SYSTEMS AND METHODS FOR CURI NG A DEPCSI TED LAYER ON A
SUBSTRATE FI ELD OF THE | NVENTI ON 5 Enbodi nents of the
present invention are directed to systens and net hods
for curing |layers deposited on a substrate, including
printed |layers of a printed electronics. BACKGROUND
El ectrically conducting and sem conducti ng pol yners
have becone available in recent years. The use of
conventional insulating polymers with conducting and

10 seni conduct i iysTEIMAERND MITBRODS FOR CORMNG wct i on of
m cro-el ectronic co onents or conplete or Eartially

conpl et e devi ces BRPOSHERAYER SUBATRATE 5o e
exanples of mcro-electric conponents that may be
produced include capacitors, resistors, diodes, and

transistors, while exgﬁﬂﬂb@FﬁﬁEé%ﬁﬁNEK%JdeV|ces may

&¢ncl ude i, [l

45" sever oAy AFRRRE in iR ool 1R o) Frehods fo
t heswinp blygrsdapssitediorr aewbi;tgateemclsdmg prmtedllay@hs nfp @intedteleoicbonish.
~printing polynmers or the g ? by | ayer onto a
substrate in a purely ad |ve process El ectronics
f abri catEektidaliya cmalnftﬁg 2t Gbmiagndtidting palymeﬂs Naw b&dme available in

printed el ectronics. an exanpl e, . aC|to can he
con&EPh LYY bﬁﬁa dpbsift F‘Hﬁe“&"“ oheHRes 9 y’ﬁﬁgfe ith. conducting. and

16 ol saMReduein idﬁ&%érﬁ | REbI@Mhd BSHHr@kibh Bf | ¥ @Lelediéhid REMponents or
anot her conducting 20 |layer. To obtain higher
c apeR¥iPleinetepartilly h:emplm dsvigpsoRned gumbss ob SubsEHesat Semegexamples of
di f Exﬁ:y(ﬁaéctrﬂ%ﬁlg)b&hts ik n@%g E)f'oﬁJme& EHC&EQ%%%&SWS@I@ diodes, and
utilized. anot her exanpl e, a transistor can be
f or wandistosp, Wbil@pmmplﬁmgf @mpbstrdisvicesrmdyaipdndef R¥IRi tagy, spotprsg dexible
and ;.dr ag%telectrodes a sem conductor |ayer, a
dleF ctric layer, and another conductor |ayer formng

12 gat e eSeeatblr metbodsRfi fabrdtingl dedtroticd ¢/&h flaserpolgmes nptratle exist,
functj qnal Vi, C RFI D tags), may bhe 25 )
o QBELBEE 8000 &F yrit s Tebaemtdie ToviEtEo oY e ale &g in s
andp@yia8di@dUsibdeftd PRERicRIffbricAUCH a ASnrRF GRAIA this are known as
pol yners, are used, and are -believe to be sonewhat
| es%r"ée)@p@%é"f’%‘ég t \sf 3 PRamRlee 2 qPASHOTA PR RryBRnstryctrd ey depetiting 2
cir &Mlﬂcﬁn %B}hfoll&%d%saep&qﬂ Etaﬁ qnsﬁia&?gt IEQJ? 'aﬁ@th@ﬁ gncﬂi& conducting
expect ed % conpet e "di f ect [T con- based

20 nt l@gﬁfaf@ebtm highsr cgpaciRateh ether this IPmC@@I ca@l beatpedser arliffepapt material

orp ma?eirﬁf:tgxch}esoseso In]; egd tfhl'% L4 %%n”&her exam(})\fver GQ sto?tlgzzgrfb%%med by

| [ fdiipbsn‘tﬁlg aa:bndiiutoh latvﬁ\/thinntg(mtlrcamdaiﬂdm ale@abdéspa semiconductor layer, a

si li.con- based r at it
(I'helectrlc ayer, an(i 31%1" Ccon uctor layerl# rm?ng a gate electrode.

Printed electronics forming complete functional devices (e.g., RFID tags) may be

25  produced at a very low cost when low-cost conducting and semiconducting materials, such
" as organic polymers, are used, and are believe to be somewhat less expensive to fabricate

than analogous integrated circuits. Such low-cost printed electronics are not expected to
compete directly with silicon-based integrated circuits. Rather, printed electronics may be
produced to offer, for example, lower performance (e.g., lower frequency, lower power, or

30  shorter lifetime) at much lower cost as compared to silicon-based integrated circuits.
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1 Printed electronics are typically made using a set

of materials, including dielectrics, conductors, and

sem -conductors, that are deposited in a wet printing
process. These are usually printable solutions,

suspensi ons, or enul sions containing polyners, polyner
precursors, inorganic materials, and organic or

i norgani c additives. Typical wet printing 5 nethods

that may be enployed include letterpress printing,

screen p‘?rinmdiehgtmném dre itBrPIi@a]bemadepasinataiSﬂgf m8priads, inclyding giclectrics,
tsgecaogtri]l%gor% ﬁ?‘P i JEH ggt%rglt at Ae &g@ﬁ?ﬁ eget %nﬁlg%?&egse dThese are
de pumallye grigatlo sblhmonsuhxspmmrs, ot mmqnmtoentaleing qtoﬂymrsc olymer

is often cured %a% (# econvectlodoven F e orinti
cortTEUT B POURENS et g8 Selie SR A Boc RRG! Vet prining
1 heinéthdte ahdt gy eediipidysd m]:ﬂdd’ﬂbﬁbrptstUﬁlﬁﬂthg, ksereaommagi and ink jet
continuously during the fabrication process,

conliiitee. erRshdralyr 'afﬁe Srigiphls glyteﬂ%lhars&ewlfeaﬁn a f‘?fgsﬁ Féequence onto a
I eOdibditel Wilde GidldyBA alel dPSitedConh the Juths@ate) tHE pribiic@ Sle@Fonics is often
nmore. Conventions ovens al so do not allow for
sel @gadivgies e lrgersgnisstion Reendeposi t ed | ayers, and
sonet i ”Eﬁae&a&b%%cﬁ&h&%ﬁé ﬂﬁw&gr Qfeel}ﬂll&u §1]1dy begﬁigéjﬁl'eir %gatmg elements
materials. SUVMARY 15 This sunmary i s provi ded

1G4 ntmetuserlly lse bevsrddospntfuogsin clepts then fabricationp pioféss dthﬂo cpnsume

ape further described below in the Deta
Des%oPsxdetrabfl e:ﬁx i s g’({: tion 1%3%/ requlaeltl\ion% tcv.érﬁ& etlanes (2 Cg elgté)nst m]gnutes or

k eym&eat:u:r\esucmi O\tehﬁulszﬂ da InﬁMoﬁ Uy selettiverairing bf thedeposied lablers and
intended to be used as an aid determ ning the
scoPelipes Awse cghaating of REqyiuEl de epé}ate“iﬂﬁ accor dance

wi.th aspects of the presentsuMM&RYi on, a curing system

IS provide. The 20 system conprises_a support. haV|ng
13 pl anarThivemaee i slovdedp drtodiey acselseioa of eaneeptrdy p figplilied form
mat @Bkt aR fuflfR g§§cﬁ€eq bElG@ @fﬂ@ De@ll&ﬂﬁés%pﬂg@ VTkﬁ@suﬁﬁ{XBr it SdtN&kended
a | aser capabl ng a beam of i ght onto at

| eatstideatifydey fe@mre@bf ﬂlhdaldletp séuemerdatteayle!r is GﬁntMGCbllolba lsed as an aid
and. a_cont.ro n_electrica
cormosERlhle 565 S Be RIS abfers. T hecor dance
Wi t h andhheordasdeeith aspectt Mh@r%ﬁﬂﬁvehﬁmarﬂuhﬁg‘lsystam iegirénade. The
of curin 25 | east .one 9 osited | ayer

20 o¥ele GPRssh A WREPR Ve B AIMEOTTRC PURIRE 2 ubstate having o

C ONfAtbrfll Bpodited Rlertbidlalchinhg Abvit A RIpasiAePRS EptblOHeitlng a beam of
substrate is prOV|ded The curlnq nmet hod i ncl udes

e m light qefozat Peasie pprtiop hither depatited [laxse of angterizl pRth? (FARTH Fystem
RRR1H ﬂfjebécﬂ)égl c?mnhmcgtlat?wﬁmhgkfrﬁc degam of light, and

nDV|ng the beam o I ght onto se ted portions of the
deposi t dd abeaydance with another aspect of the present invention, a method of curing at

=

25  least one deposited layer in a process of fabricating a printed electronics comprising a
plurality of layers deposited onto a substrate is provided. The curing method includes
emitting a beam of light from a laser and illuminating a deposited layer with the emitted
beam of light, and moving the beam of light onto selected portions of the deposited layer.

In accordance with another aspect of the present invention, a method of fabricating

30 a printed electronics is provided. The method includes(a) supporting a substrate with a
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In accordance with anot her aspect of the present

i nvention, a nethod of fabricating 30 a printed

el ectronics is provided. The nethod incl udes(a)

supporting a substrate with a 2 it support having a

pl anar surface, (b) depositing via a printing device

one of nore materials onto the substrate in selected
patterns, thereby formng a plurality of printed

| ayers, and (c) laser curing at |east a portion of
eacuppert bavind a|pleparrsurfapheb)e deppnidpgrret hpriising Aevios pse efirgore materials
acc [ ' f r t - At |

e Sl e T SRR Wil pbotfy BE N i O Bk Pllyers, and
pr ofe) deserrvaring do et d pirdoranfdachpdmadilagges, i ncl udi ng but

not limted to, sipplifyin rinted el ectropic

fabri cat [ §nuriop n%?tg‘g‘éi bl iy%f"'gﬂ gaﬁ%’fﬁq‘?g F"e&f?@?@‘ﬁeﬂ% of the present
2quinpentiod, wHas usedfor Srinfed, eldc@UWRdsi MigHicatibh] Mgy Pfoeideynany benefits and
requj renents, g(ﬁnd possi bl y decreasjng valatile or '

oSS gntiuding PR pof IHEedc 5 | HpLIaRE PENES cprapiel Tabrication,

| at fnBreastn@C iRSughifRY, ARG %?ﬁ!)rh&ﬁ Reodsd sfBNFoweRRE curing energy
rel ated sol vent handling 10 hardware needed to process

t heSauiPEEHr sné Repsiblyslearsasine yakblepreanpie corpeauadsi gign off in the curing
perpcﬁ'g&'gsel This Mtgntn%\lam S PRAOW Ngﬁ a—tplerefa%ﬁ %tglgfleng Qandling

aspects and many o e attendant advantages of
1Q nviemdwapmepdeld to prbeesaimee yappe andsianiidvgd afspriecdpetata deysonnel.

reference to the f%ﬂﬁw?ﬁ%ﬁﬁﬂﬂ%&ptl on, when

taken in conjunction € acconpanyi ng draw ngs,
wher ei n: ThkSoregdidRispdetsiaid mamCofahmitiendand ddusiidagad ofakis divention will

one,_exenpl ar uring. system forned i accor dapce w.th
S pReEtes B st endied TG 1o eI U e e ey escrion, when

S ¢ h@kaatih €onjunbtiss with kHeQbcoipard g lib@ings R ENt Of a
curing system formed in _accordance with aspects of .
1X he pr es@RVREHvieAtsehsmatiejligpyRreon of enecexemplapspiing system formed in

i2| | 4688c e Qi &Eee@%ﬁih@‘ﬁks&?ﬁ@&h&ﬁm of a curing system

O fornmed in accordance wth aspects of the present
i nvent i dAGUREQURE sdhenstiqillysttation bf anothlenekbodimegt ofia otring system
onefo%e%qpllc%&xan%g@vglg :Ltsng stof91fe aEasglrt }ngtn%dn; el ectroni cs
fabrication system eﬁp oyl ng an e odi'ment of the
curing SBIGUBBB iDkEMlehixd} DMhSER6PIH athEnanishdirent 6f ©turingaystem
ng\ﬁggbe described with reference

Z(fget?’ﬁ‘getd "IQ%\‘Q‘% %‘Iﬁ??’g’ﬁl\?/wm?lp‘l?? GPARFTTE YHEPE | i ke nuneral s

cor r espanguRe 4lid X@h@hBBBRESdiaghh of Gk lQMpMBy embodiment of a printed
electronics fabrication system employing an embodiment of the curing system.
DETAILED DESCRIPTION

Embodiments of the present invention will now be described with reference to the
25  accompanying drawings where like numerals correspond to like elements. The following
description provides examples of systems and methods for curing a layer that was deposited
on a substrate with the use of a laser. The examples of the curing systems and methods
described herein are suitable for use in the fabrication of printed electronics, such as
components, elements, completed circuits, partially completed circuits, devices, and the like.

30 Referring now to FIGURE 1, there is shown a schematic diagram depicting one
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description provides exanpl es of systens and net hods

for curing a layer that was deposited on a substrate
with the use of a laser. The exanpl es of the curing
systens and nethods described herein are suitable for

use in the fabrication of printed el ectronics, such as
conponents, elenents, conpleted circuits, partially
conpleted circuits, deV|ces and the like. 30

Referring now to FlI GURE 1, there is shown a schematic

di agremplagepiriog isyspno r@nerdslystesgrpteaﬂy chich rsgfosryxsltlemccordance with
g€ n?e]si‘)eacgslsgfetg%e ?reg n?ti e\’gl‘ltlr())lrl es(‘égrr]ql rgl:lI ng/ees%r 24 lTlEle éésﬁeénra%\olcﬁglgc?eg %eplanar
desmppdaed;rfatm &ysh@mtﬂ@ ai subdirad s lﬁwﬂé an bst okl [yer26 deposited
surface 22 for su ortln substrate 24 havin t

o e eash one SRR 8 8 B it St S e g 26 and a

Tur ¢dﬂgold§a§¢éncsez 8B8cdnBbllikgthd S\Qrall B&indtprdce@st one deposited
| ayer 26, and a 5 control system 32 for controlling

the overBaffmiegaqwg FirURES<he emaranisiog thg Gyt (Y RESsgrbed in

t hepgR BN e SboiiRnSH FIQMRE P, (i Aut)p&@suﬁgc%@ﬁ iR EnddMby the top
more detail. In the enmbodi nent of FI GU th

suppirstatignn eigeovatie ped od plhtem & Ib_\}"hesdmntpéwlem@ftheeﬁubstrate 24 may be
St 81515 QR af Mle ®Lq ﬁ%\faﬁglb npaggal 9 f 49y Qﬁcﬁ% e%6meft‘!:rﬁl %Jﬂglﬁl% eﬂulpment (not

I ments, strate ace
l(bedshovm)psludt ®rin-Beédern pick lahd/plane nWerMamﬂats,emic niatogeet @hbodiments of

han ne not 1 such _as jn-feede

o o B E RO M bRy AAPEFEY 08 F GoripR obf et advincomen
enmpgarﬁtem(@t ahowit)N Guchr £S£ Bénveydy Gj'éttl SdhvesioR @raSitspPO e like. The
surface 22 ma¥ be a portion of a substrate advancenent

appaPsiRis24 maybe alpimeb fosmynd advanced wih EssRset tg diecuring system 20 via

CONYiBM@fe ddvaHekont AppatddBes! kdsGn il IR ar@ublg'ttl{lﬁgﬁb(%ﬂnéﬁayth@%pport
also in web form and advanced with respect to the

1% ursurfgredy gwayrhe Xty finadzby abadsar daten positiensd awdastthe curing device, which

appg) $8Svek 3 d the art. In this enbodiment, the
suppg}?otngw s?ur?éggseaZZ may be defined by a bed or

pl at en plds ictrirgrdsdice?itiigrn devier thatrcimeg ombeoringag laydns o:ﬂmateria! that has

Su eeelll éegostltﬁ(? ?nt%uFu%ftrag S%r?xl)agﬁ%?egtsw erg:ﬂé cﬂegos ci/ rgzﬁ?rla is p%u?ted for

t hahbrhaﬁng P deportics) eing llowa fds URS prii@édematbiial to attain desirable
di nents where the deposited material is printed

ploghes jpct ectrofhi PLeleqiing! propstisd e pRgEtiopnthe guring Jevige 28, pyresfhe layers of

f ormdtdial 154 mBins dr 181 %Eduﬂ% sBIQen@E\‘}a?bxﬁtlcgle Sefiddal Rackibhns, etc. It will be
el ectronic or electrical properties. In operation, the

curdpprgciste fhag the xgpesitpdmatetinh nay jrglusde gf catalpist tor iniipte |9y accelerate the

macg%gglréag&&(ks)heatl ng, solvent evaporation, chemncal
reacti ons It will be appreciate that the

deposi t & besttsbowmin ETGVRE mgthel deing devitel8yigtludes afi levist onatlaer 40, a
2'50r leancscneul) u[eq&ea (P an op(ilonarinmo%ulatore &C t ll“fl) ‘asgr 40 is capable of generating a
concentrated beam of laser light 46 that illuminates at least a portion of the deposited:

layer 26. Any laser type may be suitable for use in embodiments of the present invention.

For example semiconductor lasers, gas lasers (helium-neon, argon, or carbon dioxide),
excimer lasers, etc. may be used. It will be appreciated that the type of laser chosen may

30  depend, in part, on the type of materials deposited so that the laser has sufficient power to
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As best shown in FIGURE 1, the curing device 28

i ncludes at |east one |aser 40, a 25 |lens nodule 42,
and an optional nodulator 44. The laser 40 is capable
of generating a concentrated beam of |aser |ight 46
that illum nates at |east a portion of the deposited
| ayer 26. Any |l aser type may be suitable for use in
enbodi ments of the present invention. For exanple

sem conductor |asers, gas |lasers (heliumneon, argon,

or hiewothe dedred dryyl of quies. mitrmayabsedesirablet . emplpy lprersuithdspecific
| t

nayw%\%leg%%eoﬁ EC)??&? ﬁ/hﬁg%?bl% %ele%ngﬁf Lo, zg ?o ur(rzg ?lzer?t{lca]? J%Q&%H curing or
de ptgstimuiate gwaddie tlhimtalya@ehe dusisg sfulﬁef deposeﬂt myevabr Thedaser40 can
achj eve esir uri.ng., |t e

G oobied Ap G by Bans S SRttt ang fonfSt et 2o gt ns

or | ase r'HwVM:rfs hinodale U2 bf the Wani®) Sterh DS isSdispased th@loiwlel €er 40. The
chem cal ction curin o stimul te an

© halrsCealeTB S oS Bl A Rhe fos™ et SR For e aser 0,
ThewhiaB @fn 40 Bmfblled QyithUEIBRGkaD @1gﬂeﬂ§j 50l theYcoiBa n%fst@xﬁl 32. Focus
electrical signal fromthe control system 32. The

| eris %HHW@W?% the pbility o ynggpicalfs ln@mam@ qesiredlasprdhgry illumination
bel QW Jnfe &eﬁ&%@d l%per 28- r}gr exLuﬁ 3, arﬂ?ﬁi{féh @leé’tx?onic§ la9éH3 %9 ls@os&’zfte 24, 1t
adjusting t focus of I ght emtted fromt

19 asmay A, be dagiiablh lrcmerﬂeenwgﬁtnpm thm‘e wfﬁchene lasertpoiveraib avallable to
Z:j?dl}?icgsk)&% 8 am (I;}EI%S\%}P P%hrt 91%1 e%%)r%?&%e 42t to C deaise a la{:geﬁ 1llummat10n area.
mai Fituah krgar d%donﬁ(ﬂ»e baeddat ohetihtii. |1Th|isu>an iﬂﬂtellqn)ssﬂﬂé ﬁalclﬁﬂze a shorter
t he de OSlted I r 26, for .exa
ol PR AT i, B e RS BT e e gy dighggoluion

desdoti@bbec adhRvede Whérelde @il A1 RN sing MR Néhs StdduleCi2e@t make a small
| aser power is available, to defocus the beam of

13 aslpminptiprereadhenfleritsds nodul e 42 to create a |arger

i 11 um nagyl Qﬁ‘rn%rcféaice 28Tﬁ&5soﬁlohﬁl§gﬁﬁud@5%dﬁl%& & BRitoha8iow the
at one tine his can rmake it possible to achieve a

shdensgnrodulg\d@r dhe¢ beamrdf rkgelt light16 Bitingrthgriens efodully 43 ppsses through the

co il o ut .

C o dtaie? s, s AP L PRE Bcn b LBAr 1R i passing

o dbdrethrdZeht Suthakedudatismadnl be dbbe by bmmf Bﬁbtabmetﬁdiceawam‘lﬁnwn in the

desire The cu e 28 option cl uy a .
2000501 o s, gt ot P e BB btor P o el iy il

beaipnak frbagRIcohtiolstedB2eXxi ting the | ens nodul e 42
passes through the nodulator 44, which is configured

to vary I the smhodiment spown in FESWRI bn the cyripgedevics ghis mounted on a

pa%%h\régtlonﬁlhﬁergane@Uglﬁy Afn mf_nﬁlg el &Qlcg Q@ op@hedx) ﬁ(etapM 50, the
one of several nethods we known I n the art.

armouayemest of iighiasepd0s sudithyy tetmacemehy |oaﬂmbeam af selght 46, can be
25C Orﬁ&i&a%a'g%@sly\ﬂcsntroﬁéde g tarrl b&a planespleu%f]eéil to the pl?mrgr ts@p%o QUHaE22 in order

to cure the layer of material at desired locations. While the curing device 28 is mounted for

movement on an X-Y table 50 in the embodiments heretofore described, it should be
appreciated that other configurations may also be utilized. For example, the bed or
platen 36 that defines the support surface 22 can be mounted on an X-Y table 54, and moved
30  with respect to the curing device 28, as best shown in the embodiment of FIGURE 2.
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In the enbodi nent shown in FIGURE 1, the curing device
28 is nounted on a conventional X-Y table 50. By
nmounting the curing device 28. on the X-Y table 50,
the novenent of the laser 40, and thus the placenent
of the beam of laser light 46, can be 25

advant ageously controlled in an XY plane parallel to
the planar support surface 22 in order to cure the

| ayer of material at desired |ocations. Wile the

cur Alyatissly,ces 128 shewminuthe cgibddiment phHFIETVERT 3, on &l beary deflecting
tab in. t n

one By DS M L DL AL B IEREH) Mol .
al soptioen! mioidlatgred. ard-Hxedan avpliearyt ositidye dWben thp Ibmre«sf l%r light 46

; Ea‘t% ng fel nes é&?iﬁﬁ%ﬁ%\;@%ﬁf ag%t?r%zx tgg E)‘ggtbg’t%g ettﬂ%gingrx}mdule 56

3: ur ¢angolsl ew a(h@le?nﬁ tha@Beabe it bothMarX aid Yhéreeidnodb AR Rd ilfinate the

t Alternativel as best shown in the
qé@?ﬁ‘?ﬁ‘h'?yeéf’% ?&9(55%335216?5 pRg/'{?(‘”‘beam defl ecting nodul e
56 may Og ybitdnbth&@shbbdimbRadhyblid S)tsféhlsmﬁ_/rﬁé%ﬂl%%r prbViding suitable
| aser 40, lens nodule 42, and optional nodul ator 44

ar eoerakens! pesformagcat ity s gmbodistens die. by rysare casichinplgde a beam
| ascﬁeﬁeétﬂng oadté thaf¥dnbGs B @asj:rmé@ 1%%‘!11%0&&1 9? h’l&%& dlrectlon and a
optional nodul ator 44, the X-Y beam defl écting nodul e

1656 Bovemmtriable stpporting gh% seifstratd) dorbymetioni in dother tinestioq, @med the Y
Y d&nre?t?oiﬁl %Pc?h 2}%%333% itwgulfi Ih:!w% Céﬁ%t &d m%%?xh 28R oiga%gs% é [?’%heprecision
ermlnmlptm:bly slc&vehpdﬁsﬁtlodmgyikihg Ithermymb elnud i;elcbmied(axfnﬂlé of such a hybrid

CrotPT 5 Ke” i RATREe BB SRIR Phex Dl an Bl sndir 54

dE‘fdo&!atbb RgedMIdi |s@st&rhﬁbv1d@fﬂoﬂ&ﬁgﬁl shé@ ah@BigH pretigibi pdsioMREof the
direction X direction, and a 10 novenent

1% apteam&f ﬂﬂﬁ?ﬁrltgg‘nﬁortgﬁé’ﬂsﬁk%‘@ Na%Es- f e Frdft nefion; tbley prh eqylsh move the

dir s%ﬁ;%l rfacE 28 and $uB8ratf 24Fhlice Qtsiaf?(ﬁary%lhﬁ)s leﬁy &Bﬁﬁé MOk dor the
have gh-speed notion in the X axi's and hi gh

pr e¥iYs m@hon t?ble Poswild mpvss [thewaser b Jénts i magvdutegt2aetgngver e support
axi rfacl B,a second exanple of such a hybrid system

bot §( Y beam defl ecting nodule 56 and an X-Y

not i on wablbr&flﬁahsaﬁsdddoaboﬁeq the 6taindo kfanhses @ctluddsha somiph tyam 32,

I‘OVI qlg th ) eed and,lj?lg Brec s%gn , .
OS| Wi %?Ptf?gs "61“"&? %%‘8??? fL0P SEP! YER L2 BPDHAYIRSIST heomputer
an Cbr%th’é?( Bi®cesson Qppfopfiabddi profrak@bd for 2dntRMink dhdBiRg tphRess. In one
Ali &port surface 22 and substrate 24 under a

st aef‘}bﬁ B8} thg sentrol gystemeiisinglples p gomputer gyith storggd programs, ydaty, etc.,
m)ta!n@ n'axtuﬁllfs)l ﬁpu@gutﬁtﬁ LUu@mHP & txtalﬁﬁntl e ‘f)l:opéioconkrgp %JE%%' dontrol the

42, etc. over the suppor
operation of the laser 40, the lens module 42, the optional modulator 44, the beam deflecting

25 module 56, X-Y tables 50 and 54, a substrate advancement apparatus, material handling
-equipment, etc.

One suitable method for using the system 20 to cure a deposited layer of material

will now be described with reference to FIGURES 1-2. As best shown in FIGURE 2, a

substrate, such as substrate 24 having a deposited layer 26 thereon, is supported by the

30  support surface 22 in a suitable position with respect to the curing device 28. The
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surface 22. As briefly discussed above, the system 20

further includes a control system 32, 20 which

controls at |east the curing process. The control

system 32 may conprise a conputer or other processor

appropriately progranmed for controlling the curing

process. In one enbodinent, the control system 32

i ncludes a conputer with stored prograns, data, etc.,

and various input/output circuitry to transmt the

pr o pbstragott gy beqilagerhpnio the sarpart swiface B manyglly eit trapsferofd thereto by

t he ) ASSk pt

m)dalil at oryg}ﬁmheF Eﬁau%ogrg%dgﬁ% ?ﬁ ectalﬁ%hngfgs%errn%du .{39@8 Su%ra\}e 2disina

t abbutgbls Positirar Bifh) reapesubysthe a:uenmdwme@&,nmmcumpmvae 28 js suitably

rrat One .sui t abl e nmet hod
ageraq‘l,d tQ thrg He r&gqom?e%gﬁg{@n maaerrlétf g[n 8réepeonéblo?131§1?tl éggl 8(?’%8 system 32

5rat sﬁndﬂipprowldté conml]/sigﬁaldfesm-ﬁ ol ed 1a8krt40, foaik Ee@dne eotldle 42, modulate

FI GURES 1-2. n Fi subst

SO RS et SFge e mogdar it fspirand ghcs i focusa

t heb@enof laser HLIRAOhRC Blected §odfdn ItRARDEdposiYY 6rCof2Ratbihl. The
a SUI tabl e position with respect to the curing device

28. Torpred beans ofy laser Jieht Bampsphe Biuecfaddhyeeneaifttse flewisgppsshads: 1)
S u r &ﬁ\ﬁ@llu?gzth @h b¥noOk -y Ee%%feﬁéchﬁ‘%g&ﬁ?ef Rt dif¥t thf3EusEd beam of

nunber of automated materi al 1 ng systens.
l(bncbser HightsA6bante 4t desiped jllymingtion arsayiof 4lisl éeppsetsdi tliyen owntaterlal 2)
res e
i s %leﬁ{)lg %ché FO%ltigllil gf tg% la?e? X6C g rg éh%t%%Ytteg)?e 32 gonlgrol\(m$ Ele ]posmon of
nat e iswstraw w0 maeheem thibreAt | Thelbean @lﬁﬂe{seﬂ lighy/46t enhe32ap5ropr1ately
sends gppr opriat.e contr ol nal.s to turn_on the ser .
20, "6 SREPER e bk i S PR e iechorispapiic frposied
of I ob eammf ThSefind predebs donfinded) Bntilasl el Sirthéldepbsited layer has
esired, and direct the focused beam of |aser [|ight

196 bsin gired as dpsited- e d portion of the deposited |ayer of

mat eri aly sbhe enfboGiHeRsl 1@@@%3@%]& ro'%ﬁlfédngm:uré%enﬁr%t&e layers of
directed by one of the follow nhg nmethods: 1)

conbitefiali hachisee yifoim Pl{lmg,dhe doseobphytonselzam the béagaf] lasgr light 46 is
rmd&)'n@olé@ s gzlnrbg %Lcio}'n?jﬁshgg G Hx%relg' ﬂ'@t?ef lﬁ]jep 4(J dogfgnd 0{1 a9 Ialte beam

46 onto a desire m nat 1 on “ar ea
I ayle rposﬁonn«abearleacth de@ired poptiinr ofl the depobited med&ial, oo rbyccbntrdmlg the
20, o i Br e Lt D 3o B b Syl b s
Th encb,eamoﬁi al Iﬁsﬂﬁbf theQhiéa Béing SurédICin AR RENbAdiAEN of the present
noved, .for exanp in a raster scan, to apply photons
to ‘EYPQE‘?"F |SE‘taB’6 r"t“’f‘%g‘%ﬂ’e tpdevaRlp Jsing é‘ﬁ“‘“l’“&%rla%ﬁ? itensity at each

matRkitied of tﬂ_cjf‘de?os(ftbu 1a$A3 of fn%ﬁe?ls FGPQ&&[HIU Q?np}é%d Junﬁ'ém@lﬁehattamed
of the deposi | ayer has 15 been cured as desired.
by using a short h1gh-1ntens1ty pulse of laser light followed by a longer lower intensity

25  pulse, or visa-versa.

Embodiments of the present invention having the capability of controlling the dose
of photons of the beam of laser light may also provide improved curing of the deposited
layers when it is desired, for example, that certain areas of the deposited layer to have a
larger dose than others. For example, edges of traces and areas over a region of high

30  thermal conductivity may require a larger dose of photons to cure these portions of the
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In sone enbodinents, it is desirable to uniformy cure
the printed l-ayers of material. To achieve uniform
curing, the dose of photons fromthe beam of | aser
light 46 is controlled. This can be acconpli shed
either by turning the laser 40 off and on as the beam
i s positioned over each desired portion of the
deposited material, or by controlling the 20 intensity

¥ using a nodulator 44) and/or the speed of

Byers pere| campletely; (ffrmtralding the pheforedosa o pigVide Bigtrpinimum

Of Jﬁ@ne@és@ﬁy Qteéa&gpo%&?& th%)P]e 34Rk 5‘«1 gr a R)q d@ez{]%] oﬁér c‘i:{tlﬁlme for
present invention, suita S cur i be achi evab
usi eagh hr_compesedawith b asléqrmmseeh@eteymah tceeurh the pmst ~diffplt-to-cure
of lre 8n g? RS hgs%e(!l % erlalmc Ematdﬁf%@ag 'advEtg{a R )m% realized with the
i mpr cur i e at alned y u5|% short
i gdapabnttﬁ (0 icmyropmg Sl® ddse lofipbotorsi Ghthatfsott @\Merﬁ)ytalﬂaccommodate

| Ong(ﬁ{nﬁ%a tcgru&glf 6 B§té§ é’ﬂ? ? ul gxﬁ%nltso rﬁorv aﬁ\éteeg‘lal from the set of
c apadieralst Thels ;ﬁiﬂlﬁﬁlﬁr@l debiragletwihen @ABSAtingrinRA Okangicof t he
beam of |aser |ight nmay al so provide inproved curing

of the d& PBeY tase ’F‘%’Sf%"r desiighlerfo idppopit a dpyer; of angleriplgip an area greater
exafml Rcestdd@ bndC&kihg bRty 3r s%ﬂ&e@Boﬁl&?thgl%QfosTﬂ@gla} &¥le IbRer-cost,
have a |arger dose t ﬁan ot hers. For exanple,” edges of

10y  dewes pasisionr wddasty spmpleticndingss. Sluripg gy 8Ot pfhide dentosited layer of
conglye. e
cur Lt b By LERYPAE o PGSR sURP TR LR B0 difur g
c ormpl gk tnpvinghabeapl ¢fi mg ltghtewaih@smct tolths subbtoatqa24oiv icakgurictian with

| num. dose essar C osition on

denuBP s RSP SR 5 b o O LoBR e oP gl Fvissyogyareas of
eacxlib deﬁgsﬁéd waepdirecuryd. t h a uni f orm dose | arge enough
to cure the nost-difficult-to-cure reglon of th

Bdeposi t ddhilsat el sours ofgleri bghh) has doeihciye Al dbsé"bed other
r egmbd@flettd tdT e pRs&RPARMkibE Ym&)f ARt uby NGset RGuIERS Gasers.

of photons in that such a system can acconmodate

i ndftiermgtively: é’@ﬁei‘dr@f USiHE EL oTepére {gsers; therpar of lapar dightrnf ¢ sfogle laser

eagh, et fi} fn'i Gk | '

ooy B L POVLS i LAY Rl Pl oo

el emrmmllwetwownnmngal diffagtioni fatteray B thetasansabirigg bHmore than one

depo area greater than
Q‘Oneo on the pd#é rocﬁl?lfi Hgg‘one Flmuha%%‘fsg'ot ed portion thereof.

Thi s majm et @mbﬁdhﬁérrt @D ptesent TibehtnBihvaptidC iaSlight) sensdtCor image

faster conpletion times. Curing only part of the
de ﬁ‘ae?rtﬁ@ Py & ncloged ey 2% oD iee 95ymage Sesey 68/ Gppable

2 PBibwind (R Aetsited 14yleN S Iﬂ!ﬂtérﬁl A if 196 rdde e Qftput aﬁtﬁfs sensor (or
light and then novin beam of laser light with

r e $isescensor) isirongered by gﬁ eonznl Jypterg éﬁfi‘!ﬁﬂsﬁq tgigontfol the curing process.
25 Ui Bt SbiGrs! iABR" -
BB Ll 2, 14103 By KALAE BRI s o
sensors. By this means, improved curing performance, quality, and/or speed may be

achieved. The image sensor could also be used to view the fiducial marks on the printed
electronics to assist in registration of the laser beam position. In several embodiments, the
sensor(s) could also detect and read identification and/or serial numbers on the printed

30  electronics, and with this information the control system 32 can choose the desired curing
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the deposited material are cured. 15 While a single
source of 'laser |ight has been shown and descri bed,

ot her enbodi ments of the present invention may

advant ageously use nultiple lasers. Alternatively,
instead of using two or nore |asers, the beam of |aser
light of a single laser may be split into nultiple

beans if sufficient |aser power is available. This can

be done for exanple by a two-dinensional diffraction

pat Rage. andyalggiigdae fmﬁég theupurmaet prRtionlsr eleptraiss dyre angdeposited
S P OfhatBrih1 &BR tRU%WBfed GONInERE, done sinul taneously. In

anot her enbodi ment of preserit invention invention, a

| i ght selmkndingntsiofitheeuring kystess rasd)metﬁ(ﬁismaly bl suitabig ised érdia number

in Y [ 1SQr Q .

IS %:H;lgr E é&t%ﬁ{% '?n\g/)dl Iél\g/-vln?]ds P%r e)aa%g %Is{ Is%owélr ol'?g r?naelcurmg

as éytstemgo beaynbe part efl .a ﬂ'rhmedoeléqnmmcs)ffabhbutlsn S@RS0120( OfThe printed

the sens by the contr.ol st 3 ..

anc ERIN BB RN b Bilien gt P abem s ey SEE deposiing

S en@erd niorgdyets &f Glatrifll in GME&ed/ bﬁﬁﬁls SRIOSEAE Subs@dte M4 fok WrRing a
ght or infrared photo- sensors. By this neans,

i rrpﬁfWS& eeﬁ?filﬁﬁgs‘*f}bﬂ EAPRYIRE dransiien §t¢- yandé‘??o‘?“BPg emd0 feryeuring
be on8Gh inRKEEyersTdTRlep0dRE GnaSE B Ofn tFi® UhboddhG® tREcoHBa dyddh 32 may
view the fiducial marks on the printed electronics to
1055 sAlsgt copgol  they printing progqss of the rsesténa $20 mpe iplugio s iseriatats. pring control
sev
04588k 900 T ) AR Bl B
pr istatiens sBch thhtahe substrate g5, tr@deerdl dnh ptoperly dlighedrbewtetiothe piiv@ing and
cont r.0l stem 32, can desi red cur

oot PSR SARY KRR Tl LBt DREDCERD B cere? wombty o

pargdidkcanld gilace |sﬁ&‘hf Bihig @Srobdt Afn, o] ofl @R AGbskratel codl®be il Wb form and
from e data storid inits mermrl\{ Embodi ments of the

curtfaﬁ CTESIIR FNEMARR KRASTHE BS aftag)s st Ll 1pxgrst of thg Segfed glectonics are

nurdegdsiteddnd kﬁ%&&& i, G Altvambdgds. For exanple, as
best shown in FIGJRE 4, the curing 5 system 20 may be

part of Althgyshrrmbedimprizefithmpresent inyantiembas beengipsoribed Withoreference
Th i |

"y DA S i S R B8 B BB S GG yehiions may be made
de pod equivatpnts gmelopad mmmemﬂayteiegm’otig finout the isavlpe bfthe pdemot 1evzbntlon

205" ah TR A% e HE L B e LTt B o e Wi be
t h@etetnfihddgfromy/ihé emm’ﬁﬁg élﬁlfns ant dgiFale@1her@6f. NOr e | ayers of
deposited material. In this enbodi nent, the contro
system 32 may 10 al so control the printing process or
the system 120 may include a separate print contro
system (not shown). Additionally, the system 120 may
i ncl ude separate printing and curing




stations such that the substrate is transferred and
properly aligned between the printing and curing
stations via any known nmaterial handling system such

as a conveyor assenbly, a pick and place system using

a robot arm etc, or the substrate could be in web
formand 15 transferred in any manner known in the

art. As such, the layers of the printed el ectronics

are deposited and cured segg?ntlally in an additive
process. Al though enbodi mentd-A¥1St he present invention
has bee I o .
11 ust r ard R b0 h BB B eh b oRRRE ey o risfose i
sub@vnmwmvéﬁbﬂhaﬁﬂb@swade and eqU|vaIents enpl oyed
herein w thout departing fromthe scope of the present
|nvent|op 20 as recited in the clains. It is therefore

i nt ended" t hat® f4y8e %‘/&S‘BECOBTP”P% i nvention be

determ ne e 0

Cher eof & SopgratliCy pBnt M 6} BloBRANE ML B8 moveia
Whi gBostBd B%6dntiSi ve property or privilege is cl a| msd '
are defined as follows: 1. A curing system

conpr i siawgtingdesidpaiprisingy lasg capalilt affeatittisgli baaaeof light onto at least a
supporting a substrate having a material deposited

t hetroetionof the deposited lagienof metedidiapdi si ng a | aser capahl e of
emtting a beamof light onto at |east a portion of

the depd<PHEUSEREPsFtehinelriric CO’%fH‘H““ét‘%‘b‘ﬁ‘lﬂP%? curig fevige-
connected in electrical comunication wth the curing
device. 2. T

and/ or the cﬁﬁf E%g&hgﬁ gémlgs %ﬂr%}o%nagﬂwégﬁgpﬁh}ﬁ‘ Xﬁth%%ﬁrggr deviee i
- 3. dBabIe W flfineCl @i m 1, further including an X-Y
beam def |l ector connected in electrical conmunication
wth the control system the X-Y beam defl ector

capabl e 3of d&¢ hyemiai§ldihd, fghmmiwfuding gih&K-Ybedm de@scmrcct)nnected

to-the support. 4. The systemof Caim3, furth
c orfﬁreie%‘i”ﬁ"’é cqmmpticaian o theecontielguste.alie Y fhearp H@ﬂe“"r capable of

Bt e Bl B AR RGBT PG rol at L ve moti on

bet ween the beam of |ight and the support is

acconpl isshed ThY s 2emUFI4AAB] Afher OSmprlfie X mbtiBE BWice associated with
defl ector and notion of the support planar surface.

the support, the motion device capable of moving the support in the XY plane, wherein the
relative motion between the beam of light and the support is accomplished by a combination

of the X-Y beam deflector and motion of the support planar surface.

5. The system of Claim 1, wherein the curing device includes two or more
lasers emitting beams of light substantially parallel and having approximately the same

optical path.
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5. The systemof Claim1l, wherein the curing device
includes two or nore |asers emtting beans of |ight
substantially parallel and having approxi mately the
same optical path. 10 6. The systemof Caim1,
wherein two or nore beans of [ight are fornmed from
the beamof light emtted fromthe |aser for producing
two or nore illumnating area on the deposited | ayer.
7. The systemof Caim1l, wherein the beam of [|ight
emtted oy tMhelsptad ohaRindll, Witéal RSN mE8 Bedni3t EMightt fe formed
the wavel ength and intensity of the beam of |ight

bei figm tedbsam oflight ehigted frore thydasen fof produging tive duwers illyminating area
chem cal reaction'in the deposited material. 8. The
systEf PO, wherein the deposited |ayer

i ncl udes one or nore chenical additives and wherein

t he beam of _
wavel engt h ar;[g'gp};s ?{TAI’]SI atqrq leyl'ﬁe Wg%/g%ﬁ{ t%ﬁt eﬂiaﬁed by the laser has a
I nt Qﬁ%leﬁg{h &d &tg‘%lt@ Q%ﬁfaleﬁg'tlﬂﬁh 1&&1%{%%&%@18 oSﬁ’ght t@{g chosen so

the beam of light induces chem cal reactions wth
I esthagclie tean bfighcinduwkecadheraidd irdattioa $n the depbhied sistidm of
Caim1, wherein the beamof light is applied in two
or nore pulses of controllable | ength and/or

dhf-‘a%a

intensitdy toTdA ﬁ-‘éﬁtfc?bo%@f“lmrﬂg whefeln pied é?-éiﬁ”l iP‘t“}ﬂeS qny, or more

The ,syst.em.of C rther. co east

opt e RYse b g i e Gleg by 3R 1R 2 g and
cur

: delh{él?sl IQII}]%Q%Q%}IP fé%rptxﬁ%gggf tlwe gf‘ h%h?s?lﬁ%lh%%%{%;} él?&beam of
mat ight idduces?ErhiR4] réhbtiddk Qith ﬂals[fé& t6 ﬁl@ dﬁbﬂﬁ&l kduitivedie control
systemin order to inprove curing performance and/or
quality. it. The systemof Claim1l, wherein the curing
devi ce furt hdhe Bw@hmf@éailall\elwsein tirp biesimeoftlighttis apuifiedsp &vo or more
the focus of the beamof light emtted fromthe |aser
andiUbes of comsellnbls lspeth sndler “‘F?Bﬂ‘é! [tgnbance Ring spest) andfop aupfity-

the beamof light emtted fromthe |aser. 12. The

system q CI é}'hQ‘SYlste{n“gteélﬁkﬂ tﬁ'ﬂﬁnﬁrdceo?n%%sﬁhg Qt {e Ghe (&)ftlcal sensor for

rraterlal IS& aér o) ect

11 Aedvind fRe BegotiR@a2r &lrink %Q{dg(%@ﬁéceﬂpl@shrlfnb _3F ﬁlgre of the followmg 1)
el ectronics conprising a plurality of |ayers

defositifyéng aavircdit §p& 2 slesitifyifg tha lay@ttaéiahfand/on 3) pepviding feedback to

| east one deposited | ayer conprising the steps of:
the control system in order to improve curing performance and/or quality.

11. The system of Claim 1, wherein the curing device further includes a lens
module that adjusts the focus of the beam of light emitted from the laser and/or a modulator

that modulates the intensity of the beam of light emitted from the laser.

12. The system of Claim 1, wherein the deposited layer of material is a printed

layer of a printed electronics.
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emtting a beamof light froma laser and illum nating

a deposited layer wwth the emtted beamof |ight; and
novi ng the beam of |ight onto selected portions of the
deposited |l ayer. 14. The nethod of O aim 13, wherein

novi ng the beam of Iight includes one of the

follow ng steps: 1) noving the substrate with respect

to the laser; 2) noving the laser wth respect to the
substrate; and 3) deflecting the beamof |ight. 15.

The net hpd ofin @l prdodesloB fabkitting QrpriaRaRIettEdnitg coy@isii @pplahlity of
focusing and/or defocusing the beamof light emtted

f r olsyarhéeppsitsdentd psubstiateyarinethed of guririgant boask enstdepbsitesrlayienepmprising
of- the deposited layer. 16. The method of Caim 13,

furt ﬁé‘FpSé’gn'pri sing the step of rmdul ati ng t he

Ic]nta|enms Ilgéﬁll% t fﬂ,gan??ﬁ{“ T m atgﬂsd;r rja}rcl)dr illummatmgf {]eﬁcgsit(e)é layer with the

dep%hgmamlogyg@lg aad e subJ ect ed to different |evels of
curing. 18. A nethod of fabricating a printed

el ect r onh®sng theobEpih o lighforitd)&1c8ic@ P&iti6ts of thé dgpositd@RGsrt | NQ

a substrate with a support having a planar surface;

(b) depositing via a i nting device one of nore

mat eri al 4 ont em@%a&mmdﬁewmem %Ylé&@ebleap‘a?cfthé‘?tn%cmes one of

t he form 8 pluralit i nt ed ers and
| ncls RligvPhgieat 1 sBube e s nbrongti 6 Bt Horjpate fser
12 with respect to the substrate; and 3) deflecting the beam of light.

15. The method of Claim 13, further comprising the step of focusing and/or
_défocusing the beam of light emitted from the laser for illuminating the selected portions of

the deposited layer.

16. The method of Claim 13, further comprising the step of modulating the

intensity of the beam of light.

17. The method of Claim 13, wherein the selected portions of the. deposited

layer are subjected to different levels of curing.

18. A method of fabricating a pﬁnted electronics, comprising the steps of:

(a) supporting a substrate with a support having a planar surface;

(b) depositing Vié a printing device one of more materials onto the substrate in
selected patterns, thereby forming a plurality of printed layers; and

(c) laser curing at least a portion of each printed layer.
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