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Ilght emtting device and a process for production thereof and, nore
particularly, to a light-emtting device having an enission Iayer hel d

bet ween el ectrodes and a process for production thereof. Bacm@round Art An

organi c el ectrolum nescence (referred to as EL herein “\m W“ WM“ , whi ch
is a spontaneous light- emtting device (referred to ag\m

device hereinafter), has an organic filmincluding an organmﬂw*en133|on
| ayer between an anode and a cathode. Fig. 4 is a sectional view show ng

[ gnt-em 11 ng devi e anown in this tigure nas a I over clMMIMGININ as an

anode of netallic material fornmed on a substrate 101 and an @ggani c | ayer
106 including an organic hole injection layer 103, an organic hole
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Technical Field
The present invention relates to a light-emitting
device and a process for production thereof and, more
particularly, to a light-emitting device having an
emission layer held between electrodes and a process for

production thereof.

Background Art

An organic electroluminescence (referred to as EL
hereinafter) device, which is a spontaneous light-
emitting device (referred to as light-emitting device
hereinafter), has an organic film including an organic
emission layer between an anode and a cathode. Fig. 4 is
a sectional view showing the structure of one example of
such light-emitting devices. The light-emitting device
shown in this figure has a lower electrode 102 as an
anode of metallic material formed on a substrate 101 and
an organic layer 106 including an organic hole injection
layer 103, an organic hole transporting layer 104, and an

organic emission layver 105 or the 1like, which are



electrode 102. And, on this organic layer 106 is formed an upper electrode
.107 as ‘a cat hode mhlch is athinfilm of netallic material transparent to
Ilght and is further fornmed a transparent conductive film 108 to reduce
the resistance of the upper el ectrode 107 as a cathode. The light-emtting
‘device of such structure is a display elenment of so-called "top emtting
type", which works in such a way that the light generated by the organic
em ssion layer 105 is reflected by the lower electrode 102 of netallic
material and is allowed to emanate through the upper el ectrode 107 pl aced
opposite to the substrate 101. Mreover, production of the light-emtting
device of suqbhesatiatliurkasfiavhe wwvelr tahenonyex loayeheofllowmetral [ic nmaterial
on the substrate 101 by any process adequately selected fromvarious

processes sdtBcBfo8BULDELI NMhd, I&5| ShaSCerfigat £ NYayapoLodepesEbiraga and
el ectron beam vapor deposition, and formng the | ower electrode 102 by

patterning gheypp¥er e@bciBbak! 167MakeR ahthodRS@AYRMAL isSheRnidr ¢idequenti al
deposition of naterials for the organic |layers 103 to 105, the upper

el ectrode 1% Haeguwemseam@r ‘E%nEEQQQ%' ¥e hiilgie198 4l NO0uGH (@ deposi ted

mask, and t eposition is y patterning to 2 formthe organic

layer 106, Eggmgﬁpgrt?gﬁgﬁgggﬁtngndGQQ1ve film 108 to reduce the

resistance of the upper electrode 107 as a cathode.

The light-emitting device of such structure is a
display element of so-called "top emitting type", which
works in such a way that the light generated by the
organic emission layer 105 is refiected by the lower
electrode 102 of metallic material and is allowed to
emanate through the upper electrode 107 placed opposite
to the substrate 101.

Moreover, production of the light-emitting device
of such strudture starts with forming a layer of metallic
material on the substrate 101 by any process adequately
selected from various processes such as sputtering,
resistance heating vapor deposition, and electron beam
vapor deposition, and forming the lower electrode 102 by
patterning the layer of metallic material. Subsequent
steps are sequential deposition of materials for the
organic layers 103 to 105, the upper electrode 107, and
the transparent conductive film 108 through a deposited

mask, and the deposition is followed by patterning to



the transparent conductive |ayer 108. However, the display device and the
-process for production thereof as nentioned above have the foll ow ng
problem Nanely, all the layers of nmetallic material tend to have

pol ycrystalline structure no matter whether they are formed by sputtering,
‘resi stance heat vapor deposition, or electron beam vapor deposition. As
the result, the |ower electrode 102 fornmed by patterning the |ayer of
metallic material has projections on its surface due to narked surface
roughening, as shown in Fig. 5 (an enlarged sectional view), although not

SO Serious @srm Néhe ISAGHPRS Sty N 0dss [ AHB difgdnd 1 il W1 i de) .

Consequently, the organic |layer 106 fornmed on the |ower electrode 102

becones | oca{%gtfﬁ%%%g@g;&ldwfﬁe [ NG . Projections, with the

result that t acr oss ganic 1ayer 106 between the | ower

el ectrode 102 andH%Q%v%QpeEh%I%&gggg p@%gi ﬁg%ggﬁg %f§%k§8§%2 rt and the

electric field concentrates at SuU PFent. This

| eakage curren 0€es t help the light- em tting device t mt. |ight but
decr eases t%oé‘b"‘rq?jr%rfe %F?ﬁfoté}f‘é e Qrb‘?fftatt?%vge %e&%/ﬁf%ﬁ%?i,ng
extrenely concentrated | eakage _current results in a_short 3 circuit between
t he | ower e?"e?:tﬂ'%'e Ngzedyqy %Jfé. l1“;&}‘§e|il.ayers of metallic material tend

to have polycrystalline structure no matter whether they
are formed by sputtering, resistance heat vapor
deposition, or electron beam vapor deposition. As the
result, the lower electrode 102 formed by patterning the
layer of metallic material has projections on its surface
due to marked surface roughening, as shown in Fig. 5 (an
enlarged sectional view), although not so serious as the
transparent anode formed from ITO (indium tin oxide).

Consequently, the organic layer 106 formed on the
lower electrode 102 becomes locally thin at spots
corresponding to projections, with the result that the
distance d across the organic layer 106 between the lower
electrode 102 and the upper electrode 107 becomes locally
short and the electric field concentrates at such spots
to cause leakage current.

This leakage current does not help the light-
emitting device to emit light but decreases the
efficiency of the light-emitting device. Moreover,

extremely concentrated leakage current results in a short



el ectrode 107, thereby disabling the light-emtting device fromlight

-enmi ssion. This is the cause for non- enmtting spots so-called dark spots in
the*organic EL display. A possible way to prevent |eakage current is to
formthe |ower electrode 1021 froman electrically conductive material,
such as chrom um oxi de, which gives a flat filmsurface, as shown in Fig.
6. However, the electrically conductive material in oxide formhas a | ow
reflectivity and readily transmts light, so that the |ower electrode 102
made of the electrically conductive material permits the light h reaching
it fromthe emssion [ayer 105 as one of the organic |layers 106 to be
absor bed t ovdrduthebstubetnatbelDdwethied ecesoldes 102 anddetiecappern t he
anount of light h emanating fromthe upper electrode 107, which in turn

| eads to a deeeasedeniorni sheoBbef Hich®ning lthel 3iahtolkmacitiak t he present
invention to provide a light-emtting device of top em ssion type and a

process forgpyeddckiren EEQEQOEmlhhgohlghTh§§11§|BHed@¥h§8 féeepbng a stable
emtting efficiency without |eakage current. 4 | Disclosure of Invention

emitting spots so-called dark spots in the organic EL
display.

A possible way to prevent leakage current is to
form the lower electrode 102' from an electrically
conductive material, such as chromium oxide, which gives
a flat film surface, as shown in Fig. 6. However, the
electrically conductive material in oxide form has a low
reflectivity and readily transmits light, so that the
lower electrode 102' made of the electrically conductive
material permits the light h reaching it from the
emission layer 105 as one of the organic layers 106 to be
absorbed toward the substrate 101. This results in a
decrease in the amount of light h emanating from the
upper electrode 107, which in turn leads to a decease in
emission efficiency.

It is an object of the present invention to provide
a light-emitting device of top emission type and a
process for production thereof, the light-emitting device

keeping a stable emitting efficiency without leakage

current.



The present invention to achieve the above- nentioned object covers a

1i ght - enlttlng devi ce conposed of a lower electrode which is laid on a
substrate, an organic layer including at | east an em ssion |ayer which is
laid on the | ower el ectrode, and an upper electrode transparent to |ight
which is laid on the organic layer, characterized in that the | ower
electrode is of lamnate structure consisting of a netallic material |ayer
and a layer of buffering thin filmwhich is formed on the netallic
material |ayer. The buffering thin filmis made of any oxide of the
nmetallic material constituting the netallic material |ayer, the oxide
havi ng a hi ghetloearduoti thirgnthan t he organic | ayer, or nade of an oxide
of chromum Also, according to the present invention, the Ilight-emtting

device is producedrhy prPs&CESEnveEtudhno strpevef ther abogea | over
el ectrode on a substrate, formng on the |ower electrode an organic |ayer

including RABneWbaaLEOBLYBYEr co@bdsf ar Migd rakave tihg AeRSldeaic@dnddsddper
el ectrode transparent to |ight such that the em ssion layer is held

bet ween theokoﬁeﬁoﬁbgcgﬁgggraﬁg wh€hUBReN a8 ke okl @deyupEhaade erinzed in that
the step of formng the | ower electrode includes additional steps of 5

formng a byfferino;thld §hbTuETnd TRt eals! Tof QTRY1% 1ayer which

is laid on the lower electrode, and an upper electrode
transparent to light which is laid on the organic layer,
characterized in that the lower electrode is of laminate
structure consisting of a metallic material layer and a
layer of buffering thin film which is formed on the
metallic material layer. The buffering thin film is made
of any oxide of the metallic material constituting the
metallic material layer, the oxide having a higher
conductivity than the organic layer, or made of an oxide
of chromium.

Also, according to the present invention, the
light-emitting device is produced by a process including
steps of forming a lower electrode on a substrate,
forming on the lower electrode an organic layer including
an emission layer, and forming above the substrate an
upper electrode transparent to light éuch that the
emission layer is held between the lower electrode and
the upper electrode, characterized in that the step of

forming the lower electrode includes additional steps of



t he" substrate and patterni,ng the metal filmand buffering thin film

‘t her eby’ fornlng the I ower electrode of |amnate structure consisting of
the netallic material |ayer and the buffering thin film The buffering
thin filmis nade of any oxide of the netallic material constituting the
nmetal |ayer, the oxide having a higher conductivity than the organic

| ayer, or made of an oxide of chrom um The above-nentioned light-emtting
device and production process are characterized in that the surface |ayer
of the |lower electrode is a buffering thin film which is nmade of any oxide
of the metal constituting the wunderlying netallic material |ayer, the

oxi de havi nfoamihggaebufbdedinti thiy tham blhe aomganilc fliayeforaedmate of an
oxi de of chromium In general, a nmetal filmhas a rough surface due to

pol ycryst al theestbsuehiecandhpaederaihigl fheOmezd 10xiiden @hdt bafFeirdhlgi C
material constituting the netal filmhas a | ess rough surface. In

addi ti on, athbﬂftﬂmngtharew kwmag Qheano%lrdmfct%ﬁ@rwm has a |ess
rough surface than the nmetal filmindependently of the nmetal film

under neat h. 1§Qi§9¥6rst£96tﬁyéfEBhegsEHhP offl leMel HWATHNGRE %ﬁt%QQahomer
electrode if 1t Is nade of any oxid the netal constituting the

metallic mygrial 28al BKE butPErORLIENAVEIInd NPRDCE, £PRAYES! ¥ATY than the

film is made of any oxide of the metallic material
constituting the metal layer, the oxide having a higher
conductivity than the organic layer, or made of an oxide
of chromium.

The above-mentioned light-emitting device and
production process are characterized ih that the surface
layer of the lower electrode is a buffering thin film
which is made of any oxide of the metal constituting the
underlying metallic material layer, the oxide having a
higher conductivity than the organic layer, or made of an
oxide of chromium. In general, a metal film has a rough
surface due to polycrystalline structure, whereas a film
of an oxide of the metallic material constituting the
metal film has a less rough surface. In addition, a
buffering thin film made of an oxide of chromium has a
less rough surface than the metal film independently of
the metal film underneath. Moreover, the buffering thin
film functions as the lower electrode if it is made of

any oxide of the metal constituting the metallic material



organic layer, or made of ,a chrom um oxide which has the highest
,conductivity anong oxides. Thus, the foregoing structure ensures a uniform
space between the |ower el ectrode whose netallic material |ayer has a
mldly rough surface owing to the buffering thin filmlayer constituting
the surface | ayer and the upper electrode transparent to |ight which is
laid on the | ower electrode wth an organic |ayer interposed between them
Brief Description of Drawings Figs. 1A to 1D are sectional views show ng
the process for producing the light-emtting device pertaining to the
enbodi nent of the present invention. Fig. 2 is a sectional view show ng the
first |ightiageirtticthg deideehaltiagnedhbighielre condaiedtiivirt yprtbeas shepert ai ni ng
to the enbodi ment of the present invention. Fig. 3 is a sectional view
showi ng t heozgaand 1hieht - e mhidegodew chrobiiamneckilde whe oy MEWC tthen
process pertaining to the enbodi ment of the present invention. Fig. 4 is a

sectional vheyhsBewcBadaceanient bavaly okigll-.enrhtkNgtHeVE6Legbifigd is an
enl arged sectional view showing subjects encountered in conventi onal

light-emttiRgyuéedeyi eB8urebl - ufiifdra $aklcOBRIL WEeRW tHROWRG ranot her
exanpl e
electrode whose metallic material layer has a mildly
rough surface owing to the buffering thin film layer
constituting the surface layer and the upper electrode

transparent to light which is laid on the lower electrode

with an organic layer interposed between them,

Brief Description of Drawings

Figs. 1A to 1D are sectional views showing the
process for producing the light-emitting device
pertaining to the embodiment of the present invention.

Fig. 2 is a sectional view showing the first light-
emitting device obtained by the production process
pertaining to the embodiment of the present invention.

Fig. 3 is a sectional view showing the second
light-emitting device obtained by the production process
pertaining to the embodiment of the present invention.

Fig. 4 is a sectional view showing a conventional
light-emitting device.

Fig 5 is an enlarged sectional view showing

subjects encountered in conventional light-emitting



of tonventional i ght-em t.ting devices. Best Mdde for Carrying out the

JInvention According to the present invention, the display device and the

process for production thereof are

enbodi ed as explained in the foll ow ng

with reference to the acconmpanying drawi ngs. The light-emtting device of
top em ssion type in one enbodi nent of the present invention is produced

t hrough consecutive steps shown in Figs.

1A to 1D. The first step shown in

Fig. 1Ais to coat a substrate 1 of quartz glass or the |ike, which has

been cl eaned previously, with a netal film2 of chromum (Cr) or the

l'i ke

by sputtering. The netal film2 has a high work function and acts as an
anode afterdafdceSputtering is carried out in an atnosphere of argon (Ar)

at about 0.2 Pa, with a DC output of 300W The C film (netal

film 2

about 200 nmthickpig. fOri@da bye s0164 LT | VPew TERoWELG! ahbtARZ Bkhhp@ehi gh

work function may be fornmed from in addition to Cr, nDbedenun1(Nb)
(YE, cBﬂOEﬂEHHhSIaia?HkQQhH%k&NB)de%h%&%l (N' , platinum (Pt),

t ungst en

the |ike.

8 The netal fil ornmed as nenti oned above assunes the

pol ycrystalline structure irrespective of its raw material and
filmformng nethod and hence has a

Best Mode for Carryving out the Invention

According to the present invention, the display
device and the process for production thereof are
embodied as explained in the following with reference to
the accompanying drawings.

The light-emitting device of top emission type in
one embodiment of the present invention is produced
through consecutive steps shown in Figs. 1A to 1D.

The first step shown in Fig. 1A is to coat a substrate 1
of quartz glass or the like, which has been cleaned
previously, with a metal film 2 of chromium (Cr) or the
like by sputtering. The metal film 2 has a high work
function and acts as an anode afterward. Sputtering is
carried out in an atmosphere of argon (Ar) at about 0.2
Pa, with a DC output of 300W. The Cr film (metal film) 2
about 200 nm thick is formed by sputtering.

The metal film 2 with a high work function may be
formed from, in addition to Cr, molybdenum (Mo), tungsten
(W), tantalum (Ta), niobium (Nb), nickel (Ni), platinum

(pt), or the like.

or



con3|derably rough surface with projections. Subsequently, the nmetal film2
is coated with a buffering thin film3 which features the present
itnvention. The buffering thin film3 is a filmof an oxide of chrom um or
any netallic material constituting the netal film2. It should preferably
be formed from chrom um oxi de because it constitutes the | ower electrode
together with the netal film2 and needs to have higher conductivity than
the organic layer to be formed later. Chrom um oxide is desirable for high
conductivity. Mreover, it is desirable to formthe buffering thin film 3
in the sane chanber as used to formthe netal film2 wthout exposing the
substrate 1 to airrhd mdtdls EiMwd nBdimed hes huéfiet ongdt abovéi hes3mes

formed by sputtering which enploys argon (Ar) and oxygen (02) as the

sputtering gre. pdiPeryansl oxyeestanetiirsedrredpbctiale bifey tdevawop equal
partial pressures and their total pressure is about 0.3 Pa. Sputtering is

carried Outpabeiliad BRaOKE pHLeGEn3R0 Hechial Hia WacbhAes bo obtained | the
buffering thin m 3 of chrom um oXide (Cr with a prescribed thickness

(10 nm TorcgxarBl fdp1INEolbhLdrEBbEk D SA g@x;getagﬁquately control | ed by

the duration o sputtering. Incidentally, chrom um oxi de i s not

limted in conposidi,9 ec}LPenCEﬂ?,’ L dde JBYe IR 2CEs OLHLEed with a

buffering thin film 3 which features the present
invention. The buffering thin f£film 3 is a film of an
oxide of chromium or any metallic material constituting
the metal film 2. It should preferably be formed from
chromium oxide because it constitutes the lower electrode
together with the metal film 2 and needs to have higher
conductivity than the organic layer to be formed later.
Chromium oxide is desirable for high conductivity.
Moreover, it is desirable to form the buffering thin film
3 in the same chamber as used to form the metal film 2
without exposing the substrate 1 to air.

In this embodiment, the buffering thin film 3 is
formed by sputtering which employs argon (Ar) and oxygen
(0;) as the sputtering gas. Argon and oxygen are mixed
such that they develop equal partial pressures and their
total pressure is about 0.3 Pa. Sputtering is carried out
with a DC output of 300 W. In this way there is obtained
the buffering thin film 3 of chromium oxide (Cr0O;) with a

prescribed thickness (10 nm, for example). The film



chrom um oxi de such as Cr203 so long as sputtering is carried out
properly. It is also possible to formthe buffering thin film 3 by thernal
oxi dation. A chromiumoxide (Cr203) film with a prescribed thickness (8
nm for exanple) is obtained by heat treatnent at 350 - Cin an atnosphere
of oxygen. The filmthickness depends on the duration of heat treatnent.
As in sputtering, the chromumoxide will have a conposition of Cr02 if
the condition of heat treatnent is properly adjusted. The foregoi ng shows
an instance in which the buffering thin film3 is formed from chrom um

oxi de. However, the buffering thin film3 can also be formed from other

met al oxi deghiguabsasmayl yedaaeguatiedy cWR@Zolard MI2ATe @WGaHiGtelofoxi de
(Ni O, which have good conductivity. As in the case of using chrom um

oxide, thegguERbakngXi dBSclén ORI By NEEnbYcRPYLL BRI BYi¥k! Bsahot
oxygen-containing sputter gas under adequate conditions. Now, the buffering

thin film 3;083.bhs ihhelipsasciBht 80 aBed paci 18 felr agbiuee! Bigy and

conductivity an so on IS reqU|red 0 I'Sp ay unit in which the

10 light-empiLpg, deyl Eﬁe'%ucﬂc rp%&aée%i '%‘ﬁfﬁ% e rdd ? di spl ay
unit is reqU|re@ 0 ka cer Fev % TUm hance: ?ﬂe bu ering thin
carried out properly.
It is also possible to form the buffering thin film
3 by thermal oxidation. A chromium oxide (Cr,0,;) film
with a prescribed thickness (8 nm, for example) is
obtained by heat treatment at 350C in an atmosphere of
oxygen. The film thickness depends on the duration of
heat treatment. As in sputtering, the chromium oxide will
have a composition of Cr0O, if the condition of heat
treatment is properly adjusted.
The foregoing shows an instance in which the
buffering thin film 3 is formed from chromium oxide.
However, the buffering thin film 3 can also be formed
from other metal oxides, such as molybdenum oxide (MoO,
and Mo;0s5) and nickel oxide (NiO), which have good
conductivity. As in the case of using chromium oxide,
these metal oxides are obtained by sputtering with an
oxygen-containing sputter gas under adequate conditions.
Now, the buffering thin film 3 has its thickness

established on its refractive index and conductivity and

also on what is required of the display unit in which the

10



film3 should be as thin as possible (about 10 nm for exanple) so |long as
it covers the surface roughness of the netal film2. on the other hand, if
the display unit is required to have a certain |evel of contrast, the
buffering thin film3 should be rather thick (100 nmor above 100 nm so
long as it has no effect on the efficiency of hole injection fromthe

| ower netal electrode which is fornmed |ater by pattering the netal film
2. Subsequently, the buffering thin film3 with a prescribed thickness as
mentioned above is given a resist pattern (not shown) by photolithography.
Etching through this resist pattern as a mask is perforned on the
buffering thightitmiBtand tbeiset ab inkbrdorihied.etching is wet etching
with ETCH 1 (nade by Sanyo Chemical |Industries, Ltd., trade nanme) as an

et chant whi ch ensulieot1ae€ Wik ®s Ands repe odlusp Dae Wi € ef 81 PggquPRédeEsi ng
| eaves the layer 2a of the metal film2 and the buffering thin filmlayer

3a of the buyfferingetpiinf b3 o¥highingRBEt | tHEEpLREQWR tBligct rode 4 of
| am nate structure. This |ower electrode 4 acts as an anode. 11 The | ower

d
el ectrode 4.is_ for i rLpe.ghap adi L e dept.hw di rection
of the dramf%g? ?ngﬁgﬁzgcgéebghgﬁgﬁtﬁg P?éﬁ?ggggé?gﬁggdégi@g'ig%%

lncorporategxample) so long as it covers the surface roughness of

the metal film 2. On the other hand, if the display unit
is required to have a certain level of contrast, the
buffering thin film 3 should be rather thick (100 nm or
above 100 nm) so long as i1t has no effect on the
efficiency of hole injection from the lower metal
electrode which is formed later by pattering the metal
film 2.

Subsequently, the buffering thin film 3 with a
prescribed thickness as mentioned above is given a resist
pattern {(not shown) by photolithography. Etching through
this resist pattern as a mask is performed on the
buffering thin £ilm 3 and the metal film 2. This etching
is wet etching with ETCH-1 (made by Sanyo Chemical
Industries, Ltd., trade name) as an etchant which ensures
accurate and reproducible patterning. Patterning leaves
the layer 2a of the metal film 2 and the buffering thin
film layer 3a of the buffering thin f£ilm 3, which
constitute the lower electrode 4 of laminate structure.

This lower electrode 4 acts as an anode.

11



into a display unit of sinple.matrix type. On the other hand, the | ower
;electrode 4 is fornmed in conformty with each pixel connected to a
thin-filmtransistor (not - shown), in the case where the light-emtting
device is incorporated into a display unit of active matrix type. The next
step shown in Fig. 1Bis to formon the substrate 1 an insulating |ayer 5
havi ng an opening 5a in contact with the | ower electrode 4. This step is
achieved by formng a silicon oxide (Si@2) film (600 nmthick) by
sputtering and then meking the opening 5a therein by wet etching through a
resist pattern forned thereon by photolithography. This wet etching

enpl oys an aqueousrhdriddwsre elfedpdd | 4101 $ cf @emeld ( HE) s entipansbapem f | uori de
(NH4AF) as an etchant. The insulating |ayer 5 should be forned in such a

way that itege¥gaSnghenpehépaepyneisthailkeveioal e¢t tadeddawihg, addition, it
may be formed fromany material other than silicon oxide, and it and its

openi ng nay%P§ EQL g e PY eny P GRE - Qﬁ&ﬂ?@nbhé@v§96tE%rhﬂgo§B@rﬁQEdetCh'ng
menti oned above. Incidentally, the insulating layer 5 is intended to 12

positively igpbaleat Dy Lonehy € 861 LoAE18 hheyLheyareron eRgt & ofler
A6k SPAEe

transparent " to lig Is forne r. ere ore, It 1s not
necessarllyh ée”Eh 16we£hgl£égp5de 4 is formed in conformity with

each pixel connected to a thin-film transistor (not
shown), in the case where the light-emitting device is
incorporated into a display unit of active matrix type.

The next step shown in Fig. 1B is to form on the
substrate 1 an insulating layer 5 having an opening 5a in
contact with the lower electrode 4. This step is achieved
by forming a silicon oxide (Si0O;) film (600 nm thick) by
sputtering and then making the opening 5a therein by wet
etching through a resist pattern formed thereon by
photolithography. This wet etching employs an aqueous
mixture of hydrofluoric acid (HF) and ammonium fluoride
(NH,F) as an etchant.

The insulating layer 5 should be formed in such a
way that it covers the periphery of the lower electrode 4.
In addition, it may be fqrmed from any material other
than silicon oxide, and it and its opening may be formed
by any other method than sputtering and wet etching
mentioned above.

Incidentally, the insulating layer 5 is intended to

12



enlttlng device is incorporated into a display unit which has a neans to
-isolate the lower electrode 4 fromthe upper electrode transparent to
light. The third step shown in Fig. 1Cis to formon the |ower electrode 4
an organic layer 6 and a transparent upper electrode 7 by vapor deposition
in a vacuum evaporation apparatus. Materials for the organic |ayer and
upper el ectrode are sequentially deposited through a mask (not shown)

pl aced on the substrate 1. The organic |ayer 6 and the transparent upper

el ectrode 7 should be formed in such a way that they overlap with the

peri phery of the opening 5a of the insulating |layer 5 so that they surely

cover the hessopieélyhesepedenghdalehetheletBguliat UngrbayeheSuppe organic
| ayer 6 is conposed of a hole injection layer 6a (30 nmthick) formed from

4,4, 4-tris(SrefBtHyL PheAYLpATEAL EbPREGUEaFhAeh( VEDAEAneda 100k .
transportlng | ayer 6b (20 nmthick) formed from bi s(N- naphthyl)

- N-phenyl beﬁﬁéf‘éﬂ&r{;l nONPPL noenﬂeeassmiyoessleﬁxe%mf( 28 eNMyRiLCk)

formed from 8-qui no alum num conplex™ (Al g3) . The transparent upper

el ectrode 7, MQt{'H%lée EEgk; '§n@osgsﬁggsdm@oa 'fﬁvsp%b Lug%t WR%cn t '3

formed by vapor "deposrtion froma transparent material Which is an al

of nagne5|ug1éhg)mgggss Lv§go£§9£'the lower electrode 4 from the

upper electrode transparent to light.

The third step shown in Fig. 1C is to form on the
lower electrode 4 an organic layer 6 and a transparent
upper electrode 7 by vapor deposition in a vacuum
evaporation apparatus. Materials for the organic layer
and upper electrode are sequentially deposited through a
mask (not shown) placed on the substrate 1. The organic
layer 6 and the transparent upper electrode 7 should be
formed in such a way that they overlap with the periphery
of the opening 5a of the insulating layer 5 so that they
surely cover the bottom of the opening 5a of the
insulating layer 5.

The organic layer 6 is composed of a hole injection
layer 6a (30 nm thick) formed from 4,4,4-tris(3-
methylphenylamino) triphenylamine (MTDATA)}, a hole
transporting layer 6b (20 nm thick) formed from bis(N-
naphthyl) -N-phenylbenzidine (& -NPD), and an emission
layer 6c (50 nm thick) formed from 8-quinolinol aluminum

complex (Alg3). The transparent upper electrode 7 (10 nm

13



Vapor deposition is carried out such that My deposits nine tines faster
‘than Ag. Prior to vapor deposition, each boat for resistance heating is
charged with 0.2 g of each nmaterial constituting the organic layer 6, 0.1
g of My, and 0.4 g of Ag. Then, each boat is attached to the electrode in
t he vacuum evaporati on apparatus. The substrate 1 covered wth a nmask is
nmounted in the chanber of the vacuum evaporation apparatus. Wth the
chanber evacuated to 1.0 x 10' 4 Pa, the boats are s equentially heated by
vol tage application. The mask for vapor deposition, which has stripy
openings, is placed on the substrate | in such a way that the stripy

openi ng 0V€£h§@§{ W & ha apdtOgLOGEERt He1openbre tRacefiohheiknswyl ating layer
5. The mask should be placed such that its opening intersects the | ower

el ectrode 2¢ginedi Gt v@ﬂgfeéepgbgtigﬂrkgo§tSpt§Q9§Ba%@nE'ﬂatéplbi to form
on the transparent upper el ectrode 7 by sputtering a transparent

conductive f £ Ehéﬁhai9$% Fgrn%éggaﬁ angﬁeognhhg L8 gsnﬂg?nt upper

el ectrode 7¢ errng 'S rasked strate 1 which has
o Ve AL SR Th ke O BRSBTSk A . i
nine times faster than Ag.
Prior to vapor deposition, each boat for resistance
heating is charged with 0.2 g of each material
constituting the organic layer 6, 0.1 g of Mg, and 0.4 ¢
of Ag. Then, each boat is attached to the electrode in
the vacuum evaporation apparatus. The substrate 1 covered
with a mask is mounted in the chamber of the vacuum
evaporation apparatus. With the chamber evacuated to 1.0
X 10°% Pa, the boats are sequentially heated by voltage
application.
The mask for vapor deposition, which has stripy
openings, is placed on the substrate 1 in such a way that
the stripy opening overlaps with and encloses the opening
5a of the insulating layer 5. The mask should be placed
such that its opening intersects the lower electrode 2 at
right angles.
The fourth step shown in Fig. 1D is to form on the
transparent upper electrode 7 by sputtering a transparent

conductive film 8 which lowers the resistance of the

transparent upper electrode 7. Sputtering is performed on
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whith has good conductivity at roomtenperature. The condition of
-Sputtering is as follows: sputtering gas: a 1000 : 5 m xture of argon (Ar)
and oxygen (02) by volune; chanber pressure: 0.3 Pa; and electric power:
40 W DC. Incidentally, the transparent film8 is intended to reduce the
resi stance of the transparent upper electrode 7. Therefore, it is not
necessarily essential so long as the transparent upper electrode 7 remains
transparency despite its |low resistance. In the case where the
light-emtting device is incorporated into a display unit of active matrix
type, the transparent upper electrode 7 and the transparent conductive

film8 do neheneesgkpat tebbtpdtel D ehbhen Waesdbeent heyednynke ane@hleirnuous
film In this case, the transparent upper electrode 7 and the transparent

conductive Ehhib8rshornd beadHpdmeht Wddaddei eleppsinhi N wibsk {empyed from
the substrate 1, after the organic |ayer 6 has been fornmed. The procedure

ment i oned aQHV€hY£ﬁld§stFSrhEEhEroﬁnﬁﬁaﬁﬁﬂ-Q?MEC%lee“h&ﬁhzﬁQB?iSFS of the
| ower electrode 4 including the netallic |ayer 2a and the buffering thin

15 film 3a . CArpLLU i Ld.sgn.top,.o e nic | ayer
6, the trangééggn?g%pgggéeﬁggégggéggF§a%5 §?E§ F??EEESFEEF'CS% %ctive ?ilm

8. condition of sputtering is as follows: sputtering gas: a

1000 : 5 mixture of argon (Ar) and oxygen (0;) by volume;
chamber pressure: 0.3 Pa; and electric power: 40 W, DC.

Incidentally, the transparent film 8 is intended to
reduce the resistance of the transparent upper electrode
7. Therefore, it is not necessarily essential so long as
the transparent upper electrode 7 remains transparency
despite its low resistance.

In the case where the light-emitting device is
incorporated into a display unit of active matrix type,
the transparent upper electrode 7 and the transparent
conductive film 8 do not need patterning. In other words,
they may be a continuous film. In this case, the
transparent upper electrode 7 and the transparent
conductive film 8 should be formed, with the deposition
mask removed from the substrate 1, after the organic
layer 6 has been formed.

The procedure mentioned above yields the light-
emitting device 10 which consists of the lower electrode

4 including the metallic layer 2a and the buffering thin
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The-light-enitting device 10 constructed as nentioned above enits |ight
-upon reconbi nation of electrons and holes in the enission |ayer 6¢c of the
organic layer 6, electrons being injected fromthe transparent upper

el ectrode 7 as the cathode and holes being injected fromthe | ower

‘el ectrode as the anode. The light is allowed to emanate through the
transparent upper electrode 7 (top em ssion type). The light-emtting
device 10 has the I ower electrode 4 of double-layer structure consisting
of the netal |ayer 2a of chrom umand the buffering thin |ayer 3a of
chrom um oxi de which are laid on top of the other. 1In general, a netal

film2 fornegdifiromer mehabmP¥ndexige $EBAL BAr tbipabrathet akhihl, meAef or med
fromthe metal of the netal oxide because the [atter fil m assunes

pol ycrystal éf&&n? ryghutes Eﬁﬂscwghxpa@ew Lg&rr%qet:rt%hecbrowam oxi de

is smaller In sur%ace roughness than any I mformed froma netallic

mat eri al as.gp @}f&é%gggn ngngggggggnglﬁﬂl g filmlayer 3a functions as the

| ower el ectrodel rom any one nore conductive than the

organi c | ayer annq% h94&9e§t%6 C nstléuibng Qgrggg élég | ayer 2a,
particularly froma FOhT Ut oxT de° Ts” DSt cONductT ve anong net al
oxi des.

mentioned above emits light upon recombination of
electrons and holes in the emission layer 6c of the
organic layer 6, electrons being injected from the
transparent upper electrode 7 as the cathode and holes
being injected from the lower electrode as the anode. The
light is allowed to emanate through the transparent upper
electrode 7 (top emission type).

The light-emitting device 10 has the lower
electrode 4 of double-layer structure consisting of the
metal layver 2a of chromium and the buffering thin layer
3a of chromium oxide which are laid on top of the other.
In general, a metal film 2 formed from a metal oxide is
smoother than a metal film 2 formed from the metal of the
metal oxide because the latter film assumes
polycrystalline structure. Especially, a film formed from
chromium oxide is smaller in surface roughness than any
film formed from a metallic material as an electrode.

The buffering thin film layer 3a functions as the
lower electrode if it is formed from any one more

conductive than the organic layer among metal oxides
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Therefore, .the | ower electrode 4 is constructed such that the netallic
-layer 2a has its surface roughness reduced by the buffering thin |layer 3a
constituting the surface layer. This results in a uniform space between
the lower electrode 4 and the transparent upper electrode 7, with the
organic layer 6 interposed between them The consequence is elimnation of
concentrated electric fields between the | ower electrode 4 and the
transparent upper electrode 7 and elimnation of |eakage current and dark
spots due to extrenely concentrated electric fields. The resulting
light-emtting device of top em ssion type nmaintains a stable em ssion

efficiency. cdnetbulitengngnthinathih il ayger3aaf opaed ichoaray Frohl %
conductive chrom um oxi de effectively reduces the concentration of

el ectric f'@h?oﬁiuﬂr8k§eé'Qﬂ§cﬁn1%hﬁos%UEB%G%cQEth%mGEEahEh%1|ayer 2a.
Mor eover, it pernlts holes to be injected into the organic layer 6 from

t he netall? yer 2a so long as it is not thicker than a certain limt.
This leads to't e constant en135|on efficiency. The buffering thin film

Iayer_3a can be r ¥%] éﬁ #$%& {egg?$%%?£alaségggﬁruckég raw 17

material is an OXI or t n this case,

o Phoet ki p;ﬁ?%SEhz'HBLxl?%sdiaygedat'gas  (QXLUERALR LG RRULLET 93

reduced by the buffering thin layer 3a constituting the
surface layer. This results in a uniform space between
the lower electrode 4 and the transparent upper electrode
7, with the organic layer 6 interposed between them.

The consequence is elimination of concentrated
electric fields between the lower electrode 4 and the
transparent upper electrode 7 and elimination of leakage
current and dark spots due to extremely concentrated
electric fields. The resulting light-emitting device of
top emission type maintains a stable emission efficiency.

The buffering thin film layer 3a formed from a
highly conductive chromium oxide effectively reduces the
concentration of electric field at projections on the
surface of the metallic layer 2a. Moreover, it permits
holes to be injected into the organic layer 6 from the
metallic layer 2a so long as it is not thicker than a
certain limit. This leads to the constant emission
efficiency. The buffering thin film layer 3a can be

formed with a minimum of additional steps if its raw
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2. The buffering thin filmlayer 3a of oxide constituting the |ower

el ectrode 4 may be fornmed rather thin, as shown in Fig. 2. In this case,
it merely absorbs a mninmum anount of the light h emtted fromthe

em ssion layer 6¢. This contributes to efficient Iight em ssion through

t he transparent upper electrode 7. Thus, the resulting light-emtting
device has a high lum nance. By contrast, the buffering thin filmlayer 3a
of oxide constituting the |ower electrode 4 nay be formed rather thick,
as shown in Fig. 3. In this case, it absorbs a certain anmount of the |ight
h emtted fromthe emssion |layer 6¢. This slightly decreases the

efficiency meteright ienafsbendthooughet hethlanspataat meppen iel aayeade 7.
Neverthel ess, the resulting light-enitting device has good contrast

because thepQuf fa1 iuig 4 Nidbd, | TR PLSQBRC 1 i CYLHESs s o L RE1 Y OReBEst he
external light hl entering through the transparent upper electrode 7.

Thus, the 5&&&'&15@90&'9139?@ EBI Eﬂedgiﬁh%e?aéaé Rbgh ch@Nteaali. £5wa ki nds

of light-emtting devices were obtained according to the
above-nmenti gned enbodi nent, and 18 two kinds of light-emtting devices a
and (r) were prepared according to the conventional technol ogy. They

differ only in thg SYHHWEP RIS +ONR 1 &) EF15Q08e a3 RECT T ed
constituting the lower electrode 4 may be formed rather
thin, as shown in Fig. 2. In this case, it merely absorbs
a minimum amount of the light h emitted from the emission
layer 6c. This contributes to efficient light emission
through the transparent upper electrode 7. Thus, the
resulting light-emitting device has a high luminance.

By contrast, the buffering thin film layer 3a of
oxide constituting the lower electrode 4 may be formed
‘rather thick, as shown in Fig. 3. In this case, it
absorbs a certain amount of the light h emitted from the
emission layer 6c. This slightly decreases the efficiency
of light emission through the transparent upper electrode
7. Nevertheless, the resulting light-emitting device has
good contrast because the buffering thin film layer 3a
prevents reflection of the external light hl entering
through the transparent upper electrode 7. Thus, the
résulting light-emitting device has a high contrast.

Two kinds of light-emitting devices O and @ were

obtained according to the above-mentioned embodiment, and

18



bel ow. Light-emtting device D ... The lower electrode is a |amnate
-consisting of a chromum |l ayer and a buffering thin film (10 nmthick) of
chrom um oxi de (Cr02)fornmed thereon by sputtering. Light-emtting device
(2) ... The lower electrode is a |amnate consisting of a chromum | ayer
and a buffering thin film (8 nmthick) of chrom um oxide (Cr203) forned
thereon by thermal oxidation. Light-emtting device (3) ... The | ower

el ectrode is a single layer of ITO Light-emtting device (4) ... The

| ower electrode is a single |layer of chromum Each light-emtting device
has an emtting area of 4 mR2. Forty pieces of each light-emtting device

were prepaggd- k1HgY ¥ereigrarbRedtioy @evUlce@nN@ Lid Bokére Chréph fedet ween
t he upper and | ower electrodes and also for current and | um nance produced

by vol tage §995k8§h!|;090 ¢8a Mbnvleﬁﬁrhaaiaqet\é%%n@s& edTheyoagbf&be upper
el ectrode. The results of evaluation are shown in Table bel ow. 19 Tabl e

1 CbcurrenC8n9§C¥£rQHELHgkﬂéeﬁgesg?rkh%'ﬁ%%%&”%ﬁ%%%%@@@gas specified

below.

Light-emitting device @ .. The lower electrode is a
laminate consisting of a chromium layer and a buffering
thin film (10 nm thick) of chromium oxide (CroO;)formed
thereon by sputtering.

Light-emitting device @ .. The lower electrode is a
laminate consisting of a chromium layer and a buffering
thin film (8 nm thick) of chromium oxide (Cr,03;) formed
thereon by thermal oxidation.

Light-emitting device @ .. The lower electrode is a
single layer of ITO.

Light-emitting device @ .. The lower electrode is a
single layer of chromium.

Each light-emitting device has an emitting area of
4 mm?’. Forty pieces of each light-emitting device were
prepared. They were examined for occurrence of short-
circuit between the upper and lower electrodes and also
for current and luminance produced by voltage application
(80 V). Luminance was measured through the upper
electrode. The results of evaluation are shown in Table 1

below.
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nght emtting device O (out -of 40)20870 O Light-emtting device 2 (out of
-40) 16710 0 Li ght - emtting devicel6 (out of 40)23250 Light-emtting device8
(out of 40)20900 It is noted fromTable 1 that light-emtting devices (D
and (2) according to the enbodi nent of the present invention suffer |ess
occurrences of short- circuit as conpared with light-emtting devices a and
according to the conventional technology. This proves that the buffering
thin filmlayer reduces the surface roughness of the netallic |ayer,

t hereby preventing the concentration of electric field. It is also noted

that light-emtting devices Q and (2) have al nbost the sane anount of
current as bhght-emtting devices 0 and despite the buffering thin film
formed on the nmetallic | ver Lt is als nnf%ﬁthat i hf-nmfflnn devi ces
and 0 are gonparable in Iun1 ﬂﬁ@"?bmll ht - enfUf'?Hg deli ce anthi ch

per m ts ef rrp m cSl N "Irﬂlfcwthn g r onc(vu[%? IATaYal =Y EJ. ﬁ

| nci dent al | W9NFeqmtt %SVQEMéntl@@@aﬁaupodlnent dgnnnsrrgted a lgzrght -enift ting
device in Wwhich t | ower

Light-emitting device

2 (out of 40) 16 7o
Light-emitting device 16 (out of 40) 23 250
Light-emitting device 8 (out of 40) 20 900

It is noted from Table 1 that light-emitting
devices @ and @ according to the embodiment of the
present invention suffer less occurrences of short-
circuit as compared with light-emitting devices @ and @
according to the conventional technology. This proves
that the buffering thin film layver reduces the surface
roughness of the metallic layer, thereby preventing the
concentration of electric field. It is also noted that
light-emitting devices @ and @ have almost the same
amount of current as light-emitting devices ® and @
despite the buffering thin film formed on the metallic
layer. It is also noted that light-emitting devices @©
and @ are comparable in luminance to light-emitting
device @ which permits efficient emission through the
transparent upper electrode.

Incidentally, the above-mentioned embodiment

demonstrated a light-emitting device in which the lower
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20 electrode 4 is an anode and the transparent upper electrode 7 is a
cathode. However, the present invention can also be applied to a

It ght-emtting device in which the lower electrode 4 is a cathode and the
transparent upper electrode 7 is an anode. The latter produces the sane
effect as the fornmer, provided that the Iower electrode 4 and the
transparent upper electrode 7 are forned from adequate naterials and the
organic layer 6 is forned in adequate structure fromlayers |lam nated in
proper order. In this case, too, the buffering thin film layer on the

| ower el ectrode 4 should preferably be made of highly conductive material.

As mentionediabevgdet Beiki ght agBlkt bAd @@¢l ¢eandpe@etlitn@ppert he present
invention has the buffering thin filmlayer formed on the | ower el ectrode

whi ch reducgsecthbgqausf agear eHgRBASS OfiolbPeFBL BhéI ré@é!ﬁﬁ ﬁ[bgnwgﬂced
surface roughness ensures a uniform space bet ween t | ower el ectrode and

the transpapeqt uppepochpphsade vl Lh sbie - 0hgankG ALSH Lser B Agaed, between

them The uniform space I'n turn prevents |l ocal concentration o ectric

fields and 95§5%§$n96 gL Leakaog Sy Lok ABd.dank SRRl 3 apligss advant ages

| ead to the |ng evi ce of %t 6 en ssion mai ntains a

stable GWISSISQr e ggy7 is an anode. The latter produces the

same effect as the former, provided that the lower
electrode 4 and the transparent upper electrode 7 are
formed from adequate materials and the organic layer 6 is
formed in adequate structure from layers laminated in
proper order. In this case, too, the buffering thin film
layer on the lower electrode 4 should preferably be made
of highly conductive material.

As mentioned above, the light-emitting device
according to the present invention has the buffering thin
film layer formed on the lower electrode which reduces
the surface roughness of the metallic layer. The reduced
surface roughness ensures a uniform space between the
lower electrode and the transparent upper electrode with
the organic layer interposed between them. The uniform
space in turn prevents local concentration of electric
fields and occurrence of leakage current and dark spots.
These advantages lead to the light-emitting device of top
emission type which maintains a stable emission

efficiency.
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21 CLAIMS 1. Alight-emtting device conposed of a |ower electrode which
‘is laid on a substrate, an organic layer including at |east an em ssion
llayer which is laid on said |ower electrode, and an upper el ectrode
transparent to light which is laid on said organic |ayer, characterized
in that said |ower electrode is of lamnate structure consisting of a
netallic material |ayer and a |ayer of buffering thin filmwhich is forned
on said netallic material layer, said buffering thin filmbeing made of
any oxide of the netallic material constituting the nmetallic materi al

| ayer, said oxide having a higher conductivity than the organic |ayer. 2.
A light-emtting device conposed of cgakgwer electrode whichis laid on a
substrate, an organic layer including at |east an em ssion |ayer which is
laid on said |ower electrode, and an upper electrode transparent to |ight
which is laid on said organic |ayer, characterized in that said | ower

el ectrode is of | ni ngt gy Bl uRlWkenGORSALNG bl I a diherial | ayer

and a layer of buffering thin filmwhich'is fornmed on said netallic

material 1aypl.e 3848 MHILRT100 NG NLT L MLBEL RPa 8D dEn b g0 28! 98y0L
including at least an emission layer which is laid on
said lower electrode, and an upper electrode transparent
to light which is laid on said organic layer,
characterized in that said lower electrode is of laminate
structure consisting of a metallic material layer and a
layer of buffering thin film which is formed on said
metallic material layer, said buffering thin film being
made of any oxide of the metallic material constituting
the metallic material layer, said oxide having a higher
conductivity than the organic layer.

2. A light-emitting device composed of a lower
electrode which is laid on a substrate, an organic layer
including at least an emission layer which is laid on
said lower electrode, and an upper electrode transparent
to light which is laid on said organic layer,
characterized in that said lower electrode is of laminate
structure consisting of a metallic material layer and a
layer of buffering thin film which is formed on said

metallic material layer, said buffering thin film being

made of an oxide of chromium.
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3. A process for producing a-light-enmitting device including steps of
forming a lower electrode on a substrate, formng on said | ower electrode
an organic |ayer with an enmi ssion |layer, and form ng above the substrate
‘an upper electrode transparent to light such that the em ssion layer is
hel d between the | ower electrode and the upper electrode, characterized in
that the step of formng the |ower electrode includes additional steps of
formng a buffering thin filmon a netal filmforned on the substrate and
patterning the netal filmand buffering thin film thereby form ng the

| ower el ectrode of |amnate structure consisting of the netallic material

| ayer and the buffxringpiridicesls Ifbr Paiciuditd e iTiggHthieniftd indeiagi dede of
any oxide of the netallic nmaterial constituting the nmetallic materi al

|layer, said;xiggihgvipgps HEJREEmEARUHC bWkl e BRRrbAR o@r ganic |ayer. 4.
The process for producing a light-emtting device as defined in Claim 3,

wherein t hesél%gprgéef OFgi-Rgngt BR buikeibRert BhBcki-bAel qREA-gLELY fol | ows

the step of ormng the metal filmby supplying a prescribéd gas and

el oys: sai d, presar Lhed, 9gs 4L sk 15,LRCOLRA’ Bpedlivyt BooRsyese 5 A

process for producing a |Ight-€ﬁ1ttl%g devi ce
substrate an upper electrode transparent to light such
that the emission layer is held between the lower
electrode and the upper electrode, characterized in that
the step of forming the lower electrode includes
additional steps of forming a buffering thin film on a
metal film formed on the substrate and patterning the
metal film and buffering thin film, thereby forming the
lower electrode of laminate structure consisting of the
metallic material layer and the buffering thin film, said
buffering thin film being made of any oxide of the
metallic material constituting the metallic material
layer, said oxide having a higher conductivity than the
organic layer.

4. The process for producing a light-emitting
device as defined in Claim 3, wherein the step of forming
the buffering thin film immediately follows the step of
forming the metal film by supplying a prescribed gas and
employs said prescribed gas which is incorporated with
oxygen.

5. A process for producing a light-emitting device
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inctuding steps of forming a'lower electrode on a substrate, formng on
said |lower electrode an organic |ayer with an em ssion |ayer, and form ng
above the substrate an upper el ectrode transparent to |light such that the
em ssion layer is held between the |ower electrode and the upper
el ectrode, characterized in that the step of formng the | ower el ectrode
i ncludes additional steps of formng a buffering thin filmof chrom um
oxide on a nmetal filmforned on the substrate and patterning the netal
filmand buffering thin film thereby form ng the | ower el ectrode of
| am nate structure consisting of the netallic material |ayer and the
buffering timenddifg Zbeps of forming a lower electrode on a

substrate, forming on said lower electrode an organic

layer with an emission layer, and forming above the

substrate an upper electrode transparent to light such

that the emission layer is held between the lower

electrode and the upper electrode, characterized in that

the step of forming the lower electrode includes

additional steps of forming a buffering thin film of

chromium oxide on a metal film formed on the substrate

and patterning the metal film and buffering thin film,

thereby forming the lower electrode of laminate structure

consisting of the metallic material layer and the

buffering thin film.
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