+1-Si mul t aneous doubl e- si de grinding of sem conductor wafers 5 The
invention relates to a nethod for the doubl e-side grinding of
sem conductor wafers, in particular a nethod for the alignnent of
doubl e-si de grinding machi nes through inproved orientation of the grlndlng
spi ndl es of doubl e-side grinding machi nes, correction 10 of the gri.nding
spi ndl e positions, and suitable devices for carrying out the nethod.
Doubl e-si de grindi ng machi nes are used i n nechanical nachining steps in
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Si mul t aneous doubl e-si de grindi ng("doubl e disk grinding”, DDG is often
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spindles of double-side grinding machines, correction
1C of the grinding spindle positions, and suitable dsvices

for carrying out the method.

Double-side grinding machines are used in mechanical
machining steps in fabrication seguences of the wafer
15 industry for producing semiccnductor wafers, in
particular silicon wafers. A mechanically abrasive,
material-removing machining of the semiconductor wafers

“is involwved.

20 Simultaneous  double-side grinding {(“douzble disk
grinding”, DDG) 1is often used in order to achieve a
particularly - good geometry of the machined
semiconductor wafers, in particular in cdmparison with
alternative machining methods such as so-~called lapping

.25 methods.

A suitable DDG method and devices suitable for carrying
out the method are known, for example from
EP B68 974 A2. '
30
The semiconductor wafer is-nmchined simultaneousiy on
both sides in free—floatihg fashion between two
grinding wheels or disks mounted on opposite spindles.
In this case, the semiconductor wafer is guided in a
35 manner substantially free -of constraint forces axially
between two water or air pads ({e.g. the so-called
hydropads) and prevented from “floating away” radially
by a guide ring or by individual radial spokes. During
" the grinding process, +the semiconductor wafer is



~grinding wheel s or di sks nounted on opposite spindles. In this case, the
sem conductor wafer is guided in a 35 manner substantially free-of -
constraint forces axially between two water or air pads (e.g. the
so-cal | ed hydropads) and prevented from"floating away" radially by a
guide ring or by individual radial spokes. During the grinding process,
the seniconductor wafer is - 2 - rotated, usually in a manner driven by

a so-called "no finger. that .engages_into fhe orientation n %% of the
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gri ndi ng sem cosil ugicosembd @iduchayi wgfesr.di aneter of 300 mm Di anond
grinding disks are usually used as grinding tools. 10 Wat is particularly
critical in the DDG nethod is the orientation of the two grinding spindles
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i ncl ude bow or Wssdpas2grinding tools.
10
What is particulariy critical in the DDG method is the
orientation of the two grinding spindles {= shafts) on
which the grinding disks are mounted. The two spindles
should be oriented exactly collinearly in the course of
15 the basic setting of the machine since deviations
(radially, axially) adversely influence the shape and
nanotopology of the wafer. As far as the shape of the
wafer 1s concerned, terms employed by the person
, skilled in the art include bow or Warp.
20 .
Proceeding from this (often ' asvmmetrical} basic
setting, the spindles are subsequently tilted
symmetrically in order to satisfy corresponding product
criteria, dinter alia with regard to the grinding
25 pattern (cross~grinding} or the global geometry GBIR
{(formerly: TTV, “total thickness variation”). JP 2001-
062718 discloses a corresponding method. With an
already equipped machine in the working position, the
ofifset of the wafer perpendicular to the spindle
30 direction (radially; is measured by means o¢f eddy
current sensors and the position of +the grinding
spindles is set accordingly. The grinding spindles are
thus moved with the grinding disks fixed on them in the
working position and tilted essentially symmetrically
35 with respect to the basic setting (tilt or grinding
tilt).
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grinding result.

EP 1 616 662 Al describes a method which provides for
determining, in the working position, in each case the
distances between the hydropads and three predetermined
positions on the front and rear sides of the workpiece
by means of displacement sensors, for calculating
tharefrom deformations of the workpiece with respsct to
the at least three positions, and for correspondingly
orienting the axial positicns of the grinding disks in
the event of excessively large deviations.

DE 10 2004 011 996 Al likewise discloses integrating
into hydropads one or a plurality of measuring sensors
which, during the grinding process, make it possible to
measure the distance between the surface of the
hydropads and the workpiece surface. These distance
measurements serve for centering the workpiece between
the hydropads by means of axial displacement of the
grinding spindlies in such a way that the distance
between thé workpiece and +the hydropad becomes
identical on both sides of the workpiece. A similar

method, which refers in particular to a center plane of



20 positions on the front and rear sides of the workpiece by neans of

di spl acenent sensors, for calculating therefrom deformations of the

wor kpi ece with respect to the at |east three positions, and for
correspondi ngly orienting the axial posytions of the gri-nding disks in 25
t he event of excessively large deviations. DE 10 2004 011 996 Al |ikew se
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make it possible to 30 neasure

sensors which, .during.the, grindi rocess,

the di st ancew%g?ﬁe%lﬁg‘?"ﬁe Js%r?g%%n}g‘?g‘ﬁe Trdhatd 200 t I Wtk gikce
surface. These distance neasurenents serve for centering the workpiece
bet ween t he opads. ] X1 i a t_of.the grinding
spindles in @%c ggmg§ %%g%§€%%8%?§t%ﬁ%EQSEB%egﬁggﬁ Pﬁ%hﬁgfkpﬁegeagnd t he
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met hod, whi chyfefehSe i PePRELhCHLAT PR COAMRI: PAANEHOf cpindies) is
' left out of consideration for lack of radial measured
values. The basic setting of the grinding spiﬁdles
cannot be corrected by the methods described. Thig also
10 applies to the method disclosed in JP 2001-062718.

For carrying out the distance measurement itsgelf,
mechanical probes - as disclosed e.g. in JP 2005-201862
- and eddy current sensors are known. Furthermore,

15 optical measuring units, e.g. by means of a laser, are
already prior art. Measuring units of this type are
available e.g. from db Priftechnik (OPTALIGN® models).
Commercially available inclinometers (electrical spirit
levels} are suitable for the angle measurement .

20 |
Embodiments of the invention seek to modify the prior
art in such a way as to enable an exact axial alignment
‘measurement in the grinding position on DDG grinding
machines.

25
According to the first aspect of the present invention,
there is provided a method for the correction of the
grinding spindle positions in double-side grinding
machines for the simultaneous double-side machining of

30 semiconductor wafers, wherein the two grinding
spindles,; each comprising a grinding disk flange for
receiving a grinding disk, are coupled torsionally by
means of a coupling element and a measuring unit,
comprising an inclinometer and two sensors for distance

35 measurement, 1s mounted instead of grinding disks
between the two grinding disk flanges in such a way
that the grinding spindles are in this case in the
position in which they are situated with mounted

grinding disks during the grinding



.the workpi ece and provides three distance meters in the wafer guide, is

al so known from DE 10 2004 053 308 Al. What is disadvant ageous about the
known nmethods is that 5 the parallelismdeviation of the grinding spindles
(di stance between the center lines of the spindles) is left out of
consideration for |ack of radial measured values. The basic setting of the
grinding spindles cannot be corrected 'by5 tthe nmet hods descri bed. This al so
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system for fthe measurement of the axial distance. A
suitable device in the form of a receptacle plate fixed
on & grinding disk flange and having a strip arranged
vertically relative te the flange (éarallel to - the
20 spindle axis) 1is illustrated in figure 1. Axial
measurement 1is effected with respect to said strip. A
multiplicity of other - configurations are likewise
conceivable., Since fixed mounting on the flanges is
effected, the measuring bell is also rotated during the

25 measurement.

Preferably, horizontal and vertical correction values
of the axial alignment of the two grinding spindles are
determined from angle of rotation and radial and axial
30 distances taking account of machine~typical lever

travels.

°  Preferably, the sensors. are optical or inductive
distance meters.
35
' Preferably, eddy current sensors having a rescolution of

0.4 pym -~ 2 pm are invclved.



4

- 5 - process, wherein the coupled grinding spindles are rotated while

i nclinoneter and sensors are used to determ ne radial and axial correction
val ues of an axial alignnment of-the two grinding spindles which are 5 used
for a symmetrical -orientation of the two grinding spindles. Preferably,
the inclinoneter is used to neasure an angle of rotation, the first sensor
is used to measure 10 a radial distance §rom an opposite grinding disk

fl ange and the %ec ndb ensor i% uzed t o .measure _an axial .di stance froma
measuring bel | O CHECH anet P Td8S cPibed Dyt SCEer¥BH darihg ¢

rotation. 15 A nsasarchempadats vd Bedle ief rmudueitied -and alisdberencendyst em
for the neasuremmnt @brt headxhpdtiGigSt aRee. nbrsbAahl € gavi ¢erticdihe form
of a receptacl ecqq:lrgggifrilxed on a grinding disk flange and having a strip
arranged vertically reTstive to the flange (parallel to the 20 spindle
axis) is illPustrated in figure 1. Axial neasurenent is effected with

respept to sai breffeirgbly) Nuhéi pbreidnalal aidgneaonfriguing i epsnal«s | i kew se
concei vabl e. Sipnge.fixad W&Egﬁ'%é@’ tdhl?ifx%reaﬁgee rdeséxs?t:grﬁ%}n;\sd.’ the measuring

bell is also rotated during thé 25 measurenent. Prefera hori zontal and
vertical correction values of the axial alignnent of the two grinding
spi ndl es are detétabbed foronrangtiegofount &hien reithodadial aandeaddeal 30

di stances taki ngmaecoiy ©fic MBEPENE Y RiaAlinkaYerlrhaysls. gPLefglably, the

sensors are Op%&&gglgg'IéggﬁnIég%p%&g&ggCEénEég?ﬁhin%S disk flange, o
suitable for receiving a @ grinding disk, wherein,
between the two torsionally coupled -grinding disk
flanges, a measuring unit, comprising an inclinometer

15 and two sensors for distance measurement, is mounted on
one of the two g¢grinding disk £flanges, wherein the
grinding spindles are in this case essentially in a
position in which they are situated with mounted
grinding disks dﬁring a grinding process, and wherein a

20 first sensor dis suitable for measuring a radial
distance from a ‘grinding disk flange oppeosite the
sensor and a second sensor is suitable for measuring an
axial distance from a measuring bell mounted on the
grinding disk flange. |

25
The axial distance 1is preferably determined with
reference to a measuring bell that is fixed on this
grinding disk -flange and is arranged in the -spindle
direction. Said measuring bell preferably comprises at

30 least one strip asr a refarence for axial fdié£ance
measurements which is arranged parallel to the spindle
axis and is mounted on the gr;nding disk flange.

The axial alignment measurement is carried out in the
35 working pesition of the spindle guides, that is to say
essentially in the positicen in which the semiconductor
wafer is ground. This is achieved, inter alia, by means

of a particularly compact construction of the senscors



.- 6 - Preferably, a control unit is used for conditioning the neasurement
data of angle of rotation and distances and also for cal culating the

hori zontal and vertical corrections. 5 Preferably, the torsionally coupled
grinding spindles are rotated through 360 during the neasurenents.
Suitable for carrying out this nethod is a device 10 conprising two
opposite, collinear rotatable grinding“sbrhdles each conprising a grinding

di sk flange, SUIt hle.for receiving.a grindin sk, .wher betmeen t he
Fwo tor o1 onal | ¥4 ApERaRomE e R B e SRk ag TR R =
conprising an |fh%ﬂqrnéﬁﬁﬁ%‘¢a%5 Oén&hﬁmﬁl%%m@ﬁs for distance measurement, is

nmount ed on one of the two grinding disk flanges wherein the grinding

spindies are i nyldi q % 0.1 Bliddn 8-BOSLELQR. LD-Ahigh, ey, are

situated with nounte rinding dis g pr ocess, and
wherein a 20 fi¥satdeRssr CP§P§‘Eﬁt‘é‘EJ‘P%3Wlﬁ%a§ r ith§ a&efaaaramg dittance from

a grinding di skeificange dppositie fhe sensdngandt aiseaentdodensor is suitable
for nmeasuring an axial distance froma neasuring bell nounted on the
grinding disk f ge. 25 The, axi di stance is preferably determned with
reference to a gsﬁ?flﬁﬁr%eﬁd & lf“gmef)?efe&‘r(?np’fgf%r 'ynE%éHBt S¥ f1 ange
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conprises aty 3G gaggl@jml§tc{llsm asamyg ef erence for axial:distance
measurenents which Is arranged parallel to the spindle axis and i s nounted

on the grlndlnaﬁglsk flange. The axial alignnment neasurenent is carried
out in the 35 ﬁl@?ﬁ@b%ﬁbm i oFCBFtEUE 1opi nelf e th6i dBsasunaw | detirssay
essentially indo@rpesid i (eniserehi hd t hthcSdoretetICtOlso  comprises

mounts that are fixzed to the grinding disk flange by

15 means of screws.

Preferably, a control unit positioned outside the
machline is used for the data conditioning and for the
calculation of the correction wvalues.

20 i
The entire construction of the measuring device after
mounting on the grinding disk flanges is preferably
less than 50 mm- wide.

25 Since the measurement construction is mounted instead
of the gr:x.nd:.ng disks, the grinding disk flanges lie
~apart -from one another by pz:eferably approximately
50 mm or less. This coxresponds approx:.mately to the
working position 4in which the basic ~ setting is

30 performed.

The entire construction is preferably rotated through
360° while the axial and radial measured values are
recorded by sensors and measuring unit or control unit.
35 For this purpese, first of all the two grinding
spindles are torsionzlly coupled. The rotation of the
coupled spindles is preferably effected manually. A
measuring unit calculates the paralleiis‘m and angular



. wafer is ground. This is achieved, inter alia, by nmeans of a particularly
conpact construction of the sensors - 7 - and inclinoneter used for
measur enent and constitutes a maj or advantage of the invention. The
eddy current sensors preferably used enable a 5 relatively conpact
construction of the neasuring unit which is desirable for carrying out the
nmet hod. Both sensors and inclinoneter® are preferably nmounted by neans

of a suitable unt . inste t he grindin 1 a r|nd|n di sk
fl ange. Preferati%yat é%oﬁgt %@tl%ﬁ%n%fm?th%%giseusrl gﬂeﬁ% cé“rrprlegl ng

sensors and i ndkinigaetay abkR®d CcERPEIGES Nﬁﬁﬁﬁ§t%%@t Hpéues xel2tna he

grindi ng di sk fdapget by kaoxearsspécsmicewevePrafa@eably, a control unit
positioned outside the machine is used for the data conditioning and for

the cal culation of the correction values. 20 The entire_construction of
the measuri g dEFFeetimm f iotmt IHGISR ChEEYrihdRTRyedFebkyf £
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setting is (1mplement1ng the grinding tilts) and the axial
10 - alignment is measured again. If the result i1s not
symmétrical with respect to the previous axial
alignment meésurement, correcticn is once again

effected. -

15 By way of example, the measuring units and sensors of
model series EX-V from Keyence are suitable for the

measurements.

‘buring the rotation, the measurement data acquisition
20 of the axial and radial deviations is effected =.g. at

four angular positions 3 ofclock, 6 o'clock, 8 ofclock

and 12 o’clock. The angular pesitions have a respective

spacing of 90°. The respective angle of rotation is

preferably determined by means of an inclinometer
25 integrated in the measurement construction.

From these measured values, the axial offset can be

described by the following formulae:

30 VP = (R6-R0)/2; HP = (R9-R3)/2;
VA = (AG-AQ) /4; HW = {AS-A3) /d;
where VP = parallelism deviation vertical,
HP = parallelism deviation horizéntal, VW = angular
3% deviation vertical and HW = angular deviation

horizontal.



. 30 performed. The entire construction is preferably rotated through 360
while the axial and radial nmeasured values are recorded by sensors and
measuring unit or control unit. 35 For this purpose, first of all the two
grinding spindles are torsionally coupled. The rotation of the coupled
spindles is preferably effected manually. A measuring unit calculates the.
paral l elismand angular - B - deviation®of the grinding spindles and

therefromthe i zontal and vertical_.correction | ues takin ccount of
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once again effected. 15 By way of exanple, the neasuring units and sensors

of model seri esEXeV [1amKeyance aLa sui tallaslar Lhe (RASHLATR S

| i t
During the rotation, the neasurenent data acquisition _
type, in axial and radial correction values over the

corresponding lever travels.

i0
VP and VW are used for calculating the vertical

correction wvalues of the two spindles.

. A wvertical correction value that takes account both of
15 angular deviation VW and of parallelism deviation VP
under the influence of the lever travels results

separately for each spindie.

HP and HW are used for calculating the horizontal

20 correction values.

The result is 2 correction values {(horizontal and
vertical}) for each spindle. These values may perfectly
well turn out to be different for the two spindles.

25
The corrections - are preferably calculated

automatically.

Preferably, a control unit indicates 4 valugs (VP, HP,
30 VW, HW). The measured values of the 2° SehSo;s*—ére
preferably conditioned by means of an amplifier_in the
measuring unit (control unit) and subsequently
converted into the necessary tilt information by means
of anrintegrated or separate computer.
35
The warious parameters such as tilting lever of the
machine, measurement circle diameter d, etc. are taken
into account in this case. The corrections are



. 20 of the axial and radial deviations is effected e.g. at four angul ar
positions 3 o'clocky 6 0'clock, 9 o'clock and 12 o' cl ock. The angul ar
positions have a respective spacing of 900. The respective angl e of
rotation is preferably determ ned by nmeans of an inclinonmeter 25
integrated in the neasurenent constructign. Fromthese neasured val ues,
the axial offset can be described by Fh&ofﬁllomﬁng formul ae: 30 VP =

(R6-RO)/ 2; HP = (,R9- 12, VW= (A /. d: = - ; eMP. =

parall eli snﬂeviétﬁroer?@éﬁ?%‘ﬁdeng &’A@%é?&aﬂ?i éﬁg%égg?éﬁjiaggnﬁ{ér%%ont al, VW
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RO corresponds &f g.tHe0 tskesbadi al i = freasured dbdtmncats Obkhowesn (= 12

o' clock), A3 co €..gnk0 hal 16= H)iseasur edval-ug.at 3

o' clock, etc. Jﬁﬁgﬁggggé%hégﬁPgné%gf gé th%éciré1%’descrigéd byethe sensor
that 5 effects RRFASGPBNBTR FFOFRBTEEHIIYISPEcER b +2F188Be result, in a
manner dependent on the nmachine type, in axial and radial correction

val ues over the&Qrrespengiih | axghebr avel s. rt0 Mk andksVWareirssed for

- calculating th%hyigghg?l %Qr£g¥§ééﬁ%éﬁelu%ﬁ=%%r%98aiyn g éndkgﬁally
produced in this case.

10
The inclinometer is an electronic spirit level. The ISU

Inclinometer Board from Althen Mess— und Sensortechnik,

for example, is suitable for this.

15 The inclinometer is preferably mechanically connected
to the two sensors via the receptacle device.

After'the spindle inclination correction by means of
the correction wvalues, the two spindles. should be

20 aligned with one another and thus produce a reference
setting from which the spindles are subseqguently
adjusted symmetrically (grinding tilt} and optimum
grinding tilts are thus implemented.

25 The grinding tilts are preferably impliemented
automatically by virtue of the calculated tilts being
input dinteo a control program of the DDG machine and
being implemented automatically by the machine. In the
case of the DDG machines from Koyo this corresponds for

30 exampie to the ™tilt move” program.

Manual tilt correction by means of screws (socket head
screws) is possible when other machine types are used.

35 After axial alignment setting has been carried out, the
.grinding spindles preferably with mounted measuring
device are moved to the grinding tilts.



A vertical correction value that takes account both of 15 angul ar

devi ati on VW and of parallelismdeviation VP under the influence of the

| ever travels results separately for each spindle. HP and NW are used
for calculating the horizontal 20 corregtion values. The result is 2
correction values (horizontal and vertical) for each spindle. These val ues

may perfectly wehbwhdl g8l L0igBmEhEl REEBLrERENENENEWE $BIRALES the5
Thecorrectlonsarﬁgéeferabl cal cul ated automatically. Preferably, a control

unit indi cat'est%NAI GBS (YRCURPLY 3EEARCIGY . STRBShEASEL Y - vatluestdf the v
'sensors. are yaefroabtyecondet boneqd by Aeansdehtanaanpehbivebri Bt hee

measuring unit. (control .unit) and subsequently.converted into th
necessary ti?%lérﬁ%éW%ﬁﬁ%ﬂg b eﬁ@%ﬁgng aﬂriﬁéggﬁ%f%ﬁF() %ﬁﬁﬁﬁﬁht e'\Léa‘gnputer.

35 The vériom#tmﬁmam@eemSCBUmh,asorretthgnléseprafethblyaohpaeaggin
nmeasur enent &ff&é@é@}?ﬂ%gﬁft%e‘?ééufﬁethége%ﬂ'Békf%&@“@%mﬁ&t%@'%fcase-

The corrections are : . . .
the spindle orientation is finally ensured.

A further embodiment of the invention seeks to provide
10 for determining radial measured values and thus the
radial offset of the grinding spindle positions also

under the action of process forces.

According to- the second aspect of the present
15 invention, there is provided a method for the
gimultaneous double-side grinding of a semiconductor
wafér, wherein a semiconductor wafer is machihed in
‘material-removing fashion between two rotating grinding
wheels affixed on opposite collinear spindles, wherein
20 thé semiconductor wafer, during machining, is guided
axially by means of two hydrostatic bearings in a
manner free of constraint forces and radially by means
of a guide ring and is caused to effect rotation by a
driver, wherein during the grinding of a semiconductor
25 wafer, 'by means of at least two sensors, radial
distances between at least one hydrostatic bearing and
a grinding wheel are measured and horizontal and
vertical correction values of the spindle position are
calculated therefrom, and the spindle position is

30 correspondingly corrected.

Preferably, the two sensors are mounted on the
hydrostatic bearing, wherein they are spaced apart by
an angle of at_least 30° and at most 150° (ideally:
35 90°) with respect to a circumference of the grinding

disk cf. figure 2.



. thérefore dependent on the machi ne type used and on the construction of

t he nmeasuring device or the arrangenent of the sensors. In particular,

di stances between articulated joint and tilting drive or measurenment 5
position are incorporated in the cal culation. Four correction values LV,
RV, LH, RH (1= left, R=right, H= horizontal, V= vertical) are finally
produced in this case. 10 The inclinometér-is an electronic spirit |evel.

The I1SU Inclin ter ard frqH%Althen h@s%{ ﬁgd Se sortechni% ﬂpr
exanpl e, is suit&OFEXof t ATEST5 FThETHETCREHRE eF 27 &% préf BFEBIRF
mechani cal | y comedtied way ter thestsansmeseyi anthéheedeopiaetiealderice. After

the spindl e i neldriabs DLAEE6HE OrDYidtRansned fAdie taokr estdr . val ues, the
two spindles should be 20 aligned with one another and thus produce a

reference setting fremwhich the spindles are subsequently adjusted
symet ri cal Py (EFRLRERNG i |tDisan®T8FEFfuUNi§r i AERIRANEILLE aF BPEFiRS
i npl enent ed. 2aniheggusindifg thét sppo=itpr esbendbd yandipplhemantegontal

automatical ly hyqvietue af debe.calulated; kilis RekngLipput into a control
program of the DDG machi ne and being 1 nplemented automatically by the

machine. In the case of the DDG machi nes from Koyo this corresponds for 30
exanpl e to theB¥t méansove"ther dghamiatMamsalthtip| obooimestt(honi bynradans of
screws (sogket yRead-sCr ewakplst PRSI bi&ﬁ/mgﬁdoffﬂlglhtwcmﬂée typescare used.
35 After axi al ag% nnent se%t%g%_has:beeﬁ garrie g%} the.gr%P i ng

spi ndl es prefefa % BF T nPROLTRSE YmERE TP RE 029 e SRRV ELCR b W e
grinding tiltsthua mesahsdnaxiial al iywresrieghs degiehtorxhdnenwideher t he
tilting was ackuatiy sfikeckedgsysAteiehsakénend.f ~this was not the case
owi ng to non-identical behavior of the tilt adjusting nechanisns or

di fferent bearing play . ) o
15 Preferably, the sensors are demounted in the grinding

processes that succeed machining of a test wafer.
The sensors are preferably eddy current sesnsors.

20 This measurement is therefore effected during the
grinding process. The process forces and their effects
on the spindle positions are thus implicitly taken into

account in the corrections.

25 The sensors zre in each case mounted on cne of the two
hydrostatic bearings and measure a distance radially

from the grinding wheel.

By means of the two sensors, the radial offset of the
30 grinding wheels  or spindles is determined during the
grinding process. This is preferably done separately

for the two spindles.

The fact -that this measurement is preferably carried
35 out separately for the left-hand spindle and the right-
hand spindle may be advantageous since -  the sensors
could mutually' infiuesnce one another in the case of

simultaneous measurament.



.5 wthin the machine, correction is preferably once again effected, with
the result that an optinum synmetry of the spindle orientation i.s finally
ensured. A further enbodi nent of the invention seeks to provide 10 for
determ ning radi al neasured values and thus the radial offset of the
grindi ng spindle positions also under the action of process forces.
According to the second aspect of the-pi&sent 15 invention, there is
provi ded a nmethod for the sinultaneous doubl e-side grinding of a

sem conductor wafer, wherein a sem conductor wafer is machined in

mat er i al - r enoviafgefrasht o tigtnveen thwo ppetatdnsg ofr ithei ngfvheeid afd i xed on

opposi te col | i naah:Spifdl f1nd¥%§‘Eﬂlm&@e&hetﬁ@”%&é&&ﬂf“fﬁsdﬂ%f%T1 during
machi ni ng, is guided, axia 4%% nean h%drostatlc be%n éﬁ}l n a
manner free of‘§6ﬁ§FFHWht°For Fﬁ?l?e Vs 8f &5§ui ring and
is caused t & efsfpdotilent atalldthobyha dri ¥eis wseel hakding ngechenyriafdi ng of a

sem conduct or %&D@@ggr 3¥-caBans wHical | easdtitWleSENSOr Spakatdh@lardi st ances

bet ween at Ieast one dr atic_beari nd. a |nd|ng wheel are neasured
and hori zont al anan %lggﬁklgr e%??bﬁggg %é§“5% the- spindl e position are

cal cul ated therefron1 and the spindle position is 30 correspondi ngly
corrected. Prefoer aldapunt heod Wwohs eBsat sndir epaineed the tdwe hyshostsati c

beari ng, WhE! ClR:LhGs T L. 0000 AnALhaDY cD 28LEGlo Alalast G0 and a

nmost 150 (i eal respect e ence t he grlndlng
di sk cf. f|guréﬁgnltuwﬁzandPPéF%F%HFy °f|F§?I§a§l§%nP56ﬁﬁﬁcF6P w&fer is
machi ned i n t hideteeyidear unesbipueydses and the horizontal and vertica
deviations are determned for this spindle. 5 Preferably, this process is

Por zont Al and Gt HEAE GBS, SE BN Ao P KW SE- e ol m ned. By means of
- the 4 devi abi ons thus obtained (horizontal,

The radial measured wvalues are used taking account of

the machine-specific lever travels as an offset for the
grinding tilts (spindle inclination values). '

20 It is thus possible to determine the radial offset both
in terms of direction and in terms of magnitude between
spindle idling and load operation for the two spindles

separately.

25 The measured radial values are decompesed into the
horizeontal and wvéertical components with a given figed
angular position. The respective difference (left-right
value) is used half each as correction value for left-
hand and right-hand spindle. These values are

__30 incorporated as an offset with different signs into the
left and right spindle tilts.. The spindles are
therefore preset asymmetrically in such a way that they
are axially aligned symmetrically again under load.

35 The use of an inciinometer is not necessary, nor is it
preferred, since the measurement angle is predetermined

by arrangement of the sensors.



10 vertical, respectively left and right), the spindle tilts are
preferably corrected again (asymetrically), thus resulting in a
symmetrical deviation fromthe static axial alignnent neasurenent. - 15
Preferably, the sensors are denmounted_-ifsthe grinding processes that
succeed machining of a test wafer. The sensors are preferably eddy current

sensors. 20 Zhi BoARASHELMENiNAS 4 hepefoleaef feated Wild ng 41e grdRgdi ng

process. The process forces.and their effects on the spindle positions are
t hus inpliciFgﬁu&5k8ﬂc?n?8aé€CBﬁﬁtSPh“@ﬁ%'corrections. 25 The sensors are
in each case nmounted on one of the two hydrostatic bearings and neasure a

di stance radi.aLl N ri ndi wheel . . B an f the two_sensors,
the radi al o??ée%oogggkéogo%&ﬁﬁuﬁ%%f S %#ég%ﬁ%%ﬁ%ss?gvﬁﬁt3Fn@ﬁbd
during tte gefhdéhg fmocess.aink ied igmekertabhyasionemssiparatesliyusdry t he
two spindles ac hat ' izl nt J referably rr 5 out
separately f%?g?%%&[e%F%han%ﬁg%?%d[e an%ﬁghee%?gﬁf%%an spfﬁgﬁghﬁg be
advant ageousS¥PREET t gl sehsefsng obl 4t nBeBBINY- i nfl uence one another in the
case of sinmultaneous nmeasurement. - 13 - After correction of the

posi tions of_the %eft-hand.and right - hand rirﬁgn spiLndl es, the overall
result is a Correttion oF tfie BRI E 3 BT t hBet &3k ic

spi ndl e40 al $hbaghailhghhiest c ase sakimag tactingitosafd psoeessud Dy ces, behi ch

consti tutes gpgrilgulacnadyat age.atcihs sPerl ohdifg | ovention,

degcribed here.

P:eferably, the measurements during grinding are not
15 only carried out on a test wafer, but are used in the
course of production. The two spindles are measured
'simultanéously in this case. For this purpose, the two
hydrosgstatic bearings are equipped with sensors. The
corrections of the tilt offsets are effected

20 automatically by means of the machine control.

The automatic spindle setting is effected by virtue of
the_corréctions determined being stored in the grinding
prescription (“tilt move”) and being implemented by the

25 machine.

For the case where the measurement ig effected only
once during the grinding of a test wafer, by contrast,
the offset thus determined is regarded as constant and
30 taken into account in each case in subsequent grinding
steps by virtue of the grinding tilts that are
subsegquently to be used being correspondingly shifted
by this offset. During subsequent production, the
sensors are preferably demounted in this case.
35 o
According to the third agpect of the present invention,
there is provided a guiding device comprising a
hydrostatic bearing (7) for axially guiding a

semiconductor wafer in a double-side grinding machine,



. On ‘account of the spacing apart of the two sensors 10 arranged radially
around the grinding disk, the magnitude and direction of the radial offset
can be determ ned unanbi guously. Axial nmeasured val ues are not determ ned.
15-The radi al neasured val ues are used taking account of the

machi ne-specific lever travels as an offset for the grinding tilts
(spindle inclination values). 20 It is £Rus possible to deternmine the

radial offset both in terms of direction and_in ternms of nagnitude between

spindl e idling $d | B8HTHer ATETFOPI e (WG8pi n*cﬁ%"élgté“epggé% ¥ 25 The

measur ed radi al gndaiddng &k débompossgcintdthhe hericentugitoandaieti cal

?FW}J?nem f}t Wi t lhwr%rgwe@wBi &%Lixls];%@gul @) PR tdiGRandbe rmkaspesidite Hid Ler gnced
eft-right value) .is used half each as correctio u efd,- hand an

ri ght-hand spi it .t'e%’hgrs}e%\k}% &ggrg?ga?()c icbnecaé‘ﬂ%ﬁ%?atagéggsggﬁg%ﬁ s{egt) with

di fferent si%nsanmtwapﬁé peprtaky Anghmnadsi pdl &t iiqast e PBihdites are:

t heref ore preseiosasymeEt r wdahl yréspestichta vy cibatmfémncgr eclixidld y

al i gned synnetr'rcigldwg agai,n {;ér)lder | oad. 35 The use of an inclinonmeter is

or e

not necessary, is"it preférred, since the measurenent angle is

predet erm ned by arrangenent of the sensors. - 14 - A horizontal and a
vertical corredtheonhyatas-dthivs reesulibgonte aeadferpeiyspiendhedrdivel

correction qighus;, detef4d ned peefes@blatiserves as an 5 offset for an axial
al i gnnment neasurenment previously carried out statically and enabl es an

extrenmely symmetrical grinding tilt setting. Therefore, it is particularly
preferred for tHre stespes are used for the measurement of ra ial

distances between hvdrostatic bearing and a grinding
wheel of a double-side machine and for the correction

15 of a grinding spindie position.

An advantage of the methods according to the imvention

is a significantly mdre symmetrical grinding _spindlev

orientation - by virtue of exact axial alignment
20 measurement and taking account of process forces.

The DDG machines aligned in this way make it possible
to produce ground semiconductor wafers with improved
shape, bow, warp and nanotopographies.

25
Weak points in the guides of the machine with
inaccurate orientation of the spindles and also
increased undesirable bearing play are substantially
avoided by the method according to the invention.

30 ' '
Figures
Figure 1 mostly shows the construction of the axial
aligmment measurement in the working position.

35

Figure 2 schematically shows the measurement
construction with process forces acting for a grinding

spindle.



. 10 axi al alignment nmeasurenent disclosed previously to be conbined with
the correction of the radial offset as described here. Preferably, the
measurenents during grinding are not 15 only carried out on a test wafer,
but are used in the course of production. The two spindles are neasured
sinmultaneously in this case. For this purpose, the two hydrostatic
bearings are equi pped with sensors. TheléoTrectl ons of the tilt offsets
are effected 20 automatically by nmeans of the machine control. The
automatic spindle setting is effected by virtue of the corrections

det er mi.ned bei Mpestreredrinmgt heiyrindiouptsdesesitpedonl (the | griwli@) and

bei ng i npl erentgd by ddiwe2s nMaahi geindiog tdesicaseanwdies e1t hehseaswr enent is

effected only once gurl nlgetil_:lOr {flélggingcgr%]t%dt %%t \é@f %B?t%y qﬁpttr ast, the

of fset thus det®rATHE r egar a PhtS account
in each casé i W@Hb%%u%h‘?m‘if?ﬁ n@h ngiestEEedhg @PFF%%e of e 6 dditng tilts
that are subsequentilygt @ib& usledghei ng sosr espeadiprgkysshy fted tay this

of fset. During cti he r ablqpy, .denmount ed
in this case. :@9%@% %Esgt%gg#he (?ﬁﬁ% a ngg%gf) %Eﬁ%&gnt |Tﬁl\?ent| on,
S

there i s provi FEGSEHA d%’ﬁgf de&FrLE COMIPEPNG SCHA g (7)
for axially gumgkagremeserd comdtbé orxial edirectaiaoukparadilde gei ridieng
machi ne, 1315 4 :mé?é da Peay | Aih Cé)rgérn's&:n@ @oﬁuapéﬁar{dér Qﬁggu%}ﬁéﬁsa

grindi ng disk nterac a se opduct or erei.n two

sensors (9) fo rld g?aﬁég ﬁgagﬁf%%ﬁf‘ 21?3 %mt‘e(? Oﬁs osttloFl c

beari ng, whi ch csmpsyes (8) inclinometer 3 for measura.ng 3, 6, and
12 o’clock angular position,

15 Inclinométer 3 and sensors 4 and 5, and one half of
coupling element 6 are fixed to the right-hand
receptacle plate 22. The other half of the coupling
element is fixed to the left-hand receptacle plate 21.
Furthermore, the left-hand .receptacle plate 21  serves

20 as a “measuring bell”. The distance is measured’
relative to the said bell by the sensors. The entire

system is referred to as a measuring unit.

-Figure 2 illustrates the measurement construction for

25 the measurement of the radial offset with process
forces acting for a spindle: a wafer guide 7 (e.g.
‘hydropad & guide ring), a grinding disk 8 and two
sensors 9. The sensors 9 are fixed to the hydropad,
illustrated here as wafer guidé 7, and are spaced apart

30 by a specific angle with respect to a circumference of
the grinding disk 8.



. 5 are spaced apart by an angle of at |least 30 and at nost 150 with respect
to a circunference of the grinding disk (8). The hydrostatic bearing
is preferably a hydropad 10 according to the prior art. The sensors are
used for the neasurenent of radial di_sgances between hydrostatic bearing
and a grindi ng wheel
a grinding spkngdle position. An advantage of the nethods according to the
invention is a significantly nore symretrical grinding spindle orientation
by virtue of exact axial alignnent 20 nmeasurenment and taking account of
process forces, The

produce ground s C
nanotopograph?%%cg%%
orientation oﬁhQPﬂﬂmy@tﬁahé§5aﬁéuél%tﬁ4¢ﬁn¥%ﬁﬁﬁﬁﬁm@d§§|@&HP@OBQQFF%@ pl ay
are substantightyavoigded by t hendrethed ageonding tepihelénventien.

Figures Figure 1 nDstI shows. the construction of i l. . norent
i Ao 340k fig PosTLBh. |gur% “25Ehent <??c§%0% ‘%ng %E

grinding disk, are coupled torsionally by iwans of a

measur enment
measur ement

of a doubl e-side nmachine and for the correction 15 of

BRGhaEchiraes ahé gned:davitinins wefy mitke otripossible to
On%PQt %, er GM%?P &ngg¥§ﬂd§ﬁ§pﬁ@cp9Mésw@ép and

pol n int es o hine with 1 naccurate

coupling element and a measuring unit, compris;ng an

inclinometer and two sensors Lfor distance measurement,

is mounted instead of grinding disks between the two

grinding disk flanges in such a way that the grinding

spindles afe in this case in the position in which they

are situated with mounted grinding disks during the

grinding process, wherein the coupled‘grindinq spindles

are rotated while inclinometer and sensors are used to

deteimine radial and axial correction values of an

axial ali

gnment of the two grinding spindles which are

used for a symmetrical orientation of the twoe grinding

spindles.

2. The method as claimed in claim 1, wherein the

inclinometer is used to meéasure an angle of rotation,

From an

sensor

the first sensor is used to measure a radial distance

cpposite grinding disk flange and the second

is used to measure an axial distance on the

diameter described by this sensor during the rotaticn,

whereln

& receptacle plate fixed on the grinding disk

flange serves as a measuring bell for the measurements

of the radial distance and the axial distanc

3. The method as c¢claimed in c¢laim 2, wherein
.r

horizontal and vertical correction values of

the axia

alignmenti of the two grinding spindles are determined

from angle of rotation and radial and axial distances

taking account of machine-tybical lever travels.



construction with process forces acting for a grinding spindle. - 16 -
The nmeasuring unit is nounted instead of the grinding disks between the
grinding disk flanges 1. The two spindles are torsionally coupled to one
anot her by the 5 coupling el ement 6.-Tiee spindl e advance shafts or the
grinding disk flanges 1 are noved-precisely to the working p05|t|on (later
grindi ng posiqt.i onfae Thetheas s nglaimied iirsebfy cofiprilsessa sehd8or/5 for

di stance meagurement %F’I n d.he axi al,digegtian Lparabl@lido dihg 3Qespindl e
axi s) and a sensor 4 I Sstance neasurenents in the radial direction.
Furt her nore, IrEﬁéréonstructlon conprises an inclinonmeter 3 for neasuring 3,
6, 9 and 12 o' cl ock angul ar position 15 I nclinoneter 3 and sensors 4 and

5, and one half of coupling elenent.6 nfixed to,theyright - hand
‘receptacl e p?ﬁte %5 f%éhg et’® ha? l%TOt e é%uqfiné e%gnent is fixed to
the | ef t - handureeept asirecplsat ka2Ing F@lrtrﬁféloﬁf@r»éont e | Bf £ -iHarTd 4 e¥ept acl e

plate 21 ser%ﬁ% %Qvé?véd measuring bell". The distance is measured
relative to the Said bell by the sensors. The entire systemis referred to
as a neasuring unit. Figure 2 illustrates the nmeasurenent construction for

25 t he nmeasur@nenthef nkheodadial coifrset it Bnpr odessidigrces A6tihg for a
spindl e a vafer gyide Zofe, g fydropad &gyl de.ringl: adaibpding di sk 8

and two sensors The Sensors are fixed to.the h g |IIu r at ed
here as mafemﬁﬁﬁpé@mﬁnba%dtér%fsﬁ%ﬁ%ﬁ(ﬁbéFFa3éoﬁyaB ﬁé P aﬁﬁ1 Wi th
respect t o a Lgigcunter enca wflskhaggr khdi ngodisknBl -add -vertical

correctlons

7. The method as claimed in any of claims 1 to 3,
wherein the torsiecnally coupled grinding spindles are

rotated'through 360° during the measurements.

8. A method for the simultaneous double-side grinding
of a semicoﬁductof wafer,'wherein a semiconductor wafer
is machined in material-removing fashion between two
rotating grinding wheels affixed on opposite collinear
spindles, wherein the semiconductor wafer, during
machining, is guided axially by means ©0f @ Iwo
hydrostatic bearings in & manner ZIree of constraint
forces and radially by means of a guide ring and is
caused to effect rotation by & driver, wherein during
the grinding of a semiconductor wafer, by means of at
leaét. two sensors, radial distances between at least
' ohe hydrostatic Dbearing and a grinding wheel are
measured and horizontal and vertical correction values
of the spindle position are calculated therefrom, and

the spindle position is correspondingly corrected.

3, The method as c¢laimed in claim 8, wherein two
sensors are fixed to a hydrostatic bearing, which
sensors are spaced apart by an angle of at least 30°
and at most 150° with respect to a circumference of the

associated grinding wheel.



. CQainmse 1. Anethod - for the correction of the grinding spindle positions
i n doubl e-side grinding machi nes for the sinultaneous doubl e-side
machi ni ng of sem conductor wafers, wherein the two grinding spindles, each
conprising a grinding disk flange for Réceiving a grinding disk, are
coupled torsionally by neans of a coupling elenment and a. measuring unit,
conpri si ng anlncllbronetdrodandst wol sidiesor s0f sledist BnceNfEasdar et is

mount ed i nst ead, 0f<9riNdiNg disks Det weshd h@otweegwadmg disskef4anges in
such a way that the grindipg spindles are in this case in t e osition in

whi ch they ar®35dar ed™WFth Sﬁﬁﬁﬁf@d a§Fi ndi g di sSkEEYUFFRY B ndi ng
process, wherief nathenetapled gri ndiawg smﬁdla@si &R m@tsate(io\/mwgtn

i nclinometer and, sensqfs, ape | P% it deter mipe radiak 204 gxiah:gorrection
val ues of an axia allgnnent o e two grinding spindles which are used
for a symmet riedl-orientation of the two grindi ng spindles. 2. The method
as-claimed in claim1, wherel nthe inclinoneter is used to measure an
angl e of rot on,..t he f t _sensor LL ed asyr. r-a | - gi stance
from an oppos 1Ite grien ﬁerrr i Sk fran m{Ed %nggoﬁcgagg%sgrddlog uged to
measure an axwf&!retjmsftaﬁceempi%emm Mel@héé%h%%ﬁs%ysthl s sensor during
the rotation, wherein a receptacle plate fixed on the grindi ng di sk flange
serves as a neasuring hell for the measyrenments of the radial | sfance and
The axi i di Stamcd PosiHE AEEHOGTSE0 oHETNER TR CFAPRYZS Wik erit

hori zont al angkierd izcalcladmedctironrlvaluds afomplre saxgalkwal pgpaehteof t he
two grinding spiy g{?%s %Qag%% nzfgﬁ% fr[é)@@i'}&h%s()fearc@it abhpniangdgradial and

axi al distancea 't account machi ne-typi cal |ever travel s, - 18 -
4. The -net ho@fﬂd’éilélgm%df in- e of SRRt 4T t BETReYEih FhETLBASDYs are
optical or ingugtivendistanceaeiers. thb. The nmethwoibras 16l aknediéed claim
4, wherein edd rrent ors haV| n l.u n of m ar e
i nvol ved. 6 cPm?t ho&’{agslcl‘;I Fred i gﬁe%r?d%%g clhkg O?8§ o V\%ergl n 8
control unit iscligegetor as6ndivo mﬂ@@”ﬁhé%ﬁﬁﬁ@{%ﬁt K@éﬁdféﬂeaﬂgl e of

rotation and gi stances; and %|n$=0 §or eal aulat athdhey herszortahgand
vertical corrections. . met hod. aa clainmed in ?g}f?of clainms 1 to 3,
[¢]

wherein the t‘btf%edﬁaltt!}ﬁ c%ub‘i %ﬁﬂ%r FRAMAGCS il €3 a ofAf&d thrdugh 360
during the neasiirement sn  8hidhnethed faoret heltgiandd andéhs doubtedsi de
grinding of amsle—{alq\%nqﬁckgr gwat fL, - Woer @1 @ SRILANdUGHOLLWREes kS S
machi ned in mat'erial™renmovi ng fashi on between .two rotat.i ng Qrindi ng wheel s
af fi xed on oppositt ELHY Aarcssiotdl &€ TRFSEIA%t Re & @%ma&or?g&EPBF “waf er,
during machi nifgh i s guimteichaxdadk yfbyrgma@@p@éltta/\oﬂn@'dseasmazt i gndearings in
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