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device, in accordance with the present invention comprises a plurality of LED dies,
30  acorresponding plurality of optical waveguides, each having first and second ends,

each first end being in optical communication with the corresponding LED die, and
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Alternatively, the plurality of waveguides may comprise a plurality of
optical fibers and the output light-directing elements comprise fiber lenses on each
30  second end of the plurality of optical fibers. Similarly, the first end of the optical

fibers may further comprise a fiber lens.
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LED dies may be illuminated for a low beam and the first and/or a second plurality
of LED dies may be illuminated for a high beam.

30 In another exemplary embodiment, the illumination system can further
comprise an infrared sensor for, e.g., collision detection, illumination, and/or

_ telemetry applications.
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optical” element array 110 may be used to redirect that
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In an alternative embodiment, the LED array may be replaced with a white

VCSEL array. The passive optical element array 110 may be used to redirect that
30  light emitted from each VCSEL into a corresponding fiber 122.
An aspect of the illustrated embodiment of Fig. 1 is the one-to-one

correspondence between each light source, a corresponding passive optical element
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exemplary embodlment the structure of each reflector provides non-imaging light

collection and distribution of the illumination to the light receiving fibers. The
30  shaped reflectors 120 may be made of a multilayer optical film (MOF), such as
Enhanced Specular Reflector (ESR) film available from 3M Company, St. Paul,
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As shown in Fig. 2, the phosphor layer can be mounted or formed on an
30 emitting surface of an LED die. In an exemplary embodiment of the present
invention, as shown in Fig. 15, the phosphor layer 506 can be precisely defined in

order to substantially preserve, or reduce the degradation of the étendue of the
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30 éncapsulant can be partially or fully cured. In a partially cured state, the phosphor
‘encapsulant will flow around the wirebond, encapsulating the wirebond and

adhering both the phosphor and the wirebond to the surface of the die. If a
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30 Referring back to Fig. 2, a reflector 120 can be used to couple light emitted
from the LED die 104 into fiber 122. Also, as shown in Fig. 2, the reflector can be

.” formed so that it can slide over the LED die, so that its lower opening 123 provides
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For grge?rglng%rotmht%e Ib{mdled engs g&e to the Numerical Aperture (NA) of the fibers
at the input end as well as the output end. As described herein, the light receiving

30  fibers perform light concentrating and beam shaping, as well as light

transportation.
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whi | e not aII the light fromthe 15 . LED die

ool | Smle BpleRBGLPEOph e pBRsgharclhe LE B ER e & 2G8 gpotropic or

i ghLar(lgeanrﬁ’ ﬂfcns@r cﬁ‘ﬁﬁlﬁftl})n Cﬁﬁbuﬂn%gcﬂlall%tgﬁ%f @Udegrees the
transmtted receiyi fiber utilizi

t he
r ef | éigadie of E}E%/L@é%dlé @sq%@\‘f 08By §re %f"éf‘t Woile Bt theight from the
\I\Er e{ fp daémg?% &cﬁﬁﬁgd bef% @iber! zpvé%?o gy eerﬁ{agei ﬁfr[rglﬂgbmbr

ere a phosphor is used

out p g{ealpt) ca ccélectp%/ @rmtranfrnxge(bh)oglp Fight rpc&},@pg fihey étlhzmg the
and/ ofge b0 u‘iﬁb&&eﬁ%ﬁ 3nd ?ﬁknh Bfioh HaELLRd hefiPr der to

preserve the ‘et en e emtting surface of the
LED di e. Asmentidnadalprve,dpti eienipgy etheodinértadiesra phinenber layer

can | ncr&e{;\sce?ﬁ\cerrt e f 1t Lfth 2 hltet ?gh {hg{ill odphayeF F]IZé fHaor

the, 158 ehe eone r’optinrzin

ref | eddkmess cai Bepbmftﬁf in a;rdabr s)tpmsbmeemt éhainglt ofsmwmlctma stitface of
nearlf.rylé_jygxertl an em ssion is shown in 25 Figure 3,

whi ¢ 'Getail of the reflector surface 121 from

Fi gure 2 Imprbviagol dptiaiidng memﬂdctnﬂihepea)ahsnmn@mdvm maxgmize

addej.@ The era meﬁ.ga f.or

a gi ¢ nggbrire%tsgbﬁltq rﬁg ?1% %/ generall:ge% ?ry%or op 1mlzmg t%e refléctor
shape for a distributed light source with nearly Lambertian emission is shown in

25 Figure 3, which is a detail of the reflector surface 121 from Figure 2 with angle and

coordinate axis nomenclature added.

The general geometry in Figure 3 shows that for a given point on the mirror
surface the light from the LED die strikes the mirror surface at an arrival angle 6;.
Further, this point on the mirror is located at (x,y) and at this point the mirror
30  makes an angle of ¢ relative to the vertical. The reflected beam from the mirror
surface can then be shown to be at an angle of

6, —2x¢,= entrance angle
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surface the light fromthe LED die strikes the mrror

surface at an arrival angle Q. Further, this point
womothel7os rror is located at (x,y) and at thi SPEDUSL003/038040

the mirror 30 makes an angle of 4] relative to the

ver t irdalive tTHe vewichlewtiduwibidwthe engrance langlerinte the fibgur f ace

can then : ! . L QI
cntrance angratte iR gt 8uts Mo di B3R
r el atekareple aret he vertical which will be the entrance
angl e int he fiber. The |ighti 0 e
inposedﬂngf)(Pz“’?ﬁhgreer“%ﬁé‘%? he LED%R%I%?@&%%Q%%S g are:
1.5 LED/ DhbEpiphosphousmsiesien angles:300 180T onet er di anet er

52 L hor .em ssion angl es;,,+1-80 3. TECS fj ber
si ze: gg/oeﬁlegn&)‘gﬁreﬁlzéer core di anet &0 F1CH fé“f‘?r%glr%me{er
accept ancEEG@Rdiber achiptdicd fnge: ent r ak 6.48 Rginaanck-adfle #/-28.7°

Sone assunptions nmay be de .to simulify the anal ysis
2t Som. exPEREBUmBFons S P mads to STppLty fhently dnd ot prRense

fol | otiger@ratifal ysis are:  The full source size is not
considered, as it is rectangular, not circular as in

tRi s nodelmitatiges fdhqfollowiggpralys§y¥E s a square 300

m cromet ees MY fBQRdEisGE NRE 8dnSidered NS i1t #BtaRRBAEndt b8t lar as
emtted fromthe part of the LED die nearest the 15

refl ector i dnpegnedsd edhe artyal soprsp §igs is agguarnPRQ Bicsongtes by
Light is refhgahi&dmki0 (or directly enters) the fiber
at an angle less than the acceptance angle of 28.7.

Thus t he eordt highrngle hightemitteifrae the gart bEheLED ditradarekOthe

-20 15 28.7 Zfﬁ)ctIhSeel ' gtgcti em ssion angle fromthe
K= phosphofe'es Q&SN |g!7 I'Sotropic and so may vary from

0 to 80 hahé amhglsasdunprivishes:verti cal. The 80 maxi mum

angle is used to establish the (X, coor di nat es of

The i1 ot *° nntgur oot inb or e bt Hioes o oSDeegn tan
28.7 are presdiveshtine ahdlesttd 38. 2NAis thd Eorlsirligl on thekeflected
The configuration is rotationally symetric (see

Li mi tati ons telovehat |6 Fdy,|€i#8.7anal ysis, the | owest
point on the reflector curve is assuned to be at
20 ¢ The light emission angle from the LED/phosphor is nearly isotropic and

so may vary from 0° to 80° half-angle from the vertical. The 80°
maximum angle is used to establish the (x,y) coordinates of the first
analysis point.
e Emission angles less than 28.7° are presumed to directly enter the fiber.
25 ¢ The configuration is rotationally symmetric (see Limitations above).
For the analysis, the lowest point on the reflector curve is assumed to be at
an incident angle controlled by the maximum angle of emissioné, =90-80=10° .
This assumption then defines, for a value of x, the y or location of the reflector
with orientation ¢;. For example if the reflector is assumed to start 30 micrometers
30  to the right of the LED 104 in Figure 2, the (x, y) location of the first point on the

g reflector is calculated to be 330 * tan(90 — 80) or 58 micrometers.
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an incident angle controlled by the nmaxi rum angl e of

em ssion 0, =90-80= 10 . This assunption then
waledounesps for a value of x, the y or |ocation PET/UR®03/038040

reflector with orientation 4j. For exanple, if the

refl ect or Ome geyupwdion of e exflect80paintds lawwheths ni3fimuén dnlgk to

right of the LED 104 in Figure 2, the (x, y) location

of t hite hidarsst pgitiontthedED/MRosph@fch€bd @llculafedGd! gl (
be 330 * tan(90 - 80) or 58 microneters. -14 WOx—300)

2004/ 051705, PCT/ US2003/ 038040 C he | pcati on of

Cho TBRMARE wF T Larmateay THB AR 4 e radte 2D GF Gisegnezgund,
near eiﬁtthpébianIple()) nEngoaﬁiatcmlm s;)lmaaryh Fanthb eefregd_i&udomtady assg

t - (. - assum ng t coordl nat e
sif”st'erf('ﬁcﬁ(’t"i?fetré%mlpﬂ’é&? greHeg an 3?'31%(' the (assuned

round, i 'Wihihg iRl S rakPaund ORisibe LRIR 086 ScuBMAY the

For the reflection point at y = 58 5 mcroneters, the

m ni MdvERnSad eimimpg reflactor 20818¢; cpw bércaldutatad suchmbat thevflected
maxi LSS | es 6i t.he I oum
and iy o SSieEle AR g Haufih TR et R PSR,
t hat @dméinvieg the exanple, rtizpyrefientdrangatar bet ieeovekh bbsut 0SP agl about
Eﬂouati"sofa 1 and the first constraint above. Conti nuing
the exanple, the reflector angle can be between about
0.7 and abbetefledtOr shaperthenliney bedunegitally esfvafed b@pedtimy this

b i cal ti b ti t pj
ol ouEPBR otk RS esnfhob B Ruioniin ah ST dharspacinvtibe 1
of 8Qhdlagtetiedecrdasedlgiine ddgree inbremamgtoahd scelR@ice as@eofotie

e rggﬁ{tggyements to the acceptance angle of the

one
fibe%} £l 9. 15 Wth the array of (x, y) values

for the ravitiedé afay g y) PALETBIthetefleQbl, 81 iRremeRd klector
generated by this approach can then be estimted from

the |398lg8enfaasd by this @bproashicpp them begstigrated firom the local degiyative

pai r dipRAh&S bf thBevs (%J %a@r@l néafest Yk sE10tEH (x, yl)rbo§r'!i].eln the example
exanple for the maxiimum 80 an the initial

l e,
ref | dettbe maxiglue §0S angie,ghe initiahqegmranslp s k7. pol ynoni al
regressio : :
approach Franb&le:E%%tE)ég%w F[;géﬁ(r) 68)% gﬁﬁ?%r g’%§%§5§ene§%&§d l?o'yxthls
+207 6 aRgFofqids ¥=PEAIOXWHRPRESX” 53683 fvn 8% X 7afdd (R =1 B where,
coor dj . i Qi ] | € f e
(ass %%re r olﬁ%s %rI?E N C%g@fdgéls 9%@é‘fl gﬁﬁ‘é E{)%/t\él%ggtg & eeOtf e
cal cusaurnesiroufddLER. maxi num emi ssi on angle of 80

de0rece iy BRR B0 LS ORE SRR T D
Tabl ef 80 dégnees el <sepatéch ¢f 30aticremefetsrfrdnhee adgeltsItheCILEIY @ the
25  edge of the reflector. From Table 1, the calculated ¢; values for the actual curve
are calculated in the last column of the table below. These values are coded in
bold if the actual reflector will reflect the LED light into the fiber and in italics if
some of the LED light will be reflected outside the acceptance angle of the fiber.
The calculations show that with the exception of the top of the mirror surface, the
30  emitted light can be reflected into the fiber. Figure 4 is a plot of the curve shape of

reflector points as outlined in the text assuming an 80 degree maximum emission
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cent er of At leastbfimethed toonake tieampestpoatgef theharrdi auideadlso

e cefear bt e PR R & R BURE e RS ErBRER b RE g for
(10enkdmpld, nhaking tROkppEOII0ahicioiketersifortidaaimgintvatical (¢lat(®.
Note that while a 4 h order polynom al is an exact

fit, a 2nd order polynom al s.a R2 = 0.997. At

| east one nethod to nmake the r portion of the

mrror surimge also reflect light into the fiber

woul d be t@greke txhe curye piiRe@ S@ ik scq;mﬁdxnuou@,

for 10 ex Ie k|n %e uQ r 40 7mcr ter

portion Si |caI . Tabl.e 1@ 5 X
y nin angl e 403 430 5822 272 35.7
17.5 79 337§ 64, 53 W5 2856 1755 78;{’34 71

25. 6 152171639 7736367%24 by o 166

76 338 84.3624.3338 2 4% 16243 75- 20 91237 23. } 32.5
23.2 16.0 794 343498 1 U3l 2 -333 22-3515 72323 3460
105.2 22.7 743, 0 B#22 199%l 722%216 11284 22247 .3 3531, 7

15.1 71 348 119.%421.8033 4 2272 1438 702850 13344
21.4 -3.6 27@ 7 1846 641242 1%%31 213@ 3. %1720 2154 2

348 119.8

70 350 127.4 21 .4 -3.6 20.7 14.5
69 352 135.1 21.0 -3.8 20.2 14.2
68 354 143.0 20.7 -4.0 19.7 13.9
67 356 151.1 20.3 -4.2 19.2 13.6
66 358 159.4 20.0 -4.3 18.7 13.3
65 360 167.9 19.7 -4.5 18.2 13.0
64 362 176.6 19.3 -4.7 17.7 12.7
63 364 185.5 19.0 -4.8 17.2 123
62 366 194.6 18.7 -5.0 16.7 12.0
61 368 204.0 18.4 -5.1 16.2 11.7
60 370 213.6 18.1 -5.3 15.7 114
59 372 2235 17.9 -5.4 15.2 11.1
58 374 233.7 17.6 -5.6 14.7 10.8
57 376 2442 17.3 -5.7 14.2 10.5
56 378 255.0 17.0 -5.8 13.7 10.2
55 380 266.1 16.7 -6.0 13.2 9.9

54 382 277.5 16.5 -6.1 12.7 9.6

33 384 289.4 16.2 -6.2 12.2 9.3

52 386 301.6 15.9 -6.4 11.7 9.0
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68 354 143.0 20.7 -4.0 19.7 13.9 67 356 151.1 20.3
4.2 19.2 13.6 66 358 159.4 20.0 -4.3 18.7 13.3 65
WEBM4ASIT0D 19.7 -4.5 18.2 13.0 64 362 176.6 1BCBUSNT038040
17.7 12.7 63 364 185.5 19.0 -4.8 17.2 12.3 62 366
194.6 18. 7Md2. 0 16.7 12.0 61 368 204.0 18.4 -5.1 16.2
11.7 60 3&@&213 & 18. 1 y5. nikGngle 1dndn 59 mak2 223 5

17.9 -5.4 1 ;%8% 58%2342%556_782 gz

57 376 244. co5-
5.8 13.7 1 2 550380
382 277.5 18.5 ggg

% %:84'6 89 49 1
12.2 9.3 386 16
%CT/ u’ggoos%g 040 4 Ie x9 mn gI e

2004/ 05170

0Omn$ mxdt 388 8.7

390 327.2 1¥ 4 - 104908 4 3927§4o S%f% 1

10.2 8.1 4% 394 %84 g 44833 _ 43§ 9 777 47 396 %

14.6 -7.1 9% 7. 6406 3@@23841%514 3767 2 g% 7. 3654

400 400.0 192 0 - 7406 8. #5690 432402 Adb. 3 f37 -76%'

7.7 6.7 4321404 448 2 1894 71807 2 495 4?24 06 4%%.9

13.2 -7.7 607 6. 241041 488646912713, 0807 9 é72 5. 9.7 40

410 488.6 1¥>7 841@ 5. p08R7 124 5.4

414 529.9 12.1 —8.3 4.7 5.2

37 416 552.1 11.9 -8.4 4.2 4.9
36 418 5753 116 8.5 3.7 47
35 420 5998 113 8.7 32 44
34 422 6256 110 -8.8 2.7 4.2
33 424 6529 108 9.0 22 4.0
32 426 681.7 10.5 9.1 1.7 37
31 428 712.3 102 9.2 1.2 35
30 430 7448 99 9.4 0.7 3.3
29 432 7793 96 9.5 0.2 3.1

28 434 816.2 9.3 -9.7 -0.3

The above reflector designs can be implemented in an array pattern in a
number of different implementations. For example, Figure 7 shows an example
array of LED die sources 104, coupled to electrical interconnect means 142, which

5  can be disposed on a circuit layer 141 (such as flexible circuits or semi-additive
flexible circuits, including 3M™ Flexible (or Flex) Circuits, available from 3M
Company), which can be disposed on a substrate. The LED dies 104 can be
surface mounted to layer 141 or, in one alternative, recessed into receiving
apertures formed in the flexible circuit layer. As an alternative to the wirebonding

10  connections discussed above, an alternative electrical interconnection of the LED
array is made possible when utilizing flexible circuitry. For example, cantilevered
leads can be formed by chemical removal of the dielectric, e.g. polyimide. This
process can leaves one (or two) lead(s) cantilevered for ultrasonic or wire bonding
to the electrical contact on the LED die. Such cantilevered interconnect leads may

15  be smaller than wirebond wires and are substantially flat.
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conn é‘l‘?ﬁgsﬁg S 8% 34 %I\I}Eér &aglg o \gflE ggrjsﬁgtg‘%e\r/]l gl (Jaf SeRF Cal
i nt erAﬂﬁﬁﬁ&@dly Qéﬂeﬁford 190 chith: foamedaysinigsanreadbesspd gspunkled metal

when il exi ble circuitry. For exanple,
cant| %grréﬁecgqrééﬁlf Scan be formed by chemnical renpval

of the dig z&ﬁttfohpphoep}@r lap@! 196 sucteas tHdse Qescpb@b}ﬁ@&o@b’h can be

| eaves one (or two) | ead?(@) canti | e}éeté r1alo to the to
ult r é%lé‘ﬁi"élyd%attwl? MBFHRIPHY e APAHE OLPieER Olrcrzna ALY i top
on t Repdia 6 tBe armlyalyet 200, | WENEFigete ﬂrsh@vs:aamuaetLHEe@dsrray,
may "15 be small er than_w rebond wires an

subs tregwar 87 inpeplprarray of &EW?‘@MF%‘S&%%OCWJ optical elements,
PCT/ UR2QRY 0388 ct, ﬁﬁosﬁﬁﬁ%leﬁféﬁ@ aRdRYIEstivp BRpph&duld be used

el enent's 106 can be utilized to convert the outg1
wav el deprpeiingon applisaliongrguircrsaist Feaddmiondyith Wi cXgmelary design,

SRECLE AL Barkd B4R bk ﬁ&d t(') bt %ﬂ%eﬂ%ﬁe@tﬂe&ﬁﬁ? laybif) AhleSample

a correspondi ng arrrty ectors 120 can be
ut i | imddlaydrcpmstmetion mmalyplﬂe’mﬁw pRISSS i éeselb*eqd&%low with
el erren{ V\@IPg%j 18an be formed in 5 a mcroreplicated

reflece%Pces ing 111, to efficiently couple |ight

from t he [Figbre 5 shows an example mounting structure or substrate 140 for the

LED die 104. Substrate 140 can provide a low resistance thermal path to conduct

25  heat away from the LED die 104. In this exemplary embodiment, LED die 104 is
disposed in a well 151, where the bare LED die 104 can be attached to the
substrate 140 by a conventional attachment, such as by using a solder or metal
(e.g., Au-Sn) reflow die attachment. The substrate 140 can also support a circuit
layer. In this exemplary embodiment, the substrate 140 can be coated with a

30  reflective coating 143. In addition, as shown in Fig. 5, a cantilevered lead 148 is

bonded onto the LED die from the interconnect circuit layer.
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dies to a matching array of optical fibers 122, such

as those shown in Figure 1. The reflector sheeting
woroo4ooms | se a MOF (such as that avail abl e freor/88003/038040

conpany), with open reflector cavities formed therein.
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bundle 127 of nineteen fibers 125. For example, the effective area of a beam of
30  light that is needed to illuminate bundle 127 is about 0.0017 square inches (0.011
. square centimeters), for fibers 125 having an outer diameter of 0.028 inches each,

with a core diameter of about 650 micrometers. The area of the nineteen light
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flexible, can be utilized to provide interconnection.

As described herein, flexible circuit materials are
wa@yaitlsioh® from the 3M Conpany. |In the exanpl epchUs2V03/038040

Fig. 5, a dielectric (e.g., polyimde) portion 145 of

the fulaﬁgﬁmlng fiBer O tm gmsaut@ml@fqua@messc@d)oe@ square

reflective coating dition, a conductive

port wﬁm@@s)oiwlthm awnfeld emfmy distributed lighiyeurce, shecmoyst of

a co {

R e A

inte Kltcmﬁwe,ctm officiencX ratéy ﬁdt&hvmuylmgt ih ehm figye I51-@O 107 or

I ayer, S2Bo e inverted, and the bare LED die can reside

in a recessed portion of the polyimde surface,

di rect |y Anadvagtagereftthé plcsemme;ntlloaysem efficient lannctlmféight into

fa lotr re,rén?&l%u\éfﬁ% nﬁgﬁfﬁag%r L und ?511}% a snigj%sou}ﬁre] for atmrple e fllmency
i nsukat drog s@mflé%rntlﬂlduel\lotdnccgmﬂed lighe fanmadh anglesl aret ﬂo\hlghty:ouphng
may he bet n.the.conductive partion .of the
(o PP e PP o g i CouP Ut oo ReiheR e Hrerei e
abechis &hdla@daagmﬁfstwmﬂewmdt & UnSndiHY@IMED to a corresponding

i mpl enent at | on i Nt er conne cw re
deschPBeBeT Ipoe 35 AP bR ERyeq skt hteh Seigruttveen te

app! ifigés idhe Biidld. |SR6h systehid mdﬂﬂithmeg&ﬁz&fghl dundBRk ¢fARdrY -
Docket No. 59333US002), incorporated by reference
abov &berpanchyeiid st Y‘?/]dlad?/%F"‘}Sé‘i‘?a&dﬂr%be but per haps

| ower costy Bh&RE Mbthb YR ser HROSHIAEME ligiddtelvit fwées d@n then be
conventional FR4 epoxy based prl nt e%i W ring board

df r ubroysle dowp indp aery jtight outnwt araydnsasan th ﬁalyet@r friln fifeers,

enbo & paied by

R L

sui tabl e E@ausuhfsmdlatdealaghtre@fuwmeﬁbqreofdbmpre@m nMentiof e

di e : ' - ke

er SRy 5 RALHAREHe AR e ol SR et A0hubliR R

i |1 ubumid ingnhayt hicxisesection oﬁyaaoumglebru@:nc sitapem sush ag bireilar,
in 6a..sho ngl e flb [ 12

gér e%ilg;glgteggi gularcci)r oéhdar X\@%%ggéha'g_es x%er arl){ %bdl\%e G r(])g he

127 pfesanit et@®N aﬂd)\belran(iﬂﬁ povwered emamspb Be cctnhmtmfefdendi ive

e rhete B e e g e o g9l Qb abls i e ficient

(0. Ofnbnnegquar e centl neters), for fibers 125 having an
out er di apeter 028 i nches. each ith a cor

di amet er Ot ©4 ‘f’ "6‘3’6 aﬁP‘EFB%‘i‘féFE“’le;\“ﬁaéiwﬁli‘tévef“%*f ast‘ﬁ*’é

Rk NefiRBitattd @MHig. 13, 3hdNveiBA pRIVLIEDD highll/cbind BPa¢ DR 48lirce that

transmtting fiber cores 127 is about 0.0010 square

i nchBsITiRr DY 28 shave to &P HEpatsp thegmitiedlight can hgeshaped
uni f Qkdibe¥ieStbS by & Rt&H e si@lt oPRUAGR e elchRn@TBYNE sBfws an

l'i ght. coupled 1nto a wavegui de is proportional to the
in pufﬁmb@@aeféﬁ)f # Franamlahging sistem 309dpres mpter vahirde that includes a

eg B ) gau%w; %ol @gaoeplethe ve Bl aGRWRE LRfte (bt sitvwh) kd SHErRyiof LED
.30 dies 304. The LED dies 304 can be surface mounted on an interconnect circuit
layer 341 that can be disposed on a substrate 340, made from a thermally

conductive material, such as described above. In this embodiment, an array of
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5 about 60% An advantage of the present invention is

an efficient |aunch of light into individual fibers
wobooa/ofi7ber bundle. If using a single source, POT/US2003/038040

exanpl e, efficiency can drop significantly due to

unco loat BLAERAN SRS Qoﬁdﬁllbrgme it rkEd

i nt o@%fﬁe%lo%ﬁ%g%é%ha d% EIg)rS]d tr?e fﬁitﬂer sti t| al épacesn

bet wepuit lagerfsp Her each hart: die ipenmgheded Dy ity Rergmeter by reflentizg

syst ndY&/cnEReh@ddy th

cor rggﬁ%ﬁ\gﬁ%perﬁﬁgﬁﬂgmmﬁgglgk C\éogﬁo C/o grjf?l tﬁe y the array

e t tof ceflectghstcanlomionallyt tealigetek tospeds @8 atiat fdenses he, which can

flbers | t he uch s uire
t Pontrosst st PR Fo R RN Et & Tl dind S SE0CS L€
| ess conc e\rstshcaatrﬂd Flig. gjh,tan ihput wmtatexs”i32 cambet lhﬂlzpct wst@ht the

i nventi on { Cel Vi n ers c
br oud’?ﬁ W?F 'P] 9% Jlé ffxieglﬁ ryoea{l oljl{me ? in 1v1du§l flbers can
t he .dk dordlel ineftwb Bas 6f fiters3s51 anthBEd) sé fmusthcyhgitdsn be Mepny at

e o e (el ar B PRt Bl FERRD . ‘Oou

| 1oV enrbhrebtosy B1AMad 3818/&nybe ufiBied tb Rold irMRh&Ed Edief fivads in

be routed and bent as a bundle, apd j ndl

have Beicegsstiedetqlightsofn s ‘béi?ﬁ\ethF‘i‘d&‘gE‘H‘éB be %&ws
as CigheChbaddourcd @.Nehd lfg%k en@ﬁﬁh@mmeaf LEDdie @hjﬁﬁris remote from
pol ygonal shapes. F enbodi nents of t

pr esdieverpdr mnatwmoamuaar% NOHESATANBINREE €4l T&dHGE beat dgmage to
be C%?ﬁ@dngl%ﬁ\tsﬁglo@ﬁgd 1nrtﬁ‘éjhéa§ﬁ%h?‘1uélpas9$@&%$s WEWRiISs, lenses, and
lighting power Iis not normalTy obtainable in an
efsf i othenassogigtehentics.For exanpl e, in the application of
vehicle h tehZPuinkd HRtRd sl
Fig. 13, t &euolhﬁgée)%ﬁ %ﬁf%?lgo\%/llng%@ tg@l |ug agéf:c?ﬁcents rcataseS stem
| i ght308 slmvasnﬂgaﬁ cas fugthei inglpdd an igfrared @n@prs haghis alterngtive
| anp f| | C d
pr o) SEPRTERE @ ot WL e e AR it a0 hardl
el errentmmELgD dies3 Skbwsrased I‘Eé:mtxemhalm»nborwbntamablﬁit@ dies, such
i ghti ehl cle that includes
0 ccﬁ‘ﬁﬂ%& V§5§brf% 60135{?Bfwetuhe 35 SI Uy aélrfurf)%e\f\énrcmsdgﬁf Qyentional
(not IRtiewebr tercﬁﬁ/eah f[laylgﬁ)zfl TR aBémnative 8mBOdimetttvan b&EDilized
di es 304 can be surf .on a nt er connect
ci r cdPy COHPSWég PR PR Ctatl8%fn q‘b% °§‘p‘6g‘érc§y3§ﬁ gse%%%’tf? Tat e

340, enméflefdntiondlifHieEnitds) dn be efplvgdd foLaut@haic dilh;mr@u ch
as described above. In this enbodlneq gn ar
20 \WPPURgBansEadopisT W?M%@W@a R e msl&es

320 GRBrmRGvetinbB@RRH:, the WihiiniAsidaXyRan df ihe ﬁre@éht t¥ention can

i nt erconnect circuit | ayer so that each bare die is

sur r (ueMidechaghillpminapien anddelemetsy, Alterpativelytanafrared,frangecdver

Li ght g6l Linadd ifdi@ith [ daRstabRd 9t £SinRRAI part of, or separate from, the
col | ected/ concentrated by the array
illumination system.

Figures 8-11 illustrate various exemplary connector embodiments that can
30  provide low cost construction and that can be utilized in the illumination systems

and assemblies described herein.
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of reflectors can optionally be directed towards an
array of lenses 312, which can 5 focus the emtted

wo p@hansing o t he i nput ends of correspondi ng fiPeT/FSBAZ038040
As shown in Fig. 13, an input connector 332 can be
utilized t af
this exerr%%ml&qgl 19%53%%? ?nkeiﬂs?éh ftoﬁzgglﬁhd |C\c;{ld§ gtg’{ %%%%%rrt gcglghtes fop
be benbiited loading effbesd2? and alfawsprsan3sin arey @ibersgba

t( gat d«"ét 41%(951!0 %‘? w?@d 9&%&9&@ de\{ql tg Blfrzﬁ{ og nlgl} 45‘881%%# %{;@3 input

QJt p aid 40he Hvan edtl@melﬁlsi Alngthid e83dBary ambbdamqtltl, the zexmhettor

u ndI t 3 of fi [.es i
h ad llE{]ahlts l? rﬂ;'] 1ece <r:onstruq?10r6 O\T'n,h %% 1)rt1§1;| ?%glgar\{}/x% eteeth
utilil Zfedem@sd tcielngagaéﬂbtrs Sl@ZI indettpm. péece 184 €THei tgktdbm connector

gener at.i ng.sour.c LED dj rra r fro the

e orpettion 157 Gt e stoons o iy dkive ke TR bR By &

can pe;dwée sb@fmt fnd amageuttore n@pbilg allovel fenewtcostlagseaibBd butralso

t he he gﬁ‘ﬁ g h as r flectolrs, ¢oatings,. | enses,

and $%OGER ?toa?é%f’ % - OHerRal 4Ry Fhoter &%‘V%ry

apbodiniBBional thithet ot &RighHEanQBuSH SEtBdKingS BE hyas oS Y r&ive

300 shown in Fig. 13, can further include an infrared

sensBPMNEFRTSt hi s al ternative enbodi nent, one or nore

of the ar F%Mre@fmﬁsﬁ@te@a@ﬁxeaﬁamwdoﬁﬁecaﬁ 137 widr&flbers 122

emttlng D die. Such infrared LED di es can be

conv Eeiid bpistalled frapthgitesandghechpttom. Jde copmseionlA2b ohise

fr O%kémwe}nbodl%@ﬁ 1§ﬁ6§r¥1&ﬁr&ﬁ‘@ tHfrbl Islsk%rcohgﬁ%me wliere the

conventi onal IR detector to receive an IR sig

Thi $ cerineetpniaelindes asatyerdionEant 134 Aavipgfibarirgdeving gr@Qyps 138 that are

col | I d er
%ﬁdl%@ ﬁgogﬁnyt%? 13PRhk %8&639@&110%4&. ﬂh{aﬂn&ﬁelﬂﬂa

types 0 . exanp
sens oemicctonlB2bearbplooyaidrdmn siagle ortegrated @hnnmmqugn This design

appl ' Sllo szﬁ&fg tg v{(%nr:%ﬁ%&a?%nb%&&t %gﬁ)ens't?p To atccomephsh

aut oma I ca erna
enbomnsmmta,ssetﬂ’mey mhdhmmmﬁi;gumri 2sfps txampdd, wohld hpveserfiber arrays
i nvent both illum nation and

21 eff ef@o %e Wé alf“fav P?/rarrﬁh infrared transceiver
devi ce carhgkme 10nidd stratedh ddSIgﬂSdirl‘auGiip&ﬂcmecaﬁr 130¢ ezgh adp or

part of rate fro t he u tlon

P peltom bR et paters A9 feitied AgkHR Bolim B ReD Goeh fibers
enbodhiIrBsign d1fedlinGiadies tdnded awu;te vl-%iwb\féqafersﬂiﬁﬁﬁ&é’rﬂﬁg i on
and that can be utilized in the illum nation systens

and atPasstb P eeatgdiedivrEReIoNgiaNaY-- 21 WO 2004/ 051705

BECT/ US2008{3:3 89 4iflistrhtb SHdeRig forl the\Sltpra tSithediof %I B hé Bber
an input connector 132a that facilitates top or bottom

| oadF#e Beenpblpetiys dosiengap bafor tardogding aad can accemmpdatg degse

fi bebss o thedfRI 17D ﬁﬁ%r&h&lﬁﬁa &Jﬁ@én&ﬁ%ﬁ'xlﬂm%ﬁitfo%%%@@ Other
W th the array of light sources on the input
connector designs can also be utilized as would be apparent to one of ordinary skill

in the art given the present description.
30 Figure 12 illustrates an automated assembly procedure that may be used to
build these devices. This figure depicts a process for Inline Cable Assembly

(INCA) that provides the capability to simultaneously manufacture and terminate
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end of the fiber cable assenbly. In this exenplary

enbodi nent, the connector 5 132a is fornmed froma two
w@r@asswenstruction, with a top portion 133 hardmygs2003/038040

teeth 135 designed to engage fibers 122 in bottom

pi ece:aﬂlaésseﬂihHedem BYE4 pravess tisodescribod tfongramBle, imeng-owned U.S.

i ncl r e d
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illustrates . X, N array, i nput conpect or. 32b

(1 por2 s 55iedl s bisth et BBE oo R Rt R
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enbodi nent _is forned froma three Jgsélleqce constructi on
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Al eramayi Hepigdeterined iyayalepiops the anethaf ﬂkfeﬁbreb AR the CgRector
a Si N@h6mi2Ai %ﬂ& @Jvadm%ﬁtbé Bich i ogettRt © R dign Hd¥Ren
al | ows nuki ng he two-di nensi onal™ connector in one
st ep.cafforesbe Bbgss pisthe arrdyi The eonacgersassembyy saRdsimeshanically or
Fi gur
207} By nd bR erg et il cubloBhooMlyoAEY o
i | | ughmoagtete asajce‘s!arglmatfrtgrroléms 49pud adlivaive tapo 242 3P e sigleh
tgp or tton
S8 Roan B TR B opS SRR St SO oA oA plfhs
el i m(pafiewith heomeedr ¢nongteadk By -igstadlings wozperestorsiy opposing
i nsertin to cr
arr a)f’.os’ﬁ‘gnslff%au? S’fﬁﬂx RIS Cgosntzg it e?g éj‘llb];@ Qﬁt ﬁ%’}é with
out puwonfivieat both &B19) \fvrblrbetoluepuf fréye the maa;hine Eweﬁnb Ipymt of
Thi s desi gn. can for
dons SonstRE TR prsgmplef oo Sd S P05 Sy SR e Hhinine

CRNC aind raéﬁ(ﬁ&:tllvl: kAT jacket Binst0led 6eer tHetfiber arraynd ecnettors.
desi'gns can also be utilized as_woul d be age?:ren

one of or dithdfghansanexplodediiry ofan RRRif oo P@@% ﬁf““mlaye‘

descryj FH -1ty *Mdfta@Uight dodrde14b0IShdt 84rEe dplad! tadpaitadibers to
assenbly procedure that may be used to build. these

devi cweVideTigmote; SORTGIng. ABpiSERtVith thy graindimensy deserjbed gbove. A
Cabl eﬁrﬁﬁMrXubs‘r!ﬁM i$ RREeD ’E@%&bqgé:'a bixe f&%ﬁﬁ%llﬂgtayl akr@y of

si mul t aneousl manuf acture and term nate -
2004 /1051 tigs4 Uiaihed alysesgbstagida carsequnmsise @ guateriplavith

N REPRER L@dg%il?t%' Beflas o gg;ereaffa{m & 1} MRRnOWRGFhie 440

atents 1/ an 611,017, the disclosures
of whiao e aleetrib@lyaioydictivn apbeaa peayide a power or ground bus for the array

of LED dies 404. The LED dies 404 can be bonded to substrate 440 using

conventional techniques, including solder, adhesives, or the like. An adhesive
30  layer 405 can then placed over the LED dies. The adhesive layer 405 can include a

pattern of cut-outs corresponding to the position and pitch of the LED dies.
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by reference. The I NCA system 200 consi sts of an array
of N fiber spools 202, wth fibers feeding the I NCA
w@zmenbi7ys nachi ne 210. The fibers 222 are br ourdit/uS2003/038040
into an array with a particular, desired pitch using a
preci si onTspavids etpgirigel cvpmegtiond 1 PpatFsnpd Hexiblp cirpuislaysir tdhean
Wil | ' ' . ] fat rticul.
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intervals alaong the |l ength of the fiber.array, th .
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with a connector on one end). B% installing two .
connect or $MaFaLPPRISTHEEPLCH SKmEN 40, suersaeflesiarytp0ifgrmed ina
apar by oRPNERIOENERS shaliPEr caf BOL&LA (Sp8vids @Mpﬁn%\’bf e light
connectors on both ends) will be output fromthe

mac hiepéttedfraanihe BEDpB¢sfo thefcorrpsparding aray o4 pptingl waveguides. In
asse . ' £

e hi e E B Al i AFL RefAR ey bICRHAT U e
over re¢fleetofs 428r camsistayt veitiothe embraslimentssdes¢Eibgd alavestaows fermed in
expl Qded..vj . ' .af .

ol ¢ A St A B AR B 1R AR bR mded, machined, or
400, etbagsed snpiscfonmugtontla tefleapt (gl plastibenstaliio) shpetdhait the
renote, sourcin consi stent_.w.th the.. i BNt S
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25 LED, di 404. d i bed , bst 4
cormp P Sy 1 e Ao PR RRLE S 0B 3 e 1 g e

such 4as, copper, or the like. In addition, substrate

440 can be electrically conductive, and can provide a
pover or GPAAHEOMR: BateHICd pARESIF taXGT B byar atigpfyarray 410
The L&Re diegibledtduit Afera 1 PABLR didubias UBS tantetntifiddd fdSAllRgment.
conventional technjques, |nclud|n% sol der, adhesi ves,
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over it BibHRHESShe dbSrACRRSh Sray Y RifleABR. Fafthdr B MilSsive
a pattern of cut-outs corresponding to the position

and phatesial e mikigate BIses dye toapg migmaxigiepmn g oetficient of
PCT/ M%%éi}gﬁgéggﬁﬁofﬂﬁ@s\ﬁb&&fee;nﬁ@ﬁerrkﬁ&korgﬂ&ﬁg tions,

a patterne e circuit layer 441 can then be

pl aced ovbrandiiermpare entedineati thegiovidon ef tbe flepdBle ciT¢uat layer and

f Joex Itlpel rgflgcltcgr%HJa§ celn%%ter%ﬁegnged. For example, the flexible circuit layer
leads can be routed through the reflector cavity to attach to the LED die bonding
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i ncludes an el ectrical conductor pattern 442 to

provi de contact to the LED dies 404. Typically, LED
walemg/osieoui re two el ectrical connections - i n BONMES2003/038040

designs, 5 one connection is on top of the LED die and

one is 0nTB@ﬁ’lufﬂﬁthfMS@émﬁll&@aﬂd—i@st@h@desmd'aﬁo&tﬂl% several
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sane pitch as the LED dies. | n addition e ,

r6f | sifisicnt heatrpxiRaion 2CPTPYidedy diorgover s capipssl taifilament ight
refl eGlofs fﬁ@wﬁbyme r}ﬁgtotf' e préd@fc i RRsh a%@m& g%%at@ ﬁmensé)e

i ncl uded in e refl éctor caV|t|es or ed to

top deatingtin bmfafvardviresthd beam, shich Cﬁmbfaammlt fridament heatmg-
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arr a%&?gter?sg lﬂgfft CXI’?(%E\}LI% cfagrf é p?)%nep ?fin&z%edgd heilféﬁ); ?ng!?nblles that
fid ucar@domezim& agnoyse uullglitung eldmﬁms sadhi agmm@momle Qfﬁdﬁ'g’m
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e can, m t.i at e SIr ES t
ot b 4 nee e Borhme e o By BT R E o
t Ihe siipisine@b@naias béeh@ustlﬁédl ﬁqir@ﬁdlﬁﬁl &Blbbs? gfflﬁlelﬂ%:)lafbr c%liplmg
al ternative lIIO (0] t he exi
o T R e e (i Mg kbonse SrabBiiny Beviaute Gue kbt LED
i Bt esghie bR s tHeQIEMPAidsRl 1R phidialll kepstabldemtiimzitigtiodadiyer

| eads can he routed through the refl ector caV|ty to
at t adherpgl effsets frem dapse CB’E)‘??BWT%@“S ?Jféc@)s as liscygpgd above.

2004/ 0517 QRo(RG HaViaeide 3 HS88ARcal TG cdnhédd Wifdd | Othin (for
assenbl i es and _systens descri bed above have several )
example, 25 to 50 micrometer) layer of electrical wiring as exemplified by flexible

circuitry, such as the flexible circuitry described previously, provides electrical
30  interconnect, some thermal conduction of heat from the die, and a flat electrical
interconnect structure which may be laminated. The resulting construction overall

is a very thin layer, so that the optical performance of this layer is not critical. The
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advant ages over prior systens. First, smaller LED

di es, such as those described above, with | ower heat
wordpossogan be utilized without suffering | 0oSBCT/NS2003/038040

illumnation intensity. In the exanples discussed

aboV gy, el &R Ee bﬁhrrs Qﬁayatﬁ b8 YaminAEEinRW bR HI¥ble solid or

separated to avoi d thermal "hot spots in the nounting

st ruseagyegolidpipek ofgnateriad with theliIER)arrayr{en tmstaat@évméedue the

el ec {slre&tﬁ@:ll 1Mcr‘g5ﬂn¥&q 8}3@ r\a%%h’ ca}MJ tnmr&rb%n&ﬂttp H‘E reflector sheeting.
il lumnation nce, ht er out put

em t Teeladvantages Iwépamchmtlmehmsnt@tﬁons of merquntmt svcultiy ghatly

cki r. of m..

r gl [ agsgfl{)e?d i ﬁleg’ nce r Sc,ll Cr? C é’a@d géﬂ%c%ﬁm%néﬁtge,r& élgllg%lmv& Th a

glo bAIsieynba‘;)f"f(Aay eﬁlﬁckethﬁr 69333wﬂwahcmpprat¢®bym¢drame shove.

can cause,re Xt r

cat ast r op‘ﬁfl Sgc#iltécmal arcg %nta pgtétllegﬁur{xwatlcillélﬁwaes c?esc];rlbefll ﬁerem is the

apar tanihaion ohencupstiationdf thhrentirdEAIschnley.aSihcavbe LEBamrayl atd tie

t her conductivye strat ract t.he he

t Fonteiesor ety may B OB 258 Tl eSSt e e

db es nivhied pblyearbshateathe kitire paE@bI§ Ghagttbe hinghaed mtIUEr bleek With no
and I| ht_ out u s than stated h qﬁ\\he nor mal . erat ilna%
speci'? %aY?IS%@eqcmlsquwmag ¢ rejabifiydseprein SoIB appgations
Pr oVigtadse WAKreNE fo colsct GPPRPh&d 0lde, 164dirdi T8 Mnglté@ieliability
sources, the LED die array of the present invention

does ISHE- generate intense heating in the forward

di rected RR8M beWALenifAR MRG0 Cah B8 kﬁsf)os@é inf frdr@ BBMAE LED die.
heating. This intense heat can cause damage to

pé| y Kurther dhesefeciprsupeniedrayde mpds &at VEE, ‘t’lﬁﬁlﬁ cangeglrawn into

SO nemeq@ﬁecm:ﬁéf @zﬂllé ﬁtdlﬁlﬂ@&:‘fl@&wﬁ& S V& MeSvisiBlE GiBhBPavelengths
aut onobi | e headl i ght 0" A second advantage is the
one fidbever p@ndel_ra[ge@éumdemgmglm i or systenms coupl ed
dense arr f
( her oo gD (L0 AB RO TR e o
rrent isezlcme@ti augiut eddorl. iPripr @tteobwltssnmze phasphion @i the cavity holdmg the
[ nt.at | S be
e f Itlzlllsebrlllc ypr]‘\g) rhoE dep 1H81¥ }eq\;n?eq h%?ilf@ nq\ﬁtn%hﬁg {)Jgﬁtlzel%r
t he exeasiseplobphioe hnda kmd:a mg/ phosﬁhcmvmds hight moarolﬁmddm thiper

Cepar Bty ere O R ek RS el PR R RERED Yooty

dens eargR Mol aabdl 6i2s. Dlis,lifcben,asn dpsfictme g dabote coupling

Anot her . ad ist eletr cal .interco
i 11 REeicRCY ot et i ST Bt i (PGB e

l,.ayeemBbdigkbmshivoveal Wi ring as exerrpl ified by fl eX| bl e
circuitry, such as the flexible circuitry desccf bed

previ ousl Jhe RRosRIORLD siich @ shoxain Bigurem, Bray B Feakdd ongehget and

t her 'T@xlnnzﬁ&f‘i‘i“bctﬁé Qhuchife 1Rt botbA MBS iR, refddaehr Q)rfbk: @lrectly
el ectri cal i nt erconnect structure which ma

s ABSGE oTHEE ieioen Ot oy LA RE RARSH DT ahpphpesesplts in o

Very hdten 9 Bini&ahat REIleRl Othe LED
v&g;glrfb@gﬁg%% 78 df PRsphdin  Bird&har BRI TGS bbe

: p@T/ es2goRi0 Yaditg Olight. The phosphor layer can be precisely defined so not to

appreciably increase the apparent size of the LED source, thereby preserving the

" étendue of the LED and improving the coupling efficiency of the system. When
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thin, flat layer allows the entire array to be

lam nated into a highly reliable solid or nearly
weolotdstobock of material with the LED array (OPCEUS2003/038040

substrate) bonded to the electrical interconnect

| ay etigposiing theaosphor-ibated eim&yblmdbobrtirmimbtb' oned the emating

sheeti d ant a arti .

oot SR 86 6 REBLE AP 2 Ries T b Pl apensine of e
descLEDeshisiontdne qae derﬂgseﬂyl thain@iredniedughpédieablun® deposition
entitfled "II l nat i og Qgsen‘ol y" (Atty. Docket No.

59338 I yqhupes e PR by ref er ence” above. An

agddi t i onahn&madraniagge of tht PRsdnt Inveitoats wealsiBtyite eslor the color

described herein is th am nati Q e sul t|o

of s FRESGHTIe T Adia it L EDSRIE, MU FERhis S O e from
ref | g@ebRbingddh Jf LED dBOOIAS, skerdl @Reniplirh eﬂab&dﬂﬂeﬁks utilize a
material, for exanple an e or 10 npl

0).9Y%
pol y Bbesplprdaver tororavesilye s saéWBPsfmﬁPa%/beed ?péfﬁ“rﬁ%tt‘@d ‘white”

| Nt 0y;8nD kRGN dikdrdhe Bﬁ’osphdf?b&i&s théQiELS dik Arr®Y @mtprddudd “white”
equi pRent can be reliability issues in some

appl fisktwithasdesisscaplps emwgtaerre + Sfdlarly.@ vagety @E golprg may be

POl Y BRS4u Q! by Railokifi 2 tHe 38 ijlfg&gatrcﬁﬁm el @Bl ity

[ ssug%duye(abg e g o Osntp y Y ecteor can be di sposed

in front Wil necmﬂbe@hesphmi@alﬁd pheﬁe@n top pkthe egflegter yray may

St r u%})tﬁ s%ltqﬁﬁe%os[@tﬂg t'c QBN of hg)‘fﬂ Jr] Ak FE&W‘(because
Re reflector ape etaiming reflectivity

over of the liwiisd bdcepthiog labglovaftbé ew'cgtahfsber)amh @genstryctigngeight be

f h i .
(3e 2 Fe Ranriis LR ED fufiSe, bR AIEen BNAD, BER difhob1Beatized

ot placere
sel eabwgom itopiLiteneadoatentriidne of BEDenpt s utilize phosphor
in the cayj hol di hos hor
deposi t i 2%"?%&1%prreeggntgl?vﬁﬂ?%%’caéh?enéiﬁ%cnh?d WH‘If af If‘:lgvel y

eX peBsdnyfarp pasqiedendodimests beinvdrgiop hrag bé embatmd in ottieght
I sotropi c%l I this i nhef{entlwy deg des the el%endue1
of t ARECHEOUt Y IIOubIFPERS ™ RescPRECP T AR UOT- g g gpample,
t2an wihils tiRGrdsaht cfdlary Ebsdimefts hWerbeerCs’thﬁ mg the hiegant | y
reduce the coupling efficiency of the lig into.a

f i beputgmodydhisadlighise tiePreecnt WnpRatiop Syt MAY Pfheeé i aircraft,
emb o g, RRA LR JRAL YRiusthA End MO #RNSEn SBEs aubdhtdtiva appiaaidis.i N

Figure 5, may be coated on a sheet and |aminated into

t he dwceerdingbyeit shouide %‘é@fﬁt@?ﬁ thatrthe eypyodispentdeserited aed or |

or befifes I‘léré{ n aféedﬂ%xgﬁgla%nh RFoutd!hidt BE Borfideled@s hifatding the

Using a coated layer of phosphor results in a very

Wi f e¢ape of thie mraseng ervemfonpﬁbl@phmanphs @dmw&wu@qﬁaﬂ@ay be made in

effl gy into "white"
%C%%we I%%E éo%Fég@? blgg%ﬁ]?’gwggf?)em sely defined so

not to appreci ably i ncrease the apparent size of the

LED source, thereby preserving the etendue of the LED

and i nproving the coupling efficiency of the system

When -26
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WD 2004/ 051705 PCT/ US2003/ 038040 depositing the

phosphor - | oaded epoxy directly or indirectly onto the
wepoousrigs surface of the LED, the anount of phOBEPRIN3038040

can be reduced and the size of the LED em ssion area

can Rg. PlLeg! sely maintained through precise vol une

dep03|t|on of very small volunmes of phosphor. 5

Anot her advantage of the present invention is the

abi lilty tenﬁlaidliaitimMewcegImmnpnssmect rum em' tted fromthe

LED die array.. ile "white"
combi nati d ﬁﬁ%"fm)\{\gﬁo 8*“8 [ﬂdb“Pg“ S‘g‘éﬁ?& ?ﬁ?‘/‘) %%E’ %,Plurn?lty of
enbodEmediéss tdifentra@@pticaphaipbor | ayer to conver t bI ue

or W radiation into a oa ectru

"Bght. | Usihearonnet S gHEL RO PRI Bl opfsetrbior e
arra)ﬁlu@zﬁfﬂyBf@ﬁu@@terﬁmatloﬁso&&sl ight with a desired

col or tenperature Siml , a Varl§¥ col .ors %%

be produt Bl efapen .wmf«gtlﬁiss PROs P a%%aluaaGFYO%fgpil
LED dives. WPIMél{I 8adRlof e Plird IR ofpaEN AN e SRk @R IRIBELLirsOdhd and
top of the reflector array may not result in the nost
ef fi @iseqond ewsdipihpisip cgeh fissgind ivinophsal FoRBURCcFioB dyithay r ay
(jgec @Uﬁ ]pon(ﬁ’li 01§ sthlePhdiffdn @&ﬁ%@ﬁ@ﬁu@ﬂ@l o s&fd sttan@radlatlon
optical T1Iber such a construction m ght be
advarﬂl@l@igﬁt:soms1 for a large surface, high di vergence
array, ag

concentr atg'll5 %rg Jf? BM’EI él&ﬁ%dﬂé q% \ﬁ/g&%)lp zgglto}nlﬁ%\?gﬂﬁgﬁ%e
has keenofdwsicaliclsagniaiiy lhtemose@fberveenc e conespendéngdirstropd of the
prefer [ odi ed
" R ESIR AR sork o PR B0 Pl O
scope of the |nvent| on. For exanple, 20 while the
psesent  exanpiniibtioardeoied, oBhprsitgave been shown in the
area of autonptive headli 9ht s, the

i |1 um nat 7 BRraliselsplidifte RITAHOR sourges éﬁ;‘gl%gqr‘%%mblyﬁﬁ’ lyrafity of

medi- & dibd) gchéhloptit®iliaties}d even ot her autonotive
applications.  Accordingly, it should be understood

that the éﬁwaestwmpgcadévém&uweﬂ PEghgably p plyeality, pleqptipdd f8F T

are QY wreRRERR Y MR PIupdEaHbIbpROd WafeuRies indRitgh @St end and a
limting the 25 scope of the present 1nvention. O her

VA i aedondh snchdieriscrash Bt gng assinopicabeompRicatiqn with a

accor
SO n s DB S s AR Sl DTGPl AR Raigon

i || usburegsi and devi ce, conprising: a pI urality of solid

state radagfum{eyoéf%qe%ac&éeo Yical RIERE! At Yuiferdih BIcR ok

of LED d enerate o
element of the plurahty of optical elements is 1nterposed between a corresponding

25  first end and the corresponding solid state radiation source, and wherein each non-
" refractive optical element is shaped to reflect concentrated light emitted by a

corresponding solid state radiation source into a corresponding optical waveguide.
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5 an interconnect circuit layer (142) to provide

el ectrical connection for the plurality of solid
wer@tesireddi ati on sources; a plurality of opti cetT/US2003/038040

wavegui des (122), preferably a plurality of optical

fibess, V‘Rﬁhﬁﬁrﬂnﬁi%ﬁ'ae%e t&fprRlngr al ity of opti cal

wavegui des i ncludes a first end and a second end,

wher ei n eagibstfate @0knd is in optical conmmunication

with a 10, cf | Qhidrfs ﬁltcést @A AtdbR arSAHY SPLED

of the pl urg{P%w&#adssao g‘ét atoe ra )aﬁe g}gﬁrce

and dies,a0 pengratf racblptwrc a:ild arrayrthermally qom)ed touhersebstrateach

tical el enE I : ' :

"Bt ex posctP R Bl kM Bes b (2} oiRvif GO pdrhection
opt I €althenanag glisalid seacratigoncsonices pmahplattegmlm(nrcbsmeMg to said
radi ati on source. 15 2. An illum nation devi ce,
compfT®Png: a plurality of solid state radiation
sour ces (dfik) patprmed edmhlvgllaaermmﬁ) & attayh the interlebhnditdsyer toahe
gener&e opti.cal radiation; glu ality of optical
wav e §insgae Sa‘ﬁr*’é?”é?‘ﬁ%@"?%ﬂ‘iﬂ}gé F%‘éa’?iz’fy optical fibers
(1822)., what 8iaf ot aglcdle optiel pleniemal (4t19) ﬁ)fmeﬁnhlacsﬁéetmg (41 1) to
vvavegw des .includes a first end€ g 20..second
wher EPlifcEradintion qraqnatingfron the gt s0 o Sets B AT wid
W th a cof §RsRPnebmed Sdhedite B iS5y atitatt @B sERHAL® tif
the plurali t){ of solid state radiation sources; and a
pl ur altffft?‘gimé‘?t #8h-refractive optical elenents (120),
wherein each optical element of the plurality of
opti gal efelr I
25 7 st DR ah Rl AL ERARRALE BELIEET o SHCIEPRC DRI of
riadi apthahfilzrqu:la)rlsmmbl\mbtty@lf noleramlaﬁmﬂlqaéfbmacﬁaplw baving a core
opt i L.ged concentrated
[i gh lame%{?{%%%d@ tg%%o?'?g%dggwﬁfﬁéégol id state
radi ati on source into a correspondi ng opti cal
wavegui deThe illd@indGbr @bk Q&b?&ﬁg xBG'EﬁIhBE,@Q 37 ) 3813¢kh thd second
Anlllumnatlon devi ce, strate

an arfhdiypf e niyplity of prijcal fibe azg ‘?%lﬁgé i B © YR O fork Psingle

pref ﬂ?lﬂbilﬁ&nﬁﬁhcﬂfs@@ﬁée ef in lsﬁﬁrat&'%lﬁﬁps tb or@&BEdrat Gght illumination
radi ation, said array thermally coupled to the

SAbstPHES: 5 a patterned interconnect circuit |ayer
(441) to provide electrical connection for the array

of S%' i d '%Eealtllﬁmfrﬁqbl? dév% aé&%1§§l%‘&ll§ 8t galgﬁtlttﬁlroﬂémﬂ wherein

cor respondl ng to sal array first patter ned
adheghewagray aﬁ/@ncémentsaompn@@ hn timay ofipptieat eoneewtating glements.
to the

7. The illumination device according to any of claims 1, 2, 4, 5, or 6, wherein
the plurality of optical fibers further comprise a plurality of optical focusing
25  elements, preferably fiber lenses, to receive and focus optical radiation emanating

from the second ends of the optical fibers.

8. The illumination device according to any of the preceding claims, wherein
the optical elements comprise an array of reflectors formed in multilayer optical

film or an array of open-cavity metallized reflectors.

229-



substrate, said patterning corresponding to said
array; 10 an array of reflective optical elenents
w@ 20b@ps17e3 med in a sheeting (411) to collect PEOUSI0DDHOBS040
emanating fromthe array of solid state radiation
sour ges; G AmREGANEvRB LB diftho RANE SR8 arrh R flectors
to attach the sheeting to the interconnect |ayer. 4.
The isidispasedaelntdye tol dheildd diectosuhstagtially rrpsgrvigmn Etegdueof each of
wher gj Ity of 15 optical fibers conprises
a p|§?§Pﬁ?§y§tH%%F¥%ér clad silica fibers, each having
a core dianmeter of about 400 to about 1000
m cr ofret eTls illbmindtien delvice acaoatingan aolevd tbe peaiingtilaigs,.twherein

claims 1, 2 r 4 in the secon ngs of th

o ar arvtipe gt sedfpef nm B i P eoalFL VG R BfesafHiBsR ardffifuy o

gr ouphdsphdrasdtea eﬁdxlygdnﬁfmdré preferablyl id ah lﬁﬂlbinﬁ I’Suﬁf'lﬂhthme aOkeast
in separate groups to formseparate |jght. illum nation
20 S BUTEBLcongert SRBohe e R B outeyt ¢ IED gl R R

any @fbs@h@nainthida@¥@hdle.of BReNEDdiet he array of

optical elenents conprises an array of optical
concentratinﬂ elements. 7. The illum nation device _
accot Hi ngThegllgmipaten devige pecondingto amy ofhe precealingghaimeg, wherein
the PIHTHD §i¥ n&f 2 R £ whbieRfdadh { HHIIEE d5PORE b fhed
plurality of optical focusing 25 elenents, preferably

f i beintdreonseds cir¢wit lpyar af a/distaned gfeateuthan s Widsh fromaillaeighboring
enanﬁﬁb fromthe second ends of the optical fibers.
8. The illTum nation device according to any of the
precedi ng clainms, wherein the optical elenents
conpil.se B ilumBytiaf devRE heotdigstothim®tod 3) whdteir daaly BED die
optical _ filmor an array of open-cavity netallized

refl é*c*t‘ﬁ?%?.mq"?é"d\ﬂbt‘?‘-dﬁ%i%%‘f?t%‘%ﬁ’é‘ﬁyﬁéﬁ FROSEOAG regssed
Tbe hpdriurd dTakd iaRrddandcEdrca yedi ng to claim 8 wherein
the.array of reflectors is disposed relative to the
LED dies to substantially preserve an etendue of each
of the plhgilpmingtie deyicpagroeding tp@lainy Rewhqreip giphasphesrayer is
devi ge.. ' ' ' ical
wher STARRERGRAEIT S Sire i ReSoR RSBk Blethuy of optca
wi t hcencpifutippiolemertyer, preferably a phosphor-| oaded
epoxy, and nore preferably in an anmpount sufficient to

at least ,partially.conpvert. to .angther . wayel ength.the
out plt. of Ad&NR Fetseeliet soiprise v ey Ry ieris® ioring i any

an evensfukimf 1.8ach LED-die. 11. The illum nation
devi ce according to any of the preceding clains,
wherein 10 each LED die has_a w dth and wherein each .
LED d&%e i 'ghedilglaggggp deyice geeording to any of the preceding claims, wherein

"the array of optical elements comprises an array of reflectors, wherein each
reflector of said array has an entrance aperture and an exit aperture, and wherein an

emission surface of each LED die is spaced below said entrance aperture.

25 16. The illumination device according to claims 1, 2, 4, or 5, further
‘comprising:

a second plurality of LED dies;
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i nterconnect circuit layer at a distance greater than
its width fromall neighboring LED dies. 12. The

WO bdounsrtes i on devi ce according to clains 1 or BGCT/US2003/038040
wherein each LED die is surface nounted on the
i nt er conngedoofd Sietlity df%iét@cral fiberd, SaciFARAS BFkt b Rcond ends
recessed 15 aperturé of the interconnect circuit
| ayerwhere® eapihirst ¢ndjprinpiica someyniseioacddragilAd die of thaiseaond
6, . wWhgrsiv A myaskhqs | ayer is |aminated on one of
them?op é%?face ang the bottom surface of the array of
opti cal  wberciarhe atay 9of opticahalemnants ig Mmterposod bdtyernoa
hgadl, t - '
ro sy by R s g il i L B AR L SR A
deV|@eﬂapcmmugh¢§)ﬂ@ any of the preceding clains,
wherein the array of optical el ements conprises an
arra ectors wher ei n..eac ctar of sa
a1 a7 has T ERiTRL VS AP B e TSR g e e s of
and \dkeeeind pRRfalite 61 Gticsl Tibdtslafetiadied wan afe stédad @hés dfshe first

space el o sal entr nce apert 25 .16. The

il url?ﬁ‘ﬁaﬁ P&‘%"%} ibgrs é%g’é‘iﬂél strgle;! tgﬁa?laﬁnwgﬂan sogrce pheg, 5

fidr t RQmingt@Pri sing: a second plurality of LED dies;

-30 WD 2004/ 051705 PCT/ US2003/ 038040 a second

plurality of optical fibers, each having first and

second endke inmination deyich apqording ererimd6j wheagin thefirst and second

co o1 e ki cond plurality
Wnéﬁﬁ%ﬁég andB gﬁg?ﬁﬁ%ﬂggggggéﬁg zgptlcal el enent s

,|s |nterposed between a 5 corresponding first end of

t he fiDr st Tenitlusaaooddeyios medolrdmge& cthaﬁmdpl wieadin thelferstplanliy

the corres nd|n LED di 17.

covi B8 SEEBRTHYY B0 v I A eSS RS Brohp b HENGRY o toa glralicy

ofs toheptrelfivath, Phettialthd cqrld cagy dfeid firkd ;m&alsty Ff Spth:unmewhre

with th? nd e ﬁs of the first

ot 1 Dipiisc & Rt bR o whelsin e sodon, e of 1 staeRe plyeality of
sour eeticMakerslie bliddied inats€dnd Béhdle] bRl wherdifvh Fiadt dREction of
devi ce accordlq%?to claim 16, wherein the first and

secoRUPUiAmRpsian ff m the fyrst bEBilQﬂs dutfarent fropy; afseegndgiirection of output

em sgiRiof PRl th@secd bullBR. i 1 | umi nation device
according to claim 16, wherein the first plurality

and second plurality of wavegui des conprise a first
our &0i t yThaidluming Berodayioplacgosding tp claim 16, further comprising:

a third plurality of LED dies, and
a third plurality of optical fibers, each having first and second ends wherein
each first end is in optical communication with an LED die of the third plurality of

LED dies.

25 21.  Theillumination device according to claim 21, wherein the first plurality of
.LED dies emit red light, wherein the second plurality of LED dies emit blue light,
and wherein the third plurality of LED dies emit green light.
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15 of optical fibers, wherein the second ends of the
first plurality of optical fibers are bundled in a

wao 2oogbstoondl e and wherein the second ends of tPeT/ESDO3EBS040
plurality of optical fibers are bundled in a second
bundhke, amhk ilheiraiion deviderastording ®idiron 1,04, or Hwhetdin an output
emssion fromthe fir ndle is.diffe fr
secofBIgiop Sop Bragy 053':%)3 1eS BIPqueE flgh i aE 7 %)e?n&%elqec Og)g%% ratare.
bundl e. 20 20. The illum nation device according to
claim16, further conprising: a-third plurality of
LED dies, and a third plurality of optical fibers,
each having first and second ends wherein each first
end is in optical comunication with an LED die of the
third plurality of LED dies. 25 21. The illum nation
devi ce according to claim 21, wherein the first
plurality of LED dies emt red light, wherein the
second plurality of LED dies emt blue light, and
wherein the third plurality of LED dies emt green
light. -31 WD 2004/051705 PCT/ US2003/ 038040 22. The
illum nation device according to clainms 1, 2, or 3,
wherein an output emssion fromthe array of LED dies
produce light at a selected color tenperature. -32
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