EFFI Cl ENT LED ARRAY BACKGROUND Fi el d [0001] The present application relates
generally to light emtting diodes, and nore particularly, to an efficient
LED arr aywoBamkgsmand [ 0002] A light emtting di ode (LEPLCTIUS2@09/058085

sem conductor material inpregnated, or doped, with inpurities. These
inmpurities add "el ectrons” and "hol es" to the sem conductor, which can nove
inthe material relatively freely. Depending on the kind of inpurity, a
doped regi on of the sem conductor can have predom nantly el ectrons or
holes, and is referred to as an n-type or p-type sem conductor region,
respectively. In LED applications, the sem conductor includes an n-type
sem conduct or region and a p- E¥d GHENToh&R ARRAYi on. A reverse el ectric
field is created at the junction between the two regions, which cause the
el ectrons and holes to nove away fromthe junction to forman active
region. Wien a forward vol t age suf BACKGROWNBvercome the reverse electric
field is }O@I ied across the p-n junction, electrons and holes are forced
into the ddtifve regi on and conbi ne. Wen el ectrons conbine with holes, they

fall to | quey1)eneThy grevehtsapplidatieh aaktesengraliyntot hightf @nimtig diddwst .and0003]
During operation, a forward vol ta[g_;e is applied across the p-n junction

t hrough a rpalierpasticdpeyttpreafficieRbLePataodes are forned on the

sem conductor naterial with a p-electrode forned on the p-type

sem conductor region and an nel ectrode formed on the n-type sem conduct or
regi on. E®Bdekgtqaldr ode includes a wire bond pad that allows an external
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ceram ¢ sypsthatgith WRrtiseat dhyse LG Urtiesehdd “electrons” and “holes” to the
semiconductor, which can move in the material relatively freely. Depending on the
kind of impurity, a doped region of the semiconductor can have predominantly
electrons or holes, and is referred to as an n-type or p-type semiconductor region,
respectively. In LED applications, the semiconductor includes an n-type
semiconductor region and a p-type semiconductor region. A reverse electric field
is created at the junction between the two regions, which cause the electrons and
holes to move away from the junction to form an active region. When a forward
voltage sufficient to overcome the reverse electric field is applied across the p-n
junction, electrons and holes are forced into the active region and combine. When
electrons combine with holes, they fall to lower energy levels and release energy in
the form of light.
[0003] During operation, a forward voltage is applied across the p-n junction
through a pair of electrodes. The electrodes are formed on the semiconductor
material with a p-electrode formed on the p-type semiconductor region and an n-
electrode formed on the n-type semiconductor region. Each electrode includes a
wire bond pad that allows an external voltage to be applied to the LED.
[0004] Generally, a device having multiple LED chips is created by mounting
closely spaced LED chips on a ceramic substrate. Unfortunately, the closely
spaced LED chips may interfere with each other and result in reduced light output.

Also, a ceramic substrate is used because the LED chips have thermal and



spaced LED chips may interfere wiwth each other and result in reduced |ight
output. Also, a ceramc substrate is used because the LED chi ps have

t hermal awmoebmoi3sizeal paths that come in contact wth e&Ch/uskévenssoBor
exanpl e, an LED chip may have el ectrical contacts on both top and bottom
surfaces so that when the chip is nounted to a substrate, both heat and

o1 cct 11 calSleotER Ry ot gin g T SbORIF il Pioh RBromstRerig pAZED Bam! des

Unf or t unatrehy halvBecie€tfiasli Corkbbist sratbetiflessant it derfaceersy bt wteanthe
thermal path so that heat generated by the closely spaced LED chi ps may
degr ade | iGhiR isonippoted toa suRstiate eath hieat aﬂﬂ@é@%%'&dﬁ?ypﬁésé‘&%ﬁ di@Rtrate
may be no d ' - SPr . d to an
i 1 onal | had € R BbS R BlicBR EARLal UIEthd Prddfles Rn® dlbiihg
conpl i cat eﬂbmheﬁﬁgi gees. [\DSFORTINA@bo e ngramid berstrats doesrégrovidéreevant f or
i mprovenents in evices to jncrease |ight output, provi ef ficient

heat di s_si%f&@'?@trf,heémal Rath0; that hﬁ@ﬁﬂ%&raﬁeéi%ys@m IY@B@%‘?A Eﬁ%‘?h'%%ﬂ?é’t, a
LNt e tddggudliigfito@BRar $buscHfar® hRut RAiJHNEh, HRIPALARS sAbSRi@! mayihel T at e
having a reflectiVve surtrace, and a plurality of LED chips nounted directly
to the refrheatteddosar slacenah hdat speeaders whidthr iatterr s mbloted toran hdditahal

di ssi patiqn, ,and wherein at |east a.portion of the LED chips are space
apart fro?ﬂe@écﬁ'“&t he?r%fso aifqr@ﬁnl‘?raht'&tﬁosrt@f Bk TEPY a'np(')"f'(ﬁfaor?ompﬁlgﬁﬁedd
reflectivengiihagget hat is located between the portion of the LED chips.
[0007] I'n another aspect, a method is provided for form n? alight emtting
di ode appdfedd)s. Aneondinghndhersnisra seed doitfie grfonimpronrements ilbkskPdayvieas have

a reflectiyve.surface,. and noupting .a plurality of LED.chipns direct.ly.. t he
refl ect i vaOsUnfEREE ofi9 ﬂeOWBH I péﬁ%@tera‘?ﬁg?gt 8w (F%Srlg%}k&‘ n%nddiés'é?bg tion,
and wher eifigrdfakepst a portion of the LED chips are spaced apart from each
other to allow light to reflect

SUMMARY

[0006] In an aspect, a light emitting diode apparatus is provided that comprises
a metal substrate having a reflective surface, and a plurality of LED chips mounted
directly to the reflective surface of the metal substrate to allow for thermal
dissipation, and wherein at least a portion of the LED chips are spaced apart from
each other to allow light to reflect from a portion of the reflective surface that is
located between the portion of the LED chips.

[0007] In another aspect, a method is provided for forming a light emitting diode
apparatus. The method comprises configuring a metal substrate to have a
reflective surface, and mounting a plurality of LED chips directly to the reflective
surface of the metal substrate to allow for thermal dissipation, and wherein at least
a portion of the LED chips are spaced apart from each other to allow light to reflect
from a portion of the reflective surface that is located between the portion of the
LED chips.

[0008] In another aspect, a light emitting diode lamp is provided that comprises
a package, and a light emitting diode apparatus coupled to the package. The light
emitting diode apparatus comprises a metal substrate having a reflective surface,

and a plurality of LED chips mounted directly to the reflective surface of the metal
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froma portion of the reflective surface that is |ocated between the
portion of the LED chips. [0008] In another aspect, a light emtting diode
| anp is pwoenoadétsnat conprises a package, and a |ight egriuszovg/ossossle
apparatus coupled to the package. The light em tting diode apparatus
conprises a netal substrate having a reflective surface, and a plurality of

LED chi ps unted, directly t . ' .

o al 1 ow rOPHHEr ieat ot ndfod s st uRfpi iedced BaBR A PERL L Ep
chi ps are gpHCad arted dgaireacéac dber tooalw tynt togbfledtdranefal mrtior bbthea
portion of the reflective surface that is | ocated _between the portion of

the LED cHepectieonutacethabigdesaipd bepueen therportionsf g kel @RA-ce i s provi ded

t hat conpr a po I ght REN | I ' i cal
communi ot/ « i EFe 0 AsPeeh i, Huiaor Brlicbld, b Piaeq; (I cpihpRLesta !
conpri ses poviercdagee and alightgdrhittmg tiodedadipoitieelepipiaabteramuoigatied with thee
package. The light emtting di ode apparatus cogﬂ%rei.ses a nmetal substra

havi ng a r@W@p%@W@esuTh%d@,ht &rﬁ@ttﬁlggﬁ'@gﬁl lapp 6PMPHFLE I PECKANFH AR %i"gégt ly
to the refdffiid @isil ettt BougBl o PSidckbge! 0 THd Hghi Umitief Wlde

di ssi pati on, rern at least a portion chi ps~are spaced apart
from each appeeatusacaahprises! a gittat substfate bavingeanreflgntive isvnface, ame arléradiet i ve

f that is | d h i on i i
Cinder st ool HED Sipe Gt egy dhehe e isdite o TR DRt 1
appar ent ténoWAgéfmﬂfél‘rHél Qﬂséi?aﬁ&ﬁ Whérefd @M 1bA& Bopo@vhner €t aEDedhips are

descri ption. be realized, the present invention includes other and
di f f erent sppedtapasifiomteachestbeato allavalight tareflecipesn @ pertiomafl Hecefleetive n

various other r cts, .all wthoyt depart.i f e spirit and scope of
t he p_reserﬁurfarwgﬁgﬁﬁrﬁc.’éﬁﬁg&em%ﬁ 3‘,9 ?fgg'arom%nlgéﬁa%ﬁ "he detail ed P
descriptiopofge @ iSirideesbogdnaSothbl B8pEES iof ghe pragdntrisvertionneill gome
restrictive. BRI EF DESCRI PTI ON OF THE DRAW NGS [0011]. The foregoi ng aspects

descri bed feadiy apparant fe doose glgiied i i pit from the following detailed description.
As will be realized, the present invention includes other and different aspects and

its several details are capable of modification in various other respects, all without
departing from the spirit and scope of the present invention. Accordingly, the
drawings and the detailed description are to be regarded as illustrative in nature

and not as restrictive.

BRIEF DESCRIPTION OF THE DRAWINGS
[0011] The foregoing aspects described herein will become more readily
apparent by reference to the following Description when taken in conjunction with

the accompanying drawings wherein:

[0012] FIG. 1 shows top and side views of an exemplary LED chip for use in
aspects of an efficient LED array;

[0013] FIG. 2 shows an exemplary LED array constructed in accordance with
aspects of the present invention;

[0014] FIG. 3 shows an exemplary efficient LED array apparatus constructed in
accordance with aspects of the present invention;

[0015] FIG. 4 shows an exemplary method for constructing an efficient LED

array apparatus in accordance with aspects of the present invention; and
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apparent by reference to the follow ng Description when taken in
conjunction with the acconpanyi ng drawi ngs wherein: [0012] FIG 1 shows top
and si de wpewn/3673an exenplary LED chip for use in aspeecs/uskooansssBsi ci ent
LED array; [0013] FIG 2 shows an exenplary LED array constructed in
accordance with aspects of the present invention; [0014] FIG 3 shows an

cepoot s orOPRYC or ElGn S SR SRS JTRRE HREIS AFIEIRE e o

for constructing gpnstfddted @nhcddrBardd with aBpeciatofthé prevendindantien.wi t h
aspects of the present invention; and[OOlGF FIG 5 shows exenpl ary devices
conprising efficient LED arrays constructed in accordance with aspects of
the present invention. DESCRI PTI ON %gé ,P'FlafN present invention is
described nore fully hereinafter w erence to the acconpanying

drawi ngs, [001Mhi ciTheaireserst iaspreitinsisadedcribed masentully meecinafer witle refeoswce Thi s
I nvention nma however, be enhodi ed in manﬁedlfferent forns an sho ld not

be const r F8dNEAGCOMRANY NG AFNENGS: ri JHACH VgipHS aspestseof @s‘Hﬁ?e” nPYERHUh
presented 4 Jes&r?tgfmutm@ |r§\/e9'1‘t|6ﬁ'rﬂ§§/”ﬁ%w Jh% ehﬁéal"edaﬁpﬁ\%? HSrept Rithied so

that this closure w I'l be thoro conpl ete, and fully convey
t he scope arfd tsheuldr astebe cwn&meldoastlmmt&tb:t@ théi Vdriedisi aspents afttheTpreseat i ous

t f. th t t trat ed t t _be
G o £o_ deupaiTdRaeaTtag) THovdibl HISCHBHESUIE  naBiT olress o BreedS ' A
expanded ?rovﬁ@H%Cthfanhlé:H%Ho%Mre Wil @'ﬂ'ﬂoﬁ’é@h aﬁ@@Bm‘bieté h@ncﬁﬁvﬁl‘%ﬂ@éoﬁ’@éy

sinplified for clarity hus drawi ngs nay not depict all of the
conmponent shefscapgioféhe Wrﬁtlrwr(u@ngo thms@&«;d &7 theeatiod he[ \vO8 aspeickus

G i ngs. 1 aeaPie SR InvetYER | et e “ERSHSBS AL Brriptina el S6deor
Accordingly, the dimensions of the various features may be expanded or reduced
for clarity. In addition, some of the drawings may be simplified for clarity. Thus,
the drawings may not depict all of the components of a given apparatus (e.g.,
device) or method.

[0018] Various aspects of the present invention will be described herein with
reference to drawings that are schematic illustrations of idealized configurations of
the present invention. As such, variations from the shapes of the illustrations as a
result, for example, manufacturing techniques and/or tolerances, are to be
expected. Thus, the various aspects of the present invention presented
throughout this disclosure should not be construed as limited to the particular
shapes of elements (e.g., regions, layers, sections, substrates, etc.) illustrated and
described herein but are to include deviations in shapes that result, for example,
from manufacturing. By way of example, an element illustrated or described as a
rectangle may have rounded or curved features and/or a gradient concentration at
its edges rather than a discrete change from one element to another. Thus, the
elements illustrated in the drawings are schematic in nature and their shapes are
not intended to illustrate the precise shape of an element and are not intended to
limit the scope of the present invention.

[0019] [t will be understood that when an element such as a region, layer,

section, substrate, or the like, is referred to as being "on" another element, it can
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the present invention. As such, variations fromthe shapes of the
illustrations as a result, for exanple, manufacturing techniques and/or

t ol er ancewo 2ar0e03630be expect ed. Thus, the various aspectrsTafS2t0esgsesent

i nvention presented throughout this disclosure should not be construed as
limted to the particular shapes of elenents (e.g., regions, |ayers,
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By way of coxgapl, avhérafl semiht id tefetreatiecapbelhgseliicbtyl ons anotiest eleglent,may
have rounded or curved features and/or a gradient concentration at its

edges r at Hderet W&rﬂ%'rﬂ?@éﬂ@gee@m%%pfeﬁ@ﬁ{ ohevib berfrher Bnaerstanst thatmhen t he
el ements ij]| e'lﬁHeel‘tEt défgrr[ea%d{ atﬂ\%lﬂgs‘f&h%dscotﬁe%thgr fen@ttuft%aﬁ'\?e %ﬁyﬁ and

shapes are not € precise s ape of "an e

are not i niepodited,t @tdHeu, tatttditﬂteﬁt;op@nr&fctedne cpupledntorn rotieeartwiss. plePpadsd] drt
w Il be understood that when an el enent such as a regr on, |ayer, section,

subst r at e fabjicate@ onjthe othes elemept ran MteVeRBOIRIEMBAL “anot her el ement, it
canbe dir ?66101 O”Fﬁﬂt?e@]d}ér re%t‘ﬁf@a@rm%r sl SEVRAY of "B & dfay H?F .
con ectly on

present. I'n trast en an elenent ' Is referred to as being
anot her el"tevrmhtmay toer @sed eherern 1o edesEnibegoré estemest' prresadionshipt twartotltm*

further rstood. t hat en, an, el ement referred t "formed" on
bnot her elisTBaNt & [uSRneddn gpd v dR0dt 1o LRiREIROCNR lBlive teshRcied,
coupl ed, ~GhteAHBE M érﬁ:d?rﬁ r@iﬁe%ntf&%rttéﬁ’ér%dopﬁnta@pa?ah&r ineh8AM®BA tBrthan
| nt erveni ng el enent. Furthernore, relative terns, such as "lower" or

"bot t ond amremajppede’pl@tred mdbe drawgndse Bye\tdaywerf Example, dé aor apparetys IBITelﬁent s

relationship to anther el e IIu t aw ngs

rdor 5t ooariwings 38 RAED St Eameils s dMiddihs Belod S S HBYRR Sp o other
orientati @I‘@n@ﬁts&ﬁotﬂéﬂﬁéﬁtbesorieht@diéhtth@"ubseﬂ'%ﬁ:lé%r d)tetheaith@rnelféﬂférﬁé edhen the
dr awi ngs. way of exanple, if an apparatus in the drawings is turned

over, el erterm slowegercabéaer@t,orseen@omﬁawboth Fnerientgfige obflopleneand ' ¢rRSit's
woul d t he'@ie%nf?irn e&ttﬁg p%'r'tréwﬁr oﬁ’é’rﬁgtr ion Bf Ht%sar%aratb%. rprﬁr'arlﬁ,l ﬁ%”éﬁparéﬂ&%

in the drawing is turned over, elements described as "below" or "beneath" other
elements would then be oriented "above" the other elements. The terms "below"
or "beneath” can, therefore, encompass both an orientation of above and below.
[0021] Unless otherwise defined, all terms (including technical and scientific
terms) used herein have the same meaning as commonly understood by one of
ordinary skill in the art to which this invention belongs. It will be further understood
that terms, such as those defined in commonly used dictionaries, should be
interpreted as having a meaning that is consistent with their meaning in the context
of the relevant art and this disclosure.

[0022] As used herein, the singular forms "a", "an" and "the" are intended to
include the plural forms as well, unless the context clearly indicates othervr/ise, It
will be further understood that the terms "comprises" and/or "comprising," when
used in this specification, specify the presence of stated features, integers, steps,
operations, elements, and/or components, but do not preclude the presence or
addition of one or more other features, integers, steps, operations, elements,
components, and/or groups thereof. The term "and/or" includes any and all

combinations of one or more of the associated listed items



term"lower", can therefore, enconpass both an orientation of "lower" and
"upper," depending of the particular orientation of the apparatus.

Si m | ar | Woizb1casempparatus in the drawing i s turned ovePCTAISRINNEHSS
descri bed as "bel ow' or "beneath" other el enents vvoul d then be oriented
"above" the other elenents. The terns "bel ow' or "beneath" can, therefore,

enconpass t I [u g 0 g se
defi ned, @ﬁaﬂermy \M”ﬁﬂ‘z‘l %‘#%’%tc’t ?}égﬁ]&gﬂ\d{@c@gﬁ? ﬁ 1%%&;7&3 %ﬁgewggel
have the sgga meedlhng @és@@@%uouwmmmé degien’rsyam/er afections, nthege stegldnsj n
the art to which this invention bel ongs ' be fur_ﬁ_her under st ood t hat

terns, suchYe® QW@%S%ﬂnﬁeﬂ‘QUm B%%ﬁweﬁﬁ\émhﬁﬁ%lt?rﬂ?ﬁar Rese g afealy
neerpr et egap (I ANLAhAHTRAR Rehibliataybe &Oﬁtéﬁeﬁém"‘ﬂa%@%&s 23510t N

t he cont ex evant a and I's di sclosure Used herein,
t he si ngul sectibar rr'EhUa a flf’saméglanﬁlayehel‘ saction disensket] belovvr\od)uldé)et haempblLH al

forms as well, unless the te di cat th ]
further un%%?%‘pofﬁ@'qmd?y?rhé'glg@;% %’lﬁﬁﬁﬁ?é | gg%qe r?ﬁ?‘%%mrlgg? hgr: s\é\ﬂ%cgh
used in thm%g%e@'r%'eaaé fl%’f‘re@BRCIngé{r 6|‘”‘§edﬁoﬁ5ﬁ|ﬂ?&xt@‘ep’éﬁﬁigeﬁo%etﬁbltéﬁ&mgs

I nt egers, operat 1 ons, nts, and/or conponents, but do not
precl ude tcbfdhprmewrdenmnt@ddltlon of one or m)re ot her features, int egers

t |
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listed it ea%e[rﬂ&%%l LED ambl1obefoklu§6rr$b§9@bt§ anaéﬁl&léhglethﬁré)ﬁrRéferflmg & "

and "second”" nay ‘be used herein to describe various regions, ers and/ or
sections, thedop \iewit®2s the AFEr ehinr(ar die) 908t sasnRrisasoa b@dlqortien rlﬁﬂn darby

t hese terns,.,. These t a

sect i on 1o Enciaey PaGIDISeRE) Yitth ta RrPanl g e g iplef W erea

or secti onindjugiey eA-tasd evicutddcte? ré@bﬁﬂdav%gspmdwnlnegﬂl)oelectramelandra p-
section, and simlarly, a second region, |ayer or sectiaqn nngé be ternmed a

first regltyne FeyigongtICkns ckagin ViavisLitPrederaingtely Relem t RN OREFEOofa t he
present I nyGAtdOWectric field is created at the junction between the n-type and p-type

regions, which cause the electrons and holes to move away from the junction to
form the active region. When a forward voltage sufficient to overcome the reverse
electric field is applied across the p-n junction, electrons and holes are forced into
the active region and combine. When electrons combine with holes, they fall to
lower energy levels and release energy in the form of light.

[0025] The LED chip 100 also comprises electrical contacts 108 that are used
to apply power. For example, wires that carry an electrical signal to provide power
are bonded to the contacts 108. When power is applied through the bonded wires
to the contacts 108, the active region operates to emit light of a selected color.
[0026] Referring now to the side view 110, it can be seen that the LED chip 100
comprises a bottom mounting surface 112 that can be used to mount the LED chip
100 to a substrate. For example, any suitable adhesive may be used to mount the
LED chip 100 to the substrate. As can be further seen in the side view 110, the
electrical contacts 108 on the top surface of the LED chip 100 form a horizontal
electrical path as illustrated by the arrow 114. Since there are no electrical
connections in contact with the mounting surface 112 of the LED chip 100, it can

be mounted directly to a metal substrate without the need for an insulating
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[0024] Referring nowto FIG 1, top 102 and side 110 views are shown of an
exenpl ary LED chip 100 for use in aspects of an efficient LED array.
Ref er ri ngwoaotomséet3op vi ew 102, the LED chip (or die) 10@CTaspomsds®sma body
portion 104 and an active region that is located within the area 106. For
exanpl e, the area 106 includes an n-type sem conductor region having

P edon nardiptofier Gy ARTARY 1 PR 1oL GREUT Ol 2 DRI A on efficient, o
at the junpeirpal pethveencatbe (Qsiir)c@@até@tﬂ)yﬁhé)mﬁ)vv ﬂQBPwSaIIdvhlh@bt aRpass from
el ectrons and hol es to nove fromthe éunctlon to formthe active

regi on. wiba LERP &%ﬂeoxﬁgﬁhagee \Sf‘b@:tr%tﬁt ¥ PsddiRg et afticiprt fes@abpath ri ¢
field i d
1 E10 e SPRLIEE LB91 05 0o othal Lol FIAEORS BRE R SbiaRey,
fall to Idmﬂheeffectsyoﬂmehg and reI ease energy in the formof l[ight. [0025]

The LED h 100 | 108
2ppl y povPD2Tior SRETHIPE: e FED Eiari 00 pyidkn fer dteraniodfignanc Bopmel de
power are &RHQQQ %] btl@efhéq_@@'ic‘hg) 408 tov\ﬂérbl%‘ﬂg mbnt@BP! gqﬂnbféﬂ %@trﬁf@e

bonded wi res e contacts he active region operates to emt |ight
of a sel eomuﬂtbmdhemeepcfoeep lﬁ@jlainnrg d@le&bmttbeteba/ Bnodeimg aw effl@ent theoraal be

seen t hat tagﬁ LED Chl 100 coqﬁr@sescg bof.t om Eskurfac,[e 112 that can
be used td 6%{9‘1“&@ 'ERNYRIZS the §errding GHEEs &4 ea 'P LOHPEL any suitabl e
adhesi ve fIWzdﬁ}e UPRS, Q%Hmiénénté&%n{fﬁ?qu{p é@%bootﬁsﬁu@t@ﬁrlﬁtﬁccoﬁ%rﬁn be

further seen i'n the side view 110, thé electri'cal contacts 108 on the top
surface ofwitth@speciscof ﬁﬁel@oesam rineeriion: zdieal-EB) suay 2l cpaprises a metal

cont act - witRHAle RRENhAE reRhBNE SHNgEE A" B GicibbofR e ARERLAE 1"
nmount ed dirhgg beycdretractit frdmsaibsiriuat andi thbebfledtive s1eR@Eef206 Ay be bare or
i nsul atingdielectric, By mounting the LED chip 100 directly on a netal

subst r at e,PAdifhed falemawm.t halieraptivaly hthesreflestiye gu(fase i 418 swyebe formed iy r ow
116) to aldion b ?ﬁ%g%enﬁgﬁﬁbg{r&?idle HieR, B Porfelve QuirhGe 986 Aay bRl BY

provi di ng the erna ath
from any suitable material and formed upon the substrate 204 in any suitable way.

In various aspects, the reflective surface 206 has a reflectivity index of 70% or
greater.

[0029]  An array of LED chips is mounted directly onto the reflective surface 206
of the metal substrate 204. For example, the array of LED chips may be
comprised of the LED chip 100 shown in FIG. 1. Since the LED chip 100 has a
mounting surface 112 that is separate from the electrical path 114, the LED chip
100 can be mounted directly onto the reflective surface 206. In doing so, an
efficient thermal path is formed allowing heat to pass from the array of LED chips
to the metal substrate 204. It should also be noted that while nine LED chips are
shown in FIG. 2, there is no limit on the number of LED chips that may be used
and in fact, as the number of LED chips increases the optical gain increases.

[0030] In various aspects, the LED array 200 is mounted on the substrate 204
with a pre-determined spacing. For example, the LED chips are mounted having a
vertical spacing as indicated at 208, and a horizontal spacing as indicated at 210.
In various aspects, the horizontal and vertical spacing between the LED chips is .5

millimeters or greater. The spacing exposes regions 212 of the reflective surface
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116, the LED chip 100 is able to reduce or mnimze any |loss in optical
power due to the effects of heating. [0027] Therefore, the LED chip 100
provi des wonotviémsnent el ectrical and thernmal paths to enzhiseomhssoRED chip
100 to be directly nmounted to a netal substrate without the need for an
insulating dielectric, thereby providing an efficient thermal path to

reduce or m ze t .

Fra s shost we%?@r;ﬁ‘égr%ﬁ?e@% DOl BsP FaioRg 212 MnthyRel ot
aspects of _EbhecHipeaed réflacensfi tiv eXpesdcEpPoriongyof2fhe cejl@ptwasarfacmaﬂ to
substrate 204 that has a reflective surface 206. For exa

subs';) ra';) e ingkease tb%ﬁgl%%loéﬂghtr%?‘éﬂ fiemrbenLERatrag F‘e??'! é‘g L%@Oi‘iﬂeﬁhng 06
may be bar | | eCti v 206
oy be fored aPAy AL hate hAd BebfidHdnGhtom shabiily B4 (Oriblhalie, °2
surface 20tﬁer&qfalnel léobmdltédwmamleﬂxe@bpacmgter| al and forrred upon the

substrate 204 in an sui t abl e way arlo th flecti
surface 20803Hs aF} fl%cﬁh%"%yaf‘n&é? aryo@ ’gpiﬁi arr?goég?a% Sia\r/:fo%

LED chi ps @fmg@m Qéc,rd?&é#. Wlhoastﬁé%tsr ef {tfécbiéé%nﬁm\feﬁﬁénZOﬁwé)fapr%tJ?t al

Substrate or exanpl e, e arr ps may be conprised of the
LED chi p 1300 stowprisésthd [EDlarr@ p0e V\tlﬂineLElEIDf‘mﬁ @e:LdCE[hai@Oz) madnied ﬁlges’fdeace

112 that is sepagate fro ctric ath 114,. t LED

nount ed dltPetE‘ rﬁﬁ%@;{v& ?W@%gqi@f?@éeﬁ??r&%e%égacmﬁq‘gc?x%ségééjgﬁgg’f Ci ent
thermal pathettvd durRde ald AbRI i8R0 tireflBas $Sroht ARt ReleativaYsufackER@EPS t o
the nmetal substrate 204. It should al so be noted that while nine LED chips

are shown be‘t\Méle(BthQJ-E&@mES as ilustiated at'{mﬁthe nunber of LED chips that may
e pbfat b S A e RSt SSESER Pl Shap
ﬁggﬁt regt ﬁa@ﬁﬁgvgw ba dMigirdeh @&mweedrrm@mm@ thECHiIuﬁmaJmlneetat bebdtffe ofithes ar e
LED array 200. On top of the dielectric 302 copper traces 304 are run to a
bonding pad 306. Bonding wires are then routed from the bonding pad 306 in a
chip to chip fashion so that power may be applies to all chips in the LED array 200.
As a result, an electrical path is formed as illustrated at 312.
[0033] The LED array 200 is mounted directly to a heat sink 310. The heat sink
310 comprises any suitable material and the LED array 200 is mounted directly to
the heat sink 310 without any dielectric insulation. This provides for efficient
transfer of heat from the metal substrate of the LED array 200 to the heat sink 310.
Thus, not only does the metal substrate operate to keep the LED chips cooler, but
since the substrate is mounted directly on heat sink the heat sink can be smaller.
For example, ceramic substrates need an aluminum heat spreader which is larger
and increases costs. Since the LED chips are mounted directly to the aluminum
substrate and the aluminum substrate is mounted directly to the heat sink 310, an
efficient thermal path is formed as illustrated at 314. The thermal path allows heat
generated at the LED chips to be dissipated through the metal substrate and into
the heat sink 310, thereby reducing the degrading effects of heat on light output.
[0034] FIG. 4 shows an exemplary method 400 for constructing an efficient LED

array in accordance with aspects of the present invention. For clarity, the method



vertical spacing as indicated at 208, and a horizontal spacing as indicated
at 210. In various aspects, the horizontal and vertical spacing between the
LED chi pswo=010%03613b| i meters or greater. The spaci ng expeseaSe@giossess 212 of
the reflective surface206 between the LED chips. By exposing these regions
212, light emtted fromthe LED chips may reflect off the exposed portions

IR e e S R e G R

spaci ng, rghHewHinfRIGN3spaci ng, or a conbination thereof and is not limted

to a single fixed spacing. [0031] FIG 3 shows I fficient LED
array appdf83is 360 bi‘lﬁ'ﬁsg@%c@ éﬂe\]@h Sab,%t@tadﬁ@%ﬁ@%&@%&agﬂﬁ%ﬂv’ﬁgf AE€ent

i nvention.- T r rd : r | ; |

(o e Tonag: oSt R s> fpmiiip ard AL TBHANE digelsspofitees

Freh?eterml??mmfmbmprhpiatmg)lose regions of the reflective surface to allow
I g o reflect from eflective s ce | t t , t LED ¢hi

as illustrl@03 at Aﬁ@éqctk[Mﬂ]‘e'ﬁpa@%@ﬂiéﬁe‘gﬁ?g@gﬁﬁ @\é\?a]%g'ﬁs&eﬁﬁrm@?é‘rl (IgfS

diel ectri CF(%r”?kﬁrﬁ R i%@i%on#gl"ﬁa V@ti’ioQIeLEbugﬂ)ébiﬁ%iféid«‘ﬁerrﬁiﬁeﬂ%%@@n‘if@rrﬁhe

al um num nmetal substrate orf the LED array 200. top of the dielectric 302

copper trawssuBiferngrar a wonbinatidotidiraof. pid aBo@speBbnitiengoridonédl amrde veriieal

routed fromthe bqgndi ad 306 jn a chip to.chip fashi t hat

be- appl | e<SHAS FeIEHERSs PRPGHIeely SnfelyS sbtntcitn BRUReCR, o ectrica ™
path is fopgef asaklldekt 468 afeatES bérayli9asintéhen He riflestive’80rface Bbthy ed
directly to a heat sink 310. The heat "sink 310 conPrl ses any suitable

nmaterial anetal lsebsiRDeaatrthy prodeterminrch seaciog r Sines theo ERerfyalias senargten

wi t hout an lelectric insulation. Thi ' £ ai f
Lt oo BRSNS Ll b e RSB Mee e St o 1AL ©
Thus, not QINsYrat0@shbletHELSE of Whsiblcttri pRalade The kopapinghef theD EDighips

cool er, but since the substrate is nounted directly on heat sink the heat

sink can bexposes|regionsopf theargiastive iuince Retweenathes chips eeh thasenisdiPRheat
Spr eader V‘(’%ecrgte' t’% ljeﬁé&qrght thereby increasing the optical output of the LED array.

[0038] At block 408, electrical connections are made to form an electrical path
that is different from the thermal path. For example, wires are bonded across the
chips of the LED array as described above to allow power to be applied to the
chips. The electrical path formed is separate from the thermal path.

[0039] At block 410, the LED array is mounted directly to a heat sink. Since the
substrate of the LED array is metal, it can be mounted directly to the heat sink
without the use of a dielectric insulator.

[0040] Therefore, the method 400 operates to construct an efficient LED array
in accordance with aspects of the present invention. It should be noted that the
operations of the method 400 may be rearranged or otherwise modified within the
scope of the various aspects. Thus, other implementations are possible with the
scope of the various aspects described herein.

[0041] FIG. 5 shows exemplary devices 500 comprising efficient LED arrays
constructed in accordance with aspects of the present invention. The devices 500
comprise a lamp 502, an illumination device 504, and a street light 506. Each of
the devices shown in FIG. 5 includes an efficient LED array as described herein.

For example, the lamp 502 comprises a package 516 and an efficient LED array
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and increases costs. Since the LED chips are nounted directly to the

al um num substrate and the al um num substrate is nounted directly to the
heat si nkw®k010/@673efficient thermal path is formed as i lPcuatSc@bossoa: 314.
The thermal path all ows heat generated at the LED chips to be dissipated
t hrough the netal substrate and into the heat sink 310, thereby reducing

the d ' fect f heat L ght , [0034] FIG 4 :
exenpl ar y 308 ik nebksasomn cBAY FEDR g P er T erained seaeid TR ance
Wi th aspegs aoﬁeié]%ws%%ﬁi‘%abwgeﬁtHeﬁ@eti@%uﬁb@é.i tFhe tohe-deesrinedd Gpasin

descri bed below with reference to the efficient LED array apparatus 300
shown i n Pperatss.to] inoasiseAlightl sdrut40 T healamn §02smipythertused sor @i tyaeedf with

fl i . - . .
e Voot vaeDgH dlERfatll | SoERfoler e TIPS %, BT, DSed WD AMOPAbIS o i
404, the sieadidmep,ofstriebD IRt PDVerhedd Ligh,aor ay isdydetimrngerdral Ftluminatiopl e,

hori zontal and vertical LED spacing is determ ned to be unifor )
non- uni f orapplieatian. cdisi HeeTrAIoNhdedes S0dnCAMPESYE @t POWRk S%rrqezé% dhataisy

verti cal I ' p i I :
11 ot e Pt OGO EEE, 2RefRES P IRpE taf B anfBuRic e I 202. In
refl ectivansaspeutethef ppiwer setiee S1bsiayabe ttteries qur anydether rduiteblestypei ofg.
Since the LED array has, separ a]te eLe%ri al dtr%ernal .paths, the LED
g_hi los ar e POVERSOYI R, SHED 3¢ BRPIET EF €3 re@h@é}l eCQM"'fPrﬁ%'.ﬁa PRYELSBYIGE a
el ectri ¢l tQr. b [ I 9giNSs t he
reflecti V§°§ﬂ§ g@é@gelta @ggf{{ﬁgﬁ.gﬁi@g gﬁgoﬁﬁ%&srgardégpgﬁgﬁgg?rz é'? g to rﬁclt’ect
| i ght t hertledyampcithsomprishe opackade andpan efficietid EE@reay that indodsd ant

bl ock 408, electrigcal .connections are made to fo an, el ectrical th that
s i 1 er GHEV Tiors DB Arte AT BTSN (reay et & Befeubiiress
the chi ps,rféf\/ir\td?_fr tiRE 'sAYfads. dReqirbRRAcRAYE sbacmpldwrﬂ@\gﬂ@ inGrelse g i ed
to the chips. e electrical path forned is separate fromthe thermal path.
[ 0039] At ovitputk 410, the LED array is nmounted directly to a heat sink.

Since the [0042] It should be noted that aspects of the efficient LED array described
herein are suitable for use with virtually any type of LED assembly, which in turn
may be used in any type of illumination device and are not limited to the devices
shown in FIG. 5. Thus, the efficient LED array described herein provides for
efficient light output and heat dissipation and can be used in a variety of device
applications.

[0043] The various aspects of this disclosure are provided to enable one of
ordinary skill in the art to practice the present invention. Various modifications to
aspects presented throughout this disclosure will be readily apparent to those
skilled in the art, and the concepts disclosed herein may be extended to other
applications. Thus, the claims are not intended to be limited to the various aspects
of this disclosure, but are to be accorded the full scope consistent with the
language of the claims. All structural and functional equivalents to the elements of
the various aspects described throughout this disclosure that are known or later
come to be known to those of ordinary skill in the art are expressly incorporated
herein by reference and are intended to be encompassed by the claims.

[0044] Moreover, nothing disclosed herein is intended to be dedicated to the

public regardless of whether such disclosure is explicitly recited in the claims. No
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substrate of the LED array is netal, it can be nounted directly to the heat
sink without the use of a dielectric insulator. [0040] Therefore, the
met hod 4000apev@tBe to construct an efficient LED arrayPCh/iseaonsaste Wt h
aspects of the present invention. It should be noted that the operations of
the method 400 may be rearranged or otherw se nodified mﬁthin t he scope of
t he variou h 0 t r.e

ﬁ%?%%gtl g) é&%’frubm Nha! r89 6%21?#)]%?%] =G oa\g 5ih

scope of t déscri be ereln
exenpl ary geagegsh, m&mrel@mwteé Ekpiessly lieE&)edrusa‘}QStlteapbtasectrmhnsnfor”

accordance with aspects of the present invention. devi 00 conprise
a | anp 50201, 4 the icage wita sietaed claimsde elgrpent §trre§5? \USHe ﬁ‘@oﬂﬁraﬁﬁcﬁ t he
devi ces s ain FIG 5 includes an efficient LED array as descri bed

herei n. For ‘exanple, the |lanp 502 conprises a package 516 and an efficient
LED arr ay5@845]hat Ncnoﬂdim@y‘s, avhiler ra—:apeofs kﬁDsanwietfﬁciepnteLtEEé) eamay eblawp aegary

ted di, tl t ubst i f t f
D o det or i VRERSR 20 IFGHBPATEEhoft 11k PR 208 etk A WAToUSHliENBER 59805 1y
be used thaéQXo&M@%sP%dﬁ%ﬂﬁk%&dbbeﬁbﬂﬁ&hQﬁewEﬁﬁﬂQ%Qﬁ@éﬁﬁmkﬁ@nhﬁﬁ&ﬁ@§2 nmay

be used in an autonob headl anp, street light, overhead light, or in any
ot her geneT}a&refdreu’rhmdlScmt’.umspan@aleﬁomptldmehékﬂelmﬁfmmtemﬁlﬁdj@/ @d"%ﬁﬁﬁtlve

i e ey B RITBR6F 128 OraPF i i Wi BCHE! fil' Bofhel I 10

may be batggihes or any other suitable type of power source, such as a
solar cell. The street |ight 506 conprises a power source connected to a
| anp 514, which may be configured as the lanp 502. In an aspect, the |anp
514 conprises a package and an efficient LED array that includes an array
of LEDs with pre-determ ned spacing nounted directly on a netal substrate
having a reflective surface. The pre-determ ned spacing operates to
increase light output. [0042] It should be noted that aspects of the
efficient LED array descri bed
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herein are suitable for use with virtually any type of LED assenbly, which
inturn may be used in any type of illum nation device and are not |limted
to the dewoeem/sbmon in FIG 5. Thus, the efficient LEDrarnsgoodessoss bed
herein provides for efficient |ight output and heat dissipation and can be
used in a variety of device applications. [0043] The various aspects of
this disclosure are provided to enabl§ 3{11[@ of ordinary skill in the art to
practice the present invention. Vario &‘ g’l fications to aspects presented
t hr oughoutWHATB ISICLTAINED ¢sW | | be readily apparent to those skilled in the
art, and the concepts disclosed herein may be extended to ot her
applications. Thus, the clains are not intended to be limted to the

vari ous aspects, of thi. i . orded the full scope
consistent wt h1 the ’?é{%ﬁ%@@{'@?a{oﬁ‘é’ (gﬁg)%@ﬁaﬁyé@?@@g‘?ﬁ al and functional
equi val ents to 4 hetsl st bavihge reflectivessuafgeecanddescri bed t hr oughout

this disclosure that _are known or |ater co t g, be known to tho of
ordinary skill & ﬁ’UtWEYéPH—EQr%h'@§<H?Qé%‘é‘?(i/dir‘ﬁ‘[c}@rtﬁtfp‘étr%’ie‘ﬁ'é(?éiuﬁfaw Ofg}eerence
and are in - i ' t hi ng
i scl osed a0 fa o ENg TRy BRp e b Btich Ay R e & e 0% ot
whet her sutble LEB chipsiare spaiced pladiftdny eaels iothet to mllowdighl ta reflecNsemaa m
elenent is to be_construed under the.provisions of 35 U.S C si xth
par agr aph, p‘lfﬁP@@é ﬁieh@f@f:ﬁ\‘r%ﬁ't' e @@SP@Q&?@P&EW?% e PRGN t%‘%&é?e " means
for" or, i('fhib%’e case of a nethod claim the elenment is recited using the
ep

phrase "st ‘or." [0045] Accordingly, while aspects of an efficient LED
array have been illustrated and described herein, it will be appreciated

h [ h b d , . i {NG,
hei 1 spi 111 or2easehis APPaTat R wESRATL MR REPAR e REiRe g
descri pti opglishet&ilinfuen.i ntended to be illustrative, but not limting, of

the scope of the invention, which is set forth in the follow ng
cl ai ms. CLAI M5

3. The apparatus of claim 1, wherein the reflective surface comprises
silver plating
4. The apparatus of claim 1, wherein the reflective surface has a

reflectivity of 70% or greater.

5. The apparatus of claim 1, wherein the at least a portion of the LED
chips form an array having a chip spacing that is approximately .5 millimeters or

greater.

6. The apparatus of claim 1, wherein the plurality of LED chips provide

separate thermal and electrical paths.
7. The apparatus of claim 1 wherein the plurality of LED chips have a

first surface that is mounted to the reflective surface, and electrical contacts that

are provided on one or more surfaces that are not the first surface.
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WHAT IS CLAIMED IS: 1. Alight emtting diode (LED) apparatus conprising: a
nmetal substrate having a reflective surface; and a plurality of LED chips
nount ed dwoeotdos613o t he refl ective surface of the netal pewhstooatssosd al | ow
for thermal dissipation, and wherein at |east a portion of the LED chips
are spaced apart fromeach other to allowlight to reflect froma portion

of the reflectiye s 1Sl t I LED
chips. 2 . The %/ippalrjg{eﬁég%érgg{saéfnql%'&Fﬁh\gﬁee@% &%:'ﬂ?{eéfjlsléggﬁ\}g%;ur ugr(t:é;?
conpri ses d)fddtl?l‘n@@ tdatinkum 3. The apparatus of claim 1, wherein the
reflective surtace conprises silver plating 4 . The apparatus of claiml,

wherein the reflective surface has a reflectivity of 70% or greater. 5. The

apparatus of clgim %ﬂ&%ﬁé&mfa{}ﬁggta} ni&@%&mﬁm@%&&e%g@ %ﬁkﬁrsﬁe,ma ps form

an array having 'a chip spacing ppr oxrmat Imeters or
great er. @mefhod appprisitgts of claim 1, wherein the plurality of LED chips
provi de separate thernmal and ew%tri 7. The agpar tus of claiml

a at h .
wherein the pl (FOATIGHING R MeBl Eatﬁg‘\’/ba eﬁirfg‘g?dg’ﬁr%@é‘ tA3f is nounted to

the reflective Byihfita ﬁ%ﬁlitﬁ'o@ﬁ}?ﬁ &@bs SRBEAFicSthehatle@he RUritedthon one or
nore surfaces that are not the first surface.8. The apparatus of claim1,

wher ei n t hreetabsabstsatb4o aliow fosthepuat didsipatientand whergimatleast akort®n & net hod
for form ight emtting,dio LED), apparat s, .t met.hod canpri si ng:
cont 1 gur i e 6 Fhips &l sbrdrs Ebd frobioatn BIRZAS Pl SR FeTBNog Teim ™

portion of the reflective surface that is located between the portion of the LED

chips.

10.  The method of claim 9, wherein said configuring comprises

configuring the reflective surface to comprise polished aluminum.

11.  The method of claim 9, wherein said configuring comprises

configuring the reflective surface to comprise silver plating

12.  The method of claim 9, wherein said configuring comprises

configuring the reflective surface to have a reflectivity of 70% or greater.

13.  The method of claim 9, further comprising forming an array having a
chip spacing that is approximately .5 millimeters or greater from the at least a
portion of the LED chips.

14.  The method of claim 9, further comprising configuring the plurality of

LED chips to provide separate thermal and electrical paths.

15.  The method of claim 9 further comprising configuring the plurality of
LED chips to have a first surface that is mounted to the reflective surface, and
electrical contacts that are provided on one or more surfaces that are not the first

surface.
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mounting a plurality of LED chips directly to the reflective surface of the
netal substrate to allow for thernal dissipation, and wherein at |east a
porti on obothw/3EBochi ps are spaced apart from each ot hecTius2@blossess i ght to
reflect froma portion of the reflective surface that is |ocated between
the portion of the LED chips. 10. The nmethod of claim9, wherein said
configuring conprises configuring the reflective surface to conprise
polished alum num 11. The nethod of claim9, wherein said configuring
conpri ses confitdri nthd inethicd bfecainv 8, Ruthieacemiposingmpoustingsievaetabl at i ng 12.
The met hod of claim9, wherein said configuring conprises configuring the
refl ecti veSUlstielR dredVHa\Neat Sii-ect i vity of 70% or greater. 13. The net hod
of claim9, further conprising formng an array having a chip spacing that
is approximately .5 mllineters or greater fromthe at |east a portion of
the LED chips. t74. ThéghteeritihgdiodedlBDYjarmpcomgristgnpri si ng confi guring
the plurality of LED ChiR to provide separate thermal and el ectri cal

pat hs. 15. The HBe €of §| aim9 further conprising configuring the

plurality of LEDigHt ity diede apphidtes couplbate thepackayeranneStiptisinghe
reflective surface, and electrical contacts that are provided on one or
nore surfaces thaetarssibstiate having ageflectivessefacs; amthe net hod of claim 9,

further conprisj i ! i . si nk.

17 AT gt emd DRRITRBELE oris PR HREeD D¢ ekl shtae B 7 O

em tting dnete sabstpdtatit allowdor tdrinal diesipatckagrl wherehoabicast agortoneft al
substrate having a reflective surface; and a plurali txt of LED chi ps nmounted

directly ttet ehipp e ispaced,ppaid &rogp eggle other to allow light to reflect from'a
portion of the reflective surface that is located between the portion of the LED

chips.

18.  The lamp of claim 17, wherein the reflective surface comprises

polished aluminum.

19.  The lamp of claim 17, wherein the reflective surface comprises silver

plating

20.  The lamp of claim 17, wherein the reflective surface has a reflectivity

of 70% or greater.

21.  The lamp of claim 17, wherein the at least a portion of the LED chips

form an array having a chip spacing that is approximately .5 millimeters or greater.

22.  The lamp of claim 17, wherein the plurality of LED chips provide

separate thermal and electrical paths.

23.  The lamp of claim 17, wherein the plurality of LED chips have a first
surface that is mounted to the reflective surface, and electrical contacts that are

provided on one or more surfaces that are not the first surface.

14



nmetal substrate to allow for thermal dissipation, and wherein at |east a
portion of the LED chips are spaced apart fromeach other to allowlight to
reflect fwormw/Eersdi on of the reflective surface that i ®Cirasatesswe: ween
the portion of the LED chips. 18. The lanp of claim 17, wherein the
reflective surface conprises polished alum num 19. The |l anp of claim 17,
wherein the reflective surface conprises silver plating 20. The | anp of
claim17, wherein the reflective surface has a reflectivity of 70% or
greater. 2 1. The | afipe impbaclain 77, wheredn the hetaltsubstiate ia rpountedn of t he
LED chips forman array having a chip spacing that is approximately .5
mlli rreter@'rQﬁﬂydPé‘gﬂ%’}t.s' . The lanmp of claim 17, wherein the pl urgl ity of
LED chi ps provide separate thermal and el ectrical paths. 23. The | anp of
claim17, wherein the plurality of LED chips have a first surface that is
mounted to the 2%f| ednillenipatidradeyicandm@ristigti cal contacts that are

provi ded on one or nore surfaces that are not the first surface.24. The

| anp of cl ai m 1FPOWREFBY IS he netal substrate is mounted directly to a heat

sink. 25. An il}yghtahithiy 8R¥edempaneldcHicil comnR@viBdticrowitis e poveght
emtting diode lanp in electrical comunication with the power source, the
| i ght eni tsourgedhedight amiiting sindeslaAp campasiRéige; and a |ight emitting di ode

appar at us coupl ed e ckage and conprising: a nmetal substrate having a
reflective surf%@@?ﬁ%(#g 3:5'% urality of LED chips mounted directly to the

reflective surfaaghtodmittiey diode apparatus coupled to the package and comprising:
a metal substrate having a reflective surface; and
a plurality of LED chips mounted directly to the reflective surface of the
metal substrate to allow for thermal dissipation, and wherein at least a portion of
the LED chips are spaced apart from each other to allow light to reflect from a
portion of the reflective surface that is located between the portion of the LED

chips.

26. The illumination device of claim 25, wherein the reflective surface

comprises polished aluminum.

27.  The illumination device of claim 25, wherein the reflective surface

comprises silver plating

28.  The illumination device of claim 25, wherein the reflective surface

has a reflectivity of 70% or greater.

29.  The illumination device of claim 25, wherein the at least a portion of
the LED chips form an array having a chip spacing that is approximately .5

millimeters or greater.

30. The illumination device of claim 25, wherein the plurality of LED chips

provide separate thermal and electrical paths.
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nmetal substrate to allow for thermal dissipation, and wherein at |east a
portion of the LED chips are spaced apart fromeach other to allowlight to
refl ect fwormm/pervi on of the reflective surface that i ®crasatedsimes ween
the portion of the LED chips. 26. The illum nation device of claim 25,
wherein the reflective surface conprises polished alum num 27. The

illum nation device of claim?25, wherein the reflective surface conprises
silver plating 28. The illum nation device of claim?25, wherein the
reflective surf&te hHse Blumiddtioot desice/ofodlain® 2o pwhegreiather plutdity dhleED chips

chi ps. f or YAl & Fiskputags Hipt & Ve oA gelieelve; PR, B Rlscbiig Sentach =

m | 1'i met ergaparedp@idRt: orsOne dREdrt sUFEESS iR afeMbCRerstCdid®e25, Wwherein
the plurality of LED chips provide separate thermal and electrical paths.3

1. The illum nation device of claim?25, wherein the plurality of LED chips

have a first s ace~t hat i.s nounted to the.ref]ectiye surfac nd

el ectrical contdtts fhea@ugpréatt?poihva%edoﬁﬂalghgéo\p/hﬁwréﬁ&mpgaégggﬁq%tp 'Bre not
the first myuhreirezdy td Benhddt ikl nation device of claim 25, wherein the
nmetal substrate is nmounted directly to a heat sink.
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