28 (Qct.ober - 2005 DI SPLAY DEVI CE BACKGROUND OF THE | NVENTION Field of the

I nvention 5 This invention.relates to a display device ogaagtobdPb60s
particularly, to a spontaneous emission-type display device such as

organi c el ectrolum nescense device. Description of the Related Art 10 A
devi ce using el ectrol um nescense of an organic material (hereinafter

called "organic EL device") conprises an organic |ayer formed by stacking
an organic hole transport layer or opggprayl bEtcy. emtting layer between a-
first electrode and a second 15 electrode, and it is remarked as a
spont.aneous em ssion type display device capable of high-Ium nance

em ssion by lowvoltage direct current driving. Fig. 1 shows a
cross-sectional configurati on BAOKGRGIND G AT tINVENTTONRNSM SSi ONn-type
organic EL 20 device as one of such organic EL devices. The organic EL
devi ce shown i nFliedd pfi $headmvmpnisitcacki ng on a transparent substrate 1,
sequentially frombottomto top, a transparent electrode 2, organic buffer
| ayer 3; ® organic hol e tr&hdsordnvemidiond redragesi tol aght spriait degigs | ayer 5
and netal electrode 6, such that light h generated in the organic |ight
emtting |ayer gnds meger Rerdd ttlee asgbontaneolis émission-type

display device such as organic electroluminescense

device. .

Description of the Related Art

VY

10 A device using electrolu&inesCense of an
organic material (hereinafter called "organic EL
device") comprises an organic layer formed by Stacking
an organic hole transport layer or organic light
‘emitting layer between a first electrode and a second

15 electrode, and it is remarked as a spontaneous emission
type disﬁlay device capable of high-luminance emission
' by low-voltage direct current driving.
Fig. i shows a cross-sectional configuration
(m_ - of a central part of a transm1551on -type organic EL
20 device as one of such organic EL devlces. The organic
- EL device shown in Flg. 1 is made byrstacking 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 léyer 5 and metal electrode 6, such thatAlight h
generated in the organic light emitting layer 5 is

extracted through the substrate 1.




28 Qct.ober 2005 In the organic EL device shown in Fig. 1, however,
spectruns of respective colors in the Iight h generateggidisad 2804 r act ed
fromthe organic light emtting layer 5 having various em ssion colors
have 5 wi de peak widths as shown in Fig. 2, and especially regarding the
red light h, the peak wavelength is deviated to a | ower wavel engt h.
Therefore, with a display apparatus using such organic EL devices for

color representation, It wag tHROSS§RAEC tir, OBLRl B asH@ s Ui il £ty col or.
reproduci bility range enough to display, for exanple, TV Inages.” To
overcone this prighheverit spastpiRPosEdrdSped s POSLoRs diel@fd NGy iy or

| ayer (not shown) between .the substrate 1 and the transparent €l ectrode 2
such 15 that thegehetetedi tnnand osxtvyered 10018 P Brfreicd 1addit 2, organic
- buffer layer 3, organic hole transport layer 4., organic light emtting

| ayer 5 and net ambtetng ocbeyér 5 diawing axdatiownd remisgion ldolidie eagani ¢ EL
device having this cavity structure, the light h generated in 20 the
organi c 1% ght eride repalayetdths exs prhooat e Rigween, tdmsl disgleedialile mirror

| ayer and the netal electrode 6, and only a part of the light having the
resonant wavel éRflardh@exihacred imhdudh tihe et matvelengthhdsef ore,

| ight h having high peak intensity and a 25. narrow spectrum can be
extracted, and 4@t EdI% tyenWayedengtd collbpredpredueibhl &ty range

of a display a%naraltus usi ng .such aqrgani c_EL devices.
o : isplay apparatus using such organic EL devices for

- color representation, it was impossible to obtain a
: 10 sufficient color reproducibility range enough to
display, for example, TV images.

To overcome this problem, it was proposed to
interpose a dielectric mirror layer (not shown) between
the substrate i and the transparent electrode 2 such

15 that the dielectric mirror layer, transparent electrode
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
e having this'cévity structure, the light h generated in
20 the organic light emitting layer 5 reciprocates between
the dielectric mirror 1§yer and the metal electrode 6,
and only a part of the light having the resonant
wavelength is extracted through the substrate 1.
Therefoie, 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.

2




2 28 'Get ober 2005 However, as the peak width of the spectrumof extracted
light h is narrowed, as it .is in the organic EL devi ceshaidddr b
above-nentioned cavity structure, dependency of the em ssion property on
the view angle 5 increases. For exanple, when the enission surface is
viewed from an.oblique direction, wavelength of the Ilight h largely shifts
and the em ssion intensity decreases. Therefore, it is inportant that the

spectral width of the |ightHexévae] et f N duk GFaftt A HE FRVtsen SN0t
narrow too much. However, the organic EL device nentioned above did not

contenpl ate the alepencientyldiht e vé evanRled, md tix design thrd osgahd e not
mai ntain a sufficient color reproduction range over wde view angles. 15
Such dependency & tdevidevhangie s eaboey-neust ijpmed emvasgeeitauctui-er,
white that is very perceivable visually. Fig. 3 shows an exanpl e of

cal cul ation of vidaperigreyependencymicfsidie poluperty ©nt thel wikwt englfer
liquid crystal or other 20 type displays, allowable range of color

devi ationd n thdsgiaases s Hopr exampilel ywhenhthezenisfioiSsutfacs is
certainly as small as duv=0.006 when the view angle is 300 as shown in
Fig. 3. However, Wif3ted Heom an allidueg sligectionsy siaveilengébonBsths | ar ge
as Duv=0.0178. 25, That is, it is apparent that the col or deviation
‘becones very |ar %’éyéhd-ac”r?@%’ll % anghdBe pRil§sion intensity

decreases. Therefore, it is important that the
spectral width of the light extracted from the organic

10 | EL device is not narrow too much. However, the organic
EL device mentioned above did not contemplate the
dependency on the view angle in its'design and could
not maintain a sufficient color reproduction range over
wide view angles.

15 Such dependency on the view angle is a
serious problem especially-for white thatris very
perceivable visually. Fig. 3 shows an'example of
calculation of view-angle dependency of the

G | chromaticity of white. For liguid crystal or other
20 _type displays., allowable range of color deviation in

the screen is approkimately 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 célor_deviation
becomes-very large beyond the allowable range. This

calculation was carried out under the condition where

3




cal cul ation was carried out under the condition where 3 28 Cctober 2005
peak wavel engths of multiple interference filter spectraspcehewngsn Fig. 4
and peak wavel engths of internal em ssion spectruns shown in Fig. 5 by
broken lines (spectrunms of light emtted by light emtting |ayers and
extracted without nultiple interference) (nore precisely, the peak

wavel engths are those maxim zing the efficiency of utilizing the |ight
energy). In this case, the light energy extracting efficiency is
maxi m zed. Multiplication of the internal em ssion spectrunms and the

mul ti pl ePeFt eVl engiens dft emulspete rimerfesetds fidter hepextmaet etlovi gi
havi ng the spectrunms shown in Fig. 5 by solid |ines. OBJECTS AND SUMVARY
OF THE | TWENT! ONYERBBHI KRTRISPEFRT hetl | HerbRroneBEB ofo SPRekA W@ ghown in
spont anegu ission type_ display device.capable of adjusting the RGB

bal ance ?ﬁia%rb 'ﬁaﬁgﬁygéPF%bR%“%ﬁéﬁ?ft?fdﬁﬁ ?ﬂﬁuﬁ%i Feib fermgtting

vi ew ang] &, depgndensyr-Ardscapabl.g Qlful@lgﬁ\/ii?{qtiegge}&%eyi %%QQ%reeciggPﬁndency

of white. ‘According to the first aspect of e I nvention, ere

provi dedcige GhesRl @3ved@KEERs idreWRhEse anaxi@lE i QMithbl BPri A%EEyI §¢ ddltgrposed
between a first electrode and a second el ectrode, and at | east one of the
| i ght enilet i Agghayemeapd) onanof thhe fdasst atik secomd <elkegyr agdasateom whi ch
light is extracted functions as a cavity portion of a cavity structure for
4 28 COctIHerionts fesoraiinhied i gheligeddrateeh i aft Héel | ghtereni t tamgsliayer,

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

Embodiments of the invention seek to provide a
spontaneous émission 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
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 aﬁd a second electrode, aﬁd at
least one of the light emitting layer and one of the first and second
electrodes frém which 1light 1s extracted functions as a cavity:

portion of a cavity structure for




characterized in that the peak wavel ength of internal em ssion spectrum
inside the Light emtting .layer and the peak wavel engt bg@fJpdl bht €
interference 5 filter spectrumby the cavity portion are shifted from
each other. According to the second aspect of the invention, there is
provi ded a display device in which a light emtting |ayer is interposed
between a first 10 electrode of a-light reflective material and a second 15

20 el ectrode of BeibRREPRGENM iRt §Ehétat SRRt thE B g1 emOft e 138kAN
el ectrode and the Iight emtting Tayer functions as a cavity portion of a’

cavity structure for resoggdtd@télOhéa opnerd€dend pdk WD 1t 1930
| ayer, characterized in that the peak wavel ength of internal em ssion

spectrum insi de ifeernghtewndiiomispeaytin angkide tIaake mgvelanightimef
multiple interference filter spectrumby the cavity portion are shifted
from each ot herlayeccasi nthd opdale wdvelempiieadf afultigpld nvetdrifarenideere is
provided a display device in which a first. electrode of a |light

refl ecti v@ mat erfilten spegtrtunerby tthey cawyidry gnd-taiaecored slidtted dront a
transparent material are sequentially stacked on a 25. substrate, and at

| east one of theeadeorthatrectrode and the light emtting |layer functions

as a cavity portion of a cavitX'Structure for resonating Iigpt gener at ed
in According to the second aspect of the

invention, there is provided a display device in which
a light emitting layer is interposed between a first

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 lighf emitting iayer
functions as a cavity portion of a cavity structure for
,resonatiﬁg 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

e , 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

l25. éubstrate, and‘atlleast one of the second electrode and
the light emitting layer functions as a cavity portion

of a cavity structure for resonating light generated in

5




5 28 COctober 2005 the light emtting |layer, characterized in that the peak
wavel ength of internal em ssion spectruminside the |ighh.@Bbtddoag | ayer
-and the peak wavelength of nultiple interference filter spectrumby the
cavity portion are shifted fromeach other. In any of those aspects of the
present invention, in the case where the phase shift occurring upon
reflection of light generated in the light emtting | ayer at opposite ends
. of the cavity is (Dradians, the optical distance of the cavity is L, and
the peak wavelength of the spectrumof the light to be extracted fromthe
| i ght gefibe atiedti emittenbi gdtemmi tting ayer is max. the display device is

-~ configured to satisfy Equation (1) below 2L/? . cl /2t=m(mis an integer)
(1) I'n the displ aycAacterhzsd ngt Ratt cod | gerlat Ferelegighbe ofheinggriehl
length L of the cavity satisfies Equation (1), light near the wavel ength

~knaX. rGAESTEPMUTRGPIET i WEeff erSficel ot it Py 1aVRT e A5G Hisht B2¥F t he
present jnvention, color deviation AuV of ite upon the view angle,of 60
is held not- eggggcé%d B E15 by AR RS het PEak %éa éfgﬁg%ﬁ &Pt F&VH+HY er nal
em ssi on,spechr Um if,; b8 Hght.emddipg ayer and the peak wavel ength of

[ I

the nultiple interference filter spectrumby the cavity from each other.

Enbodi ments of the pyesgntri BNEN iQRPaYI Y thlepabauf 6n28,QU0ber 2005
sumari zed configuration can adjust the RG@ bal ance in | um nance

case where the phase shift occurring upon reflection of light
generated in the light emitting layer at opposite ends of the cavity
is @jradians, the optical distance of the cavity is L, and the peak
wavelength of the spectrum of the light te be extracted from the
light generated in the light emitting layer is flmaxf5 the display
device is configured to satisfy Equation (1) below.

7 - 2L/7\max+@/235=m (m is an integer) 7 ' {1)

In the display device having that |
ccnfiguiation, since the optical length L of the cavity satisfies
Equation {1), light near the wavelength ;}mmx runs to multiple
"interference in the cavity.

In embodiments of the present invention, color deviation

"gAuV{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 laygr and the peak wavelength of the nmltiple 
interference filter spectrum by the cavity from each other.

Embodiments of the present invention having the above-




vari abl e-quantity under the existence of a view angl e dependency by neans
of a deviation of the peak wavel ength of the nultiple bgb%{ofbg%&e filter
spectrumrelative to the peak wavel ength of the internal '‘emssion
spectrum The above aspects, enbodi nents, features, and advantages of the
present invention will becone readily apparent from the follow ng detailed
description thereof which is to be read in connection with the

acconpanyi ng drawi ngs. BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a
cross-sectional view of the substantial part of a conventional organic EL
device; Fig. 2 is a schematic diagramthat shows spectruns of respective
colors extracted fromthe organic EL device; Fig. 3 is a schematic diagram
t hat shovWg™maAieRd chrbhetbadiiry deagrdivet tthe JdGBvemtliaonal ior gamipaikte
device, Fig. 4 is a schematic diagramthat shows nultiple interference
filter sPECPUAEIUATifHe "SRV SXAFtBReAMT ELvictedrete daRgndsney by
schemati.c diagramthat shows internal em ssion spectruns in the ,

convent i Oral” o?’gan&l‘c I‘flaafi’nce;o% %ée OPFBber"®605°9 i ¢ 6ths Fultirle
Cross'Seﬁ{ﬂe(}@@L%IYéee%iq.ftegéEg}co)%éﬂ’ﬂ%t %@?E?L%gqé tcl)lfe. %gaﬁ);‘:?%ff‘]ell_%nlﬂsfhdggl ee

according to the ftirst I ment o i nventi on; a schematic
di agr am {:hatrnghous: 5 1 4hewsangle. dependency of an organic EL device (G

The above aspects, . embodiments, features, and
advantages of the present invention will become readily apparent from
‘the following detailed description thereof which is to be read in

connection with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a cross-secticnal view of the substantial part
of a conventicnal organic EL device;

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

Fig. 3 1is a schematic diagram that shows ‘an 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;

Fig. 5 is a schematic diagram that shows _internal

emission spectrums in the conventional organic EL device;




em ssi.on) as a conparative exanple with the organic EL device according to
the first enbodi ment of the invention; Fig. 8 is a schggg%%%wgiﬁ am t hat
shows 10 vi ew angl e dependency of the organic EL devic il @gto t he
first enbodi ment of the invention;, Fig. 9 is a schematic diagramthat
shows internal em ssion spectruns in the organic EL device according to
the first enbodi ment of the invention and. 15 spectruns of extracted light;
Fig. 10 is a schematic di apiam é hbs shorssarsechiatabmieikdwial Weagram of
the organic EL device according to the first enbodi ment of the invention;
Fig. 11 is a crossbseahtbail pairbwbHfan hergaoic ublstdanics Fraardindrir gani c
EL device according to the second enbodi ment of the invention; and Fig. 12
i s a cross-sectithal firew efbe@imertbef abee alnyRBRE1IYI: ' an organic EL device
according to the third enbodi nent of the invention. 25 DETAI LED
DESCRI PTI ON OF THE PREFERRFDI ENBGHF MENTSheTR ke RS e it b SRMWE i nvent i on
wll be 8 28 Cctober 2005 expl ai ned bel ow with referengf to th¢ dr awi ngs.
Di spl ay dBvi ces wéewranadet BePerinEyPFedt CRIMI LS it IHEIE aF% sone
applications of the invention to organj EL devjces.,.In.all_of I gures
iFFustrating t heemission) as a comp ratfve exampie with e ofbaﬁfgaﬂi 9
device according tb the first embodiment of the
invention;
Fig. 8 is a schemafic diagram that shows
10 view-angle dependency of the orgahic EL device
according to the first embodiment of the invention;
Fig. 9 is a schematic diagram that shows
internal emission spectrums in the organic EL device
according to the first embodiment of the invention and
| 15 spectrums of extracted light;
Fig. 10 is a schematic diagram that shows an
UV chromaticity diagram of the organic EL device
according to the first embodiment of the invention;
e ' _ 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 embodimenfs of the invention will be

8




ehbodhnents, common or equi val ent conponents are commonly | abeled. Fig. 6

shows an organic EL device according to the first enbogégpﬁ% gé(]he
i nvention. The organic EL device shown in Fig. 6 is a s0- Ci q p

em ssion 10 type organic EL device, and includes a first electrode 12,
organic layer 13, semtransparent reflection | ayer 14 and second el ectrode
15 stacked on a substrate 11 sequentially frombottomto top. The

substrate 11 |s,e§§Mafﬁéﬁnﬂéiow1#¥%H Lol ﬂ%l%ﬁéeX|Eﬁ&h@%he first

sem conductor substrate, or the like, and may be
el ectrode 12 is pisAfdlss @viaedecRENEde that eanBEEheﬂ%saﬁxBléfﬁé&Ctzbon

layer as well, and it is made of a light reflective material such

platinum (Pt), gmmt (AW souly aPplDda@ionst WEJFhenitWentibh tbeokhkgic The
first electrode 12 preferably has a thickness in the range from 100 nmto

300 nm The orgdli devdyess.13Thsabhdefbyhst agkungs {DIusexatig, tie buf fer
| ayer 13a, hole transport layer 13b 25 and organic |ight enitting | ayer
13c al so Funct i enbteglirentsn eoconbnowrt eguipatenkagenposenuenaral |y from
. .bottom The electron transport |ayer rmay be provided 9 28 Cct ober 2005
‘separately fromaommopdyadiabelleght emitting |ayer 13c. The buffer |ayer 13a

is a layer for preventing | eakage, and may be nade of, for exanple,
m MIDATA [4, 4', 4"- Fig. 6 shows an organic EL device according

to the first embodiment of the invention. The organic
EL device shown in Fig. 6 is a so-called top emission
10 type organic EL device, and includes a first electrode
12, organic layer 13, semitransparent reflection layer
14 and second electrode 15 stacked on a substrate 11
sequentially from bottom to top.
The substrate 11 is, for example, a
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 madé'of a light reflective material such as
20 platinum (Pt), gold (Au)}, chromium (Cr), tungsten (W},
br 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, hqle 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




tri s (3-nmet hyl phenyl phenyl ami no) triphenylamne], 2 5 TNATA [4, 4", 4"-tris
(2-napht yl phenyl ami no) triphenylam ne], or the liKke. ng(ﬁﬁgfﬁﬁ &ﬁyer 13a
may be omtted if |eakage is in an acceptable |level. The ol'e"transport

| ayer 13b may be nmade of, for exanple, a-NPD [N, N -di (1-naphthyl)-N,

n' -di phenyl -[1, -V 10 bi phenyl]-4, 4'-diamne]. The organic light emtting

| ayer 13c is made of different light emtting materials having em ssion

colors of red (Rep@femdly @ramctiyd uergdEe 1E<yhte>éamﬂtq,ngaslagee hsght
emtting material having the G em ssion color, AIg3 (tris 1

qui nol i nol al um il donfieax)laymyr Bsaisied a These lfayepsaventing 18gkaggani c
| ayer 13 are preferably in specific. thickness ranges, i.e. for the

buf fer |ayer 13&dd amylPpenmade 300, rfur fexamiplle  hal-fTDATAN@AOr &', ayer 13b
from15 nmto 100 nmand for the 20 organic light emtting |ayer 13c from
15.nmto 100 nmtds r(@spedthyighenHpbenyl aminodk tedpbengflathae pr gani c -

| ayer 13 and the | ayers forninq it are determned so that their optical
fill mthicknessed ke it He vl rdgriseX@l-aepbgylahenylanénedni t r anspar ent
reflection layer 14 forms a cathode electrode, and it is nade of, for

exanpl e, . magneditdphEnglandneler oFadheodikgei rThe | oyt famhel avrn d o mstyer

2005 senitransp%{ent,refleqtion | ayer 14 preferably has a
e omitted if leakage is in an acceptable level. The

hole transport layer 13b may be made of, for example,
¢ -NPD [N, N'-di (l-naphthyl)-N, n'-diphenyl-[1, 1'{
10 biphenyl]-4, 4'-diamine]. The organic light emitting
layer 13c is made of different light emitting materials
having emissioh colors of red (R), gfeen (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 nh to 300 nm, for the hole \
(" - transport layér 13b from 15 nm to 100 nm and for the
20 organic light emitfing layer ch frém 15 nm to 100 nm,
tespectively. Howévér, thicknesses of the organié
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




t.hi ckness in the range from5 nmto 50 nm The second el ectrode 15 is made

of-a material typically used as a transparent el ectrode I ndi um
tin oxide (I TO or an oxide of indiumand zinc. Let thgaggggﬁgﬁmﬁ%ctrode

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

i ndex appr oxi Mgy teduabariptt E%Tfl@f:tﬁbﬁ ey eri gk ngéﬂwabweﬁ@c@nd
el ectrode 15. As such material, silicon oxide ( [icon nitride

(SiN), or the | ithe ckaaBsbe nuzee, rafigeMEyoRes nxﬁt@@kgd A, a thickness from
500 nmto 10000  nm for 15 exanple. In this EL device, the first el ectrode
12 of a light reflectiveThet gecahd algadtiedéayeridmadd oS edr dwasnar ent
reflection | ayer 14 nake up a cavity structure, and the organic |ayer 13
functions as a 2@pdeailily peetli as. al transpatéet oplécttode stande &t ween the
first electrode 12 and the semtransparent reflection layer 14, i.e. the
optical ®hicknedgddimt hén oxtiey (B0l on amdexifge obf t hediumgand diaywer 13;
the phase shift produced upon reflection of light h 25 generated in the
organi c |ight ehﬁgt the 599@ﬂd13ée§troﬁﬂe1$ ihave et cthidueed® iandhehe

semtransparent reflection layer 14 is (D radlans and A. is the 11 28
Oct ober 2005 range from 30 nm to 1000 nm. pass1vat10n film (not
| shown) made of a transparent dielectric overlies the
second electrode 15. The transparent dielectric
10 preferably has a refractive index approximately equal
to that of the material forming the second electrode
15. As such material, silicon oxide (SiOZ). silicon
nitride (SiN), or the like, can be used, and may be
stacked to a thickness from 500 nm to 10000 nm, for
15 example.
In this EL device, the first electrode 12 of
- a light reflective material, organic layer 13 and

semitransparent reflection layer 14 make up a cavity

~structure, and the organic layer 13 functions as a

Y

_ 20 cavity portion. If L is the optical distance between
fhe first electrodé 12 and the semitransparent
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_layér 13¢ at
the first electrode 12 and the semitransparent

reflection layer 14 is ® radians; and A is thé

11




wﬂverength of the light h generated in the organic -Iight enitting | ayer
13c; then the phase delay S in each single event of nul er2005
interference-is 5=2X2L/h+ (2) 5 The value of X S|an|fy|ng quation (2) to
10 5=2~-m (mis an integer) (3) is the peak wavel ength of the

mul tiple-interference filter that is a narrowband filter. If this is
A,,,= Equations (2) and (3) give 2L/A,,,,+(D'2a=m(4) L is determ ned

to satisfy Equat waveléngthhiogktdesedsghft hegpaetiated ayethef 8EGhAYCt he
organic layer 13 are determned to satisfy it. Optical distance L of the

cavity portion idigetermitednly 16ferlistel kawhngheqpahtenaéday’ § oM
refractive indices nl, n2, nk and thicknesses dl, d2, dk of Trespective

| ayers of the orgathShawde E&e@bubfemulaygnelaatehﬁéEenbéaﬂsport | ayer 13b
and organic light emtting layer. 13c in the first enbodinent). .20 L =nl x
dl + n2 x d2 + + nk x dk (5pm2Bhireanpl e of calculation of L is shpyn
here. If the buffer layer 13a is nade of 2-TNATA, the hole transport |ayer
13b is mafle of aTNPDvailne ofgansimplighingnEquahyoha¢2y tdc is made of

Al g3, their 25 thicknesses are dl =32nm d2=30nm d3=50nm respectively,
and A =535 nm “then nl=1.9%=%p®1. 8 af@ isnaaligtegem}efore, (3)

is the peak wavelength of the multiple-interference
- filter that is a narrow-band filter. If this is Apax,
Equations (2} and (3) give
10 : ZL/kmax+d)/2n;m ‘ (4)
L is determined to satisfy Equation (4).

Thicknesses of respective iayers forming the
organic layer 13 are determinéd to satisfy it. Optical
distance L of the cavity portion is determined by the

15 following eguation (5) from refractive indices nl, n2,
-+, nk and thicknesses d1, d2, 4, dk of respective
layers of the organic layer 13 {buffer layer 13a, hole

| transport layer 13b and organic light emitting layer

(“ . . 13¢c in the first embodiment).

20 - L =nl x‘dl + n2 x d2 + - + nk x dk (5)
An examglé 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 1éyer 13c¢ is made of Alg3, their
25_ thicknesses are dl=32nm, d2=30nm, d3=50nm,
respectively, and A=535 nm, then nl=1.9, n2=1.8 and

-n3=1.7. Therefore,

12




l2‘28-Cbtober 2005 L=1.9x32+1. 8x30+1. 7x50=200nm 4).is derived in the
foltow ng manner. That is, first stacked on a substrate,(fOr ex e, S
substrate) is the reflection layer (Cr, or the like) or zgé%éo?er%@%

sem transparent- reflection |ayer (My, Ag, My-Ag alloy, or the like) to a

t hi ckness not .thinner than 200 nm Then using a spectroellipsonetric
apparatus (for exanple, a product of the manufacturer SOPRA), refractive

i ndex n and absorpti on coeﬁmggjgyszg.@&3bhq,b&sgéﬁbgﬁﬁiOn | ayer or
sem transparent reflection layer are determ ned. The phase shift of the

refl ection layer can be Ca Ci dhéphivd Py thd) X dirt ) fhabBliaAC! fifge | NOCX

n of the organic layer in contact wwth the reflection™5 layer (see, for
exanpl e, Principliss @irQy istackéiX oBoansupsdrEtel (Yérf exdfigfe ( RERGAMON
PRESS)). The phase shift of the semtransparent reflection |ayer can be
simlarly cal cul aubdtnatedi ig thes refandtionalavelr! (es, refrewéi Veke ndex n
of the 20 organic layer in contact wwth the semtransparent reflection :
l-ayer, thisckness aokemi¢rsasparanspaeéiectiehl 2ayeon(Mayeky, riég+agti ve

i ndi ces and t hicknesses of respective transparent filns above it. Al so the
refractive indi cedley.t k& &hgadikel)ayeraahbickspestiot Phinnemsgearemodil ms

can be nmeasured using a spectroellipsonetric apparatus. _
: nm. Then using a spectroellipsometric apparatus (for

example, a product of the manufacturer SOPRA),
_refractive index n and absdrption coefficient k of the
;0 - reflection layer of sémitranéparent 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 refractife index n of the
20 organic layer in éontact with the semitransparent
reflection layer, thickness of the semitrahsparent
reflection layer, refractive indices and thicknesses of
réspective 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




Fhé:sun1of those two phase-shift amounts is 1 3 28 Cctober 2005 4. As an

exenplary value of ', (D=--4.7 radians when X=535 nm B&j
cal cul at ed vi ew angl e dependency 5 of the spectrum of §§g¥g%FZg&ﬁfght from

green. em ssion upon coi nci dence between the peak wavel ength of the

i nternal em ssion spectrum and the peak wavel ength of nultiple
interference filter spectrum There, m=0.. As apparent fromFig. 7, as the:
vi ew angl e beconmgs | arge, 10 the peak of the spectrum of the extracted

light shifts toward shorter wavel engths, and the peak intensity al so

decreases. On the other hapd, afii @xefp3heYPSvathe WatBd PLU-gWRRGB ans
dependency of the spectrum of extracted |ight when the peak of the

mul tiple interfetwhaieAEsBsenml5 spectrum shifts toward | onger wavel engt hs
by 25 nmthan the peak of the internal enission spectrum There, n¥0. It
is apparent fromFig. 8 thBig.oWcshohe vabeulabed evimcamasld alagmnddiypeak
intensity once increases and thereafter-decreases gradually. 20 Table 1
shows cal Bul at edo€hthgesrettiuni afnestra¢ched hbightasiron tgreerk rovirs sieme t hat
spectruns with no peak shift decrease in |um nance as the view angle

i ncreases but spERPRuRRinfidense hrtweemithe pgak ravelengthd dorder

wavel engt hs once_ increase in |unm nance 25. and thereafter decrease. By
vari ously Changiﬁ@t?ﬁ%al emission spectrum and the peak wavelength of

multiple interference filter spectrum. There, m=0. ASs
apparent from Fig. 7, as the view angle becomes large,
10 the peak of the spectrﬁm of the extracted light shifts
toward shorter wavelengths, and the peak intensity also
decreases. On the other hand, Eig. é shows 6alculated
view-angle dependency of the spectrum of extracted
light when the peak of the multiple interference filter
15 spectrum shifts toward loager wavelengths by 25 nm than
the peak of the internal emission spectrum. There,
m=0. It is apparent frbm Fig. 8 that, once the #iew
angle becomes large, the peak intensity once increases
(“ : and thereaftér-decreases gradually,

20 Table 1.shows calculated changes of luminance
in that case. It is‘known here that spectrums with no
peak shiff decrease in luminance as the view angle
increases but spectrums with the peak shift. of 25nm.
toward longer wavelengths once increase in luminance

25 and thereafter decrease. By wvariously Qhaﬁging the
shift amount, changes of luminance can be.variéd '

- variously.

14




shi ft .anount, changes of |um nance can-be varied .variously. 14-28 Cctober
2005 TABLE 1 Shift -anmount of Vi ew Angl e peak wavel engt ho%@%@ob@rzo 5

nmil. 00. 950. 76 +25 nml. 01. 030. 95 On the other hand, chromaticCity o? white is
5 determ ned when nonochrone chromaticities of RGB and white | um nance

bal ance are given. That is, if nonochronme chromaticities of RGB are R (xr,
yr), G (Xg, vyg) and B:(Xb, yb), and white |um nance balance is Yr: Yg: Yb
(where yr+Yg+Yb=1) , then the white chromaticity 10 (x"" yw) can be
calculated from 15 xw=xw I/ (XW +l +zw } y~=1/(xW +1+zw ) where xw =Xr
XYr/Yr + Xg X Yg/Yg + Xb X Yb/Yb Zw =%aBrfr-1yr) X Yr/Yr + (l-xg-yg) X

Yo/yg + (I --Xb-pYoyoe-Ybi-Yo ‘v"""ﬁn%he vi-ew-ahgle—chahg

\A'

y—Xbi i e ahnges, noRochrone
chromaticities (xr Sl§/1§t ?’%}i}n Pt ang—(Xb__Yh) ch¥hfH Apg
‘wavel engt hs. Si nul tREFDUIEKELeNHhance vapi es ag wel 130°% he whit esbfm nance
bal ance Yr:Yg: YR 20 changeam and the|chromabicity of gfwse SR ftg agrordi ng
to the above eqyations. 4+25 pm 1.0 1.03 0.95. -

On the other hand, chromaticity of whife is
5 determined when monochrome chromaticities of RGB and
white luminance balance are given. That is, if
(T monochrome chromaticities of RGB are R: (X, V). G: (Xgy,
Yg) and B:(X,, ¥»). and white luminance balance is
Y-:¥g:Yy (where y +Y,+Y,=1), then the white chromaticity
10 (%wv, ¥Yw) can be calculated from'
X=Xy '/ (Xy"'+142,")
Yo=l/(x,"+1+2,")
where Xe'=Xr X Yro/¥r + Xg X Yg/¥g + Xp X Yu/¥b
Zu'=(1-%X:-¥z) X Yo/yr + (1-%g-Yg) X Y¥4/¥g
15 h + (1-Xp-Yb) X Yo/¥p
When the view angle changes, monochrome
chromaticities (x,., ¥v:). (xg,ryb) and (x,, ¥Y») change
toward shorter wavelengths. Simultaneously, luminance
varies as well, the white luminance balance Y.:Y4:Y
20 changes; and the chromaticity of white shifts according.-
to the above equations. |
, Therefore, color deviation of whitelcan be
improved by changing the peak wavelength of the

internal emission spectrum and the peak wavelength of

15




TFheref.ore, color deviation of white can be inproved by changi ng: t he peak

wavel ength of the internal em ssion spectrum and the p? ﬁ5&ﬂ%th of 15
28 Cctober 2005 5 the nultiple interference filter spec run1 t y to
change the variance of |um nance under the existence of a view angle and
adj ust the changi ng anount of the white |um nance bal ance. A result of '
such inprovenent is shown. That 1is, in case of the internal em ssi on

spectrum and t hexagemtl ¥ApHeE Qﬁ%éﬁfé@é‘nbégfilﬁér ﬁ%\@t e}b
shifting the peak wavel ength of multiple interference 1ter spect rum of

red (R) by +10nnthafigepehk +Qriavetesst tupinandd v der Nt foF e dd 1d€r
spectrumof green (G by +4nm and the peak wavel ength of nultiple

interference fil&eviepeahglen ahdbh@guéB) tiy cHANWMng CMAintE 4 aljon of
white could be reduced significantly as nmuch as Auv=0.002 at 30 and _
duv=0. 0043 at 60@hite l1buminance nb&lancd0 as conpared with the conventi onal
exanpl e shown in Fig. 4. As explained above, the first enbodi ment,
configured to shift the peakreswkt eofjtsudi imprdyeEnentntier fsttaance Thhter
spectrum fromthe peak wavelength 20 of the internal em ssion spectrum
can adj ust the REB bbbk a@@eeiof tthe | internrle atawiony spashnun sand tHher eby

can S|gn|f|cantly reduce the V|eMFa{?Ie dependency of
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 |
iO | waﬁelength of multiplelinterference filter spectrum of
green (G} by +4nm and the peak waveleﬁgth of multiple
interference f£ilter spectrum ofbblue.(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 ‘shdwn in Fig. 10 as compared with the conventional
example shown in Fig. 4.
As explained above, the first embodiment,
configured to shift the peak wave;ength of multiple
(“ ' interference filter spectrum-from'the peak waveleﬁgth
20 | of the internal emission spectrum, can adjust the RGB
balance in the luminance changing amount, and théreby
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.

le6




~whité.. Additionally, by shifting the peak wavel ength of multiple
interference filter spectrumof R to a 25. |onger mavelgqugﬁﬁggo&gat of B
to a shorter wavel ength, these colors can be adjusted deeper 1n
chromaticity. 16 28 COctober 2005 Fig. 11 shows an organi c 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 embodi ment shewy.i n15shb@s 8ni Br%‘&ﬁiicazﬁaaéwcétéHé&H&fnés
made up of the transparent reflection |ayer 14, second el ectrode 15 “and
top end interfaceocotththsesenandmpbasmendeot5thé Oinveneidhe, THY @A th
the atnospheric layer). Reflectance of the interface between the end
surface of 10 tE& devdnd shewnr tdeFi§.abll ibemedisphericn! BYEr ot §ambc
| arge as 10% approxi mately, and here is used the effect of the cavity
havi ng t he seconBLefle¥icedacebdrding toahkpafindt nahlesdbhedts shiGwsaimty
portion. Therefore, distance between the atnospheric 15 |ayer and the
seni transparent Féglebtinnthayer cayityestrudibiopticatads simpnee e t he
cavity portion made up of the second el ectrode 15, becones L (it is
desi gnat ed here byanspasenti sefhectbon flayer het f iseconhinkictismde 13 n case
a passivation filmof a transgarent 20 dielectric material having a

refractive i ndex®BEuFoRI ¥t toterktace dhdths sqquut el qtrqstev e am

example, interface with the atmospheric layer).

Reflectance of the interface 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 elecfrode 15 of a
transparent material as ifs cavity portion.
‘ Therefore, distance between the atmospheric
i5 | 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 base a passivation fi;m 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 omittéd here.

The second embodiment also ensures the same
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the’ second el ectrode 15, the passivation filmand the second. electrode 15-
function as the cavity portion. In the other respects, bRt 9ggdrent is
the 25 sane as the first enbodinent, so their detailed explanation is
omtted here. The second enbodi nent al so ensures the sanme 17 28 Cctober
2005 advant ages as those of the first enbodinent. Fig. 12 shows an organic
EL device according to the third enbodi nent of the invention. in the _
organi ¢ EL devi cedvhonbagea &sgthd8e ofiethe rBiret eahbodemébnt? i s a cat hode
el ectrode of a light reflective material, the second electrode 15 is an
anode el ectrode of a tranEpérehZ sheesraneconmiric il deditdeaocoadlny
light emtting |ayer 13c, hole transport |ayer 13b and buffer |ayer 13a
are. stacked sequtftihe| yhirdnembedineet 10f fihetinventione I the this case,
the organic layer 13 .and the second electrode 15 are conbined to form one
cavity portion t®r9aRieckl|dgnicgereewn cbn Mg hel2 origemi £irsgmlestiradag

| ayer 13c_at the lower end of . the organic |layer 13 (interface with the

first 15 @l ectrotfe 49)2 FYLRYEE PPRFLEfe Af thel kgorplectitrie 14
(interface with the apfnpspheric |ayer). tical _djstance between the ‘
organi c | ayer 1 PR A o %rﬁec%‘%‘/‘gc‘%]recﬁ?;“’@ i (15 130 @Re $aineds on
filmof at ranspoaf eé“tr Os;gaiueér%? terié:ctnrp.%[deer im%lter}:aivzi n'g aanc{ eglll’eacc}ri'gva%iicndex
light emitting layer 13c, hole transport layer 13b and
buffer layer 13a are stacked sequentially from near the
10 first electrode 12. 1In this case, thg organic layer 13
| -and the second electrode 15 are combined to form one
cavity portion to reflect light generated in the '
organic light emitting lafer 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~fhe atmospheric layer). Optical
distance between the organic layer 13 and the second
electrode 15 is L.
(“ : : In base a passivation film of a transparent
20 dielectric materiél having a refraétive index -‘
equivalent to the Sebond electrode 15 is provided on
the secqhd electrode 15, the passivation film and the
second electrode 15 function as the cavity portion.‘
In the other respects, this embodiment is.thé :
25 same as the first embodiment, so their detailed
explanation is omitted here.

The third embodiment also ensures the same
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equi‘'val'ent to the second el ectrode 15 is provided on the second el ectrode
15, "the passivation filmand the second el ectrode 15 fungthQ@sheaaSobhe cavity
portion. In the other respects, this enbodinment is the 25 same as the
first enmbodi ment, so their detailed explanation is omtted here. The third
enbodi ment al so ensures the sane 18 r 28 Cctober 2005 advantages as those
of the first enbodinent. Having described specific preferred enbodi nents
of the. present Avantageswakhtheker eacentoritbe anpoaPadytNg drawi ngs, it
is to be understood that 5 the invention is not limted to those precise
enbodi ments, and that vari Hasianbadgesrabddnpgetifati ppeferbydbe ef fected:

therein by one skilled in the art 10 15 without departing fromthe scope or -

the spirit of thembpdimahitenofisthefpnesenh iheemppendedtic|réferedes to
exanpl e, numerical values, structures, shapes, materials, etc. shown in
the foregoi ng ekhedaneanpanyéngodrawingsr eibxbspteshe amdetdiorod that
appropriate nunerical values, structures, shapes, materials, and so forth,
‘can be us&d. Mor&hgpdrventipnyisipothbimited tebthivserprecise anode

electrode is the first electrode 12 in form
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 wvalues, structures,
shapes, materials, etc. shown in the foregoing
embodiments are not but mere exampleé, and other
appropriate numerical values, structures, shapes,

- materials, and so forth, can be used.

15 More specifically, in the first embodimeht,
the anode electrode is the first electrode 12 in form
of a metal f£ilm having a high work function. However,
the anode electrode may be forﬁed in a two-layered

structure in which a transparent conductive film is

N

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

25 forms a part of the cavity portion.

In the third embodiment, the semitransparent

‘reflection layér (not shown) made of a material having.
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of a'metal filmhaving a high work function. However, the anode-el ectrode

may'be formed in a two-layered structure in which a tr§g§ﬂﬁﬁ%p50@§nductive
filmis 20 stacked on a reflection filmdielectric multi-Ilayere filmmade
of a dielectric nmulti-layered filmor alumnum(Al), for exanple. In this

case, the reflection filmfunctions as the first electrode in the present
I nvention, and the transparent conductive film25, forns a part of the

cavity portion, hnhign #wbrkdrenbegdbAeNsuch Ngs SR t A@N§PaELNtmay ehd ect i on
| ayer (not shown) made of a material having 19 28 October 2005 a hi gh work

function, such asoBhtedUbetwéen ThY¥ 6£gahDEalgfebelvesndat fige Os8aeMg | ayer
13 and the second electrode 15. In this case, the structure of the cavity

portion is the salecasofi@osl. ofIrt hehifs resiseh etHoditmidtward dihaksecond
enbodi nent. The first to third enbodi nrents have been explained as applying
the present inveoavbhytpostidmces tine ssime 4y pehosgant cthid flemsces. The
I nvention, however, is also applicable to transm ssion type 10 organic EL
devi ces uBing a enmbedpperntasdbthe asecdrid dnbodimes. applicable to an
organic EL device connected to a thin-filmtransistor on the substrate 11.
When -necessary, an organi cTi Henstetosihized embkidiupenhs dung erp t hose
- enbodi nents. For exanple, 15 the second enbodi nent may be conbi ned with the
first explained as applying the present invéntion 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 appliéable 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
an ~ applicable to a cavity portion made up of the organic
20 layer 13. However, considering that the cavity portion
explained in conjundtion with the second embodiment
uses the cavity portion having a relatively large
thickness, it is suitable for a cohfiguratibn 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
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enbédi‘nent to nake up an organic EL device. Configuration of the cavity
portion explained in conjunction with the second enbodbgeiobes2@lsSO-
applicable to a cavity portion made up of the organic 20 |ayer 13. However,
considering that the cavity portion explained in conjunction with the
second enbodi nent uses the cavity portion having a relatively |arge
thickness, it is suitable for a configuration in which the cavity portion
is the second elgris ods d My bt idie!mdde//ly d¥ dhd readaia t oward hi gher
t hi cknesses. Configuration of the cavity portion explained in conjunction
with the first eshosirem is @R afdl evelflyYihOgahervA000n asim).o a cavity
portion made up of the second el ectrode 15 (and the overlying passivation
film. As described above Asichyekitgd atidie | modddime id tilgg t he peak
wavel ength of the em ssion 5 spectruminside the light emtting | ayer and
t he peak wavel enpyivemfideshifittiing} ethentmydle marved efid itterofs daet reumis sfiloam each
ot her can adjust the RGB balance in the |um nance variance ‘under the

exi-st enceb of vi esperigium idepicieddiivy Iighinlemidg tisw dfaydre agid fitheapeait

bet ween 10 the peak wavel engths, and thereby can decrease the view angle
dependency of wWawelengtig oft ttdise muigup MHAT teg fegrangED figter 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.

,F“‘-\I
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"1."'Aldisplay device in which a light enmitting layer is interposed bett@&eh?
a first electrode and a second el ectrode, and at |east @ne, er%@é | i ght
emtting |layer and one of said first and second electrodes from which
light irs extracted functions as a cavity portion of a cavity structure for
resonating |light generated in said light emtting |ayer, characterized in
that the peak wavel ength of 10 internal em ssion spectruminside said |ight

emtting | agmT ayd dihaMeealgavavel ength of nultiple interference filter
spectrum by said cavity portion are shifted from -each other. 2. The

di spl ay devi ce accordiing Aodﬁbgiaylde¢§cghgﬁehﬁigﬁIgrlgsﬁkation Auv of
white under the view angle of 60 is adjusted not to exCteed 0.015 by

shifting saiethif¢dngndagieendish iaf erpogiedabetesn 8N £iTRECLIUPL-Bapde t he
light emtting |ayer and said peak wavelength of nmultiple interference
filter specandmabge2Ondaedecavotiy,pand at feasteasd erherid31ignei splay
device in which alight .emtting |layer is interposed between a first
el ecbrode emigtinghfayet| entli veenafesndl fndsa aadosdcehdactrode of a
transparent material, and at |east one of said 25 second el ectrode and said
| i ght enittPhgcotrgdes fuestvbhchadightatst gxpoacted Shnattaustgssaructure
for resonating Iight generated in said light emtting 22 28 Cctober 2005
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 aré 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
Efj, , 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.
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«10: lvayer, characterized in that the peak wavel ength of internal em ssion
spectruminside said light emtting layer and the peakweyglsapasds of -
multiple interference filter spectrumby said cavity portion are shifted
from each other. 4. The display device according to claim3 wherein color
deviation duv of white under the view angle of 600 is adjusted not to
exceed 0.015 by shifting said peak wavel ength of internal em ssion
spectruminside the light emtting |ayer and said peak wavel ength of

nul tiple i m&fFerence filter spectrunlby said cavity portion from each

other. 5. A display device h a first 15 el ectrode of

reflective material, jwr]?agchtte lezrﬁ‘fﬁ%d:qaagleﬁhearﬂ?a} gé:l%eé’ffgode of a

transparent, . t re se ti ta 0n.a sy strate, and at

| east one of &4 cf{Fegr([)lrlscaTJ e elﬁ%'n %Sal ad?ﬁeq%ttt 3 r&er functions

as a cavit L | rgﬁﬁ n gener at ed
in said ﬂaﬁfé’ en%qitat %I%]gealpée)cldger/ v}%ﬁ?rea eri zeh'?{l{lgﬂ%t 1$ﬁ%%fg§%g\%ﬁvel engt h of

i nt gy nal  eE AN speRAG By 153 :.q:ny x 198 Hre@ns )%%)éﬁr g%ﬂl the peak

wavel engt h of nultlple |nterference 2 er spectrun1 said cavity
portion ar@awh itg@dsf.rom each other.

4. The display device according to claim 3
wherein color deviation Auv of white under the view
angle 6f 60° is adjusted not to exceed 0.015 by

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

5. A display.devicé 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 dne of said second electrode and said light-

7;1) - emitting layer functioné as a cavity poftion of a

20 cavity structure for resonating light generated in said
light emitfing layer, |

characterized in that the peak wavelength of
internal-emission spectrum insidé said light emifting
layer and the peak wavélength of multiple interference

25 ’filter spectrum by said cavity portion are shifted from
each other. |

6. The display device according to claim 5
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'ﬂ éJ-Tﬁewdisplay device according to claim5 23 28 Cct ober 2005 wherein col or
devi ati on Auv of white under the view angle of 600 is jAISt.ed to
exceed 0.015 by shifting said peak wavel ength of inter%%kﬂgﬂ¥g§?@%
spectruminside the light emtting |layer and said peak wavel ength
ofmultiple interference filter spectrumby said cavity portion from each
other. 7. The display device according to any one of the preceding clains
wherein in t{igefae s E i Ffde QOO I raeflection of
| i ght generated in said Jﬁé%f%ﬁﬁﬁéﬁ;éﬁ?réflayer é?ﬂ%3503| égéﬁﬁs of said
cavity is (dndbsliomsot he eRtjurdledndtaRee e@bedd @.02% By is L, and the
peak wavel ength of the spectrumof the light to 15 be extfacted fromthe -
| i ght gener ssleiftiimgaiald ippak wawdldmytH ayferintedmilatedndsibh bel ow 2L/
J4/2rr=m (mis an integer) (1) 1is satisfied. 24 DI SPLAY DEVI CE ABSTRACT
OF THE DI SCISpSUREUM insdidepltdie deighoe emibtitiingh layerghindewatial pgakl ayer is
i nterposed between a first electrode and a second el ectrode, and at | east
one t he Mayelengiih Ofhguldiiarl earia temE eaenicee filter apacteannby

said cavity portion from each other.

7. The display device according to any one of thef
prggedingaclaims wherein in the case where“thé Ph#ée"sﬂifﬁg

occurring upon reflection of light generated in said

N

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 6f theilight to
be extracted from the light generated in said light
emitting layer is MAgax, Equation (1) below

15 . 2L/Agay+®/27=m (m is an integer) (1)

is satisfied.
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| et jes i i i ' i ity portion of
€l ectrodes fromwhich light is extracted functions as a cavi
a cavity structure for resonating light generated in thgddd 2668 tting
| ayer, the peak wavel ength of internal em ssion spectruminside the 1ight

ittin filter
enmtting |ayer and the peak wavel ength of nmultiple interference
spectru%1byythe cavity portion are shifted from each other to adjust the

RGB bal ance in the |um nance vari : exi st ence of a view
angl e by adjusting that shift ass®gacT ROBWHE ©ISCLOSURE

Iﬁ a display device in'which a light emitting
layer is interposed between a flrst electrode and a
5 second electrode, and at least one of 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 resonating
light generated in the light emitting layer, the peak
10 wavelength of internal emission spectrum inside the
light emitting layer and the peak wavelength of
‘multiple interference fllter spectrum by the cavity
portion are shifted from each other to adjust the RGB
balance in the luminance variance under the existence

15 of a view angle by adjusting that shift value.

Figure 6
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