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ORGANIC ELECTROLUMINESCENT
DISPLAY DEVICE AND FABRICATION
METHOD THEREOF

BACKGROUND OF THE INVENTION

[0001] 1.Field of the Invention

[0002] The invention relates to organic electroluminescent
display devices, and more particularly to an organic electrolu-
minescent display device having improved waterproof capa-
bilities and a fabrication method thereof.

[0003] 2. Description of the Related Art

[0004] Organic electroluminescent display devices possess
advantages of improved color, viewing angle, brightness and
reduced size when compared with conventional displays,
such as cathode ray tube (CRT) displays or liquid crystal
displays (LCD). Thus, demand for organic electrolumines-
cent display devices is increasing. Organic electrolumines-
cent display devices are however easily affected by moisture,
such as oxidation of electrodes and components, shortening
life. Thus, encapsulated structures and fabrication of organic
electroluminescent display devices is important.

[0005] FIG. 1 shows a conventional organic electrolumi-
nescent display device. A first electrode 12 is formed on a first
substrate 10. Thereafter, an organic electroluminescent layer
14 and a second electrode 16 are sequentially formed on the
first electrode 12 followed by covering a protective layer 18
on the second electrode 16. Finally, a second substrate 20 is
disposed on the first substrate 10. The waterproof ability of
the device suffers due to the use of only a single protective
layer. Furthermore, a total thickness of the device is increased
when the protective layer is increased.

[0006] Thus, an organic electroluminescent display device
having improved waterproof ability without increasing thick-
ness and method for fabricating is needed.

BRIEF SUMMARY OF INVENTION

[0007] The invention provides organic electroluminescent
display devices. An exemplary embodiment of the device
comprises a first substrate having at least one thin film tran-
sistor (TFT); an electroluminescent unit formed on the first
substrate and electrically connected to the thin film transistor;
a first protective layer formed on the electroluminescent unit;
a second protective layer formed on the first protective layer;
and a third protective layer formed on the second protective
layer and in contact with the first protective layer. The device
further comprises a second substrate sealed to the first sub-
strate forming the electroluminescent unit between the first
substrate and second substrate.

[0008] The device further comprises a top area of the sec-
ond protective layer in contact with the third protective layer
greater than or equal to a bottom area of the second protective
layer in contact with the first protective layer.

[0009] Thedevice further comprises a distance between top
edges of the second protective layer in contact with the third
protective layer greater than or equal to a distance between
bottom edges of the second protective layer in contact with
the first protective layer.

[0010] The invention further provides a method for fabri-
cating an organic electroluminescent display device. The
method comprises providing a first substrate having at least
one thin film transistor; forming an electroluminescent unit
onthe first substrate and electrically connected to the thin film
transistor; forming a first protective layer on the electrolumi-
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nescent unit; forming a second protective layer on the first
protective layer; and forming a third protective layer on the
second protective layer and in contact with the first protective
layer. The method further comprises the second protective
layer is formed by ink-jet printing (IJP) or screen printing.
[0011] The organic electroluminescent display device
effectively prevents infiltration of moisture into the electrolu-
minescent unit for reducing oxidation of electrodes. Because
the first protective layer comprises inorganic material, the
second protective layer comprises organic material and the
third protective layer comprises inorganic material are
formed on the electroluminescent unit moisture infiltration is
prevented. Additionally, stress between the first protective
layer comprising inorganic material and the third protective
layer comprising inorganic material is relieved by the second
protective layer comprising organic material formed therebe-
tween. Further the second protective layer is only formed in a
recess over the electroluminescent unit, thus, fabrication cost
is reduced. The second protective layer formed in the recess
over the electroluminescent unit provides improved organic
electroluminescent display device waterproof capability is
without increasing total thickness. Accordingly, life of the
organic electroluminescent display device is increased.
[0012] A detailed description is given in the following
embodiments with reference to the accompanying drawings.

BRIEF DESCRIPTION OF DRAWINGS

[0013] Theinvention can be more fully understood by read-
ing the subsequent detailed description and examples with
references made to the accompanying drawings, wherein:
[0014] FIG. 1 depicts a cross sectional view of a conven-
tional organic electroluminescent display device;

[0015] FIG. 2A through FIG. 2H depict cross sectional
views of forming an organic electroluminescent display
device according to first embodiment of the invention;
[0016] FIG. 3A through FIG. 3F depict cross sectional
views of forming an organic electroluminescent display
device according to second embodiment of the invention; and
[0017] FIG. 4 depicts cross sectional view of an organic
electroluminescent display device according to third embodi-
ment of the invention.

DETAILED DESCRIPTION OF INVENTION

[0018] The following description is of the best-contem-
plated mode of carrying out the invention. This description is
made for the purpose of illustrating the general principles of
the invention and should not be taken in a limiting sense. The
scope of the invention is best determined by reference to the
appended claims.

[0019] FIG. 2A through FIG. 2H, show cross-sectional
views of forming an organic electroluminescent display
device according to a first embodiment of the invention. In
this embodiment, a color filter and thin film transistor serving
as a switch may be disposed on the same substrate in the
organic electroluminescent display device. That is, the color
filter may be formed on the substrate on which the thin film
transistor is formed.

[0020] As shownin FIG. 2A, acolor filter 204 is formed on
a first substrate 200 having a plurality of thin film transistors
(TFTs) 202 formed thereon. The first substrate 200 is trans-
parent material, such as, glass or plastic. The flexible trans-
parent material may also be used in first substrate 200.
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[0021] The thin film transistor 202, serving as a switch,
includes a gate electrode 2021, a source 2025 and drain 2023,
in which the gate electrode 2021 is formed on the first sub-
strate 200 followed by formation of the source 2025 and drain
2023 thereon. The gate electrode, source and drain may be
formed by well known conventional methods, thus for brev-
ity, description thereof is not provided in the following.

[0022] FIG.2A, a dielectric layer 203 is formed on the first
substrate 200 and covers the TFTs 202 for protection and
isolation. In one embodiment, the dielectric layer 203, for
example, silicon oxide, siliconnitride or other suitable dielec-
tric material may be formed by chemical vapor deposition
(CVD), such as, low-temperature chemical vapor deposition
(LTCVD), plasma enhanced chemical vapor deposition
(PECVD) or low-pressure chemical vapor deposition
(LPCVD).

[0023] The color filter 204 is subsequently formed on the
dielectric layer 203 on the first substrate 200, as shown in
FIG. 2A. In one embodiment, the color filter 204 is disposed
on a portion of the first substrate 200 under which no TFTs
202 are formed. Additionally, the TFTs 202 may serve as a
shielding layer, for example, a black matrix (BM). Thus, the
shielding layer may not necessarily be formed in the organic
electroluminescent display device thus, fabrication cost may
be reduced.

[0024] Insomeembodiments, the color filter 204, compris-
ing red pigment, green pigment and blue pigment, is coated
on the first substrate 200 by ink-jet printing (IJP). The color
filter 204 is then baked. The color filter 204 is preferably an
organic color photoresist or any suitable material serving as a
color filter.

[0025] FIG. 2B, anovercoatlayer 206 is formed on the first
substrate 200, and covers the color filter 204 and TFTs 202 to
planarize a surface of the first substrate 200. The overcoat
layer 206 is preferably photosensitive material formed by
spin-coating. The overcoat layer 206 is subsequently pat-
terned, by photolithographic and etching processes to form a
contact hole 207 exposing the drain 2023 of the TFTs 202.

[0026] Afterthe contacthole 207 is formed, a first electrode
208 is formed on the overcoat layer 206 and extended to the
contact hole 207 for electrically connecting to the drain 2023
of TFTs 202, as shown in FIG. 2B. In one embodiment, the
first electrode 208 is preferably a transparent conductive
layer, such as, indium tin oxide (ITO) formed by, for example,
sputtering. Photolithographic and etching processes then pat-
tern the conductive layer to form the first electrode 208. The
first electrode 208 is correspondingly disposed on the color
filter 204 formed on the first substrate 200. The first electrode
208 may act as an anode of a subsequent electroluminescent
unit and is referred to as an anode electrode.

[0027] InFIG. 2C, a pixel define layer (PDL) 210 having a
plurality of openings 209 is formed on the first substrate 200
to form a pixel area212. The first electrode 208 is exposed by
the openings 209. In one embodiment, a pixel define layer 210
of photosensitive material for example, is formed on the first
substrate 200 and covers the first electrode 208 by, for
example spin-coating. The pixel define layer 210 is patterned
to form openings 209 exposing the first electrode 208.
[0028] Note that the pixel area 212 is correspondingly
formed on the first electrode 208 and color filter 204. Addi-
tionally, a distance between top edges of the pixel area 212 is
greater than or equal to a distance between bottom edges of
the pixel area 212 in contact with the first electrode 208.
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[0029] InFIG. 2D, anorganic electroluminescent layer 214
is formed on the first electrode 208 inside the pixel area 212
to provide a light source for the organic electroluminescent
display device. In one embodiment, the organic electrolumi-
nescent layer 214 may be, for example, a stack of a blue
emitting layer, red emitting layer and green emitting layer or
a blue emitting layer doped with yellow emitting material (or
red emitting material) formed by, for example, vacuum
evaporation to provide a white light for the organic electrolu-
minescent display device. In another embodiment, a hole
injection layer (not shown) and a hole transport layer (not
shown) are sequentially formed on the first electrode 208
prior to formation of the organic electroluminescent layer
214. After the organic electroluminescent layer 214 is
formed, an electron transport layer (not shown) and an elec-
tron injection layer (not shown) are formed on the organic
electroluminescent layer 214.

[0030] InFIG. 2E, a second electrode 216 is conformally
formed on the first substrate 200 and covers the pixel define
layer 210 and the organic electroluminescent layer 214. The
second electrode 216, organic electroluminescent layer 214
and first electrode 208 inside the pixel area 212 constitute an
electroluminescent unit 217, in which the second electrode
216 may act as a cathode electrode of the electroluminescent
unit 217. In one embodiment, the second electrode 216 is, for
example aluminum, aluminum-lithium alloys or magnesium-
silver alloys, formed by sputtering, electron beam evapora-
tion or thermal evaporation.

[0031] Note that the electroluminescent unit 217 compris-
ing the first electrode 208, organic electroluminescent layer
214 and second electrode 216 is disposed on the color filter
204. While a current is provided to the electroluminescent
unit 217, an electron provided by the second electrode 216
combines with a hole provided by the first electrode 208 in the
organic electroluminescent layer 214 to emitting a light
through the first electrode 208, color filter 204 and first sub-
strate 200 and outside the organic electroluminescent display
device.

[0032] As shown is FIG. 2F, a first protective layer 218 is
conformally formed on the second electrode 216. In one
embodiment, the first protective layer 218 may be formed by,
such as, vacuum evaporation, sputtering or plasmas enhanced
chemical vapor deposition (PECVD) and have a thickness of
between about 0.1 um and 0.5 pm.

[0033] Preferably, the first protective layer 218 may be an
inorganic material, for example, metal oxide, metal nitride,
metal carbide, metal oxynitride or combinations thereof. The
metal oxide is preferably silicon oxide (Si0,), aluminum
oxide (A120,), titanium oxide (TiO,), indium oxide (In,O;),
tin oxide (SnQO,), indium tin oxide (ITO) or combinations
thereof. The metal nitride is preferably aluminum nitride
(AIN), silicon nitride (SiNx) or combinations thereof. The
metal carbide may be silicon carbide (SiC) and the metal
oxynitride may be silicon oxynitride (SiON).

[0034] FIG. 2F, a second protective layer 220 is then
formed on the first protective layer 218 over the electrolumi-
nescent unit 217. The second protective layer 220 is disposed
in a recess 209 over the electroluminescent unit 217. In some
embodiments, the second protective layer 220 is coated on the
first protective layer 218 by ink-jet printing (1JP). Note that a
top surface of the second protective layer 220 and a top
surface of the first protective layer 218 are substantially pla-
nar because the second protective layer 220 is disposed in the
recess 209.
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[0035] A curing step, for example, thermal curing or light
curing is subsequently performed. The curing step is selected
base on the material of the second protective layer 220. For
example, if the second protective 220 is thermal-curable
resin, a thermal process cures the second protective layer 220.
In another example, if the second protective layer 220 is
photosensitive (photo-curable) material, ultraviolet or visible
light cures the second protective layer 220. In one embodi-
ment, the second protective layer 220 may have a viscosity of
between about 1 ¢p and 1000 cp. In another embodiment, the
second protective layer 220 is formed in the recess 219 over
the first protective layer 218 by screen printing.

[0036] Preferably, the second protective layer 220 may be a
photo-curable material, for example, epoxy resin, or a ther-
mal-curable material, such as, an acrylic-containing polymer.
Note that a distance between top edges of the second protec-
tive layer 220 is greater than or equal to a distance between
bottom edges of the second protective layer 220 in contact
with the first protective layer 218. An upper surface of the
second protective layer 220 is substantially planar to an upper
surface of the first protective layer 218 because the second
protective layer 220 is formed on the first protective layer 218
over the electroluminescent unit 217.

[0037] InFIG.2G, athird protective layer 222 is formed on
the first substrate 200, and contacts an upper surface of the
first protective layer 218. In some embodiments, the third
protective layer 222 may be formed on surfaces of the first
protective layer 218 and the second protective layer 220 by
vacuum evaporation, sputtering or plasmas enhanced chemi-
cal vapor deposition (PECVD). The third protective layer 222
preferably has a thickness of between about 0.1 pm and 0.5
pm. The third protective layer 222 may be a material similar
to the first protective layer 218, thus, further description is not
provided.

[0038] Note that a top area of the second protective layer
220 in contact with the third protective layer 222 is greater
than or equal to a bottom area of the second protective layer
220 in contact with the first protective layer 218. That is, a
distance (symbol b, as shown in FIG. 2G) between top edges
of the second protective layer 220 in contact with the second
protective layer 222 is greater than or equal to a distance
(symbol a, as shown in FIG. 2G) between bottom edges of the
second protective layer 220 in contact with the first protective
layer 218, as shown in FIG. 2G. Additionally, the distance
between bottom edges of the second protective layer 220 in
contact with the first protective layer 218 is greater than or
equal to a distance (symbol ¢, as shown in FIG. 2G) between
bottom edges of the organic electroluminescent layer 214 in
contact with the first electrode 208. That is, a bottom width of
the second protective layer 220 is greater than or equal to a
bottom width of the organic electroluminescent layer 214, as
shown in FIG. 2G.

[0039] Note that the first protective layer 218, second pro-
tective layer 220 and third protective layer 222 in the first
embodiment preferably comprises be transparent material as
well as the second electrode 216.

[0040] 1In FIG. 2H, a second substrate 228 is subsequently
disposed correspondingly on the first substrate 200 by a seal-
ant 226 under a vacuum or a nitrogen or argon containing
atmosphere, and a buffer layer 224 is formed therebetween,
thus completing fabrication of an organic electroluminescent
display device of a first embodiment of the invention. The
second substrate 228 may be a material similar to the first
substrate 220, however, a plastic film serving as an encapsu-
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lating plate, for example, a plastic film with a waterproof
layer may also be used. The sealant 226 is preferably a bond-
ing agent containing epoxy.

[0041] When acurrentis provided to an electroluminescent
unit, an electron provided by the second electrode combines
with a hole provided by the first electrode in the organic
electroluminescent layer to emit a light through the first elec-
trode, color filter and the first substrate and exiting through
the organic electroluminescent display device, as shown by
the arrow in FIG. 2H.

[0042] The organic electroluminescent display device
according to the embodiment of the invention effectively
prevents infiltration of moisture into the electroluminescent
unit because the first protective layer comprising inorganic
material, the second protective layer comprising organic
material and the third protective layer comprising inorganic
material are formed on the electroluminescent unit. Addition-
ally, forming the second protective layer comprising organic
material between the first protective layer comprising inor-
ganic material and the third protective layer comprising inor-
ganic material relieves stress between the first and third lay-
ers. The second protective layer is only formed in the recess
over the electroluminescent unit, thus, fabrication cost is
reduced. Waterproof capability of the organic electrolumi-
nescent display device is enhanced without increasing total
thickness of the organic electroluminescent display device
because the second protective layer is formed in the recess
over the electroluminescent unit, Thus, life of organic elec-
troluminescent display device is increased.

[0043] FIG.3A through FIG. 3F show cross sectional views
of forming an organic electroluminescent display device
according to second embodiment of the invention. In the
second embodiment, color filter and thin film transistor are
disposed on different substrates.

[0044] FIG. 3A, a reflective layer 306 is formed on a first
substrate 300 having a plurality of thin film transistors (TFTs)
302, in which the reflective layer 306 is placed over a portion
of the first substrate 300 under which no TFTs 302 are
formed. A dielectric layer 303 and overcoat layer 304 are
sequentially formed on the first substrate 300 and cover the
TFTs 302 before thereflective layer 306 is formed. Formation
and material of TFTs 302, dielectric layer 303 and overcoat
layer 304 over the first substrate 300 may be similar to the first
embodiment. In some embodiments, a metal layer, for
example, aluminum is formed on the overcoat layer 304 over
the first substrate 300 by, for example, sputtering or evapora-
tion. The metal layer is then patterned to form the reflective
layer 306 on a portion of the first substrate 300 on which no
TFTs 302 are formed.

[0045] In FIG. 3A, a first electrode 308 is formed on the
reflective layer 306 and electrically connected a drain 3021 of
the TFTs 302 by passing through a contact hole 307. In some
embodiments, the reflective layer 306 and a portion of the
overcoat layer 304 is masked by a patterned photoresist (not
shown) followed by removing a portion of the overcoat layer
304 and dielectric layer 303 to form the contact hole 307 for
exposing the drain 3021 of the TFTs 302. A transparent con-
ductive layer, for example, indium tin oxide (ITO) is then
formed on the overcoat layer 304 and covers the reflective
layer 306 after removing the patterned photoresist. Thereat-
ter, the transparent conductive layer is patterned to form the
first electrode 308 on the reflective layer 306 and electrically
connect to the drain 3021 of the TFTs 302 by passing through
the contact hole 307. The formation and material of the first
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electrode 208 is preferably similar to the first embodiment.
The first electrode may function as an anode electrode for a
subsequently formed electroluminescent unit.

[0046] FIG. 3B, a pixel define layer 310 having a plurality
of openings 309 is formed on the first substrate 300 to form a
pixel area 312. The first electrode 308 over the reflective layer
306 is exposed by the openings 309. Preferably, a distance
between top edges of the pixel area 312 is greater than or
equal to a distance between bottom edges of the pixel area 312
in contact with the first electrode 308. Formation and material
of the pixel define layer 310 may be the same as the first
embodiment, thus, further description is not provided.
[0047] FIG. 3C, an organic electroluminescent layer 314 is
formed in the pixel area 312 followed by covering a second
electrode 316 on the organic electroluminescent layer 314
and the pixel define layer 310. The first electrode 316, the
organic electroluminescent layer 314 and the second elec-
trode 316 in the pixel area 312 constitute an electrolumines-
centunit 317, in which the first and second electrodes 308 and
316 serve as an anode and cathode, respectively. Formation
and material of the organic electroluminescent layer 314 and
second electrode 316 may be similar to the first embodiment.
[0048] As shown in FIG. 3D, a first protective layer 318 is
formed on the second electrode 316 followed by formation of
a second protective layer 320 on the first protective layer 318
over the electroluminescent unit 317. Preferably, the first
protective layer 318 may be, for example, inorganic material
similar to first embodiment formed on the second electrode
316 by vacuum evaporation, sputtering or plasma enhanced
chemical vapor deposition. The first protective layer has a
preferably thickness of between about 0.1 um and 0.5 pm.
[0049] In some embodiments, the second protective layer
320, for example, organic material is coated on the first pro-
tective layer 318 over the electroluminescent unit 317 by
ink-jet printing (1JP). Thereafter, a curing step, for example,
thermal curing or light curing is performed to cure the pro-
tective layer 320 in a recess 319 over the electroluminescent
unit 317. The curing step is selected based on material of the
second protective layer 320. For example, the second protec-
tive layer 320 is cured by thermal process, when the second
protective layer 320 is thermal-curing resin. In another
example, the second protective layer 320 is cured by ultra-
violet or visible light, when the second protective layer 320 is
photosensitive material. In one embodiment, the second pro-
tective layer 320 may have a viscosity of between about 1 cp
and 1000 cp. In another embodiment, the second protective
layer 320 may be formed inside the recess 319 of the protec-
tive layer 310 over electroluminescent unit 317 by screen
printing. Note that an upper surface of the second protective
layer 320 and an upper surface of the first protective layer 318
are substantially planar because the second protective layer
320 is disposed in the recess 319. The second protective layer
320 may comprises a material similar to the first embodiment,
thus, further description is not provided.

[0050] InFIG.3E, a third protective layer 322, for example
inorganic material, is formed on the first substrate 300 and
contacts surfaces of the first protective layer 318 and second
protective layer 320. Preferably, the third protective layer 322
has thickness of between about 0.1 um and 0.5 pm. Formation
and material of the third protective layer 320 may be the same
as that of the first embodiment.

[0051] Note that a top area of the second protective layer
320 in contact with the third protective layer 322 is greater
than or equal to a bottom area of the second protective layer
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320 in contact with the first protective layer 318. That is, a
distance (symbol b as shown in F1G. 3E) between top edges of
the second protective layer 320 in contact with the third
protective layer 322 is greater than or equal to one (symbol a
as shown in FIG. 3E) between bottom edges of the second
protective layer 320 in contact with the first protective layer
318, as shown in FIG. 3F. Additionally, the distance between
bottom edges of the second protective layer 320 in contact
with the first protective layer 318 is greater than or equal to a
distance (symbol ¢ as shown in FIG. 3E) between bottom
edges of the organic electroluminescent layer 314 in contact
with the first electrode 308. That is, a bottom width (symbol
a as shown in FIG. 3E) of the second protective layer 320 is
greater than or equal to a bottom width (symbol ¢ as shown in
FIG. 3E) of the organic electroluminescent layer 314.
[0052] FIG. 3F, a second substrate 328 having a color filter
330 thereon, is then correspondingly disposed on the first
substrate 300 by a sealant 326 under a vacuum or a nitrogen or
argon containing atmosphere and a buffer layer 324 is formed
therebetween, completing fabrication of an organic electrolu-
minescent display device according to the second embodi-
ment of the invention. The second substrate 328 may be
similar to the first substrate 300 or may be a plastic film with
waterproof film. The sealant 326 is preferably a bonding
agent containing epoxy. The color filter 330 is correspond-
ingly disposed over the electroluminescent unit in the pixel
area and separated by a shielding layer 332, for example black
matrix. Formation or material of the color filter 300 may be
similar to first embodiment or any suitable formation or mate-
rial known to those skilled in the art.

[0053] When acurrent is provided to an electroluminescent
unit, an electron provided by the second electrode (also
referred to as cathode) combines with a hole provided by the
first electrode (also referred to as anode) in the organic elec-
troluminescent layer to emit a light through the first electrode,
color filter and the first substrate and the organic electrolumi-
nescent display device, as shown by an arrow in FIG. 3F. A
portion of the light through the first electrode may, however,
be reflected by the reflective layer, to then exit the organic
electroluminescent display device by way of the described
path.

[0054] The organic electroluminescent display device
according to second embodiment of the invention effectively
prevents oxidation of electrodes by infiltration of moisture
into the electroluminescent unit. Because the first protective
layer comprising inorganic material, the second protective
layer comprising organic material and the third protective
layer comprising inorganic material are formed on the elec-
troluminescent unit to prevent moisture infiltration. Addition-
ally, a stress between the first protective layer comprising
inorganic material and the third protective layer comprising
inorganic material is reduced by forming the second protec-
tive layer comprising organic material therebetween. Further-
more, the second protective layer is only formed in the recess
over the electroluminescent unit, thus, fabrication cost is
reduced. Furthermore, waterproof ability of the organic elec-
troluminescent display device is enhanced without increasing
thickness of the organic electroluminescent display device
because the second protective layer is formed in the recess
over the electroluminescent unit, thus, life is increased.
[0055] Note that the first protective layer, second protective
layer and third protective layer is preferably a transparent
material and the second electrode may be transparent material
as well.
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[0056] FIG. 4 shows a cross sectional view of an organic
electroluminescent display device according to third embodi-
ment of the invention. Compare with second embodiment,
difference is that a color filter may be function as a second
protective layer, thus, similar element and formation can refer
to above.

[0057] InFIG. 4, a first protective layer 418 is formed on a
second electrode 416, after a first electrode 410, an organic
electroluminescent layer 414 and the second electrode 416 is
formed on a first substrate 400. Formation and material of the
first protective layer 418 may be similar to the second
embodiment. A second protective layer 420 comprising an
organic color photoresist is formed on the electroluminescent
unit 417 to function as a color filter. Preferably, is the
described ink-jet printing or screen printing forms the second
protective layer 420.

[0058] A third protective layer 422 is then formed on the
second protective layer 420 and in contact with the first pro-
tective layer 418 after the second protective layer 420 is
formed. Finally, a second substrate 428 is sealed to the first
substrate 400 by a sealant 426. A buffer layer 424 is filled
between the first substrate 400 and second substrate 428, to
complete an organic electroluminescent display device
according to a third embodiment of the invention, as shown in
FIG. 4.

[0059] Note that color filter and shielding layer is not nec-
essarily formed on the second substrate, thus, steps of fabri-
cation and cost of material utilized are reduced. A stress
between the first protective layer comprising an inorganic
material and third protective layer comprising an inorganic
material is reduced because the second protective layer com-
prises an organic photoresist. Note that the second protective
layer in first embodiment may be a material of organic color
photoresist function as protective layer and color filter to
reduce fabrication cost, although it is not described here.
[0060] While the invention has been described by way of
example and in terms of preferred embodiment, it is to be
understood that the invention is not limited thereto. To the
contrary, it is intended to cover various modifications and
similar arrangements (as would be apparent to those skilled in
the art). Therefore, the scope of the appended claims should
be accorded the broadest interpretation so as to encompass all
such modifications and similar arrangements.

What is claimed is:

1. A method for fabricating an organic electroluminescent
display device, comprising:

providing a first substrate having at least one thin film

transistor;

forming an electroluminescent unit on the first substrate

and electrically connected to the thin film transistor;
forming a first protective layer on the electroluminescent
unit;

forming a second protective layer on the first protective

layer; and

forming a third protective layer on the second protective

layer and in contact with the first protective layer.

2. The method as claimed in claim 1, further comprising
forming a pixel define layer having a pixel area on the first
substrate, wherein the pixel area has an organic electrolumi-
nescent layer therein.

3. The method as claimed in claim 2, further comprising
forming a recess over the electroluminescent unit, for con-
taining the second protective layer.
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4. The method as claimed in claim 1, wherein the second
protective layer is formed by ink-jet printing or screen print-
ing.

5. The method as claimed in claim 4, further comprising
performing a curing step after forming the second protective
layer.

6. The method as claimed in claim 5, wherein the second
protective layer has a viscosity of between about 1 ¢p to 1000
¢cp before the curing step.

7. The method as claimed in claim 2, further comprising:

forming a color filter layer on the first substrate under the

pixel area; and

sealing a second substrate over a surface of the first sub-

strate having the -electroluminescent unit formed
thereon.

8. The method as claimed in claim 2, farther comprising:

forming a reflective layer on a portion of the first substrate

under the pixel area; and

sealing a second substrate having a color filter layer formed

thereon over the first substrate, wherein the color filter
layer is correspondingly disposed on the reflective layer.

9. An organic electroluminescent display device, compris-
ing:

a first substrate having at least one thin film transistor;

an electroluminescentunit formed on the first substrate and

electrically connected to the thin film transistor;

a first protective layer formed on the electroluminescent

unit;

a second protective layer formed on the first protective

layer; and

a third protective layer formed on the second protective

layer and in contact with the first protective layer.

10. The device as claimed in claim 9, further comprising:

a recess formed over the electroluminescent unit, wherein

the second protective layer is contained inside the
recess.

11. The device as claimed in claim 9, wherein the first
protective layer and the third protective layer comprise silicon
oxide, aluminum oxide, titanium dioxide, indium oxide, tin
oxide, indium tin oxide, aluminum nitride, silicon nitride,
silicon carbide or silicon oxynitride.

12. The device as claimed in claim 9, wherein the second
protective layer comprises an organic material.

13. The device as claimed in claim 9, wherein the second
protective layer comprises epoxy resin or acrylic-containing
polymer.

14. The device as claimed in claim 9, wherein the second
protective layer comprises color photoresist.

15. The device as claimed in claim 9, wherein a top area of
the second protective layer in contact with the third protective
layer is greater than or equal to a bottom area of the second
protective layer in contact with the first protective layer.

16. The device as claimed in claim 9, wherein a distance
between top edges of the second protective layer in contact
with the third protective layer is greater than or equal to a
distance between bottom edges of the second protective layer
in contact with the first protective layer.

17. The device as claimed in claim 9, further comprising:

a pixel define layer having a pixel area, formed on the first

substrate; and

an organic electroluminescent layer disposed in the pixel

area.
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18. The device as claimed in claim 17, wherein a bottom
width of the second protective layer is greater than or equal to
a bottom width of the organic electroluminescent layer.

19. The device as claimed in claim 17, further comprising:

a color filter layer formed on a portion of the first substrate

under the pixel area; and

a second substrate sealed over a surface of the first sub-

strate having the electroluminescent unit formed
thereon.
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20. The device as claimed in claim 17, further comprising:

asecond substrate correspondingly sealed over a surface of
the first substrate having the electroluminescent unit
formed thereon;

a color filter layer formed on the second substrate and
corresponding to the pixel area; and

areflective layer disposed on a portion of the first substrate
under the pixel area.

L
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