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(54) Organic EL display and fabricating method thereof
(57) A top and bottom emission organic EL display

and fabricating method thereof are disclosed. The
present invention includes a pixel area having a first ar-
ea and a second area, a first organic EL device provided
to the first area of the pixel area to emit light in one di-

rection, a second organic EL device provided to the sec-
ond area of the pixel area to emit light in a direction op-
posite to that of the first organic EL device, and a tran-
sistor electrically connected to the first and second or-
ganic EL devices to drive the first and second organic
EL devices.
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Description

[0001] This application claims the benefit of the Kore-
an Patent Application Nos. 10-2004-0040466, filed on
June 3, 2004, 10-2004-0040467, filed on June 3, 2004
and 10-2004-0040826 filed on June 4, 2004, which is
hereby incorporated by reference as if fully set forth
herein.

BACKGROUND OF THE INVENTION

Field of the Invention

[0002] The presentinvention relates to an organic EL
display and fabricating method thereof. Although the
present invention is suitable for a wide scope of appli-
cations, it is particularly suitable for two-side emissions.

Discussion of the Related Art

[0003] Generally, a pixel area of an organic EL display
consists of a switching thin film transistor for switching
a pixel, a drive thin film transistor for driving the pixel, a
storage capacitor, an anode (pixel electrode), an organ-
ic emitting layer, and a cathode (common electrode).
[0004] FIG. 1is a diagram of circuit for an organic EL
display according to a related art, FIG. 2 is a layout of
an organic EL display according to a related art, and
FIG. 3is a cross-sectional diagram taken along a cutting
line I-l'in FIG. 2.

[0005] Referring to FIGs. 1 to 3, a semiconductor lay-
er 2 is formed on a glass substrate 1 with polysilicon and
the like. The semiconductor layer 2 is then patterned to
leave an area for forming a thin film transistor therein.
[0006] A gate insulating layer 3 and a gate electrode
conductive layer are sequentially formed over the sub-
strate 1. The gate electrode conductive layer is then pat-
terned to form a gate electrode 4.

[0007] Source and drain regions 2a and 2c of a thin
film transistor are formed by implanting dopants in the
semiconductor layer 2 with B, P or the like using the gate
electrode 4 as an implantation mask and performing
thermal treatment on the dopant-implanted semicon-
ductor layer 2.

[0008] In this case, an undoped portion of the semi-
conductor layer 2 becomes a channel region 2b.
[0009] Subsequently, an insulating interlayer 5 is
formed over the substrate 1. The insulating interlayer 5
and the gate insulating layer 3 are then selectively re-
moved to expose the source and drain regions 2a and
2c of the thin film transistor.

[0010] An electrode line 6 is formed to be electrically
connected to each of the exposed source and drain re-
gions 2a and 2b.

[0011] A planarizing insulating layer 7 is formed over
the substrate. The planarizing insulating layer 7 is then
selectively removed to expose the electrode line 6 -con-
nected to the drain region 2c.
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[0012] An anode (pixel electrode) 8 is formed to be
electrically connected to the exposed electrode line 6.
[0013] Subsequently, an insulating layer 9 is formed
between neighboring anodes 8.

[0014] And, a hole injection layer 10, a hole transport
layer 11, an organic emitting layer, an electron transport
layer 13 and an electron injection layer 14 are sequen-
tially formed over the substrate.

[0015] After a cathode (common electrode) 15 of alu-
minum or the like has been formed over the substrate,
a passivation layer 16 is formed on the cathode 15 to
cut off oxygen or moisture.

[0016] However, in the above-fabricated related art
organic EL display, the drive circuit occupies most parts
of the pixel area to reduce a portion, through which the
light can pass, i.e., to lower an aperture ratio.

[0017] Moreover, in case of employing a compensa-
tion circuit, the area occupied by the drive circuitin each
pixel area is increased more to lower the aperture ratio
considerably.

SUMMARY OF THE INVENTION

[0018] Accordingly, the present invention is directed
to an organic EL display and fabricating method thereof
that substantially obviate one or more problems due to
limitations and disadvantages of the related art.

[0019] An object of the present invention is to provide
an organic EL display and fabricating method thereof,
in which light is emitted from a pixel area having a drive
circuit formed thereon and by which a aperture ratio can
be raised.

[0020] Another object of the present invention is to
provide an organic EL display and fabricating method
thereof, in which light can be emitted from top and bot-
tom sides of one substrate to enable two-way viewings.
[0021] A further object of the present invention is to
provide an organic EL display and fabricating method
thereof, in which a pair of organic EL displays are simul-
taneously fabricated on one substrate, by which a cor-
responding process is simplified, and by which a proc-
ess cost is lowered.

[0022] Additional advantages, objects, and features
of the invention will be set forth in part in the description
which follows and in part will become apparent to those
having ordinary skill in the art upon examination of the
following or may be learned from practice of the inven-
tion. The objectives and other advantages of the inven-
tion may be realized and attained by the structure par-
ticularly pointed out in the written description and claims
hereof as well as the appended drawings.

[0023] To achieve these objects and other advantag-
es and in accordance with the purpose of the invention,
as embodied and broadly described herein, an organic
EL display according to the present invention includes
a pixel area having a first area and a second area, a first
organic EL device provided to the first area of the pixel
area to emit light in one direction, a second organic EL
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device provided to the second area of the pixel area to
emitlightin a direction opposite to that of the first organic
EL device, and a transistor electrically connected to the
first and second organic EL devices to drive the first and
second organic EL devices.

[0024] Preferably, the first area is a first substrate sur-
face having the transistor not formed thereon and the
second area is the first substrate surface having the
transistor formed thereon.

[0025] In another aspect of the present invention, an
organic EL display includes a transparent substrate hav-
ing a plurality of pixel areas wherein each of a plurality
of the pixel areas is dived into a first area and a second
area, a transistor formed on the second area of the
transparent substrate, a second anode formed on the
second area of the transparent substrate to be electri-
cally connected to the transistor, a first anode formed
on the first area of the transparent substrate to be elec-
trically connected to the transistor, an organic EL layer
formed on the first and second anodes, a first cathode
formed on the organic EL layer on the first and second
areas of the transparent substrate, and a second cath-
ode formed on the first cathode of the first area of the
transparent substrate.

[0026] Preferably, the first anode is a transparent
electrode and the second cathode is a metal electrode
having high reflectivity.

[0027] Preferably, the second anode comprises a
metal electrode having high reflectivity and the first cath-
ode comprises a thin metal electrode having transmit-
tance.

[0028] In another aspect of the present invention, an
organic EL display includes a transparent substrate hav-
ing a plurality of pixel areas wherein each of a plurality
of the pixel areas is dived into a first area and a second
area, a transistor formed on the second area of the
transparent substrate, a second anode formed on the
second area of the transparent substrate to be electri-
cally connected to the transistor, a first anode formed
on the first area of the transparent substrate to be elec-
trically connected to the transistor, an organic EL layer
formed on the first and second anodes, a first cathode
formed on the organic EL layer on the second area of
the transparent substrate, and a second cathode formed
on the organic EL layer on the first area of the transpar-
ent substrate.

[0029] In another aspect of the present invention, an
organic EL display includes a first transparent substrate,
a second transparent substrate, a transistor formed on
a first area of the first transparent substrate, an pixel
electrode formed on a second area of the first transpar-
ent substrate to be electrically connected to the transis-
tor, a first cathode formed on the pixel electrode, a first
organic EL layer formed on the first cathode, a second
anode formed on the first organic EL layer, a second
organic EL layer formed on the second anode, and a
second cathode formed on the second organic EL layer
to be electrically connected to either the transistor or the
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pixel electrode.

[0030] Preferably, a barrier is provided to a predeter-
mined area of the second anode.

[0031] More preferably, the second cathode formed
on the barrier is electrically connected to either the tran-
sistor or the pixel electrode.

[0032] In another aspect of the present invention, a
method of fabricating an organic EL display includes the
steps of preparing a transparent substrate having a plu-
rality of pixel areas wherein each of a plurality of the
pixel areas is dived into a first area and a second area,
forming a transistor on the transparent substrate to lie
on the second area of the pixel area, forming a first an-
ode on the first area of the transparent substrate to be
electrically connected to the transistor, forming a first in-
sulating layer over the transparent substrate including
the first anode, exposing a part of a drain area of the
transistor by removing a predetermined area of the first
insulating layer, forming a second anode on the first in-
sulating layer in the second area of the transparent sub-
strate to be electrically connected to the part of the drain
area of the transistor, exposing the first anode by remov-
ing a portion of the first insulating layer, forming an or-
ganic EL layer over the substrate including the first and
second anodes, forming a first cathode on the organic
EL layer, and forming a second cathode on the first cath-
ode in the first area of the pixel area.

[0033] In another aspect of the present invention, a
method of fabricating an organic EL display includes the
steps of preparing a transparent substrate having a plu-
rality of pixel areas wherein each of a plurality of the
pixel areas is dived into a first area and a second area,
forming a transistor on the transparent substrate to lie
on the second area of the pixel area, forming a first an-
ode to be electrically connected to the transistor, forming
a first insulating layer over the transparent substrate in-
cluding the first anode, exposing a part of a drain area
of the transistor by removing a predetermined area of
the first insulating layer, forming a second anode on the
first insulating layer in the second area of the pixel elec-
trode to be electrically connected to the exposed tran-
sistor, exposing the first anode by removing a portion of
the first insulating layer, forming an organic EL layer
over the substrate including the first and second an-
odes, forming a first cathode on the organic EL layer to
lie in the second area of the pixel area, and forming a
second cathode on the organic EL layer to lie in the first
area of the pixel area.

[0034] In another aspect of the present invention, a
method of fabricating an organic EL display includes a
first step of fabricating a first organic EL device, the first
step including the steps of preparing a first transparent
substrate, forming a transistor on a first area of the first
transparent substrate, forming an pixel electrode on a
first area of the first transparent substrate to be electri-
cally connected to the transistor, forming an insulating
layer over the first transparent substrate including the
pixel electrode, exposing the transistor and the pixel
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electrode by removing the insulating layer selectively,
and forming a first cathode, an organic EL layer and a
first anode on the exposed pixel electrode sequentially,
a second step of fabricating a second EL device, the
second step including the steps of preparing a second
transparent substrate, forming a second anode on the
second transparent substrate, forming a barrier on a
predetermined area of the second anode, and forming
an organic EL layer and a second cathode on the sec-
ond anode including the barrier sequentially, and a third
step of bonding the first and second organic EL devices
to each other so that the second cathode of the second
organic EL device is electrically connected to the tran-
sistor of the first organic EL device.

[0035] In a further aspect of the present invention, a
method of fabricating an organic EL display includes a
first step of fabricating a first organic EL device, the first
step including the steps of preparing a first transparent
substrate, forming a transistor on a first area of the first
transparent substrate, forming a first insulating layer
over the first transparent substrate including the transis-
tor, exposing the transistor by removing the first insulat-
ing layer selectively, forming an pixel electrode on the
first area and a second area of the first transparent sub-
strate to be electrically connected to the exposed tran-
sistor, and forming a first cathode, an organic EL layer
and a first anode on the exposed pixel electrode of the
first area of the first transparent substrate sequentially,
a second step of fabricating a second EL device, the
second step including the steps of preparing a second
transparent substrate, forming a second anode on the
second transparent substrate, forming a barrier on a
predetermined area of the second anode, and forming
an organic EL layer and a second cathode on the sec-
ond anode including the barrier sequentially, and a third
step of bonding the first and second organic EL devices
to each other so that the second cathode of the second
organic EL device is electrically connected to the ex-
posed pixel electrode of the first organic EL device.
[0036] Preferably, after the pixel electrode forming
step in the first step of fabricating the first organic EL
device, a second insulating layer is formed on an area
electrically connecting the pixel electrode and the tran-
sistor together and on an edge area of the pixel elec-
trode.

[0037] Itis to be understood that both the foregoing
general description and the following detailed descrip-
tion of the present invention are exemplary and explan-
atory and are intended to provide further explanation of
the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0038] The accompanying drawings, which are in-
cluded to provide a further understanding of the inven-
tion and are incorporated in and constitute a part of this
application, illustrate embodiment(s) of the invention
and together with the description serve to explain the
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principle of the invention. In the drawings:

[0039] FIG. 1is a diagram of circuit for an organic EL
display according to a related art;

[0040] FIG. 2 is a layout of an organic EL display ac-
cording to a related art;

[0041] FIG. 3is across-sectional diagram taken along
a cutting line |-l in FIG. 2;

[0042] FIG. 4 is a diagram of circuit for an organic EL
display according to the present invention;

[0043] FIG. 5is a layout of an organic EL display ac-
cording to a first embodiment of the present invention;
[0044] FIGs. 6A to 6J are cross-sectional diagrams
taken along a cutting line II-Il in FIG. 5;

[0045] FIG. 7 is a layout of an organic EL display ac-
cording to a second embodiment of the present inven-
tion;

[0046] FIGs. 8A to 8J are cross-sectional diagrams
taken along a cutting line IlI-lll in FIG. 7;

[0047] FIGs. 9A to 9F are cross-sectional diagrams
for explaining a method of fabricating an organic EL dis-
play according to a third embodiment of the present in-
vention;

[0048] FIG. 10 is a layout of a second organic EL dis-
play according to a third embodiment of the present in-
vention; and

[0049] FIGs. 11Ato 11C are cross-sectional diagrams
for explaining a method of fabricating an organic EL dis-
play according to a fourth embodiment of the present
invention.

DETAILED DESCRIPTION OF THE INVENTION

[0050] Reference willnow be made in detail to the pre-
ferred embodiments of the present invention, examples
of which are illustrated in the accompanying drawings.
Wherever possible, the same reference numbers will be
used throughout the drawings to refer to the same or
like parts.

[0051] The conceptofthe presentinvention lies in that
a bottom emission type organic EL device is implement-
ed on a pixel area having a drive circuit not formed ther-
eon and a top emission type organic EL device is imple-
mented on a pixel area having a drive circuit formed
thereon, simultaneously, or in that a top emission type
organic EL device is bonded onto a bottom emission
type organic EL device to fabricate a top and bottom
emission type display that can be independently driven.
[0052] FIG. 4 is a diagram of circuit for an organic EL
display according to the present invention, and can be
designed various types, occasionally.

[0053] Referring to FIG. 4, an organic EL display ac-
cording to the present invention includes one drive cir-
cuit (e.g. transistor) and two organic EL devices.
[0054] In this case, the first organic EL device is pro-
vided to a first area of a pixel area to emit light in one
direction.

[0055] And, the second organic EL device is provided
to a second area of the pixel area to emit light in a di-
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rection opposite to that of the first organic EL device.
[0056] The drive transistor of thin film transistors
formed on the drive area is electrically connected to the
first and second organic EL devices to drive.

[0057] In this case, the first area of the pixel area can
be a first substrate surface having no transistor formed
thereon and the second area of the pixel area can be
the first substrate surface having the transistor formed
thereon.

[0058] FIG. 5 is a layout of an organic EL display ac-
cording to a first embodiment of the present invention,
and FIGs. 6A to 6J are cross-sectional diagrams taken
along a cutting line lI-Il in FIG. 5.

[0059] Referring to FIG. 4, a pixel area of a first em-
bodiment of the present invention includes a switching
thin film transistor for switching a pixel, a driving thin film
transistor for driving the pixel, a storage capacitor, afirst
anode (pixel electrode), a second anode (pixel elec-
trode), an organic emitting layer, a first cathode (com-
mon electrode) and a second cathode (common elec-
trode).

[0060] A transparent substrate of the present inven-
tion includes a plurality of pixel areas. Each of a plurality
of the pixel areas is divided into a first area and a second
area.

[0061] In this case, the first area is an emitting area
and the second area is a drive circuit area.

[0062] The first embodiment of the present invention
intends to fabricate the second area, i.e., the drive circuit
area into another emitting area.

[0063] Hence, a first organic EL device is formed in
the first area of the pixel area to emit light to a bottom
of the transparent substrate and a second organic EL
device is formed in the second area of the pixel area to
emit light to a top of the transparent substrate.

[0064] In this case, a transistor for driving the first and
second organic EL devices is formed in the second area.
[0065] And, the first organic EL device and the second
organic EL device can be electrically connected to the
same transistor to be driven. Alternatively, the first and
second organic EL devices can be electrically connect-
ed to different transistors, respectively.

[0066] In the first embodiment of the present inven-
tion, the second anode is formed on the second area of
the transparent substrate to be electrically connected to
the transistor and the first anode is formed on the first
area of the transparent substrate to be electrically con-
nected to the transistor.

[0067] The organic EL layer is formed on the first and
second anodes. The first cathode is formed on the or-
ganic EL layer on the first and second areas of the trans-
parent substrate. And, the second cathode is formed on
the first cathode on the first area of the transparent sub-
strate.

[0068] In this case, the first anode is a transparent
electrode formed of ITO or the like to have a high work
function. The second cathode is formed of a conductive
metal electrode having high reflectivity and low work
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function such as an AL electrode and the like.

[0069] And, the second anode is a metal electrode
having high reflectivity like Al, Cr, Ag and the like. The
first cathode is formed of a thin metal electrode having
transmittance.

[0070] In this case, the first cathode can be formed by
depositing Al 1~10nm thick and depositing Ag 1~15nm
thick on the Al, by depositing alloy of Mg:Ag or the like
1~15nm thick or by using a conductive material having
low conductivity.

[0071] A fabricating process of the above-configured
organic EL display according to the first embodiment of
the present invention is explained as follows.

[0072] FIGs. 6A to 6J are process cross-sectional di-
agrams taken along a cutting line II-1l in FIG. 5.

[0073] Referring to FIG. 6A, a transparent substrate
21 having a plurality of pixel areas each of which is di-
vided into a first area (emitting area) and a second area
(drive circuit area).

[0074] A semiconductorlayer 22 is formed on the sec-
ond area of the transparent substrate 21 using polysili-
con and the like and is then patterned to be utilized as
an active layer of a thin film transistor.

[0075] After a gate insulating layer 23 has been
formed on the transparent substrate 21 including the
semiconductor layer 22, a gate electrode 24 is formed
on the gate insulating layer 23.

[0076] Subsequently, impurities or dopants are im-
planted into the semiconductor layer 22 using the gate
electrode 24 as an implantation mask and are then an-
nealed to form a source region 22a and a drain region
22c of the thin film transistor.

[0077] Aninsulating interlayer 25 is formed on an en-
tire surface of the transparent substrate 21 including the
gate electrode 24 and is then patterned to expose por-
tions of the source and drain regions 22a and 22c, re-
spectively.

[0078] Thereafter, electrodes 26 are formed to be
electrically connected to the source and drain regions
22a and 22c, respectively to complete the thin film tran-
sistor.

[0079] Referring to FIG. 6B, a transparent conductive
substance having a high work function value such as
ITO, 1ZO and the like is formed on the insulating inter-
layer -25and is then patterned to form a first anode 27
for bottom emission.

[0080] In this case, the first anode 27 is formed in the
first area of the pixel area to be electrically connected
to the electrode 26 of the thin film transistor.

[0081] Referring to FIG. 6C, a planarizing layer 28 is
formed over the substrate to planarize a surface over
the substrate using an insulator. The planarizing layer
28 is patterned to form a contact hole 29 exposing a por-
tion of the electrode 26 of the drain region 22c.

[0082] Referring to FIG. 6D, a conductive substance
having high reflectivity such a Cr, Al, Mo, Ag, Au and the
like on the planarizing layer 28 in the second area of the
pixel area and is then patterned to form a second anode
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30 for top emission.

[0083] Referring to FIG. 6E, a portion of the planariz-
ing layer 28 is removed to expose the first anode 27.
[0084] Referring to FIG. 6F, an insulating layer 31 is
formed over the substrate and is then patterned to re-
main on an electrically connecting area between the
second anode 30 and the electrode 26 and an edge area
of the second anode 30 only.

[0085] Referring to FIG. 6G, a hole injection layer 32,
a hole transport layer 33, an organic emitting layer 34,
an electron transport layer 35 and an electron injection
layer 36 are sequentially formed on the first and second
anodes 27 and 30 to form an organic EL layer.

[0086] Referring to FIG. 6H, a first cathode 37 is
formed on the electron injection layer 36 of the organic
EL layer.

[0087] In this case, the first cathode 37 is a thin metal
electrode having transmitivity and can be formed by de-
positing A1 1~10nm thick and depositing Ag 1~15nm
thick on the Al, by depositing alloy of Mg:Ag or the like
1~15nm thick or by using a conductive material having
low conductivity.

[0088] Referring to FIG. 61, a second cathode 39 for
bottom emission is formed on the first cathode 37 on the
first area of the pixel area using a first shadow mask 38.
[0089] In this case, the second cathode 39 is formed
of a conductive material having high reflectivity and low
work function such as Al.

[0090] Referring to FIG. 6J, a passivation layer 40 is
formed over the substrate to cut off penetration of oxy-
gen or moisture into the organic EL layer. And, a protec-
tive cap (not shown in the drawing) is put thereon.
[0091] FIG. 7 is a layout of an organic EL display ac-
cording to a second embodiment of the present inven-
tion, and FIGs. 8A to 8J are cross-sectional diagrams
taken along a cutting line IlI-Ill in FIG. 7.

[0092] Referring to FIG. 7, a second embodiment of
the present invention differs from the first embodiment
of the present invention only in a location of a first cath-
ode.

[0093] The first cathode of the second embodiment of
the presentinvention is formed in the second area of the
pixel area only.

[0094] As the configuration of the second embodi-
ment of the present invention is similar to that of the first
embodiment of the present invention, its detailed expla-
nation is skipped.

[0095] A method of fabricating the above-configured
organic EL display according to the second embodiment
of the present invention is explained as follows.

[0096] FIGs. 8A to 8G in the second embodiment of
the present invention are equivalent to FIGs. 6A to 6G
in the first embodiment of the present invention, of which
explanation is skipped.

[0097] Referring to FIG. 8H, a first cathode 37 for top
emission is formed on the electron injection layer 36 on
the second area of the pixel area using a second shad-
ow mask 41.
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[0098] In this case, the first cathode 37 is a thin metal
electrode having transmitivity and can be formed by de-
positing Al 1~10nm thick and depositing Ag 1~15nm
thick on the Al, by depositing alloy of Mg:Ag or the like
1~15nm thick or by using a conductive material having
low conductivity.

[0099] Referring to FIG. 8I, a second cathode 39 for
bottom emission is formed on the electron injection layer
36 on the first area of the pixel area using a first shadow
mask 38.

[0100] [00100] In this case, the second cathode 39 is
formed of a conductive material having high reflectivity
and low work function such as Al.

[0101] [00101] Referringto FIG. 8, a passivation lay-
er 40 is formed over the substrate to -cut off penetration
of oxygen or moisture into the organic EL layer. And, a
protective cap (not shown in the drawing) is put thereon.
[0102] [00102] In a third or fourth embodiment of the
presentinvention, a first EL device and a second EL de-
vice are respectively fabricated and are then bonded to
each other to fabricate a top and bottom emission type
organic EL display.

[0103] [00103] FIGs. 9A to 9F are cross-sectional di-
agrams for explaining a method of fabricating an organic
EL display according to a third embodiment of the
present invention and FIG. 10 is a layout of a second
organic EL display according to a third embodiment of
the present invention.

[0104] [00104] Referring to FIG. 9A, a thin film tran-
sistor is formed on a second area of a transparent sub-
strate 21.

[0105] [00105] Referring to FIG. 9B, a transparent
conductive material such as ITO, IZO and the like is
formed on an insulating interlayer 25 and is then pat-
terned to form an pixel electrode 50.

[0106] [00106] In this case, the pixel electrode 50 is
formed on a first area of the transparent substrate 21 to
be electrically connected to an electrode 26 of the thin
film transistor.

[0107] [00107] Subsequently, an insulator is formed
over the substrate to form a planarizing layer 28 for
planarizing a surface of the substrate. The planarizing
layer 28 is patterned to expose a portion of the electrode
26 of a drain region 22c and the pixel electrode 50.
[0108] [00108] Referring to FIG. 9C, a first cathode
39, an electron injection layer 36, an electron transport
layer 35, an organic emitting layer 34, a hole transport
layer 33, a hole injection layer 32 and a first anode 27
are sequentially formed on the exposed pixel electrode
50 to form a first organic EL device using a first shadow
mask 38.

[0109] [00109] In this case, the first cathode 39 can
be formed by depositing Al 1~10nm thick and depositing
Ag 1~15nm thick on the Al, by depositing alloy of Mg:
Ag or the like 1~15nm thick or by using a conductive
material having low conductivity.

[0110] [00110] And, a conductive substance having
high reflectivity such a Cr, Al, Mo, Ag, Au and the like
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can be used as the first anode 27.

[0111] [00111] In this case, the first anode 27 electri-
cally connects pixels emitting the same color.

[0112] [00112] Hence, the first shadow mask 38 used
in fabricating the first organic EL device employs a strip
type instead of a slot type.

[0113] [00113] Meanwhile, a second organic EL de-
vice is fabricated in the following manner.

[0114] [00114]FIG. 10is a layout of a second organic
EL device and FIG. 9D is a cross-sectional diagram tak-
en along a cutting line IV-IV' in FIG. 10.

[0115] [00115] Referring to FIG. 9D and FIG. 10, a
transparent conductive material having a high work
function value is formed on a second transparent sub-
strate 51 and is then patterned to form a second anode
30.

[0116] [00116] Subsequently, a separator 53 is
formed over the substrate including the second anode
30 using an insulator such as polyimide. And, an island
type barrier 52 is formed using another insulator.
[0117] [00117] An organic EL layer is formed by se-
quentially forming a hole injection layer 32, a hole trans-
port layer 33, an organic emitting layer 34, an electron
transport layer 35 and an electron injection layer 36 on
the second anode 30 including the barrier 52.

[0118] [00118] A conductive layer having a low work
function such as A1 is deposited on the organic EL layer
and is then patterned to form a second cathode 32 to
complete a second organic EL device.

[0119] [00119] Referring to FIG. 9E and FIG. 9F, the
first and second organic EL devices are bonded to each
other so that the second cathode 37 of the second or-
ganic EL device is electrically connected to the elec-
trode of the first organic EL device.

[0120] [00120] Hence, the presentinvention can drive
the two organic EL devices separately or simultaneously
using one drive transistor.

[0121] [00121] After a vacuum state is provided to an
inner space between the two organic EL devices, the
inner space is sealed using a sealant 54.

[0122] [00122] FIGs. 11A to 11C are cross-sectional
diagrams for explaining a method of fabricating an or-
ganic EL display according to a fourth embodiment of
the present invention.

[0123] [00123] A fourth embodiment of the present in-
vention differs from the third embodiment of the present
invention in a fabricating process of a first organic EL
device.

[0124] [00124] Referring to FIG. 11A, a thin film tran-
sistor is formed on a second area of a -transparent sub-
strate 21.

[0125] [00125] A planarizing layer 28 is formed to
planarize a surface by forming an insulator over the sub-
strate and is then patterned to expose a portion of an
electrode 26 of a drain region 22c.

[0126] [00126] A transparent conductive material
such as ITO, 1ZO and the like is formed on the planariz-
ing layer 28 to be electrically connected to the exposed
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electrode 26 and is then patterned to form an pixel elec-
trode 50.

[0127] [00127] In doing so, the pixel electrode 50 is
formed on first and second areas of the transparent sub-
strate 21 to be electrically connected to the electrode 26
of the thin film transistor.

[0128] [00128] And, an insulating layer 31 is formed
on an area electrically connecting the pixel electrode 50
and the electrode 26 of the thin film transistor together
and an edge area of the pixel electrode 50.

[0129] [00129] Referring to FIG. 11B, a first cathode
39, an electron injection layer 36, an electron transport
layer 35, an organic emitting layer 34, a hole transport
layer 33, a hole injection layer 32 and a first anode 27
are sequentially formed on the exposed pixel electrode
50 using a first shadow mask 38 to fabricate a first or-
ganic EL device.

[0130] [00130] Referring to FIG. 11C, by bonding a
second organic EL device fabricated by the method in
FIG. 9E to the first organic EL device, a top and bottom
emission type organic EL display is fabricated.

[0131] [00131] Accordingly, the present invention
provides the following advantages or effects.

[0132] [00132] First of all, since both of the bottom
emission and the top emission are simultaneously im-
plemented using the same drive transistor, the present
invention enables the fabrication of the display of new
concept that enables users to view image from both
sides and raises the economical value of the device.
[0133] [00133] Secondly, in case of applying the or-
ganic EL display according to the present invention to a
mobile terminal, the present invention enables the im-
plementation of an external display and an internal dis-
play using one display module to enable the develop-
ment of a mobile phone or terminal of low price.
[0134] [00134] Thirdly, the present invention uses the
related art process conditions to simplify the fabricating
process, thereby enhancing mass productivity.

[0135] [00135] Fourthly, as the first cathode 38 for the
top emission is separated from the second cathode 40
for bottom emission, the independent drives of the first
and second organic EL devices are enabled.

[0136] [00136] Therefore, the present invention can
drive the bottom emission and the top emission simul-
taneously or independently.

[0137] [00137] Finally, in case of applying the above-
function to a mobile terminal, the present invention en-
ables the implementations of displays for internal and
external windows using one display module only.
[0138] [00138] It will be apparent to those skilled in
the art that various modifications and variations can be
made in the present invention without departing from the
spirit or scope of the inventions. Thus, it is intended that
the present invention covers the modifications and var-
iations of this invention provided they come within the
scope of the appended claims and their equivalents.
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Claims

1.

An organic EL display comprising:

a pixel area having a first area and a second
area;

a first organic EL device provided to the first ar-
ea of the pixel area to emit light in one direction;
a second organic EL device provided to the
second area of the pixel area to emit light in a
direction opposite to that of the first organic EL
device; and

a transistor electrically connected to the first
and second organic EL devices to drive the first
and second organic EL devices.

The organic EL display of claim 1, wherein the first
area is a first substrate surface having the transistor
not formed thereon and wherein the second area is
the first substrate surface having the transistor
formed thereon.

The organic EL display of claim 1, wherein the first
area is a first substrate surface on which the tran-
sistor and the first organic EL device are formed and
wherein the second area is a second substrate sur-
face on which the second organic EL device is
formed.

4. An organic EL display comprising:

atransparent substrate having a plurality of pix-
el areas wherein each of a plurality of the pixel
areas is dived into a first area and a second ar-
ea;

a transistor formed on the second area of the
transparent substrate;

a second anode formed on the second area of
the transparent substrate to be electrically con-
nected to the transistor;

a first anode formed on the first area of the
transparent substrate to be electrically con-
nected to the transistor;

an organic EL layer formed on the first and sec-
ond anodes;

a first cathode formed on the organic EL layer
on the first and second areas of the transparent
substrate; and

a second cathode formed on the first cathode
of the first area of the transparent substrate.

The organic EL display of claim 4, wherein the sec-
ond anode is a transparent electrode and wherein
the first cathode is a metal electrode having high
reflectivity.

The organic EL display of claim 4, wherein the sec-
ond anode comprises a metal electrode having high
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10.

1.

reflectivity and wherein the first cathode comprises
a thin metal electrode having transmittance.

The organic EL display of claim 4, wherein an insu-
lating layer is formed on a connecting area between
the transistor and the first and second anodes and
on edge areas of the first and second anodes.

An organic EL display comprising:

a transparent substrate having a plurality of pix-
el areas wherein each of a plurality of the pixel
areas is dived into a first area and a second ar-
ea;

a transistor formed on the second area of the
transparent substrate;

a second anode formed on the second area of
the transparent substrate to be electrically con-
nected to the transistor;

a first anode formed on the first area of the
transparent substrate to be electrically con-
nected to the transistor;

an organic EL layer formed on the first and sec-
ond anodes;

a first cathode formed on the organic EL layer
on the second area of the transparent sub-
strate; and

a second cathode formed on the organic EL lay-
er on the first area of the transparent substrate.

The organic EL display of claim 8, wherein the first
anode is a transparent electrode and wherein the
second cathode is a metal electrode having high re-
flectivity.

The organic EL display of claim 8, wherein the sec-
ond anode comprises a metal electrode having high
reflectivity and wherein the first cathode comprises
a thin metal electrode having transmittance.

An organic EL display comprising:

a first transparent substrate;

a second transparent substrate;

a transistor formed on a first area of the first
transparent substrate;

an pixel electrode formed on a second area of
the first transparent substrate to be electrically
connected to the transistor;

a first cathode formed on the pixel electrode;
a first organic EL layer formed on the first cath-
ode;

a second anode formed on the first organic EL
layer;

a second organic EL layer formed on the sec-
ond anode; and

a second cathode formed on the second organ-
ic EL layer to be electrically connected to either
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13.

14.

15.

16.

17.

15
the transistor or the pixel electrode.

The organic EL display of claim 11, wherein the pixel
electrode and the second anodes are transparent
electrodes, wherein the first cathode comprises a
thin metal electrode having transmittance, and
wherein the first anode and the second cathode are
metal electrodes having high reflectivity each.

The organic EL display of claim 11, wherein a barrier
is provided to a predetermined area of the second
anode.

The organic EL display of claim 13, wherein the sec-
ond cathode formed on the barrier is electrically
connected to either the transistor or the pixel elec-
trode.

A method of fabricating an organic EL display, com-
prising the steps of:

preparing a transparent substrate having a plu-
rality of pixel areas wherein each of a plurality
of the pixel areas is dived into a first area and
a second area;

forming a transistor on the transparent sub-
strate to lie on the second area of the pixel area;
forming a first anode on the first area of the
transparent substrate to be electrically con-
nected to the transistor;

forming a first insulating layer over the trans-
parent substrate including the first anode;
exposing a part of a drain area of the transistor
by removing a predetermined area of the first
insulating layer;

forming a second anode on the first insulating
layer in the second area of the transparent sub-
strate to be electrically connected to the tran-
sistor;

exposing the first anode by removing a portion
of the first insulating layer;

forming an organic EL layer over the substrate
including the first and second anodes;

forming a first cathode on the organic EL layer;
and

forming a second cathode on the first cathode
in the first area of the pixel area.

The method of claim 15, wherein after the step of
exposing the first anode, a second insulating layer
is formed on an area connecting the second anode
and the transistor together and on an edge area of
the second anode.

The method of claim 15, the organic EL layer form-
ing step comprising the steps of:

forming a hole injection layer over the substrate
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18.

19.

20.
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including the first anode;

forming a hole transport layer on the hole injec-
tion layer;

forming an emitting layer on the hole transport
layer;

forming an electron transport layer on the emit-
ting layer; and

forming an electron injection layer on the elec-
tron transport layer.

A method of fabricating an organic EL display, com-
prising the steps of:

preparing a transparent substrate having a plu-
rality of pixel areas wherein each of a plurality
of the pixel areas is dived into a first area and
a second area;

forming a transistor on the transparent sub-
strate to lie on the second area of the pixel area;
forming a first anode to be electrically connect-
ed to the transistor;

forming a first insulating layer over the trans-
parent substrate including the first anode;
exposing a part of a drain area of the transistor
by removing a predetermined area of the first
insulating layer;

forming a second anode on the first insulating
layer in the second area of the pixel electrode
to be electrically connected to the exposed
transistor;

exposing the first anode by removing a portion
of the first insulating layer;

forming an organic EL layer over the substrate
including the first and second anodes;

forming a first cathode on the organic EL layer
to lie in the second area of the pixel area; and
forming a second cathode on the organic EL
layer to lie in the first area of the pixel area.

The method of claim 18, wherein after the step of
exposing the first anode, a second insulating layer
is formed on an area connecting the second anode
and the transistor together and on an edge area of
the second anode.

A method of fabricating an organic EL display, com-
prising:

a first step of fabricating a first organic EL de-
vice, the first step comprising the steps of:

preparing a first transparent substrate;
forming a transistor on a second area of the
first transparent substrate;

forming an pixel electrode on a first area of
the first transparent substrate to be electri-
cally connected to the transistor;

forming an insulating layer over the first
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transparent substrate including the pixel
electrode;

exposing a part of a drain area of the tran-
sistor and the pixel electrode by removing
the insulating layer selectively; and
forming a first cathode, an organic EL layer
and a firstanode on the exposed pixel elec-
trode sequentially;

a second step of fabricating a second EL de-
vice, the second step comprising the steps of:

preparing a second transparent substrate;
forming a second anode on the second
transparent substrate;

forming a barrier on a predetermined area
of the second anode; and

forming an organic EL layer and a second
cathode on the second anode including the
barrier sequentially; and

a third step of bonding the first and second or-
ganic EL devices to each other so that the sec-
ond cathode of the second organic EL device
is electrically connected to the transistor of the
first organic EL device.

21. Amethod of fabricating an organic EL display, com-
prising:

a first step of fabricating a first organic EL de-
vice, the first step comprising the steps of:

preparing a first transparent substrate;
forming a transistor on a second area of the
first transparent substrate;

forming a first insulating layer over the first
transparent substrate including the transis-
tor;

exposing a part of a drain area of the tran-
sistor by removing the first insulating layer
selectively;

forming an pixel electrode on the first area
and a second area of the first transparent
substrate to be electrically connected to
the exposed transistor; and

forming a first cathode, an organic EL layer
and afirstanode on the exposed pixel elec-
trode of the first area of the first transparent
substrate sequentially;

a second step of fabricating a second EL de-
vice, the second step comprising the steps of:

preparing a second transparent substrate;
forming a second anode on the second
transparent substrate;

forming a barrier on a predetermined area
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of the second anode; and

forming an organic EL layer and a second
cathode on the second anode including the
barrier sequentially; and

a third step of bonding the first and second or-
ganic EL devices to each other so that the sec-
ond cathode of the second organic EL device
is electrically connected to the exposed pixel
electrode of the first organic EL device.

22. The method of claim 21, wherein after the pixel elec-
trode forming step in the first step of fabricating the
first organic EL device, a second insulating layer is
formed on an area electrically connecting the pixel
electrode and the transistor together and on an
edge area of the pixel electrode.
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