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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] Thepresentinventionrelatestoanorganicelec-
tro-luminescent (EL) display, and more particularly, to a
dual-paneltype organic EL display and a method for man-
ufacturing the same.

Discussion of the Related Art

[0002] Generally, dual-panel type organic EL displays
include a lower substrate, on which pixel switching ele-
ments and pixel driving elements are formed, and an up-
per substrate, on which an organic material is laminated.
The upper and lower substrates are bonded to be elec-
trically connected, for implementation of a display.
[0003] Hereinafter, a conventional method for manu-
facturing such a dual-panel type organic EL display will
be described.

[0004] Thelowersubstrate ofadual-paneltype organic
EL display mainly includes, for each pixel region thereof,
a switching thin film transistor (typically, a polysilicon thin
film transistor) for switching of a pixel corresponding to
the pixel region, a driving thin film transistor for driving
of the pixel, a storage capacitor, and a pixel electrode.
[0005] FIG. 1Ais asectional view illustrating a conven-
tional process for manufacturing a lower substrate of a
dual-panel type organic EL display. The following de-
scription will be given only in conjunction with one thin
film transistor included in one pixel of the dual-panel type
organic EL display.

[0006] In accordance with the conventional process,
first, a semiconductor layer 2 made of, for example, poly-
silicon, is formed over a transparent substrate 1, as
shown in FIG. 1A. The semiconductor 2 is then patterned
such that the semiconductor 2 remains only in a region
where a thin film transistor is to be formed.

[0007] Thereafter, a gate insulating film 3 and a con-
ductive film for formation of a gate electrode are sequen-
tially formed over the entire surface of the resulting struc-
ture. The conductive film is then patterned to form a gate
electrode 4.

[0008] Using the gate electrode 4 as a mask, impurity
ions such as phosphorous (P) ions are then implanted
into the semiconductor layer 2 which is, in turn, annealed
to form source and drain regions 2a and 2c of the thin
film transistor. Thus, an NMOS thin film transistor is com-
pletely formed.

[0009] The portion of the semiconductor layer 2, into
which the impurity ions are not implanted, forms a chan-
nel region 2b of the NMOS thin film transistor.

[0010] Next, an interlayer insulating film 5 is formed
over the entire surface of the resulting structure. Subse-
quently, the interlayerinsulating film 5 and gate insulating
film 3 are selectively removed such that the source and
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drain regions 2a and 2¢ of the NMOS thin film transistor
are exposed.

[0011] An electrode line 6 and a pixel electrode 6’ are
then formed on the exposed source and drain regions 2a
and 2c such that the electrode line 6 and pixel electrode
6’ are electrically connected to the source and drain re-
gions 2a and 2c, respectively. Thus, the lower substrate
is completely formed.

[0012] FIG. 2 is a plan view illustrating an upper sub-
strate of the dual-panel type organic EL display manu-
factured in accordance with a conventional process. FIG.
1B is a cross-sectional view taken along the line | - | of
FIG. 2.

[0013] In accordance with the conventional process,
as shown in FIGs. 1B and 2, an anode 8 is formed on a
transparent substrate 7. The anode 8 is made of a trans-
parent conductive material having a high work function,
such as indium tin oxide (ITO) or indium zinc oxide (1Z0).
[0014] Thereafter, an insulating film 9 is formed on a
portion of the anode 8, using an insulating material such
as polyimide. A barrier 10 is then formed on the insulating
film 9.

[0015] Next, anisland-shaped spacer 11 is formed on
the anode 8 at a pixel region, using another insulating
material.

[0016] Subsequently, organic materials for a hole in-
jection layer 12, a hole transfer layer 13, a light-emitting
layer 14, an electron transfer layer 15, and an electron
injection layer 16 are sequentially deposited over the en-
tire surface of the resulting structure including the spacer
11.

[0017] A cathode 17, which is made of a conductive
material having a low work function, such as aluminum,
is then deposited over the electron injection layer 16.
Thus, the upper substrate is completely formed.

[0018] FIG.1Cis asectional view illustrating a process
for bonding the lower substrate of FIG. 1A and the upper
substrate of FIG. 1B.

[0019] AsshowninFIG.1C,thelower substrate of FIG.
1A and the upper substrate of FIG. 1B are bonded such
that the cathode 17 formed on the spacer 11 in the upper
substrate comes into contact with the pixel electrode 6’
to be electrically connected.

[0020] FIG. 1D is a sectional view illustrating a process
for sealing the organic EL display in which the upper and
lower substrates are bonded. As shown in FIG. 1D, vac-
uum is formed in a space defined between the bonded
upper and lower substrates. Thereafter, the space be-
tween the upper and lower substrates is sealed, using a
sealant 18.

[0021] In the conventional organic EL display manu-
factured in the above-mentioned manner, NMOS thin film
transistors must be used because each cathode in the
upper substrate and the drain region of the corresponding
driving thin film transistor in the lower substrate are elec-
trically connected.

[0022] However, the above-mentioned conventional
EL display has a problem in that it is difficult to use a low-
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temperature polysilicon thin film transistor manufacturing
process using a laser annealing method. This is because
the low-temperature polysilicon thin film transistor is of a
PMOS type.

[0023] For this reason, the conventional organic EL
display cannot use PMOS thin film transistors, which are
more stable than NMOS thin film transistors.

[0024] US2002/0195961 A1 is concerned with organic
light emitting devices and discloses an organic electro-
luminescent display comprising a first substrate and a
second substrate, both formed of light-transmissive ma-
terial such as glass or plastics. The first substrate com-
prises an active matrix TFT driver array. An anode is
formed on the light emitting region of the second sub-
strate. On the anode an organic layer is disposed, which
comprises active components, which are emissive of light
when electrically stimulated. Further, an electrically con-
ductive spacer is formed on the anode so as to electrically
contact the anode to the thin film transistor and spacing
the first and second substrate from each other by a pre-
determined distance. At last, a cathode is formed on the
organic layer.

[0025] EP 1220 191 A2 is concerned with another or-
ganic electroluminescent display and discloses a pixel
circuit for supplying current to an organic electrolumines-
cent diode of the display. The pixel circuit comprises thin
film transistors, which can be configured as PMOS type
TFTs or as NMOS type TFTs.

SUMMARY OF THE INVENTION

[0026] An object of the present invention is to provide
an organic EL display which can use PMOS thin film tran-
sistors so as to enhance reliability and a prolong life there-
of.

This object is achieved by the organic electro-lumines-
cent display according to claim 1.

Refinements and advantageous developments are de-
scribed in the dependent claims.

[0027] According to the present invention, an organic
electro-luminescent display comprises: a first transpar-
ent substrate and a second transparent substrate which
are arranged to face each other while being spaced apart
from each other by a predetermined distance by means
of a spacer formed on the second transparent substrate
around a light emitting region; a transistor formed on the
first transparent substrate; an anode formed on the light
emitting region of the second transparent substrate and
the spacer such that the anode has a portion formed on
the light emitting region, and a portion formed on the
spacer, the anode portion formed on the spacer being
electrically connected to the transistor; a barrier formed
around the spacer; an organic electro-luminescent layer
formed on the anode portion formed on the light emitting
region of the second transparent substrate, except for
the spacer; and a cathode formed on the organic electro-
luminescent layer.

[0028] The barrier may comprise a first barrier formed
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in a stripe on the anode at one side of the spacer, and a
second barrier formed in a stripe on the second trans-
parent substrate at the other side of the spacer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] The accompanying drawings, which are includ-
ed to provide a further understanding of the invention and
are incorporated in and constitute a part of this applica-
tion, illustrate embodiment(s) of the invention and togeth-
er with the description serve to explain the principle of
the invention. In the drawings:

FIGs. 1A to 1D are sectional views illustrating a con-
ventional method for manufacturing an organic EL
display having a conventional structure;

FIG. 2 is a plan view illustrating an upper substrate
of the conventional organic EL display.

FIGs.3Ato 3D are sectional views illustrating a meth-
od for manufacturing a dual-panel type organic EL
display inaccordance with the presentinvention; and
FIGs. 4A and 4B are plan views illustrating upper
substrates having different structures, which are
used in the organic EL display according to the
present invention, respectively.

DETAILED DESCRIPTION OF THE INVENTION

[0030] Reference will now 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.

[0031] The present invention proposes a dual-panel
type organic EL display having a structure capable of
using PMOS thin film transistors.

[0032] That is, in accordance with the present inven-
tion, a PMOS thin film transistor is formed on one sub-
strate of the dual-panel type organic EL display, as a
device for driving of a pixel. Also, an organic EL element
is formed on the other substrate. The substrates are then
bonded such that an anode of the organic EL element
and a pixel electrode of the PMOS thin film transistor are
electrically connected.

[0033] FIGs. 3A to 3E are sectional views illustrating
sequential processing steps of a method for manufactur-
ing the dual-panel type EL display of the present inven-
tion. The following description will be given only in con-
junction with one thin film transistor included in one pixel
of the organic EL display.

[0034] FIG. 3Ais a sectional view illustrating a process
for manufacturing a lower substrate of the dual-panel
type EL display. This process may be carried out in a
conventional manner. In accordance with this process,
first, a semiconductor layer 22 made of, for example,
polysilicon, is formed over a first transparent substrate
21, as shown in FIG. 3A. The semiconductor layer 22 is
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then patterned to remain only in a region where a thin
film transistor is to be formed.

[0035] Thereafter, a gate insulating film 23 and a con-
ductive film for formation of a gate electrode are sequen-
tially formed over the entire surface of the resulting struc-
ture. The conductive film is then patterned to form a gate
electrode 24.

[0036] Using the gate electrode 24 as a mask, impurity
ions such as boron (B) ions are then implanted into the
semiconductor layer 22 which is, in turn, annealed to form
source and drain regions 22a and 22c of the thin film
transistor. Thus, a PMOS thin film transistor is completely
formed.

[0037] The portion of the semiconductor layer 22, into
which the impurity ions are not implanted, forms a chan-
nel region 22b of the PMOS thin film transistor.

[0038] Next, an interlayer insulating film 25 is formed
over the entire surface of the resulting structure. The in-
terlayer insulating film 25 and gate insulating film 23 are
then selectively removed to expose the source and drain
regions 22a and 22c of the PMOS thin film transistor.
[0039] Thereafter, anelectrode line 26 and a pixel elec-
trode 26’ are formed on the resulting structure such that
the electrode line 26 and pixel electrode 26’ are electri-
cally connected to the source and drain regions 22a and
22c, respectively. Thus, a lower substrate is completely
formed.

[0040] FIGs. 4A and 4B are plan views illustrating an
upper substrate of the dual-panel type organic EL display
in accordance with the present invention. FIG. 3B is a
cross-sectional view taken along the line Il - Il of FIG. 4A
and the line Il - Ill of FIG. 4B, illustrating an upper sub-
strate manufacturing process according to the present
invention.

[0041] In accordance with the upper substrate manu-
facturing process, an island-shaped spacer 28 is first
formed on a second transparent substrate 27, using an
insulating material, as shown in FIG. 3B.

[0042] The spacer 28 is arranged around a light emit-
ting region. The spacer 28 is also shaped such that the
lower portion of the spacer 28 is wider than the upper
portion of the spacer 28.

[0043] Thereafter, an anode 29 is formed on the sec-
ond transparent substrate 27 including the spacer 28.
The anode 29 is made of a transparent conductive ma-
terial having a high work function, such as indiumtin oxide
(ITO) or indium zinc oxide (1ZO).

[0044] The anode 29 is formed only on the spacer 28
and the light emitting region of the second transparent
substrate 27.

[0045] Subsequently, an insulating film 30 is formed
on a peripheral portion of the anode 29 and a region
around the spacer 28, using an insulating material such
as polyimide. Abarrier 31 is then formed on the insulating
film 30.

[0046] The insulating film 30 and barrier 31 may be
formed using one of two methods.

[0047] In accordance with the first method, the insulat-
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ing film 30 is first formed over the entire surface of the
structure including the anode 29, is then patterned such
that the insulating film 30 remains only around the spacer
28 to surround the spacer 28. The barrier 31 is then
formed on the remaining insulating film 30 such that the
barrier 31 surrounds the spacer 28.

[0048] In accordance with the second method, the in-
sulating film 30 is first formed over the entire surface of
the structure including the anode 29, is then patterned
such that the insulating film 30 remains to have stripe-
shaped portions respectively arranged in parallel at op-
posite sides of the spacer 28. The barrier 31 is then
formed on the remaining insulating film 30.

[0049] In the latter case, the barrier 31 includes a first
barrier formed in a stripe at one side of the spacer 28,
and a second barrier formed in a stripe at the other side
of the spacer 28. The first and second barriers are ar-
ranged in parallel in the form of parallel stripes at the
opposite sides of the spacer 28, respectively, such that
the spacer 28 is interposed between the first and second
barriers.

[0050] Thereafter, organic materials for a hole injection
layer 32, a hole transfer layer 33, a light-emitting layer
34, an electron transferlayer 35, and an electron injection
layer 36 are sequentially deposited over a portion of the
anode 29 corresponding to the light emitting region of
the second transparent substrate 27, except for the spac-
er 28. Thus, an organic EL layer is formed.

[0051] Inthe organic EL layer forming process, a shad-
ow mask is used in order to prevent the organic EL layer
from being formed on the spacer 28.

[0052] A cathode 37, which is made of a conductive
material having a low work function, such as aluminum,
is then deposited over the electron injection layer 36.
Thus, an upper substrate is completely formed.

[0053] Where the barrier 31 has the structure of FIG.
4A, the cathode 37 can be formed without using a shadow
mask. However, where the barrier 31 has the structure
of FIG. 4B, a shadow mask is used in the process of
forming the cathode 37, so as to prevent the cathode 37
from being formed on a region where no organic EL layer
is formed between the stripe-shaped barriers.

[0054] Thatis, in the latter case, it is necessary to ex-
pose the anode 29 formed on the spacer 28, so as to
enable the anode 29 to come into electrical contact with
the pixel electrode 26’ of the first transparent substrate
21.

[0055] FIG. 3Cis asectional view illustrating a process
for bonding the lower substrate of FIG. 3A and the upper
substrate of FIG. 3B.

[0056] AsshowninFIG.3C,thelowersubstrate of FIG.
3A and the upper substrate of FIG. 3B are bonded such
that the anode 29 formed on the spacer 28 in the upper
substrate comes into contact with the pixel electrode 26’
of the lower substrate to be electrically connected.
[0057] FIG. 3D is a sectional view illustrating a process
for sealing the organic EL display in which the upper and
lower substrates are bonded. As shown in FIG. 3D, a
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vacuum s formedin a space defined between the bonded
upper and lower substrates. Thereafter, the space be-
tween the upper and lower substrates is sealed, using a
sealant 38.

[0058] As apparent from the above description, the or-
ganic EL display of the present invention can use PMOS
thin film transistors because the drain region of each driv-
ing thin film transistor formed on the lower substrate is
electrically connected with the corresponding anode
formed on the upper substrate.

[0059] That is, in accordance with the present inven-
tion, it is possible to manufacture a dual-panel type or-
ganic EL display having an enhanced reliability and a
prolonged life, by virtue of use of PMOS thin film transis-
tors which are more stable than NMOS thin film transis-
tors.

[0060] 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 scope of the
invention defined in the appended claims. Thus, it is in-
tended that the present invention covers the modifica-
tions and variations of this invention provided they come
within the scope of the appended claims.

Claims
1. An organic electro-luminescent display comprising:

a first transparent substrate (21) and a second
transparent substrate (27) which are arranged
to face each other while being spaced apart from
each other by a predetermined distance by
means of a spacer (28) formed on the second
transparent substrate (27);

a transistor formed on the first transparent sub-
strate (21);

an anode (29) formed on the light emitting region
of the second transparent substrate (27);

an organic electro-luminescent layer (32 - 36)
formed on the anode portion formed on the light
emitting region of the second transparent sub-
strate (27), except for the spacer (28); and

a cathode (37) formed on the organic electro-
luminescent layer (32 - 36);

characterized in that

the spacer (28) is formed around a light emitting
region;

the anode (29) is also formed on the spacer (28)
such that the anode (29) has a portion formed
on the light emitting region, and a portion cov-
ering the spacer (28), the anode portion covering
the spacer (28) being electrically connected to
the transistor; and

a barrier (31) formed around the spacer (28).

2. The organic electro-luminescent display according
to claim 1, wherein the transistor is a PMOS thin film
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transistor.

3. The organic electro-luminescent display according

to claim 1, wherein the barrier (31) surrounds the
spacer (28).

4. The organic electro-luminescent display according

to claim 1, wherein the barrier comprises:

afirstbarrier (31) formed in a stripe on the anode
at one side of the spacer (28) ; and

a second barrier (31) formed in a stripe on the
second transparent substrate (27) at the other
side of the spacer (28).

5. The organic electro-luminescent display according
to claim 4, further comprising:

an insulating film (30) formed beneath the first
and second barriers (31).

6. The organic electro-luminescent display according
to claim 4, wherein the first and second barriers (31)
are arranged in parallel at the opposite sides of the
spacer (28) such that the spacer (28) is interposed
between the first and second barriers (31).

7. The organic electro-luminescent display according
to claim 1, wherein the spacer (28) is protruded to a
level higher than the barrier (31).

Patentanspriiche

1. Organische Elektrolumineszenzanzeige, die um-
fasst:

ein erstes lichtdurchldssiges Substrat (21) und
ein zweites Substrat (27), die so angeordnet
sind, dass sie einander gegeniiberliegen, wah-
rend sie mittels eines auf dem zweiten licht-
durchlassigen Substrat (27) gebildeten Ab-
standshalters (28) durch eine vorgegebene Ent-
fernung voneinander beabstandet sind;

einen Transistor, der auf dem ersten lichtdurch-
Iassigen Substrat (21) gebildet ist;

eine Anode (29), die auf dem Lichtemissionsge-
biet des zweiten lichtdurchlassigen Substrats
(27) gebildet ist;

eine organische Elektrolumineszenzschicht
(32-36), die auf dem auf dem Lichtemissionsge-
biet des zweiten lichtdurchlassigen Substrats
(27) gebildeten Anodenabschnitt mit Ausnahme
des Abstandshalters (28) gebildet ist; und

eine Katode (37), die auf der organischen Elek-
trolumineszenzschicht (32-36) gebildet ist;
dadurch gekennzeichnet, dass

der Abstandshalter (28) um ein Lichtemissions-
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gebiet gebildet ist;

die Anode (29) auRerdem in der Weise auf dem
Abstandshalter (28) gebildet ist, dass die Anode
(29) einen auf dem Lichtemissionsgebiet gebil-
deten Abschnitt und einen Abschnitt, der den
Abstandshalter (28) bedeckt, aufweist, wobei
der Anodenabschnitt, der den Abstandshalter
(28) bedeckt, mit dem Transistor elektrisch ver-
bunden ist; und

um den Abstandshalter (28) eine Sperre (31)
gebildet ist.

2. Organische Elektrolumineszenzanzeige nach An-
spruch 1, wobei der Transistor ein PMOS-Diinn-
schichttransistor ist.

3. Organische Elektrolumineszenzanzeige nach An-
spruch 1, wobei die Sperre (31) den Abstandshalter
(28) umgibt.

4. Organische Elektrolumineszenzanzeige nach An-
spruch 1, wobei die Sperre umfasst:

eine erste Sperre (31), die in einem Streifen auf
der Anode auf einer Seite des Abstandshalters
(28) gebildet ist; und

eine zweite Sperre (31), die in einem Streifen
auf dem zweiten lichtdurchldssigen Substrat
(27) auf der anderen Seite des Abstandshalters
(28) gebildet ist.

5. Organische Elektrolumineszenzanzeige nach An-
spruch 4, die ferner umfasst:

eine Isolierschicht (30), die unter der ersten und
der zweiten Sperre (31) gebildet ist.

6. Organische Elektrolumineszenzanzeige nach An-
spruch 4, wobei die erste und die zweite Sperre (31)
in der Weise auf den gegentiberliegenden Seiten
des Abstandshalters (28) parallel angeordnet sind,
dass der Abstandshalter (28) zwischen der ersten
und der zweiten Sperre (31) liegt.

7. Organische Elektrolumineszenzanzeige nach An-
spruch 1, wobei der Abstandshalter (28) auf ein ho-
heres Niveau als die Sperre (31) vorsteht.

Revendications

1. Affichage électroluminescent organique,
comprenant :

un premier substrat transparent (21) et un se-
cond substrat transparent (27) qui sont agencés
face a face tout en étant espacés 'un de l'autre
d'une distance prédéterminée au moyen d’'un
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élément d’espacement (28) formé sur le second
substrat transparent (27) ;

un transistor formé sur le premier substrat trans-
parent (21) ;

une anode (29) formée sur la région émettrice
de lumiére du second substrat transparent (27) ;
une couche électroluminescente organique
(32-36) formée sur la portion d’anode formée
sur la région émettrice de lumiere du second
substrat transparent (27), a I'exception de I'élé-
ment d’espacement (28) ; et

une cathode (37) formée sur la couche électro-
luminescente organique (32-36) ;

caractérisé en ce que

I’élément d’espacement (28) est formé autour
d’une région émettrice de lumiere ;

I'anode (29) est aussi formée sur I'élément d’es-
pacement (28) de telle fagon que I'anode (29)
posséde une portion formée sur la région émet-
trice de lumiere, et une portion couvrant I'élé-
ment d’espacement (28), la portion d’anode
couvrant I'élément d’espacement (28) étant
électriquement connectée au transistor ; et
une barriére (31) formée autour de I'élément
d’espacement (28).

Affichage électroluminescent organique selon la re-
vendication 1, dans lequel le transistor est un tran-
sistor en film mince PMOS.

Affichage électroluminescent organique selon la re-
vendication 1, dans lequel la barriere (31) entoure
I’élément d’espacement (28).

Affichage électroluminescent organique selon la re-
vendication 1, dans lequel la barriere comprend :

une premiére barriére (31) formée dans une
bande sur 'anode d’un cété de I'élément d’es-
pacement (28) ; et

une seconde barriére (31) formée dans une ban-
de sur le second substrat transparent (27) de
I'autre coté de I'élément d’espacement (28).

Affichage électroluminescent organique selon la re-
vendication 4, comprenant en outre un film isolant
(30) formé au-dessous de la premiére et de la se-
conde barriére (31).

Affichage électroluminescent organique selon la re-
vendication 4, dans lequel la premiére et la seconde
barriére (31) sontagencées en paralléle sur les cotés
opposés de I'élément d’espacement (28) de telle fa-
con que I'élément d’espacement (28) est interposé
entre la premiére et la seconde barriere (31).

Affichage électroluminescent organique selon la re-
vendication 1, dans lequel I'élément d’espacement
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(28) se projette a un niveau plus élevé que la barriere
(31).
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FIG. 4A
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FIG. 4B
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