1 Method for Ginding Sem conductor Wafers The present invention relates to
a nethod for grinding sem conductor wafers. 5 Sem conductor wafers are
produced according to the prior art by a plurality of process groups: a)
produci ng a nonocrystalline sem conductor rod (crystal 10 growth) b)

slicing the rod into individual wafers {"wafering”, "saw ng") c) nechani cal
processing d) chem cal processing 15 e) chem cal - nmechani cal processing f)
optionally coating A mddHdy ifdat YerQnditgt Rhns SHChyA5d eani ng,

sorting, neasuring and packaging steps,” are carrled out besides this. 20
The group of nechani cal processing steps conprises rounding the wafer edge

and pl anari.zing the wafer surface means of chani cal | br asi ve steps
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pol i shi ng,sdorcorfxail e W id-4 ound or band-shaped tools. The planarizing of
the wafer surface is carried out "in batch", i.e. for a plurality of wafers

sinultaneously by so-called 30 llapping with free abrasive using a | apping
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a plurality of process groups:

a) producing a monocrystalline semiconductor rod (crystal
10 growth)
(T' b) slicing the rod into individual wafers ("wafering"”,
"sawing")
¢) mechanical processing
d) chemical processing
15 e) chemical-mechanical preocessing

£} coptionally coating

A multiplicity of further steps, such as cleaning, sorting,
measuring and packaging steps, are carried out besides this.

20 '
The group of mechanical processing steps comprises rounding the
wafer edge and planarizing the wafer surface by means cof

mechanically abrasive steps which remove material.

25 The edge rounding is carried out by grinding or polishing, for

example with round or band-shaped tools.

The planarizing of the wafer surface is carried out "in batch",
i.e. for a plurality of wafers simultaneously, by so-called

30 lapping with free abrasive using a lapping suspension
("slurry") or as a single-wafer process by grinding with bound
abrasive.
In the case of single-sided grinding, one side of the

semiconductor wafer 1s fixed by means of a vacuum in a wafer



sem conductor wafer is fixed by neans of a vacuumin a wafer 2 carrier
("chuck"), and the other side is processed by a grinding disc coated with
grinding abrasive. If both sides of the wafer are intended to be ground,
the processing of the two sides of the senmiconductor wafer is generally
carried out 5 sequentially. Batch doubl e-si ded grinding nethods are al so
enpl oyed, with [|apping kinematics in which there is bound abrasive or

abrasi ve appliied ontn,Goat i ngRy (GOt ANO dANge JRIK G fises, facing 10
one anot her, between which 'the sem conductor wafers are groun on both
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cages. In order to achieve a particuylarl opd .geonetry of, the rocessed
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sequence which involves a DDG pregrinding step ("roughing”), followed by
one or SnorseqEhi(isgdguential ) single-sided fine grinding steps
("flattening"). Conversely, US 6,066,565 describes the use of the DDG net hod
in a two-stage process with doubl e-sided pregrinding and a doubl e- sided

fine grindingn WG ILHIJLS dMhdBENImMas @M Llanpifng <ipt qorkpirece a
plurality of times. DE 101 42 400 Al discloses a nethod which is carried out
with a siladtiaedusiadsiblas sitdediigi idiskg necFnmdmbiss charactarizgde in

that it conpri.ses only a single pr.o sing operation with 30, the rkpi ece
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(' on both sides as in the case of lapping while being partially

free to move in guide cages.

In order to achieve a particularly good gecometry of the
15 processed wafers, a simultaneous double-sided grinding method

("double disc grinding™, DDG) is often used.

EP 1 049 145 Al discloses a processing sequence which involves
a DDG pregrinding step ("roughing"), fcllowed by one or more

20 (sequential) single-sided fine grinding steps ("flattening").

Conversely, US 6,066,565 describes the use of the DDG method in
a two-stage process with double-sided pregrinding and a double-
sided fine grinding. This requires two machines and clamping

25 the workpiece a plurality of times.

DE 101 42 400 Al discloses a method which is carried cut with a
simultaneous double-sided grinding machine and is characterized
in that 1t comprises only a single processing operation with

30 the workpiece being clamped only once. This means that the
generally required pre-processing and fine processing
{("roughing"™ and "flattening") take place in a =single integrated
processing step. Also described is a simultaneous double-sided

grinding method, using a workpiece retainer which heclds and



processing step. Al so described is a sinultaneous doubl e-sided grinding
nmet hod,- using a workpi ece retai ner which holds and 3 nobves the

sem conductor wafer virtually w thout constrained guiding ("free-floating
process", FFP). In the case of sinultaneous doubl e-sided grinding, whichis
5 al so described for exanple in EP 868 974 A2, the sem conductor wafer is
processed sinmultaneously on both sides while floating freely between two

grinding ‘i‘r}cﬁz%% minted, 00, QARSI %a%.%% I N8R, 4 SR A8 Ry ANt S a4 ded .
substantially free from constraining orces axially between a water cushion
(hydr ost atguwd damignc( ' e -1 cart ialg poustdsm!’ (aEF®st ati c principle) acting on
the front and back sides, and is radially prevented fromfloating thereon

| oosely by a thin circunferential guide ring or by indiyidual  radial

spokes. THE S oitfuctiors Wt e liesiin e one 199 SyRd 8 536U ng the
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and back sides, via a "notch finger" which engages in an orienting

ref er ence watch's prorcdnedd | Timuwol dheddiss whiarh hparht i sildees erfel osetdladising

sem conduct or fer circunferentially, 20 DE 10 2004 005 702 Al djscl oses a
method 1 ort GG ST SeiH GHAUCLt e e  RTHE h R S U FeAt
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ground initially coarsely and subsequently finely on both sides by a
gri ndi ng tiootgeansixtin lilyy disnertrerd zed-4m st ighe! sathd cormiuict gvr 25 Walfser

remai ng cl anped in .rin&%; chi ne bet ween the coarse rinding and,the
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gri ndi ng. DE 10 2004 005
S loosely by a thin circumferential guide ring or by individual
radial spokes. The semiconductor wafer rotates about its
symmetry axis during the grinding. This rotation is driven by
15 friction tools engaging on the front and back sides, via a
"notch finger" which engages in an orienting reference "notch",

or by friction belts which partially enclosed the semiconductor

wafer circumferentially.

20 DE 10 2004 005 702 Al discloses a method for producing a
semiconductor wafer, comprising double-sided grinding of the
semiconductor wafer in which the semiconductor wafer is ground

(' initially coarsely and subsequently finely on both sides by a
B grinding tool, which is characterized in that the semiconductor

25 wafer remains clamped in a grinding machine between the coarse
grinding and the fine grinding and the grinding tool is brought
to engage with a load essentially remaining constant when
changing from course grinding to find grinding. DE 10 2004 005
702 Al furthermore describes a device for the double-sided

30 grinding of flat workpieces, comprising two double spindles
each with an inner sub-spindle and an outer sub-spindle, an
instrument for loading and unloading the workpiece and a

workpiece retainer which is arranged between the docuble



702 Al furthernore describes a device for the double-sided 30 grinding of
flat workpi eces, conprising two double spindles each with an inner
sub-spindl e and an outer sub-spindle, an instrunment for |oading and

unl dadi ng the workpi ece and a workpi ece retainer which is arranged between
t he double 4 spindles and by which the wgrkpiece is held free-floating
during a grinding step the sub-spindles being arranged coaxially and

carrying oghidiget 80k Spl ongEpnELDg,0RRASLLE 181 fESqOF -Lhe wBEKpLgoe and at

| east one sub-spindle eac oubl’ respectively I ng
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spindle. During the grinding processes - this applies to both single- sided
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Corp., mhlc are ng wa lanmeters of 100 15 200
mm and 200i 3@8psntieespechbivehy, o8heregubpppinanet BE woekidpgblel deindll .a
vacuum uni t which ensures a constant coolant flow rate of 1 or 3 1/mn (=
litres per mnute) during the grinding, depending on the coolant

emper a5 (eonst ALY Aot B Lor 8.t oTRRLal uLE oL L gss L 220,
Ty e e b g o o bt Lo
m@fgrsu)Bp@@oyethecgklﬁaﬂn§5tbenlaﬁdvék shengkeseasedempmyedduateanbi nati on
mn{h SpeCISQfer. Water or deionized water is conventionally used as a
coolant. Commercial grinding machines, for example the models
DFG8540 and DFG8560 ("Grinder 800 Series") from Disco Corp.,
which are suitable for grinding wafers with diameters of 100-

15 200 mm and 200-300 mm respectively, are equipped on the working
side with a vacuum unit which ensures a constant coolant £low
rate of 1 or 3 1/min (= litres per minute) duxring the grinding,
depending on the coolant temperature {(constantly 1 1/min for a

temperature of less than 22°C, constantly 3 1/min for a

20 temperature of more than 22°C}).

Double-sided grinding machines are available for example from
Koyc Machine Industries Co., Ltd. The model DXSG320 is suitable
for the DDG grinding of 300 mm wafers. Both vertical and

25 horizontal spindles are emplcoyed in combination with special
diamond grinding tcols. These grinding tcols are designed so
that they cut only with the edge and combine a rapid forward
feed rate with little heat production. The main difference is
the wafer holding. The wafer to be processed is fixed by

30 hydrostatic pressure pads on both sides in a transport ring.
The wafer is driven merely by a small nose which engages in the
notch or in the flat. Stress-free holding of the wafer can be

ensured in this way.



di anond grinding tools. These grinding tools are designed so that they cut
only with the edge and conbine a rapid forward feed rate with little heat
production. The main difference is the wafer holding. The wafer to be
processed is fixed by 30 hydrostatic pressure pads on both sides in a
transport ring. The wafer is driven nmereby by a small nose which engages in
the notch or in the flat. Stress-free holding of the wafer can be ensured
inthis way. 5 JP58143948 describes a nmethod for cooling in single-sided
grinding machines and the way in which the coolant is applied onto the
waf er surfaR28143 He8 plesesseds & dP2RSD/7drt eachesgt bndetiegiheneitthd cool ant

flow rate and, .  dependjng on a_neasured grinding tenperature, to increase it
rapi dly i ridbtINSMEARIBRE ABAICES W%EplFh@thgthﬁgco?%ﬁﬁEréFuﬁEp&P? ina
predeterniggg t@gge&g%g£esﬁggggeagg gh %Qgcégsg&her hand al so to keep the
amount of ToOOl'ant useéd at a mnrnum require evel . In doubl e-sided
grindi ng nmachi nes, the process coolant conventionally energes fromthe
centre of the grinding tool and 15 is transported to the grinding teeth by
means of tHhe2zeni71fugathésr te. d¥herpopotanhet boolghpuf loanrbeer egdl at ed by

keeping the coolant flow rate at a setpoint value. This regulating may be
carri ed oUfCRFREIFINPRAR| PeRFURBANST SRAARISHPTRBF Bt HERsuFPngTdEeFrEE and

actuators or,byygechagical grapsc 20 (pLessuLeLEUeRL) o GHS301/ 025660 AA
proposes to nirtor nmachine WorKi ng/ engagenent
temperature within a predetermined temperature range and on the
10 other hand also to keep the amount of coolant used at a minimum

(m required level.

In double-sided grinding machines, the process coolant
conventionally emerges from the centre of the grinding toecl and
15 1is transported to the grinding teeth by means of the
centrifugal force. The cocolant throughput can be regulated by
keeping the éoolant flow rate at a setpoint value. This
regulating may be carried out electronically by means of a
suitable measuring device and actuators or by mechanical means

20 (pressure reducer).

U52001/025660 AR proposes to monitor machine working/engagement
times and machine idle/setup times {"active™ and "idle" modes)
of the grinding machine automatically on the grinding machine,

25 and to regulate the coolant flow rate accordingly. At the start
of the setup time the coclant flow is reduced or entirely
stopped, and it is subsequently increased periodically during
the setup time, i.e. the introduction of a new workpiece. This
achieves more economical use of coolant compared with the

30 solutions likewilse known in the prior art, namely to keep the
coolant flow rate constant even during the machine idle time. A
certain ccolant flow rate at least towards the end of the setup

time seems to be advantageous, since the grinding machines



times and nmachine idle/setup tinmes ("active" and "idle" nodes) of the
grinding machi ne automatically on the grinding machine, 25 and to regul ate
the coolant flow rate accordingly. At the start of the setup tinme the
coolant flow is reduced or entirely stopped, and it is subsequently
increased periodically during the setup ¢inme, i.e. the introduction of a
new wor kpi ece. This achi eves nore econom cal use of cool ant conpared with

t he 30 sol .;;91%‘ | ke ' i nanel kesp £
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cool ant flow reipeeatt Ureasti ffmweards2d.he end of the setup tinme seens to be
advant ageous, since the grinding machines 6 conprise for exanple sensors

whi ch react extrenely sensitively to tenperature differences. US 5113622 AA

proposes tefipef e e Peteei oS O difjs CR0lANId tre D AN PUEHd OVso 1 ae 1n-

di fference between the tenperatures at the inflow and the outflowis
t her eby detret munedlowkhi sThenpeTznaree didtfvranddis scemperndadred athdilcat e t he

amount of heat generated uring the grinding, by taking_.into account the
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tenperature, and to avoid fracture or warp due to residual thernal

st resses, dworinespomdigig rdigy ationofing hievtgod amuft owe ateclanprivposed as
a function oe‘ t he c,%}nti .uou.sl% .doet eq)r/gi nedtea UH&S of heat. 15%The met hods
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t he wopkpi g Lansianto ory el A wi @dgetc ialdig, @ik 4 fisd egsifg 4 he cool ant
flow rate accordingly,
( particular target temperature, and to avoid fracture or warp
due to residual thermal stresses, corresponding regulation of
the codlant flow rate is proposed as a function of the
continucusly determined amcunts of heat.
15
The methods known in the prior art therefore involve either
keeping the temperature of the workpiece constant or below a
target value and increasing the coolant flow rate accordingly,

or setting a constant coclant flow rate with one or two target

20 values.

Problems, which the pricr art was not able to resolve at the
application date, consist in workpieces ground with one and the
same grinding tool having different surface damages, which

25 implies non-constant grinding conditicons, and also the lifetime
of grinding tools (in this context, the person skilled in the
art alsc refers to grinding tocl service life) being rather
unsatisfactory even when a constant coclant flow rate and
therefore supposedly sufficient cooling of the workpiece and

30 the grinding tool are meant to be ensured.

It was an object of the present invention to achieve more
constant grinding conditions and an improved type of cooling in

grinding machines



or setting a constant coolant flowrate with one or two target 20 val ues.
Probl ens, which the prior art was not able to resolve at the application
date, consist in workpieces ground with one and the sane grinding tool
havi ng different surface danmages, which 25 inplies non-constant grinding
conditions, and also the lifetime of grinding tools (in this context, the
person skilled in the art also refers to grinding tool service |ife) being
rat her wunsatisfactory even when a constant coolant flow rate and therefore
supposedly sufficient cooling of the workpiece and 30 the grinding tool are
meant to heermsyresd. df tes @resbjtecnwsintinm presartidvacedty on e bohifore

nore constant,.grindi ng conditions and an.i nproved t of cooling in
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processed so as to renove nmaterial on one or both sides by 5 neans of at
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as a functyjome0fand (Hd ndi NedHotdhhehgdiofg theont dieastcone Hd nth nghdtool
and 10 this coolant flowrate is reduced as the grinding tooth height
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to the prior_art,.are  suitable far t met ho 1 accor%. to t i nvention.
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10 this coolant flow rate is reduced as the grinding tooth height

(' decreases.

Both single-sided and a double-sided grinding machines
according to the prior art are suitable for the method

15 according to the invention.

The invention thus preferably relates to a method for the

single-sided grinding of semiconductor wafers.

20 Methods for the simultaneous double-sided grinding of

semiconductor wafers (DDG) are more particularly preferred.

‘Preferably, when using an unworn grinding tool fresh from the
factory, a current grinding tooth height of this grinding tcol
25 1is respectively determined during the grinding processes and
the coolant flow rate is reduced as a function of the grinding
tooth height determined in this way, although the coolant flow
rate should not fall below a particular minimum value even with
a low grinding tooth height.
30
In contrast to the pricr art, the coolant flow rate is thus not

constant or even increased, rather it is reduced.

The Inventors have discovered that only in this way is it



si ngl e-sided grinding of sem conductor wafers. 20 Methods for the

si mul t aneous doubl e-si ded grinding of sem conductor wafers (DDG are nore
particularly preferred. Preferably, when using an unworn grinding tool
fresh fromthe factory, a current grinding tooth height of this grinding
tool 25 is respectively determ ned duringgthe grinding processes and the
coolant flowrate is reduced as a function of the grinding tooth height

det er mi ned,d 4 )iy ﬂ@yacﬁié@@%w&@ eé(ﬂﬁn&'&fvtﬁ@t@oﬁ@%d ﬁgioﬁ al |

bel ow a particular m nimum val ue even wt | ow grinding tooth  height. 30
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even i ncrease rath i s, reduced. The ventors Ve dISCO ered that
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stops in front of the grinding teeth, flows around themand is” turbul ated

as a functtilon ofnthet heefgh@ndﬁew]@elgrtMWKQrk{eewmm@ the gontdttd rieghbn
bet ween the workpi ece and the grinding tool. The anobunt of cool ant which
reaches this contact region is crucial for the grinding outcone
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Ceram cally bound di anond grinding teeth are subject to wear,  so that the
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The I nventors have dtscoge{ed that .in the prior art, constant cooling of

the contactTegiont B 157 WoP KPP et hnd a grinding tool is not in fact
possi bjge

(“ Ceramically bound diamcnd grinding teeth are subject to wear,
so that the height of the grinding teeth decreases with an
increasing length of use. The Inventors have discovered that in
the prior art, constant cooling of the contact region between a

15 workpiece and a grinding tocl is not in fact possible
throughout the period of use, when provision is simply made to

keep the coolant flow rate constant.

The Inventors have discovered that it is advantageous to set a
20 higher cooclant throughput for tools fresh from the factory than

for worn tools.

s

When the grinding tooth height of the workpiece reaches a
minimum value, the throughput should be selected to be so low
25 as to prevent an agquaplaning effect, which would interrupt the
grinding process. This preferably applies for double-sided
grinding machines, whereas the aguaplaning effect is less

critical for single-sided machines.

30 In order to avoid the aquaplaning effect with a continuously
constant ccolant flow rate in the prior art, grinding tools
with a critical minimum grinding tooth height have been

replaced.



t hroughout the period of use, when provision is sinply made to keep the
cool ant: flow rate constant. The Inventors have discovered that it is

advant ageous to set a 20 higher cool ant throughput for tools fresh fromthe
factory than for worn tools. Wen the grinding tooth height of the

wor kpi ece reaches a mninmum val ue, the throughput should be selected to be
so low 25 as to prevent an aquapl aning effect, which would interrupt the
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machi nes, ereas t aquaplaning effect 1s" less critical”for single-sided
machi nes. 3zt na orwerentio swviopdi dhevahuaptaning ebdeatt W dw argiont fowouist y
constant coolant flowrate in the prior art, grinding tools with a critical
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val ue of the coolant f rate for the one grinding tool, or for both
grindi rsg t]@hhgas‘lfmria; ?ayml:f)ls pcdxiemm mmt?dje/p?cﬁermargnm’gbel g?iﬁm@ing oifj@dum
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preferably by nmeans of an actuator 0 or by neans of a pressure reducer, to

this setpoint value which changes with the grinding tooth height. The

correspondj u essure red%%fr evices are alr nown,_in
&t
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10 or by means of a pressure reducer, to this setpoint value which
(“ .changes with the grinding tooth height. The corresponding

actuator and pressure reducer devices are already known in the
pricr art for ensuring a constant coolant flow rate by
regulation.

15
The current grinding tooth height of the one grinding teccl, or

both grinding tools, is preferably ascertained after each

workpiece has been processed.

20 The particular advantages of the method according to the
invention are that constant surface damage is achieved
throughout the grinding tocl service life owing to constant
cooling of the contact region between the workpiece and the
grinding tool.

25
It furthermore prevents aquaplaning from being able to occur
with a low grinding tooth height, or the grinding tool needing
to be replaced prematurely when a particular grinding tooth
height is reached. In the prior art, the device for measuring

30 the grinding tocth height was provided for the purpose of
monitoring the grinding tcoth height in order to carry out the
necessary tccl replacement immediately when the minimum

grinding tcoth height is reached.



15 The current grinding tooth height of the one grinding tool, or both
grinding tools, is preferably ascertained after each workpiece has been
processed. 20 The particul ar advantages of the method according to the
invention are that constant surface danage is achieved throughout the
grinding tool service life owing to constlant cooling of the contact region
bet ween the workpiece and the grinding tool. 25 It furthernore prevents

aquapl ani ng, fnPReiNg AlE: 1 QG nMd ik &ed oW i DA Dgyd apt el ght . or
the grinding tool needing to be replaced prematurely when a particul ar
grindi ng tootth heigit dslowachedhndar tdwiptinor wral sdwvdevikield or
nmeasuring 30 t grinding tooth hei ght was provided for the purpose of

moni t ori ng’tHeé gri nding tooth height in order to carry out the necessary
tool replacenent imediately when the m ninmum grinding tooth height is
reached. 10 Furthernore, a better cooling effect wth a large grinding

t oot h hei gnampleows a | onger grinding tool service life overall. 5 Exanple
The foll owi ng exanple relates to a doubl e-sided grinding machine of the
DXSG320 type from Koyo Machine Industries. 10 Here, the two vertically

arranged griddidId 40l aranenoled separad el yadiiore oneianogResigihnge.
di fferent cool ant throughputs are selected for the |eft and right grinding

tools in techevientof tiHm WHISHHG ndipy oot Kaed ghacloing hended kX g ¢ ndi ng t ool
I's
10 Here, the two vertically arranged grinding tocls are cooled
(“ separately from one another, i.e. different ccolant throughputs
are selected for the left and right grinding teools in the event
that the grinding tooth height of the left grinding tool is
less than that of the right grinding tool.
15
The water flow rate sets a 100% reference value for the left
and right grinding tocls. In this example, it is 1.5
litres/minute for a cooling-water temperature of 21°C, which
represents a conventional value according to the prior art. In
20 the prior art, attempts are usually made to keep this water
flow rate constant. The pricr art has already proposed

actuators or pressure reducers on the said grinding machines.

For each grinding tecol, a plurality of sample points of the

25 water flow rate are set as % of the water flow rate reference
value (= 100%) as a function of a current grinding tooth
height, i.e. for example a water flow rate which is 60% of the
reference value (= 0.9 lmin™') for a grinding tooth height of
¢.5 mm.

30
The grinding tooth height, which is ascertained separately by
the machine for each grinding tocl after each grinding step, is
specified in mm, cf. Table 1. The grinding machine in question

is already equipped on the working side with devices for



| ess than that of the right grinding tool. 15 The water flow rate sets a
100% reference value for the left and right grinding tools. In this
exanple, it is 1.5 Ilitres/mnute for a cooling-water tenperature of 21C,
which represents a conventional value according to the prior art. In 20 the
prior art, attenpts are usually nmade to keep this water flow rate constant.
The prior art has already proposed actuators or pressure reducers on the
sai d grindidigsBGH Nese g faF A NG 100l o a1l WAl dd i pfe Gampl e

poi nts of the 25 water f?OM/rate are set as %of the water flow rate
reference value (= 100% as a function of a current grlndlng tooth helght

i.e. for exasple—a—water—H-ow+atewh-echi5-60%of ef-erenc al-ue

0.9 Imn-1) for a grinding tooth helvbanttelbffjlw 5 iR %05 Tjr{%lrbrl ndmg t 00 h

hei ght, whigh is ascertained separatelysdbysnd he; gmehipe, dor %yl ndi ng
tool after gach grinding step, is |specified in mm <Tf. ab?e 1. Th
gri ndi ng nma hine in question is al rpad\/ pmu nped.on_the working sid 1t h

devi ces for |Brinmgeiriantt Heelgithdi b t oot h [Height & bf [ £hE ¢rdi-Adi iy & ool s.
Water flowrjate 1.5 Imn = 100% (lleft and rijght grinding tools) Gindjng

tooth heightf 0.0 0.3 0.5 1.0 2.0 6.0 (nmm Witer flowrate (% 40 |40 60 100
108 140 Tablytlke® Byvowesans ofsymachisae sof twarg; cusyes| ape ijntosr poled ed
bet ween '

Table 1

(“ 5 By means of machine software, curves are interpolated between
W the parameterized sample points (five sample points in this
example) sco that an exact setpoint value for the cooling-water
flow rate can be assigned to each ascertained grinding tooth
height. This setpoint wvalue for the cocling-water flow rate is
10 given to the in-machine regulator as a target quantity. During
the grinding process, the machine then separately regulates the
two grinding tools to the respective current setpoint value.
The regulating per se is carried out substantially
automatically by means of actuators and pressure reducers.
15
{ The grinding tocls used initially have a grinding tooth height
of 6.00 mm in the unused state. The water flow rate at the
start is selected to be 140% of the standard wvalue (100%) of
1.5 litres/minute. The minimum coolant flow rate to prevent

20 aquaplaning effects is 40% of the standard value.



the paraneteri zed sanple points (five sanple points in this exanple) so
that an exact setpoint value for the cooling-water flow rate can be
assigned to each ascertained grinding tooth height. This setpoint value for
the cooling-water flowrate is 10 given to the in-nmachine regulator as a
target quantity. During the grinding process, the machine then separately
regul ates the two grinding tools to tA& respective current setpoint val ue.
The regulating per se is carried out substantially automatically by nmeans
of actuators and pressure reducers. 15 The grinding tools used initially
have a gri RAFARE tob*Hheight of 6.00 nmin the unused state. The water flow
rate at the start is selected to be 140% of the standard val ue (100% of
1.5 litres/mnute. The mninmum coolant flow rate to prevent 20 aquapl ani ng
ef fects i s140% dfmeteodtzddit: alimging? ofPaemntotfiac ber lwaemettiod for the

grindi ng of sem conduct or fer o_.renpve materjal fromat |east one side
thereof, comprySimgS* Cﬁl n‘eg’?% azt éﬁa & SPeasggﬁi %%ﬁﬁ%%foﬁ%ﬁ%%s%m-h a
grinding tool hgwimgingyindingd est b Wekhcanauibadkngat@sthitihei ght; supplying
a coolant into_a contact region between the side of the_sem conductor wafer
and the gr PRE#MAHG oepo! hastels [ BHNGGNY fresh vobhamt 9FieMiratodd a functi on
of tooth hﬁ&ﬂ&%tof the grinding teeth of the grinding tool; neasuring the

t ©

tooth heig the grinding teeth reduced in height by grinding to provide
a nmeasured tootsupherigid ;a armblant into a contact region between the

side of the semiconductor wafer and the grinding tool;
gstablishing a first coclant flow rate as a functicn
of tooth height of the grinding teeth of the grinding tool;
measuring the tooth height of the grinding teeth
reduced in height by grinding to provide a measured tooth
height; and
reducing the coolant flow rate to a subsequent cooclant

flow rate as the measured tooth height decreases.

2. The method of claim 1, wherein a single-sided grinding
machine is used and the semiconductor wafer is ground on

one gide by means of a grinding tool.

3. The method of claim 1, wherein a double-sided grinding
machine is used and the semiconductor wafer is ground
simultaneously on both sides by means of two grinding

toole.

4. The method of claim 3, wherein the coolant flow rate

does not fall below a preset minimum value.

5. The method of claim 4, wherein the preset minimum

value is a cecolant flow rate which prevents agquaplaning.



reduci ng the coolant flowrate to a subsequent coolant flowrate as the
neasured tooth hei ght decreases. 2. The nethod of claim1l, wherein a
single-sided grinding nachine is used and the sem conductor wafer is ground
on one side by neans of a grinding tool. 3. The nethod of claim1l, wherein
a doubl e-sided grinding mnmachine is used and the sem conductor wafer is
ground sinultaneously on both sides b¥3nmeans of two grinding tools. 4. The
met hod of claim 3, wherein the coolant flow rate does not fall below a
preset mninmumyval ue. 5. The nethod of_ claim4, wherein the preset m ni num

value i s & coolB1f MRS e SWALENS pr eheRe s ot iy . to3 "§.thThe net hod

of clai m J;embereiing iintdicnanbagl g hingerdmcald yyhoynd digrond grindi ng
teeth is used as the grinding tool. 7. The nethod of clains 3, wherein a
current grdmiidigo ttestlh hei ght is measured for both grinding tools after
each individual wafer has been ground, setpoint values of the coolant flow
are determ ned for those grinding tooth heights and a setpoint val ue of

cool ant flDpw i sradjnésfed oFfepanamgl ¥, f wherath Hfciherdwegridigiong tools. 8.
The nethod of clains 1, wherein a coolant flowrate is_initially selected
as said firQtRBIEME AsoRepsreedhéar BeFhErladewh almiafFaroskcha current

gri ndi ng_ togidy: el e HAe BEERULPGEED! s dSedmAS WA ALIING,Qr i ndi ng
processes, and the cool ant owraté Is reduced as a unction of the
measur ed tomtlarheifglow are determined for those grinding tooth

heights and a setpoint value of coolant flow is adjusted

separately for each of the two grinding tools.

8. The method of claims 1, wherein a coolant flow rate is
initially selected as said first ccolant flow rate when
using a fresh grinding tool, a current grinding tooth
height of the grinding tool is measured during grinding
processes, and the coolant flow rate is reduced as a

function of the measured tooth height.

9. The method of claim 8, wherein a grinding tool with
ceramically bound diamond grinding teeth is used as the

grinding tool.

10. The method of claim 8, wherein the current grinding
tooth height is measured after a grinding operation and

befcre a subsequent grinding operation.

11. The method of claim 8, wherein the coclant flow rate

does not fall below a preset minimum value.

12. The method of claim 11, wherein the preset minimum

value is a coolant flow rate which prevents aguaplaning.



9. The nethod of claim8, wherein a grinding tool with ceramcally bound

di anond grinding teeth is used as the grinding tool. 10. The nethod of
claim8, wherein the current grinding tooth height is nmeasured after a
grinding operation and before a subsequent grinding operation. 11. The

met hod of claim8, wherein the coolant flow rate does not fall below a
preset mninmumvalue. 12. The nmethod ofi4cl ai m 11, wherein the preset m ni num
value is a coolant flow rate which prevents aquapl aning. 14 13. The net hod
of claim1, wherein a grinding tool with ceramcally bound di anond grinding
teeth is uséd abhe Heethid mfi rfgatlébll.r YRerehe AefhoacHRY cte@nBitivherein a
setpoint v SO apt W 'l ] rgnically as a
function O?E#ﬁgféﬁ%%gﬂ%g tog?ﬁmkggbﬁ?qgél%éag§é§§n%%f %gégggtgﬁ% i s adjusted
by neans ofrandang uadmk. or pressure reducer. 15. The net hod of claim 14,
wherein the setpoint value of the coolant flow is determ ned by neans of
the software froma paraneterizable profile conprising a plurality of

sanpl e poinis afgk dependeds N dike 3t oghBrBehoht sethsi sl Bue R M
representing a coolant flowrate for a previously determ ned grinding tooth
hei ght . coolant flow rate is determined electronically as a

function of the grinding tooth height by means of software,
and is adjusted by means of an actuator or pressure

reducer.

15. The method of claim 14, wherelin the setpoint value of
the coclant flow is determined by means of the software
from a parameterizable profile comprising a plurality of
sample points and dependent on the tooth height, the sample
points representing a coolant flow rate for a previously

determined grinding tooth height.



