"ve@evnshhi kA zkdnBnifnTcQr ° ~' t r BACKGROUND OF THE | NVENTI ON DI SPLAY
DEVICE Field of the Invention *@0002* 5 This invention relates to a

di spl ay device and, nore particularly, to a spontaneous em ss

di spl ay device such as organic el ectrol um nescense device. MMNMIWWIHMI
the Related Art 10 A device usr ng el ectrol um nescense of an organj ¢
material (hereinafter called "organic EL device") conprises an oré%ﬁ?c

| ayer forned by stacking an organic | ayer or organic |ight
emtting | ayer between a first el ecP?gthg ﬁ@t%@cond 15 el n“\rt
is remarked as a spontaneous em ssion type display device mem mwm“‘

hi gh-1 um nance em ssion by | owvoltage direct current driving

a cross-sectional configurati ransntssron type
organic EL 20 device as one rh&{ (ﬂ»ﬁ)ergfraﬂ g E?ItTI%NI The organic EL

devi ce shown |@ @y& of thd™9& % igcking on a transparent Substrate 1,

sequentially f ansparent el ectrode 2, organic buffer

layer 3,5 organic hole traispo \}e%ﬁrorﬂ’rélra&%@ Gd 'agta&sgta&t 'd'a,%%é layer 5
and netal electrode 6, such that l'ight h generated in the Organic |ight

emtting layer gad,s rdld Fdrad ddifaugh e & WintainRols dmislsibR-ERpeOr gani c
EL device shown in Fig. 1, however, spectruns of respective colors in the

| i ght h gener ai@EGplayamevaxd atictd 5 @Rddia Oleariteolufithegdehkeng | ayer 5
havi ng vari ous em ssion colors have 5 wi de peak widths as showmn in Fig. 2,
and especi al | y deagaredi ng the red light h, the peak wavel ength is deviated
to a | onwer wavel ength. Therefore, wth a display apparatus using such
organi ¢ EL deviDegsriigition of rtdyer Kedt®ed @t it was i npossible to obtain a
10 sufficient color reproducrbrlrty range enough to display, for exanple,
TV i madds. To overcone tH#i QM¥9ﬂ<§ﬂti afes ﬂaﬁﬁééﬁspénﬁﬁtéﬁpé§e a

dielectric mrror Iayer not ho en th bstrate 1 and the
transpar ent eIéE%FWH€ &%&F €§9F HFPPBFCI§§er

transparent el r.od r yer I psport
AV |ng ayer §' %' eF 5 gg %t ﬁ ﬁ

| ayer 4, organrc Irﬁht em cavity

structure. N G AR ih Savige ATV arte'i' %xcaegsxlet iyghr “the 1 gh

h generated in e organi c t emtti | ayer reci procates between

the dielectric e'i’ﬂlr'cftcifngI asé@rezarmétwaemet %"n%'te‘étlfe@@%oﬁe and ank¥cengart of
the Iight having the resonant wavel ength is extracted through the substrate

1. Thensfore, lelghitdodesyvian@ Hitgh speskmarkiednsist W apdn8anbonar epwsspent rum
can be extracted, and it is possible to enlarge the color reproducibility
range of a displype disalatyusieydiceg capelbler gdnihd gl ldminesse emission

by low-voltage direct current driving.

Fig. 1 shows a cross-sectional configuration

of a central part of a transmission-type organic EL

20 device as one of such organic EL devices. The organic
EL device shown in Fig. 1 is made by stacking on a
transparent substrate 1, sequentially from bottom to
top, a transparent electrode 2, organic buffer layer 3,
organic hole transport layer 4, organic light emitting

25 layer 5 and metal electrode 6, such that light h
generated in the organic light emitting layer 5 is

extracted through the substrate 1.
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2 | However, as the peak width of the spectrumof extracted light his
narrowed, as it is in the organic EL device having the above-nenti oned
cavity structure, dependency of the em ssion property on the view angle 5

i ncreases. For exanple, when the em ssion surface is viewed from an oblique
direction, wavelength of the light h largely shifts and the em ssion
intensity decreases. Therefore, it is inportant that the spectral w dth of
the light extracted fromthe organic 10 EL device is not_ narrow too nuch.
However, the organic EL dé¥i &8enLRORBAEJELLEGELIGRJSROYR cHRt BAPt ate the

dependency on the view angle.in its _design and could not naintain a
su?ficien¥ col o OWQKFEGu5%qﬁﬁrp§ﬁg8fo€8FgﬁFgéV9iEﬂﬁﬁﬁﬁlég.tﬁg Ljght b

d d h i le i i bl ially,f whi h
dependency on \hend UANLE s 450 ln BEORl espacL el yy Lot white thal
i le d f -th LCi f whi . F [ i id I
Gre 53 SRR B AL el S G
a I OXI e . n =" real gk a S g — en
oppr ot Lol B B0uBLRe L CRORR' 1) B, 28 IR cestare 000 o

60, however, it RgaedRHgAtnkakel 25gH¥VAD- PA&BpedR J%gé%%ﬁgtﬁt+és appar ent

that the col or deviation becones very | arge beyond t owabl e range.

This cal cul ati ogevaatedr tbed 2de¥ndaielBRgERNDIFHOL IR € WA th 7 PEAK
wavel engths of multiple interference filter spectrums shown in Fig. 4 and

peak wavel engt haieplagt appalratassasangspachr vrgashoOVBL i detviges SESy broken
lines (spectruns of light emtted by light emtting 5 | ayers and extracted
wi t hout mul ti pl eoilnrerkpresestatione ptewaselimposhibbheako wslvehimgd hs are

t hose maxim zing the efficiency of utilizing the light energy). In this
case, tA8 |ightseféigienkt caderngeprelurcéhdylty nargei ereugitei plication
of the 10 internal em ssion spectruns_and the multiple interference filter

spectrunms resul 845Pha¥nefekt pXEMRAC) | Wt 1MAILHg t he spectrums shown in Fig.

5 by solid lines. OBJECTS,AND SUMVARY Cf THE é ENT|ON 15 It is therefore
an object of the inventiof®t SVHFEOMetRIE pBRORNEBusI B aSi RPRYRE dFSpl ay

devi ce capabl e 9ht@bUshi 804k RF LR BANIAES, ! Vafot WRIRNGEYA | AR G dURNt 1 LY

under the existence a Vi ew ang ependéncy an apable eviating

the view angl e 2QodgpeudeAty of aWli tRe FEERLHARENE CeidEtiddsts aspast of the
invention, there is provided a display device in which a [ight emtting

| ayer igsinterperad baewaeslactiist meke6tr Dege AN Ot BasssOréh €l &Ld ¢ ©eleie and
at | east one of
2, organic buffer layer 3, organic hole transport layer
4, organic light emitting layer 5 and metal electrode 6
form a cavity structure. In the organic EL device
having this cavity structure, the light h generated in
20 the organic light emitting layer 5 reciprocates between
the dielectric mirror layer and the metal electrode 6,
and only a part of the light having the resonant
wavelength is extracted through the substrate 1.
Therefore, light h having high peak intensity and a
25 narrow spectrum can be extracted, and it is possible to

enlarge the color reproducibility range of a display

apparatus using such organic EL devices.




' st
25 the light emtting |ayer and one of the first and second el ectrodes from

which light is extracted functions as a cavity portion of a cavity
structure for 4 t resonating light generated in the light emtting |ayer,
characterized in that the peak wavel ength of internal em ssion spectrum
inside the light emtting | ayer and the peak wavel ength of multiple
interference 5 filter spectrumby the cavity portion are shifted from each

ot her. According to the segond aspect of the .inventio there is provided a
i spl ay device In whi ch a TPYRYSEM €F | HGP 1RGN W bih Gk Jdke FRAGHRAT, of

fi 10 el i gh fl i i al d. d el .rod f
(1750 R0 el ectrodgeolood! Shbut ol S6 e RLEY 1AL A0 2 eSO Slgtyove o
1 9N e L0 | Aot UOGt a0 Re ALY REIL LA TC A LRV e S

for resonating |l1g generate em ayer,

h terized i k ' &S !
characterized I ”déﬂé’ﬁdéﬂ@yf’@f‘ tl‘ﬁ@véﬂlfﬁgi& girﬁlgig%r% ﬁtﬁ%?ss}nﬁl{ isagﬁqgler um

inside the light emtting |layer and the pe

interferegce filigErSREES! URJY ditnfdY, theROfthieORMALE il hiedakbkogseach
other. 20 According to the third aspect of the invention, there is provided

a display devi cevi@wddli £Pom &h'6bleyestdpescfon, Iwd1eRitie@d et eri al ,
alight emtting |ayer and a second el ectrode of a transparent material are
sequential |y starkeltt oy BaPJebybshifte, amddilad dreiasdianeimiferddieysecond

el ectrode and the light emtting |ayer functions as a cavity portion of a
cavity structur edécreassonatihegdfigie, ddndsatiegortaht thatthéhlei ght em tting
| ayer, characterized in that the peak wavel ength of internal em ssion
spectrum i nsi de $PectrghtwiithtohgtheybighihdeExtragadk fromeltdytdragnic
multiple interference 5 filter spectrumby the cavity portion are shifted
from eachOot her . Ek fAeCof 1§ hpok BRPERY st murh or Bo¥sVerny &hei BRIAPAC he

case where the gﬁ shift occurring upon reflection of 1ight generated in
the 11ght 10 em I8 155 PoRFIARERSTREredid diot meeamalAte e g ans,
th tical dist j ' by I t fyth
spgc?rpulmcgf tlhz @%ﬁ?(?%%é%gmg%ﬂrl%&ie%wh% hlel{]ﬁtg{tad%ge ?aatq{e% c{bﬁl dhe Iei ght

emtting layer igotl mafitalhCa diSPt AYi&eY I &S1dS ﬁﬁﬁ%&i&ﬁbé@éx&é%@ y
Equation (1) below. 2L/~ ",~+~/2~=m (mis an integer) (1) In theé display
devi ce having thgide view angles.
15 Such dependency on the view angle is a
serious problem especially for white that is very
perceivable visually. Fig. 3 shows an example of
calculation of view-angle dependency of the
chromaticity of white. For liquid crystal or other
20 type displays, allowable range of color deviation in
the screen is approximately within Auv=0.015. It is
certainly as small as Auv=0.006 when the view angle is
30° as shown in Fig. 3. However, when the view angle
is 60°, however, it becomes as large as Auv=0.0178.
25 That is, it is apparent that the color deviation

becomes very large beyond the allowable range. This

calculation was carried out under the condition where




%onfiguration, since the optical length L of the cavity satisfies Equation
(1), light near the wavelength 20 runs to multiple interference in the
cavity. In the present invention, color deviation ~uv of white upon the
view angle of 60 is held not to exceed 0.015 by shifting the peak

wavel ength of the internal em ssion spectrumin the light emtting |ayer 25
and the peak wavel ength of the nultiple interference filter spectrum by the

E‘Z‘Yﬁéi: zed conf PaaFarraLoinPhs, B8 mbRETRke Pl GrEC eAC uﬁfd%%eeb
of o deviaton SpepREShe pRoRi FATEER. OF S BRI BRI PREEG o e

spectrum rel atiXﬁtEQngmeeﬂf§§i¥\$\e’§#899£Qm9fsltuf)\?ni{%Sigf%‘% SRP M gpect rum

The above, and other, objects, ures and advan presen

| nventi on WLL1 begoge keagdtbunaPper e0bnl! g thea oy | v det et e

description 10 ereof Wwhich 1s to be"read 1 n connect

acconpanyi ng dr auk89s. aBll Ekt PESEEE R Eho6F i M dredcd s 2

crass-sectional view of the 15 substantial part of a conventional organic
EL device; Fig. (Roré pré€lsary| CtHe aps&R) wawvE LEM@HSs SPRSt thgde Of respective
colors extracted fromthe organic EL device; Fig. 3 is a schematic di agram
t hat shows an 2fia¥dimbzbnat thet gf£fiagenocy odbf t el Lomiemt tlodal ighitgani ¢ EL
device; Fig. 4 is a schematic diagramthat shows nultiple interference
filter spectrunsnengyhe convdrits arede ortdenild diit emeingy, eX3rhicging i s a
schematic diagramthat shows internal em ssion spectruns in the

conventi onal orgﬁﬁigiency 1s maximized. Multiplication of the

10 internal emission spectrums and the multiple
interference filter spectrums results in the extracted
light having the spectrums shown in Fig. 5 by solid
lines.

OBJECTS AND SUMMARY OF THE INVENTION

15 It is therefore an object of the invention to
provide a spontaneous emission type display device
capable of adjusting the RGB balance in a luminance-
variable quantity under the existence of a view-angle
dependency and capable of alleviating the view-angle

20 dependency of white.

According to the first aspect of the
invention, there is provided a display device in which
a light emitting layer is interposed between a first
electrode and a second electrode, and at least one of

25 the light emitting layer and one of the first and
second electrodes from which light is extracted

functions as a cavity portion of a cavity structure for




’EL device; 7 | Fig. 7 is a schematic diagramthat shows 5 view angle
dependency of an organic EL device (GFig. 8 is a schematic di agramt hat
shows 10 vi ew angl e dependency of the organic EL device according to the
first enbodi ment of the invention; Fig. 6 is a cross-sectional view of the
substantial part of an organic EL device according to the first enbodi nent
of the invention; em ssion) as a conparative exanple with the organic EL

devi di he fi mbodi f the i i QN . El '

schemt ¢ di agr REORAL Bk St PRt SERoSPoR EpSABRnenth LY SPUBRTC £L
_ a 8 aF o8 pEC PPl

of extracted |ght. Fig. THeraCheeinBioin: thekothe PRak Aagofeddefyset i

chromaticity di%ﬂ%%gh%ﬁ EQﬁsgégghg%fgkgqgvkﬁgiﬁ%cghgiﬂggpe EH@t%%ﬁ?t

enbodi nent of the i'hventi on; Cross-secti on Vi ew 0 he 20

subst ant i al par&a@%ﬁgﬁEgéQﬂ%gﬁegk @%VE@%n@Qﬁob@iﬁﬂl%ﬁp&@e%ﬁ€€99Qr8HEQdinent

of the invention; IS a cross-Sectional view of the substantia

part of an orgagi§ +l @g\g&%uﬁc%gc%agchoﬂge bitithdneakedsAeRteal £ibA
inventi on. DETAI LED DESCRI PTI ON THE PREFERRED EMBODI VENTS Sone

enbodi nents of then oteei.on will be 25 8 expl ai ned below with reference
to the drawi ngs. D splay devices according to the enbodi nents expl ai ned
here are some applicati onacebridifig nvemtheosecondr gapectEbfdehieces. I n al
of the figures illustrating the 5 enbodi nents, conmon or equival ent
conponents are doaventlipnl,alkblece. il grofFidedwa displgynideviEcedéni which
according to the first embodi ment of the invention. The organic EL device
shown in Fig. 6a dighdoemdititdag dgver dsi dntegproged begused BLEdEStce, and
includes a first electrode 12, organic |layer 13, sem transparent reflection
| ayer 10 electrode of a light reflective material and a second
electrode of a transparent material, and at least one
of the second electrode and the light emitting layer
functions as a cavity portion of a cavity structure for
resonating light generated in the light emitting layer,
15 characterized in that the peak wavelength of
internal emission spectrum inside the light emitting
layer and the peak wavelength of multiple interference
filter spectrum by the cavity portion are shifted from
each other.
20 According to the third aspect of the
invention, there is provided a display device in which
a first electrode of a light reflective material, a
light emitting layer and a second electrode of a
transparent material are sequentially stacked on a
25 substrate, and at least one of the second electrode and

the light emitting layer functions as a cavity portion

of a cavity structure for resonating light generated in




14 and second el ectrode 15 stacked on a substrate 11 sequentially from
bottomto top. The substrate 11 is, for exanple, a 15 transparent gl ass
substrate, sem conductor substrate, or the |like, and may be flexible. The
first electrode 12 is used as an anode el ectrode that functions as a
reflection layer as well, and it is nmade of a light reflective materi al
such as 20 pIatinun1(Pt) gold (Au), chromum (Cr), tungsten (W, or the

| i ke. The first e rode referabl has a thickness in the range from
100 nmto 300 nﬁi ﬁé’%& fﬂ%g e}a¥ ¥|s made by stacking, for exanple, a

Pyer 130 8l so funcei oni ng s tea 1480, 30" chRrenfer bR, fiavedahafll &F 1
fromthe. or gant & eﬂ.%ﬂ“’%. 1S ehec i TK188 RREV1IGHDons (R ERE] % Z'yér
f i l4¢ f 4'
49Irﬁge¥g?hé?%ylp nylgheny gﬁ%h?? trlgﬁg%tPa%?ngFiggbgeT g%;?gﬁehée
4"-tris (- naphtﬂﬂl&%%n%g)@@t&% iy I%IPl%nIéIa%E‘tﬁ}ebor‘EE.ohhﬁrIe' Eﬁlfiee ba.%iher

| ayer 13a nmay be omtte | eakdge Is in an acceptable | evel. The hole
transport | ayer ehdlh Hrhede made of, for exanple, (x-NPD [N, N - di
(1-naphthyl)-N, n'-diphenyl-[1, 1' 10 bi phenyl]-4, 4'-diamne]. The organic
light emtting |ayer 13c iIn rmmge off thokkeaepecltisgbf enet pragensterial s
havi ng em ssion colors of red (R), green (G and blue (B). For exanple, as
the I'ight em ttiimyemktien,alinhdhengaiskewberr $beophaskoshifkq8cttrring5

qui nol i nol al um num conpl ex) may be used. These | ayers form ng the organic

| ayer 13 are pr&pongpeflectdonciofi dighitckeasratgdgdn, theeligbt the buffer

|l ayer 13a from 15 nmto 300 nm for the hole transport layer 13b from 15 nm
to 100 /M and femitkdngo leyganiat pgReidei endagofayhe ¢8¥ityoiF1% nmto 100

t I Ho th K f th I 13 d th
T respectvel . douer ! NGRS Rt gL e lpyer 43 and pine
b th I I
e e e YL St 5, T LS CORCPE . (Shtctaces e

(My), silver (Agkt¥ackl@l Frdh e 1H§nl0gensedblanareheniigat! ection layer
14 preferably has a

emitting layer is Agax, the display device is configured
15 to satisfy Equation (1) below.

2L/ Apax+®/2t=m (m is an integer) (1)

In the display device having that
configuration, since the optical length L of the cavity
satisfies Equation (1), light near the wavelength Apax

20 runs to multiple interference in the cavity.

In the present invention, color deviation Auv
of white upon the view angle of 60° is held not to
exceed 0.015 by shifting the peak wavelength of the
internal emission spectrum in the light emitting layer

25 and the peak wavelength of the multiple interference
filter spectrum by the cavity from each other.

The present invention having the above-




’thickness in the range from5 nmto 50 nm The second el ectrode 15 is nade
of a material typically used as a transparent el ectrode, such as 5 indium
tin oxide (ITO or an oxide of indiumand zinc. Let the second el ectrode 15
have a thickness in the range from30 nmto 1000 nm A passivation film
(not shown) made of a transparent dielectric overlies the second el ectrode
15. The transparent dielectric 10 preferably has a refractive index
approximately equal to that of the material formng the_second el ectrode
15. As such mat épmgprigeq; eeﬁfaﬁflaétesrlog?n ePDP‘éEntHFt REBeP2BRRFe R t he

| i ke, can be used, .and may Egacked a thlckngﬁs fron£500 nm to 10000
nm for 15 exa P@lnPHCFh §rEE gvAdan Pﬁg PPASE EP&CeFLAESHSe 0P &2 i ght

reflective materi.al, ganlc 13. and sem trans aren%ﬁreflg élon | ayer

14 make up a cavity- ?PP StgFgenﬁﬁBC?hBYoWSSHFCO afePeY32 ARt PHnE%s a 20
cavity portion. Ré%gkgh?eﬁgﬁpgatb%ak glEhi?gslgekggggfggg?reri%ﬁlgctrode 12

and the semtra ctron ayer e op ckness of

the caviiy portigadinds uliakiihes’ 98! GehdVfhydionbif BbaBRo SN 1!

pr oduced "upon r ron of 1 nera ed I'n e organic |ight

emtting layer 1§Qe§ha§hgmggggbneggghEQQQ 12 and the sem transparent
reflection layer 14 Is ~ radi ans; ~ 1s the 11 wavel ength of the

light h generated in the qrhaaabavlel gahdeathbrngobgaets135eawﬁ@st@@dphase
delay b in each single event of nultlple interference is b=2WL/~, +c~ ( 2 )

5 The val ue of advantphefl pEngheqpakisent( 2pventlsaxwiiin became i néagely (3)
is the peak wavel ength of the multiple-interference filter that is a
narr ow band fi | apparentt fitemi $he, fokdowtingndetad)lleddd¢S8erjpieonO

2L/ ~",~+~/2~c=m ( 4 ) L is determned to satisfy Equation (h% Thi cknesses
of respé@tlve | &persofomhilny dReter fanreafajar cesnastideteitintleto satisfy
it. Optical distance L of the cavity portion is determ ned by the 15
fol | owi ng equat PEROMBANYABM HEAWAREPve indices nl, n2, nk and thi cknesses
dl, d2, , dk of respective layers of the organic Iayer 13 (buffer |ayer

13a, hole transport layer 13b and organic light emtting layer 13c in the

first embodinment). 20 L =nkpXed pHstRrdrdénTortrlE Br IﬁGé ) An exanple of
calculation of L i.s shown

2- TNATA, the hole transpopgglaye&slabckgsgaggcgioﬁglNpgbwtgg gﬁganlc l'i ght
emtting layer 13c is made of Al g3, their 25 thicknesses are dl =32nm

d2=30nm15d3=50ngubseapechilvehyt afida~cshdenbibnhedrghric OBL Ndedide And
n3=1.7. Therefore, 12

Fig. 2 is a schematic diagram that shows
spectrums of respective colors extracted from the
organic EL device;

Fig. 3 is a schematic diagram that shows an

20 UV chromaticity diagram of the conventional organic EL
device;

Fig. 4 is a schematic diagram that shows
multiple interference filter spectrums in the
conventional organic EL device;

25 Fig. 5 is a schematic diagram that shows

internal emission spectrums in the conventional organic

EL device;




L=1. 9x32+1. 8x30+1. 7x50=200nm is derived in the foll ow ng manner. That is,
first stacked on a substrate (for exanple, Si substrate) is the reflection
| ayer (Cr, or the like) or 5 a semtransparent reflection layer (M, Ag,
My- Ag alloy, or the like) to a thickness not thinner than 200 nm Then
using a spectroellipsonmetric apparatus (for exanple, a product of the

manuf acturer SOPRA), refractive index n and absorption coefficient k of the

10 reflection layer or senraganépﬁéeatcfsggegébefbxh@yeh@weofie&%m ned. The
phase shift of the reflection |layer can be calculated fromits n and k, and

refractive IndexSﬂbgtahh@amrgaﬂtCOfaaﬁrorgaﬁﬂet@ptdawi&té@odﬁéi% on 15
| ayer (see, for exanple, Principles of Optics, Max Born and Em | 1974
( PERGAMON PRESS) the THe¢rpbasmbsiméndf of hehsemmivértbd@y ent refl ection I ayer
can be simlarly calculated by using its n and k, as well as refractive
index n of the 20 organi c Fager7i phscansanématid d&ihegsani than Seladwent
reflection | ayer, thickness of the semtransparent reflection |ayer,
refractiv® indi cesewnangheciapeséency ofsprcoryanic diils pdeeinte f (G ns above
it. Also the refractive indices of the organic |ayer and respective 25
transparent filneméasipe)néasar edmparative speampbelwisotiee roxgaparkit us.
The sum of those two phase-shift amounts is 13 As an exenpl ary val ue of

~, ~=-4.7 radi andeVhen acsardiny tpgthe £hesE embedinent of eeangl e
dependency 5 of the spectrum of extracted light fromgreen em ssion upon
coi nci dence bet weBRePh&CPeak vvavel ength of the internal emssion spectrum
and the peak wavel ength of éple interf nce filter ectrum There,

m=0. As apparent fron1Fig tHe? vf% @% +% WG ¥hE EﬁthXFthe peak
of the spgctrumgf Lhe, gragéggdéhggt %qjc{‘% hand‘iéﬁcé’\avel engt hs,

and the peak |nten5|ty Crease g. 8 shows

cal cul ated vi ew a8gbgadggepderny Pirgheeﬁﬂs&;hﬁém Oéf etld aglRchtigfyt when
the peak of the multiple interference filter 15 spectrumshifts toward

| onger wavel engths by 25 npighag i$SeapsekehtidediddeimathLtr Stsdw
spectrum There, m=0. It is apparent fromFi g. 8 that, once the view angle
becones | arge, tiheteenali ankssidty speetruwes etiseshanrddrei@El alevliesy eases
gradual ly. 20 Tabie 1 shows cal cul ated changes of |um nance in that case.

I't is known hereacpardipgcteuhie wfihshoepeadiment toficdreabwentiamiamghce as

the view angle increases but spectrunms with the peak shift of 25nmtoward
| onger whVel engt FiBSBRERTF nef e@¥braptedint h@itke 25 and thereafter decrease.

By variously changing the
y y gl ng Fig. 10 is a schematic dliagram that shows an

UV chromaticity diagram of the organic EL device
according to the first embodiment of the invention;
Fig. 11 is a cross-sectional view of the
20 substantial part of an organic EL device according to
the second embodiment of the invention; and
Fig. 12 is a cross-sectional view of the
substantial part of an organic EL device according to
the third embodimént of the invention.
25

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Some embodiments of the invention will be




shift amount, changes of |um nance can be varied variously. 14  TABLE 1
Shi ft anount of Vi ew Angl epeak wavel engt h030600 nmil. 00. 950. 76+25

nmil. 01. 030. 95 On the other hand, chromaticity of white is 5 determ ned when
nmonochrome chromaticities of RG and white | um nance bal ance are given.

That is, if nonochronme chromaticities of RGB are R (xr, yr), G (Xg, yg) and
B: (Xb, yb), and white |lum nance balance is Yr: Yg: Yb (where yr+Yg+Yb=1 ) (

then the white chromaticity. 10 (X can be cal.cul ated from xWxW / (
e v RS e yth A e e BRI g Ve b x
Yb/yb Zw ~ _ ( d: XL: Y. YL Yr  + - X0-Ye ) X Y + - Xb-yb) X
Yb/ yb When the %%@vl%%g%%ﬁ%%é\g%%?oé%#oﬁgtr%rﬁaﬂ% her"b%dt]‘l (ﬁ]nt |Sese(x(p>16"ra,l ,
(xg, yg) and (x b h e el enat n$ Si .l ly,

| um nance vari e@eﬁé \%\Ié |, E%é%%}sﬁ%ﬁ%ﬁ%lﬁnce r?r\(g%ﬁ)tl%%%g'h%:mges,
and the chromatggl it If ordi 044 q i ons.
Therefore, col otr:ﬁd%%(/‘lfg%?% 01?‘_ %Ir]jilt tg%cg:(rf]l%béf(llg%%re%v(ja'&ﬁ%ﬁga\ggagngﬁ%he peak
wavel enggh of t&enbdiREnEs  CHBRRIR oS REGI{HN AN ddipdiRatt \aie] ength of 15
the multiple interference filter spectrum thereby to change the variance
of | um nance ung@iméhEy exaisdé e of a view angle and adjust the changi ng
anount of the white |um nance balance. 5 A result of such inprovenent is
shown. That is, in case dfighes idliewsadn et g EpeRvilde autdd@ngpect rum
of extracted |light as shown in Fig. 9, by shifting the peak wavel ength of
mul tiple interfeoerte fitserempetiment off rigee (I)vant idnnnThehexrgenkcl0
wavel ength of multiple interference filter spectrumof green (G by +4nm
and the peak wdilel @eigiee oshomn t1mp|Blg ntGerierame ddlled tareemigaion bl ue

(B) by -100nm color deviation of white could be reduced significantly as
nuch asl®uv=0. 06P et oBIAHME Buviey itR3 ahd snelides shddFsth ediggtrodeas

Che 1 rot enbodt wertEROH LAY T SR R B b ARSI P ARG | pl o
the first embo nt, i i _ tiple
interference f'ﬂ%n&%@%&ﬁﬁ”éi&%@é@e ﬁkst%eeldetn th %le%ftlj[ah:% |1r1t er nal

em ssi on spectrum can adj ust ance in e 1 um nance changi ng
anmount, and theéé'cpyeﬁ;@{hfi NE£di6 BB 4 Yok 6GE Y he view angl e dependency of
white. Additionally, by shllgfti ng%e peak vvavﬁel ength of multiple
interference filter spectrhdn @ibdftifrar 26 1HNGyr We@ipARgt Iy and that of B
to a shorter wavel ength, these colors can be adjusted deeper in

15 transparent glass substrate, semiconductor substrate,

or the like, and may be flexible.

The first electrode 12 is used as an anode
electrode that functions as a reflection layer as well,
and it is made of a light reflective material such as

20 platinum (Pt), gold (Au), chromium (Cr), tungsten (W),
or the like. The first electrode 12 preferably has a
thickness in the range from 100 nm to 300 nm.

The organic layer 13 is made by stacking, for
example, a buffer layer 13a, hole transport layer 13b

25 and organic light emitting layer 13c also functioning
as an electron transport layer, sequentially from

bottom. The electron transport layer may be provided




chromaticity. 16 Fig. 11 shows an organic EL device according to the
second enbodi nent of the invention. The organic EL device shown in Fig. 11
is nodified fromthe organic EL device according to the first enbodi nent
shown in 5 Fig. 6 in that a cavity structure is made up of the transparent
reflection | ayer 14, second el ectrode 15 and top end interface of the
second el ectrode 15 (for exanple, interface with the atnospheric |ayer).

cToctrode. 15 ant TRE SCboRhan T ayar oy o oci FaE (BREeind Al SRy

el ectrode 15 and the at nbsp ayer Is as rge as

and here is useghbhguebbCiaPbrt D§aCYi 4Y1A5YE NEot NErSEEONth ! KA 15 of

a transparent material as its cavity portion. Therefore, distance bet'ween

the atnmospheri can8 hayebeandasher serbt el &NtmigFDLEA | o, |ayergnld, i.e.
the optical distance of the cavity portion nade up of the second el ectrode
15, becomes L (ttiks(deméghplpleiglphdyylanins) disiphety Damfdem thhe first
enbodi nent). In case a passivation filmof a transparent 20 dielectric

mat eri al 5havi ngTHATAf fact Ve itderieq( viedpintyiphdéigl saeiond el ectrode 15 is
provi ded on the second el ectrode 15, the passivation filmand the second

el ectrode 15 fubripbenudamimetavorytherlike. [Thet bafdehelayespdsasmatyhi s
enbodi nment is the 25 sane as the first enbodi nent, so their detailed

expl anation is baiemébtedrdf Yeeksgeohs bmbunliaeseptdlsle ckavgles The sane 17
advant ages as those of the first enbodinment. Fig. 12 shows an organic EL
devi ce accordi ng°1® FRARNERPFH LAYRBI hntmay hedtads i i ofPr I9¥ampdeor gani ¢

EL device shown in Fig. 12, the first electrode 5 12 is a_cathode el ectrode
of a light refl&WMNRRE trﬁart &1 (hrdaphidyd JeMec iy odd Phenyd -4 . addde

electrofs biphenyl]-4, 4'-diamine]. The organic light emitting
layer 13c is made of different light emitting materials
having emission colors of red (R), green (G) and blue
(B). For example, as the light emitting material
having the G emission color, Alg3 (tris-
15 quinolinolaluminum complex) may be used.

These layers forming the organic layer 13 are
preferably in specific thickness ranges, i.e. for the
buffer layer 13a from 15 nm to 300 nm, for the hole
transport layer 13b from 15 nm to 100 nm and for the

20 organic light emitting layer 13c from 15 nm to 100 nm,
respectively. However, thicknesses of the organic
layer 13 and the layers forming it are determined so
that their optical film thicknesses become the values
explained later.

25 The semitransparent reflection layer 14 forms
a cathode electrode, and it is made of, for example,

magnesium (Mg), silver (Ag) or their alloy. The

10




of a transparent electrode material, and the organic light emtting |ayer
13c) hole transport layer 13b and buffer |ayer 13a are stacked sequentially
fromnear the 10 first electrode 12. In this case, the organic |ayer 13 and
the second el ectrode 15 are conbined to formone cavity portion to reflect
i ght generated in the organic light emtting layer 13c at the |ower end of
the organic layer 13 (interface with the first 15 electrode 12) and the

upper end of the second electrode_14 (interface wth the atnospheric
Byery " Opti cal SEMLE SIS REEUB R Hee b a6 4y b DS EhTA G M Gnd
electrode 15 is_ L, ln case a _passivation filmof a transparent 20
dielectric mat eF‘i‘%?k%%?/?ngn atlg%fjl;%%?? v’gr?’?\d%e%méqtlﬂ \#a({ éf to the second

el ectrode 15 is provided t o) C 15, the ssivatiaqn.film
and the second el ectrode ef%%%‘?ﬁ?%nég%&{ﬁ%&%gl\%tl;s %ar 9 o°$al ﬁ“at%l?gl&lher

respects, this gfppgéffytuéédtgg gafﬁﬂ%@%ﬁﬁ?%&?&%ﬁ%ﬁ% so their

det ai |l ed expl an on 1ssomtted here. al'so ensures the

sane 18 5 advaniggfsm asih hosLaof gi-f@) fo¥ sin e BNtinddaMl Hhdesqd bed

specific preferred enbodi nents of the present invention wth reference to
the acconpanyi nge€r ené NgScond éBedOrdtte UNKaistQd tHidkieddad rpNtion is
not limted to those precise enbodi nents, and that various changes and

modi fi cations negndpe £fdmecd@dnrh hes el godynnone Askakkedatiohh€iamt (Wbt hout
departing fromthe scope or the spirit of the invention as defined in the
appended cl ai nsshdwn Fonadx ampl &, tramspacait hlelest rsita uotenldes thepes,
materials, etc. shown in the foregoing enbodi nents are not but nere
exanpl es, and ot¢eendpplepiiede huneTheatraasperenst ddeflectéricshapes,
materials, and so forth, can be used. 15 Mdre specifically, in the first
enbodi mAt, t hePERkRfARIERIDR Fafrartive sinde apnrpximatel ¥ eavedi a
metal film havi i gh rk functjon. However, the anode el ectrode nay be
formed in a tmbagdéggédxg¥£ﬁﬁmTﬁ¥FFﬁF%Mﬁ?ﬁ?¥¥q|¥§ﬁéﬁ§¥¥¥ﬁd<ﬁ%ﬁﬁ£ﬁﬁdﬁe filmis
20 stacked on ef lL,ect il i_el ectri, lti=layered filmmmade of a
dielectric mul ?:ll§1 af}%r tgél%?‘l F"r%to@rrqgl(iUm%%&r#fggffd Sr)(g):%gﬁ{ﬂ T Thi s case,

the reflection {idmdanaiens & {ihe HiNS! Aty dd N dde miesent

i nvention, and the transparent conductive film?25 forns a par t he

cavity portion.stdckéd® tdid crerdiat e Mpont DS oA NDR0E RN, eblrect i on
| ayer (not shown) made of a material having 19 a high work function, such

as Pt, ¥ or Crexampldle | ocated between the organic layer 13 and the second :
el ectrode 15. In this case, the structure of the cavity portion is the sane
as those of the first 5 eibddiierBL alelidee SdeoddretbedectmodeTA@ DiErst to
third enbodi ments have been expl ained as applying the present invention to
surface emni ssi ¢h ¥ Fefaict e materdal Tioadamientdiayer Hdwahér, is al so

applicable to transm ssion type 10 organi ¢ EL devices using a transparent
substrate 11. I%e'?’st%ﬁnfé’affdﬁpc%ﬁﬁ G °éh(i€ry§5nilé Bakg§eWPcE CXAL¥ted to a

(LT NS SR B NG PR el MR 99 SEARong o 600 S L,

devi ce may be nade up by co ose endodi men

second ggrbodi TRy 1Y RGP Ned i &E the B}'{»Efeafﬂaegkgﬁe% bOtWBkE up an

organic EL device. nfiguration of the cavity portion explained in
conj unction wi tthd heirSAac Ik HsEd BNtand thleS @eplRrbaahheeche a cavity

portion made up of the organic
reflection layer 14, i.e. the optical thickness of the
cavity portion made up of the organic layer 13; the
phase shift produced upon reflection of light h
25 generated in the organic light emitting layer 13c at

the first electrode 12 and the semitransparent

reflection layer 14 is ® radians; and A is the

11




20 l.ayer .13. However, considering that the cavity portion explained in
conjunction with the second enbodi nent uses the cavity portion having a
relatively large thickness, it is suitable for a configuration in which the
cavity portion is the second el ectrode 15 having 25 relatively high freedom
toward hi gher thicknesses. Configuration of the cavity portion explained in
conjunction with the first enbodinent is applicable 20 also to a cavity

ti d 5 d the . | yi ivati
Prim s desor fe HRAE BEIEHENE 1 u Pt o el | RRRE poak””
I th of the, endssi | Nsi t | i ght j Lt I, d
e peak vavel engtanbrabhEr M PHE TSP e bt it B 8o om e
ot her can adjustegéﬁag{ﬁbp@Jéggﬁ{iéktﬁﬁiﬁgﬁﬁéugg¥%f@gﬁ1 e sunder the

exi stence of view angl e dependency by nmaking use of the shift anount

bet ween 10 the peak wavel $r, /700§ thereby can decrease the vie ngl e
dependency of white. 21 q&%&$ﬁrg@CLAINED IS: 1. A display device i which

a light eqttingra@yei1dd dHLETHARAC RAIE S tidSt( Bl gl rode and a second
el ectrode, and at |east one of said light” 5 emtting l'ayer and one of said

first and second el ectrodegJdn®m WhiGh 1d HH imsteydriacted functiongjas a
cavity portion of a cavity structure for resonating |light generated in said

light emitting |l&yerthe ghmalactarelzatin dfhathe mellpeigk evdndeafgirienafe 10
internal em ssion spectruminside said light emtting |ayer and the peak
wavel engt h of miil{Ee thaerieremeerfawtemd feicttrarm by fsahillscagi Ay porti on
are shifted fromeach other. 2. The display device according to claim1l 15
wherein col or dRAUAYIAPDU2 bfarthi ¢ Ho& the view angle of 60 is adj usted
not to exceed 0.015 by shifti.ng said peak wavel ength of internal enission
spect rum nsi de the Iight @M’tﬂ@%’“ﬁ@?"a"&%r and sai d peak wavel engt h (&)

multiple int erfS{%@?géééﬁ{ng@%cg rs%rxg%t)si\%ﬁ%il}atﬁiﬁdjtoﬁﬁ\éi#)y portion from each

other. 3. Adis evice Th which a dyer is interposed

between a first el ectrode @f; dlddlls ' @Gt 1R 4R 220 hiSGC ¥ad

el ectrode
organic layer 13 are determined to satisfy it. Optical

distance L of the cavity portion is determined by the

15 following equation (5) from refractive indices nl, n2,
-, nk and thicknesses 41, 42, '+, dk of respective
layers of the organic layer 13 (buffer layer 13a, hole
transport layer 13b and organic light emitting layer
13c in the first embodiment).

20 L =nl x dl + n2 x d2 + - + nk x dk (5)

An example of calculation of L is shown here.

If the buffer layer 13a is made of 2-TNATA, the hole
transport layer 13b is made of & -NPD, the organic
light emitting layer 13c is made of Alqg3, their

25 thicknesses are dl=32nm, d42=30nm, d3=50nm,
respectively, and A=535 nm, then nl=1.9, n2=1.8 and

n3=1.7. Therefore,

12




)

of a transparent material, and at |east one of said 25 second el ectrode and
said light emtting |layer functions as a cavity portion of a cavity
structure for resonating light generated in said light emtting 22 | ayer,
characterized in that the peak wavel ength of internal em ssion spectrum
inside said light emtting |layer and the peak wavelength of nultiple
interference 5 filter spectrumby said cavity portion are shifted from each

other. 4. The display devige accordjn o claim 3 wherein col or deviation
~uv of white under the vie “ﬁnéﬁ‘g&()#‘%éqgl‘a {&'—t?eq})%t to exceed 0.015 by
10 shifting said peak wave[éerjgt of inter ng*l em ]S-?Sﬁihon spectrum i nsi de the
light enitting layer and s d5p8gkiXa0elBnhRf HP1AOVLRGIRARRREy f dP&ice

Bt gPecty m by, Sl e LAY R AOD LOOISAED, (U oy Sl 2, dov e

in which a first ctr e eri s

emtting |ayer 2r 5568 dﬁ!ﬂ&g&ff@ﬁ@étﬁﬁ gt B 8l 1% or

sequentially stacked on a’s ate, and at ‘of "sai d sécond

el ectrodesand saj dsdhPbtafipitene YR 18011 8RS AP (A@c’{i My -Rertion of a

20 cavity structure for resonating light generated in said I'I'ght emtting

| ayer, characterdzegy] not hehe t DEKPF Ao VRVEL EEH L Pind th i@ itdle rEFhas 200
spectruminside said light emtting | ayer and the peak wavel engt h of

nul tiple interfeigncarhdn fudilgy & peeictadeld) ipaothet 21 ct Hppatatas afershifted
fromeach other. 6. The display device according to claim5 23 wherein

col or devi ati on éxampie wha tproaduet dfHethe evamrmfydetnfer GAPRAY]G) ust ed not to
exceed 0.015 by shifting said peak wavel ength of internal em ssion spectrum
i nside the |ightrefifactiye | bydex andandiabgmagiktion coefficient k of the

10 reflection layer or sémitransparent reflection layer
are determined.

The phase shift of the reflection layer can
be calculated from its n and k, and refractive index n
of the organic layer in contact with the reflection

15 layer (see, for example, Principles of Optics, Max Born
and Emil Wolf, 1974 (PERGAMON PRESS)).

The phase shift of the semitransparent
reflection layer can be similarly calculated by using
its n and k, as well as refractive index n of the

20 organic layer in contact with the semitransparent
reflection layer, thickness of the semitransparent
reflection layer, refractive indices and thicknesses of
respective transparent films above it. Also the
refractive indices of the organic layer and respective

25 transparent films can be measured using a
spectroellipsometric apparatus.

The sum of those two phase-shift amounts is

13




5 wavel ength of multiple interference filter spectrumby said cavity
portion fromeach other. 7. The display device according to any one of the
precedi ng, clainms wherein in the case where the phase shift occurring upon
reflection of light generated in said 10 light emtting |ayer at opposite
ends of said cavity is ~ radians, the optical distance of said cavity is L,
and the peak wavel ength of the spectrumof the light to be extracted from
the light generated in said light emtting layer is ~,",~, Equation (1)

bel ow 15 2L/ ~,",$X+~/2n=m (mis an integer) ( 1) is satlsfled 24 . A
9.A9. A, . A .AA _AL.AI9. A AL. A Af A9A A . A9 AO/AA9.A&L.A9.
Al L' 7NOX/ 0BLDO~yt 0oj d_ZU] c cz?] g{a[]_lag] g? taI]Aca ca‘] ‘?Jc%r]%a] ca] ca
] ca] ca] ca] ca] ca]vﬁﬁ:] a]_%a,]5clﬁaf] c’\a] cRa] c"aU] C a] c aUc a]jc al 0 !

*0b56n+

w ~KDzupkf a\ ] ca] cal ca cajigal oAl lalake oAl 1 alvcahgabcala?ahaehe Jcalc
a] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca!l Dt <&K" Rr } TP| wr ith ] ca] cal]ca] ca
] ca] ca] caf ca] ca]galda] HdAGM &F @a&t&%ldt@]dcahga]tcckca] ga2beal emligakenl cal c?
a] ca] ca] ca] cal *Zh < |

P8l pt """ fgsitt g tariidénded [Hetajeed] anlec peak| @aieakngkhapgakna] caj caj ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! #SUS~$$$$$S( %0YB%
7% BOREEELGEZ & tErid 1 )efr(i(sisvging Epédthum] aalic #heapeakcahvalleapth] ofl] ca] caU
] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca]ca]ca] cal]calcalcalcaljcal ((Qp)))[*
*EEX b+ 7, m, , - MUltiple interferenoasr Aid/ter] Fp@&]:c‘a]ma] Thgxe] onita] &) ca) ca
] ca] ca] ca] ca] ca] caj ca] ca] ca] ca ca] ca] ca] ca] ca] ca] c*a gca] cajca]cajcal.../
M / 7/ /100000111 BRREZERFERABY 383373335« dhied VAPYF] PReAPchpeames) dareg) cal ca]

colcal calea) oo g cal o) o g%ggamlncaca% Lealeal salgel splgeloal oo
<< d Z

o e R L
DDDDb EFFPGHFH C C C cal ca
ca] cal ca] ca] c;% @G]H ai ca e}s}c!ﬁt] @g] gg cg]l'gg cg gg] cﬁt} ﬁa%&ﬂga%#ﬁ‘?féﬁ%mLPK}(
KKKLVAMMVE M7 Ne N2£3l BRI e etdetY logaltdl %@]e@%l:ﬁﬁ\] 68] eateakbeancal cajcajc
a] ca] caU] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] c”a] ca] ca] ca] ca] ca] ca! %* RRbRRR
RR light when the peak of the multiple interference filter

SESz SSTTT( UTUUUU&V] VWWVIMIYWNNNKXEXC X} xsni d_Z] ] c] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] calxa] ca] csa]ara:]mm] cdidcd]sc djosraircla loagea] wajedpogliba] bx] 28] om] thava! c XX
XX6YYI ZZ[ [[\\\\] 9] ?] 1M ~, _ b@wb} bnecddf gg9h™hi 7i } xsni d_Z] ] c] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ctd‘]ec:{]e@éq o] ddjec dpdgraallc gdapéancapealtuhea] Bag%e ca] cal caj

cajcalcal 7iliiii kBkpkkk

| El Q| Il nmmm>nr r‘#ﬂdoooh% 65} RBRAFSRT] Ef‘&“&] Ei9ca$ c*at]ft‘:'a'] c%f}%%]*éa? e ca] cal ¢

al ca] ca] ca] ca c al galcalc ca cal 0004 S

quq]r rr ]r 55} sslsss r{gtqﬁgjl Lﬁ%’fﬁ\%/&\%ﬁ&% % {3] ?b%f]@ céf‘)fgsfgg ngcg]
ﬁa] |

o Saxaal 11 6o SOKE el ?Mﬂ%‘s oppal 22&6‘1:3?1;2?133‘5‘] cal] oa) o8] oh

] ca] ca] cgj ca] ca] ca] ca] ca] aghazl qa]s@@h%ahaqhaqlacahcahsﬁbegl bEcalheainad) cd' 7

NOXa?! D, # 109& ()-!3"s10%4L& ()-

S10%&' ()-s10%& (i 2P d@sel. 0%&t ( 1s XRAGHWRORELE that fdpectrums with no

109& ()-10%&' ()-3109%&' ()- S910%& ()- 109 ()-LDaB!-10%& ()-'S

+m' 109&' ()-!s' &0k (Shidfk]l @irepsedlnvdufinbhcs108Rthe - DkawCaOgDeBE () - 3

10 10

10: t 109&' () - 8109’&1(6)&&_@6?10%& (Spﬁgtﬂlm%ﬁll(ql— thp[ rabEsshIER 0F-26@M10% [ & ()

3 1{SI10%& ()-3 *"10%2& ()-! "10977& ()- 10%5& ()-0 e y
}[9nbCl { -, #10%: (oward Lengsy) vavelengthsoegce) ingeeageolp: Lymigance

-#10% : & 8 " 10%
é) and té reafter decrease. By variously changing the

shift amount, changes of luminance can be varied

variously.
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I O, *~ @{99! 10%m& ()- &10%m& ()-F 10%m& ()-! @OYA A & ()- 10G 10G

10GF: s109G& () -*Obna?~ @{!v& 109& ()- s10%m& ()- F10%n & ()-

f MLO%T&' ()-!{9" 10%m& ()- , mMO%r& ()-n wyzaB7@ 10m s10%r& () -

8&610%1-& () - FAY10%1&' ()- , &10%&' ()-t&L' ! 10%&' ()-! v&L' ! 10%& () -z{| ~KDt m\/ 3
y109Z&' ()-109%Z& ()- Y10%Z& ()-LL- 109%Z& ()-F z109%Z& ()-010%r & ()-3 10m
10m&JEMNV 3 y109&Z+s109@& ()- #109@Z& ()-M #109@2& ()-  , 109&Z& ()-3

8&8109Z8& () -3 Fml0%Z& () - &K' RIENMN/ 3 y10%Z &6, 109%Z& () - Y410%Z& () -

y2y100Z& ()- 0109%Z& ()- .109%Z& ()-,-109Z& ()-RoC3 y10%40%Z& ()-F

Shift amount of View Angle

peak wavelength 0° 30° 60°
0 nm 1.0 0.95 0.76
+25 nm 1.0 1.03 0.95

On the other hand, chromaticity of white is
5 determined when monochrome chromaticities of RGB and
white luminance balance are given. That is, if
monochrome chromaticities of RGB are R:(Xr., ¥r). G:(Xg,
Yg) and B:(Xp,, ¥»). and white luminance balance is
Yr:Y4:Y, (where y +Yg+¥p=1), then the white chromaticity
10 (xv. yw) can be calculated from
Xy=Xy' [/ (Xy'+142,")
yw=1/(x,"'+1+2,")
where X¢'=%Xr X Yo/¥r + Xg X Yg/Yg + Xb X Yp/Vo
Zy'=(1-Xc-¥r) X Yo/¥r + (1-Xg-Yg) X Yg/¥g
15 + (1-Xp-Yu) X Yu/¥p
When the view angle changes, monochrome
chromaticities (x., yr). (%4, Yg) and (xp, y») change
toward shorter wavelengths. Simultaneously, luminance
varies as well, the white luminance balance Y, :Y¥4:Yp
20 changes, and the chromaticity of white shifts according
to the above equations.
Therefore, color deviation of white can be
improved by changing the peak wavelength of the

internal emission spectrum and the peak wavelength of

15




10Z 10Z 10Z3:s10%& () -

8109%Z& () -b9r M zX9bCy @10%ZN& () --! "y@10%& ()--"109%Z6& ()-t!1"10%& ()-t!#s
t3"10% ; & ()-x!st3"109@& ()-x}, T#z[ PE: 10Z 10Z

10Z: s109%Z& ()-!q, @109 ()-'!l, @10%@®& ()-' #"10%&Z>& ()--!h#"10%& () - - PAEPE
102 "10%& ()-1 109%& ()-1 109%&& ()-t109%Z& () -

1092Z& () - 010%ZC& () 3*ZthPE 1OZY 10°/<Z6&' ()-ty 10%&Z& ()-1 -109%&Z& ()-|()

1092 &' - 109 & 0% &' dEPE 10Z +10%Z& ()-Y @ 109%Z& Y
s’ 10%25&-)() % 109 %18 qrf@}@c(e) fii tei’-‘8SBﬁPé}|§P@ thgyeby to

L6109%2Z& () - | 4! 104@& 2' 109Z8& 0z8 10%&
1098 ()(? ERREEE %EQ(%&\Z(@/&’M%(?%&&"@)“WC 2“?82 thistence of

1071 : t 109&Z& () -** e ATaERdERC 1075 109 () F 109& ()-F
&109&! ()-310f(y«)&' i {%&glﬁ an%&f%&g SO the.5eRg4RE, Moy £ knk 0

white luminance balance.

5 A result of such improvement is shown. That
is, in case of the internal emission spectrum and the
spectrum of extracted light as shown in Fig. 9, by
shifting the peak wavelength of multiple interference
filter spectrum of red (R) by +10nm, the peak

10 wavelength of multiple‘interference filter spectrum of
green (G) by +4nm and the peak wavelength of multiple
interference filter spectrum of blue (B) by -10nm,
color deviation of white could be reduced significantly
as much as Auv=0.002 at 30° and Auv=0.0043 at 60° as

15 shown in Fig. 10 as compared with the conventional
example shown in Fig. 4.

As explained above, the first embodiment,
configured to shift the peak wavelength of multiple
interference filter spectrum from the peak wavelength

20 of the internal emission spectrum, can adjust the RGB
balance in the luminance changing amount, and thereby
can significantly reduce the view-angle dependency of
white. Additionally, by shifting the peak wavelength
of multiple interference filter spectrum of R to a

25 longer wavelength and that of B to a shorter
wavelength, these colors can be adjusted deeper in

chromaticity.
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EL device according to the first embodiment shown in
5 Fig. 6 in that a cavity structure is made up of the
transparent reflection layer 14, second electrode 15
and top end interface of the second electrode 15 (for
example, interface with the atmospheric layer).
Reflectance of the ;nterface between the end surface of
10 the second electrode 15 and the atmospheric layer is as
large as 10% approximately, and here is used the effect
of the cavity having the second electrode 15 of a
transparent material as its cavity portion.
Therefore, distance between the atmospheric
15 layer and the semitransparent reflection layer 14, i.e.
the optical distance of the cavity portion made up of
the second electrode 15, becomes L (it is designated
here by L, for distinction from the first embodiment).
In case a passivation film of a transparent
20 dielectric material having a refractive index
equivalent to the second electrode 15 is provided on
the second electrode 15, the passivation film and the
second electrode 15 function as the cavity portion.
In the other respects, this embodiment is the
25 same as the first embodiment, so their detailed
explanation is omitted here.

The second embodiment also ensures the same
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5 12 is a cathode electrode of a light reflective

material, the second electrode 15 is an anode electrode
of a transparent electrode material, and the organic
light emitting layer 13c, hole transport layer 13b and
buffer layer 13a are stacked sequentially from near the
10 first electrode 12. In this case, the organic layer 13
and the second electrode 15 are combined to form one
cavity portion to reflect light generated in the
organic light emitting layer 13c at the lower end of
the organic layer 13 (interface with the first
15 electrode 12) and the upper end of the second electrode
14 (interface with the atmospheric layer). Optical
distance between the organic layer 13 and the second
electrode 15 is L.
In case a passivation f£film of a transparent
20 dielectric material having a refractive index
equivalent to the second electrode 15 is provided on
the second electrode 15, the passivation film and the
second electrode 15 function as the cavity portion.
In the other respects, this embodiment is the
25 same as the first embodiment, so their detailed
explanation is omitted here.

The third embodiment also ensures the same
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5 the invention is not limited to those precise
embodiments, and that various changes and modifications
may be effected therein by one skilled in the art
without departing from the scope or the spirit of the
invention as defined in the appended claims.

10 For example, numerical values, structures,
shapes, materials, etc. shown in the foregoing
embodiments are not but mere examples, and other
appropriate numerical values, structures, shapes,
materials, and so forth, can be used.

15 More specifically, in the first embodiment,
the anode electrode is the first electrode 12 in form
of a metal film having a high work function. However,
the anode electrode may be formed in a two-layered
structure in which a transparent conductive f£ilm is

20 stacked on a reflection film dielectric multi-layered
film made of a dielectric multi-layered film or
aluminum (Al), for example. In this case, the
reflection film functions as the first electrode in the
present invention, and the transparent conductive film

25 forms a part of the cavity portion.

In the third embodiment, the semitransparent

reflection layer (not shown) made of a material having
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a high work function, such as Pt, Au or Cr, may be
located between the organic layer 13 and the second
electrode 15. In this case, the structure of the
cavity portion is the same as those of the first

5 embodiment and the second embodiment.

The first to third embodiments have been
explained as applying the present invention to surface
emission type organic EL devices. The invention,
however, is also applicable to transmission type

10 organic EL devices using a transparent substrate 11.
It is also applicable to an organic EL device connected
to a thin-film transistor on the substrate 11.
When necessary, an organic EL device may be
made up by combining those embodiments. For example,
15 the second embodiment may be combined with the first
embodiment to make up an organic EL device.
Configuration of the cavity portion explained in
conjunction with the second embodiment is also
applicable to a cavity portion made up of the organic
20 layer 13. However, considering that the cavity portion
explained in conjunction with the second embodiment
uses the cavity portion having a relatively large
thickness, it is suitable for a configuration in which
the cavity portion is the second electrode 15 having
25 relatively high freedom toward higher thicknesses.
Configuration of the cavity portion explained in

conjunction with the first embodiment is applicable

20




10% {&"10%#& ()- & 10%W#v& ()-  10%t& ()- !'10%t& ()- F10%t& ()-8
10%& ()-$KPKKKLLM [:,C8 1 L3yl0%t& ()- "@10%& ()- "@10%"v& ()-
"@10% ()- KH'@109%8 8 & ()- 3910%t& () - MMAMMEM M M MPNeNvW4 " 110% #: & () -
| 10% #: & () - 10#10#10# |:109%#& ()- 710%#& ()-
, 5AL0%#& () -eN2a OBPxPPP| [:vU4 9%0%t& ()- Y #G 10% #: & ()- 'S 10% #: & () -
Y 10% #: & ()- "10%# & ()- | @0% #: & ()-PPY¥Y QRRORR| [:vW4 3
L610% #: & ()- 1410% #: & ()- F ,10%# & ()-t. +110% #. & ()- Y S)10% #: & () -
Y s' ml0% #: & () SRRRRARRASESYUAY Pogtdon) madegsypgof) the second
10% & ()-210: #:10: #: 10:#: :10% #: & ()- 3 ,8 10% #: & ()-ESzSSTTT(U|[: vU4
Y 10% & ()- 10%¢@ctrode:iduand -th(e@POffS’eEéfYG)“g Pﬁﬁsfé'f)@t(t&%‘) £i} h
10%4 & () - (UTUUUU&V] V| [ : v I, " 10% & () -  Y%0% & (.- 10% & () -
1"10% & ()- '10% & ()- Uéfo%e 'c(‘f)l-%v%mwﬁg\?'ﬁ%)m?ﬁfo& & ()- |
0 ! - 0 ! -
0GLO% & () - | 'i%/ %tg%nlshifting the peak wavelength of the emission
5 spectrum inside the light emitting layer and the peak
wavelength of the multiple interference filter spectrum
from each other can adjust the RGB balance in the
luminance variance under the existence of view-angle
dependency by making use of the shift amount between
10 the peak wavelengths, and thereby can decrease the

view-angle dependency of white.
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5 emitting layer and one of said first and second
electrodes from which light is extracted functions as a
cavity portion of a cavity structure for resonating
light generated in said light emitting layer,

characterized in that the peak wavelength of
10 internal emission spectrum inside said light emitting
layer and the peak wavelength of multiple interference
filter spectrum by said cavity portion are shifted from
each other.
2. The display device according to claim 1

15 wherein color deviation Auv of white under the view

angle of 60° is adjusted not to exceed 0.015 by

shifting said peak wavelength of internal emission

spectrum inside the light emitting layer and said peak

wavelength of multiple interference filter spectrum by
20 said cavity portion from each other.

3. A display device in which a light
emitting layer is interposed between a first electrode
of a light reflective material and a second electrode
of a transparent material, and at least one of said

25 second electrode and said light emitting layer
functions as a cavity portion of a cavity structure for

resonating light generated in said light emitting

22




‘"lbWQ&T() Y 10%8 & ()- Y 109 & ()-10:#:10: #:10: #: :10% #: & ()-

S"100N & ()-hi Ziliiiii|[:-410# F:10%& ()- | f 10%# & ()- Y -10%& ()- Y
-109%#& ()- Y 310%& ()- "10%& ()-iiij6jnjjjbA4lo# LOLOW#& ()- |
910%#& ()- y&LO%u#& ()- Fz1O0%#& ()-  10%#& ()- 10#10#j kBkpkkk |][: A410#
y&10%#&' ()- 9 "10%u#&' ()- 310%#& ()- 10%#& ()-  10%#&' () -

10%#& ()- IEIQ |1 [: AA10# & 10%#& ()- #MLO%W#& () - & ! 10%#& ()- 3

100#& ()- 9L10%#& ()- YLO0%#& ()-mm>nrnnn|[: A410# 9610%#& () -

&Y4810%HE () - LBYERA#& ()- O010%#& ()- .910%#& ()

3, y10%#&' () - n000000oHo~0v U410 10%1 & ( ({/ 10% & Jk0°{$ & () - 10u#10u#10u#
- 10%i#& ()- 8S10%#& () - gy ghat ¢ &‘9(3 avelsRadhy et

310% & () - f 13%&%«3 3 101/%8;“08 %peq%:%%%( %.n(s)ld)é) a%.sdq)&%ﬁét \émljtq:ing

1 109% & () -

layer and the peak wavelength of multiple interference
5 filter spectrum by said cavity portion are shifted from
each other.

4. The display device according to claim 3
wherein color deviation Auv of white under the view
angle of 60° is adjusted not to exceed 0.015 by

10 shifting said peak wavelength of internal emission
spectrum inside the light emitting layer and said peak
wavelength of multiple interference filter spectrum by
said cavity portion from each other.

5. A display device in which a first

15 electrode of a light reflective material, a light
emitting layer and a second electrode of a transparent
material are sequentially stacked on a substrate, and
at least one of said second electrode and said light
emitting layer functions as a cavity portion of a

20 cavity structure for resonating light generated in said
light emitting layer,

characterized in that the peak wavelength of
internal emission spectrum inside said light emitting
layer and the peak wavelength of multiple interference

25 lfilter spectrum by said cavity portion are shifted from
each other.

6. The display device according to claim 5
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said cavity portion from each other.

7. The display device according to any one of the
preceding claims wherein in the case where the phase shift
occurring upon reflection of light generated in said

10 light emitting layer at opposite ends of said cavity is
® radians, the optical distance of said cavity is L,
and the peak wavelength of the spectrum of the light to
be extracted from the light generated in said light
emitting layer is Apax. Equation (1) below

15 2L/ A pax+®/2n=m (m is an integer) (1)
is satisfied.
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