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M CI?O_ELNE@EJ}}J@I%G The present. i nvention pertains 5%0%952 -
process and device for manufacturing networks 5 of microl enses and,
especially, to a process in which a plate of nalleable nmaterial is pressed
agai nst a grooved nonmual | eabl e surface of a consistent network of pits in
whi ch at |east the openi ngs correspond to the contours of the
convex parts of the mcrol enses, which are K - formed by permanent
pressing of the plate against the pitted surface. The present invention

al so pertains to a device for inplementing this process. 10

At the present tine, networks of optical mcrolenses are used in various
applications and, especially, for taking and reproduci ng i nmages.
In this technical field, we know of video | mge projectors that
function by projecting Iight across a two-dinmensional matrix of liquid
crystal cells showing the inmage to be projected. These inage projectors

have a | ow | um nous yield due to various |levels of |ight
absorption by polarizers [polarization filters] 15 placed on both
sides of the matrix, bypROegSS mewgis F(DRMANIH:AQ@TUMN@t rix, by the
proj ection screen, etc. For this reason, I s possible to inprove the
present | uninous yield 'NET“KBHKsmﬁ’ IENSES by a factor of 2 or
3 by focusing the light source on the useful areas of the liquid
crystal cells, which are selectively interchanged between an opaque state
and a THePERAY iRvEntiSHh géreams%taspmwe&s AN devied R RAMFtding REwdRRSIUE
mar gi ns of these ceIIs Thi s absorption problemis also found in

ot heb devi c@f microlehsesagnd; &qiema@h tted pracgss id Vdrlghsa platsef mallsable material is pressed
A R MO S I TR TR N R T —
crystal cel lopenings correspontdto Rh@%&&bui@@f ﬁ\@%oh@é: par ofdk irickdietes) Qkhich are
contenpl ated for "video i nrages i ntended for the
formed by permanent pressing of the plate against the pitted surface. The present invention
also pertains to a device for implemeriting this process.

10 At the present time, networks of optical microlenses are used in various applications
and, especially, for taking and reproducing images. In this technical field, we know of video
image projectors that function by projecting light across a two-dimensional matrix of liquid
crystal cells showing the image to be projected. These image projectors have a low
luminous yield due to various levels of light absorption by polarizers [polarization filters]

15 placed on both sides of the matrix, by opaque margins of the cells of the matrix, by the
projection screen, etc. For this reason, it is possible to improve the present luminous yield
(on the order of 1%) by a factor of 2 or 3 by focusing the light source on the useful areas
of the liquid crystal cells, which are selectively interchanged between an opaque state and
a transparent state. Thus, we avoid absorption by the opaque margins of these cells. This

20 absorption problem is also found in other devices, such as backlighted liquid crystal screens
that are used in data processing for displaying information.

When one takes into account the dimensions of the matrices of liquid crystal cells
in present use and the high definition now contemplated for video images intended for the
general public, one must then arrange two-dimensional networks of microlenses distributed

25 on the order of 100 um. An example would be a network of lenses between several hundred



general public, one nmust then arrange two-di nensional networks of -

-m crol enses distributed 2 5 on the order of 100 [err]m An exanple
woul d: be. a :-network of | enses between several hundred
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t housand and several mllion. 2 From French Pat ent No.

9, 408, 420, filed on July 7, 1994 by the applicant, we know : t hat

we can cr eathwusandrandestverakmilliont. h a process of the type nentioned in the .
nbl f t.h t LPLIon. ' t Ai ,
B Biate made of EramFreashfulbiNe 0uEt, bRy oty % 1804 by the helicert HaRACY
nonnal | eabl P?P%Ei‘rﬁaé%%a&?n&%%ﬁ&%ﬁﬁhgﬁ&és%ﬁ%‘hﬁé ARAticHed iAShe preamble of
e pres d

plate to different pressures. ure on the side facing the pitte
surface i s thespresentidescription. Accortling tor thissproeesss agilateshade ofa mrdleable @ptisilde

of this plate, .,The depth af the pits .s greater than . . t he
thic nesg ofafegalay, BEHpSt ¥ § ablgp r{aﬁ? H%&ulﬂﬁctﬁ’grthﬁﬁ‘@ﬂls%s BEMSi ng

th | at : ' ' i
€ plate plétte to dlﬁ'erfeﬁftgﬁtlee&?.p{rest. hﬁe@ﬁ-&%ﬁgﬁl%i‘{hfe%f& faaggrt] ie) fied @uﬂie&?ﬁﬁgﬂfan

bet ween the bottom o ts an _ parts of

m cr ol ensestheipesssure establishédopt the ather Sideioflthit plate. Rieadeptlr ofthe pits is greater than
In order to  inplenent _this proces the previously cited French, patent
appl i cat onthe thickness of tﬁep%w@se%rt of %W@@ﬁéﬁtﬁéﬁmﬁdﬁ@ me@ﬂﬁsmxgamlﬁg
for fluid, : f ' [ .

and a 11 gi o LR finPR ity THPEbRLe of coptact berw OB 8 bUpRAlF he Pt uil he
eachoot her . cdihvex parts of theusicrulasts presavesum boptivalitfinish foh¢hesepartng' s wal | .
This patent 15 ) appl.ication al so proposed means fqr establ j shing
different fluid Besenteimplement thig prgess, the previousiyy iFﬁsn@w;s%m@ap GieRat

on the side if.£, -1 Ot t i .
so that thi gf%o&%&ﬁa{ﬁ%@i&?g@@%@ﬂ %%ﬁﬁ@p@ﬁghg}lﬁlgyﬂs%@?’a%% ggﬁhac io\fé)lp Itx(c)anl of
t he means usmternldor the plate, and a eigidadbeetsivith aqritted surface. Theleare parallelandaciesettbe
productivity of this device, it can include a .multiplicity of
super posed B¥ihsPHIgE. The plate dhwas pepstitutes ﬁvteiﬁnﬁ}t Qﬁ/@eolpﬂqsggé 1 EBisghatent
opposi te si . ' : ' | .
TheR st AficaRtn RO broBofbdrf Aibafioir dstho Al HARRARAAY pRlsisE denit e
operate in housiig €mpared to that on the side of the\plate ogpositecths plate hnitingithe hkasiny,

m crol enses at therpianp tinme, we obtai.n the ifed increase in

. d
product i vi t §° thistsplateIs psessed pgainst ihepittad Serfae PO AetRonOh e fmeans esedygo
of super pOSE&@%%f&%&?%B&S@% %einmf gﬁ@@%ﬁﬁé@&é«%&%& de a

pl ates nade 0 mater i al’ t pitt surftace,
supports, cmultiplisitg of snperposdd honsimsk Bash hbhsing is limited by tws eptitdl pdatesdn
di sassenbling of such a_conplex device limts ths_ prodéfti ity ﬁf t he
des@Pi bed deppesite sides and each is placed nextrig.a gofrpepoading nitied sy ¢ meang fosn

is to allow [ﬁﬂ‘g Vi f Or . facturing networks of
m cr ol enses e%%@fsgiﬁg?ﬁf o?%é?ﬁltégggenﬁsé&{sglgg oﬁfrgahe lpr)lrpoaﬁic%'!J ivity, 30
bei ng suitabl e fBy producihg iseverglr metwotksoof micralehses gt the bame tiare] wad obtainotive
manuf act ur i gg,cgst. ) .. . ) ) .
g esired Increase in productivity. Nevertheless, the device must also include a multiplicity
of superposed housings having the appearance of a complex stacking of plates made of
25  optical material, sheets with a pitted surface, supports, crossbars, and sealing gaskets. The
assembﬁng and disassembling of such a complex device limits the productivity of the
described device.
The purpose of the present invention is to allow a process and a device for
manufacturing networks of microlenses designed in order to ensure a high productivity,
30 being suitable for industrial production in a large volume and at 2 low manufacturing cost.

Along with other aspects that will become known during the reading of the

following description, the goal of the invention is reached by a process for manufacturing



Along with ot her aspects that wll become known during the reading of the
foll owi ng description, the goal of the invention is reached by a process

f or manufgeledkkAg WD 98/ 38137 : PCT/US97/00952
PCT/ Uso7 303 85" | 3
net wor ks of mcrol enses of the type descri_.’bed in the preanble of the
present description. It is renarkable in that one forns a group

conposed of a, nulLtipli.ci of ates of |l.eapl e material and a
i C1 pl 1 o1 tyPeayorss sE miptoiph R of e desedlind f 258 Breembls of the prBh st °
nonmal | eabl §; Rirkh&talie'n| thftOne FHAEG drotp cOMpBSddord ﬁult?ﬂi@ftj' efﬂ?m&k\wm%me
plates so that at 5 | east one side of each of the plates is
arranged oppuatetial andatrmeltiphicityf o generally flagi molds in which each comtains @t fi¢ast one

b Ceq " TORISAETRD SFRE Sl ek it e S5 eBh il 3B
The gyoup ofjeqnk %ﬁgg%g%n&k GRh ST the gga}qeéy:is' i 38 Upb8site s Pittl S arBREIfAImold. £2an

even ne autonmati e setting of 'successive pressure
for such gr awtiseably ymifaine pressure ariented @erpendicularlydo dbe surface of thehplates & dpphied
reaching the desired high | eyvel of prqduciivity. .

Fol | owi ng arBtiRentires gF . éﬂtéiafbe‘?ﬂ‘g"f’agcﬁ ocess according to the invention,
one enpuy | “WoTef ' s,
so as to produce net%?iéﬁ@?ﬁg atid Bicidsss a%’%&o%%%gggaﬁgegﬁsggﬁﬁ#ﬁf %B{Ele élgl
char act er i stbecineautoinatically. The sttinf @f sucoéssive pressanedfok such groups of plates can also

O her_characteristics and advantages of the process and device according to
t he 165 be; aytemated whic pﬁ%@& fﬁ?ﬁhrnaébméqupﬂhéﬂﬁgel Pélﬁd?%uw't he.

fol | owi ng descri P . { nat | : t.
drawi ngs-i - whi o IOt Snbhr characteristic of HRHOGes Ml B RGN, poo

sectional viensgure$ isﬁhﬂtid piéeisﬁiﬁg of dmlrgl’l'bng of platdseand molds, so as to pvedhice mfatwohrks of

- Figures 2 to show a diagrami|lustrating. various structures, of the
group of 20 microlenses hyag, _m%scabﬂmﬁswgws Anithrentirg sudacsrofith petavork.
2 aroup oo Gulh BRI RGeS RE T ogt s afliE aldiiafig e he "
- Fiigure 6 dhwntion willrbeconie laiowat dasiag il pdadinigesf the follewingpdeschiptiomapd therg
pressure . . Which are part ,of the.device in Figure 1, and 25

- Figure 7 <wapinationof thecatiached digwdngsinavhichinst er neans suitable for

ensuring an - Figure 1%&&%&&1&3&% veftital &%ﬁ&ﬁm%ﬁf&&%%&ﬂ&% tdgHd ce
in Figure 1, with e groups to be pressed.

W refer to ihvetiof, 1 of the attached drawing in which it appears that the
represented device_jncludes a thernally insulated housing 1 of a refractory

alloy, for 30 - Figures2 teueshoy adiagam illusteaingavacipus strpgiyres of| the groum ef

mea 2, Whi ' . . heating space 3 inside this
housrklco ng 1. Fég?lg%é]a?e%régqﬁéelﬁ#ﬁ'st& g?‘é‘&"ﬁffﬁ“é%kets 4 of thernmal
- Figure 5 shows a diagram illustrating a process for marking two molds, in a group

of plates and molds such as in Figure 4,
- Figure 6 shows a vertical cross-sectional view of the means for applying pressure
which are part of the device in Figure 1, and
25 - Figure 7 shows a schematic view of the transfer means suitable for ensuring an
automatic and continuous power supply for the device in Figure 1, with the groups to be
pressed. . |
We refer to Figure 1 of the attached drawing in which it appears that the
represented device includes a thermally ihSulated housing 1 of a refr,aétory alloy, for
30 example, Nicrimphy (trademark) of Imphy, Ltd., and means 2, which may be electric, fo'r.
-heating space 3 inside this housing 1. Housing 1 may be insulated by blankets 4 of thermal

insulating fibrous material. Space 3 is closed by an insulating obturator 5 and a sliding door



insulating fibrous material. Space 3 is closed by an insulating obturator 5

.and a sliding door WO 98/ 38137 :

PCT/ US97/-00952 : : 4
6 inst al+¥® BB ooves 7. Hori zontal raifl e § 4P
installed in space 3 to receive groups 9[err], 9[err], ... of plates of

mal | eabl e optical material-‘and flat nolds 4nserted between these plates. As
we wll see |ater on, this will allow the transfer of these
groups into @instidledgngosevesd, then the extraction of 5 this post.

These ralls are Sy gt S AR in S04 P PhRBNE gl £ o gl g™
by control r Rﬂ‘lejagle o?%léﬁ Mhafefial ahd FAEmBRYs ke ed bettvdeRtBede Plited) HsOwe Wit see later
rod successively all'ows noving and |n3eX| ng the different groups 9[err] to
9[err] into emshiswilhallofxothe transfer of these droups intp pressing posi, 10atigndhe extraption ©f
There_are neaps (n repr esent.ed). that allow maintainin n ipert . nitrogen
t moshher e | Ao & e Talsars S tnRR ingather et Bankst 4 Fharang 1 P RpOT
Pressing posf,: ke d&iddides a baseplate 13 and a die 14, represented in
greater detaﬂ ) in Figure 6. Die 14 is installed on a vertical

- shaft of support Gatedyiscrossed byfdoniroltrod 82ywwhich can slide horizontally irtoithis gate. The

per pendi cul ar to that of shaft 15, for a rea that wil| be explai.ned
"ater. Die 1mdoessvely allows maisie g indeingthe duieesry BrouDs e to s 160 ARGHERS Br
cone into co ] di ng support areas 17[err],
17[err] of giﬁ'%aﬁ%&%%%g??{x&‘é&%b 3in the exanple illustrated in Figure 1)

arranged in pressfThere are means (notprepreséited) that allow maintaining anBmertphittoged 3
is installed vertjcally nobile on ghaft 18 and 1‘Igorms joint with an
extrenity ofatmaspherg in gnage 1@, agds well knowm;g gvens the\‘i'&f"e"ﬂeweﬁ“ack [ act uat or]

20 to revolve 20 . ' '
fo die Ta then t Bregting post 10BidhudR b bagchial 1398 o 1 AeREGRS ifyrpalel KSR
pressing of wHgupe 8] Pierly is installeditonldvertical shaft of support 15 by méénsafijoine fl 6 whose
Figure 2 to describe the conpositign_of such a group.that, [ncludes,,

bet ween two wﬁslé@ewan%w?mte&aﬁe (5 Tor & TEpoRat 9ill e Pxplgined Jater. Die 14 has

Vel P .
CtackSof gl DISHRLLAYEI R 14, aranged to odiflk BS cBAIECHAA BofBpoBdRR bR bfRas P
sheets 25[ er 17,, 1N ofgholn9,€i @ 13b3oinahe sxaieple iihsirated i Figura 1) agatiged im pressing

of pits. Each of the sheets 25[err] constitutes a generally.
flat nold. Ppostlo. The group [of plates] is conpleted by sheet

26 made of conpregsi ;] h%ﬁ%' : ' 2 :

heat, such as gr a%%%{yé;ﬁepr@t a@é%’&glgetgi ns 1caélxem% ﬂet%nes}t??oag&gg?rﬁg?d '*P ﬁﬁéﬁ%ﬂ?h

bl ock 22) f oexteernity pOlevert ta{seiFiguré @),ewhich i activatedeby. jadlh faetualér]i290 toapesiat ed
fromthe adjacent 30 glass plate of the ?ro p by an inserted sheet
27 vi®se fundlqubaxis?] so asdodeng bassplatel 13idlose to die I4, then to successivelyfpeve it away

gglrr})gzi tsihggt'gﬁ%é){hgq’p&gii"g%f%'ﬂ’l i‘ﬁ?.p@étalbgs 24[err] and nolds 25[err] [sic;
We now refer to Figure 2 to describe the composition of such a group that includes,
between two thick parallelepiped metallic blocks 22 and 23 that respectively constitute a
counterbaseplate and a counterdie, a stack of glass plates or sheets 24; inserted between
25 metallic sheets 25, which have a grooved side consisting of a regular network of pits. Each
of the sheets 25, constitutes a generally flat mold.
| The group [of plates] is completed by sheet 26 made of compressible material that
is a good conductor of heat, such as graphite, placed against one of the blocks 22, 23 (here
block 22) for a purpose that will be explained later. Sheet 26 is separated from the adjacent
30 glass plate of the group by an inserted sheet 27 whose function will be described later.
The composition and production of glass plates 24; and molds 255 [sic; called sheets -

earlier] may correspond exactly to the description in the previously cited French patent



earlier] may correspond exactly to the description in the previously cited

French patent - WO 98/ 38137
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application and in French Patent Application No. 9,502,983, which was filed
on March 15, 1995 by the appligant. One can refer to these
applications for nore details about these points. This is how we

can use the_gl. ' r f '

ot ng- 1 mooPppaa b b Reéft{ i A oBIEING, 9307 055, W SALTHALSn March 15,
shapes, for l%ﬁﬂ?'tﬂe applicant. One cd® pefekdoQheseldpplicitivns fob nre detils abolRethese
selected froma |large range from0.2 nmto 5 nm | t he present

i nvention, peinteRes &hoy we eanassedhe g@sgw&bshgtefqeméI,MWt7@§Pd@ theeatalogs off e
f ; | ter t Q.G ] | ow h '
et on G B 52 b 5250 Ao bt Bl TS P .

of cgeatingolkiRint afd theirdhiclHeSéanbe selected from a large range frofal 002 mi® k&5 indm CAN
be made, for exanple, with the previously cited Nicrinphy 600 netal 10

al | oy sheet theypresent invéntioncwe gengraliy preferasing-glasscat\adigh soffeningitegyperature (for i s
not mal | eabl e under, L he .tegpetature (u 0 750 C). and.pressur.e
condi tions STAERlE %%@é%‘?“a%@opéi%“(‘ a'iowll']amngeri'%gfl?g SomR ?Ibﬁl:lﬂl?g Fn.ermal
Never t hel esgyclddiBarhiephine i tHek 8 8sss&Y of di8atiHy Iiidery8il aidflye! Y contri butes
of a pressure field wthout diSturbing this field, as

to the transm ssion | _ i ) _
wi || be seen | at Malds 25, can be made, for examplehwitlethgpaevioushoéitedNicpimphyi690enetalr ed

b tolit hic .t [ . d ib ' 15 [ I | I ed
ot BAC app! AU R WhoRe tidhers st S reamplen brbugren -2 mpd ddrBe R peSmtreablec
the t hi cknegiiephel ifpbaRiETuPR ZS‘{’?);#’? PreaRScdiik L podksicesRido 1

the glass plate so an optical finish to the convex
surface of thednventiopsNewesthielessyithe slight thickndsk of theginblds advantageouslyasoptribiutesd
in said paten ous

lication. . . d t | | d
25[err] ar et%é\?g%ﬁfln&?‘?h %gﬁ Prgnswrs fisld withgpt d’éﬁ’&ﬁ”é@ﬁg na%lel bengee’ﬁ?ff"'t ride
A g . =S . . .
or soot, in ordefpp %ﬂgﬁg@g df Wﬁbﬁ&s Eﬁgeﬂ%g fhﬂ%cgﬁﬁtﬁéghﬂﬁé t&fhiaed déseRbed fl ]‘?5

and the such™as gl uing pressing operation o
groip [of pthetpeefiowBlymxited patent applications. The depth of bthe prirgingiis,pfoenarse, gieatee Haat e
13, die 14, .co erb | ate 22 d .count ey di.e 2 .. st

obvi ousl y. i HEIEsS FhRe cotiex bt RGeS 1 B BRFiedby.aressing it glass plate so
tenper at ur egs to g i ! %brfzg@ the 1¢REY, la8 RSHill e MBRGRorOU
order to brlﬁsng%%eeangﬁpggasl p a’?éeg?étcgﬂg&p ast|?25 2 state sﬁ%ﬁagll%gg?lgr
t he passageexplaineibmesapl pate.applidatinat ory steel of the NS 30 type (AFNOR

Fol | oni ng an adv AR AEBSERIEn JOIEk 25 S <ovB1ed Wi SROHERRVE ABEH, Al 2L hoion

ol I owi ng an adv : i ST _ ,

26, pgue 1O pitride or soot, in bider f&&g%ﬁ&gﬁ%éged-bﬁefmcmn&mﬂoﬁ@b&%em 58 6Rd the
pl at to suppr

irregularities of colnterbase SO as ess any
area of conomids; suchas ghiing during therpressihg opeyatioreafgroup [ofplates} Hus ensuring 3

P I RO LT W T TN TATEN L
opt cal  charast K. Rafleif AmAR sl eRaRp hRRERieY Rt Righ, tomperatures
each pl at e. (dpproxirhately 750° C) established in space 3 in order to bring the glass plates to a plastic
25 state suitable for the passage of these plates. Refractory steel of the NS 30 type (AFNOR
Z12CN25-20) is suitable under these conditions, to create pressing gears.

Following an advantageous characteristic of the present invention, sheet 26, due to
its compressibility, is used to absorb surface irregularities of counterbaseplate 22 so as to
suppress any area of concentration of constraints during pressing, while thus ensuring

30 excellent uniformity of the pressure established in the glass plates of group 9, with this
uniformity along with the temperature of the glass depending on the consistency of the

optical characteristics of the microlenses formed on the entire surface of each plate. For this
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purpose, -sheet 26 can be conposed of a graphite sheet whose ' 2 |
0.8 mMm -qu9§’331237 mar ket ed under the nane Sigrafl ex SE?}(}%?@@%%), SGL

Carbon GrbH Its good thermnal conductivity allows the netallic
mass constituting counterbaseplate 22 to flay an inportant role
i n standardi zing the glass tenperature [sic], throughout the entire .

t hi ckness of purhese, Sheet 26 cagbewomposed of a graphite sheet whogg thiekngssisde8 npmr. Jinds/

cover o by dRRTKESE g shme SERHEEY 19040GH 87y AR Lubeit. 1 gped themal
prevent ot Neconductivity allows thé #itedlicina RBhstinitig cofieita8epiae 2016 phil diffortiness

pl ate 24, . e process .for manufacturing networ ks of

m crol enses mde or standprdizinglthe iglase ternperatute[sic], throughout the entire Khickadsp obthe he
device in Figure 1 and groups |like those represented in Figure 2,

operates in &R¥Pfol | owi ng manner. After having

i ntroduced one Orn§§¥éﬁs@&t@7 e?oﬁ{pbledi&*aﬂuﬁaggési‘r_eéNiérﬁﬁpﬁyidoﬁtshgét})][b%gﬂ) )

I S pushed between seplate 137an re 14 of pr ing post “10 with elp
of control reasbered by an adhesive?agéhihesuchaassorfeoof thbse mentionednabmivienlt prewents the

activated to contrql the operation,of .a thermal, c e 15 in the oven
so as to cauSf@p %ﬁb&‘é‘ﬁt’%‘éﬂﬁéﬁ“&%?@aﬁﬁgiﬁs@?&i’ég iplates to reach a
tenperature of apppOoEES flr QeM&erﬂ%f@&%e@Ecdo?&iﬁ%?@ﬂieﬂﬁ@edﬁ%ﬁ?' |
of 450[err] C. Wen . the grass Is stabilized at thé tenperature

of 7H®[ éer r ] Gloneanith tR@help ofithiei desice dn Figuress] and groups tike those representeddn Eiguire 2ons
of pressure on the, grozéo f.or approximately several tens of seconds. The
j ack operates in'the following gw@aner\hi ch al | ows group 9[err] to leave the

pressing post 10 L g I |

9[err], by pushi nﬁ%@@%%&%ﬁéﬁ% %hsgvﬁg %rog?yé'é@%@%é#ﬁ’etﬁ%)?g% %fgr}'d’ ©n
oper at i ons dispashed betwabnbaseplate 13amdalietd ofiptebsing postUp witittherhelphef coakrol ootk
(9[err]). Gou

.treated in this wa t hen broyght back to
he anb ent. {hbemeen for et beshos a5 aptiated to Control the opeigfieh oLE hareial s
ordefsto !aig gl oifss A @ e&saﬂhsgﬂduie&%&geﬁhﬁe SR kthss Plitc3o Rk
m crol enses torned "W t hout contact uring pressing opefrations, as It was
descri bed i ntetiperafur®of approximately 307G, with pethdpsanditeRnediate levebof 450°I00 Whén
9, 408, 420. ] " . The geonetr t.hys.the qpti cal
charact eri st ﬁh@§1@ﬂs ig gtabilized at @ﬁéé’é’P%W’i%B}(?g& _ ﬂ%clllc 20 i5 actibated sQ\a3 todevelop
perfectly coQgbsihhl offitedsife &{'{He{%?o@f rff)laééfpr&nn' 5&? QREMPIES oPSE&RMAE THRGack
device's aracteristics according td the 1 nvention ensur
i sostati c pristhemeeleabed, whigh altowspgratip 9, tdleave the pressing pdsh &0 and alsaatiows ithes
i sostatic pressing.is gbtained by the presence of, gr it %{; t_ 13 for the
3020 [ citoductionef srue %b'&bﬁ?é‘%?’eﬁfrgrf’ﬂ%* with gheafpﬁn gf ff-ﬁ’é}lﬁ RIFSHNg
assenbly of di L ds : Esifrhk Wextdsne e
a uniformdi gé%la%é?s?%bﬁb% dt%?gvgﬁaesrsegﬁgégggﬁ%gé%pb% e ??(S:lgﬁ-ggwl n
the entire vivkatedimthis way areeharebropghtipacktb tloambientt temperasire intheloves and aire he
disassembled in order to take out glass plates 24,, which then support the networks of
microlenses formed "without contact” during pressing operations, as it was described in the
25 previously cited French Patent Application No. 9,408,420.

' The geometry and thus the optical characteristics of the microlenses formed in this
way are perfectly consistent on the entire surface of the networks because the device's
characteristics according to the invention ensure isostatic pressing of the glass plates. On
the one hand, this isostatic pressing is obtained by the presence of graphite sheet 13 for the

30 reasons mentioned above, and, on the other hand, by the joint assembly of die 14 on its
support 15. These two devices ensure a uniform distribution of the pressure developed by

jack 20, in the entire volume of the pressed group. Moreover, the weak thickness of the
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ol di NgyuRdt ﬁﬁﬁﬁ Qives thema weak inertia, which does not dbﬁ%ﬂﬁﬁwﬁ@ﬁz
transm'ssio given pressure field across these sheets.

Ni crinphy's excellent mechani cal characteristics - .when hot,
however, ensures |l ocal nonmalleability of the pits and their relative

posi ti oni ng. cours sup ort

15 coul d b@olding ghests giyes them BT‘V@E;E?JF‘&{ ‘P s not d‘St'!“%o‘Ee éﬁ&?‘!“si@

| nci dent al

rai seq gr ofigen phestli® SARFIGARERL LAy fﬁ?“af*%r?@‘?e}? =38 bt

rails are whauim,thtﬂvéve@ ehsures looaldionimatieatdiitycdfabe pits and thetr relattvbposmﬁﬂﬁng.o

G oups of gl ass: heet 5 and npol ds arranged differently fromthose

represent ed in die'gjaimt on 1ts SYPRETHES eauld bedeplzcedihy that ofthasenlaterldi ng
he |nv Jrag[nl Clher possi bl e stacki ngs are represented in

Fr gures 3 ah qn Figure 3, the stacking includes four plates 24[err] and

t wo Intidesltallg, i3 heeb&n%skwea]tha,n durilg prissihg, lﬁasﬂa&flﬂﬂaﬁé§§fd%99t S

Is engraved on ifs two sides-with a network of pits

25' [err] ahdabowe itesyppostiailyR sedhatithesparails arednsdated from qheamdmxrpedﬂ]elqmd

pl at es 243b and 24[err], respectively. Inserted sheet 27

separ at es B”gfles 24[err] and 24 err] and anot her inserted 15 sheet is
joined to each Gi'élk}ﬁ éfElashe@liahd nidlde arraigeiniiffereatlp Foh tHoay @%pra&nsémwn In
Fi gure bet ween a counterbasepl ate and a counterdie (not

r eb? esent ekigure |2tcorulsi belpressed indhe devies according to the inyentiony Qthen passible/stackings

Puo. ol o rige SspRee e fuinhe 5 § jFidilhd 588 Sachis Wlnlded i aftyed 94 o g

group inclmeRfing ShietIbSS amp st ean?ﬂ{)ﬁﬂreke @r&tg‘ isVéngiBedSor’ it @¥vblside’ veieth &7 1|
each 2 0 I s _engraved on onl éone side. Plate 24[err] is encl osed

bet ween t vietyrarkdef pits] Mqlqls 2¥gamb} ¥y arp placgd between plates 24fand24, and plates 24,

pr essi ng, mork co on_e t si des pl ate
24[err] . éirf.“’ fespec vely g?ﬁ%?‘; gf fgg éﬁ)p%getf %ﬁ\?@&%ﬁ ?‘f&’%{\?—ft’m‘iof
i 5 0l ensegheetlid fothel B bachiof thRawd xtiem® §id8s of the enclosed grdirxp,ngro% i Fgste3
W understand that the arrangenent in Figure 4 allows formng a network of

25 5 bsweenx ardounterbaseploteandha eguntendie ook rapaesentgd). Btis clege that this
S |1 nt

conver gence_t han | at sconv est i\n n
Cort o 9Cn et alow e BPOdition of a3 spany ey SRR of HitrSltnds asth Kighle r Hich
one of t hetwgin shebiRmNtéRofFpup! ate 24[err] be perfectly centered on one
of the | enses of the other network. To do this, two nol ds

25[err] and 252IndigureYethggreupjociudes fourt glassplates 24a0d fivehrolds 25, to 25,; each

TS ol nc it aeeges 3 Soone WiE IR P s5Gaselheriter ST Bt A apd e ot

si mul t aneoffrhYaflep eamgl a Btk df BBAvEx 1dM8s on each of the twdlsidesiofplaed 24,195

hol es i s conpl eted by self-centered mcromlling. Perfectly adj ust eld ([err]
5 other plates 3450 Hahaveaonlyone Betviark p:fmerqlmses; dikeuthdt of the group shownhe
- mar ked posr tr.rlgour{_gszondgot h sides

We understand that the arrangement in Figure 4 allows forming a network of

25 biconvex microlenses with each network having a stronger convergence than a flat-convex
lens, which is interesting in certain applications. Still, it is necessary that the microlenses of

one of the networks supported by plate 24, be perfectly centered on one of the lenses of the

other network. To do this, two molds 25, and 25, must be arranged in relation to each other

according to markings, obtained schematically, for example, in Figure 5. The placement of

30 circular hole 28 and buttonhole 29 is then simultaneously engraved on each mold. The
drilling of these holes is completed by self-centered micromilling. Perfectly adjusted (x5

pm) pins 30 and 31 keep the two networks of pits in the marked positions, on both sides
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of --pl at e.“g(ﬁ%sgé‘%ﬁ Sdur| ng the pressing of the networks agai sy ,%yl.,ﬁ,o ate

As a var mar ki ng coul d be established during mcrom
small balls (not represented) placed between the two netvvorks of
pits. Centering is obtained by placing each ball in tw pits

faci ng each other, which are thus perfectly centered on each other. 5
It now seensf plhmzﬁmnméqprqsﬂnapfﬂm@wgdﬁuasgmmblsml%!euct i on of networ ks

g]ever al networ ks Ol gz eE tfns mgﬁ%ﬁﬁﬁﬁ% %ﬂq%ahe@&u?@%@ﬁﬂﬁ%ﬁ tf’g'?gd)ggs t he

mol ds used ﬁﬂr@r&jﬁe t Asced bewelY the two networks siwsoteﬁtamgiambme@ byBslacing
ocess ©

manuf act uri hat has now been perfectly nastered
Pressing i neanh haﬂcmtwo pits faging each pthercwhich presthus perfestlysanterad asxeashiother.
re3|§tance to 10

nmake>t he nol ds, FBPO%'ngﬁﬁllseg%tt P|’W‘§°ﬂ UCWS fisun gé%pr%%ﬁ?%t gé‘sﬁ%’{%ﬁéﬁf’ the
mol ds i s, nﬁﬁ&&kﬁ@ésemargé%]ﬁﬁﬁeqt bihe Sstinaitariedls PPesking SoToseverdl Metworks. The

inert nitrogen atnosphere by a Ia55|c means (not represented).
| sostati c prmassfactpring aosts rresaine low thecause theymoldsowsednear be mamlfmmdcby on
ni.f orm aptica

of s of mcrol nses havi n
characteri sPh%fé’?g}?gﬁ'éﬁy a ass ‘%ﬂﬂg ?ﬁ?sgt a has now eeBr"@E%F%maStered
preferably ppigag Hh%ﬁue%ofxﬁrgﬁta %ﬁoﬁhf&é i b8 &siblé Igiven ! SRENR rebidtandY &6

‘the respect | mensi o tol erance, that is to say a
vi st0si ty obxidatiomxipntt 850§ C1 of drerl}'xaqnuablmedftm make Zhevinolds, for example Nicgiinphy a

Presour o iR e spibioRESRIME Syt el Wb e
tenpering of, é%f]ﬁgxu\ré‘@{e‘fé‘b H%fa%& Srieans (not epreserntedﬁ‘amm“ ng by

honbgenous conpact e cooling o I's glass. The cooling ranp 2
0 can be admstﬂmgpmmﬁg/ irs accordamtebwith ahe noiehtion epsuress theepmmduction of

FL?‘??SL-,"FZL pERApHOf g oletes APYins BRBTeptirabsharacierstes of e StbnBi GG This
a”ov"spttésﬁﬁgﬂ"e% 2k eprééél di3ld g%ktm%stg%Sfd&t@weét&&a%athe

optlcal I stics | ense5 or the Surface state
t he net wor k of dimensional tolerance, that is Bmyrar\oms:sy efapprakimgtelyol @'hipoise) fent-2anin,

whi ch | nor 348 REASTE G20t by @m#tns.whs St Mt rcionses. THE thsrina
according tg Qﬁnd g&f&tﬁgpfﬂe gddk uHBaﬁeﬁ Oe'glﬂwétrl] ch') fhe 1a¥8, WRIR guarantees

schemati cal I represe fthe device accord| ng .
to the i nvehkmmanngalmhqmmgénwstdmmpaemmf éunngathesoolmgtof this glass The coelisgirammn

aut omati ¢ and confi nuous ssag of roups 9ferr].intqQ t | s d Vi, G S

dev?e can be ad °B§11§ oW, M digeos ‘b‘ﬁ@lﬂf&i‘

Olerr], forqg f‘sgé@f&? tlﬁngﬁﬁ 6{BH Qf 200 mif. A controlled-'iﬂbﬁﬁﬁétfb‘ﬁedﬂhlsrc%%ﬁg’ es
e rg -

preformed groups romc fng term nal e groups nove
on the conveymp allowsl fipe alimemsiporab stdjus€ing nwithoet ldetcnomdionnof) ethexi thengptical

termnal 35. Heati err. i ch e distributed al ong
the | ength shar@tfen%ttfﬁn&hels%qeasrr‘efwﬁe b %féﬁh ok.

The process according to the invention lends itself to automation in the

25 manufacturing of networks, which increases even more the productivity of the device
according to the invention. For this reason, in Figure 7 we have schematically represented
att embodiment of the device according to the invention, equipped with transfer means that
ensure an automatic and continuous passage of groups 9; into this device. This device
includes tunnel 32 crossed by conveyor 33 of groups 9,, for example, with a gas cushion.

- 30 This conveyor receives preformed groups 9, from charging terminal 34. The groups move
on the conveyor until pressing post 10 and are removed into draining terminal 35. Heating

means 2; which are distributed along the length of the tunnel, establish the thermal cycle
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nent i oneygydgisy - Means for handling flat products (not repCruSH/EYS2 Of
various types wel | known in the industry may ensure the
automatic production of groups and the augjomatic extraction of

net wor ks of microl enses outside of the groups coming fromthe device

ot 1 1 ©ectrenpepen S Mo fol g Pakarppess (s GPRRfe) S RIS M

was gi ven Oghotvinh e mddsti?trﬂa}'tén‘é@reeth@Bﬂidﬁaatﬂctprbﬁudtﬁh%ﬂéﬁéﬁpstdiﬂ the ¥e i

can find applications for manufacturing networks of m crolenses
by focusi ngextoastioni of netwiosks of\microlenses outside gfithe growps, eemingfroas the

ul trasound vvavgcﬁ Th&lg ‘(Vﬂ%{}tlon al so extends to the pressing of
net wor ks of 24f° 'Eﬁg’n ‘contact between the bottomof the pits of the

nol ds and 10 Of courBé, MedfverBoR istlot AfitbE fPthe deRtBEd d reﬂ?%kélté@kﬁbb&hlehhus

fill's the pits, which i's not the case with he process cited as
a ref er encewhicht wes grveardnly apan ullusmanm emmplesltrisnhus)that 4hel inkestion icenl find
nore conpl et el

}/ n tfhe t WO reV| ousl ed’ F tent $I [ cat
9, 408, 420 afRplications for of SyFTolens °H§m$8 {Pshfhaan
must t hen bspﬂavmosﬁ ﬂ\bérhclﬂaﬁﬁ%%xfrﬂrwaves The mvenﬁ‘tﬁi A0 bﬁt@h&@t@th&%‘fé&gﬁg

pushed into space 3, to prevent gas bubbles from stopping the
mal | eabl e nef mtwatksfafomnmhmbsatvﬁhycomabt betgeemthediottom bf ﬁxerpﬁsd:f the molds and

netior ks of PRt e Emaleable et shisoatpal s s e pis, REHGhABPE seeh Pl
pressed a03iHRirodesdbRGY Eda RADUBLY BARL BrifEGEIHe2FRR Nlescﬁﬁug&%%h descnbeg -

25'[err]) net wor pits In east t'he openi hgs ‘correspon

t he cont our more conipletelp inthe two previously clted French Patent Application Nos. 9,408,420 and
9,502,983. The device according to the invention must then be equipped with a means for
establishing a vacuum pushed into space 3, to prevent gas bubbles from stopping the

15 malleable material from completely filling the pits of a mold.



parts of the mcrolenses forned there by permanent bending-of the plate
-(24[ err]) agai nst iﬁl,ﬂ:ﬂﬂﬂ’mﬂmmm (25[err], 25'[err], 25'[err]), .

char att egy.7 Lt up (9[err]) conposed o lplicity
of plat é@‘%@%ﬁke#r]) made of " rfal I*eabl e material and a nul %ﬁ(“l‘%ﬁ’éﬁ%f :
generally flat nolds (25[err], 25 [err], 25 [err]) with each containing-at

| east one nonmal | eabl e pitted surface; t h8se | ast ones are inserted between
the plates (24[err]) so that at |east one side of each of the plates
(24[err]) i anged opposite a pitted surface of a nold (25[err],
25'[err], 25'[err]), and a roughly uniformpressure. oriented-
perpendicularly to the surface of the plates (24[err]) is applied to the
whol e group (9[ er.rBrocesssfor imdtafachfip AétedHEof microlenses in whidh SRSB4
conformty with Claim<, characterized in that one ensurgvgldaﬂnﬂ?gggﬁg?fg

p2>r5 essi ng ofmallgablg materia oy pressey &gﬁﬁnpi agroved mpeml]!e)abbmirfm &ﬁi, @35 25') Iof :
27 e | aFRBEH b ity gt e B5ERRe) rBRLP dcbbof o P S
i ntroduces patts log @ mivh6lendes Fornted there By pesiahdit 'bLﬂdiﬂé‘Gfﬁﬂé?ﬁt%ﬁ@ n%gjé,‘égﬁhkz of

pits on its two sides and placed between two plates (24]
mal | eabl e ditedaurfage (25,28, 25'), characterized ipthat@me formscogrioop 9.) yompdsed GFai m

, ch i zed. | | | : f th
ot oup. bet v BRIty B plhits GAY riadB St 3 biiga e Frar el abd AurASsTIi pEkbnerally fa
25[err]); \hdlls (35528, 29%) With @RR ToRMAMRS RABLE Bile AGHNARAAE pitfddNORL; thlse

marking in order to ensure the presence of a network of Dbiconvex
nm &0ol ensedasbanesareingsried betaveen theplatesi(24)) so that at least ofe sifle of exch 6fithe plates

LT R rbitat Lo I A5 bl S
m crol ense @a;r&,hﬁieﬁied?%or;?aggic%ﬂ?'takﬁés&%é %Hﬂe)plaﬂé@gza@ i \}gaﬁ%&% pg: whdig.

pitted surfaces of the hout contact- of sal onvex surraces With
the surfacgsoun (9%has iphasbeen created. WO 98/ 38137
PCT/ US97/ 00952 11

6. Device for inplenenting the process in conformty with Caimal,

i ng_budi ng a 2. Process in E&%m&(ﬂ %ﬂi Q| g:[ t&%{i}%ﬁb&ﬂl tﬂl) oﬁ%gﬁrglgﬁfé‘%stfaﬁé

heating (2,-2[err]) the space (3) Insi _

char act er i peessing of thetgroup (rofpletes (24) amibiinoide (25,05',a28Pans (8) for
supporting, in the housi ng, at |east one group (9[err])
conposed of a nultiplicity of plates (24[err]) of malleable

3. Process in conformity with any one of Claims 1 and 2, characterized in that into
the group (9) one introduces at least one mold (25',, 25',) engraved with networks of pitS
20 on its two sides and placed between two plates (24;), made of a malleable optical material.

4. Process in conformity with any one of Claims 1 to 3, characterized in that one

- places at least one plate (24;) of the group between two pitted surfaces of two different

molds (25,, 25,); with these two surfaces corresponding and being arranged for marking

25 in order to ensure the presence of a network of biconvex microlenses on said plate after

pressing.

5. Process in conformity with any one of Claims 1 to 4, characterized in that the
pressure applied to the group is suitable for causing the formation of convex surfaces of
30 - microlenses on the sides of the plates (24;), which are facing said pitted surfaces of the

molds, without contact of said convex surfaces with the surfaces of the pits.
—_—
This Sheet Has

LT e

REPLACED




't he heating neans (! mor eover,- Wi th the group

(9l err] Wo pgrig1st ng wei Py of generally flat nolds PRBUSPTAH09S2
25'[err], 25 [err]) with each nold including at |east one -
nonmal | eabl e pitted surface under pressyre at said t enper at ur e,
with the nolds (25[err], 25 [err], 25 [err]) being |nserted bet ween the
plates (24[err]

plates is arranée?%fvgéc}lafr?é TR le‘a'mr?lmt“tl gxeaéjro g%gﬁg %ﬁi? ng 181’%01{1&&6) a
means (13, thefmallp ;nsﬁﬂ;edZEk)using( 13/apt ai means fooheting (@n2)) dhcrspnces(S)Jimide this

oriented cularl to the, surface of e Iates(24 err])
to the ent b?ltsmgr W@F@ ;Lat idnely ssmt ion, a) @ means (é)gﬁﬁglﬂ’@ h’

(2sferr] B *f”‘%“’f%ﬁﬂ%’ %'ﬁw&ﬁa&ea“"@t ?8Lnes?4?§°f§§“n

notbceabl yoptical materidlhmdér ptassmeSaItMtenipeﬁatwmmbﬂxme‘dl o/ the heating means (2, 2)
the material constituting the nolds haV|n%mca qqgl roperties wth he
that ensur Bloreves, with the group (5) ingldias p amiflicity obgen ypfff taneldsi(35a25n, 25 D

relative DQJ;{ht QR RS inclyding at least qne nongmlleabtfe p%?ﬁfgﬂ‘ab@ur?&?g%sﬁﬁrteyat%iih

Claimé6 or ar acteril ze nmeans

pressure i pplpétigure, Witk el rﬁélﬁs (253,)25an5';) being indetteddrpwesittiie iplatés24]) 6 that
bet ween t hem group (9[err]) of plates (24]err]) and nol

(25[ err ] 28t keastope sige qfeqaﬁl} pf the Hi‘dﬁkb‘ arrRoged %)n&taemtt urfgee of a molcli and
pefdeen  hehY HEHSCHhot' 0. 262182 pingaHighiy, Bhifdntn pRedyl, Briefily o1

the group pagendicalagyabithe Badacebthe plaes (24,) to the entire grou (9,481 i€ ¢s thus
conformty with Claim8, characterized in that said neans for placing
under isoseempesefr essure include a sheet (26) of a conpressible material,

pl aced between either the die (13) [sic; 14] and the basepl at e
(14) [sic; 13] and the group (9[err]). 10. Device in

c?nformht%/ Wi t h7(evice 8 cofifeanity WithICl&S 6, Wémﬂ&&h@@h&l&@@ ,250B2k,) 30
0] grapl

5 optical materi m “““\ssure at the tenperature established by
|

are of low thickness so as not to noticeably disturb the transmission of a pressure field; with
the material constituting the molds having mechanical properties with heat that ensure local
nonmalleability of the pits and their relative positioning.

8. Device in conformity with Claim 6 or 7, characterized in that said means of

20 applying pressure include a baseplate (13) and a die (14) designed to receive between them
a group (9, of plates (24,) and molds (25, 25',, 25',), a power unit (20) to bring the

baseplate (13) close to die (14) when said group (9) is installed between them, and a means

(16, 26) for ensuring the setting of the group under isostatic pressure.

25 9. Device in conformity with Claim 8, characterized in that said means for placing
under isostatic pressure include a sheet (26) of a compressible material, placed between
either the die (13) {sic; 14] and the baseplate (14) [sic; 13] and the group (9,).

10. Device in conformity with Claim 9, characterized in that said sheet (26) is made
- 30 . of graphite.



12(Rep|acerrent) ” Devicein conformty with CaimS§,
-characterized in-t w,' umu !gm,smm “pl aci ng under isostatic pressure
i hcl ude yG@hesGs4 on teans Y1 e die (14) or the basepiesdrogds2
around an axis perpendl cular to the direction in which the pressure is -
applied. - 12. Device in confornity with daimé6, characterized
in that it includes a transfer mean 33,34,35) to automaticall y char ge
and drain the devi

charact eri zed iﬂltﬁgpcqmcpﬂ@pg@égntha%}gong%ﬁ@gq? igﬁgqﬁf(ﬁ)‘@é g‘?%/?wfi“?ﬂ@ sa"rp .

oxt ract | ontispit ot b8l Rfat et hofi oBndeARA aledhs {16 oF e HEF (4] pr
Devi ce in ¢ebaeplate)(18) afoual anrxis, perbardimﬂarrtoztheldxrecttohah villich thepressiieds 14,

19, 20, 2]1). apply-a pressure sui-table for causing the production of
convex sur\‘l ted. of "mcrolenses on the sides of the plates (24[err])
facgng said pitted surfaces of the nolds (25[err], 25' [err], 25 [err])

wi t Aout contact of said convex surfaces with the surfaces of the pits.

15. Devi ce in canf Devide)in\wotforit iwitibanycdirr sRClaimsz@to 11) chitRicterized Hcthaties a

means for establishing a vacuumgushed i nto sgqsce 3 and a neans (13,
14, 19, 20inchudes a ransfergpeaps (33,3438} efthe grennsief platashto putamatieally chergeand
for conpl etgel. g the pits of the nolds (25[err], 25 [err],
25'[err]) \gﬁ’%ﬂ{ehéeev#&t erial of these plates. 16. Devi ce
according to claim6, further characterized in that internediate sheets

(27) are inserted in the group of plates (9[err]) to prevent adhering the
adil8cent two pI dﬁegevgmm)confomtbwet Elaimd2neharacterized in that it includes, imasdditiank  of

O Sl % SRS BhCABhSRRE LA S gRlP o8 o Rt 6 Lo

extraction of networks of pits formed after pressing.

14. Device in conformity with any one of Claims 6 to 13, characterized in that the

15 means (13, 14, 19, 20, 21) apply a pressure suitable for causing the production of convex
surfaces of microlenses on the sides of the plates (24,) facing said pitted surfaces of the

molds (25, 25',, 25',) without contact of said convex surfaces with the surfaces of the pits.

15. Device in conformity with any one of Claims 6 to 13, characterized in that it
20 includes a2 means for establishing a vacuum pushed into space 3 and a2 means-(13, 14, 19,
20, 21) that apply pressure to the plates (24,) suitable for completely filling the pits of the

molds (25, 25',, 25',) with the material of these plates.

16. Device according to anyone of claims 1-15 for carrying out the method of claim
25 - 3, characterized in that intermediate sheets (27) are inserted in the group of plates (9i) to
prevent adhering the adjacent two plates (24i) to one another.

17. Network of optical or acoustic microlenses obtained by means of the device in -
conformity with any one of Claims 6 to 15. '
30
.
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