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 b?kﬁﬁ%grﬂﬂﬁ@ 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?gaﬁ?c flaEVFbe?%ZSt téﬁ@? RS L9NERy. o6 i Ehy multiple
Cross-segty ' qf__th subst Lal rt .of an_oprgani.c _EL devigce
accOrdiﬁ%&%%@g%%%&frégfegnggalnentq%?a?ﬂgpﬁﬁbé%Fi%ﬁ?QF%%Eﬂ?npghaogc enmati ¢
di agr am {:hatrnghous: 5 1 4hewsangle. dependency of an organic EL device (G
em ssion) as a conparative exanple with the organic EL

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;




devi:ce according to the first enbodiment of the invention; Fig. 8 is a
schemati ¢ di agram that shows 10 vi ew angl e dependency gh(}q§1or8 I c EL
devi ce according to the first enbodi ment of the inventi ;ct eéz 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
spectrums of extracted light; Fig. 10 is a schematic diagramthat shows an
WV chromaticity di agram of Fige &riana ccEbssleséceional orinef dchehe first
enbodi nent of the invention; Fig. 11 is a cross-sectional view of the 20
substanti al partsabsaanbiganparElofiex cerganbe dihgdevice Roewebmyg to
enbodi nent of the invention; and Fig. 12 is a cross-sectional view of the
substantial parttbé fanstreabpdimenieof cehactewrerhiPo the third

enbodi ment of the invention. 25 DETAI LED DESCRI PTI ON OF THE PREFERRED
EMBODI MENTS  Some enbodi neRig. of i#ieai sehemabic i139%mm st fYter 2005
expl ai ned below with reference to the drawings. Displ devic(§ accordi ng
to the embodi menviewxpRalnecderaRi@nGY 050k ?%Euﬁhiﬁ??ﬁcﬁh i nventi on
to organic EL devices. |n all of the figures il]ustyati th .

enbodi ment's, confBASBLOBYURT AP cFPNRITHEhER SEHPR-C with 'the ‘ciyanic EL

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 diagrém 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.V12 is a cross-sectional view of the
substaﬁtial part of an organic EL device é@cording_to

the third embodimént of the invention.

25

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Some embodimenfs of the invention will be

8




cbnnnnly’labeled. Fig. 6 shows an organic EL device. according to the first

enbodi mrent of the invention. The organic EL device sho%@ rg)FigJ 6 is.a
so-called top em ssion 10 type organic EL device, and i Pﬁ 8?’ qﬁ rst

el ectrode 12, organic |layer 13, sem transparent reflection |layer 14 and
second el ectrode 15 stacked on a substrate 11 sequentially frombottomto
top. The substrate 11 is, for exanple, a 15 transparent gl ass substrate,

Sem CONUCt or SUBBS T 1L % oI ERY 14 el engThe 117!

electrode 12 is used as an anode electrode that functions as a reflection

layer as well, mipidy icevirdss ecdddigly deftheCkhyeatRbatsabxplgingg 20
plati num (Pt), gold (Au), chromum (Cr), tungsten (W, or the like. The

first el ectrode Hereprafeersanley dp@d idattionekogs $henihbentasgethbr epyidcnmto
300 nm The organic layer 13 is nade by stacking, for exanple, a buffer

| ayer 13a, hol e BIr atesyiards .| ayar alBbo25thedf oo@bes cillgdtremdg i t1g | ayer 13c
al so functioning as an electron transport |ayer, sequentially from :
. bottom 5The el ewtogiimendsspaommoay er eayibalpndvidagofed8sateber 2005
. separately fromthe organic light emtting layer 13c. The buffer |ayer 13a
‘is a layer for gposweniyndabededge, and may be nade of, for exanple,
mMIDATA [ 847 LTS e e Bl AT o) A e S
. g
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 oﬂ 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

9




5 TNATA ['4, 4', 4"-tris (2-naphtyl phenylam no) triphenylamne], or the-

| i ke.. The buffer layer 13a nmay be omtted if |eakage is,i n pt abl e
| evel . The hole transport |ayer 13b may be nade of, fo?aefgﬁﬁfggﬁﬁa-NPD
[N, N-di (1-naphthyl)-N, n'-diphenyl-[l, V 10 bi phenyl]-4, 4'-diam ne].
The organic light emtting layer 13c is nade of different light emtting
materials having emssion colors of red (R), green (G and blue (B). For
exanpl e, as the ddghtatdiy tiRgn e dfaniRAViiRG H i€ t8HS IagBrcober, A g3
(tris 15 qui nolinol al.um num conpl ex) may be used. These layers formng the
organi c | ayer 13rey duffief arably i3a SPed agert Hoak peesrentA@gS Lehk&gef OF
the buffer layer 13a from15 nmto 300 nm for the hole transport |ayer

13b from 15 nm tamdl @@inrheamthdeoroft hef i) exagplie mi-yITDASA fHi, ng'| ayer 13c
from15 nmto 100 nm 25 respectively. However, thicknesses of the organic
| ayer 13 and t hé&nisy dr3s rfedthyilpany lphenydaminoledriphenlydamtihei; 2ptica
filmthicknesses becone the values explained | ater. The sem transparent
reflectioh | aye™NAT drdys 4'a ddttiodes dResepbdylphedyilaminojade of , for
exanpl e, magnesium (M), silver (Ag) or their _alloy. The 10 28 Cctober
2005 seni t r anspdfemiengilisgdniedn (ogydhe1difeef cPlap| hufifer alaven ddsesay n t he

range fromb5 nnk}o 50 nm_ | ..
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




The 'second el ectrode 15 is nmade of a material typically used as a
transparent electrode, such as 5 indiumtin oxide (I-TO ,Q¢ of

i ndiumand zinc. Let the second el ectrode 15 have a th?@&ﬁ%@g??ﬁﬂ? he
range from30 nmto 1000 nm A passivation 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 mat %@maltraarsph&@ntthQemee@ﬂoﬁl esbepdey ééeféﬁaﬁwm@t&‘“ al,
silicon oxide (SiQ2) icon nitride (SiN), or the |ike, can be used, and

may be . stackedntiekaekBi dkness Faage580oRnNEt Aml1H08onam, for 15 exarfpl e.
In this EL device, the first electrode 12 of a light reflective material,

‘organi c layer 13 and senitheagepandntleettedéi DR 18yRadd doFBk materd Lavity
structure, and the organic |ayer 13 functions as a 20 cavity portion. If L
is the optical dyptientdybesedens aherénspérehecéloderd@e aonsidihens
semtransparent reflection |ayer 14, i.e. the optical thickness of the
cavity pértion Aaddunptédh okéder aT0E dmyam dBide hef jidien srid tzipraduced
upon reflection of light h 25 generated in the organic light emtting |ayer
13c at the firbetelbet sedendoedndtrode skhihavmspatisitknesss [igcttiton | ayer 14
is (Dradians; and A is the 11 28 Cctober 2005 wavel ength of the light h
generated in thEaBQEaﬁFEm 30 nm to 1000 nm. A passivation 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




h&ght-enitting | ayer 13c; then the phase delay S in- each single event of
ltiple interference-is 5=2X2L/h+ (2) 5 The val ue of | ol | Eying -
Equation (2) to 10 5=2~-m (mis an integer) (3) is the ggacﬂﬁﬁig%gﬂgth of
the multiple-interference filter that is a narrowband filter. If this is
A, ,,=  Equations (2) and (3) give 2L/A, ,;,,+(D2a=m (4) L is determ ned
to satisfy Equation (4). Thicknesses of respective |layers formng the
organi c |ayer 13waveldeigthTiofedheo 19ahitshy geher@teiCah tHbSbagagik of the
cavity portion is determ ned by the 15 follow ng equation (5) -from
refractive indi casghlt, emdttinlg aagerhicknesnes ¢he PRasdkagiafespastive

| ayers of the organic |ayer 13 (buffer layer 13a, hole transport |ayer 13b
and organi c |igheachi stingdel ayent ¢Ecmudttipdef inttreabencarns). .20 L =nl X
dl + n2 x.d2 + + nk x dk (5) An exanple of calculation of L is shown
here. If the buffer |ayer &3an2&/ihmde of 2- TNATA, the hole transppgj |ayer
13b is made of a-NPD, the organic light emtting |ayer 13c is nade of
Al g3, thePfr 25 tKhekweduvesofird dimplhfiying@=BquatiodB=6Dhnto respectively,
and A. =535 nm then nl1=1.9, n2=1.8 and .n3=1.7. Therefore, 12
o 6=2ﬂﬂl {m is an integer) (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 : 2L/ hpax+® / 2r=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 equation (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 d1 + 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 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




28icnhober 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, Pri-nciplies @fir@y istackdiX oBoan sudsérhte! (¥érf exdffe ( 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 :
|-ayer, thiSckness aokenmti¢rsasparanspaeédectiohl 2ayeon(Hayeky, ried+agti ve
i ndi ces and thicknesses of respective transparent filns above it. Also the
refractive indi cedley.t k& &hgadikel)ayeraahbickspestiot Phinnemsgearemodil ms
can be nmeasured using a spectroellipsonetric apparatus. The sum of those
two phase-shift BRpuntRepsusing a spectroellipsometric apparatus (for
example, a product of the manufacturer SOPRA),
_refractive index n and absorption coefficient k of the
10 - reflection layer or semitranéparent 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 liayer in contact 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




1 3-28 Cctober 2005 4. As an exenplary value of ', (D=--4.7 radians when
X=585 nm Fig. 7 shows cal cul ated vi ew angl e dependency28§kﬁﬁmiggq pectrum
of extracted |ight fromgreen em ssion upon coi nci dence between e peak
wavel ength of the internal em ssion spectrumand the peak wavel ength of
multiple interference filter spectrum There, me0.. As apparent from Fig.
7, as the view angle becones |arge, 10 the peak of the spectrum of the
extracted light ghifts toward shorter wavel engths, and the peak intensity
al so decreases. On the other hand, Fig. 8 shows cal culated view angle

dependency of the spectrumnef afgxbkafipedry! vake WDt h@-Raalky fdikgas
multiple interference filter 15 spectrumshifts toward | onger wavel engt hs

by 25 nmthan tHhhepneaks®f hkie i nternal em ssion spectrum- There,. nr0. It
is apparent fromFig. 8 that, once the view angle becomes |arge, the peak
intensity once increases Hiad.tWeskawsecalleclebsdsvipwadirmdle . daifentloy 1
shows cal cul ated changes of lum nance in that case. It is known here that
spectrunsSwi t h nof phakspattruneef eextriateédnl ighic ef1aan tdreen evnimrglon

i ncreases but spectrums with the peak shift of 25nm toward | onger

wavel engt hs onceUPfRreasRCigenee bakiceenpstheympalh sravgiengiderfedde By

variously changing the _shift anmpbunt, changes of |uninance can be varied
internal 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




svariously. 14 28 COctober. 2005 TABLE 1-Shift ampunt of Vi ew Angl e- peak
wavel engt h030060 0-nni. 00. 950. 76 +25 nmil. 01.030.95 On th SAer - d,
chromaticity of white is 5 determ ned when nonochronme chromati citles of.
RGB and white [um nance bal ance are given. That is, if nonochrone
chromaticities of R@B 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"" yj can be calculated from} XMpXMI [ (x." +l+ zw
where Xw. =Xr X Yr/Yr + Xg X Yg/Yg + Xb X Yb/Yb 2Zw = (1-Xr-yr) X Yr/Yr +
(I-xg-yg) X Yg/yg 15 + (| --Xb Yb) X Yb/ Y¥aBMNeen t he vi ew angl e changes,
nmonochronme chr grat Hes—{ V) Ocg—ygr—andXb—Yb)—change . toward
shorter wavel endt ﬁhJsﬁ 'lbdéﬁ y, Hum nance ) Xﬁ-ﬁwghﬂglﬁel |, the whitle
| uni nance bal ande Wea3k:¥ayokendidhges, andot he chromaticity of whiepé shilfts
according to thg above equafi ons. Therefonep col or deyjagi on [of Whifg cgn
be inproved by [changi ngzahgmpeak wayel ength of The 7 g3 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
Gu'=(1-%Xr-¥z) X ¥o/yr + (1-%4-Yg) X Y4/¥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




I-nt ernal 'em ssion spectrum and the peak wavel ength of 15 28 Cct ober 12005 5

thee multiple interference filter spectrum thereby to gggﬂgﬁmhgaj ari ance
of |um nance under the existence of a view angle and adjust the changi ng
amount of the white |umi nance bal ance. A result of such inprovenent is
shown. That 1is, in case of the internal em ssion spectrumand the spectrum
of extracted light as shown in Fig. 9, by shifting the peak wavel ength of

mul tiple interfegrachultibler iAPECEEEENEE £EOLER) siic E‘Qﬁ'mtﬁ&%‘e(g)ﬁ% 10
wavel ength of nmultiple interference filter spectrumof green by +4nm

and the peak wavehengbhthbt tubiapbe of Nlenmigiersaniddt ernsnactduny -4 ue
(B) by -10nm color deviation of white could be reduced significantly " as

nuch as Auv=0. 002 wele80angile dangO0adfdst ath® Ofhasghly diovht NofFithe 10 as
conpared with the conventional exanple shown in Fig. 4. As explained
above, the firstwkibedlinehbanceomdlaneed to shift the peak wavel ength of
multiple interference filter spectrumfromthe peak wavel ength 20 of the
i nternal 8mission spectrund reasukldjoeftsydie REE dadmancte diign d¢Hwavn .UunTThagce
changi ng anount, and thereby can significantly reduce the view angle

dependency of wh¥tell @@ tobrthe yinkgrmdl faming idre speaimay elngndthie  of
multiple interference filter spectrumof Rto a ,
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 és 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.
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 25. ‘l'ongetr wavel ength and that of B to a shorter wavel ength, these colors

can’ be adjusted deeper in chromaticity. 16 28 Cct ober | shows
an organic EL device according to the second enbodinen%ggijgﬁgzP%%ention
The organic EL device shown in Fig. 11 is nodified fromthe organic EL
device according to the first enbodi nent showmn in 5 Fig. 6 in that a cavity
~structure is made up of the transparent reflection |layer 14, second

el ectrode 15 and top end Fagerfiacenelrst B8 &8 QHﬂceEEC&éQﬂéeléc&%P&ing
exanple, interface with the atnospheric |ayer). Reflectance of the

interface betweertot theesdcondf agBotiimed® bhethecoidert €64 0dthel Hraphithe
atnospheric layer is as l|arge as 10% approxi mately, and here is used the
effect of the c&u tigviiaei showheineEagd elets rmelei fibedf £:Rorh NG PFGMiic
material as its cavity portion. Therefore, distance between the

at nospheric 15 Ehyéeviand aheoxdingr hosphe efirsefdmicddmen bysiowrd, in . €. .
the optical distance of the cavity portion made up of the second el ectrode
15, becones L (iFigs feinghbetdaheneiby $Prioruxh sis mademy raf the first
enbodi nent). In _case a passivation filmof a transparent 20 dielectric
materi al havi ng ArABFPaEeRyerehiliestioni larentls o senondoirbtebs ridde 15 is
provided on the second el ectrode 15, the passivation filmand the second.

el ectrode 15 funBPfohCRBseRAREGTEJCHP% i Hie second electrode 15 (for

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

17




Pﬁ_theléther respects, this enbodinent is the 25 same as the first

enbodi nent, so their detailed explanationis onmtted hes@y e 25@sond
enbodi ment al so ensures the sane 17 28 Cctober 2005 advanté@es as those of

the first enbodinment. Fig. 12 shows an organic EL device according " to the
third enbodi nent- of the invention. in the organic EL device shown in Fig.
12, the first electrode 5 12 is a cathode electrode of a |ight reflective
materi al, the seadwdnthgesradetidsesofintlamofleret eetbodtment. a transparent
el ectrode material, and the organic light emtting |layer 13c, hole
transport |layer 13b and bEigerl2aghowd3an aveganbeckiill devieataatdydfnmgm
near the 10 first electrode 12. In this case, the organic |layer 13 .and

t he second el ect ¥@dehesthied combedbmend ¢Hrheonnvenviey. pdm itdwe to refl ect
light generated in the organic light emtting layer 13c at the |ower end
of the organi c ?BJaR1iq3EL| deeicacehewn hin Rigi rkl, 1the|Birsbdolahredrl t he
upper end_of the second el ectrode, 14 (interface with the atnospheric

layer). Optical *4it¥ahcerHRedRetleRerafiqaf & 1@t ERRIrRCEee second
e RN SR = R DL FEWIE it G,
:lngc:i rhgde 15 1s on Oa\./ '\‘g..‘.eéjnso arérp@ esleé:cotnrdo e! ?nca}tre%d:‘Leall,S’ar} et easosrl'gvaz%';[ilcon' film.
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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second el ectrode 15 function as the cavity portion. In the other respects,

this enbodiment is the 25 .same as the first enbodi nent zgsebdigiboglet ai | ed
expl anation is omtted here. The third enbodi nent al so ensures the sane 18
28 Cctober 2005 advant ages as those of the first enbodi ment. Having
described specific preferred enbodi nents of the. present invention with
reference to the acconpanying drawings, it is to be understood that 5 the
invention is not advantadekoakh®hespr 6€i §Re erDpdt NBbSdiAaA:t hat vari ous
changes and nodifications nay be effected therein by one skilled in the
art wi thout departing fronHakéngcdpecoibéliespptificopréberrédvention as
defined in the appended clains. 10 For exanple, nunerical values,
structures, shapabpdimentisab$, thecpresent imvéitidnredth miefendock Memt s
are not but nere exanples, and other appropriate nunerical val ues,
structures, shapébe anspwphniingaddagingsrtit Tantdebesembderdstdbd ethat
specifically, in the first enbodinent, the anode electrode is the first
‘el ectrode512 in theningenhiaat 4 netdbailted to hthpsewpkediseti on. However
t he anode el ectrode may be forned in a two-layered structure in which a
transparent condBBPPdémentfy i andothabcrakions Lhatgestanh Medifidratiqnsic

mul ti-layered .
: 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 formed 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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fil mmade of a dielectric nmulti-layered filmor alumnum(Al), for
exanmple. In this case, the reflection filmfunctions a§8kﬂﬁ§k}95&3

el ectrode in the present invention, and the transparent conductive film
25, forms a part of the cavity portion. In the third enbodi ment, the

sem transparent reflection layer (not shown) nmade of a material having 19
28 Cctober 2005 a high work function, such as Pt, Au or G, may be |ocated

between the orgaai RiyRyRork3randtibr, S668R0as ehbeCt AQUSr 18r, |rh‘a%hl'b§_ case,
the structure of the cavity portion is the sane as those of the first 5

enbodi ment and t hecaeeanteewberli tRat ordégidi 18yet 018 hifid endoshodmds have
been ‘explained as applying the present invention to surface emssion typ
organi ¢ EL devi cetecthedenyBnt i, thiroweisey,, tie atsmcmild oabltdd 0 "
transm ssion type 10 organic EL devices using a transparent substrate 11.

It is also applicabitytpornhionghsi thé&lsamyiae thowmecdfdthd of frdhin-film
transistor on the substrate 11. Wen necessary, an organic EL device may be
made up by conbi ebgdinest andothersecondomizxdimért. 15 the second

enbodi ment may be conbined with the first enbodinment to make up an organic
EL device. Configuration ofh¢HEleglity tguknd emkegingmed have dmgnuncti on

Wi th the second enbodi ment is also., applicable to a cavity portion nade up
of the organic 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 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
conjunctiqn 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 embodimsnt
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

20




20 fayet '13. However, considering that the cavity portion explained in
conjunction with the second enbodi nent uses the cavityopejddsePaftyi ng 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 enbodinment is applicable 20 28
Cct ober 2005 al sg14® #o (@V&éﬁﬂorﬁs& idRdfadd @ dfheseciubd ectrode 15
(and the overlying passivation film. As described above, according to the
invention shiftiggedheodealks wautd efitd lowdriyie ¢ Paasd Bt Fors Rt UM i nsi de
the light emtting |ayer and the peak wavel ength of the nultiple
interference filter spectragmnddgamsat mmiver axomtijnpsttd theRGB bal ance in
the |um nance variance under the existence of view angle dependency by
maki ng use of t hiwdnifiommiuimt iy viden déak havedaingtdy el fe rigieh smissd onher eby
can decrease the view angle dependency of white. 21 28 Cctober 2005 10
WHAT | S GiAl MED dpctirurd idissigleaytive iighy remiftitdnen Jawgnt angtritthtg pgakayer i s
i nt erposed between a first el ectrode '

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.

,F“‘-\I
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‘and & second el ectrode, and at |east one of said light enmitting |ayeft®ite
one of said first and second electrodes from which Iig@%(ﬂ§d§§?6&§ted‘
functions as a cavity portion of a cavity structure for resonating |I|ight
generated in said light emtting |ayer, characterized in that the peak
wavel ength of internal em ssion spectruminside said light emtting |ayer
and the peak wavel ength of nultiple interference filter spectrum by said

cavity portiypamarns shidited figgm each other. 2. The display device
according to claim1 15 wherein color deviation Auv of white under the view

angl e of 60 is adjustad nptaispexgeadv@cB8lonbynishi £t hRgnhgai d peak

wavel ength of internal em ssion spectruminside the light emtting |ayer
and sai d peamitwdwng dayelr ot duteirposdiberieeanae rfidsieeiseeebaEm by 20
said cavity portion fromeach other. 3. A display device in which a |ight
.entting | apér ai secondr paeedrbdeyeandaafti 1shse! eakr edesasll aibheht
reflective material and a second el ectrode of a transparent material, and
at | ast onemdttingdlagexcanddovbeofr edédafidrsai enbli gbtondi tting | ayer
functions as_a cavity portion of a cavity structure for resonating |ight
gener at ed i Blegtyofipghfreni vhiahy 22gh8 Dot obtragoe8 fOnthayens as a

cayity 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 othef.
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
%fj, , wavelength of multiple interference filter spectrum by
20 said cavity portion from each other.
3. A display.dévice 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 Qf a cavity structure for

resonating light generated in said light emitting.
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«charsacterized in that the peak wavel ength of internal em ssion spectrum
inside said light emitting |ayer and the peak wavel engbl cdcyadbbad! €
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
l'i ght enitzin Iayer and said peak wavelength of multiple interference
filter spe said cavity portion fron1each other. 5. A display

. : £l .y
??éhfe_éﬂir?:ﬁg ?a;;F3t 1§§§Iectr de of q} ght Qﬁc ecti.ve gﬁte%lgo, a
mat eri al e trat. an ast one of said
second el ect roge ancﬁ"?asl'lél aﬁ%’fl%cdcr(ml nr?g afeall tor? L ? B%avity
PPght o t GRS S e 4 S*raﬁf%& n%%%”hat W R, EASERE e
i ntey nal  em; AN .speRRG It By R :L"cny 1o taffe”%h ﬁ)éﬁr %Bﬂl the peak
wavel engt h of nultlple |nterference 2 ter spectrum y salg cavity

portion ar@awh iteesf.rom each other. 6. The display device accordlng to

cIa|n15 23
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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ﬁléaiéxﬁcben 2005 wherein col or deviation Auv of white under the view angle

“of 600 is adj usted not to exceed 0.015 by shifting sar%SQi%§x¥@§§$ength of
internal emi ssion spectruminside the light emtting |ayer and eak
wavel ength ofmultiple interference filter spectrumby said cavity portion
fromeach other. 7. The display device according to any one of the
preceding clainms wherein in the case where the phase shift occurring upon

reflection oindidil GSTSE @kt ol Mo bt [ SMAIdN I PUBleAt OPPOSTEE

ends of said cavity is 15 (D radi ans, the optical ance said cavity
s L, and tdwegPeale veoelienaidyudtddnfotPest budeels bheikight to be

extracted fromthe light generated in said light emtting layer is
Equat i on (1)shicftonlgadd Heak -wm(ermerfgtaﬂ gihtiegeinna1l emilssioat | sf ied. 24
spectrum inside the light emitting layer and said peak
5 wavelength of ‘multiple interference filter spectrum by

said cavity portion from each other.

7. The display device according to any one of thef
prgcedingaqlaims whe;ein 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 cf 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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