3 January 2007 1 DI SPLAY DEVI CE AND DI SPLAY UNI T USI NG THE SAVE
BACKGROUND OF THE I NVENTION 1. Field of the Invention The present invention
relates to a display device and a display unit using the db ¥pnay2¢¥yice,
and nore specifically a self-lum nous type display device such as an
organic light-emtting device and a display unit using the self-|um nous
type display device. 2. Description of the Related Art In recent years,
organi c EL displays using an organic Right-enmtting device as an
alternative to liquid crystal displays have becone a focus of attention.

The organi ¢ Ek . disspl f - | Lt o consi dered
that the orgah%@‘gp}ﬁl@@mﬁeﬁmpbiﬁa ﬁﬁb@%ﬁg angle, |ow
power consunption and adequate response to high-definition high-speed

vi deo signals. Therefore, the devel opnent of the organic EL displays

toward commerci alizati on has been proceedi ng. Previously, by introducing a
r esonat oBASIKGRQYND RIOTHI INVENTION i ght-eni tting device, attenpts to
control light generated in a light- emtting |ayer such as inproving the
col or put.iFeldof tre Bevantach col or, enhancing light-enitting efficiency and
so on have been nade (for exanple, refer to International Publication No.

01/ 39554) . HoVENE preseel Uaventigirelxss 6 hidiBplRkfdei@neyd andikpRyonaani ¢
light- emtting device with the resonator structure greatly varies
dependi ngsiHpAheRidpRYHNiIIA0d more specifically a self-luminous type display
.device such as an organic light-emitting device and a display unit using the
self-luminous type display device.
2. Description of the Related Art
| In recent years, organic;EL displays using an organic light-emitting
device as an alternative to liquid crystal displays have become a focus of
attention. The organic EL displays are of a self-luminous type, so it is
considered that the organic EL Edisplays have advantages of a wide viewing
angle, low power consumption and adequate response to high-definition
high-speed video signals. The;*efore, the development of the organic EL
‘displays toward commercialization has been proceeding.

Previously, by introducing a resonator structure into the organic
light-emitting device, attempts to control light generated in a light-
emitting 'layer such as improving the color purity of an emitted color,
énhancing bght-emitting efficiency and so on have been made (for example,

| refer to International Publication No. 01/39554).

However, actual light extraction efficiency in the organic light-

emitting device with the resonator structure greatly varies depending upon




2 where a maxinmum|light-emtting position of the light-emtting |layer is
pl aced in the resonator structure. SUMVARY OF THE | NVENTION I n view of the
f oregoi ng, exanple enbodi nents may provide a display devi cklaoearn®08 of
enhancing extraction efficiency of light generated in a light-emtting

| ayer, and a display unit using the display device. According to a first
aspect of the present invention, there is provided a display device,
conprising: a light emtting |ayer bétween a first el ectrode and a second
el ectrode; and a resonator structure resonating |ight generated in the

|1 ght - ewilicté g rhaiesumb Hehen bk posibbfl BPIRL Oj[i‘glgﬁgm%ﬁr?g qafeeidl portion

wherein an optical distance Li b en the firs por and® a maxi mum
l'i ght - efidchbil B8 th® eSddra2 light-emtting | ayer satisfies Mathemati cal
For nul aml, and an Optal Q%?{rélltcs ance L2 between the second end portion and
the maximum light emtting position of the light-emtting |ayer satisfies
Mat hematical Fornmula 2. [Mathematical Formula 11 Ln=tLlI+ai (2tL)/A

=-t1/( VI ts a theoretical optical distance between
t he fﬁ@%‘mﬁmiw@? i mum I i ght-emitting position, al
represents a correction anount based upon a light-emtting distribution in
the light- emtting |ayer, A represents a peak wavel ength of the spectrum

of light 3 Jamuaigw20D%he foregoing, example embodiments may provide a

display device capable of enhancing extraction efficiency of light generated
in a light-emitting layer, and a display unit using the display device.
According to a first aspect of the present invention, there is provided
a display device, comprising: a light-
emitting layer between a first _electrode and a second electrode; and a
resonator structure resonating ﬁght generated in the light-emitting layer
between a first end poftion and a second end portion, wherein an optical
distance L1 between the first end portion and a maximum light-emitting
'position of the light-emitting 1a5¥er satisfies Mathematical Formula 1, and
an optical distance Lz between the second end portion and the maximum
light-emitting position of the light-emitting layer satisfies Mathematical
Formula 2. |
[Mathematical Formula 1]
Li=tLata;
(2L )/ A=~ ®1/(27C)+m; .
. (where tL; represents a theoretical optical distance between the
first end portion and the maximum light-emitting position, a1 represents a

correction amount based upon a light-emitting distribution in the light-

emitting layer; A represents a peak wavelength of the spectrum of light




3 desired to be extracted, (D represents a phase shift of reflected Iight

generated in the first end portion, and m is O or an integer.)
[ Mat hemati cal Fornula 21 L2=tL2+a2 (2tL2)/? (D2/(2 70+11123 {ampasy 2007 2

represents a theoretical optical distance between the second end portion
and the maximumlight-emtting position, a2 represents a correction anount
"based upon a light-emtting distribution in the light- emtting |ayer, A
represents a peak wavel ength of the s%ectrum of light desired to be:
extracted, (D2 represents a phase shift of reflected Iight generated in

the secandi@adiPdet i Is.0 or an integer.) According to.a second
aspect of the prg%e%tg&lar?%@ft igo‘n,rg?’fﬁ??’ét% & ﬁ?‘é\?gd@@fﬁ of graffacied Jight
rising a light-emtting | ayer between a

conpr i sifg. Is devige ¢ [
first elgrél"glls.9 ?%t glgﬁhgiirggggacpor&o fpgde: 1sQ@r anviedegerbr structure

resonati ng liﬁgt ;gener_a%leg in the light- emtting | ayer between a first end
portion and a“t& apg EF%‘J%,Z] wherein an optical distance Li between
the first end ion and a nmaximumlight-emtting position of the

port
light-emtti nbﬁ €Az satisfies Mathematical Formula. 5, and an optical
ween the second end portion and the maxi mumlight-emtting

.di stance L2 bet
position of té’éLi)I@H’t—:@ﬂ(ﬂtJthgnz | ayer satisfies Mathematical Fornula 6,
[ Mat herat i cal Formula 5] Li=tLi+ai (2tLi)/A =-qi/(2 7r)+ni |
(where tLs represents a theoretical optical distance between the
second end portion and the maximum light-emitting position, ag represents
a correction amount based upon a light-emitting distribution in the light-
emitting layer, A represents a peak wavelength of the spectrum of light

desired to be extracted, ®. represents a phase shift of reflected light

generated in the second end portion, and ms is O or an integer.)
According to a second aspect of the present invention, there is provided a

‘display unit comprising: a display device
compr.lsmg a light-emitting lay(—_;r between a first electrode and a second

electrode, and a resonator structure resonating light generated in the Light-
~ emitting layer between a first end portion and a second end portion,

wherein an optidal distance L% between the first end portion and a

maximum light-emitting positidn of the light-emitti_ng layer satisfies

Mathematical Formulal. 5, and an oi)tical_ distance Ly beéween the second

end portion and the maximum light-emitting position of the‘ ﬁght-emitfing

layer satisfies Mathematical Formula 6, |

- Mathematical Formula 5)
Li=tla+ay

@tL)/ A=~ /(2 7)+m,




3 January 2007 4 (where tLi represents a theoretical optical distance
between the first end portion and the maximumlight-emtting position, al
represents a correction anbunt based upon a light-emtting Bingary2¥l7ti on in
the light- emtting layer, A represents a peak wavel ength of the spectrum
of light desired to be extracted, 1 represents a phase shift of reflected
light generated in the first end porddion, and m is O or an integer.)

[ Mat hemati cal Formula 6] L2=tL2+a2 (2tL2)/ A cp2/(2 70+1212 (where tL2
represents a theoretical optical distance between the second end portion
and t he maxi nuttrherghtLemepresentspasthéantical optioak disttace detweenctlicon anount
based upon a light-emtting distribution in the light- emtting |ayer, A

r epr esenfissteenpk phrtiay ehdridiehmakihtim ﬁgﬁc-bmimiﬁF posiiidn, ddesprarnite abe
extracted, (D2 represents a phase shift of reflected Iight generated in

the secosudrestibrpaniowit, bagsll Whohsa Qéﬂit-é’a&iﬁtﬂi{Ql’%étﬂbdtibrﬁ’fﬂ”’ﬂ?ﬂe?li@ﬁ?c’di ments,
In the display device, the optical distance I between the first end

port] on amisfiel s ety bR, PRALILAR o S50 LRI SL TG 2!

Formula 1, and the opti cal tar bet\ secon
e TR PR DeBRH) R ST BRI, 2 (0,
posi {1 oreaPrLled GRG0 fudHorbiBheatlisgnis Ofa amiiedidse of 11ght when the
IToht is'enttyg are the game as each ot her.
Le=tLz+ag .
- (2tL2)/ A =—®/(2 ) +m2
(where tLe represents a theoretical optical distance between the
second end portion and‘ the maximum light-emitting position, a2 represents
a correction amount based upon a light-emitting distribution in the Iight-
emitting layer, A represents a peak Wavelength of the spectrﬁm of light
desired f:o be extracted, @; répresents a phase shift of reflected light
generated in the second end portion, and ms is 0 or an integer.)
In example embodiments, in the display device, the optical distance
L1 between the first end portion‘!. and the maximum light-emitting position
satisfies Mathematical Formula 1, and the optical distance Ls between the
second end portion and the maximum. light-emitting position satisfies
Mathematical Formula 2, so when light generated in the light-emifting
layer is reflected on the first end portion or the second end portion and is
returned to a light-emitting position, the phase of the returned light and

the phase of light when the light is emitted are the éame as each other.

Therefore, the emitted light and the light reflected between the first end




Therefore, the emtted Iight and the light reflected between the first end
3 January 2007 5 portion and the second end portion reinforce each other,
so the light generated in the light-emtting | ayer can be Xfafipary 209(| y
extracted. I n exanple enbodinents, in the display unit, the display device
above may be used, so the extraction efficiency of Iight generated in the
light-emtting | ayer can be inproved.>Qher and further objects, features

and advant ages of exanple enbodinments will appear nore fully fromthe
fol |l owi 2‘?0 &escri ti,on. BRI EF SCRI PTI ON THE DRAW NGS FI lLis a
sect i ond"CBWABF HN&iSER? tPO¥éiong rexplencg aeacd 1otk - serfbet ight devi ce

which is a display device according to a first enbodi nent of the
i nvent i @enerpied in the lightramittinalayer cavhel efficientlyfexéractedani ¢ 1 ayer in the
organic light-emtting device showmn in FIG 1; FIG 3 is an illustration

showi ng the s%u&gdﬁﬁleoémogﬁﬁgﬁ@qﬁgsmﬁﬁdﬁgﬂﬁ Eﬂn{zlg% ggﬁzé}; iagqleayer of

~the organic light-enmtting device’she . . I's an enl arged
sect i onabove enapfet hsedyr@athe ekavetion reffietency o Mght | dcidratedi fl tHeg devi ce
shown in FIG 1; FIG 5 is a graph showing sinulation results for intensity
at di f ightemiting lageesatbbe wepnovedsecond end portion and a maxi num | i ght -

emtting positiﬁn; FIG_6_1s a graph showing a relationship between the
val ue of s an@ther and further objects, features and advantages of example

embodiments will appear more fully from the following description.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a sectional view of a display unit using an organic light-
emitting device which is a displéy device according to a first embodiment of
- the invention;

FIG. 2 is an enlarged sectional view of an organic layer in the
organic light-emitting device sh(;;vn in FIG. 1;

FIG. 3 is an illustrafion showing the structure of a compound used
i_n the light-emitting layer of the organic light-emitting device shown in
'FIG. 2; "

'FIG. 4 is an enlarged sectional view of the organic layer in the
organic light-emitting device shown in FIG. 1;

FIG. 5 is a graph sﬁowing simulation results for intensity at
different distances between a second end portion and a2 maximum light-
emitting position;

FiIG.6isa gréph showing a relationship between the value of s and

a distance between the second end portion and the maximum light-emitting




a di stance between the second end portion and the maxi mumlight-emtting
--------- --- 3 January 2007 6 position at which light-emtting intensity
is maxinmzed in cases where the light-enmtting |ayer has a3 laniak2®ss of 30
nmand 50 nm FIGs. 7A and 7B are sectional views showing a step in a

met hod of manufacturing the display unit shown in FIG 1, FIGs. 8A and 8B
are sectional views showing a step following the step in FIG. 7A and 7B;
and FIG 9 is an enlarged secti onal vfew of an organic layer in an organic
light-emtting device used in a display unit according to a second

enbodi nent .of the jnyention. .DETALLED SCRI PTI ON @ THE PREFE D

EvBeD VEREEop Al b REGRh e Em iR Sty At inie Tipetses  isee hge

descri bed j re detail below referyij to acconpanyi ng draw ngs.
[First Eﬂﬁhﬁmnﬁv}g e bpschbekacecet 10Rm Sud B0 TR o di splay unit using an
organic light-emtting device which is a display device according to a
first enbodi Meles. oA apd THventseerionghaewissihoxing s stepsing aaethod

ultra-thin organic light-emtting color display or the like, and in the

di spl ay wanufadtoringethandibplayaunitishewpeineFIAQ4; and a seal i ng panel 20 faces
each other and the whole facing surfaces thereof are bonded together with
an adhesi ve | dlé¥s. 830 andh8Bdineveedtivnal vidws shbuwiies aastepr fpllowdng the

light-emtting device 10R emitting red light, an organic light-emtting
devi ce 146peATRIGSNIAUMRETNB; and -
FIG: 9 is an enlarged sectional view of an organic layer in an

organic light-emitting device used in a display unit according to a second

embodiment of the invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Preferred embodiments of the present invention will be described in

more detail below referring to the accompanying drawings.

[First Embodiment]

FIG. 1 shows a sectional view of a display unit using an organic
light-emitting device which 1s a display device according to a first
embodiment of the invention. | The display unit is used as an ultra-thin
organic light-emitting color display or the like, and in the diéplay unit, for
example, a drive panel 10 and a sealing panel 20 faces each other and the
'wholg facing surfaces thereof are bonded together with an adhesive layer
30.  The drive panel 10 includes an organic light-emitting device 10R
emitting red light, an organic light-emitting device 10G emitting green

light and an organic light-emitting device 10B emitting blue light disposed




light and an organic light-emtting device 10B emitting blue |ight disposed
3 January 2007 7 in order in a matrix shape as a whole on a driving
substrate 11 made of, for exanple, an insulating material Hlaobrrad00dl ass or
the like. Each of the organic light-emtting devices 10R, |10OG and 10B has a
structure in which, for exanple, a first electrode 12 as an anode, an
organic layer 13, and a second electrode 14 as a cathode are lamnated in
this order fromthe driving substrat& 11. The first electrode 12 al so has
a function as a reflective | ayer, and |n order to enhance light-emtting

efficiency s de el ect 1,0 av s high

ot | oot anirdstin dBRTE Wage' Ea WPL oh H drifipE iiFad RatB AR ol et ode
12, a single substanc]1 an al .l é@{ t al rrent V\nthahlgh wor k
functi orf Ca8NpREY aﬁ%’(ﬂlﬂtt?rlag 1 ?*‘Aﬁﬁsé’irlt% 1X€-Ag), chromium (Cr),
tungsten (W or the like is cited, and the thickness in a |am nating

di rection (herfcheef de eraanig light emisting sleydcash] @QRnd6S) anst 10Rehast ar st

el ectrode 12 is preferably within a range of 100 nmto 300 nm As the

al | oy, fssrucxeenph svhieh AyPa@anglepy firstéledinode di2 asean asiode nam nrgaoxiponent ,
0.3 M%to 1 mt%of palladium(Pd) and 0.3 wt% and 1 wt % of copper (Cu) is

cited. Thgewiloamd alsayernd dkdipmleal 4h§ heachéds hraitimireatbdiin ¢hshordbr t he
organic light-emtting devices 10R 10G and 10B. FIG 2 shows an enl arged

view of fhhia 1BedRWing hRErakd 111N the organic light-emtting device 10R The
organic layer 13 of the organic light-emtting device IOR has a structure

In which a holgd fRUILAFHENS atkdhas®a FRAGSA A3SPIeHed i layts Band

in order to enhance light-emitting efficiency, it is desirable for the first
‘electrode 12 to have as high reflectance as possible. For example, as a
material of the first electrode 12, a single substance or an alloy of a metal
element with a high work function such as platinum (Pt), gold (Au), silver
(Ag), chromium (Cr), tungsten (W) or the like is cited, and the thickness in
a laminating direction (hereinafter simply referred to as thickness) of the
first electrode 12 is preferably within a range of 100 nm to 300 nm. As the
alloy, for example, a AgPdCu alloy including silver as a main component,
0.3 wt% to 1 wt% of palladium (Pd) and 0.3 wt% and 1 wt% of copper (Cuw)
1s cited.

The organic layer 13 has a different structure for each of the
organic light-emitting devices 10R, 10G and 10B. FIG. 2 shows an
enlarged view of the organic layer 13 in the organic light-emitting deir_ice

"10R. The organic layer 13 of the organic light-emitting device 10R has a
structure in which a hole injection layer 13A, a hole transport layer 13B, a
light-emitting layer 13C and an electron transport layer 13D are laminated

in this order from the first electrode 12. The hole injection layer 13A and




light-emtting |ayer 13C and an electron transport |layer 13D are | am nated
inthis order fromthe first electrode 12. The hole injection |ayer 13A and
3 January 2007 8 the hole transport |ayer 13B enhance effitiaewry2®¥ hol e
injection into the light-emtting |ayer 13C. The light-emtting |ayer 13C
generates light by current injection. The electron transport |ayer 13D
enhances efficiency of electron injegtion into the light-emtting | ayer
13C. The hole injection |ayer 13A of tThe organic light-emtting device 10R
has, for exanple, a thickness of 15 nmto 300 nm and is nade of

4,4 4" -4ri - hyl phenyl | ami no) teri-phenyl.gni MI'DATA),+.Qr

R R
ranspor. ayet 0 organj.c. | i -em.ttin evi ce : , for

e o Deht e s L i bgbtofhiiag doyer Jaficsdnerates Tent by

bi s[ (N- napht hy| ).- N- phenyl ] benzi di ne (a-NPD) or a conpound shown in FIG 3.

The | i giureent mipgtiomy drhel glecpnitranspepiayer ilght eebancesfiigepce®f | OR has,

for exanple, a thickness of 15 nmto 100 nm and is nade of 8- quinolinol

al um nurelednpd éxje¢tibgantariheckghii-emitttngy tayeraf3Q, 6- bi s[ 4- [ N- (4-

met hoxyphenyl ) - N- phenyl ] am nostyryl | napht hal ene-1, 5-dicarbonitrile

(BSN-BCN) . Th&'s! deld enjectiansipges 13y &f thdDoptartibdightganiteinlgi dbvicem tting
device 10R has, for exanple, a thickness of 15 nmto 100 nm and is nade

8‘; an?g-loﬁ Gasd o @WAnile £A! BHidlashssi &1 8f ninh €0 @UBALKG iy @8 riddé Bft he
’ 4,4' 4"tris(3-methylphenylphenylamino)triphenylamine (m-MTDATA) or
4,4" 4"-tris(2-naphthylphenylamino)triphenylamine (2-TNATA).

The hole transport layer 13B of the organic light-emitting device
10R has, for example, a thickness of 15 nm to 100 nm, and is made of
bis[(N-naphthyl)-N-phenyllbenzidine {(a-NPD) or a compound shown in FIG.
3.

The light-emitting layer 13C of the organic light-emitting device
10R has, for example, a thickness of 15 nm to 100 nm, and is made of 8-

~ quinolinol aluminum complex (Algs) mixed with 40 vol% of 2,6-bis[4-[N-(4-
methoxyphenyl)-N-phenyllaminostyryllnaphthalene-1,5-dicarbonitrile
(BSN-BCN).

The electron transport layer 13D of the organic light-emitting
device 10R has, for example, a thickness of 15 nm to 100 nm, and is made
of Algs.

FIG. 4 shows an enlarged view of the organic layer 13 in the organic
light-emitting devices 10G and 10B. Each of the organic layers 13 of the

-organic light-emitting devices 10G and 10B has a structure in which the

hole transport layer 13B, the light-emitting layer 13C and the electron




light-emtting devices | OG and 10B. Each of the organic |ayers 13 of the
organic light-emtting devices | OG and 10B has a structure in which the
hol e transport layer 13B, the light-enmtting | ayer 13C and 3Jaeuast 20fr on 3
January 2007 9 transport |layer 13D are lamnated in this order fromthe
first electrode 12. Each of the hole transport |ayers 13B of the organic
light-emtting devices |OG and 10B also has a function as a hole injection
| ayer. The hole transport |ayer 13 ofd the organic light-emitting device | OG
has, for exanple, a thickness of 15 nmto 100 nm and is nade of the

conmpound shown he.light-em.ttin er, 13C of, t he or ani c

[ ght - oAPGE Lwrag%@ ing @ gthip ondeh ot Bie B et 898080 00 nm
and is pade of ‘Alg with 3 vol % of Coumarjn6.. The. el ectron transport
| ayer 13Bchrofithe b?lgatﬁa%anrg Hevessi 1381 0g theprganicdhizemittye devisaml e, a

t hi ckness of 15 nmto 100 nm and is made of Alga. The hole transport |ayer
13B of A& wrddABcalsp dlas-acfunctiongasiahodeinjp@®miayerf or exanpl e, a thi ckness
of 15 nmto 100 nm and is nade of the conmpound shown in FIG 3. The

| i ght -em tti nThedode ti3ESpott 1dyer drdgaithe orgaaid lighti-emitiingldevice 108B has, for
exanpl e, a thickness of 15 nmto 100 nm and is nmade of spiro6c. The

el ect r oORab[ #1SBRAplaAYLthidi<b $he50n8a06 CLO0 helt agdlibtmade dsfvilee 10B has,
for exanple a thlckness of 15 nmto 100 nm and i's made of Al ga. The

second glpbladSkn? BRUMCN3F! he ghiZodinth pﬁér 1R BRI Rani@

t hi ckness nmto 5 nm and 1S e substance or an all oy

of a mef;a):-BhAMEhk il B B! PUiniHACh tﬁﬁkﬁﬂgé‘of% Ank'P 0l ) -

and is made of Algs mixed with 3 vol% of Coumarin6. The electron
transport layer 13D of the organic light-emitting device 10G has, for
example, a thickness of 15 nm to 100 nm, and is made of Algs.

The hole transport layer 13B of the organic light'emitti-ng device
10B has, for example, a thickness of 15 nm to 100 nm, and is made of the
compound shown in FIG. 3. The light-emitting layer 13C of the organic
light-emitting device 10B has, for example, a thickness of 15 nm to 100 nm,
and is made of spiro6®. The electron transport layer 13D of the organic
light-emitting device 10B has, fqr example, a thickness of 15 nm to 100 nm,
and is made of Alqgs. |

The second electrode 14 shown in FIGs. 1, 2 and 4 has, for example,
a thickness of 5 nm to 50 nm, and is made of a single substance or an alloy
of a metal element with a small work functioﬁ such as aluminum (AD),
magnesium (Mg), calcium (Ca), sodium (Na) or the like. Among them, an
alloy of magnesium and silver (MgAg alloy) is preferable, and the volume

ratio between magnesium and silver is preferably Mg:Ag = from 5:1 to 30-1.




magnesi um (My), calcium (Ca), sodium (Na) or the like. Anong them an

all oy of magnesium and silver (MgAg alloy) is preferable, and the vol une
rati o between magnesium and silver is preferably My: Ag = frblnsty29730: 1. 3
-January 2007 10 The second el ectrode 14 also has a function as a

sem -transparent reflective |ayer. Mre specifically, the organic
light-emtting devices 10R, 10G and 10B have a resonator structure in
which a end surface of the first elelirode 12 on a side closer to the
light-emtting |ayer 13C, an end surface of the second el ectrode 14 on a
side closer tg,the light-emtting |ayer 13C, ~and the organic |ayer 13 are
regarded as a{[‘h? r%ePO%‘ﬂcPﬁﬁéF?‘ii%rJrqPﬁf,soah%%é CtigRP$Hr $GBhIIBRSRAFY r esonant
‘portion, respectively, and |ight generated in_ the light-emtting |ayer 13C
i s resontaflegtive Ipgerx tMara spediiently, Hdesengandr hghéreg@t&mgrdemesﬂﬂg%, t he
organic light-emtting devices 10R, | OG and 10B preferably have the

r esonat olOétami: 10Bdaurea aasmathe stmetereplrewhich erenel sndaceobdf theghitstgener at ed
inthe light-emtting layer 13C occurs and the structure functions as a

kind of e¢lattrose H2reh hididetlostheo tlad lightleusttdh g T4yerof 3C hen spE Gluf-fae Of
extracted |ight can be reduced and color purity can be inproved. Moreover,

ext er nal of {ghéecofidi deftirods A drha SiAaldaerRsnde 12Ehicanitthify Biveenyd ed by the
multiple interference, and the reflectance of the external "light on the

oS e LGB, GR P 1, 0 BRSO el Y STl
Ge5Cr L 2ot iion P A5 RUSRRRE pblod BRGS0 G R PRI o i
resonat %he light-emitting layer 13C is resonated to be extracted from the second
end portion P2. Thus, the organic light-emitting devices 10R, 10G and 10B
preferably have the resonator structure, because when multiple
interference of light generated in the light-emitting layer 13C occurs and
‘the structure functions as a kind of narrow-band filter, the half-value width
of the spectrum of extracted Iight can be reduced and color purity can be
improved. Moreover, external light incident from the sealing panel 20 can
‘be attenuated by the multiple interference, and the reflectance of the
-external light on the organic light'emitting devices 10R, 10G and 10B can
“become extremely small by a cémbination of a color filter 22 (refer to FIG.
1) which will be described later.
| . For the purpose, it i1s preferable that an opticai distance L between
the first end portion P1 and the second end portion P2 of the resonétor
satisfies Mathematical Formula 5 so that a resonant wavelength of the

~ resonator (a peak wavelength of the spectrum of light to be extracted)

matches a peak wavelength of the spectrum of light desired to be extracted.




satisfies Mathematical Fornmula 5 so that a resonant wavel ength of the
resonator (a peak wavel ength of the spectrumof |ight to be extracted)

mat ches a peak wavel ength of the spectrum of |ight desired 3Jeniey 20r act ed.
--------------- 3 January 2007 11 Actually, the optical distance L is
preferably selected to be a positive mninmmvalue satisfying Mthemati cal
Formula 5. [ Mathematical Fornmula 5] 2L)/ A +(D/ (2 zL)=m (where L
represents an optical distance betwe the first end portion P1 and the
second end portion P2, D represents the sumof a phase shift 1 i of

reflected |ight generat L.n the fi.rst d.porti.on P1 and a phase shift 02
of rof i chstuats: g GaRRh cittante dhoscbrdhtr R gbReior B9 & Branre ¢ 2)
(rad), A represents a peak wavel ength of the spectrumof light desired to
be ext r-é@%‘@&”%‘?ﬁlﬂﬁé%@gﬂﬁa athagperticFemmulangt mis an integer to make L
a positive value. Further, in Mathematical Formula 5, the units of L and k
may be the sdMathematesaldforaaulail).) Moreover, as shown in FIGS. 2 and 4,
the organic light-emtting devices 10R |0OG and 10B are adjusted so that

an optical di $2BHAe+®i(27b=tmeen a naxi num |ight-enitting position 13E of
the light-emtting layer 13C and the first end portion Pl satisfies

Mat hemat i cal K@hewé o, 6reprader’d afiPbpéicd]l distadds Ehdtvceal YIRE idsheemdxi num
light-emtting position 13E and the second end portion P2 satisfies

ﬁ;ggﬁgtﬂgggb?ﬁgﬂ E&Hg}%ﬁe?g‘lﬁn fd ﬁd?ﬁon@%i BUpkéHiks SHE bhinGF LPRALE On 13E

shift @, of reflected light generated in the first end portion P1 and a phase
shift @2 of reflected light generated in the second end portion P2
| (O=0,+®y) (rad), A represents a peak wavelength of the spectrum of light
desired to be extracted from thé second end portion P2, and m is an integer
to make L a positive value. Further, in Mathematical Férmula 5, the units

- of L and A may be the same, for example, (nm).)
Moreover, as shown in‘}-‘_‘ FIGs. 2 and 4, the organic light-emitting
devices 10R, 10G and 10B are adjusted so that an optical distance L;
between a maximum light-emitting position 13E of the light-emitting layer
13C and the first end portion Pl satisfies Mathematical Formula 6, and an
optical distance Lz between the maximum light-emitting position 13E and
- the second end portion P2 satisfies Mathematical Formula 7. Herein, the
maximum light-emitting position 13E means a position where light-
emitting intensity is the highest in a hight-emitting region. For example,
when light ié emitted at interfaces of the light-emitting layer 13C on both
stdes closer to the first electrode 12 and the second electrode 14, the
maximum light-emitting position 13E is an interface with higher light-

emitting intensity between the interfaces. 'When the organic light-emitting




emtting intensity is the highest in a light-emtting region. For exanple,
when light is emtted at interfaces of the light-emtting |layer 13C on both
sides closer to the first electrode 12 and the second el ect¥leaeN207t he
maxi mum light-emtting position 13E is an interface with higher |ight-
emtting intensity between the interfaces. Wien the organic light-emtting
3 January 2007 12 devices 10R |10OG and 10B are nmade of the above-descri bed
materials, in the organic Iight-eniﬁ?ing device 10R, light is also emtted
at the interface on the side closer to the first el ectrode, but the

light-em tting iht it the inter e gn.the si.de.closer ,to.the second
el ect rogls‘@ﬁs ?JdeEn Sﬁ ra,‘ﬁ/ds gt()ﬁngre ﬁ’é@(‘ﬁrﬁﬁ\%&gﬁﬂ{(’y & e??]ilﬁ%d ﬁ%%ﬁeﬁat}%f YSEis the
interface on the side closer . ta t ecaond el ectrode 14. In the organic

| i ght - eth® oraynydighicamitenederiee El%s ﬁ}%wwswismﬁmamg @Géﬁ?‘ee‘ﬁit?liq@@ at the
interface on the side closer to the second el ectrode 14, so the maxinum

| i ght - enirttthengidpodpsearoe theefire alpetrpde.chntathe light-epdttang antanstiarat o t he
first electrode 12. [Mathematical Formula 6] Li=tLi+ai (2tLi)/ A(Di/(2
it)+m ¢hdéngerfide oephesite dosert trethesecmld eletirodé 1di istlagber, et theeen t he
first end portion Pl and the maximumlight-emtting position 13E, al

repr es et $xignearligef-eaittapeditioASESE Up ahe dntorfite-@thd bitg dbsdrrtdoution in
the light-emtting |ayer 13C, A represents a peak wavel ength of the

orechr ool daUicants d 18 e AyieachlycbReaaTloc R 11
repr eseﬂtgﬁt Qs hardly ever emitted at the interface on the side closer to the second
electrode 14, so the maximum light-emitting position 13E is the interface
on the side closer to the first electrode 12.
[Mathematical Formula 6]
Li=tLa+a;
(2tLy)/ A =— /(27 )+m
(where tL; represents a theoretical optical distance between the
first end portion P1 and the maximum light-emitting position 13E, ai
represents a correction amount based upon a light-emitting distribution in
the. light-emitting layer 13C, A represents a peak wavelength of the
“spectrum of light desired to be éxtr‘acted, ®; represents a phase shift (rad)
of reflected light generated in the first end portion P1, and m; represents 0
or an intéger.)
- [Mathematical Formula 7]
Lo=tLz+az
(2tLa)/ A =—@/(2 70 )+m2
(where tLs represents a theoretical optical distance between the

second end portion P2 and the maximum light-emitting position 13E, a2




or an integer.) [Mathematical Fornmula 7] L2=tL2+a2 (2tL2)/ A =-(D2/(2

| O+n2 (where tL2 represents a theoretical optical distance between the
second end portion P2 and the maxi mnumlight-emtting positilhndegE00d2 3
January 2007 13 represents a correction anount based upon a light-emtting
distribution in the light-emtting |ayer 13C, A represents a peak

wavel ength of the spectrumof light desired to be extracted, (D2
represents a phase shift (rad) of rdBlected |Iight generated in the second
end portion P2, 1112 is O or an integer.) By satisfying Mathemati cal
Formul a 6, when |light heading to the_ first_electrode 12 in the |ight
gener at @presante a ¢aynection emawt kased upo ¢ dightemisengdlisirihwdon in st end
portion Pl and is returned, the phase of the returned |ight becones the
same as thiee lightremittiing himyer gh8Cwhén repueskntghta psak ewiaveleaigth ooft ke r et ur ned
l'ight and Iight heading to the second electrode 14 in the emtted |ight

r ei nf or apeenain of Night dedirelieto, bdpxsaticd| Wnepridumemmphed siidr (radn 7, when
i ght heading to the second electrode 14 in |ight generated in the

l'i ght - ergst ﬁé%@té@ﬁ%h’c I3Geratddein @hbeshcond A peRsY PENG, AQrG iprarP2 and is
returned, the phaseé of the returned |light becones the sane as the phase of

t he Iigtl%lté(%&%r) the light is emtted, so the returned Ilight and |ight
headi ng 10 € first electrode 12 in the emitted light reinforces each

other. By satisfying Mathematical Formula 6, when light heading to the
first electrode 12 in the light generated in the light-emitting layer 13C is
. reflected on the first end portion P1 and is returned, the phase of the
returned light becomes the same as the phase of the light when the light is
emitted, so the returned light and light heading to the second electrode 14
in the emitted light reinforce each other. Further, by satisfying
Mathematical Formula 7, when light heading to the second electrode 14 in
light generated in the light-emitting layer 13C is reflected on the second
énd portion P2 and is returned, the phase of the returned light becomes the
same as the phase of the light when the light is emitted, so the returned
light and light heading to tl}e first electrode 12 in the emitted light
reinforces each other. .

When it is considered that the light-emitting region is not extended,
the theofetical optical distance tL; in Mathematical Formula 6 and the
theoretical optical distance tLs in Mathematical Formula 7 are theoretical
values in which an amount of phase change in the first end portion P1 or
the second end portion P2, and an amount of phase change by traveling of
light cancel each other out, thereby the phase of the returned light and the

phase of the 'l_ight when the hight is emitted become the same as each other.




When it is considered that the light-emtting region is not extended, the
theoretical optical distance tLi in Mathenmatical Fornmula 6 and the
theoretical optical distance tL2 in Mathematical Fornula 7 hraeudrhgii7eti ca
val ues in.which an anount of phase change in the first end portion Pl or

t he second end portion P2, and an anount of phase change by traveling of

| i ght cancel each other out, thereby the phase of the returned |ight and
the phase of the light when the ligH# is enitted become the sane as each
other. 3 January 2007 14 However, a light-emtting portion is generally
extended, so in Mathematical Fornul.as 6 and 7, the corr %£ion anpunts ai,
and a2 bHSWEVeNipoh tIEhTeEtING PErYien dilst r§nsralx a‘?’@e‘ég d. A Hough the
correction amounts al and a2 depend_upon the light- emtting distribution,
as in th¥athematiral F@r@n@wiﬁmf 7, \the reorrestionesineunts rghand e thasag positi on
13E is placed on a side of the light- emtting |ayer 13C closer to the
second ehmot thxdigh#termdtiing desticibgitioneamet addegl. di stri bution extends fromthe
maxi mum | ight-emtting position 13E to the first electrode 12, or when the

maxi mum | i ght -Alehéiglo ghe@siidceionldmonsits pl agddapdepersd dponftheight-
light-emtting |ayer 13C closer to the first electrode 12, and the

light - erdhftiing Histeithhibn, 0 th eERS §ds8Mof NehdTBerhBb@ivhd it wheli théng |
position 13E to the second el ectrode 14, the correction amounts al and a2

o 0 S Sl S Rl T koL e
of ZnSbSe%]itjtirﬁgtlg%elg 138 (\ﬁ@éaerreto the second electrode 14, and the light-emitting
distribution extends from the maximum light-emitting position 13E to the
first electrode 12, or when the maximum light-emitting position 13E is
- placed on a side of the light-emitting layer 13C closer to the first electrode
12, and the light-emitting distribution extends from the maximum light-
emitting position 13E to the second electrode 14, the correction amounts ai
and az are determined by, for example, Mathematical Formulas 8 and 9.
[Mathematical Formula 8]
a1=b(log.(s))
(where b is a value within a range of 2n=Db=6n in the case where
the light-emitting distribution in the light-emitting layer 13C extends from
the maximum light-emitting position 13E to the first electrode 12, or a
value within a range of —6n=b= - 2n in the case where the light-emitting
distribution in the light-emitting layer 13C extends from the maximum
light-emitting position 13E to the second electrode 14, s represents a
physical value (1/e decay distance) relating i:o the light-emitting

distribution in the light-emitting layer 13C, and n is an average refractive




the light-emtting distribution in the light-emtting |ayer 13C extends
-from the maximumlight-emtting position 13E to the first electrode 12, or
a value within a range of -6n5b5-2n in the case where the 3Jaglmry 20fi7t t i ng
distribution in the light-emtting |layer 13C extends fromthe maxi num
light-emtting position 13E to the second el ectrode 14, s represents a
physi cal value We decay distance) relating to the light-emtting
distribution in the light-emitting | aper 13C, and n is an average
refractive 3 January 2007 15 index between the first end portion Pl and
the second end portipn P2 in_the, K peak vel ength A of the ectrum of
|ight dedidegdetyesn tbﬁtﬂ"'&%?’é@Wrtl?m&hﬁﬁﬁh%ﬁ?cqnér‘?ﬁﬂ pomjorgBe g the The

physi cal value s in Mathematical Fornula 8 is given by the light-emtting
di st ri bupdadnwanelength i Aylof therispestngm efleghtidesivadite be extrashedhenst i cal
Forrmul a 10 which represents light-emtting intensity | in a position at a

di stance x awdMdthematical Roenfidad®lof the light-emitting layer 13Cto
become the maxi mumlight-enmtting position 13E in a direction to the other
interface of the-daght-emtting layer 13C. The light-emtting distribution
- varies depending upon a factor such as the light-emtting layer 13C, a
charge bal ancepit phigichi k@jud Refe En A6 | PGHm B HEisSgivah 155 thEO!

exanpl e, when t}ﬁiepors}ggm!c Flilght-eﬁly%ttql{éng devi ceénl OR, ISC% and 1 OB are nmmade
of the vie- crib [{EE jals, 4 he. . i i.ght -&m t t4 evi ce
10R, thgpég]%lgﬁg]#% %gt eﬁéilldéﬁcF%geglgﬁggﬁgﬂgécgﬁ% elle?t’r%}dégl is from
5 M U B ThcB Robii 1045n2h A3Rebifs gl ShOtSTe SRehllfy 504

position at a distance x away from an interface of the light-emitting layer
13C to become the maximum light-emitting position 13E in a direction to
the other interface of the light—émitting layer 13C. The light-emitting
distribution varies depending upon a factor such as the light-emitting layer
13C, a charge balance or the like, thereby the physical value s varies. For
example, when the organic light-emitting devices 10R, 10G and 10B are
made of the above-described -materials, in the organic light-emitting device
'10R, the value of s 6n the side closer to the second electrode 14 is from 15
- nm to 35 nm, and the value of s on the side closer to the first electrode 12 is
from 2 nm to 10 nm, in the orgénic light-emitting device 10@G, the value of s
on the side closer to the first electrode 12 is from 15 nm to 30 nm, and in
the orgahic light-emitting device 10B, the value of s on the side closer to
the first electrode 12 is from 10 nm to 25 nm. The physical value s caﬁ be
obtained by actual measurement. |

[Mathematical Formula 10]

I:e(-xls)




from2 nmto 10 nm in the organic light-emtting device | OG the val ue of
s on the side closer to the first electrode 12 is from15 nmto 30 run,
and in the organic light-enmitting device 10B, the val ue of3 knomy 200¢ side
closer to the first electrode 12 is from10 nmto 25 nm The physi cal
value s can be obtained by actual neasurenent. [Mathematical Fornula 10]

| =e(-x/s) 3 January 2007 16 FIG 5 shows simulation results for intensity
at different distances between the ¥econd end portion P2 and the maxi mum
light-emtting portion 13E under the condition that Mathematical Formula 5

hol ds true. rganic |ight-emtting, devjce.has a.structure in which the
first elect rﬁ% %qu??%ees’é?‘%@ﬁwgﬂe@ ts; Elﬂtﬂr’éltﬁ’r%tng‘afﬂxfen? A4ANeE made of
a- NPD, the light-emtting |ayer  13C made of Alga m xed with Coumarin6, the
el ect r ohetwears gdvet speanst erdDpeatienoP2apgd, thednarumyat dightemiitvgde 14

made of a MyAg alloy are lam nated in this order, and the peak wavel ength
A of theospeclB3imoflet it conditionethatoMaghematimel Fdrinails Ibhelds tinet hi s case,
t he phase shift (D of reflected |light generated in the first end portion
Pl is TRebofgshicalighteipfingedsvicé thd? ofstrettueet ad whipht thenfirstt ed in the
second end portion P2 is - 2.2 rad. Further, the maximum|light-emtting

POSi ti Olectrdfe! £2 dMaddbfchacaibal \ﬁﬁ@!h&lmréﬁ%m; eadit 198 haverofldC and the
hole transport layer 13B. As shown in FIG 5, in the case where s = 1 nm

that | Sxphee Beefilddd Ik G8CORalS dINIqF IR Mth CRAR RO HEY | S
electron transport layer 13D made of Algs, and the second electrode 14
made of a MgAg alloy are laminated in this order, and the peak wavelength
A of the spectrum of light desired to be extracted is 535 nm. In this case,
the phase shift @, of reflected light generated in the first end portion P1 is
—2.6 rad, and the phase shift ®s of reflected light generated in the second
end portion P2 is —2.2 rad. Further, the maximum light-emitting position

" 13E is an interface between the light-emitting layer 13C and the hole
transport layer 13B.

As shown in FIG. 5, in the case where s = 1 nm, that is, the light-
emitting region 1s not extended, the intensity is maximized at a distance
between the second end portion P2 and the maximum light-emitting
position 13E of approximately 53 nm, that is, at an optical distance Lz of

: épproximately 53n (nm). The optical distance L is in agreement with the
theoretical optical distance tL2 between the second end portion P2 and _the
maximum light-emitting position 13E of 53n (nm) determined by

' Mathematical Formula 7. However, in the case where s = 23 nm, that is,

the light-emitting region is extended, the intensity is maximized at an




bet ween the second end portion P2 and the maximumlight-emtting position
- 13E of approximately 53 rim that is, at an optical distance L2 of

approximately 53n (nn). The optical distance L2 is in agrechinary2¢Xi t he
theoretical optical distance tL2 between the second end portion P2 and the
maxi mum light-emtting position 13E of 53n (nm) determ ned by Mathemati cal
" Formula 7. However, in the case where s = 23 nm that is, the
light-emtting region is extended, tHé intensity is maximzed at an 3
January 2007 17 optical distance L2 of approximtely 67n (nm.

Accordingly, .it. is obyioys that a correctiqn hased.upon.the light-emttin
di stri mﬁﬂ%ﬁiﬁ?@é&fﬁi 281 apprﬁln@tgﬁ’o@énaﬂn b agi‘%‘?ig{hlilgybéft eehViCHE val ue 019
s and a distance between the second end portion P2 and the nmaxi num

| i ght - ertibatianeprreesion basedigpomtheightrentitting ghstribvtioni wgenniredsi t y

maxi m zed under the <condition that Mathenmatical Formula 5 holds true in

t he cases wherl(G.hé shbivght relationship betwerenl 82 akueaof hiankdne gistahc80 nm and
50 nm The structure of the organic light-emtting device and the peak

vavel endidiwden @he t iRoBACEAA Updiefod iRthtaribsibeethiinhamekpheehattiage t he
- sane as in the case shown in FIG 5. Further, in FIG 6, values of a

mioni mumyakien OFSE at"BRIAHThY AHeR-Ghithihe HREhSRY! RRxAIPMAt uAdedeher M ned by

- Mat hemat'l ca Forrmulas 8 and 9 added to the theoretical optical distance

(L et s, B BRI N A0 e o A g,
ot easand Sl 5 1901 Y58"a ioRSER"dr 1 R Lha"56%ANY g Rxi mum
| structure of the organic light-emitting device and the peak wavelength A
of the spectrum of light desired to be extracted are the same as in the case
shown in FIG. 5. Further, in FIG. 6, values of -a minimum value or a
maximum value of the correction amount az determined by Mathematical
Formulaé 8 and 9 added to the theoretical optical distance tLz determined
by Mathematical Formula 7, that is, (53+2loge(s)n and (53+6loge{s))n are
also shown.
As shown in FIG. 6, as the value of s increases, the distance
between the second end portion P2 and the maximum light-emitting
position 13E at which the light-emitting intensity is maximized increases,
and approaches a certain value by the thickness of the light-emitting layer
13C. In the cases where a curve approximates to an approximation
expression tL2+b(lo.ge(s)), and the light-emitting layer 13C has a thickness
of 30 nm and 50 nm, the distance between the second end portion P2 and
.the ‘maximum light-emitting position 13E at which the light-emitting
intensity is maximized is positioned between 53+2loge(s) and 53+ 6loge(s).

The thickness of the light-emitting layer 13C is generally within a range of




position 13E at which the light-emtting intensity is maxi m zed increases,
and approaches a certain value by the thickness of the light-emtting |ayer
13C. In the cases where a curve approxi mates to an approxi nakeny 2007
expression tL2+b(loge(s)), and the light-emtting |ayer 13C has a thickness
of 30 nmand 50 nm the distance between the second end portion P2 and the
maxi mum light-emtting position 13E at which the light-emtting intensity
is maxi m zed is positioned between 538210&(s) and 53+6loge(s). The

t hi ckness of the light-emtting |ayer 13Cis generally within a range of 3
January 2007 18 30 nmto 50 nm _.so _as shown_.in Mathematical. Fornul as 8 and
9, it iys39 BUhEP OB gum  §p:38 %h@v%wil\imhedn%tl@mcl@wlag 8vred 8y Hsyouwmrd hin a
range of tL2+2loge(s)n _to tL2+5loge(s)n. In addition, the case where the

| i ght - erdutttihag the opticelidiséance e iserafexpbly svithini snpnge ef t1e32logedsimds from
the maximumlight-emtting position 13Eto the first electrode 12 is the
same as tortlihBlogesim Whe ndditiom, theghate evhidreithg ikt tenittinigatistributhen
light-emtting |ayer 13C extends fromthe maximumlight-emtting position

13E to tihetlreliphtteplitths 0srerlf3CEeRds fitdattht hBagind@mOlight-bitthes above
approxi mati on expression i s opposite. Thus, as a specific structure of the

or gani ¢ d4-6h8x QB {d Ptk HeM SRctrb@R 132fd &eY éz%}%e %tilﬂkeﬂ?et b&ﬁ%l wﬁ@ﬁéﬂrﬁéﬂs 5

through™9, for exanple, in the case where the peak wavelength A of the
the 1 r e bR ERLIRLLR 1f e THALACh AT I BB HERLEE. ' 150 mde
he- comBaH e R FETEE Pooyich TH fp dRceisonr roane (Mo GHO8R: - em 111 ng
ayer 1%ﬁat t dee s?gfn (ﬁl l??n the above approximation expression is opposite.
Thus, as a specific structure of the organic light-emitting device
10R satisfying Mathematical Formulas 5 through 9, for example, in the -
case where the peak wavelength A of the spectrum of light desired to be
extracted 1s 635 nm, a structure in which the first electrode 12 made of
chromium, the hole injection layer 13A made of 2-"TNATA with a thickness
of 32 nm, the hole transport layer 13B made of the compound shown in FIG.
3 with a thickness of 37 nm, the light-emitting layer 13C made of Alqs
mixed with 40 vol% of BSN-BCN with a thickness of 25 nm, the electron
transport layer 13D made of Alqs with a thickness of 48 nm, and the second
electrode 14 made of a MgAg alloy with a thickness of 12 nm are laminated
in order is cited. In this case, s 13 30 nm.
Moreover, as another specific structure of the organic Iight-emitting
device 10R, for example, in the case where the peak wavelength A of the
spectrum of light desired to be extracted is 635 nm, a structure in which

‘the first electrode 12 made of a AgPdCu alloy, the hole injection layer 13A

made of 2“TNATA with a thickness of 18 nm, the hole transport layer 13B




m xed with 40 vol % of BSN-BCN with a thickness of 25 nm the electron
transport | ayer 13D nade of Alga with a thickness of 48 nm and the second
el ectrode 14 made of a MgAg alloy with a thickness of 12 nn3 kmeary 2¥i’nat ed
in order is cited. In this case, s is 30 nm Mreover, as another specific
structure of the organic light-emtting device 10R, for exanple, in the
case where the peak wavel ength 11 of the spectrumof light desired to be
extracted is 635 nm a structure in MAich the first electrode 12 made of a
AgPdCu all oy, the hole injection layer 13A made of 2-TNATA with a

t hi ckness of 18 nm the hole transport |ayer 13B 3 January 2007 _ 19 nade of
t he conpoadd efhdwncompepal shogyn AngFlGh 3kFEdsa ghidmass, oft ég nmj ghe-enitting
| ayer 13C made of Al gs mixed with 40 vol % of the BSNNBCN with a thickness
of 25 nniighthemsitog layar 18&nsyadetofl Alye mikad wihb etOofolX gibthenBEIN-B(OMi ckness
of 48 nm and the second el ectrode 14 nmade of a MJAg alloy with a

t hi ckneswithf a 1Richiess ef REnmmatthd dlectesdlefanspoet 8br 13DtHhde 0 qs s is 30
run. As a specific structure of the organic light-emtting device | OG

sati sfyipghMatthaiRess aF 480nf! A8 Rht Reested eloctidde EXFARHE of ML Case
where the peak wavel ength A of the spectrumof |ight desired to be

extract i g t i j g i t de of
ot on urgdstwitt Bbkflecs I UEal ' Mlilled B8 phidots I REffsbasdR e )
3wth aithjekness of 55 nm the light-emtting | ayer 13C nmade of Al ga
m xed wit® % Y8 % of Coumariné with a thickness of 30 nm the el ectron

transport |ayer 13D e of Algs wth.a thickpness of, 33 nm .and the second
P yAs a sperg?i?c s%ructu%e (\)I}4 the organic ﬂglslt-emltt?ng (igvme leGb

satisfying Mathematical Formulas 5 through 9, for example, in the case

where the p.eak wavelength A of the spectrum of light desired to be
| extracted 1s 535 nm, a structure in which the first electrode 12 made of
chromium, the hole transport layer 13B made of the compound shown in
FIG. 8 with a thickness of 55 nm, the light-emitting layer 13C made of Algs
mixed with 3 vol% of Coumarin6 with a thickness of 30 nm, the electron
transport layer 13D made of Alqs with a thickness of 33 nm, and the second
electrode 14 made of a MgAg alloy with a thickness of 12 nm are laminated
in order is cited. In this case, ®:is —4.8 rad, L is 117n {nm), ®; is —2.6 rad,
tL1 is 64n (nm), L; is 50n (nm),;'s is 23 nm, @2 is —2.2 rad, tLs is 53n (am),
Lz is 67n (nm), the average refraétive index n between the first end portion
P1 and the second end portion P2, that is, the average -refractive index n of
the organic layer 13 is 1.7:
Moreover, as another specific structure of the organic light-emittiﬁg
device 10G, for example, in the case where the peak wavelength A of the
‘spectrum of light desired. to be extracted is 535 nm, a structure in which

the first electrode 12 made of a AgPdCu alloy, the hole transport layer 13B




el ectrode 14 nade of a MyAg alloy with a thickness of 12 nmare | am nated
in order is cited. In this case, (Dis -4.8rad, Lis 117n (nm, (D is
-2.6 rad, tLj is 64n (nm, Li is 50n (nm,s is 23 nm (D2 3knuy 2007ad, tL2
is 53n (nm, L2 is 67n-(nm, the average refractive index n between the
first end portion P1 and the second end portion P2, that is, the average
refractive index n of the organic layer 13 is 1.7. Mreover, as another
specific structure of the organic Iig%t-em’tting devi ce 10G for exanple,
in the case where the peak wavel ength A of the spectrumof |ight desired

to be extracted is 535 nm struct I_n ich_ the first electrode 12
made of X! L ePBpoungdeshea 10, gi‘épér‘f‘”q 9e?hlﬁgae%8 ghA8aR%R, 1667 20
made of the conpound shown in FIG 3 with a_thickness of 39 nm the

| i ght - endight-ampittinedayaclifdmase of ddammdaed with 8 valoobCoomaminéne with
a thickness of 30 nm the electron transport |ayer 13D nmade of Alga wth a

t hi ckneswitdf a3Bickmesand 3thansatendeetrenttranieort Inpeie 16D malyAd Alghl oy with
a thickness of 12 nmare lamnated in order is cited. In this case, s is

23 nm  Agith 8pdeéldess fr 38 i eafdl theescebs@niléctrddtl4emiadbi i deyAse 10B
satisfying Mathematical Formulas 5 through 9, as in the case where the

- peak vavglapgith gth{?:i{nbﬁ§o§92% W Mmiﬂa&eg iHozHEE &i‘i??&!eﬁ?ﬂﬁirs%éé’,d I's 450

nm a structure in which the first electrode 12 made of chromum the hol e

transporgig%yﬁfn 13B nmade of the conpound shown in FIG 3 with a thickness
of 36 nm the Ti'ght emtting-layer 13C made of spiro6V with a thickness of

34 nm the el %SF raogp(ta(gi 18> t%{xgtdr%ygf tIlng’ %rré%%?c ?ifgh'%lquit\tl\{ingghdgvice 10B
- satisfying Mathematical Formulas 5 through 9, as in the case where the
peak wavelength A of the spectrum of light desired to be extracted is 450
nm, a structure in which the first electrode 12 made of chromium, the hole
transport layer 13B made of the compound shown in FIG. 3 with a
thickness of 36 nm, the light emitting-layer 13C made of spiro6® with a
‘thickness of 34 nm, the electron transport layer 13D made of Algs with a
thickness of 12 nm, and the second electrode 14 made of a MgAg alloy with

a thickness of 12 nm are laminated in order is cited.

Moreover as another spgciﬁc structure of the organic light-emitting
device 10B, for example, in the case where the peak wavelength A of the
-spectrum of light desired to be extracted is 450 nm, a structure in which
the first electrode 12 made of a AgPdCu alloy,.the holé tra’nsbort lafer 13B
made of the compound shown in FIG. 3 with a thickness of 20 nm, the
light-emitting layer 13C made of spiro6® with a thickness of 34 nm, the
electron transport layer 13D made of Algs with a thickness of 12 nm, and
the second electrode 14 made of a MgAg alloy with a thickness of 12 nm are

laminated in order is cited.




t hi ckness of 12 nm and the second el ectrode 14 nade of a MyAg alloy with
a thickness of 12 nmare lamnated in order is cited. Mreover as another
specific structure of the organic light-emtting device 10Bantay2@7anpl e,
in the case where the peak wavel ength 2 of the spectrumof |ight desired
to be extracted is 450 nm a structure in which the first electrode 12
made of a AgPdCu all oy, the hole transport |ayer 13B nade of the conpound
shown in FIG 3 with a thickness of 20 nm the light-emitting |ayer 13C
made of spiro6 t with a thickness of 34 nm the electron transport |ayer

13D made of Alga with a thickness of 12 nm. and fhe second el ectrode 14
made of a MyA sesng panel d0shawe i Fier. iZSrPE?%deon P‘éhé’%%f@@ ‘frﬁ"%rder is

cited. 3 January 2007 21 The seali ng panel 20 shown in FIG 1 is placed on
a si de afanchdOdeloser tpaheiseamdcelestrode d 4, lnds basrdsedlng swhidrate, 2hnd has a
sealing substrate 21 which seals the organic light-emtting devices 10R
| OG and viRiBhvdcials the orgaine digle -dmiteim g3de viddre 16Bal1060and 1OE otith 2He i s nmade
of a material transparent to light generated in the organic light-emtting

devi ces sHMRsivel By B0L0BTRYClesding|RBSt:0Ret DE 1d gadd )t £xaimbeal a col or
filter 22 is disposed on the sealing substrate 21 to extract |ight

Joner ot dahdhife (OTIAN Gohdrdtba SHT il OV 16AR ffting ik 108, and | 9

absorb I'Tght r ected on the organic I emtting devi ces 10R,
L0, RS Sl A h0d AP 16l S b AR e A1 Vo0, T
21, but £0858' L the L8547 dubsbiath SR eSh3RP WhtCBeferibdlf 15 ARF" 1O
organic light-emitting devices 10R, 10G and 10B, and to absorb external
light reflected on the organic light-emitting devices 10R, 10G and 10B and
wiring therebetween, thereby the contrast is improved.
The color filter 22 may be disposed on either side of the sealing
substrate 21, but the color filter 22 is preferably disposed on a side closer to
the drive panel 10, because the:color filter 22 is not exposed to the surface,
and can be protected by the adhesive layer 30. The color filter 22 includes
a red filter 22R, a green filter 22G and a blue filter 22B, which are disposed
corresponding to the organic l_jght-emitting devices 10R, 10G and 10B,
respectively. |
The red filter 22R, the green filter 22G and the blue filter 22B each
have, for.example, a rectangular shape, and are formed with no space in
between. The red filter 22R, the green filter 22G and the blue filter 22B
each are made of a resin mixed with pigments, and by the selection of the
pigments, the light transmittance in a targeted wavelength of red, green or

blue is adjusted to be higher, and the light transmittance in the other

‘'wavelengths is adjusted to be lower.




the drive panel. 10, because the color filter 22 is not exposed to the
surface, and can be protected by the adhesive |ayer 30. The color filter
22 includes - a red filter 22R, a green filter 22G and a bl ukJahudry 200722B,
whi ch are di sposed corresponding to the organic light-emtting devices
10R, I CG and 10B, respectively. The red filter 22R, the green filter 22G
and the blue filter 22B each have, for exanple, a rectangul ar shape, and
are formed with no space in between.22The red filter 22R, the green filter
22G and the blue filter 22B each are nade of a resin mxed with pignents,
and by the selection of the, pignents, the |ight transmttance in a

tar get ed wavelMAERIYeBfa M@d{elﬁ}@gﬂ%‘? Wiihchigh txapemitéanemimshecelosr | and
the light transmttance in the other wavelengths is adjusted to be |ower.
3 Januarfjiten82 matzhes theopeak veavedendtdng: of therspectyiunh ofilight desireditet ance in
the color filter 22 matches the peak wavel ength k of the spectrum of |ight
desi r ed Beoextracted fraat etk Fesamatie stramonat. o Thetehic tamieng eherahy lightong

external light incident fromthe sealing panel 20, only |ight having a
wavel enghbideadUiinoah ete ts@alifig Eﬁﬁlél veyebanotlith Havide sPRavelemgeh | ight to
be extracted passes through the color filter 22, and external ['ight with
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wavelengths can be prevented from entering into the organic light-emitting
" devices 10R, 10G and 10B.

The organic light-emitting devices 10R, 10G and 10B can be
manufactured through, for example, the following steps.

FlGs. 7A, 7B, 8A and 8B show a method of manufacturing the
display unit step by step. At first, as shown in FIG. 7A, the first electrode
12 made of the above-described material with the above-described
thickness is formed on the driving substrate 11 made of the above-
described material through, for example, direct current sputtering, and is
selectively etched by using, fo:; example, a lithography technique to be

- patterned into a predetermined shape. After that, as shown in FIG. 7A,
the hole injection layer 13A, the hole transport layer 13B, the light-
emitting .layer 13C, the electron transport layer ISD and the second
electrode 14 each of which is made of the above-described material with f_he
above-described thickness are formed in order through, for example, vapor
deposition to form the organic light-emitting devices 10R, 10G and 10B

shown in FIGs. 2 and 4. Thereby, the drive panel 10 is formed.




di splay unit step by step. At first, as shown in FIG 7A, the first

el ectrode 12 nade of the above- descrl bed material with the above-descri bed
t hickness is fornmed on the driving substrate 11 nade of the Janewe2007

descri bed material through, for exanple, direct current sputtering, and is
selectively etched by using, for exanple, a lithography technique to be
patterned into a predeterm ned shape. After that, as shown in FIG 7A the
hol e injection tayer 13A, the hole tBansport |layer 13B, the light- emtting
| ayer 13C, the electron transport |layer 13D and the second electrode 14
each of which is made of the above-described material with the

above- descri bé¢ shewakineEEGarB, forr erample, $helspaling substrate2l anadepre, vapor
deposition to formthe organic light-emtting devices 10R |0OG and 10B
shown i h&laBeve describet] nilteriablg cddted dvith éhe aretleribd of thé vednfidter-22- - - - - - - - -
-------------- 3 January 2007 23 As shown in FIG 7B, for exanple, the
seal I ng tErdgdh af ﬂﬂcﬂ@lﬁ@n&hodtbﬁtthHBe,dQﬁ&rﬂﬂéeﬂ'la{tBﬂQlii§|%aﬁem ed with
the material of the red filter 22 through a spin coat nethod or the |ike,

and t he ;pRhesH 3! Ho%olmfotg%md teéﬂmaug bl fRSE Q) TdriPEhaRBY flgghpmue and

flredtoformthered il t'er 22R hen, as shown in FIG 7B, as in the
case of h A raen Iter 22G
are forr?eh%%f n%gsrII ngﬁ %ﬁ‘hfglré;by? g%%u@gaﬁ ng(ﬁ‘[)i;%%é%(%@ﬂ:&@&?ﬁ@% blf&ifter t he

Seal O AANChoR BN el BRI, A0, RO ER RS, DR el e
and 1OBsea Exggegahglaéo i orﬁﬂe wn in FIG 8B, the drive panel
After the sealing panel 20 and the drive panel 10 are formed, as
shown in FIG. 8A, the adhesive layer 30 is formed on organic light-emitting
devices 10R, 10G and 10B. After that, as shown in FIG. 8B, the drive panel
10 and the sealing panel 20 are bonded together with the adhesive layer 30
in between. At this time, it is preferable that a surface of the sealing panel
20 on a side where the color filter 22 is formed is disposed so as to face the
drive panel 10. Thus, the drive panel 10 and the sealing panel 20 are
bonded together to complete the display unit shown in FIGs. 1 through 4.
In the display uriit, u{hen a predetermined voltage is applied
between the first electrode 12 and the second electrode 14, a current is
injected into the light-emitting layer 13B, and holes and electrons are
recombined to emit light. The light is reflected severai times between the
first electrode 12 and the second electrode 14, and then passes through the
second electrode 14, the color filter 22 and the sealing substrate 21 to be
extracted. At this time, the optical distance In between the maximum

light-emitting position 13E and the first end portion P1 satisfies

Mathematical Formula 6, so when light heading to the first electrode 12 in




10 and the sealing panel 20 are bonded together wth the adhesive |ayer 30
i n between. At this tinme, it is preferable that a surface of the sealing
panel 20 on a side where the color filter 22 is forned i s Haspus2®iso as
to face the drive panel 10. Thus, the drive panel 10 and the sealing panel
20 are. bonded together to conplete the display unit shown in FIGs. 1
through 4. In the display unit, when a predeterm ned voltage is applied
between the first electrode 12 and tl2¢ second el ectrode 14, a current is
injected into the light-emtting layer 13B, and holes and electrons are
reconbined to emt light. The light is reflected several tines between the
first elthetendsed dightdsttedlestasonn thleditst sl partiemdl avd ipastemedar ough t he
second el ectrode 14, the color filter 22 and the sealing substrate 21 to be
ext ract efhe phaddiof the netuihel dighit dedcodiest drec eamie e tthe grhadeeofrhightrum
light-emtting position 13E and the first end portion P1 satisfies

Mat hemat hGlinE Ofd4ha Second WhRbrddeghtt heagiengniittedh&ight shewlbgcthode 12 in
3 January 200 24 the emtted light is reflected on the first end portion

Pl and ig¢ %.fﬁe%ﬂ; ﬁﬂt En? T@ﬁ% Hk{]a(flﬂg th 4" Rdnk! gBitrBEC A Ribifcsam® as

t he phase cond electrode 14 in the emtted

light, th d
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electrode 14 in the emtted |i |srefl cted nthe e nd end portion
P2 and |Math@¥1&?1ﬁ@dF01tfﬁéi%ﬁa§%W nt]t‘l%htr]é‘?ft‘fﬁéa wi@ﬁtses% ule e as the
phase of

in the emitted light is reflected on the second end portion P2 and is
returned, the phase of the retuned light becomes the same as the phase of
light heading to the first electrode 12 in the emitted light, thereby the
returned light and the light heading to the first electrode 12 reinforce each
other. Therefore, the light generated in the light-emitting layer 13C can be
: :efficiently extracted.

Thus, in the embodiment, the optical distance Li between the
maximum light-emitting position 13E and the first end portion P1 satisfies
Mathematical Formula 6, and the optical distance Lz between the
maximum thf'emitting position 13E and the second end portion P2
satisfies Mathematical Formula 7, so the phase of light generated in the
light-emifting layer 13C and the phase of returned light which is reflected
on the first end portion P1 or the second end portion P2 and is returned_'to
the light-emitting position can become the same. Therefore, light reflected
between the first end portion P1 and the second end portion P2 and emitted
light can reinforce each other, and the extractio_n efficiency of light

generated in the light-emitting layer 13C can be improved.




i ght heading to the first electrode 12 in the emtted |light, thereby the
returned |ight and the light heading to the first electrode 12 reinforce
each other. Therefore, the light generated in the |ight-emJangang2d0dyer 13C
can be efficiently extracted. Thus, in the enbodi nent, the optical

di stance Li between the maximumlight-emtting position 13E and the first
end portion Pl satisfies WMathematical Fornmula 6, and the optical distance
L2 between the maxinumlight-enitti 9 position 13E and the second end
portion P2 satisfies Mathematical Formula 7, so the phase of |ight

gener at I n e ljght-emtting layer 13C and the phase of returned |ight
which i é‘?rFCLE‘f’élbo‘il tﬁe first end portion P1 or the second end portion

P2 and is returned to. the light-emtting position can becone the sane.
Therefore, |igWexts cf display upsh weedrding 1o pseeeand sorhadsmept ¢hdbehe second
end portion P2 and emtted |ight can reinforce each other, and the

ext r act iloveefibhcvdhbe déscribgltbelgwneTheedisplast et ighquivalanti tyythayer 13C
can be inproved. 3 January 2007 25 [Second Enbodi nent] Next, a display

uni t acadisgliagounié ascardingdo elwb Gditnembodimémeshdww én @GN Inekdepdehdescri bed
bel ow. The display unit is equivalent to the display unit according to the

first erﬂh@diigﬁl%sr SRR MchFlifik € the sB¥GRPbnib@imebboftipFRedantidardecor di ng
to the second enbodi ment conprises an organic light-emtting device 40G

el U0 % AR ok lock Skl L GRS gy P, Fhudubpt e of
tirst e%%%gvinn%lf tFIC‘Ihg iglisfeoaldaXf R torg‘ﬁﬁl%r ﬂ%ﬂgemitting device 10G of the

display unit according to the first embodiment. The display unit according

to the second embodiment can be manufactured, act, and provide effects as

in the case of the first embodiment. Therefore, like components are

denoted by like numerals as of the first embodiment and will not be further

explained.

The organic light-emitting device 40G is a so-called green
phosphorescence device, and mainly emits light at an interface of the light-
-emitting layer 43C on a side closer to the second electrode 14. Namely, a
~maximum light-emitting positipn 43E is the interface of the light-emitting

layer 43C on the side closer to the second electrode 14. Moreover, the
organic light-emitting device 40G has the same structure as the organic
light-emitting device 10G, except that the organic layer 43 has a different
structure. The organic layer 43 has a structure in which, for examplé, a
| hole injection layer 43A made of 2-TNNATA, a hole transport layer 43B
made of the compound shown in FIG. 3, a light-emitting layer 43C made of
4,4"bis(carbazole-9-yDbiphenyl (CBP) mixed with 5 vol% of tris[2-(2-

pyridinyDphenyl-C,N]-iridium (Irppy), a hole block layer 43F made of bis(2-




to the second enbodi nent can be manufactured, act, and provide effects as
in the case of the first enbodi nent. Therefore, |ike conponents are
denoted by, like nunerals as of the first enbodi nent and wi3 Janyesy 2008
further explained. The organic light-emtting device 40Gis a so-called
green phosphorescence device, and mainly emts light at an interface of
the light- emtting |ayer 43C on a side closer to the second el ectrode 14.
Narely, a maximumlight-emtting posftion 43E is the interface of the
light-emtting |layer 43C on the side closer to the second el ectrode 14.
Mor eover, th organi c.light-enmttjng . deuice 40G hgs..t me structure as
the or g&H?@iﬁﬁ'&Hﬁ‘-oé%ﬂoﬁqog(g"Blé%yaﬁh‘i’g‘tlﬁ“éﬁ@@ﬂ%n‘%rﬁaﬁﬁ)h@e‘%ﬁgaﬁp Myer 43
has ,a different structure, The organic |layer 43 has a structure in which,
for exarfpt@ron transpery Jgvezt43) madepl Ay anedlamamaged iaprdeningst ghe r anspor t

| ayer 43B nade of the conmpound shown in FIG 3, a light-emtting |ayer 43C
made of first alechiosleckdbazol e- 9-yl ) bi phenyl (CBP) nixed with 5 vol % of
tris[2-(2- pyridinyl)phenyl-C N-iridium((lrppy), a hole block |ayer 43F
made of bi s(2Thelapticalydi2bfice 26between the first end portion P1 and the

met hyl - 8- qui nol i nol at o) (p- phenyl phenol ato)al um num (111) (BAIg), and an

el ect r oetdal s8R Hortiod T2 48thdeskdnatorNiBe optiRal AlHtAALELT, bBtwsdeEthd rom the
first electrode 12. The optical distance L between the %I rst end portion Pl

and. t he o SEGARA ﬁg}ﬁ-&@;@#@@@é&% 4412 ahAIAAILAL onliNf: A8 R ol BlaNCE L

between the maximum i -emtting position _ ! 'rst end portion
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the second end portion P2 preferably satisfy Mathematical Formulas 5
‘through 9 as in the case of the first embodiment.
As a specific structure s?tisfying Mathematical Formulas 5 through
9, for example, in the case where the organic layer 43 is made of the above-
‘described materials, and the peak wavelength A of the spectrum of light
- desired to be extracted is 520 nm, a structure including the hole injection
layer 43A with a thickness of 15 nm, the hole transport layer 43B with a
‘thickness of 25 nm, the light-emitting layer 43C with a thickness of 30 nm,
‘the hole block layer 43F with a;thickness of 10 nm, the electron transport
layer 43D with a thickness ozf 40 nm, ‘the first electrode 12 made of
chromium, and the second electrode 14 made of a MgAg alloy with a
thickness of 12 nm is cited.
Although the present invention is described referring to the
prefexrred embodiments, the invention is not limited to the embodiments,
‘and is variously modified. For example, the materials and the thicknesses

of the layers, film forming methods, film forming conditions and so on are

not limited to those described in the embodiments, and any other materials,




the second end portion P2 preferably satisfy Mathematical Fornulas 5
through 9 as in the case of the first enbodinent. As a specific structure
sati sfying Mathematical Formulas 5 through 9, for exanple,3 JannarhZ200Zase
where the organic layer 43 is made of the above- described materials, and

t he peak wavel ength A of the spectrumof light desired to be extracted is
520 nm a structure including the ho% I njection layer 43A with a

t hi ckness of 15 nm the hole transpof | ayer 43B with a thickness of 25
nm the light-emtting |layer 43C with a thickness of 30 nm the hole bl ock

| ayer 43F wi th . thi ckness of : el 43D

vm'ht h a taf‘ilg c%??@g ghbcf:nlfﬁs‘?ﬁharvg%thf%? rﬁggi g%rec]tngo%?tfﬁ&n%%@%g&%%? g%ﬁﬁin and

t he secaond el ectrade 14 nmde ,of [ i th t hi f 12 '
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and i s emhosimientsother Fase Where éh&r@l%,elﬁﬁﬁo%t]&sitgpsorgﬁafq e?' gﬁge:ses

of the layers, filmformng methods, filmformng conditions and so on are
not |i manddhecsertng eladsutd bedré formrsl emitbeidriring subsitatmylanioederat eri al s,
3 January 2007 27 any other thicknesses, any other filmform ng nethods

and any apidneght isl ertricsedi fhgmcidrdidalimgspamsl 2eisadeEcribeld] but Ebey exagnpl e, in
t he above enbodinents, the case where the first electrode 12, the organic

layer 13 RpfheldNih $666RE Sldes] tledeisl4har edoatingldcrbdé Net, dhievérgansaibst r at e
11 in order, and light is extracted fromthe sealing panel 20 is

SFZ g,[ Ir gs&ejyef%@ tahge%lregﬂ;%sltcé?@ct}@dér?ﬂ thiy LeVBESR AW Ble diRMg sabstrAfe second
11 in order, thereby light can be extracted from the driving substrate 1_1.

Moreover, for example, in the embodiments, the case whex;e the first
electrode is an anode, and the second electrode 14 is a cathode is described,
but the first electrode 12 may be a cathode, and the second electrode 14
may be an anode. Further, while the first electrode 12 is the cathode and
the second electrode 14 is the anode, the second electrode 14, the organic
layer 13 and the first electrode 12 can be formed on the driving substrate
11 in order so as to extract light from the dfivingsubstrate 11.

In the above embodiments, the specific structures of the organic
light-emitting devices 10R, ldG and - 10B are described, but. it is not
necessary for the organic light-emitting devices 10R, 10G and 10B to have
‘all layers, or the organic light-emitting devices 10R, 10G and 10B may
further have some other layer. For example, a thin film layer for hqle
injection made of chrominum oxide (IID)- (Cr203), ITO (indium-tin oxide: a
mixed oxide film including indium (In) and tin (Sn)) may be included
between the first electrode 12 and the organic layer 13. The organic light-

emitting devices 10R, 10G and 10B may be covered with a protective film,




| ayer 13 and the first electrode 12 may be forned on the driving substrate
11 in order, thereby light can be extracted fromthe driving substrate 11.
Moreover, for exanple, in the enbodi nents, the case where thkngaryg§07

el ectrode is an anode, and the second electrode 14 is a cathode is
described, but the first electrode 12 may be a cathode, and the second

el ectrode 14 nmay be an anode. Furth%r, while the first electrode 12 is the
cathode and the second el ectrode 14%s the anode, the second el ectrode 14,
the organic layer 13 and the first electrode 12 can be forned on the

driving su rat 1140 e e | f t | vi ng
subst  ari 16 sy 8oL S0 ThaRibechrbibol i LB pabletiive BT, UECREL Y, 1T
organic . light-emfti devi ce R __10G and 10B are_ described,.but. it is:
ot nocas sdayniey tia Bk 4Gt grmareRATS iy LAV EE SLTUBRS FONBIER 108 to
have all layers, or the organic light-emtting devices 1fi(fR’ A and 10B
may fura heanspaventsennsustivertilon je fornmel o pgiap rortion: of ; reflectivefin 1 or hol e
i njection nmade of chrom num oxide (I11 (CrZCB_L, | TO (indiumtin oxide: a
m xed oxiwtd &3 landicledtuidi mgxlii]rvd?iemrﬁ](m,nﬁ.)l amcthei hke.Snby) thisycase, iamcended
between the first electrode 12 and the organic |ayer 13. The organic |ight-
em tti ngusdeced tRORefléfirafinil 0B awmidbelawyeioethanlight@nmttingclayee film 3
January 2007 28 and the adhesive |ayer 30 nay be fornmed on the protective

film Fuphbfitutest 8 aidepBlifon tdfetHd k6dorRing Chdreida, lehd 3he hayesgareno- | ayer
structure in which a transparent conductive filmis fornmed on a top

porti on @hadctigh Rl dorstitiitd® a pHF b BhededhRA R SritforTul til ayer film A or

the like. In th!s case, an en surface of the reflective filmon a side
closer to the Mb&%‘léﬁnﬂ ﬁzhggaﬂo@geémbodiments, the case where the second

electrode 14 is made of a semi-transparent reflective layer is described, but
the second electrode 14 may have a structure in which a semi-transparent
reflective layer and a transparent electrode are laminate;i in order from the
first electrode 12. The transparent electrode reduces the electrical
resistance of the semi-transparent reflective layer, and is made of an
- electrically conductive material having sufficient translucency to light
| generated in the light-emitting layer. As the mateﬁal of the transparent
_electrode, for example, ITO or a compound including indium, zinc (Zn) and
| oxygen is preferable, because the compound can obtain good electrical
conductivity even if film formation is carried out at room temperature. The
transparent electrode can have, for example, a thickness of 30 nm to 1000
nm. In this case, a resonator structure in which the semi-transparent
reflective layer is an end portion, and the other end portion is disposed in a
position facing the semi-transparent electrode: with the . transparent
electrode in 5etween so that the transparent electrode becomes a resonant

portion may be formed. Further, it is preferable that while such a




constitutes an end portion of the resonant portion, and the transparent
conductive filmconstitutes a part of the resonant portion. Mreover, in
t he above enbodi nents, the case where the second el ectrode uars20fdde of a
sem -transparent reflective layer is described, but the second el ectrode
14 may have a structure in which a sem -transparent reflective [ayer and a
transparent electrode are lamnated in order fromthe first electrode 12.
The transparent el ectrode reduces thé%el ectrical resistance of the

sem -transparent reflective layer, and is made of an electrically

conductive eria haVLn suf lent tra cenc | ght ated in
Lhe |.gﬁﬁsgﬁrﬂ%€.8ﬁﬂlqﬁa§ﬁe}s e Bircreaniy Dept ERc e ey %f% ARt ode,

for exanple TO or 8 nd i ncludi ng. i ndium zinc ( and oxygen is
pref er aingd 18 c%ﬁl?séo‘feﬁ'é o%d&'oé%ﬁl"&bg 15n mgde #f é@ﬁqraaeh hawygEdcti vity
even if filmformation is carrled out at roomtenperature. The transparent
el ect r odefnagtivhandexfesruiealempl to, the whitekindsf Ufe Bonsperentl@b@trads In this
case, a resonator structure in which the sem -transparent reflective |ayer
i s an ergcpasd tlenpradectitenflmtcaarcomstitpte 4 pant ¢fhdireposadt portéon.posi tion
facing the sem -transparent electrode with the a transparent electrode in

between so t hgthet hﬁzehmﬁsmap? lic16 ol £ d8sARABIBErithits ARaRhichPEld | on may
be formed. Further, it is preferable that while such a - - --------

-------- secontR R Yo d20q 4 i—’sgmé&éQ:lTaﬂEH tﬁﬁé;)%frb'ﬁ@ e'léctfr&d gndtﬁ&? é}{cgan' C

Ilght emtting dewces 10R, 1OG and 10B are covered wth a protective film

made of .3, f@l g 'tﬁ il ol GHAE WY S 484 p St YR R0 brknicNG ARt er i al of
C r e

t he transpareén
13 has high reflectance, and an end surface of the first electrode 12 on a

side closer to the light-emitting layer 13B is the first end portion, and an
end surface of the transparent electrode on a side opposite to the organic
layer 13 is the second end portion. For example, the transparent electrode
may contact with an atmospheric layer so as to increase the reflectance of
an interface surface between the transparent electrode and the
atmospheric layer, thereby the interface surface may be the second end
portion. Further, the reflectance of an interface surface with the adhesive
‘layer may be increased, thereby the interface may be the second end
portion. The organic light-emitting devices 10R, 10G and 10B may be
covered with a protective film, and the reflectance of an interface surface
with the protective film may be increased, thereby the interface surface
may be the second end portion.

As described above, in the display device according to the invention
or the display unit according to the invention, the optical distance Li
between the first end portion and the maximum light-emitting position

satisfies Mathematical Formula 1 or mathematical Formula 3, and the




because the protective filmcan constitute a part of the resonant portion.
The invention is applicable to a resonator structure in which the second
el ectrode 14 is nade of the transparent el ectrode, and an &ndmag200ace of
the transparent el ectrode on a side opposite to the organic layer 13 has
hi gh refl ectance, and an end surface of the first electrode 12 on a side
closer to the light-emtting layer 13Bis the first end portion, and an

end surface of the transparent el ect?dde on a side opposite to the organic
| ayer 13 is the second end portion. For exanple, the transparent el ectrode
may contact w,th an atpospherj.c | ayer, sq as . to increase the reflectance of
an int ePPg‘B%W‘%ﬁF?%eﬁ%g%m {}}?ese(c ﬁﬂ%‘gr@rﬁloé‘[ Hag@axgigum glhg't nmospheri c
| ayer, thereby the interface surface nay_ be the second end portion.

Fur t her eniiHang epositionnsatisiieanMathempsical stemmaula we t or t Mathemeticek | ayer
may be increased, thereby the interface may be the second end portion. The
or gani c Horgiwla elyisptthegpliese ecEEghBené:@tedinn the Higlstyeméttingpleorednd t h a
protective film and the reflectance of an interface surface wth the

pr ot ect ithe phiaberofrestubred hipheaskidh it heflediyd ohetHenfifsticatepstionaeethemay be t he
second end portion. As described above, in the display device according to

t he i nvegdondnend®poktivch dhapk aktwmicd Baheniiiehatihepbdmeitcafne tHee opti cal
di stance Li between the first end portion and the nmaxi mumlight-emtting

posi ti 0gyy3ald édf(%l?ﬁhggt m&fo?@,m@{ x‘@ﬂe@f_e;i @étv&%ﬁhﬂ'{%fsgtgégg@rg}é a 3, and

the 3 January 20 optica ance et ween portion
gpdwg[]ﬁgggﬁhg%gchhg r&fd 88}1}1315 %dpggﬂéxjaggd il%thitsgaine%eil\r{%rrégr{a%tc- Cc?clhexl?,or mila 2
and the extraction efficiency of light generated in the light-emitting layer
can be improved.
Obviously many modifications and variations of the present
invention are possible in the light of the above teachings; It is therefore to

be understood that within the'sc’ope of the appended claims the invention

may be practiced otherwise than as specifically described.




Formula 4, so the phase of |ight generated in the light-emtting |ayer and
the phase of returned light which is reflected on the first end portion or
the second end portion and is returned to the |ight-em ttihnpos2dd7on can
be the sane as each other. Therefore, light reflected between the first
end portion and the second end portion and generated |ight can reinforce
each other, and the extraction efficiency of |ight generated in the
light-emtting |ayer can be inproved. Cbviously many nodifications and
variations of the present inventiorflare possible in the |ight of the above
teachings. It is therefore to be understood that within -the scope of the
appendeg gk bns the invention may be practiced otherw se than as

speci fi L ]@ descri bed. 3 January 2007 31 CLAIMS: 1. A display device,
conprising: a light-emtting |ayer between a first el ectrode and a second
el ectrode; and a resonator structure resonating |light generated in the
light- emtting |ayer between a first end portion and a second end portion,
wher ei n an opt.i Aadisplagtdewies, compisiegh the first end portion and a nmaxinum
light-emtting position of the light-emtting |ayer satisfies Mathematical
Formul a 1, amd lightopinittialg dagtarnegwenbet fren éleetrsde omad eadsgpond on and

t he HHXIHUHI|Ight emtting position of the light-emtting |ayer satisfies
electrode; and :
a resonator structure ;'esonating light generated in the light-
emitting layer between a first er;d portion and a second end portion,
wherein an optical distance L between the first end portion .and a
maximum light-emitting position of the light-emitting layer satisfies
Mathematical Formula i, and ‘
an optical distance Lz between the second end portion and the
maximum light-emitting pesition of the light-emitting layer satisfies
Mathematical Formula 2.
[Mathematical Formula 1]
La=tLi+a;
2tL)/ A =—®1/(2 7T )+my
(where tLi represents a‘utheoretical optical distance between the
first end portion and fhe maximum light-emitting position, a1 represents a
cor;'ection amount based upon a light-emitting distribution in the tht-
‘emitting layer, A represents a peak wavelength of the spectrum of light
desiréd to -be extracted, ®: represents a phase shift of_ reflected light
generated in the first end portion, and m; is 0 or an integer.j

[Mathematical Formula 2]

Le=tLa+as




Mat hemati cal Fornmula 2. [Mathematical Fornmula 11 Li=tLi+al (2tL1)/ A

(D1/ (2 2t)+m (where tL1 represents a theoretical optical distance between
the first end portion and the maxi mumlight-enitting positdanuarnk007
represents a correction anount based upon a light-emtting distribution in
the light- emtting layer, A represents a peak wavel ength of the spectrum
of light desired to be extracted, (Dl represents a phase shift of
reflected light generated in the fi®B8t end portion, and nl is O or an
integer.) (Mathematical Formula 2] L2=tL2+az 3 January 2007 32 (2tL2)/ A

=-(D2/ (2 7t) + ere represents a theoretical optical distance
be'gvveeg the) g‘%gs?mzeﬁ@g’?é’jffﬁzand the maximumlight-emtting position, a2
represents a,correction anount based upon a light-emtting distribution in
the |ight- eniWwhergy tlayepresentem éb@ﬁt@lc@lp@emca%adﬂétmt helgrearhéhepect rum
of light desired to be extracted, ?2 represents a phase shift of reflected
light @geemmrchend pontivh @ nsethend asim woo tight remtidgnidsition) srrepresemteger . ) 2.
A di splay device according to claim1, wherein the correction anount ai
sati sfi esciviédtiornbinoaintAeased| apdh adlight-benitting rdstriaticimonthe dgiaat i sfies
Mat hemati cal Formula 4. [Mathematical Fornula 31

emitting layer, A represents a peak wavelength of the spectrum of light

desired to be extracted, ®2 represents a phase shift of reflected light

‘generated in the second end portion, and mg is O or an integer.)

2. A display device according to claim 1, wherein
the correction amount a; satisfies Mathematical Formula 3, and the
correction amount ag satisfies Mathematical Formula 4. |
[Mathematical Formula 3]
a1=b(loge(s)) |
(where b is a value within a range of 2n=b=6n in the case where
the light-emitting distribution in the light-emitting layer extends from the
maximum light-emitting position to the first electrode, or a value within a
range of —6n<=b=—2n in the r;‘case where the light emitting distribution
.extends from the maximum light-emitting position to the second electrode,
é represents a physical value (1/e decay distance) rélating to the light-
emitting distribution in the light-emitting layer, n is an average refractive
index between the first end portion and the second end portion in the peak
| wavelength A of the spectrum of light desired to be extractéd.)
 [Mathematical Formula 4]

as=—ai




ai =b(1 oge(s)) (where b is a value within a range of 2nsb56n in the case
where the light-emtting distribution in the light-emtting |ayer extends
fromthe maxinmumlight-enmitting position to the first el ectleoesy 27 a
value within a range of -6nsb5-2n in the :case where the light enmtting
distribution extends fromthe maximumlight-emtting position to the
second el ectrode, s represents a physical value W decay distance)
relating to the light- emtting disE{ibution inthe light-emtting layer, n
is an average refractive index betmgen the first end portion and the
second end portion in the peak wavelength A of the spectrumof |ight
desired to be extracted.) [Mathematical Formula 4] a2=-al 3 January 2007
33 3. A display device according to claim1l or 2, further conprising: an

organi c | ayery ijngl udi the light emtt.ing | r between the first

el ectrode an 'tAh%SE%éonEE B &E og%ﬁg.eto ﬁmﬂl gi°§%§‘§/ﬂg‘ﬁfﬁ‘,’m@6ﬁﬁﬁ:si ng: a

di spl ay device conptising.a light-emtting .|l ayer between a first electrode
and a second a@@&%yegﬁﬁc@dg’é%éﬁgb@ﬁ‘té?% &ﬁ%‘/‘%re}%‘%fﬁ’éﬁpr%el ht
generated in the_ light-emtting | ayer between a first end portion and a.
second e&¢dresdy andfhe geroms eleghrodpt i cal distance Li between the first end

portion and a maxinmumlight-emtting position of the light-emtting | ayer
satisfies Mathematical Fornula 5, and

4. A display unit, comprising:

a display device comprising a light-emitting layer between a first"
electrode and a second electrode, and a resonator structure resonating light
generated in the light-emitting layer between a first end portion and a
second end portion, | |

wherein an optical distance L: between the first end portion and a
maximum light-emitting position of | th;a light-emitting layer sati_sﬁes

Mathematical Formula 5, and |
an optical disténce Lz between the second end portion and the
maximum light-emitting bOsition of the light-emitting layer satisfies
‘Mathematical Formula 6. |
[Mathematical Formula 5]
_. La=tLy+a;
(2tL)/ A =—®P1/(270)+m,
(where tla rei)resents a theoretical optical distance between the
first end portion and the maximum light-emitting position, a; represents a
correction amount based upon a light-emitting distribution in the light-

~emitting layer, A represents a peak wavelength of the spectrum of light




an optical distance L2 between the second end portion and the maxi num
light-emtting position of the. light-emtting layer satisfies

Mat hemati cal Formula 6. [Mathematical Formula 5] L1=tLi +ai3 {adbdry 200X
-'Di/(2 7r)+m (where tLi represents a theoretical optical distance between
the first end portion and the maximumlight-emtting position, al
represents a correction anount based upon a light-emtting distribution in
the light- enmitting layer, A represermds a peak wavel ength of the spectrum
of light 3 January 2007 34 desired to be extracted, (D represents a phase

shift of ,reflected Iight engrated in the first d portjon,.and. m is O
or an iné%ﬁwf iag Fw’%é%heﬁca 1 BGPFREALS]2 (phaseo shgt <§zﬁ equ{ /(2
7t)+nm2 - (where tL2 represents a theoretical optical distance between the
second egengyatad bhthamfrstendmartiammandgig i fianamipteserti on, a2 represents
a correction amount based upon a light-emtting distribution in the light-
enitting | ayerMatheoprtesdformulpedlk wavel ength of the spectrum of |ight
- desired to be extracted, t2 represents a phase shift of reflected |ight
generated in tlhetdgemnd end portion, and n2 is O or an integer.) 5. A
di splay unit according to claim4, wherein the correction anount ai
satisfies Mat Hemmy)) kal—&Q/(v)ank, and the -
(where tLp represents a theoretical optical distance between the

second end portion and the maximum light-emitting position, az represents

a correction amount based upon a light-emitting distribution in the light-

emitting layer, A represents a peak wavelength of the spectrum of light

desired to be extracted, ®: represents a phase shift of reflected light

generated in the second end portion, and ms is 0 or an integer.)

5. A display unit according to claim 4, wherein
the correction amount a; satisfies Mathematical Formula 7, and the
_ co__r.rection amount a satisfies Mathematical Formula 8.

[Mathematical Formula 7]

a1=b(log.(s))

(where b is a value within a range of 2n=b=6n in the case where
the light-emitting distribution in the light-emitting layer extends from the
maximum light-emitting position to the first electrode, or a value within a
range of . —6n=b=—2n in the case where the light emitting distribution
extends from the maﬁimum light-emitting position to the second electrode,
s fepresents a physical value (1/e decay distance) relating to the light-

emitting distribution in the light-emitting layer, n is an average refractive




correction anDunt a2 satisfies Mathematical Fornula 8. [Mathematical
Fornmul a 7] =b(1 oge(s)) (where b is a value within a range of 2ncb56n in
t he case mhere the light-enitting distribution in the |ightJagwry2§0ig | ayer
extends fromthe maximumlight-emtting position to the first el ectrode,
or a value wwthin a range of. -6nsbs -2n in the case where the |ight
emtting distribution extends fromthe maximumlight-emtting position to
the second el ectrode, s represents a physical value W decay distance)
relating to the light- enmtting dist¥ bution in the light-emtting |layer, n
is an average refractive 3 January 2007 35 index between the first end

portio end gortion in eak velen th

spect r lr} %ﬁgﬁ l:fqu'ﬁ? 33;215 q?’é& epg portion pod ltga speoxd g @Hﬁttli”é an tﬁ@rﬂ?ﬂ a 81
as=-al |t accor di g to claim4 or 5, further conprising: an
or gani C i" ‘98 %SP?@I"F 1ght desirgg tch‘}%ﬁxﬂ?éﬁﬁde?n the first

el ectrqde and the second el ect r ode.
Mathematlcal Formula 8]

-ag=—al

6. A display unit according to claim 4 or 5, further comprising:
an organic layer including the light emitting layer between the first

electrode and the second electrode.




