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ASSOCI ATED SYSTEMS AND METHODS TECHNI CAL FI ELD [ 0001] The present discl osure
is directwo2gameseally to packaged light emtting di odesPCITHER3)11mt1k6
phosphor films, and associ ated systens and net hods. BACKGROUND [ 0002] LEDs
are increasingly in demand for many purposes because such devices

efficiently pr i gh-i I . gh- Lity. lig r anpl e, nobile
phones, persongg&ggﬁgéﬂﬂlggiﬁ@i?ﬁ%ﬁ?Egﬁgﬁggﬁmééd%¥tgg§%ﬁéﬁﬁ¥€§ers, and

ot her portabl e devices use LERSTRMPARNE vgald@Dstate Iighting devices to
produce white light for background illum nation. LEDs may al so be used in

applications other than el ectronic devices, for exanple, in ceiling panels,
desk lanps, refrigerator lights, table |lanps, streets |lights, autonobile
headl i ghts, and ot her instances in which lighting is necessary or

desi r abl BCHNHOABFREDc hal | enge associ ated with producing LEDs is contai ni ng
production costs in a manner that allows LEDs to be priced conpetitively

ith ot i of i ti . g ‘
ract i dooH T he Te0atean Aheloefy PLY LPREDRERRRy REHAURRECR BUOTEIER Mindes 1o
LED, nehEDsytvithe@hssphay &ilrad, hedrpdseciated syechis endmothedsi ng costs. One aspect of

the processing costs relates to the use of phosphor in a packaged LED

system rticular, typical LEDs emt blue light, while nmany
applicé%#@ﬁgﬁgggﬁ e or at |east benefit fromsofter colored or white

light. Accordingly, nanufacturers coat such LEDs with a phosphor that

absor bogeRor t LIS akhenc@lsirishel k! endidOhr Ay BunBOlch Sbdchsel LM dBSices

yel l ow 1ight, producing a conposite |ight em ssion that is white or at

| east agfpciontiymataeluge Wghtiatensity, high-quality light. For example, mobile phones, personal
digital assistants, digital cameras, MP3 players, and other portable devices use LEDs or other
solid state lighting devices to produce white light for background illumination. LEDs may also
be used in applications other than electronic devices, for example, in ceiling panels, desk lamps,

refrigerator lights, table lamps, streets lights, automobile headlights, and other instances in

which lighting is necessary or desirable.

[0003] One challenge associated with producing LEDs is containing production costs in a
manner that allows LEDs to be priced competitively with other more conventional lighting
sources. Because a significant fraction of the cost of an LED is attributed to the process for
making the LED, manufacturers have attempted to reduce processing costs. One aspect of the
processing costs relates to the use of phosphor in a packaged LED system. In particular, typical
LEDs emit blue light, while many applications require or at least benefit from softer colored or
white light. Accordingly, manufacturers coat such LEDs with a phosphor that absorbs a portion
of the emitted blue light and re-emits the light as yellow light, producing a composite light

emission that is white or at least approximately white.

[0004] Existing processes for providing a phosphor region in the emitted light path of an
LED can add significantly to the cost of the LED. One such process includes placing the LED
in a cavity or recess of a supporting substrate, and then filling the cavity with phosphor.
Another approach includes placing the LED on a flat substrate and then building a dam around
the LED and filling the interior region with phosphor. Still another approach includes
depositing a phosphor layer directly on the LED die and then removing part of the phosphor to
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[ 0004] Exi sting processes for providing a phosphor region in the emtted
| ight path of an LED can add significantly to the cost of the LED. One such
process iwoOlodews3pbacing the LED in a cavity or recess ®CTASSuUpperivé ng
substrate, and then filling the cavity with phosphor. Another approach

i ncl udes placing the LED on f]at substrate.apd then building a dam around
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t hen renoving part of the phosphor to WO 2011/163170PCT/ US2011/ 041166
expose dhhmctendtiesl thepgllrontibpad®, the hoss ofiticovEIDg Askcetingly ghere semeios b onsd o be
made toht he die. Wile t?ﬁ? foregoi ng @{ﬁoce ses have resulted in LEDs that
pr oducdls PSRy for p dRproyRt- Qv eSIINATES B ISCBRIABS, they al | contribute to the

cost of the LED. Accordingly, there remains a need in the industry for an

I mpr ov gk IHFOMESORIP O OFSITENE Drecwmvgde. BRI EF DESCRI PTI ON OF THE DRAW NGS
[0O005]Figure 1 is a partially schematic, cross-sectional side view of

conponents of an LED system configured in accordance with an enbodi nent of
t he di d80®-ur e. H®wood] Bigpadalty sehemapgr eioas-psetigedi et View efr exyspanetisi

si de vi of .the ¢ opents shown i.n Fiagure 1. 10ined to forma package in
accor daned STH L TEREO HENE s ot R Buip OB PRIt e 3A 1S a 1 ow
diagramjl ] ustrafi : f form hor filmi
g Tﬂh(u] %tléurllr 2alsp£10p%?t?aﬁly gcrhern(ajltrlg,1 cnrgss?se%tqgga s(l)cge V{evvmo{F r‘ghe components
shown in Figure 1, joined to form a package in accordance with an embodiment of the

disclosure.

[0007] Figure 3A is a flow diagram illustrating a process for forming a phosphor film in

accordance with an embodiment of the disclosure.

[0008] Figure 3B is a flow diagram illustrating a process for forming a multi-layer

phosphor film in accordance with another embodiment of the disclosure.

[0009] Figure 4 is a partially schematic, cross-sectional exploded side view of a package

having a multi-layer phosphor film in accordance with an embodiment of the disclosure.

[0010] Figure 5 is a partially schematic illustration of multiple methods for forming LED

packages in accordance with further embodiments of the disclosure.
DETAILED DESCRIPTION

[0011] Aspects of the present disclosure are directed generally to packaged light emitting
diodes (LEDs) with phosphor films, and associated systems and methods. Specific details of
several embodiments of the disclosure are described below with reference to particular LEDs to
provide a thorough understanding of these embodiments. In other embodiments, aspects of the
present disclosure can be used in conjunction with LEDs having other configurations. Several
details describing structures or processees that are well-known and often associated with LEDs,
but that may unnecessarily obscure some significant aspects of the present disclosure are not set
forth in the following description for purposes of clarity. Moreover, although the following
disclosure sets forth several embodiments of different aspects of the invention, several other

embodiments can have different configurations, different components, and/or different
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accordance with an enbodi nent of the disclosure. [0008]Figure 3Bis a flow
diagramillustrating a process for formng a nmulti-Ilayer phosphor filmin
accor danceowntifieariot her enbodi nent of the di sclosure. [©003JSEéIgUsBG6E (S a
partially schematic, cross-sectional exploded side view of a package having
a multi-layer phosphor fjilmin accordance with an enbodi ment of the

di scl oéiﬁ?‘ée.sse[eéﬁié‘]eg§ g‘l?Pedl%SGi SerIlEA 1 a1 SyotiQih eftBErEngly st Inyention gty have

mul ti pl gh iR RS Wil JdtbnhEDRRARE 288Bor RitRGA QEHRNCS Wb telbrfdttd M&Eribed
enmbodi nents of the disclosure. DETAILED DESCRI PTION [ 0011] Aspects of the

pr esentbethive plithsefeeenae & dignestled generally to packaged Iight emtting diodes
(LEDs) with phosphor filmnms, and associ ated systens and net hods. Specific

det ai | 00f2]severaureriodipreilly wherhitir, didclsasionel adevidasefr inbEBDhgkem 190t h
reference to particular LEDs to provide a thorough understandi hg of .t hese
enbodi riB#t @cludps gemaencafhBaf tEneembinshdetfermra pakage d9érin agradppeurehcan be

used i ' ti ] Vi r L gu L.ans ef @l Ils
doscri euE b, MsbsirE THaR b ea I Y SRR eI cofhl
associ ainelcEm180, dold@sphopiiortihiat 1 ITeyptionaiBcappaittd by obseisr €2 oiee shicgphdrifdant
aspects of the present disclosure are n set forth in the faoll ow ng

|
descri pkl0oh cpBiorpak abd ésatiched ty tllﬁyL:EIR/égt@@vé rthe syrPREUBeMbHel VotftesuphyED
di scl Oﬁ%beissc%ﬂlﬁeét?o[ fg? tl?eengﬂ;}?gl*t &@B%?J ﬁ%‘%ﬁw%n%‘ 134@5 il ap SdePdilst tethis

I nvention, severa her odi ments can have difterent configurations,
di f f er esntanganponadbsociated/pdscesick ey &Béribed below.

[0013] In a particular embodiment shown in Figure 1, the support member 140 is formed
from a ceramic or other suitable substrate material, and has a first (e.g., upwardly facing) surface
143a and a second (e.g., downwardly facing) surface 143b. Each support member 140 further
includes first and second support member bond sites 141a, 141b (e.g., bond pads) that provide
for electrical communication to and/or from the LED 130. Accordingly, each of the support
member bond sites 141a, 141b is connected to corresponding package bond site 102a, 102b by a
corresponding via 142 or other electrically conductive structure. The first and second packages
bond sites 102a, 102b are accessible from outside the package 101 to facilitate physical and

electrical connections between the package 101 and external devices (not shown in Figure 1).

[0014] The support member 140 carries the LED 130, e.g., at the first support member
surface 143a. The LED 130 can include a first LED bond site 131a and a second LED bond site
131b. The second LED bond site 131b can face toward and be electrically connected directly to
the second support member bond site 141b. In another embodiment, the second LED bond site
131b can face away from the second support member bond site 141b, and can be connected to
the second support member bond site 141b with a wire bond. In either embodiment, the first
LED bond site 131a can be electrically connected to the first support member bond site 141a
with a wire bond 104. In a particular aspect of an embodiment shown in Figure 1, the package
101 can also include an electrostatic discharge (ESD) die 103 that provides protection for the
LED 130 and that is also electrically connected to the first support member bond site 141a with
a wire bond 104, and to the second support member bond site 141b with a suitable backside

surface-to-surface connection. In other embodiments, the ESD die 103 can be omitted.



WO 2011/ 163170PCT/ US2011/ 041166 processees or steps than those described in
this section. Accordingly, the invention nay have other enbodinents with
addi ti onavoebaest’e, and/ or w t hout several of the el emeordasd@sonilbed bel ow
with reference to Figures 1-5. [0012]Figure 1 is a partially schematic,

Cross-s onal _si de vi ew an LED s st 1 t hat. i ncl udes conponents
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Figure 1, the support nenber 140 is formed froma ceramc or other suitable
subst r dtED nd0 eamida¢mit ahel lightsataa fdlﬁffsrt:nt(‘&axglcngdpvﬁar gkamplacionprpdseer & aompdsiBa

and a second.(e.g., down ci ng) surface 143b. Each support nenber
140 fuﬁ?ﬂg é&ﬁ@ﬁé%wgﬁ?mah ﬁ%HQ@E%nd support menber bond sites 14la, 141b
(e.g., bond pads) that provide for electrical comunication to and/or from
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package 101 to faC|I|tat%éE@yS|cal and el ectrical connections betmeen t he
a
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LED 130 has an upwardiy facing active

[0017] The matrix material 111 is also selected to be at least partially (and in particular

embodiments, completely) transparent to radiation emitted by the LED 130 and the film 110.
For example, in cases for which the LED emits blue light and the phosphor elements 112 emit
yellow light, the matrix material 111 is selected to be generally transparent to both wavelengths.
In certain embodiments, the film 110 can include multiple phosphor elements 112 with different
phosphor elements selected to emit light at corresponding different wavelengths. In other
embodiments, the package 101 can include multiple film layers 110, each having phosphor
clements 112 that emit light at a corresponding different wavelength. In any of these
embodiments, the matrix material 111 can be selected to be at least partially (and in particular

embodiments, completely) transparent to one or more (e.g., all) the emitted wavelengths.



surface 132 through which light (e.g., blue light) is emtted. The phosphor
film110 is positioned over the active surface 132 to alter the

char act erwetotgi6af70t he | i ght directed away from the paclkafasi@1/041166

Accordi ngly, the phosphor film 110 can include a matrix material 111 having

a distri ion of phosphor elements 112. The phosphor el enments 112 recejve
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blue. [0016]In a particular e i ment, the phosphor film2110 Is forme

f rom a tbebhoespbapplor § i hggn bhapehedtoathnicagicy é20,phhiaimtarobe ogrif arsemidirigid so as
material. For, K exanple, the matrix terjal 111 of the phosphor film 110 can
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LED 130 can be wire bonded to the support nenber 140 prior to adding the
phosphde.gf.ilight, 0@ in partibelat cmbediphots phiciblef light). 1bothkérsmbhodiments, ke cartiegha® y
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WO 2011/ 163170PCT/ US2011/ 041166 [0018]In a particul ar enbodi nent, the
phospho0f il m 110 i s strong enough to withstand routine nicroel ectronic
devi ce handling techniques as a standalone unit. In other enbodinments, the
phosphdf0f9]l m 1Tigwand iHestetdsabb@dckage tIAE attar theghod oy fivni Id0 lmarbetrebroughtd or

i-rigid . ' ddi ti onal he phosphor fil '
he. martieerapc) RgtphBLck ISndebHin waryeis (B Hhekgby PR RLOE e haVHe 2
first syshiagsnith3s iiAQbmnt QFﬁ{eg)aglE%’pgeH_@ﬁ), élﬁgviﬁ?%etﬂlﬁsﬁﬁb?%tllmm%e&ﬁ{&

and a second surface 113b facin osite fromthe first surface 113a and
at t achexnfoymt theéhewrre ibends1 3, tHEHeEIR 480, tbe ESPOdie $03 (i preaéiity agd/fof bther fathror

nore rigid than the phosphor film 120 to provi de _.addjfjonal,K support. In a
par ¢ 1 culr TBNDBBITE IO e Ot APFSEH T261 Gl o PTABCal Gl aly yupage 146,
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to the phosphor fil w thout affecting the transm ssion of |ight away
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gl ass that s transparent radi at i . 0., light, and in rtjcu
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exanple, the carrier 120 can include a lens portion 121 that redirects

| i ght emwisitioedshbromnt RigutcED, 130, thienplasphdrefilne i 6 didirerst!, tot the IclalPr 138r arid thecan
i ncl ude 2 di%&@gal phosphor el enents 112 beyond those present in the
phosphdt*°¥4 0. If the carrier 120 includes phosphor el ements, the
concentration of phosphor elenments in the carrier 120 is generally |ess
than the concentrati on of phosphor elenents 112 in the phosphor film 110.
The carrier 120 can be fixedly attachéd to the film 110, and can forma
permanent part of the package 101. In other enbodi nents, the carrier can be
rel eased fromthe film 110 after the film 110 is attached to the LED 130
and the support nenber 140. [0019]Figure 2 illustrates the package 101
after the phosphor film 110 has been brought into contact with the LED 130
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WO 2011/ 163170PCT/ US2011/ 041166 [0020] Figure 3A is a schematic bl ock

diagramillustrating a process 300a for formng a phosphor film 110 in
accor danceowntifiearioenbodi nent of the disclosure. |In onePa3fsece11o81166i s
enbodi ment, a matrix rrat eri al 111 (e.g., a softened, liquid, or otherw se
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descri bed above with reference to’Figures 1 and 2. [0021] Fi gure
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accordance wth I ti furt odi hen odi nents, the
phosphat oot el meeht ftidss o rulBRISERTN FHPMSTR USRS St ol
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using any of the filmformng processees descrl bed
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pliancy, c act r| S descri bed above. Th sphor el ements can then be
di sposéh® E’a: e@% ﬁdfa}ngﬂ it Fefqnlcfh?q g‘ﬁ&?esifg‘g%usi ng a phosphor deposition
processg&shomn |n bl o an alternative enbodi nent, the phosphor
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wavel engt e phosphor el 2 are concentrated in a region
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Figure 1, the nulti-I|ayer phosph film 310 n, be self supporting or not
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420 does not include alens OI‘tIOI’l

2011/ lﬁﬁﬁﬁmﬁﬁﬁiﬁmmﬂédepMMmmmts the carrier 420 can include a
| ens portion, e.g., simlar to the lens portion 121 descri bed above with

ref ereroe2zjo Fi gugge 4.is h?@ﬁﬁlllﬁsm@ &Pledc@dldviatidh YieSchrenBdckssd 40 1Ushvimt | on
of different techniques for applying t
a multi-layer phosphor film 310, e.g., formed usmg any of the techniques described above with
reference to Figure 3B. The multi-layer phosphor film 310 can include the first layer 115a
formed from a matrix material, and the second layer 115b formed from phosphor elements 112.
As discussed above, the phosphor elements 112 and/or sets of phosphor elements 112 can be
selected to emit radiation at one or more than one wavelength. The phosphor elements 112 are
concentrated in a region that is directly adjacent to the LED 130. As discussed above with
reference to Figure 1, the multi-layer phosphor film 310 can be self supporting or not self

supporting, and in either embodiment, can include a carrier 420 to provide additional support.

In an embodiment shown in Figure 4, the carrier 420 does not include a lens portion. In other



phosphor filmto the LED in accordance with several enbodi nents of the

di sclosure. In a particular enbodi nent, the phosphor film510 can be forned
di rect |y wo 2a11¢imsyver wafer 520 and can be sized to provCiaScavmssage for a
mul titude of LEDs. In one aspect of this enbodinent, the carrier wafer 520
and the film510 can be diced together to formfilme|]enents 516. .

i vi chod et dhe demes S35 ekin ¥Rt §-y STHI &éﬂ?feﬁqleewagoﬁolr?&i ng
subst r gf.8&8ibEAAb NG IR ARLE O S eehgWn i n Figure 5) using a conventiona

I

pi ck- and- pl ace process. |In another enbodi nent, the wafer carrier 520 and

he fil 0 . i I i . . . i .
Lhe TUMPLC cadilf, SieERAlhetoBalag ALARIRS: IRt A RIEERRP gL AR
at t achefhosHog qilhytd theaDEDER d@belanda33ithhaveray chbbginidhat ofithe dikdleasy. \Whre

bonded to pre-patterned or otherwi se fornmed electrical lines in the LED

waf er 13giqHaepbodmet, thehasphes Bl S Hhepn breforned fisectiiemer casner witfoeS Hbwer!
attac hec n%@ sfzgg td‘ﬁ%v}'é@fcg(lerégg’forta%lﬁﬁltd% LPLEPRE T;?B%e s?@ct%? ttﬂk &ggocﬂ{ne t, the
si ngul ated t 0 produce i ndivirdual "packages, e.g., having a con |guraP|on
si m | arcatriertwidér S¥00amtd the filih $U0 a2 be [dQRA4ddethea o fdrar filenbledicAitl 6. dhdifeiueint

phosphor fil ns (e.g., hosphor filns having different concentrations, .
di st ri Bt damenthdl arettgﬁégldwdtwﬂa%¢ op|caffatoaying anbsystes JaPi(ere efovhich is

si ngul . i necas.l u >

the e PoaR g FASRL e fnfial BRIFARIG frbfest R dhorh s Sobdifiolly o
t ypi calwafehawgersidteantdahe finh 65¢0 et bedictd efler] begipt atabladaottry t@tdspendineLEDs.
variations in the associated panufacturing processes and are accordi ng

I
"bi nnedor syample; thepmafepeamsics P7Y pad the gipciera v ¥h0 e ksatiched Awegsdto an
e : . ! . .
i £7 or arkD gt Js g LEDE Moy pledire iy hEBEhAR) BRI d B IRE b

out put addcttidad linesinl the i packads3 itssifng\ fidnitlse fikw 50 gueé thd Eoserf wafier 20 heveent
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out put ?beseh aiterhed epghe b E R vafer bi%m theaihtise 235510 gfeg‘é’& '%edﬁe qr&%wlﬁe%f%%fpgum

W thin: - P n J i i R reduce or
1555@10%%%&1& e@,dé/ ?., ﬁﬁgﬁg QEO&ﬁu%atfoﬁ%ﬂﬂﬂﬂ%g thap EIII%)JSW in %%&1%@

elimnate t er o I NS~ use 0 categorize L andFor i nprove the
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i ncl udejiffeRhe cheiBstiondh asRMtioEP BA@DN ky@s fofl fhob diém@tgcesh Bn a?plied to
correspondi ng LED (at the wafer |evel or the individual die |level) after
t he LEDteadaterb&EDS foe agrontiedort diffgranges ablthe suippble-gstcplpstafr the @aitigdslighthe

phosphar. el nts a argie fit need not, he osite

i r oct NS SR BedlPRSS! FeRil bohud JRRURELIRL00, SRR B v
2011/ 163ditePCIntehdRtriBddslht teRatigtiomRas ehdbodinted utufich@Mi tpyocckR6 @88 aredam
or other containnment feature that contains and/or confines the phosphor

el enentascordinghdiinnegn so that LEDswyjdctimdat hight cheragteristics tc gronreddapibiermsAlds
t he di I bt r. el t Pl } to t L 1] ]
mor e unbARnBn SGFER e TS TR (B R AR RS, Bnd P Bora sl s
[ 0026] Atifrédaatial ot aigelight oRfpaodf tRNtsulolg pivkafOr egag figs Rcharss, LEDE hain,
because the filmis conpliant, it can conformto the shape of the

under | ydifigrens bias panbspackpeddogtasitepradace fredemsr pgarly tepame light eytputy prd/or
conf or E UL e 0 fi |41 : . grQoV

Fecessa PhALH Bin bt de fetBlieah Pl Sk EERS S thn DARNST BLe of

pr ocesshisaschnixgli¢i ik @hdtenvesin ddaps ot BHMiAtE theSnben of Wiy e thicgodle LEDs,

t echni ques. _Enbodi nents of the E%OQESS can also elimnate the need to | ay
down a ®E9aimpwVE Reamifornity e6LEPS Withéh 4dle bonds, prior to di sposing the
phosphor el enments on the LED, which is a process used in other conventional
t echni d0823] Thi Oricetratwre odl dtolesstt Jemep himbpdiorenisndeshabdd kbevel @ithorefgence to
posi ti gned direct dj acent. to the LED .13 .0., . directly. adjacent to the
ot ve TaETESdE Sant R PG o mie o mbe e e ion MG an
the fild@rlsdoddinkOL D gaah8 Svaderf IbvdNowitkdiniReduaEBR 1eVd)) sftdrané WED Rdsl ¥R wike
filmto be manufactured entirely separately fromthe LED dies, e.g., in

par al | dlondgd o amnidbde supnonigstanstirgr disessse ribe phesplipeelcmThis siracaraiad dyenfilan

reduce the fl.ow{i r i.red to pa e a die and can allow the. .dies and
e BOERer R R Gy o BSREPTR el ool cas Sl inkRiedog
for bottlenecks to formin the overall manufacturing process. The foregoing
features, alone or in conbination, carf-reduce the tinme and expense

associ ated with packagi ng the die and, accordingly, can reduce the cost of

the resulting die package. [0027] Fromthe foregoing, it will be appreciated
that specific enbodi nents of the



di scl osure have been described herein for purposes of illustration, but
that various nodifications my be nmade w thout deviating fromthe

di scl osurw0 2parieawwanpl e, the matri x material can incl udeCotuser110epOSsi ti ons
(e.g., other than epoxy), that also provide support for the phosphor

el enent s nd that have adhesive characteristics.to facilitate bandin to
t he LEI?)“%FHB?T@FG‘F Pt lgaag%? EANIGTSCRSS. QBTN cPRPDmER Ay thak coniips ap

l'i m t edohAnesS@k iplosidt StenfRafst 'Iﬁlaldﬁltl%ﬂr ﬁqs g&f@&%ﬁﬁt 1ﬁqltf"?&kty ﬁ)n@él’ﬁﬁd(ﬁﬁl@nts()f
whi ch b-stage epoxy I's one exanp can have shapes, sizes, and/or

ot her dhadamt&mloﬁ torf cphoijhbf elrementst tmm atpk)hscétcsﬂn@vaEID nwilhlec ﬁ]loguumﬁamﬁham aian
aspects,.of. the e descrl d In the context of particular
enbodlﬁgﬁfguﬁﬁv) @n WﬁFﬁ@HmBPO HOAYIEY i n ot her embodi ments. For
exanple, the carrier 120 shown |n Figure 1 may be elimnated in _sone

embodi HB03E,  and\nedlier sEvatgsi Qfe@nb@dfuwelﬂqﬁ@fﬁh%@pﬁwmg iPFORCEhBiAt: rl?eqraugﬁ the 4

R e R AL e R L L e
cont extprodestihgstn parhiodunyeitt @nf@tdabhaterduddhariim samelymmb&ahexbddoiotcus gltbbves

advantages. Not all enbodi ments need necessarily exhibit such advantages to
fal | warHPeeseaan<hoFimde a@%ﬂlﬁ@@ﬂé@me vits hosdur Accoudighithypipeessian require

disclo aS5 96 ﬁﬁn A " %' t

expr ooay Cs oA e Btr Bea e gy prio i SRTATRE s rBn I 1 SRR

CLAI M5 alldoV‘éhmha'terrthe need to l]a.y dowh BEDsepysdte Mayce ahgar ¢ssiersgtheawit dpads, preeier

havi ng a support nmenber bond site;, an LED carried by the support nenber and

g pp y PP

havi ng dispoping the phodhpp clements on the LED, which 1s a process used in other conventional
techniques. This feature allows the phosphor in the film 110 to be positioned directly adjacent
to the LED 130, e.g., directly adjacent to the active surface 132. Still further, the phosphor
elements can be added to the film prior to engaging a film with the LEDs. This feature allows
the film to be manufactured entirely separately from the LED dies, e.g., in parallel with
manufacturing and processing the dies. This arrangement can reduce the flow time required to
package a die and can allow the dies and films to be formed or stockpiled separately, which
reduces the likelihood for bottlenecks to form in the overall manufacturing process. The

foregoing features, alone or in combination, can reduce the time and expense associated with

packaging the die and, accordingly, can reduce the cost of the resulting die package.

[0027] From the foregoing, it will be appreciated that specific embodiments of the
disclosure have been described herein for purposes of illustration, but that various modifications
may be made without deviating from the disclosure. For example, the matrix material can
include other compositions (e.g., other than epoxy), that also provide support for the phosphor
clements, and that have adhesive characteristics to facilitate bonding to the LED and/or the
support member. Such materials can include, but are not limited to, solid state, partially cured
thermoset adhesive materials, of which b-stage epoxy is one example. The LEDs can have
shapes, sizes, and/or other characteristics different than those shown in the Figures. Certain
aspects of the disclosure described in the context of particular embodiments may be combined or
climinated in other embodiments. For example, the carrier 120 shown in Figure 1 may be
eliminated in some embodiments, and may be combined with the phosphor film shown in Figure

4 in other embodiments. Further, while advantages associated with certain embodiments have
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a wre bond electrically connected between the support nmenber bond site and
the LED site; and a phosphor filmecarried by the LED and the support

menber, tWe 2phiasptvor fil m bei ng positioned to receive | ipghtUuskolointibe LED at
a first mavelength and emit light at a second wavel ength different than the
first phor fil m bei 0Si ned in_direct contact th t e W re
bond atbef“ﬁé P dhthesopiext of thole St 0@%@%@%@@3%% lf pech
SUppOr ty(URITREL NSt &1 98BEdiRch ﬁéeétne%é@itﬁ(}eexﬁihtv‘éﬂcﬁ hdviiRa _Qo'f§11 Gl atb

and wherein he surface does not 1nclude a feature to contain the phosphor
film scope of Bie fivsers yhtodosuoe. QAlCaomllIﬂglymr(hB glistlasnee surp psyotiatventeetmolieey ean
generall flat surface on which the Dis carrle& and wherein the surface
does. notLPRERIA eae%é%iwntsmwr&ﬁw{ OPETIdSS GBS PPiSHEd. 4. The
system of claim 1l wherein the phosphor filmis bonded to the LED and the
support nenber. 5. The systemof claim 1l wherein the phosphor film
includes a matrix material and nultiple phosphor elenents, and wherein the
phosphor elenents are generally uniformy distributed in the matrix

mat eri al . 6. The systemof claim5 wherein the matrix material is
generally transparent to light emtted by the LED. WO
2011/ 163170PCT/ US2011/ 041166 7. The systemof claim 1 wherein the

phosphor filmhas a first surface in contact with the LED and a second
surface facing away fromthe first surface, and wherein a concentration of
phosphor elements in the filmis greater toward the first surface than
toward the second surface. 8. The systemof claim1l, further
conprising a rigid or sem-rigid carrier attached to the phosphor film the
carrier being transparent to light at the second wavel engt h.



9. The systemof claim8 wherein the carrier includes a | ens portion
positioned to affect radiation emtted by the LED. 10. The system of
claim1l wsereimestte LED i ncl udes an LED bond pad, and wireraispotitiog11bé | m i s
positioned in direct contact with the LED and with a portion of the wire
bond at the LED bond pad. 11. %ﬂg Séstem of claim1l wherein the film
entirely surrounds an outer surface {M8 wire bond at at |east one
position along a length of the wire bond. 12. The systemof claiml
wherein the wire bond is encapsulated by the filmat a | ocation spaced
apart firwectadivg: LED bond site. 13. The systemof claim 1l wherein the
LED has an active surface positioned to pass |light emtted by the LED, and
wherein the phosphor filmis in direct contact with the active surface.

14. An LED syste ri sing: a.support nenber having a support nenber
bond pad; a ‘LEDn[%IéﬁEﬁ;S SW’?WBP‘%%JB%O” nenber and having an LED bond pad;

a Wi re bond £uppbit hiedbey h&H9ANE SERRrRIMNEEMohASitsUpport menmber bond pad and
the LED bond pad; a carrier; and a phosphor film positioned between the LED

and the car randsEDD garried by vlee $uipgont nfendher eikhaviamy at LEDfliond sitevavel engt h and

emt light qat wite DoRd & ectrwfac\a{ﬁgl %g%}e@te i‘tfe{vgere%q}le tsgl%%rt_ r%i%ﬁlber bond site and the LED
site; and

a phosphor film carried by the LED and the support member, the phosphor film being

positioned to receive light from the LED at a first wavelength and emit light at a

second wavelength different than the first, the phosphor film being positioned in

direct contact with the wire bond at the LED bond site.

2. The system of claim 1 wherein the support member has a generally flat surface
on which the LED is carried, and wherein the surface does not include a feature to contain the

phosphor film.

3. The system of claim 1 wherein the support member has a generally flat surface
on which the LED is carried, and wherein the surface does not include a cavity in which the

LED is positioned.

4. The system of claim 1 wherein the phosphor film is bonded to the LED and the

support member.

5. The system of claim 1 wherein the phosphor film includes a matrix material and
multiple phosphor clements, and wherein the phosphor elements are generally uniformly
distributed in the matrix material.

6. The system of claim 5 wherein the matrix material is generally transparent to

light emitted by the LED.
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WO 2011/ 163170PCT/ US2011/ 041166 the first, the phosphor filmconformng to
and encapsul ating at least a portion of the wire bond, the carrier being

t ranspar ewo 200/1681yht at t he second wavel engt h. 1BCTMIse013pgt166n Of
claim 14 wherein a concentration of phosphor in the phosphor filmis

greater than a p phor co centrat | arent. ri

darrier. 7 h@ﬂe Sv'ﬁ@nw elat dr W ?rﬁﬁnrf:hi@%ﬂ%é‘r"é ﬁ%m%é apﬁ%gg breerip | ‘ﬁ&% a
First sppf age LED Ca%t aclecthd Ruith® eRR AR ﬁ»&ﬁomé Bk FRbBcd, naIfEiOWh%fétanM th
the carrier, and wherein a concentration of phosphor elenents in the film

is gr ea:toacerttnat/vaun df plmspharred¢ments fnabe fitth angreateatodvar htheSestondasuthfua gevard the
17. The systemof claim 14 wherein the carrier includes a | ens positioned

to col 1664 MHSF fect |ight emitted by the LED. 18. The system of
claim 14 wherein carrier has a first conposition that includes glass and
t he phosphor film has a second conposition that includes epoxy. 19.

A phosphor f8.I'm sﬂs:tssratpnmfrq]mins] igrthea compﬁkihglatrigi@elnmnamgid tarars pieacked to
mat ri x terl orm a first d a distri utlon of phosphor
el ement! P]?J‘?Sﬁﬁ?fgg 1, She@wden 9‘& rantSIPPée%tégﬁﬁ@t qtg‘%ﬁeffe ‘Pﬂﬂs W@Vq

surface-to-surface contact with the first |ayer. 20 The system of
claim 19 wherein a concentration of phosphor in the second |ayer is greater
than a phosphor clrcgntenadf daim 8fwiryin the cafner finalsdes laalgey portion positioned to

affect radiation emitted by the LED.

10.  The system of claim 1 wherein the LED includes an LED bond pad, and wherein
the film is positioned in direct contact with the LED and with a portion of the wire bond at the

LED bond pad.

11.  The system of claim 1 wherein the film entirely surrounds an outer surface of the

wire bond at at least one position along a length of the wire bond.

12.  The system of claim 1 wherein the wire bond is encapsulated by the film at a

location spaced apart from the LED bond site.

13. The system of claim 1 wherein the LED has an active surface positioned to pass
light emitted by the LED, and wherein the phosphor film is in direct contact with the active

surface.

14.  An LED system, comprising:

a support member having a support member bond pad;

an LED carried by the support member and having an LED bond pad;

a wire bond electrically connected between the support member bond pad and the LED
bond pad;

a carrier; and

a phosphor film positioned between the LED and the carrier to receive light from the

LED at a first wavelength and emit light at a second wavelength different than

-11-



21. The systemof claim 19, further conprising a generally rigid, generally

transparent carrier attached to the film 22. The systemof claim?2l
wher ei n tWe 288¢ieBf0l ayer is positioned between the first®PCrageriiandes he
carrier. 23. The systemof claim19 wherein the matrix nateria

i ncludes a solid cure thernns&t adhesi.ve materi al . ég)
i ng:

, |1
2011/ 163170PCT/ Uég% lﬁ%h%%%gpﬁor film conformuing e 2R SRCaPYating at lst 2oRien

a filmbhaving a GRERkic3Bhd, thé eiﬁieﬁwaﬁgﬁa{s§&fen%tlfg’h¥at%& SLcbll wabdeeth.
di stribution of phosphor elenents; and a rigid or sem-rigid,

i ght-transparent carrier attached to the film 25. The phosphor
filmsystem of cLﬁ%n124 eﬁein the matrix materials ha

a first
conposi ti on '2nd tHE YEFM UrClHRS! ‘A RSB G AL OBETHIGEPE Péﬁhwpﬁcrreméﬁﬁ PhasaheriHer
first qg’gﬂ:ﬁ% Eﬂaﬂ_'l-phors]phor C?ﬁgggﬁégﬁzpﬁ%ﬂﬁhﬁs UL Qfric! @ m 25 wherein

the first conposition Inc nd the second conposition includes a
partially cured epoxy. 27. The phosphor film system of claim 24

wherein a concentyation of phosphor in the filmis greater than g phosphor
concentrati o i fT@rﬁ)’,StePhOft ﬂ@%iﬁé‘f@m“&‘/ the @}%P]&irfipb{‘a}s a first surface in’contact

with the LED and a second surface in contact with the carrier, and wherein a concentration of

phosphor elements in the film is greater toward the first surface than toward the second surface.

17.  The system of claim 14 wherein the carrier includes a lens positioned to collect

and affect light emitted by the LED.

18.  The system of claim 14 wherein carrier has a first composition that includes glass

and the phosphor film has a second composition that includes epoxy.

19. A phosphor film system, comprising:
a compliant, generally transparent matrix material film forming a first layer; and
a distribution of phosphor elements forming a second layer, the second layer being in

surface-to-surface contact with the first layer.

20.  The system of claim 19 wherein a concentration of phosphor in the second layer

is greater than a phosphor concentration, if any, in the first layer.

21.  The system of claim 19, further comprising a generally rigid, generally

transparent carrier attached to the film.

22.  The system of claim 21 wherein the second layer is positioned between the first

layer and the carrier.

23.  The system of claim 19 wherein the matrix material includes a solid state,

partially cured thermoset adhesive material.

-12-



28. The phosphor filmsystem of claim 24 wherein the phosphor el enents
actively respond to radiation at a first wavelength and emt radiation at a
second wawelengtebi7di f f erent than the first wavel ength, &ad/Gsenmsisnecs he
carrier is generally transparent to both the first and second wavel engt hs.
29. The phosphor ime;ﬁ{s?tLem of claim24 wherein the filmhas a first
stiffness ard wher 8ReP 1 $YS{e8p. cREWTISN8econd stiffness greater than the

first stiffneggy having a 9m e, @i?ﬁﬁf?%&)atfeh! MY RIRE] GhdiMRAMeBH eHN
the filmincludes a first Igyer of matrix material, and a second |ayer of

phosphor el enent phdsgposkecients; snt f ace-t o- surface contact with the first

| ayer of matrix material. .. 31. The. phosphor fil.m system of claim 19
wher ei 1 t he TR P ST B eI S LR CAES 19U SHhr ent 1o vi oi bl 6
light. 32. A nethod for manufacturing an LED system conprising: nounting
an LED to a support nenber; electrically connecting the LED to the support
menber with 28. wi rkhebghodphor\Bn? Oyisiend 68 tRORCH W20l 1ho414t66 rnanfids Mang farst

pre-fornmed phosphor filmto the wire bond oyer at |east_a portion of the
Wi re boRESSDRBERT MBI g T ABI SOBRO HOT B! thaR SRR o
phosphor filmto the LED and the support nenber. 33. The nethod of
claim 32 wherein conform ng a pre-formed phosphor filmincludes heating a

partially cuted pHaespivaphdri film apders wifrdandRhgvliatreih ehstfirst q@ontosoonahchiitbes

wire bond w t he phosphor. fi.l and wherein attaching the phosphor film
el udea dhd ferseearld oG HONEIOp HRAIOR ertiay curod cpoxy.

27. The phosphor film system of claim 24 wherein a concentration of phosphor in the

film is greater than a phosphor concentration, if any, in the generally rigid carrier.

28.  The phosphor film system of claim 24 wherein the phosphor elements actively
respond to radiation at a first wavelength and emit radiation at a second wavelength different
than the first wavelength, and wherein the carrier is generally transparent to both the first and

second wavelengths.

29. The phosphor film system of claim 24 wherein the film has a first stiffness and

wherein the carrier has a second stiffness greater than the first stiffness.

30. The phosphor film system of claim 24 wherein the film includes a first layer of
matrix material, and a second layer of phosphor elements disposed in surface-to-surface contact

with the first layer of matrix material.

31. The phosphor film system of claim 19 wherein the matrix material and the carrier

are transparent to visible light.
32. A method for manufacturing an LED system, comprising;:

mounting an LED to a support member;

electrically connecting the LED to the support member with a wire bond;
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34. The nethod of claim 32 wherein the LED is one of multiple LED dies
formng at |east a portion of an LED wafer, and wherein attaching the
phosphor Wolzmttiw3t7he LED i ncl udes attaching the fil mtoPguitSepheidees of
the wafer prior to dicing the dies fromthe waf er . 35. The rrethod of

cl aim 32 where n the phosph ilmi ude a.first er. of matr
materi al , arﬁﬁ?n r@é%ﬁarq gqy@ﬁ @Foml?eg 0 & eeﬁ‘érﬁt@n&%ﬁ%%te]&a?tr? portion of the

surface-t o- sur f aceirCaat Al Wit e LE® drd e sdipbim@fingBhdd X material when the
phosphor filmis conforned to the wire . The nethod of claim
32 wher ei n atatlongihegphaspoe filmotorte Ipﬂlfmspdht:he stippart mamberdes conf orm ng t he
preformed phosphor filmafter the LED has been singulated froman LED

waf er . 37. The nethod of claim 32 wherein conform ng a pre-forned
phosphor {1 133 | neiideRepnbPeifg s NEnBLR! QbARA A0S PRRLOfMdTREIRALE dife
LED has been singulated froman LED warer. 8. The net gf clarm 32
wher ei rindodﬁsdtetatimg agaptradlyf aretephgshlospflor add !;urrdumdinlgcbeéeast)mfportmnr(gf thhevire

phosphaqr fil e it ig att ed.to a_carrier havi a stiff S greater
Phan a 0 ﬁlerr?bﬁ@ Rposelios fﬁ%éﬁﬂ%&‘ﬂ‘eﬁmﬁ{a‘% @e@&ﬁﬁ@w dilringiopeRERer PHing o

conposihi GRosBhor flen. Phosphor film 39. The nethod of claim 38 wherein
the carrier includes a |l ens portion positioned to redirect light emtted by
the LED. WO 2011/163170PCT/ US2011/ 041166 40. The nethod of claim 32

wherein att chln t he | minclu attachi ng .t or film
wi t hout cont34F ni %E}ieatn? F%aﬁpg? 3 ?el%th@ﬂﬁ?ﬁ?gswet 3&%3&?@3@&? OISRk ur e
at the |LED, pof]tﬂon Jfg ﬂEf)h%jfepfanﬁ |vﬂie%1§ %ttadchlﬁ{gt ﬁl% hS%EF 5N tﬁ@tﬁbnﬁcﬁlﬁ@s

phosphor fil'm by: m xi ng phosphor el enent trix material; and
| east pﬂiﬂathlag the fdortomgultiple destafithe wmﬁeemlm tp dlclng the dies from the wafer.

35.  The method of claim 32 wherein the phosphor film includes a first layer of matrix
material, and a second layer of phosphor elements disposed in surface-to-surface contact with

the first layer of matrix material when the phosphor film is conformed to the wire bond.

36.  The method of claim 32 wherein conforming a pre-formed phosphor film
includes conforming the preformed phosphor film after the LED has been singulated from an

LED walfer.

37.  The method of claim 32 wherein conforming a pre-formed phosphor film
includes conforming the preformed phosphor film before the LED has been singulated from an

LED walfer.

38.  The method of claim 32 wherein conforming a pre-formed phosphor film
includes conforming the phosphor film while it is attached to a carrier having a stiffness greater
than a stiffness of the phosphor film, and a composition different than a composition of the

phosphor film.

39.  The method of claim 38 wherein the carrier includes a lens portion positioned to

redirect light emitted by the LED.
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42. The nethod of claim 32 wherein the LED is a first LED having a first
out put characteristic, the support nenber is a first support nenber, the
Wi re bondw0D20u/168178t wi re bond and the phosphor fil m i sPaTfuse&it/opt1i66phor
filmhaving first phosphor characteristics, and wherein the method further

conpri ses: unting a second LEDQ to a second s ort er, e second LED
having & secnd OLEREDERS AHBr2Y FEeRi HREHRRENY. Regofia et %Dgiu, s atfaching

el ect r QR GRAI Ko COMD /5thbIGdnPEniRe A AR bERdsPhd e REROWEh SURRR A m R TREELW T h
a second wre bond; conformng a second pre-fornmed phosphor filmto the

second anthedlFIONnd over at | east a portion of the wire bond between the
second LED and the second support nenber, the second phosphor filmhaving a
second phosphor characteristic different than the first phosphor

charact eri stjic torRlmlifaebr B S8l G SBRBASAL forbihe ISP RASS: bet ween

the first output characteristic an second out put characteri c; and
at t achi ng t heixsecgodplphespieats with antagrit imetesisbendl LED and t he second support
menber . met hod of claim42 wherein the first output

43. Th
characteri staitée%tspaéﬂ?ﬁlyr“é‘?m& OPAEHIPYE Er i stic and wherein the second
out put characteristic is a second color characteristic different than the
first color characteristic. 44. The nethod of claim43 wherein the
first col or 4har ddtcemethbd ofickaim 32 mdicrovavtel EEDt K aafict (. bedopd forst output
characteristic.is a second wavel ength different t]}gan.t e first. wavel gngt h.
characteristic, the support member 1s a fifst support member, the wire bond is a first wire bond
and the phosphor film is a first phosphor film having first phosphor characteristics, and wherein
the method further comprises:
mounting a second LED to a second support member, the second LED having a second
output characteristic different than the first;
electronically connecting the second LED to the second support member with a second
wire bond;
conforming a second pre-formed phosphor film to the second wire bond over at least a
portion of the wire bond between the second LED and the second support
member, the second phosphor film having a second phosphor characteristic
different than the first phosphor characteristic to at least partially compensate for
the difference between the first output characteristic and the second output

characteristic; and

attaching the second phosphor film to the second LED and the second support member.
43.  The method of claim 42 wherein the first output characteristic is a first color
characteristic and wherein the second output characteristic is a second color characteristic

different than the first color characteristic.

44.  The method of claim 43 wherein the first color characteristic is a first wavelength

and the second color characteristic is a second wavelength different than the first wavelength.
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