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(54) Tiite: METHOD AND STRUCTURE FOR SURSTRATR HAVING MISERTED FLECTRODES FOR FLAT DISPLAY DR

VICE AND THE DEVICE USING THE STRUCTURE
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photoresiat coating

phatoresist remaving

elsctroda forming

(57) Abstract: The presenl invenCion relates W a sircture of 1
snbstroie with clectrodes embedded thereinio for nse in a flat dis-
play device, the device having five structure of the substrate, and a
wiethod ol manuluciuring the siruciure of the subisiraie and ihe de

vice, whercin a prablem produced in a case where the electrodes
protrade from the substrate For use in the flat display device can be
anlved, the resistance of the elactrades can he reducerd by increas

ing the cross-seetiona) areas thereot, the amount of luminescence
emtied 1o the fiont of the Juningscence device can be increased,
and the substate can be kept 1lar even thongh the ihickness of the
electrades is increased. The device is formed on the snbsiwate
€10} by etcling « fop surlace of fhe substrate (L) lor use in the
flat disploy dovice in a pradotennined partemn and then embedding
the clectrodes into the etched portions or grooves [ L1). Accord-
ingly, the device can be kept Jlat und rmsintan g wilorm slape
cven after a hale transport layer ar an electron. transport layer has
been formed thereon, the yield of the device can be incieased, and
yollige deop due 10 the slevirdes in y case whers 1he Sisplay te

viee becomes Jarger in atea ean be minimized, and the ameunt of
luminesgence emitted to the front of the device can be increased.
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WO 02/32193 PCT/ERO1/01692

METHOD AND STRUCTURE FOR SUBSTRATE HAVING INSERTED
ELECTRODES FOR FLAT BISPLAY DEVICE AND THE DEVICE USING THE
STRUCTURE

Technical Field

The present invention selates to a structure of a substrate with eleclrodes
embedded thereinto Tor use in a flat display device, the flat display device having the
structure of the substrate, and a method of manufucluring the strueture of the substrate and
the device, wherein a problem produced in a case where the electiodes are foomed to
protrude fram the substrate for use in the flat display devive can be solved, the substrate
can be kept flat even though the thickness of the clectrodes is increased, the eleclrodes can
be adjusted, if desired, in thickness, and at the same time, voltage drop due to ihe
electrodes when the device becomes larger in area can be minimized, and the amount of

Juminescence emitted to the front of the device can be invreased,

Background Art
Generally, electrode material for use in an electroluminescent device is formed on

an entire substratc in the form of w thin film, and then pafiersed in a particular
vonfiguration depending on an object of a progess.

Conventional methods of manufacturing clectrades for use in u Hut display device
include & metbod of pulting a mask above a substrate and forming a thin film only on
exposed porlions of the substrate, and a method of forming a thin film of electrode on the
entire substrafe and then clohing unnceessary portions of the thin film of electrode.

Particularly, the latter method is primarily used for indium-tin-oxide {IngOs:Sn.
ITO) conlaining zine oxide which i¢ employed in the slectrofuminescent devices. snd the
IT(Y is etched in a line ur particular configuration

in a case where the eleclrodes are fomed in the above conventional configuralion.
a pracess of manufacluring the electrodes is as follows:

That is. the process comprises Uhe steps of cleaning & substiate; Farming a thin film

JP 2004-511825 A 2004.4.15
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of clectrode on the entire substrabe; couling photoresist on the thin Hbn of elestrode;
putting a mask with patterns above the photoresist, cxposing the masked surface of the
substiate to light and developing the exposed surtate; temoving unnecessary portions of
the photuresist and etehing unnecessary portions of the thin film of electrode; and
removing the remaining porlivus of the photoresist and cleaning the substrate.

Accordingly, as shown in FIG. 1, convenfional elecirodes 2 formed on the
substiate 1 protrude therefrom.  Since a thin film formed on the clectrodes s provessed
depending on the configiration of the electrodes, the thin film protrudes af portions where
the electrodes 2 remain and is depressed at portions where the electiodes 2 have been
ciched,

When additional electrodes having the opposiie polarity are formed o a rugged
profile on this thin film, non-uniformity of the thin film and concentration of an electric
field on edge portions of the electrodes cause the eleciric field to be unevenly distributed
between the eleclrodes.

Such a problem causcs lealage vurrent between the electrodes, thereby leading to
various problems such as non-vniform luminescent charaoteristios between pixels or a low
efficiency of the device.

Morenver, when the thickness of the electrodes formed on the substrate is redused
to alleviate the above problems, the resistance of the electrades themselves is increased,
and thus, voltage drop is produced within the slectrodes.

Particularly. there is a problem in that the voltage drop produced within the
electrodes limits the operation of the display device when the display device becomes
larger in size.

Further, linc widths of the electrodes are reduced in a case where the size of pixels
is reduced, for example, in case of o micro display device.  Therefore, according to the
conventional methads, there are disadvantages in that it is difficull iv implement the device
due to the voltage diop produced within the electrodes, and there are also numerous

difficultics tn manufacivring the deviee.
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Disclosure of Invention

The present invention is contemplated to selve the above prablems.  An objest of
the present inventien is to provide a stucture of a aibsirate with eleciodes embedded
thereinio Tor use in a flat display device. the device having the structure of the substrate,
and @ methad o manafacturing the structure of the substrate and the device, wherein a
problem produced in & case where the eleclrodes are fonned to protrude from the substrate
for use in the Pat display device can be solved, the substrate can be kept flal even thuugh
the thickness of the electrodes is increased, the electrodes can he adjusted, iff desired, in the
degree of prolrusion, und at the same time, voltage drop due te the electrades can be
reduced by inercasing oross-sectional weas of the electrades, and the amount of
lumninescence emitted to the frent of the devive van be increased.

According to an aspect of the present invention, the above object is ascomplished
by providing a structure of a substrate with electrodes embedded thereinto for use in a flat
display device, wherein the steueture s formead by parallel etching a top surtace of the
substrate for the flat display deviee at a predelermined inlerval and depth and then
embedding the electrodes into the etched porttuns; and the display device using the
structure of the substrate.

Accarding fo another sspect of the present invenfion, ihe above ebject is
accomplished by providing a method of manufacturing a substrate with clectrodes
embedded thercinto for use in a flat display device, comprising the cleaning step of
cleaning the substrate; the corting siep of coating photoresist on the subsirate, the masking
step of positioning a mask with patterns formed thereon above the pholoresist; the
developing step of exposing the masked surface of the substrate to light and developing the
exposed surface; the removing step of removing wnnecessary portions of the phatoresist;
and the etehing step of etehing purlions of the subsirate into which the electrodes are to be

embedded.

Brief Description of Drawings
FIG. | is a perspective view showing a conventional substrate for use in a flat

dispiay device and the arrangement of electrodes formed therean.
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FIG. 2 is a flowcharl showing a method of manufacturing » substrate with
electrodes emhedded thereinto Tor use in a flal display device avcording to the prescnt
invention.

FI3. 3 is 0 perspective view showing a structure of the substrate manufactured by
the method of manyfaciuting the substrate with the electrodes embedded thersinio for use
in the flat display device according to the present fnvention.

TIG. 4 is a perspective view showing an organic electroluminescent device farmed
on the structure of the substrate shown in FIG, 3.

FIGS. Sa to 5d are reference views shawing the sleps of a process in a technique of
forming cathude separators nsahle on the structure of the substrate of the present invention.

FIG, 6 is u pecspective showing a structure of a substrate manufaciured by another
embodiment of the melhod of manufacturing the substrate with the electrodes embediled
therelnto for use in the flat display devive accouding to the present invention.

FIG. 7 is an enlarged scetional view showing an interface of an electroluminescent

devige furmed on the structure of the substrate shown in ¥IG. 6.

Best Mode fyr Carrying Out the Invention

Hereinafter, preferred embodiments of the present invention will be explained in
detail with reference to the ascompanying drawings.

FIG. 2 is a flowchart showing a method of manufacturing a subsirate with
elecirodes embedded thereinto for use in & flat display device according fo the present
inveniion. The method is characterized by the ¢leaning step 82 of cleaning the substrate;
the coaling step S2 of coating photoresist on the subsirale; lhe masking step 83 of
positioning a mask with pultemns formed thezeon above the pholoresist; the developing step
S4 of exposing the masked surface of the substate fo light and developing the exposed
surface; the removing step $3 of removing unnceessary portions of the photoresist: and the
etehing step SG of etching portions of Lhe subsirale into whish the electrades are to be
embedded.

Further, in addition ta the above steps, the method may be more specificatly

implemented by further comprising the electrode formmy steps 87 of forming the
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electrodes an the etched portions of the substrate after the etching step 86; and the cleaning
step 38 of rerpoving the remaining partions of the photaresist and cleaning the substrate.

The electrodes may be formed to be flush. with the surface of the substrate etched
in the ¢tehing step 56, In some vases, it is desirable that the clectrodes be formed to be
raised or lowered from the surface of the substrate s0 as to adapt to desired clectrical
characteristics of the subsitrate. The height of the electrodes should be determined
depending on the characteristics of a thin film to be formed therean.

The method may firther comprise the insulation film forming step of forming an
insulation filin on the substrate betwesn the cleaning step ST and the coating step 52, [na
case where glass ts used as the substrate, this step serves to reduce fhe phenomenon that
iong such as Ma included in the glass are ditfused and aftect electrical sonductivity of the
transparent electrades.  In some cages, there is a need for the step of forming the
insulation film of 8304, 41,04, or the like on the glass.

FIG. 3 iy o perspective view showing the structure of the substrate manufactured
by lhe method of wanufasturing the substrate with the electrodes embedded thereinto for
use in the flat displuy device avourding to the present invention. This figure shows a
subsiraie 10 formed with grooves 11 in a predetermined pattern and electrodes 20 formed
in the grooves 11, which are manutactured by the steps of parallel etching a top surface of
the substrate 10 for use in the flat display device at a predetermined interval and depth so
as (o form the grooves [1 and then embedding the elestrades 20 into the etched gronves.

TIG. 4 is a purgpective view showing an organic electroliminescent device
manufactured together wilh the struclure of the subslrate of the present invention.  [n the
figure, a hole transport layer 30, an clectron transport layer (luminescent layer) 40 and
additional electrades 50 having a polarity opposite to that of the clestrodes 20 are formed
on Me substrate 10

1o some cases, as shown in PIG. Sa to 5d, by using a technique of Farming cathode
separatars 60 on the substrate with the clectrodes (anode in this case) 10 embedded
thereinte when the electroluminescent device is formed on the structure of the subsirate
according to the present invention, its manufacturing efficiency can be enhunced.

Although it is required that @ regular and lingar pattern of cathode vlectrodes be
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formed in manufaciuring the organic electroluminescent deviee, it is Gifficnlt to employ
wet ewhing in view of the characteristios of organic yoateriul. - Huwever, by forming the
cathode separators 60 using photolithography before laminating the organic material on the
ITT anode electrades, the above limitation can be overcoms.

In a case where this manufachining method is employed o the structure of the
subsirale of tbe present invention, the separators 60 can be formed on the 1TO anode
cleotrodes 10 which huve besn formed not to protrude but to e flat. Thus, its
manufacturing efficiency can be maximized.

Further, ag another embadiment, in the elehing step S6, the eihed portions
(grooves) 11 may be etehed so that their cross-section takes a curved shape such as a
ellipse, & semi-circle and a parabola in order to allow the subsirate 10 to foous lighl, as
shown in FIG. 7. This strueture allaws light ereafed in an upper fayer of the substrate duc
to the differenas in refrachive index belween the 1TO and the glass to propagate through the
embedded electrodes and allows the curved surfaces of the distal ends of the grooves to
exhibit lens effects. Thus, the intensity of front luminescence can be increased
Although it is ideal that the efched portions take the shape of the parabols in cross-section,
ihe above vbject san be accomplished even when they are eiched to take the semi-cirele jn
cross-section.

Material used ag the elesirodes in the electrode forming step 57 of forming the
electrndes in the etehed porlives of ibe substrate includes transparent metal oxides such as
indium-tin-oxide, zinc oxide doped with aluminum or jndium, tin oxide, tin oxide doped
with zine, magnesium-indium-oxide, nickel-tungsten-oxide, vadmium-lin-axide, gallium-
indiun-oxide, galliun oxide, copper-aluminum-oxide, copper-gallium-oxide, strontium-
copper-axide, and silver-indivm-oxide; nitide such ag titanium nitride, pallium niiride.
indium nitride, gallium-indium-niteide, alumipum-indium-nitride, aluminum-galliom-
indium-nitride, and gallivm nitride, indiwn nitride, alumioum-gadlium-indium-niinide
doped with silicon, magnesium or germanium; and & metal this filin of which the thickness
is adjusied to allow 10% or higher of light to be permeated.

Hereinafter, the operation and effects of an embodiment of the present invention

will bre explained with reference (o FIGS. 2 o 44
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‘The configuration of the elecirodes formed on the substrate for the flat display
device is a very important factor dominating the conliguration of a thin film to be formed
on the electrodes.

With the structure of the substrate with the electrodes embedded thereinto and the
melhod of manfasturing the same, since the electrodes 28 formed on the subsirule 10 are
flush with lhe substrate 10, the substrate can be kept flat after the hole transport layer 30
and the electron transport layer 40 have been formed thereon.  Thus, a problem generated
at edges of the thin film due to uneven formation thereof, which is a problen in the prior
art, can be solved.

Parlicilatly, according fo the present invention, the height of the eleetrodes can be
adjusted with respest to the substrate, irrespestive of the thickness of the electodes.
Accordingly, since the thickness of the electrodes can be increased, the voltage drop due to
the electrodes can be minimized.  This exhibits this effect particularly in a case where the
display device hecomes larger in arca,

Further, since there is no limitation on the depth of the electrodes, they can be
easily adjusted in resistance.

Hereinafler, ibe operation and effects of another embodiment of the present
invention will be cxplained with reference to FIGS. 6 and 7

With the development of siching techniques, the elched portions {grooves) 11 can
be etched so that their cross-seciion tukes the curved shape such as an ellipse, a semi-circle
wnd @ parabola in addition to a rectangular shape, as deseribed above.  In a case where the
elohing is thus carried cut and the electrodes 20 are formed on lhe elched portions, there is
an advantage in ihat an interface befween the electrodes 20 and the subslrale 10 serves as a
lens to increase the inlensity of luninescence emitted to the front of the subsirate.

That is, the substrate 10 i snude of glass having a refractive index of
approximately 1.3, and the elestrodes 20 are made of the trangpareut ITO electrodes having
a refractive index of approximately 1.9 to 2.1, Thus, when light emitted frora the
Jumineseence layer 30 is diffused through the substrate, he intensity of luminescence is
increased by means of Focusing effects on inner spherical surfaces of rhe distal ends of the

ciched portions.  In addition, as shown in FIG, 7. since lotal reflection is generoted
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through the interface. the effictency of luminescence can be much mare increased.
Duting manufacture of this siructure, a teehnical problem in Glling the entire graoves with
the transparent electrades can be solved by forming the yrooves, filling portions of the
grooves with material having an appropriate refractive index, und then forming the
transparent clecirgdes thereon.

In addition l the foregoing, the organic electiolumineseent device comprising one
or more layers of organic materiul between the iransparent electrodes and the electrodes
having the opposite polarity can be formed on the embedderd electrodes.  Here, even the
elentrodes having the opposite polarity may be Formed at a level lower than top partions of
the grooves of the substrate.  In other words, after the grooves bave been formed on the
substrale umd the bansparent clectrades have been then embedded inlo the grovves,
additional prooves are formed perpendicularly to the already formed grooves.

When an organic thin film iy formed on the additional grooves, and thus, a thin
film of the electrode material having the opposite polarity Js formed without any shadow
masks for concealing each pixel, the electrodes having the opposite polarity are ¢lectrically
insulated from each other hy the additional grovves formed perpendicular]y fo the
transparent clectrode.  Thus, the insulated electrodes can be formed without any shadow
masks.

in this case, since the orgunic thin film is placed within the grooves, purliuns
exposed ta the atmosphere are reduced.  Thus, Lhere can be obtained an advantage in that
deteriorulion of the organic thin film can be improved without any additional protection

layer,

Indusirial Applicubilily
According to the present invention, the problem produced in the clectrodes of the

flat display device can be overcome, Parficularly, in a case where the invention is applied
1o the organic electroluminescent device, the device can be kept flat even after the hole
transport Jayer or the electron iranspact layer bas been formed thereon and can ma intain a
uniform shape to allow the separators (o be easily applied.  As a resuwt. sinee the problem

produced in the marginal pixels can be solved, a yield of the electroluminesoeat deviee ean
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be increased, the voltage drop due o ihe eleclrodes in a case where the display device
heaomes larper in area can be minimized, and the intensity of huninescence emitted to the

front of the display device can be increased.
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CLAIMS
L. A structure of a substrate with electodes embedded thereinto for usc in a flat

display device, wherein the structure is Formed by etching a top surface of the substrale for
use in the O display device in a predetermined pattern and then embedding the elsetrodes

into the elehed portions of the substrate.

2. The structure as claimed in elaim 1, wherein when the top surface of the subsirate
is eiched in the predetermined pattern, the etched portions (grooves) are clehed to take a
curved shape in cross-section so thai the substrate may focus light.

3 The slructuse as claimed o ¢laiin 1, wherein: when the top surface of the substrate
is etched in the predetermined patiern, the elesirudes are forned by partially ar wholly
filling the etched graoves of the substratc with material cqual to or different from that of

the electrodes.

4. A method of manaluctading the structure as elaimed in claim ), wherein the
electrode material includes fransparent metal exides such as indium-tin-exide, zine axide
doped with aluminum or indium, tin oxide, tin oxide doped wiih zine, magnesium-indiun-
oxide, nickel-tungsten-oxide, cadmimm-tin-oxide, galllum-indium-vxide, galliom oxide,
copper-aluminum-oxide.  copper-gallium-oxide,  strontium-copper-oxide, and  silver-
indjum-oxide; nifride such as titanium nitride. gallium nitride, indivm oitride, galliwa-
indivm-nilride, aluminum-indium-nitride, aluminum-gallium-indivm-nitride, and gallium
witride, indium nitride, eluminum-gallivm-indium-nitride doped with silicon, magnesium
or gesmanium; and a metal thin film of which the thickness is adjusted o allow 10% or
higher of light to be to permeafed.

5, An organic clectroluminescent device ay clulmed in elaim 1, wherein additivnal
clestrodes having pelarity opposite to that of the electrodes are disposed on the structure of

the substrate, and one or more layers of vegauic thin films are inserted between lhe two
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kinds of ¢lestrodes.

[ The device as claitmed in olaim 3, wherein the electrodes having the opposite
palarity are formed by preparing additional grooves in a direelion perpendicular to the

elestrades formed in the grooves.

7. The devive s vlaimed in claim 5, wherein the strochure of the substrate with the
clestrodes embedded thereinto, the electrudes having the opposite polarity and the one or
more layers of organic thin Glms inserled between the two kinds of electrodes are farmed

as a whole in the grooves etched into the substrate.

8. A method of manufacturing a substrate with electrodes embedded thereinto for use
in a flat display devige, comprising:

the cleaning siep of cleaning the substrate;

the coating step of coating pholuresist un fhe substrate;

the masking step of positioning a mask with putterns formed thereon above the
photoresist,

the develuping step of exposing the masked surface of the subshraie to light and
then developing Lhe expused suface;

the removing sfep of remeving unnecessary portions of the photoresist; and

the etching step of etching poriions of ihe substrate into which the electrades are to
be embedded

9, The method as claimed in claim 8, after the etching step, further vomprising the
clecirode forming step of Rorming the electrodes ju the etched portions of the substrale, and
the cleaning step of removing the remaining portions of the photoresist and then clearing

the substrate.

0. The methad as claimed in claim 8, further comprising the insulation film forming

step of funning an insulation film between the cleaning step and ke coating step,
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