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1000810 photldis apRiic@siPh irigedpaPensTieLighet preyiainal application

No. 6{0?@?9%2 bf?l%a %%%‘ Qﬁoméﬁté W\ﬁ%q}le[lﬂg&ébrated herein
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BACKGROUND OF THE INVENTION

[0004] Two-photon stereolithography is an emerging and promising
technology, with many potential applications, such as in the semiconductor
industry, for photonics devices, in the wireless industry, for microelectromechanical
systems (MEMS) or nanoelectromechanical systems (NEMS), in the rapid
prototyping industry, in tissue engiheering, and in the chemical and pharmaceutical
industries. Two-photon stereolithography (e.g. two-photon polymerization) utilizes
localized two-photon absorption/excitation to induce structural changes in a target.
However, not all materials are suitable for two-photon stereolithography. Only in
certain materials, two-photon absorption induced polymerization can proceed at a

sufficient rate to be of practical use for two-photon stereolithography.
SUMMARY OF THE INVENTION

[0005] In accordance with an aspect of the present invention, there is

provided a method of processing a material to form a three-dimensional article,



provi ded a nethod of processing a material to forma

t hree-di nensional article,conprising providing a
Web@votsnabl e material conprising a pol y(nmet h) BCr/yGa08000264

having a (nmeth)acrylate functionality of at |east 3

and a nol ecul ar weight (MN of at |east 650, a

comprisidn proafi dmg [8) plrotgtarablenanaiteripl @o(misinga py)lytﬁmth)acrylate
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materi a enoved Trom a nerize
regionketonimtiace @blyntenjadmmdf thige h‘ratelealchtrm@@rasalecwd regjiens.
The material may conprise 2 to 20 wt% of the

10006 . { ARy hBIST ooyt Bt e Faaterd nawhe removed from a
polyrfefiZaéd poAphdfahe mﬁ@ﬂalotolfdrﬁ\ the ths-aimdrional article. The

photoinitiator. The pol y(neth)acryl ate may have a MV

mateyigl gy qoameyéseo? t®80 wt&’o Q 0@ potyienethiaarylate, @dytodihyi Yo the
ureth%g%ﬂgé%ﬁ%lﬁea?%@é(?go g@%%&égﬁ@éﬂﬁeﬂy&@ B Ao It{'51|1 0 wt% of

the phb&ilmaam(rnﬂmb)mﬂy(m@th)acrmm myefavela WY n¢¢hmrarﬁﬁ &880 to
t 5 % of the di(neth) acr m he nmat eri 3/
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mategi%f '?/]rfket Cre)%’(g?{e 56% Bpth%%r%yé’n%f(mbhﬁacrylate The material
may aomphiaa Sonetdd %cmfythatth(meth)a@ylétb wl Be ofatetial may comprise 2 to

i d 3 to, 7 wt% of
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of ethoxyl ated bi sphenol A di acryl ate and et hoxyl at ed

the dﬁnﬁihwlat& angh feat W epfdhe phetdisiiiatara i heedigpaiinaerylate may
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be scanngdaccerding & arfig iRssalp¢iar Pakes iy ingura pelymeatization at pre-
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a seqmwersalectedlpadieemtcr ingiuoe polymenimation at pre-selected regions
within a second layer. The first pattern and the second pattern may be different or
identical. The scanning may be re.peated to polymerize selected regions in more
than two layers of the material. The beam may have a spot size of about 2 ym or
less at the focus region. The focus region may have a volume of about 10" cm® or

less.

[0007] Other aspects and features of the present invention will become

apparent to those of ordinary skill in the art upon review of the following description
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than two |ayers of the material. The beam may have a
spot size of about 2 mmor less at the focus region.
wab@boses regi on may have a vol une of about I1BCIEGINGH000264

or less. [0007] Other aspects and features of the
present invention will becone apparent to those of

of specifloempodiaments iof thenimvantion poepnjenctiom with tie atcodmhpanyigg

fi urggscri pti onof specific enbodiments of the invention in

9 njunction with the acconpanying figures. BRI EF
DESCRI PTI ON OF THE DRAW NGS [0008] In the figures,

WhBRIEF IDESCRIPHONDFVEMEIDRAYANGS onl y, enmbodi ments
of the present invention, [0009] FIG 1 is a schenmatic

| agram of a_t wo- phot on stereo]ithography apparatus;
[000Bh3T07 R chS BoHB L AR NI oo PRI R GRIBGRIY, mbodiments

f thejresd Aty . target and support shown in FIG 1;
© ?giorl 1 F\I/é&ﬁ@’is a scanning el ectron m croscopy (SEM

i mge of a top view of an article forned by two-photon
[0008b] yner iFAG: da asshematicediagiaan af agwotphetdh steraolkithagraphy
a (}%{;%ositi on exenplary of an enbodi nent of the present

PPg htion; [0012] FIG 4 is an SEMi mage of a

perspective. view of the article of FIG 3 in a

[0010] f f er erRIGs Rd$ &; sdheRidl: didéviel bistharolsdbveTegas, fget and
spective view of a second article having an array

per
suppert giiwn Hell@ek, formed by two- phot on pol ymeri zati on
usi ng the apparatus of FIG 1 and a conposition

enpl an - i i N Nc]al i
O01FYSTE SF1CP3 25 25HARY B 5 SE<E0B O IS8 v
of arpartiglaigirmeddy wwo-photoheolyréerzationhasing itme Bparafus of FIG. 1 and

S R R

comprising a poly(neth)acrylate, a
[0012] et handIGeuh3 anrSEMti®iagd of a perspective view of the article of FIG. 3

‘in a different state;

[0013] FIG. 5 is an SEM image of a perspective view of a second article
having an array of unit devices, formed by two-photon polymerization using the
apparatus of FIG. 1 and a composition exemplary of an embodiment of the present

invention; and

[0014] FIG. 6 is an SEM image of a top plan view of a unit device on the
article shown in FIG. 5.

DETAILED DESCRIPTION

[0015] In exemplary embodiments of the present invention, a liquid
composition comprising a poly(meth)acrylate, a urethane(meth)acrylate, a
di(meth)acrylate, and a photo-initiator, is used for two-photon stereolithography.
The poly(meth)acrylate has a (meth)acrylate functionality of at least 3 and a
molecular weight (MW) of at least 650. The urethane(meth)acrylate has a
(meth)acrylate functionality of 2 to 4 and a MW of 400 to 10,000. The

di(meth)acrylate is made from bisphenol A or bisphenol F; and a photoinitiator.
3



di (neth)acrylate, and a photo-initiator, is used for

t wo- phot on stereolithography. The pol y(neth)acryl ate
wha®al4smet h) acryl ate functionality of at | easPCBS@ME8/600264

nol ecul ar weight (MN of at |east 650. The

uret hane(neth)acryl ate has a (nmeth)acrylate
[00%6Inct i onta ditfgrent emhqdnmeatsd the thpbsilion rmay tOmPEiSe 2Tbe20 wt%

v BT RS, 80 RO b ol S0, 20

to 8@ mww@.nﬁ@th)éwat@ NS0 oM mW/oCcﬁrmfdténﬁn%tdro 20 wt %
(wei ght percent) of poly(neth)acrylate, 20 to 60 wt%

1%7 uret hane(net h)acryl ate, 20 to 80 wt % of
[00%i1 ( net h) IR amEodimentothe peJyaoeinasrsiate maydhave a MWrin the

enbodi nent, the poly(neth)acrylate may
rang{%eo&lgéoml n 'the range of 880 to 1200. [0018] In sone

enbodi ments, the conposition naterial nay include 5 to
[00183 wt % dh qwn@'en‘d:tddjraengsl theecor@positiod Onatetiabiay include 5 to 18

0 n h 0
wits i HAARATAARUAE, 03050 i ofuistPhaleeianrvieia. a5 /56 wit of
dl(m@ﬂe)ael‘yimdl HEDto 8tvies, Bﬁbﬁéﬂoﬁ{ltléﬁewm 888 ehhBRIirhEnt 138 Riaterial

(meth)acrylate, 25 to 45 wt % of
comprist&rie (I6arR) st Polymoi a0 iatoses fa #o1t% of

ronafSEIGMRERIA 90 13 ek by By MerdBRL I B o

photbatitister. or penta- (neth) acryl ate. The di (neth) acryl ate
may be nononeric or oligorreric, and may be a m xture

et hoxyl at ed bi sphen A di ac at e and et hoxyl at ed
[00'@5 spheno hep\pglp/g[ggﬁﬁ%qryf%é? aay '@GB%’F arfiks, E%ﬁ?po%" F?@"Bﬁ' may
(metﬁbé@y!a&?' THe dﬂn@é%ﬁfa%‘?&lé@ mag%nggﬁarfém Qﬁéf may be
i ncl ude a photocurabl'e conpOsition crlbe
a mipire of efwxyted bisphenol A ldiacrpiateand etfioxytdtets bmpshenol A

ated herein by reference. [0022] In an
dmétﬂ&%&fégéy enbodi ment of the present invention, the

conposition may contain a selective conbination of the

[0020%! | owi Ntheccompositiah nyayaaisoligdllide B efactart. where the
texts in parent heses i ndi cate exenplary product nanes

d su
[OOZQT ppIlhe composmon may include a photocurable composition described
in US Patent No. 6,025,114, the contents of which are incorporated herein by

reference.

[0022] In an exémplary embodiment of the present invention, the
composition may contain a selective combination of the following commercially
available materials, where the texts in parentheses indicate exemplary product

names and suppliers:

ethoxylated bisphenol A dimethacrylate (SR-348, Sartomer™);

ethoxylated bisphenol A diacrylate (SR-349, Sartomer);

ethoxylated 1,1,1-trimethylopropane triacrylate (SR-9035, Sartémer);

UV photoinitiator DAR1173 with a formula of Ph-CO-C(CHS)ZOH
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- ethoxyl ated bi sphenol A di nmethacryl ate (SR-348,
Sartoner(tm); - ethoxyl ated bisphenol A diacrylate
W@ 3RVB1GBY1 Sartomer); - ethoxylated 1,1 PCT/SG2008/000264
, 1-trimet hyl opropane triacrylate (SR 9035, Sartoner);
- UV photoinitiator DARL 173 with a fornul a of
Ph- C@E@@B&p&%pﬂe@l&ﬂephwm@(lmwm 66¢; @hba Gwigy ™
(I rgacure 65 Ci ba gy(tn), referred to herein as
| RG yererreg ?1”(:3% Hane acryl ate (EB-270, UCB
Chem cals(tm); - silicone surfactant (DC1L 90, Dow
Cor nianghatid biethand aERaie (BBLATRUSCE Mhehik8ls ipneca
Resins(tnm)). [0023] I'n some enbodi ments of the pr esent
i nventjon, the conposition nclude a m xture
| i st SHicpRepypRstant (RGd 90y D‘PWD&@WUQ Wit ures for
tmo phot on |ithography Table I1I. letures for
T™

phot gjggir}%@lel élér'rrgt er IF)SQ[%%%SI%?% fif abricating
articles by two-photon stereollthography, t he

[0026brrp03| th somealemboiiimeentalofiee peasentirfventieq, thetcongmsition may

rt a hot on stereolithograph
'nClugﬁo%@anlbee&g% EQHL%&P p In one enbodi msgt pay
material fornmed of the conp03|tion descri bed above can
be processed to form 3D particles by focusing a beam
of light to a focus region in the material to induce
t wo- phot on absorption in the focus region, and thus
pol yneri zation of the material in the focus region. As
t wo- phot on absorption is limted to a small region,
the material in the areas outside the focus region
wi Il not be polynerized. The Iight beamis scanned
across the material according to a pre sel-ected
pattern so that the beamis focused to different
pre-selected regions in the material to induce
pol yneri zation of the material at the pre-selected
regi ons. The beam may be scanned across a transversa
pl ane that is perpendicular to an axis, such as the
optical axis of the focusing device that focuses the
beam onto the material. Once the scan in one |ayer of
the material is conpleted, the target material may be
noved relative to the focusing device to scan anot her
| ayer according to a pre-selected pattern which nay be
different fromor the sanme as the



pattern for the previous |ayer. The scanni ng may be

repeated to polynerize sel ected regions of the
woreaoeni14h1 i n nore than two | ayers, |ayer-by-| ap&r/SG2008/000264

Thus, different regions in the material are

pol ymeri zed according to a pre-sel ected design. The

material in the polynerized region may be hardened and

sol i dified. Taklel Mixtores fontywetphetan lithbgraphy

un- polynerlzed portions of the material may be renoved

fromthe pul yerzed—-portion—of-—the material nd—t-he

MpegerarSREA % o BR-348 pNRt2OThER-9035 | BAR1473] DC190 | IRG

ard 1 clje pendi nt appli Ion and thejmateri al
JJQ1(3d1 in8§m=\ #‘Endl n‘Jf]Ag? WPj(Z brjiz g portions —

ngy/ be repoved HEMM t he‘3445-p5l y’r@ol zq=d p@stl opns and | —
tiEeun-p e [portionfornpgtheproduct—articte

Tht reno &e% Jréﬁg)ns caift-Be e 8d_af t eP-Sconpl #-Pon] —
of4 t he scanni ngggfg a| | ayeE an J@bore scagni ng tde —

rext I of Nftarl Al I:n: avalhaan cerahnad

[ G026]| RéGbv éb-lds‘lepar%& on| of 1Ghe pSFFé'csﬁvof”fEe —

)’

erilal od zom t ther he fonmed; gsi ng an
ﬁfgk Zégrhm raulﬁpgo ppzpn ?/n nﬂ?p narﬁlgcul o 3.0
application. In one enbodi ment, two- photon absor ption
wi Il induce certain chem cal reactions in the sel ected
regions of the material. The chem cal reactionsresult
in anewmterial. The new material and the original

oroper ti es. TR PRGBS ARG lrBordiNG: T

materi als may be perfornmed based on the differences.

Mikidhe $XSR1346 | 5R-0BY NRIFH? lsE;g- 3o | BRREL AL Hisa Ot NER 270
c7ase<§,w‘dhé’ mat 8.0al | m2d.®e ol 9 e and 8.8e of he— may —

O R AR T S B e

@y

@l vent19.0n soqpocased].@ne ma1t1e@| al mgpal sp

H |

astiryrenoved bb nother—techntguer—whi-te—the
an

tefiafds su ti 410IQ/ unafi®&@t ed by-Phat

AN

jechni que. [oogg-b W t Riotyvo- pholtoqgl I'| t hage aphly,

»L.m..rl targﬁt material-—can 3D artilcle

LA =% "

lbf).’l stanntng [t h49.Bi qU| @O0t eri dl4.4ontai rsed i nf a — —

i gchﬂ: Eg—r;anl | n|$| al{ | §3e SS&ryl%@l dDr miﬁést rlt‘ iO_:':'imLrby —

$60l i d BB.0om | ayer |anggtdhen add sore |isgi d on top [of _

the—sotTd tayer—tojformrthernext—tayer—which—woutd-—be

i\_}-%cess Oi il the ndt e”Pdl ils t18-Be bured by 5.5 —
$6ngl e-sggton 29.8 10.8 — 2.8 —
17 205 | 359 | 298 10.8 — 3.0 —
18 10.9 36.6 — 12.5 5.5 — 34.5
19 — 50.0 — 19.5 5.5 — 25.0




l'ithography. As two-photon absorption can occur only
wthin alimted portion of the beampath at a
wae 2000014501 depth in the target material, the taPgE$G2008/000264
material may be formed | ayer-by-layer w thout having
to add new liquid material during the scan. Thus,
production rate can be nuch higher. [0028] Further,
[0024] t h t WWMMIBtheoMnabimWs as@aeltqhie dort fiabricating

bl . id
artiolB§ B Pt st iR RL BT e e apbSioss fifsGisalatag may be
forméd te BRE-Rles @db@r@mpﬁ& vy tes SterlcBiAS ré‘_dr@ prbckSs @

schematic diagramillustrating a system1
desctibed pa%t on st er eol i t hogr aphy, which can be used to
treat the above conp03|t| ons accordi ng an exenpl ary

[002 odi ”ﬁ{‘Bn fn‘L l ﬁ?edqénaité}}’a?ﬂéw oi{tﬂgwmﬁiﬁﬁmé&nbed

cl udes our ¢ or em
abovpmahdmsprmshedwo faseBDy@rtices b fod:ummg'l adean ofllightrtd .a focus
bl e ne i nfrared

.l aser souyrg 12|sa ul sed tuna
regionda de malerald3 Tadusee WaspReioe abseaptionndbmigeus Fign. and thus
ol RABRH 1 85cARVEORe (SHEIYGbor PR MBSHCA PENShon

broadband Ti - saphire | aser use
limitethio gamad regips, theymateri in the weaemutbsldeélm tomxsaaglon will not

bl b d
be itz it 108 65t BRET st BBTs' e HaBlal acsrdingde 2 pre-
selecﬂe@ﬁaﬂéﬂﬁéb tHat ltits Beah BFbcusEiRtoVEf el gt'éls@fectéaﬁrégit%@ in the

I E hotons) is selected to induce two- &Coton
mategp Ipfiu@mpplymerfgayamqfém@ material gi therpre-pelectedagions. The

sean P21 S4EALS: 0% R GIOH DI UEEN ARG 2

suchtaaihp loptioal atis of fite foTusig deicd {hat fotused elne beampoto the
h_di fferent rmter al s ser soyrce 12 etun
matef'ﬁf v0E? 8y BRI PG, aAIGQPT/Lf}? matryEl Isepmp ‘ﬁ‘bltge %r&e
mateHéPmtaWeoﬁ‘l%K/QH réBHos 'tHB“fobGs \Agtdé(/ﬂieeto@éan another layer
pol ynérization in a materi al ere the required
accoding i aipver-setastey pgtiart whichanay betdiff@enhfrpm drethe same as the

patteBE308 Frtinkd By dheamenhiinpy B pabietlR ap/merid”
seledtsd pdYiend 6f ieematdrizllin e titarelrd laydf Gayurbylg el utrnus

‘beam di aneter from | aser source 12 is less than 2 )
differgnt redioREUBPiRatgriahatepolymetizad acepislingiq a pag- Sﬁle@ItQﬂ design.

The ML FE19neri28d *88ion may be hardened and solidified. Thus, in

one embodiment, the un-polymerized portions of the material may be removed from
the polymerized portion of the material and the polymerized portion of the material
forms a 3-D article. Depending on the application and the material used, in some
embodiments, the polymerized portions may be removed from the un-polymerized
portions and the un-polymerized portion forms the product article. The removed
portions can be removed after compietion of the scanning of a layer and before
scanning the next layer, or after all layers have been scanned.

[0026] Removal or separation of one portion of the material from the other
may be performed using any suitable technique, depending on the particular
application. In one embodiment, two-photon absorption will induce certain

chemical reactions in the selected regions of the material. The chemical reactions
‘ 7



beamis less than about 1 nrad. In the pul sed node,
t he average out put power of |aser source 12 is |arger
WO ban/0P4sBt W and the peak power is |arger thanPGI/3G2008000264
In different enbodi nents, the average |aser output
power may be from about 50 mWto about 4 W A higher
result irs@ nepomateriahy The nese thatria aanddhy: avigjiread thateribbwil awd

ditrerShY cRSmita o BRI hrobe iRl i, i rdoial oF SeRartDg.of the

matePlsSRal eRepéforiied BALdT8Y trk@dm’@eéﬁce%o Pizexamipsle ! iBne material
pul se wi dth may be about 100 fs. [0033] In anot her

is a l@msbanwm othes is@ Bold ey treay be seadilyssapasaigde 1 othemggses,

oe KT RESARR REbR ho 1E51er il RE Hsalide EkHeoar sotvent

Thuss tred selublecana sy mowvsd by wadhingt agrg tise 8slveht. ¢@B8ome
rovide a higher resolutjon. [0034] An isolator 16 is
Casego%n% mﬁ’ﬁ%@ﬁ'dg?léémbq eawb/sr@m%ar%ari@t ehiaghaigiig, while the

fromreflected
otheﬁ@?‘é@ﬁ@ #&tﬁlélwlﬁfﬁsg torhsa?gé onfigured and

p03|t|oned to prevent reflected Iaser light to
[0027}- ent eNVitlfatam -pbotarclhagraphy, a dfliddaegetinmafieriahegn be formed

into BBl s ng 85 it RRE6RY ShiRbetiiba A gt dys not
neceE@éry&éﬁBﬁh €he artitle %Z_Nbﬁihﬂﬁnétaﬁmitlépla@bpbf fc?:ﬂ&‘t@ﬁ?ét(férm a solid

Research(tm may be used. I n ot
bOﬁO@?ﬂ?d@F ﬁeﬁtthen adﬁ éﬂorﬁjlqbu\cbp@ tppokthg sqjist layenlodiosn thayext

ayerb ol 5 ho LS fiSho Hibibaliosh bR B9URE Shfton

or se |veytransmt
lithographet Asdwolphdihi absorptidni canasccie onbt wﬁl@pta iimNbdl poaticrr of the

bear, BeifLe} %ﬁef‘eﬁiqde”b"ﬂﬁ”‘@?t IarORP Rt e SRkl BhatPRgh AN be

formé@‘é%leEbWS{/é}rWﬁNémh d{ﬁﬁgw I{qgﬂjgﬁﬂatér"hl%ﬂi‘ﬁb the scan.

nbodi ménts, shutter | aced el sewhere; such
ThUSaprdemherra@owrsbeawnh Iaugberray be any other suitable
hi gh- speed shutter for the specific application. For

anpl e g : h ,
100285 ey LS RGBS LS BBt grobims
arisir‘@pﬁbmi aduing dewlkjuid&ma eblid Bubsieate] Buctnad insufficiohi gosedinking
to expand beam 14A and produce a collinmated beam 14B
between the adjacent layers may be avoided.
[0029] FIG. 1 is a schematic diagram illustrating a system 10 for two-photon
stereolithography, which can be used to treat the above compositions according an

exemplary embodiment of the present invention.

[0030] System 10 includes a light source for emitting a beam of photons,
such as laser source 12. In this embodiment, laser source 12 is a pulsed tunable
near-infrared laser, such as a Ti-sapphire laser. A commercially available laser
source, such as the Spectra Physics Mai Tai™ broadband Ti-saphire laser may be
used. The pulse rate may be of the order of femtosecond. Other suitable lasers

may be used in other embodiments.



with an increased beam w dth (beans 14A and 14B, as
well as 14C shown FIG 2, are also collectively
w0 efoelot4soll t o as beam 14). As used herein, a coPCT/862008/000264
beamrefers to a beamthat has a | ow divergence. For
exanpl e, in sone enbodi ments, the divergence of the
[0033D | | natlesehsauicesi2 Ba;seldetolm@@ummarb&amrlﬂAbfGamrd@ht The

v 8o 88 56 a0 RS S BE RSB BLorptr

in thé PRI rdal refedbl For aapleck a ﬁﬁ%rbtrﬂ{otoh BBsorption
di vergence of the collimted beam 14B is varied during

wavelgrgthrar thg padiguiar enatedah is e, thewesaelemgtbifgetysephoton
absAAPPHEY o 2P ALGURED BEHL ARG SR metetlh. e qupgn 12
can b@tme&i(mamalmleﬁ@ch \,{nﬂﬁﬁ%]glﬁmmm Rér emhprée&) aQe two-photon
oo GRS BSOS b e e
bsdg?ﬁcgﬁénémqﬁuﬂgqg%oﬁpﬁ HRE thE'e eéﬁlﬁ’rﬁrcﬁg@c’% Yg@ﬂ?ﬁg%nave a

evi ce such as 'm croscope
peak &lcabizad K 16fnmhe obj ective | ens 30 (see below) is
overfilled to nake full use of the objective aperture.

00957201 8B . 0 P BRI s

700 xgiendti 1020 @S Tk, odtb@t b@d}ﬁ dSé’rhéﬁéi’ffﬁ)rfWé’sd?%ource 12 is less than
pl ano- concave doub /& concave Or concavo-convex.

2 mm (\Mﬁtﬁl GoyshKH Iarrmsera@fs et.ndhadelt fagiicld giyreranceninge pithe

f
vearh R o8 AT BHELE P B0 10 4 PO BB ARE 8l G Bl pger o
laser sfurce d@ is dargsr mamd&st\ll\/yand tlempeak bewer isllaegdrethan 310 kW. In

o R 7S5 Ao R PSS e g

e ] SR B4

be d@@rablmset tarnprovitle iEghangeanriog speed asdshidughpatinin the

oresdh PR LS R a0 B A L puse

widthaaiy HetBod ot 1000fst ect i ng focal plane distortion, which
is mainly due to field curvature effect, as wll be

rther expl ai ned bel ow. [ 004 In this enbodi nen
[°°3é pansi &m angiher emk '@ﬁﬂblh%ﬂf}éﬁfﬁﬁﬁe@sﬂ% '%?ﬁraﬁource 12 may

have a beam width of less than about 1.2 mm with a focusing diameter of 1/e%. In
some embodiments, a smaller beam diameter may be advantageous as it can

provide a higher resolution.

[0034] An isolator 16 is positioned adjacent to laser source 12 in the path of
the beam 14A to isolate laser source 12 from reflected laser light. That is, isolator
16 is configured and positioned to prevent reflected laser light to re-enter Iaser
source 12, as reflected light may disrupt the mode locking operation of the laser. In
this embodiment, isolator 16 is a broadband isolator. For example, a 10-5-NIR-
HP™ isolator from Optics For Research™ (OFR) may be used. In other

embodiments, other suitable laser light isolator may be used.



notorized translator (not separately shown) to vary or
adj ust the distance between expansion lens 2 1 and
wepantsn obj ecti ve | ens 23. The di stance adj UBECTBG2008/800264
aut omat ed. As such, beam expander 20 al so acts as an
on-the-fly focusing nodule to automatically correct
[0035br any A shutterpl8aisepaditionedtdoovnstnsiaine bf isalatorc té forsetdctively

rangiFihs Tk AR bERE G oAyl ¥ S ApodstbrGifie Modulator
(AOI\hPWtﬂ%ner%@émérﬂanhﬁﬂﬁpr%vﬁe@.ﬁﬁs@fﬁﬂf&'%bepé’d(ﬁptFdreeia?ﬁ‘éle an
e increased or decreased from a bal anced

AA DB huUtAT Tora /s OpiarEiaaakaligaay ke Useakn

size/ di aneter, or to reduce plane distortion. For

anpl e
(0SB G USSP P8P DR stgpn such o
furthdane%mknnsrteee;]myaad m)ﬁbe aﬁyulﬁif]"(aaxltaﬁlmgh?weedmhmﬁs @onﬁhe
rade changi ng the optical distance ween the t
specll ARl baiho o EXAMGIg e FaL i ReeaImaY Dedit e order of about
100M ebetween in a different enbodi nent. [0043] In one

odi nent, the diameter of the collimted beam 14B
may be about 10 mm and the di stance between | enses 21

[003Ehd 23 Anepfical beageexpander B8 asrpegilpned gobmstraposofshutter

18, o jp Rl b PRBarh s AR EBlng B bl Bodlp 148

with ah diePeasaEb@8m wmeﬂedrﬂs 4ALRT0 148, @gmn@mz?@ shown FIG. 2,
i ncl udes a vari oSCAN 20(tm, provi ded by Scanl

are ajgg @%ecﬂmlwefpém%@ afe‘ape@r@ @anﬁwfr@bh@rﬂmgﬂ @@Jhmtgct hpam
refer§ %‘Erﬂ?-:lanl?ﬂ‘?étq\ ?B el tﬁéﬁf&aﬂ{ g%nk?é( embodiments,

ame conpany. constructlo operat |
the dwgexﬁ@bf M(aoiljmamd o M48 mey berless Bn&mialatbut &Gahraas As

can 15 BBRMEKEES, 3 paPei HBaR et TRt Gyt dvaragnog of zero) is

dlfflc@IE‘ ek hﬁﬁo&iblb%@|o¢bt§ﬁﬁﬁ%¢&f’uc@”¢ﬁ’bﬁé@“ﬂw% di@e8hB8 of the collimated
devi ce.[0045] Amrror 24 is placed downstream of

beangAABrig e/an@d ingi usscancemsarithyiate drdm the eavess divergence
. C 46] Scanner 26 re-directs beam
aCh'él\%EP%%rs%c@ggﬁggigTA%q er a desired target region. A

gal vanonet er scanner may be used as scanner 26. For
[o038]xanpl eA dibkrode atimer 22maydse prdvidettdoetiettbesmatt into

rovided by Scanlab. In a typical gal vanoneter
eXpaEégﬁJﬁ&, two scan mirrors (not separately shown) nmay
be prOV|ded,

[0039] Expander 20 includes an expansion lens 21 for expanding the beam
diameter to a large enough size so that the beam diameter is larger than the input
aperture (not separately shown) of the focusing device such as microscope 28, so
that the back of the objective lens 30 (see below) is overfilled to make full use of the
objective aperture. Expansion lens 21 is a diverging lens, also referred to as a
negative, concave or dispersing lens. For expansion lens 21, the lens surfaces
may be plano-concave, double (bi) concave or concavo-convex.

[0040] Expander 20 also includes an expander objective lens 23 positioned
downstream of expansion lens 21. Expander objective lens 23 is a converging

lens, also referred to as a positive, convex lens. The lens surfaces of a converging

10



each driven by a gal vanoneter. Each scan mrror is
i ndependently adjusted (turned) to redirect the beam
WO poogsaesstli mensi on. Thus, the two scan nmirrors PEI/SG2008/000264
conbi nati on can scan the beam across a two-di nensi onal
pl ane. [0047] A focusing device, such as a m croscope
lens oy hes plalnammwhisctcrrw&mmrfmsmiam&armé beBrteipe of beam 14 can

f eat ures, express cri bed herein, mcroscope 28 is
be '%ﬁ?{?ﬁ%%@ a@%‘%ﬁf‘?u&i‘a‘?xqﬁn&%?bope and can be
constructed using conventional technol ogy. M croscope

[0042B is pE&th@@ﬁzb @é‘le@@@nﬁnbﬁw@@l’)ttfdlleHQQLé(pl@ﬁafﬁnH“&lmﬁbfé

a focal ane in a focus region of target material .
beam Gé4@xpﬁnéeb% dpgeasehithe tefeam;dlmﬁtaftto gsdigsl size apd is also

conflgﬂﬁé 0ld %h‘éﬁcél?é%ggtetﬁerlﬂl?@gﬁg gﬁolmﬁ% S&%rﬁ'h@ for

n-proper ens
correcting focz @ldne distustiomrwiible s iainlg dlum“l‘B If@dtdcmnvamre affect, as will
ot her gas, environnment. In this enbodi nent, a
befuaF‘ﬁE)ﬁi(fPlﬁ&‘ S8 RRPWi r obj ective is used. In other
enbodi nents, other types of dry objectives nay be

[0042{@90' SHi flfﬁ@bﬁ\b@dhﬁéntEbypaﬁélbn MHLsd ié’&aailyf‘ﬁ{o"&@ﬂadgusted by a

ectives that have magnification factors of
motom@@st tragalator{eoperparsaly sbmnltmarymeaohwstéhe digtance between

expaBB5H{45E %) Rt bBFSEIGRRIERs Ea! TS il Al
autombt@jctASI sutie seamn expasdac20 Mrblactx dx an Sh-Idfpdeusirfodule
(all in mcron). The NA in

1x1 I
to aumwa%%ller@{s? ?(Hf@gyls‘\éga%qlawdgﬁtw@m whisi may pcer suLas
wherPet 3oLt U8 Lol EEPUSROREHIER, O0LS. T
physi:eal dlstaswpptthedn [Bxpansiopdens 23 4ndvéxpaimden ob}erd:use dms 23 may
be i |n aggtggff\ﬂggﬁ gnflrorp@oéziil g@ég%ﬁm h re a,s,g(iﬁeon S%%%ange

the b@dtrﬂéikefdm?n@l@?' dr t@ﬁe@ﬁcé 9fﬁ1‘étd|§t%rﬂldh t Péﬁ@xe{rﬁble one of the
di mensi ons. Support may be notorized for noving t

lensasa2yand 28uppwbe rsnoalaﬁme tTdneqeovemeat of ’é@smoaaldngens may

v B 47 1 SR O o S S5 7 HRBRG s e

optlcalrdiﬁla\neé datween ¢t tvanknsks withioeit eRdgingené @hy@déméﬁance
therega be confl ured to prow de both transl ati onal and

§rhing d edimentget 32.
- [0043] In one embodiment, the diameter of the collimated beam 14B may
be about 10 mm, and the distance between lenses 21 and 23 (thus divergence of
beam 14B) may be adjusted so that the diameter of beam 14B may be varied to a

few mm above or below 10 mm at the input aperture of microscope 28.

[0044] In system 10, expander 20 includes a varioSCAN 20™, provided by
Scanlab AG™. This device may be controlled using an RTC™ control board and
control software provided by the same company. Details of construction and
operation of varioSCAN 20™ can be obfained from Scanlab, such as from its
website: www.scanlab.de/. In other embodiments, varioSCAN 20™ may be

replaced with another suitable expander and dynamic focusing device.
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[ 0052] A canera 36 such as a CCD (charge-coupl ed
device) canera is provided for taking i mages of the
w@e@eessed target and nonitoring the operati onP@F/SG2008/000264
apparatus 10. Canera 36 may be positioned to receive
light frommrror 22. [0053] A controller 38 may be
[004p] ovi ded\ mivorcshisrgacéhdowhstreprrafiexpandér 20 paduectsexpanded

.10, ntr r.38 is i nmuni cati on with expander 20
CO”"’?%iied%ﬁm 3I4h IRip @ §5aan ?roﬁgtl c adjustment of the
di stance between expansion |lens 2 1 and expander

[0046?] ect i BeahABr28 fediretRbEH A4 &Y $dMbdiHMUE BVéYa BEsired
focal plane of m croscope 28. Controller 38 _my

targeéw@@ioaeA.g«ahcamm@ieb geayIeruNay bgusedrasgganner 26aker example,

the sﬁQHﬁ&reméé bes’gt1 %Eéﬁéuggﬂ“’sg@%mf‘e{] é)r%(g\(lr Og\%%c%nﬁ%% F}PQ typical

recérve i npu
galvamjmehealsbanmntwmbcaﬂn Mivprs (@ot eepartatsie showhhenali Isé provided,

t ment be controll ed based, at |east in part,
eac“éﬂ""luel??eb%%gﬁ pmster. Jeaeh 6?@%f“"Er%'sd{]??ré?ﬂd%'é(rﬁcﬁﬁ@@,
(turn&4) t%nreﬂhécﬂ%'ﬁ APRBES %ﬁnﬁﬁsubﬁeﬁ%”ﬁ@t ?%céar{)@gf;é@ in

scanner etermnes the direction o
commna’@ongarnseammegbemm dnrass ditwealimensicmal plageh val ue
may be stored in a nmenory in association wth the beam

jrecti ; ect ed coordi nat es tion
[o04f} " 7he' AloRhshBHHRCSUER a8 3 it gk 8, i Mk BwRftream
of scaBnés26.eExteptithe f@@turﬁef@m@tsﬁlg det@eb8d AsFSIf] mi&dsddﬁ&zs is
that |ocation when the beamis scanned toward t hat

othemwize icanventionaliniciasgape andlarar e censtaectad yising ¢anventional
techrﬁﬂ%nfvﬁ@rb‘s b éBélﬂ?ﬁ&fgﬁﬂ%nﬂgu%% Séar%alié’ onto a
syn

roni ze e nov orl ze ens in
focal etz hea f@flisanedidrhef & tzageinmateriad. i n scanner 26. [ 0054]
Controller 38 may include a corrputer or ot her

ti devi d | spft
1004807 o1 MerhRtnes 3pTRa By Srisdpistipasd. 1B eniRelik fage does
not néel tv@edniiBersblGh il ®r avawldnofmﬂetl&%%%ewyogﬂ( ar odjtéve lens
program can synchroni ze the notion of a support st age

can pRRety &nsdiamvhamitiniraacseskn aicer anether ga epyirgmelat. In this
embédcgﬁf%'ﬁ't @NII{%)Q‘IQﬁ@LW?r%F 8éfe‘éﬁy% s se@ar a?* %IR’I%%H%&(%S other

typem@ﬁvdr;édbgék&&bslmay besusedb(mmmblé NikoysE WD 8ir lobfedtives #itlude
objecﬁﬁes?hat ha\)% magnl?lcatlon factors of 20x to 100x, such as 20x, 50x, and
100x. The numerical apertures (NA) of these objective lens are 0.4, 0.55, and 0.8,
respectively. The 3-D resolution of these objective lens are respectively 1x1x7,
0.5x0.5x1, and 0.1x0.1x1, respectively (all in micron). The NA in dry objective lens

30 may vary from about 0.4 to about 0.9.

[0049] Objective lens 30 focuses beam 14B onto a focal point (focus region)
in target 32.
[0050] Target 32 is supported by a support 34, which includes an

adjustment mechanism, such as a high-resolution stage or a galvanometer.

[0051] Support 34 may move and adjust the position of target 32 in three (3)
dimensions. Support 34 may be motorized for moving the target. Support 34 can
12 ’



and a scan height of up to 30 mm The scan speed and
scan hei ght may be hi gher in other enbodi nents
walepentisny on the conponents used. [0057] FI G PQI/SG2008/000264
schematically shows objective | ens 30 and target 32,
in nore detail. In this enbodi nent, target 32 includes
moveatargetd2 abhisast alwing4be saiad direblinh oEbesmmard Optiopdiy, sugport 34

may BitcofispiedE S bl i e SEBeo, nuil;
embd¥imenis) %Up%bﬁqnég b5'c@nf1§ure%ﬁ totcfi?évﬁj@%th Rindlati®hal &%

focused beam 14 beam radi us/ di aneter or w dth of
rotatlbeahmp&!@nemtaftarg@t?pﬂ ninmum (referred to as the beanis
spot size). This portion of beam 14C is referred to as

[005#];3 bean cv,?rhv\gh 3¢ %uéw a& %éﬁ@ﬂ%r@-cw@eer&%ﬁ%t) gamera is

ventl 0 e 1 nciden am

provided fostalijre) idthges ofghe erdassedaamg@t ang, mmhmrfr@cthle qp&ration of
or beam vval st of focused peam 14C al so fes W f hin _or

appagatys d 0. LCamesrz 26 MawRe Pasitionsd dp receiye fightfipra nisror 22

the optical axis 50 of objective |lens 30, due to

[0058t omat %Cc&ﬂfd'H%FBBQﬂayOBethé’\/laé’@ or é&lﬂf&fﬂlﬁb e ddration of
provi ded by t dynani ¢ adj ust nent of di stance

appan@tuwé@n ®ent§@lter2513 ia il cemmyrgein with axpenﬁerdzmtcomrolhng

the o R3¢ BERGUANE ah® Drostii e BB B SR R iy Sfpancer

objech°vefI@ﬁ$l 28do b@@u%dé@tdrﬁcbﬁ(dhrﬁélﬂ%)%ﬂthé'fbdallpﬁafﬁ@@ﬁﬂmcroscope
ne 48, as will be further described bel ow. [0060]

28. <Bﬂntu@léer %Mrﬁlq@bw epaEMHNication Wtsln OHRLOr MoNgsdf|lager source
T

12, 5080 A L5y 28, LapRCHCath BinR g8, EPEERe By Trorom.

and maylmpdasnlathy gemtrdltiae oSéﬂatithhedacﬂ g h‘é/dlshapeetadyLlStment may be

that, will i nal
contiBigd bRSERaReREkIn Eart. Padee PeRtieh anieClirceithadiGentpeam
waist}&r oﬁr’cﬁe'ﬁb‘étﬂéﬁ é"@l"tﬁb%ﬁ*}nm&ﬁk ih ﬂwéékbérﬁ@r@vﬁl@(ﬁ determines

: friggering 1 nduci ng hot on phot ochem cal
the diregtomn oﬁtheqbﬁ@m@qs nlamreeam glx:en beaus directions gdenglinvaiie may

ve siQERLInA pTah e ndaySAlibSh WP el Bt e o Rl Eotea

coordifBtgsf theed=ivatdf tha el waist. NFhealistanoé b@b@aén épeet 21 and
about 1020 nm dependi ngn on the target mater, al

23 is set to the corresponding length associated with that Iocatlon when the beam

is scanned toward that location. In thisregard, controller 38 may be in

communication with both expander 20 and scanner 26 to synchronize the

movement of the motorized lens in expander 20 and the scan mirrors in scanner

26.

[0054] Controller 38 may include a computer or other computing devices
and may also include software for controlling the operation of apparatus 10. The
control software may include a modified SCAPS program. This program can
synchronize the motion of a support stage and the beam scanning and can perform

slide by slide scanning.

[0055] Controller 38 may be an integrated device or be provided as multiple
separated units.
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and the reactions that are to be
phot o-initiated.[0062] Beam 14A passes through
W0 s@bat4sn 16 and then shutter 18. |sol ator 16 PCEYELNS000264
any reflected light fromgetting into | aser source 12,
and can thus prolong the lifetime of |aser source 12.
[0056hut t er I Ehis emhmiimehi systeyn 0 Masa sean SBeedof up to 30 mm/s

and F86RT el bt B30 SHEBR nTyS eT PR o oo el e B hgher
in otifdhBadinfis dePERGhg %ﬁ&ﬁe%ﬁmcﬁq@té gsé@d by mirror 22

to expander 20. Expander 20 produces an expanded and
col l'i mat ed beam 14B. The beam wi dt h-of beam 14B i s
[005Thr ger Fil@n2srbemalinnliy shawspbisstve leng 3¢ and dxrgepBe, in more

detaiﬁﬁa%émﬁoﬁ%éﬁofgrg%&% i es@?argﬁgﬁﬁ‘ra‘f%ﬁgl o anﬁ%ﬁt‘:ﬂ

be "sel ect ed ce an factors an
betweensi tdprpdﬁtem&ancﬁarbc&mnrplaie (dni giestrade)pdhsiTop piety 42cand

advant ggeous for red the vi ng di stance of
botiofPite AacaTe snaced SORHtHa the other hand, a

| arger expansi on may result |n a | arger power | oss,

[0058}Cch as Ashpistidied e FIG Y2, Hithhd Soddl Pointidiane fdttisdl dERheN4C,
of the input aperture in m croscope 28. Beam 14 gaasses

the beanviaghys/fiametaeer width of Seam 146 4s al thenainiaeins(ratpriashie as

the b%%anngggé%' %ﬂeﬁlﬁé?%?ﬂ%ﬁopﬁ%S %SIS I ﬁ r&ggoeggﬁtgi el \évaist. In

an embddieantofieaprdstpt dmientibal @htn 3e invi dﬂrﬁfan@'le:bbb@@”ﬁeMB at
28 and_objective lens 30. Beam 14B is focuse
mlchﬁﬁC’Q@tZa\/@ vasied bynSeaRINeT 26¢ Hier iorabpQipt %Eeamﬁféa'ﬁ%‘éﬁfgcused

beanh 94C°4so 'rﬁb\;e%r\gﬂ%m r@%ﬁféeatjo AR bhe! 48 i {W}ggh 'i%?erpendlcular to

position by plates and 44 and supp
the oplipalcniiy 50Ioé objezmve $en®380,i duesiosagtomati@mpridotjon d)f the fomgl

plang 3Rteitipn 7o GHES 35 th SyBatric SuERertHIAE Hstatick Belss

lensddP1 bA®@3 focus region in the target material 40.
V\hen | arge optical elenments are used, the beam wai st
cused beam 14C can significantly deviate fromthe
[0059bca| plaAe ensbestimeni ettheeresenrkingentiomdhe distan¢rbetween

I f
Iensés?fg‘ﬁ!apﬂ CZ?;I? oggéhg&%llal%dgét?g r’ﬁ{) ke ;hé ?%Qﬁ'l \R/? t‘f)f" ctelged d beam
14C tdmainr sudbstdintfatly ive Ebcal gemel 48, dsamith bixdfusthev Hésmbefd)belewd

ont o focal plane 48 regardless of whether its path is
ical axi of objective |ens

[OOGQEar 'y? Hg%,l %yé erpt )ppgéa eds’as5 ollows.
[0061] A beam of laser 14 is produced by laser source 12. The beam has a
sufficiently high peak and average power, such as larger than 310 kW and 2.5 W
respectively. Beam 14 has no wavelength that will cause single photon
photochemical reaction in the target material 40, and includes a wavelength that is
suitable for triggering or inducing two-photon photochemical reaction in target
material 40. Thus, the spectrum of beam 14 may be a narrow band centered at a
desired wavelength or may have a single wavelength. The central wavelength may
be in the range of about 700 to about 1020 nm depending on the target material

and the reactions that are to be photo-initiated.
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acceptabl e that the beamwai st is kept sufficiently
close to a plane 48 (i.e. substantially in the plane)
W@2000e8t501L4 i s scanned. [ 0067] Thus, to i nprovePCT/SG2008/000264
production quality, focal plane distortion may need to
be reduced or elimnated. Wthout such correction, the
[0062]ocus rBgaon14d padsestitough isolatof 16 @ndrithen shiiter 18ndsolator

16 prbepiecr el seardent BourgefBo i 8 SatBtda SRE chRanfs
proloh§ ehelifeBifd biClaséegdurte M2, rSKluEri13is @onbrellés by icontrefier 38 to
focal plane distortion as described herein, an

selecively Stor passage of keam Tddtharethwught olhe Bwxinumeshutier speed

may B3 LRI Yo RBTE N SomEGRRIPSREY CXampl ar y' enbodi mon:

of the present invention, potential focal plane
[0063)i st or t Beam $4A ésiditectedbyonirrcr@2:ih dxpantyieaDc dixpander 20

prodiisls exHaRdR A Falletest PR, ALhS BRARHRLN f Bodm 148 s

Iargegg'l-a‘i‘i?l_@gﬁd(ﬁarﬁ VidHL A BRhe EIHA}’ foreXanfiib a5y BoGianid Qﬂ)d&lﬁg 0

vergence of collinated beam 4B produce y
timese Ihertiam 20dthofdesend 4Bt mey berreletited 4m balaneewerumber of

| enses 21 .and 23. -Th ' f 1
factols g B 8Btahs, PP ExShpR 3l pafilor TRk BY fAMggeous
for redU¥RIGARB ¢8oRhg Sfthhdab Pl REdIéRs imekpHritierf20e c0A thdether
focal distance of the focal point from objective |ens

handgg larggexpasionmat fesyltina lafasr pewer lessysERh @syen the beam

wists B985 408 DR PR PR A SR, B0 14

passestivouflodalorgéreepdnsibnri¢nod and fobaging fendi2hm wai s of
focused beam 14C (or focal point) remains

10064, 2 noa The exiebded Brame (4 5uEPeiedia S2alfSas by milpeze

beam 14 is scanned to a scan position where the beam

[ooesgai st i ScanBer 26 pIRetisGld $odns Bane M 48deetthrgt I32rtArough
O, the focal distance will need to be increased by a

micrasgppaRBaanchebisetivelepstikt Bean B igfocyped ibwquective)fens 30
i j i Nt .
onto %:@ﬁgﬁg@%%,}tﬂe if?&%i ée{bgorp?ﬁ?érg@t)ﬁ{atémo%faﬁg }}Qﬁ@id in

oca nde cafl be I ncrease
positiondsyeplatesid2 brd ddvaidysupmoro84t ry iobjEddigatietredtnis not immersed

. col |l jmated beam 14B. [ 00 The ampunt of. i ncrease of
*in ang Rguld QUTGUREDYGP SXPRRID PBASE ABRTSLAES: hus ¢ he
required length of distance between | enses 21 and 23,
[00662" be TRelGLfdtNe lens 30 focuses expanded and collimated beam 14B

into a focus region in the target material 40. When large optical elements are used,
the beam waist of focused beam 14C can significantly deviate from the focal plane
48 of objective lens 30. That is, the focal plane distortion at off-axis locations can
be significant so as to substantially affect the shape of the product formed. Ideally,
beam 14 should be focused onto focal plane 48 regardless of whether its path is
near or away from optical axis 50 of objective lens 30. In practice, it may be
acceptable that the beam waist is kept sufficiently close to a plane 48 (i.e.

substantially in the plane) as beam 14 is scanned.
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esti mated by cal cul ati on based on optics theory for
the particular optical setup. The cal cul ated | engt hs
w@amessburt her fine tuned or verified by cal i PCEHSGZ08/000264
For exanple, the calibration my be carried out by
visual ly inspecting an article Froduced usi ng system
[0067]0, suchhuas, twimprcme [BBNUCtiey! qng tyefoieal qlaee digtertionraay need

t0 bo 30 ERE G PR EBRE SRS et g R S6BRH Wl neec
to be rs@ﬁﬂimhtgmnélhgnd 't'rﬁélffeéﬂjhﬁwm thefobjé@tivenerewalld Aged to be

roduce ticle is defornmed inregions away from axis
sufflcmﬂytlh@h th §ﬂ%uf@é1L@éityapr\mdupt'%ewlﬂbth@eautgmaﬁlér real-time

reducg@% cg)gretc?gﬁ of ﬁéac%‘fbﬁ%el cﬁgﬁ)%ﬁ’ Qg lt‘.i%§crf|t9éd Hélfeflr?ra%&?]ec’&lve

€ stored, suchas in

lens Wﬁlwarr@taivylysmwwe%oluﬂon osuiarohs ardr dbjdotiondens; icahi mused for
pgﬁ the respectjve scan positions for later retrieval
tPrugiereatiteograreyy may al so be separate from but in
comruni cation with, controller 38, so that controller

[oo68]8 can ﬁF&ﬁéﬁeﬁwB%r?bﬂ{t%alﬂbﬁf éf‘ﬁh% ﬂ@&é‘nﬂHOéﬁIﬂ)n potential focal

operation. In either case, controller 38 can control
plane distoatipm ist nedced or cherediest indynamicaiin adjusting #he distatiaech

oS LR AL R GHEEGE P BT Ay o
sl ety ot i et o
(O]

co"mtﬁt@d deal 148 @rﬁquiebb exeanderRGis dapandenton gy distance
betw%(é;]“ gr21 odﬁif Fhe dé’g{sF\Qg’of‘Eol'hﬁ'L?tté@bggh Slﬁﬁq&ﬁ"l tHiR be

ance, Initial stance
varie¢ lchb.djlustglgathlsxﬂlstamaél Whedivéngened dﬁeahlmaTéd! bseaam14B in turn

ositio be fined or resent ed/ expr.essed i
affecth thedpealHHRRR PNGHGFaLRGIRETRM ShicCiiRiSBREDa FrR: By
adjusking. tﬁé AR BétWée‘ﬁ%n@@s detinaesh e o8I GisamRelcal Be Paried
poSitions. In her enbodi ments, the scan position may

to offpet mefeﬁe@uobfyeld h:er\catu@; gindrenyf othen affeats thaicsause focal plane
rel at

cstol kb6 e S ERU RS 0Bl ol FACTAERBARR R somains
subs@atinMerh thi fob& plave 48 BRIsdam AU CCigdcdhnad @s saécddstre scan
intercept of the beamaxis and the focal plane 48. For

positiepgamsianerally, mendveasplidif ssRNBRE ite ) Scaki ROsHipn where the beam
waistd§ bk S/dfr(?rﬁ n@%S%Faﬁ% 5 oftolﬂ)gedfﬁv@ I&?% B6li trll\@thEalcgl?tEHSG V\%I” need

i'REer e use e scan
to bebn«am;aﬂ;éd b&@)s?iﬁﬂablmamwnétd)oﬂssetﬁhe effeot pfrﬁeld cenat@® and to

keepdhe bgati Walsh reinardavealaiats APolbe BBAHIFANGC Com g BRTeased

by inSreb&®Ry the divergence of the incident beam, collimated beam 14B.

[0069] The amount of increase of the divergence for a given location, and
thus the required length of distance between lenses 21 and 23, can be initially
estimated by calculation based on optics theory for the particular optical setup. The
calculated lengths can be further fine tuned or verified by calibration. For example,
the calibration may be carried out by visually inspecting an article produced using
system 10, such as with an SEM imaging technique. When the distance is adjusted
correctly during beam scanning, the produced article should have a shape closely

resembling the input drawing. If the shape of the produced article is deformed in
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lines and dots. The target material is first fixed in
position to forma slice of the structure by scanni ng
whe@al#sousi ng scanner 26 according to the i npRET/SGR008000264
i mge and by synchroni zed adj ustnent of the distance
between | enses 21 and 23 to maintain the beam wai st
regions aiay feomlaxise50 Ithe distancapata Wil nieed tockke Birthes ndifiedy The

sotechSF REvmibE8 Y BE'oT L8 hEbibbe ey SERRHLLIESs e
memégﬁgﬂoﬂ depandtely shBRn§H ebftrallar 38! Ut hskatiathon, WiITBE respective
[0072] In one enbodi nent, the wavel ength of beam 14

scan pegitioas dedater ratrieval amheser Y hegnestary é1ayeaiso be saparate from,

ot R 7 ST B B 4E5838Ro oo
distasg®tiai duriref opdratieamimeitisér edsel kenfrolier 3gcamtomey the

. about 2 mmor less. The depth of focus may be about 10
adjustmgnt pibeg]istapeg & syrRghepnization wikythgdneygment; of ssaaner 26
' I j 4cation, as
basef Bt ot e il S8 LRSELIrEM FarfPERAGE | Pou by
controller 38 or another controller (not shown) to
[0070)dj ust Foeexample, the distarmegdata Indathemgsooiptechsean positions

Ltiqr dj L eq. d ' t
may B8 3l5rel iR ARy eduBrb: Hof e SEB a0 AR n Bt &g Absolute
lengtRRA|RBSShOdiffE ik Fron RtintiaF Giskrfteb YFsranétaaté ahe JSitial
[0075] The process can be nonitored in real-tinme w.th

distagegratay Bpa disianearitydrodupng eapimaliealimaedhgame The scan
. n Y

oostERTTPLEY el Oy SORICohl otk Ok ARERS Mifers o

exampidien sonrgembotiments the soast mositidrotag]beltefirsmueedthef scanner
. beam scan acposs target 32 can be as high as 30_mis.

mirrof PN SERF eﬁ&%ﬁmepﬁ% $ifS5a0 RPSHPR B2y B dsfinghBY the

direcB&RBY bEAR B 85chbgheBveto YHbE op M BkisdreniFHEope 28 or

. resol ution of system 10 can be varied using different
objeatibpdens 3@. Measeanapusitons ey atschbg Hetised by Hte tw@diménsional

coordihateS of tHe ¥nrt]er%:ce)8%( o%%rgefe{rﬁ %g(isoannd the focal plane 48. For example,

if the direction of optical axis 50 is defined as the z-axis, the x-y coordinates of the

intercept may be used to define the scan position of beam 14.

[0071] In one embodiment, to produce a 3D structure in a target material, a
3D drawing of the structure to be produced is broken down into component slices,
lines and dots. The target material is first fixed in position to form a slice of the
structure by scanning beam 14 using scanner 26 according to the input slice image
and by synchronized adjustment of the distance between lenses 21 and 23 to
maintain the beam waist within a plane that overlaps the desired slice during
scanning. The target material is then repositioned to form the next slice of
 structure. This process can continue until the entire 3D structure is formed.

[0072] In one embodiment, the wavelength of beam 14 may be about 740
nm. The dry objective lens 30 may have a magnification factor of 20 and the
microscope 28 may have a field of view of 400 ym by 400 yum. The spot size of the
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[0079] When beam 14 wth a sufficient power (beam
intensity) and suitable wavel ength or spectrumis
WO owasedoi nto the focus region of target materP@l/SE@®8/000264
t wophot on absorption occurs with a high frequency and
phot ochemi cal reactions such as photo-induced
beampwkigiat theafiicahpeint mayrimcaleeltd #m er leas.f Toestepily ofifagus may
bearat,[ﬁMO%O] For instance, in a typical two-photon
Mzati on process, nearinfrared (NIR) light with
hi gh peak power is focused on a photopol yner. The

[0073]hot opoTsrgRt mdtetialdes rﬂ@?ﬂieﬁah}’l slitatle msaterial salectetidonhz
radi cal when a single photon is absorbed and the

paﬂ'%&ﬂﬂéa%t%dléﬁ‘éﬁw '@d’@lﬁ es an electron to initiate

phot o- chem cal reaction. The resulting radical wll
[007@' eave SU?RQFP%W i§ cBHﬁQﬁedJB%%BﬁE F@%Wé@éﬁ&hé%@ﬁt‘i‘ouer (not
onds in the acryl groups e nononers and
showa) tcgadjaststrmmmm ofeﬂayge:tra%as appropriateadil balpesitibhssnay be

aclusfeit bAsff 8F aisdl InALt oT BWl eionll SornistiSa i d e e avrarBgn
proceﬁiuwlaham@aldh apsahie lhw@t @eeREaty ddritarepsans and

ormthe radi cal, as the conbi ned "photon energy from

he Rhotons can al so excite the electron to

[0075]m t . at E € IPREOGREPChRE MQiered i reabHme with camera 36. The

magf 8Bked bY clindrtoifidy 1R, CASPLAICER EtoRfoler 38 or o

proce(s]s)ngocbr gnalysik @ndwhey benmsedsag inpupforlzabtrblling dthert ceamponents

i ain fluorophore in the target material 40

|nth Maneously absorbs two photons during a single

Iaser pul se, Pave is the tinme average power of |aser

[0p07d]eam 14Thg s’pée& 0 b@@hﬁ@éﬁrﬁéc@é@%érgéﬁst IcaR b@‘ a$ ARyh as 30
f1uorophore nolecules in the target material 40, tp is

mm/s-he duration of each laser h pulse, / is the

repetition rate of the laser, h =- (h being the Plank
t j .
10078751 o e har el r&?Dﬁgﬁ%'?ﬁ“sﬁg?wm@e.ﬁ%”ﬁhégé gh hioh =s

30mnof. |ight, and NA is the nunerical aperture of

obj ective lens 30. [0081] As can be determ ned from
[007é]he abo¥ﬁe S%g% tregcﬂuuon 019 sys%grlﬁem: Sar? Be varied using different
objective lenses and can be as high as 0.1x0.1x0.1 (in micron) with 100x

magnification.

[0079] When beam 14 with a sufficient power (beam intensity) and suitable
wavelength or spectrum is focused into the focus region of target material 40, two-
photon absorption occurs with a high frequency and photochemical reactions such
as photo-induced polymerization will proceed with a ‘sufficiently high rate.

[0080] For instance, in a typical two-photon polymerization process, near-
infrared (NIR) light with high peak power is focused on a photopolymer. The
photopolymer includes photo-initiators that can form a radical when a single uv
photon is absorbed and the absorbed photon energy excites an electron to initiate
photo-chémical reaction. The resulting radical will cleave the double bonds of the

unsaturated carbon bonds in the acryl groups of the monomers and oligomers,
18



t wo- phot on absorption initiated photochem cal reaction
is that sufficient photo chem cal reaction can occur
wowrdobionsal confined regi on, the focus regi on arPCFEG2008000264
beam wai st, to cause structural change within the
focus region, but not outside the focus region because
successevqby oksEtingi new rﬁdlcaier ‘Phistobainaiseckpn us;termmaied avhemetwo

enail 44 A Bl AR R BRI T5 HhE hkson

simulédruBly S5sdrb twsicdhkyerft IR mﬁong aat fosn thdeadiesiuas the
region only extends al ong smal |l portion of the axi

combifed pRotep;argy Fonkite tvmr @mtpeapap %%awtﬂgtheteﬂ@ctron o
r f b .
e A0 o R oA TR O8R4l 10 K prton
can heoapproriimdtbe bxytihetfoﬂowing@qaatmxs, the laser intensity
itself has a quadrati c dependence on axial distance.
Typlcally, volune of the focus region in tmophoton

absor pt | ut 10"12 cnB or |ess. da%
contrasta t1h 2 b@ i'lity of single-photon sorp

remai ns nmor & &table over a | arge portion of the aX|s
of the objective lens, as it is only a function of the

wheré as 6 thébeotsabint whitehcéraih flubksghdre e &id targepantérial 40n
axi‘al di stance. YOOSZ] As a result of the two-photon

simulédrsougly atheiss itwa tphetorisdiriraf #dingotaeeheniseqlr,  is the time
reactions, a desired structural change will occur

averayet poweit dsfelafs@lt:beamelgi, @) isthé aradedulamtressalectidn offtte
structural change can include chem cal structural

fluoraptivong eoletyles dathestargettroateriatAngge s tve duwration oheach laser
structural change can be visible or invisible to human

s RURARHCRL] 1B SB0LPLLon FBbig BB i s,

structural change will occur outside the focus region.
is theBgxaitation WaWe*@g’théOﬁhheu sikglehotorebsemption wavelengtl), ¢ is the

specf Bttt Bnbd BEeTadt bl Bt £ coRive B 407 o™

pr oduced. ThIS process may be controlled by controller

[00838. [ 00&8]cahitee dstieamiravievmrthe @bolvb@duatios, 4 eghssquence of
within target naterial 40 is acconplish d b axially
“NO'H'P@Wm@bWBgBPt'm@atGQI %O‘Eh?é“'ﬁﬁi E%ang@? & 'P'eﬂ"i QhOtO'
chenfi&d 'rééé:tlo"i‘?(?% ﬁ@c@'fwﬂﬁh %Cédn\fﬁeb%ﬁtoﬁothe-%%ué Ir Bﬁgrﬁé'rl\%the
novenent o ocus region within target material 4
beam waist.clomalussistaichyrat ehmgeewtthmghb émuslm@cms ibuy net auisigte the

focus%%g?qoq %%cganusier ﬁ&%g}gg&yﬁ&gﬂeﬂ}o\f sor lgﬁlotdte(;llge the focus
region is too low to cause significant structural change. The focus region in fwo-
photon absorption is axially confined. That is, the focus region only extends along
a small portion of the axis of the objective lens. Practically speaking, the probability
of two-photon absorption/excitation falls off as the fourth power of the distance from
the focal point of the objective lens, as the laser intensity itself has a quadratic
dependence on axial distance. Typically, the volume of the focus region in two-
photon absorpﬁon can be about 107'? cm® or less. In contrast, the probability of
single-photon absorption remains more stable over a large portion of the axis of the
objective lens, as it is only a function of the laser intensity which is in turn linearly

dependent on axial distance.
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be achi eved by transl ational or rotational novenent of
support 34 in the plane transversal to the opti cal

wW@2009/056600f obj ective Iens 30. In different PCT/SG2008/000264
enbodi nents, these novenents nay be effected

differently. For exanple, axial novenent may be
[0082f f ect efis lpyresting th&gtwmehot@@@bq@rm/ @FCltaﬁl@n bieitigteds uch

photo&ﬁ g ﬁﬁ?ﬁa\ gb%%ﬁddﬂg r%o(iqsg%gi osglg.l Cg@'?' 8'E %%\Fnllﬁgc:%ﬁ %t@gﬁ) Frtésfoﬁgs

regioARP (GBIt ris Yot émd@tr@(ﬁ(]ral ehdege eah livclodechemical structural
certaln benefits. no i mrersi on I|CgU|d such as oil

change, plysisad strucﬁumié‘m@g@h@r Bohe dihavairyciwal charoe gan e visible
or invi s‘?t?leotB er @gé 0 %egfaugé’ tulfo- 'pﬂgtog d%%s?bﬁ?ﬁaﬂlf d;ISE;‘CLﬁ@Wﬁthlgh

tort
probamlltym trecfoeds aiggnam nalsignifidaat gtmctumllo:hahgelvahem:sr aaside the

h
focusygoliie, B APaONISH SaE Lpianve diecva o6 pertn 148 oty $6the
targef-fakridT0e aﬁhgﬁb;@{ﬁ‘e RYs @é@lbﬁﬁn g 6@%@ 400 350 '§'Pructures

conventi onal devices. The scan spee and scan hei ght
can berproduced.i Thishprohess maysheaonitllesdsbyconttoled 38o
conventional two- photon | it hography techni ques where

oosd), O 5 X S8 KRS BBy Pt a0

-accomplistieetibpyxiaklg nsovieg eﬁppdne 3didionly the atial Ghmttbhmffthe @btlcal
di ameter of the objective lens and is typical
axis 3hahokigetite lensmi0.| he yaneyRea) mpn%mfe@aaf/ ﬁ%‘ r%?ﬂ within

targera?éﬁél%l SR2oribligh&d BYre retlifd BhafS14B'usid scanner 26 to
hed By reafretiti Beaf

nmer sed obj ective | ensés use conventl ona
scan ﬂm: heamuossucthssiye acan esiiohsc Addl’uormhl trapgarsalembeement may

may be used ip syste 0. Wen _an is u .ag the
e aciiuedthy ettt olahBna Mo RerE it Sudb At B iGThe Bne
trans@é\@apfoomectﬁ)t@ut QﬂQtSOCoﬁinéﬁlv@Hérﬁ‘@Bot Yn efffrefl embodiments,

relativel gmma gnification and resol ution can be

theseamﬁw@m@@ts/\may efected differaallsi bar @sﬁra@lel axial mwemfsnt may

vo ol PBA B0 PSR FELIRES oAb bt

moving bhe erfmsret optical fievsitg sléineaty (@og.frtdscpe zm)d deV| ce
arraying. These functions nmake 1t possible to produce

1008415c °F 1 oA R GA" HPRYSURES. PUTEEY TO58h EANYBTIBRRY Provide
conaBl R B syl st o PRSI pr
objeq%ggp H\t;;s? dlag chance for contamination of focusing elements ICe)md the target
material is reduced or minimized. As plane distortion is corrected dynamically,
larger dptical elements can be used thus increasing the sizes of devices that can
be fabricated using system 10. The operation of system 10 is more flexible and
easier as compared to some conventional devices. The scan speed and scan
height are relative high in system 10, as compared to conventional two-photon -
lithography techniques where the objective lens are immersed in oil or water. The
scan height in these conventional techniques is limited by the size of the oil
droplets and the focal diameter of the objective lens and is typically less than about
1 mm. In system 10, the requirements for objective lens 30 are not as strict as for

oil immersed objective lenses used in the conventional techniques. Thus, a wider
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[0087] System 10 may be nodified while still retaining

one or nore of the benefits described herein. For
We@2@aol4s01 | aser beam properties may be varied PEI/SG2008/000264

different enbodi nents and for different applications;

and some conponents or devices may be | ocated at an
selecabnewf@@;eqtlye persdasi roay dedisediinisystany 40t W heame AOM is used as

e 8L RIBH A R0 530 ASERRE 0ol 20 FRL RS oty oo

plandri¢ ebiigol, esibeasi¢digh maynificatiormant resolptbmean Ibetahﬂ?ueved
’[hO\M?tI cal path of beam1 | solator 16 nmay be integrated
wi

eA qllame@m QRieative lgpgtn Momomhtapg@p&w applications.
integrated with another optical conponent, such as
aser s I r
o084 STHESSHAR, QuGHOASK o&broloed ABF sl BBl
functiomt, dgviak stitchingfurectionnarads dewbb;ar[a‘ymgjl Thesk@fumtioes make it

Ot her suitabl e and r dev es such as ot r. sui.tabl e
possiRls fLaR bR e Boarices RERIE e SuipaitSeRpdn I
transvErsaPtifré &gt optical path of beam 14 may be sel ected,

using nore or less mrrors and by placing mrrors or

ot her deflecting or reflecting elenents at different
[0086)ocat i offysiem ﬂﬂé:anetatﬁwsgtrﬁlatlmlyd?lgh @r@dﬂct@ﬂﬂbmu@@ﬁutas

f
comigha 8§ bR P el fitieor Bée L ST PBORM ER¥nkEeS,
imersed in a Iqu|d such oil, the optlcal axi s of the

[0087)pbj ect | Bysleemd0mazy be mmdﬁﬁedmﬂ"illelsjtly raia'lrgngd)nw' arimotecof the

benelftdgscibederah: Tssaamhin GostpeanoToRSissahay fea@Ad in
differéft EMpolinEME=HdTEr Uﬂfe?erﬁl'eaz)ﬁgﬂibaﬁbﬁsf %Vr@r%orﬁé @mﬁﬁé‘ﬁents or

process descri bed above Laser source may
devicgisgnay berlepatad &l ani alﬂ@rlaatmelmsqupen@stlll sghve tb@mamae functional

purs BB B 5 e RA B RorEh e lerd dpLBl i piaces
else\mmreo;ﬁrid g retdive reffiatiéd MyHilirora utiotiasr pblhtelh&he Imﬂc@lEpath of
enmented in different nmanners. For ex

bear éﬂs l%@toasé 6gnay ibgdntegsatgd viylager @%rceaﬂ % o%b'éiﬁﬁroﬂ g may also
be 1n£é;d3\§/1ieg%ltﬁ aﬂgfﬂé‘? ogf cél%ﬁéﬁ,ﬁ%&%’fﬁéj E%%r QBUf‘Efe”ﬁZjovt &xpander

e the desir unct on It1on
20, oo ptaced| deetrestesaing of emaﬂderﬁ!;o dExpErtderf2Ocmay e pmhleled/l@ean

i et RS20 AR e e, W8es B SPBY o8ficos
suchﬁclbtggﬁjsw%bl@ devies p%\ﬁbé ‘b?tSdthaﬂ'hG At Bd Q8 as expander
20. Different optical path of beam 14 may be selected, using more or less mirrors
and by placing mirrors or other deflecting or reflecting elements at different
locations in the beam path. In different embodiments, the objective lens of the
microscope may face different directions. As the objective lens is not immersed in
a liquid such oil, the optical axis of the objective lens may be substantially aligned

with the vertical direction, or a horizontal direction, or any other direction.

[0088] In a further example, system 10 may be operated in a manner
different from the proceés described above.
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el ements may be placed at any suitable point of the
beam path, and nay be integrated with an el enent
wa@keeatsoshown in FIG 1. For exanpl e, additi oPel/SG2008/000264
optical elenments or features nay be provided to
i nprove the performance of the system including
[0089ber r at L@WWW@Q fdmay alsorbeetaplared witle esothes type of light

sour hicPicgBBsy % pRBR GrafBront B Purehl ERIBTRE e

such as a focal plane, it should be understood that in

[0090) act i cH diffemdritembadimepts, gy afitieal elearenof eilstéhem&amh as
wai st fromthe focal" #I ane at certlgl n | ocations

a lenp gy bedmplemantag inglifferenhmannsre. Febexamaleprach| |9‘¥St'ﬁ'@y be
prowa{aﬂ bty Qh@% J@ﬁ?'@%mﬁ%ﬁﬁd s, loF 'bfll’é]%%q Pét%g or

structura ects | I i she oduct
combindéa tcapitorid efthecdesiteel fundiéorst ood, for practl cal
pur poses when the beamwaist is sufficiently close to
| an

he focal, p. t ture. d. b hot ,

t009d e ot RenfioRaGeted sihaie AFichih AL Bk S S Ranise

modify eI pfopeifieS Befral @iirddtiba UMY Slate@m oaalong the beam
structure produced with the beam wai st strictl g@mave

path {g penferm adunelicn desieasfor auaiven applicaliop: hlhsr addjligraliaptical

clomt P30 bbcPlefiq APt St BBt BT dbardi AP Fray b

integrted wWih areblepharnt ah@adgﬁhbwntmtme ﬂD\RjYEH)@‘anﬁIeIdmwltb@whoptlcal

wai st to within a j cal e. Further
clemagiaprIPaiEee B18Y b DroWaas IMRra e peremaie sthe Sstem.

mclu&ﬁ eﬁ)‘en‘é‘tlﬁh@@&ﬁcﬁiﬁ{ é‘r éd’r‘?ébtfoha@vhte?@tmféﬁ%%oﬂ mayWaYspherical,

ns strict hin a gebmetric ane
coma imrohfm“nemslmdhel like. under st ood t hat, vvhen a di st ance
is selected to offset the field curvature effect at a

008,27 o 8] BelshebTE Rlf e 2R YR A0F Ml RNe Wehou
be uﬁcﬁr@t@b@dhdﬁ iptpracecal EppliteEm, isﬁglﬁtctﬂsﬁedeméﬁhoﬁth@tbetdmewalst
amwai st is wwthin a tolerable di stance fromt

from ﬂa%‘f;qcai Blage giiceniain lpaliensmay heineviabl slﬁrwdyég b@rpqrmlgsmie
For GHER ibe diot P BRHAAoPRUALEEBIEA%A i itk ol Gftoura

are c onS|
defecth émthef@yisaed popetuet, dt mayvea ﬂmlerahlepl As ean bemtmierastbeg, for

practiel phikassainan e peam waists BBt est td Rertpeetplane, the
structte fhinfé$ Be B absOPBsh MRSl MenLatin #2§ be

pr esent |nvent|on such as a conposition .
substantially the same as, or even indistinguishable from, a structure produced with

the beam waist strictly moved within the focal plane, due to the depth of focus for
the particular optical setup. Thus, it should be understood that it is not necessary
that the‘distance data be selected to restrict the movement of the beam waist to
within a geometrical plane. Further, due to many practical limitations, it may not be
possible to select distance data such that the beam waist always remains strictly
within a geometrical plane. [t therefore should be understood that, when a distance
is selected to offset the field curvature effect at a given location to focus the beam
at a location within the focal plane, it is sufficient that with the selected distance, the
beém is focused such that the beam waist is within a tolerable distance from the

ideal focal plane. Therefore, for the purposes of this invention, it should be
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descri bed herein may have various applications in many

different fields. For instance, the conpositions nay
wheoonsedof or fabrication of 3D nanonet er - scal ePCE/SGB08/000264

nn) devi ces, and may be used in sem conductor industry

.g. as dlrect wite |ithography machine, for
undemtmmai dhe Inoationa ok thef beartiwaist amensidarpd o b within a plane

whenglgtg'y %2% g%pgfa?lgl fl’ﬁla gﬁ% gﬂé g]r (t\)@%hetgég%?g sﬁfﬂgﬁeﬁtlg)close to a plane

so thatethgir dishlagérfeatmomahepMrnhas abYynatelial efisttaree finished
optical structures, and quantum el ectronics); in

produgtr el ess i ndustry (e g. for fabrication of resonators,
wavegui des, all-optics mcro-transceiver devices); for

[009d)abri CaAh%'?nl%dl it 8F r%%éﬁtal ﬁg‘n’\}gn such as a composition

croelectronec ani ca
descrilzetbbérsin nmyelmdimvamiussgmiheatmmfmpadg\difﬁerent fields.apiod

mstargéqg:tg% %BVW%SQ%‘%@%}%‘}/ Q%&sggjp(:églgg l('hnn p g@idganometer-scale (>

100 ﬁ?ﬁﬂdé‘\ﬂ@éé Hhd ®ad-bd Wed |ﬂt§én‘ﬁé@)h&ﬁb’t@f mH'u§fry@e e abidnedi-write
for organ regenération); in chem cal

lithogsapinraeehiries 20r pradusinginhaseanask, ff@rmhracatfal@mcatpn of optical

com B¢ B8R PRI s Bl SR b

photdridy (ecg fodl pRycdsetngpptedtonicirpstals! aridogiea phlicalstngtures, and
exenpl ary conp05|t| ons descri bed herein, SEMinages of

quantugg ei%ﬁv;ﬂr\@saf iBoniEelesa ndusiy a- g Frripkicatipn of reSORRIPTS.
waveéﬂﬁ]e%agﬁl %’uPée ﬂg{:‘ ?H‘ﬁ{)?vér‘?{ﬁ?éﬁmf rlcaf6h of B@hr’ianometer-

wave an average | aser
scalepuniseoeletiramechadidal §y30EH])(MENMS) aﬁdatauoe!actrbmmﬂwanmadaamstem

(NEVHTREEHK o Somi araanes sy B St BoaPid binftupig
systeﬁ%sélﬁde Ebk/i%ﬁs?”ﬁ‘ tiséige QhQine@ﬂﬁ% Ry gt fwf’rﬁbﬁdﬁﬁdn%* tisBué Reaffold,

course, the ove descri bed enbodi nents
for orges rege@er@éani dn bbemmahgndanha\vr@a@ﬁutycamdusﬁrleﬁa(%yfabncatlon

of syl S RERES bPEMT ORTRGE AlifrBiReerL s ©

details and order of operation. The |nvent| on, rather,
[0094]s i nt eBdetpl¢ artivleDapdslevisbt ware fabncktéd @&l‘tWOFpmtbhl n

stereplhog ANk G X8R DAY CSIORHIORS ARG P& hegeifo Hd mages of
two a8 prodtRAs bpd'@ho@hlih #IES. 3, 4, 5 and 6. The sample products were
formed with a laser light with a wavelength of about 710 nm and an average laser
power of about 1W. -

[0095] Other features, benefits and advahtages of the embodiments
described herein not expressly mentioned above can be understood from this
description and the drawings by those skilled in the art.

[0096] Of course, the above described embodiments are intended to be
illustrative only and in no way limiting. The described embodiments are susceptible
to many modifications of form, arrangement of parts, details and order of operation.
The invention, rather, is intended to encompass all such modification within its

scope, as defined by the claims.
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conprising: providing a photocurable materi al
conprising a poly(neth)acrylate having a
w@ pmwvl)4er yl ate functionality of at | east 3 anBICEHSG2008/000264
nol ecul ar weight (MN of at |east 650, a
uret hane(neth)acryl ate having a (neth)acryl ate
functionality of 2 to 4 and a MWof 400 to 10,000, a
WHAJ; IEnet AIMEBSat e made from bi sphenol A or bi sphenol F;
and a photoinitiator; focusing a beamof light to a
1. Afroethedrod girocessingaimatetialdoifarm edhrertdireensiopalarteie,
absorption in said focus region, and thus
C%P?ﬂﬁgi zation of said material in said focus region;
and scanni ng said beam across said material according
t previging-a phelocythhiamateralompriging aipblyewmth)asrylateusang a

e eEaTe AhGioeREA A RS Sy auRplrefAE Seigns ) of ot

I fSANBS0, 3. urdthan@ehbodadrylaté dbling a (m@m)éai%/reqe f@Btohakty of 2
a un-pol yneri zed (gortl on of said material froma

pdo #ritnd 2 Wi 4Q0bie 11,068, @i ditmedinlasrylatergde &iom higphenol A
S%'r%iéﬁe%%ﬂﬁ?ﬁ@ﬁ'a%toiﬁﬁfa‘t e. 3. The nethod of claim

170r ai ereln sard faterial conprises 2 to 20

PSS Ring By ot R 65y P bl Mot IndiR wo-
dipheshapsanption & saitdobuslrégiond,tandt tHuefpatghdrization of said
photoinitiator. 4. The nethod of claim 3, wherein said

pangterat insaid jocusdedips; anfw i n the range of 880 to
1200. 5. The nethod of any one of clains 1 to 4

wiseaBNiINg3Eidl beameadrass saidpnatasial Boeerdigy tat apeg-selected pattern

SpShEE Sl A By IR e el g i U B
ofpotyah erizitintefsz{draidignalrat lsalepre/selébledmetlond. of any
one of clains 1 to 6, wherein said material conprises

2. THE EA 5T BT PN ¥ ol AR s
mataril ifioes adbdlyme8rizédpoftionafdajthniatemalf thalsdorming said three-

dimensional atrticle.

3. The method of claim 1 or claim 2, wherein said material comprises 2 to 20 wt%
of said poly(meth)acrylate, 20 to 60 wit% of said urethane(meth)acrylate, 20 to
80 wt% of said di(meth)acrylate, and 0.1 to 10 wt% of said photoinitiator.

4. The method of claim 3, wherein said poly(meth)acrylate has a MW in the range
of 880 to 1200.

5. The method of any one of claims 1 to 4, wherein said material comprises 5 to 18
wt% of said poly(meth)acrylate. \'

6. The method of any one of claims 1 to 5, wherein said material comprises 20 to

50 wt% of said urethane(meth)acrylate.

7. The method of any one of claims 1 to 6, wherein said material comprises 35 to
55 % of said di(meth)acrylate.
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9. The nethod of claim1 or claim2, wherein said
material conprises 8 to 16 wt % of said
woiwpmsvth) acryl ate, 25 to 45 wt % of said PCT/SG2008/000264
uret hane(net h)acrylate, 40 to 50 wt % of said
di (meth)acrylate, and 3 to 7 wmt % of said
8. Themeihed of anponexd claims his Rodhereinagidgnatesil eprpriseg 2 to 8

, di (neth)acrylate is nmonomeric or
Wf‘)f‘)’i Sgﬁew‘ﬁﬁgﬂoht?#hg met hod of claim 10, wherein said
di (nmeth)acrylate is a m xture of ethoxyl ated bi sphenol
9. The dicthod lofickirmandoretihiox 2| athedeibisajtharadérish comprises 8 to 16 wi%

T AL ol

50 AR S5 il Sregia i Rrath RRIA, Sha @ PRARCRA@BhORIMAEY.

zat1'on at pre-selected regions wth a
f| rst layer, and subsequently scanning said beam

10.The mﬂtboeh @f apy anearf elrimsreias@l whersin paidtditmethiacrilate is
i pre-sel ected regions within a second

ml%g'ﬁé} l’?ﬁ@"%{& hod of claim 12, wherein said first
pattern and said second pattern are different. 14. The

11. Th@hiémﬂoofof glaﬁrhmm, Evheﬁbmrsaém di(ﬁieiil?)‘eicryﬂateﬁabt mi)am:@gtﬁf :
aid secon attern are identjcal, 15  The nefho
etbayViatad BEPLPaRIA dipsrylaterand oL Bisanseah Piﬂaeﬁ-?@cw'ate-
repeated to polynerize selected regions in nore than

12. Tﬁé"%étﬁbﬂ&b? aﬁ? ordidt dRR & 11 ]\ﬁhefg’\?sﬁ‘ﬁté&%ﬂnﬂ WSS
clains 1 15, wherein said beam has a spot Si ze

sccanrmg)aaldzoearm pechosinito 3 Preseteatedpatiernitp. indues

oSS S A R8P ot 051 S B Lavery

scanning said beam according to a second pre-selected pattern to induce

polymerization at pre-selected regions within a second layer.

13.The method of claim 12, wherein said first pattern and said second pattern are
different.

14. The method of claim 12, wherein said first pattern and said second pattern are
identical.

15.The method of any one of claims 12 to 14, wherein said scanning is repeated to

polymerize selected regions in more than two layers of said material.

16.The method of any one of claims 1 to 15, wherein said beam has a spot size of
about 2 ,dm or less at said focus region.

17. The method of any one of claims 1 to 16, wherein said focus region’has a
volume of about 10™"? cm? or less.
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