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WO 2004/083137 PCT/EP2004/002327 1 OPTICAL ARTICLES AND
SOL-GEL.PROCESS FOR THEIR MANUFACTURE The present

wo Ryepkiaarefers to optical components 5 consisting of silicoreXige,@S /002327

such or suitably combined, in final or nearly final dimensions, having an

almost totally isotropy and sizes equal to or lower than 500 pm;

furthermore the invention relates to the means used to carry out the

preparation of such optical articles, as well 10 as to the process for the

prepafationehbeifoftheraclt isknowaibatibe eptical materiaisury

particularly the transparent optical materials, are typical materials of

known machining difficulty and, sometimes, troublesome preparation

because their fragility and hardness which, for 15 example, are

conditioning the hot molding by causing optical components and devices

198L beingeeneral, agespigbledeeaases sheraduet Auglity. syaly, the

methods for the production of uncommon maorphology optical efements

R UG g SHAEE 2 G hiemmE hrBUSH exFemel ek AaRined,

imillingregerations=dhéye Aiemkthbdseregliring a keryiptecise kengliag

reyemtivoughthe smplaymentiof suitable-aquigment, fB{ﬁe}on{%gﬁesf 00 pm;
lexibility.

‘ %ein the reason of difficult re eatibiliti and poor process

R LBRTIOH Pt hB oA SRR b E by oS VRGERG Baphbi [BREES HARANTO
dagbryermpérative ardgaressureqrepdrationd; dipedtlyflom stitatiles, as well

aefoymsef the-desited eptical uaterial howvever, the methed has . p o

applicability limits, needs sophisticated equipment and can be carried out

f%ﬂXs knownt that the optical materials, particularly the
transparent optical materials, are typical materials of
known machining difficulty and, sometimes, troublesome
preparatibn because their fragiliﬁy and hardness which, for
example, are conditioning the hot molding by causing
optical components and devices not being generally
acceptable for reasons of product cuality.:

Usually, the methods for the production of uncommon
morphology optical elements comprise reducing suitable
preforms through extremely accuracy lens milling
operations: These are methods requiring a very precise’
handling even through the employment of suitable equipment,
this sometimes being the reason of difficult repeatibility
and poor process flexibility. .

One solution has been achieved by producing aspheric lenses
through high temperature and pressure preparations,
directly from suitable preforms of the desired optical
material: however, the method has applicability limits,
needs sophisticated equipment and can be carried out only

through considerable investment.

One method for reducing costs consists in the use of

organic optical material, i.e. plastic material, which can



30 through considerable investment. One method for reducing costs _
consists in the use of organic optical material, i.e. plastic material, which

WO eairt 861 3004/083137 PCT/EP2004/002327 2 be melted andiaiBzm4/002327
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_ Thethio S, Is characte

'ramorp
':ox:i.des, by the use of hlgh prec131on tools and the former

using very economical processes. However, the employment of pla_Lstic
material is sometimes the cause of dimensional defects of final optical
product, because of the insufficiently controllable material 5 shrinkage

Hering Heedoitidy medtdwit MBhiendpplcant iscaiieto awdrcomedibses .

drayekacks being I@mgbﬁdafﬂe%ﬁéeéé%ﬁ@ﬂ%a&ﬂg%ﬁ%&t'cf%]”éaé%’éaéimes
cording to th wn art eans of the object define

Egropea{g ﬁatentsa‘f’o &f%lg}fd AGTP65- 597 nidy'ad: fRIekGad: product,

heesrdire tofsuchpatemns fitfis pbssiblerto prepard petfdetlyrantbrial

sampintalydsetrapis.opticak campenegts-ipdhelr fingl or nearly final

dimensions by applying thermochemical densmcatlon treatment to an

rRBg) glglqglltg]lg asrq eI of silica and/or o lig_c})]‘,>\<fde55%y %ejallj_gg in

recision tools an Former preparat
‘&Eﬁe@gé’lcé’e? %?&e‘é@rd&#@ Weﬁ%ﬁ@M@mm@m@ms miltee gl s
darouatibvhngndergolas UtiiawayeitreatrpentmEle fina)optial rzﬂggeett deflned

0obt bl olerable 20 mvestmentsand absolute
}?%ﬂ %ﬁ gg}l ﬁ’zge% I%/E\%erl)’/l @’h preC|S|on aﬁid Bitn nsd a%l 1t may

EreRistHess: RWeVELINS stich SHERh® REVHER préparationasethbd és to
aopatagepus-ibenIhe aplicat atislie imensions atbeyongkad ca 1
5%%?88@negd?WN@B%E¥K¥HH¥1 or nearly final dlmen51ons by

m”applylng thermochemlcal densxflcatlon treatment to an

'“monollthlc: aerogel of sz.l:Lca, and/or other

?preparatlon of such aerogel v1a a so called sol gel process

durlng whlch the J.ntermedlate products, till the gel
formatlon, undergo an ultrawave treatment

BEERN

The flnal optlcal product obtalnable through tolerable
J.nvestments and absolutely repeatable methods, isg
characterlzed by very hlgh pre0181on and dlmen51onal
steadfastness however, it is such and the reievant
preparatlon method xs advantageous when the optlcal article

'dlmens:Lons are beyond a threshold under whlch mach:.m.ng
25

difflcultles may arise in the mould formatlon formatlon
particularly in the preparatlon of moulds representlng
microstructures which cannot be processed by means of the
common machining tools such as, for example, the microlens
matrix or other periodic microstructures needing a
dimensional resolution of each element under the entrusting
threshold of the existing machinery. Such difficulties
increase in the case of preparation of optical articles in
the peculiar microoptical field, wherein positioning and
lining up problems have to solve of the magnitude order of
micron and lower, and that, furthermore, has applications



25 difficulties may arise in the mould formation formation, particularly in
the preparation of moulds representing microstructures which cannot
beprocessed by means of the common machining tools such as, for

WO 2004/0§x?§pple, the microlens matrix or other periodic microsgegyﬁ@%%%q]?g a
0 dimensional resolution of each element under the entrusting threshold

of the existing machinery. Such difficulties increase in the case of
preparation of optical articles in the peculiar microoptical field, wherein
1 Rositigning.and lining up problems have tq solve of the magnitude order
GE [nicroﬁ%n%ﬁ\%e#éga That,- fU?théFmbrﬁeT has AppiicatioAs W& =+
such)G64/683 ESPPCITRP 20041062327 3 btiver thas the, ormestpertaining-toor

lasethe teaditienal optigicsteh as telecommunications, pick-up laser,
semiconductor laser, optical memory, The Applicant has now found it is

‘ ible 10.0ven I ve.drawhacks and to consequently prepare _
oee Eopelsomnel) SUB A e,
ALOVE SHGHIRARY SdFattadeous dhBFEpEaAable MEthar avhilsh-sutistantially
articdnsists id alpreimiraeatangementof stieldesied dimension moulds 31 ng
, n seguent = f. 0 the preparation of the very optical

= ‘ agrt%lgeﬁé %Bfirsf aspe%?‘tff%eé%s%gr%%%e#agrl gﬁt%%?éﬁi%réeofrﬁﬁagoa’

WL CHinfe R GRE o disin T oF Silicontoxidie, astsiehior inadiiied iyatheemnent of
the dedifiondfoheatsmiore oxides of elenenis stharihansilican, havingran-o ¢

i cBIostgomalete sotpy.and dimepsigns equal o or Jower than 500um.
The preSent disclosure also relates to a process for

In a first aspect, there is provided an optical article of final

dimensions, consisting of silicon oxide, as such or modified by%the

addition of one or more oxides of elements other than silicon, having

an almost complete isotropy and dimensions equal to or lower than

500um.

The present disclosure also relatesnto & process for

the preparation of moulds suitable to manufacturs optical
articiesf ags well as for the Preparation of such op;ical
erticles, these consisting silicon oxide, as such or whit
suitable additives, and Characterized by an almost total
isotxopy and dimensions egual to or lower than 500pm, which
process comprises cne or more of the following Operations
that, all together, can be continuously carried out in a
fall and/or stopped at the degired Or suitable ztern:

&..preparation of an .crigimal high precision mould:
iy I

D. pessible reproduction, in a siliconic rubber or other
suitable compound, of one or mors imprints, having the
szme =gizes and a reversed EYImMerry with respect to the

moulds cobtainable through ths preceding stens:
- 7

D
£8)



the preparation of moulds suitable to manufacture optical articles, as well
as for the preparation of such optical articles, these consisting silicon
oxide, as such or whit suitable additives, and characterized by an almost
total isotropy and dimensions eﬁlajal to or lower than 500m which process
comprises one or more of the following operations that, all together, can
be continuously carried out in a fall and/or stopped at the desired or
suitable step: a..preparation of an original high precision -mould; b.

. @Q,%ﬁ&gg@g“rgggcggp,égg siliconic rubber or other suitable compound, of

Qne ar more imprints, having - SameRizestarira réversed symmetty=

With respect @W%I@oﬁ@ﬁa@l@&hmﬂ@ﬂghgﬁgggdigg staps; 38,5 .. -
preparitioriby the emplnyment of sae ok mare of the products obtained i =
thequeceding steps, of the %;;;_ti&c%a*lt article having ,redﬂ‘c:‘ex”aed'rﬁ%sﬁir@%@y :
Qeveégled S ymmetry Wltﬁ?esp‘écfto“tﬂg s‘fﬁ%’ﬁﬁ&fﬁéﬁqﬁil_mtprirﬁgmmﬂﬁ@ o

fo %0, Get procedtretics possible preparation, inside the so obtained

optical article, of a further article again having reduced sizes a d
- ROEFSSU SRty 0o DS imprintsacepuding tob.e gr%cedir%; ta(?{n

fs)d (=)

by:04/©12004/083137. PGT/FP2004/002327 4 e, and S6 0N, JORR

L ULDST AT & " -~ .
;blrgug‘h_t_hﬁ_greé)aratlon of optical g2in having reduced sizes
‘ TEVELISed symmetry, or of imprints according to the
Preceding item b); B



articles bysol-gel procedures ands/or imprints according to b), till the
desired dimensions or, anyhow, till the lowest dimensions on thezgggund
WO 2004/083135f the physical limit of the process (.:possible separgt(FgH],?‘Fr%ﬂrOequﬂoan with
any step, of the imprint and/or the article obtained in the very step. In a
second aspect, there is provided process for the preparation of moulds to
manufacture of optical articles or of these very optical articles, according
. 2nd tecthemlefipition 2 luefinsdrabive, EdmpASIRPeNEsrimoresf thetical
=rt [ollowing ppesations; that, piliegether, £an be.contipyoushscaried o8t as:
_afall_and/or stopped at the desired or suitable step: a) prepa[_agtipf of.an
£o Brigifal high Brecisidimould™ by Teptoduction. in asiiconic rubber, of one
1 cwearmdrenanEints shaving-the sernesides and-heevdrsed spmmbetsriviatho ©
spectta ]:he moulds obtainable through the preceding steps; c)
preparation, by the employment of one or more moulds obtained in step

a) ar imprints obtained in ste of the_optical artigl ving reduced

Do ey P B P e e ool

- AmprhBEldERBARE abBEr dRGHe A SoleT BroeedureRin-hichaRE sdk-gal-
procedure comprises a preliminary step wherein the mould is cool filled

In Witr‘;J a(_)srg)cl1 corggineiiré%the irgtr?resting .oxide precursors, thg sol gelation, the
gél drying, the Temoval of -g&lfrom the mauld ahd fhe fiRalmimiaturization t2e

rreparaofthendried gelildspreparation; inside the sookiained0ptiealtarti¢clesofar of
further article again having reduced sizes.and reyersed symmetry, or of

these i}gneplﬁi%ts %gér%ﬁl%g tgﬁa;telp(%le%seﬂingaﬁgr%rb%;lﬁg € ghey Qe}ymtlon a8

defined above, comprising one or more of the following operations

M

the

i1

that, all together, can be continucusly carried out as a fall

and/or stopped at the desired or suitable step:

a) preparation of an original high precision mould;

b) reproduction, in a siliconic rubber, of one or more imprints,
heving the same sizes and a reversed symmetry with respect to the

monids obtainable through the preceding steps;

c) preparation, by the employment of cne or more moulds obtained in
step a) or imprints obtained in step b) cf the optical article
having reduced dimensions and reversed symmetry with respect to
the starting mould/imprint; according to a sol-gel procedure, in
which the sol-gel procedure comprises a preliminary step wherein
the mould 1s cool filled with a sol containing the interesting
oxide precursors, the sol gelation, the gel drying, the removal of
gel from the mould and the final miniaturization of ths dried

gel.;

d) preparation, inside the so obtained optical article, of a further
article again having reduced sizes and reversed symmetry, or of

imprints according to the preceding item Db);



e) and so on, through the preparation of optical articles by sol-gel
procedures and/or imprints accordi'ng to b) , till the desired dimensions or,
anyhow, till the 'lowest dimensions dn the ground of the physical limit of
the process for the preparation of mould or optical articles; f) possible

=Separation,dn relation with. oy e imprint and/or the article
obtained in the very sté\% Somzeﬁofgtﬁ Ebove %éerﬁﬁ@ﬁe&?ﬁ&;}% by sol-gel

furtiérty Uetafed &) & mismatissprepared, heeinafter defined a8 Origiral, g

mautle maide: by & uninyballoy Y 1ar ipther material with a suitable
chegtnlcql stablllty and able to undergo a prec%oﬁ rﬁacﬁ?nslnanpsro%%sgﬁ?g ground

b) Bhe OF MorEIMBHNtare- prédareirin&iicorid rdbbet oe others suitable of moula
.compmnickz thavingdhe same s; _zes and a reversed symmetry

(mirror image) with respect to the original mould; c) by the use of the so

obtained imprint as a new mould (resulting symmetrically reversed with
Drespectitoitheserigiral mayld) a rm@ld@@llm@nb&mur@gyarg%'&'s %rlepgﬁe imprint
trouglyasol-gel pracess in S|]Ecalgla,ss which has lower dimensions

according to the linear s rlnkage Coeficieht ahdthesssme symmetry as

the original mould. The so obtained silica, glass can be find application

DOIeluher,as Qptical component or.as a mg_uld for a following molding
operafior; d) the S0 obtalad-maRafacted dffle Ean bensétad a
- 3=F&fer&strimprint in view of a further operation to so!-

a) a mould is prenarad hm*ELnax e* dek*ped as or*QLQQT
mould,” made’ by alam"num alloy or *m other ma_ar;al with
Ca suiltable chemccll sta_’m lw ty and a.r:lm to undmrgo a
precision mac:hm:l.ng 'DZI‘.‘OCC’SSJ.IZLQ“,

b} one or more imprint are prepared- in' siliconic tubber or
oﬁharasuitabléncompoundﬂ“having the satie sizes s6d a
reversed- symmetry (mirror image) with respect to the
original mould;

. R .
c)‘bv the use of the 80 obtmlnem_?mnrlnb ag & new mculd
“(vDSthlng symmEt?lca?ly rawersed w1th respec to tha
| original moizld) a moldmd manuhacturaa artlcle lS
- preparaed Lrough & sol gel w;ocass mnMELlwca glass which
has lower diménsions accoqung to ;he 1lnear smr*nkage
cosf facwem* and Lhe SElg symmetry as the o*lglhal mould,
, Tmm S0 ob amned smllca glass can be: flﬂﬂ ampllcatloﬂ
: ewther as. OD ical compeonent or ags a mould Ffor a

*OLIOWﬂng moﬂdﬁng ope ation:

d) the so obtained manufacturad ar:i cle can be used as a
reversad ilmprint in view of a furt Ler operation to sol-
- gel produce an optical article having further reduced
d’men51owb and reversed symmetry (mirror imags) with
na

respect to the origi



gal produce an optical article having further reduced dimensions and
reversed symmetry (mirror image) with respect to the original mould. WO
2004/083137 PCT/EP2004/002327 5 The use of the reversed imprint

wo %?%’388%3 siliconic rubber (or other material) is a possible ek ?ﬂ%{gﬂﬂﬁ
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be repeated during the process route, if hecessary or opportune
according to the man skilled in the art. 5 The preparation of the original
mould accordin%to item a) can be the first operation of the fall process

L0GrHRG fothEpfedsH frrstionBrit Rfayedearked dusiliconic rubber

ifle pehdentlymarie: thisndbtairecimpulslndy. be suiabhidstared, b epeated
Qqe_}%le e 1 ﬁHfiQa I i ceurs according to

(tgta%:hni egyvﬁll@fr%r%o ?he e,dplgflfﬁ%?ﬁgt%%t,%%d‘%ﬁé’%%&&%e

HEr&ot gta*ﬁﬂal*ﬁbﬁeﬁ@’fﬂsggﬁ%@zééloﬁ%@ méiHd itself. The

technique grounds, starting from the conventional ones, are: 15 - use of
‘RomereampasHtdotiad ehadiire s rigtrol Specialdackine tanla gravidett em a)
Mth ddurninge diemenrd spase ©f sutting r@@i%ﬁtr%@&ggggng%?grding
@Cﬁti%@i{ net%vogg goi@}§ro§gogic geometry based technologies providing
photo itographic }t‘lechnlquee% CoMBinSd with MitYoer6siGA™ ELRRiqaES: -

AR ARRNGA higpewebRseb kaliatehsithd dateralbe mpldyetity
Prepar@ the erigivakipylesuently employved.

Such a preparation occurs according to techniques well

known to the people skilled in the art, and the choice

thereof substantially depends on the sizes of the mould
itself. The technique grounds, starting from the

conventional ones, are:

t

use of numerically controlled machines;

- use of special machine tools provided with aA“turning

diamond”;

- use of cutting machine to treat conventional optical

networks;

- microscopic geometry based technologies providing
photolitographic techniques combined with microerosion
technigques;

- ablation through high power laser radiations.

The materials employed to prepare the original moulds
commonly are metal alloys, preferably nickel/phosphorous
based alloys on aluminum carriers, or aluminum alloys |
commercially known as *anticorodal” such as, for instance,
the ones defined as follows by UNI rules: 8006/1, 9006/2,
9006/4, 5006/5, 9006/6. OFf course it is possible the use of
any other carrier with the necessary workability and
steadiness properties. Also the replication of these moulds



25 commonly are metal alloys, preferably nickel/phosphorous based
alloys on aluminum carriers, or aluminum alloys commercially known as

wo Alsesesal” such as, for instance, the ones defined as followsypdfho02327
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rules: 9006/1, 9006/2, 9006/4, 9006/5, 9006/6. Of course it is possib_le the

use of 30 any other carrier with the necessary workability and steadiness
properties. Also the replication of these moulds WO 2004/083137
RETERAN0AAZE27--uipla.Slggpicquper (uothes mAreralimoints. vy
Without‘aﬁ?/ risk occufring onto the original mould, Is carrie

BB ik o DR BAGTAak foviAit FeEoplsRd  thicareateiod out
AREPEGPBSe bbthisprepdration sterl is ﬂaawodmtr@n@f@b@g@@mued in
eyRn i Aet Negessany: Mayld-nwmber in MﬁWsOfﬁPe\_{ﬁjQ‘é’

O RS TR, 0 che
tion,.as well as the maintenance of the ori mou nside the

%ou%é Sbismed &e%@b;?qgﬁetl}ﬁ&naf%’@asl dlis RIFRESEBSYquenpLLd
THBHRS, otherthanufatturey 16 anices:employpblesasimnyldsorggtitalas the

| Rdiciescarerben cpfodgg@d@fg?gﬂégdmlqimensmns and, time by time,

reversed symmetry, through sol-gel procedures: the sol-gel processes

f#&gﬁgegﬁgt %%qﬂ?igg t% the.we kﬁgwn echnalogies, on the ground

of Just common principles AT TE RGBS W% at Which TerePeidian-pone as

Bthd felBhRefithRe GutHts iotstichtze, U Sthatentenufaétured
amEh&ﬂbﬁG&meéyﬁﬁwéuhgombﬁ§é§5@§’Bb%§@§§2§r%ﬂ5¥5@eare then

; at s the above fall process,. aims to gbtain an -
optical artlcle ﬁ#%%m dgeiglls reéo%e ﬁSHﬁh% ul&%@ﬁe@ﬁbﬁﬁ%

m§g%5ﬁ e%yﬁﬁ@myy, through gol-gel pxoceéures the Ssol-gel

" prdcesses are carried out accordlng to the well knc:wm

technologiés, on the ground of jUSt conmmn prlnClples and
methods, about which reference can be made to the fleld
literature, patents too such as U.S. patents no.4.317.668,
1n0.4.426.216, no.4.432.956 e 1'10.4.'806.328.

Whéﬁ;the produbtion, at any step of the above fall process,

aims to obtain an optical article, the dried gel ig removed
from. the mould to be submitted to a sultable lsotrqplc

miniaturization.

The composition of the moulds and/or optical articles

- prepared after the step b) of the inventive process:,

comprises a silicon oxide, ag such or added by oxides of
elements modifying the propertles thereof in particular
way le optical propertles |

Al example of the modification of the optical properties of

the silica glasses comsists in the refraction index
incfease;'ﬁhat ig obtained by a suitable chemical
formulation of the sol, which preéurséfs of the appropriate
oxide are added to, particularly titaniﬁm and/or germanium
oxides. By following the game trick,wéther optical
properties are modified such as the optical dispersion,
through the addition of precursors of'oxides of elementsg
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miniaturization. The composition of the moulds and/or optical articles
prepared after the step b) of the inventive process; comprises a silicon

WO 39988 q&such or added by oxides of 25 elements modifyingPE]ﬁI&%tag;&jﬁ§27
kst i

ereof, In particular way le optical properties. An example o
modification of the optical properties of the silica glasses consists in the
refraction index increase, that is obtained by a suitable chemical 30

formulation of the sol, which precursors of the appropriate . oxide are
R ey e SR CE B S Ay ol the
appFeRickestheroiticat proseitiedBRSwIGHiied duchsasltheasptipabmote also
tehigp @zﬁs@ﬂfibr@ugl@ihaﬁd@&@p@f:@@fy{%%ﬁ@ﬁ:o@ﬁg%0&%@%\&%%@ ones:

004/083137 PCT/EP2004/002327 .. 7 belonging to the lanthaniym group. _ .

o SOTIOASE Hprsora At e Bt plLt e SO o e e e
RASE ke Frsdifdatien bl properigsisthét fHahahe optivahores: feduced
nestange dhe siligaglassdbermemmechanicaldroperties. r 5 mainkthen
Shseilicdpgrraic digiation ayhe,educed beyand gre magniude orger i
t egjfass ormulation comprises a titanium oxide fraction, O(eoverﬁis
Reositld Qo g eth¥ gilieRYlassiicRl @ivtsnlopbekissSdemad for
phsiaseeitbe phatthnpss, I foxingseensesl0 wite psaulias BRittanes-ant e

itagi t electivities canhb tained by the presence of
e T A (s SPeCERIE
selectivities that can be obtained by the presence of
traces of oxides particularly active in the field such as

the appropriate excited rare earth oxides.

In the case of use of the manufactured article obtained wvia
the inventive process as a mould, the same submitted to
surface treatments by means of appropriate antiadhesive
agents that permit the removal of the product subsequently
obtained therein, either optical component or mould again
to prosecute the miniaturization fall process. )

An example for the preparation of a silica glass mould is
given by the surface silanization to pasgivate all surface
active sites (hydroxyl groups or hydroxyl groups
precursors) in order to avoid the adhesion of the silicic
gel that is aimed to be mclded.
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the appropriate excited rare earth oxides. In the case of use of the
manufactured article obtained via 15 the inventive process as a mould,

woth@segasssubmitted to surface treatments by means of apprpptiatezoo4/062327

antiadhesive agents that permit the remgval of the product subsequently
obtained therein, either optical component or mould again to prosecute
the miniaturization fall process. 20 An example for the preparation of a
sHieaugtpes mould is given by the surface silanization to passivate all
surface active sites (hydroxyl groups or hydroxyl groups precursors) in

' %éq@vg}g the adhesion of the silicic gel that is aimed to be molded.

137 PCT/EP2004/002327 8 Examples Example No.1
BisomEcGithd ShEctR RC&RBfacture of the original mould 5 An

original mould was prepared as specified hereinafter. Drawings according

fo tMafigdres tuael 2 Werd suppliexima ashop dalified for very high

precision-works through the commercially known "turning diamond"
Hiﬁcbiftegﬂﬁkabymﬂﬂghi% iw@?pﬁ%eégé@ﬁbof@t&%@th%af%%#&%r
r QW n m. The materi ui e ori
T ATl s IR PR SRt el by
@trﬁé}aﬁé gl el blighaf poukRRas hhdismmeniméne timy Helytiovensh the
byeguareipy amidakaving aZrrisidesanthond” machine tosl, by which
it ispossible teo finish 'off a metal durfaca having ‘an

average roughness lower than 20 rim.

The material to build the original mould was aﬁzalﬁminum

alloy, commercially known &s “CERTAL" .

_.Thgwstgquu:e Qf{the.priginai mould was .a 48mm diameter

r;ipg,\_,;full_y. covered by square pyramids having a 2mm gide and
about 1.75 mm height. The structured ring was in the center‘
of a metal disk made by aluminum alloy “CERTALY and having
a 56 mm diameter.

. A view of the structure is in‘the figure 1 showing, at

sizes dou.bled WJ_th reSpect to the true -ones,, the structure

_1ayout The 51ng1e square pyramld is. 111ustrated with

strongly enlarged 81zes, (1L0:1) by‘thgmlataxal view of the
Figure 2. ' :

The structure to be build, integrally formed by rectilinear
segments of dimensions not lower than about 2mm, was, as
far as that kind of drawing was concerned, in a size range
well Compatible with the type of machine used. The
prototype of the original mould satisfying required
specifications, was easily obtained by the encharged shop.



15 about 1.7,5 mm height. The structured ring was in the center of a metal
disk made by aluminum alloy "CERTAL" and having a 56 mm diameter.

WO 16003/)’(%\9/19; the structure is in the figure 1-showing,-at sizes %W}laepqo\?ﬂ%ozn'f
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respect tothe true ones" the structure 2Q layout. The single square

pyramid is',illustrated, with strongly enlalgged sizes, (1.0:1) by the,lateral

view of the figure 2. The structure to be build, integrally formed by

rectilinear s%gments of dimensiqgns not lower th hout 2mm, was, as 25

RN RASG e B ARG e whE oA Srhediin &3 wellto }

withTtmertpl of machine used. The prototype of the original mould

satisfying required specifications, was easily obtained by the encharged

AmopmwKEQEOé@88ﬁ375%3@&8&@0%@Q232hé%BoB@%ﬂﬁ@aSﬂ%”ﬁ&W?g the
ication thr liconi impyi n imprint o origi u

e B kS f S B o Creser

BroHu Gy WASKERSTCUEME DTRRsd aEeorrgpeetRdabprosheureeTy

suggested by the very producer. C. Miniaturized replication n.1, in silica

glass The siliconic rubber imprint obtained in B was used as a 10 mould

for a conventional high precision moulding silicic sol, according to US

patent No.5,948,535. Accordingly, the following operation was carried out:

¢t oL TEDS, (araetyipniesiisets) were U2 100 s
) o6&

The giliconic rubber imprint obtained in B was used as a

er

mould for a conventional high precision moulding silicic
sol, according to US patent No.5, 948,535,

Accordingly, the following operation was carried out: 100gr
of TEOS (tetraethylorthosilicate) were put into a 1000 ml -
borosilicate glass flask, under a suitable stirring of a
magnetic anchor. 300g of 0,01NHCL in bidistilled water were
added to TEOS in the flask. The TECS complete hydrolysis

was achieved by an ultrasound probe treétment over 10
minutes. Hydrolysis ethanol was partially extracted under
reduced pressuré by a 150 ml volume ligquid. 60g of AEROSIL -
Si02, OX-50 DEGUSSA A.G., were added to the residue
recovered from the rotating evaporator and properly

- homogenized and centrifuged. The silicic sol, before being

poured into the siliconic rubber mould, was brought to pH 4
through a gradual addition of a 0,5N watery ammonium
hydroxide.

The sol gelation occurred in about 60 minutes. The obtained
gel was conventionally treated, according to US patent
No.5,948,535, converted to aerogel and densified to silica
glass.

The obtained product, as very pure silica glass, was a
miniaturized replication of the original mould. It is
possible to note, through an eye inspection, that the



15 magnetic anchor. 300g of 0,01NHCL1 in bidistilled water were added to
TEOS in the flask. The TEOS complete hydrolysis was achieved by an

wo witiasesd probe treatment over 10 minutes. Hydrolysis ethaaalisasos/002327
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partially extracted under reduced pressyre by a 150 thl volume liquid. 60g

of AEROSIL 20 Si02, OX-50 DEGUSSA A.G., were added to the residue
recovered from the rotating evaporator and properly homogenized and
senifiged=The siligic %:@erelbqi%mw@sinﬁ%f)%ﬁ HRBe i ced
moutl‘cf,i was, br ught to pH 4 through gradual addition of a watery

ammoniu ﬁyd‘?o? &P St gejrattlon StcuReGRPREGUL bqﬁﬁﬁtege‘jucmcn
Thebtaifdd el Masohvemmnahf rekdtagcording to US patent
No0.5,948,535, converted to aerogel and densified to silica glass. 30 The

obtained product, as very pure silica glass, was a miniaturized replication

of the original mould. It is possible to note, through an eye inspection, that

HhepNR-200440 el%gy/Ef ﬂ@@Zﬁg? 10 structure of the original

mould Was Taithfully Tepr plication with an isotropic
inear re ctign_ of all sizes b a factor of about2. 5 D. R ersed
Symmetr m%rg:% Hﬁcﬁ/ gsmg fhe"aifica’ &%ss téﬁe&ﬂ?ttﬁrecedlng

PPEEEHAP B pefatidy 8 oVBRINBARt Was memedradc@dmgnd.ﬂmer to the
Rrecastite: pravieusindistlpsedt ind3 wihaefarencafodhe rtiginal mulds the

&rﬁglnal moulﬁ

S

E. Silica glass minj,aturizeci r'epjlioat'lion- No .2

The 8111con1c rubber 1mpr1nt obtalned ln D was, employed as
a mould accordlng te a procedure 31m11ar to. the one. .
prev:.ously speC1f3.ed :Ln the operatlon C. The obtained

_511lca glass product Was a very good quallty repllcatlon of
the orlglnal mould structure once mlnlaturlze& in C, and, '

the eecond tlme, ILI}. E. It is possz.ble .t:o fote, through an

,-l,eye a.nspec:ta.on, that the structure of, the or:Lg:Lnal mould .
was apparently falthfully reproduced wmth an 1sotrop1c

A

11near shrlnkage of a. factor equal to 4

©rHe saihe procedure was applled to reach through subsequent

operatlone of s:.llcom.c ;merlnt as well as of
niniatirization ind silica’ glass, a third ard a fourth
reduction level of reduction of the original mould

Sstructure.

‘The results of the dimensiocnal analyses of all gilica glass

:struc:tures obtained thereby are summarized in the table 1.



E. Silica, glass miniaturized replication No.2 The siliconic rubber imprint
obtained in D was employed as a mould according to a procedure similar

W 0tzo 6%8%%-;7 previously specified in the operation C. The obtaipg,? /51?23@?0%2327

glass product was a very good quality replication of the original mou
structure once miniaturized in C, and, the-second time, in E. It is possible
to note, through an eye. inspection, that the structure of the original
rrpog d i,.. was apparently faithfully reproduced:. with an isotropic 20 linear
stHfkage of a factor equal to 4. The same procedure was applied to

T

5
- 'ﬂﬁlFEill@lh SII|858QII8FI¥ operations of-siliconic imprint as well.as of

miniaturization irsificaglassyadhird and afeddbrieductionilevel 6f  reduction
reduction of the original mould 25 structure. The,results of the3dimensional ‘

analyses of all silica.glass. structures ohtained thereby are summarized in
thestable 1. WO 2004/083137 PCT/EP2004/002327 11 Table 1 original
ion, reduction reduction reduction 1 2 3 4 disk external diameter

56.0 28.0 14.0 7.6:8.% (mm) square pyramidiz0qL.0 0.5 0,25 §.125 side3 5

%m&tez

{mm)

sguare
pyramid . 2.0 1.0 0.5 0,25 0.125

gide (mm)

The table 1 data outline the inventive level and the
industrial utility of the disclosed invention: a
microstructure was obtained through a novel *cascade”
process allowing to use the conventional mechanical
processing high precision to build the original mould as
well as to transfer the gsame precision to a micrometric
scale through the new cascade miniaturized process.

10 -

15

Example No.2

Microlens matrix

A. Original mould manufacture

An original mould was prepared according to the disclosure -
of example n.l, paragraph A, but one difference: the square
pyramids having a 2mm side and a 1,75mm height of the
example 1 were now substituted by truncated square
pyranids, fully egual to the above described pyramids, but
being truncated at a 1,6 mm height.



The table 1 data outline the inventive level and the industrial utility of the
disclosed invention: a 5 microstructure was obtained through a novel

WO "zagasdes7 process allowing to use the conventional mechaniat/Ep2004/002327
processing high precision to build the origipal mould as well as to transfer
the same precision to a micrometric scale through the new cascade
miniaturized process. 10 Example No.2 Microlens matrix A. Original

rBQUitbmnany tadtureruedriginalapauld sasoere pareghaacording (e~ rubber.
disclosure 15 of example n.1, paragraph A, but one différence: the square

R e 2 A5 SR A L TRnmdisigt oLing eguple. iere o
now substituted by truncated square pyramids, fully equaf to the above
&é%%ﬁﬁ@&lﬁﬁaﬁ%gsa&x i frifEsted at A% RiRaEFGRhWD of the
20041Q831 37 PCT/EP2004/002327 12 B. Reversed symmetry replication
through siliconic rubber. One original mould imprint was obtained by

5 means of the procedure already disclosed in the paragraph B of the
example 1. 5 C. Silica glass miniaturized replication n.1 An original mould

f@P'i§§§%‘é§’a§ﬁ%%arﬁﬁﬁﬁ%ﬂg%@%ﬁ@%}eﬁ‘{%g 988y flegerped in the
ation, having

0 good optical properties, Waé,similarto the original one,
%ngoriggnaipméﬁﬁé replication was grepared through the

procedure already described in the paragraph C of the

example 1. The silica glass original replication, having
10 good optical properties, was similar to.thé”origiﬁél one,
also having a morphology ideally corresponding to the
morphology- of the: original’ mould, accorBing to éne to one
correspondence. Only the dimensions were smaller being
linearly reduced by a f£attor of 2: Particularly the base
15 side of the truncated pyramid was reduced to 1lmm and the
height to 0, 82mm. ' ' ¥
Theipraiqe@_maanaétured;artigle was used in the optical

‘‘‘‘‘

field as ﬁicrolens matrix. Accordingly, an object was put
under the ground containing the truncated pyramid square
20  bases, 15mm for therefrom. The imagine was collected and
focused by a lens having the optical axis perpeﬁ&icular to
the base ground on the structure gide, sitéd”tg ééé”the
structure even if in the opposite side with respect to the
object: therefore, vertidally above the tfﬁncatéa pyramids.

25 The ',r'e.sults are photdga;aphically illustrated in the figure
3,- showing the object, constituted by a triangular mark
with the number 02, faithfully reproduced through multiple
imagines, each one produced from a different lens of the
circular matrix, i.e. from a truncated pyramid of the

30 molded structure.

As a control, the figure 4 shows, under the same optical
conditions, the same pyramidal structure, the object having



also having a morphology ideally corresponding to the morphology of the
original mould, according to one to one correspondence. Only the

WOQLW@@%S were smaller being linearly reduced by a factor f %’EPZ(}Q 4002327

Particularly the base 15 side of the trunc%ed pyramid was reduced to
1mm and the height to 0,82mm’. The obtained manufactured article was
used in the optical field as microlens matrix. Accordingly, an object was

RN gggéqu ining.the truncated pyramid square 20 bases,
T5mm o%rt erefrom@%’%%%% dingt%arsecglﬁecfé%pén#? o] l?s%djtfﬁ}arﬂéﬂg of the

ﬁ’&(ﬂﬁ’ﬁ*ﬁhﬂe optical axis perpendicular to the base ground on the structure

side, sited to see the structure even if in the opposite side with respect to

thee objpuet: tRereture v ertically labovethp drundateddquyreainigs. 2% Theis

eRskits are phgtographically il ated in the fi 3, showing 1 bject, -
c%rl%%l,ateq a triangular ma%?%vi%%%.r%%gg%i fgighlzﬁ ygrle%%;adﬁ%glce 50
thfough muttiple Thagines : Sactfond B diked ¥t althfteréRIENS 6f fHe
eRculaehatize Lenfreva ke truncafedvpyramihgfdbe 20malEied Gtyetuee.

As@icoml dhediguee 4shawaWnderibe same opfical 5891%@9’155 B petween

me pyramidal structure, the object having WO _2004/08313 )
PRT/EP 0002357 5 b ThiS B iekriy HheFER Hormupleobtainsd.
imagine of the object. The manufactured article, prepared according to

this example was used, in the same example, as optical device so 5
called "fly eye", i.e. as the multichannel lens of an



optical system able to show an object at 360 degree latitude above a
determined horizon. The comparison between the figures 3 and 4 outlines
that the result was obtained. 14 CLAIMS 1. An optical article of final
dimensions, consisting of silicon oxide, as such or modified by the
addition of one or more oxides of elggents other than silicon, having an
almost complete isotropy and dimensions equal to or lower than 500um.
CLgiﬁrg)cess for the preparation of moulds to manufacture of optical articles
or of these very optical articles, according to the definition of the
preceding claim 1, comprising one or more of the following operations

1. ARadp Al 0gate braatPe SRRUBHOUSNLCRHIE- QM A% Ax[al 204(RNL IPRRGHcd

at the desired or suitable step: a) preparation of an original hirah precision
by hedrfibyredrotrSoRYTn exiifeoniel IBHET b asr THsRRimpriAgsan almost

corlAVIB LR SAME §IARS SR &RV RISRhLRENMEII0WIR.respect to the
moulds obtainable through the preceding steps; c) preparation, by the

employment of one or more moulds obtained in step a) or imprints
2. Fobtaines: i steppb)ebiheropiiaat asticlalTaMing wdpeed) dimaasions aaek very
reversed symmetry with respect to the starting mould/imprint; according to
op R ASEEALNE, th o T1E°0c) Gt SSEMLYe LA A one or
moprelintiadsiicteps whateiontheumatlddgedos| filedbwitbnéisecdntainiag dheas a

interesting axide . precursors, the sol gelation, the gel drying, the removal
B PR T e The hASl riPhaturization of the dried gel.. d)
preparation, inside the so obtained optical article, of a further article again

| ' eye , or of imprints according to
%?Vm%péé%(ﬁﬂﬁ%‘} éﬁ&b??%ei}:‘iaﬁ]%}%%%@cqs%ﬂ%ﬁé@/

the pr Ing item on, through the preparation of optical
articles by sol-gel procedures and/or 15 imprints according to b), till the

desieddimensians Qi AMRWLdH! §8HOWESIore imprints, having the same sizes

and a reversed symmetry with respect to the moulds obtainable through the

preceding steps;

c) preparation, by the employment of one or more moulds obtained in step a) or
imprints obtained in step b) of the optical article having reduced dimensions and
reversed symmetry with respect to the starting mould/imprint; according to a sol-
gel procedure, in which the sol-gel procedure comprises a preliminary step
wherein the mould is cool filled with a sol containing the interesting oxide
precursors, the sol gelation, the gel drying, the removal of gel from the mould and

the final miniaturization of the dried gel.;
d) preparation, inside the so obtained optical article, of a further article again having
reduced sizes and reversed symmetry, or of imprints according to the preceding

item b);

e) and so on, through the preparation of optical articles by sol-gel procedures and/or



dimensions on the ground of the physical limit of the process for the
preparation of mould or optical articles; f) possible separation, in relation
with any step, of the imprint and/or the article obtained in the very step. 3.
Process for the preparation of moulds according to claim 2 in which mould
of item a) is produced by a materialgelected among nickel/phosphorus
alloys on aluminum carriers and aluminum alloys. 4. Process for the

preparation of an optical article according.to claim 2 in which the, mould is
TS STl 57 ot dA oL B THEAAL of B Spallee Tovest
airedfiesivenatye nisauh dRibGesshfior thiel prepat ditoprofan tptidaljaratation of
arSSOﬁ%Q t%(%lﬁémwzgsn_ which the mould is previously filled by a silicon

oxide prec%rsor.%. rocess for the preparation of an optical article

according to the claim 5 in which the mould is filled also by a precursor of

QS l%m?eogggﬁﬁfoﬁam%aﬂﬁ{wuﬁy L‘?éﬁf‘%@iﬂx%si%%?rﬁa@/?ﬂ'?ﬁe article

obtained in the very step.

3. Process for the preparation of moulds according to claim 2 in which mould of item
a) 1s produced by a material selected among nickei/phosphorus alioys on aluminum

carriers and aluminum alloys.

4. Process for the preparation of an optical article according to claim 2 in which the
mould is previously submitted to surface treatments by means of appropriate

antiadhesive agents.

5. Process for the preparation of an optical article according to claim 2 in which the

mould is previously filled by a silicon oxide precursor.

6. Process for the preparation of an optical article according to the claim 5 in which
the mould is filled also by a precursor of at least an oxide of titanium, germanium,

lanthanides and rare earths.



