METHOD OF MANUFACTURI NG ORGANI C ELECTROLUM NESCENCE DEVI CE BACKGROUND OF
THE | NVENTI ON The present invention relates to a nethod of rmanufacturing
an el ectrol um nescence device suitable for wuse as, for exanple, a

self-light-emtting type thin flat panel display. More particularly, the

invention relates to a nmethod of supplying a coating liquid for formng a

| ight em ssion |ayer to a surface of a silicone bl anket,
manuf acturi ng an el ectrol um nescence device by supplying

in the case of
t he coating

liquid to the surface of the silicone blanket to forma coating film
patterning the coating film and then transferring the patterned film

onto a substrate. Recently, MATESER iQFh MRS FRECIVRINEGUSed on
el ectrol um nescence di splays (ELDs) as a |lightweight thin

flat panel

di splay. The ELDs are QRGREIC i ELEGTROLUMINEECENCE DEVIOE | nor gani ¢ ELDs.

Especially, the organic ELDs are conposed of organic el ectrol um nescence

devi ces using an organic conpound as a light-emtting naterial and have

| ower power consunption as conpared with a conventi onal
| BrerdrbURD, oF henpr gavigT EWPs  have enough response to a high

di spl ay.

speed video signal having 1

The present invention relates to a method of
manufacturing an electroluminescence device suitable for
use as, for example, a self-light-emitting type thin flat
panel display. More particularly, the invention relates
to a method of supplying a coating liquid for forming a
light emission layer to a surface of a silicone blanket,
in the case of manufacturing an electroluminescence
device by supplying the coating liguid to the surface of
the silicone blanket to form a coating film, patterning
the coating film, and then transferring the patterned
film onto a substrate.

Recently, attention has been focused on
electroluminescence displays (ELDs) as a lightweight thin
flat panel display. The ELDs are classified into organic
ELDs and inorganic ELDs. Especially, the organic ELDs are
composed of organic electroluminescence devices using an
organic compound as a light-emitting material and have
lower power consumption as compared with a conventional
liquid.crystal display. In addition, the organic ELDs

have enough response to a high speed video signal having

liquid crystal



prom se realization of flat panel displays free of angle-of-visibility
dependence. Meanwhile, as a nethod of manufacturing an organic EL display
(OCELD) using a polyneric organic EL material, nethods based on a spin
coating system have frequently been used. However, this systemis
di sadvantageous in that the coating efficiency is as |ow as about 10% and
that the coating filmthickness in corner areas of a substrate would be
too | arge. Besides, there has been proposed a nethod in which each of
organic light em ssion layers for red and green colors, for exanple, is
formed by BaAghneféritienemrdfare e t$abl areibiugs drgpeanodherefogeliquid to
an arbitrary position (see Japanese Patent Lai d-open No. Hei 10 153957).
However, thkenetrtiodiof EERS npngmasiteabizathieon nkf flett gyesteEim i s basically
to conpose a thin filmof an aggregate of mnute droplets, or spots, and
it is diffiiesplaysofobtadfi anghefof wialierl tty claysssgidnecdhis nmethod. In
addition, also in the case of adopting a low volatility solvent in
expectation of | ewelrdwglaf t ers fa methoer mdt manu fhlkeurevel bhagopeahaenance i s
limted due to the low solubility of a polyneric EL material in the
| evel ing pBtE@ikplay (OELD) using a polymeric organic EL material,

methods based on a spin coating system have frequently

been used. However, this system is disadvantageous in

that the coating efficiency is as low as about 10% and

that the coating film thickness in corner areas of a

substrate would be too large.

Besides, there has been proposed a methoed in which

each of organic light emission layers for red and green

colors, for example, is formed by an ink jet system of

jetting an arbitrary amount of a ligquid to an arbitrary

position (see Japanese Patent Lald-open No. Hei 10-

153967} . However, the methoed of forming a film by the ink

Jet system is basically to compose a thin film of an

aggregate of minute droplets, or spots, and it is

difficult to obtain a uniform layer thickness by this

method. In addition, also in the case of adopting a low-—

volatility solvent in expectation of leveling after film

formation, the leveling performance is limited due to the

low solubility of a polymeric EL material in the leveling

material.



2 ‘Further, as a coating system capable of solving the above-nentioned
probl ens encountered in the spin coating system there has been proposed a
nmet hod based on a bead coating system (see Japanese Patent Lai d-open No.
2001- 6875). The method of manufacturing an EL device by this. coating
systemis to manufacture an EL device conposed of a substrate, a first

el ectrode forned on the substrate, an EL |ayer fornmed on the first

el ectrode, and a second electrode forned on the EL layer. In the method,

at l.east one of the first electrode, the EL |ayer, and the second

el ectrode is fornmed by coating. The nethod is characterized in that the
substrate bei ng tomidyed ies abroaghtgi aAvetewntapsbhet bf asebuinagthequi d
ejected froma belt-like slit extending in a horizontal direction,

wher eby t hebooatnerg:iompd bichlatixe reedaumtz reayén fuhiemspon thetdonbstrate
attendant on the novenment of the substrate. In the nethod based on the bead
coati ng sys{stem, hfivwenerhad hough mrapuisdfear @ mayrend hackdess aabebe expect ed,
the systemis basically to apply the coating liquid to the whole surface of

the subst red£ciang, stdhedel ey JaRMEILePaendf TR dSopRnl ®o .pabbarni ng.
Accordingly, the nmethod cannot be used directly as a nethod for manu
facturing ggfa) | - @@leOmeRALWTBE maBh@aBLGrEhgd8Mi 88 device by this.
coating system is to manufacture an EL device composed of
a substrate, a first electrode formed on the substrate,
an EL layer formed on the first electrode, and a second
electrode formed on the EL layer. In the method, at least
one of the first electrode, the EL layer, and the second
electrode is formed by coating. The methoed is
characterized in that the substrate being conveyed is
brought into contact with a coating liquid ejected from a
belt-like slit extending in a horizontal direction,
whereby the coating ligquid is adhered in a layer form to
the substrate attendant.on the movement of the substrate.
In the method based on the bead coating system,
however, though a uniform layer thickness can be expected,
the system is basically to apply the coating ligquid to
the whole surface of the substrate and, therefore,
requires an after-step for patterning. Accordingly, the
method cannot be used directly as a method for

manufacturing a full-color polymeric organic EL device

{full-color organic electroluminescence device). 1In



(fi.ill-color organic electrolumnescence device). In 3 addition, in view
. of the resistance of the polyneric organic EL material to the etching
liquid, it is difficult to carry out patterning for three colors of RGB
in the after-steps. Furthernore, as an inmage form ng nethod for obtaining
an image with high definition and high flatness in formng a liquid
crystal color filter and printing other functional-resins, there has been
proposed a nethod in which a coated surface (coating film of a functional
resin is formed on a silicone blanket, an intaglio plate or a relief
printing plate is pressed against the coated surface, the resin in the
pressed ar&dditionenpvedidw anfi tlre idisdmmedhlckdte, rarigmehE aesin | eft on
the silicone blanket is transferred onto a body to be printed (see
Japanese Ratgniid #ld-noperriNd R200ha283320)ng HdweMer,, itthiis net hod only
takes into consideration the manufacture of a color filter for a liquid
crystal digpf&ycast abover fertdtonect tdohiagddifdrorhridd $oIRiriod i Ramot
suitable as a technique for coating the silicone blanket with a coating
| i quid prepargd rihssalagang a polymer organic EL material in, for

exanple, an organic solvent. Particularly, in the case where wire bars 91
havi ng Furthermore, as an image forming method for

obtaining an image with high définition and high flatness
in forming a liquid crystal color filter and printing
other functional resins, there has been proposed a method
in which a éoated surface (coating film) of a functional
resin is formed on a silicone blanket, an intaglio plate
or a relief printing plate is pressed against the coated
surface, the resin in the pressed areas is removed from
the silicone blanket, and the resin left on the silicone
blanket is transferred onto a body to be prihted {see
Japanese Patent Laid-open No. 2000-289320). However, this
method only takes intoe consideration the manufacture of a
color filter for a liquid crystal display as above-
mentioned. In addition, this method is not suitable as a
technique for coating the silicone blanket with a coating
liguid prepared by dissolving a polymer organic EL
material in, for example, an organic solvent.

Particularly, in the case where wire bars 91 having
a sectional shape as shown in FIG. 14 are used as a

coating member, coating streaks due to the mesh of the



a 'sectional shape as shown in FIG 14 are used as a coating nenber,
coating streaks due to the nesh of the 4 wire bars and a nonuniformty of

" layer thickness due to vibration of the apparatus or undul ation of the
surface of the silicone blanket will occur. Though the coating streaks
and the nonuniformty of |ayer thickness do not matter in the case of the
liquid crystal color filter, they may inadvantageously give rise to
non-uni formty of Ilight emssion in the case of a light-emtting device
using a polymeric organic EL nmaterial. This is due to the steepness of
recessed portions (valley portions) in the surface for holding the coating
i quid, aswshewpars: &G a Ifon SUMARM GQF ofHE dyNVENTH N nAdecordliengdey, it is an
obj ect of the present invention to provide a method of manufacturing an
organi c evistaolomi afscencepsievittes ovhihisiel ties tde ahowarr iy | oned
problens in the related art, and particularly to provide a neans for

appl yi ng acgoahéngilicwhd bXoniat niim aqalyMerneughianieC cektaageri al (for
exanple, a coating liquid prepared by dissolving the EL material in an

organi ¢ soi¥esilkstHnd@ Shd it D nlkaty IdF adpdd ool ddidness. In
other words, it is an object of the
matter in the case of the liquid crystal color filter,
they may inadvantageously give rise to nonuniformity of
light emission in the case of a light-emitting device
using a polymeric organic EL material. This is due to the
steepness of recessed portions (valley portions) in the

surface for holding the coating liquid, as shown in FIG.

14,

SUMMARY OF THE INVENTION

Accordingly, it is an object of the present
invention to provide a method of manufacturing an organic
electroluminescence device, which solves the above-
mentioned problems in the related art, and particularly
to provide a means for applying a ceating liquid
containing a polymeric organic EL material (for example,
a coating liquid prepared by dissolving the EL material
in an corganic solvent) to a silicone blanket in a uniform
layer thickness. In other words, it is an object of the
present invention to provide a coating method by which a

coating liquid containing a polymeric organic EL material

5



present invention to provide a coating nethod by which a coating liquid
containing a polyneric organic EL material 5 can be applied in a uniform

" layer thickness to a silicone blanket used in a relief reversal offset

printing nethod in the manufacture of an organic el ectrol um nescence

device. According to the present invention, a coating liquid is supplied,
fromthe |lower side, to the surface of a silicone blanket bei-ng rotated,
and the coating liquid is adhered in a layer formto the silicone bl anket

under the action of its own surface tension. In order to obtain an
extremely small and uniformlayer thickness suitable for a light-emtting
devi ce usicap Ppapmieidt irorgamidoEm daver dhidkness tepdr tant CPdemake
smal | the thickness of the contacted liquid portions (a filmof the
coating | iblarRet orsest iupen ndig edomeanstrsafl tofd sedarim@gtingaiedhaict h t he
silicone blanket surface and to mnimze the variation of the thickness.
For this pix pdse, maractzoriding ¢ drheqgaesente lientemtlivorines apradeure roll or a
slit is used as a nmenber for holding and transporting the coating |iquid,
nanely, asdewit®ating liquid supply head. According to the present
invention, particularly, a coating |liquid supply head is used such that
t he gap According to the present invention, a coating

liquid is supplied, from the lower side, to the surface

of a silicone blanket being rotated, and the coating

Jiquid is adhered in a layer form to the silicone blanket

under the action of its own surface tension. In order to

obtain an extremely small and uniform layer thickness

suitable for a light-emitting device using a polymeric

organic EL material, it is important to make small the

thickness of the contacted liguid portions (a f£ilm of the

coating liquid) formed upon the contact of the coating

liguid with the silicone blanket surface and to minimize

the variation of the thickness. For this purpose,

according to the present invention, a gravure roll or a

slit is used as a member for holding and transporting the

coating liquid, namely, as a coating liquid supply head.

According to the present invention, particularly, a
coating liquid supply head is used such that the gap
between the coating liquid supply surface of the head and

the silicone blanket surface is greater at portions

corresponding to non-pixel-forming areas than at a



bet ween the coating liquid supply surface of the head and the silicone
bl anket surface is greater at portions corresponding to non-pixel-formng
areas than at a 6 portion corresponding to a pixel formng area, and the
nonuniformty of liquid wwdth in the contacted liquid portions is absorbed
by the portions corresponding to the non-pixel-formng areas, to forma
coating filmwith a wuniformand extrenely small filmthickness on the
silicone bl anket, thereby providing a polyneric organic EL display device
free of nonuniformty of light em ssion. |In accordance with one aspect of
the present invention, there is provided a method of manufacturing an
or gani ¢ elpsattishugioressersd igeyitoe ai Rékedi Agrmpapwessaa apfr §heel ectr ode
and a second el ectrode, layers having 1light em ssion regions patterned on
a pi xel basinmniforméagt odné iguitheikbapers haei ngnthetedghtquadi ssion
regions is fornmed by formng a coating film conposed of a coating liquid
cont ai ni ngpor tdomst iitsuaits o rivetde biyalthef pbléibagecoomeapsudfiagetof thesili cone
bl anket, then pressing a relief printing plate against the coating film
t ransf er r mg-aickeleforinigd heeaeat itng fhirhmaatobhéngpredsediaheas fromthe
silicon blanket onto the relief printing plate, and transferring a pattern
conposed @niform and extremely small film thickness on the
silicone blanket, thereby providing a polymeric organic
EL display device free of nonuniformity of light emission.
: In accordance with one aspect of the present
invention, there is provided a method of manufacturing an
organic electroluminescence device including, between a
first electrode and a second electrode, layers having
light emission regions patterned on a pixel basis.
At least one of the layers having the light
emission regions is formed by forming a ccating film
composed of a coating liquid containing a constituent
material of the layer on a surface of a silicone blanket,
then pressing a relief printing plate against the coating
film, transferring and removing the coating film at the
pressed areas from the silicon blanket onto the relief
printing plate, and transferring a pattern composed of
the coating film left on the surface of the silicone
blanket onto a surface to be provided thereon with the

layer, and the coating liquid is supplied and applied to

the surface of the silicone blanket from the lower side



the coating filmleft on the surface of the silicone blanket onto a
surface to be provided thereon with the |layer, and the coating liquid is
supplied and applied to the surface of the silicone blanket fromthe | ower
side 7 thereof via a gravure roll provided with a gravure pattern. By this
method, it is possible to stably nmanufacture an organic
el ectrol um nescence device having excellent light em ssion efficiency and
light emssion intensity characteristics equivalent to those of a
conventional organic el ectrolum nescence in which a light em ssion |ayer
is formed by a spin coating nethod. In the above nethod of manufacturing an
organi ¢ dhegtacd] wiianes gercargeviodd, Proviisiest #adhaB §XeK4Et he gravure
roll, which is tapered at both end portions thereof, is provided in such a
posi tion tdwttetdme tapered portions correspond to non-pixel -form ng areas
on both sides of an effective pixel formng area of the silicone blanket,
and the coating Biyquhdsi seshpgli &t andpappibéd teostdeldurface of the
silicone blanket fromthe Iower side thereof. In this case, it is possible
to form ageatidtgddd Mn kayand ca liegitero lumiinersmienreoflevager heliiekness on
t he

excellent light emission efficiency and light emission

intensity characteristics equivalent to those of a

conventional organic electroluminescence in which a light

emission layer is formed by a spin coating method.

In the above method of manufacturing an oxganic

electroluminescence device, it is preferable that the

gravure roll, which is tapered at both end portions

thereof, is provided in such a position that the tapered

portions correspond to non-pixel-forming areas on both

sides of an effective pixel forming area of the silicone

blanket, and the coating ligquid is supplied and applied

to the surface of the silicone blanket from the lower

slde thereof.

In this case, it is possible to form a coating film

having a higher uniformity of layer thickness on the

surface of the silicone blanket and to provide an organic

electroluminescence device having more excellent

characteristics.

In accordance with another aspect of the present

invention, there is provided a method of manufacturing an



surface of the silicone blanket and to provide an organic
_electrolum nescence device having nore excellent characteristics. In
accordance with another aspect of the present invention, there is provided

a nmet hod of manufacturing an 8 organic el ectrol um nescence device
i ncluding, between a first electrode and a second el ectrode, |ayers having
| i ght em ssion regions patterned on a pixel basis. At |east one of the
| ayers having the light emssion regions is forned by form ng a coating
film conposed of a coating liquid containing a constituent material of
the layer on a surface of a silicone blanket, then pressing a reli ef
printing plraeeisgasilesttaiandossiongcef dewl cer dnsfladingy BREVEERDRI ng the
coating filmat the pressed portions fromthe silicone blanket onto the
relief prifitistg efleatteodandnty anskbeonidng la giader,n layergosdediolb t he coati ng
filmleft on the surface of the silicone blanket onto a surface to be
provi ded tlhigggormiwistibrt rediayer paaned kel coati pdxklqbeadiss supplied and
applied to the surface of the silicone blanket fromthe |ower side thereof
via a slit provigdedieaspabakl ef thet beyerst AbyOngl thxi sightt he silicone
bl anket. By this nmethod, it is possible to stably

emission regions is formed by forming a coating film

composed of a coating liquid containing a constituent

material of the layer on a surface of a silicone blanket,

then pressing a relief printing plate against the coating

film, transferring and removing the coating film at the

pressed portions from the silicone blanket onto the

relief printing plate, and transferring a pattern

composed of the coating film left on the surface of the

silicone blanket onto a surface to be provided thereon

with the layer, and the coating liquid is supplied and

applied to the surface of the silicone blanket from the

lower side thereof via a slit provided in parallel to the

rotational axis of the silicone blanket.

By this method, it is possible to stably

manufacture an organic electroluminescence device having

excellent light emission efficiency and light emission

intensity characteristics equivalent to those of a

conventional organic electroluminescence in which a light

emission layer is formed by a spin coating method.

In the method of manufacturing an organic



manuf acture an organi c el ectrol um nescence device having excellent |ight
em ssion efficiency and light em ssion intensity characteristics
equi valent to those of a conventional organic el ectrolum nescence in which
alight emssion layer is fornmed by a spin coating nethod. In the nethod
of manufacturing an organic 9 el ectrolum nescence device, it is preferable
that the slit is formed by opposing two flat plates to each other wth a
spaci ng therebetween, and totally closing gaps between |eft and right end
portions of the flat plates, the spacing between the surface of the
silicone blanket and top faces of the two flat plates is unéforn1at aslit
portion celretpordmigesseancefirEécPveipi X8| PEBERTAGLGr B2t of" ¢ he silicone
bl anket, whereas the top faces of the two flat glates are slant surfaces
with a dowdvidr dsgifadimedt byf ppreshagcsher ALapoPlarbASsEaecteha? B®Rd portion
sides of the rotational axis of the silicone blanket at slit portions
correspongiing tosparipigxehefrebritAgear, easdpitesehly ohoboré g#BEs of the
effective pixel formng area of the silicone blanket, and the coating
li qui d i sbetpplenededndandpplibed eeodt bersiphacefothehélsk| ptahesbl anket from
the lower side thereof via the slit. In addition, in the method of
manuf act ULhRY spacing between the surface of the silicone blanket

and top faces of the two flat plates is uniform at a slit

portion corresponding to an effective pixel forming area

of the silicone blanket, whereas the top faces of the two

flat plates are slant surfaces with a downward gradient

from the central portion side toward end portion sides of

the rotational axis of the silicone blanket at slit

portions corresponding to non-pixel-forming areas present

on both sides of the effective pixel forming area of the

silicone blanket, and the coating liquid is supplied and

applied to the surface of the silicone blanket from the

lower side thereof wvia the slit.

In addition, in the method of manufacturing an

organic electroluminescence device, it is preferable that

the slit is formed by opposing two flat plates to each

other with a spacing therebetween, opening upper half

portions of gaps between left and right end portions of

the flat plates, and closing lower half portions of the

gaps, and the coating liquid is supplied and applied to

the surface of the silicone blanket from the lower side

10



organi c el ectrolum nescence device, it is preferable that the slit is
formed by opposing two flat plates to each other with a spacing

" therebet ween, opening upper half portions of gaps between |eft and right
end portions of the flat plates, and closing lower half portions of the
gaps, and the coating liquid is supplied and applied to the surface of the
silicone bl anket fromthe |lower side 10 thereof via the slit. In the

| ast-nmentioned two cases, it is possible to forma coating film having a
hi gher uniformty of layer thickness on the surface of the silicone

bl anket, and to provide an organic el ectrolum nescence devi ce having nore
excel | ent tdeareadt eriissttihes .sliirt .t he net hods of manufacturing an organic

el ectrol um nescence device according to the present invention (according
to the one and amat hae aspeemenafiontdHetpresenesi nienisopodesiers be?l above),
exanples of the "layers having |ight em ssion regions” include the

fol | owi ngssoref avigdtiatg IEAast reneirds o origgerbyntiferabave ofmdelyeds: (a) A
hol e transport layer and a |light em ssion | ayer (Two-|ayer type organic

el ect r ol UNAHIQSGRIGE Hevinee)sudidcA dPlihd rdnsponte bapeketa langhtoeni ssion

| ayer,
’ provide an organic electroluminescence device having more
excellent characteristics.

In the methods of manufacturing an organic
electroluminescence device according to the preéent
invention (according to the one and another aspects of
the present invention described above), examples of the
“layers having light emission regions” include the
followings, of which at least one is formed by the above
methods:

(a) A hole transport layer and a light emission
layer‘(Two—layer type organic electroluminescence device)

{(b) A hole transport layer, a light emission layer,
and an electron transport layer (Three-layer type organic
electroluminescence device)

(¢) A hole injection layer, a hole transport layer,
a light emission layer, an electron transport layer, and
an electron injection layer (Five-layer type organic

electroluminescence device)

BRIEF DESCRIPTION OF THE DRAWINGS
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and an electron transport |layer (Three-layer type organic
~electrolum nescence device) (c) A hole injection layer, a hole transport
| ayer, a light em ssion |layer, an electron transport |layer, and an
el ectron injection |ayer (Five-layer type organic electrolum nescence
devi ce) BRI EF DESCRI PTI ON OF THE DRAW NGS 11 These and ot her objects of the
invention will be seen by reference to the description, taken in
connection wth the acconpanying drawing in which: FIG 1 pertains to a
first enbodiment of the present invention, and is a front sectional view
of a wet-type coating apparatus including a gravure roll, used for the
met hod of manuf aBhesengndnothganicbieetectfoktbai neyeehtendevitehe FIG 2A is
a front view showi ng an essential structure of the wet-type coating
appar at us mferPltG rEfermddta 28 idescmipghiorsi dekeanevint keneettionFI G 3 is
a general vertical sectional view of a part of the gravure roll
consti t ut iwigH heneicdompanyeiogs idwevappaniat whieth:FIG 1; FIG 4 illustrates
schematically the nonuniformity of layer thickness in a coating filmin an
effective FIG. 1 pertains to a first embodiment of the
present invention, and is a front sectional view of a
wet—type coating apparatus including a gravure roll, used
for the method of manufacturing an organic
electroluminescence device;
FIG. 2A is a front view showing an essential
structure of the wet—type coating apparatus of FIG. 1,
and FIG. 2B is a right side view thereof;
FIG. 3 is a general vertical sectional view of a
part of the gravure roll constituting the wet-type
coating apparatus of FIG. 1;
FIG. 4 illustrates schematically the nonuniformity
of layer thickness in a coating film in an effective
pixel area, formed on the surface of a silicone blanket
by a wet-type coating apparatus including a cylindrical
gravure roll having a uniform diameter over its whole
length;
FIG. 5 illustrates the coating condition in the
effective pixel area, upon coating the surface of a

silicone blanket by the coating apparatus of FIG. 1;

FIG. 6 1s a general sectlonal view showilng one

12



pi-xel area, formed on the surface of a silicone bl anket by.a wet-type
coating apparatus including a cylindrical gravure roll having a uniform
" diameter over its whole length; FIG 5 illustrates the coating condition
in the effective pixel area, upon coating the surface of a silicone
bl anket by the coating apparatus of FIG 1; FIG 6 is a general sectional
vi ew showi ng one 12 exanple of an organic el ectrolum nescence device
obtained by the manufacturing nmethod according to the first enbodi nment
(or a second enbodinent) of the present invention; FIGS. 7A and 7B pertain
to the organic electrolum nescence device of FIG 6, in which FIG 7Ais
a plan vi esxaficbhecexampbesdiia pheciorgl wiindsadnce|dastiasd@@rimieghs, and
FIG 7B is a sectional viewtaken along line A-A thereof; FIGS. 8A, 8B,
and 8C perktwaithe gnanpfacessing mergmd soterydigid e orflgafiiost
el ectrol um nescence device of FIG 6 and are sectional views for
il lustratieghddienstepsor od $econd gerstrodimogtet)orvfa iglagsreshst rate and a hol e
transport layer on the anode in a lamnated form FIGS. 9A, 9B, and 9C
pertain toidhenpiecess of
FIGS. 7A and 7B pertain to the organic
electroluminescence device of FIG. 6, in which FIG. 7A is
a plan view of one example of a pattern of pixel
electrode porticns, and FIG. 7B is a sectlional view taken
along line A-A thereof;
FIGS. B8A, 8RB, and 8C pertain to a process of
manufacturing the organic electroluminescence device of
FIG. 6 and are sectional views for illustrating the steps
of forming an anode on a glass substrate and a hole
transport layer on the anode in a laminated form;
FIGS. 9A, 9B, and 9C pertain to the process of
manufacturing the organic electroluminescence device of
FIG. 6 and are sectional views for illustrating the steps
(relief reversal offset printing step) of forming an
electron—-transporting light emission layer in a
predetermined pattern on the hole transport layer on the
glass substrate after the steps of FIGS. 8A to 8(C;
FIGS. 10A, 10B, and 10C pertain to the second

embodiment of the present invention in which FIG. 10A is

a front view of a wet—-type coating apparatus including a

13



menuf acturing the organic el ectrol um nescence device of FIG 6 and are
~sectional views for illustrating the steps (relief reversal offset

- printing step) of formng an electron-transporting light em ssion layer in
a predeterm ned pattern on the hole transport |ayer on the gl ass
substrate after the steps of FIGS. 8A to 8C, FIGS. 10A, 10B, and 10C
pertain to the second enbodi nent of the present invention in which FIG
10Ais a front view of a wet-type coating apparatus including a 13 slit,
for use in the nethod of manufacturing an organic el ectrol um nescence
device, FIG 10Bis a right side view showi ng an essential structure

t her eof , &RdtRl Gori@es §nathgemgpbed ¢& RrewfartuReng| an; oFE@iq] is a
perspective view showi ng another exanple of the slit constituting the
wet -t ype edacitrglumipasseaseadevridengfi6 -t h8Bséesoadreabdds heatvidwt he
present invention; FIG 12 is a general sectional view show ng anot her
exanpl e ofshblé ngr ganies senedbdobimupnéscentbedevifceanit Bitiedl By ihea
manuf act uri ng nmet hod according to the first enbodi nent (or the second
enbodi mrenperebetche veprasent fi nensilan; FIG 13 illustrates schematically
the | am nate

FIG. 11 is a perspective view showing another
example of the slit constituting the wet-type coating
apparatus according to the second embodiment of the
present invention;

FIG. 12 is a general sectional view showing another
example of the organic electroluminescence device
obtained by the manufacturing method according to the
first embodiment (or the second embodiment) of the
present invention;

FIG. 13 illustrates schematically the laminate
structure of the organic electroluminescence device
manufactured in the embodiments of ithe present invention;
and

FIG. 14 pertains to one example of a conventional
wet-type coating apparatus and is a general sectiocnal

view of wire bars constituting the wet-type coating

apparatus.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Now, embodiments of the present invention will be
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structure of the organic el ectrolum nescence device manufactured in the
enbodi nents of the present invention; and FIG 14 pertains to one exanple
" of a conventional wet-type coating apparatus and is a general sectional
view of wire bars constituting the wet-type coating apparatus. DETAILED
DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS Now, enbodi nents of the present

invention will be 14 described below, referring to the drawings. First
Enmbodinment FIG 1 is a front sectional view of a wet-type coating
apparatus including a gravure roll, used for the nethod of manufacturing

an organic el ectrolum nescence device; FIG 2A is a front view showi ng an
essenti al dst¢idred @ 9fot hersfariyye todtingrappadst-us of FIG 1, and FIG
2B is aright side viewthereof; FIG 3 is a general vertical sectional
vi ew of a fjarst Emhdwingrevure roll constituting the wet-type coating
apparatus of FIG 1; FIG 4 illustrates schematically the nonuniformty of
| ayer thickness iFiGa doati mg firiclin isecéanocebfiegtievecpi zevetatene forned on
the surface of a silicone blanket by a wet-type coating apparatus
i ncl udi ng ecayinndtpeatatus including a gravure roll, used for the

method of manufacturing an organic electreoluminescence

device; FIG. 2A is a front view showing an essential

structure of the wet-type coating apparatus of FIG. 1,

and FIG. 2B is a right side view thereof; FIG. 3 is a

general vertical sectional view of a part of the gravure

roll constituting the wet-type coating apparatus of FIG.

1l; FIG. 4 illustrates schematically the nonuniformity of

layer thickness in a coating film in an effective pixel

area, formed on the surface of a silicone blanket by a

wet-type coating apparatus including a cylindrical

gravure roll having a uniform diameter over its whole

length; and FIG. 5 illustrates the coating condition in

an effective pixel area, upon coating the surface of a

silicone blanket by the coating apparatus of FIG. 1.

FIG. 6 is a general sectional view showing one

example of an organic electroluminescence device obtained

by the manufacturing method according to this embodiment

(or a second embodiment which will be described later);

FIGS. 7A and 7B pertain to the organic

electroluminescence device of FIG. 6 in which FIG. 74 1is
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gravure roll having a uniformdi aneter over its whole length; and FIG 5
illustrates the coating. condition in an effective pixel area, upon

" coating the surface of a silicone blanket by the coating apparatus of FlIG
1. FIG 6 is a general sectional view show ng one exanple of an organic

el ectrol um nescence device obtained by the manufacturing nmethod according
to this enbodinent (or a second enbodi nent which will be described |ater);
FIGS. 7A and 7B pertain to the organic el ectrolum nescence device of FIG
6 in which FIG 7A is 15 a plan view of one exanple of a pattern of pixel
el ectrode portions, and FIG 7B is a sectional view taken along line A-A
- thereof; FAGSIaBAYi8B, cfineh8CGyumbs i o patprasvesst gfizwnuf acturing the
organi c el ectrol um nescence device of FIG 6 and are sectional views for
il lustratiagecthedstepstodnd prandd &Hh. divdes an seqgliagslsulistw atakeand a
hol e transport layer on the anode in a lamnated form and FIGS. 9A 9B,
and 9C peranongt Dihdenproclessedf ; FEEEf a8A Urgdmg driie U gaitain to a

el ectrol um nescence device of FIG 6 and are sectional views for

i Il ustratipgotdes Séepsant fettef i@ s abrfd sete Jprd tiid NG isedRenefe f or m ng

an electron-transporting light emssion layer in a predeterm ned pattern

on the hol get{28spPrrEayerad 4\€ sectional views for illustrating
the steps of forming an anode on a glass substrate and a
hole transport layer on the anode in a laminated form;
and FIGS. 9A, 9B, and 9C pertain to the process of
manufacturing the crganic electrcluminescence device of
FIG. 6 and are sectional views for illustrating the steps
{relief reversal offset printing step) of forming an
electron—-transporting light emission laver in a
predetermined pattern on the hole transport layer on the
glass substrate of FIG. B8C.

In the present invention, as a member (coating

liguid drawing-up member) for ceoating the surface of a
silicone blanket with a cocating liquid containing a
polymeric organic EL material, for example, a gravure
roll 2 provided in its surface with a rugged pattern (a
mesh, or a gravure pattern) and having a vertical
sectional shape as shown in FIG. 3 is used. In the
gravure roll, the rugged pattern is sufficiently moderate

as compared with that of the above-mentioned wire bars 91,

so that the uniformity of layer thickness of the coating
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glrass substrate of FIG 8C 1In the present invention, as a nenber (coating
|l iquid drawi ng-up nenber) for coating the surface of a silicone bl anket
"wWith a coating liquid containing a polyneric organic EL nmaterial, for
exanple, a gravure roll 2 provided in its surface with a rugged pattern (a
mesh, or a gravure pattern) and having a vertical sectional shape as shown
in FIG 3 is used. In the gravure roll, the rugged pattern is sufficiently
noderate as conpared with that of the above-nentioned wire bars 91, so
that the uniformity of l|layer thickness of the coating 16 filmobtained is
better as conpared with that in the case of using the wire bars. It should
be not ed, Hovevartaitsat ievéetliarh asheompeaedr @ikdl thatagnskbanckaeFl G 3,
if the gravure roll is a cylindrical one having a uniformdianeter over
its entiraef lwnigid,theamiiatd dresrsm th tine woul d be generated in the |ayer
t hi ckness, layer width, or the like of the coating |liquid (contacted
| iquid portion) hel dhbefldebr nbhed;ohbwsuefacehandetde with cdne bl anket
surface, resulting in that the coating filmformed on the silicone
bl anket woitg b irbla & ragpesHaid @mn Fa%s .SBQWAfi khkl Gradurel Boliheistri pe
pattern, coating filmportions greater in

a cylindrical one having a uniform diameter over its

entire length, variations with time would be generated in

the layer thickness, layer width, or the like of the

coating liquid (contacted liquid portion) held between

the roll surface and the silicone blanket surface,

resulting in that the coating film formed on the silicone

blanket would be in a stripe pattern as shown in FIG. 4.

In the stripe patiern, cecating film portions greater in

£film thickness and coating film portions smaller in film

thickness are alternately formed in the shape of belts.

On the contrary, with a gravure roll 2 tapered at

both end portions thereof as shown in FIG. 2B, the

uniformity of layer thickness of the coating film is

markedly enhanced and even an extremely thin coating film

can be easily formed in a uniform layer thickness, which

has been confirmed experimentally. Thus, for the

manufacture of an organic electroluminescence device,

cylindrical gravure rolls are preferred to wire bars, and,

among the gravure rolls, the tapered gravure roll 2 shown

in FIG. 2B is particularly preferable.
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fi'lmthickness and coating filmportions smaller in film thickness are
~alternately formed in the shape of belts. On the contrary, with a gravure
roll 2 tapered at both end portions thereof as shown in FIG 2B, the
uniformty of layer thickness of the coating filmis markedly enhanced and
even an extrenely thin coating film can be easily fornmed in a uniform
| ayer thickness, which has been confirned experinentally. Thus, for the
manuf acture of an organic el ectrol um nescence device, cylindrical gravure
rolls are preferred to wire bars, and, anong the gravure rolls, the
tapered gravure roll 2 shown in FIG 2B is particularly preferable. 17 The
gravure roll 2 hdhepstrviers &rdlper trénboss 1taperedrPhbioRfeSdi aneter is
decreased toward the outer side in the longitudinal direction, and its
cyl i ndri catapgerd i o Ra;heddighnd e igorddairased dopendi et ouiar effective
pi xel form ng portion of the silicone blanket 1, is provided inits
surface wisida smpohd bompigrativell dimaairiemaemer diss cyldmdriigakl G 3. In
FIG 2B, synbols 2b and 2c denote the tapered portions, which correspond
t o non- pi xeb=tosmi 2w, arleiash ofs thesidicore hlempoeidibyg e aaddition, the
whol e length of the gravure roll 2 is set to be equal to or slightly
smal | er thanfédeivhobexeéengbhming portion of the silicone blanket 1,

is provided in its suxrface with a smocth and gradual

gravure pattern as shown in FIG. 3. In FIG. 2B, symbols

2b and 2c¢ denote the tapered portions, which correspond

to non-pixel-forming areas of the silicone blanket 1. 1In

addition, the whole length of the gravure roll 2 is set

to be equal to or slightly smaller than the whole length

of the silicone blanket 1.

The method of manufacturing an organic

electroluminescence device according to this embodiment

is for manufacturing the so-called two-layer type organic

ELD shown in FIG. 6, for example. Specifically, in

forming an electron-transporting light emission layer 54

on a hole transport layer 53 in a transparent glass

substrate 51 shown in FIG. 8C, a coating film composed of

a coating liquid 3 containing a material for constituting

the light emissicon layer (a solution or dispersion of the

constituent material) is formed on the surface of the

gsiliccne blanket 1 by use of the gravure roll 2 (made of

stainless steel, for example}) as shown in FIGS. 1 and 2.
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of* the silicone blanket 1. The method of manufacturing an organic

el ectrol um nescence device according to this enbodinent is for

manuf acturing the so-called two-1ayer type organic ELD shown in FIG 6,
for exanple. Specifically, in formng an electron-transporting |ight

em ssion layer 54 on a hole transport layer 53 in a transparent gl ass
substrate 51 shown in FIG 8C, a coating filmconposed of a coating liquid
3 containing a material for constituting the light em ssion |ayer (a
solution or dispersion of the constituent material) is formed on the
surface of the silicone blanket 1 by use of the gravure roll 2 (made of

st ai nl ess Bt édlis fagseaxanpla)eadadfows itheFo&8vuteamdl2. 218sIn this case, a
| ower half of the gravure roll 2 is imrersed in the coating liquid 3, and
t he silicameneddexhkiot theambathienggriahvawiel 3l lan2 ahe wsaflatedei n count er
directions (reverse roll system, whereby the coating liquid 3 is supplied
and appli edldrnkdtha snd atee efradhere sdlilcenark anket.el Enomvuheekower side
thereof via the gravure roll 2. Next, with the silicone blanket | being

rotated, diheepadingddidpds iass8dw@gni,nsheaebsl ke poamtingg plate
provided with a predeterm ned pattern, whereby the
liquid 3 is supplied and applied to the surface of the
silicone blanket 1 from the lower side thereof wvia the
gravure roll 2,

Next, with the silicone blanket 1 being rotated,
the coating film is pressed against a relief printing
plate provided with a predetermined pattern, whereby the
coating film in the press contact areas is transferred
and removed from the silicone blankef onto the relief
printing plate. Then, the silicone blanket 1 is brought
into contact with and rolled on the hole transport layer
53, whereby the pattern composed of the coating film left
on the surface of the silicone blanket 1 is transferred
onto the hole transport layer 53.

The silicone blanket 1 has a structure in which a
silicone resin film la rich in coating film release
property is formed on the surface of a cylindrical body,
and the cylindrical body is set rotatable about a
horizontal rotational axis. Therefore, the surface of the

silicone blanket 1 is formed of the silicone resin.

Besides, in this method of manufacturing an organic
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coating filmin the press contact areas is transferred and renoved from
the silicone blanket onto the relief printing plate. Then, the silicone
" blanket | is brought into contact with and rolled on the hole transport
| ayer 53, whereby the pattern conposed of the coating filmleft on the
surface of the silicone blanket 1 is transferred onto the hole transport
| ayer 53. The silicone blanket 1 has a structure in which a silicone resin
filmlarich in coating filmrelease property is formed on the surface of
a cylindrical body, and the cylindrical body is set rotatable about a
horizontal rotational axis. Therefore, the surface of the silicone blanket
| is fornmedlattrhumingsenece ebivwice Badiedayaviuyet iod Inét hegesfed at
manuf acturi ng an organic 19 el ectrol un nescence device, the gravure roll 2
t aper ed atbototdndmbpordnonshdimress ahostmowm FIGEI @B 2B is® so di sposed
that the tapered portions are |ocated beneath the non-pixel-formng areas
present ondibgtdsed desatoftidetapdfeal thore ipinse la Heolmicag car eeneaedh area, or
gravure pattern formng area) of the silicone blanket 1. Wth this
arr angenmenthe triven-eotd NFd dngfiticfl dreSUpidseshtantt bappl isedelsootthehsur f ace of
the silicone blanket 1 fromthe |ower side thereof while the layer wdth
(the di mensf®dctive pixel forming area (mesh area, or gravure

pattern forming area) of the silicone blanket 1. With

this arrangement, the coating liquid is supplied and

applied to the surface of the silicdne blanket 1 from the

lower side thereof while the layer width {(the dimension

in the vertical direction in FIG. 2B) of the ceoating

liguid {contacted liquid porticn}) 3a held between the

effective pixel forming area and the surface of the

gravure roll 2 1s kept uniform along the direction of the

rotational axis of the silicone blanket 1. As a result,

as shown in FIG. 5, the nonuniformity of layer width of

the contacted liquid portion 3a is absorbed by the

portions corresponding to the non-pixel-forming areas,

and the coating film on the surface of the silicone

blanket 1 is so formed that the layer thickness thereof

in the effective pixel area is uniform and extremely

small.

Now, the structure of the organic

electroluminescence device shown in FIG. 6 will be

described. In this organic electroluminescence device 70,
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in the vertical direction in FIG 2B) of the coating liquid (contacted
| iquid portion) 3a held between the effective pixel formng area and the
" surface of the gravure roll 2 is kept uniformalong the direction of the
rotational axis of the silicone blanket 1. As a result, as shown in FIG
5, the nonuniformty of layer wwdth of the contacted liquid portion 3a is
absorbed by the portions corresponding to the non-pixel-form ng areas,
and the coating filmon the surface of the silicone blanket 1 is so forned
that the layer thickness thereof in the effective pixel area is uniform
and extrenmely small. Now, the structure of the organic
el ect r ol urihsedodrc & rdovpostshewnri A3FLS fermefd| obethelesransrrirenty t his
organi c el ectrol um nescence device 70, 20 the hole transport layer 53 is
formed ondlhast sabsparert SigbassidatiswitheadlIPd ovi gespar ¢t grix g0
transparent pixel electrode (anode) 52, and an el ectron-transporting |ight
em ssi on leAyert rodlesqgaviodg) abgQ asdaanekiettoonttaaspoottihqykighis for med
thereon. Further, a cathode 55 conposed of a calcium{(Ca) layer for
enhanci ng eglieetian laRje@CbiuoBerpiagetli¥cand an alustnvm {Ahnspayer is
provided on the electron-transporting |ight em ssion |ayer 54. Synbol 56
layer is formed thereon. Further, a cathode 55 composed
of a calcium (Ca) layer for enhancing electron injection
property and an aluminum (Al) layer is provided on the
electron—-transporting light emission layer 54. Symbel 56
in FIG. 6 denotes a DC power source.
The ITO transparent pixel electrode 52 may be
formed in island-like independent patterns for
constituting pixel poxrtions 61 as shown in FIG. 7A or may
be formed in patterns which are isclated ({(insulated) from
each other by an insulating material 62 as shown in FIG.
7B. Furthermcre, the pixel elecErode may be formed in
stripes.
Next, one example of the process of manufacturing
the organic electroluminescence device 70 will be
described in more detail, referring to FIGS. 8A to 8C and
9A to 9C.
(1) First Step
The ITO transparent pixel electrodes 52 are formed

on the transparent glass substrate 51 by vacuum

deposition and patterning (FIG. 8A).
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in FIG 6 denotes a DC power source. The ITO transparent pixel electrode 52

may be formed in island-1like independent patterns for constituting pixel
portions 61 as shown in FIG 7A or may be formed in patterns which are
i solated (insulated) from each other by an insulating material 62 as shown
in FIG 7B. Furthernore, the pixel electrode may be forned in stripes.
Next, one exanple of the process of manufacturing the organic
el ectrol um nescence device 70 will be described in nore detail, referring
to FIGS. 8Ato 8C and 9A to 9C. (1) First Step The ITO transparent pixe
el ectrodes 52 are forned on the transparent glass substrate 51 by vacuum
deposi ti on(anhdSpatrersiery (FIG 8A). 21 (2) Second Step A liquid containing
a hole transport layer formng nmaterial (for exanple, an aqueous sol ution
of PEDOT) is supplliiephidr epnited ndntoat heleETOrehepbrodésy82 byrmsegof a
m crosyringe (FIG 8B), and the transparent glass substrate 51 is rotated
at hi gh spegteriher ebyr t&earhd(2, adreciquedess b lard ceo\odr @EDMTH h itthe coati ng
liquid (spin
supplied dropwise onto the ITO electrodes 52 by use of a
micresyringe (FIG. 8B), and the transparent glass
substrate 51 1s rotated at high speed, whereby the ITO
electrodes 52 are covered with the coating liquid (spin
coating). Incidentally, the PEDOT will be described later.
{3) Third Step
The coating liquid is baked to form the hole
transport layer 53 (FIG. 8C).
Next, the following fourth to sixth steps (relief
reversal offset printing step) are conducted to thereby
form the electron—transporting light emission layer 54 on
the hole transport laver 53, and then the subsequent
seventh and eighth steps are conducted to thereby
complete the organic electroluminescence device 70.
{4} Fourth Step (Coating)
By use of the wet-type coating apparatus shown in
FIGS. 1 and 2, as shown in FIG. 9A, a coating liquid
containing a material for forming the electron-
transporting light emission layer, for example, an

organic solvent solution of poly(2Z-methoxy-5-[2'—

ethylhexyloxy]-1,4-phenylenevinylene) (hereinafter
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codating) Incidentally, the PEDOT wll| be described later. (3) Third Step
The coating liquid is baked to formthe hole transport |ayer 53 (FIG 8C).
Next, the following fourth to sixth steps (relief reversal offset printing
step) are conducted to thereby formthe electron-transporting |ight
~em ssion layer 54 on the hole transport |ayer 53, and then the subsequent
seventh and eighth steps are conducted to thereby conplete the organic
el ectrol um nescence device 70. (4) Fourth Step (Coating) By use of the
wet -type coating apparatus shown in FIGS. 1 and 2, as shown in FIG 9A a
coating liquid containing a material for formng the el ectron-
transportiagridged e MBIORPYV)ayiet agwbieskdippltde gvrigcgarifc td6l vent
sol ution of poly(2-nethoxy-5-[2'- ethyl hexyl oxyl -1, 4- phenyl enevi nyl ene)
(her ei naf t 11 2ombrhbgeket ol MEH-PRYedastepplriest ttay arhahdpkihgse ;ottot he
silicone blanket 1 in a predeterm ned |ayer thickness, to forma coating
film3b. (ByrikidtdoStepy (Patn etni ng) As shown in FIG 9B, the silicone
bl anket 1 is brought into contact with and rolled on a glass relief

(5) Fifth Step (Patterning)

As shown in FIG. 9B, the silicone blanket 1 is

brought into contact with and rolled on a glass relief

printing plate (glass mask) 31, whereby the coating film

3b in contact with the tips of relief portions of the

glass relief printing plate 31 is transferred and removed

from the surface of the silicone blanket 1. This leaves a

desired coating film pattern 3d (effective pixel areas)

on the silicone blanket 1. In FIG. 9B, symbol 3¢ denotes

unrequired portions of the coating liquid. The relief

portions of the relief printing plate 31 are

preliminarily processed in a pattern reverse to the

‘pattern of the electron-~transporting light emission layer

to be formed. In addition, since the surface of the

silicone blanket 1 is formed of a silicone resin rich in

liguid film release property, the transferring and

removing step can be carried out easily and with high

accuracy.

(6) Sixth Step (Offset)

As shown in FIG. 9C, the silicone blanket 1 after

the fifth step is brought into contact with and rolled on
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printing plate (glass mask) 31, whereby the coating film 3b in contact
with the tips.-of relief portions of the glass relief printing plate 31 is

" transferred and renobved fromthe surface of the silicone blanket 1. This
| eaves a desired coating filmpattern 3d (effective pixel areas) on the
silicone blanket 1. In FIG 9B, synbol 3c denotes unrequired portions of
the coating liquid. The relief portions of the relief printing plate 31
are prelimnarily processed in a pattern reverse to the Tattern of the
el ectron-transporting light em ssion layer to be formed. In addition,
since the surface of the silicone blanket 1 is forned of a silicone resin
rich in |igu d¥ddmysissasepnoparided tthe necansfidhy ithg aade renovi ng step
can be carried out easily and with high accuracy. (6) Sixth Step (Ofset)
As shown itrdispoC laver sivlicmiy benkettlingf tfédm phéteirht Rdstefti s
brought into contact with and rolled on 23 the gl ass substrate provided
t her eon wid:i the didliecorta drispoiet |layier trsmerfelysthentoatheghbilem pattern 3d
left on the silicone blanket 1 is transferred onto the hole transport
| ayer 53. Theiwsdterliagdre 33.anshereadtpatlt end tranbakedeangattéed. By these
steps, the el ectron-

is baked and dried. By these steps, the electron-

transporting light emission layer 54 is formed. The

electron-transporting light emission layexr 54 can be

formed not only as a monochromic pattern but also as a

pattern for full-color mode (for red coloxr, for green

color, or for blue color) by seguentially carrying out

the relief reversal offset printing method.

{7) Seventh Step

By vapor deposition and patterning, a calcium layer

(not shown) 1is formed on the electron-transporting light

emission layer 54 and an aluminum layer (not shown) as a

main electrode is formed thereon, in respective

predetermined layer thicknesses, and an Au-Ge layer (not

shown) for protection and for enhancing a bonding

property is formed on the aluminum layer in a

predetermined layer thickness, to form a cathode 55.

(8) Eighth Step

A counter substrate {(not shown) is put on the Au-Ge

layer, and side portions of the resultant assembly are

sealed with an epoxy resin or the like, to complete the
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transporting light emssion |layer 54 is forned. The electron-transporting
| ight em ssion |ayer 54 can be fornmed not only as a nonochrom c pattern
but also as a pattern for full-color node (for red color, for green
color, or for blue color) by sequentially carrying out the relief reversal
of fset printing nethod. (7) Seventh Step By vapor deposition and
patterning, a calciumlayer (not shown) is fornmed on the
el ectron-transporting light emssion |ayer 54 and an al um num | ayer (not
shown) as a nmain electrode is forned thereon, in respective predeterm ned
| ayer thicknesses, and an Au-Ge |ayer (not shown) for protection and for
enhanci ng ardanid eyl e propeming sedmraratevdree W@ -al umi num [ ayer in a
predeterm ned | ayer thickness, to forma cathode 55. (8) Eighth Step A
counter substeomdeErimadimdroon) is put on the Au-Ge |ayer, and side portions
of the resultant assenbly ‘are sealed with an epoxy resin or the like, to
conpl ete the 24 aigeni do0al,edBql emdnadcCepeetdéni te A0wetSegpad Enbodi ment
FIGS. 10A, 10B, and 10C pertain to a wet-type coating apparatus for use in
the nmet hodc@itRpUABSE iU for use in the method of manufacturing

"an organic electroluminescence device (the relief

reversal offset printing method) in which FIG. 10A is a

front view of the wet-type coating apparatus for use in

the method of manufacturing an organic

electroluminescence device, FIG. 10B is a right side view

showing an essential structure thereof, and FIG. 10C is a

perspective view of a slit constituting the wet-type

coating apparatus. FIG. 11 is a perspective view showing

another example of the slit.

The method of manufacturing an organic

electroluminescence device according to this embodiment

is for manufacturing a two-layer type organic EL device

shown in FIG. 6, for example, like in the first

embodiment above. Specifically, in a glass substrate 51

shown in FIG. 8C, in forming an electron-transporting

light emission layer 54 on a hole transport layer 53, a

coating film composed of a coating liguid (a solution or

a dispersion) containing a material for constituting the

light emission layer is formed on the surface of a

silicone blanket 1 by supplying and applying the coating
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an organi c el ectrol um nescence device (the relief reversal offset printing
method) in which FIG 10Ais a front view of the wet-type coating
apparatus for use in the nmethod of nmanufacturing an organic
el ectrol um nescence device, FIG 10B is a right side view show ng an
essential structure thereof, and FIG 10Cis a perspective view of a slit
constituting the wet-type coating apparatus. FIG 11 is a perspective view
showi ng anot her exanple of the slit. The method of nmanufacturing. an
organi c el ectrol um nescence device according to this enbodinment is for
manufacturing a two-layer type organic-EL device shown in FIG 6, for
exanpl e, |ikmuich tcheld msrrfamehedi vt saBogenespéerkpéall fropnthegl ass
substrate 51 shown in FIG 8C, in formng an electron-transporting |ight
emi ssi on | ayerr Siden thamdad triansperltit djerss53, caatéogt magLLEl m conposed of
a coating liquid (a solution or a dispersion) containing a material for
constit uti fpdteng |1iightidendrssiiony-aqy ererberh or mbdcbnithersuifiadeinf a
silicone blanket 1 by supplying and applying the coating 25 liquid to the
surface ofpdhelid] iconendl anketidndy oaxiheot | ther s sldeondebbafiketala slit
11 as a coating menber (coating liquid draw ng-up menber), which is
provided ids shown in FIGS. 10A to 10C. The other steps are the

same as those in the first embodiment above.

The slit 11 is constituted by disposing two

stainless steel-made or glass-made flat plates 12 and 13

in parallel to and opposite to each other, with an

appropriate spacing therebetween, in such a manner that

the gaps between left and right end portions of the flat

plates are entirely closed with flat plates 14 formed of

the same material as that of the above flat plates 12 and

13. In this case, the spacing between the surface of the

silicone blanket 1 and top faces of the two flat plates

12 and 13 is uniform at a slit portion corresponding to

the effective pixel forming area of the silicone blanket

1. In addition, at slit portions corresponding to the

non-pixel-forming areas present on both side of the

effective pixel forming area of the silicone blanket 1,

the top faces of the flat plates 12 and 13 are slant

surfaces with a downward gradient from the central

portion side toward the end portion sides along the

rotational axis of the silicone blanket 1. In FIGS. 10B
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parallel to the rotational axis of the silicone blanket 1, as shown in
FIGS. 10A to 10C. The other steps are the sane as those in the first
enbodi ment above. The slit 11 is constituted by disposing two stainless
steel -made or glass-nmade flat plates 12 and 13 in parallel to and opposite
to each other, with an appropriate spacing therebetween, in such a manner
that the gaps between |l eft and right end portions of the flat plates are
entirely closed with flat plates 14 formed of the sanme material as that of
the above flat plates 12 and 13. In this case, the spacing between the
surface of the silicone blanket 1 and top faces of the two flat glates
and 13 i s and fididm atymdpos] 1tl apgremiodesc ar £83FoRAT RGP0 (thRietePf EREPVe pi xel
form ng area of the silicone blanket 1. In addition, at slit Eortlons
corr espondingtiter filhet pigrbam X6l ainor AiBngrar A8 thr esaAt SHHOBSEhLSPde of the
effective pixel formng area of the silicone blanket 1, the top faces of
the flat pmad eJSLdZie&nfl:el@r&rde;aal‘cam:torts'@mf.sacesswcitthtaddgﬁnmmSé&aﬂi ent from
the central portion side toward the end portion sides along the
rotationalgwexiscsd. t Faeshrbaaratbpbankedtnd. coONr&ESBHd 108 26 arap0 synbol
| la denotes a flat portion (the top faces of the flat plates 12 and 13 are
flat), and,syhals dllind 2¢ in the gravure roll shown in FIG. 2.
With such a slit 11 thus provided, the coating

liquid is supplied and applied to the surface of the

silicone blanket 1 from the lower side thereof via the

slit 11 while the layer width of the coating liquid

(contacted liquid portion) 3a held between the portion

corresponding to the effective pixel forming area of the

silicone blanket 1 and the top faces of the flat plates

12 and 13 is kept uniform along the direction of the

rotational axis of the silicone blanket 1. According to

this manufacturing method, like in the case of the first

embodiment, the nonuniformity of layer width of the

contacted liguid portion 3a in FIG. 10B is absorbed by

the portions corresponding to the non-pixel-forming areas,

resulting in that the coating film on the surface of the

silicone blanket 1 is formed with the layer thickness in

the effective pixel area uniform and extremely small, as

shown in FIG. 5.

On the other hand, a slit 21 shown in FIG. 11 is

formed by opposing two flat plates 22 and 23 to each
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and 11c denote gradient portions constituted of the slant surfaces. The
gradi ent portions correspond to the tapered portions 2b and 2c in the
gravure roll shown in FIG 2. Wth such a slit 11 thus provided, the
coating liquid is supplied and applied to the surface of the silicone
bl anket 1 fromthe |lower side thereof via the slit 11 while the |ayer
width of the coating liquid (contacted liquid portion) 3a held between the
portion corresponding to the effective pixel formng area of the silicone
bl anket | and the top faces of the flat plates 12 and 13 is kept uniform
along the direction of the rotational axis of the silicone blanket 1.
Accor di ng cttbert, hiwd timautaecanonghreechetdveknkeobaning eprer ofathe first
enbodi ment, the nonuniformty of layer width of the contacted |iquid
portion 3@ortibnG of0§apissbaltvecbedelby thé poghitoesdcoerespornddbhg to the
non- pi xel -formng areas, resulting in that the coating filmon the surface
of the sithiecdiatblpankets 22i anfloeBedopethhpbheibayekléh| ckmé@ss in the
effective pixel area uniformand extrenely small, as shown in FIG 5. On
t he ot her chagdnga 1skictr Rh1shewatibnEl 6f thei §apfowired byabpposteg two flat
pl ates 22 and 23 to each 27 other, with a spacing therebetween, opening
upper half4. 1n this case, the coating liquid is supplied and
applied to the surface of the silicone blanket from the
lower side thereof via the slit 21 while the layer width
of the coating liquid (contacted liquid porticn) held
between the portion corresponding to the effective pixel
. forming area of the silicone blanket and top faces of the
flat plates 22 and 23 is kept uniform along the direction
of the rotational axis of the silicone blanket. In this
slit 21, the open portions 2la correspond to the gradient
portions 11b and 1llc of the slit 11, and the same
function and effect as those in the case of the slit 11
can be obtained.
The manufacturing methods according to the first
and second embodiments are preferable also for
manufacturing a top emission type organic
electroluminescence device B0 as shown in FIG. 12. The
top emission type organic EL device 80 has a totally
solid state structure in which a first electrode 82, an

organic layer 83, and a second electrode 84 are

sequentially laminated on a substrate 81, a passivation
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portions of gaps between left and right end portions of the flat pl ates 22
~and 23 (open portions 2l1a), and closing lower half portions of the gaps
with flat plates 24. In this case, the coating liquid is supplied and
applied to the surface of the silicone blanket fromthe |ower side thereof
via the slit 21 while the layer wwdth of the coating |liquid (contacted
| iquid portion) held between the portion corresponding to the effective
pi xel formng area of the silicone blanket and top faces of the flat
plates 22 and 23 is kept uniformalong the direction of the rotational
axis of the silicone blanket. In this slit 21, the open portions 2la
correspondfibnt feofgraihwent fparad oifs al tragspaveatodigdecdiic 11, and the
same function and effect as those in the case of the slit 11 can be
obt ai ned. rdree naanluf Bt Lamine trast vod Shec ceradingy etleathvede B4t aaed tdecond
enbodi nents are preferable also for manufacturing a top em ssion type
organi c epeetiehtiomesScance devdlcel 8@t eshiowi tin aEl @poky. rEeen top
em ssion type organic EL device 80 has a totally solid state structure in
which a figsd €lerisodend?,slown or gari eubayent838iand aompoend efectrode 84
are sequentially lamnated on a substrate 81, a passivation 28
for example, a transparent glass substrate, a
semiconductor substrate, or the like and may be a
flexible one. The first electrode 82 is used as a cathode
serving also as a reflective layer and is formed of a
high reflective material, for example, chromium (Cr},
silver (Ag), copper (Cu), gold (Au), platinum (Pt),
tungsten (W), or an alloy therecf. The film thickness of
the first electrode 82 is preferably set in the range of
100 to 300 nm.
The organic layer 83 is formed by forming a hole
transport laver 83a by spin coating, drying it in vacuum
at 120°C for one hour, and then forming a light emission
layer B3b serving also as an electron transport layer by
coating and drying. In forming the light emission layer
83b, printing is sequentially conducted for R, G, and B
colors by the relief reversal printing method shown in

FIG. 9, with each printing step followed by drying, for

example, in vacuum at 120°C for one hour. The hole
transport layer 83a is composed of the PEDOT described

above. As a coating ligquid for forming the light emission
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fi'l m(not shown) fornmed of a transparent dielectric material is |amnated
on the second el ectrode 84, and the passivation filmis sealed (potted)

" with an epoxy resin and a glass, not shown.. The substrate 81 is conposed
of, for exanple, a transparent glass substrate, a sem conductor
substrate, or the like and may be a flexible one. The first el ectrode 82
is used as a cathode serving also as a reflective layer and is forned of a
high reflective material, for exanple, chromum (Cr), silver (Ag), copper
(Cu), gold (Au), platinum (Pt), tungsten (W , or an alloy thereof. The
filmthickness of the first electrode 82 is preferably set in the range of
100 to 300Lawer Thib oragaanloiimype 8P ared dvmed sisplivdngi agralges transport
| ayer 83a by spin coating, drying it in vacuum at 120 O C for one hour,
and then fargamie &l imghtemirlssinomn lcayeam i83lsodeenitngsaluisedas an el ectron
transport layer by coating and drying. In formng the |light em ssi.on | ayer
83b, printing isaseqhenpoayhgréendugteadcf L Rat& iahd BhecHbdiswhbygt he
relief reversal printing nmethod shown in FIG 9, with each printing step
foll oned hRyaekyidis 46 uwexpIedpbrdEcdUN &b 2060 &ntioB emeckeyr. The

hole transport |ayer 83a is conposed of the PEDOT described above. As a
coating |igudgedorvdofmng the [ight em ssion

For Red: poly[{9,9-dihexyl-2,7-bis(l-cyanovinylene}-
fluorenylen}-alt-co-{2,5-bis (N,N’'-diphenylamino}-1,4-
phenylene}]

For Green: poly[{9,9~dioctylfluorenyl-2,7-diyl}-co—(1,4~-
diphenylene-vinylene-2-methoxy-5—{2-ethylhexyloxy}-
benzene) ]

For Blue: poly{{9,9-dioctylfluorenyl-2,7-diyl}-co~-{1l,4~-
{(2,5~dimethoxy)benzenel}]

The layer thickness (film thickness) of the hole
transport layer 83a and the light emission layer 83b is
desirably set in the range of 153 to 100 nm. Here, the
layer thickness of each of the organic layer 83 and
component layers thereof is in terms of optical layer
thickness. For example, where the PEDOT layer thickness
is 20 nm, the Red layer thickness is 75 nm, the Green
layer thickness is 65 nm, and the Blue layer thickness is
45 nm.

In addition, in the organic electroluminescence

device 80, the second electrode 84 is composed of a Ca
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29 layer 83b, a solution prepared by dissolving a polymer organic EL
material in an organic solvent is used. As the polymeric organic EL
material, the following materials are used correspondingly to R G and B
colors, respectively. For Red: poly[{9, 9-dihexyl-2,7-bis(1-cyanovinylene)-
fluorenylen}-alt-co-{2,5-bis(N N -di phenyl am no)-1, 4- phenyl ene}] For
Green: poly[{9,9-dioctylfluorenyl-2,7-diyl}-co-(1,4-
di phenyl ene-vi nyl ene- 2- net hoxy- 5- { 2- et hyl hexyl oxy}- benzene)] For Bl ue:
pol y[{9, 9-dioctyl fluorenyl -2, 7-diyl }-co-{1, 4- (2, 5-dinethoxy)benzene}) The
| ayer thickness (filmthickness) of the hole transport |ayer 83a and the
light enidsiven IBaperfodBkdi by depbradéposstipn,the Manke b2ves 840100 nm
Here, the [layer thickness of each of the organic layer 83 and conponent
| ayer s t helggled Byl Rapernecetieppsitabn| aged ahhitTRnksgerFdfcexanpl e, where
the PEDOT | ayer thickness is 20 nm the Red layer thickness is 75 nm the
G een | ayemmellRi, ckhesSecon@Sensrtaodet Be Bhueal ayeert bookhésstisn 45 nm In
addition, in the organic el ectrolum nescence _

of vapor deposited Ca layer/vapor co-deposited Mg-Ag

layer/ITO layer. The total layer thickness of the Ca

layer 84a and the Mg-Ag layer 84b is set in the range of

5 to 50 nm, and the layer thickness of the Ca layer 84a

is set in the range of 3 to 30 nm. The layer thickness of

the ITO layer 84c is preferably set in the range of 30 to

1000 nm. Besides, in place of the ITO layer 84c, a layer

of a material generally used as a transparent electrode,

such as a mixture of indium and zinc oxide, may be formed.

Furthermore, a passivation film (not shown) formed of a

transparent dielectric material is laminated on the

second electrode 84. As the transparent dielectric

material, a material having a refractive index on the

same level as that of the second electrode 84, for

example, silicon oxide (S8i02), silicon nitride (SiN), and

the like can be used, and the layer thickness thereof is

set, for example, in the range of 500 to 1000 nm.

The organic electroluminescence devices, which are
the objects of the manufacturing method according to the

present invention, include both bottom emission type

organic electroluminescence devices shown in FIG. 6 and
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device 80, the second el ectrode 84 is conposed of a Ca 30 |ayer 84a forned
by vapor deposition, an My-Ag | ayer 84b fornmed by vapor co-deposition, and
an | TO |l ayer 84c. Nanely, the second el ectrode 84 has a | ayer constitution
of vapor deposited Ca | ayer/vapor co-deposited My-Ag |layer/I1TO | ayer. The
total |ayer thickness of the Ca |ayer 84a and the My-Ag | ayer 84b is set
in the range of 5 to 50 nm and the | ayer thickness of the Ca | ayer 84a

is set in the range of 3 to 30 nm The layer thickness of the ITO |ayer
84c is preferably set in the range of 30 to 1000 nm Besides, in place of
the I'TO | ayer 84c, a layer of a material generally used as a transparent

el ect r ode, tos vt sl en nivrteu roe-gefn dion di lemt rad dumdines cexicge devayelse f or ned.
Furthernore, a passivation film (not shown) fornmed of a transparent

di el ectri cstmtreriral Fic. |18 nanhedddattibe, sebentlighecembdei8d. régivhe
transparent dielectric material, a material having a refractive index on
the sane 1gyet ascidids afod khiseadndeldEctuhedawdd laverr typamshewnsi|icon
oxide (Si02) , silicon nitride (SiN) , and the like can be used, and the

| ayer thicinesset henfof diso S8losd U eXRMe cadin ddhe hrarga agfer500 to 1000
nm The organic el ectrol um nescence devices, which are the objects of the
manuf act uri g nethod Aco@lNG e th& three-layer type organic

electroluminescence device has a structure in which an

ITO aﬁode, a hole transport layver, a light emission layer,

an electron transport layer, and a metallic cathode are

laminated in this order on a glass substrate. On the

other hand, a five-layer type organic electroluminescence

device has a structure in which an ITO anodg, a hole

injection layer, a hole transport layer, a light emission

layer, an electron transport layer, an electron injection

layer, and a metallic cathode are laminated in this order

on a glass substrate.

Now, examples of the present invention will be

described.

Example 1

<Manufacture of Organic Electroluminescence Device>

In this example, a bottom emission type polymeric
organic electroluminescence device having laminate
structure shown in FIGS. 6 and 13 was manufactured. Here,

FIG. 13 illustrates the case where PPV was used as an

electron—-transporting polymer for forming an electron-
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present invention, include both bottom em ssion type organic

el ectrol um nescence devices shown in FIG 6 and 31 top em ssion type

organi c el ectrol um nescence devices shown in FIG 12. In addition, the
light em ssion region layer includes not only those of the two-I|ayer type
shown in FIG 6 but also those of the so-called three-layer type and
five-layer type. A three-layer type organic electrolum nescence device has
a structure in which an I TO anode, a hole transport layer, a |light em ssion
| ayer, an electron transport layer, and a nmetallic cathode are | am nated
in this order on a glass substrate. On the other hand, a_five-layer type
organi ¢ eltwmnsamiings ddudd egdvisé@Thdevarst Adcttiiié examriiéh a8k FFO anode,
a hole injection layer, a hole transport layer, a light em ssion |ayer,
an el ect r dnidirtarspcraidrayiev,icen veliect MEH-PEVedn odackapdr PPYn@nd8 netal lic
cathode are lamnated in this order on a glass substrate. Now, exanples of
t he preserdn iBlVentdhon emMildsibbe ddeser ednoEXanplPy in<khagkacttuPEVof organic
El ectrol um nescence Device> In this exanple, a bottom enission type

pol yneri ¢ wer«ganirmu®l@aireel .uninesdenceldleyi te hagi ny3| abheat e

polyimide film having a film thickness of 2 £m is an
insulation film.

First, a pattern of ITO transparent pixel electrode
as the first electrode was formed in a film thickness of
250 nm on a square glass substrate having a side length
of 30 mm. Next, an aqueous PEDOT soclution for forming a
hole transport layer was applied to the whoie surface of
the glass substrate by spin coating, to form a coating
film having a layer thickness of 60 nm, thereby covering
the ITO electrode. The coating film was baked in a
nitrogen gas atmosphere at 120°C for one hour, to form the
hole transport layer (for these steps, see FIG. 8). Here,
PEDOT [poly(3,4)-ehtylenedioxythiophenel is a hole-
transporting organic polymeric compound having a

structural formula I:
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structure shown in FIGS. 6 and 13 was manufactured. Here, FIG 13
illustrates the case where PPV was used as an electron-transporting

pol ymer for formng an electron 32 transporting light em ssion layer; in
this exanple, an EL 1|ight em ssion device using MEH PPV in place of PPV
and an EL light em ssion device using CN-PPV in place of PPV were

manuf actured. Incidentally, in FIG 13, the polyimde filmhaving a film
thickness of 2 Amis an insulation film First, a pattern of ITO
transparent piXxel electrode as the first electrode was formed in a film

t hi ckness of 250 nmon a square glass substrate having a side length of
30 mMm Next, an aqueous PEDOT solution for formng a hole transport |ayer
was applied to the | e surfface\of the\glass substrate by spin coating,
to forma coating fflmhavi9dg af ayer th{ckness of 60 nm thereby covering
the I TO el ectrode. i | mwas baked in a nitrogen gas atnosphere
at 1200 C for one nsport |ayer (for these steps,
see FIG 8) . Here, y| enedi oxyt hi ophene] is a hol e-
transporting organi ing a structural forrmula I: 33

.formula I

Next; by use of the wet-type coating apparatus
shown in FIGS. 1 and 2, an electron-transporting light
emission layer was formed by the relief reversal offset
printing method shown in FIG. 9. The gravure reoll shown
in FIG. 2 is made of stainless steel, is tapered at both
end portions thereof with its diameter gradually reduced
toward the outer sides along its longitudinal direction,
and its portion (cylindrical portion) corresponding to
the effective pixel forming area of the silicone blanket
Was ﬁrovided in its surface with a smooth and gradual
gravure pattern as shown in FIG. 3. In this gravure roll,
referring to FIG. 2B, the whole length (La+2Lb) was 80.0
mm, the length La of the cylindrical portion 2a was 60.0
mm, the length Lb of each of the tapered portions Zb and
2c was 10.0 mm, the diameter D of the cylindrical portion
2a was 12.0 mm, and the diameter d of the roll end

portions was 11.6 mm., Besides, referring to FIG. 3, the

depth of the valleys was 10 #m, and the pitch of the
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formula Next, by use of the wet-type coating apparatus shown in FIGS.
1 and 2,.an electron-transporting light em ssion |ayer was forned by the
relief reversal offset printing nethod showmnm in FIG 9. The gravure rol
shown in FIG 2 is nmade of stainless steel, is tapered at both end
portions thereof with its dianeter gradually reduced toward the outer
sides along its longitudinal direction, and its portion (cylindrical
portion) corresponding to the effective pixel formng area of the silicone
bl anket was provided in its surface with a snoboth and gradual gravure
pattern as shown in FIG 3. In this gravure roll, referring to FIG 2B
t he whol evhengi/b ¢hat+t2bb) masiB8liGentallyhethenghblealehgthecfythadri cal
portion 2a was 60.0 mm the length Lb of each of the tapered portions 2b
and 2c wasa¥Qr@ mollthesdcasetguaD 0b the sybdladiecathpofttlom 2a was 12.0
mm and the dianeter d of the roll end portions was 11.6 mm Besi des,
referringstoibbte Blahhet.depth of the valleys was 10 Am and the pitch of
the 34 valleys was 10 Am Incidentally, the whole length of the gravure

roll was set equshudo {herwholeclensd @it ihe asiddcone hlmrketer Thus, in
the wet-type coating apparatus, in order
to restrain the nonuniformity of layer thickness of the
coating film, the length of the contacted liguid portion
was controlled so as not to exceed the whole length of
the gravure roll, the surface velocity of the silicone
blanket was controlled to 3.0 mm/sec, and the surface
velocity of the gravure roll was controlled to 2.0 mm/sec.
In the step of forming the electron—-transporting
light emission layer, an organic solvent solution 1, 2,
or 3 of an electron-transporting polymer shown in the
following (A}, (B), or (C) was applied in a predetermined
pattern, and the resulting coating film was baked in a

nitrogen atmesphere at 70°C for two hour. After the

baking, the layer thickness was 80%3 nm.

The components and compositions of the organic
solvent solutions 1 to 3 of the electron-transporting
polymers are as follows:

(8} Organic solvent solution 1
* MEH-PPV of structural formula II 1.5 parts by weight
*Mesitylene 39.0 parts by weight

*Tetralin 60.0 parts by weight
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to restrain the nonuniformty of |layer thickness of the coating film the
| ength of the contacted liquid portion was controlled so as not to exceed
the whole length of the gravure roll, the surface velocity of the silicone
bl anket was controlled to 3.0 nm sec, and the surface velocity of the
gravure roll was controlled to 2.0 nun/sec. In the step of formng the

el ectron-transporting |ight em ssion |ayer, an organic solvent solution 1,
2, or 3 of an electron-transporting polymer shown in the following (A,
(B), or (C was applied in a predeterm ned pattern, and the resulting
coating filmwas baked in a nitrogen atnosphere at 70 0 C for two hour.
After the (HDakDnganthesbayenttAbEkhess ¥as 80-k3 nm The conponents and
conpositions of the organic solvent solutions 1 to 3 of the

el ectron-tr apypert sAgucpakybeEsrankaasifol | ows: 1(.A) r@rganiby seligbt
solution 1 *MEH PPV of structural formula 11 1.5 parts by weight

*Mesi tyl enem38i@ypants by weight 'Tetralin 60.49 parpscty weiwghtgl85 ... ...
e e . (B) Organic solvent solution 2 PPV of structural formula
1. 1.5 park$r-hyiwei ght 50.0 parts by weight

(C) Organic solvent solution 3

* CN-PPV of structural formula IV 1.5 parts by weight
* Mesitylene 44 .0 parts by weight
* Tetralin 55.0 parts by weight

. formula II
MEH-PPV: poly(2-methoxy—-5-(2’—ethylhexyloxy}-1,4-

phenylene—vinylene)

. formula I
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Mesitylene 49.0 parts by weight Tetralin 50.0 parts by weight (C Oganic
sol vent solution 3 CN-PPV of structural fornmula IV 1.5 parts by wei ght

Mesitylene 44.0 parts by weight Tetralin 55.0 parts by weight ... fornula
Il MEH PPV: pol y(2-net hoxy-5-(2'-ethyl hexyl oxy)-1,4 phenyl ene-vi nyl ene)
formula I'll 36 Gdle ... formula N Incidentally, MEH PPV has an em ssion

color of orange and a fluorescence wavel ength of 500 nm PPV has an

em ssion col or of green and a fluorescence wavel ength of 525 nm and

CN- PPV has an em ssion color of blue and a fluorescence wavel ength of 430
nm Next, a calciumlayer in a thickness of 30 nmand an alum num | ayer
(main electrode) in a thickness of 200 nmwere sequentially forned on the
el ectron-transporting IighﬁjMﬁission | ayer by vapor deposition, followed
by patterning. Furthg an JAu- Ge | aygr foh protection and for enhancing
“bondi ng property was t he al utgNu

. formula IV

Incidentally, MEH-PPV has an emission color of
orange and a fluorescence wavelength of 500 nm, PPV has
an emission color of green and a fluorescence wavelength
of 525 nm, and CN-PPV has an emission color of blue and a
fluorescence wavelength of 430 nm.

Next, a calcium layer in a thickness of 30 nm and
an aluminum layver (main electrode) in a thickness of 200
nm were sequentially formed on the electron-transporting
light emission layer by vapor deposition, followed by
patterning. Further, an Au-Ge layer for protection and
for enﬁancing bonding property was formed on the aluminum
layer, to form the second electrode.
<Evaluation of Emission Characteristics of Organic
Electroluminescence Device> |

For the three kinds of organic electroluminescence
devices manufactured as described above, emission
efficiency and emission intensity were measured, the

results being given below. From the results it was
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| ayer, to formthe second el ectrode. <Evaluation of Em ssion
Characteristics of Organic Electrolum nescence Device> For the three kinds
of organi c el ectrolum nescence devices manufactured as descri bed above,
em ssion efficiency and emi ssion intensity were nmeasured, the results
bei ng given below Fromthe results it was 37 confirmed that, according to
the relief reversal offset printing nmethod using the wet-type coating
apparatus according to the present invention, excellent |ight em ssion
characteristics as those of an organic electrolum nescence device with an
el ectron-transporting Ilight em ssion |layer formed by the spin coating

met hod aceerdirft@gd ahahe Eelcated nar ttcCcahebe cOlitedi nederca)l Ofdsge
light-emtting organic el ectrolum nescence device (MEH PPV was used)

Em ssi on effiindlieRCWethod ediAg EMeS Sican typlee RSt ngl 40QagdraR (b) G een
| ight-emtting organic el ectrolum nescence device (PPV was used) 2.4 cd/A
Em ssion @fddozi@ReY to the present invention, excellent light
emission characteristics as those of an organic
electroluminescence device with an electron-transporting
light emission layer formed by the spin coating method
according to the related art can be obtained.
{a) Orange light-emitting organic electroluminescence
device (MEH-PPV was used)
Emission efficiency: 2.2 cd/A
Emission ‘intensity: 1200 cd/m?
(b} Green light-emitting organic electrolﬁminescence
device (PPV was used)
Emission efficiency; 2.4 cd/A
Emission intensity: 1500 cd/m®
{c) Blue light-emitting organic electroluminescence
device (CN-PPV was used)

Emission efficiency: 1.4 cd/A

Emission intensity: 1000 cd/m®

Example 2
<Manufacture of Organic Electroluminescence Device> *
An orange light-emitting organic

electroluminescence device, a green light-emitting
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Em ssion intensity: 1500 cd/n2 (c)Blue light-emtting organic

el ectrol um nescence (CN- PPV was used) 1.4 cd/ A deviceEm ssion efficiency:
1000 cd/nmR2 Emission intensity: Exanple 2 <Manufacture of Organic

El ectrol um nescence Device> An orange light-emtting organic

" el ectrolum nescence device, a green light-emtting 38 organic

el ectrol um nescence device, and a blue light- emtting organic

el ectrol um nescence device were manufactured by use of the same apparatus,
met hod, and conditions as in Exanple 1, except that the apparatus shown
in FIG 10 was used as the wet-type coating apparatus for form ng an

el ect r on- toanspior td gt gfhimi e Ssican deayiere, land kredd vmadaghteferring to
FIG 10B, the whole length (Lx+2L2) of the slit was 80.0 mm the length

L1 of the drhipdtinos tdafadla sbscHth Mmifeddendentvicd Zedfe each of the
gradient portions Ilb and lie was 10.0 mm and the gradient (h/L2) thereof

:‘Nﬁgt 1/ 50. phahekh i b hessldt SRad ke (ddiRshan Ntndiglsseeriridhe opposed
conditions as in Example 1, except that the apparatus
shown in FIG. 10 was used as the wet-type coating
apparatus for forming an electron—-transporting light
emission layer. In these cases, referring to FIG. 10B,
the whole length (Li+2L;) of the slit was 80.0 mm, the
length Ly of the flat portion 1la was 60.0 mm, the length
L, of each of the gradient portions 11b ana 1lc was 10.0
mm, and the gradient (h/L;) thereof was 1/50. In addition,
the slit spacing (the spacing between the opposed flat
plates 12 and 13) was set to 200 &m, and the whole length
of the slit was set equal to the whole length of the
silicone blanket. Thus, the length of the contacted
liquid portion was controlled so as not to exceed the
whole length of the slit, and the surface velocity of the
silicone blanket was controlled to 3.0 mm/sec. The
organic electroluminescence devices thus obtained had
emission efficiency and emission intensity
characteristics equivalent to those obtained in Example 1.

While a preferred embodiment of the invention has

been described using specific terms, such description is

for illustrative purposes only, and it is to be
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plates 12 and 13) was set to 200 um and the whole length of the slit was
set equal to the whole length of the silicone blanket. Thus, the | ength of
the contacted |liquid portion was controlled so as not to exceed the whole
| ength of the slit, and the surface velocity of the silicone blanket was
controlled to 3.0 misec. The organic el ectrolum nescence devices thus
obt ai ned had em ssion efficiency and em ssion intensity characteristics
equi valent to those obtained in Exanple 1. Wile a preferred enbodi nent of
the invention has been described using specific terns, such description is
for illustrative purposes only, and it is to be 39 understood that changes
and var i atumsissrstayodethmidechamddw nd epariatngrfs omyt e gpidei t or scope of
the following clains. 40 WHAT IS CLAIMED IS: 1. A nmethod of manufacturing
an organi oritHect radpattfiase ehesn dhd e iconprdrsisegpeettnedre a fir st

el ectrode and a second el ectrode, |ayers having |ight em ssion regions
patterned i Bowinglchashs, wherein at | east one of said |ayers having said
light emssion regions is formed by
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formng a coating filmconprised of a coating liquid containing a
constituent material of said |layer on a surface of a silicone blanket,
then pressing a relief printing plate against said coating film
transferring and renoving said coating filmat the pressed areas from
said silicon blanket onto said relief printing plate, and transferring a
pattern conposed of said coating filmleft on said surface of said
silicone blanket onto a surface to be provided thereon with said |ayer,
and said coating liquid is supplied and applied to said surface of said
silicone blanket fromthe |lower side thereof via a gravure roll provided
with a gr dHA® IHdinAMED Z5S The net hod of manufacturing an organic
el ectrol um nescence device as set forth in claiml1l, wherein said gravure
roll, which is taperadmathbdtbf enandiapbetiomnsan hergoficis provided in such
a position that said tapered portions correspond to non-pixel-formng
areas on htdristadasniofestrerefd ettvive: piowedr ifsdmmd ndpeawezn aoffisaitd silicone
bl anket, and said coating liquid is supplied and applied to said surface
of sai d sidigsnedd atketa fdadidieclemefodsd ddayers having light
emission regions patterned on a pixel basis, wherein
at least one of said layers having said light
emission regicns is formed by
forming a cocating film comprised of a cecating
liquid containing a constituent material of said layer on
a surface of a silicone blanket, then pressing a relief
printing plate against said coating film, transferring
and removing said coating film at the pressed areas from
said silicon blanket onto said relief printing plate, and
transferring a pattexn composed of said coating film left
on said surface of said siliccone blanket onto & surface
to be provided thereon with said layer, and
said coating liquid is supplied and applied to said
surface of said silicone blanket from the lower side
therecof via a gravure roll provided with a gravure
pattern.
2. The method of manufacturing an organic
electroluminescence device as set forth in claim 1,

wherein

said gravure roll, which is tapered at both end
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thereof. 3. A nethod of manufacturing an organic el ectrolum nescence

devi ce conprising, between a first electrode and a second el ectrode,

| ayers having light em ssion regions patterned on a pixel basis, wherein
at | east one of said |ayers having said light emission regions is forned
by formng a coating filmconprised of a coating liquid containing a
constituent material of said |layer on a surface of a silicone blanket,
then pressing a relief printing plate against said coating film
transferring and renoving said coating filmat the pressed portions from
said silicone blanket onto said relief printing plate, and transferring a
pattern carposierhftisaiabf cdat itngpfidead lief tsuah saipdsdwribacenhat sai d
silicone blanket onto a surface to be provided thereon with said |ayer,
and sai d coatd ngaddpd hdrs isuppldedaspbmppld ednt-@is@id ré2nsugf ace of said
silicone blanket fromthe |lower side thereof via a slit provided in

paral | el tarddie dotmitirongldeAx s Of SHcktSid gare1blrarkehg 4redhe method of

manuf acturi ng an organic el ectrolum nescence device as set forth in claim
3, of said silicone blanket, and

said coating liquid is supplied and applied to said
surface of said silicone blanket from the lower side
thereof.

3. A method of manufacturing an organic
electroluminescence device comprising, between a first
electrode and a second electrode, layers having light
emission regions patterned on a pixel basis, wherein

at least one of said layers having said light
emission regions is formed by

forming a coating film comprised of a coating
liguid containing a constituent material of said layer on
a surface of a silicone blanket, then pressing a relief
printing plate against said coating film, transferring
and removing said coating film at the pressed portions
from said silicone blanket onto said relief printing
plate, and transferring a pattern composed of said
coating film left on said surface of said silicone
blanket onto a surface to be provided thereon with said
lavyer, and

said coating liquid is supplied and applied to said
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wherein said slit is forned by opposing two flat plates to each other with
a spacing therebetween, and totally closing gaps between |eft and right
end portions of said flat plates, the spacing between said surface of said
silicone blanket and top faces of said two flat plates is uniform at a
slit portion corresponding to an effective pixel formng area of said
silicone bl anket, whereas said top faces of said two flat plates are sl ant
surfaces with a downward gradient fromthe central portion side toward
end portion sides of the rotational axis of said silicone blanket at slit
portions corresponding to non-pixel- formng areas present on both sides of
sai d ef f ectpwkaceixelsdict rd gl carea gfarditd feiom Edige Lowgmk éedeand sai d
coating liquid is supplied and applied to said surface of said silicone
bl anket f riometdef |overa sildec mrveriedd vira peaiad 1l tto SheThetatthodlof
manuf acturi ng an organi c 43 el ectrol um nescence device as set forth in
claim3, awesedh saidl silliicarse fidramgdthy opposing two flat plates to each
other with a spacing therebetween, opening upper
4. The method of manufacturing an organic
electroluminescence device as set forth in claim 3,
wherein
said slit is formed by opposing two flat plates to
each other with a spacing therebetween, and totally
closing gaps between left and right end portions of said
flat plates,
the spacing between sald surface of said silicone
blanket and top faces of said two flat plates is uniform
at a slit portion corresponding toc an effective pixel
forming area of said silicone blanket, whereas said top
faces cf sald two flat plates are slant surfaces with a
downward gradient from the central portion side toward
end portion sides of the rotational axis of said silicone
blanket at slit portions corresponding to non-pixel-
forming areas present on both sides of said effective
pixel forming area of said silicone blanket, and
said coating liquid is supplied and applied to said
surface of said silicone blanket from the lower side

thereof via said slit.

5. The method of manufacturing an organic
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hal f portions of gaps between |left and right end portions of said flat
pl ates, and closing |lower half portions of said gaps, and said coating
liquid is supplied and applied to said surface of said silicone bl anket
fromthe |lower side thereof via said slit. 44

electroluminescence device as set forth in claim 3,
wherein

said slit is formed by opposing two flat plates to
each other with a spacing therebetween, opening upper
half portions of gaps between left and right end portions
of said flat plates, and closing lower half portions of
sald gaps, and |

said coating liquid is supplied and applied to said
surface of said silicone blanket from the lower side

thereof wvia said slit.
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