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WD 2004/ 083137 PCT/ EP2004/ 002327 1 OPTI CAL ARTI CLES
AND SOL- GEL PROCESS FOR THEI R MANUFACTURE The present

w0 pwe083ilen refers to optical conponents 5 consPGI/ERPZP00602327

silicon oxide, as such or suitably conmbined, in fina
or nearly final dinensions, having an alnost totally
i sotropy and sizes equal to or |ower than 500 um
furthernore the invention relates to the nmeans used to
car e on.-0
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of them It is knomn that the optical materials,
particularly the transparent optical materials, are
typical materials of known machining difficulty and,
soneti nmes, troubl esonme preparation because their
fTlagi préyeandihaedness waifehs fror obfiexdnp@pd@ients
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el ement’s conprise reducing. sul table
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Thesey aber n@ﬁl@ogge@ggat&bﬂgo% e %%a%cllc%q a!mdhéy as well
even t hrough the e nt of suit e egui pnent

tHF sCRORE i HESCHRF N OFhg%ﬁeﬁgﬁﬁa6ﬁgﬁqWHQ§ﬂhpth of them.

repeatibility and poor process flexibility. 25 One
sot uis dmdwais tieen ahbi epedchy ma@éwdhﬂg a@@h@ﬂdﬁlarly the
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can be carried out on cons
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tdiec Us€l ddomponents and devices not being generally
acceptable for reasons of product quality.

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
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organic optical material, i.e. plastic material, which
can WD 2004/ 083137 PCT/ EP2004/ 002327 2 be nelted and

woreiodesB1esi ng very econom cal processes.  HoweRE€T/EP100€£002327

enpl oynent of plastic material 4s sonetinmes the cause
of dinensional defects of final optical product,
because of the insufficiently controllable material 5
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The final optical product, obtainable through tolerable
investments and absolutely repeatable methods, is
characterized by very high precision and dimensional
steadfastness: however, it is such and the relevant
preparation method is advantageous when the optical article
dimensions are beyond a threshold, under which machining
difficulties may arise in the mould formation formation,
particularly in the preparation of moulds representing
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
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matrix or other periodic mcrostructures needing a 30
di nrensi onal resol ution of each el enent under the

we@nionist1Bng threshold of the existing machi nePgT/ER0041002327

difficulties increase in the case of preparation of
optical articles in the peculiar mcrooptical field,
wherein positioning and lining up problens have to
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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. possible reproduction, in a siliconic rubber or other
suitable compound, of one or more 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 of the
products obtained in the preceding steps, of the optical
article having reduced dimensions and reversed symmetry
with respect to the starting mould/imprint; according to
a sol-gel procedure;

d. possible 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);
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same sizes and a reversed symmetry with respect to the
nmoul ds obt ai nabl e t hrough the precedi ng steps; 25 c.

w@e@pasHsT on, by the enpl oynent of one or nor ePOI/EP1964/002327

products obtained in the prece@jng steps, of the
optical article having reduced di nensions and
reversed symmetry w th respect to the starting

l.d/4 i 0t j.ng a sol:gel procedure; 30 .
TR T ) BEEEIRL00 Lo oL Rk BEREEINES: X oprescan
opt iBgdliclas iyt esobfgal forobedunes i ehéd/againplrdvitsy according

red Si angd. r or_of _inprints.
nccording (o the o BERes M dns boo ahtBats, Ti1L the
PCTH IBEEIETL O 0N aflge serownd poEstheyphyhicagh limit of
t he thicepaicttdsy of optical articles by sol-gel

procedures and/or inprints according to F), till the
desired .di.nensi ons or, anyhow,_ti]l the owest

o“iewé’ﬁéis S S Afr it %‘? FHeP phYR | ¥hFR| pRY SEeD, 50f the

t he ippadess arfd/ osdid| £risopbs adbhodined i€l eheotewit Btep.

any step, of the inprint and/or the article obtained

in the very step. Sonme of the above operative steps

may be furtherly 10 detailed:- a) a nould is prepared,

herei nafter defined as original nould, nade by

awe e Bihe ogbevei aperhsi veastebsl mayt bbe Fusuiteatilye

herdcplgstability and able to undergo a precision

machi ning processing; 15 b) one or nore inprint are

pr.epar ed i siliconic rubber or other suitable o

b R %aﬁ%h@r?ﬂér§§neh§F§é§a§ﬁ6radeﬁé@@ﬁs@@ original

symmeduld ( maderby nalehi wihhal gspestr £8 bR@erOhHdialal with

ngéﬁﬁj%FégiérE éﬁfcg gpgb§gig9tghaegb&gp%Bnhﬁﬁééao a
precision machining processing;

b) one or more imprint are prepared in siliconic rubber or
other suitable compound, having the same sizes and a
reversed symmetry (mirror image) with respect to the
original mould;

¢) by the use of the so obtained imprint as a new mould
(resulting symmetrically reversed with respect to the
original mould) a molded manufactured article is
prepared trough a sol-gel process in silica glass which
has lower dimensions according to the linear shrinkage
coefficient and the same symmetry as the original mould.
The so obtained silica glass can be find application
either as optical component or as a mould for a

following molding operation:

d) the so obtained manufactured article can be used as a
reversed imprint in view of a further operation to sol-
gel produce an optical article having further reduced
dimensions and reversed symmetry (mirror image) with

respect to the original mould.
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20 (resulting symmetrically reversed with respect to
the original nould) a nolded nmanufactured article is

w@e@pasaa’ t rough a sol -gel process in silica gP@yEP2004/002327

whi ch has | ower dinensions acgprding to the |inear
shrinkage coefficient and the same symmetry as the
original nould. 25 The so obtained silica glass can be

fi lica ei t her, as tical onent ., of as
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image) with respect to the original nould. WO
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reverse |rrpr|nt made a siliirconic ru

federbal ) ohs 5156§spﬁleéa§ﬁ@naﬁé Fe e llepanaass according

ot i ﬂget ﬂafegéﬁﬁesﬁvéﬁu&@n, I g;rn%?ﬁﬁ@r x%@rca%%céd Wik
accordin t he in e ar

pf%%%@%?&%ﬁg%y 't i OFﬁﬁl g%aﬁﬁﬁﬁdmgyéékapﬁbl¥%)ﬁQ%ﬁﬁhﬁy
caroed t heof bessubpegathonyokmpheyikd.l process
according to the present invention or it may be

' h t | d
gsgfégbfé’ gg#épakggfglgngggﬁ%¥ ggguglﬁt | oalt%nr{ogglesldvgll
e ?&PE@ﬁlécébtéladcandthQ eot, eemdi dilres alelilce

kewed © $h6s PSARL 81 $§i Ji!eﬁgnag bhe cBE! sigad ;offet%%o'nﬁ;%ld
t. réig ﬁgstantla [ly depends on the sizes o

?fteQ%%lg%€h%FaH@d§ro@ﬁé§tl§€aﬁﬁpﬁgtﬁﬁom

tdeeanyventadDnaheonesreare: 15 - use of nunerically
controll ed machi nes; - use of special nmachine tools

proﬁégegfwhh%é%lcéffy'g%ntrolled machines;

- use of special machine tools provided with a “turning
diamond” ;

- use of cutting machlne to treat conventional optical
networks; '

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

- 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: 9006/1, 9006/2,
9006/4, 9006/5, 9006/6. Of course it is possible the use of
any other carrier with the necessary workability and

steadiness properties. Also the replication of these moulds



10

15

20

25

30

di anond”; - use of cutting machine to treat _
conventional optical networks; 20 - mcroscopic

w@ewawsIly’ based technol ogi es providi ng PCT/EP2004/002327

phot ol i t ographi c techni ques conpined w th nicroerosion
techni ques; - ablation through hi gh power |aser
radi ations. The materials enployed to prepare the
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When the production, at any step of the above fall process,
aims to obtain an optical article, the dried gel is removed
from the mould to be submitted to a sultable 1sotroplc
miniaturization. '

The composition of the moulds and/or optical articles
prepared after the step b) of the inventive process,
comprises a silicon oxide, as such or added by oxides of
elements modifying the properties thereof, in particular
way le optical properties.

An example of the modification of the optical properties of
the silica glasses consists in the refraction index
increase; that is obtained by a suitable chemical
formulation of the sol, which precursors of the appropriate
oxide are added to, particularly titanium and/or germanium
oxides. By following the same trick, other optical
properties are modified such as the optical dispersion,
through the addition of precursors of oxides of elements
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field literature, patents too such as U S. patents
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no. 4. 806. 328. Wen the production, at any step of the
above fall process, ains to obtain an optica
article, the dried gel is renoved 20 fromthe nould
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S rS o1 ven R SR ah° g an e o B 1 ip L

fmfcbmnr’q:\ge$ heushnest r fok, iakhkanhcept ittal pl'fdj”db:ﬂﬁmtﬂr@schence
re tica ersi hr ou

e Eras 0 BEahlE, 8By, 30 ettt Hbcrnd 0o
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be reduced be¥ond one nm n'@ﬁ? rder if the % %f
F AR TN Ve MPPTSRS &5t Pt 4R e SPg SUGpitted to
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esce
obtained therein, elther 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 passivate all surface
active sites (hydroxyl groups or hydroxyl groups
precursors) in order to avoid the adhesion of the silicic
gel that i1s aimed to be molded.
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wo e@ee8316f oxi des particularly active in the fprPel/EPROCIN2327
as the appropriate excited rarge earth oxides. In the
case of use of the manufactured article obtained via
15 the inventive process as a nould, the sane
S bnitigd to surface treatnents by neans of
é%ﬁ?%ﬁ PRte antiadhesive agents that permt the
renmoval of the product subsequently obtained therein,
eEx&mplgpNDcél conmponent or nould again to prosecute
(DE bR ALUELZALT 8RR Ry ocess. 20 An exanpl e for
the preparation of a silica glass nould is given by
the surface silanization to passivate all surface

' ' bypsabrm oxyl groups

precursors) in order to avoid the adhesion of the
shh | 6+£gi 881 hbaldl wadl Qe 2Dl A2 WP ereinafter.
2004/ 083137 PCT/ EP2004/ 002327 8 Exanpl es Exanpl e )
NGt A HRSFoRACRHEL PR T&t Hh& driguaesvan @Bk tumEeR? SuRplied by
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N i i " ihestoal, by which it is
ggggﬁﬁgéugguggﬁgé%”gpgegﬁgg glégur ace having an 10
average roughness |ower than 20 nm The material to
bth¢ diaer d7i gkfabuipd §hgasragiapdnineydhd aldsoyn aluminum

COMBY Ci @biMek8OMN19S knGHRTAL" ~cEReastructure of the
original nould was a 48nmm di anet er

The structure of the original mould was a 48mm diameter
ring fully covered by square pyramids having a 2mm side and
about 1.75 mm height. The structured ring was in the center
of a metal disk made by aluminum alloy “CERTAL” and having
a 56 mm diameter.

A view of the structure is in the figure 1 showing, at
sizes doubled with respect to the true ones, the structure
layout. The single square pyramid is illustrated, with
strongly enlarged sizes, (10:1) by the lateral 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.



10

15

20

25

30

ring fully covered by square pyram ds having a 2mm
side and 15 about 1.75 mm height. The structured ring

woam4iossishe center of a nmetal di sk nade by al ur@TEP2004/002327

al l oy "CERTAL" and having a 56 nmdianeter. A view of
the structure is in the figure 1 showi ng, at sizes
doubl ed with respect to the true ones, the structure
gdluTrMed

N & _l-_ll:l

ubber

vieWmmriﬂm 'flgure 2 The structure to be build,
integrally fornmed by rectilinear segnents of
dj L.OF b as far, as
%HEE%QSﬁ 83 lt%‘é@ fm&é%con%é)ﬁl%gégmag\a%talngé Pgeusing the
weni t@bheaf:pmpeuwdt Elﬂﬁié‘Q%Irie Mgf6 Qiaahiorbiamd doy THRCKER CHEMIE
PERbOt ¥REo2H1 hBe Al Yiah L (f%@%%&tf&ﬂ%¥ edae very

by e

speC|f|cat|ons was easi |y obtalne encha

SHB% U@EFr 2004/ 083137 PCT/EP2004/002327 9 B. Reversed
symretry replication through siliconic rubber inprint
An inmprint of the original nould was obtained by using
the suitable conmpound ELASTOSIL Mi601 produced by

replication n.l, in S|I|ca glass TheVS|I|con|c r ubber

| Hpei ot loboninedubbeB vapnised ok adnetD imoW dvdprused as a
cRoyeat £gpal ALLRLEGHSHO u ilici
according to EE Egtgn?h% .%l k%%%g%zgﬂn r%ﬁﬁﬂgtik}lClc

f%ﬂomﬁtﬁ@oeéérlat @nUﬁaea@@mé@ Sutd48163g- of TEOS
(tetraethylorthosilicate) were put into a 1000 m

bmecsfaiﬁgly gtass fbtraelw,ln@nd@rexetawrr aRle Srddiddb@E: 100gr

%g;ﬂa% Z%égrgggﬁyﬁor%%%% cate%Nggﬁé %J%‘?ﬁ%d'é‘%%oo ml
borosilicate glass flask, under a suitable stirring of a
magnetic anchor. 300g of 0,0INHCl in bidistilled water were
added to TEOS in the flask. The TEOS complete hydrolysis
was achieved by an ultrasound probe treatment over 10
minutes. Hydrolysis ethanol was partially extracted under
reduced pressure by a 150 ml volume liquid. 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
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added to TEGS in the flask. The TECS conpl ete
hydrol ysis was achi eved by an ultrasound probe
WO e@ansmEst over 10 mnutes. Hydrol ysis et hanoPCINER2004/002327
partially extracted under redyged pressure by a 150
m volune liquid. 60g of AEROSIL 20 Si 02, OX-50
DEGQUSSA A. G, were added to the residue recovered

f rotati Vi rat-or_and, proper| . 0 eni zed
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i heothRegdhBEC orpd lcaiien moiuild ammeiss dirmomgid 1 tnesr4reduction
thEoO ' d addi L wat ery anmmoni um
2§Eh§%?o§ﬁg§§ ¥%Lasggﬁggﬁgfﬂiﬁﬁ%%ﬁgP%Ed i n about 60
m nutes. The obtained gel was conventionally treated,
according to US patent No.5, 948,535, converted to
aerogel and densified to silica glass. 30 The
abt Heest D diine @Sy VaRYr PHEENSL | pca gl ass, was a
mniaturized replication of the orrginal mould. It is

ssible to. note, .throygh an eye inspection, that the )
VDY 200476551575 it FEPSAEFROBESIRCT PR R T oF ¢ Hereceding
ovpgradionpubdneaelf dmphfint warsepregisoced ddvdi®igd ass the

r ' p.oQn_ Witk [,sat.ropi c ljnear. redquctio of al] .
P ERLERL P L ol VB S B R VBT St to the
i ot geaNomoRl@®y using the silica glass product
obtained in the preceding operation, a novel inprint
was prepared according to the procedure previously
disclosed in Bwith reference to the original nould.

E” Silica glass mniaturized replication No.2 The
§1 Paddica GIEES M T e meRl 1 ea i QR Neng| oyed as
a nmoul d according to a procedure simlar to the one
The siliconic rubber imprint obtained in D was employed as

a mould according to a procedure similar to the one
previously specified in the operation C. The obtained
silica glass product was a very good quality replication of
the original mould 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 mould ..
was apparently faithfully reproduced with an isotropic

linear shrinkage of a factor equal to 4.

The same procedure was applied to reach, through subsequent
operations of siliconic imprint as well as of
miniaturization in silica glass, a third and a fourth
reduction level of reduction of the original mould

structure.

The results of the dimensional analyses of all silica glass
structures obtained thereby are summarized in the table 1.
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mniaturized in C, and, the sggond tinme, in E It is
possi bl e to note, through an eye. inspection, that
the structure of the original nould was apparently
faithfully reproduced with an isotropic 20 |inear
siﬁbgﬁage of a factor equal to 4. The sane procedure
i uent _operations
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silica glass, a third and a fourth reduction |evel

reducti on of the orlglnaljnould 25 structure. The 4

fslts of the di nensional analyses of all silica

gl'ass structures obtai ned thereby are summari zed in

tdetaemmislle 1. WO 2004/ 083137 PCT/ EP2004/ 002327 11

Table L ori gi n2f-%educti 8R-?educti A-Peducti oh-0 3.5

reduction 1 2 3 4 disk external diameter 56.0 28.0

14w 7.0 3.5 (mm) square pyramd 2.0 1.0 0.5 0, 25

0.125 side (mm) The table 1 data outline the

i ¥EHIS ve | evel and the industrial utility of the

dbeednaged i nventpon: a Smgcrostrugi ure was gbbained o 155

thr ugh novel "cascade" process allow ng to Use the
nffnal nechani cal processi ng high precision to

bU||d the orrgr nal nodalrd as

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 same precision to a micrometric

scale through the new cascade miniaturized process.

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 sguare
pyramids having a 2mm side and a 1,75mm height of the
example 1 were now substituted by truncated square
pyramids, fully equal to the above described pyramids, but
being truncated at a 1,6 mm height.



well as to transfer the sane precision to a
mcronmetric scale through the new cascade

wWOorzov/asusT zed process. 10 Exanple No.2 M cr ol BCIEEP2004/002327

10

15

20

25

30

matri x A Original nould manufageture An original nould
was prepared according to the disclosure 15 of
exanple n.l, paragraph A but one difference: the

g q{.? : r,. d Q€¥|n9‘§”2n?1suQe'-n% gv;,z-nnup?ydgubber-
square pyramds, fully equal to the above descri bed
pYnenods gimatl moeile immuricsHt edbaitoltd]Gednbhenghhs WO the

2004/ 7 : sy et
oA ECat T on A Scan BT ot Vel PEGLSGh TR the
nmegRaPlepdi-nt was obt ai ned by neans of the procedure
al ready disclosed in the paragraph B of the exanple

1. 5 C Silica glass mniaturized replication n.l An
original nmould replication was prepared through the

procedure already described in the paragraph_C of the
D arit e s e S Ehag el PR APREAn: Badi on.

havi ng 10.good optical properties, was simlar to the
oRhgbmabinad, moallsh riegoiiing tal ovo vl mppatkedl tyrough the

CBEbEERINS 18 L8N gl oY ol UIE S g e

o At iy I

accor 0O One cor e
t sanpbiendi. ofbewsiid iowaldlers heimiggind hemp i cadioed byving
a~fagt . iyl arl na i 0
fopBa. hyebal pERH I M B ARG b o i ridiral one,
t 81808DAMLNThe BRERNPe®Ivaniertly eparesndding teelghe

| RokPROVBEVCAN the original mould, according to one to one
correspondence. Only the dimensions were smaller being
linearly reduced by a factor of 2. Particularly the base
side of the truncated pyramid was reduced to lmm and the
height to 0,82mm.

The obtained manufactured article was used in the optical
field as microlens matrix. Accordingly, an object was put
under the ground containing the truncated pyramid square
bases, 15mm for therefrom. The imagine was collected and
focused by a lens having the 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 the

object: therefore, vertically above the truncated pyramids.

The results are photographically 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

molded structure.

As a control, the figure 4 shows, under the same optical
conditions, the same pyramidal structure, the object having
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collected and focused by a | efg having the optica

axi s perpendicular to the base ground on the

structure side, sited to see the structure even if in
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Thé]ee§ults are photographlcally illustrated in the

figure 3, show ng the object constituted by a
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Slatjd:tude abbeeoh] e‘i@te&&wrfai WO 2004 08lﬁﬂé37com arison between
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article, prepared accordlng to this exanple was used,
in the sane exanple, as optical device so 5 called
"fly eye", i.e. as the nultichannel lens of an optica
system abl e to show an object at 360 degree |atitude
above a determ ned horizon. The conpari son between
the figures 3 and 4 outlines that the result was
obt ai ned. WD 2004/ 083137 PCT/ EP2004/ 002327 14 CLAIMS
1. An optical article of final or nearly fina

di mensi ons, consisting of silicon oxide, as such or
nodi fied by the 5 addition of one or nore oxides of
el enents ot her than
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silicon, having an al nost conplete isotropy and
di nensi ons equal to or |ower than 500pm 2. Process

wWo or040883pr epar ati on of noul ds suitable to napCf/aRLI004/602327

of optical articles or of thesg very 10 optica
articles, according to the definition of the
preceding claim11, conprising one or nore of the
fol | owi ng operations that, all together, can be

ously carried out as a fall and/or stopped at
the desired or suitable step: 15 a) preparation of an
original high precision nould; b) possible
reproduction, in a siliconic rubber or other suitable

C_Lonp&ﬁ' %tféafngrga E%r %f' gﬁh'arllt %ﬁ nlé%\glgfgtﬁ{}%]?q{gﬁnenm_ons '

Zes a a reverse
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alne

produ ts o in the rece I Ng st eps, of
opt i Tkl 1EPR| chavhagi AF aéaleééd cemﬁ»éﬁéeoﬁssogﬁ@py and

feVQiﬁﬁQn§y6ﬁ§téMuﬂﬂtBof@§DQ©%eEOthhﬁ.Sﬂﬂﬁﬁﬂng 25
moul d/inprint; according to a sal-gel procedure; d)

ossi bl e prepara |nS|d .the so_aob ned ti.ca
s Threse st B0 abRopraPar eF 4oy atn TR SEIIRAE to
Si zesamanth ¢ eveesed spmxetaﬂyarmicfhfea [0 |orﬁ Shexse oraliyng

to the prepedipgchLem bl codd gl 300 58 e RASIAl Yor tne

preparati ' on O cal art
sol -Rretcei be@datesmahd/ @pmmlz@m:/ 0881®7% more of the
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the desired I rensi ons _or, anyhow, Il the | owest
di we%@,%mu%%slfvheagré@édoaﬁ Pﬁeapﬁﬁéllcélnq/l% tStoregk at
Process.;desired or suitable step:

a) preparation of an original high precision mould;

b) possible reproduction, in a siliconic rubber or
other suitable compound, of one or more imprints,
having the same sizes and a reversed symmetry with
respect to the moulds obtainable through the
preceding steps;

¢) preparation, by the employment of one or more of the
products obtained in the preceding steps, of the
optical article having reduced dimensions and
reversed symmetry with respect to the starting
mould/imprint; according to a sol-gel procedure;

d) possible 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, possibly, through the preparation of
optical articles by sol-gel procedures and/or



f) possible separation, in relation with any step, of
5 the inprint and/or the article obtained in the very
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according to the preceding clagmin which nmould of
itema) is produced by a material preferably selected
anong 10 nickel/phosphorus aIons on alum numcarriers

d I roces h repar ati.on
o the oo, RSatind & B 1P of aBrEBRh b
2 in whidémettve s q%ﬂ athmmdutelbohhel$eweat_dlmen81ons on
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with a sol contalning estin
precursors, the sol gelatlon t he eI drying, the
r eno¥al P@tssgtéq § reARaATRL Ul diadetdelionnwith any step, of

M ni at ukheatingr it t4hes Mt echgedrt be1 Er O6€8snEQr 1ﬁh€he very
preparation of an optical article 20 according to th

precedi §GSA-aimin which the mould is . previously
submtted to surface treatnents by means of
appr epocate ot a;dfmgm@aawﬁtcm &f Iﬁhsm:@§3aé@dsrzahﬁg to the

tical, anticl r di
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a prééuméﬁﬂmoﬁléﬁﬂﬁéast an OXIde of titanium
germani um | ant hani des and rare earths.

4. Process for the preparation of the optical article of
claim 1 according to claim 2 in which the sol-gel
procedure comprises a preliminar 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.

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

appropriate antiadhesive agents.

6. Process for the preparation of an optical article
according to claim 4 in which the mould is previously

filled by a silicon oxide precursor.

7. Process for the preparation of an optical article
according to the preceding claim in which the mould is
filled also by a precursor of at least an oxide of

titanium, germanium, lanthanides and rare earths.



