1 Method for grinding a semiconductor wafer ~ The invention relates to a method for grinding a 5
semiconductor wafer. The mechanical processing of the semiconductor wafer serves for removing
sawing undulations, removing the surface layers that were damaged in crystalline fashion 10 by the
rougher sawing processes or were contaminated-byithe sawing wire, and primarily for global leveling
of the semiconductor wafers. Surface grinding (single-side, double-side) and lapping are known here,
and also mechanical edge processing steps. 15 In the case of single-side grinding, the semiconductor
wafer is held on the rear®d& -8R o SdpSort-FERATE} JFePleFIBESHIRE it €Fle by a cup grinding
disk with rotation of support and grinding disk and slow 20 radial delivery. Methods and apparatuses
for the surface.grinding 9f a,semiconductar.wafer are known from US-3,905 %aq_}g‘éJS-g,400,548 or
EP-0955126, for example. In this case, a semiconductor wafer is fixedly held by one surface thereof
on a wafet hol§&F YR fSBpladif surface is processed by means of a grinding disk by virtue of
the fact that wafer holder and grinding disk rotate and are pressed against one another. In this case,

the semicondugstor waienis fixed on thewafer halderdn sygh.a waythat iis geater 3Q,substantially

corresponds to the rotation center of the wafer holder. Moregver, the grlndin% disk is positioned in such

a way that the F6tafioh ceriter of TS ormttittdt Ivaret t8adie A Working Ye5idiF or the edge region
formed by teetbuofthe grihdinghsk.sta 85 resulatizgentiresurfage of the semitanbiactor wafer can

be groundywithout any moyement inihe gending plades « 2rintheLase of simultanapus.double-side

grinding ("doublg-disk ri.ndingﬂv',.DDG), the semiconductor wafer istl(s)égleﬂtaqeou )ég%oc%%sed on both
edon

sidesin a man%e?ﬂosaaﬁnbrﬁee ylgeet(/veaélr:%l WG ﬁﬁiﬁ&ﬁé tisks Fouf eve
the semiconductor wafers. Surface grinding (gsingle-
side, double-gide) and lapping are known here, and also

mechanical edge processing steps.

15
In the case of single-side grinding, the semiconductor
wafer i1s held on the rear side on a support ("chuck"),
and leveled on the front side by & cup grinding disk
with rotation of support and grinding disk and =low
20 radial delivery. Methods and apparatuses for the

surface grinding of a semiconductor wafer are known
from U8S-3,905,1€62 and US-5,400,548 or EP-0855126, for
"example. In this case, a semiconductor wafer is fixedly
held by one surface thereof on a wafer holder, while
25 its opposite surface is processed Dby means of a
grinding disk by virtue of the fact that wafer holder
and grinding disk rotate and are pressed against one
another. In this case, the semiconductor waier i1s fixed
on the wafer holder in such a way that its center
30 substantially corresponds to the rotation center of the
wafer holder. Moreover, the grinding digk is positioned
in such a way that the rotation center o©f the
semiconductor wafer reaches a working region or the
edge region formed by teeth of the grinding disk. As a
35 result, the entire surface of the semiconductor wafer
can be ground without any movement in the grinding

plane.



5 opposite colinear spindles, and in the process is guided in a manner substantially free of
constraining forces axially between a water cushion (hydrostatic principle) or air cushion (aerostatic
principle) acting on the front and rear sides, and is prevented from 10 floating away radially loosely by
a surrounding thin guide ring or by individual radial spokes. During the grinding processes - this
applies to both _single-side and double-side grinding methods, it is 15 necessary to cool the grinding

tool and/or the Proces8&d s&RRdNndGctor WAkt WARG Bt eidhirEt-fafer9s corffetighaly used as a
coolant. Commetd@abérirdidg skachingsdsuch as BGthe mogels BEGE5HDant DFG8560 ("Grinder

800 Series”) frora Disee.Coehewhich 20ars suitable fergrinding wafgrsshaving.diameters of 100-200

mm and 200-3Q0 mm, respectively, ate equipped at the factory with a vacuum unit which ensures a
constant coola%:2 f?oavrg Taie oﬁ%?%l/%?ntvze%%rs“%? nﬁﬁﬁt@f{gﬁﬁng‘%ﬁ%ﬁnd{“ﬂ‘éﬁ% ing"on the

coolant 25 tempERR&rEL@onSaRtRgar miARt Rt peratme of fess thas 220, zoastantly8 1/min at a

temperature ofgreates than 22CrRauble-sida-gragding machinesase also ayaiabla from, 30 Koyo
Machine Industrrles Ca., Ltd jfi%% exargglg. ;he model D%<E§9320 |shsiU|tabIe(§. for tQ%Q&DCG grinding of

wafers having a diameter of lr%m. oth vertical an@horlzonﬁgﬁsplﬁgles a el;r?gloye in

combination wiBtk SPECIBHEAMBHJ HAJFE R THESE §RkdIRG ToB15 BH-dieldosireeisih that they
cut only with theredgeandreaynbineaadapickadvapceirase widnltittle; gvolutioniheat. Fhemn

semicondyctor wafer tq he oy, sedisfi by tic_pressur %]%q f both sidesina -3 -
transport ring. The WEat#e? is %ﬁ\ggﬁ rr%grcg} Eé%eé%%%?%mcg%ugg whic eﬁb%%yegqnpg?ﬁénorientation

notch of the seAfcGfducteavafer RerdsrEe adntFRorthe SBRTESductor wafer can be ensured in

this way. 5 In the case of lapping, the semiconductor wafers are moved under a specific pressure with

supply of a slugyconiainingabiasive maleriais heMesn an UpReT.ANg. g loyier working.glgk, which are

usually composed of Steel 10 and normally provided with channels for better distribution of the lapping
agent, whereby $&@icontbtfor Mariat R rhfovEd BoWweve rpBing RSG5t ofthe dibject matter

of the présent mgentigrary to  cool the grinding tool and/or the

processed semiconductor wafer. Water or deionized water

is conventicnally used as a coclant. Commercial

grinding machines, such as e.g. the models DFG8540 and

DFG8560 ("Grinder 800 Series") from Disco Corp., which

20 are suitable for grindiﬁg wafers having diameters of

100-200 mm and 200-300 mm, respectively, are eguipped.

at the factory with a vacuum unit which ensures a

constant coolant flow rate of 1 or 3 1/min (= liters

per minute) during grinding, depending on the coolant

25 temperature (constantly 1 1/min at a temperature of

less than 22°C, constantly 3 1l/min at a temperature of
greater than 22°C}.

Double-side grinding machines are alsc available from
3C Koyc Machine Industries Co., Ltd., for example. The
model DXSG220 is suitable e.g. for the DDG grinding of
wafers having a diameter of 300 mm. Both vertical and
horizontal spindles are employed in combination with
special diamond grinding tools. These grinding tools
35 are designed such that they cut only with the edge and
combine a rapid advance rate with little evolution of
heat. The semiconductor wafer to be processed is fixed

by hydrestatic pressure pads from both sidez in a



15 DE 103 44 602 Al and DE 10 2006 032 455 Al disclose methods for the simultaneous grinding at
the same time of both sides of a plurality of semiconductor wafers with a movement sequence similar
to that of lapping, 20 but characterized by the fact that abrasive is used which is fixedly bonded in

working layers ("films", "pads") applied to the working disks. During processing, the semiconductor
wafers are insecrgfeaqnigt% thin %}Ie cages, %%gglﬂlﬂedﬂ.car%erﬁs,vwhich hav%g corresgeonding openings
for receiving thé SEMIORJUCOT Wafers: The carriers have an outsr to mif%hl%ﬁ hgafes into a
rolling apparat@s E5iRpfisiigdnHeYiaRl 60@rIsethddiifgs and ake rvedisrmeans bf sdid rolling

apparatus in thehsorldag gaprfetrned betwees30 uppesard lover WarKing disks. Jhe eajgers have

openings througgnyx '89&9819&1 C%Q;Peereé%ﬁ.? gdeb%vl\{%eel&loj\’/vert%d uiper working disks, such that
upper and lower working layers are always at the sameé tempera ure. 35 Affthe grinding methods

mentionecPleave behind significantly pronounced damage on the semiconductor wafer. Damage
should be understoati¢o meaa crystal apb4damagerear thel swfate-eraccesntekthe mechanical

processing ("syhsylace damage ) Seraiches anelathec mechanigalicapsed defests gn.he surface

of the semiconductor wafer after grinding also constitute such 5 dantage. This crystal damage has to

be eliminated 5PMEANE IBuEERBAY StcMAG Thethdds. RBWETRR- &8s KRRFA to®Fersbn skilled in
the art these efchwmpmethodisnadversély infhuernice dhe geemetyyingantiadarthe edgegeobmetry and
the nanotepologysof the,1Q.semicondugtor yater. Qn agcount gf the;poor nanotopglagy after etching,

longer removal oIishi‘g% %rocesses are necessary in_order to achieve the desired nanotopo logy. 15

Therefore, a p&ts8is ifthe arféndeavdls to mihithizeRfe darf@GE after gritidiRg 3Hd to be able
to provide, aftefgrihdirglacserticowdurciérwales havdmpuptimuticgeometry drtbpanctopalogy, but
primarily with sighiificapty-tess damagge This\would allowthe-etehing 20 progess possibly.to be able to
be dispensed with en;érecl%i Primarily, however, a shorter process time could be made possible during

. . . rnven . . . . .
polishing since, rather than correcting the nanotopology, obtaining an optimum surface roughness is to
the fore. 28 DE 102007030958claimsamethodforgrinding '

DE 103 44 602 Al and DE 10 2006 032 455 Al disclose
methods for the simultaneous grinding at the same time
of both sides bf a plurality of semicoﬁductor wafers
with a movement sequence similar to that of lapping,
20 but characterized by the fact that abrasgive is used
which is fixedly bonded in working layers ({"films",
"pads") applied to the working disks. During
proceSSing, the semiconductor wafers are inserted intoe
thin guide cages, so-called carriers, which  Thave
25 corresponding openings for receiving the semiconductor
wafers., The carriers have an outer toothing which
engages into a rolling apparatus comprising inner and
outer toothed rings and are moved by means of gaid
rolling apparatus in the working gap formed between
30  upper and lower working disks. The carriers have
openings through which coolant can be exchanged between
lower and upper working disks, such that upper and
lower  working layers are always at the game
temperature.
35
211 the grinding methods wmentioned leave behind
significantly pronounced damage on the semiconducter

wafer. Damage should be understood to mean crystal



semiconductor wafers, wherein the semiconductor wafers are processed in material-removing fashion
on one side or on both sides by means of at least one grinding 30 tool, with a coolant being supplied in
each case into a contact region between semiconductor wafer and the at least one grinding tool,
wherein a coolant flow rate is chosen height 35 coojant he contact in each case depending on a

grinding tooth 8‘; thg a ler?ésé gnec%gndisn t g!:%ndo%aida flg\év J%Ee IS Ledgé%ed aseg%%%rinding tooth
decreases, whergbfa constant cooling oOf the region befweern wor%iec Snd“gr‘i | @? can -5-

processing ("subsurface damage"). Scratches and other
mechanically caused defects on the surface of the
semiconducteor wafer after grinding also constitute such

5 damage. This crystal damage has to be eliminated by
means of subseguent etching methods. However - as is
known to a person skilled in the art - these etching
methods adversely influence the geometry, in particular
the edge geometry and the nanotopology, of the

10 semiconductor wafer. Cn account of the poor
nanotopology after etching, longer removal polishing
processes are necessary in order to achieve the degired
nanotopology.-

15 Therefore, a person skilled in the art endeavors to
minimize the damage after grinding and to be able to
provide, after grinding, a semiconductor wafer having
optimum geometry and nanotopology, but primarily with
gignificantly less damage. This would allow the etching

20 process possibly to be able to be dispensed with
entirely. Primarily, however, a shorter process time
could be made possible during polishing since, rather
than correcting the nanotopology, ocbtaining an optimum
surface roughness is to the fore.

25
DE 102007030958 claims a method for grinding
semiconductor wafers, wherein the semiconductor wafers
are processed in material-removing fashion on one side
or on both sides by means of at least one grinding

30 tool, with a coolant being supplied in each case into a
contact region between semiconductor wafer and the at
least one grinding tool, wherein a coolant flow rate is
chesen in each case depending on a grinding tooth
height of the at least one grinding tfool and said

35 coclant flow rate is reduced asg the grinding tooth
height decreases, whereby a constant cooling of the
contact region between workpiece and grinding tool can

be achieved by virtue of the fact that the coolant



accumulates in front of the grinding teeth, flows around the latter and is swirled into the contact region
between workpiece and grinding tool depending on the height of the grinding teeth. According to 5 DE
102007030958, the amount of coolant which reaches said contact region is crucial for the grinding
result ("subsurface damage"), and also the service life of the grinding tool. 10 What is
disadvantageo%sc g%o%tltggergethgd defsgrilr:)l%d il’cl> PE %%%0070991?3%5 th%faqtE that t?g—\[ h%ght of the
grinding teeth has {0 be measuredithrou&out the grinding p%cess ordef fo Blé abfe {0
correspondinglfB8EPEthe-&6olahefidie Fate2 TRis isShe GalisBESD ELIGZ00 780958 proeeéds from a
significantly increaseshcasdanidlow rate-ky tosatisan yvthihe:siandssd pareassawhichggoolant flow
rate must also efo uced as toot ' cr ince ed high coolant
flow rate would%éerw%z%q%é%dna\%%dabl gad g)%%{t%gé%ening eggﬁé. Fo@%&gﬁﬁggmetagd described
in DE 102807038938 €5ArG5 afplie F 3RyvA3iRce thE grifftfditols BBy ed%RE #of toothed
grinding disks (Stoptheckowmheels") bag25mather warkingdiskseomprsing wodking layessiivith abrasives
bonded therein, « Epbediments ghthejavention seekitodindia.nayel gripding rpethod which avoids the
disadvantages of the 30 prior art. According to an aspect of the invention, there is provided a method
for processing 8 5eRfidHUCSHwafer, wherein at least one grinding tool and a side surface 35 of at
least one semiconductor wafer are delivered to one another, whereby material is removed from the at

least onejgemiganguctos wafesawherein adiguid medium hawingrvisersity of at-leask310:3 N/m2.s

and at most 100,10~ -6 - 3 N/ is situated between the at least one, grinding tO%J and the at least
one semicondugc{%)rlv%%cr),%)gdé%%vgardjtﬁe egri'lde of ae%rin&%ag&prc?‘(::slé‘gs 2“%:33%?) is 3dded While the at

least one grindRgitB8raed tHecgtHleabBéne §6midonduBterwafscare eparst@om bhe another in
order to end the piecRssingoRefgiien.in order to be able to correspondingly

adapt the coolant flow rate. This 1s  because
15 DE 102007030958 proceeds from a significantly increased
coolant flow rate by comparison with the standard
procegss, which coolant flow rate must also therefore be
reduced as the tooth height decreases sgince an
unchanged high coolant flow zrate would otherwise

20 unavoidably lead to aguaplaning effects.

For PPG, the method described in DE 102007030958 cannot
be applied anyway since the grinding tools employed are
not toothed grinding disks ("toothed wheels") but
25 rather working disks comprising working layers with

abrasives bonded therein.

Embodiments of the invention sgseek o £find a novel
grinding method which avoids the disadvantages of the

30 prior art.

According to an aspect of the invention, there isg
provided a method for procegsing a semiconductor wafer,
wherein at least one grinding tool and a side surface

35 of at least one semiconductor wafer are delivered to
one another, whereby material is removed from the at
least one semiconductor wafer, wherein a liguid medium
having a viscosity of at least 3-10° N/m”.s and at most
100107



Embodiments of the invention provide for modifying a conventional grinding step, which can be
single-side 10 grinding or double-side grinding, in such a way that, toward the end of the grinding step,
a medium having increased viscosity is added in order to curb the mechanical removal by the grinding
tools during single-side or double-side grinding. Apaft from the process of 15 removing grinding tool

and semiconductqy wafe i . cqurse of encing ihe ornding prosess, grinding s notefieed using
viscosity-increasing media or additives since, Tirstly, 1t IS more expedient to"€fiect grinding-using media

of low viscosityCegL wated witheftit Ztaddifiees or Wiith adaiveoBrleRascosidL@oolam)during the
actual removal gtinding proeessand,secandy, die rgrintinoswark dhat efises gurirg the process is
transported awgy, betier. by: said media of low viscosity a ' acity of rinding tool 25
is maintained. Ité preciseﬁ/ t%e cutting capacailt%/scof%e %%d%rr%d%%%%%%l?intgéﬁge?fﬁo@beg gttenuated or

. g
even elimirated B§ tie &¥tfitioR YFERBLIHT RAVINGPAR TncaRe PRBEGSY cBERIArSSFwith water
in the course ofendihg the grindidgr 30 Semidonthsctorwaters pnacessedan this way exhibit no
grinding striae, no lift-off marks (lift-off of the grinding disk toward the end of the conventional
single-side grinding%ﬁmd no grinding scratches after 35 grinding._- 7 - In the case of single-side
grinding, the m&&T f‘ﬁﬁ%guc‘éa b&tifeern S8fitordticBr Watetand GhindlRgHidor bafré
semiconductor erafeeartd grindingtobhdieyemovet fromtohehanctier dfter therggineingi gcessing 5

has endegoaftera specifis materiahrgmevalikas heenaftained, by vistwerof the gyindipgdeol being led

back at a retur&g%%ed I H]ee case ofo%'m t%neo%:sL dg:LLJIk})Ie-sé evgrindaiingrég lG , 1%a@f£1alogous
procedure is a opte&dbe ofe the SemficonductoPwarer and the two grinding 018 aré removed from

one another afteRP#REGARGNG PrEESSSHYY has ndeddese mediumtisdfitroditedbatnedrhe
semiconductor weatekand glindiegdoals. ¥y the grinding tools during single-

side or double-side grinding. Apart from the process of
15 removing grinding tool and semiconductor wafer in the
course of ending the grinding process, grinding is not
effected using viscosity-increasing media or additives
since, firstly, it is more expedient to effect grinding
using media of low viscosity, e.g. water without
.20 additives or with additives of low viscosity (coolant),
during the actual removal grinding processg and,
secondly, the "grinding swarf" that arises during the
process is transported away better by said media of low
viscosity and the cutting capacity of the grinding tocl
25 1s maintained. It is precisely the cutting capacity of
the grinding tool that is intended to be attenuated or
even eliminated by the addition of a medium having an
increased viscosity by comparison with water in the

course of ending the grinding.

30
Semiconductor wafers processed in this way exhibit no
grinding striae, no 1ift-off marks (lift-off of the
grinding disk toward the end of the conventional
single-gside grinding) and nc grinding scratches after
35 grinding.

The viscous medium is supplied toward the end of the

processing of the semiconductor wafer.



Both in the case of single-side grinding and in the case of double-side grinding, the medium is
introduced via the center of the grinding tools. The grinding tools usually have openings in order to
enable the 20 grinding tool and/or the processed semiconductor wafer to be cooled. Water or
deionized water is conventionally used as a coolant:7Teward the end of the processing operation, the

medium that C%ﬁ?? emegguggica#engollqbifér_lgg%gclf g&gﬁ%gf thea%%cor%aﬂulrg thfscase of

grinding with lapping kinematics, the medium is introducgd via op&nings in the carrier. In the prior art,
these openings Bré proViEet &S0 aRspot it EoREHEloYhe Wrkiity dRRE vid&aidépefings. In the
present inventionpdncesdgata toveard dheénd obthewx feessimngioperatiah the mediumshat curbs the

mechanical remgyaljs dntadyced instead of caplant thraugh, said openings in the. cargiers, 35 This

shows that the method according to the invention necessitates no alterations whatsoeveron the
conventional ghiGinGAiRHhings -8 - ThEBRGILE Of thEdhEdium thAFEBE thetREchaRRAl removal is
crucial. Saicernediumeds a figudimediinoliavihg a yistosity:of atbleaste3.40-3IMin2s@nd at most
10010(mPa.$). Preferably, the Wgensity of the medium is 3-80.10-3 N/m2ss, particularly preferably
3-60.10-3 N/m2,s and especially preferably 3-40.10-3 N/m2.s. 10 As is known, the viscosity is a
measure of the viscousness of a fluid. The reciprocal of the viscosity is the fluidity, a measure of the
flowability of a Fnid:Thegpeater ihe iscbsiayi¢he moteWiscous {iEssFrowabie)ahd FDIE; the lower the

viscosity; the 15dess yiscoygdmore fiowablehtbe fluid.s  agopted: before  the
semiconductor wafer and the two grinding tools ars
removed from one another after the grinding processing
has ended, the medium is introduced between
semiconductor wafer and grinding tools.
15
Both in the case of single-side grinding and in the
case of double-side grinding, the medium i1s introduced
via the center of the grinding tools. The grinding
tocls wusually have openings in order to enable the
20 grinding tool and/or the processed semicenductor wafer
to be cocled. Water or deionized water is
conventionally used as a coclant. Toward the end of the
processing operation, the medium that curbs the
mechanical removal 1s  introduced 1instead o©f the

25 coolant.

In the case of grinding with lapping kinematics, the
medium 1s introduced via openings in the carrier. In
the prior art, these openings are provided for
20 transporting coolant to the working digks wvia said
openings. In the present invention, once again toward
the end of the processing operation, the medium that
curbs the mechanical removal is introduced instead of

coolant through said openings in the carriers.

This shows that the method according to the invention
necessitates no alterations whatsoever OT: the

conventional grinding machines.



Preferably, the medium comprises polyhydric alcohols (polyhydric in the sense of "more than one
hydroxyl group"). 20 Preferably, the polyhydric alcohol is selected from the group consisting of
glycerol, monomeric glycols, oligomeric glycols polyglycols and loolyalcohols. 25 The presence of
more than one hydroxyl group results in more possikilities for forming hydrogen bridge bonds, that is to
say stronger in];ﬁgmole%ular interactions, which ultimately lead to an increased viscosity. 30 Preferably,
the medium compriseS &S anfunts bt sTittals. PraErabiyrife medfum Eomeans palyhydric
alcohols, polyakahetssand sutactansst 35 - 9 - Preferably, the medium comprises glycerol. Preferably,
the medium comprises polyetherpolyol and polyvinyl alcohol. The use of glycerol-water mixtures is
especially prefe%red TH?.ebé% % ﬁ:{sh{)wsathﬁich{'ilg erghn gw vis%osi':i/ of a 10 %I cero|-water mixture at a
temperature of 20C for Vatiols glycerol proportions (data iHter afa dccording 16 WERSTER. C. [Ed.]:
"CRC Han?lbooketChemistry andiPiiysia&d 56t EQCERC Fiésk) Bodl Raton){8Pwe glycerol has
a viscosity of upte £60awnRa.s attbem temperatbre-gnd isused ta jcreasgdhe yiscosity:of deionized

water, which is D&%- :())fgmgil ylg}f 10-3:100 mPa-s.n a eted manner 20 Table 1 -
Viscosity ofagig))/cero -water mi;%!dre tf%‘éctgla%gy pr\,ferag{% ERa %\9/ mes
and especially preferably 3-40-10° N/m’s.

10 As 1is known, the viscosity 1is a measure of the
viscousness of a fluid. The reciprocal of the viscosity
is the fluidity, a measure of the flowability of a
fluid. The greater . the wviscosity, the more viscous
(less flowable} the fluid; the lower the viscesity, the

15 less viscous (more flowable! the fiuid.

Preferably, the medium comprises polvhydric alcohols
(polyhydric in the sense of "more than one hydroxyl
group™) .

20
Preferably, the polyhydric azlcohol is selected from the
group consisting of glycerol, monomeric glycols,

oligomeric"glycols, polyglycols and polyalcohols.

25 The presence of more than one hydroxyl group results in
more possibilities for forming hydrogen bridge bonds,
that is to say stronger intermolecular interactions,

which ultimately lead to an increased viscosity.

30 Preferably, the medium comprises small amounts of
surfactants.

Preferably, the medium contains polyhydric zalcohols,
polyalcohols and surfactants.

35 .
Preferably, the medium contains short- or longer-chain
poelyethylene glycols, sols or gels.



Glycerol proportion:Viscosity in mPas 1001 by weight1760 921 by weight354 88% by weight130 84%
by weight71 80% by weight48 50% by weight6 0% by weightl Preferably, the glycerol proportion is
approximately 50-85% by weight at a temperature of 20C. 25 Furthermore, the viscosity is greatly
temperature-dependent: for pure glycerol, the viseosity-is approximately 1.760 Pa.s at T = 20C and

decreases to 1Q = g@g%pagﬁlﬁé 0,934.Pas A ?:..Z.ggs ThE visecjggy of pure water is also
en gly

temperature-dependent. cerol-water mixtures are sé’a: consideration should therefore be
given to supplying the medium at a temperature of 20C. If the medium is intended to be at a
significantly higherfemyeigture tihis preferias forthepglycarel polyetherpolyol and

polyvinyl alcohol. '

The wuse of glycercl-water mixtures 1g especially

preferred.

Table 1 shows the change 1in the wviscesity of a

10 glycercl-water mixture at a tTemperature of 20°C for
various glycerol proportions (data inter alia according
to: WEAST, R. C. [Bd.]: "CRC Handbook of Chemistry and
Physics®, 56th Ed., CRC Press, Roca Raton).

15 Pure glycerol has a viscosity of up to 1500 mPas at
room temperature and is used to increase the viscosity
of deionized water, which is only approximately 1 mPa's,
tb 2-100 mPa-s in a targeted manner.

20 Table 1 - Viscosity of a glycerol-water mixture at 20°0

Glycerol proportion: Viscosity in mPa-s
100% by weight - 1760
$2% by weight 354
88% by weight 130
84% by weight 71
80% by weight 48
50% by weight
0% by welght 1

Preferably, the glycerol proportion is approximately
50-85% by weight at a temperature of 20¢C.

25
Furthermore, the viscosity i1s greatly temperature-
dependent: for pure glycerol, the viscosity 1is

approximately 1.760 Pas at T = 20°C and decreases to

30



10 proportion to be increased beyond 85% by weight in order to ensure the desired viscosity.
Preferably, the medium is an aqueous mixture composed of glycerol, butanol and a surfactant. 15 The
use of slurries is also particularly preferred, wherein the required viscosity of the medium is ensured by
the solids proportion. 20 The slurries can be used both-in combination with the viscosity-increasing

mixtures desciibeg aboye a06,n RUSErp, Balis osay &.g- thefprm.pf geanuaptiong) siica sol,

a viscosity-increasing component,” wherein the required 25 viscosity in this case is
set by a suitaBlEERolER GHihd EofdéitratfiPein e HissolrirsstpRkticles. The use of such slurries is

associated with an additional effect. The surface roughness of the 30 processed surface(s) can be

reduced by thga0hpagicisdiaving aquecisian meachanical ffeck Juis nolas i paricularly when
relatively high concenirated slurries are used. In order to prevent drying on or_crystallization out and
associated 35%BLFueit BreARt &R ofIhE Fhedi sGRmYing 1i8s Gk BESmHEnd5bIB after the end
of the grindingtsteps prattictdarhfwheAhighly concentrated sols are used - 11 - for stopping the typical
removal grinding - for these to be purged by thorough rinsing with water. The use of colloidal
dispersions ca posg:jd of siIi%on 5 dioxide or ce%u o§ide garticl sis particular%y, gref%ried. An
aqueous colloi allyt |§pe?§% Solution oflanmgrﬁla OUs sificort dioxXide caomspﬁgélésfﬁcgﬁl iokide in the
form 10 ofmutbalimierossitkedsphiaifoalindividial preferred for the glycerol

10 proportion to be increased beyond 85% by weight in

order to ensure the desired viscosity.

Preferably, the medium is an aqueous mixture composed
of glycerol, butanol and a surfactant.

15
The use of slurries 1is also particularly preferred,
wherein the reguired viscosity of the medium is ensured

by the solids proportion.

20 The slurries can be used both in combination with the
vigcogity-increasing mixtureg described above and in
pure form, that is to say e.g. in the form of a
conventional gilica gol, without addition of a
viscesity-increasing component, wherein the regquired

25 viscosity in this case is set by a suitable choice of

the concentration of the dissolved sol particles.

The wuse of such slurries 1s associated with an
additional effect. The surface roughness of the
30 processed surfzcels) can be reduced by the sol
pafticles having a precision-mechanical effect. This
holds true particularly when relatively high
concentrated slurries are used. In order to prevent
drying on or crystallization out and associated
35 subseguent encrustation o©f the media-supplying lines,
it i1g recommendable after the end of the grinding step

- particularly when highly concentrated sols are used



particles containing hydroxyl groups at the surface. The viscosity of these slurries comprising spatially
uncrosslinked particlesisafunction ofthe 15 concentration and the particle size or the specific surface

area. The viscosity can be determined exactly by means of delivery pipettes or falling-ball viscometers,
for 20 example. The viscosity of the mixture or slurry is-preferably measured prior to the use thereof in

the method aqfc?%di%%%gfni&vedﬁi@”t %ia?iosét&ﬁ%éﬂa"c}.ﬁﬂgﬂfﬁg smaller parfigles. 25 The

viscosity increases as t olids content by volume increases such that the particles are packed more
closely and reSftictéd RHes®e dPYh&PREE Gkt TiteRalfrichioM) i addition, interactions and

collisions between the individual particles increase. 30 Slurries having a relatively low solids content by

volume behavg appraximately like Newsoniansluids. The.yiscosity,isindapengent of the shear rate. 35

Preferably, slurries comprising particles which have a narrpow_size distribution are used, The average
pmﬂdeséei§%ﬁﬁ%§ﬁbﬂ?gorﬁﬁrgff- oxide particles i1s particularly
preferred.

An agueous colloidally dispersed solution of amcrphous
gilicon dioxide comprises sgilicon dioxide in the form
10  of mutually uncrosslinked spherical individual

particles containing hydroxyl groups at the surface.

The wviscosity of these slurries comprising spatially
uncrogsslinked  particles is a function  of the
15 concentration and the particle size or the specific

surface area.

The viscosity can be determined exactly by means of
delivery pipettes or falling-ball wviscometers, £for
20 example. The viscosity of the mixture or slurry is
preferably measured prior to the use therecf in the

method according to the invention.

The visgcogity is usually hnigher for smaller particles.
25 The viscosity increases as the solids content by volume
increases such that the particles are packed more
closely and restricted in terms of their free mcbility
(internal friction). In addition, interactions and

collisions between the individual particles increase.

30
Slurries having a relatively low solids content by
volume behave approximately like Newtonian fluids.
The vigcogity is independent of the shear rate.

35

Preferably, sglurries comprising particles which have a
narrow size distribution are used. The average particle

size is preferably 5-50 nm.



The solids proportion of silicon dioxide or cerium oxide is preferably greater than 1% by weight up to at
most 50% by weight. 5 If a reduction of the surface roughness of the processed surface(s) of the
semiconductor wafer is desired, a solids proportion of 20-50% by weight is preferred. 10 At lower
solids proportions of from 1 to less than 20% by weight, the viscosity is preferably increased by one of

the abovemen&igbged é/(iﬁgéity-m%di}f}g@g: %dglitivggg sucfiwlas c%lxce{%, Cl:og.L géamglre. %SE IQS nr:?upply of the
medium that clirbs the mechanfeal femoval ensures that fess subsurface damage, In particular no
lift-off marks, FS*pféholifcay §ARAIRG SHidS aRF RS proounédd Grindifg Seratétiestiesalt on the
semiconductotiwaters Thishs owdrgrtathe fact that 20 the medium that has a higher viscosity than
water reduces the mechanical force action on the surface of the semiconductor wafer toward the end

of the grinding process. 25 Lift-off marks occur in the prior art particularly after DDG and are critical for

geometry“and hano®pobgF Erihahg stiae dcir infthe @ of SMgIER-RSgrinding ihttcordance
with the prior artane szdlikewisé adwdrsely influente gesmetrycantli3@ nanotepddagy. Scratches can

occur in all gripding faethods in.ageordange with the priop.art angd argscritical fpr gegmetyy and the
surface properties of the semiconductor wafer. - 13 - As already mentioned above, the method can be
carried out on %ﬁ%ﬁé‘?ﬁﬁgtypes with planar plates and corresponding media distributors. 5 For

double-side face grinding with planetary kinematics (lapping kinematics), conventional double-side
polishing machines aia-suitable,y¥hereiBLoriespanding grindingpads (wesdna:laygrsxefthe working
disks) are useg ins‘;[?%%d g[:polj:%énghg%%% ‘évit outiabrasi\e/(%%.rla%Eartiggla}glé/ sre]éergaed process
parameters for garrylng out the method are prgsengieé)f)e OW. m‘g%-sﬁe grlnalng: }I_ISO(Eﬁnding disk
with a fine grafsiz&2200G-BPTREIWithadigfond IGE0E 203\ SitiorBAC O3Hs AbasRe)
Rotational speed«f the ggnding:disk 160e-58R8npme particularly preferably 2000-4000 rpm

15 The supply of the medium that curbs the mechanical
removal ensures that legs gubsurface damage, in
particular no 1lift-off wmarks, no pronounced grinding
striae and no pronounced grinding scratches result on
the semiconductor wafer. This i1s owing to the fact that

20 the medium that has a higher viscosity than water
reduces the mechanical force action on the surface of
the semiconductor wafer toward the end of the grinding

process.

25 Lift-off marks occur in the prior art particularly
after DDRG and are critical for geometry and
nanotopology. Grinding striae occur in the case of
single-side grinding in accordance with the pricr art
and they 1likewise adversely influence geometry and

30 nanotopelegy. Scratches can occur in all grinding
methods 1n accordance with the pricr art and are
critical for geometry and the surface properties of the

semiconductor wafer.

35 These defects can be completely eliminated by the

method according to the invention.



Rotational speed of the semiconductor wafer 50- 20300 rpm, particularly preferably 200-300 min-1
Advancing speed 10-20 hm/min Coolant: water 0.1 - 5 1/min Toward the end of processing,
supply of a liquid medium having a viscosity of at least 3.10-3 N/m2.s and 25at most 10010-3 N/m2s at
0.1 - 5 1/min, particularly preferably 3-5 1/min Doupte-side grinding: Granulation of the grinding

disks 4 - 50 hm,_di n a sive (ceramicall metalli b d). Spj tational speed
<diamond 30a3 abrasive. 2" O Eﬁ‘é !Lﬁé ded), Spindle rorg be
of 1000 - 1208% rpm, peartl ularly pre el}a |y%%%g-8’000 rSm ﬁd e ?e}ﬁver E'?ate of 15 - 300 hm/min
(relative to botAEpindi8s) 35 RotEf6cHSpeed Bt dte stthiddndbéRdTWalerufE- €800 #5h, particularly
preferably 25-5@ rprasfactingdubreatiandittwatertoff:1 - 5 1/min - 14 - Toward the end of
processing, supply of a liquid medium having a viscosity of at least 310-3 N/m2s and
5 For double-side face grinding with planetary kinematics
{lapping kinematics), conventional double-side
pelishing machines are suitable, wherein corresponding
grinding pads (working layers of the working disgks) are
used instead of polishing pads without abrasives.
10
Particularly preferred process parameters for carrying

out the method are presgented below.

Single-side grinding:
15 & Grinding disk with a fine grain size #2000 or finer
(with diamond, Ce02, Al203, 8iC or BaC03 ag abrasive)
e Rotaticonal gpeed of the grinding disk 1000-5000 rpm,
particularly preferably 2000-4000 rpm
e Rotatilonal speed of the semiconductor wafer 50-
20 300 rpm, particularly preferably 200-300 min™
¢ Advancing speed 10-20 pm/min
¢ Coolant: water 0.1 - 5 1/min
e Toward the end of processing, supply of a liguid
medium having a viscosity of at least 3-107° N/m*s and
25 at most 100107° N/m*s at 0.1 - 5 1/min, particularly
preferably 3-5 1/min

Double-side grinding:

s Granulation of the grinding disks 4 - 50 um, diamond
30 as abrasive {ceramically or metallically bonded}
¢ Spindle rotaticnal speed of 1000 - 12000 rpm,

particularly preferably 4000-800C rpm
¢ Spindle delivery rate of 15 - 300 um/min (relative to
oth spindles)
35 e Rotational speed of the semiconductor wafer o©f 5 -
100 rpm, particularly preferably 25-50 rpm

¢ Cooling lubrication with water of 0.1 - 5 1/min



at most 100.10-3 N/m2.s at 0.1 - 5 1/min, particularly preferably 3-5 1/min 5 By way of example, an
agueous mixture composed of butanol; glycerol and a surfactant is suitable for supplying a liquid
medium having a viscosity of at least 310-3 N/m2s and at most 100.10-3 N/m2-s. The 10 volumetric
flow rate of the medium is 5 liters/min. The glycerohproportion is 1% by weight, and the butanol

proportion is 1% ng\é\éelj ht. Iggdditi%, a urfac%algé\évsaf added withf\ rocg)grtign olflo.ozog by weight.

Thesurfactantisapreparation a§e§orln 15a kyB:énzenesulﬁ‘ghic A6 amine ethgxycia & The addition
of silica sol with & Si0Zcdireehtiation Bi-30%ByEWeght as a Vastdus profectiVe Tayer ahdhe
semiconductor water @ward the endofthe’geinding 20 process is/tikawise-auitabden1 15 Ratent Claims:

1.A method for ps%olcgﬁlpgbaﬁerpi_%)ng%@ﬂ wafer, wherein at least one grinding tool and a side
surface ofé at lea

By way of example, an agqueous mixture composed of
butanol, glycerol and a gsurfactant 1s suitable for
supplying a liquid wmedium having a viscosity of at
least 3.207% N/m?sz and at most 100.10°° N/m‘s. The
10 volumetric flow rate of the medium i1s 5 liters/min. The
glycercl proportion is 1% by weight, and the Dbutanol
proportion is 1% by weight. In addition, a surfactant
was added with a proportion of 0.07% by weight.
The surfactant is a preparation based on

15 alkylbenzenesulfonic acid and amine ethoxylate.

The addition of silica sol with an 8i0; concentration of
30% by weight as a viscous protective layer on the
semiconductor wafer toward the end of the grinding

20 procegs is likewige suitable.



5 one semiconductor wafer are delivered to one another, whereby material is removed from the at
least one semiconductor wafer, wherein a liquid medium having a viscosity of at least 3.10-3 N/m2.s
and at most 100.10- 3 N/M2.5 is situated between the at least one grinding 10 tool and the at least
one semiconductor wafer, and toward the end of the grinding process silica sol is added while the at
least one drixfehmg t6GlsdimaEthe at least one semiconductor wafer are separated from one another in
order to end the processing operation. 15 2The method as claimed in claim 1, wherein the liquid
medium comprises a polyhydric alcohol. 3. The method as claimed in claim 2, wherein the polyhydric
20alcohol is.selecteddromahégroppennsisting of glyearahnonramerieglysols, aligoraericglycols,
polyglycols and polyaleohals. 4, Thesmethad,as claimed inglaim 2.0r 3, whegein the 2apraportion of
polyhygric alconol s 0.1 1o 10% by, voltime. 5, The method 25 dlaimed In any of claims 1 to 3,
wherein the liquid medium comprises glycerol 30 B The miethod as claimedin any df &fits 1 to 3,
wherein the liquidféditih c8MpFBe& holysther BBRGEAnd stivinytdicoRdl. 352 Fhe ABthod as
dannedh1any(ﬁ&ﬁ@ﬁ@@&d@dithemgﬁ@r, wherein a 1liguid medium having a

viscosity of at least 3107° N/m’.s and at most 100-10°

3

N/m’.s is eituated between the at least one grinding
10 tocl and the at least one semiconductor wafer, and toward
the end of the grinding process gilica scol is added while
the at Jleast one grinding tocl and the at least cone
semiconductor wafer are separated from one another in

order to end the processing operation.

15
2. The method as claimed in c¢laim 1, wherein the liguid
medium comprises a polvhydric alcohol.
3. The method as c¢laimed in claim 2, wherein the polvhydric
20 alcohol is selected from the group consisting of
glycercl, monomeric - glycols, oligomeric glycols,
polyglycols and polyalcohols.
4. The method as claimed in claim 2 or 3, wherein the
25 propertion of polyhydric alcohol is ©.01 to 10% by
volume.
5. The method as claimed in any ©f claimg 1 to 3, wherein
the liguid medium comprises glycerol.
30
6. The method as claimed in any of claimeg I te 3, wherein
the liguid medium comprises polyether polyol and
poelyvinyl alcohol.
35 7. The methed as claimed in any of claims 1 to 3, wherein

the liguid medium comprises surfactants.



the liquid medium comprises surfactants. 16 8. The method as claimed in claim 5, wherein the liquid
medium is a glycerol-water mixture having a glycesol proportion of 50%-85%, 9. The method as
claimed in any of claims 1 to 3, wherein the liquid medium is an agueous mixture containing glycerol,
butanol and a surfactant. 10. The method as claimed in any of claims 1 to 3, wherein 10the liquid

medium cemprises soliglscindhe foxm of silicon digxideQrigerium oxidepariclese11; The;method as
claimed in claim %gdwhereilnsthe av%ia e Paiticle size of thetsilicon dioxide or the ferium Ei(ide 15is
. o ure

ot o Sa .
5-50 nm. 12. The method as claime laim 1%5} Wherein the SO|IdSa|C')¥868I’tI§n |§g?’§§g? an 1% by

weight to at mosPE098BY WalgRE 20PF38Fhe method as claimed in claim 12, wherein the solids
proportion is greater than 1% by weight to at most 30% by weight. 25 14. The method as claimed in
any ofsclaims 1 tad: Wwheteindhe semiconauctarmvalarisdixedlynald by ope sufagedhergof on a wafer

holder, while its c&@!gositfiaﬂ{{@ce is processed byaqlgriggiggotggl in.the form ofc%§£igggﬁ%ﬁisk by virtue
of the fact that Wagre% hold?[r agdtgrindi'n 3% disk rotate and are pressed against one another, wherein
dolder and grindjng 39 disk rota

the liquid mediurd vcleng a'wscos%@%f a8t SY0-3 /2.5 and at most 100-10-3 N/m2.s is
introduced between grinding disk and semiconductor wafer via an opening in the grinding disk. 35 15.
The methadas claimeddntany of claihsiléa 3, iwhengin the semiceanductarowalfer istaroeessed

simuligneously oprhothisides imadmannecfigating freghy betwesD WQ form of silicon

dioxide or cerium oxide particles.

il. The method as c<laimed in claim 1¢, wherein the average
particle size of the silicon dioxide or the cerium coxide
15 is-5-50 nm.

12. The method as claimed in claim 10, wherein the solids
proportion is greater than 1% by weilght to at most 50% by
welght .
20
- 13. The method as claimed in claim 12, wherein the solids
proportion is greater than 1% by weight to at most 30% by
weight.

25 14. The method as claimed in any of claims 1 to 3, wherein
the semiconductor wafer is fixedly held by one surface
thereof on a wafer holder, while its opposite sgurface is
processed by a grinding tool in the form of a grinding
disk by virtue of the fact that wafer holder and grinding

30 disk rotate and are pressed agalnst one another, wherein
the liguid medium having a visgcosity of at least
3.1¢7° N/m*.s and at most 100-10°% N/mf.s is introduced
between grinding disk and semiconductor wafer via an
opening in the grinding disk.

35

15. The method as claimed in any of c¢lsims 1 to 3, wherein
the semiconductor wafer 1s processed simultaneocusly on

both sides in a manner floating freely between two



17 grinding tools mounted on opposite colinear spindles and wherein the process is guided in a
manner free of constraining forces axially betweenra water or air cushion acting on the front and rear
sides, wherein the 5 liquid medium having a viscosity of at least 3-10-3 N/m2.s and at most 100-10-3
N/m2.s is introduced between grinding tools and semiconductor wafer via openings in the two grinding

tools. 10 16. Thegpethod,as elaimediinamny.ef daims,bde 3: whereina plurality, of semicopductor
wafers are proce%ﬁggf g{rgultggeous%wherein each sggweigong%ctor wafer Iie§: in Erreeeéy m vable
Ity

fashion in a cutout in one of a pﬁurﬁ Of carriers that are caused to rortnz-ftlénbey means of aring- 15

shaped outer andF¥HTF-3hapRE inhEFdfve rittyidnd 16 thRFSMPRToved ot at&eloiddl tréiéEtory, while
the semiconductorwaiers areprogessedtinanaterakremovingfashioibetweereted gritdiag tools in

the form of rotating dingsshaped:workingrdisks campesingywerking: 20ulayers; wherein thediquid
medium having a,yiscasity, af 3t legst 3,103 Nmz.s,and At magt 100-192 P33 jttogyiced

between working disks and semiconductor wafers via openings In the carriers.
tocls and gemiconductor wafer wvia openings 1n the two

grinding tools.

i0 16. The method as claimed in any of claimsg 1 toe 3, wherein a
plurality of semiconductor wafers are processed
simultaneocusly, wherein each semiconductor wafer lies in
freely movable fashion in a cutout in one of a plurality
of carriers that are caused to rotate by means of a ring-

15 shaped outer and a ring-shaped inner drive ring and is
thereby moved on a c¢ycloidal trajectory, while the
semiconductor wafers are processed in material-removing
fashion between two grinding tools in the form of
rotating ring-shaped working disks comprising working

20 layers, wherein the liguid wmedium having a viscosity of
at least 31077 N/m’.s and at most 100107° N/m®.s is
introduced between working disks and semiconductor wafers

via openings in the carriers.



