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[0003] White light is desirable for many applications, but commonly available LEDs
typically cannot directly produce white light. One conventional technique for emulating white
light with LEDs includes depositing a converter material, such as a phosphor, on a light emitting
material. For example, as shown in Figure 1A, a conventional LED device 10 includes a
support 2 carrying an LED die 4 and a converter material 6 deposited on the LED dic 4. The
LED die 4 can include one or more light emitting components. For example, as shown in Figure
1B, the LED die 4 can include a silicon substrate 12, an N-type gallium nitride (GaN) material
14, an indium gallium nitride (InGaN) material 16 (and/or GaN multipic quantum wells), and a
P-type GaN material 18 arranged in serial layers. The LED die 4 can also include a first contact
20 on the P-type GaN material 18 and a second contact 22 on the N-type GaN material 14.
Referring to both Figures 1A and 1B, in operation, the InGaN material 16 of the LED die 4
emits a blue light that stimulates the converter material 6 to emit a light (e.g., a yellow light) at a
desired frequency. The combination of the blue and yellow emissions appears white to human

eyes if matched appropriately.
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[0005] Figure 1A is a partially schematic cross-sectional view of an LED configured in

accordance with the prior art.

[0006] Figure 1B is a partially schematic cross-sectional view of an LED configured in

accordance with the prior art.

[0007] Figure 2A is a partially schematic cross-sectional view of an LED assembly

configured in accordance with the prior art.

[0008] Figure 2B shows an angular illuminance distribution from an LED configured in

accordance with the prior art.

[0009] Figure 3A depicts an LED assembly configured in accordance with an embodiment

of the present disclosure.

10010] Figure 3B is a magnified view of another arrangement for a portion of the assembly

of Figure 3A in accordance with an embodiment of the present disclosure.

[0011] Figure 3C is an angular illuminance distribution from an LED assembly configured
in accordance with an embodiment of the present disclosure.
[0012] Figure 4A is a partially schematic top view of a substrate having LED attachment

sites configured in accordance with an embodiment of the present disclosure.



[ 0009] Fi gure 3A depicts an LED assenbly configured in accordance with
an enbodi ment of the present disclosure. [0010]Figure 3Bis a

magni fi ed woewiigko@anot her arrangenent for a portion of mrdreysassesiby
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[0015] Figure 5A is a partially schematic top view of a substrate having LED attachment

sites configured in accordance with an embodiment of the present disclosure.

[0016] Figure 5B is a partially schematic side view of a bent substrate for supporting an

LED assembly configured in accordance with an embodiment of the present disclosure.

[0017] Figure 6 is a partially schematic side view of an LED assembly with a concave
shape configured in accordance with an embodiment of the present disclosure.

[0018] Figurc 7A is a partially schematic top view of a substratc having orthogonal

sections for an LED assembly configured in accordance with an embodiment of the present

disclosure.

[0019] Figure 7B is a partially schematic side view of a substrate having orthogonal

sections for an LED assembly configured in accordance with an embodiment of the present

disclosure.
DETAILED DESCRIPTION
[0020] The presently disclosed new technology described herein is directed generally to

solid state lighting (SSL) devices and associated methods of operation and manufacture.
Specific details of several embodiments of the new technology are described below with
reference to LEDs and light converter materials including phosphor matcerials, and associated
methods of manufacturing LED assemblies. The term "phosphor” generally refers to a material
that emits light when irradiated by energized particles (e.g., electrons and/or photons). A person
skilled in the relevant art will understand that the new technology may have additional
embodiments and that the new technology may be practiced without several of the details of the

embodiments described below with references to Figures 3A-7B.

[0021] Figure 3A illustrates an LED device assembly 100 configured in accordance with
an embodiment of the present disclosure. The assembly 100 includes a substrate 107 carrying a

plurality of LEDs 114, and a support 113 having several angled surfaces or facets 113a, 113b,
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di scl osur ew0o[2000115946 gure 5A is a partially schematic t arTvisew1087280
substrate having LED attachnent sites configured in accordance with

par 1l | el rdb SoFaE 107 bF OEPHEA e BRIor el Ehead FpporrPRbesraly

LED asseplay s6aRdnt o8y R6tiddd 1ng9imﬁlﬁa¢onwcgian§tno@B&%wﬁaghﬂaﬁng @@cnons 115.
present disclosure. [0017]Figure 6 is a partially schematic Side view

of an LEDhesssiéansilys gin kavg LEShetepkmeriges Carie iwdighabie LEDad tbaganwatedi (The
nb
an el O ;L}H@g;h r%%?ﬁ hﬁ)tS(%?l\?/el ée?l&vbtgdfté fd?o rb% ﬂe%&%?&%@/ﬁ&% %ﬁn%fa‘thdr? tl'l% remainder of

partiall a su
secti onsthé @ﬁbsa‘atel_lIBD mﬂ&empllmi@.gmf ¢C@qj’0§1ﬂon diffeean nkkanhe rav bh tiknsubstrate 107.

enbodi the di sc osur e. 0013 urﬁ 7B i s art1 ially

Schemt st a0 G Creinisch Pele PR ﬁ%‘g% BF T4h e bheisiipmoyhed

LED as ts Qgﬁfg)’clx?sﬁﬂgfg iv%ﬁ&ﬂﬂg"hn@%%f ﬁ%@uﬂfmg BecBRL1680 0t TRRE st9fc JManufacture,

resen I scl osure.

P the substrate 107 can be placed over the support 113 and pressed against the support 113 to
generally conform to the shape of the angled surfaces 113a, 113b, and 113c. In other
embodiments, the substrate 107 can be shaped apart from the support 113 and then placed onto
the support 113 afterward. In still other embodiments, the substrate 107 can stand alone with no

support 113 underneath.

[0022] Individual LEDs 114 can be oriented to face in a primary direction 116 that is
generally perpendicular to the surface of the section 115 supporting the LED 114, Light emitted
from each LED is generally centered or focused along the corresponding primary direction 116.
In this depiction, the substrate 107 has three sections 115 facing three different directions;
however, the substrate 107 can include any suitable number of sections 115 that can face any
suitable number of directions. The varying directions 116 of the LEDs 114 can provide a more
advantageously distributed light pattern (e.g., a more uniformly distributed light pattern). In
contrast to conventional LED assemblies that direct light primarily in one direction, the
assembly 100 of the present disclosure can deliver light more uniformly over a wider angular

range.

[0023] The substrate 107 and the support 113 can be made of a thermally and/or
electrically conductive material (e.g., copper, aluminum, etc.). The substrate 107 and the
support 113 together can accordingly provide electrical communication to the LEDs 114 and
operate as a heat sink to dissipate heat generated by the LEDs 114. The assembly 100 can
further include a base 120 upon which the support 113 and substrate 107 can be placed. The
base 120 can contain electrical circuitry 122 through which electrical signals can be passed to
and from the LEDs 114 via the substrate 107. The base 120 can include a recess 123 having
lateral surfaces 124 that maintain the substrate 107 in place. In other embodiments, the base 120
has no recess 123 and instead has raised blocks 126 (shown in Figure 3B) that hold the substrate
107 in place on the base 120. In other embodiments, the substrate 107 (and the optional support
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LEDs 114 are activated, the light leaves the assembly 100 with a wider angular distribution and

provides a more uniform distribution of light than conventional assemblies.

[0026] Figure 3C shows an angular distribution 140 of light from the assembly 100. The
angular distribution 140 can describe a non-circular, monotonically varying line between 0° and
90°, and between 0° and -90°. An advantage of this arrangement is that it distributes the light

more evenly or uniformly over the range from -90° to +90°. Another advantage of the present
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W r ebon to the, subs te, 207. In _the enbodi nent shown in Figure .
4A, t hedlLe@%%ﬁéf&nézP é“%ﬁﬁ"F‘gF?g@a Sﬁﬂﬁiretet2PZﬁIE%f%fF3)§H4%&v§Ieﬁulzstr&?r‘d?ﬂae| Besidoning,

240 Wi t Bi@EEn® ranB0kigink EHB st c RRIMBSEH tﬁ@'l_@fmoﬂwﬁ fht TRk 'sﬁ'lghtlraﬁgim%efore
208. [0028A Figure 4B I's a cross-sectional view of an individual unit

200 i nclbgading cen bt dpgl wsingdknewbsnatlznds t@QUigkly tind lmasenbe’e}y rgeunt thedrﬁlbthem
substr at t h u
The: supate AP SRS ARG Bl ol o 207, B GySRE B E o

opposi t difficolaidie &kpastvesinde A2 61,ffcmmdmﬁhftzﬁibn§&{cthc dff&rdﬁiéccﬁ&tﬁémat ed by
two correspondi ng junction regions 208. In an enbodi nent shown in

Fi gure 4@)30) he sThstuppbs 21378an be rBdeically @oheoRdead ahe Subskaer 26ta Whish is
has been scored or E‘{lfod se altered along the junctjon region 208.

For exarfcBicaliygonngef PEBF i 208 osding|bhe spper 24 $ cay confain igrminals 234
tri angulgf 18500 % 2R to IeBAbARE A it E@Wﬁ)@g?ft (§ HQ%c&faalpé}ﬁ’tﬂﬁlﬂ{QatloQ ican

circular groove 4 (al so shown in phanton) at the tfirst surface 22
of the 4 lsdcerpsﬂtws,er zmdiar contrel gigedy e She suppp Gl Juctbe sqdatretd 2Qparand tIﬁeabEBg214

si dewal | te ben substrat.e 207a as des r|b
further fgmf%h‘h ?@shaﬁ]&n 5% r%l gu%n%f&“vlre egb?n Y LR crfvlls&'?s g%
of the wsties t:namaelé%ﬁ&ws mn-ubtarebeml aglay bR gny] suitelé ﬁﬁlnb@@lf@llﬁﬁlaﬂﬁﬁts 20@Yn be
froman injtial pla 2[63&% orma canted or angled shape with the
LEDs 214’S?Ja1t& ??Pag'gk‘f Avemyver gent directions. A support 213 can
be fornmed and pI aced against the first surface 226 of the substrate
207a. Tl{@ghpporlp ophes ephpdigeniseaiiy ofthe LEDs 214 in the LED unit 200 shown in Figure 4

can be eliminated. For example, a central LED 214a can be omitted to achieve a more
outwardly-directed light distribution. In another embodiment, one of the outer LEDs 214b and
214c can be omitted to reduce light in a particular outward direction (e.g., in an asymmetric
manner). For example such an arrangement can be used along the edge of an LED panel. In
other embodiments, each attachment site 212 can contain multiple LEDs 214, Accordingly, the
directional light distribution can be achieved by a non-uniform distribution of LEDs 214 among

different attachment sites 212 without leaving any attachment sites 212 vacant.

[0032] Figure 5A illustrates a further embodiment of the present disclosure including a

singulated substrate 5072 having four sections 215 and interstitial junction regions 208 arranged
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WO 2011/ 159426PCT/ US2011/ 037220 nmaterial simlar to that of the
substrate 207a, or it can be nmade of a different material. In sone
enbodi nentwp 2ohe@ssapport 213 can be nade of a thernmal | ywoawsdeaiozazeo
material and can contact the substrate 207a to allow the support 213

to absorb heat fromthe, substrate 207a. |In applicatjons_that .praduc
| ose ot saiity DSl EmPOLRYES et hramvs GrdRvSRPS G151 TTHeRe e B athe

t he supp@ediond 235 canvir9, ARthd Sthlc BEtwee adiR hBLERE 285 $4H %@? bferTRE RAE@lof
t hat does not necessarily conduct heat. |In sone enbodi ments, the
support tha subskptc 387ys Edchasection akvedn ipeludeenaltichmpentdite 249 that gen héwes one or
subst r at J e wal L), Ot odi ment s 1§ te

i s shape Olégb%ba?%f?f%?go% "fdﬁ%lt's lfpl])%‘[or? ? ﬁ%ﬁ&gﬁg %Bgédgega%ﬁ lit/ﬁ g]eabg étg&lgﬁ? 15
t he suppent inlBconkedshapd th diftribute lighths virddue dROctns dmclikng diravries tha are not
seat the unit 200. The tri d ends 2 may. pr.ovi de .anot her path for

el ectri st SFRFRRATS < SY900G 207 CFY BRTHES PG oFspop g He ©
embodi MBRpSort thb SukskEle 5874 af@id R8dRE het Bedort Qodidtety 36 Bt fréth $hc20F18s 214,

bef ore bending the substrate 207a. Positioning, attaching, and wiring
(or sur fags3) MOUNEh@e filGradsdn 12huliPedoNRy kb alsubiaat 4ok fored %iéﬂ%fcgfl@dve
bendi ng can be done using known nethods to quickly and inexpensively
mount t erfageDethen than TreenyeRBarfRaelingspordinse with uoticeembetimentiod theodindobure.
subst r at A [ e di.fficult and/or expensive
due to- titeTee e e 98 MR 0T baB BBEeefier e 0B 08 Whvare
[ 0030] Thie sufppakis 12130 cianLBBs €14 &ick ioaahhothapmriest ebliduelyt He thiy RaibbditRnt,
207a which i.s electrically_connected to the LEDs 214. Accordingly, .
the supplt PriBa% QERIQS éépﬁﬁlﬁéfﬁﬁsr%lgsw%ng- on aenaéteftullarém%%ln@ﬁhﬁ? Rrignary
comuNi Gaegrios LN 6t okiddntl ®ivArd 4REmBIoR Ibéal pint ©PIMHAL GRHCHON r&hs 208 can
i nclude power and/or control signals. The support 213, the substrate
207a, arurtharénqlgessionsgrmegkediEpounformadon thedfirstcde 328 of the substrate 607a.
sur f a.Ce*rfF.l%jﬁﬁc‘?Sn rﬁl&%bﬂ)@ 6-1“1(3“/ &RQJ Qs E%IW N8 % B%(\ﬂhl%%fl{/é) toofyi hgr{tral ection
circuit elenments structures. An array of "any suitable nunber “of
simlar 206a.t & 26bodimentbén whed thojuhoion @givaalédhineludED fRsbdtakion and do not
[0031] In %ﬁ er enbodi nents, any .of Lhe LEDs 214 bn t he LED, uni.t 20%
shown i HOGEHUGACEIIE: GEPVER %1% TRTTPRANe BB BIPSTHF 807%ca0ehtt 151 19 FEmotther @
can be QBhidkef alcBn@eDcOMBUMALAR! & At WARKE ¥mBbdiRchSd: lehdRdme of these primary
di stribution. In another enbodi nent, one of the outer LEDs 214b and
214c canliBetionsilie edn bonereprizltel (1o Higtmaior axiphtt whetheirtho sibakizte hel # eetvienor

(e.qg., i tric manner). For exanple such an arrangenent can
be used Cg %Eagﬁgngdge of an LED panel. In other enbodi nents, each

attach ite R12.can ¢ i n l.tiple LEDs 214, r di,ngl th
i rocti SR § grTiedfe BRFIE) BeloIhdPs Soratad et ORGP Y pprtcdfann
di stri bufitenl.Bibs REDSIn?th# caibodinght,the LEDS 2a4 tad biremingsd te focdd Bgwi aldh@uhe
| eavi ng any attach sites_ 212 vacant. [0032]Fi gure, illustrates,
a furt hEATERD cna%“i Totoorts B?‘éé%‘f‘t @gs‘)&hl@gﬁ%cwaeﬁwﬁﬁ@%@m&amﬁ%al
subst r aigeg SONAJERMbAT @MY LABG! RO BriddidiNChnl Ak L@fdntaoflof] URSIchPButcome
regions 208 arranged WO 2011/ 159426PCT/US2011/ 03722071 n series.

Q her esbogionde many genvisderengforal and ldnewanuBemtingpocdss. ITiperticelkatdnges for
si ze of L can.va d the. angl e between. adj acen
secti ongh I SRR A HaRPlt oo Y 518 el L MERGisT I BEEH, shere
sect i on WHdn acavérte aceiabis irditddacddnetths ichein2ldwidseér tlsen fhav@ flakabeform
nore LEDs 2&}4 or (fan be, vacant . Fitgure B shows thﬁ substrate 507a
with the §BY [ isvastfe Ffc of Eomoek JRPpEYL@rdraions thit & poieradry
vari ous gdiriRalal eRRactdritudngedif 86tk hRgbn ARl lili@g&%, ifé dMbefoltion

the central axis 117. A support 213 can be fornmed wt
cor r espeortiengatenthp eontverterupgsenial 6ihe substrate 507a, and to conduct
heat and/or electricity to and fromthe LEDs 214. [0033]Figure 6
i1l ustr$#Bs] an UERimun?A 260 0Bhwwngtop vimbatdr sideevie® /msfeotivady] ofiatlighting unit

700 configured in accordance with further embodiments of the present disclosure and having a
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surface rather than a convex surface in accordance with anot her
enmbodi rent of the disclosure. To create the concave surface, the
substrat e WOR2a1cAM2De bent at the junction regi ons 208 raves:26i1be20
maj or axis 117 so the LEDs 214 face one another, at |east obliquely.

In this enbodi t, . primary directigns 116 t L 214

conver ges.urg%)tﬁaq%qggar i”ilth[}fv rcoé‘Pr‘f%%‘ ‘?ﬁﬁh?lfs %ﬁecaﬁ?yil%fé[)ﬁligﬁ%cﬁ?%nsfcﬂ% Hpeean
ori ent edintlQ¥e s GeRar@liFBEhtfal SettioR Qi 5 wiih Jour Ihueerisbdiohs QNSH 88k A0 from
can further include recessions or necked rggl ons fornmed on the first

si de 227eagh edgreof thisstepitleseaiirma2 1 5ph eOfhgr emberimertg icam dnchple aaflifisyendy tsbaped
sections b 5 , el.at | centr 1.0 Nact
embol LA Satha DR /e bR lork SBes) B F i AP P it Bt Becton
regi on atldbddn amtmbetimateshsenin RigurediAqthesntrarseationedés saroby, squlne vadnmirs
substrat e. 607a,can .used to.formeither a convex, or concave

cont i gurSheBaly Aty JUREE ion Al 2hEh ba Suos e aieS b s G reggn 215e.
primary AlédoRfidlpNte hbstaan70R HRINtBaALRkhe huntt 0700 & n Wive fandevical il dréss-shape.
whet her the substrate has a convex or concave shape. [0034]The

| i ght i ngFig#Eet/Be® Eémviewcafube lightignvat 708 inwhtiel the| oubr segrioas ddoh areamgled
opti cal : : i IFTRD t .
arrangedrg lt%gb? %Ltgtgrllg?%%?é %ﬁ%ﬂzgls%' h%eH%{rr@r%ger gi recﬁe&rgi%l%gﬁgﬁfa?a}% 1%%19196:
focal palirtti@tas wellek diregtlyabovcthd dgimintghmiti®0c Ghe sultserate TATecandlav6 4 8onvex

e R IR Bl ToRh s R G PR Al B
manuf actsdetidd® 19has & &R sallyl fTat Rafdce,abd edmpdsROSREicE Rlcodvex | HHRTHRBBINEE in
are frequently fornmed by nolding transparent naterial in a bow

shape. Wiish BedERped ¢ are argled apay fiow qusepetierded- divergenthen pepgvex gurdace, the
powder Lid:Qr fl t ryel, b
Centor o TR o Heflu@unt ROASalePh Hoh LG o onE el AR e cfhon
det r i mersirailargh dras depastedsini Kigurh dWe Ve othe onbdBmentp | temBgetttiag iuoit 760 oamintlnde a
Figure 6, this distribution concentrate convert material 618.
L0035 Fiegtii ez ot ki UES et 24n 4 PR S o PR Bl Broglr 2.
of a | i glahvdagentiHirhilatQ9 tHeQHD it BaD dhowAGCPRdR®ce with further

enbodi ments of the present disclosure and having a WO

2011/ 1594@567PCT/ UShl WD Sotéeding, Sk bsilir Bé Qpf@didte thid Sic¥BicCONPREMEHs of the

sections 215 carrying LEDs 214. The sections 215 can include a
r ect anguhygntienaviedeens deseiilend henoim fogjpurpopes of ilBstrations bt wadlhisnopvnsiructures and

ext endi - 0 f tyal, sectl . :
erbod: mat 2t RRER (0F B kbl IR doBly BCEbITInEloBert ' PRhuring the
havi ng fdeweiptisn »f the embpdinedyed theemeintioh. Wiheah theaontakiuiermais, Gigelar or plural
section 215b. In an odi nent .shown in Figure 7A th entr al .
sect | on STBees Hspanghia e Biiih oot elaB g Rar T a AreaI et forh i
regi ons a2Q8ated 208b 1R RxPRHBOSLRY ifdie@HgChattthe worh ticuld 5&GiHdied t@ :Ran only a

Accordingly, the substrate 707a and the |ighti n? unit 700 can have an
overal | Sé‘&‘éllf‘slé@% Rghesiveprdirepn tiae gther iers ijrgfgrapFein wiistioh dwe jog orhteranithen the

700 in i Chw th : i I j 3

cont ral (Sedt ok S EliaSAALLORRrFLR SnARE @y Bl ¥ AL DS, ol of
i n mul tithpd ieengh in élet liso s (@snyedrhbiagtiodi of detiteynsab twedist. he i ghting unit

700. The substrate 707a can have a convex surface covered by the LEDs
214. The40ddT} f aceAlss, diwitlobd eppretistbd e npecifib embodimentatdek@ibedabove are for
section 215 has. eneral ly flat surface, the conpaqsite suyface is
Convex. PRFPOSATdlls it mds%?tnva&m‘ilscfﬁwlﬁ‘éatmb@aﬁa nide WIHGWEATVRHRY TTPahs
one anotiiehtié® Aspectdlo¥ BledRIMosuRMHefe BN HENe SMEACE partiPBaSidibdatHE s Rhy be
the lighting unit 700 generates a non-circular, nonotonic angul ar

| i ght dicompingdior ehmiiater|imothep emhedimgrtsi dioe @xdnplicgrria ag@cts| of the Hiselosure
enbodi e .l I I 0 n.i.-ncl ude ral section 215
oo nasfogt D GBI ke F O TR S BoSaBl BhaASRLRD, B0

surface) can also be applied to convergent configurations. While certain features have been



WO 2011/ 159426PCT/ US2011/ 037220 descri bed herein as being "outer
relative to other features, these features may or may not be

"out er nostwocepeaselizag on di fferent applications. FurthacT/ushel1®37220
advant ages (e.g., angular light distribution advantages) associ ated

wi th certai odi nent.s qf .the di.sc] osure, nay hav een described in
the cont SRthsH TEHES BHBb et G Rt ToEteAtE Yo Mos QoI be
such advenicages’ denedin n@iftcr@maﬁplioaﬁéﬁss Fue@ek, %ﬂ@%&@htalgb‘s @@;l dhlar light
such advantages to faI withint scope of t he discl osure

exanpl e, digtHbutipgdsanegopbasonErd Wb cerign sotbedimenes of deg dl@fﬁ@wefamav &pye been

greatly, jafich 1ﬁatg acfofn%gtt of Bifdg Q'eﬁlﬁaé&l% beBt af ehl'bgmnembzrg%“ s SRRk ﬂﬂh

fromthe present disclosure. Accordingly e present cPosure an

associ at @dantwbmmldogyald: embetimentpass rmt:dfseemlﬁ piiobik seehtadvantdges topiaB sdthyn the

shown or desg, rei CLAI |/ | ai m . . . A .

ot oriePEs S SIOTE Hr estre gl e ieabaris e PR sosions gon ey

first sigeatlyawhREQasl affeddend cﬁﬁhﬂﬂm@vaﬁmghf RIhdu Gepartinl frérh @ proscht diSdlosure.

section, a second section, and a recessed score |line on the first

si de betdwseringly fthe sﬂre@ét:tcil@ﬁ%psam anf o aspagiaied teshaglegy, oimepriompetse other

flrst S d section about the score
ne mn?%ﬁ%ﬂﬂg%ﬁ?gﬁgén&géﬁ%%%g0#@?ggﬁggggggn and the second section

on the first S|de of the substrate being | ess than 180 degrees,

wherein the score line defines a first surface and a second surface

in the substrate, and wherein the first surface faces in a first

direction and the second surface faces in a second direction that

converges with the first direction; a first LED carried by the first

section; and a second LED carried by t he second secti on. 2.
The LED system of claim 1l wherein the LEDs are nmounted to the first
side of the substrate. 3. The LED systemof claim1 wherein

the LEDs are nounted to the second side of the substrate.
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4. The LED systemof claim 1l wherein the first LED is positioned to
emt light ina first primary direction and the second LED is
positioned to emt light in a second primary direction, and wherein

the first and second primry di recti(E%%Hﬁgnverge. 5. The LED
systemof claiml wherein the first positioned to emt |ight
inafirst primary direction and the second LED is positioned to emt
light in a second primary direction, and wherein the first and second
pri mar iywe cRe&hi ons di ver ge. 6. The LED systemof claim1l

wherein the score line is a first score line, and wherein the

substrate further conprises a third section adjacent to the second
section with a ore n the first.side of the substrate
bet ween t he secor‘i‘g(‘Ji:1 ntcet‘?%tﬂigaqﬁﬁéet(ﬁr@mwgﬁnsmﬁwg 7. The LED
system of C'aakd’ﬂs@at@’f}ﬁﬁlﬁigna tfﬁ'ﬁ didd, S se%%ﬁ(ﬂ %uje' ﬁ%lﬂ%%éﬂ“ﬁoﬁeﬁl@rﬂsts 9195 La first
line are generally parallel he LED Systémof claim1

wherein the firstsesmn aGacdng sacum]n'an(hh rws&admaomrimdm'sthfed'ust adigkegween the

and wherein the bstrate further conpris athl dsectlo
section, and a £ PTG B A he Sheang STV AROR R SRR R 1% ticat ge@@efﬁaothe
third, fourth, a@@anWsE&w%%BhPt’ﬂ% s@d’r@ 11ﬁ9(Wt‘ﬁcdtn%{gfe%eﬁv&ﬁrtﬁ@ﬁﬂpgghag and the

one of t he four edges of the central section, a score |line
each of the four seagdssection on th® . firfthgde BD theysulﬁmmﬂ bﬂhgllem&ham&B@Idegrees
nei ghbori ng edges ,of tg1 cent ral

ecti n are oriented appr.oxi
90 degrees from SYRETARGaepre line ok Biph Sirfaepand SseippgpUER e Substate,
wherei n each secth@QHefif {HeSirét SttdEPfabdsYin QA firkEiRection and the second surface faces
in a second direction that converges with the first direction;

a first LED carried by the first section; and

a second LED carried by the second section.

2. The LED system of claim 1 wherein the LEDs are mounted to the first side of the
substrate.

3. The LED system of claim 1 wherein the LEDs are mounted to the second side of
the substrate.

4, The LED system of claim 1 wherein the first LED is positioned to emit light in a

first primary direction and the second LED is positioned to emit light in a second primary

direction, and wherein the first and second primary directions converge.

5. The LED system of claim 1 wherein the first LED is positioned to emit light in a
first primary direction and the second LED is positioned to emit light in a second primary

direction, and wherein the first and second primary directions diverge.

6. The LED system of claim 1 wherein the score line is a first score line, and

wherein the substrate further comprises a third section adjacent to the second section with a

11



11. The LED systemof claim1l wherein the first LED is positioned to
emt light along a first optical path and the second LED is
positioned to emt light along a second optical path, and wherein the

Tt GBEAT BT ARcros TRECU b PURTEP belRGRr e, REEorieo™ et b ird

second gpidical path. 12. The LED systemof claim1, further
conprising a lens positioned along an optical path of at |east one of
t he LEDs. 13. The LED system of claim 11 wherein the converter

material conpris osphor terial containing at. | east one of _
ceriun(lII)-dopegﬁVﬁ9$$ﬁﬁ$QPﬁﬁgﬁﬂﬁ1gﬂLﬂEWt%?ﬁﬁﬁﬁgﬁﬁbﬂﬁﬁpiﬂFﬁﬁﬁﬁﬁl%&m%hne
neodymaygg&{gmgiﬁé{:glgpubl e-doped YAG, erbi um doped YAG

yt t er bi un¥doped "YAG neodym um ceri um doubl e- doped YAG

hol mi um chromi umthuliumtriple-doped YAG thuliumdoped YAG

chrom unm(1V)_-dop YAG, dysprosium doped, YAG _ samari um doped YAG or

t er bi um dopéd Yadhe 55 systemh of glaimpyjew eIRinsthe fissh SGptiqn i asentralseedomand has
the scrghe.ddl [ ' r ] : d -

cr ose. Soat Ak kNG s R HAERTmoblsbly Bidd SEPRCS fourth scction, and a
conpr i difthg sectispnppnd tfuhbar whereinbaadhs bfiehe gedond s thifdadeurtlanghda fifacaations are
face, wherein the first face is _in contact wwth the first section and
the seCBARFCHeslcle 4 cosspeusingenc af the fone cdass o dhe exntiab section, with ajsgoreiipe at
LED sy [ wherein the substrate is forned froma
homge%&%ﬁ%ﬂi&%t?dé?ie%%' 17. A light-enitting di ode (LED)

apparatus, conprising: a substrate having a first side, a second side
facing away fromthe first side, a central section, a first outer

section, and-a sddEAEIdaYsem obekits, wosreingiciehbreing pdges oAt esatiahwsction are
out er %%@%%ggéﬁﬁgﬁﬁﬁﬁggﬁﬁgéﬁégﬁﬁgqmggnaﬂgps|te sides of the centra

secti on, ving a first score line between the
central section and the first outer section, and a second score line
between the central section and the second outer section, wherein the
score |inesllre dhelF® systez okglaign bvheretn eagh seqtignearrgnd plurality @d$EDst e
is bent about the first and second score lines to forma

di sconti nuousl y-convex shape at the second side of the substrate; a

central LEDjgarrimed IBD tsh@eestt Elaim IewhéreR, the ffrkt’ BEDLERDRAohE® W Bhit light
the first outer section, and a second LED carried by the second outer

sect i onlongiechirsi ppticabpathrand ghe seepnd LE® Hiposition®&Dio emid lightealseg s seconptical
are carried on.the second sij of the suhstrate; apd a support. ..

cont acPhitg o e, PRSP Em A ErecertiBes AR iion B froPeRHEbRiraLin the firs
cent r abpfi@t phthGAALAESInAGottith &fl dofiVerf dfit@fal {¥Be S6tBRH bRti&l Bhtht he

central section, a first facet contacting the first side of the

substrate at the first outer section, and a second facet contacting

the first side of.t ubstrate at_ the second outer section .
18, The LED!Sppattt GETISEILP AR hfURas oS EEf P POUAEbAlongHg optice
first PRth®f aPRE4t 1088 of the LEDs.

13, The LED system of claim 11 wherein the converter material comprises a
phosphor material containing at least one of cerium(III)-doped yttrium aluminum garnet (YAG),
neodymium-doped YAG, neodymium-chromium double-doped YAG, erbium-doped YAG,
yiterbium-doped YAG, neodymium-cerium double-doped YAG, holmium-chromium-thulium
triple-doped YAG, thulium-doped YAG, chromium(IV)-doped YAG, dysprosium-doped YAG,
samarium-doped YAG, or terbium-doped YAG.
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and the second outer section have generally simlar dinensions, and
wherein the first and second outer sections are canted relative to
the central section about the score lines at generally the sane

| e. . The LED t f. im17. wh ' h )
SUbstrate 1t neriedinpsbac BRI Go@tp REFRS il WG sl sserpspit o
sect i onvagiraeidssiectidne central section, with a third score line

between the central section and the third outer section and a fourth
score |line between the central section and the fourth outer section

20. The LED gppar.at f clai erein the support has a th

face cont actithg (1 ChBrutish & Sl d; it ORPRU0E frrupaaL hAYAE Ackackide. a
the foufdihpeHt el §§&Bh@'face Wherem t"h]e ﬁrxh?acg@nfi&ﬁﬁﬁ(ﬁtdf{ﬁl e Ss@dBidd and the
wherein the Support is electrically and thermally conductive.

22. Theetdnd fagpianmatusaciwit the sechid wévdiori n t he LEDs are connected to

the substrate through at | east one of a surface nmount and a w rebond.
23. The LED apparatus of claim17 wherein the LED apparatus is part

of an array gf siyjd af‘fD'sfs'?e\Arg%P@faﬁﬁ‘isﬁﬁerélﬁ tﬁlﬂsdbgg Bid ﬁ%ne@%g%"ﬁ‘ﬁ&ﬁb&neous

t he sectlons are an rd an ed arra ect

i ght owdtevdald! y fron1the LED array. 24. The LED appar at us of
claim 17 wherein the LED apparatus is part of an array of simlar LED
apparatuses in an LED array, and wherein the sections are angled away

L;gre?nosd?ﬁgO[Ewﬁfgr ay I%I{gaé{()&é)@ﬁ)%ﬁémjﬁg%h{%ﬁ ar att !symE 0\2?;? ma17
further conriubktige alablagea fikakideps se@adtside: Rdpgartayaféintthe fissthsdd, at@ntral

wherein the base holds the first section of the substrate between the
base and the suppéstion anférst/\ﬁ‘étﬁéiswtlpﬁea@a@éemﬁd@t@m@@%o\ﬁ@e@@dbﬁ dist and

o 1E, SUPSL 2 IR, LIS RESE. BIMTE Ui it TR AL

the first and secmnsuisestifoAkerdfavingen fitbséoralife borweadlts central section and the
first outer section, and a second score line between the central section and the
second outer section, wherein the score lines are on the first side of the substrate,
and the substrate is bent about the first and second score lines to form a
discontinuously-convex shape at the second side of the substrate;

a central LED carried by the central section, a first LED carried by the first outer section,
and a second LED carried by the second outer section, wherein the central LED,
the first LED, and the second LED are carried on the second side of the substrate;
and

a support contacting the first side of the substrate, the support having a central facet
contacting the first side of the substrate at the central section, a first facet

contacting the first side of the substrate at the first outer section, and a second

facet contacting the first side of the substrate at the second outer section.

18. The LED apparatus of claim 17 wherein the central section, the first outer section,
and the second outer section have generally similar dimensions, and wherein the first and second
outer sections are canted relative to the central section about the score lines at generally the same

angle.
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27. The LED apparatus of claim25 wherein the base includes a raised
bl ock el enent that holds the first and second sections of the
substrate in place.

19.  The LED apparatus of claim 17 wherein the substrate further comprises a third
outer section and a fourth outer section adjacent to the central section, with a third score line
between the central section and the third outer section and a fourth score line between the central

section and the fourth outer section.

20.  The LED apparatus of claim 19 wherein the support has a third face contacting

the third outer section and a fourth face contacting the fourth outer section.

21.  The LED apparatus of claim 17 wherein the support is electrically and thermally

conductive,

22.  The LED apparatus of claim 17 wherein the LEDs are connected to the substrate

through at least one of a surface mount and a wirebond.

23.  The LED apparatus of claim 17 wherein the LED apparatus is part of an array of
similar LED apparatuses in an LED array, and wherein the sections are angled toward an edge of

the LED array to direct light outwardly from the LED array.

24, The LED apparatus of claim 17 wherein the LED apparatus is part of an array of
similar LED apparatuses in an LED array, and wherein the sections are angled away from an

edge of the LED array to direct light inwardly toward a center of the LED array.

25.  The LED apparatus of claim 17, further comprising a base that carries the support
and the substrate, wherein the base holds the first section of the substrate between the base and
the support, and wherein the base holds the second section of the substrate between the base and

the support.

26.  The LED apparatus of claim 25 wherein the base includes a recess that holds the

first and second sections of the substrate in place.

27.  The LED apparatus of claim 25 wherein the base includes a raised block element

that holds the first and second sections of the substrate in place.
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