Device and Method for Reducing a Wedge Error Description Embodiments of the present
invention relate to a device for opposite alignment of a first surface of a first substrate with a second
surface of a second substrate with a gap between the first and the second surfaces and a
corresponding method. In the semiconductor industry, there are a host of devices and methods in
which a calibration of two surfaces to one another is of great importance. The surfaces are generally
structured surfaces whose structures must be aligned to one another. In all methods that undertake

these calibrations, it would be%ﬁ?é%%'@ﬁ@&%ﬁ%? i@eé‘@&ﬂwﬁ}e@%‘)ﬁﬁj&"y wedge errors, therefore

deviations in the angular posit e two surfaces that are to be aligned oppositely, to be minimized
or largely precluded. Ideally, the surfaces of the substrates are to be aligned exactly parallel to one
another in one end position, therefore, for example, in embossing a microlens or in producing a mask
in the lithography method. In the example of rﬂg&g%ﬁms engineering, in particular the production of
microlenses that must become smaller and at the same time more accurate as optical lenses and due
to the miniaturization pressure in the semiconductor industry, the aforementioned errors have an
especially drastic effect. Furthermore, it is especially important that the optical axis of the

microlens doeg gt Mava @Ry AORReRt sreradhatiare o sed@sreciayhy wadaearrs.idicrolenses
are often stacked on top of one another so that the wedge errors are correspondingly exacerbated

and thedmage suality: suffersiacserdingbnd surbebermsarsnelionsaavaimeghpbatinisizingithie scrap
in the mass production of m cro enses.
and the second surfaces and a corresponding method.

In the semiconductor industry, there are a host of devices and methods in which a
calibration of two surfaces to one another is of great importance. The .surfaces are generally
structured surfaces whose structures must be aligned to one another. In all methods that undertake
these calibrations, it would be desirable for errors in alignment, especially wedge errors, therefore
deviations in the angular position of the two surfaces that are to be aligned oppositely, to be
minimized or largely precluded. 1deally, the surfaces of the substrates are to be aligned exactly
parallel to one another in one end position, the;efore, for example, in embossing a microlens or in
producing a mask in the lithography method. In the example of microsystems engineering, in
particular the production of microlenses that must become smaller and at.the same time more
accurate as optical lenses and due to the miniaturization pressure in the semiconductor indusiry, the
aforementioned errors have an especially drastic effect.

Furthermore, it is especially important that the optical axis of the microlens does not have

any alignment errors that are caused especially by wedge errors. Microlenses are ofien stacked on



The aforementioned wedge error arises due to mis-positioning of the embossing substrates to one
another or of the retaining systems to one another that accommodate the embossing substrates in the
end position in which the embossing material is cured and that is decisive for the production of the
components to be embossed, especially microlenses. The wedge error has been reduced in the
past by parallel alignment of the retaining system that is as accurate as possible before the retaining
systems approach by the gap between the surfaces of the substrates being aligned parallel before the
actual embossing prgcess | ich the substrates are moved toward | ' irection of
ranslad O o e e o e e e e
alignment.grrors in the, alignment of two spaced substrates can be minimized, as a result of which the
PR,

quality Stthe pro t6 be produced increases and the production costs are drastically reduced.

According to i aspret IS 20 aifad & demifsiatoRReiaAanmRIhALa fiskaulfaceof a firs
substrate with a second surface of a second substrate ngth a gap between the first and the second
surfaceﬁl\{gpg}é&%&following features: a first retaining system for retaining the first substrate on a first
retaining surface, a second retaining system for retaining the second substrate on a second retaining

surface, approggh [RRans-{AEa|eIRGLedish A REa G ARIRARA IR PO S KAC g irection

of translation as far as into one end position, characterized in that there are means for reducing a

wedge grron,betieen the firshand:saapndssiiaces dwingdherapproachmbitndirsksiaesstathe

second surface including an in situ measurement during the approach of the substrates. According

to a secqdiAsREG MRS ISRAded aicnethadianRpesieralignsent aiadisisutasce abadiest
substrate with a second surface of a second substrate with a gap between the first and the second

surfaces,yuefsin A weddsRAAlhe hreabibedirsirurthesasnassurfaces is reduced during the
approach of the first surface to the second surface including an in situ measurement during the
approach of thggubsiiatesor hadlbeprabinalionshefpabieasitunnilibadeaturasdneidaing spsthe
specification, the claims and/or Figure | also fall within the framework of the invention. At the indicated
value rajges, dakiesawitRipoe Rbvvedentaise disyiiemilbhalse:betyigelaap das ouhdanfaeiues and
will be claimed in any combination. An embodiment of the present invention is based on the idea of
undertakingasteduatid b alijnree phattarsefospacialiaf anivedoe ereocsaligwientlersobstbétsveen two
substrates, not before the substrates' approach into

are moved toward one another in the direction of translation.

Embodiments of the present invention describe a device and a method with which
alignment errors in the alignment of two spaced substrates can be minimized, as a result of which

the quality of the products to be produced increases and the production costs are drastically reduced.

la



the end position, but during the approach and until reaching the end position. Introduction of a
measurement system between the substrates to be aligned can accordingly be abandoned according
to an embodiment of the invention. The gaps or the angular position of the first to the second substrate
or of the first retaining system and the second retaining system during the approach of the substrates
are measured according to an embodiment of the invention from outside the working space that is
formed between the first and second surfaces so that an in-situ measurement during the approach of

the substrates s enableq, upARcopRletiRR Ot theRiaduet Hiatds f6rppradussehmish the dewce,

especially a microlens field or a mask. Inasmuch as an embossing material that is to be embossed

by the firgtand, seepad silasiaias,is lotnduseddoiorthe-itermediaie sRace:alisament dedesding to an

embodiment of the invention takes place after the embossing material is moved into the intermediate
space qfafigr the.amhgssing.materiabismpved A theaifiistenspgonesulrst ainithiag imdasigned as a

carrier substrate. It is especially advantageous if the reduction of the wedge error takes place shortly
before QruipAR HASRIRE-SSNIRNoNSinea RiERRduesteiuihatmavemenisoal thedirst and/or
second substrate can thus be essentially precluded. According to one advantageous embodiment
of the inventian. ditds-pre vslesk thaphacheansiooradusing e fivedgereras epprbechiske sontiuously,
especially uninterruptedly, during the approach, especially until reaching the end position. The
embodigent ofithadavestian dneenjnatienfiyith ranoim pridpngibndhissespecibilytbd \thatageous
inasmuch as on the first surface and/or the second surface, there are embossing structures for
embossing:af @R evepSSINgatiatetial batwesmhthfrfirahdnebset ondaserfaces: ieeprdingitofahother
advantageous embodiment of the invention, it is provided that the means for reducing the wedge error
compriseraspetiadlyospreciosadpindihe inikitiggmeasusemertmearsifdormeatbermmgaeangtiar position
between the first substrate and the second substrate during the approach of the first surface to the
second sidases By measuring the angular position of the first and second surfaces to one another
during the approach of the first surface to the second surface or vice versa as far as the end position, it
is possible to avtcacdmidinglyonrhesfiest, shbstiaandidrtmebed gt posta i srme filst fathining
system and/or the second retaining system by the means for reducing the wedge error in order to align
the first amtsesion tststaststinptraliereulthafipcthbadesmsha®strtr avishroganbriF s g Error,
especially when the end position is reached. Here, it is especially advantageous if the
measurendeht seambshevecsevhrinaspedisiiyrar heasetnibe fsamsdrbespenhiyircairsdrcade first
and/or second retaining system each underneath the first and/or second retaining surface for
measurihgittiethapsrotadie of sheditdcadmg & the secoE iR Hne B e SV ST he
direction of translation, and especially the gaps of a first support surface of the first substrate facing
away fi-dninsdbirapryapricel S ePs88hd support surface of the second substrate facing away from
the second surface. By integrating the sensors, es%)ecially‘space-saving and reliable detection of the

angular positioftlbegrebiatith g stirsst s el F&EE%SiH’Q?ﬁ?ﬁ%ddﬂs@ﬁJFé’fCiﬁcam‘L he claims

and/or Figure 1 also fall within the framework df the invention. At the indicated value ranges,
values within the above-mentioned limits will aiso be disclosed as boundary values and will be
claimed in any combination.

An embodiment of the present invention is based on the idea of undertaking a reduction of
alignment errors, especially of a wedge error, alignment errors between two substrates, not before

the substrates’ approach into

ib



Advantageously, in one embodiment of the invention, it is furthermore provided that the means for
reducing the wedge error comprise driving means for changing the angular position of the first
substrate to the second substrate, especially of the first surface to the second surface, the driving
means being located on the first and/or second retaining system. The driving means are especially
motors for each retaining system that for at least one of the retaining systems make available at least
two, especially three, degrees of rotational freedom, whose axes of rotation are perpendicular to one
another and, hat IS RIAINAG SYSIGM AR QAR Aclon SRS Aty \GERTdINg to
embodinT vide u

another advantageous ent of the Invention, it is pro that'the means for reducing the

wedge error haye a0, actiyg sonirohmeans fe sopralinghesdustioniotibawerge suas. aspecially

for detecting measurement values of the measurement means and for Corresponding triggering of the

driving means, The:ackvecontial sysismriaseron the MeasHemaRLYBIuES alihe measusment

means, therefore the gaps between the sensors and the individual surfaces that are relevant according

to an er@@&qme&tﬁdﬁ%@#ﬁiﬁ{hé%ﬁ%ﬁéww&&rféﬁ%hﬁgﬁvéqpmg%@m&m@fﬂ,y@tment of

the corresponding driving means, so that parallel alignment of the first surface to t econd surface is

ensured. g Ankinstanteasured RERGINOH arcrHRE IRADSNNERIARH RACEOHIBEIRORR qBRGMent - is
characterized by the following steps, especially in the sequence cited below: Fixing the first substrate

with its rgiaining sudaseioRdhe-first 1etainingsyatem-ane fixingdhe isasand-aubsiiate ithdismsetaining
surface on the second retaining system, Aligning the first substrate to the second substrate

transvergghsientberirasianel Hapshatip, ARRMINERA SMROsRIBEERUCIUTeHo phaltist suifase of the

first substrate and applying a carrier material to the second surface of the second substrate, Causing

the first gubsiraipeia.appRreaabitne faeend sukistrate by translational movement of the first retaining
system in the direction of the second retaining system, and Measuring the gaps between the first and

~ second substrates:anrt eaah-aansonghthersechndsetaininghsysiehy disring thel appiobahafithe first
substrate to the second substrate
is introduced into the intermediate space, alignment according to an embodiment of the mvention
takes place after the embossing material is moved into the intermediate space or éﬁer the embossing
material is moved onto the first or second substrate that is designed as a carrier substrate. It is
especially advantageous if the reduction of the wedge errvor takes place shortly before or upon
reaching the end position since errors due to further movements of the first and/or second substrate
can thus be essentially precluded.

Acéording to one advantageous embodiment of the invention, it is provided that the meaﬁs
for reducing the wedge error can be used continuously, especially uninterruptedly, during the |
approach, especially until reaching the end position. The embodiment of the invention in
conjunction with nanoimprint methods is especially advantageous inasmuch as on the first surface
and/or the second surface, there are embossing structures for embossing of an embossing material

between the first and second surfaces.

According to another advantageous embodiment of the invention, it is provided that the



and as soon as the first substrate is in the sensor detection region; Evaluating the measured values
and computing the angular position of the first substrate to the second substrate by the control system
and control of driving means for reducing the wedge error between the first substrate and the second
substrate by the driving means being triggered accordingly and the first substrate or the first retaining
system being rotated accordingly relative to the substrate or the second retaining system. Other
advantages, features and details of the invention will become apparent from the following description

of the fi%éra% So{()gged refe{lred e&nbodiment of the inverﬁtion. 1 shpws a cros_s—se?tional view

Figur
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c
second surface 50 of a secon 5 with a gap between the first surface 20 and the second

surface gy saaandpupsitaRR.P0aIN0 [ad R0ACEANd BIAINGSHTACE ARRE A sRRANG retaining

system 6. The fixing of the first substrate 2 on the first retaining system 1 an ing of the second

substralg:xen ihe s%@&%ﬂ;fﬁ@ﬂ@9@%8%@%2%?&8&&%%@%9&&%&%%@ Deggiive pressure

to one retaining surface la of the first retaining or retaining surface 6a of the second retaining

system Girface AREMRAISINGSEUGHERIRBACEA O LB s YA aGe 2R RIS Used IReTBassAN

embossing material 4 that has been applied to the surface 50. The embossing material 4 is, for

examplen,&RAhdneiHid during SMRAISsINGASSWIRRINGLOMAW QREIhE fMRASSHa ST Uciue 3, namely

in one end position in which the embossing structure 3 dips into the embossing material 4 in order to

produce pluralityiatiexasdiv cimensiones arodutis: hRrewiclo\ensessaeseding:taithecaptour of the
embossing structure 3. A microlens field is embossed out of the embossing material and cured by the
illustrategl perapgement s thabseresad Migrelenses SRR redlcedlatesdiomtheatsiolens field.
Here, it is especially advantageous if the measurement means have several, especially at
least three, sensors especially installed in the first and/or second retaining system each underneath
the first and/or second retaining surface for measuring ﬁe gaps of the first surface and of the second
surface to the respective sensor in the direction of translation, and especially the gaps of a first
support surface of the first substrate facing away from the first surface and a second support surface
of the second substrate facing away from the second surface. By integrating the sensors, especially
space-saving and reliable detection of the angular position of the retaining surfaces or the surfaces
in situ is possible.
Advantageously, in one embodiment of the invention, it is furthermore provided that the
means for reducing the wedge error comprise driving means for changing the angular position of
the first substrate to the second substrate, especially of the first surface to the second surface; the
driving means being located on the first and/or second retaining system. The driving means are

especially motors for each refaining system that for at least one of the retaining systems make

available af least two, especially three, degrees of rotational freedom, whose axes of rotation are



For embossing purposes, the first substrate 2 is first aligned parallel and flush opposite the second
substrate 5, a wedge en-or prevailing - shown exaggerated in Figure 1 - represented by the broken
lines that represent the angular position of the first substrate 2 and of the second substrate 5. The
wedge error can result from a slanted position of the first retaining system 1 or of the second retaining
system 6 relative to one another and/or opposite one direction of translation T as well as non-uniform
thickness of the first substrate 2 and/or of the second substrate 5 or a combination of the

aforementionel Saes . [ IEh RIATING Y SIETLAGAD REIRVES YA ANRAURNAKE at s not
shown iR the direction of translation T toward the second retai ing system 6, also called approach
means f@&%ﬁlﬁl%iﬁ'g the first surface 20 to approach the second surface 50. The translation drive can
be, for example, a robotic arm that is not shown and that grips the first retaining system 1. The second

retaining systeg,g,cap 06 Made.f iéﬁ%ﬁ%&@“&%ﬂ@&%ﬁe&c&e Revelsal, of e,molien gfihgdwo

retaining systems Is conceivable according to the invention. During the approach of the first

substratg 2,0r f E@&u‘éﬁ?B%W&gér9&3}@&&%@&&@%@&%@;&%@& nioihfLmbpasingmaterial 4,

the means for reducing the wedge error are, among others, several sensors 8 distributed in sensor

chambeys, 7,0fithe.S6CQRALSIANIDE RYSIEM Ghhigseisa R atg drsigied A SRERIEASCaRICSENSOrs

such that each sensor 8 emits a light beam, via whose reflections and the spectroscopy of the

reflected dight,Jhegans Lfiheolirst wHacenanthibsmrcondaufacs Basthalatr lasatedirihe light

beam to the sensor 8 can be measured. By finding the difference of the gaps - in the detection region

of the regpegtive 8eNERESreAlkaniisiantoftbe anpreashuettheditmst sdhstratend iméhadingation of the
second substrate 5, the gap can be measured at different locations so that by corresponding control of

the drivingrmeans: a-cosiespercinginatadan ahtwailirstretaiing systamd-Roe tiusoef hebiesy,
substrate 2 or a tilting of the first retaining system 1 is produced. The sensors 8 work especially
with whitecglis Spestteseapy.angsassardingl\-thepesond subsigate makleast mteragipmedithe
sensor chambers 7 is transparent to light radiation and/or UV radiation. Inasmuch as the first substrate
2 is alsotrangparantie ligd adiatiornahed o ddMirathationidhiengap from the sensor 8 to one support
surface 2a of the first substrate on the retaining side la can also be measured by the sensors.
Likewise, the giij frethcane supipgrioshitfacefiont thesdognd substrhtdiman the detainingside 6a can
be measured so that the thicknesses of the substrates 2, 5 can be measured in the regions in which
the beam¢piaths afghesengarsdiyin the sefimuselatid beierror in the movement of the first retaining
system 1 in the direction of translation land also a faulty initial alignment and errors of thicknesses of
the first substrate Rixingftheefsscardtsubstititats mlamayenmiss ofi the retstinttgrsugfagsen apda can be
compensated while the first surface 20 approaches the second surface 5o. To further optimize the
spectroscopic meéisirgthestcand sebiicrie asththersigtungcydfonen s senent ritpowee apviatageous
embodiment of the invention, it is provided that the embossing structure 3 and the embossing material
4 are located outsidéetirebdanishtivbiitiie seriborseeuhad st dvensiations 6 the dpeetersedpy are
avoided, and the accuracy of the determination of the gaps by the spectroscopy of the sensors is
increased. transtation,

- Applying an embossing structure to the first surface of the first substrate and applying a
carrier material to the second surface of the second substrate,

- Causing the first substrate to approach the second substrate by translational movement
of the first retaining system in the direction of the second retaining system, and

- Measuring the gaps between the first and second substrates and each sensor of the.

second retaining system during the approach of the first substrate to the second substrate



The configuration according to the invention thus solves the problem of non-uniform embossing of a
microlens field as a result of wedge errors between the embossing surfaces or surfaces of the first
substrate 2 and of the second substrate 5 by using an optical path system consisting of several
transmitter-receiver modules, specifically the sensors 8 with which the gap of the first substrate 2
designed as an embossing die to the surface 50 of the second substrate 5 designed as a support
wafer is actively measured and at the same time during the approach of the embossing structure 3 by

tilting or rotating; th%ggssto r%tgé%régﬁ%#%%r&% Is.rea éjé‘é%éjosﬁ&%h% 1:(he surface 2o is aligned parallel to

the surface 50, in ‘the Td2al case without Weé%e error. Thea van?gboélé of the invention lie in a

g e of micileses WUANIGIFGne 6l AREE  (hos e (Sl e e on e

ensured along the entire support wa e hig

axis of the lenses claar | | ical adv Lspecially inthe coupling of
several microlenstegsgo%n!%g%ﬁg;é%[ﬁ%%qf?ogm ?ﬁ%}ﬂ?{?’gfw&% tge%%%?ﬁgﬁrz%%zgd%aﬁé%egéof tﬁ% §§creasing

article price, the hahetield-Paisouel ylaiveadtie lechniseladvarians AL alvahalimaoe qual ty.
Device and Method for Reducing a Wedge Error List of Reference Symbols First retaining system
Retaining surface RErst,slRstaltred accordingly and the first substrate or the first retaining system

being rotated accordingly relative to the substrate or the second retaining system.

Other advantages, features and details of the invention will become apparent from the
following description of the figure of one preferred embodiment of the invention.

Figure 1 shows a cross-sectional view. of the device according to the invention for reducing
a wedge error.

Figure 1 shows a first retaining system of a device for opposite alignment of a first surface
20 of a first substrate 2 with a second surface 50 of a second substrate 5 with a gap between the first
surface 20 and the second surface 5o, the second substrate 5 being fixed on a second retaining
surface 60 of a second retaining system 6. The fixing of the first substrate 2 on the first retaining
system 1.and the fixing of the second substrate 5 on the second retaining system 6 take place, for
example, by applying a negative pressure to one retaining surface la of the first retaining system 1
or retaining surface 6a of the second retaining system 6.

An embossing structure 3 is placed on the surface 20 and is used to emboss an embossing
material 4 that has been applied to the surface 50. The embossing material 4 is, for exampie, a
polymer that during embossing assumes the contour of the embossing structure 3, namely in one

end position in which the embossing structure 3 dips into the embossing material 4 in order to



2aSupport surface 2oSurface 3Embossing structure Embossing material 5Second substrate
5aSupport surface 50Surface 6Second retaining system

produce a plurality of exactly dimensioned products, here microlenses, according to the contour of
the embossing structure 3. A microlens field is embossed out of the embossing material and cured
by the illustrated arrangement so that several microlenses can be produced later from the microlens
field.

For embossing purposes, the first substrate 2 is first aligned parallel and flush oppostite the
second substrate 5, a wedge error prevailing - shown exaggerated in Figure 1 - represented by the
broken lines that represent the angular position of the first subsirate 2 and of the second substrate 5.
The wedge error can result from a slanted position of the first retaining system 1 or of the second
retaining system 6 relative to one another and/or opposite one direction of transiation T as well as
non-uniform thickness of the first substrate 2 and/or of the second substrate 3 or a combination of
the aforementioned causes.

The first retaming system 1 can be moved by a translation drive that is not shown in the

. direction of translation T toward the second retaining system 6, also called approach means for
causing the first surface 2o to approach the second surface 50. The translation drive can be, for
example, a robotic arm that is not shown and that grips the first retaining system 1, The second
retaining system 6 can be made fixed as a chuck in the device. Reversal of the motion of the two
retaining systems is conceivable according to the invention.

During the approach of the first subsirate 2 or of the embossing structure 3 to the second
substrate 5 or to the embossing material 4, the means for reducing the wedge error are, among
others, several sensors § distributed in sensor chambers 7 of the second retaining system 6. The
sensors 8 are designed as spectroscopic sensors such that each sensor § emits a light beam, via

whose reflections and the spectroscopy of the reflected light, the gaps of the first surface 20 and the



6aRetaining surface 7Sensor chamber 8Sensor Direction of translation Device and Method for
Reducing a Wedge Error Claims 1. Device for opposite alignment of a first surface (20) of a first
substrate (2) with a second surface (50) of a second substrate (5) with a gap between the first and the
second surfaces (20, 50) with the following features:

second surface 5o that are located in the light beam to the sensor 8 can be measured. By finding the
difference of the gaps - in the detection region of the respective sensor 8 - at any instant of the
approach of the first substrate 2 in the direction of the second substrate 5, the gap can be measured
at different locations so that by corresponding control of the driving means, a corresponding
rotation of the first retaining system 1 and thus of the first substrate 2 or a tilting of the first
retaining system 1 is produced.

Tﬁe sensors 8 work especially with white light spectroscopy, and accordingly the second
substrate 5 at least in the region of the sensor chambers 7 is transparent to light radiation and/or UV
radiation. Inasmuch as the first substrate 2 1s also transparent o light radiation and/br UV radiation,
the gap from the sensor 8 to one support surface 2a of the first substrate on the retaining side 1a can
also be measured by the sensors. Likewise, the gap from one support surface 5a of the second
substrate 5 on the retaining side 6a can be measured so that the thicknesses of the substrates 2, 5 can
be measured in the regions in which the beam paths of the.sensors 8 run.

Thus, both an error in the movement of the first retaining system 1 in the direction of
translation T and also a faulty initial alignment and errors of thicknesses of the first substrate 2 or of
the second substrate 5 or unevenness of the retaining surfaces 1a, 6a can be compensated while the
first surface 20 approaches the second surface 5o.

To further optimize the spectroscopic measurement and to increase the accuracy of
measurement, in one advantageous embodiment of the imvention, it is provided that the embossing
stracture 3 and the embossing material 4 are located outside the beam path of the sensors 8, Thus,
mis-evaluations of the spectroscopy are avoided, and the accuracy of the determination of the gaps

by the spectroscopy of the sensors is increased.



A first retaining system (1) for retaining the first substrate (2) on a first retaining surface (la), A second
retaining system (6) for retaining the second substrate (5) on a second retaining surface (6a),
Approach means for causing the first surface (20) to approach the second surface (50) in one direction
of translation (T) as far as into one end position, characterized in that there are means for reducing a
wedge error between the first and second surfaces (20, 50) during the approach of the first surface
(20) to the second surface (50) including an in situ measurement during the approach of the substrates

(2, 5). 2. D?wce cor mf,tg t0 Cfe@mtl wherein th%@%%?v%é? the wedge.error can be used

redu
. 1 . t h ﬁf ON-Unif
continuously, esgé:glnall@uﬁanll?l ear?%og ?élﬁe?lirrllget%éogpproach, essgé?a ?/Hlljﬂ |P?é1acrﬁlﬁﬁnthe end
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and/or the second surface ere are em oss‘i’ng structures or em sing of an embossing

material (4) betwepndhe sﬁﬁ%ﬁ%@%%ﬁﬁ%@%é%@%ﬁ%&g&ég ?5 by using an optical path system

consisting of several transmitter-receiver modules, specifically the sensors 8 with which the gap of
the first substrate 2 designed as an embossing die to the surface 50 of the second substrate 5
designed as a support wafer is actively measured and at the same time during the approach of the
embossing structure 3 by tilting or rotating; the first retaining system 1 is readjusted such that the
surface 20 is aligned paralle] to the surface 50, in the ideal case without wedge error.

The advantages of the invention lie in a higher yield of microlenses within the microlens
field since a lens quality that remains the same can be ensured along the entire support wafer. The
higher yield of lenses with negligible errors in the optical axis of the lenses clearly deliver economic
and technical advantages, especially in the coupling of several microlenses on top of one another. In
addition to tﬂe economic advantages of the decreasing article price, the higher vield, moreover,

delivers the technical advantage of a higher image quality.



4. Device according to one of the preceding claims, wherein the means for the approach are made to
cause a translational movement of the first and second retaining systems (1, 6) in the direction of
translation (D transversely to the retaining surfaces (la, 6a). 5. Device according to one of the
preceding claims, wherein the means for reducing the wedge error comprise especially
spectroscopically working measurement means for measuring-the angular position in the first substrate
and the second substrate during the approach of the first surface (20) to the second surface (So).

6. Device according to Claim geW@e%ﬁMﬁﬁﬁ%?H%%ﬂl megan e@y& several, especially at least
three, sensors (8) installed in particular in the first and/or Second retaining system (1, 6), each
underneath the first andfor second retaining surface (1a, 6a) for measuring the gaps of the first surface
(20) and of the second surface (50) to the respective sensor (8) in the direction of translation (T), and
especially the gaps of a first support surface (2a) of the first substrate (2) facirtg away from the first
surface (20) and a second support surface (5a) of the second substrate (5) facing away from the
second surface (50). 7. Device accorging te-angof s preceding claims, wherein the means for
reducing the wedge error comprise driving means for changing the angular position of the first
substrate (2) to the second substrate (5), especially of the first surface (20) to the second surface (50),
the driving means being located on the first and/or second retaining system (1, 6) . 8. Device
according to ope of thgprecadingelakms, wherein the means for reducing the wedge error comprise
an active control system for controlling the reduction of the wedge error, especially for detecting the
measurement paluespefdhemmeasdeement means and for corresponding triggering of the driving
means. 9. Method for opposite alignment of a first surface of a first substrate with a second surface
of a second supstrat@iwithubsgagr between the first and the second surfaces, wherein a wedge error
between the first and the second surfaces is reduced during the approach of the first surface to the
second surfaceaincluglipg@ansinfaiiel measurement during the approach of the substrates (2, 5).

20 Surface

3 Embossing structure
4 Embossing material
5 Second substrate

Sa Support surface

50 Surface

6 Second retaining system
6a Retaining surface

7 Sensor chamber

8 Sensor

T Direction of translation



Device and Method for Reducing a Wedge En-or Abstract  This invention relates to a device for
opposite alignment of a first surface (20) of a first substrate (2) with a second surface (50) of a second
substrate (5) with a gap between the first and the second surfaces (20, 50) with the following features:
- A first retaining system (1) for retaining the first substrate (2) on a first retaining surface (1 a), A
second retaining system (6) for retaining the second substrate (5) on a second retaining surface (6a), -
Approach means for causing the first surface (2a) to approach the second surface (5a) in one direction
of translation (T) as far as into one end position, characterized in that there are means for reducing a
wedge error between the first and second surfaces (20, 50) during the approach of the first surface
(20) to the second surface (50).

Device and Method for Reducing & Wedge Error
Claims

1. Device for opposite alignment of a first surface (20) of @ first substrate (2) with & second
surface {50) of 4 second substrate (5) with a gap between the first and the second surfaces (20, 50)
with the following features: |

- A first retaining system (1) for retaining the first substrate (2) on a first retaining surface

(la),

- A second retaining system {6} for retaining the second substrate (5 on a second

retaining surface (6a), |

- Approach means for causing the first surface (20 to approach the second surface (50}

one direction of transiation (T) as far as into one end position, characterized in that
there are means for reducing a wedge error between the first and second surfaces (2o, 50) during the
approach of the first surface (20) to the second swrface (50) including an in situ measuremernt during
the approach of the substrates (2, 3).

2. Device according to Claim 1, wherein the reeans to reduce the wedge error can be used
continuously, especialiy uninterruptedly, during the approach, especially unil reaching the end |
position.

3. Device according to one of the preceding claims, wherein on the first surface (20) and/or
the second surface (50), there are embossing structures (3) for embossing of an embossing material

(4) between the first and second surfaces (20, 50},
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This invention furthermore relates to a method for opposite alignment of a first surface of a first
substrate with a second surface of a second substrate with a gap between the first and the second
surfaces, characterized in that a wedge error between the first and the second surfaces is reduced
during the approach of the first surface to the second surface. In this regard, see Figure 1.

4. Device according to one of the preceding claims, wherein the means for the approach are
rmade o cause a transtational movemnent of the first and second retaining systerns (1, &) mthe
direction of translation (T transversely to the retaining surfaces (1z, 6a).

5. Device according o one of the preceding claims, wherein the means for reducing the
wedge error comprise especially spectroscopically working measurement means for measuring the
angular position in the first substrate and the second substrate during the approach of the first
surface (20) to the second surface (5o},

6. Device according to Claim 3, wherein the measurement means have several, especially al
Jeast three, sensors (8) installed in particular in the first and/cr second retaining system {1, 6), each
underneath the ﬁst and/or second retaining surface (1a, 62) for measuring the gaps of the farst

“surface (20) and of the second surface (S0) to the respective sensor (8) in the direction of translation
(T), and especially the gaps of a first support surface (2a) of the first substrate (2} faciwp away from
the first surface {20} and a second support surface (5a) of the second substrate (5) facing away from
the second surface (So).

7. Device according to one of the preceding claims, wherein the means for reducing the
wedge error comprise driving means for changing the anguiar position of the fizst substrate (2) to
the second substrate (5), especially of the first surface (20} to the second surface (So), the driving
means being located on the first and/or second retaining system (1, 6} -

8. Device according to one of the preceding claims, wherein the means for reducing the
wedge error comprise an active control system for controlling the reduction of the wedge error,
especially for detecting the measurement vaiues of the measurement means and for corresponding

triggering of the driving means.
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9, Method for opposite alignment of a first surface of a first substrate with a second surface
of a second substrate with & gap between the first and the second surfaces, wherein a wedge error
between the first and the second surfaces is reduced during the approach of the first surface to the

second surface including an in site meastrement during the approach of the substrates (2, 5),
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