1 5 NOV 2006 *166166* 1 =~ *@00002* Process for prpducing a profgqhv 2006

having a structured surface Description 5 The invention. relates
[ and to

process for producing a product having a structured surface,
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5 The 1nventlon ‘relates to’ a process for producing a producc.

hav1ng a structured surface and to products of this cyoe in

general, and to a process for generating mlcrostructures in

glass in Darclcular

10 Glass is valued and used for a wide range of applications
I

partly on account of its excellent optlcal and chemlcal

propertles - By way or example, glasses are highly resrsLanL'

-to_wafer, water vapor and in partwcular also to aggressive

substances_ snch as acids and bases. Furchermore,

by.using

15 different compositions or additives, glasses can be made

extremely variable and can therefore be matched to

range of application areas.
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15 NOV 2W 2 purely by way of exanple, of optical mcro-lenses. On account’

of its excellent optical properties, glass is emnently suitabl €5fNGV C05s

purpose. On the other hand,. 5 however, glass presents certain

difficulties in use, For exanple, accurate machining, in particular

'pr'ec{i sion structuring, of glass presents problens. Although it is known to

~etch glasses by wet-chemical or dry- 10 chenical neans, in particular in
the case of glasses it is in this case only possible to achieve | ow

etching ra n onsequent |y .a process of this type is also slow and
accor di ngl %ggg%g’egb/e%sﬁyvé%rcﬁxaﬁéﬁse'pr lﬁﬂt’rjo?ﬁ‘{ 1131%1}8\7\/]5&11%?5 exanple, it is
al so. known to use photo-structurable glasses, such as for exanpl e FOTURAN.
However, glasses of .this type are extrenely expensive. Accurate structures.

 can al so b@7pPEARERE 6F JIt&sEsaidiony ®PArdaseropsuties) sglashnigue too
is very sl aw;apf:hiLkew:seyhao sive for mass production. Furthernore,
there are .\_/arli ous kng%%%g%anfiogﬁ%nqasc I Hithg < p$%c%1§eée%?l}elé.lﬁfné'ri ndi ng

and pobi shhageveut glebsppoeseses dert23 mati geneipt]ys ald awd herg@ecuracy

and precision ich can be achieved with other processes: Therefore, the

i nventi on FE2BRLBd BACERBTELECHIFGNSpr ¢ RFT 1 rbaEecidiiarh al | ows
sinpl e andsi pexpepshye BEOGYGLIEORTRL AL 3Q RyAdYel having a structured
surface. A further object of the invention is to provide a process for
produci ng a product having a structured surface which allows 1 5 NOV 2006
_3 . " Although it is known to etch glasses by wet-chemical or dry-
10 chemical means, 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 various known mechanical machining
Pprocesses, e.g. grinding and polishing, but such proeesses 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 proeess 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



‘- accurate, precisely positionable and/or diverse structuring. Yet another
. Object of the invention is to provide a process for producing & $Hpmnoyuzms
having a structured, in particular 5 mcro-structured, surface which is
suitable for glass. or a material with a vitreous structure, w thout being
restricted. to such materials. Yet another object of the invention is to-
provi de a process 10 for producing a product having a structured surface
which is suitable for. mass production and avoi ds or at |east reduces the
drawbacks of the prior art. The object of the invention is achieved in a
sur pri si ngPYCHB LS mRAtE HeRf o MRS ehAatR #Rd{Pe Gibpeee Abruvetusinghe
. i ndependent clains.. Advantageous refinenments. of the invention are
defined in the subclains. The invention. provides a process for producing a -
product 20YR&viengtaesuchkdestwrifclthes istwvarttisredis nta mrededée nedpinbyessn
particul ar for'?egeratin m cr.ostructures, Sgg. m-cro-| enses and/or
PFRS H
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m cro- chaniel's Tor .
~of proyi di Agcas-auxilicamedsubsiiralcd, wHiIME LW i A% aln] L8ty Ope, surface of
t he aUX|I|arg_substrate 25 and applying a first layer of a first material
to the stPaettied ¥ithade Vétrepasagkruciureubsitme: beinderesnt txtedf

the presenEoiQggﬁthggeggg§§§tructured surface of the auxiliary substrate |
I's not necessarily to be 0 understood as nmeani ng the actual structured -

surface of the auxiliary substrate, but rather nay al so enconpass the

structured¥surface of a layer apEIied_to the auxiliary substrate.
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10 for producing a product having a structured surface. which is

suitable for mass production and avoids or at least reduces

the drawbacks of the.prior art.

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'inventiOniprovideS 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/bf micro-channels in or from glass. The process at least
eomprises the steps of pro%iding an auxiliary spbstrate;
tstructuring'atlleast one surfece of the auxiliary.substrate
25 and applying a first layer of a first material'te the

structured surface of the auxiliary substrate.

In the context of the present invention, the etructured
surface of the auxiiiary subetrate is-not'necessarily-to be
30 understood as meaning the actual structured surface of the
auxiliary substrate, but'ratherimay also encempass the
structured surface of a layer applied to the auxiliary

substrate. Nonetheless, the auxiliary substrate may, however,



" also be structured directly (cf. Figs. 4a, 4b, 4c). The use of an
auxiliary substrate, if appropriate with further layers, as the15 NOV 200
. structure-defining el enent has proven 5 highly advantageous for the
~invention, since the material of. this substrate can be selected and o
' adapted on the basis of the structurabil ity properties. In particular, the
auxiliary substrate does not necessarily have to be transparent, since it
is removed again and is therefore not part of the finished 10 product. The

‘renovabl e a |I|ary subst r at i f appropriate even be reusable and may
t her ef ore caOnﬁ? i Bt lflbcfrt‘ﬁte‘?g $¥‘T’ i E@fcogtgs Aéeor @Pnglt¢) -t he auxiliary

substrate is in particular 15 det ached or renoved again fromthe first
| ayer or fromthe product, preferably after application of the first
layer, if ‘Bppreisict emfaw Fiarheupsorase, st&paspptopotiher wakds, the

first layerggan, ed or. ;separ.at ed fro he.auxili ar substrate '
while retai iy ng ett}ﬁ dagearcsgt gte suratac%Ct%e %1 %%FH“%UF Fmeﬁﬁet‘l@fgo?éo"?ﬁ t he
process acdarglilng ddvdrtagdFWerid o ée NEgRdh ¥ EoRBSK: REe MRhA. mQ@érQQlaof _
surface which has_ been structured in predefined formis provided, and the

first |ayériiS SHAE G tfe Srft;@aﬁfr% g kedapoedernt ohprbdace af25
.positive i npLe f of the at i.n the
; e %%r%’&t%raﬁoﬁ%%éf 'Tfﬁtége%dc suppc}Dafl g~ g #h%ralaxb DALt

first layer. It is prefer carrie
substrat e Fudstinedm aoesi mdtneteerdsdarilny pertd ot e ft DAM P2 BERSS, sBnce

mat eri al Wltthls VItI;D%O s str.ucture .or another in particular transparent,
material to b& agpiiagt 9eHE ARSES ItifRefor s ng 2o of the finished

10  product. The removable auxiliary substrate may if approprlate
- even be reusable and may therefore contribute further to

reducing costs.

Accordingly, the auxilidry substrate is in'particular

15 = detached or removed again from the first_iayer'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
Intparticular, therefore, in the process according to the
invention a negative mask or moldahaVing a surfaoe which has
-been structured_in predefined form is.provided{ and the first
'layer is deposited on the negatiue mask in order to produce a

25 p051t1ve impression of the structured surface of the negatlve

' mask in the flrst layer

It is preferable for a self- supporting carrier or a product

_ substrate made from a third material, in partlcular from
30 glass, a material w1th a vitreous structure or another, in
particular transparent, materiai to be applied to the first

layer.



.5 1t; will be clear at this point that the process accordi ng to_,?hg
“invention for producing a structured |layer on a substrate, in parti QYJWS
t he product substrate, represents an 5 extrenely surprising approach, since
the Jayer is not, as in conventional processes, grow away fromthe product
substrate, but rather, with respect to the product which is to be '
produced, grows toward the product substrate, since the negative

t echnol ogy used nmeans that the structured layers io grows on the auxiliary
substrate. The process according to the invention is particularly -
advant ageous because it is. therefore sinple, fast and inexpensive to

gener at e Ny, GENNUBAI@edN M assis ﬁ?ofﬁ'itbﬁaﬁml&ﬁe 'onEésBoééEékaihg to
produce ver¥1snall,_yn particular diffractive or refractive structures

e. g. nicrotheenseendrian - dratheling ia sheuctauyed sayéacen aith the
surface of ' il.iary substrate defining.correspondin negative nol ds.
20 Furtherﬁ%?%}§%§5’33f¥§§gggf?ﬁ%:iﬁL %d%n%%u%%cﬁVg?EfﬁtgprEﬁgf%?ﬁFﬁédaﬁndn
cont robsl ed ey reeany efurtdid siegatdprrod &ChNs O€e EARE OYEPer SOstRGE , i Lsi $n
possi ble to achieve a_ uniform product quality and a high surface quality.
25 1t is pFERYERAIETRdr PIRSSSSESt: MR jaway of pem gthe spoeduct netlestadte,

simlar topgkasseyse. thaky bdspaassidliad g PLAdCe | ass, | ayer
structured in predefined forwﬁ%aving t he g%ﬁg |€§.%ﬁ ?gn%% hove. The
provi si on Rredngedyg Yo omise t®Wairky ertel grraafuat cawisstt Het ¢If €Sin®e Gthe
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io grows on the auxiliary substrate.

The process according to the invention is particularly
advantageous because it is therefore simple, fast and
.inéxpénsive to generate microstructures in glass.
15 Furthermore, it is possible to produce very small,'in
-particular diffractiﬁe or'refractive strnctures,.e.g. micro-
lenses or micro-channels, in the layer surface, with tne
surface of the auxiliary substrate defining corresponding
negative molds. |
20 | '
Furthermqre, the surface structure can be accnrately
‘predetermined and controlled.by means of the.négative.
technique émployed, so that it is possible to achieve a
uniform product quality and a high surface quélity.
25 ' ' |
It is preferable for the first material to be glass or a
-material similar to glass, so than it is'noésible to prdduce
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.



material, open up an. enornous range of potential applications in el ghe
of glass fiber-optics.. 1 5 NOV 2006 6 A suitable layer which.is simlar
to glass is in particular an Si02 |ayer which is deposited by nmeans of CVD
(chem.cal vapor deposition) and, by way of exanple, is doped with s
phosphor us and/ or boron. Phosphorus and beron are |ikewi se deposited from
t he vapor phase. The advantage of a layer of this type is that the reflow
tenperature is lower than in the case of glass. .10 It has turned out that
an additional, unexpected benefit. of the invention is that a product

whi ch has been structured in accordance with the invention is em nently
suitable f@r useayir N flhl H Css j n Btk ! Iy
advant ageous that the éﬁgﬁé“ﬁgjgiqﬁﬁéi. eg%ajgﬁ ﬁ?é%g_i%Sighgﬁ%ékgﬁﬁgi

di stingui sik&d S5, alavgh whéshcak dembisliiteyl byGmesmss ofiGID ngiieamathby a

- high variabi_lity 4n terns qf its thernal, chani cal and _opti_cal-

' properti_es?’-la%é)trl tderpéjsﬁgﬁqn?ulaﬁqs'y r &fEf aBt eS¥DFPLRe +PrePPERYEEtDr gl ass
| ayer &0 behdepbsirtied aed /de bupdd .| aMeSPRSEEAt 8ndi BorBAr 516U fhehYse
evaporation coating. Electron beam evaporati on coating processes or

sput t er i ng9FPEELS§Es TRRTe theovaporpahasay afhs advambage . of rat hageroof ext

it is.prefepnabl e, far;28Ha2R aRQrEatj on- g ing glass,,€e. g. . '
‘evaporati on-coatfhg giass 8§§% prggtﬁggg:egrﬁ?g %tl 19 Jb%w%%atflé%nijrflathe
vacuum charber by ghesss of an el ectron beamuntil it evaporates, with the
vapor .precipitating . and vitrifying on the auxiliary substrate. 30 In this
respect, reference is also made to the applications DE 202 05 830.1, fil e'd__l..-
‘;OO 04;&5.2@92has turned out that an additional, unexpected benefit of

the invention is that a product which has been structured in
accordance with the iﬁvention_is eminently suitable for use
in micro-fluidics. In this context, it is'partiéularly |
advantageous that the glass layer provided with.micro—

15 channels is distinguished by a high chemical stability.

Glass is distinguished by a high variability in terms of its

thermal, mechanical and optical propertiés.

20 It is particularly preferable for the first layer or glass . -
layer to be deposited oh.the'auxiliary substrate, in
particular by evaporation coating.:Electroh beam evaporatibn
.coating pchésées or sputtering pr6cessés have proven
-particularly suitable. In this'COntext,.it is_preferablenfor

25 -an_evaporation—coéting glass, e.qg. evaporation-coating-glasé

8329 produced by Schott, to be heated in é vacuum chamber by
means of an eléctron beam until it evaporates, wiﬁh the vépor'

_prgcipitating 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;



~ DE 102 22 964.3, filed on 05.23.2002; 1 5 NOV 2006 7 DE 102 22 6@2@ 2006
filed on 05.23.2002; DE 102 22 958.9, filed on 05.23.2002; DE 1 .

787.3, filed on 11.13.2002; DE 103 01 559.0, filed on 01.16.2002 5 in. the

name.-of 'the sanme Applicant, the content of di scl osure of which is hereby

expressly incorporated by reference. The fol | owi ng process paranmeters are

advant ageous for the application of a continuous |ayer of glass;_lol

Sur f-ace roughness of the substrate: < 50 m BIAS tenperature during the

evapor ati oq; 0 Pressure durjng the evaporation: 10-4.npar 15 Ip is_
'-advgntageo§g &%2 ?ﬁesggp&siFﬁgﬁqméﬂnﬁﬁi%%ﬁ %2 by evaporation coating of
the firSt bayeoat0obesears i ediad dif odBANS, gho pl asma ion assisted
0

deposition (PIAD). In this case, an i eamTs additionally directed onto
the substrBEelf@Ri GR 7189 -Bo Béledatomd.ll Tite 3@I2 peam can be produced by -

means of a-20.pLasm urce..for. exanpl e by ionization of a suitable gas.
The pIasnaD%régécggag rPro%éﬁege&&;Hinﬁ%lﬁPQﬁ. the layer and is also
responsi bl enf ohedatmehofig tpar ke s |¥ﬂéﬂﬂ1Igﬁgﬂ%éﬁtéﬂktggaé&gggééﬁfé
surface. This |eads to particularly dense, |ow defect | ayers being
deposi t ed. ©35WAEERr FngSrELY BrEressdy riefdaramurtest yherd femmmideon, the
first layer is planarized, e.g. chemcally and/or . nechanically,. after it
has been applied or deposited. Suitable processes for this purpose include
wet - chem c8he following process parameters are advantageous for the '

application of a continuous layer of glass:

10 | '
Surface roughness.of the substrate: < 50 pm
'BIAS temperature during thé evapération: ~100°C

Pressure during the evaporation: @~  10* mbar

15 It is advantagédus for the deposition or application by
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
is also responsible for detaching partiéles adhering Ioosely_
to the substrate surface. This leads to particularly dense,

“low-defect layers being'depositéd. |

25 |
According to a prefefred refinement of ﬁhe invention, the
first layér'ié_planarized,_e.g. chemically and/or .
méchanically,_after it has been applied or deposited.
Suitable processes for this_purpoée include wet-chemical

30 etching or grinding and/or polishing of the glass layer. The
product substréte is in this case preferably.applied

followiﬁg the planarization.



" 30 etching or grinding and/or polishing of the glass [ayer. The 15r@ﬂgct
substrate is in this case preferably applied follow ng the planali 2096 .
1 5 Nov 2006 8 It is preferable for the product substrate, which is in
particul ar -sel f-supporting. and provides stability to the product, to be
~applied to the in particular planarized fBrst 5 |ayer or -glass layer. In
this case, the product substrate is, for exanple, anodically bonded to the
first layer. Anodic. bonding has the advantage that the product produced
~can be subjected to high chemical |oads. 10 As an alternative or in
~addition, the product substrate is adhesively joined to the first |ayer.
In particullr s gridferatdse, fdhetipd apasddat i oabsBYandyaphagaous! ynbe
omtted, since, the adhesive is able to conpensate for unevenness. In this
exanpl e, t R&EYH 7 &5 0 TPRAF e ANAPTeVIRe s, Shybihétystadhbsi ve. . -
Thi s sinpl yedi meiy d ticularl uj r o] Lcal _products,
i.e. for eghnple d?ggtékiﬁgglﬁﬁéﬂfg %F%i%%gééf%%gu%%ﬁegggégggéagigngor
‘exanpl & adaysoxpr igiasmriEyan arlra thianspasent tiepoxyod206t Betibsduat8gis,
anodi ¢ bonding and durin hesi.ve joi ni ng usin epoxy, a fixed and
per manent .?gﬁgvxenx(?ﬁ“-plqieke S ocsal_%tlé’ -ﬂc‘?fh‘%?$g‘?%gtli‘ ef Pr DL RY €TibsARAEES t he
first |ayebooriiglasss lcaeadnthddi jhdd nthd ayesauerbedbed-by apdic .
bonding or the epoxy, results after the renoval of.the auxiliary 25
- subst r at e SURd e&redntter Rdditatcdesiaad mastiuct , produci bl e or  produced by
t he process according to the invention. In particular, the product

substrate and/or the first layer are transparent, so that the conposite is .
- in pakPicubhgran alternative or in addition, the product substrate is

adhesively joined to the first laYer. In particular in this
case, the planarization may advantageously 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.
nonoptiéal products;.i.e. for example products for micro-
fluidics. The adhesive used is, for example, an epoxy, in

particular a transparent époxy.

20 - Both during anodic bonding and during édhesive joihing using
epoxy, a fixed and permanent.sandwich—iike composite : |
'comprising the pfoduct substfate, thé first layer or giass
layer and the joining layer, embodied by'anodic'bondihg or

"ﬁhe.epoXy, results after the removal of_the.auxiliary
25. fsgbstrate, as an intérmediate or end product) producible.or'

produced by the process according to the invention.

In'particular;.the'product substrate and/or the first layer
are transpérent, so that the composite is in.particﬁlar

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

composite element is produced. Therefore, the invention can



30 perneable or transparent to light, preferably in the visible 105 Noy 2005
infrared region. In other words, according to the invention an optical, "
e.g. refractive or diffractive, conposite elenment is produced. Therefore,
the i-nvention can 1 5 NOV 2006.. 9 be used, for exanple, to produce whol e
arrays of micro- lenses. As an alternativ® or in addition, it is preferable
for 5 further |ayers, such as for exanple an antireflection coating and/or
an infrared-absorbing | ayer, to be applied, in particular to the -

pl anari zedpli [$kdl ¥R exafpiREt VRED LNG, ~d Idhi5d1 agg£afgdoftgg%959duci :
substrate. A layer or layers of .thi's type may, however, also be applied to
the productieb8esubstrate on a side of the latter which is on the opposite
side fromthe first layer. In this way, further optical conmponents are
integrated. According to a preferred enbodi nent of the invention, the is

auxi i ary adbghr at eecaERivEES 2 19€IxSWRRAY t ing .f&rﬁ@f'ef@&f? fspma second
material or consists of such a material. The second nmateri-a ~used is
pr ef er &bl yfHsEhgrglagsrshusucht er fior epampleulanr antsine theduictnr comt Bug al | -

‘e.g. silic / i r a;netal, e g _alumnumand/or a netal
“al I oy. 208 82§?d?§g§P59§E%§?%F%@%%ﬁnﬁuFFHEFVdéVé%Ebﬁﬁéﬂiﬁ theé invention,
the auxilipaytsohsarate, the pleeaateedatralrist Neyessecond Mdeivaln tise
structured_directly and consequently further layers do not necessarily . -
have to'beféﬁﬁFi%GYEESaﬁﬁtEBGgHrPﬁéﬁtn§VFﬁéﬁﬁﬁﬁ1eﬁt}%RQRnéﬁ(i%Yﬁ¥S of .
deDPF!tiontHistbﬁpe ££9$5h5@¥%ér,'QiB@rEbC%b%ﬁﬂéatéB‘%ﬂé”ﬂéBﬁH%E’ the
auxi liar _ : _
: 10 Y substrate on a side of the_latter'which_is on the opposite

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

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 layérs do not hecessarily have'to be,appliea,'f -

25 although théy may be applied, prior to the deposition of the .
glass layer. In particular in this refinemént;.the auxiliary_ '
sﬁbstrate is planarized,.in particﬁlar by_chemical'or
mechanical_heans, e.g. by plane;lapping, before or if
appropriate after the structuring step. |

y o
To uncover the glass étructure'fcllowing the deposition of
the glass layer, it is preferable for.the auxiliary

substrate, in particular the second material, to be



~substrate is planarized, in particular by chemical or nmechanical_neans, .
e.g. by pl ane?l apping, before or if appropriate after the ;trugtﬁJrNPHgmﬂﬁ

- step. 30 To uncover the glass structure follow ng the deposition of the

glass layer, it is preferable for the auxiliary substrate, in particular

the second material, to be 1 5 N OV 20061010 substantially conpl etel y or

at least partially etched away. By way of exanple in the case of a silicon

auxiliary substrate, the latter is dissolved chemcally by neans. of

ot assi um i.de. alterpative . or in.a i_t-_iontothe
erbodi ment deser geé%@%&%%%?ﬁi%ﬁ f"g é{eﬁ&ﬁ P@Ftelﬁggé’l e ahéway -
auxi liary Hubsty aif ecampisesnathel £as8pper hi RE 160N @hxIBdaLr om a

second material and a structuring |ayer which is applied to 10°the carrier.
In this cas¥PSRrate pridieradtee¥ ot st hesseivadt ghendg cadyer byameenst ledn t he

carrier to: : nggcgr The skoyfeturing layer conprises or consists o
in parti c_ulﬁgfca%s;l;ﬁt or %}rc]%)torZs(?sf, A gray scale resist is used in 15

particw ar to produce analog structures, e.g. lenses. Follow ng the

d iti.on,of the.glass layer, the structuring |ayer_ is then etched away
cglrorgiyet Iel y 75 38 3% a?ﬁnﬁ)%’r%l? T YL "i“iﬁ'th%%?PcEPthSyeE‘EPﬁgmGP‘s'séleﬁéa ibed

cheri cal | y a2 Ac cicixitide o M of Giiiel | ehibga TR OLuLhg,Luyenti,on, at
| east one or nore internmediate |ayers are also arrange et ween the_
carri er an@UPRé r&tey QAN THE S Ayerse Thesupmoet edi aeeriayemade Fapar s

preferablys%%gﬁﬁi%%ﬂg%i(¥“§ﬁa a stfucturing layer which is applied to

10 the carrier. In this case, it is preferable for the

structuring layer rather than the carrier to be structured.

The struéturing layerhcomprises or consists of in particular
resist . or photoresist. A gray'scale.resist is used in |
15 :particular to produce analog structurés, e.g. 1enseé.
- Following the deposition of the glass layer, the structuring
layer is then etched away complefely or at least partially,

in particular by being dissolved chemically.

20 According to a preferred refinement of the invention, at
;éaSt-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 résist. In particular, the resist of the inﬁermediate

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

seiecti?ely;

In a particularly preferred embodiment, the auxiliafy
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 bé

produced mechanically, for example by pressing, in particular



of aresist. In particular, the resist of the internediate 25 Iayir-gnd t he
resist of the structuring |ayer are nade from different naterial ,5 OV 1288t

they can be etched away selectively. In a particularly preferred.
enbodiment, the auxiliary 30 substrate or the structuring layer is
..structured by [lithographic nmeans. As anldl ternative or in addition,
however, it is also possible for the structuring to be produced .
mechani cal ly, for exanple by pressing, in particular 15 NOV 2006 into a

filmor foijle Py ' pregi.sion master. Even. with this sinple:
process, it its?b)éogfg'?b éﬁ{ofaoa{@?{i gﬂv}g m%%%ir%%i B3sPTRCEREHi CRShEFer EVERge. 5
For struct wi¢h witils reimtliev ginodeny deiands HHsaLEUE ALY, abheevst ruct uring

may, . for exag:g,]!r%_, .be produced by nmeans of screen printing. The appli cati oh

or adhesi v& GG Sof e 9 MIGTIRGIeFRRIe 10 has al ready been

pre-structured or mcrostructured, to the auxiliary substrate is :
particularly sinple and therefore : preferred. Furthernore, the invention is
al so r &l at Bart stirhetivresntiidis reilm tihiely arew dbardndedoh na&ehrasyutihéty -
model appl Lcat on U-202 05 .830. 1, filed aon April 15, 2002, and Gernan
patent appPication-BE- T§Y 23 G0§*AmHig e PO PiRdneed Byygreanshef ese¥esn t he

content ofptheattiwg.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 inventionis explained in nore detail on the

basi s of e%ﬁgpéﬁﬁxiSHPQSh”BQtédﬁ%@ﬂ@é'}oining of a film or foil which
10 ‘has already been pre-structured of microstruéturéd,'tozthe _
‘auxiliary substrate is particularly simple and therefofe.

preferred.

Furthermore, .the invention is also related to the inventions

15 which are.described in German utility model application U-202
05 830.1)'filed on April 15, 2002, and German'patént
application DE-102 22 609.1, filed on May 23, 2002.
Therefore, the content of the two applicationé referred to
above is hereby incorporéted in full by reference in the

20 subject matter of the'presént'disclosure.

In thehtext which follows, the invention is explained in more '
detail on the basis of exemplary'émbodiments and'with -

reference to the dréwings.

25
Brief description of'the_figures“
Figs. la-i - show the production of a product according
to the inVention in accordance with a first
30 embodiment_df'the invention,

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

‘embodiment of the invention,



reference to the drawings. 25 Brief description of the figures Figs la-i .
LR T

show t he production of a product according

to the invention in

with a first 30 enbodi ment of the invention, Figs. 2f-g show the

~production of a product according
second enbodi nent of the invention,
production of a product according

to the invention in accordance with a

1 H,NOV 2006 12 Figs.
to the invention in accordance with a

3a-f show the

"third enbodi nent of the invention, Figs. 4a, c, d show the production of a
product according 5 to the invention in accordance with a fourth

~enbodi ment193- tI- nvent i showartthei gsodsfctg oghortt e producti arofrding
product according to thetgn%%ﬂjifnvén accoq%gngg gﬁ#h a fit%g e odigﬁnt
of the invention, 10 Figs- 6a, d, 1 FhoWthéTprtdttiTon-of Yatpr duct=2
to the inventiembbaiaeadr d&neeaMitdyentsiod h enbodi nent of the

accordi ng
i nvention,

photograﬁ#—
waf erg wi t h

Fig. 7 shows results of a TOF- SIMS neasurenent,

Fig. 8 shows a

DY #£3i FostopElPaddie ProghgtRiog 9fdisagpamfactcadserETts a

a hol e mask 105, 2, LeakyINtNgSS: 4 e5LeoPRLALLCH; d8SYl | ALLAL, Of

the invention 20
embodiment of the invention, and
Figs. 5f-g show the production of a product according
to the invention in accéfdance with a fiftﬁ
embodiment of the invention,

10 Figs. 6a, d, £ show the production of a product according
to the invention in_adcordance with a sixth -
embodiment of the invention,

Fig.-7 shows results of a TOF-SIMS measurement,
Fig. 8 | shows a photégraph of a microscope image,

15 and

Fig. S : diagrammatically depicts.a wafer with aghole
mask fof a leaktightnéss test.
Detailed descriptioﬁ.of the invention
20
The following text presenté, by way of éxample, six
embodiments of the inverntion; it is possible for the features
of the various embodiments to be combined with one another.

25  The drawings show diagrammatic sectional illustrations

. through 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 letters,
and consequently some letters have been omitted in the |

30 numbering of the figures. Identicél and similar parts are

provided with the same reference symbols in the figures.



The following text presents, by way of exanple, six enbodinments 6f5 NOe 2008
invention; it is.-possible for the features of the various enbodinents to
be conbi ned with one another. .25 The draw ngs show di agrammati c secti onal
illustrations through the product in tie correspondi ng production stage.
For the sake.of clarity, figures which show identical or simlar

" production stages are denoted by the sane letters, and consequently sone

| etters have been omitted in the 30 nunbering of the figures. ldentical and.
simlar ga@a®kad provided with the same reference synbols in the figures.

1 5 NOV 200 13 I L O . S ~an.auxi i ar t rat made
fromsil ?Pgloqg laAcSclfﬁ(;o?‘g%)nén k)‘%ﬂ%l%%tg‘%ﬁ%éggé%s?gp, %id])él Eg-??atsg&%c#qﬁ g. |b,
a b5 layer of photoresist, nore specifically of gray scale resist 20, is
applied to a topside 10a of the substrate 10. The gai scal e ,res'r-léjg has
the advaftiGRFFGIRE G The RV REFPFE £5°Ppr dddCE T ARAFGy 18t Fi&turds. 2 10

As 1l ustyated dn ;Acgcozlé:siétp,e R AY éﬁéh?f&%@hik 2% bayPLeuhdedaMitdy
structures 21 to 24 by nmeans of gray scale [|ithography. The structures 21 -
and 22 r epr.esentapgpioied ct@ta onepp$ydsyhhet pEc&hehshbewsanki ¢ -afhedayiaghed

' ti |d far t vex | The _ st 23 f is th
Regat | ve SHILF AFELFS dahguta ST F Ut oL AN Ena  GLFRCPAFS THo & esent s

t he negatdreyny G_l'u—]‘aqrod@ deaianatdar. binary diffractive structure. As .
illustrated in Fig. ird, a first layer or glass layer 30 is 20 deposited o

- a topside 20a of the resist 20 by nmeans of PVD . (physical vapor

_ depolsbi ti Ak )illd&rtamesd eﬁ?rﬂge f@,e the gray scale resist 20 is

. provided with structures 21 to 24 by means of gray scale -
lithography. The structures 21 and 22 represent two
rotationally symmetrical hollowé which are designed aé.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 negatiﬁe 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 wvapor deposition). In this example, the
evaporation-coating glass 8329 produced by Schott Glas'is
used as material for the glass layer 30. As an alterﬁative,
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. 14, this surface is planarized.

In the present exemplary embodiment, the planarization is

effected by grinding and polishing the glass layer 30 on that



evaporation-coating glass 8329 produced by Schott Gas is used 3sy \gyempial
~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 exanple A1203 or Si02 . . To snmodth the uneven surface 30a of the _
‘gl.ass layer 30, as 30 shown in Fig. id, this surface is planarized. In the
present exenpl ary enbodi ment, the planarization is effected by grinding

and pol i skildg Bhe gfasshe ayerss3Q [t od JnbcNOVs 2006 d4:sbferd@a of the
gl ass layer 30 which is renote from the auxiliary substrate 10. As a
resul t, tRE*XGLASIY &POcStIGteaddui Pes @ Bnpotthl ythel gshed daykacd030b. The
result faql i h I i zati. step is illustrated in Fig. le. 5 As
Shown i n g trE? 2" ErBethal ERL ARt Bl Gaoc P’ BB FehPeal “to the
auxi | i ary fslbswiatie the, plananddiacdldry dxampleds 1D1t8ergtagsihayeg. 30eat its
surface 30b, the bonding being denoted by reference nuneral 407 in Fig. If.
10 Thé& product substrate 50 used is, for exanple., a drawn glass, in

par ti cul apsD2E3wRr oduge DY £3080b ko RRe AR AL A TSy PRLLLgLL &Y
application,-an al kali-free glass, e.g. AF45, f? pro ucedl%yng%hott,
may al so béentignlageobbe kSxAltieryatsureltyrate f1matigl assdieayly Bosadbaat
33 produced by  Sehott, kgomg uggen the trade name "Jenaer d as" is used.
‘The product ~sGbStFare B8 f s Seff- upsttithyantt Rerved RPIRAPEIRES t he
product whenbté& b9 berpredueedumaRdl 40 in Fig. 1f. ' o
. _ : | :
The'produét substrate 50 used is, for example, a drawn'glasé,
. in particular D263 produced by Schott. Depending on the
particular.application, an alkali-free glass, e.g. AF45,
AF37, produced by Schott, may also be.advantageousﬁ
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-thaﬁ;
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 ﬁegative structures
21 to 24. The positive structures comprise two rotationally
symmetrié convex lenses 31, 32 with a diameter of '

"30 approximately'l mm, a triangular projection 33 and a

rectangular structure 34. The structures 33 and 34 extend

'_J

perpendicular to the plane of the drawing. It will be clear

hat the process

rr
ct

to the person skilled in the art, however,



consequently in this exanple the glass layer 30 is not self 20 pgﬁ tlng,
al though it may be sel f-supporting if required. Then,. the auxil

substrate 10 and the gray scale resist 20 are renoved by etchi ng away the
gray scale resist, so-that, as illustrated in Fig. Ig, all that remains is
t he product 25 substrate 50, the glass.|layer or glass structure 30 and the
~anodi ¢ bonding 40. The glass |layer 30 has positive structures 31 to 34

whi ch are conpl enentary to the negative structures. 21 to 24. The p05|t|ve
st ruct ur eRCEEHHLnge ttq/\@rrez)tien\‘r@iriaimy capnwkEpi becomedx toempyesi®Ee, 32 with a
di anmet er of 0 prOX|nat a.triangul ar .project.ion 33 an

rect angul ar- gtﬁﬁ urel’rG}Af)t fe d rucT% %§n§%yaﬁﬁd3&°éx%&ﬁ@rybgFﬁgﬁ&ufﬁlar to
the . pl ane rof Hehey 181 1ngre t30M lin beagt eafilat) theipensrRizkie lked in the
art, however, that the process 1.5 NOV 2006 15 according to the invention
can al so meQQwaitatquannnﬁs ofi remeal 1gr angant Bep desi eOd bmnaﬂpOamm
non-binary structure in the glass layer 30. In particular, it is possible
to pﬁodué@ $#% u@Purds BT 1 -er t han 500 m 200 m 100 Slim 5 50.m 20
.m or . r ct._as 4l |n F|g consequen d
represents an%5§9$3§|%f ?&%%ﬁﬁ%aé% pf%dﬂ%? haglnan M- Fg EF&%gy
surface. Aepoedengs tam tdptemarypltafamspaﬁ@ﬂtnpﬁbdubem&eﬁ ngt ae product is
processed further,. as 10 shown in Figs. |h and li, in order to obtain a
product WPERTOFRS UG UFSEhISSIE AR ATTRIHRY. Sr Fré8sSXRBPEATYNg to Fi g.

ih, an anthbehkaehion eRAY 64d sp@cpcmhe@dlster&éesggg%ggti% Lgmot e

fronlthe gl ass layer 30, of the 15 product substrate an al ternative
or inoaddishwn, int Fiigs. 1h and 1i, in order 'to obtain a product with

two or double-sided structured surfaces.

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

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

layer ana/or further optlcal layers

It is illustrated in'Fig 1i that a second structured glass
20 .layer is applied to the antlreflectlon coating 60 by means of
anodlc bonding 70. The second structured glass layer 80 1is
~produced using.the same process as the first strﬁetured glass
layer 30. In this context, it may be advantageous for.the_
'second.strﬁctured 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. 1e, and for the photoresist and
aﬁxiliary 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



al so possible, for exanple, to apply an infrared-absorbing |aye aﬂbQ/ %bﬁ
further optical layers. It is illustrated in Fig. ii that a seco 'él
+structured glass 20 layer is applied to the antireflection coating 60 by
nmeans of anodic bonding 70. The second; structured glass layer 80 is
produced using the sanme process as the Tirst structured glass layer 30. In
“this context, it nmay be advantageous for the second structured glass |ayer
80 to be applled to the 25 antireflection coating 70 together with the
associ at e@rmmmmueén@laaxl Legey 3aobstirat.e ifndthe shiagy, i.e. in a

- stage cors ond| to. F for the . photoresist and_  auxiliary
substrat e ‘?n t0‘??9{1) I?is a})é_d Wgt APPREPZ &G 2 Ché’%”ﬁhfé?e 80 only to be
et ched aVﬁYcéﬂ%%:@&{ oﬁ%ﬁétsﬁaﬂkéf%&tlbhe rﬂi_;sttd ualdirsd ghassed aver

80 nmay also be applied to the product substrate 50 before the auxiliary

substraté—éﬂ}(ﬁl@ﬁwd THes e ee@srst has ahe eﬂ@h@dama;tkfatomrtawe 1 5 NOV 2006 .

16 fi crtured glas e i in the stage ustrated in Fig.
if, |5¥ a pr%%)rl a esq:a o) C\?\n%‘ﬁ)\é%%leﬂ?ncorporgﬁ on 657 r# wrletfrf t?l‘

coating Glimsw/0d fasddied stayetsredhgsaprotegdene has tsme gV @ﬁ:ﬂélﬁt '
the 5 photoresists and auxiliary substrates associ at ed with the first and
second st&Wft lﬁlé‘ﬁllg-laé%%oqsalylérs 30, 80 can be etched away sinultaneously.
Exanmpl e Z.E gL illustrates a product which has been adhesively 10 joi ned
by neans r of. epoxy 41 rather than anodically bonded. O herw se,

t he produtig. tﬁftxihd&;mﬁ&gﬁaalprmdmetedhlch has been adhesively

10 jOlned by means of a layer of epoxy 41 rather than anodlcally
bonded Otherwise, the product, up to the stage illustrated
in Fig. 2f, has been produced in the same way as in the steps

illustrated in Figs. la to 14.

15 Therefore, the starting point used for the adhesive.joining

| ~of the product substrate or carrier SO.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 epoxXy 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.

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

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

triangular binary structﬁre 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

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



in Fig. 2f, has been produced in the same way as in the steps il16sk0vaess
in Figs. lato id. 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 |ayer130. The product substrate 50 is
adhesively joined to the uneven glass layer 30 by nmeans of the epoxy. As
‘can be seen in Fig. 2f, the 20 epoxy 41 conpensates for the unevenness in
the glass layer 30. Referring to Fig. 29, the auxiliary substrate 10 and
the phot BRESHSH1RT e accemet Sday-hes brolpelicpl spevhbadif¥nel 928SFhe
product 1 illustrated in Fig. 2g also differs fromthe product shown in
Fig. id by virtue of having a further triangular binary structure 35
provi ded sasteadnofhkheiduaty 1 Hddietdi®g 3do #h8i €60onbasiBbd3fhentt Bfa
volune in the range 30 fromQ..1to 2 | _is formed between the two triangul ar -
st r uct ur e§R831NIENELPBNdRFY ISR EHA kR t LT he2 Pt ahBe of CLREPIdPAW Nng.
Ther etor eqahlie:REOdUGk -1 shag cemdpentilan sui dAb 6k 0Ly gk o1 2e T hik dbeSvett O
for what 1s known as“a DNA processor, In 15 NOV 2006 17 particular on
account otdvhetbpebagi tal wseutmalapoxyfwigtlass. reSraceive théeprweduch is
according to.the second _embodi ment of _the.i ventifn, as illugtr?ted in
Fig. 2g, fﬁ@lﬁBFnFﬁgt Pt 8T adiEsiSFE Y4B A 19135 Rot 2pFandY 3R bBEh*EF des,
i't has prgysAucadapkagaedssipo use an epoxy with a refractive index which
is simlar to that of the structured glass layer 30. and of the product
substrate 50. 10 An optical epoxy adhesive, e.g. "Delo Katiobond 4653"

10 An optical epoxy adhesive, e.g. “Delo Katiobond 4653
produced by Delo, based on a Qne—qomponentr”solvent—free uv
adhesive with a refractive index_h = 1.5 has proVen

particularly suitable for use . as the epoxy 41.

15 In the present case, the refractive indices are éelec'ted as
follows:
Product substrate 50 Glass AF45 ' n=1.52
Epoxy layer'él- " Delo Katiobond 4653 n =1.50
Glass layer 30 - - Evaporation-coating n=1.47

glass 8329
If Borofloat 33 (n = 1.47) or D263 (n = 1.52).is used as
20 material for thé 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 époxy having a corresponding
refractive index is selected. Epoxies with refractive indices

25 of from 1.3 to 1.7 are_available'for this purpose.

ExamEle 3

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

the invention in accordance with a third embodiment of the



produced by Del o, based on a one-conponent, .solvent-free W adhe§iv§ y@ﬁ% a
refractive index n.= 1.5 has proven particularly suitable for us a%
~epoxy 41. is In the present case, the refractive indices are selected as
~follows: Product substrate 50 (G ass AF45 n = 1.52 Epoxy |layer 41 Delo

Kati ocbond 4653 n = 1.50 d ass |ayer 30 BE#aporation-coating n = 1.47 gl ass
-.8329 If Borofloat 33 (n = 1.47) or D263 (n = 1.52) is used as 20. materi al
for the product substrate 50, the low index. differences nake it possible

to work with . &R0 .. ather e e used either for
t he gl ass F§§%?%§%ﬁg§?%gt%érébgéag?ggﬁﬁ%%?gfé§%g§g%%8%%bxy havi ng 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 3affTShoRtt Relpr 8dFEHE o BPOTHE B catret L 300 r SR T2t the TeiRntion

- in accor dapesmist b s @ohhikd peahedir®nteqf. the 1 BNV 2066-5:18 invention
with exclusively binary structures. First of all, a self-supporting -

auxi |l i ary sobstmgtiéate dager flbomssigppdared stpritwe datkilHary 3a)bsTiwre a -
10.

~first 5 inter iate layer,.15 is_applied to the auxiliary. substrate

The' | nter el atge| Apere1EaiaYepageR aB0 i F o oA Y wer o at o
| ayer whi chimp180otnpbehesenset L¥gerf @hi@xamlmimdeddnss dilast i €5
material. 10 A photoresist layer 20 is applied to the internediate |ayer
15 and str8¥PUPed MAABI AAPT PoPHPSFerSexmhfieidly means of .

10 A photoresist layer 20 is applied to the intermediate layer-
' 15 and structured in binary form, for example by means of '

photolithography. The result ‘is illustrated in Fig. 3c.

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, s0 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_BO to the auxiliary
substrate 10. Consequently, the embodimént 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



photolithography. The result is illustrated in Fig. 3c. Then, 1q§q@ 006

| ayer 30 is applied by evaporation coating is (Fig. 3d). The glass Iaye%

.. 30. is planarized and a product substrate 50 is anodically bonded to the
pl anari zed glass layer 30 (Fig. 3e). Then, the auxiliary substrate, the

i nterimedi ate |ayer 15 and 20 the photoresi st |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 the result. In this case, the

i nt er medi at. o5 Rrevent. adhesi ve 25 ¢0|n|n

'evaporatlon%géa Shg gl'ass B0 e HBFHTarS 1QUEQWP£%§gEOa Eﬁﬁéé&ﬁ@ntly,.

t he enbodi nenti desei=ifleed above is particularly advantageous for the
production of binary structures for which a gray scale resist is not used.

30 Exanple 4 Referring nom1to F|g 4a, an auxiliary substrate 10.is

Becor dance R ATR P Cebadiort of PHATS S ACAR5006 “55°r hYER 1 0. LThe

accordance w.th a

“auxiliary $ﬂb@h@aﬁedi&ecm&gru$8$h£[xﬁxrﬂmﬁky5$¢b§@ﬁamgf§o Red er £} nghaow
to Fig. 4c, blnar %atlve structure 10a is 5 produced directly in the
auxiliary §&3§FP3te YOMeRRE, At Wate ChaMich, eh5hHegins of wet - cheni ca
etching. Then, the glass |layer 30 is applied by evaporation coating, and
the product is processed further in accordance with the 10 other '
enbodi ment $hepn thesgéreaplayy redfodismeapplitdie aytixe¥ape yasids tded eidd,

mor € SpECIghﬁakhg %QSdﬁ L'g%nprb%e%E% Olve%ﬂ?::@ﬁ?%fcégr anégiw1th the

10 other embodiments.

In this exemplary embodiment) the-auxiliary'substrate 10,

more specifically the silicon is dlssolved by means of a KOH

solutlon in order to uncover the structured surface 30c.
15 . '
Examgle 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 under51des of the pro;ectloné
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-eleqtro—mechanical systém)'82, which is .

encapsulated by this process.

30 Example 6

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

example.



solution in order to uncover the structured surface 30c. 15 Exanp%s & Fi&).ﬁ _
5f shows a product according to the invention in accordance with &2
enbodi ment in a stage corresponding to Fig. 3f, with a slightly

differently structured surface 20 30c.:%pe surface 30c of the glass |ayer

30 has a central recess 35 and el evated projections 36 at the outer edge.

" Referring nowto Fig. 5g, the undersides of the projections 36 of the

gl ass layer 30 on the product 1 are joined to a 25 second project substrate
8.1 by nmeans of a second anodic bonding 70. This produces a central cavity
35 around _an MEMS structure (mcro-electro-mechanical systen) 82, which is
encapsul disd BRFE SR GeES S 18D £xahPl BPBLERE. T6a tiFfoRs™an iéfBossed,

pr e- st ruchied pleasty ¢ fdJ m:25.96 bs_conmEEclaklyaval |@hle efif) the rol |
from3M by way of example. 15 2006 20 The pre-strucCtured film25 is
appl i ed -Thert heheudllaissr Y ayesubsa riat eagfl iedr texamel ethycadiresi seirtfenk ng

Fig.6d). _ Then, .t he .gl ass | rr 30 is applied to the structured. surface 5
0 ite. DioA T BUATCAE o, by s SrERaBRF e ROPGRPEnG mow t o Fi g 6

the glass layer 30 is ground down and anodically bonded to the product
substrate 50. Then, the auxiliary substrate 10 and the plastic film25 are
renmoved, REFeforingx agy &by¥is-cHihg ore byldebngaseraéledsi groume ciover way.

Thi's in Ly aQ{o%q.%%%.%.Xa Ko £1,8] yt%%?f@&ﬁc@@t sREeduGt 1soNavhag a surface
which is structured on on€ side 1n orm . _
‘auxiliary substrate 10 and the plastic film 25 are removed, .
10 for example by etching or by being detached in some other -
way. This in turn prbduces a cqmpletely-transparent'product 1
having a surface which i1s structured on one side in the form
of the structured glass layer 30 in the glass carrier 50.
The following text illustrates results of various tests

1s  carried out on glass layers formed from Glas 8329 deposited

by evaporation coating.

_Fig._7 shows the fesuits of a TOF-SIMS measurement, in which
the count rate is plotted as a function of the'sputtering

20 time. The measurement characterizes the profile of'the
element ;oncentrations in the glass layer. A thickness
conétancy of < 1% of the layer thickness-was_detefmined for

the glass layer.

25 Fig. 8 illustrates glass structures produced. in accordance

with the invention from Glas 8329.

_Furthermore, leaktightness tests on the copy-protect layer
formed from Glas 8329 were carried out as follows.
30
A silicon wafer was provided with an étching stop mask. As
illustrated in Fig. 9, the wéfer 97 was divided into nine

hole areas 98 (1 cm x 1 cm). The individual hole spacing in



of the structured glass layer 30 in the glass carrier 50. The fol h?mﬁa\gm
text illustrates results of various tests is carried out on glass layers
formed fromd as 8329 deposited by evaporation coating. Fig. 7 shows the
results of a TOF- SIMS neasurenent, in V\/?'hch the count rate is plotted as
"a function of the sputtering 20 tinme. The .neasurenent characterizes the
profile of the elenment concentrations in the glass |layer. A thickness
constancy of < 16 of the layer thickness was determ ned for the glass .
layer. 25tHRegar@aisl Wast netreiedyifassn stowictor eswpasdioddlown.accordance wth
the invention fromd as 8329. Furthernore, |eak-Lightness tests on the-
copy- prot e€t F&¥er 1 6t & rotid¥5. 8329 were carried out as follows. 30 A

silicon vater \was Rprevigedd R glehing stop mask. As illustrated in
Fig. 9, the wafer 97 was divided into nine hole areas 98 (1 cmx 1 cm . .
The i ndi vBddalrowal € .pawi mplien sbaB i@V 2006 21 the areas was varied from
row to'row.as follows. 1st row. 1 mmhole spacing 2nd row 0.5 nm hol e
spaci Ag 3td FO% SEURISMINdES FFadiatF FA $A9pel egabReChol @sH99 have an
edge length of 15 m After the unstructured back surface of the wafer had
been coated with an 8 um (specinmen A) or 18 um (specinen B) layer of das
8329, theawater thasunseruthtyretdc etk suhtadel ef 1fhsuvdfeeshasd baenas t he

glass. It was possible to successfully observe the success of the etching
under a tpgﬁgﬁﬁtyé§h|a@h@ um (specimen A) or 18 um (specimen B) layer

of Glas 8329, the wafer was then dry-etched in the hole
10 - surraces 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 léss than 10°® mbar 1l/sec.

The high strength of the glass layer regions despite

considerable bending of the wafer during the measurement in.

the respect measurement area i1s 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 IS0 718 HC1 Na,0 Comments

Class consumption equivalent




m croscope. For all 18 nmeasured areds, a Helium|eak test reveal ed sanmeq!m
is rate of less than 10-6 nbar 1/sec. The high strength of the glass |ayer
regi ons despite considerable bending of the wafer during the nmeasurenent

in. the respect neasurenment area is anmazing. Even after 20 conditioning at
2001C, there was no change in the glass 28tructure. Furthernore, resistance
measurenents were carried out.on the glass |ayer in accordance with.
DIN'1SO The results are given 25 in Table 1. Table 1:" Specinmen
desi gnat i pr—83289="&ter+—DBHN-S56 7}[“ HEL-MNa20-Comments—0Class—consun pt i on
equival enf 1 5 NOV 2006 22 m / g] mhéﬂé) DI N
12116 WNat pr+a—Fotsd lCu....c..L s—CHas 1\,1..‘,ved surface w-stble—frgl-dn?] area
[cnR] chaphges 1 M4 2 x 40 Uncharmget As mdteriald AIinnaPRII
Mat eri al m TeMRYED, SOl aCce / Viw a5 P area
[cn2] chapges—A2—122—2—=x 14 Unchange -rraterla,]l') g It ?rt“h%ﬁy ear to
t he persoh skill €daiss the ar{ t hatentdveed surface { /visible
[mg/dm?] area [cm?] changes
1 W . 0.4_ 2 X 40 Unchange
As material -d
Alkali DIN ISO Material Total Comments
695 removed surface /visible
Class [mg/dm?) area [cm?®] changes
A2 122 2 x 14 Unchange
As material ' d

It will bg ‘clear to the pers_oh 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.



enbodi nents descri bed above are to be understood as exanples and1t5hd0V t2008
invention is not restricted to these s enbodi nents, but rather can be
~.varied in numerous ways W thout departing fromthe scope of the . invention.
1 5 NOV 2006 23 Clainms 1. A process for_producing a product (1) having a
structured surface (30c) for generating d?¥fractive or refractive. :
structures, in particular for generating 5 mcrostructures (31, 32, 33, 34,
35, 36) in glass, at |east conprising the steps of: providing an auxiliary
substrate (10, 20) having a structured surface (20a) the structured
surface (20a) of.the auxiliary 10 substrate (10, 20) defining correspondlng
negative nolds, and applying a first layer ((30) of a first material to the
structured surface (2.0a). 15 2. . The process as clainmed in claim1, which
al so includes renpval of .the auxiliary substrate ('10, 20) 3.. The
process as clained in one of the preceding claims, wherein the first
mat erial (30) conprises glass or @ 20 material simlar to glass. 4. The
process as clainmed in one of the preceding clains, wherein the step for .
appl yi ng Cheinfsi rst |ayer (30) conprises a dep05|t|on operation. 25 5. The
process as claimed in one of the preceding clains, wherein the first
material (30) is sputtered or

1. A process for producing a product (1) having a

structured surface (30c) for génerating diffractive .or
refractive.stru;turés, in particﬁlar_for generating
5 .microstructures (31, 32, 33; 34, 35, 36) in glass, at

least comprising the steps of: .
providing an auxiliary substrate (10, 20) having a
structured surface (20a),
the structured surface ('20a). of .the au.xii:l.ary

10 subst:ate (10, 20) defining corresponding negative
molds, and |
applying a first'iayer.(BO) of a first matefial to the

structured surface (20a).

15 2. The process as claimed in claim ;, which also includes -

removal of the auxiliary substrate (10, 20).°

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

20 material similar to glass.

1
H
ng
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as claimed in one of the preceding claims,

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



1 5 NOV 2006 24 evaporated in order to be deposited on the struggug®d e
surface (20a) of the auxiliary substrate (10, -20) 6. The process as clal ned
in one of the preceding clains, 5 wherein the first layer (30) is applied
by evaporation coating, in particUIar i s.deposited by neans of plasma ion
assi sted deposition. 7. The nethod as cla?_ d in one of the preceding
claims, 110 wherein the structured surface (20a) of the auxiliary
. substrate (10, 20) defines a negative nold (21, 22, 23, 24) for optical

| enses or channels. The process as clained in one of the preceding clains,

| c wherein the first layer (30) is planarized (30b) 9. The process as
clained in one eVaphrapeécedionpct digEhe ddEeFEited g edeclstsubstrate (50)
is aDDied. 20 10. The E CESS. as clalned in one of the preceding clainmns,
wherein a produEtr5tibst Fal2 (B0)-Eors hﬁsbl%%ﬁ§§maH§ ‘FlteRi0al similar to
glass is applied.. 11. The Drocess as clainmed in one of the preceding -
clains, 25 mhereln a groduct substrate (50) is adhesively joined (41) to
he first |&ver £88) PO TR EADIOHSEhs = | nsreRf itheopesokdtng pietes) ng

cl ai nmsg, mherewﬂngnpﬁodggt'sq§§b€@ggf( di.c I bonded .30 (40) to
the first laver (30).. 13. The Drocess gg;c]%i%@%“inaon of “PR&pt@tedi ng
clainms, wherei ﬁoﬁhenﬁlux@l%ﬁﬂynwﬁm ate dxpnitses by sebhslob B@sx?é)% 25

supporting carrigy {20)s{s MbJIiAMA second material,

7. . The method as claimed in one of the prec ceding claims,
10 wherein the structured surface (20a) of the auxiliary
substrate (10, 20) defines a negative mold (21, 22,

23, 24) for optical lenses or channels.

 8. The process as claimed in one of the pre:ec‘z_ing claims,
15 wherein the first layer (30) is planarized (30b).
9. The process as claimed in one of the preceding claime,
wherein a product substrate (50) is applied.
20 10. The process as claimed in one of the prece ding clalms

~wherein a product substrate (50) comDrLSLna glass or a

material =imiiar to glass is anbiﬂed

1l. The process as claimed in one of the preceding claiﬁs
. = ’ !
25 whersin a product substrate (50) is adhesively joined

(41) to the first layer (30).

12. The process as claimed in one of the preceding claims
. e — o~ 3y
wherein a product substrate (50) is anodicalily bonded |
/30 : (40) to the first layer (30).
13 The process as claimed in one of the preceding claims
> - '

wherein the auxiliary substrate comprises a self-



and the second material is structured directly. 14. The process as, gl 'Vn%s
in one of the Dreceding clains, 5 wherein the auxiliary substrate ?1@ i's"
pl anarized prior to the structuring step. 15. The process as claiimed in
one of the preceding clains, wherein the, auxiliary substrate (10, 20) is
at least 10 partially etched away. 16. Tﬁg process as clainmed in one of. -
the receding clains, wherein the auxiliary substrate conprises a carrier
(10) made froma second material, 15 a structuring layer (20) is. applied
to the carrier, and the structuring layer is structured. 17. The process
as claimed in claim15, wherein the 20 structuring laver (20) conprises a
pre-structured $ibperoingd gidr2E) (0O8)) ThemEddess as selcandedatarténi m 16
or.17, wherein . inte diate |ayer. (15)_.is applied between. the carrier
25 (10) and thegg?rb%’f uérﬁ%n ér)‘/e"r‘%‘ftf) 18 PR BAS 695255 ¥ ai ned i n one

. of the Dreceding clains, ‘wherein a structuring |layer (20) conprising.a
phot or esi st or ar ay scale resist is app lied. 30 20. The process as clai ned
one of the'brectBf MFFETHES WieEh ¥ henst Qic s RFseEpReofpriBes a.
lithogeaphic pyREESSH Ofnd ABEhaN LAl psasSSiNg @QRST At ﬂanééﬁ%’ 2006 26
~21. The process for producing a product (1) having a Structured surface
(30c) in parti cRF&PTfER eheTaYIpPring step. '

10

=
m

20

30

15.

1€.

18.

.18.

20.

‘wherein the auxiliary substrate

The process as claimed in one of the preceding cleims,
(10, 20) is at least
partially etched away.

The process as claimed in one of the preceding claims

14

wherein the auxiliary substrate comprises a carrier-

(10) made from a secend material,
a structuring layer (20) is applied to the carrier,
and

the structuring layer is structur=d.

The process as claimed in claim 16, wherein the
structuring layer (20) comprises a pre-structured film

or foil (25).

The process as claimed in claim 16 -or 17, wherein an

intermediate layer (15) is applied between the carrier

(10) and the structuring layer (20).

The process as claimed in one of the preceding claims,

wherein a structuring layer (20) comprising a .

photoresist or gray scale resist is applied.
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as claimed in one of the preceding claims,
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process or & mechanical pressing operation.



mcrostructures (31, 32, 33., 3a, 35, 36) in glass, and 5 in partig¢gl gy
claimed in one of the preceding clains, coner=sing at | east the steps of:
provi ding a negative mask (10,20) having a structured surface (20a) , and
depositing a first layer (30) of a first material on 10 the negative mask
in order to produce a positive inpressio®(30c) of the structured surface
-(20a) of the negative nmask in the first layer (30).. 22. An internedi ate
product, in particular producible by the process as clainmed in one of the
preceding clains, conprising. an auxiliary substrate (10., 20), and a
‘first layer (30) of a first material joined to the auxiliary substrate
(10, 20) , the first layer (30) 20 having a structured surf ace (30c).

whi ch “aces_ the auxiliary substrate (10, 20) , and the first 1 aver .(30)
25 30 1 5°Nov DHORTFESEart Pe RIEIAEHES for eFadvestalbd)| ibavynsudstrate (. 10,
20) while retalninig i LK e rface Q) -~ A_Pr 1. (1) having
a :structured gtrfacg&%§b§§£%%%%é#§ uchF%'S%égﬁéméggbégg §§H§T%§ﬁ%% in any
one of clains mianesZrucxures  (Grlodaet, 3@lL) 3Rkavizsg aest tuctlaed, sand ace

| %Lgra;rﬂ_ &Il%@ %.jsb | & abl%etdh e:.np I;:%%e ot %Snec lpg'lnr'rgglrlig any .10 one
) g - T =

(30c) 5 in pan&g
of clainms. 1 to conpri §in

claims, comprising at least the steps of:

providing a negative mask (10, 20) having-a structured -

surface (20a), and |

depositing a first layer (30) of.a first material on
10 the negative mask in ofder to produce a positive

impression (30c) of the structured surface (20a) of |

the negative mask in the first layer (30).

22-._ An intermediate .produ_ct,_ in paft_icular producible by
15 the process as claimed in one of the preceding claims,
comprising | | |
an auxiliary substrate (zo0, 20)/ and
a first layer (30) of a first material joined to the
.auxiliary substrate (10, 20), the first layef (30)
20 . having & structured surface (30&) which_facés the -
auxiliary substrate (10, 20), and the first layer (30)
25

30



a product substrate (50) nade froma third material , a first | aymoy3mpe
of a first material having a structured surf ace (30c:) , the first |aver
(30) being applied fixedly to the product substrate (50) | ~ . 25. The
product (1) as clainmed in one of the pregeding product clains, wherein the
product substrate (50) and the first layer 1130) are transparent. 20 26.
The product. (1) as clainmed L n one of the preceding product clains '
wherein the first layer (30) and the product substrate (50) conpri se.
glass or a material simlar to glass. 25 27. The product (1) as clai ned
one of the preceding product clains, Were i rn the first laver (30)
conprises a |ayetampradubets by=depesit itoik - The Pr L (1) cl gjyred
in one of the preceding 30 product clgﬁﬂ; %ﬁ%re?ﬁrfhggggrééeF '28) ggﬂg
=ses a laver prdBticed IH-3PutPer ing srouavapedatipfacas (NEY) 2006 28 29.
The product (1) as clainmed in one of the preceding product clainms, wherein
the first laver (30) is applied by evaporation coating, in particular is
deposi ted by2feans mfoqu@asna i oRagssEsked-dapositigns, 5,30 (Ihg, product
(1) as %I aimed in one of the preceding product clains, erein: )[he -
structured surfad¥F IBFEELe Y t Re=f Procssyers (8D3inedi iesamptdmalod enses

(31, ~claims 1 to 21.

24. A product (1) having a structursed su~face (30c), in
particular producible by the pProcess as claimed in any
10 ' i i s
_ one of claims- 1 to 21, comprising

& product substrate (50) made from =z third material,
Zirst layer (30) of & first material having a

:strg:turea surface (30c¢), the first layer (30) being

applied fixedly to0 the product substrate (50).

[
Uy

25. The product (1) as clzimed in one of the Dreceding.
broduct cizims, wherein the product subst—ate (50) and
the first layer (30) zre transparent -

20 . 26. The product (1) as clazimed in one of the preceding
- product claims, whersin the first iaYEr'(EOY and the
broduct substrate (50) comprise glass or a materizl
similar to glass.
25 27. The product (1) as clzimed in one of zhe precedinc
broduct claims, whersin the first laver {30) comprises
a layer produced by deposition
28 The product (1) as cilzimed in one of the preceding
30 product claims, whersin the first laver (30) comprises

a2 layer produced by sputtering .or evaporacion.



32) or channels. 10 31. The product (1) as clainmed in one of the pqecgﬂvn@
product claims, wherein the first layer (30) is planarized (30b) on @
which is opposite fromthe structured surface. 5 32. The product (1) as
clainmed in one of the preceding product Eéains, wherein the first
layer-and the product substrate (50) are~adhesively joined (41) to one
anot her. 20 33. The product (1) as clainmed in one of the preceding product
clainms, wherein the first layer (30) and the product substrate (50) are

anodi cal | y bonded (40) 1
29. The product (1) as claimed in one of the preceding
product claims, wherein the first layer (30) is
applied by evaporation coating, in particular_is

deposited by means of plasma ion assisted deposition.

5

30. The product (1) as claimnd in one of the preceding
proauc_ claims, wherein the structured surfacn (30c)
of the first layer (30) defines optlcal lenses (31,
32) or channels. .. |

10 | | ’

31. The product (1) as claimed in one of the preceding
product claims,'whe*ein the first layer (30) is
planarized (30b) on a s1a=-wh1ﬂn is opposite from the
structured surface. '

15

32. The product (1) as claimed in.dne of the preceding
-product claims) wherein the rlr layér-and the
produét subsﬁrate (50) gre adnesively jéined (41) to
one another. ' | -

20

33.  The product (1) as claimed in one of the preceding
product claims, wherein the first layer (30) and the

product substrate (30) are anodically bonded (40) . -

-~



