A LI GHT- EM TTI NG DEVI CE USI NG VOLTAGE SW TCHABLE
DI ELECTRI C MATERI AL I nventor(s): Lex Kosowsky RELATED
WORRIZIOEATI ONS [ 001] This applications clai ms pPCOMISEON6/045292
to provisional U S. Patent Application No. 60/740, 961,
filed Novenmber 29, 2005, entitled "Light Emtting
Devices Wth ESD Characteristics,”" the aforenentioned
appl i cation bei ng hereby incorporated by reference in
its entirety. [002] This applications also clains
priority to provisional U S. Patent Application No.
60/ 739, 725, filed Novenber 22, 2005, entitled "RFID
Tag Using Voltage Switchable . Dielectric Material,"
the af orenenti oned application bei ng hereby
i ncorporated by reference in its entirety. TECHN CAL

ALE;EI{[EEW d opm -em tt | ng e EESZVSVWF/%{EBEE%]%@TRIC

specifically, enbodi menMVPATEREALbed herein include a
light-emtting device that integrates or incorporates
vol tage swi tchabl e di el Brtentert eri al . BACKGROUND

[004] Traditional lightin nech nlsns such as
i ncandescent | i ght - bul%€X %g replaced with nore
efficient and powerful Ilghtlng mechani snms, such as

LEDs and OLEDs. Wile newer |ighting mechani sns of fer
RELAVEAY AGRLAGATHANS t hey are al so nore expensi ve,

di |nc r se..of.. exotic
[001] rra"[{hflé ﬁﬂ‘aﬁhﬁza’c kré? F}?Igtyqv\‘%)? eSI%rllJaC %elfv%tt%% %pé)ggatl ;j\?o.
60/740,06 8, filed Nbvembet 200 DO, ehﬁde@l—‘&@g{tﬁnﬁlt’tﬁfg D&fiees With ESD

traditi o aI ghtj ng_nmechani sirs, and COLEDs. can
Charagfgripticgp é@@ﬁ%e@awped applicaiiempeing becr@w ©aPIOBHER bY Esference nits
entirefy? Particular, both organic and inorganic |ight

émtting devices, including the sem conductor chips
[002] arfdhispagip)icagicas akse @ldims priesty tdevivisienal &F.8. PatettlApplication No.

60733435 S B BB B R R Foac O LR

Diele@NEMa3ri2S $he 682 cAlen &l HpliEAFRBREL IferefBgl 1§@(§R§1%Ma)by reference

These devises are historically protecte zener
in its ¢fitisefEs or discrete solid state or pol yner surge
suppressors. BRI EF DESCRI PTI ON OF THE DRAW NGS

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 traditional lighting mechanisms, LEDs and
OLEDs 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
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[005] FIG 1 is a block diagramof a light-emtting

devi ce, configured to incorporate or integrate VSD
woab®rical71 according to enmbodi nents of the i nveariusemos/045292

[006] FIG 2 is a sinplified schematic of a

ght-em tting di ode, fl d.to |nclud
wansiqpi SR 47 Cle TR OVeh SE GHOSL G DFCHIRPERBRIL F%S@Wdoﬁm
dev1se§'al@ hlgtoflbilgisﬁrbﬁkfea vitth 2B @68dsCR-asethd Slidedhtt or pél?in'éﬂéhrge
D materi al, according to one or nore enbodi ments of

mmmehHS|nvent|on. [008] FIG 4 illustrates an LED device
that is nounted to an underlying substrate or
platform with the incorporation of VSD naterial,
according to an enbodi ment of the invention. [009]
FIG 5 illustrates another enbodi nent in which one or
nore LED devices are nounted to a substrate or other
multi-elenent platform in which VSD nmaterial is
i ncl uded, under an enbodi nent of the invention. [010]
FIG 6 illustrates an OLED device 610, configured
under an enbodi nent of the invention. [011] FIG 7
illustrates a technique for formng a light-emtting
device that integrates VSD nmaterial, under an
enbodi nent of the invention. [012] FIG 8A-FIG 8E
illustrate a process for formng an LED devi ce, '
according to one or nore enbodi nents of the
i nventi on. DETAI LED DESCRI PTI ON [ 013] Enbodi nents
descri bed herein provide fFtKe ul 3e of a voltage
swtchable dielectric material (VSD) nmaterial as part
of alight-emtting conponent, including LEDs and
OLEDs. VSD material nmay be provided as part of the
packagi ng, or integrated or conbined with electrica
conponents and el enents of such light-emtting device.
As provided with one or nore enbodi nents, the
integration of VSD material protects the
light-emtting device fromvoltage transients such as
el ectrostatic discharge (ESD) and el ectrica
overstress (ECS), as well as noisture, inpact and
ot her electrical or nechanical threats. [014]
Enbodi nents al so i ncl ude an apparatus desi gn and
techni que for safeguarding |ighting nmechani sns
(including LEDs and OLEDs) agai nst ESD events. In
particul ar, one or nore enbodi nents provide for use of
VSD material to shield an LED or OLED agai nst ESD
events.
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[015] Exanples of light-emtting devices that are
applicabl e to enbodi nents descri bed herein include
wOaBDF/0607EDs, or even |ighting rrechani sns t hat POTMIS2006/045292
fllanents [016] As used herein, "voltage sw tchable
: : : " «l'S any conposition, or

' F COTPOST = that has a characteristic
ctrl oncondu-¢+¥e~ upnl ess a vol tage

[003]; L’Iﬁﬁp% %éﬂ ‘iﬁ‘o‘ﬁf‘ﬁé“h%ﬁaelig PV HAE deviee saatigared to incorporate or
integrafday SI5 hidkdral 'a‘%céfx‘akﬂgatg%rﬂb%&ﬂen%fofttﬂ& ﬁjﬂsal i N whi ch

case the material becomes conducti ve. VSD
[006] nEI@r2 igla sirgplifief] swhemati¢ of alightsmittingtdiate, exdfmmdidig indlede VSD

ter| Iev such as provided by ESD
Inmm%@ %%ﬁﬁ '%éFﬁgnﬁﬂterlal in which case the

[007] VBIB. rmmlaaﬂraabs arsLEpméufee Ic@;ﬁigm/e%noﬂﬁélaaé ¥SDCRRteAhlS AcddRiing to
characterjzed as any material that can be

one opRgrefAradimenfs aEthg inmtionear resi stance materi al .

[ ] f age
[008] L P14 35 APt BB eGloc WAPM UL 1o AR PinB o Slal
platform,f witletledacaporatias ofVSD mattrialNiccodliyid, adtembddirbentd the

5,068,634, U S. Pat. No. 5,099,380, U S. Pat. No.
lnven%°1&42 263, U.S. Pat. No. 5,189,387, U S. Pat No.
009 5FI%§1% Phdiratdd arotifeR bB@:l—me'ﬁt
10091 (G, aicates anotlict em eneﬁiqghllélgﬁne %8%/5%9%?8%?
mounwa;to e @ubs@sr@md)th@ nmtdu@ﬂamdnt platfofmdhowhéch VEDematetiel is included,

tr " SURGX". [018] On mbodi ment
wnder b BRI SLts g, ot o al ¢ hat 1 ncl udos. 30 10

[010] 8PAG.iGiBUbtedt e an OLEDD deRict@Y0 CRRAHBER und @6 BY6JdANndRYF the

sem conductor. Exanples of insulative materials
inventigfe| ude but not limted to silicone pol ymers, epoxy,
p | 0 eR ol n
[011] Piéé e?”ﬁlggt a{/cés)sué[ ‘éégltuhéﬁe I‘fOYH’{%III%H[ gl?(eérn? gt‘fn§ @eg%%gﬂagc Xtegra?es VSD
material, Iundanaa edmm»dmﬂaat offhhamnmmtioﬁw de, zirconia oxide, and
of her a de insul ators. Exanples of conductj ve
[012] nﬁ%ﬁﬁanﬁﬁuﬁfcﬁ Téatﬁétpa¢°§8%ﬁ9éf9ra%ng:@b1p519 dexjcgnigearAing to one or
nune&h&&%het@%@t tgbatﬁﬁs st eel . Exanpl es of sem conductive
naterla inc ot h organlc and i norganic
sem conductors. Somne inorgani c sem conductors include
silicon, silicon carbide, boron nitride, alum num
nitride, nickel oxide, zinc oxide, and zinc sulfide.
Exanpl es of organic sem conductors include
pol y- 3- hexyl t hi ophene, pentacene, peryl ene, carbon
nanot ubes, and C60 full erenes. The specific
formul ati on and conposition nay be sel ected for
mechani cal and el ectrical properties that best suit
the particul ar application of the VSD material. [019]
Additionally, one or nore enbodi nent s i ncor porate VSD
mat erial onto an underlying substrate or board on
which a light-emtting device is provided. The VSD
material may al so
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be applied onto a substrate that is subsequently used

to formsone or all of the remaining device. lon
wdepodiceizon processes, such as el ectropl ati ng, POBUSE®6/045292

used to form conductive el enents on the substrate

DET%W,ﬁ'%Dﬁgﬁgﬁﬁﬁgﬁ?ter'al is in a conductive state. The

posttomtfg—atrd- confi gurati on of the conductive

[013] emEBﬂdhﬁeﬂm&esbﬁb&Eﬂleﬁ‘éh‘pY@Vﬂ@fﬁm@ ﬁ%lt&ébeswnchable dielectric
electrical leads, termnals (i.e. input or outputs

materigh/ 2 hertesahrspertiof e h@héﬁ@ﬂtlsg c¢raponent ipsleding éEDw anth OLEDs.
VSD fggtgﬂal%a)?%%%ﬁg‘&%{eﬁg gfp%cléaigglglolplgﬂ%e eépe& %%cg%ﬁ?cgwﬁh

electnpzﬂwmﬂﬁnéﬂmhndlﬁanaﬁ‘s ef St&ih light-bmiteag déwaek. @[s provided with one or
d.into. the _housing, internediate |ayer or

coJ. por at
more esRbA RS e WEFRAAT RV P18 Farittisbirataris the §iehiemighing deyice from
vl LS 02k OB BTN R sy i o
well asrapogstire) inipacisddtirelaegical ecmhedphizt] ﬂmpatsr ot her ion

t ocesses for for t.lve eI
(014] ERRg G A SERRE S G B R et setoguarding
llghtm'g@ﬂ&ihﬁﬁﬁﬁs i cRERSIL R Ml OLEDs) d’gaﬁﬁﬁEgﬂQQQﬁthfﬂ parficular, one or

Substrate is formed to i nclude a |ayer of VS
more giphaskiments pmvidefor ussf of \ESID saterial traghéelil ah LED pr OLEDexpainst ESD
over the layer of VSD material. The resistive nmateri al
is selectively renoved to forma pattern that exposes

[015] r Egmﬁpl&s of lifthentigtfigsdevices thay @€ abpladabled Ridbodith@faddseribed
to_underlie where conductive el enents of the

heremﬂfrlfgme bt Phe et ©en dightingmpehapismsdhat bupn §leenents.
[016] fe{g? ng%lmd%&n,( @ta%@gﬁﬁé%gfggrﬁ%%oa?n %ﬁre f?ngﬁgﬂ[‘atgg?ﬂf (I)SOEII 1y &%ﬁlgosmon
or compiinatioe of caghposigomsothaohert chamiceeistic cBbeingdielectivngaion-

cont S G SO SOTROTEIL, PO, QUL et o0

level of HERAMGAAL in(Whikh AL (REMafPRPbbRks Qénd%ﬁ% Thus VSD material is a
light-emtting conponent of the device. t’he

dielectpigfnkeshvolingt exensdingghe dhar@og@lsm lfa/pb(el ge ducth)ast prewded by ESD

hat exe eed he ¢ c vol,t age

events HABHARH & hE BlucFE IR RbichiGsd G BT sl B o ie. 9o
materi¥Q@ah a0 belcherasekisdd &t eﬁlylrﬁat@fmfﬂﬁa@@aﬂ Be EitAGerRA QS htnbAnear

so that conductive material bonds to the VSD nateri al .
resistanggiategialyl ts in the formation of conductive traces on

t f.fh §
017 D8 SAIA, 05158 pLEALS G AL 0Bl KBRS
are proVBinnnt&fenead:estsuc}LEiU d#h @aONeD4,987,3 8B SoP&NNb| £068,634, U S. Pat.

No. 5, QRPHD S Tk ooed ot Dt P%@N?Z358§“étﬁi¥@§ta5@sso 5,248,517,
U.S. PRI RbES 80735109 Wb@mm@céndtwd@ﬁ%é%' auogo{he

exanpl’e, ‘convent’i onal approaches have ong s
VSDM maferinlaty tortgspond toanatedal ESDudactred yunder thectaste nantehufut
« | ementing solutions that are expensive and/or
SUR%gpect scalability. In contrast,

[018] One or more embodiments provide for use of VSD material that includes 30 to 80%

events.

insulator, 0.1% to 70% conductor, and 0% to 70% semiconductor. Examples of insulative
materials include but not limited to silicone polymers, epoxy, polyimide, polyethylene,
polypropylene, polyphenylene oxide, polysulphone, solgel mateterials, creamers, silicone
dioxide, aluminum oxide, zirconia oxide, and other metal oxide insulators. Examples of

conductive materials include metals such as copper, aluminum, nickel, and stainless steel.

Page 4



enbodi nents descri bed herein enabl e scal abl e
i npl emrentation of VSD material into LED and CLED
wdeni7mesL71so as t o provi de i nherent protecti onPagaiSa®t/045292
ESD events. Furthernore, as described with enbodi nents
of FIG 7 and 8A-FIG 8E, the VSD material may be
Examplen ebsepgeendagiypiaterigtnelade beth oxgrisulnergapis S%lwonductors
fo
Some ngorl[ge{ngée/ gen?i mﬁ?‘%@%ﬁ in{cﬁ}élg Ssgﬁgn,%ﬁ%g%%\lﬁéd I‘Bgréﬁll ﬁf&@halum
nitride, piokkle cdxiidy) zinc @2 Rle, MR E\M@@Z@}}arxﬁﬂﬁ oflorgamiasdmhioakductors

includeipaBs BoFAIORHED ERGPace PTIS R P AIRIO PG ol (G0 glereres
The spe%m%ofghﬁﬁlrd{ﬁn ghd &Jiﬁpdsﬁib%r}hé}%b seﬁc%"fb?&eéi@&uda‘ﬂ GhdElB&tridal

t-emtting conponent I10 that carries current from
propertmn tham best stie the malicularzpplmaann ofithed{SI? exramrmél 114. The
[019] Al ent gaSS|0r} tgr%g‘ﬁ onens el\?%l_r) erba onpoanunderlymg
OO YR %%B?FF A

substrat%mbaﬁeﬂl whicHh fiioBe &ﬁfttnﬁ@ﬂ@ﬁde&lb roVidbdOThé VISUCHEeEs]l may also
For exanple, in the case of an LED, the conponent 110

be appliedypnisca suhsirale thatansubnguendy wed o Aypisas g1 all of the remaining
device. ﬁgrph%)%&?%ﬁt ?%pe?@%g esru'cﬁgéeleéfb ptﬁ?l?i a gbg ﬂge g‘glrm Q&ﬂﬁctwe

om or gani I'n c
elementSQinytHe substradfeevtileghé VSID ﬂhttﬂefi@l i€ ﬁmnecmlmbmiel@ataal?he positicchéng

of her, ki nds of copponents as For exanpl e, one or .
and configuEationob HrORHUCtHESIENIEHTAY ?eﬁe%(y i %090%%4%2%@ glectrical
leads, t&ﬁuﬁ'alg leaﬂgﬂt of (911: % Jnﬁ%é? XBhduetiVBER RS thdiate plBYIdRE with,

rticular spectrum when current
used bymrmraxp@dtedhnmu@mhg}[t&%}tm@@gendl ng on, for exarrpl e,

th of materials .used and/ ct
o201 SRS O P Sl b e
incorpo¥@éd intd thetld@siaaSiateyhiedistelifiRr bi SHlokRIFH ih bdifle 6MEPRARALon that is
corresponds to an LED, the emitted |ight may include
integrall qrghnnerqtqﬁﬁptaﬁgwﬁ@mng deyiext r um (e g. white, blue,
I
0211 A onefif onol§m kot Bl SR Bs WY § 5P B PR Wit g

electrolilhlﬁlgt tgh@fiondémisitidh paowdsseh lfchi‘(ibtimﬁg gsedhctioe elehgihtsi and
nponent 110, enbadi ments descri hed herei n_enabl eb t.he
compongals Q,f@ light smiiHBE EoYiee S Pusiratesr QST iruidicelt one embodiment, a

[
sbsrsfERLEST TARIER ISP/ ARRAR, SR i
providedewerthe 18@r of N8Il mgletialehe tasisgve m:tr:ma_bmtsetbmvem;ﬁnwed to
form » Bt BithentosSs Toaionn Bt ok et Gt ieRBfhlowtions figh are o

underli€ wm%rb%aau&ﬂv@ eletndi tﬂ@ﬁgmnﬁ&u@mewe ake HURSHIASE 1d 8re
or other platform w th conductive "is interconnecting

embodintest, deay cmeremmdtto apy heg oEoiecd: éhqafOélowm (Witherleads and/or
termmaisg%n? ?%g#] If ggtltglﬁgzslé %%rtgg%ne mg?agtrlﬂ:a %éé%g%lin\é?t boe':tween the lighting

compor®®¥hdl6ther elements on the substrate, or between elements of the hghtmg

component, (ii) the semiconductor or other light-emitting component of the device. Once the
pattern is formed, a voltage is applied to the substrate that exceeds the characteristic voltage
of the VSD material. Concurrently with applying the voltage, the substrate is exposed to ionic
deposition so that conductive material bonds to the VSD material. This results in the
formation of conductive traces on the substrate where at least a portion of the pattern is

provided. ~ R
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that the light-emtting conponent 110 is included
wtfnra casing 124. Structures (including nenbers or
woheo7mdbigirat e 122) may affix the |ight-em tti RQT/US2006/045292

conmponent 110 to the casing 124, -and the casing 124

may be translucent aqr jnclude transl ucent sections.
wzz) gy amqusmﬁgne%ﬂ@saﬂbwer@ﬁ arply gl axptarial ngLEQm@ér{MD

Hﬂﬁh td

dev1ce§1%%n9?l¥ ak}Sblﬁ’é' gsg:%lgl %t%:c}mﬁq[uhttgn f r%@t‘glrez%{%i?& %E]ﬁ_g%{éclf?D/OLED
devices lnrehdmeghheremn ESD prpteldion cWithGespeetyto héshi-brighieesk (EJEHDsofor @arample,

and i hcl.ude, | ead t extend from / out
converfignak B ac R FAvs lope et AORDE By i jrBdleisly epsiiy Shlgast
withouB 1| SEn N R bnk ¢ M@&ﬂsﬁteeand/%rtaﬁfea%m&ﬂnyy i B@ntrast
| ight em tting conponent 110 nmay be provided ‘as part

embodigghengs é@b@b@@elamabiaycalm ipeidepeationceinydRenaterial [igo JED

and OL8 Beli 74T 8 0 EERBAAERbcBlof biind RSP RSl Pithermore, o
describeB tngthi ea;hbddameﬂﬁg of RI@.JF @ide8A-FIE R, e VB gedfinaytharce
positions 132-140 are representative of other |ike

mcorpcﬁé@ﬂtﬂiﬂ@ AT Aeviesiand subsiraten do HampyRandifasititaie thermeyrufagtising of
such déWée%‘r\Bvﬂibef Qﬂth@@éin@fﬁﬁ%%rd\ﬁ&i %hﬂm‘é?ént RSB frbRBdP2- 140 1S

e to a cations represented by that
[023] o@é/RRMIEWons According to one errbodl nment , VSD

[024] ngt(g;: | ébéll@glgﬂ‘{o %tloadlgﬁ?) -\ggéqrtllpé %w%%\goﬁ urgg g incorporate or

1ntegra¥@@§b'rﬂ£&1al%§@of@ﬁ§fo‘ eﬂboﬁﬁﬂerﬁ@oﬁﬁ@%ﬁéﬁﬁo& A H@\h@@[@ i%gludes a
conductive channels 116 8 (e.qg. traces, le

hght-emrtan@sqmpmt éla émlcam@scmlmet ﬁr@nmnnallestemmal 1124t0 anroutlet
. r enbodi ment ned.,.o
terminfi 134 e SRRAF pARBlrng P SRS, TRt HC 505 ogtient
The coBpoh&R 126 @iyt doyniRed bf @ffededdmadSiaRandlok efri@tdey &FoRlexample,
additional variation, VSD material may be provi ded

in the qapq of atHeE et cemponenif 19 sesbr Sermaddiime gan pagiobany possible

6
R T e S e B
materidls, gintluding polyngr< i dighémittify cc{nﬁ}ﬁﬂl]entﬁbl O&na;airtchlde atliey &inds of

or addit to enpodi nments in_which t mat.eri al
compopgnty %ﬁ‘@@l:l o XD Bt i dto e PROBHERHS SotDes) BRI B
1mp1enfeﬂf98%ea[‘ﬁﬁmeﬁ{‘ﬁ)r&%d TBhLe o RE At RN it PHAKY IS dillatight e a
D material 1s integrated or conbined into nechani cal
parnculaonmtmm svhon cawpaios passéd thhmigievi ce 100. Position 138

r esent s e incl on of . VS ter applied.on
0251 | DRAGHEM P, riCetaiig $hePnd b mieuth b DayGBhe piesfiE ofthe
compohd1R |1 SOERAE SpdcBim dfhiBe slﬁm%aslghm 0£r tmethys&erwm@é thRllight-

may i ncl ude favorabl e mechani ca aracteristics (e.g.
emlttmgucgmpm;nt cptresponey tofarLEID.ghe emitted ltglhén@ﬁsmqh@deﬂght om the

B R T

infrared, 2@ar-Allttaeioha). i veI y, the VSD material may be included

in structures that affix the device 100 to the casin
[026] 1 Rggardless of the type of material and structure used for lighting component™110,

embodiments described herein enable the device as a whole to better sustain transient
electrical voltages and events as a result of the inclusion of VSD material.

[027] In order to form the device 100, the light-emitting component 110 may be provided
in one of alternative operational environments. In one implementation, light-emitting
component 110 is provided on an optional substrate 122 or other platform, with conductive

ts interconnecting the device 100 to other devices provided with or mounted
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[030] As an alternative or addition to use of casing
124, the device 100 may be nounted onto the substrate
wa27/0bm7one i npl enent ation, substrate 122 mayPCT/US2006/045292
i ncorporate the device as part of a nuch | arger
system such as on a printed circuit board or
o the W@ﬁtﬁ@? esagaltespasive oa neditiom! fegurbeonealr atdre ﬁhpleﬁfm’[altmns provide

that g MR Ay o BBt L 3 BB iR HShhe o Visueies Cagiing

membar§ of ﬂne sWSRateRl XY) indly dffix ﬂﬁqﬁght-%%h? @(‘Smﬁt\lﬁeﬁilt ?Y%&ﬂﬁe casing 124,
ubstrate 122. For exa eri al
and fhf‘a‘ﬁ?ﬁ%”igel& &ayzbg %}mw inghedegtansiveent sectiams d@s sxdl oether

r pli.c f VSD
Vana’aér/rﬁi51 tt%rl%? eﬁﬁttlgg 08%@%)?%{%?5;&13&9 tl))g% gedaég g st?x?g cing SHpefre. For
examp}pr acdssikderith et embodiamht ﬁllﬁ@eﬂtdﬁe agl‘rt-érﬁftﬂiﬁ@gidémcé e tmay bein

b f
the tor B b O e s eSS ornsia s 1ot e
LED tcﬂtﬁMbl’éQhé—QQU"EB)beVsﬁfﬁce 1ORRE AR Ahib f@l&e&x%ﬁ%pa helight emitting

where VSD material is to be provi
componegt fl b9 may hgtprovidédinsepart il snlhﬁradj@mdmdy anmmmﬂoefr cM@Ponents.

0 b hani cal
28] SR B ORh elebalifoaifal T dobesdonsdSedoemeronposie
locatiofd Whére 8&SEnaferias 6AMY Htdehtd GRS RO HE¥ES 900, IE@nc\é%Bsﬂno s 132-140
mat erj al ; andglv) t he medi um or applcatlonfo ﬁ

are reP’ie?@}ﬁ%UVérﬁf other ke positiens qraegiensaanthe device, didscossidbed \ASDhnatenal
at any Vt%pl%g{‘;gdﬁag letlgrl F%Qt ?@ i%":zip%lllctap éaﬁfag fcl tg(l)r?égppﬁesen%e%
that on@pthrlscAbcdrdﬂagso onoahbadimenty V8D @ndriol MY be 9ftﬂzﬁl‘e(i'vb’1ﬁ1 the

n of acir t board, In such context, t
o AT Pl A st

combinB®Y¥r HegP4ied %&%H@iﬁ@ﬁ’re % thnkR17Bd ?ragésr feggtgragl%%rtgat
usi ng a pr ocess t hat Ies on
extend g thetterofinals ¢ h2,prldc ds amﬁhertehé)omnmav SD mAteMynetyeoe combined

or integ L PHELAE b o U SR A s sagpsemes by pesion 134, As

an altern@th@ e bilditiohdl agatiéd) MSTE RiafeBs PR bE Broviiddaskit
terminals 112, 114 or |eads 116 Qfl gr [032]118?1 Fice 100 at

locatlorﬁlwmqqqq@dmy(ygggm[nggg? Ali syl lqgnﬁlQItS; hg V13 degerial enayrbe

il AT MRS b SR O

[029] ehbmﬂalmmts/e@eaddhhbﬁd) smbadimentd i whithahé YD ﬂnhﬂéﬁﬁlﬁ@‘hﬁ@grated
mentations of light-emtting diodes

o comlil?m%?]; ity E‘@@?‘E?@?Weﬁtﬁ Bt PRERRANENIYSIerfa eqTe mbodiseenttipragide that
the VSIH ﬁla%f’fﬁpghﬁ@égfa%ecﬂfr &)Hﬁm#eﬂ\{ﬁ@%%ﬂamgﬂ%ﬂn h%ﬁts ér 53?36&3 of the

n? fied Schematic o emtt
device ]d)@ PsilioretB & wprasettsithe lhﬁﬁ)slmabﬁVSBImatmﬁﬂeﬂ)pr on or as part of the

oo TR o A o PSR e
may incRRifH\@a628 inelharfid chardétakdtRE fe.o. bidRy, $ERED) B Wsust Dthe
casing 124. Thus, for example, the VSD material may form part of a shell that encapsulates
the light-emitting component 120. Alternatively, the VSD material may be included in
structures that affix the device 100 to the casing 124.

[030]  Asan alternative or addition to use of casing 124, the device 100 may be mounted
onto the substrate 122. In one implementation, substrate 122 may incorporate the device as
part of a much larger system, such as on a printed circuit board or motherboard.

substrate 122 may be relatively small, such as the size to isolate a singe
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LED conponent 210 may be a sel f-contai ned device (e.qg.
wo Mhids2ifansl ucent housing), or alternatively pdiass2006/045292
portion of the device that emts light (e.g. the
ch| p) The LED conponent 210 may correspond to an
grated circuit chip, formed from sem -conductor

device rlfﬁ‘? & Palaray RElkIAGYCs dH8 Pasitivnt Qresresents ysaypéiteedVSD material
0
in locaﬁ(gﬂsctirﬁ{&gﬁigﬂ ?fe Sggﬁ.}aﬁe E% %Exoéx %wiﬁuggegﬁ?ﬁfa Ib% gpplied as a
layer ovgrdbeisubstratgahé desoripddbsith |ode or mbwbthamngﬁidimm application of
i de, con .car bi )hire, dianond, z]nc

vSD H@@@ﬂf%ﬂbﬂrﬁﬁ]ﬂ?ﬁm%%& Abrigation AEca WA Flsfitical elements are
formedtint thé Q@ostr'ate[ 035] In an enbodi ment, LED conponent 210
is configured to receive, under nornaloperatlng
[031] cAadpesaribad Wlth esahodinent 0BFIC. i pthedbcations where MSD )naamixl is
Vol t 116, ctj vat t he .cur
proviadilBt kBt ROt Sary LEmhiRGho B gt b Bt is to
be prox@&@iﬁﬁ@i B¢ baskdl 68 2418 HiH: RRIRY (i ng 118 desiraRohdun®Bf IR menal that
onent. [036] In an enbodi nent, VSD material is
is to bew%@u(t}b em@mé%lwhar@ﬂeagth@and qudlities ofi Bretqomnesitipg used; (iii)

ease of %Es}%ﬁ‘[b )(i ] #{Q&BE%BBQ ale V§B e one %Jté’fl’aét 4}1% );i'\glgnecr% e@rt ap 3 écatlon for

the hgh$-l@hmlt1|3gtdev1t:bldztor Iemmﬁplepdsrtbsérﬂ)edwhth @i&lﬁ)c&m@ﬁ@ @FFIG 8A-8E, it may
in e LED.conmponent. 210. Under norma

be benqtity P%g%égflﬁ?éer&} BSPAoEa plafing axocensdp deret plgctrical loads,

contact$, r\ﬁ’é&%ﬁ'cﬁl%r cofdchit efeﬁﬁnﬁ%’f%kro&\:’ bo&8  m&ton e}}‘toﬁ)% FGtions

su pply r uni nped , however, a surge
for terminglp 4 il%,nltl)4 mdle@@glel 6i sl ngar bap@dddiﬁahn@bmxdddﬁned]en the circuit
| evel

he
board u§AB &bt Bl 47t VM A PN o6 Benges. e Fp

material 012§l b6 ite Srated Wit e QRS | VE 134 3rQeads Ne6 MR, P'Bltéefahfﬂle the
provi des a ground for the resultlng current flow

VSD m@t@rlglem@b uﬂ@ﬂjbe eonsiHctPaoiracss thiat eorrgsppngstoreithenef the eenmnals 112,

%up]$| geffect of the VSD material in the substrate
ll4or%g he surge voltage that causes the voltage flow

[032] ZBE}M‘E}EMHWY}DHDIDESe that is above a characteristic
fﬂgg elev of the VSD nmaterial  applied or
[033] Efaicee iodss curBat Kiad of a@t enpigigrg| dexice fhat gam infegsein oF

otherwiSSRREIHTRIL VSYIRIERAE Eéc%k %ﬁlg@tﬁﬁlgﬁtts 4e 1b'é{f [lgllégp TRIY

one or nore of quantl ty, rati on oca
section ilhistrkise diffapent gopjsomintations 0ﬁ1gm»¢mmng idéudas thet lrﬁégra:te or

. I it th t end se. Thus, for

incorpolife, YSPEmSttal greGraiBe it FEboBngBe ChYE B1etRE: D

[034] nEICERiigh siifRE ssiineaiced atliphbemiigss didaa rbo&lﬁgm*%a%l keawR vsD
vol tage of the LED conponent 210, So t hat t

materiah gag farmbadimer of theanventmnalmwn@sﬂ»oéuemt of F383, arILED 210

e B R S N S SR,
LED colrrrpbﬁélitlz;m mdyi’bwsdifﬂl&ﬁﬁalﬂahdawdeli@gdﬁith &Rndd&bnit f—lousmg) or

J(yschont aj ned so that it can mount ed ont o
alternatiygfyetfip gpRIoBIO @%qféeww@éw@antsélgm (cufritivoaiei). Thel EErpomponent

210 may correspond to an integrated circuit chip, formed from semi-conductor material,

including doped substrates and layered thicknesses of semiconductor compounds. Specific
materials for use in LEDs include silicon, gallium arsenide, gallium phosphide, aluminum
gallium arsenide, silicon carbide, sapphire, diamond, zinc selenide, aluminum nitride, and
indium gallium nitride. ;

[035] Inan embodiment, LED component 210 is configured to receive, under normal
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devi ce 310 includes a sem -conductor conponent 320, a
housi ng 330, and conductive |eads 312, 314. The
woanmdweti7ve | eads 312, 314 provide a negative BAWUS2006/045292
positive termnal to enable a current medium through
the conponent 320. In an enbodi nent, VSD material is
Operatipg gomnciaens, A currﬁlﬁrZiét(TmmnaB@mmailsé’xmmpuewme 186.0When

e PBORE G2 ford MLy RO GRS ™

charactesibtidsideetripirsedtyl the Sémpddiont dTehd pmeuoh%néﬁo provi des
relatively little structural suppor I n anot her
[036] eﬁ%%?IﬁJ imept, & Shpateriabis erﬂﬁwlpmatmqr af perraf p owbstrate 220
inel of t 9 vide a, b
o S LD B0 L Bfgpen 210

may be[ 10d@jted ol e subumamsthammemhnmmuttipee ¢lements, iacludkg tid LED
| ati on and structure to

t d
compoysr 2T BITHAC? pef i Bttt i Sbociia 2%9113,45&»@ eagfpeperin o
the nor@XCageSNt NS akd3s18GE @ﬁﬁpﬂ QP6 XI@'L{nﬁHﬁedg s’vvl A Vrep% SUge (or

CorT'pOSItI on I n use, fornmati on e§ fr
transienfp volipgaiin genseaietlithal weedsnhe tliasadtaristimtvolinge lehe of the VSD

i RSP ASR OF 0580.2 SAOFLTH bR RaPB e Sheive
state, thet 8D tolverti] PRGVi@Rta MOhiPBE t&%ﬁﬂﬁn% Skt f1508 AT QESBIJ1@Be flow

f VSD materi al based on 1he conposition
230 resﬁg%l /”g strahpg Hic Spungars ?é%@f e VISP mstsrial m:ﬂhg dubsafate 220. The

surge VSR@greacﬁét%ra{lscets 'tﬁ:e \\l'cﬁjcaggl 98#62%{)%}1 hat, oéta§%§h§ %%%? o

br eakdown vol tage devi

charact@sstisuokiage h&elp)f&h@ﬁSB m:iteﬂ:il@ppﬁe’m& B Fra\léﬂ Wl GubstraleSDD.
042] FIG 4

I i kel. he LED device 310.
037§ Bt o8t it D iarl o patsefueed tah any one or
more oftdifAgtityy b&&eﬁﬁ‘ﬁ’cﬁr{ ﬁkﬁtl&{ ﬂﬂl:@e%é){){@o rgﬁlo‘hq have a characteristic

i ncor por ati on of material, acc
voltage spisade fasrike mfcelldhé usen {F bng, iforexahple thee:thiamdtelmm yolaage of the VSD

e, B 00 REAMER B SRASIE SR ATBL L UL

so that th @ HOEEbreipotieaewil LAoti ¢ @S SESD $64H;, conduct or
such as provided by an integrated circuit

onent
[038] c‘ﬁg3 lugteptesandsE Ly deyipmeantigured ty i udey ¥8D 4uddridlsaccording to

os o BERRELORE TN SR S el ot S
containddbsa thatait darebemibunted amd adobsrai©bdr @héededyiRne iaihehs. Phe LED

d iﬁ; HE devi ce 410. When an ESD or other electrical
evice L Vdpeludes segni-qopduajesrsomppagnt 328, ahousings3 30 andegndapiive leads

312, 314 e8¢l doh B thve 9 ds Be2 eMe oﬁ@e\:/%%@#b%@ %ﬁé&m&@teﬁﬂmtahto enable a

enbodi nent, the underl serve
current agdiun tieuehrtbe eomporot 32&3 Imsn anbatﬁi‘neat WS matdrfal Htpdswded in

t he ubstr d the LED device
a forma ggﬂ%ﬁa{%&g@éﬁbgpw?aﬁﬁ ttg? ‘19 e i nherent
[039] ddlbas exBoRnRREth SBourt Bf VS MERAESIn thd'forMalon 350 is relatively

small, so that the formation 350 provides relatively little structural support. In another

embodiment, the amount of VSD material in formation 350 includes 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

ming conductive. In this formation, the formation 350 provides a conductive
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| ayer 415 provides an underlying adhesive |ayer to the
LED device 410. [045] FIG 5 illustrates another

wenhwdsment i n which one or nore LED devi ces aPeT/US2006/045292
mounted to a substrate or other nulti-el enent

ps B 10 RS Bk AT 3 e

voltagé,ocangubstrate 510 i ncl udes numerous conponents 512,
ncl udi ng one or nore LED devices 514. As descri bed
[041] v ?h? forraatinn 3k of O8I enatesinh owy nleased on th@ecosrummataadm@mount of

V5D B L S A 554 B2

voltage [aflj dre LEﬂDldBﬂye BEO aepap’wlhelél Ag swchS fheﬂarésté?éd)?ﬂfh@ &taﬁﬁlélﬁ g/oltage is
n

tess it fudanvi be BFD Uekiceqt 1y conbi nod vi t he{rﬁg VsD

[042] ”BFI@' u@ilus%l%%s b%ﬁi d@xh&é?{h%‘s 'rr}’o%!nﬁed t?or ufe aﬂﬁ%g& isfhae or

provi ded | ndependent o
platfoml ewth ihc amcocrmrpbmteuﬁ ‘éSBnnattetmlwbmtlngte ah BhboBtment of the

mat er.i al d, on t substrate
inventfoiE B e ermbRetsp R o fiss ALY ingfuoft & FEBredite tdfdet Foomicd or
otherviiSdgtnaectt@td Auldely g \subfitd @OaTH@ nRey dévlf@t4l%riﬁah§e°s 2 semi-
the VSD material to ground those devices. [047]

condugspy/ P TESWETH SYSCANITEREADY froi@erand cigeuinahip fb&dy@dofr‘éﬁDs

158 D586 35 SRR SR L Do 410 e e

[043] c ammee domcawaﬁmttaﬁg ItheaVSBM lap@t4 1518 o MRRRC &RIEHES ot affect
fromthe OLED device in the presence of

operatips Al LIS éPYlﬁ@é&O aNberoAHETD ap Aterelectardeveniceseurs, the VSD

I speci fication of
layer 13 GG IR St B tos e Bfom 1€ PR EIRRARPED) v ice 010,

[044] cdnfah gmbedimendehe andeelyhtng&B nayep# 15 bervesnthe nddidonal Téie of acting

s an (R G ALECRs Peni arren e Pt e DY e Ehpsgive 410.

For exhth@led@fh@VS]j MaRAel 188 dterBRhdhdse pAGIEHER. BlQich cases, the VSD
onpri ses a stack of thicknesses or layers. In such

layer 4§t5 Pevides oy mlﬁ@rlrma@db@t@d@ye@ tnthediEIp devide ﬁalQ}Vl des an

045 2394088 U0 LB L 55

mounteditd e(ﬁubtsﬂﬁﬁe ot athlér mﬁhﬁel&hﬁﬁ%lhﬂﬁﬁhﬂ e GhneV S0 nﬁH@éxﬁl is included,
conduct.i ve polyner ayers 616, including a conductive

under Hoehedimentefithe myeptiorh @aaragpb@cgmpn& of Klfge 553 pubstrate 510 includes
numer WioREntS 542 Qg&ﬁgﬁg oné ij B%W%QQSJHF tA'g\lja%ts eé'%g{h one

ayer "positione cent e second” con
or mor(s @ﬂteh emb))dmihmts; ﬂ@a;ubstrm I(I may Ba@ afayeref RIS Irrtatémﬂi ¢“VSD layer

520°). ARy eEe el e ORboanio e cHATIE i GED 6t $30 sty hsiapplied
asa sté}ﬂ@ féh“hﬁngt)tﬁet‘ Ble8fichi &EmbZY mdl Ogg @%&gf 18R e bfld 8ces, tth are

i ed vol ta&l’(‘e3 di fferential er a conventi oha
mtegraélm@r)mbmdvaﬂc N magsgial $2Chg from t he applied vol tage

[046] %I{en?atﬁrn y, ame \@Qﬁ nieral mayqae proxggend ﬁldglggntdtenetrof%%eofo&r%ation of

other electrical components on the substrate 510. For example, VSD material may be

provided on the substrate independent of the formation of trace elements, but coupled to the
LED devices in a manner that enables the VSD material to ground those devices.

[047] OLED DEVICESWITH VSD MATERIAL

[048] One or more embodiments incorporate or integrate VSD material with OLED devices.

According to an embodiment, an OLED device is coupled to VSD material so that the VSD
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emt light. [050] In an enbodinent, a |ayer of VSD
material 620 is connected to the driver 608. The VSD
waorb@rocal7i may provi de groundi ng when current f POMUSZ006/045292
unexpected source (e.g. ESD event) is encountered.
ther than being received by .the driver 608 or being
can Ccl?]i%}‘%tc‘t“ér&n‘i ¥ o7 the égbﬁdgvmén theapesser of tansipgtyoltages and
other BSfPNBSCI&RHEH SEddtRnc AN Atk e biGatdFDERtAS
ra ai nst thé suuge. %he %SD nate??gﬁanay ge s?gﬁ%@ﬁr%QPED'
[049] dEKG.grilldsteatessml @EEBdlevize 1940.acoafighad anderansnimdirnéit ag ehe

vkt She 01158 e, B SRR BEheS RGBS e
currerf® 1passadl thivaih tHiedeVide. hesRBRaHoaANEH Cthe MEviddd1 BESQHRERS a stack of

.. the device before it can breakdown or becone

thicknggsgs enleyersi [9sarh a pogk|2 Detvraspaextvardetpn Gl #iprygdes an anode
: [ t Lgue f.or .

e e e o e b I bRy B SERBR A l Rgyrminat on
the otlnatend ofithe stackiEFhengtacdkribeldieseint od fndrd oriduegvd lbcﬂgmeﬂa%fers 616,
. [ h
motud 7 SRR ket ol a0 g oy £ fghduetor 614 (amodo),

d a §RBROB&THStivd ' i ‘
o aboard or gﬁﬁggggﬁgﬂ%%mﬁgegﬁP%?éﬁg%ﬁﬂgﬁﬁ?§?¥§H§§%ﬁ£&96?5
(cathodeh én wganioersittes 620 0B be Gositivrdd hetweai lgyes of organic polymer 616.

. el ropkatin formn ectrical circuifs a )
A ariGy B A0 b S oifef oo Rl bl <ice R coblsp b s S emiver 620,
in conh@tioBWiftGin dppBed PalRdiARBhEA 802 And¥ a cdNibnA2Pproach, a
filed Septenber 14, 2004, entitled "Current Carrying
currentyesyiing fom Hierwgplies voligee Sifferatiabb@ @ivetsethe prganic emitter 620 to
mnﬁlgﬁgerial," nam ng Lex Kosowsky as sol e inventor; which
'S a continuation of U S Patent No. 6,797, 145
[050] (Encanreenbodirhbis, a BaéwsttV D plateil 620isNOnnddéBtbThd 86yer 608. The
filed on Decenber 9, 2002 and entitled "Current
VSD reaferisimgy movide grpunding Weenareagikom g ramspsictedmorrce e.gi BSD
eve Qr. 1
vent) YobRolR¥ered. R%%aﬁ?éﬂé%&%ﬁ???ﬁ?ﬁ%%g‘%& 608 %E Bél&é g}r@ﬁé& Bt the

is a continuation o I cation
stack @aheQLERPI0, tet VD bhioom&9/o481tB8 2andf growisahe SBEENDstice 610

ot PO PR S oo T
characfigts tolabe 129 Bvh@B & SHRhEXD ib@ﬁl%ﬁ:OfNil!lGﬁQ’E) {#hBEis less than the

af or enent’i oned aﬁ)l i cations are hereby incorporated by
breakdopmetoliageof the Qléf dedepeld, s thabthei VD pedamesaionductive and

Agcorn di a step 710..VSD materi al
o QL0385 R ATRRUI o Beduft B TBosalEE,
conductive conmponents and el enents are to be provided.

Eﬁg unt _of VSD material that may be deposited on
[051] 'Vﬁﬁg§93§@@TH§§ﬁvggﬁéﬁﬂﬁh@“EﬁRﬂﬂi appl i cation of the
[052] PFRSeARuSER& d Qgtggglgeafag Porhdi P REAER R dBEMaifed@0Q veD

mcrons in thic
material, under an embodiment of the invention. A method such as described by FIG. 7 may

be used to form devices such as LEDs or other light-emitting components, including those
that can be mounted onto a board or substrate to have interconnectivity with other
components.

[053] General techniques for electroplating or forming electrical circuits and components
using VSD material are described in the following: U.S. Patent Application No. 10/941,226,
filed September 14, 2004, entitled “Current Carrying Structure Using Voltage Switchable

Dielectric Material,” naming Lex Kosowsky as sole inventor; which is a continuation of U.S.
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[055] In a step 720, a layer of non-conductive
material is provided over the VSD material. For
wexenTwiez,71 phot oresi st material may be deposit eBCOWS2006/045292
the VSD material. [056] Step 730 provides that the
non-conductive layer is patterned on the substrate
Patent N6h6, 7@ 8 (formerle¥ o Setsnt AgplinagiomMioc hO/BE A0 ﬁlqdrpn December

9,2002 BEariiRE Lt SRR Rl TR o R Biefel e
Material®! ©hibh ¢ Rk I&Qﬂwwtsotehﬁfreﬂt& thidhrie hud@tﬂdaﬁon of U.S. Patent
[ight-émtting nent. For_ exanple

t
Applicatie Utfo Patsnbsphiastio NeoBP AL Slpboe ov eBhanD. LFog aidthow

sandort SRR P IR s sl gt s, e on

August ET10d9, r@ﬂtn.ovxae)dpﬁe&. Anhhyf the aﬁpﬂhmﬁcbﬂed appiécations are hereby
non- conductive | ayer in order %P attern it. ; [057]
incorporpisd byj rgferensqiin el deWETH e ETE RYERBFYbed with one

[054] REC&R g e 0 ‘é@fé? ﬁﬁbng'Tﬁ‘ﬂEﬁal i§ 514 RO Sebskal @RErfAGYon which

I'ocations where traces for |eads
conductive rcmnpahmts and ¢lements arerte bt prividede Therampunttad Vayle nfatesigl that

light-enmitti Y re t er,
may be 4EPogusEo DEQURTEIF b iSO s DRk BE fr RBUEY
descr1be%xﬁa'ﬂ?$ EomMKRwEEH Bfdicbn FRYOMDxhRIshshetvielersd. eads of the
conmponent . Accordingly, the pat ernin

[055] pmeieg gg@mﬁamrsnén@w@@@cvwm@w} ParOYIey %\L%élk?qg\ﬁéﬁtmateﬂal.
For exaqqﬁf?sl\g\ﬁ tﬂreLsJ18 ?ghgl rggy%e 8%9&5& SOLE IR G Interdl. rS?)C es.

erni ng nmay "expose regl ons ere

[056] B®pHETI (B%Jroivﬁieﬁ ﬂlab&leemwducti\fw@er lispatteeqedbtthe siwstro@Dlhe
materi a

is triggere r. swit.ched_ from.bein
patternipg e¥ROSes jegions Wé‘éi%ﬁg’ 1%4??0‘9@9?1\98“ b AR foymation of
conductRi e‘?&ﬂ%ﬂt?ﬂlaﬁar\é o) E@ng 1&2&%?%9 SlchiRaBrpdnRht Bat is to
characteristic vo evel . This voltage may be
include applighednsitingeompondnt, & darlekakplesthe ph@ﬁtl‘mnﬁom)d@sseﬂq@éVWQD

s ey LS RGP B P s
for the l%f’utng RBmPbnd il Snb Shibd i Rndab dahakahdy bdﬂ@p‘iriSE)tdrﬁie&Tonazlonductwe

e conductive (e.qg. formed from copper or other
layermrmdealt@patmnzis to carry the charge to the VSD materi al .

[057] :Fﬂr ﬁ%ﬁE ngigcér%devﬂ g@c‘ﬂgqlé%teéc\fﬁ)eéwf% JrRlef nﬁﬁ‘é{ ﬁ’i%r gﬁﬁbdlﬁfgn‘cs the

CRear cconducti Vit y the V.
exposed%rgﬁﬁqls Aayi ddirdchiR wiithi Rehfiqis wiferd treces fitisiadst ‘ermiﬁals or

Tt (e (CE 0 e
as desc@g %}’\Wﬁﬁng ggdlﬁfénf 9ﬂ.|3 REROR: Eké}ﬂplervgﬁsrﬁatéﬁal Q@J}f @d“téfﬁdoetween

orm conductive el'emehts (e.g. traces) within the
leads ofethp hgbﬁng—e@nmnbﬂ%cbbndlr@y ttmlpattetmyg)p@cgﬁs mainglso expose VSD

matenag;%o? Eglgsasegggrgmﬂ%e nyth er f gﬁ‘ﬁﬁgé’(‘}n?‘g"gﬁ OSI %% ohﬁv?#% d'h?.h é@lteo
pattermﬁ%%r}az/r é?{ﬁ@ge &Ql%nﬁ‘%ex‘ém Ghattl BB expdsedne

tation, an electroplating grocess is
[058] dmistepr7d8othe MSE matenial isibggared @ swijched frpa beayg dielectric to being

conductive. The VSD material may be applied a voltage that exceeds the material’s

characteristic voltage level. This voltage may be applied either on the thickness that includes
the VSD material, or in the portion of the substrate that is underneath the VSD material. In
the latter case, the portion of the substrate underneath the VSD material may be conductive
(e.g. formed from copper or other metals) so as to carry the charge to the VSD material.

1e voltage to the conductive substrate may be desired in come cases to avoid
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mat eri al and patterned photoresist material, is

subnmerged into an electrolytic solution. [060] As
wabhberoazt7i ve i npl enent ation, ionic deposition PET/US2006/045292

performed using a powder coating process. In this

_ process, power Bartigles are charged and applied to

linear conductixisp b dhe ¥§Ponged@ in Hedlitgptiomel tha selstate. fithe applied voltage
appli cat i.00Qf the powder may bé acconplished by

““Vbe&§%8%§%3n3ﬂ¥ﬂ8régﬁ &r on the exposed regions, or by

[059] swhitefgi VD hiiterill Rsdohdti@ive)step PRvstevideathat ad b depStitidd
further, anather inplenentati on may use

: an .
processdp peatprnedip Agrpeanustive leAFRis (RediitiRCrl VIl theraPsee degipns of

o . . . . e

the parbl A GEMR O mEl PP OCRAANM B B Befl 1 B0l ihip 1R imggpleas

some ofriik expaded irsgicmndhdimied by theThadteapgd] the aén-condwttivdlaysphagne

: may .i ncl ude t he use of i.nk ar int. 62], Ot her.

mpleng RO AT BE R Gy P e WhisE Y SR Bithilig S

material 2 SARARII HBRb e st inReraBls FibRrbed inth @i elefird1P€c solution.
conducti ve 'state, For exanple, vacuum deposition

[060] prodtessative dmplemestating.sprigldepesiiim id ppdeimedorsingra/pm)wdsr coating

chemi cal vapor deposjtion ). R ) VD, .
process I ek SPhvd BRI b o iR¥ g M aREERF T bt Hngions
definedvst the @atBerh OTige appiliCat\nldfied Soviddr ney HehRcauplidhedbe depositing the

be made conductive to have an opposite, charge, s% as
powdenan e exprsed EgonsoPRbYMUDRCr RS thersebefats e BB OAD. |

. Pk g . : .

0611 B RPN S k) o R B i e i

may bebeingdQn thehferm of charpetliodrticles imeet slitan. The sq@tiiomsky Ye applied
renmoved. from substrate, so to leave t f or ned

to the spBRRICTPE e N ST conBuHg Samelicaon, ofdfie sge ey

include$At Hid Snk Br PaintOH) , or water, is applied to the
substrate to renove the photoresist material, The

[062] dRtheudrpositior teshpiques may also be usaiditiperéoriagiipn depesiden on the

and. ot her. el enent s..t hat e positioned to int. n
VD kB EE b RER Stk s ¥ B rahle SFE it SaoBliph GRARRE! such
as physidal RaRacdepetifieh (BVIDY 6F cHetiédd Qa;lﬂdrgiéﬁosiﬂ%ﬁ (GVg) pievésses. In PVD,
[ 064] . Subsequent to renoving the, photoresist_|ayer,
metal iQiieard intipgpecdeimisoriehmhest i with gas pngolheshp Hgnaderi) on the
[S r .he | f .
bR BEMTE Gy R0 IZ4E B ik So 01 ct g bond i
the iongretthachaaberphl C¥D, b il o€ doriompteriakinay be applisitto #ieeV SD material
[Oggl% The resulting substrate includes electrical
on the gyriage At Yeiibsirainerent ability to handle ;s and ECS.

06 1896000k 8y bl G gt e s s, s

as to lehvegtht femiadtdonduadiove ieleessntsalperedepdensentdticas a esscolwied (¢-8.
el.epent.s. t hat

FIG . 7 .may be used to formtrac i hcl ud .
KOH), o ek R HRI 1 PR b eiege ErehE gy R h g o o uctve
elemenfSm¥etdrradpot debad ©4dek hdbthel S6MBILS tha erel fiRitioned to

I nt erconnect elenents wth other )
interconnect various components and/or regions of the substrate with each other and/or to the
light-emitting device. ‘

[064] Subsequent to removing the photoresist layer, one or more embodiments provide that
a polishing step is performed on the substrate with the formed electrical elements. In one
embodiment, a chemical mechanical polish is used to polish the substrate.

[065] The resulting substrate includes electrical elements with inherent ability to handle

;s and EOS. In the context of a light-emitting devices, and substrates and
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conponents on the substrate. In one inplenentation,
for exanple, the substrate is forned, devices such as
WwWai2e07mW6ZITl ps, nmenory conponents and ot her devi eeS/USBG6/045292
be mounted onto the board in predeterm ned positions
that coincide with the pattern of ‘conductive
other devioep tha hcludedigbtewitting devit@espropess sughasdeseriige in FIG. 7 may

il l.ustrate,a pro i L& "
e APL RS B EBRE AL o EIRA A HER M Sl
device, As R @EShestlettriagl denaits hridhpirtércoirEct démehiGwithothay

be perforned in_order to integrall fqrnbVS[gﬁrmter' al
compongpisipndhestbsiratg) IncanepBRismestating, F EfASTRIG, (bF Siapfommed,

i | £&8micPd-chi kPSR vidae mafBemddsRd ont
devwesgﬁ%‘)ﬂs%ﬁg%ce(ﬂ f&ﬁ,ﬁé&iﬁ%ﬁgu g%%}g% e may bevdedi cgt gd for aono
the boasi ingreletdmimbd\iositionathabeaiagidovith B piteirteSconductivg components

with a conbination of other electrical conponents and
andele’é‘?‘étﬁpnts. In the latter case, for exanple, the LED may
[066] RTQV8AEI6. §E glthié%a{e' ég%l%césﬁ i Fainsihe bR LB aReaS Bt Grdig & one or

circuit board. FIG -8E illustrates an,
more embeliments vAtliednvéntionhAghocesd sughes describedyith S ot AtlGg8ls may

i s gombined with i Q her.
be perfci)rmegru& 8%%& go( n qg&ﬂéﬁ{ogn L{%‘de) éiia?e 1&?%%&?%0%% Q(g?pc%rﬁgts and
clementsO GRILID delR6,dr tAOBIMGLratE e cativathed RIS (“LER sulistrw8D). The
material sinplifies the process for form ch, a
LED sugeipete ay Reidedicated foren single WVI%%W%O@E%@ yiggs, or an
f r
LD w188 Rk o br SHEBRRed pb R R oG RMCIEr Gk, or
examplpaht LED raay ptdvidd ndtegs HphtondicdtoMSDcompendntd ot stipcuitward.
el ectrical canponents. of the LED substrate enabl t he
FIG. 848 ettt 0 Gh DU DA KRR CAREP BRI 550 1
combink@WiR9BBi0 RS SthBF &3EnchiS bf thi@sorMeeNel &mbhtg MRk SarO&Ebtdiment of
1[068] In a step illustrated by FIG 8A, a substrate
the inv@tiOni s formed to include VSD material 812. Under one

IL,.mpl ement at.i on, the V teri.al .812.] L& :
10671 5B G LT aRP T NS LLUBEE P VLD b GRgps (o chifk such
a devicQURS RO &Y davhe tith&z enBBlirg dléttlidab t&@Bpeneditsa eldmemns ehtha LED or
non- conducti ve I%er 820 i s deposited on the subﬁrrt%te:e
)

LED substoate fhiavigdnheseniddity tehandleds OB oo Exb\evenis Bssiaarol
. f . i st. i
1ntegra‘%1ﬁ91{ %@%age%ag I?@t%:@i@@é?tﬁ*;ﬂ?&ﬁ%bﬁéﬁts &R0 LEWTL%sﬁét@ Bnables the

non- conductive layer is
VSD natda tagduhd tHeodavieexpapahnsien witag&3e presere{sichiangvhen ESD
pattern corresponds to the pattern of conductive
events @¢C¥Rent s and conponents that are to be provided on the

[068] HEPsSH ARKHAE b3F18. BASH bibshte 816 if ££MBA tPRclude VSD material

812. Under one implementation, the VSD material 812 is deposited as a layer over an

underlying substrate 808.

[069] Subsequently, FIG. 8B illustrates a step in which a non-conductive layer 820 is
deposited on the substrate 810. The non-conductive layer 820 may correspond to, for
example, photoresist material.

[070] Inastep illustrated by FIG. 8C, the non-conductive layer is patterned to form
exposed regions 830. A resulting pattern corresponds to the pattern of conductive elements
and components that are to be provided on the LED substrate as a result of the formation

process being described.
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process being described.[071] In a step descri bed by
FIG 8D, conductive elenents 840 are fornmed over the
wexpoaezi7iegi ons 440 defined by the pattern foPOBMS20V6/845292
step of FIG 4C. Under an enbodinment, a voltage is
applied to the substrate 810 t hat exceeds t he
[071] ehestae deviilsid by Hig. 88y sowfuctiheclvsbnigdt@ predforggdover the exposed

eions AR Ml S P B A e BB
voltage ﬁ%BEHéH e sBRE e 816 tHAPEkdmESHE @har&dtanstfc xnﬂtdge of the VSD

h
e B8 L g
being dlglgﬁﬁlgﬁ%heﬁég c%rgd}%fl{/{n e & 9§ rrh&@ﬂal%'l? ehbde @(ﬁf&ﬁgﬁVe with

n -one 1 np tation, 1onic di a
applicatidRRIshd vodiage, Jomie ifediais dlemmmm ’(hé ezposed eﬁzgwrarﬂeﬁnﬁthgy the
process. In_the el ectr | ati n%{;rocess t he substrate

paﬁ@mﬁ@f@mﬂ§w§ﬁﬁﬁﬁﬁbéﬁnpﬁméﬁ- PREPRRSti c sol ution, where
[072] Ih%@la %ngllﬁﬁffg%ﬁsﬁ il St 4 g'o%oJQMfownwbp ey ¥8Bh

I'sS In a conductive state) in the
electropha)tlpg peatese i theslaebplatiog byocedsethp aubstiate, 8 LAsis subraerged ingm

st ep,, conducti ve 84

clectroliop Fsp e 8. o et e rag e rog Y Y RPN

(which i‘fé‘?ﬁ] d %Gﬁdu\éﬁvee LORFH the @k}g&@@%ﬂﬁﬁﬁ%ﬁh&ﬁlﬁy thielpattér@s Uk & result of
omthe formati on of the conductive nmaterijal_ 840.

this stey], 0FiBjuctiee wetstiel %)dls \fmmncdm tbwéz;trﬁté (¥l Ooﬁndﬁh%aVSP mejegial 812
hst 08
undeﬂ“ﬁ'g?ee?qné}l&%&f e %f n%ip% i ca | on 6];“9 {qse vod&glgog%e

conductm;&nﬁgﬁé,lrgzzgt a p0| nt of cont act that coincides with
he substrate 808, and n d|r %ﬂ%%th t.h

[073] Mﬂ@ﬂﬁﬂb‘Fd it an F@POO%%P n%aebsﬁateﬁéme%e
formed %ﬁf&dﬁﬁ@&ﬂ/e&ﬂ&eﬁﬂﬂ b:ﬁfcﬁ%g e Aﬁbﬂ%tlaﬂ BF {eadlboltage @by occur at a

nmented to avoid, for exanple,
point ofl donear thé‘ﬂ coa1c1dtﬁsrvv1ﬂoth’e al)steEniic amdnnqt;dlmsnﬂy wéthYIgDNSD material
Sk descr.i bed

As, al
812. F%@fﬂe’&ﬁ% theayol e SR Yldﬁ(i]%%%?eat}btggf%ﬁt%er%@t Py
AteRRO 8RS8 HBr sRnle, Ieaf @enkdizokat
appllcaﬁ&g%%vogﬁgéaéaggg?ﬂ)fgg% tfn tth an en‘faodl nrgnt of (FI G l7ZO a)

conductpdtyder the yMg process may be used to deposit charged

[074] Rﬁ\éﬁﬁé}?{)é{bﬁé (HA? ?@ﬁ‘g{% tgﬁ%}‘?ég@%@l ectro- spyg)gfl){r%%g@f 2¥ce

[075] AQBiInGtivEEdhR rhétia dssition@odegsds ey tererfoamed. dloe example) as
material in the exgosed

regions defined b
describgrhwitl e emBpdiment of Fie 7, 2 BPHEST WOBUMHPIGEES, s v figdeposit

charged bRy pl I RAY G AER0S) pfi; LEAERA HUBEpRSEIARSaelan
electro-8fraf i@y fBikce idrtie niediz m(arsdhmbn\t@bd)miym?d foao elestrrcehma@aal in the

s S i OTER b % MR e o

vacuunpﬁep%g‘i‘ﬁon techniques described with an embodiment of FIG. 7 may be used.

[076] In astep 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 all 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] FIG. 8E illustrates how components and elements of an LED substrate may be

1t of a process described. In an embodiment, the VSD material 812 is
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trace, |eads and conponents of the LED substrate. The
renmoval of the non-conductive |ayer 820 may be omtted
wonowmezi7appl i cati ons where it is desirabl e toPaRIUSE@EM45292
a layer of such material. [077] FIG 8E illustrates
how conponents and el ements of an LED substrate may be
integrated with zad pmderésstr@r@sﬁéermmsjthat, foreexamplee () therositiveand/gegative

| Si n I h
comine 5L B SDBPEREENSE o s DY HeSamitae i
1ntercorﬁﬁgﬁtblo\ll€brfcsm®”bﬁ@it§arﬂf el@nérntgbf the MED $1Ib@tr§;ter@m‘lent10&5 5:
(ii) leads to and fromthe term nals,

embodimepisimeaaleeproyiiedhs 51 mﬁfék@ém-’sw&}ww@t@ﬁ% Hemets thgramderlc
for exeuln:r{e2 3 B’\PD%E %%Ep%vg echinidiy ?858%2? 3&@1{}?, Sr ATRYd & §Battery or power

Fovi de materi a es trace elenents
recelvet)hattrme @imhangs thitdntescomnpdt ehe BEBub stheat@npmwets are to power.

[078] @Ceg&%g}m?rgggff (%r%scrg?ﬁlat aF?é;y éﬁeiﬁ?emai) a%ge%a%on OP alectrchI

compoﬂeﬂ%seaﬁlg%m%s WBnEPLED @blithe GRAROSER $SBIBattQal PRVWRIS-
[078] An enbodi nent such as described by FIG B8A-8E

manneretha 1633 suhstrateiindiudds iehesert chpabilities ip errond Sranvientaiolipgastthat

may e 0 i e LD RS PRl NSO AR bo bl

using f&@@&@éridaﬁbl@ §te$>§3 ad é&ﬁﬁﬁe(ﬂ famsteddhvat@iohalgeshridigs. may
result fro or exanp ESD or ECS. Furthernore, the

[079] Qo 05 m9se e @dlﬁﬁytswéo‘efi%ﬂrtré@w gybygate éwfclws@p. 2 R
compmf é%q.iatdgé dg‘s‘?éH%ﬁ 18 He %}%a@é@fr&QQH@ gﬁb’s@@t@ fag EJ?IQhGHf?cﬁlally, or in

nore e nment's provi
combmaucblswthtoﬁwtrdmmm ude an array of LED corrponents that

o G S S S TR A
apphcaﬁ@l’?@ésc}f@é {1§e RS, OP nidte B8B6dihRa” ﬁfb\hbe ﬁiagmfferent

A-8E and el sewhere in this application déscribe use
composmﬁons!fsﬁdrfattrmﬂatams otBNeSD)matmabfoem weingle [g7d vulserateh Bor

ferent .co tlons rrrul
exampifshe FreSh oL LD g ot £ BETE 84Ty include
applicaB¥REPhItiplO T SBRAMAAL ERR vith V/SEferat eshpbsiBd Thiy dlloavs the
substrate (FIG 8A) may_include application of

design ph he LB oNSED esbsSReras0 1iige ISR PricE e TiHperhanical or electrical

charactgr?%f%? ttél%?bgst {ﬁhtﬁd l% J‘Lﬁ]%er : a &Pc I{éﬁt @?@é tLED

[081] &Vieitd FIG: SIA-ElGars&cire sp@iﬁm thdﬂahamn'eoﬂmsitEB or LED s‘utbstrae other

ightind pTROnFT &g el i OGRS DR DB PR T be
created? ftrﬁgdqg g&i@%ﬂ%‘?é\){ oBbBes QIchs déécﬂﬁéd RGrehf rrpo nents
such as

scri be th other enbodi nents of this
[082] Afipocay with regayd toeny o dtesuntmdithentsrdebciihedy dret LERsgbgtate may

ocesses ch_as .descri bed i.her ove
be ol RERGRH 3 of B4R P AR R B & Bk P RL Efgorated
on botH-E8RsDMStbRtafe, ABY 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 vias on 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

n ionic deposition so that the vias is surfaced with conductive material,
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be mul ti-di nensional. For exanple, conponents for an
LED substrate may be incorporated on both sides of a
weubstoezat7e, and t hen conductively interconnect 8dT/US2006/045292
t hrough use of one or nore vias. The creation of a
conductive vias may be Ferforned in any one of many
LOImMIng GRGEHTLVS AR PPYT @Mﬁi’ Hige 819; and €v)mapday dleyproase dexcribed ®©

i ' Rt i f a.vi
o BERREIED S| OO 50 QbR Bl B85, A
procesafor ffodntingmplatdd Yiagld 19 dsiny VEDriiataridl o €es808ed fah &¥UsRdSvith

t.hr e substrate 808 (FIG 8A); (ii) when )
Us. P%Iﬁlbtﬁ\t‘lyg %gwéﬁ%nﬂ 'lﬁ}n,w@;ef%?ﬁdbm@rmeﬁ itg lentingtyoby thés
applicatioas 809; (iii) when patterning the photoresist, form
the pattern so that a path is formed for conductive
[083] {In adeitien sortwn sidedsubxtrates] vias naaybotsmdaoydedivith o haleple -
o]l 0Si L. o.that the vias is surfaced with
conduck SR eS0T bR SRt it eteohoheemvle, oo pleielcb nghude
intermadizte tl8dGesladlers Mat RPEBtel s P E&ﬁﬁ&r%n%eﬁxﬁ el dhtd, inashmay
co e

accommodat e el ectrical el enments and conponents on t
extend fo,eraaieeido shelelapers embeddeddn thet everall thickoess of tlersubstrate. g this

I i . US| VSD.nat eri al i scrihed in m
v, OB diohA® EinR SBE ED Bl T S5 ARl Pt o
surfaceis,raslqui)bas_ammj)oti%rgg ]ef «Flémﬁgtg tha it oitet Wih lghe?}!EDE‘.i S
: n addition to two side
[084] 33@%¢£@%§§&.vias may extend conductivity to nultiple
[085] ERiHddEhiMEILRUBESwItR rerBreAtt HARL § a&*g%és%cf? g?nsﬁgc%?%{ izﬁls%'rative, and

. FO! e)_(ar‘r'pl e, sone substrates 1 nc
Applicanyis skaias showlg sosbet liraited toadetedls of benbtitlistaltive eApOdietdns. Various

o e B BSOS oS ot
combinstisdf R&t@res|ddsdrited s&)%)‘atelzgzgtﬂ—@@‘e ?ﬁflﬁﬁét?ver@?ﬂbdd%élﬂg.e

conductively connected L on different planes or
Accordingly, #ds intengded featithescopo afiba dmtestion be tlefiredity thé fdllowing claims.

j e i e LEDs. 84 US| ON [08
Pt oo gAMb te] SEhe Tl or s
part of &1 enbwliskgiasnedeldombaiedatith/etherdndivARRIL) G8¥tibsd FALTE, or parts
£ othy shauld not be |imted to details of such illustrative
ot other, REHE-Cver/Hrtng piberisaturescadiestbodiamnts mekeno trestioied|of the
particulABafdfe. i Ncl uded wi th enbodi ments described, including
t he conbi nati on of features described separately with
different illustrative enbodi nents. Accordingly, it is
i ntended that the scope of the invention be defined by
the following clains. Furthernore, it is contenplated
that a particular feature described either
individually or as part of an enbodi nent can be
conmbi ned with other individually described features,
or parts of other enbodinents, even if the other
features and enbodi nents nmake no nentioned of the
particul ar feature.What is clained is:
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1. Alight-emtting device conprising: a conmponent
that emits light by carrying current between at |east
wa 2007rs217ier m nal and a second term nal ; a vol PagAIS2006/045292

swi tchable dielectric (VSD) material having a

characteristic of being (i) dielectric in absence of a

vol tage that exceeds a characteristic voltage |evel of
What i Pﬁi RQsmeterial, and -(ii) conducttve Wi th application

of the voltage exceeding the characteristic voltage
1. | selight:enmitdrpedavidelveniBiSingat eri al is positioned,

relative tp the ¢o nent .that emts light, t rovi.d
oAy Ry OURD B GAeHRe Sy brovsey A s ufhiomiba and o
sec:ond\{&ln{iﬁfcg,e that exceeds the characteristic voltage |evel

of the VSD material. 2. The device of claim1, wherein
taheltegnpwitehablel dielactdi gUED) BateTiak hdeing eehafacisrisfinwibeing (i)

dielectﬁh%{engfbisgqcteho acv%ﬂtggeg nf @I%c%% %(r:cilﬂg{daﬁ{e%ig{f{:lﬁ%lfagen%gvt% gf‘ t%'é fsp
materid] GHAQIE BdndudG e aE applidakish of Bi@GoRXdeaixdedting the¥hideteristic
first termnal, and a second | ead extending froma

VOltages]éE@h_d termnal, and V\,h_er ein the VS_D mat er i a! is
SRR RUDIRED PR AMASL I Rob STl i chffn.
provid¢ freunding dovethe compicny aghdinht any @arsidns volxdge thatracasdde tiei n
the.VSD materjal .i ovided with the substrate. 6.
Charac"‘?ﬂ%tlcd\@%aééieﬁi g%?&ﬁ%@%i n the conponent is forned
2. ffRMeeRe OF 91%{1/11‘1, %Eﬁéff?ﬂhe cgmerﬂz%t QeaniS&‘e. of claiml,

wherein the VSD material is provided to contact any
3. dibe deviceof elaph 1( whetefrethe eprinponetitiistformerafiremiagiemigandyctor
materithe first termnal of the conponent, (iii) the second
a(l'errri nal of the conponent, (iv) a first |ead extending

4. fmemetite of thash 3t @hbiefithe cOfipdneht ficERIEOAHdt &M extending from the
extending fromthe second termnal. 8. The device o

first tergnipglngrsl 4 saeend jead exiendiag Sionue sqeondreswirbengrvhegein the VSD

i USRS AL s 00 BRI Bh (b e,

5. tThe devvics bf tlimi3naheein thh eompofennBirovifed o1 a tiistraec ambiwherein
erm nal. of the conmponent, (iv) a first |lead of the

the VS |1F%’5Fmaiéﬁ Riayided W%)Sugs ond | ead of the second

6. T WeDRE of Htajnl ﬁ?wﬂ@féhﬁt?lg gilggﬁgnms]form&h%td?garg@ﬂéﬁﬁer.

Las a characteristic wn vol tage, correspondi ng
7. tlhedewicaiofmlaind| wagein/tht VS materialis groaggsl toegntact riyeone or
more oga %ns%rrrlfidon a3 rsﬁa{e?i%l, (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.
8. The device of claim 5, 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.
9. The device of claim 1, wherein the device has a characteristic breakdown voltage,
corresponding to a minimum voltage value that, when applied to the component, causes the
device to fail, and wherein the characteristic voltage value of the VSD material is less than
the characteristic breakdown voltage.

'mitting device comprising:
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device to fail, and wherein the characteristic voltage
value of the VSD material is less than the
wohen7aetieni sti c breakdown voltage. mtting devPC®US2006/045292

conprising:a sem conductor conponent configured to

emt light when a current is applied to the conponent;

asontibrayetos wmpiaent eonfiguesd talenyin /G Whs BIcBEreRigs epjrlied to the
co sem conduct or conponent ,—wher-et-ar-t-he-VSD material is

Mpongfsi tj oned to have a characteristic of being (i)

£ 6tg6 bWitehdble mbeeiare/s) auylet t@ﬂre stonéuc{teledBannent
characteristic voltage | evel of the VS

whereinihe  SPuRalaeiel is @ontioRe g JRY L AEHBIFBIER b%ﬁf(élé’g et
absencee(ﬁ %%@g@kgth%p&c‘é raa&ltalearc‘te?fsﬁ&v%l%!tgte 89R1 beye vSIRRERIaD and (ii)

erial s positione di rect current avvay
conducti\l’eamh :lq@lmeﬂmrcm?tﬁel vblbagewiveseding theehav@iensticioltage hesel
nduch T e devi ce, of,,claim10

Srontiond § dieiierbavall B5F oy idigpnauctor

when i Cthé"V@D]ﬂate}‘YQﬁ%%bﬁldch% device has a characteristic
nb eakdown vol tage that corresponds to a m ni mum

11. Vb deviee ofalaim thatheraimthe sapjsiondirterromnongwip a dinie,

d 1o
12. gﬁ%ﬁe&/&e ql}ec%aeglg (ge ]tegaé% ﬁ]\; adl'eugn gfly\? ﬁﬁﬁé}%ﬁﬁ%& tbéerakgf)vvn voltage
that coﬁeﬁﬁcﬁld% e nlibignah a6 Radearalitthat, Whatkspdied t(yﬂietoag@onélﬁ causes the

device of claim10, wherein the terial
device tagfpil.iaad véiwrein Shasharastesisinvaliace Halus of iy Bt i foss than

the chath {gﬁg{ﬁ%}%%{d%@%ge“ 14. The device of claim 13,

erei al is used to adhere the )
13. Sheieandfadam Hynypendnthet\GSD neterisb it applied on 5 sull¥irate on which

device of claim.,10, wherein the sem conduct or
thesen@@ﬁélgﬁ@rﬁomm@pﬁtdégmgn? rst termnal and a second

14, ﬁé BA& of AAith &R tey VSRR 1 wed tG adlitre the

ectrical contact with either or both of the first
semicomchlcturnaﬂnpamﬂilttm‘élesseb&m@term nal . 16. The device of

i.m.15 th d
5. ShEnidor e B g SRS Phr bR Bppieersas
terminal 88d" §xbnd frehithl SRAAHbrdie VéSID@ﬂiuﬂd:ﬁlaG if meteditienl seaactdvith
termnal. 17. The deV| ce of claim 10, wherein the

either ogbotheé th%ﬁﬂ’sh@ﬁnm}rﬁﬁd seegnd famipl. and wherein the VSD
16. @t qLi ?e oit]ctﬁalﬂ{ vgk?egelﬁﬂtﬁehv Qb nidRerit ckteRls Eé?@/e&f"édcf%ntacts a

ti'ng devi ce conprising: a stack
first lead @A BEFepna thal fitsaleirhinah nd ayeosd ldaat exiphding|frany thwfsecond
terminall ayers including an organic
17.  The device of claim 10, wherein the device further comprises a casing, and wherein
the VSD material 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
emitter layer;

a voltage switchable material (VSD) coupled to the stack, wherein the VSD material
is positioned to have a characteristic of being (i) dielectric in absence of a voltage that
exceeds a characteristic voltage level of the VSD material, and (ii) conductive with
application of the voltage exceeding the characteristic voltage level;

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

il is conductive.
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emtter layer; a voltage switchable material (VSD)
coupled to the stack, wherein the VSD material is
woasiTioeniTed to have a characteristic of being eCY/US2006/045292
dielectric in absence of a voltage that exceeds a
characteristic voltage |evel of the VSD nmaterial, and
19.  The devtcermdulaim\m whetkinethp badainichdenin atpde jernting@nd a cathode

mina S Sb el GPRISEGE i RS S YRR e

in com1é(c¥18mxﬁ1ﬂ%n§t<ﬁ%l§thvmﬁb {efininhlsi S conductive. 19. The device
claim1l wherein the stack includes- an anode

20.  Therdeviealof alaémd Scwhensifethe eathodrteraimal i peevided en ¢ dejeer, and
srsnfol SEETHER e BB P A SRR SR St

made cdngtigiiveal s. 20. The device of claim 19, wherein the
cathode termnal is provided on a driver, and wherein
the VSD material underlies the driver and directs
current away fromthe stack when nmade conducti ve.
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