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7) ABSTRACT

An organic LED display device of active matrix drive type
comprises: a substrate; a thin film transistor provided on the
substrate; a planarization film provided over the thin film
transistor; and an organic LED device provided on the
planarization film, and comprising a pixel electrode electri-
cally connected to a drain electrode of the thin film transistor
via an interconnection extending through the planarization
film, an organic LED layer comprising at least one organic
light emitting layer, and a counter electrode; the thin film
transistor being operative to control one of a current and a
voltage to be applied to the LED device; wherein the
interconnection has an end face flush with a surface of the
planarization film on a pixel electrode side.
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ORGANIC LED DISPLAY DEVICE OF ACTIVE
MATRIX DRIVE TYPE AND FABRICATION
METHOD THEREFOR

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is related to Japanese application
No. 2000-270252 filed on Sep. 6, 2000, whose priority is
claimed under 35 USC § 119, the disclosure of which is
incorporated by reference in its entirety.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to an organic LED
(light emitting diode) display device of active matrix drive
type and to a fabrication method therefor. More specifically,
the invention relates to an organic LED display device of
active matrix drive type employing thin film transistors and
the like and to a fabrication method therefor.

[0004]

[0005] A known technique for displaying a motion picture
on an organic LED display device is based on simple matrix
driving (for example, Japanese Unexamined Patent Publi-
cation No. 2-37385 (1990), and “Important Issues and
Commercialization Strategy for Organic LED Device”
p-59).

[0006] In the aforesaid driving method, scanning lines are
sequentially driven. For driving a greater number of scan-
ning lines (¢.g., several hundreds scanning lines), an instan-
taneous luminance of several hundred thousands to several
millions cd/m* is required, and the driving method encoun-
ters the following problems.

[0007] (1) A higher driving voltage is required, so that
interconnections suffer from a greater voltage drop.

[0008] (2) The driving is required in a lower luminous
efficiency area in a higher luminance region, so that power
consumption is increased.

[0009] To solve these problems, organic LED display
devices have been developed which employ thin film tran-
sistors for active matrix driving (for example, Japanese
Unexamined Patent Publications No. Hei 7(1995)-122360,
No. Hei 7 (1995)-122361, No. Hei 7 (1995)-153576, No.
Hei 8 (1996)-241047 and No. Hei 8(1996)-227276, “Impor-
tant Issues and Commercialization Strategy for Organic
LED Device” p.62, IEDM98 p.875).

[0010] The organic LED display devices employing the
active matrix driving method can be driven at a lower
voltage. Since the driving in the higher luminous efficiency
area is possible, the power consumption can significantly be
reduced. Thus, the active matrix organic LED display
devices are superior to the simple matrix organic LED
display devices.

[0011] However, the organic LED display devices employ
two or more thin film transistors for driving each pixel and,
therefore, have a significantly reduced aperture ratio as
compared with liquid ecrystal display devices (Japanese
Unexamined Patent Publication No. Hei 7(1995)-111341,
SID98 p.11).

2. Description of the Related Art
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[0012] To increase the pixel aperture ratio, there has been
proposed a display structure such that an organic LED
device including a pixel electrode, an organic LED layer and
a counter electrode overlies thin film transistors with the
intervention of an insulating film, and light emitted there-
from is outputted from an opposite side of a substrate (for
example, Japanese Unexamined Patent Publication No. Hei
10(1998)-189252).

[0013] For patterning of an organic layer (typically, a light
emitting layer) for formation of an organic LED layer, there
have been proposed a masked evaporation method (Japanese
Unexamined Patent Publication No. Hei 8(1996)-227276)
and an ink jet method (Japanese Unexamined Patent Publi-
cation No. Hei 10(1998)-12377).

[0014] With the masked evaporation method, however, it
is very difficulty to produce LED devices on a greater size
substrate. Further, the ink jet method requires much time for
producing LED devices on a greater size substrate.

[0015] To cope with these problems, there have been
proposed a transfer method (Japanese Unexamined Patent
Publications No. Hei 10(1998)-208881 and No. Hei
11(1999)-260549) and a printing method (Japanese Unex-
amined Patent Publication No. Hei 11(1999)-273859) as a
patterning method which can significantly reduce the time
required for the production of the LED devices on the
greater size substrate.

[0016] Where the organic LED layer of the organic LED
display device has an extremely small thickness on the order
of several hundreds nanometers or smaller, however, undu-
lations on an underlying layer attributed to the presence of
the thin film transistors or the presence of contact holes,
which will pose no problem in the case of a liquid crystal
layer, may cause an inter-electrode short, degradation of the
organic LED layer due to field concentration, and deterio-
ration in display quality.

[0017] Particularly, where the printing method is
employed for the formation of the organic LED layer, even
slight undulations on a substrate to be formed with the
organic LED layer may produce gaps between a transfer
plate and the substrate, so that the transfer plate cannot be
brought into intimate contact with the substrate. Therefore,
the organic LED layer suffers from a printing failure and
variations in thickness. This may also cause an inter-elec-
trode short, degradation of the organic LED layer due to field
concentration, and deterioration in display quality due to
variations in luminance.

[0018] Where the transfer method 1s employed for the
formation of the organic LED layer, the slight undulations
prevent an organic LED layer formed on a transfer base film
from being brought into intimate contact with the substrate,
thereby causing the aforesaid problems.

SUMMARY OF THE INVENTION

[0019] In view of the foregoing, the present invention is
directed to an organic LED display device of active matrix
drive type which is free from an inter-electrode short,
degradation of an organic LED layer due to field concen-
tration, and deterioration in display quality due to variations
in luminance, which may otherwise occur due to undulations
on a substrate, a pixel electrode or the like. The invention is
further directed to a method for fabricating such a display
device.
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[0020] In accordance with one aspect of the present inven-
tion, there is provided an organic LED display device of
active matrix drive type comprising: a substrate; a thin film
transistor provided on the substrate; a planarization film
provided over the thin film transistor; and an organic LED
device provided on the planarization film, and comprising a
pixel electrode electrically connected to a drain electrode of
the thin film transistor via an interconnection extending
through the planarization film, an organic LED layer com-
prising at least one organic light emitting layer, and a
counter electrode; the thin film transistor being operative to
control one of a current and a voltage to be applied to the
LED device; wherein the interconnection has an end face
flush with a surface of the planarization film on a pixel
electrode side.

[0021] 1In accordance with another aspect of the present
invention, there is provided a method for fabricating an
organic LED display device of active matrix drive type
which comprises an organic LED device and a thin film
transistor connected to the organic LED device for control-
ling a current or a voltage to be applied to the LED device,
the method comprising the steps of: forming the thin film
transistor on a substrate; forming a planarization film over
the thin film transistor; forming a contact hole in the
planarization film; forming an interconnection in the contact
hole so as to has an end face flush with a surface of the
planarization film; forming a pixel electrode on the pla-
narization film formed with the interconnection; forming an
organic LED layer including at least one light emitting layer
on the pixel electrode; and forming a counter electrode on
the organic LED layer.

BRIEF DESCRIPTION OF THE DRAWINGS
[0022] FIGS. 1(a) to 1{f), 2(g) to 2(k), and 3(J) to 3(0) are

schematic sectional views for explaining a method for
fabricating an organic LED display device of active matrix
drive type according to the present invention,

[0023] FIG. 4 is a schematic plan view illustrating an
organic LED display device of active matrix drive type
according to Embodiment 1 of the present invention;

[0024] FIG. 5 is a schematic sectional view illustrating an
organic LED display device of active matrix drive type
according to a modification of Embodiment 1 of the present
invention;

[0025] FIG. 6 is a schematic sectional view illustrating an
organic LED display device of active matrix drive type
according to Embodiment 2 of the present invention;

[0026] FIG. 7 is a schematic sectional view illustrating an
organic LED display device of active matrix drive type
according to Embodiment 3 of the present invention;

[0027] FIG. 8 is a schematic plan view illustrating the
organic LED display device of active matrix drive type
according to Embodiment 3 of the present invention;

[0028] FIG. 9 is a schematic sectional view illustrating an
organic LED display device of active matrix drive type
according to Embodiment 4 of the present invention;

[0029] FIG. 10 is an equivalent circuit diagram for the
organic LED display device of active matrix drive type
according to the present invention;
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[0030] FIG. 11 is another equivalent circuit diagram for
the organic LED display device of active matrix drive type
according to the present invention;

[0031] FIG. 12 is a schematic sectional diagram for
explaining a printing method to be employed for fabrication
of the organic LED display device of active matrix drive
type according to the present invention; and

[0032] FIG. 13 is a schematic sectional diagram for
explaining a laser transfer method to be employed for
fabrication of the organic LED display device of active
matrix drive type according to the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

[0033] An organic LED display device of active matrix
drive type according to the present invention essentially
includes a substrate, thin film transistor formed on the
substrate, a planarization film formed over the thin film
transistor on the substrate, and organic LED device electri-
cally connected to the thin film transistor.

[0034] The substrate to be used for the inventive display
device is not particularly limited, but examples thereof
include: insulating substrates formed of an inorganic mate-
rial such as glass or quartz, a plastic material such as
polyethylene terephthalate, and a ceramic material such as
alumina; metal substrates such as of aluminum or iron
coated with an insulation material such as Si0,, or an organic
insulation material; and metal substrates such as of alumi-
num having a surface subjected to an insulating treatment
such as anodic oxidation. The substrate may be transparent,
translucent, opaque or light-proof.

[0035] Where the thin film transistor is to be produced by
employing polysilicon formed through a low temperature
process, the substrate is preferably unmeltable and free from
distortion at temperatures not higher than 500° C. Where the
thin film transistor is to be produced by employing polysili-
con formed through a high temperature process, the sub-
strate is preferably unmeltable and free from distortion at
temperatures not higher than 1000° C.

[0036] Where light emitted from the LED device is to be
outputted from a substrate side of the inventive display
device, the substrate is preferably a transparent substrate.
Where light emitted from the LED device is to be outputted
from a side opposite from the substrate (from an LED device
side), the substrate may be a light-proof substrate having a
light shielding property.

[0037] Any known thin film transistor may be employed
as the thin film transistor in the inventive display device.
More specifically, the thin film transistor includes an active
layer having source/drain regions and a channel region, a
gate insulating film, and a gate electrode. The structure of
the thin film transistor is not particularly limited, but may be
of a stagger type, an inverted stagger type, a top gate type,
a coplanar type or the like.

[0038] The active layer is not particularly limited, but may
be composed, for example, of an inorganic semiconductor
material such as amorphous silicon, polycrystalline silicon,
microcrystalline silicon or cadmium selenide, or an organic
semiconductor material such as a thiophene oligomer or
poly(p-phenylene vinylene). Formation of the active layer
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may be achieved, for example, by forming an amorphous
silicon layer by a plasma CVD method and then ion-doping
the amorphous silicon layer; by forming an amorphous
silicon layer with the use of SiH, gas by an LPCVD method,
crystallizing the amorphous silicon layer by a solid phase
epitaxy method for formation of a polysilicon layer, and
ion-doping the polysilicon layer by an ion implantation
method; by forming an amorphous silicon layer with the use
of Si,H, gas by an LPCVD method or with the use of SiH,
gas by a PECVD method, annealing the amorphous silicon
layer by a laser such as excimer laser to crystallize the
amorphous silicon layer for formation of a polysilicon layer,
and ion-doping the polysilicon layer by an ion doping
method (low temperature process); or by forming a poly-
silicon layer by a reduced pressure CVD method or an
LPCVD method, thermally oxidizing the polysilicon layer at
1000° C. or higher for formation of a gate insulating film,
forming a gate electrode of n™ polysilicon on the gate
insulating film, and ion-doping the polysilicon layer by an
ion implantation method (high temperature process).

[0039] The gate insulating film may be any conventional
gate insulating film, and examples thereof include a SiO,
film formed by a PECVD method or an LPCVD method, and
an Si0, film formed by thermally oxidizing a polysilicon
film.

[0040] The gate electrode may be any conventional gate
electrode, and exemplary materials therefor include metals
such as aluminum and copper, high melting point metals
such as titanium, tantalum and tungsten, polysilicon, sili-
cides and polycides of high melting point metals.

[0041] The thin film transistor to be employed in the
present invention may be of a single gate structure, a double
gate structure, or a multi-gate structure having three or more
gate electrodes. Further, the thin film transistor may have an
LDD and DDD structure or an offset structure. Two or more
thin film transistors may be provided in each pixel.

[0042] Any known organic LED device may be employed
as the organic LED device in the inventive display device.
For example, the organic LED device includes an organic
LED layer having at least one organic light emitting layer,
a pixel electrode and a counter electrode.

[0043] The organic LED layer is not particularly limited
but, for example, may be of a single layer structure or a
laminate structure having:

[0044]

(1) an organic light emitting layer;

[0045] (2) a hole transporting layer and an organic
light emitting layer;

[0046] (3) an organic light emitting layer and an
electron transporting layer;

[0047] (4) a hole transporting layer, an organic light
emitting layer and an electron transporting layer;

[0048] (5) a hole injecting layer, a hole transporting
layer, an organic light emitting layer and an electron
transporting layer; or

[0049] (6) a buffer layer, a hole transporting layer, an
organic light emitting layer, and an electron trans-
porting layer.
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[0050] The organic light emitting layer may be of a single
layer structure or a multi-layer structure. A light emitting
material to be used for the organic light emitting layer may
be any known light emitting material for organic LEDs.
Examples thereof include: low molecular light emitting
materials (e.g., fluorescent organic materials including aro-
matic dimethylidene compounds such as 4,4'-bis(2,2-diphe-
nylvinyl)biphenyl (DPVBI), oxadiazole compounds such as
5-methyl-2-[2-[4-(5-methyl-2-benzoxazolyl) phenyl]vinyl]
benzoxazole, triazole compounds such as 3-(4-biphenylyl)-
4-phenyl-5-t-butylphenyl-1,2,4-triazole (TAZ), styrylben-
zene compounds such as 1,4-bis(2-methylstyryl)benzene,
thiopyrazine oxide derivatives, benzoquinone derivatives,
naphthoquinone derivatives, anthraquinone derivatives,
diphenoquinone derivatives and fluorenone derivatives, and
fluorescent organic metal compounds such as azomethine
zinc complexes and (8-hydroxyquinolinato)aluminum com-
plexes (Alqg,)); polymeric light emitting materials (e.g.,
poly(2-decyloxy-1,4-phenylene) (DO-PPP), poly[2,5-bis[2-
(N,N,N-triethylammonivm)ethoxy]-1,4-phenyl-alto-1,

4-phenylenc]dibromide (PPP-NEt;™), poly[2-(2'-ethylhexy-
loxy)-5-methoxy-1,4-phenylene  vinylene] (MEH-PPV),
poly[5-methoxy(2-propanoxysulfonide)-1,4-phenylene

vinylene] (MPS-PPV), poly[2,5-bis(hexyloxy)-1,4-phe-
nylene-(1-cyanovinylene)] (CN-PPV), and poly(9,9-dio-
ctylfluorene) (PDAF)); and precursors of polymeric light
emitting materials (¢.g., precursors of PPV, PNV and PPP).

[0051] The organic light emitting layer may be composed
of any of the aforesaid light emitting materials alone, or
contain a hole transporting material, an electron transporting
material, an additive (a donor, an acceptor or the like) or a
luminescent dopant, which may be dispersed in a polymeric
material or an inorganic material.

[0052] The charge transporting layers (the hole transport-
ing layer and the electron transporting layer) may be of a
single layer structure or a multi-layer structure. Charge
transporting materials to be used for the charge transporting
layers may be any known charge transporting materials for
organic LEDs and organic photoconductors, but are not
particularly limited. Examples of the charge transporting
materials include: hole transporting materials (e.g., inor-
ganic p-type semiconductor materials, low molecular mate-
rials including porphyrin compounds, aromatic tertiary
amine compounds such as N,N'-bis(3-methylphenyl)-N,N'-
bisphenyl-benzidine (TPD) and N,N'-di(naphthalene-1-y1)-
N,N'-diphenyl-benzidine (NPD), hydrazone compounds,
quinacridone compounds and styrylamine compounds, poly-
meric materials including polyaniline (PANI), 3,4-polyeth-
ylene dioxythiophene/polystyrene sulfonate (PEDT/ PSS),
poly[triphenylamine derivative] (poly-TPD) and polyvinyl-
carbazole (PVCz), and precursors of polymeric materials
such as a precursor of poly(p-phenylene vinylene) (Pre-
PPV) and a precursor of poly(p-naphthalene vinylene) (Pre-
PNV)); and electron transporting materials (e.g., inorganic
n-type semiconductor materials, low molecular materials
including oxadiazole derivatives, triazole derivatives, thi-
opyrazine oxide derivatives, benzoquinone derivatives,
naphthoquinone derivatives, anthraquinone derivatives,
diphenoquinone derivatives and fluorenone derivatives, and
polymeric materials including poly[oxadiazole derivative]
(Poly-0XZ)). The charge transporting layers may be com-
posed of any of the aforesaid charge transporting materials
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alone, or contain an additive or the like. The charge trans-
porting material may be dispersed in a polymeric material or
an inorganic material.

[0053] Formation of the light emitting layer and the charge
transporting layers is achieved, for example, by a wet
process such as a coating method (e.g., a spin coating
method, a dipping method or a doctor blade method), an ink
jet method or a printing method, or by a dry process such as
an evaporation method, a vacuum evaporation method or a
laser transfer method (Japanese Unexamined Patent Publi-
cation No. Hei 11(1999)-260549). Among these methods,
the printing method or the laser transfer method is preferred
in consideration of production of a greater display area,
productivity, production speed and the like.

[0054] The printing method is not particularly limited, but
examples thereof include a relief printing method, an inta-
glio printing method, a lithographic printing method and an
offset printing method, among which the relief printing
method, the intaglio printing method and the lithographic
printing method are preferred for formation of a uniform
thin film having a thickness of 1 4m or smaller, and the relief
printing method is preferred for formation of a uniform thin
film having a thickness of 1000A or smaller.

[0055] In the printing method, for example, the light
emitting material or the charge transporting material is
dissolved or dispersed in a suitable solvent for preparation of
a light emitting layer material liquid or a charge transporting
layer material liquid, and the liquid is ejected, dripped or
printed onto the pixel electrode, the charge transporting
layer or the light emitting layer and dried for the formation
of the light emitting layer or the charge transporting layer.

[0056] A commercially available printer may be employed
in the printing method. As shown in FIG. 12, a coating
liquid 31 ejected from a nozzle 27 is spread by a blade 28
on a roll 32 on which the coating liquid 31 is temporarily
retained. subsequently, the coating liquid 31 is transferred
from the roll 32 onto a transfer plate 29 fixed around a
transfer plate fixture roll 30, and then transferred onto a
substrate supported by a substrate holder 26.

[0057] Where a resin substrate such as of a plastic is
employed as the substrate, the transfer plate 29 is preferably
made of a metal material or a resin material. Where a
substrate of an inorganic material such as glass is employed
as the substrate, the transfer plate 29 is preferably made of
a resin material in consideration of a damage to the sub-
strate. More specifically, a copper plate may be employed as
the metal transfer plate, and APR (Asahi Kasei Co., Ltd.) or
FUJI TORELIEF (Fuji Film Co., Ltd.) may be employed as
the resin transfer plate. The surface of the transfer plate 29
is preferably formed with an undulation pattern or a pattern
including portions having a lower wettability and a higher
wettability with respect to the coating liquid.

[0058] In the transfer method, a base film 37 having an
organic LED layer 6 or a charge transporting layer (not
shown) provided on a film 34 with the intervention of a
light-to-heat converting layer 35 and a heat conducting layer
36 is mated with the substrate, and a laser beam 33 is applied
onto desired portions of the film as shown in FIG. 13. Thus,
the light emitting layer or the charge transporting layer is
transferred from the film onto the substrate. The organic
LED layer or the charge transporting layer may be of a single
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layer structure or a multi-layer structure. Formation of the
organic LED layer or the charge transporting layer on the
film may be achieved by a dry process such as a vacuum
evaporation method, or by a wet process such as a dip
coating method, a spin coating method or an ink jet method.
An electrode layer may be formed on the organic LED layer
or the charge transporting layer of the film, so that these
layers can simultaneously be transferred onto the substrate.

[0059] The pixel electrode is not particularly limited, but
may be composed of any conventional electrode material.
The pixel electrode is typically paired with a counter elec-
trode, and serves as an anode or a cathode. Usable as the
anode are metal electrodes such as of Au, Pt and Ni having
a higher work function, and transparent electrodes such as of
ITO, IDIXO and SnO,. Usable as the cathode are metal
electrodes such as of Ca, Al, an Mg—Ag alloy and an
Li—Al alloy having a lower work function, and combina-
tion electrodes including a thin insulating layer and a metal
electrode (e.g., LiF/Al). An EB method, a sputtering method,
a resistance heating evaporation method or a laser transfer
method may be employed for formation of the pixel elec-
trode, and a photolithography method may be employed for
patterning. Where the emitted light is outputted from a pixel
electrode side, the transparent electrode is preferably
employed as the pixel electrode. The thickness of the pixel
electrode is not particularly limited, but may properly be
adjusted depending on the size and performance of the
display device, the material for the pixel electrode, and the
like.

[0060] The counter electrode to be paired with the pixel
electrode may correspondingly serve as a cathode or an
anode. Where the counter electrode serves as the anode, the
pixel electrode serves as the cathode. Where the counter
electrode serves as the cathode, the pixel electrode serves as
the anode. Further, where the emitted light is to be outputted
from a counter electrode side, a transparent electrode is
preferably employed as the counter electrode. The counter
electrode can be formed by an EB method, a sputtering
method, a resistance heating evaporation method or the like.
In consideration of a thermal damage to the organic LED
layer, the resistance heating evaporation method, a laser
transfer method or a D.C. reactive sputtering method is
preferably employed for the formation of the counter elec-
trode.

[0061] The organic LED device in the inventive display
device may further comprise a polarization plate, and a
sealing film or a sealing plate.

[0062] A conventional linear polarization plate and a Yk
plate may be employed in combination as the polarization
plate. This improves the contrast of the display device.

[0063] The scaling film or the sealing plate may be formed
of a material conventionally employed for the sealing of the
display device in a conventional manner. For example, the
display device is sealed with a glass or a metal with an inert
gas such as nitrogen gas or argon gas filled therein. In this
case, a moisture absorber such as barium oxide may be
mixed with the inert gas. Alternatively, the sealing film may
be formed by spin-coating a resin on the counter electrode
or bonding a resin film onto the counter electrode. Thus,
intrusion of external oxygen and moisture into the device
can be prevented to effectively improve the service life of
the device.
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[0064] In the inventive display device, the planarization
film is provided between the thin film transistor and the
organic LED device. A material for the planarization film is
not particularly limited, but examples thereof include inor-
ganic materials such as Si0,, SiIN(SizN,), TaO(Ta,0;),
Ni Zn,Fe,0, and SOG, and organic materials such as acrylic
resins, resist materials and black matrix materials. For
formation of the planarization film, any of these materials
may be deposited by a dry process such as a sputtering
method, a CVD method or a vacuum evaporation method or
by a wet process such as a spin coating method, and
patterned by a photolithography method or the like. The
thickness of the planarization film is not particularly limited,
as long as the thickness is sufficient to minimize undulations
on the surface of the film or to ensure planarization of the
film. For example, the thickness of the planarization film is
preferably greater than the thickness of the thin film tran-
sistor.

[0065] In the present invention, an interlayer insulating
film may further be provided between the thin film transistor
and the planarization film. Examples of a material for the
interlayer insulating film include resin materials such as
acrylic resins and polyimide resins, materials prepared by
dispersing a pigment or a dye such as carbon black, phtha-
locyanine or quinacridone in a resin such as polyimide,
inorganic materials such as Si0,, SiN(Si;N,), TaO(Ta,0;),
Ni,Zn Fe,0, and SOG, and photosensitive materials. For
formation of the interlayer insulating film, any of these
materials may be deposited by a dry process such as a
sputtering method, a CVD method or a vacuum evaporation
method or by a wet process such as a spin coating method,
and patterned by a photolithography method or the like. The
thickness of the interlayer insulating film is not particularly
limited, but may properly be adjusted depending on the
material to be employed.

[0066] In the inventive display device, the thin film tran-
sistor should function as switching elements for the organic
LED device, so that drain electrode of the thin film transistor
is electrically connected to the pixel electrode of the organic
LED device.

[0067] The connection between the drain electrode of the
thin film transistor and the pixel electrode of the organic
LED device is achieved through interconnection formed in
contact hole extending through the planarization film (and
the interlayer insulating film optionally provided).

[0068] The shape, number, positions and size of the con-
tact hole may be determined so as to ensure proper electrical
connection between the drain electrode and the pixel elec-
trode. For example, the contact hole preferably have a
greater size on the substrate side (on the thin film transistor
side) than on a pixel electrode side. Thus, the interconnec-
tion to be described later can assuredly be formed in the
contact hole without breakage thereof. Where the emitted
light is outputted from the substrate side, a smaller number
of contact hole is preferably formed above the thin film
ransistor (drain electrode) or above the vicinity of the thin
film transistor with the need for increase in the aperture
ratio. On the other hand, where the emitted light is outputted
from the side opposite from the substrate, the aperture ratio
does not depend on the number and positions of the contact
hole. To ensure uniform current flow of the pixel electrode,
for example, one contact hole is provided adjacent the center
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of each pixel (or the organic LED device), or a plurality of
contact holes are equidistantly formed in each pixel with one
of them disposed adjacent the center of the pixel. Where the
contact hole is formed in a position apart from the drain
electrode, a connection electrode is preferably formed for
electrical connection between the drain electrode and the
interconnection to be formed in the contact hole. Formation
of the connection electrode may be achieved by employing
a formation method and a material conventionally known in
the art.

[0069] The contact hole may be formed by a known
method. For example, a photosensitive material is employed
as the material for the planarization film and the contact hole
is formed in the photosensitive planarization film by a
photolithography method. Alternatively, a photosensitive
material layer is formed on the planarization film and
patterned by a photolithography method, and the planariza-
tion film is etched for the formation of the contact hole, or
the planarization film is irradiated with a laser beam for the
formation of the contact hole.

[0070] A material for the interconnection to be formed in
the contact hole may be any electrically conductive material
typically used for electrode and interconnection. The for-
mation of the interconnection may be achieved by a known
method such as a sputtering method or an evaporation
method. However, it is necessary to form the interconnection
independently of the pixel electrode. The independent for-
mation virtually ensures planarization of the pixel electrode.
More specifically, an electrically conductive interconnection
material is deposited on the planarization film formed with
the contact hole, and the resulting layer of the electrically
conductive interconnection material is polished away for the
formation of the interconnections in the contact hole and for
the planarization of the planarization film. The layer of the
electrically conductive interconnection material preferably
has a thickness equal to or slightly smaller or greater than the
depth of the contact hole. The polishing is preferably
achieved, for example, by a CMP method.

[0071] In the mventive display device, the connection
between the organic LED device and the thin film transistor
may be arranged so that an organic LED device in each pixel
is driven by a single thin film transistor or by a plurality of
thin film transistors. Further, at least one capacitor or the like
may be employed in combination with the thin film transis-
tor for the driving of the organic LED device. As in a typical
light emitting display device, signal electrode line, scanning
electrode line, common electrode line, first drive electrode
line and second drive electrode line are provided in the
inventive display device, and these electrode lines may be
formed, for example, of a metal such as Ta, Al or Cu.

[0072] With reference to the attached drawings, the
organic LED display device of active matrix drive type and
the fabrication method therefor according to the present
invention will hereinafter be described by way of embodi-
ments thereof.

EMBODIMENT 1

[0073] An organic LED display device of active matrix
drive type according to this embodiment has at least one thin
film transistor 2 and an organic LED device 8 provided on
a substrate 1 for each pixel as shown in FIGS. 3(0) and 4.
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[0074] The thin film transistor 2 includes an active layer 9
provided on the substrate 1 and a gate electrode 11 provided
on the active layer 9 with the intervention of a gate insu-
lating film 3.

[0075] The organic LED device 8 includes a pixel elec-
trode § extending over the pixel, an organic LED layer 6
including a hole transporting layer 61 and an organic light
emitting layer 62 provided on the pixel electrode S, and a
counter electrode 7 provided on the organic LED layer 6.

[0076] A planarization film 12 is provided over the thin
film transistor 2 on the substrate, and the organic LED
device 8 is provided on the planarization film 12.

[0077] A source electrode 13 is provided on a source
region formed in the active layer 9 of the thin film transistor
2. The planarization film 12 has a contact hole formed
therein above a drain region of the thin film transistor 2. An
interconnection 10 is provided in the contact hole, and the
drain region of the thin film transistor 2 is electrically
connected to the pixel electrode § via the interconnection 10.

[0078] A tapered insulating film 15 is provided between
each adjacent pair of pixel electrodes 5. A sealing plate 17
is provided on the counter electrode 7, and a polarization
plate 18 is provided on an opposite side of the substrate 1.

[0079] InFIGS. 3(0) and 4, reference numerals 14 and 19
denote scanning lines, and reference numerals 20, 21,22 and
23 denote a signal line, a common line, thin film transistor
and a capacitor, respectively.

[0080] In the display device, emitted light is outputted
from the side of the substrate 1. By inputting signal pulses
to the signal line (first drive line) and the scanning line
(second drive line), the thin film transistor is switched to
actuate or deactuate the organic LED device electrically
connected to the thin film transistor in the unit pixel for
displaying a motion picture and a still image.

[0081]

manner.

[0082] As shown in FIG. 1(a), a 50-nm thick a-Si film
was formed on a glass substrate 1 (thickness: 1.1 mm
(£10%), resistance>10"*Q.cm, distortion point: 667° C.) by
decomposing Si,H, by an LP-CVD method, and then poly-
crystallized by excimer laser annealing for formation of a
polysilicon film 9a.

[0083] Then, the polysilicon film 9a was patterned into a
predetermined configuration, as shown in FIG. 1(b), for
formation of active layers 9 in which channel regions and
source/drain regions of thin film transistors were to be
formed.

[0084] As shown in FIG. 1(c), a 50-nm thick gate insu-
lating film 3 of SiO, was formed on the substrate 1 formed
with the active layers 9, and an Al film was formed on the
gate insulating film 3 by a sputtering method and patterned
for formation of gate clectrodes 11. At the same time,
formation of lower electrodes (not shown) of capacitors was
achieved.

[0085] In turn, side faces of the gate electrodes 11 were
subjected to anodic oxidization for formation of offset
portions, and the active layers 9 were doped with phospho-
rus in a high concentration by an ion doping method with the
use of the gate electrodes 11 as a mask for the formation of

The display device was fabricated in the following
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the source/drain regions. As shown in FIG. 1(d), scanning
lines 14, source electrodes 13, drain electrodes (not shown)
and common electrodes (not shown) were formed on the
resulting substrate, and then upper electrodes (not shown) of
the capacitors were formed on the resulting substrate. Thus,
the formation of TFIs 2 was achieved through a low
temperature process.

[0086] As shown in FIG. 1(e), a 3-um thick SiO, film was
formed as a planarization film 12 on the resulting substrate.

[0087] As shown in FIG. 1(f) a resist was applied on the
planarization film 12, and a resist pattern R1 was formed as
having openings in contact hole formation regions by a
photolithography method. With the use of the resist pattern
R1, the planarization film 12 was etched for formation of
contact holes, and then the resist pattern R1 was washed
away.

[0088] Then, aluminum was deposited to a thickness of 4
um on the planarization film 12 formed with the contact
holes, as shown in FIG. 2(g), for formation of an aluminum
film 104, which was in turn polished away as shown in FIG.
2(h). Thus, interconnections 10 were formed in the contact
holes and, at the same time, surfaces of the planarization film
12 and the interconnections 10 were simultaneously pla-
narized.

[0089] Thereafter, a 150-nm thick ITO film was formed on
the planarization film 12 formed with the interconnections
10 by a sputtering method. For the sputtering, the substrate
was kept at 300° C. As shown in FIG. 2(i), the ITO film was
patterned into a predetermined configuration for formation
of pixel electrodes 5 which were respectively electrically
connected to the drain electrodes via the interconnections
10. The pixel electrodes 5 thus formed each had a surface
resistance of lower than 109/, a transmittance of higher
than 87% at 550 nm, and a flatness of £2%.

[0090] Then, a 200-nm thick Si0, film was formed as an
insulating film 154 on the resulting substrate as shown in
FIG. 2(j). A resist was applied on the SiO, film, and
patterned for formation of a resist pattern R2 of a predeter-
mined configuration.

[0091] Subsequently, the SiO, film was dry-etched with
the use of the resist pattern R2 as a mask as shown in FIG.
2(k) for formation of a tapered insulating film 15 between
the pixel electrodes. The tapered insulating film prevents the
degradation of the devices which may otherwise occur due
to field concentration at edges of the pixel electrodes 5 and,
where organic LED layers are to be formed by a printing
method in the subsequent process, prevents the organic LED
layers from suffering from a transfer failure, because a
transfer plate of a printer is assuredly brought into intimate
contact with the substrate 1.

[0092] In turn, a PEDT/PSS aqueous solution was applied
on the substrate 1 formed with the pixel electrodes 5 by a
spin coating method, as shown in FIG. 3(/), for formation of
50-nm thick hole transporting layers 61.

[0093] A coating liquid for blue light emitting layers was
prepared by dissolving 1 g of PDAF as a blue light emitting
material and 0.0001 g of KF96L-1 (Shinetsu Silicone Co.,
Ltd.) as a leveling agent in 100 ml of trimethylbenzene. With
the use of a commercially available relief printer having a
transfer plate 29, the coating liquid for the blue light
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emitting layers was transferred from the transfer plate 29
selectively onto the hole transporting layers 61, as shown in
FIG. 3(m), for formation of organic light emitting layers
(blue light emitting layers) 62.

[0094] A coating liquid for green light emitting layers was
0 prepared by dissolving 1 g of Pre-PPV as a green light
emitting material and 0.0001 g of KF96L-1 (Shinetsu Sili-
cone Co., Ltd.) as a leveling agent in 100 ml of a solvent
mixture containing methanol and ethylene glycol in a ratio
of 7:3. Then, the coating liquid for the green light emitting
layers was transferred selectively onto the hole transporting
layers 61 in the same manner as described above for
formation of organic light emitting layers (green light emit-
ting layers) 62.

[0095] A coating liquid for red light emitting layers was
prepared by dissolving 1 g of MEH-PPV as a red light
emitting material and 0.0001 g of KF96L-1 (Shinetsu Sili-
cone Co., Ltd.) as a leveling agent in 100 ml of trimethyl-
benzene. Then, the coating liquid for the red light emitting
layers was transferred selectively onto the hole transporting
layers 61 in the same manner as described above for
formation of organic light emitting layers (red light emitting
layers) 62.

[0096] The transfer plate 29 herein used was an APR plate
(Shore A hardness: 55). The printing pressure for the transfer
was 0.1 mm. An anilox roller (300 lines/inch) was used for
the printer.

[0097] In turn, the resulting substrate was annealed at 120°
C. for two hours in a nitrogen atmosphere.

[0098] Then, a 50-nm thick cesium film and a 200-nm
thick silver film were formed on the resulting substrate by
vacuum evaporation method with the use of a mask, as
shown in FIG. 3(n), for formation of counter electrodes 7.

[0099] Subsequently, a sealing plate 17 of glass was
bonded to the resulting substrate with a UV-curable resin in
nitrogen gas as shown in FIG. 3(0). Further, a polarization
plate 18 was bonded to the substrate 1 for improvement of
the contrast of the display device.

[0100] When scanning signals were sequentially applied
to the scanning lines after a power source was connected to
the signal lines of the light emitting display device of active
matrix drive type thus fabricated, light emission from every
pixel was observed from the substrate side without luminous
inconsistency.

[0101] Although the organic LED layers 6 are discontinu-
ous on the insulating film 15 in the display device of this
embodiment, the organic LED layers 6 may be continuous
on the insulating film 15 as shown in FIG. 5.

EMBODIMENT 2

[0102] An organic LED display device of active matrix
drive type according to this embodiment has substantially
the same construction as the display device according to
Embodiment 1, except that the planarization film 12 is
provided over the thin film transistor 2 with the intervention
of an interlayer insulating film 4, and the insulating film 15
provided between the pixel electrodes 5 is flush with sur-
faces of the pixel electrodes 5 as shown in FIG. 6.

[0103] The display device can be fabricated in substan-
tially the same manner as in Embodiment 1, except that a
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300-nm thick SiO, film is formed as an interlayer insulating
film 4 after the formation of the active layers and the
scanning lines, and that an insulating film is formed over the
pixel electrodes formed on the planarization film, and then
surfaces of the insulating film and the pixel electrodes are
polished so as to simultaneously planarize the insulating film
and the pixel electrodes with the insulating film being left
only between the pixel electrodes.

EMBODIMENT 3

[0104] An organic LED display device of active matrix
drive type according to this embodiment includes at least
one thin film transistor 2 and an organic LED device 8
provided on a substrate 1 for each pixel as shown in FIGS.
7 and 8.

[0105] The display device has substantially the same con-
struction as in Embodiment 1. More specifically, the thin
film transistor 2 and the organic LED device 8 each have the
same structure as in Embodiment 1. A planarization film 12
is provided over the thin film transistor 2, and the organic
LED device 8 is provided on the planarization film 12.

[0106] A source electrode 13 is provided on a source
region of an active layer 9 of the thin film transistor 2, and
a connection electrode 16 is provided on a drain region as
extending from the drain region to the vicinity of the center
of the pixel. The planarization film 12 has contact holes
formed above the connection electrode 16 adjacent the
center of the pixel, and interconnections 10 are provided in
the contact holes. Thus, the drain region of the thin film
transistor 2 is electrically connected to a pixel electrode 5 via
the connection electrode 16 and the interconnections 10.

[0107] A tapered insulating film 15 is provided between
each adjacent pair of pixel electrodes 5, and a sealing plate
17 and a polarization plate 18 are provided on a counter
electrode 7.

[0108] In FIGS. 7 and 8, reference numerals 14 and 19
denote signal lines, and reference numerals 20, 21,22 and 23
denote a signal line, a common line, thin film transistors and
a capacitor, respectively.

[0109] In the display device, emitted light is outputted
from a side opposite from the substrate 1. By inputting
signal pulses to the signal line (first drive line) and the
scanning line (second drive line), the thin film transistor is
switched to actuate or deactuate the organic LED device
electrically connected to the thin film transistor in the unit
pixel for displaying a motion picture and a still image.

[0110] The display device was fabricated in the following
manner.
[0111] A 50-nm thick a-Si film was formed on an alumina

substrate 1 (thickness: 22  mm  (£3.0%),
resistance>10"*Q.cm, softening point: 1400° C.) by decom-
posing Si,H, by an LP-CVD method, and then polycrystal-
lized by solid phase epitaxy for formation of a polysilicon
film.

[0112] Then, the polysilicon film was patterned into a
predetermined configuration for formation of active layers in
which channel regions and source/drain regions of thin film
transistors were to be formed.

[0113] Subsequently, a 100-nm thick gate insulating film
of Si0, was formed by thermal oxidization of polysilicon at
not lower than 1000° C.
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[0114] Thereafter, an Al film was formed on the gate
insulating film by a sputtering method and patterned for
formation of gate electrodes. At the same time, formation of
lower electrodes (not shown) of capacitors was achieved.

[0115] In turn, side faces of the gate electrodes were
subjected to anodic oxidization for formation of offset
portions, and the active layers were doped with phosphorus
in a high concentration by an ion doping method with the use
of the gate electrodes 11 as a mask for the formation of the
source/drain regions. On the resulting substrate, scanning
lines 14 were formed, and then source electrodes, common
electrodes and connection electrodes respectively extending
from the drain regions to the vicinities of the centers of the
pixels were formed by a sputtering method employing an
aluminum target. Further, upper electrodes of the capacitors
were formed on the resulting substrate. Thus, the formation
of TFTs was achieved through a high temperature process.

[0116] A 3-um thick SiO, film was formed as a planariza-
tion film on the resulting substrate.

[0117] A resist was applicd on the planarization film, and
a resist pattern was formed as having openings in contact
hole formation regions by a photolithography method. With
the use of the resist pattern, the planarization film was etched
for formation of contact holes which each had a greater size
on a pixel electrode side than on a substrate side. The contact
holes were provided in center portions of the pixels. This
arrangement ensures uniform current distribution in each of
the pixels.

[0118] In turn, aluminum was deposited to a thickness of
3 um on the planarization film formed with the contact holes,
and then the resulting aluminum film and the planarization
film were polished by 4 um as measured from the top of the
aluminum film. Thus, the aluminum film on the planariza-
tion film 12 was removed, and surfaces of the planarization
film and interconnections formed in the contact holes were
simultaneously planarized.

[0119] Thereafter, a 150-nm thick ITO film was formed on
the planarization film by a sputtering method for electrical
connection to the drain electrodes via the connection elec-
trodes and the interconnections. For the sputtering, the
substrate was kept at 300° C. The ITO film was patterned
into a predetermined configuration for formation of pixel
electrodes 5. The pixel electrodes 5 thus formed each had a
surface resistance of lower than 10Q/J, a transmittance of
higher than 87% at 550 nm, and a flatness of +2%.

[0120] Then, a 200-nm thick Si0, film was formed on the
resulting substrate, and a resist was applied on the SiO, film
and patterned for formation of a resist pattern of a prede-
termined configuration.

[0121] Subsequently, the SiO, film was dry-etched with
the use of the resist pattern as a mask for formation of a
tapered insulating film between the pixel electrodes. The
tapered insulating film prevents the degradation of the
devices which may otherwise occur due to field concentra-
tion at edges of the pixel electrodes and, where organic LED
layers are to be formed by a transfer method, prevents the
organic LED layers from suffering from a transfer failure,
because a base film to be used in the transfer method as will
be described later can assuredly be brought into intimate
contact with the substrate.
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[0122] 1Inturn, NPD was deposited to a thickness of 50 nm
on the pixel electrodes by a resistance heating evaporation
method for formation of a hole transporting layer.

[0123] A red transfer plate was bonded onto the hole
transporting layer, and a 13-W YAG laser was scanned over
the red transfer plate so as to be applied to desired portions
of the transfer plate for pattern-transferring a red light
emitting layer from the transfer plate onto the hole trans-
porting layer. A green light emitting layer and a blue light
emitting layer were respectively pattern-transferred from a
green transfer plate and a blue transfer plate onto the hole
transporting layer in substantially the same manner. Thus,
light emitting layers were formed.

[0124] Prior to the pattern transfer, the red transfer plate
was prepared in the following manner. A thermosetting
epoxy resin containing carbon particles was applied to a
thickness of 5 um on a 0.1-mm thick polyethylene tereph-
thalate base film and cured at a room temperature for
formation of a laser-to-heat converting layer. Then, a 1-um
thick poly(c-methylstyrene) film was formed as a heat
conducting and releasing layer on the laser-to-heat convert-
ing layer, and Alg; and DCM, (4-dicyanomethylene-2-me-
thyl-6-[2-(2,3,6,7-tetrahydro-1H,5H-benzo[ ij |quinolizine-

8-yl)vin yl]4H-pyran) were deposited to a thickness of 70
nm on the heat conducting and releasing layer by coevapo-
ration thereof for formation of the red light emitting layer.

[0125] The green transfer plate was prepared in the fol-
lowing manner. A thermosetting epoxy resin containing
carbon particles was applied to a thickness of 5 um on a base
film as described above and cured at a room temperature for
formation of a laser-to-heat converting layer. Then, a 1-um
thick poly(c-methylstyrene) film was formed as a heat
conducting and releasing layer on the laser-to-heat convert-
ing layer, and Alg, was deposited to a thickness of 70 nm on
the heat conducting and releasing layer by evaporation
thereof for formation of the green light emitting layer.

[0126] The blue transfer plate was prepared in the follow-
ing manner. A thermosetting epoxy resin containing carbon
particles was applied to a thickness of 5 um on a base film
as described above and cured at a room temperature for
formation of a laser-to-heat converting layer. Then, a 1-um
thick poly(c-methylstyrene) film was formed as a heat
conducting and releasing layer on the laser-to-heat convert-
ing layer, and DPVBi was deposited to a thickness of 70 nm
on the heat conducting and releasing layer by evaporation
thereof for formation of the blue light emitting layer.

[0127] Then, Al and Li were deposited to a thickness of 50
nm by coevaporation thereof for formation of counter elec-
trodes 7.

[0128] Subsequently, an epoxy resin was applied to a
thickness of 1 um over the counter electrodes by spin coating
for formation of a sealing plate 17, and a polarization plate
18 was bonded on the sealing plate.

[0129] When scanning signals were sequentially applied
to the scanning lines after a power source was connected to
the signal lines of the display device thus fabricated, light
emission from every pixel was observed without luminous
inconsistency.

EMBODIMENT 4

[0130] An organic LED display device of active matrix
drive type according to this embodiment has substantially
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the same construction as in Embodiment 3, except that the
planarization film 12 is provided over the thin film transis-
tors 2 with the intervention of an interlayer insulating film 4
and the insulating film 15 provided between pixel electrodes
5 is flush with surfaces of the pixel electrodes 5 as shown in
FIG. 9.

[0131]

manner.

The display device was fabricated in the following

[0132] A surface of an aluminum substrate 1 (thickness:
1.2 mm (£5.0%), resistance>2.7x107°Q.cm, softening point:
660° C.) was subjected to anodic oxidation for formation of
an AlLO; insulating film (thickness: 150 nm (£5.0%),
resistance>10"“Q.cm, sofiening point: 1400° C.).

[0133] Then, active layers, a gate insulating film, gate
electrodes and lower electrodes of capacitors were formed
on the resulting substrate in the same manner as in Embodi-
ment 3. Further, source/drain regions were formed in the
active layers 9, and scanning lines 14 were formed in the
same manner as in Embodiment 3.

[0134] Thereafter, a 3-um thick SiO, film was formed as
an interlayer insulating film 4 on the resulting substrate.
Then, source electrodes 13, common electrodes, connection
electrodes 16 respectively extending from the drain regions
to the vicinities of the centers of pixels, and upper electrodes
of the capacitors were formed on the resulting substrate by
a sputtering method employing an aluminum target. Thus,
formation of TFTs was achieved through a high temperature
process.

[0135] A 3-um thick SiO, film was formed as a planariza-
tion film 12 on the resulting substrate.

[0136] A resist was applied on the planarization film 12,
and a resist pattern was formed as having openings in
contact hole formation regions by a photolithography
method. With the use of the resist pattern, the planarization
film 12 was etched for formation of contact holes which each
had a greater size on a pixel electrode side than on a
substrate side. The contact holes were respectively provided
at the centers of the pixels. This arrangement ensures
uniform current distribution in each of the pixels.

[0137] In turn, silver was deposited to a thickness of 3 um
on the planarization film 12 formed with the contact holes,
and then the resulting silver film and the planarization film
were polished by 4 um as measured from the top of the silver
film. Thus, the silver film on the planarization film 12 was
removed, and surfaces of the planarization film and inter-
connections formed in the contact holes were simulta-
neously planarized.

[0138] Thereafter, a 100-nm thick silver film and a 30-nm
thick calcium film were formed on the resulting substrate in
this order by a resistance heating evaporation method and
patterned into a predetermined configuration with a laser
beam for formation of pixel electrodes 5 which were respec-
tively electrically connected to the drain electrodes via the
connection electrodes and the interconnections.

[0139] Then, a 200-nm thick SiO, film was formed on the
resulting substrate for formation of an insulating film, and
the insulating film and the pixel electrodes were polished so
as to be simultaneously planarized with the insulating film
being left only between the pixel electrodes. With this
arrangement, the degradation of the devices is prevented
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which may otherwise occur due to field concentration at
edges of the pixel electrodes and, where organic LED layers
are to be formed by a transfer method, the organic LED
layers are prevented from suffering from a transfer failure,
because a base film to be used in the transfer method as will
be described later can assuredly be brought into intimate
contact with the substrate.

[0140] A red transfer plate was bonded onto the resulting
substrate, and a 13-W YAG laser was scanned over the red
transfer plate so as to be applied to desired portions of the
transfer plate for pattern-transferring a red light emitting
layer from the transfer plate onto the substrate. A green light
emitting layer and a blue light emitting layer were respec-
tively pattern-transferred from a green transfer plate and a
blue transfer plate onto the substrate in substantially the
same manner. Thus, the organic light emitting layers 6 were
formed. Since the formation of the organic light emitting
layers was achieved by a laser transfer method, the light
emitting layers of the polymeric light emitting materials can
be formed even on the pixel electrodes of calcium which is
reactive with a solvent.

[0141] Prior to the pattern transfer, the red transfer plate
was prepared in the following manner. A thermosetting
epoxy resin containing carbon particles was applied to a
thickness of 5 um on a 0.1-mm thick polyethylene tereph-
thalate base film and cured at a room temperature for
formation of a laser-to-heat converting layer. Then, a 1-um
thick poly(c-methylstyrene) film was formed as a heat
conducting and releasing layer on the laser-to-heat convert-
ing layer, and a chloroform solution of MEH-PPV was
applied onto the heat conducting and releasing layer and
dried for formation of a 70-nm thick red light emitting layer.
Then, the resulting film was baked at 80° C. in vacuo for one
hour. The heat-withstanding temperature of MEH-PPV was
180° C. The term “heat-withstanding temperature” herein
means a highest possible temperature which does not dete-
riorate the electrical characteristics of the devices when the
devices are heated for drying thereof in a fabrication process
with the use of that material.

[0142] The green transfer plate was prepared in the fol-
lowing manner. A thermosetting epoxy resin containing
carbon particles was applied to a thickness of 5 um on a base
film as described above and cured at a room temperature for
formation of a laser-to-heat converting layer. Then, a 1-um
thick poly(c-methylstyrene) film was formed as a heat
conducting and releasing layer on the laser-to-heat convert-
ing layer, and a chloroform solution of PPV was applied
onto the heat conducting and releasing layer and dried for
formation of a 70-nm thick green light emitting layer.

[0143] The blue transfer plate was prepared in the follow-
ing manner. A thermosetting epoxy resin containing carbon
particles was applied to a thickness of 5 um on a base film
as described above and cured at a room temperature for
formation of a laser-to-heat converting layer. Then, a 1-um
thick poly(c-methylstyrene) film was formed as a heat
conducting and releasing layer on the laser-to-heat convert-
ing layer, and a xylene solution of PDAF was applied onto
the heat conducting and releasing layer and dried for for-
mation of a 70-nm thick blue light emitting layer. Thereafter,
the resulting film was baked at 80° C. in vacuo for one hour.

[0144] Subsequently, a hole transporting layer transfer
plate was bonded onto the light emitting layers, and a 13-W
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YAG laser was scanned over the transfer plate so as to be
applied to desired portions of the transfer plate for pattern-
transferring a hole transporting layer from the transfer plate
onto the light emitting layers.

[0145] Prior to the pattern transfer, the hole transporting
layer transfer plate was prepared in the following manner. A
thermosetting epoxy resin containing carbon particles was
applied to a thickness of 5 um on a base film as described
above and cured at a room temperature for formation of a
laser-to-heat converting layer. Then, a 1-um thick poly(a-
methylstyrene) film was formed as a heat conducting and
releasing layer on the laser-to-heat converting layer, and a
PEDT/PSS aqueous solution was applied onto the heat
conducting and releasing layer and dried for formation of a
50-nm thick hole transporting layer. Thereafter, the resulting
film was baked at 80° C. in vacuo for one hour.

[0146] Then, the resulting substrate was baked at 100° C.
for 10 minutes.
[0147] Subsequently, IDIXO was deposited to a thickness

of 150 nm over the resulting substrate by a sputtering
method for formation of transparent counter electrodes 7.
The counter electrodes 7 thus formed each had a surface
resistance of lower than 30Q/, a transmittance of higher
than 80% at 550 nm, and a flatness of +2%.

[0148] Then, an epoxy resin was applied to a thickness of
1 um over the counter electrodes 7 by spin coating for
formation of a sealing plate 17, and a polarization plate 18
was bonded onto the sealing plate.

[0149] When scanning signals were sequentially applied
to the scanning lines after a power source was connected to
the signal lines of the light emitting display device of active
drive type thus fabricated, light emission from every pixel
was observed without luminous inconsistency.

EMBODIMENT 5 (DRIVING CIRCUIT)

[0150] In this embodiment, the display devices according
to Embodiments 1 to 4 are each arranged so as to have a
circuit construction as shown in FIG. 10.

[0151] In FIG. 10, two TFTs 22 and one capacitor 23 are
employed in combination for driving an LED device 8 in
each pixel. The TFTs 22 and the capacitor 23 are connected
to a scanning line 19, a signal line 20 and a common line 21.

EMBODIMENT 6 (DRIVING CIRCUIT

[0152] In this embodiment, the display devices according
to Embodiments 1 to 4 are each arranged so as to have a
circuit construction as shown in FIG. 11.

[0153] InFIG. 11, four TFTs 22 and two capacitors 23 are
employed in combination for driving an LED device 8 in
each pixel. The TFTs 22 and the capacitors 23 are connected
to a scanning line 19, a signal line 20, a common line 21, a
first drive line 24, and a second drive line 25.

[0154] In accordance with the present invention, the pixel
electrodes are formed independently of the interconnections,
so that the layer underlying the pixel electrodes and the pixel
electrodes can be planarized as much as possible. This
prevents the inter-electrode short attributed to undulations
on the pixel electrodes, the degradation due to the field
concentration, and the deterioration in display quality due to
variations in luminance.
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[0155] Particularly, where the interconnection and the
pixel electrode in each pixel are to be formed of different
electrically conductive materials, the formation of the inter-
connection in a small contact hole can be achieved by
employing a metal material having a sufficiently high elec-
trical conductivity. Further, a transparent electrode typically
used as the pixel electrode generally has a high resistance
and, therefore, it is advantageous to employ different elec-
trically conductive materials for the formation of the pixel
electrode and the interconnection.

[0156] Where a plurality of interconnections are provided
in each pixel, a current can uniformly be distributed in each
pixel. Therefore, display inconsistency can be prevented
which may otherwise occur due to nonuniform current
distribution.

[0157] Where at least one interconnection is provided
adjacent the center of each pixel, uniform current distribu-
tion in each pixel can be ensured even with the single
interconnection. Therefore, the display inconsistency can be
prevented.

[0158] Where the interconnection is designed to have a
greater area on a pixel electrode side than on a substrate side
(on a drain electrode side), the interconnection can assuredly
be formed in the contact hole without breakage thereof.

[0159] In the method for fabricating the aforesaid display
device in accordance with the present invention, the inter-
connections are formed in the contact holes formed in the
planarization film, and then the pixel electrodes are formed
independently of the interconnections on the planarization
film formed with the interconnections. Therefore, undula-
tions on the surfaces of the pixel electrodes can be sup-
pressed as much as possible. The display device thus fab-
ricated is free from the inter-electrode short attributed to the
undulations on the pixel electrodes, the degradation due to
the field concentration, and the deterioration in display
quality due to variations in luminance.

[0160] Particularly, where an electrically conductive inter-
connection material is deposited on the planarization film
formed with the contact holes and polished for the formation
of the interconnections in the contact holes and for pla-
narization of the surface of the planarization film, the
fabrication of the display device can be achieved through a
simplified process without addition of a special step and
without increase in production costs.

[0161] Where at least the light emitting layer of the
organic LED layer is formed by a transfer method or a
printing method, the organic LED layer can evenly be
formed on the flat pixel electrodes without undulations.
Therefore, the display device thus fabricated has a further
excellent display quality.

What is claimed is:
1. An organic LED display device of active matrix drive
type comprising:

a substrate;
a thin film transistor provided on the substrate;

a planarization film provided over the thin film transistor;
and

an organic LED device provided on the planarization film,
and comprising a pixel electrode electrically connected
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to a drain electrode of the thin film transistor via an
interconnection extending through the planarization
film, an organic LED layer comprising at least one
organic light emitting layer and a counter electrode;

the thin film transistor being operative to control one of a
current and a voltage to be applied to the LED device;

wherein the interconnection has an end face flush with a
surface of the planarization film on the side of a pixel
electrode.

2. A display device as set forth in claim 1, wherein the
interconnection and the pixel electrode are composed of
different electrically conductive materials.

3. A display device as set forth in claim 1, wherein the
interconnection includes a plurality of interconnections.

4. A display device as set forth in claim 1, wherein the
interconnection includes at least one interconnection pro-
vided adjacent a center of the organic LED device.

5. A display device as set forth in claim 1, wherein the
interconnection has a greater end face area on the side of the
pixel electrode side than on the side of the drain electrode
side.

6. A method for fabricating an organic LED display
device of active matrix drive type which comprises an
organic LED device and a thin film transistor connected to
the organic LED device for controlling a current or a voltage
to be applied to the LED device, the method comprising the
steps of:

forming the thin film transistor on a substrate;
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forming a planarization film over the thin film transistor;
forming a contact hole in the planarization film;

forming an interconnection in the contact hole so as to has
an end face flush with a surface of the planarization
film;

forming a pixel electrode on the planarization film formed
with the interconnection;

forming an organic LED layer including at least one light
emitting layer on the pixel electrode; and

forming a counter electrode on the organic LED layer.

7. A method as set forth in claim 6, wherein the intercon-
nection forming step comprises the steps of depositing an
electrically conductive interconnection material on the pla-
narization film formed with the contact hole, and polishing
away the resulting layer of the electrically conductive mate-
rial to planarize the planarization film with the electrically
conductive interconnection material being left in the contact
hole for the formation of the interconnection in the contact
hole.

8. A method as set forth in claim 6, wherein the organic
LED layer forming step comprises the step of forming the at
least one light emitting layer by one of a transfer method and
a printing method.
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