Method and Device for Producing a Lens Wafer Embodiments of the present invention relate to a
method and a device for producing, especially stamping, a lens wafer which has a plurality of
microlenses and microlenses which have been produced from the lens wafer.  Microlenses are used
primarily for devices which require an optical focusing means, such as for example cameras of cell

- phones. As a result of miniaturizat ion pressure, functional regions will become smaller and smaller.
The more the microlenses are to be miniaturized, the more difficult their optically correct production
becomes, because at the same time the cost pressure for the microlenses which are ideally to be
produced in mass production is enormous. In the prior art microlenses are produced on a carrier
substrate by different production methods, such as for example as shown in US 6,846,137 B1, US
5,324,623, US 5,853,960, aMcdSbaaB88:¢lfds Bominedng o laghth® aferementioned methods that
fundamentally a certain thickness is necessary and the light which passes through the microlens must
pass not only through the lens, but the carrier substrate. As a tesult of the simultaneously required
high quality and demands for higher resolution with simultaneously higher brilliance which depends
among others Bmbodithioknefsbaprdstiné invenber slaptics msheftend aplivitclospipieRsre along the
beam path, further optimization of the microlenses according to the prior art is desirable. The greatest
problenesdorcinbsetampigentas will cabidybasapbediraaimgriensst ereBislsmshy R idtive to the
carrier. Faults in the alignment are often exacerbated by the microlenses which have been produced
with carvisrspgedvsediyoseihe lsrackeld:  The elimination of a wedge fault of the die relative to the
carrier is especially important for a correct optical axis of the microlenses, since in the presence of a
wedge fault duviirgoleaiapiity e BRmeal RS darorHacRiEsmlE AR LREG! 6%9%%@8?3?’@1?ﬁélscarrier.
Embodiments of the present invention disclose a device and a method with which, especially in mass

production craterMeRsEEa A cER RTINS t o BESSHIRI R have high production accuracy,

especially an exactly aligned optical axis. .
ion pressure, functional regions will become smaller and smaller. The more the microlenses are to

be miniaturized, the more difficult their optically correct production becomes, because at the same
time the cost pressure for the microlenses which are ideally to be produced in mass production 1s
enormous. In the prior art microlenses are produced on a carrier substrate by different production
methods, such as for example as shown in US 6,846,137 B1, US 5,324,623, US 5,853,960, and US
5,871,888, It is common to all the aforementioned methods that fundamentally a certain thickness is
necessary and the light which passes through the microlens must pass not only through the lens, but
the carrier sub strate. As a tesult of the simultaneously required high quality and demands for higher
resolution with simultaneousty higher brilliance which depends among others on the thickness and
the number of optics along the optical axis, therefore along the beam path, further optimization of
the. microlenses according to the prior art is desirable.

The greatest problem for these microlenses with carriers is the correct alignment of the



According to a first aspect of the present invention, there is provided a method for producing a lens
wafer which has a plurality of microlenses and which consists of a lens material and a wafer, with the
following steps, especially with the following sequence: application of the lens material, especially of a
curable fluid, preferably a polymer, in fluid form to one stamping side of the wafer and/or to one
stamping side of a die, which side has lens molds for stamping of the microlenses, movement of the

die whichiisjacatiec-aasentiathy paralich speeiicallyinamiat planexandREasiely toctorwafer,

together in a Z-direction which runs perpendicular to the X-Y plane, stamping of the lens wafer by
shapingvanehsiheerueploautaDwafitbeRAsmateriabdhe sharing taking place by moving the dies
together, characterized in that wedge faults equalization takes place by wedge fault equalization
means for paraiielatignient ol theigtaudioghides andiasr @nbcXariati griseoiul thepcienwilty the wafer

during shaping. According to a second aspect of the present invention, there is provided a device for
producing@ilensmiaitexihicthhbas aqduralityiadanictelprsescwitiy veetlhe ilh dnegtamping side with a
stamping structure which has a lens molds,
optical axis cannot be stamped exactly perpendicular to the carmer.
Embodilﬁents of the present mvention disclose a device and a method with which,
especially in mass production, microlenses with carriers can be produced which have high
production accuracy, especially an exactly aligned optical axis.
According to a first aspect of the present invention, there is provided a method for
producing a lens wafer which has a plurality of microlenses and which consists of a lens material
and a Wafer, with the following steps, especially with the following sequence:
- application of the lens material, especially of a curable fluid, preferably a polymer, in fluid
form to one stamping side of the wafer and/or to one stamping side of a die, which side has
Iens molds for stamping of the microlenses,
- movement of the die which is located essentially parallel, specifically in an X-Y plane, and
oppositely to the wafer, together in a Z-direction which runs perpendicular to the X-Y plane,
- sta:fnping of the lens wafer by shaping and subsequent curing of the lens material, the

shaping taking place by moving the dies together,

characterized in that wedge faults equalization takes place by wedge fault equalization means



a first receiving means for accommodating the die on one receiving side which faces away from the
stamping side, a second receiving means for accommodating a wafer on its receiving side which
faces away from its stamping side, application means for application of a curable fluid, especially a
polymer, in fluid form to the stamping side or the stamping side, wedge fault equalization means
and/or X-Y alignment means, stamping means for stamping of a lens wafer by shaping and curing of
the curable§iuig-arpahenmalestduringrshiapidecandie alidbel miativentafhieedie by the wedge fault
equalization means and/or the X-Y alignment means. All combinations of at least two of the features
given in thevapakifivatiodutig ehajrng.and/or the figures also fall within the framework of the invention.
At the given value ranges, values which lie within the indicated limits will also be considered disclosed
as boundayacaldes; and sadthbiegladmddhinraeseomibsinatio fhefniepnbodiirhedtottHer predenitgnvention is
based on the idea of aligning the cattier,

a lens wafer which has a plurality of microlenses with:

1

a die with one stamping side with a stamping structure which has a lens molds,

-2 first receiving means for accommodating the die on one receiving side which faces away
from the stamping side,

- asecond receiving means for accommodating a wafer on its receiving side which faces
away from its stamping side,

- application means for application of a curable fluid, especially a polymer, in {luid form to

the stamping side or the stamping side,

- wedge fault equalization means and/or X-Y alignment means,

stamping means for stamping of a lens wafer by shaping and curing of the curable ﬂ(}.id, and
the wafer during shaping can be aligned relative to the die by the wedge fault equalization
means and/or the X-Y alignment means.

All combinations of at least two of the features given in the specification, the claims and/or
the figures also fall within the framework of the invention. At the given value ranges, values
which lie within the indicated limits will also be considered disclosed as boundary values and
will be claimed in any combination.

An embodiment of the present invention is based on the idea of aligning the carrier,
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especially the wafer, during stamping, especially during shaping of the curable fluid relative to the
stamping die. In this way in-situ alignment is enabled. This furthermore has the positive consequence
that the distance D between the die and the carrier, especially towards the end of shaping of the
microlens field, is as small as possible. In this way the alignment can be done much more precisely
than in the prior art. The following method steps are provided in an embodiment of e invention,
especially iggbeSBaHERCELIREIRelewipaRplisptiaagfdhemlesammalernalaspadialiyiotdatwaiple fluid,
preferably a polymer, in fluid form to one stamping side of the wafer and/or to one stamping side of a
die, which sidethapilgaseniolts fossiasipiajeahtbe misrdikdsehisolement hithiegiesirihich is located
essentially parallel, specifically in an X-Y plane, and oppositely to the wafer, together, in a Z-direction
which runs jespendiciiid thdliesXaXe Pldarey starhpitig afdiie lensavatpedylishapiundsahe sudligequent
curing of the lens material, the shaping taking place by moving the dies together. = An embodiment of
the presenthapanticitts ehachkatefizediinihatalVed gestehiiisiath equalizedibymvetge txueeualization
means for parallel alignment of the stamping sides and/or an X-Y alignment of the die with the wafer
during shapingh Thee:¥catibnment mheansramtalignment in the X-Y plane, therefore includes especially
rotation in the X-Y plane. The wedge fault equalization is especially important for the quality of the
microlenses pfiduléidbipgiracthedriog e claimigddnt e srbedipensivdbonpdgidauisnegisiization
according to this invention enables a much more exact and reproducible, exactly vertical position of
the optical txisegbthecrpicrbiehnses.

application of the lens material, especially of a curable fluid, preferably a polymer, in fluid

form to one stamping side of the water and/or to one stamping side of a die, which side has



According to one advantageous embodiment of the invention, it is provided that the wedge fault
equalization or the X-Y alignment takes place especially continuously after a certain value of a
distance D of the stamping side of the wafer and the stamping side of the die is no longer reached.
This is because as claimed in the invention it is especially advantageous to carry out alignment briefly
before the stamping or curing of the lens wafer since at this instant the distance D between the
stamping sides is the minimum possible so that especially with a position detection means which is
rigid to the stamping sides extremely accurate detection of the position of the stamping sides and thus
the position of the wafer and the die is enabled. Detecting the position of the wafer and of the die or of
the respective stamping sides to one another enables exact control of the wedge fault equalization
means and of e M oYdalignmaeriify ok e aligroertsmeans, Accordingly it is especially
advantageous when shaping according to one embodiment of the invention takes place
position-contraledement Botheal extditHdy vetgieefaulti dtyupdizditio apandids fpmésyXalgplarentnd the die,
especially on its stamping side, preferably at least on one peripheral edge of the die, and in the wafer,
especially on itpstainehing thideafpreferably. at ledstiontonevperiphespegagdiof théowafet; Xhere are
corresponding alignment marks, still more exact detection of the position of the stamping sides can be
accomplished péamd.integrated into the stamping sides, especially flush, by the arrangement of the
position marks on the stamping sides, the distance between the position marks is as small as possible.
In this way thestiompirecyf dfetlrmpusiiivbydbipttipimibsdhseneayt mctemebdie lenspgaiordintito another
advantageous embodiment of the invention it is provided that the wedge fault equalization and/or X-Y
aligiment take fiupessitidaedehcthe Banngity Sieetegatherdie and also the stamping side of the wafer
are at least partially, preferably predominantly, covered by the fluid! It is especially advantageous if the
fluid is transpaferfredesisesns RiZon etrsalysy exaciafbaracheprcdrinthit Misgasignliart tauabedtion
detection takes place through the fluid. This is hereinafter called in-liquid alignment and this measure
yields attepessiimeicergizatonmmepe dnorrabebeligmacniefteesiovriag 4des BIEEI e invention,
especially optics for detecting the position of the position marks or of the stamping sides of the wafer
and of tRBeaReRhRIcHbEHIBY Hay+isy g shaied By Thé et @raBPERIMefURIES multiplier.
As a consequence it is especially advantageous when there are optical position detection means,

especially bBIES: tBiiatEadfs Soermg B LRb/B S P ¥Pi§nment, during the wedge

The wedge fault equalization is especially important for the quality of the microlenses
produced by the method as claimed in the invention since wedge fault equalization according to this
invention enables a much more exact and reproducible, exactly vertical position of the optical axis
of the microlenses.

According to one advantageous embodiment of the invention, it is provided that the wedge
fault equalization or the X-Y alignment takes place especially continuously after a certain value of a
distance D of the stamping side of the wafer and the stamping side of the die is no longer reached.
This is because as claimed in the invention it is especially advantageous to carry out alignment
briefly before the stamping or curing of the lens wafer since at this instant the distance D between

the stamping sides is the minimum possible so that especially with a position detection means



fault equalization and/or the X-Y alignment both the stamping side of the die or its alignment marks
and also the stamping side of the wafer or its alignment marks being located, especially at the same
time in the depth of field region of the optical position detection means which are rigid especially to the
wafer. Therefore according to the invention it is no longer necessary to shift the position detection
means during position detection or during the alignment and the shaping, so that the position detection
means themselves do not have any effect on the relative position of the die to the wafer and therefore
an additional fault source is precluded. In the prior art the problem was that either a rigid position
detectioriigansaith enlasgepieniialfeldragiarana dmavableposijositeiectinnsmeans with a
smaller depth of field region had to be used. This dilemma is resolved by this measure as claimed in
the invesiienand thdhedeigdbonpiecisitn iadnpradvede-nsbiwl dasecthy thepdistmncd (Debesfzeen the
stamping side of the die and the stamping side of the wafer in the Z direction being greater than 0 and
at the same time smaller than the depth of field region in the Z-direction during the position detection.
A device in an embodiment of the present invention for producing a lens wafer which has a plurality of
m crolenses has the following features: a die with one stamping side with a stamping structure which
has lens molds, a first receiving means for accommodating the die on one receiving side which faces
away from the stamping side, a second receiving means for accommodating a wafer on its receiving
side which faces away from its stamping side, application means for application of a curable fluid,
especially a polymer, in fluid form to the stamping side or the stamping side,
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wedge fault equalization means and/or X-Y alignment means, stamping means for stamping of a lens
wafer by shaping and curing of the curable fluid. The device in an embodiment of the present
invention is characterized in that during shaping the wafer can be aligned relative to the die by the
wedge fault equalization means and/or the X-Y alignment means. In the past, alignment of the wafer
relative to the die, therefore wedge fault equalization or X-Y alignment had not been possible during
shaping of the lens wafer. The device in an embodiment of the invention is improved in that for
wedge fault equalization and/or for X-Y alignment in the die, especially on the stamping side,

preferably.at lgast on.eneetipheral edae f.the die, there are alignment marks which are arranged
corresponding to alignment marks of the v%%?ér?%&%oéisn bo n%%ﬁ%%% ?ﬁ%%‘f%%@in?%ﬁhfe%ﬁ is further

improved imuthauftiravadgefawi eaualization.andfor, forXay,alighment there are optical position
detection means, especially optics, during the wedge fault équalization and/or the X-Y alignment both

the stamping sideefdeldicionitsialigainenignaskshanchaise e Jtamping side onits gignment marks,

can be arranged, especially
_the Invention takes place position-controlled.

To the extent for wedge fauit equalization and/or for X-Y alignment in the die, especially on
its stamping side, preferably at least on one peripheral edge of the die, and in the wafer, especially
on its stamping side, preferably at least on one peripheral edge of the wafer, there are corresponding
alignment marks, still more exact detection of the position of the stamping sides can be
accomplished, and integrated into the stamping sides, especially flush, by the arrangement of the
position marks on the stamping sides, the dm‘tan% between the position marks is as small as
passible. In this way the accuracy of the position detection is distinetly increased,

According to another advantageous embodiment of the invention it is provided that the
wedge fault equalization and/or X-Y aligrment take place since both the stamping side of the die
and also the stamping side of the wafer are at Jeast partially, preferably predominantly, coversd by
the fluid. It is especially advantageous if the fluid is transparent fo electromagnetic rays, especially
to light, that during alignment the position detection takes place through the fluid. This is
hereinafter calied in-liquid alignment and this measure yields z depth of field region of the position
detections means provided as claimed in the invention, especially optics for detecting the position
of the position marks or of the stamping sides of the wafer and of the c‘xié, which depth of field
region is enlarged by the index of refraction of the Fiuid as muttipiier,

As a consequence 1t is especially advantageous when there are optical position detection

means, especially optics, for wedge fault equalization and/or for XV alignment, during the wedge

[Eacy



at the same time, in the depth of field region of the optical position detection means which are rigid
especially to the wafer. Disclosed herein is a lens wafer which consists of the following features: a
wafer with alignment marks which are designed for wedge fault equalization and/or for X- Y alignment
in the wafer especially on the stamping side, preferably at least on one peripheral edge of the wafer
and a microlens field which has been applied to the wafer, which has been aligned with the wafer by
the wedgelfaylifeualiz ati@orandfor X atighrpeit lantawbish hasdiaendesibe e dieonattrks

Disclosed herein is one or more microlenses which have been produced from the above lens wafer by

separati@al also the stamping side of the wafer or its alignment marks being located, especially at the same
time, in the depth of field region of the optical position detection means which are rigid especially
to the wafer. Therefore according to the invention it is no longer necessary to shift the position
detection means during position detection or during the alignment and the shaping, so that the
position detection means themselves do not have any effect on the relative position of the die to the
wafer and therefore an additional fault source 1s precluded. In the prior art the problem was that
either a rigid position detection means with a larger depth of field region or a movable position
detection means with a smaller depth of field region had to be used. This dilemma is resolved by
this measure as claimed in the invention.

The detection precision is improved or increased by the distance D between the stamping

side of the die and the stamping side of the wafer in the Z direction being greater than () and at the
same time smaller than the depth of field region in the Z-direction during the position detection.

A device in an embodiment of the present invention for producing a lens wafer which has a

plurality of microlenses has the following features:

a die with one stamping side with a stamping structure which has lens molds,

- a first receiving means for accommodating the die on one receiving side which faces away
from the stamping side,

- a second recelving means for accommodating a wafer on its receiving side which faces
away from its stamping side,

- application means for application of a curable fluid, especially a polymer, in fluid form to

the stamping side or the stamping side,



Disclosed herein is a lens wafer which is produced by the above device and/or the above method.
Also disclosed is to provide, instead of the wafer, a second die for shaping of the curable fluid with
yvhich the curable fluid is shaped on its second side. The result would be a monolithic lens wafer which
|s_formed exclusively from the curable fluid. ~ Other advantages, features and details of the invention
will beco_me apparent from the following description of preferred exemplary embodiments and using
the drawings: wedfighie dqshiowscn sehematitocitavaigsideienst a device as claimed in the
invention for producing a lens wafer which has a plurality of microlenses,  Figures 2a to 2c show a

schematic of aumeihgheenuincempistaifetiin thécirestbpmiongotingng hasrablafBid  Figures 3a
to 3c show a schematic of a method sequence as claimed in the invention in another embodiment of
the method asTtiaimeckiim thecinbeditiontarithe présig fosenaonigeharsipraret HelrkBRhe method
sequence according to Figures 2a to 2c¢ with another embodiment of the device as claimed in the
inventiohasipgatficallfeacendrifigndibrelatvinterbdigarssimer adrrafnien g fentlFeesSPtHY invention
are identified with reference numbers which identify them according to embodiments of the invention,

comréo ran’s-dndi femtrosawith thiheanme dicegeEhcriAtusrBEin g e tiHdBRR L #cal reference
numbers.

fault equalization or X-Y alignment had not been possible during shaping of the lens wafer.

The device in an embodiment of the invention is improved in that for wedge fault
equalization and/or for X-Y alignment in the die, especially on the stamping side, preferably at least
on one peripheral edge of the die, there are alignment marks which are arranged corresponding to
alignment marks of the wafer.

An embodiment of the present invention is further improved in that for wedge fault
equalization and/or for X-Y alignment there are optical position detection means, especially optics,
during the wedge fault equalization and/or the X-Y alignment both the stamping side of the die or
its alignment marks and also the stamping side or its alignment marks, can be arranged, especially
at the same time, in the depth of field region of the optical position detection means which are rigid
especially to the wafer.

Disclosed herein is a lens wafer which consists of the following features:

- a wafer with alignment marks which are designed for wedge fault equalization and/or for X-
Y alignment in the wafer especially on the stamping side, preferably at least on one
peripheral edge of the wafér and

- a microlens field which has been applied to the wafer, which has been aligned with the

wafer by the wedge fault equalization and/or X-Y alignment, and which has been cured on



Figure 1 shows a device as claimed in the invention for producing a lens matrix 25 which has a
plurality of microienses 24 (see Figures 2c, 3¢ and 4c). For stamping of the lens matrix 25 onto an
especially planar wafer 2, a die | with one stamping side lo with a stamping structure 21 which has lens
molds 8 can be held in a first receiving means. The first receiving means consists of a holding device 9
which is ring-shaped especially on the inside, on whose peripheral shoulder 9u which is pointed
toward the waterior of the ring a receiver 11 which is provided with suction paths 10 can be inserted and
fixed. In turn the die 1 on its receiving side la facing away from the stamping side lo can be fixed on
the receiver 1 bwiddhe: sucdion paths ddrdmadditerdhedielb @ bismpesiphesatretgrelubissi@ported by
~an inner ring wall 9i of the holding device 9. The first receiving means is rigidly located in the
device, esfietialypan#orack which is not shown, and above the receiving means there are optical
position detection means in the form of microscopes 22, 23 which are fixed or can be fixed relative to
the receiving meahs:af ibeidia 1 anleasfdnwdneh Isdirediied hiohabomedpands:td/orbestarmping
direction. The 7-direction or stamping direction is orthogonal to an X-Y plane or to an X-direction and
Y-directiethwtiich spans the X-Y plane. Exactly orthogonally to the Z-direction and thus parallel to the
stamping side lo of the die 1, therefore to the X-Y plane, as claimed in the invention there can be a
wafer 2 with itA$tadipigesidet@proppesitedhbdttmpirfg sidedoyddihiinbtantot Stampialgcof the lens
matrix 25 onto the wafer 2. The lens matrix 25 and the wafer 2 jointly form a lens wafer 12. The
wafer 2 fbaid etfixdetotha mwebiblaidés shmped cnivinggrordside THe mevhblnliébeivimgnelghiss consists of
actuators 19 which are aligned to act in the 7-direction. Actuators 19 can be for example spindles, The
actuatolsnsvesm whidnsHumid deeliy cdiniptiedincordledhtidl means. There are one X-drive 18 and
one Y-drive 17 on the actuators 19. With the X-drive 18 a movement of the wafer 2 in the X-direction
which is contréhggtiag thitagshitfertriesss! idepalssibtbe inatipre wildrprem s apanreUsemtbiovement of the
wafer 2 in the Y-direction.  Furtheunore there is a rotation means 16 between the actuators 19 and
the wafdpiowits deseiracrorAREHEIrPIGEMIRADIFMERdBtaES BfGtTHtE i 4198 BBFotation which runs in
the 7-direction can be executed by the control means. _ Between the X-drive 18, the Y-drive 17 and
the rotation mdag¥e bhAYtHahematie Wrssiideday rkadwitcrsintRtadhsesripaie 13. on the
suction paths 13 the wafer 2 can be fixed on its receiving side 2a which is opposite the stamping side
20.  THedRE fisRe YalioRiA has SeNpRERRPEAYENFRES: outer alignment marks 4 which can be
aligned with reference to outer corresponding alignment marks 6 of the wafer 2, The outer alignment
marks 4, 6 arellCAtE deEre N FISHEMY RS HIB T SEahsHTG SHHBES D POIEERsolds 8,
preferably at no instant of the stamping process, especially of shaping, covered by a lens material
which fAFALUERIB SR 25 in the foim of a curable fluid 3. The outer alignment marks 4,6 can be

used for xampkg for rqugh alignment of the di 1re|t%tige to the wafer.2. . . .
igures 3a to 3¢ Show a schematic of a method sequence as claimed in the invention in

another embodiment of the method as claimed in the invention and

Figures 4a to 4c show a schematic of the method sequence according to Figures 2a to 2¢
with another embodiment of the device as claimed in the invention, specifically a modified die.

In the figures the advantages and features of the invention are identified with reference
numbers which identify them according to embodiments of the invention, components and features

with the same or equivalent function being identified with identical reference numbers.



Furthermore the die 1 has inner alignment marks 5 which can be aligned to corresponding inner
alignment marks 7 of the wafer 2. The inner alignment marks 5, 7 are located outside or between the
lens molds 8, especially translationally symmetrically on the die 1 or the wafer 2. During the stamping
process or during shaping, the alignment marks 5, 7 are covered with the lens material or the curable
fluid 3 at least towards the end of the stamping process or shaping.  The device moreover has
application means for application of the curable fluid 3, especially a polymer.'d form to the stamping
side lo and/or the stamping side 20 which are not shown. The application means can consist for

example of a metgring linewhichcap beplagedin s intermediate space betwsen,the die 1 and the

1
IS

wafer 2. The individually controllable actuators 19 Can ecutél%/veﬁ]gsénf"au)lt equ%(flzation by the

relative pdsitiophefityeatignsnan Memks e/ A0anganother being detectable by the position
detection means 22, 23 and by a possible wedge fault being corrected accordingly, Likewise X-Y

alignment takes fstatarpir g e dnivendiSxalichtiveniY egirivialll Hasawelkas theidotatippameans 16.  The

die 1 and the wafer 2 are moved together by the actuators 19 which can be moved in the Z-direction

and the c\FEBRIESHE i SHSFetranina s oV adntatigetveids § cathe btampifigsmeans furthermore

comprise, in addition to %?Eeéeatures, rovided for Sh%gl%% .curing means for curing of the curable fluid
Yy

3 which aré triggeraa by the Sohitrol HidaHe 856 iR OT SR e wWiReE 25 is completed.
The positi%gg%{%e%ggg%g%hgg 5 ll?‘:?t?d on the siid of the r ceiv%i 11 faQin?gaway from the
K 3 ] R ! C ) i h § i
stamping side lo and the position is dg%egte t?{*r"éluéﬁ the lf‘é%ési\jf’éﬁrnéaenéo dig {}{R/H]bc?ﬁoé Ttlf‘gnspalent to
electromagneiisadiationnespesialiisinlie oYt A slaimeddnihe lvention,it is especially
advantageous if position detection means with a depth of field less than 100 um, especially less than
50 um, préferdbkpdaveghan RE4Htmg cary et gedtamping side 1o can be fixed on the receiver 11 via
the suction paths 19, In addition the die 1 on its peripheral edge Iu is supported by an inner ring
wall 8 of the holding device 9.
The first receiving means is rigidly located in the devics, especially on a rack which is not
shown, and above the receiving means there are optical position detection means in the form of
microscopes 22, 23 which are fixed or can be fixed relative to the receiving means or the die 1 ar
least in one Z-direction which corresponds to.one stamping direction. The Z-direction or stamping
direction is orthogonal o an X-Y plane or to an ¥-direction and Y-direction which spang the X-Y
plane. Exactly orthogonally to the Z-direction and thus parallel to the stamping side 1o of the die I,
therefore to the X-Y plane, as claimed in the invention there can be a wafer 2 with its staraping side
20 opposite the stamping side 1o, at the instant of stamping of the lens matrix 25 onto the wafer 2.
The lens matrix 25 and the wafer 2 jointly form a lens wafer 12.
The wafer 2 can be fixed on a movable second receiving means. The movable receiving

means consists of actuators 19 which are aligned to act in the Z-direction. Actuators 19 can be for

example spindles. The actuators 19 can be each individually controlled by one control means. There



The wafer 2 is.generally transparent to corresponding electromagnetic radiation, The wafer can be
non-transparent when the final product is not transmission lenses, but only refection lenses. In the
method step shown in Figure 2a, curable fluid 3 is centrally applied to the wafer 2 by the above
described application means which are not shown for application of the curable fluid 3 to the wafer 2.
Subsequently, according to Figure 2b and by means of the actuators 19, the wafer 2 is moved onto the
rigid die 1 and during the movement together the curable fluid 3 is shaped by the curable fluid 3
moving from the center of the wafer 2 in the direction of the peripheral edge lu or peripheral edge 2u.

As S00N aseShaNLAgAceQIBEt0 FigURe 2643 completedyiie may: zq‘vefféié‘lﬁgx‘?a%'dé%ef%ﬁé’” s stopped

by the control means. The control quantity is for example a distance ctween the s amping side In

and the steafepinig hick-dieection Wiiith theopreset Wistanae @ isreashed;sndwithin. g depth of field
region of the position detection means, during the movement together, therefore during shaping of the
curable fl4icE3! sHsE§eeaeiney obfizatidn caritakelptate continually by the wedge fault equalization
means and/or -Y alignment can take place by the X-Y alignment means so that when the preset
distance D is rgg TR e 4= ey e Brara il e staEdGera tesvastaBivetto the wafer 2. The
correspongling alignment (rjqjarksﬁdfw’;bh%)%%d 7 at this inst%nt all have exactly the same distance and
since the alignment marks 4. 5 6. 7 ars S5ch AHaRyES ftSHEAHE Gamb i §eTadTs 9720, the
distance ehihe aligpmentnatks AR, 7 corresponds to the preset distance D.  According to one
preferred version, alignment takes place only within the depth of field, preferably during or after

reaching the présetegistaiiCee 18, the Y-drive 17 and the totation means 16 and the wafer 2 a
receiver 14 is fixed which in tm has suction paths 13. On the suction paths 13 the wafer 2lcan be
fixed on its receiving side 2a which is oppesite the stamping side 20.

The die | in the region of the peripheral edge 1u has outer alignment marks 4 which can be
aligned with reference to outer corresponding alignment marks 6 of the wafer 2. The outer
alignment marks 4, 6 are located especially laterally outside the stamping structures 21 or the Jens
moids 8, preferably at no instant of the stamping process, especially of shaping, coversd by a lens
mmaterial which forms the lens matrix 25 in the form of a curable fluid 3. The outer alignment marks
4, 6 can be used for example for rough alignment of the die 1 relative to the wafer 2,

Furthermore the die 1 has inner alignment marks § which can be aligned to corresponding
inner alignment marks 7 of the wafer 2, The inner alighment marks 5, 7 are located outside or
Eetween the lens molds 8, especially translationally symmetrs cally or: the die I or the wafer 2.
During the stamping process or during shaping, the alignment marks 3, 7 are covered with the lens
material or the curable fluid 3 at least towards the end of the stamping process or shaping.

The device moreover has application means for application of the curable fluid 3, especially

a polymer, in fluid form to the stamping side 1o and/or the stamping side 20 which are not shown.
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The wedge fault equalization and the X-Y alignment take place preferably at least while the distance D
is less than 100 p.m, especially less than 50 pm, preferably less than 25 um. In the embodiment of
the method according to Figures 3a to 3e the device according to Figure 1 is more or less reversed so
that the wafer 2 is located above the die | and in this embodiment the die 1 is moved onto the wafer 2,
while the wafer 2 remains rigid  The position detection means are located underneath the die 1 in
this case. The curable fluid 3 is applied into/onto the lens molds 8 by droplet deposition. In the case of
concave lens molds 8 the curable fluid 3 is automatically held in a stable position by the force of
gravity antiesRemss nens carueilens seldithe curable fuidhas afelanvely giglg viscosity in order to
stabilize the polymer on the die or on the lens mold 8. By moving the'die 1 and the wafer 2 closer
to one andotiventheicyrableflein Swdlk camitataontact with the stamping side 20 of the wafer 2,
Depending on the amount of curable fluid 3, the distance of the lens molds 8 to one another and the
ambient conditior§, T Ay engatsbistaiais 5) Arerde segar dtaltdayetheiontadte fluid 3, air, gas,
especially i? rt as,. refe ak%}y nitrogen or vacuum. According to one version of the embodiment
according“fo%feggﬁ?%s a ‘tbg% FEGE S hoafed BRBvEEHE Branpvisisrablsdioti amidithe curable fluid 3

in this casg.can alse.he applied gg thgsﬁge%%é ggc%:r?agésﬁa result of the addﬂfei{éon forces between the

curable fluid 3 and the dié the cura u Bre f0 tha-dis ° ording to another

embodiment of thednventipishown dkEigures AR 1. 46, Contiastte.dhe epbediment according to

Figures 2a to 2c it is provided that the die 1 has projections 26. The projections 26 extend above the
stamping sidedomndsibéthe projections 26 there are alignment marks 4, 5 so that the alignment marks
4, 5 can be located nearer the corresponding alignment marks 6, 7 when the lens wafer 25 is being
molded. The restiit ficevaad orefercturarealigrent at GagiventhicRnéss onteightef thexmicrolenses

25. Other%ig,e the method according to Figures 4a to 4c corresponds to the method according to
irection and the curabie fluid’s shaped during the movement together,

The stamping means furthermore comprise, in addition to the features provided for shaping,
curing means for curing of the curable fluid 3 which are triggered by the control means as soon as
the shaping of the Jens wafer 25 is complated.

The pesition detection means 22, 23 are located on the side of the receiver 11 facing away
from the stamping side 1o and the position is detected through the receiver and die 1 which are
transparent to electromagnetic radiation, especially visible or UV light. As claimed in the Invention
it is especially advantageous if position detection means with a depth of field less than 100 wm,
especially less than 50 pm, preferably less than 25 1, can be used.

The wafer 2 is generally transparent to corresponding electromagnetic radiation, The wafer
2 can be non-transparent when the final product 1s not transmission lenses, but only reflection
lenses.

In the method step shown in Figure 2a, curable flnid 3 is cerirally applied to the wafer 2 by

the above described application means which are not shown for application of the curable fluid 3 to
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Figures 2a to 2c. The curable fluid 3 is cured by irradiation means for producir_lg electromagnetic
radiation, especially in the form of at least one lamp 27, prefgrably a Uv Iqmp, WhICh means are
located above or within the receiver 11. Reference number list die lareceiving side lostamping side

the wafer 2,

Subsequently, according to Figure 2b and by means of the actuators 19, the wafer 2 is
moved onto the rigid die | and during the movement together the curable fluid 3 is shaped by the
curable fluid 3 moving from the center of the wafer 2 in the direction of the peripheral edge luor
peripheral edge 2u.

As soon as shaping according to Figure 2¢ is corpleted, the movement in the Z-direction is
stopped by the control means. The control quantity is for example a distance D between the
stamping side To and the staraping side 20.

Until the preset distance D is reached and within the depth of field region of the position
detection means, during the movement togéther, therefore during shaping of the curable fluid 3,
wedgs fault equalization can take pléce continually by the wedge fault equalization means and/or an
X-Yali gnmeﬁi can take place by the XY alignment means so that when the preset distance D is
reached the die 1 is aligned exactly and without wedge faults relative to the wafer 2. The
corresponding alignment marks 4, 5, 6, and 7 at this instant all have exactly the same distance and
since the alignment marks 4, 5, 6, 7 are each arranged flusk on the stamping side 1o or Zo, the
distance of the alignment marks 4, 5, 6, 7 corresponds to the preset distance D,

According to one preferred version, alignment takes place onty within the depth of fieid,
preferably during or after reaching the preset distance D.

The wedge fault equalization and the X-Y alignment take place preferably af least while the
distance D is less than 100 pm, especially less than 50 pm, preferably less than 25 pm,

In the embodiment of the method according to Figures 3a to 3¢ the device according to

Figure 1 is more or less reversed so that the wafer 2 is located above the die ! and in this
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luperipheral edge 2wafer 2areceiving side 2ostamping side 2uperipheral edge 3curable fluid
4alignment marks 5alignment marks 6alignment marks

embodiment the die 1 is moved onto the wafer 2, while the wafer 2 remains rigid.

The position detection means are located underneath the die 1 in this case. The curable fluid
3 is applied into/onto the lens molds 8 by droplet deposition. In the case of concave lens molds §
the curable fluid 3 is autornatically held in a stable position by the force of gravity and the recess. In
a convex lens mold the curable fiuid has a relatively high viscosity in order to stabilize the polymer
on the die or on the lens mold 8.

By moving the die { and the wafer 2 closer to one another the curable fluid 3 will come into
contact with the stamping side 20 of the wafer 2, Depending on the amount of curable fluid 3, the
distance of the Iens molds 8 to one another and the ambient conditions, the inner alignment marks
5, 7 can be separated by the curable fluid 3, air, gas, especially inert gas, preferably nitrogen or
Vacun

According to one version of the embodiment according to Figures 32 to 3¢ the die 1 is
located above and the wafer 2 below, and the curable fluid 3 in this case can also be applied to the
die 1 since as a result of the adhesion forces between the curable fluid 3 and the die the curable
fluid 3 can adhere to the die 1.

According to another embodiment of the invention shown in Figures 4a to 4c, in contrast to
the embodiment according to Figures 2a to 2¢ it is provided that the die 1 hr:;s projections 26, The
projections 26 extend above the stamping side To and in the projections 26 there are alignment
marks 4, 5 so that the aligriment marks 4, 5 can be located nearer the corresponding alignment
marks 6, 7 when the lens wafer 25 is being molded. The result is even more accurate alignment at

given thickness or height of the microlenses 25.

Otherwise the method aceording to Figures 4a to 4¢ comresponds to the method according to
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7alignment marks 8lens molds 9holding device 9uperipheral shoulder 9iring wall | Osuction paths
11lreceiver 12lens wafer 13suction paths

Figures 2a 10 2¢.
The carable fluid 3 is cured by irradiation means for producing electromagnetic radiation,

especially in the form of at least one lamp 27, preferably a UV lamp, which means are located

above or within the recelver 11,



l4receiver 16rotation means 17Y-drive 18X-drive 19actuators 21stamping structure 22microscope
23microscope

Reference number list

1 die
la receiving side
lo stamping side
lu peripheral edge
2 wafer

| Za receiving side
20 stamping side
2u peripheral edge
3 curable fluid
4 aiign_meni marks
5 alignment marks
6 alignment marks
7 alignment maris
8 lens molds
g holding device
Su peripheral simulder
5 ring wall
i0 suction paths
i1 receiver
12 lens wafer

13 suction paths
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24microlenses 25lens matrix 26projections 27lamp distance Z-direction Y-direction XX-direction
Claims

14 receiver

16 rotation means

17 Y-drive

18 X;drive

19 actuators

21 stamping structure
22 microscope

23 microscope

24 microlenses

25 lens matrix

26 projections

27 famp

D distance

z Z-direction
Y Y-direction
X

K-direction
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1. Method for producing a lens wafer which has a plurality of microlenses and which consists of a lens
material and a wafer (2), with the following steps, especially with the following sequence: application of
the lens material, especially of a curable fluid (3), preferably a polymer, in fluid form to one stamping
side (20) of the wafer (2) and/or to one stamping side (10) of a die (1), which side has lens molds (8)
for stamping of the microlenses, movement of the die (1) which is located essentially parallel,
specifically in an X-Y plane, and oppositely to the wafer (2), together in a Z-direction which runs
perpendicular to the X-Y plane, stamping of the lens wafer (12) by shaping and subsequent curing of
the lens material, the shaping taking place by moving the dies (1,2) together, characterized in that
wedge faults equalization takes place by wedge fault equalization means (19) for parallel alignment of
the stamping sides (10, 20) and/or an X-Y alignment.of the die (1) with the wafer (2) during shaping.

2. Method as claimed in Claim 1, wherein the wedge fault equalization and/or the X-Y alignment takes
place especially continuously after a distance D between the stamping side (I 0) and the stamping side
(20) is no longer reached. 3. Method as claimed in Claim 1 or 2, wherein shaping takes place

position-controlledvethod4alYRMee 85 Iciaimgs wrtlaink 1 onhdiwhersindhateate ¢arkgsponding

alignment marks (4,
consists of a lens material and 2 wafer (2), with the following steps, especially with the following

sequence:

- application of the lens material, especially of a curable fluid (3), preferably a polymer, in
fluid form to one stamping side (20) of the wafer (2) and/or o one stamping side (1o} of a
die (1}, which side has lens molds (8) for stamping of the microlenses,

- - movement of the die (1) which is located essentially parallel, specifically in an X-Y plane,
and Oppositély to the Wéf&f (2), together in a Z~direction which runs perpendicular to the X-

Y plane,

- stamping of the lens wafer (12} by shaping and subsequent curing of the lens material, the
shaping taking place by moving the dies (1, 2) together, |

characterized in that wedge faults equalization takes place by wedge fault equalization means (19)

for parallel aligniment of the stamping sides (1o, 20) and/or an X-Y alignment of the die (1) with the

wafer {2} doring shaping,

2. Method as claimed in Claim 1, wherein the wedge fault equalization and/or the X-Y
alignment takes place especially continuously after a distance D between the stamping side (10) and
the stamping side (20) 1s no longer reached.

3. Method as claimed in Claim 1 or 2, wherein shaping takes place position-controlied.

4. Method as claimed in Claim 1 or 2, wherein there are corresponding alignment marks (4,
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5, 6, 7) for wedge fault equalization and/or for X-Y alignment in the die (1), especiaflyon the stamping
side (10), preferably at least on one peripheral edge (1u) of the die (1), and in the wafer (2), especially
on the stamping side (20), preferably at least on one peripheral edge (2u) of the wafer (2).

5Method as claimed in Claim 1 or 2, wherein the wedge fault equali7ation and/or X-Y alignment take
place since both the stamping side (10) and also the stamping side (20) are at least partially,
preferably predominantly, covered by the fluid (3). 6. Method as claimed in Claim 1 or 2, wherein
there are optical position detection means, especially optics, for wedge fault equalization and/or for

X-Y alignmen rng t fault e lri'ozti I nd/oréhe X:Y ali mentb,tb the stamping side
(o) or itsg%l%’glﬁrgogrdl‘%g ar%sm(eﬁg%?%ahg %@gﬁ‘?sgnrﬁ%ﬁ%%q%l&%fowg tiﬁﬁ’ﬁ? WarKs (6, 7) being

located, e&m@lﬁd@t(ggﬁ ﬁl%@x%ﬁi%aég&%zﬁ)&%%& g%?l'% dr%gg'%r%(g{ é?ee oeﬁtjéaaln Qosi ion dfet_ection means

() which are rigid especially to thé wafer (2). . Metho laimed in Claim 6. Wherein a distance

D betuee (he siampindsids:{a) A8 SmpIng i95.420) e 7 dikeelion s regisy hen 0 and

the same time sm than the depth of fie gion in the Z-direction. 8. Dévicefor producing a lens
wafer (25pwhich has a plurality of mierolenses with: a die (1) with one stamping side (10) with a
stamping structure (21) which has lens molds (8), a first receiving means for accommodating the die

(1) on one receivingsidenfleinbich iaps pway ftermithp-sianping sidedLak.a speand veceiving means
for accommodating a wafer (2) on its receiving side (2a) which faces away from its stamping side (20),
alignment take place since both the stamping side (10) and also the stamping side (20) are at Jeast
partially, preferably predorminantly, covered by the fluid (3).
6. Method as claimed in Claim 1 or 2, wherein there are- optical position detection means,
especially optics, for wedge fault equalization and/or for X-Y alighment, during the wedge fanlt
equalization and/or _the =Y a}ignment both the stamping side (10) or its alignment marks (4, 3) and
alsc the stampﬁng side (20) or its alignment marks {6, 7) being located, especially at the same tire,
in the depth of field region of the optical position detection means () which are rigid especially 1o
the wafer (2),
7. Method as claimed in Clamm 6, wherein a distance D between the stamping side (10) and
the stamping side (20) in the Z direction is greater than 0 and at the same time smaller than the
depth of field region in the Z-direction.
8. Device for producing a lens wafer (25) which has a plurality of microlenses with:
- a die (1) with one stamping side (Lo} with a stamping structure (21) whicﬁ has lens molds
(8
- 2 first recetving means for accommodating the die (1) on one receiving side {1a) which
faces away from the stamping side (10),

a second receiving means for accommodating a wafer (2} on its receiving side (2a) which
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application means for application of a curable fluid (3), especially a polymer, in fluid form to the
stamping side (10) or the stamping side (20), wedge fault equalization means (19) and/or X-Y
aligmrnent means, stamping means for stamping of a lens wafer by shaping and curing of the curable
fluid (3), and the wafer (2) during shaping can be aligned relative to the die (1) by the wedge fault
equalization means and/or the X-Y alignment means. 9. Device as claimed in Claim 8, wherein for
~wedge fault equalization and/or for X-Y alignment in the die (1), especially on the stamping side (10),
preferably at least on one peripheral edge (1u) of the die (1), there are alignment marks (4,5) which
are arranged corresponding to alignment marks (6, 7) of the wafer (2). 10. Device as claimed in
Claim 8 or 9, whr&IHthHE (PR Es SHARpSSRiIG etection means, especially optics, for wedge fault
equalization and/or, for. X-Y %i}g?ment .during the wedggé%fault equalization and/or the X-Y alignment

[

both the stampirgPade 1 BEBFite ZRGAFARTR Tharkeple Byid it s st arigne Sididbyor its

alignment marks (6, 7) being loc (—éﬁ especially at the same time, in the depth of field region of the
optical position 3% e%%?(a)rﬁp%égﬁéﬁ cr%FeS %ﬁ%ngéb eégﬂ to the wafer (2).

- wedge fault equalization means (19) and/or X-Y alignment MEsNs,

3

stamping means for stamping of a lens wafer by shaping and curing of the curable finid (3}
and

the water (2} during shaping can be aligned relative 1o the die (1) by the wedge fault equalization
means and/or the X-Y alignment means,

9. Devicé as claimed m Claim 8, wherein for wedge fault equalization and/or for X-Y
alignment in the die (1), especially on the stamping side (10), preferably at least on one peripheral
edge (1u) of the die (1), there are aligmhem marks (4, 5) which are arranged corresponding to
alignment marks {6, 7) of the wafer (2). .

10. Device as claimed in Claim 8 or 9, wherein there are optical position detection means,
especially optics, for wedge fault equalization and/or for X-Y alignment, during the wedge fanlt
equalization and/or the X-Y ah‘gﬁment both the stamping side (10) or its alignment marks (4, 5) and
also the stamping side (20) or its alignment marks (6, 7) being located, especially at the same time,
in the depth of field region of the optical position defection means which are rigid especially to the

wafer (2).
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