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TECHNICAL FIELD
[003] The disclosed embodiments relate generally to the field of light-emitting devices.

More specifically, embodiments described herein include a light-emitting device that
integrates or incorporates voltage switchable dielectric material.
BACKGROUND

{004] Traditional lighting mechanisms, such as incandescent light-bulbs, are being replaced

with more efficient and powerful lighting mechanisms, such as LEDs and OLEDs. While
newer lighting mechanisms offer many advantages, they are also more expensive, difficult to
make, and often incorporate use of exotic materials. Furthermore, while such new devices
may have relatively longer life-spans than more fraditional lighting mechanisms, LEDs and
OILEDs can fail when exposed to transient electrical conditions. In particular, both organic
and inorganic light emitting devices, including the semiconductor chips and polymers used in

these devices, are highly susceptible to Electrostatic Discharge (ESD) and other voltage



[3] The disclosed enbodinents relate generally to the
field of light-emtting devices. Mre specifically,
enbodi ments described herein include a light-emtting
device that integrates or incorporates voltage
WOWRYTalEBl e dielectric material . BACKGROUND rCT/4§2006/045292
Tradi tional lighting nmechani sns, such as incandescent
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faKke, and often i ncorporate use of exotic naterials.

Furt hernore, while such new devices may have

relatively longer life-spans than nore traditiona

I i ghti ng nmechani snms, LEDs and OLEDs can fail when

exposed to transient electrical conditions. In

particular, both organic and inorganic |light emtting
devi ces, including the sem conductor chips and

pol yners used in these devices, are highly susceptible

to Electrostatic Discharge (ESD) and ot her voltage

transi ents such as electrical over-stress (EOCS) and

el ectromagneti c pul ses (EM?). These devi ses are

historically protected with zenef di bdeS ordiserete

solid state or pol yner surge suppressors. BRIEF

DESCRI PTION OF THE DRAWNGS [5] FIG 1 is a block

diagramof a light-emtting device, configured to

i ncorporate or integrate VSD material, according to

enbodi ments of the invention. [6] FIG 2 is a

sinplified schematic of a light-emtting diode,

configured to include VSD material, under an

enbodi nent of the invention.



[7] FIG 3 illustrates an LED device configured to

i nclude VSD naterial, according to one or nore

enbodi ments of the invention, [8] FIG 4 illustrates

an LED device that is mounted to an underlying
woubstosztrze or platform wi th the incorporatiporof2odéadszez

material, according to an enbodi nent of the invention,
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[011] FIG. 7illustrates a technique for forming a light-emitting device that integrates VSD

material, under an embodiment of the invention.
[012] FIG. 8A-FIG. 8 illustrate a process for forming an LED device, according to one or

more embodiments of the invention.



[ 14] Enbodi nents al so include an apparatus design and
techni que for safeguarding |ighting nechani sns
(including LEDs and OLEDs) agai nst ESD events. In
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[0211 Additionally, one or nore enbodi ments provide
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WD 2007/ 062171PCT/ US2006/ 045292 to the substrate. As
an alternative or additional feature, one or nore
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conponent 110 is included wthin-a casing 124.
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nent. 210. Under 1
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supply 216 are uni ed., .|f owever rge (or
combviggihatieise SR iutRO Gena st PR adls oF ne
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VSD material of the substrate swtthes to b ig&f ovide th
or combgiey a*eﬂ%m%dffﬁ@ﬁ%ﬁ&ﬁwws 1 PGP GRS ORREE BiOYigE thet
the VS3¥ Ql‘dﬂeﬂﬁfis RtcQFAUNG chRbinkd eitd ﬁ@éﬂaﬁﬂcﬂl&oﬁiyhbﬁ@'ﬁﬁ orfals@:‘é\ts ofthe
suraD vol tage flow 230 results, illustrating

i

devicegOgdiaitiog 18¥ regtssens (e ISP Ry SBPEPT APEES Bt pastal oo

casmgzlz'@of t-ﬁt? %eﬁw 12452 Epéﬁquiﬁlehﬁﬁ‘tﬁtx&ﬁ%%nﬁﬁﬁﬁéﬁ%ﬁﬁ@ﬁﬁ)|n§2i%nal
vol tage that is above a characteristic

may miﬂbld? &gewbhw@t {@mcql Ivkaryebmistiest (48 Wgidigp flexeg) i its use in the
t L t 662 el R B¥ea g,
casing I%e%{ S igl ﬁ%@% ﬁ%ﬁq a‘ﬂ%ngl%q efoélﬂ%c%&} ed thr oucélﬁstuanglS
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Stmameﬁ tfa e SE}? eﬁ?n@% h{e%esuﬁ%? %nded use. Thus, for
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b 1 d t b th th
onto GERESE 137 PO R TENEOeRr Pt o Laty Ay PRI ER AR
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i1 rat evi onf i.gur o incluy
Atenpigyelst e BaBb gy oGP o e B aant Lo Tieg
inventlon In an enbodlnent LED device 310 is
self-contained so that it Ean be nmounted onto a
substrate or other device to illumnate. The LED
devi ce 310 includes a sem -conductor conponent 320, a
housi ng 330, and conductive | eads 312, 314. The
conductive | eads 312, 314 provide a negative and



[40] Under normal operations, the formation 350 of VSD

materi al may provide insulation and structure to the

| eads. In the presence of a transient voltage that

exceeds the characteristic voltage |evel of the VSD
WERkI%EEi on i n use, the formation 350 swi t chEBUSAOMIS292

being dielectric to becom ng conductive. In this

i S e B S 25 b2

in loc@ibas th?eﬂ(ﬁfmla'gh@e kafsﬁfﬁé 12§ Pb@m&ﬁl?ibm%rs]bhfﬁatér@tnﬁ%@es Of&df‘éf@
e formation 0

[ transi e‘é“ vol t gcurs 104
Aver QYRS Fg A Cﬂbﬁ el ga o wereegﬁpe@b?dl@ﬁm&ﬁ@w@mn of

V8D @aeid to 5ubviald ray 86 bal cﬂ d"fabi%ﬁuoﬂ {:\%Eé&g Qrhere eIectncal elements are
haracteri stic voltage | evel | ess than a

forme&?’éﬁ%@&% Witafol t age of the LED deV| ce 310 as a whole. As

{031] S Mesérhfed R SABESnRhis LReId ams B&Qﬁon\é %hteﬁ&g@SI') %ake‘?ﬁﬁs
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plOVldiEF‘ P dtedayies | hnpEmrrdvingidentons fwslormgm whbre MS@nnatena! is to
be proViIgg iy bo gasé&'gﬁ%’a%fﬁseth& inddh {1%}%33\{\%% Db B8 of VSD material that

|ncorforat|on 0 materi al, according to an
is to be pisddiiEstmeshart ¢d chanassanisiiesrand heliins efithodimpnsitionased; (iii)

ease ofj%\één(flﬁg 4199103)1’8&] HI%S\?% %%ﬂ‘rgggergﬁvang zzvﬁl&{% ntxeta?ur%s &pg Iga%tﬂg g().l'

rw se" con to an un ying Su
the ligthemitt R deeice.For ddtplnet daeribed védrantodiheatsarf FEGORE It may
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contacmm dies m&%tt]mrtchmiubﬁ@ dexdteofdicfiebgud, Bn siﬁ;h cbblextpﬂhb Pcations
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board dewg £ erod&e rhai/%ﬁé’s (&ﬂVES&aQHnaDW%%&es@lt%@tﬁdh%ce@s‘é@ ke VSD

I ur.s, theé/ Igg/er 415 gzlrﬁétst e curren
mater QREH 4 GO B GURIES 160 g husideads | g 1§ opgiample, the
VSD 1841024 ¥R Rrhder BN @ond RERE kb3 BhaV SErdsforRINo 4ikiRer SE MRS NS 112,

dditional role of acting as an adhesive or affixture
114 oy éh@oéﬁ“ﬁbetv\een the substrate 420 and the LED device

(032] 4X0cHrarvexEaRel sromsre VSD material have i nherent
adhesi ve propert| es. In such cases, the VSD | ayer 415

1033] prloght geatingdiafrsery Sneddndafiiels spittingyleyice that ¢re intEmate or
‘Oiller\ﬁ%\’lh&)@p&g‘@ ysid rﬂéclen:ﬁ | Feorind |t$ HRbd (ﬁt&@lﬁs R0 herein. This

nmbodi ment i n whi one o nor e devi ces are
sec‘uorrrﬁluﬁt% d@%erwtsmblgw@iﬁ@m@ of bglhemitug dioded téatem%gl ate or

t L.al.el under an
mcmell n% Wﬁ@ﬁ%&%}f% ven al?r.{eh r(])flth% lfl‘%gll nen t of FIG
[034] 5 FlG. %uk&ﬂlmdtf@dsql@manc bﬁcdbsltﬁmﬁlﬁng)dnsd@@nmwms 1E1Re VSD

AN ' D deyv escr i
R i R e e el N el
can berpayvideavie agy drayod muiﬂplés/ﬁ@nmhert Ioabor(ﬁgMSbehﬁyea‘n éi%ﬂjmenAshe
8A-: 8E, .t he

descriggg7 W t,h an (fg %

LED RGeS i e AR PO BE e e o BRSO

alteznaa'lvdgtltei Imaimneifeiream&s thaﬂ erhisdii gmg (s:g tigLhip) ETIRITERTD SoraftGhent
aces, that are ral.l ed with the VSD

210 m%$0&3§15111d EOH: mtegrate uit c}nf\)/ form m semi-conductor material,

including doped substrates and Iayered thicknesses of semiconductor compounds. Specific

materials for use in LEDs include silicon, gallium arsenide, gallium phosphide, aluminum

gallium arsenide, silicon carbide, sapphite, diamond, zinc selenide, aluminum nitride, and

indium gallium nitride,

[035]  In an embodiment, LED component 210 is configured to receive, under normal
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[46] Alternatively, the VSD material nmay be provided

i ndependent of the formation of other electrical

conmponents on the substrate 510. For exanple, VSD

mat eri al nay be provided on the substrate independent

wor200tme2if7or mati on of trace el enents, but couptedstha/tikm?

LED devices in a manner that enables the VSD nateri al

to ground those devices. [47] OLED DEVI CES W TH VSD
operatigA TRRIiNS, § AagjenCHS (GronmalrearrertiZd o) rad supphnedipot @ #/hen

Ing to

cctvalef b Thent e TED Ui b0 SR LRENAIES vaOGRIF N0
charactrais@rsidatermsioed bathetchmpad8on ol\de LED component.

2 / n uct r
1036] f(r?lg Zu ?rﬁgo’ld&}iggr gé@%%geqlaps tpﬁo%%de(r& guslcée%rgeg%o 1 ?)grﬁ g?yéﬁbﬁ}lgy 220
or othar Glrtidigre shah mjapotth‘éﬂs Lﬁﬂrmmrﬁaheneﬁhbfoﬂ ©amptc CBDreempes:nt 210

that eed t.h ion s eC| ion, of the
may b BRSS! Pl R e R leRRs Mqhfife PeTED
componentf2il guieldr el cabitiend) agi sneiie@R0 hhedicioven bicpertied B that

Dde cl.ude vari oys ers that
the nogT ! PES i PR PR L S ey, LR et Mires Gy
tr ans1ehf) @olﬂ@éh@ EsnelafedARg cisbhdhdEatactetibe WgMEECRVEA LD the VSD
s a stack of thicknesses or |ayers. In su

raateri gy () STREHor (he B S e R o Boh By B He b g e

state, BOVED rhAEHHL ?ﬁdwd@:@ a QRAnERA aRfredulitipThiaek oA R %%g ﬂow
conductor 6 rovides a cathode ternminal on t

230 regilfg. 1pstpHpe %ﬁ@&mdm&éf Qqt gEfke Vivd) luaré%alelﬁéwépb%ie@% The'

surge %%ﬁﬂ ééﬁse@%eyﬁ%ﬁ elfﬁn\(zweﬁﬁ) rﬁ%ﬁoe dl? e'?lgat@s £e0dyctive
Ol yne | ayer pOSl i oned J acen first

charac *@wﬂ@ge 19 of Hiso D) ma@ﬁ@ﬂ cmple‘,@d?@ m@egzem wethisvestipls| 2P r
I C
[037] ( ?}éﬁﬁgﬁ@_&% B&H.ALLACEED nlia‘?erfahﬁlays &S &H%gﬁ%&@lib&;o nrggén% or

or gani cemtter
more dy@igntién chugeatraiont lomﬂga,rthmklpr@ir sm‘@rnpeazéon & hiwe g ehar@oBistic

voitagg%taglg éf&gcﬁ@[l ?&d&@%esﬁﬁﬁéﬁg&aﬁﬁ?&b I cﬁ&?&%ﬂs% ISR W tRlvsp

tter onnec
materiglppdy @d;ekcoﬂeﬂ a‘g@: idssftiﬁaarthmlbmaddoﬁﬁ Roltddae dé thed Mo onngrnEoRal,

esul t m t he applied voltage
smhﬁtgg‘?ggﬁ n";nP 1i‘eu Fno Eﬂs‘,e%a%% orgar gl c enmitter 620 to
[038) eHIG. 3 ﬁkgil%ﬁ"ateshﬂa‘_(ﬂ) Hevicerorfidiosl tnf‘é:r[bﬂudeaf $iayeteriaf adGiing to
620 connect e h 8. e VSD
one orgSeE prEEgs b6 RHBT 6P oAtk ONHEHE LEPr Brite Al S hsslh

contaihbdey Bee itedn Bmeﬁﬁec( ént@a sEESae vetthdr deSice REOIUMREL Tthe LED
Rat her than being received b th drlv r 608 or heing

device&ilbm%ﬁs B FPB-GOREucklr SRIPRFENt 0 g o wve leads

312, 3 PEOPERSHdueNEUELds B€2, 334 glcﬁ[délénﬁﬁativh &1@@@1@5&%@% &ldhable a
agai nst_the surge. The  VSD nat er i al e structured

cmreﬂa@gqh%é?aﬂoash Qe rempent ORI CEDRHEIE. ‘}éﬂ weteralypproyged in

aforsnh@d&ﬁiSO(tM%ﬁﬁn&istbe%Wehﬁﬁk?@onb@ct?ﬁb faacpnductive) that is
| ess than the breakdown vol taa%ﬁe§ of the OLED device

[039] 610 onasgnbaignentHbe yamnpeb¥me snasiabindbe (amatin P duisbgively
small %1% ﬁlagigxg F%ﬁagﬁ{a %Oeprb\;idc%qaame%g % raltk% HInVaSIBthcz
embodinERbARmount of VSD matenal in formation 350 mcludes sufficient mass to
provide a base for supporting the leads 312, 314 in an affixed position.

[040]  Under normal operations, the formation 350 of VSD material may provide insulation
and structure to the leads. In the presence of a transient voltage that exceeds the characteristic
voltage level of the VSD composition in use, the formation 350 switches from being

dielectric to becoming conductive. In this formation, the formation 350 provides a conductive
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[52] FIG 7 illustrates a technique for formng a
light-emtting device that integrates VSD materi al,
under an enbodi ment of the invention. A nethod such as
described by FIG 7 may be used to form devices such
wasedEBs 7or ot her |ight-emtting conponents, penchaatimgps2
those that can be nounted onto a board or substrate to

po R0 LGP I lt A, DA PRSI ,  L220e

volta@d(ﬂﬁtuﬁl cal circuits and conponents usi ng VSD nat eri al

scrlb t he follow S, Pat ent
10411Ap Ep LR ?1%8 of Y8Poadtens GlaY;‘iaP%’oor%éﬁ?@%wmnd@wepum of

VSD @rﬁidriai B ahse, GhbilER M chb@EbN i §oRige W HhE: iYR0GaYe bicaRwn
chab le Dielectric Material," nani ng Lex Kosowsky

voltago 41 S0 AGEHE B0A= TSN 16 s heibR PIEAEhsE FEWe SPTevoLiapES
less 1&@916 @ﬁﬁ&g@l}?@ﬁ%@@@@i 945292 Patent No. 6,797, 145

(fo U. S. Patent Application No. 10/ 315, 496),
(042 | F&i 4dHua§@%9é%éEDgicvzzgﬁlzt igmpuetet iq freendetying bstrate or
platfdeRl f¥h ﬂﬂ inRlok At G f I‘J@ﬁ&ga’cé@&ll ta@&ﬁdﬁ?‘tc{ shaRlRidA g b e6 \/\;F] ric

Material,™ nam ng sowsk e I nventor; ich
mventign.gn é@ﬁpbmpmtomdqyﬁcem@mcmd@sem LEp géviesat li0chat ik 1Sounted or

Oﬂ‘;ﬂ'%% %%’599 nowa};bﬁ?s 8 #44?26 ‘?ﬁ’%LE}{) 'gieﬁlge o] 1%?"%6@%%{:1}11—

COHdW@WD&P@W&L Sltdzh&s p#kmﬂed batn oreghoed ﬁ&bﬁ&hxplsaayef of ‘é&D on

moreQMBVED L8 S T AR RR PR e G e i

[043]r eTJedemoendl Rotdigdrs, uheS’ﬁ@M layer 446t & diklectiio Iandiﬂd)es not affect

oer YRR3R rp b QG000 BEELS Byt ShebiS SRBL Ao

layex@Dﬁdﬁmtslth@cﬁ@ﬁpﬁﬁlﬁﬁﬁ@fr@ﬂdle@v&mmuﬂde to be provided.
anoynt.. of VSD e t hat be depqsited on.
084y Offigpeat g rﬁ’é‘f@ﬁ gkﬁd%‘*ﬁér‘&ﬁ 515 44t 1087 el Of pine
as an RBIREIOS Br '&fﬁﬁﬁﬁd RethanikaMgvebh HINRIRIMREN0 dndihe 1.OD dRicd QD)
mcrons in i ckness. 55] In a step 720, a_l ayer_ of

For expipple 5o 8’15 Bath SR pilsoiva eEppevies. [b A agss, the VSD

layer EIBS gloliabs arF@lde @XARRIRsivOROLAS BRITHD ABLRI418] My be
sited over the VSD material. [56] Step 730

{0451pr giﬁ deBustyiep a@qﬁ@rﬁéﬁo@éﬁwwhvé g getore g dedsnet on

mourdidd8o §w§&a@to€ othtNBuRAl LR} {:-lﬁﬁor%?( RORERL V&P ARSr l‘ﬁblu?ed

coincide in position wt he SUbSG uent fornatlon (0]
underegreenbed imeat @ﬂﬂbﬁ@ﬁ@@wnhlatan ambodimmenlgfpi§ s apubstiatsrid 0 gfctudes
nume?&ls %brﬁg&{eh& %ll :é‘i&(ﬂ?(ﬂﬁ e%etotrl?% ¢ LﬁDtdgw]c&cé Mdﬁs H& %1bed wuhgone
or mmythbeenﬁ@klgmnlw thetsbste®isyd atag hevqcxism of é’@[bn&emeh AtV kyer
520”)t gxs (rahgsrc];gﬁedd\gith a:{ %jlmbq%gnqg} OPIEIIGO %Aei%ie g erV§J$l naygrﬁ% may Mbe applied
as a seepho tirmengtothe ehaﬁ;:kalremyndn‘e aapipﬂzlng dirtudt didrgents and traces, that are

ndu v n er to patternit. [57] For
mtegllaﬁﬁﬁ(fm ﬂhgl &@ﬁ@éﬁ“g@éﬂ as described with one or

[046}”&[11@111@&{7@ tlaﬁbSﬁlnlimﬁI&maj Beproxides pde R BStha®ytmation of

coi nci.de wt re trace | eads,
otherEBr A POl Bt HONEES L F o BBt oR RSNy Pom
proviliddeon th@Qtbsedit hideR@delR vt 66 famBtidiPoRficP él@i«ﬁbﬁi@ Chut ERWRMES the

as .described with an enbodi ment of FIG 3, Tor
LED devasrp e myagyst thst etapiss thva{Plometerdl thgtoned Hwﬁ%%sceaf t he
[0471I m,hm DEVEONPOTENtvspAcREdi Aol vy, the patterning

ess may al so expose VSD material for subseg} uent

[048] Q@ew PR hedanantoRedr e da guinfdelate Wabanrgteal ith(Qlddbdevices.
Acco;ﬁmgsto ah Bﬁb@(ﬁh%ﬁfr 5}5 Gﬂﬁmxu@é(@(?ﬁ@plé@@'\@gﬁ mReELso B the VSD

material Is to expose
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10581 In step 740, the VSD material is triggered or
swtched frombeing dielectric to being conductive.
The VSD material may be applied a voltage that exceeds
the material's characteristic voltage |evel. This
Wollt el 7imy be applied either on the thi ckne§¥Uslvaq04s292
i ncl udes the VSD materi aI or in the portion of the
VSD mat.erial . In the

can C L h t
RUBRL bl LOBL ik NS 8LE ik % iR T B ebittr vivbgb
other dbsoniBDelasition |0a¢umages Iﬂ&tt capairt byeeat{oa. sgecifiatipRef the OMED.

ther as to ca t he, char eto

1049 R R b BBt 1B, Rnired Rl of Paererionie
inveitmndDist OVED §ehb8et mtreaymwlumaﬁeeg lﬁﬁﬁis 1h8t e BkB S8:% 1{eBt when

ducti vi t material in the
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yone of many processes may or med

ern.
mc*uf"a‘g aé%éﬁcv"q Rﬂlﬁfnéerﬂe@r Bositioned adiacenide thedt W@O@ductdné 14 (anode),
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non- conducti ve n one | ['ement at 1 on,

(cathaied A eiPRie PRGiep P BLBaKbY positiondddretiuetn laytver of otgvelc polymer 616,
A dn%éih‘ﬁ)@ 51%%6 c%%éﬁ {hg' ?tﬁé@ e%ﬁ%éléo%longllgm?ﬁta%g {Jgeeo% the emitter 620,

phot or esi st
in copnegider witly i appdied mitagﬂ diffefoB041 602. taticteea patviemional appl oach a

e USRI Lo SRR 05 SUBSIIHTES, IR

elmtgﬁﬁtlcles are charged and applied to the exposed
osof SOLP0RRLLRSHBY ok RS PBLLEN B Do 2Rl AL R0 S0 i
V8D m&irﬂkl}nﬂlﬁ pmdvxde grcmnsmg mexbyuxfeubﬂ@ﬁ gh ngextptaaecswwer(@g erdm

Still, e
even e Rt i i i risr BGP B singsisoctpistashe
stacklmédiea')lrfﬁy6h)$t1&0mwbmﬁles Borldb&ive O s@dune H e 48 kD de\nce 610

ticle solution, The solution nmay be a
againgighe fEecs E‘B%?ﬁﬁtnéafm P D S leigned ot paleciastit S@m ave.

chara&ibﬁstﬁﬁ@lt&é?e&&de@(lv&f'e # BRiteRE @%eﬁ%)éohcﬂﬁ tidend: A8 edSRnQhe
Ot her deposition teéchniques nay

bleaké?% Vel §£% Pé%”p%ﬁ”f%ﬁﬁ? i@ thad e dePd Becomemcansuetive AED

groundBiRrdedibe WIER i d&n%ﬂ%&&%ﬂd&%%&)ﬁ%ﬁﬁla& RratibRd), €xanpl e,
vacuum deposi ti on processes such as p yS|caI vapor
deposition (PVD) or chem cal vapor deposition (CVD)

[051}pm@§%mﬂ1%@Wlﬁf‘ﬁﬁD'}\mEﬁfp&' ntroduced into a

nmber to conbin as 1ons. The VSD material on
1052}t HEGsTBbsiraiese wehpidie fwﬁdenlog A tplotdniging dehaa/éla‘a['ltegl ates VSD

mater?a‘? ﬁg&ﬁ% a8l e&%@ﬁ%ﬁ%@fﬁh&?x n%v%t}{ m%glo[d sucgaf 8?%1 y 4]12‘/( ltél?% glmay

be us&?ﬁety fyen @pplw suhaplEDe oMSE):rm@heasmmﬁngamipbeerﬁa; ilfcaﬁﬁlgﬁlﬁcse
r 760, the non-co ctlve
that cﬁrh? rﬁ %edl og&ooeb 21[1‘(? x} ubsr{rdie%@ét WF’GSWP??QV% &FPﬁ

compaﬁnwo | eave the forned conductive elements. In one

nt.ation base so or_ wat er,

[053]; @33516 PR pr 212 PRt T eaisthiee] e HEuih g oawpagts
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DicledtheMatepial, T @dn@nyL bhK eaehkphdwele iadh Rl whieh tNEeontinuation of U.S.

light-emtting device. [64] Subsequent to renoving

t he photoresist |ayer, ong or nore enbodi nments provide

that a polishing step is perforned on the substrate

wth the forned electrical elenents. In one

enbodi ment, a chem cal nechanical polish is used to

polish the substrate. [65] The resulting substrate
includes electrical elenents with inherent ability to



ot her devices that include light-emtting devices, a
process such as described in FIG 7 nmay be used to
formtrace elenments that include the term nals and

| eads of the light-emtting device, as well as other
wel metaszical el enents and the interconnect el popoi®mosnisti?
ot her conponents on the substrate. In one

i npl enentation, for exanple, the substrate is forned,
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[072] In one inplenentation, ionic nmedia deposition is
perfornmed by way of an el ectroplating process. In the
el ectropl ati ng process, the substrate 810 is submerged
in an electrolytic solution, where ionic nedia from
WON8OBBEIti on bonds with the VSD material (whCThSiogs/him2e2
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[79] One or nore enbodi nents provide for LED substrate
to include an array of LED conponents that are
designed to be separated fromthe substrate and used
i ndividually, or in conmbination with other LEDs. [0801
worichgeermbodi nent s such as descri bed with Fl &1/848e08d 45292
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What is clainmed is: 1. Alight-emtting device

conpri si ng: a sem conduct or structure having

sem conductive organic nmaterial, the sem conduct or

structure providing a conponent that is structured to
wermog7dezight by carrying current between at | easusmos/io45292

first termnal and a second term nal ; an organic

ymer conposition conprising a conbi nation of
{071} clmrfmmwbﬁcranfbbbﬁ% S, conldcittestenparst8ite kreformddarvei the etyesed
truct
i PRNIBPRBORE PR3 B MBNSRS, A0 M ot
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f and [ of the
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[072] iR g Wal%%eel%npww %ﬁ@&@%osrt@e}é? PSTPHED BRI i on.
electroglatilNBro6aY. i1 BreQiectb@btglhrodthe GR) sﬁbstula% &or@@m@tge& 81 4k
i ode. . 3. The device of éla|n11 wherein t

eiecttﬂ%{y]ﬁﬁ%’ﬁ@% whered eiipEgdindion e sdniidivadt ik %\{Sé? pgferial 4,

(whichliB & AENHERivObtafe) Bl R SypoagEELIY deRReCR RO PARI. IARG) rbg@ﬁ%f
a first lead extending fromthe first termnal, and

this stepeeapctive awicaint #4945 Fymed oibs sehstan19.cnaiheay SD maprial 512
under! V0 e @bk h&: éi&ﬂ&f?ssértdo& ﬁe%t F}Haﬁ il E&ﬁﬁ B néﬁlﬁk dffhe

contact with first secon
conductive material 840,

[073] As described with an embodiment of FIG. 7, the underlying substrate 808 may be
formed from conductive material, such as a metal. Application of the voltage may occur at a
point of contact that coincides with the substrate 808, and not directly with the VSD material
812, For example, the voltage may be provided underneath the substrate 808. Such
application of voltage may be implemented to avoid, for example, linear (i.e. horizontal)
conductivity on the VSDM.

[074] As also described, the application of the voltage may be steady or pulsed.

[075] Alternative ionic media deposition processes may be performed. For example, as
described with an embodiment of FIG. 7, a powder coating process may be used to deposit
charged powder particles into the exposed regions defined by the pattern. Alternatively, an
electro-spray may force ionic media in a solution to bond and form electrical material in the
exposed regions defined by the pattern. Still further, other techniques, including any of the
vacuum deposition techniques described with an embodiment of FIG. 7 may be used.

[076] Inastep of FIG. 8E, the non-conductive layer 820 is removed and the conductive
elements 840 or polished or are otherwise reduced on the substrate to form some or ail of the
trace, leads and components of the LED substrate, The removal of the non-conductive layer
820 may be omitted in some applications where it is desirable to maintain a layer of such
material.

[077} TFIG. 8E illustrates how components and elements of an LED substrate may be

formed as a result of a process described, In an embodiment, the VSD material 812 is
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5. The device of claim 3, wherein the conponent is
provi ded on a substrate, and wherein the conposition
is provided with the substrate. .6. The device of
claimb5, wherein the material is provided on the
wsubetware to underlie any one or nore of (i pct/beonsn4s292
conponent fornmed fromthe sem conductor material, (ii)
the first termnal of the conponent, (iii) the second
integratest withand wileripeirase sisawat that,(fgrample; @sthe pesiityeand negative
[ I
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(o40) onenpt, cauys evice to er el t he
may "f‘éH‘gFTS’& Ear P’é%"i’lfg @3 3*&% gPﬁ}éer@Pw g%ﬁ ag ’8?P’ gereated
using feﬂ%ﬁfabﬁ@éﬁoﬁbt@ §E‘s9€(ﬂﬁia%|t§hio§e &h@@iﬁd@awecmha@ge 10. A
t-emtting device conpri

[079] s@fﬁ WIRRIE EREPITRERH Binife toreliy albéwp el g g hRPc

compdRehtS Flafhre aBGa RO RS bOpSTel BoRIThE subbigt athRBd ﬁldﬁ%ﬂaﬁ? oy in
is applied to the conponent; a conposition o

combigatiparivith Q¥earJ#Bs. provi ded with the seni conduct or
[080] CgﬁggEx?gédméxg%&ﬂqp@éstﬁ&g%ﬁpﬁ@r kAl S‘Eﬁ’anﬁ Sttt JQﬁIﬂhQ” of

r sem conductor parti cles,
application describe use of VSD material, one or more embodiments paovxde that different

compositions and formulations of VSD material for use on a single LED substrate. For
example, the application of VSD material 812 onto a substrate (FIG. 8 A) may include
application of multiple VSD material, each with a different composition. This allows the
design of the LED or LED substrate to utilize VSD materials with mechanical or electrical
characteristics that are best suited for a particular electrical component or element,

{081] While FIG. 8 A-FIG. 8E are specific to the creation of an LED or LED substrate, other
lighting components such as described with other embodiments of this application may be
created or formed in part through processes such as described iherein.

[082] Moreover, with regard to any of the embodiments described, the LED subsirate may
be multi-dimensional. For example, components for an LED substrate may be incorporated
on both sides of a substrate, and then conductively interconnected through use of one or more
vias. The creation of a conductive vias may be performed in any one of many conventional
techniques. Alternatively, one or more embodiments provide for formation of a viason a
substrate such as shown in embodiments of FIG. 8A-8E as follows: (i} drill or form a hole
809 that extends through the substrate 808 (FIG. 8A); (ii) when applying VSD material,
extend VSD material into the vias 809; (iii) when patterning the photoresist, form the pattern
so that a path is formed for conductive trace elements to extend to a boundary of the hole

809; (iv) perform ionic deposition so that the vias is surfaced with conductive material,
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wherein the conposition is structured to have a
characteristic of (i) being a dielectric in absence of
a voltage that exceeds a characteristic voltage |evel
of the conposition, and (ii) with application of the
woaleaget7exceedi ng t he characteri stic vol t agect/eyvebsss2ez
swtching into a conductor for only a duration in
whi ch the voltage is present,; ' wherein the
forming gapsvstivy awperstipneb vigs %ﬁeépdt @) tppas e REQACPSEdPsCTERANP f r om
e
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evi ce : ) e senlconductor
procese Syrfiormén plated aiagl# Bowing VISD nifteeialde déscubalingl afadetad), with

U.s. on [I‘gdg gﬂ?ﬂ?fﬁg %l&‘SS Hl% glafeg%g?&gl%ﬁée 11;1 |1t§ {1} rgtg' $HYF ue

at’corresp
applicdtivat , when applled to the conmponent, causes t he device
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osi [ i ed n ubs te on
ek ik dar Brate S B Raire e bl s O mi
extendd@ vorGectad smamym slelbeddrietlr ovbrall dormesi df Iﬂm"subﬁi ateS Bkhiso
e .the sem.conductor .c onent bstr.at e.
way, TRE L st PR TR AR GRS TR IES B
swrfacONPHIERIcoMPEhdAEes cRmchts Bat htdrddnialt vamdhal BPsONd
termnal . and wherein the conposition is in electrica

[084] 63WN§EPSM?Nh either or both of the first term nal and

[085] UHBLRBEANHAdseEINAL refedBiee (HNBe B8WINGSalcofdi@idd illBstrative, and
wher ein the conposition extends between and contacts a

Applicpptyssylaime slpuddopesha ipted footeiails f such Sluskedivsicbrdiment. Yarious
modlfi\%ﬁfb%‘ gnd \%ﬁgﬁ@ﬂ%t\iﬁn %d@%e flr[cﬂf@e& Q@th%%%@&lglehﬁ H@écﬁﬁéd inchufi ng the

device of claiml wherein the device further

comblmé!ﬂp of Bakires d@wbwgsepaﬁwlww@r @iffprenhidugshpoanbodanents
Accorcﬁﬁély' 19@ %t@ﬁ&eﬁ ik th@%ccﬁj@ hh%fm‘yegﬁm?@esdeﬁged by the following claims.

Furthermore, it is contemplated that a particular feature described either individually or as
part of an embodiment can be combined with other individually described features, or parts
of other embodiments, even if the other features and embodiments make no mentioned of the

particular feature.
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18. Alight-emtting device conprising: a stack
conprising a plurality of layers, the plurality of

| ayers including an organic light emtter |ayer;

a voltage switchable material (VSD) forned from an

What i9tB8heECispol ymer conposition conprising a conbination
of conductor and/or sem conductor particles, wherein

1. the f?toén\{{ﬂﬁ%g oc%lnéjg gJS coupled to the stack,
Stl c
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Fst {qranps ANy segong termy wi th application of the
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3. cdedisricewé claim 1, wherein the component is formed from a semiconductor
material,
4. The device of claim 3, wherein the component includes a first lead extending from the

first terminal, and a second lead extending from a second terminal, and wherein the
composition 1s positioned between and in contact with the first lead and the second lead.

5. The device of claim 3, wherein the component is provided on a substrate, and wherein
the composition is provided with the substrate.

6. The device of claim S, wherein the material is provided on the substrate to underlie
any one or more of (i) the component formed from the semiconductor material, (ii) the first
terminal of the component, (iii) the second terminal of the component, (iv) a first lead of the
first terminal, or (v) a second lead of the second terminal.

7. The device of claim 1, wherein the component is formed from an organic polymer.

8. The device of claim 1, wherein the composition is provided to contact any one or
more of (i) the semiconductor material, (ii) the first terminal of the component, (iii) the
second terminal of the component, (iv) a first lead extending from the first terminal, or (v) a
second lead extending from the second terminal.

9. The device of claim 1, wherein the device has a characteristic breakdown voltage,
corresponding to a minimum voeltage value that, when applied to the component, causes the
device to fail, and wherein the characteristic voltage value of the composition is less than the
characteristic breakdown voltage.

10. A light-emitting device comprising;

a semiconductor component having semiconductive organic material and configured
to emnit light when a current is applied to the component;

a composition of organic polymer provided with the semiconductor component, the
composition comprising a combination of conductor and/or semiconductor particles, and
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wherein the composition is structured to have a characteristic of (i) being a dielectric in
absence of a voltage that exceeds a characteristic voltage level of the composition, and (11)
with application of the voltage exceeding the characteristic voltage level, switching info a
conductor for only a duration in which the voltage is present;

wherein the composition is positioned to direct current away from the semiconductor
when the composition is conductive.

11.  The device of claim 10, wherein the semiconductor component is a diode.

12, The device of claim 10, wherein the device has a characteristic breakdown voltage
that corresponds to a minimum voltage value that, when applied to the component, causes the
device to fail, and wherein the characteristic voltage value of the composition is less than the
characteristic breakdown voltage.

13.  The device of claim 10, wherein the composition is applied on a substrate on which
the semiconductor component is mounted.

14. The device of claim 13, wherein the composition is used to adhere the semiconductor
component to the substrate,

15.  The device of claim 10, wherein the semiconductor component includes a first
terminal and a second terminal, and wherein the composition is in electrical contact with
either or both of the first terminal and the second terminal.

16.  The device of claim 15, wherein the composition extends between and contacts a first
lead extending from the first terminal, and a second lead extending from the second terminal.

17.  The device of claim 10, wherein the device further comprises a casing, and wherein
the composition is provided with or as part of the casing.

18. A light-emitting device comprising:

a stack comprising a plurality of layers, the plurality of layers including an organic
light emitter layer;

a voltage switchable material (VSD) formed from an organic polymer composition
comprising a combination of conductor and/or semiconductor particles, wherein the polymer
composition is coupled to the stack, wherein the VSD material is positioned to have a
characteristic of (i) being a dielectric in absence of a voltage that exceeds a characteristic
voltage level of the VSD material, and (i1) with application of the voltage exceeding the
characteristic voltage level, switching into a conductor for only a duration in which the
voltage is present;

wherein the VSD material is positioned to direct current away from the stack when in
the VSD material is conductive.

19. The device of claim 18, wherein the stack includes an anode terminal and a cathode
terminal on which a voltage differential is applied, and wherein the VSD material is provided
in connection with one or both of the terminals,

20. The device of claim 19, wherein the cathode terminal is provided on a driver, and
wherein the VSD material underlies the driver and directs current away from the stack when
made conductive.
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