Method for Determining the Position of an Axis of Rotation Description ~ The invention relates to a
method for determining an X-Y position in an X-Y coordinate system of an axis of rotation that is
perpendicular to the X-Y coordinate system of a substrate holding means that can rotate around the
axis of rotation for holding a substrate according to €laim 1 as well as a method for determining a
position of an axis of rotation R of the substrate in the substrate plane that is perpendicular to a
substrate plane of a substrate according to Claim 2, and a method for determining a position of an axis
of rotation of the substrate halding means that is perpendicular to a substrate holding means plane of
a substrate holding means f(;)P/?ﬁt ﬁ‘ﬁi?ﬁ%ﬁ‘%&&ﬁ CSHEM §LE AR Bopf@Psubstrates in question in
terms of this invention include in particular semiconductors, preferably wafers, glass, quartz, ceramic
and metal, and the application of the method relates, as provided in Claim 7, in particular to the
determination of an orientation error of a large nwaagsthcontact points oriented to one another and
arranged on two opposite sides of a substrate. = Because of ever greater miniaturization of
semiconductor components, the latter will increasingly be built in stacked form in the future, so that a
need for an optimized method for production of such stacked semicgonductor products exists. A method

to stack semiconductor CSHAFSHEAE eI MRS MR Atih §PE AR B Doth sides with
semiconductor elegais, L AAHERLISHS.ARISh S NS SR BRI 53-00 Bglpgies of e waler

there is therefore a large number of semiconductor components, which 2 are connected via contact
points in further pyptassisepstacakesparsingwalersihak-amiautitedrineashrsasadan both sides
with semiconductor components. Because of the ever smaller components, in particular dices and/or
chips, it is of decigirbsimajsareantiozvetidin tesredheninghes fitadtipoiivis pf phetsemiconsisctor
components align with one angther as precisely as possible, thus are oriented vertically to one

another. In the cald Bt 9R Thadbe Pabegisdn teisth e plons s drmendisiie bR €omponents, in
particular the CO”&%%B?MQ;&Q%&%J&%O{&?%B&?%{EQ%{%&’E}éf&”dg%m% osite sioligz%J tof the wafer, the
ta to

corresponding contacts would not - or n equately - be connecte (jgﬁég%sét%ﬁer. For this reason,
a check of the posiiosT Ridhen eoBiaipeRIsANIRaR ArdhaiomieirRach walgriakaspiace.

Since a large number of contact points on each wafer are to be examined and in particular the
orientation of eacheonimepdinithttiwibspuctvd @ pusiacobtast paintlisgrel €ent 3 this check is
time-consuming and accordingly costly. To determine the orientation errors of opposite contact

points, it has provely f3PSEH eI ARrstey i terets S B B aclide dy P BorPdEaeR substrate side
na st rotatonaagsiin g b andin o aseontioalonalogsl
e

O?hrghthﬁa}g tif’o rotated by 180
degrees relative to the first rotational position. The rotation by egrees at is pe%ormed in this

case has the effeglithatagosdsing Nasey! acksindvesddicibnanticalnastianal deiestion means are
almost canceled out, filtered from the measuring result. In this connection, the technical problem exists
that after rotation @fethezs niysheartef, it adhmmewrpogitiorove thdherlembatonigeduses asppadistéection means

has to be approached approximately (so-called pre-alignment).
sides of a substrate.

Because of ever greater miniaturization of semiconductor components, the latter
will increasingly be built in stacked form in the future, so that a need for an optimized
method for production of such stacked semiconductor products exists. A method to stack
semiconductor components vertically consists in, i.a., outfitting a wafer on both sides
with semiconductor elements, in particular dices and/or chips on both sides. On both

sides of the wafer, there is therefore a Jarge number of semiconductor components, which



3 The object is therefore to develop a method with which the above-mentioned technical problems
can be solved so that a faster and accordingly more economical determination of the righting error of
the contact points to be oriented to one another in each case can be enabled This object is
achieved with the features of Claims 1,2 or 3. Advantageous further developments of the invention are
indicated in the subclaims. All combinations of at least two features indicated in the description, the
claims and/or the figures also fall within the scope of the invention. In the case of indicated value

ranges, values that a&%ﬁé@{g‘dr{; itah(%n bC v&hrtg?nr_ll}éo grd I|m|t§S re ?(L%% to be n|lscloa§6(§,(sj B3 zki)roundary values

and can be claimed in any combination. IS venton 1 based on the fdea of saélegting a new

approach wherehyuhedeie dhe oentalianararnclihe saniartogiateaf thesuhsiraleate determined,
the substrate's axis of rotation or the axis of rotation of a substrate holding means for holding the

substrate is detersmirilied dongrolentsoiibppraividat didesdudént bispepip ssifeqpasitianpoftthe: dontiet point for the
measurement in the second rotational position in each case by means of the unchanging exact
position of the axfOBT OB CBIERPLST fieseriFu disEE PSR Fh R SGRAKE e substrate.

Thus, the time-consum'ng pre-%lf'g ment at e%;(p cont ctg)oint is tﬁlim' aﬂged according to the invention,
. TECISE 5 pOfSi , LS ?B orien Vel%f?ﬂg[ on{: dBomer, rr]l o) cas[e: 8 fm .
by which the deteérmination ot the orientation error 0 contact points oriented t0 one another in each

case is accelerateghimany Hmasidn thisocastibisesnaritiiiadanagenysthatiheralation of each

substrate has to take place only once if the X-Y positions of the contact positions are first detected in a
first rotational positsacofding siiibstratethésubsingientioidinghevpande aiddsibfahe weterafier one- 4 time
rotation of the substrate by the substrate holding means, the corresponding X-Y positions of the
contact points are® A AREESHRY FateltioPlifh 8<iabHely — be connected to one another. For

this reason, a check of the position of the contact points on the top and bottom of each
wafer takes place.

Since a large number of contact points on each wafer are to be examined and in
particular the orientation of each contact point with the respective opposite contact point
is relevant, this check is time-consuming and accordingly costly.

To determine the orientation errors of opposite contact points, it has proven to be
effective to detect the position of each contact point on each substrate side in a first
rotational position of the substrate and in a second rotational position that is rotated by
180 degrees relative to the first rotational position. The rotation by 180 degrees that is
performed in this case has the effect that measuring inaccuracies induced by the optical
positional detection means are almost canceled out, filtered from the measuring result. In
this conmection, the technical problem exists that after rotation of the substrate, first the
new position with the lens to be used as a detection means has to be approached

approximately {so-called pre-alignment).



With the previously necessary pre-alignment, first the corresponding contact point to be measured had
to be brought after rotation from one side again into the detection area of the optical detection means
and centered there before the position of the corresponding contact point of the opposite side could be
determined on the opposite side of the substrate. According to the invention, the pre-alignment is
replaced by a calculation of the position of the contagt point after the rotation based on the known
position of the axis of rotation. As reference labeling for determining the position of the axis of rotation,
an optically detectable labeling especially provided for this purpose on the substrate or on the

substrate holding mean5"&SRIEE BITRINA orexelapionsiothaits Pss b by eracatinetate, in particular a
contact point, candgiisedlomen G0N 0 BHADANIRARE LS SIDAYIMENL Gl hie pvention, L i

provided that the rotation of the substrate around the axis of rotation’is carried out with a specified
angle of rotation RBekyna:substaie haldingmeanse whekebyitiasubsteaia ioldingmeans is designed to
support the substrate, in particular on its periphery, preferably in the form of a ring, so that the contact
points on the botteath sfsheasbbepphtedremain accessible from below through the ring opening.
Especially advantageously, and for the most exact possible determination of the position of the axis of

rotation, it is suitable if tHESEREFE RSBl S o fFaNGe ot Srdmin thering BraHae&istrate holding
means. This 1S csRRR R BhRESE PRI IR AMAPHR AR AKESh RO AR AIPARIINATIERNS during the
determination of the X-Y position of the axis of rotation as well as during the determination of the S
orientation error of &Aarge RatRe iMafARPsIEE CANPELRARSFRUS X ALRQSILIgR.0f the reference
labeling in each new substrate is already known in advance, and only the X-Y position of the axis of
rotation is lobe detéthiniHedcapithbiic hevemigrtolsdzr cisdof ibopeditidne ofrtire, referemeeatabeling on the
substrate. Accarding to another advantageous embodiment of the invention, it is provided that the
determination of tREXRdEeIg Careniipretdimicaepbiip Prdis ol Buntyyoptcarpbsiidsal detecting
means, in particu@&&%mgﬁm@%&% .referably with an optical axis parallel to the axis of rotation R.
In particular in the case of a dlgltall configuration of the optical positional detection means, the
detection can be carriedpytHigitRlys sadnat thepasitipnalibs aysplsaioiondsis.caleulated in
electronic form by a corresponding data processing system. If the substrate holding means can be
moved relative tothteiptidanpositich didetastippinned ds albrgtheddotndtordinetersystem, and the
relative movement can be detected in the X-direction and Y-direction spanned into the X-Y coordinate

system, the calcufiidH SR SoltiaHE YrerEvert Anbdpbhmdg amebfrepidnaitg to the axis of

rotation, in particular. when yeing,a Cadesian sosrdinale.sysiem, s greay simlfied, ., Thus, in the
further development and use ot the above-descri ed metho , amet dd Tor de ermining an orientation
error of a large nyAibeioPie AMAGHRRINS REIRRIRE 42008 BRRIBST RRELAFRNGEH AR W oPPOsite sides
of a substrate, can be implemented according to the invention, since it comprises the following
sequence: unchanging exact position of the axis of rotation of the substrate or the substrate holding

means holding the substrate,

Thus, the time-consuming pre-alignment at each contact point is eliminated
according to the invention, by which the determination of the orientation error of the
contact points oriented to one another in each case is accelerated many times. In this
case, it is especially advantageous that the rotation of each substrate has to take place
only once if the X-Y positions of the contact positions are first detected in a first

rotational position of the substrate/the substrate holding means, and then, i.c., after one-



- Applying the substrate on a substrate holding means that can move along an X-Y coordinate system
and that can rotate around an axis of rotation that is perpendicular to the X-Y coordinate system, 6
Determining the position of the axis of rotation with the above-described steps before or after applying
the substrate to the substrate holding means, and Determining the orientation error of the contact
points that are oriented to one another in each case.,  hi this case, it is especially advantageous if
the determination of the orientation error is carried out by the optical detection means. Thus, the
optical positional detectian means can bg)fyu%?d gt the same time for several tasks. While in the

rota

e Hrass SRS BRI REAERRTIS friplementing the

. . me rotatjon o
determination of ttﬁe positon o e axlIs

invention, in the delarminatian BhieSriRnRURRAL ALISAT IRRATISHAE Precisely - two lenses are

advantageous, namely one above the substrate for determining the X-Y positions of the contact points

on the top of the substratizh argiheseeandsaiomethigsubsirmie der detesmitiRadhe-pYpositions of
the contact points on the bottom of the substrate. By the determination of the orientation error
being carried out fhts Messrsbishalbe sy dird migindimrotatisnakpo sitiohefetbrisubstrate rotated
relative to the first rgtgiri[gnal t[i)c%fiéion by an an%lle of rotation argund the axis of rotation R, the

determination of the SHERRIOA error 2 RS PESEMIEHPaH SLSEmposiHpRY Bd quick and thus
advantageous way,LGRAL VARG (GG AN SRS LLINENNERNON Y %@@3% fsrgm the
a:

description below of preferred embodiments and based on the drawings. Here: Fig Fiows a
diagrammatic crosSiseobarat.view of a substrate with

According to the invention, the pre-alignment is replaced by a calculation of the
position of the contact point after the rotation based on the known position of the axis of
rotation. As reference labeling for determining the position of the axis of rotation, an
optically detectable labeling especially provided for this purpose on the substrate or on
the substrate holding means can be provided, or a structuze that is present on the
substrate, in particular a contact point, can be used.

According to an advantageous embodiment of the invention, it is provided that the
rotation of the substrate around the axis of rotation is carried out with a specified angle of
rotation R by a substrate holding means, whereby the substrate holding means is designed
to support the substrate, in particular on its periphery, preferably in the form of a ring, so
that the contact points on the bottom of the substrate remain accessible from below
through the ring opening. Especially advantageously, and for the most exact possible
determination of the position of the axis of rotation, it is suitable if the reference labeling
is arranged on or in the ring of the substrate holding means. This is especially just
because the substrate is fixed to the substrate holding means during the determination of

the X-Y position of the axis of rotation as well as during the determination of the



correctly oriented contact points, Fig. Ib:Shows a diagrammatic cross-sectional view of a substrate vyith
incorrectly oriented contact points, 7 Fig. 2a:Shows a diagrammatic top view on a substrate according
to Figure la, Fig. 2b:Shows a diagrammatic top view on a substrate according to Figure Ib,

orientation error of a large number of opposite contact points. Thus, the X-Y position of
the reference labeling in each new substrate is already known in advance, and only the X-
Y position of the axis of rotation is to be determined, without having to search for the
position of the reference labeling on the substrate.

According to another advantageous embodiment of the invention, it is provided
that the determination of the first and second reference positions is carried out by optical
positional detecting means, in particular comprising a lens, preferably with an optical axis
parallel to the axis of rotation R. In particular in the case of a digital configuration of the
optical positional detection means, the detection can be carried out digitally, so that the
position of the axis of rotation R is calculated in electronic form by a corresponding data
processing system.

If the substrate holding means can be moved relative to the optical positional
detection means along the X-Y coordinate system, and the relative movement can be
detected in the X-direction and Y-direction spanned into the X-Y coordinate system, the
calculation of the positions of the reference labeling and corresponding to the axis of
rotation, in particular when using a Cartesian coordinate systemn, is greatly simplified.

Thus, in the further development and use of the above-described method, a
method for determining an orientation error of a large number of contact points, oriented
t0 one another and arranged on two opposite sides of a substrate, can be implemented
according to the invention, since it comprises the following sequence:

- Applying the substrate on a substrate holding means that can move along an

X-Y coordinate system and that can rotate around an axis of rotation that is

perpendicular to the X-Y coordinate sysiem,



Fig. 3a:Shows a diagrammatic cross-sectional view of parts of a device for exerting a method
according to the invention for determining the position of an axis of rotation, Fig. 3b:Shows a
diagrammatic detail view of a detail according to Figure 3a, Figs. 4a - 4e: Show a diagrammatic
representation of the method according to the invention for determining the position of an axis of
rotation from a Y direction, Figs. 5a - 5e: Show a diagrammatic representation of the method according
to the invention according to Figures 4a - 4e from an X-direction, and Figs. 6a - 6d: Show a
diagrammatic representatiﬁn of the method,accgrdin to the invention for determining the orientation

errorin atop view.  Tn tREFGUFE8 R BoS o B oY ARSI e SRR SRt A E ¥ me function
are identified with the Sa”ﬁ{(ﬁ.@%ﬁﬂféﬁ;}wﬂmﬂﬁe subs&ﬁ'tﬁl%&%%ﬁé@tx%@%%iﬁ@ ﬁgﬁ.]g, GAgE a cross-section

of a wafer 3 is shown as a substrate, which - as can also be seen in Figures 2a and 2b - has a large
number of - Petermining the orientation ervor of the contact points that are oriented to one

another in each case.

In this case, it is especially advantageous if the determination of the orfentation
error is carried ont by the optical detection means. Thus, the optical positional detection
means can be used at the same time for several tasks. While in the determination of the
position of the axis of rotation, a single lens is sufficient for implementing the invention,
in: the determination of the orientation error, at teast — in particular precisely — two lenses
are advantageous, namely one above the substrate for determining the X-Y positions of
the contact points on the top of the substrate, and the second below the substrate for
determining the X-Y positions of the contact points on the bottom of the substrate.

By the determination of the orientation error being carried out in a first rotational
position and a second rotational position of the substrate rotated relative to the first
rotational position by an angle of rotation around the axis of rotation R, the determination
of the orientation error is made possible in an especially simple and quick and thus
advantageous way.

Other advantages, features and details of the invention will arise from the
description below of preferred embodiments and based on the drawings. Here:

Fig. la: Shows a diagrammatic cross-sectional view of a substrate with

correctly oriented contact points,

Fig. 1b: Shows a diagrammatic cross-sectional view of a substrate with

incorrectly oriented contact points,



8 semiconductor components 1 on a top side 2 of the wafer 3 and a large number of semiconductor
elements 6 on a bottom side 7 of the wafer 3.  Each semiconductor component 1, 6, designed here
as dices 1, 6, has several contact points 4, 5, and the corresponding contact points 4 and 5 in each
case are to be aligned exactly to one another as shown in Figure 1 a and Figure 2a. In Figures Ib and
2b, the contact points 4 and 5, and the dices 1 and 6yare not correctly oriented, so that such a wafer 3
is scrap or has to be outfitted again at least on one side.  In the figures, the dices and the contact
points are shown greatlly. egtlarged, ﬂ]nd a vgafer with.a 300 min diameter has several 100 dices 1, 6 in

each case with several coritact points 4° & SRHEREIHS SRo0is SRR UGS ARAHERI) HEVE for the sake of

clarity. Each dice 1, 6 has functional,semiconductor components, whose contact points 4, 5 had been
symbolized diagrammatically by crosses, triangles, and rectangles. The functional assemblies of the
dices 1 on the top 2 doFigt’have to Sheich thefimationabcompansniswaidhe dites 6 mpthe bottom 7,
but the contact points 4, 5 of the corresponding semiconductor components 1, 6 are identical.  If an
error is discovered according to Figlires Ib and 2b, and the deviation of the contact points 4, 5 is too
large to achieve a suffi(i;enzt’ vertical contact, the wafer 3 is removed from the production process and
can be purified on the tol@f' B

Br the BORGHT 7 4Pk N RS S sy RO S #5d % rror in the
system has been determined.  In.kigee, 33.a08 ARG EGIAL HIEWREEN HPGA0-FigHLe3b, a substrate

holding means 14 for holding the wafer 3 on a surface 9 of the substrate holding means 14 is shown,
which in the shape of a ring allows pailicactessite tiestapz, of the wafer 3 and also to its bottom 7, as
soon as the wafer 3 has been applied to the substrate holding means 14 and 9
Fig. 3b: Shows a diagrammatic detail view of a detail according to Figure
3a,
Figs. 4a - 4e: Show a diagrammatic representation of the method according to
the invention for determining the position of an axis of rotation
from a Y direction,
Figs. 5a— 3e: Show a diagrammatic representation of the method according to
the invention according to Figures 4a — 4e from an X-direction,
and

Figs. 6a - 6d: Show a diagrammatic representation of the method according to

the invention for determining the orientation error in a top view.

In the figures, the same components and components with the sarne function are
identified with the same reference numbers,
In Figures 1a and 1b, in each case a cross-section of a wafer 3 is shown as a

substrate, which — as can also be seen in Figures 2a and 2b ~ has a large number of



by its supporting the wafer 3 on its side edge. The wafer 3 can be fixed to the substrate holding means
14, and the substrate holding means 14 can be moved in a translatory manner in the X- and
Y-directions specified by the arrows X and Y in the Cartesian X-Y coordinate system shown in Figure
3a, in particular driven by linear motors with a precise control of the movement in the X- and
Y-directions. At the same time, the substrate holdinggneans 14 can rotate around an axis of rotation
12. The X-Y coordinate system is advantageously fixed relative to the lens 8. The axis of rotation 12 is
perpendicular to the X- and Y-directions, i.e., in the Z-direction. The substrate holding means 14 thus

has two degrees STHEUGBHVISTPIPNS LABA RIS THRS e Hhler S adisnaumter i a substrate plane
that coincides witl, ifie XrY.GPQEHINNR SYSERoA Galaign Uit with one degree of freedom in the

direction of rotation is found on the translation unit. The substrate holding means 14 is firmly
connected to the latter @ie feioghixast tetheianseitienMed rrdihr.cotatianaieso that no error
caused by changing the relative position of the substrate holding means 14 during the implementation
of the method accontlisigpeathe Inushtiorovaspostug chtedponpdsitiof iofetil axésuoftedtation 12 of the
substrate holding means 14 is thus constant, inherent to the system, relative to the translation and

rotation unit, just ﬁkgnﬁdr@f@éﬁ(‘}é"?&ﬁ‘é‘ﬂha i*i)“’b‘h‘f@_iid‘el:dg&i’f‘? fﬁ%ﬁ’ﬁféhﬁ@ﬁ&%é‘é@ 14 and a wafer
3 oed 0 he subsjle NGNGB o8 S 958 B E0REEY

ic%h\%"%‘gdlsjé %Jans in Z-direction,
i.e., parallel to the axis of rotation 12, Is ove the substrate ho ﬁ]g means 1 .Lrhe lens 8 can
be focused on thetepadefihaswaigrosand/er theiaseiaes % aftbesibsiiate holding means 14 as well
as on the top 2, and the lens 8 is able to detect, record and - as X-Y values - forward to a data
processing system, not showigustrubtuliess endtihe topt anidfe pthdisurfacsl9 eBined,thel 410 position of
the lens 8 and thus the optical axis 11 is fixed, the positions of optical labelings, in particular a

reference labeling" #6507 e LQbatianriraing sremhd0PAicen - Bdnded case Bihiams of the lens 8,
preferably on its sur . andforwarded to a data processin tem for evaluation. In the
embodiment shové?]r[l%g%ggﬁr%%’ ?%tawfél% e,sgevrwe?é)re%égea églérﬁ]b%i%%rearg%%é%s?getﬂ?ecszlﬂlf?/ace 9 of the
substrate holding maafis.14s adaheling whaseResiipe.andhasUbsalsRlding:means 4 is known at
least approximately and that can accordingly be approached quickly by the translation unit to be
detected by the |eémsBsymbdimdabigeatonthicidn dBerasotherighs, 4% fertaefectifiy dpticahiabelings or
contact points 5 is arranged on the bottom 7 of the water 3 analogously to the lens 8, whereby an

optical axis of theSHEOIEs 8T 555 Atk SRyh el nRitthEe Sptaihatiactionak spraresa BofThe second
lens 15 is used at Jeast primarily or exclysively to detect the X-Y.position of the contact points 5
corresponding to % %aﬂz%eﬁtéa%%a%g;%ot%ﬂ? ?ﬁ%?é@gc %tgcc?r%‘?ﬁlésté? g/%%éf%cg??ﬁp?ﬁglﬁane of the bottom 7

parallel thereto toag;abie.te.esiablisthiDe oHRNREGRErTors of the contact points 5, in particular the
contact points 4, by the data processing system, in particular by vector analysis To determine or

establish the X-Y positidhaoktive isdiscofaetatoordiy firStgores Sidaedfiihadctbstraiadaeitiing means 14,
the surface 9 below, is selected, and, according to Figure 4a and Figure 5a, the substrate holding

means 14 is movEERFPRINSSh S|t thak thaghs X-cmtiisicnfinseirsheoniath theveferbisce labeling 10

from an X-Y startllrég[lggescll r(())n 3 is in the optical ax&s c{:iln]bgf th(lglelggs Lg gg%(%%%osmon of the reference

labeling 10 at this point'is S{Sré%%rr?c%ﬁcél% 505?%3caélssmg s{}g]flem as g5 trtgﬂ‘c% point RP. The

substrate holding ReaBR-44% SRR Ry e FRGHR h L DNAMLANNG Qb Lotatian of

In Figure 3a and the detail view according to Figure 3b, a substrate holding means
14 for holding the wafer 3 on a surface 9 of the substrate hoiding means 14 is shown,
which in the shape of a ring allows both access to the top 2 of the wafer 3 and also to its

bottom 7, as soon as the wafer 3 has been applied to the substrate holding means 14 and



11 180 degrees into a second rotational position, namely by the axis of rotation 12, so that the
reference labeling 10 is now arranged in a second X-Y reference position RP' relative to the previous
first X-Y reference position RP according to Figure 4c, exactly opposite the axis of rotation 12, i.e., in a
mirror image to the axis of rotation 12. The figures Fig. 4d and 5d then show that the distance of the
axis of rotation 12 to the optical axis 11 in X- or Y-dirgction is half the distance between the old and
new positions of the reference labeling 10 in the X- or Y-direction. Then, according to Figs. 4e and 5e,
the substrate holg)ing means 14thcan {)e?)movedé%ﬁhe tﬁgnslation unit in the X- and Y-directions so that
BGAl Titie fOHSSF it tenS g ISt IMRELEIS R GRS #i® optical axis 11.

the reference Iabeﬁnésfﬁp% again in
This step is not ngaassarli-euiednhs.cribiRtYEIRGs Ane distancs is.aligady,known from 4d and
5d; the "zero point" thus can already be set in the software. By establishing the X-Y position in the
rotational positiomeatatad hy 1-8adiEgieesoiheptieposition-afih® axisraf miationska that is between
the first and second X-Y reference position RP, RP' can be determined by the data processing system
by means of vecteiesHarsiEsest BRumBIEBYerHo s orHganinl thrantoge Withireestivns covered by
the translation unit durfngdpovement of h§{sub§%?§]te holding means 14. The thus calculated value for
QISP RS EARBH L DS 1RAA LiSHE T ast B THR J0Kods 815 E ¥ rmining the

the X-Y position SPHRE XIS oPPStaah
orientation error of i JaEB MERELALSAIAPLPRINS @kt iRsRestive aler.3aliaghed to the
substrate holding means 14 as a reference value for the calculation of the orientation error. Only when
applying/fixing a méwmngiensdy ixtdectuivsitede RalBngoednsild000 nhyivybReidring & rew substrate
holding means 14 must the determination of the X-Y position of the axis of rotation 12 be performed
again in terms of & feh cailpfationi 6f indeAitsrcine ddassbistedte dntdingniddns gt To
determine or establish th?fpeg‘?ntation err(ir of the contact point 4 to the contact point 5, shown in

Figures 6a to 6d, THeEBrie a8t 1he TArara™ BRioh Bt apsialivsiensahteita S8 %t cording to

Figure 4a and Figure: 3a (g ualelisdneved du e susirals eldingmeans, kg uniil the contact

point 4 is in the optical axis 11 of the lens 8 (Fig. 6b). Simultaneously or |mmea|ateglry, the position of
the contact point Beatothén aipnisitacsideothim thebattanmd risdhesm determpinedwatb heailewer lens 15.
The substrate holding means 14 is rotated by an angle of rotation of 180 degrees, namely by the axis
of rotation 12, so tsapthé et cppinsdo Shatetpowicheing e sablyroppdsiterthend s of rotation 12,
i.e., in a mirror image to the axis of rotation 12, in a first rotational position according to Figure 4d

relative to the preVigte rSELS AT IS ST Y Besh4as AL WLRPOSTROME R B HHE substrate
holding means 14,a:{batdhe pavinushe seiRcied £ANAGPRI0Nd 5. A9AIN 1D fs fcus of the lens 8

(Fig. 6d). By the renewed establishment of the position of the opposite contact point 5 on the rotational

position rotated byad 8&-elegnecs. thesdeublaeriantativnekon cambasatesmingd: bk fhe gata
processing system, and after division by 2 of the corresponding orientation error between the contact

points 4 and 5.  is Bys grasyeiiohtranico ttitrystonhelative ttitn tHselpiocess datimovinguback the contact
point 4 after the rgtation of the substrate by 180 degrees in the focus of the lens 8 is %reatly

accelerated, sinc& JSraliBTRISF AP Rig 0 SoiifsAingy B thstrin takinonseas A ardnRe'#800 rotation was

possible only by %%&19@4&%%&%@%%%@%&%&%59 of the different configuration of the substrates and
the deposition of the substrates on the substrate holding means. This means that after the rotation, the

contact point 4 first hadAgiRelearseraskagaicuindia iInage coardinaia systemepkiie lens8 before the
position of the corresponding contact point 5 could be measured on the opposite side of the top 7. 13
rotation 12, is fixed above the substrate holding means 14. The lens 8 can be focused on

the top 2 of the wafer 3 and/or the surface 9 of the substrate holding means 14 as well as
on the top 2, and the lens 8 is able to detect, record and — as X-Y values - forward to a

data processing system, not shown, structures on the top 2 and/or the surface 9. Since the



By the determination of the position of the axis of rotation 12, shown in Figures 3a to 5e, in the X-Y
coordinate system in the substrate plane, fixed here relative to the lens 8, namely in the X- and
Y-directions, the pre-alignment can be eliminated, since the exact X-Y position of the contact point 4
after the 180 rotation of the wafer 3 by the substrate holding means 14 is known and can be
approached directly. According to a special embggliment of the invention, it is conceivable,
according to the invention, first to measure all contact points 4 and 5 distributed on the top 2 and
bottom 7 in the first rotati%?%!lgosition and then, after one-time rotation by 180 degrees, to measure in

3 P8 S BOIMEARhE S H IhEed bR BesBietiah aPE3Sition, since the

succession the pgglstli%cﬁ's
respective positions.ahie:GAIEARPRARREANIAG R fe MR ARk {pIAlANGL Rosifion are stored in
a storage device within the analysis unit. This makes possible another significant acceleration of the
method accordingid@die ipveatiost. the leAVB altefaally enmeans.ef ®siablishing dhe.pasition of the axis of
rotation 12 proceeds as follows: In Figure 4a, instead of reference labeling 10, a contact point 4
arranged on the \WEREs804 &ystern itve tgpationf wafer 3, is moved as a reference labeling from the
position shown in Figur%ga, I.e., gutside of the axis of rotation 12 and outside of the optical axis 11 in
X-direction (see Figure At aHePHPavideia Eearpsgarakhy asfartratahsbinediscppbit 4 that is
used as a referenga e elngs ARG ALIBEAISALFXIE L gELIE 1308, s osiion of the contact

point 4 is stored as X-Y reference position RP, namely as X-Y position | %=¥ ‘Coordinate system

specified by the Xubsndithe indineations il iRatatiasofghexsubstyata brlding.means:}4.and thus of the
wafer 3 fixed on the substrate holding means 14 with its contact point 4 that is used as a reference

labeling by 180 depjreedh¢dapicklyinelgcamtntiootation is darciedgubealrosifd the axis of rotation 12, so
that the contact point 4 according to Figure 4d and Figure 5d is on the axis of rotation 12 in a mirror

image to the first X-Y refBPaHES BEilFah FBIHA ‘sarbhideferting mice [sbingrreontaghe meaning of in
a mirror image to the . axis of i IS, | irror image to the paint of intersection of the axis of
rotation 12 with thge Xt-Y cooﬂ%%ftgl{;ﬂé%eb?#%ﬁ tIQPeI&lseu %tﬁgggn p ane. ﬁ%tﬁé%%g?rdt‘é’ e{)%’fnaél means 14 is

moved so far accepdianaie; bight esdes angiexhy-the inslaipnanib@kihedansationdgve in the X-
and Y-directions until the reference labeling (contact point 4) is again in the optical axis 11. The

movement of the Ebssiwente ol ding wreslzn & a4 thiyntinidy waesiation unitiis:cneastiepiddtected exactly and
sent on to the data processing system so that from the first X-Y reference position RP and the second

X-Y reference polifiSAPRE LIS a£9EEseopdNisdriths BriAR RRSHriPostnY toorAiarfetySipegich case the
e o 0 sl BB s e bR e Y
the point of intersgctian:amiibine sSubsirate R AR AL Boliny £ AP IUNAIL VSIS M. system, in

particular by vector analysis.

To determine or establish the X-Y position of the axis of rotation 12, first one side

of the substrate holding means 14, the surface 9 below, is selected, and, according to

Figure 4a and Figure Sa, the substrate holding means 14 is moved by the translation unit

in the X- and Y-directions until the reference labeling 10 from an X-Y starting position

13 is in the optical axis 11 of the lens 8. The X-Y position of the reference labeling 10 at

this point is stored in the data processing system as a first X-Y reference point RP. The

substrate holding means 14 is then rotated by the rotation unit by an angle of rotation of
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180 degrees into a second rotational position, namely by the axis of rotation 12, so that
the reference labeling 10 is now arranged in a second X-Y reference position RP’ relative
to the previous first X-Y reference position RP according to Figure 4¢, exactly opposite
the axis of rotation 12, i.e., in a mirror image to the axis of rotation 12. The figures Fig.
4d and 5d then show that the distance of the axis of rotation 12 to the optical axis 11 in
X- or Y-direction is half the distance between the old and new positions of the reference
labeling 10 in the X- or Y-direction. Then, according to Figs. 4e and Se, the substrate
holding means 14 can be moved by the translation unit in the X- and Y-directions so that
the reference labeling 10 is again in the focus of the lens 8 and ultimately exactly in the
optical axis 11. This step is not necessarily required in the calibration since the distance
is already known from 44 and 5d; the “zero point” thus can already be set in the software.
By establishing the X-Y position in the rotational position rotated by 180 degrees, the X-
Y position of the axis of rotation 12 that is between the first and second X-Y reference
position RP, RP” can be determined by the data processing system by means of vector
analysis, for example by measuring the path in the X- and Y-directions covered by the
translation it during movement of the substrate holding means 14. The thus calculated
value for the X-Y position of the axis of rotation 12 is then used at least for the period for
determining the orientation error of the large number of contact points 4, 5 in the
respective wafer 3 attached to the substrate holding means 14 as a reference value for the
calculation of the orientation error. Only when applying/fixing a new wafer 3 to the
substrate holding means 14 or only when using a new substrate holding means 14 must
the determination of the X-Y position of the axis of rotation 12 be performed again in

terms of a new calibration of the unit on the new substrate holding means 14,
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To determine or establish the orientation error of the contact point 4 to the contact
point 5, shown in Figures 6a to 6d, first one side of the wafer 3, below the top side 2, is
selected, and according to Figure 4a and Figure 5a, the wafer 3 is moved by the substrate
holding means 14 until the contact point 4 is in the optical axis 11 of the lens 8 (Fig. 6b).
Simultaneously or immediately, the position of the contact point 5 on the opposite side,
thus the bottom 7, is then determined with the lower lens 15. The substrate holding
means 14 is rotated by an angle of rotation of 180 degrees, namely by the axis of rotation
12, so that the contact points 4, 5 are now arranged exactly opposite the axis of rotation
12, ie., in a mirror image to the axis of rotation 12, in a first rotational position according
to Figure 4d relative to the previous rotational position (Fig. 6¢). Then, the wafer 3 is
moved by the substrate holding means 14 so that the previously selected contact point 4
is again in the focus of the lens § (Fig, 6d). By the renewed establishment of the position
of the opposite contact point 5 on the rotational position rotated by 180 degrees, the
double orientation error can be determined by the data processing system, and after
division by 2 of the corresponding orientation error between the contact points 4 and 5.

By the method according to the invention, the process for moving back the
contact point 4 after the rotation of the substrate by 180 degrees in the focus of the lens 8
is greatly accelerated, since previously an exact positioning of the contact point 4 after
the 180° rotation was possible only by a so-called pre-alignment because of the different
configuration of the substrates and the deposition of the substrates on the substrate
holding means. This means that after the rotation, the contact point 4 first had to be
centered again in the image coordinate system of the lens 8 before the position of the

corresponding contact point 5 could be measured on the oppusite side of the top 7.



15Lens Angle of Rotation 16 Method for Determining the Position of an Axis of Rotation Claims 1.
Method for determining an X-Y position, in an X-Y coordinate system, of an axis of rotation 02), which
is perpendicular to the X-Y coordinate system, of a substrate holding means (14) that can rotate
around the axis of rotation (12) for holding a substrate (3) with the following steps: Determining a first
X-Y reference position RP of a reference labeling (19} that is provided on the substrate holding means
(14) or on the substrate (3), Rotating the substrate holding means (14) by a defined angle of rotation
R, in particular 180 degrees, around the axis of rotation (12), Determining a second X-Y reference

position RP' of the referdhtlé {515ETRE 0} HhaPRIERBAGEABY fheotigRion, shppp in Figures

3a to Se, in the X-Y coordinate system in the substrate plane, fixed here relative to the
lens 8, namely in the X- and Y-directions, the pre-alignment can be eliminated, since the
exact X-Y position of the contact point 4 after the 180° rotation of the wafer 3 by the
substrate holding means 14 is known and can be approached directly.

According to a special embodiment of the invention, it is conceivable, according
to the invention, first to measure all contact poinis 4 and 5 distributed on the top 2 and
bottom 7 in the first rotational position and then, after one-time rotation by 180 degrees,
to measure in succession the positions of the contact points 4 and 5 in the second
rotational position, since the respective positions of the corresponding contact points 4, 5
in the first rotational position are stored in a storage device within the analysis unit, This
makes possible another significant acceleration of the method according to the invention.

An alternative means of establishing the position of the axis of rotation 12
proceeds as follows:

- In Figure 4a, instead of reference labeling 10, a contact point 4 arranged on
the wafer 3, i.e., on the top 2 of wafer 3, is moved as a reference labeling from
the position shown in Figure 4a, i.e., outside of the axis of rotation 12 and
outside of the optical axis 11 in X-direction (see Figure 4b) and in Y-direction
(see Figure 5b) so far that the contact point 4 that is used as a reference
labeling is exactly in the optical axis 11 of the lens 8.

- The position of the contact point 4 is stored as X-Y reference position RP,
namely as X-Y position in the X-Y coordinate system specified by the X- and

the Y -direction.



Calculating the position of the axis of rotation (12) in the substrate plane. 2. Method for
determining a position of an axis of rotation (12) of the substrate (3) that is perpendicular to a substrate
plane of a substrate (3) with the following steps: Determining a first reference position RP of a
reference labeling (10) of the substrate (3) in the substrate plane, 17 Rotating the substrate (3) by a
defined angle of rotation R, in particular 180 degreesyaround the axis of rotation (12), Determining a
second reference position RP' of the reference labeling (10) that is changed by the rotation, and

- Rotation of the substrate holding means 14 and thus of the wafer 3 fixed on
the substrate holding means 14 with its contact point 4 that is used as a
reference labeling by 180 degrees (see Figure 4¢). The rotation is carried out
around the axis of rotation 12, so that the contact point 4 according to Figure
4d and Figure 5d is on the axis of rotation 12 in 2 mirror image to the first X-
Y reference position RP in a second X-Y reference position RP’, The
meaning of in a mirror image to the axis of rotation 12 is in a mirror image to
the point of intersection of the axis of rotation 12 with the X-Y coordinate
system or the substrate plane,

- The substrate holding means 14 is moved so far according to Figures 4e and
5e by the translation unit or the translation drive in the X- and Y-directions
until the reference labeling (contact point 4) is again in the optical axis i1.
The movement of the substrate holding means 14 by the translation unit is
measured/detected exactly and sent on to the data processing system so that
from the first X-Y reference position RP and the second X-Y reference
position RP’, the exact X-Y position of the axis of rotation 12, namely in each
case the half distance in the X- and Y-directions, is established, for example
by vector analysis. The X-Y position that is established in this respect
corresponds to the X-Y position of the axis of rotation 12 at the point of

intersection with the substrate plane or the X-Y coordinate system,



Calculating the position of the axis of rotation (12) in the substrate plane. 3. Method for determining
a position of an axis of rotation (12) of the substrate holding means (14) that is perpendicular to a
substrate holding plane of a substrate holding means (14) for holding a substrate (3) with the following
steps: Determining a first reference position RP of a reference labeling (10) of the substrate holding
means (14) in the substrate holding means plane, Retating the substrate holding means (14) by a
defined angle of rotation, in particular 180 degrees, around the axis of rotation (12), Determining a
second reference position RPI'vg)f the reference labeling (10) that is changed by the rotation, and

Calculating the position of the' S bPFGISRORNLS iR AN Sa RS fat i sidist it ans plane.

Reference Symbol List
i Semiconductor Component
2 Top
3 Wafer
4 Contact Point
5 Contact Point
6 Semiconductor Component
7 Botiom
8 Lens
9 Surface
10 Reference Labeling
11 Optical Axis
12 Axis of Rotation
13 X-Y Starting Position
14 Substrate Holding Means
15 Lens

R Angle of Rotation



4. Method according to one of Claims Ito 3, wherein the rotation of the substrate (3) or the substrate
holding means (14) around the axis of rotation (12) is carried out by rotation means of the substrate
holding means (14). 18 5. Method according to one of the preceding claims, wherein the
determination of the first reference position RP and the second reference position RP' by optical
positional detecting means, comprising in particulgy at least one lens (8, 15), is preferably carried out
with an optical axis (11) that is parallel to the axis of rotation (12). 6. Method according to one of
the preceding claims, wherein the substrate holding means (14) can be moved relative to the optical
positional detecting meahdsihaf ExDetegypingbs BOLtinn SrpairtiB ¥R Y coordinate system,
whereby the relative movement can be detected in the X- and Y-directions in the X-Y coordinate
system. 7. Method for determining an orientation en-or of a large number of contact points (4, 5),
oriented to one another and arranged on two oppo&'tag ﬁ%ides of a substrate (3), with the following
course of the method: Applying the substrate (3) on a substrate holding means (14) that can move
along an X-Y coordinate system and that can rotate around an axis of rotation (12) that is
perpendicular to the X-Y coordinate system, Determining the position of the axis of rotation (12)

according to one of the precedingigiaineeAgiare o aitenanBing thesyhsisata{d)irdhe substrate
of an axis of rotation (12), which is perpendicular to the X-Y coordinate system,
of a substrate holding means (14) that can rotate around the axis of rotation (12)

for holding a substrate (3) with the following steps:

1

Determining a first X-Y reference position RP of a reference labeling
(10) that is provided on the snbstrate holding means (14) or on the
substrate (3),

- Rotating the substrate holding means (14) by a defined angle of

rotation R, in particular 180 degrees, around the axis of rotation (12),

- Determining a second X-Y reference position RP’ of the reference

labeling (10) that is changed by the rotation, and

- Calculating the position of the axis of rotation (12) in the substrate

plane.

2. Method for determining a position of an axis of rotation (12) of the
substrate (3) that is perpendicular to a substrate plane of a substrate (3) with the
following steps:

- Determining a first reference position RP of a reference labeling (10)

of the subsirate (3} in the substrate plane,



holding means (14), and Determining the orientation error of the contact points that are oriented to
one another in each case. 8. Method according to Claim 7, wherein the determination of the
orientation error is carried out by the optical positional detecting means, in particular in each case a
lens for each side of the substrate (3). 19 9. Method according to one of Claims 7 or 8, wherein
the determination of the orientation error is carriegout in a first rotational position and a second
rotational position of the substrate rotated around the axis of rotation (12) relative to the first rotational
position by an angle of rotation, iragarticular 180 degrees. 10. Method according to one of Claims

7 to 9, wherein the determinatioH & e UREARIDN BAETEES IR Riion & WREEYEints is done by

the following sequence: Determining X-Y. positions.of the large pyumber of contact points, in each case
opposite to two sides of the z% é%r% Ss(ﬁ?%ﬁ}%@éeﬁ%? ?étra{@ﬁg’l ﬁa{gi‘ition, Rotating the substrate (3) in

the second rotational posﬁitioﬁetermining a second reference position RP of the reference labeling
(10) that is changed by the rotation, and

- Calculating the position of the axis of rotation (12) in the substrate
plane.

3. Method for determining a position of an axis of rotation (12) of the

substrate holding means (14) that is perpendicular to a substrate holding plane of
a substrate holding means (14) for holding a substrate (3) with the following
steps:

- Determining a first reference position RP of a reference labeling (10)
of the substrate holding means (14) in the substrate holding means
plane,

- Rotating the substrate holding means (14) by a defined angle of
rotation, in particular 180 degrees, around the axis of rotation (12),

- Determining a second reference position RP’ of the reference labeling
(10) that is changed by the rotation, and

- Calculating the position of the axis of rotation {12) in the substrate
holding means plane.

4. Method according to one of Claims 1 to 3, wherein the rotation of the substrate
(3) or the substrate holding means (14) around the axis of rotation (12) is carried out by

rotation means of the substrate holding means (14).



Determining the X-Y positions of the large number of contact points in the second rotational position.

18

5. Method according to one of the preceding claims, wherein the determination of
the first reference position RP and the second reference position RP’ by optical positional
detecting means, comprising in particular at least one lens (8, 15), is preferably carried
out with an optical axis (11) that is parallel to the axis of rotation (12).

6. Method according to one of the preceding claims, wherein the substrate
holding means (14) can be moved relative to the optical positional detecting means in the
X-Y coordinate system or parallel to the X-Y coordinate system, whereby the relative
movement can be detected in the X- and Y-directions in the X-Y coordinate system.

7. Method for determining an orientation error of a large number of contact
points (4, 5), oriented to one another and arranged on two opposite sides of a substrate
(3), with the following course of the method:

- Applying the substrate (3) on a substrate holding means (14) that can move

along an X-Y coordinate system and that can rotate around an axis of rotation
(12) that is perpendicular to the X-Y coordinate system,

- Determining the position of the axis of rotation (12) according to one of the
preceding claims before or after applying the substrate (3) to the substrate
holding means (14}, and

- Determining the orientation error of the contact points that are oriented to one
another in each case.

8. Method according to Claim 7, wherein the determination of the orientation

error is carried out by the optical positional detecting means, in particular in each case a

lens for each side of the substrate (3).
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9. Method according to one of Claims 7 or 8, wherein the determination of the
orientation error is carried out in a first rotational position and a second rotational
position of the substrate rotated around the axis of rotation (12) relative to the first
rotational position by an angle of rotation, in particular 180 degrees.

10. Method according to one of Claims 7 to 9, wherein the determination of the
orientation error of a large number of contact points is done by the following sequence:

- Determining X-Y positions of the large number of contact points, in each case

opposite to two sides of the substrate (3), in the first rotational position,

- Rotating the substrate (3) in the second rotational position,

- Determining the X-Y positions of the large number of contact points in the

second rotational position.



