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DOMN- CONVERTED LI GAT SOURCE W TH UNI FORM WAVELENGTH
EM SSION Field of the Invention The invention rel ates

w0 2000j0gsP4 e tti ng di odes, and nore parti cul arPgI/US2088/086060
light emtting diode (LED) that includes a wavel ength
converter for converting the wavel ength of |ight
emtted by the LED. Back round L|oht en1tt|no di odes
(LEDS) are DO 2 1 JeAs! I'LH
using a chemc ch as
MOCVD. The wafé‘NI 6R&MVQ R’%SL}EN&‘T mycati on are
fairly high, around 800 OC - 10000C, which can lead to

probl ems of uniformty. acr sIthetmafer. The probl ens
ari se because the ten§$ﬁ§¥ﬁﬁ%—ﬂ%9Lﬁ%& be uniform

acr qsg ifkativefclteABdight Emithies €886, Ahd SBFEpSRALATY © a light
mat eri al conbi nati ons, the process teng;rature may be

emgfting divide tLED) Hiagy hlctu(dear evavelpegthcenyeier tr camyasting thevervelength

u ials. For exanple, in the case of
OfﬁggrpaaaggggpqL that use indium such as Gal nN LEDs
that emt in the blue/green, the process tenperature

i s higher than the re-evggogatioa tenperature of the

indium with the result fraction of indiumis
not 1 it bRith @ AIJASS (ILESs)WRd &Immdily Sndae RN sfeﬁﬁéﬂnﬂﬁctbﬁwafer using
the indiumfraction results in a nonuniformty in the

a chernjsal vapay dépenigioh podcebEdchley MRS VB ridesyafbietematitures in

MdPyR ERfGonat bl MR R R RO Reb SERESS Cprobtems

of ﬁﬁ?dﬂﬂn;y%rdsﬁﬁedﬁé&blc ephdyroblemS drifd l%@aﬁﬂ'&hé’\@ﬁﬂferd?@é @na{ychot be

be tes bi nned accordi ng to wavel ength
unlLf@@ wwerssheivafreprnday the @sdeliogr wyeifie nmtctrtaétsombmatlons the

t ol er ant ar n peak wa 0
ey TP BB bBE ot Sl b BEE v SO wRte B
costiRAEmbRrib R WL ctdeh 1 WaN el eagd bf Mateabal NEDE amt 8 ih&ildm,
devi ces across a wafer. Summary of the Invention An

sucdrasdeiln AtEL thatremit mbablusierees, Hicrmsecssitenperaturops high¢r than

hat, h d
eI s DamORr ShERAREERO kiR ape b AP TR uglP e Boium is
nof wnifoRPaktRs G WRdfel t THGndr@i¥ordity #1 the SRBGh ifMetiRERKults in a

wavel ength, and the arrangenent of
nonuniformity in the output wavelength of LED devices across the wafer.

This variation in the output wavelength introduces a significant cost to LED
manufacturing, since the resulting LED devices produced from the wafer have to be tested
and binned according to wavelength. Also, LED users either have to design systems that
are tolerant of the variation in peak wavelength or pay the premium costs of binned LEDs.

There is, therefore, a need to reduce the wavelength nonuniformities of LED

devices across a wafer.

Summary of the Invention

An embodiment of the invention is directed to an optical device that has an
arrangement of light sources and a semiconductor wavelength converter. Each light
source is capable of emitting light at a respective peak wavelength, and the arrangement of

light sources is characterized by a first range of peak wavelengths. The semiconductor
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ight sources is characterized by a first range of
peak wavel engths. The sem conduct orwavel ength

w@owessser is attached to the arrangenent of |P@hHUS2008/086060
sources. The sem conductor wavel ength converter is
characteri zed by a second range of peak mavelengths

when punped by ht from the arrangenent of |ight
Wa%lem&tg SONVRHET 1&5@&"6 drte Higearemepraed 0@2}%‘1 OHEChs Th@; semiconductor
Q0SS PP gt LRGB! PERr BB SR  T

pu@pecabys ﬁglﬁﬂﬂrcﬁﬂ t}ﬁﬁ@ﬁngaﬂm@fagwa{c@m OThe $c@o@Eranghafnpdake
| ongest  peak wavel ength of the |ight sources. Anather

Waé%whwmarr@wef than tfﬁ:vfgﬁtt iapge plopegk N@E?lé’@lgt% Hie wptisenguctor
sl R oty BRS8NIl HRL AR €5 000

thaphiag gt bzadwdelangth 6fhe Hpatsoatceyari ati on of peak

vvavelengths associated with the light emtting area .
and Agoticr smbegimeptet tb%\quﬁ?‘ilQmS éfre?té‘ii i nepticpd dyigsnthat includes
an 'eﬁfeﬁdb%' %@g o RSP e'h{lm g%réa It &%&é%ﬂ%t%&%ﬁ T
sem con or wave e conv rter is attac t he

chdra@bitizedrtiyta ﬂiﬂ@'gslﬁflelafaﬂﬁtubrhef ek evadeldngthg bisosiater aeth theéight
sem condug_t or wavel ength converter has an out put
emstuflg aca andg diryd sRIE) meiRttoot ielo by esrgisHoR aﬁ%&rtteé @sgogiated with
the 'E Etﬁﬁ ér%g steﬁn thr @Eﬂét?éth Xﬁ{deﬂ&l 8 ?ttgcfhea (?(’)aﬁle light
ngt S assocl ate W|t e out put” surface
em}[ttmp egtaloy tHel axiindéd bghitsbercex Tea d@ﬂcbmcﬂhtormb&gth’bbﬁverter has

second spati aI vari ati on of p wavel engths is
an gL %Jrrfs frahng $rEniFQNAyEtos payelgnet é?li“é?ﬁ%ﬁ pragigiged by a second

Vel enghlie eama\%%ﬁzg%g%ﬁa%d ﬁle%%l{ﬂ sEPAUET " ulnﬁ)ed by
Urther chafacter|z y a seco spatial variatio
lightefr@t itheeexeendsd light dontoendiht iseond spacil strediondf ipedlheavelengths is
out put surface when y |i ht fr t he. ext ended
Smflﬁgﬁ’é'a%%a I SPafe Vard ’&Hd’?é’ﬁaai warKpgthsarh RCBHCOPEICeT ve
e L h B URSLNY SRa R ar gt rlive
emisstoansichsigss. asﬁ'dteatabwtl tl:mmrt]mtysutfﬁcd \hhaetmmmdtby light from the

i nyention is |nte ded to .descr each.i]lustrated
eXt@ﬂ%ﬁ‘é’g}g}i‘é PRI {]‘Ol}(gsgﬂa‘@ﬁlevﬁflﬁtt“?lb r@ﬁtlf'ﬁ EMEFRRdREnsItics 1s
suBst\ﬁﬁQFly ?%poﬁfb%alftgltﬂlé)ﬂf'sp Ghatih OUrB oA B fRHRIchEion intensities.

description nore particularly exenplify these
enbadde a’emtessunﬁnaryebf ﬂkspmwemt ineentioh if het 1ﬁleadﬂdrtg sle§dnibe cach

i nvention, my be nore | et el nder st ood
s B P adER e R I TBR i ddbapicaa d8gatph: T foljowing
ﬁgiﬁ%& 'au%lJ §et§1‘”@9&€s§&%’c¥o§1 rﬁéretﬂaﬁlc‘u&\‘@r&bﬁBhfﬁhG&%@&Hhﬁé}ltS
t he acconpanyi ng draw ngs, in
schemat ically illustrates an exenpl ar y ar r angerrent of

l'ight sources;  prjef Description of the Drawings

The invention may be more completely understood in consideration of the
following detailed description of various embodiments of the invention in connection with
the accompanying drawings, in which:

FIG. 1A schematically illustrates an exemplary arrangement of light sources;

FIG. 1B schematically illustrates variation of light source peak wavelength as a
function of position;

FIG. 1C schematically illustrates spectra obtained from different light sources;
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FIG IB schematically illustrates variation of |ight

source peak wavel ength as a function of position; FIG
wadososespmatical ly illustrates spectra obtai nedPET/U82008/086060

different |ight sources;FIG ID schematically

illustrates an output intensity profile for the

arrangenent of ht sources; FIG 2A schematically

il Eé‘grld? é@leawtléaégwﬂpﬁwe%nr%@é it psityfprofilg Her the ayrarggment of

wavel ength converter, according to principles

hgwfstop]ftces ‘present invention; FIG 2B schematical | y

i esGrag @ﬁ‘teﬁﬁhbzﬁtyi itlosteftespinngx emipGiny apaalemsavef emgtdurces with a

and converted lig peak wavel ength as a function of
wapelength @ﬁnvenﬂteaacm@@rt@ REDGIREP p§/th|e|p|rft§§ttrlav%loat fferent

pu t

FI e C5RF SmBRAI LSRR AR Sl [ @ pe BEGRY et and
Comde@QgMﬁfeﬁEdJalvblgﬂgthlamh@ﬁlﬁjtlbﬂ oﬁp@s‘ltild»rgs for di fferent
enbodi nents of wavel ength converter;
sc hE H%t%(“e éﬂltegnatwalwtlw%ttaé@ daﬁeréﬁtdwmmﬁt%%ﬁndadlfferent converted

Ayer sem conductor wavel ength converter; FIG 4

pr sent’s spectra neasured froman LED wafer; FIG 5
pr eFeGs. Q0P 2H suficmesedind Buspeciung ligasud edn\femmhght intensity
sem cond ctor wavel ength converter; FIG G6A
profi¢relipn it afmtmbpthmeptsat SvglengthERpYSey: ext ended | i ght

sou

o1 8 4 N I o R 0 PR sblconductor
wasclbegthicoadrtey;, 111 ustrates variation of punp |ight peak

wavel enﬁgth and converteda%rght peak w?vel ength as a

f un&LF chPiSFenSHWIcE i easpy pfEal |y

il r ' : f

cony 51 R B BB R SRR R Bt A EcRonductor
wasclhegthtbwaddey, i |l ustrate punp Iight and convert ed

Ilg tensity iles for different i ments of
%n@t chegtedl Yéﬁlusttm?%aél eﬁﬁ@plaﬁso SHiendse 1edt shterramite o
Wa'ifé’lel‘{ ﬁ'cQHv%rt%Pdal'cédrﬁ thBﬁnﬁ s @f {h%rp?éyeht ﬁvén@t%ﬁs

specifics theéreof shown "by way of ekxanple in

t he Ftls M8 sfsmanichlip illistimeesdesietiorbeftbuntp bightaichk whtelength and

shoul gl Fe U{gder st ooEI h(il_uv\ever that the intention is
coysrted Jeht peak wagglength as a function of position;

FIG. 6C schematically illustrates different pump spectra and different converted

lig

light spectra; and

FIGs. 6D and 6E schematically illustrate pump light and converted light intensity
profiles for different embodiments of wavelength converter.

While the invention is amenable to various modifications and alternative forms,
specifics thereof have been shown by way of example in the drawings and will be
described in detail. It should be understood, however, that the intention is not to limit the
invention to the particular embodiments described. On the contrary, the intention is to
cover all modifications, equivalents, and alternatives falling within the spirit and scope of

the invention as defined by the appended claims.
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invention to the particul ar enbodi nents descri bed. On
the contrary, the intention is to cover al
wOorwpOss | ons, equi val ents, and al ternati ves PEI/US2008/086060
within the spirit and scope of the invention as
defined by the appended cl ai ns. Detail ed Description
The present invention is applicable to light emtting
di odes that use a wav®ektlediDessripHpRer to convert the
wav - t - . L it
by ?hg B%E%t?%veg{laﬁ fs?ai&;gg’c%b?é) {oyﬁ ggﬁtyhg glnoggég{ﬂtat DA \L&%length

comayter ®n@hlert heavdvialeapthi ot leastpagoriieudht Yighednhittediby et LED to
to a method of efficiently using sem conductor
a diffsrentetygicrlly bmger tavelepgthh The veationy naptmsatlariyiy dhsued to a

A B o, &l i TR ) ooy L Bt Leos

whidheard usiadly ddsddanad diatdei Mgedalsuth ad AW@NN S dore padicakacly, some
wavel ength converter wafer to an LED wafer. Such an

embadigieisyf dhminpentiongst diseqteshieratinghing a AN HayRIntATFAIMNF Oy
W&(’&%[l]%[fl Pgn\!'elr:'t@r %fe? ko 51{ Eﬁbfwafé‘? g afl %%%mbﬁandrﬁyﬂlf’e%tsa lower
t ake ed waf er y not need

roma wavel ength conver
watelehygh hesdefbraitg thinthe dEBcwafcditsedf. tAccordieglenoED detioerstaken
reduci ng the overal |l manufacturing costs. The

fropet WPesigath AINSHEY Bifr MRVt Berddp s iensdeind tyanadiageqrding to
to FlGs.
wof QRS AR At B e o L 2D viaf er
as dhe exedphgh yoaurtifongépefitn efrandeglent sfdight esurd€30L.00Theow
ey B fe/EHBes 10 EIGiSr BT Ih, Fichd AgehePaieoDy Rsgios ap EBD wafer
o S 3 epdBe L0P E 208 b

LE# ddvédes atrommbwrdth)f Indthv ilbsgatidma die WwiEr t{m/haseslﬂDED deOi2es 101,

IO%@?néO ’18% at \l)vil het ut{] }/sltqno%i tﬁptfp%?[ﬁlgs l\foTéer could have
a diESPRGhGR} ?ff %e t VELléheEEﬁfdeuce 101 21’ 2I ?()3 |164 1|()'§ 10Pemits light

need not al e sane. |In many ‘cases, thereis a
hadng h spenwen Mn@@pﬁakdymbngthy al,u8sr pfrdl LS, Aolrdspettdiely. 4

5, .16. The be re rorlrr ular
t e THE VISEY ot o {on S ERBURC 15 s @anf/ﬁéses there
is éjdilﬁfe?eﬁl%‘ﬁ@cw'eén LG AVIRE (989, N8 LED W& THOM feRRce may be
m ght be the case where the variation in wavelength is
regiilpe ot orqpubee&sihe gllmnawdtendmélme'm,easwhwh enBtth NBatheatifforence is
as. bei ng .t he_absal ut

of the wafer 100.i efine
resr g osY TN RE Qs PHELUBAHS EHE W SAGLED SgHipn In wavelength
is (ﬁféQB ftksfAdonapialengths. In the illustrated exanple,

ongest peak wavelength is |16 and the shortest

peaﬂ“hwameblengh lvatigtidn| of the wafer 100 is defined as being the absolute value of
the difference between the longest and shortest peak wavelengths. In the illustrated
example, the longest peak wavelength is A6 and the shortest peak wavelength is A1.
Accordingly, the wavelength uniformity across the illustrated wafer 100 is defined as | A6
-l | . Thus, a lower value of variation signifies a more uniform output.

The output spectra of the different LED devices 101-106 is shown in FIG. 1C.

This shows that each device 101-106 emits light over a range of wavelengths surrounding

the peak wavelength. The spectral output of the wafer 100 is the addition of the output

spectra of each of the individual emitting devices 101-106.

4
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Accordingly, the wavelength uniformty across the

illustrated wafer 100 is defined as 16 - Il | . Thus,
W@2009083594/al ue of variation signifies a nore uPGCT/T82008/086060

out put. The out put spectra of the different LED

devi ces 101-106 is shown in FIG 1C. This shows that

each device 101-106 emts |light over a range of

wav &1 ga7eg ersbedimenifhe AgyiesenBealkpwieduticaunts offlight. It is more
co ﬁ%ﬁ&ri%hn lflto%(z?rr Iha{ &%re"@ (%1? 17% g tio??l %lﬂgel grgﬂ{ntt bPP%l%CE ermtted by

eac e1n

devdeasi Chs Vllﬁit1o'|tﬂtﬁa§' Be mﬁemwfomdy B Rfstemdtiee 16l s ﬂRlStrzEﬁiaé exarnple,
out put gual anpunt s of ght. It is nore co

as showdn Fggellepnd %IReﬂuthéménw ig Bighesy 401 taesediﬁvwﬁs ﬂ%?e 104 closer
to @@%&%r @ff thé bvgpetr 166]6{1& Fo%e?%%‘(zic%? ?Ol 11'68 CYO%F :tdt"l.th' %H%&So\ef the

dom or this ustra

waérdopleesn ﬁSuglhﬂh‘Mdlrllvl cEﬂrﬁﬂs ark@qadidot ) LBDE 001-1061 &nsilltbe
is,highest for those devices 103, 104 closer to_the
apRresitise that tharpptigalinower gmitigddby hedeviesrmapets rasuniform inggme

o5 DS G 05 L EFp RSN W
wale tafiereldradradayt hate athiaptiic ale qmwe bf thegividfed by t he

deV| ces rraé be non-uniform.in sone r manner,
exafpl FaR &%@ﬂaﬁ&@n%m}hghtéﬁwcswq(bt A lgﬁlufi?waf*éength

cor?s’ﬁegtt@%fgfscﬁéﬁ?at% Offllu%@at%@&elﬁ)@% whicH rﬁﬁ%w@?ﬂ ¢ D Waf& BYd'hs an

e center exanpl e
exanplanfememingefnchi ¢ffiighs saurcss TAG Q. BDhatfer A¢0 l:ldﬂSm&nber of
strated in

1 e S o i ) e
218 'To@%{) ﬁﬁ)@@eﬁﬂélg? %rdawrg@{ the QM &%0 jid ﬁleHﬁ%t%deermlgojdgn&ﬁsthe

a nu LED eV| ces. The LED devi ces
wafim? 1 D dasirn@/ED Béviads 129 11206 edthatigld therwdftre? Marhgy hR&2Q, different

b RIS B DR SO0 AP caslpeisguei b iehyving s

e85,1201:4 h ithgugh the wafer 210 may have a
resggéf ?earl]t n\l],l g? }ULPED devi ces. The LED devi ces

201A21®61t1daa3(eh s@mcd)nqmmtqn Wwvglhngthavnwgteawaﬁs Ré2 4 atechekto the
6 Anmultila sem c
LE&WJ@&ES@ @ﬁ%}é ol st pitac by tﬁ%fr%boéqws ERH206
prdfﬁéz%s itdkhe &avbl%ﬁ%th OB tePivabdd® 1P WRrd it BNbs&BEA El?djrebéfmtted at
he LED devices 06 propagates into the wavel ength
a lmrgar/ élrffeeant waleengh 2 Timh srecletgth somlestor Wefdr ahYmay be directly

emtt at .a er differen vvav l.engt h.. ..
GV UeEeD SatS 2 Do ferapic 51 5 gy SN 6 Artlin U Bendgione
Patfeﬁt A mla’égh Ve AN 594015 804 13RI 18’ ABch 't%HEﬁ%fb&lO by an
detail 1n U'S. Provisional Patent Application Seri al

adideiveddyon 18 i16didcuserd impycdte datailaohed. Raerit PeoiGiOnalafpgatication

Sett A NC%0As.304.

One suitable type of multilayer semiconductor wavelength converter 212 is
described in US. Patent Application 11/009,217 and in U.S. Provisional Patent
Application 60/978,304. A multilayered wavelength converter typically employs
multilayered quantum well structures. The semiconductor materials used in the
multilayered wavelength converter are selected based on the wavelength of light emitted
by the LEDs and the desired wavelength of the converted light. For example, 11-VI

semiconductor materials may be used for converting the output from a GalnN blue or UV

5
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adhesive layer, as is discussed in greater detail in
U. S. Patent Provisional Application Serial No.
WON09P&E5304. One suitable type of nultilayer PCT/US2008/086060
sem conduct or wavel ength converter 212 is described in
US. Patent Application 11/009,217 and in U.S.
Provi si onal Patent Application 60/978,304. A
emyting LER wrlsttosroa behit in s cxampley - é’aﬂenyccmﬁwt@watemls
L.t n
maf e TSR Y PR o S hERnd i bypag grGatnN-based
LE\IEM&b@Ggﬁé'ar@ﬁ‘fH\t@Ihg{t are sel ected based on the
wavel ength of light emtted by the LEDs and the
desi® éal%wr%g@ﬁel@tfgth RRMVEHRN ebtosbing ilayises. armfowded with a band

oA B b ST PRI 1 RNt g Lo

is dbsbibeaf he titurgs @efier iggidrated by abairpréon exaerplep light rnb/ve into
sem conductor materials may be used for converting the

othﬁupwpnff Pldhe atreptwenthe @Ptemlﬂgfvelksatmg@léﬁ qa%nt@awvﬂﬂsblﬁsww a
t d
s B kB ot A om bR Ll R
wa%lbﬁ\gth Eﬁhmdiegc&@tlba\is g istondodas glymsmb enics df sanicb@iuctlr materials
| east .some of t ht emtted by the LEDs is
or %é@rlal@aereﬁrﬁtéuﬁhrgrog‘éhec\awq?@géh GUWEH S ed by absorption
of Uﬁ% QH{EHI %Y@ s Yggxl;b%n 5 Vglqér 19ﬁe§cﬁged in U.S.
structure, e p ential y quantum
Provédibrsa] Ph@ui Agpla;asamsbml I\hﬁﬂd/%&,@ OWh Arrﬁulttﬂtmjet; guantemswell

r ecorrbl ne and generate i %,ht at the | oqﬁger wavel engt h.
sentigpadygtas cppyRIie AVY wap pritigl pryan [y subpteate t%%@%ﬁfcular
r
e Cp AT INPL (R FIANEIP ol GalHs RN MRS, S AE
Subi;tralfbltb abdperonay elrérgtior IEO0Aveover Tie vidscwabidon moved Birough an

rovj si onal Patent Appli ca ion _Seri al 60/ 304,
ultig Hﬁq%ﬁram A e BEGHABEE oo SRR e 1536

epittal 'lél}}eﬁ 3t o%ﬁ@&%eq‘h% Re@fls btRe §4 glsotxxft%o?wé‘ﬁér%o complete

nol ecdl ar beamepitaxy (MBE). A Gl nAs buffer |ayer
withasbstrats 302y amvwhotyy ilVBES ohartdhseinim®ized s Talzsit €. The pibepastethe

t he surfac for Ll-V owth The waf er. t hen. noved .
thighiesi giteai a?mp%ltmngh AR R éif%rlpgg%@? g @iferent fayers in
thead?)?i{f%r gWETﬁQ asRe el 90 195193&{]61 ht (t,‘afﬁﬂe quyﬁtuﬁp\LVEl"l’s@@l each

| ayers for the converter. tal S as- grown

ha\anglm enagy 8Q0(Ex ofiplléted . antch qsauttumr\mlb3 (B@@as s;anéws:hooi\between

ized in Table | he table |ists
nlsﬁ.aé%a:ﬁ@%rﬁayq% l?aa(ﬂngcwggyt gapipf 2&% H1apootidyabsorb the
bldeflbgﬁf cfRRa 'Bgl%t('}zQHNfL(E’Dt PRe BbfVeRELCTIO dIQYVRERAEDVARIS window,
converter 300. The converter 300 included eight CdZnSe

buffereand\gradied lagei304, each

Table I: Details of Various Wavelength Converter Layers

Layer Material Thickness | Band Gap Description
No. (A) V)
304 CdgasZng 52Se 31 2.15 Quanturn well
306 Cdo.ggMgo.zlzn()AlSG 80 248 Absorber
308 Cdo.ggMgo,zlzno.mseiC 920 2.48 Absorber
1
310 Cdo.zzMg()AsZno.ggSG 1000 2.93 Window
312 Cdo.zzMg()AsZIlo.ggSG - 2500 2.93-248 Grading
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havi ng an energy gap (Eg) of 2.15 eV. Each quantum
wel | 304 was sandw ched bet ween CdMyZnSe absor ber

WO 20000855306 havi ng an energy gap of 2.48 eV t he@T/v820D%1086060
absorb the blue light emtted by a GalnN LED. The

converter 300 al so included various w ndow, buffer and
gr ading |l avers Tabhle | * Details of Various

Vavel ﬁﬁbkﬁj\%m@mn@ﬂ Layer sThe back surface of the |nP

314ubst rf &lde:BOR . ¥y 4 1%:Grecl6@ni cal | y248pped and |rAbwviea
with alsolution of 3HCHIH 20 aftéer the wavel ength

3160nvenicay, . 38 ,| Zn,giSeachiedopo the | bHR weder. ThGfuding
etCha”th%Qz@\@g%A@nOE e G4l nAs buffer layer 320.| Th

31§Ju:ffe [REIE géﬂ) ey itqﬁequeml g removed |

glLaL Iul —of—36 ot i ﬁgq%%r__—————
320‘;‘5! ght\ aow:[:rll rdrogen Fallrg'Q@ de (v 0, h\/ wei mh ) DU

N

oY
adi pi ¢ aci d, and 200m water, IeaV| ng onI y the I'1-Vi

SemiGOROCL o, VBV L ?ﬁﬂ%&sﬁ&@‘é@é M RLEARCpHOr dre

LED er ent areas o e wave conve
rerﬁ’o’ly%deﬂﬂt a $dlgivn 31 F&&ﬁerﬂﬁ@h@h@gﬁsconﬁeﬂe@wﬁp htached to

area of the wafer 212 primarily above LED 201
theelrﬁlp qufqrg I%Fthqueéq}}aﬁbstgp%élke &é\p& é\q&%ﬁla@gr 320, The buffer layer 320
f
magégge%%%lg O%r}@m@{l@(?ﬁ AAlactied 86’1'[1?4&{ ﬁﬁi %ﬂﬁaafn%o%&%klﬂﬂ%&‘?de

respecti Vel y em t avi ng pea
(30Rawetveigt) hSmbity dr@gnl pefoxiddh@ O%rrr@} WelrghSJ 40g(mﬂ1blc veid] atd 200ml
in the wavel ength of the lig mtted
WAl SRR TS PTG H- ‘élﬁml%onfiyﬁ%‘ézﬁwje%th e@meftero?roo attached to the
panuf act uri ng processes, such as tenperature variation
across the wafer during converter |ayer deposition.
FI G Differsintoness afi texesqel apth @mapiterofafertial 2pumplight at different

veI ngth, Ip, vs. positjon cross. the LE fer . .
E%%%%‘%% f@ﬁe %a%\i%méﬂlgﬁbow LEDﬁ)laemlts light
ha\tlﬁgﬁgbé‘l@wgvel Mgm sﬁmlﬂéﬁme?a%a%fb@% édﬁ@er%&ev%f&ailz above
for t di fferent in a manner siml ar

LEDSQLO2+ZO6 Fe@ecthely dihe lighlgeigf pqak asklvp]lenghmaf/bﬁémgt ﬂfhe |srnall
peak conver.t

METRIE AT o
tyﬁi@aﬂ&%%ﬁfl%ﬁrﬂzﬁm%ﬁ%r%%@cgs%s R1dHRs Y@N&lrﬁﬂlgtt\}&rlatlon across the

absorption in the wavel ength’ converter 212. The val ue
wabdr duang sord@penkagmdepnsmbue corrp05| tion of t he

I TN N SRR LR R
acro§y tﬁ@ L&D RufeE PENGhE leB 18 (RO EBRR b MdveldMgh VAl 448 Rﬁlctﬁ(ﬁl of
can be set |ongér than the |ongest peak wavel engt h of
positien, Ixi gHG. 2@isheesithbypedial oEPutaf the d2ff@eiyl EDs, in a manner similar
to that if FIG. 1C. The range of peak pump wavelengths | Aol — A6 | is larger than the
range of peak converted light wavelengths | Ael — A6 | :

The variable A, represents the band edge for pump wavelength absorption in the
wavelength converter 212. The value of A, is dependent on the composition of the
semiconductor material used for absorbing light in the semiconductor wavelength
converter, and can be selected by changing the composition. The value of A, can be set
longer than the longest peak wavelength of the light emitted by the LED wafer 210 by

selecting the precise ratios of the materials that form the absorbing material in the

wavelength converter. For example, in the exemplary wavelength converter illustrated in
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selecting the precise ratios of the materials that
formthe absorbing material in the wavel ength

weowyessey . For exanple, in the exenplary waveP@nysinos/086060
converter illustrated inFIG 3, the ratios of zZn, Cd
and My are selected so that the energy gap of the
absorbing material is 2.48 eV, corresponding to |a

FlGel. hlee ragjonef £b Goomdive arhwelagiadipe that thaenessy g ofdke ghgorbing
el BORL o bRl RN b BE B RY R O, e ve T

exampt ealut ber] aagesict pebklonastethengik hong@st peak andclsfsth af the
be set to be greater than_ | . The value of la nmm

nmay : . y
LERSI0 1 706 081the LER wifer it Ta thadlysimtiicgsempls, Bie lenpsst peak
' ogi | v t I e
ool SO TSR AL SO 1 EREYY LAY RS B v
seledttdisd that £chosemnfheten dffilee figHtusdocBitddweitied@ AR having the longest
whi ch LED 206 produces punp |ight having the | ongest

puBg Aavglspeaihds, @l*qqt’er than th%\?‘l‘éep‘éf(:}tar & ﬁ]iglﬂst@{mﬁoqsii@ﬁ @heglllustrative
St . ‘ .
oGy LEP AP IAcSP WIS g3h BRBLR LS i
Thg isp/fﬁ’uﬁf (fflqiiln@l’illqghft etnl'ftge(()ﬂ(sﬁylghED oo tid %ﬂcth}hmﬂhé, ds@htljj@ﬁ in EIG. 2C.
ea vel engt LED ies to the short wavel engt

Thg Velue E?M gay aso Be pelpgied $o/Batdgiven fragipngy tl@qqh&htiegm?fﬁﬂalfy the

' . t | .
o8 R 0 L B UPGHR By ST O
wag bb sayag théxia gt éhe drieeoftbt sgecotiml 24 6ripingbe theH ol efiAsie a desired

that at |east 80% of the Jight in spectrum 216 has a
fraghicsy et he {pk éreéﬁ@ftsaethahﬂ%.lgq&eﬁ%mpl@x@ﬁa@%ﬁ ¢ 1RGP ghosen so

thaf Etele%;slﬂ qboadr th@ﬁgﬁt iy ?}%’c%m Y1k aShGrtdr leﬁgﬂ.httﬂﬁfjkabbther
the longest peak wavel ength LED has a shortér
exanap etyermgyérin drb dmt hioleastB8%s@edPs af tho lihtdmsitttd byntidhlengest peak

diffe egi ons of the el ength converter 212,
wallRl %ﬁa%%a@@rt%@%mgﬁ? hixTar e al so shown in FIG
2C. b %&trhﬁoﬁ?lgg R adi et t??‘gl@l%‘%‘f tﬂ@%g%efqg%ﬂlﬂ §0n\QH%1% 212,

the spread Is ss than that of” the punp . One
hatihg peadasorsenits At hils6 ais ddvashotvnen WEY €@ nbdre cosoversperad of the
de, us a ol ec

pea‘iﬂ?\?@%‘f% Sr@&d{“? %)rgé}dglﬁ 19S5 ﬁ'&ﬁtrtha?% e iﬂt&a@wh 97 the reasons
for(ERRCHA HE Gy LRARN VOMDhcr Thebd S 14if)a SolddGlat balm Bfifhcy

concomtant optical nonuniformties are |ess
mephodnobivhedn rdvpreisignifirente ldvee grarthwempdraturggthan MOCVD. The

t eratures with MOCVD. For a gi.ven.pu wavel engt h, )
rest RSB AVARY Sed bR pEpReiee nonu T IRTHRt T (S DB han in
thl {2GiL9 y%ﬁeﬁﬁﬂé’lﬁ%ﬁl eRak-8swity Mdegypsubst anti al |y

l'inearly i nput punp power: a change in punp power
of &of agtven pofptwayclcagth| ths comveated iomipuapowere i.arthobptioabpower at

SR BV RES SRS et P e cons
in pARPBSVeRFaK actor of two results in a similar factor of two change in the converted
power. If the value of A, is set to be larger than most of the spectrum of the longest peak
wavelength light source, then the wavelength converter absorbs approximately the same
fraction of light from each light source. As a result, the intensity profile of the converted
light emitted across the wavelength converter is substantially similar to the intensity

profile of the pump light entering the wavelength converter.
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wavel ength |ight source, then the wavel ength converter
absor bs approximately the sane fraction of |ight from
wW@22wb/083sght source. As a result, the intensityPEr/usi00&086060
of the converted light emtted across the wavel ength
converter is substantially simlar to the intensity
profile of the punp light entering the wavel ength )
conViefkugiration, £orsider theraxemplagn pemp dght intengiepref g\’ shoprip FI1G.
iNHEeRSLt I F
2D'I%1 %H%Vlfrj\?lg ?218 F%égv@ﬂ?@e{eﬁt&ﬂ@ wgnﬂgﬂ%l olp g?mé Pﬁ_gtsa[scaufm‘alo%zoq position

acrtostbt LD Df0. P digien] -8¢¢mssent the priE?oﬁsT&c LETID§2(011I 906 Sespectively.
1-6. represent the positions of LEDs

Acp%@g@é@ ithig P?yamm@db@ HERS 204 apdh Qo6 @%&rﬁﬂsélght ‘Il?én themgniygLEDs
20551 2R €y, 55 Rorkl P B Bo BB RS, Al taftons in

maghitedw ih toedkr vasinglifoths diseussagnog ftwidleldngthoundfermito.
simplify the discussion of wavel ength uniformt

Cur $arzaR 2 repiceatEnihe intesity prefs of ﬁleﬁ’i’%ﬂe qnéthdaonv%%d light. In
I
i BEETERH I EHINELER 1o LW o Corh ST RTP ot o B et
hwﬁﬁgﬂhﬁomysppawnmhaMng@,ﬂhemhmﬂ@Qﬁbﬁbéakcﬁ@ﬂ@&éﬂ@&bﬂm;noﬁb
22(%2&%2)&1%%31%{ 14 ﬁlplg)lmeﬁlg E%% %sl Igggol plgeg :t(}) gl\gsﬂéfl'? 2 S’Z%(r) olfel Itheur
r rt il their shapes are

Shﬁﬁ%%@ﬁ%??%ﬁkny%ﬁggggﬁéggxg§$%§%hnéﬁﬁunal|ng factor.

Fl GF1IQRI5 thowss aasusllll' daa¢, bmag es aduhed that 5, i1assuordhdatvalue than

g o Tn a1 vt B T vl b e PR v pum 218 fht

abs%ﬁ)@éatﬂ H% gv]a@elE b cbﬁve‘f‘@fﬁ yskaﬁgaﬂﬁél kh@‘ss YWRVeloRnat s o result, less

conve IS substanti a ess t han 100/6 As a
comvestad hghﬂ i@ smitcor podigoh 6,| ayldtsoitlse @otitet 2% ftthqosvdlempth 6gnverted
nd s the profjle 226 of veIe
ligf iy AP langehRiopeigR By Pl oo e e Bgl&fﬁ o b5 thg intensity
prdfil€ optlﬂggvalvbl%ﬁ%th%ggvert-gaqght RELdaHRNS #q)bo?ﬁcﬁf‘al {ehOfntdicy
wavel engt h converted i s substantial
pragriophtht IpomalhghOWhhtesuhstaﬁnsli}t all ﬂme(pﬁmipdlght 1stdbeoqbeldrpHowever if A,

n subst all the
is Ssbg%fﬁla%%ﬁewﬁéw the fomeds Peatg gt ehspecdimis Sayabseshed. tren
theQhtch§i8 Igrgﬂ&e(ﬁ{th@&ﬁkieﬂ@d’ BLIRNGLA p?@&ﬁﬁ&ﬂ!l%d the MAEnsity profile of the
absorbed, then the intensity profile of the convérted
pmhp@@htmsdnﬁb%pmdbuntlonal to the intensity profile of
the punp light, and is |l ess uniform Exanple The
em ssion spectrumfroma blue Gl nN LED waf er obtai ned
Exhfpm Epi star Corp., Hsinchu, Taiwan, was neasured at
rve different |ocations across the wafer. The results
are Tbh omrssion spec@und frofireblpe SelnddLEDewgholtamed frem Epistar
Co}’/par smc u, %%Pv&ga%,e\gvass Rl%gstugead aycq"rve dS fferent locations across the wafer. The
results are shown in FIG. 4. The peak wavelength for the various recorded spectra varies
from 460 nm to 466 nm across the wafer, i.c. the wavelength variation was around 6 nm
(about 1.3% of the wavelength).
A wavelength conversion wafer, of the type illustrated in FIG. 3, was excited with
a blue laser diode and the photoluminescent spectrum measured at various locations across

the wafer. The results are shown in FIG. 5. The wavelength across the wavelength
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from460 nmto 466 nm across the wafer, i.e. the
wavel ength variation was around 6 nm (about 1.3% of
wao bwomsssed engt h) . A wavel engt h conver si on waf ePCT/U$20081@86060
type illustrated in FIG 3, was excited with a bl ue
| aser di ode and the photol um nescent spectrum nmeasured
at various locations across the wafer. The results are

consfeeghvaries by @bow 2. 57 (aRars Dehvde of the moyelengib), significantly more
un%aﬁlg@g{;?{e?lﬁ@ﬁ%rf&eﬁon\éar i es by about 2.5 nm (about
. 00

e wavel ength), significantly nore uniform

t hamht havtlEhythaheitionl ciraredifeavaslvislk €agiN-bissd @tdronEDfwafers is
currently avail abl e Gal nN-based green LED wafers is

siggifiganty warse Ithaniee 8 am maruideon therhlyrebllmeder dye torfae higher
oS TS L S BER sRERA o2l oo

grethengftiop evavaleggtheonedrtddtvwafer can\pedadg@iubsaatiaer iigherwadvelength
can provide substantially higher wavel ength uniformty
unifpraRtyhims spfeof gresanemisiig Gy daPnvhidpaay geduss thegyged for
- for wavel ength testing and binning.
Wa%ﬁg%ﬁ\t/éesﬂﬁg gﬁfﬁlgga so applicable to extended |ight
souTaesmventi@r B8 aldoepphedbletol essinded lighvaberagd, RvhiaBythe ek emission
across the emtting area of t hg extended |ight source. .
wapglgngih mayepnacresedhp ruitone age gkthssasaded heht Seyge c@ng garticular

ex%ﬁ%&rﬁ%@ Q%_E%Jéﬂﬁigﬁt écﬁ‘l"r&eis% D g %&éraglémfg[% 'enfi@ihg%ﬁﬁgﬂ%' for

mm-or | arger. en t ting drea of
exanple BD lamcotm® snhat greger. tWikenpha kmuaivg heen @if hn @I beedmes larger,
fromvarious points acraoss the emtting surface vari.es
therpsple wayglength gEviHd Fomens by SegssbE CapGUE Sk vatics more,

for% ; ight source 600 is presented
Orséﬁgﬁnéatﬁlfégﬂ;oﬁéqydllgﬁfs%agﬁggg whi ch may be an LED, that

has Aarexemipictdfrag catoadedlghttsbiatce 660 isheeatedisdemedichlby in FIG. 6A,

have nu f emtting. regions, shown as regions
wheghmigne aﬁﬁﬁ, hat s aate@aggléaa%ap@%h%é@% & ﬁ@%@%cgw-have a
nullllel;?}% of LRt %gi@ﬁk‘]@hd%i’ £l &Q%hF%O P—%?@',tvﬂg{ askbcihhg giﬁ(nﬁfmp

6B shows™ an exenplary plot o punp pe
waveleettenijtl hAgs Thefpenak pinop vefvelpogths noml rat bo se satve: Fi(@ B shows

source 6Q0 d FIG 6C sho pectra, . havjng.. .
an EXplaR e %Elaw%w RIS 55 A fygeiiaRR! nsigion across the light
soeS 80 MEBANeERhbRE siiftrh [HaVeh R RRve SOEvER8tenfihs Apl- 2,6 that

sem conduct or wavel ength converter 610 Is attached to
aret dssoomt¢ewdb thd éngitingsregiooe 660606. The sem conduct or

o O SE L S0 08 B TR saonced it soure
6061e3& iAGERRONE wallen SR RbFRAAHE I PhayBY § nfNGader semiconductor
wavelength converter of the type described above. The semiconductor wavelength
converter 610 includes a semiconductor material for absorbing the pump light emitted by
the extended light source 600. The semiconductor wavelength converter 610 also emits
light at a longer wavelength, referred to as the converted light.

Different regions 621-626 of the semiconductor wavelength converter 610 are
pumped mostly by pump light from respective regions 601-606 of the extended light
source 600. The spectra of converted light emitted from each of the regions 621-626 have
respective peak wavelengths A.1- A.6. The values of A.1- 1.6 need not all be the same.
FIG. 6B shows an exemplary plot of the converted peak wavelengths as a function of

10
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converter 610 includes a sem conductor material for
absorbing the punp light emtted by the extended |i ght

W wp08s5%00. The sem conduct or wavel engt h convRCT/E82068/@B6060
also emits light at a | onger wavel ength, referred to
as the converted light. Different regions 621-626 of
t he sem conduct or vvavelg(ggth converter 610 are punped

positier pefossythe light SPFrgm@@ pedd Ke ethompepedis brangEspatige peak
Wagéle@fﬁ% g%z Fﬁ%g[ﬁ% aéém Q%Q{D%gt%# LAt RO Qlﬁltgﬁg {%%%%%3?-0625 The variation

con rom eac e reqi
in éoddeB@bpda weaveRARIBGE buistaptialky wdvgdndaigtoTshd Rirtatidn in thB®ump
values of lel- |e6 need not all be the sane. FIG 6B

pealhwelengthe J@gwpa,rig,@ irom e VEFOYSHEORSS VS ppl&jtiwtam at the time of

FabMRYEE nggese it @%&%Gﬁ’f@&%ﬁ i guﬁ%{é/’ef&%b&ﬂﬁl ihb@hes with

source a shows spettr
posigspagbisube paakdeddight gt Borh édft toXighabhidy e assaticat ed
with the emttjng regions 621-626. The variation in

wayelaneth redycpewith nav ey the cxtenleddisht squrde frommdgfeiaddeht. It

. car iy ait | i D Dl | ‘L
willbe BRIl B U ol o o AR B P TR frop thr
shawre tinme of fabrication. In the exanple shown in FlGs.

6A- 6E, the pu wavel ength i ncreases with position

acr 658 meRBeT ST BB dhat dgREsssbEhs, %P%VPI@flgtﬁtcenYﬁr@ﬁh?s an
o0 RSB L ER O SRRNCETMAR 55 i
serhicomductormeatafrdr &be atlad of hahay besdq@atd talbevangeatiaanholiongest

different fromthat shown.

oth I p and |l e may be In a
peaﬁwﬂv& W%Yfﬁ?f}gél? (pH 1 ﬁtcuHF%tceéé%lE]cTS apbiay %? fe %%%E@MO%,
b . I i |
0 R S R OB B0 Bty Wvelength
haseshotenduct engthirdtaari, alhe Tinéormatywod tlof cdnaemal/pdak wavelengths is

sel ected to be |onger than the | ongest peak punp
betierandhghf the penp Hgli‘the current exanpl e) and may be set

\?VI 'ot TAL vate bERSE s8Q8¢ ‘b? @a?%/@er%langl%%t%ff RS PANR O f tHe9Blgest peak

hin the spectrumo ongest peak punp
waweleette ofjthe ditemded Blursberce wWal.ehenigt avblengthaoniidrer 610 absorbs

uniformty of the converted peak wavel ths is tter
DRSPS T @Cﬁ%ﬁy ilgfﬁﬁtqrf achyrigion af (e carenfie Pt sgiroe
600.0AR8 rtRItIBE ptdHAB oMBRtintRhsily T (RP&HVEME] BEht bR sS BRAESElength

peak wavel ength of the exténded |ight source 600, then
comleetenawebengitaly somieete e pddfilcal dwribensppofake panp light dngering

sanme fraction of light fromeach region of the
thegygVelfagl YR 'sour ce 600. As a result, the profile of

the hii MuSRSt dnY c&sideh theCQOMBIatE Hurhp ‘Ii?%lt BhS8Splofif shown in FIG.

wavel ength converter is substantially sim’ar to the
6Dprsahineed20f Thheuivatreprsicnys thé inténsitpofpuinp dight asnt fenetmy of position

across the extended light source 610. The digits 1-6 represent the regions 201-206 of the
extended light source respectively. According to this example, the edge regions 601 and
606 emit more pump light than the central regions 603 and 604. It should be noted that
the spectra shown in FIG. 6C omitted variations in magnitude in order to simplify the
discussion of wavelength uniformity.

Curve 622 represents the intensity profile of the wavelength converted light. In

this example, where the value of A, is set to absorb substantially all light of the spectrum
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the wavel ength converter. In illustration, consider

the exenplary punp light intensity profile shown in
WO-2089/08394as curve 620. The curve represents t heCT/US2008/086060

intensity of punp light as a function of position

across the extended |ight source 610. The digits 1-6

represent the regions 201-206 of the extended |ight

hawypg thedongoshraskiwaarlgngthe be irfrmgtytnsotilgiod2 &(@rﬁp@@pn@glﬁé tl;e profile
i 1 .1 - '
626 80e AL 8 BN b PR pac Ak iR "

t he HPe6E sRowHo¥iiian cise Gout Gt Langde tag ds3tiinod hat R, is set to a
magnitude in order to sinplify the discussion of

shoxtey aplp dram thatifeiofld. O, sethel thediaptipn pf s dopasstineak wavelength

. s . . .
T Byt Oty O8O EORBFEPNEELER NG s
106 s avshy suilis tan comlertyd ikht ik eglittedadt pbéidos pesidrso nhaprofite 626 of

the | ongest peak wavel ength, the intensity profile 622
thej wavsteagBy ¢ompead ight isno lepggrinrepasbonabto the@refileh29 phthe pump
hgkﬁgﬂ‘their shapes are simlar except for a scaling

actor. FIG 6E shows a sinmilar case, but in this

exaffat prdséntiisveassu sigdhld hétbel @nsidersélintied @ glequattitular examples
val%f t han thaéwn%évFlG. 6D, sq that the fractjion of

descried phaysshut st 41 berigdersiond ¢e Foiver 84 gspagistofithe invention as

. t c i .
G RGLRE R B I 8 R L A g it the s
exapplvesf pdk Magbliength aadptdkedteatitypoaiationwets prantded onltyhfer

.. profile 626 of the wavel ength converted. light is no )
illysgage PYPORHrAnA Sifainvensiondeigfigpeed feéﬁéqwq%ﬁe dgyifgs in which

thel Cﬂ.egﬁ Rxfggglglagtﬂaﬁrcli ?56‘ 'ﬁ{éhsih’;%%l&%ﬂl §£’?lﬁll ﬂlerﬂ?%nngteshown in the

onsi to t particul exanpl es
exahesey. | Bredxalpheethe bartgestgichle wastlondth nipg herfdendsinabel cénder of an

cover all..aspects of the jnvention as fairly set out
arigegival S N RO Oéieﬁgeﬁ_g?ciﬁ%g SPWEEIA8A no] heceig et odee.
AlY) %pcetaﬁ’ %eﬁsﬂgﬁle&hﬁot% e AHfat %ﬁﬁ&pt_hg édé%forf%ﬁ@&%nter of th

wavel'ength and peak intensity variation were provided
arrangdeynchoof light setreest ovextguiep dighssouanredbuthneayi evasdbmo othies location.

not intended tao be limted to devicges in ich t
peal Bty d%h%leé_ﬁ?i b g e GHPERg Sﬁwgw\%qdeﬁﬁgﬁ %af»ﬁaﬂ?ﬁ% the
invieR§o R rM‘s%rapEﬁ'@d\Mb o EhErabX &sing 5@Er BKYRhfeontii&or materials,

| ongest peak wavel ength may be found in the center of
andalsata bREQe trahtised - Vi sgimi conductaematorialex Adsod 6 wavghength converter

. source, .and nat necessarily at the edge. so, the
is R AR H RSP PTHEAAT AOL et BRI el i D Ry e egprmed
of § MV &MiBEn R tot At lal 208RRBMNtIf thkivEREIAGME 668 wiEh the
~ extended |ight source, but nay‘be at sone ot her
invicoigat isapplicadithi are ooraslideygblwhicker ithengbtve tibeseti¢ydar cxample
disgf’flssse(i:l h&€ms %eog e%mhglg,aasv%gve e%%%h’ cotnr\]fgrter may be used to reduce the peak
wavelength variation of blue, green and/or yellow light sources to produce light in the red
or infrared that has reduced wavelength variation.

Various modifications, equivalent processes, as well as numerous structures to
which the present invention may be applicable will be readily apparent to those of skill in

the art to which the present invention is directed upon review of the present specification.

The claims are intended to cover such modifications and devices.
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invention is also applicable to LEDs fabricated using
other 111-V sem conductor materials, and also to LEDs
wWa b/ ogssed | | - VI seni conductor materials. Al so, PETES2008/086060
wavel ength converter is not limted to being fornmed of
a ll-VI sem conductor material, but may al so be forned
of a lll-V sem conductor material. Consequently, the
gt hs over which the invention is applicable are
consi derably greater in range than the particul ar
exanpl e di scussed herein. For exanple, a wavel ength
1. converapsicalrdgyichecamputhings r educe t he peak mavelength

f bl d/
Vo br oaudn gt BT sERCG gohtiant B e RE ST ERRing tien

r eduCLEbsPaYiQE BEK WaveddnigtH, iR brravgéh Ot Hf R sfo'ufc%& beins,
equi val ent processes, as well as numerous structures

t o whiradicrized bprraeféréhltangm%pﬂakmvnlﬁygtbs aagpl i cabl e vv| |
be readi | %o ga ecr‘gotr ta? ten & %f fr r‘Etath t§ th arran t
whi ch t h8 pre e VERt e 98V é’Y:ateaa E) Pevi ewsr "
t he oPrigaeBtirceN®ed Jehfi@nd@étor &aeelgﬂgah BBnvafter wieebelad t o
cover such nodifications and devices. W CLAIM: 1. An

opt Flakcteriaaddy,a scomstiaagmef peak vanelangibrenen blﬂmp¢dg1m light from
- BRSSP Bl o PR Lo

i ghan@@wtﬁﬁsthb@rﬁ@aﬁé@&j@@ﬁl&%@&g@ﬂs ﬁlefsieﬁﬁdonﬁaﬁgﬁw@‘ﬁelength
peak maveleng}hs sem conduct or. wavel engt h

convepiceer waice beigg chaheterized hyr?él aé?usmﬁg@ pegethagg) 4 wgelength
gouio%%éfhthw ﬁ}eﬁSH%e‘s‘gﬁ‘e%E%a% I t%&%?” er vafer
ei ng-Characterized by a ran

mavelengths when punped by Ilght fromthe arrangenent

sources, the cond. r e of
bei s T o PRS A fGuHspRE MY S0 Bhprises
anwﬁy@ge%gtmlgmemﬁﬁgumeﬁmw) wavel ength converter
waf er being characterized by an absorption edge having

a wavel ength | onger than the | ongest peak wavel ength

3. of g hdcORLcSQRH S 8Rim 2; Wﬁergﬁ\&h@ EERR afESbh&AhicHIF |AdgMted on
1, wherein the arrangenent of |ight sources conprises

avaﬁﬁarrangenent of light emtting diodes (LEDs). 3. A
device as recited in claim2, wherein the LEDs are
monolithically integrated on a wafer. 4. A device as

4. r eciAt édvidernsecta@icdi? ¢clainn 8y whereinitee LEDs asy @alGiNsdabiSED s.
LEDs.

5. A device as recited in claim 1, wherein the semiconductor wavelength converter

wafer comprises a [I-VI multilayer semiconductor wavelength converter wafer.

6. A device as recited in claim 5, wherein the light sources comprise GaN-based

LEDs monolithically integrated on a wafer.

7. A device as recited in claim 1, wherein the absorption edge is set so that at least
about 95% of the light emitted by the light source associated with the longest peak

wavelength has a wavelength shorter than the absorption edge wavelength.
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5. A device as recited in claim1l, wherein the
sem conduct or wavel ength converter wafer conprises a
WO 200w0835od ti | ayer sem conduct or wavel engt h conREF/U§2008/086060
wafer. 6. A device as recited in claimb5, wherein the
i ght sources conprise GaN-based LEDs nonolithically
integrated on a wafer. 7. A device as recited in claim
8.1, whéavigerpseerated i elapn il ohergigethe sbsomtiogedep it schto thatgagdeast
¢ t [ ] b - '
g A0 Rl L O S DX M L s
wavelegtte hgd hwaheed@h shidren tHahehabisorplon@dgedgeclength.
wavel ength. 8. A device as recited in claim1l, wherein
the absorption edge is set so that at |east about 99%
9. of tAh@videGRtre ¥t tid EdirRY, Wh&elnl tBO brrSQUnRat HIHDE bRl is
wth the | ongest peak wavel ength has a wavel ength
chaypeierized byrealirst ¢raissips ovtensity mrefdg endihesceigniucter wayelength
cof A B HabEFLAES, AReFhPA M SIS S) b e L EHASIR B
prdpottfsnal fosth@rigd bhessRdntchgnysgofikonduct or wavel engt h
converter is characterized by a second eni ssion
intensity profile that is substantially proportional
10t 0 th@vlder8 tre @it $8 1AM Il B SInt the RaOElEAEh cdBrertéy HRMh&Svely
as recited in claim1l1, wherein the wavel ength
attaphng &r the arasgcmtme of higityowcesached to the arrangenment of
light sources. 11. A device as recited in claim1,
wherei n the wavel ength converter is optically bonded
11t o tAhdevareraamemeiee mi clofm [1j wheresabe pescled@h cduveopt isoplically

devi ce, conprising:. an extended |ight source having a
boRdegip s AT PHECH PLYER WETERt ended |1 ght sour ce bei ng
characterized by a first spatial variation of peak
wavel engt hs, associated with the |ight emtting area

12.and AR qoticelideyjsst GORMPT{PHIE ati on of rel ative em ssion

i ntensit laﬁ%xt@ﬁc?e?icﬁé% ?&rﬁé hdVid ?liéﬂt%%ittﬁ‘lgia}é i, i3 e§Le%aéd Rght
sem conductor wavel ength converter attached to the

| i ghdurenbding vigaract@dzed fbytahfersesphegidadatiorgbft peab waselengthe
sem conduct or engt h converter having an out

wayv e u .
sur fi%ﬁe@,atefiw&ﬂg@ﬁi\flggm@% arGaa i BHEt PPadshvAsREien Ogaqﬁaﬁae
charage Is : : It; kAt | of peak
CmvCTSe SRR A BERRATEPAL 1Bk SARALOR 06 nhen
punped by stighhddat@mnviveenettt @ndertkrlattgdited s@ thedgght tdnating arca of

second spatial, variation of ak wave| engt hs being .

s el er e IEEORcp e aatep e oo Y having an
output surface, the semiconductor wavelength converter being characterized by a
second spatial variation of peak wavelengths associated with the output surface
when pumped by light from the extended light source, the second spatial variation
of peak wavelengths being smaller than the first spatial variation of peak
wavelengths, the semiconductor wavelength converter further being characterized
by a second spatial variation of relative emission intensities associated with the
output surface when pumped by light from the extended light source, the second
spatial variation of relative emission intensities being substantially proportional to

the first spatial variation of relative emission intensities.
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wavel engt hs, the sem conductor wavel ength converter
further being characterized by a second spati al
W@ 200083500 of relative em ssion intensities asRODUS2088086060
with the output surface when punped by light fromthe
extended |ight source, the second spatial variation of
relative em ssion intensities being substantially
1391 opodavisriaireditgd imelafn 4 3¢ whaseinithe exfendeddighhsagfee is a light
: ' sion intensities.13. A device as recited
emilitﬁhgﬁlgl\&g@gb?v\her ein the extended light source is a
I ight emtting diode (LED). 14. A devi ce as recited in

14 Gourrasiite FARIEH P 5 doR (RLERTR E i Hhsed Rt

sem conduct or vvavel ength converter conprises a II-VI

mul t,i er sem u th .converter
15 vt LTS 4 EETEaG FHTE B Hicron (s et SielgRith fonverter
coﬂi@ﬁ{?e's angih nﬁﬁﬂl‘é?érts%ﬁnéo%dﬁ&éf @9&&&1@%’0&}&@1‘1 absor ption
band set at a wavel ength so that at |east about 95% of
t he Ilght emtted by the extended |ight source has a

16Vl enatn Shel st ¢ dleﬁfi‘ 12 t@ﬁeréﬁ%%g%h%t&qg%elength converter is

wavel ength. 17. A device as recit Inclaim1l
chavhaergiod byl abbsrptipn barl deamch wawde&tgtlaﬁo thatvaVvelseatpuh9$6 of the

. I hat. at | east 99% of .the Ii mtte y

lig B&“élﬁaiBy egq’ffenggﬁ gt spuice hag,a yay ﬁ@% %}gﬂ ttlfﬁglhsorptlon

ed%é\ga@ekp&%ﬁptl on edge wavel ength. 18. A device as
ecited™in claim12, wherein the sem conductor

wavel engt h converter i s adhesively attached to the

176Xt g\n&ie%gc ol ds GiteF QN %]I%ﬁn 14 9Wh’°fe§ﬁ MEGEs enle&{ntdqﬂsét Ut a wavelength

claim1 wher el n e Se€m conduct or
so than mele:tse abaus 90t dfald liyhtlenidedby theteh&néed legldeduﬂce fina

sourc
wavelength shorter than the absorption edge wavelength.

18. A device as recited in claim 12, wherein the semiconductor wavelength converter

is adhesively attached to the extended light source.

19. A device as recited in claim 12, wherein the semiconductor wavelength converter

is optically bonded to the extended light source.

15



