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ASSOCI ATED METHODS AND STRUCTURES TECHNI CAL FI ELD [ 0001] The present

di scl osurwoizs1vshesed to solid state lighting (SSL) devipceaisand/oamgoci at ed
met hods of operation and manufacture including light emtting di odes (LEDs)
and formed, nulti-dinmensional structures associated with the LEDs.
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background illum nation. LEDs can be used for many ot her applications, such
as ceiling panels, desk lanps, refrigerator lights, table | anps, street

| ights, and autonobil e headlights. [0003]Wite light is desirable for nmany
app! i cakiANICALFIEBRnDNl y avail abl e LEDs typically cannot directly produce
white light. One conventional technique for enulating white |ight with LEDs
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material 6 deposited on the LED die 4. The LED die 4 can include one or
more | iTGRE-HICRYIPRY SEwGSH AP atet Yithethg A5iD8. as shown in Figure 1B, the LED
die 4 can include a silicon substrate 12, an N-type galliumnitride (GaN)
mat eri ghadfgrayyNRdi umgal liumnitride (InGN) material 16 (and/or GaN
multiple quantumwells), and a P-type GaN naterial 18 arranged in serial

| ayers. The LED die 4 can also include a first contact 20 on the P-type GaN
mat eri 0008 and [EDBseemndnaensinaty i22damandhéorNntapp ep@pdserabarusl sdich. devices
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conbi natTon of the blue and yel | ow em ssi ons appears whité to human eyes if
mat ched-EHppriopbackgedund illumination. LEDs can be used for many other applications, such as
ceiling panels, desk lamps, refrigerator lights, table lamps, street lights, and automobile

headlights.

[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 die 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 multiple 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 dic 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.



WO 2011/ 159426PCT/ US2011/ 037220 [ 0004] Anot her conventional construction of
an SSL device 21 is shown in Figure 2A. The device 21 has a generally flat
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cross-sectional view of an LED configured in accordance with the prior art.
[ 0007] Ficfyorcd t@As |a301mubarctlstabllltwnsmdemt@blc rfos serse tightorgabpplicetwrof  dowtED

an: angulab Php M RS NS o o Poih G eraed UgHPp Gy Saa, ReSrdih" o

there remains a need for LED systems that produce other light distribution patterns.
BRIEF DESCRIPTION OF THE DRAWINGS
[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.

[0010] 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.



accordance with the prior art. [0009]Figure 3A depicts an LED assenbly
configured in accordance with an enbodi nent of the present disclosure.

[ 0010] Fi geipeoBBspe£6a magni fied vi ew of anot her arrangemeaT/USee11437200t i on of
the assenbly of Figure 3A in accordance with an enbodi nent of the present
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accordance with an embodiment of the present disclosure.

[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] Figure 7A is a partially schematic top view of a substrate 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 materials, 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, 113D,



[0013]Figure 4B is a partially schematic side cross-sectional view of a
substrate scored in accordance with the present disclosure. [0014] Figure 4C
I s a partweal2by/isedremati ¢ si de cross-sectional view of aPSTASsee1Aa0872R@nt i n
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the substrate 107 and/or by having a composition different than the rest of the substrate 107.
The substrate 107 can begin as a flat substrate, to which the LEDs 114 can be easily mounted
using existing wirebonding and other flat-mounting technology. At a later stage of manufacture,
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).

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



[0019] sections for disclosure. Figure 7Ais a partially schematic top view
of a substrate having orthogonal an LED assenbly configured in accordance
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107 Caraqudp%gal%ath of the LEDs 114, including on or in a lens or cover 119, or separate from a lens
or cover. For example, in one embodiment, the converter material 118 can include a phosphor
containing cerium(IIl)-doped yttrium aluminum garnet (YAG) at a particular concentration for
emitting a range of colors from green to yellow to red under photoluminescence. In other
embodiments, the converter material 118 can include neodymium-doped YAG, neodymium-
chromium double-doped YAG, erbium-doped YAG, ytterbium-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, terbium-doped
YAG, and/or other suitable phosphor compositions. The lens can simply transmit the light from
the LEDs 114 and converter material 118 or it can further focus or otherwise alter characteristics

of the light.

[0025] The assembly 100 can have a major axis 117 that is generally normal to a surface
of the base 120 and corresponds generally to the central direction in which light is emitted from
the assembly 100. This axis 117 corresponds with the 0° position described later with reference
to Figure 3C. The LEDs 114 can be arranged with the primary direction 116 of at least one LED
114 facing in a direction that is not parallel with the major axis 117. The primary directions 116
of the LEDs 114 can accordingly diverge. In other words, the primary axes 116 do not intersect.
The relative angle between the axes 116 can be small (near 0°) or large (90° or more). When the
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



plurality of LEDs 114, and a support 113 having several angled surfaces or
facets 113a, 113b, WD 2011/159426PCT/ US2011/037220 and 113c. The substrate
107 can bwokentisedzer the support 113 and can have sever RCTgSa@nAaB1290 pl anar
segnents or sections 115 with junction regions 108 between nei ghboring
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junction region 208 can be scored to create a triangular groove 220, rectangular groove 222
(shown in phantom), or circular groove 224 (also shown in phantom) at the first surface 226 of
the substrate 207a. The grooves can include spaced apart, facing sidewalls 221 that facilitate

bending the substrate 207a as described further below.

[0029] As shown in Figure 4C, neighboring sections 215 of the substrate 207a can be bent
at the junction regions 208, away from an initial plane 230, to form a canted or angled shape
with the LEDs 214 facing in different, divergent directions. A support 213 can be formed and
placed against the first surface 226 of the substrate 207a. The support 213 can be made of
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[0024] I n sone enbodi nents, the assenbly 100 al so includes a converter
material 118 placed in an optical path of the light emtted by the LEDs
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used to form a scalable LED assembly.

[0031] In other embodiments, any of the 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 507a having four sections 215 and interstitial junction regions 208 arranged
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[0027] Figures 4A-4C illustrate a manufacturing process according to an
enbodi nent of the present disclosure. Figure 4A shows a top view of a
substr at ew0Q¥11iAaYdi2ag LEDs 214 arranged on a substrate sRCTASe0IAN3RRe achnent
sites 212. The substrate 207 has junction regions 208 between nei ghboring
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one LED" (&G, fisb uepdmeTe s %ﬂ_rmvm?rgtoroﬁwegge_cpﬂ%s _é‘ﬁzt T5hae LIz o dhe
j uncti QBcERQiNBTaRU8nc and i £RE bdtwald SGERAL s@libRCH 0% PR WeEhE M&iHERS

214, including alongthe I ength of the sSubstrate 207 and al ong the w dth of
t he subib¢ saise¢a07al rEach kecticanblddiamentlsde thettpament one 2 &Y ilonsa? 08vecane e
angl ed and/ C ed across the substrate 207. The substrate 207 can

manuf adbUEdeERY I 8 EORPT Bt ST S5y Hiudhs OSCHG T WA S FigH e
Into | %hﬁ’in%’@boﬁ%ktsﬁapeﬂ?%ishﬁ%e lé%gt ift %Qri&l!ﬁﬂr&ﬁoﬂ@%f@%%i?&ti&ﬁ%@ar%&ﬁr
and singulated i nto individual L 214 according to known nethods. The
LEDs 2Ipbralzhwith tbecéramé axsun ed\ suppaitrdBondédd founedwith abwirmestomdd@shapatot he

enmbodi nent own, in Figure 4A, the LE 4 are arranged int a erse
g A N AR L AN Do S A AT
junction regions 208. [0028] Figure 4B is a cross-sectional view of an

i ndi vi d0833luni t Fague paldustrgicn gn A ED wyt PR baying b substnte 690y origd tVitsCOmERY? cut
fromt Lon A o i [ S;
erbod nERECE P e boflox SEERAR RoSaREWih BubhGuboctine bl Sislggure.
f aci ng Tapgest: tie: onoavd duefate, thd substtete DGa canok bdnt @eths gwidtion se@dis H8pawvaided
by two correspondi n7g junction re?i ons 208. In an enhodi nent shown in Figure
4B, t hdhesearrasise! boyathed Ryl bfacs ome rbgdae st diqualy- tIndhissaboduagnt,
scored i I €. i regi ] t he
Finot1 o PRSI ¥3R0m | RLEFNE LTS 4 0CnIagy! I, DLIS By ShBoa tR by SOty
r ect anglitcatiorgr bidv &re 22 2nfeglhtoward a cphaminoforal @yintch I9cuThe jgicaow ecgi@d FGH san
shown i hant o at the first surface 226 of the supstrate 207a. The
gr oovesfg’étg?{ mﬁeﬁ% ERSCESIRAS Y NS pishdt TCSIORE q{gleém&e%ﬁr% S§§=122t7r%ftth$ aghstratefi0da.
bendi n S i: folr : 1N
P gur o T e AR L AR Y Sl S 50 Soh S uidy
t he j uridthorin redodmsen®OB), whishythd jummian rdgiirsi 208 iptlade a ARAbl¢ eegior mdade aot ed
or angl,e?ci Sh%pe_ with the LEDs 214 facing in diff&&ent, di ver%e t :
di r ect i1BrEde HRHGHOPVE 8T @FRCHHOR-ONFSATE FHD AL Y 427 hrsisee He Ty gither a
surfac r 0 :
2011/ 15945801 (LS8 T FOTTEsgofat Coma PO F ooty SR SO REOF s pieny
207a, dfirectiomsahl thanrtedeneparaldité ther major agits drli7 avhethan tsosebseato dds peonhsex ¢the
support 213 Cﬁn be made of a thermally conductive material and can contact
t he subdRtHCE AMY7a to all ow the support 213 to absorb heat fromthe
substrate 207a. In ag{gl i cations that produce | ess heat and/or are |ess

1

sensi t i[0834lo hedihehighting vt P00 e4veintlpe a peuveriehmatigh®ld plaacsl inan optca miath ed,
it i al il
R S L SR e A R

mechanipzahardidérettiondEItttotvanl s tdrat peihes B0WAIchihdy Sdiadigs with thé baivemeb@dicriaint s,
the substrate 207a is shaped separately fromthe support 213 and

subsequdst | $s plesedwdofrthpe belappdhis optentatipn gan Aake advantae afbs tymagad optepaccan

be tri 0, S i . tri i r
path  aondLofialy (ATl el aniMEns b TR A BRSO F ol RERHETFAN N
sone empodEDERsSblidseart ERRudtty €@mebebyatoftife trahspatdn€ nsdidrsd] riataeb@O7 shdpef or e
bendi ng t he substrate 207a. Positionin aching, and wring

sur f aceVhpunePmgyter materigng intnoduped itnmet_hf%il%t{%tié amgwigrt @ Ozlaﬁraﬂ%%ﬂé%% thry
14 i EndS RNy B BN, SOUTURHL 1Ay RERCLEREThE BB ™

doi ng sdetriraynthlechaprcerddiié;fhioswdver, dndicoimxmennsiioestdwen inoFighe @ithiseli@ribution

orientations of the different sections 215.
concentrates the converter material 61%.

[0035] Figures 7A and 7B show a top view and side view, respectively, of a lighting unit

700 configured in accordance with further embodiments of the present disclosure and having a

8



[ 0030] The support 213 can be electrically connected to the substrate 207a
which is electrically connected to the LEDs 214. Accordingly, the support
213 can cworaivispesm nal s 234 for el ectrical signals toPCHAISRMLOAT220 Wi t h
the LEDs 214. The electrical comrunication can incI ude power and/or control

signal s. The t he substrat 07a,. a EDs 214 form_an LED
unit 2080 %ﬁgeﬁ é‘é‘(ﬁf%‘@c Lﬁﬁf’té‘ﬁls %52 g%‘t E@FW@PW% 1ét‘t‘?’a]i’ched
to ot hgpeiGid ﬁ%étar‘?éu@ﬂf'd%ﬁéalobrect%t{ E%a%ﬁﬁ foénmﬁ&r axua{s B Sl @r@[ @w%llﬁ%ﬁ{ of
simlar units 200 can be used to forma scal abl e LED assenbly 0031]In

ot her emblodigent she eamyrabkedtioe 11BRs Qthér embbdiumehﬁ[):ammntluﬁe@t éﬂﬁﬁamtlyrshﬁpeghr e
central

4 can be elim pat or. exanpl.e, 4a.c e
achi evé® atr?%o%ﬁeﬂ%?ﬁ%ﬁ Ewn%l W&cﬁ%armﬁted&%t@ﬁ? af PIE G aﬁwaaﬂé)ﬂlter Section
enbodi MR}, 198 eﬁlfboalﬂf'en‘f)bﬁd%&n fﬁlz_[@éut%j#p RO e Gechiah 206, %ﬁet KdateQvitie PAIES

light ina particular outward diFection (e.g., In an asymetric nanner).
For exarfpicecrsliy pamticlaunctingeeions case, 268t se dppoumgysititreofeitigecwfal aeptioﬁlj Ipanel .

I n othe nts C tta ite 21 ontain nultiple LEDs
014 ARSI RYy et b GEF i Gl e atiing g 70 2 TR AR St b Bo S o
non-u ”'ﬁlgﬁr@ﬁ; st 4 bRutian o@fthé—ﬁﬁﬁm%]iﬂma?mﬁﬁl fhichahenhtcakiAphients sid eﬁfgle'%ilz
W t hout Teaving any attachnment sites 212 vacant. [0032] Fi gure 5A

i |l ust rratagse & ther ctemral eebodi2iknto distribee pelesferrn thik $EDssArelateradlyuidi myltiale

P g SECUTIORS S R D At W iShing S56 180 ek SedBta rBSEBG h A saprsas

Qther eghRel BRRER BAheNavss MY eTRE sﬁﬁé’&%ﬁs dRebitNdugdteonvdiedcehdt WhAe Shdke Of
the sections 215 can vary, and the angle between adjacent sections 215 can

vary oweetiarhal 3 lengtgeneglly et sufsse.rthe eorBEREe sEfeds is eemicsn IR 16 azhodimaitutie an
att achnment hat can have one or re LE 214 or can be vacant.

2 oo o anc Mo 2 A5 erad an B B oo TR Gt Rn@eih 80 AR PrH e By ex
shape ts@udiusd 6f ﬂh@tl%hhh? hit 1700 \RhERS atioheGicuRRSmohdishik %gﬂaﬂhgtﬁ%gtaaﬁudnh at
are not parallel with the central axis 117. A support 213 can be forned

Wi th a stoaree ;ﬁbﬁdieplgteslhaﬁegltro 3€udpeother cembodiniysts; ﬁteeh@@?la ung Q0 cen ewhigot

st ren By SREFERI G i SR ST R A R kR PP B Aot e

SurfaCQoh%rf@@({t) tihanr & ®ONESXuSHIAEBwnln #¢&RE dance Wi th anot her enbodi nent
of the disclosure. To create the concave surface the substrate 607a can be

bent atjgpie Jun%aﬂnm]reeas %2% \Lf’l""%dar{ﬁﬂ%l 2} tagﬂeaf%lzmﬁadlﬁl%ﬁtsL&D%hélél

face one anot her i quely od| ment e prinmary
di r ect iloventib haod bd:ehaiels&[])s:dZﬂ:ﬂam: tmpargses ofnillastpaioh] owtlveall-lendyodstrentres 4iide

prinmary. directions 116 are oriented. toward a comon focal point 619. The
j unct i JHASHORS JREC 298 Degth ShowR 1L A erdieddid 3%1&%.% BIncResraly PRsghiones the

formed QRcARBNIdFtRE cRbABmeRE oPithd NEeRHRSIWALR tQQZanteﬁ%rmum&ﬂg%rro@ ]I
208 all ow outer sections 215b, 215c to bend relative to a centr al ction

215a. Itormenbagi alentsclude ﬂsﬂelpﬂhraﬂ foe qmglmm emy e&;pmﬂwe@OBUnmsls ube vsa)rﬂl"ex‘i o e
region and.do, not include scori.n ve or a.re sion, the sane
subst r AbCEhYh e EXSE e fibTa e hak e Wer Ul BS HBHkdAgdncin only a
confi guiafié R8m dxBIARY% Rfm HRESHCABRI MR Sn@lto 8RS of 898 %r Hort RERS, 1}%1'1 i
directions 116 can be non-parallel to the major axis 117 whether the
subst r atse oh&s™" an swnh\eelxst shalclomméarpresidagsencluding (a) any single item in the list, (b) all of

the items in the list, or (¢) any combination of the items in the list.

[0037] Also, it will be appreciated that specific embodiments described above are for
purposes of illustration and that various modifications may be made without deviating from the
invention. Aspects of the disclosure described in the context of particular embodiments may be
combined or eliminated in other embodiments. For example, certain aspects of the disclosure
discussed in the context of divergent configurations (e.g., the LEDs are placed on a convex

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



[ 0034] The lighting unit 600 can include a converter material 618 placed in
an optical path of the LEDs 214. In this enbodi nent, the LEDs 214 can be
arranged woO 2b¢nds42bi ght al ong the primary direction 116PCowseel1asf2oeal
poi nt 619 which may coincide with the converter material 618. As described

further below, this orientatipn can ta vanta of. a typical outco
comon BCf}Péﬁl;Peé%\?é @rgnfﬁ’ﬁ{eéffeé‘t‘“@nta qt@ﬁsfd CRHFFSf ﬁ%ﬁqaﬂae%&aé%gw ngtpe
parti Cu'bafermbﬁﬂa@p%nmrg &Pdlkf'éﬁén@%ﬁ@{ﬂ%bﬁs BAlrdhef, eient byt &r(ré?gd Jaguﬁp highg

transparent material i'n a bow shape. Wen a converter ter
i ntrod uhﬂdbutmnoactvlaataga)slssqmazmdpwmhleertmn emHmdrrnefﬂtuoﬂtlmrdlidlmmedomayﬂmwrbcetn

tends tp sett oward th enter of. the bowl . I.n many applications this is
cons: defaiedqB (HenHet G pas CBPPUFIear: Rt yaOOTACh ah Ph e Rt PEft
shown i Jay ¢ searﬁi ndt Qll-"‘eﬁ%oﬁirﬁér@yhée‘arh&%&%E}te&ﬁfbﬁssum QdANGES tefall BikEA kiR

618. [0035] Figures 7A and 7B show a top vi éw and side view, respectively,
of a | isgbpd (quhtldlstlom tonéiagpledhd mghcbdwdemeaghioringfsubsthr scentrodianeatys  of

the present disclosure and havij 11/ 159426PCT/ US2011/ 03

Substr & o NI o HICEME dcen et dEhF SAToUSEIAdng 1o oot 41 iopue
secti ongecdidin@gn thachbrdenta dﬁs%?&sﬁﬁg%ar a§§o@{a’£&l| t8&fbldRy 2iracidduipabousthout er
sections 215b extending away from each edge of the central section 215a.

O her emjwdimens sotcapressly uwken ar diistfilbaddierdiy. shaped central section 215a
having five, six or nore edges, each of which can abut an outer section
215b. I n an enbodi nent shown in Figure 7A, the central section 215a can be
square with pairs of generally parallel junction regions 208a, 208b on
opposi ng sides of the central section 215a. Accordingly, the substrate 707a
and the lighting unit 700 can have an overall cross-shape. Figure 7Bis a
side view of the lighting unit 700 in which the outer sections 215b are
angled relative to the central section 215a to distribute |ight fromthe
LEDs 214 laterally in nultiple directions as well as directly above the
l'ighting unit 700. The substrate 707a can have a convex surface covered by
the LEDs 214. The surface is discontinuously-convex because, while each
section 215 has a generally flat surface, the conposite surface is convex.
In the enbodi nents in which the LEDs 214 are angl ed away from one anot her
(e.g., divergent) on a convex surface, the structure of the lighting unit
700 generates a non-circul ar, nonotonic angular light distribution simlar
to that depicted in Figure 3C. In other enbodinents, the lighting unit 700
can include a central section 215a and several outer sections 215 that are
angl ed toward one another (e.g., convergent) simlar to the LED unit 300
shown in Figure 6. [0036] Fromthe foregoing, it will be appreciated that
speci fic enbodi nents of the invention have been described herein for

pur poses of illustration, but well-known structures and functions have not
been shown or described in detail to avoid unnecessarily obscuring the
description of the enbodi nents of the invention. Were the context permts,
singular or plural ternms may al so include the plural or singular term
respectively. Unless the word "or" is associated with an express cl ause
indicating that the word should be Iimted to mean only a single item
exclusive fromthe other items in reference to a list of two or nore itens,
then the use of "or" in such a list shall be interpreted as including (a)
any single itemin the list, (b) all of the itens in the list, or (c) any
conbination of the itens in the list. [0037]Also, it will be appreciated
that specific enbodi nents descri bed above are for purposes of illustration
and that various nodifications nay be nmade w thout deviating fromthe

i nvention. Aspects of the disclosure described in the context of particular
enbodi ments nay be conbined or elimnated in other enbodi nents. For
exanpl e, certain aspects of the disclosure discussed in the context of

di vergent configurations (e.g., the LEDs are placed on a convex surface)
can al so be applied to convergent configurations. Wiile certain features
have been
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WO 2011/ 159426PCT/ US2011/ 037220 descri bed herein as being "outer” relative
to other features, these features may or nmay not be "outernost" dependi ng
on differwonoapsh426at i ons. Furt her, while advantages (ePgT/USamgBzeo | i ght
di stribution advantages) associated with certain enbodi nents of the

di scl osure may have been descri bed iﬂ %ﬂgicontext of those enbodi nents,

ot her enbodi nents may al so exhibit s 12 §vantages, and not all enbodi nents
need necessarily exhibit such advantages to fall within the scope of the
di scl osure. For exanple, the angle between nei ghboring substrate sections
can varywgkiah! y, which can affect the distribution of |ight w thout
departing fromthe present disclosure. Accordingly, the present disclosure
and associ ated technol ogy can enconpass ot her enbodi nents not expressly
shown or deSFrib%gthJei?f %M)2@3%#159&26PCT/U82Q11/037220 CLAI M5 |/ W
claim - 1. AlBPGHPINE PP9d- R TR B P e  conprising: a
substrate havingiratel dvidg 8ifHE side, SESQRHd Sidte ffcah Nday@ W tHeORRst BRI b st
side, a first section, a second section, and a recessed score |line on the
first side betweenctidie afsceand sceigern, @nd arrdeasbrsl ssotoher eedicl font sidh betaican thve

first section is bent relative to the second section about the score |ine
W th an angle bertisereifbi PExBal Rt aRa e RaR BTG R IRl e T st
side of the substscadil Refiditalofsmhelsb@8 1th8 Withefl S8k betwédn tht fikdebeGidhrahn@thdy
the first section; and a second LED carried by the second section.

2. The LED syst erseedndgicetion an ihidirsispictodghq substraie beig less duntl§0tdagrees;r st si de
of the SUbStart%;[ste 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
second score line on the first side of the substrate between the second section and the third

section.
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3. The LED systemof claim1l wherein the LEDs are nounted to the second
side of the substrate. 4. The LED system of claim 1 wherein the
first LEDVD20pasp4260oned to emit light in a first primarypCaiuseetioarz2@nd t he
second LED is positioned to enit light in a second primary direction, and
wherein the |rst a econd mary rec conver The LED
system of cl/aim 17 BRR RNl Bl vheere i)ﬁgrttsrqrﬁla& 36(1&}%60?%%9@ hiney
first Qﬁég@ﬁMﬂgu&ﬁgkﬂon and the second LED is positioned to emt light in a
second prirmary “direction, and wherein the first and second primary
directions diverge. 6. The LED systenrof claim1l wherein the score

line is a first ore |ine, d mhe nth bstrate furthe Q i
third secti sﬁ“t? tSéSSt?lPré) {jwi‘%féﬁ &%C%O%e@orr&trg %FFEniF ‘Hgﬁ
the firgh, side é,?lfd WhGemURS ts?@tttﬁtcbﬁhﬁ&e&rﬁ cS gqgﬁl&i séc%%h' PP Jchibn, td !dr d

secti on. 2011/ 159426PCT/ US2011/ 03722 . The LED system of claim
6 wher eﬁfth tsbtiohi msd fegberewhemen amch dhiehs sewnd, ﬁunir efohrtlm,eamir difiheswetiand yre

paral |l e 8. The LED sy st 3%9; clgin;# ﬁherel the first sectjon is a
centralcog’é?;‘tt‘?dow ARYTHRS B e Bg , TOMH QISR P CEHE SEOPr B8 & tfPfhiRe at
conprreeghgfﬂ@qggfﬁg&;ron a fourth section, and a fifth section, and
further wherein each of the second, third, fourth, and fifth sections are
connected to a correspondi ng one of the four edges of the central section,

with a score | i ne_at ch of th our . edges LED syst em of
clai m 8 wherkin gwﬁﬁrsr amé’éﬁ &Wbﬁs%eewlrbgrmgégﬁscpﬁ t %en&iafmlea are

appr oxi gF Rk B HREEIFTD dobRiEL B8R AHROkBREr 10. The LED system of
claim1l mherep each Section carries a pIuraIrty of LEDs. 11. The LED

systemof claim1l wherein the first LED is positioned to emt light along a

first optical path and. the second IS positioned to emt | ong a
second opticd pak qrr é%aymp G el esydn B %rr&%rarewlrlgaé@gpﬁ?ls

portion of converter material in the first optical path and a second
portion of converter material in the second optical path.
11.  The LED system of claim 1 wherein the first LED is positioned to emit light

along a first optical path and the second LED is positioned to emit light along a second optical
path, and wherein the system further comprises a first portion of converter material in the first

optical path and a second portion of converter material in the second optical path.

12. The LED system of claim 1, further comprising a lens positioned along an optical

path of at least one of the LEDs.

13. The LED system of claim 11 wherein the converter material comprises a
phosphor material containing at least one of cerium(Ill)-doped yttrium aluminum garnet (YAG),
neodymium-doped YAG, neodymium-chromium double-doped YAG, erbium-doped YAG,
ytterbium-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.

14. The LED system of claim 1 wherein the scribe line includes a linear recess with a

V-shaped cross-section.
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12. The LED systemof claim1, further conprising a |l ens positioned al ong
an optical path of at |east one of the LEDs. 13. The LED system of
clai m 11 whensi1s9426e converter material conprises a phogphais2emosreal

cont ai ni ng at I east one of ceriun(lIl1)-doped yttrium alum num garnet (YAG,

neodym um dope hr om um doubl e- doped YAG, . erbiu d YAG
ytterbium dolg Eﬁ‘g ]EJS gtﬁpuﬁgl@m& %ﬁbp%m%s& appport having a%acl?fg

hol m Urﬁ&thfa%n 444 Bbhy I]ﬂcrer 'vv@&%nfjfh%el‘fjrstY A i Lddig: %ﬂf«‘ﬁle\@ﬁ-@ section and the
chrom um(1 V) -'doped YAG dysprosi um doped YAG samarium doped YAG

t er bi ursecloplefdceYif@ contact withdthe Jdvond Etsyst em of claim 1 wherein the scrl be
line includes a linear recess with a V-shaped cross-section. WO
2011/ 159426PCT/ US2011/ 037220 15. The LED systemof claim1, further

conpri sing & ¢5UPPAIT G Ao 3 RRGFKS! Wioreif tﬁi&ﬁ%trét@%forﬁ@&' ﬁ%n?e?ﬁ&ﬂﬁ%é B8

wherein the first face is I1n contact wth Irst section and t

face i smataridontact with the second secti on. 16. The LED system of
claiml1l wherein the substrate is forned froma honbgeneous materi al .

17. Alight-emtting diode (LED) appar atus, conprising: a substrate having

a first sidegy a sgg therﬁft%f%élg&é alfahgn& lsflﬁg’ st side, a central

section, a first ou econd 0 Ssection, wherein the
first and seacmﬁ;dtramﬂmmng@cﬁrsomieaa esecaxﬂudem@fachrg eamjr fmrnotpp(fﬁsttm'edes iadeatrolf
the central section, the.substrate further having a fi.rst Ecore | i

bet ween the cent rP&Ftiedt fish O4igH Seqions PR # sgeandy OWgi-s5cHAN. Whgew @scfﬁﬁtda@core
line between the GeMd &lerSEEHdRAE ékﬂaéeﬂﬁtéeﬁﬁod}ﬂoﬁ&@é sﬁ@sc 11108 coABE&HiBN t he

score lines are on the first side the substr e substrate is
bent about the fithssulstrdtesfetberchayogr efitst sase fine botwnea the central section and the

di sconti nuousl y-convex shape at the se ond lde of the substrate; traI
LED carried by t HESCRHEY sHetig cindoh SecRnfsFae Inerhdpen g BPirehecren and g

section, and a S%Qd}fél&t@s%é’t'idﬂ %ﬂle@fn %H%%cér%qgféga&%neﬂhe?tﬁﬁtsidérbf tPM‘ﬁfb@ﬂrﬁet he
central LED, the first LED, and the second LED are carried on the second

si de of the substandt the m’mdtraegapl]mttabommttlwctﬁlrsﬁgattdheecbndsicom teesofo tfowven a
substrate, the support havj ng tr facet ,cont the first side of
The substrate ar CHENGEBALMAIOZet TaRe Seihp propd FHEer DecMPHtiTng ¢ he 11 rst
side of the Subghrot® catricd tflé Eéftra?k’écﬁBn Sefilst PPD c%ﬂ%daoarstﬂg aRd ofiR6 Sdction,
contacting the first side of the substrate at the second 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.

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
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18. The LED apparatus of claim 17 wherein the central section, the first
outer section, and the second outer section have generally simlar

di mensi o0 2anidissdrzeérein the first and second outer sectiPemaisarig/ognne ed
relative to the central section about the score lines at generally the sane

angl e. 9. The LED apparatus. of claim17 erein the subsirate
f ur t herPeBUsHYr hs ereniiak shefign @ﬂ?é eé@e YT SRcHoR o5, A tTRURy Sepre Eet ﬁﬁwe%fl&cem

to the eapliralicemd Rdfouhiditd@ stdiiohd score line WO _
2011/ 159426PCT/ US2011/ 037220 between the central section and the third

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

ectj o 20. The L pparatus of claim.19 wherein.the
support has &t i e HER @mpdtia gy E"EW?H%PH%&P@PO% B + BHrca e sox geiven
face coptagld d?l_gertsgﬁiJnodﬁ'atakfoQHﬁ Blcc R6&theS a{lhf fourth t]c?}'r sd@fnLED apparat us of

claim17 wherein the support is electri y an ermal [y conducti ve.

22. The LED apparatus of claim 17 wherein the LEDs are connected to the
substrate thyrough at | east one of a surface npunt and a w rebond 23.
The LED appg’rlat usTsrLEel é‘PPﬁrit‘PSﬂ%élragpr]r7tvhléerilﬁlﬁleai}1§’§P§tl%gleFt§1%‘§f tndthenpallyr r ay
of simldan,4EP apparatuses in an LED array, and wherein the sections are
angl ed toward an edge of the LED array to direct |ight outwardly fromthe
LED array. 24. The LED apparatus of claim 17 wherein the LED

apparatus is_part_of an array of sim_lar LED apparatuses in an LED array,
and wher ei n 4%he sTé&Ir%lagpa%ré%aﬁé P@Hnal%a‘{h@ﬁl% kbR gee ‘i:?FlnF%%‘? LOéEe APPsERte o

direCtthﬁﬁ,Ea{B&??gﬁXféQﬁ@kgnﬂm§?%%§£?é§§§ﬂﬁa LED array. 25. A nethod for

manuf acturf"ng a t-emtting system conprising: attaching a
first LEDto a first segnent of a substrate with a groove on a first side
of the
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. A method for manufacturing a light-emitting diode (LED) system, comprising:

attaching a first LED to a first segment of a substrate with a groove on a first side of the
substrate between a first segment of the substrate and a second segment of the
substrate, wherein the groove includes a first sidewall and a second sidewall;

attaching a second LED to the second segment of the substrate; and

bending the substrate at the groove by moving the first sidewall of the groove toward the

second sidewall of the groove.
26.  The method of claim 25 wherein attaching the first LED to the first segment and

the second LED to the second segment comprises attaching the first LED and the second LED to
the first side of the substrate.
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substrate between a first segnment of the substrate and a second segnent of
t he substrate, wherein the groove includes a first sidewall and a
second siwewallts9est achi ng a second LED to the second s@gmwamseolof3he
substrat e; and bending the substrate at the groove by noving the first

The' mot hod G- ol U BShURET BRI A5 CEHTRG EHEE T SrLIEED fo Herfgol 1Egnsiont

and t hepseoRd LERR o tRe E8ns @@g%k@?lt SEAPBRL RO | BeFiratitas *EB R9edon® sfdelo$thd ED
and the second LED to the first side of the substrate.

2011/ 150826RCIPIISROtht/fO8ARRDf the substr@@. The net hod of cIa|n125 wherein
attaching the first LED to the first segnent and the second LED to the
second segnent conprises attaching the first LED to a second side of the

substrate opRosi t”ﬁletrlﬂgthoﬂ of tcla%rh%uﬁfletjefﬁebe?lﬂgl%tt'h@tsﬁbstrate at thnégoovy'&%

of claim 25 wherein bending the substrate at the groove conpri ses rntng a
di scontforuiogsi @smnoamlﬁmﬂcao@ sofacelom thi rfast Sdaef dfe substrate vathr the irgdi 4l t he
first and second s ments bein eneral | Ianar nd with aé{elatlve ngle

bet weerrct¥i seErents hrieszeasily Piyremnd Vot ¢ f‘éafr‘reragtg Shawegbihadiptaaid seraK 180

degr eeSeoments on teirst1§e HRAPRYs Bhn9k@lUBRLey. further conprising placing the
LED systentln a recess of a support structure. 30. The net hod of

cl ai m 26, further conpri si ng posrtlonrng a converter material in an optical
pat h of the od of clar attaching the
Pt ot LED £t he ?lrere?thgégﬁénrmg’éd mFéE‘PfPH@SI%E 2Beghe L EE IS Het Seeond
segnment,d.ng tiaching the first and second LEDs to the first side of

t he suogfraéggﬁ?Fﬁ/ghe first and second LEDs positioned to emt |ight
toward a common focal point.

30.  The method of claim 26, further comprising positioning a converter material in an

optical path of the LEDs.

31.  The method of claim 30 wherein attaching the first LED to the first segment and
attaching the second LED to the second segment includes attaching the first and second LEDs to
the first side of the substrate with the first and second LEDs positioned to emit light toward a

common focal point.

32.  The method of claim 25 wherein attaching the at least one LED to the first and
second segment comprises at least one of electrically and mechanically connecting the LEDs to

the first and second segments.

33.  The method of claim 32 wherein electrically connecting the first and second
LEDs to the first and second segments comprises at least one of wirebonding and surface-

mounting the LEDs to the first and second segments.
34.  The method of claim 25, further comprising positioning the substrate against a

support having angled surfaces, and pressing the substrate against the angled surfaces of the

support to bend the substrate at the groove.
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32. The nethod of claim25 wherein attaching the at |east one LED to the
first and second segnent conprises at |east one of electrically and
mechani cavDyotioseet i ng the LEDs to the first and secon@#CIaprEnins7220
33. The nethod of claim 32 wherein electrically connecting the first and

second LEDs to t fi d secqnd se rrents conpri ses, at one of

wi r ebondi ng *&nd Lﬁﬂflae 0 ﬁ{airﬂég WherpiRagRing fls #lﬁ ad %an@%%cfog@&ﬁ%t s.
34. Thqnsr;ﬁﬁﬂagc{h@fﬁrﬁla%r@e@&d LEDL RS thE QIR WARIPAS Ishb QRS SdAGraBly gL Ale
agai nst a support having angled surfaces, and pressing the Substrate

agai nstwldneindagdieg tlewubstors cahpiisee bsmqapg)ﬁm stibsttagnalter e SEBDs tireat tecteed to e

gr oove. 2011/ 159426PCT/ US2011/ 037220 35. The nmet hod of claim 25 wherein
attachisﬁé\sl)t’f%% first and second LEDs conprises nounting the first and second
LEDs to the substrate while the substrate is generally flat, and wherein

bendi ng the substrate conprises bending the substrate after the LEDs are
attached to the substrate.
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