-, e3e44Z\ F6T4j'uV Process for producing a product having a structured
Surface Description s The invention relates to a process m lihg a
product having a structured surface, and to products of ummwmmmm Mmm
geheral, and to a process for generating mcrostructures In glls,gigs in
particular. io G ass is valued and used for a wi de range of applications,
partly on account of its excellent optical and chem cal OpEGpeiLERESP By way
of exanpl e, shasserGre highly resistant to water, water vapor and in
particul ar al so to aggressive substances, such as acids and bases.
Furthernmore, by using 15 different conpositions or additiv?mwuummﬂmmﬂm Ean |
be made extrenely variable and can therefore be matched to. m of
application areas. One nmjor application area for glasses is opbdgs and '
opto20 el ectronics. By way of exanple; it is nowadays inconceivable not to
use optical conponents in the field of data.transm ssion. In particular in
this applicaty e t r s ,becom n ver smal ler nd
consequent | ytp!tr%e% %resngfr? (fts %?rr?p%%@g% tspr%xglc%tu r%%‘glmo? ?qhse %%cn%%lﬁee#ltssuzéfaece
constantly rising. By way of exanple, there is a high demand for
‘Iight-influencing, €9 refractive or diffractive, conponents of an
extremel y hPGESESEEEER quality. At this point, nention can be made, 2
purely by way of exanple, of optical mcro-lenses. On account of its
excel l ent optical properties, glass is emnently suitable for this purpose.
On the 6t heTheardgvehtionevelatgsase @ esmues T drdmiprafiddingla ipsodurtuse.

For exanpl e,. _accurate machining, in_particular precjsion struycturing, .of

gl ass presenfs Hobi és'r?ér}lc,&llﬁrﬁo%uggﬁri 9% m % (?recf%%t& ébséetlsi”bi/ typt in .
wet - cheni cagemlerdnly &OACheTac phrom@ars .£dm gefddaiilmy ritddie wastiads glmsses
it isin this case only possible to achieve |ow etching rates, and
consequent | §18SFr 8 PETEAMRAL -t ype is al so sl ow and accordingly too
expensive for nmass production. 15 By way of exanple, it is also known to

use photo-structurable ,
10 Glass is valued and used for a wide range of applications,

partly on account of its excellent optical and chemical
properties. By way of example, glasses are highly reéistaht'
" to water, water vapor and in particular also to aggressive
substances, such as acids and bases. Furthermore, by using
15 different compositions or additives, glasses can be made
bextrémely variable and can therefore be matched to a wide

range of application areas.

One major application area for glasses is optics and opto-
20 electronics. By way of example, it is nowadays inconceivable
not to use optical components in the field of data

transmission.

In particular in this application area, the components are

25 -~ becoming ever smaller, and consequently the demands imposed
on the accuracy of the components are consténtly rising. By
way of example, there is a high démand for light-influencing,
e.g. refractive or diffractive, components of an extremely

high optical quality. At this point, mention can be made,



| asses, 'such.as for exanpl e FOTURAN.: However, glasses of this type are
extrenel y expensive. Accurate structures can al so be produced on gl asses
~using a 20 laser, but this technique too is very slow and |ikew se too
expensi ve for mass production. Furthernore, there are various known
mechani cal machi ni ng processes, e.g. grind ng and polishing, but such
processes do 2s not generally allow the accuracy and precision which can be
achieved with other processes. Therefore, the invention is based on the

obj ect for providi a _process whi.ch allows ,sinple and jnexpensive
product i on g’flrﬁhé’ogg'r bl cf%hf\ﬁaﬂﬁlf’st &ﬁrjﬁr&gdﬁ%%—.leﬁmf ther object of
the invention is to provide a process for producing a product having a

structured surface which allows 3 accurate, precisely positionable and/or
di verse strQ&t aerRygntyef ditét g&ceddjeadt opit g innaRRYoes s I1R9F o\ de a

process for _pt hg . . C I ructured,. . i 5
m cro-struct &Eggﬂﬁgg} glclg a\%ﬁ]‘lléctgoir}z\ésh H‘l%t g’t‘)"lskgJ %%o%r' gcﬁgstsﬂé;r&:ﬁetnﬂa?mérﬁl wth a
vitreous st hoetuee, wilblseupresent sr estrtiadine dlitfF istclht insed el alse. Yeir anot her

object of the inyention is . to provide a process o for producing a product

havi ng a st F¥EPEFEd @GFHEEE SWIRCR L NG| tabPE oS s Rissdhitt9™n and

avoi ds or agtkgeggraﬁgqc%§.bﬁgsgrgmgggﬁgsobgdyaéﬁgpw art. The object of
the invention is achiéved in a surprisingly 15 sinple way sinply by neans

of the subject matter of the independent clains. Advantageous refinenents
of the invention e.def.ined in the subcl ains. The invention provides a
process forﬂgkg I %né(galﬁr %&?&n 6] ﬁ%\??ln a'}‘glsssu":‘rsf ce wv%tl"ctheln%l satlr Jcr din
a predebi nedheAycallnmeans, in particular in the case of glasses it is in
this case only possible to achieve low etching rates, and
consequently a process of this type is also slow and

accordingly too expensive for mass production.

15 By way of example, it is also known to use photo-structurable

glasses, such as for example FOTURAN®. However, glasses of

this type are extremely expensive.

Accurate structures can also be produced on glasses using a
20 laser, but this technique too is very slow and likewise too

expensive for mass production.

Furthermore, there are wvarious known mechanical machining
processes, e.g. grinding and polishing, but such processes do
25 not generally allow the accuracy and precision which can be

achieved with other processes.

Therefore, the invention is based on the object for providing
a process which allows simple and inexpensive production of a

30 product having a structured surface.

A further object of the invention is to provide a process for

producing a product having a structured surface which allows



-particular for generating mcrostructures, e.g. mcro-|enses and/or

m cro-channels in or fromglass. The process at |east conprises the steps
of providing an auxiliary substrate, structuring at |east one surface of
“the auxiliary substrate 25 and applying a first layer of a first nmateri al
to the structured surface of the auxiliaryssubstrate. In the context of the
present invention, the structured surface of the auxiliary substrate is not
necessarily to be so understood as neaning the actual structured surface of
the auxiliary substrate, but rather nay al so enconpass the structured
surface of &ACAFECeapHLed I MOSbdqnahthe ARt E VepsRt FeTe8EUr tRG.
auxiliary substrate may, however, J 4 also be structured directly (cf.
Figs. 4a, 4b, 4c). The use of an auxiliary substrate, if appropriate with
further | ay®es, aastihesr strjestturcet défd nimgered issreni s has gorovede sa hpobtgss

advant ageou% for the i,nvention,. sSi n&le the material_of this substrate can be

sel ected and XdRFCFLTRS e HFEE HPAHESF RUHEBITSYy IR FRFTIELar
parti culsar, niikecAwtiricdi b HurdldQas dipti Negesesid VedavgLd9s ber a
transparent, since it is renoved again and is therefore not part of the
fini shed i ompiteddal. Wi reipVasicusaptituciyrsubsithout fesing zepproprtede
even be reusgabl n .t efore contribute further to reducing costs.
Accor di ngl y,%%t ﬁgcglu%al%rlfqgjbst rate is i5 detached or renoved again from
the first product, preferably after application of appropriate after
further process ste%;r first layer can be detached or separated substrate
o

whi | e ret ai KRy 3PRENSET GRIGEd X0 HHE paAMSHERR 19y@ RIOTIdind REQHRST i r st
aver. dof 12col BR6dllidy of B do@ih 1S saiXid A SULIAE Sud b AAWALU ¥ s

therefore, in the process according to tHe invention a negative nmas r
mol d. havi ng saisabflec & oxhinets sha@s doeert isty warduresdbiide predsf i mestbtf oreduces
B;g\éiuggdé a@get B%a‘l; rsl SI %\éerthiespdrel%q:siatr%q on the negative nask in order.to

The object of the invention is achieved in a surprisingly
15 simple way simply by means of the subject matter of the
.independent claims. Advantageous refinements of the invention

are defined in the subclaims.

The invention provides a process for producing a pfoduct
20 having a surface which is structured in a predefined way, in
particular for generating microstructures, e.g. micro-lenses
and/or micro-channels in or from glass. The process at least
comprises the steps of pro?iding an auxiliary subétrate,
“structuring at least one surfacé of the auxiliary substrate
25 and applying a first layer of a first material to the

structured surface of the auxiliary substrate.

In the context of the present invention, the structured
surface of thé auxiliary substrate is not necessarily to be
30 understood as meaning the actual structured surface of the
auxiliary substrate, but rather may also encompass the
structured surface of a layer applied to the auxiliary

substrate. Nonetheless, the auxiliary substrate may, however,



"2s positive inpression of the structured surface of the negative mask in

the first layer. It is preferable for a self-supporting carrier or a
product substrate nade froma third material, in particular fromao gl ass,

"a material with a vitreous structure or another, in particular transparent,

material to be applied to the first layer.a 5 1t will be clear at this
point that the process according to the invention for producing a
structured |l ayer on a substrate; in particular the product substrate,

represents an 5 extrenely surprjsin proach;, since the |layer is not, as
in conventi ¢ Og%eoégﬁ’éyst,uﬁcg\é]a?ﬁ%]f}g {ﬁqheﬁ\kﬁ%duﬁ stBst#@t e, but
rather, with respect to the product which is to be produced, grows toward

t he product substrate, since the negative technol ogy used neans that the
structured ITpersss @fgmwltmmmubstmq/cssubsﬁ raperofiheape ocksls

according t entlon i IarI adyant ageous. becau i S

t her ef ore s?frlflptrlhl'(%l f\z;Ls “and |nexg’én3| ru?tyrgeen%%réﬂhg SJO%’P‘?IEJ tsl'(’ﬁ%sp¥?lven
gl ass. is5 Fwﬂgnﬂjymrdaranﬂagesow%fohﬂmt q.rpfegdmﬁu VesinSdBthe thdtdidi cof ar
diffractive or, refractive structures, e.g. mcrolenses or mcro-channels,

in the | ayelrhd§ SybsErgteh Gt %rﬁ’reéc%fttﬁd taﬁéd Afanted yor b reasledt ni ng,

corr espondi RGNQGALINS IRiGS; ¢ 1D & ;J}ﬁ C
accurately preedeterr(rzl ned eiLnd gz%t %Hﬁtﬁg‘ 1‘TSILELLe neaga gfjvée Jh%i[kﬁ
enpl oyed, seublsgiraite |d@q@osmtblledecsmwvélaarwmd Orem tpradeed repua) |st3yncamd a
hi gh surface quaI| pre era or the first mat r|aI
gl ass or a mit &ri §Ie¥‘s?vr?1%l zfrgat gt 35’ ’?et qat pﬁf’srstrtﬁ p“TtHH’tﬁlée%
gl ass hayer psioduetyr gthel rreafoemen%@mﬂlq&raﬂ@a\@mﬂﬂ&@%w i %ﬂdﬁefhte
above. The provi sion according to the

even be reusable and may therefore contribute further to

reducing costs.

Accordingly, the auxiliary substrate is in particular

15 detached or removed again from the first layer or from the
product, preferably after application of the first layer, if
appropriate after further process steps. In other words, the'
first layer can be detached or separated from the auxiliary
substrate while retaining the structured surface.

20
In particular, therefore, in the process according to the
invention a negative mask or mold having a surface which hés
been structured in predefined form is provided, and the first
'layer is deposited on the negative mask in order to produce a

25 positive impression of the structured surface of the negative

' mask in the first layer.

It is preferable for a self-supporting carrier or a product
substrate made from a third material, in particular from

30 glass, a material with a vitreous structure or another, in
particular transparent, material to be applied to the first

layer.



-30 invention of mcrostructures, e.g.- mcro-lenses, made fromglass, a
material simlar to glass or another transparent nmaterial, open up an
enornmous range of potential applications in the field of glass
“fiber-optics. 6 A suitable layer which is simlar to glass is in
particular an Si02 |layer which is depositeg by neans of CVD (chem cal vapor
deposition) and, by way of exanple, is doped with s phosphorus and/or
boron. Phosphorus and boron are |ikew se deposited from-the vapor phase.
The advantage of a layer of this type is that the reflow tenperature is

| ower than-in the case of glass. io It has turned out that an additional,

unexpect ed bangfi11 alo | Sfed PUANLERN, | SoLhAl A pr OGUCh BLED BRSODASRg +o
structured in accordance wth the Invention I's emnently suita Pe fof use
in mcro-fl vihd cswvdmt idn sfeomesdycingias partcturad| Yapdvanohageous t hat

the glass layer provided with microi5 .channels is distinguished by a high
chenical st %ﬁﬁ%ﬁt% ast B %ﬁ%u‘f%ﬂeﬁr%?uﬁ{: h?éﬁSEE?gﬁbi ??P’y”/.e%ﬁmfﬁr%’é
of its ther nattrdRENANEAbr BEh PRI S8dadh OPELhtESth01d{et SiBaRbECULAr kY

preferable for the first layer or glass |ayer to be deposited on the

auxi l i ary sulsStventelondl REAGII[ST (X W RpoRAt Fom coag | ProdErecsrbat bebm

evapor ati onggat oqgﬁﬁﬁ tteri e es pr
particularly SLH%%ﬁhégﬁln t ﬁgﬂ%§% ex%? %@Qiggﬁgg?grg% %ﬂf%g géegﬁ
evapor at i onrocahidegl glassys e grary afos giroducoatubgt ghess 8528 ptuduced by
Schott, to be heated in _a vacuum chanber by nmeans of an el ectron beam until
it evapor at SEIREIIE (TRERAPATHAIRGDiINSATHgEBME Ve r FEYRAGERAt HRY TR | i ary

subst r afee. dws IdH SHE NGO 1 418) el ierdSe al so made to the applications
DE 202 05 830.1, filed on 04.15.2002 DE 102 22 964.3, filed on 05.23.2002;

7
The process according to the invention is particularly

advantageous because it is therefore simple, fast and
inexpensive to generate microstructures in glass.

15 Furthermore, it is possible to produce very small, in
particular diffractive or refractive structures, e.g. micro-
lenses or micro-channels, in the layer surface, with the
surface of the auxiliary substrate defining corresponding
negative molds.

20 |
Furthermore, the surface structure can be accﬁrétely
predetermined and controlled by means of the negative
technique employed, so that it is possible to achieve a
uniform product quality and a high surface quality.

25
It is preferable for the first material to be glass or a
material similar to glass, so thaﬁ it is possible to producev
a glass layer structured in predefined form having the
benefits outlined above. The provision according to the

30 invention of microstructures, e.g. micro-lenses, made from
glass, a material similar to glass or another transparent
material, open up an enormous range of potential applications

in the field of glass fiber-optics..



-DE 102 22 609.1, filed on 05.23.2002;; DE 102 22 958.9, filed on 05.23.2002
DE 102 52 787.3, filed on 11.13.2002; DE 103 Ol 559.0, filed on 0l.16.2002
5 in the name of the sane Applicant, the content of disclosure of which is
“hereby expressly incorporated by reference. The follow ng process
paranmeters are advantageous for the application of a continuous |ayer of

gl ass: 1o Surface roughness of the substrate: < 50 ~m BI AS tenperature
during the evaporation: QLOOC Pressure during the evaporation: |0-4 nbaz~
i5 1t is advantageous for the deposition or application by evaporation
coating of the first layer to be carried out by neans of plasma ion

assi sted deposi LirQR16PHAR L stdH e . i i i54.angl
directed onto%%he su strg%g.dﬂ?ﬁﬂiﬁggﬁﬁﬁggﬁgéégg X ezﬁ%ﬁggé%%1caﬁi%%r
produced by ame#®i®©,olapelowhliabmissdapositidr bgxarphe byf CyD Zaheoicafl a

sui tabl e gas. The pl asma .prqQduces additional densification of_ the |ayer and

is also respGRSFHEEPPSL T cRy P oY & SRR IRy 1 00 RPY 3V tHe

substrake SyhiagBorlll SinldgRES totRAr tHHIERd M AeNSe bd defect dayats
bei ng deposited. 25 According to a preferred refinenent of the i1nvention,

the first | dgpesised dram té¢ veppr eiasecalThe adifantagehixdldyer aff er

it has been | i or, d i . it abl.e processes for. this . .purpose

i ncl ude wet r gﬁg’m!tggle 36 %%%I%ctﬁ?%g r(%fll&r%%)rﬁﬁ georaani‘}roer lpsolli%vﬁ?rngﬁb%rptlhne %l?eass
| ayer. The paeduelf gibstsrate is in this case preferably applied follow ng

t he pl anari zati on. It is preferable for the product substrate, which is
in particular self-supporting and provides stability to the product, to be

appliedoto thephd Rakhbgulat RharabiZedididising | akixyd cg@%ﬁaﬂ%yigf of N
this case, the product substrate is, for exanple, anodically bonded to the
first |ayer thanddivenbopdi ng ltaett ke paddactage itdiathash e emmditotuqinodast eich can
be subjecteg to Eig? cheg&pﬁghloads.tLo As an alternative or .in addition,
the product *SGREPPEFE MERdNESi &Y dRed T SHREFT Ra S Y et e 1hpr use
particul ar in mAkgoc@seaddike .prananizatdopt <xay, advay ggeatsdu e ponitted,
since the adhesive is able to conpensate for unevenness. In this exanple,
the pl anari 28VRABR2PECEET EEBED FhEs JilESReldy By RIRY IPRh dHedl WE.CTHT s sinpl e

embodi gent k8.paelkCYLaBk¥Suhalhe ! @ RORARE GAleiQAUGE S L1 i&y f OF
exanpl e produgts for nicrof?u?ggcs. T%g adheggve Sggégﬁé, fg?Jégalee, an
epoxy, in particular a transparent epoxy. 20 Both during anodic bondi ng and

Compoi te CORBRPoRAQ L A& BPHAGERoe Hifsir SER (8 ARG oy ToETH ads Yoy er
and the joi BhegmhayehecBAR9dhedaby B8pedica1PQRdgedtqled.Ne epoxy, results
after the renoval of _the auxiliary
20 It is particularly preferable for the first layer or glass
layer to be deposited on.the‘auxiliary substrate, in
particular by evaporation coating. Electron beam evaporation
coating processes or sputtering processes have proven
particularly suitable.. In this context, it is preferable for
25 . an evaporétion—coating glass, e.g. evaporation-coating glass
8329 produced by Schott, to be heated in a vacuum chamber by
means of an electron beam until it evaporates, with the wvapor

precipitating and vitrifying on the auxiliary substrate.

30 In this respect, reference is also made to the applications
DE 202 05 830.1, filed on 04.15.2002
DE 102 22 964.3, filed on 05.23.2002;



"2s substrate,as an internedi ate or end product, producible or produced by

the process according to the invention. In particular, the product

_substrate and/or the first layer are transparent, so that the conposite is

in particular 30 perneable or transparent to light, preferably in the
visible or infrared region. In other words; according to the invention an

-optical, e.g. refractive or diffractive, conposite elenent is produced.

Therefore, the invention can 9 be used, for exanple, to produce whol e

arrays of microlenses. As an alternative or in addition, it is preferable
for 5 furtm? I?Lé?éerzg, 6dfcH rad W& SFarfin @32 MR refl ection coating and/ or

an infraredpab3aenbiong ssayer, iQ e APRIJ 8% . Jddpparticular to the planarized
first layer, i.e. between the first layer and the product substrate. A

| ayer or | ay&r 30@f 52hi’8 7t-y¥pe fidyed leawdvierl3 . A &M be. applied to the product

i 0 substratego Lde Qf the.latter [ I.S..0n the opposite side .fromthe
first IayerﬁEIEO?h?% %&%' Ur?ﬁ&F oﬁFi@gT%gbﬁﬁ%ﬁgnts are integrated.

Accor di Bg t dnatpeehemeedfethedisamat rAphitikentvailtd Wbnddi: ¥ addicdtre
substrate conprises a sel f-supporting carrier made froma second nateri al

or consi st sO6f WEHER &SnReseryl expressadoidannratatiedidut yef gneatasabl y not
a glass, but rather in particular a sem conductor material, e.g. silicon
and/or_ a ceranmic and/or a netal, e.g. alumnumand/or a netal alloy. 20
Accordi ng t&he felfpwdhgr procelser pdeesleterantarel ddvarntagertusofort the '
auxiliary sggs&nat re acgurately the second material, is structured

. _or
directly an EoﬁSSEBSHtP PuFPREFIHEYS: $306ThGE ‘arily have to

be. appkbed, 25 although they may be applied, prior to the deposition of the
glass layer. In particular in this refinement, the auxiliary substrate is
pl anari zed, Shnfpaet roubhneby olierheakubstmetkani cal nmeans, 5@. gun by -

pl ane- | appi n before or if appropriate after the structuring step. 30 To
uncover theBgA§s§e§PFEéFHFé ABKipg et pyapegediionon of tAE0§Cass | ayer, it

matoral, geBeotrkofulihe AR ePUBBEELER: | 07 ot “Teast artidi 1y et ched
away. By way of exanple in the case of a silicon auxiliary substrate, the
atter,bs digsoLved ShetLEaLEY cOF TR2" Db <R an S N X 98 (K
evaporation coating of the first layer to be carried out by
means of plasma ion assisted deposition (PIAD). In this case,
an ion beam is additionally directed onto the substraﬁe which
is to be coated. The ion beam can be produced by means of a
20 plasma source, for example by ionization of a suitable gas.
The plasma produces additional densification of the layer and
N ' is also responsible for detaching particles adhering loosely
to the substrate surface. This leads to particularly dense,
low—défect layers being deposited.
25
According to a preferred refinement of ﬁhe invention, the
first layer is planarized, e.g. chemically and/or
mechanically, after it has been applied or deposited.
Suitable processes for this purpose include wet-chemical
30 etching or grinding and/or polishing of the glass layer. The
product substrate is in this case preferably applied

following the planarization.



5 As an alternative or in addition to the enbodi nent descri bed above,
according to a further enbodi ment the auxiliary substrate conprises a

~sel f-supporting carrier made froma second material and a structuring |ayer
which is applied to io the carrier. In this case, it is preferable for the
structuring |ayer rather than the carrier & o be structured. The structuring
| ayer conprises or consists of in particular resist or photoresist. A gray
scale resist is used in i5 particular to produce anal og structures, e.g.

| enses. Follow ng the deposition of the glass layer, the structuring |ayer
is then etched away conpletely or at |east partially, in particular by

bei ng di ssolrted schewrealdy.e 2o AR di@iddax supefeited wefdmer@mnof the
invention, at |east one or nore internediate |layers are al so arranged

bet ween t he PE&HCEYL 3 @ etlife SUPRRAMIMT G yRTOVIRS | Fhahekiatte | &er or
layers pref ghahyCo 1620 10U Y e Ad fp}éﬁsésiicd%%xfﬁffﬁﬂﬂedFP& t

resist of the Intermedi ate ayer a 0 e structuring Tayer
axe made fr dayeirf foer gitaswatlenieal .s Irsatimtcddwey twen dyrod@iacheshlaswayate is,

selectively.. In a particularly preferred enbodinent, the auxiliary.so
substrate o!fotrh? _ &@t’u!ain_r?&llcﬁa&ry ?’?r’ﬁe‘!dué:_t%rtérﬁa b{}’i’?tt _ﬁc?g‘fe&bhi’t“%@a?\s. As
an al ternat by@dahg hagddinel Qlvah@eReehdt! tie FrRaAsHR@d ¢4 be
structuring to be produced nechanically, for exanple by pressing, in

particul ar subleiched &of higbochegiilcalpylansths of a precision master. Even

with this sinple process, it is possible to achieve accuracies in the

m cronmeter range. 5 For structures with relatively | ow demands on accuracy,
t he stnuoct uRsngnmayteframntdxvaenplre inbeddriaduesd the matuaf SOeerayyE g i ng.
The application qr %dhevae joining of a filmor foil which io has already

been pre- st PHEFGFEG 8T IRIELFGs st Er & Stto 1 Tauxdn IR 1iDstT e §Ris
particul arl agknphkacapd ahRereherenPheleRdntagecusly be omitted, since

the adhesive is able to compensate for unevenness. In this
example, the planarization is effected, as it were, by the

15 adhesive. This simple embodiment is particularly suitable for
nonoptical products,‘i.e. for example products for micro-
fluidics. The adhesive used is, for example, an epoxy, in

particular a transparent epoxy.

20 Both during anodic bonding and during adhesive joining using
epoxy, a fixed and permanent sandwich-like composite
‘comprising the product substrate, the first layer or glass
layer and the joining layer, embodied by anodic bonding or
the epoxy, results after the removal of the auxiliary

25 substrate, as an intermediate or end product, producible or

produced by the pfocess according to the invention.

In'partiéular, the product substrate and/or the first layer
are transparent, so that the composite is in particular

30 permeable or transparent to light, pfeferably in the visible
or infrared region. In other words, according to the
invention an optical, e.g. refractive or diffractive,

composite element is produced. Therefore, the invention can



"Furthernore, the invention is also related to the inventions 15 which are
described in German utility nodel application U202 05 830.1, filed on
CApril 15, 2002, and Cernan patent application DE-102 22 609.1, filed on My
23, 2002. Therefore, the content of the two applications referred to above
is hereby incorporated in full by reference in the 20 subject matter of the
present disclosure. In the text which follows, the invention is expl ai ned
in nore detail on the basis of exenplary enbodiments and with reference to
the drawi ngs. 25 Brief description of the figures Figs. la-i show the
product i on %fa 355 od%&r & iS1g 1 RIRAYGR I Ih dF e RUdmeE N th a
first so enbedisegnt of the invention, Figs. 2f-g show the production of a
product according to the invention in accordance with a second enbodi nent
of the invention, Figs. 3a-f Figs. 4a, ¢, d 5 Figs. 5f-g to Figs. 6a, d,

f Fig. 7 Fig 15-Fi : ow_t raducti.qn .of a produyct according to
the inventi ’or:.]; ?Lﬁ g%éﬁg?gg%éé%w%:}h% t‘?ildﬁ(;f’c'{(é3 od’?crrelrﬁ poﬁepﬁ%eaﬂ?ﬂnﬁlzfﬁ?’f on, show
the product fumtbbralpyetuct sactoad TPt @x=ie lie Nt #d¥ 1Reaardanssamidd a
fourth enbodi nent of the invention, and show the production of a product

according t 8PPHBY| APedPEERTSH -20EOrBARCe 1AVET a 9 fach amdddichenitn of the
i nvention, ghew;theapr e@u%&eoe)l%a%g re%‘f“itrs%‘:(‘i%{){%ﬂg L 'i:eeév%ve‘?—{‘gﬂrgn In

accordance with a_ sixth enbodi nent thE~ inven shows™ resu a
TUF- SI M5 nedsuptmearvershods theppoodgedplsubfs taatiecr @sdayer ragd,ay@nk of
di agrammati cal Ly.depicts a,wafer wth a hole mask for a |l eakti ghtness test.
Det gi | ed degg%pwﬁ% %"F‘Yf h&OPSVERt i 8520 h@p\ggllle&/\n%ﬁg tth(?xtprpﬂdg’scé:nts, by
way of 1exanplbstsaxeeshod gBAES o@f thle lafvert wilicH tid SPess R dartd he
features of the various enbodi nents to be conbined with one another.

side from the first layer. In this way, further optical

components are integrated.

| According to a preferred embodiment of the invention, the

‘15 auxiliary substrate comprises a self-supporting carrier made
from a second material or consists of such a material. The
second material used is preferably not a glass, but rather in
particular a semiconductor material, e.g. silicon and/or a
ceramic and/or a metal, e.g. aluminum and/or a metal alloy.

20 |
According to a particular further development of the
invention, the auxiliary substrate, or more accurately the
second material, is structured directly and consequently
further layers do not necessarily have to be_appliea,

25 although they may be applied, prior to the deposition of the
glass layer. In particular in this refinement, the auxiliary
substrate is planarized, in particular by chemical or
mechanical means, e.g. by plane-lapping, before or if
appropriate after the structuring step. '

30
To uncover the glass structure following the deposition of
the glass layer, it is preferable for the auxiliary

substrate, in particular the second material, to be



25 The drawi ngs show di agrammatic sectional illustrations through the

product in the correspondi ng production stage. For the sake of clarity,
figures which show identical or simlar production stages are denoted by

‘the same letters, and consequently some |etters have been omtted in the 3o

nunbering of the figures. ldentical and sijglar parts are provided with the
sane reference synbols in the figures. 13 Exanple 1 Fig. |a shows an
auxiliary substrate 10 nade fromsilicon. According to the next process
step, illustrated in Fig. |b, a |layer of photoresist, nore.specifically of
gray scal e réfishantgially a?fﬁ??%%lt?ﬁya% opsi Heagbapartiadlyupsehadeaway - The
gray scal e rgsi t i fel Ssi . pr oduce
anal og str ucﬁr‘iisy. h:?% é,&g@? ugﬁl:?lg% %é?—'l %f %c,gh?%ceggr%#?gs'gé‘l&gyresi st 20

i s provided sstgtrsirayctuhreesi2iten Re dissebnsd ofhgnhyastal byl médngraphy.
The structures 21 and .22 represe wo rotationally symretrical holl ows

whi ch are dé’solstgahsésdl% 1’&’%@%{‘%9&%‘% for two convex | enses. The structure
23 fornmg 15 the negative nold for a triangular structure, and the structure
24 represents the negative nold for a rectangular binary diffractive .
structure. AS a0 FSthermaFive MY, 10 RAAE Fiontto ayke embodiment ajescBibed 20
deposited O yOP DAl 4 e £ 8Nl Zfubia/IRAS Ol AR (physjcal vapor
deposition). 1n t'his exanpl®, the ‘evaporation-coating gl ass %roduced
by Schott Gsadstxarsectapmedey idalsdlf - surepadt ity | yeriSP. mé\Se afirom a _
alternative, however, it is also possible to use virtually any other glass

2s which i s SERA%bME YT o AR & | TrHTHT Y 18eNerhich is apRbigdskPbl e -

to depogit nmMeLIdaahs at.hem thals aass, SUah G- d Al AP & ALRD3 or Si 02
To snooth the uneven surface 30a of the glass |layer 30, as 30 shown in Fig.

| d, this sustadetivgipigadanieredatiien Hdhapy ddentcaxeigt sty merbodinenized he
pl anari zation is effected by grinding and polishing the glass |ayer 30 on
t hat 14 side 30a of the glass layer 30 which is renote fromthe auxiliary

substrate 1O@heAstaucesiting tlhs/ey asandrayers 30 assil 185 a5 MOtgH v Ralished
surface 30b. The result follow ng the planarization step is illustrated in
Fig. le. 5 ASSSROWRT RPEtQrasisty fr Gide SAist el o, 1sugad i3 not

identigal tpabheAu% ikdf Yo SRl al Yy disanqdiLal | ormiee;pﬁ the gl ass
| ayer 30 at 9)iats surface 30b, the bondijo%, bei ng cfgcfl'oté/e'c#)'by reées'?'ence ‘
numer al 40 FelEoyingf thieo dephisd hraodwdt tdhebstleate 15y arsedlies, stforctexaimpt e,

a drawn gl a in.particul ar .D263 produce y .Schotte endi ng on the
particul ar g‘%gﬁrcégi (t):Frtll,enaﬁa SE: i%v'%rye§oapi§g,elé’. §r ﬁ£45DL?épaﬁf3ﬂa Sduded by

Schott, mayial parbecuadvramya@Radsy dissolved chemically.

20 According to a preferred refinement of the invention, at
least one or more intermediate layers are also arranged
between the carrier and the struéturing layer. The
intermediate layer or layers preferably comprise or consist
of a resist. In particular, the resist of the intermediate

25 layer and the resist of the structuring layer are made from
different materials, so that they can be etched away '

selectively.

In a particularly preferred embodiment, the auxiliary
30 substrate or the structuring layer is structured by

lithographic means. As an alternative or in addition,

however, it is also possible for the structuring to be

produced mechanically, for example by pressing, in particular



"i5 Alternatively, a float glass, e.g.: Borofloat 33 produced by Schott,
known under the trade nane "Jenaer d as" is used. The product substrate 50
_is self-supporting and serves to stabilize the product which is to be
produr_ed, and consequently in this exanple the glass layer 30 is not self
20 supporting, although it may be self-supporting if required. Then, the
auxiliary substrate 10 and the gray scale resist 20 are renoved by etching
away the gray scale resist, so that; as illustrated in Fig. |lg, all that
remains is th pro%gﬁ%‘ZS sub trg}e 50, the glass |ayer or glass structure
30 and the af5&i & f ACLIThEYyINEERS Klerd FF RS PRIV St rEiceRires 31
to 34 whichwate eonR! QTRRLA priddie Nnegald VoSl Wes,&lidw 24. The
positive structures conprise two rotationalI'y symmetric convex | enses 31,
32 with a dREREFEFiEF 38 &HSr oXiayemslber] nangea tri angul ar projection 33 and
a rectangul ar structure 34. The structures 33 and 34 extend perpendi cul ar
to the .plane of the drawing. It will be clear to the person skilled in the
art, hoeeveFprt batutheresosdsh relltdaeanrdilg tenditid BEMIANLAP, algo be
used to produce virtually any other desired binary and non-bi nar

.structure PRYHAEVUGLREs MRy e O30 SXPHRd&rt iReuRxoduyaed Pyparssits @gcﬁcmaﬁ:mce
structures giigpmhker than 500 Vim 200 Vim 100 Vim 5 50 Vim 20 ~mor 10
Vim The product aS illustrated in Fig. I g consequently al ready represents
an optically transparent product having a mcrostructured surface.

According t hi xenmpl.ary enbadi ment, .haowever, the product js ,
processed-fg?%h%ﬁ?fégg?6°§h8ﬁnaﬁ%eﬁﬁdg.JPﬁn&ﬁﬁlq . & A& e dotedrieh

a' product whab &Wweadydbebhepseded raktusiedr oF sUlchae@sudiei@dd i G i 0.

I h, an antireflection coating 60 is applied to the topside 50a, renote from
the gl ass I%9%?lSEFYOFUPﬁ&r?gepﬁédHéFt§Gﬁéﬁﬁdﬂe55@P1A5a@ﬁ alhegefatieve or in
addi tion, iﬁrggegkég_possible, for exanple, to apply an infrared-absorbi ng
| ayer and/or further optical layers. It is illustrated in Fig. |i that a
second structured glass 20 layer is applied to the antireflection coating

60 by neans oft nodi ¢ _bo ging 70. The second structured gl ass |ayer 80 is
produced usi A~ PRESEfe g BcEB¥CRE1PRe 1Fi PAEOsERGRLGRedOgItRSs iRypatigms | n

this coatexthith &ByY 8esadyBabaggOdErhah LRE13€GOREasYS a@?&&%‘ét%%st%ﬁ'g%&er

80 to be applied to the 25 antireflection coating 70 together wth

associ at ed PhoBdP esi sfihpd anxhPratylBubdfpat eapidoteshemwnpatiens. in a stage
correspondi 105 Yon ! SE- r e, photoresi st and.guxiliary substrate
(not shomm)gégso%{at%% ﬁthaghggsgégh rg?%§§8|g§ewa§02§n|§09 "be etched
away t her edfieref@e Al tlee nadhvehy, of hehseceddagpltiehuiedsglagsri-ageto80 may
al so be appl.ied to the g%gduct substrate, 50 before the auxiliary substrate

10 and t he PHOYDrediREr Yoy af RERITRAEAL SR f Bt RE reigTepFs: 18t £HEL ur ed

gl ass jayers@Pjedt nat et Nor sStRgepiblustrated bayFLy. If, if appropriate

also with the 1 ncorporation of the antireflection coating 60 and/or further

layers: This procedure has the advantage that the s photoresists and

auxi | iar . t cj.at ith the first and second structured gl ass

| ayers 3%,%%gg%g%t%%dgﬁ@%€g§d§§§ﬂévﬁul?%%e%ﬁ§?§€l°n I8 Skplainga in mdre
detail on the basis of exemplary embodiments and with

reference to the drawings.

25
Brief description of the figures
Figs. la-1i show the production of a product according
to the invention in accordance with a first
30 embodiment of the invention,

Figs. 2f-g show the production of a product according
to the invention in accordance with a second

'embodiment of the invention,



-Exanple 2 Fig. 2f illustrates a product which has been adhesively io joined
by means of a |ayer of epoxy 41 rather than anodically bonded. O herw se,
the product, up to the stage illustrated in Fig. 2f, has been produced in
‘the sane way ,nss in the steps illustrated in Figs. lato Id. is Therefore,
the starting point used for the adhesive jgining of the product substrate
or carrier 50 is the product prior to the step of planarizing the glass

| ayer 30. The product substrate 50 is adhesively joined to the uneven gl ass
| ayer 30 by ans of the epoxy. As_can be seen in Fig. 2f, the 20 epoxy 41
conpensat es Frrf"'%rs't R& dnevenne¥V ntPfe RFYLLCEIGR 0F0. 2 REFEAMChg RoCRT§10gg,
the auxiliary substrate 10 al the RRAYERLESIS!i?02856r8560E80WAMRY ASchi ghe
first enmbodinment. 25 The product 1 illustrated in Fig. 2g also differs from
the product shown in Fig. | cemgodimente of thaei vgventuenher triangul ar

bi nary struct.yre provided..,i nst of the. binary structure 34: A ..

m cro-channgltlg% \%gt’hca \(/iol Ssrrl%&?ngﬁge I?Ié%%%c%o?rg)r% 0F 1PFSUCE 9T HRS
bet weenst he two triangul ar sid uchelr eaveRtidh et ardiorgapeiepaidiic W afohpchhe
pl ane of the drawi ng. Therefore, the product 1 has emnently suitable for
mcro-fluidics, e.g. for whfMHAKIRRIN s ERONOPRBERRRorandn 17

particul ar ccaynt; of th ol egical - naut ityrof_ g i i
product 1 ag‘ggr%di %g E‘qo t he gsel%:aovﬁdgglrerb?dﬁ mantt{ig%ﬂtég |8F1v§%t§|a8r?§ ;gs:('eCéfh{I%
illustrated in Fig. 2g, the joinhagiovestadhesinveatayedarddei winbt apl fidErh on
both sides, it has proven ad\ér?bnt(ftg?eo% tf se an e ox% wth a refractive
index which is simlar to t FAPSHIHE S dRUr BV gtasS™ ayer 30 and of the
productosubgtigat.e 680. a10 FAN i Caheeppomasthiasi ver & OproBeke Katdokend
4653" produced by Del o, based on a one-conponent,. solvent-free W adhesive
with a refractive index n =™ S-BRsipVEREACParil AFERTIARER t WbER forsissih as

the epoxy 41. 15 In the presgiMoLastc tde nmglr éﬂ@i+z‘i‘,di ces are selected

as follows Product substrate 50 Epoxy |ayer~41 ass layer 30
Fig. 7 shows results of a TOF-SIMS measurement,
Fig. 8 shows a photograph of a microscope image,
15 and
Fig. 9 diagrammatically depicts‘a wafer with a hole

mask for a leaktightness test.

Detailed descriptioﬁ of the invention

20
The following text presenté, by way of example, six
embodiments of the invention; it is possible for the features

of the_various embodiments to be combined with one another.

25  The drawings show diagrammatic sectional illustrations
- throuéh the product in the corresponding production stage.
For the sake of clarity, figures which show identical or
similar production stages are denoted by the same lettérs,
and consequently some letters have been omitted in the
30 numbering of the figures. Identical and similar parts are

provided with the same reference symbols in the figures.



"3 ass AF45 Del o Katiobond 4653 Evaporation-coating glass 8329 n = 1.52 n =
1.50 n =1.47 If Borofloat 33 (n = 1.47) or D263 (n = 1.S2) is used as 20
“material for the product substrate 50, the |ow index differences nake it
possible to work with the sanme epoxy. If other glasses are to be used
either for the glass |layer 30 or the produst substrate 50, an epoxy having
a corresponding refractive index is selected. Epoxies with refractive
indices 25 of from1.3 to 1.7 are available for this purpose. Exanple 3

Fi gures 3a-f scg t he production of the product according to the invention
in accor dang‘e—w&&?—g—thi rd enmbodi nent of the 18 invention with

excl usi vel y Miignany siHowes Wresuhi ridryfsidds rae Sl § - apPoF £ s pLxEbi ary
substrate 10 made fromsilicon is provided (Fig. 3a). Then, a first 5
internediate layer 15 is applied to the auxiliary substrate 10. The

i nt er medi at g J-ay&y; e h sist a sjyml.e intermediate |ayer
whi ch is not phot &ggéﬁ%ﬁ&\% nf%éér% xrg{n(%éessnsadéep‘f r%inﬂ%’tp 5T Jt%riJal?'. fo
A phot osesi dayeayerf 20dtorapilsted rare hgpdat idedivter |gyef ddabddresist

structured i,n bi,nary far for exanple by neans of photolithography. The
result is ilzl%thtllsa-t%’é’]ilr? Q. %&.OPEQF, Py s sthaystbsirate ot i Bee gray

evapor ati onseeatkl redist( Ha@ t3Q) adtheitd i i ?@ﬁr ' fﬁﬂf a
product substrate 50 is anodically bondfﬁoﬂﬁgtp%%naaﬁliige g éass Zé}sejr 30
(Fig. 3e). PHEAUCEha&ngded is&rpcsyirsts-ate, the internediate layer 15 and 20
t he photoresist |ayer 20 are etched away, so that the structured surface

30c of the glass layer 30 is uncovered, and the optical product 1 (Fig. 3f)
is theipesuhs. iliushiratedsén FHe.i nier el afrenyt ayeilclrayiements ashesi ve 25
joining of the evaporation-coating glass 30 to the auxiliary substrate 10.

Consequent | 9,‘—’0%’&816 MY GPmERE UEESEFthéd Ao iy meanisc AfaldnpYadiiaiteageous
for the produehbgRaphybi ey stiutlieds hOBMNIAN AEIRLACUR resi st i's
not used. 3o Exanple
rotationally symmetrical hollows which are designed as a
negative mold for two convex lenses. The structure 23 forms
15 the negative mold for a triangular structure, and the
structure 24 represents the negative mold for a rectangular

binary diffractive structure.

As illustrated in Fig. 1d, a first layer or glass layer 30 is
20 deposited on a topside 20a of the resist 20 by means of PVD
(physical vapor deposition). In this example, the
evaporation-coating glass 8329 produced by Schott Glas is
used as material for the glass layer 30. As an alternative,
however, it is also possible to use virtually any other glass
25 which is suitable for evaporation coating. However, it is
| also possible to deposit materials other than glass, such as

for example Al,0, or SiO,.

To smooth the uneven surface 30a of the glass layer 30, as

30 shown in Fig. 1d, this surface is planarized.

In the present exemplary embodiment, the planarization is

effected by grinding and polishing the glass layer 30 on that



"Referring nowto Fig. 4a, an auxiliary substrate 10 is provided for the
broduction of a product according to the invention in accordance with a
fifth enbodi ment of the 19 invention. The auxiliary substrate 10
“conprises a polished silicon wafer. Referring now to Fig. 4c, a binary
negative structure 10a is 5 produced direquly in the auxiliary substrate
10, i.e. in the silicon, by means of wet-chemi cal etching. Then, the glass
| ayer 30 is applied by evaporation coating, and the product is processed
to ot her enbodjnents. In this exenplary

furth h t
elrjrir)odie;nelrltn EE r 3)>3C %nr%}" L%ﬁsrsat]eaﬂ%r %r“@‘%%c%%%%!ﬂ‘l’?etﬁ@féﬂﬂﬂ%on is-

di ssol ved bxaumqusuq,f S SQ uld Orpd 1y OFr &L £ O ﬁ‘k‘i‘&o%f%sé hfa%é% ugg ur ed
surface 30c. 15 Exanple 5 Fig. 5f shows a product acc ing t

i nvention i @%—G@ﬁ&ar@c@lﬂﬂ:qtthla? fRﬂjlrltSiT%irtﬁ)dtrﬁffm itba '?nagnzsgogtggsp_?_ﬂceil ng
to Fi 3f, t t nt ructur ace
surfage 30¢ ToF l%ﬁI? zta:glrsé I afglra%(?aﬁzés % S%erﬁ ra T ‘é%ursr%%edar&fl St at L8l-

proj ectisons 36 at the outer edge. Referring nowto Fig. 5g, the undersides

of the projections 36 of the %I ass layer 30 on the product 1 are joined to
a 25 second’5r PO dtb<iifat 181 BpprAsine cﬁu}%ﬁts@'{moﬁ%ndmlccrbolrﬁilrr@: 70.

This producegieatGerlir @b ¢aw Ly, ﬁfﬁ' ﬂ%@@Sfﬁr o WS dica bonded
a odjb ¢

(m cro-el ectro-nmechani cal syste 'S encapsu
process. 3o0tEx&mgl gleski gayea s’ih')om artserdmsisaenh Jme- srtlteloddircﬂdagolhaesingp

by way of
o 22 85 bRnBRUEPLY FEL AN WURAN G P 1 M by ey o

10

The product substrate 50 used is, for example, a drawn glass,
in particular D263 produced by Schott. Depending on the |
particular applicatioh, an alkali—frée glass, e.g. AF45,
AF37, produced by Schott, may also be. advantageous. _

15 Alternatively, a float glass, e.g. Borofloat 33 produced by
Schott, known under the trade name “Jenaer Glas" is used. The
product substrate 50 is self-supporting and serves to
stabilize the product which is to be produced, and
consequently in this example the glass layer 30 is not self-

20 supporting, although it may be self-supporting if required.

Then, the auxiliary substrate 10 and the gray scale resist 20
are removed by etching away the gray scale resist, so that,
as illustrated in Fig. 1g, all thét remains is the product

25 substrate 50, the glass layer or glass structure 30 and the
anodic bonding 40. The glass layer 30 has positive structures
31 to 34 which are complementary to the negative structures
21 to 24. The positive structures comprise two rotationally
symmetric convex lenses 31, 32 with a diameter of

30 approximately 1 mm, a triangular projection 33 and a
rectangular structure 34. The structures 33 and 34 extend
perpendicular to the plane of the drawing. It will be clear

to the person skilled in the art, however, that the process



20 The pre-structured film25 is applied ~to the auxiliary substrate 10,
for exanple by adhesive bonding (Fig. 6d). Then, the glass layer 30 is
applied to the structured surface s of the plastic film25 by evaporation
‘coating. Referring nowto Fig. 6f, the glass layer 30 is ground down and
anodi cal | y bonded to,the product substrated$0. Then, the auxiliary
substrate 10 and the plastic film25 are renoved, Zo for exanple by etching
or by being detached in sonme other way. This in turn produces a conpletely
transparentzfroducl 1 having a surface which is structured on one side in
th.e form of*3FF SR Ur e gt BT E9%RC3D phSPhBeghasd BarPFefuse. The

foll ow ng textydy r S I i t S LS. Led | ass
Iayers.fonﬁ???%%#%%geéggﬁgg eﬁ%i??%ﬁygéiggg oggéi%%ﬁc%g%%%gjsg?gFegrghows
the resul ts iof ther@-a3idvEl anears Ut @neld , pant iditart het chsinposaibléstpl ot t ed
as a function of the sputtering 20 tinme. The neasurenent characterizes the
profile of OB EIHEeRT raf i 9raller t Heay| 588 Kmye?2 00 Almhi ERACHS,
constancy of_ < r%(gothe | ayer thickness was determ ned for the glass

u

layer. 25 Fig H&vil é‘f“facfreslt{;l"ﬁ%'s structures produced in accordance with

the inventi amd HABddRs £320 1 BUtDetdore, plgakid 9@&@@&@&&@1%&&&2&3

copy-protect |layer formed from d as 8329 were carried out as ITows.” 30 A
sili con waf &CPRES GBS iddePRE 1R 1Y dinaiisrpsenp preekucshavingtaated in

Fig. 9, theﬁﬁ?%%%tgae%ﬁiég‘géﬁﬁﬁééﬁ(%535¥3{§56t9rgﬁf§3%5%%%@#1X 1 cm. The

i ndi vi dual spacing in e areas was’vari 1% row as

fol | ows. lstembodinkomm hodvwespacitlge Bxbdwwe s Sorme el SPRet e 31 s r ow:
0.2 mm hol e pacigg*s,All the square holes 99 have an edge |ength of 15
Vim After WISty FetGfed-th A8 siirf dde Fdehet et ack uct with

two or double-sided structured surfaces.

Referring to‘Fig. 1h, an antireflection coating 60 is applied
to the topside 50a, remote from the glass layer 30, of the

15 product substrate 50. As an alternative or in addition, it is
also possible, for example, to apply an infrared-absorbing

layer and/or further optical layers.

It is illustrated in Fig. 1i that a second structured glass

20 vlayer is applied to the antireflection coating 60 by means of
anodic bonding 70. The second structured glass layer 80 is
produced using the same process as the first structured glass
layer 30. In this context, it may be advantageous for the
second structured glass layer 80 to be applied to the

25 antireflection coating 70 together with the associated
photoresist and auxiliary substrate (not shown), i.e. in a
stage corresponding to Fig. 1é, and for the photoresist and
auxiliary substrate (not shown) associated with the second
glass layer 80 only to be etched away thereafter.

30
Alternatively, the second structured glass layer 80 may also
be applied to the product substrate 50 before the auxiliary

substrate 10 and the photoresist 20 are etched away from the



-coated with an 8 ~, m (specinmen A) or 18 ~, m (specinen B) |layer of Qdas
8329, the wafer was then dry-etched in the hole io surfaces as far as the
glass. It was possible to successfully observe the success of the etching
‘under a transmtted |ight mcroscope. For all 18 neasured areas, a Helium
| eak test revealed a leak. i5 rate of |esggthan 10-e nbar 1/sec . The high
strength of the glass |ayer regions despite considerable bending of the
waf er during the neasurenent in. the respect nmeasurenment area i s anazing.
Even after 29 conditioning at 200C, there was no change in the gl ass

structure. FifiSHersfretwad dlarve eurdent 2 weke B¢ rseadeut on the

glass layer i AGGQY : j st | N 1.SO. S | in Table
1. Table 1: l%gem nmen eg'?lg\r?ét o?%%?ﬁgﬁ?ﬁﬁ%% S%?%CEQ‘Q%%QO Comment s
Cl ass consunptdcorpcetatiival erfi the? 2arf il vegf] Tdretgi @) - &R iy 0dd Jmedidei thabther
12116Nhterig]TotaICQ£pentsCIas remgvedsurf ace /visi bl e[ ng/ dne] ar ea

[ cn2] changes ARG %42 140 B s drimadypitags BraF che

| SOvat ersi al FofcrldE RS GRT erBMedisinf aced Mol dd £ QA a5t 1D LB B Ra he
[ cn2] changesA 21222 x 14UnchangeAs material It will be clear to the person
skilled in tthesdr madhaeadne ersoditverad desty i b @, 8@ ¢an bee etched

under st ood t the invention is not restricted to these 5
g RS S

enbodi nent s, can ‘varied in numerous ways W t hout departing
fromthe sc flet 2e i nventi on. 23 Patent clains: 1. A process for
produci ng a_product. (1) having a structured surface (30c), in particular

for generatifng. €infrldStradeh & Reptuci whish s Pepn FFheHi v hgs,
/ ent ] e St = | o
conpri siong gbiheasbyt heasierE of 1 4YQVidh @g)yciﬁ% ag%ﬁartggé/ﬁ Sybst r&%@%ﬁlg )

having a structured surface (20a), "and app ayer (3
first materpbgnded.t Pehegwiiseuctiiree praghfcice Y20 the stage illustrated

in Fig. 2f, has been produced in the same way as in the steps

illustrated in Figs. la to 1d.

15 Therefore, the starting point used for the adhesive joining
of the product substrate or carrier 50 is the product prior
to the step of planarizing the glass layer 30. The product
substrate 50 is adhesively joined to the uneven glass layer
30 by means of the epoxy. As can be seen in Fig. 2f, the

20 epoxy 41 compensates for the unevenness in the glass layer

30.

Referring to Fig. 2g, the auxiliary substrate 10 and the
photoresist 20 are etched away as in the first embodiment.

25

The product 1 illustréted in Fig. 2g also differs from the

product shown in Fig. 1d by virtue of having a further

triangular binary structure 35 provided instead of the binary

structure 34. A micro-channel 36 with a volume in the range
30 from 0.1 to 2 pl is formed between the two triangular

structures 33, 35 extending perpendicular to the plane of the
drawing. Therefore, the product 1 has eminently suitable for

micro-fluidics, e.g. for what is known as a DNA processor, in



*2. The process as claim-.d in claim1, which also includes renoval of the
auxiliary substrate (10, 20). Zs 3. The process as clained in one of the
preceding clains, wherein the first material (30) conprises glass. or a:
‘material sinmilar to glass. 4. The process as clained in one of the.
preceding clains, 20 , wherein the step far7 applying the first layer (30)
conprises a deposition operation. 5. The process as clained in one of the
preceding clains, wherein the first material (30) is sputtered or 2s
evaporated in _qgrder, to be deposited on the structured surface (20a)_of the
auxil i ary s@&ﬁo‘iﬂﬁ%aﬁcﬁnm&@tﬂ% ORI CAhi PRI TR bE OF ghass.
preceding clainms, wherein the first layer (30) is applied by evaporation 30
coating, in particular is deposited by neans of plasma ion assisted :
deposi tion. Singe Zn Te mudrtasl dedonding thetld sereomd eeebbdipmenai of,

wherein the str I ur f . (20 f the auxiliary substrate (10, 20)
defines a nggléat ili\%lé%én%(%’( f%c%ﬁ%%raq?é %?E!inﬂ)t i%i'l t:TS%%s]ecél%Jrn h%%nel s. 5
8. The procestheasivel diayed i41 ane mft tgleapiecadimekic! sides, wheredd phevdar st
| ayer (30) is‘planarized (30b). 9., The process as_clained jn_one of the
precedi ng cPIVRERCARFAYS F% Yo fit eRUIBE Wikt ¥ SR Tactabys i Wefex ovhbch The
process as Gliais i f recedi | wﬂ%; j t
substrate (%&@lg%%prt{bs%%tglo%?loa? mat er | aé\d'é?‘:trli asf t egtll;bsdg Elpfg&gé;;%l?%%. 15
11. The propessivas cudistedten Sdne of the preceding clains, wherein a
product substrate (50) is adhesively joined (41) to the first layer (30)

12. The process as clained in one of the preceding clains, 20 wherein a

pr oducts oSubsir aipe i30) dpvxgnedimaibe banded (H0)o i toddd sisdawer (30)

13. The process as clained in one of the preceding clains, wherein the

auxi liary sBESANEEE Eympleilees bases oo ifspeiannapendr r i sl veo)E feg Y
froma seco er gl +mand d. ial_i.s st directly.

14.. The pr%ggggagg g%&ﬁ%&i%ﬁ?ﬁﬁﬁ?ﬁﬁét#%%%{égéaiHé§§#%$#§%§&ﬁérein the’
auxi | i ary spbstiatéarl®) sus tplbdrarficzediser iacr t3e tepdxye 4atruct uri ng step.

15. The process as clainmed in one of the preceding clains, wherein the
auxiliary substrate (10, 20) is at |east

15 In the present case, the refractive indices are selected as

follows:

Product substrate 50 Glass AF45 = 1.52

Epoxy layer 41 Delo Katiobond 4653 n=1.50

Glass layer 30 : Evaporation-coating n = 1.47
glass 8329

I1f Borofloat 33 (n = 1.47) or D263 (n = 1.52) is used as
20 material for the product substrate 50, the low index
differences make it possible to work with the same epoxy. If
- other glasses are to be used either for the glass layer 30 or .
the product substrate 50, an epoxy having a corresponding
refractive index is selected. Epoxies with refractive indices

25 of from 1.3 to 1.7 are»available for this purpose.

Example 3

Figures 3a-f show the production of the product according to

the invention in accordance with a third embodiment of the



"25 partially etched away. 16. The process as clained in one of the
preceding clainms, wherein the auxiliary substrate conprises a carrier (10)
s made froma second material, a structuring |layer (20) is applied to the
carrier, and the structuring layer is structured. 17. The process as
claimed in claim16, wherein the to structigring |ayer (20) conprises a
pre-structured filmor foil (25) . 18. The process as clained in claim16
or 17, wherein an internediate |ayer (15) is applied between the carrier 15

( 10 ) and t.he structurlng | aye 19. The process . as clained in
one of the Procadiivd Hif %@Hﬁé&%ﬁ%ﬁ@&qﬁﬁﬁLﬁ??&Fq%ﬁéﬁ (20) conprising a
photoresi st or gray scale reS|st is applied. 20 20. The process as clained

in one of the precedi %.clains, wherein the structuring step conprises a
| i t hogr aphi &1FiEéc &8s adr 1a amseRdniscaPPrtdsyd rgroperaty ubdsratdle Thenade

process. for Q%&pgﬁhﬁ%oi Hrng&%k1%£%.turgﬂg(%ﬁstgggturedé§urface (309), in

particular for genérating nrcrostruc , 36) in

gl ass, and ﬁntpambddak&rlageﬁiaﬁﬁﬂéIdppﬂﬂédﬁtdfﬁhé”éﬂ%ﬂiﬂ&kf”éﬁﬂﬁ%rate
conprising at | east ,the steps of;: provi ding a negative mask (10, 20)

having a strdctd dl%PFE‘@QleG’a)laYeffn&-r’dé&?é’s 9 fg RRGGaTRS Iy @rr (B0) of a
fi t t t
irst m er»sa_}ngqe tlh%e%aalla\e% g@ure %%e fidQ o%rzgﬂkb%%}% Ne for

i mpressi on 30c) of the stru sur € negdti've mask
in the firs?xﬁayéﬁ ade. £22m Thelpstdess madrerpradduci ng a product (1)
conprising a 5 product substrate (50) having a structured surface (30c), in
particular for generating mcrostructures (31, 32, 33, 34, 35, 36) in

gl ass, 1and Rnphatbiesliat aayekapuedsi appne eef ttd"'Qh@' 9GRUMNB GladidBLayer
conprising at |east the steps of: to providing the product substrate (50)
and dep05|tFﬁgaﬁdfFF§PcFH§@ﬂ taopipary forsy Fererxamplendyf imesns ayfer

b h
o oduct wni Shore e R RPAlicde 1o uEt WTNIARE el Yl SRR TO TR

Then, a glass layer 30 is applied by evaporation coating
15 (Fig. 3d). The glass layer 30 is planarized and a product'
substrate 50 is anodically bonded to the planarized glass

layer 30 (Fig. 3e).

Then, the auxiliary substrate, the intermediate layer 15 and
20 the photoresist layer 20 are etched away, so that the
structured surface 30c of the glass layer 30 is uncovered,

and the optical product 1 (Fig. 3f) is the result.

In this casé, the intermediate layer 15 prevents adhesive

25 joining of the evaporation-coating glass 30 to the auxiliary
substrate 10. Consequently, the embodiment described above is
particularly advantageous for the production of binary

structures for which a gray scale resist is not used.

30 Example 4

Referring now to Fig. 4a, an auxiliary substrate 10 is
provided for the production of a product according to the

invention in accordance with a fifth embodiment of the



"23. An internmedi ate product, in particular producible by the process as
clainmed in one of the preceding clains, conprising an auxiliary substrate
(10, 20), and 20 a f first layer ( 3 0 ) of af first material j oined to
the auxiliary substrate (10, 20), the first layer (30) having a structured
surface (30c) which faces the auxiliary sulgstrate (10, 20), and the first

| ayer (30) can be detached fromthe auxiliary substrate (10, 20) 25 while
retaining its structured surface (30c). 24. A product (1) having a

structured suQ;a %ﬁ§§0%%1,§PrQ uci bl e hy the process as, clainmed in one of
the precedi ng" g 3025 FURAS TGS hY eoBRFigeEradPelished

(30c), in paitlicdmargdyeaduci ble by the process as clained in one of the
precedi ng clai ns, conprising 27 a product substrate (50) made from a
third material, a first layer (30) of a first material having a structured

surface (30 fir I . (30). being applied fixedly to the product
substrate (?(%f.et%ﬁfg n,%Jhtwe tg%/?rci'@((:'t 4%Cl’) aasrl% c %%ﬁe%eﬁﬁtjovﬁ% %tfr?%teuﬁ? et i hY
product scl apredudesr eiredrd yoriodutie subsiliade, (S serskd hep fidsd . | ayefnd 30)
are transparent,. |g127' The product (1) as clained in one of the

precedi ng pF&g&HPWH Ymieapse o watreatigal fthimD) and the product
substrate (50) conprise g~.ass or a material simlar to glass. 15 28. The
product (1) as clainmed in one of the precedi ng product clainms, wherein the

first |ayer Th80) tdepoiless dalyayen Opricduwred ind deposidpamtizth b pipduct

(1) as clai iLn_one of the precedin%ﬁﬁo rqduct, clai ns,_ wherein the first

| ayer (30) g%%pkﬁgegrggﬁg§efspﬂ&ﬁiﬁﬁ? %#%ﬁ & i1y XA IGR B The
roductio( 1) cakee! ampedimenatee of .the precedi ng product clainms, wherein the

irst layer (30) is applied 25 by evaporation coating, in particular is
deposited by neans of plasma ion assisted deposition. 31. The product (1)

Surface (306 oF S0 Thactre: o ByeReShy eh melE L P AR Y ) o
channel s. m2g8e specifically the silicon, is dissolved by means of a KOH
~ solution in order to uncover the structured surface 30c.
15 |
Example 5
Fig. 5f shows a product according to the invention in
accordance with a fourth embodiment in a stage corresponding
to Fig. 3f, with a slightly differently structured surface
20 30c. The surface 30c of the glass layer 30 has a central

recess 35 and elevated projections 36 at the outer edge.

Referring now to Fig. 5g, the undersides of the projections
36 of the glass layer 30 on the product 1 are joined to a

25 second project substrate 81 by means of a second anodic
bonding 70. This produces a central cavity 35 aroﬁnd an MEMS
structure (micro-electro-mechanical system) 82, which is

encapsulated by this process.

30 Example 6

Fig. 6a shows an embossed, pre-structured plastic film 25 as
is commercially available off the roll from 3M, by way of

example.



"32. The product (1) as clainmed in one of the preceding product clains,
wherein the first | ayer (30) is planarized (30b) on a side which is .
opposite fromthe structured surface 5 33. The. product (1) as clained in
‘one of the preceding product clainms, wherein the first layer and the
product substrate (50) are adhesi veI y joingd (41) to one another. io 34.
The product (1) as clainmed in one of the preceding product clainms, wherein
the first layer (30) and the product substrate (50) are anodically bonded
(40). AFLY. AR AFLAYY.AFLA L A@ 9. A@. A{f. AGT . AS. A

?.AQAf.A(Yl . Ay. A f, . AHELAS, . AS. A Sy. Af. AFR AHy Af . AL Afy. ASnS _$>J, e 6sR
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the count rate is plotted as a function of the sputtering
20 time. The measurement characterizes the profile of the
element concentrations in the glass layer. A thickness

constancy of < 1% of the layer thickness was determined for

the glass layer.

25" Fig. 8 illustrates glass structures produced in accordance

with the invention from Glas 8329.

Furthermoré, leaktightness tests on the copy-protect layer

formed from Glas 8329 were carried out as follows.

30

' A silicon wafer was provided with an etching stop mask. As

illustrated in Fig. 9, the wafer 97 was divided into nine

hole areas 98 (1 cm x 1 cm). The individual hole spacing in
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3rd row: 0.2 mm hole spacing

5 All the square holes 99 have an edge length of 15 um.

After the unstructured back surface of the wafer had been
coated with an 8 um (specimen A) or 18 um (specimen B) layer
of Glas 8329, the wafer was then dry—etched‘in’the hole

10 ~ surfaces as far as the glass. It was possible to succéssfully
observe the success of the etching under a transmitted light

microscope.

For all 18 measured areas, a Helium leak test revealed a leak.

15 rate of less than 10°° mbar 1/sec.

The high strength of the glass layer regions despite
considerable bending of the wafer during the measurement in.
the respect measurement area is amazing. Even after

20 conditioning at 200°C, there was no change in the glass

structure.
Furthermore, resistance measurements were carried out on the
glass layer in accordance with DIN/ISO. The results are given

25 in Table 1.

Table 1:

Specimen designation: 8329

Water DIN ISQO 719 HCl Na,O Comments

Class consumption equivalent
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A2 122 2 x 14 Unchange
As material d

It will be clear to the persoh skilled in the art that the

- embodiments described above are to be understood as examples

and that the invention is not restricted to these
embodiments, but rather can be varied in numerous ways

without departing from the scope of the invention.
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1. A process for producing a product (1) having a

structured surface (30c), in particular for generating.
5 microstructures (31, 32, 33, 34, 35, 36) in glass,

comprising at least the steps of:

providing an auxiliary substrate (10, 20) having a

structured surface (20a), and

applying a first layer (30) of a first material to the

10 | - Structured surface (20a).

S 2. The process as claimed in claim 1, which also includes

removal of the auxiliary substrate (10, 20).

15 3. The process as claimed in one of the preceding claims,
wherein the first material (30) comprises glass or a

material similar to glass.

4. The process as claimed in one of the preceding claims,
20 wherein the step for applying the first layer (30)

comprises a deposition operation.

5. The process as claimed in one of the preceding claims,
wherein the first material (30) is sputtered or
25 evaporated in order to be deposited on the structured

surface (20a) of the auxiliary substrate (10, 20).

6. The process as claimed in one of the preceding claims,
wherein the first layer (30) is applied by evaporation
30 coating, in particular is deposited by means of plasma

ion assisted deposition.
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1098& () wherein the first layer (30) is planarized (30b).

9.  The process as claimed in one of the preceding claims,
wherein a product substrate (50) is applied.
10 | _
10. The process as claimed in one of the preceding claims,
wherein a product substrate (50) cbmprising glass or a

material similar to glass is applied.

15 11. The process as claimed in one of the preceding claims,
wherein a product substrate (50) is adhesively joined

(41) to the first layer (30).

12. The process as claimed in one of the preceding claims,
20 wherein a product substrate (50) is anodically bonded

(40) to the first layer (30).

13. The process as claimed in one of the preceding claims,
wherein the auxiliary substrate comprises a self-
25 supporting carrier (10) formed from a second material,

and the second material is structured directly.

14. The process as claimed in one of the preceding claims,
wherein the auxiliary substrate (10) is planarized prior

30 to the structuring step.

15. The process as claimed in one of the preceding claims,

wherein the auxiliary substrate (10, 20) is at least:
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10 structuring layer (20) comprises a pre-structured film

or foil (25).

18. The process as claimed in claim 16 or 17, wherein an
intermediate layer (15) is applied between the carrier

15 (10) and the structuring layer (20).

19. The process as claimed in one of the preceding claims,
wherein a structuring layer (20) comprising a
photoresist or gray scale resist is applied.

20 ‘

20. The process as claimed in one of the preceding claims,

wherein the structuring step comprises a lithographic

process or a mechanical pressing operation.

25 21. The process for producing a product (1) having a
structured surface (30c), in particular for generatihg
microstructures (31, 32, 33, 34, 35, 36) in glass, and
in particular as claimed in one of the preceding claims,
comprising at least the steps of:

30 providing a negative mask (10, 20) having a structured
surface (zba), and
depositing a first layer (30) of a first matérial on the

negative mask in order to produce a positive impression
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claimed in one of the preceding claims, comprising at
least the steps of: | |

10 providing the product substrate (50), and
depositing a first layer (30) of a first material, the
first layer growing in the direction of the product
substrate (50) with respect to the product which is to
be produced.

15

23. An intermediate product, in particular producible by the

process as claimed in one of the preceding claims,
comprising
an auxiliary substrate (10, 20), and

20 a first layer (30) of a first material joined to the
auxiliafy substrate (10, 20), the first layer (30)
having a structured surface (30c) which faces the
auxiliary substrate (10, 20), and the first layer (30)
can be detached from the auxiliary substrate (Lo, 20)

25 while retaining its structured surface (30c).

24. A product (1) having a structured surface (30c),
producible by the process as claimed in one of the
preceding claims.

30

25. A product (1) having a structured surface (30c), in

particular producible by the process as claimed in one

of the preceding claims, comprising
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the flrst layer (30) are transparent.

10 27. The product (1) as claimed in one of the preceding
product claims, wherein the first layer (30) and the
product substrate (50) comprise glass or a material

similar to glass.

15 28. The product (1) as claimed in one of the preceding
product claims, wherein the first layer (30) comprises a

layer produced by deposition.

29. The product (1) as claimed in one of the preceding
20 product claims, wherein the first layer (30) comprises a

layer produced by sputtering or evaporation.

30. The product (1) as claimed in one of the preceding
product claims, wherein the first layer (30) is applied
25 by evaporation coating, in particular is deposited by

means of plasma ion assisted deposition.

31. The product (1) as claimed in one of the preceding
product claims, wherein the structured surface (30c) of
30 : the first layer (30) defines optical lenses (31, 32) or

channels.
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product claims, wherein the first layer and the product
substrate (50) are'adhesively joined (41) to one
another.
10
34. The product (1) as claimed in one of the preceding
product claims, wherein the first layer (30) and the

product substrate (50) are anodically bonded (40).



