Method for the sinultaneous double-side material-renoving processing of at
| east three workpi eces Subject matter of the invention 5 The present
invention relates to a nethod for the sinultaneous doubl e-side

mat eri al -renovi ng processing of at |east three workpi eces between a
rotating upper working disk and a rotating | ower working disk of a

doubl e- si de processing apparatus. The Wworkpi eces Iie in freely novabl e

fashion in pective openi in a d cage .and ved b .the latter
Under pr cc¥arBorn Ean, S Re RSy Eapanta” Bothasn SAs TR eRoral RaRaVeRa. Upon
presel ected target bhbekBessgobsrt B Werkpi egesebebRpaktakned, a

decel eration process is initiated, during which the angular velocities o(t)
of all the drives i of the upper working disk, of the |l ower working disk

and of .88t 082 €088 &F R UEREnE PoRd standstrll of the two working disks
and of the guide cage. 20 Prior art Various products in nodern industry

require very precisely processed wafer-type workpi eces. These are, for
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are par I cu ageous production o senlcon or warf er s
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appar at us, Freelé fl oati ng doubl e-si de group processing nmethods of this

type caPUbg €i npPement ed as grinding, |apping and polishing methods. In this
case, both sides of a plurality of sem conductor wafers

20 Prior art

Various products in modern industry requilre very precisely
processed wafer-type workpieces. These are, for example, highly
flat, high-purity annular wafers ~ afforded narrow tolerances

25 in respect of dimensions - composed of glass or aluminum as
substrates for the production of magnetic mass storage devices
for computers {hard disks), optical glasses and "flats",
gsemiconductor wafers for the production of photovoltaic cells,
etc. Particularly stringent regquirements are made of

30 monocrystalline semiconductor wafers ag starting material for
functional components appertaining to electronics,
microelectronics and microelectromechanics, the production of
which will therefore be used hereinafter by way of example for
illustrating the invention and the object on which it 1s based.

35



15 are simul taneously processed in material-removing fashion between two

| ar ge ringed-shaped working disks. For “this purpose, the sem conductor
wafers are individually inserted into receptacle openings in a plurality of
thin guide cages. The guide cages are also referred to as carriers and have
an 20 outer toothing. The toothing engages into a drive ring ("sun gear")
arranged within the inner circunference of the ring-shaped working di sks

and a drive ring ("internal gear") arranged. outside the outer circunference
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silica %gltﬂggig sg,pgggﬁlgfdg; ggtgegﬂurality of semiconductor wafers

15 are simultaneously processed in material-removing fashion
between two large ringed-shaped working disks. For this
purpose, the semiconductor wafers are individually inserted
into receptacle openings in a plurality of thin guide cages.
The guide cages are also referred to as carrierg and have an

20 outer toothing. The toothing engages into a drive ring ("sun
gear") arranged within the inner circumference of the ring-
shaped working disks and a drive ring ("internal gear")
arranged outside the outer circumference of the ring-shaped
working disks. As a result of the rotation of working disks,

25 sun gear and internal gear, the carriers and hence the
semiconductor wafers describe cycloidal trajectories over the
working disks. This arrangement, known as "planetary gearing",
leads to particularly uniform, isotropic and regular processing
of the semiconductor wafers.

30
In the case of lapping, a slurry composed of loose solids
having an abrasive action (lapping grain) in a usually oily,
glycol-containing or agueous carrier liguid is supplied to the
working gap formed between the working disks, the carriers with

35 the semiconductor wafers moving in said working gap. The



15 10 and 13. In this case, the polishgng pad contains no abrasive

subst ances that bring about material rénoval. In the case of doubl e-side
grinding with planetary kinematics, the working surfaces of the working
di sks that face the 20 workpi eces each conprise a working | ayer having

fi xedly bonded abrasive substances that engage with the workpi eces. A
cooling lubricant containing no abrasive subst ances that bring about
nmechani cal naterlal renopval is supplied to the morkln%agﬁg forned bet ween
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can al so conposed of a multiplicity of stiff grinding bodies containing
35 abrasive substances. Alternatively, the working disks 4 thenselves can
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15 10 and 13. In this case, the polishing pad contains nc abrasive

subsgtances that bring about material removal.

In the case of double-gide grinding with planetary kinematics,
the working surfaces of the working disks that face the

20 workpieces each comprise a working layer having fixedly bonded
abrasive substances that engage with the workpieces. A cooling
lubricant containing no abrasive substances that bring about
mechanical material removal is supplied to the working gap
formed between the working layers. The working layer can be a

25 grinding pad which is connected to the working disk by means of
adhesive bonding, magnetically, by means of vacuum or in a
positively locking manner (e.g. by means of a hook and loop
fastener) and can be removed by means of a peeling movement.
The abrasive grain fixedly bonded into the grinding pad is

30 preferably diamond, alternatively also silicon carbide (8iC),
boron nitride {cubic boron nitride, CBN), boron carbide (B;C),
zirconium oxide {Zr0,}, aluminum oxide {Al,0;) or mixtures of
the materials mentioned. The working layers can also be
composed of a multiplicity of stiff grinding bodies containing

35 abrasgive substances. Alternatively, the working disks



which covers the entire circular (not ging-shaped!) working disk and is
driven to effect a gyroscopi c novenent by neans of eccentrics fitted

out side the working disks. The method is described for exanple in

US2009/ 0311863A1. 20 All of the nmethods nentioned are intended to lead to
sem conductor wafers having a particularly uniformthickness (parallelism
of front and rear sides of the sem conductor wafers) and fl at ness

(planarity of_ front and rear sjdes). 25 Mreover, the thickness deviations
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art must be maintained. 15 Achieving the object The object is achieved by
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15 semiconductor wafers are inserted into a single guide cage,
which covers the entire circular (not ring-shaped!) working
disk and is driven to effect a gyroscopic movement by means of
eccentrics fitted outside the working disks. The method is
described for example in US2009/0311863A1.

20
All of the methods mentioned are intended to lead to
semiconductor wafers having a particularly uniform thickness
(parallelism of front and rear sides of the semiconductor
wafers) and flatness (planarity of front and rear sides).

25 Moreover, the thickness deviations from semiconductor wafer to
gemiconductor wafer, from batch to batch and between the actual
value {(actual thickness after processing) and the desired value
(target thickness) are intended to be as small as possible. It
has been found that comparatively large deviations f£rom batch

30  to batch and between the actual thickness and the target
thickness occur in particular in the double-side grinding
methods. These deviations can be compensated for only by
increased material removal by means of the subsequent steps
(double-side polishing) which, on account of the small damage

35 depth of the ground semiconductor wafers, actually manage with



20 | east three workpieces between a rotating upper working disk and a
rotating | ower working di sk of a doubl e-side processing apparatus, wherein
the workpieces lie in freely novable fashion in a respective opening in a
gui de cage and are noved by the latter under pressure in a working gap
formed between the two 25 worki ng di sks, wherein, upon a preselected target
t hi ckness of the workpi eces being attained, a deceleration process is

initiated, during which the angular velocities wa(b) of all the drives i of
t he upp‘é@rmik‘fr‘hge diasker bt l t NP Gier SoFki HeR i SIRE aC oS hel B de cage are
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wherein the angular velocities W(t) of all the drives i are reduced in such
a way that, during the decel eration phase, the ratios of all the angul ar

vel oci thgs.a(t) to one another as a function of the time t deviate by not
nore than” 10% and preferably by not nore 6 than 5% fromthe ratios at the
i nstiant at which the preselected target thickness is attained. In this

case, it | iple r h loclt ke , L0 t drives
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i in accordance wth the formula L t)=Mo, 2. 0- - 5 1ln . thi ase, 040
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J, denotescikhesgofentaoionaeftom whekeiddel;81¢okRdiccplénd denoiesat he
density distributio r denotes.the distance fromthe axis of _rotatjion, k
denotesW%r%%%%?%rSWf%ﬂeégﬁﬁﬁifﬁlb?mtﬂ% ?VEW?,SH?%%%%%?e%ngnaiﬁo the
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of the drive i, an enotes the tinme his case, the required
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t hejdegi nning of the

Achieving the object

The obiject is achieved by means of a method for the
simultaneous double-side material-removing processing of at

20 least three workpieces between a rotating upper working disk
and a rotating lower working disk of a double-side processing
apparatus, wherein the workpieces lie in freely movable fashion
in a respective opening in a guide cage and are moved by the
latter under pressure in a working gap formed between the two

25  working disks, wherein, upon a preselected target thickness of
the workpieces being attained, a deceleration process is
initiated, during which the angular velocities w;(t) of all the
drives i1 of the upper working disk, of the lower working disk
and of the guide cage are reduced to a standstill of the two

30  working disks and of the guide cage, wherein the angular
velocities w;(t) of all the driveg 1 are reduced in such a way
that, during the deceleration phase, the ratios of all the
angular velocities w;(t) to one another as a function of the

time t deviate by not more than 10% and preferably by not more



25 decel eration process and a time durgtion tbr fromthe beginning of the
decel eration until all the drives are at a standstill are predefined. The
duration tbr of the deceleration process is preferably 30 determ ned by the
drive i having the greatest angular nmonmentum Brief description of the
figures 7 Figure 1(A): Rotational speeds of the main drives for a nethod
not according to the invention with a linear deceleration process. 5 Figure

1(B): Rotational speeds of the main drjves for_a mnethod accordi to the
bt | i Th S TE e eebrerar i priecas® o8 TS Si BT Rt et Chek
speeds ©irdde R dksidyess forcaimeyhod not according to the invention wth

a progressive deceleration 10 process. Figure 2(B): Rotational speeds of
the main drives for a nmethod according to the invention with a progressive
d_etcel er%_tli @ﬁ@r@@?§-i%5i§i@§égi§ié\)ﬁ%%ﬁ&@n@£e s&e@ﬁiﬁa@}‘v@lcﬂ@i@i@gi ve

Wi a |linear cel eration.process .an rogressive decel eration process
havi'ng G dje%sﬁ%ealfrd]u‘feaﬁ ijogé?’l%ﬁq %%ean%s%f%%lné%c}jn%%%%%nﬁ% 20 FPgure
3(B): Retebia@nate spegfistioé sormila dij(ve- »it-hia,l iinear 1deeakeratiieh process
and a shorter progressive deceleration process with the sane decel eration
constantiméi st of reference synbols and abbreviations 25

However, it 1s preferred for the magnitude of the change in the
10 angular velocity w,(f) of each drive 1 per unit time to increase

in the course of the deceleration process. This is preferably
achieved by reducing the angular velocity ,(f) of each drive i

in accordance with the formula ()=

15 In this case, ®,, denotes the angular velocity at the beginning
of the deceleration process, J, denotes the moment of inertia
where Jimjprjrzdf, p,(r) denotes the density distribution, r
denotes the distance from the axis of rotation, £k, denotes a
deceleration capacity of the drive i, dr denotes an

20 infinitesimal element of the volume 7t that encompasses the

rotating parts of the drive i, and t denotes the time.

In this case, the required deceleration capacity k&, results as
k=

Ji; g
2tb7

if an angular velocity w,, at the beginning of the

25 deceleration process and a time duration &y, from the beginning
of the deceleration until all the drives are at a standstill

are predefined.

The duration t,r of the deceleration process is preferably

30 determined by the drive i having the greatest angular momentum
L =Jaw,.

Brief description of the figures



1l i near deceleration of v1,0= 27Knit, and X, =?11 = -1. 2linear
deceleration of @@,0 =33/ and 22 =v2 =-2 30 3linear deceleration of and k3
= = -2.5X"ins 4linear deceleration of and 24 = = -2 Ym n 5linear
deceleration of 35v2,0 = 33 Yinin and 2,.2.¢c/ 2 = 8 6linear decel eration
of the inner drive ring where v3,0 =15Ymn and k3 = 3 = -0.833 xitri.s

| i near decel eration of the outer drive ring where v40=S Knin and X. 4 = 4 =
-0.444 ymn,s 5 8 progressive decel eration of the er rki ng di sk_where
vl, 0 = Dyguee Ly ptRetatiqnal I@E’%ecésr-o%% r%:t%r#gfﬁ’%f)’ "Por' et hoa

not according to the invention with a linear deceleration

pProcess.

5 Figure 1(B): Rotational speeds of the main drives for a method

according to the invention with a linear deceleration process.

Figure 2(A): Rotational speeds of the main drives for a method
not according to the invention with a progressive deceleration

10  process.

Figure 2(B): Rotational speeds of the main drives for a method
according to the invention with a progressive deceleration
process.

15
Figure 3 (A): Rotational speeds of a main drive with a linear
deceleration process and a progressive deceleration process

having an identical duration until standstill, in comparison.

20  Figure 3(B): Rotational speeds of a main drive with a linear
deceleration process and a shorter progressive deceleration

process with the same deceleration constant.

List of reference symbols and abbreviations
25
1 linear deceleration of the upper working disk where
Vip =27 Jo and A =v, =—-15), .
2 linear deceleration of the lower working disk where
Vyo =33, and 4, =v, =-2 Yoins
3 3 linear deceleration of the inner drive ring where v,, =15/,
and A, =v,=-25V. .
4 linear deceleration of the outer drive ring where v,, =8},
and A, =v,=-2¥..

5 linear deceleration of the lower working disk where
35 Voo =33V and A, =v,=-1.833)7



9 progressive deceleration of the | ower, working di sk where V2,0 = 33 Ymn
and p2 = 1,22 = -2 X"," , (root characteristic) 10 progressive

decel eration of the inner drive ring where 10V3,0 =15K"i" and p3 = .c/ 3 =
-2.5 y(root characteristic) 11 progressive deceleration -of the outer drive
ring where V4,0 = 8 Ymn and p4 = v4 = -2.5ymsi,s (root characteristic) 12
progressive decel eration of the | ower working di sk where V20 =33Y"th, and

P2 T S5F e 0 PLPLPR! 8 ShiclodB 1o D0k eny! Vs ce eL Y on o

characterlsanﬁ)k;é\gheg®8$$y¥g deceleration of the outer drive ring where
V4,0 = Ylnin and 114, = §44?K| r oot characteélstlc) (onega)

angulargveIOC| $ ?%le%a?%%nlo nagnl tde’of 1 %r%nbwlar el ocity

of the drivgné Qoe\%ngubaa4yeIOC|ty of the drive i at t he begi nning of the
decel eration process ( instant t =0 ) , col,0 = (t =0) th tinme derivative
of the &ngupé@gve$%EV@yd©¢elﬁeaﬁ¥©VeOf1th%oRPQ€erPﬁ§}ﬂ@o@a§ko%b?r%peed of

the drive tpqp:ﬂeghvahﬂveleﬁvthelﬁq@gg|Qnaits@@&ﬂa@tefhetﬂé)ve i in unitsor
= v. s2nmin2mn. sd
9 progre551ve deceleration of the lower working disk where

Voo =33 and p,=v, =24, (root characteristic)

10 progregsive deceleration of the inner drive ring where
10 Voo =154, and p,=v, =-254,, . (root characteristic)

11 progressive deceleration of the outer drive ring where
Vo =8V and p,=v,=-254,.. {(root characteristic)

12 progressive deceleration of the lower working disk where
Voo =33V and p,=v, =~1.833)7, {root characteristic)

15 13 progressive deceleration of the inner drive ring where
vy =2mx15),, and p, =v, =-0833);,., {(root characteristic)

14 progresgive deceleration of the outer drive ring where
Vyo =84 and p,=v,=-0444) _ (root characteristic)

@ (omega) angular velocity of the drive i1

20 k@j magnitude of the angular velocity of the drive i
w,, angular velocity of the drive i at the beginning of the
deceleration process (instant i=0), o,=0,(F=0)

@, time derivative of the angular velocity of the drive i,
@, =<

25 v, ({(ny) rotational speed of the drive i, v, =@

v, time derivative of the rotational speed of the drive i in

: 1 1 1 o d
units T ooE O ms s ViswV

A, decrease in rotational speed of the drive i with linear

deceleration {A (lambda) = "linear® characteristic),

‘_d
30 A=v, =%V,

p, decrease in rotational speed of the drive i with
progressive deceleration (p (rho) = "root", as an example
of progregsive deceleration with root characteristic),

— =
P =V =V,

)

35 RPM rotations per minute (1/min)



decrease in rotational speed of the drive i wth linear

deceleration (A (lanbda) = "linear™ chgracteristic) , 30 decrease in
rotational speed of the drive i with progressive deceleration (p (rho) =
"root", as an exanple of progressive deceleration with root characteristic)
, 35 RPMrotations per mnute (1/mn) tinme Description of the invention 5
Proceeding fromthe abovenenti oned requi renents nade of the thickness and
pl ane-paral | el i sm of sem conductor wafers according to a doubl e-side group
process¥ng ®EFRod, the following considerations led to the present

i nvention: WA defined end thickness of the sem conductor wafer can be
achieved, in principle, by neans of a thickness neasurenent during
processPagcahEtéAli A§ PROCcEBEPABLIBPoON the target thickness being attained,
or by neans of precise know edge of the material renmoval as a function of
time and a corresponding 15 definition of the processing duration. Wat al
t he ‘aboveaeacidnagdfdoubreeshbevgronpipnodessimgrarenbdsmpdeecfnthdmmon is

that the,!Diaknesangl of De-WoLkR) eceschappoLofecdebarmpedaditect |y during
material Temoval, since 20 the TTes y floating workpieces are not
accessi bteordidgr eot apdobbhg-stdeogravp| psscaeasugemehhodn abeount of the

tati ! ' ' ' tk jp.which hold th
wor kpi cegb ORI FLR¥Taght: L 08s HLAC ER0R8 HRKLEle Bav R e, the
di stance between the two working disks is determ ned 25 for exanple

di stance betueen the two wo ks i's for exam |
A COnt bt PEGSTANSBY FRat REaSurba tRe a0l o ARAR- Par wBh hor RIng dl ke

accor di aghtevebhe eddyreénctphe, ppynoephe b§ desbithadstomeexanphentn
DE3213252A1. 30 In the case.of la gin and in the ca ﬁ% doubl e- si de
pol | shi AG7 178 PEOREESTBPeats SRRt APt Of REcPaETt HRP't RACTRREREAl ronoval
from t henwekxkpseceeandg tbeaimad, obrt bg weekingrspréadeesahbsiydhecknown

Preston fornul a gPEeston, E., J. goc. d ass_Technol . 11 é1927% 2%4 - 256)
to a grE3f BREEALAITRFECTBFniiPa®35 REkEE™ PEposEFbrEt 8 HBFFVEPCPTOR?
progessgpgithat chasrakheagyocessing duration.

What all the abovementioned double-side group processing
methods have in common is that the thickness of the workpieces
cannot be determined directly during material removal, since

20 the freely floating workpieces are not accessible to direct
probing or contactless measurement on account of the rotating
working digks and the guide cages moving therein which hold the
workpieces. As an alternative, therefore, ocutside the working
gap, the distance between the two working disks is determined

25 for example inductively, capacitively by means of strain gauges
or in a similar manner. A contactless sensor that measures the
distance between working disks according to the eddy current

principle is described for example in DE3213252A1.

30 In the case of lapping and in the case of double-side
polishing, it is possible to exploit the fact that the material
removal from the workpiece and the wear of the working surface
satisfy the known Preston formula (Preston, F., J. Soc. Glass
Technol. 11 {1927), 214 - 256) to a great extent. This formula

35 makes it possible to derive, from processing that has already



10 been effected, a prediction for the(proce55|ng duration required to
attain a desired target thickness of t He wor kpi eces. In these nethods, the
desired target thickness can be attained relatively well through the choi ce
of processing 5 duration. However, the material renoval during grinding
does not satisfy the Preston fornula: whereas during | apping or polishing
the material renmoval is proportional to the velocity or pressure M

(straight line through the origin) over very wide ranges and in particular
al so foPeder§ifenroer oki Predieripresetr e ?ﬁ%cﬁﬁﬁhﬂﬂnﬂuF%HﬁQ%I is
extrenely, LE‘PPéJi'E‘Sa&'&’aﬁﬁp&n@@éﬁré’@ @é%?ét”@hﬁ@ﬁn&@éoéftﬁhe-rh' s is known
for exanple from Tonshoff et al., nnal s - Manufacturing
Technol@@?kpk@¢es41145?9?se(@@9@9d%77tb96@%51Eﬁ@|ﬁ@f@?FnEhhgkn?ﬁ% can
dependepce; of , TRLET L&l o £ £PDYA w@mvewsugu eﬂepéﬁé%éeoéogyﬁoeggmg
particular, represent a straight line thfough the origin.” By way o
exaﬁble@uéaﬁi@nnun1pressure and a m nimum vel ocity are necessary in order
to bring about material renoval. 20 Uniform workpiece thicknesses have to
be attained not only during processing, that is to say in the case of
rotati ngoweyki ngtde skatebiali reparel cahuinat grhedend épesheoprsgessing
process,, th o] in.t f t Kj 5 en the
processe%é §£ %?%%egégéﬁi%é un?%%%%d&uf%ﬁgt%ggp ép%ggpg¥%gﬁﬁ% kF%% di sks
have tom@EesiabpedmaValhésepdopérpion@$stogthéheeMQpetymorkpngsdusk of a

doup) e- sLde. prgeesslno. ApRALALS. tupi ookl oyoed, Lor |2RDT 0goas LS

app OXi ha efy 2 m

descri exanp a di aneter

30 and panovedlamsslod ﬁpprmaryBIGWyvémﬁﬁlkgesThe pppesumesklngedlsk of a
typi cal gggratus used. for ar %ndlgg or do bl e- s g,_as descri bed
FoF exadpr B RY DEaBaBTboth S Rt e chrbet B Gran s aPSerathE P an rar oy 2 m

and a npyedstassandl U@lb@lﬂﬁOOTkgs 1§1kﬁypncabrmekkmpgerﬁtamlmﬁabhepeeds of

b0l i Shi R Gith ARhor kRGE APk di ARG 26 SabpRoRF Hare oy i re T

apprpXImﬂlelyzé@zfosatlenssQerD@tﬂﬂgegfEE@&ngThEh@oagp@gd@na&5ohav|ng the 5
abovenenti oned_typi cal _di nensi ons, noved nasses and t%glcal angul ar

vel oci tTRESED2 ¢ ahRBPVBe %Foﬁ%%ﬁC%FYhﬁﬂtpH%E%PE?a@?%ﬁ W ng™to the high
mass |nﬁéit@cﬁmgrth@égi@éénblthﬁﬁﬁithSh@ﬁédthﬂohﬁﬁ fR¥eaenlinl Nnp@act ual

fact, e working di sks can be decelerated to a standstill _typically wthin
apprOX|W§¥ep§ example a minimum pressure and a minimum velolTity aré
necessary in order to bring about material removal.
20
Uniform workpiece thicknesses have to be attained not only
during processing, that is to say in the case of rotating
working disks, but in particular at the end of the processing
process, that is to say in the case of resting working disks,
25 when the processed workpieces can be unlcaded. For this
purpose, the working disks have to be stopped at the end of
processing. The upper working disk of a double-side processing
apparatus typically used for lapping, as is described for
example in DE19937784B4, has a diameter of approximately 2 m
30 and a moved mass of approximately 2000 kg. The upper working
disk of a typical apparatus used for grinding or double-side
polishing, as described for example in DE10007390A1, likewise
has a diameter of approximately 2 m and a moved mass of up to
4500 kg.
35



W 10 seconds in the case of |apping and within approximately 30 seconds in
the case of grinding or polishing, without the drives, the bearings thereof
or else the entire machine frane of the processing apparatus being

overl oaded. 15 The pressure, too, with which the upper working disk |oads

t he wor kpi eces and the | ower working disk during processing and thus brings
about material renoval fromthe workpieces during relative novenent cannot

be reduced arbitrarily rapidly. In the case of the nethods nmentioned, the

t ypi cal TP beRSsTAE< préssarakionahr ePafway<t | bier IPHanct FedGePHRECFBreE of

the uppgrodPLkifgs diiska FOF €X , L Yeend 50, ape1 1480nkowfer a total of
15 sem conduct or wafers having a dianeter of 300 nmm (five carriers each

with t hveeksed @brdudidpe WaF e?5) 2PIReX LPPEPR L Vio? kKM ng @i SROFAELHBRBPEY af hays
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order to reduce the pressure, the working dis as to be subjected to
f ur theraboaenert i ered ThyR1¢3l ddHechyHPRS| | BAV¢¢, nppaefedNéarvyiedlby means

of nmechani ! ppar Al = fidAd hydraul i c
cyl | nde@%}gﬁr%‘%ﬁ?ﬁég?ﬁ i %It{faugnéj imﬁcé@g%bevﬁﬂoﬁu%dtiééag%aa%w

appl i cavwing of o f ohe ehofh amaee hanéchia agndathaye dpparhi gh) eneragsoeduedd
wth woL Ki flui ir e p r therefore
[ oni o SHET e SRk o R nd Faq i e B e e e e e 12
Duri ng déectecetedatoon stattistdilvegpatalhe whdhoh gporessiagelntil al

the drives are at a standstill _(d | erati . S I onti nues
to Be r%ﬁn%%%ﬁn i%nn% %r?% er%%n@%fpgﬁﬁ %ﬁgpﬁégﬁgﬁe%pggg%fﬁéﬁ%l or | apping
and pol :shsagonds Siactbantasé dhegPiediong oel aplosshng, okitheuteshtti ng

terial { id t | at i i p_bei lid
R e L L S R TL L R
of the ¥orkip: esescébaingaapperaxpechetdnwhenetheadedves are at a standstil

is known very precisely. The W processi ng process can accordi ngly be ended
earlier and the deceleration of the drives can be initiated, such that at

standstThé phesgesé| edobargetht hheknestecappaet wakkynhedatkaloadswehd only
a small deviation. 15 Moreover, the material renpval rates are relatively

| ow dur VREFPoPFeRi A ah@ediPRy Yaphing, dafid tHEY deRFeGSES+UPt A8 duri ng

the decehgeabioNghr 96686 hataecldaseevuit hxBheshenwprrpoetionalikyngo
i nst ant aneous pressure and instantaneous path yelocity. During poalishing,
typicalr?éﬁﬁ%ﬁ? PEYageRE papnephp be reduced arbitrarily rapidly. In the

case of the methods mentioned, the typical processing pressures

20 are always lower than the weight force of the upper working
disk, for example between 750 and 1750 kg for a total of 15
semiconductor wafers having a diameter of 300 mm (five carriers
each with three semiconductor wafers). The upper working disk
therefore always bears on the workpieces with partial load

25  relief during processing. In order to reduce the pressure, the
working disk has to be subjected to further load relief. This
is done hydraulically, preumatically or by means of mechanical
actuating apparatuses. The load relief (filling a hydraulic
cylinder with working fluid; f£illing lifting bellows with air;

30 application of force of a mechanical actuating apparatus) is
agssociated with masg transports (working fluid, alr, lever or
plunger) and therefore likewise requires time, typically

likewise approximately 10 seconds.



20 0.3 Amm n occur at nomnal rotati olr}al speed. In the case of a duration
of the decel eration process of 30 seconds (0.5 mnute), the so-called
"after-polishing", that is to say the additional naterial renoval during

t he decel eration process, is accordingly only approximately 60 nm
(nanometers) 25 if the drives are brought to a standstill with a constant
decel eration of their rotational speeds. During |apping, the renoval rates
are between 2.5 and 7.5 Anipin, and only, approximately 2 Aminin for

parti cuP&F 150 3Ry et Fel $appt iy %ﬁo@é%s%%l‘(ggn@tf?%% %‘%/%i?ﬁ: Forcessing

sen conguel pravafers happed atsd nge fd necfi@énill heaseetatdedoniaf ter- 1 appi ng”
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0 nfy a small p

account the gentle grindi'ng process, such that™ o ol i shi ng

r enoval drsvesibzeguent & yshatdssaly. 14 nkaoldi t vony waeeiseésy préfierably used as
cooling_J i J gLl ndi d ] Con t waf er s
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et chi ngd¢hateabnays bfi ngs dbbwes ada thenahi nhieed al seenoviadt and,

consequent | o_a dimensional change. of th m con r fers.

Doubl e-%F%%%{%?%%dt%%rﬁh%%ﬁﬁ%%%ar“rée/aﬁet?lglgj?%é?%e?% o%gt'giyﬁe tli)%lvasui table for
furt heraproatessi mgck noal gubsagakhtdeol aishemg process that concl udes the
overal | production process. Therefore, the ground sem conductor wafers have
to have thickness distributions that are afforded 20 particularly small

t ol er amees=dvsr Al thé heasent sondeedesl wadess. afa theaoihely haow, doaiesi al
r enoval rftes of %r a er,thaﬂ?zo_ mmn_ar.e obéained dU£in€mdou | e; si de
5 113

gri ndi ngPLLeRHE nand sQVEF AP Poet et of it BrFEFaaT e FLrehbved

during the deceleration process. iS5 aceotdensatvitnl presbyal during 25
gri ndi ngﬁcannot be gredi cted using the Preston fornula and, noreover

changesPHPRSY FiCuRpeldF Rgl BRTFREAPF LR NPT SFRTES oF L he g T FREFRGCEBoP2 he
t hi Ckn%élaélitzati@@r@ﬁgtﬁswémﬁ@seﬂm@é&piﬁé@@vam theegase of20tbnding is

particularly high - which cannot be reconciled with the 1|g')articul arly
str?%geﬁt3 pm/min occur at nominal rotational speed. In the case of’a
duration of the deceleration process of 30 seconds
(0.5 minute), the so-called "after-polishing”, that is to say
the additional materizl removal during the deceleration
process, is accordingly only approximately 60 nm (nanometers)
25 if the drives are brought to a standstill with a constant

deceleration of their rotational speeds.

During lapping, the removal rates are between 2.5 and
7.5 um/min, and only approximately 2 um/min for particularly

30 gentle lapping processes using fine grain. For semiconductor
wafers lapped using fine grain, the so-called "after-lapping”
during the deceleration process is only approximately 160 nm.
This is a small amount comparable to the typical 60 nm after-
polishing in the case of polishing, since an increased material

35 removal is required anyway during the polishing required after



30 requirenents nmade of the thickness gonstancy of the ground workpieces.
An attenpt could then be made to reducée the material renoval effected
during the decel eration process and hence the 35 thickness fluctuations of

the finished ground workpieces by all 14 the drives being decel erated and
brought to a standstill as rapidly as respectively possible, assum ng that
the thickness of the material which is still renoved inadmttently during

deceleration |ikew se becones mninmal as a result. Su nmet hods for
st oppi ngt & | L AIREYF i VB st halhi P H AT DI F SR B K GG %ner gency

of f fungtiomi nhhecds afdn Pdiss famtdd ot BeMBnd®. Bahld@elidtdhe case
of disturbance by bringing to a standstill as rapidly as, possible all noved
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US2001056544A descii besyn { of caxanpl S dangstnupher-iof cied swds as to how
it is possible to bring novable installation conponents to a standstill by

evaliuat ferpieRITerafl ResorRathkie dete@f dine et em cot e s S he noved
instal lation conmponents 15 and the state of the overall systemin its
environment. Al though rapid stop or energency off systens known in the
prior abeueksr kbt diyowrd neemove ¢ Al T e bn Prire sonly a583 hhds11a9¢€ and

therebysJ rede%lﬁ e duLat i on and &%@eﬁéﬁ%% @é@eé@?,@cﬂ%é ude of

t he unde ter-grinding, it _ hat sem conductor wafers
ground dylyemnsnofl drdveshiapi dyotrbughtstose@sent hy theceswdryenatal |y

h fl ) t t ; I eli

o e 9o P00 BUIRSSES pAOr- AP A s | (8o LRS00 P A e
addi t i ogralndduynstuaant met egFaind exovi cgndrotes siate st epsnage ¢ heout
necesSalynb L OLGS) LNl he Le3ULL agpoan 1] alNess. ol Ahecaai gonduct or

wafers ¢ ved again.” Thi's” wou uneconom ¢ overal |
processénghixd et nehsay @ sbkhoyw avodtheadgdivicanl harerispl dtgmstadppi ng

noved inséal | ati on %ﬁ%s g%g t heref ore unsu'it ‘,Le éocgfp{}?guci ng _
part i cufaP yCIPETEENT CONAUCTDre wat 678" THat ~ar & 47 wensi onal |y accurate in
respect sohi¢at@etcdhiekhessesboudbe -side-ground semiconductor wafers
are therefore directly suitable for further processing in a
subsequent polishing process that concludes the overall
production procesgs. Therefore, the ground semiconductor wafers
have to have thickness distributions that are afforded
20 particularly small tolerances for all the semiconductor wafers.
On the other hand, material removal rates of greater than
20 um/min are obtained during double-side grinding, such that
several micrometers of material are still removed during the
deceleration procesg. Since the material removal during
25 grinding cannot be predicted using the Preston formula and,
moreover, changes greatly depending on the present state of the
grinding tool, the thickness variation of the processed
workpieces in the case of grinding is particularly high - which
cannot be reconciled with the particularly stringent
30 requirements made of the thickness constancy cof the ground

workpieces.

An attempt could then be made to reduce the material removal
effected during the deceleration process and hence the

35 thickness fluctuations of the finished ground workpieces by all



Proceeding fromthis insight, extensive investigations were conducted in
order to find out what conditions havelto be net by a fast shutdown process
in order simultaneously to achieve good flatness and good di nensi onal
accuracy in respect of 5 target thicknesses. The grinding nethod was
carried out on two commercially avail abl e doubl e-si de processi ng machi nes
with planetary kinematics, an AC- 2000 from Peter Wlters GrH and a 32BF
from 10 Hanmai Co., Ltd. The AC-2000 has two ring-shaped worki ng disks
havi ng Bheedtivaal beingedeccbérdaddd andapdoaghtnteraabtandseiel af 563 nm
and the ZBF ha g v a X anet er
o 2120° ARt A SR L TBF DG T O anBr e 5t 740" ST TRe AR 200D B BRsStmpdat e
five caofiehs mat@rmalhwﬂSchh&eeeSehiCD@duaedr1maﬁm£sthav1mgdardngneter of
300 nm FlVf ca rlemg each mn%hcthrgemsegiCQnductor g@i rs V|ngtﬁod3

di anet eFS5FT3HO" M vkt &= 158 PROTRES CAEE BTt A2 32BE Utho. SHhe BpeRTRYs for
accannndatingpptﬂgpabllvheseﬂncegdustnapmaigrabapbagihldianetknomﬁ 360 mMm
wer e used Oﬁenlngs ar£gnged En such gg E%tc g ground.the
center Bf FRETSEFTY eP-*stbHtAgY thHe %n?%bﬂﬁu% %3r UngEkaetI §%2 on
the AC 200RinthdiE80ihhehe aasenentd@ﬂtthbamcékbpgbﬁuﬁglngldon@t proj ect or

projected o . slightl eyond t edge .t hereo 25 As wo
ayer s. SERIAAL AD pads AP ORL ENAD PORELRTAEE ToREdverBeAUNBET T8I Po Eohded
ont o t henuer khnge diskgeof thot hedoubt &1 sheleopr epesstpg. apparat uses. Said
pads contain di anond as an abrasive in bonded form The grinding pads were

tri Hred by means of trimming disks on which sintered corundum grindi ng 30

bodi es gseobiycdsafs Ackesibbs, arwer kikagpoap Bl anegpahahbel to actirvas
m crometers across the radi us was optai ned between the nmutual Iy facing

sur f ace@SoFCt ReWgi Fndf ngopadslEhae B5RBIi ROB2ELRt ABFLRAM-LACEAR seni conduct or

vaf ers. -Aspankgedl Lo Qr§£§Héb§hi@sbyeé@apuéﬂhH@ddEQEe98hﬂgs§9£§réOtﬁéﬁduce
in 35 principle, very good and - for all sem conductor wafers of a

bat ch - deHenti eaffenpreknEaseabing phr BheenpPyAg SnSEhelAtoun! deeBonents
Doub] e- éhﬁetﬁé'ggéﬁg By Hﬁé“éngaﬁl9égggéﬁngaQtQ“eﬁv@?HHﬁ@nt5 si de

processing machine with planetary k mati cs i s designated hereinafter as
PPG net hod ("planetary pad grinding") for short. Nunmerous grinding

eXPefigggkg?&g%erg L5l gd, eprmgggrﬁgﬁhgoaﬁycg9g &ﬁée omavaﬂgta§1€9§5&a'

t hi ckn appr oxI ma t were |ced rom an single
cryst al arbdchy neamélpfbmﬁns mepadaunﬁgaﬁé@pnng pairke sawkngyandsakibtat ed

e i e
i nt endedagoibede of the undesired after-grinding, it has been found
that semiconductor wafers ground by means of drives rapidly
brought to rest in this way generally have very poor
flatnesses. The advantage of the very good plane-parallelism of
the processed semiconductor wafers would thereby be nullified,
25 and additional, downstream material-removing processing steps
would be necessary in order that the resultant poor flatness of
the semiconductor wafers is improved again. This would lead to

highly uneconomic overall processing.

30 The measureg known in the prior art for rapidly stopping moved
installation parts are therefore unsuitable for producing
particularly flat semiconductor wafers that are dimensionally

accurate in respect of target thicknesses.



- 15 achieved by all sem conductor wafers as precisely as possible, with a
smal | thickness deviation and with gooﬁ flatness (approxinmately 1 pm gl obal
flatness variation, TTV). Both doubl e-si de processing apparatuses had four
mai n drives 20 adjustabl e independently of one another with respect to tine
and in teLns of rotational speed (inner and outer drive rings, upper and

| ower wor king disks), for which additional paraneters such as, for exanple,
the applied |oad of the upper working disk (grinding pressure) and the
suppl y Brocesting fuwritaht DEStour d DECeRDLER WYHFRLIA2pLORAl VEYS of

SO'CallSgn&ﬁ@geatfﬁsoré%%aggifiﬂ@’o@@t@h@@p@5ﬁéﬂ§§§n§39a9§?§8r$@9m@@ans for

measuring the di stance tween working disks. Since the grinding pad used
was subbecaefiapnl ghrodaeryprpcese WeaprdebonteXperaneausprssot ackkperi nent

pass, i S Lble f i e i-ndi.ng. 30 i Gkness, to
deduce %%¥§ g?%%ﬁ%%%ya??d%$%%2§%§§éﬁ?%%5£i%?%%%%§9bé§mg£%93%?k§%g di sks the
act val wedghtothibenews&éng gap between the nmutually faci ng working
surfaces of the grinding pads and, consequently, the thickness of the

sem conductor wafers. 17 Wth this experinmental arrangenment, given

appr oxi Tat egyidQ@00g dadtfdécenswtans)edppht ednl bad obmtmbecuppéy wor ki ng di sk

on the 15 sem conductor wafers_havin I L .30 pproxi matel y
30 RWP ?B?éﬁg%ﬁeogo?%gemﬁ% ?n%raF%EEQFﬁ %%%%gégé gggﬁrg% |oﬁé?§in each pass
renoval ki akesat 0f s appn ox nad @b yr 20mArEhen Wel ecobt @nhBdanffi asBBF foeman
aver age duratjon t of _the de ratio rocess until. the main_drjves were
o W STHRHRE PP of Lhpor BT bt of 0 Sofeaconie HEER spRere O T Tar aGP kY d g
(decr eaBgvingt Ahcknessnal dbemsesicondustdrmmabindsahOidueinglt itameter
decel eration_process) of approxjmately 3.5 gmwas _estimted. and was added
as an aPﬁoQéﬁc@mtan%et%ﬁdggaft ﬁgongvﬁ%ﬁ%fgh38ﬁdtWBrg?ngﬁﬁ% F of which
the decgherali g0 ektéheadrivesetsrt orbegbn, mhnanaden thaerhhe tasgeter
t hi ckness of 825 ymwith the drives at a standstill is achieved, as gﬁél as
fe

15 possPbl 6401 Finatie obing2 P Rt CRReERPERAREEBS E bVt ARTEART EoRdGRt BF rs
t hais wergragt Hahk ¥onhhat Bedywuhenst hevdhhvessuenetst-oppedoasmmhapkaiy as

pOSSIblgérggégguéagﬂr&ggg gg?ggrgghigSXégéggrf&gggrs having a diameter
of 300 mm were used in the case of the 32BF, too. The openings
for accommodating a respective semiconductor wafer having a
diameter of 300 mm were used openings arranged on such a small
20 pitch circle around the center of the carrier, such that the
semiconductor wafers, exactly as on the AC-2000, during their
movement on the working disk, did not project or procjected only

glightly (< 10 mm) beyond the edge thereof.

25 Ag working lavers, grinding pads from 3M of the 677XAEL type
were adhesgively bonded onto the working disks of both double-
side processing apparatuses. Said pads contain diamond as an
abrasive in bonded form. The grinding pads were trimmed by
means of trimming disks on which sintered corundum grinding

30 bodies are fixed. As a result, a working gap plane-parallel to
a few micrometexs across the radius was obtained between the
mutually facing surfaces of the grinding pads that come into
contact with the semiconductor wafers. As a resgult,
prerequisites were provided for being able to produce, in

35  principle, wvery good and - for all semiconductor wafers of a



20 the target thickness by up to + 5 gmfrompass to pass. Mreover, it
energed that even at |ow grinding presghres and rotational speeds, reanaI
rates of a few mcroneters per mnute evidently still result in sone

i nstances, which explain these thickness deviations of significantly above
the after- 25 grinding estimated at 3.5 gm and these were, noreover,
greatly dependent on the enpl oyed decel eration characteristic of the

i ndi vidual drives. Wthin each pass, the average thicknesses of the

i ndi vi doatckeni toeuttat Waidksewese, ang @&ﬁ@égéélsmérychﬁgérto one

anot her _(<c0.2.9n, which indicates that the 30 variation of the initial
thlcknesses and the chosen nmaterial renoval of 75 gm and t he mai ntenance of
a substantlally unlforn1y pl ane-parallel formof the working gap over the

tot al ittt e Le5¢ &U afﬁ ygrggaﬁga fth gaﬂl gya&h&f—l theg%%ﬂgl ng

experlne not vers ecte equ es o initial
senutondud@oprmaéessng m@cminmamlphrplaueaary pynewatichats @ﬁsa@n®bﬁ@ of

t he procedural typic ayer tes.d PPG
grindlnﬁerg% %X T % g%#lveﬁﬁgdc ?QE HQ}?S%%%1§§QR§§%% ﬂ e$$% is
renmoved fron1the senlconductor mafers that not only was the target

t hi ckness m ssed b¥ @uite a fem/niﬁronete S butd Ougartkﬁular al so very
poor pl BABEFAFEI FEITLHEY (GFRBar "THI keSS Fritthat Pons " of ‘more than 5

m cr omegensyonenet obt ah heds Wwhaehngi anadditian, thi akhaatedfWgreatly from
pass to pass.  The ations were particularly grea ectation
of the ?gﬁg?xFW?Fﬁ ﬁcégﬁyNWiFﬁﬁE BF* hb??@s?régsng%émﬁgpélSﬁ%% eration
time of cthecdii ves, bpagbadsi ¥€ w@3ede@pheaakﬁg asppapgdlyias 9@ﬁ$n@le in
each case.  Such deceleration of all _the dr ndstill within the

short esF2pbBERBEE EPnd LoRPeEPBNAS £80t HB %@ a§F§?e8Fe§uEﬂ ﬁﬂ Sppar at us

upon act-dahi9Ag0f akheaeget geACY¥kAbEsSWEteh. pkBckBEsngane, mekhRsdoEvereof the
drive rlngs were stationary after just a few seconds, the | ower 20 working

di sk af P8 Qﬁbh@gvnﬁgélym1@a§eéﬁﬁa§6danﬁhﬁﬁ€ HBper PhBPREAG TR 8k having t he

hi ghest ;pRS8aht 8Y QPPrQémﬂEéﬁhMc€9r5ﬁ§Q89§ aghgré@§gényngsr batinee,
novenents - bringing about material renoval - di sks and

seni condiitbop @AREFstEFENPRSt BEUL2ERENSABAL ¥SENpESSFALFE2RBFES 25 However,

in this thergnindi ng ibphhoriberness oArtReisan gogguctor wafers,
sai d for§g§§8§ldgﬁtlg regul%lng fromthe dlffgren% decele?atlon tinmes of

the drives, proved in sone instances, and in a manner fluctuating from pass
L0 passgytf Bguble—side processing apparatuses had four main drives

20 adjustable independently of one another with respect to time
and in terms of rotational speed (inner and outer drive rings,
upper and lower working disks), for which additional parameters
such as, for example, the applied load of the upper working
disk {(grinding pressure) and the supply of cooling lubricant

25 could be chosen within a plurality of so-called load steps. In
addition, both apparatuses had measuring means for measuring
the distance between working disks. Since the grinding pad used
was subjected conly to very little wear from experiment pass to
experiment pass, it was possible, after measuring the grinding

30 pad thickness, to deduce very precisely from the measured
distances between working disks the actual width of the working
gap between the mutually facing working surfaces of the
grinding pads and, consequently, the thickness of the
gsemiconductor wafers.
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30 so unbal anced that the resulting nonents of friction exerted on the

sem conduct or wafers were so high that!”in individual cases, seniconductor
wafers or carriers were overloaded and the fracture of sem conductor wafers
or the deformation of teeth of the outer toothing of the carriers occurred.
19 Figure 1(A) shows, as a conparative exanple, the decrease in the
rotational speeds v,=*0, of the drives i (i = 1. upper working disk, curve
1, i = 2: lower working disk, curve 2; i = 3. inner drive ring, curve 3;

= 4: oWfekhdehye eKRGTIBERLRYAUT2HGPTAGL | helvek e RPHPX BHAPROEess for a

met hod 19§ o LRI g&egaﬁewwﬁsj n%ﬁs'ﬂ@&- 1dhg 5ot ahhongheSPEEHES: Nd Q1 0f the

drives 1 at t egi nning of the decel eration process were, in"this and in
al | folbowrhyg txasprésonddcconpearbelrvehaxangl @sdignebee2¢RPR ¢ upPert wor ki ng

di sk, 1 = I r ! I sk . V3 =15 i drive
ring, S%EP%é%gm%§§£$?%éu$%$ %??%éiggné? g&? V%%%l% dd%%E%igg?%é$?Q$d$
r easonsddfectaensy, iontgch heasmgnéhodet ovateheclngphuexyeibelyi es, wd, and

of the 10t ah)apal , SPEeGBralnea akerLbRLCaLEd L £ACD G858, A0 bhI el nakter,
angul ar vel'ociti el co, and rotationa peeds v, are used al ongsi de one
anot herth¢ hécaaaelarivel protess snnte theymabkedi{vpessebeeatoar epresent

the fornal _relationships nmore clearly, e tatl sp since they
are cusngﬁ%?ﬁ %%itﬂg ?g?ﬁ%¥%??%%f%f£?h%ggg%%gss%%gg%?gggégesggg§¥abIe for
20 carryrhgaong“t heetpyenti bn anticEseasdbf echesethiogngacanet eafefst he

T The RFLR ) ERC oS RACKRY SOBTPT BRGPE bno AnBLRAVE BT BhGL A' ErknTode) of |
co=k7) le@7iMatr Sinaaat hes axeseaf agothat hdhovknat! tohehdr eu@ssof teheof
processbggugPpgégéu%gg attainment of which the deceleration of the

drives is to begin, in order that the target thickness of

825 um with the drives at a standstill is achieved as well as

15 possible.

It was found that the thicknesses of the semiconductor wafers
that were actually obtained when the drives were stopped as
rapidly as possible, without further measures, deviated from

20 the target thickness by up to + 5 um from pass to pass.
Moreover, it emerged that even at low grinding pressures and
rotatiocnal speeds, removal rates of a few micrometers per
minute evidently still result in some instances, which explain
these thickness deviations of significantly above the aifter-

25 grinding estimated at 3.5 um, and these were, moreover, greatly
dependent on the employed deceleration characteristic of the
individual drives. Within each pass, the average thicknesses of
the individual semiconductor wafers were, as expected, very
close to one another (< 0.5 um), which indicates that the

30  wvariation of the initial thicknesses and the chosen material
removal of 75 um and the maintenance of a substantially
uniformly plane-parallel form of the working gap over the total
removal were sufficient and that the result of the PPG grinding
experiments was not adversely affected by inadequacies of the

35 initial semiconductor wafers.



25 considered here are collinear (no direction dependence), a conplete
description of the novement sequences &an al so be given in a sinple manner
just on the basis of the scalars (magnitudes of the vectors). 30 The
conparati ve exanple shown in figure 1(A) corresponds to a decel eration of

all the drives with - in a manner governed by the design - the highest
possi bl e decel eration at the beginning of the decel eration process, cbo
=6, (t=0) (tinme origin chosen at start of deceleration), which is then

mai ntai ned in a constant 35 fashion during the entire decel eration process

until t drives , 2 re.at_a. dstill, co =k0=can In this case,
t he rotg i SRl PepEE %ﬁ%f%yr%g%ﬁ%?gdéﬁ%énmﬁﬁd&%%%%égl§9m?%% tinme, 2,
=f v, =copsbcédiuneliertyplcablpfhidie avtabgenabtspielisrepoaahsragbastant). The

case Correspon to the.drives comng.to a _standstil]l upon_acfiyvation of
an erer §Bht 9o$§Gsﬂﬁ%8§&ﬂ9ata?ﬁ% ?%%?%n? gr%vﬁ %Smf?ﬁl%gl?%e%rgéggél%gation
charactentstihecetibheieneegeney shondoha. semicofiuatoountfeftst hbatdi fider ent
masses an conseguent | 0 rotati onal gner stored in a manner

i IhEEafl &

, , . the.
dependeﬁ?fﬁnw?ﬁet Stﬁ?FéﬁEItEbg 9EFH The°ari véndinstafl atlon parts, the
di f f er ept cHohyesrganphe decghet atelaat atsbfeeent ppateplohe=fo, (tine

derivative of the angular velocity, deceleration); in the c ti
exanpl ePSROWhE E RES AN dBROFBF&EF oh IPGFSLOREt Re BPTGes MBre i = 1 ...

4: A, =Bl hTdrSMetekt? 7X@l bbtk8nadKiAicandid4Iheivnbh, 1E{atBudtedwhi ch ca
readily be used in practice, neans here that the angular velocity (in

1/ nith) P52 BHYcEHOW PAFR bReP388ond by the respectively indicated value (in
1/mn). Depending on the deceleration rate and the initial

The fluctuations were particularly great when, in expectation
of the least influence by virtue of a shortest possible total
deceleration time of the drives, each drive wag decelerated ag
15 rapidly as possible in each case. Such deceleration of all the
drives to a standstill within the shortest possible time
corresponds to the behavior of such an apparatus upon actuation
of the emergency off switch. In this case, the drives of the
drive rings were stationary after just a few seconds, the lower
20 working disk after approximately 10 seconds, and the upper
working disk having the highest mass after approximately
20 seconds. The resulting relative movements - bringing about
material removal - of working disks and semiconductor wafers
were in total the shortest possible here.
25
However, in this case, the grinding friction forces on the
semiconductor wafers, said forces evidently resulting from the
different deceleration times of the drives, proved in some
instances, and in a manner fluctuating from pass to pass, to be
30 so unbalanced that the resulting moments of friction exerted on
the semiconductor wafers were so high that, in individual
cases, semiconductor wafers or carriers were overloaded and the
fracture of semiconductor wafers or the deformation of teeth of
the outer toothing of the carriers occurred.

35



20 rotational speed of the drives at the begi nning of the deceleration
process, the drives therefore general |} cone to a standstill at different
speeds when using a deceleration process that is as rapid as possible. In
particul ar, they can al so "overtake" one another in general during the
decel eration 25 process: although the | ower working disk at co2, 0=27r x33RPM
(2) begins the decel eration process at higher angular velocity than the
upper working disk at coo =2,z-x27RPM (1), it comes to a standstill nore
rapi dl yFiguane! i (&f tehoepproxi det @FaUst See omdamnp thant it edeppezsawiki ng

di sk, whh&h-soaesohd agsbaadstitll af ter G 18- seconds(i si nce dhie=4 over
wor ki ng di sk can be decel erated nore rapidly, nanely at 1% =2X.,, while

t he heawoeringppdisk, wonkvagl di sk= can brgr beodeted edatied etray1z1. 5X'fl e.
During this,decel eration_process i mum spee he epj . conduct or

waf er eﬁpér%én%%%eﬁdﬁg%%%t¥§S§Vé?@%ﬁ£a§22ydéc£le?%}%%ﬁifg%é %%??éble

vel agci towsve ef atdwveite the dedabiirgt e spbocags nfoabouteiad@rnat renoval .
The rempvabrbehaviorchs dhidherdd. tonPresietiogad sheedony Unidrormat y

(ani sotropy) with which the sem conductor wafer is noved rélative to the
gri ndi ngrbrpads Lauskes heetmentg | ofdichadgeslérevissgprofethevertative
starting velocity), d,.sem conduct or fers.havin very poor. gl obal

1 at nestnt i 1 o E e SR S 15 hi SR raut o b a1 K e i ves
are at st anEY | {uwoaw wprknd Bk |3 parid TePEM sefwahdirstemdnar er s
Progessggsy n %P,' s, way | pEaed s1hd.0 fie wedgesshaped,, t hagrigy t @y fay- t hat

t hey have a' thicknéss gradi ent across one of” their di'aneters. This

i ndi catgsitdatihpe sem E@ﬁgus:zﬁ@rheﬁ\@émaﬂ@;@lr n0fof0f@&foﬁ@ af sngistyy bed
manner . i Sti [ t e_ope e
carrierg%g¥rﬂg£ﬁh%%%%%gégéaf%o%@%r%%%%géiiﬁe%ﬁgfgéﬁ%br%?“cﬁgﬁgéh?}&?% t he
angul arrooaeituml Lspeéds hebvilnstald driddrmagant in asich mese.t of the action of
a torque A is described by the relationship itil,=1"=Jithi . In this case,
the torque L.,, where 6, denotes the vector of the angular 20 velocity with
t hejsragméteites Bt &t /oangdl ¥ lvefotheiéaskal dndi potpatdnal Wepdedidbevy alrat | ona
speed 1/, in 1/s or 1/mn. In this case, Ji is the nonent of inertia of the
rotati ngs¢hsabdhasidn paetanotipl chtihasaacwhss valecSpi¢s ) dincanehey . 1,

:117’0'%éﬁg'gﬁ’p&ggiﬁlgjﬁg represent the formal relationships more
clearly, and the rotational speeds since they are customary in
the formulation of the processing processes suitable for

20 carrying out the invention and as a direct setting parameter of
the apparatuses used. Angular velocities are generally vectors,
@, which point in the direction of the axis of rotation and
have a length (magnitude)} of mmﬂé%mva. Since the axes of
rotation of all the drives of the processing apparatuses

25 considered here are collinear (no direction dependence}, a
complete description of the movement sequences can also be
given in a gimple manner just on the basis of the scalars

(magnitudes of the vectors).

30 The comparative example shown in figure 1(A) corresponds to a
deceleration of all the drives with - in a manner governed by
the design - the highest possible deceleration at the beginning

of the deceleration process, @,=w(/=0) (time origin chosen at

start of deceleration), which is then maintained in a congtant

35 fashion during the entire deceleration process until the drives



denotes the density of the installation part i in the volume 25 el enent T,
r denotes the distance between the vol¥ne el ement and the rotational axis
and f...dr denotes the integration over all volunme elenents T that the
installation part conprises. The actual highest possible deceleration rates
for deceleration of the drives as rapidly as possible result in practice
fromthe 30 fact that the torque A applied during deceleration is limted

to the drive i rotat nonment um t he ev nt of the nmaxi num
o que #1925 Bt eati o ao S en e et of Th b SR 'd be

over| Oagsg?tf%ng@y g&&é%@é %eg&@;a@eegra £é‘”?f£‘§§hf % tt,lli'etf‘rttés of

rotation o rane of the ent|re
processﬂng“dbpa%dtﬂgmtpéF%W@u@%F%VthV?h%feQEﬁtrBFaE%€%§§|%@?? fapi d

deceleratlon of the artic i Y Kk

per maneht Ty der oF $ EE H?%y o1 ev%%rgéﬁ?nﬁg XO“?hg |g%§e§?T§€£s ows an
exanpleaoétan@@thbﬂ mpcnrﬂcngvabl®meofnw@nemeng@heyemﬁftahuﬁ@®w33atas in

t he conparative exapple.in accord ure 1$A0c wer e_decel er at ed

| ow SEAT | HGATTSE BUT Rofv SLER § nbt ThE T3TRFBRAIdpeahEeer T bR 1b

arbitrapy chéfenendedtivesualivays had the same ratlo at every point in tine
in the deceleration process. The total duration of the decel eration process
that is at least required for this purpose is determ ned by the drive

havi ng pheabighestof othti @nafeeaet O¥afics , dn€p, @Onséhatnt by otisay fromits
nmonent of 15 inertia J. éand hus t he nHX|nﬁn1%035|ble decel eration rate
ch, 0 anBOFRE IRy BReTBY ot FPFeAt TR h2 BRYFAhi AgPoRCERE dRcEf®ration process,

gOlg {BO£Q§%§%§ﬂpé§e?BOMﬁmEHeL@Qﬁﬁ@n1i§étalm§tﬂ@ﬁeﬁaﬂ@fklﬂﬁedlSkbhaS t he
| est .apgul ar nent u e e 0S$SlI
: %t?g ces%V%cc rﬁl%% 3% %fef Pes én&g %Pgr a2 §%Ee8 ?

decel er Tie |nven ccordrng to ﬁh'

lnventl@Blméhgegtva€§vérsftbﬁa Qﬁ?@i@fa&@ﬁogﬂﬁyngdé@@l@§§§£§ﬁﬁt'Qﬁ precess
in each case precisely such he ratio of the instantaneous angul ar

ve|ocut?@@p@tat%beaeﬁampéeysE@WVesth@mﬁ%%émvajde?§1%6ﬁ§taﬂtr§FE§vE@§ poi nt
in 13 meghéhativestwesa@yi===tni.st: Thevcerdfion 4, =24.., Ay =2.5%..

and A, =2Y%... The unit 1/(min-s), which can readily be used in
practice, means here that the angular velocity (in 1/min) is
reduced within one second by the respectively indicated value
(in 1/min). Depending on the deceleration rate and the initial
20 rotational speed of the drives at the beginning of the

deceleraticn process, the drives therefore generally come to a
standstill at different speeds when ﬁsing a deceleration
process that is as rapid as possibkle. In particular, they can
also "overtake" one another in general during the deceleration

25 process: although the lower working disk at w,,=27xx33RPM (2)

beging the deceleration process at higher angular velocity than
the upper working disk at e, =2z x27RPM (1}, it comes to a
standstill more rapidly, namely after approximately 16 seconds,
than the upper working disk, which comes to a standstill after

30 18 seconds, since the lower working disk can be decelerated
more rapidly, namely at v,=2},., while the heavier upper

working disk can only be decelerated at v, =1.5/,..

During this deceleration process at maximum speed, the

35 semiconductor wafer experiences constantly over the



25=:=const can be fulfilled as follows: d7NJ 60 Ichbi 0 =const.<>'f)2

j wl (t)dt wl (t)o. co 0).th j,0C0LO%hat is to say 30 thwi ow th.co. oc o
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deceleration time variable velocitieg relative to the grinding
pads bringing about material removal. The removal behavior is
difficult to predict, and the non-uniformity (anisotropy) with
which the semiconductor wafer is moved relative to the grinding
pads causes frequent load changes (reversal of the relative
starting velocity), and semiconductor wafers having a very poor
global flatness {TTV, total thickness variation) are obtained
after all the drives are at a standstill (TTV up to 5 gm). In
particular, semiconductor wafers processed in this way proved
to be wedge-shaped, that is to say that they have a thickness
gradient across one of their diameters. This indicates that the
semiconductor wafer did not rotate in an undisturbed manner and
uniformly (statistically) in its receptacle opening in the

carrier during the deceleration process.

The tempcral change Ei in the angular momentum i; of the

installation part i as a result of the action of a torque M, is

described by the relationship ﬂl:zfng}w@. In this case, the
torque L =.J, & , where @ denotes the vector of the angular
velocity with the magnitude a%zkﬁLm2ﬁn of the installation part
i with the rotational speed v, in 1/s or 1/min. In this case, J:
is the moment of inertia of the rotating installation part i,
which has a mass mizfpyﬁjdf, where J;=I;%&jqﬁ-dr, where p,(7)
denotes the density of the installation part i in the volume

element t, I denotes the distance between the volume element
and the rotational axis and j.ndr denotes the integration over

all volume elements 1 that the installation part comprises. The
actual highest possible deceleration rates for deceleration of

the drives ag rapidly as possible result in practice from the
fact that the torque ﬁi applied during deceleration is limited

to the drive i rotating at angular momentum L, . In the event of

the maximum torgue EL being exceeded, components of the

apparatus would be overloaded. By way of example, the bearing

arrangement for the axis of rotation of the drive i or even the



i.e. the ratio of the deceleration rates of two different drives
7,-, is chosen such that it correspond® exactly to the ratio :1,, of the

initial

process,who 5 In the exanple shown in figure 1(3),
at the beginning of the deceleration process were again coo =2. 70<27RPM

(upper

w3, 0=2) -

and j,

angul ar velocities coo and coo at the beginning of the deceleration

wor ki ng disk, 1), w2M 2 7CX 33 RPM (| ower working disk, 5),

7), andnidieidecttranatodDnshaeset chesproass$ Miglappdtatiyr goheht cofathe

gsgegégatkgg curve%d%% %ég é%grvéy3fap%%d&€g%fg%i§£3ﬁ %gré§|ent of curve

4). In
figure
vel ocit

pmﬂetcmbaﬁpmf$¢hidhamdth@aﬂpcmbfkﬁmgodlghstheanxpﬁph@nsmbhm in
1(B) s actually carrie t Wt rati o of the angul ar
%%go R %@Eﬁ?%tﬁyt%ﬁteY%n %% a.?r%%%grding to the invention

thig nethod carried out according to the invention, the mnrkpieces, at
every point in Llne during the deﬁ%Ie ation of .the drives,

exper i ent@ ¥ et

BheS RO t 3t SRR

S

t he angul ar velocities

(x15RPM (inner drive ring, 6), 10 co4, 0=8RW1 (outer drive ring,

TR N
t P s a8 DHOR r 2SERY b?gtﬁ% FhStant when
t he shuigewn:iah gptetdickngssdisvas] ahnedn (begi sahpgrativbecdeeel erati on

process). Very good flatnesses_ with on av a TIT Am wer e obt ai ned,
and t heFFRER#AET of- B bEIERE 4V2t aglet®i ?%%g % 5?%
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small"with 0.<:"1 Am
arbitrary different drives always had the same ratic at every

point in time in the deceleration process. The total duration
of the deceleration process that is at least required for this

purpose is determined by the drive 1 having the highest
rotational energy E}m%Jﬂfo, that is to say from its moment of

inertia J; {and thus the maximum possible deceleration rate o)

and its angular velocity at the beginning of the deceleration
process, @,,. In the example shown in figure 1(B}, the upper
working disk has the highest angular momentum, which thus
determines the fastest possible deceleration process according
to the invention. According to the invention, the drives are
then decelerated during the deceleration process in each case
precisely such that the ratio of the instantaneous angular

@;(F)
(1)

velocities of two arbitrary drives, where i#j, is constant

()
@, ()

at every point in time, that is to say =const . The condition

a(t)
@ {r

=const can be fulfilled as follows:

w.(t di ot o, 00, ! @, OO, @ o
———‘()=const.<:>w-~ AQN 1’02 “'=0~<:>m‘~=~wu~w~“~~—~i‘0,‘2 Lyt 20
w, (1) dti o, (1)) @, ., @, @, @ @,
that is to say

a.)j 605 (}mj d),' wi,ﬂwj d),' wi,O

e | ;
@0 Wy @, W, w0,




It was found, then, in the investigations concerning the deceleration
behavi or of the drives and the resulta#t thickness fluctuations of the
wor kpi eces from pass to pass and the 24 flatnesses (geonetries) that the
drives can even be brought to a standstill significantly nore rapidly than
wi th the above-described |inear deceleration of their rotational speeds,

wi thout the installation being danaged or the drives that 5 supply the
rotating nmachine parts and have to absorb energy arising during

decel erat&onthei ag- oy est oagledicantethaioh hi st decef etadi anftanenevert hel ess
be chosen. such.th hesr ati t. l.sp i r
drives El%?%aisa%%nitaﬁf 5%95%§9%%$;§§%?f%@£§e%€|§§%§?§%®%¥%5§%§55%€ X
drive i Lotati pge 86 angyranneelioGidig 10m aRd avidg a dment obnignestia LT,
has the rotational efiergy Ent=i-J, co2 During decel eration, the energy Erot
i s redugedcBé Be§oh®ihdobf —herQtcéluher bon Ppobcdenot és=tHe. braki ng power .
This braking power has to 15 be absorbed by the drives, for exanple by the
inverters, which drive the rotating installation parts and which are
operated as generators during decelerati of,the drives and feed this
brakingz%nEP%yeﬁﬁﬁﬂf?nf%cv%eg%ogkgugﬁp%ﬁgpSyg?En?n%Pi%§ Yﬁg?ﬁﬁgl%ﬁnﬁérsion
of the ehechesenhingwer f0s exaspkeadlon Prakesg @@reesgatar. |f the energy
conver sj,on_bakesRPARCELULLE GONRIART aROKET 1) dF Iy eS: ARG Ry e TbAG.UNI ts
(invertets, resistors) e subject”to a consfant’loading. Since this

| oadi ngwpbiey) diskcobst amt, =i2tes |  BEBNGt dbege ekt kuen vahte for a given
rotational _ey y .t I ed..averall Ii.s sal i.ni.ral - e tinme.
25 Bich'rap RAbedParar BaLiE tAakar ole pRA el By e ol the
processtRgsappasarusi.shrom RBrad it Bicfohe) deliadeirch= ceonstrvek;1),, it

follows. t thi = i.e. the deceleration_th: t hi ur pose s to be
chosen V@%yg%%%%i{gﬁﬁgf?ﬂg 8ge8F§XFyE§nv¥P§é{%£%%ﬁpoigf%%g?n%éy he
i nst ant apeeds3anguhar vyel med4y, coiigeqfbhrtobrt Bardei ¥e.i In(bhdkhi 8o
confirm that the deceleration in the example shown in figure
15 1(B) was actually carried out with a ratic of the angular

velocities of the drivesg that is constant according to the

invention,
gi=-E£L~=0818=3i9m2;§3=0818 etc. is checked for all the drives
a, 1.833 @, 4

20 i#EJ.

In this method carried out according to the invention, the
workpieces, at every point in time during the deceleration of
the drives, always experience the same constant kinematics as
25 present at the instant when the shutdown target thickness is
attained {beginning of the deceleration process}. Very good
flatnesses with on average a TIV < 1 um were obtained, and the
fluctuation Ad of the average thickness d of all the workpieces
of one pass from the average value of all the workpieces of all

30 the passes was very small with JAd <1 um.

It was found, then, in the investigations concerning the
deceleration behavior of the drives and the resultant thickness

fluctuations of the workpieces from pass to pass and the



case, the dot above a term denotes once again the differentiation of the
termwith respect to tine.) 25 Integraion yields the relationship with
whi ch the angul ar velocity co,=0),(t) has to depend on tine t in order to

meet this condition: 5Scoithidt=f co, dodt=jco,dco= dt const . The
I ntegration constant that occurs when solving the indefinite integral is
determned fromthe initial conditions, o),(t:O):coo, I .e. the angul ar

velocity coo of the drive i at the 10 instant t 0, at which the

wor kpi egestabbakpedgtbret 25 661 tha@kﬂ§§3d£@vegnbahaévag beepgdeagher abi on
process of the drives, and thus_results as const=0), 20. Cbnsequentl 2k( 2)

15 The ?lﬁ%aFﬁFtFéau?Fgﬁlfb?aFﬁ%¥ @ﬁ??lrﬁﬁéd%YaﬁH§F|WFtVﬂFF? =g ?ge()Az
obt ai negdeasripsy- 17hksri 8e0Bl ¥R Enasr! ARG asr¥RHEUCRE] speeds,

without the installaticn being damaged or the drives that

5 supply the rotating machine parts and have to absorb energy
arising during deceleration being overloaded, and that this
deceleraticon can nevertheless be chosen such that the ratio of
the rotational speeds of two arbitrary drives is always
constant at any time in the deceleration process.

10

A drive I rotating at angular velocity w; and having a moment
of inertia J; has the rotational energy E, =%J@'. During

deceleration, the energy E... is reduced at a rate Er -P

rot T
where -P... denotes the braking power. This braking power has to

15 be absorbed by the drives, for example by the inverters, which
drive the rotating installation parts and which are operated as
generators during deceleration of the drives and feed this
braking energy back into the power supply system, or by thermal
convergion of the electrical power for example at a braking

20 resgistor. If the energy conversion takes place with constant
power, drives and converting units (inverters, resistors) are
subject to a constant lcoading. Since this loading (power) is
constant, its (constant) maximum value for a given rotational
energy to be reduced overall is also minimal at the same time.

25 Such rapid deceleration is therefore particularly gentle for
the processing apparatus.

&

S T

From Pm—E=—%I(%Jfa)f)z—Jia)ja')zconst::ki, it follows that @, =-
i.e. the deceleration @ for this purpose has to be chosen to

30 be at any time precisely inversely proportional to the
instantaneous angular velocity @ =, (/) of the drive i. (In this

case, the dot above a term denotes once again the

differentiation of the term with respect to time.)



ti fok needed by braking with a constant deceleration (linear deceleration,
colin(t)=coo t) with the sane value of° the 000rw, 0 20 initial
deceleration as in the case of progressive braking according to equation
(2), co,(0=co70-t- 2k t 2 J02 =1"u =2ii,br,pro = 2". 1(12/ci 25 Figure
2(A) shows, as a conparative exanple, deceleration not according to the
invention, wherein all the drives i are decelerated at the sane initial
decel eration rate 0=0) at the beginning of the deceleration process, t =0,
fromtheitegmtiah whglfartivel velayiamsip |withi sheaketheocan@ntcp=0) were
30 chosep bdepti 9)?4:'6«){(:} onibose d&gend hen conpar atineoL3@Apte heeacepigance
wth figure 1(A) with linear decel eration: co0=27tx27RPM (upper wor ki ng
di sk, coon@iB8ioneco2.0= 2 rcx 33RPM 26 040=27rx8RPM (outer drive ring, 11);
iii(t=0)=1.5Xii,s, 1% (t = = 2Ymn." 1)3(t=0)=2.5X,in." 1:74(t =0)=2.
Despite the halved tinme - conpared with the conparative exanple

5 Jay@dt:Iayg?dfzfa%dw:}éaf+cmmt

The integration constant that occurs when solving the

indefinite integral is determined from the initial conditions,

w(i=0=wm,,, i.e. the angular velocity ,, of the drive i at the
10 instant £t = 0, at which the workpieces attained the target

thickness for initiating the deceleration process of the
drives, and thus results as cmmtzaio. Consegquently

(2)

15
The time tp, required for this until the standstill e(f)=0 is

2
L@y
2k,

obtained as f = This is only half as long as would be

needed by braking with a constant deceleration (linear
k L

L@ﬁt) with the same value “Iﬁ? of the

deceleration, w,{f)=o,—

20 initial deceleration as in the case of progressive braking

according to eguation (2), @)= afgw%ﬁz,
2 2
¢ _ ']fa)f,o - ZZ - 2 Jiwi,()
ibrjin — k Lk brprogr T 2

i i

25 Figure 2(A) shows, as a comparative example, deceleration not
according to the invention, wherein all the drives 1 are

decelerated at the same initial deceleration rate @i =O) at the

beginning of the deceleration process, t = 0, from their
initial angular velocity ,,. In this case, @, and dﬁme) were
30 chosen identically to those from the comparative example in

accordance with figure 1(A) with linear deceleration:
@, =27x27TRPM (upper working disk, curve 8), a,,=2nx33RPM

(lower working disk, 9), @,,=2mx15RPM (inner drive ring, 10),



5 in accordance with figure 1(A) (linear deceleration) - until the
respective drives are at a standstill #h figure 2(A) (progressive

decel eration) and the therefore obvious supposition of a correspondingly
reduced "after-grinding", poor results are obtained: although the average
devi ation of the average thicknesses of all the sem conductor wafers of one
pass is only approxinately 3 ... 4 Anfromthe average t hi ckness of all the

sem conduct S of ap lurality of passes, fness of the
seniconﬂh@r§W%%§P GF&WFe qﬂtt} "Fﬁ%%ﬁ up1§6m5 'Am is just as
poor asyip=fghe com aratyv@?g&qgg$§,|n (pcopedance with figure 1(A). Finally,

figure ZiB) Shows decel erati'on curves of ‘the drives for an exanpl e
obtained with a decel eration nmethod according to the invention, wherein the

decel erati on re 20.chgsen such_that all LV a til
o e he Bhndlte NEAS B0 P Ehud  TratrBa yLER PhLVSSHSAREL 10 dniate | L
8), HavingatberbighestimhAssigute 1he) highestrmisealevhtioeftrauBiiand t hus

the | owest fastest.possible initial decelera [ at ,,, once
agai n dE?%rﬁ?ﬁ%ﬁthg t%FéVe§5aH%r%%|%nsB?n?ﬁé ggcé?e ?Fﬁ% %#%{e W t h
initial ﬁﬁ@@f@é@it@n&@@h@éﬁﬂtﬁéﬂlnaﬁ@EtB§aﬂné6eEﬁracobvdaﬂee with f|gure
1(B) at the instant g iithe initiation of t ﬁ%g ation, RLOCERS of

d cu

| >j t =0) SYPBRERE L0 gPadfefiPT bF SPREHREEY ef & FSﬁ egygri Ra?ig"? Boor

T>2(t =0}£4. 8833414 . Sp{gi adiens] ohoGyh VEnd 23 ve 38k 34t+#02 e00833K1aRe ( gr adi ent
of curve 13) and 1)4(t=0)=0A44 radi ent of curve 14), in_accordance

mﬁtw)f.@ﬁ?éag%syh%ﬁénﬁégaﬁtPﬁga&brsﬁﬁoﬁeﬁfCPﬁ@uaEe§|8?5%F6n05r88@sgaﬁﬁti

the drlygsoﬁif ﬁ%p@oﬁiﬁﬁéély|h i.saophyrhahftas hongags thecrubeakien in
conmparison with ure 1 .27 This is shown_in flgure 3(B) on the basis

of the ekanphe 6¢m%ﬁ@néwp9@r.waf@rfuﬁﬁea ROFKRhGTHi Sk) PRAERE cBBS27t Xx27RPM

and plelsiz00=1r5%he GRLOOHRESLVEDRAKLDY, tHBSCLBEALKER, CHEVR 42} Tand
c010=27t x27/RPM and /11=1; 1(t=0)=1.5X,,,n, (linear decel erati on,
of up to 5 um, is just as poor as in the comparative example in

13 accordance with figure 1(A}.

Finally, figure 2(B) shows the deceleration curves of the
drives for an example obtained with a deceleration method
according to the invention, wherein the decelerations were

20 chosen such that all the drives came to a standstill at the
same time. In this case, the drive i = 1 (upper working disk,
curve 8}, having the highest mass m;, the highest moment of
inertia J; and thus the lowest fastest possible initial
deceleration rate v, (f=0)=15%,,, once again determined the total

25 duration of the deceleration process. With initial
decelerations chosen as in the example in accordance with
figure 1{B) at the instant of the initiation of the
deceleration process of v (=0)=15),, (gradient of the
deceleration curve 8), v,(t=0)=1.833y,. (gradient of curve 12},

30 v(r=0)=0.833),.. (gradient of curve 13) and v, (r=0)=0444}
(gradient of curve 14}, in accordance with figure 2 (B} the
resulting duration of the deceleration process until the drives
are at a standstill is only half as long as the duration in
comparison with figure 1(B).

35



5 curve 1). Conversely, the progressive braking also nmakes it possible to
achi eve a duration of the deceleratiorf’process until the drives are at a
standstill which is the sane as that with |inear deceleration, with initial
decel eration halved by conparison with |linear deceleration. This has the
advant age of being particularly gentle for the drive guides (spindles)

| oaded by the braking torque and the rest of the construction el enents of

t he processing apparatus with regard to irreversible deformation or

over | oatiiig. ighelsows Shofvgine 3 {B) foguriee PAYis onkethgatmamml ¢ hef bt s of
the exagplee of 1he OusbéyewdrEidg (@p@er wieskéng, di Sk} 2WREME @0d 0=27cx27RPM
and A---.1(t=0)=0.75X. fl (progressive braking, d%celeration curve 15) in
conpar i sonv t B ©bif=2z XFrREMEETd Vel brakying —Glece Ipwati o |GureEr 12!

decel eratyop, curve7dbm Pardi gul ardyogoosyf | atnessas GEEY1sricydh,in part
even significantly below this value) and thickness 20 fluctuations ( Ad | <
1 ym wenevebtai neshiersdls, case. prtogfesdhrees bnaledsng galsonsakeswas found
t hat the object on ich the %nvention 1S _.ba o_achieved by those

a

sed is_al
ot hodsPPRE MR ST HECHETER of Al PR baL Rhr Fred ont Lont b G LA SUBST ant i al |y
25 const@nt rtd asr Dfed herangul arsvehdet 11 eswiof ch hes dehe esamé tdis respect to
one another,_j.e. i found to be permssible for the ratios of the
angul ArTER oIS HS 1o PheERbl @Bt YOCR L Tot | SEETLETNEST fordey BY
nevert hebRssriSo0blat R, 1 8668+ disge 1 Ordtitoh NVERL & ORas etide t Ad ekinesgesodf t he

wor kpi eces with very little 30 fluctuation from pass t as This is of
i rrpB’rta}ﬁ%bn%iPl%ret}l?lhi%?%%t?%%?l%xg@fl E/h%o‘?'ﬂé%‘éﬁtgﬁlbi%ﬁi g?gjrn@]peé%g rati os at

any tinec£adabsy readigedkonyrdkdhe very gi@atedt fbf cthé yeoSbneacthendrives
of the processing apparatuses suitable for carrg&ng out the invention have
to appl §LENYACHoNer SHBf PrPREGEHRT afPPATFEWF 351 kv ¥ RI#BRatPs) in order to

OVer COME,-} B8 PE OSESSaE 06 LRSL 138 &P b 1Gd ohgesThoE i DEi SHofhi chi on)
occurring durlng%proce55|ng, t hey cannot be enbodi ed as stepper. notors

. r
(| ow pofieguslei VEB), YNEH ABRER eRXakhPyPROhSt aht Chet aX#BRde SpeklCrati os
would ber&bteito be(weatizedrkbug datherwigener aly2haléRBM oah@ enbodi ed as

AC servonotors (power, drives). . , ,
o, =v(t=0j=0.75), . (progressive braking, deceleration curve 15)

in comparison with @, =2mx27RPM and A4 =v(t=0)=15}),, (linear
deceleration, curve 1). Particularly good flatnesses (TTV < 1
um, in part even significantly below this value) and thickness

20  fluctuations (|Ad| < 1 um) were obtained in this case.

In further investigations it was found that the object on which
the invention is based is also achieved by those methods in
which the deceleration was carried out only with substantially
25 constant ratios of the angular velocities of the drives with
respect to one another, i.e. it was found to be permissible for
the ratios of the angular velocities to be subject to certain
fluctuations in order nevertheless to obtain, according to the
invention, end thicknesses of the workpieces with very little
30  fluctuation from pass to pass. This is of importance since, in
practice, exactly constant rotational speed ratios at any time
can be realized only with very great difficulty. Since the
drives of the processing apparatuses suitable for carrying out
the invention have to apply high powers of, in general, a few

35 kW (kilowatts) in order to overcome the process forces



Servonotors achieve their desired rotational speeds by neans of a

cl osed-1oop control. In this case, durd®ng operation, the deviation of the
actual angular velocity C , ACTUALWfromthe desired angul ar velocity

W, DESI RED(O i s continuously neasured and, in accordance with this control
deviation, a force control unit feeds power to the drives (increase in
rotational speed, acceleration) or takes power away fromthem (reduction in
rotational speed, deceleration). Such a closed-l1oop control is 15 necessary
since thertndies aoecsubjecindongeftirtniai)l esoatrngng oddsinyri ng

mat eri al -r enpvi t th
e o Sk ETRYLNg) PEOSPochig.{ et At ancou, ULLLAG, £ARSELLY Plobhe
t enper apower depensent vfr:ttltttu:loﬂsh ékmﬁmqub@@wmmeﬂoswapmahcbpm@e
i ntroductj on chan?%s}%% % E20 whi c hav to ,E)e conpensat ed

t hen fobdt<tiyeH ? Rt r?% o%‘:t"téﬁ’1 e%%ln?]ﬁ‘?éﬁﬁe%% YA of

the 5\/\D_F1L<@lB@eémlbcﬁtaiedla@tmt;s@ﬂvd:mcbﬁd)mfr;m:ﬂwaasari@e@ass according to the
invention, if the actual 25 instantaneous ratios of the angular velocities
during deceleration deviated by up to 10% fromthe desired constant target

ratios. gdpvdhbSof@seehidvaashé Obnges Drde it apOshaDt spbetveby theadsivyes had
a deviation upward (actual rotational speed > desired rotational speed) or
a devi ati DR INWRPRI S5t ualn ot | TR PR dRETFetC ot BEF onal
speed) , dasidiongn asf t hize axt trad 1 rangesat Ace At Yeeswl tind/f riorant Héraact ual

DB TR Bl anabar el oriti ey, S0L, ATTLA devt ehod L1y saclcase iarol

decel er ati QR-PrQSESS  wLOM + B9s (SdnATUALMW WOr 1 dR% a2 force control unit
feeds power to the drives {increase in rotational speed,
acceleration) or takes power away from them (reduction in
rotational speed, deceleration). Such a closed-loop control is

15 necessary since the drives are subject to certain alternating

loads during material-removing processing (instantaneous
cutting capacity of the grinding tool subject to constant
change owing to wear, temperature-dependent frictions,
thermally governed shape and force introduction changes, etc.),

26 which have to be compensated for.

It was then found still to be gsufficient, in order to obtain
end thicknesseg of the workpieces that fluctuation little from
pass to pass according to the invention, if the actual

25 instantaneous ratios of the angular velocities during
deceleration deviated by up to 10% from the desired constant
target ratios. In this case, it was found to be unimportant
whether the drives had a deviation upward (actual rotatiomnal
speed > desired rotational speed) or a deviation downward

30 {actual rotational speed < desired rotational speed), as long
as the actual ratios %) resulting from the actual

@ pesmep 1)

angular velocities @ . () deviated in each case by not more

than up to 10% from the ratios at the instant of the beginning
of the deceleration process, “yéﬁ:”ﬁggéuﬂ):

35



(L',,Acm|L(t) Furthernore, it was found that in the case of a deviation of
the ratios of the angular velocities défing deceleration of |ess than or
equal to 5% the fluctuation of the target 5 thicknesses of the workpieces
actual ly achi eved upon standstill and at the end of the pass, within the
scope of the neasurenent accuracy, is identical to the fluctuation with

al nost exactly (deviation < 1% constant ratios of the angular velocities.
Decel eration with quctuatlons of the rotational speed ratios by

signifi a&hy@Des@o %ﬁ€%5@6 d not yield any inprovenent in the thickness
fluctuaﬁéons K, tqbnf °t'hi’ {he scope of the neasurenment accuracy and is
t her ef of & partlcula |y preferred. In order to realize a closed-loop contro
of the dnivBsrwbis, contwas devhat thas snlthéotasenpar hsasvputposest the
control characterlstlc of the_force_control énlts (i,nve tersé tha feed or

take awhlepbRetCEant bERE nARgRYFEutRIPRAEISRr FURTGH ﬂ%ﬁ@ §raf O?eﬂ or taken

away evg@ssnthaﬁ §8S& @ézSﬂalt°r0taél@mabtﬁae@dnd@flaheoaargéhls results in
a very "stiff" Iom#sléﬁ 20 cl osed- IooE control; but at the expense of
hi gh | 068&SkTASERE PRVERE eVSTERUSECHr RAT VL BdBERASHER HERT pBWEFIRRhELh can

be fed Q4the dnivesqonravesagesandybhist cABI BEaphi B the sbhbhireqshtol
characteristic. Continuous ogeratlon under such conditions woul d be
uneconoAFEUEAAYr neFf iéeRhiCaRdLRoLNE GéHBREEDEORhEIGEeadPOST exactly
d'SPFOPQ&EVQQEES£Y<OYQFdeﬁQ@hﬁBegagib¥e§faBHef8&5@189“%&ch98hé§ Wi | e

t he described nethods according to the invention for decelerating the
drives BeapleratjonactielhefinetepféensonfwaehrgbathenphvERErONTREiBgsed, it
prOMFd L9 be §9¥§eaﬁ9§§U§egé tAbnt Be §aFenbi 1@§dtQﬁyd§ﬁE£8&@&éBE of the
instal lation~drives e grinding pressure cohveyed by the applied | oad of

t he uppéhembhkﬁhgeaﬁsﬁlugtéBEQOﬂédgbéélagarHétﬂﬂ? &bepeserbl ef Rapidly 30
reducin ug poOss t he
O R G R S LA

| argel y uninportant whether 5 the pressure was in this case reduced

| i nearl re |v e v s _erucia

after-g%?ngrﬁg rg ucgﬁy% t%eg5§§§dtngPo¥gﬁkgﬁﬁeo?nEB hﬁggée pressure was
redutedcoﬁbrslléeadaambage©u3osfncecbmgachaoacpempssbs oththeoptessure

reducti o can, Lhereby be chosen suchtbat, syendnible.ease, ofyle Loty

resi duaf Re cdrriers’can st
reIiablyrbehkeeawhpepmmekingndbekshamgbﬂoshch shttaveoy hmghhpoherby way of

cont Tol E5F RE PreSSure AHBYi SAFPOR ShPedapel PFiEVrE FACARPPIRCH dr i ves
still speed deVLatlons. This results in a very "stiff" (low-slip)
20 c¢losed-loop control; but at the expense of high losses in the
inverters and a greatly reduced maximum power which can be fed
to the drives on average and whilst maintaining the stiff
control characteristic. Continuous operation under such
conditions would be uneconomic and inefficient and would demand
25 the use of disproportionately overdimensioned drives and force

control units.

While the described methods according to the invention for
decelerating the drives completely achieve the cobject on which
30 the invention is based, it proved to be advantageous 1if, at the
same time ag the deceleration of the installation driveg, the
grinding pressure conveyed by the applied locad of the upper

working disk is also reduced as rapidly as possible. Rapidly



15 rotating and the sem conductor wafers | eave the carriers, which would
lead to fracture. Finally, however, it3%lso proved to be advantageous if
the pressure was reduced only slowy, such that even with all the 20 drives
at a standstill, a residual applied |oad of the upper working disk on the
wor kpi eces was still present. As a result, although the nmagnitude of the
"after-grinding" increased, the latter proved to be very constant from pass
to pass, such that good flatnesses and small thickness fluctuations

conti nueddtoi?s biee obtainede hakeveit sushilPPS Passekewepba paragoitadey
reliable. This igtbecause i f aﬁ%oééege Sggésfﬁgéhg%gnple in the case of

ol der d%%b?%@s?% %Eb%fﬁﬁ%%%%T e cardani c suspensi on of the upper working
disk is stiff and sluggish, the upper working disk already begins to wobble

in the case of a 30 residual _applied ]o of greater than zero and can
partial 1y FRie 6??einlBaW?sa§?%é%yt?nb?h aE%ggyo?nﬁ?P?¥€%%ésV%%€%%¥e | oad
val ues. thé bhiSseaseyas el Comilsict ase WateiSedani heavey | herogeept ack by
openings in the carriers, and fracture ﬁcgurs. Ther ef or

, It ié oféen
advant agBodeI¥ eSStV FY nalfthi ¥e8 CEVEaPn 91 PEEFHUEF gb?geﬁe Bad®unti |

the driyestRee fo8ptetelycal aigéandsthitn The presentel Ayentégncean be
used in _all nethods wherein a 5 plurality of morkgiece§ gﬁe si nul t aneously
processBd*Fnls RAAYBRFAFEPRFOVINGST B8RiI BRSHRCEBE hS5idest hher B PHES

Wor Kpi eceguar EogUk 880 RYr 8BNS 0kh8Ben0sudh PLHLR! | EYenf igUtHE €agesoin a
freely novabl e fashion between a rotating upper working disk and a rotating

| owEY ~ WhPRi HS HAYRL P aS HOLBF e- SEeWPrbEeRSERgEHD BRParartis®TThedR are the

group doubj ¢- gidg, progessi ngr 1Bt Bedsedaseri bedriinghaisret i pachbatos art”.
The invention haS been described for a doubl e-side processing nethod with
pl anet agytkiheant ieswhbal, car VaKef sexpBbhppl FBE ¥BPB¥bPaKIABt A68S: 15 In

a net hod,, Wi t. b, phanstaky, ki NePBbheSaul-MEgWoRKT PEndi-sksoar enki pPzsbaped. As

gui de cages, per processing pass at |eaSt three circular carriers each
havi ng appléastione slreadyfbifhsweEkpiecearhdwehbhdhaveagShitsot hing

ext endi pg. gLE UM ARePhL ALLY; 0BnbO8CELY GUELELENCE, O (hDCCARLELELS QhECRO
used. e toothi ng engages into an outer and an inner drive ring, which are
i n eachwoa$é aeadngedfcantentrically with respect to the rotational axis of
the working disks. As a result of the rotation of the two drive rings, the
gui de cages are noved circunferentially with sinultaneous inherent rotation
25 abourithglyot htivemal, axt sabbot heowerkingbdi sksansaghotibat £t hbewor kpi eces

descri be cycl oidal traj.ectaqri r Lve h ki ng..di.sks n an
Or b ol Brethbee  Prg' FEhEERa" BRIy EAPULYE, bRch EnboRLI gL O knL
ci roul adriPeecasebysonadguide, cageessdusddapphiied towér sft heecenbpee area of

e M T AL TR A TR
wor Ki ngadtBbsghTheeomnbyhatuget badtief farsetundamentgl| yntreaspbianehary
klnenatig%ter proved to be very constant from pass to pass, such that
good flatnegses and small thickness fluctuations continued to
25 be obtained; however, such PPG passes were particularly
reliable. This is because 1f, as often occurs for example in
the case of older double-gide apparatuses, the cardanic
suspension of the upper working disk is stiff and sluggish, the
upper working disk already begins to wobble in the case of a
30 residual applied load of greater than zerc and can partially
1lift off in part already in the case of still considerable load
values. In this case, semiconductor wafers can leave the
receptacle openings in the carriers, and fracture occurs.

Therefore, it is often advantageous to still maintain a certain



35 with regard to the novenent sequence. The orbital nmethod is 32
characterized by the fact that in the ?#lesting reference system (| aboratory
systen) for each workpiece there is always a respective stationary area
which is conpletely covered by the workpiece at any time, since the one
gui de cage holding the 5 workpi eces does not change its angular orientation
wWth respect to the resting |aboratory systemduring the process of
describing the orbital novenent. By contrast, the nethod with planetary

ki nemat residsathapatiedi zedd bynt he fhet dthatst Aeeworkpietedsyant anserted
into a gLurgl'ti of carriers which 10 generally rotate around the center of
t he prote3s ﬁél bparatus by means of the rolling apparatus formed fromthe
i nner and outer drive rings of the processing apparatus. As a result of the
rotation of the carriers _therefoge, in.the ngﬁhod mﬁéh g#anetarg

ki nemat T 08, PFREFBE; $0YBREFAT | §PNoPSt APFEnaPy2al eBSFRCPRe "PESEI g™l abor at or y
system phi:eh1i sycorpletrbyccoyesed bymubeaneskplecprateapydt inea Al though,
in the nethod wth planetarz ki nenatj cs thg rot at 1 onal sgeeds f the drive
rings CHRCRFSBLpESERBLRA FACLhe"sPRCPPFE BaSESsubRetRAR FRE WPHPBIRESS of

the cargiergudneakept mehati enasieWothar pspestiito bhegdfdeesbag abgratory
systemduring the material -renoving processi ng of the mnrkELecesh that is
to say ERaBLYhBOFaPLref3ds@écRobeFBEale® TREFELABNURBEESYSF I IYIdEsEri be an

i nher engngoLat-hen € hQt abiop alPMtnghel Exr 88PaCLbYE]1 AL d1p8i Pi-ressuRy that,
in contrast to the orbital nethod, "their angular 25 orientation js subject
to & coaPPAuBLYSchahgee Fhe FROeHEPBR BaHCbe-EpPFi BYOFRSERBICASENBHS

| appi NggepOLE BBLNYnARHe OELALL B, nherei Brihe Phabkageaddrassed. pasn
descri bed above, is by far the greatest in the case of grlndlng. 30

Ther ef ofescanbagpEpeati eAublet AedpnpEREREATRE PRENEAsEI6 BARAEFAGYI s
pafF'CUkﬂﬁé%apggé?rbee-csﬁyg £Ly1 88 g@pgpgégbantbnogﬂgtgﬁsaeeaohgpplng or

polishing Is eW se poss e I n order urther 1 nprove the di nensional
accuracies in respect of target thicknesses obtained there, which are

alr?édyIﬂogdethé ﬁgﬁﬁr8§Qﬁ8t$&§hkgﬂgngkeé,aEhe working disks are

ring-shaped. As gulde cages, per processing pass at least three
circular carriers each having at least one cutout for a
workpiece and each having a toothing extending
circumferentially on the circumference of the carriers are

20 used. The toothing engages into an outer and an inner drive
ring, which are in each case arranged concentrically with
respect to the rotational axis of the working disks. As a
result of the rotation of the two drive rings, the guide cages
are moved circumferentially with simultaneous inherent rotation

25 about the rotatiocnal axis of the working disks, such that the
workpieces describe cycloidal trajectories relative to the two

working digks.

In an orbital method, the working disks are not ring-shaped,

36 but rather circular. Precisely one guide cage is used, which
covers the entire area of the working disks. It is driven to
effect an orbital movement by eccentrically rotating guide
rollers arranged on the circumference of the working disks. The
orbital method differs fundamentally from planetary kinematics

35  with regard to the movement sequence. The orbital method is



Patent claims 1. A nethod for the sinultaneous doubl e-side

mat eri al -renovi ng processing of at |ea¥ three workpieces between a
rotating 5 upper working disk and a rotating | ower working disk of a
doubl e- si de processi ng apparatus, wherein the workpieces lie in freely
novabl e fashion in a respective opening in a guide cage and are noved by
the latter under pressure in a working gap forned between the two worKking
di sks, wherein, upon a M presel ected target thickness of the workpieces
bei ng ath&ifetkrazdecel etiati bacproeessinsthai téat bdy deféengnedi shstdme

angul ar velocities t) of all the drives.i of_the upper,wrking disk, of
the | omé%a%?%ﬂﬁyd\?ﬂéﬁg%% g?rt%%&@u‘i‘“aﬁth%%ea?%eF%dgge%l‘f’%y% randsti 11 of
the tworMOs&ingyvei skstasdasf ahes guhdehcagecod bes By ncbheradigoy athe

velocities wW(t) of all the drives i are reduced.in such a that, durin
t he decéPEfRtFoR PhadBY Fﬁ%eraf?%%eoghﬁl?n?hﬁuéﬂﬁu?%geC%?%%?%?egg%o,(t) tg

one @Anolbekpascas f 4BeL| ABL Ofnihgetif® &ndevhat erDynbstionreithanedPdet rom
the ratios ‘at the instant at which the presel ected target thickness 20 is
attai nelo the ITRBtHRYhoAPAE>EPEY nBYS FANCHAr HRY, CRePEPRSFReChngul ar

vel oci t &S W21 hgOfnal brbheatll hyesmén bl epyedyfedakn, SHEE @evByat hatn during
the decel erati on”phase, the ratios of all the 25 angular velocities to one

anot herphgnativvickivamatiehel i pRarageoraredphy nbbe nbret t RARE 5568 r om t he

ratios @érigfe&ﬁétéyé absubieh 1heopseseliest edyt BEgehrLhiskngsschs

at t ai ned. . The nmethod as claimed in either of clains 1 and 2, wherein 30
t heltwor §Engrai sksraratei agoshdpeds wpeEerncht theaBtrorafreengi FROPERTYEI de
cages e Lngratyle YL chor £3-MREKPLEReL AB]; gAEh Bayi ng a
toothing§2§$%%%i%5 %P%cgégé?gﬁtgg%gyggnlthercircunferencelof t he gui de
cages avetesedrsiaurtingeons! yhevheperasihe appehirhygSenfagasreandtanl out er

35 and [ Lvecring, ¢ regi ca Hoa34:icn
concent?ﬁ%aggggﬁ?%h ?gsEggtc$2k§ EQFOFggfgﬁg eéx?§ g?é?ﬂggmgrk?ﬁg di sks,
and whepkanetheyt wondmavecsi ngberenssi ganerahéyvdnpvesabfonheygakda tages by

means oL ahigh. Lhe 9ULde.ca00S ALEMPYRT A LEUBLREPRLLEL! ¥o¥Ltla by
the workpiece at any time. Although, in the method with
planetary kinematics, the rotational speeds of the drive rings
can also be chosen in the specific case such that the mid-
pecints of the carriers are kept stationary with respect to the

20 resting laboratory system during the material-removing

processing of the workpieces, that is to say that the carriers
do not rotate, they then necessgarily describe an inherent
rotation (rotation about their respective mid-points}, such

that, in contrast to the orbital method, their angular

25 orientation is subject to a continuous change.

The invention can be applied in the case of lapping, polishing
and grinding, wherein the problem addressed, as described
above, is by far the greatest in the case of grinding.

30 Therefore, an application of the invention in the case of
grinding is particularly preferred. However, an application in
the case of lapping or polishing is likewise possible in order
to further improve the dimensional accuracies in respect of
target thicknesses obtained there, which are already good in

35  accordance with the prior art.



5 about the rotational axis of the working disks, such that the workpieces
describe cycloidal trajectories relatie to the two working disks. 4. The
nmethod as clainmed in either of clains 1 and 2, wherein Wthe working disks
are circular and exactly one guide cage is used, which covers the entire
area of the working disks and is driven by eccentrically rotating guide
rollers arranged on the circunference of the working disks to effect an
orbital novenent such that in the resting reference systemfor each

wor kpi eggréherel1asma respective stationary area which is conpletely covered
by the workpiece at any time. 5. The nethod as clainmed in any of clains 1
to 4, wherein the angular velocity col(0 of each drive i is reduced in

accor dancen 2@ ¥hbl Eefotﬁeosiﬁﬁitan@bﬁée@@uM@edgm@ée@at@@lamgyé@bvyﬁ@OCIty
at the beginning of the deceleration process, denotes the npnent of

i nert i aPRABEBSINY. OFf pREKDEFSL plF§e deRBRBECEAE é@ﬁ@??? 3 5PFRbtRFoN,

den0§esu§5§rdw§£ﬁﬂﬁ§ hrem Lhe §Xk§t9£1ﬁgt§&we9,wgrﬂ@ﬁgts§sﬁ decgl eration
capaci ty of drive 1, dr denotes an 25 infinitesinal elenent of the

oo o Hothhe- éh@@nﬁa@§@§5@ﬁ§ PRPALRRES paVEST BNt Hae dVPYEPLeCaRdLEe dbRot es
the ti ree? 1862 %hﬁgsﬂ§oﬁl§hn§dxé§p§9¥19£ Sbéhﬂﬁ 1:504 %umﬁgrgh Bethe

magni t ude o the c e 1n the angul ar” velocity coj O of each 30 drive i per
uni t t|ﬁEdlﬁt@e@@ésdlhYthéecéatééroﬁn@ﬁé peeebBrat LBnapretkssg garThe

method 88.6it8! fEC,LOnCLALMo WBPLERD hiE@Nouhareys) oghby QM of each diive

i Is reduced in accordance wt ginning o e de rati on process,
J, tenopessehechedenargéti hbitkneaheré Phefpdthpldeespbéingdenbaésethe

density, distibution, p denotessthg,distanceqlromthe; axi sngf ahghation. k.

eno es a ece eralon capacil (0] e arive 1, enotes an

denot pacity t v

i nfinitesioaitiébenmenttofof el valheredTitdmt i emﬁ:dﬂp@sgasezt hecrking disk,
of the lower working disk and of the guilde cage are reduced to
a standstill of the two working disks and of the guide cage,

15 wherein the angular velocities w;(t) of all the drives I are

reduced in such a way that, during the deceleration phase, the
ratiog of all the angular velocities w;(t} to one another as a
function of the time t deviate by not more than 10% from the
ratios at the instant at which the preselected target thickness

20 i1s attained.

2. The method as claimed in claim 1, wherein the angular
velocities @;(E) of all the drives 1 are reduced in such a way
that, during the deceleration phase, the ratios of all the

25 angular velocities to one another as a function of the time ¢t
deviate by not more than 5% from the ratios at the instant at

which the preselected target thickness is attained.

3. The method as claimed in either of claims 1 and 2, wherein
30 the working disks are ring-shaped, wherein at least three
circular guide cages each having at least one cutout for a
workpiece and each having a toothing extending
circumferentially on the circumference of the guide cages are
used simultaneously, wherein the toothing engages into an outer

35 and an inner drive ring, which are in each case arranged



rotating parts of the drive i, and t denotes the tine. 8. The nmethod as
clainmed in any of clains 1 to 7, whereln the duration tbr of the

decel eration process is determned by the 10 drive i with the greatest
angul ar nmonentum L, =Ji coo, wherein wo denotes the angular velocity at the
begi nni ng of the decel eration process, J,=fp, (07-2dr denotes the nonent of
I nertia, pl(r) denotes the density distribution, r denotes the di st ance
fromthe axis of rotation, dr denotes an infinitesinml 15 elenent of the
vol unme totbdattehcohpasseshthespetatiogtipartstat iohel daxve ¢ amel t denotes

the tine. .. 9..The nmethod as _clained in any.of ' : in the

pressur305§%?$e%l% stﬁ%ngoV %F%%%sgg? %%% %%Qﬁogéﬁ%gsﬁ%%égl?%t%ggégduced

azring ﬁhﬁvd@c&iEﬁhéi@mi@eoc&gﬁs bitOnedihe ofthbichstict aguede i pagdai ard,
erein the_ pressure at the end of, the celeratio rocess is,.greater than

rero. 2B9E GRS ot B b &) Wed” | By OFSCP Al HEITT TEC 16°C AReT s n each

wor ki ngadbsk tespestavebyatasxieson wios kivtgkiayedisont atnthgthaxedhy bonded

abr asi ve whi ¢h, throqg? cont ac .morkgleces brings abqgt mat eri al

to 1ve to the two

. Lth th
r emoval WPT Ot T RS woF K %%%305§£@¥$%ﬂi?i§560 ies Telat

working disks.

4. The method as claimed in either of claims 1 and 2, wherein
10 the working disks are circular and exactly one guide cage 1is
used, which covers the entire area of the working disks and is
driven by eccentrically rotating guide rollers arranged on the
circumference of the working disks to effect an orbital
movement such that in the resting reference system for each
15 workpiece there is a respective statiomary area which is

completely covered by the workpiece at any time.

5. The method as claimed in any of c¢laims 1 to 4, wherein the
angular velocity ,(t) of each drive i is reduced in accordance

20 with ahﬁ)zahﬁnﬁér, wherein @, denotes the angular velocity at
the beginning of the deceleration process, J, denotes the
moment of inertia where Ji=J;a@jr2dr, p.(r) denotes the density
distribution, r denotes the distance from the axis of rotation,
k, denotes a deceleration capacity of the drive i, dr denotes an

25 infinitesimal element of the volume t that encompasses the

rotating parts of the drive i, and t denctes the time.

6. The method as claimed in any of claims 1 to 3, wherein the
magnitude of the change in the angular velocity o,(f) of each

30 drive i per unit time increases in the course of the

deceleration process.

7. The method as claimed in cliaim 6, wherein the angular
velocity ,(f) of each drive i is reduced in accordance with

2k,

35 wlt)= aﬁw—jft, wherein ®,, denotes the angular velocity at the
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beginning of the deceleration process, J;, denotes the moment of
inertia where J;mf;gﬁjrzdr, p,(r} denotes the density
distribution, r denotes the distance from the axis of rotation,
k, denotes a deceleration capacity of the drive i, dr denotes an
infinitesimal element of the volume 1 that encompassesg the

rotating parts of the drive i, and t denctes the time.

8. The method as claimed in any of claims 1 to 7, wherein the
duration ty,, of the deceleration process is determined by the
drive 1 with the greatest angular momentum [ =Je,,, wherein o,

denoteg the angular velocity at the beginning of the
deceleration process, Ji=jpgry2dr denoteg the moment of

inertia, p,(r) denotes the density distribution, r denotes the

distance from the axis of rxotation, dr denotes an infinitesimal
element of tThe volume 1 that encompasses the rotating parts of

the drive i, and t denotes the time.

9. The method as claimed in any of claims I to 8, wherein the
pressure exerted on the workpieces by the two working disks is

reduced during the deceleration process.

10. The method as claimed in claim 9, wherein the pressure at

the end of the deceleration process is greater than zero.

11. The method as claimed in any of claims 1 to 10, wherein
each working disk respectively carries a working layex
containing fixedly bonded abrasive which, through contact with
the workpiecesg, brings about material removal from the

workpieces by grinding.



