EVG 19831 au08 Method and Device for Producing a Lens Wafer This invention relates to a
method and a device for producing, especially stamping, a lens wafer which has a plurality of
microlenses according to Claims 1 and 8. Furthermore as claimed in the invention a lens wafer
according to Claim 11 and microlenses which have been produced from the lens wafer according to
Claim 12 are provided. Microlenses are used primarily for devices which require an optical
focusing means, such as for example cameras of cell phones. As a result of miniaturization pressure,
functional regions will become smaller and smaller. The more the microlenses are to be miniaturized,
the more difficult their optically correct production becomes, becauss/at thes 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 BI, US 5,324,623, US 5,853,960, and US 5,871,888. It is common
to all the aforementioned metMsHdrrdBisuicamonBand ucing mlretsi®kaless is necessary and the light
which passes through the rnicrolens must pass not only through the lens, but the carrier substrate. As
a result of the simultaneously required high quality and demands for higher resolution with
simultaneously higher brilliance which depends amang_others on the thickness and the number of
ko ret%%es f ame%)gga{ﬁé‘ é%vé?ﬁ ROt tRE St AP Betidicrolenses
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optics along the optlcaﬁ axis, thererore alon

accordingvgge;%gg%ﬁﬁjﬁlgﬁgjr (ﬁcr&gfsggcacger%ﬁ roblem for thgﬁ_epmr'%grolenses {;ith arriers is the

correct alignment of the "stamping die relative to carrier. Faults In %he%fboﬁ%@ﬁ HP& offten

exacerbaleddie misioleasesuiien have feenpioducsc Wit faTies gencrally heipg, stacked.

The elimination of a wedge fault of the die relative to the carrier is especially important for a correct
optical axis khtheafaictolensg wsnaaimthe pirseace of a wedge fault during stamping the optical axis
cannot be stamped exactly perpendicular to the carrier. The object of this invention is to devise a
device and a mtloudensith anhist] papedialiy ifeviasspudugiiensiciolpRsesWithGarigrs gan be

produced which have high production accuracy. especially an exactly aligned optical axis.
for example cameras of cell phones. As a result of miniaturization pressure, functional regions will
become smaller and smaller. The more the microlenses are to be miniaturized, the more difficult
their optically correct production becomes, becatise 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, 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
substrate. As a result of the simultaneously required high quality and demands for higher resolution
with simultaneously 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



This object is achieved with the features of Claims 1 and 8 as well as 10 and 11 Advantageous
developments of the invention are given in the dependent claims. 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. The invention is
based on the idea of aligning the carrier, 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
furthermSFEREE He plgER/© Bsriesiidimlis b aser et Disewrewsrbatng Hicthanditheegsavier,

especially tfowards the end of shaping of the microlens field, is as small as possible. In this way the
aIignmen%%g%%é'eo%eﬁg PHSSh O SRS ol BotHeBrsidart.  The following method steps are

provided as claimed.in.the invention, especially in the sequence cited below: application of the lens
S, ea%e%ge z%? ?g%%/cgebgﬁ%ee ,fHefﬁ?rfb‘efdﬁﬁsfﬁ%ﬂg' SRR Cide of the

material, especia T’yeo% curab

wafer and/Qr. 10,006 SiamRINgiSids.fid. is»s%@@%@baéd%e@&%e'gy 5.0 'Q%aia{fﬁgnfg#gﬂ ?éé%%y Jane

microlenses, movement of the the which is located essentially paralftel, specifi

and oppasiiely i%Sas WA siRgseLIR Z:Hlieelion WhiEh s perpendicular to the X-Y plane,

stamping of the lens wafer by shaping and subsequent curing of the lens material he shaping taking
place by movingihetgiesfagietiiention i¥ BedRveNtioniis charasterizedindhrbWerae figults are

equalized by wedge fault equalization means for parallel alignment of the stamping sides and/or an
X-Y alignmenpofithtodieniviibishesvaierdrsingshepingudiedy Blignmentmeans aalignment in the

X-Y plane, therefore includes especially rotation in the X-Y plane.
especiaily an exactly aligned optical axis.

This object is achieved with the features of Claims 1 and 8 as well as 10 and 11,
Advantageous developments of the invention are given in the dependent claims. 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.

The invention is based on the idea of aligning the carrier, 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 as claimed in the invention, especially in the
sequence cited below:

- 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



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 clatgngﬁ in the invention it is especially advantageous to carry out alignment briefly
before the starﬁﬁ?ﬁé% ARG OPRALHE WeteESifke at this instant the distance D between the

stamping _sides |s the minimum. possible so that especially itg a position. detection means which is
rigid to the stamlllg(m%ms‘c"ln ggﬁéﬁrt?le%éf)?%%c%cré é? %gg?é%ﬁ%np%/ﬁgﬁ/ T ’f)%%’l‘lfi%?ﬁ%f’%ﬁ@egéorﬁﬁ% Bﬁaes and thus
the position of tye,Wler @ terdis a.nabled Betsating the ppsiion. of the wefer ad of the die or o
the respective stamping sides to one another enables exact control ot the we ge faul equalization
means and of the¢-Y alignment by X-Y alignment means. Accordingly it is especially
advantageous when shaping according to one embodiment of the invention takes place
position-eontroligguping JarbRexieR: oy wadgefautrayrlizationandiordansy:aligpment in the die,
especially on its stamping side, preferably at least on one peripheral edge of the die, and in the wafer,
especially on itsistampaitsidesqiretasably tat lBasbgnkene peripheral edge of the wafer, there are
corresponding alignment marks, still more exact detection of the position of the stamping sides can be
accomplished, dhd inegratet-hatecthiizstampingsidetuéspecigllyl frashy bydirefailtangement of the
position marks on the stamping sides, the distance between the position marks is as small as possible.
In this waHREHIQURSAs SPtRapiss Ritsnambetibn Toapinmaedysiaedbased-Y aligovertiigtalznother
advantagﬁ)u embodiment of the invention it is provided that the wedge fault equalization and/or X-Y
n

alignme DI LHHiEE Bt REampirliperaioneens te demsrsonthis Stirabing brief@t the wafer

are at least partiall ferabl przd inantly, covered by the fluid. It is especially advantageous if the
fluid is tré%%%gaﬁsé%sf}%g%ﬁé tatRadhe 1[‘iﬁ’i:.ggrlz—gi/E[,ll}—}%’peciaIIy to light, that during alignment the position

detection takesﬂg%& 5%{9&%5@%1&@ ﬂ%n -ll-shé‘? igcﬁa@{%%ﬁ% tc%g%geigﬁgﬁx%idfﬁl qqrrglmre t and this measure
the i0 e a

yields a depth of field region o position dete means provi as Gaimedithe invention,

especially,quilcs (arAeieeing hepasilanetibe Aaslian matksldl e SIATRI0g sidas gldhe wafer

and of the die, which depth of field region is enlarged by the thdex of refraction ot the as multiplier.

As a congegHencenihisespecialivadvantageausivisn, there are-opl 9@&1@&%8&9&%‘&%%3%”‘63“5’

especially optics, for wedge fault equalization and/or for X-Y alignment, during the wedge
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
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



-

fault eqiialization 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
detectiorfHeAAE Wit =CiRg SFaesstr semassioronms molapreablssitestdenseliofthnaadsewith a
smaller dte&lih of field re%iton ha(?1 tg%g%ﬁ?q.ﬁhis dilemma is resolved by this measure as claimed in
the invenfion. 1 HEYELi SR Teersion & FRBYEY-SrintreaEalmRife distance D between the

stamping side of the ;i and the stampi ide of the wafer in the Z direction being greater than 0 and
at the same timécg?ﬁfﬁgllytﬁésne§R301§e?%ﬁw£V§F%§eé) ?%‘6?3)%1 FHBEAGERDR S0FiRG W 5E5 fon detection.

A deviceﬂ;@iﬁ{@%g]gt@gpﬁd@/ﬁ&ﬁ{%}&rﬂ%ﬂg&cing 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 repeiyinameais @paesarumadation ihediv.on onadseelnaide widhgess away from

the stamping side, a second receiving means for accommodating a wafer on Its receiving side which

faces awiystromidissilampigiside | applicatiop-marns dorapmpication.of aeuvakle fyid;especially a
polymer, in fluid foini to the stamping side or the stamping side, wedge fault equalization means
and/or Xov ddiefamsng seans;ferably 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 distance between the position marks is as small as

possible. In this way the accuracy of the position detection is distinctly increased.

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

wedge fault equalization and/or X-Y alignment take place since both the stamping side of the die

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 transparent to electromagnetic rays, especially

to light, that during alignment the position detection takes place through the fluid. This is

hereinatter called in-liquid alignment and this measure yields a depth of field region of the position

defections 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 die, which depth of field

region is enlarged by the index of refraction of the fluid as multiplier.

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

means, especially optics, for wedge fault equalization and/or for X-Y alignment, during the wedge



-

stamping means for stamping of a lens wafer by shaping and curing of the curable fluid. The
device as claimed in the 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 as claimed in the invention is improved
in that for wedge fault equalization and/or for X-Y alignment in the die, especially on the stamping side,
preferablﬁ aﬁle@onon@e}&eriﬁggal edge of the die, there are alignment marks which are arranged
correspontinGHE ATt FhiaA drahermeneboth havampngtis risiRidiner implievedimenss for wedge
fault equaall%aatlicg)ntﬁaenS /or for X-Y ?lé%%nt there are optical position detection means, especially

optics, during the wedgs taditedu P RTORIRE ki dhirreise Bednemreciabnab g safeRe of the die

or its alig : 2l the st ing side or its alignment marks, can be arranged, especially
at the sar%%;(%rrﬁg ?r?%rﬁtg %ﬂﬁﬁ ?é%?é’lgﬁte%?%%ggsf & aetider 6%%%@?«?&%%@%%?@% are rigid

especialll hRRoeior/SARIMISPRBIRTLIYGNISN (efe Is Mereayer alens waer which consists

of the following features: a wafer with alignment marks which are 35%% or Wgcféleo?ault equalization

and/or fore-fialignme atimihesaferespesialnendne stamRing.side. of ﬁ@%@'ﬂ%lﬁgﬂ on one

peripheral edge of the wafer and a microlens field which has been applied to'the warer, which has
been aligneitinithetheimatertylieswesgn fauli-cqualizatianand/riy RigRmenhandwhich has been

cured on the wafer.
wafer and therefore an additional fault source is preciuded. 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 7 direction being greater tﬁa.n 0 and at the
same time smaller than the depth of field region in the Z-direction during the position detection.

A. device as claimed in the 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 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,



Moreover one or more microlenses which have been produced from the lens wafer by separation can
be regarded as an independent invention. A lens wafer which is produced by the device described
as claimed in the invention and/or the method described as claimed in the invention can be regarded
as an independent invention. As another independent inventive idea it is conceivable as claimed in
the invention to provide instead of the wafer a second die for shaping of the curable fluid with which
the curable fluid is shaped on its second side. The result would be a monolithic lens wafer which is
formed excluswel fro he curable fluid. Other advanta?es features and details of the invention

will become app‘ﬁ ﬁ?‘lﬁ%*f@ﬂ%fﬁ?@fﬁé@éé%%ﬁ’ BEBIBFEFBEFE emplary embodiments and using
the d 1 h schematjc cut de view of g device as in the
|n\?enrt{|jl(;lvnI r11cg)rs produc c‘?l i esns \9525 : Bv%c‘?r?ﬁt!a% Sav‘b%lvegﬁ %913%8113'8%@&0#& ?‘fﬁ%ﬁ%@ﬂg to 2 show a
schematic of a ”f‘ﬁé‘&%&%%%@d%ﬁ SAMERh NSINARHN RURIOBHANAR ISP RIAIRY o FiOUTES

3a to 3c show a schematic of a method sequence as claime e invehtio er embodiment

of the methodl @S Chaimedunibe;imantion A0ty [FigUas #igAssNaMha sohemalicpf the method
sequence according to Figures 2a to 2c with another embodiment of the device as claimed in the
invention nepecificaltypasmatitieehtie 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 as claimed in 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.
The mvention 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.
As an independent invention there is moreover a lens wafer which consists of the following
{eatures:
- a waler with alignment marks which are designed for wedge fault equalization and/or for X-
Y alignment in the wafer especialty 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 wedge fault equalization and/or X-Y alignment, and which has been cured on



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. Figure 1 shows a device as
claimed in the invention for producing a lens matrix 25 which has a plurality of microlenses 24 (see
Figures 2c, 3c and 4c). For stamping of the lens matrix 25 onto an especially planar wafer 2, a die
1 with one stamping side lo with a stamping structure 21 which has lens molds 8 can be held in a first
receiving meangl.ewa? ;irst receiving means consists of a holding device 9 which is ring-shaped
especially on the msﬁé, on whose peripheral shoulder 9u which is pointed toward the interior of the
ring a receiver ich is provi ith suctign paths .10 can be inserted and fixed. In turn the die 1
on its receiving%sﬁ%%%?ggﬁér gﬁfy \r%{r)rllet he s%r%gglﬁ‘éesm%l Pgocgﬁeggr?&é%%ﬂ“%ﬁ’@%’é@é’iver 11 via the

suction paths.40. Wg@dm% %@Bquegg{ﬁggﬁ{&{_edge lu is supported by an inner ring wall 9i of

the holding device 9. he first receiving means is rigidly located in the device, especially on a rack

which is not Shm&;ﬁﬂﬁ@%ﬁ&%%&%@éﬂigﬁtﬁ@%@%é%{&i%g LRiigalagsition.deleglignmeans in the

form of microscopes 22, 23 which are fixed or can be fixed relative to the receiving means or the die 1
at least inhemeEedidestitiedvhichited ksho ittt avensiaraping Jifeatiakyrhe-£-dirgslian or stamping
direction is orthogonal to an X-Y plane or to an X-direction and Y-direction which spans the X-Y plane.
Exactly orthogohaiigothethiedZpdidzotioneatidetidas iparaltekteatiiesstampiignsigs lecafitaedie 1, therefore
to the X-Y plane, as claimed in the invention there can be a wafer 2 with its stamping side 20 opposite
the stampiRtididesindatthe widtansesbstdisdinglobihedbiis enedix RBdonith thecvafer@afhe lens matrix
25 and the wafer 2 jointly form a lens wafer 12. The wafer 2 can be fixed on a movable second
receiving HHEANAPHEOR S ssrndsidsiv T s de hsisrmarolidrisdtorsvaBmich arfalighed to act in
the Z-directilon. _Atct ators 19 c ngﬁ for example spindles. The actuators 19 can be each individually
contlrolIegpiz():yu%)Tﬁeeyc{:éJ BIP 8%?}% dre are one X-drive 18 and one Y-drive 17 on the actuators 19.

With the X-driv ovement of the wafer.2 in the X-direction which is contrglled by the control
B B L G0 BFRES AareF 2 AR et

means is possible, w rive 17 can caus

Furhermete, he{is.AR5R1P0 MEANLAG BEIVGSR IS ActuRIare, 19, and the wafer 2 with which 2
rotational moverment which rotates around arn axis of rotation which runs in the Z-direction can be
executed by theGanolHNeARSchematic cutaway side view of a device as claimed in the invention for
producing a lens wafer which has a plurality of microlenses,
Figures 2a to 2¢ show a schematic of a method sequence as claimed in the invention for
producing a lens wafer,
Figures 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,



Between the X-drive 18, the Y-drive 17 and the rotation means 16 and the wafer 2 a receiver 14 is
fixed which in turn has suction paths 13. On the suction paths 13 the wafer 2 can be fixed on its
receiving side 2a which is opposite the stamping side 20. The die 1 in the region of the peripheral
edge lu 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 lens molds 8, preferably at no instant of the stamping
process, especially of shaping, covered by a lens material which forms the lens matrix 25 in the foltof a

curable fluid 3. ﬁ%r%hf‘gP‘gﬁﬁﬁiﬁ’{écﬁt%ﬂ@%,i%th%lhl‘ﬁéﬁt%’é?@rfﬁ?oéﬁ‘éﬁ&ﬂée%r’fﬁiﬁ@ﬂ%‘l’i’@iﬂh]ent of the die
1 relativ the wafer 2. . _Furt ore.the die 1 has inper alignment marks 5 which can be aligned
ehgg Edtﬁmaﬁ 0 mﬁcroiense r%ggﬁe %ggf%%c\égﬁéég;

to corresponding inner alignmen S he inner alignment marks 5, 7 are located

outside or betwp&rg ]g ST Ids. 8 ially translationally symmetrically on.the die 1 or the wafer
2. During the stamptigr@)pl%cesg %ﬁ%&r%?gg 2%8%%18n the a |g¥1ﬁixelha¥%%?ﬁts£’§,4¥aﬁgl bV&ted with the lens

material qeisigurable (id A akigRstinwerds (N end.olils Sameing pragass opshaping. | The

device moreover has application means for application of the cura , especially a polymer, in

fluid formde:#iegsiampinusing lecandlorihessiamRing sidg0 whigh @%{&Bﬁéﬁ%’l’éﬁaplﬁ‘e application
e

means can consist for example of a metering line which can be placed in the intermediate space

between dfyedhidyloarie: thedyaferdose pefibeeiadividisalivcanieplakle, agtuaiamsds san.exegute wedge
fault equalization by the relative position of the alignment marks 4, 5, 6, 7 to one another being

detectabléby tbreipersitiorhitbtegtiovidmbaiis R2(i@8-ahe Icanpedsiblededdadaut heing.casrected
accordingly. = Likewise X-Y alignment takes place by the X-drive 18 and the Y-drive 17 as well as
the rotatibfhHe &€ (g side 1a facing away from the stamping side 1o can be fixed on the receiver 11 via
the suction paths 10. In addition the die 1 on its peripheral edge lu is supported by an inner ring
wall 91 of the holding device 9.
The first receiving means is rigidly located in the device, 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 at
least in one Z-direction which corresponds to one stamping direction, The Z-direction or stamping
direction is orthogonal to an X-Y plane or to an X-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 1,
therefore to the X-Y plane, as claimed in the invention there can be a wafer 2 with its stamping 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 die 1 and the wafer 2 are moved together by the actuators 19 which can be moved in the
Z-direction and the curable fluid is shaped during the movement together.. The stampmg_ 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 s_haplng of the I_ens wafer _25 is
completed. The position detection means 22, 23 are located on the side (_)f the receiver 11_facmg
away from the stamping side lo and the position is detected through the receiver and die 1 which are

transparent to tro netic radjation, especially visible or UV light. As claimed in the invention_it is
espec?iallil/r%%ea fgl 160 s%?dp%gi%ﬁrﬂ’étg}c%ﬂl?ﬁé%ﬂﬁ@%% 3/t thk Sfdkiskl IR s enthvareb00fum, especially

less tha referably.less than 25 um, can be used. The wafer 2 is generally transparent to
correspgr%?%}gﬁg?gl&%r%?fﬁ%%%g i iafﬁS%qugﬁSg\%ﬁ F SORER BETS pararahils bR -thefinal product is

- . i > bl
not transmlggg@gdg@qg&&g&grg)%gg(;%%%%rlﬁgg%dimfIn the method step shown in Figure 2a, curable

fluid 3 is centrally applied to the wafer 2 by the above déscribed application means which are not

shown for applieatiemnefthe.auraplefitid zﬁeﬁst&%}é\!@:@%é e actt%é?ssfﬁ%f’g’lﬁ@r?ag&%ﬁ?ﬁ to Figure 2b

and by means of the actuators 19, the wafer 2 is moved onto the rigid ddiring the movement

together #hecburabigoflulichSvisahanartibisiie eurabie g & meving.from g gentes of the wafer 2 in

the direction of the peripheral edge | u or
can be executed by the contro! means.

Between the X-drive 18, the Y-drive 17 and the rotation means 16 and the wafer 2 a
receiver 14 is fixed which in tumn has suction paths 13. On the suction paths 13 the wafer 2 can be
fixed on its receiving side 2a which is opposite the stamping side 2o0.

The die 1 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 stroctures 21 or the lens
molds 8, preferably at no instant of the stamping process, especially of shaping, covered by a lens
material 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 ali gned to corresponding
inner alignment marks 7 of the wafer 2. The inner alignment marks 3, 7 are located outside or
Eet\afeen 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 S, 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.



peripheral edge 2u. As soon as shaping according to Figure 2c is completed, 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 lo and the stamping side 20. Until the preset distance D is reached and within
the depth of field region of the position detection means, during the movement together, therefore
during shaping of the curable fluid 3, wedge fault equalization can take place continually by the wedge
fault equalization means and/or an X-Y alignment can take place by the X-Y alignment means so that

when thel]ggeseiigéag%nnggag isanr%gcshe the die 1 i? aligned exactly and without Wed{}gg faults relative to
the wafer 2. THe correaponding aNgnmart a2 Beriag re shithorndeaplpct il exactly the same

distance BME&%%%@@%&%QQ%E%&@%W# are each arranged flush on the stamping side lo or

20, the distance of the alignment mar %or‘responds to the preset distance D. - According

to one preferredessiom AlgERlBES RIAGS AnbItin e, ARl pL gl preferably during or afte

reaching the preset distance D. The wedge fault equalizatiorn an th aﬂlgr?’meent take place

preferabliatileastiibilertiie distaneehiriess Han 100 Hon&SReHIA:E35Han 20 umypreferably less

than 25 um. In the embodiment of the method according to Figures 3a to 3c the device according

to Figuredeisctoraaniess Teuaided: postias thelyaien Bdsdescated-ahaveithe.die | and in this
embodiment the die 1 is moved onto the wafer 2, while the wafer 2 remains rigid. The position

detection meanksikteifocatédlignuenntdth theaie the X thiscasendhe Culadle fluiddiissapplied into/onto
the lens molds 8 by droplet deposition. In the case of concave lens molds 8 the curable fluid 3 is
automatiffﬁﬂm%sd@table position by the force of gravity and the recess. In a convex lens mold the
curable fluid has a relative%high viscosity in order to stabilize the polymer on the die or on the lens
mold 8. e die I and the Wafer 2 are moved together by the actuators 19 which can be moved in the
Z-direction and the curable fluid is shaped during the movement to gether.
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 lens wafer 25 is completed.

The position 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 i ght. As claimed in the invention
it is especially advantageous if position detection means with a depth of field less than 100 pm,
especially less than 50 um, preferably less than 25 um, can be used.

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

[n 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
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By moving the die 1 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 lens 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 vacuum.
According to one version of the embodiment according to Figures 3a to 3c 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 'gge a%]ge ion forces between the curable fluid 3 and the die the curable fluid 3 can adhere to
the die 1.7° % Eésording to another embodiment of the invention shown in Figures 4a to 4c, in contrast

to the embodim§u tsgclge%fjina%tto.gi%ur s 2ato 2c it is provided that the die 1 has projections 26. The
ab fe gt Fﬂ%ﬁ%&%ﬁé@@ﬁﬁ&ﬁ%@%ﬁ?@%ﬁ&ﬁ% Y% dieraterrd ialignment marks

projections 26 exten

4,5s0t i r .o can.be located nearer the corresponding alignment marks 6, 7
when thehﬁ}gﬁgs@vﬁgg{gg %drt?e%}n@]ré(?%}éﬂ B TR AvA SFéuﬁEﬁﬁﬁ’fé%ﬁﬁﬁ?ﬁ%?%@‘é given

thickness.@aheighk of HaeiRIGHRIeNS 85:2P L RIS thod according 1o Figures 4a to 4c
corresponds to the methogéaccording to ?:igures Zi%tg@}:g.n&mc%neogﬁeag?g Ifh?lr {%# e by
irradiatiopefiistens dagqreducing electromagnetic radiation, especially in the form of at least one lamp

27, preferably a UV lamp, which means are located above or within the receiver 11. Reference
number list  As soon as shaping according to Figure 2¢ is completed, 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 1o and the stamping side 2o.

Until the preset distance D is reached and within the depth of field region of the position
detection means, during the movement to géther, therefore during shaping of the curable fluid 3,
wedge fault equalization can take place continually by the wedge fault equalization means and/or an
X-Y alignment can take place by the X-Y 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 flush on the stamping side 1o or 20, the
distance of the alignment marks 4, 5, 6, 7 corresponds to the preset distance D.

According to one preferred version, alignment takes place only within the depth of field,
preferably during or afler reaching the preset distance D.

The wedge fault equalization and the XY aligrment take place preferably at least while the
distance D) is less than 100 um, especially less than 50 pm, preferably less than 25 L.

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

il



die lareceiving side lostamping side luperipheral edge 2wafer 2areceiving side 2ostamping side
2uperipheral edge 3curable fluid

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

The position detection means are located undemeath 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 automatically held in a stable position by the force of gravity and the recess. In
a convex lens mold the curable fluid has a relatively high 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 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 lens molds 8 to one another and the ambient conditions, the inner alignment marks
3, 7 can be separated by the curable fluid 3, air, gas, especially inert gas, preferably nitrogen or
vacuwm.

According to one version of the embodiment according to Figures 3a 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
tluid 3 can adhere to the die 1.

According to another embodiment of the invention shown in Figures 4a to 4¢, in contrast fo
the embodiment according to Figures 2a to 2¢ it is provided that the die 1 hés projections 26, The
projections 26 extend above the stamping side 1o and in the 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 result is even more accurate alignment at a

given thickness or height of the microlenses 25.

Otherwise the method according to Figures 4a to 4¢ corresponds to the method according to

12
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4alignment marks 5alignment marks 6alignment marks 7alignment marks 8lens molds 9holding device
Quperipheral shoulder 9iring wall 10suction paths

Figures 2a to 2¢.

The curable 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 receiver 11
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11receiver 12lens wafer 13suction paths 14receiver 16rotation means 17Y-drive 18X-drive
19actuators

Reference number list
i die
la receiving side
lo stamping side
lu peripheral edge
2 wafer
2a receiving side
20 stamping side
2u peripheral edge
3 curable fluid

4 alignment marks

5 alignment marks
6 alignment marks
7 alignment marks
8 lens molds

9 holding device

Su peripheral shoulder
9i ring wall

10 suction paths

11 receiver

12 lens wafer

13 suction paths
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21stamping structure 22microscope 23microscope 24microlenses 25lens matrix 26projections 27lamp
distance Z-direction Y-direction

14 recefver

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 [amp
D distance
Z Z~direction

Y-direction

b

X-direction
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XX-direction Claims 1. Method for producing a lens wafer (12) which has a plurality of rnicrolenses
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 fon-n 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 sha king 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 (lo, 20) and/or an X-Y alignment of the die (1) with the wafer

(2) during shapin as claime Ia| whereln the we fault e Ilzatlon and/or
d gdeﬁmd?fa bl SWerraui ushy a &P it %8&”5“8@3%@?11 g’é‘fgmplng side

the X-Y alignment takes place espécia y con

(10) and ¢hesstanpingsside2ardis Maﬁp%r \Kiﬁﬁ(fﬂse%ﬁomng 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 microienses,

- 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 fauit 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, whetein the wedge fault equalization and/or the X-Y
alignment takes place especially continuously after a distance I between the stamping side (10} and
the stamping side (20) is no longer reached.

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

4. Method as claimed in Claim 1 or 2, wherein there are corresponding alignment marks (4,

5,6, 7) for wedge fault equalization and/or for X-Y alignment in the die (1), especially on the

ig
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3. Method as claimed in Claim 1 or 2, wherein shaping takes place position-controlled. 4. Method
as claimed in Claim 1 or 2, wherein there are corresponding alignment marks (4, 5, 6, 7) 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), and in the wafer (2), especially on the
stamping side (20), preferably at least on one peripheral edge (2u) of the wafer (2). 5. Method as
claimed in Claim | or 2, wherein the wedge fault equalization and/or X-Y alignment take place since
both the stamping side (10) and also the stamping side (20) are at least partially, preferably

predomifSAIR & Ve S A HRrisEblvie st on oge ks Sdasdined The Gl kod 2, thenenin there are
optical p itie(&)gnetgieaéﬁ]ctiotrg1 means, es e;iaﬂy 6cf)ffgtics, for wedge fault equalization and/or for X-Y
alignment, ttfing eo\l}veaﬁé“fg}ﬁfftgé% oGS e ovnsiisaishsra Both @he etdimpirfy side (10) or
its align%nt 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 detection means () which

Poturcen the StamHng Sils 113 A I AP e (o R R VSN Gt a0 and at

between the stamping side (10) and the stamping si

the sameitimesmalepitRaniberdente %H{% i region dnothe, Zdir 981” Devjce for rociucing alens
wafer (25) which has a plurality of microlenseé;: witk@: gdie (1? wﬁﬁlo enﬁg%p(\lﬂn% asri%%%acs) with a
stamping=stisitiupe:{22)iwvhiehhaaiensmeldsyBhatfistygceiving means for accommodating the die

(1) on one receiving side (la) which faces away from the stamping side (I 0), -

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 alignment, during the wedge fault
equalization and/or the X-Y alignment 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 detection means () which are rigid especially to
the wafer (2).

7. Method as claimed in Claim 6, wherein a distance D between the stamping side (10} and
the stamping side (20) in the 7 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 (10) with a stamping structure (21) which has lens molds

(8),

- a first receiving 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

faces away from its stamping side (20),
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a second receiving means for accommodating a wafer (2) on its receiving side (2a) which faces away
from its stamping side (20), 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 alignment 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 s Breversply aiiation alerapllisphit & etgec@ly ordveeie Uik &rdare
alignment marks (4, 5) which are arranged corresp néi g to alignment marks (6, 7) of the wafer (2).
10. Device as cfalfiié WPE%%@E&SS@‘,R‘%%&%WE& ‘optical position detection means, especially

optics, for wedge fault equalization and/or for X-¥ aligmnent, during the wedge fault equalization
and/or the X-Y aﬁgl err%taéun %qo“élﬁ%)% a?rai“ﬁ)sl ggi?élé” ?10 grg}f%%%ee%ﬁf‘marks (4, 5) and also the

stamping side ( ' ' . : ' , jally-at t time, in the
depth of field re%?[c%lrl?1 g# ?ﬁ%@%@g‘%{cﬂ?@ %?S@éﬁ%%’?gf%%ﬁ%ﬁ%{ gg&r;e%lal y '}(i)r{tkﬁ’e wafer (2).
11. Lens wafer gpnsisting of the following:

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, wherein there are optical position detection means,
especially optics, for wedge fault equalization and/or for X-Y alignment, during the wedge fault
equalization and/or the X-Y alignment 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, especiaily at the same time,
in the depth of field region of the optical position detection means which are rigid especially to the
wafer (2).

11, Lens wafer consisting of the following:

- a wafer (2) with alignment marks {6, 7) which are designed for wedge fauit equalization
and/or for X-Y alignment in the wafer (2) especially on the stamping side (20), preferably at
least on one peripheral edge (20} of the wafer (2) and

- a microlens field () which has been applied to the wafer (2), which has been aligned with
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a wafer (2) with alignment marks (6, 7) which are designed for wedge fault equalization and/or for X-Y
alignment in the wafer (2) especially on the stamping side (20), preferably at least on one peripheral
edge (2u) of the wafer (2) and a microlens field 0 which has been applied to the wafer (2), which has
been aligned with the wafer (2) by the wedge fault equalization and/or X-Y alignment, and which has
been cured on the wafer (2). 12. Microlenses which have been produced from a lens wafer as
claimed in Claim 11 by separation.

the wafer (2) by the wedge fault equalization and/or X-Y alignment, and which has been

cured on the wafer (2),

12. Microlenses which have been produced from a lens wafer as claimed in Claim 11 by

separation.
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