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| NTEGRATED SYSTEM FOR MANUFACTURE OF SUB- M CRON 3D
STRUCTURES USI NG 2-D PHOTON LI THOGRAPHY AND

NANO MPRI NTI NG AND PROCESS THEREOF 5 FI ELD OF

| NVENTI ON The present invention relates to a system
and process which integrates 2-photon |ithography and
nanoi nprinting to manufacture hi gh-throughput and | ow

|NTE}@RSAT%%bOSr¥%ﬁF%F6RrM&RUT=§AWRE eF- WNQD STRUCTURES

very power f yet sinple
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Two- phot on polynerization (TPP) is based on the

si mul t aneous absorption of two photons, which induce
FIEL‘H“?ﬂ* SRVENS I ons between starter nol ecul es and

oners wthin a transparent nmatrix. The absorption
of 2 photons requires extrenely high peak intensities,

The %)ﬁ@é%ﬂ?ﬂwemdnr AIBOth Qu%)%?erh Al ?Hoéeé%e%%ﬂ hRgRdtey QSE)ﬁoton

Intensity. Previousl conmon
lithogmaphy cmdu oananpinig puaomnufabtym pighdhrougimpyt angsloyeept sub-
ecgonfocal nmcroscope where the fluorescence

mmré?é‘o%[ﬁ’gt%e nD ‘ecul e is observed after being excited by

the neans of TPA. Singl e-photon absorption used in
BACK 6@@ phot o- and stereolithograpic techniques is

I nherently two-dinmensional, since ultra-violet |ight

is absorbed by the resin within the first few

Two%h%ﬁ&ﬂﬁﬁé{{]?ph yis BG8n) M&ﬂﬁ%ﬁ&g@!é tl\,’lﬁ'sﬁtf‘étbrb?ocﬁfcﬁ cmplex,

n the ’near-1 nfrar regi on
three-almnqmnasstﬂlcuaﬁ from 4 mmotqseaslhweenatemluﬁwowoipﬁe

pon[r%?’E&l%rﬁff ﬁb? S t{a@é@ bn ftr?é:éiﬁnultac‘né&g %gscﬁl &E’ﬁ?fq\'tvg‘ﬁﬂéﬂoﬁg‘ afidh

resin ynmeri zation
indupe chesisal reationg ibatvegnzsitantay MalecuiRstandanenamerg Withia a transparent

mat%ﬁrhe%gbr%ﬂ?n 82 ?ﬁ%o@eﬁkﬁé?&&kgﬁ‘eﬁ gté Hé&( ilstiad &h @ an

'S Nno I hea r qua ratic t on I nci den
ultra-stagtmilseylaserieneddeddo pravidentye inighgotessityl Bravipuglyhihgeost

comln?qtne%@lhcétﬁa%lf H/%d Wﬂtﬁ’ééé&@ﬂ&ﬂ%A R? E‘éérﬂvxfo%oton confocal

I nce ants, tissu
mlcr@agmee\dnera @e;fd}@rés(@led@e ofeydye moleeule i Lﬁ@er\@dtqﬁt@r belng excited by
the megﬁfgﬁ'ﬁ& %I ntagg%rgf’ 1y Qé&cl ?aneglfd‘jf hotb- fa?ﬁt and

ve t eS|re resol utions.

stermmrmgnmlc tﬁchﬂ‘gq¢mng|1rdgayent|y two-dimensional, since ultra- V|olet Ilght is
absorbed by the resin within the first few micrometers. Since the photosensitive resins are
transparent in the near-infrared (NIR) region, NIR laser pulses can be focused into the
volume of the resin. As the laser focus is moved three-dimensionally through the volume
of the resin, the polymerization process is initiated along the path allowing the fabrication
of any 3D microstructure.

The rate of TPA is non-linear or quadratic dependent on incident intensity, therefore
making it possible to achieve lateral resolutions better than 100nm in the polymerized
structures. Since implants, tissue engineering scaffolds require features in the micrometer

regime, the TPP process offer a fast and simple way to achieve the desired resolutions.



The principle of nanoinprint is straightforward. A

schemati ¢ of the process developed in the origina

NI L process [4] is shown in the "Schenatic of

nanoi nprint Iithography process 5 steps" below A

hard nol d that contains mcron - nanoscal e surface
Nanopsnprist Teelolaa¥s i s pressed into a polymeric materi al

cast on a substrate at a controlled tenperature and

pressure, thereby creating a thickness contrast in the
Thepsingipteraf @aneimerintis straighiferivarce & sphamatic ghibe percess developed in

the gr‘?érb(éﬁ\fl!_ Srd@%@[ﬁ'} Y sh'o%‘\/n li fHe “SRREH AR hahbith iRt lﬂhography process

rusions and acts as a soft cushioning |ayer that
5 stepsr belewt A hard eld thﬂﬁf@@fa'@fmlcf%‘ 'hﬁ?’lpsﬁﬁ'ﬁéuﬁﬁcet'ﬁ’ ef features is. .

preSNeB b %tp%l |c]nQat€frél%§§t' ofed ¥u5%'fr‘é¥eeéitascdnh8"éjﬁlem%§?a¢ure and

nanoscal e Teatures on the nold surface.

F
progsop Hoaehorealingd BiskaesRRaaptdy dhe PrETEra Balsgar &b sesidual
Iayé?%ﬁgﬁ';\gﬂghéﬁitafé?@l i 182uiRleATIER, %QH&H %rotﬁfs%@%ﬁd %\@ts as a soft

e pattern definitio nitial Set
cusgoning dayer mangerpimect\rmpaqt\of tl'\e ha\rqi moid&r@(h@ subg;'qtp PR

10 effedtiv I fRRY th tdbﬁ%té”naﬂ\@h&\e Reiréglon i FoREdRGLE. P most

nanai npr 1 nt |t ogr ap process steps A variation
apph@ar@nmjhrs fiesidhed laarps@eqs%éﬁ bl &erap sy Wt@@w@@aa%m%retchmg
pro{%s@%@c&rﬂ@%{%e phttér’ﬂ%‘ﬁﬁrﬁ@ﬂ (SFI'L) or WV nanoi npri nt

hogr a his technique, a transparent nold 20
and UV-curabl e precursor liquid to define the pattern
i's used, all opinfieh stile process to be carried out in
roomterrperatur Q 1S de by side

\
compari son of x\&\\\\\\m\\ k\\\ \\\\\E biticerhermal Nl and
UVNI L" bel ow. Uy NG TPTd-gh,  Nanoi npri nt

Li t hogr aphy L|thography 4 1 l 41 1 tt ~t ILL Xi-1
Neat t her nopl at It IOuid-nesimmt |

L

2, Nanoimprinting

e

3. Mold Removal

15 Schematic of nanoimprint lithography process steps

Silicon

A variation of nanoimprint has also been developed known as Step and Flash Imprint
Lithography (SFIL) or UV nanoimprint lithography. In this technique, a transparent mold

20 and UV-curable precursor liquid to define the pattern is used, allowing the process to be
carried out in room temperature, as shown in the “Side by side comparison of the
difference between thermal Nil and UVNIL" below.



pol ymer to decrease conforns easily viscosity, then
Inmprint to stanp nalleable resist "A 40 10 /AN
JMQA~~: Oni On cooling, resist solidifies Transparent
stanp avows UV light to polynerize resist, causing
gssolidification fI De-enbossing | eaves uv
pol ymeri zati on, nelgamale inpri ntv Nesosistprigbl idifies To
create islands dfangioerintal | . e. EBrogratohi ng a
substrate, a Ree{-dm°‘9&aﬂh€6n etch is needed to renove
t he residual i\ye Sﬁq ? }/ si dg¢ conparisop of the
di fference betweeh t mal §Nl L rand—uvitt—15 DI SCUSSI ON
OF PRI OR ART Use of: 2phot li| t [7og Yy ijn the
fabrication of " sar=YoTa:
Current NIL ted '@Sc amnpri@ t—be%rmﬂﬂho raphy,
| aser writers ghﬁq mﬁeﬁcé‘%enzl %/héfﬁérmrmsheas'v 10 tec%no}ooél es
to wite the dél?i"’é‘é“&"'é’él gns ont L ot enpl at es.
Unfortunately these techn Iogl/gsf;, ‘ﬁ ;m erent 2D
witing technol OES B uhabl e to fabricate 3D
structures u\i\.}x\»}\cu. \\*{f »\\M\: ons. Al t hough
current invest ogab@nSesget @y ou \\\\\“\“\\\“‘\a em by a
mul ti-layer pré®&&%&ing, this i SidtyiaRTeT fective | ong
term manufacturing sol ution t@KMEED IR
nanost ructures. The -steps:or ef;i:eL ayscal e

d

produced by 15 mul ti -I ayer pr t acceptable

in many applicat]i Q8- e prop Q 2- phot on
AN Wk X

I'i thography in 8 Nt em @ , gatlonls

novel . For apleag‘n@mmth Si¥ iz eeeRiUI I ement s,

such as heni spHeRHEAM &t r uct ur G'SS,GSt forpwest st anpi ng
process could W in tep,
elimnating th rrult i ng overl ay

To create islands of material t.e. for
process. etching a substrate, a Reaclive lon Etch is
needed to remove the residual layer

Side by side comparison of the difference between thermal NIL and UVNIL

5 DISCUSSION OF PRIOR ART

Use of 2-photon lithography in the fabrication of 3D template/mold for nanoimprint

Current NIL technologies rely on e-beam lithography, laser writers and optical lithography
10 technologies to write the device designs onto the NIL templates. Unfortunately these
technologies are inherent 2D writing technologies and are unable to fabricate 3D
structures required by many NIL applications. Although current investigators get around
this problem by a multi-layer processing, this is not an effective long term manufacturing
solution to cheap, 3D, nanostructures. The steps or effects of grayscale produced by

15 multi-layer process are not acceptable in many applications.

The proposed use of 2-photon lithography in nanoimprint template fabrication is novel.
For application with simple 3D requirements, such as hemispherical structures, the
stamping process could be performed in a single step, eliminating the need for a muiti-

20 stamping overlay process.
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3 2-photon |ithography has an extremely high wite
resolution (-100nm conpared to conventional |aser
witer (-600nnm). However, simlar to conventional

| aser witers, 2- photon |ithography has conparatively
high witing speed conpared to e-beamwiters, 5

meki ng this technol ogy ideal for nost wite

2- pﬁ&ﬁ@r‘n 'Ilﬂ@gkéﬁhg IfasC Rt xRl hivht whikdrsoritioh 5D PRSMpared to
| ess than 100nm Use of 3D nanoi nprint in tis

congniicR@lelapeIgWaisT FIA)| foweNely S tﬂ&%ﬁ%@&?ﬂ@f%ﬁﬁr writers, 2-

pho¥ ffth@%a@tﬁy hAe coRBEIaBRR Mghokvrifi8dddi ssitisares aa feisdais writers,
usi n D nanoi rrprl nt technol o i es 5 st acKki n I ay ?
maldng jthisr teRbrargyt 1gat u?feQ‘OSBMrB helic %’H%re’ﬂféﬁﬁ at require
resdlMichs/IédaitRaP{®0@t.ypi ng techni que with the hi ghest
resolution and with conparatively high throughputs.
Thi s process does not suffer as nuch materi al
Usec&B haopra iPRssad eh@indédiRy rapid prototyping
processes, as it relites on a physical 15 stanping
process to define its features. Al though the NL
Cur?@ﬁlzoﬂféﬁésargw kKRERR ¢teshdMREkih® opr el d@v@orﬁﬁémt d)fOBrgbﬁ/tlssue
litho rat;ﬁ/el n the next generatlon se conduct

scaffglde using g@ql@ﬁrlntst@p@ﬂlq)gﬁs dst@ pLs Walmgrlatgg pstructures

ontd@aKh BtheP WolIRAK i RIpld Sratdtfineg td&hhﬁﬁbé w&hﬁh@&tghést resolution
el ectronics, organic electronics,

anckuifh 6@8DarARNRS MR P UERAAS RS ORRS gﬁ@é‘ﬁ@é much material

conksB8iRE onPRRION Sther WQ;B]d'drBt%Wplngopﬁdcﬁé’despgls)’ffﬁéhes on a physical
structures, high resolution organic light-emtting

stagpig SreaesELy faflke|iigyeaturgss fr act i ve optical el enents,
br oadband pol ari zer, hard disk drive, DNA
pul ati on, nanoscal e protein patternin ,an? cel | .
Altwgh meeNlL@mpr%hwhaweMO@Stgae% %Pfeg'gie.aé len ', {thegraphy in

the rﬂ'@&%ﬁ{e@ﬁ%n isBRShEYctbrwatBErabakitibe attiemis® hndl bedinége have been
e critical technical steps in NIL are se

WorKigPMNUMASPYE FRpHFRttoas ,lrbhybrlg)plqs(gg electronisy ogganlcp gearonlcs novel
Slll&?@@@ﬁé@ss no$PEHlnVErsEhidd ldevitdd/! %h%@n@‘lasé’r@ pHYorlidsy Aoh-Miiear
u

proposed a hi gh-throughput s m ¢r.on 39 ?(t) ture
oPHCaLIARBT I Ucturs RS IODGROAR ISNSPE i 80s fOLHE PEE).
dlﬁFa%1W%t%gl ASmeM3NRtbaddnatpolatizer, ﬂarféhﬁék%hve' DNPAagaARNAtion,

[2 rol [ -to-roll nanoi npri nt By | everagin
nartOﬁéa@Mﬁm&@B@,mw a0d 98!l cHllE Ao v1 the '\éL %&@?‘B&%‘S?@Gd by the
harB P& fRIUSHPMThE fBRcatdnr sk ibdme at a | ow cost. This

35 approach is simlar to the approach the

sem conduct or wafer manufacturing industry,
The critical technical steps in NIL are separated into 1) mold fabrication, 2) resist, and 3)

processes.

OBJECTIVE OF THE INVENTION

The inventor has proposed a high-throughput sub-micron 3D structure technology
which integrates multiple state of the art technologies, nanoimprint [1], 2-photon
lithography [2] and roll-to-roll nanoimprint [3]. By leveraging on the advantages of each
technology it is possible to produce sub-micron 3D structures at a low cost. This
approach is similar to the approach the semiconductor wafer manufacturing industry,

where the integrated circuit on a silicon wafer is manufactured, using many expensive



10

15

20

25

30

35

where the integrated circuit on a silicon wafer is
manuf act ured, using many expensive 4 capital

equi pnent for high volune production while reducing

the cost of each individual conponent. The inventor S

proposed technol o devi ates from conventi ona

cap Rl GRMBIM8G) oF PGhto e EGIRE WS (PREBE oA efaggndividual

compeR¥@Nt ional NIL tenplates are patterned using e-beam

I'i thography or optical |ithography, fundanentally

these patterning technol ogies are 2D in nature.

Theg%‘()@r\/@fs %rbs%deﬂ?/%ﬁhﬁ?dlowm%fr&nmbmétwﬂohalmgmq?_ﬁﬂﬁgy Aght

wilte ecnnol o a n enp e

fompbevaei GpiseNar Yo GpsentsBeLu T B3 s s apRRRR LN pepear

nthngMﬁWr obticAl fithd pﬁsbjf@fdanw‘ntatuwds@\p@nénnmg teShridlegiest £#812D in
to nmanufacture h-t hr ou and | ow

natug HRWEVn t@@ng%mtgrcpmp@%? g@é}a@ lithoazarhy; asaiiwi' igehnology, to

pattbmtﬁgﬁé}ﬁblaﬂ 2T edtRindd hbRWoarRMe 3masiwamnoi mprinting.
A second object of the Invention is a process to

rmnuf acture high-throughput and | ow cost sub-m cron

SUMMARY WOH UHE INVEMTTOR, the said process integrating
2-photon |ithography and nanoi nprinting. 20 Athird
object of the Invention is a nold making process for

Afuﬂéﬁ%{e@%ﬂﬁﬁe fhiveiitiont 13 8 U dyBlen wdndrmacméhlgﬁubrdmgﬁpmmnd low
3D structure products usin system.inte

cosb SHRGTTAN| 12 FHAAB Y oSS TH SF SV Y HGOIRUES errSicpdihograshy

and%@rﬁ&r‘i@ﬁnﬂng? hography using proprietary softvvare can
fabricate 3D nol ds of any shape and nolds of different

shapes can be conbined to formconplex nolds. 25 A

A seesid RorRi %Ftthéjfln\fehﬁod Y NbiRBsd & MaRfaétd hiyh-throughput and

manuf act ure hi gh- throughput and | ow cost sub-
oW PR SUPURETINS L B e TGS, ADersald PPCess PG alNG PREORD

||thdgré5rg,aﬁde({glﬁ6m§pm{n o pattern a tenplate for the 3D
30 Afifth object of the Invention |s a process

t_o ma_nuf act ure hi gh-throughput and | ow
A thiggh.object &b thp laventien (it @ A arogPs Rbdnaagtup dyioh-

thro%th@t' 564 B 51 $uBd-micksB0 k@GMtuleDredicts UBing at Wﬁﬁérﬂtlﬁtegratlng
for the 3D nold. A sixth object of the Invgntlon

2-p139ig0 cGURRYROIAGORIEHERS VIR o e ZoPP Sk A hography “using

prop @ty MBS twiHrd NAn Fabri¥BRU BBGhIES oh B shapeOs ) Phd|d S differsnt
cost "sub-m cron 3D structure
shapes can be combined to form complex molds.

A fourth object of the Invention is a system to manufacture high-throughput and low
cost sub-micron 3D structure products as claimed in Claim 2, using 3D write

technology to pattern a template for the 3D mold.

A fifth object of the Invention is a process to manufacture high-throughput and low
cost sub-micron 3D structure products as claimed in Claim 2, using 3D write

technology to pattern a template for the 3D mold.

A sixth object of the Inventionis a system integrating 2-photon lithography and
nanoimprinting to manufacture high-throughput and low cost sub-micron 3D structure
products, wherein nanoimprinting is by Thermal NIL thermal or UV NIL or Roll-to-Roll
nanoimprinting..



products, wherein nanoinprinting is by Thermal N L
thermal or UWW NIL or Roll-to-Roll nanoinprinting.. 5
A seventh object of the Invention is a process

i ntegrating 2- phot on |ithography and nanoinprinting

to manufacture t hroughput and | ow cost, sub-ni cron
A seuriy hiestor dne ST <& BuRIcER PSwaiLE PRYORG TGy and
nandi Mﬁﬁﬁ'ﬁﬂg N ndnbricté Hgh-iHoUShbut Bnd héw tostesid-mecron 3D structure
technology is the enablin tecg L for‘(jg /tissue
produglgi NESFS'A JBRAENAEBYING it Y é‘@r'B s“ﬂ ﬁ%e@on g/t@ ‘bel ow.
A process for witing 3D tenplates for nanoi nprint,

5 The e bt e S ety RS ERSBediS anc oy

innoQAtRE anbape lied BelowO curved side walls) conpared to
typical grayscale structures, which has vertical or

sloping side walls. A process for witing 3D

A p?&!&@% %?S\Nﬁﬂh@ B@ntékﬂﬁlﬁtéﬁfor\/\hﬁh@tﬁ’pnhhethﬂfu@ﬁeﬁ% fu@é'de\Q -photon
NI L process, flow, .inc

ithogashyera F5, I RRISIRLE i PG SEEPR (PP BIERST S Sspiapishape with

10 curvb@ sRiet @alsh 86mpareaitd fypidal §ayctle BIRSEUrEBUHi@chag Vegcdlfor sloping
D devi ces; making nolds with these 3D tenplates; 20

S'deu’#é'sof the stanp on NIL thermal, UV, stanping and
roll-to-roll technology. A method for fabrication of

organ/tissue scaffolds usin on lithography t
A PRIRRS €01 HRYING y 150 (PSS oF AR nL M SiEHo e p IS Blows the
N|L9F&@§§ﬂa\nqh@qu@ﬁ@an scaffol ds of conplex 25 organ such

as kidney or liver, including the follow ng: a.

15 organ/tissue scaffol ds fabricated by slicing a 3D CAD
desihgrvell dbfigns HTAIA AahuiatRingulitd Rbeny hsebpes foaddtablish

layer is individually fabricafted using nanoinprint
andjeékg@rfW&? f%{n@a%’ﬁ‘a%‘dfa?t&]wr‘ﬁ Al ARVi¢SSnal scaff ol ds.
Wth this 30 techni que scaffolds that are anatom cally
simlar to in vivo 5SI cal environnment is created,
b. m@@%@ogﬁw'ﬁéﬁ?ﬁ%é dempletisds; c. fabrication of

20 medi cal inplantable devices. 35 A method for

fabrication of sinple 3D structures sucp | dal
st rusetaf thesstamp on NIL thermal, UV, stamping and roll-to- rolI tec no ogy

A method for fabrication of organ/tissue scaffolds using 2-photon lithography to create
any type of 3D structures and nanoimprint to create whole organ scaffolds of complex

25 organ such as kidney or liver, including the following:-

a. organ/tissue scaffolds fabricated by slicing a 3D CAD design of the
scaffold into multiple layers. Each layer is individually fabricated using
nanoimprint and overlay and bonded forming the final scaffolds. With this

30 technique scaffolds that are anatomically similar to in vivo physical
environment is created;

b. tissue engineering scaffolds;

c. fabrication of medical implantable devices.

35 A method for fabrication of simple 3D structures such as sinusoidal structures and
hemispheres in a single pass, for use in photonics, LCD industry, holographic tags,

micro lens for focusing, bandages.



hem spheres in a single pass, for use in photonics,
LCD i ndustry, hol ographic tags, mcro lens for
focusi ng, bandages. 6 A nethod for fabricating of
sinmple 3D structures wherein the material used in the
NI L process could be either synthetic or biologica
material. 5 A process to manufacture scaffolds for

A mbth8§ Ur S88HARRG |d1'9$|M§lerED Strsatisres MvhdrBih@Bs ahatedal used in the NIL

2-photon Iithograp nanoi r|nt|ng conprising the

process P‘?}Wii Ag eg'ﬂ%fpsé(”thﬁt'g%rrté%&)?'ﬁﬂ mARHAlt enpl at e usi ng

2-photon |ithography; b. transferring the image onto a

nold b electroformn e of formn
5 A PIOERTH KucTanyige s SaToim Pl H%%wapmglr@,ena%?.uegp a system

10

15

20

25

30

35

integlg]r'gfri PHAG0N IAKRRASHY HhdHAnoinRintibiy &ofprismb dbe (dllbifigbbeps:-

size, surface properties, and resolution)
needed for the processing; c. designing the structures
W g GeS@HGPA BB ermpldRALsHRS2- glﬁstﬁ mbgmohﬁAD) d. using
proprietary software with the 3D CAD drawi ng as input .
t o Pauf#ipiRITIRGIthS, IMage entP@éHO'f’t?é( eé%ﬁtfaf%w"@af%f%gpeﬁf 30"“'“9

mul ti ﬂ@hﬁmh@ésersgmh & e-@barmnﬂ@@rdwyloawsml Mhédraﬁiem&@é@ding on
patterns; . fabricatin

te f
g. fa‘lﬁ‘ﬁ%‘%ﬁq’ frigolds tHexipler ) 812 é#rfgg%w%{ossvsr» g fﬁ?@@%‘é
a har gddde@Xomthe pradessif@r a stanping/roll-to-roll

nanoi nprint tool: 20 In. sandw chin ch | ayer
br LB e SEHOHIER AN o TERIFTA GRSt oGP BTG CAD)

scyf f Qdifg "Mréd’he@é}y%oﬁ%réjwﬂﬁffﬁé I TAD &eRiriglastiNp@ad dalomatically
natural scaffold. A process to manufacture nedical

devi caliged thensaid SYB‘r“it'éf@éﬁ“? BlltiRs '@¥rSand bones

feQaU'éﬁrﬁiaauﬂ{by%ye%wuwr%eét@d%tt@tﬂsgr owt h of nerves and
bones, using a system i nt egratl ng 2-photon

i tthotpbapAiTaiem %fon‘rﬁ]qlqw'i’“?h'@ conprising the

f 0|$0Wbﬂgatﬁ1b%°§|ast€r mBlEat &4tH 18ye3 R pRANERE AatdFigkBle mold for a
oton |ithography; b. transferrlng the i mage onto a

erI d sameingseftr-elirergmprnkieel t ype of for ming

t eGINkgHiRGchiRG E4brABy R PRERITEY bhﬂ&OQé@p&tMer% f&rat 4 6@hplete organ
lithograph deﬁendl nagélon the 30 t% pe of
Yg¢

(f | exP®A Id Méfpdph mgr@mg&@Sﬁr F?é’quqtl& agtﬁal scaffold.

resol ution) needed for the processing; c. designing
the structures with a conputer aided d
R FRAFHR S8 bones

A propgss; tod mansfaslire r migiceh deyicaor UkAr &S RIIfees |
reqAFiRYIpRGsiEs dUdBUD JuidgtWIRt icfahkies and bones, using a system

integrating 2-photon lithography and nanoimprinting comprising the following steps:-

creating a 3D template using 2-photon lithography;

o

b. transferring the image onto a mold by electroforming or any type of forming
techniques, such as e-beam lithography or optical lithograph depending on the
type of molds (flexible, hard, size, surface properties, and resolution) needed
for the processing;

c. designing the structures with a computer aided design program (CAD),

d. using proprietary software with the 3D CAD drawing as input to automatically
sliced the said structures into multiple layers;

e. eliminating layers with repeated patterns;

f. fabricating templates for mold making;
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sliced the said structures into nultiple |ayers; 35 e.
elimnating |layers with repeated patterns; f.
fabricating tenplates for nold making; 7 g.
fabricating a master nold for each |layer to produce a
hard/ fl exible nold for a stanping/rol

I
nadoi i#prcating egpasten moldderRARN fvenlp Raeycs %pgﬂ%\&%@m% for a

Onto §3mRinglrBRto-th nbRsIMpAnCeOP! ete organ scaffol d
t h physi cal dinensions closes to an actual natural

sc@f f sArgwichingrgach IayeseradoteiRniereasirtheRQPRIES cemplete organ
is a grperSHt prsical difBAsiomNslb ety bhetudehdtal Seamprs ed
for the invention. 10 DETAI LED DESCRI PTI ON OF THE

| NVENTI ON The process flow of the manufacturing nethod

BRIEF PESBRIPTION OF THE PRAWINGERr i zed as  fol lows:-. 15
Designing the 3D structures; Fabricating 3D nold

tenpl at e using 2-photon |i thogr aphy; Transferring the
Fig[C/ U §8c&s hb\e 3Dt ibidfhctErir¥nethbB e pfapbsed 28t the invention.

(Dependi ng on the application, the nold could be
flexible, hard, nmetal or transparent.) Using a naster

DEmLEDt BEfs@mPﬂ@iw OP I'THEMVENTION required; 25 Using
he nmol d in nanoi nprinting process such as Thermal N L

or UV NIL or Roll-to-roll NL; Stanmping nore |ayers

Theaﬂ“rgcé‘srs?@l}v'd?%éﬁ\bﬁufﬁbtﬁnﬂmg{%@ﬂ@d@ sHdWh iIRFREE N Bl Uamarized as
assenbling the 3D structure, layer by layer, in the

follawgse of |arger objects. 30 A conparative advantages
of the different fabrication technologies is shown in
the matrix below. By conbining 2-photon |ithography
andPerigIcPe 3P StrueldreSnvention will enable
mass- manuf acture of devices at a very | ow cost
co ared to all the conpeti nzgph manuf act uri ng

icaifioedd n@lchtegﬁ@gtte using oton lithography;

Transferring the features of the 3D structure onto the mold;
(Depending on the application, the mold could be flexible, hard, metal or

transparent.)
Using a master mold to fabricate more molds, if required;

Using the mold in nanoimprinting process such as Thermal NIL or UV NIL or
Roll-to-roll NIL;

Stamping more layers and creating multiple layers of the nanostructure,

assembling the 3D structure, layer by layer, in the case of larger objects.

A comparative advantages of the different fabrication technologies is shown in the
matrix below. By combining 2-photon lithography and nanoimprint, the invention will
enable mass-manufacture of devices at a very low cost compared to all the competing

manufacturing technologies.
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Resol uti on |1 x105 ano-Inprint (Ml ecular |Inprint,
C(bducat) S 10z10" E-beam (JEOL, Nu- SD sub-m cron
devices Flare, Mapper, Vistec) best suited for

bt ol agi cal ~ 52-Photon |ithography applications 100x10'
I (Heli os) Resol ution in nmLaser (Mcronic) ix10

----- R e
Highest 771 "5 M Gromirror (Laser | Sol utions) |
R 031 @ B—Pr-nt ng—1I—(-CbjetCeonetries)—SEA—SHM
(Stratas E nn?’ﬁl%leculaZD 3D Lovvest Resol ution

Di mensi on S|ng'the|nvent|on|sfairly

sim | dpxi®g rmJE& @ roache$ to organ
transpl ant|g rb%pp’é.ﬂdist sting graftl ng techni ques|.
I nstead of| using biomaterial scavenRggehotoh @agRdarersions
a tot®¥M§isynthetic scaffold i's manuf actistisd to

Resplotier in@mi|s S3esMsfonel sease 5 {ransmi ssion, shortlage of
sui tablé‘e‘:%cadavers and | ower cmst First a 3D tenpl ate
that i &'@rjeated- using-2--photofr-Fit otther
types of rjapid prototyping téchnolﬂg;?%gfé, O@aser ed by
t he rels)é)cl) dtion of final device) is creat ed_ tiﬂNext t he
i mge '78”tiransferred onto a nold by e Of"ér i ng or
any type gf form ng techni que 10yde{§)g ‘%eg{esﬂ] t%e
type of molds (flexible, hard| si z® sarA silsStratasys)
propet®i'®€s—and resorupjon) neededgfor the

LopeQcR&siung. Products that only require a single
st anpi ng process coul d be PSP oduced by eit her
standard roll-to-roll technol ogy or through standard
NIL or UV NI L technol ogi es.

The approach using the invention is fairly similar to clinical approaches to organ

transplantation and existing grafting techniques. Instead of using biomaterial scavenged
from cadavers, a totally synthetic scaffold is manufactured to minimize issues of disease

transmission, shortage of suitable cadavers and lower cost.

First a 3D template that is created using 2-photon lithography or other types of rapid
prototyping technology (determined by the resolution of final device) is created. Next the
image is transferred onto a mold by electroforming or any type of forming techniques,
depending on the type of molds (flexible, hard, size, surface properties, and resolution)
needed for the processing. Products that only require a single stamping process could be
then produced by either standard roll-to-roll technology or through standard NIL or UV

NIL technologies.

The structures are designed with a computer aided design program (CAD). Next this 3D
CAD drawing is input into proprietary software used for the invention and automatically
sliced into multiple layers. Layers with repeated patterns are eliminated and templates for
mold making are fabricated. With this template, a master mold for each layer is fabricated

to produce a hard/flexible mold for a stamping/roll-to-roll nanoimprint tool.

For applications where a single imprint step is sufficient, such as holographic tags, micro
lens for focusing, LCD, bandages, the final product is packaged for sale. Other
application that require more complex 3D structures could have each layers bonded onto

3D sub-micron devices
best suited for biological



15 The structures are designed with a conputer aided
desi gn program (CAD). Next this 3D CAD drawing is
input into proprietary software used for the invention
and automatically sliced into nmultiple |layers. Layers

with repeated patterns are elim nat and te
each gher ﬁR)F oM gdRigRpdRMce suchrascalissHe SWff%?g O %Cgﬁﬂ?a\?'&h this
inveheod QécHﬁBb@?/ft% p@s%iHIb lorB8udeSar @hhh scHflol atteOrapy SfdMesira
hard/ flexib for a stanping/roll-to-roll
nanoi nprint tool. 20 For applications where a single

The rﬂﬁﬁdfﬁétuﬁ’rﬁgerﬁeihéd sl fdes| @rﬂroce%ﬁ Cfbr @ﬁltlh@ BDgemphites fbaEhoimprint,
mcro |ens for focu5|ng,

S throppbihe P8 BadilRD UMY, O Hor e Tias o dhdp shape

(herh%‘f}Hélr & TR e OdHRIpe XwiP cBfviel Cdigl %I@Oc&rﬁipé}@é{ &o &isibal grayscale
ayers bonded onto 9 each other to forma | arger

SthG%WSG@/h%J}@Sa‘@m&aWW%%%ﬁWaﬁsd organ scaffold. Wth
this inventive technology it is possible to produce
an organ scaffold at a rate of 4/ hour

Thengiogessc tfar WHB“QTB?EH&“?'ﬁ@ﬁué‘é@a@%’?%%s‘gh'ﬁ&r‘s w3serngnathe NiL
10 prot&Rlodt ascldd¥s:-nanoi nprint, 5 through the use of
2-photon lithography. The initial tenplate is 3D in
shape (hem spherical or other shape with curved side

val ihdroveaniadiafd i Md/mbﬁaﬂacmhag/&@mgmbraw bUSHAPES T

whi ch has vertical or slop |n bh‘f The process
foreWtP“fShrf{fsm rulesArapass ’f‘%’r‘ ?@W&grﬁgg evi@efch i s

based on the NIL 10 process flow, includes: inproved
designs in mold manufacturing using library of shapes
15 to makipgyneldpwikdesh $101t8PEES: mass manuf act uri ng of
3D devices; 15 making nolds with these 3D tenpl at es;
use of the stanp on NIL thermal ?nginﬁ and
r ol msq@th%ﬁtﬁmmiéﬂ%wﬂa' *h\é Snt?é?m%a%‘fo ltaell teainaneYor
organ/tissue scaffolds usi ng 2-photon |ithography to
create 20 any Fe of 3D structures and nanoj

Thq wedIoddeEianiAen 3f GRS e SHal0 b s RERLOT fg%ﬁa@uéﬂ create

20 any@§pkidngy s@tﬁctuﬁes’%rnd Adhelnkisting Go chatd ahbleVergan sdaffolds of complex
organ/tissue scaffolds fabricated by slicing a 3D CAD

0r9é1@§l1@}ha%\“d'ﬂ%é0rs'<¥9’f ffl‘ilu(ﬂ“ﬂgnff“t? fRIPYINBIe | ayers. Each
| ayer is individually fabricated 25 using nanoi nprint
and overlay and bonded formng the final scaffolds.

Wt & tqﬁw/fﬁéeﬁ graipkisSabrigata iy sligig 330 CARSHANI | y

si m | ape Euffoly |Hﬂo\49u|t|;ﬂ@Ya%:‘eF@'Ea@lﬁ‘\éyéP@'Tﬁﬂhddaﬂily%&l@ét@d
b. tissue engineering scaffolds;
25 using nanoimprint and overlay and bonded forming the final scaffolds.
With this technique scaffolds that are anatomically similar to in vivo

physical environment is created;

b. tissue engineering scaffolds;
30

c. fabrication of medical implantable devices.
The method for fabricating simple 3D structures, such as sinusoidal structures and

hemispheres, in a single pass, can be used in photonics, LCD industry, holographic

35 tags, micro lens for focusing, bandages.
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30 c. fabrication of nedical inplantable devices. The
nmet hod for fabricating sinple 3D structures, such as
si nusoi dal structures and hem spheres, in a single
pass, can be used in photonics, LCD industry,

hol ogr aphi c mcrolensfor focusin
The ARRRGB! StioRies FEEHBA O SFUGHBY SIRG e MAREakHsgd n the NIL
proceb$ H&Ilé‘b@%ltwﬁﬂhﬁtld SrepidBiealiratetiged in the_ NI L

process could be either synthetic or biologica

material. This manufacturing technol ogy can be used
Thisf ﬁ(an@ﬁa@ﬁlﬂhé 'téi:ﬁH@Io%n&m 8erided ff afdadltidsuderigiideringiscafold

The inventive technology is the enabling technol ogy
fabricgfiorbr gan/ ti ssue engi neeri ng and key innovations

which are listed below. 10 Fabrication of organ/tissue

scaffolds with 3D nanoi nprint technol o Conventi onal
Thedweaniivh (RShARIPRIGRINT BFERUER19DNEIOBASY CERTLSRUS RE9IDBRIMG and key
innoVEEdH3IBHIES afdlfidledBelowOl vent casting and particul ate

| eachi ng, gas foam ng, fiber neshes and fiber bondi ng,

phase separation, nelt nol ding, enulsion freeze
FabHEXi oW of Sfanitisdte Gaatfblds vail 3D ansRngddntdeyhiglogy her e

are several limtations involving these processing

techni ques such as lack of precise control of pore
ConVbAifshal B@éfﬁ)l%%@ﬁdo\é fd? O§ &ffolat %Ib@l@émﬁcIrichéytecﬁlﬁq&es’ﬂsuch as

di stribution pore, and construct on of | nt erg}ab

er bonding,

solveRapRREING aRdt rrﬁrvpudaﬁ% legchingopas foamingfiher iMshAs AN

phaEé‘%%SaﬁaﬁSﬁmin@HerﬁoI@m | @ivfulsdrodabLe IIBings Ndotutiohi é@%tlng and freeze
| or of orm or t hy ene chloride as agart of th

drynm odese at%swegaéamu@t%n@\wﬂq;ﬂﬁé? PrrsPeSInGfRehpiuEE Ak as lack

of pRicisey GMroFofSry 8Rbs, % gESfetrp pdfe mtéitcﬁihbf:ﬂl\ﬁ?tgmépatlal distribution
probl em of conventional fabrication

of OB ! eansirugtion; dfdgleral chanii BHIEARF & éca %ﬂa&&ewcnfmanv of

theieetébm@ess@ipmrﬂr?% §éI9enté\NikalchBFdigr Meméfhpreﬂé(éhloh@e as a part
scaf arlcalonlstrOUﬁ’Iteuseofava

of theapraresstta ,d,ls,qglvg é&'ﬁh%t!co?,ﬂhé%?rﬁa edprﬁﬁﬂcgtc&, B9y c(s,%bﬁent residues is

a s@ﬁﬁm'p@&dl@rﬁ oF 6 RventiShf PAdricBBEH miRtHbds 4Be (tSkdXins and carcinogens
Selective laser sintering (SLS), 3D printing, fused

to wikghrgils REmexReaRd i FRFIqUBLRYVEN 8XI81: bi opl ot ter. So far
onIy a few research groups have dermnstrat ed t he
loitation of RP technologies in cli

An a%i raiiei prroagh tiai Scafiie f?P%‘éﬂB'@“eﬁglﬂﬂf@lég n@et Mee spis advance

marhﬁécturfﬂ{gOVe%ﬂnblbﬁeéJ/ﬁa%fdJFRﬁéﬁplh%(f-(PP'tédF]ﬁbl@gles such stereollthography
capr ol act one scaf

(LB dioetecmast nAUBLLS HSiRISURG (e ARPRELOR SIGHRURG GDA) and
3D PRpIGkePSE & OW%/ P ol es5caRh é’a@ub@ﬁé@ﬂérﬁom&w FRPSMpRifation of
to create nanofibrous scaffolds. The results of all
RP He@]r@gqgm in clinical applications. Wlthln bone tissue engineering the SLS has
proven its usefulness to fabricate polycaprolactone scaffolds. Also 3D printing has been
used to create negative molds into which a polyactide solution can be poured and
thermally phase separate to create nanofibrous scaffolds. The results of all biological
studies show that microporousity and very fine surface features improve bone growth into
scaffolds by increasing surface area for protein adsorption, increasing ionic solubility in
the micro environment and providing attachment points for osteoblasts. All mentioned RP
approaches have not yet lead to the construction of harmonically organized complex
tissues. This is due to the lack of print resolution of current RP technologies, difficulty in
embedding various cell types within intricate designs. The only technology capable of

doing that right now is organ printing, some structures have been printed by this setup,
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Table’ shByB Ry HERT BRI EL P AB S SR caton technoiBes

Head-t o- Head conpari son of various scaffold

fabrication technol ogi es l'ication of inventive
Applicatien soff inveativemrecessy éorEﬁ?ggmgﬁSHg Enginaesing

engi neering is an essential technology in the energing

regenerative nmedicine industry. It can be defined as
Tlssue@nemgemgaﬁamgesgentfaute@hm@m intthe; emeringiggengjative medicine

mdt%slf@ it &zh b&BEfiledY: gé af ﬁ@é?’ln?c?ﬁ¥’ rf&%ﬁa? tlssﬁ‘ég%he%%s for the
SUE engr neered

evi es a or ned (%j mbi ni ng
repginof disrasde bpdepartse Autplagious tissugernoinearmddeyices @reaiorraﬂ@ by

corﬁﬂgﬂbipéﬁéﬁgdéhﬁad SATRIRade Féd'aBIetrH&eﬁél%Yld impantRiRei al

. affo or I S porous or
comgadion frollre body nEtteunaterialris tﬁrmﬁg atsﬁéffq)'ﬁ ebmgtixatt isgppreys or

gel&thblis inMdtiHeNeddifing tHShEGDSratiditof Wils SthiRlte substrate and not solely
on the surface. The goal of tissue engineering is to circumvent the limitations of
conventional clinical treatments for damaged tissue or organs based on the use of organ
transplants or biomaterial implants. The most essential limitations of these treatments

involve shortage of donor organs, chronic rejection and cell morbidity.

The dominant method of tissue engineering involves growing the relevant cells in vitro
into a scaffold that attempts to mimic the function of extracellular matrix. Without any
three dimensional supporting structures the cell will form a random two-dimensional
mainly monolayer of cells. Thus the primary function of a scaffold serves as an adhesion
substrate for the cell. In addition the scaffold provides temporary mechanical support and

guidance to the growing tissue.
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on the surface. The goal of tissue engineering is to
circunvent the limtations of 20 conventional clinica
treatnments for danaged ti ssue or organs based on the
use of organ transplants or biomaterial inplants. The
nost essential limtations of these treatnents

In reoag0byaRes \@iioLE Mpsatshesdinye rellegansdeceliyiined areansc heash and

thoraR Gron€ badaVBrshb Bidvite akbRtedainé rg%BFneff?bh@@emflartdo%ﬁi@ents to build
engi neering_invol ves grow ng the relevant

bioaytificiah orgags.i hege aca‘@éﬁsr e aeqeﬁs?d With sglfsrand; %ﬁtm% I atpﬁe‘used

bloréé’cﬁ&tfbp\'i\}e&{s atth @ FelultantbnstRict bould Yérfdiaiontayr mbétff@r&:tlons of
di mensi onal, supporting structures the cel| w]l rma

an gt drPIRDS IEIPIRGTERIEHCh a3l PYMRBIRIAAGESK tS\rafPet?qng%e organ
scafTJIa'%dtn@w@J #eg%ad Wﬁ%ttbt@ﬂ%%fntt%t@%@éff&did serves as an
hesi on trate for the cell. In addition the
scaffol d provides tenporary mechanical support and

TheOHiirfil@ CRict&st Metrar piond frorh Se- prdliods ddﬁagrﬁﬂelﬁugy&?é Shat the
various researchers have relied on decellul arized

appeaghre Pravisiia 302 serrold simpert is fsrheshARRTERSN g eppRRFRiYe medicine.

Hov@é’v%h' th Hah s € scHRRIFETIY cadsleteld &llsafial (REGdsk tanatiave tBany issues
I'd bioartificial organs. These scaffol ds

aSS?@%’f@éd@H‘ s tecrinve sush a&Jﬁr@w&PI?m%dﬁ%@%ﬁﬁs@ngef of cadavers

avaFPétSPé eRME@EulgBbnIBaKEradtte bads, le@fiddl BAMGuSIRY Bbritkel fssGed | With the
perf'orm some or nost functions of 5 an or\gﬂg In o

invettigp techoplgans 3 RINSIQoiCAlY sipHiaE SNVIEANTRRE %C%W&P chemical
sigrdfe {obfly OdyatHatic Srghh/ailieMBddiol WBSIdT 8P| raerediedl fot @generative
totally synt hetic scaffold. The clinical success in
medigiger eports fromthe previous paragraph suggests that
the approach of providing 3D scaffold support is the
best approach to regenerative nedicine. A 10 However,
There isaagloaisteed darrthe davelonment oh Hasie eaoingeed Qigans: HEpeYRIstbe

manﬂrbqlomé%@ FOFRIY edghfdéing BF FRFd @dr@ﬂe%\ilésbeé Efegaﬂgﬁtfd'éﬂbﬂsl Ggrowmg

such as transm ssion of diseases, number of_ cadave
bloeg, yessals|te su;gq{y ﬂhpé@wstwggwﬁg b{ogdeg(qdr%/plqpm %Fn@glces on which

to fbPhedlisqd quality control issues. Wth the
I nventive technol ogy, a physiologically simlar

envi ronnent, with the correct chem cal signals,

The Qé@(l)flc‘lﬁe%ﬂ Wﬁd?ﬁhfo%gﬁﬁlﬂaﬁiéﬁ r&soHBion aAd Bpl rﬂarﬁ%&td’nr@echnology of

recreated for regenerative 15 nedicine. There
the cineition eefters @rsolliien dievidr pvRieIns Ercet by ggﬁ@a%rsn@@pgaopmg a

vasBliidfrsy, SUQH‘QH)‘?r Thib %uld@ﬁ%rﬁﬁ@@é@%f fisduet diRjineering research and
engi neéring of nore conplex tissues are angi ogenesis,

impge\eviterihcase sugPneédlsel s to supply the new tissue with
bl ood, and devel oping 3D matrices on which 20 to grow

new t i ssue. The use of chea]g, hi q@@t hr oughput g
Otheg bigmedicgharplieatons firtesecicar?Id HisSH dpge! 'd?uﬂure ould be

used to develop better drug models for pharmaceutical companies to perform drug testing,

lower the cost of clinical trials, and drug development.

The inventive process has wide ranging applications, and some of the applications are
listed in the Table below.
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the invention offers a solution to the problens faced
by researchers in developing a vascularized, 3D

This would further the cause of tissue

engi neering research and 25 inprove healthcare in

matri x.
general . O her bionedi cal
scaffol ds, when used in cell

applications for these

devel op better drug nodels for

conpani es to performdrug testing,

cul ture,

could be u

phar maceut i cal
| oner the cost of

sed to

clinical trials, and drug devel opnent. 30 The
IPpliedioh/ M@usRY 0CESD BaRolddydel Wan® NG apphvet@hisons, [ iadustry size
some of the appldiatioons afrtechndlégst ed |iTectnblegylTabl e
bel ow. 35 13 Apphdustgti on/ | nidpste y 3D |tebhmditogy (W |
3D Invention's |Industry siiztechndeeyt i calindugryPechnal ogy
1 | Pasiffishogy i ndust ry?.i nprove value add toyef echnol dgiymially
Emmwtng§c)1ff<r1dn gan/Ti ssue Yes Yes Yes Potentially Large, Emerging
2 Eﬁ jdnRlastis/ ereaécals f ol dvd_ar ge, Emeregi ng | 2 Hylas i d | Large Emerging
WY | O ganile—No—Yes—Yels—Lar ge—Ererging
3 ’*Ih%‘;%‘{sqﬁ HmCATFiS | i conf Gal | | um Avseni o No Ne No Liariges, Mature
FEPevices4—Oganic tasers No Yes Yes Potentiall
4 .g e Pasery y Large, ¥volvipng 5ePhot onics Yres Yespy, éggvzhzng
5 | PROGHRs | Evotvi g6 LD NO YeS ¥&s Lar|ge, YOI Vi NGLard, Evolving
ro-—fturdies I\IUI Yes UILCI Idlly tar EV i{z!.uEl'
6 g ot-ech—Yes—Yes Y:Ii Pot-eptiatry—1 Lar-ge; g{i‘s\/o. VHAY ;%)t’engzuvmg
7 | Mgy o No Yes Navdarge, Matse 5 Tablves show pg,. Evolvying
nnnnn [N P, £ + 1o 1 1 1 1 b
O D}Il ore appl eattons—fromtechnol Ugy| uever oped UIIUE%{ tiall
8 F}’ °|?e§ i nventi on. Yes Yes Yes Largefﬁéf‘,lvymg
O | Hard Drive No Yes No Large, Mature

Table showing possible applications from technology developed under this invention.

Other applications

Simple single layer process have many applications such as fabricating non-symmetric

micro grating for

LCD applications,

miniaturization of optical

components for

communications, and micro lens to focus light onto photovoltaic device for efficient

collection of light in green energy applications.

ADVANTAGEOUS EFFECTS OF THE INVENTION

By combining 2D lithography and nanoimprint technology, high resolution sub micron 3D

structures can be fabricated, at low cost. Besides the applications discussed herein like

organ/tissue engineering , many new applications of nanoimprint such as LCD monitor

industry, contact lens industry, surface texturing of plastic products, semi conductor

industry and hard drive industry and even

invention.
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O her applications 10 Sinple single | ayer process have
many applications such as fabricating non-symretric
mcro grating for LCD applications, mniaturization of
opti cal conponents for comunications, and mcro |ens
to focus light onto photovoltaic device for efficient
collection of light in green energy applications. 15
ANTAGEOUS EFFECTS OF THE | NVENTI ON By conbi ni ng 2D
I'i t hography and nanoi nprint technol ogy, high
resol ution sub mcron 3D structures can be

f abgytarh e, mahufb&WrCAgA-thr&sHpte and hew 2§t s@RMIGHS 3D structure
di scussed herein like organ/tissue engi neering |, nanx
rﬂﬂ%ptrrbqrmtl g.

newdupisi theSaidotystest integrlingrsrPhntorsiteepradhy_epd

i ndustry, contact |ens industry, surface texturing of

pl asti c products, sem conductor jndustry and ha [g

dA PECEFRIGs Mepuizatdre Nigh-thenyabrits 14 IPW §os HB!CERjyg gi{ucture
USRduBR, theWA8biRBss ItedrhtiidVBphdion Aitfagpa Y drid nanoimprinting.
manuf act ure hi gh-throughput and | ow cost sub-m cron 3D
structure 5 products, the said systeminte

. 28 Awich naking, BEACESHIPT dprNURGige nlﬁsfv-ﬁv?w.wtz%aﬁw g%féégb-

t hifrBR BbagtiuetRe Picalcts hﬁéﬂ&%&; RybteAn thtd PArROBbh&BR - lithdrashy and

3D structure products, t sai d process integratin
2npRIMprnting MBS e Zrriotih 8inagiaPhY iUsE9 Progrgtanasaibyae
MRkh PebriR5RC 88 ndidy of BRUSRGE USRI Ricliy-df NdissrehisHapasdan wy
cost sub micron 3D structure products using a system

i GoERingdite EProLGOReXMPIie-hogr aphy and  nanoi npri nti ng
wherein the 2-photon |ithography using proprietary

software can fabricate 3D nolds of any shape and n@l ds
. ofA gistamerternaryiagies Bigh-theughpitAnddy P%stf%ﬁ))ﬁm&%?f’p@ gtructure

g%' &lﬁmtslés %laiﬁsegy.ﬁ_t@mrﬁ 9, By Bacinite echh@bgy 6 pHEdHAUA

"
d | ow cost sub-nicron 3D structure products as
cltemptate fai OPA0Dld. using 3D write technol ogy to
pattern a tenplate for the 3D nold. 20 5. A process

. Loy pRBsdatd WhufticEle Rt RMbuRBAY loWWEde P SlbFMBroRI 3D Qfucture

3D structure products as clainmed in Claim?2, using 3D
whreduicise 8pd2imgy inoClaiin evsing 3Dy witp tegheolpgy o pattyp a

Mbdplafe ffH FESDSAbIiNt egrating 2-photon Iithography and
nanol nprinting to manufacture

A system integrating 2-photon lithography and nanoimprinting to manufacture
high-throughput and low cost sub-micron 3D structure products, wherein
nanoimprinting is by Thermal NIL thermal or UV NIL or Roli-to-Roll

nanoimprinting.

A process integrating 2-photon lithography and nanoimprinting to manufacture
high-throughput and low cost sub-micron 3D structure products, wherein

nanoimprinting is by Thermal NIL thermal or UV NIL.

A process to manufacture high-throughput and low cost sub-micron 3D structure

products using the system of Claim 1, comprising the following steps:-
designing the 3D structures;

fabricating 3D mold template using 2-photon lithography;
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25 hi gh-throughput and | ow cost sub-m cron 3D
structure products, wherein nanoinprinting is by
Thermal NIL thermal or UV NIL or Roll-to-Roll
nanoi nprinting. 7. A process integrating 2-photon
l'i thography and nanoi nprinting to manufacture 30
hi gh-t hroughput and | ow cost sub-m cron 3D structure
pr Q%Efe%mgv\'ﬂ%"f@étﬂresnéﬂﬂ'le'm bfabidtihg brto bite Mg, mal NI L
thermal or UV NI L . A process to manuf act ur e
hi gh-t hr oughput and | ow cost sub-mcron 3D structure
Pr Qi fheURbiAGint ﬁ@]oﬁ%{&?rﬁ Probdsdl uch, a& PRGHIaBINID of NBY NIL or
foll ow ng steps: 35 designing the 3D structures;

5  fadrelctarPhIlBQ nol d t enpl at e usi ng 2- phot on
l'i t hography; 15 transferring the features of the 3D
structure onto the nold; using the nold in
A AGNHIREIUTR iSH-PoRaSssstalghitess Thermal NIL or UV NIL
or 5 Roll-to roII NIL; to manufacture sub-mcron 3D
structures process of Claim?2 for fabricating 3D

9. @rQCQﬁ@Pb%mf?ofornf@hma’ﬂﬁm P maldsjtergrlates fer nansineRiint, using 2-

10 &B%rlﬁlﬁ’ct@fawrvﬁie%uﬁ h@el Witldl Qémélﬁ!éﬂls @‘Iﬁlnl %aﬁ@(hé}msphencal or
shape hen1s€her|ca or other shape with curved sid

weqtmeg)s apRrpih edrvee stdgpyalls) CﬁF&%éé‘P E’%@NI@Y%H%%S”L{M‘HF% which

heh%s‘(l@ﬁfc!al?@ﬂilo&ﬁg §iteWag side walls. 10. A process of
Gaim2 for fabricating 3D nold tenplates for

nanoi nprint 15 wherein the process follows the N L

10.PrOGRRsS | W ciaidl 2 '?Srl Ue6igcating | @Dr QM&d €aspisRs Kt Maheimprint
manufacturing with |i rah\ﬁ of “sh aﬁes to establish
t REQcEEP

15 devhegeinrthe eyosess tofaws the v ANd3HclEGs ces,
making nolds with these 3D tenplates; 20 use of the
stanp on NI L thernal and roll-to-rol
t eclmmcp\@glydesggs |r)e{nﬁ{§ltrﬁwch(§l¢nqgamtﬁd@(q% R/f gjfapes to establish

O O@dYidrl RiRiGorS hidkE Aldhrddtining oaspmt«i@@s InhdiditREmhaIBb withand
nanoi nprint to create i mages of 3D structures of whole

or glRse G POIPeSf 25 conpl ex organs such as ki dney
20 or liver, including the followi ng: a. organ/tissue

scaffol ds fabricated by slicing a 3D CAD design of the
use of the stamp on NIL thermal, UV, stamping and roll-to-roll technology.

11. A method for fabrication of organ/tissue scaffolds using 2-photon lithography
and nanoimprint to create images of 3D structures of whole organ scaffolds of

25 complex organs such as kidney or liver, including the following:-

a. organ/tissue scaffolds fabricated by slicing a 3D CAD design of the
scaffold into multiple layers, each layer being individually fabricated
using nanoimprint to overlay and bond all layers to form the final

30 scaffolds, creating such scaffolds which are anatomically similar
to those created in vivo physical environment;

b. tissue engineering scaffolds;

c. fabrication of medical implantable devices.

35 12. A method for fabrication of simple 3D structures such as sinusoidal structures

and hemispheres in a single pass, using 2-photon lithography and a single
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13.

14.

scaffold into multiple |ayers, each | ayer being

i ndividually fabricated using nanoinprint to overlay

and bond all layers to formthe final 30 scaffolds,
creating such scaffolds which are anatom cally simlar

to those created in vivo physical environnent; Db. _

t FENGERRIIONBRINTRE PERAEF oPtisusec In by, apkiarire g photonics, LCD
NRRLSH), holBBtMcABYS nilerdi 16 for3scubihg, Hantddesd for
fabrication of sinple 3D structures such as sinusoi da
structures and hem spheres in a single pass, using

27ARRSHeH thi FWBERRNYT BRshia3DistbBres1@hsremBE NBaterial used in the
nanoi npri nting process fot{ use in the nmanufacture of
"L‘@%J ,

phY: pigress ¢ e pithpn sypthetic s bigedishmaterdhs. nicro Iens

for focusing, bandages. 13. A nethod for fabricating

of sinple 3D structures wherein the material used in

t e Provess Ito prapeiasture caifplds efof hiissugy RAGIBSGMYousINg @ system
b b paifAb-gRBtdRN | 1fthogrdghy AhddhasS@PribthgTeRUf @&ikidtie in  Claim 1,
scaftolds for tissue engineering using a system

i geagrielng e flIBwivgotePs:t hogr aphy and nanoi nprinting as
claimed in Caim1, conprising the follow ng steps:

10 a. creating a 3D tenpl ate using 2-photon

| i tehogfeafing/a 3§.tempﬁﬁghﬂ%m9?ﬁ50@ﬂéth° gy?onto a mol d by

el gLt FRAQEMhE AneinRBY ohtbREMBK Hydl&ttiEbrmirRCdHang WRse, of forming
such as e-beamlit ho%ggp{ or optical |jtho

. . . rapn, :
depentfchgaues. sufeas § hagraphy oF IOQW%l'tB?gr%BP’dJ,199§P"z"BQ on
sur f agf PFOBEHbILS Friextd hBRS Siz8! dupfake pRoperRE Sshd reEollifith)
processing; c. designing the structures with a
conpunesdesi faedeRERISEHNBr ogr am (CAD); d. using
Pr apr Hedighivg IRE LHRERIrSY ith 4 BEmBReCAR i MErog&an [TAD);

to autonmatically sliced the said structures Into _
muld-i psiag | Rigeielaryesofarenvitatthe g0 AR Fawiing 5 ineydaagtpmatically

patt egid the Qaift strl@DFdsGdtb nmigierpeadt es for nold
maki ng; g. fabricating a master nold for each layer to

pr clugliminating daverewithrepeaisrd patieinsa

st MPkgichd tdrfoistRs For M@ RGNt tool ; h. sandwi ching
each [ayer produced onto each other to forma conple

( e
or g fabsiealindod magier MOships P laysrie REJYRR 2 AREkien %‘d for a
act uaknading/@h-t85&H dboinprint tool;

h. sandwiching each layer produced onto each other to form a complete organ

scaffold with physical dimensions close to an actual natural scaffold.

15. A process to manufacture medical devices such as bridges for nerves and

bones requiring physical cues to guide growth of nerves and bones, using a
system integrating 2-photon lithography and nanoimprinting as claimed in Claim

1, comprising the following steps:-

a. creating a 3D template using 2-photon lithography;

b. transferring the image onto a mold by electroforming or any type of forming
techniques, such as e-beam lithography or optical lithograph depending on the
type of molds (flexible, hard, size, surface properties, and resolution) needed
for the processing;

c. designing the structures with a computer aided design program (CAD);
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25 15. A process to manufacture nedi cal devices such

as bridges for nerves and bones requiring physica

cues to guide gromh of nerves and bones, using a
systemintegrating 2-photon Iithography and

nanoi nprinting as clainmed in d ai risin

f oldh Vi PEAREBERTY Softyareyittthentp QA@cﬁfﬁwrﬁsr%'Bp%? ﬁ@omat'ca“y
2- phog|red tHd mosarRKes Mo MURPRIgfdré;Ng the inmage onto a
nol d by el ectroform ng or any type of formng
te@hn?'lﬂ‘ﬂl@%t'”gs@t!?rsdﬁthéeﬁ%%ﬁq PRSBYr aphy or opti cal

|'WhOﬁbﬁQMngqaﬁ?ﬂﬂéﬁbpﬂmkhﬂamﬁdpe of molds (flexible,
hard, size ur

ace praopertjes, and resol e
35 & ofebiipaing PEasel MY Ter casB BRI RIOHHR 3 ralBliplarod or a
W th &afRHeKbRlo- .%n@haﬂo.ﬁﬁ@ﬁhgeolpr ogram (CAD); 17 d.
u3|ng propr|etar¥dso tware with the 3D CAD drawi ng as

Bt sanstwaghi er prodyred ot $RENLANGY 1A TA ete organ
I nt 0 gadibidPlvh bAYSEaS dinfensPhk Blo8attb 2@ dcld raturbitdlaffold.
repeated patterns; f. fabricating tenplates for nold
meking; 5 g. fabricating a naster nold for each | ayer
to produce a hard/flexible nold for a
stanping/roll-to-roll nanoinprint tool; h. sandw ching
each | ayer produced onto each other to forma conplete
organ scaffold with physical dinensions close to an
actual natural scaffold. 10 15 20 25 30 35 18
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