1 21 FEB 2006 DESCRI PTI ON SELF- LUM NOUS | MAGE DI SPLAY APPARATUS 5Z1FEHZW5
TECHNI CAL FI ELD The present invention rklates to a sel f-1uninous i-mage

di spl ay apparatus including an output section for displaying an i mage, a
reflection section provided on the rear side of the output section with
the reflective surface thereof facing the output section, and a
light-emtting section provided on the rear side of the output section.
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when a current is injected into the organic thin film and it has 15 been

actively e ' ars. A typical structure of
t he or gaﬁﬁi-@ﬁﬁwgwfgm%fﬂfmm i ncl udi ng an out put -si de
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light-emtting | ayer 30" interposed between the substrates 10' and 20',
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BACKGROUND ART
An organic electroluminescence display (hereinafter referred to as "organic EL
display") is an application of the phenomenon that an organic thin film having a thickness
of about 1 um emits light when a current is injected into the organic thin film, and it has
15 been actively researched and developed in recent years. A typical structure of the organic
EL display is a layered structure including an output-side substrate 10, a reflection-side
substrate 20' and an organic EL light-emitting layer 30" interposed between the substrates
10' and 20", as illustrated in FIG. 7. The output-side substrate 10" includes an output-side
substrate body 11', a transparent electrode 12' made of ITO (Indium Tin Oxiside) provided
20 on the inner side of the output-side substrate body 11', and a hole injection/transfer layer
13' provided on the inner side of the transparent electrode 12'. The reflection-side
substrate 20" includes a reflection-side substrate body 21' and a metal electrode 22' made
of aluminum. In an organic EL display having such a structure, a portion of light from
the organic EL light-emitting layer 30, which emits light omnidirectionally, that travels

25 toward the output-side substrate 10" is output directly from the output-side substrate 10,

while another portion of the light that travels toward the reflection-side substrate 20 8



whi | e another portion of the Iight that, travels toward the

refl ection-side substrate 20" is 2 21 FEB 2006 output indirectly %ﬂéﬁﬂ?@é
out put -si de substrate 10' after being reflected by the nmetal el ectrode
22' having a mrror surface, thus efficiently taking out the |ight
emtted fromthe organic EL light-emtting |layer 30'. An organic EL

di splay has a problemas follows when it is used under the 5 sagl%g%@ or
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out put - si de syhsirate,..and thea.contrast of the organic EL display is

| ower ed %‘ig@ﬁ‘i";ﬁcggh% 1H§Pgtqﬁ%er§r9bi ent light reflection. 10 To address this
probl em Japanese Lai d-Open Patent Publi,cation - .8-321 '

the provision of AR @gRYE| db‘@iadr 35t i%‘?ﬁﬁﬂf]aﬁsefomﬁ%’lsﬁwdiﬁeﬁlgﬁg}Iulsg%z@aéfsﬁé
pol ari zation plate and a retardation plate on th(i: rangﬁaéeﬁ\h elﬁ%node
si d§ of amlighanincthElpresengs efyroomnbight, apisriopertablg EF—@?E‘@HG’ tHBHUXBUbt T8 &Y on
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et hancciiiesgloses the provision of a circular polarization plate including a linear polarization plate
and a retardation plate on the transparent electrode side of an organic EL display, and
Japanese Laid-Open Patent Publication No. 9-127885 discloses a light emitting device in
which circular polarization means including a linear polarization plate and a 1/4 wave plate
15 is provided on the light-outputting surface side. According to the disclosure of these
publications, half of the ambient light is blocked by a linear polarization plate. The
linearly-polarized light of the remaining half of the ambient light transmitted through the
linear polarization plate is turned into circularly-polarized light (e.g., right-handed
circularly-polarized light) by a retardation plate or 2 1/4 wave plate, and then passes
20 through a transparent electrode, after which it is turned into circularly-polarized light of the
reverse direction (right-handed circularly-polarized light being turned into lefi-handed
circularly-polarized light) as it is reflected by an aluminum electrode. Then, the
circularly-polarized light of the reverse direction is turned into linearly-polarized light by
the retardation plate or the 1/4 wave plate. However, the polarization axis of the

25 linearly-polarized light has been rotated by 90° with respect to that of the original

linearly-polarized light, whereby the linearly-polarized light is blocked by the linear



circularly-polarized light) as it is reflected by an al um num el ectrode.
Then, the circularly-polarized |ight df the reverse direction iszqq{BQﬂ%
into linearly-polarized |ight by the retardation plate or the 1/4 wave
pl ate. However, the polarization axis of the 25 |linearly-polarized |ight
has been rotated by 90 with respect to that of the original
l'inearly-polarized Iight, whereby the linearly-polarized light is blocked
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retardation plate or a 1/4 wave plate, half of the l'i ght fromthe EL
| i ght - eniletamigentllighereflestiai. so bl ocked and | ost by the |inear polarization

plate, thereby reducing the [|um nance by half, as conpared to a case
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10 these members are not provided in order to obtain an equal level of luminance.
To address this problem, Japanese Laid-Open Patent Publication No.
2001-35653 discloses a filter for an organic EL panel including a 1/4 wave plate, a
polarization plate and an antiglare layer, wherein the degree of polarization of the
polarization plate is 50 to 70%, and states that it is possible with such an arrangement to
15 obtain an organic EL panel with a high visibility that is glare-free and capable of
displaying sharp images.
Moreover, Japanese Laid-Open Patent Publication No. 4-218025 discloses a
reflection type liquid crystal display device including a liquid crystal cell, including a pair
of substrates opposing each other and a liquid crystal material interposed therebetween, a
20 polarization plate provided on each side of the liquid crystal cell, and a reflection plate
provided on one side of the liquid crystal cell, wherein a polarization plate having a low

degree of polarization is used as the polarization plate on the reflection plate side, thus

improving the overall brightness.

25 DISCLOSURE OF THE INVENTION

An object of the present invention is to provide a self-luminous image display



reflection type liquid crystal display device includin I qui
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crystal material interposed therebetween, a 20 polarization plate
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10 apparatus, including an output section for displaying an image, a reflection section

provided on a rear side of the output section with 2 reflective surface thereof facing the
output section, and a light-emitting section provided on a rear side of the output section,
wherein: the output section includes a linear polarization device provided so as to cover 2
display surface for transmitting only predetermined linearly-polarized light of ambient
15 light, and a retardation film provided closer to the light-emitting section than the linear
polarization device for turning the linearly-polarized light transmitted through the linear
polarization device into circularly-polarized light; and the linear polarization device has 2

degree of polarization greater than 70.0% and 99.2% or less.
The present invention also provides 2 self-luminous image display apparatus,
20 including an output-side substrate, a reflection-side substrate provided so as to oppose the
output-side substrate, and a light-emitting layer provided so as to be interposed between
the substrates, wherein light from the light-emitting layer is output directly from the
output-side substrate and is output indirectly from the output-side substrate after being
reﬂected by the reflection-side substrate, wherein: the output-side substrate includes a

25 linear polarization device provided so as to cover a display surface for transmitting only

predetermined linearly-polarized light of ambient light, and a retardation film provided



15 light, and a retardation film provi ?d closer to the light-emn gtlipgg 2006
section than the linear polarization device for turning the

| i nearly-polarized light transmtted through the linear polarization
device into circularly-polarized light; and the |inear polarization
device has a degree of polarization greater than 70.0% and 99. 2% or
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device | Sim%?dv%f b(grr lé%sosr ’mcgrg o Tha Obtained by using a linear polarization device whose

degree of polarization is 99.9%.

In the present invention, it is preferred that the degree of polarization of the

linear polarization device is 78.0% or more. With such an arrangement, it is possible to
15 realize a contrast equal to or greater than 10, which is considered to be a very high quality
in practical use.

In the present invention, it is preferred that the degree of polarization of the
linear polarization device is 99.0% or less. With such an arrangement, the luminance is
improved by 10% or more, as compared to a case where a linear polarization device whose

20 degree of polarization is substantially 100.0% is used, whereby it is possible to effectively
improve the luminance, which is decreased due to the provision of the linear polarization
device and the retardation film. In order to improve the luminance, it is preferred to use
linear polarization device whose degree of polarization is 85.0% or less, in which case the
luminance is improved by about 20% or more, as compared to a case where a linear

25 polarization device whose degree of polarization is substantially 100.0% is used. On the

other hand, in the range of degree of polarization from 70.0 to 99.0%, the luminance



i nproved by 10% or nore fromt hat obtaiﬂed by using a linear polarkéﬁ@mon
devi ce whose degree of polarization ié 99.9% In the present i BuRbi n,
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pol ari zation device is 78.0%or nore. Wth such an arrangenent, it is
possible to 15 realize a contrast equal to or greater than 10, which is
considered to be a very high quality in practical use. In phelgresent
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degree of polarizationis 85.0%or less, in which case the |umnance is
i nproved by about 20% or nore, as conpared to a case where a linear 25
pol ari zati on devi ce whose degree of polarization is substantially 100.0%
is used. On the other hand, in the range of degree of polarization from
70.0 to 99.0% the lum nance 5/1 21 FEB 2006 i nprovenent varies by only

| ess than 10% whereas the contrast varies quite substantially in the
sanme range of degree of polarization. Thus, in order to obtain a very
hi gh contrast while also inproving the lum nance to a certain degree, it
is preferred to use a linear polarization device whose degree of

pol arization is 90.0 to 99.0% nore preferably 95.0 to 6 21 FEB 2006



99.0% and nost preferably 97.0 to 99.0% The self-lum [ [
apparatus of the present invention is 6particularly E;nf gg'ttjisvgrr?ge Al sp &Y
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di splay node is an el ectrol um nescence display node or a field enission
di splay 5 node. Herein, the electrolum nescence display node includes
both the organic el ectrolum nescence display node and the inorganic
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Other objects, featuges atid I::%Tvan Sg@é 3¥ the present invention will become

apparent from the following description taken in conjunction with the accompanying
drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic cross-sectional view illustrating an organic EL display of

the present invention.

FIG. 2 illustrates the positional relationship between a linear polarization plate

15 and a 1/4 wave plate.

FIG. 3 is a graph illustrating the relationship between the degree of polarization

and the luminance.
FIG. 4 is a graph illustrating the relationship between the degree of polarization
and the luminance improvement.
20 FIG. 5 is a graph illustrating the relationship between the degree of polarization
and the contrast.
FIG. 6 is a graph illustrating a portion of FIG. 4 on an enlarged scale.
FIG. 7 is a schematic cross-sectional view illustrating a conventional organic
EL display.
25
BEST MODE FOR CARRYING OUT THE INVENTION



25 BEST MODE FOR CARRYI NG OQUT THE | NVENTION 7 21 FEB 2006 An eand{a@@%
of the present invention will now be déscribed in detail with r df e
to the drawings. FIG 1 schematically illustrates a cross section of an
organic EL display A, which is a self-lum nous inmage display apparatus
of the present invention. 5 The organic EL display A includes an

out put -side substrate (output section) 10, a reflection-side substrate

(reflection sectj i it piel3Ent G dion Sivitlencw b6 tdesdribed Gn detad withh
organic EL i ght‘é‘%%}'}bt%?'ngaﬁ?%;er Ht Ight-emtting section) 30 interposed
between the substrates 10 and 20. In other words, the organic EL

| i ght - erfeterenss to Ta%&Ss provided on the rear side of the output-side

substrate 10, and the reflectjon-side substrate 20 4s 10 provi t he
rear side of theFl&. ganchenmticaliyyustaiests HESY & P“ﬁfa“rﬂ‘égaB@t%%t‘g@?"c?gﬁ’

substrate 10 i ncludes an out put-side substrate body . 11 heing a gl ass
plate, aywhjchisILRimipbecinapselispPayoariparatespfihe Besei dnvenhen e
injection/transfer layer 13 layered in this order on the inner side of

thegout put -si de ?H@&fg’aﬁk@mﬁwail&ir@nmeaarlbmpuavide sy strtate (Ontpupsestion)old,
fil 14 and a |1 near polarization plate (linear polarization device) 15

15 layered j n.this ' iR theQitgistsidei stbstsanb 10, raati
body 11.2 cu?)’ﬁf‘ﬁﬁ%@ﬁ%ﬁ@ﬁ%%ﬁ r0 g'tg Iéa{lo(gl§ ?g%F g§Sl¥Isgl ay%gs an isﬁage. The
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10 provided on the rear side of the organic EL light-emitting layer 30.
The output-side substrate 10 includes an output-side substrate body 11 being a
glass plate, a transparent electrode 12 being an anode and a hole injection/transfer layer 13
layered in this order on the inner side of the output-side substrate body 11, and a 1/4 wave
plate (retardation film) 14 and a linear polarization plate (linear polarization device) 13
15 layered in this order on the outer side of the output-side substrate body 11. The
output-side substrate 10 is for displaying an image.
The transparent electrode 12 on the inner side of the output-side substrate body
11 is made of ITO (Indium Tin Oxiside), or the like, and is for injecting holes into the hole
injection/transfer layer 13. Moreover, the transparent electrode 12 includes a plurality of
20 pixel electrodes arranged in a lattice pattern and each defining one pixel. Each pixel
electrode is provided with a switching device such as a TFT (Thin Film Transistor). Thus,
the organic EL display A is an active matnx mode.
The hole injection/transfer layer 13 is made of a phthalocyanine compound, an
aromatic amine compound, or the like, and is for transferring holes injected from the
25 transparent electrode 12 to the organic EL light-emitting layer 30.

The 1/4 wave plate 14 is provided in the form of a film and is a device having a



el ectrode is provided with a switching device such as a TFT [ '
Transistor). Thus, the organic EL di grﬂl ay Ais an active na'g-rrih;('lnﬂrglfzfie%“ﬁ
The hole injection/transfer |ayer 13 is made of a phthal ocyani ne '
conpound, an aromatic am ne conpound, or the like, and is for
transferring holes injected fromthe 25 transparent electrode 12 to the
organic EL light-emtting |layer 30. The 1/4 wave plate 14 is provided in
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direction (pp.l ari zation axis direction). The 1/4 wave.plate 14 .and.the
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1/4 wave plate 14 and the pol arization axis (transm ssion axis) of the
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FIG 2. Inthis way, |l|inearly-polarized light transmtted through the
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hi gh contrast equ , I't TS possi ﬁe to reliably obtain a
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defined as a range in which a contrast of. 5 or nore can be obtained, and
the cont imtstcircalady-pefarzed light bothed hWArEPIS Yhat of printed matter such

as newspaper. Thus, it is a level at or above which the displ |
no problem 15 in Aliaedri pidrization phate aboes degree ngﬂlﬁgéatg’t"eif :ﬁ?&é%ytp\ém’ hé_gx%gve
| i near pol arization plate whose degree of polarization is 78, 0% or nore

i n yhi ch jsas&l ad theSine@spolbiization platallsz e Imthismayaitis possible to reliably obtain a
high contrast egual to or greater than a practical level of 5. For example, a viewing angle
range of a liquid crystal display is typically defined as a range in which a contrast of 5 or
more can be obtained, and the contrast level of 5 also corresponds to that of printed matter
such as newspaper. Thus, it is a level at or above which the display will have no problem

15 in practical use. Moreover, it is more preferred to use a linear polarization plate whose
degree of polarization is 78.0% or more, in which case it is possible to realize a contrast
equal to or greater than 10, which is considered to be a very high quality in practical use.
The contrast level of 10 is a very high quality for a display apparatus. Moreover, a linear
polarization plate whose degree of polarization is 99.2% or less is used as the linear

20 polarization plate 15. In this way, the luminance can be improved by 10% or more from
that obtained by using a linear polarization plate whose degree of polarization is 99.9%.
In order to improve the luminance, it is preferred to used a linear polarization plate whose
degree of polarization is 85.0% or less. On the other hand, in order to obtain a very high
contrast while also improving the luminance to a certain degree, it is preferred to use a

25 linear polarization plate whose degree of polarization is 90.0 to 99.0%, more preferably

95.0 to 99.0%, and most preferably 97.0 to 99.0%.



equal to or greater than 10, which is considered to be a very high
quality in practical use. The contrast®level of 10 is a very Zhl@&ﬂ 700%
quality for a display apparatus. Moreover, a linear polarization plate
whose degree of polarization is 99.2%or less is used as the |inear 20
pol ari zation plate 15. In this way, the |um nance can be inproved by 10%
or nore from that obtained by using a |linear polarization plate whose

degree of polari ZBid feflettior6id® %ubsttdle Q0CiREIubEs b FRAGMRNIE SuisraRMsly 21
is preferred to used a linear polarization plate whose degree of

polari z atﬂemcéoh f%lgé' 9\%1\/;?0 fanb Zf MetdMelbBfoddt BE 'Beirﬂg g {348 ratggr %c}ngne)gf ngeiﬁ{}oae

very high ast ile SO I nprovi ng the Pum nance

degree, it is,preferred.to e 25 li.near, pol arization plate whose

degr ee ofla)beé?dag??ﬁlf"&ﬂ Si'ée ngﬁ?)r CYPN-§gs S fétfg?%@rlam y 95.0 to 99.0%
and nost preferably 97.0 to 99.0% 8/1 21 FEB 2006 The reflection-side
substrate 20 includes a reflection-side substrate body 21 being a gl ass
plate, and a nmetal electrode 22 being a cathode and common el ectrode

| ayered on the inner side of the reflection-side substrate body 21. 9 21
FEB 2006 The netal electrode 22 on the inner side of the reflection-side
substrate body 21 is nmade of alum num magnesium or the like, is fornmed
with a mrror surface, and is for injecting electrons into the organic
EL light-emtting layer 30. The organic EL light-emtting layer 30 is a
thin filmhaving a thickness of 5 about I pmand nade of an organic
phosphor such as an aromatic cyclic conpound or a heterocyclic conpound,
and emts |ight upon reconbination of electrons fromthe nmetal el ectrode
22 and holes fromthe transparent electrode 12 and the hole
injection/transfer |ayer 13.



In the organic EL display A having such an arrangenent
is 10 applied between the netal el ectPode 22 be?ng an1aﬁzd2 gﬁzﬁﬁkﬁﬁﬁﬁ
transparent electrode 12 being a cathode, electrons are injected into the
organic EL light-emtting layer 30 fromthe netal electrode 22 while

hol es are injected into the organic EL light-emtting layer 30 from the
transparent electrode 12 via the hole injection/transfer |ayer 13, and

the el ectrons a ’té’géé E&Eﬁﬁ%@?? é)ﬁf’cﬁt? P SRlet SFURE Refection-eitietsubitginé body a

pr edet er mi ned wa 15 em ssion is omidirectional, and a

portion of the light that travel s towar h - /i de: '
out put il sconade ﬂmfl‘rﬁnao‘ﬂﬁﬂf’ﬂ"g}’&g\qﬁﬁgg%’rlgtfg&i%,%’n iaﬁglrgoz(ﬁﬁ Eﬂg?@}%@?% ?)olnS
of the light that travels toward the reflection-side substrate 20 is

out put i foelinjentingeldctrons irte thecarggnie ELj light-smiiding a3ver ég after being
reflected by the metal electrode 22, thus efficientl taking out the
light enitted frpme bignis BRnlightEmittinghlayen3 o nghiraﬁén regingon thusknesy Of
hal f of anbient |ight such as the sunlight or roomlight is blocked by’

theglinegr, pgl rﬁ{g :a?ag.}f,mt A Srghfic pMobpifortsheh ks aeardmativodyatic zothpbinthor &f

t he”remaini ng e anbi ent |ight passing through the |inear

polarization plate 15 i - . :
Lot - nattieteln R gl B PFite JBP g s e e 14, an

t hen passes through,the inside, after ' i 4 [ mt0.3

ciroul ar Fpcpeends 466 nofegriton re iEnpByel UETadk dr°ald peHulh A inransie

circularly-polarized light being turned into |eft-handed

ci rcul arlayepbd.ari zed light) as it is reflected by the 10 21 FEB 2006

mrror-surfaced metal electrode 22 facing the output-side suhstrate 1Q

Then, the ci rculmtHeyongetiarilz displayghthayme; Jeb B AEROE Rt P iy

again t.hrough. the inside to reach the 1/4 wave plate 14, where it .i

turnped i gpsliddi teaaedry theomatal eledtrbdeg A2 beingvan, arode; and thﬁé{aapqaig{tiegﬂmgg; 32 of

the linearly-polarized |ight has been rotated by 90 with respect to that
being a cathode, electrons are injected into the organic E{ light-emitting layer 30 from the
metal electrode 22 while holes are injected into the organic EL light-emitting layer 30 from
the transparent electrode 12 via the hole injection/transfer layer 13, and the electrons and
the holes are recombined together to emit light of a predetermined wavelength. The light

15 emission is omnidirectional, and a portion of the light that travels toward the output-side
substrate 10 is output directly from the output-side substrate 10, while another portion of -
the light that travels toward the reflection-side substrate 20 is output indirectly from the
output-side substrate 10 after being reflected by the metal electrode 22, thus efficiently
taking out the light emitted from the organic EL light-emitting layer 30.

20 Moreover, half of ambient light such as the sunlight or room light is blocked by
the linear polarization plate 15, while the linearly-polarized light of the remaining half of
the ambient light passing through the linear polarization plate 15 is turned into
circularly-polarized light (e.g., right-handed circularly-polarized light) by the 1/4 wave
plate 14, and then passes through the inside, after which it is turned into

25 circularly-polarized light of the reverse direction (right-handed circularly-polarized light

being turned into left-handed circularly-polarized light) as it is reflected by the



5 of the original linearly-polarized |I% wher eby the
linearly-polarized light is blocked byl t he |inear pol ari zation p] 4Fed 18k
In this way, all of the ambient Iight incident on the organic EL display
A is blocked by the linear polarization plate 15, thus preventing the
anbient light reflected by the nmetal electrode 22 from bei ng out put.
Wil e a specific enbodi nent of the present invention has been disclosed

10 herei gmbh@uﬂc%aemewl nyefkdden2esciig RN bhfklt-GdE dubsivatei POIS QhBgr theays
wi thout departing fromthe spirit or essential features thereof. Thus,

t he enbo el t
and sh Ou%&ﬁg{lyﬁﬁ apggée 12 gfﬁﬁ@r éerse”'&‘ Lu\{m cﬂak&é% éﬁm}{:%ugﬂt ﬁ[s}’l nt\‘c’;zgf‘éﬁon
is defined by the a ended clalms, and not t he des ion.set forth
above. THeEr diomaye a‘ﬁ‘y‘evlé‘r i here il 1% Hﬁf‘edaﬂ’éoel&%ﬂ Iy, (B’Pijaé'&ﬁ‘% \)&Iﬁ"énPH?‘de‘fq‘iethe
clainms fall within the 15 scope of the present invention. For exanple,
whi | e t hpolarigatidrcais ofitheinggrlyxpplariaed ightshas iheers eatated byOAd wath respegleto that
di spl ay apparatus in the enbodi nrent above, the present invention is not

| i mst ed bPthd briginalolirieatigypoddrized rli@ﬂ]t,welhqrel’getheslﬁﬂaﬂyt-pallriizeﬂ)ﬂighnisdnl&dked by
di splay, a plasma display, a cold-cathode tube display, a light-emtting

di ode di o 1hfp2atibh Kate P9, t TG UhAT Wy, AIDRf2Re RIS ghD VigdldéR o @i be
used effgg?veqrsﬁoand slw bg%ey as a fiel dy’em SSi oen di spl a;/gthat is used

primarily, %?c ELUAS c@)‘r’Imnﬁs?ﬁl‘bckéﬁﬁ%yeg)/efln?%Ila?tz&ﬁ@'hgfa@ﬁls CthGk p‘ijév%mlﬁ%th%. s

an activ ove resent invention is
Tode or & g&%@% | 9aed by e DR o TR OB pelfttl: o transtor |
aver, which i gl proudes Lo e oo T phoie, T ol LS BalLS ¥
! glr(])t emh;[ertelmnq:hl: %}'/g‘»gntggventlon may be carried out in various other ways without departing
from the spirit or essential features thereof. Thus, the embodiment set forth above is
merely illustrative in every respect, and should not be taken as limiting. The scope of the
present invention is defined by the appended claims, and not by the description set forth
above. Therefore, any variations that are equal or equivalent to the claims fall within the
.15 scope of the present invention.
For example, while the organic EL display A is used as the self-luminous
image display apparatus in the embodiment above, the present invention is not limited to
this, but may alternatively be used in an inorganic EL display, a plasma display, a
cold-cathode tube display, a light-emitting diode display, or the like. Particularly, the
20 present invention can be used effectively and suitably as a field emission display that is
used primarily under the sunlight.
Moreover, while the organic EL display A is an active matrix mode in the
embodiment above, the present invention is not limited to this, but may alternatively be
used in a passive matrix mode or a segment mode.

25 Moreover, an electron injection/transfer layer, which is not provided in the

embodiment above, may alternatively be provided between the metal electrode 22 and the



2 1 FEB "% EXPERI MENT Tested Sanpl es §;The follow ng ten diffegqq{BINﬁ

| i near pol arization plates having different degrees of polarizdtion were
used as sanples to be tested. - Sanple 1 A linear polarization plate
havi ng a degree of polarization of 99.9% was used 10 as Sanple 1. -
Sanple 2 A linear polarization plate having a degree of polarization of
98. 9% was used as Sanple 2. 15 - Sanple 3 A linear polarization plate
havi ng aoxgeyicddl bighipenistinglayeiol). of 97. 6% was used as Sanple 3. 20 -
Sanple 4 A linear polarization plate having a degree of polarization of
95. 0% was used as Sanple 4. - Sanmple 5 25 A linear polarization plate
havi ng a degree of polarization of 91. 3% was used as Sanple 5. 12 2 1

FEB 2006ExSRMERT

Tested Samples

5 The following ten different linear polarization plates having different degrees

of polarization were used as samples to be tested.

- Sample 1 -

A linear polarization plate having a degree of polarization of 99.9% was used

10 as Sample 1.

- Sample 2 -

A linear polarization plate having a degree of polarization of 98.9% was used

as Sample 2.
15
- Sample 3 -
A linear polarization plate having a degree of polarization of 97.6% was used
as Sample 3.
20 - Sample 4 -
A linear polarization plate having a degree of polarization of 95.0% was used
as Sample 4.
- Sample 5 - .
25 A linear polarization plate having a degree of polarization of 91.3% was used

as Sample 5.



A linear polarization plate having a dggree of polarization of 85.2% was
used as Sanple 6. 5 - Sanple 7 A linéar polarization plate hav%qq;% qwﬁ
degree of polarization of 77,9% was used as Sanple 7. 10 - Sanple é

| i near pol arization plate having a degree of polarization of 71.3% was
used as Sanple 8. -Sanple 9 15 A linear polarization plate having a
degree of polarization of 63.0%was used as Sanple 9. - Sanple 10 A

| i near pol arization plate having a degree of polarization of 55.7% was
used 20 as Sanple 10. Test Method - Lum nance and Lum nance | nprovenent
Each of tge | i near polarization plates of Sanples | to 10 was used in an
organic ~ display simlar in structure to that of the enbodi nent

above, and was neasured for the | um nance of the di.spl e
that the neasur emewglaﬁéﬁtf%ﬂlé@bhﬁ‘f&@ra §erSC Pt ER nﬁ&fg'y %fi%%‘?’%c‘g%ssumﬁere
the signal current was adjusted so that the |lum nance in the absence of
the |ineasSpnplarG. zation plate and the 1/4 wave plate, i.e., the |um nance
of the organic EL
5
- Sample 7 -
A linear polarization plate having a degree of polarization of 77.9% was used

as Sample 7.

10 - Sample 8 -

A linear polarization plate having a degree of polarization of 71.3% was used

as Sample 8.

- Sample 9 -

15 . A linear polarization plate having a degree of polarization of 63.0% was used

as Sample 9.

- Sample 10 -

A linear polarization plate having a degree of polarization of 55.7% was used

20 as Sample 10.

Test Method
- Luminance and Luminance Improvement -

Each of the linear polarization plates of Samples 1 to 10 was used in an organic
25 EL display similar in structure to that of the embodiment above, and was measured for the

luminance of the display surface. Note that the measurement was performed under



light-emtting |ayer, was 195.0 cd/nR2. The inprovenment in |um nance was
calcul ated in percent for Sanples 2 tol30 5 with respect to the

| um nance of Sanple | as a reference. Note that the 1/4 wave plate q g,
was a 1/4 wave plate made of pol ycarbonate and exhibiting a retardaZigg 1008
of 135 nm for light having a wavel ength of 550 nm - Contrast 10 A
contrast neasurenent apparatus was placed in front of an organic EL

di spl ay c&idHibm whéte Thé Wiphbl eurként Whtadffstddsd aboeiloeianadoy ehel absamce of
ordinary Iit room The signal current was adjusted so that the |um nous

e S T M T LD 5 8 1.

Mor eover ness e roo adj usted so t

contrast was 2,0 in the a ce,0f the linear polarization plate and the
1/ 4 vvavehgﬁa?r@‘.““i%gﬁ‘ﬂe“@éaggp'C(S%‘g'vvere set so that the contrast

measur enent was perforned under an environnment where the intensity of
light enmitted frdmetmproegent ; Rmiganss|was eladatedin pereenidpt Samplepd to 10
contrast measurenent device is substantially equal to the intensity of

t hes ref xgthitiespecoto thecluminandei aff8anifiat dssa refierenieent Note that theoitdr wave plate -
measur enent device. The linear polarization plates of Sanples 1 to 10

were pl aged whs argfmiace 'f_alate %&déio‘i’?owarb@ﬁﬁeﬁud eeBbitued ¥ rémasticredf 135 ninhe
contrast under the conditions as descri bed above. Test Results The test

results i-cgﬂir%th?gg{,igg%%%ng{mg%rggance I nprovenent and the contrast 25

are shown i eover, "3 illustrates the relationship
bet ween the degree of polarization and the |lum nance, FIG 4 the
rel ati onshi p between the degree of polarization Z 1 FEB 2006 14

- Contrast -

10 A confrast measurement apparatus was placed in front of an organic EL display
similar in structure to that of the embodiment above in an ordinary lit room. The signal
current was adjusted so that the luminous intensity of the organic EL light-emitting layer
was 195.0 cd/m®>. Moreover, the brightness of the room light was adjusted so that the
contrast was 2.0 in the absence of the linear polarization plate and the 1/4 wave plate.

15 The conditions were set so that the contrast measurement was performed under an
environment where the intensity of light emitted from the organic EL display that is
incident on the contrast measurement device is substantially equal to the intensity of the
reflection of the room light that is incident on the contrast measurement device.

The linear polarization plates of Samples 1 to 10 were placed in organic EL

20 displays and successively measured for the contrast under the conditions as described

above,

Test Results

The test results for the luminance, the luminance improvement and the contrast
25 are shown in Table 1. Moreover, FIG. 3 illustrates the relationship between the degree of

polarization and the luminance, FIG. 4 the relationship between the degree of polarization



and the | um nance inprovenent, and Fl 5 the rel ationship bet wegn1 EEr?emﬁ

degree of polarization and the contrast™ Table 1

of Lum nanceLum nanceCont rast Pol ari zati onl nproverrgﬁ{mlygg})em% =

199. 976. 70. 0306. 5 298. 987. 514. 185. 2 397. 689. 216. 345. 7 495. 089. 516. 725. 2
591.391. 218. 919. 0 685.292. 520. 613. 6 777.993. 321. 610. 1 871.395. 324. 35. 4
963. 0101. 932. 94. 4 1055. 7115. 250. 22. 4 no pl at es-195. 0154. 22. 0 5 |t can_be
seen ff%ﬁgﬁ'h@ lhihdiRe infprbiemémnaad FIGIeyrtke relatiprshisy ibetweennther dagreso of o

70, the m nance decreases relatively substantially for the increase in

t he degre? of .. | anl | I i

: i ZahhR. In contrast, in the range of degree of

pﬁl ari zé’ﬂ%%}?rg%'(%{to tﬁe high 90's, the decreasegi n the Igum' nance for
the increase in the degree of polarization is not so substantial, with

the | um nance being generally constant in thi it
_ _ I's range. Moreover, it is 10
al so seen that the d_eclrea_se TAbtehp | um nance is quite substantial in the

whose g'gdeggmifg; DRl R il [ Tan e Y Conthast |, between Sanpl e 9
olarization Improvement
% cd/m %
1 99.9 76.7 0.0 306.5
2 98.9 87.5 14.1 85.2
3 97.6 89.2 16.3 45.7
4 95.0 89.5 16.7 25.2
5 91.3 91.2 18.9 19.0
6 85.2 92.5 20.6 13.6
7 77.9 93.3 21.6 10.1
8 71.3 95.3 24.3 5.4
9 63.0 101.9 32.9 4.4
10 55.7 115.2 50.2 2.4
no plates - 195.0 154.2 2.0
5 It can be seen from FIG. 3 that in the range of degree of polarization from 50 to

70, the luminance decreases relatively substantially for the increase in the degree of
polarization. " In contrast, in the range of degree of polarization from 70 to the high 90,
the decrease in tﬁe Juminance for the increase in the degree of polarization is not so
substantial, with the luminance being generally constant in this range. Moreover, it 18
10 also seen that the decrease in the luminance is quite substantial in the range of degree of
polarization in the high 90's, i.e., between Sample 9 whose degree of polarization is 98.9

and Sample 10 whose degree of polarization is 99.9.
It can be seen from FIG. 4 that the decrease in the luminance improvement for
the increase in the degree of polarization has substantially the same tendency as that of the
15 decrease in the luminance illustrated in FIG. 3. Specifically, in the range of degree of
polarization from 50 to 70, the luminance decreases relatively substantially from near 50%

to about 25% as the degree of polarization increases. In contrast, in the range of degree



and Sanple 10 whose degree of polarization is 99.9. It can be seen fro
FIG 4 that the decrease in the |uninahée | nprovenent for the intﬂéﬁﬁgﬁ%
in the degree of polarization has substantially the sanme tendency as that
of the 15 decrease in the lumnance illustrated in FIG 3. Specifically,
in the range of degree of polarization from50 to 70, the |um nance
decreases relatively substantially fromnear 50% to about 25%as the

degree o Lk A 9 MG ERGAST0 1B BeNhighs90's,i thet ezreaandn e higgnanse 15
21 FEB 2%%%8%1?1 p%(?ﬂarli ;batri on in percent fr%m 70 to the high 90's, the

d .in the | um C ' f AT E Wy t d f
e oo gt e SRSy U T A e By L cancreo

m nance | nprovenent staying

in the range from14 to 25% It can be seen th ok | CHl [

range whiyEnpngg Hepjryement ﬂé)"&gili‘a{iﬁeoﬁngg %‘T‘of/é )4 %e)gs ﬂt%{erJ ?Sﬁn%a %%E’gaet 5
| nprovenent in percent is at a very high level, in gthZO' @ TEe | um nance
i mpr ovenpatictlarly tih¢helepgeavhste thel dagresadh prlarization 1988 LghohEss. d ¢ MTPdECas
foll ows. Expression (1) bel ow can be obtained as an expression for the
str i ght jrhpraQemehtis perdeheislatiaivegridgh levpl muber@dis. data points for Sanple 9
and Sanple 10, which is showm in a solid line in FIG 6. 10 (|l um nance

i mprovement) = - Ffe buidadeaiRprovemenl fri thatdegree of goliafiof Of 99.0% can be
Substituting (degree of polarization) = 99.0% into this expression yields

(Tum nancﬁim%g@;agvﬁﬁgap Eﬁﬂr%%sgcs/ﬂ\é Q} belsweeE bt QUtdifAl ad BE ekprosslamder the

inprovenﬁ ases in a y-protrudi ng curve as shown in broken

line in FIG _6.in the range of degr p [:zatd 2 $nptO 080
Ther ef or &traight li"éenl?)eé'l"r'@b&ﬁq‘c‘ﬂman%g’nfrg%&%gﬁc&e%ﬁ%ﬁ%v%éﬁgﬁ]ﬂ%? for thpg
degree of polarijization of k6 99.0% hs actual ly higher than 12. 7% Therefore,
it can bavhidsisishewndp g gakd {l%mll%l[ ‘Rance inprovenent is at |east 12.7% or

nore for the degree of o
10 J (luminance improvement) = -14.1 x (degree of polarization) + 1408.6 (1)

Substituting (degree of polarization) = 99.0% into this expression yields (luminance
improvement) = 12.7%. It is expected that the luminance improvement decreases in an
upwardly-protruding curve as shown in broken line in FIG. 6 in the range of degree of
polarization from 90 to 100%. Therefore, it is believed that the luminance improvement
15 for the degree of polarization of 99.0% is actually higher than 12.7%. Therefore, it can be
estimated that the luminance improvement is at least 12.7% or more for the degree of
polarization of 99.0%. Moreover, substituting (luminance improvement) = 10.0% into
Expression (1) above yields (degree of polarization) = 99.2%. Therefore, it can be
estimated that the luminance improvement is 10.0% or more when using a linear
20 polarization plate whose degree of polarization is 99.2% or less.

It can be seen from FIG. 5 that in the range of degree of polarization from 50 to
around 85%, the contrast increases substantially linearly as the degree of polarization
increases. In contrast, in the range of degree of polarization over 85%, the contrast
increases exponentially as the degree of polarization increases.

25 The luminance improvement for the degree of polarization of 70.0% can be

estimated as follows. Expression (2) below can be obtained as an expression for the



pol ari zati on of 99.0% Mboreover, substLé uting (lum nance i rrprovefrqr[rgg 7506
10.0% into Expression (1) above yiel ds” (degree of polarization)-= . 2%
Therefore, it can be estimted that the | um nance i nprovenent is 10.0%
or nore when using a linear 20 polarization plate whose degree of

pol ari zation is 99.2%or less. It can be seen fromFIG 5 that in the
range of degree of polarization from50 to around 85% the contrast,

i ncreas %p?é#ﬁﬁ]hﬁﬁdtﬂtﬁlgm linke Tasdihy tlasughhhedegiras defa pohtador Samples 110 5 (in

i ncreases. In contrast, in the range of degree of polarization over 85%
the cont i ﬁéee i dewpeyiith stz at 4 broken

i ncreaseti'g%rﬁg%& m ﬁfaﬁﬁlgﬂ%ﬁn%?o@e%rqﬁ%f%ﬁ he dzgree of pol arization of
70. 0% can be tsi mated as foll ows. Expression (2) bel ow can be obtai ned
as an exHPee‘;f,@Igi for the 16 Z 1 FEB 2005 approxi mated straight |ine
passi ng through the contrast data pqinfs for . Sanples 1 to 5 (in he
range of degree GPNEaItATIOARX &’?81’313 g T‘Fﬁt‘cﬁ})éa% 85% , which is(ztghown in
a broken line in FIG 5. (contrast) = 0.38 x (degree of (i)o{Cgriza)tsi_erQ -
19. 8 (2) SibsStthitig (deienef (dayizetiomf= 61056 intatthis expresston yrldsntconraits= /-2
expression yields (contrast) = 7.2. Therefore, it can be estimted that
al t houghTh&errent Easke edinsediitiad slthongh die dntrastos slizhtlyllewst 5.4vfor Sample 3

| i near pol arization plate whose degree of polarizationis 71.3% it is

possi bl e ik 6l1irR} ¥oldhtAldh Pate WHos@bgreé ob pblafizativarie 7il 3%, he ismgsible tof
pol ari za}’vlmc?):rll1 llgg llgﬂr%gap%r t han p;l% 0% I\/bgr eove?, substituting (contrast) =

0 M RUERR S Sh W Bhe @G oV it e B0 olskaoh A redtet gah 76.0%

can be es the contrast is 10.0 or nore
when usi a linegr .palarizatiqn plate. [ €65,0 | AkidéaideSrel &
77. 4% or VIR0V S‘i’g?tﬁ*% tﬁﬂnhﬁgg f&?'toahn eveﬁr%'?g)ﬁle?)r etfc?lgbﬁl i t?é.d g _
-rrgﬁiroggf;gblalrigzatliosn) be |7I7'.?4¥o.d 'h?e%fo?e, (}toggnr & test?r;latSed AR thERb &8s B8 000 Abfeed

when using a linear polarization plate whose degree of polarization is 77.4% or more, or
78.0% or more for an even higher reliability.
Therefore, it is believed that a contrast of 5.0 or more can be obtained reliably
if the degree of polarization of the linear polarization plate is greater than 70.0%.
15 Moreover, it is believed that if the degree of polarization is 78.0% or more, the contrast is
equal to or greater than 10.0, -i.e., substantially twice as high as that for a degree of
polarization of 50 to 70%. Furthermore, it is believed from FIG. 5 that if the degree of
polarization is 90.0% or more, the contrast is equal to or greater than 15.0, ie,
substantially three times as high as that for a degree of polarization of 50 to 70%.
20 Moreover, it is believed that if the degree of polarization is 95.0% or more, the contrast is
equal to or greater than about 25.0,ie, substantially five times as high as that for a degree
of polarization of 50 to 70%. Moreover, it is believed that if the degree of polarization is
97.0% or more, the contrast is equal to or greater than about 45.0, i.e, substantially ten
times as high as that for a degree of polarization of 50 to 70%.
25 Thus, in order to improve the luminance, it is preferred to use a linear

polarization plate whose degree of polarization is 99.0% or less, whereby a luminance



if the degree of polarization of the |ipear polarization plate i$ 1gEBaithr
than 70.0% 15 Moreover, it is beli evédl that if the degree of

pol arization is 78.0%or nore, the contrast is equal to or greater than
10.0, -i.e., substantially twice as high as that for a degree of

pol ari zation of 50 to 704/0. Furthernore, it is believed fromFIG 5 that
if the degree of polarization is 90.0%or nore, the contrast is equal to
or gr eatigfprbfidfent ©fA.0.0% @r moré ihsbritedal Mort preferablyradinear polghizawntptiate
for a degree of polarization of 50 to 704/ 4. 20 Moreover, it is believed
that if \ngsedﬁg.{@g dH nAREALbE 3L | $370%5 0P Tes8 % Ased DI whidle cERNilealimindnce
equal to or greater t%an about 25.0, 1.e substantially five tinmes as

high as that for a 2&\55% of pol arization of 50 to 70% Moreover, it is
bel i evedMHgYeMentah,&V-&0"dBOISf pol ari zation is 97.0%or nore, the

contrast is equal to or greater than about 45.0, i.e., s tgntially ten

times as hi gh asOntthe othef h@ddég?@éfwOlﬁéllna{’rYeZ)ﬁ?'i@rFoﬁ‘Fmgo“%ie gﬁﬂ/ém%%’? us,
in order to inprove the lum nance, it is preferred to use a_ linear

pol 8ri zathedomjnance tolaozeanedppeee, 6f ispireferied 40 ivsn aj linegp polprigatiancplate Whesteby
a lum nance 17 21 FEB 2006 i nprovenent of 10.0%or nore is obtained. Mre
pr ef er abigpreé of igagaizatioh as 9ot i0VS0LAt i whithsaselabe demdfango hrapioyementnisi s

85.0% or less is used, in which case the |um nance inprovenent is 20.0%

or more. ;£ge4 RE RbReWhlIdNfe doRtrRdtder14.0 @bhaid) aMeRs yrefergblys ahd dagree vifi | e
also inproving 5 the lumnance to a certain degree, it is preferred to

use a |inear. polari j ; ; i I i Eret O
95006 | RORPRR RS e B o leR Baee BRI RaRe R Bl org e 1o O 0% e
the contrast js 15.0, or re. Mre_ preferabhl foatloan 3
pol ar i zai”?‘aﬁ d‘% coBirgst t’%zgg.%%m’ien F'&ﬁnocrggjégff ﬂaénﬁﬁgnggé c%%iff Slarizaton i s

0, H .
B O o RS b, S e S e uiindice SmprovRicht 18008 nbe Ui BleY

contrast is 45.0 or more.

INDUSTRIAL APPLICABILITY

The self-luminous image display apparatus of the present invention is suitable

is5 for applications where a high-contrast display is required.



10 9.70 to 99.0% in which case the | um nance inprovenent i ‘
nmore while the contrast is 45.0 or 18ore. | NDUS‘rIUI%I AL APP}_I ICZBllgzi E‘I)'g\//ﬁ?fgﬁ
:5! IaLluren n(igsflogage F! sp![ ay ap%r atus of the present invention is
applications ere a high-contrast display i [
18 CLAIMS 2 1 FEB 2006 1. (anended) A self-lum nous image )éi s;I gng red
apparatus, conprising an output section for displaying an image, a
reflection section provided on a ICiXIMS$ de of the output 5 section with a
reflective surface thereof facing the output section, and a |ight

tehmtti ng section provided on a rear side of the output section, wherein:
e out put section includes a |inear polarization device provi déd SO0 as -

to cover a displa fac or. ]tk eqdph )

li nearly- pol arli-z(é’(‘}%l‘i%ﬁitA B‘Felf’mntg{ﬁgp’%ﬁ@e;é{%@%%@L%a@é’t ar G@—Eéii'i‘ég‘nﬁ? iolmr‘r)lm
provi ded_pl oser to the light-emtting section.than the |line !

pol ar i seetiom fordbisglaying en imagaimiglledion serHen PSRVbCE?pa‘?nI ié%frlsll‘%h&tthr g’r‘ftsp%tt ted
through the linear polarization device into circularly-polarized.light;

and t hgdibmath RAlefledtnat surfacelehereef fasingathdetpt SEUYHI A & h-emiti
than 70.0% and 99.2%or |less. 2. The sel f-e‘?fjm' nous?jibrrag:a ili(glsg:qayw%t o

appar afls o0 brdididBnla reah sia€ ofthieloRtput sewion, Wherpiol ar i zat i i
degree oﬁ p%T ari zation of 78.0% or]i nmore. 3. Tﬁlg sel f-I :J%nngﬁ\s“ ?ﬁaggs "

R L N i
a dlsplfay sur?asceotfor (frla%s"»mn?ttjmg %rﬁh&l&t@mﬂhéﬂiﬁéﬁrly-polaﬁzed Jight of ambient
light, and a retardation film provided closer to the light-emitting section than the linear

10 polarization device for turning the linearly-polarized light transmitted through the linear
polarization device into circularly-polarized light; and

the linear polarization device has a degree of polarization greater than 70.0%
and 99.2% or less.

2 The self-luminous image display apparatus of claim 1, wherein the linear

15 polarization device has a degree of polarization of 78.0% or more.

3 The self-luminous image display apparatus of claim 1, wherein the Jinear
polarization device has a degree of polarization of 99.0% or less.

4. The self-luminous image display apparatus of claim 1, wherein a display
mode of the self-luminous image display apparatus is an electroluminescence display mode

20 or a field emission display mode.

5. (amended) A self-luminous image display apparatus, comprising an
output-side substrate, a reflection-side substrate provided so as to oppose the output-side
substrate, and a light-emitting layer provided so as to be interposed between the substrates,
wherein light from the light-emitting layer is output directly from the output-side substrate

25 and is output indirectly from the output-side substrate after being reflected by the

reflection-side substrate, wherein:



node of the self-lum nous imge display apparatus is an 7 1FER 1008
el ectrol um nescence display node 20%or a field enission display node. 5.
(amended) A sel f-1um nous inage display apparatus, conprising an

out put -si de substrate, a reflection-side substrate provided so as to
oppose the output-side substrate, and a light-emtting |ayer provided so
as to be interposed between the substrates, wherein light fromthe
light-em tting,l @It-éi QiBkRat iSRSt iheh¥ polatifgion Wepict psovidedssthattoat e 25
and is output Indirectly fromthe output-side substrate after being

fl d by, fl 1,0n- Si rmiter Bhdas h
oot paboeF o tisaliS, pfase; Rk el MS P Elcfermie) Fhdri Uil ] o
t di spl f for t itti .ed '
[ noanmpiesbliaht, 8l & Fgwatan Dmrevited Fige oo SR BRTREH hAf fhe

provided closer to the light-enmitting |layer than the |linear polarization
devi cinéarpdlarizatiog devixel fonduming. el linepdy-polariged lighttrapsmitied) thiepgLYIS ¢ he
5 linear polarization device into circularly-polarized light; and the

lsi neatinpg! Jfﬁldrkaﬁbﬂﬂe‘dew ite ciradady-gelgriead lightpaidar i zati on greater than
70.0% and 99.2%or |less. 6. The self-lum nous inmage di splay apparatus of

claims, whergpdy; i1 48Afion ReVidk hahidepredaifi potarization gebagrabam0.0%
pol ari zati on gkm}g&g(’%do%?g. 10 7. Thegsel f-pltﬁam nous i mage displ ay

appar at laim5, wherein the linear polarization device has a
degr eé‘ngégggf’éf"ﬁfgﬂ on of 99.0% or less. 8 The self-lum nous inmge

SerP Pl o Sl R A T AR T i e e, o,
mode poorlar?za{i:)r? ldgvigtran hgssall (?ggrgé SP ]l)O%Zl’ing,?lgr? of 78.0% or more.
10 7. The self-luminous image display apparatus of claim 5, wherein the linear
polarization device has a degree of polarization of 99.0% or less.
8. The self-luminous image display apparatus of claim’5, wherein a display

mode of the self-luminous image display apparatus is an electroluminescence display mode

or a field emission display mode.



