm.

Figure 7 represents the thickness profile of a
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 pm.

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
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
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according to the invention conprising the features of

35 the second, third and fourth nethods. Figure 9
represents the trajectories 19 with respect to upper

and 20 with respect to | ower working disk that - 10

are associated with the parameter sets fromfigure 8.

(A): method not carried out ) cording to the invention;
(B): nethod according to the i nvention conprising the

f ur : secend, [ ur, P

T T e hbng R Pt BeSaTorer| Fedsor Tt Sadgre ©.
25 2drid medhed 2@ tworddi Higed agrelr sAe¢rerding tal the at pUentoan;

the)paramRlel seLsrafem tigwis 8in(fé‘}xi:iqi§t hhdiolsing the
carried out according to the invention; (B): thod 10
adesitdgingg ©of e isRemd orthdaithraingt fpumid medhadss of

the second, third and fourth nmethods. C Figure 11 shows

the differences in the radial wear profiles of upper
alfd Rt QoY Fagerafhal AS2T 1Brehl £8F atdd HionbPper

t 2 ;aagoam&{vﬁarr 12 chﬁf}ojtmj itﬂw@rs%.t}tﬁﬁ ' apBt B?ﬂcﬁ@?ted from
carri e ou accordain e r.nventi Qn, . ne 0
ad6r dPAG G Hofe S %nt%GﬁmcoEﬁﬁﬂﬁﬁng' hé£§feaPGFE9gofn°t
thhm&q%@ndouith:adcgadig@urw lrmiéﬂ_ gdlswea(ahiang]yr @B%Z method
shows the cunu ea an nornalil ze engths. o t he
RS 1 S8 e Ehg T HHar KSTEF banHY ofMeneES P aia of
SefieC Grrdideidyr thefer Srad faurtic iedhoefs .t hei r

orientation with respect to the notch (0) in the form

of a histogram (A): obtained by the second nethod 25
adhguaiend It chtdhwes | hent idarf;feBncesbt annedhby aanebhodwear

nQt rding t inventio ' of referenc
A B b PE (ANE abRRe HhShiPhal A HERO T nar, ore
4 dadwerl awercki g i sktlse Rpparametde ofethe fwoki nfidizsiess.
7(%ﬂqe%éyﬂdgaﬁdgmkarried out according to the invention;

(B) : method according to the invention comprising the

features of the second, third and fourth methods.

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°) in the form
of a histogram. (A): obtained by the second method
according to the invention; (B): obtained by a method

not according to the invention.

List of reference symbols and abbreviations used

1 Upper working disk

4 Lower working disk

5 Rotary axle of the working disks
7 Inner drive ring

9 Outer drive ring

11 Upper working layer

12 Lower working layer

13 Carrier

14 Cutout in carrier for receiving the
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9 Quter drive ring 35 11 Upper working layer 12 Lower
working layer 13 Carrier 14 Cutout in carrier for
receiving the - 11 - sem conductor wafer 15

Sem conductor wafer 16 M dpoint of the sem conductor
wafer 17 Pitch radius of the mdpoints of the carriers
5in rolling apparatus 18 Reference point of the

sem conduct or wafer 19 Traj_ec]t]or_y of the reference

poi nt of the ., sem conductor wafer on | ower working disk
20 Traj ect%?lﬂ}l%?n?‘ﬁ%t?ﬁf‘é?tﬁﬁe point of the 10

seh® conductemi earfic¢uc oor uppeer wor ki ng di sk 21 M dpoi nt

of, £ he cary]j poj. nt . rollin aratus 24
Ed:bée regi o%igéofé%%gd%%i %%%leééﬁ%lfc%%re V‘gas@?ﬁ{gconduct or
wal®r 15 2Bitvear reflitke afppeheworikippgntayesf 2BeWearrrdfers
t he | ower rking. |l ay ion of very high |Iocal

wear of th%\g\/\%ég‘lgln%& ?é%gégagggRegi on of very high

di ¥8 er enceRéferérce opal nt 20f wele sfmidendwekdongwhbgers

2 i ffer oy r qf,up Tj:}% wer . wor kirg
I%/ge)'r 30 %ff?%gt‘gg’g gg%Co%\?eexi |t%)e/\erfo t C!eeoseéno(l:}glr%duc(:)?'or the
waf er 25 SAnTpolaneieubraEant opabseresi3skiggt dbpkc

cupyl at ed ﬁfﬁéé@&ﬂ,onp@f the MBCHANG IT8688: of the
(grinding marks) 36 Anisotropic cunmul ated distribution

of the n&%ﬁph¢%@d¥¢%@ésW?§¢¥n@mr@PmﬁﬁK%?rking disk

21 Midpoint of the carrier

22 Midpoint of the rolling apparatus

24 Edge region of reduced thickness of the
semiconductor wafer

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

wear of the working layers
29 Difference in the wear of wupper and lower

working layer

30 Working gap

33 Convexity of the semiconductor wafer

34 Coolant/lubricant passages

35 Isotropic cumulated distribution of the

machining traces (grinding marks)

36 Anisotropic cumulated distribution of the
machining traces (grinding marks)

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

e Distance between the reference point of the
semiconductor wafer and the midpoint of the
carrier

€ecc Distance between the midpoint of the
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30 A.S. A War of the working layer a D stance between
the mdpoint of the carrier and the mdpoint 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 sem conductor wafer and the
m dpoint of the carrier ee., D stance between the

m dpoi nt of the - 12 sen1coﬁauctor waf er and the

m dpoi nt of the carrier (= eccen ity of the
sem conduSEB COREEE O V%E €Cari? r)t (ﬁ&pgpfn§ngpé ofle
t he referea¢&1@m|nu =oBcthatrhcieq conducher safecohbuctor
Local thick essln i %e sem.conductor wafer 1 (e) Length
of the cirérétart s ngﬁf tof ehe circle arc about the
nmipdpoi nt dPoﬂh&)caangbe arfd ther ooghetérece efrerisriceon  the
poi nt of n r wafer which runs within
the area %%$l§%ggﬁgg%%d%gggg wafer C NCL Nornmalized
c@imul at ed Lbgadt fhafcknke smachithiengent cacdsictper wargire

cl ) nop, I e t u r S

18187 ot Kergna Dot o TR | Basr “aoriering o siern gt irele
Rotatlonaﬁr§peé@0@¢ tﬁéelnméﬁppéhtlngfapbheatgérrhér and
Rotationaknspegd Of LhE OULEILdMALDT ARRATAIUS oF  the
Pitch radius of the inner rolling apparatus ra Pltch
radi us of SERE cOMABCLEd) [WafF appakah usups Wigkddinglthe area

di stance betweerntikenueletencareei nt on the
seni conductor wafer and the m dpoint of the rolli

aPpér at us N9TTBddress eCHRUE fECEhi KKHESS & t éemomﬂ?hbnlng

| ayer ont@g@@@nqp@& wealle c3asB)Radius of the
senlcondu%For waf e

Ng otatlonal speed of the upper working disk
ny Rotational speed of the lower working disk
n; Rotational speed of the inner rolling apparatus
n, Rotational speed of the outer rolling apparatus
r; Pitch radius of the inner rolling apparatus
I, Pitch radius of the outer rolling apparatus
r Radial distance between the reference point on

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

on account of wear

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
c 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

the upper working disk
Oy Midpoint rotational velocity with respect to
the lower working disk

() Angular velocity of the inherent rotation of
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RR Radi al position on working disk p Radial position on
sem conductor wafer s Arc length of the trajectory of
the reference point of the seni conductor wafer 30 a
Angul ar velocity of the circulation of the mdpoints
of the carriers about the mdpoint of the rolling
apparatus ("mdpoint rotatio gl vel ocity") ao M dpoi nt
rotati onal velocity with resg ct to 35 the upper

king disk au M dpoj nt tional vel ith
espect { BRoL T TR WBPRIFG UIic W RRBGCAE Yol BidRgints

of the |nménehEreotatb®atmbn13 vehectayt'iers about

their respectiye. md #"' qfre t rot na
VQPOCIty 8uo ﬁhergﬁ?g%%t% i o OC|ﬁ$ i fRSpect  to

respect tbhet hppappepriwinki dgsei sk 5 w' | nherent

rgtati O”akn}{g!c%kt yr%é’é‘l&?ﬁ’e%f lttahlaJ g‘f‘{err&’gé&‘ég to

dir$k Descrii ption of € appar at us Us

shows t hetbssénweal wersibat diek an apparatus according
to the prior art that is suitable for carrying out the
met hods according to the invention. The illustration
sRefsrintipasprE gbﬁeﬁﬁ?ﬁgaﬁpagﬂaﬁﬂof a two-disk

machi ne for machi ning di sk-shaped workpi eces 15 such as
sem conduct or wafers, such as_is disclosed for exanple

i Bigrreodozdmorsal the negseapdati il afiawis AT @fpatRRakatus

OBCEBkathpetBaS tRld urgﬁ%rworak_rltng 3K L andsy A dover for
working disk 4 with collinear rotational axles and

WPRRIEUBEL 4tT afhg eHeSar ACFOF JaPParike mshe oFR RN .

WORKI RY18YEFaEesNnOfshiche W@bkb%%lQi%K%éMéﬂldfﬁﬂgq?amtéf a
According to the prior art, the

one a er
ngngisgnd“a&Ff&rfée f ZBFi o et Sﬁé;‘f shepery o‘ﬁor]&%%?ces
stathl ess sHErelon eIl Cwa £ONPOSsti€h makerisal & 1ddwl for

example in DE 10007390 Al, 1in ©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
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 uncoated or provided
with a coating made of, for example, stainless steel or
ceramic, etc. The upper working disk contains numerous
holes 34 through which operating agents can be fed to
the working gap 30. This is a cooling lubricant (e.qg.
water) for the application of such an apparatus as a
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
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
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/ like. The working surfaces are uncoated or provided
.. 25 with a coating made of, for exanple, stainless
steel or ceramc, etc. The upper working disk contains
numer ous hol es 34 through which operating agents can
be fed to the working gap 30. This is a cooling
| ubricant (e.g. water) forn;he application of such an
apparatus as a 30 grinding &hine. The appar at us |s
provi de mnth a rollip aratus for carriers 13.
PR ErG L L SO ETE SBOTEAS AREr 2 VIS | BEATORAEOLe
optlery dsf vetheng gdarThemeetisn s 13thaeh have agsbedsted
on cut.Qut i ch can recei,ve a sem conduct or wafer 15
05 Yo n hed B iFhe TBGRARg algari: 0 g n6e tical” in
etrhadi ededard, exanppeefsrped. gépeay, waskungol@iﬁk 1 and
g?@ﬁl’e'}g v%r]&si}gsogfskohh% dculsr‘tl er@rgr 'ye?erln geard cg outer
reasons el Nt enance conveni ence, “praductd
cdsugeandnmm9mp1© dnlvgenetakbyatapgelmwgaads no, ny, nj
diBRN3, 0B5o AN L DEntNaY 9l dablee 1 PLRY, O L Be gear
mechani’sns t I'S assoc ate ther e % t he pin
gearing, which is nonpr|t|pal in this regard i's
prI'ﬁf ecrk{éad aygp%rhe rk&l;lg E%r%tggd 1% ll%‘@(ﬁ %rk'&pgm thod
di sk 4 ana Fnner drive rin ter “drive ring %
apEcOriMNay ator otk i dmalendpedds ﬁéChn"WOﬁhin%ndhﬁﬁC 4

abgut-;@ssei | s ywbdenhhcaly s % %Brk*ﬂﬁg‘?@%@/e‘&heﬂe 12
the apparatus is used for a nethod 10 according to

i RFAEILGR L YeaoPM BBt kiMg Gilekhs, 4woveRyi &didiadis felted

W KleRg oS aﬁsbal&«@r Kigihdtayer mdtridds REefer @ Ywithout
caonpri sing cl oths (moven knitted, felted;. fiberwoven

f§5 e&s, et cf Te¥ | SBSNRLEKEBr OFi MGt Lapeger or foams

i AhaYohodd | éﬁomayaygr t@atMddnd ayerd R&tépags-28mbhing
whose upper ers hg cone into material -

renDV|ng
cGﬁP&éFt\Mmltt e séhfcondGREGPNHHFEPE ab¥asFie rasive
syuhpkaneessakhe e NeRopPaaeddas sahbasisiee .An exanpl e of

a filmsuitable for carrying out the 20 nethods
according to the invention is disclosed in US 6007407.
Eranpéesmpieclat ha afeldi saliosed o ofor carrying out the

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
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
self-adhesive coating 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
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
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exanpl e in WD 99/ 24218 and US 5863306. Exanples of such
films or cloths with a structured (textured, "mcro-
replicated") working surface are specified in US ~..

25 6599177 B2. The working |ayers are preferably

adhesi vely bonded onto the working disks. In

accordance with the prior art, such cloths, filnms or

| ayers are provided with a- 3b5sel f - adhesi ve coati ng on
the rear side and are fixed on the working disks by
agrREdPPedbortditty. mar¥es cullghepnehs) t héheggehof which air

appahakdses chawedg deai@e ndivisiNHi e u faid Jr{c?ecloth
appl i cation of such morklnggfa yers onto the, work

dFERE wPiABuUt C#RuIFICARRN Yshcreded tang BSDbUEbI% anar,
lcaﬂﬁuf@mdonlcl@tt{hﬁt leﬁg)dllft b;JI ?“}]Jﬁl'@rkrﬁdleé wor ke n95{19242
ayer and al sqQ the renoval, o e wor

(BEORPESG: B CarinoTie. e oG EeR G Kbarma b ks
eﬂ‘bddlmﬁrﬁon@ﬂleﬁmft) h&wﬁ&umgpﬁayworléﬂrg%l wm@l dwéft hthe
pores.(channel s)  t.hr oug ch_ai ubbl,, cl yde

DRk RSty bt o rAcSBRa Tarsieh dar W capable
estapejodiilsy resubtingo rba phanged pwmﬁammaﬂkyrmapidly

0 Fur t her nor WO 95/ 192 propose ppLN

RBBCIS oy @R TS G 67T h ol T 1Bt SRS g 1othY PPELfhs,
cﬁwpmenentdmw&xﬁugimmhmoahhog barb&oduakdthm awoz kpigce .
dufiy (afooksand 1agenlostend " dostibsboenahl e LO® oicce

ayers ange pa y rapi dl
[ nnaorrariaelgef r@eanxflerresmmram cl of gy, f|¢h<sth,10 foam,

TGy Afe PhEn Fant Raea e BES GBI Ed prBcd oy Rreey o1

onto large carrier substrates (film cloth, foam

e&ﬁ )orddES {3 @ﬁqfsgqtf Of h X gl fod N ?go% A9 t@l the

In order to carry out the nethod according t
i ﬁ@@ﬁﬂfﬁéﬁn,t fréef iHiixdgdofoft Heranotddi i d ayasrerd ofméx%ﬁ@m@le

by ySWeki:@RnDY W AR t i UAly AN Rl d T PeSdRADSL d ayeye Plor
th wor ki ng dISk conposed of ‘porous material, for

e%aﬁm WOEKLARI cFiskpyCARBAEEAC Bf ePeEPRSstBRF8rifki ngfor

example ceramic), by magnetic or electrostatic fixing
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
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
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
cutouts. In the preferred case of round semiconductor
wafers, 1in particular an inherent rotation of the
semiconductor wafers in the cutouts of the carriers is

possible. Said inherent rotation is desirable since the
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20 or by covering by nmeans of tensioning devices fitted
on the working disk, etc. is furthernore suitable. The
wor ki ng gap forned between the working |ayers 11 and

12 fixed on the upper working disk 1 and |lower ~. 25
wor ki ng disk 4, within which gap the sem conduct or

waf ers are nmachined, is de3|%nated by 30 in figure 1.
Figure 2 shows the apparatasliétn—a plan view of the

| ower working disk 4. The sem conductor wafers 15 are
3CMsONddgion o vakeirérs WBenwhiagsudiiee aPso Fefekienally

[ Gyrdtquicda cages, T»nelcs@mlﬁ@@@a%@r RELFS AR MYs and
fi xedly connect ed by positively or force | ocking

f ISP 5N oG Hes rfefg%%ﬁwﬁe %Y%&a%owfhef%rlzh@r Puppepes

t kg resulithvidnati drhey can nove freely within the 35
cutouts. In the preferred case of round sem conduct or

wafers, in particular an inherent rotation of the

SeiredmAutlear Wafer amildpdihe culfoutieof wbh&iegrr Hes%si Sand

posagble Sai d |% erent_rotatjon is de3|rab% ﬁhnce t@fre
io

16 O o FRPATS Wit er'd?dhent Sissitfre 3 ¥ ot @ Flyen
synn&ﬂmﬁmm fshaml\mmsﬂ1beuﬁex&gnaﬁé&nbyf22tn@hs mhdpoint

mpef ry and is therefor gn&ageous fofe%hqu §?fsbe

he |nveﬁ9|onCt§erre|naf {'he ntd n
V\melalrgglachesksbandlﬂ oldnchg tappamadlus;nt hatf i satial sayroier

L @%a‘irlt 'bre U Oo?’[aaééjds b é’r]?ft PgiggPQESQeRXezéolnt

a sen1€onductor
13-_83ideﬁlscrbé>elso alelst ayjrat eer oyl 9 600 ablte t heweat dporkingf layer

rrj ggg! | gn b rarsy
re erg%cekgéiﬁf 18&)esztgbg§%g t?aﬁé&té&?ﬁ%gh; %f the
| awera bk i o rtayerWQQkhfgtﬁeSIcowad wolnki @ tditslong @ﬁ] the

acrawd ofp <§§1e7 %Hat onmpd higp Mﬁ%b%ld'éé( E‘HQ theriers

rotation Of he rirve rlngs . p0|nts
2]?-3ofc%¥1‘éUJe%ﬂF$| @lns qspéutrabmca{rétl@n Ja7 pltth@ﬁ ch$ cpenﬁntrlc

:hhﬁttﬂ lsllcé%!'tfé‘d'ﬁr'@o WehB respeeetinko tdze m€potAt 2200fing
;éggiagugg

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 in it (concomitantly rotating reference
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
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 rotations n;
and n, of the inner drive ring 7 and outer drive ring 9
and the rotation of the working disk, the carrier 13
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
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apparatus. 20 Figure 3 defines further characteristic
vari ables for describing the novenent of the

sem conductor wafer in the grinding machine. In this
case, the reference systemis chosen such that the
wor ki ng di sk considered is at rest in it
(concomtantly rotating reference C_ 25 system). Only
t he | ower morklng disk 4 i5 H%plcted in the plan V|ew

in.fi S desi gnat e the ar le
Rt bE, 1o B e 50 e ter T AhedestgRated
Se@LgﬂﬂﬁF@&@énﬁgi@%t§5egQ ?ﬁ?atm$eée&$cgmgﬁctbe wafer in
in ayer iti of .sai d reference point
SR heg et il e AT by e < AR SrSHEER the
fmeﬁErbheanpbmmmt182<nf the m@dndum&wmmﬂatusfaﬂdmawand
Ie cp a polar coordlnate to the
st e PR ey Ret i a1 & g} dfius of
omheraﬂmnupnduq;dr wumbthéSroﬂ%ﬁhnn&fth@elwmgkmngm the
dicskeibhe, cary i@}ﬁ }gﬁésr%taat:o%dta tﬁé‘gﬂkgﬁa{ﬁko"éﬂ the

about its n1d C|rcula es
apaamgakar h%lowhnyha mbout Whehmndpdﬂwi 2ared thdg the

e?%h%%oﬁﬁﬁ%%%&“%a Lheqgdi stance between the m dpoint 21
of t [ 5

e carrier an the 17 midpoint 16 of the
sem conduct or wafer 15 is deS|gnated as t he

eﬁ%@@ﬁ:&b‘&'ﬂo& e%qsc Qe he s &didy (88 the

carrier. e shal deS|gnate L |stance etween  t he
réPEPéﬁé@np0|nt 18 on the sem conductor wafer 15 and 5
the mdpoint 21 of the carrier 13. Ris the radius of

the sem conductor wafer 15. 1(e) is the length of the
cilPcl3E R Edaneh Wadhusthe abbuttt MetfithofAECPE1BE thre the

cankkatid3 , Whird fuRgevhthta Hﬂetﬁﬂﬁaw@fklﬂﬁ gap is kept
semi conduct or wafer 15. 10 Description of the first

n€9ﬁ68a35corﬁ?nﬁmﬁop¥%%ls¢n@%ﬁ?e6ﬁbﬁﬁ adebtgandd sy eRtire
tbarﬁltrl@h Metrhoct HC € of GhuTg: dre d e d&uhbllé/é‘@idi@n gtbgding.

3@E%E%E“re ég %%% “?{gég lgap B%rlng the grinding, the
temperature in the working gap is measured and
corrected by means of 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
working disks that is brought about by temperature
change is avoided and the working disks are kept in a
constant, plane-parallel form. This results in a
significantly improved geometry of the machined
semiconductor wafers, thereby enabling the production

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
the flow rate of the coolant is varied in a suitable
manner in order to counteract an undesirable
temperature change and to achieve a constant

temperature 1in the working gap. A suitable and
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constant, to be precise preferably during the entire
duration of the sinultaneous doubl e-side grinding.
According to the invention, during the grinding, the
tenperature in the working gap is nmeasured and 20
corrected by nmeans of suitable neasures if the neasured
tenperature deviates fromthe_desired tenperature. The
tenperature can be neasured igr_exanple at defined

i nterval s or continuously. Bﬁ virtui,of thi Eonstgﬁt .
t BRFFAEG e | ATREIBFRItg Gap, §°8&fBPnmt FBRYSENERE 2518
wariksicig s@idskisn t bEt 1095BBBEQgAL . albits yr tenpaiaitur Eeatures
change is._avoi ded d the rking di sks ar ept_in _a,.
o e DAEEE PAfbRr® BRAECTY PSRN P ' SoBring
silgmiyfriiodmt, | y a nphewed ldgomehsyletinhe datkirheger and a
sem caond r_waf.efr herehy..enabl | dugt i
33%5)”%%a sliga ' crond{J?log'%e%AafeJélr&aecg)orgé%{;\g?%é]cfhgg?nvént ?gﬁ?nd
| cogdengnbbadbyenhtbf thimstHdmsirawet bodpeeact Viorki agtting

di t e L rLn t:hn '
cof ey s B BT STaRad T o PRI D o
33appd nid ovg rn@ing phe roddisdring soVasiubdtivate sidfatd eis
n@l@%rlo's%dorgﬁérEQn?O%eefeai _ @Heu%éfa?l%te of an at
tenperature change and to achi eve a constant

t difgSitat Ghe sier Lalye nRer kicrd LgRpNIA Bditabl ésanfempggature-

prfenedArdrpaamtal cagld o LAbYT A NkBSti Sonstant and
di scl osed in DE_ 19954355 Al.” This arrangenent features

arth@ppeiPReyer Platipperripl aie) peEiafed WMoy kdnGol i3k is
| adeyipletaltu re tlefumaldad idisil @td NGempld €4t @yer i #nddapPed to
| oner | ayer ("lower plate") pervaded by a second
c&gﬁinﬁe¥%%9FFH?rLPQiH%WﬂﬂﬁhDPéPCESﬁeﬂﬁbdSPGP s@t g that
anrd ehegsatiteg tHhe mlaanakiohiefi oaspokirehi egepkate fiar the
| appi.ng,. grinding or polishing of substrate wafers is
QFSUIGEHaY hEPBRA2 tHier 851 3 he Gk ifat 616f SRMRET3buLe
| easglulthrieer | ageredcpol | shivag ploletés tenperatieeponding
requl.at ed ,and then {he t enpe re is_kept coqftant %@ﬂod

~ t
t RERUP5Er 1t 450121 Re SRtTrd Nor KPng" i sl ding

according to the invention.

It 1is 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
temperature. It is also possible to wvary both
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 cooling

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 cooling lubricant is lowered in a control loop. By
contrast, if 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
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tenperature-regul ated and the tenperature is adapted to
the respective polishing process in such a way that 15
steady-state thermal conditions are created in the
pol i shing apparatus as a result of the tenperature
regul ation of the |ower plate. A correspondi ng
application is al so possible in the grinding nethod
according to the invention- 28 rt is particularly
preferred, however, to keep the tenperature in the
WSHRPHGNGAE 1donSORREABY -varyi ng the tenperature or the
flowrate of the cooling lubricant fed to the working
accordingtto the neasured ~,. 25 tenperature. It is

ga
a|T§8 pbSEPBFettEevaly Bden WBéFéﬁ%t G tempBFasuredanter
fbawmpabe direrctslu} t e mBBABEr oifN Alc@ffe ta deaeP ééﬁsOrs

nperature in the wor constan Thi st
¢ SOBPAPPOR s LRECadvaRt Sy Faer SempaFat PExIHG. Glsks
regubatghont]?yé mealhsnlof Wb@k@ﬁ@l [ ngyeBO d)ﬁbythfiblﬁlght héhall
ni fi cant ess S enperat ure
o sie e e e i TR eLateh: Since
thhe1Nu1HﬁﬂqxﬂfﬁkHer@fatéedOQQh@n@rdmdﬂhgtfﬁh@oméa@@med
! bri can ed |Q’a cont,r,ol 35 contrast
n

. B
U P58, SANTE 11 1 oMY (e RIS oRes A
vakaepile m@ammaﬂx dﬂuﬁﬂéduxieﬂmxgkndﬁmgfﬂctimm comtauts,

?%rOfcéﬁ%%éﬁféégﬂ%lu% cagﬁa%%lén%r%ased guc ér red or

tenperature 1 remai ns
s ubsihanti ivalllyy dbnsnanaltéhaatenperaharaampaﬂatwmﬁklmgthe

g@Brk%ngegéﬁr%% %ﬁs )ggn%ea§Uf &“'ﬁa% e?ﬁ@@su means  of

t enperatu sensors |ncorpora face of
t be weAdunremHsks Qhrough t hempemiahyraor kilng tlayercoepling

t L4l rd in the
mgpggggaﬁgggﬁéc ?ﬁﬂ tggdﬁg?%%w%o &g 9%fhte duri ng
gri ndi ng, the neasured tenperature value is

tbéB%E&F&%@nﬁ'bﬁerthﬁ ceakahll: hathdd ©x88BLAiRY Me8NSthe
of elecirical sliding-action contacts,
invention

The second method according to the invention 1is
described in more detail below: in this method, 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
precisely, this means that the magnitudes of the
angular velocities Q; of wupper, £, and lower, Q,
working disk are greater than the magnitude of the
difference between the angular velocity ®p; of the
inherent rotation of the carriers about their
respective midpoints and the angular velocity oy of the
circulation of the carriers about the midpoint of the
entire rolling apparatus, |Q;|2|®e-6ol. The spread of
the wvelocity distribution 1is thereby reduced. The
relative velocities between the semiconductor wafers
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
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or contactlessly, for exanple via radio, infrared or C
i nductively. As an alternative, the tenperature in the

wor ki ng gap can al so be neasured indirectly by nmeans of
a nmeasurenent of the tenperature of the cooling 15

| ubricant discharging fromthe working gap. Description
of the second nethod according to the invention 20 The
second net hod accordi ng to tRE nvention is described

in nore detail beIOW'|r1th|s nethod the workin
diodk stRSt QCE HBERCE helf c Shesi fac t helahtvee v gfd{e&s A

atvehioghery, angulsarriveit@eint y Wwhan the caembels kpkak8 is
about t heir regfectlve n1d aints., To put it nmpre C % ,
SOEATE NN & st ekt Rk ey it UHBSTBPP+Remachining

aragﬁl ajhe\éelsmmﬁdcﬁ&j@&fr up,pﬂersKZ t}@é\ﬂepr\Eéna&.lmg the
wor Ki n I S e greater than the nitude of .th

AP S B e et hodh ERECSRBRRAr T el Baty SERetiife to the
i ihereentionat ati on of the carriers about their 30
respective mdpoints and the angul ar velocity ao of the

circulation of the carriers about the m dpoint of the
edmni rehe okbnhgxéppaf athe, s@doPldwomennod Thecspdead ofo the

tﬂ%v%%kﬁ%‘“’éﬂ t{ﬂgig%meens t&@r@@g gg%f8$gdugp$r waggrs

relative véloc i es seni con
ang lielté vieor King Eaghbr s odf ttﬁe vvot‘ko ngwoirkisigar edindts  are

t .rat de e catdon and ti
G Y ha e R T R o gy TEgular
dilengithgniesh ogh @lilat tiseegh ¢erisved®itds -nean t he frequency

- 20 of the occurrence of specific relative

velocities. A velocity distribution with a snal
s pUEAdSreoTEdvanitthgdds sTaeRt rebul tkej nsgpond  method

I%@cro%u@lgrmgsl nNiHg 1ﬁfrehh.§o§emP@nqléCtﬁfef‘@ff—‘é§ for the
t hereb enabllng?the 5 roductlon of a seni conduct or

waredtascoPdi ngheo ttlfﬁeleqt}%lrﬁs oithijgh t fEecoppB)kEOBFUCtOT
t ha reeeondo et had, ageendipa1t o ies irRveRtivan, téhehe two

trajectories of the sem conductor wafers |, . ,
working disks to be approximately identical. This
requirement is regarded as fulfilled particularly when
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 1in
identical times, and the mean value of the lengths of
said trajectories is less than 20%. However, there are
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 low in
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
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
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10 relative to each of the two working disks are
preferably in each case epitrochoids, i.e. regular, C

| engt hened or shortened epicycloids. Furthernore, in

the context of the second nethod 15 according to the
invention, it is preferred for the lengths of the
trajectories which the sem conductor wafers cover in
identical tinmes relative to €he-two working disks to

be approximately identical. This _requirenent is

r SGAVGemcas to Frafens pamt i the ahPyedhem 20hehearriers is

nagRidde of the rahideioly tﬁ&;@'ﬁé@f Qnee gﬂmwsr for the
Iengths of the trajectorles whi he sem con uctor

wafrerd cal@r Heditat $vees o wiHd tﬁ%g%ﬁikltﬁ’g gpsradj pnd time

| dartdraaluttiones, amd st he regantwal ugnof hhe |§ﬁﬁ£8§11@£tely
sai d tr%]ectorles is | ess than 20% However ere

215 YRS HiGRenaf R E8 L Whi ¢ HF SIRvai Y %F@Bm&WQef§°PHeﬁF} aFear
| englely ofantdhe atr ap@@itQFpes:a @Mbuhbl lsphﬁté@h ?biehut Blytle
necess r oxi.mat e Y enti c en s of th
t P& éB?’ i es ganﬁﬂb £ achitBv&R™ ?3605|%% the HﬂF%?Fﬁhalby
spe&@tdbdeepamdémﬂs t@rbe febﬂt+WEé&rLdeEHaQQmmetrlcal

arison wth the (%ional eed gﬁ the

EORUEEE S ShURE Pana ey (Rt midR (THALTMe  PbRen"
armhdzrcmf Wadps’boW)theAsem carduttor weé ersuekqsy i efcethe

Se § eV EXcRp'n&aEQ thy quglcg# frkctlo f or €8, c
IT}lngdglirectlons of the SWrk i ng ayers Ve om%lesOpl
amdth@welv\@rraialgms arlch ctmmmaﬂms abraiptas oade changesfor
al& a ng\i%' ded a\"/\}gfrq.nldthor h‘are”EeBQ%?“ qa %SE'%_‘Sn?l
sem ¢ uct or ars i oles CRtRe carfiers

sUesret el IFiee el @di:t%rpzsﬁ idesrese simi the €dget heglon)
ff%“hf%%éln Fﬁ?é?i %nﬁE‘ﬁgiﬁgﬁ&ﬁizﬁ@%ﬁ@gsapg éEESrdance

dlstrlbutlo ts 1n an pr oxi mat e
Syt r sl paieri adrEenolal addimhidne f et aﬁiérarléage is

Sipd8% R aRpiag0t KR C GLHRUNErBRE§Er NERhth Lq'a"s“ §enerally
war p/ bow of the sem conductor wafer induced
produced before carrying out the 51multaneous double-
side grinding is not changed asymmetrically and the

symmetry of the edge profile is thereby maintained.

Description of the third and fourth methods according

to the invention

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
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
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,
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| ocati on-dependent or front-/rear-side-asynmetrica
roughness or crystal damage near the surface (strain 10
i nduced warp/bow). As a result, the surface of the

sem conduct or waf er becones planar and isotropic

wi t hout war pages and deformati ons such as are known for
exanple as "grinding navel " genter depressi on) or
"edge roll-of f" (thickness"d rease in the edge region)

15. of lish h [

At O L ReBhE D o 8PrtS K har 1 gnsqfgantageous
atyartcageinits ofafiftor dﬁirtdwalndtﬁéoleﬂ.geﬂmm |i$ thatef\@se an
g%%gr?hhy wgggdﬂﬁ?eabﬁﬁp frgleQQQHF guéﬁgntegs self-

aneous do ndlng i'S ho
aslymwstinigcaptypantdiehe 2ﬁnsynneﬁﬂyaobthhe dﬁyﬁipd@@mlenot

'ﬁe% er%gy galﬂéékfﬁglng tpn %f Bhﬁ t@'és ?ﬁgtable

fourth met hods accor |nvent|on C
t ieotednrd claddnt h methodtéleacc@wdlhg thatt he ilawngetliyonstable

akg HeRGH! b%gtdc%s%et @A lphel g e %H‘f&x ar%“ﬂ@f di@rglﬁf‘yeﬂ}ields

havi ng self ressin ropertles Is re
céleﬂyucl@@d@l@ttqrhemé@ﬁ@d ecordi rfg}att@lem phiepemténsi ohhat

tggemgg%@@%nka%%%rw%qhebgaaﬁg%ected to a certain finite
wear in order to continuously uncover new, sharp

abrasi ve substances that lead to a uniform grinding

Char el Std Che MpibetBt Bebahand.t eXGRIY V8t Yehdi @Brking
wear of the working | ayer fromgrinding to 35 grinding

| 6T s dddiSr ARSIt oY { Hhe 1 HTEKFRRAYGRRE 167 A7 L b MpRRINed

WRRKI1 R rduaite o avodkd 1tk fritiede € AN 0o 4 ©0a I BP ﬂéyowéid fashion.
cont,i nuous tracki ng of the nachjning paranet

(LRI & BHd S Gt 65° Platarfit TSP it oo%etli‘l%c%@é%toﬁﬁes

Whiing la hwottth &l Lséﬁldcbﬁd@cﬁbQCe&Sfémt cbsedi sAtdvialy ageeHsning
by account |ts bei ng unstable. There is therefore an
0 Wﬁﬁugﬁﬁe 3% just still guarantees self-
dreSS|ng propertles but on the other hand does not 5

a. wWor ki ng t 0o ,unst.abl e

gt rrest Ty L oke e FBEL oY RarcPtinii i ofarrd wien

the rotating working disk (invariant reference system),

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) + iy (t) as

Z(H) =ae'+ee'®
(1)

With the  identity e'* =cosx+i-sinx, equation (1)
immediately yields the temporal parameter
representation of the trajectory in real Cartesian

coordinates (x(t);y(t)).

The radial position =x(t) = |zZ(t)| and the magnitude
v(t) = § (t) of the path velocity ¥(t)=Zf) emerge as a
result of magnitude formation and differentiation with

respect to time as
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machi ni ng process i s possible which reproduci bly yields
sem conduct or wafers having fl atness properties that
are constant over wide ranges. 10 In order to be able
to predict the wear of the working C layer, its

| oadi ng by the sem conductor wafers machined by it
nmust be determned in spatLaghy resol ved fashion. This
requires a precise descripti of the trajectories 15
whi ch the sem conductor wafers cover during nachining
Ov e 38 POl Ao TU King | 2P ST PR SR BT AL S
concomtantly noved wth ‘the rotating wor |ng d

(i nvari ant reference system), 20 the trajectory z(t)
of an arbitrary reference point 18 of a seniconductor

f k K th th f]
dafi i rgre 5 SR\ vt | FOReEor el Reoard
Z(dO)t —ah()tr§e 2 | yetr)fiakde Zdehones +e8id0) e2B viat)i veW thereof
th 1 %%te'"—§|%é3|5|nx equation (1) imediately

yi é ds t'enpor paranmeter representation of the
trajectory in real Cartesian 30 coordinates (x(t);

Yth) -an ee d )aloﬁocslﬁ%'ﬁ#]sftgfan—o Zt}( )J(:eﬁai:gg?_

nagnltu ﬁ%g s (t e pat ocity v

er®r gplagea Pyl cosirdragiiesudér i) nﬂt(tobv\ the” tlme
diddrarantikat i;0p i A t§§ £§§P§Pt L9 E{R E?t?3aré(klnally
Va2+e2+2aecos(a-w)t and a((Qx a2a2+e2w2+2aeawcos(a- (0)
(PLVieR fhyi s case, s(t) denotes the arc |ength covered

and a dot above a variable denotes the derivative
thereof 5 with respect to time. The angle 9(t) of the
positi ofsih Ber dsiifugr € nt Fhe(d-+w)pingnan)pol ar

coot ditH cE%&cc{sEr(-rte)coﬁ(t ) ?ﬁg EP

e BT g _Terrvarrve i (1))
of the radial position r(t) aré ‘1‘2|+ﬁaﬂ‘ﬂ‘7°°si‘6’“§l'ven by3

r(t) from equation (2) and ¢(t) from equation (3) yield
a parameter representation with respect to time 1in

plane polar coordinates.

i) .
Taking account of 5;MfUHU¥:;“L§ the following 1is
+x

obtained:

C oo a20+32w+ae(c+m)cos(cr—u))t
‘p(t)*“ 2 .

a’+e? +2gecos(c—m)! (4)

Inserting equation (2) for =r(t) into the expressions
for s(t), r(t) and ¢ (t) vyields the corresponding
expressions as a function of the radial position r on

the working disk
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N = arctan asin at+esin wt and r(t)

-ae(a-(0)sin(a-w)1l acosat+ecosov a2+e2+2aeCOS(6-w)t
(3) r(t) fromequation (2) and tp(t) from equation (3)
yield 15 a paraneter representation with respect to
time in plane polar coordi nates. Taki ng account of
afetanx= -1 z the followwing |s |+x obtained: C 20
a2cr | e20) +ae(a+(0) cos(B-%é\:t'aZ +e2 +2ae cos(6-(w
(4) Inserting equation (2) for r(t) into the

expr 0@32 St h, TR and (t) Js,th _

cork rsspgg +é5<|9)ré’s Q)ﬁ§ %9 ra W(ﬁ%cﬁpra—oﬁthg‘{q and

r adi al os|t|nnr on fhp working disk 24 5222 2 6m

QZTe;z)é 05(30 % 8 alA2 Q)ePR2y (4 W _L4w 1512 12 + |

and r(r)% 2r 2(a2e2+a2r2+e2r2)-r4 a4-e4 (5) W t hout

further assunptions, the radially dependent wear 91(r)

of the worKking Iayer that is caused by an 5 arbitrary

réfiehente porhhets8 @ésamg‘emmsndu‘cm@r wadBxl1p tdegpendent
S L Ki b ri b

SESED MHEL, SIS Phe WBB BICARE JEndFo iR BRye®d by an

rérbnénaemmaﬁe@q@rpm@h éBerréntar seana:pnaiwd:ttocx twefer

t r t S

o B B RS et T g Hhe s a4 BN ™r St hove o Tbed

yaél @romtﬂ;oraad aXe? mbgmazrq(dezgtaz LY S)v@mt~' over by

2&@%&%@%85215@%2%) Ers4p9eﬂr )%(@a (erfertc T2 20r¥8® and to the

Fi nal g of the circle arc wth radi us
time 0t required for thlS

Wl 0s-Ot — $
Rlr) ec roroe e (6)

Inserting the expressions found above yields

2

\/a o2 +ela +(r ~-a e2)o'm

"”‘“\h(a r?+er? +ate ) rt-a*-e (-“—‘ﬂ~“——»-~2---+-‘~’m*2‘” (1)

R(r)

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
numerically for all e in the permitted range of values
for R(r,e). This therefore takes account of the
contribution of all equivalent points of the
semiconductor wafer with identical distance e about the
midpoint of the carrier which, in the course of the
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 iRwSU) sought for the
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e about the m dpoint of the carrier which runs through
the sem conductor wafer in the carrier is determ ned 20
nunerically for all e in the permtted range of val ues
for SR(r,e). This therefore takes account of the
contribution of all equival ent points of the

sem conductor wafer wth iQe%%ical di stance e about the

m dpoi nt of the carrier whic in the course of the 25

i nher ent on o .the carrier_all time swee
Vet hé’fco%gedewga BPntf%ﬁlefheb%rtmengscé’ggaHtﬁt \ge 811
smsm@eandeﬁenéncbumimst hei tieat ahesad xkalolki agtended
area.. Id q&@ ratlonzif the expression obtained over all e
flnnPI pro&hcesé} € ‘expressi on Rge5(r) sought for the
2S mear of the working layer by the totality of al

p035|ble reference points wthin the areally extended

seg ¢ d‘ﬁ'tn@; waf er :Jabitela2al 2°+82m 2 +(f 2-a2- e2)Q (p~
-gu®t N4 Ral, D317 FeRp2 AE, 282) i 4 a
_e9( +4)d8 2 12 5 (8) In this casd, he index i = %8)
(upper) or i = u (lower morklng di sk) denotes the

i ndi vi dual angul ar velocities Q, v,,, (Dand nf with

r%snoe@ﬁlé ochibe, rec%féeciﬂl&@x wr ki gg &%pgﬁfgk’oran.{j £ " (Tower

max{0; R - eect} and emax = eecc - i nce _
séfrddiducigrk wedeneteantipe drdbvgddal nanqw@rsﬁed\mgtles

| 5.t he, CaY,T i@l o, 2R il M dfdt exPressi pBspbetitéelorking
whi-th €nabl es a cl osed sol utjon for the integral in
edldth-on B whiih Tidtageherakly ®ecls pRédubed. =I Fece ~ R.

PraGidec e t Hehersefdic@®n dueit JraNyatalrdes @nl nbet harkangedof in
values (emr .., emax}, the value of 1(e)

cé%lé’lﬂréteedﬂaam ipndhEadadiiars /i rﬁ%g@%ﬂbhi‘?ﬁle&ﬁaffﬁéﬁlon
(&or a lSwWBMkﬁfth%rnaUl%sl ntaegtaaté%dovgblaltllo@ | Sor the

carried Occasi onal |y, é@e | so referred tf as b
20 A f UHEL| SHUAHEE delbr | bl L he Pats angeReR bl | be
t rodEC.oNMUCh pac i€l SthBrkierear rficer Snany values e in
the range of values {epin .. €max}, the value of 1(e) is
calculated and, instead of the integration in equation
(8), a summation over the integrands over all e 1is
carried out. Occasionally, 1(e) is also referred to as
"shape function™ that describes the arrangement of the

semiconductor wafers in the carriers.

It proved to be advantageous, then, to choose parameter
combinations ©¢; and ®; for given values a and ee. 0f an
apparatus suitable for carrying out the method
according to the invention for which the wear of the
working layer according to equation (8) varies as
little as possible over the entire radius of the
working layer, which led to the definition of the
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
ground semiconductor wafers can thus be reliably

avoided.
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~..v It proved to be advantageous, then, to choose

paraneter conbinations Q and m for given values a

and eecc of an 25 apparatus suitable for carrying out

the nethod according to the invention for which the

wear of the working [ayer according to equation (8)

varies as |ittle as possible over the entire radius of

the working |ayer, which Fed® o the definition of the

30 fourth nethod according to the invention. It can

t hereby be ensured that the working layers are worn

hamgeneousioye , Whitchi ensises adpaitefentd yienithey miear of
terial renmoval fromthe sem conductor fers.

| U Ul 4EP6RS PROPRELPHI CRes o o GF (e s

3% igridiand semwwlmlt@r foaf etlSe campieiusahe riedweabl yorking

ﬁplded 26 h @ nor e (g al so % vant ageous |fth q
S¥ddl of VM h m&PMnﬁfq%ﬁ&ﬁe ccdPdi idS o Bgtadi offetho

(@coo&:dﬁmg sianitles Bsvqossoml eThds 1aet uppensand tonerete

V\Q{ql;fmgsg t%a{tayt %A(%I’IIC déc’ &?ft gtl?g | 8 E)Fe h' rol(::’Liffe,rence

met ho accor |ng e~ nvention: P s°Fast “neans Sin

cancrighe magnpsuthat ofhehmgbiheodet bfal heeaat i%(of ohethe

d L fot i
Sl R "LADERERED, L B0 Lhe RS Fuces
t teef nielymi wades of0 tdfe th‘eo \/\/B'Qﬂfk@flgt Heyvews worki egchayedsal

oBaghd algess . E«b?'ﬁlh ofy nJ]&h“%SuH\Qsd't%ksless than

unts to 100 iS connection, It
aI]s/clO&(bf efRedhfigr C@h@e@haﬁ@e it the eRisekreseferred for

h of -t ki I o]
e B o A e Rorkng

t H@ i cRAesaCceRerbasd ofeafthetQemmadtiducter Waser han a

dmﬁdaké&ﬁhEHﬂrEHéKhé@Wﬁt@&@g®f the thiekness decrease of
honogeneity of the working | ayer being defined as the

di e resitle” YUt %5%%% dRBLR_FaF NesET IRAL BRNBESNARERT,
”tﬁheenthi@kﬁégé Qf ori gt eIt} n@fl ey a@rkma@ CDARSY | Be@ng

cont the se conduct mafers aramet er
[ G e bt at fonSf tenengh mspen 1argeSE 31 Shalfest
thickness over the entire area of the working layer

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

invention will preferably be chosen.

Suitable machine-independent parameter sets
{0,,04,W0,0,} which meet the condition for Hi(r) are
obtained from the known equations for planetary gear

mechanisms:
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apparatus whi ch sinultaneously neets the requirenents
of the third and fourth nmethods according to the \...
25 invention will preferably be chosen. Suitable

machi ne-i ndependent paraneter sets {60,a ,wow } which
nmeet the condition for 97i(r) are obtained fromthe
known equations for planetary-gear 30 nechanisnms: 27 -
r ra-10ra-rlra-ri no (Yr, ra0O-1ri U=27t
ra-rl ra-ri u ~i ri ra-10n rat+r, ratrl (9) wa r'
ra 0 -1 nafragri a*rl fromtRe nachlne dependent

ter ets—(nLﬂTﬁ,rtlnd} for the drive rotational
SpeEqds| nj J“—’o Fopatlona

wol ki ng di $k; ij =_da | owpr wqrfkin disk), n =

rot 8w pn 7rspeed af—the i nner [df# e rlng and na =
rot gy speed oh~thenﬂ dpive ring and checking
by|irs rt| Fp theifor r 917(r), where r; i S9)
th ch aﬂ;ds of, the inner lamdjra that of the 10

outer drive-+ing toﬂmihGOCanlers On account of the

f ew i ndependenti dégirbes of freedom of the system this
rapidly yields suitable paraneter sets that neet the
condition. 15 Figure 8(A) shows an unfavorable

par anmet er conbination (aj;oj} which does not have

t??%ﬁ Hﬁﬁ?e£%%§§n?a89pe§g8HEe %&%%ﬁ%%% d3YRrap! &, , n,}

raneter co 665 fiave these
pfopeﬁﬂuesdrihe cmrhedrisined ofpedads machijnes dependiemtional

PR B PEGeRBREEn ForREnl BLeBPL TS D haver wopine
i diekpl aimed inetgrtdanerl depaed qur ehanplrenef ndrive ring
A%H@'Hh Be&b@@%?oﬁ%ﬁ‘%HEJHOQEkEEQnQLﬁﬁﬂpi399@@ 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
outer drive ring for the carriers. On account of the
few independent degrees of freedom of the system, this
rapidly yields suitable parameter sets that meet the

condition.

Figure 8 (A) shows an unfavorable parameter combination
{o0;;,0;} 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;}
into machine-independent kinematic parameters
{0o,0,,0;,0,} is explained in greater detail for example
in: Th. Ardelt, Berichte aus dem Produktionstechnischen
Zentrum Berlin, Fraunhofer-Institut fiur
Produktionsanlagen und Konstruktionstechnik, IPK
Berlin, 2001, ISBN 3-8167-5609-3.

For the apparatus that 1is disclosed in DE 10007390 Al
and 1is suitable for carrying out the method according
to the invention and has pitch radii r; and r; of the

rolling apparatus for the carriers with characteristic
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Zentrum Berlin, Fraunhofer-Institut fur
Produkti onsanl agen and Konstruktionstechnik, IPK 25
Berlin, 2001, |1SBN 3-8167-5609-3. For the apparatus
that is disclosed in DE 10007390 Al and is suitable
for carrying out the nethod according to the invention
and has pitch radii r and r f the 30 rolling
apparatus for the carrlers mf?h characteristic - 28
ra-r D22, T / ra+ O t conversi o

géhg%ﬁach?h dgﬁg paﬁ fér)setg% oq'?,?oh Fret Ton

naf =t {180, ma@@qneﬂ@epdﬂdemﬁmﬂgﬂKHhﬂHﬁrttueUhadmoneIm, N,

i ndepen t patanetef. set, (a0 u, ") Co
sHE0S V0 o"450) "o " uAiC Rl cebBrebeno T o dfely
mnﬂﬁeenéperc makamgtanes:et 11(care Show®d,n the = (-33.2,

Igfztgha d. l@alfgoob fhgure 9. The trajectories 20

produceg on’t he Iovve? wor ki ng layer 12 10 are shown in

the right-hand half of figure 9 The wor ki ng | ayers

hawe %@a%ék%%@&%% hhh e fpRCLN iRt Clayer
guatlon (8) (figure éfor the paranet er

tbi HER i éﬁoalécot%ll ﬁ@et ol<F hang @A)lf Fof fHigmnenfer The
\A@&Eheeltb@gele, zto?e%&cﬂrda&s%gl @ﬁtéhtl@wtbﬁrs Wﬂ&&lhdyﬂh l@xgﬁz
a shar eljmted regign Wi exrerre i oca
We&F agﬁg‘anwl JIdrer thRgyi o’%‘ﬁ@- W sdrdkhat %.E.E!égg.ea The
weak-kiehat 1ygetd tm£v@5&ﬁ1ZQXQ&eh@QyUp@ﬁhomﬂ@éhb@ﬁs wear
l ayer. The differenc |nth ﬁars oE tg %klng
| 376PEILAPC Ut e @ HGT i s el hos

pﬁraaameee? I Sosbhomat i onf |a3w<erdhr:llng( Ak fZB}. ke gonajastFor
ret igure 8 (B .
aREe Ptk St 13V TREERET e semaie ofor bt

uppeeraedgleowershmrpi@yngidlamd Xeqingh 2B) \Il_h’afﬁ extﬁénely
ﬁ d]klssrrmetncal over the.radi
| n

A o 4L G20 PR S Mgl pempnat

f mnct:besapipemeeamd redwen veor &d nghleaywsasr (RiGguoé Hhe Bypper

T |fferenc 2 h rs_of. t wor ki n

UG sRahbs G0ER TopM s HEETERBhRer irhatd nerfe “Ekde f the
worklng layers calculated for these chosen method

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
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
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
permit the production of the semiconductor wafer
according to the invention, the best results being
obtained 1if the requirements of both methods are met

simultaneously.
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30 the exanple with a choice of paraneters that is not
according to the invention, as specified in figure 8
(A). The third and fourth nmethods according to the
invention 35 permt the production of the
sem conductor wafer according to the invention, the
best results being obtained,if the requirenents of
bot h net hods are net sinurtgﬁeGUSIy. - 29 Description
of the fifth method according to the invention 5 The
fifth nmethod according to the invention is described
b@esgriptidn s ofet e  tficf g opoethod odcededingt ako the
ial: renmoval that is nade up by the materi al
:Hﬂﬁ?ﬁﬁﬂ o{nought about by the abrasive released in the
course of the wear of the working layers is always | ess

1 han pr [on Jmde. y e eri -
b?g%bhtfgggzt @%Q%%g abra5|6§m¥$xe%$y g@%dedﬂkﬁgﬁgg%? s
westelsiong besly dre 1 o onisi thia seithabl e tdisoireomsfriden of the
auehage AR £ | PafovdD Phat NesURRBE MBS WN0CRE Saterial
this is achieved in particular and preferably by neans

offeRAYFilf ey Padi aAgousf bvhetlvpr RPRgsLu§eredeasechein the

eidured A 8O WeaFW s LU SyPLkPOSE1aVErsSiPreighysdiess
to keep the tenperature in the working gap constant in
adddrdaklke WMEIPIHE D FRASt Wt Byd Bl oMty ited t Removal

| BMRRGHRN hBoQt daly t @heavl th & wef eriuilgn ¥éndbE in the
wor ki ng di.sks that” is caused by tenperature changes.
AYOT KlgSulleYeS wor ki ng gap that is parallel over the
entire process and at every point arises between the

rking . layers of the upper and_C 25 | ower worKi
GPes 1 B it ey TS G o Roafideraas L AbRbReiahpad
f @fce Hne t hepseni cavduchgr wakerns tdwls aie | £6hbeveds in

theq)duyin t_he nachéni .. A strgcturat acoll§ se of ..

{ R g Horfth chP Gt T Work METAYErs 2 WP he BrEmdparsnd

r elfeasltee ovourkised bBbyasi veegr ailte 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
semiconductor 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.
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30 ("parasitic lapping") on account of overload is thus
avoided in the sane way as the |ikew se undesirable
stopping of a uniformmaterial renoval fromthe

sem conduct or wafers on account of underload ("incision
threshold force"). 35 The third and fourth nethods
according to the invention ghe al so suitable for
achieving a uniformloading and, as a result, a

hqQnogeneous we f the working layers. 30 The bondin

oft TERGREI IS o Sl 1S, Cort TGS (TR EMRIA it Che

| aypeikd nigs lapeadd yioveotaatedobyribaedadnuwy fidten nonuniform

H%F%kn%qg forces in the case of non-unifo[n1¥ morg

WOPKIPAG Py eF SEC%Re thot HE t K@TSwedF ofiP pAPELRETAY! yWerD

r apirdliyg ocayd s an@heeldaghsuntised abpasiotet particularly
. occurs

e i-vely.. T -called "pa itic | '
t)r%;é?ii%sl\glto s%l?/ggl]r?gteriaaddr en%%/géé%)ér edo%%ﬁfasﬁ y b?/bf?seleve
greaice sad vied yt.heTtomseootal ppi fgawiash thappliagpisiglt rgccurs,
Thi s +C vQj de rj uni f & he
107507 And ) oy & e R AR T L S B Dl Lree
haviang signithi ddret | gabesofr olapmiess, watsneldparirganaberry -
daplis and, ag edysedoadasy ralduhly FURLRELER! GrediliSt tne
requi rement can al so be achieved by 15 neans of a
howsdemcousaversei t ynackt rignds oronhpenicerpiugites wafers

| ihtatvli%gs%fcﬁﬂjiﬁi@ar‘{@i§hlie§si r}cddﬁr{he%’se,f epahlps 1 @Ghi &é(ﬁgge
by means of the second nethod according to the

i et gad Phirs qus ase elgse rdn ~&édount of , for exanpl e,

a finite incision threshold force and on account of 20

cool ing lubricant, and grinding slurry transport _ .
pﬁ@ﬁ&ﬁ@ﬁ@?r&uri%@l@rFﬁﬂPﬁﬁ?mﬁﬁé Fiter# 4O r SfovAIeied by
geeemnal | yrdogs Rehogesessari y¥1¥aiyyprapetkiboaliby tehich

pressur.e and speed of the grinding nmovenent. Therefore
PRGNS gardgUe o7 537 Sad i elB Ly 16 Sttt bAEF oft woaF 6P1Y
25 cgerecal by Ieathd ke Wik $w-day aie ttoddina oo rllyn@ntdo the
lead to a n uniforqgnaterial renmoval and hegce an
invention. Thils is because, on account of, for example,
a finite incision threshold force and on account of
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
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
rate of the cooling lubricant which avoids an excessive
wear of the working layers. Too little 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
expansion and pressure increase, nonuniform wear. Too
much cooling lubricant leads to partial floating of the
semiconductor wafers ("aquaplaning") and therefore

likewise to an impairment of the uniformity of the
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undesirable resulting formof the sem conductor wafer.
It is furthernore preferred to choose a sufficient flow
30 rate of the cooling |ubricant which avoids an
excessive wear of the working layers. Too little
cooling lubricant |eads to | ocal heating of the
wor ki ng | ayer and thus overloadlng of abrasive grain
(loss of cutting capablllfy?, grai n bonding or, on
account, qf thern%_ 35 expansi on and pressure increase,

n G Too rmuch cooling lubricant |eads to
partial floatlng of the sem conductor wafers

ani and therefore kew se to .
A A0 L Care EREra]® fofuithg aphickness
r elleém:\r&Iasel mfpaﬂie o relting tldywenl o pradett edf fweat héurlng

hi d f h Ki I
whar QAT 5 RSP Rng CGpoPAPLOR boambhRc t bt Flisa 0%

t@amtl@%ﬂqmﬁﬁ|pmﬂﬁﬂﬂ@bkyeﬁe$abtyahe§% t kefn 2% bhltheess
d f f
RS R RSl ot oparat | GT T AT Dt HaLPEoe Ik the

a@aom@umg1Q@emh¢1mmment|on contributes to producing a
sem conductor wafer according to the invention.

Particul arly advantageous and in particular inventive
pESsér t pEs tdfe t hévesamidortiucaocowdiag ard séhehowevention

o dnfte iy enght s %@%oehcéﬁgl urgl i t¥e8£cb9@él:‘c¥ra| | wQker
t he net hods accordin to t i nvention are net

siARFOrsdasusty. theef ew@@tze%odumlésué@rﬁryef advagtageous

enhedi meats phatianeaval i thfoitald ofp rtREN0dSr  the
according to the invention are described below. a hard

MECELICANNGHOTG "R Iifoh < HetmdaWaveky | 5f pilae oFfgHLrggents

alyrasd uel beadee i ort haewor ki ag 1l ayerihe RRSshdie 28cording
abrasi ve ,substances that are knomn in the prior art are

ditRndhE, 18VEnddr e &5 det Sl tegsandldi-oxi de (Ce@),

corundun1(alun1nun1OX|de Al1233), zirconi um di oxi de
(%rrg% rr(___%ron nitride (BN, cubic boron nitride, CBN),

iments

Preferred embodiments that are wvalid for all of the

methods according to the invention are described below:

a hard material having a Mohs hardness 2 6 is preferred
as abrasive bonded in the working layers. Possible
abrasive substances that are known in the prior art are
diamond, silicon carbide (SiC), cerium dioxide (CeO;),
corundum (aluminum oxide, Al,03), zirconium dioxide
(Zr0O,), boron nitride (BN; cubic boron nitride, CBN),
furthermore silicon dioxide (Si0;), boron carbide (B4C)
through to significantly softer substances such as
barium carbonate (BaCOj3), calcium carbonate (CaCOj3) or
magnesium carbonate (MgCOs3). However, diamond, silicon
carbide (SiC) and aluminum oxide (Al,03; corundum) are

particularly preferred.

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
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furthernore silicon dioxide (SiQ2), boron carbide (B4C)
30 through to significantly softer substances such as
bari um car bonate (BaCO3), cal cium carbonate (CaCQl3) or
magnesi um car bonate (MyCO3). However, dianond, silicon
carbide (Si C) and al um num oxi de (A1203; corundum are
particularly preferred. 35 TQ? average grain size of

t he abrasive should be | ess han 9 Mm In the case of

di anond as .abrasive, the preferred sjize of the

ABPRELDE gAY Donkied PR {HYSF28%  wbr ki ngOl aybrHilj s and
opaaveraderQyl grefephland. 1pact i€yays | Yher efienallds are
0.1 to 6 The di anmonds _are ref erably bonded .
RbesRataTyy i ded ROt Dl PERET Fe x tgy the
t benvianki ngpt ayer ofl nthdewoakeéngf Haydwst &n bomeli kgse of
the.grain diamters specifiedas gnreferred relatedo o

i e “Etls ituents.

the primary partidéle size er  co
Workifrg redy ersl atie htoertdrs cpbomairng perre igrlef es abéy ofl10the

useds+a Syt heti¢ngsi n bonding is particularly

preferred; in the case of working |layers with clusters
al so a hybri d-bonded system (ceram c bonding within the

cw§§k@5§_am9yé¥eth@&kﬁ_rs&kgmpendﬁﬂgdgﬁgmesﬁ C'#§é§é§ably
and worKing Fayer matrix). 15 The hardness of the
woeRidng 1ayepynshgitéfer difiginat bpedsngg8o ishorpapticularly

Partirewl-atly iRy 6fifd abhye bhewwRkkhBg 1WAHQ WHth clusters
constructed in nmultilayer fashion, "the upper and | ower

| 8y&Ps ah &g ddidometeshts Widedh eseamig thPi M@0 Hgsip tthe

t BQH_SI@@E:BI Aldstiaih¥tand dNGr VBYRd EAFPIHANGRn Of 1t Hers
morélng | ayer _.can be adapted to the nethod
r 8§ MRk

AtS LRIEFeMASALEY -of one another. Prior to the
first use of a working layer, the abrasive .. 25

subst ances bonded_into the r Ki | ayer, are preferably
U8BV SR EOBSS P erfthyi g% hEOF bpRBs 1148 er i BFAGFTEBLY “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
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
substances bonded into the working layer are preferably
uncovered by removing the topmost layer in order to
make them wusable for the grinding operation. This
initial dressing is carried out for example with the
aid of grindstones or blades that are preferably
mounted on specially modified 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.

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
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make them usable for the grinding operation. This
initial dressing is carried out for exanple with the
aid of grindstones or blades that are preferably 30
nmount ed on specially nodified carriers and, in a manner
simlar to that in the nethod according to the

i nvention, are thenselves |l ed over the two worKking

di sks by neans of the roIITné3abparatus. 35 The
dressingAis preferably effected using grindstones

cEREEFAPAG Yabedinas o5l Ve hatilRg - a SR | Ehatyr &PRYsicae be
t gui Bedabnasigv @ dtivelehe vy Kigied apRy S.owdeSeor e ©§Sl digers
bl, ocks" naé.ge ﬁor exanpl e nul ar and inserted into ﬁf

330 e er AREFPLEot MERHET vePYri AgaNSuchPt hattehey™ @kt 19

beppgbdedeal anfy bréwean rddiedippgech and. | oueringor K ffining,
layers, in a su%hable manner means of the r%llin :
agéﬁr ARSI PHECESI it nEYEBEr i MG T r ithS n%:‘t%re
t heedr essitige bhvocksngr eheeabl ynsweeyr taverl d4ley eptéf€rably
area of . the mor&ing | ayer.s and Ltic%%ﬁgjy referab

s

eV &Rt efrSEPRRY 18r  Qfse ottt i rf PG 0 %%atsome%hat
bbggnddt he hedgesdfe sadfl | agérs. 1Byefrer.ablBrefidmbly, the

a . D ie b A : ek |
SRERSLYSOR 3 ONeRA T Eyd 3800 B 00K P B chicr
permas &hagcorodi wedresgi nof opbeatdomss buy ddooky teeill
d i : I - d j

PR e T i 8t 2 BHCFRE oh Ry LEREY the
bdrasenndr essiasf Dl @tk lead tworkd ntpyeyepfsurdeme, dngshing
1 t:hat _t ' ' r edqrj Ly -
PO ed Ty e AlnBonden) arary. iR She heEking pone

hastheen $Hemasintatblarek daedsivpgkippodeysprodiicrsea with
digturkedlayelaheghe t BesWihace o brefb ity MOrKi Bgfected
| ayer, the depth of which has approxi mately the extent
obYt A&e8r d§8PRYIgEAI Arather efore, a dressing bl ock

wi th excessively coarse grain inpresses on the working
Ia%er a structure that is characterized by the grain

of Nife ©F eSSCAYSHI otk BARG ndtehy SRy bkt itée dressing

process produces a disturbed layer near the surface in
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
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
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
means of predominantly fixed dressing grain and the
result 1is a dressed working layer which, although

rougher, is particularly isotropic.
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C_ 25 of the working layer. This is disadvantageous for
the desired process of self-dressing the working | ayer
as uniformy as possible in the subsequent grinding
operation. An excessively fine dressing block yields
too little material renoval and | eads to an uneconom c
30 dressing operation. Finalé%, it has been shown t hat
dressi ng predom nantly by neanhs of free dressing grain,

on_accou of the rolli novenent_ of the dress
oPERSEGHPLAG. the TaPaBs! TR trot SdE et 30 &6 | Sbrasive
digrra(ihecdlsfe@lr des tdre therfd«lng/drawef U dredd ﬁhslessi:@gsbfyg or
3 redom antly i xed dressin rain and_t :
rggu 1%9 gﬁess mﬂgkl%ayFﬁyer%ﬁﬁ ﬂg gffﬂ%ugﬁraln s
r@aghecplaslgapteiakabuy mgder offi cor8AduRr dffép@hl y, a
grain that is softer than the abrasive grain used in

the working layer is used for dressing or trimmng the
wdlnki g e ayeperThéodr essicegdgmngi n 13 plaeti culveribion in

%E%&@%hxenaﬁft@ftﬁﬁguaﬁyf&éﬁd%@%ho %iés?gefag&19gble

accordi ng to the invention In accor énc
cicacieg methodvogkiad a lanarabl endchsiascd igie wopkrameters,

| ayehsand ”@ﬁBb@%nE@raggggaﬁes abpasi VRa$8bSH8RERe blunt
resi dues that have becone blunt 10 through continuous

WeBE08Fht hE€ ARGARIUIRYS ay@arar ©F r dfived’ Hew BBYSB| vare

suBabaaees aMd h fedi 9Bbr83PRE| t ¥ubakagbbli Ngid3Me a high
conti nyously_uncovered. Continuous qQperation up to the

CORPPELEYweafObf CRE T 1RGN ki FRE | ayens & otisdyepyuncovered.

pessithheouthi spopet abh napl St sondid | eemwltela@utwear of the
i nterveni ng_subsequent gres ing inte

vent
 BPEKEBY 1 924E25solf- dFBSEFRY WRPRFHGLS - of TRRE WOPRFAGNY
| apeds tand | swpahdutul airte mreafiary edsubEbQuemagl fge®fing
rain?&expase t he s#rface,pf

h
| LR P et Ey SERL 355 Hah ARG AR o pirina®
and tttee mabekialg reapyas ehibeci ed paby itdud ardlvat pveferred.

”RK%m%HgééiH§r%%”%ﬂ§W€£a§QQ exposed at the surface of
the working layers into the surface of the
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”.

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
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 no longer
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
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sem conductor wafers are technically referred to as
"multigrain grinding wwth a geonetrically indeterm nate
cutting edge". C 25 The grinding is preferably operated
in such a way that the speeds chosen for the drives of
the grinding apparatus |ead to sem conductor wafers
that are as planar as possible. On account of the

ki nematic 30 coupling of t 5oP°nbvenment and wor kpi ece
nmovenent &%Planeta g ar mechani snf t he nmovenent of

tRE KRGS hg disget éh MG ST e LHEREeRing gap is

|ﬂdeaamdentlw&dﬂéﬁxﬂlycutaé wmﬁwam@ﬂléyﬁwem@e$Hﬁﬁbn so
occur t he wor ayers, n

[ I
S Hes BT o oRl BT S RS g BRES Gy Toer TR naie Peast
epbsseblar aeeafl’heraaﬁortehe t ble iwerski auge | aper ssstlowthatosehe
t f d t [ t o
S ldnlot it y ot bP0ER g S r PREFRERDY e RerRiRgS in
I apeogngﬁlomnvaﬂderthe reessitabldeht e phafier partallllel having
“@B%’ngeg@pogéssfﬁfgntféﬂ PRBH%{aQ%% gggu%Qrkkﬂgt such

| ayer 1's chosen so ‘achi'eve self-dressin
opaiceriven iwot  nivmilngasepe poskird ehaear toarke t¢1‘@fej¢uapésas

a&ﬁ |E%‘u%w"tlflyt hat tb;f}gsssﬂypé Ki g, aé{erdésc‘l%é)@d%\ﬁsof the

unl 0SSi In conj unctl on wt
séﬁiﬂé@ﬁad@ﬁ@pr\/\a‘ﬁ@fesuqﬂ ﬁ&@lsngthmhe lpewst, pessirptéon is

fara 1M §8e488 resulde t Babnghel 1At ed’rvl%ﬁﬂg%t 481 RE e
operations have to be effected as infrequently as

p6éSseBlred By BogésialdPTTOVerYt OO 5eRF cditfuctofTV of

watek ofhhes thar 1, melrlat u@emba 861 Ide deemR@ntie if
be econom ¢ i f trimmng_has to be C effected at npst

afteMme8r 3ot hor le ¢oteatgdvass Tasts #hART2,eV4TY 52 0th
stuhl. deenmed to be economic if triming has to be
effected at nost after every 50th 15 run. It is
furthernore preferred for the nmaterial renoval to be
efitedsed ulyt herradar marifler yealorengagenetdrdl t hemoval to

be effected by predominantly areal engagement of the
working layer. "Areal engagement" should be understood
to mean that that part of the area of the working layer
which 1is 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
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
of SSG, it 1is 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 80%.

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
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wor ki ng | ayer. "Areal engagenent” shoul d be understood

20 to nean that that part of the area of the working

| ayer which is actually in contact with the

sem conductor wafer on average during the grinding
machining is significantly larger than the contact

area of the grlndlng coating of a cup grinding disk

in the case of 25 machini®g by neans of a
conventional cup grinding disk grinding process, for
eXCAHATE DI b %ﬁi% @PHeYﬁércﬁ§ér16FSDD@VHW%e%oﬁ@é%tmade

arsrg Ofokh%ﬁnhpiwé Ngséeatli ngr ofsthhe 1 c6Up gELodi R idsKare
i n enga €® makes up ?o ut 0.5%to 3% of_ the area of
C

t & f‘oP%f“@Fa LACt KOaLdE9 FF f2bag Prefpgred.
almish 0a5°/0cTo®t5%g) bietfbeagaye ebmphesepet BEQrﬂ@@Qéth@s,
to the . nvention, the .p ortloqagg gref rably gr%ég
{RRTRIC il SHANSGT AT I Fer | 59N BogGGE e | £
i $cal sexpmelerr edrdfieacethoge p@IISca)Eet imn@n@rdndars diamond
cone, i.nt.o contact ,wt r kin er
confi%%$QR9rﬁﬁ%ﬁ P O@arrlgPépar Bt ef aB%y 6}%868881V6
fraﬂnqa conpiaete| ychedraluhr epl avt egi abr f ol ckrarphespherus
a%%y%plc mat eri al . However, carriers having a core

for exanple, steel or stainless steel which
are coated wth a non-netallic coating are al so

Prigf &L 55 SUYGH @aPPPéH‘gmé’cﬁeEfc?f ar%%!afog{”h%%ﬂ%r metal

t her nmopl ast1 cs, ceram cCc or organic-1norganic
peloager s tdigch Wa?dls f of exdepl eutoumscefEr) tacsiilviipat ethe

C%‘B&ﬁ‘é&@du@t@@”%af Qéa”QPQ "p‘i%f‘é%%%‘i@/ ' ﬂln@d bt tRS a

an alternative also a ha chrom um pl ati ng
nicSemishospher gl C(ﬁaiqmgthqe 1P t Héregse @rnfc%ﬁftr. arises

MaRe wofe net B %renﬁ%\ﬁn'@ﬁlc%dfmﬁéfeg Goe, thdemarbhs Of the
the cutouts for receiving the sem conductor wafers are

PISEr &Ry lined with a ceramic material, such that no
di rect contact arises 15 between the sem conduct or

waf er_ and the nmetal of the
Preferably, the cutouts for receiving the semiconductor

wafers in the carriers are provided eccentrically with
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
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.

For the magnitude #)=v()=[i() of the path velocity
¥(t)=z(t), 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
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
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carrier. Preferably, the cutouts for receiving the
sem conductor wafers in the carriers are provided
eccentrically with 20 respect to the center of the
respective carrier in such a way that the m dpoint of
the carriers lies outside the area of the

sem conduct or wafers. By way _of exanple, in the case
of the nachlnlng of sem conddétor wafers havi ng a

dlggeter of 300 ihls is an 25 eccentrrcrty of nore
15§QHnrQﬁatF9% t6fhe @BAt elPiGh t REFarkyRican of

Calplplaefaé:mrs@ser'ﬂliﬁ%ty has tdi{ae._e__atm_eel%ﬁor@ﬂﬁ@uﬁ:@ fife prior
sem _conduct or waf er, ri a grindin oper a
Seafer 80y AGe. O LEARICcatbFor GoBFELAd: iR anbBge) othod
satu@&edmgwﬂdmt@grﬁﬂﬁ@@tﬂamhiaeraﬁaeFeﬁ tohe nagné tride is

t) =V t)! t he eIOC| (t) at

Ak %Pg ﬁ& %reg%ngﬁk Cﬁbl Fs PR Weﬁ%§h

senrconductor waf ers 15 nove over the working disks 1
ang 4, e of. 0. ;S preferred and
r gﬁgee po]%ae%.a%% tvgltlkg ﬁ%séﬁs%ggr {‘l;lxo(]::u ar) y aﬁ’r eferted. pffrgged
aegaumts tofthchesemstonducbons whifehs biypniay ofa@xanpie, and

t@r.h gr 4P| f- APPRL At YE dRscrihed oy u folro%@ros ALy daStne
egar

d to the rotatlonal spee the main drives
- weT kinigat Lzwer pe areal pzefjer@lnbly vrmhmealr edeypngalthsf main

appaatysgs thah %eatavehéat&'o%aqccpén% tseatt@e Pridfr the
art and are suitable for carrying out t
aéEs8y diafg t'he her¢hoeati okatasr ange @rot@ 2 &J@@ m&fi sthe

S sRafilosih@ilor Pr&f&Fs edakighinthe RAtH vel ofd tin /e Main
pressure Wi th which the working layers are pressed

aé@.aﬁstsr% §eﬁ>rlé6nd%t apdﬁéﬁépeddm nBeABcHinA ngachhaing
@ aRat hriveliecii of trhe ?@Em%fdﬁoﬂ@if&ﬂ SoPVEhet B6tal
erer

1 wor ki.ng, | ayers are pr chosen during the main

| §&8°Yedp é{hchft%ate“ttHéet ogarniié%vairreraaft“éem} éSs theougnt
samoaf ,t ey netmyal c& aé emaeRihohy @hdee @¢hddl&l in turn be

S%gh%%g %%%p%émﬁégﬁ aaggﬁgt%e%%ent durlégﬂ$glch“mif the
method parameters remain constant. Generally, the main
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 pm, a removal rate of between 2.5 and 25 pm/min is

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
to 0.3 bar is particularly ©preferred. For this
specification, the pressure 1is 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.

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

_____ i A Ao b~
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| oad step shoul d be understood to nean the machi ni ng

15 phase within which the greatest proportion of the
total renoval in the entire grinding treatnent is
brought about, in which case machi ni ng phase should in
turn be understood to nean a tinme segnent during which
all the nmethod paraneters r%ggin constant. Cenerally,
the main 20 |l oad step is the chi ning phase with the

est ressyre.or the proportijonally | gngest
d%ﬁ??oﬁ or™ gﬁﬂlnpn tﬁ% 6§£ Qﬁo%vwkalﬁﬁ | Bg&FIGPLRTLY
a?nasﬁemacecgr dioxs mage ofredisamend havithgianadvesdpgedsi zand
of. 3 to 15 p removal . rate of bet
orshaes Rl Ble Bod (TR ab by hlinet r QAT TR En A LGS for
pﬁHBSwaanMduﬂw trfzes hiorikign g pthiasles . exeuhadﬂythelt is also
ct | the majn,l.oad ran
o 007 o 0, SbeEr e, B, PR I e Boolb%ee
BOJtOtDeBSﬁmelsepaetnnulapbylﬁnefdnne¢udaﬂuﬂm|smchlnlng
at. h he s rel ated t :
PRl The Mk (8Bl CPRISES) 5, SRR, B Pt Ero TR chharsg it
i re&n@eizamtar aang, taﬁderﬁ@tcet @rterf@re:fefdectpaﬂetwmlmly aréght

befiwegn Wy kil dﬁé“%héﬁ%é forQQ#95ﬂﬁaﬁﬁ£ﬁfs 35

Furthernore, 1t 1S preferre e mor Ing disks to
rotate in an opposite sense with regard to the average

Cﬁ%&“'%kkﬂQJEPGQQﬂﬁﬁxﬁﬁﬁ:C%%%Her%nduEh@g thatmmicn Lgadihe
38 step of machining. addition, it is particularly
prﬂ@rféwogﬁj arC‘cﬁortCHélq)rfé%sm%slnve%t%nareEeééaéyaﬁemprlses
hence, ot fp ¥8d OCht k €8ré 0oaSShke fn{@feenéf vehdegub@tances
t he vari ous machi ni ng phases. Fi nal is also 5

p&RAEANET y BF LPEF r e HS6OSEHY M.f)&gma. skddibtiveat e 1in

i rpatﬂtq(:sla_m S€D§@osﬁtﬁp§1@¢fé@siw RHESSUkesTRAIHH AY, for
phases "spa&ﬁ_out ases% . Such a spark- ouﬁ hase
B ?ﬂﬁ%ﬁore o7 ef er 29 S par t PEul a ng?Fgﬁ ain

atpdﬂj/%tei’ydem‘ethﬁ_yejﬁl@e @lidationg,t r eafleenbr 1gGels (e.qg.
additions of highly disperse silica) and similar

substances which are known as coolants or lubricants.

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,CO3),
tetramethylammonium hydroxide (N(CHs3)40OH), tetramethyl-
ammonium carbonate (N (CH3z) 4CO3), ammonium hydroxide
(NH4OH) and sodium hydroxide (NaOH), are particularly
preferred. The pH of the cooling lubricant is
preferably within the range of 7.0 to 12.5. Complexing
agents, in particular those which form copper
complexes, can furthermore be added. However, a
particularly preferred cooling lubricant 1s also pure

water without any additive.

The amounts of cooling lubricant that are fed to the
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
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The cooling lubricant used in the context of the

nmet hods according to the invention preferably conprises
a wat er-based m xture of one or nore of the substances
menti oned bel ow. viscosity-nodifying additives, in 15
particul ar viscosity-increasing additives such as, for
exanpl e, glycols, e.g. short-, or |onger-chain

pol yet hyl ene gl ycol s, alcoﬁop§,"sols or gels (e.qg.

addi tions of hjghly di,sperse silica

%Rand simlar
sUbStanfeCMR CH-ar §TRRGWA Jast Lot EH s 6‘1“4 uB??éEﬁt $o an
ZOalﬁﬂ-d:»crmidief y':jmgk&d@i tdves %s?ncﬂfa@sl a?r@ls, ot kabbfieximately
s i ens .and conposite huffer sol.utions are .

o thelror R BT oBE” AthEl FHaTRdd (iR Sogprakus which
patassiismlingeddoxide PEROH)Q0pdfassl umrodr hicnatsa i(HKPIEB) for
t { | ' ' 4 i+t et hyl
R R IS Sl i iR
hydr oxi de (NH4OH) and sodi um hydroxi de (NaCH), are

| I f T t c [ . .
Pk aly, Bl gaaks Tecntlogt e coRkl rercion 1o

120%d CofprexiMaghiagert s, s¢mipanducidar wRdsaswhiedde of

f HIASORRE 2130 (£OMRL€X88n CRkly {AY t Rer gDE e Peraddedgreater
However,” a particularly preferred cooling lubricant is

al'dB e cqiedtertoi tRBUImanpaBBbFel 3Ely TRECARBARLY BRAVINg

copl dignd tb¥ | §aNBOLhAL ¥re Jrddd t hene 35rveeking gaRtial

via the passage in the %ﬁ er working dis are ,

pridFErsSE B T hend gfélfb? et heenmetbodngccgpding to

ﬂﬂﬂen, i_tll_génﬁalbhi Cii ar5I0)0f ptef arcul yirhet wlgen £ B @ gagsrs
m.n. e val ues specifi are nean,val yes neasure

oVEY % ofipl e}ﬁ‘ﬁd?ﬁg 3t‘%ﬂ)eé{‘lmr’nsrﬂ‘n an@lltdpat ethickpess of

effrectiore5onki ng Gk issurifads, arrest efreappr oxi mat el y

1.5 n2, like that of, for exanple, the apparatus which

is disclosed in DE 10007390 Al and is suitable for 5
cdlreyi sgmdobntihetoet hwdf acsoradiengmbohtihedi nventtiten. method

" AR A0S IE URGAESE 00 Lo Al LNGPL O B¢ e
semiconductor ingots into wafers (for example by means
of a wire saw, band saw or internal-diameter saw) and
prior to the concluding finish machining (for example
by means of chemomechanical polishing). Further
machining steps Dbetween separation and the method
according to the invention or between the method
according to the invention and the concluding finish
machining can optionally be added without impairing the
suitability of the claimed features of the method
according to the invention for achieving the underlying
object. These may be for example further mechanical,
chemical or chemomechanical machining steps from groups
b), c¢) and d) of the machining sequence for producing
semiconductor wafers such as are specified in the prior

art (see above).

The final thickness of the semiconductor wafers after
machining by the method according to the invention 1is
preferably 500 to 950 pm, and particularly preferably
775 to 870 pm. The total removal, i.e. the sum of the
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nonocrystalline silicon having a dianeter of greater 10
than or equal to 100 mm particularly preferably having
a dianeter of 300 mmor greater. The preferred initia
C thickness prior to machining by the method according
to the invention is 500 to 1000 m For silicon wafers
having a dianeter of 300 nm an initial thickness of

15 775 to 950 mis particura?Sy"preferred. The

sem conductor wafers are chi ned by the net hod
a&@gﬁaﬁﬁﬁ 0 tkﬁ?WQKﬂ%ﬁiogPﬁﬁTer Pﬁghsepéﬂgﬁﬁon dtf t hethe
sermdepadaicaor Ngeifed,nt @ naffearad 1(f orarexagy e ty nmeams to
2 f a wi_.re saw, .band_saw or _i nternal -di a er saw

and? ptornEoBRRs 1 eBterad RYoFeAPEN Vkent i 49 AFo:
exanpl e by means of chenonechani cal polishing).

Furt he I,.ni_ng p et sepa j nd. th
mathod BECOrArRa (oot hE e I oy Bek e i ting  to
methkeod nvent2ractor bé ngrecetihd byventiierhamidd hemachining
c I ng,.finj I ni c opt I e

B T e S S S AR g
f eqraresion wife timet Bedicandocdiong ingothe nitov eatfieds .f or
achi eving the underlying object. These may be for
exanpl e further mechanical, 30 chem cal or o
chénmpiechBnr eRe rracdi mirRfStegd fhonmpgradps thy, eria@dng

dhe@hobines dBCHE g t8eqURNCen{ 8t PERIUM Nde  succeeded by
sem conductor wafers such as are specified in the prior

aftirtsee abiove) magBinhedf medhods ckhedscerdapee with the
seieenduet o i\wal @S takt @oncraelingl FanB¥ht he cHBhASG .
according to the invention is preferably 500 to 950

pm and particularly preferably 775 to 870 m The

t@ﬁablﬁgu?vat, is ﬁprbﬁ%r&@mlOfotf&hppk%heﬂﬂﬂiE%bdugkinding
re als frombhoth sides. of the enm cqonduct or fer

CRERERD SESTEATEE T 528 o et ot SHE RS (iR jnoot
pseperablipnland OBemfinikh inmqiriefiarg edyf piretheand post-

rlnggng et hod aﬁgorm|%%&§).the i nvention t@hbe

g .
pF@ & ngysge§§b nﬁ§$ wacﬁQﬂ%ﬁfo thod Th the prior

aectordance with the prior art after the

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
polishing and furthermore not to carry out any further
material-removing machining steps. What are to be
understood as material-removing are, 1in particular,
etching treatments, lapping treatments or grinding
treatments in which the material thickness removed from
the semiconductor wafers is greater than the thickness
variation (TTV) remaining on the semiconductor wafers
after the method according to the invention. Steps that
are not material-removing 1in this sense, such as
cleaning, etching, grinding or polishing steps with
material removals of less than the thickness variation
(TTV) remaining on the semiconductor wafers that have
been machined according to the invention, or

alternatively measuring steps, sorting steps and steps
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separation of the sem conductor ingot into wafers. 10

It is furthernore preferred to permt the grinding

nmet hod according to the invention to be succeeded by
further fine machining nmethods in accordance with the
prior art prior to the concluding finish machining. 15
Finally, it is preferred to supplenent the grinding

nmet hod according to the i nverdtli 6n bet ween t he i ngot

se aratlon and the finish machining by pre- and post-
maﬁg}ﬁ s 03 et hoeRn bt 1 actbr¥fance s t Arehe BEi ofhe

arsteml&nldudtsmoarmwm)rl ysperf esged tfpsubgeghple edge
seni conduct or directl fter the separation
TERtR hga g

CHOTOE 5 Bkl BRH Al gt et b LRt s 0o hgrc Luded

I medbgn and subsequently to a chenonechanlcal ~ . 25
pol i shing and furthernmore not to carry out any further
mat eri al -renovi ng machi ni ng steps. What are to be
uitesrcatigddi cans ofit the asembronvductar eyafer pactording, to the
et.Ridg sl eat ments, |apping treatments or grinding

treat nent s in which the material thickness renoved from
30 the sem conductor wafers is greater than the

tﬁhﬁ¥nﬁ§ lyag%a hgna%§EY£aE§gﬂ'@fn913§aﬁggh ds accorﬂlng

sem conductor waters ter the metho cor
i MeenthoninBeepsorhatn ®ee tiouleat e i %\mlt@b{bm ngmbmnatlon

this S$&RSeors g(i%f%§ab(‘l aamng@fekﬁe' %trwdyd%@&%h

pol i shing ste material renovals of less
t Hd1& hin¥aidsisonvar i at Ros e FPYAVCERE niafg onhahieng a small

se;rﬁl%qaﬁ%%t O{Iayv%%&@nt womV%es@%@alﬂa@Héosgnéggorlcg Ndot
to the invention, alternatively neasuring step

S&ﬁ%qﬁf%QQmsd%ﬁﬂr@fgﬁg by 3ngp-G8lA6d s %ﬁﬂ¢¢%%ﬁtp?vel"
al tieycdihe rarga f s tde-r S48 Cﬂ[\d&@é OfaP@f ecsnt8Hfhoasa so-

O aa &1 200 oUDA! 2, 0r, POLLSIING., ATE MOt e cage
region of the semiconductor wafer) and whose surface
has a largely isotropic, in particular not
centrosymmetrical or radially symmetrical, distribution
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:

- 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
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
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
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Description of the sem conductor wafer according to the
invention The result of the application of the nethods

according 10 to the invention, in particular a

sui tabl e conmbination of sone or preferably all of the

nmet hods according to C the invention, is a

sem conduct or wafer having a small thickness variation
whose residual unevenness is 4ot critically determ ned

by a so-called "grinding navel” 15 (local thickness
de@ ehB8 iAVatIhaf B NeER eMPTdy heRth cqVead aklgangles.

r @igudd "1 () cgﬂeﬁksl@kecm@sear@emeuﬁﬂg@rmn QUQ@thibuted
h em.con Ector ma%g and %gFie sur f
W%t FEFCES partfcdi firec ??%@ QQ%%Iln

orleﬁ@lj_rau wﬁymbé?@&bngdbﬁbh’:l bwlé‘_f@g_ 20itaf e isotropic
machi ni traces referred to as _grindin and . a
S D TR A CHart R o i TRESRBiPRondaegrion of
waftey aceoddited tgriheingvemtilonleagthsi np@ﬁrtaira;J_Lear class
t he foII mnng a nta roperti

q r%ﬁﬁ 2 % F@&loﬁgeﬁﬁgﬁ cumulated

i SO rOpIC groun patt Wher &i°n
grdmdidigrgrameskt haengoh pavarl elllor asyhest)r.i ca‘hg;gm LR (B)

respgat dq & pagﬂé‘t g iﬁ@l m%g&}:’ ?;']%ﬁ!&/grr%at %’ace

one anot her make up-less i re Sur
3Grgfs atheosiami cemdqonducmremafﬁm teder disnatdon actcotrdéng

1901 ST ASOHE R, Ofn 1 D4BE OBOTABBELRLAc! BreXBLalied ene

i'gure shows t cunul at e
grividiang S5 mmskaieendusémirc ovdidt oks wa éuaiby déashected
anglf ¢hassnffved NS & HFf ttoheehéﬁtr #lrlaess (here:
machi ned sem conductor _ wafer (histog r ane

coredithat ®s) . WFRBincéndl at éd m@dgttl@élgﬁe kgpet:hm éanghhaof

”ﬂﬂﬂﬁr PORABhG 286 rks42 1§0dEB@rﬁ¥§éégeEﬁﬁkﬂﬂ'ngn”@&ﬁndlng
ngth over all ang Ies. Figure 12(A) exhi bi'ts thé

Sum%?msyze. Q03 KRR Ahching iy indig marks| gre
t%a{llaarxe tar gaky Bqualsidhs | €00the- Mraisam §padHCGRd,

m@iﬁﬁ1m%}hngprkiftzgpl%ellable and practicable largely
without ambiguity due to contributions of very fine or
very coarse marks within the given limits (+ 10%). As
an alternative, it is also possible, for example, to
use a less complicated angularly resolved scattered
light method in which the gloss of the semiconductor
surface (non-specularly scattered light) is measured in
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°).

- 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

customary parameter "TTV" (total thickness variation).

- A thickness variation of less than 0.7 pum allotted

to a region that lies at the edge of the semiconductor
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5 ground pattern according to the invention (variation
of the cunulated grinding mark | engths per angle class
| ess than 10%relative to the average cumul at ed
grinding mark I ength over all angles) . Figure 12(B)
represents the grinding mark histogram 36 of an 10
ani sotropi ¢ sem conduct or maf%r that is not according
to the |nvent|on I'n order td3détermne the val ues, the
surf ce a,sem condyct or " IS VI uaI Y i nspected
1 He %ﬁ%@?salq ot 18 ¢ 8fmgt@ any jfe o the
ew&mmdﬂhdumﬁdanaﬁéﬁ) whutélphleésbpftm@lﬁmmﬁh DéséScan
r|nd|n etern1 ed., Sin
rien® (e CEET s EnE TR [ et By Rt OndpRECh, Bater
:yandqmdung'th@ dihensionsnbion hehadbr agi vepgraiciabded, edge
q&ﬂ_ hod is reliable and practicable largely
wi't hout™ anbi guity due to contributions of very fine or
20 very coarse marks within the given limts ( 10% .
A an AR KE. vd 11 d 85 Bl 50 PRSSLDERan BT 1€HATBA St ed
use a less conp I'cat ed angularTy resol ve catfere
I |tgiht aret e iian whitbhtt hellgEISosslof tthe sepeobrductar the
Stgéna%n@émo&pe@gkgfl un3cadergd i 'agr{éttl)ef SoFEagUr el [ e
angl e- endent fashion and 1ts angular variation is
usHRMRS e fP§urteb€t haemisogdrehstr evacﬁert,hewhgéter opaylttﬁs of
thﬁ)Sﬁﬁféﬁelegge<§ﬁ9|§§s@r§es%%®'@v%é'*%é“ééﬁhéﬁki ? the
notch of the sem conductor wafer (notch -
tﬁQQéﬁ9ﬁ9QR%QQuW@ﬁeéfaF§§§dﬂﬁ§n1¥>pﬁb6nhﬂﬂ?nﬁﬁﬂﬁrQﬁS no

sepirerdudixr ghafRlidg nksyaan edge exclusion of 1 mm
where a thickness variation of up to 50 nmor even

| ess can be achi eved. The term"thickness variation"

shoul dpbaq@frg}saﬁaogd bidw L&lﬂkﬁﬁnéacﬁf ddxe 3be£HUSERAAr Y5 um
araneter " " (total thi ness vari.ation ,
Wes‘éa]x}herﬁ a‘Hg B Pésgetsﬁar?aél ﬁ%ﬁ%l?%t?%glei"sd The

egiraind et Ir'@srgt' t hes edge fafhetdhe $eM corwhiedfced3 with

“@rﬁ%?f“ﬂté% N R €3 ot P oBREr B tREs S o 1o

defined in accordance with ASTM F 534 and DIN 50441-5.

- 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 pm to

80 pm.

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

Examples

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 invention are
described in DE 10007389 Al and which has already been
explained further above (polishing 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
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al so be achi eved. Consequently, the sem conductor wafer
according to the invention has no appreciable edge 5
roll-off. - a thickness variation of Iess than 0.3 pm
allotted to a region that lies in the center of the

sem conductor wafer and has a dianeter of 1/5 of the 10
di aneter of the sem conductor wafer, where val ues of

50 nmor |ess can also be achifeved. Consequently, the

C sem conductor wafer according to the jinvention has no.
appFeeabl ¥gri Hafng #a9elaras desKiidss af@®ra SFdmBiei nin
eash quasel d7essThbBanc IS n awher eqyadbpes ahm lspMroadhessve
p%%§ I.so be achi eved. The, garanﬁter "war p" i.s defipned

[

SFdafBe W& hTCASTM FI9 398 %ante B NaSHAALVS L Yanfonded
t e tpar ahet eror'bong idd skdef biedthien adeowtdndardelan hhcASTMg
F 534 and DI N, 5044]- 20 -. An RMS roughness aof | ess
RO wHaT e 4aFlSs T3 TRt B FECUPIES dratSipouere
adhildeed. witeh spécahoed wal uabraalizke t Tlee cogrelmt i shze
I h.r e of 1 pmto p 25, A dept h of. the
cg}%ttzﬁlbglgﬁaogne Hedr r?t he 6331%.(32%1 o?hel ecsags% h§rf1 11%1epmcgi%hs
t wseughin oe®a@ppesol, | 8ssandExanples a3lraBdvebriagi Agxedly
ahoyly e 'ngs th U & deseri ied. b%%‘és ‘“qpﬁf fFiguce in
4 to figure 7, a apparé%us was ‘used ose eat ures
t ltatamarle 2ol evameven, t Wethnvert i basate tdedcrilbedabmnabEve

1%%%%%% A rQB?d lch,bas aldgady pgen ﬂg%ﬁf’éﬁécﬁ‘ed as a

further "above Po i shing machi ne Peter ers
ACHBPEPPEr "Fortethe @xahpl esospediriced asdwvdingar fousthe

" ThEachOn i ampdehdi W3las s PRI laths  were
used as working layers, which were provided by the - 44
conmpany 3M USA, and are described for exanple in

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
915 pm. The material removal was 90 um in all of the
examples, and the end thickness after machining was
therefore 825 pm. The semiconductor wafers were
inserted into carriers made "™f 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
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 um/min on average.

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.

Example 1

Figure 4 shows the thickness profile of a semiconductor

wafer made of monocrystalline silicon having a diameter
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US 6007407. The cloths are equi pped in self-adhesive
fashion on the rear side and were adhesively bonded

onto the working disks of the doubl e-side nachining 5
apparatus. The cloths used in the exanpl es bel ow were
filled with di anond as abrasive. The grain size
distribution was 2 - 6 pm In the case of the cloths

used in exanples 1, 3 and 4, 4he abrasi ve was fixedly

bon ccordlng to the jnvention; it was only |oose in
10°gxgﬂ‘§| B WHiGHe RS QPERIERE P¥s@AChifHNg Hey a method
abas@@w@ln@oabl nthd aph eyt Wor ehawtingndilfluneié onedtagses of

VAR o 3t orRGASEHEnt CRLER- ¢ hBoHEE Rpl Bibe. 16 s0dSHACdS

sudaccr:@r\dsm@grte- crhyst shveat eos. hanengtleickmeds abrofile was

surf ce as ined_after _sep ratlon wi.re §§) wer e

used AT WOT plggesav?ﬁéglﬁgd n |ﬁ? X rlcﬁliWne oreang

915n©HV1GM£lnameasatemenpsalaﬂasogo pebi’n alo °of atlde 135°
examplesyc and Lhe 8nd boiekness,atler grebini 0guas 20 cne

therefore e sen1con PEF SRaFers s
|nsemiemhdmmbonammﬁens relke tbﬁcghass1wanﬂavxnwﬁoveedthe

%ﬁ(’éll£§t h E'Sn@ﬁp)co‘ﬁh vae'ladg@cB‘téi“ Eh?%kk@%%k%ﬁﬁ%on,

ness ecr ease as resul
ch”éT\g)e eénmeatsae@nmedaatmkcra@eaf:pvénéarqﬂ e2kl efbR wWiedsured

(- th@ékﬁ’é‘@sse%g%guc%%ﬁ wafifunthe Presguee ph the  this

wor ki ng di sks during machini gufn the wor kpi eces was
ab®w@npbao JdAN afbieksephcrresd ey Hedceadebespingdt oith

obt@d N 5 jlgenpyaly r§5§§c9£149 mé§§d¥ﬂﬂﬁrh@ﬂhéaeﬁﬁgewh§9h a
Wat er (dei oni zed rapure water) was used as cooling

| ubRiEantof andasd ié@ t oPrRBSROr kKPPRCHAPS at A9 at eartﬂ‘ther

bejyeenBnandt R0 HimitAnved Rales idsgder uppetnwortkiong and
di sk. 35 Exanple 1 Figure 4 shows the thickness, profile

of L34 % orf I Iu@or EhRaf EPMAEARIBEERBNOER §E al Jiided along
sibéendeathes .a Thanetge -ex45 ufor300nbm-wBheirwBse edge

obrt:éa(_i:jlno(;)rgj %yf n%%lgi nisg iggnguggtolgocjwafer) is 1 mm. In the
diagram, H denotes the thickness of the semiconductor
wafer (in micrometers), and p denotes the radial
position of the respective measured thickness value (in

millimeters).
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according to the invention having all the features of
the first, second, third, fourth and fifth nethods
according to the invention. The thickness profile was 5
determ ned by averaging 4 dianetrically proceeding

i ndi vi dual neasurenents at 0, 45, 90 and 135 relative
to the orientation characteristic notch of the

sem conductor wafer. The thickhess variation over the
entire fen1conductor waf er (total thickness variation,
10558 L s2det er ni ned taki ng account of all the
nmeasured thickness values and anounts to 0.62 pmin

this exapple. t hi roflle were determ ne

W I 2 Sl SRS v RS e Pl L S i
gw@ﬂér aff rrﬁas%:hmlrtg)rmmhﬁs_rgpp@ert et ot aﬁot if?@t hﬁachined
eternines the tances Wit re ect tot ront an

¢ 87 CRFHERY of Ot He% enT EORHBRR or THET P2 ot bt AFBAYEL  from
betheems ertiemndliee cedgea xcl waisorp {gunmiteasiiiabke fedged by
re of em conduct or waf.er

o 2L O phhgnaEH) CPREYERTT HBLE) ek iBlnct o bibrgsitic
201a@pengl} n Oncraameterts)qf ahde ptdenspestt he neadisslry for

fn.oﬂ%ignax% t@n%ﬁfgr%paela%ﬁpe ;S“rSWe{}g&k%%% Vﬁkgfn(if}om

net e shows t
ththﬁnéseepwgrkhegogaa Qenmc@heuedge odaftdre gfemsconductor

S%ﬁé’ﬂd%t 06hé’“£8%&!?%h‘e%e%@ zﬂ?c?hbflfﬁg GacepLdipgs of
o the invention. materi al renpva omthe
sefheorbticing wabacikas qfr dduhi glamin yorf thésedaih fwear) ,

(quQQng%lgﬁab@ g95hﬂghg%ghbnkgﬁoga@a%@$ﬂ'ﬂ& occurs from

Ia pi ng' account of the’transport - necessary fo
@- wétoertaﬁ resmval  Ofof thRe W@Jecgm@uet@mmal@r

tfﬁ%éf@ﬁoﬂ@fkkﬂg &%&é%@ﬁltbémg@gf Q%tHE§H%¥n§@n@%@t%ng
wafer to the center thereof and ow ng to the | oss of

t hER@Rt titngtBEp S EROf Ofhel B aiSEMd R ONRIVS todt hahear ) Thls

a gephet s 0N rof 2 0r Avavicagnr espYaheabibint ¥oRAGHESLT hMfer
the edge to the center of the sen1condu8tor waf er .
the thickness decreasing towar edge ("edge

roll-off") 24. The TTV is 1.68 pum.
Example 3

Figure 6 shows the thickness profile of a semiconductor
wafer after machining with an apparatus suitable for
carrying out the claimed method in the manner according
to the invention, but with working disks that are not
according to the 1invention, namely deformed working
disks.

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
disturbance of the plane-parallelism can be effected by
time-dependent temperature input during the machining
sequence 1itself, for example as a result of the

machining work performed in the working gap 30 (which
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15 Therefore, the material renoval is higher at the

edge than in the center of the sem conductor wafer.

This results in a convex formof the sem conductor

wafer w th the thickness decreasing toward the edge
("edge roll-off") 24. The TTVis 1.68 m 20 Exanple 3
Figure 6 shows the thickness profile of a sem conductor
waf er after machining with a 'hpbaratus suitable for

25 carrying out ,the claimed nmethod in the manner )
actor Ut ngot BeRhéNBAveAPToR, LERPSRALH IR0 PKRAG Sdits R itest as
are melsulaccorsh nghto rdwdiinivent iome BanEintsletpeMibrking

R R (L

di d¢peedéneoaffdhaicant.s TRE tsherinkin@xpansi Rafe as Cefdatimed

unavoi dabl e defornati on al ways occurs gi ven .an ,
un%rtljit%bjr% c‘ﬁaoYceh%Yete&hpé?%qr{ﬁ’Uélceo U R of (3 (high
"btimethees f eat "thducéhees poregisuctaral 3dmall 5t uhbakaesef in

th I -parallelismcan be effected by
tiﬁ%gdgggﬁdﬁﬁgl?ngerature i nput during the machi ni ng
sequence itself, for exanple as a result of the

maehi ni ng e i Qs rki .gap (:whi

47f}?| gg%se%@%&ﬁégt %ﬁg;’?@?& Eg_&ﬁg%"‘g{ atdﬁ}?ég‘?r é%%élnl?ﬂn@ only
arisadeqsata mendurds ohatvee paehi fiakprzofier30kéepong hehe
wWor ki Lsks 1 a 4, .defo t i ng, djsk
(i%g¢§%%§g%g%eﬁéén?9¥35H?g%fgSThégéeﬁggg%%%Q%o”%ﬁﬁﬁgngle
neehohed Gfi hhehitsmpayahavesaopr sheunoad leompediing Fystem
(hbgh ¢l ckngssyifgt hescopt er region andhsmldontrol  of
thickness in the edge region). In the exanple shown in

fi gRfRe B L WER | ngnAmcAPANAgtEnl P 1Ghenadepldtng neladurieaapnt

haygabeen taken for keepifgrihey tQIPerate iTrdher the
wor ki ng gap constant (unsuitable Tchoice of the,

t ePPRECOUAESTOF VAECHOUDF2IRRDI ingtRYSt @remptethe 3.9 um.
wor ki ng di sk; insufficient control of

Example 4

Figure 7 shows the thickness profile of a semiconductor
wafer‘after machining in an apparatus according to the
invention, with wuniform wear of the working layer
(dimensional constancy) according to the invention and
with temperature and working disk form kept constant
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 velocity of
the carriers about the center of the rolling apparatus
was somewhat greater in magnitude than the magnitude of
the circulating 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
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 1is

a still very good TTV of 0.8 um.



tenperature and quantity of the cooling lubricant 15
(water) fed to the working gap). The TTV of the

sem conduct or waf er obtaineﬁ4gn_this exanple is 3.9 m

Exanpl e 4 20 Figure 7 shows the thickness profile of a
sem ft@taimgf er after machining in an apparatus
according to the invention, with uniformwear of the
wor ki ng | ayer (dinmensional constancy) according to the

i nvént iFon agdhow t h ficenpetakur e samth Wware ggs di slodlmterside
kept constant 25 according to the invention, but with_a
choie B ki rﬂeﬁ?aﬁ c?Wé‘t%Jist NS aCEHA HF G- Phe Waters,
BNV iHd 1t n ThE chmBgh i 8adattbhe Whtter ances bstwBerhat it
i nherent _rotational velocity of the carriers and

ci réddl atfrRevEl oficMeadile t htcakr i e¥dt@bbut Ofhe ent 2f 2
f | 4. 0 t '
gag%%ufd%%%ggo%pp@éﬂyéé c@%é&ﬁ%w% &L B Wlans of

n the magni tude the circulatin
velecimpkﬁim@e Z@parecssr ebad ve & 0 thdmeelwpr khoged on a

di sks t he result that th sem conduct or waf er
oot ] | o e Re it r c8BEEE TR o BRE was o htugtor

1and vhymotd oched dsnadhinsgspeat hat3% ithe- rdheri MO kfdghion
disk. Since the drive speeds chosen in the exanple
wer 4RI edine odciatel bt WA¥king| odeskee theergage cach .

acc i o . i Js the [ 2. dS ti :
Good i gl BERR iR [ R° $ERkihe Shaded ContEINing
t he @imidd anedusa sioud) e- sard  grhewlehg oftlae pl weathpeyature
of senico.ductor.mafeﬁs, 5 ﬁperein each, seni conduct or e
waf &F T4%ES H0%h that TPE i ¥OFredd HRARapt® iTPRE cutouE et
18f ergigfg acnl MEahiitM @f. carriers caused to rotate by
means of a rolling apparatus and is thereby noved on a
cycloidal trajectory, wherein the sem conductor 10

\kI)VZI %Zn@{l\%\o%??g 44 ggta%t{eg:l ) &ﬁm)%kggmf %,hi %Elerein the
g WOr Kl ng di SKs, ereln eac

wor Kiemgp eli stku conriesesi himgr kirng thayewocknngi ngayg is kept
constant by measuring the temperature in the

20 working gap and varying the flow rate or the
temperature or flow rate and temperature of the
coolant, which flows through in each case at least
one cooling labyrinth in each of the two working
disks, according to the measured temperature.

25
3. The method as claimed in claim 1, wherein the
temperature prevailing in the working gap is kept
constant by measuring the temperature in the
working gap and varying the flow rate or the

30 temperature or flow rate and temperature of the
cooling lubricant, which is fed to the working gap,

according to the measured temperature.

4., A method for the simultaneous double-side
35 grinding of a plurality of semiconductor wafers,

wherein each semiconductor wafer lies such that it



bonded abrasive, and wherein the tenperature
prevailing in the working gap is kept constant 15
during the machining. 2. The thod as clainmed in claim
1, wherein the tenperature prevailing in the_ working
gap i§ kdpteelonstaneaby Smedduridg FHgoﬂ@rrpé?%t upBei not 2
the 20, wanking gap and\aryi RguLkRe fdOWEakeO0hy NRcans of
tenperature or flow rate and tenperature of the
cool ant rowhiicly f lcppntdrwsighand edsh thseedty | sasted oy 2
cool ing.labyrinth in each of the two working _disks
rccordeAs i e Reastred Perptiatire Jos” shatsRrrnrror
as clhaifeed | ared amachind®r eimh thetet £Aperaivkeéng fashion
prevailing in the working gap is kept _caonstant by .
neastRtHG S he tHOpEPSRGAE S nWPRE 1 Tfbr il Syap "aifgFein each
VafwaQkHW%f&@WH*%éh?fiEE% %9‘%HH%%@%UT%ﬁHrfb%Wtaining
rate and tenperature of the cooling lubricant, which
i s fedntdedt heahwalkinvg gapwheassior di et o turel readume’l  the
tenperature. 4. met.hod for.the sisrul fane .
doubpgggﬁ gdgﬂiéﬁintlﬁg Bngeﬁlufﬁﬁytﬁe%?fgélons of the
sem canguetrey waberns, wherei miegehisem conduater walbdrling
lies such that it - is freely noveable in a cutout

r

.9 ) .
of oRBPEFaZUS| ARl ?/]%%/l%"fl%%r fi%r §2ERusRt £8Sr ot'aR e W K119

meangigks & & Ol NG APPRLALUSE 88 Xy} NAEEDY JPOVERe ORber
cycloidal trajeéectory, wherein the sem conductor 5
waf ep§ arevedcHileas i pittdre alin@hvifng lf ashirgiers about

bet V\@ﬁgigquers tea&{‘&e"‘ﬁ?iﬁggg disks, wherein each

wor ki'ng di SK conpri1seés a rﬁlng | ayer contai ning
bonded abrasive, wherein per unit tine the nagnitude
of the nunber of revolutions of the 10 carriers about
the mdpoint of the rolling apparatus and relative to
each of the two working disks is greater than the

magni t ude of the nunber ,
5. The method as claimed in claim 4, wherein the

magnitude of the ratio of the difference in the
20 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%.

25 b. 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 caused to rotate by means of

30 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 the magnitude of the ratio

of the difference in the magnitudes of the



of revolutions of the individual carriers about their
respective mdpoints. 15 5. The nethod as clained in
claim4, wherein the magnitude of the ratio of the
difference in the 20 |engths The trajectories which
theEh&dn@hﬂuanome&ﬁersfcwm% tab&ﬁo&kimgthay@mx to the
wor Ki ng di sks an he nean, val ue of_the Ien

sai A7) ¥10Ri & GHhe maEnihudesont 4%, we e &fd P&y the
t he widukbanaous da ;ﬂ'@r% sicde gabpdingipfragda@lbhy r is
of sem conductor wa wherei n each sem conduct or

waf ereds estliaeh 1haP0Py  Whefmedal y thwedbr @nihudecupdut the
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corresponding carrier; 1(e) indicates the arc
length~--running within the area of the
15 semiconductor wafer—--of the circle with radius e
about the midpoint of the corresponding carrier;
indicates the radial position with respect to the
midpoint of the working disks; o3 1indicates the
angular velocity of the circulation of the carriers
20 about the midpoint of the working disks; Wi
indicates the angular angular velocity of the
inherent rotation of the carriers about their
respective midpoints, epin = max{0; eecc - R} and epax =
€ecce ¥ R where R=radius of the semiconductor wafer
25 denote the lower and upper limits of the
integration over e; ec. 1ndicates 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
30 velocities o; and w; relate to the upper or the

lower working disk.
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where a indicates the pitch radius of the
circulating movement of the carriers on the working
20 disks about the midpoint of the rolling apparatus;
e 1indicates the distance between the currently
considered reference point and the midpoint of the
corresponding carrier; 1l(e) indicates the arc
length--running within the area of the
25 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; o3 indicates the
angular velocity of the circulation of the carriers
30 about the midpoint of the working disks; Wi
indicates the angular velocity of the inherent

rotation of the carriers about their respective



the theoretical wear averaged over the entire 15

working layer, where the magnitude of the theoretica

wear of each working layer is given by
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di sks; al indicates the angular velocity of the

Ci rcuehoronies the cardiens BOlabeutteohehné dpobper ofor the
t he forkln %&%k 4N i ndi cates the angul ar velocity of
the Th eren g%tjﬁﬁ of the carriers about their
1@spect|ve - 52 m dpoints, emrs = max{ QG eecc - R} and

emax eecc + R where R=radius of the sem conduct or
vaf B - d&R6T aetihed| Gerc EHMePpeRn 1§ RS oP T Helaims 6 and
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and 7, wherein the change in the thickness hompgeneity

of e42herf W& IRF kFRE ISyt amcarEosmRFeTRafe grinding,

wherein the thickness homogeneity of a working
layer is defined as difference between largest and
smallest thickness over the entire area of the
20 respective working layer that comes into contact

with the semiconductor wafers.

9. A method for the simultaneous double-side
grinding of a plurality of semiconductor wafers,
25 wherein each semiconductor wafer lies such that it
is freely moveable 1in a cutout of one of a
plurality of carriers caused to rotate by means of
a rolling apparatus and 1is thereby moved on a
cycloidal trajectory, wherein the semiconductor
30 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 1is made up by the
35 material removal brought about by the abrasive

released in the course of the wear of the working



amounts to | ess than a hundredth of the magnitude 15 of
the thickness decrease of the sem conductor wafers
during the simultaneous doubl e-side grinding, wherein
t he thickness honobgeneity Qfsg_morking | ayer is

defined as djfference between”| argest and smal |l est
t hi ckR¥§SSovk? PHE M | (858 el (e 2BTPBSFdtyemade up

wor kg kayer hhat-¢gues Jdo £ont aehbughd h 4hsut by the
sem conductor wafers. 9. A nethod for the simultaneous
doubbbreisdee drisxriihy bendepl draltihty whrkenbcdrdigst-or
wafers, 25 wherein each sem conductor wafer |ies such

that jt is freely noveable in a cutout of one of a
p?ur‘éd’i-t)?bfﬁ IE%F%P@r STatsedMes ridt afé2bi nBanswWberegn the
rol | thgcappasatdscaadsies dhetbby wwleingn la yeaxycbni dalcount

traLS?tgrweaﬂhfr%h%ikﬂﬁ SQﬂh§°PQ¥%ﬁ@It§ge?ﬁgerSg%ﬁ%le—side
machi ned i.n material -renmovijn I on, betwee .

o aE P R A HED U ERs Cbrarn LI LR8r gt RP s hickness
conpéesesagoneikitite | agei cepatgtimgvabended abr asi ve,
wherein the proportion of the total material renoval
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wear “BE CKRE SRorkFRES88E 1y eFESi FAMEYY HESET hah @Areount
propofti oneprde dprilmg t hehweat erdiahuleangalisbr odgible-side

abouyrbyating aheastwe 6 xedlss bepdad i bhe ¥RE Kt ckness
hayeh, 219 Ttheg(h”eeté‘&di%%n%'u%'t”%d ygglaimo .,

erern the® thi ckness dacrease of the wor ki ng | ayer on
account of wear during the sinultaneous doubl e-side

gri ntZng Tasomatsod cas esBainwah iF0%rof drke ofhicdkdessl through

decrgasg of the genijgondugt of  wWafens i 10dl1ealbess of the
met hod as c%alned in cla,m 10 @pereln the .thickness
t

decr 58 of hé%ﬁﬂ}ki%%mFS9Q9u€ﬁ dec Uit ©F of TReaP 1 WEAYS in
duri agntpetsi nulittdneodsheloubierkideg layer  during  the
simultaneous double-side grinding.

13 . The method as claimed in any one of claims 1 through

4, 5, 6, T, 9, 10, and 11, wherein the working layers
25 are connected to the respective working disk in

releasable fashion and can easily be changed.

14. The method as claimed in claim 13, wherein the
working layers are connected to the respective

30 working disk by adhesive bonding, by covering,
magnetically, electrostatically, by means of vacuum
or hook and loop fastener.

15. The method as claimed in any one of claims 1 through

3% 4, 5, e, 7, 9, 10, and 11, 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.

40 16. The method as claimed in any one of claims 1 through
4, 8§, 6, 17 9, 106, and 11, wherein the average grain
size of the abrasive that is bonded in the working

layer 1s less than 9 m.



grindi ng amounts to | ess than 2% of the thickness 15

decrease of the sem conductor wafers. 12. The nethod as

claimed in any one of claims 1 through 4, 5, 6, 1, 9,

10, and 11 , wherein at |east -58gaf the area of each

sem conductor wafer is always in 20 contact with the

wor kildg ITRgemegbipfingst Abaim¢dnin areownedodblcdagingel through

grinding, %3. ihe gretimd a8 cl1gi MeHeirBianya 08ee8king block

cl ai Witq’x tepr{ﬂ:lggsi%’g 5gr§in7wh%s’e 1 r?ign%ilzlé X\@ere%]\l/l%l to

the working l'ayers ~25 are connecte 0 the respective .

wor kiFRG tdi 8K i %her ePRASSHIVE f &R dh aPtanieadily pwrking

changederldis Theeret hod ahel draed iy cbai mrli3ymimer eifn the

t he w@@&h&ﬂ%]ﬁﬁ%&f? are connected to the respective 30

wor ki ng di sk by adhesi ve bondi ng, by covering,

magnetically, electrostatically, by neans of vacuum or

hook1lBnd Trropmeabeeners ¢5aimegs mgt hedaasm clhi nebeirgin the

any qaekdnce! aberl thkr odgbss3% 4or5, tbimhedd bylOneand of
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of greater than or equal to 80 Shore A 40 16. The

nmet hod as clainmed in any one of clains 1 through 4, 5,

6, 7, 9, 10, and 11, wherein the average grain size of

the abrasive that is bonded in the working |Ilayer is

| ess than 9 gm - 54 11. The nethod as claimed in any

one of claims 1 through 4, 5, 6, 1, g, 1D, and 11,

wherein a dressing block wth a dressing grain whose

grain size is equal to that of the abrasive grain used

in the working 5 layer is used for the dressing or

trimming of the working layer. 1B. The nethod as

claimed in claim27, wherein the working layer is

dressed or trimred by neans of 10 |oose grain no

| onger bonded in the dressing bl ock.



