1-Dl SPLAY DEVI'CE AND DI SPLAY UNI T USI NG THE SAME BACKGROUND COF THE

| NVENTION 1. Field of the Invention The present invention relates to a

di spl ay device and a display unit wusing the display device, and nore
specifically a self-lum nous type display device such as an organic
light-emtting device and a display unit using the self-lum nous type

di splay device. 2. Description of the Related Art In recent years, organic
EL displays using an organic light-enitting device as an alternative to
liquid crystal displays have becone a focus of attention. The organic EL
di splays are of a self-lum nous type, so_ it is_ considered that the organic
EL di spl ays h@@%PﬁﬁQ%QﬁagégﬂéﬁﬂalﬁgﬁngYéﬁNﬁﬁIJ%H@Géﬁﬂﬁﬁﬁﬂbﬂﬁer consunpti on
and adequate response to high-definition high-speed video signals.
Therefore, the devel opnment of the organic EL displays toward
commerci al i zati on has been proceedi ng. Previously, by introducing a

r esonat cBASIHGROUWND OFTHREINVENTIONI i ght-emitting device, attenpts to
control light generated in a light- emtting |ayer such as inproving the

col or purifgldhf &He Rivehted col or, enhancing light-emtting efficiency and
so on have been nade (for exanple, refer to International Publication No.

01/39554) . HowgyeproddGt 'ﬂﬁéeﬁlﬁ&hiel%ésr &C4 id?sfsblﬁfz ideGiBNGVd hrali@h%y%ﬁ@ni c

light- emtting device wth the resonator structure great vari es

dependi N&iHP e %iisplay device, and 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 displays have advantages of a wide viewing
angle, low power consumption and adequate response to high-definition
high-speed video signals. Therefore, the development of the organic EL
displays toward commercialization has been proceeding.

Previously, by introducing a resconator 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,
enhancing light-emitting efficiency and so on have been made (for example,
refer to International Publication No. 01/39554).

However, actual light extraction effictency in the organic light-

emitting device with the resonator structure greatly varies depending upon



where a maximum light-emtting position of the light-emtting |layer is

pl aced in the resonator structure. SUMMARY OF THE | NVENTION I n view of the
" foregoing, it is an object of the invention to provide a display device
capabl e of enhancing extraction efficiency of Iight generated in a
light-emtting |ayer, and a display unit using the display device. A

di spl ay device according to the invention conprises: a light- emtting

| ayer between a first electrode and & 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, wherein an, op tlcal di stance Li
bet meenwheéefalr@@xgnunb&ght@m:éﬁagap%upm Fh@gﬂ%glhtrﬁm%tm@ 3841 1S on of the
light-emtting | ayer satisfies Mathematical Forrmula 1, and an optical

di st ancgldcedyatthegrseirsos stmetizend portion and the maxi num light-emtting
position of the light-emtting |ayer satisfies Mathematical Fornula 2.

[ Mat hematical Formula 11 Ll=tlLz+ai (2tLx)/ A =- cl1/(2 7c)+m (where tLlI
represents a theoretical optical distance between the first end portion

and t he STEMiAARY OFHTHEMNVENTIONSi tion, al represents a correction anount
based upon a light-emtting distribution in the light- emtting |ayer, A

represents a neglewy the€RgbBoRfg, 1R SP8BjdeH BF Phe hheiHtich &%M\ﬁ&e tgo be
extracted, (D represents a phase shift of reflected Iight
display device capable of enhancing extraction efficiency of light generated
in a light-emitting layer, and a display unit using the display device.
A display device according to the invention comprises: 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 Li between the first end portion and a maximum light-emitting
position of the light-emitting layer satisfies Mathematical Formula 1, and
an optical distance L between the second end portion and the maximum
light-emitting position of the light-emifting layer satisfies Mathematical
Formula 2.
[Mathematical Formula 1]
Li=tLita;
(2tL)/ A =— /(2 T )+m;
(where tL1 represents 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



generated in the first end portion, and ml is O or an integer.)

[ Mat hemati cal Formula 2] L2=tL2+a2 (2tL2)/ A X2/(2 76)+nR2 (where tL2

" 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 spectrumof |ight desired to be
extracted, 02 represents a phase shif3 of reflected light generated in the
second end portion, and n2 is O or an integer.) A display unit according to
the invention conprises a display device conprising a light-enmtting |ayer
bet ween esiads 0 dhe extrassedinPiarepiesents @ pbasedtiiftantl rafleetedn digbt

structure resonating |light generated in the light- emtting | ayer between a
first engensoatddom thedfivstsadoptiongd apdinti on) or wheméégeran opti cal di stance Li
between the first end portion and a maxinmumlight-emtting position of the
| i ght - emi tti ndMathemsdal Foiresala ght hemati cal Fornula 3, and an opti cal

di stance L2 between the second end portion and the maxinumlight-emtting

position of tHg=kigh,-emtting |ayer satisfies Mathematical Fornmula 4.

[ Mat hematical Formula 3] Li=tLi+ai (2tL1)/ A= (D1/(21C+nl 4 (where tLi

represents a tbgohet Ecab,0PihEal, di stance between the

(where tLg 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 light-
emitting layer, A represents a peak Wa\.relength of the spectrum of light
desired to be extracted, ®s represents a phase shift of reflected light
generated in the second end portion, and ms is 0 or an integer.)

A display unit a_ccording to the invention comprises 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 Li between the first end portion and a
maximum light-emitting position of the light-emitting layer satisfies
Mathematical Formula 3, and an optical distance Ls between the second
end portion and the maximum light-emitting position of the light-emitting
layer satisfies Mathematical Formula 4.

[Mathematical Formula 3]

Li=tLi+a;

2tL)/ A =— /(2 7 )+m,



fi-rst end portion and the maximumlight-emtting position, al represents a
correction anount based upon a light-emtting distribution in the Ilight-

T emtting layer, X represents a peak wavel ength of the spectrum of |ight
desired to be extracted, 01 represents a phase shift of reflected |ight
generated in the first end portion, and m is O or an integer.)

Mat hemati cal Formula 41 L2=tL2+a2 (2tL2)/ A= - (D2/(2 70+M2 (where tL2
represents a theoretical optical distdance between the second end portion
and the maximumlight-emtting position, a2 represents a correction anount
based upon a lLight-emtting distribpution in the ljght- emtting|layer, A
represents a 6ngl%r%é%|1€ﬁﬁ?9r‘?n(§$ :: ﬁge@ffélﬁa:l Lﬂﬂt}?ﬁll‘ilgﬁﬂnmg]@%‘i"‘fe@& tRe be
extracted, (D2 represents a phase shift of reflected light generated in

t he secdindt end putichomd el niapimurs lighdreraiting pefation, anremesents@ ay devi ce
according to the invention, the optical distance Li between the first end
porti on camgbctioa amiumirbdsedhtp@nia lighdg-epostingodistighuiioniigs thatlishiat i cal
Formula 1, and the optical distance L2 between the second end portion and
t he maxigmittinicghegmit ren@ st hipuaks ataveldrgsh dfbtheespédtoain éhghta 2, so
when |ight generated in the light-emtting layer is reflected on the first

end portjeQpredr td R LREQRELEND,; PAIPre8EniRNE bBasd adhiftnefl rbfleételi UBht em tti ng
position, the phase of the returned light and the' phase of |ight when the

light i e?l%h%ﬁerﬁgﬁ%% ﬁé%@eﬁa\@rﬁﬁneéﬁ?.nﬁ’f 1390 or adhBf&leene, the emtted |ight

and the ( ect bet veen t he irst end portion and the second end
porti on ref nf gf661EAGRII BfmubPal Ne 11 ot
Lo=tLo+as

(2L A =—@o/(2 T )+m2

(where tLs 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, @z represents a phase shift of reflected light
generated in the second end portion, and mz is 0 or an integer.)

In the display device according to the invention, the optical distance
L1 between the first end portion and the maximum light-emitting position
satisfies Mathematical Formula 1, and the optical distance Lz between the
second end portion and the maximum light-emitting position satisfies
Mathematical Formula 2, so when light generated in the light-emitting
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 same as each other.

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



generated in the light-emtting |ayer can be efficiently extracted. In the
di splay unit according to the invention, the display device according to
" the invention is used, so the extraction efficiency of |ight generated in
the light-emtting |layer can be inproved. O her and further objects,
features and advantages of the invention w/l| appear nore fully fromthe
follow ng description. BRIEF DESCRI PTION OF THE DRAWNGS FIG | is a
sectional view of a display unit usiRg an organic light- emitting device
which is a display device according to a first enbodi ment of the

i nvention; .FIG s an en] arged sectional view of gn organic J.aver in the
or gani ¢ POFHAR- 2 t{i}}enée ETCS RGTHOR nreEftercs ege Goa'faer'rs aﬁh?llllég ration
showi ng the structure of a conmpaqund useg ifn the i (t;ht-e({n' tting | ayer of
the or g&enerategnp-thpilightieidbpedayenenm be sihigprily 2xtiacted-4 i s an enl ar ged
sectional view of the organic layer in the organic light-emtting device
shown i n FI G In;the| displyi unit gecoptinghsaithg isventien; dhe %é‘ﬁﬂﬁl’sdef"é‘?e intensity
at different distances between a second end portion and a maxi num | ight-
em tti ngepasiing do; thd @véntien dsgusgh sthohe nexteactidmtefbeisheyp dieligkten t he
value of s and a distance between the second end portion and the maxi num
| i ght - egiehbidtgd Gnpbsilidhereittingi lahet tabbe émiprbvey i ntensity is maxinized in
cases where the

Other and further objects, features and advantages of the invention

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 display 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 shown in FIG. 1;

FIG. 3 is an illustration showing the structure of a compound used
in 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 showing simulation results for intensity at
different distances between a second end portion and a maximum light-
emitting position;

FIG. 6 is a graph showing a relationship between the value of s and

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



lirght-emitting |layer has a thickness of 30 nmand 50 nm FIGs. 7A and 7B

are sectional views showing a step in a nethod of manufacturing the

" display unit showmn in FIG 1; FIGs. 8A and 8B are sectional views showi ng a
step following the step in FIG. 7A and 7B; and FIG 9 is an enl arged
sectional view of an organic layer in an organic light-emtting device
used in a display unit according to a second enbodinent of the invention.
DETAI LED DESCRI PTI ON OF THE PREFERRE¥ EMBODI MENTS Preferred enbodi ments of
the present invention will be described in nore detail belowreferring to

t he acconpanying dyawi ngs. |[First Enbodinent], Fl .1 shows _a secti onal

vi ew of %P%’Flgﬂlagwmh%ﬁ'ﬁ@lféﬁl%ﬂgéﬁﬁﬁy 1P TR AL tlpr?QS%ﬁeWb@ée fchis a
di spl ay device according to a first enbodiment of the invention. The

di spl ay lughtemsttingthyss has athickness of 3bnyamid 50imght - enitting col or di spl ay
or the like, and in the display unit, for exanple, a drive panel 10 and a
seal i ng panel PIGd. 4dd%eandddd aoe sectiemal tihws shivelingfaastepgnsaimietbed afher eof
are bonded together with an adhesive layer 30. The drive panel 10 includes
an or ganmanhifgitureig thei digpkgvingie shoWn @ FIGi1ng red light, an organic
light-emtting device | OG emtting green |ight and an organic

l'ight -em tti NgFRY I 2HAPBBM el $2gioRlal idw 8 RhoWiSPaS&dp follbwehdehel N a
matri x shape as a whole on a driving substrate 11 nmade of, for exanple, an

i nsul at ig{gpqﬁtmsgbAs%&WB? aghass or the like.
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 is 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 display unit, for
example, a drive panel 10 and a sealing panel 20 faces each other and the
whole 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 emifting green

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



Each of the organic light-emtting devices 10R, |0OG 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 |ami nated in
this order fromthe driving substrate 11. The first electrode 12 al so has
a function as a reflective layer, and in order to enhance light-emtting
efficiency, it is desirable for the first electrode 12 to have as high
reflectance as possible. For exanple,7as a material of the first el ectrode
12, a single substance or an alloy of a netal elenment with a high work

function such as platinu Pt), ld (Au), .silve A chr,om (Cr),

t ungst ed?(WAFeHIN ?HféaFl‘nl’kéﬂ}l eéﬁtae‘g?“’%@l? TYRE é&‘g‘tghl %aﬁ%g}"’tﬁ}fi ng
direction (hereinafter sinply referred to as thickness) of the first

el ect r oxamplpsapinywptimeymaiemalsuch ahglassor the lker t o 300 nm As the
alloy, for exanple, a AgPdCu alloy including silver as a nmain _conponent,
0.3 W% to 1 Mot el dxganderlightenatiing d@viess HHY 10GuavdoiOBdmsea (Cu) is
cited. The organic layer 13 has a different structure for each of the

or gani ¢ gtirghture whicly fdevxkaespld ORfirstearddd AB. asFd5andds hrowsrgamic enl ar ged
view of the organic layer 13 in the organic light-emtting device 10R The

organi ¢ lhp¥e13,léndh sebéndelatiodel 14084 aathéddgradRihizRitddmh bigis cddest ructure
in which a hole injection |layer 13A, a hole transport |ayer 13B, a

| i ght - e dihithe dmﬁF Pstaid 1gn el ectron transport |layer 13D are | am nated
in this order fromthe first electrode 12. The hole injection |ayer 13A and

8 the hole traangrd JiBushad 38 SUDHNES HhhbideNen BladiRhA Lgbecthen 1nto

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 {Cu)
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 device
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



li-ght-em tting |ayer 13C. The light-emtting |layer 13C generates |ight by
current injection. The electron transport |ayer 13D enhances efficiency of
" electron injection into the light-emitting |ayer 13C. The hol e injection

| ayer 13A of the organic light-emtting device 10OR has, for exanple, a

t hi ckness of 15 nmto 300 nm and is nmade of

4,4 4"-tris(3-nmethyl phenyl phenyl am no) tri phenyl am ne (m MIDATA) or

4,4, 4"-tris(2-naphthyl phenyl am no)t & phenyl am ne (2- TNATA). The hol e
transport |ayer 13B of the organic light-emtting device 10R has, for
exanpl e, _a thickness of 15 nmto 100 nm,_and is e.aof . .

bi s[ ( N- ABgHaMg | transemédayendss aphange, eNsEneg; 0%%@%1{88%0% itththe Fic 3.
The light-emtting |ayer 13C of the organic light-emtting device 1OR has,
for exarhshd:emittimgclayessidst. Mher light emigma hayeantBe Lenarrtestlight Biui nol i nol
al um num conpl ex (Alga) mxed with 40 vol % of 2,6-bis[4-[N(4-

met hoxy pinersit) injeqiiveny Mheagteatorsh yirghdpmpRapal &3B-dnhacds effitienty of | e
(BSN-BCN). The electron transport |ayer 13D of the organic light-emtting

devi ce BIRtAAS injbotior xaippile, light-binththigskhiyer 188.nm to 100 nm and is nmade
of Alga. FIG 4 shows an enlarged view of the organic layer 13 in the

organic |ightpiemhbld NgediEyh Clased 382008 theBordaded iphtideiteihgadéwcé ayers 13

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

Ealhgc ‘ ?8:11605{ L3S BGY Iéxéﬁ'ﬁb%, 13BctNss! 61995 -6 £ 300 hAY eindl RCRAEL bhe
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 rm 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 Alqs.

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



transport layer 13D are lamnated in this order fromthe first el ectrode
12. Each of the hole transport layers 13B of the organic light-emtting

" devices 10G and 10B also has a function as a hole injection |ayer. The
hol e transport layer 13 of the organic light-emtting device 10G has, for
exanpl e, a thickness of 15 nmto 100 nm and is nade of the . conpound shown
in FIG 3. The light-emtting layer 13C of the organic light-emtting
device | OG has, for exanple, a thick®ess of 15 nmto 100 nm and is nade
of Alga mxed with 3 vol % of Counmarin6. The el ectron transport | ayer 13D

of the organic |ight-emtting device | QG for t hi ckness of
15 nm t ramposayeid 32 ase demsnatsdga. thrﬁérfﬁﬂ%‘ ﬁb%ttelﬁﬁgi 1%13 of the
organic light-emtting device 10B has, for exanple, a thickness of 15 nm

to 100 Hiac otheshdad@anqurhéay@tsnbw@ﬁ the onganie HEIt emmittmgedeviest - emi tti ng
| ayer 13C of the organic light-emtting device 10B has, for exanple, a

t hi ckned9Gofind 3 0Bnaliso hE8G fumcticanal a hobathgedforsEyeas6(D. The el ectron
transport |ayer 13D of the organic light-emtting device | 0B has, for

exanpl e, a thiTakness tednsboriilayed 106X thiv organit lightranéttdig dbdee 106 second
el ectrode 14 shown in FIGs. 1, 2 and 4 has, for exanple, a thickness of 5

nmto 5@1aemfoxa@siam§>1éraget}ﬁékﬁesﬁl HOhE &HDSS AMEEng, AAdak|@¥de off eharet al
element wth a smal'l work function such as alumnum (Al), nagnesium (M),

T e L L
magnesi Tlnh% eml%h Ved’ewése P(l;@f aporyexl}ﬁlﬁﬁg, a tMc?ﬂfegs %f tlg n%g) "c& -1oé%m,
and is made of Alqs 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-emitting 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 spiro6P. The electron transport layer 13D of the organic
light-emitting device 10B has, for example, a thickness of 15 nm to 100 nm,
and 1s made of Algs.

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 function such as aluminum (Al),
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 1s preferably Mg:Ag = from 5:1 to 30:1.



The second el ectrode 14 also has a function as a sem -transparent
reflective layer. Mire specifically, the organic light-emtting devices

" 10R, 10G and 10B have a resonator structure in which a end surface of the
first electrode 12 on a side closer to the light-emtting |ayer 13C, an
end surface of the second el ectrode 14 on a side closer to the
light-emtting |ayer 13C, and the organic |layer 13 are regarded as a first
end portion P1, a second end portiortOP2 and a resonant portion,
respectively, and |ight generated in the light-emtting |layer 13Cis
resonated to he extracted fromthe second _ end portion P2. Thus, the

organi ¢ | i ght LReiSEES elpsiTades 14 S0 AfUNOEN a5 FSEPHHIHNARANEIE he
resonator structure, because when nultiple interference of |ight generated
in the |teflectizeilayemngMenpesperdTadls dhs argania hehkemiding demﬂ%t%i()&ns as a
kind of narrowband filter, the half-value width of the spectrum of

ext r act etDG iagidt 1@Brhdye a eekomadomstductirerinpwhidiya ead svefadenfridedttst Mor eover
external light incident fromthe sealing panel 20 can be attenuated by the

mul ti pl eclectredd eRence sidndobdiety id Bghtaadtivhg ider ¥0,emmahd lsuglice on t he
organic light-emtting devices 10R, | OG and 10B can becone extrenely snall

by a congyi that deBnafelécteodonafdd thﬁd@%.lds@?ftﬁrtthi%“_l'th’emitlith\l&Bz@ﬂl\&U,| be
described later. For the purpose, it is preferable that an optical distance

L bet weegyq ttﬂ@.ofr.?éﬁfc %Etgﬁ%r éfeOPeféDalrd@& stQEﬁl%@Cet%{E]lg;g&QanP'i,t hQgbebgd Of the

resonator satisfies emati cal” Formula 5 so a resonant wavel ength
o 1 IO AR AR R PRI AR e o
be extr at‘i{[eeﬁghtl-%mitting 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 light 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 combination of a color filter 22 (refer to FIG.
1) which will be described later.
For the purpose, it is preferable that an optical distance L between
the first end portion P1 and the second end portion P2 of the resonator
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.



Actually, the optical distance L is preferably selected to be a positive

m ni mum val ue satisfying Mathematical Formula 5. [Mathematical Fornula 5]

" (2L)/ ,k +cp/ (2 70=m (where L represents an optical distance between the
first end portion P1 and the second end portion P2, c represents the sum
of a phase shift (Dl of reflected |light generated in the first end portion
P1 and a phase shift c2 of reflected Iight generated in the second end
portion P2 ((D=clil+(D2) (rad), A répresents a peak wavel ength of the
spectrumof light desired to be extracted fromthe second end portion P2,
and mis an integer to _make L a pqsiti¥%ﬁ£?lue Fqétheﬁ, in Mathemati cal
For mul a A¢tuehy, Ghet eptical dishpacen Indy nyefenadlys AelectedrtoeRenp ROSIHYRyY) . )
Moreover, as shown in FIGs. 2 and 4, the organic light-emtting devices
10R, | Ot umyzdve satipiying dlatbemeaticad Ffoaypiuledl. di stance Li  between a
maxi mum light-emtting position 7.3E of the light-emtting layer 13C and
the first endMmthehcridal Feamiwdéisés Mat hematical Formula 6, and an opti cal
di stance L2 between the maximumlight-emtting position 13E and the second
end portion PZ2Bgfisbi(@sc)Mat hematical Fornmula 7. Herein, the maxinum
light-emtting position 13E nmeans a position where light- emtting

intensity is tReehl Qﬂeﬁprbébxﬁslﬁﬂhélﬁ]ﬁﬁﬂﬂ HiRAnEC HeBReeMOthe AP &rd When
light is emtted at intérfaces of the light-emtting |ayer 13C on both

i murFTRE S b Sk PAL S RoR PET DR RN BRSOt ARl

em tti ngpt RGNS fn el Beht bBRet b 1 hARSHirsV 280 JdiEioR 87 ANG 4 pHREs eM tting
shift @2 of reflected light generated in the second end portion P2
(=@ +®2) (rad), A represents a peak wavelength of the spectrum of light
desired to be extracted from the second end portion P2, and m is an integer
to make L a positive value. Further, in Mathematical Formula 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 1,
between a maximum light-emitting position 13E of the light-emitting layer
13C and the first end portion P1 satisfies Mathematical Formula 6, and an
optical distance Lo 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 light-emitting region. For example,
when light is emitted at interfaces of the light-emitting layer 13C on both
sides 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



12 devices 10R 10G and 10B are nmade of the above-described materials, in
the organic light-emtting device 10R, light is also emtted at the
“interface on the side closer to the first electrode, but the
light-emitting intensity at the interface on the side closer to the second
el ectrode 14 is higher, so the maximumlight-emtting position 13E is the
interface on the side closer to the second electrode 14. In the organic
light-emtting devices 10G and 10B, 4ight is hardly ever enitted at the
interface on the side closer to .the second electrode 14, so the maxi num

light-emittin sj tjon is the interfac on, the side closer.to the
first el'¥8 2i‘5{3’|\%‘%‘%ﬁﬁ§ P‘Eealmﬁ“—‘iﬁ Prﬁﬂ‘%e @]%Ovﬁ%éﬁir(i%ﬁ%ci %aift‘f%’ R = (Di/(2
7t)+m (where tLi_represents_at heo%{]e&j al. optical distance between the
first enbepsgensnlight-ematingederice d0M Heghs élﬁﬁf’t ermnged &L ithe dRterstee g
represents a correction anount based _upon a light-emtting distribution in
the |i gln-dhe sidengoseaytorthesfrstieleeivpde chinttsthe Bahiemutteng igiemssy athe
spectrumof |ight desired to be extracted, (Dl represents a phase shift
(rad) the irfdréatecon ithebidegeoeentethé neddve ¢lectsvdedd isdrighen s@ltheand ni
represents O or an integer.) [Mathematical Fornula 7] L2=tL2+a2 (2tL2) /
A _ - X4 OmHvEhi-sdeiting pasitepr B3¥e s sha ihteeficetarc dhe oflel daserdicst ance

bet ween t he
the second electrode 14. In the organic light-emitting devices 10G and 10B,
light is 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=tlatas

(2tLy)/ A =—®1/(2 70 )+m;

(where tL; represents a theoretical optical distance between the
first end portion P1 and the maximum light-emitting position 13E, a1
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 extracted, @1 represents a phase shift (rad)
of reflected light generated in the first end portion P1, and m; represents 0
or an integer.)

[Mathematical Formula 7]

Lo=tLlataz

(2tLe)/ A =—@g/(2 7T )+m2

(where tLz represents a theoretical optical distance between the

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



second end portion P2 and the maxinmumlight-emtting position 13E, a2 13
represents a correction anmount based upon a light-emtting distribution in
" the light-emtting layer 13C, A represents a peak wavel ength of the
spectrumof |ight desired to be extracted, 02 represents a phase shift
(rad) of reflected Iight generated in the second end portion P2, n2 is O
or an integer.) By satisfying Mathematical Fornula 6, when |ight heading
tothe first electrode 12 in the |ight generated in the light-emtting

| ayer 13Cis reflected on the first end portion P1 and is returned, the
phase of the returned |ight becgonmes_the sane_as the phase of the |ight
when t haepregents & caspeqticsgameoynt hased iponca lighgrmishag igribuwismithg to t he
second electrode 14 in the emtted |ight reinforce each other. Further, by
satisfyithg lightieenttingalaypor lCa &, rewresentsglat phekdwagelesgtiheofstizond
electrode 14 in |light generated in the light-emtting |ayer 13Cis

ref | ect egeoirunhef Sighonidsiredctodar extracted, dncrepsesesttsimnaltset dtafiplrade of t he
returned |ight beconmes the sanme as the phase of the |ight when the |ight

is em tt@dyefRetdddighetesmRested 10the atdohd Wd perib P2, ant He J bk sdn el ectrode
12 in the emtted light reinforces each other. Wien it is considered that

the |ighhtemhting region is not extended, the theoretical optical
distance tLi 1n Mathematical Fornula 6 and the theoretical optical

1 e, L2 1, VRLBOSR A TS o, DGR B Uy v o

portion fﬁ‘zst e‘ﬁi‘é]c%roa({]e ?ﬂqglngheofig}?p%gﬁexga 2an9s tl?x\é lggrliitvgllxliit@ﬁlgofayer 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
end 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 the first electrode 12 in the emitted light
reinforces each other.

When it 1s considered that the light-emitting region is not extended,
the theoretical optical distance tL: in Mathematical Formula 6 and the
theoretical optical distance tLo 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 light when the light is emitted become the same as each other.



| i-ght cancel each other out, thereby the phase of the returned |Iight and
the phase of the light when the light is emtted becone the sane as each

" other. 14 However, a light-emtting portion is generally extended, so in
Mat hemati cal Formulas 6 and 7, the correction anounts al, and a2 based

upon the light-emtting distribution are added. Although the correction
anounts al and a2 depend upon the light- emtting distribution, as in the
case of the enmbodi nent, when the maXtnumlight-enmtting position 13E is

pl aced on a side of the light- emtting |ayer 13C closer to the second

el ectrode 14, and the light-emtting distribution exgeen fromthe maxi num
| i ght - erLOVEYRY posi teht ematting + pertion r i8¢ £eBeY?.00e X, Wiidn the maxi num
light-emtting position 13E is | aced on a side of the Iight-em'(i'ting

| ayer 13€athematicaloFerulds grangd gc!ﬂa@a@rremsmamowfé 31, g arPEB9thg

di stribution extends fromthe maxinumlight- emtting position 13E to the
second aipeat thedbglidemitimg distabution aewyided. al  and a2 are determi ned by,
for exanple, Mathematical Forrmulas 8 and 9. [WMathematical Formul a 8]

al=b(1 oge(s)) Althheste the icormectioh umudnindsi @ and angdepehd2uBhEehe ilighthe case
where the light-emtting distribution in the light-emtting |ayer 13C

ext ends gk B ot MEstFERtBHN hi 9 - €18 tdasBgoPOtiel iceibdBinen®, tWRehi tlsd
el ectrode 12, or a value within a range of -6nsbs-2n in the case where the

l'i ght - e, L] A LeNshAsbRe 18RI veidctt bR%a | Q¥&rofldfe exdignds from
t he rnatxirH:lrr%%r%nH Flgﬁitg%tér%&ﬁ%l% %%%Fls)?o%BlSE g&mtehe se%ond eOI ectrode 14, s

repr ese%trﬁitﬁ‘ing layer 13C closer to 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 positién 18E to the second electrode 14, the correction amounts a;
and az are determined by, for example, Mathematical Formulas 8 and 9.

[Mathematical Formula 8]

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 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 (l/e decay distance) relating to the light-emitting

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



physi cal value W decay distance) relating to the light-emtting
distribution in the light-emtting layer 13C, .and n is an average

" refractive 15 i ndex between the first end portion P1 and the second end
portion P2 in the peak wavel ength A of the spectrumof light desired to be
extracted.) [Mathematical Formula 9] a2= - al The physical value s in

Mat hematical Formula 8 is given by the light-emtting distribution in the
light-emtting layer 13C, that is, WN&thematical Formula 10 which
represents light-emtting intensity | in a position at a distance x away
froman interface of the light-emtting |ayer 13C to becone the nmaxi num

| i ght - enfndexhgtyeen the ﬁir;s_ta@ql ROELIQR Pécamdﬁhet secopengipationnfein 58e of the
light-emtting |ayer 13C. The light-emtting distribution varies depending

upon a feeakowayelelmgsl 4 loé the ghectewint ofilight| dasated tode exiradtadde bal ance or
the Ii ke, thereby the physical value s varies. For exanple, when the
organi c | i ght -[dhathieimgicé Horamlh @R, 1 OG and 10B are made of the
above-described materials, in the organic light-emtting device IOR the
val ue of s on 4,he-gj de closer to the second electrode 14 is from1l5 nmto
35 nm and the value of s on the side closer to the first electrode 12 is

from2 nmto %@%y‘sﬁal Rals g Méﬂ}ﬁﬁiatfdﬂltﬁ‘ér@ﬂulﬁeg '1@%}%@1@b§ pee val ue of
s on the side closer to the first electrode 12 is from1l5 nmto 30 nm and

e R L 00 oSyt gy Byl 00

val ue s Iﬁ%nhematmgf %‘o?x%%lz? 3iOav(\:riuc‘"i{:L req)%%geul{t%qeéﬁt‘emitting intensity I in a
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-emitting 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 on 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 organic light-emitting device 10G, the value of s
on the side closer to the first electrode 12 is from 15 nm to 30 nm, and in
the organic 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 can be
obtained by actual measurement.

[Mathematical Formula 10]

I:e('xfs)



[ Mat hematical Formula 101 I=e(-x/s) 16 FIG 5 shows sinulation results for
~intensity at different distances between the second end portion P2 and the
maxi mum | ight-emtting portion 13E under the condition that Mathenati cal
Formula 5 holds true. The organic light-emtting device has a structure in

which the first electrode 12 made of chromum the hole transport |ayer
13B made of a- NPD, the light-emtting |ayer 13C made of Al g3 m xed with
Courmarin6, the electron transport |¥yer 13D made of Al g3, and the second
el ectrode 14 nade of a MJAg alloy are lam nated in this order, and the
peak wavel eng k of the spectrum ht d sire 0 be.extracted is 535
nm In this ciiz‘é 5 ﬁ}}?é"spﬁg% ag’ﬁpflieSB%S&JP ? ‘?ﬁ%ﬁ?mgéﬁé?%eéd in the
first end portion Pl is, -2.6 rad, and the phase shlft (P2 of reflected

li ght gbRBFertedhen seennds exigh Porepy Pér epgntire maxinum rheélt ittiRgr . t he
maxi mum light-emtting position 13E is an interface between the

| i ght - epprii¢md 3Fayaden 8i: sonditiva thateMathemepisat Foapala §3mldadrenown in
FIG 5, in the case where s =1 nm that is, the light- emtting region is
not ext Bhdedrgdine lighersiityingsdewre nhaed aftractdirst anoehichetheefirdthe second
end portion P2 and the maximumlight-emtting position 13E of

appr oxi ghicetodeSB2 ndd bltchkSmiwh, @he Gifllé GBangost daged LB Ghadapdroxi matel y
53n (nm. The optical distance L2 is in agreenent with the theoretical

I0|pt i cal NPB!ARCEg H—gmt?ﬁiﬂ%%e} ﬁ%@ﬁ%ﬂ@%f@ﬂqa RA%éEd ‘Mt}f’@oﬁﬁ%ﬂﬁ@ thigaxi mum
ght-emtting position 1 53n (nn) determ ned by

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 @1 of reflected light generated in the first end portion P1 is

—2.6 rad, and the phase shift @z 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 1s, the light-
emitting region is not extended, the intensity 1s 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
approximately 53n (nm). The optical distance Lz is in agreement with the
theoretical optical distance tLz 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



Mat hemati cal Formula 7. However, in the case where s = 23 nm that is, the
~light-emtting region is extended, the intensity is nmaximzed at an 17
optical distance L2 of approximately 67n (nn). Accordingly, it is obvious
that a correction based upon the light-emtting distribution is required.
FIG 6 shows a relationship between the value of s and a di stance between
the second end portion P2 and the maxinumlight-emtting position 13E at
which the light-emtting intensity maXi mized under the condition that
Mat hematical Formula 5 holds true in the cases where the Ilight-emtting

| ayer 13C ha t hi ckpess of 3Q nm and_50 n he .structure of. the organic
| i ght - enfRisalligtanceel m A aPHE‘”ﬁE]éﬁe&agalgH&tTh Accogtngle HpiscehiAPds | ght
desired to be extracted are the sane as in the case shown in FIG 5.

Fur t her , that argagre@ion, basassupmn thedightramittang distribationsriratmiredl ue of the
correction anount a2 determ ned by Mathematical Formulas 8 and 9 added to
t he theoreticafl@ptishaivsdi stlabiveship?betsteemilredalueyofMaandnadistancéor nul a 7,
that is, (53+21loge(s))n and (53+6loge(s))n are also shown. As shown in

FIG 6, laaweea vht usecohdsendcp@nies P2 hendlithkbanteximheh wight-thedtisegond end
portion P2 and the maxinmumlight-emtting position 13E at which the

i ght - enjidsifips 131 @iswhycH SheBIdHT @RittinRCHARRSSy maRinBRAr @a¢hesha certain
val ue by the thickness of the light-emtting layer 13C. In the cases where

a curve i I % dngily i ), and
t he Iigh@g%q?%{fgégﬁgég}e%c as a t%%%ﬁéﬁwﬁﬁ3g%n%&%ﬁg&%ggﬁﬁnﬁéthe

di stancqiéar%gﬁgﬁiﬁgqa?&cq%@ 4 ROiLRRed? oD nm and 50 nm. The

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 tLgz 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 tLgt+b(loge(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



the "maximumlight-emtting position 13E at which the light-emtting
intensity is maxim zed is positioned between 53+21oge(s) and 53+6loge(s).
" The thickness of the light-emitting |layer 13Cis generally within a range
of 18 30 nmto 50 nm so as shown in Mathematical Fornulas 8 and 9, it is
found out that the optical distance L2 is preferably within a range of
tL2+21oge(s)n to tL2+51loge(s)n. In addition, the case where the
light-emitting distribution in the MBght-emitting |ayer 13C extends from
the maximumlight-emtting position 13Eto the first electrode 12 is the

same as |[n the se where the light-emtti di stributjon in. the

i ght - ol Bih P gﬁm, 20585 haEn s M drareacal ieraiilas 3 Detiipfowrd posi ti on
13E to the second el ectrode 14, except _that the sign of b in the above
appr oxi nedti Bratdneoasicabdistancspbois prefernbly withing raegs of ilosllagesin e of t he
organic light-emtting device 1OR satisfying Mathematical Formulas 5

t hr ough ®, tIfedhlagaiml én additidme theasee wHemre thhdighdaimivtmel dsgitutiornf t he
spectrumof |ight desired to be extracted is 635 nm a structure in which

the firsin thetighodmitZngddperol 3Cahutondsi font HBe haheinharelighoomieyeg 13A nade
of 2-TNATA with a thickness of 32 nm the hole transport |ayer 13B nmade of

the conpedsitlos NBM td Bh& st eRewiollb. 18 1tHekonas &f indthdFasel Wheld ghd -em tting
| ayer 13C made of Alga mxed with 40 vol % of BSN-BCN with a thickness of

25 M g ELeei N dickFBARBRA'TH theYSit HRHRUa0r A3ELMbRR, Rroliibgkness of

48 nm an e secon lectro : _ Ag alloy wth a thickness
O 12, AT S0 5 el RSB PSEP  ol T
that the sign of b in 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 is 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 Algs
mixed with 40 vol% of BSN-BCN with a thickness of 25 nm, the electron
transport layer 13D made of Algs 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 is 30 nm.

Moreover, as another specific structure of the organic light-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



device 10R, for exanple, in the case where the peak wavel ength A of the
spectrumof light desired to be extracted is 635 nm a structure in which

" the first electrode 12 nade of a AgPdCu alloy, the hole injection layer 13A
made of 2-TNATA with a thickness of 18 nm the hole transport |layer 13B 19
made of the conpound shown in FIG 3 with a thickness of 37 nm the
light-emtting | ayer 13C made of Alga m xed with 40 vol % of the BSN BCN
with a thickness of 25 nm the electtdn transport |ayer 13D nade of Aig3
with a thickness of 48 nm and the second el ectrode 14 nmade of a MyAg

alloy with_a thickness of 12 nmare_ | ani nated i r i,s cited.. In this
case, dupde sy the cq&%p%u%%@ipwr&:l%fﬂ &gt%r‘@tbfattg@?‘&e@%ﬁf c3T pght themi tti ng
device 1OG satisfying Mathematical Formulas 5 through 9, for example, in

the casdightrringtingdagenk3wamere sfiqamired n@t}sé@dtql%mfdhelB%NtBGb%u red to
be extracted is 535 nm a structure in which the first el ectrode 12 nade
of chr omithmg thisknhed ef 6amapihe elepem bR spackelagfert8D avagahdlghown in
FIG 3 with a thickness of 55 nm the light-emtting | ayer 13C nmade of Al ga

m xed wivwith3a thicknebs cfuBanin)Gard the setdrid ket del 18Mmada of heMglaget ron
transport |ayer 13D nmade of Alg3 with a thickness of 33 nm and the second

el ect r odglobAwTRde tiditk Ao MIAY BhhOXralalmhindtéd) i kPRSSisRited2 TANGHAS BadedM nat ed
in order is cited. In this case, cis - 4.8 rad, L is 117n (nm, i is -

2.6 rad,gigtd@Znis 64n (nm, Li is 50n (nm), s is 23 nm 12 is -2.2 rad, tL2
s 53n (nn) L2 is 67n (nm), the average refractive index n between the

first end porti oy oBlA0dtiRuds st the b ARt gt BRicd A adhioe 1B aVer age

satisfying Mathematical Formulas 5 through 9, for example, In the case
where the péak wavelength A of the spectrum of light desired to be
extracted is 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. 3 with a thickness of 55 nm, the light-emitting layer 13C made of Algs
mixed with 3 vol% of Coumariné 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,
tL is 64n (nm), L; is 50n (nm), s is 23 nm, ®2 is — 2.2 rad, tLe is 53n (am),
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.

Moreover, as another specific structure of the organic light-emitting
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



the organic layer 13 is 1.7. Mreover, as another specific structure of the
organic light-emtting device 10G for exanple, in the case where the peak
" wavel ength A of the spectrumof light desired to be extracted is 535 nm a
structure in which the first electrode 12 nmade of a AgPdCu all oy, the hole
transport |ayer 13B 20 nmade of the conpound shown in FIG 3 with a

t hi ckness of 39 nm the Ilight-emtting |ayer 13C nade of Alga mxed with 3
vol % of Coumarin6 wth a thickness & 30 nm the electron transport |ayer
13D made of Alga wth a thickness of 33 nm and the second el ectrode 14

made of a MgAg, .alloy wt t hi ck of 12 nmare lam nated in order is
ci t ed. |waﬁ%i%f thes gompgup Sowinin \BIG Spwihy acthicknpse o e3%fm%1hgh%rgani c
light-emitting device 10B satisfying Mathematical Fornulas 5 through 9, as
in the chgbt amétting hayerpdak madel ehddes mised twishspewlouph Soumagind desi r ed
to be extracted is 450 nm a structure in which the first el ectrode 12
made of whihoaithimgkrese ofi @0ennt, rthesgectroh dyznsptd B lapatel D3P mhde @dridqund shown
in FIG 3 with a thickness of 36 nm the light emtting-layer 13C nade of

spi ro6c withhaathidhtieakngsis ain,3dndthetdeeord etédteddd nanapdeé toflaWegAg 3D nade
of Alga with a thickness of 12 nm and the second el ectrode 14 made of a

MyAG al | aopMehith a 3hidknekdI6E 52 Aim hée MM fellaNIRaLLLE difer BEthisTats ! €d.
Mor eover as anot her specific structure of the organic light-emtting

device 108 o Bi%exarrpl e, in the case where the peak wavel ength A of the
spectrum of Tight desired to be extracted is 450 nm a structure in which

As a specific structure of the organic light-emitting device 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 specific 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 hole transport layer 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 Alqs 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 1is cited.



the first electrode 12 nade of a AgPdCu all oy, the hole transport |ayer 13B

made of the conmpound shown in FIG 3 with a thickness of 20 nm the

" light-emtting | ayer 13C nade of spiro6l with a thickness of 34 nm the

el ectron transport |ayer 13D nade of Alga with a thickness of 12 nm and
the second el ectrode 14 made of a MgAg alloy with a thickness of 12 nmare
| am nated in order is cited. 21 The sealing panel 20 showmn in FIG 1 is

pl aced on a side of the drive panel2h0 closer to the second el ectrode 14,
and has a sealing substrate 21 which seals the organic light-emtting

devices 10R, | OG and 10B wiith the ad ive layer, 30. The al jng substrate
21 is made of Thersedngganel 29 hosieht Elf‘é ﬂilﬁﬁﬁac@ér?é‘r%ﬁ]é@ qfsrjr'%?ﬁjél‘ger gani c
light-emtting devices 10R, 10G and | OB such as glass or the |ike. For
exanpl e panet diloglosdx toethegedond eleeiyoded doandhkas acatigesustraie221 to
extract light generated in the organic light-emtting devices 10R |0OG and
10B, andvhichakads thextgamallightieghittingf deccad10R, 166 andjdABcwithgthe eni tti ng
devices IOR, 10G and 10B and wiring therebetween, thereby the contrast is

i mpr ovedidhBBRreC Py 30l t ETh@ 2sdmindoeublstpos el oz eiddeelnof sa dmatéribhe seal i ng
substrate 21, but the color filter 22 is preferably disposed on a side

closer t@andfifeft ituqié}ﬁngénewtecbeﬁmeoﬁgﬁi@Qig%-efnhiltﬁﬁF Ritess MOR, exposed

to the surface, and can be protected by the adhesive layer 30. The col or

L4, H0 U408 sy 9 e, SSESBNSE R iy 11T e
devi ces d]i(s)p%seldognatr}l% Is%ing & s‘ta%tiavﬁi Yo extract light generated in the |

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 light-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 1s adjusted to be lower.



The red filter 22R, the green filter 22G and the blue filter 22B each

have, for exanple, a rectangular shape, and are forned with no space in

" between. The red filter 22R, the green filter 22G and the blue filter 22B
each are made of a resin mxed with pignents, and by the selection of the
pigments, the light transmttance in a targeted wavel ength of red, green or
blue is adjusted to be higher, and the light transmttance in the other
wavel engths is adjusted to be | ower.222 Mreover, a wavel ength range with
high transmttance in the color filter 22 matches the peak wavel ength k of
the spectrumof light desired to be exlﬁ cted fromthe res nat?r
structure. ThéMewpvenmmgvelengthapnge grth high trrnsmytiange Metheetglong panel
20, only light having a wavel ength equivalent to the peak wavel ength k of
t he spediltem?2dmatches theoperk wawelanatho! pddbe spetirooyhl ﬁ&]@t degimed fa [ ter 22,
and external light wth other wavel engths can be prevented fromentering
i nt o t hébeoexfaatted! frght tlenmrddonatpr stevucines. 10Rerdb@Gaamchgl @BeriThlelighyani ¢
light-emtting devices 10R, 10G and 10B can be nanufactured through, for

exanpl e,intident ofrben th@ sbePRfg Fhisl 200 odly, liphtahdvify showavclongtlod of
manuf acturing the display unit step by step. At first, as shown in FIG

7A, the dguipdlet oot tREGeak? WS RStht e 8Pate- 9ss&ihMeds Madiey ikl baM th the

above-descri bed thickness is formed on the driving substrate 11 nade of

t he aboy, [ i t e oo I; CHIr
Sputter ie%lf&g%g piaggégs%ggp\a/ﬂgey%?%%g% rb%zz’uagﬁﬁg,ﬂ e? 18.?9(!31 g?rp 1ej,f dgﬁ I t hogr aphy

techni q%aaxtre(iertf&hs 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.

FiGs. 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, for 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 13D and the second
electrode 14 each of which is made of the above-described material with the
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.



patterned into a predeterm ned shape. After that, as shown in FIG 7A, the
hol e injection |ayer 13A the hole transport |layer 13B, the light- emtting
" layer 13C, the electron transport |ayer 13D and the second electrode 14
each of which is made of the above-described material with the
above-descri bed thickness are fornmed in order through, for exanple, vapor
deposition to formthe organic light-emtting devices 10R, 110G and 1 0B
shown in FIGs. 2 and 4. Thereby, the23lrive panel 10 is forned. 23 As shown
in FIG 7B, for exanple, the sealing substrate 21 nade of the
.above-described material is coated with the material of the red filter 22

through a spi dscawwinin K& 3B, forcexample, shel serangraubstrate 2% mpde e ned
t hrough a photolithography technique and fired to formthe red filter 22R

Then, aghsabomeidesaiilied ABeriadis coathe vosk shefinatesial of the redfil22R2 t he bl ue
filter 22B and the green filter 22G are forned in order. Thereby, the

seal i ng thaswgth 20 spin feontredethdfit er thbelikeahhdgthrpanelte?i@] dndpathermiid ve panel
10 are formed, as shown in FIG 8A the adhesive layer 30 is formed on

organi ¢ thi-@lgh 8 HItbIthogdg¥he ¢echltifue |43 Arel {DBrnAthered lter 2BRShoWn in
FIG 813, the drive panel "~ 10 and the sealing panel 20 are bonded toget her

wi th theradhesi e ANRIFRY. 7BNaB8hVkNecasdl of tHeSrdd Mlter! 321 StHY Bhty abl e that

a surface of the sealing panel 20 on a side where the color filter 22 is

formed ifﬂteqj EQESEHdS&eagr%e% 96s %%ﬁ B itfcglg%?cﬁgiﬁl ?f‘cﬂr ThySrefiNey i ve panel

10 and the sealing pane are e ( o conplete t'he di spl ay
unit shown,.in Flgﬁzo%s%hroqgh 4. In the display unit, when a predeterm ned

vol t age PRIRRAD orme
After the sealing panel 20 and the drive panel 10 are formed, as

shown in FIG. 84, 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 i1s 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 unit, when 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 several 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 Li between the maximum
light-emitting position 13E and the first end polrtion P1 satisfies

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



between the first electrode 12 and the second electrode 14, a current is
injected into the light-emtting | ayer 13B, and holes and el ectrons are
reconbined to emt light. The light is reflected several tines between the
first electrode 12 and the second el ectrode 14, and then passes through the
second el ectrode 14, the color filter 22 and the sealing substrate 21 to be
extracted. At this tine, the optical distance LI between the nmaxi num
light-emitting position 13E and the £4rst end portion Pl satisfies

Mat hemati cal Formula 6, so when light heading to the first electrode 12 in
24 the emtted light is reflected on the first end_portjion Pl and is

r et ur nedhe emndtehdhtds refected: e hhe sl ndpedids Pl nd ahgei¥nefle phase of
light heading to the second electrode 14 in the emtted light, thereby the
r et ur nedhki ghtseanf] thaeretugred hehtlihegomestihe samerme the @besgeoiilighiei nf or ce
each other. Moreover, the optical distance L2 between the maxi num|ight-
em tti nchaa@sh i on th3Esaoddt blectedondd eid ther eindtteB2light,i thiéreby Mg hemat i cal
Formula 7, so when |light heading to the second electrode 14 in the emtted

light i set@flicligHt @mdl e Sighernbadits RO rthieosecbdd alectisde Natreinfedee t he phase
of the retuned | ght becones the sanme as the phase of |ight heading to the

first e'e%%hrd% Er.lg/.léféoﬁ&‘? tBEhtRA] Histhhee LHBEARYer Hie miatimuAedidhitght and

the light heading to the first electrode 12 reinforce each other.

e o g, AT Gt Do e ok dgscar b
bet ween e 12k LGN 7503 WhleA%iBohEA ARG RN ofdctizeensl porti on
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 L1 between the
maximum light-emitting position 13E and the first end portion P1 satisfies
Mathematical Formula 6, and the optical distance La between the
maximum light-emitting position 13E and the second end portion P2
satisfies Mathematical Formula 7, so the phase of light generated in the
light-emitting 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

licht can reinforce each other, and the extraction efficiency of light

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



Mat hemati cal Formula 6, and the optical distance L2 between the maxi num
light-emtting position 13E and the second end portion P2 satisfies

" Mathematical Formula 7, so the phase of |ight generated in the
light-emtting | ayer 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-emtting position can becone the sane. Therefore, light reflected
between the first end portion P1 and2bhe second end portion P2 and enmitted
light can reinforce each other, and the extraction efficiency of |ight
gener at inthe light-egmtting |ayer 13C can be inproved. 25 [ Second
Enbodi o Jmb 1@i9§gnay unit according to a second enbodi nent of the
invention will be described below The display unit is equivalent to the

di splay unit e di riysplayt baitf aceardong dai peatcosdopmbodiment of th&cept t hat
the display unit according to the second enbodi nent conprises an organic

| i ght - eninventign deill be dedGribed| hedowg Theodigplayc uhity sy eq@iveddartt @ the ucture
shown in FIG 9 instead of the organic light-emtting device 10G of the

di spl ay displayaesiendiadii@ts tee firsisdémbodioatimestow e FIGS p] excepnithaiccor di ng
to the second enbodi nent can be manufactured, act, and provide effects as

in the Gasedigplalyh@nitidcebrEBALEItHBNecordehftodiRent ich@peabAResissnds €

denoted by. |1ké nunerals as of the first enbodi ment and will not be
further i hQuldi e dtding Vii§ey ARG igrmtaps cal | ed
green |o1 sp Ig#es e%%-@@%g/(iﬁ%g, gnﬁgnn%éaerh@t %pﬁ gﬁt at ar?lfnt erface of

the | ghstHown in FIG. 9 instead of the organic light-emitting 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 1s 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 position 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 example, a
hole injection layer 43A made of 2-TNATA, 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-



emtting |layer 43C on a side closer to the second electrode 14. Nanely, a
maxi mum light-emtting position 43Eis the interface of the ligbt-emtting
" layer 43C on the side closer to the second el ectrode 14. Moreover, the
organic light-emtting device 40G has the same structure as the organic
light-emtting device 10G except that the organic | ayer 43 has a different
structure. The organic |ayer 43 has a structure in which, for exanple, a
hol e injection | ayer 43A made of 2- TMATA, a hole transport |ayer 43B nmde
of the compound shown in FIG 3, a light-emtting |ayer 43C nade of

4, 4' - bi s(carbazol e-9-yl) bi phenyl ( CBP nsxed with 5 val%of tris[2-(2-

pyri di nyhdthiydByquiochinolatpXpwhetyiphenolate) Honsnwms (k1) dPdlasamdrgde of bis(2
26 net hyl - 8- quinolinolato) (p -phenyl phenolato) alumnum (I11) (BAQ),
and an eddctrdr trartsparslayer 438y erade3dd Aedeareflaniigatet m bedernftomdthien or der
fromthe first electrode 12. The optical distance L between the first end
porti on firdt akdtriode 12second end portion P2 of the resonator, the optical

di stance Lz between the mnmaximumlight-emtting position 43E and the first

end portion PhheagskitdledisfideC Bl bélividedn tite 184 sbendepartidie MRshdUiRe
light-emtting position 43E and the second end portion P2 preferably

satisfy s%ﬁlﬁéﬁ& oo PIYE &% resohBERYUIRe ?gﬁﬁaf BistdieeCBS Be@ed hd 1 1 St

enbodi e a‘specific structure satistying Mathematical Fornulas 5

N R E Y M S Lok
im;]j lelcg Ih %:Hti%gf idis%gn}:g Lg%e%v)%ér? %ilgdmia}%ixé%% 1&?1t‘gm§£tﬁzl1]gc E;Hgi%ioinn&éﬁdg{nn(ﬂ the hol e
the second end portion P2 preferably satisfy Mathematical Formulas 5
through 9 as in the case of the first embodiment.
As a specific structure satisfying 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 of 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
preferred 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,



| ayer 43A with a thickness of 15 nm the hole transport |ayer 43B wth a

t hi ckness of 25 nm the light-emtting |layer 43C with a thickness of 30 nm
" the hole block layer 43F with a thickness of 10 nm the electron transport
| ayer 43D with a thickness of 40 nm the first el ectrode 12 nade of
chromum and the second el ectrode 14 nade of a MgAg alloy with a
t hi ckness of 12 nmis cited. Although the present invention is described
referring to the preferred enbodi mehts, the invention is not linmted to
t he enbodi nents, and is variously nodified. For exanple, the materials and
the thicknesses _of the layers, filmform ng ngthods,.filmformn
Condi 1 G alhe* bickneases, RSt ook B Eor R QBE o Bcich ] Gpheh duB?
enbodi nents, and any other materials, 27 any other thicknesses, any other
fil m f ofpAmAERETeeoRedEoRN dmaRy bet wawlicable.  doni sEaEBMRI dRokBe nahore
applicable. For exanple, in the above enbodinments, the case where the
first eleachodigents, theeawr gdwire thaylrst dectande tle thecwgani everode 14 are
formed on the driving substrate 11 in order, and light is extracted from
t he sealdnigthposeebnd@lédratizsts nbefrnbad ot bhy drbwing Bebstratedl iin orderr se
order, that is, the second el ectrode 14, the organic |ayer 13 and the

first elg@ Ii?H?islgxﬂfﬁbteﬂefrd‘)ﬁrﬂHédse%miﬂgM@aM!ZQ hodedebedabat thdy nmayor der ,
thereby |ight can be extracted fromthe driving substrate 11. Moreover, for

exanpl epe Rorh{ie SIHedi iR Sler! PR (C 88 &HANGIBnlNGebirbd 140!106! 51RGIE S an
anode, and the second electrode 14 i's a cathode is described, ~but the

e, U Sl A B 01 305057 1 BRI ShFpAg oo be
11 in order, thereby light can be extracted from the driving substrate 1_1.

Moreover, for example, in the embodiments, the case where 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 driving substrate 11.

In the above embodiments, the specific structures of the organic
light-emitting devices 10R, 10G 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 hole
injection made of chrominum oxide (III) (Crz0s), 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,



t he second el ectrode 14 is the anode, the second el ectrode 14, the organic
| ayer 13 and the first electrode 12 can be fornmed on the driving substrate
" 11 in order so as to extract light fromthe driving substrate 11. In the
above enbodi nents, the specific structures of the organic light-emtting
devices 10R, 10G and 10B are described, but it is not necessary for the
organic light-emtting devices 10R, 10G and 10B to have all |ayers, or the
organic light-emtting devices 10R %®G and 10B may further have sone

ot her | ayer. For exanple, a thin filmlayer for hole injection made of

chromnumoxide (I11) (Cr203), 1TO (indiumtin oxide: m xed .oxi de film

i ncl udi fd Heg adhesive layer 53 ﬁn%ﬁ?)fgﬁ%dt%l o PTRISER S Sl ok STHRET | 1 st

el ectrode 12 and the or%ani c layer 13. The organic light- emtting devices
10R, 10domedampie,ide festcdeasreds W canhasreor d¥107 lager siructure Ehwhielc adnesi ve

| ayer 30 may be fornmed on the protective film Further, for exanple, the
first elettmnsgerd® wadubtive fdnt isofokenedrors artap tpertionmiwhieflectigetilamspar ent
conductive filmis formed on a top portion of a reflective film such as a
di el ect rsughnad i dRYestriti hodtiBlyesrfilitheAl bkehellikd.hiln tdaseasanaanend sur f ace
of the reflective filmon a side closer to the light-emtting |ayer

constit W@fcanof itk Reflbiidve ¢imt bR 4 esdNalsep bt tHaNlighbeniibEngrlagepar ent
conductive filmconstitutes a part of the resonant portion. Mreover, in

the abovg,efpad "BRtchd Pbﬁi&?ﬁﬁ et &ohhat SRTERH, 8l Ehd Aenskhrbst Made of a

sem -transparent reflective |ayer is described, but the second el ectrode

i1, 84830 SO A ISR et ot ve aver

Moreover, in the above embodiments, 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 laminated 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 material 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 between so that the transparent electrode becomes a resonant

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



fi-rst electrode 12. The transparent el ectrode reduces the electrical

resi stance of the sem -transparent reflective layer, and is nade of an

el ectrically conductive material having sufficient translucency to |ight
generated in the light-emtting layer. As the material of the transparent
el ectrode, for exanple, ITO or a conmpound including indium zinc (Zn) and
oxygen is preferable, because the conpound can obtain good el ectrical
conductivity even if filmformation 2% carried out at roomtenperature. The
transparent el ectrode can have, for exanple, a thickness of 30 nm to 1000
nm In this case, a resonator structure in which the sem -transparent
ref | ect ireeonatpestiusture Bnforpsds the orgapict rghisemaitingdeees ileﬂw '1§6di sposed
in a position facing the sem - transparent electrode with the ,

t r anspamexdt 10B| st comeed rwithtavpeotestive Halm trhede 0f is praterial dlaaeng dde becones
a resonant portion may be fornmed. Further, it is preferable that while
such a 28fraetioadhdex Hquiedlene tostHeonmmadrial hd threganinephigitt eleniotleng devi ces
10R, 10G and 10OB are covered with a protective filmnmade of a materi al

havi ng dech@dd Afd pivRedtDeteRlR @b \Bhefitutet bt sfatheresbnait pdrgion. anspar ent
el ectrode, because the protective filmcan constitute a part of the

resonant port g, ; ioRVRNLH Picdble 3BPA ire 8l ot QtAdtPORARIWhichl fect ure in
whi ch t he seggl%dmé;:agglltor o%e iil% IS ?rade (])Cf theotransparerllt ellectrode, and an

end SULLagt AlAReid ANSPIUEAL ! 8R! AdSORCA, URAROSAY Sl Gudf1e Or gani ¢

| ayer ctance, and an en urface of th irst electrode
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Oppos| te13t ﬁaé eg}?rrgﬁgci:t%nce, 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



| ayer 13 is the second end portion. For exanple, the transparent el ectrode
may contact with an atnospheric |layer so as to increase the refl ectance of

" an interface surface between the transparent el ectrode and the atnospheric
| ayer, thereby the interface surface may be the second end portion.
Further, the reflectance of an interface surface with the adhesive |ayer
may be increased, thereby the interface may be the second end portion. The
organic light-emtting devices 10R, #0G and 10B nay be covered with a
protective film and the reflectance of an interface surface wth the
protective fjl mmy be increased, therehy the interface surface may be the
second @RHcabdstance lagbetawen; b&»@oﬁea%d/@ndmrtlﬁa and theatpagapuee lightor di ng to
the invention or the display unit according to the invention, the optical
di st ancemiftinpepogitiont isetisfies t MatbepaticabnFamaulehe2 mlMatﬂnghta]em tting
position satisfies Mathematical Formula | or mathematical Fornula 3, and
the 30 djptrircdd 4]isetthecehds? dfeli gle pendratsd dionte dightpenttitony kydr tanel maxi num
light- emitting position satisfies Mathematical Fornula 2 or Mathenati cal
For mul atHe phasé bergthased dight ivelith deRefledted onnthehrst iegldt paadicht drghd ayer and
t he phase of returned light which is reflected on the first end portion or

the segpafhdesyt PertidAndng rbtur@HUoned ﬁghtté}ﬁnlc] cs@ﬂbhfcbﬁgoeoﬂﬁ; tion can
be the sane as each other. Therefore, light ref ed between the first

end por sgér}%}{ﬂ% 2 €U H0d lﬁ’%ﬁfe%cf’é?ﬁb%%{b%&ﬁ}&dﬁ}ét%% e;? nEle' nforce

each ot extraction efficiency o t generat t he
I ght- eranmﬁt h%gsécoylgrenf %Brt?gn'a rgt\all(laéjrated light can reinforce each other,

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 scope of the appended claims the invention

may be practiced otherwise than as specifically described.



Obvi ously many nodi fications and vari ations of the present invention are
possible in the light of the above teachings. It is therefore to be
understood that within the scope of the appended clains the invention nay
be practiced otherw se than as specifically described. 31 CLAIMS: 1. A

di spl ay device, conprising: a light-emtting | ayer between a first

el ectrode and a second electrode; and a resonator structure resonating

| ight generated in the light- emtting | ayer between a first end portion.
and a second end portion, wherein gn optical distance Li between the first
.end portion and a maximum light-emtting position of the light-emtting

| ayer satisfies Mathematical Fornula 1, and an optical distance L2 between
t he seceh8IMfid portion and the maxinmumlight-emtting position of the
light-emtting | ayer satisfies Mathematical Formula 2. [ Mathenati cal
Formula 1] Li=tlLx+ai (2tL1)/ A = (D/(2 ?L)+nx (where tL1l represents a
theoretical optical distance between the first end portion and the nmaxi mnum

:ight-enﬁtting Rgﬁgﬁnghwﬁﬁ,b@@_Qﬁﬁméﬁ a correction anount based upon a
ight-emtting distributionin the light- emtting |layer, A represents a
peak vavel engf h; it ARLERCIAFUMREwbEANE 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 hght-emitting position of the light-emitting layer satisfies
Mathematical Formula i, and |
an optical distance Lg between the second end portion and the
maximum light-emitting position of the light-emitting layer satisﬁes
Mathematical Formula 2.
[Mathematical Formula 11
Ly=tly+ay
(2tL)/ A =— @12 T)+m;
(where tL; represents 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
desired to be extracted, ®; represents a phase shift of reflected light
generated in the first end portion, and mj; is 0 or an integer.j

[Mathematical Formula 2]

Lo=tLz+as



desired to be extracted, (Dl represents a phase shift of reflected |ight
generated in the first end portion, and m is O or an integer.)

[ Mat hematical Formula 21 L2=tL2+a2 32 (2tL2)1 ? = - c2/(2 t)+n2 (where tL2
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 &pectrumof light desired to be
extracted, 02 represents a phase shift of reflected light generated in the
second end portion, and n2 is O or an integer.) 2. A display device
according to &@2WE_M2§THmhe correction anount al satisfies

Mat hemati cal Fornmula 3, and the correction anmbunt a2 satisfies

Mat hermat i cal Fohemnd L4 repidsehésrat ithedreFonmopsicall distanbé | egeesh) thenhere b is
a value within a range of 2nsbs6n in the case where the light-emtting

di stri bgbéond émd pbeLidn ahd-idiei ﬁ}bkﬁﬁuhﬁMth-@ﬁiﬁﬁlﬂg pb&i@ivnt A8 repESEALEM
light-emtting position to the first electrode, or a value within a range

of -6NnCh; &rrectZdh hthdhif WARE WK & I_ti%‘l?tc-)éﬁﬂmniﬁiétﬁb%io%i f# thdthen extends

fromthe maximum|light-emtting posi n to the second el ectrode, s
repr esephSti@nPNYsacah ' td tlyey; b ght -
emtti n_gh%lt s??i éﬁtlﬁon ?1 r%! ﬁ%ﬁq]‘éi%ﬁ%_ﬁgmﬂtb t§ %%8‘ ayoref?%h@nérgégt%%nag\}grl%%%
refract 'Q¥&ired to be extracted, P2 represents a phase shift of reflected hght

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

2. A display device according to claim 1, wherein

the correction amount a; satisfies Mathematical Formula 3, and the
correction amount as satisfies Mathematical Formula 4.

[Mathematical Formula 3]

a1=b(loge(s))

(where b is a value within a range of 20=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 maximum light-emitting position to the second electrode,
s represents a physical value (1/e decay distance) relating 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 extracted.)
[Mathematical Formula 4]

ag=—ai



i ndex between the first end portion and the second end portion in the peak
wavel ength A of the spectrumof light desired to be extracted.)

[ Mat hematical Formula 4] a2=-ai 33 3. A display device according to claim
| or 2, further conprising: an organic layer including the light emtting

| ayer between the first electrode and the second el ectrode. 4. A display
unit, conprising: a display device conprising a light-enitting |ayer
between a first electrode and a seggnd el ectrode, and a resonator
structure resonating |light generat inthe light-emtting | ayer between a
first end portion and a second end portion, wherein an optical distance Li
between the first end portion and a nmaximumlight-emtting position of the
Iight-enitting | ayer satisfies Mathematical Fornula 5, and an optical

di stance L2 second nd, poytion and_t maxi num | ight-emtting
position of %S@ﬁy Hcft%cﬁgqgﬂ%é‘?c%ﬂ“i Qf’f 2 mr%ﬁ?"h%??ﬁ‘&lg For nul a 6.
[I\/athematlcal FormJI 51 . Li i (2tL)1 A, WneretLI
represents a2BfEERBICGIager Higl Pé @%ﬁéﬁ%@&éﬁ%%ﬁ@ ?‘?IF }E‘egﬁ portion
and the_maxijrum|]ight-em_tting (E)OSI'[IOI’I represents a

electrode and the second electro

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 thé light-emitting layer satisfies
Mathematical Formula 5, and |

an optical distance Lz between the second end portion and the
maximum light-emitting position of the light-emitting layer satisfies
Mathematical Formula 6.

[Mathematical Formula 5]

Li=tlg+ay

2tL)/ A =—@1/(2 7 )+my

(where tL; represents 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



correction anmount based upon a light-emtting distribution in the |ight-
emtting |layer, A represents a peak wavel ength of the spectrumof |ight 34
" desired to be extracted, t i represents a phase shift of reflected |ight
generated in the first end portion, and nx is O or an integer.)

[ Mat hemati cal Formula 61 L2=tL2+a2 (2tL2)/ A= -- (D2/(2 Ir)+n2 (where tL2
represents a theoretical optical distance between the second end portion
and the maximumlight-emtting positBén, a2 represents a correction anount
based upon a light-emitting distribution in the light- emtting |ayer, A
represents, a peak wavel ength_of the. spectryum of L%gh{ ﬂesireﬂ ﬁo be

ext r act éiesiretdpto digr estiacted, Phateprepsnts 8f Phase shilqor rgfectedelightited in

t he second end portion, and n2 is O or an integer.) 5. A display unit

accor di rgenesatedairhhe fisshendinortine, sod reris Gar andniieea) satisfies

Mat hemati cal Formula 7, and the correction anmobunt a2 satisfies

Mat hemat i cal  EhfathématRal Foemmdaré] i cal Forrmula 7]  ai =b(l oge(s)) (where b
is a value within a range of 2n:5;b;:56n in the case where the

light-em ttingeegtki#dsbution in the light-emtting | ayer extends fromthe
maxi mum light-emtting position to the first electrode, or a value within a

range of. -6n$PF.H/n=HGi/Eriass Where the light emtting distribution
extends fromthe maximumlight-emtting position to the second el ectrode,

(where tLz 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, @2 represents a phase shift of reflected light

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

5. A display unit according to claim 4, wherein

the correction amount a; satisfies Mathematical Formula 7, and the
correction amount a2 satisfies Mathematical Formula 8.

[Mathematical Formula 7]

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=Db=—2n in the case where the light emitting distribution
extends from the maximum light-emitting position to the second electrode,
s represents a physical value (1/e decay distance) relating to the light-

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



s represents a physical value W decay distance) relating to the |ight-
eémtting distribution in the light-emtting |layer, n is an average
refractive 35 index between the first end portion and the second end
portion in the peak wavel ength k of the spectrumof |ight desired to be
extracted.) [Mathenmatical Formula 81 a2= - al 6. A display unit according
toclaim 4 or 5 further conprising: an organic |layer including the |ight
- emtting | ayer between the first e%%ctrode and the second el ectrode.

index between the first end portion and the second end portion in the peak
wavelength A of the spectrum of light desired to be extracted.)
[Mathematical Formula 8]

az=—4al

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.



