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the entire visible light spectrumcan nmake the col or of an object appear
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commercial fluorescent |lights, which emit a limted anount of red |ight,
can nmake an obj ect apPRASSIREARERENCE TO RELATERXPRLICATYONS BRI EF DESCRI PTI ON
OF THE DRAW NGS
[0001] This application claims priority to copending U.S. provisional application
entitled “MICROCAVITY OLEDS FOR LIGHTING” having serial no. 61/307,191, filed

February 23, 2010, the entirety of which is hereby incorporated by reference.

BACKGROUND
[0002] A broadband light source can be used to provide good quality lighting
having a lighting spectrum that resembles natural sunlight. Light sources that do not
provide light over the entire visible light spectrum can make the color of an object
appear dull or even make the object appear to be a different color. For example,
commercial fluorescent lights, which emit a limited amount of red light, can make an

object appear to be dull red or even brown.

BRIEF DESCRIPTION OF THE DRAWINGS

[0003] Many aspects of the present disclosure can be better understood with
reference to the following drawings. The components in the drawings are not
necessarily to scale, emphasis instead being placed upon clearly illustrating the
principles of the present disclosure. Moreover, in the drawings, like reference numerals
designate corresponding parts throughout the several views.

[0004] FIG. 1is a graphical representation illustrating a non-limiting example of the
transmission of emitted light through a plurality of layers of a white-emitting OLED in
accordance with various embodiments of the present disclosure.

[0005] FIG. 2 is a graphical representation illustrating of the various modes of the
plurality of layers of the white-emitting OLED of FIG. 1 in accordance with various

embodiments of the present disclosure.
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[ 0003] Many aspects of the present disclosure can be better understood with
reference to the foll owi ng drawi ngs. The conponents in the draw ngs are not
necessariwg 20o/®wexbe, enphasi s i nstead bei ng pl aced upomrCEIUSa01125667
illustrating the principles of the present disclosure. Mreover, in the
drawi ngs, |ike reference nuneral s designate correspondi ng parts throughout
the several views. [0004] FIG 1 is a graphical representation

i |l ustratind0@6hofri®$.rd aridriharegzapbicel refresentationsaef emampleoof roitroesityt ed | i ght
through a plurality of layers of a white-emtting OLED in accordance with
vari ous enBE@NEaRiEmiting fiadesy (S ERE) ifperdsace with varigpoenbaingntofitke a

graphical re res%%hation illustrating of the various nodes of the plurality
of layers BFFSENESHPYE-enitting OLED of FIG 1 in accordance with various

enbodi nent s h ent. di scl osure. 000 Fl GS. and 4 are
gr aphi cal r é@é%ie%t"gﬁ-?% g 60?re8@%%&8”8?“!#'8%‘3%6?'I‘R%%Pfg‘s&m'-&eﬂﬁ?t@ﬂt emitting
di odes (OL I i i : i pents.of the present
di scl osgre%%rab%?ﬁﬁ?@mgs%bdégﬁég %é@pﬁlm(%g rr@ﬁ%‘"stgﬁ?réotulsons of exanpl es
of sem -r et} 86dihBsks Tk fhe QF i icrocavity OLEDs of FIGS. 3 and 4 in

\ 13¥ fhe Sseff diddRurdi

accordance wth various enbodi nents of the present disclosure. [0008]

FIGS. 7 and [6008] € Fas@ i urkial ark QRIpRSSNEFREIARBohd i|ldé%ﬁr%tﬂo'ﬂ9inﬁ'tﬂgsl imting
exanples of the light intensity of a mcrocavity OLED of FIGS. 3 and 4 and

an OLED t hakarh@eks tite IGhCi@pami df ¥ nifroaffPO0BD 6eFIUS. B aM@kizAYan Tbpdi nent s of
the present disclosure.
that lacks a microcavity in accordance with various embodiments of the present
disclosure.
[0009] FIG. 9 is a graphical representation of an example of a white-light emitting
light source including a plurality of microcavity OLEDs of FIGS. 3 and 4 in accordance
with various embodiments of the present disclosure.
[0010] FIG. 10 is a graphical representation illustrating a non-limiting example of
the light intensity of the white-light emitting light source of FIG. 9 in accordance with
various embodiments of the present disclosure.

[0011] FIG. 11 is a flow chart illustrating the fabrication of microcavity OLEDs of

FIGS. 3 and 4 in accordance with various embodiments of the present disclosure.

DETAILED DESCRIPTION
[0012] Disclosed herein are various embodiments of a light source including one or
more organic light emitting diodes (OLEDs) having a microcavity and methods of
fabricating the same. Reference will now be made in detail to the description of the
embodiments as illustrated in the drawings, wherein like reference numbers indicate like
parts throughout the several views.
[0013] A microcavity OLED emits light substantially orthogonal to the OLED

substrate. The microcavity of the OLED allows the OLED to be highly efficient and
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[0009] FIG 9 is a graphical representation of an exanple of a white-light
emtting light source including a plurality of mcrocavity OLEDs of FIGS. 3
and 4 invwocoridas®e W th various enbodi ments of the pre®emusdiI3oLBsUr €.
[0010] FIG 10 is a graphical representation illustrating a non-limting
exanple of the light intensity of the white-light emtting |light source of
FIG 9 in accordance with various enbodi nents of the present disclosure.
[0011] FI Gprotitcd intease lighhbexiaase light émigted by tha PLEREs fisdetddaat bfdhe OLEDT crocavi ty
OLEDs of FIGS. 3 and 4 in accordance with various enbodiments of the
present di §tegd of dlowmEtg thl‘_‘be‘Ib@m teTetaioed Wbin He @R Additibnhlly: then ar e
various enbodi nents of a ght source including one or nmore organic |ight
em tting dPtIed a(’@i_céﬂg’)d%g\ﬂeﬁé WitR{lighK §RYGE INGIUdingia ity "Ufrocfaé(ﬂ)\gl Cﬁ.t ing the
sane. Refer e ta|I to the description of the

embodi nent & E@ ]M??g{e Vy’é’g eﬁ?stﬁ‘«?v{‘]]’t *Ha%“fcwaf' Sr?'l"lcmé?aY'@fQ}rEQ?E%t number s
i ndicate I r e m crocavity OLED
enits |ight K@%E@e[n%% etdh'lgﬁt;jgg%? {{%\R'ggﬁ CI§ iy %{Cﬁoca 8§ttﬁttSémeplsﬁegr?ﬁ "crocavity

of the OLERAk] OW§rd el 4n8 a%cr}&bg}f{{/ YLEP £ %ﬁﬂg inBde blue light in a

narrow spectrum. Since each microcavity OLED intensely emits the specific colors in a
narrow spectrum, when the white light source illuminates an object, the visible colors
reflected by the object may be vibrant and warm due to the intensity and the selection of
bands of light emitted by the white light source.

[0014] A variety of light sources are available including luminaires using
incandescent and/or fluorescent light bulbs. Luminaires are sometimes used in
commercial, industrial, or office settings, and are often in the form of a light panel.
Luminaires may lose 40-50% of the light they emit due to poor light extraction. Also,
even if a light source such as a state of the art LED has a luminous efficacy of 100
Im/W (lumens per Watt), the efficacy of a luminaire may be as low as 40 Im/W.

[0015] The broader the band of light that a light source emits, the more the light
emitted by the light source resembles sunlight. A figure of merit used in lighting is color
rendering index (CRI). CRIis a quantitative measure of the ability of a light source to
reproduce the colors of various objects in comparison with a natural light source, such
as the sun. A broadband light source covering the entire visible spectrum has a CRI
larger than 90. In contrast, a commercial fluorescent light tube, which emits a small
amount of red light, has a CRI as low as 50. Because of this lack of red light, a red
object appears to be dull red or even brown when illuminated by a commercial
fluorescent light tube. White-emitting OLEDs are useful for lighting because organic

materials have wide emission spectra. Combining red, green and blue emitters in a
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produce intense |ight because light emtted by the OLED is directed out of
the OLED instead of allowing the emtted |ight to be retained within the
OLED. Addwoi2onalob3ps t he present application describes aPaémiuseoiiogiss7 sour ce
including a plurality of mcrocavity OLEDs. In sone enbodi nents, the white
| i ght source includes a mcrocavity OLED that emts intense red light in a
narrow spectrum mcrocavity OLED that emts intense green light in a
narr ow spectnglerdLENphna! yields acaQuitD yhaChdsa CRbltighenitas Sordepersivghdnuies | i ght in a
narrow spectrum Since each mcrocavity OLED intensely emts the specific
colors in @mesioneRedett rum when the white |ight source illumnates an
object, the visible colors reflected b the object nay be vibrant and warm
due to the |[ﬂ91@ﬂ15|5t°y1%ﬁif¢ﬂ6trﬁé’h'@$"é'8m @Fhﬁﬁ‘ﬂjﬁc%i’esllip%ﬂo@w\/c\/t ed by the
white |ight source. % A variety of ght sources are avail able
i ncl udi ng HAMEK| ‘rh@%reﬂl‘é'ieﬁﬁx tigdighicfetrading ”&HEPF%W“‘P'P asres e@Rlcal foght  bul bs.
Lum naires are, soneti S use i i nd or office
settings, AIVECENEG-{N-{T5IH @r?@rﬁ?é‘f’" ﬁm%f’%ﬁ’fa"b"i‘?‘l‘é{the Hﬂﬁ’%siiopé’é may | ose
40- 50% of t t h r i even if a
I%ﬁtted |Iﬁpt 10&?@8%% E)Iur%hk?helgggg 8{%\5’1 émlﬁﬁgé Cﬁ%b 108 AF an be

l'i ght sour Ce 'SUcH as-a's aS a rumnous efficacy of 100

lrn/W(lu i as 40
W [OBTE) TS Brogsr TnEmea ot A B AR L OB 18 B e

nore the | iighlragitntdhgterR¥tidnh® ah bgBhic BOET B8, é@§§|m|ﬁ|$o§fdcgrgmayerﬁoé' gure of
merit used in lighting is color rendering iIndex Is a

quant i t at i wadBragKELsUbEtrAtB @08 inlyid ymanfiradtidni @ e saitteCIRht 2riepxtediae t he
colors of various objects in conmparison with a natural |ight source, such
as t he sun.intd\aior t@dibengbldsiatite irsdtices © refravt@ni(mdort the oggahic layensi Ok the spect rum
has a CRI larger than 90. In contrast, a commercial fluorescent |ight tube,
whi ch em t 4T@ layam106, arlrd)ilhﬁ19|6©$strbédatlei1ghare drasliugtr@®y. as | ow as 50. Because of

this lack of red |i a red object appears to be dull red or even brown
when il | um A89¥d b@ge? 'é@rﬁﬁgrfw af the vefenue s108R% Oflth@h'tlraﬂ'm@élaywpf@eem tting
OLEDs are useful for ht| ng because organic nmaterials have wi de em ssion

spectra. Cd‘f’f‘ﬁ?'ﬁf“ﬁ@“gr%'dz P etr Enderseei ndidft 4 di filmouideddnegse 0 ED panel
yields an OLED t

bectrum. 6% 6] PeaRETE e 1 LA, Weé?ﬁn#ﬁ ey %ﬁ%@ R 0e e e ko s up to
100 knf W. efem(?tlied nﬁﬂ OZrS%g{rgtg%r]gﬁ O%fc Iglhées 3“ 5' Osr&b%tteh Whl ch are

not pract|ca acturrn ara mtlng

exanpl e of ke tLAnGH:S81aa, dﬁheeénégéoe@gh@ﬂgndl% s&uu%gq%omfgra' ity of

| ayers of a Whl te-emtting can be seen in because

l'i ght emtteﬁﬁhefdnemﬁoheemltﬁ@alreméslz@@ AP a YR sSodiaRRRES: H4endyder f raction

and reflection in an organic |ayer 104, an I'ndiumTin Oxide (1 TO |ayer

106, and/ ofeliingledSing WS tafrayLor BAStonie Bh¥tal, §fm+ filmfJuat in@yde @b2 tshernem t t ed
light 102 is extracted into air 110. Exanples of the indices of refraction

(n) for thelifiduganelenihaly eecauddthe ordemicl TOIdyansein4/ 06 arecingidd the QyEasI®osubst r at e
108 are also illustrated.
and are not accessible to the outside.
[0018] FIG. 3 is a diagram of a non-limiting embodiment of a microcavity OLED
300. The microcavity OLED 300 includes a glass substrate 302 and a semi-reflecting
mirror 304 formed on the glass substrate 302. In some embodiments, the semi-
reflecting mirror 304 is a thin silver layer (e.g., about 10-20 nm thick), and in other

embodiments the semi-reflecting mirror 304 is a quarter wave stack including stacks of

silicon dioxide (SiO,) and titanium dioxide (TiO,), which will be discussed in further
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[0017] FIG 2 is a diagramof the various nodes of the plurality of |ayers
of the white-emitting OLED 100. As can be seen in FIG 2, thin film guided
nodes 202wW0i208/1063des of the organic |ayer 104 and/ or whe/ust@iloaseer 106 of
FIG 1) trap about 40-50% of the emitted |ight 102, substrate nodes 204
(i.e., nodes of the glass substrate 108 of FIG 1) trap about 20-30% of the
emtted |light 102, and only about 20-30% of the emtted |ight 102 reach the
ai r nodes 26@il béMw] BurtheglaadTO saybs306as rmedien B 4emanefldaing Iviimarr3as eth usi ng

| ens arrays or photonic crystals, a thin-filmguided node 202 is very

di fficult semeemapdicieetsiibe HissleyarPet israpart WOINMOhickyer s 104/ 106 are insi de
the OLED 100 and are not accessible to the outside. é0018] FIG 3 is a

di agr am of 49H&h- I'°i'Iﬁ"”t‘ir%p%ﬁﬂﬁl‘ﬁii%Ithor(HIedeP”rI’I‘Q:'rTQC@Iﬂrt39 OPEPME00. The

m crocavity OLED 300 includes a gl ass substrate 302 and a sem -reflecting
mirror 304°MBPHEGMSH h?H%'eéf?%%ngé%Sé PBpudess 1.1 bisledite enbodi ment's, the

sem -refle tlnng}

L AR T A s e
quarter w\ggﬁgﬁgﬁgﬁr@m&ls%@g RUACHTe PncBlr Mol PKL el ifdlaeRr {1t ani um

di oxide (Ti i'scussed det al ow. Further,

an | TO | ay I n sonme
embodi ment o ha" U T hoe A0ty Bezpe o § t SsﬁﬁIaFﬂ?i“ﬁ“%)sﬁ‘IéIgIA ol

transport laue b3@k merdavilged Fosioheol J@ﬂp@yf& a%%}océvmy opE® 3eehadi ment s,

the hole transport |ayer 308 includes a 1,1-bis[(di-

t ol yl am no)kpite radl ibayie trehexgnd, 4 . ARt Iswm fo a/uaumsrmy theerdiinglayg® nm t hi ck.
An emtting layer 310 is forned on the hole transport |ayer 308. The

mat eri al i B3¢0 onde dhclude BSEN dNrdichribazpld-bgreens31ACEBdepend wigstris(te col or (or the
spectral frequencies) of the light emtted by the mcrocavity OLED 300. For
exanpl e, f ohemwlispqginolnguiidiym OlrEly)3PBimterly, fend ticrecadity PIER 30tthatmnitsange of |
e.g., about 585 nmto about 675 nm the emtting |ayer 310 may i ncl ude

3,5' - N, N - @regaright vihe ranes 26 rfed- (20eard25 %@@&0%6@8 N the(epnitting layer 310

h I I d ' rl CLED
SOS”Ih;f°2IIIaISncI$§éIéFI¢§o‘éBIIt fq%é?e%am@maéogudlunﬁwamfrrpggsmnﬁl?Saé'béﬁt 655
th t 310
Fa6-tr1s( 2 sreRol B reﬂfﬂ%sﬂx@ﬁ LTS B B s oo of e 83 1 or
m crocavi t %3&5% ngQIt tﬁwamet |tllﬂ19q§ elr bgﬂéal ﬂclhg'e 3 %’aﬁﬂledacarbazdeg about 435

nmto abou e en‘i

3,5 -N,N - PRRGDA 6 -di-flouropheny d N

(rrCP) [ ridi urgr;z% @g )QIF?4 gp)gls[( oﬁr%ué eﬁ?/le Im'l|cr)|y'rni’:lt i ng% %p'ﬁ?"&%“f pi colinate
("Flrpic") ¢rrpi@920] An el ectron transport layer 312 is formed on the
emtting |layer 310. The electron transport |ayer 312 may i ncl ude

2, 9- di met hl yooko - dinRiRByd trdnspd@ thBenans foFfdd dieiné Bidftingl Ia)e81@ntHeor a
tris[3-(3-pyridyl)-nesityporane ("3TPYMB") |ayer. Further, a cathode 314 is

formed on tkhetrel teaispanlayerans pay tinduay ero- cBrinamly'ﬁthuﬁﬁérIdeeIo?phénambluﬁes a
netal |ayer. For exanple, the cathode 314 nmay include cesium carbonate
(C5003) ( akRer) ldyenamd/dn actkij[3ddrdyradyHmenityiib¢rang (‘S EDOUR") BYEr. mrunthdéri @k) or
lithiumfluoride (LiF) (about 1 nmthick) and Al (about 100 nmt hi ck).
[0021] FI Geathodes3i4 igifoargedipn BF eistsernieansherhlayérdiei mbe eathrsidi dténcludes a

m crocavity OLED 300 that emts blue light. In the enbodinent illustrated
in FIG 4, Metdlayer foaexampe. ithecqaliipds 3é‘hméY (TRIUAR RS SIURD SrPenpte (C5€@a)  whi ch i s

1 n hj ck
about 100 (a oLt I r(I:m thlgk) angalumlnum (Aﬁ (about 100 nm thick) or lithium fluoride (LiF)

(about 1 nm thick) and Al (about 100 nm thick).
[0021] FIG.4isa diagram of another non-limiting embodiment of a microcavity
OLED 300 that emits blue light. In the embodiment illustrated in FIG. 4, the cathode

314 includes an aluminum (Al) fayer 414a, which is about 100 nm thick, and a LiF layer
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414b that is about 1 nmthick. The LiF |ayer 414b is deposited on an

el ectron transport layer 312 including a BCP | ayer 412 that is about 40 nm
t hi ck. ThwOBCR/1oe3per 412 is deposited on an em tting | aper/iB2@tionssbudi ng an
nCP:. Firpic layer 410 that is about 20 nmthick. Additionally, the emtting
| ayer 310 is deposited on a hole transport |ayer 308 including a TAPC | ayer
408a, which is about 50 nnn thick. Furthernore, the emtting |ayer 310

i ncl udes a4PEDEEt IPStoUt ayer thitk8Dhd hifillayes4 @b tidepdSitedrontanietdctramtlansporeh 1 s
formed on an I TO | ayer 306 that is about 50 nmthick. [0022] FIG 5 is a
di agr am of layendt-indlyrind snGCBYayapd @ thdt issatwetd O mrethicke tTihadOf layeod 1384 of t he
enbodi rent of a mcrocavity OLED 300 illustrated in FIGS. 3 and 4. The

i |1 ust rat ederosdappranemithy l2yend 1t iaglidng @fh'@CFﬁ rifisr 1230410 habisgbet28r wave

stack that includes a silicon dioxide (SiQ2) |ayer 504a, which is forned on
a titani umndiBigk-gadditangy ”lea?y”@trt'”%@ﬁ% 31 I‘?edeﬂoﬁ?’éﬂﬁé%‘@ée tEnsRaigaYsr 898 | ayer
504 d the Ti 02 50 t I th of
ot Acc PG ARG PHORRABED Erbobh el PRI FaoH i nsFtes The

ool | eI, et U ?lsgg%gﬁlz% LR s B e €L ed by

the m croca n ‘one T nplenmen '¢on “di‘oxi de | ayer

504a is ab FneZ%n%ml‘F(?'a(}gr ARdndi Rearbli Y oxi de layer 504b is about 48
e

nm t hi ck. sem -reflécting mrror 304 is forned on the glass substrate

302, which r[‘@{)‘zzlj)e FB 0L aldidgmarh Bi £Kon- Ilnﬂtlrﬁoé%msmg'sgﬁmeﬁectlh fhirror 304

sem -reflecting mrror 304 has a wdth of about one inch n sone

embodi ment $f thkRénbasiaRnOdr at hierosauiy OLeDI3e0 lilusteatéd iR IFIES 30¢hdi4 THROUt one i nch
by about one inch. Also, in sonme enbodi nents, the sem -reflecting mrror
304 has a lettrsed aaxewld R)thd sumbi-réflectingbsitranitdas & yuatuabvd staék tB& at 475 nm
The reflectivity of the sem-reflecting mrror 304 may vary between about
40% and abéwtudZ9&silicandliedie (B&T.) leydri504a, syhedtis formedsorbr ttadum B2 BTIORI G 6 is
a diagram of another non-limting exanple of a sem-reflecting mrror 304
of the enbiairhelf. bie Bickiesrecelvia SO 968 and IhadiQ-dewed SP4p #acts. 3 and 4.
The exanple of the sem-reflecting mrror 304 illustrated in FIG 6 is
simlar toCPhesPaRdivd @a&ﬁr%\@'e@@tmof it Becordnghinertoipknsesiof the ¥eeat ed i n

FIG 5 except th he sem - _ref rror 304 illustrated in FIG 6
Chol uses s aBta enoosh Mire eesh e Siop G aile Fricen e e avEE S AGURE (50491504b

d 604a/ 604 do 04 /504 l | d |
gze i rrp?enfﬁ@?tdl bgﬁﬁee%ﬁ chwﬁll COE? %00 Xi %{Ze 'fnggfgiegﬁgﬂiléh uﬁlkgggﬁéd%%ﬂabout 79n
nm t hi ck a%64§ E%b&'t%’?w'nvmcﬁ'a%{h‘é%éﬁ%}é% g@e"l?yé?%@%@%%tafﬁu% n t@% . 48 nm

thick. In other 1nplenentations Picon di"ox| ayers a and 604a
and/ or t he i8Rl eRGhGHIidS 3bRKeEmRER tﬁ@aaé%éstrgﬁeysd&amcmay%em

t hi cknesses. Further, 1n other enbodinents, the sem-reflecting mrror 304
may i ncl ud%b&lhmeﬂm(@m.cmuh@or&sbﬁwb@d.mémbItﬁ@@erﬁhr@ﬂ@cd@ AN 804 RHal Ldiopxi de

| ayers. In sonme enbodinents, such as the one illustrated in FIG 6, the
sem -ref | eabbut@n&inchOoln sdHe ehﬂ@dmnl% thadred oF tisadasii-agtlec@gl nfirecoalist o 0. 70 at
475 nm Each of the sem-reflecting mrrors 304 illustrated in FIGS. 5 and

6 include abbwmonairichgy bbyeose oth.aAlsmtiresanad erhiandiments theosenmi-edfleatdigi ve i ndex
(e.g., Si02) with a material having a high refractive index (e.g., Ti02).

[ 0024] Ref eriroriig4ihae k reflecaneg (R3 that isesubgientiatyl eswaldp 0t39eat ATZrocdbé ty OLED 300
wi |l now be described. The cathode 314 of the m crocavi ty OLED 300 acts as
a refl ecti neflefiivity f tha semtisBediagrmirras SPLBEY MYY REWeD? abpu 4Qktagd akouh hal f

mrror, thus form n? a mcrocawt% 320 between the cathode 314 and the
seni - r ef | edPn NP FPeciREPeRHEN ¥PE¥Ecavi ty 320 has the pr operti es of both

e -1 ef oo ﬁ#?g I 0T 8 B b PRl G SRk B al |y
L anspar enty V8% or 1% IBLARS: &/ -nBBISHg LR Eo BT ISAbe TGS e Y 320,

they are re I e mrrors rom caV|ty 320

and transmﬁ&%s!arﬂaéoﬂiqetsgﬁ- AbdindrirfcP BoLfi8fafith PiG. %h&.a%m&gflectmg

mrror 304. Consequenti all |gh Is transmtted fromthe
sem -refl e%&érﬂﬂe'&’f{hé%m&%‘ﬂe&lﬁ{;ﬂh’rﬁﬂ 3bh Audl AR $@%terxéérﬁtr%@%e's§mﬁ ransmtted
inadirection that is substantially orthogonal to the glass substrate 302
instead of in all directions. Because the mcrocavity 320 orients the
emtted light in a particular direction, a considerable anmount of the |ight
that is emtted by the mcrocavity OLED 300 is also transnmtted out of the
m crocavity OLED 300 and not retai né® W thin the microcavity OLED 300.



[ 0025] Because of the mcrocavity effects di scussed above, a mcrocavity
OLED 320 has very different em ssion characteristics from OLEDs that |ack a
m crocaviwg 2800063 OLED that | acks a mcrocavity 320 i #Ca/usanboeisoan | i ght
source that emts light in all directions. A Lannbertian |light source is
undesirable for lighting because a | arge anobunt of the emtted light is
wasted (e.g., not directly illumnating the object or area to be

i |'1'um nat eebflectog ntifier 30U irstraiedi, F1@. Sinclu@Baws tats CLEARoBARXIIS add Gtakigst | onal
emtter depending on the reflecting properties of the mcrocavity 320. As a
result, a diogid®zgers (30401588 8060 alf0Hhiaestezidfof onesat i(BEakba)tastifustested 0 f our
tinmes the efficiencies of OLEDs that |lack a mcrocavity 320. [0026] FIG 7
is a graphingflGt %eln@ﬂﬁeéf!;ﬁ)l@me@@@@t tha sti¢onadioxideeydi e aofl 604reargriabowd@at i vity
OLED 300 illustrated in FIG 3 and an enbodi nent of an OLED that |acks a

m crocavi t §m3niek ar@d@%i'ﬁaf‘@&‘lq'?“delﬂ@@r SGAL and K04 argtebert 481nm tickndi atherver sus
wavel ength f a mcrocavit E versus a een-emtting OLED t hat

| acks a nni”boﬁ‘?%%ﬂﬁt'f’ps é%s”'c?ﬁg'of“ ﬁf%ﬁrﬁég“%?”dtq%a%‘ﬂlf’b@ﬁ\w PYMARie320 i s

b h whi ch
about 100 MreS0fEeidEedlfaLial R wk%esge%’o%f‘%freﬁ%56””%%59%1 i ot of

h di f
the i cr oo tEe e TefBR Bl p Vo RDE Feebi haE selstbpeeiiadig FIRO TNt ©
m crocavi t gk dnﬁﬁiquﬁr§3Qn &R eI'nBocFrlngﬁts %ucﬁ ggethgoﬁplllhélﬁatted iRENES 62 he

m crocavity 320 (marked "noncavity” has a lower intensity t t he

m crocavi t YerkilrEiR B8R BELRRSs Mtﬁayls s&?&énﬂal@%uﬁlh@d?b%hﬁ?!ﬁ r%neﬁhéﬁ ed from
the light source at an angle prinarily between -30 degrees and +30 degrees.

Consi der i ngf thé &&ni-réflefiny Birtoag8idiRIsiratet! irCRIGS® asEE Mclubatitdredting Idye@r ocavi ty
OLED 300 both the spectrumof light emtted and the angle of em ssion are
narrow. [ 6028hteRhiBGaviBg adovaretibetye anenie. @, 3i0p-Withra rhatagel eabada hight of a
white-light emtting Iight source 900 including a plurality of mcrocavity
OLEDs 300arefractve,nd®@@0¢ 9., Te). mi cr ocavity OLEDs 300a, 300b, 300c are

phosphorescent OLEDs, which can be very efficient. For exanple, the

| umi nous ef 1[(?Q?I4bn89feﬂ1”9abaglf oGl 3.gg oreration Phige Mitresaytiu@LEY 30QNEDOB00b can
be as high as 300 ImWwhereas a green light emtting OLED wi thout a

ni crocavi t $¢ P{%ﬁ?”h%ﬂ/ h§ Plhrfis 3kt METEAY BEDoH0RCERS a wilstingw¥tHer, the
efficienc bl ue m, crocavi OLED 300a and red l'i ght
i t 41 ng. . EPECEDIEE B SEG0 ARl e A0 @groaoéﬁfs BT MORESH gl vt he
whi t e-em t Bétggﬁyhgg%tag&yéf: 4 an%%)e éé?\%lrék%lcp ? &#Af rT%le rocav]m;%%% gavity

OLEDs 300a achi eve an o i Crét 150- 200
I W Thi Sth%fpfrntr%lrt%@%}"b I}'omhfan%“s@@tt}%dfh(?d'ﬁrreﬁécﬂﬁﬁ/ %&ﬁér%or&sh% stepn?

ef ficiency of use um narie
reflecting mirror 304 is a partially transmissive and partially transparent layer. As

photons are generated inside the microcavity 320, they are reflected by the mirrors from
both sides of the microcavity 320 and transmitted out of the half mirror provided by the
semi-reflecting mirror 304. Consequentially, the light 316 that is transmitted from the
semi-reflecting mirror 304 through the glass substrate 302 is transmitted in a direction
that is substantially orthogonal to the glass substrate 302 instead of in all directions.
Because the microcavity 320 orients the emitted light in a particular direction, a
considerable amount of the light that is emitted by the microcavity OLED 300 is also
transmitted out of the microcavity OLED 300 and not retained within the microcavity

OLED 300.
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[0029] White |ight generated fromthe red, green, and blue mcrocavity
OLEDs 300a, 300b, 300c has an em ssion spectrumsimlar to the spectrum
shown i n WD@011110630s can be seen in FIG 10, the blue | ipgmtus3abaziockt G 9)
may include an intensity 1010 corresponding to a wavel ength substantially
wi thin a range of about 435 nmto about 540 nm the green light 316b (FIG
9) may include an intensity 1020 corresponding to a wavel ength

subst ant i al [[9024] t IBepaweroathgeniobcatipeffect2Bscissed@baiouimi&b&aviyoLend t he red
light 316¢c (FIG 9) may include an intensity 1030 corresponding to a
wavel engt h 38@ibas ey difiedent emissivmcharactenstes drbmabidiis tb&%adkra rhioroaddty 82675 nm
Simlarly, as can also be seen in FIG 10, the blue light may include a
peak i nt endintQLEELhpidagks @dnipgcavily 820ns welaethgttian ait sewier thal enyitsdigbtin all a r ange
of about 450 nmto about 480 nm the green |light may include a peak
intensity @beiiesHohbIReEtian ighleaveedhytdesicabissoalighting begayier mipigeanospige of
about 530 nm.to abouyt 575 and the red |ight include a peak
intensity 8%?@5@%3’9%3 Wﬁag\a (ﬁa‘?/eﬂoiﬂ'&cﬁy @%@gﬁwttggf\’lm?/:tﬂ ?RRIP BF r ange of
about 620 nmto.abo 650 nm__Accor di ngl ite light emtted by the
white-li gh{'] m(ra\nr'ﬁa%e%?ngﬁ Itqegq%t'erstlgﬁ?’@em@@ﬁa\'gﬁéyz%to b fsnac?'%ﬁéo'}aw m'b%{rre intensity

f - ’ [ eliBEAR Hir Ry L r- ! cAvi
or a wﬂ\ﬁ@ﬁ@g&,*&ﬁ méoaéhi&ﬁ%p@rﬁ HBE AR Rk QBViRPRE ‘fa\glg‘w%%ﬁ%f%g farrow

spectrum i nc g a pea sity for certalrn colors. i ght
sour ce 900 giIEDHBonah Rsverdti@Sics ab\f 18 Rifodries iR difGdrRieQlf ol £15s Al ect s
appears to be saturated because the three narrow em ssion bands of the

| i ght emtn@qabﬁﬁcm@mpgmity OLEDs 300a, 300b, 300c peak at saturated RGB
col ors. When an enbodi ment of the white-light emtting |ight source 900

i |1 um nat es [e0R6PbjFEB1L7, is biygaphadf tHeSemigiont dpectebjies tendpiin@nt dFakger , nore
vibrant, and less dull as a result of the predefined bands of light emtted
by t he whi téerbiaghity @R 80ntustragktn KIGUB @sd 90 mbariimerafof ec OEHD a4t lacke obj ect .
For exanple, an object that is red appears to have nore of a fire engine
red col or weigrofavity 32t adredifipglly aF IehT isea dragthef Erintenditn gelsigwavessmgthder 900 t han
a brick red or claret _color that appears when the object is illum nated by
an i ncandegc@frecdityRLEREP versusag dieen-emElingOLEthaldaeksiggniciogaiiti 320.es ar e
needed since the light emtted by a white-light emtting |ight source 900
's highly diebETIBRAPT e MLRIStAVORdkeh £ sheAEo: BiietsusTie WBHBNGE ¥'s a 11 ow

h 1100.il 1l i | f hod of fahri i i i
OLED 300 ( Hegresyemog i, SN Frrbafiol nls 2 2o B peddn E(Sat 1ot o 502 (MG
3) i i I | m - r.ef | i i 304 (Fl 3) i
deposi Led. oot GiaEES el Pet & BTert 'y it L8t e R bt Frc ) ng”

m rror 304tHe%¢}6§|nﬁEg1t@ftﬁéﬁ-ﬁ%oc%i'virg'&%@%oTH%%?'v@VsﬁEﬁn()'flEﬁw%?acﬁ@g 6), each

| ayer of Si02 a TI Q2 nmay be deposit by sputterring. e case of the

seni -1 ef | eqlidrBghvij $700TaAs33f beRELHHIFNS. AtdelbiED AYBAcRT riiblo¥Slity 3bdie sil ver can
be deposited by vacuum evaporation. In sonme enbodi nents, the layer of

silver is abhaubd HAnSRity1B1 MLk lowdr@sdsty Max the midrodhdg lOLEE0 (@Brkkd O | ayer
306 (FIG 3) is deposited by sputtering. In sonme enbodi nents, the I TO | ayer
306 i s abotdaviyd@2@nariditne kghtfs droitted froratrepight soli@y @t arB8yld prirkariyetweent hen
deposited in block 1108. Vacuum evaporation may be used to deposit the hole
transport Haydegrég8andn-30iegied® Censeieri®@OBGSSTlbse§ togethiey it can bewedrtthatg | ayer
310 (FIG 3) is then deposited in block 1110 on the hole transport |ayer
308. Vacuuiarevaipeeauty &hEReP0bethikespectiurd epliebt emittadardthihe ehglg of ayer 310.
Further, an electron transport |layer 312 (FIG 3) is deposited on the
emtting | SYEE'OB AL MM ock 1112. Vacuum evaporation nmay be used to deposit

the electron_tran rt. layer 312. After the emtting |ayer 310 is

deposi ted, ¢4l h%ﬁg 93'*13%{5\9(@ Oéﬁ nqrglinitiigREePoriest efavhiteTight qnittiag ne

i npl enent at.i,ons, t cat hode 314 .be for by de iting | ayer of
cesi um car Eﬁ%'ﬂi%rc? M)’d'?%ﬁéf@{aﬁy%ﬁm?%%@)%%Oﬁ’u%%ﬁa%dgﬁt T'%bo nm t hi ck) ,
and/or |ithi i i ( t hi ck) the electron transport
| ayer 312. m'&%%?ﬁgg%e%%i EagObt g‘%&l%& %gmaorgngecfg ﬁood‘%(r)qs’ ¥V§' rFlcacna elvr?gr)y a

whi t e- | i ght¢en.d td i ' - ' ' lurality of
i cr osavt (s CLRDE S5 00e P SE B E: SRV B SR 1R e Mt e
300a, 300b, 300c nmay be fabricated on a common substrate 302 as illustrated
in FIG 9. Additionally, the nethod includes the steps described above with
respect to fabricating mcrocavity OLED 300, except that three different
enmitting |ayers 310a, 310b, and 3108°C%rresponding to blue, green, and red
| i ght are deposited for each nnicrocavity OLEDs 300a, 300b, 300c. For
exanpl e, the comopn substrate 302 nay be provided in block 1102. Each of
the plurality of mcrocavity OLEDs 300a, 300b, 300c nmay then be fabricated
as described with respect to blocks 1104 through 1114. The plurality of

e e~ ~ NN ~rasl 7~ NN o o - -



[0033] It should be enphasized that the above-described enbodi nents of the
present disclosure are nerely possible exanples of inplenentations set
forth forwea 2elgms3oander st andi ng of the principles of thecaiusediomeseer Many
variations and nodifications may be nade to the above-descri bed

enbodi nent (s) w thout departing substantially fromthe spirit and
principles of the disclosure. Al such nodifications and variations are

i nt ended t ®UKD J00blcam belahbigkeias 300 hitivnwHehsas aapee light drhittieg diLsolvasuites and
protected by the follow ng clains. [0034] It should be noted that ratios,
concent r at ingerscaviinmenhave aldoinothefficienayof ol 0aW\. Fathdyethe efiicessed her ei n
in arange format. It is to be understood that such a range format is used
for conven|aé3r'1‘t?é'99"rﬁi“'5'f‘@\m*f’5¢ca‘ém@Lﬁﬁu'%)oa arbigH digisemittings mperecavdy OhER f 1 exi bl e
manner i_ncl ude n%t onlly t he nunerical values explicitly recited as the
linmits of AL PEhGRE bSLPt"e % \Wo Acrrepinele tag Wh'ferfé“'ft'ﬁll"%tdﬂlé{Fe Ptheri cal

val ues or su range assed e as if each nuperi cal

val ue and Slf’gjdmgngea prgh é)c()pl |t qC?YV\%rngﬂl {},‘géa %%JQP %pg‘ﬁg‘?}‘ aehievegnoysigbnt r at i on
range of " '’ 6] ted 10 |ncI ude not only
t he expli c%?ﬁ%h?&g%cljat&éc}qsg%gght]/g/a/tll-hié]ngﬁ(% Cg k’%%&\%\f/‘g Sgu%aeé wt % but

al so incl U%ntwéfﬁ&g@lofg@@é:@ggdrﬁmhﬁ}% {e.qg., 1% 2% 3% and 4% and the
sub-ranges (e.qg. , 0. 1.1% 2.2% 3.3% and 4. 49 within the indicated

range. The tggas)” thgh@aeﬂamlf%ﬂﬂhbrra;dbﬁelee%h ofRURELRG e epdi Ng to
significant figures of nunerical values. In addition, the phrase "about 'Xx
to 'y" incl3ogesodmiBood haskan dniissdhtdpctrum similar to the spectrum shown in FIG. 10.
CLAI M5 Therefore, at least the following is claimed: 1A white-light source,
conpr i si ngAs can be see iff FIGt10nthe be dighitt3y 62 (Fy@rd) endyiigiideemiitténstg 10ticode  ( OLED)
configured to emt a narrow spectrum of blue |ight;

corresponding to a wavelength substantially within a range of about 435 nm to about

540 nm, the green light 316b (FIG. 9) may include an intensity 1020 corresponding to a
wavelength substantially within a range of about 525 nm to about 655 nm, and the red
light 316¢ (FIG. 9) may include an intensity 1030 corresponding to a wavelength
substantially within a range of about 585 nm to about 675 nm. Similarly, as can also be
seen in FIG. 10, the biue light may include a peak intensity corresponding to a
wavelength substantially within a range of about 450 nm to about 480 nm, the green
light may include a peak intensity corresponding to a wavelength substantially within a
range of about 530 nm to about 575 nm, and the red light may include a peak intensity
corresponding to a wavelength substantially within a range of about 620 nm to about
650 nm. Accordingly, white light emitted by the white-light emitting light source 900
does not include the same intensity for all wavelengths, but rather the emission
spectrum includes a narrow spectrum including a peak intensity for certain colors.
When the light source 900 illuminates objects, the color that reflects off the objects
appears to be saturated because the three narrow emission bands of the light emitted
by microcavity OLEDs 300a, 300b, 300c peak at saturated RGB colors. When an

embodiment of the white-light emitting light source 900 illuminates an object, the colors
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a second mcrocavity OLED configured to emit a narrow spectrum of green
light, and a third mcrocavity OLED configured to emt a narrow spectrum of
red |ightwo2o11fiee3obi ght source of claim 1, wherein the pCwaskégheseshcl udes
an intensity corresponding to a wavel ength substantially within a range of
about 435 nmto about 540 nm the green light includes an intensity
corresponding to a wavel ength substantially within a range of about 525 nm
to about 65bthembjeatappbdravanadr, hoghtibramchnidess dul ab atresuttiof fhe pagdetrsgaondi ng to a
wavel ength substantially within a range of about 585 nmto about 675 nm 3.
The |ight deudscd ligit emitaﬁdrhyzhe wititerlightrentittieg lidht eoureey$0 andaéfledted off tipeak
intensity corresF_pondlr:g8 mavelength substantially within a range of
about 450 RRietlo FRbBAMPEBEN AhiECithr iyea appaariRthavopigdd & fige enaile rett ensi ty
corresponding to a wavel ength substantially within a range of about 530 nm
to about 5PSCHRegtnipaed %%le““eg'rﬁht ?rﬁ@mdg@ sgurse aR0 ﬁhﬁ't‘éﬁ’EF‘t Kd®br r espondi ng
to a mavele th su stantla ran f about 620 o about 650
nm 4. The SRRTEROT Y atrﬁp%%fa?'”bé %O&eﬁ 'ﬁf”im'”a}%?’é.aﬂ '”tcﬂ'édelsF‘?rEréﬁlrF@frﬁ%avity
OLE, the S%%Sﬂfl%aﬂ n%r(}fé Iﬁ%lr’l?rlgpare%ggdedgﬁwcgme I%h{rérﬁ{tgc? a;[/v%te%'l:ﬁp are each

di sposed on
emitting light source 900 is highly directional.

[0030] Referring nextto FIG. 11, shown is a flow chart 1100 illustrating an example
of a method of fabricating a microcavity OLED 300 (FIG. 3). Beginning with block 1102,
a glass substrate 302 (FIG. 3) is provided. In block 1104, a semi-reflecting mirror 304
(FIG. 3) is deposited on the glass substrate 302. In the case of a semi-reflecting mirror
304 including a stack of SiO; and TiO; layers (FIGS. 5 and 6), each layer of SiO; and
TiO, may be deposited by sputtering. In the case of the semi-reflecting mirror 304
including a thin layer of silver, the silver can be deposited by vacuum evaporation. In
some embodiments, the layer of silver is about 10-20 nm thick.

[0031] Next, in block 1106, an ITO layer 306 (FIG. 3) is deposited by sputtering. In
some embodiments, the ITO layer 306 is about 100 nm thick. A hole transport layer
308 (FIG. 3) is then deposited in block 1108. Vacuum evaporation may be used to
deposit the hole transport layer 308 on the ITO layer 306. Subsequently, an emitting
layer 310 (FIG. 3) is then deposited in block 1110 on the hole transport layer 308.
Vacuum evaporation may be used to deposit the emitting layer 310. Further, an
electron transport layer 312 (FIG. 3) is deposited on the emitting layer 310 in block
1112. Vacuum evaporation may be used to deposit the electron transport layer 312.
After the emitting layer 310 is deposited, a cathode 314 (FIG. 3) is formed in block
1114. In some implementations, the cathode 314 may be formed by depositing a layer
of cesium carbonate (CsCOj3) (about 1 nm thick), aluminum (about 100 nm thick),

and/or lithium fluoride (LiF) (about 1 nm thick) on the electron transport layer 312.
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WO 2011/ 106306PCT/ US2011/ 025667 5. The white-1light source of claim 4,
wherein the red light, green light, and blue light emtted is substantially
or t hogonawote1ttteeso6ormon gl ass substrate. 6. A |ight soectaS2@ompIchsi Ng:

a plurality of OLEDs di sposed on a gl ass substrate, wherein each of the
plurality of OLEDs is configured to emt light in substantially orthogonal
to the glass substrate in a predefined spectrum wherein each of the

plurality offo632EDReeDiyA6IFSE S, a@natiddiof FBFitRi6E bRgit8light @it I ht source
an emtting |ayer, wherein the emtting layer in each OLED corresponds to a
respecti ve 900Inoludex fabricgling @ plutaligaf micrddaety@LEDs 300a,T306b | 309ht Tisour ce of cl aim
6, wherein the sem-reflecting |ayer includes a quarter wave stack.
plurality of microcavity OLEDs 300a, 300b, 300c may be fabricated on a common
substrate 302 as illustrated in FIG. 9. Additionally, the method includes the steps
described above with respect to fabricating microcavity OLED 300, except that three
different emitting layers 310a, 310b, and 310c corresponding to blue, green, and red
light are deposited for each microcavity OLEDs 300a, 300b, 300c. For example, the
common substrate 302 may be provided in block 1102. Each of the plurality of
microcavity OLEDs 300a, 300b, 300c may then be fabricated as described with respect
to blocks 1104 through 1114. The plurality of microcavity OLEDs 300a, 300b, 300c
may be concurrently or consecutively fabricated on the common substrate 302. While
FIG. 9 depicts three microcavity OLEDs 300a, 300b, 300c, other embodiments of white-
light emitting light sources 900 can include other multipes, combinations and/or
configurations of microcavity OLEDs.
[0033] It should be emphasized that the above-described embodiments of the
present disclosure are merely possible examples of implementations set forth for a
clear understanding of the principles of the disclosure. Many variations and
madifications may be made to the above-described embodiment(s) without departing
substantially from the spirit and principles of the disclosure. All such modifications and
variations are intended to be included herein within the scope of this disclosure and
protected by the following claims.
[0034] It should be noted that ratios, concentrations, amounts, and other numerical
data may be expressed herein in a range format. It is to be understood that such a
range format is used for convenience and brevity, and thus, should be interpreted in a
flexible manner to include not only the numerical values explicitly recited as the limits of

the range, but also to include all the individual numerical values or sub-ranges

encompassed within that range as if each numerical value and sub-range is explicitly
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8. The light source of claim®6, wherein the sem -reflecting |ayer includes
a layer having a low refractive index forned on a | ayer having a high
refracti weoi2nder6308. The |ight source of claim6, wherelPATIUS2011/025667

sem -reflecting layer includes a plurality of silicon dioxide |ayers
alternating with a plurality of titaniumdioxide |ayers. 10. The |ight
source of claim®6, wherein the sem -reflecting |ayer includes a silver
film 11. Tmed.i philuse, aeotdenthtvh e oMb 0M % &Cdbodf 5% Néeholkides furt her
conprises: a cathode fornmed on an el ectron transport |ayer, wherein the

el ect ron t irderpebEdtto irelude notonfydherexplicitly retitedenndentratgpnlcfigiesut 0.1 wi% to a hol e
transport layer formed on an indiumtin oxide (I TO |ayer, wherein the

em tting | @apeut Sivg%f butradsg intudelvedividslabconeentratienst(e bay ¥ 2%ad 4y, advet’eiandt he | TO

| ayer is formed on the sem -reflecting mrror.
the sub-ranges (e.g., 0.5%, 1.1%, 2.2%, 3.3%, and 4.4%) within the indicated range.

The term “about” can include traditional rounding according to significant figures of

[Nl

numerical values. In addition, the phrase “about X’ to 'y includes “about ‘x’ to about

N

Y.
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WO 2011/ 106306PCT/ US2011/ 025667 12. The |ight source of claim 11, wherein
the electron transport |ayer includes includes a

2, 9- di mretWbyod/tbexdbphenyl- 1, 10- phenant hrol i ne (BCP) | aper/useo1a/o25667
tris[3-(3-pyridyl)-nesityporane ("3TPYMB") |l ayer. 13. The light source of
claim11l, wherein the cathode includes cesiumcarbonate (CsCO3) and

alum num (Al) or lithiumfluoride (LiF) and Al. 14. The |ight source of
claim11l, wherein the hole transportclamsr includes 1, 1-

bi s[ (di -4-tol yl am no) phenyl ] cycl ohexane (TAPC). 15. The l|ight source of
claim 6, wieeefae tdhastthe fdllogng eyimaf a first OLED i ncluded in the
plurality of OLEDs includes 3,5 -N N -dicarbazol e-benzene ("nnCP") doped
with tris(2-phenylisoquinoline)iridium("lr(pig)3"). 16. The |ight source
of claim19; whéprdtelig éowﬁ?tqomgsmgayer of a second O_ED included in the
plurality of OLEDs mFI udes nnCP doped with fac-t

phenyl pyridinato)irid rﬁh‘{‘|°f‘1°?""(" OFWE;&W@")'“'”%O“W%ﬁ ) gPrfigesdieembs cl ai m
16, wherein the emttin ay a},thlrd C]_EDlncIudedlnthe plurality of
OLEDs i ncl udes AEP'TYP ‘Eﬁ%ﬁ fi%“ﬁi'%r[ (4, 6-di -fl ourophenyl)- pyridinato-N, C2]

picolinate ("Flrpic 3 second microcavity OLED configured to emit a narrow spectrum of
green light, and
a third microcavity OLED configured to emit a narrow spectrum of red

light.

2. The light source of claim 1, wherein the blue light includes an intensity
corresponding to a wavelength substantially within a range of about 435 nm to
about 540 nm, the green light includes an intensity corresponding to a
wavelength substantially within a range of about 525 nm to about 655 nm, and
the red light includes an intensity corresponding to a wavelength substantially

within a range of about 585 nm to about 675 nm.

3. The light source of claim 2, wherein the blue light includes a peak intensity
corresponding to a wavelength substantially within a range of about 450 nm to
about 480 nm, the green light includes a peak intensity corresponding to a
wavelength substantially within a range of about 530 nm to about 575 nm, and
the red light includes a peak intensity corresponding to a wavelength

substantially within a range of about 620 nm to about 650 nm.

4, The white-light source of claim 1, wherein the first microcavity OLE, the second
microcavity OLED, and the third microcavity OLED are each disposed on a

common glass substrate.

13 of 16



18. The light source of claim®6, wherein each of the CLEDs includes a
m crocavity defined by the sem -reflecting mrror and a cat hode.
WO 2011/106306 PCT/US2011/025667

5. The white-light source of claim 4, wherein the red light, green light, and blue

light emitted is substantially orthogonal to the common glass substrate.

6. A light source, comprising:

a plurality of OLEDs disposed on a glass substrate, wherein each of the
plurality of OLEDs is configured to emit light in substantially orthogonal to the
glass substrate in a predefined spectrum, wherein each of the plurality of OLEDs
comprises:

a semi-reflecting mirror; and
an emitting layer, wherein the emitting layer in each OLED

corresponds to a respective color of light emitted by the OLED.

7. The light source of claim 6, wherein the semi-reflecting layer includes a quarter
wave stack.
8. The light source of claim 6, wherein the semi-reflecting layer includes a layer

having a low refractive index formed on a layer having a high refractive index.

9. The light source of claim 6, wherein the semi-reflecting layer includes a plurality

of silicon dioxide layers alternating with a plurality of titanium dioxide layers.

10. The light source of claim 6, wherein the semi-reflecting layer includes a silver

film.

11. The light source of claim 6, wherein each of the OLEDs further comprises:
a cathode formed on an electron transport layer, wherein the electron
transport layer is formed on the emitting layer;
a hole transport layer formed on an indium tin oxide (ITO) layer, wherein
the emitting layer is formed on the hole transport layer; and

wherein the ITO layer is formed on the semi-reflecting mirror.
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12.

13.

14.

15.

16.

17.

18.

The light source of claim 11, wherein the electron transport layer includes
includes a 2,9-dimethly-4,7-diphenyl-1, 10-phenanthroline (BCP) layer or a

tris[3-(3-pyridyl)-mesityllborane (“3TPYMB”) layer.

The light source of claim 11, wherein the cathode includes cesium carbonate

(CsC0O;3) and aluminum (Al) or lithium fluoride (LiF) and Al.

The light source of claim 11, wherein the hole transport layer includes 1,1-

bis[(di-4-tolylamino)phenyl]cyclohexane (TAPC).

The light source of claim 6, wherein the emitting layer of a first OLED included in
the plurality of OLEDs includes 3,5’-N,N’-dicarbazole-benzene (“mCP”) doped

with tris(2-phenylisoquinoline)iridium (“Ir(pig)s”).

The light source of claim 15, wherein the emitting layer of a second OLED
included in the plurality of OLEDs includes mCP doped with fac-tris(2-

phenylpyridinato)iridium(il) (“Ir(ppy)s”).

The light source of claim 16, wherein the emitting layer of a third OLED included
in the plurality of OLEDs includes mCP:Iridium(lil)bis[(4,6-di-flourophenyl)-

pyridinato-N,C2’] picolinate (“Flrpic”).

The light source of claim 6, wherein each of the OLEDs includes a microcavity

defined by the semi-reflecting mirror and a cathode.
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