28 ‘March 2007 METHOD OF MANUFACTURI NG ORGANI C ELECTROLUM NESCENCE DEVI CE
BACKGROUND OF THE | NVENTI-ON The present invention rel ates t IEQ)d of
manuf acturi ng an el ectrol um nescence device suitable for 35

exanple, a self-light-emtting type thin flat panel display. Mor e
particularly, the invention relates to a nethod of supplying a coating
liquid for formng a light emssion |layer to a surface of a silicone

bl anket,- in the case of manufacturing an el ectrol un nescence device by
supplying the coating liquid to the surface of the silicone blanket to
forma coating film patterning the coating film and then transferring

the patterned filmonto a Qﬁbﬁa E§$E8§REE tention has been focused
on el ectrol um nescence dis prays( as’a meight thin flat panel

di spl ay. The ELDs are. d i norgani c ELDs.
Especially, the organF@ﬁéﬁég;%#%ETéghggggggghﬁgp bﬁ?@églectroluninescence
devi ces using an organic conpound as a light-emtting nmaterial and have
| ower power consunption as conpared with a conventional |iquid crystal
display. In addition, the organic ELDs have enough response to a high

speed V|dé%ﬁ@ﬁ§ﬁQHNDuﬁﬁrﬁﬁ@. BEEN 2007

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
panél display. More partidularly, the inventionkrelates
.to a method of supplying a coating liguid for forming a
lighf emission layer to a surface of a silicone blanket,
in the case of manufacturing an electroluminescence
device by supplying the_coating iiquid to the surface of
the silicone blanket to form.a coating film, patterning
the ceating film, and then transferring the patterned
film onto a substrate.

Recently, attention has been focused on

 electroluminescence displays (ELDs) as a lightwéight thin
flat panel displéy. The ELDs are.classified into qrgapic_
ELDs and inorganic ELDs. Especially, thé organic ELDs are
composed of organic electroluminescence devices using an
~organic compoﬁnd as a light-emitting material aﬁd have
lower péwer consumption as comparéd with a conventional
1iquid‘crystal diéplay.' In addition, the organic ELDs .

have enough response to a high speed video.signal having




hi gh definition and are a self |um nous type. Therefore, the organic- ELDs
prom se realization of flat panel displays free of angle- o{gﬁiar%gdogi ty
dependence. Meanwhil e, as a method of manufacturing an organicC i spl ay
(GELD) 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 |ayers for red and green colors, for exanple, is

formed by Lnk. ket . e f...lettl a i no f liquidto
an arbit ralragghpég{se{fﬁ%)?g(?éege%(%)a%%%eéseé%gf e%tngll{_lg?%é g%%pn@'No&ﬂhe%ff%?'BS%U :

Ho , t . Of ] [ ' j t i s basicall
roveve Lo TRHROR o 00 TR AL L P Dol e 481, gl [ basi cal 1y
it is difficult Lo ogtaigaugi_fO{mrlsalgar %\fic{%nessb this method. In
addi tion, At 2B 7% tﬁ’é Tade B9 e_élocf) |n]g JrJ_o Y OTRTHYS ci/e_‘sol vent in _
i hited due (o tHECTO S0 i 1 B o Tor e e et an PO iene.

|l eveling material. 2 28 March 2007 ) . .
EL display (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 ceoating efficiéncy is as low as abouf 10% and
that the coating film thickness in corner areas of a
substrate would be toc large.

Besides, there has been proposed a method 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 liquid to an arbitrary
position-(see Japanese Patent Laid-open No. Héi 10~
15396?). However, the method of forming a film by the ink

' jet systeﬁ is basically fto compose a thin film of an
" aggregate of minute droplets, or spots, and it is
difficult to obtain a uniform layer tﬁickness by this
" method. -In addition,-also in the césé of adopting a low-
velatility solvent in expectation of leveling after film
:‘formation, the leveling performance is limited due to the
 7 low solubility_of.a pqumeric EL material in thg leveling

material.




Further, as a coating system capable of solving the above-nentioned
probl ens -encountered in the spin coating system there hasiﬁﬁenh posed a
nmet hod based on a bead <coating system (see Japanese Pat ent 2 Pa-%gﬁn No.
2001- 6875) The nethod 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
~electrode, and a second  electrode forned on the EL |l ayer. In the nethod,

at least 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 being gonveyed is _brought into contact with a coating.liquid
ejected froma g’éﬁb T ke 81F %% Jelh%i%sﬁ? ac%o%lzeorﬂt}alsogﬁlen ig%lr(?,

wher eby th% coatin _IﬁgHid ig adhered in a I&yer formto the substrate

at t endant 2GRVERESRbYERERL PHPC L AES SEBSPFRFETSF n't he Tty B33kt 9N t he bead
coating system however, though a unifqQrm/layer thickness can be expected,
the syst efYFéeBasitbgrryned BpplyPEABCESEt Rngethiedieted tPRr dndtad surface of
the substrate and, therefore, requires an after-step for patterning.

Accor di ngFpating SHetRBd (eaRndePpBeaSeBa PP EcEd A a@PeR ME? hoti0f br
manufacturing a full-color polyneric organic EL device (full-color organic
el ect rol ufPAéscentlee des/ileed off M PRNEGINQGOY EL device by this.

rcoating system is to manufacture an EL device composed of
a substrate, a first electrode formed on the substraté,
an EIL layer formed on the first electfode, and a second
electrode formed on the EL layer. In the method, at least

~one of the first electrode, the EL layer, and the éecond
electrode is formed by cecating. The method is |
characterized in that the sﬁbstfate being conveyed 1is
brought into contact with a coating liquid ejected from a
belt-like slit extending in a horizontal direction,
whereby the coating liquid is adhered in a layer form to
the substréte attendant‘on the movément of the substrate.

In the method based on the bead coating system,

~however, though a uniform layer thickness can be expectéd,
the system is basically to apply the coating liquid to
the_ﬁhole surface of the substrate and, therefore,
requires én‘after—step for patterning. Accordingly, the

" method cannot be used directiy as a method‘fdr

' manufacturing a_fﬁllucolor polymeric organic EL device

- (full-color organic electroluminescence device). In
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addition, in view of the resistance of the polyneric organic EL material to

the etching liquid, it is difficult to carry out patternin forlhé(ﬁ
colors of RGBB in the after-steps. Furthernore, .as an imag% 8 met hod

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 filn) of a
~functional resinis forned 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 renoved from the silicone blanket, and the resin

left on the,sjlicone blanket ransferred ont o a bo to.be printed (see
Japanese P%ﬁ%nqlci_r’al d-oper e £ f%tﬁ) \ﬁgl qé M&¥dhod only takes
into consideration the manufacture of a_ colaor fllter for a liquid crystal
di spl ay asPHBVE Hemateted! 150 ddd tGhinghild ddchod b éLSnot suitable as a
technique for coating the silicone blanket with a coating %Uld pr epar ed
by di ssol Vot dl yifercagrgamut Ea thrmrremalfomn thige éb@ér?mseo a®GBr gani ¢
solvent. Particularly, in the case where wire bars 91 having a sectional
shape as showihd mifusG-stepsare used as a coating nenber, coating streaks

due to the mesh of the 4 28 March 2007
Furthermore, as an 1mage forming method for

obtaining an image with high definition and high flatness
“in formihg é ligquid 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 intaglioc plate
or a relief printing plate is pressed against the éoated
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 ppiﬁted (see
Japanese Patent Laid-open No. 2000-289320). Howevef, this
method only takes into consideration the manufacture of a
" color filter for a liquid crystal display as above-
mentiqned. In_a&dition, this method is not suitable as é
technique for coating the silicone blanket with a coating
liquid prepéred by dissolﬁing a polymer organic EL
ﬁaterial iﬁ, for example,.an organic solvent.
| Pérticularly, 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




wire bars and a nonuniformty of |ayer thickness due to VI%% %E t he
apparatus or undul ation of the surface of the silicone bl @F: q 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

‘i nadvant ageously give rise to nonuniformty of Ilight em ssion in the case
of alight-emtting device using a polyneric organic EL material. This is
due to the steepness of recessed portions (valley portions) in the

surface for holding the coating liquid, as showmn in FIG 14. SUMVARY OF
THE WENTISN BiampLeq ernodh IR S iRy, BoYhde 2 IRLARd, o g drapuf acturl ng an

organi € eI ectr um nescence Vi ce e a ove- nenti oned

probl ens HnbEQ% Ogl %eghgdé%%ﬁnglﬁagtlc%b%ﬁ% lnay Prgglde]%in%gns for

appl yi ng a |ng i qui POIymeri c or ganic “rateri al (for

exarpl &, 8 costi 19,11 gy, pLopay odh by dissol vingothe, FLompterial in an

organi c 351vent) o"a’srlrcon Ian et n “a “uni rrorm ayer thf ckness. In

ot her wor anpl enb de i netho by which a
%%re anp g TH yer Ei qineer a|do g _
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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

Example embodiments may provide a method of
manufacturing an organic electroluminescence device, which
may -solve the above-mentioned problems in the related
art, and particularly may provide a means for applying a
coating liquid containing a polymeric organic EL material
(for example, a coating liquid prepared by dissolving the
EL material in an organic solvent) to a silicone blanket
in a uniform layer thickness. In other words, example
embodimeﬁts may provide a coating method by which a

coating liguid containing a polymeric organic EL material




bl anket used in a relief reversal offset printing nethod bg}ﬁge gﬂﬁgfacture
of an organic el ectrolum nescence device. In exanple enb e X
coating liquid is supplied, fromthe |ower side, to the surface of a
silicone bl anket being 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 extrenely small and uniformlayer thickness
suitable for a light-emtting device using a polyneric organic EL
material, it is inportant to make small the thickness of the contacted
| iquid por€inee (@PHliles é6p &henidoam dgyer ghigkneesy e auFdA icRBecont act of
the coating liquid wth the silicone blanket surface and to mnimze the
vari at i on bianket tufakdess rréicfhrevprspbsef fiat erampied saboedments, a
gravure roll or a. slit is used as a nenber for holding and transporting
t he coati ng|ihpimgnuiaghery ofaginaogganiageleguicd ugdppssentiesad. I n exanpl e
enbodi nents, particularly, a coating liquid supply head is used such that
the gap bedswe®-the coating |iquid supply surface of the head and the
silicone blanket surface is greater at portions corresponding to
non- pi xel - f or m ngnaesaspla@nzxdigsgtzsy Faceht20071ipord ilen corresponding to
a pixel formng area, and the

supplied, from the lower side, to the surface of a

silicone blanket being rotated, and the coating liquid 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 liquid portions {(a film of the cecating

liguid} formed upon the contact of the coating liquid

with the silicone blanket surface and to minimize the

variation of the thickness. For this purpose, in example

embodiments, 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.

In example embodiments, 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 portiocns corresponding to

non-pixel-forming areas than at a




nonuniformty of liquid wwdth in the contacted liquid porfjiopns,i bsor bed
by the portions corresponding to the non-pixel-formng ar%%@@"?ﬁip rma
coating filmwith a uniformand extrenely small filmthickness on the
silicone blanket, thereby providing a polyneric organic EL display device
free of nonuniformty -of light emssion. In accordance with one aspect of
the present invention, there is provided a nethod of manufacturing an
organi c el ectrol um nescence devi ceconprising, between a first el ectrode
and a second el ectrode, layers having light em ssion regions patterned on
a pi xel bBSFEigmer@itesmEnddast toopePdket hEo B er 19avi R§saRE | i ght

em ssion regions is formed by formng a coating filmconprisedof a coating
| i qui d contrini ferml ot ildgead watdehi an e seardachpst 1¢Avad surface of a
si-licone bl anket, then pressing a relief printing plate against said
coating fPPRFieranst elrsordeanby EBRORPAGLGRS dCUB@RSPIRINONtat thie pressed
areas fromsaid silicon blanket onto the relief printing plate, and

t r ansf er r Nag—RipAL trmnigonpased - oFosapaN coatdatgid Ifhlretithod sai d surface
of said silicone blanket onto a surface to be provided thereon with said

| ayer, andnsbpyncuud iaxfremiedyi arpdlstpbni el dmessppn éhet 61daransurface of
the silicone blanket fromthe |lower side 7 28 March 2007 thereof via a
gravure rblanlkelovitdmralin pravgdavare polymeric organic EL display

device free of nonuniformity -of light emission.

In accordance with one aspect c¢f the present
invention, there is provided a method of manufacturing an
‘organic electroluminescence devicecomprising, between a
first electrode and a second electrode, layers having light
emiésion regions patterned on a pixel basis wherein at least
one of the layers having said light emission regions is

. formed by forming a coating film comprisedof 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 areas from said

silicon blanket onto the relief printing plate, and

transferring a pattern composed of said coating film left

on sald surface of said silicone blanket onto a surface to
be provided fhereon with said layer, and said coating
liquid is supplied and applied to said surface of the
silicone blanket from the lower side
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pattern. In exanple enbodinents, it is possible to stably nuf %ure an
organi c el ectrol um nescence devi ce having excellent Iightzﬁjﬂ;§gﬁﬁﬁ
efficiency and light emission intensity characteristics equivalent to
those of a conventional organic electrolum nescence in which a |ight

"em ssion layer is forned by a spin coating nethod. In exanple enbodi nents,
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 G@Eresponth tD JIRRRexebll op R Pl €a%hoR Behbtursi des of an
effective pixel formng area of the silicone blanket, and the coating

liquid ispauppthed and applied to the surface of the silicone blanket from
the lower side thereof. In this case, it is possible to forma coating

film having a highsfanilid @mcbYmehclayef {hiLddiass Orot Beapsyrface of the
silicone bl anket and to provide an organic el ectrolum nescence device

havi ng mogenexcld@ntan ehanagteLl st 681 uhih AL danes 1Wet Raanaher aspect
of the present invention, there is provided a nethod of manufacturing an

8 28 Mar cox2d0ikntonganicC Rk 861 bR 4FF NOSGRACANECVHGREOBRI 5SidW, betveen a
first electrode and a second el ectrode, |ayers having

intensity characteristics equivalent to those of a

éonventional organic electroluminescence in which a light

emission layer is formed by a spin coating method.

In example embodiments, 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 te non-pixel-forming areas on both
sides of an effective pixel forming area of the silicone
blanket, and the coating liquid is supplied and applied to
the surface of the silic&ne blanket from the lower side
thereof.

In this case, it 1s 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




| i ght em ssion regions patterned on a pixel basis, wherein gt L gt one of
said layers having said light emssion regions is forned ?%¢§%ﬁz 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 renovi ng
said coating filmat the pressed portions fromsaid silicone blanket onto
said relief printing plate, and transferring a pattern conposed of said

coat g {1l eltc00csald auach ! aopl cballaaisg, hankiesy ont o a surface

to be provi hereon w ayer, an fquidis

suppl i ed andapahied-bo. sad Wddse Losabdes! Ligone planket from the

| ower side "thereof via provi de aralTe tational axis

of sald shligang.bLanket.cd b ax3IRLE, RIROGL B M e b3 sPogALELE, L0 stably

manuf acturée~an organic ele m nescence aving exce

[ oht . eni soi 9 el belegeys and 11 aht g, 38k00.hnt el ton ChARCt er i sti cs

equi val ent” t 0 Those of “a ~conventiona danic el um nescence in which
o SOt PIROAT L Gk OB 8 S00DLFORLIG IRALecEofogher o 2007
fgfgﬂ 39Cltg‘g’gf:%lgﬁ;%géé%gts%érgcnaei%cf}lg%h%Bn\éﬁtE’Euént SRRCL G 1t e ghglween,  and
| layer on a surface of a silicone blanket, then pressing a
relief printing plate against said coating £ilm,
transferring and removing said coating film at the pressed
porfions 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
layer, and said coating liquid is supplied and applied to
said éurface of said silicone blanket from the lower side
thereof via a slit provided in parallel to the rotational
axis of said silicone blanket. |
In example embodiments, 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.




|l eft and right end portions of the flat plates, the spa0|£?g@ Wﬁﬁ@ the
surface of the silicone blanket and top faces of the two %9 S

uniformat a slit portion corresponding to an effective pixel fornlng area
of the silicone blanket, whereas the top faces of the two flat plates are
slant surfaces with a downward gradient fromthe central portion side
toward end portion sides of the rotational axis of the silicone bl anket at
slit portions corresponding to non-pixel-formng areas present on both
sides of the effective pixel form ng area of the silicone blanket, and the
coating liquid is supplied and applied to the surface of the silicone
bl anket fIamnekiepld ewdroddimndetksheteolsvipeefdintdld tthaknthddétitonis, it is
preferable that the slit is formed by opposing two flat plates to each
ot her wi t hoamed paciopddienehebwerat ppherdnguppeh bahérparth ans of gaps
between left and right end portions of the flat plates, and closing |ower
hal f portispasing ther«gapsecandahdietoicably ng dsigg daps sefppeered and appl i ed
to the surface of the silicone blanket fromthe | ower side 10 28 March
2007 theLedot anmd Aivhtslentd pbptides | @Stthemliaanedates, cases, it is possible
to forma coating filmhaving a higher uniformty of |ayer thickness on
t he surfagpaoing hectsiddrcahe blLafket, 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 thefcoating liguid is supplied and
~applied to the surface of the silicone blanket from the
lower side thereof via the slit.
In addition, , 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




and to provide an organi c el ectrol um nescence device havig? nD%ﬁ@ ?cellent
characteristics. Exanples of the "layers having light ems Y § ons"

i nclude the foll ow ngs, of which at |east one is fornmed by the above

met hods: (a) A hole transport layer and a |ight em ssion |ayer (Two-I|ayer
‘type organic el ectrolum nescence device) (b) A hole transport |ayer, a
light emssion |layer, and an electron transport |ayer (Three-|ayer type
organi c el ectrol um nescence device) (c) A hole injection layer, a hole
transport layer, a light em ssion |layer, an electron transport |ayer, and
an electron injection |layer (Five-layer type organic electrolum nescence

devi ce) BRIEE DESCRIPH/ON OF THE DRAWNGS 11 28 March 2007 These and

ot her objects invention will be seen by reference to the

description taken LR.CRNNRCHEAR, Wel LR AGCANPARYIING AN Tn whi Ch:
pertains to a tirst enbodi ment of the present invention, and is a
front sectdong),. VifWoft g film having a higher uniformity of

layer thickness on the surface of the silicone blanket,

and to provide an organic electroluminescence device

ﬁaving more excellent characteristics.

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)

(c} 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)

BRIEEF DESCRIPTION OF THE DRAWINGS
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wet -type coating apparatus including a gravure roll, used %5% trg% gethod
of manufacturing an organic electrolum nescence devi ce; Ff agﬂ 9 a front

vi ew showi ng an essential structure of the wet-type coating apparatus of
FIG 1, and FIG 2B is a right side viewthereof; FIG 3 is a general
‘vertical: sectional viewof a part of the gravure roll constituting the

wet -type coating apparatus of FIG 1; FIG 4 illustrates schematically the
~nonuni formty of layer thickness in a coating filmin 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 uniformdi aneter
over its whole length; FIG 5 illustrates the coating condition in the
effective pi xel &Rreas apénoEbsti Ahleres UF FHR BIVEPtin itonlke 15 anket by
the coating apparatus of FIG 1, FIG 6 is a general sectional view show ng
one . 12 2&eNar &y 260rreacanploe the dfsergnniene| &Eekrpl 4Ri AeBReREECHevi ce
obtai ned by the manufacturing nethod according to the first enbodi nent
(or a secondlherthediarenmpasfy inige dpewdant ini whéahion; FIGS. 7A and 7B pertain
to the organic .
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,
aﬁd.FIG. 2B is a right side view thereof;

FIG. 3 i1s 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 coatinglthe surface of a
silicone blanket.by the coating apparatus of FIG. 1;

FIG. 6 is a general sectional view showing one

12




el ectrol um nescence device of FIG 6, in which FIG 7Ais | an vi_{ew of
one exanple of a pattern of pixel electrode portions, andzgl\%ﬁ‘ﬁ?q s a

sectional view taken along line A-A thereof; FIGS. 8A, 8B, and 8C pertai
to a process of nmanufacturing the organic el ectrol um nescence device of
‘FIG 6 and are sectional views for illustrating the steps of formng an
anode on a gl ass substrate and a hole transport |ayer on the anode in a
| am nated form FIGS. 9A 9B, and 9C pertain to the process of

manuf acturing the organic el ectrol um nescence device of FIG 6 and are

sectional views for illustrating the steps (relief reversal offset

printing ste f forming an . electron-transportin i.ght em.,ssiaon, | ayer
B or edet SPHTREE saf (9 BT HE T Cots HREDO o ThTer b he b e
substrate after the steps of FIGS.. 8Ato 8C,, FIGS. 10A _.10B, and 10C
pertain t ¥ he'S RN 2 eribloth Frafit 1t t%%cﬁ%%%?n thiid?lin which FIG
10Ais a front view of a wet-type coating apparatus including a 13 28
Mar ch 20079“‘]%9‘?%@‘911‘@(%@%?1@?%55 RIS e dAMSFERT organic

el ectrol uni nescence device, FIG 10B is a right side view show ng an
essenti al St¥eEEIR® t hereof, and FIG 10Cis a perspective view of the

slit; FIG 11 is a perspective view show ng anot her
FIGS. 7A and 7B pertain to the organic

electroluminescence device of FIG. 6, in which FIG. 7A is
a plan view cof one example of a pattern of pixel
electrode porfions, and ¥IG. 7B is a sectional view taken
along line A-A tﬁereof;

FIGS. 8A,.BB, and 8C pertaln to a process of
manufacturing the organic electroluminescence device of
FIG. 6 and are aéctional views for illustrating the steps
of forming an anode on a glaas substrate and a hole

- transport layer on the anode in a laminated form;
| FIGS. 94, 9B, and 9C pertain uo the.process of
manufacturing the organic electroluminescence device of
FIG. 6 and are sectional views for illustrating the steps
_frelief reve:sal offset printing step) of forming an.
electron—transporting light‘emission layer in a
‘predetermined pattern ou the heole transport layer on the
,.glass substrate after the steps of FIGS. 8A to 8C; |
| FIGS. 10A, 10B, and 10C pertain tc the second
embodiment of the present invention in which FIG. 10A is

a front view of a wet-type coating apparatus including a
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exanple of the slit constituting the wet-type coating appggﬁ%%§ ccordi ng
to the second enbodi nent of the present invention; FIG 1 r er al
sectional view show ng another exanple of the organic el ectrol um nescence
device obtained by the manufacturing nmethod according to the first

‘enbodi nent (or the second enbodi nent) of the present invention; FIG 13
il'lustrates schematically the lam nate structure of the organic

el ectrol um 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

tituting,the wet-t 0at | . DETALLED ON OF THE
PREFERRED LWRCDUGENTS N, nBRRGR & tof RS 25r E4R? PRVEnEron wi || be. 14

28 March 2Q07 . descr.i bed belog, nefer%agg H@ t he dramﬁggs. EFirst Enmbodi nment
r-t

FIG 1 isS5dmt TEBASHTACICEN 6F a Bet5c8af A8 aphdral i€¥i ncl udi ng

a gravure roll, used for the_ nethod of nuf a turiag n o énlc
el ect r ol URRTEEEENEE TSRS 2IFPETUSAYE ADFFGRE VB Eﬁﬁmﬁig ah®efsentia

perspective view of the slit;

FIG. 11 is a perspective view showing another
éxample 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
oﬁtained by the manufacturing method apcording to the
first embodiment (or the second embodiment) of the
present invention;

FIG. 13 illustrates schematically the laminate
structﬁre of the ofganic electioluminescence device
manufactured in the eﬁbodiments of the present invention;
and

FIG. 14 pertains to.one éxample of a conventional
wet—-type coating apparatus aﬁd is a general sectionai

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 wet-type coating apparatus of FIG 1, ang @H? is a
right side view thereof; FIG 3 is a general vertical sec P gh w of a
part of the gravure roll constituting the wet-type coating apparatus of
FIG 1; FIG 4 illustrates schematically the nonuniformty of |ayer
‘thickness in a coating filmin an effective pixel area, forned on the
surface of a silicone blanket by a wet-type coating apparatus including a
cylindrical gravure roll having a uniformdiameter over its whole |ength;
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

08 1 Ph8ec0ibRaandener al $eetl gRakov L fW apgﬁ&ggsesme exanpl & of an

OrganiC'eFECtro urm nescence devi ce“obt ai ned manuf act uri ng met hod
accordingFto %h'sbegbodkgent (or a second enbodi nent which will be
descri bed & r?? °FirB8™“7A and 7B pertain to the organic

el ectrol um nescence device of FIG 6 jin ich FIG_7Ais 15 28 March 2007
a plan view of oht®ex nb?eao%r%PEaf?%#+P%gﬂ[ﬁ%ﬁﬂ Qﬁeﬁﬁ%%ﬁﬁ?%ﬁﬁ%ﬂ ons, and
FIG 7B is a sectional view taken,6 along |ine A-A thereof; FIG§.1 8A, 8B,
and 8C peFPéFﬁanaQPa6PGB§s%nS#uﬁﬁHHfﬁcgﬁﬁVﬂﬁetﬁﬁl rganfg for the

el ectrol um nescence device of FIG 6 and_ are_sectional views for _

i |1 ustrat Pe§hoghelsiapyfartPELRPNG aRTdABHE BREGLEPHSEIREDSEIET e and a

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 éectional view of a part of the gravﬁre
roll comnstituting the wet—typé coating apparatus of FIG.
1l; FIG. 4 ililustrates séhematically the nonuniformity of
‘layer thigkness in a coating film in an effective pixel
area, formed on the surface of a silicone blanket by a
wet-type ccoating 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 apparatué of FIG. 1.

FIG. & is a éeneral séctional view showing one
exémple of an orgénic electroluminescence device cobtained
by the manufacturing ﬁethod according to this embodiment
{or a second émbodiment which will bé described later);
FIGS.‘?A'and 7B pértain to the organic

" electroluminescence device of FIG. 6 in which FIG. 7A is
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hol e transport | ayer on the anode in a |lamnated form 2 9B,
and 9C:per?ain toythe process of manufacturing the organi 3ﬁ£%%2§g>

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 emssion layer in a predeterm ned pattern
on the hole transport |ayer on the glass substrate of FIG 8C. In the
present invention, as a nmenber (coating |liquid draw ng-up nenber) for
coating the surface of a silicone blanket with a coating |iquid containing
a polymeric organic EL naterial for.exanple, a gravure roll 2 provided

inits surface with a gge att mesh, or ravuyre pattern) and
havi ng a v%r?f%%lVlggc?f g ‘%sééﬁ%vQF?ﬁFﬁﬂ i §Hused In the
gravure roll, the_ ru ) attern i S suff|c1entl nmoder ., as._c ared W th
That Jof { he SBbUSHoHET b w P G O S (3RO AGIE W ies: FeRghor | ayer
t hi ckness of the coating 16 28 March 2007 filmobtained is better as

conpar ed viieng hhine Arhetieasect of F1RF ngPA hef R rabdlGs PetitadRoPd2be not ed,

however, that even with the gravure roll 2 as shown in FIG 3, if the
gravure rop¥o¢essgofynanafaebir ore ﬁ%@l?EE%P%RHQkﬁQﬁRﬂkﬁﬁ&ﬂﬁﬁcévéﬁ its

entire length, variations with time would be generated in
device of FIG. 6 and are sectional views for 1llustrat1ng

the steps of forming an anode on a glass substrate and a
hole transport léyer on thé anode in a laminated form;
and FIGS. 9A, 9B, and 9C pertain to the process of
ﬁanufacturing thé 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 of FIG. 8C.

In the present invention, as a mgmber (coating
liquid drawing—up member) fpr coating the surface of a
silicone blanket wifh a coating liquid containing a
polymeric organic EL material, for.example, a gravure
roll.z provided in its surface with a rugged pattern (a
mesh, ér 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 tﬁe above-mentioned wire bars 91,

so that the uniformity of layer thickness of the coating

16




the layer thickness, layer width, or the I|ke of the coating, lig
(contacted |iquid portion) held between the roll surface gﬁgm¥ﬂé&gﬁiicone
bl anket surface, resulting in that the coating filmformed on the silicone
bl anket would be in a stripe pattern as shown in FIG 4. In the stripe
pattern, coating filmportions greater in filmthickness and coating film
portions smaller in film thickness are alternately forned in the shape of
belts. On the contrary, with a gravure roll 2 tapered at both end portions
t hereof as shown in FIG 2B, the wuniformty of l|ayer thickness of the
coating filn1is narkedly enhanced and even an extrenely thin coating film
can be easi., ni formlayer thicknes s been

conf i rmed GkyBr PRERERFRy TS FEEEET of &) Femodman Mg 201 M WoPg2aee
electrolunlnescence device, . cylindrical gravure rolls are preferred to
wire bars, °an#5ingdnbhg Yh%ed9 re roIIs the tapered gravure roll 2 shown
in FIG ZB is particularly preferable. 17 - -------- ------ - oo ---
28 March 2007 Thelfyr 1é¥ |n9§eﬁhsl¥%ﬁﬂquv tBAY BB?Pl%h§hthetapered t hat
the dianmeter is decreased toward the outer side in the |ongitudinal

di recti on, gaaduresredli adks carowpokt i B 283/ viHi dihs gravpset redl is

correspondlng to an effective pixel formng-portion of the silicone
bl anket 1,a& cylindrical one having & uniform diameter over its

entire length, variations with time would be generated in
the layer thiqkness, layer width, or the like of the
coating liguid {contacted ligquid portion} held between
the roll surface &nd the silicone blanket surface,
resulting in that the coating film formed on the silicone
- blanket WouldAbe in a stripe pattern as shqwn in FIG,. 4.
In the stripe pattern, coating film portions greatér 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

bqth end portions théreof 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 layef thickness, which
has been confirmed experimentally. Thus, for the
manufacture of an organic electroluminescence device,
.qylindrical gravure rolls aré_prefer:ed'to wire bars, and,
among the éravure rolls, the tapered gravure :oll 2 shown

in FIG. 2B is particularly preferable.
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is provided in its surface with a snooth and gradual grav patfern as
showmn in FIG 3. In FIG 2B, synbols 2b and 2c denote the%égﬁé%ipOT
portions, which correspond to non-pixel-formng areas of the silicone

bl anket 1. In 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

bl anket 1. The nmethod of manufacturing an-organic el ectrolum nescence
device according to this enbodinment is for manufacturing the so-called
two-| ayer type organic ELD shown in FIG 6, for exanple. Specifically, in
form ng an electron-transporting light emission [ayer 54 on a hole
transport layer §gel Brayhianspafent nglass.n stbstLal Sl shiowndn FIG 8C a
coating filmconposed of a coating liquid 3 containing a naterial for
constituti i.gh m.SSi | ayer [ dispersi of the
constitueﬁggﬁ%éégigﬁ%% %g%fgﬁﬁggﬁgﬁ ?ﬁedégfggggﬁo?BFﬁ%d gﬁ?iégkgpblanket_l
by use of t.h ravure-rol l. .2 (nmade of tainl ess steel,-for _exanple) as
shown in ﬁFﬁ%f%fléﬁﬁ }pnfgtpdgnaq direclion, iéawé%8h0¥6b9drfﬁa his case, a
| ower hal f_of the _gravure.roll 2 is inmmersed in tge co ting_liquid 3, and

I d
the silicdifd BiitafRet "I14Rd 16hé GPaTiPE FBEFe3PRPEIPHEL APel™i n count er

directions (reverse roll system, whereby the coatjng
. effective pixel forming portion of the silicone blanket 1,

is provided in its surface with a smooth and gradual
gravure pattern as shpwn in FIG..3. In.FIG. 2B, symbols
2b and 2c denote the tépered portions, which correspond
to non~pixel—forming areas of the silicone blanket 1. In
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 examp;e. 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 emission layer (a solution oxr dispersion of the
constituent material)ris formed on the surface of the
silicone blanket 1 by use of the gravure rol;'z (made §f

‘stainless steel, for examplé)_as shown in FIGS. 1 and 2.
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liquid 3 is supplied and applied to the surface of the silicone pblanket 1
fromthe | ower side thereof via the gravure roll 2. hbxt,2§$*¥FQ$h§%
silicone blanket 1 being rotated, the coating filmis pressed against a
-relief printing plate provided with a predeterm ned pattern, whereby the
‘coating filmin the press contact areas is transferred and renoved from
the silicone blanket onto the relief printing plate. Then, the silicone
bl anket 1 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. 1 %FgéiC%%%ﬁg%;?l - 31 h3s & §_%y§%%%%genfwﬁhca ag silicone resin

filmlaric N coa m T el ease "prope i's formed on the surface of

a cylindri.cal body,. nd the.cylindrjcal body js.set.rotatable about a
hori zont al*"fotationa &ﬁ:ﬁo Jéﬁégﬁﬁgf%tﬁé ?ﬁﬁr%@& gﬁlgﬁgngsilicone bl anket

1lis for of the siljcone resin. Besides, in this nethod of _

nmanuf act u ql‘?é"kaﬁjf gr@é‘ﬁ% g:%fQ %Vﬁgﬁ;ﬁo‘;go% A& e bPGILGH R8s E8RBE Hevi ce, the
gravure ro]l 2 tapered at both _end portions_thereof as shown in FIG 2B is
so di sposEd AL thd B S rﬁ&ﬁt iSyideir e MOEICEY GERe&ORLRE

-non-pixel-fornin% areas present on both sides of the
ligquid is supplied and applied to the surface of the

silicone blanket 1 from the lower side thereof via the
gravure roll 2.

Next, with the silicone blankef 1 being rotated,
the coating film is pressed against a relief printing
plate provided with a predefermined pattern, whereby the
éoating film in the press contact areas is tranéferred
and remofed from the silicone blankef cnto 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-l is transferred
onto the hole transport layer 53.

| The silicone blanket l.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
’hofizéntal rotational axis. Therefore, the surface of the

silicone blanket 1 is formed of the silicone resin.

. Besides, ih this method of manufacturing an organic
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effective pixel formng area (nesh area, or gravure pattern, formn area)
of the silicone blanket 1. Wth this arrangement, the coaff '¢$%ﬂﬁh is
supplied and applied to the surface of the silicone blanket 1 fromthe

| ower side thereof while the layer width (the dinension in the vertical
directionin FIG 2B) of the coating liquid (contacted liquid portion) 3a
hel d 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

nonuni formty of layer width of the contacted liquid portion 3a is

absorbed ty die-o RATLIQNSGA! LS 9.t 6, L. 000 pi X6l 1,001 po, ! eas.

and the coating filmon the surface ‘of the silicone b is so forned
that the | r ' s.thereof .n_the effecti pi,xel area is uniform
ind extredtly RRHC LN THE SCruaPurLoar the APgaRbets o8 |

el ectrol um,nescen device shown in FIG, 6 will be described, In this
organi c eE%ﬁ?%%ﬁ%ﬁﬁ%? gt e%ﬁgﬁFgg ?ﬁf%%8n58aﬁﬁrgﬁc?6§§ g?ﬂ%aﬁgle transport
| ayer 53 i.s fornmed .on.the transparent | ass substrate 51 provided with an
| TO transﬁiﬁéﬁPﬁﬁgﬁﬁel7§°§3PP86§r€3ﬁ08§%58§F 8RdPaRMeP&2eF onf t FRaRsporti ng

| ight em ssion |ayer 54 serving also as an el ectron transport
effective 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 silicéne blanket 1 from the
lower side thereof while the layer width (the dimension
in the vertical direction in FIG. 2B) of the coating
.iiquid (contacted liquid portion) 3a held between the
effective pixel forming area and the surface of the
gravure roll 2 is 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 contagted liquid portion 3a is absorbed by the
portions corresponding to the non-pixel-forming areas,
rand the coating film on the surface of the silicone
blanket 1 is so formed that the layer thickness thereof
- in the effective pixel area 1s uniform and extremely
small, | |
Now, the structure of the organic
"eléctroluminesceﬁce.device shown in FIG. 6 will be

~described. In this organic electroluminescence device 70,
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| ayer is fornmed thereon. Further, a cathode 55 conposed of cal ci (Ca)
| ayer for enhancing electron injection property and an aI&&Wﬁﬂﬁﬁ%ﬁ%ﬂ | ayer
is provided on the electron-transporting |ight em ssion | ayer 54. Synbol
56 in FIG 6 denotes a DC power source. The ITO transparent pixel

‘el ectrode 52 may be formed in island-Iike independent patterns for
constituting pixel portions 61 as shown in FIG 7A or may be fornmed in
patterns which are isolated (insulated) from each other by an insulating
material 62 as shown in FIG 7B. Furthernore, the pixel electrode may be
formed in stripes. Next, one exanple of the process of manufacturing the
organi c el ectrol.um, nescenc evice . 70.w I | be described in nore detail,
referring 6 BGS téﬁntsé"og% gﬁlgerQR t §59€°TPEY ?Frg{lesfjéﬁn%ﬂ%r?% ,
transparent. pi xel electrodes 52 are forned on the transParent%glgss

subst r at e 95EHPUPSEFGHe ddpEIOVitERald thafPel AP NG ERFEA“BAY . P24 98 Mar ch
2007 (2) Second Step A liquid containing a hole transport layer formng
mat erial  (HECtEeapl (@ncss) agdeoddds RuElLBR 6P PEDDFFPPET1RApPIFRY dr opwi se

onto the 1 TO el ectrodes 52 by use of a
emission layer 54 serving also as an electron transport

layer is formed thereon. Further, a cathode 55 composed
of a calcium (Ca) layer for enhaﬁcing electron injection
property and an aluminum (Al) layer is provided on the
electron-transporting light emission iayer 54, Symbol 56
in FIG. 6 denoﬁesra DC power source.

The ITO transparent pixel electrode 52 may be
formed in island-like independent patterns for
cbnstituting pixel portions 61 as shown in FIG. 7A or may
be formed-in patterns which are isoclated (insulated) from

leach other by -an insulating material 62 as shown in FIG.
7B. Furthérmore, the pixel elecErode may be formed in
stripes.

Next, one eﬁample of the proceés of manufacturing
the organic electroluminescence device 70 will be
described in more detéil, 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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m crosyringe (FIG 8B), and the transparent glass substrate 51 is_rotated
at high speed, whereby the ITO electrodes 52 are covered NH“WHQOZoating
liquid (spin coating). Incidentally, the PEDOT will be described | ater.
(3) Third Step The coating liquid is baked to formthe hole transport
layer 53 (FIG 8C). Next, the followng fourth to sixth steps (relief
reversal offset printing step) are conducted to thereby formthe
el ectron-transporting light 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 ectrolum nescence device 70. (4) Fourth
Step (Coating) By use of the wet-type coating apparatus shown in FIGS 1
and 2, as “HowePRIFPEEPYA, a coating liquid containing a material for
formng the electron- transporting |ight em ssion |ayer, for exanple, an
organi ¢ sol vent Bolufiad epnpaly{Dy neptiolkg -Brgpeport layer forming
et hyl hexyl oxy] - 1, 4- phenyl enevi nyl ene) (hereinafter 22 28 March 2007
abri dged tr@teERAPP\fors exgpiriled o theesusf acbudionhef sPER@BINelshl anket 1 in
~a predeterm ned | ayer thickness, to forma coating film3b. (5) Fifth Step
(Patterni mgpplied dropwise onto the ITO electrodes 52 by use of a
microsyringe (FIG. 8B), and the transparent glass
-substrate 51 is 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
~transpeort layer 53 (FiG. 8C).
Next, the following fourth to sixth steps (relief
reversal offset printing step) aie conducted to thereby
form the electron-transporting light emission layer 54 on
the hole transport layer 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. 94, a coating liquid
containing a material for forming the electron-
transporting light emission laver, for example, an

organic solvent solution of poly{2-methoxy-5-[2'-

ethylhexyloxy]l—1,4-phenylenevinylene) (hereinafter
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As shown in FIG 9B, the silicone blanket 1 is brought in%g %ﬁﬁ%&g%,mjth
~and rolled on a glass relief printing plate (glass mask) M y the
coating film 3b in contact with the tips of relief portions of the glass
relief printing plate 31 is transferred and renoved fromthe surface of
‘the silicone blanket 1. This |leaves a desired coating filmpattern 3d
(effective pixel areas) on the silicone blanket 1. In FIG 9B, synbol 3c
denotes wunrequired portions of the coating liquid. The relief portions of
the relief printing plate 31 are prelimnarily processed in a pattern
reverse to the pattern of the electron-transporting |light em ssion |ayer

to be for .. Ln additjon, _since the surface .of th ilico bl anket 1 is
formed of %E%??%@ngorgggﬁpﬁ%hﬁ napﬁ‘]ilqeuclI Stci‘i %r‘ﬁ rséjIe;:ef<'§ilés“é2 B(rfoggret y, the
transferring.and renovjng step can be carried out easil.y.and wth high
accuracy. fg%lg?Q?hbggﬁkegcff§£f3 HE?i%ﬁﬁﬁ@%W?qiiiy%ﬁi%hﬁﬁgngfFFc Re bl anket
1 after the fifth step is, brought into contact wwth and rolled.on 23 - -
-e-- ---.-form a_coating BRlfpiEh 2007 the glass substrate provided

t her eon with the hole transport |ayer, whereby the coating filmpattern 3d
left on the sFifebnetepafkattertindl ansferred onto the hol e

As shown in FIG. 2B, 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 relieﬁ portions of the
glass relilef priﬁting plate 31 is tfansferred and removed
from the surface of the silicone blanket 1. This leaves a
desiredAcoating film pattern 3d (effective pixel areas)
on the silicone blanket 1. In FIG. 9B, symbol 3c denotes

unrequired portions éf the coating liquid. The relief
portions_of the relief ﬁrinting plate 31 are-
preliminarily processed in a pattern reverse to the
‘pattern of the electfon-trénsporting light emission layer
“to be formed. In addition, gince the surface of the
silicone blanket 1 is formed of a silicone resin rich ;n
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 éfter

the fifth step is brought into contact with and rolled on
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transport

.dried. By these steps, the electron- transporting light e

is formed. The electron-transporting |ight em ssion |ayer 54 can be

| ayer 53. Thereafter, the transferred pattern i ked_ and
w2e bt 1 8er sa

formed not only as a nonochronmic 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 offset printing nethod.

(7)

Seventh Step By vapor deposition and patterning, a calciumlayer (not

shown) is forned on the electron-transporting |ight
an al um num | ayer (not shomn) as a nain el ectrode is fornmed thereon,

e pre eterm er th| es and u- ayer (not

G0 F135 PUPSEARARCPAGVASEOnATREEoR: BhERt 5% FTbEmed on the

| ayer in a_ predeterm ned Iayer t hi ckness, to fornkg ig%hode
t

respectiv
for prote

al um num
(8) Eight
and si de

r‘Fr@tnéﬁOAtcéeﬁ@én ¥hssePyt ENEn6PAEABENT T18 PRt toM

portions of the resultant assenbly are sealed mnth an -epoxy

em ssion | ayer 54 and

in
shown)

55.
| ayer,

resin.. on k& skéiceaechipnkes thés2gransferred._onto._the_holeg \mrch 2007
organlc el ectrol um nescence device 70. Second Enbodi nent

transport layer 53. Thereafte; the transferred pattern
is baked and dried. By these steps, the electron—
transporting light emission layer 54 is formed. The
electron-transporting light emission layer 54 can be
formed not only as a monochromic pattern but also as a
pattern for full-color mode (for red color, for green

color, or for blue color) by sequentially carrying out

- the relief reversal offset printing method.

- {7) Seventh Step

By vapor deposition and patterning, a calcium layer

{not shown) is formed on the electron—trahsporting light

emission‘layer 54 and an aluminum layer (not shown) as a
main electrode is formed thereon, in respective
predetérmined‘layer thickﬁesses, and an Au-Ge layer (not
shown} for protection and for enhancing a bonding
property is formed on the aluminum layer in a
predeterminéd layer thickness, to form a cathode 55.

(8) Eighth Step

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

‘léyer, and side portions of the resultant'assembly are

sealed with an epoxy resin or the like, to complete the
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FI GS. 10A, 10B, and 10C pertain to a wet-type coating appgrg%g&b%Pr use in
the nmet hod of manufacturing an organic el ectrol um nescenc 8 0(7the
~relief reversal offset printing nethod) in which FIG 10Ais a front view
of the wet-type coating apparatus for use in the nethod of nmanufacturing
‘an organic el ectrolum nescence device, FIG 10Bis a right side view
showi 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 show ng another exanple of the slit. The method of

manuf acturing. an organic el ectrolum nescence device according to this

enbodi nent __is_for nufacturing a two-| ayer pe organic EL device shown
in FIG 6,Of%?né%aﬁgg%grgf%%l?%g?%%c?i?%Y C%H%%dinent above. Specifically,
in a glass subs%rate 1l shown in FIG 8C, in formng an

el ect ron- t T 8REPAr P TS Yht eni ssion |ayer 54 on a hole transport |ayer
53, a coating film conposed of a coating liquid (a solution or . a

di spersion) cont di4fiShg @ Avatldd al@Tbrl KoksEtedti #§ eh¥StrtyRE eni ssion

| ayer is formed on the surface of a silicone blanket 1 by supplying and
appl yi ng t A2 EHRY | FPPHR P8BS MPE hu 29 0im th%uWQFhQﬁtQﬁamﬁﬂqé%ﬁiqﬂin9he

silicone blanket 1 fromthe |ower side thereof via a slit 11 as a coating
menber "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 manufactﬂriﬁg an organic
electroluminescence device, FIG. 10B is a right side view
‘showing an essentiai structure thereof, and FIG. 10C is a
perspective view of a slit comstituting the wet—type
coating apparatus. FIG. 11 is a perspective view showing
another example of the slit.
The method of-manuféctufing,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. Speéifically, in arglass substrate 51
shown in FIG. BC, 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 dispersioﬁ} containing a material for constituting the
- light emission layer is formed on the surface of a

silicone blanket_lrby supplying and applying the coating
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(coating liquid drawi ng-up nenber), which is provided in raI to the
rotational axis of the silicone blanket 1, as shown in Fl WQW@@3'10C
The other steps are the sane as those in the first embodi ment above. The
slit 11 is constituted by disposing two stainless steel-nmade or gl ass-nade
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 same material as that of the above flat
plates 12 and 13. In this case, the spacing between the surface of the

si-licone Dbl anket d to faces_of Wo fI t.e 13 is

uni form at* gugg Fopgﬁ?IBH 6??e8503%?n%l£%90?$1 %ﬁfg ?bé%%1xeqm?ornlng
area of the silicone blanket . 1. In addj %IOH at S|Jt Ror i ons
corresponéPﬁﬁrtBlgﬁethﬁBﬁoﬁlYé? ?o?%}ﬁgi rdRs? Jraset @36% 5?% si de of the
effective pixel formng area of the silicone bl anket 1, ) %#Op faces of
the flat pFapE3Ng2lAAHId3ARUIRIAWP MeTRRLes R Th Jas dradi ent from
the central portion side toward the end portion sides along the

rot ati onabaaziiedf tph&hsi Irogeidoprankeét 101 the edlirone2&128k0kr dh 2007
~and 10C, synbol 1l1a denotes a flat portion (the top faces of the flat

pl at es 12aandh¢@naie FEEE), 18Adtesyhdol s Thep other steps are the

_same as those in the first embodiment above.
lThe slit 11 is constituted by disposing two ‘

stainless steel-made or giass—made flat plates 12 and 13
in parallel to and opposite to each other,ﬂwith an
'appropriate spacing therebetween, in such a manner that
thergaps 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 ﬁortion corresponding to

,_the effective pixel formiﬁg area of the silicone blanket
1. In addition, at slit portions'correéponding 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
pqrtion side toward the end po:ﬁion,sides along the

rotational axis of the silicone blanket 1. In FIGS. 10B
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and |l c denote gradient portions constituted of the slant faces. The
gradi ent portions correspond to the tapered portions 2b aﬂ%ﬂé%g]ﬁiphe
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 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 nethod, like in the case of the first

embodi mentand HOChoryAPPar Ailey dgRorayef WaAFhPEFTiRR (Tuntadk e $FYui d
portion 3a in FIG 10B is absorbed bg the portions corresponding to the
non- pi xel cffortiend larterd ateseddl epdglbnarRatlehb cdat i g eI b t he surface
of the silicone blanket 1 is formed with the |layer thickness in the
ef f ect i ve apidkéll cademouri boeient exriténppycenafituied ehoWeinlEG 5. On
the other hand, .a slit 21 showmn in FIG 11 is fornmed by opposing two flat
pl ates 22 sandta2@st.0 BhAehgr2di&st Muwchi @@ 7comtdrprondyitich taes pagiargd
t her ebet ween, openi ng upper half portions of gaps between left and right
end porti @stdfons 2b and 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 aréa 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 liquid 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 layef 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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the flat plates 22 and 23 (open portions 2la), and closin f
portions of the gaps with flat plates 2.4. In this case, gﬁéfvghﬁéﬁ?

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 portion) held between the portion
corresponding to the effective pixel formng area of the silicone bl anket
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 correspond to the gradient portions lib and Ilc
of the slit_ 11, and the sanme function and effect as those the case of
the slit g¥h eEanWBEhoﬁt%Pﬁ@ﬂngTﬁ%eﬁ%ﬁEWQEﬁQw|9ﬂfqﬁ§9uﬂﬂP%ﬁ: ng to the
first and second enbodi ments are ﬁreferable al so for nanufacturlng atop
eni ssi on Pypeierganf coars ebeFremi helt et e c€8b PaFSdin 9t FIG 12
The top emssion type organic EL device 80 has a totally solid state
structureths dhathrhatesstZep@t 23deeB RAFtiogardil@ ) ay®d 83, and a second
el ectrode 84 are sequentially lamnated on a substrate 81, a passivation
28 28 Marcho200F léweém (tabf showdns ovhrethofgapa rdrtdpdiierit rdisdlegctric
material is |lamnated on the second el ectrode 84, and the
' 24. In this case, the coating liguid 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 liguid (contacted liguid portion) 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 Z2la correspond to the gradient
portions 11b and 1lc of the slit 11, and the same
function and effect as those in the case of the slit 11
cén be obtained.
The manufacturing methods according to the first
and second embodiments are preferable also for
manufacturing a top emission type organic
electroluminescence device 80 as shown in FIG. 1Z. The
top emission type organic EL device 80 has a totally
s0lid state structure in which a'first_electrode'BZ, an

organic layer 83, and a second electrode 84 are

sequentially laminated on a substrate 81, a passivation
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-passivation filmis sealed (potted) with an epoxy resin- and | ass, not
shown. The substrate 81 is conposed of, for exanple, a trgﬁégﬁ qu ass
substrate, a sem conductor substrate, or the |like and nmay be a flexible
one. The first electrode 82 is used as a cathode serving also as a
reflective layer and is fornmed 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

el ectrode 82 is preferably set in the range of 100 to 300 nm The organic
| ayer 83 is formed by formng a hole transport |ayer 83a by spin coating,
drying it in_vacuum at 120C for one hour, and then . form.ng a |ight

em ssion Fay@r (BSh §§?Wpﬁgg%f§%dd%§d% RO shsport 1 ayer by coating
and drying. In formng the |light enmission |layer. 83b, prjnting, i

sequent i al m?tééhﬁﬁc%édlf‘@%n@?gﬁ R nd'B Seccoc?rtf%/s“b'?/:ftl??éi$eqqi ’efa’%E\Fg}esal
printing nmethod shown in FIG 9, with each printing step followed by
drying, fopassxdapien falVaetupfated 20P Eedr B! HoUrcPCrYe 45614 t ransport

| ayer 83a is conposed of the PEDOT described above. As a coating |iquid
for forningnthe tlghs.enpssibavwn29 e FaPEHr2067 81 dperoBBpsed Q%I'uti on

prepared by dissolving a polyner organic EL material in an organic sol vent
is used. 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 céthode
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),
tﬁngsten (W), or an alloy thereof. The film tﬁickness of
the first electrode 82 is preferably set in the range of
100 to 300 nm.

The organic layer 83 is formeq by forming a hole
transport layer 83a by spin coating, drying it in vacuum
at 120°C for one hour, and then forming a light emission
layer 83b serving‘aléo as an electron transport layer by
coating and drying. In forming the light emissioﬁ 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 féllowed by drying, for
‘éxample,.in vacuum at 120°C for one hour. The hole
trahsport layer 83a is composed of the PEDOT described

above. BAs a coating ligquid for forming the light emission
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As the polyneric organic EL material, the followng materials are used
correspondingly to R, G and B colors, respectively. For ﬁ§a§“°h205+

pol y[ {9, 9-di hexyl -2, 7- bi s(I - cyanovi nyl ene) -
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-di octyl fluorenyl -2, 7-diyl}-co-{l,4- (2,5-di net hoxy)benzene}] The
| ayer thickness (filmthickness) of the hole transport |ayer 83a and the
| ight em ssion layer 83b is desirably set in the range of 15 to 100 nm
Here, the_ |ayer hickneié of each of the or, anig | a er.83langr conponent

| ayers t heREGE #3Pirn2t EPTETOPT oPF FRAFCHal¥r P RPTKRaEs® BArYEXAnpl e, where
t he PEDOT | ayer thickness, is 20 nm the Red |ayer thickness is 75 nm the
G een | apEFatRCcRheBatPEigy Ly 2RNATPRBIR) GRLY 9Erl?h?%?§ess is 45rim
In addition, in the organic el ectrolum nescence device 80, the second

el ectrode 84 i s BoOnbhS RO BIMer icx OTHRAYES Nbr AW BRIUAL | &G 4l THed by

vapor deposition, an My-Ag | ayer 84b forned by vagor co-deposition, and an
| TO | ayer m84erials are used correspondingly to R, G, and B‘colors,

respectively.

For Red: poly[{92,9-dihexyl-2,7-bis(l-cyanovinylene) -
,fluorenylen}~alt—co—{2,5—bis(N,N’wdiphenylamino}—l,4¥
phenylene}]

For Green: pély[{9,9—dioctylfluorenylw2,7—diyl}4co"{l,4-
diphenylene-vinylene-2-methoxy-5-{2-ethylhexyloxyl}-
benzene) ] |
- For Blue: poly[{9,9-diocctylfluorenyl-2,7-diyl}—-co-{1, 4~
(2,5-dimethoxy) benzenel}]

The layer thickness (film thickness) of the hole-
transpoft layer 83a and the light emission layer 83b is
desirably set in the range of 15 to 100 nm. Here, the
layer thickness of each of the organic layer 83 and
cbmponent layers thereof is in terms of;optical layer
thickness. For example, ﬁhere the PEDOT layer thickness
is 20 nm, the Red layer thickness is 75 nm, the Green

"~ layer thickness is 65 nm, and the Blue layér thickness 1is
45 nm.
In addition, in the organic elecﬁroluminescencg

device 80, ﬁhe second electrode 84 is composed of 'a Ca
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Nanely, the second el ectrode 84 has a layer constitution §fh¥$ﬁ§5
deposited Ca | ayer/vapor co-deposited My-Ag Ilayer/1TO | ay P %t al
| 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 layer thickness of the Ca |ayer 84a is set
in the range of 3 to 30 nm The |ayer thickness of the ITO |layer 84c is
preferably set in the range of 30 to 1000 nm Besides, in place of the ITO
| ayer 84c, a layer of a material generally used as a transparent
el ectrode, such as a m xture of indiumand zinc oxide, may be forned.
Furthernore, a passivation film (not shown) formed of a transparent
dielectric material is |am nated on the second el ectrode _84. A@ %

&% ndex on

t r anspar entaXfi%e| & riaEMash kSt (VAPOTa ARROSH A0 Tha @n 198 Al LAY ER

the sane |level as that of the second el ectrode 84, for exanple silicon
oxi de (Si AMymes} It onan rdtelspsiytionan@nt k& 50 lexshé4Gsed, and t he
| ayer thickness thereof is set, for exanple, in the range of 500 to 1000
nm The orNpwely eltdot rsolaeich el ddeBidc .5 whilely ear EONEHRA tERe8t s of the
manuf acturi ng nmet hod according to the present invention, include both
bot t om em &&iwpdry pepaerigad ciaelleqztero’lmmmes:@ad@@wé\timéﬁgsﬁ@vm in FIG_ 6
and 31 28 March 2007 top em ssion type organic el ectrol um nescence devices
shown in Adyed/ZTd naadditi ohe tbeali ghyeentBscbnesggodnthe 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 oxlde, may be formed.
Furthermore, a passivatioh 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 (Si0;), 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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| ayer includes not only those of the two-layer type shown n, Fl but
al so those of the so-called three-layer type and five-Iaygb“@&ﬁb 00
three-l ayer type organic el ectrolum nescence device has a structure in
whiich an | TO anode, a hole transport |ayer, a light em ssion |ayer, an
‘el ectron transport layer, and a netallic cathode are lamnated in this
order on a glass substrate. On the other hand, a five-layer type organic
el ectrol um nescence device has a structure in which an I TO anode, a hole
injection layer, a hole transport layer, a light em ssion |ayer, an

el ectron transport layer, an electron injection layer, and a netallic

cathode are lampated in this order | ass substrat Now, exanpl es of
t he presenFoPn%@h??bﬁanY?etﬁfg%ﬁ%ﬁx?%ﬁﬁ¥ré%&ﬂﬁﬂ ST e of Organi c
El ect rol um nescence _Device> In this exanple botton1enlsS|on ty

pol yneri c SBPganie %ﬁ%ct%%iu%Pné@@éﬁé@ndeﬁﬁéelﬁéPtnﬁmPéﬁﬂﬁatEegéP ucture
shown in FIGS. 6 and 13 was nanufactured. Here, FIG 13 |IIustrates t he

case wher el PPRr warCLiader axotarPnly ddigssh-af dﬂ%ﬁ)dﬂiqu yi¥de 8C%Ror ni ng an
el ectron 32 28 March 2007 transporting light em ssion layer; in this

exanmpl e, abnELIG| | ghruerm b orharsiche W mp-vEH1RRY ﬁhmﬂ-d@éfeéf PPV and

type and five-layer type. A three-layer type organic
electroluminescence device Has a structure in which an
ITO aﬁode, a hole transport layer, a light emission layér,
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 orgénic electrolumineécence
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 arerlaminated in this order'
on a glass sgbstrate. |
Now, examples of the presentfinventiqn will be
described.
Example 1
<Manufacture of Organic Electroluminescence Device>
In this example, a bottom emission tyﬁe.polymeric
organic electroluﬁinescence device having laminate
structure shown in FIGS. 6 and 13 was manufactured. Here,
CFIG. 13 illustrates the case where PPV was used as an

electfon—transporting polymer for forming an electron-
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an EL |ight em ssion device using CN-PPV in place of PPV -wer
‘manuf actured. Incidentally, in FIG 13, the polyinide fil \ﬁgf@wm@fg film
thickness of 2 Jimis an insulation film First, a pattern of ITO
transparent pixel electrode as the first electrode was fornmed in a film
thickness 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 whol e surface of the glass substrate by spin coating,
to forma coating filmhaving a |ayer thickness of 60 nm thereby covering
the I TO el ectrode. The coating filmwas baked in a nitrogen gas atnosphere
at 12000 for one rhcqur, t.o.form,the

See FIG By ABHET IR SEoFJ (3 8P POREy Pt oYY tRi SERBRLE | halhol o 1
transporting organi c pol yneric conpound having a _structu formula I: 33
28 March 200Rt @I“lﬁsfgns%v\}cleoilﬁﬁn?ﬁ MEHRERY, gBypaggeof’ tﬁg‘!’v\%{lc}type
coating apparatus shown in FIGS. 1 and 2, .an electron-t ranépog{t]i ng |ight
eni ssi on lay & dghfto g seynt HEVAErR 8F 1ngvENsBF VoffsBtace ol ¥

were manufactured. Incidentally, in FIG. 13, the

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 squaré glass substrate having a.side length

of 30 mm. Next, an agueous PEDOT solution for forming a

hole transport layef was applied to the whoie surface of

the glass substrate-by spin coafing, to form a‘coafing

film having a layer thickness of 60 nm, thereby covering

the ITO electrbde. The coating film was baked in a

ﬁitrogen gas atmosphere at 120°C for one hour, to form the

hole transport layer (for these steps, see FIG. 8). Here,

PEDOT [p@ly(3,4)—ehtylenedioxythiophene] is a hole-

transporting organic polymeric compound having a

structural formula I:
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printing nethod shown in FIG 9. The gravure roII shown in (ﬂhg i_S made
of stainless steel, is tapered at both end portions thereB? 445

di aneter gradually reduced toward the outer sides along its |ongitudinal
direction, and its portion (cylindrical portion) corresponding to the
‘effective pixel formng area of the silicone blanket was provided in its
surface with a snooth 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

| ength Lb of each of the tapered portions 2b and 2c was 10.0 nm the
dianeter D of the cylindrical portion 2a was 12.0 mm and the dianeter d
of the roll end portjons wa Besi des, referring to FIG 3, the

: pitch of the 34 ------ - - ----- -
----- --- --- 28 Mafch 2007 wal | g 0O am Incidentally, the whol e

l ength of the graviire rol | yar to the whole I ength of the
silicone bl anket.~ : i _ 3 i ng apparatus, in order to
restrain the nonuniff 6fym _ _ fckness of the coating film the

as. controlled so as not to exceed

| ength of the cont
surface velocity of the silicone

t he whol e | ength of}

formila I

Next; by use of the wet—-type cdating 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 méde §f stainless steel,‘is tapered at both
end portions thereof with its diameter giadually 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 ﬁroﬁided 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+2$b) was 80.0
.mm, the length La of the cylindrical portion 2a was 60.0
-mﬁ, the length Lb of each of the tapered portions 2b 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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bl anket was controlled to 3.0 nm sec, and the surface vel %Mﬂ){?@ 0%he
gravure roll was controlled to 2.0 mimsec. In the step of : e

el ectron-transporting I|ight em ssion |ayer, an organic solvent solution 1,
2, or 3 of an electron-transporting polynmer shown in the followng (A, .
" (B), or (C) was applied in a predeterm ned pattern, and the resulting
coating filmwas baked in a nitrogen atnosphere at 7000 for two hour.
After the baking, the layer thickness was 803 nm The conponents and
conpositions of the organic solvent solutions 1 to 3 of the

el ectron-transporting polyners are as follows: (A) Organic sol vent

solution 1 MEH PPV of structural fornula Il 1.5 parts.b i ght_. Mesityl ene
39. 0 part ¥3ye¥si YRE 1Petri i AR6AIGTHAMLY rbg“f%wﬁﬁﬁe é%xﬁﬁﬁn/%cﬁh%om (B)
Organi ¢ solvent solution 2 ' PPV of structurai1 1tLorTuI a }IIII éﬁS parts by

wei ght MSSPVYFENECAS. Bagarfs BUAGI GRt thTetPatfnt8BIEM p&Ft E%By weight (O
Organi c solvent solution 3 'CN-PPV of structural fornmula IV 1.5 parts by
wei ght Mssilf-gpeRebdangeparts by weight Tetralin 55.0 parts by weight

Thus, in the wet-type coating apparatus, in order
to restrain the ﬁonuniformity of layer thickness of the
coating f£ilm, the length 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
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.eﬁission layer,.an o;ganic solvent seolution 1, 2,
or 3 of an electron-transporting pblymer-shown in the
following (A}, (B), or (C) was applied in a predetermined
pattern, and the resulting coating film.was baked in a
nitrogen atmosphere at 70°C forrtwo 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:
{A) Organic solvent solution_l
* MEH-PPV of structural formula IT 1.5 parts by weight
" Mesitylene | | : 39.0 parts by weight

* Tetralin | o | 60.0 parts by weight
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n Mo ... formulall MEH PPV: pol y(2- nethoxy 5- (2'-ethyEN$ xl é%g
phenyl ene-vinylene) formula Il 36 28 March 2007 Ote

formula IV Incidentally, MEH PPV has an em ssion color of orange and a
fluorescence wavel ength of 500 nm PPV has an em ssion color of green and
‘a fluorescence wavel ength of 525 nm and CN- PPV has an em ssion col or of
blue and a fluorescence wavel ength of 430 nm Next, a calciumlayer in a
t hi ckness of 30 nmand an alum num/layer (nain electrode) in a thickness
of 200 nm were sequentially forned on the electron-transporting |ight

em ssion |layer by vapor deposition, followed by patterning. Further, an
Au- Ge | ayer for protection and for,K enhancing bonding property was forned
on the aIdﬁ%nuﬁfg?ﬁyérSo%ﬁe?Brﬁ?}%Elgﬁcgnd el ectrode. <Eval uation of.

Em ssion Characteristics of Oganic Electrolum nescence Device> For t he

t hree ki ndsPBY ofgahrectheelrbbrmithesEbhce 1.5 parts by weight
*Mesitylene 49 .0 parts by,weight
* Tetralin 50.0 parts by weight

{C) Orgahic 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 1I
MEH-PPV: poly(2-methoxy-5=(2’—ethylhexyloxy)-1,4-

phenylene-~vinylene)

.- formula M

'36




devi ces manufactured as descri bed above, em ssion efficienp and_em ssi on
intensity were neasured, the results being given bel ow. F?gMQﬁhgqﬁLults
it was 37 -- - ------- - 28 March 2007 confirmed that, according to the
relief reversal offset printing nmethod using the wet-type coating
‘apparatus according to the present invention, excellent light em ssion
characteristics as those of an organic el ectrolum nescence device with an
el ectron-transporting |ight em ssion |ayer forned by the spin coating

met hod according to the related art can be obtained. (a) O ange

| ight-emtting organic el ectrolum nescence device (MEH PPV was used)

Em ssion efficiency: 2.2 cd/A Emssion' intensity: 1200 cd/n2 (b) G een
light-emtting organic eIecQ5 guninescence devi ce (PPV was used) En ssion
efficiency: 2.4 cd/A Emssipnintensity: 1500 cd/n2 (c) Blue
light-emtting organi ¢¢ el ectyol um nesegnce \ device (CN-PPV was used)

i SSi ntgnsity: 1000 cd/nR Exanple 2

Em ssion efficiency: 4.4 c Em ssi on®

. formula IV

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

Next, a calcium layer in a thickness of 30 nm and
ég aluminum layer (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 brotection and
for enﬂancing bonding property'was'formed on the aluminum
layer, to form the second electrode.
<Evéluation of Emission Characteristics of Organic
Electroiuminescence Device> |

| lFor the three kinds of organic electroluminescence
devices magufactured as deséribed above, emission
efficiency_and emission intensity were.ﬁeasuréd, the

results being given below. From the results it was
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<Manuf acture of Organic Electrol um nescence Device> An or

light-emtting organic electrolum nescence device, a greezg?/‘a&mzoé% tting
38 28 March 2007 organic el ectrolum nescence device, and a blue |ight
emtting organic electrolum nescence device were manufactured by use of

‘'t he sanme apparatus, nethod, and conditions as in Exanple 1, except that

t he apparatus shown in FIG 10 was used as the wet-type coating- apparatus
for form ng an electron-transporting light emssion layer. In these cases,
referring to FIG 10B, the whole length (L1+2L2) of the slit was 80.0 nmm
the length L1 of the flat portion |Ila was 60 O mm the length L2 of each
of the gradient portions Ilb and Ilc was 10. nd the gradient (h/L2)
t her eof wé§n§F5@edlﬁh§&d|PF6ﬁrdlpHet§IFpesﬁﬁéFﬁé E?H@rgﬁéc?g Pt ween t he
opposed flat plates 12 and 13) was set to 200 9m and the whole |ength of
the slit Wﬁ§n§éﬂge&8§h0ﬁoUﬁﬁ@@wﬁbﬁeW?§n§ﬁﬁeoﬁoﬁﬁéngsﬁPP%BﬁE“%Ianket Thus,
the length of the contacted liquid portion was controlled so as not to
exceed theccamdiagl ngttheobrekens! inyveandonheesgelienptvéiokity of the
silicone bl anket was controlled to 3.0 misec. The organic

el ect r ol usimeséencehdewnctes ishussobtaithedehad asnpsgawvihceffici ency and

em ssion intensity characteristics equivalent to those obtained in Exanple
1. electroluminescence device with an electron-transporting

1ight emission layer formed by the spin coating method
according to the related art can be obﬁained.
(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 efficieﬁcy; 2.4 cd/A
Emission intensityf 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 Orgaric Electroluminescence Device> *
An-orange light—-emitting organic

‘electroluminescence device, a green light?emitting
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Wiile a preferred enbodi nent of the invention has been dezgggﬁhﬁ §|
specific terns, such descriptionis for illustrative purp ¢¢ and it
is to be 39 28 March 2007 understood that changes and variati ons nay be
made wi t hout departing fromthe spirit or scope of the follow ng clains.
‘40 28 March 2007 WHAT IS CLAIMED I'S: 1. A nethod of manufacturing an
organic el ectrol um nescence device conprising, between a first electrode
and a second el ectrode, layers having Iight em ssion regions patterned on
a pi xel basis, wherein at |east one of said |ayers having said |ight
em ssion regions is forned by formng a coating filmconprised of a coating
liquid containing a constituent material of said |ayer on a surface of a
silicone PEFA@RIC ThertprheBipReeeRet i @VigRi Mithd pllat%e lagditnst said
coating film transferring and renoving said coating filmat the pressed
areas fromnstidngi ¢rgenidl ahketrohipives eenes idFVisg mansy pl ate, and
transferring a pattern conposed of said coating filmleft on said surface
of said sitharoiecbheeddby oms® @f stird asane tapiyrr PrEV.I d@d:htdder@@rd with said
| ayer, and
conditions as in Example 1, except that the apparatus
shown in FIG. 10 was used as the wet—-type cecating
apparatus for forming an electron-transporting light
-_emission layer; In these cases, referring te FIG. 10B,
the whole length (L;+2L;) of the slit was 80.0 mm, the
length . of the flat portion l1la was 60.0 mm, the length
L; of each of the gradient portions 11lb and 1llc was 10.0
‘mm, and the gradient (h/Lz) thereof was 1/50. In addition,
the slit spacing (the spacing between the opposed flat
plates 12 and 13) was set to 200 Em, and the whole length
of the slit was set equal to the whole length of the
silicone blanket. Thus, the length of the contacted
ligquid portion was controlled so as not to exceed the
whole length of the slit, and the surface velocity of the
.gilicone 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 describéd using specific terms, such description is

for illustrative purposes only, and it is to be

39




said coating liquid is supplied and applied to said surface of s ig
silicone blanket fromthe |ower side thereof via a gravur BPHFﬁ“%P vi ded
with a gravure pattern. 2. The method of manufacturing an organic

el ectrol um nescence device as set forth in claim1, wherein said gravure
‘roll, which is tapered at both end 41 28 March 2007 portions thereof, is
provided in such a position that said tapered portions correspond to

non- pi xel -formng areas on both sides of an effective pixel formng area,
of said silicone blanket, and said coating liquid is supplied and applied .
to said surface of said silicone blanket fromthe | ower side thereof. 3.
A nmet hod of manufactu n_organi elec ol um nescence, device
conpr|5|n§ndﬁéﬁﬁ€€ﬁ §%F| angg cFP§d835ﬁ8 éogﬁc%%% ?e%??%de | ayers
having |ight em ssion regions patterned, on EIX6| sis, wherein at |east
one of saW&tmﬁyér§eﬁé¥tﬁ@QS§F8mit&ﬁtsPéﬁﬂgsPBn FRT ons F€formed by forming
a coating filmconprised of a coating Iliquid containing a constituent

mat eri al éPld@wdngaydeisg- a surface of a silicone blanket, then pressing a
relief :

40




printing plate against said coating film transferring and renoving said
coating filmat the pressed portions fromsaid silicone bE&Magh o 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 layer, and said coating liquid is

supplied and applied to said 42 28 March 2007 surface of said silicone
bl anket fromthe |ower side thereof via a slit provided in parallel to the
rotational axis of said silicone blanket. 4. The nethod of manufacturing
an organic electrolum nescence device as set forth in claim3, wherein
said slit is formed b% op?osing two flat plates to each other with a
spaci ng t WBREbEEWeEAIMBHdIEotally closing gaps between left and right end
portions of said flat plates, the spacing between said surface of said
silicone bl anket- afd medpoda®ds "gnuarduEwsor Pt OpPaltés is uniform at a
slit portion corresponding to an effective pixel formng area of said
sili cone blapnkeblumhereasnsai devope ¢amprsivingaietwer?|atibistes are sl ant
surfaces with a downward gradient fromthe central portion side toward
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 rejions is formed by

forﬁing a coating film comprised 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 sald coating film,-transferring_
and removing said coating film at the pressed areas from
said silicon blanket onto sald 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 layer, and

said coating liquia is supplied and applied to said
surface of said silicone Blanket'from the lower side
thereof via a gravure roll.provided with a‘gravure
pattern.

2. The method of manufacturing.an.organic
~electroluminescence device as set forth in claim 1,

 'wher¢in
said gravure réll, which is tapered at-both_end.
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end portion sides of the rotational axis of said silicone _blanket at slit
portions correspondi ng to non-pixel- form ng areas presentzéﬁm¥ﬁh?PQﬁ des of
said effective pixel formng area of said silicone blanket, and said
coating liquid is supplied and applied to said surface of said silicone
‘bl anket fromthe |ower side thereof via said slit. 5. The nethod of
manuf acturing an organic 43 - ----------- T - ---- 28 March
2007 el ectrol um nescence device as set forth in claim3, wherein said
slit is formed by opposing two flat plates to each other with a spacing
t her ebet ween, openi ng upper half portions of gaps between |eft and right
end portions of said flat plates; and closing lower half portions of said
gaps, and bsaitd @eatimyrdduiid imrosuppid ed andhappliced tiensdhdt surface of
said silicone blanket fromthe |ower side thereof via said slit. 44
....... - said 2 dbrd ipRO0HRIMETHEER sgro VAN ACTJRIING 1CRGANL Gy
ELECTROLUM NESCENCE DEVI CE :

areas on both sides of an effective pixel forming area,

of said silicone blanket, and

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

3. A method of manufacturing an organic
electroluminescence device comprising, between a first
electrode and a secondlelectrode, layvers having light
emission reglons 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
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 f£film at the pressed portions
from said silicone blanket onto said rélief 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
layer, and

- said coating liquid is supplied and applied to said
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ABSTRACT OF THE DI SCLOSURE I n a wet =type coating apparatus rayure rol
tapered at both end portions thereof is provided. In this 2@3@%&“¥¢h;
tapered portions are |ocated beneath non-pixel- formng areas present on
both sides of an effective pixel formng area of a silicone blanket. Wth
this. arrangenent, a coating liquid is supplied and applied to the surface
of the silicone blanket fromthe | ower side thereof while the filmwdth
of a contacted liquid portion held between the effective pixel form ng
area-and the surface of the gravure roll is kept uniformalong the
ditection of the rotational axis of the silicone blanket. By this coating

nmet hod, tge Qonunlfornlt 2 % t he ont cted qU|d portion
and the | FKEEFE Qgsﬁﬁﬁgdsﬁ lFﬂEQtEE Fég BS?Tl @ V?es% Fdi ng to the
non-pyxelt%gggg@gvggegssllilg}oélded in parallel to the rotatlonal

axis of said silicone blanket.

4., The method of manufécturing 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 totaily
closing gaps between left 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 siit portion corresponding to an effective pixel
forming area of said siliéone blanket, whereas said top
faces of said twe flat plates are slant_surfaces with a
‘downward gradient from the central portion side toward
end portion sides of the rotationai axis of said silicomne
‘blanket at slit portions corresponding to non-pixel-
forming areas present on both sides of said effective

"pixel forming area of sald silicone blanket, and

said coating ligquid 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

43




28 March 2007

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
hélf portions of gaps between left and right end portions
éf said flat plates, and closing lowex ﬁalf portions of
]said.géps, and

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

thereof via said slit.
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