; WAKYe3eN(v6T~Il . pe~a~~o~ Technical Field The present in ion relates to
an el ectrol Ui nescent devi ce, for exanple, suitable for ssﬁ aneous

| um nescent type thin, flat displays and the |ike. Backgrourd Art

Li ghtwei ght, highly efficient flat panel displays have been extensively
studi ed and devel oped, for exanple, for picture display of conputers and
tel evision sets. One of these flat panel displays is a cathode-ray tube

(CRT), which is high in Ium nance and good in col or reproducibjli is
therefore being used as the nost popul ar display at pr eseng\“\“ﬂﬂw‘mw\mmj
however, has problens that it is relatively heavy and bul ky! Irghin
power consunption. To sol ve such BRSEREEMIONM |iquid crystal di spiay” has

been put into market as a lightweight, thin display and it | i ng

wi dely avail abl e; however, it also has problens inherent thmmmm” m: S,

narrow view ng 1 i ' angle and insufficient responsiveness tq ta xel
of

signal s. TheLktgrodumryssekndi spiragehas a further problemin t ePYp2*
fabrication. In particular, along with the tendency toward a | arger screen

of the liquid crystal display, the fabrication of the |liquid crystal
di spl ay becones dirfficult, with the raised fabrication cost. A display

using |ightygpyhikng g%gggs is often used in place of the liquid crystal
di splay; however, It also has problens in terns of high fabrication cost

and The present invention relates to an
electroluminescent device, for example, suitable for
spontaneous luminescent type thin, flat displays and the

like.

Background Art

Lightweight, highly efficient flat panel displays
have been extensively studied and developed, for example,
for picture display of computers and television sets.

One of these flat panel displays is a cathode-ray
tube (CRT), which is high in luminance and good in color
reproducibility, and is therefore being used as the most
popular display at present. The CRT, however, has
problems that it is relatively heavy and bulky, and is
high in power consumption.

To solve such problems, a liquid crystal display
has been put into market as a lightweight, thin display
and it is now becoming widely available; however, it also

has problems inherent thereto, that is, narrow viewing



difficulty in formation of a matrix structure of light emtting di odes on
one substra®e. As a flat panel display capable of solving these problens,
an organi c el ectrol um nescent device (organic EL device) using an organic
| umi nescent material becomes a focus of attention. Because the organic

el ectrol um nescent device using an organi c conpound as a | um nescent
material emts spontaneous light, it is expected as a flat panel display
capabl e of realizing fast response speed and good inage display with no
dependence on view ng angle. An el ectrolum nescent device using an organic
conpound as a constituent material has been reported in Applied Physics
Letters, Sangpe 988 (1298FfFichimnthirespepeitvenEssWoTaagtepiaktl di scl ose the
el ectrol um nescent 2 s device having a structure that an organic

| um nescenkibAyes . STISé aCk@aidnc By Shal gfi s s ks 4 e th dih o ok
describes that the el ectrolum nescent device having good characteristics

can be obtahnedrhY VS BEbLEEEcati8nqui 10! paetdcwl aw) e LePl e er ei nafter,
referred to as "Alq3") exhibiting both a high | um nous efficiency and an

el ectron tgaRapAE§Pbivh¥qa8 2akBBENQES BRI 8Fi 8he CigqWigTapgsehial . al so
di scl ose, in Journal of Applied Physics, 65, p. 3618 (1989), an

el ect rol ””hggé‘i\%ﬁ,h@ﬁ%i Egb&iﬁ%@%ﬁr B%G‘Eht@yéggﬁkagc@b%aiOéﬁﬁga h organic

| um nous | a a phosphorous pignmen as a coumarin detivative or
o, (oY B TR0, ok ead Ty B FRREAOHCRRRRE Sl 12, 1 1°
changed by SUitabLﬁ'display using light emitting diodes is often
used in place of the liquid crystal display; however, it
also has problems in terms of high fabrication cost and
difficulty in formation of a matrix structure of light
emitting diodes on one substrate.
As a flat panel display capable of solving these
problems, an organic electroluminescent device (organic
EL device) using an organic luminescent material becomes
a focus of attention. Because the organic
electroluminescent device using an organic compound as a
luminescent material emits spontaneous light, it is
expected as a flat panel display capable of realizing
fast response speed and good image display with no
dependence on viewing angle.
An electroluminescent device using an organic
compound as a constituent material has been reported in

Applied Physics Letters, 51, p. 913 (1987). 1In this

report, C. W. Tang et al. disclose the electroluminescent



selecting the kind of the pignment, and the |um nous efficiency of the
doped-type gani ¢ el ectrol um nescent device is superior to that of a
non- doped organi c el ectrol um nescent device. Follow ng the study on the
organi ¢ el'ectrol um nescent device by C. W Tang et al., various studies
have been nade to devel op new functional materials, for exanple,
phosphorous | um nous chel ate netal conpl exes, electron transportable
organi ¢ nol ecules, 3 t and hol e transportabl e organic nol ecul es, and al so
vari ous exam nati ons have been made to develop full-color organic

el ectrol um nescent devices. FIG 8 shows one exanple of a related art
organi ¢ el edevékcenmhagdogne deviicturAntbagasncoepevticoluminescent (EL)
device 73A is fabricated by sequentially formng, on a transparent gl ass
substrate 5layart tanspacketl phxel chbeger adengpoede)ay2rnade from I TO
(IndiumTin Oxide), a hole transport layer 54, a |um nous |ayer 75, an
el ectron transportThayespSbt @&k Bises hetlet 62he byl cvBeLum Kleposn £ i on
process or the like. The organic el ectrol um nescent (EL) device 73A is

operated asqtokbewnaviageh¥odBBArackerigktiagecid be aBrhigdgbsgiween the
| TO transparent pixel electrode 52 as an anode and the cathode 62, holes

(positive hgkeg) %%i%ar(@%ﬁgipbfﬂiiﬁ‘é&?daﬁh%hggec, H}Qﬂﬁ&aﬁﬁle%%'éf%%?'

el ectrode 52 mgrate to um nous | ayer via the hole transport |ayer
54, while e inj ected Lro : ] uni nous
| ayer 75 vi%g?hégg?eggrgg tg%h%pg}%£$%§€%bﬁgﬁb$%hE%Eégéﬁe%%n ?ﬁ%&ion of

efficiency and an electron transpotability as a luminous
material. C. W. Tang et al. also disclose, in Journal of
Applied Physics, 65, p. 3610 (1989), an
electroluminescent device characterized by doping Algs
forming an organic luminous layer with a phosphorous
pigment such as a coumarin derivative or DCM1 (produced
by Eastman Chemicals Inc.). This report describes that
the luminous color of such a doped type organic
electroluminescent device is changed by suitably
selecting the kind of the pigment, and the luminous
efficiency of the doped-type organic electroluminescent
device is superior to that of a non-doped organic
electroluminescent device.

Following the study on the organic
electroluminescent device by C. W. Tang et al., various
studies have been made to develop new functional
materials, for example, phosphorous luminous chelate

metal complexes, electron transportable organic molecules,



pairs of the electrons and hol es, thereby producing |um nescence 76 having
a specific wavel ength. The | um nescence 76 i s observable fromthe
transparent glass 4 i substrate 51 side. FIG 9 shows another related art
organi ¢ el'ectrol umi nescent device 73B, in which an electron transport |ayer
55A Serves as a lum nous |ayer. The structure of the organic

el ectrol um nescent |ayer 73B has a stacked structure shown in FIG 10, in
which a transparent pixel electrode (anode) 52 made fromITO is provided on
a glass substrate 51, a hole transport layer 54 is forned on the pixel

el ectrode 52, and an electron transport emtting layer 55A is forned on the
hol e transpantd hajer tmdnspoeahkbilenviGanhiktamele631&6r andreasong the

i njection characteristic of electrons is forned on the electron transport

emtting | ayaridhd, erBMiaBtabyA RHe(Béenl A¥EE €6 HevELopeHuDD-EHEoEAl Cium
| ayer 63. In the above |layer structure of the organic el ectrol um nescent

(EL) deviceot3dBnikheiBekeot haRRReEEnkayeyiedsi s made from
pol y(3, 4) - et hyl ene di oxyt hi ophene (hereinafter, referred to as "PEDOT"),

and the electron tgpaspory &Nn;t(glgggei%?( e O5A 1S, od rom (E}?"le‘%l‘_‘(r’gidget hoxy

5-(2' - et hyl hexyl oxy) - 1, 4- phenyl enevi nyl'ene) (hereinafter, r to as

"NEH-PPV").T;Efgsgégggseaﬁ%gg &Qggthe calcium (Ca) |ayer 63 and the

al um num (A arerornmed on the hole transport |ayer 54 and

the 5 An organic electroluminescent (EL) device 73A is

fabricated by sequentially forming, on a transparent
glass substrate 51, a transparent pixel electrode (anode)
52 made from ITO (Indium Tin Oxide), a hole transport
layer 54, a luminous layer 75, an electron transport
layer 55, and a cathode 62, by a vacuum deposition
process or the like.

The organic electroluminescent (EL) device 73A is
operated as follows: namely, when a DC voltage 74 is
applied between the ITO transparent pixel eleetrode 52 as
an anode and the cathode 62, holes (positive holes) as
carriers injected from the ITO transparent pixel
electrode 52 migrate to the luminous layer 75 wvia the
hole transport layer 54, while electrons injected from
the cathode 62 migrate to the luminous layer 75 via the
electron transport layer 55, to cause recombination of
pairs of the electrons and holes, thereby producing
luminescence 76 having a specific wavelength. The

luminescence 76 is observable from the transparent glass



L electron transport emtting | ayer 55A, constitute a cathode 62. FIG 11
shows a constitution exanple of a flat display using the organic

el ectrol um nescent device 73B shown in FIG 10. As shown in this figure, an
organi ¢ st'acked structure conposed of the electron transport |ayer 55A and
the hole transport |ayer 54 is disposed into a specific pattern between the
cat hodes 62 and the anodes 52. The cathodes 62 and the anodes 52 are forned
into stripe shapes perpendicular to each other. A signal voltage is applied
froma signal circuit 84 to a selected one of the cathodes 62 and a signal
voltage is applied froma control circuit 85 in a shift register to a

sel ect ed onsubftibecabbdesdd2. As a result, the organic stacked structure
emts light at a position (pixel) at which the sel ected cathode 62 and

anode 52 cross eagir®! hershdws tdivQvedianed Jwt dypfid abri cating
organi c el ectrol um nescent devices, an organic |um nous |ayer such as an

el ectron transperb) M HELREnt 2Y6h1800788 €iRCHRPER &hCelBLPLYnfOrmed by a
vacuum deposition process. Wth respect to the recent display using organic

6 1 electplygipescentdeyigese hoxeyers fnlhisysi zgysher eof becones

| ar ge, depositi spots may occur In the step o ormhg a |um nous | ayer

L ockSrly Soe PRIEYMIARIE 4 Yhe (DI, 'O Al iR e
layer 73B has a stacked structure shown in FIG. 10, in
which a transparent pixel electrode (anode) 52 made from
ITO is provided on a glass substrate 51, a hole transport
layer 54 is formed on the pixel electrode 52, and an
electron transport emitting layer 55A is formed on the
hole transport layer 54, a calcium (Ca) layer 63 for
increasing the injection characteristic of electrons is
formed on the electron transpoft emitting layer 55A, and
an aluminum (Al) layer 60 is formed on the calcium layer
63.

In the above layer structure of the organic
electroluminescent (EL) device 73B, the hole transport
layer 54 is made from poly(3,4)-ethylene dioxythiophene
{hereinafter, referred to as "PEDOT"), and the electron
transport emitting layer 55A is made from poly(2-methoxy-
5-(2'~ethylhexyloxy) -1, 4-phenylenevinylene) (hereinafter,
referred to as "MEH-PPV"). It is to be noted that the

calcium (Ca) layer 63 and the aluminum (Al) layer 60,

which are formed on the hole transport layer 54 and the



organic EL material has been regarded as inpossible to be patterned after
formation of a filmof the organic EL material. A nethod of fabricating a
device using a polyner EL material has becone a focus of attention fromthe
vi ewpoi nt of solving the above problens. For exanple, a nethod of
fabricating a polynmer EL device using an ink jet printing technique has
been known, for exanple, from Japanese Patent Laid-open No. Hei 10-153967.
Thi s net hod, however, has a problemthat since only a material having a | ow
viscosity can be used for the ink jet printing and the ink jet head is of a
dropl et discharge type, it is required to formbanks with a black resist
(resin) forléormemgteapsert nemifiot ey noree s 6 f iagngioirtutonsy adhering on
the black resist, of an ink material having a | ow viscosity are renoved

t oget her wtdthdéde 2 ack resist, with a result that the remaining ink
material fornms a specific pattern. Other problens of this nethod are that

as described 7 rig tihi sdeceuRERbnsIARAEaSe Bxbaapl cLaifdaogeatNo. Hei 10
153967), it is regarded that an ink material is preferably a water-soluble

nmaterial ofi S TH§ afd Blg SO Lgd i @ne Bd SOl uindl 3! dasiede spigent from

the relationship with the ink Jet head, and therefore, the kind of solvent
used for gk hetiPréfdi ngois limted, and that since a tine required for
ink jetting per unit area Is deternlned it takes a lot of tine as the

screen becomnes Iq{gghéﬁgé cap%%loE P@?epr%ﬁe%Egbﬁﬁ%”E%QQk'% to provide an

el ectrol um nesce ormn er haV|ng a | um nous

region, which h been [ &9 de ) | oss e to be atterne nto a
specific pa? &F uﬁﬁllcf(:’r[“%eep(iIi P ah Tnt rmtfyrans Yo df{%/A of the

it e slestiom e ke e e w0
specific pattern between the cathodes 62 and the anodes
52. The cathodes 62 and the anodes 52 are formed into
stripe shapes perpendicular to each other. 2 signal
voltage is applied from a signal circuit 84 to a selected
one of the cathodes 62 and a signal voltage is applied
from a control circuit 85 in a shift register to a
selected one of the anodes 52. As a result, the organic
stacked structure emits light at a position (pixel) at
which the selected cathode 62 and anode 52 cross each
other.

In the conventional method of fabricating organic
electroluminescent devices, an organic luminous layer
such as an electron transport emitting layer and an
electrode are mainly formed by a vacuum deposition
process.

With respect to the recent display using organic



sol vent used for transfer of the constituent material in a w de range, and
shortening a tine required for fabrication of the device. D sclosure of

| nventi on The present invention provides an el ectrol um nescent device
including'a first electrode, a second el ectrode, and | ayers having a

| um hous region, 8 whi ch | ayers are provided between the first el ectrode
and the second el ectrode, wherein at |east one of the layers is forned into
a specific pattern by transfer of a constituent nmaterial of the layer in
accordance with a relief printing reverse offset nethod. The device
configured as descri bed above according to the present invention is

her ei naf t eretettrodumineasehtl| deviotan heseear, davi theofithetherseht

i nvention". According to the electrolum nescent device of the present

i nvention, beoomeatlhegst adeposithiayessobaviag actuni bpusheegtep 6an be
formed into a specific pattern by transfer of a constituent material of the
llayer in acegrflangeawitfihbesr ehiyet pri 8hi BUcEev68EELPf fagtumet hod, it is
possible to forma material, which has been regarded as inpossible to be

patterned, EE&Qs§t§869i%EQlPﬁ&tEéndégikgbkgePbPﬁ Pheh1 4R fORE1 {1 ¥yapd good
quality of the patterned |ayer, to select the viscosity of the constituent

meterial toobefLansbeLiptel Byaviden a8p8s20d0R! S RAliRat, G0l vent used

for transfer of the constituent material  in a wde range, and to shorten a

_ ref of ' | | te
transt or of BIERLRaFPaPRCeREnY Paa PPEh FUGRRATH &F AmdRETURE £, REPLT (e

present InVSQ££8gné after formation of a film of the organic EL

material.

A method of fabricating a device using a polymer EL
material has become a focus of attention from the
viewpoint of solving the above problems. For example, a
method of fabricating a polymer EL device using an ink
jet printing technigque has been known, for example, from
Japanese Patent Laid-open No. Hei 10-153967.

This method, however, has a problem that since only
a material having a low viscosity can be used for the ink
jet printing and the ink jet head is of a droplet
discharge type, it is required to form banks with a black
resist (resin) for forming a pattern. To be more specific,
portions, adhering on the black resist, of an ink
material having a low viscosity are removed together with
the black resist, with a result that the remaining ink
material forms a specific pattern.

Other problems of this method are that as described



capable of sufficiently neeting the requirenents for a 9 | ar ge screen
and full colwor display (which is realized by patterning materials of a
plurality of colors), while ensuring a high [um nous efficiency and a high
| um nous i'ntensity. Brief Description of Drawings FIGS. 1A to 1C are
sectional views illustrating a relief printing reverse offset nmethod used
for fabrication of an organic el ectrolum nescent device of the present
invention in the order of fabrication steps; FIGS. 2A to 2C are sectiona
views sequentially showing the steps of fabricating the organic

el ectrol um nescent device of the present invention; FIGS. 3A to 3D are
sectional viswshseqaebtinahty (Sbpuhaget hetshepsadfi-bpbhi Nati pgit be-organic
el ectrol um nescent device of the present invention; FIGS. 4A to 4C are

di agrans showspg7yml eeukar refhvebdr eBaef aVELhPPMa t ENi FPVisand PPV as
| um nous materials used for tabrication of the organic el ectrol um nescent

device of tpecpLessny hnMQBEkDQolﬁE§99ﬁ5t¥§h¥1 5tG matériadi agiagnehow ng
a nol ecul ar structure of PEDOT; A and 6B are views show ng patterns

gregPré?uniﬁggggaé9ggb§%gég0&&%§g%ﬁ%égg?l?%ggﬁﬁﬁoﬁpgﬁfégégkéis a plan view
of a pixel poyLion,ohibng: hORALC: Bk eGLECLUTLNCSEENEnEEYESEOT e Present
kind of solvent used for ink jet printing is limited, and
that since a time required for ink jetting per unit area
is determined, it takes a lot of time as the screen
becomes large.
An object of the present invention is to provide an
electroluminescent device capable of forming a layer
having a luminous region, which has been regarded as
impossible to be patterned, into a specific pattern while
keeping high uniformity and good quality of the patterned
layer, selecting the viscosity of a constituent material
to be transferred in a wide range and also selecting a
solvent used for transfer of the constituent material in

a wide range, and shortening a time required for

fabrication of the device.

Disclosure of Invention
The present invention provides an
electroluminescent device including a first electrode, a

second electrode, and layers having a luminous region,



invention, and FIGS. 7B and 7C are sectional views taken on line A-A of

FIG 7A; FIG 8 is a schematic sectional view showing a related art organic
el ectrol um nescent device; FIG 9 is a schematic sectional view show ng
another rélated art organic el ectrolum nescent device; FIG 10 is a
sectional view showi ng a configuration of the organic el ectrol um nescent
device shown in FIG 9; and FIG 11 is a schematic view showi ng a
configuration exanple of a flat display using the organic

el ectrol um nescent devices shown in FIG 9. Best Mdde for Carrying Qut the
I nvention According to the present invention, preferably, the layer is

f ormed i nt owhieh shadfs apatnernidad thetwden tife ani itk edretiade conposed of
a solution in which the constituent material is dissolved in a solvent or a
di spersant the véeacdnd hel eninsidd Uertiermitrerdal less tdiapersecchen Tdyeesol vent,
and renoval of the solvent fromthe 11 transferred ink material. In this

case, the |ayeformed benforarechbedi Oid eaiSpaai fie Padiefdr byf preparing a
menber having an ink rel easabl e surface by subjecting a surface of the

nmenber to agondkif@deasebidiial idPaiHd NGt e MBHcox@atdddrihie 4 Nk
rel easable surface with the ink material conposed of the solution or

di spersant gf; {&e ©ONStidyientvamrd A s Of AdndRyerrnePLRSSIdRg a relief made

fromglass or the 1ike having projections arranged in a specific pattern to
the ink rel 8&?@%&&&@@%@@%@%%&& rhecc@d%i’m‘% &d alne LR dSIRYE
portions, being Tn contact wth the projections o
invention is hereinafter referred to as
"electroluminescent device of the present invention®.
According to the electroluminescent device of the
present invention, since at least one of layers having a
luminous region can be formed into a specific pattern by
transfer of a constituent material of the layer in
accordance with the relief printing reverse offset method,
it is possible to form a material, which has been
regarded as impossible to be patterned, into a specific
pattern while keeping high uniformity and good quality of
the patterned layer, to select the viscosity of the
constituent material to be transferred in a wide range
and also select a solvent used for transfer of the
constituent material in a wide range, and to shorten a
time required for transfer of the constituent material
because of rapid transfer of each pattern. As a result,

the electroluminescent device of the present invention is

capable of sufficiently meeting the requirements for a



the relief, of the ink material fromtheé ink rel easabl e surface by
transfer, and transferring the ink nmaterial remaining on the ink rel easabl e
surface of the menber into the specific pattern on a substrate nade from
glass or the like. A luminous |ayer may be fornmed into the specific pattern
by transfer of the ink material prepared by dissolving or dispersing an
organic lum nous material (for exanple, a polyner |um nous material such as
MEH PPV, or a |ow nol ecul ar wei ght [um nous nmaterial such as anthracene or
pht hal ocyani ne) or a precursor thereof in water or an organic solvent (for
exanpl e, cycl ohexanone, tetrahydrofuran (THF), xylene, dinethylformam de
(DVF), 12 laraethgreenfanddeuiDvsdor odiselayniwhiclk)isAreahpositleyl ayer
(stacked structure) nade froma polyner |um nous nmaterial such as MEH PPV
or a precursattéheieofmaberbaml orghne cphutality siichobsrPEPQGIhbiea precursor
thereof by transfer of the ink material prepared by dissolving or

di sper si ng &éheupohynerhigini Dawsnoes s f Bl c DEn@y pidd us Skigh hearohoasd t he
organic material or a precursor thereof in water or an organic solvent (for
exanpl e, cychebgxapene, tetrahydrofuran (THF), xylene, dinethylformam de
(DVF), dinethylsul foxide (DVMSO), or acetonitrile). An electron transport
emtting |layer may be fornmed on a hole transport |ayer by transfer of the
ink material into the specific pattern. Further, a |ayer for a single color

or each of ﬁ@y@;sDégér i&ﬁa$ftﬂr£W1 §éors may be formed by transfer of
the ink materital i1nto the specific pattern. For exanple, the | ayer may be
formed into the FIGS. 1A to 1C are sectional views illustrating a

relief printing reverse offset method used for

fabrication of an organic electroluminescent device of

the present invention in the order of fabrication steps;

FIGS. 2A to 2C are sectional views sequentially
showing the steps of fabricating the organic
electroluminescent device of the present invention;

FIGS. 3A to 3D are sectional views sequentially
showing the steps of fabricating the organic
electroluminescent device of the present invention;

FIGS. 4A to 4C are diagrams showing molecular
structures of MEH-PPV, CN-PPV, and PPV as luminous
materials used for fabrication of the organic
electroluminescent device of the present invention,
respectively;

FIG. 5 is a diagram showing a molecular structure

of PEDOT;

FIGS. 6A and 6B are views showing patterns of an

10



specific pattern on el ectrodes patterned at |east for respective pixels on
a substrate vrade fromglass or the |like. Further, at |east three kinds of

| um nous | ayers for emtting light of red, green and blue may be each
fornmed into the specific pattern on electrodes patterned at |east for
respective pixels on a substrate nade from 13 glass or the like, by
transferring each of ink materials of constituent nmaterials of the | um nous
| ayers on the el ectrodes. A preferred enbodi nent of the present invention
will be hereinafter described in detail with reference to the drawi ngs. A
process of fabricating an organic electrolum nescent (EL) device according
to a preferetdcenbodinenspoftt ewipréngniayaveati bheisrghoiwn in FIGS. 2A to
2C and FIGS. 3Ato 3D. As shown in FIG 2A a transparent glass substrate 1
havi ng a hydiephobicomsnefaernti deviceecfubhecpedseéntaisubstiahe cl eani ng
step, which step involves ultrasonic cleaning using a cleaning agent of

Fi sher brand and semer ala tidres giarc|wiodw NgE usigligkell tF@apPtE eh Wof efhe The
substrate 1 is then cleaned with acetone and i sopropyl alcohol, and dried

in a clean gygani&f teecthel sMbabsabRtlabsitlussctrangdesthansparent pixel
el ectrodes (anodes) 2 made from I TO are forned on the substrate 1 by

forming a | axeeniimge, faa KIELONBNengubE! £abesdoPyoNaeUYILAENREON Of

the like and patterning the I'TO layer in a specific pattern. | I's step,

the formati hg_iraps eny,pi xel electrodes 2 is performed after
and/ or befo?g ?%?%d?a%igg g?éfheAéubstrate 1 with ultraviolet 14

FIG. 8 is a schematic sectional view showing .a
related art organic electroluminescent device;

FIG. 9 is a schematic sectional view showing
another related art organic electroluminescent device;

FIG. 10 is a sectional view showing a configuration
of the organic electroluminescent device shown in FIG. 9;
and-

FIG. 11 is a schematic view showing a configuration
example of a flat display using the organic

electroluminescent devices shown in FIG. 9.

Best Mode for Carrying Out the Invention

According to the present invention, preferably, the
layer is formed into the specific pattern by transfer of
an ink material composed of a solution in which the
constituent material is dissolved in a solvent or a
dispersant in which the constituent material is dispersed

in the solvent, and removal of the solvent from the

11



rays-ozone (UV-ozone) . The pattern of the ITO transparent pixel electrodes
2 may be variously selected. One exanple of the pattern is shown in FIG
7A, in which island-shaped pi xel portions 37, each having a size of, for

exanpl e, 70X200 nm are independently arranged As shown in
7C, the adjacent two of the patterned pixel portions 37 may
fromeach other by nmeans of an insulator 14. Alternatively,

Fl GS. 7B and
be i nsul at ed
t he pi xel

el ectrodes 2 may be forned into stripe shapes. As shown in FIG 2B, a
sol ution 4a of PEDOT having a hole transportability, which has a nol ecul ar

structure shown in FIG 5, is dropped on the substrate 1 by
m cro-syri ngeans fmoeed aink oppiemiabndi tion controlled in an

means of a
at nospheric

state. The dropped solution 4a of PEDOT is then subjected to spin coating
at 600 rpmfor 2 <ec tdnd IR ,r phd daysd say bas fohowd iimtdd Ghe2C, t he

resultant substrate 1 is placed on a hot plate and is baked,

to forma hole

transport |W@élﬂl(ﬂﬂgﬁ@tﬁéﬂmﬁE[ﬁ_epanlﬁq@ad(lm’@nbéﬁaﬁmIﬁglénpﬁlli]ftorrTEd in a
treatnment bath kept in an atnospheric state or a pressure-reduction state,
Wi th the bakégadLPPEr 2t £cOMbF h@z@ﬁ@é@ﬁl@fa PS@SHAES- & EOLESE | pamEORt rol | ed,
for exanple, at 120 for 10 mn. 15 As shown in FIG 3A an ink material

Sb conposed: 9T YRt eFe BOA M b L1 OF Mﬁ&‘éPP\ﬁg Q“c‘é;’f%eﬁ PEYat ¥y ChéS an

el ectron transportable pol ymer having a nolecular structure shown in FIG

4A, 4B or 4%k'§eié£‘é‘§t§f«£ -t d SPEEILRE P URIDPILP LORpHOLE LEansport

| ayer 4 by

the solution or dispersant of the constituent material of

the layer, pressing a relief made from glass or the like

having projections arranged in a specific pattern to the

ink releasable surface coated with the ink material, to

remove portions, being in contact with the projections of

the relief, of the ink material from the ink releasable

surface by transfer, and transferring the ink material

remaining on the ink releasable surface of the member

into the specific pattern on a substrate made from glass

or the like.

A luminous layer may be formed into the specific

pattern by transfer of the ink material prepared by

dissolving or dispersing an organic luminous material

(for example, a polymer luminous material such as MEH-PPV,

or a low molecular weight luminous material such as

anthracene or phthalocyaniﬁe) or a precursor thereof in

water or an organic solvent (for example, cyclohexanone,

tetrahydrofuran (THF), xylene, dimethylformamide

12
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relief printing reverse offset nmethod. The resultant substrate 1 is baked,
for exanple,r at 70C for 2 hr, to forma filmof the ink material 5b, and is
then put in a vacuum oven kept at 70C for evaporation of a solvent (water)
remaining in the ink material 5b, to forman electron transport emitting

| ayer 5 as shown in FIG 3B. The transfer of the ink material 5b conposed
of a solution of PPV or a derivative thereof may be, as will be described
bel ow, performed by the relief printing reverse offset method shown in
FIGS. 1A to 1C. As shown in FIG 1A the surface of a silicon resin |ayer
20 integrally formed around a roll 21 is subjected to an ink releasability
i mparting t@ealerBpilsuafdxislecqaMsd) W blr arecitplniratidrd)al 5a to a specific

t hi ckness (for exanple, 100 nm by a wire bar (not shown). As shown in FIG
1B, the roll 21 isasebmpbshtéhasyéhe (sekcrafiestahicbaren hhaesyi-bacg of the
silicon resin layer 20 1s brought into contact with | eadi ng ends of

proj ections @f y}@r 13n3h3%s MRYeri8h! ehctol3SHERYHN 22 aafiﬁeic%ﬂs%txﬁt ed

relative to'the relief 22, with a result that portions 5¢c of the in

materi al 533‘@@%,%? ahg L %‘2@% Gt WAtk 4iRe Isgadl T’}ﬂ% PP 10lo,t e Proj ections

of the reli are renove romthe surface of the silicon resin |ayer

20 of the roble &t Bueh Rartd 8l LEIRYAl,0f g d nkymtardal, 5a from the
roll 21 side can be easiTy, "hidhly accurately perforne ebyatlhe rel easi ng

f ti f the i | bl.e, f .of th ili i | 20. t
Lo e oot eqrtRne e b BAERRLEAR Y, P RuShaiar e PR i S ey |

into a pattern revirsed to a %attern of a% el ectron transport em,ting
| ayer to bemﬁ5ﬁﬁé3 or a precursor thereof and the organic material

or a precursor thereof in water or an organic solvent

(for example, cyclohexanone, tetrahydrofuran (THF),

xylene, dimethylformamide (DMF), dimethylsulfoxide (DMSO),
or acetonitrile).

An electron transport emitting layer may be formed
on a hole transport layer by transfer of the ink material
into the specific pattern. Further, a layer for a single
color or each of layers for a plurality of colors may be
formed by transfer of the ink material into the specific
pattern.

For example, the layer may be formed into the
specific pattern on electrodes patterned at least for
respective pixels on a substrate made from glass or the
like. Further, at least three kinds of luminous layers
for emitting light of red, green and blue may be each

formed into the specific pattern on electrodes patterned

at least for respective pixels on a substrate made from

13



As shown in FIG 1C, the roll 21 is set such that a necessary pattern .of
the ink material 5b remaining on the surface of the silicon resin |ayer 20
i's brought into contact with the glass substrate 1 of an organic

el ectrol uni nescent device, and is rotated relative to the substrate 1, to
transfer the ink material 5b remaining on the surface of the silicon |ayer
20 of the roll 21 into a specific pattern on the substrate 1. The substrate
1 is_then, as described above, subjected to the baking and drying
treatnments. Such transfer of the ink material 5b fromthe roll 21 side to
the substrate 1 is easily, highly accurately perfornmed by the rel easing
function of glass phethek liskeabablteasgftacd ngf eglod <ifl ilodn magsind allayer 20
of the roll 21. The electron transport emtting layer 5 thus formed may
have a si ngb€ cohsrtipather maasrshdwnoifn theGlumbAocus GEyeandoal shehave a
full-color pattern conposed of a conbination of a single color pattern 5R
(for red), alsichgbaesql or pattern 5G (for green), and a single color
pattern 5B (for blue) as shown in FIGS. 7A to 7C. As shown in FIG 3C a

cal cium (Ca) |ayeral3 8¢ REd BehPbGXNESE OF, tﬁ@r%%@ea@{eim'ie%@oﬂm i's
formed on the electron transport emtting |ayer by vacuum deposition or

the | ike angpat ber godds naicakUaLAURICAY) shakeialq BAVINGeFklackness of;

for exanple, 10,000 nmis fornmed on the calcium (Ca) layer 13 by vacuum
deposi tion @ the b&%%sa”d patterning, and an Au- Ge | ayer 9 for protection
and i npr ovenent of ondi ng characteristic is forned on the al um num (Al)

| ayer 10 by vacuun&degogégé £‘§ $91c££§§gagg ggﬁggrglng These cal ci um
1 e

(Ca) layer 13, the™ar unlnum and Ge layer 9 constitute

electroluminescent (EL) device according to a preferred
embodiment of the present invention is shown in FIGS. 2A
to 2C and FIGS. 3A to 3D.

As shown in FIG. 2A, a transparent glass substrate
1 having a hydrophobic surface is twice subjected to a
substrate cleaning step, which step involves ultrasonic
cleaning using a cleaning agent of Fisher brand and
several times of cleaning using ultrapure water. The
substrate 1 is then cleaned with acetone and isopropyl
alcohol, and dried in a clean oven. After the substrate 1
is thus cleaned, transparent pixel electrodes (anodes) 2
made from ITO are formed on the substrate 1 by forming a
layer made from ITO on the substrate 1 by vacuum
deposition or the like and patterning the ITO layer in a
specific pattern. In this step, the formation of the
transparent pixel electrodes 2 is performed after and/or

before irradiation of the substrate 1 with ultraviolet

14



a cathode. As shown in FIG 3D, a counter substrate 8 is placed on the
Au-Ge layer *9, and a side portion is sealed with an epoxy resin or the

li ke, to acconplish an organic el ectrolum nescent device 15. 18 Accordi ng
to the organic el ectrolum nescent device 15 in this enbodi nent thus
fabricated, since at |east one of layers having a | um nous region, that is,
t he electron transport emtting layer 5 is fornmed into a specific pattern
by transfer of a constituent material of the electron transport emtting

| ayer 5 by the relief printing reverse offset nethod, it is possible to
transfer even a constituent material, which has been regarded as inpossible
to be patteragdr-okohe tbe-spenefi.c pattern while keeping high uniformty
and good quality of the transferred |ayer. According to this enbodi nent, it

is al so possible tthégfetetheodi sEOSITY Ofandieacanstpirente TGt eFd@ds t 0 be
transferred in a wide range, and to select the kind of the solvent in which

the constitpephymBbevhakbohs1¢i 880k¥edal N EneV SeamPPeo £ AGEOSH Niget this
enbodi ment, it 1s further possible to shorten a tinme required for transfer

the const|tygnghg@heghahgecagselgf wﬁi‘@hdlkgéﬂéigfma?édeﬁﬁ pattern. As a

result, the electrol um nescent 'device according to this odinent IS

capabl e of suifighenthy mEehing.ihg ¢ eguLECHEN! $oLoL,AnbaLdessen and

full color drisplray ( |s rea érning materrals o
plurality of colors

m, are lhdggékgeggiyrgggangeagh.At”gﬂg%g fﬁaFIGS 7B and
7C, the adjacent two of the patterned pixel portions 37
may be insulated from each other by means of an insulator
14, Alternatively, the pixel electrodes 2 may be formed
into stripe shapes.

As shown in FIG. 2B, a solution 4a of PEDOT having
a hole transportability, which has a molecular structure
shown in FIG. 5, is dropped on the substrate 1 by means
of a micro-syringe 3 under a dropping condition
controlled in an atmospheric state. The dropped solution
4a of PEDOT is then subjected to spin coating at 600 rpm
for 2 sec and 3000 rpm for 58 sec.

As shown in FIG. 2C, the resultant substrate 1 is
placed on a hot plate and is baked, to form a hole
transport layer 4 made from PEDOT. The baking treatment
is performed in a treatment bath kept in an atmospheric
state or a pressure-reduction state, with the baking

temperature or the degree of pressure-~reduction

controlled, for example, at 120°C for 10 min.
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efficiency and a high lumnous intensity. In particular, since the
above-described relief printing reverse offset nethod is perfornmed by
coating the surface of the silicon resin layer 20 of the roll 21 with the
ink material 5a, renmoving the unnecessary ink portions 5¢c by using the

gl ass made relief 22, and transferring the ink material 5b remaining on the
surface of the silicon resin layer 20 to the substrate 1 side, it is
possible to elimnate a so-called stringiness phenonenon caused by rel ease
of the ink portions 5c and transfer of the ink nmaterial 5b can be

el i m nated, and hence to prevent occurrence of unevenness of the
transferred i nk &at ehoah 5. FIG.s 3dgkan iinkposdicdialt Gbeasnppscal @l v
accurately obtain the desired pattern. In this case, since the relief 22 is
made fromglwasSer tIHE UHINAT QSES MBH- IV PN+ BIS, Ser CBPY pbestensh | ys ramoved, and
t he necessary ink material 5b can be easily, - highly adhesively

transferr ed d& Adie AP thased 1ol EndF aSPOLd d aWeTeu Mt hout getting out
of the shape of the pattern. Even for a device structure prOV|ded with no

hol e transpanictAersibwsi e ide SUDSIE ale 4@, vﬂc&grrgefé&ef i nk

material 5b 1s to be transferred is made from1TO or gl ass, e reTease and

chee as R 4%%%%‘?%%%%3%%&*‘?“% R oS LTS onsﬂ%ti‘ e

result, it SI l%ltel to eea\;selll co].pg Ot nge c?ndl tions for rel easi ng t he
unnecessary Fe S|ng and ransferring the necessary

TR 41 5 DL U5E BabBEE B VIeeSIRY T U

70C for 2 hr, to form a film of the ink material 5b, and
is then put in a vacuum oven kept at 70C for evaporation
of a solvent (water) remaining in the ink material 5b, to
form an electron transport emitting layer 5 as shown in
FIG. 3B.

The transfer of the ink material 5b composed of a
solution of PPV or a derivative thereof may be, as will
be described below, performed by the relief printing
reverse offset method shown in FIGS. 1A to 1C.

As shown in FIG. 1A, the surface of a silicon resin
layer 20 integrally formed around a roll 21 is subjected
to an ink releasability imparting treatment, and is
coated with an ink material 5a to a specific thickness
(for example, 100 nm) by a wire bar (not shown). As shown
in FIG. 1B, the roll 21 is set such that the ink material
5a on the surface of the silicon resin layer 20 is

brought into contact with leading ends of projections of

16



portions 5c can. be easily renoved fromthe surface of the silicon resin

| ayer 20 and the necessary ink material 5b can be easily released fromthe
surface of the silicon resin layer 20 and be easily transferred to a nearly
flat surface, to inprove the surface characteristic of the transferred ink
material 5b, thereby formng a |ayer of the ink material 5b with high
uniformty and high filmquality. Since the relief 22 can be highly
accurately obtained by etching, and particularly, the relief 22 having | ow
projections (allowing formation of a thin ink layer) can be desirably
obtained by etching, it is possible to desirably fabricate an organic

el ect r ol unangseentmaesi eeliequilglagst hesky apsf eandaf ianrbnktkdyer having a
smal | thickness. The present invention will be nore fully described by way

of the fol tevapgvexesptee rEabeECaL| OWich & gaphTtEtretrpbui BRECEAL
Devi ce> A gl ass substrate was first irradiated with U 21  ozone, and then

a |l ayer OfofT‘@J@ﬁ§ni%£@Qr9§ltb§ swﬁ%haaee Ihecbﬁxsatoalkﬁotﬁ@s pat t er ned
into a specific pattern as shown in FIGS, A to 7C, form transparent

pi xel el eciéé’cﬁ’fﬁ? Ze R8st o %Hg g&@gﬁctﬁﬁs HB%TEeﬂQ tyate pas Irradiated

w th UV-ozone needed, utron o ropbe on the

S“bStrate’réﬁ?@é&&"e&&%f}%”ﬁ?%&h@%%@{@%ﬁ&c@ Oré.@‘ﬂhffr éfsﬁﬁ gpd at

3000 rpm for Sec e sprn coa hé“resul t ant
ot YRR O AR A T
After the pakin n , an electro rt emtting materia
VES printegr?mt <Y E%L§i21C31§e can be easily, ﬁlgﬁgy accurate?y

performed by the releasing function of the ink releasable

surface of the silicon resin layer 20. It is to be noted

that the projections of the relief 22 are previously

formed into a pattern reversed to a pattern of an

electron transport emitting layer to be formed.

As shown in FIG. 1C, the roll 21 is set such that a
necessary pattern of the ink material 5b remaining on the
surface of the silicon resin layer 20 is brought into
contact with the glass substrate 1 of an organic
electroluminescent device, and is rotated relative to the
substrate 1, to transfer the ink material 5b remaining on
the surface of the silicon layer 20 of the roll 21 into a
specific pattern on the substrate 1. The substrate 1 is
then, as described above, subjected to the baking and
drying treatments. Such transfer of the ink material 5b

from the roll 21 side to the substrate 1 is easily,

highly accurately performed by the releasing function of

17



pattern on the hole transport layer by the relief printing reverse offset
met hod shown in FIGS. 1A to 1C, to forman electron transport emtting

| ayer into a specific pattern. The relief printing reverse offset nethod
was carried out by using an ink material in which each of MEH PPV, CN- PPV,
and PPV (having the foll ow ng nol ecul ar structures) was di ssolved as the
el ectron transport emtting material in cycl ohexanone as a solvent. After
the printing was termnated, the resultant substrate was baked at 70qC for
2 hr, to forma filmof the ink material containing the solvent, and was
kept in 22 a vacuumoven at 70°C to renove the solvent fromthe fil m of
the ink mat@id dlnk dfelledsablld MHELRY df WHA QS LEdOreeimngeyedf i2om

t hi ckness: 500 nm) CN-PPV (Il um nous color: blue, filmthickness: 430 nm \
|\ n PPV (Jaurdmous1color: aheer) ekithrnt RirakResst 288 tHhgA 168leai Bm ( Ca)
filmhaving a thickness of 500 ~, 23 an alum num (Al') filmhaving a

thickness Qhhyl Qriea MMy HuAY-L8 fild 1B ey dW gh{dd SKNES Ss vl 400 ~ vere

sequentially forned on the electron transport emtting |ayer~by vacuum

deposi ti onp fcal | Qed PYealde] i, Gladdiasentil B 40 a1{ A, cat hode on the

el ectron transport emtting yer. ter the formatio cat hode was
termnated, a side, portion of. the resultant. subst e provided wth the
stacked st r{FEERE og{ Sed oéng)lvﬂ r#%oann oepo@ys%neihien,éﬁ)mf é%)aﬁ%% B %ﬁh organic
el ectrol um &escent devi ce asjt sho in Ftl G_3 <Ff)C/aI uat i on of L(grri nous
Char act eri sti%> B 6 THIYGH R K Ry to?rrb%;%n Ol EEITY ufttestent
devi ces for em_ssion of light of orange (using MEH PPV), blue (using
CN-PPV), ardi@iéef PR ﬁ’g“%lﬁf)n s ) £ SRV ik Gdus’®f fi ci ency
(cd/A) and lum nous intensity (cd/ne). The results are shown in Tables 1, 2
and 3. It i%® t’&be noted that in each of Tables 1, 2, and 3, the measured
val ues of the |um nous efficiency and the | um nous intensity of an organic
el ectrol um nescen®sdébrra fiabFil€at 8§ sdcFaliFatiman (@) ed@¥eT tlahspydng
emtting layer was formed on a hole transport layer by formng a | ayer of
PPV or a der ithdtdlnesshafeoffgyaxanple thd Holmm tiankpared |ayethe n
accordance with the spin coating process are shown for conparison. 24
electron transport emitting layer 5 by vacuum deposition

or the like and patterning, an aluminum (Al) layer 10
having a thickness of, for example, 10,000 nm is formed
on the calcium (Ca) layer 13 by vacuum deposition or the
like and patterning, and an Au-Ge layer 9 for protection
and improvement of a bonding characteristic is formed on
the aluminum (Al) layer 10 by vacuum deposition or the
like and patterning. These calcium (Ca) layer 13, the
aluminum (Al) layer 10, and the Au-Ge layer 9 constitute
a cathode.

As shown in FIG. 3D, a counter substrate 8 is
placed on the Au-Ge layer 9, and a side porﬁion is sealed
with an epoxy resin or the like, to accomplish an organic

electroluminescent device 15.
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Table 1 (using MEH PPV) Lum nous Efficiency (cd/ A.Lum nous Intensity

(cd/ nz)Re
The organi

ief Printing Reverse 2.1 13000 fset Methodspin coating2 .
c el ectrolum nescent device fabricated using MEH PPV was

013 50

subjected to a shelf test by leaving the device in a nitrogen atnosphere

for “one nmo

devi ce was not observed. The device was then subjected to a forcible

det eri or at
condi tion
current an

result 25
observed.

maki ng the
| um nance
el apsed un
that the h
(cd/ A) Lumi

nth, the result of which showed that any deterioration of

t he

ion test by making the device continuously emt |ight under a

of an initial |um nance of 100 cd/n2 by applying a constant

d neasuring a tinme elapsed until the |um nance was reduced to
hal f, the result atcofidéhgshowetiet bayanhe kaktitbieamiassted@OdericEabl e 2
(using CN-PPV) Lum nous Efficiency (cd/A) Lum nous Intensity (cd/ n2)Reli ef
Printing Raserige thid kil iwait MHOASH i eaaid Nglince3 atl2 adk B organic
el ectrol um nescent device fabricated using CN-PPV was subjected to a shelf
test by |eaw Naydia dRWIGRy i) AmliddiRgereq@ldspharte for e dMHtkord he

of which showed that any deterioration of the device was not

tharded.ae éﬁﬁscﬁihﬁ_:{‘ SR e 110 @ndPTiGHHY & dgi&tiorati on

test by

devi Ce continuously emt |ight under a condition of an initial

B R S A B S e MR A 0 i o showed

B R R Ml BRI, g T
printing reverse offset method, it is possible to
transfer even a constituent material, which has been
regarded as impossible to be patterned, into the specific
pattern while keeping high uniformity and good quality of
the transferred layer.

According to this embodiment, it is also possible
to select the viscosity of the constituent material to be
transferred in a wide range, and to select the kind of
the solvent in which the constituent material is
dissolved in a wide range.

According to this embodiment, it is further

- possible to shorten a time required for transfer the

constituent material because of rapid transfer of each
pattern. As a result, the electroluminescent device
according to this embodiment is capable of sufficiently
meeting the requirements for a large screen and full
color display (which is realized by patterning materials

of a plurality of colors), while ensuring a high luminous
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14200f f set Met hod~~ ~t~g--~2.4 -~- 1500 , The organic el ectrol um nescent
devi ce fabrircated using PPV was subjected to a shelf test by |eaving the
device in a nitrogen atnosphere for one nonth, the result of which showed
that any deterioration of the device was not observed. The device was then
subjected to a forcible deterioration test by making the device
continuously emt light under a condition of an initial |um nance of 100
cd/ n2 by applying a constant current and measuring a tinme elapsed until the
| um nance was reduced to half, the result of which showed that the

hal f-tinme was 1,450 hr. The results of the above tables show that the 26
organi c el eeffotianngseedt adbeigbelaméopdsngntensheyenbodi nent of the
present invention is able to facilitate the patterning of an organic

| um nous | ayer andih opabtatwl Alesi s abte then govse ches @ciesd stéTsef such as a
| um nous efficiency and a lum nous intensity, conparable to those of an

organi c el egtipkufhnesgertederireetl abkheat ¢d Brr¢sipadt B sBhRiggating
process. This is advantageous in fabricating an organic el ectrol am nescent

device for {yblsGokQredbepkay BY15QER RsOhOARLE ! YT BeUsHayBiS ber
em ssion of |ight of respective colors on a coimon substrate. It Is to be

I
noted that henabyes dgsqoibed.pr eter Ledoeihadi ARt A Lbe, Sxagpl es of the

present invention nay be variously o asi's o echni ca

thought of fhe.pegseat Lovanihany Eor)examplae {0,4gbrbcatign of the

above-descr organic el | umneéscent “devi € ous material to
be transfered by the relief printing,reverse allget method i g, ngL bini ted
of the silicon resin layer 20 to the substrate 1 side, it
is possible to eliminate a so-called stringiness
phenomenon caused by release of the ink portions 5c¢ and
transfer of the ink material 5b can be eliminated, and
hence to prevent occurrence of unevenness of the
transferred ink material 5b. This makes it possible to
easily, highly accurately obtain the desired pattern.
In this case, since the relief 22 is made from
glass, the unnecessary ink portions 5c can be easily
removed, and the necessary ink material 5b can be easily,
highly adhesively transferred to the organic based hole
transport layer 4 without getting out of the shape of the
pattern. Even for a device structure provided with no
hole transport layer 4, since the substrate to which the
necessary ink material 5b is to be transferred is made

from ITO or glass, the release and transfer of the

necessary ink material 5b can be performed with the same
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may be any other organic or polyner |lum naus material, and the hole
transport layer made from PEDOT nay be simlarly fornmed into a specific
pattern by the relief printing reverse offset nethod. The shape and
structure of each nmenber used for the 27 relief printing reverse offset
nmet hod, and the operating manner thereof may be variously changed. The
organi c el ectrolum nescent device fabricated according to the enbodi nent,
which is for display, may be of any other structure, and further, it may be
a device used as optical conmunication neans for receiving

el ectrol um nescence produced by the device as signal light. According to

t he el ectr ebsri agschat dévithe aklichaepodsehe unwnertissarysiimke at | east one
of layers having a lum nous region is forned into a specific pattern by

transfer oboatgenst scuenisnateesal tof ithesl pyssibbeacsoedante with the
relief printing reverse offset nmethod, it is possible to forma nmaterial,

whi ch has egﬁmrbag%@e@o@amma%sIffélrerteqefagl gttt@lren%nelcréts%aasysa@m fic
pattern while keeping high uniformty and good quality of the patterned

layer, to ﬁek%gbngh%cVbﬁﬁo§bﬁ£agﬁnbh%ngoQ%%h%%%&&1%%t%%bahekgsg%r

transferred in a wide range and al so sel ect a solvent used for transfer of
t he ConStIEHﬁnb q&&grhal in a wde range, and to shorten a tinme required
for transfer t'he consti't uent naterlal because of rapid transfer of each

Pﬁaéﬁ[anA?sac;g:@f%hoiggug%ggéég%ﬁy nee ?ﬁgzgﬁ eqﬁ%?%%gﬁgég§g?£5 28
portions 5c can be easily removed from the surface of the
silicon resin layer 20 and the necessary ink material 5b
can be easily released from the surface of the silicon
resin layer 20 and be easily transferred to a nearly flat
surface, to improve the surface characteristic of the
transferred ink material 5b, thereby forming a layer of
the ink material 5b with high uniformity and high film
quality. 8Since the relief 22 can be highly accurately
obtained by etching, and particularly, the relief 22
having low projections (allowing formation of a thin ink
layer) can be desirably obtained by etching, it is
possible to desirably fabricate an organic
electroluminescent device requiring the transfer of an
ink layer having a small thickness.

The present invention will be more fully described
by way of the following example.
<Fabrication of Organic Electroluminescent Device>

A glass substrate was first irradiated with UV-
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| arge screen and full color display (which is realized by patterning
materials of' a plurality of colors), while ensuring a high | um nous

ef ficiency and. a high lum nous intensity. 29 CLAIMS 1. An

el ectrol um nescent device conprising: a first electrode; a second

el ectrode; and | ayers having a |um nous region, which layers are provided
between said first electrode and said second el ectrode; wherein at | east
one of said layers is forned into a specific pattern by transfer of a
constituent nmaterial of said |layer in accordance with a relief printing
reverse offset nmethod. 2. An el ectrolum nescent device according to claim
1, wherein caoite) ayed tised s nealyéntof t IEO spesi foempat serthdy transfer of an
ink material conposed of a solution in which the constituent material is

di ssol ved igups8PAVENt THe A disPySanto vt deEanstd tWepedmtigrial is
di spersed in the solvent, and renoval of the solvent fromthe transferred

i nk materi glatferdhg! S64%0! UM PEGEEM A deYi £€, BCEOFGEROL O ShRF L, wherein
said layer 1s formed into the specific pattern by preparing a nenber having

f‘gl ieg‘;a[)ie: i € BULL AGEe D2 SYRI @t?éié"&)?tfé’%é ?‘_Cﬁ(hcg Or%aojxﬂt’ﬁ@er to an ink
y inparting treatnent, coating the ink 3

substrate was irradiated with UV-ozone, if needed, and a
solution of PEDOT was dropped on the substrate, followed

by spin coating thereof at 600 rpm for 2 sec and at 3000

rpm for 58 sec. After the spin coating was terminated,

the resultant substrate was baked at 120°C for 10 min by

using a hot plate, to form a hole transport layer on the
substrate so as to cover the pixel electrodes 2.

After the baking was terminated, an electron
transport emitting material was printed into a specific
pattern on the hole transport layer by the relief
printing reverse offset method shown in FIGS. 1A to 1C,
to form an electron transport emitting layer into a
specific pattern. The relief printing reverse offset
method was carried out by using an ink material in which
each of MEH-PPV, CN-PPV, and PPV (having the following
molecular structures) was dissolved as the electron
transport emitting material in cyclohexanone as a solvent.
After the printing was terminated, the resultant
substrate was baked at 70C for 2 hr, to form a film of

the ink material containing the solvent, and was kept in
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rel easable surface with the ink material conposed of the solution or

di spersant of the constituent material of said |ayer, pressing a relief
havi ng projections arranged in a specific pattern to the ink rel easable
surface coated with the ink material, to renove portions, being in contact
with the projections of the relief, of the ink material fromthe ink

rel easabl e surface by transfer, and transferring the ink material remaining
on the ink rel easabl e surface of said nmenber into the specific pattern. 4.
An el ectrol um nescent device according to claim2, wherein a | um nous | ayer
is formed into the specific pattern by transfer of the ink materi al
prepared by ¢assahvionegnostd7sfRrisd ngertsv @ rgedni Lol wani thofisonredies i & 1r0r a
precursor thereof in water or an organic solvent. 5. An el ectrol um nescent
devi ce accoerdithg takchaicBr2alwherein a conposite |ayer nmade from a pol yner
| um nous material or a precursor thereof and an organic nmaterial or a
precursor thereof by transfer of the ink material prepared by dissol ving or
di spersing the polynmer |um nous material or a precursor thereof and the
organic material or a precursor thereof in water or an organic solvent. 6.
An el ectrol um nescent device accorgding to claim2, wherein an el ectron
transport emtting |layer i forned 31 on a hole transport | ayer by
transfer of the ink materi ifto the specific pattern. 7. An

el ectrol um nescent device ording to claim2, wherein a layer for a
single color o s for a plurality of colors is forned by
transfer of th i into the specific pattern. 8. An

el ectrol um nesicent ording to claim

MEH-PPV (luminous color: orange, film thickness: 500 nm)

CN-PPV (luminous color: blue, film thickness: 430 nm)

\

n

PPV (luminous color: green, film thickness: 525 nm)

A calcium (Ca) film having a thickness of 500 Aw
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7, wherein said-layer is fornmed into the specific pattern on el ectrodes
patterned at |east for respective pixels on a substrate. 9. An

el ectrol um nescent device according to claim7, wherein at |east three

ki nds of lumnous layers for emtting light of red, green and blue are each
forimed into the specific pattern on el ectrodes patterned at |east for
respective pixels on a substrate, by transferring each of ink materials of
constituent materials of said |um nous |ayers on said el ectrodes. 32

. AnY, . A AF, . A a. AFu.AL!,.A3U,.AF.A,.Aa,.A , A LAU3 LA ,.Ay.A .AY3 . A3 . A
‘Aa .A3 .AF .A.A .A3 .Aa3 .AF .A .A3 .Aa3 .A :so@HHA5 0GC

(% #.8]| 923307 "l’ﬁ?n"'%ﬁz?n”"(’ﬂﬂ)"lfﬁ]ﬂm [Havdd B | il ardde< 221200 R|, ?22ha21 2| p?| 2

X’?l ’7| ’7’7' ’7’7’7' ?27?27?° | 27~7?" | ?7?7?~ ’7’7' ’7’7’7' ’7’7' ’70’7' | p’?l XX>’7| X| >’7| ’7)(| >’7’7x~| >SP??>5?7??7>7

22222208 i aule’ ">_|JnF3Ja> Al 3 rﬁckne<s<s""df>f|o?ﬁ?|A>ﬁ>eue>>>| | >>>] | >>>x] >

>>x|>>>7|>>>7|>>>7||>>> SSS| |55 [ 355 553 | 5>55] ] >33 >335 555 >>5| >>>| | >>3|

| >>>1 | >>>| | ealdrord i3 d v Y end eredd e i ransiore Aoy X > <> 2 <>>

XP<SSX PSS PO SISOSK SISO SIOSK SISO SISSKDISOSKDSIOSKSISSKSISSK SIS SKSISSK >SS

X>SKSSX>S<>> Jﬁ <>SSXS>S>S> >§>g> ﬁi ><>~ ><>>> S?7~>SLKP?~~>>>77~77
>7y7777777§$‘ >7| ciif ;@%”§%§3§5 ﬁ 45;777777787<7

<?<?<<?? 7<7§3ﬁ_<7<7<7§§<7<7<7<7 <<<<<< ,é %fx<<<ﬁ;<<<!lb£ | ]| <<<<
~| | 8] xxxx’7xi32”fa 3105 A% <og:g:,,§<,ga;> de, 51 ’7 ]] C it >?>~>~>|
S| >| >>>>>| ><5<S~>SSSS>>>~ >>>>>>>>9>>>>>9>>>>>>>>> bOO 9 8?~~<X~~~O | x?° BNO

wlg=t 2i npr NS iHdey @] cﬁ‘]%&]rc&]h@a]fc?&]m@&@]‘)&af’éa 3] Catbefeares] caj cal caj

ca]ca]ca]ca]ca cajca C%Jcajca]ca calcalcRalc(a!! YT~! q.v
inate side 'portion of the resultant substrate

provided with the stacked structure was sealed with an
epoxy resin, to fabricate an organic electroluminescent
device as shown in FIG. 3D.
<Evaluation of Luminous Characteristic>

Each of the three kinds of organic
electroluminescent devices for emission of light of
orange (using MEH-PPV), blue (using CN-PPV), and green
(using PPV) was measured in terms of luminous efficiency
(cd/A) and luminous intensity (cd/m?) . The results are
shown in Tables 1, 2 and 3. It is to be noted that in
each of Tables 1, 2, and 3, the measured values of the
luminous efficiency and the luminous intensity of an
organic electroluminescent device fabricated such that an
electron transport emitting layer was formed on a hole
transport layer by forming a layer of PPV or a derivative
thereof overall on the hole transport layer in accordance

with the spin coating process are shown for comparison.
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Table 3 (using PPV)

Luminous Efficiency (cd/A) | ILuminous Intensity (cd/m?)

Relief Printing Reverse
Offset Method

2.3 1420

Spin Coating 2.4 1500

The organic electroluminescent device fabricated
using PPV was subjected to a shelf test by leaving the
device in a nitrogen atmosphere for one month, the result
of which showed that any deterioration of the device was
not observed. The device was then subjected to a forcible
deterioration test by making the device continuously emit
light under a condition of an initial luminance of 100
cd/m? by applying a constant current and measuring a time
elapsed until the luminance was reduced to half, the
result of which showed that the half-time was 1,450 hr.

The results of the above tables show that the
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10% & ()- 10< 10<It is to be noted that the above-described
preferred embodiment and the examples of the present
invention may be variously modified on the basis of the
technical thought of the present invention.

For example, in fabrication of the above-described
organic electroluminescent device, the luminous material
to be transferred by the relief printing reverse offset
method is not limited to PPV or a derivative thereof but
may be any other organic or polymer luminous material,
and the hole transport layer made from PEDOT may be
similarly formed into a specific pattern by the relief

printing reverse offset method.

The shape and structure of each member used for the
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10(FSqu&&g%)éﬁblg%ﬁgk(%%ru%%% %:(ahd further, it may be a device
used as optical communication means for receiving
electroluminescence produced by the device as signal
light.

According to the electroluminescent device of the

present invention, since at least one of layers having a
luminous region is formed into a specific pattern by
transfer of a constituent material of the layer in
accordance with the relief printing reverse offset method,
it is possible to form a material, which has been
regarded as impossible to be patterned, into a specific
pattern while keeping high uniformity and good quality of
the patterned layer, to select the viscosity of the
constituent material to be transferred in a wide range
and also select a solvent used for transfer of the
constituent material in a wide range, and to shorten a
time required for transfer of the constituent material
because of rapid transfer of each pattern. As a result,

the electroluminescent device of the present invention is

capable of sufficiently meeting the requirements for a
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layers having a luminous region, which layers are
provided between said first electrode and said second
electrode;

wherein at least one of said layers is formed into
a specific pattern by transfer of a constituent material
of said layer in accordance with a relief printing
reverse offset method.

2. An electroluminescent device according to claim
1, wherein said layer is formed into the specific pattern
by transfer of an ink material composed of a solution in
which the constituent material is dissolved in a solvent
or a dispersant in which the constituent material is
dispersed in the solvent, and removal of the solvent from
the transferred ink material.

3. An electroluminescent device according to claim
2, wherein said layer is formed into the specific pattern
by preparing a member having an ink releasable surface by
subjecting a surface of said member to an ink

releasability imparting treatment, coating the ink
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4. An electroluminescent device according to claim
2, wherein a luminous layer is formed into the specific
pattern by transfer of the ink material prepared by
dissolving or dispersing an organic luminous material or
a precursor thereof in water or an organic solvent.
5. An electroluminescent device according to claim
2, wherein a composite layer made from a polymer luminous
material or a precursor thereof and an organic material
or a precursor thereof by transfer of the ink material
prepared by dissolving or dispersing the polymer luminous
material or a precursor thereof and the organic material
or a precursor thereof in water or an organic solvent.

6. An electroluminescent device according to claim

2, wherein an electron transport emitting layer is formed
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transferring each of ink materials of constituent

materials of said luminous layers on said electrodes.
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