;e3ePLP\F 6TLj uZ 03SA.0122SGP Schott AG ~J71J7' Process for producing a
product having a structured surface Description s The invention relates to
-a process for producing a product having a structured surface, and to
products of this type in general, and to a process for generating

m crostructures in glass in partlcular io Gass is valued and _used for a
w de range of applications, partly on account of its eQé@PPQﬁ?zﬁﬁPlcal and
cheni cal prypeth &G By way of exanple, glasses are highly resistant to
water, water vapor and in particular also to aggressive subst dfités, such as

aci ds and bases. Furthernore, by using 15 different conpos]
additives, glasses can be nade extrenely vari abl e and can wwﬂaﬁﬂﬂﬁ“m&
mat ched to a wide range of application areas. One mgjor a on area

for glasses is optics and opto2o0 el ectronics. By way of exanpl'é& it is
nowadays i nconcei vable not to use optical conponents in the field of data

transm ssi Omrd&@@rﬁéﬁ%%dwlﬁ@lé PEedhcal haniag ed, st Pec EarPansdt fagee 2s
becom ng ever smalle and consequently the denands inposed on the accuracy

of the conponents are constantly rising. By way of exanple, there is a high

demand for 6 %Eé !Eglyen0|ng, e.g. refractive or diffractive, conponents of

an extrenel cal quality. At this point, nmention can be nade, 2
purely by way of exanple, of optical nlcro | enses. On account of its

excellent o tlcal gro erties |l ass is nenttg sui t ble for thlg urpose.
On the Bt har PR HOMCRIAEEP 250 rRESHTSS cEO APFORNFIRE Tt PEGIRRE ise.

For exanpl %aﬁfﬁg'réttétﬁ@@mfwgsutfa@értaﬁal@é PF8GLSL8NoBt EHES UEYPE, i8S
gl ass presents problens. Although it is known to etch gl asses by

wet - cheni cagemeralt yi and hiedri z apraeess, Lon pererabing PhCrastrageusesginsses

it isin thi se onI |l e to achieve |l ow etching rates, and
consequent | %ggr%%é%% ofggﬁép type is also slow and accordlngly t oo

expensi ve for nmass production.

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 resistant
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
extremely 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 constantly rising. By
way of example, there is a high demand for light-influencing,
e.g. refractive or diffractive, components of an extremely

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

L
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i5 By way of exanple, it is also known to use photo-structurable glasses,
such as for exanple FOTURAN. However, glasses of this type are extrenely
-expensi ve. Accurate structures can also be produced on gl asses using a 20

| aser, but this technique too is very slow and |ikew se too expensive for
mass production. Furthernore, there are VAarious known nechani cal machining
processes, e.g. grinding and polishing, but such processes do 25 not
generally allow the accuracy and precision which can be achi eved with ot her

processes. THAHGS P w1t d MBI QY ik RASECon dhe-obigded o providing a

process whi si‘npl e and "1 nexpensi've production of a so product
havi ng a structured surface. A further object of the inventionis to

provi de a process far oduci n product_havi ng a structur surface which
allows 3 cARSAEL rf%c]iq%%l "?I}qbr%bqjecaafn#%?p%’f%‘?%'e L1t ing. Yet
anot her obje&eitnaft P esd vitd Kb ScHis REOMbSkee 8 ¢ ogles Sotf s HAgCi ng a

product having a structured, in particular 5 mcro-structured, surface
whi ch i sdiawsiter f Flagaresent sregertaln i HE oud t 3 usn siseictiR%,

wi t hout being r rigc feri A 4=\ i of the

i nvention iS c})el;s)%’ova}é@(;d&%&%? glk:hgés}é oﬁ'oﬁ%r%%’ﬁ%ﬁ%%%é%%ﬁﬁf %.Vi ng a
struct ur ed surdcaner g chof gkasd gittesdmrs nmssbemsiuct i on and avoi ds or at

| east reduces the drawbacks of the prior art. The object of the invention
is achieved in a surprisingly i5 sinple way sinply by neans of the subject

matter of thgjididapendend 1ed&into ANVt ROLOHSs NSy | RerEMhdmbéal Ner i diwgnt i on

are defined in the subclains. The invention provides a process for

producimg achemwidtat means, in particular in the case of glasses it 1s 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
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



20 having a surface which is structured in a predefined way, in particular
for generating mcrostructures, e.g. mcro-lenses and/or mcro-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 2s 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 the auxiliary substrate is not

necessar i yaé&%ef,g #gg%%ﬂg%ﬁ%ﬂ’%aa ? 453 A6t Ul vt sdick ur gl gt hgce o

the auxiliary s 0 enconpass the structured
surface of a layer applied to the auxiliary substrate. Nonethel ess, the

il bst r at h ... 4. also be structured direct] f,
Blas an MPE Aochar GRiFer S thn 1SSt Sop ot o BREv bRt eR i ¢ b
further |aygss pAsaidenstd Ustedtctleddving £ SFRRétiBsd Pr oy epabt heghay

advant ageous for the invention, since the material of this substrate can be
sel ect ed amificuapstecierured, Rritaed wihickhtiscsyibabletfoprobresi@s.aln

particul ar, the auxiliary subsir ne [l e
transparemﬂmEﬁﬁﬁé?inﬁg ?éﬁ%%%a dgd%%gg%gg%%’tﬁggg o#ég%gﬁgpgégtg$c¥%%
finished i xprottiectmatddeidrspvabl e auxiliary substrate may if appropriate
even be reusable and nmay therefore contribute further to reduci ng costs.

Accordingly, the auxiliary substrate is in particular i5 detached or

removed agaydy f4 Qe é]&{éétlélﬁ/%h@riﬁ%mwﬁ péOQes%rom&éeaapwce&ger
application of the first Tayer, if appropriate after Turther process steps.

I n ot her wofels, préducingtal pyeductnhdieinet achetuotusepasurbacervhichels

auxiliary substrate ile retaining tfhe structur rface, 2
particular,ST+E9€§%r§$ri%a?%epfﬁé%ggﬁo%c%%éd?%%lgg ?ﬁea?nggﬁ ?oﬁgguﬁgaative
mask or nol ghdaytigod@cissr bACEhMbENoRagrbeen structured in predefined form

is provided, and the first layer is deposited on the negative nmask in order
to produce a 2s positive inpression of the structured surface of the

negative nafﬁeigbﬁg@if$fsﬁhéa¥§6ention 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 product
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 providing an auxiliary substrate,
‘structuring at least one surface 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 the 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,



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

froma third material, in particular from 3o glass, a material with a
.vitreous structure or another, in particular transparent, nmaterial to be
applied to the first |ayer. 51t will be clear at this point that the

process according to the invention for prbducing a structured |ayer on a
substrate, in particular the product substrate, represents an 5 extrenely
surprising approach, since the layer is not, as in conventional processes,
grow away from't qauct by; r dﬂf , W thyyres t to the

pr oduct \Ahi%:%er%s O%e prord%%l;é,f%%”glv% oﬂia?ig %é %\él"bd‘ll,l%t gﬁ strate, since
the negative technol ogy used neans that the structured |ayers io grows on
the auxiliary substrate. The process according.#o the invention is

parti cul ar IYPadtRht g | TURLEEHET of bf CRRTPPEI2FASY B
I nexpensi ver 0 19eNey AfSr 4Tl CAHSERSICEtFESthFe JEEPnih® EUEMERE RAE, prbveés
possi ble to produce very small, in particular diffractive or refractive

struct U es, highly mdvanteageeusrfor cile chavert son nsinee| bhermaterded, ohith
o e bo° Felfl P il Ay WOLL LS £F 104 N SR L8 °BRNChD o REPR! b ©

nol ds. 20 e 'surface uré can beé accura

pr edet er m ngte aftlreenirabi it pyprieeast Dés I hen negat 1 vel aechohqueueibpiayed,
so that it is possible to achieve a unjform product quality and a hlgh
surface quaiRStrate does pRbiReeRPRAYLIY Ve bQtPRatErREPa 8 be §LRSE or

a material sinjdafehddas§aisCatddlsitndse POssi RbE HQrPr Q8UERe 2 ShBSAed

| ayer structured i n predefined formhaving the benefits outlined above. The
provi sion geredwitng The t hem@vabhhe eapx bhiafy ndebocratet magsifeappropriate

m cr o- | enses de fromg|lass, ,a material _simlar t ass.. or, anof her

t r anspar ent® WElt €T af YRR Ut A" Bhot ng?5%9%0%¥r%%?%%t?% E%%ﬁl%%ations
in the fielgedichh@ssodtder-optics. 6 A suitable layer which is simlar
to glass is in particular an Si 02 |ayer which is deposited by nmeans of CVD
(chem cal vapor deposition) and, by way of exanple, is doped with s

phosphor us ; n. o] n re.l kkew se: ited from
t he vapor ﬁ%%%éﬁﬁﬁﬁgfgﬂdgﬁgdgggg¥H%? aye?gg?g%%i§St§%eﬁégg%ﬁ§?g?he refl ow
t enper gt ur edétsatioadrot heemoved heagahsef pbmgthassfirsbd laybasorufned bhée t hat

an additional, unexpected benefi the_ invention_is th pr oduct ich

of t_a
has been sthXetdred PHe %E%?ﬁ%n%ttﬁftﬂp?%%c?ﬁﬁﬁﬂt?BntPg gﬁFﬁEn #¥8ui tabl e
for use in HEroptistdi £8cet NrliPtBefOPLOEEssi btépsPathi 6dhar! yoad¥antageous

that the gl ass l'ayer provided with mcro
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 has
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.



i 5 channels is distinguished by a high chemcal stability. Gass is

di stingui shed by a high variability in ternms of its thermal, mechanical and
.optical properties. 20 It is particularly preferable for the first |ayer or
gl ass 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 evaporation-coating glass, e.g. evaporation-coating
gl ass 8329 produced by Schott, to be heated in a vacuum chanber by neans of
an electron beamuntil it evaporates, with the vapor precipitating and
vitrifying o wilkl avxi¢ciedy stibshiatpoino that htlserpspeess aeferdimeg ts

al so nade to the appljcations DE 202 05 830.1, filed on 04.15.2002 DE 102
22 964.3, fiHRdRYEREIIB B ProducHd 13555u8pered 12YSH SR B5. 23. 2002; DE
102 22 958.8pd +&£k ONi D528 200Par Dnd OgrS@ud87sdostthed, OPepteddnef02n DE
103 O1 559.0, filed on 01.16.2002 5 in the nane of the sane Applicant, the
cont ents of efsremsly eswfpwhs tihg | apprevadly, expresstiei hevepoiat Bdtpyas in
reference. The follow [Ocess_paraneters a dyant f
applicaIian%ﬁV%P%%ﬁﬁ?ga%ﬁgc?%§%?’d?g%vaggsyi%P%ﬁrFQQesgggg %egéb%Pﬁ?E%’
substrate: subOrathet ASvienpesapece torihg phedevapehathons €R0BE Pressure
during the evaporation: 10-4 nbar i5 It is advantageous for the deposition

or appl i catPERARSEdy PEPUES | brWabdt Fhg BFOdHetrFrREtTayer BoRBR EBPried out
by neans ciPéééﬁéﬁ#'Egbﬁﬁéié%fduggﬁ eLhONhEE ADhe LBrhBLSrEaSEayafsi ON

beam i s addi y directed onto the substrate which i1s to be Coated. The
i on beam canrdres powdiitedatyi hbang shbatPatel asma source, for exanpl e by
ionization of a suitable gas. The plasnma produces additional densification
of the layer and is al so responsible for detaching particles adhering

| oosely to the sHbsésat 8cs8Fdds§- tdhiBel €adent Qopai ki pataibyldenge,
| ow- def ect | ayers being deposited. 25 According to a preferred refinenent

of the invesdyeamtageeusbecanageitisspranneford, sémplechéartarng and/ or
rechant oLl o bRy £85qRERsRaTkL et UERISELSH UMb o processes
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 accurately
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 that it is possible to produce
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.



so etching or grinding and/or polishing of the glass |ayer. The product
substrate is in this case preferably applied follow ng the planarization.
.alt is preferable for the product substrate, which is in particular

sel f-supporting and provides stability to the product, to be applied to the
in particular planarized first s layer oréglass layer. In this case, the
Pproduct substrate is, for exanple, anodically bonded to the first |ayer.
Anodi ¢ bondi ng has the advantage that the product produced can be subjected
to high chemcal loads. io As an alternative or in addition, the product
substrate is adhesively joined to the first layer. In particular in this
case, the [ anditissie dmyey wiivant g esinsd Yabet@ngldssl, isi it epahtel adhesi ve
is able to conpensate for_ ynevenness. I.n this exanple, t | anar.i zation is
ef fected, &Pi 1%i@¥eﬁywpﬁé’ 'SsagﬁBQis\}énghﬁYs MRS é’fer@?dﬁﬁg‘r‘?fmic?a
particul ar lyssin tal & fofoMONaRi | a8} WP WEtSxampPe, fDE @Xpe®! wiph oduct s
for mcrofluidics. The adhesive used is, for exanple, an epoxy, in

parti cul ar rhasphep® andApoXsordn. RhIsrheThg drerepraregl HeeWHESR | ng
adhesi ve j o} ni ng. ,usi ng_epo a filxe Lehs 14 ogposite
conpri sing 4‘?%0 %ed%c)?ros'ﬁb% éra‘f"’lec,’o]f tél%l]érisfﬂﬁ %&%rrlé%%g&sfl%y%&%ﬁd he

j 0i ning | ayeiis edfassli B8l tyatangigte or &OIs; Ngempe tdteuBPoky , Lowstl tisanafierthée
renoval of the auxiliary z5 substrate, as an internedi ate or end product,
produci bl e GsHrAfeduEREDY the process according to the invention. In
particul ar, the product substrate and/or the first layer are transparent,
so that the conposite is in particular ao perneable or transparent to

| i ght,1qref®r didy turndd outsiphat oaniadd it sonakgi vrexpecioeddpenef i, of

according to the invention optical ,.e.g. refractive or diffractiye

conposi te et%é‘?’rejn?v?rétJp?%dh%?%’aghaer%’f%crl%?gt‘ﬁ%lcl:rrl\\a}é% i]%%e%asr’\éruﬁégreg in
accordance with the invention is eminently suitable for use
in micro-fluidics. In this context, it is particularly
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 properties.

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 evaporation-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 vapor

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;



be used, for exanple, to produce whole arrays of mcro | enses. As an
alternative 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 planarized first |layer, i.e. between
the first layer and the product substratel A layer or layers of this type
fmay, however, also be applied to the product io substrate on a side of the
| atter which is on the opposite side fromthe first layer. In this way,
further optialeLomanants, areddieared oth. Afeprding to a preferr ed

enbodi nent o tqhe i'nvention, the i5 auxiliary substrate conprises a

sel f - suppordE NP x & %58 rpdef freanen SEe@id 32ri al or consists of such a

material. The second terial,used is pr y not a glass, but rather in
particul ar B g6l csoznd7%‘o%' %[ $5 a7 ]e;‘gl.e;gcfﬂc’on and/or a ceramc and/or a
metal , e.g.p@ligs M =EYl/®F ©i18d adn a1 oye . 2o According to a particul ar
further devel opnment of the invention, the auxiliary substrate,, or_ nore

, e

accur at®el y ¥h&heedmne mifi dihal sane ARRliganted e 2T RN L oHbSTIRALTS
further |ay 0 naf r t GORhE &8 b Sréfd Aohgd, they may
be appli ed,oef;)r%llrglrdpgl% E&lede:%gs%}w%ér?%fytm% ass 1%‘gger}? lfn particular in
this refinenent, the auxiliary substrate is planarized, in particular by
chem cal or_nechanical neans, e.g. b | ane-1 a pi(g‘g%?before o]

i f
appr opr i at 688 tR L IPEIT (REEITFF AP I LS TRF U t?%%o’tj?aé‘%rs‘fl?%cture
fol I owi ng the, 0eposidh o of dbee Shasses | Bvper bf dBapseferable for the
auxiliary substrate, in particular the second naterial, to be 10
substamtially conpletely or at least partially etched away. By way of

exanple in the case of a silicon auxiliary substrate, the lLatter is
di ssol ved cHERTRGE IFPYINIRERCHthe substrate: ¢ 584k

BIAS temperature during the evaporation: =100°C
Pressure during the evaporation: 107 mbar
15 It is advantageous 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 substrate 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 particles adhering loosely
to the substrate surface. This leads to particularly dense,
low-defect layers being deposited.

25
According to a preferred refinement of the 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.



pot assi um hydroxide (KOH). 5 As an alternative or in addition to the

enbodi nent descri bed above, according to a further enbodi nent the auxiliary
-substrate conprises a self-supporting carrier made froma second nateri al
and a structuring layer which is applied to io the carrier. In this case,
it is preferable for the structuring |aye? rather than the carrier to be
structured. The structuring |ayer conprises or consists of in particular
resist or photoresist. A gray scale resist is used in 15 particular to
produce anal og structures, e.g. lenses. Follow ng the deposition of the

gl ass layer, the structuring layer is then etched away conpletely or at

| east parti®l |is preferabhleal Sor byheapreduls soblvetraten wal tly. i2oimccor di ng
to a preferred refjnene of the invention, at.least, one o re

|t or medi Al SR RO L RRRTEHAS R WRERTIREE car oot Rrdte nebe
structuri ngoteess, e ptSPER@t €o | EYET iV pd Ay PESL F EHBAARTYzE€QMPIESE Of
consist of a resist. In particular, the resist of the internediate 25 | ayer
and t he r esiafenfor Elass ukaYRT ngl T alylet s sf@SPradeh® rBFPENFE cF@RELRAERI 18I s,

that th | 5t aNg! i | d
SO tha eﬂ?ﬁ?ﬁ%@%g%@%@f EGhASE! ¥, EﬂeafP@éE!f%é{é.yAﬂéﬁié”e

enbodi nent , rate or the structuring yer 1s
struct ur ed ipndindidgprapthe adenstads tmatl tee ntodecorprodadedt can, be
however, it is, also.possible for the siru turing to be produced

|

mechani cal 1§PPITEe% I BTy PRERLFHY, 193 Barticular 11 into a filmor

foil, by means of a precision master. Even with this sinple process, it is
possible to achieve accuracies in the mcronmeter range. 5 For structures
with red atidelan | sl efomandee opr ate lrddytiohe the uprodung smabstrareexanyl e,
be produced, fy. IEADS, 0fo S6LECN, PLAD! LN0ye THE,2PP! FoabL oD, a1, 2dNesi Vi, o
joining of @ fTiTmor’ foi i ¢h 70 has already been pre-structured or
m crostructed®sl, tloe tphEamaxi zaedyn Sudgt adtrantsgpatslgubar byistepl esainde
therefore preferred., ) i
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 process according to the invention.

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

30 permeable 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,

composite element is produced. Therefore, the invention can



Furthernore, the invention is also related to the inventions i5 which are
described in German utility nodel application U202 05 830.1, filed on
April 15, 2002, and German 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 referente in the 20 subject matter of the
present disclosure. In the text which follows, the invention is explained
in nore detail on the basis of exenplary enbodi nents and with reference to

t he dramﬁn ri i i | i t he
S P d&gt 556 %naﬂ?gﬁﬁ cd | GHEES E88ys! 881 mSHPYL

production a priodu e invention I n accordance with a
first 3o erbtsemnt 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, 12 s 10 15 20 Figs. 3a-fshow the production of a

product acons dimod e dheat IWeNE Ok | Ad@cEDsAaNTe 16t Prarshiptenbedi ment of
the invention, Figs. 4a, c, dshow the productlon of a product accordingto

t he |nV%nt|ﬁurﬁhﬁ¥uiﬁyQﬁﬁuxSWWhha% fourexanpbeli aenenbirefterhient Feating
andFi gs. 5f e vention in
accordanceiﬁn |f%¢¥%§%§ﬁnen?8%?f?£e ?#%%h??%gﬁg %éégééa inShOM/the

productionpﬁrﬁn¢uluhmﬂoa@b@tﬂlm@aﬂltae fiveuntlaperp Aceordebweeni thea
S|xthenbod|npnt of the invention, ﬁ shows results_of a TOF-SI M5

measur enent S FEL BERASARA pHBe ¥ o chS%bﬁ?%?%%co%el?ﬁﬁﬁeoﬁnaﬁYﬁrs of
9di agr amtﬂ}?fé'ﬁ’yﬁé’ RhEY S Boweber, %1&%@0@&9@%&% gnbepkbigbtness test.

Det ai | ed description of” the invention The fo oW ng text presents, by way
of exanpl e, S@bsxxﬁﬂmxbmmﬂn51@¢ ohethavbatten; WhLChslﬁogslbhe ppposhte

features of t ari o nts to be onblned her. 25 The
dr awi ngs sH%Wgﬁlé‘?gh#%?l % Foharl - i F?usﬁ%%tva ¥QH§ ﬁggérgduct in

t he COFfGSQﬁM@éﬁbﬁEﬁK&@éIDﬂté@ﬁgEedFor t he sake of clarity, figures which
show identical or simlar production stages are denoted by the sane
|l etters, and consequently sonme |letters have been omtted in the 30

nunbering of, é&d{.%gg%s fgﬂgﬁi?fféa éﬂﬂoamgherofaalé 2h6eREQ¥hdedpwi th the

sane reference Sy ures.
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 applied,

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



Exanple 1 Fig. la shows an auxiliary substrate 10 made fromsilicon
According to the next process step, illustrated in Fig. |b, a 5 |ayer of
.photoresist, nore specifically of gray scale resist 20, is applied to a
topsi de 10a of the substrate 10. The gray scale resist has the advantage
that it is also possible to produce anal 8§ structures. io As illustrated in
-Fig. Ilc, the gray scale resist 20 is provided with structures 21 to 24 by
means of gray scale |ithography. The structures 21 and 22 represent two

rotationall et £ 1 CAl [ g{elggg'g[g&gtfé ngg@cé e d for
two convex lgﬁies. %%é?%té%ﬁ %ﬁgf%g orns 15 t% negat}gé no ?o?ﬂgy
triangul ar By ruey W, exampldeist thetcase 24f repsebiods aivei hiegmyi ve nol d for
a rectangul ar, binary diffractive strgitur ustrated in F

Firer oo ety L TRGHYE S R el et LY G e ol

resist 20 hyot@adsuRfhfME L DAY S{kad) vapor deposition). In this exanple, the
evaporation-coating gl'ass 8329 produced by Schott Qas is used as materi a

for thes glass layer 30. As an alternative, however, it is also possible to

e virtual . vhi eh. i i i ng.
rovever, ;08 < At Oia LS Lol M hod 46 TDhE eboBYRRRE the B0rE03 "2
for exanpl ealddvd3 axrc&xdPng Too savbuhthde emsveéiment fee SG=aibiatpe gl ass

| ayer 30, as 30 shown in Fjg. Id, this surface is glanarizeg. %n t he
present exeHHPRFIREADIIMNERTSS t ReSpHAnEMPRATTHAT | SAEFHRE(BABY  §PP @i ng and
poli shing the-gh@ssal&yes1 30n@Nat Befuctdfing ILa302 Rhithe;g! é‘ﬁ?lié&eﬁo:”o
which is renote fromthe auxiliary substrate 10. As a result, the glass

| ayer 80 acthe resrmienpoinl yhpsl caked suriacer8dberabhe fesuthefol | owi ng the
pl anarization step is illustrat in Fig..le. 5 As sh in Fig.. lf,.a
produce subRtFarEEHI whit %rigaﬁg?riﬁﬁﬁgiE%? ?%rfﬁ%rag§?P?a?yrgﬁgg¥?gfe 10,
is anodically bonded to the glass layer 30 at its surface 30b, the bonding
bei ng denoted by reference nuneral 40 in Fig. |If. 10 The product substrate
50 used is, TRRrSeXaRpreing HR¥OR gPERSiseR Phrerealarseb3iprBattedubyr

Schott. De ' pgul ag i caki@nreapsal kal i,zEgeengl ass, e.g.
AF45, AF37?9%€%%%c§g %ggggﬁ%%t% may g?%% be advgﬁtaaeous. ?5 Al?ernatively,
a fl oats gl assrtecglaBotof poadul8 pnatogedtbycBohest , ekgowhenadsr t he trade
name "Jenaer

as' | ed. The product bstrate 50 i | f- rting and
serves to s?%ﬁi??i%éfﬂﬁgp&%ﬂﬂ%ftgﬂ?cﬁgiEﬁgog %sﬁr%ﬁﬁﬁtz,Eﬁﬁdsggﬁggﬂﬁéﬂgly
in this exaip&rthg ghasSetahes SWayScHRbp18€biy or at least partially,

in particular by being 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 structuring 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



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. 1g, all that
remains is the product 25 substrate 50, the glass |layer or glass structure
30 and the anodi ¢ bondi ng 40. The gl ass Rdyer 30 has positive structures 31
10 34 which are conplenentary to the negative structures 21 to 24. The
positive structures conprise two rotationally symetric convex | enses 31,

32 with a digmetersof, Z_fp&rﬁm t FaTalelV) ec 33 and
a rect anguldlar struc?lurg&% ngrﬁ%%%%e@ﬁa%fn%é 34 ex?ﬁe%%tr'%%r p%*\%:ﬂcul ar
to the planeitd thies drimplng.prtdcedd) e L qaossibldetpeachieskilled in the
art, however, that, the praqcess 15 according to the invention can al so be
used to pr &Rf’cléraﬁ‘r?%dfrpyt y“Jo‘le@?e‘b%’éllF%%ﬁ i nary and non-binary structure
in the glass layer 30. In particular, it is possible to produce structures
of smaller than 500 Vim 200 Vim 100 Vim 5 50 Vim 20 ~mor 10 Vim The
products as For wsttruttmres wigh relatifeehy chew ydemardsyon e@ﬂf@sm‘%: aW’le

|1 duct_h
Lo 1his oxcHpry o e Loh oxs Te 1L OROAEGl B MERRE Cor PHERRELT™S

to shown i pHm@sSindgh and 1li, in order to obtain a product with two or
doubl e-si ded structured surfaces. Referri ng to Fig. 1h, an antireflection
coating 60 is applied to the topside 50a, rempte fromthe glass |ayer 30,
of the i5 P}Fk?&' UGl BURSE { 3 o POaakiSs Bhe A S LA DRE 1 ¥ QT £iTmaddi £500, whichS

al so possi bl e, fog exanpl e, to apply an infrared-absorbing | ayer and/or
furthero optlitaralalla&yams beéen |1sr¢+$tl$1n¢1amedd| or Fhgcrostrhatunedecondthe
structured 20Ia |edtot ntireflection coating 60 by
neans of a %b%tbr % e%%’ﬁ%llg?r%f r%b‘“%ir%sin‘?a@%?rﬁgoigg

pr oduced U%f@féfl&&&ﬁe process as the first structured glass layer 30. In
this context, it nmay be advantageous for the second structured glass |ayer
80 to be applied to the 25 antireflection coating 70 together with the
associ ated 195191% i angl. aﬂé’ﬁf j syubsiq{at e, &9t e §hp¥N i BvehPidnst age
correspondi ng Igélﬁﬁ%fé1 e, an %llrlt?% e % o%o%sféét a%% aux?' ?a:rLyvgu strate
(not stmmm)w}ajsslocim edle st tbédieis eGenmayg| assl i ay emo@€1 ompylioab?eoat Uhed2

away thereafter. i ativel the s d st tured ss, |l ayer 80 may
al so be app?? e%l:”?olth %‘?‘Ea‘ﬁﬁt E%b% Jrgt egéggbe?%‘ﬁ ?ﬁ%a%ug?ﬁ BFy substrate
10 and the PESSiSh BR-P6E £ ched. aveyife@mhhgay 49, fooeh. structured
gl ass | ayer i.e. in the stagelllustratedln Fig. 1, i f appropriate

also with t'h@ermf:@r@or@m o¢pl@¢emhe05nth¢etW@c@PBhl@@'éwlﬁg sofanyedr teurt her
layers. Thi S% rOCEd“herQE‘S thg A V?%E%%e 115 rQPQ%%ﬁS%' $5Sgad
U i Tt

auxiliary s t2s 5500 Secon ructured gl ass
| ayer s280, &ﬁbj:@@t bﬁa’@t@heﬁlf au\ney prayéﬁanabseleysure.

In the text which follows, the invention is explained in more
detail on the basis of exemplary embodiments and with
reference to the drawings.

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 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 nmeans 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 as in the steps illustrated in Figs. la to Id. 15 Therefore,
the starting point used for the adhesivelfoining of the product substrate
-or carrier 50 is the product prior to the step of planarizing the gl ass

| ayer 30. The product substrate 50 is adhesively joined to the uneven gl ass
layer 30 byrinRans; Nfr the epexyy AheCaPrH@useedni BeFig. E%fodurc_f&e 20c 8PN 41
conpensates for the unevenness in the glass layer 30. Referring to Fig. 2g,
the auxiliary substrate 10 aﬂdthheimW@mdﬂégishlzacaeédénéﬁewiéhayia%hfﬁdthe
first enmbodinment. 25 The product.1 i)l ust ed | i 2g also differs from
t he product shown in Fig. | ?&%$??%e°§f£ﬁavfﬁﬁgﬁg g?ther triangul ar

bi nary strusigh e 435, pf,0 deghowstterd pfodhiet bomalf s r pelodiuet34acdording

m cro-channel 36 with a volune in the range ao fromO0.1 to 2 ~1 is_forned
bet weerf the two triangul ar &frGBeuiB¥e38ions i@y AGTALIRNRE prdt cul BPu¥ bt he

pl ane of the draw ng. Thereéﬂggdiﬁgﬁtpggdgﬁg i.basce8hnenhy suitable for
mcro-fluidics, e.g. for what is known as a DNA procesSor, in 17

particul ar migsaccfing of thshbwoltdg cplrodectiahi tof od glraskictSi aceordinge
product 1 according to the second enbodinent of the invention,.as .

P Tustrated in Fig. 29, thetporHEng B iihet vaSFaydrngs Fathom pFARER on
both sides, it has proven agyBhlageAHScEOtHEEiARefPOSH WM th a refractive
index which is simlar to that of the structured glass |layer 30 and of the
producto subBtFat €50.di of Anshpvi ddle cpvRYuaEhes| B 2. Produsto KaFPHBoRd
4653" produced by Del o, basgg 9Rca RAAEAMONENT aciBbugAba LAEHVAdDestYe
with a refractive index n ="1. as proven particularly suitable for use as
the epoxy 41. i5 In the presebbdiment dbethef iavthuéonndi ces are sel ected

as follows Product substrate 50 A ass_AF45 n = 1.52 Egoxg Ia¥er 41 Del o
Kati obond 4658 n/ = 1.50 G aS8OVEyERSEHLRVApoFatPEASLYEt PRGSHTEMENLT g| ass

8329 If Borpfdoad 33 (n = I1gAdhsOra DZE3tyraph 58F i Wie4od%ope image,

15 and
Fig. 9 diagrammatically depicts a wafer with a hole

mask for a leaktightness test.

Detailed description of the invention

20
The following text presents, 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

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. Identical and similar parts are

provided with the same reference symbols in the figures.



20 material for the product substrate 50, the | ow index differences nmake it
possible to work with the sane epoxy. |If other glasses are to be used
-either for the glass layer 30 or the product substrate 50, an epoxy havi ng
a corresponding refractive index is selected. Epoxies with refractive
indices 25 of from1.3 to 1.7 are availaBBe for this purpose. Exanple 3
‘Figures 3a-f show the production of the product according to the invention
in accordance with a third enbodi mrent of the 18 invention with

excl usi vel iy pstructures. First of all, a self-supporting auxiliary
substrate omsilicon is provided (Fig. 3a). Then, a first 5

i ntermedi atieid ayks dlows appueill iary haulbsixratar Yo sudbde rfitem 1911 Tben.
internediate | ayer 15 may be a photoresist or a sinple internediate |ayer
whi ch is not photosensitive, for exanple nmade froma plastics material. io
A phot or esigdcdayaig 20 i enanpiebidcdds sPéE! "Bl @berdeyeridSragd 1b, a
structured in binary form for exanple by neans of photolithography. The
result §s ilayex reff @ehotregisBe marenspecfbeallvyef Fvaysseappei resbyt
evaporation,coating ip. (Fig. 3d). JThe g S ' nagi z a

pr oduct suli;bs(f'ra g %Pf%égn%%i%a%?glslb&;%die@ t%]lft lgé p%lg?\ééi?lr%%% g{) asgﬂ?a%‘?‘gso
(Fig. 3e). dere tdei sttixhds atlye sadbednvdge theti bt ef sedladepbaykbldbtand 20
t he photoresist |ayer 20 are etched away, so that the structured surface
30c of the RfQA%CE RR31aD FTURE®Fed, and the optical product 1 (Fig. 3f)
is the result. In this case, the internediate | ayer 15 prevents adhesive 2s
joining of the evaporation-coating glass 30 to the auxiliary substrate 10.
Consequent |As ilhkusmbmdedem Begcribedthbdograysspatei cebasty2adiant ageous

for the broduct] 00, o B A Y SLLEEL Y5 #5059 4 W) Oedndr 8Y §68) Solgbst 1o

lithography. The structures 21 and 22 represent two
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 SioO,.

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



30 Exanple 4 Referring nowto Fig. 4a, an auxiliary substrate 10 is

provi ded for the production of a product according to the invention in
-accordance with a fifth enbodi mrent 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 proddced directly in the auxiliary
'substrate 10, i.e. in the silicon, by neans of wet-chem cal etching. Then,
the glass layer 30 is applied by evaporation coating, and the product is

processed fér’%ci ®o0d rb@tctﬁ}gég%‘ix‘%%"‘ié fh?otﬁnPélfﬂe{seP&{?Qtémf‘}?TC&HethiS

exenpl ary e odlnent substrate 10, nore speci ally the
silicon, i almns]srﬂmedsuiystzm b . aAKCR Jse)dﬂmltonthm olaes tayencdler the
struct ur ed surface 30c. E&qu 5% ég sho a roduct according to

t he |nvent|%ﬁﬁ?¥F%ﬁxﬁnﬁﬂﬁﬁﬁp t#° 1? v ﬁuE o e ar SF4gk
correspondi fn 1Gwing - t1d , pMhhdr Bz st 1 GAt Sivell iéeiED&ét{rétEé@.lciﬂrEﬂ suiéace 20
30c. The surface 30c of f%e gl ass layer 30 has a central recess %5 and

el evat ed prOJectlons 36 at the out er edge Referring now to Fig. 5g, the

under si des z%sé How ' efly onse %éré Sc sxl,f?‘é(t‘?é §$ O 1 Bf 0985? 1 are

J Ol ned to SECOI’] O?EC su neans o1 a SECOI’] anodi c

bondi ng 70. ﬂ’émslcmx)dwetSh@ &Qﬂilﬂir}lasmﬂbstﬁétarDmndlanaMiMScslllebunded

(mcro-el ectro-nmechani cal system 82, which_is encapsul at ed gx th£

process. to the glass layér 30 at its surface 30b, the bonding being
denoted by reference numeral 40 in Fig. 1f.

10
The product substrate 50 used is, for example, a drawn glass,
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 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 that 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



30 Exanple 6 Fig. 6a shows an enbossed, pre-structured plastic film25 as
Is coomercially available off the roll from3M by way of exanple. 20 The
~pre-structured film25 is applied to the auxiliary substrate 10, for
exanpl e by adhesive bonding (Fig. 6d). Then, the glass layer 30 is applied
to the structured surface 5 of the plastild film25 by evaporation coati ng.
-Referring nowto Fig. 6f, the glass layer 30 is ground down and anodically
bonded to the product substrate 50. Then, the auxiliary substrate 10 and

the plastic_film2 reyr v | o X y. hj bei ng
detachedirfgﬁﬁé§%§%3F§ﬁ¥%p%éﬁ%P¢%@%Lé%gpro %ﬁ%g %S%%n%ﬁg?g%§9¥?ansparent
product 1 havttgablyuhiycethér cllesSred rthargdand noe-lsiderynsthectaren of

the structured glass layer 30 in the glass carrier 50. The foll owi ng text

}IlusE;atesl?e 1L 7S VERYSHSs3 Q estR PRTLLFPIRE: ottt HF BPEELP1EyEPs forned
8329 ' | | I q. h
on' S 2 Sagd epcel Ll b £ apOLA B ST, Tont 100

of a TOF- SIR}Eoneasurene € coun as a tlnction

of the gputé@ring 20 ih"®r JHeufeasurenent characterizes the profile of the
el enment concentrations in the glass |ayer. A thickness constancy of < 1~ of

the | ayer tThekpesdusmsasiel BtusoeaitédrinhBigl atg tepeequéstFygalBeady
ass structures W the invention from

iIIustrates¥é$ _$rﬁfuced I n accordancg tﬂ

d as 8329. ¥%%$%5§e?nl%%k%'©_ YekEangReEeHh PREIROPyRRYOREcR | ayer

formed from {35832 WBER SaFfh8d. Onkcasaing! e¥sthsd8 exemplary
embodiment, however, the product is processed further, as

10 shown in Figs. 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 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 layer 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. le, 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



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 cmx 1 cm. The
-individual hole spacing in 21 the areas was varied fromrow to row as
follows. 1st row. 1 nmm hole spacing 2nd row. 0.5 mm hol e spacing 3rd row
0.2 mm hol e spacing 5 All the square hol @ 99 have an edge | ength of 15
Vim After the unstructured back surface of the wafer had been coated with
an 8 ~m (specinen A) or 18 ~m (specinen B) |ayer of das 8329, the wafer

was then dry.-et.c ' I s as. f ss. It was
possi bl e toflsrusl'ctc g%dtﬁﬁl{/&?b ra\E/lseét a;}gs%g%(g’ssﬁb '%%%%%n%%nder a

transm ttedlliyptratedy Ascapey. Fof, alfl dgpbremsiatesl slisasyith Hegte um | eak t est
revealed a |leak i5 rate of |less than 10-8 npar 1/sec. The high strength of
the gl ass |BRITRIFGRE Rt T el bR D6 AW er %’?’?‘?—P@

the measurenBalyd N dfig urE AN RNt A Hdcd o AL Nohe Even after 20
condi tioning"at 200C, there was no change in the glass structure.

Fur t hersnor ghatesiestigice amshsursnsiaty wuksttratéedsspcirtedavitsthe ayer in
accordance with DIN I SO _The results ar Y 25 1 ab Tabl :
Speci men dééémi#atar 5 V%t[%fé{-dlf@c?%%%%ieﬁ%%&-@oénﬁe% 3 k??a%é&hed
consunpti ory is4ahEdaneddds Iyl / 9] ~1 ~g/ g~ - HGB 10. 0113noneAcid DI N

12116Mat eri al Tot al Comrent sCl assrenoved [ ng/ dnR] surface area [cnR]/visible
Example 2

Fig. 2f illustrates a product which has been adhesively

10 joined by means of a layer of epoxy 41 rather than anodically
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 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 illustrated 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



changesl WAs material 0.42 x 40Unchange dAl kali DI N

| SOvat eri al Tot al Comment s695 Cl assrenoved [ ng/dnR] surface area [cnR]/visible
.changesA 2 As material 1222 x 14Unchange d It will be clear to the person
skilled in the art that the enbodi nents descri bed above are to be
under st ood as exanpl es and that the inveAfion is not restricted to these s
enbodi nents, but rather can be varied in nunmerous ways w thout departing
fromthe scope of the invention. 23 Patent clains: 1. A process for

pr oduci ng t Str 081 r ar
for genera |a% maclg (])%r% %tdt}%eg (SIQ%EHIQ%%@%iﬁC%é 36 1%%\3;]9&%5%1%

ﬁonprising at |l east the steps of: prOV|d|ng an auxiliary substrate (10, 20)
aving a structured surface 0 a flrst a

first materiHdics o“t esé’rs‘idr‘%%t[ 3’?’ e%c%cﬂﬁ t(% sefo eé/“gtr)%ctizle“s‘sn%s
clained in HaiMventbeh 8 sor 1w tilasy renoved . oig; hen@uxbinftiy stbstrate
(10, 20). 15 3. The process as clainmed in one of the preceding clains,

wher ei 15 t hadhiesstverstasen| 4 309 nofplanar Prasotrsidemnt etf 2% PAPERNt o

gl ass. advantageous to use an epoxy with a refractive index which is

similar to that of the structured glass layer 30 and of the

product substrate 50.

10 An optical epoxy adhesive, e.g. “Delo Katiobond 4653"
produced by Delo, based on a one-component, solvent-free UV
adhesive with a refractive index n = 1.5 has proven

particularly suitable for use as the epoxy 41.

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

If 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



4. The process as clained in one of the preceding clains, 20 wherein the
step for applying the first layer (30) conprises a deposition operation. 5.
«The process as clainmed in one of the preceding clains, wherein the first

mat eri al

(30) is sputtered or z5 evaporated in order to be deposited on the

structured surface (20a) of the auxiliary8substrate (10, 20). 6. The
process as clainmed in one of the preceding clains, wherein the first |ayer
(30) is applied by evaporation so coating, in particular is deposited by

means of pli%ﬂ&%}bﬁgt%mlﬁt i narvedstrudtigrd®et hod as clained in

one of the precedin

cl al s, e structured surface (20a) of the

auxiliary substrate (10, 20) defines a negative.nold (21, 22, 23, 24) for

opti cal

o BT, O b 7 (31 FEPTEG T (S5 HER RO TORALS 30y M8e The

precedi ng

process as fohah N i dbroNies PrdWiaidd ecery N £) ai Then Whereifs@ product
substrate (50) is applied. io 10. The process as clained in one of the

preceding diismnedinte nvepriodue? appkiedt o (Pog dwrbliatngSyraksabe a
Cerial s _ ; . ; | it
materi a 5'1”6 afhé O:Lr%@lsn?e fa@@pjl.éaf%% Oﬂa%crgr&gu%geagélg&(eg%?gifss@a%@ I'n one

of the precedi ng clains, erein

str esively

j oi ned (41)simpldeidtenhedibytes (BP3r .wHPch The poocelsstasens bt ived, | fioone of
t he preceding clains,_ 20 wherein a product supstrate (50) is anodically
bonded (40)e%¥yRHe Midetfreped REpyLicd mageriatocess as claimed in one of
the preceding clains, wherein the auxiliary substrate conprises a self 25
supporting carrier (10) fornmed froma second material, and the second

mat er i &d

precedi ng

| A photoxeststi kaywet 20 1¥s Jpel pedcessthe thgérmediatendapert he

cl] ai ns erein the, auxiliary strate i I [z prior
30 to the si?u%rf%r?wpnﬁu%‘f‘é%? 157 Lh%%a]aofc%g@’ aégEI%)l({%g%l? ﬁbgnﬁg%?étﬁg
precedi ng chleb el i thegeaph{ heTheixiéésaly bsbsllaser4ddd 2A)Fig. atcleast 25
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Then, a glass layer 30 is applied by evaporation coating
(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
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 case, the intermediate layer 15 prevents adhesive
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.

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



partially etched away. 16. The process as clainmed in one of the preceding
clains, wherein the auxiliary substrate conprises a carrier (10) s nade
froma second nmaterial, a structuring |ayer (20) is applied to the carrier,
and the structuring layer is structured. 17. The process as clainmed in
claim 16, wherein the io structuring |ayéP (20) conprises a pre-structured
filmor foil (25) . 18. The process as clainmed in claim 16 or 17, wherein
an internediate layer (15) is applied between the carrier i5 (10) and the

structuri ng 4-ayari dr?0)rhel Hudiie: PP CERSs ESa e & FEComPr PHEs 04 HHE; Ph&gedi ng

clainms, wherein a structuring layer (20) conprising a photoresist or gray
scal e resi ssilicapprafri. 20 20. The process as clained in one of the
precedi ng clains, wherein the structuring step conprises a |ithographic
process or a mechanical pressing operation. 2s 21. The process for

produci ng ard¥F&Eitlg (dow hay iy a ¢ | ustdesh-p Uiégseita808t rubupariogui ar
for generating mcrostructures (31, 32, 33, 34, 35, 36) in glass, and in

parti cll ar RECQGRGeHLTerbhe b1 the Prebbinny Svhsweateckdrisifg B Thast
the steps of; r Qv dj iV 1 having a structured
surface (2 aﬁlfg%rg’dqﬁ}eg{é%gncgf%%rs &F:g%/aeir %%%S?P%?a first material on

the negative mask in order to produce a positive inpression 26 (30c) of
the structured surface (20 of the pegative sk in the first layer (30).
22. The pr ot e ﬁmﬁ@y%r pt Dot t3RRI 1 i SYARCE2 5 PR oot 10

substrate (2 hYipbdust rUStprece ssEd acer€B06) ini cPSFdaksbakitRl the
generating mcrostructures (31, 32, 33, 34, 35, 36) in glass, and in

particul ar eishet ameedimenp®. of the preceding clainms, conprising at |east
the steps of: to providing the product substrate (50), and depositing a
first layer (30) of a first material, the first layer growing in the
direction ofnttiei Prechmpl sepséniod@indtt), wthd aespeLaryostibstpavdurd, whi ch
is to be produced. 15 23. An interpedi ate product,_in_particul ar producible
by the prodBRke o#PeFhiHerlin e BtliFeR pritedifgotyafnBY B8APFi Sfng 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 projectiomns
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 around 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.



an auxiliary substrate (10, 20), and 20 a first layer (30) of a first
material joined to the auxiliary substrate (10, 20), the first |ayer (30)
-having a structured surface (30c) which faces the auxiliary substrate (10,
20), and the first layer (30) can be detached fromthe auxiliary substrate
(10, 20) 25 while retaining its structuréd surface (30c). 24. A product (1)
-having a structured surface (30c), producible by the process as clained in
one of the preceding clains. 30 25. A product (1) having a structured
surface (30c), in particular producible by the process as clained in one of
the preceding clains, conprising 27 a product substrate (50) nmade from a
third mat erfted ,preefstrmmicthuyest {i30) 28 :'esfdpzsliemmacpiiaﬂle hewk hbiargt ruct ur ed

surface (30c the flrst er | eln lie edly o th roduct
substrate ( eg%‘%/ *"EPO%e_L %s"‘g‘%}ﬁgg ]'thﬁ’le %‘? etedi ng
product cl am{@n vx»f}eé%lrhééwuy&dum ﬁytﬁéﬁﬁi@d(é@)t@@%tﬂ@cﬁmf@ sayescé 30)

are transparent. io0 The product (1) as clained in one of the preceding
product5 cl At hawmkastiq Hel m 123 huyeyappt ol ¢Prt Prdduct substrate (50)
conprise glass or a material simlar to glass. i5 28. The product (1) as
clainmed in one of the preceding product clains, wherein the first |ayer
(30) conpr ireferrimy atoWrasiuchsl. byf dedosi glass PlyerFheo ptodygredufd ) desn
claimed in one of the frecedlng zo product clainms, wherein the first Iayer

(30) conprid¥s apg P St tRFPHLCor SERELEREE i Dh:  BOSP ThED

product (1)a38i tf fiyeshhdt ONGe Oioték?d PERE ot AGc PE OFlLiTh £5 34 P8, rahSvEAN the
first layer (30) is applied 25 by evaporation coating, in particular I's

deposited bfomeermnpie phasschiong assiky doe tepod¢tached 3in gowpe ppldest (1)
| ai ned | f th d h d
25 9Ll U0 L1 BERSELA B e Lpst LT MosiglaLle SLELUISY

channel s. ha&Bing a surface which is 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
15 carried out on glass layers formed from Glas 8329 deposited

by evaporation coating.

Fig. 7 shows the results 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 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.

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 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



32. The product (1) as clained in one of the preceding product clains,
wherein the first layer (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 clains, wherein the first |ayer and the
product substrate (50) are adhesi vel y joikded (41) to one another. io 34.
‘The product (1) as clainmed in one of the preceding product clains, wherein
the first Iayer (30) and the product substrate (50) are anodically bonded
(40). he areas was varied from row to row as follo
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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 ISO 719 HC1 Na,O Comments

Class consumption equivalent
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"bdEbCD! | @8

.10% & ()-s9! 10% & () -y$10% & ()
10% & ()-Y(!10% & ()-3%610% & ()-! 3%610%& () -
1"10% & ()-f!10% & ()-0_aB7CD!

1,5$10% / & () - 310% & () -

10B: m' 1098B& () -
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10S83" 109&2( ) -
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WOWE () -t 1C 09 28&! ()- sz}Asr 18161 10T (nllg/
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0% () - Acid DIN 12116 Material Total Comments
Class removed surface /visible
[mg/dm?] area [cm®] changes
1w 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

~9:110% & ()-10% & ()-1!10% & () - 3EaBbCD! ! *!

fA}[ 9SH

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

embodiments described above are to be understood as examples

and that the invention is not restricted to these

5 embodiments,

but rather can be varied in numerous ways

without departing from the scope of the invention.
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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).

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

wherein the first layer (30) is planarized (30Db).

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) comprising 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 generating
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 (20a), and
depositing a first layer (30) of a first material on the

negative mask in order to produce a positive impression
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having a structured surface (30c¢) which faces the
auxiliary substrate (10, 20), and the first layer (30)
can be detached from the auxiliary substrate (10, 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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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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32.

33.

34.

28

The product (1) as claimed in one of the preceding
product claims, wherein the first layer (30) is
planarized (30b) on a side which is opposite from the

structured surface.

The product (1) as claimed in one of the preceding
product claims, wherein the first layer and the product
substrate (50) are adhesively joined (41) to one

another.

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).



