1 DI SPLAY UNIT AND I TS MANUFACTURI NG METHOD BACKGROUND OF THE | NVENTI ON 1.
.Field of the Invention The present invention relates to a display unit such
as an organic EL display and its mandfacturing nethod. 2. Description of
the Related Art In |ate years, displays having various display nechanisns
have been known. Specially, a full-color organic EL display which utilizes
organic light emtting (organic EL (el ectrolum nescence)) phenonenon is
noted in point of its wide visual field angle, its I ow driving voltage,

and its high Iurrirﬁx{gﬁ.q rﬁ‘g’:elﬁﬁﬁfﬁ @?? hal s to nmount
the organic EL display oﬁﬁgﬁp%ﬁbi nfor nma ?%?\ e?Jr%Ina (R%%'\I/‘F%je]g for

personal use typified by a nobile phone and a PDA (personal digital
assi stant) have been nade. In the devel opnent field of the organic EL
di splay, in order_to assure |um nance of display inmages, technol ogical

est abl i sBAERKGROEND| QF THE IS DRI eni ssion efficiency (extraction
efficiency) of lights for image display has been desired. In particular,
regar di nd. Fiddaxfgheilovehtidinspl ay nounted on the conpact information
term nal devices for personal use, inprovenent of emi ssion efficiency in
the direction Taeip@stheinvegaidhareBtesdb apdiaylafyhedieisnslh keansirgahic Eef erred
to as "facing direction") is expected. In order to realize this request,

many progasaly shavies Beehatteaty ni®HEd. AS a method to inprove em ssion
efficiency, tor exanple, a nethod in 2 which a mcro lens or a mcro prism

as an optical conponent for |ight

2. Description of the Related Art

In late years, displays having various display mechanisms have been
known. Specially, a full-color organic EL display which utilizes organic
light emitting (organic EL (electroluminescence)) phenomenon is noted in
point of its wide visual field angle, its low driving voltage, and its high
Iuminance. Based on these advantages, lately, trials to mount the organic
EL display on compact information terminal devices for personal use typified
by a mobile phone and a PDA (personal digital assistant) have been made.

In the development field of the organic EL display, in order to assure
luminance of display images, technological establishment to enable
improvement of emission efficiency (extraction efficiency) of lights for image
display has been desired. In particular, regarding the organic EL display
mounted on the compact information terminal devices for personal use,
improvement of emission efficiency in the direction facing the organic EL
display (hereinafter simply referred to as “facing direction”) is expected. In
order to realize this request, many proposals have been already made.

As a method to improve emission efficiency, for example, a method in



focusing which utilizes light refraction phenomenon is introduced to the
.organic EL display, in order to focus the lights for image display
generated in a light emtting source (organlc EL device) in the facing
direction can be cited. As a concrete organic EL display using the mcro
| ens, for exanple, a structure wherein an aggregation of small mcro

| enses (mcro lens array) is arranged on point light emtting organic EL
devi ces which are pattern-arranged has been proposed (for exanple ref er
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separately, a | di, ng process using this petal nold |s requir ed.
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conplicated, and its manufacturing cost becones high. As a technique to

f or m t heartightoemdttang @onuge, ( Qrgaatid%ﬂ-l davice) ihéheofadingydirection cqpae bhi ch uses
a netal nold, for exanple, a technique wherein a lens material is cut and
ground ca’neche utilized. In this case, since a high processing technique is
required in processing curved surface parts of the mcro |ens,

manufacturing Abg donefdte drgaﬁlc%misﬁlagw g dhd hiien fens2fe8 exhnple, a
manuf act uri ng cost becomes high. It is said that manufacturing a spheri cal
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pattern-arranged has been proposed (for example, refer to Japanese Patent
Application No. H09-171892 (Ps. 3-5, Fig. 3)). This micro lens array, for
example, is formed by utilizing a molding technique which uses a metal mold
corresponding to a form of the micro lens. However, in a conventional
molding technique, a metal mold for molding is prepared separately, and a
molding process using this metal mold is required. Therefore, a
manufacturing process for the micfo lens array becomes complicated, and its
manufacturing cost becomes high. As a technique to form the micro lens
array, in addition fo the molding technique which uses a metal mold, for
example, a technique wherein a lens material 1s cut and ground can be
utilized. In this case, since a high processing technique is required in
processing curved surface parts of the micro lens, manufacturing the micro
lens array becomes difficult, and its manufacturing cost becomes high.
It is said that manufacturing a spherical micro lens is relatively easy.

However, in the case of using this spherical micro lens, while lights

generated in the central part of the organic EL device are appropriately



ends of the organic EL device are in result largely refracted and emtted
.in the directions other than the facing direction, though desired not to
be largely refracted and to be enmitt@d in the facing direction. In
addition, there have been restrictions in using the mcro lens, for
exanple, since sufficient refraction index cannot be obtained with the
spherical mcro lens, in order to assure refraction index, |abor to make a
| ow refraction index nedia (e.g. air) adjacent to the mcro lens is
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devi ces has heen, proposed (for exanmple, refer to "El ectrophospherescent

Or gani ¢ theyiarectionst pigr Ddarc dbe feping dirachiope ghough esiragagoptorbei n 2002,
Society for Information Display 2002 |International Synposium (Boston, M,
U'S.)). lasgelveeirachedt h:edohoggelimnﬁtedjiism}ayfmtdir@tiohne dhohdditmee | i ght
emtting organic EL devices, though at the mcro prism many of the |lights
gener at etherenhahe beegardstrictiofevinCcasing tloe uRdo ilent héorf agameld)i si@eéi on,
sone lights generated at the position corresponding to boundary parts
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the mcro prism so that |loss of emssion efficiency 1s caused. A
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light emtting organic ices 1’s"al'so disclose or “exanp
Takahashi et al. (for.exanp]e, refer . to.Japanese Unexam ned Patent
Appl i cat%ﬁlNg?'gF%éfq@@g%nnﬂa the micto lens is yeqred- o above reasons, in the
conventi onal Ol\r/.l%gg\i?v%ilzl,_ agiasg(lr?c%'gfe (i)xtgainsic EL display using the micro prism,
for example, a structure wherein an aggregation of small micro prisms whose
size is extremely small compared to a light emitting area (micro prism array)
is arranged on a whole face light emitting organic EL devices has been
proposed (for example, refer to “Electrophospherescent Organic Light
Emitting Devices” by S.R. Forrest et al., May 21-23 in 2002, Society for
Information Display 2002 International Symposium (Boston, MA, U.S.).
However, in the organic EL display mounting the whole face light emitting
organic EL devices, though at the micro prism, many of the lights generated
in the organic EL device is focused in the facing direction, some lights
generated at the position corresponding to boundary parts between each
micro prism are hard to be focused in the facing direction at the micro prism,
so that loss of emission efficiency is caused. A technical example that the
micro prism array is arranged on the whole face light emitting organic EL

devices is also disclosed by, for example, Takahashi et al. (for example, refer

to Japanese Unexamined Patent Application No. H09-73983 (P. 1, Fig. 1).



difficult to say that em ssion efficiency is sufficient, in spite that the
.mcro lens or the mcro prismis used. In addition, in the case where the
mcro lens or the mcro prismis utitized in order to i mprove eni ssion
efficiency, there is a problemthat difficulty in manufacturing is caused.
SUMVARY OF THE I NVENTION In light of the foregoing, it is a first object of
the invention to provide a display unit which can inprove em ssion
efficiency of lights for imge display, and assure |um nance of display

images. It is 1, SRo \@bﬂe%t%r\}ﬁ,fintﬁﬁ sdReRRtoRa B%ﬁi@‘ﬁﬁﬁ%%lﬁ‘fé hpg of

manuf acturing a display uni ich can 1 nprove enission e c1 éncy and
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lights for image display; and second prisms which are at | east enbedded in
voi ds f deped@r ot prast issutipeed ip, orded teHimroraeanigsiopnefficeancyef r act i on
i ndex than that of the first prisns. A nmethod of nmanufacturing the display
uni t acdbede iga peoklem thatvdifihdudty imolarmddaciiremgsiseaisefl- forming a prism
precursor. layer to formthe first prisnms to cover a plurality of Iight
emtting devices which are pattern-arranged on a support substrate;
pattern-formng a plurality of second prisnms on a transparent substrate;

and for @I@MMRE{?UPSTHEWWWI@NW acing the support substrate and the
su

t ranspar ent strate opposite so that the prismprecursor |ayer and the

second prisns I%rfglﬁl &58d fgpe%%fﬁé,eit 1929850 object of the invention to provide

a display unit which can improve emission efficiency of lights for image
display, and assure luminance of display images.

It is a second object of the invention to provide a method of
manufacturing a display unit which can improve emission efficiency and
enable easy manufacture of the display unit.

A display unit according to the invention comprises: a plurality of
light emitting devices which generate lights for image display; a plurality of
first prisms which are arranged corresponding to each light emitting device,
and refract the lights for image display; and second prisms which are at least
embedded in voids formed between the first prisms, and which have a
smaller refraction index than that of the first prisms.

A method of manufacturing the display unit according to the
invention includes the steps of: forming a prism precursor layer to form the
first prisms to cover a plurality of light emitting devices which are
pattern-arranged on a support substrate; pattern-forming a plurality of

second prisms on a transparent substrate; and forming the first prisms by



other, and then pressure bonding the transparent substrate to the support
.Ssubstrate, and formng the prismprecursor |ayer by utilizing a shape of
the second prisns. In the display uni® according to the invention, the
lights for image display generated in the plurality of light emtting
devices are refracted in the first prisnms, and then emtted to outside.
Then, since refraction index in the second prisns is smaller than that in
the first prisnms, sonme of lights for inage display refracted near the
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t he seco sns aht are em ou eas o
" Consequenily,.the lights.for i e display.are focused in the direction
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according to the _invention, the prismprecursor |ayer as a prearrangenent
| ayer foPthefe andy tien pressuse benfirable tianspasent pebprateata the srppomght
emtting devices which are pattern- arranged on the support substrate.
Meanwhi | epbstireteylandaformyingfthe gecemprpriusses laye ppttdizmg arsheghecd thiee
transparent substrate. The first prisns are forned by opposing the support

substr at gedomd frdsinsansparent  substrate so that the prismprecursor |ayer
and the second prisns are placed opposite to each other, pressure bondi ng
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precursor layer by utilizing the shape of the second prisns. Other an
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DRAW NGSthe first prisms, and then emitted to outside. Then, since refraction index
in the second prisms is smaller than that in the first prisms, some of lights
for image display refracted near the second prisms are not largely refracted
in the second prisms, pass through the second Vprisms and are emitted to
outside as other many lights. Consequently, the lights for image display are
focused in the direction facing the display unit.

In the method of manufactuﬁng the display unit according to the
ivention, the prism precursor layer as a prearrangement layer for the first
prisms is formed to cover the plurality of light emitting devices which are
pattern-arranged on the support substrate. Meanwhile, the plurality of
second prisms are paftern-formed on the transparent substrate. The first
prisms are formed by opposing the support substrate to the transparent
substrate so that the prism precursor layer and the second prisms are placed
opposite to each other, pressure bonding the transparent substrate to the
support substrate, and forming the prism precursor layer by utilizing the

shape of the second prisms.

Other and further objects, features and advantages of the invention



Fig. 1 is a cross sectional view show ng an approxi mate cross sectional
.construction of an organic EL display according to an enbodi nent of the
invention; Fig. 2 is an oblique perspédttive figure showi ng an expanded
obl i que perspective construction of a substantial part (mcro prismsheet)
of the organic EL display illustrated in Fig. 1; Fig. 3 is a cross
sectional view showi ng a partly expanded cross sectional construction of a
part on the periphery of a mcro prismin the organic EL display

i1 ustratgsh isbhdarOmode flllPfroth 11 AIBHAS —'ﬁgﬁ_l vi ew showi ng an expanded
organi

Cross sectio constructron o vices; Fig. 5is a diagramto
explain characteristics of visual field angles of the organic EL display;
Fig. 6 is a cross sectional view show ng an expanded cross secti onal

constructj.on rganic. EL. display as a conparative exanple to the
organic R@@b%ﬁé@@l@%@ﬂ%ﬁﬁ@%ﬂﬁwﬁ%m of the invention; Fig. 7 is
a cross sectional view showing a first nodification regarding a
construction offighd n$ ca ocrpss ssectibngl Bews showhuys sars exptpiroxizhatei evosshowi ng a
second nodification regarding a construction of the mcro prism Fig. 9is
a cross seciémaiadonetewti®hofi igosgdrit B, dixpildy aatdrding td agamdbalintent
construction of the mcro prism Fig. 10 is a cross sectional view show ng
a fourt hoppel fiveaftic®ny regarding a construction of the micro prism

Fig. 2 1s an oblique perspective figure showing an expanded oblique
perspective construction of a substantial part (micro prism sheet) of the
organic EL display illustrated in F1g 1;

Fig. 3 1s a cross sectional vieﬁr showing a partly expanded cross
sectional construction of a part on the periphery of a micro prism in the
organic EL display illustrated in Fig. 1;

Fig. 4 is a cross sectional view showing an expanded cross sectional
construction of organic EL devices;

Fig. 5 is a diagram to explain characteristics of visual field angles of
the organic EL display;

Fig. 6 is a cross sectional view showing an expanded cross sectional
construction of an organic EL display as a comparative example to the
organic EL display according to the embodiment of the invention;

Fig. 7 is a cross sectional view showing a first modification regarding
a construction of the micro prism;

Fig. 8 is a cross sectional view showing a second modification
regarding a construction of the micro prism;

Fig. 9 is a cross sectional view showing a third modification



Fig. 11 is a cross sectional view showing a nodification regarding a

. construction of the organic EL displa¥ Fig. 12 is an oblique perspective
figure showing a nodification regarding a construction of the mcro prism

sheet; Fig. 13 is a cross sectional view to explain a manufacturing process

for the organic EL display according to the enbodi nent of the invention;
Fig. 14 is a cross sectional viewto explain a process follow ng the
process showing in Fig. 13; Fig. 15 is a cross sectional viewto explain a

EDdI. fi Ca{'%goia}dgr?%ssghg'&uﬁtloﬂ%wﬂﬂgnﬂ‘i:r {naCt uring the organic EL display;
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di spl ay. DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENT An enbodi nent of
the i nvetREaSAING fIcopairdatieR ob&ke PHCERPHFM: her ei nbel ow with reference to
the drawings. First, with reference to Figs. 1 and 2, a construction of an
organi ¢ EL diEjg dyl issa araissysctipnahvievasbowiligg modiffratiombeganding of t he
invention will be described. Fig. 1 shows an approxi nate cross sectional

const r ucédmr@dtich shheasrganicEELdigplapt ay, and Fig. 2 shows an expanded
oblique perspective construction of a substantial part (mcro prismsheet)
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a top enission display wh i spl ays
regarding a construction of the micro prism sheet;
Fig. 13 is a cross sectional view to explain a manufacturing process
for the organic EL display according to the embodiment of the invention;
Fig. 14 is a cross sectional view to explain a process following the
process showing in Fig. 13;
Fig. 15 is a cross sectional view to explain a modification regarding a
method of manufacturing the organic EL display;
Fig. 16 is a cross sectional view to explain a process following the
process showing in Fig. 15, and

Fig. 17 is a cross sectional view to explain a modification regarding a

method of manufacturing the organic EL display.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

An embodiment of the invention will be described in detail
hereinbelow with reference to the drawings.

First, with reference to Figs. 1 and 2, a construction of an organic EL. -
display as a display unit according to the embodiment of the invention will

be described. Fig. 1 shows an approximate cross sectional construction of



i mages by utilizing organic EL phenomenon. As shown in Fig. 1, this
.organic EL display has a construction wherein a mcro prismsheet 30,
auxiliary prisms 40 (second prisms), cblor filters 50 (optical filters),

and a cover plate 60 (transparent substrate) are layered in this order on
organic EL devices 20 (light emtting devices) provided on a whole face of
a driving substrate 10 (support substrate). Miin functions of the driving
substrate 10 are to support the organic EL devices 20, and to nake these

organic I I f i on of the
organi c Eh gﬁélacesEi'bd%@ %yd drﬂf‘?‘fgl SP WE éllltﬂ{é ig %ﬁz}%i%&l%%hqﬁer#é r}gﬁc%ve
phenonen ene ate.li s, for e dis anj cEL
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corresponding to three primary colors in light, namely, plurality of
organic daspiayiiHustrated hfeh Lenerate red | i ghts, organic EL devices 20G
whi ch generate een lights, and organic EL devices 20B which generate

bl ue lights. @g’pe(m"gaaiooﬁﬁadi&plﬂ idevitop L1BBRio dEplandvikieB displaysat t er n-
arranged in the shape of matrix on the driving substrate 10. Detailed
const r uctineges Ay tutdidnhganizanid Eleileemn2éiRdn. 208 Svth2QB Wid.| 1behis
described later (refer to Fig. 4). A function of the mcro prismsheet 30

is to rebragtict EE Hi@hﬁﬁ Hedl aOcdrBReEetfnS RY Kokeinl NE n'i‘i‘c% %rPsrﬂlSéBe%@e , 30 is
made of a material such as an epoxy resin, which has a larger refraction
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exanpl e, cé)\rrlehll pqa%e 88_(%'11%{321%%1: subStrate) are layered in this order on organic EL
devices 20 (light emitting devices) provided on a whole face of a driving
substrate 10 (support substrate).

Main functions of the driving substrate 10 are to support the organic
EL devices 20, and to make these organic EL devices 20 emit lights by
applying voltage.

A function of the organic EL devices 20 is to emit lights by utilizing
organic EL. phenomenon, and generate lights for image display. These
organic EL devices 20 include three elements which generate three colors
lights corresponding to three primary colors in light, namely, plurality of
organic EL: devices 20R which generate red lights, organic EL deviceé 20G
which generate green lights, and organic EL devices 20B which generate
blue lights. Respective organic EL devices 20R, 20G, and 20B are
pattern-arranged in the shape of matrix on the driving substrate 10.
Detailed constructions of the organic EL devices 20R, 20G, and 20B will be
described later (refer to Fig. 4). |

A function of the micro prism sheet 30 is to refract the lights for



| eaki ng in places on the periphery of the organic EL devices 20, a materi al
.which has a water vapor perneability of about 50 g/n2 24 hours

(tenperat ure=40C, - huni dity=95% or leds is preferable. This micro prism
sheet 30 includes a plurality of mcro prisns 31 (first prisns) arranged
correspondi ng to respective organic EL devices 20R, 20G and 20B as parts
which refract the lights for inmage display. Each mcro prism31 has a
continuous structure wherein respective mcro prisnms 31 are connected to

each oth I : ir i f _X-axks, r.f of .t h 1.€10 ism31 may be
pr ovi ded?l\%ﬁatgﬁ,&lgﬁra 9.6)(‘;‘%%'113{,&&@%%1%;%%%? ﬁégt%ﬁg%\ mééa‘ﬁaférréaa}tsr%%t 23 A%or der to
prevent reflecti.on of .outside |ights. As shown i ig. 2, respectjive mcro
D e 3goarEresit whidhbhs o rsercrtastion Rty "o eaals, PaLaoY whose
cross sections algng X-Z plane are in the shape of .inverted triangles.

Speci fi cihaxy thageh t c&*@nﬁm@ PEBM$H 40. aAsradgesivemaking ithe thicre apim of
trapezoid along X-Z plane, and continuously extends in the direction of
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1, the voids V are provided corresponding to nonlum nescent spaces S
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i ndi spensable that the plurality of mcro prisnms 31 should have a
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| enses 31 which are independent romeach other can b€ arranged. A cross
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corresponding to respective organic EL devices 20R, 20G, and 20B as parts
which refract the lights for image display. Each micro prism 31 has a
continuous structure wherein respective micro prisms 31 are connected to
each other in the direction of X-axis. Surface of the micro prism 31 may be
provided with, for example, AR (anti reflection) coat treatment in order to
prevent reflection of outside lights. As shown in Fig. 2, respective micro
prisms 31 are, for example, pattern-arranged by sandwiching voids V whose
cross sections along X-Z plane are in the shape of inverted triangles.
Specifically, each micro prism 31 has a cross section in the shape of trapezoid
along X-Z plane, and continuously extends in the direction of Y-axis while
maintaining the trapezoidal cross section. As shown in Fig, 1, the voids V
are provided corresponding to nonluminescent spaces S between respective
‘organic KL devices 20R, 20G, and 20B. It is not indispensable that the
plurality of micro prisms 31 should have a continuous structure in the

direction of X-axis. A plurality of micro lenses 31 which are independent

from each other can be arranged. A cross sectional shape of the void V is not



In particular, the mcro prismsheet 30 not only has a function, for

. exanple as an optical conponent to refract the lights for imge display,

but also has a function as a seal i ngl&dhesive to bond the driving
substrate 10 and the cover plate 60 together, and to seal the organic EL
devices 20 between the driving substrate 10 and the cover plate 60.
Detailed construction of the mcro prismsheet 30 will be described |ater
(refer to Fig. 3). The auxiliary prisnms 40 are enbedded in the voids V to
construct. a. fI f I it h 1.Sr ri f G3GLO prism
sheet SO.HIH%teéré?tr?hF 31?1%? %\%ﬁ t%%%\q%’ Qarﬁé’i ".rgl}’glan?y?lf%s r?gl %#1?%1 tortaglgz ‘Yefraction
of the lights, for. inmage.display by the mcro pris 1, to act as
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are made of a material such as_ _a fluagrocarbon resin, which has a smaller
refracti bie inrskedtrapezoidra widitppbits hepal phane inprefersdly srarrovredpero prism
sheet 30. As a resin nmaking the auxiliary prisns 40, for exanple, as the
resi n makiunh ashposdileleo pri sm sheet 30, a material which has a water vapor
perneability of about 50 g/ n2-24 hours (tenperature=400C, hum dity=95%
and less is pref enaticalarAthd pdibrOpridin theett 80 Aotfddly &es $Tuhéti® for
selectively transmt the lights for inmage display generated in the organic
EL devic i sy byt fant : ' klters 50
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to respegii v [ ic EL V] . B d,gol or
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cover pl at O is a transparent .protective c onent to ofect a
P ang t’ﬁle cover pia?te 88‘ together, and to sea rgl)le organic ({ev?ces 20

between the driving substrate 10 and the cover plate 60. Detailed
construction of the micro prism sheet 30 will be described later (refer to Fig.
3).

The auxiliary prisms 40 are embedded in the voids V to construct a
flat face M along with the micro prisms 31 of the micro prism sheet 30. A
main function of the auxiliary prisms 40 is to aid refraction of the lights for
mmage display by the micro prisms 31, and to act as light paths for the lights
for image display. These auxiliary prisms 40 are made of a material such as
a fluorocarbon resin, which has a smaller refraction index of n2 (for example,
n2=1.40) than that of the micro prism sheet 30. As a resin making the
auxiliary prisms 40, for example, as the resin making the micro prism sheet
30, a material which has a water vapor permeability of about 50 g/m?2-24
hours (temperature=407C, humidity=95%) and less is preferable.

A function of the color filters 50 is to selectively transmit the lights
for image display generated 1n the organic EL devices 20, and inhibit other

lights from passing. The color filters 50 include three colors filters which



| ami nation including the organic EL devices 20 and the nicro prism sheet 30
.fromoutside, and the cover plate 60 constructs em ssion paths in emtting
the lights for inmage display to outsilde. The cover plate 60 is not
necessarily required. For exanple, it is possible that the color filters
50 are exposed w thout providing the cover plate 60. Next, with reference
to Fig. 3, detailed construction of the mcro prismsheet 30 wll be
described. Fig. 3 shows a partly expanded cross sectional construction of

a part on the, periphery 0f the mgr rj i 0 e organic
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descri bed above, _constructs par th | at face nd a_t.r apezoi dal
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corresponding to the organic EL device 20G its oblique lines are two

obl i que HlaeeoldEXiltew5@B. r espectively |ocated corresponding to adjacent two
nonl um nescent spaces S, and its |ower base is a virtual face E4

det er mi ned by Theseverlylapugl ise ¢z aaent F&tective dimposénin® motedch part of
the mcro prismsheet 30, for exanple, when a wdth W2 of the organic EL

devi ce 29@minatidRdutludéng thetbraait WINdMWicés2@ hndfthetthizre peishaskedfl 30 s about
26 u m an angle of gradient O nade by the oblique faces E2 and E3 in
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without providing the cover plate 60. |
Next, with reference to Fig. 3, detailed construction of the micro
prism sheet 30 will be described. Fig. 3 shows a partly expanded cross
.sectional construction of a part on the periphery of the micro prism 31
corresponding to the organic EL device 20G.
The micro prism 31 of the micro prism sheet 30 is, as described above,
constructs part of the flat face M, aﬁd has a trapezoidal cross section wherein
its upper base is an end face E1 located corresponding to the organic EL
device 20G, its oblique lines are two oblique faces E2 and E3 respectively
located corresponding to adjacent two nonluminescent spaces S, and its
lower base is a virtual face E4 determined by these oblique faces E2 and ES.
As dimensions of each part of the micro prism sheet 30, for example, when a
width W2 of the organic EL device 20G is about 26 1 m, a width W1 (=W2) of
the end face E1 is about 26 4 m, an angle of gradient & made by the
oblique faces E2 and E3 in relation to the flat face M is about 65° , a height

H of the micro prism sheet 30 is about 1054 m, and an arrangement pitch P



devices 20 wll be described. Fig. 4 shows an expanded cross secti onal
.construction of the organic EL devices 20R, 20G and 20B. In Fig. 4,
illustrations for conponents other thbh the driving substrate 10 and the
organi ¢ EL devices 20R, 20G and 20B are omitted. The organic EL devices
20R, 20G and 20B have an optical resonator structure which functions as a
kind of narrow band filter utilizing light nultiple interference
phenonenon by, for exanple, making lights resonate between respective two
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i i 3: ia g 4@‘*”‘%%%%1.@%’ %‘I’ggﬁgﬁi‘y ‘?Iglﬁg%] Slt ;L/te)rengigehas a function
to improve The organic EL devices 20R, 20G, and 20B have an optical resonator
structure which functions as a kind of narrow band filter utilizing light
multiple interference phenomenon by, for example, making lights resonate
between respective two electrode layers.

Namely, the organic EL device 20R has a structure, wherein, for
example, an electron 1“1016 transport layer 22R, a light emitting layer 23R, an
electron transport layer 24R, and an upper electrode layer 25R are layered
on a lower electrode layer 21R in this order. The lower electrode layer 21R
not only has a function as an original electrode, but also has a function as a
reflection layer to reflect lights generated in the light emitting layer 23R.
The lower electrode layer 21R is made of a metal material or an alloy
material of platinum (Pt), gold (Au), chromium (Cr), tungsten (W) and the
like. The electron hole transport layer 22R has a function to improve
efficiency to inject electron holes into the light emitting layer 23R in addition

to a function as an electron hole injection layer. The electron hole transport

layer 22R is made of, for example, bis [(N-naphthyl)-N-phenyl] benzidine (¢



efficiency to inject electrons into the light emtting layer 23R and nade
.of, for exanple, 8-quinolinol alumnumconplex (Al g3). The upper el ectrode
| ayer 25R is made of a nmetal materialldr an alloy material of al umi num
(Al'), magnesium NO calcium (Ca), natrium (Na) and the |ike. The organic
EL device 20G has a structure, wherein, for exanple, an electron hole
transport layer 22G a light emtting |ayer 23G and an upper electrode

| ayer 25G are |layered on a |lower electrode layer 21Gin this order. The

| ower el de ..21G. and {h | egt rod ayer 25G have
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21R and the upper el ectrode |layer 25R in.the organjc EL devic QR The
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efficiency tog inject electron holes intg the light emtting | ayer 23G but
al so hald-BNKdmeethorynbennl) dY obengiaminadl i nj @éﬂg@wqmybrl;dm-bomdeof, for
exanple, a -NPD. The light emtting |ayer 23G not only has a function to
gener at e(BgBeen Thegliectem: rixapspaitndaster G4Rr dris apflicttn oty improskso has a
function as an electron transport layer. The light emtting |layer 23Gis

nmade of , effitfencRMRlot dledtryhdl iretonéelifyt Sinkithiy LOFEIIR) £hd &BIde0df, about 1
vol %in Al g3. The o?gani c EL device ZO%Ythas angructure, wherein, for
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has a function 1t1§ oi‘grg)r{ig\iﬂeL device 20G has a structure, wherein, for example, an
electron hole transport layer 22G, a light emitting layer 23G, and an upper
electrode layer 25G are layered on a lower electrode layer 21G in this order.
The lower electrode layer 21G and the upper electrode layer 25G have
constructions, for example, similar to those of the lower electrode layer 21R
and the upper electrode layer 25R in the organic EL device 20R. The
electron hole transport layer 22G not omnly has a function to iImprove
efficiency to inject electron holes into the light emitting layer 23G, but also
has a function as an electron hole injection layer, and made of, for example,
@ -NPD. The light emitting layer 23G not only has a function to generate
green lights corresponding to current application, but also has a function as
an electron transport layer. The light emitting layer 238G is made of, for
example, a mixture made by mixing coumarin 6 (C6) of about 1 vol% in Algs.
The organic EL device 20B has a structure, wherein, for example, an

electron hole transport layer 22B, a hight emitting layer 23B, an electron

fransport layer 24B, and an upper electrode layer 25B are layered on a lower



efficiency to inject electron holes into the light emtting | ayer 23B, but
.also has a function as an el ectron hole injection |ayer, and nmade of, for
exanple, a -NPD. The light emtting 14ayer 23B has a function to generate
blue lights corresponding to current application, and is nade of, for
exanple, 4,4-bis (2, 2-diphenyl-ethene-1-il) biphenyl (DPVBi). The

el ectron transport layer 24B has a function to inprove efficiency to
inject electrons into the light emtting |ayer 23B, and nmade of, for
exanpl e,

he light emtting I|aye: t for
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2-diphenyl-ethene-1-il) biphenyl (DPVBi). The electron transport layer 24B
has a function to improve efficiency to inject electrons into the light emitting
layer 23B, and made of, for example, Alga. |

Next, actions regarding image display of the organic EL display will
be described.

In this organic EL display, the lights for image display (hereinafter
simply referred to as “lights”) L are focused in the direction facing the
organic EL display (hereinafter simply referred to as “facing direction”), by
utilizing light refraction by the micro prisms 31.

Namely, as shown in Fig. 3, a light L1 generated at light emitting
position T1 in the central part of the organic EL device 20G is emitted in the
facing direction mainly by being refracted at the end face E1 of the micro
prism 31. Meanwhile, a light L2 generated at light emitting position T2 at
one end (left end) of the organic EL device 20G is emitted in the facing
direction as the light L1 mainly by being refracted at the oblique face E2 by

utilizing refraction index difference between the micro prism 31 with a high



position T3 at the other end (right end) of the organic EL device 20Gis
.emtted in the facing direction as the lights LI and L2 mainly by being
refracted at the oblique face E3, andlbassing through the auxiliary prism
40 simlar to the light L2 generated at the light emtting position T2.
Consequently, even when the light L is generated at either the |ight
emtting position Tl, T2, or T3 on the organic EL device 20G the |ight L
is focused in the facing direction. Therefore, a light volune of the

lights Lléﬁ]a%tji'&} ﬁﬁ&éi‘&ndﬂ%{e %]%Bﬁlg{%g }Eﬂ%ﬂl%(ﬁ@ﬁﬁga Ib% }e'fféctfbrﬁﬁ{qe%é bdd' spl ay,

in addition ocusmgt e MCro prismns ol | owi ng
actions can _.be gbtaine Sinc nJ C 2 has t he
optical Pasyhat troue ﬂ&q% dp?“éfnr@[ @é ?migt uqtgﬁﬁtre&‘rﬁ ?‘f 'ng wave
length is lowered, color purity of the |lights to L3.is inproved. In
addi t i ontheughsuader pyippyy cirqumstanses bhisdig 2%61@%‘.‘@@@%1@6 girecHiencol or
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Consequently, even when the light L is generated at either the light emitting
position T1, T2, or T3 on the organic EL device 20G, the light L is focused in
the facing direction. Therefore, a light volume of the lights L in the facing
direction is increased.

In this organic EL display, in addition to focusing the lights L by 1;he
micro prisms 31, the following actions can be obtained.

‘Namely, since the organic EL device 20G has the optical resonator
structure, and reflectance near its light emitting wave length is lowered,
color purity of the lights L1 to L3 is improved. In addition, as shown in Fig.
1, since based on the existence of the color filter 50G, selective permeability

| for the green lights can be obtaihed, leading to an extremely small
transmittance for lights of colors other than green in the facing direction,
contrast of display images is improved. In particularly, in the case where
red lights generated in the organic EL device 20R and blue lights generated
in the organic EL device 20B reach the color filter 50G, since a lot of red

lights and blue lights are absorbed in the color filter 50G based on



angl es of the organic EL display will be described. Fig. 5 is intended to
.explain the characteristics of visual field angles of the organic EL
display (horizontal axis: visual fiel® angle (deg), vertical axis:

| um nance). Fig. 6 shows an expanded cross sectional construction of an
organic EL display as a conparative exanple in relation to the enbodi nent
of the invention. In Fig. 5, "5A" represents the conparative exanple, and
"5B" represents the enbodinent of the invention, respectively. The visual

field angl®. | n i he. di k. ion.Qf X-axis_knirelation to the
faci ng- ot iteaehafs BpRRFas AP Bfiel Rolataufd HEfk 80l Bhe SRELa bt Bl 1%
Fig. 6, the.arganic EL display,of the conparative, exanple has.a .

Comst ructt G Prttep, T pEe HRegiions: SLRRT. thngthp | faFiRe: GRPEHO HSodi ment
except that the_organic EL display of the conparative exanple conprises a
t ranspar 8a¢regfedt 130 i nstead of the micro prismsheet 30 and the
auxiliary prisns 40, and a black mask 170 havi ng an opening 170K to .narrow
down a |ight phiektofithhefdreghd td Figs. Bajened 6pchatsicseristinssyfarient] fsdldet  130.
After conparing characteristics of visual field angles of the organic EL

di spl aysanglker 6 the: begdiic SEEiggliapentill ddedeis@rpdigt bvie axnaanbe tot he
followng results were obtained. Nanely, a lum nance in the facing
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exanpl e (5A), and about 0.65 in t t was confifned

ner O L AP ORGP AL ALy afgoccen be
shows an expanded cross sectional construction of an organic EL display as a
comparative example in relation to the embodiment of the invention. In Fig.
5, “BA” represents the comparative example, and “5B” represents the
embodiment of the invention, respectively. The visual field angle is a slope
angle in the direction of X-axis in relation to the facing direction
(perpendicular line of the display screen).

As shown in Fig. 6, the organic EL display of the comparative
example has a construction similar to that of the organic EL display in this
embodiment, except that the organic EL display of the comparative example
comprises a transparent sheet 130 instead of the micro prism sheet 30 and
the auxiliary prisms 40, and a black mask 170 having an opening 170K to
narrow down a light path of the light L is layered on this transparent sheet
130.

After comparing characteristics of visual field angles of the organic

- EL displays according to this embodiment and the comparative example, the

following results were obtained.

Namely, a luminance in the facing direction (visual field angle=0 deg)



Wiile in the conparative exanple (5A), broad |uminance was obtained over a
. whol e visual field angles (0 deg to 90 deg), in this enbodi nent (5B),

| um nance was only obtained in the vikual field angles (0 deg to about 45

deg) in the facing direction and its vicinity, and lum nance in the other

visual field angles could not be obtained. It was confirmed herefromthat

different fromthe conparative exanple, in this enbodinent, it is possible
tointentionally limt a visual field angle i.e. arange wherein a
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of the the other visual field angles could not be obtained. It was confirmed

herefrom that different from the comparative example, in this embodiment,

it is possible to intentionally limit a visual ﬁeld angle, i.e. a range wherein a

display image can be viewed to the facing direction and its vicinity.

In the organic EL display according to this embodiment, the micro
prisms 31 with high refraction index to refract the lights L, which are
arranged in the positions corresponding to the organic EL devices 20R, 20G,
and 20B, and the auxiliary prisms 40 with low refraction index, which are
embedded in the voids V between each micro prism 31 are comprised.
Therefore, as mentioned above as “actions regarding image display of the
organic EL display,” a light volume of the light L viewed as an image in the
facing direction becomes a total of a light volume of the light L1 essentially
emitted from the organic EL device 20G in the facing direction, and the
lights L2 and L3, which are emitted from that organic EL device 20 in the

directions other than the facing direction, and then are directed in the facing

direction by utilizing refraction phenomenon based on differences of



lights L in the facing direction is inproved by the Iight volunes of the
.lights L2 and L3, so that em ssion efficiency of the lights L is inproved,
and |um nance of the display i mge dé&n be assured. Further, in this

enbodi ment, since the lights L are focused in the facing direction based
on the refraction of the mcro prisns 31, an em ssion volune of the |lights
L emtted in the directions other than the facing direction decreases.
Therefore, since light volunme loss of the lights L required to display

i mges becones | ess, power consunption.of e organi c_.EL display can be
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and contrast). In addition,. in this enbodinent, based on realization of

| ow powerhetsiergni this, empedinggnt, g eyidented by the spswlis shawnga Fign g hened,
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filter color is utilized, it beconmes possible that, as described above,
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facing direction based on the refraction of the micro prisms 31, an emission
volume of the lights L. emitted in the directions other than the facing
direction decreases. Therefore, since light volume loss of the lights L
required to display images becomes less, power consumption of the organic
EL display can be lowered, along with assuring high image quality
(luminance, color purity, and contrast). In addition, in this embodiment,
based on realization of low power consumption, life of the organic EL display
can be lengthened, and size and weight of its battery capacity can be
reduced.

Further, in this embodiment, the color filters 50 (50R, 50G, and 50B)
whose colors correspond to light emitting colors of the organic EL devices 20
(20R, 20G, and 20B) are provided. Therefore, when the selective light
transmittance characteristic of the color‘ filters 50, i.e. the selective
absorption characteristic for the lights of the colors different from the filter
color is utilized, it becomes possible that, as described above, while the light

emission volume in the facing direction is assured in the X-axis direction,



Therefore, in this enbodi ment, as evidenced by the results shown in Fig. 5,
.1t is possible tointentionally limt visual field angles in the direction
of X-axis, and prohibit third person¥ fromtaking a | ook inside of the
di splay images fromthe directions other than the facing direction. In
particular, in this enbodi mrent, by varying the height Hof the mcro prism
sheet 30 shown in Fig. 3, a visual field angle can be adjusted. Nanely,
when em ssion angles co 1 to co 3 of the lights LI to L3 generated at each

l'ight em.tting .positions Ti. te T3 of .the gr i.c EL devicea.200G are
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In particular, in this embodiment, by varying the height H of the
micro prism sheet 30 shown in Fig. 3, a visual field angle can be adjusted.
Namely, when emissioﬁ angles w1 to w3 ofthe lights L1 to L3 generated at
each light emitting positions T1 to T3 of the organic EL device 20G are
constant, mainly based on change of emission range of the lights L2 and L3,
the smaller the height H is, the narrower an emission range of the whole
lights L 1s, leading to a narrowed visual field angle. Meanwhile, the larger
the height H is, the wider an emission range of the whole lights L is, leading
to a widened visual field angle.

Further, in this embodiment, by varying an angle of gradient 6 of
the micro prism 31 shown in Fig. 3, a visual field angle can be adjusted.
Namely, since the smaller the angle of grédient 8 is, the wider an emission
range of the lights L2 and L3 is, the visual field angle is widened.
Meanwhile, since the larger the angle of gradient € is, the narrower the
emission range of the lights L2 and L3 is, the visual field angle is narrowed.

Further, in this embodiment, since the organic EL device 20 has the



be i nproved. Further, in this enbodinent, since the plurality of mcro
_prisnms 31 are arranged corresponding to the pattern- arranged plurality of
organic EL devices 20, different fr@hthe case having the whole face |ight
emtting organic EL devices, which is exenplified in the foregoing
"Description of the Related Art,"” nost of the lights L generated in an
organic EL device 20 are refracted and focused in a corresponding mcro
prism 31. Therefore, in this enbodinent, since |oss of em ssion

efficiency, ich matters, in the case , havin he..whol C ' emtting
or gani c %ﬁ“‘?ﬁ’i@?%‘g&mﬁ' §UISHEEeas %eﬁ(&ﬁtf’?’q ﬁﬁ ‘feo%efrg‘g?lﬁ%?%@ee{n%n 1(J’é)éftwegl ssi on
efficiency can be made _al so from this _vie o)%n,{t{. I n thiﬁ e&r‘oodi nt, as
shown i nomeged near Hhenligh epritdne 312V le%ﬁﬁﬁgf’ the ogeamc ik A9Ee #0r o prism
31 has a trapezoidal cross section wherein the width WL of the end face El
i s equal Thexefdre, winttchemisadn todumes gnihe Behtreof celozoothen they theptever, a

cross sectional shape of the mcro prism31l is not limted to the above,
and nodidyigatbealet ihNglar assdedestddralorghaty of thehbightschd tpdidsea81 can be
made freely, as exenplified in Figs. 7 to 10 below. Since in either
construq%'ﬁﬂ fxeaplified below, as the case shown in Fig. 3, the lights L
(L1 to Lé) cgn be focused in the facing direction by utilizing the mcro

prism 31, the }ﬂl @lg%riget{ﬂig%&nﬁﬁiﬂ Egjsﬁltc(%]thg@;e'%ﬁﬁ%f efBrPprigisagned. The

constructions el'low-are simlar hat I n"this enbodi ment except
Fro. 7 4 pEapesd Phrespencani ti ene Arepi g Pl bEbredtle ¥Re i Cr o
prism 31‘:19276'11csesa2%),r ?i?&gr%in?:ail'rofnr %lsies csa%gt | g\%ng the whole face light emitting
organic EL devices, which is exemplified in the foregoing “Description of the
Related Art,” most of the thté L generated in an organic EL device 20 are
refracted and focused in a corresponding micro prism 31. Therefore, in this
embodiment, since loss of emission efficiency, which matters in the case
having the whole face light emitting organic EL devices, is lowered,
contribution to improvement of emission efficiency can be made also from
this viewpoint.

In this embodiment, as shown in Fig. 3, the micro prism 31 is
constructed so that the micro prism 81 has a trapezoidal cross section
wherein the width W1 of the end face E1 is equal to the width W2 of the
organic EL device 20G (W1=W2). However, a cross sectional shape of the
micro prism 31 is not limited to the above, and modification of the cross
sectional shape of the micro prism 31 can be made freely, as exemplified in
Figs. 7 to 10 below. Since in either construction exemplified below, as the

case shown in Fig. 3, the lights L (L1 to L3) can be focused in the facing

direction by utilizing the micro prism 31, the similar effect as in this



wherein a width WL of the end face El is smaller than a width W2 of the
.organic EL device 20G (WM<W2). In this case, particularly, since an

em ssion range of the light L1 gener&led at the light emtting position Ti
is wdened, |um nance over the whole facing direction can be uniform sed,
t hough lum nance in the central part in the facing direction is slightly

| onered. Secondly, for exanple, as shown in Fig. 8 the mcro prism31l can
be constructed, so that the mcro prism31l has a triangle cross section

i ncl udi | i f . ' . hi

case as Yupiclheiieeife 89%3%36%-5 DAP cERRESEH0HE Jtd ol BECpintnat ol 12 o
t ti im . to that in Fig, 7., Thirdly, f | e,

shown | hak 40 thiS QTROWMATS FerBRITTHoataRALE SFERS RIS hat T he i cor o

prism 31 has a pentagon cross section wherein there are the virtual face
E4 and its op;&wmiheaglwd&rﬁfa@@ shayee inobigedhs tit iis popsibletp cogstrdel th8 ng t he
mcro prism 31 having the trapezoidal cross section shown in Fig. 3 by
new y prmicrdipripm 319isd thawi the microverismd31 tizsnglteapezosdal gess sestiat t he

pl ace corresponding to the end face El, and by newy enbedding the

auxi | i aryhdyeis @ TN Whios tHeichdVfacEdwT tiblsynall@r tlexaapkiithaW 26bte i n Fi g.
10, different fromthe case shown in Fig. 9, the mcro prism31l can be
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widened, luminance over the whole facing direction can be uniformised,

though luminance in the central part in the facing direction is slightly
lowered.

Secondly, for example, as shown in Fig. 8, the micro prism 31 can be
constructed, so that the micro prism 31 has a triangle cross section including
the oblique faces E2 and E3 and the virtual face E4. In this case as well,
luminance can be uniformised over the whole facing direction by the action
similar to that shown in Fig. 7.

Thirdly, for example, as shown in Fig. 9, the micro prism 31 can be
constructed, so that the mif:ro prism 31 has a pentagon cross section wherein
there are the virtual face E4 and its opposite side face whose top part is
fallen, By modifying the micro prism 31 having the trapezoidal cross section
shown in Fig. 3 by newly providing a void V with a inverted triangle cross
section at the place corresponding to the end face El, and by newly
embedding the auxiliary prism 40 in this void V.

Fourthly, for example, as shown in Fig. 10, different from the case

shown in Fig. 9, the micro prism 31 can be constructed, so that the micro



Further, in this enbodinent, as shown in Fig. 1, the color filters 50 are
. provided separately fromthe mcro prismsheet 30. However, constructions
are not always linmted to the above, #or exanple, as shown in Fig. 11,
instead of the mcro prismsheet 30 (mcro prisns 31) and the col or

filters 50 (50R, 50G and 50B), a mcro prismsheet 70 wherein mcro prisns
72 (72R, 72G and 72B) of three colors corresponding to three primry
colors in light are arranged can be provided on a sheet 71. These mcro

prisns r n9e (o yTAAVAS] [ESRAN ¢ o the
organic g‘éﬁmdgé\?ﬁgg?ga‘é%%?gé O%I%ELZIU y w?%g&ﬁaéﬂg%g %ﬁ%@%l on ggﬁﬁ%ol or
filters 50R. 50G .and .5 in.addition to a,function as the mcro,prisns
31 ThesERdits OISR B 15r¢ WIBEE taRperh as 2hatPy of ¥ SRENBICES PRI B

di spersing respective. three colors |09i gnents in,%{le resin, mater.i ag of the
mcro prigvingFensiyuctions shepgein Kigs oﬁé%l‘lgypa’étﬂ arlgniumingaceiipthe pri sns
72 can play a role as both the mcro prisms 31 and the color filters 50,

| abor offapusd direcfiiony cahdedodmovedl ters 50 in relation to the micro prisns
31 can be omtted, and a construction of the organic EL display can be
sinplified. THeustbhestmuthis@inledditdemtpagahioon il Fik.shlthy obowhlters 50g. 11 is
simlar to that in the foregoing enbodi ment except for the foregoing
feature partsoviddd Rpardiely hEoreiedi ARAl MSsiBheWBed MBEI 9. Hdwelibie
plurality of mcro prisns 31 which are pattern arranged by sandw ching the
voi ds V ' |y € dj j I—QW
construc%?lgﬁlgwgiroglgoén%ty% %/\%ay I]?%Jﬁerggtotgﬂe?ﬁtéb%(ﬁe? i%?sn%xagrrp e,l’?z&aré shown
in Fig. 42 he mer ri smsheet 30 ¢ e .const.ruct t 0y Lincl ude t he

ol ur ai'} (Y zortIninstad o tBh b kS BRtn SRefOR0 BT BURME A AR HERIPE ent 1y,
by f h i, di . . .

y turt ﬁelgtex%rga/ I(5d(|)l¢g,950(}r, and 50B), a micro prism sheet 70 wherein micro prisms

72 (72R, 72G, and 72B) of three colors corresponding to three primary colors
in light are arranged can be provided on a sheet 71. These micro prisms
72R, 72G, and 72B are arranged respectively corresponding to the organic
EL devices 20R, 20G, and 20B, and have a function as the color filters 50R,
50@G, and 50B in addition to a function as the micro prisms 31. These micro
- prisms 72R, 72G, and 72B are, for example, made by dispersing reépective
three colors pigments in the resin material of the micro prisms 31. In this
organic EL display, since only the micro prisms 72 can play a role as both the
micro prisms 31 and the color filters 50, labor of positioning the color filters
50 in relation to the micro prisms 31 can be omitted, and a construction of
the organic EL display can be simplified. The construction of the organic
EL display shown in Fig. 11 is similar to that in the foregoing embodiment
except for the foregoing feature parts.
Further, in this embodiment, as shown in Fig. 2, the plurality of

micro prisms 31 which are pattern-arranged by sandwiching the voids V



volds U extending in the direction of X-axis in the plurality of mcro

~prisnms 31, and segnentalising respective mcro prisns 31 at given
intervals using these voids U as bou2®lary. In this case, it is preferable
that a cross section along X-Z plane of the mcro prism 31 nmakes a
trapezoid including oblique faces E5 and E6 as oblique Iines as the cross
section along X-Z plane, by slanting opposing faces between respective
mcro prisnms 31 so that these faces depart fromeach other. In this

organic EL display, in the oblj.que. fac E5 apd E6, light focus simlar to
Phet Greontieunay exknd fgithe 1Secinn £b Y-t | FOWS veBrdBHSRBR G enon | 1
the oblique faces E3 and E4 (refer to Fig. 3) can _be obtai ned. Therefore,
a vi sual nét elwapndinited teathowbaveot Fenlexamplet pe diomerinofigefl2X-thri s, but
also in the direction of Y-axis. Consequently, taking a |ook inside of the
di spl ay sdtmweprismagheetafobmmpbevenstoiched ¢o iathelet theepluralisy tdfemjcrohough in
this enbodinent, the color filters 50 are included, constructions are not

al ways | %ffgﬁl%d31 on tthe Mapeef 19106k iférrésd PRSIk, by Furthee! pdeidiag col or
filters 50. In this case, a construction of the organic EL display can be
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the col or lters as | nprovenent of color puri'ty, 1t 1s preferable
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O e O e X7 plane of the mipse prism 51 Makes a ttapesold including obigue

faces E5 and E6 as oblique lines as the cross section along X-Z plane, by

slanting opposing faces between respective micro prisms 31 so that these

faces depart from each other. In this organic EL display, in the oblique faces

E5 and E6, light focus similar to the light focus of the lights L2 and L3

utilizing refraction phenomenon in the oblique faces E3 and E4 (refer to Fig.

3) can be obtained. Therefore, a visual field angle is narrowed not only in

the direction of X-axis, but also in the direction of Y-axis. Consequently,

taking a look inside of the display screen image can be prevented more

effectively.

Further, though in this embodiment, the color filters 50 are included,

constructions are not always limited to the above, and it 1s possible not to

include the color filters 50. In this case, a construction of the organic EL

display can be simplified. However, as mentioned above, considering

advantages based on the color filters 50 such as improvement of color purity,

it is preferable to construct the organic EL display which includes the color

filters 50.



focusi ng on the manufacturing processes of the micro prismsheet 30 which
.iIs a feature part of the invention. Wien manufacturing the organic EL
display, first, as shown in Fig. 13,2%fter forming the color filters 50
(50R, 50G and 50B) on the whole face of the cover plate 60, the plurality
of auxiliary prisnms 40 whose cross sections along X-Z plane are triangles
are pattern-fornmed on the color filters 50 by wusing a fluorocarbon resin
having a | ow refraction index characteristic (for exanple, refraction

2 ot hod wher NARRr TSP FRPRPRG 14 T of B BBl B 1R TR, Fhed BT

uor oca Sin using a metal

correspondi ng to the _shape of .the,ayxiliary.prisns. 40, he flu car bon
resin ismﬁ‘l‘i‘b‘g%@tﬂ:’ﬁ%%t}&f’ro n-l‘él]r;hégl?iﬁy Béc‘g)lét“g%?o gm%’ﬁseéﬁb%(hm%pt ‘%{g{ gﬁovvn in
Fig. 13, after pattern-form ng the organic EL devices 20 (20R 20G and
20B) on deseribedvi Ades dsandild are iptaided toexplain mapufaetysing nrgeessstn | ayer
30Z (prismprecursor layer) is formed by using an epoxy resin with high
ref ract i einthencgarit Bladisplagt i The foldowmendpdceiptionsf wit beanadedeaimig=1. 59)
and excellent sealing characteristics to cover these organic EL devices

20. Thi sfog@ginignsh IRSMAnBY@LriHEpiotesseRof8hé atigRNPribm dlryeB0twhichiis t he
mcro prismsheet 30, and particularly in this process, also has a

functiony ?éatﬁriéﬁﬁﬂ %gé?igl%hygnpsed for bonding the driving substrate 10

and the cover ate 6 each other and sealing the organic EL devices 20

25 betheen {newntha%, SRS ol e RN B9, o Ribcpen
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the cover plate 60, the plurality of auxiliary prisms 40 whose cross sections
along X-Z plane are triangles are pattern-formed on the color filters 50 by
using a fluorocarbon resin having a low refraction index characteristic (for
example, refraction index n2=1.40). As a method to form the auxiliary
prisms 40, for example, a method wherein after forming a fluorocarbon resin
by using a metal mold corresponding to the shape of the auxiliary prisms 40,
the fluorocarbon resin is photo-cured or hot-cured can be cited.
Subsequently, as shown in Fig. 13, after pattern-forming the organic
EL devices 20 (20R, 20G, and 20B) on the driving substrate 10 (refer to Fig.
4), a sealing resin layer 307 (prism precursor layer) is formed by using an
epoxy resin with high refraction . index characteristics (for example,
refraction index n1=1.59) and excellent sealing characteristics to cover these
organic EL devices 20. This sealing resin layer 30Z is a prearrangement
layer to form the micro prism sheet 30, and particularly in this process, also
has a function as a sealing adhesive used for bonding the driving substrate

10 and the cover plate 60 to each other and sealing the organic EL devices 20



press bonded to the driving substrate 10. Wth this press bondi ng process,
_as shown in Fig. 14, the auxiliary prisns 40 function as netal nolds to the
sealing resin layer 30Z, and the aux&fiary prisns 40 cut into the sealing
resin |ayer 30Z, so that the sealing resin layer 30Z is forned by
utilizing the shape of the auxiliary prisns 40. Lastly, after contacting
the color filters 50 to the sealing resin layer 30Z, the photo-curing
treatment or the hot-curing treatnent is perforned on the sealing resin

| ayer 307 1, th ids V
fo)r/rred t‘??\%ﬁ]gﬁgﬁg’ﬁﬁé}lﬁsﬁrﬁgsEgﬁ%dlaﬁlaf{;)%? i”&e%o cut inteovflhesseaﬁir ﬁg
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prisms 31 which are p attern- arranged between each void_V (ref r to Fig.
2). A cilfsmdthe corrgilategbXopppsitmeo that the seplivgdepin kiyes 30 E@é’é‘r@? a
trapezoid shape (refer to Fig. 3). Consequently, the organic EL display is

conpl et g@xilidryt peishrt HOdrofplavalibppositd tygeadte obhe}arhhe cBredplaie H0 ccor di ng
to this enbodinent, the mcro prismsheet 30 including the plurality of

mcro %éé‘é@oﬁ”&ed fo £10& ERE/iRY subkfi@td 6. pPVEthahiegreddXidnidiiy ppodesas 40 as
net al lds to the sealing resin |layer 30Z, and form ng the sealing resin
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thi's of the auxiliary prisms 40. Lastly, after contacting the color filters 50 to the
sealing resin layer 30Z, the photo-curing treatment or the hot-curing
treatment is performed on the sealing resin layer 30Z as necessary. In
result, as shown in Fig. 1, the voids V are formed at the places where the
auxiliary prisms 40 cut into the sealing resin layer 30Z, the auxiliary prisms
40 are embedded into these voids V, and the micro prism sheet 30 is formed
to include the plurality of micro prisms 31 which are pattern-arranged
between each void V (refer to Fig. 2). A cross section along X-Z plane of the
micro prism 81 becomes a trapezoid shape (refer to Fig. 3). Consequently,
the organic EL display is completed.
In the method of manufacturing the organic EL display according to
this embodiment, the micro prism sheet 30 including the plurality of micro
prisms 31 is formed by using the pre-formed auxiliary prisms 40 as metal
molds to the sealing resin layer 30Z, and forming the sealing resin layer 30Z

by press bonding these auxiliary prisms 40.  Therefore, physical

relationship between the micro prisms 31 and the auxiliary prisms 40 is



enbodi nent, it is possible to easily manufacture the organic EL display of
.the invention which can i nprove the em ssion efficiency. In addition, in
this enbodinment, there is no need to2&eparately prepare the nold since the
auxiliary prisnms 40 are used as netal nolds to the sealing resin |ayer 30Z
Therefore, fromthis view point as well, contribution to easy manufacturing
can be nmade, and nmanufacturing cost can be reduced. Further, in this

enbodi ment, by changi ng a pressure when press bonding the auxiliary prisns

40 to the segli resinla 30Z, t hei ght, H (refer to,Fig. of the
Horo priirahe sttt A thehaly b TS e iR erieheRrel Al b el o
angl e can be adjusted. Nanely, the larger the pressure in press, bonding
is, the GHHRING 2R gashHBrepstbonding pa@ﬂfsw@%w neaLy gap belyteey themicro ne

| arger the height His. In this enbodiment, the organic EL display is

manuf actpirient blyeqsra snditbediurglinhye prisvas 40 and centadiafdha mivzo puwarhi ary
prisns 40 are fornmed to the driving substrate 10 wherein the sealing resin

| ayer 30ghdet BOramil.the Howelary wdamkr4Ctis assuted nConedgarysly, iini théd to the
above, for exanple, the organic EL display can be manufactured by the
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devices 20 (20R, "20G "and 20B) are pattern-forned on the driving substrate
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60, and ormn e sea g resin [ayer to ‘cover these auxiliary

prisns 40 and. have.,a flat _surfa the mecro prismssheet.30.inclyding the
P cro. preuRatmnt st Bonki ey 6 deRgratery dweRaty HhenEold b e
enbodi nent. _After that, on the flat iacei of the mgro prj S{T‘I sheetZ 30, the
col or fimpgillgrgg)r(sg:gpfmgy@’ usgshas metal molds to the sealing resin layer 30Z.

Therefore, from this view point as well, contribution to easy manufacturing
can be made, and manufacturing cost can be reduced.

Further, in this embodiment, by changing a pressure when press
bonding the auxiliary prisms 40 to the sealing resin layer 30Z, the height H
(refer to Fig. 3) of the micro prism sheet 30 which is one factor to determine
the visual field angle can be adjusted. Namely, the larger the pressure in
press bonding is, the smaller the height H is; and the smaller the pressure is,

“the larger the height H 1s

In this embodiment, the organic EL display is manufactured by press
bonding the cover plate 60 wherein the auxiliary prisms 40 are formed to the
driving substrate 10 wherein the sealing resin layer 30Z is formed.
However, constructions are not always limited to the above, for example, the
organic EL display can be manufactured by the following procedures.

Namely, first, as shown in Fig. 15, the orgz;mic EL devices 20 (20R,
20G, and 20B) are patternformed on the driving substrate 10.

Subsequently, by forming the auxiliary prisms 40 on the cover plate 60, and



50B) are formed by using, for exanple, a printing technique with

. hi gh-precision positioning or photolithography treatnent. Then, for
exanple, it is possible to further fof'ma black mask on the color filters
50. Lastly, as shown in Fig. 16, by bonding the driving substrate 10 and
the cover plate 60 with a sealing resin layer 70 in between, and sealing
the organic EL devices 20 in the sealing resin |layer 70, the organic EL
display is conpleted. As a material to formthe sealing resin |ayer 70,

for exanple,. it; i I r.apl i al j by
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manuf acturing aspect, mxing air, hubbles in covering the organic EL
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performance aspect, arrangenent positions of the color filters 50 becone

cl ose t cttehBatfaengethenmigositismnsheet 30hshecghomifited 5HEOAR,30G0ando that a
visual field angle can be intentionally set to wider. This technique is

useful , 5eB) exanpbemeeny tudiggdeforr edample,t @ narintingt hechnigawalwith el d
angle nore than required, along with preventing third persons fromtaking
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t he faci rection. Further, inthis e inent, for exanple, in order to
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when pre ndin auxiTrary prisns e sealing resin layer 30Z,
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pri sm Shc%%ter quétea%% vdv?éheram-sgzﬁing resin layer 70 in between, and sealing the

organic EL devices 20 in the sealing resin layer 70, the organic EL display is

completed. As a material to form the sealing resin layer 70, for example, 1t

is preferable to use a material which has a high refraction index

characteristic (for example, refraction index n3=n1=1.59) as in the sealing

resin layer 30Z. According to this technique, particularly, differing from the

case in the foregoing embodiment, in manufacfuring aspect, mixing air

bubbles in covering the organic EL devices 20 by the sealing resin layer 30Z

can be prevented, and in the performance aspect, arrangement positions of

the color filters 50 become close to the arrangement positions of the organic

EL devices 20, so that a visual field angle can be intentionally set to wider.

This technique is useful, for example when it is desired not to narrow the

visual field angle more than required, along with preventing third persons

from taking a look inside of the display screen imége from the directions

other than the facing direction.

Further, in this embodiment, for example, in order to control a height



t he hei ght H based on a height of this spacer 80. Materials for this spacer
.80 include, for exanple, a resin having a refraction index nearly equal to
that of the micro prismsheet 30, nordd specifically, epoxy resin

pol ycar bonate, polystyrene and the |ike. Shapes of this spacer 80 include,
for exanple, pole and rod. For providing the spacers 80 in the mcro prism
sheet 30, for exanple, it is possible to formthe spacers 80 as well as the
auxiliary prisns 40 when formng the auxiliary prisns 40 on the cover plate

60, and j.t Js also possible to e d. the cers, 80 in th | i resin
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relation to light emtting, and wherein the cover plate 60 can be steadily
suppor t dekcamen ieviargsirakealuepit ishpossitile ag sbawst malig. 110, 4e @rpvidear abl e.
Since by utilizing the spacers 80, in press bonding, a space between the

drivi ng slubslityabL(eld Hs) dpaeeod®in the heiefo pHsisskikaite30yianddddigrmitei ght of
the spacers 80, it is possible to correctly define a height Hof the mcro
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for example, pole and rod. For providing the spacers 80 in the micro prism

sheet 30, for example, it is possible to form the spacers 80 as well as the

auxiliary prisms 40 when forming the auxiliary prisms 40 on the cover plate

60, and it is also possible to embed the spacers 80 in the sealing resin layer

30Z before press bonding after forming the sealing resin layer 30Z. As

arrangement positions for the spacers 80, for example, positions on the

periphery of the organic EL devices 20, namely, positions which have no

relation to light emitting, and wherein the cover plate 60 can be steadily

supported at a given space from the driving substrate 10 are preferable.

Since by utilizing the spacers 80, in press bonding, a space between the

driving substrate 10 and the color filters 50 is determiﬁed by a height of the

spacers 80, it is possible to correctly define a height H of the micro prism

sheet 30 based on the height of the spacers 80.

Further, in this embodiment, in the case where the organic EL

display is designed not to include the color filters 50, the auxiliary prisms 40

and the cover plate 60 can be integrally formed.



di spl ays i mages by utilizing organic EL phenonenon has been descri bed,
.application of the invention is not limted to the foregoing case, and the
invention can be applied to self light9emtting displays other than the
organic EL display. As described above, according to the display unit of
the invention, the plurality of first prisns which are arranged
corresponding to the plurality of |light emtting devices, and refract the
lights for image display, and the second prisns whi ch are at | east
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in the facing direction by utilizing refraction phenonenon based on
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the prismprecursor layer and formng the prismprecursor |ayer by

utilizi ng&-t ape of the second prisns. Therefore, physical

As described above, according to the display unit of the invention, the
plurality of first prisms which are arranged corresponding to the plurality of
light emitting devices, and refract the lights for image display, and the
second prisms, which are at least embedded in the voids formed between the
first prisms and have a smaller refraction index than that of the first prisms
are provided. Therefore, a light volume of the lights for image display
viewed in the direction facing the organic EL display (facing direction)
becomes a total of a light volume of lights essentially emitted from the light
emitting devices in the facing direction, and a light volume of Lights, which
are directed in the facing direction by utilizing refraction phenomenon based
on differences of refraction index between the first prism and the second
prism. Consequently, compared to the case wherein the first prisms and the
second prisms are not provided, an emission volume is increased by the light
volumes directed in the facing direction, so that emission efficiency of the
light for image display in the facing direction is improved, and luminance of

the display image can be assured.



rel ati onship between the first prisms and the second prisns is correctly

. determned at the time of formng the first prisns by utilizing an easy
press bonding process, there is no a4 gap between the first prisnms and
the second prisnms, and contact of the first prisnms and the second prisns
is assured. Consequently, it is possible to easily manufacture the display
unit of the invention which can inprove the em ssion efficiency. In
addition, there is no need to separately prepare the nold since the second
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Consequently, it is possible to easily manufacture the display unit of the

invention which can improve the emission efﬁciency. In addition, there is
no need to separately prepare the mold since the second prisms are used as
metal molds to the prism precursor layer. Therefore, manufacturing cos't
can be reduced.

According to the display unit of one aspect of the invention, the
optical filters which are arranged corresponding to each light emitting device,
and Which selectively transmit the lights for image display are provided.
Therefore, by utilizing the selective light transmittance characteristic of
these optical filters, while an emission volume of the lights emitted in the
facing direction is assured, an emission volume of the lights emitted in the
directions other than the facing direction is decreased. Consequently,
display images can be clearly viewed in the facing direction, and the display
images become hard to be viewed in the directions other than the facing
direction, so that it becomes possible to intentionally limit a visual field

angle, and prevent third persons from taking a lock inside of the display



| owered. Therefore, color purity of the light for inmage display can be

. inproved. Cbviously many nodifications and variations of the present
invention are possible in the |ight o31the above teachings. It is therefore
to be understood that within the scope of the appended clains the
invention may be practiced otherwi se than as specifically described. 32
Clains 1. A display unit, conprising: a plurality of light emtting devices
which generate lights for inage display; a plurality of first prisns which
are arranged corr ac | j,ghf em tiing device, and refract the
lights f ﬂ%ﬁﬁn3ﬁ§§¥ %%Q Qﬁﬁlﬂgﬁé¥¥n%ﬁpﬁﬁ§%?e at | east enbedded in
voids fornmed between the first prisns, and which have a sma|ler refraction
i ndex than t hafcegrding to the disphay wma of anoshen asnesy ofithe Inyession B@ceo cl ai m
1, wherein: nonlum nescent spaces are provided between each light emtting
devi ce: Hinel lighd dmrtsingpdesites davarnengticak eesdniactr istrysosid, irefledtance
corresponding to the light emtting device and two oblique faces which are
posi ti ongdar tleslight exattyng oravedpasth obtheolighl anditing d6viboN swlbaerdgnt
spaces, and has a trapezoidal cross section wherein the end face 1s an
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according to ciaim1 or
improved.
Obviously many modifications and wvariations of the present
invention are possible in the light of the above teachings. It is therefore to be

understood that within the scope of the appended claims the invention may

be practiced otherwise than as specifically described.



conprising optical filters which are arranged corresponding to each |ight
. emtting device, and which selectively transmt the lights for inage

di splay. 33 4. A display unit accordid®g to any one of the preceding
clainms, wherein the first prisns include pignents whose colors correspond
to the lights for inmage display, and have a function to selectively
transmt the lights for image display. S. A display unit according to any
one of the preceding further conprising: a support substrate to support
the |ight emtidindg devices; and clains a transparent substrate which is
arranged on the opposite side of the Ilight emtting devices sandw ching
the first and the second prisns, and which constructs em ssion paths to
emt the lights for inmage display outside, wherein the first prisnms have a
function to bond the support substrate and the transparent substrate

t oget herl. and Aadisphey bort, tompeminghe | i ght emitting devices between the
support substrate and the transparent substrate. 6. A display unit

accordi ng to anyhanditpiof lizht preitEitigndevicdsawhitch yhesratd lighes foxrr fhapsi sms are
made of a resin which has water vapor perneability of 50g/n2 . 24 hours or
less. 7.4idp P§p| ay unit according to any one of the preceding clains,

- wherein the light emtting devices generate the lights for imge dlspl ay

by utilizing of gAfLGe) 08Bl EPbH IR EAY Y ped corresponding to each

light emitting device, and refract the lights for image display; and
second prisms which are at least embedded in voids formed between
the first prisms, and which have a smaller refraction index than that of the

first prisms.

2. A display unit according to claim 1, Whereinl

nonluminescent spaces are provided between each light emitting
device; and

the first prism has an end face which is positioned corresponding to
the light emitting device and two oblique faces which are positioned
respectively corresponding to adjacent two nonluminescent spaces, and has a
trapezoidal cross section wherein the end face is an upper base and the two

oblique faces are obligue lines.

3. A display unit according to claim 1 or 2, further
comprising optical filters which are arranged corresponding to
each light emitting device, and which selectively transmit the

lights for image display.



S- A display unit according to any one of the preceding clains, wherein
-the light enmtting device includes a light emtting | ayer which generates
the lights for inmage display 34 and t®d el ectrode | ayers sandw ching the
light emtting |ayer, and has a resonator structure which nmakes the lights
for imge display generated in the light emtting |ayer resonate between
the two el ectrode layers. 9. A nethod of manufacturing a display unit,
including the steps of formng a prismprecursor |layer to formfirst
prisms to'covet Hgplavannity aafoktight ©mddi Rgedgyi S Whi cg. are
patt er n- afl=aRgedwRLy-& S YRROE L Stsubstrate; fatter.n- or mi Sgedi% urality of
second prisms on a transparent - sUBSPFateciudnd riomanng wiesef icbsbrri sms by
pl aci ng t17e "SARPRT tts (st kgl aibrt heagé rangnanent, subst s at %5ggﬁi)si te so
I

that the tor 58D f BEULS QL) nd.the second prisns areap Ybposite
to each other, and tr}f’:n %r%és{gjrtg’ebéhﬁ?ﬁﬁ fehdmegandpsrlent. substrate to the

support substrate, and formng the prism precursor |layer by utilizing a
shape of the second prisns.

5. A display unit according to any one of the preceding claims
r
further comprising:

a support substrate to support the light emitting devices; and
a transparent substrate which is arranged on the opposite side of the
light emitting devices sandwiching the first and the second prisms, and

which constructs emission paths to emit the lights for image display outside,

wherein

the first prisms have a function to bond the support substrate and
the transparent substrate together, and a function to seal the light emitting

devices between the support substrate and the transparent substrate.

6. A display unit according to any one of the preceding
claims, wherein the fipst prisms are made of a resin which has

water vapor permeability of 50g/m® . 24 hours or less.

7. A display unit according to any one of the Preceding

claims, wherein the light emitting devices generate the lights

for image display by utilizing organic light emitting phenomenon

5. A Qi . .
display unit according to any one of the Preceding

claim i i i
S, wherein the light emitting device includes a light

emittj i
1tting layer which generates the lights for image display



34

and two electrode layers sandwiching the light emitting layer, and has a
resonator structure which makes the lights for image display generated in

the light emitting Iayer resonate between the two electrode layers.

9. A method of manufacturing a display unit, including the steps of:

forming a prism precursor layer to form first prisms to cover a
plurality of light emitting devices which are pattern-arranged on a support -
substrate;

pattern-forming a plurality of second prisms on a transparent
substrate; and

forming the first prisms by placing the support substrate and the
transparent substrate opposite so that the prism precursor layer and the
second prisms are placed opposite to each other, and then pressure bonding
the transparent substrate to the support substrate, and forming the prism

precursor layer by utilizing a shape of the second prisms.



