Method for the simultaneous material-removing processing of both sides of at least three
semiconductor wafers The present invention relates to a method for the simultaneous 5
material-removing processing of both sides of at least three semiconductor wafers between two
rotating ring-shaped working disks of a double-side processing apparatus, wherein the double-side
processing apparatus has a rolling apparatus, which causes at least three carriers to rotate, and
wherein each of to the carriers has precisely one opening, into which a semiconductor wafer is
respectively inserted in a freely movable fashion, such that the semiconductor wafers are moved on a
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10 the carriers has precisely one opening, intc which a
semiconductor wafer is respectively inserted in a freely
movable fashion, such that the semiconducter wafers are moved

on & cycloidal trajectory between the working disks.
15  Prior art

Flectronics, microelectronics and microelectromechanics require
as starting materials semiconductor wafers which have to meet
extreme demands regarding global and local flatness, single-
20 side-referenced flatness {(nanctopology), roughness and
cleanness. Semiconductor wafers are wafers composed of
semiconductor materials such as elemental semiconductors
(silicon, germanium), compound semiconductors (for example
composed of an element of the third main group of the periodic
25 table, such as aluminum, gallium or indium plus an element of
the fifth main group of the periodic table such as nitrogen,
phosphorus or arsenic) or the compounds thereof (for example

Sij-xGey, 0 < x < 1}.

30 In accordance with the prior art, semiconductor wafers are
produced by means of a multiplicity of successlve process steps
which can generally be classified into the following groups:
{a) producing a usually monocrystalline semiconductor rod;

(b} slicing the rod into individual wafers;

5 (¢} mechanical processing;



2 (d) chemical processing; (e) chemomechanical processing; (f) if appropriate additionally producing
layer structures. 5 Advantageous methods in the context of steps (c) and (e) in this case include
so-called "free floating processes" (FFP), in which both sides of a semiconductor wafer are
simultaneously processed in material-removing fashion in one work step, to be precise in such a way
that the processing forces acting on the M semiconductor wafer on the front and rear sides during the
material removal compensate for one another, such that the semiconductor wafer is processed in "free
floating" fashion substantially without constraining forces of a guide apparatus being exerted. In this

case, "substaqga}lly&{gﬁggglth 1, O%segggﬁal; of the kinematic characteristics of the process, the forces
acting on the front and rear sides during processing can at least in principle precisely balance one
another and tH&t' o RESIG FBitiml FArREEIRATHay occur, will occur only on account of statistical
fluctuations or{exteirfal=gisturbanse2G:vdiables: Byynmeans of FRP ldefects of formvag s result of prior
processes can be removed particularly effectively and with little material removal , and the FFP

impress hardly an processm%-gharacterjstlc Few defects ofO @rg}gttgblﬂge)d tontcpe(gra] )onitrpe
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processed in material-removing fashion in one work step, to be
precise in such a way that the processing forces acting on the

10 semiconductor wafer on the front and rear sides during the
material removal compensate for one another, such that the
semiconductor wafer is processed in “free floating” fashion
substantially without constraining forces of a guide apparatus
being exerted. In this case, “substantially” means that, as a

15 result of the kinematic characteristics of the process, the
forces acting on the front and rear sides during processing can
at least in principle precisely balance one another and that
low resulting residual forces that may occur, will occur only
on account of statistical fluctuations or external disturbance

20 variables. By means of FFP, defects of form as a result of
prior processes can be removed particularly effectively and
with little material remcval , and the FFP impress hardly any
processing-characteristic new defects of form attributed to
them on the semiconductor wafers.

25
In the prior art, preference is given to seguences for
producing semiconductor wafers in which at least one of the
process steps involved is an FFP. In the prior art, particular
preference is given to sequences in which at least one FFP

30 comprises z method in which both sides of at least two
semiconductor wafers are simultaneously processed in a
material-removing fashion between two ring-shaped working
disks, wherein the semiconductor wafers are inserted loosely
into in each case at least one receiving opening overall of at

35 least one thin guide cage (carrier) tocthed on the outside,



30 comprises a method in which both sides of at least two semiconductor wafers are simultaneously
processed in a material-removing fashion between two ring-shaped working disks, wherein the
semiconductor wafers are inserted loosely into in each case at least one receiving opening overall of
at 35 least one thin guide cage (carrier) toothed on the outside, 3 which are guided by means of a
rolling apparatus and the outer toothing under pressure on cycloidal paths relative to the working
disks, such that they rotate completely around the miﬁipoint of the double-side processing apparatus
(planetary 5 movement). Such kinematics are used for the lapping, grinding or polishing of

Semiconductor walers, 11S2009/0298396A1 and US2009/0298397A1 describe daublesside grinding
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receiving a plusality afisematconductorwaterseef that sizearrier on precisely one pitch

circle around the midpoint of the carrier in such a way that

15 the ratic of the area of the pitch circle to the area of a
semiconductor wafer is between 1.33 and 2.0. US2009/0298396A1
furthermore makes certain regquirements of the size and
arrangement of the abrasive pellets used in the method. By
contrast, US2009/02983%97A1 discloses a grinding method with the

20 same arrangement of the semiconductor wafers in the carriers,
but an alkaline solution is used in addition to the bonded
abrasive, and the rotational speed of the semiconductor wafers
is between 5 and 80 reveolutions per minute. It has been found,
however, that complying with these requirements does not

25 suffice to obtain semiconductor wafers having the required
plane-parallelism of the flat surfaces. Particularly in the
case of an arrangement with only one large semiconductor wafer
per carrier, sufficient flatness was often not obtained. With
most of the commercially available double-side processing

30 apparatuses, an arrangement like that cannot be avelded for
example in the case of semiconductor wafers having a diameter
of 450 mm, since the ceorresponding carriers are not large
enough for receiving a plurality of semiconductor wafers of
that size.

35



4 Other arrangements of semiconductor wafers in the carriers and of carriers in the double-side
processing apparatus are also known. By way of example DE10159848A1 specifies that, in a
double-side polishing apparatus mentioned by way of example, 5 having a diameter of 1970 mm for
the outer drive ring and 530 mm for the inner drive ring, it is possible to insert up to 5 carriers having a
pitch circle diameter of the outer toothing of 720 mm. In each carrier there is space for three
semiconductor wafers having a diameter of 300 mm.4n general, W however, the arrangements
disclosed are not considered to be related to the plane-parallelism that can be obtained by the

processing. Object and how it is achieved 15 The %l%)ljegt thu"?a%rgsse % im%reovgjnﬁg(;:hleeggo%vg
double-side pPogé%%ir?gr heEABEE With %Tar?eet%%’f kinematics 8Gct that p’ar%cular y plane-parac?lel
semiconducto? vafers eéanhe prédiscetd BBdAOMIERPESE FF tHEI case df YeR? |dtge diafifeters 20 such
as 450 mm, farexample, The,object isaehievechby sweans.of apaethorfor the simidtaneous
material-remoying processing of both sides of at least three.semi f en two
rotating ring- % %gﬁeajﬁgr w?gjL hsf)s}ﬁsngf 3%%%%5—%%%&?c%%%ﬁgg%%ﬁ?ﬁ%ﬁwﬁb double-side
processingy apparafitd FashaBiiriy apparatie, WhidPEausss atfeast thretcarie?s 36 Yotate, and
wherein each of theveaniersthas preeiselyrdrve opaning,intoiwhichsa Sehesiconduotor wafep i$o

respectively inserted in.a 30 freely movable.fashion, such that the semicqndyctor wafess arednoved on

a cycloidal trajectory between the working disks, wherein the arrangf%rgegiglof the carriers in the

double-side proce5sthd EppaFattd Ahdaf the dpéhifigs inthERSHiers s such that the inequality

semiconductor wafers having a diameter of 300 mm. In general,
10 however, the arrangements disclosed are not considered to be
related to the plane-parallelism that can be obtained by the

processing.

Object and how it is achieved

15
The object thus arose of improving the known double-side
processing methods with planetary kinematics such that
particularly plane-parallel semiconductor wafers can be
produced economically even in the case of very large diameters

20 such as 450 mm, for example.

The obiject is achieved by means of a method for the
simultaneous material-removing processing of both sides of at
least three semiconductor wafers between two rotating ring-

25 shaped working disks of a double-side processing apparatus,
wherein the double-side processing apparatus has a rolling
apparatus, which causes at least three carriers to rotate, and
wherein each of the carriers has precisely one copening, into
which a semiconductor wafer is respectively inserted in a

30 freely movable fashion, such that the semiconductor wafers are
moved on a cycloidal trajectory between the working disks,
wherein the arrangement of the carriers in the double-~side
processing apparatus and of the openings in the carrviers is
such that the inequality

35



5 R/e.sin(n/N*) - r/le - 11.2 is satisfied, where N* denotes the ratio of the round angle and the angle at
which the adjacent carriers are inserted into the 5 rolling apparatus with the greatest distance with
respect to one another, r denotes the radius of an opening for receiving a semiconductor wafer, e
denotes the radius of the pitch circle around the midpoint of the carrier on which the opening is
arranged, and R denotes the radius of the pitch circle on which W the carriers move between the
working disks by means of the rolling apparatus. No Felationship between the arrangement of the
semiconductor wafers in a carrier, the arrangement of the carriers on the 15 working disk and the

obtainable plane-pa@"elism Pf Rg proce§sec1 semicqnductor wafers is known in the prior art. The
. L e-%ﬁn T y = EVe = %- . )
present invention is based on the observation that independently of the choice of material removal

mechanism (grinding, lapping, polishing), and independently of the choice 20 of the method (lapping
method, pelletsgeadingt RRG ghirdiagydoabtessigde polishirg)i fromd the aumbedobpadsibknd

combinations.of the atrangement of the, semigandugctor. wafers.in theLcarrigt andthe-arsangement of
the carriers on the working disk, only a»smgll selection range is suitable f,otr econson;iggll¥g5 producing
semicondiictor Wafehs whtPa High Segted of plafe parafielish WHISH ard suitable for parficularly
demanding applicationshBrief deseription ofithe frfies 30TFign1Gws an‘eampreeiand
arrangement @%%rgmm&immp,n af a&emiggn@g@t%aw%irba cafdepandmwnberesize and
awangementg&%gz%aquS£1 5%988Q§§ﬂﬁgpgg¥¥§¥¥3%Rp%ﬁﬁgﬁ-é%e opening is

arranged, and R denotes the radius of the pitch circle on which

10 the carriers move between the working disks by means of the

rolling apparatus,

No relationship between the arrangement of the semiconductor
wafers in a carrier, the arrangement of the carriers on the

15 working disk and the obtainable plane-parallelism of the
processed semiconductor wafers is known in the prior art. The
present invention is based on the observation that
independently of the cheoice of material remcval mechanism
(grinding, lapping, polishing}, and independently of the choice

20 of the method (lapping method, pellets grinding, PPG grinding,
double~side polishing), from the number of possible
combinations of the arrangement of the semiconductor wafers in
the carrier and the arrangement of the carriers on the working
disk, only a small selection range is suitable for economically

25 producing semiconductor wafers with a high degree of plane-
parallelism which are suitable for particularly demanding

applications.

Brief description of the figures

30
Fig. 1 shows an example of an arrangement according to the
invention of a semiconductor wafer in a carrier and number,
size and arrangement of the carriers in the double-side
processing apparatus.

35



Fig. 2 shows a comparative example of an arrangement not according to the invention of a
semiconductor wafer in a carrier and number, size and arrangement of the carriers in the double-side
processing apparatus. 5 Fig. 3 shows a further comparative example of an arrangement not according
to the invention of a semiconductor wafer in a carrier and number, size and arrangement of the
carriers in the double-side processing apparatus. 10 Fig. 4 shows a further example of an arrangement
according to the invention of a semiconductor wafer i a carrier and numbe size and arrangement of
the carriers in the double-side processing apparatus. 15 Fig. 5 shows, as a comparative example, the

diametrical thicknesg profile of a semiconductor Waferflfter Processin b %g'ﬁt method not according
to the invention-20 éigs.’féggﬁoﬁs? SS% futHer compal at?veoexéalr%p?elf,rt g%lelametr_ical thickness profile of

a semiconduecREEmaftérpidte shiie By 88 cdnd nieMo8 Bt HCCoF MR thEinYention.  Fig. 7
shows, as an exapiple, thewdiamelkical thiekness: psafiler?p-aka senficonductornviafes aftertgrecessing

by the method ac%grdjrgg lathe inventign, Fig, 8 shows an apparatus suitable for carrying out the
method accora?nug fo the inve%ltion?SO %% Qgsphows the plotting of the area-normalized flatness TTV*

obtained dgainst the parameter x/e, essential to the invention, of the arrangement of carriers and
semiconductorixafess forddifferentiapparatusesandiproeessingmiethiddsin7arrangement

not according to the invention of a semiconductor wafer in a
carrier and number, size and arrangement of the carriers in the
double~side processing apparatus.

i0
Fig. 4 shows a further example of an arrangement according to
rhe invention of a semiconductor wafer in a carrier and number,
size and arrangement ¢f the carriers in the double-side
processing apparatus.

15
Fig. 5 shows, as a comparative example, the diametrical
thickness profile of a semiconductor wafer after processing by

a first method not according to the inventicn.

20 Fig. 6 shows, as a further comparative example, the diametrical
thickness profile of a semiconductor wafer after processing by

a second method not according te the invention.

Fig. 7 shows, as an example, the diametrical thickness profile
25 of a semiconductor wafer after processing by the method

according to the invention.

Fig. 8 shows an apparatus suitable for carrying out the method
according to the invention.

30
Fig. 9 shows the plotting of the area-normalized flatness TTV*
obtained against the parameter x/e, essential to the invention,
of the arrangement of carriers and semiconductor wafers for
different apparatuses and processing methods.

is



List of reference symbols and abbreviations 10pening for receiving a semiconductor wafer 2Pitch
circle of the arrangement of an opening in a carrier 5for receiving a semiconductor wafer 3Midpoint of
the double-side processing apparatus 4Midpoint of a carrier 5Midpoint of an opening for receiving a
semiconductor wafer 6Enveloping circular line of the arrangement of the opening tofor receiving a
semiconductor wafer in the carrier around the midpoint of the carrier 7Pitch circle of the outer toothing
of a carrier 8Pitch circle of the rotation of the carrier midpoints around the midpoint of the double-side
processing apparatus (planetary path) 9Straight line connecting the midpoints of two adjacent carriers

10

15

20

23

30

35

List of reference symbols and abbreviations

B U1 = W

10
11
12

i3
14
15
16

17
18

19

20
21

Opening for receiving a semiconductor wafer

Pitch circle of the arrangement of an opening in a carrier
for receiving a semiconductor wafer

Midpoint of the double-side processing apparatus

Midpoint of a carrier

Midpoint of an opening for receiving a semiconductor wafer
Enveloping circular line of the arrangement of the opening
for receiving a semiconductor wafer in the carrier around
the midpoint of the carrier

Pitch circle of the cuter toothing of a carrier

Pitch circle of the rotation of the carrier midpoints
around the midpoint of the double-side processing
apparatus (planetary path)

Straight line connecting the midpeints of two adjacent
carriers

Outer edge of the ring-shaped working disk

Inner edge of the ring-shaped working disk

Region of the excursion of the semiconductor wafer beyond
the edge of the working disk

Carrier

Pitch circle of the inner drive ring

Convex thickness prefile of a semiconductor wafer
Convexly irregular thickness profile of a semiconductor
wafer

Uniform thickness profile of a semiconductor wafer

Set of method configurations with x/e parameter and TTV*
in the range preferred according to the invention

Set of method configurations with x/e parameter and TTV*
outside the preferred range but still within the range
according to the invention

Pitch circle of the outer drive ring

Set of method configurations with x/e parameter and TTV~

in the range not according to the invention



10 Outer edge of the ring-shaped working disk 11Inner edge of the ring-shaped working disk 20 12
Region of the excursion of the semiconductor wafer beyond the edge of the working disk 13Carrier
14Pitch circle of the inner drive ring 15 Convex thickness profile of a semiconductor wafer 25 16
Convexly irregular thickness profile of a semiconductor wafer 17Uniform thickness profile of a
semiconductor wafer 18Set of method configurations with x/e parameter and TTV* in the range
preferred according to the invention 30 19 Set of method configurations with x/e parameter and TTV*
outside the preferred range but still within the range according to the invention 20Pitch circle of the

outer drive ring 21Set of method configurations with x/e parameter and TTV* 35in the range not
according to t 8 inv8REENY 9ap

Upper working disk
32 Lower working disk
33 Inner drive ring
5 34 Holes for feeding operating agents
35 Quter drive ring
36 Semiconductor wafer
37 Measuring apparatuses for working gap width
39 Upper working layer
10 40 lLower working layer
e Piteh circle radius of the arrangement of an opening for
receiving a semiconductor wafer in a carrier {(eccentricity
of the opening)
n, Rotational speed of the cuter drive ring
15 ny Rotational speed of the inner drive ring
ng Rotational speed of the upper working disk
ng Rotational speed of the lower working disk

T* Radius of a semiconductor wafer

r Radius of the circular opening in a carrier for receiving
20 a semiconductor wafer
N Number of carriers in the double-~side processing apparatus

N* Ratio of the round angle to the angle at which the
adjacent carriers are inserted into the rolling apparatus
with the greatest distance with respect to one another

25 R Pitch circle radius of the rotation of the carrier
midpoints arcund the midpoint of the double-side
processing apparatus (planetary path radius)

T Thickness of a semiconductor wafer

TTV Total thickness variation (range of the thickness

30 variation over the entire semiconductor wafer, min .. max)

PTV* Area-normalized TTV, i.e. TTV relative to the area of a
300 mm semiconductor wafer

x Half of the distance between the envelopes 6 of two
adjacent carriers

35



8 30 Working gap 31 Upper working disk 32 Lower working disk 33Inner drive ring 5 34 Holes for
feeding operating agents 35 Outer drive ring 36 Semiconductor wafer 37 Measuring apparatuses for
working gap width 39 Upper working layer W 40 Lower working layer Pitch circle radius of the
arrangement of an opening for receiving a semiconductor wafer in a carrier (eccentricity of the
opening) n,Rotational speed of the outer drive ring n,Rotational speed of the inner drive ring
noRotational speed of the upper working disk 9

General description of double-side processing with planetary

kinematics

Figure 8 shows the essential elements of an apparatus according

5 to the prior art that is suitable for carrying out the method
according to the invention. The apparatus 1is suitable for
simultaneous double-side lapping, grinding or polishing with
planetary kinematics. The illustration shows the basic
schematic diagram of a two-disk machine for processing disk-

10 shaped workpieces such as semiconductoer wafers, such as 1is
disclosed for example in DE100D07390A1, in perspective view.
Figures 1 to 4 show a plan view c¢f the arrangement of the
carriers 13 and of the openings 1 within the carriers 13. The
reference symbols used in the following description of the

15 apparatus and the way in which the apparatus works relate to

these five figures.

An apparatus of this type consists cof an upper working disk 31
and a lower working disk 32 and a rolling apparatus formed from
20 an inner drive ring 33 and an outer drive ring 35, carriers 13
being inserted intc said rolling apparatus. The working disks
of an apparatus of this type are ring-shaped. The carriers have
openings 1 which receive the semiconductor wafers 36. (Carriers
each having three openings are illustrated. By contrast, the

25 invention relates to carriers having only one opening.)

During processing, the working disks 31 and 32 and the drive
rings 33 and 35 rotate at rotational speeds ne, o, N; and n;
concentrically arcound the midpoint 3 of the entire apparatus
30 (four-way drive}. As a result, the carriers on the one hand
rotate on a pitch circle 8 around the midpoint 3 and on the
other hand simultaneously perform an inherent rectation about
their respective midpoints 4. For an arbitrary point of a
semiconductor wafer, a characteristic trajectory (kinematics),

35 results with respect to the lower working disk 32 and the upper



nuRotational speed of the lower working disk r* Radius of a semiconductor wafer Radius of the
circular opening in a carrier for receiving 20a semiconductor wafer Number of carriers in the
double-side processing apparatus N* Ratio of the round angle to the angle at which the adjacent
carriers are inserted into the rolling apparatus with the greatest distance with respect to one another
25 RPitch circle radius of the rotation of the carrier midpoints around the midpoint of the double-side
processing apparatus (planetary path radius) Thicknd8s of a semiconductor wafer TTV Total thickness
variation (range of the thickness 30variation over the entire semiconductor wafer, min ... max) TTV*
Area-normalized TTV, i.e, TTV relative to the area of a 300 mm semiconductor Wafer Half of the

distance betvxié%ﬁ]ih’égeﬁ%}e%pééﬁ 5Ptiko DA TariBRsi3s rererred to as

trochoid. A trochoid is understood as the generality of all

regular, shortened or lengthened epi- or hypocycloids.

5 Depending on the type of processing method (lapping, polishing,
grinding), the upper working disk 31 and lower working disk 32
can bear working lavers 39, 40. They are polishing pads in the
case of polishing, and working layers containing bonded
abrasive in the case of grinding. The interspace formed between

16 the working layers 39 and 40 is referred to as a working gap
30, in which the semiconductor wafers 36 move during

processing.

At least one working disk, for example the upper working disk
15 31, contains holes 34 through which operating agents can be fed
to the working gap 30, for example a cooling Jubricant, a
polishing agent or a lapping agent. In addition, measuring
devices 37 for measuring the width of the working gap 30 can be
present.
20
During lapping, a slurry of loose hard substances having an
abrasive effect (lapping agent, lapping slurry) is fed to the
working gap 30 and material removal from the semiconductor
wafer 36 is effected in this way. The working surfaces of the

25 working disks 31, 32 contain no abrasive in this case.

During grinding, by contrast, the working disks 31, 32
respectively comprise a working layer 39, 4C facing the working
gap 30 and containing fixedly bonded abrasive. A cooling

30 lubricant containing no substances having an abrasive action is
fed to the working gap 30. The working layer can consist of an
elastic abrasive pad containing fimedly bonded abrasive. This
is referred to as a PPG method (“planetary pad grinding”). The
abrasive pad is connected to the working disk magnetically, by

35  vacuum, by hook-and-loop fastening or by adhesive bonding for



9 General description of double-side processing with planetary kinematics Figure 8 shows the
essential elements of an apparatus according 5 to the prior art that is suitable for carrying out the
method according to the invention. The apparatus is suitable for simultaneous double-side lapping,
grinding or polishing with planetary kinematics. The illustration shows the basic schematic diagram of
a two-disk machine for processing disk- 10 shaped workpieces such as semiconductor wafers, such
as is disclosed for example in DE10007390A1, in perspective view. Figures 1 to 4 show a plan view of
the arrangement of the carriers 13 and of the openings 1 within the carriers 13. The reference symbols

used in the foIIowir? description of the 15 apparatus and the way in Whichithe a aratus%/vorks relate
to these five figtife S AR TParaud SFRC §y e BoRSistEBP XA %pp%r?/vé’ﬁ(?ngla%kggf Ehd a lower
working disk 32fand aualling dpparatussforimetfedn 20 Ehlinnek drventg 38 and AR%uter drive ring
35, carriers 13, peing.insested.into saidiralling appasatss. JTheavarking slisks: ef,an appasatus of this
type are ring-shaped. The carriers have openings ich receive the semiconducto fers 36.
(Carriers eachaﬁé%i%“[ﬁ r%g gojpeesnin(gssO are %%es%:g?e%%h& %5htm%?§?, tﬁ%*f‘f fﬁ(/een%%%gr%e{a\t%%eto carriers
having onfy or&bpehirl. F DUt prRStessinty theweiking HRkS T ahd B aRgtABIMARriRYs 33 and
35 rotate at rotational speegisda,sn Arcanrdinasconcentbcaldysaround-thesmidpoint Scofthesentire

apparatus 30(fou-way Siye). As.2 ksl Ing Galets o8 {1e oo hand foiale pn.a pich sirle 8 around

. . n sy L .
the midpoint 3 and on the other hand simultaneously perform an inherent rotation about their

respective midiiAes4 1FoFaR ArbRI&H THHEST & XEmiCBABELST water 28 Thard&egte trajectory

(kinematics), 35 results with respect to the lower working disk 32 and the upper 10

10 During polishing (double-side polishing, DSP), the working
layers 39, 40 are polishing pads without any abrasive
substances. A polishing agent {pclishing slurry) containing
abrasive substances, preferably a colloidally disperse alkaline
silica sol, is fed to the working gap 30 formed between the

15 polishing pads. The polishing pad is elastic and, similarly to
the abrasive pad in the PPG method, can be removed from the
working disk by means of a peeling movement and is therefore

easy to change.
20 Detailed description of the invention

The invention is explained in greater detail below with

reference to figures and exemplary embodiments.

25 The inventiocn is based on a large number of experiments with
different double-side processing methods (double-side
polishing, lapping, pelliets grinding and PPG grinding) and
corresponding apparatuses with different numbers and
arrangements of the semiconductor wafers in the carriers as

30 well as varying numbers, sizes and arrangements of carriers in
the respective double-side processing apparatus. The invention
is based on the insight gained here that all the methods ,
despite their different material removal mechanisms {chemical,
erosive, chipping) and differences in the apparatuses used,

35 evidently have in common fundamental kinematic and topological



working disk 31, said trajectory being referred to as a trochoid. A trochoid is understood as the
generality of all regular, shortened or lengthened epi- or hypocycloids. 5 Depending on the type of
processing method (lapping, polishing, grinding), the upper working disk 31 and lower working disk 32
can bear working layers 39, 40. They are polishing pads in the case of polishing, and working layers
containing bonded abrasive in the case of grinding. The interspace formed between M the working
layers 39 and 40 is referred to as a working gap 30, iftwhich the semiconductor wafers 36 move
during processing. At least one working disk, for example the upper working disk 15 31, contains holes

34 through which operating agents can be fed to the working gap 30, foro%)ga}cnggg? a

polishing agetica HasPing"adétt. it Baditiort mB&Surifly B&0ftes™S7 Farmeasar

Agth

corcl)ilng lubricant, a

e

e width of the

working gap 30=can bezpresent.c20.During lappieg sa shurppof boserhamrsdisstantes having an
abrasive effect {lapping, ageptalapping.slurmy:is fed te thewworking gap 30-and materiat temoval from

the semiconductor wafer 36 is effected in this way. Th% workin sur{a%es of the 25
atlon C

%I‘:JL%%Q disks 31,

32 contain no a@bta&ivedn thiscdSe T3tring Grmding, by contrast, the working 8|rsks%§1, 32 respectively

comprise & working layet 8% ARG the SWTRiFY §ap Z0eaTd €8RS Iy borted

abrasive. A

cooling 30 lubfisankcertairing-ne skbstances havingran: aprasive actionds fecdta thewwerking gap 30.
The working layer can consist of an elgjs_.gc abrasivepad gantaining fixedly bonded abrasive. This is
referred to as g Igésm%atﬁéa C‘i"p‘?la}ﬁ%’[wrary pl)lad gr?r‘lding"). The abrasive pad is connected to the working
disk magnetically, by 35 vacuum, by hook-and-loop fastening or by adhesive bonding for 11 the
duration of useeadicarbeiremavad bysa peeling mavement after useanh ttarsiie thangadrapidly.

Alternativgly, the watking layer 39 cap also,consistaf a;multiplicityfigid-abrasiverhedigs{so-called

pellets). The ag)rasive bodies are

of the openings 1 in adjacent carriers 13 for receiving a

semiconductor wafer. In this case, the envelope & of

the

opening 1 arranged in a carrier 13 should be understcod to mean

the circle within the carrier 13 and the midpoint 4 thereof

15 which borders the area swept over by the opening 1 upon

rotation of the carrier 13 about its midpoint 4. To put it

another way, the enveloping circular line & is that circular

line around the midpoint 4 of the carrier 13 which precisely

still completely encompasses the entire area of the opening 1.

20

25

30

35

e is the eccentricity of the opening 1 on the carrier 13, that
is to say the radius of the pitch circle 2 on which the opening

1 is arranged around the center 4 of the respective carrier 13.

The invention is based on the cbservation, in particular, that
the ratio x/e has to be chosen from a very limited range in

order to obtain particularly flat semiconductor wafers and at
the same time to be able to carry out the method particularly

economicalliy.

Any person skilled in the art who is familiar with the
described double-side group processing methods with rotating
carriers will attempt to carry out the methed as economically
as possible, that is to say that said person will ensure that
the total area of the semiconductor wafers processed

simultaneously in a machine batch occupies a greatest possible



5 embodied as cylinders, hollow cylinders or right prisms and by their end faces are adhesively
bonded, screwed or incorporated into the surface of the working disk. Changing worn abrasive bodies
is more complicated than changing the abrasive pads. During polishing (double-side polishing, DSP),
the working layers 39, 40 are polishing pads without any abrasive substances. A polishing agent
(polishing slurry) containing abrasive substances, preferably a colloidally disperse alkaline silica sol, is
fed to the working gap 30 formed between the 15 polighing pads. The polishing pad is elastic and,
similarly to the abrasive pad in the PPG method, can be removed from the working disk by means of a

peeling movement and is therefore easy to change. 20 Detailed descri_ptg)n ogthe in]}clention The
invention is eXpiaRetih gredterd&trE800 MithRisretice 1B igutaE aha ExXemprary embodiments. 25
The inventionds basedon atarge noadsamef.-experiments with different double-side processing
methods (double-side polishing, lapping, pellets grinding and PPG grinding) and corresponding
apparatuses V'%iltxh differen}c nuEnbersian(% arrangements %f r;Et]e Semiconductor W%fr?%i in f@ggarriers as
30 well as varyln% fimbers size84 arrangémerﬁs of carriers in the respettive double-side
processing appatater TheriAvehtisnviisased bntthésinsryBE gaitidd Refe RfatIFedfethods , despite

their different materakremeyakmechanisms {ehemicalearosie, thipping) ang diffetences i the
apparatuses used, 35 evidently have ig.comman fudamental kineratis apddopological.
adjacent carriers 13 have to be chosen such that the ratio x/e

is less than or egual to 1.2,

10
Given uniform distances between respectively adliacent carriers
13 and identical arrangements of the opening 1 on all the
carriers 13, the ratio z/e can be calculated as follows:

15 x/e = R/e-sin{n/N) -~ r/e - 1

in this case, R denotes the radius of the pitch circle 8 on
which the carrier midpoints 4 rotate and the midpoint 3 of the
double-side processing apparatus between the ring-shaped

26 working disks 31, 32 by means of the rolling apparatus formed
from the inner drive ring 33 and outer drive ring 35 (see
figure 8) (planetary movement); N denotes the number of
carriers 13 inserted into the double-side processing apparatus;
r indicates the radius of an opening 1 in the carrier 13 for

25 receiving a semiconductor wafer; and e is the radius of the
pitch circie 2 around the center 4 of the carrier 13 on which
the midpoint 5 of the opening 1 lies. According to the
invention, each carrier comprises precisely one opening 1 for
receiving a semiconductor wafer.

360
The carriers 13 can likewise be arranged with different
distances 2% between the envelcpes 6 of adjacent carriers 13 on
the pitch circle 8. In this case, the maximum distance 2Zx
between the envelopes of adjacent carriers is essential to the

35 invention, as results according to calculation from



12 conditions which have to be met in order to profitably achieve very flat semiconductor wafers
suitable for particularly demanding applications. The cited methods in accordance with the prior art do
not recognize these correlations or consider 5 only isolated partial aspects of these correlations which
do not suffice to enable the economic production of semiconductor wafers having a particularly flat
form. The invention relates to the ratio of the two parameters x and W e (see figure 1): x is half the
distance between the envelopes 6 of the openings 1 i adjacent carriers 13 for receiving a
semiconductor wafer. In this case, the envelope 6 of the opening 1 arranged in a carrier 13 should be
understood to mean the circle within the carrier 13 and the midpoint 4 thereof 15 which borders the
area swept over by the opening 1 upon rotation of the carrier 13 about its midpoint 4. To put it another
way, the enveloping:cikcutarlire 6iis thateircular lime-arbund the midpoint 4 of the carrier 13 which
precisely still completely encompasses the entire area of the opening 1. 20 e is the eccentricity of the

opening 1 on the gar.rier 13, that is to say the radius of the pitch circle 2 on Whi&h tll]% openicrg lis
arranged arouHd e Gerfe? & of the RELpetlive tarfigr 13. The iivertiol s Baged o

fﬁef:oebservation,
in particular, thati25 the xatid x/@ hasttodie thesed froratvarylimhitesd range inwrdéetd oblain
particularly flat semicanductor wafers agd.atidhesame tine ta beabledasarny edt thesmethod
particularly economealty dn,eny Rersop.siiied 1 the,ad who 1S famjiar yuihh e, desqribed
double-side group processing methods With Fota |hg carriers wi rattempt to carry out the method as
economically a6 pozsible, that i€ i6°8ay tRat §aid3serR6rN il €Hsuke That therfdtal &l Srthe
semiconductok wafermprocessenk3s simulaneouslytn enmaghing batchioecuupies argraatest possible
13 10 respect to one another. In general, N* is not an integer since,

in the case of such non-uniform distribution of the carriers

with different distances with respect to one another, the angle

between adjacent carriers with the greatest distance with

respect to one another is generally not a divisor of the round

15 angle. In the case of a uniform distribution of the carriers

with identical distances between all adjacent carriers, N* = N.

The arrangement cf the carriers 13 in the rolling apparatus
formed from inner and cuter pin wheels is preferably effected

20 in such a way that the envelopes 6 of adjacent carriers 13 in
each case have as far as possible identical distances with
respect to one another. However, for mathematical reasons
(planetary gearing equations), this can be precisely fulfilled
only when the total number of pins on cuter and inner pin

25 wheels is divisible by the number of inserted carriers without
a remainder. This is not fulfilled structurally for all double-
side processing apparatus suitable for carrying out the method
according to the invention or if it is, then usually only for a
specific number of inserted carriers. The preferred arrangement

30 with as far as possible identical distances between the
envelopes 6 of adjacent carriers 13 is defined here as the one
for which the sum of the absolute values of the deviations of
the distances between adjacent envelopes © from the average
distance betwsen adjacent envelopes 6 of all the carriers 13

35 becomes minimal.



proportion of the area available on the ring-shaped working disks for the processing. The essential
insight of the present invention is, then, that 5 the semiconductor wafers in this case must not be
arranged arbitrarily, rather the arrangement of the opening 1 within a carrier 13 and the distances
between the envelopes 6 of the adjacent carriers 13 have to be chosen such that the ratio x/e is less
than or equal to 1.2. 10 Given uniform distances between respectively adjacent carriers 13 and
identical arrangements of the opening 1 on all the catders 13, the ratio x/e can be calculated as
follows: x/e = R/e.sin(n/N) - r/e - 1 In this case, A denotes the radius of the pitch circle 8 on which the
carrier midpoints 4 rotate and the midpoint 3 of the double-side processing apparatus between the
ring-shaped 20 working disks 31, 32 by means of the rolling apparatus formed from the inner drive ring
33 and outer drive: riagrds {see figure 8) {planketarnmovemerd) N dehbids tre humberteficarriers 13

inserted into thg doubje;side pracessing apparatus; rdngdieatas-the; idius of aniepening, 1 imthe carrier
13 for 25 receiving a semiconductor wafer; and e is the raqtius of the pitch circle 2 around the center 4
of the carrier 3 BHARRICHHE midpdint 50 the5ivehing Ties: According 16 thée mvention: eéch carrier
comprises prdeisely-onédperiing 1 fordeceivitiy bsseamicontiuetortnafdre 30T Bafersi3 ¢8n
likewise be arpanged with, different-gistances2x between the erwelopes 6rof-adjaeentsearsiers 13 on
the pitch circle 8, In this case aximum distance, 2x betyween epyelo f.adjacent carriers is
essential to thé 35 I|1r%/eer{}ﬁ|%:n, %gsé%%ltcs)péacncloz} irtl’g’todggaxéuI;:'S\%,i\:)F’lofr(])gr}‘ﬁey 1g¥>?/e£f£/%.h§n(nm*) -rle
carriers 13 of a configuration to be identical.

10 The inequality represented in claim 1 encompasses all the
special cases discussed and is therefore used for the

definition of the invention.

In practice, an arrangement of the opening in the carrier and

15 of the at least three carriers on the ring-shaped working disk
and in the rolling apparatus formed from inner and outer pin
wheels and the outer toothing of the carrier can always be
found easily such that the inequality represented in claim 1 1is
satisfied:

20
According to the invention, the intention is that x/e < 1.2,
Therefore, proceeding from a given arrangement in which, after
measurement, for example, the parameter x/e initially proves to
be too large, firstly further carriers of the same type can be

25 inserted into the rolling apparatus, to be precise preferably
as many as still have space therein with a smallest pecssible
distance from one another, and particularly preferably such
that they have an as far as possible identical distance with
respect to one another. As a result of this measure, the

30 determining distance 2x between the envelopes of the opening
arrangement of adjacent carriers is minimized and x/e is
rherefore reduced. If this still does not suffice, the carriers
initially used can be exchanged for those in which the opening
in each carrier lies nearer to the root circle of the outer

35 toothing of the carrier. As a result, the crucial eccentricity



In this case, N* denotes the ratio of the round angle (2n rad) 5 and the angle at which the adjacent
carriers are inserted into the rolling apparatus with the greatest distance with respect to one another.
In this case, therefore, n/N* denotes half of the angle at which the two adjacent carriers 13 are inserted
into the rolling apparatus with the greatest distance with W respect to one another. In general, N* is
not an integer since, in the case of such non-uniform distribution of the carriers with different distances
with respect to one another, the angle between adjacknt carriers with the greatest distance with
respect to one another is generally not a divisor of the round 15 angle. In the case of a uniform
distribution of the carriers with identical distances between all a |té?ﬁcent carriers, N* = N. The

arrangement &f the c&icts I MARE oIy SpHarktt ¥oMed /ot ifA&r &Rd outer Iﬁf:nrvev?‘}eeiis is
preferably effected:2@ini suciharwdy thatrthiuervelobesBrbfiadjatent cardarsil Mirenck case have as
far as possible jdentical distances ydthyrespect to one another. However, for mathematical reasons
(planetary gearing equations), this can be precisely fulfilled only when the total number of pins on
outer and inner pin 25 wheels is divisible by the number of inserted carriers without a remainder. This
is not fulfifled &truetiraiyférsall doublecbidehsrocessitiy-apparatus softablefor carfylfig out the method
according to the davention ok ifitiss them nsually endy forca specifia numberpotinsestaskcarriers. The

preferred arrange ec”& 3a0 ghfs rb%s?]p%%' }!)%!3%5. distances hetween fhe ervelopss, § of
d here

adjacent carriérs 13 as the one for which the sum of the absolute values of the
deviations of tﬁe%ﬁhﬁ%‘é%%@t%e‘é?ﬁé&f&&eﬁ% ERbBfSes 6 frbtn tie RVEFAGE didtan®d Betfeen
adjacent envefopesi6wofall theecattiets 4 33 becomesmirinralu dScEurthéemoré athecepeming 1 can

be arranggd differently wifhipthe 'I%f&@télﬂf%%%&é@f &Cmaﬂgtg@ygalm this cass=the,average

value of all the eccentricities ei of the carriers LSI, 5 L52, -, LSN, i = N |s gssen? to the

invention. It is PI&fEHER Howeder 35F all Tivé e T3S hgvgltﬁg CRE arrangeme the opening
1, that is to saydorallthe carders 13 of atdomfigurafibatebecidepticapn maximum thickness

and minimum thickness of a semiconductor wafer) - and the

thickness fluctuations within a pass tend to become lower if
15 particularly small values for x/e are realized. The

particularly preferred limit value of x/e £ 0.55 in this case

aricses as follows:

In the production of semiconductor wafers, lapping, PPG or

20 pellets grinding is generally followed by chemical mechanical
polishing, preferably simultaneous double-side polishing (DSPE).
Only very low material removal rates can be obtained during
polishing. Therefore, polishing is time-consuming and
expensive, and endeavors to manage with a lowest possible

25 material removal. However, experience shows that a minimum
removal is also necessary in the case of DSP, said minimum
removal resulting from a minimum delay time required by the
apparatus and process to attain a thermal eguilibrium. This is
the only way to obtain controllable and uniform results from

30 pass to pass. Polishing is usually the last significant step of
the shaping process during the production of semiconductor
wafers and therefore has to satisfy particularly stringent
reguirements concerning the obtained flatness and thickness
constancy of the semiconductor wafers thus processed.

35 Experience shows that a DSP minimum removal with good and



The inequality represented in claim 1 encompasses all the special cases discussed and is therefore
used for the definition of the invention. In practice, an arrangement of the opening in the carrier and of
the at least three carriers on the ring-shaped working disk and in the rolling apparatus formed from
inner and outer pin wheels and the outer toothing of the carrier can always be found easily such that
the inequality represented in claim 1 is satisfied: 20 According to the invention, the intention is that
x/el.2. Therefore, proceeding from a given arrangeniént in which, after measurement, for example, the
parameter x/e initially proves to be too large, firstly further carriers of the same type can be 25 inserted
into the rolling apparatus, to be precise preferably as many as still have space thereigovgith a smallest

possible distafieeFrémtore anblter: andPparictiy prefePadtl suehRhaF By Rave an as far as
possible identical distanceuwith respectetonsite anotkers Assa #esalt of#is Measuks e 30 determining

distance 2x betgen the envelopes.gfithe, apening awangement of adianeniicargersis minimized and
x/e is therefore reduced. If this, still does not su%fiq%, the qa}:rr.ierls initially used ggnaq?)else%relanged for
those in whict & oPBRRIRY I"e&CH taRterfles nearer 0 the oot cifcie of the outer 35 toothing of the

carrier. As a resultctheceruicial eceéatricityt 16 BatithearkaigementoPHE dpeRingHinte carrier is
increased and,¥/gis#hgrefore sedused pAcorahinaiivnefboth measuressisspreferably also used. 5

Arrangements in which the parameter x/e essential fo the invenfiop js less than, ot ggual to 0.55 have

proved to be ﬁgr%af{ajﬁr)‘/aéﬁ a&)le?gr_ b%O(flJSC|ng senglconductor wafers having a particularly uniform
thickness. ThisdstetatRedthasdebnifotmtl tHat FHE BIRSSLOf Hefs GF®fafer that can be

W obtained with acgivepsarsangement «ior example desceibed yrthesglobal fatress overtthe entire
semicongyctor wafer, (LTV  nfal ickness yauaton. difference hewween maxiguimdbidness and

minimum thickness of a semiconductor wafer) - and the thickness fluctt%atio stwitrlgin a pass tend to

become loweriFi5TsHicHRAYSHEH Vaffed fordde are fafizéd “TRE parﬁcﬁ%rl‘?/lpr%?erred limit value of

x/e 5 0.55 in tHiscasesarisesiasfoldowsss homogeneity after the DSP pass are
determined only by the properties of the DSP process carried
out, and not by the precursor product properties. Given +1 pm

15 distribution of the initial thicknesses around the average
value of a batch, therefore, approximately 20 um DSP minimum
removals are required. This is an empirical value; the remcval
value actually required depends on the type of polishing pad,
the pressure and the kinematics as well as on the properties of

20 the polishing agents applied.

Finally, 20 - 30 pm is a maximally expedient DSP removal value,
not just for the economic reasons indicated. In the case of
higher material removal with DSP, that is to say a longer

25 polishing duration and, consequently, a longer time of action
of the polishing agent, trace metals contained in the polisghing
agent unavoidably pass to the semiconductor wafers and
contaminate the latter. Overall, therefore, there is a just
still acceptable limit value for the flatness and thickness

30 fluctuation in order to be able to carry out the total
processing of the semiccnductor wafers at a high rate in terms
of guality, process yield and economic efficiency. Said iimit
value is approximately TTV = 1 um for PPG-~ or pellets~ground
semiconductor wafers having a diameter of 300 mm. For larger

35 semiconductor wafers, the still acceptable TTV value is



In the production of semiconductor wafers, lapping, PPG or 20 pellets grinding is generally followed by
chemical mechanical polishing, preferably simultaneous double-side polishing (DSP). Only very low
material removal rates can be obtained during polishing. Therefore, polishing is time-consuming and
expensive, and endeavors to manage with a lowest possible 25 material removal. However,
experience shows that a minimum removal is also necessary in the case of DSP, said minimum
removal resulting from a minimum delay time requiret$ by the apparatus and process to attain a
thermal equilibrium. This is the only way to obtain controllable and uniform results from 30 pass to
pass. Polishing is usually the last significant step of the shaping process during the production of
semiconductoravarcrs ehd theteforedidSto Shadyaricalaty Sfingeht AfqArdtefits €oncerning the
obtained flatngss anshthickress.aanstancy ofithe semicobdlctor wafeis tngs processeit 135

Experience shiows {hgh 3 RSE N enioval vl gogd and; 7 onsiant eesltsisappieximately
10 pm. A prerequisite for carrying out a stable DSP process is an alread very gcofgdtfl%tgfégsof the
semiconducto? Wafers Befsre pofistiAgartF Gers htrow distABulieR df the Thitial thickness of all the 5

semicondsictos fvafées of b thamhine batchi dn jprastice ielfasbbeén fosrd thatthe DS removal has to

be at least apprgximately,tep times as high-as the totah fietyationrhandwigty of4la initial thicknesses
of the semiconductor wafers of a DSE batch, that is to say, largest thicknesg of the W thickest
semiconductof 3atet mintis smallést thickness of the thinnest semiconductor water, in order that the
obtained flatnessianerthickressiidmogeheityeficrmheeDSPyasare’ détermined only by the
properties of the DSP process carried out, and not by the precursor product properties. Given 1 pm 15

distributin of fhe initial thicknesses around.the, gyerage valye of a,bateh, fherplare, appyoximately 20

. riers a L
pm DSP minimum femovals are reqpuwe . This i1s an empirical value; the removal value actually

required depehBisriife P! BBfsRg Pad thEresede Sid the KitétRafics A3well as on the
properties of 2f-the:pelishingragentsapplietoce the teeth or pins of the drive

rings have to have a sufficient stiffness and thus strength in
order to be able to transmit the forces for the movement of the

15 carrier, the corresponding outer toothing of the carrier also
has a corresponding minimally permissible tooth profile depth.
The opening in the carrier for receiving the gsemiconductor
wafer also cannot be arranged arbitrarily close to the root
circle of the outer toothing without adversely affecting the

20 mechanical stability of the carrier. Therefore, x cannot become
arbitrarily small. In practice, a value of x/e of less than
0.05 virtually cannot be achieved. Therefore, a parameter x/e

where 0.05 £ %/e < 0.55 is particularly preferred.

25 Lapping and double-side polishing are methods which bring about
a material removal from the semiconductor wafer by means of a
three-body interaction - (1) lapping plate, (2} lapping agent,
(3) semiconductor wafer in the case of lapping and (1)
polishing pad, (2) polishing agent, (3) semiconductor wafer in

30 the case of double-side polishing. In order to obtain a
material removal, the lapping or polishing agent always has to
be transported from the working gap, to which it is fed, over
the edges of the semiconductor wafer and be distributed as
uniformly as possible over the area of the semiconductor wafer,

35 that is to say the interaction zone between semiconductor wafer



Finally, 20 - 30 pm is a maximally expedient DSP removal value, not just for the economic reasons
indicated. In the case of higher material removal with DSP, that is to say a longer 25 polishing duration
and, consequently, a longer time of action of the polishing agent, trace metals contained in the
polishing agent unavoidably pass to the semiconductor wafers and contaminate the latter. Overall,
therefore, there is a just still acceptable limit value for the flatness and thickness 30 fluctuation in order
to be able to carry out the total processing of the semiconductor wafers at a high rate in terms of
quality, process yield and economic efficiency. Said limit value is approximately TTV = 1 pm for PPG-
or pellets-ground semiconductor wafers having a diameter of 300 mm. For larger 35 semiconductor
wafers, the stilfatceirabroTESValbe i§e8 FRifmitéd t6mRIgreater e ratio of the area of said
semiconductos wafess & that-of.a 899 rma spalicenductas avafer; fonsmaller seinidonduetor wafers,

said value has o, be '8%%% sauivalence with said area ratio. |t has, beep.found that values, of x/el.2
y

and, particulars]y preferably, x/e 5 0.55 are particularly suitable for this purposebThe area-normalized
TTV value, i.&f TTV-bafuE FEIBATE to the aFEE- DT S06 i SeHhicondiittsr WwarétSis designated here as
TTV*. W Fhe catrierstaresprovidec: ivithran puter tootlsitgl whichi ehgages dnathesinnet andhéuter drive

rings of the daublesside progessing-apRAratise Sincedhe teeth oppinsafthe.drivesdrgs have to have a
sufficient stiffness and thus strength in orcier to be abl% Io trggsmjt thgcfgcg%%% for th‘g,%vement of the
g

15 carrier, the SSiP&SFoNding Suiter t6athing OFfife RBAfer also has a corrasponding minimally
permissible tootts brofile dersth. The opeingtiarke cardépfor técéiving tHd sBmicordiictof Wafer also
cannot be arrgnged; athitiariy elosedpdtbesootgircle of the outer toothing without adversely affecting
the 20 mclachanical stability of the carrier. Therefore, x cannot become arbitrarily small. In practice, a
value of xe of less than 0.05 virtually cannot be achieved. Therefore, a parameter x/e where 0.05 5
x/e 5 0.55 is pRrFcdiarly 3eidifed 25 L apPims ahd doubié 1ide Polishing e mathSds Which bring
about a material removat from the semicdnduetos weafessoyheans ofaythree-bodyt rterdotiont- (1)

lapping plate, (2)lapping agent.(3) segueapdycior wafer i the,cage of lappingand gl-polishing pad,
(2)pO“Shwm’agggéég)ﬁggygggdggggggg?rgqtrough—shaped thickness profile of
15 the working layer (PPG, pellets grinding) or of the working
disk (lapping) therefore forms over the course of time in a
radial direction, and the semiconductor wafers processed
thereby increasingly acguire an undesirably convex form. In
order to counteract that, the semiconductor wafers are arranged
20 in the carriers in such a way that, during the inherent
rotation of the carriers, they extend tempcrarily with part of
their area beyond the inner and outer edges of the ring-shaped
working surface. On account of the rotation of the working
disks and the rotation of the carriers arocund the midpoint of
25 the apparatus, in this case this so-called “workpiece
excursion” 12 (figures 1, 3 and 4) sweeps over the entire edge
of the working surface given a sulitable choice of rotationail
speed, such that said working surface wears more uniformly.
This necessitates an eccentric arrangement of the opening for
30 receiving the semiconductor wafer in the carrier or a working
surface having a ring width smaller than the diameter of the

semiconductoer wafer.



30 the case of double-side polishing. In order to obtain a material removal, the lapping or polishing
agent always has to be transported from the working gap, to which it is fed, over the edges of the
semiconductor wafer and be distributed as uniformly as possible over the area of the semiconductor
wafer, 35 that is to say the interaction zone between semiconductor wafer 19 and lapping disk in the
case of lapping or between semiconductor wafer and polishing pad in the case of double-side
polishing, in order to obtain a uniform material removal. For this purpose, the semiconductor wafers
have to be 5 distributed as uniformly as possible and in accordance with the relationship of the
parameters describing their arrangement in accordance with claim 1 (and preferably in accordance
with claim 2) dverthe rirfshapedSRgicn BP HE WAFRINRFFHSKS H¥at iSRRI foTHidtEssing. 10
During lapping,RBGsandmpellets gsinding the werking ssufageds subjectide waart Ifthelarea swept

over by the sepiggnggﬂqy wafers during-processing lies within the area of the ring-shaped working
surface, a trough-shapedthickness profile of 15 the working layer (PPG, pellets grinding) or of the

working disk (lapping) therefore forms over the course of time in a radial direction, and the
semicondsictor waferst pracesseidbthereby moreasimgly nogaire arr indesigablyagohvexcform. In order to

counteract that the semicopductor wafgrs-arearanged:-2Q inthe-garriess i1 sugh a-wgy that,..during
the inherent rotation of the carneriCi they extend tempor%gly vI\{ligll[Part %fhtheirt%rea %%nc% the inner
and outer edg¥85F1RE it sASBetWOMKnG stiffate” Oh Accdtint of the rotation of the working disks

and the rotatiorfotitre eamiersratoundtheafidpditged by itself to be insufficient,

however. An eccentric semicenductor wafer arrangement in the

10 carrier is additionally required in order to obtain a high
degree of flatness and thickness homogeneity.
This proved to be plausible for the following reasons: During
lapping and during DSP, the eccentric “pump movement” of the
semiconductor wafer evidently supports the transport of lapping

15 agent and polishing agent, respectively, from the edge to the
center of the semiconductor wafer and thus enables a uniform
material removal. (A semiconductor wafer arranged eccentrically
in the carrier performs a gyroscopic movement similar to the
impeller of a centrifugal pump under the inherent rotation of

20 the carrier driven by the rolling apparatus and thus emits
kinetic energy to the surrounding fluid - polishing agent,
lapping agent or cooling lubricant - such that fluid transport
is effected.) In the case of PPG or pellets grinding, this pump
movement correspondingly leads to a more uniform distribution

25 of the cooling lubricant over a semicenducter and working layer
surface and thus counteracts heating and deformation of the
working gap. Furthermore, semiconductor wafers arranged with
insufficient eccentricity in the carrier, during the rotation
of the carrier arcund the center of the apparatus in the

30 working gap, consume or displace the lapping or polishing agent
or the cooling lubricant for the semiconductor wafers of the
subsequent carriers that are rotating on virtually the same
trajectory. This leads to non-identical processing results of
the semiconductor wafers of different carriers in the same

35 processing pass.



25 the apparatus, in this case this so-called "workpiece excursion” 12 (figures 1, 3 and 4) sweeps over
the entire edge of the working surface given a suitable choice of rotational speed, such that said
working surface wears more uniformly. This necessitates an eccentric arrangement of the opening for
30 receiving the semiconductor wafer in the carrier or a working surface having a ring width smaller
than the diameter of the semiconductor wafer. 20 In the case of DSP, a workpiece excursion is not
necessary because the polishing pad is not subject t@wear that would critically alter its form. 5 A
constant workpiece excursion by means of a semiconductor wafer arranged concentrically in the
carrier over the edge of a working surface having a ring width smaller than the diameter of the
semiconductor wafer proved by itself to be insufficient, however. An eccentric semiconductor wafer
arrangement incthedN@atrier is additionally required inorddr tohebtala aettigharesisiflatness and

thickness homageneity; This praved 4a pe.plavsible forthe, following sgasens;Dusing #apping and
during DSP, the eccentric "pump movement" of the semjcoriductor. wafer gvidenyyssiyﬂports the

transport of laBpil ade ARBNABBIBHiHG aG5eRt 1E8HECRSIS “frdn the edge To thé centerof the
semicondsictot syafenandahus erables acanifdrmy ateriabrsthioval. {ASsetfilconducisrwafer arranged
eccentrically i the caiier; padormsagyrascopic movgrment simifar tg the smpeller of auzenteifugal
pump under the inherent rotglion.of,20 the carrier driven, by fhe rolling ARparatys apd thus emits kinetic
energy to the gﬁrroﬁﬁdfﬁ% fldie™- poﬁ)slhng agent, lapping %{gent. or coolirlg [ubricant - such that fluid
transport is effeetdd. ¢ e calsErsf PP Gor pelfetdgriridifig “hiS b mdvEment correspondingly
leads to a moremifermadistrbutions2s et theneealing lubricant over aisemiconductor and working layer
surface and thus counteracts heating and deformation of the working gap. Furthermore,
semiconductor wafers arrangged with insufficient eccentricity in the gﬁrri%r], during the drot%gon of the

c

carrier around4RETREr of ife APPARARESA Hie SO°ROMNGHED: conshitv

e %?Ialscf:ﬁ’gcél%he fapping or
polishing agentatdhe ooting lubrieant for theeseimizontlutior wakerd of the stiBBBgaEREEaRIers that

are rotating onyirtually the same tajectory. ThisJeads 1o nop-identigakprocessingeesultscaf the

semiconductor wafers of different carriers in the same 35 pro in ) .
symmetry, ggven a cconcentric arran en%$§§ogr¥ﬁé semiconductor

15 wafer, the forces acting on the semiconductor wafer during the
movement in the working gap balance one another, such that no
resultant torgue that drives an inherent rotation in the
receiving opening acts on the semiconductor wafer. (The
trajectory of an arbitrary point of a semiconductor wafer

20 arranged concentrically in the carrier 1s always a closed
circle). A lack of inherent rotation of the semiconductor
wafers in their receiving openings leads to non-rotationally
symmetrical thickness profiles, that is to say “wadge-shaped”

semiconductor wafers.

If an arrangement not according to the invention in this way is
additionally embodied such that wide interspaces arise between
the semiconductor wafers or the envelopes of their arrangement
in adjacent carriers, the processing operated in this way

30 becomes particularly uneconomic since, expensive polishing
agent or lapping agent flows away from the working gap via the
wide interspaces without having been used and the avallable
working surface is insufficiently covered with semiconductor
wafers {small batch sizes of a processing pass; low

35 throughput). ARlthough polishing or lapping agent can in part ke



21 On account of the characteristics of the planetary gearing kinematics (cycloidal trajectories), this
depletion in the working gap takes place anisotropically since the polishing or 5 lapping agent or the
cooling lubricant is fed only at points via individual feeds 34 in the upper working disk 31 (figure 8) and
is not distributed sufficiently homogeneously in the working gap owing to a lack of eccentricity of the
semiconductor wafer arrangement in the carriers. 10 Moreover, the advantageous free movement of
the semiconductor wafer in the receiving opening of e carrier is suppressed by an insufficient
symmetry, given eccentricity. This is because, for reasons of a concentric arrangement of the
semiconductor the movement in the working gap balance one another, such that no resultant torque
that drives aniRHershtabtatich REAREFLCENIAG SPBHINGHctSBnthe Sericontfictst ViafetS trhe
trajectory of apcarpﬁrﬁrchyojappiﬁgsemmndmbbtpmaterﬂarrah@edrmmmio@lw in the carrier is
always a closgd ﬂrgg@n@/lgggpcgﬂahg@nggat}g%ggheogfen@ﬁgg’gd%oEW@fe,@tigitggirgglgeiving
openings leads to non-rotationally symmetrical thickness profiles, that is to say "Weqlgse-shaped"
SGﬂﬂCOhdUCKﬁ@ﬁﬁEﬁis process Can be adapted to the proportion of uniused

5 lapping/polishing agent within certain limits, this always
resulte in considerable losses due to efflorescence (polishing
agent) or clumping (lapping agent) and requires high efforts as
to filtering and separation of lapping or polishing slurry
whilst accepting a poorer surface guality of the semiconductor

10 wafers processed this way.

In addition, the lapping plate and primarily the polishing pad
are heated to a greater extent in regions with depleted lapping
or polishing agent than in regicons with an excess of lapping or

15 polishing agent, since in the former the cooling effect of
freshly supplied lapping/polishing agent is absent.
Particularly the polishing pad during polishing, which consists
of foamed plastic or woven or felted plastic fibers and
therefore conducts heat very pcorly, is heated particularly

20 rapidly. As a result, it expands locally. In the case of an
arrangement not according to the invention, the expansion takes
place non-uniformly over the working surface of the working
disk, and a non-uniform material removal results on acccunt of
the pressure conditions that are non-uniform over the

25 trajectory of a semiconductor wafer. During polishing, the
material conversion additionally has a temperature-dependent
profile owing to the chemical component of the polishing
mechanism. Locally fluctuating temperatures of a polishing pad
over which semiconductor wafers sweep non-uniformly therefore

30 lead to particularly non-uniform material removal and, in
addition, to greatly fluctuating surface defects {incipient

etching, increased basic roughness (“polishing haze”)).

During grinding by means of pad or pellets, by contrast, the

35 material removal is effected by means cf a twe-bodied



25 If an arrangement not according to the invention in this way is additionally embodied such that wide
interspaces arise between the semiconductor wafers or the envelopes of their arrangement in adjacent
carriers, the processing operated in this way 30 becomes particularly uneconomic since, expensive
polishing agent or lapping agent flows away from the working gap via the wide interspaces without
having been used and the available working surface is insufficiently covered with semiconductor
wafers (small batch sizes of a processing pass; low 35 throughput). Although polishing or lapping
agent can in part be 22 reused and be passed in an equilibrium of partly rejected used
polishing/lapping agent and proportionally metered new polishing/lapping agent a number of times to
the working gap efiePHid pRocesd taAtie aHEptet o th& Brfsoition of uh ¥Rt taipifigiotisRing agent
within_certain I(i_mitﬂs, thispplwpysaesults in cansiderable: losses The. taleflaresterice (folishing agent) or
clumping (lappingagent) and rgquites high.effarts asto;filtering andiseparation gblapmng or polishing
slurry whilst accepting a poorer surface quality of the semiconductor W ng,ers ocC ss%d Hﬂs way. In
addition, the 1&Fpitlpiate AnbimaTiRF e pgﬁ&iﬁﬁﬁf&é’ﬁe &5ted fo°a gréa eryex%gr?t I regions with
depleted lappingtor pokishing ldgent thaainaedionsywith ansexcess of Rppaig of peishing agent, since
in the former thecooling. effectaffreshly suprlieddapping/pelishing ageni s absenk Rarticularly the
polishing pad durin%jgollsglp%hvghich consists of foam%d plastic, or,woyen,or fsggg Dlastic fibers and

therefore cond\i&t8 Heat VEry poorﬁy(?rlnsl gated bg‘rﬁticviﬁaﬁy 2 rapidﬁ As a result, it expands locally. In

the case of anParrangememHataceoti P BrRANYERLBN, therelsansioRTaRES S

predominate, therefore, which determine whether a semiconductor
10 wafer having uniform or having non-—uniform thickness is

obtained.

In contrast to polishing or lapping where the material removal
takes place slowly and with low material removal rates by means
15 of a rolling movement of the loose polishing or lapping grain
in the contact zone between lapping plate or pelishing pad and
semiconductor wafer, the material removal in the case of
grinding using bonded grain takes place with comparatively
significantly higher material removal rates than in the case of
20 polishing or lapping on account of the direct force
transmission of the grain movement on account of the relative

movement of working layer and semiconductor wafer.

Relative to the decrease in thickness of all the semiconductor
25 wafers of a machine batch, typical removal rates of 0.5 -
1 pm/min are achieved in the case of polishing, typically 3 -
5 um/min in the case of lapping, depending on lapping grain
material and size, and 20 - 40 um/min in the case of grinding.
In the case of grinding, therefore, a particularly large amount
30 of abrasive slurry arises per unit time, to be precise
uniformly over the entire area of the semiconductor wafer. IT
has to be led away in order that the abrasive pad is not
clogged and maintains a uniform cutting capacity and iocal
overheating as a result of different sliding friction owing to

35  accumulated abrasive slurryy is thus avoided. Here a



place non-uniformly over the working surface of the working disk, and a non-uniform material removal
results on account of the pressure conditions that are non-uniform over the 25 trajectory of a
semiconductor wafer. During polishing, the material conversion additionally has a
temperature-dependent profile owing to the chemical component of the polishing mechanism. Locally
fluctuating temperatures of a polishing pad over which semiconductor wafers sweep non-uniformly
therefore 30 lead to particularly non-uniform materialzeemoval and, in addition, to greatly fluctuating
surface defects (incipient etching, increased basic roughness ("polishing haze")).  During grinding
by means of pad or pellets, by contrast, the 35 material removal is effected by means of a two-bodied
23 interactionsy(1j abrasiveyyrbirr Bendedcntthbabrasive Cortirelpa b petats) & emiconductor
wafer. The prablem ofaiformmmess transpert asintappiag-orsdetibies<ide palishingiis chviated here

because the abrasive grain s fixedly honded intp the working laver,andl, by, means aiihes v

advantageou$%%er%aryeﬁnrématlcs, iS uniform y guided to each surface location of the semiconductor
wafer that is t6 & processed2 Dty gMAdRRY GSing S et §raiRPriTtiET B cRssE8 prédominate,
therefore swhigh ideterminewhether asenicontiuctorddrwaterdaving einifopmesrtisaving non-uniform

thickness is obtaiped. Incontrast fo:palishing or Jagping where-the; materiakieraoval takes place slowly
and with low material removal rates by means 15 of a rolling movement of the loose polishing or
lapping grain e CORATE 26n8%etveen lapping plate or polishing pad and semiconductor wafer, the

material removal in the case of grinding using bonded grain takes place with comparatively

significantly higher rpaterial yemoval, tatesdbapdndhe casepf 20 polishingcoritapping-enaccount of the

direct force transmission of thelgrai mover(}ennt on account.of the relatilyeprggxl/gmqp}t,ofe@{grking layer

. + Ta
and semidondtitto WAL BETAtVE TS the Becreass in thickness of all the Semiconductor 25 wafers of a

lnaChMelxﬂcﬁﬂ&éﬂﬁﬁ@@ﬁﬁﬂ@]Wﬂ%@&ﬁQﬁS.ffloat” at locations with accumulated
cooling lubricant (or lapping or polishing agent) and thus move

from the material-removing engadgement with the working layer.
This results in a material removal that is non-uniform over the

15 trajectory with impaired flatnesses and thickness fluctuations
of the semiconductor wafers. By increasing the distance between
adjacent carriers and thus the semiconductor wafers, for
example by removing one or more carriers from the processing
apparatus and distributing the remaining carriers as uniformly

20 as possible over the space thus gained, the probliem of locally
accumulated operating agent or inadeguately removed grinding,
lapping or polishing slurry is not solved since, via the large
interspaces, operating medium would only simply drain away
unused, without having come into contact with the semiconductor

25 wafer. This actually reinforces a non-uniform temperature of
the working gap. Moreover, a procedure like that 1is uneccenomic
{fewer semiconductor wafers per machine batch; waste of

operating medium).

36 An eccentric arrangement of the semiconductor wafer in the
carrier leads, during the rolling of the carrier (inherent
rotation and rotation arocund the apparatus midpoint), to
changes in the loads according to absolute value and direction
with which the semiconductor wafer is pressed against the wall

35 of the receiving opening during the movement along its



1 pm/min are achieved in the case of polishing, typically 3 - 5 pm/min in the case of lapping,
depending on lapping grain material and size, and 20 - 40 pm/min in the case of grinding. In the case
of grinding, therefore, a particularly large amount 30 of abrasive slurry arises per unit time, to be
precise uniformly over the entire area of the semiconductor wafer. It has to be led away in order that
the abrasive pad is not clogged and maintains a uniform cutting capacity and local overheating as a
result of different sliding friction owing to 35 accumulated abrasive slurry is thus avoided. Here a 24
sufficiently large eccentricity of the semiconductor wafer arrangement in the carrier with the associated
gyroscopic or pump movement evidently fosters a rapid removal of the abrasive slurry that arises.
Moreover, the:gyrostopiy movemeheeAsEies-R G-aAfomd stpply-erESaIiie ubritart andfénce
supports a sufficient-and unifosmyeeeling ofthe entire-surface of ihe: semiearductor wafers. Particularly

in the case of grinding {two-bodjed nteraction), W byt anglogausly.alsa i te ease ot ianping or
polishing, the 'semiconductor wafer can "float" at locations with accumulated coqling lubricant (or

lapping or poligkinggertF and thiié Hidve Font thé atetial-FErh8virig &ngag&feht with-the working
layer. This resultssirea matetiat temoval that iseran=unifomm over #ie 4 Stiajédtorgrwith impaired

flatnesses and thickness flucfuations.of the semicondigtor wafers, Bydncreasing the gistance between

adjacent carriers and thus the semiconductor wafers, for examplgebgsreorgo%ing one or mare carriers

from the proc8<SiRg Eparafie andistrdtingthereaiRing CarRTS a uni orm <§/r%0—-aé> possible over
the space thus 'gained therproblemusfdothlly sepanniatedopératingdgéentssicihadedaately removed
grinding, lappigg et polishing sl is, 8ot gelved-sipcecviadbedarge: intekspaces, operating medium
would only simply drain away unused, without having come into contact. with the semiconductor wafer.
This actudllly r%ﬁgbi*félsl ﬁ%ﬁ%-ﬁﬁﬁbﬁﬁ%%ﬁér%fﬁrsesc% t%e%o%r?gzﬂ%%@ﬁﬂ%r%éveﬁ a procedure like that
is uneconomic’ ifelversericohdttioranarers FemaaeRmebatche fraste bf bpefating medium). 30 An

eccentric arrapgementof dhe semiconduetaematesrindbecr wafers of a pass
configuration. A lack of eccentricity suppresses the inherent
rotation of the semiconductor wafers in the carriers and leads
15 +to rotationally asymmetrical semiconductor wafers, for example

in the form of a wedge shape of their thickness profile.

The position of the upper working disk relative to the lower
working disk is completely determined by three points. (Three
20 points completely determine the position of a plane.; In the
case of three carriers esach with a semiconductor wafer with
precisely concentric arrangement in the carrier, the position
of the upper working disk with respect to the lower working
disk and thus the working gap between the working disks would
25 actually be precisely determined. An initial oblique position
of the upper working disk relative to the lower working disk,
said obligue position being caused for example by semiconductor
wafers having different initial thicknesses, would thereby lead
during processing, as an undamped wobble movement of the upper
30 working disk relative to the lower working disk, to wedge-

shaped semiconductor wafers having non-identical thicknesses.

If the semiconductor wafers additionally perform an eccentric
movement, however, on account of an eccentric arrangement

35 within the carrier, the bearing points on the semiconductor



carrier leads, during the rolling of the carrier (inherent rotation and rotation around the apparatus
midpoint) , to changes in the loads according to absolute value and direction with which the
semiconductor wafer is pressed against the wall 35 of the receiving opening during the movement
along its 25 trajectory, and the distribution of the frictional forces over its area. As a result, an inherent
rotation of the semiconductor wafer is driven within the receiving opening in the carrier, in which, after
all, it only lies loosely. This 5 inherent rotation of the gemiconductor wafer yields an additional third
degree of freedom in relation to the pure planetary rotation - having only two degrees of freedom - of
the carriers, around the apparatus center. This additional degree of freedom of the W%Ié%iece

[

movement leatis &5 W ParticHaAS 18HSpicroeesdint 5 the SeHicOREEtS AR it Particularly
good flatnesses anshgeedibickbess homegeneity: of all the semiconduactor pvafers of agpassid

configuration. A lack of egeentricity suppiesses the inhareptrotation ofthe semiconduginsayafers in
the carriers and leads 15 to rotationally asymmetrical semicondugtqrhwafers . for %(ue}:rgglre in the form of

a wedge shap@ehiHeirthiCkifesSpromE THE position B e Gpper working disk refafive to the lower
working disk isztmpletélyatermmiretby thiee poits 1iTHreE Poepointsi caftsletely Betetnine the
position of a plane )1n the case of treecarsiess eaechiwith asemiconducier waleraitdprecisely

concentric arrangement in the carrie%hg posiqfon o]; 15'1‘% ygggkwﬂgkiggccggléﬂip respect to the lower
Betwéen the w

working disk artr thss the \a}vo?%ﬁa'gap [ orking disks would 25 actually be precisely
determined. Awrinitial sisiguefositien BHHE UPHEF WoTkivd Bek refatiiRCRd et wdHing disk, said
oblique positiam, being:sauseddorexample by sersicondustoravafeds having differentmitalst

thicknessgs, would thereby lead,during progessing, ag.an uadamped.webble maygraent of the upper
30 working disk relative to the lower working disk, to wedge-sha ed semiconductor wafers having
non-identical thicknedsas- the minimum possible batch i1n a processing pass.

It is particularly advantageous to increase the number of
semiconductor wafers additionally, that is to say to choose as
15 many carriers as possible with semiconductor wafers
correspondingly coming as close to one another as pessible in
adjacent carriers (small distances 2x). As a result, the
position of the upper working disk relative to the lower
working disk is geometrically overdetermined (more than three
20 bearing points), and this results in particularly flat
semiconductor wafers with uniform thickness. (Semiconductor
wafers having form or thickness deviations can no longer move
through the working gap, which is already defined by three
points, without inevitably being processed in material-removing

25 fashion toward a plane-parallel form.)

Good processing results are therefore obtained only for
specific ratios of the distances 2Zx anc eccentricities e within
the preferred range x/e £ 1.2, and this holds true

30 independently of the specific mechanism of action of the
material removal for all double-side processing methods with
planetary kinematics in which each carrier has an opening for
receiving a semiconductor wafer. This is the case particularly
with large semiconductor wafers having a diameter of more than

35 300 mm. The semiconductor wafers can have, in particular, a



If the semiconductor wafers additionally perform an eccentric movement, however, on account of an
eccentric arrangement 35 within the carrier, the bearing points on the semiconductor 26 wafers that
determine the position of the upper working disk are correspondingly displaced constantly during
processing, and a wobble movement no longer arises or would be greatly damped, such that the form
and the thicknesses of the semiconductor 5 wafers of a pass batch are rapidly matched and good
flatness and thickness constancy are obtained over all the semiconductor wafers in a pass. Thus,
given sufficiently eccentric arrangement of the semiconductor wafers, a good flatness and thickness
homogeneity can even be obtained in the case of just 10 a total of three semiconductor wafers in a
total of three Gdmiess e thenffituRT possiE Datch it Bproeassifg Fasst 508 sartichfry?
advantageous i iparease the smmbenaf semicondisctoy Wwafers-additiomatly, twat itorsay to choose as

15 many carriers aéi%%ﬁs_iglé? with semiganductor wafers correspondingly coming as close to one
another as po%sﬁﬁe In adja (gnt carriers (small distances 2x). As a result, the position of the upper
pp

working disk relative to the lower working disk is geometrically overdetermined (more than three 20
bearing peints)r anddhisresutsiintpartioulbrirftatsemicondoetsr Wwatdrs e aniférm thickaess.

(Semiconductge wafers. haying. form,grthickngss: deviatipas canna langer-mexsithraugh the working
gap, which is alread%_fdefined by three poigts, witho%%igggg%pllg?%ein% apégggss%'n material-removing
; ;

25 fashion toW&T A FI4FE Paraliél IR GHod processing results are therefore obtained only for

specific ratiosarfithedistahices eant eccenticities ehwrkinprsprefsirédange e 12, andthis holds

true example when the required working disk diameter would have to

10 be significantly more than 2.5 m in order still to be able to
arrange at least three carriers of sufficient size for
receiving a respective semiconductor wafer thereon. For very
large semiconductor wafers, particularly arrangements with only
precisely one semiconductor wafer per carrier will gain in

15 importance. (An assumed minimum configuration for a double-side
processing apparatus having three carriers each having three
semiconductor wafers of 450 mm would have a diameter of at
least 2355 mm, for example. A kinematically preferred design
for five carriers each having three semiconductor wafers of

20 450 mm would result in a diameter of the working disk of at
least 2955 mm, for example. The appropriate carriers would no
longer be stable enough to apply the ricticonal forces
increased by 225% in a non-destructive manner compared with a
configuration of three semiconductor wafers having a diameter

25 of 300 mm.) By contrast, apparatuses having carriers bearing
only one semiconductor wafer in each case are definitely

applicable up to a semiconductor wafer diameter of 6C0 mm.

Examples and comparative examples
30
Example 1

The relationship according to the invention will firstly be
elucidated in greater detail with reference to figure 1. Figure

35 1 shows an example of an arrangement according to the



30 independently of the specific mechanism of action of the material removal for all double-side
processing methods with planetary kinematics in which each carrier has an opening for receiving a
semiconductor wafer. This is the case particularly with large semiconductor wafers having a diameter
of more than 35 300 mm. The semiconductor wafers can have, in particular, a 27 diameter of 400 mm
or more. In the case of silicon wafers, a diameter of 450 mm will increasingly become important for
practical applications. 5 The methods which simultanzously process both sides of a group of
semiconductor wafers at the same time will probably also be advantageous for even larger
semiconductor wafers. The applicability is only restricted by constructional limits , for example when

the required wWigrkiTy-dizk-dikn &te? VSIABTR e3P W be ‘Sigficinty mMoredhah™ 8 min%rder still to be
able to arranggratleastithreencarsigss of sufficient-size for receheing iairespectivé semicanduetor wafer

thereon. For very large;semiconductor walers, particularly,auranggiuents with only praeiseieone
semiconductor water per carrier will gain in 15 importance. (An assumed rmmmurgicq(nflg%gtlon for a
double-side pRocREsiTy apPRIERISIRARG e Barmtis edth FATRG thice sé%?congucstbr wafers of
450 mm would haves: didmetdrsof atleass2355 wmm, ferexample A Kinerhaticaly’ préfefred design for

five carriers eagh having threessemiconductarwatersiof-20 450 sney wonlfl eesiiitinga diameter of the
working disk of at least 2955 mm, for example. The appropriate carriers would no longer be stable

enough to apph e #ri&idia fdFcés increased by 225% in a non-destructive manner compared with a
configuration of three semiconductor wafers having a diameter 25 of 300 mm.) By contrast,

apparatuses haying,carrierscheating anhrene semicondustospeafendn eath caseaarg=defimitely
applicabl?OUp %OigcshergifggggC£Orhva\1/%§_er{gdi%n}ea¥gg_8£ GQOa'Pghnd the midpoint 4 cf the
carrier. In this case, the radius r of the opening 1 is
somewhat larger than the radius r* of the semiconductor wafer,
asuch that the semiconductor wafer remains freely movable and
can freely rotate within the opening 1 or roll by its
15 circﬁﬁférence on the wall of the opening 1. The precise
position of the semiconductor wafer within the opening 1 and
its movement during processing are unknown on account of the
loose insertion. With regard to the present invention, however,
the precise position of the semiconductor wafer in the opening
20 during processing is unimportant; therefore, the semiconductor

wafer is not shown in figure 1 for reasons of clarity.

As a result of the rotation of the carrier 13 about its
midpoint 4, the opening 1 sweeps over an area bordered by the

25 circular envelope 6 arranged concentrically with respect to the
midpeint 4. In this case, by virtue of a construction
constraint, the envelope 6 always lies completely within the
pitch circle 7 of the outer toothing of each carrier 13, with
which the carrier rolls in the rolling apparatus formed from

30 inner and outer pin wheels and thus rotates on a planetary path
around the center 3 of the double-side processing apparatus.
According to the invention, each carrier 13 comprises precisely
one opening 1 in each case. The envelopes 6 of adjacent
carriers 13 are at a distance 2x from one another.

335



Examples and comparative examples 30 Example 1 The relationship according to the invention will
firstly be elucidated in greater detail with reference to figure 1. Figure 35 1 shows an example of an
arrangement according to the 28 invention. In the example shown, five (N5) carriers 13 are arranged
with regard to their respective midpoints 4 on a pitch circle 8 having a radius R around the midpoint 3
of the double-side processing apparatus on the ring-shaped working disks. In 5 each carrier 13,
precisely one semiconductor wafer having a diametersof 450 mm is inserted into a receiving opening 1
having a radius r. In this case, the midpoint 5 of the opening 1 is arranged on a pitch circle 2 having a
radius e around the midpoint 4 of the carrier. In this case, the radius r of the opening 1 is somewhat
larger than th&adiuser esfahelsemiord uctofwarere sichah &L Semich ictoP R remains freely
movable and gapfregly sotatenwithipythe openingdoor ralbby sl circuméereneeton the wall of the

opening 1. The.procise,asiton, al.ing semicanduietanwalerauliainhe gpenipg:h.gnddsmovement
during processing are tnkhown on a%pount of the loose insertion. With regard to the present invention,
however, the BRECISE pefticirerf fife S&RTIcOTudDR WREr inthe GPERRY G diffigihrotesding is
unimportant; therefpee gthensermicanductor waferissnotshowréefigufe 156F reasamsiofclarity. As a

result of the rotatian of the carger 13:ahoutits,midpint 4, the pPENiNg.L Swaeps;overan area
bordered by the 25 circular envelope 6 arranged concentricalcl%with relsE[E:)eg_JtL to the mi pgipt 4. In this

case, by virtué SR 3B FddtorF BonSiamt Sthe divelopets difvays 1ies Complately within the pitch
circle 7 of the cuténtonthing ¢ eachicarrief 132 WithmwhidttithehearFiet kolis it the'folid @pparatus
formed from 30,inneL and-Qutex pin wheels andthusgolates ama planetasy path araynddhe center 3 of
the double-side processing apparatus. Aceordig ta the Jnvention. each cartier Jd,qqmpiises precisely
one openihg 154 €456 The envelopes 6 0 a&Jacent carriers 13 are at a distance 2x from one
another. according to the invention such that the midpoint 5 of an
opening 1 having a radius r = 225.5 mm for recelving a
semiconductor wafer 13 having a radius r* = 225 mm (@ 450 mm)
was arranged eccentrically by an absoclute value e = 111.5 mm
15 relative to the midpoint 4 of the carrier. The semiconductor
wafer thus had 0.5 mm radial play or that is to say 1 mm
diametrical play within the opening. The size of the ring-
shaped working layer 40 was tailored such that, with the
eccentricity chosen, the openings 1 with the semiconducter
20  wafers temporarily extended with part of their areas up to

10 mm beyond its inner edge 11 and outer edge 10 (excursion
12y .

The eccentricity e of the opening in the carrier had been
25 chosen to be as large as possible, namely such that just enough
material (hardened steel) still remained in order that the
carrier could not bend away in this region, which regularly
enters +the “excursion” and is therefore not guided and
supported by the working layers vertically. With R = €25 mm, N
30 =5, r=225.5 mm and e = 111.5 mm, this results in = =
30.366 mm and x/e = 0.272. Conseguently, x/e lies in the

particularly preferred range of 0.05 < x/e < 0.55.

The PPG abrasive pad in the example shown in figure 1 contained

e

35  diamond as abrasive, having a grain size of 2 to € pm (5% and



29 For the example shown in figure 1, a double-side processing apparatus of the type "AC-2000" from
Peter Wolters GmbH (Rendsburg, Germany) was used and processing according to the PPG method
was carried out thereon. The apparatus has a pitch 5 circle diameter 20 of the outer pin wheel of 1970
mm and a pitch circle diameter 14 of the inner pin wheel of 530 mm. Consequently, the carriers have a
pitch circle diameter 7 of their outer toothing of 720 mm, and the radius of the pitch circle 8 on which
the midpoints 4 of the carriers 13 lay was 10 consequently R = 625 mm. The carriers 13 were then
designed according to the invention such that the midpoint 5 of an opening 1 having a radius r = 225.5
mm for receiving a semiconductor wafer 13 having a radius r* = 225 mm (0 450 mm) was arranged
eccentrically Kb anebsotgtecvaltioce sultl BrhRe 19Teldtiveltothemidioint s bithe cafriér. The
semiconductor wafer thus bad 3:51mm vadiabplayear-that isito-gayd s diametrical play within the
opening. The size, of he g shapedl. wotldng Jayel. 40 was ilered suchdbatwiin e geeentricity
chosen, the openings 1 with the semiconductor 20 wafers temporarily extended with part of their areas
up to 10 mm BéyorPEs finer 64§68 11°8nd othdPBAFE TR (XELRdioRh TV The'Eddentricity e of the
opening in theyearier hackbeen 2kichesenta be asldrgecasspgssible, namely such that just enough
material (hardened steel) still remained in order that the carrier could not bend away in this region,
which regularly enters the "excursion” and is therefore not guided arqdfﬁ%)lprogtﬁd Egéhe working layers

vertically. Wittt R6 ZPRH AN"50 L35 £05- B AR e°= 1115 mih, thig results in x = 30.366 mm

and x/e = 0.2 ZhiCarseguently, W liestinthe pattaiany preferrdd FaitgeR B0BEEDEE! 30 95%
values of the curulative-grain siza:goneentration), Asqasgsuyitof the velative maovement.of working
disks and sermjconductor wafers under pressure, and with addilion of vt fhe abrasiyg effected a
chipping Material removal'with's geometrically indetérminate cutting edges.
processing, could be kept parallel under mechanical {pressure
build-up) and thermal alternating load (chipping work, friction
work, drive losses). The deformation of the upper working disk
took place in a closed control locp with the aid of two sensors
15 arranged in the upper working disk, which sensors contactiessly
measure the distance between the two surfaces cof the working
disks continuously during processing {reference symbol 37 in

the schematic apparatus illustration in figure 8).

20 Figure 7 shows the diametrical thickness profile T{r*) in
micrometers {(pm) of a semiconductoxr wafer processed in
accordance with example 1. The thickness profile was determined
by a capacitive measurement method in which two measurement
probes situated opposite one another trace eight radii (at

25 angles of 45° between two neighboring radii) cver the front and
rear sides of the semiconductor wafer. The measurement probe,
that surface of the semiconductor wafer which faces it, and the
amall amount of air situated therebetween, form a capacitor in
each case. The thickness of the respective small amount of air

30 (dielectric) is determined by measurement of the capacitance.
It yields a direct measuxre of the height profile cf the
respective side of the semiconductor wafer since the
measurement probes are secured at a fixed distance with respect
to one another on a commeon clip embracing the semiconductor

35 wafer. After calibration of the measurement probe distance by



The apparatus used for the example shown in figure | had an apparatus for the targeted deformation of
the upper working disk in such a way that the working gap between the working W layers, in which the
semiconductor wafers are moved during processing, could be kept parallel under mechanical
(pressure build-up) and thermal alternating load (chipping work, friction work, drive losses). The
deformation of the upper working disk took place in a closed control loop with the aid of two sensors

15 arranged in the upper working disk, which sensorsicontactlessly measure the distance between the
two surfaces of the working disks continuously during processing (reference symbol 37 in the
schematic apparatus illustration in figure 8). 20 Figure 7 shows the diametrical thickness profile T(r*) in
micrometers (praref & SerhicondasBIaRaRET procasSEHTaBCOYdRMEE" At BXamTeT" Fhe thickness
profile was detgraineskby ar¢capagitive regasuremenriemethiosin whickhtwo aieasurehsent probes

situated opposite pe anather Jace ol fadl (223 angls 9lds bstweendwaaeighboring radi) over

the front and rear sides of the semiconductor wafer. The measurement probe, that surface of the
semiconductor wafer which faces it, and the small amount of air situated therebetween, form a
capacitor jn eatk casesThertbicknessaof therespectve sirsiitamatbt of &30 @feléctric) is determined

by measuremgnt ot the.capagitance, Jt vields aidiretaeasugofthedreight ppefie of deesespective
side of the semiconductor waIer since the measurem Q}; pgo§ee§aare % g_urergeast a Igi%?gﬂigtance with
respect to one SHOtHEr B ACommor? 8fiiF emiSrading the sémicorductor 58 WaterAfter calibration of

the measuremeritprobecdistanue bye3E nfears of Refroastremert ot At semicdrtiftdr wafer of

known thickness,the differenge hetwean-thesesheightmaluesdbenyieldstae ahsotatesthickness of the
semlqonc{#]cto& gv&{e%hS The measurin aqqa}}(dg%ursa ieasyres: gight.radii; gach af g.distance of 450, and
compiles therefrom t ickness pr%?lrlnes of our diameters. Figure™7 shows the average thickness profile
calculated fromrthEssolFdrifietet meBkarements Fighre pture of the thickness

profile thus obtained reflects the measurement accuracy of the
450 mm prototype measuring instrument used. The flatness of the
semiconductor wafer processed by the method according to the

15 invention approximates this resolution limit.
Comparative example 1

Figure 2 shows, as a comparative example, an arrangement not

20 according to the invention. The same apparatus as in example 1
(figure 1) was used. Abrasive pad and cooling lubricant type
and flow (water) were identical. The pressure of the upper
working disk on the lower working disk was reduced
proportionally to the number of semiconductor wafers in a batch

25 in order to obtain an identical material removal rate
(comparable mechanical and thermal alternating loads during
processing). The distance of the working gap was continuously
kept constant by means of a measuring and adjusting apparatus
during processing, as described in example 1, in order to

30 cbtain optimal flatness and minimal fluctuation of the average
individual thicknesses of each semiconductor wafer around the
average value of the thicknesses of all the semiconductor

wafers of a processing pass.



shows that the thickness of a semiconductor wafer processed W with the arrangement illustrated in
figure 1 is extremely uniform (curve 17). The "edged" structure of the thickness profile thus obtained
reflects the measurement accuracy of the 450 mm prototype measuring instrument used. The flatness
of the semiconductor wafer processed by the method according to the 15 invention approximates this
resolution limit. Comparative example 1 Figure 2 shows, as a comparative example, an arrangement
not 20 according to the invention. The same apparaté% as in example 1 (figure 1) was used. Abrasive
pad and cooling lubricant type and flow (water) were identical. The pressure of the upper working disk
on the lower working disk was reduced proportionally to the number of semicondugctor wafers in a

batch 25 in ortles t6Tobtaifidi foemial frateria tefidval FAYESfodiparadia HetRanicafandthermal
alternating loads gufipgprocessiaginthe distanseesfdthefvdrkirg gapnias eontihusbisly kept constant

by means of 3 measyring,and,adiusting appasatus.duing.pracessing, asdgsetibed iexample 1, in
order to 30 obtain optimal flatness and minimal fluctuzﬁt’rion of thi average i@divi ual thicknesses of
0

each semicontiitor-water drdtiithe averaye valle ofth& hiekiBEEes of allt %asceeﬁfzcopductor
wafers of & prosessingspass. 8Rafhe enfyediffererics pethat bnly three cariePs Werédfiserted in

comparative example,l instead of five-garriers (of the maximum possible number) as in example 1, to
be precise with identical distances 2x between the envelopes 8 of adjacent 5 carriers 13, that is to say
respectively at an angle of 1200 relative to one another. The characteristic parameters R = 625 mm, r
= 225.5 mm (SérmicoriitsewhferWwithax 2225 Fimk thatdé to™¥hy & dl‘ar%%%()arDof“ifSO mm) and e =
111.5 mm detegainingthe arrangement ramained anchanged inkcemparativessxarple 1 with respect

lo exampje 1 however, ngw i<y 3 ip coniyast 1o = Sfiam example AWl = 204.266 mm, as
expected1 his festlts in a very IE"arge half distance between the envelopes 6 of the .
arrangement remained unchanged in comparative example 1 with

respect to example 1; however, now N = 3 (in contrast to N =5
from example 1). With x = 204.266 mm, as expected this results
in a very large half distance between the envelopes 6 of the
15 arrangement of the opening 1 for receiving the semiconductor
wafer between adjacent carriers. With x/e = 1.832, the
parameter that is crucial according to the invention lies in

the range not according to the invention.

20 An arrangement having such large distances yields extremely
different semiconducter wafers from processing pass to
processing pass, thus for example one having a thickness
profile as shown in figure €. (The thickness profile was
determined by the measurement method explained in connection

25 with figure 7 and in the same way.) Figure & shows & thickness
profile of a semiconductor wafer having a convexly irregular
form. On account of the eccentric position of the semiconductor
wafers in the carrier, a sufficient inherent rotation of the
semiconductor wafer evidently still arose in the receliving

30 opening, such that the thickness profile is not asymmetrically
wedge-shaped, but still has a slight rotational symmetry. (The
region of greatest thickness lies iIn the center of the
semiconductor wafer.) However, the averaging of the measurement
method over the measurement tracks recorded for different

35 azimuthal angles has the effect that the one-dimensional



15 arrangement of the opening 1 for receiving the semiconductor wafer between adjacent carriers.
With x/e = 1.832, the parameter that is crucial according to the invention lies in the range not according
to the invention. 20 An arrangement having such large distances yields extremely different
semiconductor wafers from processing pass to processing pass, thus for example one having a
thickness profile as shown in figure 6. (The thickness profile was determined by the measurement
method explained in connection 25 with figure 7 andim the same way.) Figure 6 shows a thickness
profile of a semiconductor wafer having a convexly irregular form. On account of the eccentric position
of the semiconductor wafers in the carrier, a sufficient inherent rotation of the semiconductor wafer
evidently still atdseciretire reeiiihg 3P 6pERRTY, SUth/hat HiX thicRFESS Pratie s Horashmetrically
wedge-shaped; futstill Bas a shght rotatignalsmsmeinn{therregionsef greatestthickness lies in the

center of the semicondulor waler,) Hoyever. (1% /61agioa of (1 measurementimethod over the

nslo . .
measurement tracks recorded for different 35 azimuthal angles has the effect that the one-dimensional
33 thickness profile”ebtaifed alwags fooks largely rotationally symmetrical, even though this is not the
case for the actual two-dimensional thickness profile over the entirety of the semiconductor wafer. 5

Example 1 (figurg 1) and copparative,example..(figdre 2Lpove.hat an eegentric arrapgerment of the
semiconductor wafer in the carrier, which is identical for 1‘r|1 ure 1 and f!gyre 21, alone is not ngficient for
p 1 W @ n e

obtaining goo&'Htbca8singeRhfts “16 Comparative Bkample S FGTE 3 Shows &

shows a Urther comparative
example of arcarrangemeritingt dceotdipr)tocthe Fvenfidatwithlopering Wakangedd>e6miptetely

concentrically,ip the cagriers. Therfigure.shews-thearsangemest of adotal @f sbs (N = 6) 450 mm
semiconductor wafers (r* = 225 mm) in a total of six carriers with a pitch circle diameter of their outer

toothing ot 482.85 mm. The example was obtained using a processing apparatus of the type
Comparative example 2

Figure 3 shows a further comparative example of an arrangement
not according to the invention, with opening 1 arranged

15 completely concentrically in the carriers. The figure shows the
arrangement of a total of six (N = 6) 450 mm semiconductor
wafers (r* = 225 mm) in a total of six carriers with a pitch
circle diameter of their outer toothing of 482,85 mm. The
example was obtained using a processing apparatus of the type

20 AC1500P3 from Peter Wolters GmbH with a pitch circle 8 for the
rotation of the carrier midpeoints around the apparatus midpoint
3 with R = 507.75 mm. The processing was carried out as PPG
with the same working layers and cooling lubricant (water) as
in example 1 and comparative example 1. On account of the small

25 size of the carriers, an arrangement of a 450 mm semiconductor
wafer is possible only almost completely concentrically. As in
the other examples and comparative examples shown and as is
custemary in the prior art, the openings in the carrier for
receiving a semiconductor wafer are lined with a plastic

30 (“insert”). The latter prevents direct contact of the
semiconductor wafer with the material of the carrier and thus
prevents damage to the semiconductor wafer through direct
contact with the hard steel of the carrier material and
contamination by trace metals (Fe, Ni, Cu}. The lining is

35 introduced by means of an injection-molding method. Owing to



20 AC1500P3 from Peter Wolters GmbH with a pitch circle 8 for the rotation of the carrier midpoints
around the apparatus midpoint 3 with R = 507.75 mm. The processing was carried out as PPG with
the same working layers and cooling lubricant (water) as in example 1 and comparative example 1. On
account of the small 25 size of the carriers, an arrangement of a 450 mm semiconductor wafer is
possible only almost completely concentrically. As in the other examples and comparative examples
shown and as is customary in the prior art, the openigngs in the carrier for receiving a semiconductor
wafer are lined with a plastic 30("insert"). The latter prevents direct contact of the semiconductor wafer
with the material of the carrier and thus prevents damage to the semiconductor wafer through direct
contact with thé hard steérotitheceatiet Pratefial aRdSEaRANRESHoR Byafsce itetals (B Ni, Cu). The
lining is 35 intraduced by-sneansaf aminjectien-melding methed 2Qwing ta 34 she elastic deformation
of the steel body on accourt. of fhe high pressures.during.injegtion,molding.and asa resuhef
shrinkage of the introdaced plastic aurlng cooling, the lining %enerally has a small roundness deviation
and eccentricl{s Tid Was SpproXitately B EB SSANTHY the-cade BROWRGRTYUrE 2 “Fhis results in a
distance 2x between the epyeloopes 6 bf the -arfarigementofiie opsringbfor recefing the
semiconductos W wafer where x = 28.363 mm, and x/e - 427 lies in the range not according to the
invention. Although the distance between the envelopes in comparative example 2 is even smaller
than in example 1 according to the

This results in a distance 2x between the enveloopes 6 of the

arrangement of the opening 1 for receiving the semiconductor
10 wafer where x = 28.363 mm, and x/e = 427 lies in the ranges not

according to the invention.

Although the distance between the envelopes in comparative
example 2 is even smaller than in example 1 according to the

15 invention, semiconductor wafers with very pocr processing
results for flatness and thickness fluctuation are cbtained. A
densest possible occupancy - obvious for eccnomic reasons - of
the available working surface with semiconductor wafers is
therefore, by itself, likewise insufficient for obtaining good

20 processing results.

The flatnesses specifically obtained in the examples and
comparative examples explained and the methods, apparatuses and
parameters of the arrangement of the semiconductor wafers used
25 here are summarized in table 1. Table 1 shows the parameter
x/e, the flatness (TTV) obtained, and also the characteristic
parameters of the apparatus used for semiconductor wafers
processed according to the invention and not according to the
invention by PPG, lapping and DSP. Table 1 additicnally shows
30 the flatnesses obtained for a multiplicity of further
arrangements, apparatuses and methods used here, which will not

be specifically explainec further here.

Example 2
33



15 invention, semiconductor wafers with very poor processing results for flathess and thickness
fluctuation are obtained. A densest possible occupancy - obvious for economic reasons - of the
available working surface with semiconductor wafers is therefore, by itself, likewise insufficient for
obtaining good 20 processing results. The flatnesses specifically obtained in the examples and
comparative examples explained and the methods, apparatuses and parameters of the arrangement
of the semiconductor wafers used 25 here are sumnrized in table 1. Table 1 shows the parameter
x/e, the flatness (TTV) obtained, and also the characteristic parameters of the apparatus used for
semiconductor wafers processed according to the invention and not according to the invention by
PPG, lappingZanDBP 2T afleriddditionallp shews<30 the farmssbs GhtairePfot & nidltiplicity of
further arrangemenis. apparattsesandmatheds useskhereswhieh vrik nesbe speciieallynexplained

further here. Example 3. SpFxample.2, fiagly. compares wilb fopaiptive.cxampls 2An arangement

according to tﬁgpinygntlon n the Same processing apparatus (N= 6, R = 507,75). The arrangement is
illustrated in fitfuré ¥ Tie follifg apparatRIWABRRERT vtclpr R AEKmAaRy $Pd& s 815 Witk siccarriers.
In order t@ achieve=ary eccentrici arrangetnent of the semicondustor veafersin thessntaflicarriers in

example 2 acgording 19 the inyention (igie 4)dn contrass fa comparative sxample:2 figure 3), smaller

semiconductor wafers were used (r* = 150 mm, that is to sd_aj,)é)sem%c,onductglr V\/irvlvaéegstr%%\éipg a
diameter of 366 nFRYEtEiINSeftedih BpEhings TAWherd $ 2156 5 hi? Thhis cade, The eccentricity e of
the openings twasstheseninsuchaanpiay @ + 728 M) thasthelénvelspes B 6EHMfaeeNt carriers in

both cases hagLalmast ideptigaldistances 2x (x387ErHAExample 2andsen2836GHhidkdn comparative
example 2). For example 2, x/e = Q.426 arises in preferred range. . The semicondyctar wafers
PPG-probtss&d if AR cordante \?vit%lea?éer%ﬁé 2n %93 SAile Way alég |Sneéé)?rgﬁparativc(gJ examéple 2 yielded
20 the results sumimatizedlifablemt (TTV 0L (FAF ExarhpleS GptddRparative éxahfple 2 thus
show that a depse, 9sgdPaney ésmiadl slistances: 2xnbetween the envelopest of the artamgement of the
opening L of adiacent carrers 13) js 28 1ecessary but by sglfinsulficiant fgs obtaining good
processing results. i the case of an excessively large

identical distances 2x (x = 30.875 in example 2 and x = 28.363

15 in comparative example 2). For example 2, x/e = 0.426 arises in

the preferred range.

The semiconductor wafers PPG-processed in accordance with
example 2 in the same way as in comparative example Z yielded

20 the results summarized in table 1 (TTV = 0.9% um).

Example 2 and comparative example 2 thus show that a dense
occupancy (small distances 2x between the envelopes 6 of the
arrangement of the opening 1 of adjacent carriers 13) 1is

25 necessary but by itself insufficient for obtaining good
processing results. (In the case of an excessively large
distance 2x as in comparative example 1, a good processing

result cannot be cbtained with any choice of eccentricity e.)
30 Further examples and comparative examples

Table 1 also contains examples and comparative examples
obtained by lapping processing. For semiconductor wafers
processed according to the invention by means of lapping, flat

'35 and thickness-homogenscus semiconductor wafers having very flat



distance 2x as in comparative example 1, a good processing result cannot be obtained with any choice
of eccentricity e.) 30 Further examples and comparative examples Table 1 also contains examples
and comparative examples obtained by lapping processing. For semiconductor wafers processed
according to the invention by means of lapping, flat 35 and thickness-homogeneous semiconductor
wafers having very flat 36 thickness profiles are obtained, which are similar to example 1 - shown in
figure 7 - of a semiconductor wafer processed by PP6. In the case of a lapping method carried out not
according to the invention (x/e > 1.2), semiconductor wafers having a 5 thickness profile as shown in
figure 5, for example, are obtained. In a manner similar to that in the case of semiconductor wafers
processed nothécoming t6 thé idventicit byineans df PG thgaie 65 figuta s SRofEaBémiconductor
wafer having a convex thicknegsrerofile. QAce agail the &\ thickestloeation issitmatedoin the center of

the semicondyglor watet, put e convex far, ofg Serpicondugtor waler apped not accordipg to the

invention has a more uniform and markedly rotationally symmetrical decrease in the thickness 15 from
the center to the &dife SFH5E sefficoridaictor weer. P5 T HeTRLuRE SunimbFEd A TABR £ are illustrated
graphically in figtirecQe Thepfillett tikcles (3hrelateito theoPPS methiod, tezunfilied sireles (0) relate to

the lapping meghod, ang the,unfilled sguates,(Q)Jelate to-the DSPuMethagddnarder to be 20 able to
compare the TTV for the various examples and compargtive exa .lpr!es ggrcic%% out \\;veithcgggﬂameter x/e
according to tRETHERI ARE ARGt EcCorBmy T e invantisH 61 the various Sémiconductor wafer
diameters useohthesefos, tHe THV valeuactudlly deiermimel ifleath easeBVEPTHB ERfife 25

semiconductoy, wafer surfase was cenvertegitothe salye praduced sempiationaliy:for a

semiconductor wafer having a_ diameter of, 300 mm and the s flatness e TTV value of a 450
10 th cie !ﬂ%: L&, % %a? g? il .
y f% in order to obtain a comparative value TTV* =

a

. in €
mm semiconduictor Wafer was tas divided A order to o
TTV/2.25. whicBtakesdecbant Gefisg, but the convex form of a semiconductor

wafer lapped not according to the invention has a more uniform
and markedly rotationally symmetrical decrease in the thickness
15 from the center to the edge of the semiconductor wafer.

15 '
The results summarized in table 1 are illustrated graphically
in figure 9. The filled circles (e) relate to the FPG method,
the unfilled circles (o) relate to the lapping method, and the
unfilled sguares ([0} relate to the DSP method. In order to be

20 able to compare the TTV for the various examples and
comparative examples carried out with parameter x/e according
to the invention and not according to the invention for the
various semiconductor wafer diameters used therefor, the TTV
value actually determined in each case over the entire

25 semiconductor wafer surface was converted to the value produced
computationally for a semiconductor wafer having a diameter of
300 mm and the same flatness. The TTV value of a 450 mm
semiconductor wafer was thus divided by 2.25 in order to obtain
a comparative value TTV* = TTV/2.25, which takes account of the

30 measurement area of the 450 mm semiconductor wafer which, in
contrast to that of a 300 mm semiconductor wafer, is 2.25 times

as large as the latter.

Figure 9 shows that the range according to the invention for

35  x/e through TTV* < 1 pm is distinctly separated from the range



30 measurement area of the 450 mm semiconductor wafer which, in contrast to that of a 300 mm
semiconductor wafer, is 2.25 times as large as the latter. 37 not according to the invention for x/e
where TTV* > 1 um. Parameters x/e where TTV* < 1 pm are particularly preferred here for DSP and
PPG. For semiconductor wafers processed by lapping, the particularly preferred TTV* value is
permitted to 5 be somewhat greater than 1 pm (18). Lapping produces a surface having, on account of
the brittle-erosive material removal mechanism, a sigsificantly deeper damage to near-surface layers
of the semiconductor wafers (sub-surface damage), the removal of which necessitates an additional
material removal step 10 inserted between lapping and polishing, for examgle etching or fine grinding
using a singlensidedfirsgfntthg apphratis tratdequdnially/srotedsgs both sides ifa
material-remoyig fashien, ar/polisking witty increased naterisd removah Qi geceiint otthis additional

processing that s ther g}j%% £-2,[eauied agyway Ign @&p&ﬂ&wm@@w@&@@wﬁm poorer
relative flatnesses T are therefore still acceptable. Tab.1 Ora.
lapping, the particularly preferred TTV* value is permitted to

5 be somewhat greater than 1 pm (18). Lapping produces a surface
having, on account of the brittle-erosive material removal
mechanism, a significantly deeper damage to near-surface layers
of the semiconductor wafers (sub-surface damage), the removal
of which necessitates an additional material removal step

10 inserted between lapping and polishing, for example etching or
fine grinding using a single-side fine-grinding apparatus that
sequentially processes both sides in a material-removing
fashion, or polishing with increased material removal. On
account of this additional processing that is therefore

15 required anyway for lapped semiconductcr wafers, somewhat

poorer relative flatnesses TTV* are therefore still acceptable.



39 Claims 1. A method for the simultaneous material-removing processing of both sides of at least
three semiconductor wafers between 5 two rotating ring-shaped working disks of a double-side
processing apparatus, wherein the double-side processing apparatus has a rolling apparatus, which
causes at least three carriers to rotate, and wherein each of the carriers has precisely one opening,
into which a semiconductor wafer is M respectively inserted in a freely movable fashion, such that the
semiconductor wafers are moved on a cycloidal trajegtory between the working disks, wherein the
arrangement of the carriers in the double-side processing apparatus and of the openings in the
carriers is such that the inequality 15 R/e.sin(m/N*)-/e - 11.2 is satisfied, where N* denotes the ratio of
the round andi®Bndlthe angle at which the adjacent carriers are inserted into the 20 rolling apparatus
with the greatest distance with respect to one another, r denotes the radius of an opening for receiving
a semiconductor wafer, e denotes the radius of the pitch cjrcle around the midpoint of the carrier on
which the opening is arranged, and R den =§jﬁ @smc tch circle on which 25 the carriers
move between the working disks by meanj of th iNg apparatys. 2. The method as claimed in

€

claim 1, wherein the arrangement of the ¢ g ' e e processing apparatus and of the 30
openings in the carriers is such that the in §) SR/el8 N*) - r/e - 10.55 is satisfied.
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40 3. The method as claimed in either of claims 1 and 2, wherein the semiconductor wafers have a
diameter of 400 mm or more. 4. The method as claimed in any of claims 1 to 3, wherein the 5
openings of all the carriers have the same size and are arranged in the same way on the carriers. 5.
The method as claimed in any of claims 1 to 4, wherein, on each carrier, an enveloping circular line
around the midpoint of the carrier is defined, which precisely completely encompasses the opening for
receiving a semiconductor wafer, and wherein the casfiers are arranged in the rolling apparatus in
such a way that the sum of the absolute values of the deviations of the distances between the
enveloping circular 15 lines of adjacent carriers from the average distance between adjacent
enveloping ci€tfdmfhes is minimal. 6. The method as claimed in claim 5, wherein the distances
between the enveloping circular lines of all the adjacent 20 carriers are identical.

1. A method for the simultaneous material-removing processing
of both sides of at least three semiconductor wafers between

5 two rotating ring-shaped working disks of a double-side
processing apparatus, wherein the double-side processing
apparatus has a rolling apparatus, which causes at least three
carriers to rotate, and wherein each of the carriers has
precisely one opening, into which a semiconductor wafer 1is

10 respectively inserted in a freely movable fashion, such that
the semiconductor wafers are moved on a ¢ycleoidal trajectory
between the working disks, wherein the arrangement of the
carriers in the double-side processing apparatus and of the
openings in the carriers is such that the ineguality

15

R/e-sin{m/N*}) - r/e — 1 £ 1.2

is satisfied, where N* denotes the ratic of the round angle and

the angle at which the adjacent carriers are inserted into the
20 rolling apparatus with the greatest distance with respect to

one another, r denotes the radius of an opening for receiving a

semiconductor wafer, e denotes the radius of the pitch circle

around the midpoint of the carrier on which the opening is

arranged, and R denotes the radius of the pitch circle on which
25 the carriers move between the working disks by means of the

rolling apparatus.

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

the carriers in the double-side processing apparatus and of the
30 openings in the carriers is such that the inequality

0.05 € R/e-sin{a/N*) — r/e - 1 £ (.55

1s satisfied.
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3. The method as claimed in either of claims 1 and 2, wherein

the semiconductor wafers have a diameter of 400 mm or more.

4. The method as claimed in any of claims 1 to 3, wherein the
openings of all the carriers have the same size and are

arranged in the same way on the carriers.

5. The method as claimed in any of claims 1 tc 4, wherein, on
each carrier, an enveloping circular line arcund the midpoint
of the carrier is defined, which precisely completely
encompasses the opening for receiving a semiconductor wafer,
and wherein the carriers are arranged in the rolling apparatus
in such a way that the sum of the absolute values of the
deviations of the distances between the enveloping circular
lines of adjacent carriers from the average distance between

adjacent enveloping circular lines is minimal.

6. The method as claimed in claim 5, wherein the distances
between the enveloping circular lines of all the adjacent

carriers are identical.



