DESCRI PTI ON ELECTROLUM NESCENT DEVI CE Techni cal Field The present
invention relates to an el ectrolum nescent device, for exanple, suitable
for spontaneous |unm nescent type thin, flat displays and the |ike.
Background Art Lightweight, highly efficient flat panel displays have been
extensi vely studi ed and devel oped, for exanple, for picture display of
conputers and television sets. One of these flat panel displays is a

cat hode-ray tube (CRT), which is high in | um nance and good in col or
reproducibility, and is therefore being used as the nost popul ar display
at present. The CRT, however, hessprobrers that it is relatively heavy and
bul ky, and is high in power consunption. To solve such problens, a liquid
crystal display has been put into market as a |ightweight, thin display
and it is now becom ng widely avail able; however, it also has problens

i nherent EhecekorLuyihatstsynTnarowevi ew ng 1 angl e and insufficient
responsi veness to fast pixel signals. The liquid crystal display has a

further problem

Technical Field
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 sclve 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 irherent thereto, that is, narrow viewing




in ternms of fabrication. In particular, along with the tendency toward a

| arger screen of the liquid crystal display, the fabrication of the liquid
crystal display becones difficult, with the raised fabrication cost. A

di splay using light emtting diodes is often wused in place of the liquid
crystal display; however, it also has problens in terns of high
fabrication cost and difficulty in formation of a matri x structure of
light emtting diodes on one substrate. As a flat panel display capable of
solving these problens, an organic el ectrolum nescent device (organic EL

devi ce) ushggeamnar gapu€fkuntneseenponBl ethakshbesomBst dikagus of _
attention. Because the organic el ectrol um nescent device using an organic

conmpound 8$gaalkumi Mes CEIYy T@tEF & 2 BN SPPHANEPUSL I 9B b Edin Sn
expected as a flat panel display capable of realizing fast Tesponse speed

and good EﬂaﬁérﬂgsBfaYaE&EBaEQOndepﬁp%%E¥ﬁéﬂlé@fwgﬂ&ngmﬂf% A
el ectrol um nescent device using an organic conpound as a constituent

e 2 BEObReD ESRLLcd 1ralpPbLede el caalelLars, chlly 212 (1907
having a 3&5&?59[etﬂgafaﬁPigggﬁgkcokugﬁgeffSQEd crystal display
becomes difficult, with the raised fabrication cost.

A 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 viewling angle.

An electroluminescent device using an organic
compound as a constituent material has been reported in

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

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




| ayer is stacked on a charge transport |ayer. The report describes that the
el ectrol um nescent device having good characteristics can be obtai ned by
using tris (8-quinolinol) alum num conplex (hereinafter, referred to as
"Al g3") exhibiting both a high lumnous efficiency and an el ectron
transpotability as a lumnous material. C W Tang et al. al so disclose,
in Journal of Applied Physics, 65, p. 3610 (1989), an el ectrol um nescent
devi ce characterized by doping Alga formng an organic |um nous |ayer with
a phosphorous pignment such as a counmarin derivative or DCML (produced by

East man Chewieal Batbsg)a Jhisctepertndesshi Begahbhat 1uhhgekyghpous col or of
such a doped type organic electrolum nescent device is changed by suitably

sel ecting1aherkipdshckbe HhoNERhargBdithgshEPE NOYSrefficiency of the
doped-type organic el ectrolum nescent device is superior to that of a

non- doped or ganiste aleedsolauidiaseanto eyl Ge. ol ngntfis slady on the

organic electrolum nescent device by C W Tang et a various studies

have beenqgpee!fafleNg QoMo itactLengt; cumLey ! Al Sopl ot gxagpl e
phosphorous [um nous Theél ate netal conplexes, electron transportable
organi ¢ nQéfﬁ&'@?is ?8—quinolinol) aluminum complex (hereinafter,
referred to as "Algi") exhibiting both a high luminous
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
electroiuminescent 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 mclecules,




and hol e transportabl e organic nol ecul es, and al so various exam nations
have been made to develop full-color organic el ectrolum nescent devices.
FIG 8 shows one exanple of a related art organic el ectrol um nescent
device. An organic el ectrolum nescent (EL) device 73A is fabricated by
sequentially formng, on a transparent glass substrate 51, a transparent
pi xel el ectrode (anode) 52 nmade from I TO (IndiumTin oxide), a hole
transport layer 54, a lum nous |ayer 75, an electron transport |ayer 55,
and a cathode 62, by a vacuum deposition process or the |like. The organic

el ectrol ushdeseest tckhppdevbbee 78Aghsicoperateteads LRkl awss namely, when a
DC voltage 74 is applied between the I TO transparent pixel electrode 52 as

an anode qagidhe eathodetbanshphes Lpesi hhMe hol 8syeaSp €aifLersokni ected
fromthe I TO transparent pixel electrode 52 mgrate to the |um nous |ayer

75 via therghele £18nspOIimtA¥SEeRE q¥Whilesel ectrons injected from the
cathode 62 mgrate to the lumnous |layer 75 via the electron transport

| ayer 55, to causg; ! egofhinatdon &Iamgf}aé. rs= of ﬁél%fteécﬁcif@nér%aﬁi ol es,

t hereby producing |um nescence 76 having a specific wavel en . The

| umi nescence. 76,1 8nPRSEEYAD! §of1om the transparent gl ass

An organic electroluminescent (EL) device 732 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
prccess or the like,

The organic electroluminescent (EL) device 73A 1is
operated as follows: namely, when a DC voltage 74 is
applied between the ITO transparent pixel electrode 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 via 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 hcles, thereby producing
luminescence 76 having a specific wavelength. The

luminescence 76 is observable from the transparent glass




4 substrate 51 side. FIG 9 shows another related art or.ganic

el ectrol um 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
pi xel el ectrode (anode) 52 made from |1TO is provided on a glass substrate
51, a hole transport layer 54 is formed on the pixel electrode 52, and an
el ectron transport emtting layer 55A is formed on the hole transport

| ayer 54, a calcium (Ca) layer 63 for increasing the injection
characteristic of electrons is formed on the electron transport emtting

| ayer 55Aib=anthtarpialdsmaum (Al) layer 60 is fornmed on the cal cium | ayer
63. In the above | ayer structure of the organic electrolum nescent (EL)

device 73B, theilol & LhaRePAnbthkdy 124 JFRAS aqmoool y(3,4)-ethylene
di oxyt hi ophene (hereinafter, referred to as "PE , and the electron

trans pOfél@dEﬂéld?ﬁd&:V@én@%d:]ScémﬁeB f rﬂ{nvﬁcﬁl’ézaﬂmé &‘é’ron

5-(2' - et hyl hexyl oxy) - 1, 4- phenyl enevi nyl ene rei na referred to as

" MEH- Pp\él)a'&i%ﬂof*l.s i[acir%(e gt es%rt%ast a;[shea l%lcr{ouurg (@ l ayer 63 and the

al um num (

The structure of the organic electrolumlnescent
layer 73B has a stacked structure éhown 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 fhe injection characteristic of eléctrons is
formed on the electron transpogt emitting layer 554, 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 ffom poly (2-methoxy~
5-(2'-ethylhexyloxy) -1, 4~phenylenevinylene) (hereinafter,
referred to as "MEH-PPV"). It is to be noted that the
éalcium (Ca) layer 63 and the aluminum (Al)} layer 60,

which are formed on the hole transport layer 54 and the




which are forned on the hole transport layer 54 and the 5 el ectron
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 c stacked structure conposed of the electron transport |ayer 55A
and the hole transport |layer 54 is disposed into a specific pattern

bet ween the cat hodes 62 and the anodes 52. The cathodes 62 and the anodes
52 are forned into stripe shapes perpendi cular to each other. A signal
voltage is applied froma signal circuit 84 to a selected one of the

cat hodese et at sinFd rvotihogeing hppei eBWS5Af roomattonteoh circuit 85 in a
shift register to a selected one of the anodes 52. As a result, the
organi c catlawkedcZtructure enmits light at a position (pixel) at which the
sel ected cathode 62 and anode 52 cross each other. In the conventional
net hod of fabrirgat.i ng emrgan & eetirdltirmeseaiilden eess1an organic

| um nous | ayer such as an electron transport emtting |ayer and an

el ect r odi &6 yrai s ity o dash-dyn Bc VarakH SeReshé 4 O8nt device 73B

shown in FIG. 10.

As shown in this figure, an organic stacked
structure composed of the electron transport layer 55A
and the hole transport layer 54 is disposed into a
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. A 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 thé 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 Jayer
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




process. Wth respect to the recent display using organic 6

el ectrol um nescent devices, however, as the size thereof becones |arge,
deposition spots may occur in the step of formng a |umnous |ayer or an
el ectrode by vacuum deposition, failing to desirably formthe | um nous

| ayer or the el ectrode by vacuum deposition. Further, an organic EL

mat eri al 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 polynmer EL nmaterial has becone a focus of attention fromthe

Vi ewpoi nt ek cs@VuRg nkRecabovevhkebl eRByekelk, examhe, sa zemehiedgf
fabricating a polynmer EL device using an ink jet printing technique has

been knowpe baksexampke. qEpemy tdapaBesesPREGNE cLaird10peRNa«cHeiyr10- 153967,
Thi s met hod, however, has a problemthat sinhce only a material having a

| ow Vi SCOSLENiEAN DT HIRAEOT oL BE bRk an) E1RELBLENG AR LR |k | et head is

of a droplet di'scharge type, it is required to formbanks with a bl ack

ot o SPPRIt ol FATAE RS LECT- e, DRI BrgPeR L, BABLTS,
removed tggettlﬂ%r ew-etc:@rode by vacuum deposition. Further, an
organic EL material has been regarded as impcssible to be
patterned after formaticn 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 cof fabricating a polymer EL device using an ink
jet printing technigue 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 reguired 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




the black resist, with a result that the remaining ink material forns a
specific pattern. Qther problems of this nmethod are that as described 7 in
this document (Japanese Patent Laid-open No. Hei 10- 153967), it is
regarded that an ink material is preferably a water-soluble material or a
material soluble in an alcohol or glycol based solvent fromthe
relationship with the ink jet head, and therefore, the kind of sol vent
used for ink jet printing is |imted, and that since a tine required for
ink jetting per unit area is determned, it takes a lot of tinme as the

screen begsotRss| asgéncAn OhiEshc 08 PhEcPE eELDE-bPY¥RNLLONELS 19-provide an
el ectrol um nescent device capable of formng a |ayer having a | um nous

region, whighehps beensregps 8@sd ashat "RQSShRI RatOrbg1patterned, into a
specific pattern while keeping high uniformty and good quality of the

patt ernedy,rbayesn1 $6h 6pht 09 S hEuNiSCASELY 9 & CONg Lepens é‘@l&}?ié' to be

transferred in a wde range and al so selecting a solvent used for transfer

of the COnstitUgDlofBl &bl aliidh1 BLdg L8008, ApfoghppLeni ng a tine

required for fabrication of° the device. sclosure of "I nvention
relationship with the ink jet head, and therefore, the
kind of sclvent 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 dévice 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
electreoluminescent device including a first electrode, a

second electrode, and layers having a luminous region,




The present invention provides an el ectrolum nescent device including a
first electrode, a second electrode, and |ayers having a | um nous region,
8 which | ayers are provided between the first electrode and the second

el ectrode, wherein at |east one of the layers is fornmed into a specific
pattern by transfer of a constituent material of the |ayer in accordance
wth a reverse offset relief nethod. The device configured as described
above according to the present invention is hereinafter referred to as
"el ectrol um nescent device of the present invention". According to the

el ectrol unhnesceayedeviee ptotheedpbeseatni BMENti 0Bt silBeerabel aagt one of
| ayers having a. |lum nous region can be fornmed into a specific pattern by

transfer @heas@@aﬁalbm@etraaéerwabr@ﬁntge hayet bAcaggordangg,wrkh the
reverse offset relief method, is possible to forma naterlal whi ch has

been regaj dedoasedl maegsablsge&@fp@ patternedy i PhAsRosPEei Lic pattern while
keepi ng high uniformty and good quality of ? he patterned |ayer, to select

the vi scogaaayt%ughe ﬁQBéM%EeBE  ABt @%gé}: tQ Qgcgmgﬁ{:grmhl a wde

range and also select a solvent used r transter o e constituent

material |p,a whdgekange, . 20det Qo ShOKL e tidR LU I oy e

described above according to the present 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 reverse offset relief 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




for transfer of the constituent material because of rapid transfer of each
pattern. As a result, the electrolum nescent device of the present
invention is capable of sufficiently neeting the requirenents for a 9

| arge screen and full color display (which is realized by patterning
materials of a plurality of colors), while ensuring a high |um nous
efficiency and a high lumnous intensity. Brief Description of Draw ngs
FIGS. 1A to 1C are sectional views illustrating a reverse offset relief

nmet hod used for fabrication of an organic el ectrol um nescent device of the
present ievgnt somekn the guder colotabikpakionwstepsisFreS112A4 8,2C are
sectional views sequentially show ng the steps of fabricating thée organic

el ectrol uphneseanhgdevieeiofist be presenh1knventi e oFEES. wBA1L0 3D are
sectional views sequentially show ng the steps of fabricating the organic

el ectrol ushpeseant adaviyae1ahi hbes PEe8eRt chrVenLlon; LILGES: 4C are
di agrans show ng nnlecglar étruitures o? NEH—PPV, CN?PP%Pﬁgﬁggst as

| um nous jipmtgeial,s used for fabrication of the organic el ectrolum nescent
devi ce of the present invention,

Brief Description of Drawings

FIGS. 1A to 1C are sectional views illustrating a
reverse offset relief method used for fabrication of an
organic electroluminescent device of the present
invention in the order of fabrication steps;

FIGS. ZA 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
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respectively; FIG 5 is a diagramshowi ng a nolecul ar structure of PEDOT;
FI GS. 6A and 6B are views show ng patterns of an 10 electron transportable
| um nous | ayer of the organic el ectrolum nescent device of the present
invention; FIG 7A is a plan view of a pixel portion of the organic

el ectrol um nescent device of the present invention, and FIGS. 7B and 7C
are sectional views taken on line A-Aof 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 showing another related art organic

el ectrol usisescent t dexspertabl& 14R1hsud $8¢Ek0pAl tMée&V«:%Q@Y\@:PQ a
configuration of the organic el ectrol um nescent device shown in FIG 09;

and FI G dicksralsehesstbstview sBovkngha seBELALT ahion: 16xanpl e of a flat
di splay using the organic electrolum nescent devices shown in FIG 9. Best

Mode for Carryingdutyd hes Invendd am APcor di ng; Lo t%ﬁﬁ%‘% difventi on,
preferably, the layer is formed into the specific pattern by transfer of
organic electroluminescent device of the present
invention, and FIGS. 7B and 7C are sectional views taken
on line A-A of FIG. 7A;
FIG. 8 1s 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 electrcluminescent 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




an ink material conposed of a solution in which the constituent materi al
is dissolved in a solvent or a dispersant in which the constituent

material is dispersed in the solvent, and renoval of the solvent fromthe
11 transferred ink material. In this case, the layer nay be fornmed into the
specific pattern by preparing a nenber having an ink releasable surface by
subjecting a surface of the nenber to an ink releasability inparting
treatment, coating the ink releasable surface with the ink materi al
conposed of the solution or dispersant of the constituent material of the

| ayer, pressnrgecareal iak pBderfigom glass or the like having projections
arranged in a specific pattern to the ink releasable surface coated with

the ink material1ntonigespye, Poid i Diger BRI PG A NESLRLACI RV tind he
projections of the relief, of the ink material fromthe ink rel easabl e

surface byplaagteha 2ot HANSLERLEAG,! RenbikoBBLELLAL aheRKNi ng on the
t he” menber

i nk rel easabl e surface of into the specific pattern on a

hosL oL epERdLL0D, OLpsaoOhyt AbLE 0 Limaplscl preyumyfpgformd e

di'ssol ving o di3petsh 0g an; 95 9gni 6 LUpt NQUS DBLELIAL Cooting the
ink releasable surface with the ink material composed of
the sclution or dispersant of tThe 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 proiections 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 melecular weight luminous material such as
anthracene or phthalccyanine) or a precursor thereof in
water or an organic solvent (for example, cyclohexanone,

tetrahydrofuran (THF), xzylene, dimethylformamide (DMF),

iz




o e e e e T L et L) i S =) R s A T S e e T e e s i L i e b o e

(for exanple, a polynmer |um nous material such as MEH PPV, or a |ow

nol ecul ar wei ght |um nous material such as anthracene or phthal ocyani ne)
or a precursor thereof in water or an organic solvent (for exanple,

cycl ohexanone, tetrahydrofuran (THF), xylene, dinethylformam de (DVF), 12
e - dinet hyl sul foxi de (DMSO), or acetonitrile). A
conposite | ayer (stacked structure) nmade froma polyner |um nous materi al
such as MEH PPV or a precursor thereof and an organic material such as
PEDOT or a precursor thereof by transfer of the ink material prepared by
di ssol vi ngieetdiyspalsbRgdt heppebyresrl uekneUstrimkeri al or a precursor
thereof and the organic material or a precursor thereof in water or an

organi ¢ sol vent p(&&fipexaiml ey cht%%%@@tr&@w@@yc}ﬁmwﬁbrﬂﬁ)
xyl ene, di nethyl f or mam de (Dwﬁ¥ di net hyl sul f oxi de ( DMSO) or

acet oni trbb@:g/meén1%%5{19%{@9%9@ gagheagummy@vl 8¥en E§¥cgfso§:0r med on a
hol e transport |ayer by transfer of the ink material o the specific

pattern. EHCLBSE oAql aXeh hohicanalRohe) caLah gt @ﬁ&BTOE lgyers for a

plurality of colors may b orne by trans & ink material into
the SpeC'EE%cegggﬁrEhereof 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

(for example, cyclohexanone, tetrahydrofuran (THF),

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

An electron transportable luminous layser 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
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For exanple, the layer may be forned into the specific pattern on

el ectrodes patterned at |least for respective pixels on a substrate made
fromglass or the |ike. Further, at |least three kinds of |um nous |ayers
for emtting light of red, green and blue may be each forned into the
specific pattern on el ectrodes patterned at |east for respective pixels on
a substrate made from 13 glass or the like, by transferring each of ink
materials of constituent naterials of the |um nous |ayers on the

el ectrodes. A preferred enbodi mrent of the present invention wll be

her ei naf tgragleseri bed 1incdetidy | Mid brLef 85 @NEL-1 Q¢ t 1§y dhaWE RPS1 s A Process
of fabricating an organic electrolum nescent (EL) device according to a

preferrecbfefm@siw@@én@fmg{@rpa@e@f ﬂ‘i‘é/emrhﬂ{bdé showps 1o, HLES. 2A to 2C
and FIGS. 3Ato 3D. As shown in FIG 2A, a transparent glass substrate 1
havi ng a lwydrophebic surface is twice subjected to a substrate cleaning
step, which step involves ultrasonic cleaning using a cleaning agent of

Fi sher brand_an%hg§% fyeé'éﬁﬁ%&yﬁe %QIQ%_u%k%%eultr%RnﬂlJyater The

substrate 1 is eaned W th ace one and FSOpro

will be hereinafter described in detail with reference to
the drawings.

A process of fabricating an organic
electroluminescent (EL) device according to a preferred
embodiment of the present invention is shown in FIGS. 22
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
alcohel, 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 ITC 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
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al cohol, and dried in a clean oven. After the substrate 1 is thus cleaned,
transparent pixel electrodes (anodes) 2 nade fromI|TO are forned on the
substrate 1 by formng a |ayer nade from I TO 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 rays-ozone (UV-ozone). The pattern of the |ITO transparent

pi xel electrodes 2 may be variously selected. One exanple of the pattern
i's shown tayktGzodd, (UU-whbed) i sl and-shaped pixel portions 37, each having
a size of, for exanple, 70x200 nm are independently arranged. As shown in

FIGS. 7B and 7Q@nd hexadiacatt did mfo thespatdarned plxel - portions, 37  may
be insulated fromeach other by neans of an’insulator 14. Alternatively,

the pixelehest Fodesr2o1BYyDE{OMMBY, 00O StLiPe %%ﬁﬁf? ﬁ&vﬁ%ﬁﬁ“hi n FlG

2B, a solution 4a of PE having a hole transporta as a

mol ecul ar; STEHGLNT 8n BRAUNZAN Ll Ginbon! 2o H0ARREM, 804! DE, SYbSt rate 1 by

means of a mcro-syringe 3 under a dropping con controlled in an

atnDSpher§8r§£§ﬁ§'3Tpee958p9§9i§8|¥téfge of, for example, 70x200

nm, are independently arranged. As shown in FIGS. 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
inte stripe shapes.

As shown iIn 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
controlied in an atmospheric state. The dropped sclution
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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4a of PEDOT is then subjected to spin coating at 600 rpm for 2 sec and
3000 rpmfor 58 sec. As showmn in FIG 2C, the resultant substrate 1 is

pl aced on a hot plate and is baked, to forma hole transport |ayer 4 nade
from PEDOT. The baking treatnent is perforned in a treatnent bath kept in
an atnospheric state or a pressure-reduction state, with the baking
tenperature or the degree of pressure-reduction controlled, for exanple,
at 120C for 10 min. 15 As shown in FIG 3A, an ink material 5b conposed of
a water solution of MEH PPV, CN-PPV, or PPV, which is an electron

transportabl e polynBiodhaviMore; ModRCcUlRri Sk rHet a £2 Showne i Fe & 4/ 4B or
4C, is transferred in a specific pattern onto the hole transport |ayer 4

by a reverggretf ssiutebhebenpthodpyThenresyl t apt ppybsirats 1 ig baked, for
exanple, at 70~C for 2 hr, to forma filmof the ink naterlaF 8, and is

then put Lfea:y¥aguppyQ¥en Kept o oig~g fﬁavﬁxapgrﬁghgeu%gi a sol vent
(water) remaining 1n the 1 nk materi P gb, to “forman e ectronf on

t t ) as ,sho in,El G, _3 transfer _of the
b ooy er SoFBEEHEL IS A AT £RG2S R0 Sk Oy Bl P e L E R B Al eof ay
be,

as WiH)ecific pattern onto the hole transport layer 4 by a
reverse offset relief method.

The resultant substrate 1 is baked, for example, at
70°C 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 transportable luminous 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 reverse offset
relief 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 Q
tc 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
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be described bel ow, perfornmed by the reverse offset relief nethod shown in
FIGS. 1Ato 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
inparting treatnment, and is coated with an ink material 5a to a specific

t hi ckness (for exanple, 100 nn) 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 | eadi ng ends of
projections of 16 a glass nmade relief (glass mask) 22, and is rotated

relative hoghhesrghief 22 Wi t(BlésE?ﬁHékLtﬁ@t RABL QNS BGteQl the ink
material 5a, which are in contact with the feadlng ends of the projections

of the rekieht22e EBGthéeHQYEfoEQU1%P€h55r£éﬁﬁleftEQ@ gbk&gegsr%gin layer
20 of the roll 21. Such partial renoval of the ink material 5a fromthe

rol | 21 shdecnaniRe sapklyahbahl ynachuialery oBRELALTRA Ry hhe Tel easing

function of the ink releasable "surface o sil'rcon resin Fayer 20. It

i b ' i . t lief. 22 i I
formod | nta aipa Farh P8, BPECREPL 0% e PR ERCaReLECkFone Franspor tabl o

Lum nous | gyer, focbe.f ored,, A5 ShOpn LD BB o2G Ag.r gLl 21ohs,get such

the roll 21. Such partial removal of the ink material 5a
from the roll 21 side can be easily, highly accurately
performed by the releasing function of the ink releasable
surface of the silicon resin laver 20. It is to be noted
that the projections of the relief 22 are previously
formed into a pattern reversed tc a pattern of an
electron transportable lumincus 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
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necessary pattern of the ink material 5b remaining on the surface of the
silicon resin layer 20 is brought into contact wwth the glass substrate 1
of an organic electrolum nescent 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 treatnments. Such transfer of the ink material 5b from
the roll 21 side to the substrate 1is easily, highly accurately perforned

by the retgasing Fansisom of sudfatBecknknseleasabhersytfiace,of bhe silicon
resin layer 20 .of the roll 21. The electron transportable Yunlnous | ayer

5 thus foppedhgeyshaver a sifgle ol Qi &aﬁgrﬁsrgblaéabﬁ@%mmo@ @T% HA to 6C,

and al so have a full-color pattern conposed of a conbi nation A single

col or Patb et fluReokhoy fiadinage SLgleacol 051 DAULELA.PE (Lor,green) . and a

single color pattern 5B as s own in shown in

5o St B - ohatpn, A DLgsTERs oL for gramic, S0
deDOSItIOQoﬁéO%Q& fke<9§n Pat%féglgg aagigéfg1ggf%£ pgttern 5R

(for red), a single color 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 calcium (Ca) layer 13 having
a thickness of, for example, 5,000 nm is formed on the
electron transportable luminous 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 depcsition
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 portion is sealed
with an epoxy resin or the like, to accomplish an organic

electroluminescent device 15.
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| ayer 10 having a thickness of, for exanple, 10,000 nmis fornmed on the
calcium (Ca) layer 13 by vacuum deposition or the |like and patterning, and
an Au-Ce layer 9 for protection and inprovenent of a bonding
characteristic is formed on the alum num (Al') layer 10 by vacuum
deposition or the like and patterning. These calcium (Ca) |ayer 13, the
al um num (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 |ayer 9,
and a side portion is sealed wth an epoxy resin or the like, to

acconpl i sh an orgash£dieh ecd rohdind Aeseent e devi €81 Jdi ndS-Aecosdi-hg. to the

organi c el ectrol um nescent device 5 in this enbodi nent thus fabricated,

since at }eash eRes e&bbayaéﬁthéxuggfabtyahega§ 5gﬂkenattﬁégstSP

el ectron transportable |umnous |ayer 5 ormed Into a specific pattern
by transfge ofy8-coRshihyent (RiApLA! (Oh;bhe (gheciion hLanspariapl e

| um nous layer 5 by the reverse se le . |3 8035| le to

t f t c ee regar ed_as

 mmossi bl & FA°Be™5aPTer bt PN, f%t§¥s52€tf?89%é?terﬁo GhFPESRERHI ng hi gh

uni form ty_ apd gogd guality of the transferred layer, ..

electron transportable Iuminous layer 5 by the reverse
offset relief 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 alsc 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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According to this enbodinent, it is also possible to select the viscosity
of the constituent material to be transferred in a wide range, and to

sel ect the kind of the solvent in which the constituent material is
dissolved in a wide range. According to this enbodinent, it is further
possible to shorten a time required for transfer the constituent materi al
because of rapid transfer of each pattern. As a result, the

el ectrol um nescent device according to this enbodi nent is capabl e of
sufficiently neeting the requirenments for a large screen and full color
di spl ay (@hichikacyeahtizedhbyhpathenpiiBgimpegEials of a plurality of
colors), while ensuring a high Iumnous 19 efficiency and a high | um nous

intensity. In pariigiuteicusincesihe aboyendascrdded. [svgr se.pfdset relief

met hod is performed by coating the surface of the silicon resin |ayer 20

of the ro&ffaéthéMiébeméﬂKodnﬁgeﬁ&@koﬁﬁedr@gg&&ggéhgetHQ”§8§§aégy I nk

portions 5¢c by wusing the glass made reli ef ransferring the ink

meterial b teunkplngoRN:LBe, S arer0f o hensi L ooniesipy Layer 20 to the
substrate 1 side, it is possible" to elimnate a so-cal l'ed cobwebbi'ng
PgﬁnonenQRa€Q9§§g by, f@%@@fﬁgoéhéhSnﬁQ@eQQé%%OfngSO%QQOEQaQEf8§ of the

using the glass 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

eliminate a so-called cobwebbing 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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material 5b can be elimnated, 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 nmade from glass, the unnecessary ink portions 5c can be
easily renoved, and the necessary ink material 5b can be easily, highly
adhesively transferred to the organic based hole transport |ayer 4 w thout
getting out of the shape of the pattern. Even for a device structure
provided with no hole transport |ayer 4, since the substrate to which the

necessaryehsk amtenielobbths i@l@@sér@ﬁsiﬁérﬂﬂnééeggg@?z frem I TO or gl ass,
the rel ease and. transfer of the necessary ink material 5b can be perforned

Wi th the sareidfsesse as thaleeflt,he ol ease ofpthe yinnecessary ink
portions 5¢c. As a result, it is possible to easily control” the conditions

for rel eashigrd et HANGSRSSAI dnd K POLLT ORNS1 RG AR ﬁﬁﬁ&éééé‘&];?“ ko
transferring the necessary ink material 5b. "Wth the use of " the relief 22,

the unnecessalynknkc BOItIONS: Sthdalnbe: PaSILY-FERRVRLL TLOMLbE, surface of

the silicon resin |ayer 20 an e necessary In eria n be

easily relegasgd.fromthe surface of the silicon

With the use of the relief 22, the unnecessary ink
portions 5c¢c 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. Since 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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resin layer 20 and be easily transferred to a nearly flat surface, to

i nprove the surface characteristic of the transferred ink material 5b,
thereby formng a layer of the ink material 5b with high uniformty and
high film quality. 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 |ayer) can be desirably obtained by
etching, it is possible to desirably fabricate an organic

el ectrol um nescent device requiring the transfer of an ink |layer having a
smal | thickness. The present invention will be nore fully described by way

of the foldon nehexandhea rogbrication ofs rgants & egtLol um nescent
Device> A gl ass substrate was first irradiated with U/- 21 ozone, and then

a tayer SlnddQvas holdmdy o d1e roeReld Ao hied YAl of Jokdvas, patt erned

into a specific pattern [ 7A to 7C, to formtransparent

hown in Fl

pi xel el S e, at T esul t ant ubstrate S
i rradi at‘t'g%{%\ﬁiﬁ Et%/—%?%‘%g,u?rpﬁéégede , %@n?% EJ())I ﬁ{}f%né% 1%%“ilfﬁ'nvvas dr opped
on the sub a follo by .spi n.coating thereof at 600 rpmfor 2 sec
and at i1 r%)%‘f%rroé%sm?eic?n A?}%é;rmﬁsetrsap?%' coatd g WHE 3 mi nat ed,

substrate was irradiated with UV-ozone, if needed, and a
solution of PEDOT was dropped on the substrate, followed
by spin coating therecf 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 cyclchexanone as a solvent,
After the printing was terminated, the resultant
substrate was baked at 70°C for 2 hr, to form a film of

the ink material containing the solvent, and was kept in
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the resultant substrate was baked at 120- C for 10 mn by wusing a hot
plate, to forma hole transport |ayer on the substrate so as to cover the
pi xel electrodes 2. After the baking was term nated, an electron transport
emtting material was printed into a specific pattern on the hole
transport layer by the relief printing reverse offset nmethod shown in
FIGS. 1Ato 1C, to forman electron transport emtting |layer 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 follow ng nolecular structures) was dissolved as the el ectron
t ransport 1t ri-ak~ipn. c l{lo exanon S a_splvent. %M er the
printi nS \)\]/%s@uglrédr %lgﬁg?%l%, 7’?h% 1?%3%% Oa\bn su%s??fa een%vaéDr %k%}aea *70- cfor 2
hr, to r ol . ink material containing the solvent, and was
kept info(%z?b% &gégt“%ttc?\}‘%%%at 709C to renove the solvent fromthe film of
the ink material. rll 00 MEH PPV (lum nous color: orange, filmthickness:
500 nm O Me ON CH3 ON

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

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

N\

0

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

A calcium (Ca) film having a thickness of 500 Aﬁ
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CN- PPV (lum nous color: blue, filmthickness: 430 nn) PPV (lum nous col or:
green, filmthickness: 525 nm A calcium (Ca) filmhaving a thickness of
500 A, 23 an aluminum (Al) filmhaving a thickness of 1,000 A, and an
Au-Ge filmhaving a thickness of 1,000 A were sequentially forned on the
el ectron transport emtting |ayer by vacuum deposition, followed by
patterning of these filns, to forma cathode on the electron transport
emtting layer. After the formation of the cathode was term nated, a side
portion of the resultant substrate provided with the stacked structure was
sealed with an epoxy resin, to fabricate an organic el ectrol um nescent

devi ce as_.s . F 3 < ion, of Lum nou ctreri stic> Each
of the t ?egPﬁ@h%€m0¥g%}gg%%%EN%%ggér%IEﬁ%ﬁgggaﬁtogeg?gég of &h s?ion of

| i ght of __ofange (usi VEH PP . blue (usi.n PRV), and green usi ng
PPV) masa%e%%ug%dﬁfn Pg?ﬁ%n%faygﬁ%ﬁ%ﬁgséf?Fc?eﬁ@@ c? 2§ and | uni nous
intensit cd/ The resylts are ho in Tables 1, 2.and 3. It is to be
not ed th%?&F%nQ%%% ofoﬁ%%#e%nlghﬁ,egﬁawn?ntﬁgaﬂﬁggﬁ eG™AFUBY of the

| um nous efficiencg and the | um nous igiensit of an organic

el ect r ol LAY RESRENY A GRVT cBPADF FEab edf SLitAWEHabY ahat terning of

these films, te form a cathode on the electron transport
emitting layer. After the formation of the cathode was
terminated, a 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/RA) 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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el ectron
form ng

transport emtting |ayer was fornmed on a hole transport |ayer by
a layer of PPV or a derivative thereof overall on the hole

transport | ayer in accordance wth the spin coating process are shown for

conpari s
I nt ensi t
Coat i ng

MEH PPV was subjected to a shelf test by |eaving

at nosphe
deteri or
subj ecte
conti nuo

on. 24 Table 1 (using MEHPPV) Luminous Efficiency (cd/A) Lum nous
y (cd/ne) Reverse Offset Relief Printing Method 2.1 1300 Spin
2.0 1350 The organic el ectrol um nescent device fabricated using
the device in a nitrogen
re for one nonth, the result of which showed that any

arabheofl theingeMEHerw@s not observed. The device was then

ﬁ_%e__afigpeLbLg_deLFrinrafinn test hy .k!ng t he deyice
sly emt |ight underhﬁﬂggpgﬁi&g@wo&ﬂggl|ﬂ&&dﬁy:Htg%qhn@Qﬁg)of 100

cd/ 2 by

md—reasur atHre—etapsed—nti |
aqgkégggf%@gggﬁépnt current and g apset—
nance was feduce t

the [um NALS o half, the result of which shgwed that it he
hal f-ti ne—waS - 30Ehed  Table 2 (using CN-PPV) {1l uni nous Efficiency|(cd/ A
Lum nous; | nt englib yodredlf m2) |Reverse ©f fset Reli gf 1350

The organic electroluminescent device fabricated
using MEH-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 1,300 hr.

Table 2 (using CN-PPV)

Luninous Efficiency {(cd/A) | Lumincus Intensity (cd/m?)

Reverse Offset Relief

._ 1.2 1210
Printing Method

Spin Coating 1.3 1200

The organic electroluminescent device fabricated
using CN-PPV was subjected to a shelf test by leaving the

device in a nitrogen atmosphere for one month, the result
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1.2 1210 Printing Method Spin Coating 1.3 1200 The organic

el ectrol um nescent device fabricated using CN-PPV was subjected to a shelf
test by leaving the device in a nitrogen atnosphere for one nmonth, the
result 25 of which showed that any deterioration of the device was not
observed. The device was then subjected to a forcible deterioration test
by meki ng the device continuously emt |ight under a condition of an
initial lum nance of 100 cd/n2 by applying a constant current and
nmeasuring a time elapsed until the [um nance was reduced to half, the
resul t of oohiwbhcshemedet hehat henpabibttirterwasod, 3(0the. deFabkeyds(usi ng
PPV) Lum nous Efficiency (cd/A) Lumnous intensity (cd/rn2) Reverse Ofset

Rel i ef 2.80142PsePréati mhdveidiadSpids Gaadd ng \;ecéeelfv&s) d & QL gani ¢
el ectrol um nescent device fabricated using PPV was subjected to a shelf

test by |eavkngotheiodevise b maRihE0gRE @é@é@heaﬁtiﬁﬁoeefﬂ@fﬂw the
result of which showed that any detérioration of devi ce” was

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 1,210 hr.

Table 3 {using PPV}

Luminous Efficiency {cd/A} | Tuminous Intensity (cd/nf)

Reverse Offset Reliefl

T 2.3 1420
Printing Method

Spin Ceating 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 continucusly 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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not observed. The device was then subjected to a forcible deterioration
test by making the device continuously emt [ight under a condition of an
initial lum 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 half-tine was 1,450 hr. The results of the
above tables show that the 26 organic el ectrolum nescent device according
to the enbodiment of the present invention is able to facilitate the
patterning of an organic |lum nous |ayer and to obtain desirable |um nous

characterpsthesc sueBrasiambHELREHS delfilbei gheyrandyachuphpous intensity,
conparable to those of an organic el ectrolum nescent device fabricated by

usi ng the.5pPbA:iKOALI B PhECESSseAb §nbén@9¥ﬁn£$9§8 § i;? fBéEE}L%%Eleng an
organi c el ectrol um nescent device for full-color display by formng

organt ¢ | upsnoyesLayers Leraperisahon olyLabt of, sespest Lyeqgelors on 2

comon substtate. | o] n at tne ove-descr preferred
et Tenseniabll SAATRLES StoLhE BLERENL, YRR LON RREN ounlY
For exanpéffiéfeﬁggrgﬁgtgofuginégg ?98¥8é9§§?rég%garable to those

of an organic electroluminescent device fabricated by

using the spin coating process. This is advantageous in

fabricating an organic electroluminescent device for

full-color display by forming crganic luminous layers for

emission of light of respective colors on a common

substrate.

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 Iluminous material

to be transferred by the reverse offset relief 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 reverse offset relief

metheod.

The shape and structure of each member used for the
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organi c el ectrol um nescent device, the lumnous material to be transferred
by the reverse offset relief nmethod is not limted to PPV or a derivative
t hereof but may be any other organic or polyner |umnous material, and the
hole transport |ayer nade from PEDOT may be simlarly fornmed into a
specific pattern by the reverse offset relief nethod. The shape and
structure of each nenber used for the 27 relief printing reverse offset
nmet hod, and the operating manner thereof may be variously changed. The
organi c el ectrol um nescent device fabricated according to the enbodi nent,
which is for display, my be of any other structure, and further, it may
be a deviekiefisediasiopt et r€omifs catmothd@ansnd ofthd esed va idng

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

the el ectdamienri nescent feyive Wirihes1prasemiednvention, since at |east one
of layers having a lumnous region is formed into a specific pattern by

transfer of a gopstddgeentc MAIRARL B @ draY tedite aeeY NG W th the
relief printing reverse offset nethod, it is possible to forma material,

whi ch hage heed f§ 988 deth s SPARSH O ewﬁi)clpemoaﬂfr&‘fgplé At Gn, SPeci fic

of any other structure, and 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
presgent 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 td_form a material, which has been
regarded as impossible to be patterned, into a specific
pattern while keeping high uniformity and good guality of
the p;tterned 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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pattern while keeping high uniformty and good quality of the patterned

| ayer, to select the viscosity of the constituent naterial to be
transferred in a wide range and also select a solventused for transfer of
the constituent material in a wde range, and to shorten a tine required
for transfer of the constituent material because of rapid transfer of each
pattern. As a result, the electrolum nescent device of the present
invention is capable of sufficiently neeting the requirenments for a 28

| arge screen and full color display (which is realized by patterning

materi al s; gf4& @tf@@tltﬁ{dotutpl 05 B r &t‘@éﬂaﬁage%fﬂbl@%é‘ Pégg ; LU B

efficiency and a high lumnous intensity e proc ss of

making ano gl eCLALLUMAESEER] s AgY1 L0 aXL NG 9N PT GANLE5 ) Uhepgent | ayer

conprising: providing a su strate ormng a first ectrode on said
substrate 0 hav n r n over said first
electrode %g%éﬁégﬁﬂgéaggﬁ%ﬁ%u%féggfd % gg gHancF@dgh fuﬁ ?ventless
solid |nle@é§£ial and is forned into a

1ty.
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specific pattern by transfer of a constituent material of said layer in
accordance with a relief printing reverse offset nethod. 2. The process of
maki ng an el ectrol um nescent device according to claim1, wherein said

| ayers conprise a hole transport |ayer over said first electrode and a
pattern of an electron transportable polyner onto said hole transport

| ayer that fornms an electron transport emtting |layer. 30 3. The process
of making an el ectrol um nescent device according to claim?2, wherein said
process includes formng a second el ectrode on said el ectron
transportabl e polynmer pattern. dpafihe process of meking an

el ectrol um nescent device according to claim3, wherein said process
includes formng said electron transportable polyner by enploying said
relief printing reverse offset nmethod that includes noving a roll that is
coated with a material that facilitates ink release. 5. The process of
maki ng an el ectrol um nescent device according to claim4, wherein said ink
release facilitating material is a layer of silicon resin. 6. The process
of maki ng an el ectrol um nescent

1. The preccess of making an electroluminescent
device having an organic luminescent layer comprising:

providing a substrate;

forming a first electrode on said substrate; and

forming layers having a luminous region over said
first electrode, |
wherein at least one of said layers includes a
solventiess, solid ink material and 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. The process of making an electroluminescent
device according to claim 1, wherein said layers comprise
a hole transport layer ovef said first electrode and a
pattern of an electron transportable polymer onto said
hole transport layer that forms an electron transport

emitting layer.
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device according to claim1, wherein said electron transportable polyner

is PPV or

a derivative thereof. 7. The process of naking an

el ectrol um nescent device according to claim®6, wherein said PPV and its
derivatives are enployed to emt a plurality of colors. 31

3. The process of making an electroluminescent
device according to claim 2, wherein said process
includes forming a second electrode on said electron

transportable polymer pattern.

4. The process of making an electroluminescent
device according to claim 3, wherein said process
includes forming said electron transportable polymer by
employing said relief printing reverse offset method that
includes moving a roll that is coated with a material

that facilitates ink release.

5. The process of making an electroluminescent
device according to c¢laim 4, wherein said ink release

facilitating material is a layer of silicon resin.

6. The process of making an electroluminescent
device according to ¢laim 1, wherein said electron

transportable polymer is PPV or a derivative thereof.
7. The process of making an electroluminescent

device according to c¢laim 6, wherein said PPV and its

derivatives are employed to emit a plurality of colors.
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