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@_ VENTION

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




28 March 2007 high definition and are a self |um nous type. Therefore,
the organic ELDs prom se realization of flat panel dlsplaxﬁ'f e :
angl-e-of -visibility dependence. Meanwhile, as a nethod of nanu?éc%urlng an :
organic EL display (GELD) using a polyneric organic EL material, nethods 3
based on a spin coating system have frequently been used. Fbmever, 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
whi ch each of organic light em ssion |ayers for red and green colors, for:

exanpl e, i 5 £ gEd: Y. 80n T Mal £le YSLEM Ofund £44 NG,AN. aRALELAGEcarOUNt of

aliquid to an arbitrary position (see Japanese ent Lai d-open 'No. Hei

10 153967 hne OMEYEL bl TELOOLL o' Lor 00, 8, 1AL T Lhm ik et system

i s basi cal onpose a aggre at'e” of nute droplets, or

spots, and,it ffICU t_t obt un e thlckness by this

nmet hod. Indéﬁa#?Y% TLafso i e ¢ sel%%b%éﬁﬁkl é$4cw& volatility sol vent

i n expectation of after film_ formatiaq t he Ievelln%_ erfornance
fo” g
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EL display (OELD) using a polymeric organic EL materlal,

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 system is basically to compose a thin film of an

" aggregate of minute droplets, or spots, and it is
difficult to obtain a uniform layer thickness by this
. method. In additicon, also in the case of adopting a low-

velatility solvent in expectation of leveling after film

. formation, the leveling performance is limited due to the
o low solubility of a pqumeric EL material in the leveling

material.




2 28 March 2007 Further, as a coating system capable of solving the
above-nenti oned probl ens encountered in the spin coating s%ﬁgen% %ﬁere has
been proposed a net hod based on a bead coating system (see LS & Pat ent
Lai d-open No. 2001- 6875) The nmethod of manufacturing an EL device by this.
coating systemis to manufacture an EL device conposed of a substrate, a
first electrode fornmed on the substrate, an EL |layer 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 fgrn1to t he 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

manuf acturing a full-col or polyneric organic EL device
6875) . The method of manufacturing an 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

3




(full-color organic electrolum nescence device). In 3 28 March 2007
addition, in view of the resistance of the polyneric organi L rial to
the etching liquid, it is difficult to carry out patterni n%“lﬁﬁff"%?ee
colors of RGBB in the after-steps. Furthernore, .as an inage form ng nethod
for obtaining an image with high definition and high flatness in formng
aliquid crystal color filter and printing other functional resins, there
- has been proposed a nethod in which a coated surface (coating film of a

functional resin is formed on a silicone blanket, an intaglio plate or a
relief printing plate is pressed against the coated surface, the resin in
t he pressedd areas i s removed. from the silicone %Ié%ank t, and the resin
left on t REE i ¥one™ BlIEK&T S G ddnss FE BEdY™G e printed (see
Japanese Patent Lai d-open No. 2000-289320) However, this method only takes
i nto consi et Ot Mt adturé ot Ehidd di it el 3 a 1iquid crystal
di spl ay as_above- nentioned. In addition, this nethod is not suitable as a
t echni que F67fiBHLT AP 197 B |9udo md Wlegikary ioth threéatciod@r sl iodduifdBpr epar ed
by dissolving a polyner organic EL material in, for exanple, an organic
sol vent . Partlilvuladriear-Stenshe case where wire bars 91 having

Furthermore, as an image forming method for
obtalning an image with high définition 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 havingA
- a sectional shape.as shown in FIG. 14 are used as a -

coating member, coating streaks due to the mesh of the




a sectional shape as shown in FIG . 14 are used as a coat
coating streaks due to the nmesh of the 4 28 March 2007 mn#%ﬁ%g$ggﬁkd a
nonuni formty of | ayer thickness due to vibration of the apparatus or

undul ation of the surface of the silicone blanket will occur. Though the
‘coating streaks and the nonuniformty of |ayer thickness do not matter in
the case of the liquid crystal color filter, they may inadvantageously
give rise to nonuniformty of Ilight emssion in the case of a
light-emitting device using a polyneric organic EL material. This is due
to the s n of recesse rt| ns (v [ the surface
for ho|d|%§E§h§§%8aF“d g Eén %ﬁ ?ﬁgus % % 98 % %ﬁJ $ OF THE

INVENTICNV§£?g§I8 en?°955¢%§gﬁf“@’§orov'dﬁuﬁa@?%HOd of q;%gturlng an

organi c eléc um nescéenc evic bove- ment i oned

problems iy the Lol abed akinand part iyl 1y ghprgv' e 2, qpans To

applying a coating Tl cont alnlng acbo organl (for
exanpl e, coating li UId S I material in an
organi ¢ soF&gﬁ%f g%da9%|ﬂ}é8he Igﬁgét |§ % r%h%éknﬁ & Fﬁ?ckness I'n
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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 portionsS 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




coating liquid containing a polyneric organic EL materi al T R
------------- 28 March 2007 can be applied in a uniforn1|%§@?“?ﬁ¥pﬁness to
a silicone blanket used in a relief reversal offset printing nmethod in the
manuf acture of an organi c el ectrol um nescence device. In exanple

"enbodi ments, a coating liquid is supplied, fromthe |lower side, to the
surface of a silicone blanket being rotated, and the coating liquid is
adhered in a layer formto the silicone blanket under the action of its
own surface tension. In order to obtain an extrenely small and uniform

| ayer thickaesee sirldsde ipop ual forghtlageint thigkdess deo #sisid 18°p6I yreri ¢
organic EL material, it is inportant to make small the thickness of the
cont act ed Piapket porad dms a( gelipm vevereakodltfigrf Priigaioy rekhed upon the
contact of the coating liquid wth the silicone bl anket surface and to
mni m ze the thaameavifeatere tdfe anhiceRABSS . eFRFtndliugipespdsee in exanpl e
enbodi nents, a gravure roll or a. slit is used as a nenber for  holding and
transporti@eyidee coating liquid, namely, as a coating liquid supply head.

I n exanpl e enbodi nents, particularly, a coating liquid supply head is used
such that the gapnber@eehe t¢mpoodiments, a coating liquid is

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 portions corresponding to

non-pixel-forming areas than at a




coating liquid supply surface of the head and the sili cone,, Bllankﬁq surface
is greater at portions corresponding to non-pixel-formng % 5‘? gn at a
6 28 March 2007 portion corresponding to a pixel formng area, and the
nonuniformty of liquid wwdth in the contacted liquid portions is absorbed
‘by the portions corresponding to the non-pixel-formng areas, to forma
coating filmwith a wuniformand extrenely small filmthickness on the
silicone blanket, thereby providing a polyneric organic EL display device
free of nonuniformty -of |ight em ssion. In accordance with one aspect of
the preseRPrtipnerriasradng te proirdbdfarmerhedess safufBeturing an
organi c el ectrol um nescence devi ceconpri sing, between a first electrode
and a secbafuelgernidae off dyepddhaifhl inghie @mtssited LégléAs patterned on
a-pi xel basis wherein at |least one of the |layers having said |ight
em ssi on Pegtbess ks ahsombgdhpyf 6hAi RGY iRty SShomddodptPsElBf a coati ng
liquid containing a constituent material of said |ayer on a surface of a
si i cone bpanketelthuamigvessenyg -atrefpean aproaiting s @idfapnst said
coating film transferring and renoving said coating filmat the pressed
areas frownsepen and icdrebledivk enadnt 61 nethithres spomitihgg spillaceneand
transferring a pattern conposed of said coating filmleft

blanket, thereby providing a 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 ontc the relief printing plate, and
transferring a pattern composed of said coating film left

on sald surface of said siliccone blanket onto a surface to

be provided thereon with said layer, and said coating
liquid is supplied and applied to said surface of the
silicone blanket from the lower side

7




on said surface of said silicone blanket onto a surface to @ o) ded
thereon with said |layer, and said coating liquid is suppl?% &H& étplied
to said surface of the silicone blanket fromthe |ower side 7 28 March
2007 thereof via a gravure roll provided with a gravure pattern. 1In
"exanpl e enbodi nents, it is possible to stably manufacture an organic

el ectrol um nescence device having excellent light em ssion efficiency and
light em ssion intensity characteristics equivalent to those of a

conventi orakrargapi £ £IRGEHAHUFLNESSENERIAN WARKCA grhl@hd em ssion |ayer
is formed by a spin coating method. In exanple enbodi nents, it is

preferabl%akhggnyhe gravure roll, which is tapered at both end portions
thereof, i's provided in such a position that the tapered portions

correspond to nQﬂin%ﬁli%O%ﬁbBalﬁé§@§ of: bot Bhosiidas eb apagifective pixel
form ng area of the S|I|cone bl anket, and the coating liquid is supplied

and appl i gghdoactilie ¥ baeanet Eﬂ@cﬁtél&ﬁ)ﬂ?eéﬁé%{ﬂiﬁtdefv&%@ hheihgwer side

thereof. In this case, it is possible to forma coating film having a
hi gher unéf@smdnt Qﬁg'h%ygﬁuggh&l?n@§§1&réﬂdﬂﬁ andunfiaee ehikbeosilicone

bl anket and to provi de an organic
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




el ectrol um nescence devi ce having nore excel |l ent charact%&Hg %@Otn
accordance with anot her aspect of the present invention i rovi ded
a nmethod of nmanufacturing-an 8 28 March 2007 organic electroluninescence
devi ceconprising, between a first electrode and a second el ectrode, |ayers
"having light em ssion regions patterned on a pixel basis, wherein at

| east one of said |ayers having said light emssion regions is fornmed by
formng a coating filmconprised of a coating liquid containing a

const | t“e'&ﬁgﬁ%ré %acf) oﬁﬁdlq}esc%}é‘é% {Ié‘vf‘céégr{ 10, apstidgpne blanket,

t hen pressi rin @ against said coafing film

transferrlﬂgsggg E@X&anﬁﬁ'éjds%%%tndn%lfeh“ : g tf%{@fsesr?a g'E)ortl ons from

said silicone ont 0 sal ate ransferring a
pattern c e . Sai i e ac id
silicone qblgﬁkg §R-£g tE %gggréél%g%ég%eF%%ngmng é%?é | ayer,

and sai d coaylng 'mg' gﬁlg lsalpﬁ;geg 2638PLLEG { pynSakft sucbace of said

silicone blan e fron1 ower Via a slit prOV|ded in

paral | el %g&gg r Qtsa%bl?ﬂ%{i eb;?)%oéft 215’193 %' goﬁ&:#hﬁoﬂﬁrpl @cﬁ‘ﬁﬁtlsedn O%Xgrrpl e

enbodlnent i S possI manufacture an drganic

eIeCtrO|U%bgﬁiﬁsngﬁqgﬁgiggh{gﬁﬂf%% a constituent material of said

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.




excellent light.em ssion efficiency and light emssion in ep'si thy2007
characteristics equivalent to those of a conventional or are
el ectrol um nescence in which a light emssion |ayer is formed by a spin
coating nethod. 9 28 March 2007 |In exanple enbodinents, it is preferable
that the slit is formed by opposing two flat plates to each other with a
spaci ng t herebetween, and totally closing gaps between left and right end
portions of the flat plates, the spacing between the surface of the
silicone blanket and top faces of the two flat plates is uniformat a slit
portion corresponding to an effective pixel formng area of the silicone
bl anket, Wheseaspldeniepliieees,oltt he prefefdidie plhatesharelst aid surfaces
with a downward gradient fromthe central portion side toward end portion
sides of fboheeddiptdpgralinaxitsooflatepkitldscane calcankeheatwisthta porti ons
correspondi ng to non-pixel-form ng areas present on both sides of the
ef f ecti vespauthg fiarenangtacea, ohndl heot £11y cdres iblgagkpt , betndedrhe coati ng
liquid is supplied and applied to the surface of the silicone bl anket from
t he | owelest dend herggaf evidapbtheishs tof [theaddiatti phates) tthe preferabl e t hat
the slit is formed by opposing two flat plates to each other with a
spaci ng t bpaebed ieetweaapemenguuppee bal fhearilionmeoblgapet 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




between I eft and right end portions of the flat plates, 3 | ower
hal f portions of the gaps, and the coating liquid is supp&?@ﬁm %@ gpplied
to the surface of the silicone blanket fromthe | ower side 10 28 March
2007 thereof via the slit. In the last-nentioned two cases, it is possible
‘to forma coating filmhaving a higher uniformty of |ayer thickness on
the surface of the silicone blanket, and to provide an organic

el ectrol um nescence device having nore excellent characteristics. Exanples
of the "layers having light em ssion regions"” include the follow ngs, of
which at least one is forned by the above nethods: (a) A hole transport

| ayer and g, d.1 ot & ssiong i,éiyer (Two- 1l ayer type organic

electrolunlnescence device) (b) A hole transport |ayer, a l'i ght enission

T o mece i 0 SR ke sk Dobegrnl e
layer, 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

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)
BRIEF DESCRIPTION OF THE DRAWINGS
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a light em ssion layer, an electron transport |ayer, and | ec n
injection |ayer (Five-layer type organic electrolum nesce%@ﬁﬁ%\édgg) BRI EF

DESCRI PTI ON OF THE DRAW NGS 11 28 March 2007 These and ot her objects of
the invention will be seen by reference to the description, taken in
‘connectilon with the acconpanying drawing in which: FIG 1 pertains to a
first enbodi nent of the present invention, and is a front sectional view
~of a wet-type coating apparatus including a gravure roll, used for the
met hod of manufacturing an organic el ectrolum nescence device; FIG 2Ais
a front view show ng an essential structure of the wet-type coating
apparatus of FIG 1, and FIG 2B is a rij{ght side view thereof; FIG 3 is a
general vertical Teesei andl obhew eplactpt Bre thev &R ¢l PSonstituting
the wet-type coating apparatus of FIG 1, FIG 4 illustrates schematically
t he nonuniseemniby regeriemrer tohitblendgscrirhienat taleRi L FANRACEIPRCt i ve
pi xel area, formed on the surface of a silicone blanket by.a wet-type
coati ng appdahatibe iewcloogiany iage ykiemdnocah wgiabare roll having a uniform
di aneter over its whole ‘
FIG. 1 pertains to a first embodiment of the
'present invention, and is a front sectional view of a
wet—type coating apparatus including a gravure roll, used
for the method of manufacturing an organic
electroluminescence device;
FIG. 2A is a front view showing an essential
structure of the wet-type coating apparatus of FIG. 1,
and FIG. 2B is a right side view thereof;
FIG. 3 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 coating the surface of a

silicone blanket by the coating apparatus of FIG. 1;

FIG. 6 is a general sectional view showing one

12




length; FIG 5 illustrates the coating condition in the e%%ggivi i xel
area, upon coating the surface of a silicone blanket by t Gt ‘Wg
apparatus of FIG 1; FIG 6 is a general sectional view show ng one 12 28
March 2007 exanpl e of an organic el ectrol um nescence devi ce obtained by
‘'t he manufacturing nethod according to the first enbodinment (or a second
enbodi ment) of the present invention; FIGS. 7A and 7B pertain to the
organi c el ectrolum nescence device of FIG 6, in which FIG 7Ais a plan
vi ew of one exanple of a pattern of pixel electrode portions, and FIG 7B
is a sectional view taken along line A-A thereof; FIGS. 8A, 8B, and 8C

pertain to a process of manufacturin he. organi ¢ el ect rol um_nescence

devi ce of e’f—é}r%’f% %ﬁaa%r%r%%%ﬁo%g CF/I‘?Oe]\F/\%me%?gﬁrfcu%t rea;'rtjicr?g C{qu:gea lsnteedgs of
form ng an anade on a_gl ass, substrate and a _hole transport |ayer on the
anode in gmfa %ﬁ%?%?wrﬁwe@ﬁggﬁc%ﬁl%tp%ﬁ% &% he process of

manuf acturing the organic el ectrol um nescence device of FIG 6.and are
sectional STRIAEITRT | [PHsT r2@THY tHPWBPL) f itdte RAASEH of fset

printing step) of formng an
invention;

FIGS. 78 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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el ectron-transporting light em ssion layer in a predeternkgﬁg %%%grn on
the hole transport |ayer on the glass substrate after the H& FI GS

8A to 8C, FIGS. 10A, 10B, and 10C pertain to the second enbodinment of the
present invention in which FIG 10Ais a front view of a wet-type coating
‘apparatus including a 13 28 March 2007 slit, for use in the method of
manuf acturing an organic el ectrolum nescence device, FIG 10B is a right
side view show ng an essential structure thereof, and FIG 10Cis a
perspective view of the slit; FIG 11 is a perspective view show ng anot her
exanple of the slit constituting the wet-type coating apparatus according

to the sec qu? %dhg%pgnpfh%h%et%%%s%@t Lovention; El G, 12.L§;8 genera
sectional “Vie ﬁbmnng another = “exanpl e ot 'the organrc el 8cFFol tm nescence

devi ce obEgined by .t he nanufgfturin?Fg?pPﬁgBaccordimgP%o t?e first

enbodi ment T HHEEEES FE &b SFV Rt pre€eht I HivEntTon: " FI G 13

illustrates schematical |y the | am nate s%r%ctgre of %Eg oiggngc -
el ect r ol uBPRISEEhC FEFERE Lot fEFAEETIFEd T ERE - eABBAT HEnt SY6f *Bhd present
i nvention; and
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 and is a general sectional
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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FIG 14 pertains to one exanple of a conventional wet-typﬁ M)atiE
apparatus and is a general sectional view of wire bars co e Mareh (%H t he

wet -type coating apparatus. DETAI LED DESCRI PTI ON OF THE PREFERRED

EMBODI MENTS Now, enbodi nents of the present invention will be- 14 28 March
2007 described below, referring to the drawings. First Enbodinent FIG 1
is a front sectional view of a wet-type coating apparatus including a
gravure roll, useéd for the nmethod of nmanufacturing an organic

el ectrol um nescence device; FIG 2Ais a front view show ng an essenti al
structure of the wet-type coating apparatus of FIG 1, and FIG 2B is a

right sidaoyew theresl, Flbrcdrifqaroopneraiaygrtical sectional view of a
part of the gravure Fol'l SonsSti futi ng the wet-type coating apparatus of
FIG 1; IbEI.G st ragles schematically the nonuniformty of |ayer

4. ill
t hi ckness fitf 3% g@%f)lgiﬁﬁ’efli Imin an effective pixel area, formed on the
surface of a siljicone bl anket by a wel-type coati appar.atus i.ncluding a
cylindrical gravife totf ha T‘?fét as%%ijf%?%fd‘fla%toeé]gaod‘g‘%TVsp%ol e length;
and FIG 5 illustrates the goati n%. condition in f” effgc%i ve }pi xel area,
upon-coatpﬁﬁtﬂﬁg apppresugs 1pcluding a gravure roll, use or the

'method of manufacturing an organic electroluminescence
device; FIG. 2A is a front view showing an essential
structure of the wet-type coating apparatus of FIG. 1,
and FIG. 2B is a right side view thereof; FIG. 3 is a
general vertical 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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silicone bl anket by the coating apparatus of FIG 1. FIG 2 iﬁ é}_bg(ﬁ@eral
sectional view show ng one exanple of an organic el ectrol &t e

devi ce obtained by the manufacturing nethod according to this enbodi nent
(or a second enbodi mrent which will be described later); FIGS. 7A and 7B
pertain to the organic electrolum nescence device of FIG 6 in which FIG
7A is 15 28 March 2007 a plan view of one exanple of a pattern of pixel
el ectrode portions, and FIG 7B is a sectional view taken along line A-A
thereof; FIGS. 8A, 8B, and 8C pertain to a process of manufacturing the
organi c el ectrolum nescence device of FIG 6 and are sectional views for

illustrating .the Stepsfof form ng, an JJganode on a %Lfs%x% bstrate and a
hol e transpoPt2tayefr” oR t%léea%’éﬂ%ébr% & 1 AR PR fOor R*%and FIGS. 9A, 9B,
and 9C pertain to_the gr pcess of  manufacturing the organi.c
el ectrol unPheStEATE BRYFtRPOf 21 &1® afftl B & SIRATGHAY Vit&ls “PEFD
illustrating the steps (relief reversal offset printing step) of forning
an el ect rdhoRy ahiperArhgtie et e S35 orPA ay®h - i34 8QEEFEtEnitRed pattern
on the hole transport layer on the glass substrate of FIG 8C In the
present i NVEREEHH, 0 BSNANRERDERT (RD AN NP TIFRE B IFHMAGMIP SFEFPEL) f or
coating the surface of a ' :

device of FIG. 6 and are sectional views for illustrating

the steps of forming an anode on a glass substrate and a

hole transport léyer on the ancde in a laminated form;

and FIGS. 9A, 9B, and 9C pertain to the process of

manufacturing the organic electroluminescence device of

"FIG. 6 and are sectional views for illustrating the. steps

(relief reversal offset printing step) of forming'an

electron-transporting light emission layer in a

predetermined pattern on the hole transport layer on the

glass substrate of FIG. 8C.

In the present invention, as a member (coating

liquid drawing-up member) for coating the surface of a

silicone blanket with a coating liquid containing a

polymeric organic EL material, for.example, a gravure

roll 2 provided in its surface with a rugged pattern (a

mesh, or a gravure pattern) and having a vertical

sectional shape as shown in FIG. 3 is used. In the

gravure roll, the rugged pattern is sufficiently moderate

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

so that the uniformity of layer thickness of the coating
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silicone blanket with a coating liquid containing a polyneric or jc EL
material, for.exanple, a gravure roll 2 provided inits gﬁ?ﬂ%%@‘%ﬁﬁ% a
rugged pattern (a mnesh, or a gravure pattern) and having a vertical
sectional shape as shown in FIG 3 is used. In the gravure roll, the
Tugged pattern is sufficiently noderate as conpared with that of the
above-nentioned wire bars 91, so that the uniformty of |ayer thickness of
the coating 16 28 March 2007 filmobtained is better as conpared with that
in the case of using the wire bars. It should be noted, however, that even
with the gravure roll 2 as shown in FIG 3, if the gravure roll is a
cylindrical.,one ving.a, uniformdi aneter over .its _.enti,re l.ength,

Variat ] oneTHiPRoP R BEC Gt S ST Ao e by Rk o RHEe 2 SFayer
width, or the like of the coating liquid (contacted liquid portion) held
between tRE PBENIsHR?altr@ntPXfe silicone bl anket surface, resulting in
that the coating filmfaornmed on the silicone blanket would be in a stripe
pattern as shown I Fhgldbe potet dovigyerpattetnevedarik £1€m portions
greater in filmthickness and coating filmportions smaller in film

t hi ckness ﬁFéVBFﬁeFﬁb%e?yaﬁcﬁhﬁ%ﬂi*Ptékﬁsh%péﬂbﬁjﬁemﬁ§yu€ﬁ tiedicéhtrary,

with a gravure roll 2 tapered at :
- a cylindrical one having a 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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both end portions thereof as shown in FIG 2B, the wuniform f er

t hi ckness of the coating filmis nmarkedly enhanced and evgakéﬁgb%#ﬁgnely
thin coating film can be easily forned in a uniformlayer thickness, which
has been confirnmed experinentally. Thus, for the manufacture of an organic
‘el ectrol um nescence device, cylindrical gravure rolls are preferred to
wire bars, and, anong the gravure rolls, -the tapered gravure roll 2 shown
in FIG 2B is particularly preferable. 17 - -------- ------ e ---
28 March 2007 The gravure roll 2 has both its end portions so tapered that
the dianmeter is decreased toward the outer side in the |ongitudinal

direction, and i&ﬁecgg%ogiec%npgrﬁg?%@@q whi oy d sy & Pasdd o,

corresponding to an fective pixel tormng portion of the silicone

bl anket 1’tasg{1§rle F’c‘ﬂagleéhieg_dii{aﬁleﬁ;:ég %%Eg‘é‘é%@ %@”‘8%9&”93?%@9& gr aV“r.e

pattern as shown in 1 ! and note the
apered PO Y S-GERRAA g IOTLR ol SO B aRRCl the
set to be equal to or slightly smaller than the ol e Iength of the
Si1i cone BEHMKET 22 THELRD Rod S0P OtaEear PIEORAL BRI &
‘ gffective pixel forming pertion 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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el ectrol um nescence device according to this enbodi nent for
manuf acturing the so-called two-1ayer type organic ELD shgmﬁr‘r‘h?ﬂ% 6,

for exanple. Specifically, in fornmng an electron-transporting |ight

~em ssion layer 54 on a hole transport layer 53 in a transparent gl ass
'substrate 51 shown in FIG 8C, a coating filmconposed of a coating |liquid
3 containing a material for constituting the light em ssion |ayer (a
solution or dispersion of the constituent material) is formed on the
surface of the silicone blanket 1 by use of the gravure roll 2 (nmade of
stainless steel, for exanple) as shomn in FIGS. 1 and 2. 18 - -----------

- 28 Mergh 2007 ol 8 fase n d Qe hal o ke grayuse roll 2 i

i mrersed in the coOAt i g t he sil'i cone anket 1 and the

gravure ral rotated in.count ir egl i on: (re roll system,
wher eby th§m53§¥¥ﬁdjlﬁiqu %}1%9'5 6%de§ appe'séxggggﬁe surface of the

S|I|cone fro he | ower sid er eo . gravure. roll 2.
Next , PPJTE\?E( JJ1 5 o oY ﬁr& :}otagteeaotattﬁg ¢BafPREFFImi s
pressed against a reljef prlntl pl at e provi de redet erm ned
pattern, WSy P Fe ¢ QEﬁﬁﬁ%iJQQﬁin%ﬂﬁtﬁﬁe'pW?§§e gnﬁgétcﬁ &489i s

‘transferred | . . .
liguid 3 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
eoating film in the press contact areas is traneferred
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
’hofizental rotational axis. Therefore, the surface of the
silicone blanket 1'iS'fermed of the silicone resin.

. Besides, ih this method of manufacturing an organic
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and renoved fromthe silicone blanket onto the relief prin hﬁglgkﬁéﬁ'
Then, the silicone blanket 1 is brought into contact wi t h? ¢ d on
the hol e transport |ayer 53, whereby the pattern conposed of the coating
filmleft on the surface of the silicone blanket 1 is transferred onto
the hole transport |ayer 53. The silicone blanket 1 has a structure in
which a silicone resin filmla rich in coating filmrelease property is
formed on the surface of a cylindrical body, and the cylindrical body is
set rotatable about a horizontal rotational axis. Therefore, the surface
of the silicone blanket 1 is formed of the silicone resin. Besides, in

this nEtr"&iéHtfHYﬂﬂi(géHéﬂH% %%VQQQQn%%e1§F%%5¥%r%Bl§097Fap%€?% %ﬁd

el ectrol um nescence device, the gravure r tapered a

port] ons Yol 05 SN LG 20 3,50 GhebageC el Lie |aper e

portions are 1oca € non-pix a§8p§%sent on both

sides of the eff ive pixel formn rea (mesh_area, .o ravure pattern
f or mi ng af§§¥x§¥mf&%a§ F&ﬁb%@pﬁygﬁLEgr%?oﬁ?tﬁretﬁPgaE??aﬁﬁgﬁiﬁP, t he
coating liquid is supplied gnd applied to the surface of the sjlicone

bl anket 1 ¥ roMARELHOWEC P PREFEPTRIERE PRePPADePLAREL BT (EFR® di mensi on

in the vertical direction in FIG 2B) of the coating
effective pixel forming area {(mesh area, of 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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liquid (contacted liquid portion) 3a held between the eff
formng area and the surface of the gravure roll 2 is kepgghkﬂgﬁgﬁéalong

the direction of the rotational axis of the silicone blanket 1. As a
result, as shown in FIG 5, the nonuniformty of |layer width of the
‘contacted liquid portion 3a is absorbed by the portions corresponding to
t he non-pi xel -form ng areas, and the coating filmon the surface of the
silicone blanket 1 is so fornmed that the |ayer thickness thereof in the
effective pixel area is uniformand extrenely small. Now, the structure of
the organic el ectrol um nescence device shown in FI G 6 mﬁll be descri bed.
In this or nlc eI ctrolunln scenchdeV| e 70, %g 2007 tthe hol e
transport § E?nﬁgPﬁgd 88 eChe >t M&n Bﬁpgﬂton 8s §ﬁ%iy?a?% 51

provi ded mnth an | TO transparent pixel . electrode %an ode) 52, an

el ect r on- - &FSHFHSE Aticg Rt péﬁW%QanwPéyePHSETQeF PHEPAFERT R% electron
transport layer is forned thereon. Further, a cathode 55 conposed of a
cal ci um ( Gdedtapste ﬂ@@oéﬁhaﬁéungnélé@t?éﬁCtﬁPécFF6ﬁ5pﬁFBb%9t%1%mﬁ an

alum num (Al') layer is provided on the electron-transporting |ight
em ssi on |sdjiesisn 18yyols 456 € XivA NPl §1se ééné@e§190E£PBoﬁé@n§@®¥Ee

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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The I TO transparent pixel electrode 52 may be forned in i I&gd-l i ke
i ndependent patterns for constituting pixel portions 61 a S MReh 9% FI G
7A or may be formed in patterns which are isolated (insulated) from each
other by an insulating material 62 as shown in FIG 7B. Furthernore, the
‘pi xel electrode may be fornmed in stripes. Next, one exanple of the process
of manufacturing the organic electrolum nescence device 70 will be ‘
described in nore detail, referring to FIGS. 8Ato 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). 21 28 March 2007 (2) Second Step A liquid containing a hole transport
| ayer for ni%igSereier S&EP(f or exanpl e, an aqueous sol ution of PEDOT) is
supplied dropw se onto the ITO el ectrodes 52 by use of a mcrosyringe
(FIG 8B), and theligahdpapehtipingsa dubkt rigtansioyts gteat £@TaLTHI gh speed,
whereby the 1 TO electrodes 52 are covered with the coating liquid (spin
coat i ng) . Maneirdent dify, exkarPEDCENwWRRhepesdestnibed ¢atRFDOT) is
supplied 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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(3) Third Step The coating liquid is baked to formthe hol tran rt
- layer 53 (FIG 8C). Next, the followng fourth to sixth stgﬁya‘géﬁr f
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 shown in FIG 9A, a coating liquid containing a material for
form ng the electron- transporting |light em ssion |ayer, for exanple, an

organi ¢ solyent sqluti C ol y(2-nmet.hoxy-5-[2"-

et hyl hexyl %?(f/féqeﬁ %ﬂe‘ﬁ%‘ (e)%lpe\& n%ﬁ( earP%e“(%&e(rteci nahf esrurffc%o rﬂ(}ﬁ 2007
abridged to. VEH-PPV)_is appl]ied to the surface, of the si.licone blanket 1 in
bt edot e Ri-hEaCRay B RREERhels 2 fi SR oW E X (T HhESBoEs) B ch St ep
(Patterning) As shown in FIG 9B, the silicone blanket 1 is brought into
contact wi fA"EnE FORFEAYoRH ' giuss relief printing plate (gl ass mask) 31,

whereby the coating film
{5y Fifth Step (Patterning)

As shown in FIG. 9B, fhe 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

23




3b in contact with the tips of relief portions of the glags,. religef
.printing plate 31 is transferred and renoved fromthe sur?geﬁ“ﬁﬁﬁhq7e
silicone blanket 1. This |eaves a desired coating filmpattern 3d
(effective pixel areas) on the silicone blanket 1. In FIG 9B, synbol 3c
‘denotes unrequired portions of the coating liquid. The relief portions of
the relief printing plate 31 are prelimnarily processed in a pattern
reverse to the pattern of the electron-transporting |ight em ssion | ayer
to be formed. In addition, since the surface of the silicone blanket 1 is
formed of a silicone resinrichin liquid filmrelease property, the

transferring and renpving step ca e carried out easily. and with high
accuracy. - 9 PﬁﬁhsngéﬁrgéffQEPYlaﬁgsﬁﬁﬁﬁePﬂ ﬁf%? g%? ?%%esilicone bl anket
1 after the fifth step is brought into contact with and ro Ieﬂ fn 23 - -
e -l transport. laver o8hREPEK $H67CCfhéNgl AsMshbstTER e Pro¥t ted
thereon with the hole transport |ayer, whereby the coating filmpattern 3d

left on e tdie sdédAccBrahkenketi & LpahspBFEEErOAt O Pt H®l o128 r ansport

| ayer 53. Thereafter, the transferred pattern is baked and dried. By these
steps, thérensporgnlayer 53. Thereafter, 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.
-(75 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 sidé'portions of the resultant assembly are

sealed with an epoxy resin or the like, to complete the
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transporting light emssion |ayer 54 is forned. The electrg sporting
| ight em ssion | ayer 54 can be fornmed not only as a monoch BWY tern

- 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 fornmed on the

el ectron-transporting light emssion |ayer 54 and an al um num | ayer (not
shown) as a nmain electrode is forned thereon, in respective predeterm ned
| ayer thicknesses, and an Au-Ge |layer (not shown) for protection and for

h bondi f t I I [
o1 oot or m DEREN Sy o7 ¢ T ERRBALr S5 RT r e Lt nike 55, (8) B ght h Step A

counter -supstra %é% %Bﬁhomn) i'S put on the Au-Ge |ayer, and side portions
of the resuftah Yhre sealed with an epoxy resin.. or the like, to
conplete the 24 - ----- mm- - eeee--- 28 March 2007 or anlc :

el ect r ol umi nesceddSStevilde A9B SEtthd WEnEsaRtent TRl Bswe OAYPE0B, and 10C

pertain to a wet-type
coating apparatus for use in the method of manufacturing

"an organic electroluminescence device (the relief
reversal offset printing method) in which FIG. 10A is a
front view of the wet-type coating apparatus for use in
the method of 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 apparatus for use in the nmethod of manufacturing an organic
el ectrol um nescence device (the relief reversal offset pr?%WPH% 7hod) in
which FIG 10Ais a front view of the wet-type coating apparatus for use
in the nethod of manufacturing an organic electrolum nescence device,
‘FIG 10B is a right side view showi ng an essential structure thereof, and
FIG 10Cis a perspective viewof a slit constituting the wet-type

coating apparatus. FIG 11 is a perspective view showi hg another exanple
of the slit. The nethod of manufacturing. an organic el ectrolum nescence
device according to this enbodinment is for manufacturing a two-Ilayer type
organi ¢ EL,devyi

devi.c Eomn in FIG _6,, for,exanpl | i.ke i.n fi.rst
. i . h
enbodi nen lnggegosg ElfPﬁgffﬁ,ofnt%gg?%g C%@ KPS f’ji gnwﬁlﬁw FIG 8C,
in forning an electron-transEorting},Ii t emssion la er 5%:on a hol e
transport 1PHGEr 553€ Ehegsafi kgat 1 7 tbnpbsty o % T i qui d (a
sol ution or a.disgers[on) containing a material for consti %thg t he
li ght eni $sPBRiNGyEEAPEAf BF ABEP SRR HRSBREF he eV ¥ Tl 1%il?’i%vdr$£ﬁ I'dhket 1 by
suppl yi ng and apEIying the coating 25 28 March 2007 liquid to the surface
of the sibhtohéehl sakdhel rhrefmirnal PEker ofi F&et WehdornE R1AERH 111 as a
- coating nenber _ :
as shown in FIGS. 10A to 10C. The other steps are the
_same as those in the first embodiment above.
The slit 11 is constituted by disposing two
stainless steel-made or glass-made flat plates 12 and 13
in parallel to and opposite to each other, with an
'appropriate spacing therebetween, in such a manner that
the gaps between left and right end portions of the flat
plates are entirely closed with flat plates 14 formed of
' the same material as that of the above flat plates 12 and
13. In this case, the spacing between the surface of the
silicone blanket 1 and top faces of the two flat plates
12 and 13 is uniform at a slit portion corresponding to
- the effective pixel forming area of the silicone blanket
1. In addition, at slit portions'corresponding to the
non-pixel-forming areas present on both side of the
effective pixel forming area of the silicone blanket 1,
the top faces of the flat plates 12 and 13 are slant
. surfaces with a downward gradient from the-central

portion side toward the end portion sides along the

rotational axis of the silicone blanket 1. In FIGS. 10B
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(coating liquid drawi ng-up nenber), which is provided in | 1. e o the
rotational axis of the silicone blanket 1, as shown in Flggﬁﬁ#fﬂéQd? 10C.
The other steps are the sane as those in the first enbodi ment above. The
slit 11 is constituted by disposing two stainless steel-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 fl at
plates 12 and 13. In this case, the spacing between the surface of the
silicone blanket 1 and top faces of the two fl at and 13 is

) Iaées 12

uni f or m atangl Si0C, Forbrén lder FespsRai Agttat PRECLPT ettt W xetFor ni ng
area of the silicone blanket 1. In addition, at slit portions
cor r espondifngheo filkg pRomepi %8| 2n6r ABngTar 643thr 3Rt SHIPDLE N EF de of the
effective pixel formng area of the silicone blanket 1, the top faces of
the flat pirat dsclZeandel§radéestanprtiantacessii thted dofnes ¢ +r%di ent from
the central portion side toward the end portion sides along the
rot at i onalsw@@sseaf. theesitacbaet bbenketnd . cdrrdde®d 0B 26 Aqpdech 2007
and 10C, synbol 1lla denotes a flat portion (the top faces

. portions 2b and 2c¢ 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 layer thickness in

the effective pixel area uniform and extremely small, as

shown in FIG. 5.

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

formed by opposing two flat plates 22 and 23 to each
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of the flat plates 12 and 13 are flat), and synbols lib ang gh
gradient portions constituted of the slant surfaces. The p ortlons
correspond to the tapered portions 2b and 2c in the gravure roll shomm in
FIG 2. Wth such a slit 11 thus provided, the coating liquid is supplied
‘and applied to the surface of the silicone blanket 1 fromthe |ower 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 formng area of the silicone blanket 1 and the top
faces of the flat plates 12 and 13 is kept uniformalong the direction of
the rotational axis of the silicone blanket 1. According to_ this

manuf actuprtharnet%a a| PRACHRIt HRSERRET IR nPRIHANT WRSTIiNRedt . the

nonuni form t | ayer width of the contacted I|qU|d portion 3a in FIG

10B is ab§@F%é@ln5y0 he2pdr P brger of ¢ &5 poilli Highto aite RBH-Y5IB8I%H or ni ng
areas, resulting in that the coating filmon the surface of the silicone
bl anket 1the foahedlareh Lheahdy?dd (PRekriezstions tHealef fad¢t i ve pixel area
uniformand extrenmely small, as shown in FIG 5. On the other hand, .a
slit 21 shbwming Fo@riilals p«botn@rdsbyfotpip@sgafgs tWAcHf Ifaliatplpda:aé§522 and 23
to each 27 28 March 2007

24. In this case, the coating liguid is supplied and

applied to the surface of the silicone blanket ffom 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 thé rotational axis of the silicone blanket. In this
slit 21, the open portions 2la correspond to the gradient
portions 11b and 1llc of the slit 11, and the same
function and_effect as those in the case of the slit 11
can be obtained.

The manufacturing methods according to the ﬁirst
and second embodiments are preferable also for
manufactqring a top emission type organic
electroluminescence device 80 as shown in FIG. 12. The
top emission type organic EL device 80 has a totally
s0lid state sgructure in which a'first_electrode'BZ, an
bfganic layer 83, and a second electrode 84 are

sequentially laminated on a substrate 81, a passivation
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-other, with a spacing therebetween, opening upper half portions of_ gaps
between left and right end portions of the flat plates ZZZQ%@“ﬁBZ pen
portions 2la), and closing |lower half portions of the gaps with flat
plates 2.4. In this case, the coating liquid'is supplied and applied to
the surface of the silicone blanket fromthe |ower side thereof via the
slit 21 while the layer wwdth of the coating liquid (contacted |iquid
portion) held between the portion corresponding to the effective pixel
formng area of the silicone blanket and top faces of the flat plates 22
and 23 is kept uniformalong the direction of the rotational axis of the
silicone bl anket. In <_aoortio s .21a correspond to the

gradient pHorPi SRS P Q{é{ﬁb ﬂ)}é&(ﬁ%lck%tea}hgﬁﬁpqonen%,r%% Jheel‘:‘\_scarrre:LC function and
TNt act ur FRGSRBERoUS. ACCSRATRY 5 THe 1970Y Shr Getind it i s are
preferable also for manufacturing a top em ssion type organic,.
el ectrol unPaeséEatecHelie® 89 2825pdwWPT et )g wyh aﬁ]eepo[%'p SRtk on type
organic EL device 80 has a totally solid state structure in which a first
el ectrode 82¢d anglasganhet| alyern 83 Thengulpséeedid 841 6t FOHRCSEaPE -
sequentially lam nated on a substrate 81, a passivation 28 :

for example, a transparent glass substrate, a

semiconductor substrate, or the like and may be.a

flexible one. The first electrode 82 is used as a 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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28 March 2007 film (not shown) formed of a transparent dIE Sftrlihnnteria
is lam nated on the second el ectrode 84, and the passivat Blareh 2997,
sealed (potted) with an epoxy resin and a glass, not shown. The substrate
81 is conposed of, for exanple, a transparent glass substrate, a

‘'sem conductor substrate, or the like and may be a flexible one. The first
el ectrode 82 is used as a cathode serving also as a reflective |ayer and
is formed 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 rang% f 100.to0,300 nm nlc #a er 83 | forned by
forming atREFE ?%anépBP%uFéVErp§§8a5§ SB¥ 585? H gd?y?%gym? in vacuum

at 120C for one hour, and then formng a _light em ssion |ayer 83b serving
al so as aRYEREECr & PP§ﬁ§b6tt1Fa§%r°B anéﬁag?nﬁe%ﬁdlﬁrﬁfﬁﬁ In formng the
| ight em ssion layer 83b, printing is sequen tlaIIy conducted for R, G and
B colors by theRfethefPoLxessit PIanihE & FHRIEYIRI i th
each printing step foll owed by drying, for exanple |n vacuuntat 1200 C
for one hoeterfhdshelre brafsporrefR9BAiB3AYi §0cBAPBseddfBt iRl PEDOT
descri bed above. As a coating liquid for formng the |light em ssion
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: pely[{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
cemponent layers thereof is in terms of;optical layer
thickness. For example, nhere the PEDOT layer thickness
is 20 nm, the Red layer thickness is 75 nm, the Green

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

device 80, ﬁhe second electrode 84 is composed of 'a Ca
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29 28 March 2007 |ayer 83b, a solution prepared by dissolyin gol mer
organic EL material in an organic solvent is used. As the 5%W§W§? @Jorganic
EL material, the followng materials are used correspondingly to R G and
B colors, respectively. For Red:
‘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
G een: 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-{Il,4- (2,5-dinethoxy)benzene}] The
| ayer thickness (filmthickness) of the hole transport Ia&er ggg and the
li ght emi SiH¥AT |&Aferfapd Y J8RIFabieposdition t RE MInge JFYES £6°100 nm
Here, the |ayer thickness of each of the organic |ayer 83 and conponent
| ayer s t heffmgied Dy vapameofdegpsiddion . aped 2ohildikndsyerFdiCexanpl e, where
the PEDOT | ayer thickness is 20 nm the Red |ayer thickness is 75 nm the
G een | apmali ckites sdegh almctande 84 Blage & dypaent IFogieiadd t=en 45 rim
In addition, in the organic el ectrolum nescence .
of vapor deposited Ca layer/vapor co—deposited Mg-Ag
layer/ITO layer. The total layer thickness of the Ca
layer 84a and the Mg-Ag layer 84b is set in the range of
5 to 50 nm, and the layer thickness of the Ca layer 84a
is set in the range of 3 to 30 nm. The layer thickness of
the ITO layer 84c is preferably set in the range of 30 to
1000 nm. Besides, in place of the ITO layer 84c, a layer
of a material generally used as a transparent electrode,
‘such as a mixture of indium and zinc oxide, may be formed.
Furthermore, a 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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device 80, the second el ectrode 84 is conposed of a Ca 30 éWg@bYZOW
| ayer 84a fornmed by vapor deposition, an My-Ag | ayer 84b £ vapor
co-deposition, and an I TO |l ayer 84c. Nanely, the second el ectrode 84 has a
| ayer constitution of vapor deposited Ca |ayer/vapor co-deposited M- Ag
Tayer/1TO | ayer. The total |ayer thickness of the Ca |ayer 84a and the
My-Ag layer 84b is set in the range of 5 to 50 nm and the |ayer thickness
of the Ca layer 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 m xture of indi.umand zinc

oxi de, may PR FHIFRL" BRT HYHOHE S EaVEESHTII9h Gt SSFown) f or ned
of a transparent dielectric material is |lamnated on the second el ectrode
84. As theskeuhshareht- diel edfr AP &P d1ABTePMAFSALY RIL  ef racti ve
index on the sane |evel as that of the second el ectrode 84, for exanple,
silicon oxiagex Siep)udas |nerPmiy ritieq Sithe divp-hawey iR HHAHE used,
and the |ayer thickness thereof is set, for exanple, in the range of 500
to 1000 nnin THEG orgamie @lertilotamiafesdence daviless thitficH a1 the obj ects

of the manufacturing nmethod according to the
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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present invention, include both bottom em ssion type organ
el ectrol unm nescence devices shown in FIG_ 6 and 31 28 Nhrc88§®W#1ZQQﬁ)

em ssion type organi c el ectrol um nescence devices shown in FIG 12. In
addition, the light em ssion region |layer includes not only those of the
two-1layer type shown in FIG 6 but also those of the so-called three-Ilayer
type and five-layer type. A three-layer type organic electrolum nescence
device has a structure in which an I TO anode, a hole transport |ayer, a

i ght em ssion |layer, an electron 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 ectrqolum nescence .device ha tructyre in
whi ch an [FFOTSRGFE ™Y ol %_Fﬁﬁ§8998n Fayé&r, * %gﬂg F%%ﬁé%%ftgﬁaégr, a
light em ssion |ayer, an electron transpaort Layeﬁ, an glgg%rondinjection
| ayer, andi@hfetliSsd oPatk¥decare  PanT RET EG Vi ™t Ri-66r Q&r =" dn*d gl ass
substrate. Now, exanples of the present invention will _be descrijbed.
Exanpl e 1 aaVEdufdeithr €ngr sérgafey IEPe8FR8RUATNEEYenBePBRGECBS THV thi s
exanpl e, a bottom em ssion type polyneric organic electrolum nescence
devi ce hawiang mamufaicdured. 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 sguare 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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structure shown in FIGS. 6 and 13 was nanufactured Her e,

illustrates the case where PPV was used as an el ectron- trgﬁéﬁﬁﬂlﬁﬁg

pol ymer for formng an electron 32 28 March 2007 transporting |ight

em ssion layer; in this exanple, an EL 1ight em ssion device using MEH PPV
in place of PPV and an EL |ight em ssion device using CN-PPV in place of
PPV were manufactured. Incidentally, in FIG 13, the polyimde film
having a filmthickness of 2 Jimis an insulation film First, a pattern
of I TO transparent pixel electrode as the first electrode was fornmed in a
filmthickness 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 urface of the glass substrate by spin
coating, to forma cpating i I myhavi ng | ayer thickness of 60 nm thereby
covering the ITO elfectrode. coating ¥ilmwas baked in a nitrogen gas

at nosphere at 12000f f or the hole transport |ayer (for

t hese steps, see Fy 35 ¢ (3, 4) - eht yl enedi oxyt hi ophene] is
a hole- transporti lpound having a structural
formula I: 33

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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28 March 2007 Cl p 1SS $ v formula | Next, by use of th t-t
coating apparatus shown in FIGS. 1 and 2, .an electron-trgﬁgﬁﬁ?léﬁﬁ | i ght
em ssion |ayer was formed by the relief reversal offset printing nethod
shown in FIG 9. The gravure roll shown in FIG 2 is nade of stainless
~'steel, is tapered at both end portions thereof wth its dianmeter gradually
reduced toward the outer sides along its longitudinal direction, and its
portion (cylindrical portion) corresponding to the effective pixel form ng
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 whol e |l ength_(Lat+2Lb) 80.0 t | ength La
of the cylMPrdeYEalagorli ft2a TRELIEH L1 Hm © ﬁewﬁgiﬁtﬁeﬁgtgrggagﬁeof t he
tapered portions 2b_and 2c was 10,0 t he _di aneter 0 he cylindri cal
portion Eéaﬁﬁ§elﬁ?élnﬂﬁsaﬁ8ttﬁguaﬂaﬁg?g?edwg?i?Ege?gF%)%%d£h%ortions was
11.6 mm Besides, referring to FIG 3, the depth of the valleys was 10 Am
and the pisiéhcenpet Rgagher. .. - - - B R

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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28 March 2007 valleys was 10 a m Incidentally, the whole Igg&%qbf t he
gravure roll was set equal to the whole |length of the si | # C ket .
Thus, in the wet-type coating apparatus, in order to restrain the

nonuni formty of |ayer thickness of the coating film the Iength of the
contacted liquid portion was controlled so as not to exceed the whole

| ength of the gravure roll, the surface velocity of the silicone bl anket
was controlled to 3.0 nmsec, and the surface velocity of the gravure rol
was controlled to 2.0 mmsec. In the step of formng the

el ectron-transporting |ight em ssion |ayer, an organic solvent solution 1,
2, or 3 of an _electron-transporting polLyner shown in the follow ng (A,
(B), or (dﬁ)wagraﬁﬁFFeﬂo%ﬁe%tp?%ﬁ%?é?ﬁi ed pattern, and the resulti.ng
coating filmwas baked in a nitrogen atnosphere at 7000 for two_ hour.

After the * BEKi n§, sthectayet farekhesEIhas 803 AmS PRE tEoRPoNEALE tand
conposi tions of the organic solvent solutions 1 to 3 of the .

el ectron-trHasporieng polyners are as follows: 434 @gEmiky suti@th
solution 1 MEH PPV of structural fornmula Il 1.5 parts by weight Mesitylene
39.0 parts bytweight Tetralin 60.0.parts by wélylft 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 I
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35 28 March 2007 (B) Organic solvent solution 2 ' PPV of 554§§$§{$#)fornula
[11. 1.5 parts by weight Mesitylene 49.0 parts by wei ght 750.0
parts by weight (C O ganic 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 n Meo ... formula Il MEH PPV:

pol y(2- met hoxy-5-(2' - et hyl hexyl oxy) -1, 4- phenyl ene- V|nylene) formula I
36 28 March 2007 Ote CNCH3 CNn ... formula IV Incidentally, NMEH PPV

has an em ssion col or of orange and a fluorescence wavel ength of 500 nm
PPV has an emi ssion color of green and a fluorescence wavel ength of 525
nm and CN-PPV has an em ssion color of blue and a

ChMe

. 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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fl uorescence mavelength of 430 nm Next, a caIC|un1Iayer in R%¥¢%%€Hess of
30 nmand an alum num|ayer (main electrode) in a thlckne§§
were sequentially forned on the electron-transporting 1|ight em ssion |ayer
by vapor deposition, followed by patterning. Further, an Au-Ce |ayer for
‘protection and for enhanci ng bondi ng property was fornmed on the al um num
| ayer, to formthe second el ectrode. <Evaluation of Em ssion
Characteristics of Organic El ectrolum nescence Device> For the three kinds
of organic el ectrolum nescence devices manufactured as descri bed above,
em ssion efficiency and em ssion intensity mere measured, the results
being given below.. Fromthe results it was 37 -- - =------ - 28 March 2007
conflrnedCPﬁéﬂrméécﬁpéﬁngaF6°Fﬁén9eFPth?e§§R§8¢ BFVgéﬁalp?Fﬁﬁ?Eg net hod
using the wet-type coating apparatus according to the present invention,
excel | ent Prighingerisbpen Uehagather WetiE¥Pas CPRE3BIORPRATBFYRNI C
el ectrol um nescence device with an electron- transportlng. | i ght .em ssi on
| ayer forpedobgdingetepithecpaeisagtmintedtiavcordicaglentt heghtl ated art can
be obtained. (a) Orange light-emtting organic el ectrolum nescence
emission characteristics as those of an organic
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/m2
.{(b) Green light-emitting organic electroluminescence
device (PPV was used)
Emission efficieﬁcy: 2.4 cd/A
Emission intensity: 1500 cd/m?
(c} Blue light-emitting organic electroluminescence
‘device (CN-PPV was used)

Emission efficiency: 1.4 cd/A

Emission intensity: 1000 cd/m’

'Example 2
<Manufacture of Orgaric Electroluminescence Device> *
An-orange light—-emitting organic

‘electroluminescence device, a green light?emitting
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devi ce (MEH PPV was used) Em ssion efficiency: 2.2 cd/A Epjssion
intensity: 1200 cd/n2 (b) Geen light-emtting organic el eré% E’%F‘g}ﬁq?gscence
devi ce (PPV was used) Enmission efficiency: 2.4 cd/A Em ssion intensity:
1500 cd/nm2 (c) Blue light-emtting organic el ectrol um nescence device
‘(CN- PPV was used) Em ssion efficiency: 1.4 cd/A Em ssion intensity: 1000
cd/n2 Exanple 2 <Manufacture of Organic El ectrolum nescence Device> An
orange light-emtting organic electrolum nescence device, a green
light-emtting 38 28 March 2007 organic el ectrol um nescence device, and a
blue I'ight emtting organic el ectrol um nescence device were manufactured
by use of the sane apparatus, nethod, and, conditions as _in_ Example 1, -
except t ha®r¥elappheat 1Rl uBhpakCeRCE &V iIte nandsePlde tiHehtet - t ype
coating apparatus for forming an electron-transporting light emnssion
| ayer. | n ¢mkelrasesyandt ettéoigre @ sqgB;e 49 Gfholeed ength (L1+2L2) of
the slit was 80.0 nm the :

manufactured by use of the same apparatus, method, 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

.8ilicone 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
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length L1 of the flat portion Ila was 60.0 nm the length of each of
the gradient portions Ilb and Ilc was 10.0 mm and the gr%%ﬁ@ﬁ?“%ﬁﬁLZ)

thereof was 1/50. In addition, the slit spacing (the spacing between the
opposed flat plates 12 and 13) was set to 200 9m and the whole | ength of
‘the slit was set equal to the whole length of the silicone blanket. Thus,
the length of the contacted |iquid portion was controlled so as not to:
exceed the whole length of the slit, and the surface velocity of the
silicone bl anket was controlled to 3.0 misec. The organic

el ectrol um nescence devices thus obtained had em ssion efficiency and

em ssion intensity characteristics equivalent to thase oQ%ained i n Exanpl e
1. Whileu§dﬁF§F€PPe§%€ﬁb8 rE&e 8Pgtﬁ§rﬁﬁ§éﬂ??oﬂa%gge BRER descri bed using
specific ternms, such description is for illustrative_purposes only, and it
is to be 33POURACKR2I66PI GRGEr 60dPLRAT EhaRgRR® and €%$iations may be
made without departing fromthe spirit or scope of the follow ng clains.
40 28 Mar d®ldeoinoWHARimS-CLAIMED |S: 1. A method of manufacturing an
organic
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el ectrol um nescence device conprising, between a first electrode and a
second el ectrode, layers having light enission regions pat®MardRd9d 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 |layer on a surface of a

silicone blanket, then pressing a relief printing plate against said
coating film transferring and renoving said coating filmat the pressed
areas from said silicon blanket onto said relief printing plate, and
transferring a pattern conposed of said coating filmleft on said surface
of said silicone blanket onto a surface to be provided thereon with said
| ayer, anWHAEi §ScohPLINEPI £8did is supplied and applied to said surface of
said silicone blanket fromthe |ower side_ thereof via a gravure rol
provi ded with a ¥ratumethest o AP LaTh8TABENBA BFIABAGT act uri ng an organic
el ectrol um nescence device as set forth in claiml, wherein said gravure
rol |, whi ehersroapoindsaenpet Heehde 4ampPBiskrgh DODVeeRor tFBREt t hereof, is
provi ded in such a position that _
electrode and a second electrode, layers having light
emission regions patterned on a pixel basis, wherein
at least one of said layers having said light
emission regions is formed by
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 said 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 liquid 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,
" ‘wherein

said gravure roll, which is tapered at both end
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said tapered portions correspond to non-pixel-formng areas on both sides
of an effective pixel formng area, of said silicone bl ankéMarghd0ai d
coating liquid is supplied and applied to said surface of said silicone
bl anket fromthe |ower side thereof. 3. A nethod of manufacturing an
‘organi ¢ .el ectrol um nescence device conprising, between a first electrode
and a second el ectrode, layers having light em ssion regions patterned on
a pixel basis, wherein at |east one of said |layers having said |ight
em ssion regions is forned by formng a coating filmconprised of a coating
liquid containing a constituent material of said |layer on a surface of a
silicone blanket, then pressing a relief printing plate against said
coating fidantigumstiangaly Ehdremsdchgsaurbicgatdasg thionmthatt he pressed
portions fromsaid silicone blanket onto said relief printing plate, and
transferrissgid patesrd monposed afrsapbnda dat img-filxel-¢birmangsai d surface
of said silicone blanket onto a surface to be provided thereon with said
| ayer, anchrssidd crodtdtitg didps cbf sarsupffdadwngiaeql ifedriagsarda,42 28 March
2007
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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surface of said silicone blanket fromthe | ower side thereghéxiqhﬁ%ﬁjit
provided in parallel to the rotational axis of said silic 3t t

The met hod of manufacturing an organic el ectrol um nescence device as set
forth in claim3, wherein said slit is forned by opposing two flat plates
to each other with a spacing therebetween, and totally closing gaps
between left and right end portions of said flat plates, the spacing

bet ween said surface of said silicone blanket and top faces of said two
flat plates is uniform at a slit portion corresponding to an effective
pixel. form ng area of said silicone bl anket, whereas said top faces of
said two flat plat S nt sur ith a do war d dient fromthe
central pSPEi6 g SP& l&ﬁae %& %ﬁ%ﬁ%ﬁgg BFet %W?ot%}$%nal axis of
said silicone blanket at sllt gortlons corrgfg ndi ng to non |§§£ form ng
ar eas pred&SEegt HdehasPdds BFOYARGlefPeBEFT ﬁ &Rl %rﬁ??ﬁf%&%& of said

silicone blanket, and said coating liquid is supplied and applled to said
surface of*d& @fsiPRiEofidlBranRePlPPERTthe | ower side thereof via said

slit. 5. The nethod of manufacturing an organic 43
' 4. The method of manufacturing an organic

electroluminescence device as set forth in claim 3,
wherein
said slit is formed by opposing two flat plates to
each other with a spacing therebetween, and 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 two 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
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----------- --- - ----- - ---- 28 March 2007 el ectrol ym nescence
deV|ce as set forth inclaim3, wherein said slit is for ﬁwﬁvﬂﬁaﬁﬁsing

two flat plates to each other with a spacing therebetween, opening upper
hal f portions of gaps between left and right end portions of said flat
plates, and closing lower half portions of said gaps, and said coating
liquid is supplied and applied to said surface of said silicone bl anket
fromthe |l ower side thereof via said slit. 44 ------- ------ 28 March 2007
METHOD OF MANUFACTURI NG ORGANI C ELECTROLUM NESCENCE DEVI CE ABSTRACT OF THE
DI SCLOSURE I n a wet=type coating apparatus, a gravure roll tapered at both
end portions thereof is provided. In this case, the tapered portions are

| ocat ed benkegtralomisisatend i g ardas B dseiith ¢ deRTsPdes of an
effective pixel formng area of a silicone blanket. Wth this arrangenent,

a coating whepgidris supplied and applied to the surface of the silicone
bl anket fromthe |ower side thereof while

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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the filmwidth of a contacted liquid portion held between _the effective
pi xel form ng area-and the surface of the gravure roll fszﬁéﬁ¥CQ@WQQwrn
along the direction of the rotational axis of the silicone blanket. By
this coating nethod, the nonuniformty of filmwdth of the contacted
1iquid portion and the |ike are absorbed by the tapered portions

correspondi ng to the non-pixel-form ng.areas. E
€sp 9 Lo BNEERR P uRtREG 2 40

ORGANIC ELECTROLUMINESCENCE DEVICE
ABSTRACT OF THE DISCLOSURE
In a wetFtype coating apparatus, a gravure roll
tapered at both end portions thereof is provided. In,this
cése, the tapered portions are located beneath non-pixel-
forming areas present on both sides of an effective pixel
forming érea of a silicone blanket. With this érrangement,
a‘coating liquid is supplied and applied to the surface
- of the silicone blanket from the lower side thereof while
the film width of a contacted liquid portion held between
the effective pixel forming area and the surface of the
gravure roll is kept uniform Along the direction ofrthé
rotétional axis of the silicone blahket. By this coating
method, the nonuniformity of film width of the aontacted
liguid portion and the like are absorbed by the fapered

portions corresponding to the non-pixel-forming areas.

FIG. 2
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