;e3ei ki hd: 606f TLU), >~ r . - BACKGROUND OF THE I NVENTION 1. Field of the
Mnvention The present invention relates to display units and particularly
relates to an inprovenent in a display unit including an organi.c EL device.
2. Description of the Related Art A typical organic elect?mm” 1 (EL)
device has a conposite structure including an organic EL mmmmmm&hed
by el ectrodes, one el ectrode bei ng conposed of a netal such ag 5oqb UM
the other being a transparent el ectrode_conposed of) for exanpfe, i ndi um
tin oxide (1TO. A proportion of light &nftted fromthe organi ris
directly output through the transparent el ectrode, while lm@m‘mﬂmuﬂlﬂm
toward the netal electrode is reflected by the netal elect ut

t hrough the transparent el ectrodepiesigynanNgt ght i nci dent on 13251 gani c
EL | ayer through the transparent electrode is also reflected by the netal

el ectrode and then output through the transparent el ectrode. That is, the

external light is added to the internal light emtted fromthe organic EL

| ayer for BAGKGROYNBNOFN®HE. INWBNTIONder external |ight, such as daylight,
the contrast of the inage decreases. A display unit that prevents such a
decrease nn Fleld- o2 tBenth@shtiéndi scl osed i n Japanese Unexam ned Patent
Application Publication No. 9-127885. The display unit has circul ar

pol ari zati on nMBaaspredent isventhbomi ratabes ofo adismbay poitsiaed and a
gquarter wave plate, at a light emtting face. Since the direction of
circul ar periirpiardy velahesekoeanalimprghementoppoai gdspdayhundkrecti on of
the circular polarization reflected by the display unit, the external |ight
i s bl ockednglufdhrgcapcarganpsel Bki davien-neans. Japanese Unexani ned Pat ent
Application Publication No. 2000315582 di scl oses an organic EL device
havi ng a ¢isi BPECFLBREOBLSEr BigReAFERALRFHeen a cat hode and an organic EL

Ot ko e R e e e Bl
ES0ect BT HPRLEEPA "FabhoEFS 8. BhoRhLErRE) phuAR' eShiGLbAY 1
h fl i R L.gh f th i gh
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an organi g.EL+di y Lt e scl i e ) at ent
Aopl 1 cati o5 Bblaan oTRoo thE000558s B arep et L I REs T 1 1 gt

transm ssgeippsal bf,t B8rr aRARp PE, 49RAa1i am S8 Nek1d8e(oregn falter is

di sposed on a green organic |um nescent |ayer.
proportion of light emitted from the organic EL layer is
directly output through the transparent electrode, while
light output toward the metal electrode is reflected by the
metal electrode and output through the transparent electrode.
External light incident on the organic EL layer through the
transparent electrode 1is also reflected by the metal
electrode and then output through the transparent electrode.
That 1s, the external light is added to the internal light
emltted from the organic EL layer for forming an image.
Thus, under external light, such as daylight, the contrast

of the image decreases.

A display unit that prevents such a decrease in



i~ 1 - 3 These known technol ogi es, however, have the follow ng

di sadvant ages: (1) Although the display unit disclosed in Japanese

Unexam ned Patent Application Publication No. 9-127995 can effectively
suppress the reflection of external light, the unit decreases the
transmttance of light fromthe organic EL |ayer. Thus, the |lum nance is at
nost 50% (2) In the organic EL device disclosed in Japanese Unexam ned

Pat ent Application Publication No. 2000-315582, |ight fromthe organic EL

| ayer is absorbed in the visible Iighf-%béorbing | ayer. Thus, the | um nance
is at nost 50% (3) In a conmbination of RR G B filters and corresponding R
G B pixels, the reflectance of external light is about 30% Thus, the
external koghirast aet dektaokedeliyy vapanede GhbiARINOE PhEehNVENTI ON An

obj ect of the present invention is to provide a display unit that can

si gni fi caAppbisappoasfubldeateéancNbn 6eh27885.calseddbyprayennak haght

w t hout a decrease in |lum nance of an inage. According to an aspect of the
present i piepuilamr paldriphéiyounmeansppwhiel itsda gombhnathdnbbéieapi xel s
arranged in a predeterm ned sequence; and a filter that absorbs one |ight
conponent 14ekert pdlardéres avd hi ghartenmpwaevetplatgreah ai ghghtonponent, and
a blue light conponent, the filter - 4 Dbeing arranged at the output

si de of | eghttidngafache i AEhdenthei dérectiqnepfiatircgharopopaxdeatybncol ors
that are not selected. In the display unit, the filter may be a

green- | i gREabber BrEGTRALt dighthésf prpesibei kg bheafddvechionnefothput side
of light or at _the incident side of external light of the red and bl ue

pi xel s. | GirpelarspragriaptionaEffoectad beJtheretsplanduBite phkel s may
have a structure_including an o%%anic EL | ayer hetween a reflective |ayer

?ndha traﬁ§ﬁﬁﬁ§ﬂﬂ ﬂ&g@?,i h@lPP r bEeithg & ﬁﬁ&%ﬁzﬂp%QRi%iﬁﬁﬁﬂ NG -of
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Al fernati JepghesachipgrapsBeflcnataRthbp e bian BrnbiSabighnise " Debilct ure
'”C'“d'993§$585989'§1§Le'aXSr P§SM§8”EE §8T4 & t@%@ikgygr g et ransl ucent
reflective Tayér, the Tirtar Be ng arranged a e 0 tpuY S|%e of light or

at the i nghdaplaphdeyohqexhelaaheLuobh g7 chbEobLanshuss s aRIECkE Ve | ayer

5. According to another asp e present 1nvention, a display unit
conprisesyppdy. green, and blue pixels arranged in a predeterm ned sequence;
ared-light-transmtting filter at the output side of light or at the

inci dent side cdr1exteInedrs igdvided hen mesh NiRgE] Sgreddifl @), and blue
blue-lighttransmtting filter at the output side of light or at the

i nci dent ¢Bielbghexemintingi phkebé ahé tlramsmitelsg viberrj nGnoahdlBer is

arranged at the output side of light or at the
light components, respectively, can suppress the reflection
of external light other than the R, G, and B light
components. However, these color filters cannot suppress
the reflection of the R, G, and B light components of the
external light. Accordingly, this organic EL device also
has a low contrast. Furthermore, an organic EL display unit
disclosed in Japanese Unexamined Patent Application
Publication No. 2000-3786 has a green color with a main
light transmission peak in the range of 490 to 530 nm. The

green filter 1s disposed on a green organic luminescent

layer.



f+1 - 5 incident side of external light of the green pixels.

G, and B-light-absorbing filters is used to reduce external

The present
i*'nventii on exhibits the foll owi ng advantages: (1) Since only one of the R,

i ght

reflection, only . one type of material and only one patterning process are

required for formng the filter. (2) In particular, only a

G -light-absorbing filters is provided at the output side of
the incident side of external |ight of R and B pixels; thus,
is significantly inproved, and only one3type of material and
patterning process are required for formng the filter . (3)
pi xel s contai ning the organic EL device each have an optical

i ght or at

t he contr ast

only one
Si nce the
resonat or

structure, thegaeBex®hswhatechhnehobhiedht neGevet4) naveRthegbitibaaagi tting
filter and a B-lighttransmtting filter are provided at the output side of

light or @fidd@&rdnteigésnt side of external |ight of the corresponding red

and blue pixels. Since these filters effectively absorb external |ight, the
contrast i(9)siagniloveantdhe iaipplwed.unBRl G sBEoeBAPTNOYaganbde DRAW NGS Fi gs.
| Ato 1D are schematic plan views each f r - 6 illustrating a

conbi nat i Unesfaringid Padentti Appliixaltd oan®udlfichtaon( Mo .f id-terr9psacaer di ng to
the present invention; Fig. 2 is a cross-sectional view of a light-emtting
effectively suppress the reflection of external light, the

unit decreases the transmittance of light from the organic

EL layer. Thus, the luminance is at most 50%.

(2) In the organic EL device disclosed in Japanese

Unexamined Patent Application Publication No. 2000-315582,

light from the organic EL layer is absorbed in the visible

light-absorbing layer. Thus, the luminance is at most 50%.

(3) In a combination of R, G, B filters and corresponding R,

G, B pixels, the reflectance of external light is about 30%.

Thus, the external light is not effectively removed.

SUMMARY OF THE INVENTION

An object of the present invention is to provide a

display unit that can significantly suppress a decrease in

contrast caused by external light without a decrease in

luminance of an image.

According to an aspect of the present invention, a

display unit comprises red, green, and blue pixels arranged

in a predetermined sequence; and a filter that absorbs one

light component selected from a red light component,

a green

light component, and a blue light component, the filter



pi xel according to a first enbodi nrent of the present invention; Fig. 3 is a
graph 'of the external light reflectance of a light-emtting pixel not
having a G |light-absorbing filter; Fig. 4 is a graph of the lumnnosity
curve of the naked eye; Fig. 5 is a graph of the external |ight reflectance
including the lumnosity; Fig. 6 is a graph of transmttance of a GIlight
absorbing filter; Fig. 7 is a graph of the external |ight reflectance
including the G1light absorbing filter; Fig. 8 is a graph of.the external
light reflectance including the |umimodity and the G i ght-absorbing
filter; Fig. 9 is a table showng the relationship between R, G and B
light-emtting pixels having or not having filters and the | um nous

el i e b CERe R ARle MEN Sin A el 1110 pivel
incident side of external light of pixels of colors that are
not selected. ,

In the display unit, the filter may be a green-light-
absorbing filter, the filter being arranged at the output
side of light or at the incident side of external light of
the red and blue pixels. In the display unit, each of the
red, green, and blue pixels may have a structure including
an organic EL layer between a reflective layer and a
transparent layer, the filter being arranged at the output
side of light or at the incident side of external light of
the transparent layer. Alternatively, each of the red,
green, and blue pixels may have a structure including an
organic EL layer between a reflective layer and a
translucent reflective layer, the filter being arranged at
the output side of light or at the incident side of external
light of the translucent reflective layer 5.

According to another aspect of the present invention, a
display unit comprises red, green, and blue pixels arranged
in a predetermined sequence; a red-~light-transmitting filter
at the output side of light or at the incident side of
external light of the red pixels; and a blue-light-~
transmitting filter at the output side of light or at the

incident side of external light of the blue pixels, wherein

no filter is arranged at the output side of light or at the



Figs. 11A to 11D are cross-sectional views of [|ight rr 7 emtting

pi xel s according to a third enbodi ment of the present invention.

DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS First Enbodi ment A first

enbodi ment of the present invention will now be described in detail.
Referring to Fig. |lA) R G and B light-emtting pixels are arranged in a
predeterm ned sequence in a two-dinensional array. Inthis drawing, R G
and B pixels are repeated in the X direc¢tion, whereas pixels of the sane
color are repeated in the Y direction. conbi nati on of consecutive R G
and B pixels in the X direction constitutes an inmage pixel P. In this
enbodi nent, the R pixels and the B pixels each have a G i ght-absorbing
filter FGiacideat sade difspixtersiade 1Glghghtofoihautgrdede pirxedg.er nal - | i ght
incident side) thereof. The G pixels have no filters . Fig. 2 shows a
conposi te strurherprefean RnoenBibhgbkheébitki thepifoadllowAngef| ective | ayer
12, which is conposed of Pt, Au, C, or Wand which also functions as an
anode, i sadepotiegeg:on a gl ass substrate 10. A buffer |ayer 14 conposed of
m MIDATA, 2- TNATA, or the like is deposited on the reflective |layer 12, and
a hol e trddgpéinceapolyl eneowfosde &-,aGNRPDamd tBhd ighite absdmximed on t he
buffer layer 14. A |lum nescent |ayer 18, which is conposed of Al g3 or r
the |i ke &Adtemschsabsedf kocrieduceaexieraadetldghtt mefdesttidnayenlyi s formed |
on the hole transport |ayer 16. The buffer |ayer 14, the hole transport

| ayer 16, cardtiyRe pPinmadesdal pageeniy @6#5ﬁ*fQHQ¥Q%¥QMH£9ﬂQ§SE@Heayer 20. A
translucent reflective |layer 22, which is congosed of a My-Ag alloy and

whi ch aIs6eﬂHﬁ€?ﬂoﬁ§ra§°§mé&9hGB§ fidtg&posited on the organic EL |ayer 20.
A transparent conductive | ayer 24 conposed of ITO or the like is forned on

the transddehf PéFFéEP#@g | &Y 926544 9B tyabSaFRINgh tHYRTSs 18 nposed of
oo BB FSHES B BRIV Bl o
film26. Bretgtabhdat RighRedser Ghat BEBExbLS" £nisS %%efgéﬂ?¥%st is
significantly improved, and only one type of material and
only one patterning process are required for forming the
filter.
(3) Since the pixels containing the organic EL device each
have an optical resonator structure, these pixels have high
brightness.
(4) an R-light-transmitting filter and a B-light-
transmitting filter are provided at the output side of light
or at the incident side of external light of the
corresponding red and blue plxels. Since these filters
effectively absorb external light, the contrast is

significantly improved.

BRIEF DESCRIPTION OF THE DRAWINGS

Figs. 1A to 1D are schematic plan views each



(1) reflective layer 12: 100 to 300 nm (2) buffer layer 14: 15 to 300 nm
(3) hole transport layer 16: 15 to 100 nm (4) lum nescent layer 18: 15 to
100 nm (5) translucent reflective layer 22: 5 to 50 nm (6) transparent
conductive layer 24: 30 to 1,000 nm and (7) passivation film26: 500 to
10,000 nm The operation of the light-emtting pixels willl now be descri bed
with reference to Fig. 2. Afraction F1 of light emtted fromthe

| um nescent |ayer 18 of the organic EL |ayer 20 passes through the

transl ucent reflective layer 22, the fr8n3parent conductive | ayer 24) and
t he passivation r_gfilm26 and is incident on the G 1ight-absorbing
filter FG Another fraction F2 of the light emtted fromthe | um nescent
layer 18 ig1netraeing Aycbhbihaénshusentiphtlemtiitt@ngayakedd and he
reflective layer 12. In other words, the translucent reflective |ayer 22
and the refileeti yorl ayetets)cansbratihg 86 @pki pgkseasonatentibhyct ure that
causes multiple interference of light. Since the optical resonator
structure funig@ns2 abs aa tgpesHisaariovabantledi of esa, 11grt hahitwindgh of the
spectrum of the output |ight decreases, resulting in inproved chromatic
purity. Tphexpkakcwavdlisggth af fihstnambodilmend biffl the pxeleadght into |ine
with the peak wavel ength of the spectrumof the output |light. Mre

speci fi cathyenthenpeak wavel ength of the spectrumof the light emtted and
output fromthe organic EL | ayer 20 satisfies equation (1): 2L/h + ~/2n = m
(m integer) (Ahgwhdris m lgragh esferthe téetepmatalighttnettepbaneenct he
reflective |layer 12 and the translucent reflective |ayer 22 (optical

t hi cknessaotight-erghhingpixeyepopohaving a FepigbénabspnPiplase shift
(radi an) between the |ight conponents reflected by the transl ucent

reflecti vBH1B§Ei 22 and the reflective layer 12. Preferably, the optical

di stance L and t he peak wavel ength ~ are both on the sane_order.

I n
practice, thedet9alties® £ S1ARN Qf (Hhe PHRinogity 1arvg eEafbei Rekede L of

the optical resonator has the positive
eye;

Fig. 5 is a graph of the external light reflectance
including the luminosity:
Fig. 6 is a graph of transmittance of a G-light-
absorbing filter;
Fig. 7 is a graph of the external light reflectance
including the G-light absorbing filter:
Fig. 8 is a graph of the external light reflectance
including the luminosity and the G-light-absorbing filter;
Fig. 9 1s a table showing the relationship between R, G,
and B light-emitting pixels having or not having filters and
the luminous reflectance;
Fig. 10 is a cross-sectional view of a light-emitting
pixel according to a second embodiment of the present
invention; and

Flgs. 11A to 11D are cross-sectional views of light-



mnimumw thin the range satisfying equation (1) above. Such a condition
agrees with a condition for maxim zing the light transmttance. In other
words, this condition mninmzes the reflection of external |ight.
Concerning the external light, Fig. 3 shows the external |ight reflectance
R(7~) of the light-emtting pixels when no GIlight-absorbing filters FG are
provided. In Fig. 3, spectra R, G and B represent the refl ectances of the
external light at the R G and B light-emtting pixels, respectively. As
descri bed above, the optical resonator fust minimze the reflectance of the
external light. For exanple, in the Blight-emtting pixel, the reflectance
of the B external light (about 450 to 500 nn) is mnimzed. The

reflect aneﬁﬁteinghsifeﬁada&&@bﬁ egbt hi PH1PEXBMBoA i ReAkSOESRAWN in Fig. 3.
Fig. 4 shows a lumnosity curve y(7~), which indicates the sensitivity of
the nakedpgyent NEnéehivEoas a maxi mumin the green region. Thus, the naked
eye observes the external |ight reflectances shown in Fig. 5, mhlch are
products of the reflectances R(~,) shown in Fig. 3 and the lum nosity curve
y(~.) shown in Fig. 4. According to Fig. 5, the reflectance at each peak
wavel engtte©EREPTIONCOF | THE PREEERRED| EMBODIMBRTSr der of a few percent. For

exanple, the reflectance of B external light at the Hlight-emtting pixe
i S subst afttrat | Bmized tmeet cent. As shown by an arrow - 11 F5 (at a
wavel ength 550 nm, the reflectance of G external light at the R

light-emttind fiixalt iem@dimerid afhelreefpset emic elofer® on ewhbl nowhbe at t he
Blight-emtting pixel is about 0.4. These val ues are consi derably high

| evel s. |desénEbedbbuli debail as RéebenringFig. Fig, 1he K | GghandbBor bi ng
filters FG are provided on the Rand B lightenmtting pixels. The

G light- e&ﬁﬁhtn¢mﬂ¢t1m@rpixﬁh%sa@pt@ﬁh@ﬂﬂ%@lbh @hﬂ?@@@ﬁ?F@%FQdT(~ ), for
exanpl e, shown in Fig. 6. In Fig. 6 the transnmttance is mnimzed at the
G light VERBIMRRR KR ‘F‘%OTM?H%%‘EP%% FREAR anfn pthigheradiagenBt HS: I n

ot her word the, GJ]ight-absorbing filter FG aInD et el ofbs G
Ui ght andiif n%s?l’&%}r‘%)?%‘f%l“igﬁ?%*lfﬁ% 1a H"Fl’éh?“é‘ﬁﬁ fof D ohnhaad BlEST Be

b h ke hi gh h
Fo ) Shaitheate Sranere Trreer bt ¥ éﬁegﬁwﬁ’?xe pi el t hr ough
the G| t I
threoughI ?%; @fﬂ:ﬁ%m%ﬁééj‘f lr?srheg ‘ﬁ erﬁggég\e/@%élr?%igéh g t a énoir{b: 28 P: f(t6ers
FG are argaRedh M ddigs i APt P dn Hthagan ;%Hzé‘ﬂ Pixets. thbe &RbbELhénee

Rt(~,) of the external [Tght is a product of the reflectances R(~,) shown
in Fig ZGmck ssiuasses tdea ttfr?élsﬁﬂéﬁk&ﬁs CORERChEVE S| - T{ght - abosFpimg Fi 9. 6)
as represented by equation (2): R(T,) - T(~, )xR(7~ )xT(~ ) (2) - 12 Fig.

7 is a grajtranFespondiaginagd el esley | ohdé 2)1idie setpettande of external
light at the Gregion for each color light-emtting pixel is quite |ow.
external-light incident side) thereof. The G pixels have no
filters.
Fig. 2 shows a composite structure of an R or B light-
emitting pixel. A reflective layer 12, which 1is composed of
Pt, Au, Cr, or W and which also functions as an anode, is
deposited on a glass substrate 10. A buffer layer 14
composed of m-MTDATA, 2-TNATA, or the like is deposited on
the reflective layer 12, and a hole transport layer 16

composed of o-NPD or the like is formed on the buffer layer

14. A luminescent layer 18, which is composed of Alg3 or



‘The lum nosity curve y(~.) of the naked eye is shown in Fig. 4, as

descri bed above. Thus, in this enbodinent, the refl ectance Re(~,) of
external light in consideration of the lumnnosity curve y(~,) is
represented by equation (3): Re(~.) - R(7~)xy(?~.) (3) Fig. 8 is a graph
showi ng this curve. The reflectance Re(~.) by the Glight-absorbing filter
FG according to this enbodinent (Fig. 8) is conpared with the refl ectance
R(7~)xy(~,) without the GIlight-absorbing filter FG (Fig. 5). The graph for
the Glight-enitting pixel is the same8m Figs. 8 and 5. For the R and B
lightemtting pixels, the reflectance of the external light in Fig. 8 is
quite low over the entire visible Iight region and particularly in the G

i ght redien e Snd wHilcH ey tmaidtitoed fastdry eo BPEF &% St Pdn SHoeit er nal
light reflection. The ratio of the integral external light reflectance to

the int egragfed UNiNGHrined WiV & -holdviefaridisoentidweri 56 bl erhé dhiff&gi on is
the Ium nous reflectance shown in Fig. 9. In Fig. 9, "with

G | i ght - aks@rbiryg fiiHd @loldaanimdgtart aldaye0f14 heandt €y alukiiesedatt | i ght
refl ectance to the external light reflectance Re(~,) shown in Fig. 3: The
rati o i s layer 18 Ldndtortdtee di lodniemBL i Tyt x&d., 15.9 for the G
lightemtting pixel, 8.2 for the Blight-emtting pixel, and 9.2 on

aver age. Furt Retmanelutenthaefflecltiglet lalyear 2i2ng whildherl's meampestelde afat i 0
shown in Fig. 5. The ratio is 47.5 for the Rlight-emtting pixel, 15.9 for
the G |i ghiMoeifig taldgypiansl wigz:h0 #lgro thmd longhtasem teatiyods xels and 31. 8
on average. Thus, the Glight-absorbing filter can reduce the |um nous

r ef | ect adeposd-tege-omithe @rgasdis & dhasreay 20 Thet |imanerarend | ect ance of
the Glight-em tting pixel does not change since it does not have the

G I i ght - SESGISIETS HAYET. 2t EaBHGRE - b SGKbiTHy 119 (eHkerd foEommAd on
transm ssi on characterlstlc T(~ ) shown in Fig. 6 for the si naI | i ght

enitted fASmbmR@ 61“5&“ net eg;réfvezolamsr Aowfih ¢|E&‘S%1V"’c

G |ight % orbl lter, FG effecti sm t he signal I| ht. Thus,

t he decrg s& dlg «§§§ & aﬁ‘dﬁ ?‘55 %‘b‘a‘iaﬂ{‘ i %i a%'%?db? dingly,
conpared W nventional, dis nlts g di splay 4 ccordl to
this errbognr%le1 St exhi BRreE g Si gﬂjhrey r}:f‘lmcnoen rc’gs]t rlLlntde(;ab e%ﬁ | i ght
wi t hout I i £l Aoy dig- 9, ina
conventlgha%g?ﬁ?giibolofﬁ%q?te In &Eﬁéﬁﬂﬁﬁgé?hqﬂgﬂb transparent filters
are provided PBeEerblénGhﬁckhQQBég”bkttﬂQsE'i% ers’ agReall ¥ehyowkhe

| um nous reflectance is 5.1 for the Rlight-emiting pixel, 5.5 for the G
|i ght - emtityi refRiextlivel 12yl 12he 18d it@tx0 tdid g pi xel, and 4.0 on the

average. These val ues are - 14
(2) buffer layer 14: 15 to 300 nm,
(3) hole transport layer 16: 15 to 100 nm,
(4) luminescent layer 18: 15 to 100 nm,
(5) translucent reflective layer 22: 5 to 50 nm,
(6) transparent conductive layer 24: 30 to 1,000 nm, and
(7) passivation film 26: 500 to 10,000 nm.
The operation of the light-emitting pixels will now be
described with reference to Fig. 2. A fraction F1 of light
emitted from the luminescent layer 18 of the organic EL

layer 20 passes through the translucent reflective layer 22,

the transparent conductive layer 24, and the passivation



l-ower than these in this enbodi nrent. However, the production of the
three-color filter requires three types of filter nmaterial and three
patterning processes, resulting in increased material and manufacturing
costs. In contrast, only the Glight-absorbing filter FGis provided in
this enbodi ment. Thus, this enbodi nent requires only one type of material
and only one patterning process, resulting in high productivity with
reduced material and manufacturing costs. Figs. 1B and I C show
nodi fi cations of the first enmbodinent: Pn~Fig. 1B, R-light-absorbing
filters FR are provided on G and B light-emtting pixels. In this

nodi fication, the external |ight reflectance is reduced at the R wavel ength

region of ¢4 iR 95aBRASNEWMINERAERE. of: the GL34ighe- aBsbir®ihyaksatbirngclil ters
FB are provided on Rand Glight-emtting pixels. In this nodification, the

external Ahgbhereklgetapgaerksoredueedightt BaiBreavehrongither egi on of the
graph shown in Fig. 5. Second Enbodi nent Referring to Fig. 10, a second

enbodi mentuRinébeent esapbri Ngensi earMdttegovybehdesenbedcennponents
havi ng the same functions as in the first enmbodinment are referred to with

t he sane refeesetieenuagenl 22 hndt ihe esfcdcarne, lbhiyght 12S oWhpotheékrom t he
substrate side, unlike the first enbodi nent. A translucent reflective |ayer
50) a bufwerds, -thé traysiuddntarbdllectimaspayerlapeand6étha | um nescent

| ayer 18, and a reflective |layer 52 conposed of alum numor the |ike are
deposi t edrefil¢bbiver tayeonl2 sobstistiteldn dhudcaflheespansbucent reflective
| ayer 50 is arranged at the substrate side. A GIlight-absorbing filter FG

i s arrangetrestuhe thatteaveesOmuAtipdet ioheFferencei giit laghttedSinem t he

| um nescent layer 18 of the organic EL |ayer 20 passes through the

transl uceke reptbeal veesapetoB0struahypar EARCEdABGCAPVE E¥Perof4, and the
gl ass substrate 10 and is incident on the Glight-absorbing filter FG

Anot her f?%E??%nbﬁﬂq bi1teE. | thet hadft vidthr i the FBRFREYRRE FB§er 18 is
refl ected the iranslucent reflectiy g | ayer ; and the reflﬁ ctive layer
52. In oth% PUbr H9ht 1A PRSP Tec chESPEF1BE: 10 e I RY 8V e80CHRA™RRECr ef | ecti ve
| ayer 52 cohf%¥tute an optical resonator structure that causes nultiple

i nterferef light. The |ight passing through the substrate 10 energes

to the exteri ¥ é;ﬂhre Qh ?(%;hghéf- 1?& tl}f;&? £8 e second

enmbodi nent, there same e irst enbodinent. Third
Enbodi ”Erﬁrrﬁ?%@friﬁgotﬂfégﬁitﬁlﬁluéogl éi? wavéheﬁ tﬁnbﬁdtﬁsng gbtihR present

i nvention now be descri bed 11A, a l'i ght- absorblng filter FG
i's provi degl efe SoResst VELGRD. More spe01fically, the peak wavelength
A of the spectrum of the light emitted and output from the
organic EL layer 20 satisfies equation (1):
2L/A + ®/2nt = m (m: integer) (1)
wherein L represents the optical distance between the
reflective layer 12 and the translucent reflective layer 22
(optical thickness of the organic EL layer 20), and @
represents the phase shift (radian) between the light
components reflected by the translucent reflective layer 22
and the reflective layer 12. Preferably, the optical

distance L and the peak wavelength A are both on the same

order. In practice, these values are set so that the



--16 film26. In Fig. 11H a Glight-absorbing filter FGis provided
between a transparent conductive |ayer 24 and a passivation film 26. The
only difference between these nodifications and the first enbodinment is the
position of the Glight-absorbing filter FG In the first enbodi nent, the

| um nescent |ayer 18 al so functions as the electron transport layer. In
Fig. 11C, both a lum nescent |ayer 18A and an el ectron transport |ayer 18B
are provided. In the above enbodi nents, & reflective |ayer and a

transl ucent reflective |ayer constltuté'an optical resonator structure. In
Fig. 11D, no translucent reflective layer is provided. The light emtted
fromthe organic EL layer 20 is directly incident on a G 1light-absorbing
filter FGppascahodnshyneer bwoElther opticeall eesedaltprt hasr ¢hlee poisi¢ ilvayer 12
and then is incident on the Glight-absorbing filter FG as shown by arrow
F3. Accorndiinginym whibinobhegwrageosahdstfydngpeqgoaltioasdidt abovehus, the
display unit of the present invention is also applicable to a general
organi ¢ EL devseeh havecomditieh| agrées elitktaodenditiorcfoyemazymiziny and a
transparent el ectrode (transparent conductive |ayer 24). An exanple of such
organi ¢ Ethdelight tradsmdittsedei.n Japatbey wordsni hbdsPgoaditAgpl i cation
Publ i cati on No. 6-132081 in which a band pass filter is used to inprove the
chromat i chipimppen thei grflacsdebi A§ PrLeep3lr&iahs - prG?P&@énéﬁgR &d B
light-emtting pixels of this organic EL device, as_in_t pr esent
|nvent|onexFﬁénéigéhgthLFaQV|éesﬁpyél5§§deﬂﬁeFHélpéF§HF §P§éeﬁ$§npﬁe sanme

effects as éhose in the gresent invention. The di X B it of the present
i nvent i onRf bu??egh%n¥§9 ﬁeeF}EEiBQ HﬁF%}FaWhﬁﬂdHBnFy &6 thPPBFHFHS

manut act FLLEeEBOTE, SE6nfaPEadRth thetbPoar cSEESRER Re B oBPGoBd in

J U d I bI 1320 h
Eﬁﬁig.‘eﬁinf”ﬁﬁ?g?ﬁ?naﬁaor#f%%sh‘é?S'f §3rt AT EHC o B dSsct bed.
In this coRadhmeoingainfelight phians hbpactibbsy FRALSaBEBKided on an R

l'ight-em tting pi ransmtting B I'S provided on a B

| Fghtem t 41,80 Pl f_ﬁél ngeiewe{:ewgﬁ oramG;s‘T; Jn&ﬁimﬁeomat %@f&@e%ﬂcgnom

di splay unit 1nc B color filters. That

above- mengfoprd Extéphh1aksghbl ngrbi! éﬁémﬁ@ecoiheﬁﬁ@nﬂs1&§hi:hém8t@ﬂﬂg
B-light-transmtting filters ER and EB. As shown in Fig. 9, the |um nous

refl ect anpexel, t bre RréFUbEtantet bAgtheXBl estébnahel Rghtghabbuanasdt tong
filter is low, i.e., 5.1, and the |um nous reflectance of the B

i ghtem t50agnp) xks minhmihedB- | That refhastanteagofi ther Ri andaGy | ow, i.e.,
1.3. A conbination of the Rlight-emtting pixel with the R

li ght -t r ahtgbttemyttingepizadist aAzepalsghshewnt innfige xak f - 18 with
the B-light-transmtting filter shown in Fig. 1D exhi bi ts hi her | um nous
reflectance, iFig. 4.shqws a h@ﬂ‘@ﬂ‘?*‘gﬁﬂ FHEYG () xfhiahs iJ"?’fﬁa e G

light-emtting pixe 1.3 for . the B ht-emttin ixel, and 7.4 on
aver age. %&%o?%?%bF§V1Fﬁe°Fe§D?t%aFﬁdt%Yg'en%BﬁiﬁgﬁgeaP%Ssﬁp@P¥6Wu?o t hose

T SRR TARRE L ERas, TR Re  HRETnEREELTE baI00e ERLY
external light reflectances shown in Fig. 5, which are
products of the reflectances R(A) shown in Fig. 3 and the
luminosity curve y(A) shown in Fig. 4. According to Fig. 5,
the reflectance at each peak wavelength of emitted light is
quite low on the order of a few percent. For example, the

reflectance of B external light at the B light-emitting

pixel is substantially zero percent. As shown by an arrow



i*‘ncl ude many enbodi nents and nodifications as follows: (1) In the above
éenbodi nents, the display unit is an organic EL display. The present
invention is applicable to any pixel-matrix type of display. For exanple,
the display unit of the present invention may be a liquid crystal display,
a plasma display, or the |ike. Furthernore, the organic EL device nmay have
any configuration and nay be conposed of any material. (2) The
above-nentioned | ayers nay have any thi¢ckness and may be conposed of any
material. t , - 19 WHAT IS CLAI MED 140 A di splay unit conpri sing:
red, green, and blue pixels arranged in a predeterm ned sequence; and a
filter that absorbs one |ight conponent selected froma red |ight
ConponentEs & i eerwdvelhénGERPSHENhm) anthe béfkett@hte COFPONExterh® fil ter
bei ng arranged at the output side of light or at the incident side of
ext ernal light aff theek sibjhteémittihgtpixelnbs 6ebpcamd.tike A di splay unit
according to claiml1l, wherein the filter is a green-light-absorbing filter,
the filtareflleaiarre afjell exteétmwadbul poiht satletbé Bi hghbremtttimgi nci dent
side of external light of the red and blue pixels. 3 . A display unit
accor di npixelclis mdoud Q@)4 wheThese eathesfardecorsiideradely mboh bl ue pi xel s
has a structure including an organic EL | ayer between a reflective |ayer
and a trdmeygadrsent | ayer, the filter being arranged at the output side of
light'or at the incident side of external |ight of the transparent |ayer. 4
A di spl ay udint thdsoedibagimendl aiag shawp ik o|1d eddie & llghted,
green, and blue pixels has a structure including r - 20 an organic EL
| ayer befihs@Fbineiiikiernse Fayare pEewlded Rt vbledtR rand &tiightayer, the

filter bein nged at the output side of |light_or at the incident side

|
of ext er FARHEGA Talts ¢ IRl GELHIOT AAPEREPHES | Ehier FG has a

transmission characteristic T(A), for example, shown in Fig.
6. In Fig. 6, the transmittance is minimized at the G light
wavelength and is maximlzed at the R and B light wavelengths.
In other words, the G-light-absorbing filter FG almost
completely absorbs G light and almost completely transmits R
light and B 1light. As described above, the naked eye has
high sensitivity at the G light wavelength (see Fig. 4).

The external light is incident on the light-emitting
pixel through the G-light-absorbing filter FG and emerges
from the light-emitting pixel through the G-light-absorbing
filter FG. When the G-light-absorbing filters FG are
arranged on the R and B light-emitting pixels, the
reflectance Rt(A) of the external light is a product of the
reflectances R(A) shown in Fig. 3 and square the
transmission characteristic T(A) shown in Fig. 6, as
represented by equation (2):

Rt(A) = T(AM)XR(A)xT(A) (2)



5. A display unit according to claim4, wherein the reflective | ayer and
the translucent reflective |layer constitute an optical resonator for
outputting |ight conponents to be output fromthe correspondi ng pixel. 6. A
di splay unit according to claim5, wherein the display unit is adjusted so
that the peak wavel ength h of the spectrumof the |light to be output
satisfies the equation: 2L/~ + ~/2~ = mwherein mis an integer, L
represents the optical distance betmeegééhp reflective |ayer, and the
translucent reflective |layer and ~ represents the phase shift (radian) of
the reflected Iight occurring in the optical resonator. 7. A display unit
according to claim®6, wherein the display unit is adjusted so that the
optical disganceis afgtaphopbreabpoadangt ab hhe theapasnt (2¢.m ®heum 8. A
di splay unit conpri sing: - 21 red, green, and blue pixels arranged in a
pr edet er reee Seapeacef extednhlghightaasmthei Ggreglivar fer thehoubpor side
of light or at the incident side of external light of the red pixels; and a
bl ue- i ghtightaresmittimg pikedriatqgthteolioput side of [ight or at the
i nci dent side of external light of the blue pixels, wherein no filter is
arranged at tMhepuinmitnas ey cfuivey (%) of tie nakédicewe sisleshdwmxirer nal
| ight of the green pixels. 9. A display unit according to claima8, wherein
each Fig. 4, as described above. Thus, in this embodiment, the
reflectance Re(A) of external light in consideration of the
luminosity curve y(A) is represented by equation (3):
Re(MA) = Rt(A)xy(\) (3)
Fig. 8 is a graph showing this curve.
The reflectance Re(A) by the G-light-absorbing filter
FG according to this embodiment (Fig. 8) is compared with
the reflectance R(A)xy(A) without the G-light-absorbing
filter FG (Fig. 5). The graph for the G light-emitting
pixel is the same 1n Figs. 8 and 5. For the R and B light-
emitting pixels, the reflectance of the external light in
Fig. 8 is quite low over the entire visible light region and
particularly in the G light region near 550 nm,
demonstrating effective suppression of external light
reflection.
The ratio of the integral external light reflectance to
the integral luminosity curve y(A) over the entire visible
light region is the luminous reflectance shown in Fig. 9.
In Fig. 9, "with G-light-absorbing filter" means the ratio
of the integral external light reflectance to the external

light reflectance Re(A) shown in Fig. 3: The ratio is 3.6



of the red, green, and blue pixels has a structure including an organic EL
I ayer: between a reflective |ayer and a translucent reflective |ayer, the
filter being arranged at the output side of light or at the incident side
of external light of the translucent reflective layer. 10. A display unit
according to claim9, wherein the reflective |layer and the transl ucent
reflective |l ayer constitute an optical resonator for outputting |ight
conponents to be output fromthe corre%ggnding pi xel . 11. A display unit
according to claim 10, wherein the - " display unit is adjusted so that
t he peak wavel ength ~, of the spectrumof the light to be output satisfies
the equation: 2L/~, + cp/2n = mwherein mis an integer, L represents the
opti cal dfstathe Religrb-thettehbepikee,| agep fod the Granghicent
reflective layer, and ~ represents the phase shift (radian) of the
refl ect edetigbingcpikelng8i 2 £be bhei Balighsteamidtting?2piRedi, sphdyuai t
according to claim1ll, wherein the display unit is adjusted so that the
optical dostaverageof Fhetbptrmore,rfwbhhoot Ga3ight-pbsorbisgmihilbent
A LA ATLA@ . AL, L AR?.AY. AY. ALAY, ALY, . A?. A?. AL. AsR Ah?. A&ay. AaF. AYa. AF
R Al 3e. A m¢adBus | bhé ratio shown in Fig. 5: The ratio is 47.5 for the R

light-emitting pixel, 15.9 for the G light-emitting pixel,

32.0 for the B light-emitting pixel, and 31.8 on average.

Thus, the G-light-absorbing filter can reduce the luminous

reflectance to one-third or less on average. The luminous

reflectance of the G light-emitting pixel does not change

since it does not have the G-light-absorbing filter.

The G-light-absorbing filter FG has the transmission

characteristic T(A) shown in Fig. 6 for the signal light

emitted from the organic EL layer 20. As shown in Fig. 6,

the G-light-absorbing filter FG effectively transmits the

signal light. Thus, the decrease in brightness of a

displayed image can minimized. Accordingly, compared with

conventional display units, the display unit according to

this embodiment exhibits a significantly high contrast under

external llght without a decrease 1n display brightness.

As shown in Fig. 9, in a conventional three-color

filter in which R, G, and B transparent filters are provided

on R, G, and B light-emitting pixels, respectively, the

luminous reflectance is 5.1 for the R light-emitting pixel,

5.5 for the G light-emitting pixel, 1.3 for the B light-

emitting pixel, and 4.0 on the average. These values are
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pré uctivity with reduced material and manufacturing costs.
Figs. 1B and 1C show modifications of the first
embodiment. 1In Fig. 1B, R-light-absorbing filters FR are
provided on G and B light-emitting pixels. 1In this
modification, the external light reflectance 1is reduced at
the R wavelength region of the graph shown in Fig. 5. 1In
Fig. 1C, B-light-absorbing filters FB are provided on R and
G light-emitting pixels. In this modification, the external

light reflectance 1is reduced at the B wavelength region of

the graph shown in Fig. 5.

Second Embodiment

Referring to Fig. 10, a second embodiment of the
present invention will now be described. Components having
the same functions as in the first embodiment are referred
to with the same reference numerals. In this embodiment,
light is output from the substrate side, unlike the first

embodiment. A translucent reflective layer 50, a buffer
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layer 14, a hole transport layer 16, a luminescent layer 18,
and a reflective layer 52 composed of aluminum or the like
are deposited in that order on a substrate 10. Thus, the
translucent reflective layer 50 is arranged at the substrate
side. A G-light-absorbing filter FG is arranged on the
substrate 10.

A fraction F1l1 of light emitted from the luminescent
layer 18 of the organic EL layer 20 passes through the
translucent reflective layer 50, transparent conductive
layer 24, and the glass substrate 10 and is incldent on the
G-light-absorbing filter FG. Another fraction F11 of the
light emitted from the luminescent layer 18 is reflected by
the translucent reflective layer 50 and the reflective layer
52. In other words, the translucent reflective layer 50 and
the reflective layer 52 constitute an optical resonator
structure that causes multiple interference of light. The
light passing through the substrate 10 emerges to the
exterior through the G-light-absorbing filter FG. The
second embodiment, therefore, has the same effects as the

flrst embodiment.

Third Embodiment
Referring to Figs. 11A to 11D, a third embodiment of
the present invention will now be described. In Fig. 11A, a

G-light-absorbing filter FG is provided on a passivation

BwdEbC
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provided between a transparent conductive layer 24 and a
passivation film 26. The only difference between these
modifications and the first embodiment is the position of
the G-light-absorbing filter FG. In the first embodiment,
the luminescent layer 18 also functions as the electron
transport layer. In Fig. 11C, both a luminescent layer 18A
and an electron transport layer 18B are provided.

In the above embodiments, a reflective layer and a
translucent reflective layer constitute an optical resonator
structure. 1In Fig. 11D, no translucent reflective layer is
provided. The light emitted from the organic EL layer 20 is
directly incident on a G-light-absorbing filter FG, as shown
by arrow Fl1, or is reflected by the reflective layer 12 and
then 1is incident on the G-light-absorbing filter FG, as
shown by arrow F3. Accordingly, this configuration has no
optical resonator. Thus, the display unit of the present
invention is also applicable to a general organic EL device
having a reflective electrode (reflective layer 12) and a
transparent electrode (transparent conductive layer 24). An
example of such organic EL devices is disclosed in Japanese
Unexamined Patent Application Publication No. 6-132081 in
which a band pass filter is used to improve the chromaticity.
When G-1light-absorbing filters FG are provided on R and B

light-emitting plixels of this organic EL device, as in the
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present invention, the organic EL device disclosed in the
patent also has the same effects as those in the present
invention. The dilsplay unit of the present invention
requires only one type of material and only one patterning
process, resulting in high productivity with reduced
material and manufacturling costs, compared with the organic
EL device disclosed in Japanese Unexamined Patent

Application Publication No. 6-132081.

Fourth Embodiment

Referring to Fig. 1D, a fourth embodiment will now be
described. In this embodiment, an R-1ight-transmitting
filter ER is provided on an R light-emitting pixel and a B-
light-transmitting filter EB is provided on a B light-
emitting pixel. 1In other words, a G filter is omitted from
a known display unit including R, G, and B color filters.
That is, the above-mentioned G-light-absorbing filter FG
corresponds to the R and B-light-transmitting filters ER and
EB. As shown in Fig. 9, the luminous reflectance of the R
light-emitting pixel with the R-light-transmitting filter is
low, i.e., 5.1, and the luminous reflectance of the B light-
emitting pixel with the B-light-transmitting filter is very
low, i.e., 1.3.

A combination of the R light-emitting pixel with the R-

light-transmitting filter and the B light emitting pixel
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with the B-light-transmitting filter shown in Fig. 1D
exhibits higher luminous reflectance, i.e., 5.1 for the R
light-emitting pixel, 15.9 for the G light-emitting pixel,
1.3 for the B light-emitting pixel, and 7.4 on average.
Accordingly, the results in this embodiment are superior to

those in the above-mentioned embodiments.

Other Embodiments

The display unit according to the present invention can
include many embodiments and modifications as follows:
(1) In the above embodiments, the display unit is an organic
EL display. The present invention 1is applicable to any
pixel-matrix type of display. For example, the display unit
of the present invention may be a liquid crystal display, a
plasma display, or the like. Furthermore, the organic EL
devi&e may have any configuration and may be composed of any
material.
(2) The above-mentioned layers may have any thickness and

may be composed of any material.
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WHAT IS CLAIMED IS:

1. A display unit comprising:

red, green, and blue pixels arranged in a predetermined
sequence; and

a filter that absorbs one light component selected from
a red light component, a green light component, and a blue
light component, the filter being arranged at the output
side of light or at the incident side of external light of

pixels of colors that are not selected.

2. A display unit according to claim 1, wherein the
filter is a green-light-absorbing filter, the filter being
arranged at the output side of 1light or at the incident side

of external light of the red and blue pixels.

3. A display unit according to claim 1 or 2, wherein each
of the red, green, and blue pixels has a structure including
an organic EL layer between a reflective layer and a
transparent layer, the filter being arranged at the output

side of light or at the incident side of external light of

the transparent layer.

4. A display unit according to claim 1 or 2, wherein each

of the red, green, and blue pixels has a structure including

10
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an organic EL layer between a reflective layer and a
translucent reflective layer, the filter being arranged at
the output side of light or at the incident side of external

light of the translucent reflective layer.

5. A display unit according to claim 4, wherein the
reflective layer and the translucent reflective layer
constitute an optical resonator for outputting light

components to be output from the corresponding pixel.

6. A display unit according to claim 5, wherein the
display unit is adjusted so that the peak wavelength A of
the spectrum of the light to be output satisfies the
eguation:

2L/A + ®/2x = m
wherein m is an integer, L represents the optical distance
between the reflective layer, and the translucent reflective
layer and ® represents the phase shift (radian) of the

reflected l1light occurring in the optical resonator.
7. A display unit according to claim 6, wherein the
display unit is adjusted so that the optical distance L of

the optical resonator has the positive minimum.

8. A display unit comprising:



‘U L9109/ w& () - Lf 10%&f() 109K ()-!YYL0%&' ()-3 10m 10m
<10m&L- 10%&' ()-B]]]7q_ %mzX6~ > 10! 96! 10%H& ()-!9f) ! 10%& ()- !9,
F109%&' ()-9 10%&'()-|L9|10%@C&'()-|L9|10%&'() %&a' a(a*alabbcuSl !&
109668 () - @1096G& () -!109%& () - F&10%& () -! cOF10%&' ()-F 10HH 10HH
10HHccde<e=e>e?eFeti *? ! & 910%& ()- 10G 10G 10(¥810%=&' ()-!'0
1096G& ()-'110%& ()-s & 10% & () - re~eeeef <fdEIi *? 1 & MLO%&' ()-9: 109%& ()-L
109 ()-109%& ()-L 109%& ()-109%& () - <f%; fff.gdE "? &
F109%&' ()-9&10%& ()-93!109%&' () - S10%& ( ]9810%&'() L' 10%& () -.gChxhhhi O Pi Q d
E:/ 10
red, green, and blue pixels arranged in a predetermined
seguence;
a red-light-transmitting filter at the output side of
light or at the incident side of external light of the red
pixels; and
a blue-light-transmitting filter at the output side of
light or at the incident side of external light of the blue
pixels,
wherein no filter is arranged at the output side of

light or at the incident side of external l1ight of the green

pixels.

9. A display unit according to claim 8, wherein each
of the red, green, and blue pixels has a structure including
an organic EL layer between a reflective layer and a
translucent reflective layer, the filter being arranged at
the output side of 1light or at the incident side of external

light of the translucent reflective layer.

10. A display unit according to claim 9, wherein the
reflective layer and the translucent reflective layer
constitute an optical resonator for outputting light

components to be output from the corresponding pixel.

11. A display unit according to claim 10, wherein the
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the spectrum of the light to be output satisfies the
equation:

2L/A + ®/2x = m
wherein m is an integer, L represents the optical distance
between the reflective layer and the translucent reflective
layer, and ® represents the phase shift (radian) of the

reflected light occurring in the optical resonator.

12. A display unit according to claim 11, wherein the
display unit is adjusted so that the optical distance L of

the optilcal resonator has the positive minimum.



