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 sem conducting pol yners enable the construction of

m cro- el ectroni c 59N RARDMEOTHOPSPORICURINGRAr ti al |y
conpl ete devices on _a nunber of substrates. Sone

‘exanpl es of micr QEé’PéE'EE%A%%%ﬁH TRAE may be

produced i ncl ude capaC|tors resistors, diodes, and
transistors, while exa es of devi ces may
i nclude RFID tags, se OFrﬁgﬁﬁaﬁéﬁ&glsplays, etc.
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differen teria

at' 1 oS SGpofins B ol b brbfleed I8 RGREER, Bch Biods, and
f or neasilgyrs, vohélp esinpler of @nrcbmﬂames may inglade RIFPrtigacpensomy ficarible
and gra kp £l ectrodes, a sem conductor |ayer, a

di el eCtric | ayer, and anot her conductor |ayer form ng

35 gat e elSectal awthodsPefi fabrivating| abectroniznivah these pplyrgere owrpshibt exist,
func o ,@5 b
prodﬁge atggm@e?§)+ﬁﬁﬂmgmggmﬁg%q?OMFco t c%%du%??ﬁgmlna
and meshi aiditivkiplofesy Figtteonicn fabricatyd dtha mannep sygh ik ¢his are known as
Pol YHRES sg €2 RELLBY Sar Po DERRIE W e
Iessﬁg%ggﬁg#ﬁgytég?gﬁrlcg%e Qgﬁén anal%gous |ﬂ?€grg?gﬁga
ci r cegdugting Bryerh folllowedchysdepqsiting, are suating: layes gnds thep gnethercsonducting
Iﬁ?( P el%teia dl‘ g)gtam %@I&%&&m Qh({ee&thérxmwr&gss %!ul ﬂe%f)gataﬁﬁ Qﬁferent material

‘Intedgrated circults. prlnte | ectronics may

be qsmetiad tifkpesses mﬁsebe ut#@ri Ax W&P@X@W fransistor esp haf?&eed by
(e. Qleposiﬂﬁ’é’\@&on&{cﬁg H@Q%‘mm% Qrde aRPYVaih eleQfodes, a semiconductor layer, a

dielectric layer, and another conductor layer forming 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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30 shorter lifetinme) at nmuch | ower cost as conpared to

silicon-based integrated circuits. | Printed

el ectronics are typically made using a set of

materials, including dielectrics, conductors, and

sem -conductors, that are deposited in a wet printing

process. These are wusually printable solutions,

suspensi ons, or enul sions contai ning pol yners, polymer

precursors, inorganic materials, and organic or

i norganic additives. Typical wet printing 5 nethods

t hat may Heieted shgkronj@dreitypihllydeadp edingerspirof meterplsi ingliding dielectrics,
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Description. This summary is not intended to identify
key Yagtings eaysegehepting ofprexioksbrrenessiydaeaerilst t er, nor is it
i ntended to be used as an gmnthHY‘deternining t he
scope of the clained subject nat%f P accor.danc df
Wt h aspdbis sunypary ﬁ@’°§‘l“"é‘§% Rfroqurs, & FRePUHR Of soneehis it simplified form

IS Pf Wie G@therldRQRribed BelSy &l tRIDEARP DeBhiRion “Ehnspspmmhry lisenst mtgnded

a planar.surface for support.in a substr. ayvin
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a | a8 adtermARE BHleBcopd of@mcfainieﬂlglb_&ctbﬁhﬁm of | | ght onto at

| east a ortlon of the d teu a

and a corft3H" ag%?g{“é ﬁﬁpecascpg ﬁ"é Bie%eat ‘PY?“%?“@ em is provide. The
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conprisin | uralit ers deposited onto a
subé??ﬁ?@gP§“ﬁ$6V?ﬁ@8“a %3%‘%"“‘P€%od i ncl udes

In accordance 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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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 layer. In accordance with another aspect of
the present invention, a nmethod of fabricating 30 a
printed electronics is provided. The nethod

i ncludes(a) supporting a substrate with a 2 support
havi ng a pl anar surface, (b) depositing via a printing
device one of nore materials onto the substrate in

sel ecippétt psing & plagy sutﬂilﬁl(éb yepﬁsaxmmvtag peintjnk devide iopeyof gfore materials

rinted I a
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pri n%&%m%ese Q{Erév.gﬂ% St thb [lﬁlﬁegt ioo rs]unph(lfyﬂg rp%ﬁé& QQCU‘OHICS fabrication,

t hrou ing equi pnent cost and size, |owering
cur i ingreasingr Gseughpeiq uédpeinee wquipmean dosh 794 i ey lotseiRee A% generay

vol a‘ég&n%m@rﬁ@ ay &SSWMQE v&krlrt\aﬁce Urgaglﬁc coinBouB&eglﬁH it Athe curing

process ["atter factor | ow smal | er hogods,
f ansproggsrd Fhig lattes dactop gy plowhamedieri hqus,l‘@n%] andcrplated solwsalliendling

P r ad rm 08 Sht # L
O AR e

f oregoi ng aspects WWP@PFFH’@%"@H%M advant ages
of this i1RYedebifg asphcts!and REF Ve ARnGant KFSHEYs of this invention will

appreci ated by reference to the foll owi_ng, deta

desc ch?ﬂiq Befe r%b(ﬁpprgcg\[@é Ry irgferenss, }o&pﬁ:fp}l%n%e{aﬂedt ckg;nptlon, when

ac C ofRRA Ay doREncHbANhIgE S cco )&lfﬁ@ﬁg Brawih®, WiefRE 1 is a
schematic illustration o

one exenpl ary curi, ng %nsg A
formed | FICEREbiscasshamatis Hinstadqnentone gemplarg cpyngsggigm formed in
| NVeRtér@ice with@geles of the prefentifeaddal i ¢ i1l ustration of
anot her enbodi nent of a curing syste

accor danddCViH HisAsyshemetc Ppstptign qf apather Fm'l”ﬁ\??ﬂtt ‘?f& quring system
FI GURBEned il scoRdafice M Bpbofs df{hk yxsgeﬁtamemn,of anot her
enbodi nent _of a cur] é éo formed in a cocruglgnsc om
i th as pRgQRES i aebopiis Mgt Aqush Siep bRt} PEESS
mheﬁﬁieﬂﬁlab&oﬂﬁkce%t&%&mw&e gﬁ@m&n@eﬁtﬁh ary enbodi nent of
a printed__electronics catl
enbod kIO 4 setatn o P R e
electronics fabrication system employing an embodunent 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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Enbodi nents of the present invention will now be
described with reference to the 25 acconpanyi ng

drawi ngs where |ike nunmerals correspond to |ike

el ements. The followi ng description provides exanples
of systens and nmethods for curing a | ayer that was
deposited on a substrate with the use of a |aser. The
exanpl es of the curing systenms and methods descri bed
herein are suitable for use in the fabrication of
printed el ectronics, such as conponents, elenents,

C oNP kegkmPrryCdurig i;yktsm, @amu'y aiehgnaemnp waickds formedUn tagordance with
devi ces,
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Referring now t he conponents of
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pl at &a p@@nt qnwnqtonetée supprtiHifae PR may hetpgoriop of ¢ sybsrato advagpgment

be pl.aggdmgn sﬂot@ RES Qs BindlyeN vdd BREHA! thabks Obr Y like. The

aut omat ed material handling equi pmrent (not 10 shown)

suc hsvhgrate 34 hasehgalss in Wb Exm.atpdynsedavitratsesot tg fhe FisiRg e 20 via

etc. sub&a@tab%ceﬁx@m%bm&slm&fm il 1€ 2RI a8 ARt ebbMRiAt] 98 support
t he support surface 22 nay be a portion of a suq§trat

&iva eﬂﬁéﬁtﬂay b pefined bys2 ?‘ﬂd’f P@'ﬁ@)mtm od pnfler g cyrinejevies, gipich

bel tsupSREMEWEY ofllitacdes, Oor the |like. The substrate 24
may be also in web form and advanced wt

re LO b
Uhe cur | e Syigs Grtico8s b 4eies 6 PHaoBe SRAEh PR el i hs

appageart dbp@fedon@Wiutsiatd. enollimedtdiwhdid the GplRadl mm is firifed for
support 15 surface 22 may be defined b

o1 BGRB8 P TEh S vahe P Lo P e QUL B ocfen desiable

20 P sMckesnid B IEIBat Qfopsitidd S tf a;le&uoﬁ[ hﬁ kg tlhglch\/dufb@ ﬂaaayes of
a devi ce that cures one or, nore ers of

t hatmatesial bygeeaps of é()ﬁblglquﬁ% S%Yﬁlbevgpog& f:l?egtwéxl ree}c ons ea: It will be

enbaglpe®Rii BatWheioditbEmalaROmby RdludPd Sitdlyat tol ifitid¢ brmdcedbrate the
for fabricating printed electronics, curing allows
for‘*ﬂ@“ﬁ??ﬁ?@ﬂ material to attain desirable 20

el ect r oniag b&t shoWe &t FIGURE 1,[ke0queliid deeide 28 inclajpest dast o lagetvd), a
?E:Sur il(r;]n ngo?h\x/lia Eze ax%t? a:g: ggn?)gal %'3&14&%? s'[‘hg) qaser 40 is capable of generating a
concentrated beam of laser light 46 that illuminates at least a portion of the deposited-

- layer26. 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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material by means of |ocal heating, solvent

evaporation, chem cal reactions, etc. It will be
appreciate that the deposited material may include a
catalyst to initiate or accelerate the chem ca
reaction(s). As best shown in FIGURE 1, the curing
device 28 includes at |east one laser 40, a 25 lens
nodul e 42, and an optional nodul ator 44. The | aser 40

is capabl e of generating a concentrated beam of |aser
light 46 that illum nates at |east a portion of the
deposgéhicrel the |desjred 1626 of Ampg | &smay teydesrablmyo dneplayUpseralyith specific
for ulﬁ\ﬁeleh%hs omge% \[}Fn gfwaw']e%gtg{ s% Btmdh&\égﬁl& Qactloxf Qfing or
exanpl e m con Pasers, gas [asers | um neon,

ar got, stimnlate arr d9ditivecthay xatabeys, the qusing afhe dépasited materéal. cThe iﬂaﬁy‘“’ can

be U§elmed dn 3%\4%}% ﬁ &é‘s%?él&ﬁ%cﬁtsﬁﬂal h&i’i‘ﬁw%ﬁow&% Hf |aser

chosen nay In part, on the type
mat er i al sThedgae gioduett2sdf thetvating: sygtenp 2hsie rhswa@ @@Mthq:ia@h‘to The

povve ‘eng lgodué 43 %ﬁ%ﬁ of Qcﬁusﬁx%sthé Rtkslof e Ihﬁl@ ke Grh'iftécﬂ%m thé laser 40,

desirable to enpl oy asers wit Sp eci f

vvav e IWé'ﬂ'g e by eorjirgliedy ‘SlﬂV\F‘Wﬁ""@'a signgls| @Oﬂi'/vé‘ife?oéﬁﬂt ﬁé‘e‘% 3P adocus

t0 | DEEAIGRNdGAhe AL AR Am iy Hiheed d&&d%&ﬂﬂd&:@n@nﬂa
addi tive tl gt cat aei z%?gtﬁdamcur)‘l ng ofathe deposi te !

It e#Pn theTigeosioddier ACioErAmPle, @ PrHRARITRNFS Kel OF f“bﬁv‘e 2. It

ﬁr@anﬁa)oilso@c QA EHICH sevilaOiidbdil bR WilcRSu it Rbr pswcs;tlmm&&e to
5 The |l ens nodul e 42 of the curing system 28

i & pEGst e beath of ieer i ping, 5us moqsle J2 &4 ot reer Dlgmipaion arca

capapluea RfgeAlaUslid RGuled R chAEMtS T cdnlARikd 1t Q*Bﬁblé]rﬁ a€higvé 4 hokter
fromthe laser 40, which can be contr.ol

el ectVerll 5ring fig Bk meangoh REICIRTY! Of th%vg*f“é?ﬂ% e, E’&E fpgolution

adj usshmbiel dchipveP rvéieO@sireli 9 @fabusing Yhet Rnsdiodre 42ath I yake a small
ﬁl ntain a desired |aser beamillum nation area on

e ’H@b‘&@‘i"f‘é‘&amg‘?s% for exanple, a printed
el ectronitas cdray @dvice 08 mSLEifibially @icldde a rhdidulh@or avBosisibied bdlew the

desi r abl ) nbaod| ment s f i ent

| aselfnswa%é‘ sﬁﬁiwr ofifg e ealg?%% St %4%#%?563? through the
| as efiodula@h, wsibmg coEptredrcialyathelBtehsity 6f thé beamaofllaerdight passing
illumn n_a Thus a | arger ea d, be, cured

t | ooty s oo sindE 0 5ae PPy §ohis Pal B oo
- ®hordre rTheQMﬁﬁrmof h@lb.trpaﬁgi byt thie molBylator@td an b cahyroliedivdth electrical
contt ol tion area, high-resolution

| % % Iunlg
, couted f) “é RPBTE S e desired by refocusing the
I ens nodi the 4@bddimenBitewa i REHURE 1] Biei chifingndemia¢ 280i ngumted on a

when desir urd n dBVI £ 28 n

i nclG u‘g’gﬂtgﬂﬁiﬁﬁﬂ I-ng\’%oj(lb' 4#1 ‘g%“él" i‘0ned pe Hache 9? Re (&w% JYXable 30, the
nod uhosendcdt ofTthe lakee 40N 26d thus the plakbénghtt of 4k lsxmtqf ﬂagert ltgbt 4608 be
ing l“:lild\?anégzeo ysc%r? R llec{1 i Ok ptlal;llg“ parallel to the planar support surface 22 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 S0 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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nodul ator 44, which is configured to vary the

intensity of the beam of |aser |ight passing

t her et hrough. Such nodul ati on can be done by one of
several nethods well known in the .20 art The anount

of |ight passed by the nodul ator 44 can be controlled
wth electrical signals fromthe control system 32.

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 AweMgR&Y)tas 8ést tvem hase I‘emﬂcﬂ;mean’mf RIGURE 8,he XlYdeemdeflecting

of the m of se

v ey uRES e n e f o 40 g mple g2,
t he [abtiibﬂa’:l mo&mpcp@n taresthted acaestaﬁanany Ipositiole Whet the beameoftldyer light 46
| ayer o ter at .desir v\Hhi odule 56
curi Y 3& ‘ﬁ%msmr%aﬁ 63 du?a%r%r%\%%r%r(eﬁt ongez?%&ﬁ- Yo

t abl eorErGls ithe ahgle of o dginmimbath the Xetndf o dizections csp jap éndillurpipate the
shoul.d be t er configurations may

al so d%msuﬁ(% la}{epgfrmél?en a?a se etc}%{ﬂog{lgﬂt he bed or (ﬁfeat en 36

t hat def ilnge ahdier smmdmn & biybfid eyster® may hputifisedfpmevidinegpitable
an .XB erag;gngl Eeré%n&”dmrﬁﬁ grqbo%&e}ﬁﬂ Ehl;' h%lﬁﬁ%?&ém t:&xld: ﬂaude a beam
curin , as best shown In nbodi nent of

FI GUREleGing mBduld thas defects W] laser light ity erptdirgqtignus-g» ithet X irection, and a
ggb O%J}E%@ﬁt tgjl? Ell}:)%ﬁ)llr:gnst wdts Yor MAM GEhdRARE iRGtonTedUlR Y

pe ut | In this enbodi nent, the
| as erllre41®n Sechas sstm v@uwﬁavedv@r-spe@wpwaw thﬁafoa&rsa%‘iugmwsm

are Ll )ﬁgsglh?r;lo@elsﬁo@&bxﬁ&ad’l%g RRSY LiiONn 2\bRRd Eﬁﬁpi@ RRERIOS hybrid

| aser exit l ens npdule 42 or th
opt i Sk, tmmn %fYobeam fleflecting medyle B and Mt SRR gabl?éa gndéer 54 -

56 S.hpk lil&li SThid) %s@lﬂ%l’o%xdgsf bothh:%h Qﬁe@(mlddm fﬂ QEeblsiHD PositordrpChe the

Y directions so as to illumnate eposj t ed Iﬁyer

&5 rvheemrof feser dight 4logg befh Xeapd YoRPy |18‘ﬁ X—Y ﬁ‘°§}%‘t tabjfy g pRufd move the

embo gfpﬁ@?ﬂuxxvfac@zz‘ﬂ'%a lshidiraty/ 54 88 F8MticARy Wkdr ho,266 rrfod).ﬂe 42 etc or the
provi di ng suitable operational perfornpance

enbodi¥rertion eble SAyagpld gnavy diecliserPu s MG te eE‘f B‘é’é o “support
def | geddeRs nndule that deflects the laser light in one
direction, e.g., the X direction

0 t
D o st dscomed Ao pessEon 2 B e e ARBE hpien 32

80 I eghibHBntro® ablleast thB Burig plbes£ Thé. &ﬁtrol Spithh 3asnag y&ﬁp&m a computer
woul d have hi gh-speed notion | axjis and

e e L e e g

axXi Sembbfimént, SBE EAGIN W Rincllides b Ginpatel Witk ktdred $§ogthﬂ:mdata, etc.,
both an X-Y bean1def|ect|n%@g§g e 56 an

o | A, VR PBGPUPHH RIS 40 e ol etsiogy puel he

Pr OVépdRBon20inbabi 36) tiR &S thodultth2 [thegtptighatidaiatond4, the beam deflecting

itionin f th
5)08 IEIOd?lle 56 gX-CS){ ta{)leseSO 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 device28. The
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15 beam of |aser light along both X and Y axes. The

X-Y notion table 54 could nove the support surface 22
and substrate 24 under a stationary |aser 40, |ens
nmodul e 42, etc., or the X-Y notion table 50 could

nove the | aser40, |lens nodule 42, etc. over the

support surface 22. As briefly discussed above, the
system 20 further includes a control system 32, 20

whi ch controls at |east the curing process. The

control system 32 may conprise a conputer or other

pr OC astsigdte By bp pla@ﬁ @hty tigrsogpoa Rwriack F2omaneady br iiferred thelet by
CUT! r(]) g}rocgu%l erofaut ma%?,dm’Ii ldl't %S SIEH? 6rg>gthr g&bs%%qmna
32 inciu ut er ored prograns, data,

et c. ,suitablp d:oartammthsrespmm ue ﬂ@umxptaa deyice 28, itler qpringodevicedPs iti suitably
the % e%r to 9&%& 94{)?]5% Qﬁg&' nr{l)ag r%lorlﬁgnglem J&ﬁnenpﬂgr‘,d%&!)lgpstem 32

of th aser e opti onal
mSdulsendoappebgriatetchgrobsignats thetfir ow the Hgpr 26 fasesdid lens Bgduled2ymodulate

tab l é.lﬁ\glﬁ g&g Thg’ g’eam‘%f ﬁ%p fidnt @11 fhe ﬂ\qm m@&lr@%@ BiRdct4Be focused

mat er | equi p etc. One suitable nethod
for beamef l@slqrehshy@q etm QGelﬁc‘éﬁddeﬁ'@n &f the sleagsited dayprogfapatesipl.  The
nat erfdcaéed b¥¥|m| bt 15@}/\’11?1@46:151%:5& BRd e G\ngné‘ 6f &t ?&]ﬁ@m& Ghethods: 1)
FI GURES 1- shown in FI substrat e, :
such c@pgoléaﬁ:téq Rogitien of the fXaY, besg daflegiingaradyle 86 3%?*‘2@“364 beam of
hher i‘aQJﬂ light$16 SHARPL abGieh AMmiddfon3feaS BOMO dbpositsli f18/6€ 82 mbtdridk 2)
sui tabl e position with respect to the curing device28.

The cwtralissshe pesitonnd thdaser J@ vip fha et 815 PY of Heoiglpeihe position of

sur f aﬁ%ul%gat@%{hk K- leatlid ANSTHR el of RRF ﬂéh@4(bié thel H@proyfriately
any nunber of autonmated material handli syst ens

Once™mPY¥d: fex g5amnle, ina msterisean; t apply Rhgiopsp Fré'cl %%ﬂr‘t%?f the deppsited

I eSPRGr of Mak® TME bditly PRYdsE @nidihes dnliPasGhiich BOth¢El@pbsied Bfer has
i S sultabl operated to cure the deposited | ayer of

it ePgen puredap, eé'ﬁ"é‘ enbodi nent, the control system32 5

sends apphGhhd ahbodasiis) Blis aesgﬁlaé % {ufifofnily RurdNhet fréntddalsg@rs of
40, focus the |lens, _nodule 42, nod Iatgalp Z’Flnt ns it

of t PRk AHA aGhieve yRifirm cpripgy the dose FERACtoRS amyof Yasqr light 46 is
d gs | &ﬁﬁlouearrmlwhaﬁ B dccdnipflisted 61“11‘:513@ turbﬂgﬂib @fer h@afesindloh gdthe beam
4 ontoas ecte ion O site

St P inarisonsd gy peoh JRE R ot o depgyiey Pkt S bniBline e
oo r eﬁfeﬁi{y @, Gﬁ&u@fa niohﬂatanM% @Wﬁﬂl@e Jpeddlgﬁﬁlb\lem&dt of the laser light as it
controlli pasj tion of the X:Y ti

o S ot b Hip e i Bt P, & paHOBR oy o [ prosent
46 Ombentich, SL@sBI¢ Exfini Intaly e rualiitvable asigpnafcotshet dep dsdntigycht each
| ayer qf e t.r.o n ti.on_of, the

| 5 aosion s Spprate 1 of SRRHEO o gl o Ried (o vl d1fined

pOSi tiyl @fag @fshort high-intensity pulse of laser light followed by a longer lower intensity

=t

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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the substrate 22 via the X-Y table 54. The beam of

| aser light 46 is then appropriately -noved, for
exanple, in a raster scan, to apply photons to

specific portions of the deposited |layer of naterial.
This curing process continues until as much of the
deposited | ayer has 15 been cured as desired. In sone
enbodi ments, it is desirable to uniformy cure the
printed |layers of material. To achieve uniform

curing, the dose of photons fromthe beamof |aser

i ghuepds&ed Byercoot pmildleeadiy Céirsllioggithe ptaciostp piozide the minimum
eit h§ose t by Q'e&g slﬂ;l n r@gxg dep%gtgﬁ) tager @Q&j rgsﬁc%e’él; tIoH& ckﬂ@ @Ik for
IS p05|? o SVer each desrre on he

depogacll @der rvatnquahth aomxﬂzryl doomlarze Ieilqugigmtcn@ tEQmgshdigingi-to-pure
(e. Ote #.‘n% cﬁgos?edrm:g&{ zf(llé'lllor@.p gt{vgt{tagta F%@Q@ﬁw&f with the
movenen aser as It noves along a path

05 t trpatiliteal braireitinecthe dobe quh@tmstxnéhat Steh Gdiv PR Catp focgrppodate
pres ﬁl@l(ﬂdua'l Q:}ﬁ%@t c':hglgc Tréﬁgst ﬁbl r@qu%énﬁgfomh bR &6 atd et of

usi ng non-const ant aser 1 ntensi ty at each pOSI tion

of t meteritlspBeit is eattiqulaghesesiplerndenfaprigpting prtedelegFapice,

| pr oved fe He i NGse iR Ynal Be ddskiblets qepom/a H)%l‘ Bithnaler 8 i ok area greater
hi gh-intensity pulse of laser |light followed by a

| ongéin feesprsry dnd tcuting mly 2 seioted, P%TE"“ tgroai Jbis ey 5‘5"’13 lower-cost,

EoT0 O iv i RioRfand RStedMofip RN thﬁb\ée@hhl%rbn Y tht [Aeposited layer of
capability of controlling the dose phot ons of f’?geerzught

beanrial cam ke dopg byrspringpply #(sugl pas tree ‘f"ﬂ‘é’rfﬁﬁ'z‘

of tHeudeRO3d tRfbeath am%ﬁllm ﬂeipedt ﬁ) thkabsireli24 Iﬁ Ofnjunction with
exanpl e, that certain areas eposi ted |

%/fer to
hav guging F“éﬂ"@%Pff&B‘%@‘t‘Pﬁﬁb‘Sf%P@ bfaﬂa'rm 391 et alldeyieed 2i5¢s
trac&&dep&dedaﬁaeeﬁaag\eal@da regi on of hi gh 30 ther rral
conductivity may require ala{ﬁ%er d btgé) 0
Bure t hedilfgy singpsovsee ok Laser &5‘6% ?eéos ?‘HE » ofher
CO”NH@:B&JH%&S @O Nhé Oprbskmd g inkrdiiod hﬂdyO RdEmsgoUsly PseOwiutliplet fegers.
m ni mum . dose necessar at ea SItIO

dep oAyl oipuead 4 Ge Ve 0 S e i oy oL i e sl tser
eac hndyay §plit ﬁ‘aﬁl'ﬂﬂﬂ!ipmi)eaﬂlstlfkuﬁicitm lﬁsexrpaswekdsmmaakgfémem bgjthone for
to cure. the

TN TR TN TR T T -

Joealspaeﬂmu\pdlﬁn&hﬁld&eaaﬁahmlmwxs@f cont roI I [ ng the dose
of photo in that- .such temcan accom

i ndi vi du a“%}?r odipent o£ tpéers%’i fijvgation, inyennon, rgg'{ase%for Of Lmage
eac Re3a6@ miagbe ifuﬂm inhie sp@dm 20f Thartighe scndk or.imdAga is@isdr 60 is capable

partlcularé1 de bl e. when, f brlcatl [] gti

el e VNP XdﬁPﬁSl ﬁ)gf of patefial 3tS eS’Iler alg[%u? this sensor (or
dep @isbd seors)piy mbnitafed b the kondrbl systenanz a_d ed grceattobthe curing process.
25  Suitable sensors might be CCD or CMOS video sensors, or visible light or infrared photo-

‘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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than necessary and curing only a selected portion
thereof. This may enable | ower-cost, 10 | ower
precision, and faster conpletion tinmes. Curing only

part of the deposited |ayer of material can be done by
curing only a small area at a tine with a focused beam
of laser light and then noving the beam of | aser

light with respect to the substrate 24 in conjunction
wth turning the |aser off and on or variable control

of beamintensity so that all desired areas of the

depo sattbadanrmetl@nﬁnm fomruing theecrer Spaifiulirecleptraniics gime and derpeited
of ' wn and deseribed, other
enbo g@td%%é r'ggsgx%t %Bﬁventl on may

adv ant ag e@nlwﬂlyleus@ thmhrmg 9 stermis amglemethods gt l@rswablv il {p a number
| nst gagof o Hghd d ol W@ﬁu{g@sg st Sb\en REOAEURE 4] @S Ghring
l'i ght a S|ng aser e sp into multiple

bé& anﬁ'stplfﬂ 28 ey bei nam of | aamedp@w@mwrsSfammn ayftem 126h Ehec@rwted

be dg&%o&&rfabrﬁmmsém QYO ﬁcltxd@@ atdlleeﬂpaébmg abliideh ok Heg&ltmg
pattern. y hese 'neans, curi ng nore than one

Spot On§rPr topse bmrsmfepat%hmoselb@edd@ﬁ@“%mm fhe pftis3dyfor fofing 2

anot fified %lé’@&ﬂio?%&bh s chapg&fé§ @tsiston \eRN ahPile bL{BlM% Blsied B9 fod curing
l'i ght sensor or inmage sensor 60 may be included in

" the 99SF Baredwyers vhiepesitygipatesialh dp fhlwnhoﬁ*algréa therpat! sptym;3¢ may
E@P afloCcontrfl 16! i3 Grdcbl® of 818 QPstdnrdo | nRy Qhichidb a FBaRfel phibt @Strol

it is belngwcured The output of this sensor (or,
t hes¥stR (gbheyn); édqﬂymlwheeastw 130 fray dnsidp spparedy RHngipg 24 curing

and ysiegk shéh 16 B kdktrateRErambiErkdd gn@ﬁxspeaga ahgnaﬁoe&ubxt @dpridting and
sensors ni ght be CCD or CMOS vi deo sens or visibl

| i gririRg sttigRs s aily keyay ateriebhpoding systgm. s @ FrSgpygyor assembly, a
| DI fekald GlAEd G 8difsQs 10801 @R, efLIad thé YubstARCOEE bs poad fmyand '
be achieved. The inmage sensor cgrld al sg._be ugﬁq

0 el ifin pines e A o s et foe e e Ry flegtonjeg are
assidspositdd ah@giredlséq@dntilR iredn alidiivelpaoses. bean1p05|t|on In
several enbodjments, th sensaqr ec

and readAgg%ﬁ%P?V%ﬁ??%ﬂﬁﬂ%@7%wz é?%ﬁl %ﬁﬁﬁg @l fiferonce
prinb e:de(as BlheGled RAkeGfachaddlawihdshit ishib®d ﬂﬁsoﬂssﬁtaﬁons may bremade
contr system n.choose the desired cu

oot el Fo N P e T GO e R 7 pg f B Frosoft ivention
J0ar tab Gechtar meihe elain@Ni € Ss thyprealntnded ethe shd - edpe ofathe finvedtion be
fro the astaored inits ne Enpodi nents of the
_curm 8%8 gﬁgwﬁﬁﬂﬂgﬂgwﬁﬂya%@&sufggbly used in a -
nunber of larger systens and net hods. For exanple, as
best shown in FIGURE 4, the-curing 5 system 20 nay be

part of a printed electronlcs fabrication systen1120
The printed ’




el ectronics fabrication system 120 i ncludes at | east
one printing device 110 for depositing one or nore

| ayers of. material in selected patterns onto the
substrate 24 for formng a printed electronics, such
S a capacitor, transistor, etc., and the curing system
20 for curing one or nore |layers of deposited
material. In this enbodingﬂgghﬁpe control system 32
may 10 al so control the printing process or the system
120 rEhe iembbdidents 9€pAE aineerifonnin ooliith odn esylasieen fropdrty or
shown), Additionally, the system 120 may i ncl ude
Igé’blﬁg%tsél%mﬁﬁ@f%f@ﬁ@a%fﬂ”ioﬁ@ stations such that the
substrate is transferred and properly aligned between
the p inthgﬂ and uring stations via any known

mat eri-al BRSPS h as a conveyor assenbly,

| ck . ' t . .
he" <LnepP AR BErRL SIS e DpbAtls SN EhEundh mypreril
éﬁoﬁgﬁ_ﬂg r known in the art. As such, the layers of
ct e printed’el ectronics are deposited and cured

sequentyrbldévich capAsHs hil¥Rr BARORSST enfittiddOHHAm of light onto at
enbodi ment's of the preSent invention has been

164288 pbARE ottt UepBEiRIdaRES of hiatdtiadaaldes i1l ustrated in
the attached drawings, it is noted that substitutions

may hecomeld sysrth eguiaectddelii sleetijvabyemnimiciion withahé curing
departing fromthe scope of the present invention 20
dasiceemdt ed in the clainms. It is therefore intended

that the scope of the invention be determ ned from

t he faplléastviong opliedlnsenaserdinecprmahisatien ity ghsf congrobisystym for
The enbodi nents of the invention in which an excl usive

viveipgrthg daposigad; Jayeeghiring eyringmiel aspemplish gag ogsmore of the
follows: 1. A curing system__ conpri.sing:. a suppor

following: &) }ﬂea%%mn&mra%% YRS 23 &%ﬁ&fsﬂp& ghealag%w@wé and/or 3)
havi.n terial depgsited thereon;.a curing devigce
PRV S eipask 1 Qas conifel iSyaicRy IncPRIEY FohimBroNe SHitRg PRTTGRRance
aﬁa}f’gﬂ%ﬁ}’-l east a portion of the deposited |ayer of

and a control system connected in electrical
communi cation with the curing device; and at | east

one gpt i %Lhess?gél%r oii Hait? Wﬂéx%ﬁf ! %ui%&@ ahd)6r ﬁ{ér&ﬁiﬁh device

systém f or
is movable in an XY plane.

3. The system of claim 1, further including an X-Y beam deflector
connected in electrical communication with the control system, the X-Y beam

deflector capable of deflecting the beam of light with respect to the support.

4. The system of claim 3, further comprising a motion device associated
with 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.
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view ng the deposited layer during curing to

acconplish one or nore of the follow ng: 1)

identifying a circuit type; 2) identifying the |ayer
material; and/or 3) providing feedback to the contro
systemin order to inprove curing performance and/or
gquality. 2. The systemof claim 1, wherein the support
and/or the curing device is novable in an XY plane.

3. The syskhenysterrephiclyim, l,f\uhqrﬁ!@rthprfélrlaaiqﬁglcsrinwaes two or

beam defl ector, connected in el ectri comruni cati an

mgre Hasereereiging bramsyeftlight Sylganically Q@aﬁ?{ At e poproximately
apabl e of deflecting the beamof |ight with respect

tg%g qgﬁﬁh%&?. 4. The systemof claim3, further
conprising a notion device associated wth the

Suppy L, i tr]lk}t%hgggg'v? %If}(rf]éé;}nc? Qﬁfé%fﬁ etw%f 0 & %eﬁxﬁ? of. li%ht are

support twherein the relative notio

BEAAEEPm! tﬁgc}ggxg\n%iofi%ﬂti&ﬁﬁe@%rﬁ g BMAPRY tpréducing two or more

acconplis conbi nat1 on of the X-Y beam

iﬁﬁxﬁhﬁﬁhrgﬁreﬁﬂﬂtl‘i@&ép%‘ité&‘l_a?é}.e support planar surface. O
10 5. e system of claim1l, wherein the curing device

includes two or nore |asers emtting beans of |ight
subst7ant i aHe)syftamadfl cidimandviieasinnige byapt oilighiteadited by the laser
sane optical path. 6. The systemof claim11, wherein

Havva wavelangeh hehimemsity) thghwawlengtlf endridersityraftthe boemmef light
of light emtted fromthe |aser for producing two or
beigechosdn senthaathie rhgamr afdight indvsesia sherhicabirepgfjsy in the depesited
systemof claim1l, wherein the beamof light emtted
rpafetidle | aser has a wavel ength and intensity, the

wavel ength and intensity of the beamof |ight being

chosen so that the peam of |ight jndquces chem ca

r eactd-on i%%%étea’eﬁggliatnéd’ dp iﬂléﬁ _ge%)_mtqcﬁg\ygg,g{cil}flesfone or
claiml, .ein th eposj.ted | ayef. Ji.nclud 0

e o] S uRr YEERE P ranohh UM By iy hes o
V\?ar\rflefetngt% a% ftnpe%sftﬁstﬁcra vpa%%le%gth and intensity of the beam of light being
chosen so that the beam of light induces chemical reactions with respect to the

chemical additives.

9. The system of claim 1, wherein the control system is programmed to
cause the laser to apply: 1) a first beam of light to the portion of the deposited
material, the first beam of light having a first duration and/or intensity; and 2) a
second beam of light to the portion of the deposited material, the second beam of

light having a second duration and/or intensity.

10.  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.
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wavel ength and intensity, the wavel ength and intensity

of the beamof |ight being chosen so that the beam of

i ght induces chemical reactions with respect to the

chem cal additives. 9. The systemof claim1l1l, wherein

the control systemis progranmed to cause the |aser

to apply: 1) a first beamof light to the portion of

the deposited material, the first beamof |igh .

havi nd-a fThestystent af Flgimadndrhseeip deedenosijed laygt 9% mgterial is a

second beamof light to the portion of the deposited
nisd e

nrintest laygr of pppgi BEEmM of |1ight having a second
duration and/or intensity. 10. The system of claim 1,

wherei,n the curin ice.further.i :
moaul Bt ndlt St of BREERine APBTEd KRGl oo puctic
] fr I t hat :

B RO o AR B0 lpoo TR Rl it e
. 11 11. The systemof claim1l, wherein

%’ﬁ@ﬁérggg}é‘% ?g%r?féyer of material is a printed |ayer of

a pridyigfheelifdd: cBRirsISef aldontlol systdth O£ B&sn of libabirére atlasg and

a printed electronics conprising a plurality of

illav@faSing e @epdsited 190t with thaibriitedbeamaf tightjod of curing
at | east one deposited |ayer conprising the steps of:

en t trhévgng thedbdane ofilight omtb salected tpootiorsyaft thendeposited dayst, the
light froma laser and illumnating a deposited |ayer
mbtemenhef thaibeare o f highnbaiiig ¢angiolled h}avhq@mhgsbﬁmh apfl

l'ight onto selected portions of the deposited |ayer,

the menitompgtthedepositeddasier during gningta Agrostish one ¢4 mgre of
the control system and _nonitQgring. the 1(ile osited .
thefallovdng:i NgdeniHying a Sraidyng| 2)dfemitung thelayer gaterigl and/or
followng: 1) identifying a circuit type; 2) .

I Renaiing Hergiohete o th pHizas whieR) in Qi BPE) Ve sepipe gepfgrmance
f dbaclk to the control systemin order to inprove
%ﬁﬁ#ﬁ@aﬂﬁTfornance and/or quality. 13. The method of

claim 12, wherein noving the beam of |ight includes
one of, th ol L ow . : ' s includ
oren Bt pebh A 19 BAE00. TR B (AR R ctudes

o[)n?s(ﬁiet‘élh tf?)ﬁoxtvﬁl% s"‘té’&s.tlr) %S‘i/ing'?ﬂe ubtald f5thi Repdch o M@ Mser; 2)

moving the laser with respect to the substrate; and 3) deflecting the beam of light.

14. The method of claim 12, further comprising the step of focusing
and/or defocusing the beam of light emitted from the laser for illuminating the

selected portions of the deposited layer.

15.  The method of claim 12, further comprising the step of modulating

the intensity of the beam of light.

16. The method of claim 12, wherein the selected portions of the

deposited layer are subjected to different levels of curing.
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14. The nmethod of claim 12, further conprising the
step of focusing and/or defocusing the beam of |ight
emtted fromthe laser for illumnating the selected
portions of the deposited |ayer. 15. The nethod of
claim12, further conprising the step of nodul ating
the intensity of the beamof l[ight. 16. The nethod of
claim 12, wherein the selected portions of the
deposi% ed A ayashodpé fahuispiing 8 PrinteditlesEoning, coppgisgg ghe steps
curing. O 12 17. A nmethod of fabricating a printed
of] ect roni cs, conprising the steps of. (a) supporting
a substrate with art having a. pl anar surf ace;
(b) dBhEURROFHRE 35 SEalg i 3 wpagaxaw%@m&r SHire
nateghﬁls onto t.he substrate n selecte

t her dFB?Sﬁt]lI}ggWg Afr e |dF‘)7c8fmf) OF MoLG nrag a"f‘st 5n% é: s61b§trate
if g&%‘&@& {Deﬁ e ﬁﬂerréﬂifgti ﬁrﬁmg%gﬁﬁraﬁ )P Prifild g rgaﬁl?l p” nt ed

er v aser uen curin ern

contr QJ %&ﬂl vﬁﬂal | 4 llea§tya°‘[8§r‘i’ibnjo§ea&p inted ﬁ@/@r @h a laser, the

Clal e step curing I c udes

e@l@nﬁhmnnglb@ﬂgf&ntraﬁ@db @céﬂtfoifsyit@ﬁm of light to a
portion of "at l'east one printed "layer, the first beam

of light having a first duration and/or intensity; and
appl viigng, THeanéthed bASkIm 14, wheefirthbewmaficutinghicludes t he
portion of the at |east one printed |ayer, the second
beamapplyinggleia thatisaxy adirstdeandcdhfdightito aoportind bbat least one printed
intensity. 19. The nethod of Caim1l7, further
layengthe Sist §earo of light hayingreefirst duration Blaj/ er lsltfdl@l’f}’,r?gd curing
to acconplish one or nore of the follow
i dentapplyingy via therlassry a sgopad beam; ofdight ity |ﬂi*f'gp‘?1ﬁ@n of hs at least
mat eri al ; and/or 3) _providing feedhack to e.contro
o9 sPrEFd axsrd dhe tsecqnépbm oéuﬁgfﬁg hiapg it PesRnd durion, and/or
gtgal ity. 20. A systemfor fabri catl ng printed

BB oni cs, conpri si ng:

19.  The method of Claim 17, further comprising

monitoring the printed layers during curing to accomplish one or more of the
following: 1) identifying a circuit type; 2) identifying the layer material; and/or 3)
providing feedback to the control system in order to improve curing performance

and/or quality.

20. A system for fabricating printed electronics, comprising:

a support having a planar surface for supporting a substrate;

a print device that sequentially prints a plurality of layers onto the substrate
in selected patterns, each layer selected from a plurality of printable materials;

a curing device comprising a laser capable of emitting a beam of light onto at

least a portion of each printed layer; and
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a support having a planar surface for supporting a
substrate; a print device that sequentially prints a
plurality of layers onto the substrate in selected
patterns, each |ayer selected froma plurality of
printable materials; a curing device conprising a

| aser capable of emtting a beamof |ight onto at

| east a portion of each printed layer; and O 13 a .
cont raokortyalt ssistespeaprgcted im elecical icommuninahon | with jthe, curing
with the curing devic? and_pro$ra d to control the
deyice 38d BroLEHBRCH (G SRANY ea Héf;ﬁgka@?ﬁ of Claim

the\cuFing 91 ¢

20, wherein the control systemcontrols one or nore
beamt 11 G aEELREEHERGY: YBORABr rrpdh arudp ePeo! e or
f the t ' h L §Ld t i
e R el SRR B Bl heping on
e B8 eh %Ei'sﬁé{'t%‘ t;ﬁh éé);g gﬁﬁtee :i‘§ye? RE 'cﬁéllfacteﬁﬁfb%fo thd! Pfqeé:eding

conmmuni caton” W trol “systemfor view ng

HgReski&d |ayer during curing to acconplish one or

nore of the following: 1) identifying a circuit type;

2) identifying the |ayer material; and/or 3) providing

f eedipack tThet bgst@nnéfr ClaimSA05 tfarthem com@fising Cati lepstosee optical

curing performance and/or quality. J 14 )
sensor in communication with the control system for viewing the deposited layer
during curing to accomplish one or more of the following: 1) identifying a circuit

type; 2) identifying the layer material; and/or 3) providing feedback to the control

system in order to improve curing performance and/or quality.
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