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[I'lum nation Assenbly Wth Enhanced Ther nal
Conductivity FI ELD OF THE | NVENTI ON The present

WO pwened4onh rel ates to el ectronic devices that PENESHDB063971
substanti al heat, and specifically light sources such
as light emtting diode (LED) devi ces and their use
wth [i clw d crystal dis (LCD) devices, conmponents
t her eofllugripaticn Assegbdy EYI«EK E@hah%ﬁdeWes@ Lpnductivity
BACKGROUND LEDs are a desirable choice of |ight source
in part because of their relatively small size, |ow
power/current requir eRELDSOFITADE dNVENH@@BB time, long

life, robust packaging, riety vai | abl e out put
nav e RESFHY, INEREOR st ﬁom%qtrtoyl em%@aégweat? gytantial heat,

an% ﬁ[ﬂﬁﬂcgﬁ§ hgfgtrsggmg;%§ SuchnRii ?ﬁ'@ ﬁﬁlltﬁ{g cﬁ§? A ddéedef%c%g( RA PRI use

ir wde use ove e past cades In a
Wiiﬂmliqtmd: cusgtalodisay (dri@ndevered, avseoapph iteatdf.oamsl.related articles and
qgrovenents to LEDs continue to be made in the areas

PTO§FSSEY-f i ci ency, brightness, and output wavel ength,
further enlarging the scope of potential end-use
appl i cations. Recently, LEDs have begun to be used in
illumnation units for ba&ﬂ@%ﬂﬂﬁN@N@urposes in LCD

t el %}é‘l)%la?en a 1raéf“e c’hglca O\Plﬁgfltl sgillrcg n‘é&%]’—l%e oc}f th%l{ relatively small

51z|3 l lgﬁtpoﬁ@r/a@@éﬂt e&fuirefents) ﬂaFidSreﬁlﬁfﬁ%ﬁﬁéyloh@ hhail\/(ﬁbuat packaging,
plurallt of LEDs to su y the r %éwred I
Varigy éﬁm@; blemugat gavelengt @a.arld eNAt Wldyywighmp ergucgéult a

corgslrtrtglFﬁAﬂ Ul cledrie 331 S Qﬁy %%ﬁ)e&ﬁl ofiflthlel} VAL ¥esdd81§é/ b the past

di mEnsl ons nance or rra Iance
fewa dectaideulna]rﬂlyltuufdemﬁ neffdragedd oase fhpplieatibing. Liepovamenty seHEDs

is possible to achj e. an increase i the I|i
COI&gwg i'? §° BRIGH tF Ay 8 i IEISEC YD ﬂ.gh@%@a%l? aJthéNaagE%gwg further

enldBASY th¥ s@(ﬁpetJ?‘;o{eBthVéngl’l@E abftiBt¥hd hin the array. An

i ncrease I'n king density can be achi eved by
i nc ReafsntlrygLEBe havantxegun od b Ed iniltuminatidreuratsfarback bigloung

PR AL T HB D1 EOONFHr o o Heh e By and display
sy SKERY. SR St 1i PR R dppYicHioENBisAMREessdIQUWE HBFe a ﬁlhﬂm}l ¥f LEDs to
packi ng | arqe nunbers of LEDs in an array is along

sunpé:f rherrecnm@id ight ylt@@mc eBecaypheldtheis t@\atnﬁ:émmadbsm@\a@hurallty of
t
LE\ﬂs n %e %s%gl%iedym u%s apﬁ%& ﬁtntlaﬁf &rﬁlenﬁ&? #ﬁi I }E@b%ummance or

an sm cCan re espan

1rr£ﬁzﬁfce&>@muladyssmﬁtkdg@dbhsarba&twlemreaisad by the array
of LEDs becones nore inportant as the packing densit

of {iHeppssHide forchieys @ ingicase Hethe digpt depsity ehan argyer LEDs by
inc‘f&@ﬁ& tﬂ\é ﬁe&%ﬂfg ({%'ngiﬁl @fatﬁé( iﬂ?lgvlﬂl@ep ?;'Etljsev%’thlﬁ I&?e eg'fa'yv | AWincrease in

packing density can be achieved by increasing the number of LEDs within the array
without increasing the space occupied by the array, or by maintaining the number of LEDs
within the array and decreasing the array dimensions. However, tightly packing large
numbers of LEDs in an array is a long term reliability concern since local heating, even
with a globally efficient thermal conduction mechanism, can reduce the lifespan of the
LEDs. Therefore, dissipating the heat generated by the array of LEDs becomes more
important as the packing density of the LEDs increases.
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vol tages/currents, size and brightness of LED dies are

increasing, leading to increases in |ocal tenperatures
waewana4rhe LED di es. Consequently, there is aPeipes2000063971

better heat dissipation at the |ocation of each LED

die, as well as across the array. Conventional LED

mounti ng techni ques use packages |ike that illustrated

i n Ungthepgprlinatiags, yiathpesivithrt hightnagking densitovothe griamg
t.. Al J .
o B i o S8 RS Sp L o1 A s

lodabfeﬁ@ataﬁneﬁarom&t fhoBIndes. oCoﬁiequdﬁl\yL therd iS alnicad fo@detter heat
Nor e recen ly, thernall nh nc?d packages have becone
disgipafipnyd) the loetmatinor BD dren SAOshBCdREd on
el eehhlGRlohyl ILEE %Cﬁl‘iﬂlﬂ%t&%lqh&el[s hﬂééggsolﬂ%ﬁﬂ iMfistrated in U.S.

substrates such as ceram cs rrays of
PateheA pplidaior 8nblination 200/4/@8010874] (SHumBu dPat. prltat are unable to

oufGRB Pt e midof el Fis L Ry of ke T 8o bon Bhence

pedbin@mbeaf the devitd ﬁsﬂﬁﬁﬂtécﬁ’ MeRdEEdnkY Sthameh] B e%ﬁ&ﬂde@ @h&k\éges have
conductive thermal transport nedium (e.d. S. Pat ent

begympd dvadebloninPdheh GEDS ere m@mstct)@dl\mahmel(egaﬁﬁét insgating but

thetnﬁlaPl}%r&?n%%g&)eeﬁ'ut@?%%g% s;ﬁ@lé I%% %f%g;gﬁe% ?rav\v/ﬁl %—rl aotrf ghetrmally conductive
viabpki, Cas.iraenPubbiicaioh PabRERh 2003/60G6WE A( ISt ahD), &k use a lead
in which an i]lum pation assenbly includes a

framem)a slectrigalhy cqutst ¢ dbeatiichprb@edthenmallycapduqtiae anp alpptgally
|
coRsPLEREL bR TR K3, 24P O Bkl P8,

2062/6e3aAdA S i(Bernoft ct 419). sAb slturaihetiorEassémbliDading improved thermal

RS s P I B P % B S L B3 s hutes e

al.j, 'i}?wﬁ BGh i1 ERInk¥of NG ﬁ{@luh agf[sluﬁw M%a%@%sgbg&l ona
of the substrate, and each le is thermally d

sulsltretcthalvmgl alnyalewmﬁgtlmlatﬂva dﬂy@hom hdirstisaletod thidmmbstrate and an

el b vueu B pcouGot BORURIRE: TR LED giejs Gproscd
in £hRGkEdndmlg throug R tiRt Sskuh@dl iSRIRRLiNGr Bh eEEMSsidbaRe substrate
are in turn di sposed adjacent a heat dissipation

to ‘é@sﬁéﬂ?ﬁloﬂﬂy APrdvstighlay preomitbe scqoad eide oA Ppsrsohstine andpradveED dic is
theté%ﬁltlﬁf nu(f %@étﬁgéél Bécl%g’d t%{ro gg%%eéﬁ% e etrl%%jéc%% %nﬁéil}r&%vglayer

The @Rk traldly Sd)ﬂ'dﬁbte‘fe I&ﬁéms patdr@aai tprdefies & pﬁlEzFRit{ﬁEf SBMERY; isolated
The present appljcation discloses, inter alia,

h64t|8p{fﬁﬁhﬁatelear¢n§s\§1@ﬁlb BicaB tyR ispoprdl agddrscnt aslaﬂﬁg disgipgtion assembly.
havi
S R e
arrIj?Be therrsmhmnnsrugcdnaymng noed fod @ap@vpdthgmesl Meemasalower cost and

fed with thermally conductive particles. At |least a
Fit fRbRicagPn PFRECESer mal |y conductive particl es
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si mul t aneously contact both the first and second
electrically conductive layers. A plurality of |ight
waeowraes7ar e preferably di sposed on the first PCT/US2007/063971
conductive |ayer. The thermally conductive particles
produce a | ower thermal inpedance than an electrically
insulating |layer |oaded with particles substantially

smal | er than the |nsulatBﬁéEféﬁﬁﬂNVﬂfgkness I'n
exelﬁmé ?g@éergggggt%a%ﬂtd C ots% zr}tgecfl ﬁ)&gﬁ%%gérﬁfﬁles that include a

parti stri near
sutsedianigtasiirst dnel steormsit el@:lﬁtdcaésl@&()ﬁdhoﬁlve Myér sophtayed by an

conductive fojls and t electrlc ulatln
eleaﬁrlé‘«alix nsplating §ygionk dPS ﬁélg&?ﬁqré%ﬂ uJﬁﬁa f‘égnad?ﬂ%l ﬁ%@ded with
thes MBS E(ﬁ{dﬁctlJéﬁrﬂlaééJ | @tt l'e{tkg a g@%ﬁ{n dride t@%ﬁﬁallg%\ltll\ﬁ&l?(ﬁlvg brticles

sane polynmer material [ oaded wth particl
sinhilgheaquslyatontaet bibth Itlecfirst mdmn@tdaﬂitctnmﬂy canéudtiwe layers A plurality

lectrical co ectrlc n
of figffap eSSy pectifbly 33”%5? o B Teticobaie e Hi ey
coffdudtd FEOIES b de&Y Rer BREMalt iR elldcs ttha%rh‘ﬁ &&‘ﬁ%ﬂy insulating
el ectrically conductive |ayers producing a higher
layef foeded with ghisiclss substantielhs sapliertthearthe owshitibe laybr diickaess.
gﬁblsgadl rﬂglla%)g/h S qe | elcl:tts r the%alﬁeﬁ%fong% arﬁarﬁcl:cl?s are distributed near

thet INED NS S $n so-lfﬂ@élﬁb@diﬂleﬁﬁshﬂié fiag pae b&coall clebeicpNesaiiluctive foils and
application will be apparent fromthe detailed

theqdectr¢ablyiiplasmedayer pie alisrashiasontroldhwortical Rmpentigs phiée substrate.

Thé1 YﬁnﬁQ%% {gg? aR6 i c‘?ﬁ‘c?ett\%\l% %ﬂ@éol ﬁng}c{ng{eh?p%a@éa WA particles

w1tﬂlelf hlgle Cblastﬁie&ileylednylc bdsmtaﬂt thac vedn elcairitsl, co&ﬁacﬂﬁryth theth electrlcally
durln prosecut i BRI EF DESCRI PTI
00119[@ i) At Tep $Pylige Pgﬂ@mleﬁéﬂ? Pariisies A 'ﬁn%uS%( ZGntact both

thePrst drﬂrbeé’cfndaé‘edttlléa ceﬁﬁdc@i% Fs'ﬁ’l)dﬁm % Berd e?fe@tﬁeoﬁlelectrlc

plan view of a portion of t ' um na assenb
costa@t than cshldvher@teandddng]eadlag ﬂteaheleane daysf Wllthepartlcles substantlally

t mbly; . FIG 3 | d
ﬂﬂﬁb%ﬁgék 8?&% gW:aVWU§FFﬁFPon tgieﬁnafgngrgsne 3-3 of

FI GThése anA@Mdraspédisioitid presng bl REG&OwWihEY a?lafeyn from the

conductive particles; FIG 4 is an enlar
deteilesbdessupianobriowi [ npseveat. ihowestiosliontyl thaebensysummarics be

corhgtlug%?fﬁl t2ort So‘?letﬂp!:leE] %}@uﬂ% L'a_.{te%rs %R%g%tegt I‘Ra%e? 95 (%eiﬁned

conducti ve par are dgrea

soleR/ Wt@édttzfdh@@&l-aﬁﬁ@hs ﬁﬁ§\|beIahieﬁ&édc&tﬂr@ﬁﬁo@ﬁut&ﬂb(EddEd and
deforned thermally conductive particles; FIG 6 is an
enl arged cross-sectional illustration simlar to FIG

3, Dut showing BIEFBERRINIGNOE TR BRAWNGE! Y

conductive particles; I's an enl arged

cr o$'8G skesta mnsplectivd illsttratibh ofi a portionaif ah dllFrhi@atidh assembly;

howi

S o\ﬁalél.gz is a top plan view of a portion of the illumination assembly of FIG. 1,

showing a larger surface area of the illumination assembly;
FIG. 3 is an enlarged cross-sectional illustration taken along line 3-3 of FIG. 2,

showing uniformly distributed thermally conductive particles;

FIG. 4 is an enlarged cross-sectional illustration showing another illumination

assembly having uniformly distributed thermally conductive particles;
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optional use with an encapsul ant and optical film

FIG 8 is a schematic illustration of one nethod of
woredorngp4an il um nation assenbly; and FI GS. 9APQDUS2087/063971

schematic illustrations of one nethod of nmaking a

substrate with enhanced thermal conductivity. In the

Figures, |ike reference nunerals de3|ﬂnate like
el elind SA-Fharregate snlgigsd crpsersecsional iHptiragdpaswf angpedded and

IIustratlve pur poses only.
de%@%ft@%@s@?ﬁ%ﬁ%@ %LCI LLUSTRATI VE EMBODI MENTS The
f ol Fo@4 3 abesbat gl dross- s@}e@cﬁfal Dstrationi dithilaa to &’IIGon but showing
assenbly Cluqlng L g» g In thls regard, "light
nORHNHRRIHY diftiape $OnAUGtERPASIS: di ode that emits
i QNG m%ht%ﬁ[ar%/édsdrmses’ecﬁﬂnta[ AN R4t suﬁflat‘ tHfPﬁ@r@%hO\kfhg

i ncl udes i ncohefent encased or encapsu
opsam osndile ko enacewvilae sndaptied Etinas LEDs mhether of

Y SO LBRaL o, SUBS1 L Bt e A

aﬁkﬁmkeﬁn@f which is often advant ageous i n di spl ay
appliications. If the LED enits non-visible l'i ght such

as UGS HBA-GDetre behghtatic dhitrationsefene awdwdierakiig a sibstrate with

(gan be packaged to include an
enhanﬁ%cg hgrmal%on%l%cng e phosphor (or it may illum nate a

r empi gle)Figlirs{) Oike eefplRasPnhdralk desigmtelike sloMehts. The Figures are

wavel ength light to | onger wavel ength VISIb|e l'ight,
ideplizego pet déa%go SeRk amdqlglte@d%fnréléusmgve RHPOSCS RAIY: e

light. An "LED die" is an LED in its nost basic form

i.e., in the formof an individual conponent or chip

made by BETHA N0 DESCRIPTOOGH HL 8 DRATIVEEMBODIMENTS

exa the LED die is ordinarily fornmed from ) )
m[{rﬁﬁ gql Iy Pessiwtign dﬁ%ﬁr@e@%ﬁlﬁ/ lpatw&aéfr?g}hl% ingRylings LED dies.

In %ﬁg&d"ﬂf@t @h@cﬂff Moﬁb’egﬁ‘rﬂ]ﬁ) (1lekér}s/tos§m089 RAVEHAE )1ght whether
Exanpl es of suita -V sem conductor naterials

visitheg, lultdeviolet, oi nhé@reds dtimchlslegmlcd)hlanmt rhcasedier craapkulated

hosphi des,. such . as .i gal li.um i de. her .
serfi it RS auER A L B S e T b BBt tfion i fer radiant
vali@ r@l@m&tmbeme%ﬁwfraxéﬁh%g QF mqexéﬁﬁ@mgfvaﬁ&? BeNdtRebEwhich is
tabl e. The conponent or chip can include eléctrica

oftem pdvastageeusiin é@pbiyfa@phcaa@lpm clétﬂ’lleolnElafenpts\mrl -vinble highysugh as
ult{t‘ﬁvfoel%gllgbf, %8(,1 li;ffs%%’é cea% %rggt ebrr’? it Vcllg Blerh%kg?t’ Cagrbe packaged to

e Aot ondi

1ncﬂddeﬂtn¢dﬂ7gdiud3@ﬂdb@mcBh@sphﬂﬂ (otiicay illvayieits aatrdotetydsposed
functional elenents of the conponent or chi

PhesphP 4P F9n Ve shed verclenghighelo lorger &vavelapsth esi HiEhisgpome
cas‘é@&% cfilﬁgg d \h@@ h?%r?ftﬁ%ﬁﬁi@%ﬁ i Arhd‘L \ﬂ[[ﬁﬁﬁl” I?EEDQﬁ"itE gwtspbasw
form) nei, guthe dfonhoof eﬁl,umﬂa/arhlahmmpqnenmrp:hmmlnad?ﬂfkﬂy sermconductor
processing procedures. For example, the LED die is ordinarily formed from a

combination of one or more Group III elements and of one or more Group V elements (I11-
V semiconductor). Examples of suitable III-V semiconductor materials include nitrides,
such as gallium nitride, and phosphides, such as indium gallium phosphide. Other types of
III-V materials can be used also, as might inorganic materials from other groups of the

periodic table. The component or chip can include electrical contacts suitable for

application of power to energize the device. Examples include solder reflow, wire

4



10

15

20

25

30

or other known nounting configurations. Some packaged

LEDs are nade by form ng a pol yner encapsul ant forned
wo@@r/1em74 ED di e and an associ ated refl ector cRQI/US2007/063971

Turning nowto FIG 1, a perspective view of a portion

of an illum nation assenbly 10 is illustrated. The

illumnation assenbly 10 includes a plurality of LED

bogfipg, toy %IW@E@%EOIF%H&Q 23}, ay flonchip somyking. ol ke mdiviiaplayers and
L& f

oth\%gﬁgﬁcég%ag %En%ﬁgho?as | Eﬁﬂ%oklgntsdpghlpaarg e}ﬁo (?ablﬁrqgnned on the wafer

scald, tahahiedfiréthed rwafe daartiedh tsdedd 1ato 1hé1g'ldmlaBpled:fﬁﬁrdlt@ sichDa

miiiegh ont Fobbier  Bhe T BB BRER! pheuaiierebgesi e hipon
bo@rﬁ or' Y1 r%hl)v}ﬂ )t/lﬂ'g‘g L#urat@ﬁQSSBﬁ%%ac;&gé{'Ebﬁg%ﬁe Rade by

first electrica ctive |ayer ining a top
forsung apel_yﬁwr cicaphdarg fhstadatver amhlDalis exbadassb@ated refhictoy cup.

conduct.i ve | 6 defi n|n a bottom.surface, 38 of

¢ e Py B Bl 3Rp PEEr & e Bat Rt SRR PF &S hphntion assembly
10 GOMEYkedtéd EThEY Bnadidn aRRndIE16 BRAIRS £81uBMitRBf LED dies 20

electrically insulating |ayer 40 havi hg enhanced

disposerrimbn enmdoe swbstrytepﬁﬂo\hFdé diehP0ehiebe salvzmd tp emit a preferred

d
waz/?l%l%ts,t 1 Ee%mhtﬁ nglye n%q ued Ia\(fiﬁ?l tarrtrnlé 4 C?slfectraltreglons LED

dieg RO @hii ££chl dnyit Biohelbahd MR ctr@lfegionoriis diFedré kp&iral RgfodkMn some
electrical circuit traces 41, and LED dies 20 are
cm&séﬁﬂ%é&saﬁa&wan@mé%xaiQaFM@ connected to first
con r Ko bty
ar o Gt 30 B il Ot RLER S G2 oG furfuce
34 bl (Be silbsttaED add e secdd ateetm:fally benduytiec lagwn 3’Ggieéilnﬁfgterlb01'&|m surface
c tac op osed sides of the LED di.e, referred t
38 58 e bamse3GnEy apd S BC A ETHIE SHTE S S drparated
by &f %leQéﬁﬁllﬁnsﬁﬁﬁﬂ% lag@f A Bl Eshafl RGhEhRR k&ﬁﬁu@ﬁ&ity ;t)rowded by
thermal 'y connec toacircuit trace 41 i medi'a
clebeweldy msulagng, Broialy 20nduthec potitlas 42 GHusttaeed o 166 3e’é)c s

i me s iled el onindRs et B et S Bt e girpygt traces

41 f dn@METFBicd 20 a20dispRed 88 'ahd t1gbtEicABOhnLA PR Dndhiéthvallayer
conduct i ve | ayer 32 can include a surface

32 mdhalllvstrated Gﬁﬂbf trgficg Rélareaﬁmﬂ@lﬂfﬂ onlyor exanpl e. First
and Iy ﬁl%of]urm%l §sgr%t)4yy 10C I ﬂ]gD d&Ho> rg’ %f thg ?P&Hﬁe hgging

nprise an e l' ca con UCTIVG materi

eleatrféel @nt@fs &mﬁl@lﬁddl Ndes QﬂfﬁﬁetLED dés, Geferréd Qs YihEbask @ﬁdi&@ surface
with conductive material such as silver fl akes

of theakipr| Higconiasben Hsmase offgaek LERh¢c 28 é&)ﬂuct@wébft amdéhq:rngﬁlly
corﬁ%@%ﬁ% h%ﬁcﬁ@%@ S41?ianﬁle§i?at81?'mgéa%ﬁt QLY H&' \ The con‘gct on the

essent i al met a U|ta e netals inclu
topoafjzett LEB d.lmm usngleatricatlyl congeitet] tosalnbt\her porpa]h badrammtrace 41 by a

witgbiid S mterdios @a%&ﬁ bR niRae apSne Rty firs conductive
layel §£ L4 @alubY a @ﬁ@@é%étéﬂﬁzi‘cﬁﬂﬁfﬁl&%l amBe M, FoPBlalple. t €

nmetal preferably has an anneal
First and second electrically conductive layers 32, 36 comprise an electrically

conductive material, such as a metal or conductive plastic, ¢.g., a polymer loaded with
conductive material such as silver flakes. In exemplary embodiments, first and second
electrically conductive layers 32, 36 comprise or consist essentially of a metal foil.

Suitable metals include copper, aluminum, nickel, gold, silver, palladium, tin, lead, and

—5—
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tenperature which is at or below the tenperature for

curing the polynmer material of electrically insulating
wo 200210904 or the netal is anneal ed before el eRCT/USADT/H63971

insulating layer 40 is coated. In sonme enbodi nents,

the material of first conductive layer 32 is selected

to provide the desired optical fropertles %e.gﬁ,
compmpiéesghereof, &l eapmplcdumapmelad enpper tdk i \When Bist gnd second

| - r

el GNP B 1ab AFRE, SLAREICHIAR olc) plHEaB i St ol
tenponqrerctwiash ofat bopelswrthacenpdatat féd dusing clanplginev@aleaylest

32. are. enhanced by plating and/ or coating to. provide.
eleﬁﬁﬁ’éa]é%gﬁs\rlléﬂn%%ﬂ’?fc%/ﬁ’ Obﬁ%@%@h e amepladiipee Elepbigriveippsylating layer
4050R.844r face 34 is plated, and then the exposed surface

of the plating is coated to inprove the optica

per fosomenerebodsmicntathe nmtatal nfjfishconpluetivenlgyesrees satded to

i ncl ude silver., .passivated silver, gold, rhodium )
pfégalfﬁ#ﬁ §?ﬁ1f_68 PRl SPRBIP LD \rﬁf{ﬁ‘ytaa% %Pi%,rﬁcat&%wﬁe?{fﬁmn’ ora
comBRHE ofthEde rolﬁe@ﬁ&i) forl tAEBASL@Bs applli8StdnOl18 SheP Embodiments, the

el ectropl ated nickel), chromium 'tin, and all oys

opti¢sé peepkrtics nf toprrvrfa pinfenst eonductevsdeyan §2 negenhengadibyeplating

2R UL oM L LI i .o s
34 bxypi&ted 2atldaherOBE RO QvfacRRIf hﬁ’)(})lath% is bbted todyiiove the optical
dielectric stacks can al so be deposited on surface 34
peigernanee t Swifabla qaatng pyd platiegipeicyialsiinglade shrer, passivifrdndlyar. gold,
eGgtivity. [ g ' I t al
B SEHA y PU RIGSOL R TP o256
imasrsiony tideeslcand chenpplitedsidkedr dabmiuvhhaie acdalidys glseromy In some

e electrically conductive aqr insulatin ependi ng. .
emﬁﬁ@ﬁwpweé FORUBSIRYY OPHITISE 403, codting sshava Rﬁwﬂggﬁve white
poRfFIRRAS. SEAIHALE SEWCNSL L 0MingP W1E b§ Bprdf PR CordFRRS, LM, NY.

chem cal vapor depositi ng process nay
Muplayemditlegtrib stackncaasidiodteattposited copuifea 34ofdpetr dleatigcably

conducti ve er, 32 an l atings Qr coatings thereon
corBittt byt e g BoleRisibi G cSies B atsg theidde metal
and Sorhid6Riuefor SIdbRAGarb3dbs e Rk, dsRee1Pdsahixness #fictoaddthdABereof.

descri bed previously. For exanple an optically snooth

Thesgraoadresimay bhelagiicdly qondnesivesd insnlasogrdcpeading, upan g ingended
ol SEESB AR PEAILIRER PGB0, AL EloF BE8Riion. o

chddhisli taip6it ddpoEIRbANTRE c &P WredesHRahy eptidnally Ye (dnSBYisfed! Mhe
sold by 3M Conpany, may al so be applied to one or both
optiggl grovsttics o€ eandyrlivg laxér 32 awdmlatigh PycabnauBeTeps cRaylep be
Ziddhy LG e FRP &P bE GttacPRIRAIbE B2 plLfi fi
PR L EEl FlPbL PR BRAA] 5 s pngegine
deseibedpreeloastyr iFoatiampdo mdaptidalle shaythrssirfads fidich hay decgreferred in
t hi ckness o
some cases, a matte or somewhat roughened surface finish in other cases. In other
embodiments, optical films, such as Vikuiti™ Enhanced Specular Reflectivity (ESR) film
sold by 3M Company, may also be applied to one or both major surfaces of first
electrically conductive layer 32 to increase desirable optical properties, ¢.g., specular or
diffuse reflectivity.
Typically, first and second electrically conductive layers 32, 36 have a thickness

ranging from 0.5 to 8 mils (approximately 10 to 200 um), more preferably 0.5 to 1.5 mils
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ranging from0.5 to 8 mls (approximately 10 to 200
nmm), nore preferably 0.5 to 1.5 m | s(approxi mately 10
W 20038093m . I n some cases, it is desirable forr€¢T/S1007/063971
and second el ectrically conductive |layers 32, 36 to
each be thicker than electrically insulating |ayer 40.
In other cases, it is desirable for first and second

(appresempichal 0 tp 3oHad cinispre|cayesy & sgiesirage {5 fuaiaid gecond electrically
cor?délgg{rflé %8&1% I:"? e%(% %’Ie é&glgéee gﬂq@l{%ﬁ i aﬁ%ﬁerchrﬁcggl Yn Pﬁ?ﬁié ?’e{y’epgﬂ. In other
caseb, acisrdesiadbll/foe dind uad sacend alcetric3y cmdapmmymBEI 36 tbleach or
sing gﬁy %S gilglge%r tﬁ%&%&%ﬁ@qﬁ@%{lgﬁ %{p:gggsgr )éf)c]%? ;j%uget éa\ggs theytﬁlrckness of

ﬁrsq lefe%{r{c'aﬁﬁ‘ H)ﬁ/du%%fé%éﬂ 35 Ia%t%&m‘?h%el& %hé:gaHeedr @it 0? E&Bnd

second ectri cal conductive | ayer
elestnw:elly: as&isptvtdﬂeyd:rh%c Knetsr ofscs ¢loothitkabsatf firs a:ldcgncally

ive,da erthntht of . firs
cofRtS T R UGB b shLons PRI @bl lyer 36.
5o BEHYE tthe/ B dkA¥ &l of 36cond RELHRARy tondiRfige REECTY s \g?éaft’er than that of
spread heat laterally fromthe | ocation of an LED di

ﬁr@ ©lecm¢alhe coratugiive fapier ¥2 n@hdhm@amndfceadlmt@s layar 36 ﬁmctlons to
rnor %crtlltvg esp?’eaé%?%g%tere%y & {)“)’czatlgg'% gEﬂ (ggtzg wﬁ‘l lyerrmttlng

ﬁnadir&ﬁﬁfdahtu@eshﬁﬂﬁrsSéléﬂfn&ﬂlyh@ﬁﬂudﬂiv%$ayi@ii32 on asserrbl y 50,
and is thernally coupled thereto by a | ayer 52 of

t heSagAnd;ofcaiqatly €ondca By er Mok subbtsale phits dposadaditnopt a heat
sing O A3 dMSipalif 1 SEAPR! b, aff {}%ﬁ‘émg@g{g@ﬁ%# g g(g?ayer 52 of

comonly
thetmalduttfavemaetial. Heut dissipaddiasserably 0 canppelor examde, a heat

thermal |y conductjve electric IIy|n ulat| mat.er |
disgipatondevices SoBEAN lqap%cg Eeﬁt)§ y Igde @ gr ductlve metal
sudhNRT8Rhinut@HopR2, &f a ﬂl@ﬁﬁeﬂ'ﬁ conBi&ihvk %fe%tr[@flf Tﬂsﬁiatlf@}ha‘cerlal

conprise any suitable mat I ncl udi ng adhesi ves,
sucgwasmﬁqonaffnlbbdqmlymtr or'ﬁbmbtmlepnmﬂhelrenf ek dyac 82 nﬁthermailmt@fface

| f duct i
ma g ey campyss e R it an Jud g eeaivés Bgisg and Ssider
ThBkHcimaEintcPREEthaRBlYoEhydr&2Gnay BVESrBkarh MBW E'ﬂ{elrﬂllally conductive,
Conducti ve Adhesive TC?, 2810 sol d by 3 , or a

elet:ﬁ@aldmlﬂsylab@mltﬂt@sm éucheaseachqrmalltm@e l@@qiﬂﬁilmlym@r st MU Al

AR
T RCorn Bl o/ Rl e R o ERITRRY B Bmpadh risharmalty
cokduaHod Ribctaly bynd%bﬁw ﬁlaﬁtlhh@bh lam@ﬂlm fiallc@ doMbound (e.g., Arctic
Vi saI ia, Calif . Preferabl heat di ssj pation

Silyerds ér&ﬂlghé?ﬁnﬁlassP@lY@sﬁléb%|Sth%El&eaﬁ@ﬁCa P@Wﬁi oIy Arctic Silver
r I
I B A L S AR 2Bl B o raly FOBRbly 0 has e
therinelr inmpledartp sl ameld as possivée, q)quabkyﬂe@ tE:art b04COvV O GAYGM T Erses,
e haUEL P R AHBCHEGE RO om drnengg fhes range of 051040
RV eTRE AlteriaRbf h§aSH cﬂesWﬂ’Br fas 4 theRRA c%ﬁ@%'vﬂ?'fﬁ the $RERMH 0.1 to
el ectrically conductive layer 36 and ther i nter f ace
100 W/m-°C, preferably at least 1 W/m-°C.
In one embodiment, second electrically conductive layer 36 and thermal interface

material of layer 52 are eliminated, such that electrically insulating layer 40 is in direct

contact with heat dissipation assembly 50.
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material of layer 52 are elimnated, such that

electrically insulating layer 40 is in direct contact
wowrah/1bleat di ssi pation assenbly 50. The patt er nP@f/US1005063971

conductive layer 32 of FIG 1 is best seenin FIG 2.

As described above, first conductive layer 32 is

patterned to define a plurality of circuit traces 41.

Eac Ahe pritarn of fipsheendustiyeslageysi ¢fdileid | ighesesasetin FEal2. ahd
de%cﬁ%EMOV%oHIB %&%u&t?vealg%é??ggba@[ grqﬁgli Flae ﬁee Al 0?!:1%’811‘[ traces

an assocCl a wre eas
41 Ebxrldtiesiit2thcan e iepsitianied bl ofectrirah end mdrrha[l csepsll@sto an I’assomated
aral_| el conbi nat.i o s .t her n Fig,
LELEde40Ghd g poiveRtie lefqt?@n‘gg$’tSP%lbﬁ‘éP *\‘Atgﬁaﬁ sognt | B dies 20 are
ele@ﬁﬁcgﬁi Eotﬁl%gt@d 'npseﬁeg;‘ n éarall@lsc}rggglb‘ﬁ{atleﬁg {hBFBF RGsH 8'&&&151{1 Fig. 2,

conductive |ayer provi narrow conductive
basgd onrrgquircaces dfcbh@lbeafmularm)lphyatmn nPsdiest deen IHD(Wi2ems@d of

first cconductive. | a atterndto renove
patigih Pl LR RER LRl T e oaly BEon R Rces to
cleBhRENY t&lebithé BEDALiSs 20, TestichnducAce 3§ay41132 LSROE RBkeARd to remove
nmuch of first conductive |ayer 32 as possi ble to act

onlysas anychfdonducive friteriahes 1Singpassapite @ledrlbyllwﬁmam @rsup draces 41,

s BB TR B DaBlycbe Pyl PR IR b BT 08 ar gy e
ematltddqwsm]b dieseloe ¢lebviglas Buck 6f fitkt c@tustinerdadB 20y pakgble also
power devices such as LEDs. The wide circuit traces

resgfts b WidkpCisgyitdEgey Aeandeonedush asteieal|daive currents geeded by high
poéxx’é]lyc? Vlc%g SuéhlnasSL%s efﬁ%%’fdggﬂgﬁts t(l)&%‘g %ﬂg h% s%?%dqgé L¥D heat

uctrve layer 36 na
so@d@llataraityad)n iy €1c3a. tIncsomp leatbotiymenpa Sédoﬂdl lehbtlri)cal\l\i] eomdusmv@layer

an tricall su tln thermal | erface te )
36|Hgv beﬁ@%@%&ﬁgo g]t FEGUY CREP {r&w e %ng an

eleE@&@lh\’ ﬁlsélaﬁh@ﬂ{eﬁn&l'-:rﬁ%e%@e mgﬂeﬁal%yb?tsg S or banks or
D dies. LED dies nay include conpl enentary

c oI Bortnhns désu,bsmate 6Dfnﬁaefr‘®r11atmneﬁeo ootive atserghek ED @ die clusters

or YR G Eupaae? g s 4D e el ooty soipe gt o

diffdrént GHRRRbYr RARHdrataR8d I Sorie bR imERd, @bRAhAPoRENED AL,
apparent white light. The positioning of the LED dies,

LEd}s haﬁ@gg@@ﬁ@ﬁl\mﬁ@h@gr@ﬁfn anideb e lof kputy) acoeipbalnpPBiongdtina
t
loc3l}z paréa t%?e{lgln tceaﬁ%ﬁytlegt Lt Héhqr T%Q 8%) H)T&% gf %he Tﬁfﬁle? or the

contigure 0 ennance CO or-m Xi

poﬁﬁbtﬁﬁ@ eflths @ @D @iain Gﬁrﬁﬁhitﬁiﬁ&ﬁtlﬁhr@ﬁﬁhdn@h@l&pﬁﬂ@ﬁ aﬂfd/ﬁi an optical
2. LED die 20 is Eosnloned on top surface 34 of first
ﬁlre@ﬁ@h@:ﬁmfgurf‘éveren ancysglos MEENE| cal |y connected to

C”‘F t3 LGS Lt e cdidid BVl bY 1ED die 201
W re SSag% a%e god &P%ﬁmm?éah eér) %‘6 ea%lg g(ér dic 201is
poéiﬁmddom topktiryace Gddfdirst\cenddies layer 32 and dxcam:ﬂlbz colvb¢oeahto
6144S, avail abl e from Met I nc of Elverson
cirgjt racg 44 Oi.fjlrst CoRUGRC LS SE P mlfegmﬁﬁgﬁg dAdalsp i a layer 60 of
citRdR&HopRally conductive adhesive (for example, Metech 61448, available from
Metech Incorporated of Elverson, Pa., U.S.A.,), or an anisotropically conductive adhesive,
or solder. Solders typically have a lower thermal resistance than adhesives, but not all
LED dies have solderable base metallization. Solder attachment can also have the
advantage of LED die 20 self-alignment, due to the surface tension of the molten solder

during processing. Some LED dies 20 may be supplied with a high temperature 80/20
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or solder. Solders typically have a | ower thernal
resi stance than adhesives, but not all LED dies have
w@olodeerd e base netal lization. Sol der attachneet/UsmN7/063971
al so have the advantage of LED die 20 self-alignnent,
due to the surface tension of the nolten sol der during
{;{?OCGSSI n Sonme LED dies 20 may be supplied with a
go tw@@m&vﬁt W@egeﬂw@bmofpm A VeB dele, \Amw&lpﬁre@hre@étance
1nt5ﬁ{ée%?§%)éé g% &/g sru%ts%]&lt an 1dehﬁg’8£§s&§§sg§{1 Oétgnlﬁl&wever
sorpé QE@S&@SZ(IJmay be Zﬁﬁntﬁze tb'l@(vildmafeﬂowompéraﬁrﬂl mskﬁ@ afmﬁheswe
e sens tive to solder refl ow tenperatures, naking an
preferakle Lf“yﬁrréqerable in layer 60. Referring nowto FIG
4, @e?errﬁﬁ ASF & FR?@! a CHSH%Ecrtﬁ)'hhlcmuﬁfat@ﬁ%? ther, 111urn1nat1
|IIum natTon assenbly shows an LED avi ng
assembbt shopalanddid det20p h@lssng)houhw&csambcmtm p@ds darhthe BzEﬁ): 51de of

QD df BB SO RERRS Ga-piage yinghe psBitief grmbodiments
of IS ltj‘ eD |d nglf nklEeQié@ig% AL ED bicot, light RMEnkitted fibmaRe side of

the side of th ode 20" that is opp05|te t he contact
thepdieids, 2@ that rlﬁwlfrHOhlée e gentopt mtdadxlé fipm theyigke af dliasly 20hehat is on the

as, the .cont ac
sanfi e 4 8 sBal A SRS i REFTep T b hidB AlEESarS.
clcaHResy Y@Rluctvy Sibtyiog, @@kdtmp@@nglwaﬁdufcﬁvad&t&sivwm s6lder re-flow
sol der re-flow are anong the attachnent nethods. that

arecappngehe sishmenmetheds ﬁbélyaaub@ wed toagtach LED dip ABLtetfirste

illustrated in FIGS. 3 and 4,
Coé(ﬁlég%;erl garl:f})s'/ i nsulating | ayer 40 of substrate 30
conpusiiBesraad irlFEGEr3 aal 4 )eldcnwallmﬂsngltipg layeed0 afibsirate 30

material | oaded with electrically insulati : :
COMBEIGHAR IYFCE AR 5 n%a?ltyrn@ré cab e AT ARk o ifhypdectrically

inshREhIBhe RN ?%h&a@nw P%Cle@ a9k kA nbayrthéhal @sndha@a’ey of
a portion of thermally conductive particles 42 are of

insalaging éayead@y eAehaugtpon’tmorsmﬁthémwﬁE@uscﬂqctlw nardickes R tate of a size

irst and .second ect al uctl yers 32, ..
largerogf B vy “Bahee Vet BT 1Rend Ses ¥ Muctve layer
32134 tEa‘ifé@ﬁleﬁﬁalfﬂ“&nﬁﬁé’[ﬁeQ)rartic@ersgﬂr(l 81 B&titRRBf thB8ame or larger size
t hi ckness of insulating | ayer 40) provide higher

thanHle thigknessrod| un@smwlnng yaych4®) progide fugheadermal panductivity than highly

loadec? H@Ill ﬁémcigl ondu¥tﬁvep %ﬁéél%l @ggé%ﬁgtes of ?%%ﬂe% St ? tl?an the

er Ssi ze I nsu

thlélﬁl)ess SEaallst gl 1ayga0y, becdBt latgchbthdlyi ddﬁd@cﬁfvblp@ftﬁ&s@ provide a
.provide a direct thermal path through insulating. |ayer,

dirggs thgreabpath ﬂﬁ%&h@ﬁ@ﬁ@@@éﬂé@tW@%ﬁtt@wrang digfectric materials of

c 4 L.hG

B s

impedante lamﬁeaeﬁmmhcbﬂeemd &letahtaylycmndmm \Vagletsaglla B6 i32mit&Bonly

by e 1&‘&‘?&&@? g@fi}he G con i3 pan w2 e ke ariegna
loading of therrnally conductive particles 42 within insulating layer 40. The polymer
material of insulating layer 40 provides adhesion between first and second electrically
conductive layers 32, 36 and thermally conductive particles 42.

In addition to large thermally conductive particles that simultaneously contact both
the first and second electrically conductive layers 32, 36, insulating layer 40 can also

include other particles that do not simultancously contact both the first and second
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| oadi ng of thermally conductive particles 42 within
i nsul ating |ayer 40. The polynmer material of

wo pwahessrsg | ayer 40 provi des adhesi on bet weenP€T/0S1007/063971
and second el ectrically conductive |ayers 32, 36 and
thermal |y conductive particles 42. In addition to
| arge thermally conductive particles that

clesirienlly eenslyosyslargh 8acto, Bat hatjgee smaller thap dhastbeckpess of insulating
t I
Bl 88 Il Rl o SRDBHE, B o PUE R rids ey ARk Eeirma)
cordugtivitypokiamdhtyneclapdraldt Ihedre bimbocﬂlhfeﬁts thiast other particles enhance
cally CO ductlve Iayer 3

seconde] e [
Ot R BIODGHES CHE R AL ORBCA AT 6@10¢1hg€tihsmse=}bmve layer 40.
In #)@é/ &hbtimeh s Qe ggfft’ﬁf@s MRS not ﬁﬁﬁlﬁaﬁgotlﬁg cBRL{ ‘tfo'tl?ﬁle first

urther enhance the thermal conductivity I nsul at1 ng
and sogend di@ctricallysamduetmzdayared2,$36 ltalwesdledﬂdmecr ccpmtant af @ deast 100.

h t t h | t
and TP LAY 1S BAoh AL Uares aSrasALebe” Pibfa tha
sin@HAASt IR HontdchBotR tefirsPald de@érﬁﬁeléd’lﬁéal@%oﬁ@ﬁctlve la ayers 32, 36)

si mul taneously contact both the first and secon
consliss of p inidria) wetbradlielestuie cmasyzmt of @casgd0 h&frescdarge, high permittivity

paglrcrgesgtg%éﬂt%ct %vcfrl]ll Bez)?lte%t%ﬁal? ﬁu%t%ve]l%\éer? g? é’% Cf)ué rn%cr%a}s% he ﬁfec‘uve
die{e it cond@nt drell IR cd halcapdcitihdeasTeiRinbylaih ast400 K dintthethermal
first and second electrically conductive [ayers 32,

casgeymalbislesricandior Hherpkly ponguetivepadiideeiers: | Rartidersthairo not
smﬂﬁt ?ém{ hta%pbotﬂrl?l?esﬁrs e?rLcQs%ﬁ e%g%ﬁ%ﬁ? a{:]tokgydé%ﬁ éﬂYS{S 32,36) can

|n contact wt
be Iuagm'ﬂSe(B\%nh ﬁﬁ: ledp partviesas grdvie: fatthecdnhwecedicet eftthe tlrerrnal
stant rencE he capacnégnce of t e insulating
COIF‘ﬁ%Y“YAJt‘P clafve Aglechis eaptaptadhe %lﬁt&lflfl dielectric

and/Iﬁ)FIfo‘ %fdﬂa'd %&ﬁ%@l&'c\ﬂﬁdﬁ% ?Qtltl%Es 4 a93 lupedidd & &%endlng
that do not sifultaneously contact bo the first and

palslahp ndo.airelefaringey, bythdba duse amd/@cba@elestrleﬂ y @8jlucawe ligers 32, 36.

%ﬁg@@ﬂpw eﬁr}l‘i‘?g‘af‘h\?ﬂ%%f IJ% Jt,zr ? gﬁﬁw}é ﬁygruﬁ D second

coﬁcfél'cﬁ{ré MOerdie !p@t@f’cfeh q2 ‘éﬁﬁ‘&td%ﬁ;rnpcfr dr& 8 OBh&S bypfirst hitl k&R
3 and 4, the thernmal | conductlveygartlcles 42 are

eleptrically pendagtiveslapsts dAdion Refarring 40 FIOS.rivdoSCoparticle 42 Aiinghown
t
o hlhe R, byl A0 SEE BIG AL S e SRR HERp Betormging one

cofRictiV€lagsr @2, condustiveianei s ang défopesd B2thanthes eeadidtive layer
conduct] ve | ayer 36nﬂ£art|cles 42 either deformor are

(1. cgegondwgiiye hayer POEIGNB s aebpritieled2Crip shown defaraercly beth

ng to FIGS. 5A-5C, particle 42A
CO+§¥§%%53%83% n&q h conductive layers 32, 36 (FIG

5A) In PHGS.i3cdne 44%1’111181138 boaho ctihexf p}mmlergume uorfmdmlytdnsmbuted
condyct.i v,

, d by
thray%@lut é}élﬁla@eg Ml?qrpﬁly Slstr@@#}a%g{e glﬁ Pand ctgx@)partlcles 42
hatifiy Gsize Brperdhsh ﬂ’l@ rffnhpﬂhf"ckﬁgsg of %Sﬁﬁgﬁ@ 1R} 96 BROLNhRIED by, for

conductlve | ayers 32,
example, depositing particles on a prev1ously forrned layer 40 or by using a solvent

coating process. Particles 42 can be coated onto a layer 40, previously formed by either
solvent or solventless coating processes, by spraying, sifting or otherwise depositing
particles to form a globally uniform, though locally random density of particles on the

layer 40. Particles 42 can also be combined with the resin matrix prior to coating. For
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In FIGS. 3 and 4, thermally conductive particles 42

are uniformy distributed throughout insulating |ayer
wao7webg4for m y distributing thermally conduct i RET/US2007/063971

particles 42 having a size |larger than the final

thickness of insulating layer 40 can be achieved by,

for exanple, depositing particles on a_ previousl

exgrpp] v ptalgeqr od oesgt lopgediiith eamally candpctivsaartidesst %@@é@ coated
P 4 r gvi

on ﬁé Bf‘ @Atg%f ﬁ?st gc?ségg (\?/ gl%%ﬁgarll%g% %&gﬁtk\?engiers 9% tﬁhﬁl\é wH ﬁy%r

ha@ﬁ@ ae &ﬁ&asl thlbljn@p thay g be $drfér thagn e st o€ tharaelly Conductlve

depo S|t|ngp rticles to. for | obal ly uniform
pailss g8 Pedagit W%ﬂ%ﬂﬁ%‘éﬂ%‘lt@ﬁ‘&f%ﬁ%ﬂ fithq @ategl rgesults in a
ﬁnhlaa)ﬁﬁ551€‘@thl&ﬂ5§s'tﬁAtQ§th41%1e'P ﬁﬁnzﬂlle?ﬁlaﬁ c&ﬁﬂ@ilo@ﬂar%l%gb4i h?yll)’lcally,

resin matrix prior to coating. Forexanple, a wet
thecrhlckm of theadketiicai [y mmsukengdd ey 46 amgas:fromelbpatr(i b ed dzouﬂ, 30 um.

can_b oat ed e or bo of firs

o e SERHTEr ilufiogies rag BeBtsbeiedh, RRaRRat upipbie
epcﬁﬁé@ ingludd EF&HTM @o1F Bp&KNesia sblidy Mhﬁ%n IPRFfBRhardcB PRoducts and

the size of thermally conductive particles 42. Drying
XH7hé5aenoxy egidrbysYiaritisR dne. hexantril ety messiss @m W1m§tamétt@npqatures that
wof ot 3 S i BT ROk WEIIFE Pl h P range of
abdt RBGBol dbout F19®° tChi R‘rKfé@zﬂﬁy,Qﬁe tcbia cah Q&ﬁfh@!aﬁ@ khott term exposure to

i nsul ating | ayer 40 ranges from about 0.5 to about 50
terppgratuigh o8N W07 Esiasded Rt o 888 gokdtin peidey coppaonly used for LED

L
cie 0Ty TRETESLOteY ve YRk B PR Ty AFceiGly insulating
layPedd.or mance Products and XP71756 epoxy sold by Vantico
I nc ary resins_ can thstand tenperatures that
muﬂlaofﬁsrngrﬂlaqﬂ%w@w&ﬂwr& eﬂy PRI ShATEERY canqustive particles 42
are%rﬁlfo%ly él@t‘hbﬁ‘?&@ @ﬂﬁjoﬁghdu? idsBRthaRger £ ind QMEC %&@erﬁ@ In one
about 290 °C. Preferably, the resin"can w thstand short

embedimesk plos By tmlctuetmfepea“uclee@ mepratt&@@d ® aetededngere concentrated

refl ow 80/ 20 gol d/ usedfor D di.e
or et Arin Tierfigions joL B8 b P AR ot BRvionE Shod ertiin,
diskipeti®, 8t dsa2k D Micks 26 UinetdotAed élﬁﬂlﬁrchﬁﬁ ctb NaRtBBE attached. In FIG.
embodi nents, as illustrated in FIG 6, therrrally

6, @gﬁm}bft qovéucﬁmetpnamcéqs Z2reelestarsd ngai kP r@lil6y2Qs|| Ratteriing el
the}—ggl?uggh% tiv nﬁ‘a?ﬂ@& {%cana%ﬁa{chfé edg 81*[3 s n&gdrl%%la]ﬁlg Ti(HJCthe

erna conauc

pa@b&s matsé@mel@ fEoin @& do@tub@oimhé @oryme eﬁﬁers%eﬁfat@iial pr @sehting
in the regions to which high power devices
layﬁé@ﬁf PIM3EptigEdle plpesmat oftheanal bt qoaﬁuctgvadq%rtgé%t'@tfrwélse adhesive

cof e JRSSERTROBROCE REMIEREL RIS P gt oy
lovathermhluﬁq)edmde deato thEDirdeteoRfact d?ahd rgu thg*nmﬂlytcbadutﬁﬂvb yarticles

caonducti.ve rt| cles 42 can be ac i eve spenS|
42 iy b figt atshesoer vEctHSply %qnégcw ?%@é Sljhreﬁlaqw

impQahEer RE idsheiRelayeri0 AdhERiNE d}‘%eeﬁdraéle ab 1645, Atd RGrec to
which particles 42 deform and/or are deformed by conductive layers 32, 36, and also the
type and crystallography of the particles 42 themselves.

For example, the thermally conductive particles 42 can be patterned onto a
previously coated adhesive layer using at least one mask (e.g., a stencil, template, cellular

type material, mesh, etc.) having openings therein and sifting or otherwise dispersing the
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| ayer 40. Separating the placenent of thermally

conductive particles 42 fromthe adhesive coating
w@e@wecaer74 s possi bl e because hi gh | oadi ngs of PeF/USDDBE63971

are not required to achieve | ow thermal inpedance due

to the direct contact of the large thermally

conductive particles 42 with both first and second

thegmaldy ﬁqrtdapﬂlxﬁ restelercdl théougaw@ﬁ%ms@n tBe maginantp [gearrigr or fsubstrate
cap%aﬁpee ?}? rﬁflg Qg%%ﬂeﬁﬁ)o 11 (9& Aég?hﬁevr\ﬂy gﬁ [&%g[rs?&gl%g the

padi2lcd efrhe assamtilyost tas masleﬁmirthe datbl}ér fE@éldetCzt qmnltmféths paicles,

36, d also the type and crystall ography of t he
sorge Pt PEIcEEobro R HSERGEEES pHiht BakIarcRed har il quythe carrier
and Q&Qh’&f]do}‘t?on%f&ﬂlgﬂ gg‘ ﬁl% tﬁ@&aggarﬂ%&%'}ﬁgm%ﬁ Qet@/'een the openings.
previously coat ed esive layer using at lea
Theastkr fefage of theshaskddpposite thel satfece akpddent the carylpe is preferably

PSP e S Nt BRI WA iRyt R particies on the

ouPRHHEE bY heRAdski aheR tHEmati RHGN: GRPRHIES aRcrbd ehcr@s ks
onto a carrier or substrate capable of supporti ng or

seneaated, from th@nqmma thel sgparmigd onask srarelyesifactively ahé alicieangraemoving
the CpIPrapF &3 ree%[ﬁe%(f gtgat aWIQEI ? Sl’*{%gb]lg%{—t ?%the glgarlltprg? Nk inhe %ult pa
disvitiueddl [@@tctrnGfpagiclés e 1P enirivg STIRS pdriicle®s Iﬂlwﬂsiltar & the carrier
fixed to or rest on the carrier and another portion of
aceppdipg tqyhe dasign phide mpsk PERwribeagcorting todhersiag S Bété\/@élél_rdlstﬂbutlon
or RS GAFL9R fE CULE BUILAE e mslofaeshia
prayraxinede dr wér- hmdf)lfnl didtriputiomaofshd pamhesis prévedqabart the lcesicr.

willL adhere to hold the part es t he outer surface
of tﬁ% SPRPOKE OTFEBPOTARY LS ﬁé@ iPR ICFq%@nrsléﬁ ¢argprean be provided

by ¥ @hEL d-REE L And éarﬁ@r%ﬁ?&r% BdrQALS AW QRES the Surfidae
separated mask thereby effectively and efficiently

charectonsitiog of the cpirier al parficles$, sper ¢4 @agsg tatrialy dpblierbto thocarrier

onflpSiiise e SurBftrBroifby sradffilon B Frasity ropperature)
tena%&étu&l ©€%., alegat%&&ﬁp&%&q BBgdcfatf! b el@@tﬁ@ftﬁ'd"ﬂ:h&@e
he design of the mask prlmarlly accor dj ng to the

COIyile@lS efha praddidondinfer placing ohthebartistes opeh m@er@furthﬁfé substances
car be !f&} TRd %Ll?ﬁea ergl)c{né 13/ a%ﬁ ﬁlg%gtlc%&atg ?heo%rﬁge The mask can be

par non-ran

rerﬂdx&:ﬁfﬂdhu the@arrdr btefﬁﬁfe Rarihg cresiet such iR gdefth@partibies to the carrier.
carrier. The support or tenporary retention of the

Af}ﬁapkap%llgé%e prtielaeon Hicrcpier angh rameovist ol/ihg amskeythis ﬁésernbly is
Su%g? PRLEH értﬂré} fothe carrier and/or the particles as
e sun§ % i sti '

as t characteristics of the carrier or
Aspartulicdfebis fsrmhdn pascessdigg, itlmpanmlmr 422418 legolpd ired irtsalatihg layer 40.

carri er and/ parti cl noi stur ent,_ h dity,
In 8 GRESIIERG e £BRICB o R SO LT HDAREFE. 36 hevind in
adiBTREERS BofRed Befbon. TRIALI V8 MEIRLLRLHIE For distributing abrasive
magneti zation, static electricity, discharge
pantighed ias dcmsbedemd.l N Hatam;t(ﬁ 4784381 (@h¢lesin)pb abistrgtiaf. t he
par 1VP ﬁlcFes 434 ee Ig:rg eren 1aIly forl'{érgtgc? guc%l%gefc’[taama% grlty of the particles 42
protrude from the adhesive resin of insulating layer 40, using electrostatic or magnetic
coating techniques known in the art of applying particles to backings. During electrostatic

coating, electrostatic charges are applied to the particles and this propels the particles
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can be applied to nore permanently affix the particles

to the carrier. The mask can be renoved fromthe
weanriner7bef ore, during, or after such fixing PET/UR®07/063971

particles to the carrier. After placing the particles

on the carrier and renoval of the mask, this assenbly

is subjected to further processing. As a result of )
towasfl shor Ripdai dreoyrseEeeyphefticien Magietif epasnzanvodyes Usiigdaagnetic
fiel 4@ fdr@é%r%#@ﬁa&iﬁ%se{owﬁgd ?Ild’]in%’]tﬁe 8 gld#)fg&ﬂjsor. t he

carrier 1s a east one of conductive Tayers 32, 36

haviAzglcsotibad Absicy partieles B2 anadckdtcihe catomcee teahdrarl odndactivity

sk and carrier for distributjng abrasive particles
of QE %Géiaémg_ g il éns.su#ﬁ%wt%l,a 780 g ehsrd <Pfé§15rp}lr90§e- In
exéoﬂrl]]glgﬁ:ern%o'd‘i’rﬁ%ntgﬁﬁé b&tiESs 42 1l s R SsBIBRhdideY aluminum

ed such that" a majority of the particles 42
oxe cbaro vitifide chanive dackhesiewempésd, enghedretbmb@tinlsguéheasenetallic

Pt G S P i 4G <R ARRrGrBLy SapsRr g et
(clEfitNG iR BRI %%b&u ¢RtricAlshof Rt wsindloh8u&RBNGRSs 32, 36.
e

are applied to t particles and this propels the
Hopiver, o1 sosnomaballimprets fsilestiesal perasatigobetyosn eaadugetivedyers 32, 36

net.i ¢, coat i i nvol ves, ,usi n etic flelds..to
map AR OB SO P 0 S RS kb 82 fifs8y can be
incpidR€ Wi BQEr 407 tA@sdbdapiens. above, particles 42 are
sel ected to enhance the thermal conductjivity of the

i nsEramplagy Teiapwelysogh dislecyicinaginles ingluge barun Hiatgebarium
str&ﬂﬂ?x?ﬁ'iatl&re, S Pi RO $ S &ﬂa?rﬁé&]%&&é{ bSF[%‘,’g&%ﬁ fﬁ]ﬁtﬁde}d?ﬁnond,
partic oT Si rorae, a

es 4 ar e COI'TpOSG | CONn Ca um num
alumiha &eryblouraysilidant adecll dé athomnaybides, owides, aadrpltadgs of those

engi neered material s such as tallic rtic With |
magqrials, Plili %ﬂr{l@puinﬁg oF REIHGS L3oif. .@o&mﬁgﬁﬁ% gy@llagfeelga_rlum titanate

is &AMNLBIE FS™h ﬁép@ﬁ e hdinflaffldubFial €5 EEbEYE ok, dRRH IR AAG)
to prevent ectrical shorting betvieén conductive

dedignagios “BESPB6AKBAWever, in sonme enbodi ments,
el ectrical connecgtion between.conductive.layers 32, 36 ..
ray HETGEE FIEHRESPERT ' TRBER BHe oo Pl gally condictive
or §inBieéidueald MaCARHYGEH MecaPnt biabRiSe, GRtallRR merﬁa!augfgaﬂﬁ_eles, where
| ayer 40 at those |ocations. Exenplary relatively high

thegnethlemey be sipar.tdodd. ackich epprte tibaet raekrk doated robymdskeragtigles or
nkiﬁggggégg%%%%gﬁgkibpgh& glun1OX|de, | ead zirconi um

I'tana oron nitride, dianond, alum na,
ber Yhinbity ®hllh@i@n padizl @i im@sbcdnyehagedidi ri8sbe RxuldES or
and nitrides of those materials, and conpounds or

irrggular by Bapadh dresilana skaperiiciidgispieray alateleis cubay. ingerlles, oblate,
R 0 RS O PR 100l A ghrcions
theAdGBT The xeiofel staey i.e| the tsmiatiedt dimasdwttthogarpae ttiypicalsy raayes
fro?noa orui[ 8 .%5 (teol S‘t?otutt |58 ?Lll’lll yPa(f‘rtcl)agsu c(::atni bveesubstantially the same size, or mixtures
of different sizes of particles can be used. The shape and size of thermally conductive
particles 42 are selected to ensure at least a portion of particles 42 simultaneously contact
both first and second electrically conductive layers 32, 36. At least a portion of the
particles 42 have a size sufficient to simultaneously contact both the first and second

electrically conductive layers 32, 36. In some embodiments, the average size of the

particles 42 can be greater than the thickness of the electrically insulating layer 40. In
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or sem conductive materials such as carbon, graphite,

nmetal or netal alloy particles, where the netal nmay be
W@ piovae947g0ol d, nickel, copper tin, or netal cortBUS2007/063971

pol yneric particles or netal coated shaped polyneric

particles. Thermally conductive particles 42 may be

any shape and may be reqgularly or irregularly shaped.

sorpg emppdmentshapseniidbl /ey BpHele 43 happ size geater thagybethickness of
I roi ds, pyramds, prisns, flakes,
ﬂkﬂggghgﬁwaﬁﬁﬂﬁﬁgiﬁgggﬁ'chips, whi skers, and
c oniiha &daid ompso fiplaeiobesfd2 i e prayhech eypidatle, 1006 ®.75% be volume,

Il est dinmension of the particle, typjcally ran
base ot istal VoW Aighaisticsly i kel 495 Asisqascd above,
disiithsiha %Tb?ﬂtl'cbés h@ %a%r%%n?f'o?rﬁ or gétte‘i‘h&f Yhish l@afdu% Afid p%{‘tﬁn(%s 42 in
sizes of particles’can be used. The sh pe and” size o
thet frodymed thay oomdy ciusee dpanettseoh @ghasndreeveml the pelgmicoand

cle§afy s g Bacte. Bl At GS Gedmntping adhesion as are
kn®k £ &t the GAlrhay KORAMEYdd &Fdr %X@(ﬁﬁle 3irfadSs ofdhe fiRR8Ad &cond

portion of the particles 42 have a size sufficient to
elesirmlllx eorslugisyoylayan 8AcY6 tlbatt ddjainensplatisg 1%6/@64& eadhrdtreated to
prov Hlp névﬁeltdlsa\éhc ond u@fé rthae jnsy §Xt1n§sl O¥ert4lqe% rY %%rfaﬁ trgatrnents
thab regisefl ﬁfprbbha[hgt mmm@nﬁm atlutbe- a@hﬁ@ddhk@tﬁhwe and 3-

i nsul ating. layer 40. Insone enbodi nents, substantially
glysidoryprenyfimetoxysilpag carosp discharaambpmarshingietching, self-

I

aSﬁte{‘})llg) Cf:'ﬁﬁg&gbflaferstf ?I?d féa@t?\; Zlhfé% to?;‘télhgo yfrgreg@l{rl %tlll Xlgl{eggip o thOBirst and
secbéeeteotricaly bynduotivinieycrb33.636. d‘VIeﬁahkayéI@tcarh al‘s@ belireatod wﬁthe:ntl-

electrically insulatipng |ayer di scussed above
CORIPLR TEAIFRR (QFMRIAY S sdhlaien @gnﬁy 458 Of A GG treatments for

co@?)t qh RRGthetHe Sthid Rad} BEpB{inp: %Eiﬁés?dne Sarfi€lel fled R6in %’Jtéﬁﬁ?g the
y be may cause a decrease i n adhési on between t
patpioleycrmtalmngj r@luemay be altlhycoat@d dootang®r Ibaghaload&Zwe $eﬁy.ers 32,36 and

paxigﬁﬁevgrreﬂ %l'ﬁ gﬁt]gﬂﬁg fe@ Qa%ﬁ%rigw nglnrg% elé;lg ﬁgin?or Sontact with the

pasidlct @m@snif rdsiarld fufly cand. ©FCeRde glatiedi&s 4/23da|n)élso be surface
conductive | ayers 32, 36 that ad10|n i nsul ating | ayer

treagod drpan fmlqgoean@anqrowpmm‘@@dhmrbméhe peli@st.on with
t he A Ddi t1c% %0 elrlg% Bl tﬁg ?Xf’oliggrltl%g Xf ﬁlgula @éla Ereéﬂ]t R Jolymer
tha are usefu provi d Yon I ne

materRNbMDOEHZEOE1Ed @Z@nﬁal@ﬂﬂ: s%}ected to alter the electrical, optical and/or
gl yci doxypr opyl trimet hoxysil ane, corona dlschar e,

meghEeA pagﬁm?gpéflt@ﬁn%at%éﬂxeaéﬁe Me@dh%h%qﬂa@,lé@gnamﬁkudes large
are%ﬁ@ﬁ%ﬂp%?ed QY Irlcc‘all qn%ﬂzﬂﬁ tlgfﬁrrélﬁ Htﬁ@igm fﬂ@toﬁflgagércgp%mes (e.g.,

rst an ctrlca y conductive
refB2tiviBH difliletiaty, h’aiy@a&:ncp)mfa]hsded:’tﬁca:lb)eiamédmg lbyer 40 can also be
anticorrosion treatnents to inprove adhesion (e.g.,
en‘ﬁ%eése of zinc/chromumtreatments for copper). In

anotrije F)o fyReh A48 hRl/ol 15'9?{18&@ mcaﬁ‘l%%%leeﬁd to enhance the reflectivity
particle’free resin matching t

of the insulating layer 40. For example, 1nsulat1ng layer 40 can be loaded with white,
diffusely reflective materials e.g., BaSO4, TiO2, or with high refractive index materials,
e.g., diamond, SiC, Al203, or with reflective materials, e.g., silver flakes or nanoparticle
materials or materials oriented with electrical/magnetic means for desired optical

properties such as ferroelectrics, ¢.g., PLZT. Alternatively, the polymer material and/or
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particle-containing resin may be skin-coated onto one

or both conductive |ayers 32, 36 and partially cured.
wab@7pextvi al |y cured particle-free resin i s theer/us2007/063971

brought into contact with the particle-containing

resin and fully cured. OF course, particles 42 can

al so be surface treated in an anal ogous nanner,

paitigles 49 sambp edeciefl tocapseethp Hspleting layar 40691 ke S@hstﬂlailally transparent.
In %st &ls %ﬁ{% g;lﬁ%‘ né?gﬂeq? esrﬁg gorat(tjé/des%eoctf tb@ léhfﬂ %ggtrlcgﬁlf{onductlve
laybE3Sﬁia§-Z‘ (bb edemed at dlexred foeprevide tiéslu@élcharﬁctbmsm:b (ag. dfdﬂectmty,
ical properties of the insulatjng, |ayer 40. We

dlf{qﬁévﬂéfﬁ et StherAmbpdamgs-itheplymsr maiehe! é)éé)aﬁwleé)é&&gwlected
to @Au@é;{hre ik &@hdeh 'l%%lﬂ |4@tt6 Hzgvel aad/egfr & % k& cbipe LEDs, the

opt 1 cal propgr tles . g., f Ivity, dlfoSIVIty

t r ails pavhexf thyese embodhmeetsem enoapslullqpt g eatrovided @y@chzm?D die

20 §8 PR QS e OF B i e B ek b P B Rlced tight

tow 4 @etihsildiig Myct BE td BStrREN OvhANGTs é’cQﬂarEIQFr BB} Epolarized,
i nsul ating | ayer 40 can be | oaded w F

or gt dauidsidypyrtbé Inseleting lapet 4. Ehesm@crg rmCBa@qi lmnostr@ture opthe

1ns\é1 %ng %yg&(; ggngl%c%/\/:g\%ltﬁeeregf PES telclv S olggi;aﬁ rp1r0£egtles by d)rgn?omimg the
inn®t éfir shilfadee st %ndﬂ@ﬂﬂ@l@flérb sks3o@eetticah&rface @fedl@ﬁm@iusw
oriented with electrical/mgnetic neans for desir

insylgfipg éﬁyeb4‘bw@htﬁr@sel@mll&@om@wﬂ@%Iaérélt 37 ¥ wigh gecond>alz¢trlcally
\Y; I A
coftikRHERYE, Fror ol PS ETRhorTHELL g MCPIATh LM Forfiea by
chanioslt(griin etchiyig), nadehpaced Iﬁémbdsﬂlng]nloS opté (Iatve ablatio)aheans. This
roperties of the coated s f the second .
striftaieey frepgrisgd epirdhctosyiating ?r br 4l ﬂ}?avr%%e eV ich &keppn an
1n\)%1rste%rr %firerlnﬁ’engWf% HEs ﬁl%gpl%hf%‘frﬁal"ﬁé bﬁﬁda@g ofggrtﬁs of the
eflectivity, diffusivity). In other enb nts,
msptaltlyg@ryenﬂi eqni d$o bmnhbmﬁefj bytthla:adei$t10¢120fame 08 eioeezplmdiph@r or
cause the insulatin ave .a.de
G saParto thi Mub e feral® BRtoun it iplength of the
incet@ARIUIBRLcORY. BEIRP YRR 0Nthe Zedkek R fitnBrggQn iR sO84sBs of
couple light out of the die, and/or to preferentially
wagtleegth comersen tstaschdditighel kesofite ds t he i nsul at | ng | ayer
40 f r I
ool tg?ile ?)éednﬁ I{y e&%‘t{/ogér{l}g@;s g&gﬁb%ﬁﬁ&&ﬁlgﬁ&} Eulgtll éé%ﬁel A en used in

corhBRafi®E ivith kibwh @néupsulais @ﬁd/bﬂleﬁdmeo@fcat 1hlens| rfaw leﬁéil’hlﬂg
| ayer 40 can be engineered for specific optical

enq@pélﬁ@mf» heang gy Ppehpolapsr{ortamboricamersipn) Qo thagviss castaping a

[ t f
ph&ﬁ%ggy%%cbgﬁsé@%{ﬁ éta?rgtatll(}] t:gflgngiDe rﬁre Z&? \Dﬁldﬁl@ P@%r&&lﬁg tHLED die light
oupuecilG. Gahbys e podisatofve illiayianti@Rasaerdblyisirhilaec dratlof FIG. 6, but

el ectricall conductiye |l a Far. ex Iethe
whereinan aprong @C&PS@%& 8%,9%\%@4 gﬁ |L353%ﬂleb2@ & qxr%fesyﬂonal
opGhe 'Pﬂrﬁfi: h of Gdh Bs saﬁﬁfsﬂlg)ﬁlmws %Bﬁﬁkﬁ@'ﬁlﬁﬁ(msa%'aﬁ‘ﬁ bf tHRIVikuiti™
Optl ca aser abl ati on neans.

DBEF films avallable from 3M Company), or a structured surface film (such as any of the
Vikuiti™ BEF films available from 3M Company), are used in combination with the

assembly. If desired, a single encapsulant can encapsulate multiple LED dies, whether of

the same or different emitted colors.
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structure is inpressed onto the insulating | ayer 40,
the surface of which takes on an inverse or mrror

wo pgaowal4 t he netal filmpre-form The opti cal PCT/US2007/063971
properties of the insulating |layer 40 can al so be
nodi fied by the addition of one or nore phosphor or
fluorescent materials into the insulating |ayer 40 so
t haRefergng pew it FIGhed, yinpekiag gh Wllypingtien assemblyd0, the substrate 30

as éﬁslg# ?éd 30 ‘fscﬂ‘%%tdﬁ stl&ﬁ: ésqgé u ov? E{B"flgla sﬁh%lﬁrqgll e 5?&16 substrate

ener g €se cas conver si
and ﬂlea‘nstaedhhtmcadmabncﬂmneé ldyer Ih paxempd airpatteﬁmgjstmtecm le to form

descrijbed herein are particul ar]y useful ed in
th eé@%?%ﬁfqu&ﬁrwst #l- k]??é‘iﬁﬁ“’é%l eé‘agﬁn Erdy B%Wempﬁ%smg any
tra@ﬁBhQ%llrcﬁl't kgffstm S LEYERR §U|a?€‘§t§acff&¥ﬂ0qge gaetterned first

phosphor | ayer c r conversion) or otherw
electmaldiy mndgctaquhwmcat dwﬂtable statscadl(bmsmg larosumahdt doeverfional die

0 .wit hout de in e D d| ht o . :
ot an i gL g TEp Sk RPNt Qbbb B} i optonatly
apSlicdidk BficabSulhtia stélfonﬁ'()@ an@ thdPeHftcrPBRLe | 'beo‘?é']th@ @ﬁﬂ)éﬁ@% 30 with LED
encapsul ant 90 covers the LED die 20, and one or nore

dics gOitloaredn is pmuaé jonfoi thleg-8]) red110s U lsoms casedi hthgshag beink m

prqcefso ‘riinraell/ gle%Bﬁohl han ﬁ%’l%ﬁ% %61‘[ ml)sl)panelgg%gmi( f?“ & | ;g og%sslc%B on a rigid
or SdifraEe chirlem InSdoede 0’a§es§lﬂmte@(ﬂ of Béing/ivsuhd orftb MkeBETofli110Bthe
avai | abl e from 3M Co , are used in conbination

subgtrets 30Hevingddipdies 202&5% is &yt atantenialyl te PERAdgyR DivEity of
TIPSO B 50, B8 MR Ay ghl g

fori use Rk iimfackit dishlags, sadns.or gagehéosblly sdlDpththeassy bist talad-ap roll 110
30 as descrlbe above is provided, such as by
caty, RGO Ai Ay PRLYS A Sprysu %ﬂquIELtG)GO“cS’F‘Sl%%te%% bstrate, and the

fir i‘éf&hﬁgﬁédv ¢aFlars. engycsd é’ferﬂ;ﬁé{r? mc3od for Hﬁﬂn%rtﬂ@glt@{rate 30
patterning station 102 to formthe desired circu

as tesanbal abbyve Railltgrated ng@f sctenderondactiveylayve 36¢$1nm'p1]de¢,rwdh as by

SN r circuit .con r tion echni
un g Eoly Bl O Bt A R b B ek pIRER cOtig sation
12@Iaelﬁwrl1QaIomegﬁaiamﬂg@tdsmaub@afcﬁl%s@@ istppHE®toatht astustad 1a9&r 36.
104 usi ng known and conventional die attach and mnre

Adbevit layemi2dhie ldlstua@llm dapcled watd cadesrec passigles (i shqysw diita thermal
s PpEPhlsRRR0Y 1280 BRL0 coFRERES HullR Do SRR b2

adlfisBg 12 1 Der BOshel Snbiaiicht ol t@ndligk@n it e |phrtibl]e@ 42lake uniformly
sone cases, rather than being processed in

applisdiantthe p@iesivadansel 24. shipeethst embedimgng ﬁﬁ:émalbéﬁonéiﬁaﬂve particles
42 gget n@ﬂh@& 85 ARSRH Q% ﬂg%lj 18 aqar&{ete%% d'daflb (j bhé @rﬁbon} f%ent

cases, instead I'ng wound onto ta e u
parditls 42 hee ainphsdl med Weﬁl@smal\slnlgg;olyEﬁl aiatsg 20tHodenean knewn in the

ot e Ao iy {Oﬁrsglzy i@%ﬁg fés B% RE f'g,C',t W bramti gpas dricd
resiblal @028, Q% 19RHALhE Gtalidn B30I bBfMictive layer 32 (optionally having a
layer 124’ of electrically insulative adhesive, which may also include particles 42)
provided from supply roll 134 and pressed against second conductive layer 36 and
particles 42 thereon, such that particles 42 are forced through adhesive layers 124, 124°
and partially deform and/or are deformed by electrically conductive layers 32, 36 to form

substrate 30. The substrate 30 is then wound onto take-up roll 140. Take-up roll 140 can
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for use e.g., in backlit displays, signs, or graphics.
In still other cases, the take-up roll 110 can becone
w@2@apaddy4 rol | for subsequent processi ng st epsPCT/US2007/063971
Referring now to FIGS. 9A-9D, an exenplary method for
maki ng the substrate 30 as descri bed above is
illustrated. The second conductive |layer 36 is
begomes supely, rod JOR ferssubseauanti nreicatn&steRsl deserdicd withoregirect to FIG.
I
8. thlt;' g?rﬁé) 9%§§%ﬁs\fegddlog¥)g{ng oima?)% ?HP g(grffd %ﬁosc%%gg (E/%ubstrate 30
praxdhlsiincetly s thp ptdoestutgastémels clemubecﬂ il rh@ysetrto J6G. 8.
Adhesive layer 124 is optionally |oaded with
dielectric particles (not shown). At a thernmal
ExQﬁPfe'lCl e application station 126, thermally conductive
ticles 42 are applied on the adhesive |ayer 124. In
one Aesvbstritomat matih a@sing Idiaynandrpdamiésmsg@md irch bmddi2 Hree

dlsﬁ%é{oﬁéyngsy |%.b/p ﬁy Qllahlg%ﬂga[d eSI V Wléfeﬁg,d{a.nangga&yle sizes.

Th@ﬁ@er@@%ﬂtﬁgpé}ﬂcfeﬁﬁze%ﬁmﬁ%ﬁ&s IV@Y@O 2518 ahdPIRHRYSH, Thd ek weight
attern. In one enbodi nent, Eartl cles 42 are appl i ed

rauomfat:aolepartlelgusrze s R 6 OMitkimt t walartwée $eq tisidutignsa thy maximum
prfReen Bt Tohl St B0 e hs? i g e was

thef@8$d0 cp@edvail&fie uider ahd @adenibichgiont [Albon7 L&Gm Résbiiftion
conductive | ayer 32 (optlonally having a | ayer 124’

f
Pedprgeanes Badugtsi Betraeoaf@gatnd 8 \ﬁeﬂohdhméﬁuwayasah@éﬁd Wltl?rnethyl
1solo{1]t§i KdGnd a{%lh% L &5i¢ 2at@ QY dﬂ %6y Bﬁ?r on g'«ﬁf) RY ¥ol[e§, 61 oaz% gélpper foil

pressed ai nst second conduc ayer
wap amtted:bvah ti2ditiend tmadedadhisivband piadticd fw%wﬁhoafseat room

f d h, adh 124, [ly
ter%%%ﬁ% e &%?r dayai@gx?%%lrnﬁ@ 31yp§{9 lgy &l d¢P é ang ‘3(51 %ﬁ@éﬁﬁ% Vwas
usd @y %rﬁln}% thg’éoatt&i éo%?&] RURS bk ?&eﬁué”ﬁ un-EBQteé ?@ﬁtm&? tl%Qoatlng

I's then wound onto take-up rol . Take-up rol
was damieatodgthea pypis ypomo flowl@fGhé dlamsmb étmqlaé adhqsrvec‘ehsh m@ulted ina
with r es ect to

t d i hed
o BRI HERAGS AR I cuB N suis! Panbotis 4 0T L ate
maRIRERPIHRG e, SHRH, (kBN itRHRCRBEAStdh PR&EhK, d@erhfifed the final
processi ng steps as described with resBect to FIG 8.

dicoesimpthickncss, waﬁa@u foett Temigaensiddie r@@itn@ ¢! m@aqo@m magres thick
dleﬁjecﬁ?%lta?%ld é[lhn %gp%i%hcéigh%)ggérgﬁ) ?ﬁ deform ur A laay 1S ofyCébpper The 40

mlaﬁhfdhdlécﬁrléthic&ﬁess'ﬁh @heaéaﬁfp&g@(ﬁf thehigal @@p&daﬁb@oﬁa@@ommately 1 cm?
.distributions were 0.25, and. 30 mcron, and the
C{¥jag mrcapuged af Byl Ué@gwuﬁamth@m@l §npedapggsmeaspremenipqpiHent.

l: r
NP IHPRES 1Sl e 8 56 1 MCIRT ok WM T oxirpatoy she
samg ey tha shermhhkingetdasic\oé ab i miieronv@rplyasanipdes (msﬂetblceﬁomwM Cornpany

vai | abl e under the trade designati Hel oxy 7
undgsdb @%4%1}?81@8%%% =] Eﬂ%ﬁ%@%’%@%% MENiy PRl th? fe-fold
diftRO%:- 30 idS 0 xture was diluted wth nethyl

Example 2
A diamond epoxy coating as described in Example 1 was laminated and cured

using a vacuum press at 24 inches of vacuum and 180°C for 2 hours. The resulting
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i sobutyl ketone. Using a knife coater with a 100

mcron gap, as rolled 1 oz. copper foil was coated
wowdo/1edaes di anond | oaded adhesi ve and air dri ePiCT/082007/063971

four hours at roomtenperature. After air drying, a 24

inch nip roller at 140 C and 40 pounds | oadi ng was

used to lam nate the coated copper foil to an

diclegsif hickness of dhsataew!d Bade bythermethed #easp mycigas thinner than the
f t he di anond | oaded
Sm%@%égﬁég%lﬁﬂnﬁﬁﬁresu %&ﬁqlﬁk%%(%her coating thickness.
The | am nate was then cured for 3 hours at 160 C. The

nHX|nu rtjcle size, which, tagether_w
TR AISGRS iﬂr%@éteﬁt% carpq BernRBen Y wethflrlﬂ&dle&.aéﬂgewf%above

bu‘@ \mtﬁ Kes Sir u‘i‘@c%n%n&ﬁsfcbr f@ugr%her-[ S o?ﬁﬂhltaﬁfﬁg hght s_?_ﬁreces or

substrate ad a on thrck dielectric |aye
othdi eoropehepairthitgergappbsaaetl hont déhoy, mehontenipdate asemblies similar

cron di el ectric thICkneSS int .
to ﬁ*ﬁﬁ&egmﬁgﬂwg% Wmmé}tm@a%?ﬁf@él%?u PP ORI REE O 9P 9f thyd-ED dies
ardreMhas] TEGRWresbra b 3Mkdiidtbs Cd%gﬁrﬁmlglﬂ%hﬂﬁlng' diRed SOEEDS)

measur enent  equi pnent. Not abl the thermal i npedance
power ﬁrmwms,nntcgl@tﬁdtqmcuks @@ﬁ)p a@g orgenig ptﬂctmmﬁat el y t he

sa gg{ t her e of an.
n eSf 8&151’\1&/18% ga%artegn‘glgwfé% g)ﬁg/reﬁs &(}ua{l{]{)es mggsu)fernent of
prcg)eﬁieg nad k@ fordNstdnn HokpddRchticaRAE tlaihs B tEbd @ahderstood as belng
espite the five-fold difference in thickness. Exanple

mogli R ddn aHdndenssoRy thedam rout” dicserdingy yneseushigstcs to the

coffy BERRRCAC ek S T o VRS B3Pl st
appiresm:trhaihloﬂgﬂllaed:ﬁatary derichiimknpss thefdckingl gappties soaght tybe obtained
this t hod wa m crons;. .thinner than.the. sanpl
by &Oésalfnlﬁad B’ythﬁ 8t U.hgmng|t%%eh%hu?%§r& ithe @ﬁ%me&mnﬁ@ the very
leadi, 8% A5t a8 YRSH 5@5 @mﬁa{he b lﬁ’&.ﬁgn BO AL HinWiok BkiFRe Al &Sthe
as di scussed above, but ? other circuit conponents,
scqtparolf ﬂmﬂlamsyeamh tmemetlyqi@srametan shodtl af Eastibglrongowed melaghirof the
her nents that. rate subs ntial heat. .Thus
SRR R i Sl SPGB HE Bl R iR popitatis
No@\kzﬁlﬁtﬁﬁiﬂ% thhd tHEh AL QD rASSERR pRSm s SWHRE Fbrith ﬂfér@oaﬁirscope of
all of the LED dies are replaced by one or nore of
the iggentiotjarienproxomgaense theingherieati vietucn getcﬂ)ﬁbl énsthe paenfig examples
arepr% 1r"Eedt %{1]6%1 eiyogs posélg% N ) eqjil ¢ calC\Hall es h& gse)r 1n§&g tll contains
(AR C r’oni‘cs Vil AEFwse” i"drcat @ art

ceﬂtﬁiﬂ’@ﬁ’bﬁ REBEAHS ir 3@ 1tHigarin theasandaribdavi@ioBiNfouddl in their respective
roperties and so forth used in the specification and
teSHNGMPRSUEPBCRY be under st ood as being nmodified in al

| nstgp ‘fcﬁ'gg(m{g H%%n@ﬁ&ms i@ live aftfS AP InBRa¥d toul%ﬁ%l‘?e - scope of the
I ndicated”tot ontrary, the nunerical parane

inveetiorf. OY dmtions aﬂirbmsrhé'matﬁ(bmsaif itlencrabudimb@ts dsclasal herem are possible,

and practical alternatives to and equivalents of the various elements of the embodiments

would be understood to those of ordinary skill in the art upon study of this patent

document. These and other variations and modifications of the embodiments disclosed

herein may be made without departing from the scope and spirit of the invention.
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approxi mations that can vary dependi ng upon the
desired properties sought to be obtai ned by those
wa@kiorhed74 n the art utilizing the teachings of P€TES2007/063971
present invention. At the very |least, and not as an
attenpt to limt the application of the doctrine of
equi valents to the scope of the clains, each nunerica
Iﬁa ter should at | east be construed in |light of the
nunber of reported significant digits and by applying
ordi nary roundi ng techni ques. Notw thstanding that the
1. numami idlamirtasiog esseabtly, pamarishgr s setting forth the

broad scope of the ipventjon are approximtions, the

nune PSR e ek fsbatckserond éﬁ%ct@ifélai qopguciys ipyicegeparated by
are repo ' S d ical

val ve. honeygr Rl RELRENY 15 BRARRA e 1A OHPRGER polymer
necessar nlajerraébaletd wgh flreaomatiy eorstuandapattidesy ivdicrcomst least a

found in their .respective testing neasurenents. K The
f or egoi nEOREBEF 5 PEaLY CopFURiF Reo LS SigHIFRCoHsly cOntact both
i nt ended tHOfirsd didtscbdil S&@R@1QTcohMR tivEYSBE Sk
Vari ations and nodifications of the enbodi ments
di selpbyeldtyieétighisoarass dopeicdloa thahst pondocticaryer.
alternatives to and equi valents of the various
el ements of the enbodi nents woul d be understood to
2. t hog@e afseabtli o1 yinsKiwHerdif tHigshdkdurtddaine sdletddd @dmtthd Sroup of
at ent docunent. These and ot her variations and
LERsdlapsrigdesgdd?LERe enbodi nents di scl osed herein nay
be made wi thout departing fromthe scope and spirit of
the invention.CLAIM5S 1. An illum nation assenbly,
3. confiht assemblyaofSuldist I, atterdo thartheinadly@ohducsie amdicke comgrise
el ectrically conductive l.ayer separated by. an . o
pargicies pelpeiad fipmy the arospioh anl%e%é anaiy B mr%e{t% tijaggtey titanium
ox{@MBEd Sitd%ivdn RRNMYIRESorBR Rk Phitd R ot [ dluh el B8 1Yim, silicon,
conductive particles, wherein at |east a portion” of
and hey tanedeslokyles andndtidesghgaof i cl es si mul t aneously
contact both the first and second electrically
conductive layers; and a plurality of |ight sources
4. di spagaskcRBIyt drecifihd BifugRRAYRbHYIBg ldaY@tric PartidiB€having a diclectric
assenbly of claiml, wherein the |ight sources are '
conrsgqng of efdedst bR toadedyinghp pay meEMsteriphefehe Hisuleting layad wherein the
. The as 0 ' [ .
ity ecaeafoRRTRaRly S Bl bdmt BETuls g goctrically
coiRice¢d RBglersr om t he group of bariumtitanate, barium
strontiumtitanate, titanium oxide, |ead zirconium
titanate, boron, boron nitride, dianond, alum na,
ber . i . . '
5. it ?ﬁihé g%ﬁ%g’r (léfocgaﬁr 1,%@& }{lllectﬁ&jﬂ{aqjl?%on&’ﬁ(c'tlggﬁam@ﬁg are non
uniformly distributed in the insulating layer.

6. The assembly of claim 4, wherein the thermally conductive particles are

concentrated near the light sources.

7. The assembly of claim 1, wherein the thermally conductive particles deform at

least one of the first and second electrically conductive layers.
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4. The assenbly of claim1, further conprising

dielectric particles having a dielectric constant of
w@rooreemr4 100 | oaded in the pol ymer material oPCT/82007/063971

insulating layer, wherein the dielectric particles do

not simultaneously contact both the first and second

electricalléfconductlve | ayers. 5. The assenbly of

8. ¢l ailhe asscpohbr &ff tairhbk wheetinghd therawhysenduesv aaltlnclels agp deformed
by g{ féﬁll%ﬂg Bf Ih%r tyanﬁ sgtfond*% Xﬁgc\/\}tg c&!f'cﬁtc ﬂec' thr%é' ng |ayer.

e assenb rern rmal |y
conducti ve partlcles are concentrated near the |ight
7. The assembly of claiml erei

sour
% ther ﬁ‘st‘tsym@mﬁfé%lmle Vﬁlﬁ’i“tltl &1 least gus of tta%trsn aegétcoaﬁéleatﬂcaﬂy
Coﬁ1£U$éf2&sggg%ﬁ§%gqgﬂelectrlcalIy conductive | ayers. 8.
nbl

e ass claim1l, wherein the thermally
conducti ve partlcles are defornmed by at |east one of

the first d con | ectricall on cti e |l ayers.
10g." e SeuBibr TR Erdiefia e desfRab andfern ST is paemed
to ot dnkelot mora&gecond el ectrical Iy conductive |ayers
conprises a foil. 10. The assenbly of claim1l, wherein

the first electrically conductlve Iayer i's patterned

a s se rr% t W%ll]?lat??n asﬁ?fﬁbly\}aﬁ éfr%leffl A Wﬁﬁérelsnetgs ﬁea;onfi glce J[l‘lcallY F?/nductlve
layep dev e hkayaik. conpri ses a heat sink. 12. The

assenbly of claim1l in conbination with: a heat sink;

and a | ayer of thermal interface material disposed

2bet%§sgﬁ%ﬁﬁP§ﬁ?ﬁ?ﬁiPhl%ts #ﬂ%n§%ﬁpnd conductive | ayer.

or a pl'ay, conprising the assenbly
of alhaatrirk; addl. A nethod of making an illumnation

assenbly, .t he thod conpr.i sj.ng: ppl yi n substrate
corrﬁlrg) rﬁﬁtﬁls rf%&?dn%te%rdasp@ﬁ b thg heas Ve second
| ayer §gﬂﬁkﬁggg(gy an electrically insulating |ayer,

the insulating Fayer conprising thermally conductive

particles that simultaneously contact both the first

d ] d t tt [
13 e A R RE e Feer SPEBRBELT VSO ST S4RG- pr ovi di ng
a plurality of light sources on the patterned first

electricall¥ conductive o
14. A method of making an illumination assembly, the method comprising:

supplying a substrate comprising a first and second electrically conductive layer
separated by an electrically insulating layer, the insulating layer comprising
thermally conductive particles that simultaneously contact both the first and
second electrically conductive layers;

patterning the first electrically conductive layer; and

providing a plurality of light sources on the patterned first electrically conductive

layer.

15. The method of claim 14, wherein the supplying step comprises:
applying a layer of electrically insulative polymer material on the second
electrically conductive layer;

applying the thermally conductive particles on the layer of polymer material; and
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| ayer. 15. The method of claim 14, wherein the
supplying step conprises: applying a | ayer of

webm@ctiodscal |y insul ative pol yner material on tPEr/Esm0TI0b3971
electrically conductive layer; applying the thermally
conductive particles on the |ayer of polyner material;
andl aminating the first electrically conductive |ayer

ovefantingtingfbe finitclectisaty sendpetiyraley ercaves the shargrate cpbictive

th ' i - -
contact JTRUBA YRR bR Rl e U L PR YR gncous
conduct i venthawertisbotl the fileantiesebnd déctiidadily moddyctivk &iyersn

applying a layer of electrically insulative polymer
material conprises |oading the polyner material wth

161 par trh€ hRShddAic1am8 55 W‘%Ileﬁ{ a %Q latgléf GKOES S cAF ih atiVﬁ

| ayer of electricalfy 1 nsul l'ymer material, the
polyarer ekl bavpmgs doading the pohymec mamhwitbfpaa'tclds el tare smaller

thaidpishiosy OF BieTter PO Rt R MRty S samaBR [Hhpetifides

ha%ﬁ?ﬁﬂﬂﬂ&%n&&ﬁﬁﬁ@ibﬂ@laﬁlimﬁ|eS in a pattern. 18. The
nmet hod of claim 14, wherein the supplying step

conprises applying a layer of electrically insulative

pol r v the nduc
170 P sl Byt Ml oG R chohuRG Gty parices
cothp#isds applyﬁ%&ﬁ@ theah 810 cdndattive paoideschia gﬁttb@yer , and

| am nating the first electrically conductive |ayer

over the thermally conductive particles to force the

t he e ous
18 ond S o f 15 uRplchl 6 S Ghg o2 TRBAPROCS 1
condpiglyinge lhyeyreif slecriﬁallﬂ' hﬁulﬁ’&td‘nmlymér oh@tin Ha&;ngwhe tl&rmally
t he suppl ste rises nmnndln a rol
subst r at @gm{i%tl iflet Hiooero! BPEITAMY E\‘Sh?lterféfrtﬁe fifsor second
conpri si RRcEHLI Q(qldqlgﬁveslg typte at intervals to
provi de a uré¥|ty of 1l1Tum nation assenbly strips,
pan @nsinat@rg ‘thb igst cllotpeBy senduativelafaroventietthargiallp camductive

iI1um nati
1%cles to I’orce the thermally conductive particles into simultaneous

contact with both the first and second electrically conductive layers.

19. The method of claim 14, wherein the supplying step comprises unwinding a roll of

the substrate.
20. The method of claim 19, further comprising cutting the substrate at intervals to

provide a plurality of illumination assembly strips, panels, or other shapes suitable for

mounting in an illumination unit.
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