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 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
cycloidal trajectasg hieiwees-thehwording diskechs PhisteHiklbctranics ngicreelesonies atd

mlcroelectromechan|c§35etg1u|gq_agsstgglnhgarq_@gggls&qg&oggﬁgggnv&g@ggv@ggépge to meet

extreme demands regarding global and local flatness, single- 20 side-referenced flatness
(nanotopology), roughness and cleanness. Semiconductor wafers are wafers composed of
semiconductdtimatertaisrsuichras: etfemental 'semiconduetors {$ilicori cgerrhanitin); compourad

semicondyct%gggyl@gamg}@oggmo&ggc%@g@e@gnggt;hest{g@srr@n groyp of the periodic 25 table,
such as aluminum, %alllum or |nd|%m plubm%n element of the fifth main %1 'e? of theg)erlodlc table such
as nitrogen, pRoSPRONIS OF AFSERICT OF the ConpoUnids therdof (16r Bxampie SR GEL LR < 1). 30 In

accordance withstkre pr’ouﬁar:tpsé&rﬂc@n@@ct@rtv@aﬁemam pradiuced sy nW@éﬁ@lei ataltiplicity of

successive prgeess stepsiwhich cas-generally-he classified inta-the followipg-0reups; (a)Rraducing a
usually monocrgstalllne se{nlcondggtor rod I_(b}lelcm%the %%JC nto |nd|V|duaI Wafers 3%(cg£nechanlcal

and whéreln
processing; chemical processing;
10 the carriers has precisely one opening, into which a

semiconductor wafer 1s respectively inserted in a freely
movable fashion, such that the samiconductor wafers are moved

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

Electionics, microelectronics and microelectromechanics reqguire
as starting materials semiconductor wafers which have to meet
extreme demands regarding global and loczl flatness, single-
20 side-referenced flatness (nanotopology), 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 c¢f the periocdic
25  table, such as aluminum, galliuvm or indium pius an element of
the fifth main group cf the periodic table such as nitrogen,
whosphorus or arsenic) or the compounds thereof {foﬁ example

Si1.Ge,, 0 < x < 1).

30 In accordance with the pricr art, semiconductor wafers are
produced by means of a meltiplicity of successive process steps
which can generally be classified into the following groups:

{a) producing a usually monccrystalline semiconductor rod;
{b) slicing the rod into individual wafers;

35 {c) mechanical processing;



chemomechanical processing; 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), ch 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
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 kinérmaticchavacteristicsaof the process, the forces acting on the front and rear sides |
during processing.can.ahleastin psinciplepregisely: balance one another and that low resulting
residual forces that ma occu;u\évilleog%%t gnIg on account dogcgtggstl%al JLUC%%@%QQ_S{I or gxternal
disturbance 20 Variabies, BY means of FEP, defectd di form as a resdl of prior processes can be
removed particularly effectively and with little material removal , and the FFE impress hardly any
processing-chatactetistic newndefects of formeattributed to temwen the semisanductot wafers. 25 In
the prior art, preference is; given fo seauences,far producing.semicanducior wafers ig which.at least
one of the process steps involved is an FFP. In the prior art, partiCular preference is given to
sequences irfhich APfdast GHeSFRE 30 2oFisSeds hMidthBa 3R WHiIER Both 5idés 6f At feast two
semiconductorwaderssarei simultaneceusly processedfimsamaterial-remowving fashiem, between two
ring-shaped working disks, wherein the semicopductor wafets are inserted looselyintg in gach case at
least on%receiving opening overall of at 35 least one thin guide cage (carrier) toothed on the outside,

semiconductor wafer on the front and rear Eides dufing tios
material removal compensate Lor one another,'such that the
semiconductor wafer is processed in “free floating” fashlon
substantizlly without constraining forces of a gulide 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

ot

low resulting residual forces that may cccur, will occur only
on account of statistical fluctuations or external disturbance

20 wvariables. By means of FFP, defects of form as a result of
prior processes can be removed particularly effectively and
with 1little material removal , and the FFP impress hardly any
processing~characteristic new defects of form attributed to

them on the semiconductor wafers.

In the prior art, preference 1s given to seguences for
producing semiconductor wafers in which at least ones of the
process steps involved is an FFP. In the prior art, particular

preference is given to segquences in which at least one FFF

4]

30 comprises a method in which both sides of at least two
| semiconductor wafers are simueltaneously processed in a
material-removing fashion between two ring-shaped working
disks, wherein the semiconductor wafers are inssrtea loosely
into in sach case at least one receiving copening overall of at

33 least one thin gulde cage (carrier) toothed on the outsids,



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 midpoint Of the
double-side processing apparatus (planetary 5 movement). Such kinematics are used for the lapping,
grinding or polishing of semiconductor wafers. U52009/0298396A1 and 052009/0298397A1 describe
double-side grinding methods with planetary kinematics, which are intended to lead to a very flat
surface without edge roll-off even in the case of semiconductor wafers having a diameter of 450 mm.
In this case, a plurality of semiconductor wafers having the same diameter are arranged in a carrier on
precisely onevpitet circle arddrd the midpomt of the catderin suareaataystiatd e patisf the area
of the pitch cirgle.tp;the area of a.semicendugtorwaler ds bepweer 1-33 andv2.0: /52009/0298396A1
furthermore makes certain requirements of the size agdéslrran#n

{ e size and arrangement, fthgra%ragi\%eagellets used in
the method. B Tortrast 6530081020835 7A 1 distloses a grinding method with the 20 same
arrangementrof dhe Semicbriductorowaiers 3 e TaATESS but afralRaliie! Sol LGRS FSad in addition to
the bonded ahrasivernand thedotationalspeed efthesemiconducter wafers:is betweed:;mand 80
revolutions peryminlﬂte..lt1 lesobieesnm];tgx)nlﬁjn(gjl,l hg,y\%eo\éerwgh%?gso‘mplying with these requirements does not
21 suffice to 6Btailt semiconductor wafers %a\‘/lng the required plane-parallelism of the flat surfaces.
Particularly in the case of an arrangement with only one large semiconductor wafer per carrier,

sufficient flatnessywagafter aot obiained sWithe mos: ©f $he commerciakly avaitdiBlesdouble-side
processing 39 apparalyses. An.araagament lkebat canaaLhe ayoidac far exampledn hg.case of

semiconduct(?r wafershaving a diam:etel‘of 450 mm, since the corresponding]anrrieC[s are not large
enough 18r reE8ivifiga pruraliffForsemitontiibiciFafets st thafSiZe. Cther afrangements of
semiconductarnxatetsdn dfie cantiers.and of camdérstin thewdouble-sideperdcassiig Apparatus are also

known. By way, of.example DE10159848A1 spegifiesthat-iga doublessidepolishing apparatus

mentioned by way of example, 5 having a diameter of 1970 mm for the outer drive rin%andh
same diameter are ar¥anged in a carrier con preclsesly Oone PITC

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

15 the ratio of the area of the pitch circle to the area of a
semiconductor wafer is between 1.33 and 2.0. US2008/0298396A1
furthermore makes certain reguirements of the size and
arrangement of the abrasive pellets used in the method. By
contrast, US2009/0298397A1 discleses a grinding methed with the

20 same arrangement of the semiconductor wafers in the carrlers,
byt an alkaline sclution is used in addition to the bonced
abrasive, and the rotational speed of the semiconductor wafers
is between 5 and B0 revelutions per minute. It has been found,

however, that complyving with these requirements does not

+J
Ln

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 Iike that cannot be avolded for
example in the case of semiconductor wafers having a diameter
of 450 mm, since the corresponding carriers are not large
‘enough for receiving a plurality of semiconductor wafers of
that size.

35



530 ram for the inner drive ring, it is possible to insert up to S carriers having a pitch circle diameter of
the outer toothing of 720 ram. In each carrier there is space for three 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 objett is achieved by
means of a methad 4or- the: simultanedussrrateralrerioving 3Totessing Bihoth Sides of #tdeast three
semiconductor wafers hetweentwo rotating rings 25-shaped working:disks of azdeublesside processing

I %%a}gihag a r()lIL}ri% ap aga;tusilyvgich causes at

apparatus, wherein tr}lge dquble-gide g%)c%ssmﬁag QL
least three cAMT&s tofotiife’ and Wierein each of the carriers has precisely oné opening, into which a

semiconductorweafer is fespecthiiy friserfsch ifra 30 frealy nbeablefashion: suetithat the
semiconguctes wafers agemeved on-a cycloical tiajectaty between dhe working;disks, wherein the

arrangementgf, i, carriers,in the double-sifle puagessing apparalus,and alihe agenings indhe
carriers is suchthat the inéquality SLR/e-sinal,/N*)cie - 11.2 is satisfied, where N* denotes the ratio of
the round angle antithesangie ativRichtheadiadentttcartisle afe irsertecfintd tié rofitg apparatus with
the greatest distancemyith respectio enerarotheszrdenetestheaadius ofharopening for receiving a

semiconductor wafer, & denotes the. tadius of the piteh,clrcle around the.midpeini of dhe carrier on
which the opening is arranged, and R denotes the gadlus of the |tgh glrclq n WQ'Cbol%}ghe carriers
move bétwedlPthe Working dRkEByPreans of therofliig afparatds, “°7°+er= *

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
carticularly plane-parallel semiconductor wafers can be

very large dlameters

-y

produced economically even in th

[}

case o

20 such as 450 mn, for example.

The object is achieved by means of & method for the
simultaneous material-removing processing of both sides of at

least three semiconductor wafers between two rotating ring-

[
Lh

shaped working disks of a double-side processing apparatus,

wherein the double-side processing apparatus has a rolling

t

ot

apparatus, which causes at least three carriers to rotats, and
wherein each of the carriers has precisely one opening, into
which a semiconductor wafer is respectively inserted in a

3¢ 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 carriers is
such that the inequality

35



No relationship between the arrangetent 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 choice of material removal mechanism (grinding, lapping, polishing), and
independently of the choice 20 of the method (lappitng 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 rangésis suitebl& for ecariémicallyprodeicing semiconductor wafers with a high degree
of rianeparallelism which are suitable for particularly demanding applications. Brief description of the
figures 30 Fig. 1 shaws an example. of.an arrangement acearding 1o the inyention.of.a segigonductor
wafer in a carfier and number, size and arrangement of the carriers in the double-side processing
apparatus. 6Fig22ghbwsta toniparaiive BxaHpR of ET AahyeéntiSEACEOrdmy o tHinvention of
a semicenducton wafter-inra: earrier and humbergsizetand atrangementiof-thereanriers irrthe
double-side processing, apparatys. 5.Fig. 3:shows:a further comparative example af an agangement
not according to the invention of a semiconductor wafer in a carrier and number, size and arrangement
of the carrier3SRtAg HStBIE Sl proceSsing Apparatuas 107194 sHows a further example of an
arrangementzaccording:to thieimventionofd sermiconductor wafércin & tarfecand nukiber, size and
arrangement.of the carriers, in the;doublessideprogessing.apparatys £ circle on which

16 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 cobtainable plane-parallslism of the
processed semiconductor wafers is known in the prior art. The
present invention is based on the observation that
independently of the choice of material removal mechanism
(grinding, lapping, pelishing), and independently of the choice

20  of the method (lapping method, pellets grinding, PPG grindimg,
double—side polishing), from the number oI 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 examplie ©I an arrangement according to the
invention of a semiconductor wafsr in a carrier and number,
size and arrangement of the carriers in the double-side

processing apparatus.



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 invention. 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 to 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 thégnventiomyof thecarmaagehiernt of-tarkers and semitopddeiiwWarers for different
apparatuses and precessing methodse rk List of referenee syabols and.alsreviations Opening for
receiving a semiconductor. wafer 2Pitch.circle of the arrangement of an opening | rrieg, for
receiving a s&fidonduddr water 3Midpoint of the %habrf’g-%l e 6rc?€es§¥i{r?g Cg%%%qra!%% Ch%fjpgfnt ofa
carrier SMidpinvtofears bpeniniy ferredeivingRESémiconductor wafer

5

Fig. 3 shows a further comparative example of an arrangement
not according te the invention of a semiconductor wafer in a
carrier and number, size and arrangement of the carriers 1n the

double-side processing apparatus.

16
Fig. 4 shows a further example of an arrangement according to
the invention of a semiconductor wafer in a carrier and numbsr,
size and arrangement of 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 Ffirst methed not according to the invention.
20 Fig. 6 shows, as & further comparative example, the diametrical
thickness profile of a semiconductor wafer after processing by

a second methed not according to the invention.

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

according te the invention.

Fig. 8 shows an apparatus sultable for carrying cut t~he method
according to the invention.
30
Fig. 9 shows the plotting of the area-normalized flatness TTV*
obtained against the parameter x/e, assential to the invention,
of the arrangement of carriers and semiconauctor wafers for

different apparatuses and processing methods.



6Enveloping circular line of the arrangement of the opening for receiving a semiconductor wafer in the
carrier around the midpoint of the carrier 7Pitch circle of the outer teething of a carrier 8Pitch circle of
the rotation of the carrier midpoints around the midpoint of the double-side processing isapparatus
(planetary path) 9Straight line connecting the midpoints of two adjacent carriers 100uter edge of. the
ring-shaped working disk 11Inner edge of the ring-shaped working disk 20 12Region of the excursion
of the semiconductor wafer beyond the edge of the working disk 13Carrier 14Pitch circle of the inner

drive ring 15Convex thickness profile of a semiconductor wafer 25 16Convexly irregular thickness
profile of a semiconductoference symbols and abbreviations

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

L

for receiving a semiconductor wafer

3 Midpeint of the double-side processing apparatus
4 Midpoint of a carrier
5 Midpoint of an opening for receiving a semiconductor wafer
& Enveloping circular line of the arrangement of the opening
10 for receiving a semiconductor wafer in the carrier arcund
the midpeint of the carrisr
7 Pitch circle of the outer toothing of a carrier
8 pitch circle of the rotation of the carrier midpoints
around the midpoint of the double-side processing
15 apparatus {planestary path)
8 Straignt line connecting the midpoints oL Two adjacent
carriers
10 Outer edge of the ring-shaped working disk
11 Tnner edge of the ring-shaped working disk
200 12 Fegion of the excursion of the semiconductor wafer beyond
the edge of the working disk
13 Carrier
14 Pitch circle of the inner drive ring
15 Convey thickness profile of a semiconductor waler
25 16 Convexly irregular thickness profile of =z semiconductor
walfsxr
17 Uniform thickness profile ¢f & semiconductor wafer
1g et of method configurations with x/e parameter and TTVF
in the range preferred according to the invention
LS et of method configurations with x/e parameter and TTV*

outside the preferred range but still within the range
according to the invention

20 pitch circle of the outer drive ring

21 Set of method configurations with z/e parameter and TV

35 in the range not according to the invention



wafer 17Uniform thicl_<ness profile of a semiconductor wafer 18Set of method configurations with x/e
para.meter. and TTV* in the range preferred according to the invention 30 19Set of method
conflggratlons Wl_th x/e parameter and 10TV* 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 TT77* 35in the range not according to the invention S 30 Working gap 31Upper
working disk 32Lower working disk 33Inner drive ring 5 34Holes for feeding operating agents
30 Working gap
21 Upper working disk
32 Lower working disk
33 Inner drive ring
5 34 Holes for feeding operating agents
35 Outer drive ring
36 Semiconductor wafer
37 Measuring apparatusss for working gap width
38 Upper working layer
10 40 Lower working layer
e piteh circle radius of the arrangement of an opening for
receiving a semiconductor wafer in a carrier (eccentricity

of the opening)

Tie Rotational speed of the outer drive ring
5 ny Rotational speed of the inner drive ring
I, Rotational speed of the upper working disk

th

Dy Rotaticonal spesd cof the lower working disk

=k Radius of a semiconductox wafer

T nadius of the circular opening in a carrier for receiving
20 a semiconductoer wafer

K Number of carriers in the double-side processing apparatus

jodd 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 rotaticn cf the carrier
midpoints around the midpcint of the double-side

rocessing apparatus (planetar ath radius)
P g I Y

T Thickness of a semiconductor wafer
Ty Total thickness variation (range of the thickness
30 variation over the entire semiconductor wafer, min .. max)

mTyk Area-normalized TTV, i.e. TTV relative to the area o
r

th
o

300 mm semiconductor wafer
px Half of the distance between the envelopes & of two
adjacent carriers

35



350uter drive ring 36Semiconductor wafer 37 Measuring apparatuses for working gap width 39
Upper vyorking 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) noRotational speed of the
cuter drive ring 15 noRotational speed of the inner drive ring noRotational speed of the upper working
disk noRotational speed of the lower working disk r‘Radius of a semiconductor wafer

circular opening in a carrier for receiving 20a semiconductor wafer

Radius of the

Number of carriers in the

douple-side .processi.ng apparatus N*Ratio of the round angle to the angle at which the adjacent
carriers are_mteﬁhn&aﬂwi&lﬁmgramﬁréq!@\mth#héﬁgmamﬁétaﬁc@\ﬁﬁh PESPEEBYNe another
25 RPitch cigcle Ladivs Qf the rotation of the carrier midpoints around the midpoint of the double-side

processing apparatus (planetary path radius)

A

16

20

[y
L

30

33

Hh

Figure & shows the essential slements oI an apparatus according
to the pricr art that is suitable for carrying out the method
according tc the invention. The apparatus 1s suitable for
simultaneocus double-side lapping, grinding or polishing with
planetary kinematics. The illustration shows the basic
schematic diagram of a two-disk machine Zor processing disk-
shaped workpieces such as semiconductor wafers, such as is
disclosed for example in DE10007390AIL, in perspective view.
Figures 1 to 4 show a plan view of the arrvangement of the
carriers 13 and of the openings 1 within the carriers 13. The
reference symbols used in the following description of the
apparatus and the way in which the apparatus works relate to

rhese five figures.

An apparatus of this type consists of an upper working disk 31
and = lower working disk 32 and a rolling apparatus formed from
an inner drive ring 33 and an outer drive ring 35, carriers 13
peing inserted into 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. {(Carxriers
each having three openings are illustrated. By contrast, the

invention relates to carriers having only one opsning.)

During processing, the working disks 31 and 32 and the drive
rings 33 and 35 rotate at rotational speeds D, Ny, 0 and 1,
concentrically around the midpoint 3 of the entire apparatus
(four-way drive). As a result, the carriers on the one hand
rotate on a pitch circle 8 around the midpeint 3 and on the
other hand simultaneously perform an inherent rotation about
their respective midpoints 4. For an arbitrary point of a
semiconductor wafer, a characteristic trajectory (kinematics),

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



Thickness of a semiconductor wafer TTV Total thickness variation (range of the thickness 30variation
over the entire semiconductor wafer, min m max) TTV* Area-normalized TTV, i.e. TTV relative to the
area of a 300 mm semiconductor wafer Half of the distance between the envelopes 6 of two adjacent
carriers 35 9 General description of double-side processing with planetary kinematics Figure 8 shows
the essential elements of an apparatus according 5 {g 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 maghine forjprocessingsdisk- 10=shaped-workpieges stich-asisemieenductor wafers, such

as is diSC'OS%%‘%gX%meLe in DE10Q07390A L, in perspective view. Figures 1.t0.4 show a plan view of
the arrangement o the carriers 13 and of the openings 1 WIthIQ the carrlgrls 1%. The reference symbols
used in the TERGWITY deSEAFTGH B the 15 Hharattafll the Way' i Which the apparatus works relate

to these five figures. An apparatus of this type consists of an upper working disk 31 and a lower
working giské%@agi%olmg apparatys formed fram 20 anqerer driveing 33 and anouieg drive ring
35, carriers 13 being inserted into sg&g rbg)élirr;glg pglg;aggs Ihgpvgo&k&% Qis‘,\;kéw?;fj an apparatus of this
type are ring®ShAped The tafriereHiave openings which rédeive the“semicoriaactor wafers 36.
(Carriers eactehavingthres cpenings arsilliBirated. By epnfrastpésshing pacs in tae

case of polishing, and working layers containing bonded

abrasive in the case of grinding. The interspace formed between

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

procezsing.

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 exampie a cooling lubricant, a
polishing agent or a lapping agent. In addition, measuring
devices 37 for measuring the width of the working gap 30 can be

present.

During lapping, & slurry of locse 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 3%, 40 facing the working
gap 30 and containing fixedly bonded abrasive. A cooling

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

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



25 invention relates to carriers having only one opening.) During processing, the working casks 31 and
32 and the drive rings 33 and 35 rotate at rotational speeds n,, nu, ni and n, concentrically around 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
rotation about their respective midpoints 4. For an agpitrary point of a semiconductor wafer, a
characteristic trajectory (kinematics) 35 results with respect to the lower working disk 32 and the upper
10 working disk 31, said trajectory being referred to as a trochoid. A t ochoid is understood as the
generality of all segular;: sbartenedser lengthened epi-sorchygpocyclends: Dependingeorethe type of

processing method (apping, polishing. aundingds the, pper working.disk S3cand lower working disk 32
can bear worﬁlng Fayers 39, 40. They are polishing pads in the case of polishing,gand working layers

containing botdee&Brasive in e cale oftinding - Fhe Ittetspice tdrmed betwaeh N the working
layers 39 and:404s referredite as (@ workingegap 80; it whicH itite serficeadustor Wiifefs' 86 move

during processing At least one working disk. for.exampledheupperwerking ¢iskd 5:3% contains
(holes 34 through which ?ﬁergtin a entlsfl can be fed to wedwog%iggw%a §JQ Eonrceo& mple a cooling
lubricant, a polighingEagentora Igp‘ I C as

aahesivel nae ‘ X
ing dgent. i addition; measuring devices 37 for measuring the
width of the warking gap=30 éanshe> présentDufinglapping, & SRS-6F106%8™ harrsiibstances having
an abrasive effest {lapping agentJapping skirndis fed ta the working gap 30iard material removal
from the semiconductor wafer 36 is effected in this way. The working surfaces of the working disks 31,
32 contain no abrasive in this case. During grinding, by contrast, the working disks 31, 32 respectively
comprisé®a warkihgdayer 39hapJFadig e wsikifg R S0 S coaining tixedRy bohded abrasive. A

cooling 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  polishing pads. The polishing pad is elastic and, gimilarly 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 t©o change.
26 Detailed description of the invention

The invention is explainsd in greater detail below with

reference to figures and exemplary embodiments.

75  The invention ig based on a large number of experiments with
different double-side processing methods (deouble-side
polishing, lapping, pellets grinding and PPC grinding} and
corresponding apparatuses with different numbers and
arrangements of the semiconductor wafers 1in the carriers as

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

35 evidently nave in common fundamental kirnematlc and Topological



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 fixedly 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 11 the
duration of use and can be removed by a peeling mgvement after use and thus be changed rapidly.
Alternatively, the working layer 39 can also consist of a multiplicity of rigid abrasive bodies (so-called
pellets). The abrasive bodies are 5 embodied as cylinders, hollow cylinders or right prisms and by their
end faces arg-adhesively bandedhserewed o: incorporateddnto the sudaces of ihie svorkiritdisk.

Changing worn. abiasiye bodies ismare.complicated thag,shanging fae abrasivepads. During
polishing (doﬁb’lé-sﬁ Je polishing, DSP), the workin I%yers, %9,{140 are ojjshi(glgpp%d%;l\ngpout any
abrasive SUBSEAEES A Falishing ageht (pgf?s%iﬁd’%?urr%eéoh%aigniﬁﬁ‘ a%‘;’ésoiee substances, preferably a
colloidally disperse-atkalinersitica sof; is fed 10 the Wtk gap 30 ok REhEtvesH ¢ 5 polishing
pads. The palishing pad.is-elastic ang, similady 4o the abrasivepactnathe-RPGiniethod;-can be

removed from the working disk by means of a peeling movement and is therefore easy.to change. 20
Detailed des%?ibtiaﬁzﬁ*th% ih@eﬁggﬁ The ihven i%ﬂ?gge&ga"lﬁrg& in greater detail below with reference to

figures and exermplaryarhbodimers: 25 Fhé Hvéntion isB&sed on a large number of experiments with
different double-side processing methods (double-side polishing, lapping, pellets grinding and PPG

g“ndmg)an%ggﬂfgggﬁgyg%apg?g@gge%gN@%gegggygﬂgyséﬂgjtwo parameters x and

10 e (see figure 1): = is half the distance betwsen the envelopes
& of the openings 1 in adjacent carriers 13 for receiving a
semiconductor wafer. In this case, the envelope 6 oI the
opening 1 arranged in a carriex 13 should be understcod to mean
fhe circle within the carrier 13 and the midpoint 4 thereof

15 which borders the area swept over by the opening 1 upon
rotarion of the carrier 13 about its midpoint 4. To put it
anotner way, the enveloping circular line © is that circulax
line around the midpoint 4 of the carrier 13 which precisely
still completely encompasses the entire area of the opening 1.

20 e 1s the &
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centricity of the opening
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is to sav the radius of the pitch circle 2 on which the open
o

-

i
1 is arranged around the center 4 oI the respective carrier 13.
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The invention is based on the opservatlon, 1n particular, that

[
L]

rthe ratic x/e has to be chosen from a very limited range in

1 i il | 111 r £ +
order to obtain particularly flat semiconductor walers and at
the same time to be able to carry out the method particularly

economically.

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

35 simultansously in a machine batch occupies a greatest possasible



arrangements of thé 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 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 cotratatiaris which desnetvsuffied i errablé:the ee8nsRAE Proddction 8f semiconductor

wafers having a,parficularly.flat form. Jkhe invention relates to the ratio of the two parameters x and e
(see figure 1): x is half the distance between the envelopes 6 of the openings 1 in adjacent carriers 13

for receiving a semiconductor wafer. In this opening 1 arranged in a carr the circle within the carrie the
15 which botdersaseaswept 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 cpening 1 within a
carrier 13 and the distances between the envelopes & of the
adjacent carriers 13 have To pe chosen such that the ratio z/e
is less than or equal to 1.Z.

10
Given uniform distances between respectively adjacent carriers
13 and identical arrangements of the opening 1 on all the

carriers 13, the ratic x/e can be calculated as follows:
15 w/e = R/e-sin(n/N) - r/e - 1

Tn this case, R denotes the radius of the pitch clirole § on
which the carrier midpeints 4 rotate and the midpoint 3 ¢f the
double-side processing apparatus between the ring-shaped

20 working disks 31, 32 by means of the rolling apparatus formed
fyom the inner drive ring 32 and outer drive ring 35 (ses
figure 8) (planetary movement); RN denotes the number of
carriers 13 inserted into the double-side processing apparaius;

r indicates the radius of an opening 1 in the carrier 13 for

oo
th

A ; . = . : i L e A £ orhe
recelving a semiconductor wafer; and € 18 the radius cen Tihie

the carrier 13 on which

h

pitch circle 2 around the center 4 ©
+he midpoint 5 of the opening 1 lies. cecording to the
invention, each carrier comprises preclsely one opening 1 for
receiving a semiconductor wafer.

30
The carriers 13 can likewise be arranged with different
distances 7z between the envelopes 6 of adjacent carriers 13 on
the pitch circle 8. In this case, the maximum distance Zx
between the envelopes of adjacent carriers 1is essential To the

: ; Terlation £
35  inventiocn, as results according to calculation irom



case, the envelope 6 of the er 13 should be understood to mean and the midpoint 4 thereof over by
the opening 1 upon rotation of the carrier 13 about its midpoint 4. To put it another way, the
enveloping circular line 6 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 e is the eccentricity of the opening 1 on
the carrier 13, that is to say the radius of the pitch cifgle 2 on which the opening 1 is arranged around
the center 4 of the respective carrier 13. The invention is based on the observation, in particular, that
25 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
economically. 30 yeoe:rsgpeslgq%qmrme] art wha is familiar with the described double-side group
processing methods with rotating carriers will attempt to carry out the method as economically as
possible, that is to say that said person will ensure that the total area of the semiconductor wafers
processed 35simultaneeusly ifra srachine bateh petupiesia greatest possibie 213 pfopotfion of the

area available on thering-shaped werking disks:for the processingr ¥ heessemiat insightrakthe present
invention is, then, that 5 the semiconductar wafers in this casg

‘ must ngLQe wgnqg%ggﬂﬂarily, rather
e vt ] Tatil LT T grea . dist e = T A
the arrangentatit fthe SSeriing L Withiin A Carrier 13 And the distances between the envelopes 6 of the

adjacent carriersct® havetodde choséhstichiRat the fatfox/esis [BSY thafi'or etfuat to 1.2

the angle at which the two adjacent carriers 13 are inserted
into the rolling apparatus with the greatest distance with

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 adiacent carriers, N* = N.

The arrangement of the carriers 13 in the rolling apparatus

formed from inner and outer pin wheels is preferably effected
20 in such a way that the envelopes ¢ of adjacent carrierys 13 in

earh case have as far as possible identical distances with

raspect to one ancther. However, for mathematical reasons

ct

(planetary gearing eqguations), this can be precisely fulfi
only when the total number of pins on ocuter and inner pin

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

30 with as far as possible identical distances between the
envelopes & of adjacent carriers 13 is defined here as the one
for which the sum of the absolute values of the deviations oI
rhe distances bestwean adjacent envelopes & [rom the averags

disrance between adjacent envelopes 6 of all the carriers 13

o

hecomes minimal.

[¥5]
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10 Given uniform distances between respectively adjacent carriers 13 and identical arrangements of
the opening 1 on all the carriers 13, the ratio xie can be calculated as follows: x/e = R/e.sin(n/N) - r/e
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-shape 20 working disks 31, 32
by means of the rolling apparatus formed from the inner drive ring 33 and outer drive ring 35 (gee
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 circle 2 around the center 4 of the carrier 13 on
which the midpoint 5 of the opening 1 lies. According to the invention, gach carrier ises precisely
one opening T for YeteRr/ifg agéléem%}o%pﬁh%?orlw%?élr. %6 The céréi?r?ersdf?fe can i Lé%vk?sé? 1(é((!aﬁgﬁanged with
different distahees 2% etweenctherémvelopés Gofadjaténtitariersi:3 é6n the pitchéifcle 8 fn this
case, the maximum; disfance 2x:between-the-envelepes of agdiaeent carriersds essentialto the 35
invention, as results according to calculation I(;oq; 14 xle = Rie.sin(TNY) £ rlel In this case; N* denotes
the ratio of th& fouiid angle (27 rad) and the angle at which the adjacent carriers are inserted into the
rolling appar&tiiiFiththe grefest istarEedwith FESpecd 16 Shictanother. i tiis tage® tiérefore, 7/N*
denotes half of the angle at which: thetwe adjacent darrierss 18 areansérteddnto thesrol ing apparatus
with the greatest distance:with 10 respect to one-anather,Jn.generabN* is no 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
generallynotTa diviserofthetroungbresented in claim 1 encompasses all the

special cases discussed and is therefore used for the

definiticn of the invention.

he opening in the carrisr and

(m

In practice, an arrangement of
15 o©f 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=

satigfied;

20
Eeccording to the invention, the intention is that z/e £ 1.2.
Therefore, proceeding from a given arrangement in which, after

measurement, for example, the parameter x/e inltially proves To

e too large, firstly further carriers of the same type can be

-3
tn

inserted intc the rolling apparatus, to be precise preferably
as many as still have space therein with a smallest possible
distance from one ancther, 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

[0}

36 determining distance 2x between the envelopes of the cpening

arrangament of adjacent carriers is minimized and ®n/e 1s

therefore reduced. 1f this still deess not suffice, the carriers

initially used can be exchanged for those in which the opening

in each carrier lies nearer to the root circle c¢f the outer
15  toocthing of the carrier. As a result, the crucial eccentricity



angle. In the case of a uniform distribution of the carriers with identical distances between all adjacent
carriers, N* = N. The arrangement of the carriers 13 in the rolling apparatus formed from inner and
outer 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 outer and inner bin. 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;methed aceordingdathedinventiop or ifit is; thenusuatly only fer aspeeific=tumber of
inserted carriers. The preferteq aangement.30 wih as {3 as possitle identicallistanges hetween the
envelopes 6 o?adjacent carriers 13 is defined here as the one for which the sum of the absolute
values of theRd&\igtiohs bf tedistafices between adjacent envelopes 6 from the average distance
between adjacent envelopes 6 of all the carriers 13 35 becomes minimal, 15 Furthermore, the
opening 1 cap he arranged differeptly. within the differept.carriers J3.0f a.configuration. In this case,
the average value of all the eccentricities ei of the qar[jerSOL%, 5LS, in ISN, i = 1.2 N is essential
to the inventioR ft’s préfetred; Hwever: f6F aff i€ carriers T3 to'fiave'thé same arrangement of the
opening 1, thatis:to:say férvalbthie eadriersol3 bf actonfigliraton to bétidenticiR A Fh8 déddality
represented in claim; 1 encompasses.all the special cases gisqusses-and ds thereferecused for the
definition of the invention. In.practice, an arrangement of the apening in_the cargier and of the at least
three carriers"6ntfie w?“LifrHa(j?shtall%eGCI: gv%trﬁﬁfdfjsk glcrﬁlda3 instﬂ‘ahﬁélr“o?lrllr?g% gbﬁgrgt%gg]‘arrﬁ%%frg%in?fér and outer
pin wheéfs arrbtive- batertbething BftHE GHfier eafiaiivays BefotirriBasily &Geh thaCtnetinequality
represented inrclam dusisatisfiedzss over the entire semiconducter wafer (TTV,

=otal thickness variation; difference betwesn maximum thickness

and minimum thickness of a semiconductor wafer) - and the

By

+thickness fluctuations within a pass tend to become lower L
15 particularly small valués for x/e are realized., The
particularly preferred limit value of x/e £ 0.55 in this case

arlises as follows:

In the production of semiconductor wafers, lapping, PPG or

20 pellets grinding is generally fcilowed by chemical mechanical
polishing, preferably simultaneous double-side pelishing (D8P} .
only very low material removal rates can be obtained during
polisghing. 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 atiain a thermal eguilibrium. This is

the only way to cbtain controliable and uniform results from

ot

30 pass to pass. Polishing is usually the last significant step of
the shaping process during the production of semiconducter
wafers and therefore has to satlsfy particularly stringent
reguirements concerning the obtained flatness and thickness

constancy of the semlconductor wafers thus processed.

35 Experience shows that a DSP minimum removal with good and



20 According to the invention, the intention is that xie = 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 inserted into the rollinb apparatus, to be precise
preferably as many as still have space therein with a smallest possible 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 therefore reduced. If this still does
not suffice, the carriers injtially.used capbe exchanged for these:inyvhiebdhepening in each carrier
lies nearer to the root circle of the outer % toothin og tq% cggiear @és %rje%%lg, hgoc(ggcial eccentricity
16 e of the affaRGEMENCSTthe Spéling inthe'carrier is heréased and xle Is therefore reduced. A
combination 6f bt areasuresds preferabfipalsorusert & ArfantertenRiniWhith theparameter x/e
essential to the ipvention is less-hap.er equalto-0.565:have: proved toche particulatly suitable for
producing semiconductor wafers having a parti g@{h unifarm thigkness, ‘This s becguise it has been
found thagt thé fatness of ﬁ}oersg%ﬁgér’?d%)éto? vflné%ér tlr){alt (?Jla%rggM%ﬁ)tgﬁr%éd ngtﬁ a giv%% arrangement -
for example dEseribatrby the globaifdhess Ve Hhe Etiré SeticBhductor wafer (TTV, total thickness
variation; difference:betveer maximumshicknessandminimzurncthicknessofua semiconductor wafer) -

and the thickness fluctyations within a.pass tend tp hecome lower, if 15 particulaslyssmall values for x/e
are realized. The particdlarry preferred limit value of x/e S 0.55 in this case ggggs as follows: In the

= = + + g ‘ = j =T VW\_
production oﬁ“éae?ﬁ%%nﬂucfo%gfé?%rﬁbpinB?PP“GsoF%OSﬁéileJt?é?ﬁSdTng ‘i*s}"genefsasllyofbllowed by
chemicalimechanicakpolishingcpreferablysifruitanéous doubldside poliSHinYSMER).[Ofly very low
material remqual rates-can be optained during-polishing.-therefere; polishing: isitirae-consuming and
eXpenﬁve,a@%ggggggogig)ggﬁgﬁ¥%¥gti%£8$§§%99§sg¥%ef the DSP pass are
determined only by the properties oI the DSP process carried
out, and not by the precurscr product properties. Given 1 pm

15 distributrion of the initial thicknesses around the average

value of a batch, thersefore, approximately 20 pm DSP minimum

value actually regquired depends on the type of polishing pad,
the pressure and the kinematics as well as on the p

20 the polishing agents applied.

o)

Pinally, 20 — 30 pm is & maximalily expedient DSF removal value,

not just for the economic reasons indicated. In the case of

o

higher material removal with DSP, that 1s tc say a longer

25  polishing duration and, conseguently, & longer time of aciuion

ishing

ol

of the polishing agent, trace metals contained iIn the po

. = s J g A + v o AT - ]
agent unavoidably pass To the semiconductor warers and

“

contaminate the latter. Overall, therefore, there is & Ju
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till acceptable limit value for the Iflatness and thickness

+

30

Hy
-

luctuation in order to be able to carry out the total

{

ccessing of the semiconductor wafers at a high rate 1n terms

o g
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il
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guality, process yield and economic efficiency. Said limit

t

or P
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th

value is appreoximately TTV = 1 um - or pellets-ground
semiconductor wafers having a diameter of 300 mm. For larger

33 cemiconductor wafers, the still acceptable TTV value is



25 material removal. However, experience shows that a minimum removal is also necessary in the
case of OSP, said minimum removal resulting from a minimum delay time required 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 semiconductor wafers and therefoyg has to satisfy particularly stringent requirements
concerning the obtained flatness and thickness constancy of the semiconductor wafers thus
processed. 35 Experience shows that a DPP minimum removal with good and 17 constant results is

approximately. 1Q;pm. A prereguisitefos catrying eutasiable DSP-processys@n akréady very good

flatness of the semiconductor wafers before, palishing anda yery.narrow. distribytion, ef.the initial
thickness of %ﬁr%ﬁéosnedpﬁfcbon%u%?igﬁ Wafers o“f% machine batch. In praciice it has been found that the

DSP removal rasrBa i [eastappreninately & fimessas high asthBadtal fiuttuation baldwidth of
the initial thicknesses-ef-the;semicondiicierwafersiof a DSPbatehssthat istoisajddrgest thickness of

the W th'%ckeg;s%m\ﬁiéc%ndggtog%qfe g}igygmgli%stgglg@%gg the thinnest semicanductor wafer, in
order that the obtained flatness and thickness homogeneity after thedDSPw%ass are ggaergij@ed only by
the propertie&®tthe D3P Brotess™ Cartied dut-Bnd notBy fhe precurddr product properties. Given 1 pm
is distributionref the initial. thitkhesses=aroehdtthesaveragesvalie of atbatchl théféfore, approximately

20 pm DSP nminimum semaovalg are required. This.is-an empidcakvaluethe removal 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
removalivalug)aot justfor the eeondaiic fedsons indicated: fri the ease of niglermatéidiemoval with
DSP, that is to,say arlonger polishing-duration-and, canseguentlyha longei tinei gk action of the

polishing agent, trace metals contained in the palishing.agent,unavoidably pass to the semiconductor
wafers and cBhtaminate the 1atter. Overall, there ore, there is a just still acceptable limit value for the
flatness and thickifesgive 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 aiso
has a corresponding minimally permissible tooth profile depth.
The cpening in the carrier for receiving the semiceonductor
wafer also cannot be arranged arbitrarily close to the root
circle of the ocuter toothing without adversely aifecting the

26  mechanical stability of the carrier. Therefore, x cannot become
arbitrarily small. In practice, a valus of w/e of less than
0.05 virtually cannot be achieved. Therefore, a paraneter x/e

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

25  Lapping and double-side polishing are methods which bring about
4 material removal from the semiconducteor 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) pclishing agent, (3) semiconductor wafer in

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

that is to say the interaction zone between semiconductor waifer

5]
h



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 still acceptable TTV value is 18 permitted to be greater than the ratio of the
area of said semiconductor wafers to that of a 300 semiconductor wafer; for smaller
semiconductor wafers, said value has to be less in equivalence with said area ratio. It has been found
that values 5 of x/e < 1.2 and, particularly preferably, x/e 5 0.55 are particularly suitable for this
purpose. Thgr@cqegé%%rmgliz&q%'}lng\/ﬁv%IHg, Les I TV:valyerelativetothe.area of a. 300 mm

semiconductor wafer, is designated here as TTV*. N The Carrilgrggge gég\éidgg with,an.outer toothing,

which engageSihits i fnfer &id 6Utéy drive ]r“iﬁséré‘jbrﬁhgad%ujbfeﬂ-élde processing apparatus. Since the
teeth or pinssofdherdriviesrings have torkiave Bosufficieht stffiedd ard s Stréngth$hofder to be able
to transmit the,forces fof, the maevement abihe:pr-earrer the cosesponding outer toothing of the carrier

also has a corresponding minimally permissible tooth.profile depth. The.opening.in the.carier for
receiving theaslésrhlré‘(g;nl‘due%%? \?valfgrjy Al%0 cannot be afr%an@ed arbitrarily close to the root circle of the

outer toothingavithoatathersely aféctig 1HE DoFmechanichl SEbility of thd Carher “fherefore, x cannot
become arbitrarily-smadk IR peactice; anvalues=ofx/p of fessithan 0105 virtuallyrcannot ibe achieved.
Therefore, a parameter g whefe 0.05,5.2.5.0.5% s paticularbyreferred. 25 kapingiand
double-side 551|slh}ng 'are methods which bring about a material removal from the semiconductor wafer
by means of astht&éhcdy terdctiBh>@jTapping 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-sidg, palishing .\ order do pbtain amaterial Lemenah dhe tapping-oripalishing agent always
has to be transported from the working gap, to which it is fed, qver the es.of t iconductor
wafer and be'disfButed as-Gnifsinly %sg pbggib?é: over the %reoa} of thgg seé%czsﬁénltj%egéévmafer, 35 that is

to say the interattion Zone betweensemiconbirtordaley: the area of the zing-
shaped working surface, a trough-shaped thickness profile ¢

I

15 +the working laver (PPG, pellets grinding) or of the working
disk (lapping) therefore forms over the mourse of time in &
radial direction, and the semiconductor wafers processed
thereby increasingly acquire an undesirably convex form. In

order to counteract that, the semiconductor walers are arrangsad

70 in the carriers in such @ way that, during the inherent

1t

o=
Ao

rotation cf the carriers, they extend temporarily with part o

} ] t P _ ~
+rheir area beyond the inner and outer edges of the ring-shaped

ct

working surface. On account oI the rotation of the working

Fh

disks and the roration of the carriers around the midpolnt of

25 the apparatus, in this case this so-called “workpiecs
excurgion” 12 (figures 1, 3 and 4} sweaeps over the sntire edge

0f the working surface given a suitable cholce of rotatlonal

miformly.

]
0
o

speed, such that sald working surface wears mo
This necassitates an eccentric arrangement of tThe opening for
36 receiving the semiconductor wafer in the carrier or a working
surface having a ring width smaller than the diameter of the

semiconductor wafsxr.



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 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) over the ring-shaped regjon of the working disks that is available for

“processing. 1.0 During lapping, PPG and pellets grinding, the working surface is subject to wear. If the
area swept over by the semiconductor wafers during processing lies within the area of the ring-
shaped working.surface, a troughsshapeg thickness profile.of the working layee (RRG; pellets grinding)
or of the WorT<|ng dlsk“ﬁappinb therefore forms over the course of time in a %aadjal‘ﬂ%i{(l%(gion, and the

semiconductet W@afets precessed therétsAficreasingly Aequire an Undesirably convex form. In order to
counteract thatj the: seinicendector waférsare arranged 20 in the carriers in such a way that, during
the inherent rotation of the carriers, they extend temporarily with part of their area beyond the inner

and outer edges of thering-shaped working surface. On account of the rotation of the.working disks
and the Potatz?or?%?ﬁ?éa%arr‘fé]rls around t%%“%lnﬁﬁé)iﬁt 6f 25 the apparatus, in this case this so-called

"workpiece exeliFrsiont 12 (figlreence aid 83 seep’ GVet thasnitie suge of the &oTking siiface given
a suitable chgice. of rotatignak-speed: such: that-said- workingrsurface wears tereidnifefmly. This

necessitates an eccentric.arrangement of the apening:fer.30 recaiving the.semiconductarwafer in the
carrier or a working surface %avmg a ring width smaller than the diameter of the semiconductor wafer.

. . e o e J RS - oo N 1T n o The .
20 In the casecoFDSP, dWoPKFIBRE EXcUTEIbhIEHOE Netes¥ary betanss the' Polishing pad is not
subject to weas.thatwoidd gritically alter its fermiAconstantweikpieceexelrsionbydfmeans of a
semiconductgr wafer auanged. concenrically inthecarrier,over.the gdge of a working surface having a
ring width smallér than the diameter of the semiconductor Wafﬁrdproved by itself to B&Jg;gfficient,

This proved te be plausible Tor the 10 Wing reasons: rin

lapping and during DSP, the eccentric “pump movement” of the

semiconductor wafer evidently supports the transport cf lapping

i5 agent and polishing agent, respectively, from the edge to the
center of the semiconductor wafer and thus enables a uniform

e
ha™

I

. , . s o qn
+rial removal. {A semiconductor wafler arrandgec eccentricariy

in

oF

he carrier performs a gyroscopic movement similar to the

th

impeller of a centrifugal pump under the inherent rotation oif

20 the carrier driven by the rolling apparatus and thus emits

[
H

kinetic energy to the surrounding fluld - polishing agent,
lapping agent or coocling lubricant — such that fluild transport
is effected.] In the case of PPG or pellets grinding, This pump

movement correspondingly leads to a more unlform distribution

b2
s

of the cooling lubricant cover a semlconductor and working layer
surface and thus counteracts heating and deformation of the
working gap. Furthermore, semiconductor wafers arrangesd with
insufficient eccentricity in the carrier, during the rotation
of the carrier around 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 o the

stubseguent carriers that are rotating on virtually the same
trajectory. This lsads to non-identical processing rssults of

the semiconductor wafers of different carriers in the same

33 processing pass.



however. An eccentric semiconductor wafer arrangement in the 10 carrier is additionally required in
order to obtain a high degree of flathess 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 agent and polishing agent,
respectively, from the edge to the center of the semigonductor 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 bump 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 transpart is._ eff _In the_case of PPG or pellets
grinding, thispurdp ibbentent Corrésisarndingly Teads to a m%?% ?r%‘%%n)%; rit()g%%ioq_ g of the cooling
lubricant ovek arsemicoreuttorandieerking et surfite and thus eothteratts Reatifig and
deformation gf the; working gap.<=urthernote; semicopdustorwaters arrangebwithrinsafficient
eccentricity iq the Carrierd €:(;Iu+rin<ggrthre reotgggglq the carrer.around thescenter of the appagatus in the 30
working E;ap, comsue of st”place?ﬁe lapping or polishing agent or the :coplig lubricant fog\the
semiconductoi waférdighpiesdubssdiient carriers: that&ré rotating bR virtdally %é‘ Same trajectory. This
leads to non-identical pracessing resukis of tife semiconductorveasfers of different-84rriers in the same
35 processing £asE, 210N sreauntof the duarasieristics-ak hewplanetary gearing Knemalics
(cycloidal trajectories), this depletion in the working gap takes g!ggg.%msotropically since the polishing
or 5 lapping &§eHt St the Covlingitibricaht FRd 6AIy at points via individual feeds 34 in the upper
workingdisk 31 (figure 8) and is not distributed sufficiently homogeneously in the working gap owing to
a lack of eccegntricity, of the semigondugtor wafer asrangerentin the cartiessmiconductor

wafer in the receiving copening of the carrier is suppressed by
an insufficient eccentricity. This is becatse, I0r reasons O

symmetry, given a concentric arrangement of the semiconductor

il

15  wafer, the forces acting on tThe semlconductor waler during the

{

movement in the working gap balance one anocther, such that no
resultant torgue that drives an inherent rotation in the
receiving opening acts on the semlconductor wafzr. (The

tratectory of an arbitrary polnt of a semiconductor waier

20 arranged concentrically in the carrier is always a closed

circle). A lack of inherent rotation of the semiconductor
waters in their receiving opsnings leads to nen-rotationally

P 4 Fu i e o : : . N \ _ R
symmetrical thickness profilles, that 1s TO Bay wedge—shaped

semiconductor waiars.

o
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If an arrangement not according to the invention in this way is
additionally embodied such that wide interspaces arise batween
the semiconductor wafers or the envelopes cf thelr arrangement
in adjacent carriers, the processing cperated in this way

3¢  becomes particularly uneconcmic 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
wafars (small batch sizes of a processing pass; low

throughput). Although polishing oxr lapping agent can in part be

Ly
L=



Moreover, the advantageous free movement of the semiconductor wafer in the receiving opening of
the carrier is suppressed by an insufficient eccentricity. This is becaUse, for reasons of symmetry,
given a concentric arrangement of the semiconductor 15 wafer, the forces acting on the semiconductor
wafer during the movement in the working gap balance one another, such that no resultant torque 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 is always a closed
circle). A lack of inherent rotation of the semiconductor wafers in their receiving openings leads to
non-rotationally.symmetrical thisksess profilessthat is to say "wedygesshaped" serriconductor wafers.

25 If an arran%%q]eglQo}l%%cg{qingatge@;@ invention in this way is,additiopally,embodied such that wide
interspaces &rise betw ent elséjmiconductor wafers or the envelopes of their arrangement in adjacent
carriers, the BrocedsiAg operatedirt#is way 36'Hetbniés pafticularly unecéhomic Since, expensive
polishing agentordapping agent flows awaydearhahe workirg paprvia thewidé intet§gaces without
having begen used.and the available.working:surface.is.insufficiently.covened-with semieonductor
wafers (small batch Sizes of a procqs%q% pass; low ggeth;ougl%pqtg. élst@glr{%g p ig@m%gapping
agent can in PaFHE S22 rélisett dhd be' passed i an equ“ll?brlurﬁ”of partly rejected used
polishing/lappimeragent and propogtionallyaietersdaiéw Folishirgliapiitg agent anamber ot times to
the working gap and-this process can he-adaptedo therprepostionof unused Sslapping/polishing agent
within certain limits, this always results in considerable | due to efflorescence (polishing agent) or
clumping (lapBing getty Bhd r%%u?re%orﬁéﬁfef%ﬁs%sb to i%%?%éyanad“ségération o1§‘(plalcggir;§gB or polishing
slurry whilst acceptingrapoorerSurfaceé qifdlity of the semiconductor 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 ox palishing agent than in regions with;ap excessof lapRING.Qk shing pad
are heated to a greater extent in regions with depleted lapping
or polishing agent than in regions with an excess of lapping or

5=

15  polishing agent, since in the former the cooling efifect ©

Fh

freshly supplied lapping/polishing agent is absent.
Particularly the polishing pad during polishing, wnich consists
of foamed plastic or woven or felted piastic fibers and
+therefore conducts heat very poorly, is heated particularly

20 rapidly. As & result, it expands locally. In the case of an
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.ccording 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 account of
the pressure conditions that are non-uniform over the

trajec

o
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rv of a semiconductor wafer. During polishing, the

-
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marerial conversion additionaliy 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 delfects (incipient

etching, increased basic roughness (“opolishing haze

: Raleh £ - T et ¥ e R + e
During grinding by means of pad or pellets, Dy COnLrasy, the

35 material removal is effected by means of a two-bodied



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 poorly, 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 surfacef the working disk, and a non-uniform material
removal results on account of the pressure conditions that are non-uniform over the trajectory of a
semiconductor wafer. During polishing, the material conversion additionally has a ‘
temperature:gdependentprofile owing ta shechgrical compenent of tise polishingemeehanisin. Locally
fluctuating temperatures of 2 palishing pad:everwhich-semicanductoe wafersiswees non-uniformly
therefore 30 Ieaa to pdrticularly non-uniform material removal and,.in ggglta%n, tolgrggglxéluctuatmg
surface defeets GREIPIGRESChir: SRcreastt bisit TBHGRReSS (Potishing haze™). During grinding
by means ofipador Pellets Hiyreohtrast; the 35 niateraliremaoval is effectdd By rriedAs Bt a two-bodied
interactign - (1).abrasive, grain.honded in the:abrasive gpating (pad arpeltets)y¢2):semiconductor

wafer. The problem of uniform mass transport as in_lapping of douhle:side polishing.is obviated here
because the aBtA&VE Gram i fixediy Bonded 5'into the w %liina layer and, by means of the

advantageous planetaryidnehaticsn is anfferi gtidiedtoéach Sarfated5caTsH 6F i semiconductor
wafer that is @ be processed. Luring grincing #sing-banded graims furtherprocesses predominate,

therefore, which doepgetlrgg_ng whether.a semicondyctor wafer having.uniform orhaving agp-uniform
thickness is gb”t“a?ne”&.‘lnfco’ntr“a‘sf[“;o polishing or lapping where the rpg}er}i{al resrsn%\éal takes place slowly
and withdow ratetial PEMeval Fatee By fifeafy’ nd nonTURLIoTE TRICKRESS L5

obtained.

In contrast to polishing or lapping whers 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 pollshing pad and

semiconductor wafer, the material removal in the case of

grinding using bonced grain takes place with comparatively

significantly higher materisl removal rates than in the case oI
20 polishing or lapping on account of the direct force

B ae

rrapsmigsion of the grain movement on account of the relative

movement of working layer and semiconductor waler.

Relative to the decrease in thickness st all the semiconductor

3]
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wafers of a machine batch, typical removal rates of 0.0 -

1 um/min are acnisved 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 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

led away in order that the abrasive pad 1s not

cicgged and maintains a uniform cutting capacity and local

overhesating as & result of different sliding friction owing to

35 accumulated abrasive slurry is thus avoidec. Here &



15 of a rolling movement of the loose polishing or lapping grain in the contact zone between 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 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 wafers of a machine batch, typical removal rates of 0.5 - 1

pm/mmn 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 um/min-in_the inding. Ipthe.case of grinding,
therefore, a pafticutarty Ta%rﬁg‘ SMOUNT 3 “6lf“éﬁré§?/% gl?larryﬁ;lheriS(,ée%s?ﬁpgr(g ﬁﬁﬁ%&% toatbq precise uniformly
over the entire area ORhE seiEbAJERIGHTATEF - TPhas fo BEIBA EWAY irf 8Fdér that the abrasive pad is
not clogged gnd maintains-a usiforareuttingcapacity andc:locdl overhesting as aeresufttot different
sliding friction -PV»,VJQSQ 0,35 accumulated abrasive slyry is thusavoided Here a- 24-suifficiently large
eccentricity of the erﬁlcoﬁdU'c'forﬁwafer arrangement in the cgrrjer with the as]§9(3:iaged gyroscopic or
pump méverieht evitleMiyFortets aFPéﬁiaI}‘érr?&?aﬁ bt the abrasive shirry that arises. Moreover, the
gyroscopic mevementensures auniform supplraf codlingdubricartarnid Hetce Stppotts a sufficient

and uniform c¢aaling of the entire, surface of the semiconductor wafers. Particularly in the case of
grinding (two-bodied interaction), 10 but analogously also in the case of lapping or polishing, the

semiconductor wafer can "float" at locations with accumulated cooling lubricant (or lagping or polishing
agent) and thus-movelfroiythienniateriarremabingrengagemént withtheSvorking tayer -
16 but analogously alisc in the case of ilapping or polishing, the
semiconductor wafer can “float” at locations with acoumulated
cooling lubricant (eor lapping or poclishing agent} and thus move
from the material-removing engagement with the working layer.
This results in & 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
26 as possible over the space thus gained, the problem of locally
acoumularted operating agent or inadeguately removed grinding,
lapping or polishing slurry 1s not solved since, via the large
interspaces, operating medium would only simply draln away

unused, without having come i1nto contact with the semlconcuctor

by
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er. Thia actually reinforces a non-uniform temperature ©

ot

by

e working gap. Moreover, & procedure like that is uneconomnlc
& rking p.

i

ewer semiconductor wafers per machine batch; waste of
operating medium; .

30 Bn eccentric arrangement of the semiconductor wafar in the
carrier leads, during the rolling of the carrvier {inherent
roration and rotation arcund the apparatus midpoint;, To
changes in the loads according to absolute value and direction
with which the semiconductior wafer is pressed against the wall

35 of the receiving opening during the movemsnt along 1ts



. This results in a material removal that is non-uniform over the 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 problem of locally accumula;ed operating agent or inadeguately removed
grinding, lappingpolishing 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 .relgfeogggg a non-uniform.temperature of the workieg:gap.Jyloreqver: aproeedure like that
is uneconomic {fewer semiconduc or wafers per machine batch; waste qfhcgoeratlng medium). 30 An
eccentric arrangerent ofthe*sémiconductdr walférin'the carfier féads; during the rolling of the carrier
(inherent rotatigh @ndiretation.arosund theapparatusiniidpointle, toschangessirrthe foads’according to
absqlgte Val!é?l Eancd ggggt}on %%W@!ﬁh ti‘éefgggrli%ggquc;;[gr wafer i§iw§5;$§d;1g@insmh&swal] of the
receiving opening during the‘movemgnt along its 25 trai%(gtg%a%nnd?thg gllsérsl;b%on of the frictional
forces over itgafeE As Atesult Aninhefént Totation of the Semiconductor wafer is driven within the
receiving operingrinctheicarrier cindwhicke after &ller®ily lies 166$€1y O This’s intfefént Totation of the
semiconductor yafer yields.an. additiongkthird dearee effreedgminrelatian tothe pure planetary
rotation - having only two degrees of freedom - of the par[jgf;& Aaround.the apparatys genter. This
additional degrée Gt frésddim OafJTﬁénVC\;FOI‘k‘rﬁlveCdét‘) Fn‘?“ofé?ﬁﬁnf’ leads to W particularly isotropic processing
of the semicorduetor wafér srttPparticuldty Hes8HatTEsS8Y &R Yood thickridss homogeneity of all the
semiconguctgr, wafers of ay pass cosfiguration: A lackobeccentricity Suppresses-thesinhierent rotation
of the Sem'c%”lq:‘f—?tgé%afgﬁg‘r%e %%rélgr%mg§g§s andg good thickness

homogeneity of all the semiconductor 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 asvmmetrical semicenductor wafers, for example

- C e
in the form of a wadge shape of their thickness proiiis.

' rki ' o i o the lower
The position of the upper working disk relative to the low

working disk is compiletely determined by three polnts. (Three

. , o - ; o ‘

20  points completely determine the position of a plane.] In the
case of three carriers each with a semiconductor wafsr with
precisely concentric arrangsment 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

o
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tually be precisely determined. An initial chlique positlon

O
Fh
t

; e 4 N 4 J P v o e 34 -
the upper working disk relative TO ~he lower working disk,

oblicue position being caused for example by semiConGuUctor

1
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.
[a3

fers having different initial thicknesses, would thereby lead
s ‘ g di ¥

b
m
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during processing, asg an undamped woebble mevement ©L Tne upp
30 working disk relative to the lower working disk, to wedge-

shaped semiconductor wafers having non-identica. thlcknesses.

I1f the semiconductor wafers additionally pericrm an eccentriilc
movement, however, on account oi an eccantric arrangement

35 within the carrier, the bearing points on the semlconduccor



15 to rotationally asymmetrical semiconductor wafers, for example in the form of a wedge shape of
their thickness prof 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 each 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 actu&ﬂy he precisely determined. An initial oblique
position of the upper working disk relative to the lower working disk, said oblique position being caused

for example by semiconductor wafers having diffecent initial {@igkgg@gesw ~would-thesehy. lead during
processing, ‘45-an %n&%pgg Wobble ?n%ééem%nt of the upper 30 working disk relative to the lower

working diske te wedaestiaped BEmicodicdF WaferShaving Hof-idénticdl thicknesses. ff the
semiconductor,wafers additieralty perfarmean eccentric movemernt, howevet -0l atEBnt of an
gccentric arrrléqurlergflgg% 32,within fhe gg&ii%& %h@?ﬁ%@@@tggntt;?g sgﬁfli_logﬂdjumb ;.26| wgfers that
etermine the position of the upper working disk are correspondi isplaced €0 y during
processing, aAdeE Wobblé rgiement Ao 18nger 5%8%%r%ﬁ&%%%%%é%tﬁﬁ%r#p}%%% that the form
and the thicknessesiefthessemiconductor B wafeks: ot agsassBatchidreFahidfmatéhed and good
flatness and thickness, canstancy, are, obtaigedaves atitheisemiconsuctorwaters in a pass. Thus,

given sufficiently eccentric arrangement of the, semiconductor wafers, a,9eod flatness and thickness
homogeneity* cafi'eiétrbe obtained iﬁetﬁécc%ns%hb’f%“st W a total of t%f]?ee semiconductor wafers in a

total of threet¢arriers s the sninimumipussible batdh fifa Processiig pase it isParticalarty” -
advantageous to.increase the aumber:of semiconduciaewafers additiorally, thabisto say to choose as

many carriers as possible Wl'}Q semiconductor wafers,correspondingly coming.as glese. to one another
as possible ihaa%jégé:ﬁ’t carfiers (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
Tt is particularly advantageous TO increase the numbel oI

i s 4 G i
semiconductor wafers additicnally, that is to say to choose as

15 many carriers as possible with semiconducteor wafers

Q

orrespondingly coming as close Lo one another as possible in

adjacent carriers {small distances 2%} . As a result, the
sition of the upper working disk relative to the lower

working disk is geometrically overdetermined (more than three

20 pearing points), and this results in particularly fiat
semiconductor wafers with uniform thickness. (Semiconductor
wafers having form or thickness deviations can no longer move
through the working gap, which 1is already defined by three
points, without inesvitably being processed in material-removing

. roward a plane-parallel form.}
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Good processing results are therefore cbhtained only for
specific ratios of the distances 2% and eccentricities 2 within
the preferred range x/e = 1.2, and this holds true

36 independently of the specific mechanism of action of the
material removal for all double-side processing methods with
planstary 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

Y e ey ] —
35 300 mm. The semiconductor wafers can have, in particular, a



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
fashion toward a plane-parallel form.) Good processing results are therefore obtained only for specific
ratios of the distances 2x and eccentricities e within the preferred range x/e 5 1.2, and this holds true
30 independently of the specific mechanism of actiéh 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 semiconductar wafers having a diameter
of more thaf 353506 M- T Oe%qsénrmhic%“n(ﬂljoc"t(()ar' wafers can have, in particular, a 27 diameter of 400 mm

or more. in theacasesef sifich Warers ‘4 didmeterot 450 k3wl TicreBiigly becore important for
practical applications=5 The methods:which simultaneously 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 cgngtrggtioqag}]éimiﬁog exgngLJ)e when the
requiredsworKirig Ak diafnétet Wold HaVE S M Be Sighificaity more thah 2.5 m in order still to be
able to arrange atleastthree:carriers of sufficiehtsizerfor réceiving'a réspective’sémicortfuctor wafer

thereon. For very large semiconductor, wafers, pasticulary arrangements-withtorly precisely one
semiconductor V\E/aferfp,er carrier will gain in ;?jmpggagge.c Aprgg§§g %%Qlﬂnim&m configyration for a
1 (e 3 T S Il r LA =i Ui S8 B RS ) . [ B
double-side B%@%%ébp%rétﬂsoh \?ing(?ﬁree carriers’each having three semiconductor wafers of
450 mm would dravesa diametércofgauired working disk diameter would have to
{0 be significantly more than 2.5 m in order still to be able to
arrange at least three carriers of sufficlent size for
receiving a respective semiconductor wafer therecn. For very
large semiconductor wafers, particularly arrangements with only
precigely one semlconductor wafer per carrier will gain in
13 importance. (An assumed minimum configuration for a double-side
processing apparatus having threse carriers each having three
semiconductor wafers of 450 mm would have a diameter of at
teast 2355 mm, for example. A kinematically preferred assign
or five carriers each having three semiconductor wafers of
20 50 mm would result in a diameter of the working disk of at
least 2955 mm, for sxample. The appropriate carriers would no
longer be stable encugh to apply the frictional forces
increased by 225% in a non-destructive manner compared with a

configuration of three semiconductor wafers having a diameter

2
n

of 300 mm.} By contrast, apparatuses having carriers bearind

only one semiconductor wafer in each case are dellnitely

applicable up to 2 semiconductor wafer diameter of 600 mm.

Examples and comparative examples
30

Fxample 1

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

35 1 shows an example of an arrangemsant according to the



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 frictional
forces increased by 225% in a non-destructive manner compared with a configuration of three
semiconductor wafers having a diameter of 300 mm.) By contrast, apparatuses having carriers bear in.
only one semiconductor wafer in each case are defifftely applicable up to a semiconductor wafer
diameter of 600 mm. Examples and comparative examples 30 Example | The relationship according
to the invention will firstly be elucidated in_greater detail with reference tq fig. . Figure_35 1 shows
an example 6FaRAMERgernent A2cErARG 5 te Y8 in\felrﬁf%nﬁfnnthrégexk_éarﬁgl%%h;ovﬁ? t‘%\ffev (N =5)
carriers 13 ate arrapgedaith regaxd 4o their respectiveomidpoints™a6ir apitth ciftle B Raving a radius
R around the_ midpaint 3,0f the,dauble-side progessing apparatusonrthe Ying-shaped warking disks. In
each carrier 13, precisely one semiconductor wafer having a diameter, of 430 mm.is inserted into a
receiving opénifg PRAGING A TAdRIEF 1R this é)aée%%ﬁe hr}g%o%% 5@ o%tk@éﬁ%i%ni % Ii[\ranged onaWw
pitch circle 2 draving aradius &arcufethesmitdgaift 4 - H& Carier in this case’ the Tadius r of the
opening | is spmewhat larger thanithe sadiusa# ofthe semieonduetorwaferpsuci that the
semiconduct%r wafer r_erug@sufgegly movable and can freely rotate within the opening 1 or roll by its
1.5 circumfereice on the wall of the openThe 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 presentinyention;: hewevaspthe:precise positiopeofithe serhicoteiieic Wafdr i the

openmglo piteh 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 the radius r* of the semiconductor water,
such that the semiconductor wafer remains freely movable and
can freely rotate within the opening 1 or rell by its

The precise

0]
)
i.-.d
s
[i®]
fa

15 circumference on the wall of the op
position of the semiconductor wafer within the opening 1 and
its movement during processing ars unknown on account o the
loose insertion. With regard to the present inventilion, howevel,
the precise position of the semiconductor wafer in the opening

- ! 1 = E = A y ot or
20 during processing 13 unimportant; therefore, The sSemiconduc o}

-

wafer is not shown in figure 1 for reasons of clarity.
Ls a result of the rotation of the carrier 13 about 1ts
midpoint 4, the opening 1 sweeps OvVel ah area bordered by ths
25 circular envelope 6 arranged concentrically with respect to the
midpoint 4. In this case, by virtue of a construction
constraint, the envelope 6 always lies completely within the
nitch circle 7 of the ocuter 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 & 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 € of adliacent

carriers 13 are at a distance Zx Irom one ancther.



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 midpoint 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 outér 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 distarite 3% o BHE SnStHar: 29 For the example s Lg)vﬁneinsﬁgﬁrep%? 5%%%%%9%
processing apparatis e the fype "ACL2000  FromPeteF WolksrsGnilsH (Rehddbiify, Germany) was
used and progessing.acgordingia.the RRG methodwas-carriegsautthereon The apparatus has e
pitch circle diameter.20 of the outer pin wheel of 1970 ram-and a pitch. circle, diameter, 14;0f the inner

pin wheel of 530 fm. ongéauéﬁﬂy,‘tﬁ% carriers have a pitch circle diameter 7 of their outer toothing

of 720 mim, ane-thesratinsithe Pitchcifdle 86h Whith the Midhofts 4 f tHE cartieré 13 lay was 10
consequently:R:=1625The eattiers<k3:wete then designed:according ¢e the invetitiorrsuch that the
midpoint 5 Ofﬁa@l?QgQé@& L. having a radius r= 225.5 mm forfeceivinga semiganductorwafer 13
having a radius rf - 225 mm (0 450 mm) Was,)arranged egcegglcgllgibysag gb§loleut§i\é@1%e e-111.5mm
18 relative toth&idPGIAE 4 GIAhE Catrier. THE s8MicGRGuCOT water thus had 0.5'mm radial play or
that is to say d:mm diametricaliglay withinitheopening. The Sige 6fthe-fili§-shapetwoRking layer 40
was tailqred such, that. with the eceentrigity chosenathe epenings.k with-thensericonductor 20 wafers
temporarily extended with part of their areas up_to 10 ‘[@\mfbe%ognd its inner.edge, 11_and outer edge 10
(excursion 13 The%ettentricity & of lﬁﬁeenéf’ﬁé)ﬁ”lnaulrcf the é%Friér Fl_a(rllrl befi?an_z‘éC phosena'to be as large as
possible, naneelyrsueh thatjustrencugh faterial thardenedSteel stifl femainéd ifi order that the carrier
could not bengl.away:in:.ihis-regiarwhich regulary entersithe 'excursiors’ and isztheréfare)not guided
and supported by the working layers vertically. With.]-1= 62548, N30 <5.r 7255rm and e =
111.5 mm, thisresults inx'= 3?0.368 mm and’x8e. = 0.272. Co,nsgqqeptly, xie lies gljtﬂh:_e particularly
pm#ened#angékﬁ%ﬂ@@}49G#§PI@EQPOI“‘ 4 of the carrier. The semlconducticr

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 laver 40 was tailored such that, with the

eccentricity chesen, the openings i with The semiconductor

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 (hardensed steel) still remained in crder that the

carrier could not bend away in this region, which regularly

enters the “excursion” and is therefore not gulded and

supported by the working layers vertically. With R = 625 mm, N
30 w 5, r = 225.5 mm and e = 111.5 mm, this results in x =

30.366 mm and x/e = (0.272. Consequently, x/e lies 1in the

particularly preferred range of (.05 = ®w/fe = 0.55.

N s .
The PPG abrasive pad in the example shown in figure 1 contained

al?

. ‘ , . . con - = ;
35  diamond as abrasive, having a grain size of 2 To 6 um {o% ana



30 95% values of the cumulative drain size concentration). As a result of the relative movement of
working disks and semiconductor wafers under pressure and with addition of water, the abrasive
effected a chipping material removal with geometrically indeterminate cutting. edges. 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 layers, in which the
semiconductor wafers are moved during processingf,ocould be kept parallel under mechanical
(pressure build-up) and thermal alternating load (chipping work, friction work, drive losses). The

deformation of he upper warking disk took place jn 2. clased contral loop.withthe aid of two sensors
15 arranged’in the Upper working d|§k, Which sensors contactiessly measure the distance between the

two surfaces 6FtHe-workingedisRa eoRHRUBIEREarng protessing (feferehcd Symbol 37 in the
schematic apparatys diisstrationif:figuren8) 2@ Eigire =shows the diamgtricalrthicknezssprofile T(r*) in

micrometers, (pm).of 4 semicopductor wafer,processed.in-accordance with example |. The thickness
profile was determined by a capacitive measurement method in which two measurement probes
situated oppBErtEBne-afcother trace eight Tadi (5725 Angles 8F 45 between two neighboring radii) over
the front and rear sides of the semiconductor wafer. The measurement probe, that surface of the
semiconductey wafgr which faces it, and thesnalkamouniiofair siuategitherebetreen, form a
capacitor in each case. The thickness of tpedreg(%%%ti\{r% small amoupt of air 30(dieleciric) is determined
by measurefBRESF tHE capacitaiice: A §ields a direct measure of the height profile of the respective
side of the seridoriductorivafersincelthe MeAsURSITERE pioBes A’ 888uretfat’s fikedWistance with
respect o ongsanetheron arcommean:clipemhracing:-the semiconductorwader. Afterrsalibration of the

measurement probe distance by 31 means of the measurement of a semicondyctarwafer of known
thickness, thB df eren‘cegbetween these height values then yields the absolute thickness of the
semiconductBiivedeEr) and Thermal alternating leoad (chlipping work, friction

work, drive losses). The deformation oI 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 sensors contactlessliy

measure the distance between the two surfaces oi the working

2 + 3 5 T 4 = e R A
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 semiconductor wafer processad in
accordance with example 1. The thickness profile was detsrmined

by a capacitive measurement method in which two measurement

probes situated opposite one ancther trace eight radii (at
25  angles of 45° between twe neighboring radil) over the front and
rear sides of the semiconductor wafsr. The measurement probe,
that surface of the semiconductor wafer whilch faces it, and the
amall amount of air situated Ttherebetween, form a capacitor 1in
each case. The thickness of the respective small amount of air
30 (dielectric) is determined by measurement of the capacitance.

Tt yields a direct measure of the height profile of the
respective side of the semiconductor wafer sinces the
mezsurement probes are secured at a fixed distance with respect
0 one another on a common clip embracing the semiconductor

35 wafer. After calibration of the measurement probe distance by



5 The measuring apparatus measures eight radii, each at a distance of 450, and compiles therefrom
thickness profiles of four diameters. Figure 7 shows the average thickness profile calculated from
these four diameter measurements. Figure 7 shows that the thickness of a semiconductor wafer
processed 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 Yf the semiconductor wafer processed by the
method according to the is invention approximates this resolution limit. Comparative example 1 Figure
2 shows, as a comparative example, an arrangement not 20 ding:to, thexi ioan. The same
apparatus a&5AExample T (e ") Was used. %b?ggﬁégégd%cﬁ%coo%r% Iﬂrf;igg?&pe and flow
(water) were:ideritivat SThes preskuréoanesuperw6iking aisk 6 tH8 fowdr Working disk was reduced
proportionally;to;the Rumber of semicenduetes svafers iha batch @5irvorder towhtain 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 armggsgring and adjusting
apparatds difingFoEEssing, a8krstibedthERample®t, 3A order t6 30 obtain opiimal flatness and
minimal fluctyationreftheaveragesndividual thicknesses of @ach semiicontucirwafér around the
average value of the thicknessesof all the; semicenductor wafges-ot-a presessing:pasisi «32 The only
difference was that only three carriers were inserted in cvorpng%g%[ig/gme%(la ple-1 jpstead of five carriers
(of the maxirfaiht possibte hiMiber) a&%n EX&mpre T, to be precise with i’(}:-:-nticm distances 2x between
the envelopes8wf adjacenthe thickness of a semiconductor waler processeq

10 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 t©o the

(9]

invention approximates this resolution limic.
Comparative exampie 1
Figure 2 shows, as a comparative example, an arrangement noT

20 according to the invention. The same apparatus as 1in example L

(figure 1) was used. Abrasive pad and cooling lubricant type

by

ressure of the upper

and flow (water) weres identical. The

s

working disk on the lower working disk was reduced
proportionally to the number of semiconductor wafers in & batch

ir order to obtain an identical macerial removal rate

o
L

(comparable mechanical and thermal alternating loads during
processing) . The distance of the working gap was continuously
kept constant by means of a measuring and adiusting apparatus
during processing, as dsscribed in example 1, 1in ordsr to

30  obtain optimal flatness and minimal fluctuatien of the averade
individual thicknesses of each semiconductor wafer around the
sverage value of the thicknesses of all the semiconductor

wafers of a processing pass.



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 (semiconductor wafer with r* = 225 ram, that is to say a N
diameter of 450 ram) and e = 111.5 ram determining the arrangement remained unchanged in
comparative example 1 with respect to example 1; however, now N - 3 (in contrast to N5 from example
1). With x = 204.266 ram, as expected this results in a very large half distance between the envelopes
6 of the 14 arrangement of the opening 1 for receiviff“g the semiconductor wafer between adjacent
carriers. With xie = 1.832, the parameter that is crucial according to the invention lies in the range not
according to the invention. 20 An arrangement haying suchJarge distances yields extremely different
semiconductor wafers from processing pass to processing_pass, thus for exglrry)lg.one having a

thickness profilecasBREWR A GIEE.(The tHickness profite Was déterimined by thé measurement
method explained.in-cenreaction: 2bunitl figuse 7iand irmthe same waydFigore 65sh6Wws a thickness

profile of a semiconductor wafer having, aconvexly iregular forey, Ln acepunt of gageccentric position
of the semiconguqtor wafers in the carrier, a sufficient inherent rotation of the semiconductor wafer
evidently stilF&fosesihthe receiing 30 bpefifhy, Steh that the ticJcness profile is nof asvmmetrically
wedge-shaped, buti still has @ slightrotational symmetry. (The region of greatest thickness lies in the
center of the semiconductor wafer.) However, the averaging of the measurement method over the

measurement racks recorded for diferent 35 azimuthal angigs has the-effect tat the one-dimensional
(semiconductor wafer with r* = 225 mm, that iz o say a
10 diameter of 450 mm) and e = 111.5 mm determining the

. , : : i .
arrangement remained unchanged in comparative example 1 with

[Sa)

respect to example 1; howsver, now N = 3 (in contrast to N =
from example 1). With x = S04 .266 mm, as expected this results
in a very large half distance between the envelopes & of the

15 arrangement of the opening 1 for receiving the semlconductor
wafer between adjacsnt carriers. With x/e = 1.832, the

les in

o]

parameter that is crucial according to the invention

the range not according to the invention.

20 An arrangement naving such large distances vields extremely
different semiconductor wafers from processing pass Lo
processing pass, thus for exampl having a thickness
profile as shown in figure €. {The thicknsss profils was

determined by the measurement method explained in connection

o

with figure 7 and in the same way.) FPigure ¢ shows & Thlckness

(R
(o5

profile of a semiconductor wafer having a convexly irregulaxr

form. On account of the sccentric position of the semiconductor

wafers in the carrier, a sufficient inherent rotatlion of the
semiconductor wafer evidently still arose in the recelving

16 opening, such that the thickness profile is not agymmetrically
wadge-shaped, but still has a siight rotatiocnal symmetry. (The
region of greatest thickness lies ir the center of the
semiconductor wafer.) However, the averaging of the measursment

i far SAifferent
method over ths measurement Tracks recoraed for different

e o
35 azimuthal angles has the effect that the one-dimensional



33 thickness profile obtained always looks largely rotationally symmetrical, even though this is not the
case for the actual two-dimensional thickness profile over the entirety of the semiconductor wafer.
Example 1 (figure 1) and comparative example 1 (figure 2) prove that an eccentric arrangement of the
semiconductor wafer in the carrier, which is identical for figure 1 and figure 2, alone is not sufficient for
obtaining good processing results. 10 Comparative example 2 Figure 3 shows a further comparative
example of an arrangement not according to the invintion, with opening | arranged completely
concentrically in the carriers. The figure shows the arrangement of a total of six (N - 6) 450 mm
semiconductaor wafers (r* - 225 mm).in a total of six carriers with a pitch circle diameter of their outer
toothing of 48285 ﬁ%oéiép%p%eb Was Sbtaned Ess‘,inlgog? E)SrogéjéT |ﬁ%%aﬁp8a?gfl%%? ﬁlle} type 20
AC1500P3 framrRéter Wolters SmbHWEH d-pitéh eRcRPS f6f the dtatidn of Hhé caméfmidpoints
around the apparatys-midpeint 3 withiRe=507:2% ram. The-pracessingiwas;carfiedraut as PPG with
the same workingﬂlla s, ggg coogimng lubricant (water) as in example | and comparative example 1. On
account of thséersnm‘a?lx size o?ftahevéérriers, an arrangement of a 450 ram semiconductor wafer is

possible‘only almost completely concentrically. As in the other examples and comparative examples
shown and as:is:gistomary i the prior ant] theroperings in thexvarkier for Féceivinga serfitenductor
wafer are lined with, a plastic 30(insert’) . The latter prevents.direct-cantact of;te semicanductor
wafer with the material of the carrier and%t%usqprgvgnths, damage to the semiconductor wafer through
direct contacEWithfiie h4hd Steei of thE Carfiér matérial-dnd Sontamination by trace metals (Fe, Ni, Cu).
The lining is 864ntrodtitedsby: means-oftan irijecticratolkivg frethod. OWingto-

10

Comparative example 2

Figure 3 shows a further comparative example cf an arrangemsant

not according to the invention, with opening 1 arranged

i3 completely concentrically in the carriers The figure shows the
arrangement of a total of six (N = 6} 450 mm semiconductor
wafers (v* = 223 mm) in a total of six carriers with a2 pitch

i

circle diameter of their outer toothing of 482,85 mm. The
example was obtalined using a processing apparatus of the Type

20 AC1S500P3 from Peter Wolters GmbH with a pitch circle & for the

2o I 4} iy oy | b
rotation of the carrier midpoints arocund the apparatius mRLGPCINT

it

3 with R 507.75 mm. The processing was carried o
with the same working layers and cooling lubricant {watesr; as

i P [ Tak L o SN 1
in example 1 and comparative example 1. On account oI The small

25 size of the carriers, an arrangement of a 450 mm samiconpgauctor
wafer is possible only almost completely concentrically. As 1n
the other examples and comparative examples shown and as is
customary in the prior art, the openings in the carrier forx
receiving a semiconductor wafer are lined with a rlastic

30 (“insert”). The latter prevents direct contact of the

semiconductor wafer with the material of the carrier and thus
nrevents damage to the semiconductor wafer through direct
contact with the hard steel of the carrier material and

A

contamination by trace metals (Fe, Ni, Cu). The lining is

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



34 the elastic deformation of the steel body on account of the high pressures during injection molding
and as a result of shrinkage of the introduced plastic during cooling, the lini generally has a small
roundness deviation and eccentricity. 5 This was approximately e - 0.5 mm in the case shown in figure
This results in a distance 2x between the enveloopes 6 of the arrangement of the opening | for
receiving the semiconductor W wafer where x - 28.363 mm, and x/e = 427 lies in the range not
according to the invention. Although the distance bétween the envelopes in comparative example 2 is
even smaller than in example 1 according to the is invention, semiconductor wafers with very poor
processing results for flatness and thickness flyctuatpga@rebobtain%d.aq%%%%gt possible
occupancyobiib U for economic TEASORS - of theavailable Working suiface with semiconductor wafers
is therefore, hyditself; dikewise insufficient forobtaiming gebd 20 Processingidduits. The flatnesses
specifically obtaingd.in.the-examples and.comparalive: examples;explainet:andithe methods,
apparatuses and parameters of the arrangement of the semiconductor wafers used.iS here are
summarizedIAabR T TaBE 1asﬁg\/av§{thégpuar}%rrﬁestér gfg,%[ﬁé lfl%gnlé{éég)('Ié/'?lé‘\i/Se]([)%t‘ai?n(—;-d,§and also the
characterist patametsrsasitherapparatus 8sedfor sBfhicondidor Witers frotedsed dctording to the
invention and not according to the invention by PPG, lapping and OSP. Table | additionally shows 30

the flatnesses obtained for a multiplicity of further arrangements, apparatuses and methods used here,

which will not be specifically explained further here. ‘ e .
ThHig results in a distance Zx 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 range not

acceording te the inventlion.

Although the distance between the envelopes in comparative
sxample 2 is even smaller than 1in example 1 according to the
15  invention, semiconductor wafers with very poor processing
rogults for flatness and thickness fluctuatlon are obtained. A
densest possible occupancy — obvious for economic reascns - of
the available working surface with semiconductor wafers is
therefore, by itself, likewise insufficient for chtaining good

20 processing results.

The flatnesses specifically obtained 1n the examplies and
comparative examples explained and the methods, apparatuses and
parameters of the arrangement cof the semiconductor wafers used

summarized in taple 1. Table 1 shows the parameter

-3
n
o
[O]
[
631
j&3
4
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‘e, the flatness (TTV) obtained, and alsoc the characteristic
rameters 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 additionally shows
nesses obtained for a multiplicity of further
arrangements, apparatuses and methods usad here, which will not
i

ically explained furtheyr here.

35



Example 2 35 Example 2, finally, compares with comparative example 2 an arrangement according to
the invention on the same processing apparatus (N - 6, R - 507.75) . The arrangement is illustrated in
figure 4. The rolling apparatus was again occupied maximally 5 densely with six carriers. In order to
achieve an eccentric arrangement of the semiconductor wafers in the small carriers in example 2
according to the invention (figure 4) in contrast to comparative example 2 (figure 3), smaller
semiconductor wafers were used (r* - 150 mm, that & to say semiconductor wafers having a diameter
of 300 mm) and inserted in openings 1 where r = 150.5 mm. In this case, the eccentricity e of the
openings 1 was chosen in such a way (e - 72.5 ram) that the envelopes 6 of ad acent carriers in both
cases had alriGstidéntical disfances SR EHF 875 it XA akd 7285363 birftomparative
example 2). Bat-exampie 2, xdec+0.426 arsesin thevpreféredaanges FThessamiconeitictor wafers
PPG-processed in accardance with:example 2 in thersame.way as-ineomparativesexample 2 yielded
20 the results summarized in table 1 (TTV =0. Example 2 and comparative example 2 thus
show that a déhdet86&Gpancy Maﬁ%&f&%ceg 2Elbé:tween Fthe €hvelopes 6 of %e arrangerﬁent of the
opening 1 of adjacent carfibrss18) is:25 irscessary buthy itself insdffieient for6btdning-good
processing regults. (uthe: cage of anexcessively farge.distancei 2x aisdn comparaiiveiexample 1, a
good processlng result can%mt be obtalned W|th Lany. choice. of ec,c,ergng;y g ) 3Q Further examples and
comparative exampEfes Table 14 4180 cortains exampFes and comparatlve examples obtained by
lapping processifg TG SéTcorTadEDt vatfers procegsed actbiding o R AtGN By means of
lapping, flat 35:and thickness-hamogeneous semiconductor wafers havingnvery-fiatctor

~

10 wafers having & diameter of 300 mm) and inserted in openings 1

where r = 150.5 mm. In this case, the eccentricity e of the
openings 1 was chosen in such a way (e = 72.5 mm} that the

envaelopes 6 of adiacent carriers in both cases had almost

identical distances 2% {(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 preiferred range.

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

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

Lxample 2 and comparative example Z thus show that a dense
occupancy {small distances 2x between the envelopes & of the

arrangement of the opening 1 of adjacent carriers 13) is

wn

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 obtained with any cheoics of eccentricity e.]

30 Further examples and comparative examples

Taple 1 also contains examples and comparative examples
cbtained by lapping processing. For semiconductor wafers

processed according te the invention by means of lapping, fla

F

35  and thickness-homogeneous semiconductor wafers having very Iliat



36 thickness profiles are obtained, which are similar to example 1 - shown in figure 7 - of a
semiconductor wafer processed by PPG. 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 not
according to the invention by means of PPG (figure 6), figure i shows a semiconductor wafer having a
convex thickness profile. Once again the 10 thickes#focation is situated in the center of the
semiconductor wafer, 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 totheedige 8f e ShficoAdictor WarkF a5 TheTestits stimmarized in table. ‘figré illustrated
graphically in-figure:9. Thesfilted-circles (e} relateto the PPG pretiiote the imfilléd Tirchés (0) relate to
the lapping method, and, the ynfilled sguares(Q)Jelate to the QSP-methad rin-order daden20 able to
compare the TTV for the various examples_and comparative. examples carried out with parameter x/e
according to the fivertiorF aht ot dccord in“g‘r':%c)l" theSlr%/né"ﬁtci)cr)lr%l Tor t Ig {'/Jélﬁgﬁé%’ s%%%g\r%d%ctor wafer
diameters useditherefor, theoTTV\svaltiesdctually: deferfinéd in each EASEBYEr tHE Entire 25
semiconductgy,wafersurface was convered 10 she value produced:eomputatiénally for a

semiconductor wafer. naving.a dlameter. of 309, tam and e, sama flatness: 1he: T ¥oalug of a 450
ram semlconductlor wafer was tﬁus dS|V|8e 2.25 in order to obtain a comparative value TTV* =

TTV/2.25, whith Ttakes ag€olRE of tHe 30 méasureniéiittarea®srthe 456 Him-Séiniconductor wafer
which, in contrast to thatiefa 300-ram semicondecter wafér, iis 2.25tmmes asilarde: as the latter. 37 not

according to the inyention for /e where TTV% .k pi, Rayaneters x/e where TTV* < 1 pm are
particularly preferred here for DSP and PPG. For semicondI;Jc;or wafers processed by lapping, the
particularly pfefBireeFFv* VaINE i€ permitiedtd® Convex Form oF T

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 waler.

The results summarized in table 1 are illustrated graphically

ed circles (&) relate to the PPG method,

[

in figure 9. Ths f£il
rhe unfilled circles (0) relate to the lapping method, and the
unfilled squares () relate to the DIP method. In ocrder to be
20 abie to compare the TTV for the various examples and
comparative examples carried out with parameter w/e according
to the invention and not according to the invention Ior the
various semiconductor wafer diameters used therefor, the TTV

value actually determined in each case over the entire

4

25 semiconductor wafer surface was converted to the valus produced

-

computationally for a semiconductor wafer having a diameter of
300 mm and the same Flatness. The TTV value of & 450 mm
semiconductor wafer was thus divided by 2.25 in order tc obtaln
a comparative value TTVH* = TTV/2.25, which takes account of the

30 measurement area of the 450 mm semiconductor walfsr which, in
contrast to that of & 300 mm semiconductor wafer, 1s 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 um is distinctly separated Zrom the rangs



5 be somewhat greater thanpm (18). Lapping produces a surface having, on account of the
brittle-erosive material removal mechanism, a significantly deeper damage to near-surface lavers of
the semiconductor wafers (sub-surface damage), the removal of which necessitates an additional
material removal step W 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 increaséd material removal. On account of this additional
processing that is therefore .15 required anyway for lipped semiconductor wafers, somewhat poorer
relative flatnesses TTV* are therefare still acceptable. vTat}. 1 39 CI@img LA method for the
simultaneous faefialTemeving procesSing of both sides 6f at Toast three sémiconductor wafers
between twosratating #ing-shapet swerkifigy disks of rdeublecsitelprotessing afparatas, wherein the
double-side processing ppparatushias arolling-appanatus, which-causesableass threeycarriers to
rotate, and wherein each of the cayriers has only one opening..into whic icandyctor. wafer is
respectively iid&retfin & Hedly Irﬁé“vc%%lfggh%%j l—éﬁéha“{)ﬁear? fhg[e séf%fi\é%ngli%%%gfers are moved on a
cycloidabtrajeetorpbetiveentheaverking disks, Wherein the-aFfamgententofthie Garriers fivthe
double-side progessingapparatus-ang-ot the apenings-iatheicarriers isrsuch thatthelinequality
Rielsin(rr/NJ) - ple - 15. 1.2 |3 satisfied, where Nz denates the ratio of she sound andle apekthe angle
at which the adjacent catriers are inserted into the “r‘cL)\IIing apparatus with the “q{eates_t d‘jﬁsatgnce with
respect to onefariéthef SRAERDIBETHE rdtha g of an‘operingfof fe¢VmG a semiconductor wafer, e
denotes the ragius, of the. piteh circle around thie idpoint ofdhe carrier ensVRichtheropening is
arranged, and R denotes, the, radius of the pitch:cigcle amwhich the-carriess ove hetwegen:the working
disks by means of the rolling apparatus. 2. The method as clgirgegég rglaim %a\é"i‘?&?%}?&
arrangement ‘of thie Earfiers i the G8uBleZsitd procesSing apparatus an% of the openings in the
carriers is sueh thatthezihequalice 055 RISSIrKHEMN®)] L e J@ U5 lg5 ~remeving
fashion, c¢r polishing with increased material removal. On
acoount of this additional processing that is therefore
15 required anyway for lapped semiconductor wafsrs, somewhat

3 ¥ R ] o~ = =)
poorer relative flatnesses TTV* are rherefore still acceptable.



is satisfied. 3. The method as claimed in claim 1 or 2, wherein the semiconductor wafers have a
diameter of 400 mm or more. 4. The method as claimed in claim 1 or 2, wherein the openings of all the
carriers have 40 the same size and are arranged in the same way on the carriers. 5. The method as
claimed in claim 1 or 2, 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 carriers are arranged in the félling 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 cafedin claim 5, wherein the distances between the enveloping circular lines of all the
adjacent carriers are identical. Abstract Method for the simultaneous material-removing processing of
both sides of at least three semiconductay; s The-ipventior:relates to a method for the
simultaneous material-removing processiiet Dot ﬁes gf east three semiconductor wafers
between two rotating ring-shaped working disks %f da uble{-s de processing apparatus, wherein the W
double-side processing apparatus has a ,% causes at least three carriers to

i
rotate, and wherein each of the carriers ? ing, into which a semiconductor wafer
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20R/e-sin(E/N*) - lie - 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 rolling apparatus with the greatest distance with
respect to 25 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 ciééle on which the carriers move between the working
disks by means of the N rolling apparatus. Fig. 1

Claims

1. A method for the simultaneous 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
roling apparatus, which causes at least three carriers to rotate, and wherein each of the
camriers has only one opening, into which a semiconductor wafer is respectively insertad
in a freely movable fashion, such that the semiconductor wafers are moved on a
cycloidal trajectery 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
Rle[sin{m/N)] - rle-1s1.2

is satisfied, where N* denotes the ratio of the round angle and the angle at which the
adjacent carriers are inserted into the 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 arra'nged, and R denotes the radius of the pitch circle on

which the carriers move between the working disks by means of the rolling apparatus.
2. The method as ciaimed in claim 1, wherein the arrangement of the carriers in the
double-side processing apparatus and of the openings in the carriers is such that the
ineguality

0.05 < R/e-[sin(Tr /N*)] - t/le — 1 £0.55

is safisfied.

3. The method as claimed in claim 1 or 2, wherein the semiconductor wafers have a

diameter of 400 mm-or more.

4. The method as claimed in claim 1 or 2, wherein the openings of all the carriers have



40

the same size and are arranged in the same way on the carriers,

5. The method as claimed in claim 1 or 2, wherein, on esach carrier, an enveloping
circular fine around the midpdint of the carrier is defined, which precisely completely
encompasses the opening for recelving a semiconductor wafer, and wherein the
carriets 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.

8. The method as claimed in claim 5, wherein the distances between the enveloping

circular fines of all the adjacent carriers are identical.
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Abstract

Method for the simultaneous material-removing processing of

both sides of at least three semiconductor wafers

The invention relates to a method for the simultanecus
material-removing processing of both sides of at least thres
semiconductor wafers between two rotating ring-shaped working
disks of a double-side processing apparatus, wherein the
double-side processing apparatus has a rcolling 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 respectively inserted 1in a freely
movable fashion, such that the semiconductor wafers are moved
on a cycloidal trajectory between the working disks, wherein
the arrangemen:t of the carriers in the double-side processing
apparatus and of the openings in the carriers 1s such that ths

ineguality
R/e-sin(n/N*}) - r/e - 1 5 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

rolling apparatus with the greatest distance with respect to

e
w

sne ancother, r denctes the radius of an opening for recelvin
semiconductor wafer, e denotes the radius of the pitch circle
around the midpoint of the carrier on which the opening 1s

arranged, and R denotes the radius of the pitch ©

-t

rcle on which
the carriers move between the working disks by means of the

rolling apparatus.

Fig. 1



